WO 2012/ 168100PCT/ EP2012/ 059861 1 DATA RETURNED RESPONSI VE TO EXECUTI NG A
START SUBCHANNEL | NSTRUCTI ON BACKGROUND [ 0001] One or nore aspects of
t he presewd mvestonon rel ate, in general, to auxiliary ®CoEege20598a1
5conputing environment, and in particular, to managi ng aspects of auxiliary
storage. [0002] A computing environnment may include main storage (a.k.a.,
mai n menory), as well as auxiliary stordge. Main storage is storage
accessible to a processor which is randonly addressabl e by, for instance,
an absolute address. Miin storage is considered fast access storage
conpared to auxiliar P&Tér%@URg‘Fth%P@NSJME BOJXECHIdNEge devi ces ( DASD)
or storage class 10nenory. Further, the addressing of main storage is

consi dered sinpler than AhETABRIrHBCHANYERASBIRUGEHEMNge cl ass menory.

[ 0003] Storage class nenory, which is an external storage space outside of
classical main storage, provides fRAFEOCRLQENDs than direct access storage
devices. Unli ke DASD, storage class nenory is not typically inplenented as
mechani calooaf Ohs B MBNGp&ksIne elent ASERRH relBRNn gbRerIRENARIIGR ﬁﬁ%& grstate
parts. Typically, storage class nmenory is inplenented as groups of solid
st atde devespgingenviegtmet.taod in pashgpuiari tegnanpging asnect of eweliatly siommst / out put

(110) adapters, which are used to map technol ogy of an 110 device to the

menory b t : . i RY_ I:
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t hr ough tirali@@ptomge s Mo gtbrage sonpagesccgribprtampproeskoc tvhicbris mxdoulyi ng a Start

Subchannel . instruction in a c ut i envy ronnent .conprtj Si mai n st orage
and st or SECERE B TR B e TR DRI Mg P A o SR Pe e TR B B or
readabl ecshpiréd® dRUiatBté e aidhus e @ ABERE &S Pevidds §DASDIBElstEEQE tIAG
instructions for execution by the processing circuit for performng a

met od. meEoRetHsther. tha addesssing e mainsiospaeds consislstrdsinier thanbe @ddiesiingptt hat a

subchannglASilﬁmqgrg%ﬁgasgyne;& 25Start Subchannel instruction is an
Asynchr onous Data Mover (AD% subchannel , perform ng: obtaining an

operation request block frommin storage, the operation request bl ock
conpri si HY03hStasge ekss wPmary, vpwhas doextyhackoragsapeet asidand chdsicdswpinf t he
operatio I .ohtai ni i : r’qm' t

operati o%oglgg’ﬁ”ﬁmgg%s@s% aﬁgeS%P’ %g%ggét%tgéseg Q%P%g?i %&Jaéeg'es poiﬁgle)%gﬁﬁgt%t&ggﬁggsone or
nor e firsiemoowie nspgpichile@iplancriitdasksechMBBe Jarmwhnmignliskhebur agueedinobd ock WO
20$II 168100PCT/ Emlﬂ 059861 2 ilrﬁ(;l udes an MSB caunt field havi&%&g val ue
i ndi’cat i AGhRERIOSRIOR S nd YBIFAIRD P H0RBEST MEPABEY TRICHAYCT 8 HPUNCEA Y t he

oper at i OfaRldeeikes WABERII 0 RS MPBERONER N IQ §dclad ifpANbUtBUI(BO) hdaphl digfcAPt | ON
conditions, wherein each nove specification block is configured to include
an oper aticdrio swaéechpepgly ofzang( @ dkvievtgrike mp@pey, bug ofrlicreentra prasessidigés- fi el d
for addressing main 5storage, a storage class nenory address field for
addressing storage class nmenory, a RigagkaR¥E®E

[0004] The shortcomings of the prior art are addressed and advantages are provided through the

20 provision of a computer program product for executing a Start Subchannel instruction in a
computing environment comprising main storage and storage class memory. The computer
program product includes a computer readable storage medium readable by a processing circuit
and storing instructions for execution by the processing circuit for performing a method. The
method includes, for instance, responsive to determining that a subchannel identified by the

25 Start Subchannel instruction is an Asynchronous Data Mover (ADM) subchannel, performing;:
obtaining an operation request block from main storage, the operation request block comprising
an address of an operation block; based on the address of the operation block, obtaining the
operation block from main storage, the operation block consisting of a request block, a response

block, and one or more first move specification blocks (MSBs), wherein the request block



field and a flags field; obtaining a nove specification block of the one or
nore nove specification blocks; determ ning based on the operation code in
t he obt aiweadormseiogpeci ficati on bl ock an operati on that pCiEPoda2asesed nove
specification block is configured to performon bl ocks of storage cl ass
menory; based on the nove specification block, initiating 10t he operation
on the bl ocks of storage class nenory a§SOC|ated wth a storage class
menory address of the storage class menory address field; and responsive to
at | east inchides 2t M%$§ qobat iiﬂi@g@tlmgamvzdn@Ilnémmmﬂlewméeraﬁ oss eeppicdiSBoNdi t i on,

storing t e
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a failing 15main stora ddress field and a f |I| t orage .cl ass menory
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| east one o mai n stora%e associ at ed h a main storage address of the

mai n st ofgldend adleasBeld; elitaning g apaygepesificasionrblosk of the eBe PR MCh a st or age

cl ass euRLcAAS 56Ol LhSnifl 81208, HlASABIBLA A ARsnld fhit o the

obt ai ned nove speci cation erein the infornation includes
an i ndi csgecdivandn lzincleamcaptatlon thean theadbthiniddomale spediicatmat bk issdoatigmgd tco t he

exception, .the d|t| nal ormat i on speci fyi ng one ddress
except | ORETO Wio? HOEE® SHEr BUBP B PE PRHEHEO NS PEH BCon il 1MUBERY s of
t helopr esgpto hﬁﬁ@rﬂbﬂl 0 bRicRs 8f FOragesledsinikaabra Ak ociat Fath mlagd\claﬁuﬁemﬁp
services relpatl ng to one or nore aspects of the present i nvention are al so

descri bedddigr of sksagel chisprBy Moy eddicss Sis[do pubespasive toH dsast ieltatipg Scand
advant aggs. g ma2hiAe %n‘hg aﬁ’HQJ% fif\ecdnfeinl g Bforﬁlﬁfr‘orpx'}vffﬁlﬁ@ﬁe I'eEB/ Qed 1 on.

O her enbodi nents an aspects o the invention are describ etail
her ei n ahldclarvehecandicdespedsceblpakrinclodestahexaipapmBagsi fm]!@ratﬂedﬁwalﬁm EEld a

DESCRI PT Enbodi h [
now be. b Heh g A o es st oR i RO PR Ty PR R
acclanpanytafigstéiog@idagss fieldwhi @ failind¥eb 204 2hd6 8RNI R E/1BOREGhaBoFl G | A

depi cts one, enbodi rent of a .conputing environnent to incorporate and use
one or nEAINgdpeRs & ra?reteﬁ%epﬁ%ssrémltmgq%ﬁtﬂileoweraﬂpta Whaaeig ghs eST 8106¢ her

enbodi mepf.cBfioR JROTRM (Bt RAY 'oh@@f‘"i‘ﬂ{amt Lorh ACALRMU & §itRAhHUPE0ADEaRrcUBE €
aspects of the present invention; 2A  depi cts one enbodi nent of an

Ext endedthagyaie Fltptﬁlgé addromtirldvstoege @b@$ @@mow erswm@t with astkerags eths memewor dance

with an a pect ¢ the present iny n % RIGES,Q di,ment of
o Bxt onARBER! Mot fes AR A ob e 2t B o Bt RS SR RaB b RATER 1
an 4s peCWheﬁelrithe iniérameEnt idciudenin mdication of anl'_eb(&ptlaﬁlaﬁbﬂiﬂ(ﬁtﬁ(ﬁlamﬁi&)rmﬁﬁ@dl nent of

an Extend chr onous request bl ock used 10i n,accordance with
an as pecfe?%’fngtt% CEREPERR: tﬁa%‘gh‘i‘(in& mf‘lf’lnélo@@ee‘éﬁp%f’%e VROTE AEYATSFEREPUSS- an
Ext ended Asynchronous Data Mover response bl ock used in accordance wth an
aspect ofo00SEVRERIS A JyRi¢BRt¢IMMNg to one or more aspects of the present invention are also

described and claimed herein. Further, services relating to one or more aspects of the present

invention are also described and may be claimed herein.

25 [0006] Additional features and advantages are realized through the techniques of the present
invention. Other embodiments and aspects of the invention are described in detail herein and

are considered a part of the claimed invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Embodiments of the invention will now be described, by way of example only, with

30 reference to the accompanying drawings in which:



FI G 2E depicts one enbodi nent of an Extended Asynchronous Data Mover nove
specification block used in accordance with an aspect of the present

i nventi orwOoRbPRI1G8108F depi cts one enbodi nent of an Ext eneet/ER3¢nm8S6NnOUS
Data Mover indirect data address word used in accordance with an aspect of
the present invention; FIG 3A depicts one enbodi nent of a Start Subchannel
instruction used in accordance with an aspect of the present invention;
FIG 3B deri cts one enbodi nent of the |ogic associated with the Start
SubchannElG.ildsdapits pnsremtpdimend e Eoeeiapitag\whvirorareni topaearpohictané Upy @xseit

i nventiop; ' . -enbodi ment of a C ear Subchannel instruction
used in gfgé%%ségcﬁ%é%tgmg?ﬁg%?]mglglg%oglf of the present invention; FIG 3D depicts

one enbo#IGEm dapicteanbést ciBbdtimamndla comptitingcénvannmsedo intogo s daince omd dth an
aspect of the %e?ﬁt invention; 25FI G 3E depicts one enbodi nent of a
Modi fy SISERERrET OF HS PN 0" ¥%d i n accordance with an aspect of the

present FRY.@N dists ble@mbdtikaRb £45E QBR1E MO HIRMus DatadM SV @ bBerdiBirRgiRe!
instruction used in accordance with an aspect of the present invention;

FI G 4A blopk Bicd ip aecortppesdVite At aprctod thonressaeiavasipAchr onous Data Mover
" . . ) ; ' "
subchanngj: 34 J%g#ﬁﬁeamgglngeggo%eﬁxtbﬁhea%gﬁI AHo8s Wfa{a;hgé%gt%éﬁgtg%a @bt he

present i1nventl Icts one e ment o
Asynchr onsdsn Baoalabho/erth patdpeatar dgegnmeseht iopattioo] wor d used in accordance

with an of the present ipvention, , WO.2012/ 16 OPCT/ EP2012/ 059861 4
FlG ac BREAE Chistors B i b B eRB asRaronefs PG gt rbed ik osed
accldr dangeacbidn@RwidsReshed@bf thBrdéserhtibfiventi on; FI G 4D depicts one
enbodi ment of an Extended Asynchronous Data Mover extended status word used

in accor HEhI® dapidis ene caxipdipcng pf amgxtpded dvynehivnont Pok Mrraspemsedigskct s one
enbodi rneggedqlfl a@o aﬁEeewﬁQﬁ%@gﬁf?ﬁi‘pr%ﬁﬂhyﬁtﬂafl?r mation request bl ock used

i n accordance with an aspec present invention; FIG 5B depicts one
enbodi mehtG.¢fE &pBtsorme cBtbodmgat of adsxtiveled AypyrabfaorabreMoes pons epdeifmetiorused

in accor gl%c gse\gi i;[l Qcc%pdaggéa vevﬁ}tl at? ];sptec &f H{eepsrgsré}lt iin{/]c\:/n 1'9)%1,' on,

15 FIG. 2F depicts one embodiment of an Extended Asynchronous Data Mover indirect data
address word used in accordance with an aspect of the present invention;
FIG. 3A depicts one embodiment of a Start Subchannel instruction used in accordance with an
aspect of the present invention;
FIG. 3B depicts one embodiment of the logic associated with the Start Subchannel instruction,

20 in accordance with an aspect of the present invention;
FIG. 3C depicts one embodiment of a Clear Subchannel instruction used in accordance with an
aspect of the present invention;
FIG. 3D depicts one embodiment of a Test Subchannel instruction used in accordance with an
aspect of the present invention;

25 FIG. 3E depicts one embodiment of a Modify Subchannel instruction used in accordance with
an aspect of the present invention;
FIG. 3F depicts one embodiment of a Store Subchannel instruction used in accordance with an
aspect of the present invention;
FIG. 4A depicts one embodiment of an Extended Asynchronous Data Mover subchannel

30 information block used in accordance with an aspect of the present invention;
FIG. 4B depicts one embodiment of an Extended Asynchronous Data Mover path management

control word used in accordance with an aspect of the present invention;



FI G 5C depicts one enbodi nent of a storage class nmenory address list entry
used in 10accordance with an aspect of the present invention; FIG 5D

depi ct s owme embesionent of the | ogic associated with theprBrmpeoidsssage Cl ass
Menory I nformati on command, in accordance with an aspect of the present
invention; FIG 6A depicts one exanple of a state diagramrepresenting
various states of storage class nenory,4in accordance with an aspect of the
present invention;, 15FI G 6B depicts one enbodi ment of a state diagram
showi ng BBerd4t depretsengteapodivand QF asubchanas! stitys werd aserhincecarianse anthagperact of

the pres ' 1an.. FI G 7A depicts one enbodi nent of a Configure
St or age %gg&&ﬂgﬁﬂtﬁ%ﬁuest bl ock used in accordance with an aspect of the

present Fhv.ehil dapicts dle@mboBinska b £4rsE xtoed od is@olhr@amos DlatadM Comnrfekgnideel sBttor age
Cl ass I\/bm)%lhsr?gs onse bl ock used in_.20accordance with an aspect of the

present IS accpidance Wigh arppsgeat OEhe DESCUARGEIENt of the | ogi c

assaci at g5 WA fepdctEOm dngddfncpk OF 290 rd b @ Fug e MRAD Mentod M DG 245 8 te juBstdfdeRr dance
wi th an aspect of the present invention; FIG 8A depicts one exanple of a

not i f i caticdin pecoplineeish ae kspagied thapresceoipteties: wi th an aspect of the
present FRYSH 4. &%ﬁ@dﬁ%nﬂ‘éf’é Stbre ﬁ@%g@@‘?a%g t ;%Rifo&laﬁBf?E pKE Bloc

| nf or mat 1 on request used I n accorddance w aspect o present
i nvent i onsedkh @coBidndewitl tis apae of thequeserninvaition; St ore Event | nformation

d i d i.th t of th t i tion;
o on Byt ST BB R OOt e BB TS 4o b LR ee Woror y

request kiceedanes@h hinasplacs aicdraest Widnlioan aspect of the present invention;
FI G 9B depicts one enbodi nent of a storage class mam);% i ncrenment request

i st ent FIO-udbdrrighs epecembpdiesnt of the legic asspreeied withtheeStpiccienge ClaveMemen:  wo
2012/ 168100 OEE’&QP%A(%@Q&I\%&@ ith §Ca @&loﬁg@ﬂ&%nﬁﬁ?&%ﬁﬁm of a

|
Deconfi gure Stlorage ass nory response b used in accordance with an
aspect oFIG.le\ dapeteone dxampletafenfatddi@gamgepreEntiepiarious setee nhddiagessof t he
| ogi c associated wt

h a Deconfiguyre,Storage C ass Menory conmmand used in
accor danborrt it astoudpd PR nE e eehR o tSg,,
15 FIG. 6B depicts one embodiment of a state diagram showing operation states and data states, in
accordance with an aspect of the present invention;
FIG. 7A depicts one embodiment of a Configure Storage Class Memory request block used in
accordance with an aspect of the present invention;
FIG. 7B depicts one embodiment of a Configure Storage Class Memory response block used in
20 accordance with an aspect of the present invention;
FIGs. 7C-7D depict one embodiment of the logic associated with a Configure Storage Class
Memory command used in accordance with an aspect of the present invention;
FIG. 8A depicts one example of a notification response block used in accordance with an aspect
of'the present invention;
25 FIG. 8B depicts one embodiment of a Store Event Information request block used in accordance
with an aspect of the present invention;
FIG. 8C depicts one embodiment of a Store Event Information response block used in
accordance with an aspect of the present invention;
FIG. 9A depicts one embodiment of a Deconfigure Storage Class Memory request block used in
30 accordance with an aspect of the present invention;
FIG. 9B depicts one embodiment of a storage class memory increment request list entry used in

accordance with an aspect of the present invention;



5FI G 10 depicts one enbodi nent of a conputer program product incorporating
one or nore aspects of the present invention; FIG 11 depicts one

enbodi mrenwoabi12z6Bmet conputer systemto incorporate andPUTEPIIR/OMNSNDI €
aspects of the present invention; FIG 12 depicts a further exanple
of a conmputer systemto incorporate and use one or nore l1l0aspects of the
present invention; FIG 13 depicts another exanple of a conputer system
conprisigﬁia conputer network to incorporate and use one or nore aspects of

t he pres FCdeprats ang;enlodimens otiePpecndi gwiss teragrodiapreMemery penonsubloed wseent s
of a C°”9Hk§&ﬂ%¥%%5§%%f5§&%§fﬁgéﬁ%3ﬂ%ﬂ%n9&? one or nore aspects of the

present 1 nvention; pi cts one énmbodi nent of the execution unit
of the cBHpUPBFIEYpic onoémbddanedidf tie lbgic esspoinatievidrdDeafigme SairagroCless
invention; FI.G 15B depicts one enbodi nent of the

1 th
o e gy R RE st e bl R it Arepet O he G aP BT aTe. And ot e of

nor & aspeqGsi @icgidi€ondy &ﬁlﬁﬁlmérﬁ'%ﬁ@&érﬁﬁhter program prédact hodrpSRBhE b Mfore
enbodi ment of the | oad/store unit of the conputer systemof FIG 14 to

20i ncor paiaste ohthg Piesentamention;npr e aspects of the present invention; and
FIG 16 dgpi lqtc%pl%%eong TRRGLTRA ofH hodfed %g}ﬁlte?tsfﬂetﬁ ?c?fnc& HB}Q &ld Y §ﬁeeé’9&§}&| LED

i ncorporate and use one or nore aspect rese I nventi on
DESCRIPTHQEM$ﬁﬁmepmkmnwmmmndance mnth one or nore enbodlnents an
abstract| f.0 r i.s 25provi.ded that S the details
of “the i FiSt-daakeRis ity ceddRisg a8?%3@%%@%#908;;905%%fg?sgrﬂnf ar'ore
opelrtat i Ngspeyts betkk pra3bist ibfeaMdles a standard channel programm ng interface
for perfornlng certain actions, such as controlling novenent of data

bet ween K -rl 3<iepichg@o Rt SMBIcRd COMPYEST REHHR GOMPrising a cqupE@PerPrh i
exanpl e, 1&0&%{% iddusk %n@?ﬂﬂbr@%\%}ec{s@(f%er &ehCin@SyidR, Ext ended Asynchronous

Dat a 30Mbve Faci |'ows prograns to request the transfer
of bl oc k§I®f14dhpatS dﬂ@embmlhr@ﬁmﬁ)@ﬁﬁﬁs/ EHRRONH DEABELLS spa¢rmeemcomppratesindr age
and storage class as fequest ot her operations. Aspects of

this facl ?§(%P5W%%@8?¥%f@ Pﬁ”%%P% 9% ow. [0010] Further, associ ated

W tI5 t heFEADSIARRDichd dn¢ enbodimedpbf thd atechid@d ddit of thedhiguest sp@erasfan} HALRM
Rel ease Facility. Wien installed, the EADM Rel ease Facility provides a
means f ofCPRAras ?H}dd@i? PR Pigneis@shacls of (hetPTPeNHBVEYRBer requires the retention

of the dai@ 1isB RPRtUnc TRILEARIALEShObraflPE A0S thd &ﬁﬁplﬁé%@ité’m OH:IG S 4ngdel
dependent whet her the rel ease operation Is supported for all blocks of

st or age cmassnm®mnhveonemunm@m$ww§cgﬂbs@mwoﬂnVﬁéwgiorage class menory.
FIG. 15C depicts one embodiment of the load/store unit of the computer system of FIG. 14 to

20 incorporate and use one or more aspects of the present invention; and
FIG. 16 depicts one embodiment of an emulated host computer system to incorporate and use

one or more aspects of the present invention.
DETAILED DESCRIPTION

[0008] In accordance with one or more embodiments, an abstraction for storage class memory is
25 provided that hides the details of the implementation of storage class memory from a program

(e.g., operating system), and provides a standard channel programming interface for performing

certain actions, such as controlling movement of data between main storage and storage class

memory.

[0009] In one example, a facility is provided, referred to as an Extended Asynchronous Data

30 Mover (EADM) Facility, which allows programs to request the transfer of blocks of data



[ 0011] Once a block of storage class nmenory has been rel eased, the program
may transfer new data into the bl ock, otherw se subsequent requests
to transfwo 2detwsfooom t he bl ock to main 10storage w || BPeTERIUCOEMsST Ul .
[0012] One enbodi ment of a conputing environnent to incorporate and/ or use
one or nore aspects of the present invention is described with reference to
FIG 1A Conputing environnent 100 i s based, for instance, on the

z/ Architecture(r) offered by International Business Machi nes Corporation

(1 BM r)) betreerpmiin siaggevand ktoraxs céasbodimehes well eheequesnedpg Qr@&tmn%(%pe‘ptg of
15descri n entitled "z/Architecture Principles of
Cperatloﬁﬁg&]E@%Eugﬁykg%l@Egkﬂﬁgkk§2-7832-08, August 2010, which is hereby
i ncorporated herein by reference inits entirety. In one exanple, a
conputingﬂﬂﬂpFwﬁwnemﬁmbﬁﬁedﬂmmeEhﬂﬂﬂﬂ%mﬁﬂy$embpﬁ@tﬁﬁmﬂmpkﬁdeﬁtoheml

zEnter pr Sy enlo r nat iness hi nes
Cor por at ARV RakeE PRl Y PR ELED PPN REPE el w VB R e e g
zEnt%r pr pegrahd6H s@@dfy&haﬁﬁncaroﬁga@eqlﬁlagl eixaedssticf of ity @it Diatone BamoBUS b8 $F

Machi nes Cor poration, Arnmonk, New York, USA. O her nanes used herein nay be

regi st er #ATag SHETRFRATY. fiismadakdepenseniivhdbir thavglease operafigp &y wapqrisddpr all

Busi nessMReiMERaddiRE iR Mo odbr OHIDEuGRIPARL §Sragt PRL3heihSryone exanpl e,
conmputing environment 100 includes dne or nore central procéssing units 102
coupled to main nenory 104 via one or nore buses 106. One or nore of the
central R93lbOaessi bigeliof steyagrasiass vcanare hasrbeep srleps¢ch ghosyregrammaodransfge Acws t he
z/ OS(1) ope Eﬂ’%% 'tH%%lic&SBtﬁé?wﬁie Sb&Gudh ré E&L Aty gﬂ%ﬁg t?ﬂ%hﬂﬁéﬁb%ﬁ?&%&ﬁs

Cor porat 1 on n ot hef exanpl es, one o nore o e central processing units
nabexecubegOMM@bemmmnaﬁﬁhg systens or no operating system z/0S(r) is a
regi stered trademark of I|nternational Business Machines Corporation,

Ar monk, Yar 2012/ 168100PCT/ EP2012/ 0598 Centr al
o ocessi NN GRS b hngnr PR RATES RO L. BEOFIRTaH o dSpP B B | 10
hub 120 wipact®oethepra¥eiténeaifeside@nided A2h (efe@nce 0UIES1 Ar Competingconnect i ons) .
The 110 hub provides connectivity to_ on

or e, | 10 adapters. 130, which
are furt AERBGHT LY it BaSSﬁlref%‘PStﬁ?freeo%%‘F|Z§“§]E“é@£°8“ﬂeﬂ’/ﬁf%£ ﬁ@emafwga LRpsHCEY

and sol i Q/Ia%EﬁEseCSJx%Mfaﬁ&% gﬁwfaﬁnhmy KRERNEALT R cRfbodinRinPEethe & &2 RitdFRIFET %
(e.g., flash nmenory is part of an 10 subsystem 145

faclu5| i t atlésagbahie aoﬂBl?vfbnmbh@fﬁleotestltéﬂd mrehﬂmmrmﬁmmplpsodﬁgemtwné’ BM t her
enbodi negt i c envi t 15 i ncl ude
2 centra u‘tE)hrc(a)lt(s: %rglglg n%z&égzg 75!%5 %&&1&?29—%& G é}gb nco{g &?%r}}eﬁel Qy ¥ ehdd

z/ Ar chi t acitsgn@ifaty. Iif dne reednlbiy, d evingruniag bmnﬁinnBusbasaB@n i e rokeisecoe iaclatidson.

Centr al ocessor ude for |nstan one nor e

partiti oﬁ’§ %Bﬁrprb?eﬁ%@rlg ?te%%?er%ﬁ@’ %Fer??é‘PBa JERIPSY b“rhé‘?f’éég)él?%atﬁs and
one or MpEN® GRARARENTSAT® ADrdoRRWEd PiHcRMbks SHRISYS I8Pt @96 ahdz1ddiapc €xanpl e,
partitions 154 are |ogical partitions (e.g., LPARs each of which includes

a & of H@dﬁ@laélg%qféﬂﬁemahmaéﬁa$lee&sééayhm@%@orp@raﬂpaafmm Mewa oslegayat Otheyst em
[0016] E s' 189& ﬁé%ng# e gfeﬁ‘%rah?rn&?%h@m% Eh&c‘?ﬂ cﬁﬁnt%m%ﬁg&ﬁ ate

system eac par gn can be |n ependently rese

initialIﬁuhnadeﬁmhnthmmonmenatmmgxsmqmnmmor ot her control code,if

desired, and operate with different prograns An operating systen1or
.access

appl i cat | Logram.run n|n inalo t|on appe

P LU e A e e S U e o e

avai | abl gnitsAl 02 @B IBET0 BHin a{enhtﬁy doatia oad or mbeesad toN0ak @ noedeiahé Edrthl

ref%{red to as firmvare, keeps a programin one |ogical partition from

2 processing units may execute an operating System 108, such as the zZOS®™ operating system

offered by International Business Machines Corporation. In other examples, one or more of the
central processing units may exccute other operating systems or no operating system. z/OS® is
aregistered trademark of International Business Machines Corporation, Armonk, New York,

USA.



20interfering with a programin a different |ogical partition. This allows
several different logical partitions to operate on a single or nmultiple
physi cal woaoeswers in a tine-slice manner As used her eiPa/HPRO1INGISE1

i ncludes, e.g., the mcrocode, mllicode and/or macrocode of the processor
(or entity performng the processing). It includes, for instance, the

har dwar e-1 evel instructions and/or dataZstructures used in inplenentation
of hlgher | evel machi ne code. In one 25enbodi nent, it includes, for

i nst ance[003ddbeenteal progessingantth 492 gnsl mypmmqryl%mﬂybfr fthgscavpled de 8t BOt hat

i ncl udes r d har dwar e
and cont P B O R L ol R B ™) T s
exanpl e, pgeuies abnnoétivtityao bmgbmad)rep/@ ﬁda@tm]sSOhazheharerﬁsthdmtmple@&r@ielomglcﬁg/st em
(0S) 170, ich ma f r one or re logical partitions. In one
bbb b e e Tathe Pt BireRind Sapd REE dhnre el B ipertHin ot G ee
opersat i nglasyiféBey (&L ab@tdn&odyNt ERORO AR p Mbﬁ%ﬁsﬂ@ﬁsmnﬁ\% feoiliR@natbhon,
Armonk, New York. WD 2012/ 168100PCT/ EP2012/ 059861 8 [0018] Logi cal

partiti oABMIBASEICE GfA&BeadBENhy per vi sor 156, which is inpl emented by
firmvare running on central processors 158. Logical partitions 154 and
hyper vi s@jo13ph LAFNHCHRIIISER, RApield TPFR;. FPBOQEé’xﬁﬁutfn%%h%&Qnén@lﬁ(?ﬁQ?Ct Ive
portions of main nenory 159 associated with fhe central processors.” One
exanpl e oicludy peentia procgBagicomple (QPGEté@%.o‘rhlcrhelsb@ﬂed@nsgpsa/émbltmnagéfcred

( PR/ SMT ffered Int atlo ines Co r nonk,
New vor k¥ FBunST Tk ShORbL G oo T3 AN SRR B e3 ot ey b e

t hat0 ar eimtahagaheedr m@retﬂamtioﬁglmb hppdrtisdi B6Sonch@imdra Sérﬁﬂtﬁr,oc@sd)l@gﬁ& ahd
partition 154 includes one or nore |ogjcal processqors, each of. whjch

r epr esenP&e I NOTSCORPAMAIHT R IPUAYBIISEPSYSieBL s dp thrl%%’%i‘mp @ PAEOY { ¥t ed to

the part wgwanparé@&mezegogpmds) Bﬁéh(?&fv@%}ﬁmafud@ @[ Sftﬁé'%f%ferrp@hﬁﬂd{v'afén 154 may
be either dedicated t6 the partition, so that the underlying processor
r esour cerdseureess eirtialdzefl @p aseraratpsistant.i on; or shared with another partition,
so that the underlying processor resource is potentially available to

anot her F@rﬂs] Eéc‘?lrlo%u)w%%ﬁiuo QB&'EJ & £b%‘5fﬁH9c§>¥1§{geJ§‘aJs@;9ar£t9F A P QR ¥

portion depi cte rovi des con ect|V|ty to storage c ass menory 180. In
t hils exahgice| pantiaddinds sndepacienilsrepetomitodiy ldaded with as lopcratyt@ gk@ssorbBmenor y
whi ch presents the nengry as fl at i.ding the details th si cal

o ement b Roder SATTIE: Trisgeie it Mo i ims. kg B Blr eos space
syst em Wasigichdn ﬁrb@faﬁltxﬁmﬁgg inCd RERalPRARIN, apPetls forHame hdresstb @WuPhndcomplete
configuration (e.g PAR or in anpother_enbodi ment, .a virtualized guest)
there i sSH#H&. &élﬂmé%l%;ﬁ’&b’ea paftien oif srpvailablo gb conbinationeafhiatdWarr snshlisspssdar e

popul at eghdpf c%@&QLI@? RE AU Rtds Pm@ard REpS )ﬁo}cﬁgﬁm TPéncSib %Eﬁ%nﬁfgﬂsf&rﬂm mory

addr ess space Is 20seéparate and apart fromt mal n st orage address space.
[0G#1] | mt@feemg avithi ecprb gremer arvlpﬂffeerdfloglwé patifiehThie @tlwe(ervyral dllffereht logical
subsystem a chann rects e flpw of
Tt of mat [BHUBEL RBHAIEAG a s FPa Dot Pie S AR ettt B85 o d® e
menory, hetinafisowhe ivdeRs the, thé aiagede] mikcodte and/yr andodmlc b f tRRPdédssoHprever
the 110 subsystem may be ot her {han da cfhannel Lflb?l ystem

entity performing the processmgs It includes, for instance, the hardware-level instructions

and/or data structures used in implementation of higher level machine code. In one

25 embodiment, it includes, for instance, proprictary code that is typically delivered as microcode
that includes trusted software or microcode specific to the underlying hardware and controls

operating system access to the system hardware.

[0017] In this example, several of the logical partitions have a resident operating system (OS)
170, which may differ for one or more logical partitions. In one embodiment, at lcast one
30 logical partition is executing the z/OS® operating system, offered by International Business

Machines Corporation, Armonk, New York.



25[0022] In the case of a channel subsystem subchannels are used to
perform EADM operati ons. These subchannels are referred to as Asynchronous
Dat a Movewo(26dMestogpe subchannel s and are associ at ed w PoTERDN2OMSEAL | ONS,
and not |10 devices, |ike other 110-type subchannels. An ADMtype
subchannel does not contain a device nunber, nor does it contain channel
path information. The number of ADM typé subchannels provided for a
configuration is nodel 30dependent. ADMtype subchannels are addressed by a

subsyst ef0il8khegi¢dl pattitions Lidrate (nsn@ed byWwrparpisoy 1968w bOPGTINERIIGIXdi59861 9
[0023] Th I s Data
Wover Fan T iy o ORIl P Tl ol o ARE Py SR Bk
descri bedorhgises one drimeorEpidrdracickiding iakdspausivap@itiogy éimdio ntecatpue $39 ssheciated
transfer 0 bl ocks of data between maj N st or and storage class, nenory
as wel | %4 ﬁ@%@&??ﬁ%?%éﬁo%p@?eawwﬁk Ot i i8aT E0ds the L Hoe R RETO SR EHABERCl ass
SNErry MMank@hr ePSM Db @GKI BY IiiéRhamal Bhdiss NREMhY CdrPorafiéh, AFRQHL MeR , when
the EADM Facility is i nstal | ed: [ 0024] One or nore ADMtype subchannels are
provi dedY®Hi-ch are used for EADM operations. [0025] EADM operations are
designated by a specified EADM operation block (AOB). 10The AOB i ncl udes an
EADM r eqm§mbﬁ&KpM§% 180G reafhy %J&%Pf&%@ur@ésqg& atNBIted ANHe HRda0nat es
a list of EADM nove- speC|f|cat|on bl ocks (MsBs). a nove operation, the
VBBs conp'aiiﬁonsanQr mataneom a ddmed patigon | Yeinsludés ahgtoa ntome bglcabme@bssczrmhcla@f t he
size of %v 1ch e rcskeS sah IRHE OFaah%lcg, Stk nat Iror(])ulrc%(igg e Eh%e aBItOCkS and
the directionof PE’: dafd " moveh %rf)fﬁf%] maxi mum nu er B3t ""VBBs t hat
mayl tbe Sﬂiﬁ@lofgioaﬂplbyes&ﬁs Aﬂderﬁcdm(jﬁhltdﬁﬂémde\Iytbe e‘n'her deaihtati o the partitiof, sbl ocks
that an ecify to be noved or oper@t?ed on is gllso rmdel dependent .

[0027] AA@ @ﬁﬂlaﬁlﬁr TS BBEELOT ERPVACE e ST ST Bt Wi Bastarth BeBthannel
i nstruct hQftion, so that thetulﬂéérl ﬁ%&&%e%ﬂrc@%&té’rﬁ% Dﬁﬂ'ﬂ@ﬁﬁﬁﬁﬁ@ bn@Rd aRitlsAPM
operation request bl ock In turn ORB desi gnat es an ACB.

The instruction asses the contents of the EADM ORB to the designated
subchann#1020] MQ%uwéﬁb%tamtl6@&%fc\ﬁlaﬁb1@qﬂy |a§0rfwuééem@ed)mr@iléﬁs(soemwny

oper at i Ry b REaIAARlry PSS T ATMBCH ANAUSLNCPETERTIR 6 SRARLLIE]

oper ation erve € program tora e C ass nenor appears
t o Ide bl ockiory which presents the memory as ﬂat hiding the details of the physical implementation

from the program. As one example, there is one address space system-wide for the storage class
memory, but from the view of a configuration (e.g., LPAR or in another embodiment, a
virtualized guest) there is one address space into which storage class memory increments are
populated for cach configuration of the system. The storage class memory address space is

20 separate and apart from the main storage address space.

[0021] In one particular example of the z/Architecture®, the 1/0 subsystem includes a channel
subsystem, which, not only directs the flow of information between 1/O peripheral control units
(and devices) and main memory, but also between the storage class memory and main memory.

However, the I/0O subsystem may be other than a channel subsystem.

25 [0022] In the case of a channel subsystem, subchannels are used to perform EADM operations.
These subchannels are referred to as Asynchronous Data Mover (ADM)-type subchannels and
are associated with EADM operations, and not I/O devices, like other I/O-type subchannels. An
ADM-type subchannel does not contain a device number, nor does it contain channel path
information. The number of ADM-type subchannels provided for a configuration is model

30 dependent. ADM-type subchannels are addressed by a subsystem identification word (SID).



25concurrent at a nodel dependent m ni num bl ock size. This nodel dependent
value is called the SCM bl ock concurrency size. [0030] When EADM operati ons
are conplwoeyizzwsiod0 i nterruption is made pendi ng to thecpmegeiansdser t he
ADM t ype subchannel on which the operations were initiated. W)

2012/ 168100PCT/ EP2012/ 059861 10 [0031] The EADM ORB i ncl udes the
specification of a subchannel key and tRe address of the AOB to be used.

The AOB is designated, for instance, on a 4 K-byte boundar\{)&and may be up

to 4 K- bi023] hhasAPd-type syeshenngbBye nyed bydeaiBrtended synehronsus DataMpvdsyt e AOB,
t he ACB - i [ i d [ nt: -t or age
ar eas byﬁ%)sﬂlnﬁg\% E}éégs a’?h%é?@ gglsl:tcg{r}]lgtcg%éf L%b%%ﬁgsgg% S&? eéi%%géilﬁ’ tﬁig%hPﬁ/Et he
|ist, inBichy aibwslepirognah tongqacsstho tragderarf®dd ckoo bintdisaeednanaid atodage nad st er .

[0032] The first EADM operation is started by the channel . subsystem using

[ nf or et NBREF AAEHECIRRY, Gris bt TERENT GHET S KRR H Ao 16 LY Tt BECACS o
fetoh annyeBry JMelcMeR H166 dfdRsadeR@ask HeioRRth @Rc tMBLIISREEC whb@theabont r ol s
t he EADM operation to be processed. 10[0033] Each EADM operation is

r epr esenfFedlityys opiellagdsB. An MSB may specify, for instance, a transfer of

bl ocks of data fromnmain storage to storage class nenory; a transfer of

bl ocks Opuﬂﬁfa fr oghSEOhSIAEVESFe ABERIMek A TRO RISt QhRAGre Ref i RNDN Of

bl ocks of storage class nenory; "and the releasing of blocks of storage

cl ass nmenory. ¢reoduhs.| f the bl ocks of storage to be transferred are not
contiguous in main storage, a new MSB 15may be used or the MSB may use

i ndi rect €Ssi Ffyi oy NG E

wor s (ABRTES °% o DY SRRl LR ehina oLy O EPOIBaPh ROBERAGRS, e
speldl fi es the tranEliccAOBfindadea ah i ADMNyrequest Wocke@R @B), and andANBBes®nt® be
used when there is a.c in the directi f the transfer. [0036] The
concl usi on of an Iﬁ%@%’t ‘i“tﬁln&e?@n?ff)sr?rﬁfitI(’?BiAﬁ)&‘{[%Vgﬂpwg‘iaﬁ@nBE? ned
status 20condi ti ogﬁx_rms)._c ParNRbvesstrane, (e Wi Sms @nthin ifdrmaiib@hbbut GRMMRAt i on
represents the conbination of primary and secondary status indicating that

t he subchannel is ehdafatakeamaved. saetbesibe sige afrthe plogks thersource and desiinafiont us i s
cleared. [0037] Am,EARNL 9P&GL Bid YA o7 )¢ R yrely by a d ear
Subchannel instr UCtOI on. gxecézgtozc% a{;)? teheeéctﬁélargr u gahaéme i'nstruction

term nates execution of the AOB at the 25subchannel, clears the subchannel
of Indi c#26hs of ThremadBummuexise of MBS that thag by sedeifmddiysinAOB is model

dependent. The maximum count of blocks that an MSB may specify to be

moved or operated on is also model dependent.

[0027] o A program initiates EADM operations by issuing a Start Subchannel instruction
that designates an ADM-type subchannel and an EADM operation request block
20 (ORB). In turn, the EADM ORB designates an AOB. The instruction passes the
contents of the EADM ORB to the designated subchannel.

[0028] « When Start Subchannel is issued to initiate EADM operations, the channel

subsystem asynchronously performs the specified operation.

[0029] As observed by the program, storage class memory appears to be block
25 concurrent at a model dependent minimum block size. This model dependent

value is called the SCM block concurrency size.

[0030] » When EADM  operations are complete, an I/O interruption is made pending to
the program for the ADM-type subchannel on which the operations were

initiated.



perforns the clear function. [0038] Further details regarding the EADM ORB
and related control structures are described below wth reference to FlGs.
2A- 2F. | nwoialdggioneferring to FIG 2A, one enbodi nent eCTAP2EADESERB i s
descri bed. WD 2012/ 168100PCT/ EP2012/ 059861 11 [0039] As one exanple, an
EADM ORB 200 includes: [0040] Interruption Paraneter 202: This field is
preserved unnmodified in the subchannel I¥ntil replaced by a subsequent
Modi fy Subchannel or Start Subchannel instruction. These bits are placed in

the |10 1098&F FhpEABM O8Eeinolides thisneedicptinneafraspb¢honnd eyianyl the pddrpss of the
5subchan Ny KA i t ] [ on
of - for Ton SIEMOETHAMOBICH AL Yol ROHAR, oh 31555 kel 18 PRGN 00,
Thi s fi etodt Kerysintsive. $fibcledifiBs ark eyeded thanhe il HABM Obetcat OBNthe R inky ed by
the ARQB and. a j.es to fetching. of {he , fetching. toring of the
ARSE, ant ety SotuEinig e bR R et FdparineRnasy Bk aeEh <
fielsd 10t add”ef d MRCnM4@MEB indhOBtWnS8ad &fi debighatigRI-QAERMENB B ucN@E Hatn 1 S
recogni zed by the channel subsystem or an operand exception is recogni zed.

[0042] ORBEStt ensi on Control (X) 205: This field specifies whether the ORB
is extended. This field is a specified value when an ADM type subchannel is
desi gnat g3 PTREf\M Eng\Pb][ié}ﬁEonaiE‘ SEORET NG EXFRPIJuBE R &ir%&%ﬂﬁﬁﬁ%i&hﬁ%e
condition is recognized. 15[0043] EADM Operation Bl ock ( ) Address 206:
Thi s fi ellaigptediBALRN QB add ARSB ufthe HesighapM AP tafcichrantV BBk ThAUESB | f
certain bj of this field do t _1nclud hned val ue, then either an
oper and st P ing iaindof il AR, abdCentiSh B SATNISPentBin{Bnsl ™ sbly !
this field designates a | ocation protected against fetching or designates a
| ocldt i on[0938Eadh EADMhepeciof iigepatintmnl, byt dre MSBr AnfMSIB mayspecfynor instanté,at ed.

In this case,. t 20subchannel becomes status .pending with pripary,
L ocondar § Taneral BlHCR PRI e RS o s dpaunity vaeghs B bERbHks o5
Thi's fi eligtaifios] Helase daShamnay tSMbRKEIray, Relctfind of BISUKDSF sthRgE clas A&sdgned to

t he desi gnat ed subchannel and used to order the selection of ADMtype
subchannatsthgrdepsimef hlocks efféarpgsreliss megdse initiated for one or nore
subchannel s that are start pending. 25[0046] Storage C ass Menory (SCM

Priorit YF]OQ)%Q} £ T Slodls&e gtoirdg@ kI HESaR S tLAGRt %J)l?f%%loﬁgeiﬁ%a)fn Qt&a%é,ia{[rié\x(ﬁw
nunber that specifies the priority level that is applied to all EADM

opeldat i omey hs sensl catleedMBBtrhayt tre indizzet adtlrpsging bnspecifgng a list of EADM indirect data
2012/ 168%@({%&%0'%&2&%6%%8 §06 %esignate the noncontiguous blocks.

[0035] Since an MSB specifies the transfer of data in only one direction, a new MSB is to be

used when there is a change in the direction of the transfer.

[0036] The conclusion of an EADM operation is normally indicated by the combined status
20 conditions of channel end and device end. This status combination represents the combination
of primary and secondary status indicating that the subchannel is available for another start

function after the status is cleared.

[0037] An EADM operation may be terminated prematurely by a Clear Subchannel instruction.
Execution of the Clear Subchannel instruction terminates execution ofthe AOB at the
25 subchannel, clears the subchannel of indications of the AOB in execution, and asynchronously

performs the clear function.

[0038] Further details regarding the EADM ORB and related control structures are described
below with reference to FIGs. 2A-2F. Initially, referring to FIG. 2A, one embodiment of an
EADM ORB is described.



12 [0047] It is nodel dependent whether the contents of SCMpriority field
are recogni zed by the EADM Facility. On nodels that do not recognize this
field, thwof2oeldsmontents are ignored and all EADM oper CT@mpP2012959361 at ed
with the start function are assigned an inplicit priority nunber. 5[0048]
Format (FMTI) 212: This field specifies the layout of the ORB. This field is
to include a specified value when an ADMtype subchannel is designated;

ot herwi se, an operand exception is recognized or a particular condition
code i s HWB9] As ong gEawje, mEA@&m&ﬁ)é%mpbdesm ock (AOB) specified by EADM
AOB address 206 of the EADM ORB includes the information used to invoke
EADM ope C i SO S
boundary[@tﬁgpﬁlzev???ﬁ%gm?tﬁ%be%g 1§ﬁ 0 lp%]ie&l%r]l one exaer%flﬁ Sﬁbéygwge){m}lﬁtlﬂn FI G
2B, an EADM ACB r@#@&cil by laydesqodmt b@dsfyéubdmsnelanSmmbclmudsnstlblbm ThROB)

222; an EADMre onse bI 224. n_ NS cont ng up
Co a def ined numbertobcgd mus A Glerbatn B3R oMt ol REEE SRR DhE %o
mor & than the d@ﬁbdh@ﬁhdﬂﬁﬁﬁwhéi%ﬁ%ﬁup%ﬁﬂaqmt 1@g1ebﬁabbrtmiabmg>n(dfhat is, by
usi ng the branch 15to next M8B flag in the MSB). [0051] One enbodi nent of
an EADM request Bitdek 3 TaryndpednicEupédcri bed with reference to FIG 2C. In
one exanple, ARQB 222 includes: [0052] Format (FMT) 230: This field

speci fi epoypshryamel REy 26%Brhid B@ld‘f@ﬂn&é&h@iub&ﬁﬁn%elfke‘?'fgr th@ Emt)baﬁﬁloﬁéal ue;

ot herwi se, a program check condition is recogni zed ﬁg he channel
20subsyst em and sae%féﬁerhe AB4B @rrdrappha‘:%tmfﬁdhle&pé@e Qiretehing pl$Bm storing

qualifier code q”g% s to
specify the EA sf&(lzgg%msghg ot er%ggatg%qg%féfg%e}ﬁecI?ff%:hggnﬁel ion
i s ecogni zed bys ztﬂkﬁﬁrmtiamhue,l otisarlyiy stithar @pd gncdrnianchdiitoes excogrizddsy the
indicated in the excgspuél on qualifier code.field of tge ARSB. 25[0054] WMSB
Count 234: This e @@m?re@%Peaa&dﬁﬁcegflowéégcqgﬁ% conpose the EADM
request. The nmaxi mum count of MSBs that nay be specified is nodel
dependenmoﬂheR\BaEmaqufn Citsl HOD0d: Thistfizldegifeatvacthéan ORS © emaddddes s than

or equal to the_nod depend maxi prum MSB count val ue; ot herw se,
progr am check cé%ﬁfq &K %S@e?lge%wwz%ew% -B0§ SYbehashisEvs BBseH 2/ 059861

13 the channel suboytehand AepBBEAHN 8 ramsch'easieoqlahr%q i Rod e

exception qualifier code field of the ARSB. In addition to the EADM
request bl ock, the EADM ORB al so specifies an EADIVI response bl ock (ARSB)
The! EADMI04ELBADR Bperkon Blagk AADRY Pdiress 206 Rihis Beli spictstan agddiess afliren an

except | on cond! @ ichek BGPBRLE EAon PRRELLLEBI YenAMATRR ficlFR d%g%% onl y

when alert status 1s present annel status wor t he
EADM ext ended stvaluasthevoeithe( &Sveransl exegniongf abrogeandclicek c&AlDidr ie sgopsiecdh| ock
stored (R) bit is one in the EADM ext ended report word (ERW, each of which

ksngeisﬁr (ﬁ%g%@hlowgd\l%%l ré Alss?eflon pro ecte(i‘na gaa?r{sp %{c"llnrig ortgiemgr(l)art]é[se E)gatf())];l the

outside of the configuration, the start function is not initiated. In this case, the

20 subchannel becomes status pending with primary, secondary and alert status.

[0045] Channel Subsystem (CSS) Priority 208: This ficld includes a channel subsystem priority
number that is assigned to the designated subchannel and used to order the selection
of ADM-type subchannels when a start function is to be initiated for one or more

subchannels that are start pending.

25 [0046] Storage Class Memory (SCM) Priority 210: This field includes a storage class memory
priority (SCM) number that specifies the priority level that is applied to all EADM

operations associated with the start function.



10[ 0056] If a programstores into the ARSB while the associ ated subchannel
i s subchannel active, unpredictable results may occur. [0057] When an ARSB
i s storedyvothe/msmant of data that has been transferredpPCrfEPacmp/ 059881

unpr edi ct abl e. [ 0058] One enbodi ment of an EADM response bl ock is
described with reference to FIG 2D. 15l n one exanple, ARSB 224 i ncl udes:
[0059] Format (FMT) 240: This field speciXies the layout of the ARSB. When
an ARSB is stored, the value of this field is stored as a defined val ue.

[ 0060] Ext¥d71 Biis mpéqjslelqeeﬂyntmmevwe rroRtANtARERCMsprinridy Eeld ardicgognizst @y thehen
set, specifies EADM Facility. On mtolagls gé?ﬁ%fl%tg‘gcorgﬁgggﬁﬁ 91'& ‘[\ﬁ’g| %‘éﬂh ﬁnéﬁseB I'S

st or ed. Exanpl e excepti o reasons rogram c

programmi ng err ggnoirsl ahdtatdEAIOM JpRO6iBhPisedeatd with divetdet fuActsinaragBigact @ss |1 S
prevented by the B otectlon chanlsn1 Protection applies to the fetching
of the ARQB, NsBI'PAY V%lyHWB data to be transferred to storage class
menory, and to the storing of information in the 25ARSB and data

t rarssf er [(9d8f Fomas {FNTBPE] 2¢ | TASSTidTe spcifics KOG UCH agho @R Blallais GblidK o iAdlude a
uncorrected storage_ error has been detected in regard to data that is
cont ai ned i n naiSPEEESNRYE Hird ALY ROTUbGhneelds ﬁ?ﬁl%q%f pelheBHfapt ePBIdan

EADM oper at i on. JheicondiddeaelBYa el Galitgh Whens dgt ected, even if the
WO 2012/168100PCT P2012/0 9861 14 data is not used when prefetched.

Channel data check is indicated when data or the associated key has an

inval i d W4RKTheEBPYERP e (BN QR spedifickhof ABY MBmddrest 2@aefih¢ EADM
f L I
reter em?%{e ohull& GO (ﬁﬂ{gu&&‘ﬁ&}‘l% ké B%@‘ﬂ% %&Qﬁb‘i 5&9?%(519'15 zﬁf&%&tﬁan neﬁé‘ ne

control i'S cause ction affecting c
sublﬂ/stemanqm,ronlasﬂfK-BTytebomnhir}tamins v:trmlbladeﬂ;engﬁnal id CBC on an ARQB, an ARSB,
an MsSB, an Al DAW or the respective associ ated key. The condition may be

i ndi cate an inv I|d Cis MSB, Al DAW
or tho. r RISUER §8 LBk bRy FEo R FABRL ARG RRES GRS not
used. 10EQDGS}dbamted (ARXUB) BQ@ I’HhLESA]dM @spRvEbIbACiARSB) 20heaid anVMSB arca
uncorrected error has bg
6 containing up to a defined number (¢.g., 124) of MSBs. The ARQB may specify the use of
more than the defined MSBs, however, when using MSB branching (that is, by using the branch

15 to next MSB flag in the MSB).

[0051] One embodiment of an EADM request block (ARQB) 222 is described with reference to
FIG. 2C. In one example, ARQB 222 includes:

[0052] Format (FMT) 230: This field specifies the layout of ARQB. The value of this field is a
defined value; otherwise, a program check condition is recognized by the channel

20 subsystem and a command code error is indicated in the exception qualifier code

field of the ARSB.

[0053] Command Code 232: This field is to specify the EADM move blocks command;
otherwise, a program check condition is recognized by the channel subsystem and a

command code error is indicated in the exception qualifier code ficld ofthe ARSB.

25 [0054] MSB Count 234: This field specifies a count of MSBs that compose the EADM request.
The maximum count of MSBs that may be specified is model dependent. The value
of'this ficld is to be greater than zero and less than or equal to the model dependent

maximum MSB count value; otherwise, a program check condition is recognized by



detected in regard to data that is contained in storage class nmenory and is
currently used in the performance of an EADM operation. [0066] Exception
Control BwvockiZdderdifiers (ECBI) 244: \Wen an ARSB is strorawoi2lssef i el d

is anultiple bit mask whose bits, when set, specify any single or

conbi nati on of the 15foll ow ng conponents that are associated with the
recogni zed exception designated by the IBF field: [0067] The control bl ock or
bl ocks. [0068] The mai n storage data area. [0069] The storage class nmenory.
20[ 0070] The bi t $ha ¢hanndd apbspsicmand pre M SBseqynt erfarrs indipigd dethe grcapADMIMIIST
speci fication bl ifidi rect data address, data in main storage,
and/or data in §§%¥%ﬁgggﬁ%§£g%%nnry. [0071] The bits in the ECBI field
descri be the conponents associated with a single exception
condi t i of0SSF Innwldoono theritAADelamqupst blddn thefli AJAMf OR Btatre spxaiggstandinRMindi ti on,

25this field contai [ ce. zeros,.[0072] Field.Valjdjty Fl (FVF)
26t ol RREKR | SR sl oy ERRPLE roaf bR iR Rl fhip EbrneeRP whose
bit s i ndirbad &n &eptical dodiltiyn &f re€oinizail NShdcetcdly,ian ARSB ARSEninMfidnd wigdni di ty
bit is set, the corresponding field has been stored and is usable for WO
set

2012/ 168200 PRSEPPEIP] 0508 E sphedanst §tags VeE5 eSS W heiARM qxipndedisfae
representyd @SwWyis hf%a&iﬁ%fui,%a kg AR RALESHodE 8bdd (Rt isde A RARATDNG! d.

failing main storage address field, and/or failing storage class menory
addr ess Exteidid r{rooAB)EXERPDI oh Qfimhichiiedesaitd belo@C) Whagan MRER ianotARSB | s
stored, this field includ a de,val t hat further describes the
exceptioﬁwggggiﬁpgﬁmg%nSﬁgﬁ5%%§p ﬂ%%w?¥%§%mﬂP8F8?“%%ae val ues may represent
the foll ow ng, as exanples: [0074] No additional description is provided.
Forl( hi s [0PASEIf atphegremceyts ioto tho ARSS| wikileab&associated subchannel is subchannel active,

unpredictable results may occur.

[0057] When an ARSB is stored, the amount of data that has been transferred, if any, is

unpredictable.

[0058] One embodiment of an EADM response block is described with reference to FIG. 2D.
15 In one example, ARSB 224 includes:

[0059] Format (FMT) 240: This field specifies the layout ofthe ARSB. When an ARSB is

stored, the value of this field is stored as a defined value.

[0060] Exception Flags (EF) 242: When an ARSB is stored, this field, when set, specifies
the exception reason for which the ARSB is stored. Example exception reasons

20 include:
[0061] Program check: A programming error is detected.

[0062] Protection check: A storage access is prevented by the protection mechanism.
Protection applies to the fetching of the ARQB, MSB, AIDAWSs, and data to be
transferred to storage class memory, and to the storing of information in the

25 ARSB and data transferred from storage class memory.

[0063] Channel data check: An uncorrected storage error has been detected in regard to
data that is contained in main storage and is currently used in the performance of

an EADM operation. The condition may be indicated when detected, even if the



identifiers (ECBI) field and those fields validated by the field validity
flags field my identify the control blocks for which the exception is
recogni zewo 200 ©Ri0B] Format Error: The format specified lpgTiHPeoRO59861 fiel d
is reserved. For this case, the exception control block identifiers (ECBI)
field and those fields validated by the field validity flags field may
identify the control blocks for which tlHe exception is recognized.

[0076] Command code error: The val ue specified in the command code field of
the 15ARQB is not ¢acigal wed whenoRFtiRE. chamel datp gheck Thadigaledevhspdete Pred i n

the MSB count fi el . .S : I nt

maxi mum of MSBs t h%’? gﬁﬁglgﬁ%ﬁé%g%ﬁ a?li lé%ﬁﬁ[c%}gi,ggi gégicoggf%g:eﬁﬁ rgggiﬁgt:%?a %@

speci fied by the fWwhgsthitidatads arfercneddyvidchahmil sthbyscwase, t he

exception control block identifiers (ECBI) field and those fields validated

by the 20field val jdity flags field my identify the control blocks for
o ens e paeg] S R LR opBERenSes iR etk SRt BL R S s b ved
opersati on code val melfirfetisPetdching dhanntl JubgsfeneddtrdRl Me byndificgiacihidal d

i ndi cates that the failing MSB address field is valid, the field contains

the address of theVEE ¢BF AN ARQRNSXRPBandYISBsary ALY oBe resgeaiy80] Bl ock

size error: A reseryedubl ASK 13 28ndAbal Bo BRESIHAN ah fovkile cHcel deaby di ty

flags field indicates that "the failing ress field is valid,

field contains theomndpicétchcd ARG NBB, ATPAWhirdhe tehpecxcapediged key, even if
recogni zed. WD 20]2 0 | ER 059861 .16 [ 0081] Bl ock count error:
The val ue specifi etéa{%ﬁéﬁe%%ggf(Aglg%%lsfnloglllsgdbf an MSB is zero or exceeds
t he nodel dependent maxi mum count of bl ocks that may be specified by an
MBB.O | f {0065 i el d Eebndtid tayyrich@gsusf dagd dovanfititiat @dsck:hat uhdrerct @il leirnghdvBBen
address field is v(?li ., .Lhe fcieléjg cont.ai ns .t he address of the B for which
the exception is 5 Sebghn 2" tf’ ?iF?\Pd??P 1Y aétoé"lfﬁrc SMERER ¥t i on
error: A main storagenaddiass tHepesBgdntt 6aOMABM bgaIgnect boundary. Such
an address coul d have been designated by an MSB or by an AIDAW If the
field validity flags field jndicates_ that the failing MSB address field is
valid, tHY96P] e FxegitoniGoatrobeloghylicrilicrptEGipl 2tEBMIGR iR i iored. this fietd

is a multiple bit mask whose bits, when set, specify any single or combination of the
15 following components that are associated with the recognized exception designated

by the EF field:

[0067] . The control block or blocks.
[0068] o The main storage data arca.
[0069] . The storage class memory.

20 [0070] The bits that can be set represent, for instance, an EADM move specification block,
an EADM indirect data address, data in main storage, and/or data in storage class

memory.

[0071] The bits in the ECBI field describe the components associated with a single
exception condition. If no components can be identified for the exception condition,

25 this field contains, for instance, zeros.

[0072] Field Validity Flag (FVF) 246: When an ARSB is stored, this field includes a
multiple bit mask whose bits indicate the validity of certain fields in the ARSB.

When a validity bit is set, the corresponding field has been stored and is usable for



10 exception is recognized. If the field validity flags field indicates
that the failing AlDAWaddress field is valid, the field contains the

addr ess obotbe/WBIDAW f or whi ch the exception is recogni peu/EPRd12iobssetf i el d
validity flags field indicates that the failing main storage address field
is valid, the field contains the main storage address for which the
exception is recogni zed. 15[0083] Storage class nenory address specification
error: A storage class nenory address is specified on an incorrect
boundary. Such aeroagamessess TdedityHat ean bpysctispvsBL, fpf ingteces fading MBI di ty
flags indicates Al L d ] i 6 !
contains the ad ?@géiﬁgig%gh%éggéyfﬁ%ﬂi%ﬁS%Engg%g%%?%%%#éﬂ%%%ggﬂf%ggg | f
the field vali distoyagelchgs mkimehdaddndk fakdles t hat the failing Al DAW 20 address
field is valid, the field contains the address of the AIDAWfor which the

exception.S, re ni.ze £ the fi U dity f s. field. indicat t hat
The Tai | T334t B8R ER Quelihen iRy GO 2LE Mheh dp B MR W SR RREH 2 ns
t he 5storage cl agsddenyy Hatefldresissdrides B ieLdtptihesR¥igePbl et dxSeptRadgpd Add.

[ 0084] Mai n storage address exception; The EADMfacility attenpted to use an
addr ess 25t hat (QIpFRlUGERY EBreecntiha REOWBES ISFHRRPICON or wr apped t he maxi num
storage address. Such an address coul d have been designated by an MSB or
resul t ed[o‘m{n I ncrepBAditinithl BB Ap ROt pERiRAIFESHRTa tHNSc bR cbhidN SRk | f
the field validity flags field indicates that the failing MSB address field
is valid, the fieldenttfiera(BSBN Addaadhessfidils vHidasby the figkh vty flagelieldpt i on
is recognized. If . : 4 i 1chi St Bl Lngdi -t hat the
failing AIDAM/addr%Egugﬁé gﬂ$%%®%}ﬁ%a%gitﬁgggpg%%gsg%ﬁﬁgé%%éﬂggdress of the
Al DAW for which the exception is WD 2012/168100PCT/ EP2012/ 059861 17

r ecldgni z8W75) £ t heFdrivet Brrom| Theti foymat bpagficidibyithie fondatcEtiés redeatedt Her thii dabamg

mai n storage address field is valid .the.fi t.ai th in. rage
nddress 1 of whi cn Ors eREdniTuiThoS iy BB T Bosardhsa e idliRor
address except i on: thd fieldcADtf Agds! ficldmay tdeAptyatle tntidsBlocksT5E wWhiagencCl ass
menory address that is unavailable in the configuration. Such an address
coul d have been deSicEHNdSYSHFINGB or resulted fromincrementing storage
cl ass nmenory addresses during data transfer. If the field validity flags
field ingjogat es thasmibed Eielekiog MRBy g&ficd inthécddimudl édde fehieofhihe! d
contains the address of the MSB for which the exception is recognized. If
thelXield validityARQB iagst reaanizeilndi cates that the failing Al DAW address
field is valid, the field contains the address of the AIDAWfor which the
except i ofygy5] I ecogisBEYund dirdk Nene L 8hdspeairkdid the M@ISounk BEd o Bl B3 t hat
the failing storage class nenory address field is valid, the field contains
the storage cl ass zeemorsxced thesgodab depanilat nialanwx 0 EPtSBerhdt say e operifzakd.

15[ 0086] Mai n storage error: An uncorrected main storage error is detected.

If the fj val i dj g [ .ndi i Lin SS
fieldis ‘@2?1 d, t ﬁFeIE‘%/Su Jer*o e tbghL %ct g%gﬁ%f%%gqu}& {}gé&?}gé&f B % i"gﬁ%?‘{hﬁe
exception i s recogeXcz@ibn cohtrédlbdodkiiédndifieal(EGBI)yfidld agbthbsecficddd vadidatad bgtHehat
the failing Al DAW ress field is valid,. the fiel ont ai.n he address of
L0 DA For i eheld e eagt feld T gettine ibonsd tock RVl ihg Cydpiion £y
flags field indicakesobhigéd.the failing main storage address field is valid,
the field contains the nain storage address for which the exception is
recogni zed, ) . . .

[0079] Operation code error: A reserved operation code value is specified. If the field

validity flags field indicates that the failing MSB address field is valid, the ficld

contains the address of the MSB for which the exception is recognized.

25 [0080] Block size error: A reserved block size value is specified. Ifthe field validity
flags field indicates that the failing MSB address field is valid, the field contains
the address of the MSB for which the exception is recognized.



[0087] MSB list error: The AOB specifies an MSB list which crosses a 4K byte
boundary w thout specifying branch-to-next MSB (BNM to cross the boundary
250r the WBBoixicstee | ast MSB in the specified MSB |ist aou/eBhiMziosssspeci fied
by the MSB. If the field validity flags field indicates that the failing
M5B address field is valid, the field contains the address of the NMSB for
whi ch the exception is recogni zed. [008%] MSB branch error: The AOB

specifies an MSB |list in which an MSB (branch- 30source MSB) specifies a
branch-t 08¢kt NMSBBIoBRNuns ot HeelyBRespreifiqdsn theeblogkanotnt fickd gan M BJs zero

specifies BNM | f ' | gl - £ L nekl t -

2012/ 168100PCT/ Epz%%gf%éggglgﬁ%i ?%?teeX(}egL:t ﬁ?%ﬁ{“k}ﬁ &gﬁj%g‘g&?ﬁ%}l’g@ibg SE\%l?e . the
field contains thebyddviéBs Ibthe tfikkl Jatiditg lagdicld mdBBs fhar thetfaitihg M8 akiespt | on
is recogni zed. [00 Al D, i st error: An B specifies an. i ndi.rect
ot o addr ess wor d_ (ol DA e feigp i S BRE Marb s Slitar e
spea fying branch-jfegogndiR@xt Al DAW (BNA) to cross the boundary. If the field
validity flags field indicates that the failing MSB address field is valid,
the field contains the address of the MSB for which the exception is
recogni zBW82] £t heMpinstifagraaddenss gperiiggiéonqriary A hn sleraes adeiges ip peecifigdiopng

Al DAW address fi el g j8oMRl bShndhrye Shittehfadipil 818 h&%%e@r@'éés?%%teﬁfbytaﬂwé’é DAW
for which the exception is recognized. 10[ 0090] Al DAW branch error: An NSB

speci fi es an EADM éntgianetD At &f thd dirldswlidity HagsAlcBhinflickics that the whlichMaB Al DAW
(branch source AID S i.fi cht o- spur Al DAW, n he Al DAW
that s the branchierg B R, e ol EMGAR oo PAYaeh Bt BEF) 2gs
fielod i ndicates thakepthe i aicbimgdVBRhaddiiessidity fha flesd Malchds tHahee fiighg

contains the address_of the B f.or whic e excepti is_ 15recognized. If
the field validi ty/iﬂ?{é‘dsafﬁfeég/gel@dﬁw%@? w6 helliontive thesddre CEIBAIP AT 5
field is valid, thegukh ﬁle@x@é}iﬂﬁoﬁ'iﬂ%cé%@zeéﬂﬁﬁ?@ﬁel@fvafidﬂﬁy IR FE R iR@AEEhA DAW

for which the exception is recognized. [009 ]Storage class nmenory tenporary
error: A recover abthe faling mgie stiragesddesroisgld e vabid, the fididtcentamd tha haiplsterdgeel d

validity flag fielg &9%&%@& th@g’?cgéﬁ&o%?%%ié& B 20address field is

valid, the field contai ns the ad for which the

15 [0083] Storage class memory address specification error: A storage class memory
address is specified on an incorrect boundary. Such an address is designated by
an MSB. Ifthe field validity flags indicates that the failing MSB address field is
valid, the ficld contains the address of the MSB for which the exception is
recognized. If the field validity flags field indicates that the failing AIDAW

20 address field is valid, the ficld contains the address of the AIDAW for which the
exception is recognized. Ifthe field validity flags field indicates that the failing
storage class memory address field is valid, the field contains the storage class

memory address for which the exception is recognized.

[0084] Main storage address exception: The EADM facility attempted to use an address

25 that is not available in the configuration or wrapped the maximum storage
address. Such an address could have been designated by an MSB or resulted
from incrementing main storage addresses during data transfer. If the field
validity flags field indicates that the failing MSB address field is valid, the field
contains the address of the MSB for which the exception is recognized. If the

30 field validity flags field indicates that the failing AIDAW address field is valid,
the field contains the address ofthe AIDAW for which the exception is



exception is recognized. If the field validity flags field indicates that
the failing AIDAW address field is valid, the field contains the address of
t he Al DAWbanivtssmh t he exception i s recognized. |f thePCiraipdoeabisdi ty
flags field indicates that the failing storage class nenory address field
is valid, the field contains the 25storage class nenory address for which
the exception is recognized. [0092] Rel eldse operation not supported error: A
rel ease operation was specified for storage class nenory for which the

rel ease operati on lesogndneds lighofieldyalidify flage fieldeindicytey they thy fafilinggyaipistorage

i ndi cates that the i) | - - r ' ' ' | - ai ns
the address of t head{@%lléL F glrg I%\/lﬁaﬁgﬁaﬁlg ﬁ%%Z%(Of(l:l'tea%%Sﬁ}éér#%lal\sﬁaslrtderg%gﬁageg%?0? ch%‘glt}%}e
field validity fl ageefticalidrdcoghindt es that the failing Al DAWaddress field
is valid, the field contains the address of the AIDAWfor which the

excepti on,l WO 2012/ 168100PCT/ ER2012/ 059861 .19 i.zed. If the field
T a tolss T SR SRe e ma T e T E R Sam sl Ay
addriess field is vabhags clhiendm@l dd@onttRitisSulaRgilbloin AgeconligsationR iuch .addr ess

for which the exception is recqognized. [0093] Rel eased data read error: A
read operation wasiddpst peuldhavedicens fesigngied Oy 38 MuBrentspyltcd dfonpisceentae | ast

successf Ul oper at | g, 3.8  #F3SRE Al ke Frisel iy el v | 205

field indicates that The failing MSB address [ is valid, '

cont ai ns the addr ekgdd ofdicates thvBRBicf fallingM Shaddress éixlepvilah thesfialdcadgmngtbd. | f
the field validity flagsc.fi kLndi,cates that the failli I addr ess
feld ts varid. eOREpehe Stk FRe RS st Bt Sfeco R BABEY SHRLES ne
excéption i s 10r ecgpifizkbindichted het the ElilhgvalD AW addidsagsldfid ellid, thedickit es t hat

the failing storage cl as ry address field is valid, the field contains
the storage class ?Pé‘%‘?%ﬁﬁ% %*§§f?h6rAIMWﬁ°ft‘ﬁlé‘°%§]@€5?qp8ﬁn issre?%egﬁ&-i Udbe

[0094] Fai | i ng MSB #dd R/fﬁlicﬁ?f%ﬁgéd Vs AdiBat&PRS thd ﬁgin%is%rgée IS nlehRrdadiidss di ty

flags field is set, i i ndi cates an addr ess the MSB Tor which an

e

exception is recoghldédalid3heold]chatains by serEpvvling dreassy 2diress\irewhigh the

specified bit of t i el. .dity flags field is set, this field
Byt

i ndi cates an address 0 for which an exception is recogni zed.
[ 0096] Fai | i ng Main Storage Address 254: \Wen a specified bit of the field
val ixdi t y[008aps Main storage errorf iA@lulcorsecseltmain kiosagkiegbdisidatictedt Bshaficldddr ess

[0007] Fai | ng_ st or dig e g e iy nfty BeaSDEEN AR e BolErPRBL TR s ¢ e
field contains the address of the MSB for which the exception is recognized. If the
field validity flags field indicates that the failing AIDAW address field is valid,
the field contains the address ofthe AIDAW for which the exception is
20 recognized. If the field validity flags field indicates that the failing main storage
address ficld is valid, the ficld contains the main storage address for which the

exception is recognized.

[0087] MSB list error: The AOB specifies an MSB list which crosses a 4K byte
boundary without specifying branch-to-next MSB (BNM) to cross the boundary
25 or the MSB is the last MSB in the specified MSB list and BNM is specified by
the MSB. If the field validity flags field indicates that the failing MSB address
field is valid, the ficld contains the address of the MSB for which the exception is

recognized.

[0088] MSB branch error: The AOB specifies an MSB list in which an MSB (branch-
30 source MSB) specifies a branch-to-next MSB (BNM) and the MSB that is the
branch target also specifies BNM. If the field validity flags field indicates that



validity flags field is set, this field includes the (e.g., 64 bit) SCM
address of the block of storage class nenory for which an exception is
recogni zewo 2p0@8iool n addition to the EADM request bl ocleCamip26EADIISsESpPONSE
bl ock, the EADM operation 25bl ock (AOB) al so specifies one or nore EADM
nove specification blocks (MSBs). The AOB may contain up to, for instance,
124 MBBs. However, the program may specli®y nore than 124 MSBs by

designating a | arger nunber of MSBs in the count field of the ARQB and by
usi ng the branch- tbe fabng MSB (BN figldagvalid. the &akdrrontaing thoridrase af thehrasth t he

MSB list. Th ' ' i - MSB list, but, i
enbod: rsrent , ﬁgﬁeng%é“?%é\ggﬁ E%'ﬁ{'lﬁﬁlfjgl?}e%%?%é/\%qg%o%y%%g100PCT} SEPZOlg/ 055&262”(230

may cross a 4K-byte boundary wi thout using BNMto cross that boundary.
Cont i nuafl089k of tABDMBBId esor: akeMyd speeifios aredADY bdircd rbiaguddigss waiac h

continuation of th i.st,..i.f desi ed.to begin on a 4K-hyte undary,
oy contai nup o CHHANEHAT e e HRREE PG AR InR B sk e
spedified by the MzRtaoDAtY {BIeA ol dloss e WRRBary 5[ARO81 AuliEADMeEBivR]
specification block describes, for_instance, the blocks of storage to be

moved between mai nindicaes hat the dilingMsBeaddress Belthisrlig. b figh! coprnsthoaldiess pe

performed on a bl ogkyof1sH @F A4%h & EMAIL FRPENiATd. YRR #idf Vafd e ALds ReH
with reference to FIG 2E, and includes, for inhstance: [00100] Format (FMI)

260: This field spedichicgthat the fdilyoaiD AW addecsiBBd iTvadidy thic dieldofontamisshd Of i el d
is a defined val ue;, ot herw VBB .f,ormat error is indicated in the
except on qual i fi ciddsaal fi AMANY frii e ec Pt sl on” code (0Q)

262: This field specifies the operation to be perfornmed. In one exanple,
wheld a sE9oDf i ed bAIDAW trhchfdrags AhiMSBl spatéss ran EAdDNMehdiwct daa adddes woedl

value, this field cifies.the. operati to be perf . Ex I

operations incl ude@qﬁﬁ\%i)lisé?] &ﬁ@ﬁﬂnéﬂbﬁ%ébf&?‘g‘éggﬁﬁé%%ms@gﬁ? Eraﬂﬂ’de is
desi gnated, the stgragReNIBASY (BNR) ¥nEMHENIDASH (Y istthebshed Rt SkAgeciBaOr Y
address, block size, and bl ock count field is cleared (e.g., set to zeros).

The main storage a@ﬁﬁeégthﬁ ifisldvalidsy Regsrishhindipaten that ﬁﬁ§ai5b§é%ﬁ3 lglress field
[ 00103] Read: Wen | Qlal?d,(ﬁ%dﬁel{l SoftGa! BRak&Hss HAVIsB BPSRich 'ﬂﬁ%x&{b&i@ is

transferred from 20storage class nenory to main storage. T count,
bl ok size, main storgiedatfdthe§sldanbidist fiagadieldcihdisstentbathy failiidy ABXAWI el ds

have neaning for thjs operatign. 41 Wite: en is cofde is

oo gnat ed. “data | SO BRHETRL E ISl P adPRS of Brer spie tRAW
storage cl ass menofoy whidhehdd:eepionasrdcogdit@dck size, main storage address,
and storage class nenory address fields have neaning for this 25operation.

[0091] Storage class memory temporary error: A recoverable storage class memory
error is detected. Ifthe field validity flag field indicates that the failing MSB
20 address field is valid, the ficld contains the address of the MSB for which the
exception is recognized. If the field validity flags field indicates that the failing
AIDAW address ficld is valid, the field contains the address of the AIDAW for
which the exception is recognized. If the field validity flags field indicates that
the failing storage class memory address field is valid, the field contains the

25 storage class memory address for which the exception is recognized.

[0092] Release operation not supported error: A release operation was specified for
storage class memory for which the release operation is not supported. If the
field validity flags field indicates that the failing MSB address field is valid, the
field contains the address of the MSB for which the exception is recognized. If

30 the field validity flags field indicates that the failing AIDAW address field is
valid, the field contains the address ofthe AIDAW for which the exception is



[ 00105] Rel ease: When this code is designated and the EADM Rel ease Facility
is installed, the storage class nenory specified by the storage class
menory adstoesey/iekioock size, and bl ock count fields is reCeapea2/039361 nai n
storage address WD 2012/ 168100PCT/ EP2012/ 059861 21 field has no neani ng
for this operation. Wen the EADM Rel ease Facility is not installed, this
code is reserved. [00106]If a reserved Walue is specified, a program check
condition is recogni zed by the channel subsystem and an
operation code er riseognizeiindfitbafield vahdityhidags fickndissfeyibal the faelingsdedge ¢lasel d of

t he ARSB. [00107] I I t not the
defi ned val ue, thy%@@]éﬂld?%?ﬁ%égf%%&tﬁg ﬁé?g%' Qf %&Q%a%%%g%gkﬁés 264
This field identi faddscsofoe wiiichnthe exdepag@sistrévabnined be set. Flag bits that
are reserved are set to a defined value; otherwise a flags error is

i ndi cate t he 1Qexcepti.on uallf er code field of

1age i n0s8k! "F oot SRR B oh ok PR Bk o wheined B Wi ay ©

i ndiscat es t hat themMﬁBrydEﬁﬁhi&B&heslﬁﬁ@hchss&ﬂ ob&RNboRey atdldle aftdation. Mothe used
to transfer data. Instead t he i.n _storage address field specifies the

address of the nextclfagidify flsgs ﬁ%lédnqlﬁat%sdéétlﬂl’%/fa&l"ilg@%@ﬁ/la%ré? {5l 5. valid, the
15[ 00110] When the FOWLEL@G: S o6 ok MSRB) iR te\& olfloR Skes @ aagelr ess

field specifies an MSB in which the Mflag 1s al so set, a program check
condition is recogthk fied bedlﬁyh@agsﬁ'@&mgﬂlcsﬁqbﬁysﬁlerﬁq111mg1éﬂa/élﬁfr@blsesgﬁeltdhe branch
source MSB is store B addr e e _ARS and an
MSB branch error (iild ?T tﬁe {ams eﬁeéseﬁfi:ilonﬁlaua |ermhﬁ1l (felpg Yof the
20ARSB. [00111]!If Iaaog\d%demise ﬁéldazalfidﬁ’f}bﬂ{ztge flatmndhaﬁtys thhite A sP@agd 188
addi ti onal MsSBs, and the tf; g t set, a. programcheck condition is
recogni zed by the ‘E‘ﬁ‘&ﬂ‘ﬁ’é\ s tlSeYﬂ?ldt & figld ronains ¢he Ypras VS mair¥r ed i n

the failing MSB adﬂfd?e%§f(;r'\@ﬁéil Ak ckRptidRSBecogidegn MSB Iist error is
indicated in the exception 25qualifier code field of the ARSB. [00112]1f an

M5B is the last MSB in the specified MSB list and the BNMflag is set, a
progr am 8¢k cdirbingiNPB iAsldrest dYhi Ween We@ﬁ@déﬁézﬁﬂ@lﬁ%baégdﬁv@ﬁgs fidlé isaddr ess

of the M5B is Stth': Bk fidld tiR afc@iah LG MRB RAASRSS: Fhith dh Qytcef)'hcﬁl ﬁ%@gmzed.

15 [0095] Failing AIDAW Address 252: When a specified bit of the field validity flags field is
set, this field indicates an address of the AIDAW for which an exception is

recognized.

[0096] Failing Main Storage Address 254: When a specified bit of the ficld validity flags
field is set, this field indicates an address ofthe block of main storage for which an

20 exception is recognized.

[0097] Failing Storage Class Memory Address 256: When a specified bit of the ficld
validity flags field is set, this field includes the (e.g., 64 bit) SCM address of the

block of storage class memory for which an exception is recognized.

[0098] In addition to the EADM request block and EADM response block, the EADM operation
25 block (AOB) also specifics one or more EADM move specification blocks (MSBs). The AOB
may contain up to, for instance, 124 MSBs. However, the program may specify more than 124
MSBs by designating a larger number of MSBs in the count ficld of the ARQB and by using the
branch-to-next-MSB (BNM) flag to branch to a continuation of the MSB list. There may be

multiple continuations of the MSB list, but, in one embodiment, none of these continuations



WO 2012/ 168100PCT/ EP2012/ 059861 22 and an MSB list error is indicated in
the exception qualifier code field of the ARSB. [00113]Wien the BNMflag is
set, the wormimicsof | ags, the operation code field, thePCT/EP2012/059861

bl ock size field, the block set count field, and the storage class nenory
5address have no neaning. [00114] Indirect addre55| ng: Wien set, this flag
i ndi cates that the nmain storage address?fiel d designates an address of an
EADM i ndirect data address word (AIDAW or o f the first AIDAWof a |ist of
Al DAV t ay cehes p dhatyssbaundanyayihogt w Mote#rass thappounderait i(ngnuations of the

respect ' I(/FS! hstttapeh rfcg%%ﬁrgd IOOJC c%ﬂﬁéié)g\g aﬁ?(ﬁlecron 1‘2}9}%1? Br t'ﬂgtMS%:?hst i Qgﬁ%ﬁalte%gc

indicates t n storage ress fi e eS| ghates an’ a SS of) t he
mai n st obage oh ad&thyonbdumdhg, mse dorftain udad 28 MEBST Ehe toffDALMLDERIfMEBSInza ( BS)

tngi)eTPlr&’gsdrgl d%%’%‘?l Féhgﬁﬁmﬁzgéﬁ&aé&g‘gl%%EQ%rg;et Eleaglgt ?rermr Y, olrDI ?ﬁgs

si ze and boundary of a block of storage class nenory to be operated on

(e. @, clmme9epdn@WADNMmd Rapedfication Bk dsschibed, Bxtenst{ndd) tibhidéks Mbwagthebeode
value is one defined value, the data bl ocks to be transferred are on a
4K- byt e BOYehBStYceRaig soragr 28¢ $18138R CFEMPYPE £7 PRVRIHEPerRE RN A ue i s

anot her ggti Bﬁgoﬁé%é.L@me Lo SALA o'?'l\%ﬁ%zé ‘% &é@cﬁﬂeé%ﬁleréfe?éﬁc@foeﬁl@inzﬁ anlyt byt e

boundary and are 1M byte In size. If a reserved value is
speci fi ethclidepdfagngdmeeheck condltlon |s recognlzed by the channel subsystem
and a block size error is indicated in the exception qualifier code field

ﬂ)otlgg] éﬁ’??ﬂ 0l 001 19%?&%@?65' elh‘(ijé d LCBRE thell ot bt ﬁ% g/fSBS T&n%ﬁlgzdofthi

Count es a count ocks of data %o be
trasferred 25offichpieratBokdonliceotherwisd, elaNQB frmateireasad)icatBhsetic oxceptien

bllock size fiel Cciluahfher coc'ie ﬁetlgofthe ARSB.

[00101] Operation Code (OC) 262: This ficld specifies the operation to be performed. In one
example, when a specified bit of the flags field, described below, is a defined value,

this field specifies the operation to be performed. Example operations include:

15 [00102] Clear storage class memory: When this code is designated, the storage class
memory specified by the storage class memory address, block size, and block
count field is cleared (e.g., set to zeros). The main storage address field has no

meaning for this operation.

[00103] Read: When this code is designated, data is specified to be transferred from
20 storage class memory to main storage. The block count, block size, main storage

address and storage class memory address ficlds have meaning for this operation.

[00104] Write: When this code is designated, data is specified to be transferred from
main storage to storage class memory. The block count, block size, main storage
address, and storage class memory address fields have meaning for this

25 operation.

[00105] Release: When this code is designated and the EADM Release Facility is
installed, the storage class memory specified by the storage class memory

address, block size, and block count ficlds is released. The main storage address



count of either 4K-byte or 1M byte bl ocks. WD 2012/168100PCT/ EP2012/ 059861
23 a program check condition is recognized by the channel subsystem and a
bl ock couwD 2eryiw810nSs i ndi cated in the exception qualifi ecTmpde2dossbd of the
ARSB. When the BNMflag is set, this field is reserved and not checked.

Mai n St orage Address 270: Wen the operation code field has neaning (e.g.,
the BNMflag is not set) and specifies Zdither a read or a wite operation,
and the indirect addressing indicator in the flags field is not set, this
field includes a gl hat ey memingior esoncetiva. Yéhwd thoEABM Belepsgdopidity iamdt t he
followi ng apply: | 2 K-Sl field specifies 4K-byte bl ocks,
specified bits of i |fsPedit’|ﬁlg %ldggirteg%rﬁgda defined value (e.g., zero);

ot herwi se, a program check condition is recognized by the channel subsystem
and a mai09186jor agelf specivied valui ovspecified, aipsogramdicbetkadndition krecergnepd bp the

qual i fier code f'éel d ofb tpe A%SB. Wgen t(ge bl ock sitzcz.f'éel d speci f'l.?s

1M byte bl ocks, BHEE] FOERET P BrORERIIN £9 4 oL SrP A nBf PSR YR, g. |
zerds); otherw s8de felpoogeaRsSHeck condition is recognized by the channel
subsystem and a nmain storage specification error is indicated in the

Fiera. haDlHBi ng WG H5 cprort 6Ly BTGNS Geld 3y 05 Mg TR D FUPa DR ARY ¢ he

i ndirect addressiRgciRAl gat-BEcKed the flags field is set, the field includes
a main storage address of an AIDAWor the first of a list of AIDAW to be
used for data transfer. For this case, certain bits of this field contain a

defined (MO, ot WElrgi X¢; Taiphodgantitneer oEBRER Tags that 13y e sgniFredibyha he
channel subsyst e 0thé JFRLA 12} LARE \IREC AL EREAMELE G rtidshif fleed 1 n
the exception qualifier code field of the ARSB. en the BNMflag is
setl0 t he oper at ieaseption qualidies cavstiichhofsherdRABn dExamgletflags MSBiddoes not specify
an EADM operation. Instead, this field includes a main storage address of

t he next that spegi f | r gk t i s; iof k&

b os or [RBE N (@ PRtch (90 VAP O 3@;68g?th!é:l?s\r/\f}age]%lélﬁ&gsf@&trtggn@%%ﬁ?g WO
2012/ 168100PCT/ EP20126059861anZBADNNGpctratdn ang i @ aghdité @dndiyr dabre Ioheadnthle
subsystem and a nain storage specificatiap error.is indicated in the
exception qualifier GYIBSPIER HGFS ik SR?%E?St[*%fidzgasgtfﬂweaﬁé%g&égbmw&ﬁ@
Address 272: Wien t hgyRpehatiAlMGepeatibn.el d has meani ng, this

field includes the (e.g., 64 bit) storage class nenory address to be used

5for_the data transfer or to be operated on (e. %IH? clear, release) and the
f ol 1owi niPUARYI y: [ ooFbopiieRNMhBabisselc i packand it wpBsioragssddispidld bl ocks,
specified bits of thisifdehdis®p@hith ﬁleqﬁfle‘ffa% iV AL Y&t (Epgrant&l@s) ;
ot herwi se, a programcheck condition is recognized by the Channel subsystem
10and a storage cl assomknworiy repeaairdd yathe olenaelsobsyistsm, Hti addtestiofithe blaach

source MSB is stored in the failing MSB address field of the ARSB, and an

MSB branch error is indicated in the exception qualifier code field of the

20 ARSB.

[00111] If an MSB ends at a 4K-byte boundary, the AOB specifies additional MSBs,
and the BNM flag is not set, a program check condition is recognized by the
channel subsystem, the address of the MSB is stored in the failing MSB
address ficld ofthe ARSB, and an MSB list error is indicated in the exception

25 qualifier code field of the ARSB.

[00112] If an MSB is the last MSB in the specified MSB list and the BNM flag is set,
a program check condition is recognized by the channel subsystem, the

address of the MSB is stored in the failing MSB address field of the ARSB,



exception qualifier code field of the ARSB. [00130] When t he bl ock size
field specifies 1Mbyte bl ocks, specified bits of this field contain a
defi ned wabue12/wstver wi se, a program check condition is Pretmproizesshy t he
channel subsystem and a storage 15cl ass nenory specification error is
indicated in the exception qualifier code field of the ARSB. [00131] When
the B\Mflag is set, this field is rese¥ved and not checked. [00132] As

i ndi cated above, an EADM indirect data address word may be specified. The
EADM i ndi rect data adad es¥ISEolisg cqray ipmgdjcagdd ip e axhertion agalifier codosipdd pfthet he
transfer of 20 bl ocks g data between storage class menory and

non- cont i guous bl ocks ofB mai n storage. An AIDAWor |ist of A DAW is
designated by an MsSB when the indirect addressing flag in the MSB is set.
[ 00133] TH®1&Mount of Vdandh¢ BNV fleg sedt, thy remainmglilgAliRANratios pedd fidlédhdy t he
bl ock size field in n AIDAWIist is the
sum of the nunber 25 B"é%f‘??@&ldb@eboé tcc?EntAflbe?cﬁtanﬁﬂhgl 18§ Q?arféni\/g’@%l us the
nunier of Al DAW t hatd&pstialyndmandhg. to-next-Al DAW Data transfers may be
processed in orders that are different from t hat specified in an Al DAW

list. ej,mor e, ransfers eC|f| DAW in an Al DAW
| i st may g Hr ocesseiidg%’ E%ﬂfeéﬁWy 2ok tgﬂ?fﬁ‘ﬁé@ fsélffé@z‘df?/%%%m 25
[00134] An Al DAWi s alah&@@tfféqid @é@lgﬂf&l@g an BREAQGLan BADNAHHREE RAUREREYworkt | 1 St
of Al DAW may be any | in one exanple, are not to cross a 4K-byte

en
boundary unl ess a br éﬁﬂ?ing Ohefdihe /ﬁrsDA\IiD(\EfNAfa lig of pARIW ethat designeiesthe he
boundary. There is n f a
branch be conti guous%vaﬁlt?ﬂ%aggm‘i{l%wg%gg yi n@%ﬁi&?%&ﬁ%&g@'&?r 32%%91%5rféggr am
sho@l d create an Al DMWMdnimst sdtythadlaf ewlickitesblyit ehdhaio ko ras agdsss fodlédesignates
ot herw se, performanc a i cur.. 5] Referrin to FI G 2F,
in one exanple, an Eﬂiﬁ)ﬂﬁ?cfgsd ?gﬁm%aﬁtg}"%& caign {ﬂﬁ}e ﬁ%grdf’fél 1]38
[00115] Block Size (BS) 266: This field specifies the size and boundary of the data
blocks to be transferred for both main storage and storage class memory, or the size

and boundary of a block of storage class memory to be operated on (e.g., cleared or

15 released). Examples include:

[00116] 4K: When the code value is one defined value, the data blocks to be
transferred are on a 4K-byte boundary and are 4K-byte in size.

[00117] IM: When the code value is another defined value, the data blocks to be
transferred are on a 1M-byte boundary and are 1 M-byte in size.

20 [00118] If a reserved value is specified, a program check condition is recognized
by the channel subsystem and a block size error is indicated in the

exception qualifier code field of the ARSB.

[00119] When the BNM flag is set, this field is ignored.
[00120] Block Count 268: This field includes a count of blocks of data to be transferred
25 or operated on (e.g., cleared or released). Based on the block size field, this is the

count of either 4K-byte or I M-byte blocks.

[00121] The value of this field is to be greater than zero and less than or equal to the

model dependent maximum block count that can be specified by an MSB; otherwise,



[ 00136] Fl ags 282: An exanple flag includes: 10[00137]Branch to next Al DAW
(BNA): When set, this flag indicates that the main storage address field
does not wpeoidyswomai n st orage address to be used to tramafreri2aadsal
Instead, the main storage address field specifies the address of the next
AlDAWto be used to transfer data. [00138]Wien the BNA flag is set and the
mai n storage address field specifies ar315AIDAWin which the BNA flag is

al so set, the address of the M5B is stored in the failing M5B address field
of the ARSB, t hé raeitpmshedsfcopfisionsanetgniyet by ehemhmmal pubsyitem eed # hlogk eount

failing main st %tplﬁgg 11?(99&1 S tlflé &cgﬁ’t?‘fneqﬁlgﬁ%ﬁgg'&ef gglfﬁl@ AW branch error

is indicated in e exception qua X n the ARSB. 20[00139]If
an Al DAWends at a 4K-byte boundary, the MSB specifies additional Al DAV,
and t he BUA22] ag | WhaothedB¥M fldges s dheSsldof rasheed/BBl i cbtabeéd i n t he
failing VM5B address field of the ARSB, the address of the AIDAWIis stored

in the fajdli i 0.5t i ft R | i st
error i s (o R FRATEARANECER: sl bpdrl Gl ¥SaPar R he AR YO e
25[ 30140] Mai n BNvidhe iPadred sn@Gbcifitheithet hecaBNAa faired opdrationosndste indirkits

field includes an address. in mgjn_st e to be used fqr data .transfer and
the fol | owi ng aaﬁﬁhgf;%%ﬂ[gpla%&atfw'?é eﬂ%?é%?fg‘ér?%ﬁéh‘? %&ﬁdnﬁﬂdqsﬁén%gogaﬁsci fies
4K-byt e bl ocks, ,a@es thibedsdd hedRd trhliics ahil @lcdoOMhglappig: defined value (e.g.,
zero); otherwi se, a program check condition is recognized by the channel

WO 2012/ 168100PCT/ EP2012/ 059861 26 subsystem and a main storage . .
speci fi cHO1N error is 9 ndi cXhauthe klocksizefieksprgheytiabyiribbacke stecificdbits of

the ARSB. [00142] When the bl < §i Lel.did 154,85 byt e
bl ocks, specified bits of th(’?g}h? Aol O%ﬂgﬁtg?éﬁﬂgagag?%vﬁggd’sa@g‘ﬁu%h%?%% zeros)

S5oterwi se, a program check reograintchenk dosditiet rgniaairetpy theeheimehsbisystem
subsystem and a nai n storage gpeci.fitcati on error i S i.ndidcatt S(éNJ;&n thet.
exception qualifier code fi "8 “81 " T ARIE ! 6%‘1%%‘]‘%%&? F’HE eﬁ“éea P
set, this field includes a npuhfigtcodafiedadthcessS®f the next AIDAWto be
used for data transfer.

[00125] . When the block size field specifies 1M-byte blocks, specified bits
of'this ficld contain a defined value (e.g., zeros); otherwise, a
15 program check condition is recognized by the channel subsystem
and a main storage specification error is indicated in the exception

qualifier code field of the ARSB.

[00126] When the operation code ficld has meaning and specifies either a read or a write
operation and the indirect addressing indicator in the flags field is set, the field
20 includes a main storage address of an AIDAW or the first of a list of AIDAWSs to be
used for data transfer. For this case, certain bits of this field contain a defined value;
otherwise, a program check condition is recognized by the channel subsystem and a
main storage specification error is indicated in the exception qualifier code field of

the ARSB.

25 [00127] When the BNM flag is set, the operation code does not have meaning and the
MSB does not specify an EADM operation. Instead, this field includes a main
storage address of the next MSB that specifies an EADM operation. For this case,

specified bits of this field contain a defined value; otherwise, a program check



10[ 00144] As descri bed above, EADM operations are specified by a Start
Subchannel instruction. That is, the programinitiates EADM operations by
i ssui ng awBtartie®wbchannel instruction that designates aoTAPMIRPISG61
subchannel and an EADM ORB. The execution of the instruction passes the
contents of the EADM ORB to the designated subchannel. The EADM ORB

i ncl udes the specification of the subciHdnnel key (used for protection) and
t he address of 15the AOB to be used. [00145]1n one exanple, as depicted in
FIG 3A a Star wcosiibehineronizedby the chameBobsystret yulexsmain stypegeapsoficatiode 302
speci fying the . : I 0Ny j r 04, which is an
i nplied oper and%ﬁ{:fgﬁ@j&ﬁ%ﬁﬂ?@rm{c%% %nq%g{lﬁegé:%g{ g%ldggge%§l, whi ch

i ncl udes the subsystemidentifier designating the ADMtype subchannel that
is to bell28t ed; Smohga Cime daho2PAddreantl/2308Bhenihe operatsontdode lfiolgihmal addr ess

of the EADM ORB._ The ecifies e.parameters used n controlling
Che start funce mstrenEgist BREDSOR: {8 MABRRERTE! Frefiffoddfesf AL Red

designat ed subchanthelattl uhndig or hkebeyreattd onet, HaartlcHiehbahphoellowid or to
setting the conditjion code. If the execution of Start Subchannel results in
the setting of &PR¥ndition code other than a code indicating success, the
contents of the EADM ORB are not placed at the 25desi gnated subchannel .

[00146] Spjpgegjuent to the exeghid @R bREk SzatitldSPRsHaMIEbyE BlocRE sHldMiddhe
subchannel , the channel subsystem asynchronously perforns the start

function to initiate EADM opdihis fieldsoniinty defiacdoniig feakizerasy othrwisetaar t
ARCE from the A08. w0 2013 T ORTRUEY Bpusidd 8h rtieppRhE IR
Exelduti ng t he EADM oper at i onsdastspecildss edmboyy tpeeifiARQB carod istihéicdBBs: th¢
designates. [00149] exception qualifier code field of the ARSB.

[00130] . When the block size field specifies 1M-byte blocks, specified bits
of'this ficld contain a defined value; otherwise, a program check
condition is recognized by the channel subsystem and a storage

15 class memory specification error is indicated in the exception

qualifier code field of the ARSB.

[00131] When the BNM flag is set, this field is reserved and not checked.
[00132] As indicated above, an EADM indirect data address word may be specified. The
EADM indirect data address word (AIDAW) allows the program to specify the transfer of

20 blocks of data between storage class memory and non-contiguous blocks of main storage. An
AIDAW or list of AIDAWs is designated by an MSB when the indirect addressing flag in the
MSB is set.
[00133] The amount of data transferred by a single AIDAW is specified by the block size

field in the MSB. The number of AIDAWSs in an AIDAW list is the sum of the number

25 specified by the block count field in the MSB plus the number of AIDAWs that specify branch-
to-next-AIDAW. Data transfers may be processed in orders that are different from that
specified in an AIDAW list. Furthermore, data transfers specified by multiple AIDAWS in an
AIDAW list may be processed concurrently.



3. Conditionally storing conpletion information in the ARSB in the ACB.

[ 00150] 4. Causing the ADMtype subchannel to be made status pending,

i ndi cati rgoR012/1w810pl eti on of the start function. [O0015PLT/HPR0OIQ089S61

enbodi ment, referring to FIG 3B, when the Start Subchannel instruction is
executed and the SID designates an ADMtype subchannel and the second
operand desi gnates an EADM ORB, an EADM%perati on is specified, STEP 320.

Paranmeters in the EADM ORB are passed to the desi gnated subchannel, STEP
322, andl[@0Ad4lchanndn AJRBIY stadlerited pnderasstantet bqurdperd kpumary s ddist of unct i on

with the Faci{ i .

per for m ATRE ey b4 nfleatli Buetibn: Hinap AR R SR P AR AL S Y

i ncl udi ngrahétetoi mek A A WoBNYe)S's eetciiedite grobhihe x@aiatyl. dfheaf is hb ecqBirament that
Subchannel | ns ction, to initiate EADM operation P 326.

C00159] BN e e s b i F breqbegis T SRR AOPEBNA ncl udes
usi rsg 15Hatkeld¢redht ki@ BRdultEcrEADM ARBANDIIQRE ad Rwt e bHBlocR] EHdiBle; and
information is used in the AOB to obtain the EADM request bl ock (ARQB) and

a desi gnathrBYispedtiaapec dagraaEDNRIBS A -speci fi cati on bl ocks (MSBs), STEP
330. The one or nore designated MSBs are then fetched from main storage,

STEP 332{9¢3n4} i nf %S@Mn@@o RSO [EhelRahpr, MEBSDR RiaHs8 DatLAGRBL Wbt he
request ed EADM operation. The first operation is considered to be started

when t he280 includes:
[00136] Flags 282: An example flag includes:

10 [00137] Branch to next AIDAW (BNA): When set, this flag indicates that the main
storage address ficld does not specify a main storage address to be used to
transfer data. Instead, the main storage address field specifies the address of the

next AIDAW to be used to transfer data.

[00138] When the BNA flag is set and the main storage address ficld specifies an
15 AIDAW in which the BNA flag is also set, the address of the MSB is stored in
the failing MSB address field of the ARSB, the address of the branch-source
AIDAW is stored in the failing main storage address field of the ARSB, and an
AIDAW branch error is indicated in the exception qualifier code field in the
ARSB.

20 [00139] If an AIDAW ends at a 4K-byte boundary, the MSB specifies additional
AIDAWS, and the BNA flag is not sct, the address of the MSB is stored in the
failing MSB address field of the ARSB, the address of the AIDAW is stored in
the failing main storage address field of the ARSB, and an AIDAW list error is
indicated in the exception qualifier code field in the ARSB.

25 [00140] Main Storage Address 284: When the BNA field is not set, this field includes an

address in main storage to be used for data transfer and the following apply:

[00141] . When the block size field in the MSB specifies 4K-byte blocks,
specified bits of this field contain a defined value (e.g., zero);

otherwise, a program check condition is recognized by the channel



20channel subsystem attenpts to initiate data transfer or attenpts a clear
or rel ease operation. [00153] The channel subsystem perforns the

oper at i onyoporegsmwst ed in the MSB(s), STEP 334. Thi s pr ®CeEEe201g/05%61
asynchronous to execution of the start comrand [ 00154] When EADM oper ati ons
initiated by Start Subchannel end, STEP 336, the channel subsystem
generates status conditions, STEP 338. 2fhe generation of these conditions
is 25 brought to the attention of the program by neans of an |10 '
interruption, STEP 339. The spbogicamndaymain sioragaepseifidatigwcieerisindicotsd by t he

execution of a Test Pendi ng rrupt | i i
2012/ 168100PCT/ EP2012/ 059861th§§&f]§)t8(%5dé’%%%&s%géa?g@Oggir?dlﬂtgg|%o'ns generated are

presented to the programin the formof an EADM subchannel status word
(SCSW . Ta4HADM SCSW iss st dWbch ths bppak sizofickdhe tHeADAMB isptcaligsupd-bpie blekponse

bl ock (I RB) by the execution of.the Test. channel .i.nstryctjon. )
L00356] Vhen the. EADV opor at 1 BRAFEREET M THA P RAREASIEp Ll {5 ook ( ace)
are Sended, the channel subsyisrenegenes@amaheiit édtditonantcs@eRddritle channel
interruption status. EADM operations can be term nated by C ear . Subchannel
or an abnormal condition recYBYSERR MEDN SOFFE SRTCHEF At AR CIER TP thdfcgeetn on.

[ 00157] The processing of an tﬁ@&cgytignt}ﬁlagﬁ&ryg?é ﬁgl}fl%}h%t}g@g]g‘for a nove

operati on, controls the flowof a unit of information to or from nain
storage. To change the direction of 10data novenent during MSB processing,
a new VsHBUld3lheeded. The ARBheethi it Bag ket Bauitld gicludeBs mahttoreghpri se

th t. [00158] Each EA i on i B. An NGB
e request. | ] Eac %%gs%ﬂflé Qﬁﬁ%]wﬁe%%f?%‘gﬁﬁgﬁyﬁ n

may specify any of the follow e tran | ocks of
data fromnmain storage to storage class nenory. 15[00160] The transfer of
bl oldks of00dddla fr o desoribageaboladA DM mpestive araspecdicd bagdtarf O@Lbainel The

ST SN T o N S
i nst al | ethstruction that designates an ADM-type subchannel and an EADM ORB. The execution of the
instruction passes the contents of the EADM ORB to the designated subchannel. The EADM
ORB includes the specification of the subchannel key (used for protection) and the address of
15 the AOB to be used.

[00145] In one example, as depicted in FIG. 3A, a Start Subchannel instruction 300
includes an operation code 302 specifying the Start Subchannel function, a first operand 304,
which is an implied operand located in, for instance, general register 1, which includes the
subsystem identifier designating the ADM-type subchannel that is to be started; and a second

20 operand 306, which is the logical address of the EADM ORB. The EADM ORB specifies the
parameters used in controlling the start function. The contents of the EADM ORB are placed at
the designated subchannel during the execution of Start Subchannel, prior to setting the
condition code. If the execution of Start Subchannel results in the setting of a condition code
other than a code indicating success, the contents of the EADM ORB are not placed at the

25 designated subchannel.

[00146] Subsequent to the execution of Start Subchannel for an ADM-type subchannel,
the channel subsystem asynchronously performs the start function to initiate EADM operations

with the EADM facility. The start function includes, for instance, the following:

[00147] 1. Fetching the ARQB from the AOB.



[00163]If the blocks of storage to be transferred for a nove operation
not contiguous 20in main storage, a new MSB nmay be used or the NMSB may
i ndi rect wodneswssrng by specifying a |ist of EADM i ndi r eeCTHRR@2A8B6ESS
wor ds (Al DAW) to designate the noncontiguous blocks. Since an MSB can
specify the transfer of data in only one direction, a new MSB is to be
when there is a change in the directiorr’of data transfer. [00164] The

followi ng are characteristics of EADM data transfers: 25[00165] Data

transf er P0H48] be. pExrsprgdic EMDM foperetiens anispdsifraddyydbe ARQHR 41l the sof a
speci fied MSB Iistde-¥%g%012/168100PCT/EP2012/059861 [00166] [00167]
[00168] [00169] "1 [00170]

[00149] 3. Conditionally storing completion information in the ARSB in the AOB.

[00150] 4. Causing the ADM-type subchannel to be made status pending, indicating

5 completion of the start function.

[00151] In one embodiment, referring to FIG. 3B, when the Start Subchannel instruction
is executed and the SID designates an ADM-type subchannel and the second operand designates
an EADM ORB, an EADM operation is specified, STEP 320. Parameters in the EADM ORB
are passed to the designated subchannel, STEP 322, and the channel subsystem is requested to

10 perform a start function with the EADM Facility, STEP 324. The channel subsystem
asynchronously performs the start function by using information at the subchannel, including
the information passed during the execution of the Start Subchannel instruction, to initiate

EADM operations, STEP 326.

[00152] Execution of an EADM operation (¢.g., the first operation) includes using

15 information from the EADM ORB to obtain the AOB, STEP 328, and information is used in the
AOB to obtain the EADM request block (ARQB) and a designation of one or more EADM
move specification blocks (MSBs), STEP 330. The one or more designated MSBs are then
fetched from main storage, STEP 332, and information specified in the MSBs are used to
control the requested EADM operation. The first operation is considered to be started when the

20 channel subsystem attempts to initiate data transfer or attempts a clear or release operation.

[00153] The channel subsystem performs the operation(s) requested in the MSB(s), STEP

334. This processing is asynchronous to execution of the start command.

[00154] When EADM operations initiated by Start Subchannel end, STEP 336, the

channel subsystem generates status conditions, STEP 338. The generation of these conditions is
25 brought to the attention of the program by means of an I/O interruption, STEP 339. The

program may also query these conditions by the execution of a Test Pending Interruption

instruction.

are
use

used



[00171] 15 [00172] 20 [00173] [ 00174] 29 Data transfers specified
by multiple MSBs in an MSB |ist may be processed concurrently. Data

transf er swoayi12bespmnocessed out of order with respect topPCha&residesIsef a
specified AIDAWIist. Data transfers specified in nultiple AIDAW in an
AlDAW | i st may be processed concurrently. Accesses to main storage and to
storage class nenory are not necessarildp singl e-access references and are

not necessarily performed in a left-to-right direction, as observed by the
progr am #9d5%kt her Trugatus conditions generated are presented to the program in the form of an

EADM subchannel status word (SCSW). The EADM SCSW is stored as part of the EADM

interruption response block (IRB) by the execution of the Test Subchannel instruction.

[00156] When the EADM operations specified in the EADM operation block (AOB) are
5 ended, the channel subsystem generates primary and secondary interruption status. EADM
operations can be terminated by Clear Subchannel or an abnormal condition recognized while

performing the start function.

[00157] The processing of an MSB by the channel subsystem, for a move operation,
controls the flow of a unit of information to or from main storage. To change the direction of
10 data movement during MSB processing, a new MSB is needed. The ARQB designates the

count of MSBs that comprise the request.

[00158] Each EADM operation is represented by one MSB. An MSB may specify any of
the following:

[00159] e The transfer of blocks of data from main storage to storage class memory.
15 [00160] e« The transfer of blocks of data from storage class memory to main storage.
[00161] e« The clearing of blocks of storage class memory.

[00162] o The releasing of blocks of storage class memory, when the EADM Release
Facility is installed.

[00163] If the blocks of storage to be transferred for a move operation are not contiguous
20 in main storage, a new MSB may be used or the MSB may use indirect addressing by specifying

a list of EADM indirect data address words (AIDAWSs) to designate the noncontiguous blocks.

Since an MSB can specify the transfer of data in only one direction, a new MSB is to be used

when there is a change in the direction of data transfer.
[00164] The following are characteristics of EADM data transfers:

25 [00165] e Datatransfers may be processed out of order with respect to the order of a
specified MSB list.



If two or nore EADM operations are currently active and address the sane
SCM | ocations, main storage |ocation, or both, the operations may be

per f or redwoanursg®nt | y and content from different operaPComEP20mpsisel

i nterl eaved; however: For input operations, the data stored by the EADM
Facility into each block of main storage that is a size equal to the SCM

bl ock concurrency size consists of data%ransferred from storage cl ass
menory by only one of the concurrent EADM operations. For output

oper at i oi/w,l%lach bD@e&ra@ffergsmcet&étbflralslgplﬁéﬂrgﬁ%/mtahé\ﬂSBélsfdnababmgmwy and is
a size equal to the ntﬁb,ock concurrency size contains the data specified
by only one of the concurrent EADM operations. The above is true regardl ess
of whether the EADM operations are specified by a single AOB and are being
processed§7lt he sl tiangtrantg befpradessed pardf oidmetiithoespect t e dEADMf aper at | ons
are specified by differ and are being processed by different

i nstances of the s%pﬁ?‘ﬁeﬁ?&%@ﬂaﬁ?t' WO 2012/ 168100PCT/ EP2012/ 059861 30

[ 00175] When al |l of the bl ocks designated by all of the MSBs specified by

t he SACB [\ 68lbesn Datamnansens epbcificddh earntgde alD ABIsdaaes AIDANE listhahtennel
generates status, which is stored at the subchannel, and requests an |10
interruption for tIH8 W%’?W%‘ﬁﬁchannel. [ 00176] The concl usi on of an EADM
operation is nornally indicated by the conbi ned 5status conditions of
channel @degnd «dexi@ssce ifmaihRicradtat S stERED tIAG! oy QRS @5 @B¢Ssdrifesingle-
conbi nation of primary and secondary status indicating that the subchannel
is available for atféehdeicispessand aicaiof bepeaprbrperinemed nrdstttesrighteiieeipn, as
[00177] As descri be@osglggd/gyﬂég)r BnTRY ofRe€Ply @ data transfer operation, a
cl ear operation, or a release operation, each of which is described bel ow
10[00178}V\hen a nove operation is requested, one or nore blocks of data are
movéd bel0dEH mai nif swopagercdiiDdt ancajiont prasyrershymeiive sgradidress hasame BeM a
read operation, S i i.hed. LQVi e content
desi gnat ed by thqulﬁ%g)lhgidé%n %gkﬁ%ggpﬁgte@sl{é%méﬁg% %gﬁesr%og? Encagr?lg éﬁﬁgﬁ[%e stored to
mai n menory. The peoacesstlysnd evecrgdiahnf diffe@nnspcr@ioapaagbe dnerlchhel; adapieer (S)
controlling the SSDs performthe storing. In further detail, to performa

nove 15operati on, the stem firmvare, first. tr.ans] a i.ven SCM.addr ess
e e B o PR TR bR bR et R L EDM F RS ISR e
vol unme includes one or BIBIkey fSRE Jtorag that RS sRGQualdo tHeBTM dldcRRohd@Blefcy S

used that correlates the SCM address to an adapter address. System firnmware
thel? subnits one or moreZccCopyiss pbir Hanshkargiiem sptgc elgsimemery by gLy oneedd or

wite) to one or nore qf.theuhdd BARAEES AN adapter nove conmand contains
a main storage 20address, an adapter address, and a transfer size. The

adapter then uses another translation table to | ocate one or nore physical
SSD addr #94@2] t hat- cor riespomt ersratieas.gdelphleck efdtregesclasymemornthatis pner
effects the nove operaty | e f i ﬁﬁh f j ¥olg - and
storing it on the SSDs,Boggd f c#sggsgzgaet%gﬁpég}rgﬁt e%gékgg%ér{lgjeg %%lél)en%g?dtngi n
mai N menory. Additi onalthdéitaspesifexldyfontyt drerofrcawnclectnt BARM opdratieed. pat ent
application entitled "Fi rmnvare Managenent of Storage 25C ass Menory",

POUBPOLIARINLPL. Wi oh i3 g1 ER%l DERHAQL B SAMET L BARKI LLSRGRSR 17 Tt
specified by a single AOB and are being processed by the same instance
ofthe start function or the EADM operations are specified by different

AOBs and are being processed by different instances of the start function.

[00174] < When EADM operations are active for a subchannel, it is unpredictable whether
25 changes made by the program to the ARQB, MSBs, AIDAWs, and transfer data
associated with the active operation are observed by the EADM Facility.



[ 00179] When a clear operation is performed, the designated increnents of
storage class nenory are cleared by setting the contents to zeros.

[ 00180] Fuwobherz/i6sdven a rel ease operation i s perfornmed, eoce/EPROOSW6Et andard
TRI M 30comands may be submitted to the SSDs containing the correspondi ng
SCM addresses. The WD 2012/ 168100PCT/ EP2012/ 059861 31 TRI M command al | ows
a programto give hints about block usai¥e, allow ng better garbage

col | ection % the SSDs. The TRI M command al | ows an operat i g systemto
i nform aP03TH of whibemalbpbidk Slasks designalge bxel Oﬁﬁlell\é&%searpe@lcﬁné HércatOBhays e

and can gﬁ ‘Q%}B?erfci gpégaléfg}rgﬁ%%gggﬁch%e tﬁ%s%:\e"ear BBFeH%"tH{e' y by

a dear anne nstruction ecution o c annel
i nst r uct subhdrehhndtegsesexaadid immqﬁiohlﬁﬁtMDM-tyﬁaeulsqhbm{tannel , clears the
subchannel of indications of the AOB in execution, and asynchr onously

per forns cl earfunction ear .funct ior to
Phe subcHefiel bechii R utle b REARNRaR-aRhd: EPEILP Bl Py B FEtua®ing « he
anmount oftafhatenditic@R St elian@él on8 abd PEvael ldalhe. stdaxaouibiimion tepidients Hiar

function does not result in the generation of 10status, but does cause the

channel SUBRPfB@A ﬂoam%@k@daﬁﬁcqnﬂery Sﬁt%%rIP%%ti%ﬁhﬁéhﬁoﬁUthanp@ow?}lﬁweéQf

enbodi meRtohdr&farhihddn e thGsta®Cis @efdgar Subchannel instruction 350
i ncl udes an operation code 352 designating the CI ear Subchannel function.

The subchannel to be cleared |s desi gnated by a subsystemidentification
wor d i n, [00d77li nst afeecscrladenbare. we il gy specify a data trqnefyn gayatiphea eleerar

f ti 84]1. E that th
nct) on koo ARULES UBENAONEL hOELESNAT RREA) 1 Enur ng that the

subchannel and conditionally the ARSB. For instance, the subchannel status
word i s t9d78li ed t Whemdimvat eperhigorcis eaquesteshoné onmprs bidws Blidrt iomset r ol

f | d h Co d he AR
ol act ek g Rl i SRR st Fetduingg Trteed penstinesEM A e

stat us panditdigedi fiuhh €RIISTE thampdvedd 08 caftert desigd alrbyf thn gckidizd SIOBD A&IrEsSt her
i nstruction may al so be issued that can_specify. an ADMty e .subchannel ,
i ncl udi ngroTiesy t Sh%@%ﬁﬁé@re%dp?l? MSHI9EN a hpelProghitisSe Ve d %WHW%@FWU%W of

whi ch i s 19gsaiibay cbataihe %é[s@@%%&]fﬁﬁf @ LioRHe t B fikfRr BRil, lopePBfn 8R! €, a
Test Subchannel instruction
operation, the system ﬁrmware ﬁrst translates a given SCM address into an adapter address

(c.g., logical volume address, in which a logical volume includes one or more SSDs). For
instance, a translation table is used that correlates the SCM address to an adapter address.
System firmware then submits one or more corresponding adapter move commands (e.g., read
or write) to one or more of the I/0 adapters. An adapter move command contains a main storage

20 address, an adapter address, and a transfer size. The adapter then uses another translation table
to locate one or more physical SSD addresses that correspond to the adapter address. The /O
adapter effects the move operation by either fetching data from main storage and storing it on
the SSDs, or fetching data from the SSDs and storing it in main memory. Additional details are
further provided in a co-filed patent application entitled “Firmware Management of Storage

25 Class Memory”, POU920110090US1, which is hereby incorporated herein by reference in its

entirety.

[00179] When a clear operation is performed, the designated increments of storage class

memory are cleared by setting the contents to zeros.

[00180] Further, when a release operation is performed, one or more standard TRIM

30 commands may be submitted to the SSDs containing the corresponding SCM addresses. The



i ncl udes, for instance, an operation code 362 specifying the test
subchannel function; a first operand 364, which is an inplied operand

| ocat ed iwQ 2bvi68T8t ance, general register 1 that contaiPo3/HPh@2984836YSt em
identification word designating the subchannel that is to be tested; and a
WO 2012/ 168100PCT/ EP2012/ 059861 32 second operand 366 which is the Ioglcal
address of the Information Response Blodk (IRB) at which information is
stored. [00189] When Test Subchannel is executed specifying an ADMtype
subchann RlMtqfr@lnmdéﬂawmprqggansthglmhlthmﬁdvlocgn@agemlbwmg be&ter g@rbggeor ed in
t he desi ﬁ%ﬁ%ﬂ

condltlog&g% glls sgﬁBQWﬁé%?t e sﬁ%kﬁ Egﬁpgg&%g?hg%g%ﬂg%%gh ng and status
i nf or mat waithibdocks of @drapgmart ne 1dest gmaidedtd BADNM anBRBan be dgfciined condi ti on code
is set. When the subchannel is not provided or not enabled, no action is

t aken. I th
e PR RS RIATE G DB FP bR LR R P
Conts ol Wtraktiona Exsa@iion bOthic @8cat Babehahhdd Natrusishatrd ependeaitionf dicdB an

describing conditions that may exist in the facility. Each of these words
s descr MEeHbIRGheche O of BEGHITDATBE AGRIRSHFERS. ¥Hst r Ut | ons

that can, %ﬁ%s%&i@%é%Q%le%f’ﬁﬁ@@dhne\i/hedtﬂg’@l%%ﬂfﬁﬁétﬁ;‘hﬁéP&T‘ Jrfel! fetor RFthe | N
one enbodlnent fy Subchannel instruction 370 includes an operation
code 372SQpb@nmMmmgmHRQHWdehwnSub@Hamﬁ&kwﬂ@mmnmqhmuﬁhéamsmﬂ@@éMand 374,

15whi ch i ed,.opera cat tan en ra re ister 1
whi ch |ncwﬁ%ﬂmdpgumﬂﬂlg§@’eﬁ%?ﬁé% |$g8§e?8%nﬂ%P’o %%?éﬁg‘lng "Tibchanne

to Ige nndhmsﬁﬂud@ﬂdm&eﬁ&ﬁﬂﬁﬂnﬂpﬂ@&ﬂdn3aﬁmkmhiUbinﬁnﬁﬂﬁnhﬁgmﬁgl address of a
subchannel information bl ock (SCHI B) associated with the subchannel.

[ 00192] di fy Subchannel is execut ecifyi n_ Al e
subchannBiO1sEhG ' HORe ORI Ff DRdD Bl okt F bdcos BN NHRBR AP 1 o
Bl ock ( Sfadludks arsoﬂékaaﬁ)ﬁ@oddﬂsszhﬁs@%ﬁfgaﬂ@@ car SubzRBfef fufcfdN dikkisgtheRdetd S
set. Wen the subchannel is statusﬁfendlng, no action is taken and a

defi ned boflgied riceigaecd By g aibsyspyia denfBeaion dteath e foriinstangeecpepl ragisicat + or
clear function, no action is taken. [00193] Referring to FIG 3F, one

exanpl e fp183)St AMhe BUPHRARIEL: AR DMIEHcQlbdhanfe Sk ideed.

15 [00184] 1. Ensuring that the current data transfer is terminated.

[00185] 2. Modifying fields at the subchannel and conditionally the ARSB. For instance,
the subchannel status word is modified to indicate the clear function in the
Function Control field and in the Activity Control field. The ARSB may be

modified to reflect any detected errors.

20 [00186] 3. Causing the subchannel to be made status pending indicating completion of the

clear function.

[00187] Other instructions may also be issued that can specify an ADM-type subchannel,
including Test Subchannel, Modify Subchannel and Store Subchannel, each of which is

described below.

25 [00188] Referring to FIG. 3D, in one example, a Test Subchannel instruction 360
includes, for instance, an operation code 362 specifying the test subchannel function; a first
operand 364, which is an implied operand located in, for instance, general register 1 that

contains the subsystem identification word designating the subchannel that is to be tested; and a



251 n one exanple, a Store Subchannel instruction 380 includes an operation
code 382 identifying the Store Subchannel function; a first operand 384,
whi ch i s wo 20mpilé8®d operand | ocated in, for instance, genemekonegisster 1
that includes a subsystemidentification word designating the subchannel
for which the information is being stored; and a second operand 386 which
is the |ogical address of the SCH B. W@ 2012/ 168100PCT/ EP2012/ 059861 33

[ 00194] When Store Subchannel is issued specifying an ADMtype subchannel,
and a SCHcBnd gpasansly 36§, whichsip dlad lp gieel addissli ofitonIndeyaatipe Rewonsafplepk (IRB) at

desi gnat ggl: . | ot provided in the channel subsystem no action
IS takensﬂfﬁggﬁg?%ggl%ygﬁgle of a subchannel information block for an
ADM t ype subchannel 5EADM SCHIB) is described with reference to FIG 4A. In
one exanfl0d89]an ( BEADk SSHISBbAROnd]l modxadesd spenmbyleg addpahdgrtsubecheanddOlic whi ch

I ncl udes el dependent .information. Further, SCH.B 4 | NG es a path
mnageneHPeEaher SRl pRely Tl iand SoE bunsen-CBAIRRRES® Sk
404,5 eac{inefrupdidrcResponsd@®I6dki). e ebigbOvonditdnld6d 1sieQ NFhaxhephthafnADYInBMCW 402
i ncludes, for instance, the follow ng fields 10as shown in FIG 4B:

[00197] g_tgtuF gm anglgtatus information is stoted in the designated EADM IRB, a defined

condition code is set. When the subchannel is not provided or not enabled, no action is taken.

[00190] In one example, the EADM IRB includes a Subchannel Status Word (SSW) and
an Extended Status Word (ESW), as well as an Extended Control Word that may provide

10 additional model dependent information describing conditions that may exist in the facility.
Each of these words is described further below after discussion of the various instructions that

can specify an ADM-type subchannel.

[00191] Referring to FIG. 3E, in one embodiment, a Modify Subchannel instruction 370
includes an operation code 372 specifying the Modify Subchannel function; a first operand 374,
15 which is an implied operand located in, for instance, general register 1, which includes the
subsystem identification word designating the subchannel to be modified; and a second operand
376, which is the logical address of a subchannel information block (SCHIB) associated with

the subchannel.

[00192] When Modify Subchannel is executed specifying an ADM-type subchannel, and

20 information from the specified Subchannel Information Block (SCHIB) is placed in the
subchannel, a specific condition code is set. When the subchannel is status pending, no action is
taken and a defined condition code is set. When the subchannel is busy for a start or clear

function, no action is taken.

[00193] Referring to FIG. 3F, one example of a Store Subchannel instruction is described.
25 In one example, a Store Subchannel instruction 380 includes an operation code 382 identifying

the Store Subchannel function; a first operand 384, which is an implied operand located in, for

instance, general register 1 that includes a subsystem identification word designating the

subchannel for which the information is being stored; and a second operand 386 which is the

logical address of the SCHIB.



[00199] [00200] 25 [ 00201] Interruption Paraneter 410: This field
includes the interruption paraneter that is stored in the 110 interruption
code. ThewDnberrswdi on paraneter can be set to any val ueChHEPSI1AN0F59861
Subchannel and Modi fy Subchannel. The initial value of the interruption
paranmeter field in the subchannel is zero. I nterruption Subclass (1SC)
412: This field includes a plurality of33its that are an unsigned binary
integer, in a specified range, that corresponds to the bit position of the

110 int ef00dp4]i on sWhen Stose Sehokarict isiissued eeidiing arABdhtyrsIsubdghslandef each
CPU. int gg@g%&%}é& atd l[pgafie(ir ?Ch dﬁ%&ltc'oﬁ'glsggt Wﬁ R/ Ees ntate'd@ulséﬁgnlge?ﬁtr{o?l

register con € recognition o T 1 Rt er uption requests
rel at i ngptoeidetién thalbbirmnhabsyeient, hatacticdPlUs takhe | SC can be set to a val ue by
Modi fy Subchannel. The initial val ue of t he I SC field in the subchannel is,

for inst Th wh i ndi cat es t hat
the subclOIRsl “Fs QRRBIERT o WhhEADrpOrdicr o o NelpER bR oy ( sm)
416:5 Thi EAﬁMB@PﬂB'ﬁis@l@&hﬁSdWﬂﬁréﬁ&ﬁE@ﬂarﬂG ANp& o@ed&emgiengq @ADMesomigel and

t he confl uratl on, one or nore of the follow ng subchannel types may be
provi ded?# V“@ug%aclﬁaﬁ"méFPQ?ﬁeIJ&BRﬂaé‘QBc‘ﬁ]é‘ﬁlh&cmd‘?’%’é‘(’@%lIdﬁ%enéFntt“hfPEm‘ftloé‘} dis

det er m negd- b e fifie4@URANAANS at Ba &h&%ﬁ@ 1aindd g o9 42, SRANGSEh ¥l
Mbdi fy Subchannel . WD 2012/ 168100P AP L A Y00262] When t e

Modi fy Sebiuh aord(SGSVEL 40dc tich ol whichxe desctlbeddedbvdesi gnates an ADMtype
subchannel, ST is to indicate ADM subchannel ; otherw se, an operand

exceptio recogni

i nf or mat 0I1§?)]I ockggloéggf%cﬁgﬁs 1ssﬂf)chanﬁg% ["gls“tﬁéﬁ‘gq‘ﬁ%? é%ﬁ%@%‘!ﬂﬁ
subldhanned stetvatin§1GwBd ( SCSW provi des indications to the programthat
descri be the status of an ADMtype subchannel and associ at ed EADM

operatio n as _sh bchan el status r.d
"hel uctea Tt o e RN R ReGr THE, A o Tinghite: FRISERRIF LSBT RIS,
indicator in thetofrm@tﬂnd)]ﬂo interruption code Theclﬁtatrnpﬂlonfpaedrﬂletérdﬁﬁtbé khreslabel ow) is
set, this field includes the stora a(f%,ess key used 10b he channel

subsystem Thes&2WPP¥ éﬁrbsqba%mekaax Suhshaimgl. shsdpifip ‘aﬁqerp fithfe

interruption parameter ficld in the subchannel is zero.

15 [00198] Interruption Subclass (ISC) 412: This field includes a plurality of bits that are an
unsigned binary integer, in a specified range, that corresponds to the bit position of
the /O interruption subclass mask bit in a specified control register of each CPU in
the configuration. The setting of the mask bit in the control register of a CPU
controls the recognition of interruption requests relating to the subchannel by that

20 CPU. The ISC can be set to a value by Modify Subchannel. The initial value of the

ISC field in the subchannel is, for instance, zero.

[00199] Enabled (E) 414: This ficld, when set, indicates that the subchannel is enabled
for all EADM functions.

[00200] Subchannel Type (ST) 416: This field designates the subchannel type.
25 Depending on the model and the configuration, one or more of the following

subchannel types may be provided: I/O subchannel or ADM subchannel.

[00201] The value of this field is determined when the subchannel is configured and cannot

be changed by Modify Subchannel.



EADM ORB when Start Subchannel was executed. [00205] Extended Status Wrd
Format (L) 422: \Wen the status pending indicator of the status controls
field (dewornteedstwel ow) is set, this field, when set, i mdraet@z/osdsat a
format-0 ESW has been stored. A format-0 ESWis stored when an interruption
15condi tion containing any of the followng indications is cleared by Test
Subchannel : [ 00206] Progr am check [ 0020734Pr ot ecti on check [00208] Channel
data check {)00209 Channel control check 20[00210] Ext ended asynchronous data
move facll0203] ( ¢ Moddk Spbdennqgl imépetands cRsHEH phdhcsGdies pOBPM2ype When
t he EADM start leg]%E' indi. c [ henshad.u [ i ndi eat or
is also set, t hi’s |f<lar%2” nggl :toc%?%get%%ﬁlgstghg{r&g?&r(gﬂéson “t %a?p%?%g%gﬁ%%ﬁgr?\%el
was status pendirwgmtieh Test Subchannel or Store Subchannel was execut ed.
The deferred condition code is neani ngful when the subchannel is status

25pendi n Ltih any,conbi natian, pf, status and.onl en the start nction
et oRugb3r AR ERERS I e Bt R ek Ay subetRh
2012 168310PWbiERRO IHcAA01suBEh ah ) 2 td]s widie (SEeswh pedideo ndidation wage, if
set, is used to indicate whether conditions have been encountered that

pr ecl udePPoRES thatdrasiike the taks pERLIPG YOG BebraaME! 2ngkasierdrtsthE ABM peerations.

subchanng] o S shalct «R8B8h M9FId. 0020k FrarRhigs d6ferouaskiGRudi ti on codes
i ncl ude: 5[ 00214] A normal 110 interruption has been presented.

[00215] Status is gr esent in the EADM SCSWthat was generated by the channel
subsyst efi0RB4] comachane Keyrkeyt28¢c Witk thtEABADMag tfigetion indéqatasnn thedwdsien ng

successfully inifp}ahed GhatinkBreld Ofis SUPHIAIE nclads ROLotLRASL <94 t he
subchannel active state. For mat s2 : gn e start
f unidk i on i ndi catbgrthd chaset] sulishistemf iTabsd hits a&:ti_dereid_alasi_tlathdd;éj/ mdiﬁ\edliméue_ [00_217]
Prefetch (P) 42%@%3@%' t%“r@ssutb%ﬁgnn];lu\{)fste'xgputécf'd' cator is set, this field

is stored as a

[00205] Extended Status Word Format (L) 422: When the status pending indicator of the
status controls field (described below) is set, this field, when set, indicates that a

format-0 ESW has been stored. A format-0 ESW is stored when an interruption

15 condition containing any of the following indications is cleared by Test Subchannel:
[00200] o Program check
[00207] o Protection check
[00208] o Channel data check
[00209] . Channel control check
20 [00210] e  Extended asynchronous data move facility (EADMF) check

[00211] Deferred Condition Code (CC) 424: When the EADM start function indicator is set
and the status pending indicator is also set, this field indicates the general reason that
the subchannel was status pending when Test Subchannel or Store Subchannel was
executed. The deferred condition code is meaningful when the subchannel is status

25 pending with any combination of status and only when the start function indicator of

the function control field in the SCSW is set.



[00218] Extended Control (E) 430: This field when set indicates that nodel
dependent 15information is stored in the EADM extended control word (ECW .
[00219] Pwocvizows@ont rol (FC) 432: The function control pCralrdoiiznsisent es t he
EADM functions that are indicated at the subchannel. Exanple functions

i nclude: [00220] EADM start function: Wen set, indicates that an EADM start
function has been requested and is eith®r pend| ng or in progress at the
ADM t ype 20subchannel . The EADM start function is indicated at the
subchann@02k}en Thedafted s@nﬂltmcmdﬁ,tlf ot igewd t¢ dgate Whathescenditigyherabaseal .

1< exocut od and ‘TR Sone A eTedhe foet Ao REM e MR ek P BT G

i s al so cl ear ed tlat subtlenseibchram peddigqur i ng executl on of C ear Subchannel .
25[ 00221] EADM cl ear function: V\hen set, indicates that an EADM cl ear

function te the ending or in progress at the
ADMtype[ds?)gE%:] %’I‘ﬁinﬁg I%Ih? ﬁﬂlg{udg‘n is indicated at the subchannel
when a successf ul condltl on code is set for C ear Subchannel. The EADM

clesdr WD0204J2/ 168 00PCThEH20 12 aEadpdoBltasfbgacpicamtddndi cati on i s cl eared at
t he subchannel when Test Subchannel is executed and the subchannel is

Fi ol d i nOREIGS (ro curyait pronpaRaar PRl eeBie by bt idry

accepted at the subchanmBiystch] R0 2dlitiods ltha€ prdiutit HREADRL stat Rint@ RGent ed by
bits in the activity control field are reset at the ADI\/H%1 pe subchannel
when Test Subchannel i sPedigediagestfulniitiated. shivtiiathpeybehannst did pet {HarHiondo

[ 00224] Exanple activi tth@%ﬂcﬂﬁn@ﬂﬁnv& 0QR25] Start pendi ng: Wen set,
i ndi cates that the subchannel 1s start pending. 10The channel subsystem may

or may not be in the process of performng the EADM start function. The
subdhanni102pelc ok sWdioanat (Behifi: ‘yﬁvm@n EARM steetsfopetiondedierten ip petctbisdicldiss et
for Start Subch T nnel renmains start pending when performng
t he EADM start {l}geg ason&%giﬁéd?% eachannel subsystem det erm nes conditions
exi st that prevent the fetching of 15the ARQB. [00226] The subchannel is no
| onger s{217]perkdifergh Wherl 8afyhanfthe RADM bt Winegon indicator is set, this field is stored

as a defined value.

[00218] Extended Control (E)430: This field when set indicates that model dependent
15 information is stored in the EADM extended control word (ECW).

[00219] Function Control (FC) 432: The function control field indicates the EADM

functions that are indicated at the subchannel. Example functions include:

[00220] o EADM start function: When set, indicates that an EADM start function has
been requested and is either pending or in progress at the ADM-type
20 subchannel. The EADM start function is indicated at the subchannel when
a successful condition code is set for Start Subchannel. The EADM start
function is cleared at the subchannel when Test Subchannel is executed and
the subchannel is status pending. The EADM start function is also cleared

at the subchannel during execution of Clear Subchannel.

25 [00221] o EADM clear function: When set, indicates that an EADM clear function
has been requested and is either pending or in progress at the ADM-type
subchannel. The EADM clear function is indicated at the subchannel when

a successful condition code is set for Clear Subchannel. The EADM clear



occurs: [00227] The channel subsystem attenpts to initiate the first data
transfer specified by the AOB. 20[00228] C ear Subchannel is executed.

[ 00229] TewD 2812sBENNE] cl ears a status condition at thePsumPh@n084861

[ 00230] A ear pendi ng: \Wen set, the subchannel is clear pending. The
channel subsystem may or may not be in the process of perform ng the EADM
clear function. The subchannel becones ¥l ear pendi ng when a specified
25condi tion code is set for Cear ‘SubchanneldﬁNLOOZ?)l] The subchannel is no
| onger cl ear pending \estioaindieatiopfs al¢pecd atheompefpnne@hen Test Subchannel is

2012/ 168100PCT/ EPZOlZ/@Q@%ﬁ%ﬁanﬁhf{&gﬁﬁ@q?ﬁwﬁ r function is

performed. [00233] Test anne r atus pendi ng condition
al one. [00234] Subchannel active: Wen set, indicates that the ADMtype
subchannil0222] sulstianQehtra¢ACY d34:Thiec ADNHY yperos (bidhadipats the cgaind ptogrdse

bchannel 5acti hannel subsyst ttenpts to initiate th
Firet gata trand) BF TG0 Prefhay e SaCRar et PR Tt "operat i on

(whi chever happens first). [00235] The subchannel is no | onger subchannel
act ive w223 t bdr coallitiohe thiaodrt espiredgntod bybas inkB§ ABRAE | dilter Siwlicharmelat theconmes

status pending. P[Dol\gl-zt% s%bgﬁgnnauw Cerrll egte éublcﬁan%)éleig lé‘)Ee%(ljlfed and the subchannel is

status pending.
[00224] Example activities include:

[00225] o Start pending: When set, indicates that the subchannel is start pending.

10 The channel subsystem may or may not be in the process of performing the
EADM start function. The subchannel becomes start pending when a
successful condition code is set for Start Subchannel. The subchannel
remains start pending when performing the EADM start function and the

channel subsystem determines conditions exist that prevent the fetching of

15 the ARQB.
[00226] The subchannel is no longer start pending when any of the following
occurs:
[00227] o The channel subsystem attempts to initiate the first data transfer
specified by the AOB.
20 [00228] . Clear Subchannel is executed.
[00229] . Test Subchannel clears a status condition at the subchannel.
[00230] Clear pending: When set, the subchannel is clear pending. The channel

subsystem may or may not be in the process of performing the EADM clear
function. The subchannel becomes clear pending when a specified

25 condition code is set for Clear Subchannel.

[00231] The subchannel is no longer clear pending when either of the following

occurs:



[00238] Status Control (SC) 436: The status control field provides the
programwi th summary | evel indication of the interruption condition

descri bedwbyoimifesronat i on i n t he subchannecTatratia®smatd devi ce
status fields. Mdre than one status control indicator 15may be set as a
result of conditions at the subchannel. 7[00239] Exanpl e status controls

i ncl ude: [00240] Al ert status: Wien set,37 ndicates that an alert
interruption condition exists. An alert interruption condition
i s recogfl02d when al erte* st aihgFAlIMmiess Snction istnisefomugschannel . Al ert status
is generated by the channel subsystem under 20any of the follow ng

condi ti ofygp3§00241] The DM tiResRERBNNEE e sehalbkndf ge’am Abdhe status
condi tion precl udes initiation of t first data trans 00242] The

subchannel is subchannel active and an abnormal condi tion, '
that is HW23 report edvhshagndehtiymelVhet wt.undictiessthatdhait BM-8c Bambpnncl is

2ooperati ons. WO 201388100V ERR0 A7 R Obenah 883 kd b AR% 6 dnatnet

[00245] 10
5 active when the channel subsystem attempts to initiate the first data transfer

specified by the AOB or perform a first operation (whichever happens

first).
[00235] The subchannel is no longer subchannel active when cither of the following
occurs:
10 [00236] . The subchannel becomes status pending.
[00237] . Clear Subchannel is executed.

[00238] Status Control (SC) 436: The status control field provides the program with
summary level indication of the interruption condition described by information in
the subchannel status and device status fields. More than one status control indicator

15 may be set as a result of conditions at the subchannel.
[00239] Example status controls include:

[00240] Alert status: When set, indicates that an alert interruption condition exists.
An alert interruption condition is recognized when alert status is present at
the subchannel. Alert status is generated by the channel subsystem under

20 any of the following conditions:

[00241] . The ADM-type subchannel is start pending and the status

condition precludes initiation of the first data transfer.

[00242] o The subchannel is subchannel active and an abnormal condition,
that is being reported as subchannel status, has terminated EADM

25 operations.



[ 00246] 15 [00247] [00248] 20 25 [00249] [00250] 38 When Test
Subchannel or C ear Subchannel is executed, the alert status is cleared at

t he subchaionei2zi6Probmary st atus: When set, indicates a pPCEEPROIOFBWHT Upt i on
condition exists. A primary interruption condition is recognized when
primary status is present at the subchannel. A primary interruption
condition is a solicited interruption é®ndition that indicates, when
acconpani ed by the secondary interruption condition, conpletion of the EADM

start ful¥2#dn at t he Whin EdsabehshannpherCiFarsiubshdnoplanedcuigd. ty alart s8tHsahannel

i s executed, the prinmgjy. Jink el URiH.Qmcondition is cleared at the
subchannel . '

[00244] Primary status: When set, indicates a primary interruption condition exists.
A primary interruption condition is recognized when primary status is
5 present at the subchannel. A primary interruption condition is a solicited
interruption condition that indicates, when accompanied by the secondary

interruption condition, completion of the EADM start function at the

subchannel.
[00245] When Test Subchannel or Clear Subchannel is executed, the primary
10 interruption condition is cleared at the subchannel.
[00246] Secondary status: When set, indicates a secondary interruption condition

exists. A secondary interruption condition is recognized when secondary

status is present at the subchannel. A secondary interruption condition is a

solicited interruption condition that indicates, when accompanied by the
15 primary interruption condition, completion of the EADM start function at

the subchannel.

[00247] When Test Subchannel or Clear Subchannel is executed, the secondary

interruption condition is cleared at the subchannel.

[00248] Status pending: When set, indicates that the subchannel is status pending
20 and that information describing the cause of the interruption condition is
available. When Test Subchannel is executed, storing an EADM SCSW
with the status pending bit set, all EADM SCSW indications are cleared at
the subchannel placing the subchannel in the idle state. The status pending
condition is also cleared at the subchannel during the execution of Clear

25 Subchannel.

[00249] When status pending is set, all accesses to main storage and to storage class

memory for the subchannel ARSB have terminated.

[00250] Subchannel Status 438: ADM-type subchannel status conditions are detected and
stored in the subchannel status field by the channel subsystem. The subchannel



Secondary status: Wen set, indicates a secondary interruption condition
exi sts. A secondary interruption condition is recognized when secondary

st at us i swpneremwsioat t he subchannel. A secondary i nterr epTiErRoicosms6t i on i s
a solicited interruption condition that indicates, when acconpani ed by the
primary interruption condition, conpletion of the EADM start function at

t he subchannel . Wien Test Subchannel or39C ear Subchannel is executed, the
secondary interruption condition is cleared at the subchannel. Status

pendi ng: Wen seétatusifigdil is acesingfyhvhem thesubrbiaanmh e states @mdmgsEgs@quth and t hat

i nformation des f G
avai |l abl e. V\hen%%a{l&%ub@%gnggﬁg?glegilg%mn@gﬁ{s %?%gelag%%h%g&&Fﬁ th the
stat us pendi ng biten slet ghasdl sERARMEHBGSWI o Inetl wah parsssagennd Adavednaiont he

subchannel placing the subchannel in the idle state. The status pendi ng
condi ti ogqoizg al ﬁio clfzar gd. at t t e.subc adnnel during the execution of O ear
Subchannel™; ]tAhe *EPRIE 8 %H?jf NS L¥"Cal | accesses to main storage and to
storage class nenory for the subchannel ARSB have term nated. Subchannel

St atius 4E®252DM t ype subcharBiegrastcht ks ngtdintdhmcame wieh eedgedniaing csioer ed

in the subchannel status field bgct % a]éa[ g stem The subchannel WO
2012/ 168100PCT/ EP2012/ 05986 P13t t“é{tﬂtf fr HBGHSE W% ngf ul  when t he
subchannel is status pending. Except for conditions caused by equi pnent

nal f unct joaas3] subchannel st atr@@cmmh@a@mrogaﬂm dMaeodc R wvanRethagdsyst em
is involved with processi ng an EADM functi on. OOZSéA?éExarrpl es of stat us

condi tions include: 5[00252]5PPUgicHMtiSHRER StpperRyrcarss A éxpraliblizdsby i
programmng errors are det e"ptr&gctm{lIﬁ&ﬁaﬁﬁﬁnpﬁh?&%’ﬁﬁﬁk@%thLQQ«?lﬁ%ﬂ‘tﬁEeCt' on

check: Protection check occurs when the channel subsystem attenpts a
st oidage access that is prohiARQBdIMSPBst A pWVoet adtdatrto ive trhesférsash to Brostgect i on
applies to the fetching of the 10A

d.dat
transferred to storage class %%W gﬂ%/[%tl%ﬁéftﬂgn%%’/}glﬁoraﬁ%a%?n ]inﬁ]?e 8‘%&&2‘89 in

the ARSB and data transf err efitftraeikatd ragstah@sdastuitbiory. [ 00254] Channel
dat a check: Channel data check indi cat es t hat an

uncorrec t orage error detecte egard to, the fetching of 15data
from mai i‘p%% rage or the smaﬁﬁelgﬁ a§ ‘f%\‘ |Cﬁ’tag ‘?’rgf“ﬁ checkr %‘8”65[%?}%5] Channel
control check: Channel cont r@kosh@ckstdriet Gtk Qs HbRtte@h MRGQkS BeFaEhiSE 6f age
error was detected in regard to the fetching or storing of the ACB, Bs,

or 1% DAVS, or that a nmchi nelafeidmmein Seragper thesioting ef due Bio mpia sehagenel
subsystem and t he 20mal function affected EADM operations. [00256] Ext ended

asynchr OW§5]Dat a Mve ( EADMhRRQichhtil cRE&E Khannel control check indicates that an
uncorrected storage error was detected in regard to the fetching or
storing of the AOB, MSBs, or AIDAWSs, or that a machine
malfunction was encountered by the channel subsystem and the

20 malfunction affected EADM operations.

[00256] . Extended asynchronous Data Move (EADM) Facility check:
EADM Facility check indicates that an error was detected by the
EADM Facility in regard to the transfer of data to or from storage
class memory or in regards to performing an operation on the

25 storage class memory.

[00257] When a program check, protection check, channel data check, channel control check,
or EADM Facility check condition is recognized by the channel subsystem, EADM
operations are terminated and the channel is made status pending with primary,

secondary, and alert status.



EADM Facility check indicates that an error was detected by the EADM
Facility in regard to the transfer of data to or from storage cl ass nenory
or in regaodsizwswerform ng an operation on the 25st or a@eTmEPAGIL/ORBBADI Y .

[ 00257] When a program check, protection check, channel data check, channel
control check, or EADM Faci I|ty check condition is recogni zed by the
channel subsystem EADM oper ati ons are 40%rmninated and the channel i's nmade
status pending with primary, secondary, and alert status.

2012/ 1681093581T/ ERdOM 155986 Bldck AdbosdH0EADV ﬁ@bbmamd@rthe‘ﬁéw Aparagies 440:
This field incl ?’ cf& EFADM Qperation Bl ock Address. [00259] Device Status
442: This includes device end or channel end. [00260] When ESW format 422 of
t he subchannel status word is set and the subchannel is 5status pending, an
EADM sub¥affel Dexicerdeds Et2atlinss molndies(denion/iBwchasngbeml/i ded t hat specifi es
addi tional information about the ADMtype subchannel . [00261] 1 n one

exanpl e, rrin ra 450
i ncl udes[60?5®262] gwﬁ%llgubc ;}Iﬁ%te Logout g%gggé%%ﬁlsé%ﬁ/ﬁ%%gghzhgge%%ﬁl%(%ﬁts

i nclbudes statusnpﬂﬂﬁqgleeﬁamneubc[ll@ﬂiéﬂs&lt&dee@deﬂ vﬁir&(EleDH BYY) (SEﬁE‘)ldedﬂthﬁl eld
whose bits, one ify that a ror n detected by the
channel %R?B%fﬂ?sf‘ loqa&)B;‘g‘E]atlﬁiﬁwtg?%?%WP%ﬁg’aﬁ tus flags in%:ll ude:

[ 00265] Key check: Wen set, indicates that the channel subsystem has

15det ect g28n, i nvahldﬁeeiaﬁﬁfﬂe Nefebimcd FIQ D (HBADPINubARNAS 2R&h@&ldaghtsd or age
key when referenci ng data in the EADM operation block (AOB), in an EADM

nove spe®fd BXIPYHIBI ock (MSB), or in an EADM indirect data address word
(AIDAW . [00266] ACB address validity: \Wen set, indicates that the address

stored [00262] EADM Subchannel Logout 452: The EADM subchannel logout includes, in one
10 example:
[00263] . Extended Status Flags (ESF): A ficld whose bits, when one,

specify that an error has been detected by the channel subsystem.
[00264] Examples of extended status flags include:

[00265] Key check: When set, indicates that the channel subsystem has
15 detected an invalid checking block code (CBC) on the associated
storage key when referencing data in the EADM operation block
(AOB), in an EADM move specification block (MSB), or in an
EADM indirect data address word (AIDAW).

[00266] . AOB address validity: When set, indicates that the address stored
20 in the AOB address ficld of the SCSW is usable for recovery

purposes.
[00267] EADM Extended Report Word 454 that includes, for instance:

[00268] An EADM Operations Block Error (B) indicator that when set, specifics
that the exception status stored in the EADM SCSW is associated with
25 the specified EADM operation block (AOB); and an EADM Response
Block Stored (R) indicator that when set indicates the EADM response
block (ARSB) is stored.



20in the AOB address field of the SCSWis usable for recovery purposes.

[ 00267] EADM Ext ended Report Word 454 that includes, for instance:

[ 00268] ArwaADM/Gewoat i ons Bl ock Error (B) indicator thaPCREPROIZ®EIS6T
specifies that the exception status stored in the EADM SCSWi s associ at ed
with 25 the specified EADM operation bl ock (AOB); and an EADM Response

Bl ock Stored (R) indicator that when setl i ndicates the EADM response bl ock
(ARSB) is stored. WO 2012/168100PCT/ EP2012/ 059861 41 L00269 When t he

ext ended[®30?r ol | Whke tesrtcaded dpatraGgdicatntiofithe SexWesndettic extendged st avordr mat
i ndi cato : h I Vi des
addi 1 onay e e s P b L Y B SR T ot AL,

condi t i oidorhfagibn oy mer¢lskepatdetthretueAD daciibds tyndibgB3 ARt O Aaddist atolaEAPM t he
follown hannel report words (CRW) nay be reported for ADMtype
subchann®E"Y-subchannel instal | ed paranmeters initialized; subchannel
install ed paraneters restored; subchannels avail abl e; channel event

i nf @r mat joe27@endi ngddiliOR2Y LhbisRivied Erdnaverviswaad(CrivkRe) boRpoidipfor occur
in the EADM Faciljty may be reported by the channpel event infornmation
pendi ng GRN-MB0bgirondhs sebriveaclipstellod Rpramefsay, witjadizeds sebehamgbthsBsthchr onous
Dat a MoVgirahaed kltyred S@HcHaAnd 0N E:iI9RE S hRhQg %%n?ﬁ%f&%ﬂoﬁﬁ&dﬂi@. orage and

storage class nenory and to perform other operations on the storage cl ass
menory. | n one enbodinent, information about the EADM Facility and storage

cl ass me¥2yll s obVaioheidcdinty anhmeliipptiepnivarrecrin g EARY Brcilityimpydest or age
class ne { i V- i : pability is provided to
determ ng&%&%g%@@%@%{@gf%lg 1gﬁg§§§%rﬁ1§}g;@g&gl | ocated, and if so, to obtain
information regarding the configuration. In particular, in one exanple, a
capldbi | i {09272] pr oviPdedbebinsiotmhahi ozt en EsteadaiohtynchroprwdramMoserfacilisper at i ng

systen) whether or, n st orage cl ass penpr as been al.l ocated, and if
2oe how Hisr® i Hed Hlosh VesRt BRE A8 Sl BBt P p o R PLsRR R o R
avai | abl ep&itrhage tied Bssg@aR enosy.r Bf @iclegtollndat ligfoima®mndbsaaveE xDand one
exanpl e of a discovery function is provided by a Store 20Storage C ass
Menory ( SeiltYRAE slorAge ks naBPYy it 8HARAG Uiin® s cappppd. dndregalagsyss

Menory | g RkERILORehSS! i) nGURBMFadcsss e chPbARY & frovided to determine whether
15 storage class memory is allocated, and if so, to obtain information regarding the configuration.
In particular, in one example, a capability is provided to communicate to a control program
(e.g., operating system) whether or not any storage class memory has been allocated, and if so,
how much and at what locations. The capability for determining available storage class memory
is referred to herein as discovery and one example of a discovery function is provided by a Store

20 Storage Class Memory (SCM) Information (SSI) command.

[00273] The Store Storage Class Memory Information (SSI) command is used to obtain
information about the storage class memory and the Extended Asynchronous Data Mover
Facility. The SSI command returns the following information obtained from, for instance, the

channel subsystem. This information is described in further detail below:
25 [00274] 1. Characteristics of the EADM Facility, including:
[00275] . Maximum count of Move Specification Blocks (MSBs) per AOB.

[00276] . Maximum block count per MSB.

[00277] 2. Characteristics of storage class memory, including:



i nformati on about the storage class nenory and the Extended Asynchronous

er Facility. The SSI conmand returns the follow ng information

obt ai ned woan2/f68r00i nst ance, the channel subsystem Thi #CrmPosizmsIsen i s
described in further detail below 25 [00274] [00275] [00276] [00277] 1.

2. Characteristics of the EADM Facility, including: Maximm count of Mve
Speci fication Bl ocks (MSBs) per ACB. Xi mum bl ock count per MNSB.
Characteristics of storage class nenory, including: WO

2012/ 1681MO3FRIT/ EP2012/ guergmpeftG@R78] SCM i ncrement si ze. [00279] Li st of
SCM address increnents within the SCM address space. [00280] Model dependent

maxi mum Rghbaadr ess. [ GAZBRKEXPGUILAMAlmbiewBhE, SEM JafQLpEL on command,

Dat a Mov

whi ch i s synchronous,
stem [00282] Further details regarding the SSI conmand are

channel
descri be

oasd

es b5not change any information contained in the

h referenddodd depaadentEpxBmmREeMpddreg. i nitially to FIG 5A, in

one enbodi nent, a conmmand request bl ock 500 for the Store SCM I nformation

i des, j: : aloli . | L fyi a
o e R S o B o, AR ERGRAYALY, 2

t hatd speocotfdhesgetang informaiod contdimed orth biean8tloubsySEM. | nf or mat i on command

[ 00285] Format (FMI) 506: A value that specifies the format of the conmand

request RJ09§¥] Further details regarding the SSI command are described with reference to FIGs.

conmand
| ength o

10

15

20

25

5A-5D.

Referring initially to FIG. 5A, in one embodiment, a command request block 500 for

the Store SCM Information command includes, for instance:

[00283]

[00284]

[00285]

[00286]

[00287]

Length 502: A value specifying a length of the command request block.

Command Code 504: A value that specifies the command code for the Store SCM

Information command.
Format (FMT) 506: A value that specifies the format of the command request block.

Continuation Token 508: A value that may request a continuation point at which to
resume from a prior response that was not complete. If the value of the continuation
token is zero, a fresh start is made. If the value of the continuation token is nonzero

and not recognized, a fresh start is made.

One embodiment of a response block 520 of the SSI command is described with

reference to FIG. 5B, and includes, for instance:

[00288]

[00289]

Length 522: A value that indicates the length in bytes of the command response
block.

Response Code 524: A value that describes the results of an attempt to execute the
SSI command. The response code value dictates the length of the response block.
For example, if a selected response code is stored, the length specifies 96+Nx16
bytes, where N is the number of storage class memory address list entries, described

below. In one example, N is in the range 1<N<248§.



[ 00286] Continuation Token 508: A value that may request a continuation
point at which to resune froma prior response that was not conplete. If

t he val uewof2otesmont i nuati on 15t oken is zero, a fresh stamp2oiz/onmde. |f
the value of the continuation token is nonzero and not recognized, a fresh
start is nmade. [00287] One enbodi nent of a response bl ock 520 of the SSi
command is described with reference to 4l G 5B, and includes, for instance:
[00288] Length 522: A value that indicates the length in bytes of the
command [38%Ins &opow(BMIL) Spe02g9jucres psheptes Cad Bt the spmmuandirpmwongtescr i bes

the results of %Eoeﬁltte[ﬁ ﬂu%?fttﬁﬁ‘ﬁ%fﬂlt@ N8t gggmand The response code

val ue dictates t e response For exanple, if a selected
response code is stored, the |l ength specifi es 96+Nx16 bytes, where Nis the
nunber of0039blr ads) 828 sA respome yualdfdr eslec) as sicfimmltbeloos, descri bed 25bel ow. In
one exanple, Nis in the range 1<N<248. WO 2012/ 168100PCT/ EP2012/ 059861 43

[ 00290] ﬁ@?g%t ( FMT) 521@0re'6}r)01{%l g&ﬁlﬁfg?ﬁdo &ggtcat es the format of the command

response k. The value © Yor i nstance, zero. [00291] RQ
528: A response qualifier value, as defi ned bel ow. [00292] No response
quald fi cH#0R8¥ exi sts. 5[}&05293]'16&1@n$ipwi0hit@and@mtirmgniizcmartddka"nati:dsas'itﬁzero
recogni zed and is treate as |f ro had been specified. [00294] Maxi num
Bl ock Count per NMSB ( Iue that indicates the nmaxi num val ue
that may be used in the bl ock count field of a nove specification block
(MSB) . [ (®29%] Madmﬁumlﬁ@lt Gkt esiSMOBBNMBGIHR0: A widldiBatibditatenitle aakdsurh he

nodel dependent 10 mum SCM addr e he SCM address of the st
byte in the hi ghaWe! W@@&&m%n%@\klwﬁo@ﬁbﬁfﬁ@0?@@2%@6@@1@?@%&1@%@-ze
(1'S) 534: A value that represents the size of each SCMincrenent in the SCM

addr ess [00205[and1dxemumBCN PSIdARE EVISA ) PIMEA valfuc tVMR indi (A2 e mddeex depenidyicB
Count (MMC) 536: A value that indicates the maxi num count of 15nove

speldi fication bmeEkeunNEBf addiass. ey thse @ addrssend thalagibyteapihedpghest i on bl ock
(AOB). [00298] Mﬁ&e@dﬁ%%&%n% e SCM Increnents (MCl) 538: A value that

i s the maxi mnum nunber o Increnents that may be configured to the

requesting configuration.
[00296] SCM Increment Size (IS) 534: A value that represents the size of each SCM

increment in the SCM address list and is, for instance, a power-of-two.

[00297] Maximum MSB Count (MMC) 536: A value that indicates the maximum count of
15 move specification blocks (MSB) that may be specified in an EADM-operation
block (AOB).

[00298] Maximum Configurable SCM Increments (MCI) 538: A value that is the maximum

number of SCM increments that may be configured to the requesting configuration.

[00299] In one embodiment, MCI does not exceed 2. For example, for a 16G-byte SCM
20 increment size, MCI < 2% gince all the 16G-byte SCM increments are to be
addressable within the addressing constraint of a 64-bit address. Furthermore,

((MCI+1) x IS)-1 does not exceed the model-dependent maximum SCM address.

[00300] The number of configured SCM increments (NCI) reduces the total size (TS) that
may be specified when a successful Configure Storage Class Memory command,
25 described below, is executed, such that TS < (MCI-NCI). However, based upon the
entire capacity of the system and allocations already made to other configurations,

the number of SCM increments in the initialized state may or may not be able to



[00299] In one enbodi nent, MCl does not exceed 2(644s). For exanple, for a
16G byte SCM 20 increnent size, MO < 2 (64-3 4), since all the 16G byte
SCM i ncr evorh/@8®0t 0 be addressabl e within the addressipng/Eromgtosmisnt of a
64-bit address. Furthernore, ((MZl+1) x IS)-1 does not exceed the

nodel - dependent maxi num SCM addr ess. [00300] The nunber of configured SCM
increments (NCl) reduces the total sizet4 TS) that may be specified when a
successful Configure Storage Cass Menory command, 25described bel ow, is
execut ed, such tchaplekrly wtléﬂ%'@ refyeish to othmeise validia sendicuproir torke Mg limat ofdbaci ty
of the systema cati -al ready made to other configurations, the
nunber of SCM i E%}ugétrr%l cgh%i%n?thogl'i nitialized state may or nay not be able to
WO 2012/ 168100PCT/ EP2012/ 059861 44 conpl etely satisfy a request to

ot her wi s03al1]i dITptad dmfialgad SChypIncenmdnes NICIPA 544 tA galfic thaerepegengsthe ngmber

configuration. Total .lnitialjzed ncrenments of CPC 540: A val ue
t hat represent S[O?gé% g}engfln %@l\wlﬁiﬁf&egr%aet é)r*hﬁ S?'ﬁ%mire%gt foarllaicflg,%&a?st ate for

t he 5syst em (€. g.prodke@ingcot@ix @PIPIIOaRSStAE iCRERhBXp L ERH), thisfis theeuspst em
is logically partitioned, this is the nunber of increnments available in
total for all oc& NGBR3k Hdptp] for ahecatippdydhe p8tEP SUNi ni ti al i zed SCM

I ncrenents of CPC 542: A value that represents the nunber of SCM i ncrenents

in the upoolj ahicz8dnsdigdiBcd 9CM herementNcPe ®2: A Mlud et EPElentsld@E 00303]
SCM Measurenent Bl ock Size 544: A value that is the block size gBS) in

bytes of an SCMVniehsirfeaVinds¢raeis injthe wreitiahzedsiags for theisgstempogefordic 2, and
t he maxi nrum SCM surenent bl ock size is, for instance, 4096 bytes.

[ 00304] Maxi mum Nunber of SCM Resource Parts 546: A value that is the

maxi mum nunber on the CPC of SCM resource parts (RP) (e.g., I/O adapters).
Eacld SCM0D303cr &t Mdasurassdilatkelizeb4dn AmalSCMat Bslubloek pax BS) EabitesSEM

resource (e.g., O r nore | adapt ers _and one or nore,SS i ncl udes one
or mor e part s, TRECARRRIRTRITBLER oM & PBSsul Butioal T a7 anants m iR ce.
509. [00305] I n Sune nexairihent bldik size is)forigsmde copaytks. is defined for use in
obt ai ni ng nmeasurenent information relating to the storage class nenory.

Each S i [e t .can _be 20di | buted acro I tiple adapters and each
adapt emgﬁélo Py w‘empﬁééﬂﬁww Pt 58 g iV?TLBthFF ISé@? magEym

measur enent bl Oﬁllﬁmlbeﬁdifﬂﬁ@@PbSoﬂS@MEéth@_Qp% @PY (@é.ﬂ/@@ﬂ%jt&%j. RS CVMe _
increment identifier plus the resource identifier. [00306] SCM Data Unit

Si Z® 548: A nodéncreragd icrsrrciafed wish am8EM resouses rast. thash SGHbEssouwsge (e.g., one or

more I/O adapters and one or more SSDs) includes one or more parts. The

maximum number of SCM resource parts is, for instance, 509.

[00305] In onc example, the term “resource part” is defined for use in obtaining measurement
information relating to the storage class memory. Each SCM increment can be
20 distributed across multiple adapters and cach adapter has some
utilization/measurement data to impart. So, cach measurement block returned is
identified by a tuple consisting of the increment identifier plus the resource

identifier.

[00306] SCM Data Unit Size 548: A model dependent value that indicates the number of
25 bytes that are included in an SCM data unit. In one example, the data unit is defined
for use in obtaining measurement information relating to the storage class memory.

The count that is reported is the count of data units, rather than bytes.



25bytes that are included in an SCM data unit. In one exanple, the data
unit is defined for use in obtaining neasurenent information relating to

t he st or aye 20i2zs810nenory. The count that is reported isPCch@&pre@ansIsef dat a
units, rather than bytes. WD 2012/ 168100PCT/ EP2012/ 059861 45 [ 00307]

Conti nuati on Token 550: A nodel dependent val ue by which a subsequent issue
of the SSI command may continue at the 4%ontinuation point represented by
the token. The contents of a continuation token are nodel dependent.

[00308] §030Ege Contimunting okgn Ifd rAe g delj dsperglst: vahyg byrwiyeha gifbsedventSeve afidr ess

list. When 5t he g ( g i ity of
SOt addr ess |1 st ot S AT RIAR o BB REAHEN PR KRl readyth el £

are stored). [00308pntbmts ofiecarianglion,toktdnercimotddrdepdfndSALES st or ed depends on
t he nunber of SCMincrenents in the requester's configuration, the status

of each t he, co nd Ji.s_exe ed, . t he channel tem. | . Zero
o more WARRAY 2SR imoR R e a0 DR s Sh M THT S 1
one Sexanpl e, by tisdbigoacd ¢dig sRGed ik aprddotn &l vEtiepd pluRgity eSOV entries
(Length), and then dividing that result by 16. [00310] Each SCM address
list entry (SAL@ALEb?réé@ﬁftds(etgnéLgﬁhi_ﬁ@/é%MEWFéW@écupi es a range of
SCM addresses. The starting SCM address of the SCM i ncrenment represented by

t he SALE[gosogontRbReskahipld, bR ndflber NALISs dibred &@anam{ @ suRbet T8 chpf i 1 st

byte of the corresponding SCMincrenent. The endi ng address is cal cul ated,
in one exanpl e, ifgjeraeids mdghe rauSEVisicarhiguretirm, Bicatatusiof cpght welen thocamysant iart i ng
SCM addr ess and S ' [.S1.hS st
oyte of the SOV ReTAnin PE R A0Syt a 2Ny M SEEERE Bl M8

i s @ conti guous asttl minbSCHb ey tieddtooatddoimsynewhirople dggiuhganing Q6 Hatuthalsiz2i s

byt e boundary, in_one 20enhodi ment. [00311]. A.SALE is stored when the
corr espondi ng S@E/fheﬁﬁsrpé??ﬁf O&S(Eg‘?\gﬂ%épcgéﬁ? b‘dﬁ]ﬁ%tlh'é“trﬁflﬂﬁaya d space is

avai lable in the response block for the SALE. If space in the SCM address
list of {0es10]esBasis SCM aflikcsh SistenBaUSAEH) reprevaitdiéhcl SCM tir@flerit Avhlidh&ccupies
continuation token and exec(%éi on conpletes wth a specific response code.

25[00312] Two or et SaMeaddpssessiigeatpring HWendicayo idhaerMocieRgnt  scm

addresses. | 0031ﬂ§1]rg§3§te§ @?% RN isonime@lithe S Adesald ibed sevihadelerance to
FIG 5C. In one exanple,“a SALE 552 includes, for instance: WD

201 168100PCT/ st byR/(dsgswireg®nding SCM increment. The ending address is calculated, in
one example, by adding the SCM increment size, in bytes, to the starting SCM

address and then subtracting one. This is the SCM address of the last byte of the
SCM increment. The storage class memory represented by a SALE is a contiguous
set of SCM byte locations, which begins on a natural 2 byte boundary, in one

20 embodiment.

[00311] A SALE is stored when the corresponding SCM increment is in the configured stated
and space is available in the response block for the SALE. If space in the SCM
address list of the response block is exhausted, a value is stored in the continuation

token and execution completes with a specific response code.
25 [00312] Two or more SALEs are stored in ascending order of their SCM addresses.

[00313] One embodiment of a SALE is described with reference to FIG. 5C. In one

example, a SALE 552 includes, for instance:



[ 00314] SCM Address (SA) 560: A value that is the starting SCM address of
byte 0 of the corresponding SCMincrenent in the SCM address space, aligned
on t he nawvonal2/tsswndary determ ned by the SCM i ncr enent PETAP2{12i0598bYt €S) .
[00315] Persistence Attribute (P) 562: A value that indicates the current
persi stence rule 5applicable to the SCMincrenent. Any location within the
SCM i ncrenent inherits the persistence 46ul e. The possi bl e persistence rules
includes: [00316]Rule 1 - Retain data when power is off. [00317]Rule 2 -
Ret ai n di0314int iSCM Svdresoid A6t Aoralyanhat if @@3@@}%@%@&%%@&%& ofdheie t hat

i ndi cates the Ogﬁﬁ%ﬁ(ﬂng $§f\/ﬁn&fen}eﬁﬁm§ﬂe°§@Wadﬁle@é%aﬁ? %%\?’edjogltﬂgﬁeﬁﬁ%pt

represented by e operation state 1s v when

associ ated SCM |bnum®n5eattttemﬁnadrbyttheSehhtfht:@ureethl&t(afséyteBDOS19] Exanpl es of
operation state |ncI ude: [00320] Operational (Op): The stor age cl ass nenory
represen y t ALE i for all era |ons

The. oper MERER PRRiVEET o @Res Bl b anv Bul Blists: B B iRRE Bt ey be
re-entered upon aplxmdablfert@metstwtilﬁﬂmﬁmrysnpnoca&dsmmelﬁtthﬁ@mrma’e@m inherits

[ 00321] Terrporary error (TE): The storage class menory represented by the
SALE i s not avaithcabrastense ralgy The possibls pariganee reiasingides st ate is invalid but
the data content at the transition fromoperational to tenporary error is

20pr eser ypdi6]The tenporly | ergin gh@dtwheh poRBLiELED from the operati onal
state when access to the SCMincrenment does not exist. [00322] Per manent

error (PE}. The storage class nenory represented by the SALE i s not
avai | abl #08&fl any 1/ 0 dpele arifsian dff‘ﬁé‘nﬂ%ﬂoéV%P%lfeée‘i%Ianl id and the data is

|l ost. The permanent error state is entered fromthe 25tenporary error state

or oper ajgoangy ﬁlﬁgt@te‘@@@nA%ldéﬂﬁﬁﬁﬁ(ﬁ@été&t%h@oﬁérﬁt% sEROGH thé Qteralg§ ch&caansged.
[00323] en an operation conpletes with an indication of permanent erfror

setld n" t he exceprdronenyueriréseted by S AJFE-t Rlee eADINion sfsoin seliddde Whemthe| east

that corr eSpondlaE's%mated SCM increment is in the configured state.

[00319] Examples of operation state include:

[00320] Operational (Op): The storage class memory represented by the SALE is
available for all I/O operations. The operational state is entered upon a
15 successful configuring and may be re-entered upon exit from the

temporary or permanent error state.

[00321] Temporary error (TE): The storage class memory represented by the
SALE is not available for any I/O operations. The data state is invalid but
the data content at the transition from operational to temporary error is
20 preserved. The temporary error state is entered from the operational state

when access to the SCM increment does not exist.

[00322] Permanent error (PE): The storage class memory represented by the
SALE is not available for any I/O operations. The data state is invalid
and the data is lost. The permanent error state is entered from the
25 temporary error state or operational state when an uncorrectable error

condition is recognized.

[00323] When an operation completes with an indication of permanent error set in the

exception qualifier code of the EADM response block, at least that corresponding



WD 2012/ 168100PCT/ EP2012/ 059861 47 SCM i ncrenent has entered the permanent
error state. However, nore than the one SCMincrenent may have entered the
per mnentwenrnmiestoat e. [ 00324] When an SCM i ncrenment i SPODIEPROT2059861
operational state, an 110 operation that references a location in the

i ncrenent recogni zes an extended asynchronous data 5nove facility check
with either a tenporary or a permanent €rror set in the exception qualifier
code of the EADM response bl ock. @cLOOSZS] Data State 566: A val ue that

i ndi cates the d&(M carecnbhasdnicrebite epmnet crieestsico Hayevel Bey themibe pne

i ncrenent represeRy ﬁ%.&hEe alid when the
associ ated SCM i ncrgér%é%{entt iy 7 nt%g(ﬁ?lggu@e%wtte Og%tg%atl onal states.

10[ 00326] Exanpl e data states include: [00327] Zeroed - The contents of the
SCM i ncr {19824] i SVladnl anzﬁ‘fﬁl‘ds;ncr@rﬁ%m}dmi ihd operm@acstatteemIéOcpemﬁ@l sam
increment is the ccurru ) {l/m ccessfu f é#lap crriylgerat ans
Locations in thée E?eér?‘éﬂ‘fa 1881‘“ St‘n"\ﬁr‘??“t éﬁ‘io%ﬁ%aﬁ N R T

unprsedi ct abl e. L0329}, Ungukediticéialt €tempbhey 6pnpattasedbrrbhet HGM txepesent
prior to any wite type | 10 operation are not known. After one or nore
wite type oper &t 5ifg cpdaRf ]B%EﬁD frprmedlockat a content of other, unwritten
| ocati ons renmai ns unpredi ctable even though the | ocations successfully

witten {mgét iDhtd me%tsaAS&aa;&heflnalbﬁesS@/hata@traer@me &%feamorir%evs%rhge
20[ 00330] A transition fromeither zeroed ngredl ctable states to valid

state occurs wi tchiss RemMpIyigereBgaigepssatcdiyi tb@S e The dataytats if Velrdewken het ween

size of data wri t Jhe change to
val i d does not (?Ee%ogfraltege tl\aé&gecrﬁ%léﬁsriggﬁl%{tﬁ ur§ ﬁ&'ﬁgig@g& SI’tatgécatl on not yet

witten. Such a location, not having been accessed for a wite, is
ef fléct i vEIOP26it | [Bxaviplckibedesasclaésoed or unpredi ctabl e. 25[00331] Rank 568:
A val ue that indicates the concept ual quality of the storage class nenory

i ncrenen 0 ggﬂr esent ed bZ’e thfel gurecrilt angj?tﬁessé’ﬁlhge Qllltﬁs %}OSI he associ at ed

SCM i ncr isinthec er at ona sta A val ue of zero
means that no rank exists. A nonzero value in a specifi ed range neans that
a rank eli0sg8]. In this m@elwm&hmmdmonakmememmm@fau r ank

val ue of one is the highest 'ﬁf 3)(;? ankt A rlgank val.u flfttee |ts t he
| owest or worst rank. A'FCETEEY © opgfiitiapsu HCEHons i Hle‘frerpghl?o %eto be

preferred over an SCM Mﬁﬂ%rﬁem@wthémk)edorunprE@QtaBlg] R 570: This field
i ndicates that the SCMincrenent recognizes a rel ease operation. 5The

follow n aviors are rel ated: 0333] 1. A rel d block.is first. to be
Wi 1[50 g@gg;]e being ré leprefﬁftﬁ@m cgpfents of the S%%i ?ncrement prior to any write

type I/O operation are not known. After one or more write type

operations have been performed, data content of other, unwritten

locations remains unpredictable even though the locations successfully

written result in the data state of the SCM increment becoming valid.

20 [00330] A transition from either zeroed or unpredictable states to valid state occurs with the
first successful write. Due to any difference between size of data written and size of
the target SCM increment, the change to valid does not describe the actual condition
of any data location not yet written. Such a location, not having been accessed for a

write, is effectively still described as zeroed or unpredictable.

25 [00331] Rank 568: A value that indicates the conceptual quality ofthe storage class memory
increment represented by the SALE. Rank is valid only when the associated SCM
increment is in the configured and operational states. A value of zero means that no

rank exists. A nonzero value in a specified range means that a rank exists. In this



error on a read operation is recognized if a read precedes a wite. For
such an error, the SCMincrenent remains in the operational state.

[ 00334] 2. wpaniywstonal configuration, the data state i s PeTmEPdo12/059861

10[ 00335] 3. The program nmay do a special operation, called a rel ease, which
pl aces a specified block into the rel eased condition. [00336] Resource ID
572: A nonzero value is a resource ideftS§fier (RID) of the resource that
provi des the SCMincrenent represented by the SALE. Wien the RID is zero,
no resource | D icsampldi aranletalug pf aigas hahighestioabes xarp lferank aluRpYifiegpriesent s
as many 15adapt t AR .QVi S i ement. As
cortal b RAL D al o5 PR Bt o A e hESCOR ML ploher bl B

per formance by ahkdfavédngyecanSUNM el a ldkroper at i ons across multiple

adapter/ SSDs, the RID may represent a compound entity. [00337] Furt her

details di 1e..copfiquration st .0f the stor.age class nenory,
20and + nIURRh adt 51" et Fy S B Ble N orsh i s RhRE Bl
| ist5 are descri lmd flielvarg b{HA0B33rt Rildtedl |y, referring to FIG 6A, the

configuration states and the events/actions that result in transitions

W thin t states are, described. . shown,. th state re configured,
st andby ﬂﬁzgﬂeservgd. A(hr%@%ig}t‘?gbgéﬁ?té‘&gﬁf’"i“ﬁ%ﬁ%ﬁ%“f&%ﬁng:@?”éee?ﬂ and
then from standby to canfdrgHheehd JpeRMbE ANEEDHILM if ot BL de@whiee. For
deconfigured and enter a state of reserved. 25[00339] Referring to FIG 6B,
operation states and thHeckyrare, thadCM exwgineni pemaingis itha apgetighaliage- t hese
states are shown. An SCMincrenent is to be in the standby state to be

configuragsgnd is i.nfitpg%&ﬂﬁﬁauoq@i@hmﬁ%@ttﬁc HRONRUCKESRf ul conpl etion of a

configure action. A wite to’an SCMincrenent in the zeroed state

moves it to the valid state. An intervening power off and WO
201 16810983%IT/ EP2D 12/ OBBaBa49 mdyedy pogeinl ansrasipn saallgbnvrdlense.evteeit pladeae i s

not indicated as havi n%Bg%E%AAﬁloclp%Osghtg q0Ge V&S 1t he SCM increnent to the
n error may C

unpredi ctable state. [ ause' transition to the
tenporary error (TE) state or the permanent error state (PE), depending on
t he nodel0033@lendestursperHT2: & nofizetchealar is @resobke adeingfitt (BADY Ajthofesource that

connectivity may, caudthd SANShEL A E RS o} HPOAAEY whleh He RIF Gelo2nd N
resource ID is indicated. In one particular example, the RID represents as many
15 adapters and SSDs that provide storage for the SCM increment. As certain RAID
algorithms may be applied, or striping for improving performance by allowing
concurrent I/O operations across multiple adapter/SSDs, the RID may represent a

compound entity.

[00337] Further details regarding the configuration states of the storage class memory,
20 and the operation and data states of the storage class memory address list are described below.
[00338] Initially, referring to FIG. 6A, the configuration states and the events/actions that

result in transitions within these states are described. As shown, the SCM states are configured,
standby and reserved. An SCM can be placed in standby from reserved, and then from standby

to configured. From configured, the SCM can be deconfigured and enter a state of reserved.

25 [00339] Referring to FIG. 6B, operation states and the events that result in transitions
within these states are shown. An SCM increment is to be in the standby state to be configured
and is in the operational state upon successful completion of a configure action. A first write to

an SCM increment in the zeroed state moves it to the valid state. An intervening power off and



operational (Op) state. A deconfigure of an SCMincrenment can occur

regardl ess of its operation state. [00341]FIG 6B also illustrates the data
st at es whwo 201e/t6B®ooper ati onal state, accordi ng to how trhe/rrparasisenal
state was entered. The data state is valid and applies to the corresponding
10SCM i ncrenent when it is configured and in the operational state. The
valid data states are zeroed, unpredict¥ble, and valid. The follow ng are
the possible data states at the various entries to the operational state:

[00342] [@0348Fr on ¢rapm(M anvaitsyent thag isaedindicptef ap haviegrp orelr gerestense movgy| i d

E‘é%?,ig] [ B3 indr R RERIRRGRABblcQHate. NPT edi ctable (u) or zeroed (z)

[00340] An error (E) may cause transition to the temporary error (TE) state or the
permanent error state (PE), depending on the model dependent specifics of the error.

5 Acquisition (A) of connectivity may cause transition from the temporary error state to the
operational (Op) state. A deconfigure of an SCM increment can occur regardless of its

operation state.

[00341] FIG. 6B also illustrates the data states when in the operational state, according to

how the operational state was entered. The data state is valid and applies to the corresponding
10 SCM increment when it is configured and in the operational state. The valid data states are

zeroed, unpredictable, and valid. The following are the possible data states at the various entries

to the operational state:

[00342] From standby — zeroed (z)
[00343] o From temporary error — valid (v)
15 [00344] « From permanent-crror — unpredictable (u) or zeroed (z)

[00345] e From operational — valid (v) — first write

[00346] e« From operational — unpredictable (u) — power cycled and persistence is not rule

1.
[00347] When not in the operational state, the data state is invalid.
20 [00348] When first configured and prior to the first write, the data of an SCM increment

is in the zeroed state, meaning that its contents are all zeros.

[00349] While the data content of an SCM increment is not changed when moving to or
in the temporary error state, the increment is not accessible. Thus, saying that the data is valid
might be descriptive, but not overly meaningful due to lack of program accessibility. Therefore,
25 the data state is invalid in this scenario. Also, based on the error that causes the transition from
operational to temporary error, if data integrity is affected, the permanent error state is entered,

the data state remains invalid, and the data is lost. If a concurrent repair can move an SCM



From operational - valid (v) - first wite [00346] From operational -
unpredi ctable (u) - power cycled and persistence is not rule 1. [00347]
When not WO 20teei6epmer at i onal state, the data state is invealrimk2012054860348]
When first configured and prior to the first wite, the data of an SCM
increment is in the zeroed state, neaning that its contents are all zeros.
[ 00349] Wiil e the data content of an SCMO ncrenent is not changed when
moving to or in the tenporary error state, the increment is not accessible.
Thus, sayicrrpeanhiatthe hermgaem cirer sk tqthgioperatignal gfats avithons keang tnth deronfigived | y

meani ngf H1l1d tﬂgl?ccgn%gluﬁe(alﬁgg}lh 1RE 89&1@1&? RESE §§1|1 R)isL iaﬁcy it isTrggﬁe?fdQﬂe%dent whether the

data state is either unpredictable or zeroed.

[00350] The persistence of an SCM increment and its RAS (reliability, accessibility and
5 serviceability) characteristics can also determine a change from valid to unpredictable data state.
If persistence is exceeded, it is expected that the data state transitions from valid to

unpredictable.

[00351] A transition from either zeroed or unpredictable data states to the valid data state

occurs with the first successful write. Due to any difference between size of data written and
10 size of the target SCM increment, the change to valid does not describe the actual condition of

any data location not yet written. Such a location, previous to a first write access, is effectively

still described as zeroed or unpredictable.

[00352] After an SCM increment is configured, an unsolicited notification is made
pending when any one or more events occur that are observable in the response of the Store

15 SCM Information command. Examples are:

[00353] 1. Operation state changes from operational to temporary error or permanent error,

but not reported in a failed operation.
[00354] 2. Operation state changes from temporary error to operational.
[00355] 3. Operation state changes from temporary error to permanent error.
20 [00356] 4. Rank change.

[00357] Examples where unsolicited notifications are not made pending include the

following:
[00358] 1. Data state changes from zeroed or unpredictable to valid.
[00359] 2. A Configure Storage Class Memory command completes.

25 [00360] 3. A Deconfigure Storage Class Memory command completes.



25 the data state is invalid in this scenario. Al so, based on the error
that causes the transition fromoperational to tenporary error, if data

i ntegritywooeffeembed, the permanent error state is ent ecedpabessat a state
remains invalid, and the data is lost. If a concurrent repair can nove an
SCM WO 2012/ 168100PCT/ EP2012/ 059861 50 increnent in the pernmanent error
state to the operational state w thout Yei ng both deconfi gured and then
configured again, the original data is still lost, and it is nodel
dependent00ih her YWhen aaptafiostian is regdiag tthe prograpt ehseEa bl aotfication gadimay

access biT1L Sk Seut prenale P bR AR ST Ay ARdThy SERERM 1,

servi cea al so deternmine a
change f irdonmaagibh dommannhmag d]sc baldsecddabthestiatein WHiclpgie prafreneeulddikexceeded,
it is exp cted t hat th tg%]g transitions fromvalid to unpredictable.
[00351]A IHW%‘P‘EF‘ (H“f |"‘P 8r>2kFoed or unpredictable data states to the

valid data state occurs with the first successful wite. Due to any

di f fSer enpu@3bZt Weenning @x&hpleat @iMichtidngncland akfachineehedk iheupedndRingSEMed
i ncrenent, the chang e to valid does_not. describe the actual condition of
any dat atdl the BrIEE. mdf erreipqnding - R e afingsa sV P Aol e MRered 1sugsi thet

write aceeR® sibi lchhtditelidh &ihinASAGHRARD BSHoA&! 016 Vfih HBRRM &lgb! €.

[ 00352] After an SCM i ncrenment 1s configured, an unsolicited notification is
made signalipgditarggomiess memprpelenge notifrcetievent s occur that are observabl e
in the response of the Store 15SCM I nformati on conmand. Exanpl es are:

[ 00353] 1{ 009B$r ati of) 5 E%hl%o&ﬁ?eﬂggga %t%@?cﬁkgﬁxffg{;%%ﬁ'@@ CBSHBH&% %‘%@f[f? 20r

per manent error, but not report opera
Opellat i osubsystre ccﬂnarag@ ssﬂelddmthcempgraar (¢.geraporatih® syspm)ab lobnaml mfoﬁﬁﬁl&ﬁﬁa}boﬁt

eratio han es fromte rary error to ermanen rror. 2Q[ 00356
2 rank Il o AR R S T et B R i

made pengdioRgnden sﬁ&slaeﬂlmuflﬁéth@mmad th® 98b&Idmarldat mdsalien ¢ BaMeRsd bloBlbf
zeroed or unpredictable to valid £00359] 2. A Configure Storage

C ass Methsriystpshiera i cignpingtebe chapoogbopes. Thepeawini gurcaoonet #dke A ass
Merory ¢ RO uEQREIAS: res IR A0 12t hEBTHANR BRI AT the Rdmaining

15 portion of the 4K-byte control block (i.e., the requested information is stored in the main storage
area designated for the response block). Further details regarding operation of the command are

described with reference to FIG. 5D.

[00364] Initially, the program generates the request block indicated above to request the
Store SCM Information command, STEP 580. The request block is obtained by the channel

20 subsystem, STEP 582, and one or more validity checks are made as to the validity of the request
block (e.g., valid length field, valid command request block format, command installed, etc.). If
the request is not valid, INQUIRY 584, then a response code indicating the problem is placed in
the response block, STEP 586, and the response block is returned, STEP 592.

[00365] However, if the request is valid, INQUIRY 584, then the channel subsystem

25 obtains the information from the machine (c.g., processors, ctc.), STEP 588, and fills in the
response block, STEP 590. The response block is returned, STEP 592. For instance, the
information is contained in non-volatile storage of the machine and is loaded by firmware into
main storage only accessible by firmware during system initialization. The channel subsystem
(i.e., firmware in this case) obtains the information by reading it from main storage only

30 accessible by firmware, and populates the response block.



[ 00361] When a notification is pending, the program observes the
notification and may i ssue the Store SCM I nformation command to obtain the
i nf or mat iwo.20Mes®bor e SCM | nf or mati on comand may al soPb&/EP3sinessat ot her
times in which the programwould |ike information about the SCM and/ or
SALE. 5[00362] I n one exanple, a notification includes a machine check
interruption being issued to the progra® with a correspondi ng CRW
indicating an event report. The programissues the CHSC Store Event

| nf or mat {F6€lo mankicsapesi v agassying the gomueion bk the stdrage dem m@mory ode

signalin 0 . i fj i 6

onbodi nodier ke o 8P8Eh 8RS pTRIEE Yo FARORE RRAERh offhe LARERELL ety
10subsystTeimdeasiomnchyibs snsed nyudllyeo rpoogragital(yehyghe pogeinabdi athergyisitye het o
obtain infqrmation about the, stor.age cl ass nor.y and/ or an SCM. address
P e oot PO RtigR g PE hised bR atdine fe bl e i A AR s eSS e e
instruction and the SSI command is indicated in a command bl ock of the

i nsty uct [0@B6e7MWhi Chiniohie $eithplt Qo e GiRaMd &lorfpd REy¥Semory] B € oa 5B Sebrige
performed at_ the channel subsystem and a response is returned in a response
bl ock, whidshMegorpeonapRg lﬁiu?ngly Ty rgquesty an AROPROd SOHFE CHPS BEBER

(1. e, tREd@AHEREE HolThOLTRLbRBob i rHAL e THEROTR 0 3ATRGE a 3582

desi gnat ed for response bl ock). Further details regarding operation of
t he comamdded & aevotififéMwiarémendf.er ence to FIG 5D. [00364]Initially, the
program generates the request block indicated above to request the Store

SCM I nfo gion CofR 1) ) ouest i i t he
channel Edggé%]bsystem g%%aé% ggﬁi{?@%hﬁlgﬁrgggr mrhg%g%%#ﬁsgg Oggcagggetlrée/ made as
t o thhe valquelitisyindfc inhiplizegpraest If iHcomknbeeo HSCMviattdehte ngubstéd wduwdd cuakb it
command reguest bl ock {Oﬁ@t” corrmagd.i nBtaIIe , etc.zf |f the request is
not val i BEXNELFERicEERlC ARG, Bl B ¥FCPdtd; & sReel ERe 5 8Af Bm i s

pl aced i profvhiRdr esponse bl ock, STEP 586, and the response bl ock is returned,

STEP 592. [00365] However, if the request is valid, |INQUJRY 584, then the

channel subsystem 25obtains the information fromthe machine (e.g.,
processofl¥36%k ¢ ) Themoptegisef caghfnerrment %Zﬁtr?ﬁewléw%%%(?b%e&l?phsqﬁ%p 590. The

response,fkikcd S LLJRediteddR cOFgur PSCMNBERRER is {dD %y,i 9f PEARL ANk a3
contained in non-volatile storage of the machine and is” | oaded by firmnare

i ntl® mai pomtody age only accessible by firmware during systeminitialization.
The channel subsystem (i.e., firmvare in this case) obtains the information

by read Mgy | T OrORBLANHREASE 0L A RGEES L R e EhI AL B9 ass
[ 00366] RyEpmg tarembuad iselcgicteil igFICh& Al i oneratangrie, aliufigtieStator Ges Memosy

Tenory Ogequest block 700 includes:

[00371] Length 702: A value that specifies a length of the command request block length.

20 [00372] Command Code 704: A value that specifies the command code for the Configure

Storage Class Memory command.
[00373] Format (FMT) 706: A value that specifies the format of the command request block.

[00374] Total Size (TS) 708: A value that specifies the size of storage class memory
requested, encoded as a count of SCM increments. The count of SCM increments
25 already configured plus TS is not to exceed the maximum configurable SCM
increments (MCI) limit. If the number of SCM increments in the initialized state is

less than the specified total size, a specific response code is provided.



ot herwi se, a decision may be made to change the configuration of the
storage class nenory. This decision may be nmade manual |y or automatically
by the prwgnramviwsgioot her entity. The configuration may becthEzegedsdsyl addi ng
increnents or deleting increnents, as described bel ow. 5[00367]1n one
exanple, to configure the storage class nmenory, a Configure Storage C ass
Menory command is used. This command refuests an amount of storage class
menory to be configured fromthe available pool of the system The anount

i s speci f008@5]as Anys¢hrenous fepuwiation okt Cod 7 HEM ivalte dias it rsturfed0BE8] Unl ess
stated otherw s t I | Sf

10request is in%?%gﬁﬁﬁﬁgggﬁﬁggfnE%ﬁ%%ﬁﬁﬁﬁ tQg%ﬁﬁﬁggﬁkgf&%ék%f%%%gﬁ%nts
request ed woul d bekus €l Helve rrifatoir Rerae scto mésiuoia nadod réx iISCh re sulcth etrieitibe d theequaso  be
exceeded, a specific response code is provided. [00369] The contents of each
i ncrenen zeros With valid.CBC.  The applicab ersistence rule
nosoct at LRI h°eadnt bt es EoimHE SREh: Bk BunegoniB FhBEERIE:
mandal 19y 6dBmadPNIEPLEIen EIhodi meBhe ohbalimemmeshmetiesiond Blokk 73r t he
Configure Storage Class Menory command is depicted in FIG 7A. In one
exanpl e, "81U88%f i gure Storage O ass Menory request block 700 incl udes:
[00371] Length 702: A value that specifies a |l ength of the command request

bl ock | epashy) 2000873} GoMRNAa Gtk nAh YR! YenthatesphReibidRsS t he

command code for the Configure Storage O ass Menory conmand [ 00373] For mat
(FMTI) 706: A value that specifies the format of the command request bl ock.

[00374] T98ES] siReepqysiod@4: A\ valpeithat drseribes dhs rsudls of s agfppat t@f%X%‘tuéFrfé@e

class menory regues ﬁg,uggggsﬁgﬂﬁgmg Witan@f SCM i ncrenents. The count of
SCM i ncrenment s 25al ready configured plus TS is not to exceed the maxi mum

configurable SCMincrements (M) limt. If the nunber of SCMincrenents in
t helG ni t [04B87%ed 162 defmefl sesperss codain stoksl ig Hleectiesrioast ¢ade diclds pry esyneghrepaei f i ¢

response code i r.QVi / / 0] 5]
Aaynchr onous ConSTar i dad SR ABAE O RpRe FERERIa Rl ALY |
t he asynchr onoushanaghpdefinednodeob sforadah itt@nredpoatctodé fialdned §€Mciaticorntiesponse

descri bed bel ow. The %Prrelator serves to.r.esu he riﬁinal thread. that
initiated the ré&%@%’t‘? ’PBGWSI]‘W%“S@&%’BQ NS 249 80 APARHCP BRYERERC P ock

for the Confi gumgdst 0bagetich 856 asynchronous process is indicated in the notification

15 response.

[00380] Format (FMT) 736: A value that indicates the format of the command response
block.

[00381] The Configure Storage Class Memory command is issued by the program to
request an amount of storage class memory to be configured into the SCM address space. One

20 embodiment of the logic used to configure the SCM is described with reference to FIG. 7C.

[00382] Initially, the program issues a Channel Subsystem Call instruction that includes a
Configure SCM command, STEP 740. The request block of the Configure SCM command is
obtained by the channel subsystem, STEP 742, and the channel subsystem attempts to execute
the command, STEP 744. If the attempt to execute the command produces a response code that
25 does not indicate success, INQUIRY 746, then the response code is placed in the response block
of'the Configure SCM command, STEP 748, and the response block is returned, STEP 750.

[00383] If a successful response code is indicated, INQUIRY 746, then the response code
is placed in the response block, STEP 752, and the response block is returned, STEP 754. In



5Menory command is depicted in FIG 7B. In one enbodi nent, a command
response bl ock 730 includes: [00377] Length 732: A value that indicates a

| engt h t wocormmasor esponse bl ock. [00378] Response CodeCTA#201A09®bue t hat
describes the results of the attenpt to execute the Configure Storage C ass
Menory conmand 10[ 00379] If a defined response code is stored in the
response code field, an asynchronous prdcess is initiated to finish
processing of the comand 1f a response code other than the defined code is
stored i thit ¢xemplss powesesstd desppissicade indicgiemtiahibe dangtit figld ot bateqyastdinckiv
asynchr oQaup (RIQRERRASwalbil i £Y o/ A8 O FHRSRANGAN: B! s G3LIiR R, TBde:
Conpl etion ¢ asy nchronous process 1s in |cat notificatron
15respon&exh@ﬁﬁBﬁﬂ&y%@mnamkﬂﬁmﬁﬁbﬁﬁﬁwcAmmahdemihmtbmwdnb@meﬁsthemhenmht of

the co nd respon bl ock h nfi gu St or ass, Menory
oot e oL SBATE B prra i PSR SOV R RS P s R et or age

cl ags ”Eﬂ&fﬂgufrdﬁoﬂﬂanﬁ(ﬂﬁgﬂogﬂlﬁlﬁgrdqﬁés@edt(fb@s Rk acdriessunRa6 s CKNiacRRRAR @i ment
of the logic used to configure the SCMis described with reference to FIG

7C. [OOBQQPWHQPWQﬂ%F the programissues a Channel Subsystem Cal
instruction that includes a Configure SCM command, STEP 740. The request

bl ock _of [gg84)CoNT i gidiGom eﬁPa{Wﬁdh%ﬂ s PRLAL AL fehige Sha 1§fé%¥§t%&m
STEP 742[ J t he chén%eﬁygubsystenfh%?enpﬁs téﬁ%iecute tg&%é%nnanl STEP
744, |f SEEP dbé.elpther deterkersgarding s poweaing ipdodakselsvith Ire@smnﬁ(eFKod@ t hat
25does not indicate success, |INQJURY 746, then the response code is placed

0t he RERBAe, B A Sheb PRI BUT G BRI SR (B DAAE, .,

thiH)exaamkmmth:@unnemséukmmﬁmpolePGémeandum&tﬂbrmhhmomm@uﬁhﬁ@Mh fleld of

t he request block is va S av e in the sy
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per f or m Qs ENERINO n{dve @equeﬂ@fo tha%%ﬂ)tmohh% patiadlarS tegforsRYUe HeRMariees not
exceed the maxi mum configurable SCMincrenents linmt of the requested
5conf i guPEEY$em recRtyingfae E&Séﬂ Cagifigare cogieddethe dvayarsaf thohearr! sHeyHitHber of
SCM i ncr gpen

asynchr onoush%rlg%rel%gﬁ%) %Q'g%%%#ﬁhﬁ%r Bétgg% g{hgﬁéﬁ?ﬁ:@%@l St'sahlg]'ﬁ?ﬂtl% %gu%Pang'F%P 756.
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FIG 7D. configuration. Ifthe request is valid, firmware updates one or more tables to allocate the

increment(s) to the configuration and place the increment(s) in the operational state for the
configuration. The increments are then accessible to /O move requests (described above) from
the configuration. Completion of the asynchronous process is indicated in a notification

20 response, STEP 762.

[00386] Notification response data for the Configure Storage Class Memory command is
returned in a response block of a Store Event Information (SEI) command. One embodiment of
the format of the notification response block used for the Configure Storage Class Memory

command is described with reference to FIG. 8A.

25 [00387] In one embodiment, a notification response block 800 of the Configure Storage

Class Memory command includes:
[00388] Length 802: A value that indicates the length of the command response block.

[00389] Response Code 804: A value that describes the results of the attempt to execute the

Store Event Information CHSC command.



[ 00385] I n one enbodi nent, the asynchronous processing perforns the
configuration to 10allocate the one or nore increnents, STEP 760. For

i nst ance,wbani2emgtvoconfi gured SCM increnent, internal ceormeee2assétchanged
to allow the newl y-configured increnment to be accessible to 110 nove
requests to that partition. In particular, responsive to the channel
subsyst em recei ving the CHSC Confi gure XYonmand, the firmwvare of the channel
subsystem exam nes internal tables to confirmthere are enough increnents
to satisf0f3PHe FeguasMdnd0e:0ABhgshatendigptesrtegfoasat of desscomnangyewetse he
maxi mum confi gurghie SCMincrenents for the configuration. If the request
is valid, firmvare updates one or nore tables to allocate the increnent(s)
to the configuration and place the increnent(s) in the operational state
for the 9391]guMattifioationThypci8i8r Armehteshanmlitdtesrtha tivie ssindi ADMorelaldd nove
requests (describgg %bove) fromthe configuration. Conpletion of the
asynchr onous pr5@ Y8 i ndicated in a notification 20r esponse, STEP 762.

[ 00386] Noti fication response data for the Configure Storage C ass Menory
comfand {3921 uPndd: iWha scesp@ifis tht dekchadnchsubs pitem Exependingfeocmmat i on ( SEl)

command One enbodi nent of e format .of the notification resp bl ock
used for the Codf wt@nsleafﬁfga@*@t %@f%ﬁﬂ?@preﬁm%me?@na%@éﬁlﬁmm
reference to Fl Gom@And25[ 00387] 1 n one enbodi nent, a notification response

bl ock 800 of the Configure Storage C ass Menory command includes: [00388]

Length 802: A value that indicates the | ength of the conmand response
bl ock. [ 9383 Redlon¥Yeersdersnies thatihg ¢hanhq] sebsyetemmpnesogmesdadyrloVvof t he

attenpt 1o execypfyilifiPand QL& i ANkidn a0 boB bgn CHSC command. WO
2012/ 168100PCT/ EP2012/ 059861 55 [ 00390] Format (FMI) 806: A val ue that

indicates the format of the command response bl ock. [00391] Notification
Typd 808[008%41al Gontenbodattlide ot valug that indieptss thet this iEADNPensE & & corslysidneett i on.

5[ 00392] P810: . i t . h endi ng
cvent i nf or mat i SR RHO LB R b e A Y, S SR ER e 6
this CHSC commamerh&®30dmavd BhaestWhen set, specifies that the channel
subsystem has recogni zed an overfl ow condition and event information has

e OSLUéB%gl[ ,([) %%g%]gﬁ%ﬁg%g%e %gg 8?61'4A V'glu\e/?llla'fl%lr%h%ra 5esicrrilt()jeis(%l?et r%gulgsr(])?%het LR

a respon
attempt to execute the Configure SCM command.

15 [00396] When the secondary response code is a specified value, the complete amount of
storage class memory, as originally requested, has been configured. Otherwise,
response codes may be provided that indicate, for instance, invalid length ficld,
Configure SCM command not installed, Configure SCM command block has an
invalid format, total requested size would exceed MCI limit, total size requested

20 exceeds the number of SCM increments in initialized state, channel subsystem busy.

[00397] Asynchronous Completion Correlator (ACC) 818: A value that is originally

specified in the corresponding command request block.

[00398] One embodiment of the Store Event Information command used to return the
notification response block for the Configure Storage Class Memory command is described with

25 reference to F1Gs. 8B-8C.

[00399] The Store Event Information command is used to store event information that has
been made pending by the channel subsystem. Normally, this command is executed as a result

of the program having received an event information pending channel report.



execution of the asynchronous process initiated by the Configure Storage
Cl ass Menory command request. [00395] Secondary Response Code 816: A val ue
t hat furtwenromessrbbes the results of the attenpt to execurrtibessenfi gure
SCM command 15[ 00396] Wen the secondary response code is a specified

val ue, the conplete anmount of storage class nenory, as originally
request ed, has been configured. O herwi¥e, response codes may be provided
that indicate, for instance, invalid length field, Configure SCM command
not inst 0B ConFhagxeentoamf tririensd visntda formatsonagemmang may thengrainformatien

request e?o@i&ﬁﬁ Wt GhafixG SR GL HrhTSlore EQ{ng?l%hﬁioh%gﬁﬁgahg% &gg&&geds the

nunber o ncrenents rn’initialized s e, anne ubsystem busy.
[ 00397] #Asyhohowitvpus Conpl etion Correlator (ACC) 818: A value that is
originally specified in the correspondi ng command request bl ock. [00398] One

enmbodi ne the Stor vent, l.nformation c ed to-retur.n the

oot coptodfll, 0> ChOlhantitel BERETREY Foybr TPE bt S el el B b nrrand
i s descr thetlaid isldebibed @itk Acfereh& t6IFRS, SIBmSne kAP0 rEheesBbloties Hvialudes:

| nformation conmand is used to store event information that has been made

pendi ng e channel _subsy m Normally, .this co nd i s executed as a
Peoul ¢ oA T SERR Rl PRl Eder Dot e gt SrramiacateH BEha: ng chamnel
report. WD 2012/ 168100PCT/ EP2012/ 059861 56 [ 00400] The execution of the

St ore Evamio3nf @oiahandiCdie R3RNTHIYEE] g6s the BBl ¢ M o @Mtidh REEniaAd t he
channel subsystem The Store Event Information command is executed

synchrongusly. [00401] On pbodi pent of a.co nd request bl ock for the
Store valddhy épﬁﬁ%ti](%MTgégﬁn%ﬁa[ﬁ%éﬁ%ié%ﬂﬁeaé@%ﬂ o draramendrgnerdiods, | n
one exanpl e, a request block 830 includes: [00402] Length 832: This field

speci fi ef0a04engdifiehtidnBype FeTEBish MRGUESISNY E33K . A [AO4RBEre CammENshsfRde 834:
This field specifies the Store Event Information command [ 00404] For nat
(FMP) 836: A valcosesprags tg gdegi¢al processer sebcipal L) viehie of Siprraing nupgtie¥#lup| ock.

[00405] Notifi C%Bf?é‘%% %, §ﬁ'0€i§¥gin8{%d'§(ﬁ§ KssGNEPM) bRR: Vﬁlefﬂﬁagégsﬁ&ﬁ{oﬁ ifgch bit

position 10correspon 0 a logical processor selector val ue of the
sane nuneri c valspeifiddrangestaiagng las ziot a Botifgatigniype corexsporsismLtoeicht b be one.

When a bit position in a, speci.fjed ran starti.ng. at .1 i.s zer.o,, a
ot 111 cat i oty $8 e FaBpBRER i HE R Byt ind D8 Biacn i RecS§Hifka &
pending. When such a bit is one, a notification type corresponding to the bit position

15 may be stored in the response block.

[00406] In one embodiment, referring to FIG. 8C, a response block 850 for the Store

Event Information command is described below:

[00407] Length 852: A value that specifies the initial length of the command response block.
The completion length depends on the response code that is stored as a result of the

20 attempt to execute the Store Event Information command.

[00408] If a response code other than a code indicating success is stored in the response code

field, no information is stored in the response data area.

[00409] If a response code indicating success is stored in the response code field, event

information is stored in the response data area.

25 [00410] Response Code 854: A value that describes the results of the attempt to execute the

store event information command.



position is not stored in the response block, and is discarded if

recogni zed as pendi ng. Wien such a bit is one, a

not i fi catworotzyeeloeor r esponding to the bit position 15megThP2@06%dl i n t he
response bl ock. [00406]In one enbodinent, referring to FIG 8C, a response
bl ock 850 for the Store Event Information conmand is described bel ow

[ 00407] Length 852: A value that specifi’es the initial length of the
command response bl ock. The conpl etion | ength depends on the response code
that is H04IHd &or therSdeyaEyersflnforpatppapomsmes 8 the respesadatatarea cepiging affixgdt

I nf or mati on conq%@g de other than a code indicating
success is store |ﬁ&8ﬁ§9$%§£6ﬁ§2k§agﬁpﬁﬁﬂ @, no information is stored in
the response data area. [00409] If a response code indicating success is
stored i 00dh2] r dsposseifcddernfit elsgonsewelnin N'hfsoromadro ghe fesmst depedisiupotn He

response data are 168100RPCT/ EP2 [,059861 57 [.004 For the
Store Bvent &t GBI EEAGNENE R (e dSBENOE isp o, Sle HORPATHEE! ¢ | e

| engt h portion aefbnds vipdd t@bbartib@agidtfioaidn t9f addARdatitentosde CEP Eieidf takeh
format response, when NT is nonzero, the format depends upon the particul ar

notification tyﬁé¥ﬂ§ﬁd the format of the content code dependent field
5depends upon the particular notification type and the content code (CC

field, fdoams]t oq%hhﬁ 1\/1[19@§Q-3]\vFﬁfer’fﬁét spdeMios tmmﬁo\falett%rﬂnk@ﬁr@s?@ﬁgeﬂ es the

fornat o] he connan response bl ock [ 00414] Notification Type
(NT) 858: A val lockhat indicates the notification type (NT). A 10specific
value is provided for the Configure SCM command [00415] P Flag 860: \Wen

set, Spegjolyyps tﬁlﬁﬁicStﬂﬁlﬁ@ﬁ Re) 8§8Ub&36§1§1€'Eﬂalf'ﬁ1§ho‘3{%§'q{e%uﬁ¥ﬁfbht @Rl on in

addltlon to the 1 nformat provided in response to th command The
pr olgr am can obtapmnﬁmeﬂaﬁwpnwmhdmnnhéGpm@pu@ﬁbeaﬂmawuk|ng the Store Event
I nformati on conmand agai n. When not set, this flag specifies that the

channel ARGy $a Bas e h%@ﬁ%ﬁhﬁqﬁgéﬁgﬁﬁ\éﬁ%&stk{ﬂ 1 FRRlLeh00416] v

Fl ag 862 n set,” specl |es t anne ni zed an
overflom1condltummnmmmnewethMﬂ%ahmmmHﬁmnaa@nbEBmuims&nmaheh@ﬁﬁﬂﬂlow

condition was reco whil e the even tion not contai.ned in the
response data af@@gwaé ?hf‘eprﬁﬁ@fn a8 OBy {b Bgﬁflf lfifﬂ‘F]?f’r“HﬁPiYBﬁecuﬁ*%g‘ﬁxﬁé?rFl ow

does not affect Hvbg: Ih%Mﬁﬁ@id&ﬂnﬁﬂ%?&haW&@ rofsdt hﬁlsrfﬁgaﬁdtmsd@dtaqeash@ﬁqel
[00417] Content Code (CC) 864: A value that describes the type of

i nflor mati on t hatubsystearieanaeaddiiional pendinesqysnfisafogrmetipnar ea. 1 n one exanpl e,
the val ue indicates a storage class nmenory change notification in which one

or nore @@MIG]”CV\EF@Q%ﬁz h%%n%é’c%@@iﬁe%ﬁhﬁe ORanRt iRl te?&i{a@%% hizCPgt ent Code
Dependent Field 8667 This field may include additi I nf ormati on

overflow condition and event information has been lost The overflow condition was
recognized while the event information not contained in the response data arca was
the most recently pending information. The overflow does not affect the information

20 contained in the response data area.

[00417] Content Code (CC) 864: A value that describes the type of information that is
contained in the response data area. In one example, the value indicates a storage
class memory change notification in which one or more SCM increments have

changed state or status.

25 [00418] Content Code Dependent Field 866: This field may include additional information

regarding the event.

[00419] Successful notification of a configuration change may prompt the program to

issue the Store SCM Information command to obtain details regarding the configuration.



regardi ng the event. [00419] Successful notification of a configuration
change may pronpt the programto i ssue the Store SCM I nfornmation conmand to
obt ai n dewvei2be/remar di ng t he configuration. WO PCT/EP2012/059861

2012/ 168100PCT/ EP2012/ 059861 58 [00420] I n addition to increasing storage

cl ass nmenory, the storage class nenory may be decreased. A Deconfigure
Storage O ass Menory command requests &% amount of storage class nmenory to
be renoved fromthe SCM address space of the requesting configuration. An
SCM i ncr 94201 t o bla addidiontta warceting sforage pless emery, the Aforaggckds merpeE, may be

5[ 00421] r f
|ncrenen§Q$%§§%L%T% &Hﬁﬂ‘é%%ggg%ﬁgﬁerelﬁggéﬁeaﬁig Eﬁgg%éﬁﬁﬁah%kﬂﬂgggml

i ncr enentremoeytolbe rsqnevndffrcedtherscan albGhhs smacre&rfe}m ref@&gties torlfigatatiemt Ay SCM RLE) .
A separate SIRLE nqy %ﬁi cified for e? ist of increments (a.k.a., an
extent) PWHTPEORSICEGHISUGRIGUL 6 P RSP IBYREF I st of i ncrenents.

[ 00422] Regar dl ess of persistence rules a successful deconfigure of an SCM
i ncrenen{o0d®pl acesThdhSCMrasremeRt to w&&cbﬂffguwzi it tpcalfied @darss @vEincidhent zer oi ng
is conplete, an SCM.increnent transitions fromthe unitialized state to the
i ni tiali 5EHC g describpidemionanepyaercrenigusps SCVORASAENE Spydsreaiirddnesr t he
Deconf i g4r&1 mbRLAAEGhRB st W(SIREEWR@Qpérﬁe §ﬁ§ll’?¥n%§'bb o dcltfda f&%ach“\h&%@‘mnd
request block 900 for the Deconfigure Storage C ass” Menmory conmand

i ncl udesincfapenisi{gkan@e cxtsl) 064 B4jot tanignousoizh ank ofladrlist afhetrempdei fi es a

| ength of the command request block. In one exanple, the length is

32+( NX16 0 Y3 a1 s!o?p teﬁ@eutlaieso su:g%ﬂlp cgﬁ@ ¢ bf: dlé et ! ries
Jalld é%ﬁ% in % %#ﬁﬁﬁ fg

(SIRLEs) . I's exanple IS even VI SI and is
i n e rahgs th@ﬁlﬂ%mbﬁb into the un:in(tﬁHZeZEIBaté. 6YVhen zeroing 15[ QodR&E, zﬁcﬂﬁ‘Mnnbr@ndﬂ 904:
A val ue hat sp es th onnand code for the Deconfigure 20Storage C ass
Menory cOREHE Bh %Pn%% f“%%%ﬁ#eﬁﬁgﬂ %i%ﬁ?ue that specifies the format

of the command request bl ock. [00427] Asynchronous Conpl etion Correl ator
(ACC) 90f10423)val ueOhdhahbddEmeiofihRe@niand tdy@eca H10aR israRODsc RO eStdrage Class
notification, described above. 0042 SCM | ncr enent Re st List 910: This
field i nMepasy commaryisidpirtsimF ejgﬁormngle d regpesf pogk 9 &gsml?%e?

request kjosis Idl&ésw&ﬁo@@smg{anmcﬁld@ptfaﬂlﬁ§tar(c§l RLEs). The length of the SIRL
i's deternlned fromthe value of the length field.

15 [00424] Length 902: A value that specifies a length of the command request block. In one
example, the length is 32+(Nx16) bytes, where N is the count of SCM increment
request list entries (SIRLEs). A valid length in this example is evenly divisible by
16 and is in the range (32+1x16) < L1 < (32+253x16).

[00425] Command Code 904: A value that specifies the command code for the Deconfigure
20 Storage Class Memory command.

[00426] Format (FMT) 906: A value that specifies the format of the command request block.

[00427] Asynchronous Completion Correlator (ACC) 908: A value that is returned in the

asynchronous completion notification, described above.

[00428] SCM Increment Request List 910: This ficld includes an SCM increment request list
25 (SIRL). An SCM increment request list includes one or more entries (SIRLEs). The
length of the SIRL is determined from the value of the length field.
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An SCM increment request list entry (SIRLE) specifies the size and the location ofa
specified extent of storage class memory (c.g., a list of increments). An extent or

SCM extent is the specified size of storage class memory.
Referring to FIG. 9B, in one example, a SIRLE 920 includes:

Total size (TS) 922: A value that specifies the size of storage class memory to be

deconfigured, encoded as a count of SCM increments.

Starting SCM address (SA) 924: A value that is an SCM address and is the location
in the SCM address space from which to remove the first or only SCM increment
deconfigured by the SIRLE. Least significant bit positions that would constitute an
offset within the first SCM increment are ignored and assumed to be zeros, in this

example.

When total size is greater than one, each additional SCM increment beyond the first
increment is located at an SCM address that is evenly divisible by the SCM
increment size, that contains a configured SCM increment, and whose location is
contiguous with the last byte of the prior SCM increment. In other words, in the

next, consecutive location.

If the space described by the starting address and the total size, taken together, is not
completely full of configured SCM increments a specified response code is provided,
no SCM increment is deconfigured, no asynchronous process is initiated, and no

subsequent notification occurs.

Upon successful completion, ecach deconfigured SCM increment has entered the

reserved state and is then zeroized before being placed into the standby state.

[00436]

A command response block for the Deconfigure Storage Class Memory

command is depicted in FIG. 9C. In one embodiment, a command response block 950 includes:

[00437]

[00438]

Length 952: A value that indicates the length of the command response block.

Response Code 954: A value that describes the results of the attempt to execute the

Deconfigure Storage Class Memory command.



59 An SCMincrenment request list entry (SIRLE) specifies the size and the

| ocation of a specified extent of storage class nenory (e.g., a list of

i ncrenentwP.20egbent or SCM extent is the specified sipee/EpRoigtosasage cl ass
menory. Referring to FIG 9B, in one exanple, a SIRLE 920 includes: Tot al
size (TS) 922: A value that specifies the size of storage class nenory to
be deconfigured, encoded as a count of 8CMincrenents. Starting SCM address
(SA) 924: A value that is an SCM address and is the |ocation in the SCM
addr ess H943% f dbmonpanshiceds of @ wpseafiqdealolip storedrin 81g1rgspSEVI dode fieldhedit
deconfigured by S gaLfkc Lt: It a
constitute an of%ﬁ%?é%n i'n ?ﬁ%ﬁ?ﬁ?g@h%@ﬁ??ﬁ@?%%%ﬁ§§g%égﬁéﬁ%ged”ﬁ% c%%%uned
to be zeros, i ncbid sthexhapthe spddifed vabikad steicd én ihs rgpeat evdd fidd o ;Meach
additional SCM i.ncrenent beyond the first increnent .i.s I£caéed %} an SCM
address that is BRI H{PLTETl BY apREnTepsteseRs itYPS and PR SYOSeditPhi ns a
confi gured SCM inggfignBRts madtd aa&idnQFatd RPndhSoro@8lodete wSinWichiBd ih@e | ast
byte of the prior SCMincrenent. In other words, in the next, consecutive

| ocation. |f tha&othentiengsserscbed by the starting address and the total

size, taken together, is not conmpletely full of configured SCMincrenments a
speci i eoug PO BRerE UG yhrBRY baeds hd DS JuRCSEABOT1dsS MIGLOINE e, no
asynchronous process is’initiated, and no subsequent notification occurs.

[ 00436] A commandomplstrsngth dyipocikicd tspariye c@scdhéintgen ia tst Yrlgecromasigedussior y
command is depigted in Fl 9C. | e i t. a conmand, response bl ock
550 1 ncl udes: 25605 o bah g Be AT T IR RRT enh AR e MG SPBRIRA of

t heliconmand respanse bl ock. WD 2012/ 168100PCT/ EP2012/ 059861 60 [ 00439] If
a response code of a specified value is stored in the response code field,

2" cepon b HRBaG rBrRETERARSt e efiedhy b PR B e P ESponse

code field, no $@¥ki ncrenment is deconfigured, no asynchronous process is
initiated, and no subsequent 5notification is made. Conpletion of the

asynchronous_process is. indicated. in the notification response. [00440]
Bef ore t HO443Inc s eathedisagn Oﬁtﬁe f%éc $5RQHES YliR éh@%%%@rtﬁg%c S conmrand

conpl et eg.dMibdl RitSREGLAJ-8HFIESppge code, all entries in the SCM i ncrenent
1 ned

request list are examned to ensure that all specified SCMincrenents are

in the configured 10st at e. . , , ,
15 [00443] Initially, the program issues a Channel Subsystem Call instruction that includes a

Deconfigure SCM command, STEP 970. The request block of the Deconfigure SCM command
is obtained by the channel subsystem, STEP 972, and the channel subsystem attempts to execute
the command, STEP 974. If the attempt to execute the command produces a response code that
does not indicate success, INQUIRY 976, then the response code is placed in the response block
20 of the Deconfigure SCM command, STEP 978, and the response block is returned, STEP 980.

[00444] If a successful response code is indicated, INQUIRY 976, then the response code
is placed in the response block, STEP 982, and the response block is returned, STEP 984. In
this example, a successful response code indicates that the length field of the request block is
valid; the command is available in the system; the command request block has a valid format;
25 the channel subsystem is able to perform the command (i.c., not busy); and the SCM increments

were originally in the configured state.

[00445] Additionally, an asynchronous process to complete the deconfiguration is
initiated, STEP 986. Further details regarding this processing is described with reference to
FIG. 9E.



[ 00441] Format (FMI) 956: A value that indicates the format of the command
response bl ock. [00442] One enbodi nent of the logic associated with the
Deconf i guwe 28Me8momand i s described with reference to PCEEP2QR0SERG61

15[ 00443]Initially, the programissues a Channel Subsystem Call instruction
t hat includes a Deconfigure SCM conmand, STEP 970. The request bl ock of the
Deconfigure SCM command i s obtai ned by &lhe channel subsystem STEP 972, and
t he channel subsystem attenpts to execute the command, STEP 974. If the

attenpt {M94é&lecut elntane cobadmnedt. freodyiedsonqus propeshing pedaastthadecgognrafim,
i cnt - - . ; o
Fosponse’ b BeRo byt e o R orgfifd ephEsREERIOEIEE AT SPMRE R koS b onse

bl ock i smoetdifroiedhe ShEBu@8 Btatd] t0 Bbddddricdastael COpesdntily of @spostsedostde ai S

i ndi cated, | | RY 976, then the respagns ode is placed in_the response
o Sy SBcos A S BSOS ey o R ens 16 s SISy BRE:

exarpl e, CampieieR 85tk lasyneBRANESH EQRLEs Mt £L 8% dofifitationeedpem@t STEP 90 of the
request block is valid; the coomand is available in the system the command

request block has a valid format; 25the channel subsystemis able to

per f or m 149840 nmanbhqotificatiqngesngpegJata fon thetpreorfianrs pioragrértss Mapary
ori gi nal byminind ReGRRA itk 8dpetsdbfock bPARARd AEIE A 1R AYoN égﬁga@rg@hr onous

process to conplete the deconfiguration is initiated, S?T 86. Further
det ai | s regaeat. fgna ¢xamppr ddles sisnense dlogk scddspradwiithrefeednee enldles. 4. FI G 9E.
VO 2012/ I]-'I%%%\Qeorptger/ccl)zrﬁgn ]égéeo 1?1 élfs5 :le'xafl5 : IL cl)n 1c%§e]s| ke QNS 's%rpc)scf)g)lg%%mﬂ& { IPlgl]l._lsion of
asynchr ondUs’ pr 0c &S NG per for s the oA gurat’ion, (23 fo 10 B =

i nsittanc e exdcbgorostah ©fisyRgHrendul preepBihisiard &y dedbdnafgird StodpeIIMsimanhatrent i s
noved fromthe configured state to the reserved state. ,Lgpon ent&Sy o; t he

r eser ved S ¥pEeRd reguesh gty tae ssendans fraronse rfle Rk dsimsiost Be r4sH

I ncr emenpud RARS bldeRRhd BedoBodt AR ShatMemsGRBRIRLION of the asynchronous
process is indicated in a no%l fication response, STEP 992. [00447] The

notification response data for the Deconfigure Storage Cass Menory conmmand
i s retur H9448In t helnradypbeisabodtedat.gtlogatien apddeallpasinp of P HERHITGINSER) CHSC

conmand E{%\%EWI? %g nel PheSe k&8 g%@r tﬁoﬁﬁlgta-hée, gg?’gfc%a E%ﬂleﬂ‘f 5 tﬁséaﬁté??@?&ea to

FI G 8A ver, content code 1 n this exanp Icates t this is a
r eslfons e gtaphichlentedfne] thwiugin whfch bisxeoat spocifioparsthetcastpribhsysteousF psoc@ss

Simi | ar | 5N R G CRAL S RS OHSEE s "D ET AP PEER PRI BELt s of the

attenpt pafewabsfRlobie Renmidhi:gure Storage G ass Menory command [ 00448]In a
further enbodi ment, allocation and deal | ocation of storage increnents nay

[00449] 1. Specify the maximum configurable increments (MCI) for a given configuration;
[00450] 2. Allocate increments to a configuration;
20 [00451] 3. Deallocate increments from a configuration.

[00452] The panel also allows viewing of configuration increment allocations and MCI,
and the number of increments in the available, unavailable, and unitialized pools. When, due to
an action at the SE, an increments allocation changes or when the size of the one of the pools

changes, a notification is sent to the configurations.

25 [00453] Described in detail above is a facility to manage storage class memory. It
provides an abstraction to allow the program to access the memory without specific knowledge
of'the memory. In accordance with one or more aspects of the present invention, a capability is

provided to move data between main storage and SCM; to clear or release SCM; to configure or



be requested via a panel presented to a user. For instance, a service

el enment is used to provide a 15graphical interface through which a user my
speci fy papantes®oto the system For storage class nenmpCy/Erpaoipassbl cal | ed
the storage class nenory allocation panel allows the user to performthe
foll ow ng operations: 20 [00449] [00450] [00451] [00452] 1. 2. 3.
Speci fy the maxi mum configurable incre ts (M) for a given
configuration; Allocate increnents to a configuration; Deal|ocate

i ncr ementesonfigire SCABran gudiaeavery. thapenfigarsepn af g@\/lal Qtbowscapitalifiasgraglso
conflgurgg |ncrenent al l ocations and MClI, and the nunber of increnents
inthe a unavail abl e, and unltlallzed pools. Wen, due to an
action at the SE, an increnents allocation changes or when the size of the
one of tH®4pdol s Chamges$odnmntb%h@ﬁmkﬂmmtmosémpﬁ$unwhuzcbnhkgunﬁmkomm

25[ 00453 bed in d t al to_nmana S
rorory. PR sLaee R A Epyl i b i rhlish S PR Pl BB LE v
mendry Waddpes. speC|f|c know edge of the menory. In accordance with one or
nore aspects of the present invention, a capability is provided to nove

a2 e, MBSRemc SuB 05T s il bl SR et RS EE

confi gur atd atcaf N§C§\477C33heéntﬁ1@@amemoalaﬁ§ Nacraﬁs Rk Eﬁatmngwlﬁﬁﬂ AddBQ4ag] I n one
enbodi ment, storage cl ass nennrﬁlls presented as a at _menory space to

user - | evEpntsldhr Sofavars Hasp Oneiehiasdwire Bagsnlransder Cantl Brithi dyitogninict olss
mul tipl e;devis, émﬁ&dn' %45@53%%?51%% 5004 %pb [%fng%& SALRIRLINRE LPRBAEL

subsystens an an ADM faci'li are’descri
10 Data Mover Method and Means,” Brent et al., issued August 15, 1995; and U.S. Patent No.
5,526,484, entitled “Method and System for Pipelining the Processing of Channel Command

Words,” issued June 11, 1996, each of which is hereby incorporated herein by reference in its

entirety.

[00456] Additionally, further information relating to a channel subsystem and instructions
15 associated therewith (for a particular implementation of the z/Architecture® ) is provided below:

[00457] Input/Output (I/0)

[00458] The terms “input” and “output” are used to describe the transfer of data between

I/O devices and main storage. An operation involving this kind of transfer is referred to as an

I/O operation. The facilities used to control I/O operations are collectively called the channel

20 subsystem. (I/O devices and their control units attach to the channel subsystem.)
[00459] The Channel Subsystem
[00460] The channel subsystem directs the flow of information between I/O devices and

main storage. It relieves CPUs of the task of communicating directly with I/O devices and
permits data processing to proceed concurrently with I/O processing. The channel subsystem
25 uses one or more channel paths as the communication link in managing the flow of information
to or from I/O devices. As part of I/O processing, the channel subsystem also performs a path-
management operation by testing for channel-path availability, chooses an available channel

path, and initiates the performance of the I/O operation by the device.



U S. Patent No. 5,377,337, entitled "Method and Means for Enabling Virtual
Addressing Control By Software Users Over A Hardware Page Transfer Control

Entity," wotommesiooet al., issued Decenber 27, 1994; U. 8CTS&Pri1alos9se1
5,442,802, entitled "Asynchronous Co-Processor 10Data Myver Method and
Means," Brent et al., issued August 15, 1995; and U.S. Patent No.

5,526,484, entitled "Method and Systenﬂﬁor Pi pelining the Processing of
Channel Command Words," issued June 11, 1996, each of which is hereby

i ncor por Hi0d@llher ei Wlﬂbyl the leanaplesebsyitem ase éli’ﬂcmréw Opoowskinadld proyisker Ifgr,
further I WV S
15ass0ci AL RsaneAR 1) % BeR BARND o SURRERGE ARLnLHR] G AR

z/ Architecture() ) is prOV|ded bel ow. [00457]Input/CUtput (110 [00458] The
terns "i H{9462] and TmumpMWR:wménms@detbddegsahbpmnhbﬁtﬂmm§ﬂﬁmioﬁimaﬂhd

bet ween NShora pe ion.invol vi this.kind
of 1 ranstbehBeP TR M ISHRE B a B A Pl WD Rak B
conty ol bddd«dpatedtsibohsnal & &0V deticy, eiepelﬁaﬂlg altht e dehawnkd inZ0Bubsyedt em
(110 devices_and their control unjts attach to the channel subsystenl)

[ 00459] THENThARECCINREYY SR ObaboPrRECEtTdnificriatisyyErem!atfect s the flow
of information between |10 devices and main storage. It relieves CPUs of

t he taskjgbesonMmMunELatsihhatiidl gftides VMf&ﬁhalnéQ c&ec\éhﬁﬁg&haa@o&@femv@da@ée@nd
processing to proceed concurrently with |10 processing. The channel

subsyst effs #gbmsnidpeheahanmst subsyrdemelhesubehgnes) alsh eravidemintpeeation sondenkng n
managi ”gl/b%%ef]a'tﬂ M dt 1§1J @Bfés?gﬁlg n8'thd Jsg’c;&itelcpv@ %blﬁﬁsrheAﬁbo%%&el Rfnd 10

processi ng, anne orns a pat h-nanagenent operation
by tlest i ngarfsdry mllnalmtleIchmmtehswmmdrmbrowldby;nfccrhrmsmsbcmmaamaaﬂealb(bedecfhamwel

pat h, an it ormance of th 110 o er devi ce.
D015 166 tBbPCHERSD 1 s SRe T e P GAEHil LA AERBo s b A Gl phafettm or e
subchannglbzhadBR prétbgdiarpaldsios tiy ayddesy fe &o@ﬁ%}rﬂﬁﬂl &amuﬁﬁn 2a@Bsshdiflt

devi ce accessible to the progranlthrough t he annel subsystem [00463&The

nul ti pl eissibbhthinepchsaibchampslisety i s an optional facility. Wwen it is

i nstall ed, subchannel s are partitioned into nultiple subchannel sets, and
each 5Ubﬁﬁﬁ@$ﬁ' SePOQ@VmQ&Q¥MEﬁh§9mﬁn%ﬁ@&&ﬁh%Hn§MQH@éﬁB&hsﬁ%yﬁ&n%%QnQﬁy'Ce
Dependi ng on the nodel and the interface used, sone devi Ces may only be

al Ilowed tbchyendpetbsdentp] enitendydicrtiselisd hathehamet wbSYsmmanEammals ofschannel
provi des Iarﬁ];le prrﬁlt ik ancf?@%%%@é ) y%Q G el &)I rraf})r% alnlo%e g:(e)r\lltlro Gnft r![gl all, an
individual /O device may be accessible to the channel subsystem by as many as eight different
channel paths via a subchannel, depending on the model and the configuration. The total number
of channel paths provided by a channel subsystem depends on the model and the configuration;

20 the maximum addressability is 0-255.

[00465] The performance of a channel subsystem depends on its use and on the system
model in which it is implemented. Channel paths are provided with different data-transfer
capabilities, and an I/O device designed to transfer data only at a specific rate (a magnetic-tape
unit or a disk storage, for example) can operate only on a channel path that can accommodate at

25 least this data rate.

[00466] The channel subsystem contains common facilities for the control of /O
operations. When these facilities are provided in the form of separate, autonomous equipment
designed specifically to control I/O devices, I/O operations are completely overlapped with the
activity in CPUs. The only main-storage cycles required by the channel subsystem during I/O

30 operations are those needed to transfer data and control information to or from the final



its attachnment to the channel subsystem The subchannel al so provides

i nformati on concerning |10 operations and ot her functions involving the
associ at estol2d2/Wdemnce. The subchannel is the 10neans by pamirpRoi2zlosssehannel
subsystem provi des informati on about associated |10 devices to CPUs, which
obtain this information by executing I/O instructions. The actual nunber of
subchannel s provi ded depends on the modél and the configuration; the

maxi mum addressability is 0-65,535 in each subchannel set. [00464]110

devi ces catigstinghbbtarignaghg sothtthase cyelps thatmay broreauizadrer the ghanpsk em by
means 15

subsyst oy By e oo HEbHRRbER R ed o R GES 40 of Bl BrefABRME
to nore tthage oitescortasdo numletlay CPU akdgramy) excrur}t whetuladth thkOSIdévmd:the oBannble
aCCESSIb|%)tO t he chan subs em b s many as eight different channel
ot s i By eI PTG HBLGT T Sl fHaSHOdel SRECE A cont i gur ati on. The
total nunber of channel paths provided by a channel subsystem depends on

t he 5modefooagt| t he Sbthhaghdl&eison; 20t he nmaxi num addressability is 0-255.

[ 00465] The perfornance of a channel subsysten1depends on its use and on the

system i npl enent nnej S a ovided with
di fferegfﬂ%gﬁla tra ﬂleé‘é"a 15}1‘?%11@%1155%&&% tyvawﬂ%@?ﬁr SRl 1o
transf er pgatign@nhs mfltifle §@&ﬁhﬁﬂepse&@trﬁelé%mnﬁttb Gour3Psehiiicl s, cdehdi sk

st or age, for exanpl e) can operate onl %)on a channel path that can

accormodifeatified p5i whshannplisst idantifior §HD) [ \Wbaw6p THAtiR pravhsdinnsirke fagilitsis not
cont ai ns; CORIP M dr@f! dut e}ﬁ&f‘essu{) lgleﬁ%et% FdsiBlorL R, ARG Ald ARG gle\éﬁﬁ&ahﬁeqse

facilities aré prOV| orn1o separat e, autononobus equl prme
deslilgnedss fedity iscalt kyatial, onirytsubﬁhalhnkﬂ)saievnooeslslblen@ tiopepathimons are conpletely
overl apped with the activity in CPUs. The only main-storage cycles required

by the ¢ | sub, urlng | 10 30operations are those needed to
transferﬂgggg and 'ﬁﬁ%?g? N nformation to or fromthe final WO

2012/ 168100PCT/ EP2012/ 059861 64 | ocations in main storage, along with those
cycl es t [(au7may beAm&@ﬂmmmﬁpﬁmhhtﬁelqhaﬂmﬂkmﬁmbsyﬁiéﬂmmaoamqﬁmammhﬁd

subchannel s mh are | nent ed. as pa f nonad e i n.

st or age. CoRuRt 8;‘7‘1:;I @gat%r Ql TSW@P{H%&SQ@# OPEB%E%%M@? HYCheasEScpy
and the 6h@ﬂﬂﬁhs@ﬁ%@ﬂﬁ&&ﬁhﬁﬁ@ﬁmﬁhﬁﬂ&hM¢ﬁéRﬁﬁpﬁakﬁmﬁ@fﬁﬁ@ﬂﬁﬂwkﬁﬁaﬁﬁﬂE
mai n- st orage area. 5[ 00467] Subchannel Sets [00468] Wen t

nul k3 pl eckanpelhaminidrntefeer, d‘ea@ie mumyerb gounhﬁaamlwcat@ub@né&{ﬁbunser@péomwhciaﬁ oned
| |
into m I: & & wH Bgshﬁf%%lgtl a]tﬂk%h@b nat | IH)%O\%%%@T gtlllg o@@?ﬁ@?ﬁﬁﬂneﬁeﬁé

each |de Ified by a su set
mul ti pl eelsﬁutmima laweh'}tiseﬂ vch&m daviog byshaotecutivmtodIACeidstriudiiensethitsdesighyte dree
subchanne% ﬁ §%ﬁﬁyf zero. \WWien the nultiple-subchannel - 1 Oset
facility 1§ "HBE ﬁﬁﬁ?%ﬁWI “Gbchannel set zero is visible to the
program [00469] Subchannel s

[00471] Each device is accessible by means of one subchannel in each channel subsystem

20 to which it is assigned during configuration at installation time. The device may be a physically
identifiable unit or may be housed internal to a control unit. For example, in certain disk-storage
devices, each actuator used in retrieving data is considered to be a device. In all cases, a device,
from the point of view ofthe channel subsystem, is an entity that is uniquely associated with one
subchannel and that responds to selection by the channel subsystem by using the communication

25 protocols defined for the type of channel path by which it is accessible.

[00472] On some models, subchannels are provided in blocks. On these models, more
subchannels may be provided than there are attached devices. Subchannels that are provided but

do not have devices assigned to them are not used by the channel subsystem to perform any



[ 00470] A subchannel provides the |ogical appearance of a device to the
program and contains the information required for sustaining a single 110
oper at i orwOBhe/ssiwohannel consists of internal storage tPrOatEPc@nRiaSKB
information in the formof a channel -program desi gnati on, 15channel -path
identifier, device nunber, count, status indications, and

110-i nterruption-subcl ass code, as wel |65as information on path availability
and functions pending or being perforned. |10 operations are initiated with
a devi cefupgtierhandexemndichisd byfstoring therpssecipted dvicetyatbertsa)idgnbaseeetchia tkubchannel
associ at i ) i 4 device is accessible by neans of
one subc ar%}rg%rfﬂg} %?Ogggﬁg%ﬁlgﬁ%éﬁggé@scystg% 20 to which it is assigned during
configuration at installation tine. The device nay be a physically

identifi HI®KHZ3Juni t Birc menybebef fubulsmdels ptoarded byttiee chavorh subslystemiit indéfenden afipl e,

in certapn disk-stora vi ces, each,actuator used in,retrievi. datag is
cons: der i EpPRESEARART pER A b SAGR BS IR RG eERPY D kG GERE (BP0, v,
of thhe chigsingt cisdnbslyHthe Riill isSrepldscdfddiUyya didpad subShabnklgBedhysudsleaadlas ailiravkdd one
subchannel and that responds to sel ection by the channel subsystem by using

h
the conmBinPYag p 4PrbEditaey gbshamglergnhsg aids tchiit pHILWBeN BR Ahe8pMSkES 51N ch

it is acggsshiRlge. [00472] On sone nodel s, subchannels are provided in
bl ocks. On these nodels, nore subchannels nay be provided than there are
attached devi ces. Subchannels that are provided but do not have devices

assi gned[t0d74lhem atBerid? pipsewingyat thsubdhanimd hasshrss yauesied by herckesutivnaly WO
2012/ 163400BGT FREALANIGIRRIH if MRSLII98: ARG AR ATLALAI Qi LRI ng. the
er-vall € sSunc

associ at ed devi ce-nu dbit as zeroint annel -1 nformation
bl oldk of agshiabksibchisaspahbled G4 sThehronizdsehe wénsfoubtdamnbgbsbgwean tletiOby t he

channel ubsystem.i s, i ndependent_.of . th unber of channel .paths to the
SOOI - ot R o T S A S Y e

channel p@L&S afd b kburt $hak BRCEBEME A6ktRYtich & sBGIcE o 8hE hanma stordsacHinsuBghannel
i s addressed béQUSI ng a 16-bit binary subchannel nunber and a two-bit SSID

when t heWagibehbA ey ics arovidge pigpaly thasshopkk be breyght fogba #aqnape ef the pOZHBABS S| ng
at the s i NNEL,
The CPU b B e B A Bl gt i e
or ld sastenbbadsnddtvehcand cayhcitrencd bgthclpeograransf er of data byt es bet ween
the 110 device and main storage. To acconplish this, the channel subsystem

mai nt ai ngmg?éil updal&ﬁgchal{l]enq% il?psu%/(?u duf"‘DC\%r%t that describe the destination
or source of 'data Tn halh storage. S mlarly, when an |10 device provides

signals that should be brought to the attention of the program the channel
subsyst effi0d7G@nsf or @BannedPgthgnal s i nto status information and stores the
information in 15the subchannel, where it can be retrieved by the program

[00475] AE(}OQ%WEM 'Pl];e clhra]u?rlfletl /51%%8%1 cc[))r%\r/r{u%%%teg (\)V(i)tﬁ% %V?‘cners] %ly mPe%;tlshg f channel
paths between the channel subsystem and control units. A control unit may be accessible by the
20 channel subsystem by more than one channel path. Similarly, an I/O device may be accessible
by the channel subsystem through more than one control unit, each having one or more channel

paths to the channel subsystem.

[00478] Devices that are attached to the channel subsystem by multiple channel paths
configured to a subchannel, may be accessed by the channel subsystem using any of the

25 available channel paths. Similarly, a device having the dynamic-reconnection feature and
operating in the multipath mode can be initialized to operate such that the device may choose
any of the available channel paths configured to the subchannel, when logically reconnecting to

the channel subsystem to continue a chain of I/O operations.



[ 00477] The channel subsystem conmunicates with |10 devices by neans of
channel paths between the channel subsystem and control units. A control
unit nmay we arxwssnbl e by the 20channel subsystem by nopeTiEram20886Thannel
path. Simlarly, an 110 device nmay be accessible by the channel subsystem
t hrough nore than one control unit, each having one or nore channel paths
to the channel subsystem [00478]Device® that are attached to the channel

subsystem bg mul ti pl e channel paths configured to a subchannel, may be
accessedlt¥7he ch anial Behpgstermmpyi cegtaimposfthanme 2awvdichaickpathannel
pat hs. Skl V| I 1.6 0 td . d
bper ai i no oo En ol A e e e AT o SR BT Ot e
devi ce nBRIC@KdOs@tafaye, FICONecoavaitdddlid mtafiannakd IBM $SiwtaoBéd gur Bdtcha3tthe

subchannel,. n ically. onnecting tq . the cha systemto

cont i nuoT gt ShYETD sk ST BRES Ut 16/ Tetno DN Y SFBUbe 1 66

[ 00479] Thir RN RkerBU) 218 HRMITBN-EAQRER I/ OBt fick aNhOBEn tyRE1cl/OcifnAed”
pat h. Exanpl es of channel -path té&)es used 3%!6 t he channel subsystem are the

ESCON | 18 Use terefeto, the (RN ys1ewy/ 360 awd iSyetem/ FOMNIsger t ed 110 i nterf ace,
and | BM Systenm 360 and System’ 370 110 interface. The term"serial-1/0

I nterfacgoap USCATROESEHRI/A MeerEeCiNeckckbel M HES36Em 1liRarubFMok/Bu

interface, and the FI CON-converted 110 interface’ The term "parallel-1/0
i nt er f ac&ntermisaSpderodrcilenure63 100WeST@NI/Syktastu S 2an 03y shielnisdeeeby 10
interface, :I[p(3048dq] TheB?I(E/FS | 10.interface is described in the System

|

Li brary bnlfB {:aé ion T nrterécreplPiltggmgﬁtgterm Architecture/ 390 ESCON I/0

I nterface, 5A22-7202, which is hereby incorporated herein by reference in
i tsllenti [68u$1] 10[ ODLBAICTMN/BlimeNadelif desatibed iadiee ANSHestardsaldcimertt &b 7ANSI

st andar ds, docunmgnt . F| bre Channel .- Si - e Command Code Sets-2
(FC- SB- 2 .h“’[’tﬁg‘zg’ﬁ? 14 ‘%WP@%‘P gﬂ?ﬁ‘s%‘gs'gg‘%ﬁé%é)em 370 110 interface is
described in the System Li brary publication |IBM Systeni 360 and Systeni 370

| /0 I ntefdfoasz] Channied IBM SGaeh36D ahih S {st&dp8l0 1/OARR 674 desstibedinithe ey
i ncor porated herein b}/li reference in | ts@gnti rety. E2048ﬁLDependi ng on the

type of EREHNErLIsafian IBMevygm 160drdsyie V@é/é”ﬁfmfa]ﬁ'g HHigHig) Control Unit

OEMI, GA22-6974, which is hereby incorporated herein by reference in its entirety.

15 [00483] Depending on the type of channel path, the facilities provided by the channel
path, and the I/O device, an I/O operation may occur in one of three modes, frame-multiplex

mode, burst mode, or byte-multiplex mode.

[00484] In the frame-multiplex mode, the I/O device may stay logically connected to the
channel path for the duration of the execution of a channel program. The facilities of a channel

20 path capable of operating in the frame-multiplex mode may be shared by a number of
concurrently operating I/O devices. In this mode the information required to complete an /O
operation is divided into frames that may be interleaved with frames from I/O operations for
other I/O devices. During this period, multiple /O devices are considered to be logically

connected to the channel path.

25 [00485] In the burst mode, the /O device monopolizes a channel path and stays logically
connected to the channel path for the transfer of a burst of information. No other device can
communicate over the channel path during the time a burst is transferred. The burst can consist
of'a few bytes, a whole block of data, a sequence of blocks with associated control and status

information (the block lengths may be zero), or status information that monopolizes the channel



path, and the 110 device, an 110 operation may occur in one of three nodes,
frame-mul ti pl ex node, burst node, or byte-multiplex node. [00484]In the
frame- nulwopbexéesmde, the |10 device may stay | ogical | yPpcompeaizesssd t he
channel path for the duration of the execution of a channel program The
facilities of a channel 20path capable of operating in the frame-nultiplex
nmode nmay be shared by a nunber of concurrently operating 110 devices. In
this node the information required to conplete an |10 operation is divided

i nt o franwb. Thedpcilgs dfehd dhrendl pathsapahia of oberattes infthe wstipodparalbd haredibor

other 11 I.C | i j mul tiple |10 devices are consi dered
to be |ong§’%§§§8%%§%?@g0%%*?ﬁgR%%ﬁﬁ%ﬁ] path. 25[00485] 1 n the burst node,

the 110 device nonopolizes a channel path and stays logically connected to
t he chani®48@lat h f®rm¢ ttennel pathf ean oferaic buplsena@folidatadransits Onabdib a balfier

devi ce can go%%uni ate over thg channel path.during the tinetg burst is
transf er POR FHOEGRAPUT AR PSREPLEUE SLF UR P 8L RABIEEFERPOP ot a, a
sequence Aafeqhipacksmuiifiinitias mag baimittatdMiealan ab@dnsd @tdat tidnkRF BRlcbddthd t he

bl ock | engths nmay be zero), or status information that nonopolizes the
channel PWEs'Hhed 5Mi68100PCT/ EP2012/ 059861 67 path. The facilities of the
channel path capable of operating in the burst node may be shared by a

nunber ofgeagmcur r eRtthybRPSLAABIMbAO tied A8Wee it%ﬁ@?%§%nﬁ&@é@ﬂ@ khdpat hs can
a

tol erate an absence of data transfer for about a m nute during a

bur st - noeleanpglaatit ardn for ibert sxergd of fisewhlemfagilifienef agdpnrph path garabicoft ape i s

read. 5A | t i e.ndircat ta
transt or DR o BRSO BT RArBEha S oo B RARF BF e (92
t helO0l 10 dewi¢es elngbiaysde ol i@ bbyratonsmecipéidintostohenehatmditinpatuning mthjchf anty @
short interval aof .tinme. The facilities of channel path capabl e of

ohor st | miramot o B ENn A fraa bk Er R e SR DG R aRLgph one
concur r eaélice MRGTsAkdoBBitdd kabHIAMRY beasgicdly dohsetdid ehe chhhndl pAhOPRS idlchans are
split into short intervals of time during which only a segnent of

i nf or mat PEACHEd PiGART emewen oreratianeo famiHle I Chérviees BISISPRRFISIACIA reRoRsstier val |
only oneqgdayid ?ﬁ?ﬂp‘ﬂrﬁ 'dEﬁce%.Sf}?é:(}}ﬁBﬁéi-s %&Qﬁ%i?ﬂa@foﬁia‘?&ﬂ Wit § Yurepdect ed to

t he channel pat e Intervals assocrate e concurrent operation of
mul k5 pl ectar@saietsicomtsolafor ase ouesyeedion nlydspthn sierctroquiedan tsnsfaracghentdévi ces.

The channel -subsystem facility associ.ated with a subchannel 15exercises its
Cont r of oS e i set bR P BhE Pl e R I RRAT v el RO
segment  @bmithé asial, boDNecontldescyBETTR MbedCfaNthe iifihtsdn Ffa RwSIpegkienbyt e of data, a
few bytes of data, a status report fromthe device, or a control sequence

used for t initiatjon, of new oper ation. : .
[00'238] 8r inarily, de\?ices v\xll\{th f?lg{l %ata-transfer-rate requirements operate with the
channel path in the frame-multiplex mode, slower devices operate in the burst mode, and the

20 slowest devices operate in the byte-multiplex mode. Some control units have a manual switch

for setting the desired mode of operation.

[00489] An I/O operation that occurs on a parallel-1/O-interface type of channel path may
occur in either the burst mode or the byte-multiplex mode depending on the facilities provided
by the channel path and the I/O device. For improved performance, some channel paths and

25 control units are provided with facilities for high-speed transfer and data streaming. See the
System Library publication IBM System/360 and System/ 370 I/O Interface Channel to Control
Unit OEMI, GA22-6974, for a description of those two facilities, which is hereby incorporated

herein by reference in its entirety.

[00490] An I/O operation that occurs on a serial-I/O-interface-type of channel path may

30 occur in either the frame-multiplex mode or the burst mode. For improved performance, some



[00488] Ordinarily, devices with high data-transfer-rate requirenents
operate with the channel path in the frame-nultiplex node, slower

devi ces openatxiemwot he burst node, and the 20sl owest devCtaEP2@apessse i n the
byte-nul ti pl ex node. Sone control units have a manual switch for setting
the desired node of operation. [00489] An |10 operation that occurs on a
parallel-1/Ointerface type of channel §ath may occur in either the burst
nmode or the byte-nultiplex node depending on the facilities provided by the
channel pattiol amiéh attaehing ® tHeydriek /Groverfasp peoveds theeapabitarie eo,rovs&mnmtmtel
pat hs an r LS . ded g tl Ly Lk i gh-

Prans or T aanOigHthi Fife REOYRARL At ANl 6T phRleat BTsFEEE

Syst enl 3pfdgamd Systeni 370 I/ O Interface Channel to Control Unit OEM,

GA22- 6974, for a description of those two facilities, which is hereby

i ncor por herein by .reference in i.ts entirety. WO :

2015/ 106 RBOBKr, sl PeEgeR Irag bt finel St 5 4 dericsdbeagh s o
i nt er f aceutRhanketiRay beresmipritd b Engle@hpin@vpae ngense data to the program
concurrent with the presentation of unit-check status, if permtted to do

so by th ra 00491 endi n.the cantrol nit or _ channel
SOy st omoRg O & M RO hER R i aa B aRray (Ml praselol GUANS Bhasier o
si ngl e chanartioRsid thy@Rnnd PRAARN ThepbROasaaiidis{ieRtNg &R celascobserdbRbgVe

affect only the protocol used to transfer information over the channél path
and the 538\1;@1 chinnel pragi#ns avidrresiet te flicowaisthesearegiams gigiskecusd. CPU or channel
prograns with respect to the way these prograns are executed.

[ 00493] QQQI Uni EsntORA94] A control unit provides the |ogica
capabilities necessary to operate and control an 110 device and adapts the
characteristics of each device so that it can respond to the standard form
of ont r B104p4lovi ded) chytral ait phevides theslapisgisepahilitfes 0a@5Iacoimpsatatidnentielt ween

the contpo oudéfb{ce %Hc?'a&aﬁ}% tﬁé‘&{&&%hﬁ%&f&%ﬁ%& ”aetv?c‘é%ﬁ if ﬁ%gn 9e¥&¥nd% lranngh gpat h.
The control "unit accepts control signal's fromthe channel” subsystem

15cont r ofsmtdfeottrotipngyiddd Wahachahasistiesystomer t he channel path, and provides
i ndi cations concerning the status of the device.

[00495] Communication between the control unit and the channel subsystem takes place
over a channel path. The control unit accepts control signals from the channel subsystem,
15 controls the timing of data transfer over the channel path, and provides indications concerning

the status of'the device.

[00496] The I/O device attached to the control unit may be designed to perform only
certain limited operations, or it may perform many different operations. A typical operation is
moving a recording medium and recording data. To accomplish its operations, the device needs
20 detailed signal sequences peculiar to its type of device. The control unit decodes the commands
received from the channel subsystem, interprets them for the particular type of device, and

provides the signal sequence required for the performance of the operation.

[00497] A control unit may be housed separately, or it may be physically and logically
integrated with the I/O device, the channel subsystem, or a CPU. In the case of most

25 electromechanical devices, a well-defined interface exists between the device and the control
unit because of the difference in the type of equipment the control unit and the device require.
These electromechanical devices often are of a type where only one device of a group attached
to a control unit is required to transfer data at a time (magnetic-tape units or disk-access

mechanisms, for example), and the control unit is shared among a number of I/O devices. On



[ 00496] The 110 device attached to the control unit may be designed to
performonly certain limted operations, or it may perform many different
oper at i ons0 202 ppivcal operation i s noving a recordi ng nmedrmrea@andsesecor di ng
data. To acconplish its operations, the device needs 20detail ed signal
sequences peculiar to its type of device. The control unit decodes the
commands received fromthe channel subsystem interprets themfor the
particul ar type of device, and provides the signal sequence required for

t he per f therpilree bask, in pncogientrgnicdsy) d§ 0G4 oPrRatibachaincliierchame) adgpotandhe ed
SEDQrateLInnﬂgnﬂ8m¥?%t%§e89¥ﬁ%ﬁ§hﬁ¥m logically integrated with the |10
c ra )

devi ce, the annel subsystem In the case of nost
25el ectronechani cal devices, a well-defined interface exists between the
devi ce atl®498le conkmouol thepiogrdnenaispeindbf vike, doftifencnoepdrforinhé by theeootol

equi prent_the .contro i,t and.the devi rrequi re. These el.ectroneghani cal

cevi bos. byl & GBABA R Vs it RS AT IO 530 EBers g TS R PRRRE S t o e
conty ol whfion & th&€6hhitioBanit Ainkti@Nis heide dadhes @bcriptivh e pefgmahdcCofliape units or
di sk-access nechani sis, for. exanple), and the control .unit is shared anong

a number OBTEINOITHETFEREY a5 dihe g dopitoy coonnauEET dsothi /B Sradentd sYxs et her
hand, i nRERMECElsGRIdB bl IdRHIGESwhHHibASzhE g 'feﬂséﬁ&rﬁfeafw[ﬁr@l

adapter, the control unit does not "have an identity of its own. " [00498] From
t he pr ogwanmdescabipghaw thyf shaiiegwf thosentfolineit droerxg peyrhlonr vé devages affecte thet r ol

unit can bﬁnggﬁgg Jﬂgth t.hose perfornmed by the 110 device. Therefore,

tIONS. . ) . . .
nornallyp%b speC|?|c nentlon of the control-unit function is made in this

description; the performance of 110 operations is described as if the |10
devilces d4P9Uni cat EO RDkviest |y with the channel subsystem Reference is nade
to the control unit only when enphasizing a function perforned by it or

when descri-bing how t he shar.li f .the cgntrol unit anpbng a nunber of

v ces BORIS {'oAn iy SRIDE Sivitd it SR SimatlSlor B8 4N O Devi ces

[ 00500] AsorhimphitcatnntHautech ldh)prol@yditesyRtemsl slesmeans ef a@hmahiostagehetvdeci@ans of
comuni cati on between dat a- processi.n ystens, or a neans, of communi cation
bet ween &YSEys PhASEYIPRECE NG HEYirssHRCIUdeItych sqipmentiah magerdicdmrarndgulisient  as

magnet i Calangstbd Sovidl (BFLBRMHERS %isﬁ%}?ﬂi_@ﬂ@y AW, fpewhifePke @@l Sicedipsikls,
display units, typewiter-keyboard devices, printers, 15tel eprocessing

devixes, tedapdocsenizdevisasadd sepgppbrsed cquipment A BQj dssicerarytbe iyl ly allistipet

di stinct eq% urlngnq?onrtit mgyr sﬂatre %Yprr?er}l (}V?the()ﬂl%lr 968({16'[\/ic\é\'15.t h other 110 devices.

[00501] Most types of I/O devices, such as printers, or tape devices, use external media,
and these devices are physically distinguishable and identifiable. Other types are solely
clectronic and do not directly handle physical recording media. The channel-to-channel adapter,
20 for example, provides for data transfer between two channel paths, and the data never reaches a
physical recording medium outside main storage. Similarly, communication controllers may
handle the transmission of information between the data-processing system and a remote station,

and its input and output are signals on a transmission line.

[00502] In the simplest case, an I/O device is attached to one control unit and is

25 accessible from one channel path. Switching equipment is available to make some devices
accessible from two or more channel paths by switching devices among control units and by
switching control units among channel paths. Such switching equipment provides multiple paths
by which an I/O device may be accessed. Multiple channel paths to an I/O device are provided

to improve performance or /O availability, or both, within the system. The management of



[ 00501] Mbst types of 1/0O devices, such as printers, or tape devices, use
external nedia, and these devices are physically distinguishable and

i dentifi avbeo120k®p t ypes are solely el ectronic and do mrot/EkRoiems48¢1 handl e
physi cal recording media. The channel -to-channel adapter, 20for exanpl e,
provi des for data transfer between two channel paths, and the data never
reaches a physical recording medi umout® de main storage. Simlarly,
comuni cation controllers may handl e the transm ssion of information

bet ween mhéinkaehanprlpeibs & dryicsy staderthel centiodabthe chanael swhsystenteridithe et and
out put ape &1 gngl§ %@aﬂ%agri&ﬂ&@h?ﬁ% ?Jgiltllohé‘@yg%gé?o%&é” the sinplest case, an

| 10 device 1s atta one con uni 5accessi bl e from one
channel path. Switching equipnment is avail able to make sone devi ces
accessi b[(®503Jom t wdOokddresssng-hannel paths by sw tchi ng devi ces anong
control units and by switching control units anong channel paths. Such

ccessed VRt Pt o AL Rtk Q'SR Yro B A AL G 2

per fior matheacorssdrt Bddvaingaliithd sayipuotony@hnbnts whbidtichpath édenyifie e pubdie@n¢eianagenment
of WD 2012/ 168100PCT/ P201§/ RSQ 61 YOg)EnJI tiple chg nel paths to devices is
under t hBUBRHE-ESVicH PUnhEs.@RdFRRS ¥ SHPEP P h SIYETTER BPCRIRM PR Ec hannel

pat hs nmayhdnReigageityby. WEerL@Outl€ i MadnbEs R FRATA N indt ARRAOBL kiKnAddl-essi ng
[ 00504] Four different types of 110 addressing are provided by the channel

subsyst etfenoiicrgbHid) nedesusd yn Hddddwsiimgy of the vari ous conponents:
channel -path identifiers, subchannel nunbers, device nunbers, and, though

not Vi si ioBoi0 Pr oG Al fRSEFefependent on the channel -path type. Wen
t he mul tlhipl e-]subchanngﬁl-néet Faci I ?ify is installed, the subchannel -set

identifier &SSI D is also used in |10 addressing. [00505] Subchannel - Set

| debft i fi E0506] 0050B)cTHbclynbdtrahidentifive{SSIB ista thioekit Yabs) Byighesd tg cechoprbyidedal ue
assi gned &b%h%%%f'se rovi ded subchannel set. [00507] Channel -Path Identifier

[ 00508] The channel - path identifier (CHPID) is a systemuni que eight-bit

val ue assigned to each installed channel path of the system A CHPID is
used to {990Ess a ChanmredPaekdentiferlSCHPI D is specified by the

second- operand address of RESET CHANNEL PATH and used to

[00508] The channel-path identifier (CHPID) is a system-unique eight-bit value assigned
to each installed channel path ofthe system. A CHPID is used to address a channel path. A

15 CHPID is specified by the second-operand address of RESET CHANNEL PATH and used to
designate the channel path that is to be reset. The channel paths by which a device is accessible
are identified in the subchannel-information block (SCHIB), each by its associated CHPID,
when STORE SUBCHANNEL is executed. The CHPID can also be used in operator messages
when it is necessary to identify a particular channel path. A system model may provide as many

20 as 256 channel paths. The maximum number of channel paths and the assignment of CHPIDs to

channel paths depends on the system model.
[00509] Subchannel Number

[00510] A subchannel number is a system-unique 16-bit value used to address a
subchannel. This value is unique within a subchannel set of a channel subsystem. The

25 subchannel is addressed by eight I/O instructions: CANCEL SUBCHANNEL, CLEAR
SUBCHANNEL, HALT SUBCHANNEL, MODIFY SUBCHANNEL, RESUME
SUBCHANNEL, START SUBCHANNEL, STORE SUBCHANNEL, and TEST
SUBCHANNEL. All I/O functions relative to a specific I/O device are specified by the program



designate the channel path that is to be reset. The channel paths by which
a device is accessible are identified in the subchannel -information bl ock
(SCHI B), wachiagsions associ ated CHPI D, when STORE SUBCHANNEP2012/08986C Ut ed.
The CHPI D can al so be used in operator nessages when it is necessary to
identify a particular channel path. A system nodel nmay provide as many 20as
256 channel paths. The maxi num nunber ofl channel paths and the assignnent
of CHPIDs to channel paths depends on the system nodel. [00509] Subchannel
Nunber [ bp8dasaguatingdsuhshinsic! gseighed tojthe KO slpwicahubeliagnds hezaph subghinnel s¢sard t o
addr ess ' IS, :Hni 1 3 .hi - mﬂﬂq a
channel ?ﬁ%¥§§¥§ﬁgf%ﬁﬁmgﬁgh ctgﬁﬁgﬁnﬁgsagﬁfgﬁ‘ﬂgﬂB@“%@gﬁt 13Lﬁ%§%pﬁ%%ions:
CANCEL  ShidabiAbiNiibch AdinEIARs ihldB&siHANNHIhe hirdhleJt-rivtBEHANNEthanddDOF ¥ cBullBEHANNEL ,

RESUVE SU CHANNEL, S'[)A]ERT UBCHANNEL, STORE ngB NNEE%, Pn TEST SUB NNEL.
Al 170 PRSEYTB A ¢ Pshinpe! ignbsr eqiakiopqng Lops frag d4s uiwnbet g %%&%%nrl?léama fhe
progr am AMEdRdaY kB8 536 BEboh Bt R 1eah B8 BRRAded In Bithdgsdngmdl kAONeniUbchannel

assigned to the 110 device. Subchannels in each subchannel set are al ways
assi gnedsWgbemghienberuiperly vigd iicamanugicatpebetyeeiethe CPEMeggucnd thiushsend
The Iomeg%ﬁ ﬁggbered subchannel is subchannel 0. The hi ghest-nunbered
subchannel "t the channel subsystem has a subchannel nunber equal to one
| ess than the nunber of subchannels provided. 5A maxi num of 65, 536
subchannd0§1tlan beDgvies/Nawder n each subchannel set. Normally, subchanne
nunbers are only used in comunication between the CPU program and the

channel _gygggyist em ;[ Q3L ARY EEANINRS al 0TAZLERGY i HRSRARAR., AMRL(f1aS an

110 devi ssigned to It also contains a parafeter evi ce
nunifer . Tiikeddevdosecmumber The daviddrupitier isal 16ebit hdte ihst inssigréds as afitee of t he

paraneters of the subchannel at the tine the device is assi to .t he

B behannBRamsitE G40 O RIRTr MATTRAE g srnar aned o SuRBETED 8% Ogr am
[ 00513] ThemB@\inkRcRUILLITcPE OWiEeS tik pegam.t o identify a device, independent
of any limtations inposed by the system nodel, the configuration, or

channel - pat h_protocol s. . The 15devi ce nunber is used in conmmunicatj ons
concer ni HYStHe devledaicaMupmaRiePTpYidee? Hetnde lcphily a device, independent of any

limitations imposed by the system model, the configuration, or channel-path protocols. The
15 device number is used in communications concerning the device that take place between the
system and the system operator. For example, the device number is entered by the system

operator to designate the input device to be used for initial program loading.

[00514] Programming Note: The device number is assigned at device-installation time
and may have any value. However, the user must observe any restrictions on device-number
20 assignment that may be required by the control program, support programs, or the particular

control unit or I/0 device.
[00515] Device Identifier

[00516] A device identifier is an address, not apparent to the program, that is used by the
channel subsystem to communicate with I/O devices. The type of device identifier used depends
25 on the specific channel-path type and the protocols provided. Each subchannel contains one or

more device identifiers.

[00517] For a channel path of the parallel-I/O-interface type, the device identifier is
called a device address and consists of an eight-bit value. For the ESCON I/O interface, the

device identifier consists of a four-bit control-unit address and an eight-bit device address. For



system and the system operator. For exanple, the device nunber is entered
by the system operator to designate the input device to be used for initial
program lwadnrges{000514] Progr amm ng Not e: The devi ce numrbErEPe&i2asssgned at
device-installation tine and may have any val ue. However, the user mnust
observe any restrictions on devi ce-nunber 20assi gnnment that nay be required
by the control program support progran® or the particular control unit or
110 devi ce. é005151 Device ldentifier [00516] A device identifier is an

addr ess, thedtCOpldp arerfacs, thhdeyeoidertificr constists of apsight-bif comeol-unitamagmi) and

subsyst em L9, COPHHAI i V] . | G ] tifier
used dep%%@hg@on t dﬁgﬁg%%éév:l:?ﬁ}:l gfc aﬁﬁeﬁoﬁgﬁeﬁ%glg&gdg%q{l%g&gdregﬁ%déﬁlgg
pr ovi dedcorsach fafbab@ancalrobomt aldnss andarogighredriedateeiadéressdent i fi er s.

[ 00517] For a channel path of the parallel-I/Ointerface type, the device
identifi IS called devi,ce address_and _copsists of -an eight-Dbi.t | ue.
For the MO 110 Tt dovics ooy s Traichlr s Defovits s pu s padliei0. o7
conty ol - indrfacadilé essrotuntit)arsotiagidtwith 4 subehingel. AR B5&. adFREs mM¥identify, for
2012/ 168100PCT/ EP2012/ 059861 72 the FICON I/ O interface, the, device

i dent i f i BFIIBHSIRSEICUBT MaANicyPe BT SEkrretss MiPhanisiage TR e Nt - bi t
devi ce ag@hBSSn thePhindeltRo I3l G QMR Led ab vkl ddatgL f ace, the device

identifier consists of a four-bit” control-unit address and an eight-bit
devi ce address. [00518] The device address identifies the particular 110
devi ce (HW§1%on t hEibperChanutl Extens®nsnt erf ace, the control unit) associ ated
with a subchannel. The device address may identify, for exanple, a

par ti cul gpsaganet i £re 3PLhMHHY SuterliRK (BELLRSILITES Qﬁ‘gbééﬁal fagnffy ABSHLSRIEON

l'ine. Any nunber in the range 0-255 can be assigned as a device address.
[ 00%1 9] Fidyitles ohraativel of Exhams| pngrap0d a0 Fathpostd bf etrolsaomebnteot vend (TEHY) (HACX)

facility,i ti | facility.that i 10f t f ti
o S DT R L BRL Bh PER LER SEREn S P R O
desi gnat e8CB8 hElatspardnsEentmnt andcaed (Tal A)bligek cdnf4ikB) liandugtd Joamgs por t - st at us

bl ock (TSB). The TCCB i nc)| udes a .transport-comrmand area (TCA). which
cont ai nscnmpRgs thyt agfginithy fgem o8 4RI Hars HPEWish A F@W aﬂZﬁS&fCCB may

devi Ce‘?%@%ﬁ?@itﬂ@?w&d(&%)te pﬁt_:r'eﬁ%@/. anghdidon (J HERMRLSIPESEdYaif hber a read
or a wite operation. In addition to the 1RB, the TSB contains the

15clonpl etomopleganattatgs amichtiodr ieformatfooretateil emthe dICAV eblanmel pragramCW channel
progr am

[00521] The FCX facility provides the ability to directly or indirectly designate any or all
of'the TCCB, the input data storage area, and the output data storage area. When a storage arca
is designated directly, the TCW specifies the location of a single, contiguous block of storage.
When a storage area is designated indirectly, the TCW designates the location of a list of one or

20 more transport-indirect-data-address words (TIDAWSs). TIDAW lists and the storage arca
designated by each TIDAW in a list are restricted from crossing 4K-byte boundaries

[00522] The FCX facility also provides an interrogate operation that may be initiated by
the CANCEL SUBCHANNEL instruction to determine the state of an 1/0 operation.

[00523] I/0-Command Words

25 [00524] An I/O-command word specifies a command and contains information associated
with the command. When the FCX facility is installed, there are two elemental forms of /O
command words which are the channel-command word (CCW) and the device-command word

(DCW).



[ 00521] The FCX facility provides the ability to directly or indirectly
designate any or all of the TCCB, the input data storage area, and the

out put dawvestors®e area. \Wen a storage area i s desi gnacedprdiizesisby, the
TCW specifies the |location of a single, contiguous bl ock of storage. Wen a
storage area is designated indirectly, the TCWdesignates the |ocation of a
list of one or 20nore transport-indirect- data-address words (TIDAWS). TIDAW
lists and the storage area designated by each TIDAWin a list are

restrict E952%lom cr 645 Wds dkytsy irelepgth aadsnceticp dospampnd tERxesegetd.ifoy al so
provi des I i t e L
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[ 00523] | #h @anopendiodyithe soud p DMK tév) tht 0t cotrierskenovien sipe@inimasl camphnesand
and contai ps, i nf or mat,i ssoci ated. with the command When the FCX facility
i s instaff ﬁ?ertqi?é‘P‘éS'éﬂlg/nQaBVI%qSéﬁ@ﬁP’éF s of 110 conmmand words which are
t he channel -conmand word (CCW and the device-command word (DCW. WO

201 168[008R6]T/ EP2Q T W59 8L tct 3 [c00h2Abd ARl kg BnddydndSo bdleteeigl Rhaswhint
specifies the command to be executed. For commands that initiate certain
oper at i opkdahRytecondother ansieny At &yicehthasiippag ECareee sz dti Weed with the
operation, the count of data bytes, the action to be taken when the comand
conpl et efposand ot hefaiRPS it VVImmMd Wa-adgCiveps recogni ze COW. 5[ 00526] A DCW
is 8-bytes in length and specifies the comand to be executed. the count of

data bytes, and other options. 110 devices that su&gort FCX recogni ze DCWs.
[00527] THOR2or t O rhfral dlexigrades@rteapy Pqrbespapd-qaniehles ki (3) which Contains a

transpor {i5GouPRRda &ABHE %néf)bﬂe&to(am@%écumibganqﬂya@iébs Tfe TCW 51?5 dQ@fieraREMRNdS
by an 11 The SO dg

to be transported to and executed devi ce. TCW a esl gnat es
10t e st treatpeagrraecs frghe cdrememtynimtinsI GGB eheclT GCBraspovesiatiadlak (TSB) to

transport-st.atus bl o I1SB) to contain the status of the 110 operation.
[ 00529] cﬁ%ﬁ%@ﬁheﬁﬁ%&%géﬁﬁﬁgi’%n [ 00530] When the FCX facility is not
installed, there is a single formof channel program

[00529] Channel Program Organization

[00530] When the FCX facility is not installed, there is a single form of channel program
which is the CCW channel program. When the FCX facility is installed, there is an additional
15 form of channel program which is the TCW channel program. Both forms of channel programs

are described below.

[00531] CCW Channel Program

[00532] A channel program that is composed of one or more CCWs is called a CCW

channel program (CCP). Such a channel program contains one or more CCWs that are logically
20 linked and arranged for sequential execution by the channel subsystem.

[00533] TCW Channel Program

[00534] A channel program that is composed of a single TCW is called a TCW channel

program. A TCW designates a transport-command-control block (TCCB) that contains from 1

to 30 DCWs. The DCWs within the TCCB are logically linked and arranged for sequential
25 execution. For DCWs that specify control information, the TCCB also contains the control

information for those commands. The TCW also designates the storage arca or arcas for the

DCWs that specify the transfer of data from or to the device and the location of a transport-



which is the CCWchannel program Wen the FCX facility is installed, there
is an additional 15form of channel programwhich is the TCW channel

program wWothidwsrws of channel prograns are described belCowpr2910058&] CCW
Channel Program [ 00532] A channel programthat is conposed of one or nore
CCW is called a CCW channel program (CCP). Such a channel program
contains one or nore CCW that are |ogidally 20linked and arranged for

sequential execution by the channel subsystem [00533] TCW Channel Program
[ 00534] Astetyahleek (byRiferaeanmetion ssateso po $ 68 Boinddhaitergeartavior thedansferpfa TOW

channel i - command- control bl ock CCB)
t hat con'gi {g?%{saQ?B‘F Sﬁcﬁg@tﬁ(l)agggh%&ﬁl? ﬁ%gﬁg&%g{u ﬂll(jsnw1 ‘"TCCB are logically
| i nked and arranged for sequential 25 execution. For DCW that specify

control [0983F]nmat i obhe TOW alCCBsmhatos € ®ABdon®niphaionsrtusol i nf or mati on for
t hose conmands The TCW al so designates the storage area or areas for the

DCW t ha cify the t.ran r fromor to the device and the
Docat i onl00R8E) tranié)ﬁ%}lbg)l?o%éﬁﬁ%fﬁlgﬁooPCT/ EP2012/ 059861 74 status bl ock

(TSB) for conpletion status. The TCCB and the storage areas for the
t rafsf er [(953dat a nEY operatipecird ingdhta@lsandicvhterlled bitinfgoat®noryithnfonciypes gfuous

st orage. .[ 00535] The TCW i t a TSB for conplet) st at us.

[00536] "Bk sl B S I e B et SRRy Rk PR R ed ana
cont r ol | gdrddyardfr@ériEthe BT AR T SUBOCWANNEE $ns@lictioarifatazitetl B§ aiPAL indcit po o START
SUBCHANNEL, transport-comuand words, 110-command words, and orders. The
START SUBCIANNRIogras thatuppives de diowcqftreqnessy fo LEpepessitpnp fopugthergrogrpas cpu

program ‘éﬂ&@‘&aﬁ%ﬁ%ﬂﬁo%@s%tﬂé‘ﬁofdhﬁw of requests for 110 operations from other
prograns that nage or process the 110 data. 10[00538] When START

SUBCHANNEL i s executed, paraneters are passed to the target subchannel
regifest i H9S8%lat t hWhem ARARIT SUBCSHANNH s ckequndapaemeersfagmpasiaskio Wi thrgehe 110

devi ' it | : th
startfannerenepgalli S tREAE e R ENEARE SHAREAATHPROD Gl 11
i nf or mat keocipiad s«ttl tilusuboiganhéleT Bxetuidl eubsgteinperfahiRhc SBGHANNCby using

instructiqn, to find an accessible channel path to the device. ce the
15devi cemimapgnl Ge rdepanel iidnebe figmagen B?Fsicg%“%ﬁ%‘f’fe{i‘ﬁ“‘inso the
acconpl i shadTRUBOBANREINiINSGuBE, 6)fRd Whiatdts@ble 3h£Ha¥Y ith fohtBe GRAM Ohce the
sug];%/stem and the I/0O device, for CCWchannel programnms, or for TCW channel

pr olgr ans dewise has heapstocicdgthe eecrmapoftas IfGrepaationde pecoephshodiby thhdasading and
subsyste él(?ﬁpl%i o) I@y Y i cq. nmand
wor ds, aggcf%??%&r@%or -C m@gﬁ%&\q/\%lr ggg{re&en %gﬁfé 28 r SPﬁ fﬂ%@ﬁ“ﬂ%&%ﬁg@%ﬁﬂough

t he nodi br for TOIW shanncltiregra@s dyrrensbocaadethe T C&BIGWOBWraye bpéwichynnel

devi ce- d(salﬁ)%}r/]s S tan(? e c(jileécgdcl)nngsanfd%g(egut[]ign 35 B‘(‘fvl/ %9 tl?ef device. I/O-command words, and

transport-command words are fetched from main storage, although the modifier bits in the

20 command code of a CCW DCW may specify device-dependent conditions for the execution of

an operation at the device.

[00539] Operations peculiar to a device, such as rewinding tape or positioning the access
mechanism on a disk drive, are specified by orders that are decoded and executed by I/O
devices. Orders may be transferred to the device as modifier bits in the command code of a

25 control command, may be transferred to the device as data during a control or write operation,

or may be made available to the device by other means.

[00540] Start-Function Initiation



an operation at the device. [00539] Operations peculiar to a device, such as
rew ndi ng tape or positioning the access nechanismon a disk drive, are
speci fi edwbyowrders t hat are decoded and executed by 1l1@cCumreeiessssex der s
may be transferred to the device as nodifier bits in the conmand code of a
25control comrand, may be transferred to the device as data during a
control or wite operation, or may be nide avail able to the device by other
means. [00540]] Start-Function Initiation WO 2012/ 168100PCT/ EP2012/ 059861 75
[ 00541] CHOS@tlogr ansPV mragrameinitiate bp eperatiomnsvil thh inshactimstTART i on START

SUBCHANN (+S\ . [.on: . ar i est
bl ock (OB TNECS e R o RS EE o AR P B Rl RS AR
pr ogr am tHehhebabamictnt s of the ORB i ncl ude 5t he subchannel key, the address
of the first CCWto be executed, and a specification of the format of the

CCW. Th specj.t.ie he ¢ be  execut an h t e area, if
any: o DISELAPC T R b SRR W PRt T8 sl o ORBYEURIEN: <
of tohe ORB subdhlahitle kéy)ehSddaeRanmnat fikey Cameb bdexcagied, @88 agpecifiatididythe be

execut ed. The TCW. desi gnat es the.  TCCB which contains the commands to be
t r anspor g2t of thiqyCoby The CRYY seegdicathegmmand & boexcgetcd pachthg plotasg pesgsil | f

any, 10 b wsedykarrdRERS %?é%ﬁfe%wc&ﬂféhml%lﬂégra ) 1fQBhRhR iR GkBuMFuRl the
| 10 operation. [00543] When the ORB contents have been passed to the

subchanndic,subdhenmst eyuaridghe addr&FARNe JUBEHANNEY ccivisd clohepll €W ealesiZhastes ths TICCH of

the execution of.the instructi.on are j i cated. by the condjti.on code set in
Lhe oxeonhlRtoRink B ol Sk S oA % fiRdE e orkbfiutighand LiRat BEGo gt
ORBl (s pec hfehe $f any GO\BE Gbahfoe latd bpishgt @1 the MEBah asgh tisdasyssfehe FOlopbason.he

first CCWand decodes it according to the format bit specified in the ORB.

If the f bit | s zerg or nat - are cified. If the format bit
< one, TREH 1 el Bty et Gev RS st Bt PFTHaReh e ER3RETEbR ai n

t he samesTARITSERECAANNRIL istcBRplcte TS rat®s rthanaestioh Jrkies i@ftcyion Bret he
format-1 CCWso that 31-bit addresses can be specified directly in the CCW

Waen f acindigaicd dyplacennditionspiatst & thaarogren-crEs $96¢i fi es a TCW 20channel
program the channel subsystem fetches the designated TCWand transports

the desi mﬁlﬂd TCC@hEQfafchﬁieQBé’Jo%-avaﬁfla‘M@eQﬁ tBd O/B s‘ﬂ@éﬁ&“@@@@\l Byanhdie TCW for
thelstransfer of data to or fromthe device are 64-bit addresses.

program, the channel subsystem fetches the first CCW and decodes it according to the format bit
specified in the ORB. If the format bit is zero, format-0 CCWs are specified. If the format bit is
one, format-1 CCWs are specified. Format-0 and format- | CCWs contain the same information,
but the fields are arranged differently in the format-1 CCW so that 31-bit addresses can be
specified directly in the CCW. When facilitiecs become available and the ORB specifies a TCW
20 channel program, the channel subsystem fetches the designated TCW and transports the
designated TCCB to the device. Storage areas designated by the TCW for the transfer of data to

or from the device are 64-bit addresses.

[00545] Subchannel Operation Modes
[00546] There are two modes of subchannel operation. A subchannel enters transport
25 mode when the FCX facility is installed and the start function is set at the subchannel as the

result of the execution of a START SUBCHANNEL instruction that specifies a TCW channel
program. The subchannel remains in transport mode until the start function is reset at the

subchannel. At all other times, the subchannel is in command mode.

[00547] Path Management



[ 00545] Subchannel Operation Mddes [00546] There are two nodes of subchannel
operation. A subchannel enters transport 25nbde when the FCX facility is

i nst al | edwandiztogiost art function is set at the subchannecTap2aibesesesul t of
t he execution of a START SUBCHANNEL i nstruction that specifies a TCW
channel program The subchannel remains in transport node until the start
function is reset at the subchannel. At76al|l other tines, the subchannel is
in command node. [00547] Pat h Managenment WO 2012/ 168100PCT/ EP2012/ 059861 76
[ 00548] | {0088 speclfORdsspeciey gbinngl g gram aaddha fist € Wspasgwepaisses

certain . di o) v . IEi one
o el o R A O S R o ORI % O
cert ai n vianhdiprygrbmsihg thetdesigodtahTEW pashsyesttamvalidignpits tibeohiane:l sédsgathon by
choosing a channel path fromthe group of channel paths that are 5avail able
for sel effSTHNS X IGERICFEI RingoorAg C?@Eslgmlk@%m{ﬁpﬁegfgw fél@%?iﬁ%th fhat are
conrsect savdiighik ffod @Rt . IAycon@rol 1Bt taBERhiZBAhE daviek Tdestn dsndeets it Sif

sel ection. [00549]1f the ORB specifies a CCWchannel program the channel

subsyst elpgiaHy & thpshayemativandgewopdsy to ispeled®nccw over the channel path, and
the device responds with a status byte indicating whether the command can

be exec UE(RB@]T,he CRRd ORBUYUPLifBYCERAGAN I reo%%fﬁ,stﬁé)&ﬁﬁﬁél shE9hRgn&hannel

path at this time, or it nmay renmain connec o initiate data transfer.

[ 00550] | formipendERBleqpE i flicdsCW oreithe lshammel pathr. ogd theydevige rashamis etithsadtdyst em
uses information in the designated T transfer.the, T to the
control PRI Rshenbe SRR EOR B SN InbFaRRLGh: T it Csubsyst em
andlonl y dResnaedreion thg chénnt heatle athis Glmeloit it man derhadif) cdib@dentd eeinitff0&Rd ] | f t he
attenpted sel ection does not occur as a result of either a busy indication
or a pat Hé“??g‘?r-oper ational condition, the channel subsystemattenpts to

sel ect the device by an alternate channel path if one is available. Wen

sel ecti oposg bee nlfmetmgtsﬁ@bim a3 ¢ Wbl alybg'tdn@b}heec_hfa@ﬁel§@ds?ﬁ&m%@esand t he
busy condition persists, the operation renmains pending until a
information in the designated TCW to transfer the TCCB to the control unit. The contents of the
TCCB are ignored by the channel subsystem and only have meaning to the control unit and I/O

15 device.

[00551] If the attempted selection does not occur as a result of cither a busy indication or
a path-not-operational condition, the channel subsystem attempts to sclect the device by an
alternate channel path if one is available. When selection has been attempted on all paths
available for selection and the busy condition persists, the operation remains pending until a

20 path becomes free. If a path-not-operational condition is detected on one or more of the channel
paths on which device selection was attempted, the program is alerted by a subsequent /O
interruption. The I/O interruption occurs cither upon execution of the channel program
(assuming the device was selected on an alternate channel path) or as a result of the execution

being abandoned because path-not-operational conditions were detected on all of the channel

25 paths on which device selection was attempted.
[00552] Channel-Program Execution
[00553] If the command is initiated at the device and command execution does not

require any data to be transferred to or from the device, the device may signal the end of the

operation immediately on receipt of the command code. In operations that involve the transfer



20path becones free. |If a path-not-operational condition is detected on one
or nore of the channel paths on which device selection was attenpted, the
program iwoaberieemoby a subsequent 110 interruption. ThecCrEP20m0886UPti ON
occurs either upon execution of the channel program (assum ng the device
was sel ected on an alternate channel path) or as a result of the execution
bei ng abandoned because pat h-not - operati’onal conditions were detected on
all of the channel 25paths on which device selection was attenpted.

[ 00552] Chidntethepubefranne!Ex et up soiaf hoskapeFsubsistesoibigepond t¢ sarvicareadesit t he
device and, GAMTARL HIGCHEIINAALSPALAIRALLE,RNY data to be transferred to
or fromthe device, the device nmay signal 'the end of the operation

i mredi ately on receipt of the command code. In operations that involve the
t r ansf er [00984]2012/ A6 §C0GRETOERRY 1Y DEOB6 frantsTeralf ddat@or frére osebiohgnaeh, i s set

up so that .th hannel will respond.to service requests fromthe
dov oo aftraeCRs MR REAAEE R ofes or R Bl o B R ATAG bePat 1 on
may 3 nvoth¢aattdd adel @onsfally a 0kt cfat@wk & Bed foreis areutth@fagd/@bpaatisigsiigratied by
a single CCWor TCWor to or froma nunper of nonconti guous storage areas.

In 5the (& dFsignbiag @ Gentishary yorasq 4ret ankheehdVs e aaatrdr dandaiae afdon of
the 110 operial \QBecilitd By £B86NInHNCE68 LANGLLATh A HARM KEIOUSIMTS Ri@LRoH-pa and
the CCW are coupl ed by data chaining. Data chaining i$S specified by a flag
in the CCBManporcthasesusime aiidlimgedf thatisnpge ann tiesignatedibydoturent CCW.djhon t he
exhaustion or filli.n f, t area designated by t cur r.ent

The st or 8986 piet dsulilinial®ey B FIRTAETThAPRLTE it 15 o5URioThrerd
thel0 10 apabdadessa thal Ir@dekyicel @hdthpnapdess ighottidefitd Fheley hoe CCamek fetated. 10
device is not notified when a new CCWis fetched. [00555] Provision is nade

in the rmat for. the progr speci fy that, when th | S
Hocodod TORSSa: Bobishlds BRedhHATTE N RudRiiShin sttt Grsas B vad
possi bl ethetdewadyedaatd, ke dhgniel AR @B LAYO BhdPBLNYaB5n BY paEBRSed at
| east as far as that CCWin the channel program 15| 00556] To conpl enent

dynami ¢ HéabesetityingrstRY ipsrgrem thepekainipghgs niagesed aldgeshanibrebat GgWandhe

modi fi ed MG pdihgct data addressing are provided. [00557] Wien the ORB
speci fi es a C(g];vgécr%ahnel program and CCWi ndirect-data addressing is used, a
flag in the CCWspecifies that an indirect-data-address list is to be used
t o Idesi giWS86l he sToragecmerakynimic alirgss teowatian RV GWendisordiéer y of a

bl ock of &b Q5 A9%nk Rrodified CCW indirect data addressing are provided.

(0]

[00557] When the ORB specifies a CCW channel program and CCW-indirect-data
addressing is used, a flag in the CCW specifies that an indirect-data-address list is to be used to
designate the storage areas for that CCW. Each time the boundary of a block of storage is

20 reached, the list is referenced to determine the next block of storage to be used. The ORB
specifies whether the size of each block of storage is 2K bytes or 4K bytes.

[00558] When the ORB specifiecs a CCW channel program and modified-CCW-indirect-
data addressing is used, a flag in the ORB and a flag in the CCW specify that a modified-
indirect-data-address list is to be used to designate the storage areas for that CCW. Each time

25 the count of bytes specified for a block of storage is reached, the list is referenced to determine
the next block of storage to be used. Unlike when indirect data addressing is used, the block
may be specified on any boundary and length up to 4K, provided a data transfer across a 4K-
byte boundary is not specified.



20reached, the list is referenced to determ ne the next block of storage to
be used. The ORB specifies whether the size of each block of storage is 2K
byt es or wW#& 2b12w8100] 00558] When t he ORB speci fies a CCW ebarmred12psmsgr am and
nodi fi ed- CCWindirect- data addressing is used, a flag in the ORB and a
flag in the CCWspecify that a modi fi edi ndirect-data-address list is to be
used to designate the storage areas for’&% hat CCW Each tinme 25the count of

bytes specified for a block of storage is reached, the list is referenced
to det er H0ABI he nWhen BleddkB apcciios pdgeVicharnns! RFeB@M and| tfarepohiadir¢atdrtieect

data addigasliig il Bcspl it e fehoclcdRCPRAGHILED ARCARK. ROIdALYA0d

| ength up provi acros oundary i1s not
speC|f|eHeuxMMbaﬂmﬁhka&iQ&B@TﬂER@ﬂﬁﬂmﬁﬁgﬂﬁﬂKRBBh@DﬁE&hM%ﬂﬁmm&etﬁﬁﬁha-

speC|f|e hannel transport-indirect ressing is
e T Ry D B A bl S RO e b R B s
l'ist5 IS T@C@ﬁEH&ﬂﬂn&ﬂwdﬁ&h@ﬁ@%@shﬁ@ﬂﬁﬂ@ﬁ&gﬁoawﬁﬁﬁnﬁgﬁéﬁhﬂkﬂgmkhe TCCB and
whet her a transport-lndlrectdata address list is used to designate the data

storage &9TEABONHNGEINGPH inditast-dHeadstoo lishisrefercgquddp deterpine thersxt fiagount  of
byt es Spﬁﬁbﬁigﬂnkgé a block of storage is reached, the correspondi ng
transport - rect-data-address list is referenced to determ ne the next
storage bl ock to be used. [00560] CCW i ndirect data addressing and nodified
CCW i ndi t69660Idat a @di¥ feé'séqigatpeddni%simwénm@ﬁdqp@%inéem dgewldregirgmeenitt o
be used for r,o0gram i.n c_address 10trans] ation tive in
the CPU §8° tall élh %e usée%wl%F cesé?’Be \}/%/Seer%erfloroa %m%]faimnrém%ngh @lq(ia/l Vale ad? fess

cont0 guou5nsﬂae@h astivariage: CIACW wodlidroe abeddifitia Eridive &Sipatatipg ithteguitvhientpr ogr am
to deS|gnate dat a bl ocks _havi ng absol ute storage ﬁ%dresses gp to 264-
i ndepend&tigyPUSiRRSIREIESt b atrdped datgriiiersing RS HQPEOPRB A Spdgef dé&? in the

ORB. Nbdbfob%a@@é’db&ﬁht% %%Eag‘é%ﬁére%‘égﬁﬁﬁﬁfﬂg uR?ebEﬂdeﬁt 5%&&9%&@1 6 6r fesh@nat e
dat a bl ocks haV|n%@a sol ute storage addresses up to 264-1, independent of

15whet hett Glo¥whave lgewspetidiedn the CBBVIpdified 6@%1®pe@|dﬁiaeddﬁew1mmrm8the _
[00561] I gFarﬂ?{oades%B{}g dgt)é% odkd %R/ng% abg&u{e s earda{:esgerf] ng%g?-?l, %Qgc)ge p :())?t 1 ons

i nvol ves ree eve S i"Cl pation:
ef fléct s dflhethélofotrhzﬁ 0 ot ghat-1 00 Wi hatPbecangedafiahinghe ORIBsyst em
equi pnment, a CPU is busy for the duration of the execution of START

tS ﬁg OQENE@R?m![ gh Elo lerallesr% h%reggleéutltorrl]%f g‘rg 96%%%% lor grb %g%nor}%pera? (S)nsblg\%lv sassed

many as three levels of participation:

[00562] 1. Except for effects due to the integration of CPU and channel-subsystem
equipment, a CPU is busy for the duration of the execution of START SUBCHANNEL, which
20 lasts until the addressed subchannel has been passed the ORB contents.

[00563] 2. The subchannel is busy for a new START SUBCHANNEL from the

receipt of the ORB contents until the primary interruption condition is cleared at the subchannel.

[00564] 3. The I/O device is busy from the initiation of the first operation at the
device until either the subchannel becomes suspended or the secondary interruption condition is
25 placed at the subchannel. In the case of a suspended subchannel, the device again becomes busy

when the execution of the suspended channel program is resumed.
[00565] Conclusion of I/0 Operations

[00566] The conclusion of an I/O operation normally is indicated by two status

conditions: channel end and device end. The channel-end condition indicates that the I/O device



[ 00563] 2. The subchannel is busy for a new START SUBCHANNEL from the recei pt
of the ORB contents until the primary interruption condition is cleared at
t he subchaionel2/168®0564] 3. The 110 device is busy from t hecrmprréiasmsnl of t he

first operation at the device until either the subchannel becones
suspended or the secondary interruption condition is 25placed at the
subchannel . In the case of a suspended Bubchannel, the device again becones

busy when the execution of the suspended channel programis resuned.

[ 00565] Chirarestyedrpr pfovided athslarazassasipicd with the pp¢rr6e1 ovPOTIOERR 04 0B9BEE 79 has
recel ved . REAYIAAR ahli; AR ASSORAURD D i fu RBEAIdiRN: ANfln0aylan0er
needs channel -subsystemtacilities. Thi's con ition 1's called the prinary

i nt er r uptndin thioakictis tha priatady dtéres. eacnbl, teaprimarytiltcsugtaseonditibié qayi mary
status. Cenerally, the prinmary interruptijion copdition is any .interruption
condi ¢ 1 off ration indi B el WAoRR PP ANt 8 b S RB ACBh el usi on
at tshe SsiHerbmenedth&f/Otdperatid®oPPRmMAII@NoRratidnai N of 110 operati ons.

[ 00567] The device-end signal indicates that the 110 device has concl uded
execution and is ready to perform another operation, This condition is

cal | ed t HO588condalle davtearand piendlindisten hatdhe VanlgvicnBaronr bdedsiigeytioniantl s

case 1S [N, §R6PBIGYardtiitk SeraddiNEhRIbNAitiS R SRCON Y Ynd R %FJIHB%Q n

condition is"any interruption condition that relates to an |10 operation
and t hat cagisiapnanidthe Hevieomdl indiipersais thheccdedare gatos. GdnerallyGhopaoaddron or
chain of , QRELALE ONfrolE SESANGAGY, LALGIURL Lamcondiid 8. GAN Sachl
concurrently Wt ROTOTON AERr THAR T Hé primary i nterruptron condrtion.

[ 00868] Coigeals therbndhiidiéh dthige duviddRif }hedfO spaativdhedrhhifo€6 patpionoTHa8cbnidagns,
bot h the. channel supsystem and the 110 devi?e Cﬁn provi de indications of
unusual E1ETTHREPE ANATHEY GO LYY PRE-EUESH Vit g aa‘}’iﬂﬁg}’rtnl"?éybtﬁ%qﬁﬁ@flon of an
| 10 oper géigbncan be brought to the attention of the program by |10
interruptions or, when the CPUs are disabled for 110 interruptions, by
programed interrogation of the channel subsystem In the fornmer case,

t hese colf¥Pf$lons chersareptayithige primpreor seenidpy dnteiprticarsoadidens. Rpthée cont ai ns

| nf or mat L/l GANEEK I Eha'dREO DLELE U DG4S QG onsl T uh Gl AEEIn.CaSE, Lhe

interruption co I's stored as a re t he execution 200f TEST PENDI NG

| NTERRUPTI ON. [ 00570] When the primary interruption condition is recognized,
t hel Schanf¥956%u bsy stlemonditions signaling the conclusion of an /O operation can be brought to the

attention of the program by I/O interruptions or, when the CPUs are disabled for /O
interruptions, by programmed interrogation of the channel subsystem. In the former case, these
conditions cause storing of the I/O-interruption code, which contains information concerning the

interrupting source. In the latter case, the interruption code is stored as a result of the execution

20 of TEST PENDING INTERRUPTION.

[00570] When the primary interruption condition is recognized, the channel subsystem
attempts to notify the program, by means of an interruption request, that a subchannel contains
information describing the conclusion of an I/O operation at the subchannel. For command-
mode interruptions, the information identifies the last CCW used and may provide its residual

25 byte count, thus describing the extent of main storage used. For transport-mode interruptions,
the information identifies the current TCW and the TSB associated with the channel program
that contains additional status about the I/O operation, such as residual byte count. In addition to
information about the channel program, both the channel subsystem and the I/O device may
provide additional indications of unusual conditions as part of either the primary or the

30 secondary interruption condition. The information contained at the subchannel may be stored by



attenpts to notify the program by neans of an interruption request, that a
subchannel contains information describing the conclusion of an |10

oper at i oowatothws®obchannel . For comand- node i nt err upt iPOm&EP2412059861
information identifies the | ast CCWused and may provide its residual
25byte count, thus describing the extent of main storage used. For
transport-node interruptions, the inforSation identifies the current TCW
and the TSB associated with the channel programthat contains additional

status aBwwrequtien piOESHSHBGIEMNNELh thessxeeion AP TORES WBUHANNEL- ddé ti on to
I nf or mat in‘%&n%%ﬁ'}wﬁeﬁgto%‘cﬁ‘ &l1e Pl ﬁﬁ{cﬁ%llneéﬁhﬁs wa?df @arpel subsystem and the

| 10 device may provide additiona cat1ons of unusual conditions as part
of either the primary or the 30secondary interruption condition. The

i nf or mat {(®37tlont ai €kainatg When SuinghreGO¥W ChayndPregiamed by WO

2012/ 168100PCT/ EP2012/ 059861 80 the execution of TEST SUBCHANNEL or the

executio STORER Ihi.s A t . r i - |.l,ed a
subchannE¥$Z%%tus mo%%E%ﬁigﬁ%ﬁxﬁgﬁ%f%?&ﬁ%%ﬁ?%§£§ﬁ§£%%gﬁﬁgagq%%b§%§%ﬁﬁ§|

Pr odgr am p@ma2iovMheiatctthecXobBicpeal chhia f & OGpétaibanweh apingrSIMMRTaci lities are
provi ded r rogramtgo initiate t xecution of chain of 110

operat i oL BGHATE i gﬂ@rﬁﬁ*ﬁné@g@m\@fm ‘GerqBRen G d0g T ent cow
speci i egn&aAMBRiHENAlRE BenaltecRA ddHH%Hﬁ'op@ﬁﬂ%,%@r@éeiﬁ@f%@&%&e%ﬂ@%hﬁld
during the operation, the receipt of the device-end signal causes the

channel s#seyie elmnnel spbsystgmeto fietoh oo GGW t I éholicVWVaensses sertean validityesty andt y
N h B . .

exocut | oneof o5na I Kol SR o0 f bR AP Be 8 oo b PR 1 ai 1

t o Idass tiridatabdtitich doyiccektls, CEWefaitetw pentiamalidity toxad, themew @nedsndde noand
chaining.is s ressed, .and. the status, gssociated.with. the ne causes
ST nt oF RSO RCLERG CIeGRng b BeEonerat Bt o e B reRe (T gt 11 ed
as a onea@ikrfuptisn Yoditoni t5 bY abhcilatBE GRS CusPEnBAHNE sYRIR ak B ohb enStspan’
control, bit 4 of word 1 of the associated ORB, execution of the new

command iss/aHidbeqariq efacag valiadn Bwmaad etdichibig dfsvardAof igesociated ORB,
15[ 0057 3L EXREM 419 Rdw EREmBRNs GOPHRNARd fd %hﬁ%ﬁ%ﬂaiﬁ&g%@onﬁ%ﬂﬁ@ el subsystem

in the sanme way as in the previous operation. e endi'ng signal's occurring
at the conclusion of an operation caused by a CCW specifying comand

chalimi nglWs&Inot  nixksudeedfitabhey commbed isriGatadby Weehamnebsubeystdn 01 thpesmat i on
LR P RIVRIC RO, B8 % ORNNELFRE SRS SRR B pEARH O
det ect edcad@tbymandV sfedifiiing gomsasd pippiciag e ,not hadchailagt topthe grogmnt. SWhen
termnated, an interruption caondition is generated, and the ending signals
causi ng PG dChoReztiogAs e o B mcihg ﬁﬁanaﬁﬁvg%yﬁ{m[ m@lm%me

suspend- gdufiGSHTRe EHARRLIIpAL RN AY ISR vENS) RIREHIRBhIMiSHh&MES MreQuer the
execution of a channel program The initiation of the suspend function is

con® ol | eemmygnd ¢haindeg isishppressed, e chasied pegtahisitemipyted, n int¢reupORB corfhigon is
4 L+ B TSE | . . :
suspend LUNELL OB, e %b&iﬂgL@ﬁ%ﬁ 8%1%1?12 tﬁ%ﬂﬁ@hn&%?é‘ &%&g%@?ﬂﬁﬁ%%@@ Bggram.

channel - rogram executl o n ersuspend-contr one

[00574] The suspend-and-resume function provides the program with control over the

execution of a channel program. The initiation of the suspend function is controlled by the

setting of the suspend-control bit in the ORB. The suspend function is signaled to the channel
25 subsystem during channel-program execution when the suspend-control bit in the ORB is one

and the suspend flag in the first CCW or in a CCW fetched during command chaining is one.

[00575] Suspension occurs when the channel subsystem fetches a CCW with the suspend

flag validly (because of a one value of the suspend-control bit in the ORB) specified as one. The

command in this CCW is not sent to the I/O device, and the device is signaled that the chain of
30 commands is concluded. A subsequent RESUME SUBCHANNEL instruction informs the



and the suspend flag in the first CCWor in a CCWfetched during comrand
chaining is one. [00575] Suspensi on occurs when the channel subsystem

f et ches awQQurmicstvot he suspend flag validly (becauserofi/eR2@n@sssal ue of
t he suspend-control bit in the ORB) specified as one. The command in this
CCWis not sent to the 110 device, and the device is signaled that the
chain of 30commands is concluded. A subSequent RESUVE SUBCHANNEL
instruction informs the WD 2012/168100PCT/ EP2012/ 059861 81 channel
subsyst ephanheltsubtystemimtithat CHh thebepusedsenesbion masyayahesn peositfiadoni thas theand

t hat the S ' t

serting SRty BRKR PN CORRE bhHRe AR FIRTCP RS IPSURETE |\
CCW t hetlehasreed flsgbSysidetnbe esiorie shee3@Wuthe@hamtfel fubeystdnairaduints ©eombnds W t h
the 1/ 0 device. .5 00576] Chai ni When Using a TCW Channel Program

[ 00577] V\ﬂ](?r?h?lﬁé’fé@“@b%c‘?'lf TélgII/gt)g"’le(‘ﬂ/?/echannel program facilities are al so
provided for the programto initiate the execution of a chain of device

opersat i o[fsWt h a chaigiy WhARUsRRCHEWNEha hid Progtanpn. Command chai ni ng may
be specified for those DCW designated by a single TCW Wen the current

DCW speci f.i co d chainin d nusual 10condi t.ions have been
fot oot ol O R SR DS a0 R G PP RGRL (e iR Frs RSO LRT of
the DCW %ng@g%aﬁl he i@ thESWdulloh BEa &alid SMfevitEERerh@REyil LGRS SHARITO0578] | f

t he next asses certain validity tests, execution of a new command is

i ni ti at eQUBCHANENEEvisgctignd Comen Heoemsy berpeciligd fenthoOW. Wt desigaatesbw
fails to 4 hdj ?hﬁ QIBRC: LS ik d i d, conmand
chai ni ngb?g§§§%gﬁte\§g{é@gh{t e gﬁ%ﬂ%% g%fﬁ(g)\égértoam I'S thl{é‘?lﬁl&n%'fl eng ,uﬁl{éﬂ%?t he st at us
assldci at echdiidnk htviebecae de XN dausdbe aperativinerccogtiiiono falngictéssful ¢xectdon of

e Tt ne R it OR TrhE U RGO GRaPERStEtr 1 ng al the o

concl usi on of an operation caused by a DCWthat is not the |ast specified

DCW ar e [oos78mde aiaid it BCWOpiks Riteignhatliniban aeqaiibebf 4 48y 20apandisi on is
initiated by command, chai ni (I’i?@ execut itgn of the channelg{&rﬂfgr ram conti nues.

1, howeldiatedyt thedsyissiand 15d7s Wohecpaes Be swrad LY el thedd S rREhibRg i s

suppr esseglidifyh&tC BRMK! coflnPBiaMhdinitised Bahesd cﬁﬁnfn@tisegugoﬁﬁgée&nthg enghti on i's
generated, and status is nade available to the programithat identifies the
unusual progein isderminated, and the status associated with the new DCW causes an interruption

condition to be gencrated.

[00579] Execution of the new command is initiated in the same way as in the previous
operation. The ending signals occurring at the conclusion of an operation caused by a DCW that
is not the last specified DCW are not made available to the program. When another I/O

20 operation is initiated by command chaining, execution of the channel program continues. If,
however, an unusual condition has been detected, command chaining is suppressed, the channel
program is terminated, an interruption condition is generated, and status is made available to the

program that identifies the unusual condition.
[00580] Premature Conclusion of I/O Operations

25 [00581] Channel-program execution may be terminated prematurely by CANCEL
SUBCHANNEL, HALT SUBCHANNEL or CLEAR SUBCHANNEL. The execution of
CANCEL SUBCHANNEL causes the channel subsystem to terminate the start function at the
subchannel if the channel program has not been initiated at the device. When the start function

is terminated by the execution of CANCEL SUBCHANNEL, the channel subsystem sets



[ 00580] Premat ure Concl usion of /0O Operations 25[00581] Channel - program
execution nmay be term nated prematurely by CANCEL SUBCHANNEL, HALT
SUBCHANNBROan120l68MR SUBCHANNEL. The executi on of CANCEL PEDRERARMNEISsCauses
t he channel subsystemto term nate the start function at the subchannel if
t he channel program has not been initiated at the device. Wen the start
function is termi nated by the executi orf20f CANCEL SUBCHANNEL, the channe
subsystem sets WO 2012/ 168100PCT/ EP2012/ 059861 82 condition code O in

r es pons ecenglitidiecodARGEreSISUBTIARNEL N Gt BUBCHANNER énséetean: Thnexstution of
SUBCHANNRL G245 88 i BveD BNRE! S URSYSI MR 834G, iiaRelhash andlo bgithe 110
devi ce and term nat e channel - program execution at the subchannel . en
channel - piidogrrainate xBatnki-pio gragn ¢xecurionat e sbiychiahiec] eWbeauthaanclgiodifh Txecution
SUBCHANNEL, t.he programis nofifi h erm nati on by.means of an
D10~ nt BTG o eSteotonarohs ScHARRELHE T ed e oAt he

I nt & r uptdr@MafiSObeitadsSo a8 D AtEApiierRqbdte WEM GE siicBaRR! 8 i$tahmand @bdd, he
term nat ed operation. Wen the sugchannel is in transport node, the

i nt er r upthicdnfcrrerRiipagequest iy sensraguhsmife dedecarrgsentsistatysdoeihe ferminggedhal t si gnal

was i ssu t i 1ng: L r . i of

devi ce eﬁ@?r%tg%n' g\g]feg?%é St Egﬂ%@%@gﬁ%ﬁﬂﬁ%ﬁl{%ﬁ%@%@ e(ﬁ%gttlélg&%?\?%dce, t he
10i nt er r uphediatelyetfulsstevies tigpdradtrsignebiwar iseied tdithe deviccdurhasolmgend shgniaked. | n
the latte se, .the device- atus,field of the SCSWw |l contain zeros.
The exectisrgR Bheitd AR e At ptkER i APy SR b Ben i tegheo RSt Brs of

t hel 0chanpgdrrupkiod Fayiitdt s @xeGtHdia@Br the deki&Shds beeCHgnuial. Stb et &t [the HSsdee t he
clear signal to the 110 device, and causes the channel sub é

t t
gener at eStafs figd-af et e v roreirsses. T aeeutiop o ke EifogtR FUNY R clears
conpl eti gn ciﬁlf)chtaﬁ?el Skﬁafca&éilsllégﬁfe' c;Baneﬁ g&%&%l il Qed¥of! LRSS R hannel

[ 00583] Condi t1 ons causi ng -Interruption requests are asynchronous to
act i vi t ysubsystem @Pissye thdemrorgnat tedine b0 eleciondind canecthn chapalsubtysteetos ane

time. The conditjQns, are.preserved he subchannels until.cleared by TEST
suBcHaNNET B t AR RS il RRER BB habe Brodgf OB Sadoiet eniis ERHT

[ 00384] WAswtién 110-i nterruption condition has been recogni zed by the
channel subsystem and indicated at the subchannel, an 110-interruption
request is0 gr%de pe 8i n? for the 110-interruption subclass specified at the
subchannd9583he 1100 HEFYRINS on subcl ass for which the interruption is
made pendi ng is under programred control through the use of MO FY

25SUBCHANWER3] A penstidigbnk EBusintt B0 intpiri@idn Feyiche arCGepthasoytoadyvieAY that is
enabl ed for interruptions fromits 110-interruption subcl ass. Each CPU has
ei ght maSKUpiand mqrp thag epe epnditiqy cep epcup at thp s3me B e coRditignuie Brrssted t hat

CPU T or @RGIb@hand dMeurfkl Qﬁﬁrﬁg%ﬁts?rSIMHRmb&ﬂ @SBAR SUBEIfARRE ! Q,Pre%ask,

bit 6 in the PSW being t ster 110-interruption mask for the CPU
20 by an I/O-system reset.

[00584] When an I/O-interruption condition has been recognized by the channel
subsystem and indicated at the subchannel, an I/O-interruption request is made pending for the
I/O-interruption subclass specified at the subchannel. The I/O-interruption subclass for which
the interruption is made pending is under programmed control through the use of MODIFY

25 SUBCHANNEL. A pending I/O interruption may be accepted by any CPU that is enabled for
interruptions from its I/O-interruption subclass. Each CPU has eight mask bits, in control
register 6, that control the enablement of that CPU for each of the eight I/O-interruption
subclasses, with the I/O mask, bit 6 in the PSW, being the master I/O-interruption mask for the
CPU.

30 [00585] When an I/O interruption occurs at a CPU, the I/O-interruption code is stored in
the I’O-communication arca of that CPU, and the I/O-interruption request is cleared. The I/O-



WD 2012/ 168100PCT/ EP2012/ 059861 83 interruption code identifies the
subchannel for which the interruption was pendi ng. The conditions causing
t he generwbDiz2ore/w@8100he i nterrupti on request nay then be Pretrmprevedsfsspm t he
subchannel explicitly by TEST SUBCHANNEL or by STORE SUBCHANNEL. [00586]A
pendi ng 110-interruption request may al so be cleared by TEST PENDI NG

51 NTERRUPTI ON when the correspondi ng 113-interruption subclass is enabl ed
but the PSWhas 110 interruptions disabled or by TEST SUBCHANNEL when the
CPU i s dindapipsign teste iflangifien thespbgbeneph Sorivhaeh th énteromties pon tenvdng. The

ci car od_ By R ERR SRR ARRE o REP R ARk e RED A PSRk Rl

cl ear t heulphaser axptcitlpbe MAESELS GBCHANNEL orbyeS§ TORE SEIHIGHENNEL. as wel | .
10[ 00587] Normal 'y, unless the interruption request is cleared by CLEAR

SUBCHANN he pr a TEST SUB obt n i
Soncer i Mossel® LR A POUEREDERE BRSLI:) goe ber BREAR TGN

[ 00589] TneTEEﬁUgmHmdvheﬂ ltlfefb@ﬂegiondﬁg @kjemlteeﬂ],pnbrh eubtlakd & Rhatsédtit (e PIWIhks
function, if any s. 15term nated at the designated subchannel and the

channel EQB@&@%@WS@S%P]@M ByTEST §W18NE&§V nithg €BY i dindled o5 FOf unct i on
at the dgsiARAbRIFSHRGNRRAREonBRY. L@-ltﬁ&ﬁlp@%l?@l?dc%@%ﬁi&l\élh%)q/o-ﬁrg lfener al

register 1 contains a subsystem’identification word t hat designates
t he subctﬁ@m:ﬁetnavelsbé)_e@leeadé)d CIZD{RJGE@QHANHEQ Botﬂl (HrEA&SUBIGlh@ﬂNEh and i n
Progress, S@' ce[‘ea te ptreh% S 1n Qr%? 10nc g[]tﬂ-ehseb }lljatr)l%e AN, ' S made
no Ionger atus pen i nNg Al exl v SRt Phe
activity-control field of t he SCSW |s el eared at t he subchannel , except

t hat0 t he [M&§8thanneNoinsllyaddess teeaintepepahmgquedniy cloared by dHE AR SPBagiASNELas

indicated in the.fun of .the SCSW are cl.eared .at the
L Unehannthe podrig ot S OB LAN L 55 Syl ARG BE PR o2 8bREause

of the eyggaidnon of this instruction. [00593] Wien the subchannel is
operating in transport node and condition code 2 is set, the CPU may signal
t he channel subsystemto as%nchr onously performthe int errogate function,

and end {H&88Inst r UeLESR SUBCHANNEL
[00589] The designated subchannel is cleared, the current start or halt function, if any, is
15 terminated at the designated subchannel, and the channel subsystem is signaled to

asynchronously perform the clear function at the designated subchannel and at the associated

device.

[00590] General register 1 contains a subsystem-identification word (SID) that designates

the subchannel to be cleared.
20 [00591] If a start or halt function is in progress, it is terminated at the subchannel.

[00592] The subchannel is made no longer status pending. All activity, as indicated in the
activity-control field ofthe SCSW, is cleared at the subchannel, except that the subchannel is
made clear pending. Any functions in progress, as indicated in the function-control ficld of the
SCSW, are cleared at the subchannel, except for the clear function that is to be performed

25 because of the execution of this instruction.

[00593] When the subchannel is operating in transport mode and condition code 2 is set,
the CPU may signal the channel subsystem to asynchronously perform the interrogate function,

and end the instruction.



WO 2012/ 168100PCT/ EP2012/ 059861 84 [ 00594] The channel subsystemis signal ed
to asynchronously performthe clear function. The clear function is
sunmar i zestokel2onsion t he secti on "Associ ated Functions” a@ou/EP301d®sssi bed in
detail in thereafter. [00595] Condition code O is set to indicate that the
actions descri bed above have been 5taken. [00596] Associ ated Functi ons

[ 00597] Subsequent to the execution of GM4EAR SUB CHANNEL, the channel
subsyst em asynchronously perfornms the clear function. If conditions allow,
t he chantf¥894lubsy stlashenied sebsysien iangralediarbynghgnenshepgfosmithe ¢lsayfenativa.
clear si gpé"{;l &%.%J?Fc‘m%éﬂn%?aﬁz%d bHeLWiR %eeseégo% ‘!A]sgoc?zgg({ ﬁﬁﬂcﬁgns”:lagccij'i fde@?ﬁ)‘edThe
subchanne Ren Decones st atus pend|ng. ndi t1ons encountere Eby e
channel sudsaikihelmrtdfi@t. precl ude i ssuing the clear signal to the device do
not prevent the subchannel from becom ng status pendi ng. [00598] When t he

subchann conmes.status pending. as . a resul.t of perform t he cl ear

Funct o H0EIE T T oGS oRE R, V1R e BR s iR G B k16 GRS

t er i nat etten. The SCSW st ored 15when the resulting status is cleared by TEST
SUBCHANNEL has the clear-function bit stored as one. If the channel
subsyste determ ne that the clear signal was issued to the device, the
clear-peﬂﬁgﬁé bit‘ﬁ?ogﬁgﬂgg“ﬁgoﬂ%ro in the SCSW O herw se, the
clear-pending bit is stored as one, and other indications are provided that

descri be[gosogr eat esulefuahd totihiecxeORdntof O BARRS UBES AANCBUNhE EiRfinel subsystem
20[ 00599 Measurenent data is not accunul ated, and device-connect tine is

not st or edFoORNslYerfermeihe stear fvactian: § conditippreallonh isahauic] sybsystem ghogses
function,thabel it ﬁ&?ﬁ%ﬁbﬁ% R EAR BN, vi D8 @Qﬁlnﬁ.%e&ieqﬁo &?ﬂfﬁ!}éi ons

[ 00601] Condition co i's set, and no other action is taken, when t
s ubldhann#lany sThestibdBope thenibeeahesfstatusqicEARe SUBCGHANMNELcouptesdhyhmelahngls not

i | f EA UBCHANNEL , wh h bch | i id i h
Oher o sy eh 4 PG5Sy RE M el FBut AR R Br BiraideBthe Sligpangt L1 1"

enabl ed. from becoming status pending.

[00598] When the subchannel becomes status pending as a result of performing the clear
function, data transfer, if any, with the associated device has been terminated. The SCSW stored

15 when the resulting status is cleared by TEST SUBCHANNEL has the clear-function bit stored
as one. If the channel subsystem can determine that the clear signal was issued to the device, the
clear-pending bit is stored as zero in the SCSW. Otherwise, the clear-pending bit is stored as
one, and other indications are provided that describe in greater detail the condition that was

encountered.

20 [00599] Measurement data is not accumulated, and device-connect time is not stored in

the extended-status word for the subchannel, for a start function that is terminated by CLEAR

SUBCHANNEL.
[00600] Special Conditions
[00601] Condition code 3 is sct, and no other action is taken, when the subchannel is not

25 operational for CLEAR SUBCHANNEL. A subchannel is not operational for CLEAR
SUBCHANNEL when the subchannel is not provided in the channel subsystem, has no valid

device number assigned to it, or is not enabled.



WD 2012/ 168100PCT/ EP2012/ 059861 85 [ 00602] CLEAR SUBCHANNEL can encounter

t he program exceptions described or listed below [00603]Wen the

nmul ti pl e-wokotrzmesmwb- set facility is not installed, bitspP8ZAapZolefsgener al
register 1 nust contain 0001 hex; otherw se, an operand exception is
recogni zed. 5[ 00604] When the nul tipl e-subchannel -set facility is install ed,
bits 32-44 of general register 1 nust cdontain zeros, bits 45-46 mnust
contain a valid value, and bit 47 must contain the value one; otherw se, an
operand #0662kt i on CEEARCHPGHANNELoGGEBT Rt thd mggramrrarertions Gsaebeda@0606] 0
Functi ony;l.ni £ig4ed 10[00607]1 - [00608]2 - [00609] 3 Not operati onal

[ 00610] Program Exceptions: [00611] Operand 15[ 00612] Privil eged operation

[ 00613] O ear Function [00614] Subsequent to the execution of CLEAR
SUBCHANNE0603]he ch@hmethcsudsplsselmhperd-sctrfecilifyes wdtaastalfedtotsi3@rt7 Pecharlmance

f the clear function cansists in (1 f or i th- t
oper at i oRE(s) REHPTOFAQUR! Brashintivh ek Somkaer oS &lithg the o ear

signal to the 20associ ated device, and (4) causing the subchannel to be
madeé st ajlds0plendi nGhen tidincdtiplagubdhenncl-set facility is installed, bits 32-44 of general

register 1 must contain zeros, bits 45-46 must contain a valid value, and bit 47 must contain the

value one; otherwise, an operand exception is recognized.

[00605] Resulting Condition Code:
[006006] 0 Function initiated
10 [00607] 1 —
[00608] 2 —
[00609] 3 Not operational
[00610] Program Exceptions:
[00611] * Operand
15 [00612] * Privileged operation
[00613] Clear Function
[00614] Subsequent to the execution of CLEAR SUBCHANNEL, the channel subsystem

performs the clear function. Performance of the clear function consists in (1) performing a path-
management operation, (2) modifying ficlds at the subchannel, (3) issuing the clear signal to the
20 associated device, and (4) causing the subchannel to be made status pending, indicating the

completion of the clear function.
[00615] Clear-Function Path Management

[00616] A path-management operation is performed as part of the clear function in order
to examine channel-path conditions for the associated subchannel and to attempt to choose an

25 available channel path on which the clear signal can be issued to the associated device.



conpl etion of the clear function. [00615] d ear-Function Path Managenent

[ 00616] A pat h- managenent operation is perfornmed as part of the clear

functi on WO 20r2di&8100 t o exam ne channel - pat h condi t iPOmEPR@R/059361
associ at ed subchannel and to attenpt to choose an 25avail abl e channel path
on which the clear signal can be issued to the associated device. WO
2012/ 168100PCT/ EP2012/ 059861 86 [ 00617]%hannel -path conditions are exani ned
in the following order: [00618]1. If the channel subsystemis actively
comuni cHOKY or athanmpltpatycanditions alslcixamingd in the fdlvingpidati on with the
device to be signaled, the channel path that is in use is chosen. [00619] 2.
If the c | sub I S . . I ~ ihusy 5
i cat | ST oh e RS heg SaP AR Xm A e R B g S8 toIRH

r ecogni zedijvefcommunfreticevitl érctdovive tshamgi abml, thatlarnkbpals hatisat et is dimsbannel
has no all egi ance to any channel path, the channel path that is in use is

chosen. 0] 3. Afcth i . i e egi ance
for a chL@%g ] pat hi,'lﬁlfgg h%ﬁ%ﬁ%@%‘%ﬁ? %q}?g&gﬁ%%gesnﬁ%%blgggf?i&ngl%?g{l#e

assdci at edicatibe (vatictelilhas causaan kitagupadoh eghdtiaetofbere@aeized) front the coainan el

pat hs, ope .of those channel paths is chosen..[00622]5. If the associated
Subchanngt Slﬁ%@eJ;&anThFéaﬁoaﬁFé SHoshange) bR aBse ,an} Piegnp i 1338 ehanne)
path is hafiggRtadus@REhédnt hat channel path is available for selection,

t hat channel path is chosen. If that channel path is not available for
selection, either no channel path is 15chosen or a channel path _is chosen
from t hell820lof chidhibe apaented spbchanie! haspdedigaied allagipnes|fer & dhanadd pathy thah ( as
though ngJ.asts.Hsedn&bannel path were indicated). [00623]6. If the
associ at ed subchannel has no all egiance for any channel path, if no |ast-
used channel path is indicated, and if there exist one or nore channel
patifs t hH063tle avat Ilathk essoeinted shlabpineh hasoneodsingtatlegianesHaners orpear shangel

chosen. paths, one of those channel paths is chosen.

[00622] 5. If the associated subchannel has no allegiance for any channel path, if a last-
used channel path is indicated, and if that channel path is available for selection, that channel
path is chosen. If that channel path is not available for selection, either no channel path is

15 chosen or a channel path is chosen from the set of channel paths, if any, that are available for

selection (as though no last-used channel path were indicated).

[00623] 6. If the associated subchannel has no allegiance for any channel path, if no last-
used channel path is indicated, and if there exist one or more channel paths that are available for

selection, one of those channel paths is chosen.

20 [00624] If none of the channel-path conditions listed above apply, no channel path is
chosen.
[00625] For item 4, for item 5 under the specified conditions, and for item 6, the channel

subsystem chooses a channel path from a set of channel paths. In these cases, the channel

subsystem may attempt to choose a channel path, provided that the following conditions do not

25 apply:

[00626] 1. A channel-path-terminal condition exists for the channel path.



20[ 00624]1f none of the channel-path conditions |isted above apply, no
channel path is chosen. [00625] For item4, for item5 under the specified
condi ti onsQ 2aric8mn item 6, the channel subsyst em clroDEPI012/06938NNE

path froma set of channel paths. In these cases, the channel subsystem may
attenpt to choose a channel path, provided that the foll ow ng conditions do
not 25apply: [00626]1. A channel - pat h-t®rmi nal condition exists for the
channel path. WO 2012/ 168100PCT/ EP2012/ 059861 87 [00627]2. For a paralle
or ESCONIMMATInel pather a prstidler ESGEEhened! pats Aaathactubkana¢libegpapiercf or t he
channel m@%h[ [ | CON channel path: The channel path is
currently Pﬁ%ﬁggéﬁh?%&ggﬁﬁvely communi cate with the maxi num nunber
of subchannel s that can have concurrent active 5comruni cations. [00629] 3.
The devi 9628 be sFgnrdllEON dlaaneﬂ@atheﬁhet dlaanetly)p‘é-iiclumntlybhinlruisetd,toantdveﬂ)he

subchannel for. anot devi ce attach ontro unj t an

o1 g, antempghies Sidhihe SRME AHEEOF i Bub 8 BRER EERRErl Silr g

al | egi anegnangdic@idngary status has been accepted by that subchannel .

10[ 00630] 4. The device to be signaled is attached to a type-3 control unit,

and the annel r anot her devjce att ed to he s nme control unit has
" Ged callAZ I agi kit FER% fobesibledinar aei T BRSE] ehednt Hinct | on

SubchannglbcMaef fof atdien dbPRS ek Rat tbmeattegzecraﬁﬁtt &Q%g th allddstine@td S t he
subchannel are nodified during 15performance of the clear function.

Ef f ect i vehapneltpaths uﬁlﬁ%ﬁ the eltagiapac sacuerkingfallegiandsand primaptstates keds bewracgertthnnel
path, bu he attenpt to select the device to issue the clear

si gnal . #hﬁﬁkg#ﬁﬁﬁgﬁggenent control indications that are nodified are as
follows: [00633]1. The state of all eight possible channel paths at the
subldhannfl0638] set 4.dhepeviat todreaignated it dttackaddtohdypeed control unit, and the

subchannel for another device attached to the same control unit has a dedicated allegiance to the

same channel path.

[00631] Clear-Function Subchannel Modification
[00632] Path-management-control indications at the subchannel are modified during
15 performance of the clear function. Effectively, this modification occurs after the attempt to

choose a channel path, but prior to the attempt to select the device to issue the clear signal. The

path-management-control indications that are modified are as follows:

[00633] 1. The state of all eight possible channel paths at the subchannel is set to

operational for the subchannel.

20 [00634] 2. The last-path-used indication is reset to indicate no last-used channel path.
[00635] 3. Path-not-operational conditions, if any, are reset.
[00636] Clear-Function Signaling and Completion
[00637] Subsequent to the attempt to choose a channel path and the modification of the

path-management-control fields, the channel subsystem, if conditions allow, attempts to select
25 the device to issue the clear signal. Conditions associated with the subchannel and the chosen
channel path, if any, affect (1) whether an attempt is made to issue the clear signal, and (2)

whether the attempt to issue the clear signal is successful. Independent of these conditions, the



20[ 00634] 2. The | ast-path-used indication is reset to indicate no |ast-used
channel path. [00635]3. Path-not-operational conditions, if any, are reset.
[ 00636] Cwanrefumestonon Si gnal i ng and Conpl eti on [ 00637] Sebsapa@nins4sel t he
attenpt to choose a channel path and the nodification of the

pat h- menagenent - control fields, the channel subsystem if conditions allow,
attenpts to select 25the device to i ssu® the clear signal. Conditions
associated with the subchannel and the chosen channel path, if any, affect
(1) whet Bhchamehis sebspquengy pridetuspendisgiangd He nerfermanse ghtic cleahﬁmetzqn het her

cond t i onar bR RSPl hsRatP os o PRI HaRaRRTAE AT (oo

subsequent|ly set status pending, and the perfornmance of the clear function
i s conpl H0638]TheseNe didinpt bridaderd Issneithe EfefucSignain Theehainehsubbystat os nat e
described_ as follows: [0063 t enp the O ear Signal:
The. chanfer by e HEoL o taf YORmnT vy BB bR B BT "t o t he
device if any of the follow ng conditions exist: 5[00639]1. No channel path
was chos@9639100640]. 2o dHaendt pethevaschasenel path is no | onger avail able for

sel ection. [00641]3. A channel -path-term nal condition exists for the

chosen ¢ | path...[00642]4. For .parall el an hannel paths: The
chosen cRBRAG bath s eBtiepehims el Rgd et P e GO R Bhmun, cate w th a
di fferent device. For FICON channel paths: The 10chosen channel path is

current| yoi6eijng uskd tlanadtpatelcymimandondition teiswiféiithé biesematiantighpathnber  of
devi ces that can have concurrent active comuni cati ons. [00643]5 The

device t ?OO%EZ]SI gnai %%r paraﬁ‘él &EggOtNochann %aths e c (r)soeln c arllr;ntel pae‘gh 1S currently
being used to actively communicate with a different device. For FICON channel paths: The
10 chosen channel path is currently being used to actively communicate with the maximum number

of devices that can have concurrent active communications.

[00643] 5. The device to be signaled is attached to a type-1 control unit, and the
subchannel for another device attached to the same control unit has an allegiance to the same
channel path, unless the allegiance is a working allegiance and primary status has been accepted

15 by that subchannel.

[00644] 6. The device to be signaled is attached to a type-3 control unit, and the
subchannel for another device attached to the same control unit has a dedicated allegiance to the

same channel path.

[00645] If any of the conditions above exist, the subchannel remains clear pending and is
20 set status pending, and the performance of the clear function is complete.
[00646] The Attempt to Issue the Clear Signal Is Not Successful: When the channel

subsystem attempts to issue the clear signal to the device, the attempt may not be successful

because of the following conditions:

[00647] 1. The control unit or device signals a busy condition when the channel

25 subsystem attempts to select the device to issue the clear signal.



subchannel for another device attached to the sanme control unit has an

al | egi ance to the sane channel path, unless the allegiance is a working

al | egi ancwoantk/wsionary status has been accepted 15by t hatTarbahasssel .

[ 00644] 6. The device to be signaled is attached to a type-3 control unit,
and the subchannel for another device attached to the sane control unit has
a dedi cated al |l egiance to the same chamifel path. [00645]1f any of the

conditi ons above exist, the subchannel remains clear pending and is 20set
status pHWEHdlg, and A pahpet-erarationelecosditipnes re¢agaized uien therehprnetpippyséane.

[ 00646] The. At 2Tfect fe St MGty Shgal 1's Not Successful : Wen the
channel $ub ystemattenpts to 1 ssue the>cl ear si gnal to the device, the
attenpt may not be successful because of the follow ng conditions:

[ 00647] 1[006#2] cont3.0¥n armirtconditigkeisicoepusiogeradbenathd tisynconbiysicomtisingts t he
channel 255u§s§%tem attenpts to select the device to issue the clear

si gnal . W5 20157188 00PCT/ EP2012/ 059861 89 [00648]2. A

pat h- not - operati onal condition is recogni zed when the channel subsystem

at t énpt s [656je! ect Ifaheo ity corlitions iabswe: xisteand| teachagnd RabhsystE DRG] BterBimeer r or

conditio i% encount er edhv\,h n t.he. channel sgsgélystem a telg%)ts ohi ssue the

clear si gﬁhﬁ .eagflﬁ%gdﬁsﬁt Sﬁﬁea‘bsr‘g‘%at‘m&”%ﬁ’fc?}lf‘ie 0&_&86%“ FEt1ee Whet ‘if_ﬁ ¢ channel
subsyst e itReK sSREQHIT 8 Subch@nct Rehadk RAPSeddt gl 8 Wesct i8S berfinS hgindk was
not successful or cannot determ ne whether the attenpt was successful, the

subchanneg¢rioregagons the dear fimotign figcoamdete-s set status pending, and the
performance of the clear function is conplete. [00651] The Attenpt to |Issue

the O eafypgsgnal '?hes}fﬁ&ﬁﬁt%%]?shf meae&m%;'mmﬁécewﬁyb\@elﬁ% Hdghgr m nes

that the attenpt to Issue t clear sign was suctessful, the subchannel
i s o | ospeystoh daternpiserdthaighaattenirg teissucshatlos sfgnbivargsucemsfut, e spbehaondtance

of the clear function.is caonplete. Wien the subchannel copes,. st at us
pendi ng. " Reerhae pERutE i R Shaflp pR o0R R EEORP R R AP BE S FRe Rk B Sen
t er m nat eghnpleQR0%S2] Bicaghahiani d Gcdiaics stabid psadinig nlc YO opbati@e if Mk ehcof t he
cl ear function, any )
associated deviCe has been terminated.
[00652] Programming Note: Subscquent to the performance of the clear function, any
15 nonzero status, except control unit end alone, that is presented to the channel subsystem by the

device is passed to the program as unsolicited alert status. Unsolicited status consisting of

control unit end alone or zero status is not presented to the program.

[00653] MODIFY SUBCHANNEL
[00654] The information contained in the subchannel-information block (SCHIB) is
20 placed in the program-modifiable fields at the subchannel. As a result, the program influences,

for that subchannel, certain aspects of I/O processing relative to the clear, halt, resume, and start

functions and certain I/O support functions.

[00655] General register 1 contains a subsystem-identification word (SID) that designates
the subchannel that is to be modified as specified by certain fields of the SCHIB. The second-
25 operand address is the logical address of the SCHIB and must be designated on a word

boundary; otherwise, a specification exception is recognized.

[00656] The channel-subsystem operations that may be influenced due to placement of

SCHIB information in the subchannel are:



15nonzero status, except control unit end alone, that is presented to the
channel subsystem by the device is passed to the programas unsolicited

al ert stavoo12de8wbi cited status consisting of control ®&oirtEPeeId/oadsene or
zero status is not presented to the program [00653] MODI FY SUBCHANNEL

[ 00654] The information contained in the subchannel -information bl ock
(SCHIB) is 20placed in the program nodi%0 abl e fields at the subchannel. As
a result, the programinfluences, for that subchannel, certain aspects of

| 10 proctefTlg r el alfPweocessing& fedldar, halt, resume, and start functions and
certain |10 support functions. [00655] General register 1 contains a
subsyst efakgent i f 1 catd : : : | subchannel that
isto bemr(r)'ggﬁfi ed a@*éélg‘ té?ﬁﬁ‘g&ésg‘?@élgﬁe?‘g‘ trllgf%{er%ﬂé;t&g%dtlﬁg ﬂSeCIiﬂﬁill B. The

second- 250perand address is the |ogical address of the SCH B and nust be
desi gnat €966 a workpthoaneement G, h&Mriane POM §plde) f i cati on exception is
recogni zed. [00656] The channel - subsystem operations that nmay be influenced

due to p nt of i i @n: i hanhe! :

2012/ 168@%@@/ Epzol\{@ Ga?agg&?%&gﬁ]'}]c%c}(%%éﬁlg%%s& nS b(@qufl% %@V‘r 8858

| nt &r r upMMdicplspcessi ng (interruption paraneter and ISC field) [00659] Path
managenent (D, LPM and POM fields) [00660] Monitoring and address-limt
checki ng surenment.- bl ock.j ndex a fields) [00661]

Measur emgdr?{g-g gll ock- flglﬁe?rsélfer%eélﬁ? 1r08€'??rl‘51a¥ %’\éeqt@;]&[fg 2]

Ext ended- neasur enent - wor d- node enable (X field) [00663] Concurrent-sense
facility[00862]i el d)e Extended-measurement-word-mode enable (X field)

[00663] * Concurrent-sense facility (S field)
[00664] * Measurement-block address (MBA)
10 [00665] Bits 0, 1, 6, and 7 of word 1, and bits 0-28 of word 6 of the SCHIB operand must

be zeros, and bits 9 and 10 of word 1 must not both be ones. When the extended-1/O-
measurement-block facility is installed and a format-1 measurement block is specified, bits 26-
31 of word 11 must be specified as zeros. When the extended-I/O-measurement-block facility is
not installed, bit 29 of word 6 must be specified as zero; otherwise, an operand exception is

15 recognized. When the extended-I/O-measurement-word facility is not installed, or is installed
but not enabled, bit 30 of word 6 must be specified as zero; otherwise, an operand exception is
recognized. The remaining fields of the SCHIB are ignored and do not affect the processing of
MODIFY SUBCHANNEL.

[00666] Condition code 0 is set to indicate that the information from the SCHIB has been
20 placed in the program-modifiable fields at the subchannel, except that, when the device-number-
valid bit (V) at the designated subchannel is zero, then condition code 0 is set, and the

information from the SCHIB is not placed in the program-modifiable fields.
[00667] Special Conditions

[00668] Condition code 1 is sct, and no other action is taken, when the subchannel is

25 status pending.



[ 00664] Measurenent-bl ock address (MBA) 10[ 00665]Bits O, 1, 6, and 7 of
word 1, and bits 0-28 of word 6 of the SCH B operand must be zeros, and
bits 9 amstoR0120feswor d 1 nmust not both be ones. Wen t hePexteraaedsdsstD-
measurenent-bl ock facility is installed and a format-1 neasurenent block is
specified, bits 26- 31 of word 11 nust be specified as zeros. Wen the

ext ended- 1/ O measurenent-bl ock facilitylis not installed, bit 29 of word 6
nmust be specified as zero; otherw se, an operand exception is 15

recogni z€W66%hen t Gendisiareended-is S0 and agithemeeiione faiert. adich iatclear, fakiar start
i nstall eﬂmc%n fS%an%g%eﬁé llt‘?ﬂe Q}&ha[ﬁ%l.e”ab' ed, bit 30 of word 6 nust be

specified as zero, erw se, an operand exception is recogni zed. The
remaining fields of the SCH B are ignored and do not affect the processing
of MODI FiO0SUBCHANNERAdifi@06618 130 padj dnidaw otled ect(niis takert, when ithediubettaentl haott he

information fromt 20pl.aced in the progr (,Liabl e
b apruinl bt MR SUBEBANSRL A CURER el B b LGreBLRRUTRLIAYEV RS B
(V) st t FEBUERANINBL &¢hes WicBEHMAheliiSndt ididddne theChatlicl huRystadle O is set, and
the information fromthe SCH B is not placed in the program nodifiable

fields. 7] Spegci [t 00668] Condi tion code 1 js set, and no
Lt per ncliigafl L SR gl P FRETIRE AP ERT s E i dcserif or
2012/ 168§Q0PEI4AEP2012/ 059861 91 [00669] Condition code 2 is set, and no

ot her action is taken, when a clear, halt, or start function is in progress
at the subchannel. [00670] Condition code 3 is set, and no other action is

taken, wHW87%lhe sulctIAAST thesSHAB. bits 0, 1, §pandat muside zeigp andomibey tho adeydaineL .

A subchappel. k%ifggfrac hi@f{sgﬁgtﬁmlaj bifsgr anf Pt RRWBHHANNEL. WRRRd & Rens Weghannel

i s not provide t he channel’ subsystem [00671] MODI FY SUBCHANNEL can

encldunt ebits B33 prusyreaaerax Odpriionsn oesayd dxecption i iesdgmizeel ow. [ 00672] I n wor d
1 of the SCH B, bits 0, 1, 6, and 7 must be zeros and, when the address-

' vor d BO87 P e Shbhthe 35 B0 Bl i o Bt Pl D n R Rl D0ES
except i omehsirénean lock ackpedi 666 Ba} Y68 h of Wwerdet mnd déd spdciatea s eioerandrwisk cmk
Facilit yoli)esrarildn CSXtcg‘Ilt{O?qu raégggn?'zefdpmﬁ fh]é extended-1/O-measurement-block facility is not
installed, bit 29 of word 6 must be specified as zero; otherwise, an operand exception is
15 recognized. When the extended-I/O-measurement-word facility is not installed, or is installed

but not enabled, bit 30 of word 6 must be specified as zero; otherwise, an operand exception is

recognized.

[00674] When the multiple-subchannel-set facility is not installed, bits 32-47 of general

register 1 must contain 0001 hex; otherwise, an operand exception is recognized.

20 [00675] When the multiple-subchannel-set facility is installed, bits 32-44 of general
register 1 must contain zeros, bits 45-46 must contain a valid value, and bit 47 must contain the

value one; otherwise, an operand exception is recognized.

[00676] The second operand must be designated on a word boundary; otherwise, a
specification exception is recognized. The execution of MODIFY SUBCHANNEL is

25 suppressed on all addressing and protection exceptions.
[00677] Resulting Condition Code:

[00678] 0 Function completed



measurenent block is specified, bits 26-31 of word 11 nust be specified as
zeros; otherw se, an operand exception is recogni zed. Wen the

ext ended-wo@oremswoenent - bl ock facility is not install e#¢CThiPR01205361 word 6
nmust be specified as zero; otherw se, an operand exception is 15

recogni zed. Wien the extended-1/O neasurenent-word facility is not
installed, or is installed but not enafl2ed, bit 30 of word 6 nust be
specified as zero; otherwi se, an operand exception is recognized.

[ 00674] WH¥E7?)he nul Blapis@crdibghannel -set facility is not installed, bits
32-47 of general register 1 nust contain 0001 hex; otherw se, an operand
exceptio (%gmrecogpgagp. 20[ 00675] When the multi pl e-subchannel -set facility
is installed, bits 32-44 of general register 1 nust contain zeros, bits
45-46 nmust contain a valid value, and bit 47 nust contain the val ue one;

ot her wi s#068H operahdt enceasionilon is recogni zed. [00676] The second oper and
nmust be designated on a word boundary; otherw se, a specification
excepti Ofhg8y I €COgp .execution of MODI FY SUBCHANNEL is 25suppressed
on all aﬂg$g?singg§%g§g$%%%§?§§h exceptions. [00677] Resulting Condition
Code: [00678]0 Function conpleted WD 2012/168100PCT/ EP2012/ 059861 92

[ 00079] 1[0068%lus pendiéasss (fOOESDE2ndYBY [ 00681] 3 Not operati ona

[ 00682] Program Exceptions: 5[ 00683] Access (fetch, operand 2) [00684]

Qper and hQQQQS] Prjgﬁ&ggfd operation [00686] Specification

[00685] * Privileged operation
[00686] * Specification
[00687] Programming Notes:
10 [00688] 1. If a device signals I/O-error alert while the associated subchannel is disabled,

the channel subsystem issues the clear signal to the device and discards the I/O-error-alert

indication without generating an I/O-interruption condition.

[00689] 2. If a device presents unsolicited status while the associated subchannel is
disabled, that status is discarded by the channel subsystem without generating an I/O-

15 interruption condition. However, if the status presented contains unit check, the channel
subsystem issues the clear signal for the associated subchannel and does not generate an I/O-
interruption condition. This should be taken into account when the program uses MODIFY
SUBCHANNEL to enable a subchannel. For example, the medium on the associated device that
was present when the subchannel became disabled may have been replaced, and, therefore, the

20 program should verify the integrity of that medium.

[00690] 3. It is recommended that the program inspect the contents of the subchannel by
subsequently issuing STORE SUBCHANNEL when MODIFY SUBCHANNEL sets condition
code 0. Use of STORE SUBCHANNEL is a method for determining if the designated
subchannel was changed or not. Failure to inspect the subchannel following the setting of

25 condition code 0 by MODIFY SUBCHANNEL may result in conditions that the program does

not expect to occur.



[ 00687] Progranmm ng Notes: 10[00688]1. If a device signals 110-error alert
whi | e the associ at ed subchannel is disabled, the channel subsystemissues
t he cl earwei2greaiéstoo t he devi ce and di scards the 110-err @cTaiPeoi2/o598di cat i on
Wi t hout generating an I/ O interruption condition. [00689]2. If a device
presents unsolicited status while the associ ated subchannel is disabled,
that status is discarded by the channel93subsystem wi t hout generating an
110- 15interruption condition. However, if the status presented contains
unit cheti®69tlhe chSRART SUBCHMNENEL.ssues the clear signal for the
associ at ed subchannel and does not generate an 110-interruption condition.
This shogdope t akefk dahi SaEoUEh MOERILNS JRREHRTIS MR Yo PHRCHANNEL
to enabl e a subchannel. For exanple, "the nedi um on the assocl ate evi ce
t hat was foptles@sdciattrbde videcarsithe treaniadn fpegeeters thas alslcedtamay iththe dedhgeuted

repl aced d herefore,.the 2 ogram should verify the integrity of that
medi um P@%Q§BP%¥“{§t%%§¥§€%ﬁ%§%§éag?ﬁat the programinspect the contents
of the subchannel by subsequently issuing STORE SUBCHANNEL when MODI FY
SUBGHANNHI069%]t s Co@dhictdl acpigadecdhtaitdsesubf ys ShOREn GUBGHANSEL thhsdcaignetthibd f or

det er m ni if the desi t ed subchannel . was change not.. Failure to

i nspect ﬁlﬁ’ h@%@ﬂiﬁﬁ@ﬁe?gﬁqﬁ%ﬁm -Opﬁ@ngéfﬁ({rﬁﬁ%&@ﬁ%ﬁ?@gﬁ 8 th@éﬁé‘genfﬁy

MODI FY SLBGHANNEn £8Y o @%Mbduﬂd&gf&hém&?ﬁ trichie SLOHBMR Aessminat expect
to occur. WO 20I2/168100PCT/ EP2012/ 059861 93 [ 00691] START SUBCHANNEL

[ 00692] The channel subsystemis signaled to asynchronously performthe
start fulf96Pdn for Tharxeativgdpmmetrryesntaecd igdey YRB asslacpdidbthesabdapicdr s t hat

are contained in the designated ORB are placed at the designated

subchanngjoeo$ 006 9% hERREARIT JIGBCARRINEL KRRERKIIS R sabthay Rl ArtddeRhifhication
word that designates the subchannel to be started. The second-operand

addrless withtohly Seeqjider staiefd ped the gktcndrd-SGRB-wadl- et bidLissictmdtestiten a wor d

boundary; . ot her w.: . Ay 1f i eption is recognized. [00694] The

executioﬁmgggﬁﬁé?gﬁg1%%%%§%%§%ﬁ%%m$%3Ié&B are placed at the subchannel

[ 00695] When START SUBCHANNEL i s executed, the subchannel is status pending
[00696] The subchannel is made start pending, and the start function is indicated at the

subchannel. If the second operand designates a command-mode ORB, the subchannel remains in
command mode. If the second operand designates a transport-mode ORB, the subchannel enters
15 transport mode. When the subchannel enters transport mode, the LPUM is set to zero if no

previous dedicated allegiance exists; otherwise the LPUM is not changed.

[00697] Logically prior to the setting of condition code 0, path-not-operational conditions

at the subchannel, if any, are cleared.

[00698] The channel subsystem is signaled to asynchronously perform the start function.
20 The start function is summarized below in the section “Associated Functions” and is described

in detail thereafter.

[00699] Condition code 0 is set to indicate that the actions described above have been
taken.
[00700] Associated Functions

25 [00701] Subsequent to the execution of START SUBCHANNEL, the channel subsystem

asynchronously performs the start function.



10wi th only secondary status, and the extended-status-word-format bit (L)
is zero, the status- pending condition is discarded at the subchannel.

[ 00696] Thwo=xwixfesronel is made start pendi ng, and the st act/Hranesmsat i s

i ndi cated at the subchannel. If the second operand designates a

command- node ORB, the subchannel remains in conmand node. |If the second
operand designates a transport-node ORE4 t he subchannel enters 15transport

node. Wen t he subchannel enters transport node, the LPUMis set to zero if
no previ Y890%edi catlearoatntgif dirc@RBxotbergharghh &eldp dwt must copai 4lkszerrst arghanged.

[ 00697] L%cﬁ@d %oyvzﬁ 1‘[?7r OE goﬁlg' ﬁloaag tth«?ﬁela; @Hgan net?lgt ﬁl?sq %oﬁ)[am ZETros are

pat h- not - operati onal “condit1ons at e su any, are cleared.
[ 00698] Tbl&ckdftbawﬁadhrmmluslyshamd &f dairigg #leattetuvioa sy thetinsomotits. Wiparifeiidfichis
start functj 20The start function. s summari zed below in the section

* Associ atEACRAREETERRORSAYY- e VBT PO QR SRR Pl iZary, secondary,

[ 00699] Campliiér Sratus Qe wih Usfelied cddliidhtoddl @nd pRkranhéhcak tlddaseddmseii bed above
have been taken. [00700] Associ at ed Functi ons

2012/ 1681i6BPEIT/t pproboseichom qfdErongatisas sdet antiaeddt thadeviorBindghher t han
he fi el
the '69 tlt?)%tlfg}d e‘&%ﬁttﬁ‘écﬁg?khn&?%%m SoeNGS KRAWAG! théléb C{(%é dﬁaféa RPOMe

nodel s, ntaln zeros are c
asynchroﬁmustqumnnETEﬁHSUBG&UHNN@Lthe execution of the instruction. Wen
invalid fields are detected asynchronously, t he subchannel becones st at us

pendi ng 4 p secondar ert. shatu deferred
Pondi ¢ Lol 0N sorBEHPRR i RAPbiREY bartd RvHEPR, IS RERERE e o
opellat i oaxdeutichetithe mfstrdclienowﬁélaﬁcb o}msmlspathos avdilablie @b 6@ 1eation, e Wbstiaasg] and

t he COﬂstIOﬂ IS |nd|Qated by the start- pendlng i t. being stored as

when t he "SESW P PEYHRHVBY PHRENGARISHTNIrY GFUFES “stbs’eﬁwqmeen ltlob%@]

the execution of TEST SUBCHANNEL.

15 [00704] If conditions allow, a channel path is chosen, and execution of the channel

program that is designated in the ORB is initiated.
[00705] Special Conditions

[00706] Condition code 1 is sct, and no other action is taken, when the subchannel is
status pending when START SUBCHANNEL is executed. On some models, condition code 1 is
20 not set when the subchannel is status pending with only secondary status; instead, the status-

pending condition is discarded.

[00707] Condition code 2 is sct, and no other action is taken, when a start, halt, or clear

function is currently in progress at the subchannel.

[00708] Condition code 3 is sct, and no other action is taken, when the subchannel is not
25 operational for START SUBCHANNEL. A subchannel is not operational for START
SUBCHANNEL if the subchannel is not provided in the channel subsystem, has no valid device

number associated with it, or is not enabled.

[00709] A subchannel is also not operational for START SUBCHANNEL, on some

models, when no channel path is available for selection. On these models, the lack of an



10execution of the instruction. Wien no channel path is available for

sel ecti on, the subchannel becones status pending with primry and secondary
st at us amstowntdesiwherred conditi on code 3 indicated. ThecriEr2apesssi on or
chain of 110 operations is not initiated at the device, and this condition
is indicated by the start-pending bit being stored as one when the SCSWi s
cl eared by the execution of TEST SUBCHANNEL. 15[00704]1f conditions allow,
a channel path is chosen, and execution of the channel programthat is

desi gnat exhilablechenncRRith is detsictell as pait of tho $OBREFEEBGHANDHH} excomiéon. On other

[ 00706] t he
Subchangﬁﬁﬂ@%cﬁ%n%?ﬁ%&%v%eﬁgﬁ%m(ﬁﬂﬂ&&%%%ﬁ%ﬁ%@@%ﬁk&ﬁgtélg@g@ggw%%@ﬁ On sone
nodel s, condition code 1 is 20not set when the subchannel is status pending
wi th onl J003é€jondar §TARESUBCHASNELdan thepusteatheprogpamax eaptionndtistrited or s
discarde?t #QQ?O?]CDndItIOH code 2 is set, and no other action is taken,
when a start>“fait, or clear function is currently in progress at the
subchannel . [00708] Condition code 3 is set, and no other action is taken,
wherd t he[@albthannein weadnaif tikbopenaidinedk ORBI bis DARD HlBGEHANNEland An swibEhannel

is not o ational . for . SUB NNEL if the subchannel. i s not provi ded
in the cﬁgﬁﬁé?mmﬁéw@sfﬁ%ﬂg%ﬁa%F ?ﬂ%@\%é@%ﬁ%@@ nodlsi 2 oBara ¢ h it, or
i s not epakb@sh is &&Qg&%&o%@l%mis 451/ @i SerrittonRBdiab i%rg'éhertal‘éﬂ indit¥Ring

SUBCHANNEL, on sone nodel s, when no channel path is available for
sel ect i onrogam elivekes poref e asynshtoaets st Binctiord 2012/ 168100PCT/ EP2012/ 059861
95 avail abl e channel path is detected as part of the START SUBCHANNEL

execut | °foo 079 Ot hesT ARAQIUBCIFARNES! caR2sH Y RInteR Ric dr F%aﬁl%x%ltlxnstl?s%ded as
part of the asynchronous start function. [00710] START SUBCHANNEL can

encldunt ebelowe program excepti ons descrlbed or Ilsted bel ow. 5[00711] I n word
1 of the command-node ORB, bits 26-30 nust be zeros, and, in word 2

[00713] When the multiple-subchannel-set facility is not installed, bits 32-47 of general

register 1 must contain 0001 hex; otherwise, an operand exception is recognized.

[00714] When the multiple-subchannel-set facility is installed, bits 32-44 of general
register 1 must contain zeros, bits 45-46 must contain a valid value, and bit 47 must contain the

15 value one; otherwise, an operand exception is recognized.

[00715] The second operand must be designated on a word boundary; otherwise, a
specification exception is recognized. The execution of START SUBCHANNEL is suppressed

on all addressing and protection exceptions.

[00716] Resulting Condition Code:
20 [00717] 0 Function initiated

[00718] 1 Status pending

[00719] 2 Busy

[00720] 3 Not operational

[00721] Program Exceptions:

25 [00722] * Access (fetch, operand 2)



of the command-node ORB, bit O nust be zero. O herw se, on sone nodels, an
operand exception is recognized. On other nodels, an 110-interruption

condi t i oowDoperweroat ed, i ndicating program check, as parCTaP241he59861
asynchronous start function. [00712] START SUBCHANNEL can al so encounter the
program exceptions |isted 10bel ow. [00713] When the nul ti pl e-subchannel - set
facility is not installed, bits 32-47 o general register 1 nust contain
0001 hex; otherw se, an operand exception is recognized. [00714] When t he
mul ti pl elMiBhannet Opwend acility is installed, bits 32-44 of genera
register 1 nmust contain zeros, bits 45-46 nust contain a valid value, and
bit 47 ont ai yip.t one; otherw se, an operand exception is
recognig§§&2ﬁ00715?¥EEE§%£§%%H§Berand nmust be designated on a word
boundary; otherw se, a specification exception is recogni zed. The execution
of STARTI0UBHHANNELSHesifisatippr essed on al | addressing and protection
exceptions. [00716] Resulting Condition Code: 20[00717]0 Function initiated

[00718]1Fﬁ§%§us pqﬁghﬁgukggéé?hﬁygg?xxéag&ap]3 Not operationa

[ 00721] Progr am Except1 ons: cess (fetch, operand 2) WO
2012/ 168100PCT/ EP2012/ 059861 96 %00723] Operand [00724] Privil eged
oper5at i ofP07RT725] Bpedirf ahrsume functions initiate I/O operations as described below. The

start function applies to subchannels operating in either command mode or transport mode. The

resume function applies only to subchannels operating in command mode.

[00728] Subsequent to the execution of START SUBCHANNEL and RESUME
SUBCHANNEL, the channel subsystem performs the start and resume functions, respectively,

10 to initiate an I/O operation with the associated device. Performance of a start or resume function
consists of: (1) performing a path-management operation, (2) performing an I/O operation or
chain of I/O operations with the associated device, and (3) causing the subchannel to be made
status pending, indicating the completion of the start function. The start function initiates the
execution of a channel program that is designated in the ORB, which in turn is designated as the

15 operand of START SUBCHANNEL, in contrast to the resume function that initiates the
execution of a suspended channel program, if any, beginning at the CCW that caused

suspension; otherwise, the resume function is performed as if it were a start function.

[00729] Start-Function and Resume-Function Path Management
[00730] A path-management operation is performed by the channel subsystem during the
20 performance of either a start or a resume function to choose an available channel path that can

be used for device selection to initiate an I/O operation with that device. The actions taken are as

follows:

[00731] 1. If the subchannel is currently start pending and device active, the start function
remains pending at the subchannel until the secondary status for the previous start function has
25 been accepted from the associated device and the subchannel is made start pending alone. When
the status is accepted and does not describe an alert interruption condition, the subchannel is not
made status pending, and the performance of the pending start function is subsequently initiated.

If the status describes an alert interruption condition, the subchannel becomes status pending



[00726] Start Function and Resunme Function 5[00727] The start and resune
functions initiate 110 operations as descri bed bel ow. The start function
appl i es twoxotxtesrwnel s operating in either conmand nodePom/Ere@n®pBst node.
The resune function applies only to subchannels operating in conmand node.
[ 00728] Subsequent to the execution of START SUBCHANNEL and RESUME
SUBCHANNEL, the channel subsystem perfdtns the start and resume functions,
respectively, 10to initiate an 110 operation with the associated devi ce.
Per f or mamidth sefondary aad plegstafussihapedding st fine bersis g singfated; dgfersed fapdiiong a
pat h- man nt...oper.at i - - 1 I ' Ly | 10
per at oot Pt BEBpehdrls BEECALI OF. iy HaRRRIE LR sERBENRL ) b
made st atlose, plenghrfognancedif datstangfubéteonde imptiaetd srdeadribetibelstvart functi on. The
start function initiates the execution of a channel programthat is

desi gnat Lo the i N turn i Si t ed t he 15oper and of
start sulzifher S FTLeRR R A Behifidd R AR Trd i PRRLEES e
execut i oshahclaubyysRendietscs fanpsh f@rdegicalcdtionalty bubeg@ndnionds acotittere€CW t hat
caused suspension; otherw se, the resupe function is perfornmed as if it

were a stVate aﬁt%%tnﬁéﬁh.selfm@rﬁwfawaﬁeﬁﬁatqdpa%leaﬁaceﬁééﬁﬁw—thfu%fhaaﬂelﬁ&ﬁh
Managene gt [ 39 ARt RN IRD 38RO IntGRAiRil £i8n b bRSTiE RELESE: A dhbshcEpaRNe!

subsystem during the 20performance of either a staft or a resune funhction
t o choos&hen thoviaicrrb inslicahiomeibusp ast taset.Ithe pafmmbeceied gt feodindetartdengiohect i on
to initigge %g H%%:%ggr@taﬁn wi th that device. The actions taken are as
foIIoms:IT%% ﬂﬂ . h8%Subchannel is currently start pending and device
active, the start function remai ns pending at the subchannel until the
secldhdar J00583t us f 2rif tdhehapndpithus astilable ffrnsaktii@narilas @Bicheé nlladaeptestsf r om

t he associ ated devi and the subchannel is e start pendi ng al one. Wen
the ot at s Sebebgiist Bl Ahna0ulh RSP HECRED B hHRSFEr i heorrupt | on
condition, the subchannel is not made status pending, and the performance
of the p@udB4lg st as.tif fiucthhepaihs tigt S agaentd r soMdibAahed. bekh triddengdbad ois
describes an alert interruption condition, the subchannel becones. status
pendi ng MAs 2dhor ﬂ’@é@@t@@ﬁ“f ferst1ely geupgicey W?k%h%rélé‘b‘ﬁ?fa% alfgrgatiyichy tf the

status, th&nDRINREmHRthedutRfdd Qied Scdd@bl-tilt-bhs§lo?d deHd i AnGABE bA bRD
code 1 is set, and the start-pending bit remains one. If the subchannel is

curkdent | gr mpwraf thyse dhangelaiagineor a dombpratipn pfrimeecaptlitioheos o ar tharpef those i s

initiated. as .described below [00732]12. | a dedi cat ed..al | eqi an exjsts at
e SaboRuRRePARE! hE S Rlcith i iihdingta] 8 «ARALGR B8 hEHARGE S %
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[00735] 5. If (1) the start function is to be initiated on a channel path with a device
attached to a type-1 control unit and (2) no other device is attached to the same control unit
20 whose subchannel has either a dedicated allegiance to the same channel path or a working
allegiance to the same channel path where primary status has not been received for that
subchannel, then that channel path is chosen if it is available for selection; otherwise, that
channel path is not chosen. If, however, another channel path to the device is available for
selection and no allegiances exist as described above, that channel path is chosen. If no other
25 channel path is available for sclection, the start or resume function, as appropriate, remains

pending until a channel path becomes available.

[00736] 6. If the device is attached to a type-3 control unit, and if at least one other device
is attached to the same control unit whose subchannel has a dedicated allegiance to the same
channel path, another channel path that is available for selection may be chosen, or the start

30 function remains pending until the dedicated allegiance for the other device is cleared.



while attenpting to select the device and a dedicated al |l egi ance exists at
t he subchannel, the start function remains pending until the internal

i ndi cati omoab12mesyoi s reset for that channel path. WenPChEPRO2@5938a1

i ndication of busy is reset, the performance of the pending start function
is initiated on that channel path. 10[00733]3. If no channel path is
avai l abl e for selection and no dedi cat ¥ al I egi ance exists in the
subchannel for a channel path, a channel path is not chosen. [00734]4. If

al | chanf®73Hat hs 1.Ha chanaclpathi hasbpen qh@sensaeiﬂ@@ﬂlsbmdmwl beeagivied idedngand one
or nore i devi ces,
or, "2l t e Pt SRS FroAfh 8 SR el R oo T it £C O bR
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[00735]5. If (1) the start function is to be initiated on a channel path

with a dBVPEé attached to a type-1 control unit and (2) no other device is
attached to the sane control unit 20whose subchannel has either a dedicated
al | egi angRy78@ the gamg,GhaM@lenBRIseRt fhe WBYiKL B%r@érltggilﬁﬁ@ﬁletegie&llfign SPRE
channel path where primary status has not been received fo
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exi X aspieset, i(Baitsatteden adthaty atbheennab clnxalhbl sluBsy@feﬁsleemvdsfa buQy tidiwtion, it
25channel path is ail abl.e for selection, the start or resune functlon as
appr opr i Bf'E&MP &REP Tg‘ %d‘il%a‘iﬁ‘ﬁfl?l a channel pat h becones avail abl e.
[00736]6. If the device is attached to a type-3 control unit, and if at

| east ongegsder deyilf@e devitSis@pdcdtdiad bk 8périen Sianke: lﬁembamlmwalahdmmm@y
subchannel has a dedicated all egi ance to the same channel path, another
channel pdigtiphigecived igvlayirabrse. & thssfascarirgymeynasien egpaiBnpend el B¢ ar t

30f uncti il the dedicated all egiance for the other

devi ce | %g]?‘é log&og%%/q%%%tmoomw EP2012/ 059861 98 [00737]7. If a
channel path has been chosen and a busy indication is received during
devie s#108d0li on tlo If i diditeistshesifioddo e ioperaipig infke miktipathauedemnd thefbuay

pendi ng %%\l’é’a%‘ﬁi{‘e@%eﬂ (PIS C nt rpumt bt Q E){ f’%rhs el;/'fc 1{]%631%0(?‘[0%6 O pa%ndlnn%e 51CVYe-
channel prog he ¢ifa W dver as
recei vedpith nivdt, ths elﬁhnagaubsyfsmm zttthatptsd;elebﬁ@ @ﬂth@d)d’vﬁdediy dhabimg ﬂﬁqi&ﬁdﬂtd’lg 50n
t he devi ce- b contro ¥n|t usy |nd|cat|c1l elved%>untll t he
i nt er nal c}ila]rllai: ?]t 13, gvailgllg for selectior and continues the pat -management operation until
cither the start or the resume function is initiated or selection of the device has been attempted
20 on all channel paths that are available for selection. If the start or resume function has not been

initiated by the channel subsystem after all channel paths available for selection have been

chosen, the start or resume function remains pending until the internal indication of busy is

reset.
[00741] c. If the subchannel has a dedicated allegiance, then action 2 on page 15-20
25 applies.
[00742] 9. When, during the selection attempt to transfer the first command for a CCW

channel program, or to transport the TCCB for a TCW channel program, the device appears not
operational and the corresponding channel path is operational for the subchannel, a path-not-
operational condition is recognized, and the state of the channel path changes at the subchannel

30 from operational for the subchannel to not operational for the subchannel. The path-not-



is reset. [00738]8. If, during an attenpt to select the device in order to
initiate the execution of the first command specified for the start or

i nplied fwo 2bieete8weune functi on for a CCW channel progr acu/Epro205986i ti at e
the transportation of the TCCB for the start function for a TCW channel
10program (as described in action 7 above), the channel subsystemreceives
a busy indication, it perfornms one of t%e follow ng actions: [00739]a. |f
the device is specified to be operating in the nmultipath node and the busy
i ndi cat i operatianel enaditioss g wibckusyl,; ifenprire Prsesyegruntibtheselsdirencl oeit i on

remai ns a i r 40] b.
11 tho cog et Helichling o HRRt DMERRR (i W Rl R Sheped A
busy i ndimbahitom thepethmdopesratmlawomﬂlmm fre bleaned. Iﬁ,rhdwfevéﬂ’lfhednenrbipenﬂlﬁg
specified to be operating in.t sin at h node, the channel subsystem
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i's avail akbgnitd@l Warh @t de9lte apstataidt bpdt@sonhh@urRatthe SRRA6E BRMpt @PRARTr ok
until either the start or the resume function is initiated or selection of

the devi 8&t persmpreer He¢R rprshapobpatafhat sxnidle pataestionane of heolawiagl e for
sel ecti ogct ohf otdig.start or resume function has not been initiated by the
channel ‘bsystem after all channel paths available for selection have been
chosen, the start or resume function remains pending until the internal

i ndi cati 8HW7d3] busya.ilfa dekeated Jllogimact]cgists for thhechauind pathnébn hasthe odiydhemiced
?LLEEE?QB%G‘P (t)}%al“[]gs?atvg‘ﬁableofor S%I?Cat‘lﬁg?tgereg% %ﬁrthe?t%ﬁ)gm €% 18£t*a96 tﬁzltg%ﬁ\/\hyr eﬁ{l]medurl ng
pr olgr am fimktidiDart hbagpadd, afiden hetBpliar coandioWickasynededpr ogr am t he devi ce
appears not operational and the correspondi ng channel path is operational

for the annel th-not operational condition is r i zed, t he
St e of MHEMonan i PabRirerorgBehst SRR wlfihaimelnderim B@%%V&ﬁ%qefor
t he subchaRaedtidnGh i PhvOREHAEH BiB&! ont OF tHobeckHRa Pami el choddh&o RA¢AptRYce WO

2012/ 168100PCT/ EP2012/ 059861 99 operational conditions at the subchannel,

i f any, 8alectiop @adpransder i fist QWW@%GQ@Y chionel metaned the EatBoendi Y/

start peg@nﬁﬁ & Iﬁesume pending (if the subchannel was suspended), at
which tine t éj not - operati onal conditions are cleared. If, however,

t he correspondi ng channel path is not operational for the subchannel, a
patid- not {9FéFlat i on<a|1fmodﬂﬂlllqaiedmﬂﬁglamtemﬁsen@gltﬂﬂz%@lchawx@rpathh@reobef‘allabée ﬁ)ppear S

not oper at nal rin %he seci ech hanaLl emRb Lo L an fer first mmand
or TCCB Or%ecglog F[]haa‘lgﬁaé e n%t oI t?‘la ! (ré {hg\r;ig Viee Hasx appeare 0 eraﬁ In%lnon a? least Spe olfﬁl
f ol | owi nghaaaélipans tiod (Wdrfestrled the start or resume functlon remains pendlng at the subchannel

until a channel path, a control unit, or the device, as appropriate, becomes available.

[00746] d. If no dedicated allegiance exists, no alternate channel paths are available for
20 selection that have not been tried, and the device has appeared not operational on all channel
paths that were tried, further attempts to initiate the start or resume function are abandoned, and

an interruption condition is recognized.

[00747] 10. When the subchannel is active and an I/O operation is to be initiated with a

device, all device selections occur according to the LPUM indication if the multipath mode is
25 not specified at the subchannel. For example, if command chaining is specified fora CCW

channel program, the channel subsystem transfers the first and all subsequent commands

describing a chain of I/O operations over the same channel path.

[00748] Execution of I/0 Operations



[00743]a. If a dedicated allegiance exists for that channel path, then it
is the only channel path that is available for selection; therefore,
further avoen®s8too initiate the start or resune 10f unctPcorErasie/osdsandoned,
and an interruption condition is recognized. [00744]b. If no dedi cated

al | egi ance exists and there are alternate channel paths avail able for

sel ection that have not been tried, onéd0®f those channel paths is chosen to
attenpt device selection and transfer the first command for a CCW channel

program [749lhe TCOERerfagthaanctovhahehonel. therdbgrehsubsBitgu.ife)nditions ahgwdedi cat ed
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function remains pending at the subchannel until a channel path, a control

it, devi iate. b il | e. 0746]1d. |f
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| 10 operation is to be initiated™wth a device, all device selections occur
accor di ngpbicharmikis e framl theatc¢aptencce of the fir kemmanduntd des pran@mseregpeoi f i ed

at the subchannel . For exanpl i f nd chaining is specified f.or, a CCW
channel  SPEATAT epgtzadt T ubhansd G mely Bhiftan Popdlion s e pnided

s ubige qu e béfoahtradtdptastesodthdimig ommdndi the Glibchadcbpi@is abi BrEme ietivel Nermsdlye
channel path. [00748] Executj on of I/Cﬁ%@grﬁtio S
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operation with the associated device. Execution of additional 110

oper at i onstilrigsceendagivntanapiion ednditioons maenased @tithc spbaibnnchNdrinaly, th¢ O
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subsystem can exec rea war d,
contty ol , clegmsg thsdvie-dnDsiganidot thakst ECW of thhahaiel . Each conmmand, except

transfer in channel, initiates a corresponding |10 operation.
[00751] For subchannels operating in transport mode, the channel subsystem can
transport six types of commands for execution: write, read, control, sense, sense ID, and
interrogate. Each command initiates a corresponding device operation. When one or more
commands are transported to the I/O device in a TCCB, the subchannel remains start pending

20 until primary status is presented.
[00752] Programming Notes:

[00753] In the single-path mode, all transfers of commands, data, and status for the I/O
operation or chain of I/O operations occur on the channel path over which the first command

was transferred to the device.

25 [00754] When the device has the dynamic-reconnection feature installed, an I/O operation
or chain of I/O operations may be performed in the multipath mode. To operate in the multipath
mode, MODIFY SUBCHANNEL must have been previously executed for the subchannel with
bit 13 of word 1 ofthe SCHIB specified as one. In addition, the device must be set up for the
multipath mode by the execution of certain model-dependent commands appropriate to that type

30 of device. The general procedures for handling multipath-mode operations are as follows:



Except for periods when channel - program execution i s suspended at the
subchannel , the subchannel is active fromthe acceptance of the first
comand uwODI2b1Z¢tee10pri mary interruption condition is recegmrred2asssshe
subchannel . If the primary interruption condition is recognized 10before

t he acceptance of the first conmmand, the subchannel does not becone active.
Normal |y, the primary interruption condptlon is caused by the channel -end
signal or, in the case of conmmand chaining, the channel-end signal for the
last COWM5%he chhiSetupThe device is active until the secondary
interruption condition is recognlzed at the subchannel. hbrnally, t he
secondar errupt i in
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operation or chain of O operations occur he channel path over which
t he f|rssd@mmnbméwmagﬂmnansﬂen@egLfb4bmsﬂdevn@emﬁzﬁim©$52¥3wmmrKﬁbedeV|ce
has the d}Yerclzu 10n ofrl\ﬁB roeriril Bﬁt&ﬁéeqbrt% e!el‘x% on %tsll“%@{'[or chain
of 1/0O operations may er ornmed 1n Pt To operate in the

nuIM)patBUBQdEMVNEEﬂFY SUBCHANNEL must have been preV|oust execut ed for
t he subchannel with bit 13 of word 1 of the SCH B specified as one. In

addi ti on deV|c st be up for th t he executi on
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fol | ows: 2012/ 168100PCT/ 12/ 059861 101 [00755]1. Setup [00756]a. A

set - nul t fdhhexseiontof fat gart éawﬁawtmtseb@ee@@es@mmoys BRE atelactsd by he
d
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bei ng set up; ti pat fat] on

unplriedi cfoalshleseqmuhmhlpaﬂl trta)de spdyetianariBliis typt of &fhgr pracodurceshsold beoszl or nor e
physi cal | ava| abl e.chann to the device are not included in the
nultipatﬁ%aFgﬁﬁ ePﬁ&@@“@Wéﬁﬁéﬁﬁﬁgﬁ%g“WB§%dﬁ%@“%e avai | abl e for sel ection
whil e the subchannel is operating in the multipath node. A channel path can
be nade [®758)vai | ahlieafiag teeVelcipattMdle havi ng the corresponding LPM bit set
to zero either in the SCH B prior to the

[00759] To leave the multipath mode and continue processing in the single-path mode,

either of the following two procedures may be used:

20 [00760] a. A disband-multipath-mode type of command may be executed for any channel
path of the multipath group. This command must be followed by cither (1) the execution of
MODIFY SUBCHANNEL with bit 13 of word | of the SCHIB specified as zero, or (2) the
specification of only a single channel path as logically available in the LPM. A start function
must not be performed at a subchannel operating in the multipath mode with multiple channel

25 paths available for selection while the device is operating in single-path mode; otherwise,

unpredictable results may occur at the subchannel for that function or subsequent start functions.

[00761] b. A resign-multipath-mode type of command is executed on each channel path
of the multipath group (the reverse of the setup). This command must be followed by cither (1)
the execution of MODIFY SUBCHANNEL with bit 13 of word 1 of the SCHIB specified as



execution of MODI FY SUBCHANNEL or in the ORB prior to the execution of
START 10SUBCHANNEL. [00757] b. When a set-nmnulti path-node type of command is
transf er rwo 20/@m8wevi ce, only a single channel path nustch®&pagiossbi y
available in order to avoid alternate channel-path selection for the
execution of that start function; otherw se, device-busy conditions may be
detected by the channel subsystem on nmdf2 than one channel path, which nmay
cause unpredictable results 15for subsequent nulti path- node operations.
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(the rev t hi mép be followed by either (1) the
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as WO 2012/ 168100PCT/ EP2012/ 059861 102 zero, or (2) the specification of
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wth ot B kAR AP R 10s PRIV EBRRb Sttt Be A bl L
oper at i ngr the cad sithebpak by romtied, Wikt eurs fiar atisehabp&ati@s Wukh asraytinge cur
at the subchannel for that or subsequent s}(art 5functions. [00762] Bl ocki ng
of Dat a ©namagnetic-tape unit or at an inquiry station, blocks are not defined, and the'amount of

information transferred is controlled only by the program.
15 [00765] Operation-Request Block

[00766] The operation-request block (ORB) is the operand of START SUBCHANNEL.
The ORB specifies the parameters to be used in controlling that particular start function. These
parameters include the interruption parameter, the subchannel key, the address of first CCW or
the TCW, operation-control bits, priority-control numbers, and a specification of the logical

20 availability of channel paths to the designated device.

[00767] The contents of the ORB are placed at the designated subchannel during the
execution of START SUBCHANNEL, prior to the setting of condition code 0. If the execution
will result in a nonzero condition code, the contents of the ORB are not placed at the designated

subchannel.

25 [00768] The two rightmost bits of the ORB address must be zeros, placing the ORB on a
word boundary; otherwise, a specification exception is recognized. When the fibre-channel-
extensions (FCX) facility is installed, the channel-program-type control (B) (word 1, bit 13) of
the ORB specifies the type of channel program that is designated by the ORB. When B is zero,



[00763] Data recorded by an 110 device is divided into bl ocks. The | ength of
a bl ock depends on the device; for exanple, a block can be a card, a line
of printiwgQ,20riegtee i nfornmati on recorded between two CORESEMPRINASFPAPS ON
magnetic tape. 10[00764] The maxi mum anount of information that can be
transferred in one |10 operation is one block. An |10 operation is

t ermi nat ed when the associ at ed mai n-st dPdge area i s exhausted or the end of
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installe e channel - program rol (B) (word 1, bit 13) of the ORB
specifies the type of channel programthat is designated by the ORB. Wen B
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[00769] | fequbmeiscdtir@nt s of an ORB that designates a CCW channel program are
pl aced at the designated subchannel during the execution of START

SUBCHANN he suhchannel 5remmi.ns i n,conmand node. Thus,. such an ORB i s
al so kno@M@ a cohtfalreRibeperargddiess. phen eﬁﬁe@ntsgg%lpggﬁf’%% ﬂg © Pseighat es
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execution of START SUBCHANNEL, the subchannel enters transport node. Thus,

suck an ©®rBnd-gpestrsaddrrswmuaidealesigraiaher @ worfhpandre, othgpErod TESTICHEND! NG
! NrERRUP&cg;}{ion is recognized.

[00773] If the second-operand address is zero, the three-word I/O-interruption code,
consisting of words 0-2, is stored at real locations 184-195. In this case, low-address protection

and key-controlled protection do not apply.

20 [00774] In the access-register mode when the second-operand address is zero, it is
unpredictable whether access-register translation occurs for access register B2. If the translation
occurs, the resulting address-space- control element is not used; that is, the interruption code

still is stored at real locations 184-195.

[00775] Pending I/O-interruption requests are accepted only for those I/O-interruption
25 subclasses allowed by the I/O-interruption-subclass mask in control register 6 of the CPU

executing the instruction. If no I/O-interruption requests exist that are allowed by control

register 6, the I/O-interruption code is not stored, the second-operand location is not modified,

and condition code 0 is set.



10[ 00771] The 110-interruption code for a pending 10 interruption at a
subchannel is stored at the | ocation designated by the second-operand

addr ess, woaothwwswendi ng 110-i nterruption request is cl eara®201208986L] The
second- oper and address, when nonzero, is the |ogical address of the

| ocati on where the two-word 110-interruption code, consisting of words O
and 1, is to be stored. The 15second- op€4 and address nust be designated on

a word boundary; otherw se, a specification exception is recognized.

[ 00773] | {007RA@ secokidbepdnabd-atapten jequeskis@ccapked. thi l@kinggstugtion code is
110-i nt egrunt : [ S . 0-2, |- at _..realhocations
134- 105, PSP BefBRENOFRRRLGIG Ry MBS rheo Bl OB, Bhon BB LOC ot o
do not appdryuptid®c@RAH4]id stotch és the sassaseqild bestorad deanh@ intt ingpteadadd- oper and
address is zergg it i} %ppredictable whet her ccess-rggister translq;hon
occurs f 8fUHRLdAQVEniPS ey argnot shappqas e ap 4O BIFTERERT SecushexgeRiaN ¢lithg
address- gRacRHOnGOM IRl asfofld®et IS not used; that is, the interruption code
still is stored at real |ocations 184-195. [00775] Pendi ng 110-i nterruption
requests are accepted only for those 110-interruption 25subcl asses al | owed
by the 177k er r upttsvicraddertifediong¥rdi 3dont rol regi ster 6 of the CPU
executing the instruction. If no 110-interruption requests exist that are
al  oned o7egnt r ol BRew-63 6f th ST AR pldld idWvefraipt i on code is not stored, the
second- operand |l ocation is not nodified, and condition code O is set. WO
2012/ 168100PCT/ EP2012/ 059861 104 [00776]1f a pending 110-interruption
request 1873¥cept etiterppption Ruremengr: Wpid; logpnédipe: ﬁogr-@?t% pEdmeichtahwati ng

110-i nt CLIRIB) g dndl palseatPle sﬁ&ﬁarﬁl@m'v@ar%oqg{ﬂegoﬂlalom%qm whe 110-

. t ACW)
i nterruption co Is stored is the sane as woul e stored If an 110

i ntldr r upWhen ahigdicopesentedert Hotwe wed the RSYEURtIOS paBIMctna@p Bt [AsvivkNpased to

Fol | ows: UFob Tl BEA BrssiGEnts PR Eor B o SEL & RO fooSy BFal AT 50 s of
the SID aeld cphaedeion word 0. [00779] I nterruption Paraneter: Wrd 1
contains a four-byte paraneter that was

[00780] Interruption-ldentification Word: Word 2, when stored, contains the

interruption-identification word, which further identifies the source of the I/O-interruption.

15 Word 2 is stored only when the second-operand address is zero.
[00781] The interruption-identification word is defined as follows:
[00782] A bit (A): Bit 0 of the interruption-identification word specifies the type of

pending I/O-interruption request that was cleared. When bit 0 is zero, the I/O-interruption

request was associated with a subchannel.

20 [00783] I/O-Interruption Subclass (ISC): Bit positions 2-4 of the interruption-
identification word contain an unsigned binary integer, in the range 0-7, that specifies the I/O-
interruption subclass associated with the subchannel for which the pending I/O-interruption

request was cleared. The remaining bit positions are reserved and stored as zeros.
[00784] Special Conditions

25 [00785] TEST PENDING INTERRUPTION can encounter the program exceptions

described or listed below.



specified by the program and passed to the subchannel in word O of the ORB
or the PMCW 10 Wien a device presents alert status and the interruption
par anmet erwoasizesiopr evi ousl y passed to the subchannel bycarmprexiensdsspn of
START SUBCHANNEL or MODI FY SUBCHANNEL, this field contains zeros.

[00780] Interruption-lIdentification Wrd: Wrd 2, when stored, contains the
interruption-identification word, whi chOfurther identifies the source of
the 110-interruption. 15Wrd 2 is stored only when the second-operand
address 1M78@r 0. [DorRequpwerand arustlpst designptge ar pMochbowdampeticivgseef i ned as
fol | ows: ./ Lt Bl L of the interruption-identification word
speci fi s egﬁggﬁélﬁée&%étloéﬁgicﬁ%ﬁzf O-interruption request that was cl eared.
When bit 0 is zero, the 110-interruption request was associated with a
subchann#10782/0[ 0078!3] dxe@tiomtod TESHHENDISUbEY BISKR UPBO)N isBiupppssidbnels 2- 4 of

t he int er%&Jgti on-di dint,[.i fi cati.on word contain an unsigned binary integer,
inthe rd dssﬁl-g?,n PIvat® l%%‘iep '8 the 110-int errupti on subcl ass associ at ed
wi th the subchannel for which the pending 110-interruption request was

cl eér ed. [0D88]r emai ResnbinigiGonpdenttoders are reserved and stored as zeros.

[ 00784] Speci al Condi ti ons 25[ 00785] TEST PENDI NG | NTERRUPTI ON can encount er
t he prog ceptions described or |.isted below. WO

2012/ 168&@8{?’@(’/ EPZQ)%??B?%%P d% F'8t%86] The second operand must be
designated on a word boundary; otherw se, a specification exception is
recogni z@®79¢100787] Thangxies dbdesiored TEST PENDI NG | NTERRUPTI ON i s suppressed
on all addressing and protection exceptions. 5[ 00788] Resulting Condition
Code: [0?7%810 Intfrrupti on code not stored [00790]1 Interruption code
stored N0071] o

[00792] 3—
10 [00793] Program Exceptions:
[00794] * Access (store, operand 2, second-operand address nonzero only)
[00795] * Privileged operation
[00796] * Specification
[00797] Programming Notes:
15 [00798] 1. TEST PENDING INTERRUPTION should only be executed with a second-

operand address of zero when I/O interruptions are masked off. Otherwise, an I/O-interruption

code stored by the instruction may be lost if an I/O interruption occurs. The I/O-interruption

code that identifies the source of an I/O interruption taken subsequent to TEST PENDING

INTERRUPTION is also stored at real locations 184-195, replacing an I/O-interruption code
20 that was stored by the instruction.

[00799] 2. In the access-register mode when the second-operand address is zero, an
access exception is recognized if access-register translation occurs and the access register is in
error. This exception can be prevented by making the B2 field zero or by placing 00000000 hex,

00000001 hex, or any other valid contents in the access register.

25 [00800] STORE SUBCHANNEL



[00791]2 - [00792]3 - 10[00793] Program Exceptions: [00794] Access (store,
operand 2, second-operand address nonzero only) [00795] Privil eged

oper at i orwpQOI2B3108peci fi cati on [ 00797] Progranm ng Not ePCTEPROADSBL. TEST
PENDI NG | NTERRUPTI ON shoul d only be executed with a second- operand address
of zero when 110 interruptions are nmasked off O herw se, an
110-interruption code stored by the indf¢uction nay be lost if an 110
interruption occurs. The 110-interruption code that identifies the source
of an | 1008Atler r uptomsrel prkeafus fxyawtienfortly deEgMateENCcN@GNENTERRUPTIBN i s

al so stoped at. r@gqlpl ocations 184-195, replacing an 110-interruption code
20t hat was 3tore y the instruction. [00799]2. In the access-regi ster node
when the second-operand address is zero, an access exception is recognized
i f acces{0862)i st er Genearl s¢@steroincontons ssubsydtanhalcatitesisn mogl thaedesigsatenther r or .

Thi s exceptjon n_be. prevent ed b ki.ng ,the B2 field zero or. |.aci ng
00000000 s e 6B0BE LR R R b (SBrap o i Cond Bhbod e Ras BByl

r egisst er addr¥o2 htNCHAB1MA MGt P2 1AARE 98 6 v ok 60dfAR80H dihcanitd, alspedifitagib@t us
information for, the desjgnated subchannel is stored in the designated
SCHI B. [ O¥f809GafPraMZ¢%gi ster 1 contains a subsystemidentification word
t hat desi gnates the subchannel for which the information is to be

stored. JgugosecondwppeiRNd Al POSndSulthentnsiichtilinad dbeinsta®dd, flee SCHI B and
nmust be designated on a word boundary; otherw se, a specification exception

i s recoghiferarition dR8oIjrkn thhaCEIE esndsts-af ppattemsnacemenitcopirolokotlaePEPWy i s

not i nst i at i 1af 1S st i SGHIl LSt a

pat h ana et TRt AR Aol ol RHEE e bR bbb PR o

i nfldy mat faoility Wiesnaltdd ethe xitfemabeids ithaDisnstasdiinethe SCHIB oarsists of a path-management-
control word, a SCSW, the measurement-block-address field, and one word of model-dependent

information.

[00804] The execution of STORE SUBCHANNEL does not change any information at

the subchannel.

15 [00805] Condition code 0 is set to indicate that control and status information for the
designated subchannel has been stored in the SCHIB. When the execution of STORE
SUBCHANNEL results in the setting of condition code 0, the information in the SCHIB

indicates a consistent state of the subchannel.
[00800] Special Conditions

20 [00807] Condition code 3 is set, and no other action is taken, when the designated
subchannel is not operational for STORE SUBCHANNEL. A subchannel is not operational for
STORE SUBCHANNEL if the subchannel is not provided in the channel subsystem.

[00808] STORE SUBCHANNEL can encounter the program exceptions described or
listed below.
25 [00809] When the multiple-subchannel-set facility is not installed, bits 32-47 of general

register 1 must contain 0001 hex; otherwise, an operand exception is recognized.



10 facility is installed, the information that is stored in the SCH B

consi sts of a path-nmanagenentcontrol word, a SCSW the

measur enewo-2bioekroaddr ess fiel d, and one word of nodel - #epard@ntnsset
information. [00804] The execution of STORE SUBCHANNEL does not change any
information at the subchannel. 15[00805] Condition code 0 is set to indicate
that control and status information fol0fhe designated subchannel has been
stored in the SCH B. Wien the execution of STORE SUBCHANNEL results in the
setting UH8EYNndi t i Bier hgendtipletyabihapepdettipalityiininstabedsti Bhdf geced a

consi ste t -

20[00807%%5&%?5?%%£%%§S SO o b OORRR 2RERY A ERRGbI L st copfain the o

desi gnat edusuilxc hthiarnveke,ias opatndper@idnanalco§roredSTORE SUBCHANNEL. A subchannel
is not operational for STORE SUBCHANNEL if the subchannel is not provided

except i ONBUDscr | oL o1 APRHT BN 25 BOBO8} WRER LRI SRl §° Program

mul t3 pl esedbicbadinedcesh i &cbddited. i s not installed, bits 32-47 of general
regi ster 1 nust contain 0001 hex; otherw se, an operand exception is
recogniZﬁg. WO 2012/ PCT/55%012/059861 107 [00810] When the

mul ti pl el®@8bthann “@‘F@ OAEoR 008" i nstall ed, bits 32-44 of general

regi ster 1 nust contain zeros, bits 45-46 nust contain a valid value, and
bit 47 nmue81Zont ai @SChEB vdkdde one; ot herwi se, an operand exception is
recogni zed. [00811] The second operand nust be designated on a word
boundarygg@ﬁherMAse a bSspecification exception is recognized.

[00812] RE¥&IH ng cbAdi tion Code: [00813]0 SCHIB stored

[00815] 2 —

10 [00816] 3 Not operational
[00817] Program Exceptions:
[00818] * Access (store, operand 2)
[00819] * Operand
[00820] * Privileged operation

15 [00821] * Specification
[00822] Programming Notes:
[00823] 1. Device status that is stored in the SCSW may include device-busy, control-

unit-busy, or control-unit- end indications.

[00824] 2. The information that is stored in the SCHIB is obtained from the subchannel.
20 The STORE SUBCHANNEL instruction does not cause the channel subsystem to interrogate

the addressed device.

[00825] 3. STORE SUBCHANNEL may be executed at any time to sample conditions

existing at the subchannel, without causing any pending status conditions to be cleared.



[00814]1 - [00815]2- 10 [00816] 3 Not operational [00817] Program Exceptions:
[ 00818] Access (store, operand 2) [00819] Operand [00820] Privil eged

oper at i orw0O2pO0BRMP Speci fication [ 00822] Progranm ng NotPe€I/EPRQAB2BP1L.
Device status that is stored in the SCSWnay include device-busy, control -
uni t-busy, or control-unit- end indications. [00824]2. The information that
is stored in the SCHIB is obtained frodP8he subchannel. 20The STORE
SUBCHANNEL i nstruction does not cause the channel subsystemto interrogate

the addr é482el devi t&epcand agentionsd BAGBETS EPLBYYED 8éthoutas iflgo8Riep 4elay
Repeat ed(f@%&%ﬂlﬁ)‘leo?o &’Jmﬁ}f%&%%ﬁﬂﬂﬁ& c‘%r};%g 'slttdte?alolum l?er é@%mepge%}%eay (for
to dete cimtan e

exanpl e, rm ne en a subchannel ges’'state) shou avoi ded
because reppgead adcacceSbesuboharnbiebystib CRamat ddiyy dripeoiPitadreys afeh@ayuboiannel

prohi bit access of the subchannel a channel subsystemto update the
subchannB ?C%T%M?iﬁﬁwoﬁgﬁ&ﬁﬁﬁﬁgﬁ%ﬁé28] Control and status information

for the subchannel is stored in the designated I RB. [00829] General register
1 cont ai ®827]subsysESMSUBTHANNEL i on word that designates the

[00828] Control and status information for the subchannel is stored in the designated IRB.

[00829] General register 1 contains a subsystem-identification word that designates the
subchannel for which the information is to be stored. The second-operand address is the logical
address of the IRB and must be designated on a word boundary; otherwise, a specification

10 exception is recognized.

[00830] The information that is stored in the IRB consists of a SCSW, an extended-status

word, and an extended-control word.

[00831] If the subchannel is status pending, the status-pending bit of the status-control
field is stored as one. Whether or not the subchannel is status pending has an effect on the

15 functions that are performed when TEST SUBCHANNEL is executed.

[00832] When the subchannel is status pending and TEST SUBCHANNEL is executed,
information, as described above, is stored in the IRB, followed by the clearing of certain
conditions and indications that exist at the subchannel. If the subchannel is in transport mode,
the clearing of these conditions, specifically the start function, places the subchannel in

20 command mode. Ifan I/O-interruption request is pending for the subchannel, the request is

cleared. Condition code 0 is set to indicate that these actions have been taken.

[00833] When the subchannel is not status pending and TEST SUBCHANNEL is
exccuted, information is stored in the IRB, and no conditions or indications are cleared.

Condition code 1 is set to indicate that these actions have been taken.
25 [00834] Special Conditions

[00835] Condition code 3 is sct, and no other action is taken, when the subchannel is not

operational for TEST SUBCHANNEL. A subchannel is not operational for TEST



subchannel for which the information is to be stored. The second-operand
address is the logical address of the IRB and nmust be designated on a word
boundar y;wotzhewmsg®e, a specification 10exception is recegmiered2/0f86830] The
information that is stored in the IRB consists of a SCSW an

ext ended- status word, and an extended-control word. [00831]If the
subchannel is status pending, the statud8pending bit of the status-control
field is stored as one. Wether or not the subchannel is status pending has
an ef f ecBUBRH/ENEBfi{ihe subshannchiatnotirrevided.fhos netielidhdsnicT EEMbgUBEIAINEYith S
execut edy; [Q08321 \ien the subchannel is status pending and TEST SUBCHANNEL
IS executed‘ I nformation, as described above, is stored in the IRB,

foll owed by the clearing of certain conditions and indications that exist
at the si98B@nnel . TEST SHBCHANNEhreh cicwuntar the aregpon txarpdeys debweibed ealistety of
t hese coggjtions, specifically the start function, places the subchannel in
20conman de. If an 110-interruption request is pending for the
subchannel, the request is cleared. Condition code O is set to indicate

t hat5 t hef®8aT} i onsVWhalvélebmﬂﬁplhaklmhamieﬂ}@amil\i"dyémndtmgteﬂhbﬁdiamaeﬁ dfgemohl
status pendln and TEST ﬁg CHANNEL i S execut infarmation is stored in
the | RB TeRRF M BORRTTEN AT BRY: PRAMESE PE AR Serbiidurceeeid ; on code 11
set to indicate that these actions have been taken. 25[00834] Speci al

Condi ti opmg38i0 20 1Rhes ThtGRRETIE ERZML R8T i QinSHJRELIBNNED- 414 bf §diRral
subchannel (i s not provided, has _no valid device nunber a5500|ated withit,

or is notcZisan et C‘EIHG)‘BZ@PTE’F}? SUBopsAREtaiB giyalidhkdimerd bit A Mgk the
except i ooaugsl%e%thl@%s@ %béia&geyg%tﬁ)\ﬂls %Qg}g&lﬂ Wen the

mul ti pl e-subchannel -sét facility is not talled, bits 32-47 of general

register 1 nust contain 0001 hex; otherw se, an operand exception is
r ecl&gm 7z H9839] The second operand must be deagnated on a word boundary; otherwise, a

specification exception is recognized.

[00840] When the execution of TEST SUBCHANNEL is terminated on addressing and

protection exceptions, the state of the subchannel is not changed.

[00841] Resulting Condition Code:
15 [00842] 0 IRB stored; subchannel status pending
[00843] 1 IRB stored; subchannel not status pending
[00844] 2—
[00845] 3 Not operational
[00846] Program Exceptions:
20 [00847] * Access (store, operand 2)
[00848] * Operand
[00849] * Privileged operation
[00850] * Specification

[00851] Programming Notes:



[ 00838] When the multipl e-subchannel -set facility is installed, bits 32-44
of general register 1 must contain zeros, bits 45-46 nust contain a valid
val ue, amwlolnt2/®810must contain the val ue one; ot herw sePCaEPO@R0&8I361
exception is recogni zed. 10[ 00839] The second operand nmust be desi gnated on
a word boundary; otherw se, a specification exception is recognized.

[ 00840] When the execution of TEST SUBCHMANEL is term nated on addressing

and protection exceptions, the state of the subchannel is not changed.

[ 00841] REMZFZ]i ng Cbiividesttusdia is tokd 082 SO SWRRaY insludg; desigbdhsih paltrodt at us
pendi ng )843] st areds; - g%- nnel not status pending [00844]2 -
[00845]3h§£§“§béﬁ%£$%§%ﬁ{?g%§@‘ g%bran1Exceptions: 20[ 00847] Access
(store, operand 2) [00848] Operand [00849] Privileged operation [00850]
Speci fi cH0B83 [ 0085 Ihenmigreativnrigat Nottersd in HWOIRB 19¢b16 8&DBRTTHERBOLANI SBIZH6 1

devi co- bigy ! St ERNE I RgliE bocs ol B B BT R il B

5 addressed device.

[00854] 3. When an I/O interruption occurs, it is the result of a status-pending condition
at the subchannel, and typically TEST SUBCHANNEL is executed to clear the status. TEST
SUBCHANNEL may also be executed at any other time to sample conditions existing at the

subchannel.

10 [00855] 4. Repeated execution of TEST SUBCHANNEL to determine when a start
function has been completed should be avoided because there are conditions under which the
completion of the start function may or may not be indicated. For example, if the channel
subsystem is holding an interface- control-check (IFCC) condition in abeyance (for any
subchannel) because another subchannel is already status pending, and if the start function being

15 tested by TEST SUBCHANNEL has as the only path available for selection the channel path
with the IFCC condition, then the start function may not be initiated until the status-pending
condition in the other subchannel is cleared, allowing the IFCC condition to be indicated at the

subchannel to which it applies.

[00856] 5. Repeated execution of TEST SUBCHANNEL without an intervening delay,
20 for example, to determine when a subchannel changes state, should be avoided because repeated
accesses of the subchannel by the CPU may delay or prohibit accessing of the subchannel by the
channel subsystem. Execution of TEST SUBCHANNEL by multiple CPUs for the same
subchannel at approximately the same time may have the same effect and also should be

avoided.

25 [00857] 6. The priority of I/O-interruption handling by a CPU can be modified by the
execution of TEST SUBCHANNEL. When TEST SUBCHANNEL is executed and the
designated subchannel has an I/O-interruption request pending, that I/O-interruption request is
cleared, and the SCSW is stored, without regard to any previously established priority. The

relative priority of the remaining I/O-interruption requests is unchanged



[ 00853]2. The information that is stored in the 1RB is obtained fromthe
subchannel . The TEST SUBCHANNEL i nstruction does not cause the channel
subsyst erwbDaoimisgronogat e t he 5addressed devi ce. [00854] BCTireo12059861.0
interruption occurs, it is the result of a status-pending condition at the
subchannel , and typically TEST SUBCHANNEL i s executed to clear the status.
TEST SUBCHANNEL may al so be executed atllhny other tine to sanple conditions
existing at the sub channel. 10[00855]4. Repeated execution of TEST
SUBCHANNI0858] det eAmivilbbewnneciptest by encisiiflied iohe e saspednoiberpreaané ehvspiean d be

avoi ded [ o

tart fule raaTbRlIEl B Al A oS B e e PR BheIf e Brott ol
subsyst etheipseshat mlvamgomma'y ntke thicafoen of emtrtotly bheiokard érﬁ&dﬂ)maﬁmﬁ dnitieghy i n
abeyance ﬁ‘or an ubchan?el ecause anot her subchann i s already status
pendi ng, i ?m m§’i‘aﬁ“t° THH S EFHE " SR S gy -cp PS'F QU BEYIANNEL has as

t he sonl y cRBé dima@dohdiify {oftwas@hRiotar Bart H@)e@tﬁfﬁﬂlﬂﬁﬂay RRUzBnaM Ity bet Bk €
condition, then the start functlon ma¥ not be initiated until the
|}

st at us- pberginmg adeiFdiit | 'srodule” ohsysemsr Faiisemareneiposts o £ihe AFcsent imycnBoR Mgy t he

| FCC con I S.

[ 00856] 5 Rt oPE el i ol e SRR B Pt Blholler RABWIES,

del ay, 20fkdungxdaping computdetcedabln@oydammcode smbediahthetconhanges state, shoul d
be avoi ded because repeat ed accesses of the subchannel by the CPU may del ay
or prohi ccessij of, .t bchannel nel ution
of TEST E‘ﬂé NNEL “Sur't arl][loln or coﬁgu%{rirr%a%g %lrlllng@ ar’ ufiscd
apprloxi m@hetymphe rSz&lﬁBletmdaiBJﬂi&Myfba‘aeofnbﬁteS&ﬁ&bﬁﬁ §t@1@ge mpdiual Yocahputd be
avoi ded. 25[00857] 6. The prlorlty of 110-interru t|on handll ng by. a CPU can
be nodi ffeég bgfystﬁwge e MR o RRaTP BRIl s eI eSS DBEVAINEL | 5
execut ed,gnd] %E@tr&%%rﬁﬂ@tlﬁﬂare&l Mﬂﬁ&b%hu&&%y%mli%akd’t‘ﬁse bf 4RO} In§AbRDlc
pendi ng, hat 110-in erruption request is Cleare the SCSWis stored,
wi t hout eeglingtiane e/ fopmgenigo dry spasiftaixpmhlss (qomqnofmhagstwﬁrhet) ﬁeﬂhawmeuter

D012/ 168 Qb b0 b EgEhts i PlhHRE, ALk e Sl I TREH, mile

skild ed 'vvlrlref1 hg)oaablg gasg?eﬁ d&islatte :iiﬁr@gﬁﬁe\g‘?ndd}zgagrmsaﬁemy (Rel\ﬁmngﬁdgfeﬂ%}ﬁz a
S?Ztsgnmt Fn}%{?@%f W f*’éﬁe B ofed HnBﬁP?ngtﬁgbg@\&%ggg’r%%?%ﬁP an
entirel Y(c;ﬁﬁlfal AT ﬁdfth@lil d@ﬁ{ibbct(dldﬁqleé&jérﬂgn{ehfow@i[&RC‘Mﬁ lafl @Pticad HbtapB tevice,

m cro-co etc.) or an 5enbodi nent conbini ng software and har dwar e aspects
t hat nayamagn@@ﬁ;éqr%q devise, qreng pyigglogembination of the foregoing. In the context of this

document, a computer readable storage medium may be any tangible medium that can contain

20 or store a program for use by or in connection with an instruction execution system, apparatus,
or device.
[00860] Referring now to FIG. 10, in one example, a computer program product 1000

includes, for instance, one or more non-transitory computer readable storage media 1002 to
store computer readable program code means or logic 1004 thercon to provide and facilitate one

25 or more aspects of the present invention.

[00861] Program code embodied on a computer readable medium may be transmitted
using an appropriate medium, including but not limited to wireless, wireline, optical fiber cable,

RF, etc., or any suitable combination of the foregoing.

[00862] Computer program code for carrying out operations for aspects of the present
30 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



herein as a "circuit,"” "nodul e" or "systenm. Furthernore, aspects of the
present invention may take the formof a conputer program product enbodi ed
in one orwoune/werput er readabl e nmedi un(s) havi ng conputrer/RPe@dalsel pr ogr am
code enbodi ed thereon. [00859] Any conbi nation of one or nore conputer
readabl e nediunm(s) may be utilized. 10The conputer readabl e nedium my be a
conput er readabl e storage medium A codpliter readabl e storage medi um may
be, for exanple, but not limted to, an electronic, magnetic, optical,

el ect rorra‘gﬂ’émil@al Prnﬁqdaraéﬁrqgrar@@mgdme&e@oﬁud@%ﬂlénﬁ? RIPBEHHRING | langhagsevi ce, or
any suit oi

mon- oxhanets oE it PO RhrhAPiah ALEAD TG iR SRERL) LERERIR R or e e
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conmputer diskette, a hard disk, a random acce nor M, a read-only
menory ( ERSW SOt Er%éé’ﬁ’itg’ BrogRaIrraBIPa L 8%1%1“6%1&‘?”%%{6%59 C(CPRENT 8F SETAsh

Meny y) , iefhe Qfel §harfd, H@rremateré@frﬁoam ﬁlay 08 B@ectdil &LthE @GS @&hyuteﬂmugh any
CD , an opti cal storage devi ce, K gnetl c storage device, any
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contain store a program use onnect on wi t
i nstruct iernenSecitd bovslygt em appar at us, or deV| ce. [00860] Referring now to
FIG 10, in one exanple, a conputer program product 1000 i ncl udes, for

to store-conputer rogr am code rmeans or er eon

pr oM de dhetritRek hmd/artlﬂoacrtaag'&&os ofeBods Wﬁuﬂ%yi&ﬁs)ﬂh@ﬁ@ﬁﬁutbﬁﬂ&@ﬁmon.
[00861] Program code enbodi ed on corrput er readabl e nedi may

transmi t PRGUES poegrng 19 CL@BF‘F%E RYERUOP & bﬁgmr%%rﬁwﬂ%{ﬂar ?%“rhg@akpé
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conbi nati on of the foregoing. [00862] Cormput er program code for carryi ng out
oper at i oABistragong gpdert o dltlgr@mr)rce@bmmlﬁomwéhby mm%grpb@r@mumsﬁ@ﬁthm any
conbi nat ,a]q‘?? i ct
orient edlrg%g%mﬁ?n& %Irolgwﬁsatp%?gﬁuc g@g&%%n@oﬁsgﬁ Olfq -Qr%rglg) ?Lﬁd SgI i ke,
andl5 WO aoﬁ@rtaﬁ@beapm&@zemﬁoﬁ 98 6&1e1113rz gaomyebidt danmlabcqsssiog eppaiahs to

progra angu h as. t he " ram*n | an ssenbl er or
T A e
user's cemu&qrmgr%ﬁiabhé AR pré\RsdBEEpparabRNBEAE ncadSfoRingdléMehiloQRE SOf t war e
package, artléon the user's computer and partly on a renote conputer or

entir el yfusationsiacispesiediaiputiarchsrt asdoyblock @P&ramiéoql%art@ckscenaru o, the
renmote conputer may be connected to the user's conputer through any type of

networ K, goggdudi norist Q&ﬂf)ut@{ 8o ARLM@RKHAds ANy £ B 98:881A &fngheL WIdkbIE VAN) |
or the connectl on nay be nade t© an external "conputer (for exanple, through
t he2O nt em@émrru@mmgn drmredtatcempater, Sgroy pmramroahld éatt)l prqc@@mappapt@e,tos oth‘er t he

pr esent nventto errll tare descri bed here h}%at,[ gnce to

201 11 ust St sl aigice REAragre [t ems&%‘c Onﬁﬁt"r‘%lﬂ}é ?%%}%1% ‘?ns) and

comput er rqad ¢ fmmlium produce an article of manufacture including instructions which implement the

| nst ance[OO% ”% or nRr % trslcc))?thter arlgs%rllttlrcl)\r/e){'ltlcr? a eudtescrlbeg ﬁdrg‘ll%ll\%t}i%giﬁiar%ﬁ tonﬁowc il’t 02

function/act specified in the flowchart and/or block diagram block or blocks.

[00865] The computer program instructions may also be loaded onto a computer, other
25 programmable data processing apparatus, or other devices to cause a series of operational steps
to be performed on the computer, other programmable apparatus or other devices to produce a
computer implemented process such that the instructions which execute on the computer or
other programmable apparatus provide processes for implementing the functions/acts specified

in the flowchart and/or block diagram block or blocks.

30 [00866] The flowchart and block diagrams in the figures illustrate the architecture,

functionality, and operation of possible implementations of systems, methods and computer



products according to enbodi nents of the invention. It will be understood
that each block of the flowhart illustrations and/or block diagrans, and
conbi nat iwo0iiekloocks in the flowhart illustrations amdimp2tk2o69861

di agranms, can be inplenented by conputer programinstructions. These
conputer programinstructions may be provided to a processor of a general
pur pose 15conputer, special purpose codpditer, or other progranmabl e data
processi ng apparatus to produce a machi ne, such that the instructions,

whi ch exp®gtam pioguetheaccp gerowfembodinaantpefites prgsenbinertionr bighiesasl.e dat a

pr ocessi r. I i ti L actes
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b ocess: HE b aris: Tofiong s Seofte SThS Srune BBl AaBARERTE: B ranner
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an article of manufacture including instructions which inplenment the
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confut er bPkpetanflirpEicQ@rdvaBbhRd SppanethiSpePloAY kHbapBtiAEEHH efonk OF adtélr ement i ng
the functions/acts specified in the flowhart and/or bl ock diagram bl ock or
bl ocks. SOPROEEET Phedcriabi Aesethardvarpingcdonpiutes gHHctionst he figures illustrate
the architecture, functionality, and operation of possible inplenentations
of syst emgeREt NOdS ARMioR WHLESve, YR AAAL 16B100PEHY FR2ALR QB8R Ly 513
program products according to various enbodinents of the present invention.
In this pegyaled, ofteacth denloxsk, managae, stivaspd hede-tbyarseplicsakodiergymydformy r epr esent

a nodul e | ode,. [ I ] . 0 re. .
execut abme TR of BlioRe S By € ORGE i Ml tng AR} PRSP Sl P hinerigy, )
It houl suppbaoctbheomptiedcddeand/or o ceapEerahfrastmature/that peplo an®esreatrindits aspebie

5functions_ noted i.n thghglock nag occur oubhof thﬁ order noted in the
fi gur es. OFIF PERIHPHEN IS T BROUKBOE KBUAMF SLCEBRL %?FrYfﬁ‘ill?roiV‘rﬁie‘F RRY reeplce

execut edpgrhRsk 80k tAE bkt GHAERRUbEripAEn Adieorit OfJSeniaRY, o§ CXERE)IOES be
executed in the reverse order, depending upon the functionality involved.

It will addsiopdlyotaligrmatiely. dhaterBeoriRviger mipercptive Ravaneayframshayiey o
fIomchar%d&&¢§@%&E%%pammgggmggﬁghgﬁgﬁggs of blocks in the bl ock diagrans
owchart 1

and/or f ustration, can be inplenmented 10by special purpose
har dwar e- based systens that performthe specified functions or acts, or
cordl nat {9868lof s plcinglasypat obepirsmt inaewioansh aphipaticermayristdepbiyedfos .

[00867]In _addition to the abov one aor. nmor.e aspects of. the present
i nvent | ORer?%rr)}mgeone or more aspects SFihe presen inventich. AR PSS ¢xample, Ele d@ploymg of an
application comprises providing computer infrastructure operable to perform one or more

aspects of the present invention.

[00869] As a further aspect of the present invention, a computing infrastructure may be
25 deployed comprising integrating computer readable code into a computing system, in which the
code in combination with the computing system is capable of performing one or more aspects of

the present invention.

[00870] As yet a further aspect of the present invention, a process for integrating
computing infrastructure comprising integrating computer readable code into a computer system
30 may be provided. The computer system comprises a computer readable medium, in which the

computer medium comprises one or more aspects of the present invention. The code in



provi ded, offered, deployed, nmanaged, serviced, etc. by a service provider
who of fers managenent of custoner environnents. For instance, the service
provi der wanorywstoe, mai ntai n, 15support, etc. conputer PCOUP2@ERAABE1 a
conputer infrastructure that perforns one or nore aspects of the present
invention for one or nore custoners. In return, the service provider may
recei ve payment fromthe customer undedl4 subscription and/or fee
agreenment, as exanples. Additionally or alternatively, the service provider
may r ecepbipatiorerith the spmpier syatem is Papabileed refpimgng ort @ripore @sisAk obthenor e
third papﬁ%gﬁhﬂ%%&99868]ln one aspect of the present invention, an
application nmay be depl oyed for perform ng one or nore aspects of the
present invention. As one exanple, the deploying of an application

conpri sef087blvi di nglticorgh waeeusienfbod santscirel descopelr dlove thase peronr eraompesor nor e

aspects Ef t he present.invention (%Og§6%%ﬁﬁ %ﬂfurther aspect of the present
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i Nt egr at dg: HpeqILIé he prRecha b venttaderd dxbMphs GoRREL ItG tismStl @6keridis ¢kl ch t he
code in conpbination wth the conmputing systemis capabl e of performng one
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infrastructure conprising integrating conputer readable code into a

conput er adgdrgeram@@erapdioe diffeont tdetmatibe thoo dpisriéed byreine Manyvpriatgms ae conput er
readabl e_nedium in which the conputer medi um conprises one or nore aspects
of the pP&8ent invention. The code in WD 2012/ 168100PCT/ EP2012/ 059861 114
conbination with the conputer systemis capable of perform ng one or nore
aspdct s (f087hle pr eBwetiter,iothee ntpeoof conGD8id frilitonmegls cerabinsfisfremtood omantes ar e
descri bed abov t hese .are.only exanpl es. For exanple, co ti .

envi r onnEREES B PSRRI AL PLE BRI P ABGRB AL WHET LA B sforisgor o
aspects @fd/hSeRUtRg PR grar ¥6dY ik Qhblc B atIXAHRs @B lcast @R Y BfoecRbRRbuIB@ird U9 &1
servers can include, use and/or benefit fromone or nore aspects of the

present iNgiesty tormenmy elsients dhrpegh 3 sstepuusi dhs memoroelcmsniiitdislen®y be used:;
Sohe | . . S )
and the in@&h§éj‘f&&%&ﬁ&&%@%a%ﬁ%%ﬂ%ﬁ% Ngfnt;ﬁléngrgIgmfn?we, RNL4sRE

different 1 nformation scri erein. latrons are pggéible.
10[ 13087 2hice hememotyhehich ppeslcsémpoapyutdirag «favicas somn b gean cdanebider for om

n r r . . . .
one or MY Gce the number of times code must be retrieved from bulk storage during execution.

[00873] Input/Output or I/O devices (including, but not limited to, keyboards, displays,
pointing devices, DASD, tape, CDs, DVDs, thumb drives and other memory media, etc.) can be
coupled to the system either directly or through intervening I/O controllers. Network adapters
20 may also be coupled to the system to enable the data processing system to become coupled to
other data processing systems or remote printers or storage devices through intervening private
or public networks. Modems, cable modems, and Ethernet cards are just a few of the available

types of network adapters.

[00874] Referring to FIG. 11, representative components of a Host Computer system
25 5000 to 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.c., 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 architected
30 functionality. The CPU 5001 may have dynamic address translation (DAT) 5003 for

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



aspects of the present invention. As an exanple, a data processing system
suitable for storing and/or executing programcode is usable that includes
at | east waaoriwemwssors coupled directly or indirectly troTmPrERpPsSBLEMENL S

t hrough a system bus. The nenory el enents include, for instance, |ocal
menory enpl oyed during actual execution of the program code, bul k storage,
15and cache nmenory whi ch provide tenpodd?y storage of at |east some program
code in order to reduce the nunber of tinmes code nmust be retrieved from

bul k st ofvairellnincludgs e ftaesiation hookpodadfar 1plB) TN ot caghing t@nyationg e that later

(i ncl udi L [ i.spl i nti '
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coupl ed Topitiky, syathedDe9 tshatpldicd detwleyn osmputeratghoryde? wehihagrdcdBor 5001.
controll grs. r k ters.20 ma so be coupled to the syst t
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system 2 enent one or nore aspects’o resent Invention are
por t r ay ethenibeS (02 fryesenttaciimefctrbsnitSOfp utarca8@OM08 orhe insesctones dacodmrie CPUs

5001 in co ni.catjon Wt .er r. {.e., central stor 5002, as
well ho i EeHERrseRs Mol SofeTBE sl e Snun T EMs A ot SoPREhedEh f or
conreuni ¢ & inftehcVibh Bxe@ U@ uri OdFRitE 5SSO ITypAMNEY Sdi@ral Bechitidtunith3e0LCHY 5001 is
conpliant with an architecture having an architected instruction set and
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addresses) 1 nto real addresses of nenory. A
2012/ 168 f0MRATIERRDYRL (IS 88stdrd br mymbryadsingededc [meerntl natedeatéessed ookasi de

buffer (TLB) ,5007 f cachin nsl at,i.ons t.later accesses to. the
ok of ERIsdar SPerofefy kDS HBZAab A e trd SohiBhise ) RS SR EERs Wk
trarfs| at t@irol Itk xkrbiytionsbetcdrectdiD Andtfucaomdl et Hetwedih eriilé Sikcuieopr Yy
5002 and,the processor 5001. The cache 5009 nmmy be hierarchical having a
| ar ge cabhBearhMigpeade(@mgire) by R iration shbOtBsmal | er, faster (I ower

| evel ) caches between the |arge cache and each CPU. In sone

I npl enenjeaBroNS, t RenbtedRIcohPURk s RAGH BRILAELInERbtiord B 10P¥dréiPRRAAL 8 | ow
| evel caches for instruction fetching and data accesses. |In one enbodi nent,

an i nst r wetliappddressmg pipisetiqn: and feEreoy asd olmngy regardings tSogre 4spets eftad Areping
5004 vi a; i r i i di i r i ecode
ni t 500K CuEE oA R ad Bl e PO ar S BRER el Bl DR SR 2200
i nsd0r uct mmhthe xewoidriio whichi one oypewdibd dre 83O BansTyqi to ahdthetepes fald dexe clitnicosf uni t s
5008 are e k%ﬁed" f8r exaquﬁ an.arithnetﬁc exec i.on unit, a, floating
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I nstruct k@fent &itB¥acHyeddRYsadblera@%4eeddt sORgl BT data. B 6B YSIaNGd PRZFAMGC 10 M
instruction specifie i sters or nennh% as needed. If an operand is to be

re .
accessedlopighiatognaip S@tr%ﬂegaymfm@mdﬁﬁéﬁ%ape Bobey gnbsairstssie unit 5005
typically handl es the access under 15control of the instruction being

execut edjookAg|t  UCt LARSdFRYe AFy BXRAYDARIor HoR3MEAMET Bis-hGMELtRufRF storages,
25 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.

[00877] 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
30 cache block or cache line (or line, for short). A model may provide an EXTRACT CACHE

ATTRIBUTE instruction which returns the size of a cache line in bytes. A model may also



in internal mcrocode (firmvare) or by a conbination of both. [00875] As
noted, a conputer systemincludes information in local (or main) storage,
as wel |l asoaddrws®ong, protection, and reference and chaogEre@osdsng. Sone
aspects of addressing include the format of addresses, the concept of
address spaces, the various types of addresses, 20and the manner in which
one type of address is translated to adb®her type of address. Some of main
st orage incIudesIPernanentIy assi gned storage | ocations. Min storage

provi desproyele RRItEERCH PA T naldt &b RELAGIYE 60¥G snsgvefiaagevhash dat a.
Bot h dat ' i n.st : '
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or nore frehtter, faster-access buffer storages, 25sonetines called caches.
A cache is typically physically associated with a CPU or an 110 processor.
The effe except, on per.formance, of .the physigal construction and use of
di ot £ not R Ege. miarde At GurBrdrrs R L SEYEaERl. 6o fhuham

[ 00877] Seqrasat & tatfesotRY ihe b gt frdedcdr Thastinyof bigyis sebiilvifl @l intbaindts
operands. . . Information within_a cache is majntained in contiguous bytes
on an i nPEyeRIPBodREEN L ar|téraicdpbyenhiph ke BsicueHeablek ofell 1ine, for
shor t) . (s R @ULiey @M ETRACH AR AT BTG S Toh G0

returns the size of a cache line in bytes. A nodel "may al so '
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RELATIVEhLCNG instru%;ions %Q}Ch ﬁ% ect e%ﬁgﬂ@refet.hin e into

. ol ., st.or.a
ave consecutive addresses ngw ont roceeding ing lett-ta=right' s ence.
the data or 1 nstruction cac 0% e el easl ngpofc al%gd rom(% h% ca%lhe.

[ 00187 8] Sihnddages b unkgnabbiasry antbgangartdaire 2413t adr @ititsng of bits. For nost
operations, 5accesses to storage proceed in a left-to-right sequence. The

string o Lts is bdi vi ded i nt its of eight bjits. An eight-bit unit is
cal | od a8 i BbTatons tpadh e Brir oSt P Bior sThfuR hubrsie
formats. ofeasiic, Ry b @rdupGdblRE at A tiflcONAURs bhehvelendpetified iRYfoRinkah@ e _
nonnegative integer, which is the address of that byte |ocation or, sinply,
t he byt ezAdelfiss@re agprspef byigs & stayegstis addicssed/y @ér@%}%‘?ﬁb% ofthgresaped he
starting,w : / I i I : nce.
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[ 001879] | pérbrrmmetli BrhehsisddriangiRY dpotatvet sewop of bytags calhal afidPUWGthimcachannel

poct i oloupRr oYy 17 A B e A heERs chidrerProo st HORA P ER) o i n
storage p&uasidr esged/Ayhitdteurt ®itamihof it aRfsodEmey RewRred Thes thumbigh-oaferbyt es
in the group is either inplied or explicitly specified by the operation to
be 15per PBt#hddhe pelmopidit ap thealeperdspehifit iBdmumbegrasepolstorigpraddradsscal | ed a
field. Wl&\pé%r.m?bytes can be addressed. To operate on individual bits of a byte in storage, the
20 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 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
25 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. When the length of a
storage-operand field is implied by the operation code of an instruction, the ficld is said to have
a fixed length, which can be one, two, four, cight, or sixteen bytes. Larger fields may be implied
30 for some instructions. When the length of a storage-operand field is not implied but is stated

explicitly, the field is said to have a variable length. Variable-length operands can vary in

length by increments of one byte (or with some instructions, in multiples of two bytes or other



group of bytes, in, for instance, the z/Architecture(r), bits are nunbered
inaleft-to-right sequence. In the z/Architecture(r), the leftnost bits
are sonetwoesiyetwored to as the "high-order” bits and trhe/Rreghtssst bits
as the "loworder” bits. Bit nunbers are not storage addresses, however.
Only bytes can be addressed. To operate on individual bits of a byte in
storage, the 20entire byte is accessedllThe bits in a byte are nunbered 0
through 7, fromleft to right e.g., the z/Architecture). The bits in
an addr ewltrpécgﬁ) b®hay ifeingon a@d imgoBge. o copdentsi af calidthessdwes logations @t or
33-63 fo £ [ S.
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t he f or metbrage enag b et thaalthe leogrhef éd fRldbdingxgorkdom 0. For pur poses of
error detection, and in preferably for 25correction, one or nore check bits
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bytes. Wen the length of a storage-operand field is inplied by the
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inplied 30for sone 1nstructions en the length of a storage-operadnd field
is not i rsﬁhfr bajichwtilding @Q@tOé@hs@uptmnel A wprd tsra@rcﬁumfcfoulscogmcdtl‘tedom«m aa

vari abl Ce u?%?tt I’E)ouvfrl aR'de ‘t!)lg\rx]l dlS g ru@‘r(]) elﬁﬁfacqntsecuﬁve byt ser}lg§ heb‘(%}% wer ement s

of one by ruc es 0t “r ot her

WO 12012/ E&Bﬂi@@P@I éﬁﬂ%i&ls&fg@c&@loflll%omhﬁumlt@&)s onW‘l@Fbytmcﬁmﬂﬂ’grl ®vhdns pl aced
in storage, cont nts of those byte | ocatl ons argSf repl aced that are
el uded et ﬁ %‘ﬁl&fl@a bpifpids. vvrdn donJegerds riad et reres theringihy si cal

path to %p%s%%d@éfﬂ?@acﬂl?&%&{talhi"&{é e et Bu@tightifost 28 91t§%sﬁ&:t§z&l9r ed.
[00880] Certain units of information are to be on an integral boundary in

st or age. InAtretsipundisrty b on eed-bid itegralgroaind4riss. Fhastpragoppdrafdsofmmobion when its
storage addy &% | ?& &HN&B&&P Jhﬁkl!ﬂgnﬁr@&nlglte%‘ﬁ{) the unit in bytes. Special

names are given el ds ytes on an integral boundary.
A hal fword is a group of two consecut i ve bytes on a two-byte boundary and
i s the b#o881lbui d®mge\bbetsctkatdrhpiensmrmp¢rhtemacheAfQMMbmm agd datp opdrafdsua

consecuti.ve. .byt on a four- undar doubl e .1S.a group of eight
consecut S EiaRiad g e gbsretig B GRS sy MOty el $h§H0up of B6
consecut [ﬂéﬁ‘ucbibh@Sre@ﬁbs%qli&ﬂpfétalddoté@dﬁfeys oﬁ%leaﬂhesttwsa@e aReldiRSsRGBIcHAKItRNat e

hal f wor ds, words, doubl ewords, and quadwords, the binary representation of

the addr 8§sUbsAvAldCtENfd; two, three, or four rightmost zero bits,
respectively. Instructions are to be on two-byte integral boundaries. The

storage BANAS O JHBMbbidtcht @ld iR ER nA9be PRX B RAHNDATMreAkd BETRAL
Cshl rerremr??s?] 15[ 00881] On devi ces 1t hat1 i np erergnt gepar ate cegches for

G uct referseddndicasedingpes ands fimawsicgmiidro-cad, miki-eoge migo-pulcarp drdléwcuy | f

iﬂﬁs Cauont Ty ep SERul Y Rudefdfilitne bRk EhANDT RRTIUTIORNE sBhfore

i nstruct pogsn bak vriéh &nlﬂﬂxiwulﬁa‘lﬂ)rle$nf mvahtad.is bf@(&aﬂﬂdcnsseahby prooedon®di oft he

I nventi O‘Hleqiagt systelgrS%B{) Ifr%r% on te?’r%fs ovl@geeméf a? (rirgftléenga 11, such as a CD-ROM drive,
tape drive or hard drive. The software program code may be embodied on any of a variety of

25 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 from computer
memory 5002 or storage of one computer system over a network 5010 to other computer

systems for use by users of such other systems.

[00883] The software program code includes an operating system which controls the
30 function and interaction of the various computer components and one or more application

programs. Program code is normally paged from storage media device 5011 to the relatively



20referred to licensed internal code, firmvare, mcro-code, mlli-code,

pi co-code and the |i ke, any of which would be consistent wth the present

i nventi orwo 2Rfw8roong to FIG 11, software program codepamirrRoientsdi es t he
present invention is typically accessed by processor 5001 of the host
system 5000 from |l ong-term storage nedi a devi ces 5011, such as a CD ROM
drive, tape drive or hard drive. The sdifware program code may be enbodi ed
on any of a variety of 25known nedia for use with a data processing system
such as high¢rsipeed eompvdgrdtogage\nd02 piheient iIRaxdilabledo crdecsping bl ragpsser $Qﬂgt eon
such medj - LSLr . Or

st or age. S Rlcs TR bfholl 8Bl il L AHRED S kP B3 Rtk By, TR BRlstect it

syst ens hat/oukaribytingsefisaefcodeicia notweks @y st frowh 8B&E3] Adiée siofHewdsaispsrdogr am

code i ncludes _an operating system which contraol.s the 30function and .

e s PR PR o e bien Statst o o of At m IOttt SR aBhfnite i o
progr amsto ERDHRMMERE mortuRQ(RABM)Y1RAGRIry Q8 HpRf BEEs (oK) D UBViMeskEd 1l to
the relatively WD 2012/168100PCT/ EP2012/ 059861 118 hi gher-speed conputer

st orage Bamzangdils ik ip often mpfcared e pea F@mnyics PEEEImgradyctpr bbeeymrutgguagranhe
techni qu ; i : - [ n
physi cal PdAtndElrh ot Ly SRR SR LR E Rt AU A R o BulRE TRIGh 1f
known andxasiifién pothe peoctasimghncuidi scussed herein. Program code, when created
and stored on a tangible nmedium (including but not limted 5 to electronic
menory s ( l..ash_mepor mact . Discs (CDs VDs,. Magnetic
Tape. andlRE ke 10 4p BRM AT ERp et e R e s O~ The
conifut er whichgheypregehoihueitionmaetiylba practicydi Thad dyytemesddabl BIhY 2@&opipeEesSi Ng
circuit preferably in a conputer ézste for execution by thg processi ng
circuit. re[pmﬁg‘ﬁﬁt]“iflt@?e QOIRUGT FEYFE OS] AU RS ERP A OB RE RIS RN U2 ser ver

hard“ﬂreséVé{ﬁﬁhhﬁg%%ﬁ&hﬁBmﬁﬂﬁn@ﬂ@ﬁ&ﬁtTh@Bﬁ@%k&@u@P%sQﬁlﬁD@Qﬁ&&&QonJBE
system 5020 of FIG 12 conprises a representative base conmputer system

5021, subleraproeespas G fadndadrip gmployed tompnkent and orblsrcomngmication bétiyesrudie ng

opti onal I r j . i,ngl one or
nor e progggé%ggsggg%ggﬁﬁgg eﬂ§g§%%F@§8§@@§%%§%ﬁg%fﬁ§%§§g%% Pg%éﬁgﬁﬁnication
betMeen tdoknigusc&as bud connd&ldlhe ardeishesadohe meaonp 60nind lafg-tche sy 25021

in accordance with known 15 techni ques. .The bus connec he, prqcessor 5026
to menor V%!*féfgn H5thde arg %WM%E!Q&%&H@@WWI& i o DNy E AT SOy o

(i ncl udi ng cRMiplef ormBGHREd AR fﬂp&iaﬁhple.c@he@g@elﬁ_%@2f alVB e faQlsc EXRIMEL) Of
a tape drive for exanple. The system 5021 m ght also include a user

i nt er f acedaptfapyieh cammreth theamnwpiosetshes tocibie e e o5 owee teafaphdevings. t o
one or Y ; 8%% a
printer7§%§ﬁkg%gg%%§ﬁﬁﬁﬁ7%@5@$ﬁ§?§Fﬂ?§¥?§%§¥§§§¢%g§?%gggﬁﬁ%ﬁ9%§a§ e %ny
used0 i nt ehfcheen dewnyceer muchcadevicet auwbhs 8 ensh sensgivecereen digligidtehre gak rtcr y
pad, etc.. The bus al so connects.a displ devi 5022 suc& s an LCD

e een orhmBageonpg hEREIS RSP wosel P Rt R rab dt er

[ 00885] Thecrsy st @024 vimmydigRayadapeat € with ot her conputers or networks of
conputers by way of a network adapter capable of communicating 5028 with a

netvor k H029, 25EXapl e neluprk adaplers, arg, sprmuni cali ons, chgnnel s, oken
computers by way of a network adapter capable of communicating 5028 with a network 5029.
25 Example network adapters are communications channels, token ring, Ethernet or modems.
Alternatively, the system 5021 may communicate using a wireless interface, such as a CDPD
(cellular digital packet data) card. The system 5021 may be associated with such other
computers in a Local Areca Network (LAN) or a Wide Arca Network (WAN), or the system
5021 can be a client in a client/server arrangement with another computer, etc. All of these

30 configurations, as well as the appropriate communications hardware and software, are known in

the art.



Alternatively, the system 5021 may communi cate using a wirel ess interface,
such as a CDPD (cellular digital packet data) card. The system 5021 may be
associ at esowntdieswoh ot her conmputers in a Local Area Netraomp2qieAB)seDr a
Wde Area Network (WAN), or the system 5021 can be a client in a
client/server arrangenent wi th another conputer, etc. Al of these
30configurations, as well as the appropt?ate communi cati ons hardware and
software, are known in the art. WD 2012/ 168100PCT/ EP2012/ 059861 119

[ 00886] FIM8884I3 i | | Kil&x: A 3tliustratesiadata prasessywinevark OH i vwodothe praspitamyenfien

pr esent r i 0 may

i ncl ude gﬂ%%%}a]%ﬂ% fh Apof |p\§/l(|9c L neé\g%rsggé ﬁlag qu%sdéﬂv%aﬁtg O\é%g}{sdf\ﬁe‘?j\ork and
a wred nﬁm«sksucbashwuéleMmhonkmyd|amfddd1etva>rbj dackabf wlyicl fnay mebilwdedual

e a0 oS0 S L Xy 303K MRy 1™

conm i setR apd willabpie¥iaf onddrehdrt YANs shatiQnsheRWAl 24 nta) Bnipeisd a
processor 00887 Sti 1T referri ng to FIG 13, t he net wor ks may al so include

mai nf r angl pitiafedligspt werkytatians cavled tesr hoshpoesiesf- conput er (client server
5046) or application server (renote server 5048 which nmay access a data

reposi t ofgoggnd Mys@l Rk RAA6S $8dhdhdRGHik Ynagy a8 Ac YR rﬁaﬁhﬁﬁﬂlé’@orﬁﬂﬁ%%} A

gat eway conputer 5046 serves as a point of enfry into each i1 ndividual
net wor k. sekvegatsectaas d gter@efctgdlpum telicoirnenist HOHP) on@prhleatmrskwng(rgn@tte@c@br to

anot her . gat eway rabl oupl ed, to { her rk (the
't er net SR AED et € Rt Eif ko RS T AR by
50418 may 5e453 oA@tdﬂvalyeemhoyteﬁ@@%I et 0s OpEnOFT ey entwvosdhShditidosisicbstt, A5S042,
5043, 5044 using a, co ni cati.ons |link. The gat ?vvay conput er may 153

m

i mpl enenBUEVHY |HF%46H¢1V R CPEF W PRFE T TSpE P etnptieralhg sunrdy FH¢
I nt er nat j,Roak p%hm%@uﬂv@@pﬂalaa@tﬁeﬁ%\p%qmeQﬁkeniepﬁﬁa%&iaﬁ{pw) BY nfé@ﬂscé’f"ar ently

to FIG 12 and FIG “13, software progranm ng code which may enbody the
pr esent pm@n@m@iwnﬁhyk bE&hagatessye)4bynayrdsogesiissioeoupBaao ofe erporsy st em 5020

from | ongsher st aadsedia 5921 mitscc%n@glo TN, il DA O

The software code nma on an

knoldn nedd anlﬂahemsdautvhzhﬂgamlﬂm aSqvac esstcngy sysfceemaﬂsble Iﬁro&slna:rﬁhtﬁ)hdt te, hard
drive, [3 R% The code nmay be distributed on such nedia, or may be

di st ri buBEdNEss Mackings S8®E™t8AB51 from t he menory or storage of one conputer
systemover a network to other conputer systens for use by users of such

ot her syf088®. 25 ROBSDpALh&IRALY WG, 12 hed PINJB Aiwag: sogemifyg brlcenbodi ed

in the nmenpry 5025, and
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
20 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.

25 [00889] Alternatively, the programming code may be embodied in the memory 5025, and
accessed by the processor 5026 using the processor bus. Such programming code includes an
operating system which controls the function and interaction of the various computer
components and one or more application programs 5032. Program code is normally paged from
storage media 5027 to high-speed memory 5025 where it is available for processing by the

30 processor 5026. The techniques and methods for embodying software programming code in

memory, on physical media, and/or distributing software code via networks are well known and



accessed by the processor 5026 using the processor bus. Such progranmm ng
code includes an operating systemwhich controls the function and

i nt er act iwo 20f2/teB®Ovari ous conputer conponents and one @CTmPe@2@3ki cati on
programs 5032. Program code is normally paged from storage nedia 5027 to

hi gh- speed nenory 5025 where it is available for processing by the
30processor 5026. The techniques and neé2hods for enbodying sof tware
programm ng code in nenory, on physical nedia, and/or distributing software
code vi awiEneiderertizr disarssed hateinn Peogeam wolc2Bhoy w881bORGTIEPID2 2NgBS861 120

wll not r Pr nd stored
on & tandenr iR ARl FRAPhER(Es (ISR BLERARET

nodul es (CRAbt Hid;ca:{@Dn)awns MagngacTapbiasd the (1iKDs) g fteD\VERB rredvgR @t iccmiﬁatple and
the like is ofte rred to as a "conputer ram rodag) The con‘guter
b ogr am BioGHTEL b o uFls S BRaym PRy o BULRERY Bed Pogren

pr efser abbiycditpréfefBRPH b@ompuet §ftdnDfor @X&Etbh B tHRYprddassinly @kQRSi g circuit.

[ 00890] The cache that is nost readily available to the processor (normally

faster and smaller_than other caches of the processor) is the |owest (L1 or

| evel on&082%che aRlf srahmthatispesisadily ayaitahs ) thepiopsser (erawly| %%@n%ache
(L3 if tRQLErALG 0%1e|r€é(&1E§3fthJ Bﬁcésfgm%stthé Rkt €A Eevk o) E&Re dhyindRd Bt 0 an

i nstruction cache (I-Cache) di ng nmachine instructions to be executed
10and a éiaalanmm)le tbe(baglhet)lemb@hhngLijétﬂaer@p@rSdQMS) Tie0g@tjtRefcbeachairy t o
L L R BRI P OGREA S S TR BB R BB S P R B SRER S02°
bl oldks i Bndd des cdche (DTa0NE hplfdgedsOspapaids or mance. The cache 5053 is a h| gh
speed buffer holding cache |Iines of rrermry data that are Iikely to be used.

chcho alBRAh on oREFBFEd® FIF aathi g PR ISER R EHERT o B4R aat o

Cache cop@e@ga&esdzsyrrgﬁmgn &@tdr%r@fev@l@@f@&h@fsoﬂy H€8m ﬁﬁyé@%ﬂfeﬁﬁgm'bﬂe
caches) Is often provided by various snoo_ghe al gorit wel | known in the

art. Oﬁlfﬁfﬂﬁwd%fcbm&g@veam@swparfweé%s @yl WRiisa bigh epecddrlei ed to as
a CaChe hdBin cQ&{%%%?Qfm 5 aﬁﬂé(t'a%?l i1 vye ﬁvt%'l%ﬁng%ac%%ﬁes kR 9kQLage

5025 is sonetines referre as the esince It i’s
20t pi ¢ a125@/b5ftess¢fenerm‘r§i detal fsem:htd sacdhepar iftom exoploy trbfon oarhug) iagtiucgosttbarafye

DASD, hat i | ab 1 t ) 1 Mai 1 5025
oahes CRgigly Lo RS Geha Bt SRRt SF it S flgbed B Y i
operati ngft&y@bemd bPOSRAL Asriob P04l ARt B el Iknbivh $it thd Gt Mhie ﬁiéﬁfo?r étofé@@ 1 keeps

track of the address of the current instruction to be execute £ ram
count er PH3PTAMApGERIor sxvicip & Hfienpefstediogs ajcacts4 Ippprocossghtysteanh g 4 lskelat ed

to 31 or 24Pl 5§53t Matii (H%éﬁt 5025100 RGeS SR fo! agntﬁesl?ve‘f‘S RLOALBIE GOUNERT 1S

typi cal 'y enmbodi ed in a (program status word a comput er such that

it %ﬁer si stpscaly rfastq:g and only holds a portion of the non-volatile storage (DASD, tape etc) that is
available to a computer system. Main storage 5025 “caches” pages of data paged in and out of

the main storage 5025 by the operating system.

[00892] A program counter (instruction counter) 5061 keeps track of the address of the

current instruction to be executed. A program counter in a z/Architecture” processor is 64 bits
25 and can be truncated to 31 or 24 bits to support prior addressing limits. A program counter is

typically embodied in a PSW (program status word) of a computer such that it persists during

context switching. Thus, a program in progress, having a program counter value, may be

interrupted by, for example, the operating system (context switch from the program environment

to the operating system environment). The PSW of the program maintains the program counter
30 value while the program is not active, and the program counter (in the PSW) of the operating

system is used while the operating system is executing. Typically, the program counter is



context switching. Thus, a programin progress, having a program counter
val ue, may be interrupted by, for exanple, the operating system (context
swi t ch frwo2oteeiegroogr am envi ronnment to the operating sy®CEmpreoIziossanent ) .
The PSW of the program nmaintains the program counter 30val ue while the
programis not active, and the programcounter (in the PSW of the
operating systemis used while the opedadting systemis executing.
Typically, the programcounter is W) 2012/168100PCT/ EP2012/ 059861 121

i ncr ementrstenigptedbyaremeunieaqual to tly nuneben aitpydes afithdgurisst ipstruchien.cBFSCent

i nstruct I ' : [ ' tiQps are

typi cal l 3t/ %E%u%?i&ﬁ%%g%??ﬁ%%%%ﬂ%%%ﬁ%@ﬁgﬁ){e g‘?‘ﬁ ???%ﬁh%‘w}%%nd&g?' ng)

i nstruct (@nsplax lstrygioadect Qomputirgh istrh@ivgs hre typisdliyuativlto$ength. tiherucBdds of

z/ Architec r) .are CkpSC | ructions havi | ength of 2, r 6 bytes.
The. pr ogrrPAES S Cuth 2 GRTmlt Fiedamey et aret oo St e i Pevh i on
or & br apaihtdrabeniseRATiAdd Beihbr Acditdd eRittSiebdiohioP R bfaath X TPhationdfa
context switch operation, the current program counter value is saved in the

pr ogr am Sraachmsiientign Hropgmpiet A deAiextSHERORIHIANEE CBCHABEEaR RIKTogr am
being exegt i%%ta&e%gﬁ heAo grgﬁ%'tz&ﬁscworﬁ%ﬂ)%g)\xgthra]dggvergta&ei\ﬁ’foqﬁﬁﬂg § gﬁ%&%gor ol ve

is | oaded poirnting to aninstruction o rogram no
execut edbeifg bxecanet (tuak encayderatcodes).iand parcveregram toumeoratieris toadgbpomtingtthe

programto. mpke. deci sions or | oop, within t r.ogr by | oadi ng t resul t
D *Phe bPBHSRUTIOREr baFY g arie BRERE thbogreaHEEo BT a1 A oPPaBYb S P BT |y
an st r gcdril@io peinGihthy Prdgrd BPmuis @IRIAY 86lobp WitirCie bRgtdnBY laBmgaR behal f
of the processor 5026, The fetch unit either fetches "next sequenti al

i nst r uct reswks of the Rrageh instagtion detp disspregrapreanetsr 1 ¥en i nstructions, or first
instructions of a programfollow ng a context 15switch. Mdern Instruction

fetch unjgegogften ?ﬁﬁ?&a@lﬁr aRRhetGdh £RANAIGHESisttpRRe W RidhMRINucRER B ch
i nstructions based on the likelihood that the prefetched instructions m ght

be used. betwi adxzrmbesssa 5024 chhadiich upiyithestfetbhep6niy semicotial imguetiasT. sargethat
i ncl udes; tsﬁﬁct@%%f rﬁ@éﬁ%@ﬁéraghsé@gﬁ:[]sué}ﬁ ﬁrg{;iﬁgﬂi%lﬁﬁlgsf'drﬁlj@?ﬁ%}»hmlﬁ(ﬁﬁipgfa chigetner

sequenti al Thsttuctions. e fe ns are en executed
by Itshe pswicds oddh BtrudtivnaercR Orindafttinreatplqy prbfetchetcbhigded tospeautdtivelly(s) are

passed to i spatch unit 5056 of .the fetch it. .The dispatch uni ecodes
the inst P{f?%tﬁb!ﬁ?tgl)ctlam?b%dr% élﬁFlmoaﬁﬁ%Hh&rPr%%aﬁqd lflﬁglcaala%a Poc'iRed. 6
i nstruct biMpl, atforcR BRI RIAY ifatie 1 415 thSofaRAicti®PBS: inSIB8Q- théWox@ XQfektiahN uni t

5057 will typically receive information about decoded arithnetic
i nst r uct insHactiongnd addtionsd bytaref forthgrsequentizlipstmos®msand wi | | perform
arithnmetic operations on operands according to the opcode of the

| st uct jiBod PSODCTRIRNA! fsi@hISd il BSENEIHE OB 0280 Gnpr ef er ably

either frommenory 5025, architected registers 5059 or om an | medi ate
fi elld of embedimast thadttilond iberuatordxerepesd Rasiiipashahit b eftbe tetdhomit. vithen

stored, are stor. ei,ther.in ne 25, .registers 50? r in,other
Thohi ne ASPRb e e Bl in el dnd o epup BB DRl e Seasii Pl i ke)
[ 00895] AingtroeRa&0fo HP2priaerintiabdyr, 5ass, 6060.0An BxdcatidHtisS B0 Wil &8y 5060
for executing. : ) . ) ) ) .

receive information about decoded arithmetic instructions from the instruction fetch unit 5055

and will perform arithmetic operations on operands according to the opcode of the instruction.

25 Operands are provided to the execution unit 5057 preferably either from memory 5025,
architected registers 5059 or from an immediate field of the instruction being executed. Results

of the execution, when stored, are stored either in memory 5025, registers 5059 or in other

machine hardware (such as control registers, PSW registers and the like).

[00895] A processor 5026 typically has one or more units 5057, 5058, 5060 for executing
30 the function ofthe instruction. Referring to FIG. 15A, an execution unit 5057 may

communicate with architected general registers 5059, a decode/dispatch unit 5056, a load store



30t he function of the instruction. Referring to FIG 15A, an execution unit
5057 may communi cate with architected general registers 5059, a

decode/ diwpavchiesront 5056, a | oad store WD 2012/ 168100PCT/rERRIQNH2Y8659861
122 unit 5060, and ot her 5065 processor units by way of interfacing |ogic
5071. An execution unit 5057 may enploy several register circuits 5067,
5068, 5069 to hold information that thé2arithmetic logic unit (ALU 5066
w |l operate on. The ALU perforns arithnmetic operations such as add,
subt r act unifpPa0; prdotherd 085 pragessasuniis bl very df sypidasing lagiet0dh duekecatomwmrit or
and 5exc I Ve- : - an bf P I orts
speci al i é%’%ﬂ ﬁé e%?lg)g(%?e{a}%g%%érrgl@g‘gﬁ %déb’déaogé’n%@%? 5 ﬁ%dﬁ%f?n%t@% lljdlJ at%sl&%gay

provi de etithewtiatogi urettAEd)) 5866 Will bi@sath 0id 2 Thar AL UM anfly rrao@ith ink it ood@as and

recovery support logic for example. Typi.call e result of an ALU

oper at | SGL Al vt A e Magieat SRUGH fastied PSefkar b erensbir P8 war d ¢ ne

resl t t excusiRLIGKDRYS roRli@Id PSR, Rl QRportT HRERIAKE pERMYNS that

arrangements of processor unjts, the presen escription is only intende
t f t th t 10 t lé]@ t ended

to provi @& dgsige gensadent aPhee cingdte nuy Mpeiidgother athétcetad 5¢ilinen 072 i0d8disE An  ADD
instruct [ gn.for. axappl I ' [ [ 7 havi ng
arithnet?@ﬂg%)(nglcaf&¥ﬁﬁ ﬁl%%§1§§§q%%%ﬁeb%'?ngéﬁig%ﬁgﬁﬁgﬁkﬁgggﬁction for
exanpl e wparhtibnhe helit écart @dputnegsttl @atit 107 pohich caxboutidoe feaui tog wpeyidl | zed

floating ﬁpint caga%%&%é%.TPreferabl a2 execu ion unit.o ﬁrates on

oper ands LT B AT i TRST e PRBhMRPEFEPTD P RRREES U 673 DAEGES i ned

f unidt i ondearipdi i9pelyamdsdedt® proaxRMIt SrescatutiNDbh doistiddites d foRe BRYodifepxecut ed
by an execution unit 5057 on operands found in two registers 5059

identified register_fields, of the instr ion. [00897] The, execution unit
5057 per {Wﬁé t he /§Pﬁ%{srrect%é?&?X&ﬁlp&?nwcelﬁg%%w%g@ Phresttipngwitle’ r esul t

in a thipgiQPaiRRLHVIRINSgtNTutdtohitP RENIIBRH I REntandiabfich 8Ok RE wehidone

of the 20two source regiSters. The execution unit preferably utilizes an
Ari t hmet bectaggiicd itUnfleatinglpoint 0@ Btierhigvingsspeeiplaast dloafingraifteapabilfya vari ety of

| ogi cal i : i . .
variety {S%@eg%%g’b%?laﬁiga{ﬁgﬁc? ?ohésrgﬁe%gi%%ﬁ%gdsgﬁgngg %%%?jmgu ttfrggg%&lr%ﬁ?%ﬁ/
?:vﬂ?e. &mnﬁe?ﬂﬂgg?mﬁ&oﬁbﬁﬂdggkgmég_mnmxaﬁpkaﬁummbraﬁhmﬁa;amﬂ?§anmm&gb¥

oat i ng point. y be Bi ndj an ere l.eas ignific yte is
at the hPhRESH nét@gﬁpaggﬁraw?s i llnéwéS@ﬁ%‘?régﬁ'gf%\}ﬂ@?tbéeﬁﬁ’éﬂfs%ﬁgﬁ&%5 of
signi fi canptinddtod. s at the | owest byte address) depending on architecture.

[00897] The execution unit 5057 performs the arithmetic addition on two operands and
stores the result in a third operand where the third operand may be a third register or one of the

20 two source registers. The execution unit preferably utilizes an Arithmetic Logic Unit (ALU)
5066 that is capable of performing a variety of logical functions such as Shift, Rotate, And, Or
and XOR as well as a variety of algebraic functions including any of add, subtract, multiply,
divide. Some ALUs 5066 are designed for scalar operations and some for floating point. Data
may be Big Endian (where the least significant byte is at the highest byte address) or Little

25 Endian (where the least significant byte is at the lowest byte address) depending on architecture.
The IBM z/Architecture”™ is Big Endian. Signed fields may be sign and magnitude, 1’s
complement or 2’s complement depending on architecture. A 2’s complement number is
advantageous in that the ALU does not need to design a subtract capability since either a
negative value or a positive value in 2’s complement requires only an addition within the ALU.

30 Numbers are commonly described in shorthand, where a 12 bit field defines an address of a

4,096 byte block and is commonly described as a 4 Kbyte (Kilo-byte) block, for example.



The I1BM z/ Architecture(r) is Big Endian. Signed fields may be sign and
magni tude, |'s conplenent or 2's conpl enent depending on architecture. A
2' s conplwoent2/wereber i s advantageous in that the ALU dee3/Eredi2nsmdl t o
design a subtract capability since either a negative value or a positive
value in 2's conplenent requires only an addition within the ALU. 30Nunbers
are commonly described in shorthand, wiéte a 12 bit field defines an
address of a 4,096 byte block and is commonly described as a 4 Kbyte
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Sang spegw Gebuihvehex@emt EpbRitR enliiRnsipditibAnat cORFER! VNS the € conpl et e.

When the conditional operations are conpleted the specul atively executed
branch i Aaditipeel gissatigpparsicompleteddhpinsedativsly eticswtad braachhiastations arpgither
conditio Ity . | : :

typi cal Branel P aRANRG 00 PELARAAE PR hRESERT S A A N RERI Y .
addr ess bitctthe Adymidl bomcl odesctiveenaytthst chnditiohcadeganid teanshtto e targdi@ddressn€ h

instruction, a.t t ad 10b t ed. based | b
el uai nifeanaEopBERR: rReBEPEnd aea® Bl kR iR EnrT i Sl ad e ®
i Nstor uct bOPalb1Dite @RV b sevERE nBIBAS hhclilidg RRSHuman RERtP Yicks oAbdinddHatbavi ng

a plurality of input register circuits 5075, 5076, 5077 and an out put

r egi st er figfdroé theringgtion fon exappipc Rha birachagBe> 058 ynay ity @b bUR07 hhigenes al
regi ster g0 ofiQ?&tqggﬁstgﬂ SRS SM476098F iy R RERRY biSuPRHED, Ther
exanpl e. 15[ 00899] The” execution of a group of instructions can be

i nt er r upbedcl worit F58andystoynnofnigagawvin gerierd Iregilitery S85% dexodx tispeich vt fEf6tdrat ed
by an ope{ath%ksgiﬁeg1 a ﬁpgran1exception or error causing a context
switch, K GEYRHLA NSEREIP'S gnal causing a context switch or
multithreading activity of a plurality of prograns (in a nulti-threaded
enviyx onmd8y9] f or Exesxpt'ionff efgeruphifynsaructinmt exd bsintdrnubted dbi eovarisgmes st at e
i nformati on abouyt, a currentlﬁ executin pro%pan120and t hen | oads state

g
i nf or mat BB HETX! S¥ Bt BHHoERd G ARG GHRE SYSEL ARSI CREPTIEM Ohay be

saved i Nehar GUWaREa EEEEE LSS, AR 1I0NntBRAPEYN §iSkal 8XATR Loon@kAdWtdhY: @fuMat i on
preferably conprises a program counter value pointing to a next instruction

to be exBewding acyifueht Jralycdprogiembily a npaidiraaded anYirmatentit fob praatde.

ar ohi { eChd LAgh b REGAN £ M ion A CANLEX rL Gy REL L Y ohuG 0B EXELELEET DY
hardware circuits, application prograns, operating System progr or

fi ribwar eabitien {oailcstate ddermapios ebagdaotber frogremdethgiimtadedataeddferinatid@) mayal one
or in copbination. [00900] A processor .accessges er ands .accor.di to

"hst ruct PO gLt GV et ouas ShRaTRGY SO vy POV O RTRS: ot e

oper and U&h}ﬁlﬂseﬁB@r%@dnﬂ@o@fter&al%@bbinﬁﬁg &f a Adx@ insHedtiod Gd bOBxechiBY, Rh@VibEle one or
nore register fields explicitly pointing to either general purpose

regi st er 804sF. BOBYE Bt latnipBERAAyINgaETdicgied BEISIHGOHBING BHREEEI f or
exanpl e) actm chiiBd é)&é%iée(a%ymydv&gré J:ﬂr&l?[s, application programs, operating system programs

25 or firmware code (microcode, pico-code or licensed internal code (LIC)) alone or in
combination.
[00900] A processor accesses operands according to instruction defined methods. The

instruction may provide an immediate operand using the value of a portion of the instruction,

may provide one or more register fields explicitly pointing to either general purpose registers or
30 special purpose registers (floating point registers for example). The instruction may utilize

implied registers identified by an opcode field as operands. The instruction may utilize memory

locations for operands. A memory location of an operand may be provided by a register, an



inplied registers identified by an opcode field as operands. The
instruction may utilize nmenory | ocations for operands. A nenory | ocation of
an oper anOrRA2/ 1881081 ovi ded by a register, an WO PCT/EP2012/059861

2012/ 168100PCT/ EP2012/ 059861 124 i mredi ate field, or a conbination of
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technol ogies Wil utilized in maintaining cache coher ency I'n a” snoop

envir or?ﬁ?élﬁkaﬁowdw‘e mclmilﬁa afegjomBrshiableetiregipnisesang tabie, anggion think tablesthar ed
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t he pr oowsewsd byiutitizing arsin$lationdbolkeside haffer Ths) whfcaroah‘lpﬁﬁasleﬁﬁ*ﬁes inepbligiang

t ape, nters, dis nd net rks exanpl e. IlO units are
often p?%ggg ﬁB‘i’&ss[tB af’ﬁﬁsoﬁléf?ﬂ@%@?cag l%fftﬁﬁ/&w@eﬁ?r evegated Whendhe nf r anes,
such asDAfrerafyatee FviEfua) acfdié%ﬁfhé@/ﬁ{e)tnanﬂmrt%le@CB%&BEégfixént%@g oPRERiRNKEL €M
adapters are 110 units of the mainfrane that provi he comruni cati ons
bet ween the operating syst enRECTIFIED SHEER(RULEQT) ces. [ 00905] Furt her,

ot her types of conputing environnents can benefit fromone or nore




aspects of the present invention. As an exanple, an environnment may include
an enul ator (e.g., software or other enulation nechanisns), in which a
parti cul avoanthicsmet ure (i ncluding, for instance, instrRCTIEPROIRNSISAL I ON
architected functions, such as address translation, and 20architected

regi sters) or a subset thereof is emulated (e.g., on a native conputer
system havi ng a processor and nenory). !2h such an environnent, one or nore

emul ation functions of the enulator can inplenment one or nore aspects of
t he pr esegdressgoreiich ghlizedhe pntoyhafulghfaat Hdirmlneérthaéﬂb@:ilwrsgqqeh@aléwmlmcmﬂabiay

have a d r r one
exampl e M SEE LRSI AR iR by SRR bl PR RL O AT MR L8
enul at ed(lLeastFadenydedd). and an appropriate enmul ation function is built to
i npl enent the individual instruction or operation. [00906]1n an enulation

environ a hos ut i.hcl udes, .for inst

“nst ruct TOREEnd B B WP PREr SRt et £ gy BT s SV B f r om
Mendr y apgctRodphk ir@pedsibilityds Qydpddaded eabuloed, beghi 99/, 0hchich e fBtagb @tbmory,
instruction: an instruction decode unit to 30recejve the fetched

i nst r uct Mérockesfor eohsangy i imieallhe seqape teshnolagies Wi powdized iy mpjgpningeeashe
fetched; .anenap InnasanoHﬁ%ﬁ\QH)nﬁ?éﬁP B dhQAcHNie M BARGKE Basldhol iRShY YL dANS.-
Execution may include Toading WD 2012/ 168100PCT/ EP2012/ 059861 126 data
into a redyiatsatefanorrlngrostyte, stlongeigstdataa iivatid state andrilr ko inondea to Bgilister ;
or perfornlng sone type of arithmetic or |ogical operation, as determ ned
by the det6de unit. 1n one exanpl e, each unit is inplenmented in software.
For instance, the operations being performed by the units are inplenented
as ldhe of00904]e sub]/@unhimé@ﬁ%l(lhi 1) prowidattior pISOEfSBOIDaWiél m&Jnd GG Tthdbngto

particul arl [ rchitecte Chl I ns ction used by
Pt ogr ammere ey rOuigE wes. Ul s AR B e SH e G

appl i cat bR fed B%‘é&ltéd‘t%ttﬁ@@(ﬁhﬁﬂ%p% £rﬁf5 sBftl e dsilv @k agemBmthMBa, @@ahal@ehe

execut ed natlvgly in z/chhltecture(r) IBMr) Server, or alternatively in

nmachi nesSestaBat figg @Meﬂhwr@hactaé@f&ﬁné§pelrmgﬁ%@d@pw wiOandi of thet he

exi Sti NOnAfifhabig dl BMS dm{Ri LoD f'aﬂ?i% Q1 DRrperpedines of

I BMr) (e.qg. “mss %HRQEHS?%%B g@?véﬁgggh gIEygt n %ﬁter%grsgﬁ<#%ey can be
exeﬁhteddtmmmachlnes running Linux on a wide variety of machi nes using

har dwar e manufactured by IBMr), Intel(r), AVDIm and others. Besides
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enul ati on de, | ation software is executed 15by a native processor to
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or a native operatlng systemto perforn1enu|at|on of the enul ated
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mal nt al n an emnu ogram coun
emulator can implement one or more aspects of the present invention, even though a computer

executing the emulator may have a different architecture than the capabilities being emulated.
As one example, in emulation mode, the specific instruction or operation being emulated is
25 decoded, and an appropriate emulation function is built to implement the individual instruction

or operation.

[009006] In an emulation environment, a host computer includes, for instance, a memory
to store instructions and data; an instruction fetch unit to fetch instructions from memory and to
optionally, provide local buffering for the fetched instruction; an instruction decode unit to

30 receive the fetched instructions and to determine the type of instructions that have been fetched;

and an instruction execution unit to execute the instructions. Execution may include loading



20track of instruction boundaries. The enul ation software may fetch one or
nore emul ated machine instructions at a tine and convert the one or nore
enul at ed wachimwsionst ructi ons to a correspondi ng group @®CTERRéESIBELCHI ne
instructions for execution by the native processor. These converted
instructions may be cached such that a faster conversion can be

acconpl i shed. Notwi t hstandi ng, the enulld®ion software is to naintain the
architecture rules of the enul ated 25processor architecture so as to assure
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operate 0 V.
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I nstructions by Eric Traut, each of which is hereby incorporated herein
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differen Chi of ota 3“% HECHRES SVAPIEDT e T o ho e tl?f 8d%% the
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ar chi t ect 096 SORYeriehamsaytiioar a8y 8§?°%6ngﬁﬁ?} B AT E0Y N CHe AeRTPihetessor
(CPY) 5091%twlﬁlsélﬁdﬁg1’th@%ﬁglaﬂ&§§ofﬂ&a9&f%$§ Rlaireh e drdti@buhasies BF Q6 @/ROHdd and
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ar chi t eCtidhlinglBEment tables and page tables for example, interrupt mechanisms, context switch

but

30 mechanisms, Time of Day (TOD) clocks and architected interfaces to I/O subsystems such that
an operating system or an application program designed to run on the emulated processor, can

be run on the native processor having the emulation software.



30 enul ati on processor 5093 executes native instructions of an architected
instruction set of an architecture other than that of the enul ated
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various gl f) cati RN562% AhexSHbiE St SmiBRaRALLSULAT iR SRSNE IRk ed-
that emulates a host computer system 5000' of a host architecture. In the emulated host
computer system 5092, the host processor (CPU) 5091 is an emulated host processor (or virtual
host processor) and comprises an emulation processor 5093 having a different native instruction
25 set architecture than that of the processor 5091 ofthe 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 architecture. The
30 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
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Subchannel instruction in a conputing environnment conprising nmain storage
and st or aye 2012zs8100enory, said method conpri sing: PCT/EP2012OPBREI Ve t o
determ ning that a subchannel identified by the Start Subchannel
S5instruction is an Asynchronous Data Mover (ADM subchannel, perform ng.
obt ai ning an operation request block fdém main storage, the operation
request bl ock conprising an address of an operation bl ock; based on

t he addr ergrant inthest eopanuiar imemosy 5@36, byotmplpying gne drenep érsgiuetgm(plobtaknctimm mai n
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cl ass neHsriyncigaréds bostepmpuigha0tlesponsi ve to at | east initiating the
operation and encountering an exception condition, storing information

W thin tRRoifs ponsﬁh@&%ﬁob@?ﬁi&ih@r&bg f&ﬁﬁ@ﬁﬁ}%@&f@e&ﬁ%ﬁfg%h&%ran 25
exception flags field, a field validity field, a failing MSB address field,
a fai | i ngmbedimeris pnlyand isrid inesledor b linitbawf thedayeaten f Aeheed harefmithd ng nai n
storage é&ﬂ%&l&ﬁﬁ%n{né &b 0. And, h @ Lk M@t AAEILEL e Pl Bints %Q&ﬁﬁ@ﬁlels'tﬁéd’ the
information relating’to one OfF nobre exceptions resulting fromthe
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of : main storage assqci ated wi.th.a main storage gddress of. th in storage
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nove specification block, and wherein the information includes an

i ndi cat i a¥iggn efipne pgmore other features, integers, steps, operations, elements, components and/or

groups thereof.

20 [00912] 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 illustration and description, but is not intended to be exhaustive or limited to the invention in

25 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 invention
for various embodiments with various modifications as are suited to the particular use

30 contemplated.



exception and additional information relating to the exception, the
additional information specifying one or nore address exceptions. 2. The
met hod ofwol2aixmegioowher ei n: 5responsive to the field valpcairrgohiosdsdl
conprising a first value, the response block indicating a failing MSB

address is stored, responsive to the field validity field conprising a
second val ue, the response bl ock |nd|cé£?ng a failing nain storage address
is stored; and responsive to the field validity field

conprising a third value, the respon§d&AM¥k 10i ndicating a failing storage
cl ass menory address is stored. 3. The nethod of claim1, wherein;

responsi ye toathen GrGRRE ARk f's@z%sﬂiﬂcﬁ%] FRMRIckiSh ifa & v;h{tﬁ e}{ﬁkdh%len‘é he
response bl ock indicating a> programc 15r esponsi t he exception
flags fi edrdprorgpniigistgags agésmr@e\chabumﬁmbnesmémdmsl@ompomkg| ndicating a

R o L T

uncdr r ecimbh@ioatiofrageynch@ssuyad MoveatADM) bchant@f pdii@ntili:hod of claim 1,
wherein the response bl ock further conprises an exception qualifier code
provi di ng addPRtPBHSI20ORFBHPRECHBS Pléplafrpwgn%le SPoFge Re PRI, regiethlotet hod of
claim 4, WHeE&idhn address of an operdiBRBRIRI V€ to the exception qualifier code
having a first value, the response block 25indicating an MSB count error;
responsi ve tobashéoeﬂmetddnequhmpemt@n bhasd eothiawing gheaopsention dlogkilfiee maine
response |.o i ndi cating,a bl (4 A ns

xcopt onotagns PEAERIE ZoRG RS o hRGL: » b EBRERaRYErb Sihoe

i ndilcat i figst mobé qmelfmewblemksqmsﬂﬁﬂmmmﬂievmdea Hlduk oemﬁpetslaﬁmsuaaburftl er

code havi.ng a fourt ue, the r se bl ock ndlca i.n storage
addr ess és‘géﬁamnéaw § Vihigapg the num SFOTR YISt Cé%i?g e Eﬁﬁ%HCFq?{’
code havm@%p%aﬁ&{BRcyaﬂﬁﬁmnHQQ&$§§QQN§ﬁJPb&ﬁ¥ukGQ6ﬁ@H%Q&:ﬁo§E&ﬁﬁﬂ%sClass
menory address speC|f|cat|on error WO 201 168100PCT/E82012/059861

wherein each move specification block is configured to include an operation code field, a block
count field, a main storage address field for addressing main storage, a storage class memory

15 address field for addressing storage class memory, a block size field and a flags field,

obtaining a move specification block of the one or more move specification blocks;

determining based on the operation code in the obtained move specification block an
operation that the obtained move specification block is configured to perform on blocks of
storage class memory;

20 based on the move specification block, initiating the operation on the blocks of storage
class memory associated with a storage class memory address of the storage class memory
address field; and

responsive to at least initiating the operation and encountering an exception condition,
storing information within the response block, wherein the response block comprises an

25 exception flags field, a field validity field, a failing MSB address field, a failing indirect data
address word (AIDAW) address field, a failing main storage address field and a failing storage
class memory address field, the information relating to one or more exceptions resulting from
the operation, wherein the one or more exceptions are related to at least one of: main storage
associated with a main storage address of the main storage address field, storage class memory

30 associated with a storage class memory address of the storage class memory address field, or the

obtained move specification block, and wherein the information includes an indication of an



131 responsive to the exception qualifier code having a sixth val ue,
the response bl ock indicating a nain storage address exception; and
responsi weoto1z/fegloexcepti on qual i fier code having a sevenrTlEPe@kos9set he
response bl ock indicating a storage class nenory address exception. 5 6.

The met hod of claim4, wherein: responsive to the exception qualifier
code having a eighth value, the respondé0bl ock indicating a nain storage
error; responsive to the exception qualifier code having a

ni nt h varxesptierrndraddipionalanfiorroationrolnting todh¢ ergertronvBB adilisipnad information
responsiy, Hg?éggeg XGenpt.lign. EML i,er code having a tenth value, the
o

response |nd|ca ing an Sranch error; responsive to the
exception qualifier code haV|ng a el eventh value t he response bl ock

i ndi catipng an @IDA t eryor and 15responsive to the exception qualifier
code having al QWH% ‘Wﬁgﬂ?esponse bl ock indicating an Al DAW br anch

erra@. 7. Thgs h;@% ok fiel@vamddy ﬁWﬂQBﬁipﬂsﬁ%ﬁ@i@ﬂS'hM@ th@rdsfhs€KLERt | ON
qualifier code having a thirteenth val ue e response bl ock indicating one

or nore F@I‘@B@%a@fﬂ#ftﬁ SBzgdress is Atogshput er system for executing a Start
Subchannel fe aééﬁ%fv% ‘?J‘the e &gﬁﬂ&'hblﬂ%ﬁl@}’l 15%’ QUL 991.{1? rthéfe@&n@@hl@cﬁt o;age

and storage c uter em conp
25a pr oceslsafing mfaalmgmam(smmgamddmstlhstohei amhory, vvherel n the corrputer

Taim oo ttbRau Be PRGN BRThRe el SREE IRt R R & e hanne

i nsttor uct [r@lﬁbatlﬁlg A FEIHBNG hfOc| R \hdnHeddretQ8Rbicdl Ng mMai n storage and storage
class nenory, said conputer 30program product conpri sing: a conputer
readabl e storage nmedi um readable by a processing circuit and storing

i nstructions fggng%ggg§agmlpxﬂkggnproce55|ng circuit for performng the
met hod according to any of clains 1 to 7.

responsive to the exception flags ficld comprising a first value, the response block
indicating a program check;
15 responsive to the exception flags ficld comprising a second value, the response block
indicating a storage protection exception; and
responsive to the exception flags field comprising a third value, the response block

indicating an uncorrectable storage class memory data error.

20 4. The method of claim 1, wherein the response block further comprises an exception

qualifier code providing additional information relating to the exception.

5. The method of claim 4, wherein:
responsive to the exception qualifier code having a first value, the response block
25 indicating an MSB count error;
responsive to the exception qualifier code having a second value, the response block
indicating a block size error;
responsive to the exception qualifier code having a third value, the response block
indicating a block count error;
30 responsive to the exception qualifier code having a fourth value, the response block
indicating a main storage address specification error;
responsive to the exception qualifier code having a fifth value, the response block

indicating a storage class memory address specification error;
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responsive to the exception qualifier code having a sixth value, the response block
indicating a main storage address exception; and
responsive to the exception qualifier code having a seventh value, the response block

indicating a storage class memory address exception.

6. The method of claim 4, wherein:

responsive to the exception qualifier code having a eighth value, the response block
indicating a main storage error;

responsive to the exception qualifier code having a ninth value, the response block
indicating an MSB list error;

responsive to the exception qualifier code having a tenth value, the response block
indicating an MSB branch error;

responsive to the exception qualifier code having a eleventh value, the response block
indicating an AIDAW list error; and

responsive to the exception qualifier code having a twelfth value, the response block

indicating an AIDAW branch error.

7. The method of claim 4, wherein responsive to the exception qualifier code having a

thirteenth value, the response block indicating one or more release errors.

8. A computer system for executing a Start Subchannel instruction in a computing
environment comprising main storage and storage class memory, said computer system
comprising:

a memory; and

a processor in communications with the memory, wherein the computer system is

configured to perform the method according to any preceding claim.

9. A computer program product for executing a Start Subchannel instruction in a
computing environment comprising main storage and storage class memory, said computer
program product comprising:

a computer readable storage medium readable by a processing circuit and storing
instructions for execution by the processing circuit for performing the method according to any

of claims 1 to 7.



