WO 2004/ 012093 PCT/ GB2003/ 003116 COMMUNI CATI NG STATE | NFORVATION I N A
NETWORK Technical Field 5 This invention relates in general to

comuni cawoaae/oRai n a network conputing environnment, PEM@GE2003@BtI6CcuUl ar
to a technique for sharing state information between nodes in a network
having nul tiple | ogical imges. Background of the invention 10 In a
networ k conputi ng environnment that includes nodes, an event, such as a

di sruption, can cause the state of one or nore nodes to change When such
an event occurs, each nEOMMAECHEING HEG 2 2 NEIWOZ of the
nodes with mhlch it was conmuni cating has changed ThIS 15 determnation is
necessary in, order_tq reallocate resources that are attached to nodes
that may n =Sperational after the event. A node communicates wth
anot her node via |ogical paths, which are relationships established

bet ween | ogi cal 1HIBOES/chESIndi&htel BAGBndRUEeto Aomrbhikagiomal witiAges in®t@ork

partition %)Fg.u&%ge I&J}L gmpg@ tJl,'%L !LIQQJaS%@lcxﬁQPeafoagct?ecﬂﬁl&déakof‘%ﬂgr{r{goQ’cét!’ée

st andpoi nt net wor unc i ona When one no determn t he state of
anot her nod@fPFmakion et faist l’flhaenieB‘&?%‘aPavﬁ%%lije angtfer “IEREy, it
acquires the status of the | ogical paths between their respective |ogical

i mages. 25 gmunamﬂehermv&etjbhe state of a node, each |ogical inmage
within a node sends a "query" packet to each other node with which it was
recently comruni cating. For networks such as a FICCN—based net wor k offered
by |nternationai® BURTTHRES HBRHIABSSTCHF FOIeRE | TR Lot APfBh ROIREW YoT ™t a node
30 may havesucb aerdddsrurbinn, asa256usushe efate | siq@rengredeodssi he echehes €
my be up wWnen286nFhOQYchO@cedts, i BRGL S08d nebes $ensidagraiodehedlclrhthe state
potential |y, gﬁ‘& '}mggg%kﬂ v&hﬁfﬂa'ﬁt wor K s60ding: | ghhés ' dge%luewh%%

performance egradation cou si bly occur ter a disruption in a large
net wWor k. 3Sie?ﬁﬁ‘§maal?feéﬂ PSR Y] hnt%éleﬁd%ﬁrﬁ?ﬁ]éaf?‘i?n?%ﬁ”ffc?% th3h Efhanced
abil ity foratcecménieatddeyg Weatreyi né domaey e tetraeemaperfierktimodesnthavi ng

mul tiple |ogical imges. WO 2004/ 012093 PCT/ GB2003/003116 2 Summary of
the Invention

A node communicates with another node via logical paths, which are
relationships established between logical images residing in each node. A

20 logical image is a partition of a node that has the logical appearance of
that node from the standpoint of network functionality. When one node
determines the state of another node (i.e., the state of the logical
images of another node), it acquires the status of the logical paths
between their respective logical images.

25

Today, to determine the state of a node, each logical image within a

node sends a “query” packet to each other node with which it was recently
communicating. For networks such as a FICON-based network offered by
International Business Machines Corporation of Armonk, New York, a node

30 may have to send as many as 256 queries to a gingle node, since there may
be up to 256 FICON logical images in the sending node. With potentially
each node in the network sending this many queries, performance

degradation could possibly occur after a disruption in a large network.

35 Thus, a need exists in the communications art for an enhanced
ability for communicating state information between network nodes having

multiple logical images.



The shortcom ngs of the prior art are overcone and additional advantages
are provided through the provision in one aspect of a nethod of 5

ascert ai nwogostae®@3i nformati on in a network. The net hod PChalRedex003f16r

i nstance, formng an extended query at a first node requesting state
information fromat |east one |ogical inmge of a second node, wherein the
ext ended query includes a single query requesting the state information
for a plurality of |ogical imges of the first node; and sending the 10
ext ended q L 2thode to the second node. Preferably
requesting state informati on conprises requesting status of a plurality of
| ogi cal ]'?aﬁ hs ]prq@l\éit &&b&lt&orﬁrl%@mfi she o bet }(’&@naﬁethleHohlé alrist ya@k1begi cal

i mages o e first no st_one .l ogjc e

second node'& ia_.;'l ea1ger afbﬁe pJ];ov:Lgeénr%%rour%i %ﬁl é)r]pv:Lsa_ogg:[nsglh te!é agr%é:?}g@ of
have® a | ogiSET i Sta‘é?ltlflf-‘?ré’éﬁ?fh lan%i n2LYYdi-caf™s ﬁ%ﬂé’ cHtﬁJrP Swhé& f%l n
sai d | ogi caktammegefomeny ishi edtanded specy fates Bkl rrstde| pgiueatingneigp-eof t he

20 pluralit¥%rofmdt96h Coni SBYESt0bnd h.%giééfls'&_m&!fm@f havikbigha@npddr ahéded nofhe
logi cal paths previously, elstab“shrhgq gugrgefé&%gpg?mgees@QQes_LaafgnAace%gal

i mge count® speC|f|es Yat ogi cal_ 1 ma wher ei n
said first fosg @&Pr?lr%égeo%ﬁﬂgls%ld”f‘a&ﬁéeo%ﬁéﬁl%}fs’é ré"@? il ‘fﬁidgﬁg ¥ages. 25
Prefer abl y eanesiddended Fzspohsdiatt tede secohe segded npésponsive to the
extended query fromthe fi rst node wherein the extended response includes

state informatiqn of t gg l%t el o ogical i Hege, of ésh@ee[a?e congd, s@ngs 30

Optionally the ext ende res o se i ncl'udes conposite I T Of MR

conposi t e iAf BrvEEPbHY AL PaEelt Rathst BF%‘@OBFW SGFRALPt Rt %Q@PV\E en
mul tiple | educalitynefdsgddalt headesrst thede rahdhwkeamt therd Leggitcate ilnages

of {he secapdqsoofecnSidaesaag UpGler current technol ogy, a response provides
status infornmation relative to only one logical inmage of the first node, a

35 single extended response replaces nmultiple prior res(£onses 31
ext ended r esponFEETPIA HetOr 1Y QQ‘E‘%rﬁ?éﬁmWRll‘&%ﬁ@é%teixﬁﬁn <51 F‘iﬁ/’ﬁynbo ave a

st at e- changiopgicaly émbége @pentgiatdtyon trmdent mvded desporsentoonpeisdasssidat e

i nformati onogscat iflodiiRak £Yeat 6k . spWiE 2004/ H1209RPel ER2QOIF03116 3

Pr eE(?r abl y tllqgalflltgzsct_vf rﬂ.%g:?c?alr %ge%je\éec% %Eigt EI]ngerdgaﬂé\ﬂﬂng %mnt'ahgt9tof
logical paths previously established to the second node and said logical
image count specifies a range of the plurality of logical images, wherein

said first logical image and said range specify a set of logical images.

25 Preferably an extended response at the second node, responsive to
the extended query from the first node, wherein the extended response
includes state information of the at least one logical image of the second

node.

30 Optionally the extended response includes composite information.
This composite information includes the status of logical paths between
multipledlogical images of the first node and one or more logical images
of the second node. Since, under current technology, a response provides
status information relative to only one logical image of the first node, a

35 single extended response replaces multiple prior responses. Thus,
extended responses further mitigate network congestion following a

state-changing event.

Optionally the extended response comprises state information as a

40 binary wvector.



| east one | ogical image of the second node in response to the extended
query fromthe first node. 5 Optionally the network conprises one of a

poi nt -t o-Wwoi2ne4/meemor k and alternatively a fibre channeCTasszenodabri c
network. If the network conprises a poinB-to-point network, the first node
and the second node are coupled point-to-point, and if the network
conprises a fibre channel switch fabric network, the first node and the
second node are 500 ed 10 across a fibre chan f

Pt onal |y the. FEREE A TS hrte SR TS RaAREI SR s f2Ph B0t ol
uni t, and tlﬁés‘éééléndo%ée Jinegor?é Bte &eeetsﬂoﬁadeﬁanmﬁpoa%ﬁj ta ShecBREP BNt 1 ol
unit. 15 Opfueonalrby dHeefexdtend®d query is to requests state information
from a plurality of Iogi cal imges of the second node. Preferabl y t he
extended query is for responsive to_an |n|t| ive. 20 sent fr f
t he 1gecond node,® tl?rhar{‘id HEAR ERE" ST PhHESc Iétenr(l)ela§° Oco RET R E ard
initiative dFPERCi G Ref Firesehanpeie st defdoal queryPrko %fhéhe %E%?iﬂ‘ node
request i ng cehatisesnd oAt + t@RpoiSy Shem®rk C aipuf efst pi@gr am phedisctsd arode datea
structures c%%i’e%ts BQMH ‘Eg pAat] %nhhﬁ %QQ%?et%HMBMﬁ@eE%I Rogse %ﬁ@n@lSO
descri bed and resent ent

0
advant ageo ¥t §° c%%gge]ec 88%7% Ontzi’le lr or?w% | Sngt 0 b%e“"’ﬁ% i dare conneCt?(ﬂl/
packet sentacf-”?%ﬁnaafiﬂ?rres?h%dé S&’HHCh fejtsting state information froma
second node. This additional 30 information defines an extended query which

identifies mil t'dﬂltgorlaﬁgycéﬂe fiz@gﬁﬁieoas the bk rasklf@fj@hérﬁlrelvm’ldcg #iser mati on

|'s request eont Bc}ﬁ. undcent I(El s con l e |l O%I Cal L ond C ann&glaleldeth%chn

query can Bé“tsed "td Feq uest sta e PR 6t MBEi Onthat “Uinder “curren
t echnol ogy “PBEEAY 881t nul t| pl e queries. Thus, using extended queries, the
nunber of 35 transm ssions foll ow ng an event, such as a network

di sruption, decroe@%%nwm £k CARLd YueBY idees exeahggest be.cRet WQlat 1A Eidn
foIIovmngadSlipLE on. , pe or mance _d radatl lue to network traffic

congest i on “cdn be avol de héT‘Fg%S’sﬁefc 5F° ?fhe present invention of fer

sim | ar advant ages by 40 al | owi ng a response fromthe second node to
i ncl ude conposi teereEafadil paticopstentiikraebyy def Eormreg esrrextiorded anespioriseiverhi s

conp@si te idafhorsmhi o ofngldidesning st al usiof Joegi £al 2 pabhs MehMeeRwitch
mul ti ple |(¥g£%fg, tgagﬁgitggtl¥%)éy% éf%%Zg%¥§fE§§¥'%Bgéﬂ%3/g%ﬁ%l% qguery to the

second node requesting state information.

Systems, computer program products and data structures corresponding

25 to the above summarized methods are also described and claimed herein.

Aspects of the present invention advantageously enable additional
information to be included in a guery packet sent from a first node and
requesting state information from a second node. This additional

30 information defines an extended query which identifies multiple logical
images of the first node for which information is requested. By
identifying multiple logical images, a single extended query can be used
to request state information that under current technology requires
multiple queries. Thus, using extended queries, the number of

35 transmissions following an event, such as a network disruption, decreases
significantly. By decreasing the network traffic following a disruption,

performance degradation due to network traffic congestion can be avoided.

Other aspects of the present invention offer similar advantages by
40 allowing a response from the second node to include composite information,
thereby defining an extended response. This composite information

includes the status of logical paths between multiple logical images of



4 the first node and one or nore |ogical imges of the second node. Since,
under current technol ogy, a response provides status information relative
to only owe 2oegile@B i nage of the first node, a single ercCermcidoym®spense
repl aces nultiple prior responses. Thus, extended responses further 5
mtigate network congestion follow ng a state-changing event. According to
anot her aspect the present invention provides a data structure for

ascertaini ng e%ate i tionin a etvvork co uté enr\l/ no@nen%insal d
data structtf e ¢8hpts ﬁ‘gdﬁ"%% ExPETd 8ngCL?&r§‘/m rTguestl ng 10"S
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of a first rleBﬂ':lc%@l malrﬁagfe ghélh%ewrégs no@%upa\exegn@dpiégp%géy fuBfndrogi cal
i rages, wherejn revi ousllyt est abl i shed

bet ween thé‘lbﬁﬁpﬁl ’iE‘)?ty‘?mB qo\é%?s%f’ngér?ég@gfn& t?lél\% c}Ptn “hodé’and 15 the at

| east one logical imge of a second node; a second field including a
count, wherein takeoaNupt ts peciter eSspck attgepoésdnogimaht icmmgesvidks theata

plurali ty g,fcr&&gﬂrgaéog g@&@%wﬁag Wek eirmfarmgil%em 'angets/\%'rd ediatidd er
using said count s ical images of .the plur alelfkyn

| ogi cal i nﬁ@gjsroélf“eg Sffféfg%ggéu?wr&eg? G5 St%t aenl n SHisat Fon f rom

secthd nodetaf éhéemisicyon Her datfarst rneé? Lﬁr@mf%ﬁ tRaFt EBfpicde’t 1§ﬁgeeﬂfe?’|ded
response havikarl abad e thaforamidioguder comeribitest antidetf fieiit helafideast one
| ogi cal 'magnéﬁflgpeofsgcmgtn&g@calt H%a to@n@h@éi 6889082 h%@ﬂi{lj laShN@a18c25
third field |£cl Ud{—elg“ statug sa|c01 ra o% 01 10% at%sém gwln
sai d st at uSti WFCat TRt HaF The® |ca31 Ypat hs g & plural ity of.

| ogi call patehsa@r:@he@rheémqnytleﬁsnoébra@ﬁ@dof éegmlefmagégc?‘ﬁp i ofnlra Re and

Dr ayd ngs Theepeseadt on¥ il Wwhide ROVA becdss epided, séypndafiadfl sxdnple
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net work co El 1&31’ %fﬁyo?gcﬁg‘re’h”t‘ageshca\nd ;’gkhegreéinp%l al "5 PoiITRE C?L?%gfuggtl on
and i ncor poEaty rgiamPunsimgeoies vrvrbre %sb‘é@icéll olfmaﬁﬁ% %Pr B 2 RLUTHENR Yon;
40 FI G 2 depieilsisdmeseabatentintt ofoda netusetkne enpuet infprenviqrofinentthe
i ncjpdi ng akili e.ghannel switch fabric, in accordance with one or nore

Preferably the data structure further comprises: an extended
response having state information for the first node from the at least one
logical image of the second node, the extended response comprising: a
25 third field including status of said plurality of logical paths, wherein
gsaid status indicates whether the logical paths of the plurality of

logical paths are currently established.

30 Brief Degcription of the Drawings

The present invention will now be described, hy way of example only,
with reference to a preferred embodiment thereof, as illustrated in the

accompanying drawings, in which:

35
FIG. 1 depicts one embodiment of a network computing environment
including a point-to-point configuration and incorporating and using one
or more aspects of the present invention;
40 FIG. 2 depicts one embodiment of a network computing environment

including a fibre channel switch fabric, in accordance with one or more

aspects of the present invention;



aspects of the present invention; WO 2004/012093 PCT/ GB2003/ 003116 5 FIG
3 depicts one enbodi nent of a basic test initialization packet, in

accor dancwowoe4010098 or nore aspects of the present i nve®CraB20630@S1163A and
3B depict further details of fields of the basic test 5 initialization
packet of FIG 3, in accordance with one or nore aspects of the present

i nvention; FIG 4 depicts one enbodi nent of an extended test initialization
packet, in accordanc one or spects af th t_inventi

00 FIGS. 4A and I8 db eBiLhiqu‘% HOTIEPE lof Bi7a CenBad RNt of OBl RSy

t he ext endelh Pé@qrdﬁnﬁ wath 2raei %“‘ﬁﬁ%l@@@eéﬁs PF' Gthe4preeeaE coVgaRt® Wi th  one
or nore aspects of the present invention; 15 FIG 5 depicts one enbodi nent

of a | ogi cal patfh_rG%I efd b 33 hEsitet fﬂtﬁlbﬁlaezaﬂsoefra%qh& oqa@is@tbasw test
accor dance w, esent, .i.nventio

op a1 orEHEr=Hapa TS PRl Ebodt miRt =GP EHTES| GUTCATe 50N RATRP S n
a basi c t esths nresearizgereiPwesul t packet of FIG 5, in accordance with
one or nore aspects of the present invention; FIG 6B depicts further

details of one epfodi r&{aic&f ohgeemhaeainveat ofp%hfb;itleﬁchéh B AN neXiARdLd dhest
|n|t|aI|zat|03resuIt g(%gnce w th.one aqr_nore
e

aspects of HH& pr eS8t %il/er?t V%)tr%l OIE'? (gf I?OZLEJEe pc‘?s ofie LSt or 1 Sgi

I ment ogi c
assbtiated wit h sending a test initiali zatl on packet, i n accordance W th
one or nore aspecics. ofa bhe 4Bpiesient furhentdedal 1301 M6 eBodiepent of ofields

enbodi ment of thggax@e@oﬁeaogé@ct @Qlwatlbzgtelcglyacmgt ar FESE 4l M bicabi@att QA cpacket
and sendi ng a test initi |z§t{on result, in accordance with one or

more aspect$ of tHe°ptESent % nven Fent 4 m g%onlfl G 9 depicts one
enbodi ment of | ogic associated with recei VI ng a test initialization result
pack®et, in accordance dspidtsonee Gmbndirenasepeet Sogiokl tdaehpfieddnin envest i on.

WO 2004/ Olzﬁﬁ%ifﬁ%%oﬁ_)&&@?’éé&et, in accordance with one or more aspects of

the present invention;

FIG. 6A depicts further details of one embodiment of the logical
20 path field in a basic test initialization result packet of FIG. 5, in

accordance with one or more aspects -of the present invention;

FIG. 6B depicts further details of one embodiment of the logical
path field in an extended test initialization result packet of FIG. 5, in

25 accordance with one or more aspects of the present invention;.

FIG. 7 depicts one embodiment of logic associated with sending a
test initialization packet, in accordance with one or more aspects of the

present invention;

30
FIG. 8 depicts one embodiment of logic associated with receiving a
test initialization packet and sending a test initialization result
packet, in accordance with one or more aspects of the present invention;
and
35

FIG. 9 depicts one embodiment of logic associated with receiving a
test initialization result packet, in accordance with one or more aspects

of the present invention.



6 Description of the Preferred Enbodi nent In accordance with a preferred
enbodi nent of the present invention, an enhanced capability is provided
for conmmwDCcaed/ngosst ate i nformati on 5 between nodes i n &CAELRO0300GGPUL | NQ
environment. As one exanple, a first node such as a channel, requires
state information froma second node, for instance, a control unit. This
state information may be required because an event, such as a network

di sruption,_nay, have ed _a_cha i.n the state of the control unit.
Prior tot Resct Ql?n S R B8 pl e | ogi cal images from which
mul tiple logical paths are established to at |east one |ogical inmage of
the control unitin Addedahdre veverd préhere Ranbdinchdrdrs the Sirdgémr extanded,

query which,reguests sbat e i)f o mati Qg f.0MiNe; 8l ihgastareng. d.0gical | mage

of the control unit, and sends that very to the control unit. After,
recef ving tHE"ERL BA%RS THuery T e cfﬂ%pugéﬂ? rEBT’%]iﬂ?ian"C:an%f ot Sxaérlplli? & tirst
ext ended r emsenseichhich Frriingdes eaheresy atpfesteipraeticd FribANERIBA."OFRe

state informat idtahte] adestrborumgxanqihes sthhe isifatmesioh debprediies! vy
T A A T R A A e
present i nvjé’ngﬁ%r?tf’lge g’gp]?lﬁ égnFlPlquF’&dt' 1?m%§ toonég xeé’r%lF’e%%%e%hvaﬁPﬁ{ &8fput i ng
envi-? onnentmulgdolienépgidas Eravedefrro2whighdnd thebe 129Ucad oppihedaty catiqlARNAD6.
Node 102 i ngd wdesabtldnepl & icayi tabe dfmagesodtlanditllOagng nodevddd the

i ncl udes mulLihple chAg Qaéirigrj.@gé&e;li&gd Q_{Ugry _;!v];lrzflch %é@mgsst]agg and.404.ar e,

for exanple, a channel and contr.ol _unit pair, or the y be both channels
or bot h boriPB) ST St AR iory ebe elinsPhrd Tty Bmsurer Fhat
perforns fulery divsthe cprevdldenbecedbtaror¢gedvinte Fhe excthydafe gag-vof tont r ol

uni s or emnthateduaOnicaal faimi &Ssinfhe e3BeddsacteprssPeaimt ar nedldlesatichannel
are defined.by.the Hhee; thannelon Siagl ee Byt &< opmand Codeasel $o2 MaRpidg
Pr ot ocol Retvn. 2.]E %F% gg 2301, .Amirl can g‘a%'ﬁQr’fﬂ -Stf‘n%%fld for Information
Technol ogy. & EHEHReT™ MaY BEV T Hpl eRented 65y, 1%6r eXanpie, a System 390 or
zSeries 900 conputer offered by International Business Machines

Cor porati on of AmneDakgodNesmtYOF ka ndbwdkkeedipuoingirhtitc@mantphysicabr@rating

enubat ed entigt Ystlgabnd S$-CRURI 86hdRs SNEnOL-BRLE kAL deVh GeSaandad liawsia.

those 1/0 d:l.e.vI gsesonzaoexl?alenp g,urr)lle wortkocgmputing environment 100 includes a node 102

and a node 104 coupled by a link 106. Node 102 includes multiple logical
images 108 and 110 and node 104 includes multiple logical images 112 and
114.
25
Nodes 102 and 104 are, for example, a channel and control unit pair,
or they may be both channels or both control units. A channel is, for
example, a host computer that performs functions to provide access to I/O0
devices by means of control units or emulated control units. The
30 functions performed by a channel are defined by the Fibre Channel
Single-Byte Command Code Sets-2 Mapping Protocol Rev. 2.1 (FC-SB-2),
American Natlonal Standard for Information Technology. A channel may be
implemented by, for example, a System/390 or zSeries 900 computer offered
by International Business Machines Corporation of Armonk, New York.
35
A control unit is a physical or emulated entity that is coupled to
one or more I/0O devices and allows those I/O devices to be coupled to a
channel. One example of a control unit is a Shark Enterprise Storage
Server, offered by International Business Machines Corporation. I/O
40 devices include, for instance, printers, magnetic tape units and

direct-access storage units.



channel . One exanple of a control unit is a Shark Enterprise Storage
Server, offered by International Business Machi nes Corporation. |/0 40
devi ces iwWOl200H012693r i nstance, printers, magnetic tape ®ATIGB2a08A03116

di rect-access storage units. WO 2004/012093 PCT/ GB2003/ 003116 7 \Wen a
node is a channel, the logical images within it are channel imges. Wen a
node is a control unit, the included |ogical imges are control. unit

i mges. 5 Further details regarding the functioning of the nodes and

| ogi cal i mages "&FR ASSER|Ifel PEPBH wWibh rat erle ABRISoVEIGR Bt aARstiere!
enbodi ment ighges.netiwor k cotpis i ngoerwil ronrenthe?2 08cluded okqudrat ilngoemdresi ng
one or nore.asRActs: Ofinhies present invention is 10 depicted in FIG 2.

Net wor k computing environment 200 includes a node 202 coupled to a node
204 via fibre channel switch fabric 206. One exanple of a _fibre channel

switeh fabric 208 erEAR FRIesEins the ffélP‘éEIloﬂ?frnglorﬁ ERH ZCAoh AP BIrSitfids s
Machi nes CaompgesatirendesNodeed282lawnegl tUdestanght¢ ploeFI¢.08i cal i nages 208 and
210 and node 204 includes nultiple | ogi cal inages 15 212 and 214. Nodes 202

and 204 may be IHQL S es g§n96§cghggﬂn%p W%Lgeﬁ&gé %Lt OFIG' L.

Mul tiple |ogical ISh reél atlons I pS ween gical imges 208

and 210 ande?J@‘-iOEaF“}‘-’frﬁﬁ%susz‘T? BRdoD Tqre ASPERE 8% Al BIGSﬁBBemV?@ G2 Ps a
chahtel andienbded204 HIS. a2 coNerwirkurimputinat efraigorngrer kehdedlulest atredehiliige.
To determ neubhes sbal @oc8é donevLortral chitne1 bytwiGhR Cldor@c e . Sinat dsanple tdte

|ogi call pat g Lhg, hanngl; SENAs, 2. GUET v: Gakles Ailest, Jabliakization

packet (TI e control unit 1nc es the require StatUS 1 n ornatgon in

a response PTG 3 ale SESINFEE PR Sﬂr‘?‘%@ﬁﬁ“ 25N R TPFTHYSS Y-SR
herein, a Tlobtisey ibeodsadd® aof Xt endledde Roléamqiuﬁrﬁ\lrfpé‘eicéte 1¢§S~C€|768@159§%d in

t hejgabove- rgbeseneed. dasswenb REaSRe2 mafWet hag1dettdd ss eebiaieal Agvkowth
basic TIN are dcecs%lﬁ%d below with reference to FIGS. 3, 30 3A and 3B;
whi | e det ai l1°S" concer ni ng an extended TIN (in accordance with an aspect of
the present invention) are described belowwith reference to FIGS. 4, 4A
and 4B. An ext enwétioleN. paickét pdtds besvadl yshdeskatii bethine riedtneas Logiradxt ended
query. 35 AhS@eA208SeM DES &b, 1R TR ifByede1hasiac20r. exd endeskanfyai Apde
20 202 is a channel and node 204 is a control unit that has experienced a
state change. To determine the state of the control unit by checking the
status of the logical paths, the channel sends a query called a test
initialization packet (TIN). The control unit includes the required
status information in a response called a test initialization result

25 packet (TIR).

As used herein, a TIN may be basic or extended. A basic TIN backet
is described in the above-referenced document FC-SB-2. Further details
pertaining to a basic TIN are described below with reference to FIGS. 3,

30 3A and 3B; while details concerning an extended TIN (in accordance with an
aspect of the present invention) are described below with reference to
FIGS. 4, 4A and 4B. An extended TIN packet is broadly described herein as

an extended query.

35 Also as used herein, a TIR may be basic or extended. Again,
FC-SB-2, includes a description of a basic TIR packet. Additional details
regarding a basic TIR are described below with reference to FIGS. 5 and
6A, while details of an extended TIR (in accordance with an aspect of the
present invention).are described below with reference to FIGS. 5 and 6B.
40 As used herein, an extended TIR packet is broadly described as an extended

response.



FC-SB-2, includes a description of a basic TIR packet. Additional details
regarding a basic TIR are described belowwith reference to FIGS. 5 and
6A, whi | ewoewai/d1209f an extended TIR (in accordance w t rCarcGERepmams1ief t he
present invention). are described below wisth reference to FIGS. 5 and 6B.
40 As used herein, an extended TIR packet is broadly described as an
extended response. WO 2004/012093 PCT/ GB2003/003116 8 FIG 3 depi cts one
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One example of a Link Header 304 in.a basic TIN is depicted in FIG.
3B. Link Header 304 includes the following fields: link control, .link
25 control information, IU (information unit) count, link payload byte count,
and four reserved fields. The link control field identifies the link
control function and the other fields include parameters necessary to
perform the specified function. The reserved bytesg, including the first
byte, are set to zero by the node that sends the basic TIN and ignored by

30 the node that receives it.

One example of an extended TIN is shown in FIG. 4. Extended TIN 400
includes fields with the same names and byte lengths as the basic TIN 300
depicted in FIG. 3, including an SB-2 Header 402 and a Link Header 404.
35 However, there are differences. Examples of the differences between the
contents and functionality of the basic TIN and the extended TIN are

discussed below.

FIG. 4A depicts one example of the fields within an SB-2 Header 402.
40 The field names of SB-2 Header 402 are the same as those of SB-2 Header
302 shown in FIG. 3A. However, the functionality of the channel image ID



One exanple of an extended TINis shown in FIG 4. Extended TIN 400
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depi ct ed wo 28041283 | ncl udi ng an SB-2 Header 402 and a PCARlGHie@d®ws11404. 35
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Examples of a basic TIR and an extended TIR are both described below

25 with reference to FIG. 5. A TIR 500, as shown in FIG. 5, includes fields
with the same names and byte lengths as basic TIN 300 depicted in FIG. 3,
including an SB-2 Header 502 and a Link Header 504. In addition to the
fields it has in common with basic TIN 300, TIR 500 also includes a Link
Payload 506. Link Header 504 includes a link control field (not shown)

30 that specifies the test initialization result. Link Payload 506 contains
a logical path field, which distinguishes a basic TIR from an extended
TIR, and which is described below in detail with reference to FIGS. 6A and
6B.

35 If a channel sends a basic TIR, the control unit image ID field of
SB-2 Header 502 is the same as the control unit image ID received in the
TIN. The channel image ID field of SB-2 Header 502 is set.to zero and
ignored by the control unit. If a control unit sends the basic TIR, the
channel image ID field in the SB-2 Header is the same as the channel image
40 ID field received in the TIN and the control unit image ID field in the

SB-2 header igs set to zero and ignored by the channel.



Payl oad 506. Link Header 504 includes a link control field (not shown) 30
that specifies the test initialization result. Link Payload 506 contains a
| ogi cal paDieoéd/ak@3 whi ch di stingui shes a basic TIR fromCarGReexndad TIR,
and which is described belowin detail wi ik reference to FIGS. 6A and 6B.
35 If a channel sends a basic TIR the control unit image ID field of SB-2
Header 502 is the sane as the control unit image ID received in the TIN

The channel inmage |D flel er 502 is set to zero, and _ignored
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602 is in an-exte nﬁ%%ogﬁ’f-fé &t 7 eﬁ@% eS% gglssggﬁsbé’ t% élo%el\‘fhalco boetve

extended TIN 400, and which correspond to the range of logical image IDs
specified in the received extended TIN. In the example shown in FIG. 6B,
logical path field 602 is in an extended TIR returned in response to a TIN
25 specifying the maximum image-ID count (i.e., a maximum range of 254
logical image IDs).- The first 256 bits (words 0 through 7) relate to the
set of logical paths corresponding to the first logical image ID of the
node that sent the TIN, bits 256-511 relate to the set of logical paths
corresponding to the second logical image ID, and subsequent groups of 256
30 bits likewise relate to sets of 256 logical paths corresponding to
consecutively increasing logical image IDs. The bit corresponding to a
logical path is set to one if that logical path is established and is set

to zero otherwise.

35 Although it is believed that this embodiment provides sgsufficient
information in a single extended TIN to receive the relevant status
information for the vast majority of cases, there may be rare scenarios
that reguilre the sending of a second extended TIN. For example, a node
which sends an extended TIN in a FICON environment may have up to 256

40 logical images which require testing, but the image-ID count indicates a
range of only 254 logical images. In the rare cases when the sending node

has more than 254 logical images requiring testing, a first extended TIN



25 specifying the maxi muminmage-1D count (i.e., a nmaxi mumrange of 254
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7045, I f node 1 does support an extended TIN 702, and if the nunber of node

11 ogical |nages haV|n iC pat does not exceed one 706, e node 1
| ogi cal i mage sends™h g% %eﬁ'qﬁ ’W??le fl e TRGe- FHEESTAL Tk Pag S
and if there are more than one node 1 logical images that have logical
paths 706, node 1 forms and sends an extended TIN 708. This extended TIN
includes a logical image ID set to the first node 1 logical image to be
25 tested and an image-ID count set to the range of node 1 logical images to
be tested 708.

One embodiment of processing of information after a TIN is sent is
depicted in FIG. ‘8. In particular, FIG. 8 depicts one embodiment of
30 processing steps performed in response to a node receiving a TIN. Node 2
receives an extended or basic TIN from node 1 800. If node 2 does not
support extended TIN packets 802, node 2 sends a basic TIR with a link
payload byte size of 32 in response to the received TIN 804. A basic TIR
is also sent 804, if node 2 supports extended TIN packets and if the

35 received TIN is not an extended TIN (i.e., the ilmage-ID count is zero).

If node 2 supports extended TIN packets and the receilved TIN is an
extended TIN (i.e., the image-ID count is greater than zero), then node 2
forms and sends an extended TIR to node 1 808. This extended TIR includes

40 a link payload byte count of (1 + image-ID count of the received TIN) *32.
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verhfied is checked. If 256*(1 + inmage-1D count) |ogical paths are not
verified by I10d€?3escri1bed in detail above is an enhanced capability for

communicating state information of nodes in a network computing

environment. In one example described herein, the node sending extended

TIN 400 is a channel and the node receiving the extended TIN is a control

25 unit. In other embodiments, the sending node can be a control unit, and
the receiving node can be channel. The nodes can also both be channels if
one channel is emulating a control unit. Furthermore, the nodes can be

both control units, if one control unit is acting as a channel.

30 An embodiment of the present invention can be included, for example,
in an article of manufacture (e.g., one or more computer program products)
having, for instance, computer usable media. This media has embodied
therein, for instance, computer readable program code means for providing
and facilitating the capabilities of the present invention. The article

35 of manufacture can be included as part of the computer system or sold

separately.

Additionally, at least one program storage device readable by
machine, tangibly embodying at least one program of instructions
40 executable by the machine, to perform the capabilities of the present

invention, can be provided.
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herein are provided exa ere may be
vari ati ons t6°t nggeﬁ%/eg Fé‘?‘flsd 87 ngoyeéjt e?)san(’g]?eroﬁrel?”aﬁolm Iélmh) Wgéersecrq Fhed

her ei n. Forinfastadiee, is ﬁoeemlsﬁwdcaeeeen nagesst eps may be perfor rred in
differing order, or steps may be added, 5 deleted or nodified. Al of these
variations are considered a part of the present invention as recited in

t he appended cl ains. Although preferred enbodi mrents have been depicted and
described in detail herein, it will be apparent to those skilled in the
relevant art 10 that in other enbodi nents various nodifications,
additions, substitutions and the |ike can be nmade. For exanple, the
extended TIN and extended TIR processes described herein are not limted
to a FI CON-based network.



These processes coul d be enployed in another environnent where state
information is communi cat ed bet ween nodes. WO 2004/ 012093 PCT/ GB2003/ 003116
14 CLAI vBvoRoosieehod of ascertaining state infornmati oRCIGERROMBAIBOGK, said
met hod conprising: 5 form ng an extendediqquery at a first node requesting
state information fromat |east one |ogical inmge of a second node,
wherein the extended query conprises a single query requesting the state
information for a plurality of |ogical imges of the first node; and 10
sendi ng the extended query fromsaid fi Mfode to said second node. 2.
The nethod of claim1, wherein said requesting state information conprises
requesting ist at ys n@fnca BE W=Rki{in0ig |09t £ ahrPathsopriavi oleshyrkl Ssesd abthshed
bet ween thqmglgﬂgkity of logical inages of the first node and the at |east
one | ogi cal |ﬁage 8f "t he second node. 3. The nethod of claim1, wherein

sai d°forming conprises formng said extended query to have a | ogical inmage
identification dvdnind egi edleniahgeery?26t codatst whéde eisqustiidg| ggiteal i mage

i dentifi fcatiiﬁes?@l&gsﬁfﬂ'xﬁﬁ & flebs! oh®Qiogatal iiﬁrag@lo@fa; tsheord ub@d,i tyendinl aigi cal
i mges of t r [ a ra

est abl i shed xt% 3n%%d2&%é;%o§ﬁéagg§naﬂlg§§i %lﬁg%g?%?éﬁeggiﬁa%ggh%%tﬁ%?e g %gééfinﬁﬂgélya
range of tHETpt RAFRYFYOPE |1ogitadl 1mgpagRs thinerer i ai *Fi rst | ogi cal i mage
andlgai d range specify a set of 25 logical inages. 4. The nethod of claim
1, further conprdephig f0EN:Rgn&A QXENELsh sheSFORSE ndtie (I sSBT @BELHTOAE . .
responsive to the extended query from the first node, wherein said

ext ended response includes state information_of 30 the at |east one | ogical
i mage of tHe sed®RdHEGE. °% Lotk LnetREe bra! HH IS AT @R ST T B Hi ng
conpri ses foompiiepst hemueerirmndeztuguet ¢ pEspRohsY W tewignl inskh$ atrievecusért from
one19f the sesontneaatdRwedn tthirdubodeyand 18gfddir encftanselcnswiitreh Acer by
wherein said 35 haLbi ablvediLechs,d e fid stoagdg.de send a guery to the

second node  requesting state or mat i on. system for ascertaining
state information in a network, said
3. The method of claim 1, wherein said forming comprises forming said

extended query to have a logical image identification and a logical image
20 count, wherein said logical image identification specifies a first logical
image of the plurality of logical images of the first node having a
plurality of logical paths previously established to the second node and
said logical image count specifies a range of the plurality of logical
images, wherein said first logical image and said range specify a set of

25 logical images.

4. The method of claim 1, further comprising forming an extended
response at the second node, responsive to the extended guery from- the
first node, wherein said extended response includes state information of

30 the at least one logical image of the second node.

5. The method of claim 1, wherein said forming comprises forming the
extended query responsive to an initiative sent from one of the second
node, a third node and a fibre channel switch fabric, wherein said

35 initiative directs the first node to send a guery to the second node

requesting state information.

6. A system for ascertaining state information in a network, said
system comprising:
40
means for forming an extended query at a first node requesting state

information from at least one logical image of a second node, wherein the



system conprising: 40 nmeans for form ng an extended query at a first node
requesting state information fromat |east one |ogical inage of a second
node, whewei04/(1209%0 2004/ 012093 PCT/ GB2003/ 003116 15 @xTasRdees/aE6Y
conprises a single query requesting the state information for a plurality
of logical inmages of the first node; and neans for sending the extended
query from sai d first node to said 5 second node. 7. The systemof claim

6, wherein s ans for formng ¢ ses _mean for for aid. .
oxtonded qUBTEIST BBt CrRATL & BT AR FIgEBFing GhF Chrparterietion
previously f@gtamhumbmbef veeicalhémgsiagr af ithy 6#rsltolg?d@al arf) | mages of the
first node and the at | east one |ogical inage of the second node. 8. The

system of cl ai MG, WS eLihSak dnlPanSnhol JoHM A0nCONRrESes ndiABs J.06
for ng sald ex en ed query to have a logical inmage 15 identification and a

| ogi mage oMt wherein said | ogical image identification specifies a
first Ioglcal |mage of the plurality of logical 1inmages of the first node
havi ng at |east meresyagncad cpatnh 6prensreins|dpidestaabl fshestiogt depsessnd node

and said | %5&@'fo'r”B&?mﬁQ%&dseB&%héé&%u@ry rt@”ﬂ&a@u‘éé,t therd Weal ';JJM%:QiltlyOg% Ca:c
i mages, sai an S [ set o
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ford ng an imageerpdeths é@ﬁ%ﬁn@éd%ltan@h@esééo]rﬂéshdﬁ@ 1?@§ﬁbn’§ﬂagé ¢fp thpesecond
extended quersy. fromthe first node, wherein said extended response

i ncludes state 25 information of the at | east one | ogical image of the

second node8 10. The s stegncgf cl a‘,{rﬂ salg Jeans for formng
X

in
1n salg mean Tmin com rises
conprlses ﬁeanshfo? %orn1n é query responsive I'ni'tiative

sent from mgABS dfort ﬁ‘éf@@@oﬁ‘?ddrﬁiﬂénd%i tqHFJ?I\d tﬁo%?é’eaﬁdloglﬁ]brlé‘a%%annel swi t ch
fabri c, 30 iaereiirastindahdia Lagiced hagectsintherferest sabddovbcslendage query
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storage device re hi ne | east..one
progr am of RS (& u%t ?%en%léyxtecﬁ apfé %ﬂgeqdr?g Illengog Xt]% 5 P?eovrl%usalyrret hod

of ascert aiasicaglishat e ﬁF%rSﬁﬁ?ridoﬁoil?l aé*dn%it%il‘kgléé‘lcllnﬁlpﬁﬁ?uiﬂﬁ HLEHE 8f
clains 1 taabge of the plurallty of logical images, wherein said first logical image

20 and said range specify a set of logical images.

9. The system of claim 6, further comprising means for forming an
extended response at the second node, responsive to the extended query
from the first node, wherein said extended response includes state

25 information of the at least one logical image of the second node.

10. The system of claim 6, wherein said means for forming comprises
means for forming the extended query responsive to an initiative sent from
one of the second node, a third node and a fibre channel switch fabric,

30 wherein said initiative directs the first node to send a guery to the

second node requesting state information.

11. At least one program storage device. readable by a machine, tangibly
embodying at least one program of instructions executable by the machine
35 to perform a method. of ascertaining state information in a network as

claimed in any one of claims 1 to 5.



