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.y~pg~(LOAD MANAJEMENT | N A COVPUTI Nf3 ENVI RONVENT . This i nvefill APR 2004
‘tel at®es, ~i nweopedhs to managi ng workl oad within a conputing; ﬁdﬁ)osfiﬂd’
in particular, to managing workload in a 5 partitioned system "Loglca
partitioning allows the establishment of a plurality of systeminages
_mﬁthiﬂMMWﬂmmHmmmm ysi cal machine-or central processor conplex (CPC. ). Each
syste pabl e of operating as if it was a 10 separate conputer
system ThadsieksS, €ach Iogicalagartition can be independently reset,
initially loaded with an"OHEPAY i MiYJreRET TN Ba CONRIFING BAVIRQMENT for each

| ogi cal partition, and operated with different software prograns using
different input/output (I1/0) devices. 15 Exanples of logically partitioned
‘conput i ng syst ens Tat%e HEAPBSELIRRES f dR Jansrahcee narBgidg 564k00R3, witksHed on
January 14, Ic8@fitibly Sysfem}, 848, 34 lparitssud, Ofo ALy %G whIBBag and, U. S.
5,564g040, igsued gn %Qgﬁr 08, 1996. 20 Commerci al "enbodi nent's of

| ogically partitioned systens include, for exanple, |BM S/ 390 processors
with the Processor Resource/ Systens ManagerT" (PR/'SM'") feature, which is
described, for instgmae, pdrhititeihBMIDURS ivhat éQRLDIOGRESYr RESQULERLSyst ens
Manager Pl ang'},&%m%agga &%ﬁg” 7a23§ﬁcﬁ’ {}/ar,ch11999 25 One irrgortant aspect
of a. logically partitroned systam i sPrha raikGRhesh T ofe Pk IRFREe5a i ng
within the p&PTRYEKoHECHI ERSR yjstreAmagn 1s5t8901e st epmxathing @XafMiteyas a
wor kli®ad nmanagenstaremnpeed bEstERNaghat hes,wesdd aagh st Bikt :a0d, aupng the
partitions. T, aget s. eppt. 30 t al ance the workload of the
partitions b %%ﬁ?t%?ﬁ?g?g 1(7.1 %?F%&%l caa\derge"é% r T SPEFARE SXASERMbat mayr Ber
to nove the éb“rﬁ?,re%?o\fr@ﬁeﬁththO‘fﬁlga PH5F Heien . tandepmanaged hatht dief fdadrd BeRGRLe
by the rel ocat@&daneriing datfddeat myed/dagati afro) Tdvscogeed often restricts

t he novenent of work. Thus, it is desirable to further inprove workl oad
managenent in conputer 35 systens. Accordingly, the invention provides a
met hod, system) a “l%?ﬁ)L?tfeilogﬁFbeg]rYaﬁﬁé"sitdéﬁqwédmﬁq’cipmesyatwmheel ddsaiiBed

-2 2z 0 ,a P R.Zdos instaoceordance, seidt boonasasqeesh Rhubhe 107 65818 ¢ Rvention
there is proyjgedsa nethed of J0pDagi n r d,, of puti ng environnent,
sai d net hod &?ngggfing: managi ng %grk%%%g %%fgé%'fwge%%qﬁbfﬁs & 19 PTrEeBf
a plurality of" partitions of said conputing environnment, wherein a
partition has one or nore central processors allocated thereto; said
MANagong Compri si egmdysia smloaymdtisUst 1891 &l1h9Caki00; Qfeads ANALEADL 8 e o

resource of .
é&ample, IBM S/390%® processors with the Processor Resource/Systems

Manager™ (PR/SM™) feature, which is described, for instance, in the IEM
publication Processor Resource/Systems Manager Planning Guide, -
GR22-7236-04, March 1999,

25
One important aspect of a_logicaily partitioned system is the
management of workload running within the partitions of that system. In.
/390 systems, for example, workload managers are used to-ménage the
workload within and among the partitions. The workload managers attempt
30 to balance the workload of the partitions by moving work to the physical
resources of the system. In order to move the work, however, it is
important to ensure that the data needed by the relocated work is at the
moved location. This need often restricts the movement of work. Thus,
' it is desirable to further improve workload management in cbmputer
35 systems.

Accordingly, the invention provides a method, system, and computer
program as defined in the attached claims.
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| east one partition of said two or nore partitions, wherein workload goals
of said two or nore partitions are being bal anced. In accordance wth

anot her aspect of the present invention there is provided a mat?sgd of

managi ng wor kl oad of a conputing envireodrent, said nethod conpr 8904
managi ng wor kl oad -across two or nore logical partitions of a pl urallty

hogi cal  par tinljRhRiafle ﬁf?thdorﬁozfﬁg bt T P dsEAN R BhtionMHRFCIs pro91dd 'd hefllod B ©
| ogi cal partitions concurrent share | east one shareabl e resource; said
nanagi ngamagingy weikipddf aaoinpatihy emdjonatent) gaidinhetbadt camprifingai d shar eabl e

resource of at | east ical partition of said t r re l.ogical
partitions. ma‘?%‘&ﬁﬁcﬁg%{ga YQSSTF%PBF daorgpartitions, ofom Px\‘%ﬁf%ﬁqp B?‘Z‘)‘\VP’gseg? said
conmput edonhifig %Hﬁrglﬁﬁeﬂt PhESER AL zdaﬂill&nhﬁs BRO¥LmERS Mﬂﬂ B%rgy&goxﬁgﬂgégtﬁf thereto;

prograns gene 'y compri se 2004 . WO 01 74 PCTI GB00/ 03720 "~

4 instructi m&immgxm@d:ﬂmpﬁsyn@dymmmaﬂg adjisiing) alkooatiem oHal slihreabl@resonpeiofat
usabl e nedi a or P 8% storalg\e devi.ce re dabl e g Chl ne, and can be
i ncl udelaaségn%B‘HT” spi preRATtighs o hergingas M T 638¥P BF ok

transm o\ B Elk) S The present invention al so provides systens
corresp‘on |n§ t%ﬁ?ﬁ% 8%ove met hods. typically forned by conbining a

conputer programfor inplementing a nethod with suitable hardware. 10 It

wi |l be appreciated that such conput prograns and systens be eflt
fromthe sam® §5PuraRGeatith @%&t@?reaép of fhe TreseRb Y eson Bére lﬁ@é%tlii%

prefer rrﬁ&agpmbmh%fgfcohﬁﬁuhgwltfdnﬁienwsélh b PéontiRaEg: bed in det ai | by

way of exarple onl referencetothefollowng draw ngs: 15
managing workload across two or more logical partitions of a plurality of logical

partitions of said computing environment, wherein said two or more logical partitions
concurrently share at least one shareable resource;
said managing comprising dynamically adjusting allocation of said shareable resource of

at least one logical partition of said two or more logical partitions.



FIG |a depicts one exanple of a conputing environnment; FIG_|Ib depicts a
further enbodi nent of a conputing environnent; FIG 2 depi thSOaF‘pBim
conponents of a conmputing environnment; FIG 3 depicts one exanple of

| ogi cal partition groups; 20 FIGS. 4a-4b.depict one exanple of the logic
associated wth a partition joining a group; FIG 5 depicts one enbodi nent
of the logic associated with renoving a partition froma group; FIG 6

depi cts one enbodi nent of the | ogic associated with 25 deternmning if a
partition's The giebent v ehfiors Rirthef ro9ldes Sormputengropanisi for iplebfting/thd ebovet s
one enbodi nent of the dynam cally adjusting the configuration of FIG B
depi ct smethedenbedh qesutespregrams generally compaispi ct s one enbodi ment of the
increased to help a receiver logic associated with | ogical processors;
hannel subsystem |ogic associated with selecting an I/0 operation to be
processed; FIG TO depicts one enbodi ment of the |ogic associated with
determ ning whether an I/0 configuration is to be adjusted; FIG 11 depicts
one enbodi nent of the | ogic associated with the data 35 gathering of FIG
10; FIG 12 depicts one enbodi ment of the |ogic associated with the bal ance
checking of FIG 10; FIGS. 13a-13b depict one enbodi nent of the | ogic
associated with correcting an i nbal ance of an 1/0O configuration; z 0 APR
zoos WD 01/ Zz3974 PCTI GB00I 037Z0 5 FIG 14 depicts one enbodi nent of the

| ogi ¢ associated with determ ning affected subsystens; FIG 15 depicts one
enbodi ment of the logic associated wth setting an explicit 1/0 velocity
target; .and 5 FIGS. 1l6a-22c depict various exanples of 1/0O configurations
used in ' determ ning entropy. _ Wrkload nmanagenent capabilities are

provi ded that enable the dynam c adjustnent of the allocation of resources
of a conmputing 10 environnent to bal ance the.. workload of that
environnent. In one exanple, the conputing environnent includes a plurality
of logical partitions and the workl oad is managed across two or nore of the
partitions. One enbodi nent of a conputing environnent using workl oad
managenment 15 capabilities is described with reference to FIG la. A
conputing



environment 100 is based, for instance, on the Enterprise Syste?o '
Architecture (ESA)/ 390 offered by International Business Machi nes APR 2001,,
Cor porat i g@oﬁiﬁppk, New York. ESA/ 390 is described in an |fgM/gB6d03¢5t i on
entitled "Enterprise Systens Architecturef390 Principles O Operation,~~ 20
| BM Publication No. SA22-7201-04, June 1997. One exanple of a conputing
envi ronnent based on ESA/ 390 is the 9672 Parallel Enterprise Server offered
by I nternational Business Machi nes Corporation. Conputing environnent 100
~includes, for exanple, a central processor 25 conplex (CPC) 102. having one
or nore cerfFETUSHieRESEeFUEalE bYed npching) whish argencefednea neamrpEeons 108
(e. g., |ogisable padid b opxdgearPbrofie) dedined a¢adadastbyoaemidagnealardatan theon
manager 11 i kS i_he o) 06
e Bhysi oareRE 88 BRET ok e Ry T s P R SESRAREY o
partitions tYPREHEREPEGVEF 2 Belet?rkbyi cal partition 108 has one or nore
| ogixal processors (not separately shown for clarity), each of which
represents all a share. .physj . ) ed t he
bartiion. The 155 RAHERE sdueR BBl RReE Bt edg ol bBbEls o8 LI |
ei t her dediadavedetbodshetyiceiy SATTSH Y AMPLRESUAJEPIRIERY RIPEEYS S6F
resour ce |'iQ@lément s avaékHoarwithabuable tHia@ayaxar. shared with anot her
partition (so that the underlying processor resource is potentially
avai | able to another partition). WO 01123974 z Q aPR 200 6 PCT/ GB00/ 03720
- = W0 the particlitariEx RAPIRPTSFHARAT RENSHT FOTRUCEF BHEASERTS Gid fyEtepparill
functi ons asnarse@asmit@e Syl Cppdiayidt) f8at@ekdentthe pesdbilf oS YRé efivédion.
(which may differ for each logical partition) and one or nore applications
114. In one enbodi ment, operating system 112 is the OS5/ 390T" or WS/ESA'" 5
.operating syst erMasfeey @He‘&?r%te‘@gﬁ%’t“ie&ﬁ%l"fBﬁg? ISV RAThIFHE'S P rifo fatdhed
Addi ti onal lip, deach ppengtimgxaytkeedtnlyowith sabasinckhes ebt) fdlneligeSravings:
wor k} oad manager 116 for managi ng the workload within a partition and anong
partitions. One exanple of a workl oad manager is WM offered by 10
| nt er nat i-onal BUSne%s IRREIENSE EBFPICaPT Gn OIS FREPISEE i n, for
i nstance, U.S. 514733/ d8pidtssalcthrDeceriesdiment 35 amgputhify ebyGméno;,
i ssued Cctober 7rgl99%Gept Ol GaditRBALT cbfbhehP8 ¥ & SORANEL, R¥vIAGEA ;
partition manager_| 10 1§,| npl enent e bx %)cr,ocode [ Unni Ng on processors
106. Logi cal .parEE]iGt'i?)ﬁlfpi‘?‘ifB°’(‘ef_lﬁl’°§‘E&f) BPor Byt PAF CPEIP g’f?ﬂ‘?sfmnager 110
eacho conpri se orfIGer 4vork derogh ans exgble rd Fhe rlegpe cissoelgyerdt vigrs aof
central st gagecams9simhed Wrbdp;t he central processors. One exanpl e of
| ogi cal partitiaon mapager 110 is PRISM 20 | further enbadi ment of a
conputing envi rogr}lr?éng,aa% o %0 nerrt??'go%lemr? Fa‘?of 59‘6?@ slSrasfc?ﬁthee)%e‘s’g%r &LV UpPed
to one anotth@®rrii-ifprfnca. 3yesprRx, as depicted in FIG |b. Rs one exanple, a
cggtral p][ OCeSSOH‘IC-QOCTTHe@Xct(sCBﬁ? e?zﬂagin&ne(hflpkﬁd Jtdzgzienasga,e?]Mdewmfler EPCS
1 ia, f.or inst.anc a_couplin 5 facili 122, | xanmpl e _shown,
Crein0 i nefigsinl b AT g dagRilen b ditRealdh HO SRSt PR
whi ch are niafadger] Bpsa o &P PEAPRL i on manager |26. One or nore of the
| ogi cal partiti orss.i ncdepdess afe opebaineng 3 thySi@iic addoehatwdywhaye a

wor kI oad ”Bmgﬁicaal 9&/}3&?{nmﬁ c%RPJéD&QEi&ppPrf&ri@ﬁ ap(rgpéss%t}g\m in this

exanple for clarity) i tiona I%, CPC 120 i ncl udes uralrty of central
processors 128 (¥%. 8 IPictesy, PREVIVE ot GeS VPP ™IFY&FT ¥ al | ocat ed anpng
thesplurality ofFicagkcidpipey tontiabsdinentpaf tthe laic édmclais@uwies salecting

al l ocated Zﬁqgoo%rggiépgﬁ %53%{&%9@&; processors 130 of each partition.

(I'n other odi nents, eac may have one or nore |ogical partitions and
one or nore centFd: pP SleBicHy en§ epbedimspr Rf £Rei1q%iG aspociated with 5
struct ured ésteenimpingstiatage a(nSER) c40fjpureesols twobkaadisssddr age accessi bl e

by the central pf‘fhc.e§§cgep§9€g)loﬁé(ee§1bodiment of the logic associated with the data
35 gathering of FIG. 10;
FIG. 12 depicts one embodiment of the logic associated with the
balance checking of FIG. 10;
FIGs. 13a-13b depict one embodiment of the logic associated with

correcting an imbalance of an I/0 configuration;
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.requested by prograns in the CPCs. The coupling facility is us

'Sharl'ng of swatoe/23978 or mati on used in making shared resource rpe_qiléﬁg #@W’
- decisions. (In one enbodi nent, each central 3processor conplex-is coupled to
a plurality of coupling 5 faC|I|t|es ) Aspects of the operation of a
coupling facility are described in detail in such references as El ko et
al., US 5,317,739, issued May 31, 1994, U S. 5,561, 809, issued Cctober 1,
1996; U.S. 5,70 3 anu 8, and the patents and
“applications ref e?’rléd21t4olj‘%§§?e'gl‘r%fl i@m\éﬁ %ﬂ’fe gﬁﬂ’&d?‘?@ﬁt asgéated waEk of the
central proc@?%’f"‘s‘né’f‘% aééﬁﬁﬂeéds%ya'{eﬂseast one channel subsystem which is

used i n comuni catFIey 8 Bépick HRVErRimdRr o?@@pi&‘vﬁlc a&s%@%é" rl § Gl

; : h settlng
200 (FIG 2) jhSesAaypl orage 202 and at 1 east one
subsyst em 205l &qnnet[eqs{ggxéegg r’ﬁgﬁr@ 5 3% furt her coupl ed to one or nor e

contral units 206FI%he LE8TRZACoRRIAT terrapes Eehamples upt @00t @ndgu it i BBE iskd Qn
‘devi ces 208. dé¢hermdhémnehtsappsystem directs the flow of information between
the input/output devices and nmain storage. It relieves the central
processing 20 units of the task of communicating directly with the

i nput / out put devi E8E-RE FERRTNESL derpabpFiddes Siragptayipedaned &ﬁﬁ@élrtﬂﬁnt ly

Wi th input/ odymiticpadiessaintdos the £N3RAGIonSHPSUSLEDYS O,F'ﬁ%n@uh
e

channgl pathg,&l4 as .C nLcat i pn | i pks i zi managi ng t
i nf ornation tg or roth?npu But utw°5gt 268 SHEC NYIFRMERE harTe Pg sk es

i ncl udes; foff% FOFRM®I erweﬁemwep ntQuéds ehplwrelitgubsyrigesa P @A)t ot i6APL Il
unit 206 andthe hiomkii2ibebuena shossharnel ¢ SORNLL QL WAl {s, | n ot her
enbodi ments, a channel path may have multiple channels, control units,

‘and/ or I|nks Further, in another 30 exanple, it is also possible to have
‘one or nore dynanf)’t’ﬁe SHPPEITERE £ pArPBFingt erviehuramng| upiahwork 1y aiingg&whnt Ch
i's céfpl ed teamriéhivivel iamdsariveatwich tytekeiedeprie, 08S tHe5d Qﬂﬂ-lgj ity of
physi cal | y i aheh-eaidiRClbig s i at _ar tached tot swi t ch.
Further detajlsg regardi % iﬁ%ﬁgmghbgﬁ?éﬁs ar e%ﬁeg’étﬁrBébsel fYeregs

5,526, 484, issue 214390 offiereddy IpkeraapiasiedrPusdneshodintmds of t he
present i nve?ﬁmﬁatmn|mnphyqswaa;|rkre&'rsuyms idrdesdy Rl €3l |nY1£r$‘yu§HdaW£

across the | ng:&@-éd p@hﬁéﬁp'r@@es S?Eté?ns EEES&rE/ 59”“?%%”8?9&'&2%%& “
redrs

one gp nore yor Hg lcagaga ers, m%
transparent to the applicarl c?ﬁ‘zgtfﬁgﬂzscf"e une 19¢5.01PP8gRAmBlelof ARRMAM gy
PCT/ GBOO/ 0379 ironmegs Jea@&#pqnegszxme Phytde ced72r BRRNLEL Snt Or 2@ s& agli, SLL 1 but ed
incl ude CPU 680t 485 Ind 29k €na DG OSSR MESS QUL G83, o:.la/ Q.4 esour ces)
coprocessors, channel resources, network adapters, or[ nenory resources. As
one exanpl e, a coprocessor is a m croprocessor (ot her than a CPU) within a
CPC 5 that serves"¥PH5H19 EBTECPHtCLOANCERAp| B8 efarpdpr GCesstral prvckyss)
f or RRAst ancesomphenn@lcs ubs yistve n% ,onB edabke adaptar P@Je%oﬁé‘goﬁrb@ ogr aphi ¢

coprocessor scp1lhg,)abgye J2hySi.c g%rtle%onurgg are ? of.fered as exXahpl es;
other shareabl e resources may e 1 801 SErY put8gical partitions (Lr1- -LP4))
at least one loglcal partition manager 110, each of which is described

below.

30 Central processors 106 are physical processor resources that are
allocated to the logical partitions. In particular, each logical
partition 108 has one or more logical processors (not separately shown for
clarity), each of which represents all or a share of a physical processor
106 allocated to the partitibn. The logical processors of a particular

35

partition 108 may be either dedicated to the partition (so that the
underlying processor resource 106 is reserved for that partition) or

shared with another partition (so that the underlylng processor resource

is potentially available to another partition).



10 In order to facilitate the dynamc redi stribution of resour gshquf ‘
enbodi nent, |logical partitions are grouped together in order to”s 5@‘
resources m%&,{ue partitions of the group. Each group carpdflqéﬁod,dg-,ﬁ,l ze,
from1 partrition to n partitions. (In one ®xanple, one or nore of the
groups include one or nore partitions, but |less than all of the 15
-partitions of the conputing environment.) In particular, each group

i ncludes) for instance, one or nore operating system i mages running in

i ndependent domai ns, of a machi ne, which are mana a common wor kl oad
manager functi ont? §PQiRAEEFBIRE Wllﬁfd?wﬁmfa%s%u%%‘scallWr&ﬁélﬁ?aﬁﬁjr &4

t hese donaifimcaidns| agiLakppate syars taing g residengi aerbyipasystdmonezl node
20 and the QRELAL, ?gdisé’f%&e% 266n GG 9£b£>HM'tQ ) Qn&nﬁxel lem(é@L a?:%ﬁlééé ;39&

The | ogical "partitions of roup e a su partitions
system (e. gt14-a ¥opeype gmbgainansy e‘%)er&ﬁ“@nﬂ"?%ms%’c éFn ‘Eﬂe 9§/§tﬂ° or 3VSABSA e
_partstions aplerdtifibesestensyspiredasy ([onerrkoio@lanidesf Machled %)oré)iion.
systens. 25.One enbodi ment of two |ogical partition groups (or clusters) of
a central processor complex is depicted in FIG 3. As shown) there is a
Logi cal Partiti dH9FIRAFIAY 3G AnePeT2 b E¥FtPal Y @ BYPSEF otlifrBOB0AnCchidel df
whi ch i ncl ugeslememanager £14 Qi Ctdnapinid ithe orakldde witidnpa ngrei ticmgasal 30
partitions I rc h g r hr ough
ﬁ%gggtp%d?&%‘é eOr% ?Jéérrélibtci;a:g@; 19,508 P& Jah&%‘l“is %Mao é%%@ iy

resource al resource

exahdl es) tIH’éeF%?stdBP%JesBuﬁbn?ﬁ gdﬁ%ﬂ’é’ﬂslcfﬂ?PB‘ﬁPéFlePU WEY Gl fr éé%"nPF inesERK ces,
and nenory,irasaid,| Uas. GO47PIMUGESERLSd WecaierOb hawoshamaale 8ps7se394r ces

t he machi ne gu, ghtoRLRQV de. s A-particul ar |ogical partition group may or may.
not -have access to all of t ne resources of a particular nmachine. In fact,
multiple logical partition groups could be defined to operate concurrently
on a singl e machicgécal pagt theifont 01 0rARAg Ma@agdl boJicgatalpakttition Whaddr 110

effectivel vy r o " 40 .5l ItJ on
group are ef Fggﬁr&gﬁg%g%ée&mg méiét%ny%ouﬁf&r E\L/\%go%%%%&% %a% xgglg’%e&gzoos

PCTI GB00/ 0330 ‘FHs L8t ;ﬁnﬁgl?%c??hd%ti RA9RY Wi B3N ESTRIFER ONg @Y more

al | ocat abl eoricgraec hegidimg. i1 reppedtiive | mort itrre of cope rale skoegyewhs glrisesoUr ces
are restrigled ti Egﬁt&rloﬂpo&@go@n Bfe TRBAARE Ologi B8 PLAUR: o] NERLOG E%
partitions th? ke up a logical partition group can be thought of~as

cont ai ner ReM-esources. These containers exist within the bounds of a
tot#d set of resources available to the logical partitions. In one exanple,

this is the totailn Sefuﬂ:fhe&eéx%l’iﬁr@aﬁutaMﬁal abhgut@Rg %np@fameﬂi Al wSR mE[JE@

| ogi cal partl qnsr(tjgeat orllagOe R, & g@gtéo%u d{ Iooqn ano artition 10 9 g

g., Logical“Parti tron up ATe “assighed a°part FEUTSF Forerdif 67RYf

t ot al sharée?oldéplrcé%u*%é’mFdlb -exBinFPe, eXRgBifre ot pRAtTEh@rofesseAbtwpl ex olEPER
i's a CPU r eseui€eoupléd tohate dr GRider o610 CBSs 1bbierih0dickalngtakté | la08&ud1hag
are,d ncl ud lglgyog gal Partition Goup A are assigned a particular portion
of t e total cCentra processor conplex CPU resource. 15 These resources are
bei ng shared by the logical partitions wthin a particular group, as well
as, potentially,nniché d:egptalshpant idrcon® haceiibera pbagtadaty par Lodicam gr oups
and | ogi cal,at £idd:0ns, nat o | nebudad,i nwhlgnyaé OfL&leaRY bl 140, 01,2U05; INUS,

a wor kl oad manager that is tr ng to maeke deci sions about rovin resour ces
within a gr$d#poct féfr ¢ Fﬁé?éﬁc‘éf tBﬁe1°26"alp§F‘f‘f’tt|18?F itfctyfes| Rpyicpgrating
par¥dti on gietpmt vhaootragr hpar ki voxkload rMaheger gnduwpy ¢rsmboe RayEidaBion
under st andifigg Qémst Aot &3QWA o chiiflexGAPTY | t.eéle ctlgf-uq;)oumdd mwsuy Agp@M20

under standi ng_of what_the |arger contai ner %)er

Measur ement* bttt kpj(‘éradlty aF%mirﬁ‘Fo?’?Pé?FF'iﬁ?Ss% d8:9n F EB%J’pI FF@
facility) ussdutcsnmakesltdebi sicondladzoat amnaginegplwxakinadt Zogiesbur ces
shoul d be sufkicignt tg, yadershand én@erés‘&}@&esréj%?@& 8 Ol N§eS o@%nora

above. Once this_understanding is established manager directe
cha?ﬁ;es to Jt°r$é°?3e§6'ﬁ?%%s°&l‘sl b}f’aPF OFREH RREHEIPRygi EH OBBSR Ff‘li’?ﬁig‘e’b’fs'ae@‘fr\/éﬁc

may have one or more logical partltlons and one or more central

processors.)

Coupling facility 122 {(a.k.a., a structured external storage (SES)

40 processor) contains storage accessible by the central processor complexes



30 ‘groUp are typically done in such a way that keeps the contaihfir ATH#
(i.e.) the resources allocated to the logical partition group) %gné?aﬁf?aalt

“For instancWO el30Me that the resource to be managed is the PCPGBOBGTO0 CE,
and further assune that each logical partition is assigned a CPU processing
wei ght that indicates priority. In order to manage the CPU 35 rel ative

wei ghts, the sumof the relative weights for the logical partitions in a
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t he rrent ad, . ONne i.ght_ or the logical partition
o1 085 T hant T Pogiical ase RSt Ml e S5 oflea khantsd sigy ultr v Pt 1
“PCT/ GB0O/ 03799 Sh&i ghftopet et f PePBIREdci frikeh dist cPupledbior acthaenéy endtae

ot her | ogi cakopamlitriiwnsnd proviclegr thepcagd@al My bhighykScal0peirit8r fUrRROF {rg08n,) O
t he ot-her | ogical; b Lt j si,an , e exanple. 5 As
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to do next. The scoping identifies the groups and provides

. In a preferred embodiment of the present invention, various physical
resources are dynamically redistributed across the logical partitions of a

computing environment under direction of one or more workload managers.

40 Thi_s dynamic redistribution is transparent to the application subsystems.



i nformation back to the programthat the program can undersg d ‘
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0SA890 either edPadideshes f&ChJewaEPAahegqimplerre@hetmwnqmeo(ufesphecdsogmal
‘partition bse téhBodinemt, | agiicad paafiﬂibhé)rhrteogr%‘ﬁpél@Qo&@@!ernélﬁr@rd(%{» AdREE

this logic n Xl LPAR rou f the sane nane far
that 1 osouris Ybbitdedabdhel B0 A0 R0RE 00 SRoll OB ahOt FRBGTTETED 404
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406. |f so}ha greuwpgrimupudes ob¢ eat acke SIRRtidH. bGk NREWI AL AN 8xXi'std Ng group
i s 101 ned, . SEER: 410 .o Ther eaftaling 4 coped to the group, -
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avai | abl e futepehd¢nt dgnzials phird maclomet ovhith ldrzenarabeansd whesmmbh Midritoadg i N

the LPAR gﬁt%egeﬁﬁfcﬂh&?%o‘ Elsst:r}@ﬂllxg? wgggo«ragé ECFE%OQI‘CE% paft Ioggl ax t#)e for

an LPAR gr ou%)B at need Sﬁ g include 5 at |east two varieties: tive
resources SROCf B PeRTUrEaEd AB%I’fttl VPSREWHIPE Y 1picedme Rag§dkioned prdsg
an2PPAR gr auh tmnhqreernth}g Foldseses DS 390t euiiriieg LEARhgNegpcd hatrthachegi cal

partition instich0tfieParditiexad & foupMs bs SCEWLL Qf]r QHES xjggt:l\{\&ls Bt
which is, for ex rrple ac}sé gned b}/?éhe custonmer to a logica artltlon at a
u _

har dwar e coheole. e'Igne e nt™ G AYSEY protd<er ny et g’ﬁ’t SYﬁPlFﬁe PofrEde
partition PRryigiensy|ofz @ feront ShHERlexEst wer fas skampde. weisghdle wAen orhe

| ogi cal paseysdemen is activated., When the logical partition 15 joins an
LPAR group for CPU resources, the cust oner assi gned processing wei ght for
that | ogical partition becorres part of the total processing weight

avail abl e for uSB®\i"PRAHEeC] PAR I9éep. PanditiRusgroren (bt ¢lagsergned avi t hin

t he LPAR gcmamypwmsa’momgmm Pealiéddd on rirBats j Usd dheimnednthe ikPAR
group 20 nﬂé%l V\EI 1R 958k b t90y%ﬁdtahg.o%lcaqegar%e‘:mn Glfg)xﬁ\JRBg302,peach of

resources a contri bution was
: wh:.ch :.ncludes one or more logical partitlons The grouping of logical

30 partlt:.ons enables resource sharing among the partitions of a group

through resource allocation (e.g., priority based resource allocation).

As examples, the resources to be shared include CPU resources, I/0
resources, and memory, as well as co- processors or any oﬁher shareable
35 resources the machine might ptovide. A particular logical partition group
may or may not have access to all of the resources of a particular
machine. In fact, multiple logical partition groups could be defined to
operate concurrently on a single machine. In order to manage each logical
partition group effectively, the resources that make up a particular

40 logical partition group are effectively scoped to that group.



Fi xed Resources: In sone cases; a set of resources .is predefm
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managed channel paths for use by a particular LPAR group is initially
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. resources to the Jm(l)._gl ca| artltl pns in the group, and the conplete size of
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resources w thin fhe gfoup. A8 per &t Th§rayrst 8FH |r§5?|‘b”c°eal Ité\ﬁe%Pgllcﬁl one
exanpl e, to eefigeonshéhatorad ianbedwd of Lboicasearcieiah|aea adato dieqldRAR

group. The LPAR:igBIAJI8Er2BHEAMLC R i @éngmﬁl Bgoc%lérsgrt ?.Elqu'émparretsguge the
- LPAR,group agg. acgcoun | ogi cal “"partitions outside

%geds ];(xj'g blegnan Ug cf‘é 6\-& 1
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oper ati ng syE?‘é’ﬁFP%Fraﬁr?}PARﬂsgrﬂehb %ue?qtesttdiéyse»tltbflqrgesalupeesuiﬂ@aﬁ irs
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managed chan t i ed ch aths that are defi
a particul arEI 15\99 d%%ﬁl@lggn 88%6{73?12%6 rom 45 gﬁfpﬁgftnéﬁarg‘é’rm%’ntg 5??‘3

i nstruction. el%él?_’F"’ARbﬂ"anEa\é’r“ga¥%§5’u§ﬁ?%éfh§hlt%és€erolu55bﬁnomesfwonrﬁ;hec«s,ume
t hey 2at e onl yaurticiorzed the Lémcpl qpetitiRAR HBUR ahothdrapagadishanngls, this

means only aliQwh NG . MaRag Rat b pf d onli.ne to a
| ogi cal pal‘tlétl\g:)’l t hat gg %gglﬁga%%@ghd 9‘% tht%?oﬁeﬁgﬁar?es ?% “TFHEE CHESs t hat
&

defined for ‘f’ﬁ%‘prmarfaﬁ%ﬁl CRatthEPITEEAR R aPRBgiNealansar tdmtainerhie.d.s Par t
of an LPAR gf¥fllpcprradyst eNesmsetents eddBhekl, (e0y. d@aste LAk &ohat Bbty safafdd gation

that | ogi cal tlﬁhali:t:hﬁl'lﬁﬁ MQIW}I) hu%etgrmaﬁmr@eclzgﬁ%sgggémzsmérﬁ\ g ad €
errboc‘llsrrent of the ogh%u%S gfj ated with_renovin é‘ Fn

Fesolzecs LR b bpas B s e swopoher b | bon

froma group 1's descri
t he | ogi cal ﬁ%l’rttail{i?li‘fnamﬁa‘g%r renoves a declared LPAR partition group
nanmes) fromthe | ogical partition, STEP 500. Then, one or nore other

actions are perfo d.Jo ¢o te.the LPAR group. resqurce deallocation for
the Iogical parti ﬁ%ﬂ ﬁfogaég)résgﬁndmg ort Fﬁ%aba E%%rc‘é“ IRELIMRYE ST directed

anges to the resource allocatlons in the logical partitions of a given -
30 group are typically done in such a way that keeps the container size
(i.e., the resources allocated to the logical partition group) constant.
Fpr instance, assume that the resource to be managed is the'CPU resource,
and further assume that each logical partition is assigned a CPU
J processing weight that indicates priority. 1In order to manage the CPU
35 relatiye weights, the sum of the relative weights for the logical
partitions in a given group are to remain constant before and after the
directed change, via, for instance, workload manager. This maintains the
customer specified allocation of the resources to the groups and other
1égica1 partitions present on the machine.
40
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"anot her. 4Q@nderstoo@(py)he3grk1l941 mahager and the effects of these changes are to
be distributed rationally. Changes might occur when a logical partition

is added to or removed from a group; when some other logical partition

outside the group is added or removed; or simply, when a processing weight
25 change is effected via external means. When these external changes are

performed, the size of the container can change and workload manager is

now the manager of that newly sized container.

When resources attributed to a particular logical partition of a
30 group are changed externally, a redist;ibution of resources within a group

may be needed. For instance, when a lbgical pa;tition is removed from a

group, the processing weight associated with that logical partition is
removed from the group. If the current workload manager assigned weight
for the logical partition is greater than the logical partition’s weight

35 that is being removed (i.e., the processing weight associated with the
I logical partition initially), the difference in weight is added to other

-~ logical partitions in the group. This is done, for instance, in

proportion to the existing distribution of weights in the other logical

partitions in the group. 1If the current workload manager assigned weight

40 for the logical partition is less than the logical partition’s initial
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it on
sséveqc go¥e gr. more groups of partltions One

embodiment of the logic associated with joining a group is described with
reference to FIGs. 4a-4b. For example, to join a logical partition group,
the operating system (e.g., 05/390) running in a logical partition
indicates to the LPAR manager which LPAR group the. logical partition is to
be a part thereof, STEP 400. As one exampie, an instruction is used to
pass the LPAR group name to the LPAR manager. The operating system
specifies a name for each type of resource that is to be managed within
LPAR groups. Thus, if there are other resources, INQUIRY 402, then other
names are specified. For example, a group name is given for CPU resources
and another name is given for I/0 resources. The same LDPAR group name can -

be specified for each resource type, if desired.

This declaration by 0S/390 either establishes a new LPAR group on
the machine (if the logical partition ig the first iogical partition to
use that name) or causés this logical partition to join an existing LPAR

group of the same name for that resource type. For example, once the

. group name is specified, STEP 404 (FIG. 4b), a determination is made as to

whether it is a new name, INQUIRY 406. If so, a new group is created,

STEP 408. Otherwise, an existing group is joined, STEP 410. Thereafter,

the resources are scoped to the group, STEP 412.



The service class to which W.Mis considering allocating addi tzfm
resources is called the receiver service class. Wen WM has f BZQQ{‘;
receiver W%l'lfs? 4l ass mssing goals due to CPU del ay on aPQTAGROO/NEN0 |
t hat cannot be hel ped for one of the readdns |isted above, W.M considers 10
raising that partition's weight. One enbodinent of the logic foll owed by

- WM to determne if a partition's weight can be increased to help the
receiver service class is described as foIIovvs vvith reference to FIG 6:

1. Project the effect on the receiver_cl s cr, i {. of
the partition, é?ﬁjrébﬁﬁalrncﬁ’réagfsr?émfﬁe o lgl 0 t?fée ght %lﬁec%gasag?bt
CPU capaci LyAR)fgrbhe agaringw mede aSpilcble rf@raﬂlﬁdéﬁmlo%ﬂ#&i%ﬁ? PHERR
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ser\si ce cl assldamtbasedaniettibs s adéirizaseesonredre apérigend axpsonfcesvai | abl e CPU

capacity both the receiver service class and the other work on the system
demand. 25 2. Find another partition in the |O%I cal partition rou to be a

candidate to have its wei GAEIHYReREFUrSREPIBEIM THEE Sp AT PLID A ¥ hown as
t he candi dat e demetp pfahtidntdn.adiherepantiedate whenbPARgroud that ithechosen by)

for instance, |qgking L@ftirtbsn raaw;toaggamﬁﬁeexramslé @2Sthigpordpant Work is
“likely to 30 be inpacted by |owering,the partit Project the

ef f'¥ct on all sé& %%"E?&Y?é’ggt WP RGPk FEnFFHE Sh atsﬁég’&%né?'at "e donor
partition of | owestewgri ts andegive] ISEER: BOYat Debredwimggettiseleandheat e donor

partition's wei Qtl&réut&@l@%@a camngRLélga@a&ﬂ we cm‘og&ls@l eapditdateidonor
partition. This decrease in H}H %}f %rrrean %‘ (BPU emand of the .
service cl asses WtEPMEP% FFERNTHG HFEPH 85ﬁ’oﬁrﬁgt%ﬂ§ for*™88 %%er cent age of
t he capacity of lbbtcaapditdaten denartimpted.i néhsasbe IHgecpy @Fe@tqlen of the
negative effect j@fin& %@ugtﬂagé l@sr Q@edféﬂs%hscmnene TudRbt adsignased on
this increase |n t he ~ q14t O%I tléLlo gTéoGBegmo:g? 9
per cent age of a\PéPF%sosllﬁgdgﬁg é’El’f %gtlta e% & 5eri CE°CI] denmand. 4.
Determne if thlt@ecmgepxwemrghwe#‘s% mmlvla}méprlwwleo@e SPAhmat i s,
thekbenef iht to thagup, e&ghvmusse&aw 58€& x@hgﬁﬁgngﬂeﬁnl’tihﬁiﬁ&ﬂehﬁpmg%dp/Byi npact t?
wor k on the candj dat 0 rii rtance o
G2t ndonor; AN L BRnPASR dﬁm 4BELORLS | Lfbagt 458

t he service classes S nvol usti'ng es have

net2%al ue, inpl éwEnkag ke FRC’GBB"S’@& Ehargetheo f’Fﬁ-?rpa?"t iofi b‘ﬁ"ngﬁ%}Pght s, STEP
60B. |If there | xeB6urRls, vied wRicH Retorrdeitdion wat jost imdadende as to vvhet her
there are nore candi date donor partitions) INQURY 610. If so) another

candi date donor partition is chosen, STEP 15 612, and processi ng continues
at step 3, STEP 604. |f t He&desoWFefor & CARRliRELE JoRbY FPaF TITFOTS, t hen
processi ng ends;isSpHicblided te Blabynd\EM o pantimglen A8 paupitizen to make a

projgction on the 2. o8ffiact lgfmasgféw@goareahy tc'hQHné’iehgtt.HSS o0 work running
on another partition, each partition cess tpo a shared data structure

cont ai ni ng per f JPTAALE CB&’E‘%FlaB%‘Eﬁ léa%r‘f ?’Pﬁﬁ cBRHhEPPTE iF6RCTSE K8 gPDup. This
partition | evel pestiymente heddp achheteudesklopdrgqaist aribe: s€EPY regage@nent s

of work running QR hbe Jaakd Ift:lr%ebxy arSiRYh £ .ok af%up HOW el 1a18ach
service class is_doi ng towar an

t.he, partition; 30 ~ CPU usage by
CPU d| spat chi ng P8 21 Bt I??u °}5’§? ‘ﬁatg adf1ARLbh 'Pr20ss Bnate A
associates channel paths (CHPIDs) with an LPAR group. When a

logical partition joins this LPAR group, it is now allowed
access to this set of channel paths. The logical partition
 itse1f did not contribute anything to this resource pool.
(This pool of resources can still be changed dymnamically, but
35 the point is that the resources do not come and go as logical

partitions join and leave an LPAR group.)

LPAR scope can also be enforced differently for resources depending
on the type of resource.
40



In"a preferred embodi nent of the present invention inplented I;?ﬁ] QS/ 390
~.system this shared data structure is built and nmaintained in ! &BRIZ@{%
*faci Mity. HOVRUEIIT%t her data sharing approaghes coul d be us®dTREBI0A3720 '
i npl enent this data structure, such as nessagi ng or shared di sk. Descri bed
above is a capability for dynamcally redistributing CPU resources of a
conputing environnent. The resources are redistributed across |ogical
partitions, as one exanple, by dynamically adjusting 40 |ogical partition
-weights.  Z ~ APR 200g WO Qkik288e4rEb-GBO0AN3 120 2ring 18, .0 addition to
dynami cal |y adj ustppg GPUL resources %f a%né&%i%%raétni\??r%yﬁ&sﬂtfn PBgi cal
processor resources al so be cfyﬁg' &8 W‘de%?@hﬁleﬂelmi efal partition
i s configured-witHeBPEFSF dortbit dypeaiorStipr aeas @bey. Wak Ghh @kl Spak.ched
von the central proeessecessiil foRmts PIYgkCaAl JCERLE AlnRI PLESSI NG units to
executse work. To ?Lg%cﬁi&?‘”iﬁé Qn Lo consune its assi gned“CPU capacity,
sufficient |ogical processors arerfo B8YcHffPHUeaE e Ghe Hothbgistabt
partition. For ex&hpt &psewinsi tepe whehizaske aPAR agoas) tRardinbbaiod §4NNi ng on
a CPC with ten CPbRe ddscaromar kbaad REEMpal0s ASRL IS Logi cal Partition A
50% of the CPC's g¢gpaGity., Log} C:?;' ilsv;g?t i.tipgﬁghég’g%e S 5#3 %58%?' PPYhrogi cal
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five of the CPUs BRCIS@S ofAlihthe@RCronroagaai bye JusSid Gnd2dt Sad hE’@rn&lic{,i on A
| at enobe assi gnedoB5NeototepORGca1 CARBGLLY 5 LcalPartition A would then
be. configured w %gg_,,_lig__gorll ogggg) 15 ‘?_r oggti%%g&%%%%%euwel\ﬁegaw &yh%ﬁﬁ‘:&hl ly
adj ust ‘the capacity assigned torEodTEEl SR thegnundasps the slilataciahky
defined | ogi cal pFBCESsbPIicahfnraytibicnenin ttbe 1mgi @RlpPEOGESSALS axe
configured to LogresdurPas twithon theidrouP!l d@Eet te all possible
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exanplLe, only 20% of the s 0 tapacT? VPG priohremgcuRt 98 from t he
statical ly definetFiVgrettiprafedssortde UBAREmoivpof Theeria@nmigesal

rocessors wll, emfcaces akd ) d V& cal r esour ces
p ages He makied: Qh&@'&i&'%r@pya}'ogﬁ% ng;F%J 42500

at the rate of only. Qc2o8f ysj cal s_capacity, ,
di vi ded by ten | og‘.iiecalc br c?ggsg%r Zneadlu%%s:agﬁ. and %?st"gb%?l PB%ticaPnpr ocessor) .

Thi s can sever el yo1EfF | e DBAR\GrRIRD A Wwhote rebowwghpiffetteagat ed by a
single task, since .that single task will only be able to execute at 0.2
the eapacity of the physicafi{RBUre 1S . is,.often referred to as the short
engi ne' ef fect; 2)_Software aﬁq’fha?sc?\slvg%%'e??? CPeRtY P SYSEghitPi ®APrY reduced
when having to mahiage Ten Fodicafetprbcersssrass it iardspotiared wighcals
processors are r ey geur3fot this drypleroft @esslaress rbhts@ > dafij ci enci es,
the configurati omaiagaa laghsal pRakd,i LiORl S RQ atically defined, but
instead i s dynanigal li%fﬁu u%re(i. n one éxafrrpl é‘f‘s’seitdt El?asnn MAERS P REnages t he
part%%i on and nekes the dynam ¢ &tj aSt1fEntPARAERPPafar det Fitifond Eaah
| ogi €&l partiti on*R5f LBAR m3Bageynpia iangiretvictooneNtThé QUPAW ddtage AR 1 kAR
group). One enbodiaresss ahebderebb@icesass aakatde Wi nani ¢ adj.ustment of

i o obD AP B PG

the configuration,Qf_ladic rocessors is describ .
7. Initially) a |agi Eaf&gar tl?}}o%%uPl's ﬂ(::o(fn1"f”bat‘i"|"38dc.l’vﬁ‘”f“l’llst' hehigi neangnemonber 40

of | ogical processor¥itedurdEget Fhanteiwpath tto borsufiukd® cadfaciby 2 0
APR ~00~ ' ' WO (o288 $aifitHCh/ €BO01N3 428 ared an Lpar group name that
30 |

matches that defined for the managed channel path.

When a logical partition that is part of an LPAR group is system

reset, re-IPLed, or deactivated, any affiliation that logical partition

had with one or more LPAR groups is removed. One embodiment of the logic

associated with removing a logical partition from a group is described
with reference to FIG. 5. |

35

Ags part of the reset, the logical partition

manager removes a declared LPAR partition group name (s) from the logical

partition, STEP 500. Then, one or more other actions are performed to

complete the LPAR group resource deallocation for the logical partition
40 depending on the resource, INQUIRY 502.



assigned to the logical partition by workload nmanager (or the %Pk
actual ly. being used, if larger),. STEP 700. As the |ogi cal partlt 32004
capacity s@gopaent (or capacity use) changes, | NQUI RY 702 PCI/GROOABIAt i on
is made to determ ne whether the nunber df | ogi cal processors configured 5 -
to the logical partition should be altered, STEP 704. In one exanple, the
nunber of |ogical processors configured to a |ogical partition remains ..

cl ose to the nunber of physical. CPUS necessary to provide the CPC capacity
assigned 1o (or Msaq bgzou%ct qgl g@' dg@tt\;et b ORbur LS8N, L0 £3ho RIAGESSOT
executes at clodd ¥ ysi cal moer  of
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avoi de ile stil Lng.Le nsi i apacity
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greater than 90% However,. in a preferred enbodi nent of the present

i nvention: L(Dynamic) roor[max( 24, .24)x10+1, 5] =3, Thus, in this exanple)
L(st%ti ©) woul d Pohss rsher 28 ndf ethea RSP BXET Gt B2 5 BPATEE: £0pRhyEcal
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phyS' cal Cpclénfl &a@lé?%fz%glyﬁcgll Zél& geP I!:@O/ 9’?21.;%@6 tf‘ggr eby
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channel subsyst ef@/sit@u]ﬁf g1id prbendteaagad. sahs' semagemaasgémewmln an
prioritizi he 1/0_operations e op
priority ger}tgp rocessed g Gare n% Qy %§§ mat" ng egr%tgl é%ésdpvm %?‘F%g %ﬁg ple
pridfity aref asslp ganeetsqmpe %aﬁmnﬁt“he’bpft wWﬁhm?éFrallﬁr??FséSﬁ% e‘ﬁﬁbroaﬁrlyne
| ar ge scal effdfwtttlcg%agrpwerﬂﬁoﬁorrmtal me&ysteemxta\tlhe dfniat pﬁulemaa:ndoglcal)
execution o nni_n ocesses, .such peration
writing, arff " coggor i H ng aﬂ{ achdd CF‘?Obedes\? rgfaféca%yt J‘ntla}'ca £ Lg the ﬁ egd by
. the use of @®kjegitali ABe oAt arel §pldperts ithy 3(96?@%9{ Pﬁgt’éllé’f’rent'f§e( eFI"@ 8).
For exanpl e1oqd cRI QHsathLX 8 Cligh B4l ipAred tient ¢ hae: [@EPNRESHic/BR0onHYe agdest
O operation w.th.an_a b e
| ni %Ié ation glh&agg'(%rclﬁ?f%r?fo% Jt%ﬁ g‘% gg’\#%ﬁgtgl f)hr?tgmgét/\%\ét e %’?t ac%ggﬁldg?/l%éml S
carri ed out9IRpPont® GhisFeeousepinest E°'er¥($aH=Ddé‘ﬁé‘?i’(‘feﬁH"y of x& dtERY PRPOEssor s
wor Ki Rg togﬁdb)ﬁﬁrceé yplrw|elfi’ed3:a|1ﬂ1&ﬁ aPm@;E}B@ thuty 35 edRaB02 chhechange whgt
asynchronous 1/ 0Q_process ner er
to optim zé€ AN ef"folrg?en g%"ﬂ?té Ckh gntr Iggpo%%sg%?g%rg‘iwg% egrL \"/\’/(‘L;riaI
concurr ent | gnagihen. t he execution of the relatively long running I/0O devi ces.
Thakeis, to mnimze the total processor overhead) processing tinme, and
processor wait tine that would otherwi se be required in order to access and
to read/wite at the attached |I/o devices. Such a 30 nethodol ogy is
designed to achi eve maxi mum overl ap, or concurrency of execution, of I/0O
operations with the execution of other processor work in a |large
rrul t| - progr arrmed syst em In such asynchr onous I/O pr oce55| ng syst ens, the
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~ ~ APR 200 WO 01123974 21 PCT/ GB00/ 03720 2. Signaling the asynchronously

_executing channel subsystemto process the I/0O work queue. Su QqA%gq[y‘_
0/

the centralwoaessgor is free to performother 5 work/instrupti/ons

not directly involved in the actual executilddn of the requested /0
operations with the I/0 device. Due to 1) the asynchronous nature of the
above process, 2) the independent operation of the central processor and

t he channel subsystem 10 processors, 3) the relatively |long execution tine
of 1/0O operations.in. co ri.son the executi.on speed of the central |
processors, and 4)ﬂ1t?1nee rrg%{plt% hat trg%or%c%rtoaﬁf iy eam(?ﬁ%nané’la%ﬁﬁﬂs‘ffer}?g“al
resour ces, s®@ehtiddonndschffiferespures. WEhe 9S4dteerkidad mansger teditthebutes
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(see fJ G 8) ,_whdreé Queue ane ar .nore I/Q r gues,ts from hhese gqueues 25 aid
attenpt to initlate tHe d’é-%ﬁ%u@ﬁ 19 '?%% L IPEY CR2P¥®r espective 1/ 0
devices. The initiative for this activity depends on the m croprocessor and
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channel subs (O processor_ tk interacts w .he, central  processor

ot her wor

si gnalss, or ancabbpaid etndthnbot RaikdaenArRt el cddi@aN@l kakiss WaE kaUeHes

- of a channel ; ribed with reference.to. FIG 8. As,
&U%gg?&g %%Pocqggg to glé?t.ga tge same Y lgg.l\éen tP/ﬂ:kﬁFOJCrgjsegsx?dent

previ ously mention requests en- queue
wor k queue 8GB°TRF, °F dihei RRteaRb¥sichhcoNer - SUBCFRMNNEL Vet FLG tiadees Ithe

 requests arevehen de-gisepeditian ihaoké RhOCASERE HOEKotHERUS RY e Afh hh Qne

processor 80&gndhgofgquests that are de-queued fromthe I/0 processor are
en-queued by the 1/0O processor onto a channel processor work queue 810.
Thereaof"ter, t hose requests are 40 de-queued by a channel processor 812 and
en- queued onto a Gbatwepkgenent of WSy BL2BDFAt 5h REIGHEBOOY (37 2thanbétengUedie

814. The chambels RLOLQSIBk: dahBlLAecdUeYES: i 6YURSES: Ju M Jrhen QAL §Ol. Wi 4
work queue tq_be sent via tt&escr%anne __control_unit and

|__path to the
ultimtely to™tHe | FEGeFcd 5 Cﬁﬁ'eﬁ?i y-o Y RERCTRE T 3685 pPBaUt S fanily
of systens, Eh&MMERTsUIssYst ErtelerquiedPPy- and work initiation processes are
perfas=red on a First-In, First-Qut (FIFO basis. This process is logically

the sinplest to ingplenent, Js intended to optimze throughput, and has in
the past, been anggccg?ﬁtr?a%ﬁde1§tf‘rq‘§t5%gpfg?%f'rs'vxgltfr%< cf’?'é’f?é‘fse?heoé'gml‘frhé’fv%?q ous
10. asynchr o6&V YSEECESEIAG PEifBhtRALGL VAR Phad] netdngverthdéspigghinof t he
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remai n rel at 'c\igéay l%bg.{.t h eeréE'-,a_ttlhg:pe I(a#FO ari&@?tsit:@a?tigxgri%g% Jpclfln?gg of

pending 1/ O requests on the various |I/O work quéues does not calsSe

si gni¥9 cant EFHHFAEPDIPIofL THAE R iPBaPTioFEF1a8s Botfs 8% inrAPfidie FROiopetiast ongots
associ at ed wehmgliegh i nportance and/or real- time critical prograns).
However, in operating systens that provide application/program
prioritization functions in order to support user demands for tinely

‘processing of critical THF ISTRUSHRIIEAL 2IGARY 23°18 PO PreoobéshsstigCPlst r at egy

20 for pending |/ 0O requespstchenn pesodingr €asved ey h@ssyaesepsahl e, as the
aver agge depth of the FIFO work queues increases. For exanple, parallel
access volunes used in conjunction with the |BM Enterprise Storage Server
i ncrease the aver &de qUEBRITPEPTEY PHERAGEPHIWaRRTIEtRFS FotReHP T Sefwice class
typically due to the fadlltHast dcowkdirgenpaidgatioe Ofipdc€Ssn toitAEr Geiticeak1dskE):

that are of equal or higher importance.



25 requests may be queued ahead of the nore inportant requestszog A@&?FI Fo -
-wor k queues and would therefore be initiated before the' nore

requests. wo Ggusofd |y, less critical work perfornms I/ O whi chhdr68o0kB720 .
resources for longer periods of time, inckéeasing the delay encountered by
- nore inportant work. This typically results in an increased probability 30
of delay for the mare inportant |/QO requests. An increase. in delay tineg,
also called I/0 pending time (which mght be either total real-tinme~delay
or relative ti e del ay when conpared with the central processor speed) is
often due to t h&™alPen (PMFinERcthataf AT vase GIB8Y sifemiaaiagt e apalec e
devi ces totoeiptt d¢laya wiaick cdnnot Ooeehelpdd bp idyaﬂstﬂmespmqirlbﬁm% tim tinely
- compl et ONeitabes Glabhb il LAOVEEACSE Sene BRL (JLL TGREM Ly J1E LOADT 1T LY
to maint ai n_an execution rate that does not resu I'n-an unaccep %ol e

el ongat i onf#HiPAeSENEERt5 8A5t i ne of the high inportance/tine critical
prograns). As stated above, the probability of 40 an unaccept abl e

el ongation in t I r APR. 2004 '
Lo Sar s poriif sl %§?§"”3§sﬂl@§eﬁ‘3{a Jf/é’%s(ring%%éj aitofatidd fadidicnas 'O
pr ocessi ng* FRAGHD 1695216 Eléedre‘f?ﬁ‘?rp?%‘l?{éﬁ?l‘flta?sof W&é’l‘ &M hast Gpynder

magni fi ed ascdilter speedcandassimiesimf gosly Kae oy cee&fécné}s onN& AFER Spadt i Bion
greater I atfad baddge | MGEEAYR: B RECEROLLNG AL AN LO EVICES Jand

other required channel subsystem enents, Mn&T534E% to
whitéh the H%’xﬁlt‘}és”?rtep%ﬂfttl&é?fé& W?’rﬂ}ﬁene‘?r&l em‘?%’émﬂiﬂsﬁérﬂwlpwc £kl owad ebvof
central prepessodetsyette iifics gaseiomer sthaghat@nobe |indr&2eadeo MACH @RSE
continues to-4F r S Vi ts resul

ner casi gl ohet e rabati Ty Yot RECEEIAD WS TRttty 6Pl tionse
times (either real-tinme or relative 10 tine) for cr|t| cal work In order to
mininze the freéquengyoisfctetiongéfert bh(cheesponsertdlaes dfoindbegbing RREL ance

candstinme critical |/ QOpRr 8t 19RaSpa AT tEHAMRIES s0dUE QLU ng.d at, the
channel .subsystem a o handl .ng. techni que is %E gqﬁ ?Arﬂ%mn 8

riorit
processi ng. one or l"’g 16 PRTeRREn e %‘f}b%%?ce‘ﬁ?'p%fn&?‘ﬁg’alrfﬁ’\mr k Sjoeecde
Exanpl es of the inpl ERgrmeatnrdpiothe wprk gni te preoehasi thsketdRisgueadbesd Wween

two independent|y exeehddang, PRCESHAL eIl c%%gééf‘é, bRGhude 5 0e; 20
following: 1. An en- guew\r,l\g pr.ocesso éﬁf grocess adds 1/0 requests to a
F “TEE B

... _channel subsysteniT70 KRG RS rtREuFRA gt tRa HdpentRSe6e T he
st #8e of processi ng) sexVisg elassi deniamgs s eJhenwiaige2ent e lthe iseebased e a

pr ogr am speci.fi ed (ere@an.veb)/se\MxMe i1k 04 | ilsy bAHEDEH - th'[Bede%kJé‘e[H&eLns&stSt em

subsequent |y renoves hi ghe or equest fromthe work
queue, using a FIFO PLP el’rlllt:%] eeOf av%g §£e %%{Je%apﬁ%leﬂ' % }bﬂgﬁe’se%f"e(r pervice

process) adds 1/0 reflst and Fhepethsat verh 6p e sY#t@maTRngueue, using a
FI FO en- queui ng techni que. The channel subsystem using a priority

sebgction technipque, pspbseguant S (9 request el ements on the
work queue and Tenoves a%ggpr ociéés{rséggt&}ﬁqg f%sl uceaslt p?NIt TS5 IR P gife st

program speci fied pr FRTHIHERUTOBRVE T8 iptr elr?WaER,Shl BEER 68hni Gies (technl que
#2) requires fewer ipstvitddn Oesknewidathaiecéaididatd lsonsr bheri@@BLT alrhe

processor to conpl et g bt anaeg%%lé&b,e@y'ahggeﬂgceéﬁ @sft%n%‘“ *ik?_%' Thi s
frees the central 40g %essor to perform ot her work nore quic 79t he
e partltlon where the least important work is llkely to

- 30 be impacted by lowering the partition’s weight.

3. Project the effect on all service classes with work running on
‘the candidate donor partition of lowering its weight, STEP
604. Decreasing the candidate donor partition’s weight

'35 decreases the CPU capacity of the candidate donor partition.

This decrease in CPU capacity means that the CPU demand of the
service classes with work running on the candidate donor as a
percentage of the capacity of the candidate donor will
increase. The projection of the negative effect of reducing

40 the candidate donor’s weight is based on this increase in the



2 0 APR 200g WO 01123974 PCTI GB00103?20 a4 ~en- queui ng/ de-queuzﬁ ocess
. between the various mcroprocessors that conprise the channel ngﬁoﬂﬁ-
*t he techni qyrp P39 fy00se typical ly depends on which of the paptrgigiabing
processors is the nost constrained with resyect to its processing capacity
and tineliness requirenents. That is, if the en-queuing processor is the
nost constrai ned) then the second technique is chosen. |If the de-queuing.
processor is the nost constrained, then the first technique is typically
chosen. Regardl ess of which of these technigue is enployed, the result is
10 that the channel suBSTETEAFY I cE aFEY SRY c-oPBoFHiE chHF (haps SR oifh
execution of pending. KkA@sgesqaewmg. based on a prioritization nmethodol ogy,
not a time-of-arrival or FIFO nmethodol ogy. Further, in one enbodi nment,
-regardl ess of the en- %ueui ng and 15 sgl ection t,ech[}i@gues enpl oyed, various
criteria are used®to pProtTVree fafiithri8d%dt Wil st *to VBt s pr RSEREF 06} n
one e¥anpl e, these cri Teat dsi, neleudendtie folthewergiver s#heiceetbeki Orer@ides

‘pending. |/ O requests bagethelt el MRS WosReSH Ehe Rkl ftiet xorw@ﬁrt'ix\iﬁ%re
each di fferent nunber corresponds to, a ugl%ue B Oi’lté | evel . For™ exanpl e)
a range of consecutive GRTQFE HMMBRF® PBY (FYPRE-IFFEVITIEHE SifdVitre cLtsER range

. 0 nunbers is to be equakvelyedr greater than the total nunber of distinct
work categories that require priority 25 differentiation. For exanple, if -

the system provides the_abjlity to concurrently execute N different

oper ;Jtoi ng syst ems?"sucﬁ%% Jiugt%’t?s§F%Iw§l§\f‘5%gﬁe%’%ﬁé¥et§%’9‘6' s\FeL &Rt B

t he channel subsystem preprdedychsaghrtiqqtibs raxreitionps oweddkcs,06TEY 608~ OBre
distinct priority |evelserEadghndheorvdive! &4eh o heotdiRec 30 Lovwast {0 Lhe

hi ghest | evel or vice v LSa uld be re resgn# eﬁd %{vﬂa uni. que nunber 1n the
range of 0 to N-1. 2. TRE™PFi of 1Ty 5el"8ET i GAOT* “PeNtAgP1T S 1 BFueSI¥ IS ng
a technique that also. éappl iTésso.f aheheystandgddalid deppypevdi®sd isechmeehs STEP
regarul esshof thgi lr3 Ip_r i6@B ) ]'anlld Phice sbingt Y@iGahey adesidped, igteprdal 1 th%ref

m nim ze the probability o wer igrity requests, not heing processed for
ext ended periods of ti rar%evﬁﬁ cmﬁrecgﬁ %ldgaéguér/fnofg‘?argi%lr?pnlse,t &ﬁég'i"%eﬁs"ng ends;

di sproportionately | ar §&ERrbHer of higher priority requests being presented
‘to 40 the channel subsystem for an extended period of tine. WO 011 23974
25 PCT/ GBO 10 Fai rpe I i ] appl i Q egual priorit
pending requests ‘drg %%ﬁ?%gﬁgqtn ot,hicggur}gg(}}oﬁg‘l£ %fgﬁ%gs%é I%g}r{é gxgg'ﬁeé:f:??rboﬁrt Vi de
fai rfdss for ®pESfti Ay TBHEES B2IHALOP KPR S SAKP BB QueRrsder partition,
unsuccessf ul keych partftied, handcéessetoueabaredn@ater stBic@uté MBataniRg Ot her

equal priori p¥ fHANRS FatdabolAR ALY el REETY ! arfechni que
1s descri bedbvvirt . ef ergnCe to FIG 9. Thli? tectﬁﬁ#gﬁle%g%ﬁ??g% bg{t;uhs priority

h I 9. TI

- and f ai r ness PEE- BT Y3 (RPFEPTHFFE 1AL * AP BYbr £8S BFEHERdI ng requests. 10
3. External user/operator c@RUNzgyifewentd ofGratialkinyniegady ithe/wirsahlonngy t he
priordsty processing techni quesvicEhisadszontrol may be required in order to 15
force FIFO processing of the pending requests) if the priority techniques
are unnecessary or unable to adequately accommopdate an atypi cal program
execution environnent. ‘20 2HoEgreldysadngervige Previidedoiny tcowraderint goal on
execution of nultiple |ogi cahepairkitic@ns, an external control that allows
the user to specify a ~~default” priority value for 1/O requests associ ated
with a given logical partition. This is used when the operating system 25
exec®® ng in the | ogicdl palFPtyssaeiy BY ddeprighéns tRyispicyi fgr Ahpratittipn.
value for its I/O requests, but which is to neverthel ess successfully
conpete with other._o ] syst et _ ing in other l.ogigal partitions
that do specify I/0 %%{rg%%%ga%(%gﬁﬁg?%%&Igrsefgf’ge)r%éwﬁ'utaltogprm \Ijile’gteedt fe &
‘concurrent eRECIRY BVSHT nthis pharePofRtCaFtPstrre ii6nkuilinansk mefntalnesomt rool
that allows tcheplisgrfdd1speci fiyweresha@br rdafh MHAram apPrdadHe’ could be used

35 to implement this data structure, such as messaging or shared disk.

Described above is a capability for dynmamically redistributing CPU
resources of a computing environment. The resources are redistributed
across logical partitions, as one example, by dynamically adjusting

40 logical partition weights.



range of priority values for each |ogical partition, 35 fro i"u bot al
set of values provided by the channel subsystem This control e? ,
mul tiple apghnkigrd systens executing in separate |ogi-cal pqré-p/gkmnbse O
prioritization independently and without khow edge of the other using
partitions. That is, to allow for 2 Q APR 200g , W) 01/23974 2 6

PG'f/ GB00103720 pri ority based segregati on of the requests initiated by
each using partition. For itenms 3.'2 and 3.3 above, in one enbodi nent, the
central 5 processor licitl he user specified default priority
- val ue or the use gﬂélgq)f’f‘e'if ﬁ%ﬁ"ﬁ*ﬁﬁﬁ%?#ﬁﬁﬁﬁq 15 Eesﬁr“‘FBeﬁ £¥ 3 somPRRing

. program exeeuiirergpenn, tlegitadgpredespar tiesparres may phsnde dhahnicslliy addpaeent
to the p’rogram~operating in the partition. In S/ 390 systens, this can be

acconpl i shed join , the | ogical partition manager (hypervisor) and the
10 central pr oc&éSgl'%A?ar% I\EE ﬁﬁ%ﬁ%du&%ﬁ“e Wrefio¥h &°g+Sdr am

operating iprotégsdregi wekch paret fispehcledecuttte SRAREL SudCkeddEtomp 1ex@sder to
initiate. gmyk{Qd10P8ARah OFockBEl doNbAIRN B8 Wik ¥t e exeal! ' ?9 aﬁ&?& he 8§I€f€|;.on

SUBCHANNEL o nstruction in the central processor I Icit urres both
the defaul t* pF?‘bﬁH"‘Fy“rﬁJﬁB%’rgnaﬂaCPPh%aRﬁCthﬁPﬁEﬁiﬁﬁ?n%mwearwﬁﬁpr@yare to
nunbers fr dm aortignted nbetlpr ebgical xetdtion (ﬁlrE)axﬁipa'ee dons Edé PttheNcds2DD

table. Thi ioﬁ%le Ph:?tftrl%ﬁtl?q.u%%gl &?%eépé N On ﬁ%t a]:f Rr 98:: B30 uttj nat Qre

1 ogi cal partition ervisor, Whén It executes I E 1 nstruc i on 1 n order

to place tRESpHT |LP§ Gl RRFistemd B bt FnCRY ét €aPaFHéY| o8t FrlePar Fifdon A
executi on afeeST ART 1SUBCEIWNEDLgidednprizessthetSle sbatigudesenbi pi i onriadl e

defaul t andoghfay @&sces%wraom U2 UGS £ Qe IdEPLEL TS }aby o%ego{) rc%fé ate
priority valuejntg '&gﬁ ‘f)a{'i” est wi t hout _iI nvol venent rogram
gi

oper ating iAPERe] oﬁar%l%é"nl%tted’r P‘Br"’rslsfrg ﬁé* HBF CPC’'s
speci fi ed Ipppe&EYpr begizal eEee'GutqqngAlwmuﬂhetHeogvecabnmuted ivaph tERARdgical
- SUBGHANNEL prat&s4iet atgiabe am &3S oM WS By ﬁ@ﬁfsltf b CQsicaite tadlilgQLL Ly, val ue

'totheI/Orequs rogr am ex cutln a | ogica partltlon does
specify a prPoTT ;t?aﬁ\tjyr}‘dg? ’W’i’éﬁ S‘é&téfﬁ? NINIEES S %3Fe

i nterpretiweréi@wation 6én smmalsme@%m aSé) ccmn‘rpgmes tdh@opi@]r asrtition

specified priarédagrved ueca&ntotaawemmeymoea%%eyfas%@gmeaté Moy B 0T 1 LY
values in the,5i ale doserintlon Lable. Whep Lhe program spectfied priority

is less than t § et vi sor apedi PT &F5AP M € h& ?1?%951 Fat $8°% om

t he*Stat e F@BBFIGH| 6‘I’P tPaBIPJéanﬂﬂisel o Fkﬁ)lsae@s:aﬁhe dpﬁt-}gzdaimgslp@(il fied

val ue. Wieprbhesgaregraneaéh spedid ted 185i &1 pyodsakbss w8101 %ﬁtﬁfeﬂagan dehe

hyper vi sor spgcld irgd @ﬁh%%pxaaqrgﬁynw&cmwm RLLOTIA ¥ g Ug an t he

state description tap ces t am specl val ue

sel ecti on PEERNTHUEFLdh cRRAGEY | SO ‘?fsﬁ:ﬁ@ ?@Pod’drldﬁ%rbéf B0 209147 bmﬁésors

criteria. @ueabnivodi omnt pef lagi@dhpideessOr. s'ﬂhect:amgeaeﬂ’e&guﬁé:‘sttnth 0 APR

20045 ' \/\Q&M&%%?éhgse e RCTy %019?9%%9&5} g s RIGRE §55RY £ 1 WAL é}ta%sesﬁalt

| east some of t‘ff§1 above CI’I téria, 1s descri th reference
Initially, &%pefidiing>WoPk e execitett dd>2 ‘STFEPa@fYGtY Fx ths Ay &cals CPU
ei ther the -l ﬁ:ﬁltpmcesmzr remarrkeqwues thhesieiranérelinp r«FEesS;0 2 ) VS e wa He L aor

t he controlpa 4Bk MREK; AUBME 4isS (o] SFSESt=Y queued
pending re Sests;:l S |lncr e’lr'rl};enﬁl Sl%;%( %%eqiymgﬁ D%ﬁ%b%% %’edtﬁa
902. 10 SubsSEatnfry e bRt &FRT ALY JT SoHHg L BYOCeRFaA| 2IF ERTHGEAY of
pendl ng requests is to be processed) STEP 904. In one exanple, the selected

category is equaﬂn EQdQ@Q%rMhU&HOb@ d@fquncggs CQLQ%&E?&raIQUﬁwaane
in this ex Le there are four cat | ected category equal s

bOCouNt ety PEFFIHEE 1086 (RhERGI LY Mariot Bht dpoterd ag bt Liny
priority i ®djestpfeuctn cSTHE*a008:. Ebviey¥EM thht trepaged ¢bé qoirtitaicagany makes ,

then the flthitdﬁiﬁmesidjﬂétrﬁérn'ttyW’LQQ&G&SEOr\ﬁﬁspfdnrvlegéﬁthf@lqb%qQ1b of
sel 5(:ted STEP 9 it the selected category is t hen eflrst

hi ghest pr|CSF“F?Vnrgeﬁﬁ“srf’n‘b?’§v|(%’i1§’li§h’d’eaadepﬁ@og%HB ungaea!;@g?mw phitbrat ed
i s sel ect edcISTERs9¢DatedHoy ynamif ddjestrestl ¢f ithe 2BnB)gqurhetcrt e fdgishl any

priority readesisdiat i Plae¥éApak idg- fltRueskd 8o Salecs ed, STEP 912.
Thereafter, the selected request is de-queued and processed STEP 914.

Initially, a logical partition is configured with the minimum number

40 of logical processors required to allow it to consume the capacity
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Described in detail above, is a prioritization nechanismfar 25 :
asynchronous requests within a coprocessor. Although the exarrpl%g a&ER 20@4
descri bed wi W gigkeigence to 1/ O requests and channel subsystens) these ar
only exanpl es. The approach is equally applizable to other a GBS
requests arid coprocessors. Further, although the exanple described above
is described with reference to queuing, a simlar prioritization mechani sm
30 can be used to adjust the assignnent of resources (e.g., bandw dth) an
the channel, which js capable O concurrently executing nultiple '
oper at i ons, gals\‘???l’be‘grrﬁ? &FI5f Le6at PRF Rt iopelsn wetlslod tamaghi gleer LIy icepddiy
operations, rathe¥lyt haingeussd;t bi NgriedNi sgeredbdl | X the ?gg ilég&t h(;_‘rtf_L {%Int,ﬁough
var | ous exanplggc eserefbNier gl nALe Jeseni bed wih el eTence T6 & "
logically partitioned system the 70 priori FY*E5parePiRedar enusesihsion
within a syst&nfRYfato RFEETTHAE tharsesrthsuppiet dfogogalal parddeb RS conf1guPedAPR
200g (3\O 01| 239%e 2o8i RCTHGRAOLHB2R6LIASHA a‘méiééaersW%% t yéﬂ%ﬁhéﬁgﬁaw the

anged T 1T 6raer Bot9edeal Arari isheremaannel

envi ronnent can be dé/nam ca

" resource to WheFe Tt i "HeRsdelt ahvetralefBise nesesessy thaprelids ASRUESE capacity

Wi t hout humarssigredventioonsedhby berbiges: Dathe iski | lrfiyL e%gicﬁeidoggggl
configuring bi&reBhaneescVverall. systemavailability, maxi i Zes
utilization of installed channe ls?s%nt gl%eesca{’ﬁceit?e?fatai DYSiCrbrGEY; and Ghe

wor kl'0ads t o "8PP8t PhUS 1SRl PFEgASECFY Gocraract tare himionee®bodi nent, one or
nore factors are | ooked at before nmaking a change, in order to determ ne
the "best" change o, 3@ke.o ThE tors .include, 10 for exanple, the

i npact to the response ti e, oers%fl% %%fgf%tcl’lof“y?f PRe-heme ©chpes hbe riegporise
time to achi eve l§§§%"l‘f°f‘c S5 kPI0RYi R geatipheisdused Hat owen epandiehei ng busy;
the resul ti ng=8hearled (WiDyreharlastigfecstiCs fifum c2dg.paths with no single
poi ntis of f aihdveCLLMm@OITEN) 0g:208 SRG L&Yl LiNg conpl exity (or entropy) of
the 1/0 confjguratjon 15 Cm%glenbp%i rr%n_ste&gfc nlr%ggTrS | &0 &5 $BHI AL PR £ 0
dynani cal |y adj usting an (7O EBAFtGurstissndite tesdesbed. pardetail with

ref erence toUTHeESentage1dt CP@|¢apatity, cihaset halbanee uBE® GRS shdG oh S.dnvoked by)
for instancepamivhék aad PIRRAQGST of onent e ting environnent at
the start of regularly 20 I sche%lu%gg ti necl%fﬁté’jg\?a?ggpg?%%,oseVery ZO

. seconds. The function of the base bal ance processing is to continuously
. bal afi€e the I/0 vEliGcPratvevehivy emmkdes! heageubSaEeHESE the . 1y, b 99EE a1 yes
; control units) p(widda Ol 0at E6Y ibbeBice, rﬁ%@g&dgngh_qg eln§: def i ensur e

. that all deviges .G, be ssed throu
* no single” poi nts. of. fai I%%‘gg?o%gi?rgoﬁ??%

: hardware fai

fined);

two or nofe pa%%%e,wfjjr%:f(ér%bl FVSiTt h
g _ n=° HATeTEREI Hhche Ayl tvadee aftBr a
GRES) TRF ™15t SeE<el rrprthtiand ekouldobe orperte nt Stowddd Cof leggt i on,
STEP 1000 (Fe®ly1Gjlcabatelabaineeot heckidage) S3TERREQO0ZnD0) & cggl_é&cg éJ?ﬂg i $ run
oncezgach i ni-eval gt eog:,actgell,q_ggf;fllispgg.taie%itoon of the environnent  °
(assumi ng th% r«g[\gaillrcor.lm&*nt I's logically partrtion8d™he Wik Ao%achtheyeiszen | f
it was not 30 ogiCalfy* patis of ofedyr ™erel Ysxpartden dhecki myoUsRwnhy, kug, once
per intervallper i 6aped LRARC(wigakNonedSSIHE Mgk .gr S4B i§e'édﬁghitzoa i_%)c%_ of
the data coldweehipn pande 9f Jb6,LECESSENG s 1 obtained by the fac at
WM only inygkes_the base bal aﬁ?:egogggﬁaglkqglg SHEgS 3 5BF venberafal-agt &y one
system  Additiona 1y, REFSTSR #MBER: CRERKI1Ag iToremsbdtivhase uptlahéstg t he
col | ¥tted i rigraALden. uReressraypihengeont nolcblmeks: ShOILGWihin t he
coupl i ng fadiluttyatabes S&iDldided : collected information. These

| tv{;')liclé{'jttg ghgof’%%@t T O RIS h° HHE6HY t he

€75 “B¥c19ad$ oup on the 40 sane CPC. 2 0

managenent of channél s~ acrds
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For further illust:ration,=

consider the following example: Assume
35 P=10, W=U=24%. .

A static configuratign of logical processors would require
~ L{static)=10 to handle the case should W grow to greater than 90%
However, in a preferred embodiment of the present invention:

L(Dynamic):floor[max(.24,.24)x10+1.5]=3. Thus, in this example L(static)

would constrain a single task to execute at 0.24 of a physical CPU, while

40 L(Dynamic) allows a single task to execute at 0.80 of a physical Cpy



29 PCT/ GB00/ 03720 In order to serialize the balance checki ng, | i zation
with a group scope specifically for that purpose is used. Typ @

bal ance is called imediately after data collection, group 1
serial i zaW@M/18™4 equested. If the serialzozation i s obtai ngg‘rﬂ%oplgsngg 5
checki ng proceeds; if not) then bal ance checking is already occurring

wi thin the grouped LPAFt, ‘and need not run again during this interval. --
The data collection processing of FIG 10 is further described with
reference to FIG 11. In one enbodi ment, neasurenent data is collected 10
and updat edhefeby wachdnhsysidminereage in shrqughrelofor ororliherids gafechdd, STEP

1100. The geasur eoBntedahdahse! umhémwnsmngem«ae@mthaawa}e pendi ng
time, subsystem busy, device busgf_ dest i

f n cantl ye) c{]atl on En fI’h :é/a {L , c!:hree
dest i nat i ofEpHHenedy BHHELS HEPERYRS BHPFreadtir SHENT MR Y PBI%(FEE in
control bl Qegﬁcaw pHoce speaC ess Managrorythex| oA whe tepohegighl Hueckesaxist hi n 15
shared ne e coupling facility. Subsequent to updating the
neassedrenen Edsygp Lgéi?;{}] t target 1/O velocity for each subsystemis
cal cul at ed, STEP 1102. The. 1/ O velocity indicates whether additional
channel bandwi dihotisnerdedbbe rdesincedot As c@fputing reavixeamghe, tot he wakaged t-
target I/0,; geérpggw Hrd 3\%’ gbradcRy &Qﬂnﬁoctanti/r@resourcen thﬁirttleumrf@}’dn
~this calculatlon the T | owm nqg steps are taken, . _one instan
each subsy@%ﬁ%ﬂ%é&drweﬁéﬁdw*ﬁe“ AufPRfEe BT é?u%l' fetier y"'iss%snttem?ned
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to obtain SUEHRL: Tﬁ‘éﬂ/§6n"&/°s°l°?r*€r"r18ﬁ‘§/|wdeld Byt kheé P’é%%ln to ﬁﬁec?511g| ‘M Sor der
to det er m menavidehacfl thé artgehel./ O vel ocity wei ghted by connect tine. 30
Returning to FIG 10, after perform ng the dat a gat heri ng, bal ance checki ng
is perfornmed as described herein (Lb C())ne egbé)dlonrlre]ryinofs tSET Io%bc
assbtti at ed wi t h BaFAHERPRIFEFY kI H; |§c §s P Bbed W th Feference to

Initially) imétislipratridonxemtper fofr heny ronties RIACRESShefRdt apal/AneRe@téend ng
shoul d be pekfALRLy aturifiry,| B dBEEro1h NGakYach#d01/d ﬁeeﬁ:etshelsattypmuuyo

get group-w de serjalization is unsuccessf n i ng
logic is néfc @FS#‘?‘F&&’ Y P Afp e \(/é\gverééL"’mi‘léers%lgrE c% za SS«‘,?%@%Q;I ned,
then the swﬂsygtterrtsw E1@ e cheRPrf B¥amRBS & Qﬁ‘t’%’iad‘ee’ferféf-%n‘-’t &F‘g%tcef"éﬁe STEP
120d  WDREL2RE4s @0 mdy we,aesrze.agmc&éﬁ&@w&ma Eoratea«mepl asvithesmet ual
110 vel 061 byl Se00LEL N2l m%%%t%nt 8 shsysLeR dxw ADSAKELAGE chS

taken. (In one. ¢ eXa 0sé subsystens manage & dynam ¢ CHPI D
managenent a(temedaﬁevaqﬁcmdreerri?ﬁ PRE By EPQSE. ‘)‘°r(§1é‘ﬁpirl’i‘§eaf’k}’élré ppgdently

det er m ned exacﬁt&rmgeprcs:eeseﬁ @drking oseetbeexappli@llyhaliledge channefior

_ instance, "h&us M%fsy%aeoﬁxeg 398 a&%l:eesmljhﬁét%é&fcrgy ié]%ehéfaa% RS

velocity of eac system i s  conpared g ra g i
| | ¥el oc. te;wpﬂsvsdpéemdéa £q ﬁ’eﬁlﬂeﬁe W 5 H“F&nget SF/%‘eV FEEr >Pr°§eiFs° d As
the result mir dttiercosparbsonsentovitlstthe agpwcotr et of, thSTERaL206LY Oprg of t he

lists incl %15{%8 éeQu%H?Sy%ﬂT&seX@@%@hﬂﬂtheaé abgat préciRgt: ardrida,

ot her includes those subsystens mssing the r e. cas subsyst ens
Ohi'ch have RreeReIoa: it Lo BMbroroee fri b, ERes bl SRALAAREG,: SHARUR

excl.uded f rigmetdrs lchsdwess Sarifhee axptiéyritehrt [thetatdRcheds 37 pgievarefet sSHgh a

sor §gd, STEI%tiag&ﬁog#nlé)Q@sWL@,aclvM-Md fakivRA &e38p! drhédhcuirséncysence WM
is in the position

o_det erm ne, which_s syste t
WM or der s PHE SRyt e%? PREPRECS Hé?h ’?egﬁgmmn%%r pr{BQQ%Q por 4R
servi ced. ZﬂlSummen{pmerwﬁl suptene I|st one or nore of the subsystens
on the list are serviced by, for instance, shifti ng capacity fromthe
under-utilized subsystens to the. over-utiljzed P
many of the subs¥b t%‘ﬁ% AIWBEPXATID &/ SePTIERE 19 Y e aI’Iébt%rrE%PéIgeprjogéQSOﬁs
~adj ast ed. 2HiGhetenibdisrenttiohn phe Ipegwmamassm@ﬁa@%d/w QHerah QRS PY et pie an

capacity i SI/‘E%Hééﬁ%@lw L Iguél?fa%r%%ﬁ@o ety sbB6uabdbL inBtiictliby, B8uch an
subsystem is selected from the |ist ﬁ?%ePfc}gOO (FIG 13a). In one exanple,

it is the fHIFUSUSSyit dPOrP LK F5RsPe sel ected. Thereafter, a

determnation 30 is nade as to whether it is the destination port busy t hat

i's the problem {NQU B¥q1u%(32ng |(Qd@ﬁ{gt>l Exll @Yo chedt BINkEAlEOor § dMEReRS 1O
whet her the contention estination port busy tinme) is high; and if

it 8, does it vary \AF‘E}?F}’Fég'beIc{P Y& HeW4r *8Us i nterfaces that connect
thereto. If the destination port busy is high on all of the interfaces,
then it



35 signifies that another channel path needs to be added. Howe ngea] |t IS
.high on onIy one interface, then a channel path is noved to a GA}D 4

‘i nterface, W 1594 Thus, an existing path is noved fromt ce
W th exceSS| ve &estl nati on port busy tinme b another int erfa@’bgh@%ﬂ'
processing continues with inplementing the change, STEP 1306 (FIG 13b). 40
Exanpl es of how to inplenent the change are described in U S 5, 257,379,

z o APR 200 WD 01123974 31 PCT/ GB00/ 03720 i ssued COctober 1993; U. S

5, 257, 3. 68, issued Cet ober 1993; and U. S. 5, 220, 654, issued June |993.

After the change 4's | npi%@AbiiGethe AsyRFMrORPYRIY B¥PIus inm harnelt sulsyshen lrer

t here are other subsysim:as hat Bloewamit gusud.he target range, | NQU RY 1308.
If not, then processing of the inbalance correction is conplete. However,

‘i f ot her subsystems are not within the range, then processing continues
with STEP 1300 " SHPEETISUEXT SOBSESFERI IRNOTHECK| STEreF|tQ paxgaym dtBeRet Ur ni ng
to | NQUI RY ]y&ﬁ}R/insftrtxhteansoiﬂdem|r£btnairdﬂ:uEytmv6Mdemﬁlt@1@,a&tﬁlﬁﬂ SeReeRR HiY

‘continues, as,des p n.one exanpl e, the possible
channel paths to %spggadge%e{}(a)t%%e 'g% hs§§ alrba'?eeuﬁet erni ned, STEP 1310.

- Thi s determination includes checking within the physical topol ogy all of
t he channel-s thatowaso got the atshecmhbxhs:mb&ﬁresubmt gRveaptbdeben o) 0£heeaCh

~ channel , detgfsn gﬁdggtp&se%ploel }[gﬁy&e(ﬁgﬁ%ﬁ sestortg éﬁgﬁfg}b%%em pat h

is a connectivi. per nut at 'on _throu PAWar 6 é&?‘?yﬁée’&nd
20 i A%l udi ngPrBSFFFCt"ﬁe %’héhﬁeqelaweslﬁblswt e’mcumqn @ﬁme leEs®/ Papérations dn
subset, if somgesigcedic ahe éxechttedsbéed Be fHesSséiYa1 pAbSssoBEMdrar by cnd

deterni nat | Ofd b St HRAEAS o1 0a 11N Er RYSS LAY o renmove, STEP 1312. AS one
exanple, if there are miltiple su gsté‘%gg%gggétteﬁ TS Hanngt 25tHEn one

of the pat hréBRTREEEY thif}h€°§‘F%ﬁt| B S5 tentties chamsi debers teng amrdi Hat e
for renoval .buEheredbteing atldet eperaniitnDwhes amado &gei‘éﬂllw|1%hrmy&a &8,

wil | 1be i mpaglgdady it hes ‘ab@mg,e robbble 1344 WG NER /%%gﬁyéés gyl 1 pdex

indicating 30 the glgpgl em%‘%/ a conf uration to i's al so

det er mi ned, T&CEEE DR Bh&PeBBanTre FEPBIStER /Potark adaiss; atledt wi t h
det er mi ni ng ishetles fSERRT FUBCHMWYEL dmstisctdes Cirsi bectutiked by e kent it PrddeCrorks.
Initially, aatsub@@rtemla@ecmw gle b.hamsl( SBLedol St aﬁﬁ tsfrl{g ﬁ}dg@uta@ﬁe .

CHPID |i st for CQ& n?/g are .c ons E fbor use | ater
Thereafter, annel’ patR 3 d e FEETTRV TP FPEMm Y 8%‘&31§Fd%1§'é‘?3e61t3?&)r¥/6| ock

( DSB§° assocﬂ’%ftrédq‘\‘zﬁuﬁﬁ Q%@elﬁ#i@so’é/éhoem% rgadests.added to the CHPID |ist,
STEP 1402. In particular, each path has a decision selection block
associ at ed t her ew n block is a control bl ock

on_sel.ec
that inc¢ludes vart ougdéofl}erog%‘sng %b’.ﬁ gégffqﬁﬁsﬁfﬁf*@ﬁb‘iﬁ?ﬁﬁce““s
i nf or mat i on, "RfcFUBFAEE tF‘SrChé%ﬁﬁlplse‘bSﬁ’féml’dlseﬁc‘t eeix ygepretiyatio WelRI D), a
subsystem ccm:telueds (eociiq(. SSCBYe pient ednel Bfllnfb&&ll’}@ fé‘tﬁ;eh@ﬂ'f&&h thabd galauéwl t

assogs at ed Wshathgpehann a . gffected SSCBs. h SSCB
includes all ntcc)lfat hepchannglltsllg%rca)nlﬂlurﬁgc?ge]I ESQ{ ﬁzgslo s'-Is e i ESFRESF Ve

the CHPI Ds a¥SofF%ced: withh 1Hsiakdes for 551%§§F§flééf %ﬂreméﬁ $8 dtded to the
CHPID |ist, @FEPpHct@4scr pnpavctrkcadears inhqudsSEhn PAkRLEthé Schafldl ewed st&pm

the DSB whi o QQA LescHehs, S A the GHPLDS in the
SSCB are then n% “%at o thhe Cﬁé@ Stugs & e §}§E§gcessg‘g’ t?ll;t 1n§. racts w1tlh

processor mlggt 1nit1ate this process periodically when it is not
30 busy performlng other work, as the result of one or more central processor

START SUBCHANNEL 51gnals, or a combination of both,

One exemple of the various work queues of a channel subsystem are
described with reference to FIG. 8. As previously mentioned, I/0 requests
35 are en-queued on an I/0 processor work queue 806 by, for instance, the
START SUBCHANNEL instruction. 1I/0 requests are then de-queued from the
I/0 processor work queue by an I/0 processor 808. The requests that are
de-queued from the I/O processor are en-gqueued by the I/0 processor onto a
channel processor work queue 810. Thereafter, those requests are

40 de-queued by a channel processor 812 and en-queued onto a control unit



10 Thereafter, for each CHPID in the list, the SSCBs associ ted with the
channel path are added to the SSCB |ist, STEP 1406. ‘I n one B
informatign i s _obtained froma channel path table that in Gfkggpz$g éCBs
connect ed MMM cHPI D. 15 Subsequent|yz2z2a deterntnatlon 1S eas to
whet her any SSCBs were added to the list, INQU RY 1408. If so, then for
each SSCB in the list, the .CHPIDs not already in the CHPID.|ist are added,
STEP 1410, as descri bed above with STEP 1404. 20 Thereafter) a further
determ nation is made as to whether any CHPIDs were added to the |ist,

I NQUI RY 14dék hfievehele. wehe cheneelCHPrassaridagn tds-ahends sequeshenfiomotbssi ng
continues with STER: 1408 ANEVSbe bénd REL &nar énaiBe DHRE & thERidagradded to

the lists, INQU RIES, 1408, 141 the for each 25 SSCB in the list, a DSB

array el endhit PRI EAPRELY SREBDY 4 el‘hlﬁf’ is, each of the SSCBs are added
‘to the array of effected SSCBs. Addltlonally, each of the array elenents is

updated with actuale,aid Largel chd @/¥8s %b&&&s faxtlhe 68T 8RmaleLhandagt ween
t he target and actual 170 vel oci ti es, . inter, STEP, |1416. 30
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the effected syStens is_ projected, S A} articular

ol o BEvt, TP el O ot A RBETS (o 57 CAPRYSEEEE SUis Phos074
33 PCT/ GB0p¢:33%201 /s rkqaleed @t the wetewsrilrie vWeoty queups|doepenati thesent if the
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or to se vari ous, act be cqnsi dered
FnaBudi ng. 2EsepEed SER O BTG R S oA ORI T SE e
subsystem cl osest to target? Wich option provides the best availability? .
V\hidch Oph ion pr lﬁt»f&éi/%& thefopeﬁtﬁﬁybmvf&érys (theasptroemer apy)iat W /prbditai f)pti on
reduce the tota nber . of pat hs bel.owt opt i .ol at e
any explicPt* ‘tréLflz lof’vﬁglcéa%ns FRVIEE” eXp v:p]c tar e?é"tktngsbfg uggm & "nst ead
of the def amqeseamsgetfsymtlwt lozt Bime éﬁ??’@ﬁnﬁll“@%t é‘ RSP Rrerracdrg uitgrtegy

| i @bt S? Wb deRbisnpplboreque sl sabecdnee Dvibbgingati ssascadptamie] by ddae

nstal lati g ke el of Mg AN Qh2 gf;gtu%tlt&egesreﬁgwggﬂ}ﬂmé&a&sl

.currently unav§| | a mone par eci sion
sel ection BFW@SWD&B@“E‘L#&“ cca’ﬁh'éftc%enl"ﬁﬁpe‘ﬂ’v?nt[% ERRefERT 186\ Storre St Yt es
are el i m nahefkas?Ochkhiasexuyel guduecdertd) if ahe extanpeke subbwpsemt hahiviid ate

ar chi t ect ue% ida i € tboc%e titact chaduSEe ttﬁpsxctraate rytnpgsrs thoerrbél&ql V6

two, those at vio ate the conf |%urat|on as defi ned the install ation
(e2§., useTRBIECENAY PReTIREET ANGPARTDERS SPr‘Fl’tS‘Qf’Fh‘ﬁ‘tcﬁ 8Fs (£5t % di¥8wed
in the def woikt igmahemargdtdedd theaticte bapinitbatssiebeyourheesomhicshtsged 1/0

currently up @s‘t%abhf‘reﬁﬁentgy; fe‘éstztkoi%gcéh%rﬁtﬁe@mmst Q/&%ﬁi&@rttlésv\((ﬂ ch were
made unavallable function co rocessi ng,

ot hat 1 DESOFAL I LoPITBS aNa T o aer SICTRERE P B LoHRL S b

cal cul at'edmboe iBSBstaniti edwkcoutkisneymwicabty sebeidtsedn )an increased probability
30 of delay for the more important I/O requests.

An increase in delay time, also called I/0 pending time (which might
be either total real-time delay or relative time delay when compared with
the central processor speed) is often due to the inability of the channel

35 Eubsystem and the attached devices to maintain a rate of I/0 execution
that does not impact the timely completion of the critical I/O requests.
(Ssaid differently, the inability to maintain an execution rate that does
not result in an unacceptable elongation in the execution time of the high
importance/time critical programs). As stated.above, the probability of

40 an unacceptable elongation in total I/O response time for critical I/0
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to 1€ hew t &r g hi eved w t hout inpacting subsystens with

3'0'If, there is currently only one path to the subsystem (possi za Zg:?ktl
beetr 2004

In

et her the
explicit targets, INQU RY 1322. In other words, is the best option going
to. negatively i nfactadNeoSkiRSySiL e W L | j.Cl argets, that were set by
WM If so, r%hegi%pri%l or%dorrana er, isei_ﬁv%iegﬁpt%fcg%%ﬁ_§§g§hiz/°25esé’ﬁﬁf%ﬁﬁF§ie
path, STEP 1324 Fpa®&TiearT ¢ I viorRI Tid fitindde ropsratidons heaspatdrpand, sekegt s
new targets Juspizchdediront tSebcwquentdupsyaren fa pheoriew haidgels GaBnDRNe 1.

achieved Wi tde@ihed@gatiréetysing e bRGIEDSY SEEMB W AN SXRIIL I T targets, the
change is 2§ jypl enented, STEP 1306, and pr ocers%fa}r%élcgﬁ?ﬁ%ﬁﬁ%"é p\ﬁngﬂggal:%

determi nation as-to whet her other subsystens exi st which are not in target

"range) | NQUI RY 1308. As stated above, WLM can set an explicit 1/0 velocity
target, which 30 ExampXesher usedingishead:0dn he, def au 1) 1[0 vel ocity
target. |In QRe,EHbegh EBALye MM etesecauréigxnpl i callg) tar tgtg%v\ﬁg%ﬁ\ﬂlﬁﬁl?nﬁa%et hat
the service class, i s not Neeti nlé' Itegoal §.r°ﬁf€°§ﬁt?gdPﬁWs%? ipREdepfhe
assotl ated VICLHOEREE | ng the explicit subsystem|1/O velocity target is
described with reference to FIG 15. 35 Initially, a determ nation is nmade
as to whether I'/Q is Gausin@.L. ' el ay, | | RY 1500. If not, then
for present purposes pr ocershgieng%i gk‘g%%%%”é?(é’? %\ﬁﬁ%}gffdﬁl? /P Fearesta§8i g
the biggest delay, th&feTHY FYYDIEEey H40) tReknSHne |theapamipht, oGREPAdnHAs
Thereafter, a determ rmat flon s48sd sinpibeeasingd whiah hehrid8 c§eidluefcGlgasSs 1S
nmeet2mg its goals, | NQERYque WdR4! &3474:-3Rak sgegfgegopquﬁ 1'GB00103720

Y WLM) priority
number. The channel subsystem subsequently removes the first,
highest priority I/0 request from the work queue, using a FIFO
technique; or

30 S 2. An en-queuing processor (or process) adds I/0 requests to the
bottom of the I/O work queue, using a FIFO en-queuing
technique. The channel subsystem, using a priority selection
technique, subsequently searches all I/O request elements on
the work queue and removes and processes the I/0 request with

35

the highest program specified priority number.

The FIFO en-queuing technique (technigue #2) requires fewer
instructions, and therefore, allows the central processor to complete the
I/0 request scheduling process more quickly. This frees the central

40 processor to perform other work more quickly. For the



1504. If the service class is now neeting its goals, then pr

conpl ete. However, if the service class is still not neeti ngﬁﬁpgﬁbﬁlf
then a search is made. for subsystens that are being used ce:
cl ass and WaN&2¥W7ow |1/ O vel ocity, STEP 1506. For one or J%*’E@B@Q?@ens 5
that are | ocated, new subsystem|/o velocity targets are set. In one
.example, it is set by increasing the current target by a defined anmount and
then projecting the. inpact on the subsystem. If the inpact is sufficient,
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chaggel s and 40 subsy, %erﬂfiédﬁgha&a Aok PNGREe ahnaiézeréﬁr numbedO 01123974
36 2 0 ,4pR 2004 PCT/ GB00/ 037 o calcul ate tt:;]‘e;3 ?e gree of entrogy for
each~option, the numbFTEFPTRENTRPs AR SRHSFatE at F3F £*@BRHectethree
t oget her, assumi ng the desssiughvd sniagy spprrusdis ite bsedoviirgl badithepranmilse
of "the ent rOfyttechnlfuﬁgel& tnqmwdscyé asoeberbquadeeb Wi é»‘z%a?é‘ﬁ&'h&ﬁttﬁle total
conpari son of two or e _Propose i es.an etermnatian o

whi ch one is nore sym*re"{brl c fog%s 1as Iess en °nes %ﬁgt FposePst®t s is to
avoR¥ |arge inter conn@cftfedeftfeﬁe’r@gl eBer \ﬁﬁ?‘&?}lq t1$ s"—@u@ﬁéé’!‘e&%‘ﬁﬁs thke the
/0 velocity techni quailiess @cew@&eentaedemddtermmff&reh\ar&tﬁiraEMg BeORe, t 0

anal yze performance prozL errs, safg%sestlﬁs.gl%ltﬁcg ygw 2l @ /9¥ gé’tﬁ e m que o

t opol ogi es. 10 One enbo entro erm na
described with refer e‘ﬁt?emf-b ﬁPﬁ’FY%ﬁﬁ‘ E’(’é’ﬁ?ﬂFléstecF‘B*qqeﬁs?’@né@ pipyvigie ey N or
depi cts one exanple O:ﬁon% aemungur;ﬁtbeitylﬁeoentdmatEadmcburbeswvnveh,armexh&h%OZ

conggeted Lo tuo subsysl s, dRdnlbe stRYSE &P 224 5eMA, agsllld apa

resource, it can 15 o al nit fromat eas aces. It can either
receive it from channgPreseptedhinfenigue f‘u‘i“‘ferob’t‘ diMgsTangef eorh Epditdel 3,
the resulting configuration now has three channels and two subsystems (FIG

16b) . This gives,the nco gtwwt@;;d%@ceporpe&rpamhgd% ol qubbve u(af”e ;L) 'f

however) subsyst em 22 recerves tional resource from channe

16¢), the 20 resulti ntPPBAEEYFRAT iBACHRPLABS nfRETRITEN NG §lbre“§ﬁb%‘$?§t ems
thansit originally hageqagts tdegardzdktomghent mapyritydexrhis :tswcnypidamhl S
exanpl e, the second o S e.
In the exanpl e depi ct%ltd'J %dglan OE&% lt-_SarS;éug\S é%@%em gﬂnlgggsgggél ti 8 %Imb
resource. It can be obtaieRes Wo‘?ﬁléﬁamesie%rf% extendethRAsiods ok ‘:d@ed
(FI'G 17b) the resultyiigheBéuidPYcduiterod exbhipye, (Bue to 4 hﬁ.@ﬁrdﬁ&&ﬂi’t&ﬂaﬁely

countod. since it 15 HOSLRRREE o BiRR GARLEY B4, HAM Reelelte Y o

reséfti ng i ndex is thiee chq'mgl) syhpfystem for an extended period of time.



30 second option has the | east entropy. Next, consider cases where the
.configuration is split, to determ ned how this effects entropy n.
RefeYring t owdréfgaok8a, if subsystem 23 has excess capacity, F%%gﬁféﬁﬂlp
coul d be renmoved. If channel 2 is renmoved (¥l G 18b), the confT \& i's
split, and the entropy index of both configurations goes down. |f channel 3
is renmoved (FIG 18c), there is still one configuration, but with a | ower
entropy index than the. original index. It 40 appears that the decision

t hat breaks the configuration, somewhat in half, Z ~ APR 2004 WD 01123974
3 7 PCTI GBOO 03720 resfift'efh et @smigBippiacabe crnpdi e tosequal dptisri the

bet ]'E'er choi ce, (i n one persticynesaiiesn dapd&iiabaTn bEhémh%oﬂ':Jlaﬁ%%atQ]‘:ongﬂngJ;i sti ng
Configuration (FIG 19 o . as the.index of the propose
-confi guration cont ai ni %\a"téﬁg s%bgp%% gaflrﬁ%nsd TOF iRPLRg JeTesete @at1bwe )
‘the index of the ot heragﬁﬁfji/gktﬁeat N PeeFd hgrscofsRIEY ih9t)atean dna

cal culkat.ed by subtract kergruehen ohe Soeaf®ltemes R th Nslesy of '
‘configuration is equal ($Q 2.¢9; §€’}%€ﬁa99en2‘s%fel §0 L+1=2 qug?gpr?hg&ry Tequests
subtraction results in.a zero for Ihe nunbere T6%of EGRSy SEERRETBE ihannel s,
as in FIG 19c, then efti¥Fphehiithaeierensactel FFt Hout Tisisl Eédhintigud Bpplies
configuration. (E g.,b&Isphsyiterend?ssiheys s 0w Sl b igdd8:d .Sy
preferred, in one enbogl;gggg;ieslg t %digélggﬁens%sexanpl e, subsystem 53 has
excegg resource (FIG 15 20a). & nnel'’s 2 or tan be renmoved. If channel 3
is renoved (FIG 20b), the resulting entropy index is 7. If channel 2 is
removed (FI G 20c), thexteenil geeatdpenats sphidols Mgt Wo configurations with
the configuration at hand (configuration with subsystem 23) havi ng an
entropy index of 5 and the resulting second configuration having an entropy
i ndex 20 at 3. In one tnbodPifAtlY £PrPYironet sahdinn the quratitynpiaepsaier r ed.
.gulrt'her exiarrplkefs are noYv cotsﬁzdeqmmor}dietecsﬂtiraﬁ rafy bd rieléuﬂ@hhxﬂ%wf‘ﬁézﬁqoon a

elete to ook for a split, i ropy value. 25 In the
exanpl e depicted in FIG 21afa?gﬁbﬁéﬁ?t %%ig%%o?%heng%ﬁl%ﬁmﬁﬁ' H tther
channel 2 or 4 can be remVEGC 1Y CREBHEMNED 4r8 yanesoestry RhGun@dls) toa new
entropy index of 6 is obtaisfeduatglivha¢dremp@sil bh RGyFRLANSLGRRH ISUEALIQN' S
entropy index at' 3. If chandiRhirdnnentl €noved (FIG 21c), a new entropy index
of 5is obtained, with the resulting second 30 configuration's entropy
index _at 4. The configuration with entropy indices of 5 and 4 is the better
choi 8%, :So the type of2-spl iFordexstemat that, piavideehenbodiuabdiit. exdtut i exanpl e
depicted in FIG 22a, subsysheipiz3isgads itignal r ubsyst em
21 can be renpbved from char%%WZ 4L GeIZg%i(i ?i Vi ng?xgggé%tggrr_ﬁco%rél¥i%?
channel "2's resource; or subsystem 25 Far® B&SF toFe POtk cREmTaFY #alm G
22c¢), giving 23 all of charf?&l I4P gemeastgr eesociftesupihstenived icgitanoved
from channel 2, the resul timagtanioahopyrni40id RYEX vhen oheadist LbAL g%syézfn‘e

01172

resukding second confi guratd,@R,di$¢2)n lthe 15015, APR. 2004, ; .
PG' TLGBOO/ 03720 38 subsystem 25 18 r’é,r‘r:o\?e?gflrc%%"@’h’g‘r\tﬁ@f‘ 1) nph Fepigngst tng

entropy index is now 6. andPEREY @sBYiFAEY sadvndosoisi §(0 arimstes Bt dHieh
second choi ce seens better)isi po orgeerizddinpntcedsEanlis eohde@e SRItht odpECl OSEr

- to belrm; even. operating systems executing in other iogical partitions

that do specify I/O prioritization.

30
3. For systems that provide the concurrent execution of
multiple logical partitions, an external control that
allows the user to specify a subset minimum and maximum
range of priority wvalues for each logical partition,
35

from the total set of values provided by the channel
subsystem. This control is used when multiple operating
systems executing in separate logical partitions use I/0
prioritization independently and without knowledge of

the other using partitions. That is, to allow for



5 Iri order to calculate which option is closes to being in galf (i.e.,
"even"), determne the difference in the nunber of channels ptRs?@b ne
bet ween the new entropy index and that of the resulting second

confi gur atW@RL23%%4 t hi s exanpl e, the firstyghoice results i PEHEBWAITINg ces
of 7 and 2, so the difference is 5 (i.e., the symmetry index). 10 The
second choice results in entropy indices of 6 and 3, so the difference is
3. The one with the | ower difference is the best choice in this enbodi nent.
To concl ude, in one enbodi nent, options which do not nove the 15 ~
subsystem cl oser to the tq:rrgehdy/ basedl e€gtegatich bh fir eédquEsBatRdciftdd ber,
the entropy index is cal cylat.ed é éaaq,qllﬁ_g_bthe total nunber of channels and
subsystens that are interconnected in the resulting configuration. If the
entropy index does not change, the change is symetric. The configuration
with the | owest mmt 1% b rolaxdi s st pvedl 1y o360 ebachad, Aotenahecting a
confg gurati %@:cmé toQ- %t Je.f[l ! hg‘snl %I r}t 8Qéarnr|]=eecif1eﬁ Qefa |t maan:IS Se:,. ecting
one W th afhirgher entropy rnaex. tf th B*fo'a tern‘é{"f\Pé'f‘-‘”é’eyec? U or
confi gur at itss Wetrhsmeét-e# "ﬁ-hwﬂémymmuemté prandityopef theyrmmgrahe next
interval th&ee@inggus &heorbgweai ;Jaet&moht in %5maﬁ4:Ie|90t&g41 VAT @hbONSnf e d REe
above enbodinents are descri Qg referen O confi gurations, the-

capabi | i ti &S HEEL PSRRI 7% e TRyastTy Igpgf”(?aﬁ’setef"ﬁ JtHBr 3 thor ks,
"such as st Geagerldrbed netwbvksy s drdilcagpagtheion, m@@s@esﬁmbe@%@mdaxee
various nechkabifnpréedssBRAgRNGusesSAMECeBuaieanputi ng envi ronnment .
Physi cal shareabl e resources are nanaged across | ogical partitions of a
conputing environnent. The logical partitions are grouped to enable
‘resource shari nd“hFﬁr’ii?gHngréF‘ PRESR BRI 1N pilitot pIirah ey i By exeantee START
al 'ocat i oNsUBTHANNEL £ SiG bEde xS BarinigiaviC bh e, o;ﬁé}:rate&a,mah@,mteéymawve

nmanagenent r CESRAC 1i.c na ement acr oss
LPARS; I/Oe%fﬁm(gr::gflyg%&gl%el n ?I %&?ﬁe (ﬁ?R?l?lsetl% ts?lc’ély%’f’etrlf‘]e ‘érr%r 4 ssor

mansgenent FPLHEY 2 RREBYS PPPAREe defaupt [yRonigy WONGT azewhe3 9
PCT/ GBOO 03 20minty mean@X arewed drior gl kh:msmgersa&ttmesyﬁte%i s at

| east part |E§:Ieg,ytlogsp§ﬁ§| %@aetef Bésctrgbéloqanglﬁgg%it under Qﬁeabl e re§_0é1r &S

are dynam cal é redi stributed across the oad T
direction thPAASHAPENtEHELCTTE2 A RICFEERTORY §h§uh§)}§f‘e¢§“wnr@§tﬁ}’%w are 5
provi ded tclhbheltneedredepatrltel siDbnsstasedonnnnonidrors ngaactthei partafflon into

cusioners' goaksucAdiskbonal ke ihleér&\é@amv% @QA&&%&E&?%& ﬂmghyéé%n therr ox

resources in accordance with work oadagoa S Via, i nst ance
and PRISM Y& gT%t POh 5TRE® SEPFORMETR i Pn%&efﬁ‘életdﬁﬂ@ Hhr A¥%e| PERTRFER afSa
sharing.. tt® I'Lwltllqetbnbedlmna@mesmebe:hca:bwwﬂuvamto@ecmmmrteqﬂgst

eNvi I ONNENtE caBE SHSE e eyd@x%cbk%ezd éﬁerwclz{g g @{épw&lc@&e%ﬁt@@{oé hese
axe only exanples and are not inte dtolimt the scope of the present

invention. Likew se, the flow diagrans depicted herein are just -exenplary.
Thet®e may 15 be W’P&ﬁya PEEPRityOVEL U0 § INot esRtica§ ey ofhet heowEBpsxecoring in
oper at i ons)r_heFDdsgllcast;aaﬂcetm'&w.hesﬁaIRepmewleE@te&@@é&&&bﬁh@a@&@%&éQIJEQd in
a differi n%pgggple’d Qéfa%tlg%rlor ty a ue &9 thcelael:[?(; er%qt?ést Cuhen ghe program
executing in a logical partition does specify a priority number when it
executes START SUBCHANNEL, the interpretive execution of START SUBCHANNEL
30 compares the program specified priority value with the hypervisor
specified min./max. priority values in the state description table. when.
the program specified priority is less than the hypervisor specified
minimum value, the minimum value from the state description table
implicitly replaces the program specified value. When the program
35 specified priority value is greater than the hypervisor specified maximum
priority, the maximum priority value from the state description table

replaces the program specified value.

A priority selection technigque can be devised using zero or more of

40 the above criteria. One embodiment of a technique for selecting a request



-40 Cains 1. A nethod of managi ng wor kl oad of a conputing en DO
~said nethod conprising: nanagi ng workl oad across two or nore g KE
*a pluralitywofoipasmi ti ons of said conputing environnent, V\hqr(q,ﬁn(mmyzo
partition has one or nore central processot? allocated thereto said
managi ng conpri sing dynam cally adjusting allocation of a shareable
resource of at |east one partition of said two or nore partitions, wherein
wor kl oad goal s of said two or nore partitions are being bal anced. 2. The
met hod of clal wherejn d. dyn cally adjusting is perfornmed

g]o 3%’56!“ %&'ﬁf‘ﬁllﬁ

t ranspar entl

RISFRH0c ag‘élsc?mﬁt°fl &R tabeHe GFaFeTid ok 3. The

met hod of arﬂﬁspre@édwr@ _@Pmmcv\n@r &8I®. %ai d shareabl e resource conprises at
- | east one of central processing unit resources, |ogical processor

.resources,
adapters,

and mend

i nput/ resour annel. resources, coprocessors, network
P%Quilly ‘TheS ’trﬁ’oH°§T WRYE JFREEFRY c FTFINSOhe For rexaape

- dynanfcal ly %FGPEStqhngItR)WpW@esr vovk nqpeat . |basthaangbiriroesssal waikdgsdiar 8abl e
resource f rOJHeOB&xﬂeitdﬂﬂtoﬂo:tkoq@éuel €8 SccO Ot e DAY te'rt Jeng countThP met hod

of any prece&h

erein said dynam cal |y adjusting conpri

n
managi ng sai gﬁ%‘%egaﬁadlpgsﬁeﬁ?‘ﬁﬁt °§§'P‘?i‘tF9\LPYoP“?rdreeg partiti ons based on

priority.

6. DOPRENTRERAIENTa R ) aWEbn?@mf claim1l-5, wherein said dynamically

adj usting conprises assigning said shareabl e resource. anong said two or

nor e
sai d

resource.

artitions b@\%ed on ﬁercenta e allocation, wherein each partition of

mor e PRPEFITEAY Pt MiPRidon ifePednfagte yhidnicategeavenl e

7.rePREngeelotstef iany py ececkasgd clsTEmoowhersi Bns akkémpart thd ons are.

| ogi cal par tddieetsa cgtegm? f@%&lﬂi eb xfdcéhxm JﬂODm%rgﬂennﬁx%e? g%;nc%@ecarllle

adjusting c
resour ces.

area

rises adj i al l.ocation of a pluralit
"L APR zio'bﬁ1 %"”@PleT hee et Hod® C&ﬁﬁﬂ"ﬁr‘éﬁe&ﬂ’ﬁgs%leawﬂ

wher ei n sai Faggaaly eatrdly BEfust iMAPULES dontTfokhedeatltd ¢ast, itherpaht fiysat
‘| easts one wardghesd oﬁ%@ggflﬁfltﬁaldidsmuéd ngrﬁﬂﬂ\ébE On'ﬁ%wéverloif The JE‘:’LEQte% of

any precedi
‘increasing a
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de-queued is selected, STEP 908. Further, 1f the selected category is 2,
then the first highest priority request previously de-queued and
unsuccessfully initiated is selected, STEP 910.-_However,.if the result is
3, then the first any priority request not previously de-queued is
selected, STEP 912. Thereafter, the selected requeset is de-queued and
processed, STEP 914. '

Déscribed in detail above, is a prioritization mechanism for
asynchronous requests within a coprocessor. Although the examples are
described with reference to 1/0 requests and channel subsystems, these are
only examples. The approach is equally applicable to other asynchronous
requests and coprocessors. Further, although the example described above
is described with reference to queuing, a similar prioritization mechanism
can be used to adjust the assignment of resources (e.g., bandwidth) on the
'channel, which is capable of concurrently executing multiple operations,
‘giving more of the channel resource to the highér priority operations,
rather than everything running equally.

Further, although various examples described herein are described
with reference to a logically partitioned system, the I/O priority

capabilities are useable within a system that does not have or support
logical partitions.
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11. The nethod of any preceding claim wherein said dynani Cal]éb adj usting
conprises decreasing allocation of said shareabl e resource.

d
of any prgsfeisighsc! @i m wherein said dynam cal ly adjusting P@,@ﬁfoogfw
wi thout a requirenent for data sharing. 28. A nethod of managi ng workl oad

of a conputing environnent, said nethod conprising: managi ng wor kl oad
across two or nore logical partitions of a plurality of logical partitions
of said conputing environnent, wherein said two or nore |ogical partitions
concurrently share at | east one shareapl e resource; said managi ng

conpri sing dynahf GafPyrees; RRVEE Ry &PF /St PO IGRYRLIQR dPd-eabhe chammlr BEERT
at | east osenfliggiatabnpaitt & tdompuings el roweermdr camriee ldpgandah) parchhtidednsn 14.

The met hod, ofc.cl 2im J 3, Y0808 Bn3ald SNBLEAPLS [BIQULLE CQUDIISES At | east

- one of central processing unit resources, ogl cal processor resources,
i nput / out pEE™PEsVIFEER SRR FEFOURES 0 HIEBRUT UPRBCEEBYRTiARt WIRKS Fedpees s,
and smenor ythe akille repiiked ffr etriiguiihy DI@r @nBandskbead1g0s)stenf said two
or m)r e | 0% %%leﬂq.rt%l,t a?c@r%idzaerse}flpﬂliggt:l.)o%l gpci%(gtailpe'd ngnnrp.s\[tf ha(tjn O];esC ltﬁl?m 13’
‘wherein sal d ynam cal [y adj usting conprises increasing allocatton of said
shar eabl e FeSGire@riaitivaeefig@ags ¢ aifiriButqupspdlapleal (P ¢ppeatitral |4p
adj usting eppRb&HESMNEC bRASINGond |Facedis0nrofosRid thBsRAk! RaNi@GOM HEngel 8.
The et hod, ofo, GLAID e hie €D 0. AYBADL A h 2] HBLING. SO | 563, 0Vi O
at |east a portion o sal shareabl'e reso rce rromone logical partirtron to
at Y0east ofer GEAERLel offiec ATPIFAr EP thhenrespopse tAPR 2304/0 421¢cityFheherdmpast of
claim 13, whemeirespahek dynericCatiigvadjgest 1 woLRHHdS §5a IERNERH 1@gs SRiabion
shar eabl e %:%&0%&% %H%';gtﬁg'z‘llsﬁmn ra&&&ﬁblﬂ%cgﬂa&%%%r'its!&@?s {%‘?‘g.e.d a8€.
priority. . e ‘nmet hod of clalm 13, wherein”sai ynam-car | dj usti ng
conpri ses B3Si5gHi Ty e atingsn Acéatt ©fr Baidire elraROMEP i ¥ Wbe dreshbrimdl ogi cal
partiti onschagedign (pereaendmgeonldndcatd ebnfiguration.
15
One embodiment of the logic associated with dynamically adjusting an

I/0 configuration is described in detail with reference to FIGs. 10-14.
Initially, base balance processing is invoked by, for instance, a workload
manager component of the computing environment at the start of regularly
20 scheduled time intervals, e.g., every 10 seconds. The function of the

base balance processing is to continuously balance the I/O velocity evenly

across the subsystems (e.g., logical control units) (with floating (i.e.,

managed) channels defined); ensure that all devices can be accessed '

through two or more paths, preferably with no single points of failure in
25 common; and rebalance subsystems after a hardware failure. This

' processing includes two components: data collection, STEP 1000 (FIG. 10)

and balance checking, STEP 1002. Data collection is run once each

interval within each logical partition of the environment (assuming the

environment is logically partitioned or within each system if it was not
-30 1ogicélly partitioned); and balance checking is only run once .per interval

pef grouped LPAR (again, assuming grohping).

Serialization of the data collection part of the processing is

{ obtained by the fact that WLM only invokes the base balance technique once
35 per interval in any one system. Additionally, version number checking is
used when updating the collected information. For example, control blocks
- stored within the coupling facility are serialized to update the collected

information. These control blocks enable a group level data collection,

which allows the management of channels across members of a group on the

40 same CPC.



wherein the

processing u 1éﬁ£e§%yrces | ca

wherei n each 'l ogical partition of said two or nore | ogical paztoatlég}é S
2004

.assigned a percentage of said shareable resource. 21. The net

13, wherein i am cally adjusting conprises adjusting allocation of a
plurality ofﬁéhg%jeazgl e resources. 22. A syssem of managi ng wWBFEIGRIYOIRO 5
conputing environnment, said system conprising: neans for managi ng workl oad
across two or nore partitions of a plurality of partitions of said
conmputing environnment, wherein a partition has one or nore central
processors allocated thereto; said neans for managi ng conpri sing neans for
dynami cal | y adj ust® riRydar Itocegdishize the Hadrmabkreakdsglreeiafizatideagts Qne
partition of gsfipdsésme BfedTBi 1Nl £dxt LIRS puMiiRLe] ki egg; s of said
two or nore g Akl ans. ard peieggapeql an eg.ﬂ%%. Tﬂgg’g&stggglo%gg}'aiw%eﬁz
ynam cal [y adj usting 1< eﬁefo?ﬁdc?lrléﬁg%d’r'eﬁﬁ‘?‘t’ﬁi%r k
processi ng WFtHirAizadignatie] semieseate pHE the issmiaR4atide isysitained, GhoddBe22,
wher ebn sai delsdtrt fRPrEcéBO U AoCORRE FR%atle ERAXLAONG Qire%%?toréa‘lurr'ng
CESea! |_.processor resources, Inpu /puct put
resources, channel Tesources: CopPechtsoPet MR3RGAR LapT eibds tntérmehory.
25. The system of claim 22, wherein said neans for dynam cally adjusting
conpri ses neans foge BV RY1Bdcth 8RS ol R2Q0L I2NFRS. SA eable resource
fromone parjfjdion t (%oa%ml east onzptrot her éac’(r%t Fﬁc o%iﬁl %6.%%115’:5%/% cér‘r?%‘#j “FRi m
22, wherein said neans tor dynaht CBFISFRATTROE: MpaEBTRTIEPS clntaptmh sof bected
manadfng sai }PSHEFRED) ef aresTly evbayAbey (sag d Lwgical cwiteoPamtif iRESHEAS eekON
priority. 21063 TheOnéiidrdfldg dota TRNQLAYS! @8 Gl M 2o 0Derein ge%idgn
means for dypam caldy..adl sl nge&ioce rises means for assigning said g
shareabl e resource afong sard two or 1or PP rd R a4y bipertent age

al | ocation, s8I oBaRIFEPEYY EPUSof Thaibdaned orasmre@epardhts i BNstbfed in
assi gned a percenl ageckf wsaiith phaeead AekBSOULLEy #fn I&?tr%Y%l%@kaij%?i m

22, wkerein saldaRakbili Q re.l ogical titions. 29. The systemof Claim
22, wherein said rreans}t)'f-o?&a%ﬁa%lecgﬁp;135%‘&#’@"corrpri ses means for

: adjusting allocation of a plurality of shareable resources. 30. The system

Ff claim22, whersibsegaing maﬁ&aﬂ‘i(alb tda)énaéa's@@érl\éhtadiﬂ&%é& rlﬁf&?;[t?(lgyjéu ,6g at
i ol 386 (e SO TERRRRS Bred e a1
adj usting cotr e H’é%tr‘? T RO L aRREe la PREdEEF brisohe s dos iartedi e As
resod? ce® one example, the default target I/0 velocity is weighted by connect time. .
In oxder to perform this calculation, the following steps are taken, in |
one instance: For each subsystem managed by DCM, the current or actual
velocity is obtained, along with the amount of connect time afforded that
subsystem during the past interval. The I/0 velocity is then multiplied
25 by the connect time to obtain a result. The results for the subsystems
are then added together to obtain a sum. The sum is then divided by the

total connect time in order to determine a default target I/0 velocity
weighted by connect time.

30 Returning to FIG. 10, after performing the data gathering, balance
checking is performed as descr#bed herein, STEP 1002. One embodiment of
the logic associated with balance checking is described with reference to
FIG. 12. 1Initially, serialization is performed to determine whether
balance checking should be performed at this instance, INQUIRY 1200. If
35 the attempt to get group-wide serialization is unsuccessful, then the

-balance checking logic is not performed, STEP 1202. However, if
serialization is obtained, then the subsystems are searched for those
outside their target range, STEP 1204.



32. The systemof claim 22, wherein said means for dynam cal If dj [ '
conpri ses neans for decreasing allocation of said shareable res@dﬁgﬂ? ZQ@"’

The system of gﬁql m 22, wherein said means for dynam cal | ypagidobhsdei S
perfor med™f Y17 a requirement for data3gharing. 34. A system of nanagi ng

wor kl oad of a conputing environnent, said system conprising: nmeans for
managi ng wor kl oad across two or nore logical partitions of a plurality of
| ogical partitions of said conputing environnent, wherein said two or nore
| ogical partitions concurrently share at | east one shareable resource; said
nmeans for managFegesamye sthegasmdsIQredgridyi ealmFadegdider mflaPf &&4&ti on of
sai d |Shar GQP&%E&%O%&%@E aazt‘alrr]&&%ta oneakegi F&ltn Patfet bkdn@e Pforigi thdsen orbI
nore | ogical partitions. 35. The, syste claim 34 ein ' areabl e
resource cBMPYFEERE BEn3asdstY SHE BF 'éue%{qﬂgﬁn &a%(% s“éﬁnﬁg%t}ﬁ{)t L?eeéghﬁlcd}g , ¥
| ogi cal proeesyerageesongesthei ayrRRAAO A DdEtPENDEE c s rardmiAetraassdur dasgne
CoprsoceSfSOEchanHﬁE\é\thé W;?}éi%@?ﬁé,s ,fof(lln.tdxsOler&mzer.lyplu:sf 3r0m1(}mBI%QQﬁgthé%vl35aquhe
syst-emof claim 34, rein._workl o als of s t r e.lo
partiti onsvajr‘t?fbeﬁ}?ée?)gﬁ%nc%’& E?:F.e%Tﬁ/g&szz?celnﬁyo kcﬁaé’}élr)ﬁ%f?gpv%merl 8i %’lmgg%eé?
means for dyrche caidey wabgest igne dBpees 90 YRUCSASY i ardcdéded ofher tai d
3 har.eabl FI &Qé?%HEC@qrgS@-I/Bhegl%xéit;}ems%séftd.ai g& e whgnei dlﬂfl &aiadqdmaﬁfsoﬁae; .
ynami ca adj usting conpris ' ecreasjng allqgcati of sai
shar eabl e ¥8%;.}FE%.“89‘?1’ nﬁé’s?i?%?ﬁ@? . c&’;r-”fan? ézf,%e\/\%lesrqgi lnncsz’sflg%ls (r?r:g‘gﬁ% for
dyrmam cal | gubsijstists egcesiipg | Hestamsstsrdnge apdithg etbhereirludepdbrron of said
- shareabl e LesQuichs TiemANend Qgheal BATddchi Odbel, Osdisyseasd waDen Bhbiembekayi cal
partition. 40.” The system of cl altrﬂ.34thv\/rlgrtei n g_gci:dds ans nglu%gga{rrio%a do
adj usti ng BBMHTEEESHBENs (Fot ninaging sara- shafeabl & resoldr ce anong sal d
two or noréikogical partitions based on priority. 41. The systemof claim
34, wherein said neans for dynam cally adjusting conprises neans for

assj gni ng said areabl e resaurce Sk 4 | Q@i artjtions
bas’ésg on per cen?fgﬁléeagfgff)'cég? glnlfsg %Eglg% rggglég ‘-’f\é%i, g%lsw%%%'i tg.?%lﬁqlglppsa% t Wo
or nore | ogheaxapbtai FHHris peedassi PTédtlpelteonfaner HiMsk dnsHsr Bamitdon

resource. to determine which subsystems are most important. Thus, WLM orders the

subsystems in the order in which WLM would like them serviced.

20 Subsequent to sorting the list, one or more of the subsystems on the
list ‘are serviced by, for instance, shifting capacity from the
under-utilized subsystems to the over-utilized subsystems, STEP 1210. As
many of the subsystems that can be serviced in the allotted time are
adjusted.

25

. One embodiment of the logic associated with adjusting the capacity
is described with reference to FIGs. 13a-13b. Initially, a subsystem is
selected from the list, STE? 1300 (FIG. 13a). In one example, it is the
first subsystem on the list that is selected. Thereafter, a determination

30 is made as to whether it is the destination port busy that is the problem,
INQUIRY 1302. In particular, a determination is made as to whether the
contention (e.g., destination port busy time) is high, and if it is, does
it vary with respect to the various interfaces that connect thereto. If
the destination port busy is high on all of the interfaces, then it

35 signifies that another channel path needs to be added. However, if it is
high on only one interface, then a channel path is moved to another
interface, STEP 1304. Thus, an existing path‘is moved from the intexrface
with excessive destination port busy time to another interface, and
processing continues with implementing the change, STEP 1306 (FIG. 13b).

40 Examples of how to implement the change aré described in U.S8. 5,257,379,



42." The system of claim 34, wherein said neans for dynam call dj AR,
conpri sesyrreans for adjusting allocation of a plurality of shgrgﬁﬁ? mlf
resources. 0ow3gst em of managi ng wor kl oad of a conputi ng eQyiGpoNeRes
sai d system conprising: a processor adapted*to manage workl oad across two
or nore partitions of a plurality of partitions of said conputing
environnent, wherein a partition has one or nore central processors

al l ocated thereto; and wherein said nanagi ng conpri ses dynam cal ly

adj usting aleﬁ@EhﬁﬂoQ&x%9§bﬁrgﬁgl%,EgﬁggFggggaaﬁchoaSt ?%ﬁtggétition-Of

said two or nore %)al‘tl.tl ons, wherei h” Wor goal’s 91%'sa ot*mor e
partitions are2BetHy befusAchiie ¥%3.A system of nmanagi ng workl oad of a
conmputing environnment, said system conprising: z ~ APR 2004 -45 a

processor adapt ed a rkl cross two or re | ogical partifions
of a plurality ofAJIitgér%%I g%%nti%(% %ﬁ‘gl%?enga?'d%% etﬂ"?’??d:ltﬁﬂv’rsr BAfRRE, tuher ei n

sai d Pwo. or YRATEST SHFERIRTpIRIEE | DRSYRTCUERENetYy tohake the tazget minge,
shar eabl e r esuwrre;13a8d Wheddti, Ncisedl ProBRRaGid181 CHEDE SRS AY R EALY 16

adj usting al Lgeation .d . shareabl e resource of at |east one |ogical
partition of és?‘%i dt V\DQ%“I,’Q%QW%I‘ §§I%gh|%%a &ﬁgﬁ Tti Ohs POq5 LRI | s tanite HeFgr am

storage deviPCFEETIbFE AP HhEhSREP Y38Ag1BLECTE FMBEEHURGYSNEM £ SIHEOLES T

"program of i tester uckelons execut abl e by the nmachine to performa nethod of
managing wor kl oad of a conputing environnent, said nethod conprising:.

. managi ng wor kl oad across two or nore partitions of a plurality of
partitions of saitPFTCoNt FACVERIARY dRffentt theeprdhien iFambt tduenthasnoae ion,
nmor e centr al tipEnopesses sigatdadated thaletboivegahdkdIBNAgi Ng conpri si ng
~dynam cal ly adjusting allocation of a shareable resource of at |east one
partition of said two or nore partitions, wherein workload goals of said
two or more partitt BAETEFERDel RPBaP TR, the. PORsEbl chawnstl pashsprogream
st or 4§e deviadledftcithe multSystehenei tesaiminad] et 1910.S PRIS QebBshination
t ranspar ent | 3hdh Qa0 ke dHi 06 €SS Lt Rl sal |.east, ope partition. 47.
The at |east_gne_ program gt Qr%gﬂg t&%véﬂc:yglg g?‘géllr%gﬁ%%lmﬂgrtﬁncgﬁna%H:&F-‘Eabl e

resource conpri £8%s "8t “1%eBRITIGHE o FURMAEFR 3BF ddess oKy earh tchrensiur ces,
1 ogi cal procéfsorinipgmpsedsle ways (paths) to get to the subsystem. A path is a

connectivity permutation through the hardware elements connecting and
20 : including both the channel and subsystem. All of these paths (or a

subset, if so desired) are included in the possible paths.

Similarly, a determination is made as to the possible paths to
remove, STEP 1312. As one example, if there are multiple subsystems on

25 . the same channel, then one of the paths connected to the sharing subsystem

is considered a candidate for removal.

Thereafter, a determination is made as to which subsystems will be
impacted by the change, STEP 1314. Further, an entropy index indicating

30 _ the complexity of a configuration to be changed is also determined, as
described below.

. One embodiment of the logic associated with determining the effected
subsystems is described with reference to FIG. 14. Initially, a subsystem
35 control block (SSCB) list for subsystems and a CHPID list for channels are
cleared for use later on, STEP 1400. Thereafter, a channel path id is
retrieved from-a decision selection block (DSB) associéted with the
proposed channel and is added to the CHPID list, STEP 1402. 1In
particular, each path has a decision selection block associated therewith.

40 The decision selection block is a control block that includes various



i nput / out put resources, channel resources; coprocessors, netmf“)%ﬁ}??’o’b# :

and nenory. 48. The at |east one program storage device of claim

wher ei n sgggqlgg%m cally adjusting conprises noving at | eag R?B%Rﬁ§ﬁ€n of,

sai d shar source fromone partitiea to at | east one o6t her partition.
49. The at | east one program storage device of claim45, wherein said
dynam cal |y adj usting conprises nmanagi ng said shareabl e resource anong said
two or nore partitions based on priority. 50. The at |east one program
storage devi ce of claim45, wherein said dynam cally adjusting conprises
assi gni ng SApPEaHar edincéudtidgo ufTe eXPA g sAiedid RS bhe mbrenglapath | (FHBIMasad
on per centsagey M dmOEit @, bIMarT @S@Bﬁq&b][inﬁﬂf tihaihmmé ltﬁﬁi todieR1 OforfiR6 £ uni\tlé .
partitions is_ assi.gn e f.age, o0 i.d sharea r esour. ~

7004 - 46 5PE°ThHe egtgw ﬁg‘ag?gocﬁgggerlo g%hrh'gﬁ%rag‘g%rﬁé’vf’ge&(gfc%ﬁdaﬁgﬁ?%ﬁs, Bt ei n
sai d part iSSFBninadpdes @diicefl thardtirprelss comrctafdoathe eabsyasem. program

st o age devi ce of claim 45, wherein said dynam cally adjusting conprises

~adjusting allocgation.of a plural] of shareabl e resources. 53. The at_ .
| east one pr ogrqlg‘r%rg?fotreé:gealge%%ed H%¥Dscfﬁf°rﬁl g?gv‘\'ﬁég‘e' 83F% Ay mrELTiS?

adj ust i ng 3rs. elant péddcbdgoathe EHERID LhstpaFTED 404 . | dnspartheulsor ktleagsemnager

0; 'si'ii d C%ﬂﬂﬁéf\gs%ﬂxﬁ_@gﬁ;@&m _5;411e| xlﬂsewﬁ;cﬂ t@_ﬁ@iea@@@ HHeOSEAHM S Y 308 Ryl ce
of claim [ ei id, a ust.ing conprises increasing .
al l ocat i oéﬁgfgggtlha S le%ajbrf éﬂ?_ ergssf)égr%%. g‘g%“ a?ﬁ%cga\:f’ ?igeaﬂw?nélfﬁ ogr am st or age
de¥@ ce of claim45, wherein said dynam cally adjusting conprises decreasing
Sl | ocati on f’f'. sngeﬁwreaﬁﬂreea@s@gpm.ip%ﬁ Ih@cd,firth% Gehs %%opg&ﬁaglé;? of age
evice o ai,m rein_said dyna adj ing is _performed w thou
2 equi r ertER ey AR R 2BALE LVORTLER, e ETIHEL s i ene ehmrk | ng.
at | east Ghéscifsunarionsablobtattidufydtasi Fhpteohpathbreabdadaisteipticgresntbede

- means enbedied dhaseida Eoreacausinrg. t he managi ng of workl oad of conputing
enyd ronment, the conputer readable programcode neans in said article of
manuf acture conprising: conputer readable programcode neans for causing a
conputer to narafeeRELvad aLtTIINASIORoFs MBhe dAsobe cdietrry BRY | IHEBs ofers
pluralityaaBedog epd 132k i dngorsy akosai df cTPHiid@o Bach FTRNIn vhReifiN sai d
two or morg.l Og el nRALE LIS GRECHFIEM N Shangadl, LRasL,ope shareable

resource, described above with STEP 1404.
20
Thereafter, a further determination is made as to whether any CHPIDs

were added to the lis;, INQUIRY 1412. 1If there were more CHPIDs added to
the list, then processing continues with STEP 1406. However, if there are
no SSCBs or CHPIDs added to the lists, INQUIRIES 1408, 1412, then for each

25 SSCB in the list, a DSB array element is created, STEP 1414. That is,
each of the SSCBs are added to the array of effécted S8SCBs. Additionally,
each of the array elements is updated with actual and target I/O
velocities, the current delta between the target and actual I/0
velocities, and an SSCB pointer, STEP 1416.

30

' Returning to FIG. 13a, in addition to the above, the availability

index for each path is calculated, STEP 1316. 1In one example, the
availability index is ‘a number that indicates how many single points of
failure the proposed'path has in common with existing paths to the

35 subsystem. If a channel péth is to be added, then it is desired to have
no single points of failure. 1If a channel path is to be deleted, then the
path with.thé most single points of failure is typically chosen.

Subsequently, the impact to the effected systems is projected, STEP

40 1318. 1In particular, in one example, the current load on each subsystem

]



said conputer readable program code neans for causing a corrpzt@r to manage
_conprising conmputer readable programcode neans for causing

dynawm cal |y al | ocati on of said shareable resource of

| ogi cal partvﬁgllgir‘albgf said two or nore |ogi egal partitions. %I@P 004
-47 58. The article of manufacture of claim57, wherein said shareable
resource conprises at |east one of central processing unit resources,

| ogi cal processor resources, input/output resources, channel resources,

. coprocessors, et woy k adaBt ers, r]g) ¥ 59. The article of manufacture
of clai m 57, ‘wePETh 2otk PEEFTBR o:l‘t VALY bei geTaRy &) B CBRNYRaiEin4%ns
are being baUa!nleet!h:LSGanO‘metmmu Cieebedt wpbidrads usreeeof.ed:l aTER 5'3’20 V\/ﬂ&ﬁ&hﬂer
sai d conput e, rs%@@@cbltﬁemeggr%GQd%amsf;& rE QY DY c%ngg elnd1 d:Lng
.dynam cal Iy adjust conprises conputer readable program co rreans "
causi ng a cohPutBita6e fifei¥d 4t 1%cati on of said shareabl e resource. 61.
The abticle of manufacture of claimb57, wherein said conputer readabl e

~program code means forwmuswwoa D UL s&&ygym&géééty gdealé;é £onpri ses
conput er, readabl e program code neans_for_ causing a 0 decrease

al l ocation of said shal'&shl PTEERFLEIeHEPe Prat aﬁ"taf‘&?%‘leY?rranuf acture of
clai m 57, wherei n- sai dWcighpertéen rmadaddse the dgsanmyooderyreaasstt ont @pysh ng a

computer to dynam cal | i;3dipst o508 &é&ée%ﬁp%&h 5&?&5@)&? p%ﬁgrb%ho%% 52
rreanEPfor causi ng a congl'ter to npve at | east a portion sald’s abl e

resotfce from one’ | ogi €&t PRI PPTR Y’d’lé‘f'eIaé’é{s?xf&ﬁé“btqﬁéﬁeqsodm@&lcan provide
partition. 63. The artexilécdf taagatfsacsd lecusfd chatiean St tﬂh&te&hﬁltsa;ladgets)?

conputer readabl e. pr oURAM CALe FRARSyIARCAS! D CONDYL of il folynam cal ly
adj ust conprises conputer reada | e program code nean or ‘causing a

conputer to managé sai F$hEHEaBPE YIRS BROFRPILERERERD &5 dﬁ’f’ﬂf’@dl’@‘glté‘al

partitions based on primatetiatiéd? The article of manufacture of claim57,

wher esn sai d conputer ﬁﬁ@d@lbiseoﬁfﬂﬂr meﬁ\BQQ:ongg@%eE%rc%@Lﬁth Qrecggpé'la%%iyt 0

dynami cal |'y adj ust conpri ses  qgopputer readabl e program code neans
causing a conputer to aSS|gn s&i d shareabl e resource anong said two or nore

| ogi cal partitions based on percentage allocation, wherein each |ogical
pfart it |donhof sa: drd \bﬁe%arﬂ'ﬁ)diﬁab:ogtaﬁl@ie,paﬁiﬁﬂaﬂws ah§ &bﬁb%}?@e@e&EgBﬁ%%@gg
of said shar 0 rt manuf act ure of
?@stﬁs? {h%§ rl:gn% Lo tie 1m$1r£%e9t d Euac%r a%scif'cums Sﬁ%ﬁs ar%l ﬁblﬁ;ﬁ—tﬁt‘s? to

wherein said _conputer rea ogram co
dynaﬁ? cal |y Tfisu¥teicoiprivdes f@énﬁiﬂ“@?‘e'r Ehertbreatpvégiane evddtreanslf bimits,
causi ng a cotimseethdtoradljcestheakboaahimerobs @aphdibal bk ¥wdf 1338& 63k Sriclate

Yo AY] Ae. A9 A9N3. A&R. A(.. AY. A3
[}ez O:JI‘ Zeg AN&KF%{)QF Xﬁt@tl'%% %@ffhed’bfy %hz&ﬂxsﬁ\?l&t?o%d_(e g. A3 uﬂg %re }MR ]A?\l(

A . Asa. Aul em%lﬂumwmgerm fm|tlw{chal}r§kt pﬁ\:elﬁgalslowed in the definition) and

those that attempt to use resources which are currently unavailable (e.g.,
25 those that attempt to use ports which were made unavailable.) (This

function could be moved earlier in the processing, so that the

availability index and projected impact to subsystems are not calculated

for DSBs which could never be selected.)

30 If there is'currently only one path to the subsystem'(possible
shortly after system startup or after a failure;, select a path with the
best availability index. If more than one have equivalent availability
indices, se;ect the path that has the lowest entropy index that will move
the target subsystem within the target I/0 velocity target. If there is

35 more than one, select the one whose total projected delta (“% Projécted

Delta” from the DSB) is smallest.

If there is currently more than one path to the subsystem, find the
set of DSBs with the best availability index. Search that set for options
40 which get the target subsystem within the tolerance of the target I/O
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sufficient, (e.g., above a receiver value), then proce551ng is complete..
~ If not, the target is increased again, and the processing is repeated.
10 . .
Described in detail above is dynamic CHPID management (DCM) that
prcvides.for dynamic &djustment'of I/0 configurations. DCM is
advantageously integrated with WLM, which enables decisions to be made
with an understanding of workloads and goals. Further, DCM allows
15 management of channels across multiple partitions (e.g., of a group of
partitions). This enables the addition of resources where they are

needed, as well as the removal of excess resources..

As described above, with dynamic CHPID management (DCM), the “best”
20 channel is selected to add to (or remove from) a subsystem. In order to
do this,'one or more attributes are éxamined, including, for instance, the

éomplexity (or entropy) of the resulting I/0 configuration.

Increased entropy causes the I/0 configuration to become overly
25. complicated, resulting in excessive time in DCM's processing, inaccurate
results due to excessive numbers of subsystems -being impacted, complexity
in performance reporting and complexity in problem determination. Thus,
in a preferred embodiment of the present invention, a capability is
provided to determine the relative entropy of different choices, so that
30 - the relative entropy can be considered along with other considerations,
such as I/0 velocity and availability, when making a choice in how a

configuration is to be adjusted.

In determining relative entropy, an entropy index is calculated.
35 For example, in the case where a path is being added, the entropy 1ndex is
the sum of channels and subsystems in the resulting configuration.
Further, in the case where a path is being deleted, the entropy index
- reflects the set of channels and subéystems interconnected to the target
subsystem after the path is deleted. It does not include channels and

40 subsystems that will no longer be in the set.
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10 ' which it is suspected will make the I/0O velocity technique less accurate,

and will make it harder for people to analyze performance problems after
the fact, due to overly complex topologies.
10 _

One embodiment of the entropy determination technique is described
with reference to various examples. For instance, FIG. l6a depicts one
example of a configuration 1600 that includes two channels 1602 connected
to two subsystems 1604. If subsystem 22 needs additional resource, it can

15 obtain it from at least two places. It can either receive it from channel
1 or channel 3. If it obtains it from channel 3, the resulting
configuration now has three channels and two subsystems (FIG. 16b). This
gives the configuration an entropy index of five (3+2) . If, however,
subsystem 22 réceives additional resource from channel 1 (FIG. 1l6c¢), the

20 ‘resulting configuration has no more channels or subsystems than it
originally had, and the resulting entropy index is two. In this example,

the second option has the least entropy.

Consider another example. In the example depicted in FIG. 17a,

25 subsystem 23 needs additional resource. It can be obtained from channel 2
or 4. 1If channel 2 is used, (FIG. 17b) the resulting entropy index is
five (i.e., three channels interconnected to two subsystems in one
configuration; channel 4 is not counted, sinqe it is not connected.) If
channel 4 is used (FIG. 17c); the résulting index is three. Thus, the

3o second option has the least entropy.

Next, consider cases where the configuration is split, to determine

how this effects entropy.

35 _' Referring to FIG. 18a, if subsystem 23 has excess capacity, channel
2 or 3 could be removed. If channel 2 is removed (FIG. 18b), the
configuration is split, and the entropy index of both configurations goes
down. If channel 3 is removed (FIG. 18¢), there is still one
configuration, but with a lower entropy index than the original index. It

40 appears that the decision that breaks the configurétion, somewhat in half,
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' ()--\‘\aa{bCIH[ﬁﬂhélexample, the index of the other configuration is equal to 2 (4-3=1

and 2-1=1, s0 1+1=2). If the subtraction results in a zero for the number
10 of subsystems or channels, as in FIG. i19¢, then entropy has been reduced
without splitting the configuration. (E.g., 2 subsystems-2 subsystems=0.)

Splitting is preferred, in one embodiment.,

In the following example, subsystem 23 has €Xcess resource (FIG.

15 20a) . Channels'z Or 3 can be removed. If channel 3 is removed (FIG.
20b), the resulting entropy index is 7. If channel 2 is removed (FIG.
20c), the configuration is spiit into two configurations with the
configuration at hand {(configuration with subsystem 23) having an entropy
index of 5 and the resulting second configu;ation having an entropy index

20 - at 3. In one embodiment, splitting the configuration is pfeferred.

Further examples are now considered to determine if it is only

desired on a delete to lovk for a eplit, not the resulting entropy value.

25 In the example depicted in FIG 2la, subsystem 23 has too much
bandwidth. Either channel 2 or 4 can be removed. If channel 2 is removed
(FIG. 21b), a new entropy index of 6 is obtained, with the resulting
second configuration’s entropy index at 3., If channel 4 is removed (FIG.
21c), a new entrdpy index of 5 is obtained, with the resulting second

30 - configuration’s entropy index at 4. The configuration with entropy
indices of 5 and 4 is the better choice. So the type of split does
matter, in one embodiment.

In the example depicted in FIG. 22a, subsystem 23 needs additional
35 resource. Subsystem 21 can be removed from channel 2 (FIG. 22b), giving
subsystem 23 all of channel 2's resource; or subsystem 25 can be remocved

from channel 4 (FIG. 22c), giving 23 all of channel 4's resource.

1f subsystem 21 is removed from channel 2, the resulting entropy

a0 index is 7, and that of the resulting second configuration is 2. TIf
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is 3. The one with the lower difference is the best choice in this
embodiment .

_ To conclude, in one embodiment, options which do not move the

15' " subsystem closer to the target I/O velocity are to be eliminated.
Further, the entrdpy index is calculated by adding the total number of
channels and subsystems that are interconnected in the resulting
configuration. If the entropy index does not change, the change is
symmetric. = The conflguratlon with the lowest entropy index is typically

20 selected. Avoid selecting a conflguratlon with greater than elght
éhannels, even if it means selecting one with a higher entropy index. If
there_is no alternmative, select a configuration with greater than eight
channels, and hopefully on the next interval the configuration will be
split.

25 _ ,

Although variations of the above embodiments are described with

reference.to I/0 configurations, the capabilities described herein are
equally applicable to other networks, such as storage area networks, as
well as others.

130 '

' Described above are various mechanisms for managing resources of a
computing environment. Physical shareable resources are managed across -
logical pattitidns of a computing environment. The logical partitions are
grouped to enable resource sharing through, for instance, priority based

35 resource allocations. This resource sharing includes, for example,
dynamic managément of CDPU resources across LPARe; dynamic CHPID management
across LPARs; I/O pfiority queueing in the channel subsystem; and dyhamic

management of memory across LPARS.
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o resources in accordance with workload goals via, for instance, WLM,

sysplex and PR/SM integration, is performed without needing parallel

sysplex data sharing.

10
In the embodiments described above, various computing environments
and systems are described. It will be app_reciated that these are only
examples and are not intended to limit the scope of the pPresent ihvention.
Likewise, the flow diagrams depicted herein are just exemplary. There may
15 be many variations to these diagrams or the steps (or operations). For

instance, the steps may where appropriate be perfox‘rﬁed in a differing

order, or steps may be added, deleted or modified.

20
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least one partition of said two or more partitions, wherein workload goals of said two or more

partitions are being balanced.

2. The method of claim 1, wherein said dynamically adjusting is performed transparently to

work processing within said at least one partition.

3. The method of any preceding claim, wherein said shareable resource comprises at least
one of central processing unit resources, logical processor resources, input/output resources,

channel resources, coprocessors, network adapters, and memory.

4, The method of any preceding claim, wherein said dynamically adjusting comprises
moving at least a portion of said shareable resource from one partition to at least one other

partition.

5. The method of any preceding claim, wherein said dynamically adjusting comprises

managing said shareable resource among said two or more partitions based on priority.

6. The method of any one of claim 1-5, wherein said dynamically adjusting comprises
assigning said shareable resource among said two or more partitions based on percentage

allocation, wherein each partition of said two or more partitions is assigned a percentage of said

shareable resource.
7. The method of any preceding claim, wherein said partitions are logical partitions.
8. The method of claim 1, wherein said dynamically adjusting comprises adjusting

allocation of a plurality of shareable resources.
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10.  The method of any precedlng claim, wherein said dynamically adjusting comprises

increasing allocation of said shareable resource.

11.  The method of any preceding claim, wherein said dynamically adjusting comprises

decreasing allocation of said shareable resource.

12.  The method of any preceding claim, wherein said dynamically adjusting is performed

without a requirement for data sharing.

13. A method of managing workload of a computing environment, said method comprising:
managing workload across two or more logical partitions of a plurality of logical
partitions of said computing environment, wherein said two or more logical partitions
concurrently share at least one shareable resource;
said managing comprising dynamically adjusting allocation of said shareable resource of

at least one logical partition of said two or more logical partitions.

14. The method of claim 13, wherein said shareable resource comprises at least one of central
processing unit resources, logical processor resources, input/output resources, channel resources,

coprocessors, network adapters, and memory.

15.  The method of claim 13, wherein workload goals of said two or more logical partitions

are being balanced.

16.  The method of claim 13, wherein said dynamically adjusting comprises increasing

allocation of said shareable resource.

17. The method of claim 13, wherein said dynamically adjusting comprises decreasing

allocation of said shareable resource.

18.  The method of claim 13, wherein said dynamically adjusting comprises moving at least a

portion of said shareable resource from one logical partition to at least one other logical partition.
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21.  The method of claim 13, wherein said dynamically adjusting comprises adjusting

allocation of a plurality of shareable resources.

22. A system of managing workload of a computing environment, said system comprising:
means for managing workload across two or more partitions of a plurality of partitions of
said computing environment, wherein a partition has one or more central processors allocated
thereto;
said means for managing comprising means for dynamically adjusting allocation of a
shareable resource of at least one partition of said two or more partitions, wherein workload

goals of said two or more partitions are being balanced.

23.  The system of claim 22, wherein the dynamically adjusting is performed transparently to

work processing within said at least one partition.

24.  The system of claim 22, wherein said shareable resource comprises at least one of central
processing unit resources, logical processor resources, input/output resources, channel resources,

coprocessors, network adapters, and memory.

25.  The system of claim 22, wherein said means for dynamically adjusting comprises means
for moving at least a portion of said shareable resource from one partition to at least one other

partition.

26.  The system of claim 22, wherein said means for dynamically adjusting comprises means

for managing said shareable resource among said two or more partitions based on priority.
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I'T ' 10928 ( The system of claim 22, wherein said means for dynamically adjusting comprises means

for adjusting allocation of a plurality of shareable resources.

30.  The system of claim 22, wherein said means for dynamically adjusting is controlled at

least in part by at least one workload manager of said computing environment.

31.  The system of claim 22, wherein said means for dynamically adjusting comprises means

for increasing allocation of said shareable resource.

32.  The system of claim 22, wherein said means for dynamically adjusting comprises means

for decreasing allocation of said shareable resource.

33. The system of claim 22, wherein said means for dynamically adjusting is performed

without a requirement for data sharing.

34. A system of managing workload of a computing environment, said system comprising:
means for managing workload across two or more logical partitions of a plurality of
logical partitions of said computing environment, wherein said two or more logical partitions
concurrently share at least one shareable resource;
said means for managing comprising means for dynamically adjusting allocation of said

shareable resource of at least one logical partition of said two or more logical partitions.

35.  The system of claim 34, wherein said shareable resource comprises at least one of central
processing unit resources, logical processor resources, input/output resources, channel resources,

coprocessor, network adapters, and memory.
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priority.

41.  The system of claim 34, wherein said means for dynamically adjusting comprises means
for assigning said shareable resource among said two or more logical partitions based on
percentage allocation, wherein each logical partition of said two or more logical partitions is

assigned a percentage of said shareable resource.

42.  The system of claim 34, wherein said means for dynamically adjusting comprises means

for adjusting allocation of a plurality of shareable resources.

43. A system of managing workload of a computing environment, said system comprising:

a processor adapted to manage workload across two or more partitions of a plurality of
partitions of said computing environment, wherein a partition has one or more central processors
allocated thereto; and .

wherein said managing comprises dynamically adjusting allocation of a shareable
resource of at least one partition of said two or more partitions, wherein workload goals of said

two or more partitions are being balanced.

44. A system of managing workload of a computing environment, said system comprising:
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computing environment, wherein a partition has one or more central processors allocated thereto;
said managing comprising dynamically adjusting allocation of a shareable resource of at
least one partition of said two or more partitions, wherein workload goals of said two or more

partitions are being balanced.

46.  The at least one program storage device of claim 45, wherein said adjusting is performed

transparently to work processing within said at least one partition.

47.  The at least one program storage device of claim 45, wherein said shareable resource
comprises at least one of central processing unit resources, logical processor resources,

input/output resources, channel resources, coprocessors, network adapters, and memory.

48.  The at least one program storage device of claim 45, wherein said dynamically adjusting
comprises moving at least a portion of said shareable resource from one partition to at least one

other partition.

49,  The at least one program storage device of claim 45, wherein said dynamically adjusting
comprises managing said shareable resource among said two or more partitions based on

priority.

50.  The at least one program storage device of claim 45, wherein said dynamically adjusting
comprises assigning said shareable resource among said two or more partitions based on
percentage allocation, wherein each partition of said two or more partitions is assigned a

percentage of said shareable resource.
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55.  The at least one program storage device of claim 45, wherein said dynamically adjusting

comprises decreasing allocation of said shareable resource.

56.  The at least one program storage device of claim 45, wherein said dynamically adjusting

is performed without a requirement for data sharing.

57. An article of manufacture, comprising:
at least one computer usable medium having computer readable program code means

embodied therein for causing the managing of workload of computing environment, the
computer readable program code means in said article of manufacture comprising:

computer readable program code means for causing a computer to manage
workload across two or more logical partitions of a plurality of logical partitions of said
computing environment, wherein said two or more logical partitions concurrently share at least
one shareable resource;

said computer readable program code means for causing a computer to manage
comprising computer readable program code means for causing a computer to dynamically
adjust allocation of said shareable resource of at least one logical partition of said two or more

logical partitions.
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channel resources, coprocessors, network adapters, and memory.

59.  The article of manufacture of claim 57, wherein workload goals of said two or more

logical partitions are being balanced.

60.  The article of manufacture of claim 57, wherein said computer readable program code
means for causing a computer to dynamically adjust comprises computer readable program code

means for causing a computer to increase allocation of said shareable resource.

61.  The article of manufacture of claim 57, wherein said computer readable program code
means for causing a computer to dynamically adjust comprises computer, readable program code

means for causing a computer to decrease allocation of said shareable resource.

62.  The article of manufacture of claim 57, wherein said computer readable program code
means for causing a computer to dynamically adjust comprises computer readable program code
means for causing a computer to move at least a portion of said shareable resource from one

logical partition to at least one other logical partition.

63. The article of manufacture of claim 57, wherein said computer readable program code
means for causing a computer to dynamically adjust comprises computer readable program code
means for causing a computer to manage said shareable resource among said two or more logical

partitions based on priority.

64.  The article of manufacture of claim 57, wherein said computer readable program code
means for causing a computer to dynamically adjust comprises computer readable program code
means for causing a computer to assign said shareable resource among said two or more logical
partitions based on percentage allocation, wherein each logical partition of said two or more

logical partitions is assigned a percentage of said shareable resource.

65.  The article of manufacture of claim 57, wherein said computer readable program code
means for causing a computer to dynamically adjust comprises computer readable program code

means for causing a computer to adjust allocation of a plurality of shareable resources.



