WO 01/ 23974 1 PCT/ GB0O0O/ 03720 WORRL6A S MANAGEMENT | N A COVPUTI NG

ENVI RONVENT This invention relates, in general, to nmanagi ng wor Kl oad “wi t hi n
a conput wwpmgsekem- and, in particular, to managi ng wor PCEEBNBTZ 5
partitioned system Logical partitioni ng" al l ows the establishment of a
plurality of systeminmages within a single. physical machine or central
processor conplex (CPC). Each systemimage is capable of operating as if
it was a 10 separate conputer system That is, each logical partition can
be independently resabrridRb (rndkhéze anes avbbbrai ENveraMeRg Systemthat may
be different for each |logical partition, and operated wi th different
software prograns using different input/output (1/0O devices. 15 Exanples
of | ogically partistimeedooorgleteésgisseherns  are naesing bedklqad, wiftpin janst ance,

U.S. 4, 564:803¢tideS s48dm 0Rnd ANNASH#t18u1alD8G, mdhaging 4oBd3a84h ai SSUEd ON June
27, 1989 an U S 5 564 040, issued on Cctober 08, 1996. 20 Conmmerci al

enbodl mentg ot - ogl cé’ffy partitioned systens include, for exanple, |BM

S/ 3900 processors with the Processor Resource/ Systens Managerzl (PR/ SM)

feature, which iwidelspartietonibgralilings xhe gystablishesntBM appbiratittyl of

i’g ggeszgr m%@urmé&aim A/bsraﬁgﬁrf pll‘?}saaai miacﬁﬂed& cekt¥aZ - grbdbsddd, IVBL ch
e nt ect . of .alo t q_r;sg t he

managemnent “oF &@q&%gﬁad %ﬁ%n?ynstem ]tnﬁ?e a%%e?lg%é * %%?Es%?%m In

S/ 380 syst é?ﬁ?ra?eoF°'@F§ﬁ‘f)ls¥St%r k?hdédlﬁm?%?&e?‘%qlé?b P&§"e’cf"f’6 Gfarkfge t he

wor kl oad witdependentilyameses. t ird tpalllyi loagiag withanopklabindy spstegertatandyebpt 30
t o bal anceaidrersr k&zoadcrpflogﬂal Lgarru&:ioansmhyo;mxiéagwm ki#rbhie sphiaical

resour oes loohlit, SYSECBee D G851 Q. IRNCLLBE AL, Novever 1L TS

i nport ant o Jensur e data y t he re ocat ed vvork is at the
nmoved | ocation. This need often restricts the nmovenent of work. Thus, it
i s Hesirabl e t cEXagpldsecet |lnpx®léy\mrkin;ademﬁaglemtswwméoawuﬂmr%dsyst ens.
Accor di ngl ya, €€ inoMeBE) @Dsp@)!ﬂbd@ﬁ3ﬁﬁﬁlé&0&; Jayed-9oMme, anskezooTBIt €r  program

as defined, ' télﬁ a%&g&&‘%ﬂ 163,02 8 {40 %E/ @P%QQL& cddbene®

enbodi rrent e rret I nclu es managl ng wor acr oss

20 Commercial embodiments of logically partitioned systems include, for
example, IBM S/3350¢ processors with the Processor Resource/Systems
Manager™ (PR/SM™) feature, which is described, for instance, in the IBM
publication Processor Resource/Systems Manager Planning Gui&e,
.GRA22-7236-04, March 1959.

25

One important aspect of ‘a logically partitioned system is the
management of workload running within the partitions of that system. In
S/390 systems, for example, workload managers are used to manage the
‘workload within and among the partitions. The workload managers attempt

30 to balance the workload of the éartitions 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 computer

3s systems.

Accordingly, the invention provides a method, system, and computer

program as defined in the attached claims.



or .pore partitions of a plurality of partitions of the computing

envi ronnent, wherein the managi ng i ncl udes dynam cally adjusting

al | ocati on wheme3shaar eabl e resource of at |east one partit PCHGBSV/3T® t WO oOr
5 more partitions, such that workl oad goafs of the two or nore partitions

are being bal anced. in another enbodi nent of the present invention, a

nmet hod of managi ng workload of a conputing environnent includes managi ng

wor kl oad across two 10 or nore partitions of a plurality of partitions of
t he conputi ng enuinraenaitiodindhe) aha reltBod WiclaBesMBaRading wolrk a8 aBssicwent |y

share a shayLableLpd RSO Cor Iqﬁum%gl&gpm@LM@soﬁxﬂ@%ﬁ@Jth adj usting
al |l ocati on of the shar ble resource of a#ﬁé‘%ﬁ%ﬁ"‘one artition of the two

or more partTUrone- 5" refter ERPBRB G d° APHRLNPERITORE enabl es t he
dynam ¢ rediderdtien osn2 Gf‘a%eﬁ\h%%efb#*@r%%u?fc dsasic prfs pattdgierabt gdet o ons
under s di r eqidrerpatitdondr khdadhatARadebad Foa3Cof AROULWOES hbd paitidis

i nstance, CRl 5£§ﬁlga§§§°ed[ ogi cal processor resources, |/O resources,
coprocessors, 20 channel resources, network. adapters, and nenory
resources. Typically, the dynam c adjustnent of physical resources, in
accor dance with ¥8radosker egrpdinent of sheprereptyinyentigr ld nethodmfagargti M) ,
syspl ex and #wRkGhd ¢Mbegmabting ativiimbént emﬂw&mgawxablvﬁkkﬁaﬁamce&séi&%a
sharijg. 25 &dﬂézfe' bt donsi ¥ mﬁupmft@rgfegax%ﬁbmgwfm \z_sz,,g,é

managenent of rces cr oss | cal art I'tions s pr ovi ded;
as well as ed‘;‘/'ﬁ’g’rﬂm nChgkherfon PT‘% Nage taasiy YL .3 \W.M based
|/ O prioritshageabde mgsPyrcehe Tbhanmmsmweerﬂmmawmdymmm management
of nenory aonossibiPARSthel sha@Bsblienfisetndet o ia@NleakPARe WaRUPSof @bl kRSOUr Ce
30 sharing tdy guah, el Pidnky- based resource all ocation. Anot her enbodi ment

of the invention provides a method of nanaging groups of partitions of a

conputing environment, including identifying a group of a plurality of
partitions of thé Wnﬁ“@ﬁ%ﬁ“&rﬂfehﬁe ifyeetion peakies therdvhemici ncl udes
det er m ni ng @mdssratieaibe dfestautegitlet tesberaas Sdcynedl 1b@idal epagt Diipns \WH@s€i N at

| east .a portdiQ8crigh Jehg webicaahlaga B0 UicEe IrasaJrLQé:%@ﬁaLo fLD%hQLMc@' ity of
parti tions g t he rou WD_01/23 PCT/ GBOO/

efrbodi nent erPoweées 2 e ﬁl‘ﬁlo?mﬁﬁsrfgﬁl’heﬁméﬁcﬁﬁpst 8fr°‘58‘?rt°Ff1 §ARTGPSSPTS
corrp&t°| ng erfPRFRAINEIPOVTSRS) APt adppSetiet adrineiiony Xelfourcgs. Typically, the

dynamic adjustment of physical resources, ‘'in accordance with workload
goals, is provided via a workload manager (WLM), sysplex and PR/SM
integration without requiring parallel sysplex data sharing.

25 Additionally, in the preferred embodiment, WLM dynamic management of
CPU resources across logical partitions (LPARs) is provided; as well as
dynamic channel path (CHPID) management across LPARs; WLM based I/0
priority queuing in the channel subsystem; and WLM dynamic management of
memory across LPARs. In one implementation, LPAR groups enable resocurce

30 sharing through priority-based resource allocation.

Another embodiment of the invention provides a method of managing
groups of partitions of a computing environment, including identifying a
group of a plurality of partitions of the computing environment. The
35 method further includes determining a
shareable resource to be assigned to the group, wherein at least a portion
of the shareable resource is allocated to the plurality of partitions of
the group.



group of the conputing environnent has been nodified, wherein the group .-
I ncludes a plurality of the partitions of the conputing environnent; and 5
dynani calwgemzipmsting within the group allocation of a RCIERIPET! the
group, in response to the determning. 1n the preferred enbodi nent,
resources for those groups are scoped in order to determ ne which
resources are to be assigned to a particular 10 group and to enforce the
al l ocation of those resources. Scoping provides a handle on the resources
t hat are al | owadftyrgshehangpdinent piogidegl d/mebtirpdek @angginperoekscPSi ons of what
to ﬂ_o nextparé.ctﬁswgf & abipRe iU bsAksn@ht / @EQIN GOAudds0diRrl vy Cl'ﬂxdt(ﬁf’l t he
machi ne in _suc wa t he. .St a : t war e
wants o Bt RS toobtihs AELAERA faf T WISRASL SRl ok B0 o A
further prigrtidedf MG RRAT BF RAAEIFAVRAEIDR (FBYFaE S TrRYd *F%r
man&gi ng chmpemighlly ediestinggwirhin thERYpuy esinsrtion off ehissonrasordh b ng

envi r onMenfroup Neh Yebppseaioctnd Bédegmidiag. an al | ocation of CPU resources to
20 a partition of the computing environnment is to be adjusted; and

dynam cal ly adjusting the allocation across the artition and anot her
partition of tHB OEEErHGe TP oEnfesoupBrest ﬁ?rabﬁ ® FREPYPRRMAERTT y

adj ust i ng idinsoyderriws geregwineovioh kiegonk c@8 age diosbefasgignpd ot a tPAEtiFutay ti on,
andoi S perdretpada ael &Fsrée Pheladlddayidf of RRédel késdascedl shepingNputriang

environnent . f.thec elefted eRodidBMoved WOLKLOAd IRRA0GE M Uafit dhUt €5
CPU resources acr.oss Iogl rcgl ga titions lﬁ% dynap cal | t he CPU
& E é igg ces

adj ustin
30 pr oces B PYHEE R PH™S he° c 4 £ SFB?Ié".g i
under st and®, b§ @rovidst @ncihe irbinmAR| YA ¥Rt thtlr khoagchige ag're because t he
wei ght of JnBergeand whitOBhé lsoftSrakél ALt t¥idohind tise baflrwhea\undrbtads el p this

wor ikl oad Ry fQr d284,89€6m. 1 @i sing the weight of this partition and
| oneri ng the weight of another partition, thereby providing additional CPU

35 capacity to the inportant workload. This allows CPU resources to be
dynam cal | y nowefhrthen preefisstafcamiedingnti efnshe Agvepsiqd perYifes)aivetheht s
change. TherpiRseing tadvedlt postebsiinghetitprapyl desowoepwierinps egimutsnd or 40

i mpl enent i 3g; L ARe, 0 OME1 (BING OfkS ermElly ERIEO B Gfi 18HaHABE @ENREALKs GINPri se |
WO Q1/ 23974 4 PCT/ GBOQ 03720 .i nstryctions, execut abl e by a nachine, which

. [
ar &%encoded PO A ToRp T e REAbT S el a or pr ogram st or age devi ce readabl e
by a machitifebe ahirstady pad dypaigeldy austipgribeqtllacadap 3cErsSsHt em or sold
separ at el \pafpixdash lany dnpther partition of the computing environment. ;

Preferably, the dynamically adjusting is in response to workload
25 goals of at least the partition, and is performed across a plurality of

partitions of the computing environment.

In the preferred embodiment, a workload manager distributes CPU

resources across logical partitions by dynamically adjusting the CPU

30 processor weights associated with the logical partitions. WLM
understands, for instance, when an important workload is late because the
weight of the partition it is running within is too low. WLM can help
this workload by, for instance, raising the weight of this partition and
lowering the weight of another partition, thereby providing additional CPU

35 capacity to the important workload. This allows CPU resources to be
dynamically moved to the needed partitions, as workload requirements

change.

The present invention further provides computer programs for

40 implementing the above methods. Such computer programs generally comprise



transm ssion over a network). 5 The present invention also provides systens
corresponding to the above nethods, typically fornmed by conbining a

conput er pNSYPIRIIMor i nplenenting a nmethpd wi th suitabl ePRHE 0 10 It
wi |l be appreciated that such conmputer progranms and systens will benefit
fromthe same preferred features as the nethods of the invention. Various
preferred enbodi nents of the invention will now be described in detail by

way of exanple only with reference to the followi ng drawings: 15 FIG la
depi ct s one iBxENEHENSfexgoeERbR Y Ry "arRinto e Rt ArE|Beodss o Fi ETWUEST ur t her
enbodi ment akaileCosiiatdmngrayman soonaget devitd Geadabde (kycé Snaglithet, | @atan be
conponent s QhcRae@ UL igade @RV IePREL | sysEdiCor Zoi@Nephiacele (BXaIBLE b?f .
| ogi cal par tit 's%@s&%gu%%' aZ(r):.etFong-‘E)' 4a- 4b depict one exanple of the l[ogic
associated W th a par °Fi DR jolni'ng a group; FIG 5 depicts one enbodi nent
of th® logic associated with renoving a partition froma group; FIG 6
depi cts one enbodhearpréseat invendiogi0sagsoeidiscsysnehd) c@ifregdpir@ing nonthel f a
partition's weiRleodl, RepiddeiL2shflal B REMRAnend GC&IMYEEer SRIGEAR Gof! ass Of
the partitiaqn;. Fl e di t of the logic associated with
n

n G, 7 depjcts | enb
dynami cal | y “ER}TISEHAY Tﬁ'gt}?gn‘f"%g‘usr‘ﬁtt?%le 01" 7"80i'cal processors; FIG 8
depi cts one enbodi nent of a channel subsystem 30 FIG 9 depicts one
enbodbrent of t hetlwdgl Geasmpaeciated that [susk|cetiitey pragrams QrapsysakendwilDd be
processed; [gefaritOsdaPivet SarfdNSre?BRQM FRRL &S al RBe RUhS3=2SS A0L ArGLntdoh N
determ ning whether an I/O 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 depi ¥esicypereftrsat mehedigentshef |tygiiavartder Wit oy ks degrribed
bal ance chedki depadf byl @y 4 exdnpEs.onlBaritBhredepinct tonthee AOLICWDmRN BrHfingdre
| ogi gsassociated with correcting an inbal ance of an I/O configuration; WO
01/ 23974 PCT/ GBOQ%Q FIG 14 d ne enbodi ment of the | ogic

e

3720 epi ct 0
Sesou ot et wi th PHeS I8 heolded o LGRS Y 2 NnARR) MR onlac !

FIG. 1b depicts a further embodiment of a computing environment;

FIG. 2 depicts additional components of a computing environment;
FIG. 3 depicts one example of logical partition groups;
20 FIGs. 4a-4b depict one example of the logic associated with a
partition joining a group;
FIG. 5 depicts one embodiment of the logic associated with removing
a partition from a group;
FIG. 6 depicts one embodiment of the logic associated with
25 determining if a partition’s weight can be increased to help a receiver
service class of the partition;
FIG. 7 depicts one embodiment of the logic associated with
dynamically adjusting the configuration of logical processoxrs;
FIG. 8 depicts one embodiment of a channel subsystem;
30 FIG. 9 depicts one embodiment of the logic associated with selecting
an I/0O operation to be processed;
FIG. 10 depicts one embodiment of the logic associated with
determining whether an I/0 configuration is to be adjusted;
FIG. 11 depicts one embodiment 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;



FI G 15 depicts one enbodi nent of the |logic associated with setting an .
explicit 1/Ovelocity target; and 5 FI Gs. 16a-22c depict various exanpl es
of 1/0 combioyasat i ons used in determning entropy. WRGAVGHIBR@hagenent
capabilities are provided that enable the dynam c adjustnment of the

al l ocation of resources of a computing 10 environment to bal ance the

wor kl oad of that environnent. In one exanple, the conputing environnent
includes a plurality of logical partitions and the workload is nanaged
across two or RAE¥-elbfdepirtsmpet ¢nbedivent Qfcthentradc maspcigted wdbput i ng

envi r onnerdet ek Rthg\War ekt aadsumpagasent 15 capabilities is described with
reference 10 Fefy b2 ach i@l iasnhY i OIPNg:l Ukabes; B8 Ghlen fsBEcdnSt ance,
on the Enter :l'se S{%te%ﬁa Architectyre (BSA)/390 offered by International
Busi ness RBCHPAEEE B8 Furstoi ™ 9&FimBR%, New York. ESA/390 is described in
an $BM publ i caFf®n %239 depicEvasinsi ?@m&ﬁ?teﬁrﬁ/%ﬂeh#maﬁ}%# 3963 Rri nci pl es
O QOper at idetermini?g dd8bbdubl i cati on No. SA22-7201-04, June 1997. One exanpl e
of a conputing environnent based on ESA/ 390 is the 9672 Parallel
Enterprise Server of fered b |nt géq atj onal Bu5|ge s, Machi es Cor por ati on.
Conput i ng envi PEAHEHN '“T??@e'f' 6 BERPTe 4 BN P pPScessor 25
conpl ex (GW})““EECF@JWFWQ°6rféeo?nﬁfﬁf‘=é°’é@ﬁt?e&Pu¢ﬂe56€ssMP%BG (e.qg.

CPie CP4), ebfArofifien8DEE billhté ttheo n®ri23d (. that édGr@alenpar th toheré&an(xﬂll'e’l LP4)),

and at | eagt cgaﬁlthgglegaimaegntl iﬂcﬁeﬁher;a%gefaﬂép of 6Rg el pail Efbnk Sadescri bed
bel ow. 30 ntr rocessors 106 are hX‘olca JLLOCesSSQr resources that are

al | ocated® wt"ﬁl?lc’laog"l‘sc"z‘ffn‘aﬁar EFYEnS™ T ™par P FUF 77 ¢48R® 1 ogi cal  partition
108 has one or nore |ogical processors (not separately shown for clarity),
each of whi ch oepegsainentadd aoromputsingreavidfonfierphysing atorRl@@ent@gemehd6

al hocat ed chgayli e 1Rl aéseglbematho,ggfe@éncert@cleﬁ;sOIas of cam;rmﬁ cular 35
partition 10i8 my b eltger de cat%d to thg}aeog%eltlon s at the

under | yi ng processor S6 615 Te4eTvVE fﬁl on) or

shared wi PreBfEBEHER (ﬁﬁﬁ\’t/r"?‘i’ Shfszes "tm&!t% grrdePrsinets H‘?‘B’&E%%or resource

i S pot ent icatdoyativai |2aipdréc, t pwarpkh e ESPARO0| 1S deBcring® Od a8 3EMpblication

PCT/ GBOO Q&?ﬁ:@e& RehitepPde! dysdbmd Ammter@hemlﬁagtesosf |0991i:a9:§1:n partitions,

LP LP4 S r s in in sstem
Cani CHP SR AGR: 28 @& 0ERAL A, &y f%?‘t. ?m%‘gg LEbReR Y
appl i cati Gﬁ‘élmTT&t haged 98 BSMBAR h% r’&ﬁ’r}ﬁl ’@ﬁ’f-‘iﬂf"?‘?rt he OS/3901

or MWS/ ESAffered by International Business Machines Coxporation.

Computing environment 100 includes, for exawmple, a centrxal processor

25 compiex (CPC) 102 having one or more central processors 106 (e.qg.,
CP1-CP4), one or more partitions 108 (e.g., logical partitions (LP1-LP4)),
and at least one logical 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 partition. 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 underlying processor resource

is potentially available to another partition).



5 operating systemoffered by International Business Machi nes Corporation.
Addi tionally, each operating system (or a subset thereof) includes a

wor kl oad newegez3vid 6 for nanaging the workload within a pRCTAGBIEAITHN _
anong partitions. One exanple of a workload manager is W.M of fered by 10

I nt ernati onal Busi ness Machi nes Corporation. W.Mis described in, for

I nstance, U. S. 5,473,773, issued Decenber 5, 1995; and U. S. 5,675, 739,

i ssued Cctober 7, 1997. Logical partitions 108 are managed by | ogi cal
partition managerinltl® pd:Eiculalcemampled showny exch cgdéogigahipagtishiopy 6BLISOr S
106. Logi cal suadtionkiNe se;Q&t(eL&Lt&P&vﬂadalzegiﬁek @aﬁﬂlhgogysaama%r 110

each conpri S G2 mQ ee.c sy gg.f]haqlg]gzc§§ g)ﬁ:z.og') A %%gtér\/%{.p 05%1?.9 :|.on?

central storage ass C|at rocessors

| ogi cal par t} oﬁnn‘é‘ﬁ’aﬁ'@?"dﬂ%‘t' |°§EF%“SMSYZ'EF“1 El’a ip hen®Y @b odi lﬁ{?ﬁFs’%”f a
conputsi ng errReFTHmE MYstemot taredrhve Inteamighalp Basioeso Macidmps aeesoratpncoupl ed
to one another to forma sysplex, as depicted in FIG Ib As one exanpl e,

acentral processag, GUIPHGX ACPCher 02, o0RH0LE] 1000801 UM £l ler. CPCs

120 via, for instance, e exa
CPC 120 i ncl'pyEtesd 'ﬁﬁ’ﬁ?‘a’i H‘i/ f8¥ “laB@EPé‘ﬁl theugrk; ?ﬁdoﬂ’sthi’z@ eer'@tmmmd LP3),
whi ch are neawagedabyitiohsngi Gl expaple tof on worklivad aandded. 10MBM @Lfamdebyf t he

| ogi @@l par tintbAR%ibdat! silesesaNvQpeRsY ba@os&ﬁxst Qbk 1Whadsl-1RY NV EesA
wor ki oad rrar@g@;nc@n% %, 252,708 © 180Rly SALLEN. <PLAIL AR, (110! SP?{Q Ln this

exanple for | ‘21 1'onal I'y PheT uded™ % prura
central procEsest (e Ef” CPl 'CP3), the resources of which are
al | ocat ed anong the plurality of logical partitions. in particular, the

resour ces ar e al I:age&aeoba&mgneriescuremag&ﬁ b&oig»gﬂéal %&Qeﬁoﬁ&aéép 196 each
part '1‘35' on. mBle‘eg‘@éd %Qi?ﬂglré’é%ﬁé %ﬂ.\.rx?% roeg?g o :|.c 1 rrgrtelt:ll. | cal
ra ﬁ TalrTs Ty 22

partltlons and one or nore_cent roc SSOrs.

(a. k.a., a stPubfdrdd’ el wirak Pordgion sprgeer p‘?aG e%%‘ﬁﬂsecﬁ‘?ﬁ 8F rpgre
stor age accexsitsme fppiding tepescectireopegdons ©bmehtradssiiDade ad88-idtea

PCTI GBOO 03%36h thBCcepeid10praredfital ion Sexambliecst Adg N1 DERBIGIR dadaddie 1 Cs.
The coupling. facyl ity is used for the sharing of state information used in

naklng shared resource redistribution decisions. (In one enbodi nent, each
I

cent processor conplex is coupled to a plurality of coupling
In a further embodiment of a computing environment, two or more

central processor complexes are coupled to one another to form a sysplex,

as depicted in FIG. 1b. As one example, a central processor complex (CPC)

102 is coupled to one or more other CPCs 120 via, fof instance, a coupling
25 facility 122.

In the example shown, CPC 120 includes a plurality of logical
partitions 124 (e.g., LP1-LP3), which are managed by a logical partition
manager 126. One or more of the logical partitions includes an operating

30 system, which may have a workload manager and one or more application
programs (not shown in this example for clarity). Additionally, CPC 120
includes a plurality of central processors 128 (e.g., CPl- CP3), the
resources of which are allocated among the plurality of logical
partitions. 1In particular, the resources are allocated among one or more

35 logical processors 130 of each partition. (In other embodiments, each CPC
may have one oxr more logical partitions 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



S facilities.) Aspects of the operation of a coupling facility are.
described in detail in such references as El ko et al. %@@%ﬂﬁﬂﬁéx 739,
issued MaYOSVB9%994: U s 5,561,809, isued October

5,706, 432, issued January 6, 1998; and the patents and applications
referred to therein. 10 In one enbodi mrent, one or nore of the central
processors are coupled to at |east one channel subsystem which is used in

communi cat,. A%l fhe! £QrafleN] OSRungS0l pPARLEs  SEICHAl. PRACESRALO0 (F1 G

2) is couple east one ¢ Syst em 204.

Channel sUias¥sitBn=2B2rd1 50 §h‘? graqtay oEothiedinf o Bhteorssfoi® "% ol units
206. The cmatedlrespurtes rediseritgeirncéasibidhst 0 (Gneongremrpdimentt Oed@dyi ces 208.

The channelenstiiSy:icesBost dmpidk LHeold1ew f aigihed1iy icEncdigiimen the
| npyt / out péé%%ﬂ%\:{%sc S A%?,Qcéé%f‘ tﬁé %9@%%1(3’1 Bfr el, &%‘iﬁﬁ#z?ﬁuﬁ@?%&@' processing

20 Units O communi ¢ |nput/output
devi ces ﬂc’ﬁé’Fﬁ’n"Psder}ai‘]a 1ﬂr%’€€s"§r"ﬁ’g’f“€%‘3 ﬁﬁcﬁ,lééda cdhreu? Fent 137 wi*Ph
| nput / out pissugy Baedsi 1g94;THes .CAAINEL09s LiTBYSt Entabsest.orrRPeorv.for e channel

paths 214 gsg6 Q@mgé&atiaﬂﬂaz}yl BKSsbd) BRNAGE RPrddie draoNppaficdtabey nation to or
from mput/outeQLg gg ges 208. 25 Each channel path 214 includes, for

I nst ance, hannael ~ 210 of channel subsystem 204, a control unit 206 and a
iR 212 betmeen the channel and control unit. In other enbodi ments, a
channel path nmay drgvenbodivent plore chavrre|of, thorertrkl pyPtssoemdforcohrlelds,
Further, idd anabdr oD cBaABD|sAbsyisten,SwitlchOiA6Ed bth &olmfuni8atAne VA LRIT/OD! €

dynari ¢ Sl eSS 35, Adkher1c0Ta LG -G113008laehE B0 Br6y BT cSPHLER I dsGOUD! e

£
to a channel and a trol rovi des e ca g%lf lj%swally
ther

i nt er conneteFIs %ﬂ?yandt ﬁb Heﬁ?ﬁ@n‘f ﬁ&?""ﬁ es”§f¥5§8ﬂe’t?4t 0 e;évﬁ"‘)éﬁlff"‘e@
det2&i | s r eigafwither celrdrficio enehoy Foesrsortrel dudes i206d ke GoBrob uBREs 4384,

i ssued on aldNhed looupfedl 89 6ne lo @morpl Hbeddvadecrb®di ment of the present

i nvention, various physi cal resources are dynam cally redistributed across
t he | ogi cal part | tions of a H%tl ng. .enyi ronrren% under direction of one

or nore workl 038 ﬁ&ﬁ’ﬁ’@ér?"s’lﬁe‘f’ *HFFnehh £ T8t PFTBRLIB Pt S parent to
t he appl i caproiouenyssieyieers and\MRLR FPB939- STPCEFL R0/ WS AEPtraAsproeapyiings, t he.
physi cal nasedle ahet thskeof eshntihidabigediteel et Phe inARGOUDAS dekD@sCal

processor JL8SQhiES dats/ QchéﬂH{; GloSproeft Q652 Pdntiy with input/output
processing. The channel subsystem uses one or more channel paths 214 as
communication links in managing thé flow of information to or from
inpuﬁ/output devices 208,
25
Each channel path 214 includes, for instance, a channel 210 of
channel subsystem 204, a control unit 206 and a link 212 between the
channel and control unit. 1In other'embodiments, a channel path wmay have
multiple channels, control units, and/or links. Further, in another
30 example, it is also possible to have.one or more dynamic switches as part
of the channel path. 2 dynamic switch is coupled to a channel and a
control unit and provides the capability of physically interconmecting any
two links that are attached to the switch. Further details regarding
channel subsystems are described in U.S. 5,526,484, issued on June 11,
35 1996.

In a preferred embodiment of the present invention, variocus physical
resources are dynamically redistributed across the logical partitions of a
computing environment under direction of one or more workload managers.

40 This dynamic redistribution is transparent to the application subsystems.



channel r.esources, network adapters, and nenory resources. As one exanple,
a coprocessor is a mcroprocessor (other than a CPU) within a CPC 5 that
serves a paydp@ashAar function. Exanpl es of coprocessors i nectrdBoo/d3mmo

i nstance, channel subsystens, network addbter cards and cryptographic
coprocessors. The above physical resources are only offered as exanpl es;

ot her shareabl e resources nmay also be redistributed. 10 In order to
facilitate the dynami c redistribution of resources, in one enbodinent,

| ogi cal par tast é&-RRs1LeR!, CcHg phipeeall ogriubeds td ver fafist Avaksld enciube dpesour ces
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function to (ri‘istri'bute Wor resourc n one

donai ns ar e SCBYICEET Far (PE i BALS Pﬂﬁ?ﬁcﬁb TeROYESEP ﬁFIVlﬁeﬂfFP‘Eﬁdoﬁ%cfxﬁ‘PR}é 20 and
t he oper at i mhey sharably geBLEGOmaRRsN e redifteribagdcal partitions. The

| ogi cal partitions of a group may be a subset of the partitions of a

SySt ‘?.H‘ (e g. ggrdglg tg Eéé P:’.t%ée t%@ %LILI rééé%}:glpuglon leg%(ﬂségsr gay be

partitions of different s exes

systens. 25 & EPRHIERT nd “’Bt ltaﬁbitliB’b‘i éat gﬁa‘f‘ltei"t 'F‘??ﬁt’g‘?rob‘t@rﬁﬁ t&lﬁﬁ’é‘t’%r s)

of a cent r dhepregeessss ramougshe wartsitdens of cthej grdsp G E8ch ggowphcamyatihéne i s a
Logi cal Par tdiké GRodo1Opgrthe A0t @mOpaxtho@nsal (Bardhk tdxaipled, OdHa & 382 ogach of

whi ch incl udgs 8L Ll Anggsrcatrepggtnttoq,}gs pubfesll GUR' 19 Of thog' cal 30

partitions enabl es regﬁrce hari ng anon a"g"e tions
t hr odgh resé’ﬁf%‘é“’oﬂﬁ 8t &t oTPmFRGY € PT’?S‘F‘FT'y’b Ba’ixég‘&iircéaﬁill‘-’ﬁe'éﬁ i on) As
exanpl es, t Heckudspurersinsbanse, siharadnerec brrtet BBUsysssulimegss riudn@ng gs0Ur ces,

and nmenory, iaSepsildntadonains [OEOL ASSMIANS, %J.@lﬂ)ir@tnhﬁigeakw 8 adtimBors o84 Ces
the machi ne .ol gt mgyioqeto élpét&iot&ut,@zfnt %&tég OleJbRe Rcadfide, D7

not have access to resour,ces o a articu n fact

mul tiple | odfeH dﬁ%ﬁ‘f’f tair8r|1°§r161f‘p§a’?dﬁt‘tfsb’@mﬂé‘l‘q n%&%&alob@?&’éle’ﬂﬁﬁ’cﬂ?‘ieent ly
on a28i ngl e apd e rrperatingr ysrensoarmRafeocamhitOgh ol lagaedli paitimeup
effectivel y the hegi@iopd-eebicnBads HEYcBuplfhad HRAL tdubbdtabs 48e! QG LALNPRIELL LT ON
group are efeGhi YeleY, SCeR§dct & R edr QHRne YR L2300 A fGTLEBR0/ 03720
partitions of different sysplexes (on, for example, a single CBC) or
systems.
25
One embodiment of two logical partition groups {(or clusters) of a
central processor complex is depicted in FIG. 3. As shown, there is a
Logical Partition Group A 300 and a Logical Partition Group B 302, each of
which includes one or more logical partitions. The grouping of logical
30 partitions 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/O

resources, and memory, as well as co- processors or any other shareable

35 resources the machine might provide. A particular logical partition group
may or may not have access to all of the rescurces 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.



The scoping includes identifying which resources are allocatable to each.
group. In particular, the scope defines which resources are restricted to
t he groupwenz23®an be managed for the group. The | ogi calPCTGRWONIRZGNs t hat
make up a |l ogical partition group can Be t hought of as a 5 container of the
resources. These containers exist wthin the bounds of a total set of
resources available to the |ogical partitions. In one exanple, this is the
total set of resources available on a particular CPC. The | ogi cal
partitions tharherakepiong iacphsiesiigehbifyimgeiah yrecurdesgre d)ogatable (te. g. ,

Logi cal Paktik gkeip. GRUParR) ke, a66ieBesl dacias tingtld absq@edd @Be Of the total

shareabl e rlégtsrqg\g%%ﬁto I‘::Ré g%é%‘r? ’cagsn%%ab%l:ﬁtéo{ Qﬁe %}F'&;?ab'}&& lzgﬁggi” ceis a
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abgye. Oﬁgﬁe%]eh LSacdpaler ééeapgiinggsﬂﬁe&%&amei shed. perditaad sRagger directed
changes to the resource allqcations in the Ig&g“ Eg}%_ﬁ_gartltlons of a given

30 group EPESIFHHCEFTY: ASnEH rt% URIFR Aty 1 K L PRESE3P % Rer size
(i.e., thethesdegicel partisieon agtovps ardeldadgil apryibtqnst parningpludes) ie@myt ant .
For i nst anegicad SaheRribh afroligae reasLl I’aCﬁ::hcm?dil_%mifﬁ_B&gedaﬂ: is ttreidgPth mageUr ce,
and further.A3SiBrddieheBag tebQcEhyi DARLL & tgrBib It BrdS SicdNGhtAndel bne
processi ng wel ?ht -t htg‘t ]Il?%l at es i?%lnorl té. IQnog‘glgr ;totngnnage ht he CPU 35
refative WBFGHES ‘PHESSTHI G PHE P a?TVR Wl WS PBF-'THE HBdi"Cal
partiti ongreyp) aig)ite isve rouprdaretapdingesdhithe copirant thaif sereprapei th¢ter t he
directed ebaigess weH, aé Gih indsisaneing\er khoatdharaasger contairerned.gt aiths t he
customer sRefichitdnd! | AGRLEMRNO el dick G204, C oSk OidebRna8i Q1/BERA i Ot her
ogi cal p%linte Igohglr}.%g p{agisﬁ%) ?fs'eé Qg mrL‘?:‘é h&erclzgéions about managing workload

25 resources should be sufficient to understand the customer defined

containers as above.

Once this understanding is established, workload manager directed

changes to the resource allocations in the logical partitions of a given

30 group are typically done in such a way that keeps the containex size
{(i.e., the resources allocated to the logical partition group) constant.
For instance, assume that the resource to be managed is the CPU resource,
and further assume that each logical partition is assigned a CPU
processing weight that indicates priority. In order to manage the CPU

35 relative 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
logical partitions present on the machine.

40



40 WO 01123974 10 PCT/ GB00/ 03720 Notwi thstandi ng the above, in sone cases
it may be desirable and possible for the group of partitigns to utilize
resources gVOMRI4 han the defined contajgner, when t hose PFEEHIVIIE o1 e not
bei ng used by their designated owners. However, ‘as soon as contention for
the resources 5 occurs, the resources are nanaged by the logical partition
(LPAR) manager according to the defined container sizes (e.g., processing
weights in this exanple). There may, however, be other cases when the
group shoul d not N5&" PEARAERE £B° ERDHdThEFBNF2FTS LE JRY diendssitaiesand gl so
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renoved; or sinply, mhen a processing weight 25 change is effected via
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for instances adBed 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 redistribution of resources within a group
may be needed. For instance, when a logical partition 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
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. If the current workload manager assigned weight

40 for the logical partition is less than the logical partition’s initial



proportion to the existing distribution of weights in the other |ogical -
partitions in the group. If the current workl oad nanag 'ﬂéﬁdn wei ght 40
for the |WQW%W&bartition is | ess thaniihe | ogical parﬁ;(flon ggz?ﬁitial WO
07/ 23974 PCT/ GBOO 03720 |i weight, the difference in weight is subtracted
fromthe other logical partitions in the group. Again, this is done in
proportion to the other |ogical partition weight assignnents, as one

exanple. 5 As descripbed above, a group i.s_scoped in.order to pobtain a
handl e on Yei#RF r oI EEE TR %?qgs’fi ﬁ‘f%ﬁ“%(%gaﬁdrﬁ? orlﬁlﬁ %’E‘ﬁr tlﬁgmragsour ces
that are rartiniens tip BRaIRGER- sdoaiffattbipdeydamr| FaarRenelper £ &Re PRRYF proper
deci si ons 109fcathpdrtificfloveight asdiyamanepiasgoriedeximpié.es t he groups and
provides information back to the programthat the program can understand.

When a 10 group is nodified, the resqurces are dynamically adjusted to
satsfy the nﬁai‘}‘ﬁsﬁﬁt’?ﬁeﬁr‘ﬁgweﬁ 8r?é’°§?1ﬁ§d?°r?§?1$fnt%ré?1é t(‘:’a%t%%n ?gﬂbaé’r%%? &7gr oups
(cl ust er s)theoreseunsies thet GaecEssigisd ex angrour apddihearesparaer t598h a&fFoup A may

be for CPWilbwdeesodunfigs, sshtiae tiegivendodmidageorafiimake tBopmy dédsiars |/ O
resources. . HOWeVEh, delle Ot BRL 85001 fHRALFied knd $rolpaOaROpadRLE& t hat one

| ogical partition gr up |t§ fc%r ams&t;%eéheor oalr‘_!l o;ntuggerrsgscgjrgggh | n order
to establ i SHCTBARY %‘iqﬁo 3EBPETH oNE exanpi &, 1 fie: I'0gi cal 20 partitions

i dati fy tdvonsdbveesifigderideorespprces rsup@apicaply afivssed toGsisnB%di nent of
t he | ogi c.moassi@atamed With joining a group is described with reference to
FI Gs. 4a-4b. For exanple, to join a logical partition group, the operating

system (e.g., Q5/390) .runnipg.tn a |ogical rtition indicates to the LPAR
nmanager whi ch IfﬁA??eg%m(?ﬁgl eﬁg‘ It(i)’ﬁ’i’ecﬁ " %arief’ ﬁg%ﬁ 9§"%0 (C%L%rest) a§°ﬁa??ctht her eof ,
STEP 400. wsownse- eFanpsramrlyn LogsalytartdriopCreerd vy Ppde% . Che LPAR group
nans to theskiaRs "whilgelLogitak rapeitidn GgopyB trem bes pactfo geseurpese f or each
type of regQU¥ke id8tndrSedBaliRnt@RNagad MishbidasidiRARa8r HdPFogidkiis, if there

are ot her resougcesbul '}‘QJ:JOBYa 402, .t heanterrfhe pafes are speci fied. For

exanpl e, FGroup ANy i GrveR tor CPO Tésources 30 and another name is
given for I/Oresources. The same LPAR group nane can be specified for
each resource tippexdet frodestiabkigh LHAR Syrdber |sgepel | O ohy c@8i390 thetlvgical

estgbl i Sh%]fara;ﬂ%x\é sEAR 16§ QuibndRiives BS B Msre(dfoupd@oel Rt cilonpar bid i ON i s '
the first loogical, RAarLition tQ. 33, U5 %iéhhg{ﬁ Qﬁg%) PJupCPélﬁs%rbtuqﬁwit%g' cal

partition %O Jjoln an exi sting % group &. Sgnﬁ nane 1or that resource
type. For qgiafﬁypé,tooyﬁﬁg.tq7é4b. For example, to join a logical partition group, -

the operating system (e.g., 0S/2390) running in a logical partition
indicates to the LPAR manager which LPAR group the logical partition is to
25 be a part thereof, STEP 400. As one example, 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 hame is given for CPU resouxrces
30 and another name is given for I/0 resources. The same LPAR group name can

be specified for each resocurce type, if desired.

This declaration by 0S8/390 either establishes a new LPAR group on
the machine (if the logical partition is the first logical partition to
3s use that name) or causes 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 =0, a new group is created,
STEP 408. Otherwise, an existing group is joined, STEP 410. Thereafter,

40 the resources are scoped to the group, STEP 412.



group nane is specified, STEP 404 (FIG 4b), a determnation is nmade as to
whether it is a new nanme, |INQUI RY 406. If so, a new group is created, STEP
408. O her woeay/23sma exi sting group is joined, STEP 410. TheCEGB#372040 t he
resources are scoped to the group, STEP #12. WD 01/23974 12 PCT/ GBOQ 03720
In particular, the resources of the group type that are bound to the LPAR
group are now nade avail able for that |ogical partition to utilize, if and
when WLM running in the LPAR group determnes it should. The resources of
a particul ar typénfrertianliRAfheyreaquridrmbf e doroop iyng that |ardebdunditol est
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processi ng wei ghtogival [pabti¢iforjusts goimedhi Ant ampRARE gieuge cend t hus, can

be reassigned wi bRicasihg hdiht oueitn by, M Maddie, lQ0idnah RaLLd tion that
just joined the LEAROI QUR, £G,000\ 185, Lbe ROL GLadl, [QnUSE he targer set
of LPAR group resources, 1o Whiclh a Contributton was | ast meds. Fixed
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group, it is norgwubovad LASC A ﬁeorédysiirﬁ_@.twﬁ%iﬁ?ﬁ_@%h%w-byThel ! ogi(gﬁ!
partition itse i 0 e _anyt.hi.ng to. this resource pool . is
pool _ of resourceMagrﬂsgt ﬁﬁgg%e% g%b%nd t :ﬁ/tn lﬁl&céﬁnﬁg %ﬁt TR gcip

20 now has the potential to use e larger set of LPAR group

resources, to which a contribution was just made.

Fixed Resources: In some cases, a set of resources

is predefined as belonging to a particular LPAR group. An

25 example of this is wmanaged (floating) channel paths. 2
managed channel path is a channel path whose resources can be
reassigned to help achieve workload goals. The set of managed
channel paths for use by a particular LPAR group is initially
defined via an I/0O configuration definition process that

30 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
itself did not contribute anything to this resource pool.
(This pool of resources can still be changed dynamically, 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
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20 Fixed Resources: The operating system in an LPAR
. group queries the set of resources that is associated with its

LPAR grouﬁ for this type of resourée. For example, with
managed channel paths, a list of managed channel paths that
are defined for a particular LPAR group can be retrieved from

25 the LPAR manager via an instruction. The LPAR manager also
screens these resources to make sure they are only utilized by
the proper LPAR group. For managed channels, this wmeans only
allowing a managed channel path to be configured online to a
logical partition that has declared 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

35 associated with removing a logical partition from a group is described
with reference to FIG. 5. As 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 morxe other actions are performed to
complete the LPAR group resource deallocation for the logical partition,

40 depending on the resource, INQUIRY S02.
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group have access to the LPAR group resource. It should also be noted that
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or rou
| ogi cal cgntf?g’iwb‘i‘gol?‘é%%ﬁr sreE?H’febrﬂuF‘hésf%?}esa Jrggtisaly Famqved| ﬂ}’nm thee
effecti ve bebsfipwratdén af pdet iagubaslr phogkt@l being reset, STEP 506. For
instance, for managed channel paths, the channel paths are deconfigured
from the logical partition being reset. This once again re-establishes
25 that only members of the LPAR group have access to the LPAR group

resource.

It should also be noted that some resources managed by WLM in an

LPAR group environment may not have a need for group scoping. One example

30 of such a resource is the number of logical central processors (CP) online
for a logical partition. The effective behavior of a particular logical
partition in an LPAR group can be significantly influenced by the number
of logical CPs that are online to the logical partition. The number of
logical CPs that a logical partition can have defined and/or online is a

35 characteristic of a logical partition whether or not is it is in an LPAR
group, so this resource does not really become part of a larger pool of
resources. Its effect in an LPAR group though is that it can change what
type of workload can effectively be run in one LPAR group member versus
another.

40
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The management of logical partition weights is an enhancement to
WLM's goal oriented resource allocation techniques, which are described
in, for instance, U.S. 5,473,773, issued December 5, 1995; and U.S.
5,675,739, issued October 7, 1997.
25 .
As described in those patents, WLM controls the allocation of CPU
resources within a logical partition by adjusting CPU dispatching
priorities. CPU dispatching priorities are assigned to work at a service
class level. However, there are various gituations in which the

30 adjustment of dispatching priorities does not help the service class. For

example:

1) The service class is already alone at the highest CPU
dispatching priority allowed te non-system work.
35
2) Changing CPU dispatching priorities to help the service class
will have toc large a negative impact on other service classes

that are of equal or higher importance.
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for instance, |ooking
decreases the percentage of this capacity that the receiver

20 service class demands. The projection of the benefit to the
receiver service class is based on this decrease in the
percentage of available CPU capacity both the receiver service
class and the other work on the system demand.

25 2. Find another partition in the logical partition group to be a
candidate to have its weight lowered, STEP 602. This
partition is known as the candidate donor partition, The
candidate donor partition is chosen by, for instance, looking
for the partition where the least important work is likely 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
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|l owering its weight, STEP 604. Decreasing the candi date donor partition's
wei ght 35 decreases the CPU capacity of the candi date donor partition.
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usage by CPU di spat &EFh§lpriority for the partition.

To enable WLM running on one partition to make a projection on the
20 effect of chahging partition weights on work running on anéther partition,
each partition has access to a shared data structure containing
performance data about each logical partition in the group. This
partition level performance data includes, for instance:
CPU requirements of work running on the partition by

25 service class;

How well each service class is doing towards its goal on

the partition;
30 . CPU usage by CPU dispatching priority for the partitionm.

In a preferred embodiment of the present invention implented in an
0S/390 system, this shared data structure is built and maintained in a
coupling facility. However, other data sharing approaches could be used

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

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

40 logical partition weights.
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equals 0.2 CPUs per logical processor). This can severely restrict
25 workloads whose throughput is gated by a single task, since that single
task will only be able to execute at 0.2 the capacity of the physical CPU
- this is often referred to as the short engine effect; 2) Software and
hardware efficiency is significantly reduced when having to manage ten
logical processors, when only two logical processors are required.
30
In order to address the above deficiencies, the configuration of a
logical partition is not statically defined, but instead is dynamically
adjusted. 1In one example, it is WLM that manages the partition and makes
the dynamic adjustment. WLM can do this for each logical partitiom of a
35 computing environment (or within an LPAR group). One embodiment of the
logic associated with dynamic adjustment of the configuration of logical

processors is described with reference to FIG. 7.

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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of whether to change the | ogi cal configuration, the follow ng equation is
used in one exanple: L= roor W U) xP+1. 5 subée t to a nmaxinum of L=P,

15 where L=nunBBrom8F* 88|t r%"@ BA3PR %o grag Flbegllﬁ%cabart ition;
w=per cent agetfighr@Renc spadioliowing iegurtdor Gstlll?edl ByPealexymwiei t i on;
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(L-act) f @artit@oh:0ghd okt idEi gHyssdautmisben aatedsT@e 4oswered. |f the

new y cal cul ated value of L (L calc)is higher than the current value of 25
L- act | NQUI RY_706, the is raised to caI TEP 708. Ot herw se,
if2_calc is a™ii G% t?}wgy SPTRSP "R l?aﬁﬁ% "I'_1 Sh FNOTES 7155t hen
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(L-act) for the logical partition should be raised or lowered. If the
newly calculated value of L (L-calc)is higher than the current value of

25 . L-act, INQUIRY 706, then L-act is raised to L-calc, STEP 708. Otherwise,
if L-calc is a value of two or more lower than L-act, INQUIRY 710, then
L-act is set to L-calc minus one, STEP 712. If L-calc is egual to L-act
or only a value of one below L-act, no change in the value of L-act for
the logical partition is wade, STEP 714. Through the use of these

30 thresholds, unnecessary changes of L-act due to small workload
fluctuations are avoided, while still being responsive to quickly

increasing capacity demands of workloads.

For further illustration, consider the following example: Assume
35 P=10, W=U=24%., A static configuration 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 CPU,



the.logical partition.is made, STEP 714. Through the use of these 30
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subsystem 802. The asynchronous I/0 processing methodology is generally
25 employed in order to optimize and efficiently use the central processor

for other work concurrently with the execution of the relatively long
running I/O devices. That is, to minimize the total processor overhead,
processing time, and processor wait time that would otherwise be required
in order to access and to read/write at the attached I/O devices. Such a
30 methodology is designed to achieve maximum overlap, or concurrency of
execution, of I/O operations with the execution of other processor work in

a large multi-programmed system.

In such asynchronous I/0C processing systems, the central processor
35 initiates the execution of a program requested I/O operation by use of an
I/0 instruction, such as the S/390 START SUBCHANNEL instruction. Such an

instruction is typically responsible for:

1. En-queuing (adding) the I/0 operation request on a channel
40 subsystem I/0 work queue; and



processing time, and processor wait tine that woul d otherw se be required
in order to access and to read/wite at the attached I/O devices. Such a 30
met hodol ogyei/memdesi gned to achi eve maxjjum overlap, or REIHERIPOFARY of
execution, of 1/0 operations with the execution of other processor work in
a large rrul ti-programed system |In such asynchronous 1/ O processing
systens, the central processor 35 initiates the execution of a program
requested 1/ O operation by use of an /O instruction, such as the S/ 390
START SUBCHANNEL i n$itopalcing dire Syarhzepousily speatting irhpanellygbsustep ¥xsponsi bl e
for: 1. En-queui ng gadédsnghe tthe wohiOga@ar.at i on request on a channel 40
subsystem I/ O wor k queue; and WO 01/ 23974 21 PCT/ GB00/ 03720 2. Signaling

t he asynchronously, executihng chanpel subs rqocess the I/ 0O work
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execut i on isgereddeyt oHezationt 9faFhe FERE3L Pracessay ang thhpcchappgdt syligystefone or

al hoof theredeassnal, SUBBY $eEBiFrESOLSMHCSKecttih Bikel S0 1/@ bperaeliog@aiims whi ch

Connetct t g, 9!4;&,%5 th m%e&lkgamebe@tkemgea&twpmi%&%y aneréout;g ng ﬁt hﬁlr
operations when an 1/O operation js r a program.it is highly
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oper ati ons cont i nual I caysin eve ep I/O 20 work .queues of
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yests w t hei_ o{ x?aeCt' A 1g§Vr'eceS The initiative for this
ac Pvity d’@per‘fﬁs on op SEeaer°Ihd or k queues in question within
t he channel subsystem For exanple, the channel subsystem /O processor

t hat i nteractsImnidriet k@ process the pending I/0 requests, the micro-processors

that comprise the channel subsystem inspect their respective I/0 work
. queues (see FIG. B), de-queue one or more I/0 requests from these queues
25 and attempt to initiate the de-queued I/O requests with their respective
I/0 devices. The initiative for this activity depends on the
microprocessor and work gueues in question within the channel subsystem.
For example, the channel subsystem L/0O processor that interacts with the
. central processor might initiate this process periodically when it is not
30 busy performing other work, as the result of one or more central processor
START SUBCHANNEL signals, or a combination of both.

One example 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 gueue 806 by, for instance, the
START SUBCHANNEL instruction. I/0 requests are then de-queued from the
i/o processor work queue by an I/0 processor 808. The requests that are
de-queued from the I/0 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-gqueued onto a control unit



central processor mght initiate this process periodically when it is not
30 busy perform ng other work, as the result of one or nore central
processor wo6RBYRBUBCHANNEL signals, or gzconbi nati on of PCTATBON@IROexanpl e
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requests. Frequentlg, ess critrcal work pertorns i'ch™ 1 et up
typically due to the fact that lower importance or less time critical I/0

25 requests may be queued ahead of the more important requests on the FIFO

work gueues and would therefore be initiated before the more critical I/0
requests. Frequently, less critical work performs I/0 which ties up
regsources for longer periods of time, increasing the delay encountered by
more important work. This typically results in 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 subsystem and the attached devices to maintain a rate of I/O execution

that does not impact the timely completion of the critical I/0 requests.
(Said 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 pfobability of

40 an unacceptable eleongation in total I/O response time for critical I/O



resources for longer periods of tine, increasing the delay encountered by
nore i nportant work. This typically results in an increased grobability 30
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also called I/O pending tinme (which mght be either total real-tine del ay
or relative tine delay when conpared with the central processor speed) is
often due to the inability of the channel 35 subsystem and the attached
devices to maintain a rate of I/0O execution that does not inpact the
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hi gher probabi L1 {y..Of, Queling e Aus.and o ALdaledh Q bosgnag Hags (ef ther
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SURSYsSt eMae finpl i f3k | fribcdb3NAY ohE drEfidiBi SfUEhd Shaikell@ubiRBeh Pend@ingCH®si Ng ONe
~or nore of %pe ghgnnel subsystem pending 1/ O work queues. Exanples of the
inplenentg?loﬁuéf a priority processing technique between two
i ndependently executing processors or processes include the 20 follow ng:
1. An en- queui Bxpmplepces the iftplemeprtdas pf algsidrAity pregessing terhpiauehannel -
subsyst emMpl{ ek FdEpERAANG PG |pFbcdubte ofl @itaddses ARcldge eage Of
prggessing%xl%gﬂg a priority sequencing 25 techni que based on a program
specified (€.g., by WM priority nunber. The channel subsystem

subsequently renoves the first, highest priority I/O request fromthe work
queue, using aiFl F@n en-queuing processor (or process) adds I/0 requests to a :

channel subsystem I/O work queue (the particular queue depends
on the stage of processing) using a priority sequencing

25 technique based on a program specified (e.g., by WLM) priority
number. The channel subsystem subsequently removes the first,
highest priority I/0 request from the work queue, using a FIFO
technique; ox

30 2. An en-gueuing processor éor 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, subseguently searches all I/O request elements on
the work queue and removes and processes the I/O request with

35 . the highest program specified priority number.

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

40 processor to perform other work more quickly. For the



techni que, or 30 2. An en-queui ng processor (or process) adds 1/0O requests
to the bottomof the I/0O work queue, using a FIFO en-queuing technique.
The channel wphssd em using a priority selection techni gegicBooyrguent |y
searches all 1/O request elenents on thé&*work queue and renoves and
processes the 1/O request with 35 the highest programspecified priority
nunber. The FI FO en-queui ng techni que (techni que #2) requires fewer
instructions, and therefore, allows the central processor to conplete the
| /O request enciasliihd/Ag-queQGRS frdfRES betidels| dhe TabiSué M@Efopkbeescod tade 40
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In one exanple, these criteria include the following: 1. The sel ection of
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di fferent operatl ng S%’hee rri such as_is ?OSSI ble with a typical S/ 390
system then the?" chafifePeEFhtSA PERPHTEr 143 TeBERt hatsd o# @ PEPISPBVi de for

N or 20 specified priority number where each different number
corresponds to a unique priority level. For example, a range
of consecutive unique numbers is to be provided and the total
range of numbers is to be equal to or greater than the total
number of distinct work categories that require priority

25 ' ' differentiation. For example, if the system provides the
ability to concurrently execute N different operating systems,
such as is possible with a typical §/390 system, then the
channel subsystem priority techniques are to provide for N or
more distinct priority levels. Each priority level, from the

30 - lowest to the highest level or vice versa, would be

represented by a unique number in the range of 0 to N-1.

2. The priority selection of pending I/O requests using a

technique that also applies “fairmess” to all en-cqueued

35 requests regardless of their priority. This is typically
desired in order to minimize the probability of lower priority
requests not being processed for extended periods of time
which could occur, for example, due to a disproportionately
large number of higher priority requests being presented to

40 the chamnel subsystem for an extended period of time.
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20 : 2. For systems that provide the concurrent execution of
multiple logical partitions, an external control that
allows the user to specify a “default” priority value
for I/0 requests associated with a given logical
partition. This is used when the operating system

25 executing in the logical partition is not designed to
specify a priority value for its I/O requests, but which
is to nevertheless successfully compete with other
operating systems executing in other logical partitions

that do specify I/0 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 values 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/O
prioritization independently and without knowledge of

the other using partitions. That is, to allow for



operating systens executing in other logical partitions that do specify
/O prioritization. 30 3. For systens that provide the concurrent execution
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| ogi cal partition, 35 fromthe total set of values provided by the channel
subsystem This control is used when multiple operating systens executing
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inmplicitly acquires both the default priority nunber and the

m ni mum maxi mum al | owed priority nunbers froma Start Interpretive
Execution (SIE) P&t &FPHIELITI PRETAEES) 17 &bt dogimal sparkblion| execrtas 8TARENd
| oaded i nt o SURCHAWEL.r 4h qyder dospritintet dre VO @perdtipar the iiotedpypaitivsor ,
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then uses the escription ta M A7 max. priority

val ues to i"HPFTEY RIS YR AL1E RFIPE Y BweTH £5 £\StREF jetemmrstivee |/ O
request w tSreertipmViGige foste byscriptiono@parnabper athisgtaklet fxe ck@gied and
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egecutlng I L & ng I t, A I nterprefation
assigns the LSer spe%?% te:lgeagg e’g’b?%}uﬁrg}oélrf fn\%ﬁ i pt';%c? ﬁie’e I"/paf)t’rtéaﬁelé‘f? When
t he %P ogr am3® Execution State. The interpretative execution of START SUBCHANNEL then

uses the SIE state description table default and min./max. priority values

to implicitly set the appropriate priority value into the I/O request

without involvement by the program operating in the logical partition.

25 When a priority value is not specified by the program executing in
the logical partition, START SUBCHANNEL interpretation assigns the user
specified default priority value to the I/O request. When the program
executing in a logical partition does specify a priority number when it
executes START SUBCHANNEL, the intexpretive 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 gpecified maximum
priority, the maximum priority value from the state description table

replaces the program specified value.

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

40 the above criteria. One embodiment of a technique for selecting a request
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Ther eafterDtégélﬁggﬁé&gun %’f’ Eﬁ%— %ﬁﬂ;ued pendi ng requests is increnented by one
(e.g., DQCOUNT=DQCOUNT+1), STEP 902. 10 Subsequently, a determnation is
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nunber of _cat ries. Thu Ince dn | le there are four
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Described in detail above, is a prioritization mechanism for

25 asynchronous requests within a coprocessor. Although the examples are
described with reference to I/0O reguests and channel subsystems, these are
only examples. The appfoach is equally applicable to other asynchronous
requeats and coprocessors. Further, although the example described above
is described with reference to'queuigg, a similar prioritization mechanism

30 can be used to adjust the asgignment of resources (e.g., bandwidth) on the
channel, which is capable of concurrently executing multiple operaticnms,
giving more of the channel resource to the higher priority operatioms,

rather than everything running equally.

35 _ 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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start of ref{f 5??%}%“%8‘?’1@6&’@&”(’%’3%“’1 Aetil grigh r@fgrencem ’5719?0 ¥edénds. The
function of Iritdallyasiensbabainne: proeesagnis iisvdkedagnt foxudnshycd)ah arerlddae 1/ O
veloCity eveitajer dokstnent 2 EHiDSHDLEOIH érﬁﬂ.gonmehggtcéle QEH}T!:"& rEhhsly (W th

floag§ ng (i a&xedhlmﬁ% gl ghan neelhg de: |e$yg %gg re ,%‘haél Jf° de% ﬁes can be

accessed throug or nore W th ts of
failure in P2 BUIRGH Pra?ﬁfs?"%?oéf &ﬁc@%h‘ﬂ?&i‘ﬂ% lagce eﬁheaI/i?aY%M&F'é’ Fesalyr e.
This processdiong thacsubdpstemnOleconpbrmnts cotatcd wdltkedwitan f1&EERy k0. ,(FI G

10) 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 logically partitioned); and balance checking is only run once per intexrval

per grouped LPAR (again, assuming grouping).

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. Additicnally, 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.
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collection part of the processing is obtained by the fact that W.M only

i nvokes the base bal ance techni que once 35 per interval in any one system
Addi tional |y, ¥eesfenthgapiedizhsbkibatpocs chseleinghaeripgdartiing Wik ol | ected

I nf or mat i ghoupFadope Xspapl 2 can@nidrothdsl purpese St arsed. wrigticaliyhewleaupl i ng

facility gLf,aenisatd128d ilRediREALCadelR cﬁeéllc%ﬁe%@iqa,ng%gmihen- These control
bl ocks enable.a qgroup h allp

.l evel a collectio whi ¢ t.he_nmanagenent
of ‘channePE4tt é°’freh%§?%“e§?g&a g%%t%e Sﬁr’taﬁ%zat&ﬁn slﬁn%t W% \@%’1‘7323974 2 9
PCT? GBOO g=xdng proesedr 1f aoterthen patanchechsakigacs akeaRy 9gcwFdps al i zat i on
W th a greighisceegrappal LPARA| dnd ferd hidraiwp doiesS Gurisg thesl intayyatal |y, when
bal ance is called imediately after data coll ection, group-w de
seri-alization i s requested.. If the serialjzatjon is_obtajned, balapnce 5
checki ng procettfs % fc?s11 F?t’tc’ﬁé’rf"fﬁaslsé’r’rac@gc’#éck1|°n§s ifgrtg’le’rrgdaeﬁﬁnc])’f u"rl?an
Wi t hi n t heefprergsete FPAR 1L andn rreecerredimenty AGRAUHSRRRE g2 tif soklseedal . The
dat@ col | efd updatet DGes Hany) sdbsyskén (£05.I, Sldgukdlheentdels cmiticedefiniell, sTBP er ence
todF{ Gd 1f11ool.n ﬁ%em&bgbm‘%ﬁr@%a m&luésq_rre&:: igécta?cé,ls c&Qx!el:t_ecEté.ﬂ?,_ %Qrarﬁﬂ -
updat ed, for each subsystem (e.g ogi cal contr uni ef i ned,
1100. Theth’%‘fasfj‘%gﬁsetﬁf"sgé?a%:e(ﬁ% udes” %gglﬁaﬁé ™ ?:%, b%sd'n%%amc?t’ ?Illdge, pendi ng
tinme, sub$yaiarhispRprt deeY CEWHiFsy The ardrtrd PATUPIERt asY i Fhor=did
dest i nat i esntgEol tblbeisywixhin trgocebaer mpotatye Chlond itle remtroll Mlacks witidhed i n

copirol bLRGks dMnbA}, NelthOS£ $80 lcolNRE actli@pd W th control blocks within 15
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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/O velocity

weighted by commect time.

30 Returning to FIG. 10, after performing the data gathering, balance
checking is performed as described herein, STEP 1002. One embodiment of
the logic associated with balance checking is described with reference to
FIG. 12. Initially, 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.
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list are serv1ced by, for instance, shlftlng capac;ty from the

under-utilized subsystems to the over-utilized subsystems, STEP 1210. Aas

many of the subsystems that can be serviced in the allotted time are

adjusted.

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, STEP 1300 (FIG. 13a). In one example, it is the
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first subsystem on the list that is selected. Thereafter, a determination

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

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 interface

with excessive destination port busy time to another interface, and
processing continues with implementing the change, STEP 1306 (FIG. 13b).
Examples of how to implement the change are described in U.S. 5,257,379,



is described with reference to FIGs. 13a-13b. Initially, a subsystemis
selected fromthe list, STEP 1300 (FIG 13a). In one e Is the
first sub¥QWBR9%n the list that is sedected. Thereafter, aﬁam%erm nati on
30 is nade as to whether it is the destination port busy that is the
problem INQU RY 1302. In particular, a determnation is nade as to

whet her the contention (e.g., destination port busy tine) is high, and if

it is, does v W th regp he var,i faces_that connect

t her et o. "Fsuefih%c g}é%tt 1At i o p%r’% -h & ! <h’gon a?‘%%()fant%he Jl]nt erf aces,
then it 35.33%64 i tssuehdrnadsther channel path needs to be added. However,
if it is high on only one interface, then a channel path is noved to

anot her interjace, thSTAiBngé% impibint &) £XeBliigatich hsl Sady£dof romthe
i nt erface wi.t h XCessi Vv dest.i natlonﬂg rt buscylrgltge not her interface,

and® proc&BERY CoFt FRUSS W hbsYStT enenting the change EP9L306 (FI G
13b). 40 E»!@Effﬁ?féé%f Fowmet o thmwemﬁnighef éheﬁgealar*ee GEsECEIRIiFn U, S,
5, 257, 379 comilebd./ 2@5édeCl¥ CBOMY] 8BEYOtems laressatcditbBih alberrab§9.3 théh S,

5,257, 368 priSslal CkohRE ViR 3redNhob) Brrec, ¥ke. SdysTERSHE dup) WRHr-1993.

After the chan e is inplenented, a determnation is made as to 5 whether
there are(SfchegJ gubsystem; that are not in the target range, |NQU RY 1308.
| f 1hot, then processing of the inbalance correction is conplete. However,

i f ot her subsysé¢temBingre MIIUIRK t1302, tiheche ggrgblent he mot piuectas spurgncient | nues

Wi th STEP 4300, ocSbb i T NEXReSURSYSEEMYeN nekid. ST'  (FIG 13a). 10
Returning to I'NQUIRY 1302, if the problemis not due to contention, then

processing continues, as described herein. In particular, in one exanple

the possible cHaRABCERTsin Bnﬁaéxa"féea&a’éd’°ﬁﬁbtlﬂém§ﬁ'5§y%ité‘ﬁ1‘%fr€e det er mi ned,
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topol ogy aht1u@bs lchEKERARAGAIS: Eﬁaaghysciea eegolsgy Eh]f o@amel sadnad1sSHgyst em and
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Similarly, a determination is made as to the possible paths to
remove, STEP 1312. As one example, if there are multiple subsystems on
28 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) associated with the
proposed channel and is added to the CEPID 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



25 the sane channel, then one of the.paths connected to the sharing
subsystem is considered a candidate for renoval. Thereafter, a

det er m nat ivemoi/239T#ade as to whi ch subsystens will be i npRCT/EHB0M3720he
change, STEP 1314. Further, ‘an entropy index indicating 30 the conplexity
of a configuration to be changed is also determ ned, as described bel ow
One enbodi nent of the |ogic associated with determ ning the effected
subsystens is described with reference to FIG 14. Initially, a subsystem
35 control BheseRafiSECBpchiddngf §pr Sebmnist cime Ehdf dh€HPlabndli petH dFHRIPANRE| S
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deci ston selection block is a control block that includes various WO
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i ndi cating t Ical contro unlt ‘aSsoci at 6d W *Chanhiel” pat h, and
an array of P%jf“ftﬁ’ét ST EEEBEe E’:&Ehthesg‘i%w’f“rfél {Rfidsates ther S3Fe te fhenpreisted.
connect ed t 8lk o thgbCHPSPein EheThBearfd then addedt fxe tBHRHEED asswci ated with
the 86CB to be assisted are also added to the CHPID list, STEP 1404. In

particul ar, the r ved m.t he B wh di,cates the
SSCB to be assi stﬁgg&ftg 1 %? eaﬁﬁ J&EH If')g gh {’ﬁs(g SttshéBs;a%rge s°° aﬁﬁ% &R o the
CHPI D | i st . 8% <4¥8F é?af"éraref?ﬁde‘éét?ht@ﬁ’@ L3Pt hETEP| 3406 t 8 W“aé%'om at ed
with the chafnétfopmiionris ekfddued frarhe S8GB:Y batth tHNEPHR4OMditdreaNthe
exanpl e, thimsi cnfedirli ¥ ehéh oldmi. ned from a channel path tabl e that

I ndigates the SSCBs connected to each CHPID. 15 Subsequently, a

determ nation is_made as to whether any SSCBS were added to the list,
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Thereafter, a further determination is made as to whether any CHPIDs
were added to the list, 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 3S5CBs are added to the array of effected SSCBs. 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. In 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 path is to be added, then it is desired to have

no single points of failure. If a channel path is to be deleted, then the
path with the 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



the list, then processing continues with STEP 1406. However, if there are
no SSCBs or CHPIDs added to the lists, INQU RIES 1408, 1412, then for each
25 SSCB iwobhimetd st, a DSB array elenepf is created, STEHA/GEMAI2That | s,
each of the SSCBs are added to the array of effected SSCBs. Additionally,
each of the array elenents is updated with actual and target 1/0

vel ocities, the current delta between the target and actual 1/0

vel ocities, and an SSCB pointer, STEP 1416. 30 Returning to FIG 13a, in
addi ti on tie lckkedabb\te, ddthemipedidwalli Willy be|didésrenbrifethchckangh dssmadel-cul at ed,
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chamnel path is to be deleted, then the path with the nost single points
of failure is typi Cﬁhkﬂ o@laﬂﬁ;eﬂovesmeﬂuﬁ{a&dey. cloBesd Epaaigdts the effected

systems is project DA’ LLGYLAY 4 one exanple, the
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thgobest option, va§ilQuikagpkds visluedang axplitat ethriaa iMgan pkdride
i nstance, the foll 03;48519(:1t targ\twbo%taga RYES L@ethétu&xﬁtemgeeéefst to

target? VWi ch opti rovi he best avajla \Wai ch “opti on

provi des the bést s%"ﬂ‘? PrERTIURET (?BV)aychWFF“rta ’s‘ B1%i on reduce the
total nunber of patWwglbdiievwrtigr? vidlgte\the qorfigugptioprsy fefined bangheexplicit
targets (WM can priscgaateoapl icit targets to be used instead of the
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_th| S option violate the, con |gurat|on as defined by the installation? 15

WIl this option at‘f’@f‘ff)‘t ®?use resources which are currentl y unavail abl e?
"In one particular exanple, | nitially, any decision selection blocks (DSBs)
t hat cannot beri Hak aeeicdat egdeplan intiiallyTs agyn aesisase selearisabbskks 20 Thi s

woul d i ncl e, £k SHABPE i aRGeddbact SRS ARARLLACLIY R idibBidsS,

20 This would include, for example, those that violate architectural limits,
those that reduce the total number of paths below two, those that violate
the configuration as defined by the installation (e.g., use more than the
maximum number of floating channel paths allowed 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, select 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 ("X Projected

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



those that reduce the total nunber of paths below two, those that violate
the configuration as defined by the installation (e.g., use nore than the
maxi mum nunwerniede74 | oati ng channel paths allowed in the d@®CT/GBOI0 and

t hose that attenpt to use resources whi chi‘ar e currently unavail able (e.g.,
25 those that attenpt to use ports which were nade unavailable.) (This
function could be noved earlier in the processing, so that the
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with the best availability index. Search that set for options 40 which get
the target subsySfesn eptilons gehetheobubsgstee withim&he chofietanke OsWilz@1£R300el 34
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i ndex or entropy index. (The above described technique for selecting the
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Subsequently, or if the new target can be achieved without
negatively impacting subsystems with explicit targets, the change is
25 implemented, STEP 1306, and processing continues with a determination as
to whether other subsystems exist which are not in target range, INQUIRY
1308.

As stated above, WLM can set an explicit I/0 velocity target, which
30 is to be used instead of the defaﬁlt aVerage I/0 velocity target. In one
embodiment, WLM sets an explicit target, when WLM finds that the service
class is not meeting its goals. One embodiment of the logic associated
with setting the explicit subsystem I/0 velocity target is described with
reference to FIG. 15.
35
Initially, a determination is made as to whether I/0 is causing the
biggest delay, INQUIRY 1500. If not, then for present purposes processing
is complete. However, if I/O is causing the biggest delay, then I/0
priority adjustment is attempted, STEP 1502. Thereafter, a determination

40 is made as to whether the service class is meeting its goals, INQUIRY



Subsequently, or if the new target can be achieved w thout negatively

| npacti ng subsystens with explicit targets the change is 25 |%I enent ed,
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W.M whi ch enablesS decisions to be made an un st andi ng of workl oads
and goal s®*¥45ft 18 velbaAd Pt SRROVES %%éwwe%hannel s across multiple
partitions (e.g., of a group of partitions). This enables the addition of
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"best" 2Q channel Is selected to add or. renpve frao tem In
order to this, one or more attributes are exam1 ed, 1nc1ud1ng, fo 1nstance, the

complexity (or entropy) of the resulting I/0O 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 consideratiomns,
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 index is
the sum of channels and subsystems in the resulting comnfiguration.
Further, in the case where a path is being deleted, the entropy index
reflects the set of channels and subsystems 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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which it i Stélé§pes%L t\é‘ﬁn% 155gake ﬁt Q‘gi%/sg_%m Logil ?g hnique less_ accurate,
0

and w Il meke 1.t harder tor ana ze per Fance  probr ens a"’raf‘er
the ¥act, doRF3ER GvErTYALS eﬁ"‘t Bhe8gi &%, cai‘oejé’i'ér dPBstienthEren chimnel

ent ropy det &ro¥i sharheh 3t e dinitgbtaigs désErambeishnnel Bh vref svselicingt 0 vari ous
exanpl es. Fesnfigiehangenor his théee depineis aamecwoemap;t@m@f(m caghy guklsi on

1600 that ipglydgs gmlﬁﬁg{@&%ﬁ% gomggtogdf]i;g ({)\%) ?ts st.ems 1604. |f

subsystemz needs addi nal resourcC rom-at | east

two pl aces. SYEYESH 1 CRgH PR ogfiRopal F?W%&ﬁ%l"ha"febrl dREfafc)3. ther ¢
obt atths it FruUhtiEHararéio@atidrehaseselnorarhanmitiguraisystemsovhanate t hr ee

channel s anékigiia13yaps toabtHeFdsu1d6) entkbhy indilxV €5 thBe AN gULALEQN an
entropy indge RfcohlVdpeiditads thi 1eQ9é’\%¥§1[opy

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

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

30 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. 18c), there is still one
configuration, but with a lower entropy index than the original index. It

40 appears that the decision that breaks the configuration, somewhat in half,



subsystem 22 receives additional resource fromchannel 1 (FIG 16c), the.20
resulting configuration has no nore channels or subsystens than it

ori gi nal lwobrzhsr4and the resulting ent rQpy i ndex is two.POIGROAOITZRxanpl e,

t he second option has the | east entropy Consi der anot her exanple. In the
exanpl e depicted in FIG 17a, 25 subsystem 23 needs additional resource. it
can be obtained fromchannel 2 or 4. If channel 2 is used, (FIG 17b) the
resulting entropy index is five (i.e., three channels interconnected to

t wo subsyséesiiss iin owelessordmpyinaged oatwvarhannaed i the britter shAiced, ikioRee it i S
not connegidinencf channel 4 is used (FIG 17c), the resulting index is
three. Thus, the 30 second option has the |east entropy. Next, consider
cases where the configuration js split, to determne howthis effects
entropy. 35 RePRrArisigteolfitee ipdex of fthe GEFEINg PR iRNRtIsR 8¢ Wifdci t y,
chamnel 2sdmodh,casilvdlbasrhepirsidx dff theharapebed cprfigeratien] cofadningab), t he
confi guraﬁ:ﬁQ@uiasS(sEéM bt had8@dridie ende oP¥1é Nden ,0fnd ahdexComnithgwtaét ons goes

down. | SOANOGacTod 214t BARA BUE 198Can %@ecrﬁﬁaﬁté& ! oBifacting.

configuratl ono TOwer _entio u{]e orl.gl na I ndex. it
40 appear I tHiP AERAe S BHST 14 Th5y RERE ‘T°H§196‘5ﬁ'f’|°§ SETHY, *3 Wit i n

hal f, WO edd 2394 8y 1PGE) GBAE W@ 72dtracsden Frssylls tifoa (2658 feﬁrﬁhﬁ ey
neiU\Dr ks, o@%b&%t&rhhﬁob%ﬁﬁ{elﬁh(}iscﬂl FIdL 09 teibestirBpyhas Qeed rdehaakie, if the

| ndex of b %'s%&m nﬂﬂ%'&%ﬁh&gmo{f' f.919%) subhybSedsl bRtk ) a5 he

i ndex of osed ton uration containing the subsystem at hand
(right si HBI%F“PI & prefprreq. hén|°ﬁae‘3?'b8"fmfﬁt€ other ~configuration (left side
of PIG 19b) can be cal cul ated by subtracting. In this exanple, the index
of the other confthgudotldliy leSaualsubsysler 433k extdls Zedsukce S®Id+1=2). |f

theg subtrggly Orbr{g.ﬁ%e‘il L5 o&% 2ak e rJnBoeé her bk 310s Qhncdlsipakens or
channel s, as in hen ené has been %]mguped vmt$ % splitting
the confi §fR'at Flﬁ"nres(“ﬁt’d‘g e‘f'rg%éﬁ 72 §ﬁb§§7§‘F Fng is

pref erred20¢in treecenfiigetiation is Iﬂﬂliqﬁenﬁ%w?)\ﬁm@-%ﬁﬁ#%"i@u%ﬁ em 23 has
eXCess I egonliGhratkdCat nhba 2@aysighiranae wit sabsydt&ains b @at@@Date dntdopychannel
3is rem)\iﬁ&t (Eé @' Qt@ reéﬁelz{gegéﬂ&mhr&nﬁyu?%n'ﬂlqgﬁ% b8 ezxtrcl &lsagnel 2 is.

renoved (FI G t he confi tio neSSP ntotwo gurations

wi th the 8bnfi g’d’ra ﬂmélﬂm?{’a'fnds%gégtﬂf’?&ura 10 Jf 3) having an
entropy index of 5 and the resulting second conflguratlon haV|ng an
entropy i ndex Purther examples are now considered to determine if it is only

erre

desired on a delete to look for a split, not the resulting entropy value.:

25 In the example depicted in FIG 21a, 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 entropy 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 removed

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

If subsystem 21 is removed from channel 2, the resulting entropy

40 index is 7, and that of the resulting second configuration is 2. If



20 at 3. jin one enbodinent, splitting the configuration is preferred.

Furt her exanples are now considered to determne if it is only desired on
a delete towbefiseior a split, not the resulting entropy vatwesoeoido n the
exanpl e depicted in FIG 21a, subsystem 23%has too nuch bandwi dth. Either
channel 2 or 4 can be renoved. If channel 2 is renoved (FIG 21b), a new
entropy index of 6 is obtained, with the resulting second configuration's
entropy index at 3. If channel 4 is renoved (FIG 21c), a new entropy
index of 5 issb&hdcah268dis Bidved o REbId1NY, $RE GRS QBEIGY BldeR N sSnow

entropy index afs éne Ibaﬁmf !;943,5 taosa? g@rétaoﬁnu pr nb ndLges R ng ems4

the better ch0| ce. ?gy oes I'n one I n
the exanpl e °§EYT Ct’éh°f"n eﬁ’ b?ﬁb%’y&%r??é’st ﬁ%e‘i}gs%fda? t’ﬂebF%Ieve’S-S
resource. Subsystem 21 can be rem)ved fromchannel 2 (FIG 22b), giving
subsystem 23 al | 18forabrBeda12uinte GRAUE GRELIG 1§léli§éé'i-t e&aniSngcaﬂ ﬁa@frﬁnpved
from channel.4.(-§1 G |5 n sou

subsystem 21e|es reng\s%ﬁ%?g%c g%n%ﬁ %IL’ ﬁIe (rﬂ\'g’g’u tcifnﬁ en 1e 64 o n?]"éx is

7, and t hat P6F"=Re HEcRSH EPTFGPY dRUFTd 2R PRty FE atheoFequdting Fﬁ‘c 01/ 23974
PCT/ GBOQY 03 reatigggatiaghsy &t dini Sxampleeribectirbt oitdranesiltd int @erepsul ti ng
entropy indaxdicesnéavz &hd ANdoldhe di@8etdnklisSEeCc@Nd. ,Ccord |sQMKe%H/Q.'ﬂdé:§) 3. The

Seco@sl ChOI Q'ﬁe %%g% clp@tcge.:resuié; %%ﬂ@%&,ﬂil{%Q&s ?P%CaU§§ tgé)ld E%I 2 %J oser

to being evei cal &1 Ssert o

hal f (i.e. s‘"‘°’eveﬁ"‘°) °n%lé'i“§? ﬁ’i‘?l&°‘t’?1’edt‘:ﬁq"'l"‘é‘?"§n§:% t?‘?\ hefe haHisein d?‘lﬁhannel s
and subsystewdlmwveen the new entropy index and that of the resulting
second configuration. In this exanple, the first choice results in entropy

i ndi ces of 7 andTngoﬁ&utiQe 1q|¢; eénﬁ:@ﬁ:ﬁnen Cg(:g.on% v}gncngiogxmg%%é: ndex). 10

The §§condc oi ce reuts in entropy | ndi %Ilfference
is 3°The of st'ﬁ“f’ el"’o'?ﬁe'fhedltf‘f‘-’(%’:e%’e"?]s"cﬂ% app &P b SL DR hi s

enbodi nent . FRFhesnthadatriny bexairbofiqwdated phiding wiei tétadonunbder m@ve t he
15 subsyst erh&ines€and Gubbstbdd gRit b&@fﬁ&é&%ﬁé&té& @nt Ehebﬁes%hi:ﬂig“at ed.

Further, thgegn %ﬁ%oﬂnd%théeﬁﬂ&s £la2d s Al HaLDe Lol Roqaupber of

channels and subsystens that are terconnecte e resu %nbﬂ

configurati SH'““EFF She h@nf?“tﬁb?‘”Fﬁ’cf@x“’cﬁﬁ‘eEhﬁ&PW%sﬁaﬂ&é°Plt fadexh i Gepiaglly
symm#tric. Fhiectehf | dpidtdedacting v chrfigoyason emth gpyatendaani sighypi cal |y 20
sel ected. Avmirless eedn g i@ hlRb i BUEHnHbnl HRn0E GALIRT LARBp L0, 1e

there is no altermative, 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/O configurations, the capabilities described herein are
equally applicable to other networks, such as storage area networks, as
well as others.
30
Described above are various mechanisms for managing resources of a
computing environment. Physical shareable resources are managed across
logical partitions 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 management of CPU resources across LPARs; dynamic CHPID management
across LPARS; I/O priority queueing in the channel subsystem; and dynamic
management of memory across LPARs.



channel s, even if it means selecting one with a higher entropy index. If.
there is no alternative, select a configuration with grearéﬁ }ﬂgﬁf ei ght
channel s,wat2¥#peful | y on the next injgerval the confl % Il be
split. 25 Although variations of the above enbodi ments are described with
reference to I/O configurations, the capabilities described herein are
equal ly applicable to other networks, such as storage area networks, as
wel | as others. 30 Described above are various. nechani sns for nanagi ng
resources of alh CBMSHEMG: dWei YBKIRS maoesrFs PE e WEFERAF &t £96hr ces are
nmanaged agaosislly eegdroasipearfort thinsraphgenesonpthe ARRreptlier orRPEntes Ffe | ogi cal
partiti On%yﬁéuﬁcaﬁsfoféa@&:&&&aaéﬁresé REO WP GhRhi wkldudongages Or i nst ance,
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exanpl e, I esqur ces cr 0SS dynam ¢ CHPI D
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custoners' goaks th@\@\h&d;ﬁgﬁlﬁ ¥esckhRadytaag) Qaﬁiﬂuﬁ%oﬁiﬁﬁﬁ;n@fenpbytﬁﬁn&ﬁis
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syspl ex and egration par a
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conput i ng Iékesis@nrenifiow dhabraps depirtad deteincaiehdust prempidyy. be'l‘hafmlmer:l at ed
t hat t hesgeakmyGilryat iBxa B! @hesaAblagrats @t tHenbtepe e (brt spelratiichst.heoscope of

the present mxgnu@@tep}w%ég addl6pdiaudl Ak alRadek chigdk g i n ar e
j ust exerrpFary ‘There na many var i at|g§§ these diagrans or the
fray

steps (or °5p¥rati ShEP. mﬁi’o?’e aoded- aficisted RE "of where appropriate be
performed in a differing order, or steps may be added, del eted or
nodi fi ed. 20

20



WO 01/ 23974 40 PCT/ GBOO 03720 CLAIMS 1. A nethod of managi ng wor kl oad of a
conputing environnent, said nethod conprising: 5 managi ng workl oad across
two or norewpaidwd ons of a plurality of partitions of SRCTGBOMN3TRSI ng

envi ronment; and sai d managi ng conpri si n§®dynamni cal Iy adj usting allocation
of a shareable resource of at |east one partition of said two or nore
partitions, wherein workload goals of said two or nore partitions are 10
bei ng bal anced. 2. The nethod of claim1, wherein said dynamcally
adjusting is perfornmed transparentl|y crarmgork processing within said at one
| east one partition. 15 3. The rret hod of any precedi ng claim wherei n said
shar eabl e resoyrce r| ses. at Qe of c%ntra processin ig
resources, [ogicar °§ 5% Slngré'%% TSE & SRTRUFER SUTPREEGr B4Y "Rt
resources, CcewFi8EWssors, network adapt ers and nmenory. 20 4. The met hod of
any pseceding cl ﬂi:ﬁbn\ﬁ‘lﬁéﬂ:ilaatsabfbsiyﬂ&ﬁbﬁabkg’ pagfitibndgf o QA $HE oHDVI NQ

at |east a ?Q{.éilt@ghsogf said cg\twtggé)legvh%mrtcemﬁrom one parti tion to at
| east one of her B&I’tl tion. eced c ai wher ei n

sai d dynanically A TRPPRY c??r&?)’fﬂgr%’?é‘gu??é ‘8“%3? (‘3‘1§ RFLIbPE & esour ce
anong sai d shgregplmpeeurgmefiat éﬁasstb«aseeaamtm of ispyd t8o okheowset hod of any
of clainms 1psrtiwh@iseiwheseirdweiian gailsy ontialis tthd (br BREPPA2EEichESd@NI Ng sai d
shar ggabl e r gsQur 5838009 said two or nore 30 partitions based on percentage
al l ocation, wherein each partition of said two or nore partitions is
assigned a percentage of said shareable resource. 7. The nethod of any
precedi ng clPai fte iiseres Af SAptm Bartbiersimsaigy dynapigaddy ad3esying tist penforme@. The
met hod of amyarjspecsadiygoooak rovdsifg viskindsaignatTiond | lejstdhel Hartitioh S
controlled at least in part by at |east one workl oad manager of said
conp |ng Vi ronne 40 1111111111111 1| [ L1 LI * L S WD 01/23974
a1 P 03790 "5 hen, 87 sBY IRACGRIG 1P b 2 RS deRREr g
dynam C a| | ycg@]ragqq ﬁb least one of central processing unit resources, logical

processor resources, input/cutput resources, channel resources,

coprocessors, network adapters, and memory.

20 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 partitiom.

5. The method of any preceding claim, wherein said dynamically adjusting
- 28 comprises managing said shareable resource among said two or more

partitions based on priority.

6. The method of any of claims 1-5, wherein said dynamically adjusting
comprises assigning said shareable resource among said two or more

30 partitions based on percentage allocation, wherein each partition of said
two or more partitions is assigned a percentage of said shareable

resource.

7. The wmethod of any preceding claim, wherein said partitions are logical
35 partitions.

8. The method of any preceding claim, wherein said dynamically adjusting
is controlled at least in part by at least one workload manager of said
computing environment.

40

* c L M $ *



is performed without a requirement for data sharing. 10. A nethod of
managi ng workl oad of a conputing environment, said method 5 co r| si ng:

i denti f yiwgoa2397oup of a plurality of parti tions of sai RETECRANO T2
envi ronnment; and managi ng the group of partitions by determ ning a

shareabl e resource to be assigned to said group, wherein at |east a
portion of said shareable 10 resource.is allocated to said plurality of
partitions of said group. 11. The nethod of claim 10, wherein said one or
more partidti GHe meShes PS@ny recHsingnsiain, neerain saif dupangaldy ¥HEsGper at i ng
system 15slgkrfdivedndthed fre@nyeadntcfai asraléhaking.f urt her conpri sing
joining said group by at Ieast one partition of said one or nore

partitions, of cI wher ei.n _sai n ff sai d
at |east &° pé‘rT%Lgﬂdg'? maé’a%f‘ngh °r;ea°n ezfreso T TR III;L oi%sale‘%"‘group.
20 4. Theomsipdgg:of any of claims 10-13, further conprising removing a
partition fromigatifyghe epgrabd. ofThepluedliod odf parititivnd AQf sdic edupusingd
removi ng affschientifgat least a 25 portion of said shareabl e resource

al l ocatable to_said The et hod of cl 15 wher ei n
sai d identi fyi A§C0 P’sgg‘mp e RETTY I aty%Fﬁ oA gareab}e TBF B e

roups ot '6ne or
more part itPiRen3ssigeedi o sTHR SHBith OthEritaAy 1GPs't IaaP‘FF§1‘¥D°gﬂsal1’ (FhgFRaple

conpr i Si N@Gesaade st allgeatal | tocedidopluedlisyi of pdrtieksis of paid gowwpof said

shar eabl e resource of at Ieast one partition of said group. 18. The nethod

of claim 17 rth co i s surl n hat said 35 readjustin does not
affect a tot a]I:rH e"“id %ng{ "d a(t eas sglé SFTi%n of ¥ srzgllt <’hﬁar oDl
resource P8t °§a‘l“ﬁeg¥”dﬁ§‘°eig’f Fth et Fﬁﬁj%‘l’raéi'%ﬂ 8Yst€rai ns 10- 18, furt her

conprising ensuring that said shareable resource is allowed to be

al hgcat ed 160 FRé GheRUPE aftP of Ichdidel 1d- 1] I bhd XEdnblidink | Joikidg bAG VO

01723914 42, LGI} BUU09 120 20 o Al o Olne BN AGLI G M0E Kl @20 OF @ computing
sa 0 0

envi ronneft. = e npri st ng etermning at a group of said
conmputing environment has been nodified, wherein said group conprises a
pluralityisf pbe methodnet glaimalzl wherein said joining affects said at least a

portion of said shareable resource allocatable to said group.
20
l4. The method of any of claims 10-13, further comprising removing a

partition from said group.

15. The method of claim 14, wherein said removing affects said at least a

25 portion of said shareable resource allocatable to said group.

16. The method of any of claims 10-15, wherein said identifying comprises

identifying a plurality of groups of one or more partitions.

30 17. The method of any of claims 10-16, further comprising readjusting
allocation of said at least a portion of said shareable resource of at

leagt one partition of said group.

18. The method of claim 17, further comprising emsuring that said
35 readjusting does not affect a total amount of said at least a portiom of

said shareable resource for said group.

19. The method of any of claims 10-18, further comprising ensuring that
said shareable resource is allowed to be allocated to said group.

40
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5 conputing environnment; and managi ng the group of partitions by

dynam cally adjusting within said group allocation of a resource of said
group, in rweppe®ato said determning. 40 21. The net hoBCHGBENEH20 20,
wherein said dynami cally adjusting maintains a total allocation of said
resource within said group. 22. The nethod of claim 20, further conprising
tenporarily using, by said group, an anpbunt of said resource beyond the
amount all ocated for said 15. group. 23. The nethod of claim 22, further
conpri si ng: 28et &rmithph Pt t Frabgngcerricderd of aexmsufgopnmpldneln%@m@@etm
readj usti ng cemdsagpunt used to an amount allocated to said group. 20 24.
A method of managlagnifnk!agd ablhlonod «SoiTe guegnae@mirrgm%as glg, method

conprising: determnjn hat  an ocat.l on resources to a_partition
of said colpUtiiAYy ERRASDMREATPE FB“‘Efés%jau%Jt“é’ahtéfn‘EF PETtThyHoRA Eﬁlsﬁ‘y"
adj us®i ng saPePualitrpenvirormentr @9 said partition and another partition of

sai d conputing emat=GfTeRd grélp of HArtE)ibadl b fayabmical BA aaMeel ey Wigdind
dynam cal | y sQPd g:%d nglloﬁaé]l%a &€ § 331%40%\?£§%8@%§360ﬁ1 %e%on%é a:l eQaSt sai d

partition. rein ynamcally
adj usting EBWF%’é’g nmodi fying a f| rst CPU processor weight assigned to
said partition and a second CPU processor wei ght assigned to said anot her
partidion. 3b.2%ne Maendibhotan 26) ahéReds, sadl alyRhdi Sty 28HeiN Rty | SEs:

i ncreasing ahl c 0L8SS reasing said second CPU
pr ocessor V\%?t]&ti futboacion B e, e el e Whe B85535 "5 AT o0 03720

28. The net hod of cI aim 27, V\/nerel n said first CPU processor weight is

i ncreased aR2anBbhnimetkpdapt {cdaith 20 d furdas ecopprisangl tewuadi I8Pk ig 0 Ges saird
wei ght, whegeip, aars wiewdt SRssid irésturédP HepsndCaies Micuieihécared =i ghigecond
CPU pg ocessgiypei ght remai ns constant.

23. The method of claim 22, further comprising:
determining that a contention exists for said resource; and
readjusting said amount used to an amount allocated to said group.
20 .
24. A method of managing workload within a computing environment, said
method comprising:
determining that an allocation of CPU resources to a partition of
said computing environment is to be adjusted; and
25 dynamically adjusting said allocation across said partition and

another partition of said computing environment.

25. The method of claim 24, wherein said dynamically adjusting is in
response to workload goals of at least said partition.

30
26. The method of claim 24 or 25, wherein said dynamically adjusting
comprises modifying a first CPU processor weight assigned to said
partition and a second CPU processor weight assigned to said another
partition.

35
27. The method of claim 26, wherein said modifying comprises:

increasing said first CPU processor weight; and

decreasing said second CPU processor weight.
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5 29. The nethod of any of clainms 24-28, wherein said partition and said.
another partition are within a group of partitions. 30. T P“?Pé d of any
of cl ai neW241/23974 wherein said partitiogs conprises 10 o’ﬁgg service
cl asses of work, and wherein said determining conprises: projecting an
effect on a selected service class of said one or nore service classes of
I ncreasing a processor wei ght associated with said partition 15

proj ecti n%aan ef fect on one or_ nore service . classes of said

partition28f TOSTEFRRY of SHTedbor ey fRiomisal SP%%?‘F?@F”’M’FH |6sn and
det er mi ni rigexdaeéhen amhenthemwtli to the safrpase|afcsaid sasend 68U giragesseverri des a
negative iw@g'i&t, SHRr RN K R Fabshaapnisherruppfdebidc@Nveiviie ad saiesecadj USt nent

is to be r\g?esgrg hes np%gnso\églg thies the negative inpact. 20 31. The
4-

met hod of anf rurther conprising selecting said another
parBition, wherein sald selecting is based on inportance of work .to be
execut ed ot hiThe sgkibdanhahe ofpeleting i24r28, PEerein spid paphitien ﬁlr*‘bgﬁ%ﬁfn for

i mpl enent iaRgcHeepaFeidiod £E ARNiPDEeRRM G potatins33. A system of managing
wor kl oad of a conputing environnent, said system corrpri sing: 30 means for

managi ng workl oad across two _or. nore partitions ural
partiti ons%of TB8iMERBBLEFR FETR D fett; Wlheﬁﬁnfrgﬁ’n% "T’E)‘:IF’)1 %ﬁsaegsl ng

CONPri si ng?ndwrammaﬁryl‘eﬂjflﬁaswgfa‘i’qrbca"tnidd'r’iler?)’fn aa@ha?teamréns esource of at
| east one papdiséd:-on of said two or nore partitions, wherein workl oad goal s

of said two or phre ﬁ@riﬂ Lk&@% & & ééeb&an&&eéeaeﬁgg o3 faid \oRd St GiB0f
managi ng wor k| 8a ?
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det er i ni ng, & SHALEHYE G SPOULEL O RE1ASSIOREH hibehad JabdRWen; Wherein at

| east a
determining whether the benefit to said selected service class

overrides a negative impact to work of said another partition, wherein the

adjustment is to be made when the benefit overrides the negative impact.
20

31. The method of any of claims 24-30, further comprising selecting said

another partition, wherein said selecting is based on importance of work

to be executed within said another partition.

25 32. A computer program for implementing the method of any preceding

claim.

33. A system of managing workload of a computing environment, said system
comprising: '
30 means for managing workload across two or more partitions of a
plurality of partitions of said computing environment; and
means for 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

35 being balanced.

34. A system of managing workload of a computing environment, said system
comprising:
means for identifying a group of a plurality of partitions of said

40 computing environment; and
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portion of said shareable resource is allocated to said plurality of
partitions of said group. 5 35. A ’systemfor managi ng wor kl oad of a
conputi ng ewoiorzsement, said system corrprl sing: neans forl’dmmamnng t hat
a group of said conmputing environment ha¥* been nodi fied, wherein said
group conprises a plurality of partitions of 10 said conputing

envi ronnent; and neans for managi ng the group of partitions by dynamcally
adjusting wthin said group. allocation of a resource of said group, in
response to saiveaget Brmataging dite BﬁqupADSysttemém byrslesgimigingoa k|l oad wit hin
a conputi lnlgsﬁ»éasmmrcéeb%e 56535&{3 e&raamsglrafp GE&?% aeréi%&_eer[n ni ng
that an a o] rces to a n of .s C i ng

envi r onment 88&%9% L’ugP and neans. or°c5§'/?1am caallflf 11‘2, #g sai d

al | ocati on BRFFEinsarl saﬂ)gﬁ%l t i on and another partition of sa| d
conpuring environment. "'iiJ ~1I"I11 VIII Il Ifs L M

35. A system for managing workload of a computing environment, said
system comprising:
means for determining that a group of said computing environment has
been modified, wherein said group comprises a plurality of partitions of
10 said computing environment; and
means for managing the group of partitions by dynmamically adjusting
within said group allocation of a resource of said group, in response to

said determining.

15 36. A system for managing workload within a computing environment, said
system comprising:
means for determining that an allocation of CPU resources to a
partition of said computing envircnment is to be adjusted; and
means for dynamically adjusting said allocation across said

20 partition and another partition of said computing environment.




