ATTRI BUTI NG CAUSALI TY TO PROGRAM EXECUTI ON CAPACI TY MODI FI CATI ONS AND
DYNAM CALLY MODI FYI NG PROGRAM EXECUTI ON CAPACI TY BACKGROUND [ 00011

Many conmpay 55180530t her organi zations operate conput epchBE N dsHssh hat
I nt erconnect nunerous conputing systens to support thelr operations,

such as with the conputing systens being co-located (e.g., as part of
a local network) or instead |located in nultiple distinct geographical
| ocations (e.g., connected via one or nore private or public

i ntermedi ate networks). For exanple, data centers housing significant
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entities as businesses to provide conputing resources to customers.

Some public data center operat oEXEHGVIGN CARAWITR access, power, and
secure installation facilities for hardware owned by various

custoners, while other public dat Agﬁ&%lﬁbémrators provi de "full
service" facilities that al so i nclude hardware resources nade

avai l abl e for use by their custoners. However, as the scale and scope
of typical dpbv@]cangr solmpaniascrarak esthet herghaiziatiofis poperate ocomguter
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operations, such as with the computing systems being co-located (e.g., as
part of a local hetwork) or instead located in multiple distinct geographical
locations (e.g., connected via one or more private or public intermediate
networks). For example, data centers housing significant numbers of
interconnected computing systems have become commonplace, such as
private data centers that are operated by and on behalf of a single
organization, and public data centers that are operated by entilies as
businesses to provide computing resources to customers. Some public
data center operators provide network access, power, and secure
installation facilities for hardware owned by various customéfé, while other
public data center 'ope.rators provide “full service” facilitiesAthét also
include hardware resources made available for use by their customers.
However, as the scale and scope of typical data centers has increased,
the task of provisioning, administering, and managing the physical
computing resources has become increasingly complicated.

[0002] The advent of virtualization technologies for commodity hardware
has provided some benefits with respect to managing large-scale
computing resources for many users with diverse needs, allowing various
computing resources to be efficiently and securely shared by multiple
users. For example, virtualization technologies such as those provided by
VMWare, XEN, Linux's KVM (“*Kernel-based Virtual Machine”), or User-

Mode Linux may allow a single physical computing machine to be shared



[ 0002] The advent of virtuali zation technol ogi es for comodity
har dwar e has provi ded some benefits wth respect to managi ng

| ar ge- scakgg) sRpHE4sNg resources for many users wi th di yefg&ofRes
al l owi ng various conputing resources to be efficiently and securely

shared by nmultiple users. For exanple, virtualization technol ogies
such as those provided by VMMre, XEN, Linux's KVM ("Kernel - based
Virtual Machine"), or User-Mde Linux nmay allow a single physical
conmputing machine to be shared anong multi'ple users by providing
each user wi emangemsttigieuserd byugiiovidinghicaes usss twith ippet tlemigirg giirgual

Software of nitaaitsy BoreRgndls, SRl PhaseaL bt ARG 451 28
that provi degublsafiguall achine béihygsh asbfbitat $ilriatheatiiey el & distinct
operators and adm ni strators of a given hardware conputing resource,
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available to nmultiple _users of a program execution service.
the various virtual machines.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Figures 1A and 1B are network diagrams illustrating example
embodiments of interactions to manage prograrﬁ execution capacity
available to multiple users of a program execution service.

[pood} Figures 2A and 2B iliustrate examples of managing program
execution capacity of a group of multiple computing nodes for a user,
such as to dynamically modify the available program execution capacity at
various times and in various manners. _

[ooos] . Figure 3 is a block diagram illustrating an example embodiment of
a computing system for managing program execution capacity provided to
multiple users. '

joo0s] Figure 4 illustrates a flow diagram of an example embodiment of a
Program Execution Service System Manager routine.

j0007] Figure 5 illustrates a flow diagram of an example embodiment of a
Recurrent Capacity Harmenization routine.

jooog] Figure 6 illustrates a flow diagram of an example embodiment of a
Capacity Modification Attribution routine.

fooos) Figure 7 illustrates a flow diagram of aﬁ example embodiment of a

Program Execution Service Capacity Maintenance Manager routine.
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execution capacity of a group of nmultiple conputing nodes for a user,
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capacity used to execute programs for one or more users. In at [east
some embodiments, the program execution capacity being managed
includes a group of one or more computing nodes that are provided for
use by a user in executing one or more programs. In addition, the group
of computing nodes associated with a usér may he dynamically modified
while in use in order to manage an amount of program execution capacity
that is available to the user from the computing nodes of the group. The
madifications to the group of computing nodes associated with a user may
have various forms in various embodiments (e.g., to modify a quantity of
computing nodes in the group, such as by dynamically adding and/or
removing computing nodes), and may be initiated in various manners in
various embodiments {e.g., based on dynamic instructions specified by
the user, ‘based on automated determinations of satisfaction of triggers
that are previously defined by the user, based on automated operations of
a service that is providing the computing nodes of the group, efc.).
Additional details related to the dynamic modification of program
execution capacity available from a group of computing nodes are
included .beIow. In addition, in at least some embodiments, the

techniques may be used in conjunction with a program execution service

(“PES") that executes multiple programs on behalf of multiple customers

or other users of the service, such as a network-accessible program
execution service that provides mulfiple computing nodes (e.g., multiple
physical computing systems and/or virtual machines that are hosied on
one or more physical computing systems) for executing programs of
remote users. Some or all of the techniques may also be automatically

performed by embodiments of a Program Execution Service System



[0009] Figure 7 illustrates a flow diagram of an exanpl e enbodi ment
of a Program Execution Service Capacity M ntenance Manager routi ne.

DETAI LED RpidRl iih4N [0010] Techniques are described fgfr peRagists:

program execution capacity used to execute prograns for one or nore
users. In at |east sonme enbodi nents, the program execution capacity
bei ng managed i ncludes a group of one or nore conputing nodes that
are provided for use by a user in executing one or nore prograns. In
addition, the group of conputing nodes associated with a user may be
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the same or similar amounts of computing resources (e.g., amounts of
memory, hard drive space, CPU execution cycles, network bandwidth,
etc.), such that a given percentage change in computing node guantity
corresponds to the same or similar percentage change in total computing
resources and program execution capacity of the group. In other
embodiments, some or all of the computing nodes of the group may differ
in one or more significant manners with respect to the amount of
computing resources to which they have access (e.g., if two or more
distinct types of computing node configurations are used, if each '
computing node is configured independently of the other computing
nodes, etc.) or otherwise with respect to the types of program execution
capacity that they provide (e.g., based 'on specialized hardware, types of
software programs, etc.), but dynamic prdgram execufion capacity
modifications for the group may nonetheless be based at least in part on

modifying a quantity of the computing nodes of the group, or instead may



Manager nodul e and/or a Program Execution Service Capacity

Mai nt enance Manager nodul e, as described in greater detail bel ow.

[ 0011] As Qf@iﬂl%‘ﬁﬁ% noted, the dynam c. nodifications tpat&G0s03sst
performed to a group of computing nodes that is in use executing one
or nore prograns for a user may have various fornms and may be
initiated in various manners in various enbodi nents. As one exanpl e,

t he program execution capacity of the group of conputing nodes may be
nmeasured at least in part by the quantity of conputing nodes that are
part of the ¢eocbgsedaimdotingy nbannessi(igedcimnagimg frgrm gneHipe eimemmydingode
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otherwise with respect to the types of program’execution capacity
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i nstead may be based in other nmanners (e.qg., 1angi ng from one type
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anount of ondNMBftapgpEslyy sis).opvelaRilly | Ay sPesielired gy W@f%e‘%f‘pé\% iR

group (e.g. - af E%%%Bfaet H&ﬁ%’él%"clt:‘)sb%&g Qgigﬁﬁm%l”ﬁ@%ilsqg 1K &5 HdRring

cycles, netwo I'n addition, In at |east sone
enbodi nent s, anddpécityirgd pfograrrexenatjorbeamamityiade iredudad padasur i ng and

speci fyi ng progra cuti.,on capacity .for a gro of copputing npdes,
such as a gelBTAMIEP OF QIR RESH tdkie eanagns e CopPdiietodeh ofa
nodes, i nter gichafHa®Ns h Ak BkUQRIMGSORE O mdkd Rbgldhis FMRUldgromBpdes
(e.g., to be separated by at nobst a maxi num geographi cal di stance’ or

at | east a nawiomaiicgbogdetpinipgl havstasmac ayharo tbe maksadynaaihypragramst
a maxi num network | atency or .eas m ni_nmu et wor k_| at. .10
e Separ at odtanion ReRARNy, BlostloaliERE ferdne it Mol idiR Sipi B fiYout
conput i ng nogeineeld. eEdl &nplBain ANeastdnke bihbodirhéhtl apidraiuadosOuRsY,
etc.), availability of speci al i zed har dwar e capabi lities and/or

sof tware capBBSI iof i @lfier eystendaipyi BIRkP 8eg hwese PAtRIATTAE iBesuiPRg
and speci Tyl oo REGIFRMARAAGH i@ N didie® HiarkRF! WHRE QREPYpes of

program execution capacity modifications may be performed periodically
or otherwise in a recurrent manner (e.g., so as io defer and aggregate

multiple modifications that are requested or otherwise determined to be



[0013] A PES or other systemthat is nmanagi ng the conputing nodes of
a group that is in use executing one or nore prograns for a user may
aut omat i c@ld ¥y fehisyzsm ne how and when to nmake dynam ¢ PpOEH&H 0050351
execution capacity nodifications for the conputing node group In

vari ous manners. For exanple, in at |east sonme enbodi nents and
situations, the PES or other system may nmake sonme types of program
execution capacity nodifications in an i medi ate nmanner, while ot her
types of program execution capacity nodifications may be perforned
peri odi cal | y nadeotivingia peripd of tines suck s singena pripeperformancgsefiasied er
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each ot her, owréass eadl lecsedsec tavadalehagbegaty i nemoyy, okid. hethendwo
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nodi fications (e.g., to all” increase conputing node quantity by
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as the largest, the snallest, the one with the highest priority, the
one that wastpesepiingdiicatiens (6.oheloonlk NGigRsa\GMEHERY MoNedTyaly by
etc.; to acc . rigus. ,d L he ifi i Andhaise pihe
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det erm ni ng bpwcifiert anitamtd, @t kbosadetarmineh erdificationg ey similary ben
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nore prograns on behalf of a user, the PES or other system nmay
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determined modifications and use the accumulated medification amount;
ete.). Additional details related to determining how and when fo make
various types of program execution capacity modifications are included
below.
[0014] In addition, when a PES or other system dynamically performs
program execution capacity modifications to a group of computing nodes
that is executing one or more programs on behalf of a user, the PES or
other system may further perform various operations to attribute causality

information or other responsibility for particular program execution



capacity nodifications. The attribution of responsibility may

i nclude, for exanple, identifying particular events that have
occurred bYoA24:e! evant tine period that each are CapabiRiMisoss1
causing a dynam c program execution capacity nodification, and
attributing one or nore of the events to sone or all of the dynamc
program execution capacity nodifications that are perfornmed during or
subsequent to that tinme period. For exanple, sone dynam c program
execution capacity nodifications may each be initiated by a single
particul ar evapacibinmudifications.sdme aittiudionesft resandsibilityu mayoinsiuge. &or,
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node of the group, for each other measure of amount of program



tenporary unavailability of sone or all of the conmputing nodes for
addi ti onal changes. In addition, a user may predefine various types
of triggeksyiflghsy3dse based on perfornmance characteri stesueyifostiseUP
of conputing nodes, with the program execution capacity belng
automatically increased or decreased as appropriate as particul ar
triggers are satisfied (e.g., to reactively increase the program
execution capacity of a group of conputing nodes to acconmopdate a
tenporary increase in the conputing |oad for the conputing node
group; to prexetuticel gapatitycasd/ooondetbee hases)helnpsuay sitbadionsutheouser
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capacity, such as based on trends over tine in particular performance
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conputi ng nodgaidlc Progrenexaceiertdpaity nevdiicdtionsg. .In at kpetsdineduch
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specified level (e.g., to.return an actual conputi'ng node quantity

t hat has devuatiedtdrcbimet dyplarptionf ofedhylemicusdauioarsted pciierckwere takan
speci fied desired ntity). Such techpiques may .be of use, for
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an aggregate conputing | oad over the group), and the quantity of
conput i ng noirevarious othdr fmarmers inrathegembngdimaoisn inaiding by tharfES ®rby
each conputing node, or otherw.se i.n.sjtuations i.n which vari_qus
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conput i ng nogdesergiast and/oanisgdgnireaperse eFerUSHPBGH Lh Rt JeRalyed

ot her conputj Cl I m
't some o alPopStRerEtfi brats AR Uk Faadt IR Wi BV
single program theckawse iof a pasicolabuinditatahmeograet cexecufion t bapavitye,
when addi ng addjtignal conpputing nodes to aygzg%gg t he PES or ot her
syst em nmay fﬂﬂdﬁ@?t'ﬁﬁt‘?roﬂﬁiew:ha&'ﬂ@ bt Avgilapdi & ChtMPERSP g
si tuations, h. age t | Sl hesa C LN 0, ady
to execute orﬁg&%r érrforée) gfd(%ir’ alﬁg,a/&cgr %{oq?ﬁg} h@?azi;%ﬂ}o%%tgiegg?r% yc%rﬁaiﬁtt?ate
t he execut i omadificatien(her athercempuing ande grouhavailahdity abappe(s)gire

node. 10017] As vi ously noted, users pr, fine various . types
of triggers PaRSELEVITEIPh e HIF IR BROGRRR B e 18
capaci ty for 4gfeAHRingfantionBing | reSpHRslsHty G ItPS MFEMIARRN for "@haPeic
| ater used to I nitiate correSpondi ng aut omat ed dynam ¢ program

execut i on capwgiram exedliion capanity modificationstaradgcloded gelowps of the

users. As on le, a tri,gger nay bg define t [ fi .
particul ar dg’gfé:‘gﬁ%]u%‘?ﬁci"%?d o%chWHé? i f?é %‘6"88?%%’%62?’5%@%@3‘3@3%
amount of  ongrogfrarfit@caBeP ehpadiy MOEIHICERS s Hgpravidensribas Beadfitsdn
automatically maintain a correspondi ng conputing node group at that

desired conpWligis RdRtioggantPE EXampiashy agumgatiagamalt egyaRied or
. t - !
Guanti ty or deerufied "BhERle! RSTRRC ekt BoR N SEbRLAL GRARNGHAR MRED,

are sati sfi egendifferatibtogathethe® PES ar bitieg ggstermyndyebal eblentedogtimitze
specifies a gar ticular absolute or relative_change in conputing node

quantity or BoWrtBgAgregAted Medilieationsrarpreaiartedues el 88 4o mpiBtnize ych

repeated changes to the computing nodes that may create periods of



capacity use; satisfy a specified |ogical or other conbination of
values for nmultiple performance characteristics, such as may be

conbi ned %Etﬂybﬁg%cal operators such as AND, NOT, OR pelos20dikesy in
ot her manners; etc.). In other enbodi nents and situations, a
predefined trigger may be otherw se satisfied based on information
that is not part of the performance characteristics of the conputing
node group (e.g., based on a current tine nmatching one or nore
specified tines that are part or all of the criteria for a particular
trigger; baséempaorasyaunavéikabilitymatfi soméoor alle obrtheocemprbting ansddseifory
executed on the.current conputing.node group that .is neasured in
manner <. ot hePORiiahRFRsTn e AoRIPTe ceFre: ey bredefnd Saaots Pingh of
computing lo i ypdi . ohO AR, Ents Qff sub hat

i s queued f o?f(#gog?%t g?v?gg%%mﬁho?eggpect%dc?%m%e ‘pégrforrrﬁﬁjb b_t he
one or nore peoguiing; hedasd ositlpetiier ruag@me haxgoulion stCapacior éﬁﬁ@r

status infornation.for .one or, nore other ecut | r.oar t re
ot bei ng oxBuiTERiGY indeagid BhHCeBRAEH o8 soRthu s B aiy NgbeR
the current epaRutisTA (9FS t8restiviely indtedsacthensrogtdm execalide upsaity
supporting the other executing prograns so as to, for exanple,

i ncrease t he opadgfosrm & aeEputing regsicio geeommeagdated FIRECBBHPINEIRE Rode
group as the i I i j ses
o “decr cases ePRpUREg IGREICRInG LErBl A e bl o HIBHEARY, eRg® 0
any neasur abbe dddréaduitise grogranotaxecutidi icapacity bésp gralipn @f taontding
operation of one or nore of the conputing nodes of the

K group,, ,...
i ncl udi ng t hBOHS | wiakgoRvRedale| ag; GePeGieq | UpGPTaBoNEed i PLiendle
armount of us Nagaly i i~Ag |
computi ng nogroafttexetiR/caotBPaid/Bah EXUEEE LBl It of nepd for
used or CPU eyistieg prodraraexemitioncaghsiof, stieh ambased oh trastdsorver time in

bandw dt h bei ng. d tc.): bsol ut. | ati t.of ..
naor euat & LSBAgict B ePeRomies ShBtate Pa chnd Bt s odl TR rifleaingy
conputi Nng no@LKirriRg pakeflsUbfprafrdng lsxbbitforicapdtity Use! 8fcoNCAltEThaidher

delay in responding to comuni cations from external conputing ,
systens; an apiserumay desirelcmardaiaibemrogant axequtios aspaciieif en@igtipng

"nat 1 east ebemenlodT el B ielr B ARUAL Pl Bropktitel S

trigger direebhstafPgGahtity df Rafiputity Modes) GhdnM=ekas uhodificatapaanay be
nodi fication that is to occur when it is satisfied, the satjsfaction

of ‘the triggartamaticelisaade dostgngrep $fGammuindnbedes te gngwtain the
notified, an ; I : i r am
exectt on casyalle P Sleckitl cpaBY SORHEReAArEILIn g Wellth
modi fi cati onahhadtusloesmpoting avgle quandifyathiat \)hasoibviatedtfram theatpectied
dynami cally determined_at the tine of the notification, such,as based
onthen- cut r dREireb Rl hack fo ¢1af SoPHTSHeR o AU ERLY Prsudh RS
System ey | ayopE A TRRIFIP B AmBR \AHeR ¥AEH B IO RBAERG s BIHEOT
a group of conputing nodes In order to determ ne sonme or all of the
performance ghaupaekecites ixcdistioct copy ©f ity seme pragramt igwite lserve: as
group, or may, ot herwi se obtain such nonitored performance

ohar act or i ot PEETATURY 3o PReodpiriBectapytng fashobar ME BEm). 20f g e
that nonitor uénmyfmra@mﬂmmﬁnm,arbrrﬁaaiﬁ@attwame@éemtérﬁaumrbfavork
conputing node to nonitor that conputing node and optionally report

t he noni t or ebanditdrivneach computing nodet e ptherwisei in Syatorsinowhiebnths,

it ate dynimis FauPRIRThodR Bo 3 BB 0NEa PAARRE Bl cory
indicated tropgies saihd @rbgradt €ogat if disifribt subsaRry obtiergrbs® computing
automatically determ ne to make sone_types of changes to conputing
node groups nAdepearhiexgculercames ahdiisrentorsammayidishasior pawysome

computing nodes execute an application server program and to have



use of one or nore conputing nodes, a request based on a trigger that
t he user has designated for i medi ate performance, etc.), while other
types of P program execution capacity nodificagd

deferred wﬁd/{)'ﬁgﬁend of an aggregation period of ti nféé’l?gfzoﬂﬁ%osg?
consideration as part of an aggregation of nultiple program execution
capacity nodifications that are requested or otherw se determ ned
during that period of tinme. Simlarly, program execution capacity
nodi fications that are dynam cally requested by a user (e.g., via a
QUI, or graphtheslcooymitingmasicskaeecofe ahasPeSamd dathbass gstiempregram,;

program of the user via g defined. APl ., or appli i 0 r ogr.anmm.n
Phtorface, off S SESIH P rramiasedod eSSl PR P g e
performed i ngrRéjrate!sucANgS OR 4 eB@batdd hatrker 6RY). arlirdremesat RHlehn a
simlar manner, such as based on the type of dynamcsprogram

execut i on capddingyadditinrial caripeding nesied tora arewp ihe 8RS oegihartsystaim

the user for i i.a r..qefer rf. # n
det ermi ni ng Pk e ARABgeal aBl Siel Askoh Mhef st B Rpals, U6
program execgs it® preAasian ithy abged fdopdiLiting hodetosisdTe iyt ieadxeease one or
different priorities may be associated with different determ ned

nodi f i cat i onB0T¢ pregiamsy ehtgiuriber apvenatigallpitile die exesuliop ot it ene
manner s, Suc?rﬁﬁ)réﬂo ¥H}§@%Eléﬁéﬁp%%ﬁﬁ£tﬁﬂ UsRfe requests or ot her
o™me g ITferen 8

user instructions iven a riority fromsatisfied
triggers (e.mo171aAbipgédously notedt users oraytpredefimg vahiddsetyeas of yigersef
determ ned nodificatjions to be%g' ven different fori ori ti-e3 I(e. % , for
requests to FREEIEYPRINFANMNIBIAHING BIPORIPAFEYINLERRPLY VRRITOURR &F

riority tha t i : m i CERAFI Bk C.
Rddi ti o%al d%@?ﬁﬁe aciéegél %}gi ﬁﬁléﬁegptﬁggéédgﬁyﬁgdf t@i%ger S g%ht:a%
det er m ni ng peréspomdinge chidomatesr | synamicar gprogranudezkesation. capacdy
Furt her nore, iggat .| east somat.enbodi nment s é@e' PES_ or, ot her %)ﬁtem
may manage pICRERAHORS FSREIRGUDd TRge FFPURt OLbg WFIR HRLTSIEXATNIPLT
det erni ned pHRALATEYX s idefiRed APAE ishiciiBgi 4 | walitnas deared Qrantinaeki ng
and using multiple attributes for a corresponding group of conputing
nodes, or ot¢@NpLteg Gpdes pedpeitad agareoater INPEM @fg% ANBOE? SOMRHENGr e
each rel ated ¢ ne or re.c ti.ng S;Of : e
exanpl e, usiheégégc ut FHg‘Pngaeqﬁg ntbirét y"ﬂ%gre tg c%ﬁr%u #yﬁgmﬁo € g}fg@upaas
a metric cortorseupotidng tomputigy amdx geslip @ thapaeslyd faampltiag node
conput i ng node group, the PES or other system may maintain and use at
| east three ﬂ'#ﬁf%ml 8 |deebad AINEREHES ORIPULRG TESAPIGE] ?{BOHW@I@"Q‘?‘%%# Qs

foll ows; a degsi r‘gﬂétc j : '

group, such ‘Z@éﬁrﬁskﬁg I'ni 'itf{égl W@%W@Bg%)ﬁgggg igfgg&{%ﬁé \%ﬁ@ggﬁﬁ%
conput i ng nodsogrceupmiosint ifi speaified, criata @y shdsiarti in ethdrysituations, a
satisfaction of tri rs ,apd/ or, dynam.cally specified yser requests;
an actual CoWEEEl dgtiaed ithst SPoTies cLPROILIY dosiEnPE reative
conputi ng nogemdef int En@iiRigPnéde Guantty FHHRFEIA8 GrRYURTIINUSUMORE
repeated nonitoring of 'the conputing nodes of the group); and an
of ficial receordpdtigprasources, sode aguaay ibeytrigheraseif ereramnpie indidated| e

Chat one or RER A meB oIt o RE Al SRTCHUES: POUodRLPe It T TheE ar e
initiated, agsbciidd grashold s dtRERTISS saasmsa @E@biﬁw yritd e (6.gNtreMmemms

or repeated nonitori ng_%_. Such multiple attributes for the conputing
node group n¥ifhipea geedlicd raage dersa sraniEed pesigdrofdineoshome PRIGEYRY or
repeat edl y r h C . i h £ 1 chal:

recor ded quarﬁ%i?#y&é%’cgsr% %‘?Aiﬁ%é.gg{‘{”%é’gggaﬁﬁgg’é’r% %\r%p%ﬁér?ghlg]b%dr ioFlg

of the conmpufiregcnedes =f atgigtinaucceknatidrd drerate dif chkbhyeatiatsport o
update the nost recent official recorded quantity to match the
current desi?88" RAUFRSPOPI (B Pne \YeMoER nEefdiath FatsihsantHeth @sh &iom o

historical data that indicates recurring patterns of program execution
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instructions that are received and predefined triggers that are
automatically determned to be satisfied, as well as actions that are
aut omat i cgld y,:},ek5n by the PES or other systemin somep Ol TRMsS
(e.qg., based on nonitoring that is performed, such as 1f a conputing
node is determned to have becone frozen or otherw se unavailable to
performdesired activities, to automatically shutdown or otherw se
termnate the use of the conputing node as part of its current
conmputing node group). Simlarly, actual changes in program execution

capaci ty for capacityous; tsiatisfy reosipecifiext oy os iothidranonybibatian eickaldes farch
as changes corresponding to events and/or_ top other capaci hanges
that occur (B?Lﬁt‘pjgii?ﬁ't% Bge FABREUPIFTy Hte?® fraﬂﬁj gcgqﬁ)ﬁ}eﬁleﬁ%ge
beconi ng una}@i&%tﬂp%}atoﬁsswﬁﬁml RO T, ADRY ek &R hebthbL ehanners;
information may be stored in a first database table, and various

i nformation etl)at buother eapasimgnishand siteatiansh er predafined figaey reaahge

b d.i base. ati in.b |
barticur ar - eotiwiben SHRed TRArEE o AMvimdiion) ik, 6. BE W Bt 1REG
(e.g., a par Féﬁahﬁémﬁ/@ﬁﬁm@t@nﬁm af Pl ddreplithny wodd bahip {ely., bhssden to

be i medi ately perfornmed), a correspondi ng nexus between that eyent
and ‘avai | abi Rjouyresh iNGemaioningsone g€ Rearerspestisditives that aearpart or all of
nexus-rel at ed | dent.L f - . ' ' f

event and thﬂ'[é g@%ﬁ%&%‘?%lpt%lﬁ '%ﬂ%ﬁr/l\fé@.ae{’ nhj%g’tg Eg@{ %#E%Sg{nmﬂsﬁaﬂ f\%lo@?%
mul ti pl e evenice Prygrant beidg akeyuted omtheasdriemb computing sede graup tlwall ar -
avai lability_ change but in which caysality is not attri bq[ted t‘g?a

singl e event IS MeaPHGdNTBANRRTE AL MANRAT P IACE R AdeLT Pe §U4T Bhg
W th the ot hSrcu'r%B?E%Ehf?ﬁ? ffa ARSI bediol BlimpRaRaABGhaForR!

t hose events, an urther Tor one or nore other availability changes
i fdjt h?é s: Im tlmtliglqnmendgfaralrj[othdjmjlfdkmm:m hoe&p@cﬁ?@tm?meﬁbﬂ_ gddnttbe

i ndi vidually or in combination. S or .examle, if nmultip vent s
for a given EBRYT MOEE MSOY A% RAS gcﬂ? Qﬁmrwaﬁgesqq%qncgeg%tbciseéﬁpﬁ@ﬁ
tine period anfudRoriatiBhlBr Bhe BrafbrRX el eRBcfigasiogyaras angeseatatur
during that sane aggregation tinme period or imrediately after

- A e g ’
as part of hheimgnexesutes kycthe icuirest cempuding pRie GroRl sich me Ig’éha of

t he aggregation_ tine (i 0 nd.J - .
directly att Pﬁ%ﬁlﬁta%qragﬁtwgaﬂ%/d%gr%efsoﬁgé}g?ﬁr%%ﬂcsogpogpé'igﬁgec %gﬁ%%rg’ngt he
conbi nati on gfe @ihkr ekediiidgprbiiaphese wenb sforeyatpletinoredss thet progesanh
of the one or nore capacity changes. Further details rel ﬁt ed to such

causal ity at BXeBINONHRPAEEY PhECLRIEERNS COMBULING 10GE HEURIAPHNS COpUINg
Fi gure 2B. I L) il 4 ; - S
diagiured, ac'E %%Iéldanng]%o@ﬂ ?t‘%’g@g?{; ?)ir rtgtaﬂsg 1hg{/eab€'g§tB fggﬁﬂggkgﬁ% tﬁg'eg@j ? gr
one or nore peHfemarnt chdrhatblistigsanayiedrasedan asyporedisupbie atitibgeah
execution capacity for. a conputi ode group,. sucgh as a first t of
desired, act BEIOt%d"WW‘? Gpggg}éwfﬁgﬂ goot?'eaaﬁ?’%aﬁ? eocfa%“? KeMeBU 05361%
utilization, c@mgﬁﬁﬁ’@‘ﬁo%@i o?fthél?;?%ﬁ;?,%c]ﬂ@ﬁf@aﬁﬂh_e%ﬂo@ifn@i worRbxanBvetist: of

aggregat e average network bandw dt'h utiliZzation, etc.Furthernore,
when nul ti pl anphsalute er elativerarspantdifngetal qrecy maaicesaraputingTesawEest v

for a conputi nod roup.are sinujtaneousl d i e
PES or ot herog%sﬁm?%g%?“&ff%t@%fwﬁ% %agae pg%’erh%&%%ﬂg@ﬂaﬂﬁ,ﬁa&ggﬁlﬁlguch
as to nodi fynRE&PHAIhGIuSRH©roCPUP cyfleOURAtIbR, Shnibécivrousionnt of
achi eve desired ag regate average CPU cycle utilization and desired

aglgr _eg?t e aveebgukmanswidthbeiagiused, @ie.);i raebselutsr splative Amauwimfe,
Guant [ty or Busder Sk 3 SRREIGE SaHB ML L TNed BF R A8 dlofio,

vari ous conpybinp@ting dedeofart Sissdiiteu reitige anitintee aténdyt eresthendelay
twenty percent of the group conputing nodes at a first data, center,

and the remaimreRPOEBH I sAMMYTHEAtIRIGEOR SR} COMRULING: Pistema: gn

absolute or relative amount of failures of the computing nodes in
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100221 In addition, a PES or other system nmay provide users with
access to conputing nodes in various manners in various enbodi nents.

For exanp | édgpoeﬁ?grge enbodi nents, at |east some of thepgg,ﬁg#?d,&gﬁ]

nodes ava om a PES for executing prograns nay ocate
to one or nore users for preferential use by those users, such that
each of those users has priority access relative to other users to
use those-conputing nodes. In one such enbodi nent, the priority
access of the users may be based on each of the users having

dedi cat ed or psxiormgiovenacyeswre slegged tagivasc stgputhiunfienvaess inoat lgast

specified period of ti uch, as, Ln r I us . I
ThCaddi 1 on. SoAe amPodhsaRnaN Shuatort, JBHE s iR fRLS s HiEAs
nodes that arspesify ocphftituly Sidgrath SRSCRLVAtapachy reedificaiad tindt ot feer
preferential use may be used as excess program execution capacity for

ot her users &ccui wgien Buehsafisfigtlethe watigfoatinn iohdha drageamameauss ause
by th : | /
taer o anomdc SRS igeR0BR A, ROBERAREAPLhANAACH A o ritheR

al l ocat ed compay retgresddeaticulbaplogrdrarexasetitry capduity msdifisatiom(d.bi, a

manner, at |east some program execution capacity that is allocated to
a first groupredeflnss scafPé‘F'tlﬁe&ﬁfjéﬂg%VQf‘l &B?’B & Betev@% 1§ nEapacty

tenporarily exeaHl.giRrAg %r@yrfa?niegaﬁﬁaéte%m%%rthawé of HERotfiRalith 2
such that

non- guar ant ee asis (e.qg., access to the excess program
execut i on capachtas basedben tlearecutent cdndifiants; ptopr imaddidion; thenPES or

capacity is desired,for other r poses,. such a referential ,or
Feserved use WPIGHETIN HEY dcidile SIRRTeN(E, peRURIPHOUS GReRtions to

enbodi ment s, ngofiie? 4 'GMubNE dieh RifrgdseradinCcaaBHd BStenRfRSsédmatoradlieof
available to satisfy dynam cally received requests of users to :

execut e progtherpeferngance charactarislice igp e tragees aswsiciatpd ydthiiderasoumt

e per od. ol SinehiRe igin MiEn phdftciel pRBoAbaRckiEnetristi iy,
such a requeshotfy Boumseqei®d frémcanipdiplarty Boftaares ufhiat c medniitotsd the

satisfy the requested execution are available at (or near) the
request ed ti FEMPYHRGWIPURS,t framc BolWay RXeEUlRg (R qusPHIRWEBE Pedgdo

oot “or P LU, SORORHEE REABCLIETproRlieoB Nyl g
successf ul | yirfoimatidre ete) e Eutthermore, imsome embediprends,dive RIES belotidr of
a system may have system-defined triggers that initiate dynamic program
execution capacity modifications when indicated trigger criteria are
satisfied, or may otherwise automatically determine to make some types
of changes to compufting node groups in specified circumstances.

[0018] When a defined trigger specifies a particular absolute or relative
change in computing node quantity or aggregate amount of one or more
computing resources, and the one or more specified criteria for the
defined frigger are automatibally determined to be satisfied based on
current conditions for a corresponding group of computing nodes, the
PES or other system may automatically determine whether and how to
peﬁorm the specified program execution capacity modification for the
trigger. For example, some types of specified program execution capacity

modifications may be performed immediately (e.g., a request to terminate
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respective user, the ongoing use of the on-demand conpUting nodes nay
be guaranteed to continue until sonme future time, such as a tine of

the respe | 's choosing, optionally subject to j RS
lim tati.ons(l’{(g.l/ga?gssuch as to be guaranteed that the PE@@\%OF‘”%(%DI

preenpt the use for other purposes, but not to be guaranteed agai nst
failure of the conputing nodes executing the prograns). In sone
enbodi nents, the conputing nodes used to provide the on-denmand

vari abl e program execution capacity may be distinct fromthe

conput i ng nodss ofsete bo nureviateputindi tedes) prasmeshbesed oni atriggapdbat v

d/ or f ting_.nod dto, ' : |
execut i on.captiei T e, HEeianTted,fiE TorEHBe BN on ey Ho0G her
provi de the qpdlemNshatiiddd prEgrBhP Eh@BLENe dpaeity GRBARLARORY ehdlothel N

use, in sone enbodinents thed\; may be used to provide excess program
execut i on capleterrsd untili thegendl efran crggegatisinepgniesh ohiinex s Ponsigeration

capacity reques ar cei Al i M2t.h dj St

not be used ltég %’% iogeggxgéége%ﬁ'%réﬁ]@gg@[ﬁ %ﬁ&%ﬁ@a§>‘?¥{}:‘tl3pn@§¥%§§y
enbodi ment s, neddificationsNihae ArgPrecRiesRd @F astheness t datertinpdcdlngraatbe
provi ded, and/or other types of program execution capacity may be
provi ded. [oeegpdmfdime. 15milary pegkRrKexacaenafrerasty Mmadifvatiaoedhal
exanpl e of a - i L t ; i

That are avartaorbapaigdsl e Ty oifd 18l THRg R R pAREPOR,
execut e progirteFat®rof thé tPHES eorusthes .syBtam; by us pragramre op thip ases viss ane

exanpl es and enbodi nents are descri bed bel ow j n. which.s jfic es
of grr) ogr am eﬁ@@ﬂ?‘?(ﬁrﬁc_é’ﬁa"é’iF’IﬁF?tip%P@%?W'H%d"tgﬁac%ﬂga'&gﬁﬁ Qbé’&:tiﬁ)ri c
manners. In %g%‘cvbm-oé'tcg' hay OB denfiRe® B He %r%?ﬂﬁﬁmprﬁﬁééﬁfglfdang/or

descri bed bel tthe program execution capacity that is provided by a
group of conmpemparriyodefemedyarntkageregatasdini a sprailari roahzer, suemasdasedg. |

based on a quantity of the canputing node nay. he managed |

parti cular miinoesYp8. of regRE Ftherdth 2eE Rk R MRABHer. Dager
of ficial attipghbufreseuilith FRRRAEt frbM GRE @eefDF RMPGHRIR ¥FCUéfefrad
capacity netrics), nay be controlled by associated users in various

manners (e. gPerfpEBadcdnetche Moseqerp viRiT i drtarmpininggdwoy dadmanage a
dynam cal |y Ef i pst jon e iLfied. i rtj
manners (e. gi?%;‘ﬂéé%gre at ﬁd'g}déé) ﬁ:})eeg% s%&r)re pﬁ%&&am%é@%@ﬁ o}ﬁ%%
capaci ty nodinfddifidations, irhabmar situbtions ndliffeckna ndiotitéermay bdunsagiated
period of tine and then performng one or nore corresgo_ndi_ ng

aggr egat ed nidihr difgrerdndetgimingd ipdlifications ¢ if |0, pRGo ATIOKERS, May P8
nodify the q i } d i r ; .

exanpl es ar egg%&l{/sfegie@lf 1y gﬁgﬁj}r{@ﬁﬂ?l \%Ec%zérsgggeg%ramgﬁ% 5 i@ﬁ@??f?see
for the sakerajudsiewrtotheraosen insmutlionseia ppr giveatadiffdrant pherity from

i nventive techpigues. na e used.i,n a wde vari ety .of her, . =
si tuati ons, ﬁﬂ{?ﬁf%goﬁpg S Wch? gl’@?fegr\é\h“@éoprb%ﬁ%_for affieréit types of

determined modifications to be given different priorities (e.g., for requests

to decrease program execution capacity being given higher priority than
requests to increase prdgram execuiion capacity), efc. Addilional details
related to using user-defined triggers and determining performance
characteristics are included below.

[o019] Furthermore, in at least some embodiments, the PES or other
system may manage periodic or otherwise recurrent aggregations of
multiple determined program execution capacity modificaticns based on

tracking and using multiple attributes for a corresponding group of
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[0024] In the exanple of Figure 1A, various users (not shown) are
usi ng various client conputing systens 130 to interact over a network
100 with i ded by a program execution service J <1
entity 10?&%%[/%1%% of the functionality of the PES ‘B‘Ee)f’ﬁ%j"g“?‘%?/%ed
in this exanple by an illustrated enbodi mrent of a Program Execution
Servi ce System Manager ("PESSM') nodul e 110, and other functionality
being provided in this exanple by an illustrated enbodi nent of a
Program Execution Service Capacity M ntenance Manager ("PESCMM')
modul e 115. EbmpREGGNhodedylce dthOrwisy wiflorespeaiib esoniredalsle panatmetersar
users in confiqurin I’Ol[I%S 3f conput i nqq nodef to he uzgﬁl to exeiute
prograns for RHASE  relaief 1iang YoTers PREUIRG Neges gldhe gipup. As
conmputing no 1b I I i dayh ol inkr or
Gse i 1'at or CRcraaue, (g g R A 8P & g i etREgoub
conput i ng nods quantlrici estresponding Ex arphEm t exeiignneRpacityaripoubie

conputi ng nodes 120 avail abl e for, ecutin rogramnms of . t.he users

2/ though i n_ GoREFTBABGAFFEAVE 138 RS otrsySeR HEVaudiT agdibece
used for at |Qastihfumintab-rélaRdImERSrERYoDhdlRMpigAg Nodé heroupRrger s
(e.g., nmade avail able by the users and/or by third-parties, such as

ext ernal confrliowsy adesieatscamputingmodemeadgjedy ir the sopRgfing NRAg@IPYR on,

t he PESCVM mp . i St_.i i t ;

moni tor ng. coMPLAETDRKaRL TETSlicier tuf SREOMHRAE Lerhinb R IS ERniiing
attenpting tacterdragg ignyitiaap @ndngap dsesnddifild bpidatisfactivmexf riggers
becone unavail abl e, so as to maintain program execution capacity at

previ ously depnefaf; Wmiéﬁ’/@ §P??i@@i51feﬂ'if@Wi%‘it§\bﬁR e InegMPRigIY node
exanpl e, be gggé@y'&ltﬁe%ﬁ%éﬁ%gbﬁﬂé \‘.‘.’Qﬁ'}lf:ulﬂég 'Hoﬂé@%f'?ﬁép%dﬁs%e.g., as

possi bly ope by variou Istrnct part , such as ternet.

| n ot her enbdétemmimes] by bontiraiousrdr répOatedymbeitaringr oiibhe eonmgiutinglkiodssch
as, for exanple, a corporate or_university netwark that is wholly or
par t1 81 1y § nb dhm Groviel dengn el 1sciied cBRBURNG et plpifier the
embodi ment s, chﬁ@ntgﬁw&fdbléggmwﬁn? MUY & f IR GPEUFTES 6., Bl JEEEmnet VR ks
with access to and/or fromthe Internet. In the illustrated .
enmbodi nent, thee l@gShviertiil end 10 mode RBSENNEG nR@gram 185 awipn earacity

i nclud ft i nstructi, t.hat f t.d
Lyt e oot MEREIHAReHE SRS RRe he FETREAG 80 RGeSl o BB IR RS .
conputi ng nogdgstirk?isBY répeledV hitedlotiflg)y arS@drs mmtpler attrivuted fas tak a

single data center or otherwi se to use a group of co-I|ocated
conputi ng sySe@pEting rNQdes GERHP iMaYa bgi 4eed it \EioNENRERNEIS: fyCPaf$ dis

co ting s as Yl i LSt r Lcal 14O 5'3%'”
soxuelnbgdi ﬁééﬁﬁﬁt"{%};’v?f :r S rtg}fnzdjn %%%r%’gﬁp' %gglﬂgéleguqﬂggf%? ?‘?\%ﬁtu e
mﬁl tiple Ehysfﬁgﬁl congrded ng;usylﬁtyﬁrcharrldhgly rfeldt,i phasedi reruaperfachinges
that are hosted on one gor nore physical conputing syst as |.s
descri bed i nTMRSVIENBSt i Fh%wmmﬁgée%qda%ogﬂﬁﬁy%wﬁ@ Ya’égﬁ‘i éﬁ“qci‘ﬁ@"y
comput i ng nogﬁgﬁ@%g? UpgaRCHR ABRLCRT offelEP Wddied GRANIIGID MuRNl ! ©

for executin re programs, such as to provide a speci
anount of progmant desiced i quandibpdeigt,ywhenctonsidarmg bewnsad uwhethef do

exanpl e, by a conbination of ope or nore of propcessing capacit

(e g, nunbePeHRHN &reamaBatin Bf MuBbls Addrtet) cotinRy mfateps)
storage capagjobd A@?r&@iblﬁsl@%ﬂ dhB PP AF iother Skfem nfaysRiMer perform.
embodi ments, the PES provider 1_65 may provide preconfigured conputing
nodes, with watitupopemstiongie etiribdemalsatiyrioisemntion ag oliiircapenaibibly
otherwise si ?arl ;:?agrticular dynamic program execution capacity modifications that are

made. For example, as previously noted, events corresponding to
requests for dynamic program execution capacily modifications for a

computing node group may be tracked, including dynamic user-specified
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amounts of resources avail able for executing programs on behal f of
users, while in other enbodinents, the PES provider 105 may provide a

sel ecti on“(p(;m\i%{l%és different conputing nodes from mi&ﬂu@zoﬂﬁﬁpﬁﬁmy
uc

choose for executing prograns on behalf of the user, s as w

each sel ection having varying amounts and/or types of conputing
resources (e.g., size, speed and/or type of processing units; nunber
of processing units; anmount of nenory and/or storage; platform
configuration, such as 32-bit or 64-bit; etc.). [0027] In this

il lustrated émddnditioaat thatheaner ogcaivedx eand i prededined c driggarsi dest are

f ti lity f ' f ti d 120
for each of MWETBNANSErErMKEthia ke STt o Nel 2erdiaMsoMEL R e,
the various ugesmaticly! aken ast thd PESE Be obifePIYstatd uh &okdd enbi@ehtsy

requests to initiate use of groups of conputi'ng nodes for execution
of prograns de.dhetased @f mongotrgthat is peramhed sushiasdl awmemputisgdtede

resources m e specified at. the tine of a,reqguest for cutipon of
one or ror . 17 DeEHRT e oo e BReter ARt e p Ryl
user and/ or YesPEE HHtiviliBE St BNRIMAtICHES shetidWi Dr diBSrwasd! $enihatet hal | Y
regi sters and/or subscribes to use services of the PES. In sone

enbodi ment s, usefRESSMRIHNIEOasRPrHR{dtE edreniosingdiedenarsr).
registration IS?@EI%(]M%?:&[}& cﬂ%ﬁggg i Yo réfﬁ%cut%dwga atl:"l"t& e ugirrlig

specify info ate 0 one Or nore progranms to execut

behal f of a waae dreug mapsinglarythe Facket stetes eldthgessadtespbadiatitons
of one or nore progranms, etc.), account information (e.g., user n ,
bi | I'i ng i nf oE¥ahisoAndigr doyothelcagaelly gRandest that|opcdp e JonPSHINGERL Y,
after a user act | ; ﬁ’%@wﬂ?@ t | b or
regi ster for Gggﬁj\?i%@gsioﬁstehadﬁsr&? oﬁa%;? el s?ﬁgﬁgﬁ% Lg}ra%%éz'd&%?giéer S
(e.g., keys, exabpies, vasors evsntlelated. nforetionr enays decistared ini tah firdie

USer BN 3 gefubSe Rat A SRS BT SRR b KRR AR
PESSM modul e old avafihbifityo¥Mang@Byial BePstordinta skome HhRibakY ashIeUSf a
operations related to subscription and/or registration services of a
PES. relationship between a particular event and a particular availability change
is identified (e.g., a particular event causes a particular availability change
1o be immediately performed), a corresponding nexus between that event
and availability change may be tracked by storing the same nexus-related
identifier along with the other information for that event and that
availability change. In other situations in which muiltiple events may
individually or in combination cause a particular availability change but in
which causali;cy is not attributed to a single event, a single nexus-related
identifier may be siored along with the other information for that
availability change and each of those events, and further for one or more
other availability changes if they similarly méy be attributed to those same
multiple events individually or in combination. Thus, for example, if
multiple events for a given com'puting node group occur during a single
aggregation time period and one or more program execution capacity
changes occur during that same aggregation time period or immediately

after {e.g., as part of harmonization activities -that are performed at the
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[Wn After a request is received froma user for use of one or nore
conputing nodes, the PESSM 1 nodul e 10 may determ ne whet her there
are a suffjci , nmber of conputing nodes 120 with av ZEEPJ =nas
resources%?g?ﬁgggggfying the request, and if so, the P%g fﬁﬁﬁgﬁﬂe
10 may initiate execution of one or nore prograns for the request on
an appropriate anmount of the conputing nodes on behal f of the user.

In cases where a user schedul es a request for future execution of one
or nore prograns on a group of one or nore conputing nodes, the PESSM

modul e 110 maydagt eEptaghfedatibRdirabepaticds andeif anappfl thseatesrdstamnt
of conputing nodes for executing the one or nore p rans, at the one

ro
or nore futudiecimattribyishleto iy e&iIthg enke O(He'FQF%CﬁHgF'Bfn cBRNGRR: cthe
conmputing no FORATENS) ' 4.1 , h
s ahen tho_ Gamtietsror Sl fFELRR Bl ey BB fefedth ofe
enbodi ment , ichetdremBESShpasijuteantts. | Burtireahdetaitoraddtied datsicborgusealityg

d f t, th t f.ail, h t.hat
Dr ogr ans. ar ¢ SHOPUESEER BBIUGF] Helioh oaudED WikresEH RS e «
failed r equeﬁgzlbgin gaambggﬁﬁﬁ%MQﬁ“ mARnEf, W?IQH@ SudhOdédired, BciRMaNd

enbodi nent s, er may charged various fees in association with
use of the PESiciduatiriasiebasey be fackethendofusednfaut Png PodedreuSdEr a

t f ti d , d ti f ti t Lng.

L0 oed”  paberiaHbe sRetaetsn Corsrordti T RitdrRm, SesiReh fappemn e
(e.g., data L Gp@inPREHLbrati0saer s £t seDRGsiridl attual gnewiificil
one or nore conputing nodes is provided for use in executing one or

mor e pr ogr amenmgninie (el dggsegateuesrage HeP Yoyt i uilizatine 3yrssepnteset
di i - For. ' j | d :
PEScM modul Ses TS A0S fiod SN Hfibditsna FEdteous By8RlEOneic

as to det er npaAdwRIth OukEenc hatAaCt Purtisériaseofwisarmemattipid | partimeters

conmput i ng nodes, including an actual _conputing node u'gntit or ot her
measure of aGPUGPPHIURY PEIRT PHEITUEAD SEPRGLLIET ﬁgcong? \PIRRF 09 Re
computing nodes G, ﬁgﬁe&fsguﬁr kB S YRdPRY'PIES EXCBtHdr OfystéRaftaly
of the group nay cHange [ faor exanpl e, one or nore of tHe conpufing
nodes fail omtietipttwinsendgecaliref theapanahsdiers, saohl asrtoanodias tcosmuting
enbodi nents, the nodule 115 nmay perform various, operations,to

mai ntain t he OFBGRHR LTS F%ﬁ%ﬁﬁ@ﬁ@?‘c‘ Y GCNEE d&&ﬁﬁﬁ@ﬂﬁbegﬁa%l@v%agﬁp
In such situ Plﬂ”&gd(eeutﬂizati&y aha'dés%urﬁqgré%eté%éragm nefwdrk R atewiAt
conputing nodes to the group in place of the unavallabl e conputing
nodes). | n addfiization, tAse another exxeniplemynuliide i paramedesoler b E@MRUtinG
determ ned actual conputi.n guant.i t. f I eqroup
to update an "GFF AP c'B\g'Hgg%?’Hh%&”%Hﬁ%n"g&é’%ﬂ“ﬁ‘éﬁg%y%% td @%‘E;ﬁ%&
conputing nog%ogfa‘yhiba[%@é‘tioﬁ_% oipoarisled esiripugng redtagef the heum¢s.gal
conputing node quantity, periodically, etc. [0030] In addition, the
PESSM nodul e bebgesmiiftagr andsyanty ineréaii fi thg 9raEP GOMRKENGgNeRRR 3G Aoup

in various e Fevi u
associ at ed Um?i?ﬁ ({i%g g%%‘g%hﬁ%&@ﬁﬁ‘é’ﬁgﬁﬁyﬁgﬁ@t@ﬁﬁ? e@b%ﬁeégénﬁo?re
quantity Wﬁdinﬁér@abﬂﬂég data g:@atas), hhal”th snn@c:rﬁ_sf( drygtasr efsteomatic t mg)@ingdde
uantity changes to be nmade to the group if various specifie .
gri teri g areng%[’!ﬁ%f‘?@ﬂ.cqm&qtﬁ‘ér‘?ﬁﬁee,”qmﬁﬁ?“ﬂé‘gﬁp@'& oéiﬁtﬂﬁﬂm'g?l
the user assqaiabRdioh hi LiEpdsiniaNBYLEyNaALARbhYI SBAALI AeChRNERY O
ociated c

the operation o herr  as onputi ng node group at various
times, incl udiehay trelatddhigeisire nyutirle i atiyriboftes he traskpand moanaggesnefort he
group. As part of managing the co ting node group, the nodule 110
may track t héNYERPLFNEE "EH“(’HgC%’?g‘ggVaﬁ ?C)?‘Fgﬁ‘for t he conputing node

group, and pgﬁd'fzgfim%hhmoh%rﬁéé%@ dithe SkldrRindby pRAAISIBSeQURY hbddbs
node quantit or the conputing node group wth the desired conputing
node quant i t o faamputimgcpoghes iimyariode n@ness iSuweEiopsrebpdiments.  For

example, in some embodiments, at least some of the computing nodes
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specified user instructions. At the end of the time period, the
nodul e 110 may then determ ne whether and how to performthe

aggregat e bLbag node quantity nodifications, and 6354 he
desired cgvn%a{mng node quantity based on the aggregatigﬁyfggﬁgﬁ% >

conputing node quantity nodifications. The nodule 110 may then

conpl ete the harnoni zation of the desired and official recorded
conputing node quantities by initiating the aggregated conputing node
quantity nodifications, and updating the official recorded conputing
node quanti t avhieblatiom ahRESdur destuting programs maynzl allogated ite pnerit

will result fromthe regated co ti node quani i '

modi i cati oné‘?orﬁdﬁ%é&ﬁgp'@?‘aﬁeﬂgﬁla Vrjfnafﬁ (‘:'.ﬁer_tshéu‘ét& F[&%tn?aczyc%g]os?
conmput i ng nodgeAURRL ikt RS bt thtRél iigdralto neomded daimitingng
node quantity at the'end’of the tinme period, the harnonization of the
desi red and obfliesi dh onecwict exinbastipent. ihe moigatycaceess of die HESTSIRY Rer

be performed in |ight of C I N ti

Chat the. 1 ni EREEY 6R STO At arety S S o7 SR gatey W ke
modi ficati onshése QSHpAHMESodes fapdaipeciiag pevibt @ tinRe sueh as mauhamger
node quantity to the current desired conputing node quanﬁﬁlrﬁt%. The
nodul e 110 n@pafogeurde ajeasar i adibfiorp dn sepreccmaedipeniadt 80MR 9fi es

repeat edl y, i#?i:eﬂlﬁﬁ]ugﬁgHﬂ{ié%?ja?anjeggﬁ%cfaltgﬂjtoo&{%&dm%;? bEER fB@éerﬁE&t%aed,

each time a onmputi1 ng node quantity changes have
been request ed, othec préfReditial Fuset haynbe eusdch es PERRNs nphgram 1 &gecdipn

performother activities to track events and particul ar program
execution cafaeRelly BRAYRIISRuAt BEes: SWﬁi fs M@Be‘&?? @@%ﬁ@i r%lﬂaegrare
computing NOQe: i QPBy Al udet8 ¥ whHPUR oS tRig)BRa A8 MBEAteA and/or

capacity change | tion may correspond to“dynan c program
executi on capd@nty usedid wbatii arsmipiingaraeie inialloeated explicity malwsl the110

as part of periodic or recurrent har.moni zation actiyiti an .

optional Iy i ﬁl'ilg sPRDRYENEHh N9 yayﬂ%ffg{ H@Pugg %%SEr%%T%xeg‘uttplgn
capaci ty chapghdhf af Rkt 98mbr RoLidie dxebifist cagadigrthat Redlidsatddie a
PESCW nodul e 115 (e.g., to correspond to conputing nodes that fajl

or ot herwi sérgiaroue ofiuesrsimabbecorpe ayeiiable fipprimsriodisiet EnR€aYes
70T AGEE L SR L, O 85 T

110 nay furt f&FC at ofis at various tT nes

attribute cawsslsi feyg.9subh hBat saspensi thil éxcest progam iexatatione eazadityy
changes to particular events, such as in accordance ,Wié)él_‘erlj odi c or
other recurr&AYy harassinded ifdhabeiaorm @EcuiaR CaPacilelst Srﬁ’%ﬂ opether

instead at Otplﬁ%osteis[msﬁch as preferential or reserved use by one or more other
users). Furthermore, in some embodiments, a PES may include on-
demand computing nodes that are available fo satisfy dynamically
received requests of users to execute programs (e.g., immediately upon
request of those users, at an indicated future time, at some time during an
indicated future time period, etc.), such that the one or more programs
indicated by such a request may be executed if computing nodes
sufficient to satisfy the requested execution are available at (or near) the
requested time, but without such a request being guaranteed fo be
satisfied. In addition, in some embodiments, after such an on-demand
request for immediate (or scheduled) execution is satisfied and

successfully initiates execution of one or more programs on behalf of a
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[ 0032] Al though the foregoing exanpl e enbodi nent of Figure 1A is
described with respect to a PES that provides various types of
functlonahg;xnb?lr¥arlous users, it wll be appreC|ategcﬁB§%uM%&%9us
ot her enbo S may exist. For exanple, in at |east sone

enbodi nents, unused portions of a single one of the conputing nodes
120 (e.qg., unused processing unit clock cycles, unused portions of
menory, etc.) may be nade avail able for use by one or nore users,
such that one or nore progranms of a first user nmay be sharing
resources of & icngd ﬁsép'?ﬁé’bh@@ng‘ﬁﬂé oFithd ohltesearef cafipuldig nodes wiaber
users. In addition, although Sone enbodi nents are described with
respect to abprauprantesddoutangnueamiil semenitysedpansisheasd twe of the
capacity, it wll .be a r y be
iaed 1o manabtrrcieS s3BRS FHoPYTY: BERbnAN AR b el B (B

ot her types @ficf @8Ry e gudrahRieddhaLBRUPESwill Ach preempiutbieved fos bther
exanpl es of ot her txges of conputing-related resources that

managed for QYEPIHES wtmcmt@basgénagan?a?d eaaInsHilu ROk HRICORRIGINg 8 HodeS
persistent d rage n Je{HRIEY
devi ces, suc%g(g%"ﬁh@rg%dP&%P%ﬁgi?eié ‘;%% rrgg-[rbgp@ﬁea avtﬁs{ét)lcc)raf':{|| fin

capabi | i ti esuéed go provide teabhdenmmniovariablel progrsmRidcutior Sepgeityueyi ng
and/ or passi ng capabl lities; other tx es of om’run' cati

1
capabi | i ti esPEIFINCt FormiiacappRing n wa%# 33?@3??%?@9@%
etc.); database. TRACESHIRMy SARRP fldrhi @ cé’rﬁﬁhﬁf’é 9ddRanaEdltd wovigkher

net wor k- related resources; I nput device capabilities; output device
capabilities ﬁxﬁﬁs pyagras exetnutlmeir capatityuet ihas, dxeomei @httmmmnlﬂmges

etc. [9033] e il st s an nbodj ment_ . in vvh|

execut i on seF‘9 H%%PBBB BF Su8l "Eﬂéd o\farﬁg"e pc{gg cen éecglggﬁhat
i nclude mul tigh é‘c@hﬁﬁé %k |§Q€§éltihnﬁarﬁésérﬂ6§dlrddht@4héy Goh@ibe asgaurte 1B
is a network d@wé;raml ustrating an exanpl e enbodi nent i n whicg

PESSM modul e pI amcpgswwmw@cyegn wa@cﬂth&mﬁ@ﬂ@mmdoﬁag%bl@. ce

manage executi o o] n.he S

VA ous somp Bidea L AREuR0n, BBl " RIS faldC L ISR, Rl S plter

i Ilustrated exmplirgentscheyamyanstdicaussmhtoeprotite exceds ipyogram @‘Eéi;utmhl ch
is connected to the Internet 196 external to the data center 17

this exanpl eCapa@ty nnerthet embgdipnets qedly &ctiBgle B ¢4 PIoAaMb&¥ 'QF
conputing sy F&r&ggl t}}p%% t rk
194 and di reg%ﬁy chc Slbb|8 corrput ?ﬁ%ég%tﬁgﬁns 192“%@b5%v§¥éémlm
network 194 wmapadiy, mbpbeeyavipée, a corporate network that is wholly

or partially inacgessible.fromnon-privilege

external to 199&3IpFISkEe el/hit \ﬁo‘i"i{‘%&" ﬂlagdﬁ%%}%{%?ma%ﬁ%arﬁﬁ@%f a

i ncl ude, for ?a&am %xeaume@@a@umw%gﬁég@aﬂdowumgnﬁeaég it entl y
to the Interﬁ e.g., via a tel ephone or cable nodem a Digital
Subscri ber Llanalla(b!@anr Juseeirc pyoviding aprdioraronexesudionr Cagacityoith éxeelfea
centers 198 are illustrat

The |t er not P o uhie, Uftrer  Epr BSEELE pldrEspalil Siamplis °

some enbodi mapk Semdi&ﬁ%éhtsTm 6efibee b@a:tvanrp@mcarsp&mcl tgpésldéﬁrtﬂ@ram
nunber of physical host conputing systens 175, physical co

systems 182, eaeuE@smanﬁmmé a:[%@r@wd@%@rﬂegan éﬂ PES@P’WN@ 3“160

o T 5 R o SR b .neé%r*\t}%a%r'fﬁﬁg“g‘%?e

conponent tOf)F@QTQQEEk@@ﬁanbamaxﬁﬂy et his r]:ﬁ'sw(:iedg)y aagl'mmem‘/lcmmplmng
other virtual machi ne nonitor such a]; isillu trattm& \ﬁnth res
to host conp@Pﬂﬁ@“Ws‘P%ﬁi‘Wﬁ?dAﬂP@ Yl ganngrs %Qi EHi el qi"? and

a VM nmanager WhehaResid ELRY nSarrcpsBe. &7
may siml arl y??{r\gc)?&ﬁgﬁu ﬁ‘p nl{ég, aﬁu@ tﬁgg@%ot her corrpone%t ?gare
not il 1l ustratmedking use of desned actual and official attributes with respect to one or

more program execution capacity metrics), may be controlled by
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here for the sake of brevity, and some or all of the conputing
systens 182 may optionally simlarly have one or nore such virtual
machi nes wtﬂéﬂq{m\(%snanager components (not shown). Each-ffisdhiGososst
virtual machrines provided by a host computing system nmay be used as a
di stinct computing node for the PES, such as to have a first virtual
machi ne conmputing node on a host conputing system be part of a first
conputing node group for a first user, and to have a second virtual
machi ne conmputing node on that sane host computing system be part of
a second conpdsbdigicdodeey dupvansus mannad yser,. bakeér oat theelyse iof

ot her enbodi nents, sonme or all of the physical host conPut' nﬁ_la?/Btems
at the data eedafinegaljiogets gnelarqgynaryically sparifigd JRpREions, cMays e
instead dire - act:_as,_ a ' n t hat ; n

progr ams. on B p “BefbelPTibRErCEE, | B3, <GHEHIE Akat S00E
in sone enbogragrats axacutiors odpddite ewdifidatiogs siret ease Idtdesmided 82nday
have differing capabjlities, ma qrgla\/e different associated fees for
use, may suppBierras Auspeng P?frﬂ%}s/ finigeANY IHEP aRETTQIINIGY | O QT Jpore
machi ne soft 'c;mgﬁ%i A e ' : PHSEr B&fodM t h
di fferent tygglgs%# res t??gté@dﬁﬁerﬁé%ﬂ%ﬁﬁ%r%%@péfﬁ?n%foirhgsour ce usage,
such as di f f entings patrtcekifp $he fjudniidy af dompnting nades itsa gratipetteoriibese

usage), etc. If so, particuyl ar, user nd/or_ their .

or ouped (e gexermblesa waiks ot EEeieflE pOiooneS and PRl tor e s
whi ch may f ughkeior MReWse Grnasit (AN Y apprictistedinit Peehessiiectchalriesi ng
whi ch conputing systens to seled for executing particular prograns.
The exanpl e thayabe vaedin apgde wariayrofi oibpusituatigns, el saEE dleviishiare 72
that may include.multiple networking devices (not shown), such as

SW tche)s/, ed gg?r&ﬁdetﬁ%gwand core rogt ers, w t§1 comput i n)g systens 175
and 182, t hedofiCMMHBDExdrap k68K Figok tAevaRRaEVisardUhet $B6waparecnsied t o

the internal network 172. The varjous host conputin systegrs1 7\%itﬁnd
ers;

ot her conput VAGPUS slesihsompating BYsems 1R §e (NtTACch Q¥ eioh JERUM

i ncl udi ng by i [ i ; #Rr
other 1t o) Bannedy PUBUEE 4 Bl e e A R P e o
and 180 may bemexafdht éuhativhalify arfiéhe PEfbeing prpeidédin this exampleniy an

shown). [0035] The il |l ustrated, PESSM nodul e 180 and P dul e 160

per f 03 m Eatt I E'L%?a?gn%“ﬁ?é'w?(%?crW%W%@Wﬁaﬁémﬁe gf% ﬁa'?’%ﬁ?ége

execution of «PEREATERAUR AY0S 2Pt SBEBPYLAEbrRRECBeibapravidddP i thiged
|

usi ng the conputing 'systens 175 and 182, as descri be n greater.
detai | el sewhramoplethgamilpatraiedubmbodionenitofng Rieg@m £xesHben dervige

execute one Qr _nore,prograns a I 2 e j me
enbodi nent s ﬁﬁP?F’g’f Q’Paéngg%’??eoW@nggﬁgfg%‘?@&fgﬁ@\qﬁgﬁ%érac H?gés\j\mﬁth
a VM manager ngiid Neit nidy, Ofdn eéxdramliag &fssie nRetieutar tusats dentdrfigaring
execution of progranms for that selected conputing node, or ma

al t er nat i vel graypseaftoopnpsstisgcsesie %%WWU%@%@@%E@&“@X#&[&@ ng

node. Users of P Use: I ] t 0 | ct
Wt the: el perkRte SRl Sedis EBMRMNG Shoue il (Bl She
conputi ng sygicps ahdossesifyidgh eriggener fodatse denbtersadidaticasahaking

wi |l be appreciated that the data center oMi ure. 1B i s provided for
i 11 ustrati vedptApEsBedBaatonsiRdheaMRingr it S 1R UHG FXRTREg

ot her softwa RS i : € Vi } SR in
ot her enbodi Frtgent S. oéi%e%xgﬁlwe, %%E I\}Inﬁolziu % Eggd%‘}r?g?g%hgésmﬁg%ul e

160 may i nst pearamspofohedestrssalitpougheinoothen eshodirenisatpeastngpreg sifens
external to the data center 170, ,such as c utin stens 190 2
or at a dat a*ﬂ?eﬁPH}PUi'QS_n?‘?ﬁﬁg#Feﬁi%ﬁr%t %Esﬂ%%&q rcgfttg' gwugfamﬂyeggf
techni ques f gfo\ﬁ@é&ﬁm BheR &R (8.0 RidReOdvaAapRUbY it Deeesandrat bar e
provi ded to execute one or nore prograns of an exa%e user, such as

t echni ques t titd-parfiebeseant snwpderasl goppuiing systens odlitreAnagest by
the PES). In addition, the PESCMM module 115 may assist in
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alternative conputing nodes to handl e requests received by a service

that is provided by the executing program(e.g., in order to bal ance
t he conput, ad..for the service across the nultiple i <
nodes of m(g%é#/gﬁp 3. As is illustrated in the tinmeli nePgrapHEdé(%gs,alt he

user has requested at time Ti that the conputing node group be
provi ded, and has specified an initial desired conputing node
quantity 215a of 8 conputing nodes for the group. Information 250

i ndi cates various user-defined triggers that the user has specified

for the conp@bhﬁ@ag@eogr%tecw%rﬁ@ggg doRfpitingendife glvRipsrthat ade in

request. In addition,” tineline grap illustrates nformation
about two exaspl and pptienally aftenpiingsieceptasgranytcmpytingsnadas thaf fail ge

tracked for the co ting nod that will. b S 1
det erm ne whé& 'E'trg’nD epp&sggpgv%@%ﬁ]egr%@g%ﬁ P@f?gcﬁﬁ él\?\h?'&qﬁiﬁﬂ {eﬁ?%ution
exanpl e i ncl gdBscifO MEHbasIH RiGBanédIdvels. | | zation 205a for the
conputi ng node group and aggregate average network b i

npL ( . arlﬂwll dt h )
utilization 2086l fTbe NABAKNHR i Mayndele PBRE. POagRURICY echpsible; o

the event El j AN ng| ' : to
it ate t he MK ike e EORETBbRAak briciateRE s ARG R,
(not shown) isnihizatde latarnspuln othenetebalimeptst dre nhbvarketOQ hay be a
initially includes eight conputi nodes, in accardance w {h? tp\g K
initial desi P@Ha@oﬂ%@‘hgsqmd%&cfégﬁf‘?w.e'I%C%r(ﬁ’é?ﬁtﬁoc?f,u'aﬁerﬁ NEMR

recor ded CO%isywagg%Egang%wﬁﬁac%éésisertotdaﬁ-ﬁrwmaééi der0dA il Atier S

simlarly set to elg ng nodes. As is shown in the tineline
graph 210, hewhcaimetisetha gétvoco PO magincdesorsr er more povalalnepvorks
i mredi ately avail abl e '

avai | abl e t h&"OFSEEE ﬁ%gﬁﬁj&égﬁ&%@ggﬁé L}ﬁf‘{‘éﬁlﬁ“%ﬁ%@dz%ﬁgﬁ ?rﬂed{%ge

group, incl ugiggsaKidMId eI PTREr FESORN RAceNecttsdnRy each Wtiudee
conmputing nodes by the PES or the user. In particular,, after an

initial timeshiwaminstdctansdhat pxecutd onoNEHEARreEoMBHINSCRHHYNE ANethe

rogram execution, cgpaci f t i e i i
onp! ot e at “BBRb Matdilort fthe 5 GRPEtfd, A nOSafil Usoubcihuting
Ti, and whi choges Meennaydetprorided s vafious maihnehe seich s atarpinglendata
nodes bei ng avail abl e. Accordingly, the act l]Ja| C uting nod
quanti Ly 220 CPREr AroPRGRa o 1P 3 HECUH RhERITRFISH GEMR-ITS RGeS s
fromO0 to 4 sté%l?tintén&strfbﬂtﬁp%@‘nﬁ?’ udihg | PERATBokHIpTENG " syBidths | v

the ti grap

t hereafter, nel 1 ne I ndi cales that the aggregate
average CPU whiibug distinct gtfgraphicaldocatiegat e aver age networ k bandwi dt h

tilization 205b perf h istics peai -

based” on opelWeBlol soTieBMEpamaTise e ety FduButdy Reres cieplfhay

[0039] In thiir%clé?d%’:‘“Pﬂ'u]&ipléh %y@ﬁ%l(&mﬁlﬁﬁ}? é))%%érﬂs PaRdMr SHeilteld virtual
(0} e C nodes O

perforns nonitoring t onput i ng the group in a
subst anti al | ynaahnesihetigravhesied onsarehor hate phisica CPBWERE systems (as

characteristics, 205a and 205b d th i no ity
220 i nf or mat iHASEERRE A dPR%Y d%%”awt&ﬁp%%hggggée:qﬂgnne?.g)‘m%gerg;&%%
this exanpl e copputig HodegMRotharesoré afholmibEcomgifing risonnest av4ilable
conputing node quantity for the conputing node group are perforned

only periodi feil $Xecuting PNELICrRJYPEFRMNS SHCH|a848PrevHE & iGmount

request ed nodj.ficatio in e i i i d
o por or m nal msrazal Fartor Shr SR AE ri bEReurkl o ShdmeAd
time periods Hges weetbihffordesiohedor artreialf, praoeksird icapatity ¢z gr, desnber

conputing node quantities 215, 220 and 225, respective|y. .
Accor di ngl y, a8dfarngiza ef PEecassiide §a1EL NMEMREY p‘@ﬁaaﬁay Qé%%?%io‘fﬂ%%ﬁal

changes 255 Ok SRR JeR0Ry 110! Lgiﬁ S4mbNenitRERHENSI thOIPES

group occur. FoOr exanple, a t hat makes the_ first
four conputi pgovideed 08vaiadyapl@jden psedisdiguead colrgngiagonodesat witls each

preconfigured computing node having equivalent or otherwise similar
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[ 0040] However, in this exanple, the eighth conputing node that was
initially requested does not beconme available in a tinmely manner,

such as dyg $Rq1/841ar dware problemw th the conputing np@lﬁugﬁﬁ%bbﬁl
initially selected (or instead in other situations due to only 7

conputi ng nodes being available at tinme Ti for use in the conputing
node group, with the eighth conputing node to be dynam cally added
as soon as it |ater becones avail able). Accordingly, an event E2 265
is shown occurring shortly after the change C2, at approxinmately tine

T4, in which anhsurESft %%hﬁse&v@%l@ﬁogiembuﬁiggMrbgnamq)uun' lbghah’)d@f i f
needed (e.g., if it is frozen in an int egsghate St at

initiates t hé‘sﬁfﬁa\ﬂmﬁeﬂﬁ PhenemboripHen tﬁ%‘&ﬁbdﬁ% r{'@alﬁé?l'fév ide\a

di scussed in 0 t

exanple, t hesg@ﬁhﬁdpfldﬁ ﬁdgt @B‘Eza rﬁhange Cpog&:dé&ufrl%nm?%_lbxéma hser may
corresponds tchoeskliforgedvatingiprogriane gﬂnﬁiehatﬁrqﬁdhe rigen ceh a:aJthh regch
node that 1 's SElRsHan i ISL UBMIE SPAUn FBSIG MPEN 6L CRPEREnTECHIE | s
not reflecte FRAe! t HurABEr of pkdo®ekinge
graph 210, ngr otierw se 2%1%%% I'n F?g%@gg%&ﬁgl?ﬂtstea% |$\ tﬁ "o

exanpl e, t he uaitsnamBant of gwprytand/ormstoragso pisitormneanfigueaiios, Egﬁh &d
E2b (not sho S that occur at or near the sanme tinme. In
particul ar, \lg%ebg’%gfbﬁoé%g an event E2a at tine T4 in this exanple
that corr esp@dﬂéﬁ] 19 thite iRistatdd Gnbedimeat,nade praglam gexezution t savicze
correctly (e.g., within a specified deadllne) and the PES

aut omat i cal | yvrwd@s durcfionaliafegemenapng N@FOUBH RnPN@Ort MPES FAMRYing
termnate thecsAk A ¢& QQéﬁ‘h?%Hgfe”ﬁseérgdeA%h&%cu ekCHh bediet bbalil 2

correctly. Fu rnore, in IS €ex t he actu ternination of
the initial elgwHersomputariogs ueds mbgtintecanumthathetnﬁssrdsubduleﬂ1@\/tent
E2a is itself treated as a seﬁwéate event E2b at _tine

aut omat i cal | PPERIFY iTAESSENER | IEHE e S o#IWPRg Ochqm%&F@pl%ésﬁemr
ei ghth conputl Qﬁaﬁr@g pl%tv?‘?ﬁ-nﬁrlﬁl BERgl of 1Y 8863, amdvarfridl émbediments,

correspondi ng ¢ that the result fromthe change for a
first event msagh wésmlrt:estatyr!msﬂeblfa@ at ﬂ’!@ctame Oé\aer@queﬁafpr exeaudion of

her ch d
nierr el at i BREMTISOBUTHEEATS 0B 4 CARE EomFLLE RS LSl of AR,

as di scussed ghg/d AR oldfbfd bt SRV kBch SWhsiesianisey m@al@ht@@m@?’
255, which was initiated at time T4 based on event E2b and is

conpl et ed at anidfe S’DB?*:@?&%’@SUWTH@%QI: theoRBSt i IR FoRRIBMEEd et Heom
seven to ei 9%@ g‘é'??ﬂ 8}%?@? ) O@p@{?ﬂ)&rﬁ%ﬁ %%Hﬂﬂ rﬂagﬁa{?&? 88Rtces

avail able fo ing no
to one or more users, such that users may spemfy mforma’uon related to

one or more programs to execute on behalf of a user (e.g., programs,
source code, addressable locations of one or more programs, etc.),
account information (e.g., user name, billing information, ete.), terms of
use, etc. In some embodiments, after a user interacts with the PESSM
module 110 to subscribe andfor register for services, the user may be
issued one or more identifiers (e.g., keys, tokens, user names, etc.) that
are associated with the user and are to be used in conjunction with
executing programs on behalf of the user. In other embodiments, a

module other than the PESSM module 110, not shown, may be provided
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10041] After the eight conputing nodes of the conputing node group
operate in the intended manner for a portion of the aggregation tine
period 26 r change C4 255 occurs in the actua

node quangﬁg}ﬁg@fdgﬁt approximately tine T7, pronpted btcﬁﬁ%%@%daﬁle
conmputing nodes failing or otherw se becom ng unavail able. A
correspondi ng event E3 265 occurs at approximately the sane tinme as
the change C4, in which the PES term nates the unavail abl e conputi ng
node as needed, and optionally automatically initiates the-providing
of a repl acengPerRMHPVENdIS tiond) rélatdd fubabscription araiioreregistratioar
to that previously discussed with respect to event E2, the event E3
i s separ at ed sefviegs ef @RESp| e |nto two distinct events E3a and E3b

(not shown s )g b I Pisoret he
PES records i@éﬁ@ﬁ{e}( g@es?qg% |ér)1 ft‘i‘:ﬁ? gégﬁgﬁa[]@%?tffﬂgg rges porr?ds
to the conpuicortpulindmddesnthedRESENEY naniuiavé rbaytde’&ermnm/whe&u&erand
the PES automatically initiates activiti es at ermna

the unavai | al§re acB#fieienheumRBeRC SQIBRULNY Ped Féé fith %‘éﬁﬁ’?@f Wécﬂﬁgﬁge
C4. Further W&Pstsartlsﬂnﬁgcur F J[ %ndtlhgott‘ﬁérp’EQSNPﬁ‘ .ﬁ&ddt@qoqﬂay %ﬁé’t@' e

conput i ng node the result of event E3a is itsel
treated as aexepaticit ef @nenor E&betpragrm cﬁaxathaca¢dmea’tmrt ﬁat@@raprlate

apprOX|natert| 7 the i di ate pragvidi re

CoRDuti ng. no ROk i oM DER Pt ER BB Br el t TAZAERE Mhgrs @
such providinp L@e%cﬁedﬁé& APEARIE for TS EREcURMEOMINd o Msteemdghems on
deferred until the harnonization activities Frl that are perforrred at

the end of tlaegmgzgr@‘gme onmargEopuIlting PBiRs, ey PESRMmegyle WG Ay

exanpl e, ch 55 1 d at t

Ceturne t he AETIE RoRBECRITRoRE SRl PRl B FefhURe
by the event ngdbs f@ﬁeié’tﬁltihgﬂh@@}ﬁmtmﬁm@wgthmdbe baemrafsom/famtthrabl e
for use as part of the conputi n% node group. In this exa t he

of ficial recdimas aaRIUNAYGeyd eq@i%Fﬁf’PW"?‘?B)f vgigly Comiiy aﬂ‘iqeﬁt
updated to Cg.%é;fﬁf%()u&ﬁfa?l &@ﬁ@%%er%ngftgeg@ éstvﬁtémﬁte%ﬁé“o?lﬁ%re

changes d - her e officral recorded
conputing nomumlﬁmsstgccﬂ% trmhebltusmmm embtodimernﬂ, #dhe SRSMrmativle
such changes, such-as to contjnuous ‘g}{e’fzp at edl y nmai n in the

official recdlddd uwahisder Bcﬁ"t?d@"a FignH rg?glfees.t Siregest
reconci | ed Wnttéé/ Faie gﬂ.@ﬁ%&ﬁt@bt@arﬁ@rmatﬁdtgexé@qmquwsutry ca8és, the

ot her conputing node capacity availability changes or events occur
during the remser migy re&ubmlé aa@agiedgmuea’t fdrniateseexanytion0 aAp rprewicysly

exanpl e, inclu g._none of C|f|e tri r

satisfied, aﬁ'ﬂ’g‘?fg By PARF &IPS ‘?E}ﬁg’iﬁ £§ &t [Jég?‘gl%%s %gfjg\gésr fees in
recei ved. ACGREGEAHbY wilth (da"®f Tthe FES, h@u@lﬂcbs)fbés@at ohi aenpmbeocbf
260a, a first set H of harnonization activities are considered, but

no activiti esomputingatisies wsetb @ te @Uﬁ?@ﬁﬁ“ﬂ@ﬂqd@é usech @afuratigh of
ff | d t 2
eepacti vl v e dné BBl NAOGRTUAE! Lied pakibulr 808fiofe ihat the

change C5 t o coefputiag riddes peafoehl(elal, &:iatatrputsfemgmdﬂﬂestdtagehetc been

performed during the aggregation ti eriod . 260a as.illustr in
Phi s exampl o 100281 VAStr & S RUPGPMe0n FOFS SPEPUH0 FRKes 7 Prghied ToF Use

har noni zat i on %%F%{,ﬁqjgﬁe\'ﬂr @ f&bré SnROGH SRALIFUT 4 iLgB; Hﬁé'd«?ﬂ’tﬁmlng

order to repla navai |l a uting node at that time eg,
i n conj uncti edel gh::.mnynayt bermdyaged dn axegiokiabiniainnprss hdrayesxarple, @se

100421 our ?Eér@%ﬁ Jucire g rrigaoVBl odtde L mad zabitorata e
events do oc s'tﬁ"i’ﬁégrouﬁ SRR dd ﬁi‘ﬁéfermﬁté Béﬁéﬁ*n#ﬁ:emrétttéﬁétldéc@ﬂﬂ s

at approxi matel’y time 'corresponding to an aut omat ed
det er m nat i orsooye bhell RE$he kamputing gedesRntigiignan astusl eemyudingfasle by

quantity or other measure of actual program execution capacity being
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alternatively could request that the updated desired conputing node
gquantity be set to twelve, regardless of the current desired
conputing tity). Simlarly, after further add |

has passeaﬂ?gﬁl %%ﬁt E6 265 next occurs at approxi mat eT(EIh?igﬁmiawéFH%?
corresponding to a determ nation that trigger TR-N 250c has been
satisfied by the increasing aggregate average network bandw dth
utilization 205b, as is graphically illustrated in the tineline graph
205 with a black oval on the aggregate average network bandw dth
utilization 2p5kdéd g thEh@ohiputieigr nddesNos abé sfragp.i olhe nadiualt p&mam
request to increase the desired conputing node quantity 215
conput i ng no&XScUiY capacdy ff ﬂﬁ%@[@éﬁ BRyJeangeds. g@}'n?%ﬁm%la ﬁBﬁé’r more
guantity 215 1T Fe e t u t ed
desired corrpg){ ?&%Eﬁgfgﬂégyréa% %n'%i) d{’s‘gﬁeﬁ@y% %eesﬁlgggltr' dﬁggéleo td h@d§t :
current desi et ceoiat |mgbmdmmanhét yoduld t &t5 an'&iyorperﬁﬂdl t vaicals

ti me has passed, an event,K E4 265 occurs at aPpI’OXI teI me T19, i
whi ch the usé’PeE@@Béthtr@ﬁWﬁ"ﬁ RNE REOGIGHY GXEHH ARCRP A4S B tB? ing
dynam cal |y i q e t ﬁ@n:wd, e
quantity 215?1%9635(&; ulfll lﬁgaﬁoﬁﬁu'éﬁ%r qgegt o[}g qfﬁggﬁest ed dem%dr&d
conput i ng nodeplgeament 9ompﬁnng)fnodleevtentheogroe1pt ior place mltpecwm\@nable

request that the dat e onpuLin de ant i t £

el even, r egaPHF'@é’ﬁR%f h @ﬂg%ﬁ?@s d'ﬁ%%lﬂﬁu‘{ﬁén%yo W&‘?{ﬁq’[w
This request ;RByt Bedaﬁﬁﬂlné@bc@éamhﬁaut’ﬂgsm@rqubhﬁtyumelthéwohmmm
that the aggregate average CPU utilization 205a is high, that the

total conput nndelgseup énuptiatecampfiiciah gecnsded geoppting nede a@stitygof tiec.

00631 Pl e RS kel oL 7 0p % LIPS SHaET, pscsal

pronpted by esgpeting hed@@qmautmyngemﬂcﬂlyoétci he group fal ling or

ot herwi se becom n? unavai A correspo%gl n %ﬂnt EQ occurs at
appr oxi mat el YP08He s afditiontheRESHM anpditke 1 gssisthip paBaAging
term nates t bl 0 d. angl e,
rat her than ??n?"re eir@ |n(r?1)|dt%| ?@%qghgaﬁﬂ%m?ﬁg&% aﬁé}etﬁig?éﬁéén?g
conputi ng nodeewcbuslgeme’teﬂ theus@ES sdeiatedrivitb she grong mauritavb praeiously
i npendi ng second_s %(gt 112 of har rm{}yzatlﬁn activitie re i b’ate
e 21 o° GPOSIIaS QaS T TS GHATIY AOUR=En Yiouers BrbeReH biReEie
time T21, baéﬁﬁmgnn@%edansﬁﬁ@l cna‘ng%%l Bk Ndad&RbaseNgRdupC FNiioudg
nodes being t efault action for any conputing nodes that becone
unavai |l abl e whed:lﬁed ncltsia are. )satisfiede | Furtbepaesi bire ghaleaghesome

gquantity of co es in the co d o]

reduced basef 'gt& &g?rrﬂ?ﬁ;' 8%‘35553’?&‘0?'? t}ié’ ﬁfﬁgb ﬁ%wd%bg%z%l
conmputi ng noesew bhﬂﬁgesb@o rta@d@;derahan ajfhiieire absutiated t complithg®n8dany
i nstead i nredi atelé initiate the providing of the replacenent

conput i ng nogEoYRed Va”qsﬁsféﬂe%rinﬁ'éfjm@épé?hﬁ"ﬂ@ th%éiuaemv@fa'éhﬁﬁpmufmg

Gorerring ¢ oo PLit BREES AL paborhafiddii HE EompbA3Eons ol the
ci rcunst ance nhtuld of ﬁm%agesiaokdtr@mstre@gcmmnmmuét gudntitygior i el y
to increase rather than decrease asqu{t of the har i i

{
activities HSOMpYERY NoKlengiouRe ABAL P igrdly RS MQRiARe ¥ ﬁ{f’hg@ﬁ?ﬁdﬁﬂl e

conputing no QAR the Widsiraa
t he user havf‘lﬁg‘ prr}%?&%/iepdaﬁqag“@r el ght co'hrrg]&'o|ﬁ(§1'd(;:1.g RF%% unt 1| atler
tinme T3; et copmplting hicsleeoqaaniite foi theacompuiing sode|groupo Sheh penodlc

previously discussed.with respect to events E2 and E3 _the eve
i s separ at edhﬁm‘ﬂmtzﬂkborﬂl ﬂ?%cfn“g%t éragglggan@%gggg%atlggov\ﬁquesteg

separately) thalifQaieHE #f tRE B&ﬁbuﬁ SR duafBly Tiats octire dofirg an

records an event E9a at tine 120 in This exanplé that corresponds to
t he conput i ngggEdatibripegodef Eotee duch akdrom balissastionref\atiel eionere afifiet he

predefined user-specified triggers and/or from one or more dynamically
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exanpl e, the request of event E9b is handled in a manner sirriilar to
events E4-E6, in being deferred until the harnonization activities H2
that wll for.med at the end of the current aggre i i<
period 26 ,ﬂgﬁ@ﬁ%ﬁgh i n other enbodi nents and situatigﬁgbgﬁéﬂbEgl
provi ding of a replacenent conputing node nay instead be initiated
imediately. In addition, in this exanple, the official recorded
conputing node quantity 225 is not updated to correspond to change
C6, in a manner simlar to that previously described with respect to

changes C4 andleGhieddlsbh tidtiuctiont Aetheasripet ienire petodf theahaediule 110
recorded conputing node quantlt%/ 225 may be updated to reflect such
¢ eami\

changes. [ 00443y Abeor detegmine awhether earl diow hie st dbgr dgereraied
e per 00 20t YR I B el i

in this case Q8 ations t € conmput 1 ng node
group. I n parcohfgitiag nddeey ity Baddd on theagdregaiigT ebthbeonidting node
requested nodifications corresponding to the various, requeste

desired conp@ueptitynsaedifietianst i edhe1mpdua 5210 omsy dhen 2gemP the
events E4, E 9 d e rr?% Y (GFi

aggr egat ed q%grrlﬂt;?fﬁ%aﬁr%%iﬁ (;[g?i %%ﬁ{e?t n@ %ﬁ%l esf%é% co gttlr}gngnor?c?de
quantity 215zuahtiieghby Whitistingetiy naggregatpgr egamputinguanoiey quantity
hodi fication in this exanpl e bei ngﬁan n reas& f fouP addi,t i onak.
conput i ng nod‘é@'%@t@.ﬂ?{: gad Lpdating Mg pfcianeeqon %(gg?mgp ing Bofle ALaBtityy
quantity modig ieats }.ew%fésﬁ'téd%ngfeﬂﬁigg%Pﬁ@%ubﬂti?ﬁhblpﬂmtr@gulﬁ%ﬁﬁmk

desired conputing node quantity 2 wel ve. I'n other enbodi nents,
t he dynam ¢ aggreggdaed deapaputing ywodediquaotityi owedifioatipas.de Fariereare, nin

ot her manners, such as tpo select the dynamc [ i

ooaif i oot on desSai whRAdRREErER ablR| cot A FHRNGY e i the
quantity 215&fidlaldeeefdanesmpltiny avasiquaRtty( 8t the ehd of @kdliting pedad,

i ncrease of one conputing node fromthe current actual conputing node

quantity), téhe dleemanization «oftther desied, apdofidal wearded gompyiing dkdeons
of events E4- . t i I @q;fe( f mhli

nodes fromt ﬁﬁ%ﬁf&éﬁ@(@?ﬁ%ﬁé?%ﬁ%h ?%éﬁ]ﬁ% e qﬁgrﬁc?%)c?’ to bgﬁg)dgn
average of tk@antgyesiodd thatud iitifiatiedidfi et iaggsegeied veornpuling Edde
(e.g., toresult in an_.increase of three cg uting nodes fromthe
current desi (wantdipadifingtionsde Priarped {9 Upegyedare HRNRACHA ROR BINGo
the request eq, guanhh oty Mitd Gk AR cdiredEsthBufifly Fbdee qBanity0 eyl t
in an increase of "nine conputing nodes fromthe current desited
conput i ng nodeodplant it wgy fustheakerfori gids pepodior haynaizativs acyitiest ed
gquantity nodifications of events FA-E6 (e.g., to result i,n _an
increase of trﬁ?‘:é%eéléfrrﬁtff’hrﬂf rAdRdime &ﬁé%ﬁﬁ%f}?ﬂﬁ? %éﬁp?er}fscg%ﬁ’??'ng
node quanti H(ea'gfw Hirh@' PHAFRRE andolfit BE B5mblSkd WelE YuaptityEéhdrgies have
considered to be higher priority than the trigger satisfactions of
events E5 andeg6)requestedk@ica first requested or |ast requested of the

request ed quantit dificatjo e - bl N
an increase ?031"]()?%91%?"{’3?%3#‘%%Mr@gﬂggégﬁf'Jr;g%(pt%hﬁgmguétﬁ%{lgawggsr ed
conputi ng nodg tfHRNEVdrts anaSPREEUNME pYdgrakt exedutionotapatith atianges shatnd
situations in which a user instruction event has hi_gher Eé\aiorit tpan
trigger sati $fcagrtwith resrantdo partipularcommiingdnds; greppac At S&ﬁﬂﬁ%}so
overrides an i i fi |0 i-Q9

sati of acti on b EIPERT HEHIRY SabRHl biide Mok HgBinosond fo
sati sf act i on dywanic pfageaman@eutiom gapkuiyngodificatymsdbat arennitiatesl pettieod
after a user instruction event is [eceived, gggpﬂga& toint

hi,
exanpl e i gnoreoque 1H8as ragikRaTiedic ahipauies 95”?@‘[‘%?[3“6‘#]%/5{'{‘15

that occur af SMSEL L NG L Ofh o1, S I OprRMEmt eldeuti
Furt her nore, c%pﬁb{' %Ilwé "(I'Iaxgdrrmp e,éﬁ‘{dr.g@h%ui?]ﬁ gnidrg%? uiglerag%dbg&f igci gl eution
recor ded conmabhoity ndemgeuaformateon FROnatice 286nittiringe periarmedvby toed

PESCMM module 115 (e.g., ta correspond to computing nodes that fail or
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indirectly caused by replacing the one conputing node that becane
unavail able with respect to change C7, in accordance with event E9b,
as wel | agv(py‘]lwﬁ gﬁncrease of 4 additional conputing ngdesc,iians03s
corresponding to % e determ ned aggregated quantity nodi |ca%|on rom
the events E4, E5 and E6. [0045] During the third aggregation tine
period 260c, additional events and conputing node capacity
availability changes further occur. In particular, a change C7 is
conpleted at approximately tinme T22, .in which the currently avail able
conputi ng NOGgnGHAY hkYoine LRSFARBRI dYofhey Bypds dftditétteal chiame¥ein
conmputing nodes, to reflect the five additional conputing nodes whose
avai | abi |'i t y pregraiméxecatiod capacitynfior tempuiing nade igretrs) adihednoddagdli ng

d tity 22 i dat ed di . i S {0 tipeline:
oo oan ! AP et A B T e B SRl B AL
aggr egat e avehassitpebrosikePar@pbasibilit ifoi zpatiena? 0&dpduityh cHasgease

after the change , With the aggregate average CPU utilization 205a
droppi ng qui GRMculareysate, i sighaas N ﬁCQQfﬁgn@HﬂglFéefrqulf'eoéﬁﬁ'leédﬁﬁ'é”em
average CPU uyti.li i: X d of
20% corres po#g{haﬁﬁ%ﬁ%ﬁ]gﬁ%sﬁé%?é@%ﬁ%ﬁ %F #él%&g%rétgg'gﬁaggausi ng
an event E8 {asp3gcAitholifiatthientdragdeingaedahpleriemattodimenhadl FiguogetA TR- 3
250b has been satisfied, as is graphicl%:aél illustrated (n tge

ti meline graggsoiedy With araspeshdonida vaato RS giiritis: YRRerge
CPU ut i 11 zat ligigaity fof Garibl (Iderd0R wifid ShBRIdABA! thit ¥Bi6Ss dther
request to decrease Fhe esired conputing no quantity 216 by 2
conput i ng noceshodiments maladxisteqbos eadmpdss i ineat leaspsoimagembadiments,

tity 215f of | t tivel | d . t, th ted
dostred’ compuringt ROHERG SR RGeS iecting Soriuig ip3harale lBea" ©
current desi ﬁ?&é&@@uahm%&d@d&@mﬂmh-pdrﬁ]@@bf héabhy et@h may be

addi ti onal change occurs before the end of the e:%greagatl on tinme
peri od 260c aadgppraidbiatferl yseibyeomer moserpisers. bsudnthagfonener more

conputing nodes of t toup falli . i 1 :
unavai |l abl e. PAOQIS‘F}Seé}S%ﬂB?quBS%%%}{ g%ﬁ&%@@éﬁgé%qra%%gf%% r@?éﬁl}n F{Lﬁlgg
sane time asnble wilhtreee s, origlomiriosd ot f¥svs t én mdditloas altheugh some
unavai |l abl e conputing node as needed. In a manner simlar to that for

change C6, t ketEEEneRissareressriged vilprasrest ian Progiam exeeHton seivice:
H3 of harnoni_zat ] LM ol N L g ihkRan
medi at el y P S0 bR ol WiF bl elib) ol uiioReat,
(e.g., sincetesipiudsSmamkies usedposmiahbge @ccksk éd watihas cfiver gresips eaf
gquantity of conputing nodes in the conputing nod oup will he
reduced t henf® %‘H%dﬁﬁeﬁﬁr&tﬁ%&w@ﬁﬁ iGPEH 'Wﬂ@%"’f‘%}"r?%tg&on'

i medi at el y IpbikRbaist e Rampict agoﬁ%rttﬁgeté gpb%ﬁﬁﬁﬁﬁ-rélﬁf&uﬁésﬁt]rdégde.

In particular, In a manner srmlar | reviously discussed with
respect to evmaitrsa¥be nEnaged fop use iy rovitiple Were may iselpde dbe folioming:t wo

di sti nct ts .El d.El O - sh tely ) i i anpl
that oocur aPeRiSERg Ao PRLTOT I o PRSIk e Hengnl aSUagE, ©
El Ca at tineglel denkidi SisRXBNREE tehidoraq dsapaoegyet eagdiiiteantaiy.i og

node being detected to have becone unavail able, and the PES .
aut onat i cal | yolatile irnemenacsueh t asRAM)t i eSS (BeUEd i HEYY {gssing
unavail abl e cg J: ¢ : h i: I h :
Furt her mor o, PGS RBRE: wPUF 1" Balrctiba phatiifes 18 .o 2Riod™

conputi ng nodgckdtal e Soafmunieitionas dirtuitd etegntddthbd3e imandgeehént
treated as a separate event El Cb at approxinmately tine 1{38 that
initiates a rcapakilfies: odediratedabandwidth conptiarngehiiETeiaiec HesYHesD t o
use as a repl c (o agzl] i \dred
Comput i ng nod B cNioet SaAbieg: B VR A ChTL BRI
conput i ng nodesruction eResutivresapladilititbeetcequest of event Ebb s
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ot her enbodi ments the official recorded conmputing .node quantity 225
may be updated to reflect such changes. [00471 Accordingly, at the
end of th i rd gregation tinme period 260c, the har i i <
activitiegwighgg%i?nitiated, and do result in changes ?QBP%@hMRRhI
conputing node group. In particular, the PES in this exanple
aggregates the requested nodifications corresponding to events that
have occurred during the tine period 260b, which in this exanple is
only event E8 and EIl Cb, and determines to nake a dynam c aggregated
quantity nodigd:sptFiQitel 1B lIR6trafdsin 8edotPfetdnmHticng progdent eastution
215e of twelve, which in this exanple is a decrease of two conputjng
nodes, so as Seb/iesmpaspenpravisiath ugingaoRel o uNPEhdatie SERisEs é%tplﬁﬁ‘j-ﬁ’&

node quantit f : Ni: ls

o tician e dnnS divsll coPitir bbms, M BaBll tiofft Yals Aok
el even and t \dgrancmopatingD an Gd@snple espsatiment in waicht APESSM mbdulee
harmoni zation activities H3. Therefore, a art of I;[_he har.moni zati on

S p
activities HIBOtapd PESGMM madsle 45@ 10/ BrodiamnexecifiPe fEN8es Manage
conputi ng noc H@d}[i \ Chnt desil ftisual
conput i ng no%%eguan ioﬁ‘yor%]‘: o%‘gﬁ%)r‘éieﬁf'ﬂréﬁ% ?)? t gqggﬁ fjg%rts gg‘?é:iﬂa
conput i ng nodenyaiagi $ysterhs edtethen pnsocmendre dataosenterse dthet Hiaistrated

exi sting computing nodes fr t he co ting, node oup.(e.qg., t
termnate th&*@ tcotresa 8%%% rmUﬁe‘?B&%‘f% e&&’é‘g}rﬁgﬁnﬁlﬁ&t’?gde,
optional ly aff ¢fe GRERIRH0BIcREF R 86 17 HaBCEMBS 17 DalnithisB@nalIE Sy
begun, and to make that conputing node avail able for other future use

by ot her usedsternsIH®$, provideaiascesaigptarious exteyapbearogutingasysiims.i gueh

Cnat Pectly AR B tr e S e B R e iy ARl ,
Wi th respect compmningtsyEins 882 Wehk mivalynétaerk egd esdyebe, deceeasnpleoh 2

conmput i ng nodes corresponding to the event E8. The PES further
;JEdat es thg epfasais neéﬁ@?kdé@fpmﬂlquﬁgOﬁd%ff?'?b’ar'l?ﬂqc?sﬁb? tf@nﬂf(‘ra‘i‘glg
e new updated. r u ; y er
e now UPIa SRS SRR BRAO A ool SR8
decreased by ome {0 a1 otal of Len Comutl g nodes. 1o ratleet Lhe
S y uti S

conputi ng no&¥StEAb tF@%‘%‘"&F_dfr?B t[onfgxgﬂg%n i(ﬁt?'n‘ﬂ%lé’ tapgﬁﬁnmgcggle
Initiated at Ld4mn T3bh; igsln%g%&ﬁ?é#ﬁnéﬁ*m%,cﬁm?ytlh RRAIIARAC oA B thdrg

220 bei ng updated acco n ot her enbodi ments, the change C9
may occur sulosherndatal denténsnilB areeliipstrated thet PG copoecteido data center

determnatio 0. e the ¢gh e, such as if,the conputi e tq be
renoved i s i aﬁbd‘f%&ﬁ? )}aneﬁdfgg’gﬁuﬁoqﬁ i tlegPeraﬁ?iWnBi%gsﬂ%oPEghlg &
conput i ng nogexl e erfM8dimdntd e the renoved conputing node is
tenporarily executing and avail able to continue perform

n
operations. [@e4B[Therexamopleidata qmtafeﬂ%@d#&eﬁtﬁﬂnﬂmh%ﬁ)fsigwﬁiﬁﬁl hest

Hl, H2 and H3 are.illustratedin :S.1€ l4iaBg
si ngl e point CPH‘H”F’H%, é&s{te@gl %%epgg%t?aelm%rﬁgéﬁqqigygfé% 163?’ aefIt]:‘EGSSWI
har noni zat i ofn@Rie igDI FIhEWES CGirded IPESCIM ploaiake 0@ of thepREBodndhis
time, and further ma% have ot her effects that | ast over a riQ

0

f
time. For ex&¥gMPle. Rosk coasuMing ofystemsody refld @ewéeomt%ﬂﬁ?e C‘H'g\‘é)fes
h § . ;

o Pl ated by gl AA0AEY Y D SAEBHAL TOVAPHEAHAND ddifboriirt 1o

whi ch at | eashargare thbdervitiyale snadhirer{ey. ora diyaegdsormay etber bédriual
al l oned. The PES-indi cated program execution. capaci-ty changes that
may cause sudhd NG ORQIHLRRH: r?é&’gi?ﬁzl'ﬁjg strafgd WQ%HE?%?“HPO‘@?%%O i on
capaci ty increases @aid/ Q,ﬁ?gﬁg[tﬁ?%sgﬁg Ghadfifed N77a2hRE AYNPAhan&gert he

har noni zation"activities (e.g., d new conputing nodes, to renove
exi sting conmetiptgentdéla. dihe. 9themhdgioronppidingasysteres Ui7Hbrmaw phmilarly

include such components, but those other components are not Hustrated
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| east some types of events or changes may not be allowed, such as to
not allow user-specified triggers to be satisfied (or by ignoring any

such tri g%zo?ﬂﬁilgsam i ons) during the | ockdown durati P@rmé’z'ﬂﬂfm%ssio
not allow user Instructions to be accepted (or by ignoring any such

user instructions) during the | ockdown duration. Furthernore, in sone
enbodi nents, a user associated with a conputing node group may
simlarly specify a cool down period that operates in a simlar
manner to that of a | ockdown, such as a cool down period of a

speci fied anpupd foPknd sk bhelevip!drdvionde bPSi 801, cafipitingl Betrhakes
effect at other tines. As with the | ockdown, during the cool down

period, at | ewmytogiionally\gimdady hevesns o merasyeR Virdlya! ieachieesiandRéd,

such as to n al | ow user - | £ ' r t, S f y
anor i ng. any M e Erm a8 (B0 ShePHELTach BRLREOTY SReeRbeRy
It will be apphafddtifd d hadst us@hsutdidd/systenemBizSbeaysednas od distinct
modi fications to conputi n? node _groups in other manpers_in ot her,
enbodi nment s. COMEULNY TGS, an’fhﬁth reehr as tha hapiesaoiyst é‘ﬂ'@@'t’ﬁa?eha{ﬂ%ge

t he program N Cj | \/ f i

comput i g nodeEPaHEReBREF s st aHbERTh LG B palorh, IR cBrEhiing

t he conputi ngode@dgrogpofur hafiet wweraavndr teethavef acsemunes vahabgnathine | |

be appreciated that the events and chan(gﬁgytiil | ustrated i qure A
) S!

are provi dedce@puiing pege on that PRIPB HO8EC NG ptemAe B%‘E L?EIF &R
changes and g{;}@ﬁbtiﬁ’%eﬁ@&é o&%%,gf 14 RESoR@Yush T eAlteMaBlA9! in other

enbodi nent s Situat1 ons” 050] Figure 2B illustrates an exanple
of techni quesnfhodiraentsradineadri 3l aft thei physioal hostuermpuating aysiematatdhet o

t he dynam ¢ copmputing node quant.i,ty nodifications previo .
di scu}s/sed Wi ‘Eiﬁgrpﬁg'bt?gtm?% rﬁgﬁ?\gdﬁknysﬁwagyﬁ%ﬂﬁ%ﬁ cfglgb %I%;% Instsade
aut omat i cal | Yir@&hf &&t"Bda RynuitinghedeBat eficutePESSY Mustal ogiams on

particular, Figure 2B illustratées two exanpl e database table data
structures thebalftafranerfbugat icostosmsr ot tomd?g. t SusbaEnere. (Resome

o BB G hE A b Bl R 108 e R
conput i ng nodmfering capabilities, may have different associated fees for use, may
support different types of user programs (e.g., virtual machine software
image instances of different sizes, or programs with different types of
resource criteria andfor computing rescurce usage, such as differing
pattems of IO and memory access and network usage), etc. If so,
particular users  and/or their programs may be grouped (e.g.,
automatically) according to one or more such factors, which may further
be used ‘as constraints and/or preferences regarding which computing
systems to seleét for executing particular programs. The example data
center 170 further includes an internal network 172 that may include
multiple networking devices (not shown), such as switches, edge routers,
and core routers, with computing systéms 175 and 182, the PESCMM
module 160, and the PESSM module 180 connected to the internal
network 172. The various host computing systems 175 and other
computing systems 182 may be arranged in various manners, including

by being grouped in racks that share common backplanes or other
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capacity availability changes that occurred to the exanple conputing
node group of Figure 2A (referred to as "G oupl” in Figure 2B), and

Wi th exanw(?%&ﬁmlgsswo of Figure 2B storing various i n;@f;ﬂ?fohf?ﬁoss
e

related to e exanpl e events that occurred for the exanp corrputli ng
node group G oupl of Figure 2A. [0051] Exanple table 280 includes a
variety of rows or entries 285a-285k that each corresponds to one of
t he exanpl e changes Cl1-Cl0 di scussed with respect to Figure 2A, with
various fields or columms 280a-280x illustrated for each row 1In

particul ar, iiﬁ'tch%HB% gﬁ@ﬁfﬁhé‘diuﬁ@sihFhﬁﬁéinﬂ@ﬂeg%éhaowmqudh@%nﬂm izl
("1'D'") 280a, an 5 Ob of the applicable conputing node group tog
whi ch t he cha@§enapbeeeonits, using ype opBBIES CPIMPHENg SYSEEH ERE AW

b1 oar am cxoedtiish e bsatesh BRSEAT /BprbS 108, EESGIM, lnug o
change, star tyeppmesddasiBsmedsf i dedditedofechhRuebangsdento manage
aggregation tine period 280h during which the change t akes pl ace, or

ot herwi se wi texemitian of meogramsgen igsouRss ot Fampytinguipgss ithat: AesPrOYiSH! o

is referred to.based |zt i tlVhL f it he
end of the aé‘&?@g%'[%l %O(r){HPM@ %ﬁ%g)ﬁaé@%%’eé%%ﬁ‘?&ﬁgﬁﬁﬁ %%%gg%ﬁ(ai
and opti onal lgfsewaidreusVagh arpdridianedmpatingsodm i sdidetst] taekseute one
exanpl e, row 285a corresponds to change C

o% é G ou J] whi ch
corresponds 06 EURaRERIAMS 196 BoMBEE I MF N g M.Jdﬁ?&t‘? gigva'Buppme

i nvol ving an j : i } it ke
TO2 duri gg agé@ﬁ!ﬁé%giﬁ%@%@hitﬂ%@%ﬁ% io??ﬁlﬁs;e gf%é?@o%@%%g%%gliﬁmbl ar
i nf or mat i on. \A0m2habzaonepdnant eor2 @tharnoiandger aompdneny that eewdrolsr

entries 295a-295m,t hat, each corresponds to .one of the exanpl e events
E1- E10 di scu$Xeautign nof spwems JO&P@&?&GJ%@E% Pﬂ”\?&%%ugoﬁel% s

col ums 2908‘%%%&\:5@'“al‘-rééthg@xé&fte%{éhpfd@ﬁémbnorpahéisé.iécaéd domnghiiting

exanpl e, each row i ncl udes unique identifier ("ID') 290a, an ID
290b of the awdki cdstre ofdhe RES @naotiee yrbows comphiing sysiems,isnipteract

corresponds, a,t f e e I ]

sour cepof t h¥ ‘g\/%'%tepgggﬁ %eo@&)ég(g‘f Sq‘iqpeé%%gﬁﬂg,ﬁﬁ ﬁiﬁyégg‘gegég?%%é?’?or{e

period 290f qurigi@ingityetenidiat vt thbaltesr gdtacentars dbBer wi se wi th

whi ch the event is associ at ed (tWhICh in this exagle is referred to
q

based on t he bf#BTdhillaes aRPERGIAGH thalshpiata craigr Figige Ry ispproyisled
aggr egat i on tfbr.rrﬁlueﬁéti\ﬁég}mﬁfﬁs%rga&%ﬁ?g%“‘?gf’%ﬁE@a%%%on%ices and

optionally various o particul ar user )
associ at ed Wwidther ssfavaredeusation nervices numspe phevided in [dtisst manhers in

cor T bsponds. el FEBRITETGIS EFT PreTP e ERS I MOTE ERAHpT RESCUM

Pode. quant 1 3O L e o B B e

rows i ncl ude systantsaextenfal torthe data center 170, such as computing systems 190,
192 or at a data center 198.
[06037] Figure 2A illustrates an example of techniques for managing an
example group of computing nodes that are provided to execute one or
more programs of an example user, such as techniques that may be
automatically performed by embodiments of a PESSM module and/or a
PESCMM module. In particular, in this example, a particular user
(referred to as User UUU below, and not shown in Figure 2A) has initiated
the use of a group of multiple computing nodes fo each execute a copy of

an indicated program on behalf of the user, such as to serve as
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[0053] In the exanple of Figure 2B, the change-event nexus ID
i.nformation 280x and 290x of tables 280 and 290 refl ects causation
i nformati %E‘H% 1'5% attributed to reflect relationshi pﬁ&;ﬁ&é@?&?& 51
changes an ev_en4t S. In particular, in this exanple, if rows in {rhe
tabl es 280 and 290 share a conmon val ue for the change-event nexus |ID
information 280x and 290x, it reflects attributed causation between
the correspondi ng.events and changes. As one exanple, as previously
di scussed with respect to Figure 2A, event E3b corresponds to the
provi ding of aﬁef@bé%ﬁﬁﬁinﬁ%é& it Banadaeh08sts résust by seoviee it
became unavailable, which is directly attributable to change C5

cor r espondi nég tootided rtas dhe i exgoutiag tPogram #-¢orpuePRp tRobalapee tthe

group. Accordingly, row 295¢e re i Y :

3559 (cor o RRPHHE AL RINR SEEICCTRPEe Wyl o Al a i ndRes bite
[0054] Convegs&lp), AhenugstGied Whihehtimslineegraphdsl 0f theadskrrypsfregaested
conputing nodes that is initiated during the harnpni zation actl%us'&l es

H2, does not ahtine &1 &hatdhe commting mneds; grodp hedkroydgd; APE fagiAPect!

t hat change. ' 4 ;

dynam o mod: PRIafRLie tormfiY e puamid 2 sabrIEobaRFRbdes for
conmbi nati on tie growpptinfdimatidd 259 indicétesvabus heertdefinecidripgensibatibdes
for change C7. As such, rows 295f-295h éc rrespondi R%an ﬁée@%%ﬁ{
E4-E6) and r8#F2B8% SPEBFIPE It AymeRih Hg%g Praiye Ak n
nexus identi ftﬁe[EEnitiéi%gggétmfneadaiﬂoﬁ,gﬁggm}a%hOizofInméfrate%Ainf&ﬁ%ti@ﬁ

the five conputing no that was a as part of change C7 was a
repl acenent nbdat fteo examplenpesngf meiermpace ehaaattetstiosaithaibivdl Wet h
respect to chan

e o Wth the initiation of .the. I ;
conput i ng noéfécg%q] ?&%&F&WQF‘S% Prosgy,an g@é?‘ﬂ# ﬁ’%"@s,%%’?@\?v&eésg’j"”e
(correspondi QghekifereNRNtridgd 2B00ar0walldfid, WINEH @5 rhRdexamble TeArigs
C7) al so share the sanme commobn nexus identifier. In other

enbodi nent s, aghragate pvetags fFWbitiizatione3Paz doreite OMBUING QONEIFOHRS

addi fonal COMMPOAPIRR AV FClRAIR, bAFARERY (R O BHitpe |

i mredi atel y ceplpatig tlbgeyievgi | abl e conputi ng node, the corresponding
change for that would occur before the ﬁnd of thge geri od 601% atrl]ld
the resul ti ngPoR8l hbriEsReISh tadheveyssElpat Re IduFaTeePdigdish © the

separately | ReddUd (&8P r%%%b&?fég%tiﬁgbthéggrwm Aokl e5AbuGAR MRl

sharing a distinct corres nexus tdentifier. In addition, while
the five congusumgmexteapleiRESdnet sitvey ihitintestmngepatinguinede igsowp far an

d [ .sj.ngl. [ bl e . d i Nk
cach conput | AP HaLabi MR YBebRa o i g addpe it BoeBRing: WA,

285 of the t #80 deditddi EomPuiiy! fodRaGuamhig! € lhhedanien, nex usficial
identifier N tﬁgtg |Ps currentlg Wustraﬁ;d Pg’: only row 285i of

aggregat ed checmdeCron@oBg] nddle ghantity 225 foi theicompiding| Rode: FEHpeS

are tracked in taple 280.that correspo net . o €
modi fi cati on?'mﬁ?r@oﬁﬁf’ier@ n@&%plﬁwgﬂf?({é%‘ b@%gd%%%&n%%@qeer graph
i nstructions sapdipivevat, Bkl sghtsemputingamides &ret nel actuaay ednadiately

i nadvertent changes to conputing node quantity (e(.}g., due tci
conput i ng nodwsilakie) ARyt drker wema diBe &R dPYIgIonnandi maks évalaplenthe

changes are detec [ [ VAo Sncludin

T ust rated SO BULRESRERS ol BB SR bt gl ol bl Bod g nciuding

provi di ng of Ha@ﬁigalﬁ@r]ﬂ?ﬂ?ra&@ oPpY be@xaoates)on eadrhofitpe dommttingmodes by

enbodi nents may be handl ed in other mann%r, such ‘a{s tohnot tr%ck such

changes and/ ¢he (RES@F the user. In particutar, after an initial fime has passed after
time T1, a change C1 255 occurs in the program execution capacity for
the computing node group, which is completed at approximately time T2

after having been begun at time T1, and which corresponds to a first four
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treat systeminitiated replacenent activities as events. Furthernore,
whi |l e the change-event nexus information in the tables 280 and 290
does not %éﬁdlﬂgﬂkﬁh bet ween changes that are di reCtlypéf/ﬁéfo%ﬁ’ﬁhe
to one or nore correspondi ng events (e.g., events that cause ose
changes to be initiated i nmediately) and changes that are indirectly
attributable to one or nore correspondi ng events (e.g., events that
are aggregated together and in conbinati on cause those changes to be
initiated, such as during harnonization activities), in other

enbodi ments 3p¢hs idiERr ERRP@Ihg RBdES R absildpidckeboramylyAthe actual
previously noted, the attribution of responsibility for particul ar
dynam ¢ pr ogrampelieg ociequeaiitid20thebigi trackad ifenibetiemp Hivanede@icHdde

group nmay provide vario benef i i ncl udi. i i.di

expl anat | Ons|r{c5eaasq§2fréqmg)§f§)£ﬁ§{hgé%mer hﬁ#@‘ﬁ‘wﬁﬂfﬁggﬁﬁg @g%%ﬁ%orgY
why changes gqgusft@d thSuiedelihespapai 209 irdicaass thdtutheoagdragatenavdrage may
further be generated and/or used in response to vari ou(i 1 es_og
queri es recelPdYutilization 2868 ahd agafegatesyeraae nalwork gan Wﬁdéﬁﬁté’&a o1,

i dentify whi _ : s _
ey b S Do8 HEMbf el EnbaBF R R o et Pabston
avai | abi | i t y opfhecnilablenswheputiprimddesgitieeigroupt a group, and/ or of

whi ch program execution capacity ification(s) or, other co ting
node group alPAPdlall this exampigettts F; @aﬁé’@tﬁ%?gj'&ﬁ@ﬁy%i H%FE& ed
events. As d'wa- | r I.QUGLE tRB: gfdi® MeXalSsubsiantaRyi on
illustrated in aﬁﬁgswzgﬁb aﬁgﬂg%nép&ﬂedesﬁone ?reé%ar%i s_m_?or tracti ng
and provi di ngonfirapossinbhhér, suah tthabie perfornfancaettiasacte fglicse2irprad

wi th respect the addition of 5 ¢ ut i nodes C e ' t.
change C7 inzé&ﬁuﬁﬁdZ 1S tquuﬂs&P”Fpé&gaaﬁpggoq%%@m%?bﬁr@g%%}mdg
nodes were aﬁ%‘i&aﬁw%dginarp@{ﬁtb%@hﬁéhﬁeﬂ IH@veR] it this BR@hpieN st latsti on
of event E4 to add 3 conputing nodes). By using the nexus information

i | lustrated someitypes ofgynamic Prgifisationhie the sempiing nedsiquantity for

aut omati cal | ner at. h - reada I : in
esponse to Iearepbfe hettiBR° B Be oo AT hRHoa bRl BfPeS o
conput i ng nogggregats espdagitngote clypageof reatiefiegumecdifications EESNQr

ot her system may, for exanple, indicate the follow E%f%éha%%? lg01
was direct | yagaiggationyespenof timne £60; apg teiperfpymareplizglion FGuhgR st
fromUser UU LALT : ti .dectBH S

i nformation #;[ay%ogngedr@bgt@(?g %gésuebgoﬂnr?é Sl rngggt%éelﬁﬁgﬁﬂgéidrﬁsgre?rh??tgﬁ['
280x from r oand86fickabrreespi@adicompluting haodee (antites d2t,i 280 ravd 28 of
the table 290 corresponding .to, event El,_ and extracting and :
formatting i Fﬁ%eﬁﬂ‘t"?lgn g??f’?ﬁjﬁnﬁ% (E‘g‘f)'g %rﬂfgtzgg%reﬂﬁﬁ nc}@g‘? PEgOtAG RS
(e.g., in a basHR hod¥ qRAMRY JfY8é ti

pr ef er ences, E?ﬁﬁgﬁ?lor mat eggsgg&ﬁoﬂﬁ%gégéﬁ%gﬁl ct) S, qet c“.ﬂz’.@ Si mcfjgrplu}/].?gi n
response to aods@rowpqoayt Fay exammie afldrdbe chbangs & lubet makes tr firsdn

El toinitiate the graup of .eight .c ug i PE r r
syst em may, %Qi’rr 895&{5&@5 Fﬂ%‘?%g"iw@"?ﬁg)f%l ?'39#3‘3’:%%* 5‘5/%2\9356%?) an 8{ ﬂ%e
11 directly egmpeiedhanapprédthateyOdinge dr @ rrecpange ©0hreasaddigonal
addition of 4 conputing nodes that was initiated at tipe Tl and ended

at tinme T2. Chawwgtngomdgasheceaiagavailahleofor JseodpRarhgh HiRiEeMPYEPd was
initiated at ti and ended at tinme T3. Change CO3 was the
addi ti on of g‘gﬁﬁ iI'ng node that was initiated at tinme Tl and did
not conpl et egoad)s HaweBE! inethidxampie, thes pightie donnpautingenodes duatswaas
to the cause of adding the five conputing_nodes corrﬁﬁgondin t,0
change C7 of imiajeunRster idoenist HecomRevalgBledma WP eV BANaSa TR 25

i ndicate the | L.ow ng: ... fha 7 Lhdi : v S
05, 206, E0SUans EnBE MR BRI cyiine ConBfng T BiaL 6, PRI
to T21. EvenselEledwry iasteaquipsbthiorsitdatoldi titertal ondy ip aoimpyting dwsles

being available at time T1 for use in the computing node group, with the
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informati on may further be generated in various other fornms, such as
automated reports (e.g., in tables, charts, etc.), and in a periodic

or ot her W@gﬂgﬁ smanner. It will be appreciated thatlﬁﬁ%momso s1

responsi b ribution information may be generate used in a
vari ety of other manners in other enbodiments. pmlIt wll be
appreciated that the information regarding events and changes
illustrated in Figure 2B is provided for illustrative purposes only,
and that the information that is stored and the storage of such

i nformation P &psp it TREdé Nod b¥aayriinvically @ldded aansvens abnit dhfeer
enbodi ments. Furthernore,” the PES may store a variety of additignal
types of i nf benemesravaiiable).udsosrdinglycanpeMantdsh8le i§rdepd PRCWTIRG:

nbodi nent s, h to_h j t . : i i
about User - 4EPPREGT Haerenod ket R G T4 kU Rch e S
i nformat i on, iapMdted %S oAGIEAMEIGETh ®Infputiigmdde itdekdéd(e.g.t Hét ipfrezedi ng

exanpl es of Figures 2A and 2B are provided for illustrative purposes,
and ot her enbo@nnisieraasigtegstatedr ang piiatesu thevyRviging nof ﬁereé’iéﬁﬁf .
For exanpl e, ; r : | ARRG b1 S nd
nodi fi ed basgﬁhm%éggaﬁ@ﬂgi&&%f %‘?o%gglégr%oﬁoges | nH%ﬁQé@ﬁi‘iﬂ{)ﬁ;@
such as if tHRyurarB) s tiey aixhalple tberRES ihad initidesl acbange &tidd aistihei ng
equi val ent (e.qg., having equival ent copputing.resources) t he

embodi ment s Wﬁ&hﬁkc%ﬁrﬁﬂ%@é tﬁ/r?éidér_’glﬁﬁ W?ﬁ@f iy oY 'P_&HiOé’%ch{)Eﬂﬁtng
nodes may be of .ol £H85Leais fo/PE Toldidted Hith A9 2RI Bighel Léipting obe .
di fferent anpbunts of processing capacity, nenory, platform .

speci fi cat i othatds addedaardl becomesvaivetalpe ognd s §uuchange &jfei isyats

tracked i t h ting node,. ] L h
enbodi ment s, FIEASLE B adHA CoT RS iy rctred piaaste SRR 21
or nore spechbi stHerRRE sHownif FGHRUEA NthMeStESn fikis etampld) the evpat B2

conputing nodes selected to execute progr ans associated with the
requests, anié s¢nmsateddgiscasdistipctaueptnb2a @nd;F2 (hadshowa separately)

correspondi n%aipoec%iu];' ia?%rtr}é%? tRE S%R{E)Hhiepglmﬁgﬁicular, the PES records an

event E2a at time T4 in this example that corresponds to the eighth
computing node failing fo initialize correctly (e.g., within a specified
deadline), and the PES automatically initiates a change C10b (not shown)
at time T4 to terminate the initial eighth computing node that failed to
initialize correctly. Furthermore, in this example, the actual termination of
the initial eighth computing node that occurs as the result of event E2a is
itself treated as a separate event E2b at time T4 that automatically
initiates the immediate providing of the replacement eighth computing
node. Such chaining of events and results of corresponding changes,
such that the result from the change for a first event may itself be treated
as a second event that causes another change, may provide various
benefits in tracking inter-relationships between events and corresponding
change results, as discussed in greater detail elsewhere, Subsequently,
a change C3 255, which was initiated at time T4 based on event E2b and

is completed at time T5, brings the actual computing node quantity from
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p0591 I n addition, in at |east sone enbodi nents, a PES or other
system may further performother types of activities as part of
managi ng g‘l;&#ﬁfmﬂgsscorrputi ng nodes. For exanple, as pr?&/ﬂk‘ﬁ%&fos@ﬁﬁed’
the PES or other System my determne to add or renove conpuil ng
nodes from a conputing node group at various tines, including the
foll owi ng: during harnonization activities at the end of an
aggregation period of tine in response to one or nore triggers
satisfied during the tine period and/or user instructions received
during the ti i Qdi j i obfBuBindl Sisddd mekbteki on
or trigger sgtg?es g(étléagﬁt’t %?H?sﬁégfa%?f’ﬁ'{égégﬁﬂﬁgtg?’m n%d to have

i mmedi at e ef keaitgblaforarse as part ohtheespamdingtnodeugrenat ed acti viti es of

t he PES or other St su as ta repl ace faile i e
and/or to teiWHa?“éeéﬁH]er‘:é'ﬂﬁ{;é’og'pé‘ﬁpr%ur??cﬁ?& Rﬁ&gemoﬁ%&%§%§§%£aﬂ
operation i Sohgﬂtéiiheﬁh'e Rliténddd niinnkf a6t oS pBRICANBP thaTeiyRegHtiba RS or
ot her system may further consider other factors when determ ning the
exact ti ni ngpeded 260acanetheneiangechs 5amecKrfyinibgaciial ggmputing node

nodi fications. Faor anple, i.n_sit | 0AS_ | i

hel d r esponsFH?BﬁV@?bt?r?gapﬁjé'%x’g?%gygﬁfeﬁﬁﬁﬁgmﬁé%&&gg&n@h?wgﬁ pr'f#oﬁﬁgs
for a given pgHegthifig b BthelrRise: bedbsingluneedaliiech ctaegmrmdirgr event
conput i ng nodes for t%e next hour), such inforpation nmay be u eAg to
det er i ne ti Fango® asuEs at GpRroXiEately dhasams dine@s g £hangg 3}1 'Po

t he conputi ng,« : r r4a

reduce the qg@ﬁnﬁjﬁego cgerrp%?léﬂr%g ﬁgtﬁé@i\ﬁaﬁégﬁecoaﬁ%%p glgggvé)l(gl Htg%%édlgES
or other systaath opiortiyeantoneaticaliywenitiatest ithe neraviding aaf @heepiangnegntt he

l ti iod (e.g., th f the hour for. which th
21 ¥ eady boen CEMBERa) sk ol BATUEAR. 1% BIRENRG PR Np Ul ACHBHSY
quantity bel Qu e %iirﬁgérs#gc’i fo VBRI It e I i sBpariied a lthis

near the tine en new nization activities will be perfornmed
(e.g., near tkemphalintd two gistincideusints Ede andr E3iy (natistiownessipssatsly) that

ti d tit di fi | i ES
or "Dt her sy s OBt e mente BT s, 0SB, SR ahtin: E38 &)
optional ly thgeoflriigithls éﬁ@@F@emaameqpama to the confdutiey ndue being
failure, but to not inmediately initiate the addition of .
repl acement detaoied tyhavribecoma unavailabigyrid thes PEﬁ@%ﬁ%@iﬁilea@ﬁ
th {ed 2 . A . :
i o 2at 1 ARy pt e 1o Bl the Bl liGBls St e, 89ch as

quantity for té ftﬁr@:ﬂgmd@e e chang®r®4 coFpdbénmgonepdesthist esainald, ethe
conputing node may_be used as one such reductio '

J at her t han
termnating iermiratian ehifecsnyallablg cramutigg node f§ﬁ{)%‘?“f? 66363 e e
embodiment s, oLB B52 B fatohem g@g%ﬁ@%%nfnm e litshbnied

il
types of nodifrcations for a conputin group si mul taneously. yAs
one exanpl e, irtistespuat i agpradeatghoupneail 7béheeimyadiatagesodding @fir Aent

desired conputing node quantity usjng ¢o ti.ng pnodes_at & singl

| ocat i on, -but"el?'ﬁge'ﬂ%tr %Wit@@?/d@ 0 @Mgﬁ/ 3 g&e&ngnﬁpﬂngfﬁﬂn&%ﬁ c

for the COW%&LQ&H&?C’@{J%@H&pQMgwg lhﬁtta arepReEhIdNE deatepitingd neubselil of
e e

t he conputing nodes o group ocated at a distinct second
| ocation. |f insdead hiee Pesfepiedotuntl thesharmaaizatiprer agtivities Ektthaheare

desired value for the, secon tric i i: ¢ i by
i ncrenent al | yeaﬁm‘ﬁ aéﬁ"f ﬁ@é{/ogﬁ}ﬁ)%ﬁqrﬁgatx%yé@gfpo&mor%du%ﬂg%é@%gﬂy’
second | ocat ijpmigRstaiipls, elTeRidd L5 BBl cunpleledat spprogintaisiyutimed
nodes fromthe group at the first location until the des] ref val u%
for the secofftnistume the astus @psputise nodecAvRRtty dp \BIghin i Eivefarse

ocation to SapevPabPRca i BRRERrdR ekifeRb R torihs aifkbte
group at the fsegsmds lpaetadfi ths .cofymhingndengoupl  Iadbistexansplaritieafficial

recorded computing node quantity 225 is not temporarily updated to
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conputing resources). Furthernore, while program execution capacity
nodi fications are made in some exanples by changi ng conputing node
quantity, v&(?zoq}/pﬁg 3enbodi ments such capacity nodificat £%65W059%1
made by changing He program execution capacity of one or Tnore
conputing nodes of the group (e.g., by replacing a first conputing
node with a second conputing node that has nore or | ess of one or
nore types of conputing resources of interest, by nodifying the
anount of one or nore conputing resources that are available to one
of the conputd Afo Bhdnge’t G1)C3,
[ 0061] As prtg\?ﬂgagwg??@%é %?4\6/%r§(??t?s{ r.ité‘;‘}"ﬂt()asﬂq%#ﬁfuncti onaq ity may be
provi ded and althedgibyinaotEs eémbadirients t tigbeeordgd dcerpputing node

functionality ma provided jn riQus . Ear [

embod mont s. BPOLYEREiRak dnae BTt 8P anel B EEhGhsy S o
i nclude mul t gl @nERIBUN NG RYBatedP 'maNERiN tthe oficial Fedmded doefaltingof
users, such as via nultiple physical conputing machi nes

i nt er connect edei quanidy @R5npra stalgvibekis srcopched vt theeWedatrgactual
medi uns that are capa o] nSiA ti ‘iﬂ?ﬂﬁﬁ t o] i;
machi nes. At clog%'?'%goﬁ'ég%f&f%@ﬁ%oér?p%ti % drrtghﬁrl ﬁg’s' rra@'gi ﬁeg%rremd@g
enbodi ment s eaalabingl eHanged fdrcicaehtsc aonaut | dgrnge| tiee demedmier cot the
execute nultiple prograns sinultaneously (e.g., syfficient V\(LTrTié)t;e%bl e
menory, non- ASPERdatienstipeagerioci90ay it dJis opxBrhEY ”@frﬂ:‘ﬁ'f]ga@%n stfe,
net wor k bandwyi.di. PAGE b S
conputing na\cghlg%@gd ﬁﬁﬁﬁ%rrgm sugﬁﬁgﬁﬁ)&oﬁf{%g‘?@ Rgﬁgﬂ%sﬁjewl ti %?eer
virtual machiimgtructiops bieing remsdsdt hAtcerdutglyreat time didtteaboing ond @b tat

prograns on behal f  of di sginct er., Furthernore. .ln vari

embodi nent s, t’&"@E@"%gg%&-e% Esés‘étaﬂﬁﬁﬁgaf'?%'%a M A7 ean'n%r%o%?%@r%?q’ of
mul tiple usengy gg%ctﬁ?ﬁ%mr@’ne‘éﬁ@& ShedtidreugesCiésddoachenahd official
users may include one or nore operating systemns, daEB’lél cations (e.g.,

servers and/ cecartiae rcosufutingr rodeppuiantifies oHkd, 220t an sTespephivaly.cae

etc. In addition,. in at, | t I r JLB,

i ncl ude exec@ﬂ]am?@hg@f%‘/\E@?FH@@@??SEE@%’L’Q?F@% g ﬁ%fdbrrggﬂi%n%g?amgese
that are bootablsildtle otbRbuiite hodsabhe ot Obeswr pemorened rduriig the
machi ne conputi ng nodes, and that -each may include operating.,s st%m
sof tware, sofag@ergatipor livge PeRohAGO2app| HlEeEHItEA 'ﬁrﬁt‘ﬁ %W%df‘p oul
confi gur at i o 4L SIRYxeq s oah ROk halrRindRBA asRiR sCRROMITMGS.
the executiof 6T ong oOr nof e pPogranB on a group of one or nore
conput i ng nocdggrdyationPlfenparidek in rdératee deplace éspamswaiabla compusing
execution request for inmmediate executjon of tho rograns. . . ..
Al ternati vel yioderRl tha gt et %W@%nfﬂ%ew&bﬁ“é{ OSE%’}\?? G qvgiiablity
pr ogram exec%hﬂg ) %H%fé R %@stﬁb?ﬂﬁla@@d Gﬁriﬁg’?]h%ré‘gér@gémﬁ?ﬁr’ﬁéq:aérm
t hen-future exec ?IOI’I of those prograns for the nowcurrent tine.

Program exec@®ah requests may be received in various ways, such as

directly froma user, (e,g., via an interactive. e Ok I
provi ded by tfmszF&ﬁhgf@EHFsﬁqggﬁpegwe Bgr'&?gﬁﬁ%’na%&%%%ri%%s%
program of a s el ahodeNetMatinC phftituldh] dnakeRent S @66C fifdt oncalrs oate
or nore other prograns or other instances of itself (e.g., via an APl

provi ded by tapproimgtelyieeetif.iiresponding, fosncatgmalgd dgermnatiogdys

Wb services),, PBrogr xecut i r e LOg e i ‘

it or mat 1 on- (e e < B Hddte TR (2R84 BRS ERh, ey Ahe Hereasing

nore progr angggietfdle averiyeeBRUUIHIRABOOR0SS, ey is apaphicdllyallpstegedin the be

executed, an indication of a programthat vvasﬁgrevi ousI% re iSt(SF)E[?h
e

or ot herwi se tingliei @aph A0Sk & firshPlagh Pval /D @ 29gfedate AR
program {hat \a5gddh 9858 HREU Ak $HigBdr PRACUMSfadiorliniialiacesadst

single desire r I'Astances;” as a mni mum and naxi mum nunb
of desired ins¢raaseshe desirdd caaputing nade guaatity 1% of 4 somputing pesiesf

for a total requested desired computing node quantity 215¢ of twelve (or
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[ 0063] After receiving a request to execute one or nore instances of
a programat an indicated tinme, the PES nmay determ ne one or nore

conputing , use in a group for executing the pr S
I nst anceswgﬁz%’hgﬁenbodi ments, the determ nation of t %’@@%Olﬂapsﬁé

nodes to be used is perforned at the tinme of the request even if for
future execution. In other enbodinents, the determ nation of the
conputing nodes to be used for future execution of one or nore
program i nstances nay be deferred to a later tine, such as at the

future tine Qfiefictivdly eBuBaRRfliean thaf Mémiddated htlsirkd &édapuRincael e.
In sonme enbodi nents, "the determ nation of which conputing nodes to

use for execupipotityobe gved tortweive regaitienss obthe shaent dested LOMPBREIbe

made prior tg request, tQ.execut ) . ks er,
Subscr| bes afeRr ST, o AR e iiel b oBiftal R HAEhASEEr B
prior to a regHESESIIBENSEWRUR aDaB®xINRitely tine M 18Fevrespomlitg to &
sone such enbodi nents, one or nore conputing nodes may be associ ated

with a user fetermiprtianotrabiriagend R-N G0 hag besnartislisd iy thgdnegasiiged
on behal f of t i ' des; /1TE
uring t hat FOSTastrtS Hyefrbel RERTR BEnistn RIBLAAT 9036748 1S brfiiedly
execut e sof t Wseratad irt tie tieline wraptg 206ewitieal bldck lavahddithecaggregateone
enbodi nents, the determpation of whjch co q%&i nﬁ nogﬁls?n 0o Use o,
execute pr ogPHREAASN NEBMeK Bf‘fj‘é(‘dﬁﬁ-éﬁ‘“ﬁﬁ(}mb ddNGhe NYeImore
conput!ng NodaRs@pi P infRATR S rBgdR 8| HERRSE! thNGediod BEARGHE Hoded
nodes becone available for executing prograns for the user, such as,
for exanpl e toastiyc@é pyoBr aompufingneodss, nfor ez ptotali neauastet desied

one or nore conputing nodes i when the ¢ ut i ng, node
unused and/ orcoﬁé‘tt'ﬂg g@rﬁ{%%ﬂ&ﬂ{% teg{op %h“?ﬁ%yﬁ?é‘%buf%&‘%@ﬁ
[0064] The d%ﬁ@hE’HQ@Hid&ir@H AW Eing oI GihtPBe et €o WiE régardless of
execution of each program copy or instance nmay be made in a variety
of ways, i ncthrlictgephsiegires camputina rede gugntifih/ diftereqFheehaddigonal
specified in_the.r o] ' S 1L ‘ -0ar ;
alr[:d/ or associt'hleeaagg’égg%%éﬂ 85%@"[‘{;2&?2% r?egg‘%lr% 88%3@%‘%%‘%%%?‘% T@’Iﬁgr
exanple, if gfidtethe ree debeiadedhf the pombeting hogledgaupr prpvidesd a

resources for execution of_ a ) . .
dynamically specified request to increase the desired computing node
quantity 215 by 3 computing nodes, for a total requested desired
computing node quantity 215b of eleven (or alternatively could request
that the updated desired computing node quantity be set to eleven,
regardless of the current desired computing node quantity). This request
may be made, for example, based on the user noticing that the aggregate
average CPU utilization 205a is high, that the total computing lead on the
computing node group is increasing, etc.

[0043] Finally, shortly before the end of the aggregation time period 260b,
an additional change C8 occurs at approximately time T20, prompted by
one of the computing nodes of the group failing or otherwise becoming
unavailable. A corresponding event E9 occurs at approximately the same
time as the change C8, in which the PES terminates the unavailable
computing node as needed. In this example, rather than immediately

initiating the providing of a replacement computing node, however, the
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programinstance (e.g., nmenory and/or storage; CPU type, cycles or

ot her performance netric; network capacity; platformtype, etc.), the
det er m naw(pﬂ%%%% appropriate conputing node to exec%ﬁpﬁﬂﬂﬂﬁgg@m

i nstance nay be based at |east in part on whether a conputing node
has sufficient resources available to satisfy those resource
criteria. Additional details related to executing and configuring
progranms to execute on a program execution service are included in
pending U S. Patent Application No. 111395,463, filed March 31, 2006

and entitledp .”Baha?ﬁxir?ée_ctklt it OlintlP" GH amfodhaidg!! éddrel GUIPHd e
Systens,"” which is hereby incorporated by reference in its entirety.
[0065] |n somarmchizdtiorativitideare mtiatdhk abtimect 2{t edgwbaked ve thesmsll g

PES, h that the P t , b | f of i
exchango. f or AHE®! BF et B it cott BB 21 habeliaeh Slayf iR
in some emboy gRANS. repRREMERY cBRpUAAG IRIickDoding RE deasifidactibrefor aimgunt

and/ or type of program execution capacity allocated for executing one
or nore progranpulingbeitsisfthet bacerserunayatiablg whikesivduesmh &Jae. SIPCHUY € of

Ctorage, an RRSORE SretRoR R 3 Rebuiy FEERLD AR, ERpDlnd ode

executing pregs@wilhet RRIUdEEbased 69 RogiThafhoriaaton faethatioRunbethe
based on other factors, such as various characteristics of

t he
conputi ng r edeRiper@enteempdting sede avithpehpamecdstcHn fhex %mb@a'%’f%,

based on CPU i Lt : G i & t
3201t 64- bite ey iedd iffieyRh oA EatoRhd et i 1 Ryflacament
on the basi s cofnputingr netly (f.guskadettar spots deferdsg ather ireplapement eofof
the service, a pri%clf%per unit of time that conputing se %I/ic s are

f

used, a pri cénguailahier eEPYINgY Noges; iR caRC tap ory not
and/or out, fefarihg me'brgagiacge sMgtivaRasIE, cBfplitiRgUBBEEs | Ih TRKke

detail below, Tfees™may on various other factors, such as
vari ous propeircumstanebatusdia theestesiad compuiing ande @vagtity keing ilikelytty of

execution, fault tolerange, etc.). |ln at, |least, s - | ,
provi der of @%ﬁrﬁﬁjh%ﬁ@"‘i e%§ %P@%?Fﬁ'gr?%ﬁgﬁ%@g%a@@%éyﬁ
and/ or | evel $,585d Y NbCESTeRIng theCidphitahidrt Jf Una@XisblE iodgnmutiagdeson
behal f of multiple users, and in some such enbodi nents, various fees

may be associimtiie ciiturnsianee waeitopthen fagtors.isusbasaiig) ier haydsaliyady
services. In _additi f l.en . f : L1 c
type of funcﬁachwjg rie?@‘ltpcrooﬁ'ﬁfeﬁgwgélo%as %@,‘ﬁgﬂgﬁ‘e&% ’t%&ghéﬁgggfezggﬁé%’ a
; irst ti elr_ f o ?anéhrﬁé?rtsimﬂaﬂﬁoi that pzfﬁvm?@;@mmdhumritrﬁrelagep?m ¢yents E2
unctionality (e.g., up to a specified first threshold of_ co g
nodes bei ng l?@écﬁg the el & Berapasates igiaByr) distiBet evenys Eda %EIQB
price tier) f | i M seRPaThiy. th
Plnct i onal 1 11t e SBEeHAPL et ol O Y o TS
speci fi ed sedHfl rédurds lzal evenmt Elangiutirhagritoethishexargplestba) cowegponds

Additional details related to vario fe ssociated wth. r Qgr.am

execution serQie® SEFPUIRE INAYELFRI ﬁ%?ﬁﬁtﬁé?ﬁ Ve PECet® AB?)W'%Q%’ o,

11/963, 331, fid qsEHesaphriicaly imPdds andiviiabi &1 amhe’ PROViddidithinate the

Configurable Pricing for Execution of Software |mages," which is

her eby i ncor pmasaitablecongfuting nvwle, reuchsas i idirgeifly cause the change C6.
Furthermore, in this example, the termination of the unavailable
computing node that occurs as the result of event E9a is itself treated as a
separate event E9b at approximately time T20 that initiates a request for
an additional computing node for the group to use as a replacement
computing node, such as to maintain the desired computing node quantity

215 at the desired quantity 215a of eight computing nodes. In this
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100661 Furthernore, various other types of functionality nmay be
provi ded and used by a PES in various enbodi nents, as discussed in
greater ‘d i | sewhere. [0067] Figure 3 is a block d'% <2z
illustrat ﬁ(gméﬂﬂégsg‘npl e enbodi nent of a system sui tablié %0/030331
perform ng techni ques to manage groups of conputing nodes for
multiple users. In particular, Figure 3 illustrates a server
conputing system 300 suitable for providing at |east sone
functionality of. a program execution service, as well as various
client conmput ReisURSSUIBY HSE fiaflert SiFiRF Q8" am
execution Se&ag%g@f%ﬁpﬁﬁqﬁggt hﬂ%&g“@ﬁ? tﬁa_t may be used by the
progr am execavénis BLEG, rebeimpdiedeimed uathihet harqajzstionsacdigics Ihi thad

i |l ustrated enpodi ment, th t] t em 300 has.
component ot il BF RErTEeR AAEs S0 of a8 PUSEP 248 BURpL SRES IR 2000,
storage 320, SpRddiPTRY bindFOemHofimd dissShid! SilidiioR caratprgalaingidude a

di splay 311, a network connection , a conputer-readabl e nedi a
drive 313, ansblatdmeent tor@pdiing cede3nsy (instgad ke kujaedrimmedigiglise I
speakers, etc.).. In.addition the illustrate S [ LeMB
350 have conﬁSA@ﬂf‘s'r‘s [EXPIRIE ﬁSs%#ﬁBIPE §%$Q;§?gcc§hﬁﬂﬁ-ﬁﬁﬁ;’t‘%dﬁﬁg¥nﬁ@80,

i ncluding a 6Py i3hbi UpdQetP AR FONESKD chayer 08, ¥P4, mandereimilay t857.
The ot her conputing systens 380 and computi ng nodes 360 nay al so .each

i ncl ude conptheimrevieusly dgseribgdwitaresnedt dmehanges F4@nd Ge. dHIRYIRERL s

illustrated wyt r \eRL: i ;
component s aPle o BRI B ofEie PEULLE HCRHAKRE, fidde qishuf122s
brevity. ppmfy rheghterns reffectsittogiiangdsxecut i on Service System
Manager nodul e 340 is executing in and it int Sir acts with

€ mepory 330,
conput i ng syﬁlﬂéﬂBASSQde}%V:3@@*%@”&’0%&?%@0989«3%9%8%% Mg, period
net wor k 390 eV " ; I ; VHa a
private cell g?gg’ tr?eet b\i%?r{l&%%%w%Bﬂ?{ﬁ?{;zoé&éa%i#g’n%gﬁlﬁﬂy%sﬁeu
PESSM 340 i nedsudtedn f dyreamiionadddificatiohst ted the ocempyiing nege afroup tilpl e

conput i ng nodes. 360 by variqus. users (not shown) inter in i

user conputi H@#Wﬁre %S%E%su'ﬁ’h § i%x?fgﬂ unty rggaiﬁgt ﬁtﬁé d'ggé\%éat%d
executi on semyqefakBRS $BeeBondify TESMAAus TEGUAsIEE Hesipdd dhihipliting
systens 350 and 380 and conputing nodes 360 nmay be executing variQus

software as pade qianiities246bi 3hsc. 2 13d end r quentsefc4mbide E& s8¢

conputing sy ne 0, may be, ex i \

interact w tﬁfggEggiﬁgﬂn‘{%gsgt_o’ mggé%acf)%aﬁ'ﬁé é%a ér.'!joﬁéeﬂr%ft%P.?b‘:_ej fricafton
speci al i zed @ itRatpridrdgedii cedpubng Pl ukntityuR h5a oft @ighhnivitiy the
and/ or request execution of programs on behal f of the users of those
systems on of¥n@nior@geredniedt GuRNtRe JegdiBgeation, i aihis RXaRR)e, PelBIvar
as to perfor o) 1. S i di | SLd8S j rigat er
dotail ol sowhSiEes éfif%rg&lgdr{?%r%qrm({%o%&r | Rodes (8.9, fun@'?it%]ﬁg b 3 of
t he PESSM nohrhest3tAhavgqlested quantity mcdifivadigas3 20 ,assinatorEspond to an

information 322 related to _confilgurati on, exec tizag aqg{vo!r th
registration upgateghsiant AgSiEpbe? Hﬁt'%nﬁg‘ﬁgp?” gFtd %_Vﬁ_sel'? g_, er
(nformation 3ftbdihahd the HMahRMhEYRGHID Y AARRC Modiftioh! Yl 8BS
for conputing node groups (e.g., information about predefined ,
user - speci f i ddtermined in other manners, such as to select the dynamic aggregated
quantity modification so as to maintain the prior desired computing node
quantity 215a in accordance with event ESb (e.g., to result in an increase
of one computing node from the current actual computing node quantity),
to take a smallest of the requested quantity modifications of events E4-E6
(e.g., to result in an increase of two computing nodes from the current

desired computing node quantity), to take an average of the requested
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triggers; information about dynami cally specified capacity

nmodi fication instructions fromusers; information about conputing
node perf  heasurenents and other information re sz
determ ni %&?ﬁ?@%g% fied triggers are satisfied, currehﬁ@gﬁoﬁj@?mf%r
desired, actual and official recorded conputing node quantities for
groups; etc.), and information 326 related to attribution of
causation for particular program execution capacity nodifications for
particul ar conmputing node groups (e.g., by listing at |east sone
events that eQuaHfityamddiicali®®s bf 208RsCRATFEE . &0 t6 aBBUNt iimGnnpdasmasef of.
groups, and associating particular events with particul ar changes,
such as in atmwgsneomuiingamodest fram dihec gewrent | destiegy reomipitingg node

el sewhere). [0 f [ ; ' {Qr
ot her i ndi cah“%ﬁi%’)’ﬁSttgﬁ%%Htea eclg gﬁﬁ?}é S@dn#rtgegrégﬂésggrr{g qgﬁﬁgﬁgﬁgﬁga%*&%ne
or nore conpifieNenizoEeEB M) g., ttbaebliSHMVanvdolcasd4d rdré evtrputing rotesor
nore conputing nodes for the group, and initiates, execu{ I.on ofiﬁéhose

programs on fi§sdhe dFHITRN! ndpsiGde somBHling MOdgaALAAY). tiRetabesap _ &kl e
340 nay furtlg%riw&e{ c%eq\yeg{édc&gg}%l RbdifdaRnsed dventdERLES 415 Nt €

execution of "I'nitiated prograns on the conputing nodes, to migrate
one or nore oésulhim pn doeraase o tee amputing vodes froonthet cugentodizsiredc0

or conputing systens 380, etc,, The,conputing,nodes 36 h .
various for rré’oﬁ'_ﬁ’”sagi QHBBWn’Enf%,é%J”& egéhz? djs?ﬁdﬁ"%ﬂ'g’?iﬁnn%x/ngér'sof
physi cal compyhiingrety/ Rl t%fﬁir??@%ﬂbri@ thaRBes trRfgey isklisrabtioresi @rsts E5

executing on one or more physical conputing systems. In sone
enbodi nment s, andeE8krivetakeoapfirst nenuastedarlast seanastesh i ithy Teayestedeo

may be part of a.data .center or_o re-gr f - i
systems, or HH?”EWHE'PW%@%% 8%ﬁﬁ%&gn'%&rl:rgﬁg%&bftgie%@?\?ﬁat% g ﬁgltr%%%k&gl n
addi tion, infeang HE9domputifg ridiescpdthanrtueat 348iredyoimputingetodei t h
one or nore ot her corrputi‘g_g systens 380 to initiate or term pate,

executi on of quAetiyr reppestivvgeiorsingere saboginenisiany dietiens n Wiikh as

L

(e.g., if the user instruction always overrides any requesied dynamic

modifications from trigger satisfaction events), the PES may further
prevent additional trigger satisfaction events from occurring during an
aggregation time period after a user instruction event is received, such as
to in this example ignore (or never determine) any trigger satisfaction
events that occur after the user instruction is received for event E4.
Furthermore, in this example, the current actual and official recorded
computing node quantities 220 and 225 differ, at seven and eight
computing nodes, respectively, at the time of the harmonization activities
H2. Therefore, as part of the harmonizafion activities H2, the PES
initiates the providing of five additional computing nodes for the computing
node group, to raise the current actual computing node quantity of seven
to the new updaied desired computing node quantity of twelve, and
further updates the official recorded computing node quantity 225 to
rnatch the new updated desired computing node quantity of twelve. Thus,

in this example, the capacity availability change of 5 computing nodes is._
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provi di ng conputi ng nodes for use by other users.In sonme enbodi nents,
t he PESSM nodul e 340 may further or instead manage access to one or

nore type %F ) ting-related resources or services (Qg «
progran1e§g£ ﬁ@ﬁaﬁervices (e.qg., persistent or tenpor§¢ ﬁ%ﬁi 30s1
storage services, nmessaging services, database services, etc.).
[0070] In addition, an enbodi nent of a Program Execution Service

Capacity Mintenance Manager nodule 345 is executing in nenory 330,
and it interacts in this enbodiment with conputing nodes 360 over the

net wor k 390. . t] [l i Wit t SEMM
nodul e 345 | rllri‘: ﬁ%@g J?':'St\}}ngcetijil 8Xa%piéyl®eﬁ§?e%efg% ni Pglr?ﬁé\%e C}EE%{BEerwi se
i nteracting winahaitide anithnespeciftotdhanger@itin rgcornidese 36t etttk asse

of those conputing nodes, such tq.deternm ne, current actual .program
execution capél a@bbﬁh%lw?ﬁ%aﬂgkﬁen@#w@m%‘? qsocqﬁ%omdﬁngt%
current perf iy badd §3amay TeSMRaHioRYré@ thensents B4l E5
conputing nogiégﬂgf&a com%g%li%ﬁg nogealgir%%up. As pc))revi ously noted, such
i nformati on magd B® stored on storage 320 and/ or el sewhere, and may be

used by the nmodul es 340 and.345 in variqQus nmanner Far anpl j.n
sone enboa miitds] Lnan ki soarrgaiv it FERBH 00 AoBRRh sTaatse
has fa! | ed Olgnat E@ﬁ'a%ﬁﬁg Waﬁﬁ@%ﬁ'dv@ﬂéiﬁiit@ecﬁangﬁs fipdtidr @bcur. In
provisioning or otherwse initialiZing the conmputing node to be used

as part of apediguari achapge Gf isugempletast at arpresimatelyitnedde. mehisben

ot onat ol 1% SRuBafif FRHEE PERRLAL ke Gl BRSNS MR,
with a new cesaubf fgeltd mpulingt fidese b oefle ths fivehaddithehal eodhhutimay

i nstead not performsone or all of the nmonitoring of the_copputin
nodes, such &9dps whrsenavilabilibyavasniitiaied Sittime, 1m1®d\dn‘é'ithc;ﬁgf?‘3ﬂ?q

anot her sourggwg,g@ﬂ ! FlHnt B 558 eI UTb& SREU iRl C ARAE Il ina

conputing no rrent pérformance characteristics
cor r espondi né¢jmsdine grape208| the agpregatey averdge P Uattiicatien 20Ga modethe

oroup, 2N el Yage e LR e ek i THOARHE AVERO03H BESRULLOT

after the change C7, with the aggregate average CPU utilization 205a
dropping quickly. In particular, in this example, the aggregate average
CPU utilization 205a eventually drops below a threshold of 20%
corresponding to a criterion specified for trigger 250b, causing an event
E8 to ocour that includes a determination that trigger TR-3 250b has been
satisfied, as is graphically illustrated in the timeline graph 205 with a
second black oval on the aggregate average CPU _utiIization 205a line.
The trigger satisfaction initiafes a request to decrease the desired
computing node quantity 215 by 2 computing nodes, for a total requested
desired computing node quantity 215f of ten {or alternatively could
request that the updated desired computing node quantity be set to ten,
regardless of the current desired computing node quantity).

[0046] Finally, an additional change C8 occurs before the end of the
aggregation time period 260c at approximately time T28, prompted by one
of the computing nodes of the group failing or otherwise becoming

unavailable. A corresponding event E10 occurs at approximately the
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[On] It will be appreciated that conputing systens 300, 350 and 380
and conputing nodes 360 are nmerely illustrative and are not intended
to limt ) of the present invention. The conpui <
and/ or no esﬂﬁggﬂgﬁstead each include multiple interac%#ﬁgs%ﬁﬂ%ﬁg?ng
systens or devices, and the conputing systens/ nodes may be connected
to other devices that are not illustrated, including through one or
nore networks such as the Internet, via the Wb, or via private
networks (e.g., nobile communication networks, etc.). Mre generally,
a conputing REHR MheUshRE chAARE TSNt RiithaRd MBS RPFRH4tES R Whavailable
conbi nation of hardware or software that may interact and performthe
descri bed typsemputingnestei anaepded. iina m@inngT sindilesde thatior fhiepge C6,

desktop or othe uters, d I ' h : i.ces
and ot her ne&%%ﬁ%@?d@&'s E’fﬁ@sg@ﬁ%ﬁéﬁ@s’{ﬁewrﬁ% esA;“:' %ﬂgén@gﬁ%giégr S,
el ectroni c opgantigerde INtiRedest amel TANCesthet ehayiisingetibebe dhitytet ans

(e.g., using set-top boxes and/or gers_onal [digital videog recorde&g),
and various &eplescroent foretheproanaiiable RAMPHHRY TPEleafheo fincg gvent

by the i 11 usTTaeRd port Eor g AAa) e T ot o

di stributed ite agehputiganodedgicep. wil iid aetdyced thegmaliobgli imeothser

o1 ovi ded andPBTDQATIER=:l: RSraRY (niged JrasPiagy Buiak ins Bpedhcs )
Lo 11 al SOuhe bl RhdtR:nota) 1R pfiduss ir & AiBhndf Sinkldrts it ed

as being stored I'n nenory or on~storage e being used, these items
or portions pfevitusly disgubsed witn sésracttb beente &2, mSrand/ Eanitieaviest E10

storage devices for rpgses. of .. r na nt._gn ta i.,nteqgrity.
Al Lernat i vel 5 senaethts TR B (ARt SuERG T KIBR a8 F08 foath B8
modul es and/ gepayasdifH ARYeNAAE Hifati JEcOBADSYNSH? (RS ehivertirfieV Thas and
comunicate with the illustrated conputin s?ﬁtems via inter-conputer

communi cat i oPESFgoonds aocwent 7 19a &b timepbed iniisexaypre at epregiondie
iy . . . . _
o ers. 0cR tP BT hoRE Ry SRRIMES 1 halle BELARE Ll and

i ncludi ng, bue HES ldutbinatcdlly, inltiRerachvities agtptimeaTR@ rtosteecirfdte the
integrated circuits (ASICs), standard integrated circuits

s ( ,
control | ers EBayailably cempeling Mpdes SH6RrasatR diris!y GRYFHHE chapde CS.
including m I d eqde oh | 2ES i
field-progr amgﬁﬂﬁ%%f eﬁg?rhgé;sém) q%cgﬁpﬁﬁ@%hgﬁr] og1rE aﬁl’l’rn"reabl'lmea Vﬁg%?[g
devi ces ( CPLPe)nputihg noBertbatorccard asthe resuftod evest, E$§a isdteslfdrahtadaa
structures may al so be s e.d., .as softwa instructions or
struct ured dét%paéﬂeae%'&rg}ﬁgrétr%g’dgﬁm@\géﬁmﬁnﬁgJEﬂt Qﬁaageshgrr gaesly,
a menory, a ?&iwhhditﬁhaﬁc&ﬁgﬁw AofBdbRHRY fidtberol Gsdd8s IR IdBendht

appropriate drive or via an appropriate connection. The systens,

nodul es and datrguing noter suchnas taanaintaip the desiied cerpatng Bade avantitiat a
signals (e.g

or opagat ed_ S23Raty tonaaSled EBDHT 21T, e, 56wy Hodds, ChP e

medi ums, i ncleugnp, theelegasstas edemnE 10b lie Hepakleinbasednnediimiar tand
may take a varletéaéf forms ( art of a single._or nultiplexed

e.g., as a s e :
anal og si gnakvesfr iﬁmetimg)d@fecﬂﬁgegcw!’éﬂ ék?%hgrmam%tmg@tyﬁ@s P dhaiayill

Such conput eg,_p r t t he: {1t
enbodi nment s. Bﬁcé%?éo[?ﬂr?ﬁoy?? #%e&gggggﬂ% %ﬁﬁégﬁgﬁggﬁggﬁgfe‘ﬂ%r aégltoiacgﬁéc\:/\/i th
ot her conput githsigt em otheri ghibadinasts pAO7Studfiopsr euch | prowidirigowf a

di agram of an exanpl e enbodi nent of a Program Execution Servjce
System wanagéepia@%meﬂ*ecameut'%éwsumauemﬁ%ﬁb%e pibgeddmmydiardy. I

exanpl e, exegubi ; ﬁﬁ%%l d ﬁé%o 84 b tingMheut 8dadtiyand

1B, respecti \%g%ﬁﬂaﬂil}lgge?ﬁe Sg%l Hrr@%ﬁ e 4@ of Fi gulrng , sﬁch as to

assi st i n nmaRagiisqaisedated toopgesforebipuhamge Rddds af oanosesiyilagdo
that previously described with respect to changes C4-C8, although in
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provi des program execution capacity for executing prograns on behalf
of multiple users. [0074] In the illustrated enbodi ment, the routine
begi ns at where information or a request is he
routine cgﬁé?ﬁhﬂgg’o bl ock 410 to determine if the recg{:@ﬁgio;{(ggaseﬂ-t
or information is related to initiating execution of one or nore
prograns on a group of conputing nodes, such as a request froma
user. If so, the routine continues to block 415 to obtain information
regarding the requested program execution, such as an initial desired
amount o Pr QALY ér&e LBl R TI e ABAEOGErIP $25
(e.g., a desire corrpu I'n quantity), optionally one or nore
programs to beaekeuptaid tarrdﬂ@qfttsluoha:hbygme or m)re user specified
capacity nodification ger u el se

enbodi nent s, [@4615&0895:{”‘@ | @ tc'?"ef Eﬁ%@ %regg F@ugest'?fgggo%f

conputing ”0%‘?@ HARALREZAfEY aeﬂ\ﬂﬁéé""l—%ean%oﬁlmafté/d VaHd QY FeSUPIERarred/ r

types of conpufing resources desired (e.g., processing unit
t ype/ anount, t}nermmyplatmgjmmﬂepgmdpor nins pediciasathe?ESt i this| examplek

420, the routine elects co S gelf he
group, and i A9 5§e| ?ﬁql“rea gs "ﬁ%ﬁ?ﬁmﬁ%o%o&g%%ohg gdt%oeSr%GL r%%ét
nodes avai | a%b@e“d&u?r@@ déﬁ’l%P ,th& Wle ASIiBY 2B0BVWAICcATh NBistei@niee ¢ baly
conmput i ng nodes and optionally initiating execution of the one or

nore progranevendt (8 exdchi . anrﬁedet@mnﬁé o gpkaedi Gnes agaregaiedred
program execu | ﬁPP aggf #%t!cim { rﬁ)‘? é:%%frgﬁi cSﬁu@e %'ﬁgda %ﬁtngfzfééeof

group as the%" progra cutron capacity for

the group. V%ﬁ@!vbhwmuﬂwfmexmﬁmﬁaa elean@iséadﬂtwofmmmﬂmgomdmmbf
of the user, the user may be notified of the acﬁl|abl|lt in var ous

manners, or ia§ o anETeseAnE P A HRIFIHE ceFept fesiEech sraRuTRg, 6%%'@8
an aut orat edz‘?% NGF tWh! hgﬂ{)r}ﬁeﬁlﬁibpﬁrtﬁétﬂréﬁ'éﬁi#@yahgeoﬁﬁéﬂ reEBl%ied

routi ne then—co tlnues t ock 430 to store infornmation related to
t he conput i n@orrqﬂmngrmqbe quackities rRP0nepdue’ -differci dti eleveni gybiweler

the group. [0075 i S inst ned t ock .4

request to i FP '59&9(5'@& f%ﬁ?eﬁfvéyg?etoﬁﬁ Bﬂﬁ‘uﬁ { Or%%tl,pg' ?%}Vﬁ%ts
received, theyd ourhderdastRagaront &ﬁ@%rmntﬂaﬂék 44Ritle’ BBt ehsi PES
whet her a request Is received related to nodif ¥| ng program execution

capaci ty f or initiatesisschangeciortbaourgnhofiisiaj computing ngge aupetiyRftiyvglye
continues 10 block 43510 fseel e andh SLagsd: YA Sabl 1r RS o

user instr UCII?B?I exec 1 on aci ty

an indi cated oﬂﬂaébuﬁ@npﬁmslrtctd?ﬂpm@en@d@uapadw df fesenidn), Bstasaibaémove
enbodi nment, the user instruction nmay be aggregated with ot

possi bl e pro@ngrefdhe syistiog cempating )V‘Oﬁlﬁﬁlfmi‘?:‘éf{ei SREhgNgde QFHHP (6@cur
during a curge %rrﬁﬂ%@?ﬁ% OB i Q?gﬁé?jrpﬁﬁé{?ﬁ] c;d“iﬁé“?émg(! ting

durlnganext tTne that harnoni zatl vities are ?orrre such
as w th resperdel optibeallysatidiSeciipleting tdoouglor iall atioes tbaﬁ)mmasealr@cm

I t h fied dif t tead .b
pgffs or ﬁgge i Smga@guc pgf gqr'ng,%) ﬁ%kaltﬁat ggmbut'n?ganloc?é] a{féal%%?es %osr o%i r w‘Ju{1 Sre %%e bye

other users). Thus, in this example, the capacity availability change of
removing one of the existing computing nodes at time T31 is indirectly
caused by the terminating of the one group computing node with respect
to event E10b, as well as by the requested decrease of 2 computing
nodes corresponding to the event E8. The PES further updates the |
official recorded computing node quantity 225 fo match the new updated
desired computing node quantity of ten. Shortly after time T31, a final
change C9 is completed at approximately time T32, in which the currently
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[0076] If it is instead determ ned at bl ock 440 that a request to
modi fy program execution capacity for a group of conputing nodes is
not recei W&zoﬁﬁﬁ {souti ne instead continues to bl ock 499,”{]9 0%&5‘3555’1 ne
whet her to curren% y perform periodic or otherw se recurren%

har noni zati on activities with respect to the program execution
capacity for one or nore conputing nodes groups, such as at the end
of a period of tine of aggregation of program execution capacity
nodi fication requests for such a conputing node group. If so, the
routi ne conti O 8o GOFREE bNEn
node groups fé;\}réﬁ?/\ﬂlbg%%%&@ rr?g%ét Iayg;ﬁ){ét?flg}dr%%ﬁa}%%yzg??on activities
(e.g., conputdontputindenagiosy frs réftect the computingygede atiase reeravetiirem thene

h ded and for which re . e :
T e e 342 o8 RS BT PO I 8 ct

sel ects_the ngxinARLEHBHECHUSHIP UL2MObdIAg CuSHAL®, abRBHGyYNg Wi tdthérhe
first. The routiang tfghen coﬁ?i nli;fgs to blg%ik 'jiﬁ?o to executggna routi ne

to perform r esobodimentsapie changmbhonay accwsulstaniially memedjately ghtme

eapect Lo Fiigth o el RS2 e e asdft R pontbdthe
execute a I oyjddeetd Be Refovemiatinimddiately withdrbes fromalutrthish attivitiefor

causation for program execution capacity nodifications that are .
per formed i n the CERMRIEDY DPdeh SEHE, SYERY "%#h%a%lﬁ%eé) SeMAEing hgdlg is
described in I i B A ck
475, the routPirEOlly BRodimgrf aleiaRESb coRfdpefotind cpRlatndc
are nore det qoodendd eRiitiont iwhilenibechamumisativo gutivitiessh1,aHa arfd 53 atee
routine returns to block 467 to sel ect the next ‘sﬁuch gletgrm’ r@ed[
comput i ng nod@siiatRihin i Skrmpte S oCAYTIBE PR PERH Reg &t MFo Pl &g
not to Curre@dg}‘?cﬁﬁfefdpfhré‘t %%Fri]é)@? QIChaidHZMNohCadtRAIST RIBl actually take
n-ac

har moni zati o ivities with respect to the program exécution

capacity for piaee ovenameriodnguimagamd dethagmoap Have miheroeifedte thatdasiad

continues to bl ock 480, tg. optionall er. -

i ndi cat ed opdP&l PN !Ods?fg‘l{“ -HEP&P?‘%%E%% @@gﬂg%@éfeo% @Q@%ﬁ%s e
or more of thg fobianyelTo progiant eNeasion capaalip ¢f bocampltingmode gtdupr
types of program execution (If _the provided program executi on seryvice

provi des sucihat arerinjiatast bythexREStMaY resulids 2 tegiparanydoghsionopeied i

singl e program.on S| C i . = 5

xoout on_ SaghbEt Finga Pods iR tvhah ol pidis UF ChaREinay FOLBL %A

i mredi atel y (FhedPESRindigied prigramt éxtution teepatifatieangesciial orayofause
particul ar indicated conputing node, such as if the C%Uﬁi n%?nod IS
not oper at i nYshopdegkdpwn gy nelydesios e cPregralg FPEcyhA P?‘a@ers
or other wi se ihgeaRdl LHa P HerAUBL IR ABTANERL AphRlof e hafhsmiaton
conputi ng node group; user requests to inmediately perform o

har noni zat i oractigltiesi {&.gs 1 t Add especicompuling i ndilesit éol NP | Pgstingde

group, such as in addition to or jnstead of recurrent har i.zat.l
activities (eqnputing %%‘#%rﬁgf%btq OraBrtoﬂWrPieé(gcﬁﬁ@ BEP?%&nggéﬁgﬁsfhggon
user request)srURRlaté@IVRARIGatby RPTIgbnLar loOHSPEBalSRniAbAB. QN a

related to one or nore conputing node groups with which the user is
associ at ed; reoqomsting nadepiarliite; necedpli ofissusestinsiaictien ssaligfaction\ar @ Wserf or

a user, such 25 MUPHgoBl' 48y, "SOLTIdRbLARs Rhy PBVERIHRR 8f LafSs
types (e.g., until a specified result or occurrence, such as unti a
computing node being added has become 'avai!able; a specified length of
time, such as the average or expected time for a computing node being
added to become available; etc.), and in some embodiments may vary

based on the type of PES-initiated change. During such lockdowns, at
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[0078] After blocks 430, 445, or 480, or if it is instead determ ned
in block 477 that additional determ ned conputing node groups are not
avai |l abl e Qutine continues to block 485 to optio rfQrm
any user B‘l’é%ﬁ}{gﬂ#& rei mbur senent) activities based oﬂ%%mﬂ%ag%i
information or request received in block 405 or as is otherw se
initiated (e.g., periodically), such as to charge and/or collect fees
fromone or nore users based on program execution functionality
provided to the users. The routine may further optionally perform
periodi c hou j [ ' 0948 dheds 1l ek
65, the roulineoRuRey RECEPeIAE oFenaRRaRay Abtoe LU Mers &
continue, sueliowsusetdgdeciiadetriggecs tio i nelisatisfierh (bo Hyeigmoniag earex &cighi on

of the routine. If it _is determned to ((:f?ntiaue,_ t he rggrti ne éﬁhurns
to bl ock 405irigaed satisfastiondnahpRR dhe Jogidoun #Etiony A09(RT 1 POLAIFW e
appreci at ed addi t4 onal, .t ype t i thveSaRBdnde r & gHmagsdrn
sonme enbodi rrgg't&ts ]g%@hg!oﬁﬁatt?oﬁg, %gg%%t@gsl(tﬂo tg’gtgr m%d; \a/\ﬁ)gt her users
are aut hori zadtiuctipes)f dunngathe datlkdowreqdigstienl ogewthermese, to some

i mredi atel y obt ai t f f t f t
oper at | ons. EMEONHERSA 1R ARSPrEIGs P 26 qonlREA ofoid, GPOS ' Aty
operations agnildi GRIEY d Bodltfovir bessdd ML bpiRed ifRNEintlr beamer to

perfornmed in a manner specific to a particular conputing node group
and a parti cthatrofasksktiowedsusieas aj ¢pchdewn pefinsirha mpsclisfanpury|qf

such operatigns Lhst e | i t

mul ti ploe corrgmq ﬂ?{ﬁ%@) 3 338%0%5‘565%@3@%%@%?@@ %fg?@‘gﬁ? gfe%angf or
from mul tipl itiSPesioardsveh addrthgMHencesledamn peried Catreaist sgmeotypes of
groups. [00801 Figure 5 is a flow diagram of an exanpl e eg@odl nment of
a Recurrent €4pRISi 0y chapgenimay i i ?%Lﬁ’toﬁ@ds(ﬁ}!ChT%%oﬂﬂ O¥a{/S¥s

provi ded by, Shetnsq 2foers 8°BY. KAkl (BF RFSSHLTRIAG? AR Hihel 20

of Figures 1R espective and/for t'h ul e 340 of
Fi gure 3, suehtisfactimms) biuringi tHeateol dowm gerivdk 47 @ilbber apprediatetdDthatn

0TS LSS b "t B SRR R e R FEkES

sel ected computidiGn AR HARsiPbindhiepibaARastst Y har noni zati on
activities gpg&{% Be perr?or med. In block 515, the routine then

retrieves i nfusaeaihus, mbthis marmenf thecPES opeietatetd pranpuaninexeegrann

capacity for the selected co ti no r OUP, C d he
prior harnon?fﬁ?li't@ﬁ‘_ G t‘?rgg'l_éﬁgptgo? ﬁ%%r% rgt 8a§e¥ec e@ﬂcﬁzfgn%%?l?%g
node group (@HclidiSg itBinhaldl vaidis tiphamrCobaridaivragta thee zamputing node -
capacity for the sel ected conputing node groul? i.f this is the fi Egt

har noni zat i ogreun basad er 2t vaiichapkcifameyaness | |t uillipe apprrcdied that t

subsequent LfJ.cat | o=t r i,an
capacity thg?‘g%é{ff’ %id %ﬁ??%ér)srr@gggglfefg @Eﬁs]b&éegg& ?’%dkﬁxﬁ%dﬁ?ﬁge nlager
nodul e (e. g. pusosdes®ily, et that gictad] esvenied, aiHangis landesthec bpemtidng wfe
7). The routine_then continues to blocks 520 and 525 to determ ne the

current actu#he BR® '_l@ﬁVld'écfﬁ”’?jémef@H’qﬂdHB?'&fﬁj% '8RS-capaci ties of
the el ect ed GaBPIid1g AURcHBAPan" SBRAAL HelennThBs OB} RIS

the current rogram execution capacity may Include, for
exanpl e, r et mitebidivyy catsatioatinfonmetion todse pyesrmsustmpsting sode guantigs
Capaci ty Mai ntepance Manager ule a t of itorin h

sel ected conpiRd! t‘ﬁB_ﬁe""Sg@Hﬁgp PEYR h&ﬂh r@?ﬁ%&D i ’S&f% as
routine 500 mayfhiRaneRay BEREShaR AN Henmeatbyaah udhbsdimaat by a
(e.g., by dynamcally requesting a PES E)am ty M nt enance Manager

nodul e or ot RESSMmodwlendn padiculertfog ilastratas twerexamiple dajabase
table data structures that store information corresponding to some of the
information illustrated in Figure 2A, with the example table 280 of Figure

2B storing various information related to the example computing node
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posz] The determ ning of the current desired program execution
capacity in block 525 may include, for exanple, retrieving

i nformati J.oi.ng any dynam cally specified capaci [ i on
instructigﬂgﬂﬁﬂgﬁgﬁave been received from an associate%gﬂggﬁi'gggﬁhe
sel ected computing node group during the current aggregation period
of time to which the harnonization activities correspond (e.g., as
previously discussed with respect to block 445 of Figure 4), and
regardi ng any user-specified triggers for the sel ected conputing node
group that -haugaaeeulanstity NRihgedoiRt ataftel OoN e chaRipIS Forrliiting
during the curfent aggregation é%rlo of time. Alternatively, in sone
enmbodi nent s, noHe group ioh Eigug 2/ getearkd ot as Eorupdt &t riovee 2Bararst withce

(o Thf or RABTSIF (bR 200er Sibe iR RIPr st i peto tiiie § R
Mai nt enance MeRR@R SVBAM thatSodtafiedOfor MPBI &kiiie &dsrﬂpj@migeﬂged group

conputing node group, or information dynam cally obtained by
requesti ng aGrespCaphigury 28ai nt enance Manager nodul e or ot her

Ctor ) i ; ) ' |

det er i ne-unditid: EXATRIE S SE0Tbelie b B Ri s oS 25 08k ¥

conput i ng NOgeatdRURcHeRpoHES Bbhy F alhe shkagleachmyesvEt-€10rdiscussetly

satisfied during the current aggregation period of tlerE. Af éﬁ?rl tlae

various i nf oMt respech t?eﬁ@f-’éﬂ/g&}a Wik ‘@Iﬁ”@nf‘el%fs‘?rr salugisg 2gHR-280x

execut | on CanRBirhiedTRY oheh Ak CTTLARKURY. [AG0ABRIUNY IR (BRSnALAETES
a [ s, as

requested pr m executon capatity nodificatio i scussed In
great er det aiuhicglesidehtfies (11D 280kemnt D 28Akeoithaepplicable sofmpiutigy deser ed

rogram execution capacity after any such r egat ca it
Iromd?fi cati on§'¥e t‘?m’(@ﬁ.ch [%98"5‘]3'3% Egrrﬁ?wgg%‘s?&?ngg?%ﬁ%ﬁg %rc?ﬁﬁrﬂues
to block 530 e&ecﬂ%@&ﬁébgyta%@t W inalRkaNes 208 SetheRReeridedt Reult of

sel ected conputing no oup I'n order to harnonize the current

actual , desi thel progtant ekedutionr eanmcity changgr uatieuse datals 2 &dgpakeouti ts

of {1 ci al - capaEAPgS Unt RBdc Ghe* asgl prh 280 BEiHe)ed o asEriRy
continues t Otimé)géri&ﬁéaoﬁ_cﬂﬁmggmbn thé&hangGeé eakesdplabe el atiergiseTwith
execution capacity that will be provided by the nodified sel ect%‘?d

ram

conputi ng notdiglr s cengaeisuperaciated UMhigh inithiscexamplecisy (rig

execution ca i of. .t A i 5}%1% o] d her
initiates t hg’%%‘%é?’gnﬁ‘gxgg@?ﬁﬁgﬂéﬁﬁaﬁwﬁ%@?’ﬁ catl %ﬁsﬂ%ete?ramoﬁle{gbi n
bl ock 530. Akygregationkind®perivtiy a ebangs-coantt nexuesiDx 28&, oid Sploreally

returns. [0084] Figure 6 is a flow diagram of an exanpl e enbodijent
of a Capaci tyaN/B'éﬁf?Wﬁfi'BfPrmqt'PFbutgén F‘%ut"iuﬁféat@(ﬁ).e"%%ﬁ?mfﬂ"’n y

be provi ded Rymebfind @ g F it BRI vilith E5REAdHRY th @ScotieHyeand

the computing node quantity of Group1 involving an increase of 4
computing nodes that is completed at time TO2 during aggregation time
period H1. The other rows include similar information.

10052] Example table 290 includes a variety of rows or entries 285a-295m
that each corresponds to one of the example events E1-E10 discussed
with respect to Figure 2A, with various fields or columns 290a-290x
illustrated for each row. In particular, in this example, each row includes a
unique identifier (*ID"} 290a, an 1D 290b of the applicable computing node
group to which the event corresponds, a type 290c of the event

information 290d about the source of the event, a time 290e of the event,
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of Figures 1A and 18, respectively, and/or the PESSM nodul e 340 of
Figure 3, such as may be initiated from bl ock 475 of routine 400 in

Fi gure 4. ) the illustrated enbodi nent, the royti I in
bl ock 605,‘,&(9 e?lé“lgt} obtains an indication of the curreﬁﬁfgﬁge e?:gt%Zd

conput i ng node group for which capacity nodification attribution
activities are to be perforned. In block 625, the routine then
identifies information about program execution capacity availability
changes that have occurred since a prior tinme, such as the prior

har noni zati o bt rfphEBghiA thehevere isikdselace or
conputi ng no%@aéé%?gg%h?ﬁéﬁﬁ%?ﬁp? ;?ugr?g d;L?i Pﬁg ]chang_e i nf or mat ?on may
i ncl ude, for ckemyse withewhichvihegeverftos mssooiatach dvhigasinphis Exrreple is

Lo b o PR B RSB TR iyl o
enbodi nents tije é%bﬁﬁor@oﬂngﬁ}éeﬁdﬂ'}a@ catdngedaiean nharus 1B i290gr rmid on

(e.g., by dynam c y requesting a PES Capaci ty Mai nt enance Manager

modul e or ot gptionally Yariduseetbetintemadiope:d i peRigtiar yEeT agqciagd with
0086] Aft bl ack, 625, th i i | 0
et or i ne. vihderarsh e i TeiDry A9 fstegve SkdmBly bd 20en

determ ne wh y ‘aval ty change

occurred, and:oirﬁesE@hdé?Q@teiv@HBEtﬂ forotGastip16 ¥hictOcheespomds tha revehiede
conti nues to bl oc

k 635 to identify informati on about progra
executi on caper tipstiggetion ehttinom T{%M’ﬂge%&ﬁ%ﬁ'%tt”ﬂgv@gfwg&ﬁ dhat
since a prior_ti h ri hdat heanBet by iGiRp1t hat
wer e perfornﬂgatf'%gr?st e?s}a ecci‘%ﬁ'egor?%ﬁ] P’ﬁgaggggéglr]oup@me iéﬁ%’gi fying
of the event iherbasedht hyors negmputigudedesor Eheangher, rowsr insludeg similar
information that was previously stored by a PES System Manager nodul e
as part of prdfIHANfunctionality for the selected conputing node

group, such ﬁﬁkjﬁuwdei%ﬂée%eFi@% appB, Wheh dHappeiveh? el 6 4
and 5. In blac , the routine thén determ nes an% of the )
identified eieforsatidrat2&0x aod | 300w dablesr 238p el RGLatadlectsbicapggtion

oporati ons. HBCFEBNS st p R as cSlest YO e gen B R B! o

i nstructions dyBats. SRERhftCURR, inMiRAeR&rBpROIIT @WBONdthegtabRsZET and €100, ) .
share a common value for the change-event nexus ID information 280x
and 290x, it reflects attributed causation between the corresponding
events and changes. As one example, as previously discussed with
respect to Figure 2A, evént E3b corresponds to the providing of a
replacement computing node for a computing node that became
unavailable, which is directly attributable to change C5 corresponding to
the.resulting addition of a computing node to the group. Accordingly, row
295e (corresponding to event E3b) and row 285g (corresponding to
change C5) share a common nexus identifier.
[0054] Conversely, change C7, which corresponds to adding five
computing nodes that is initiated during the harmonization activities H2,
does not have a single event that is directly attributable to that change. In
particular, events E4, E5 and E6 each requested dynamic modifications to
“Group1, which were aggregated and used in combination to prompt the

adding of four of the five computing nodes for change C7. As such, rows



100871 After block 640, the routine continues to block 645 to sel ect
the next availability change identified in block 625, beginning with
the first , 650, the routine then determ nes I
change iswdlgr?oel@#)ﬁg%%attri but abl e to one of the indivi d\llj\lg /‘e}\%)m/sb:%l
determned in block 640, and if so records that event as the cause
for the selected capacity availability change. O herw se, the routine
in block 650 attributes the cause for the selected capacity

avai lability change as being a conbination of the other identified
events thal weoreonsh ESHEiIBhRE o olbASEAER) aha rblvaBsi Efreshibndin
routine then%t’erm’ rges et hgi[ra there are rm?e capaci ty@gai abi | |gty
changes, and tofchapge &7)ralsshareld ootamgabnexuss iskeatier heuitsrmosech the

it ilabilit h . .Oh ise, th ' '
bl ok 699 and el ALFIG0aR ot ST & otByirgtiof s igr 4iRel %
exanpl e e”bog}lgﬁ%ﬁ citing@ €7 G E rEpRedieAd ndae fbe theCemrapiiting node that
Mai nt enance nager routine 700. The routine Eﬁvj be ?row_ded by, for

exanpl e, exeberame @tavaiablengiiviesasalte shange &iy witothe intiajionedf the
d 1B, tivel [ Ol 3 fedl ; h
2ot o msei of TeRiaHERED, EPRa0lnd, ABaS seesBRiig dorEimot d, OlcEordingh©

i ncl udi ng t o rewt 23571 (BErresiatRling te @vant EobY wndorowe 28k (doyrespanding to
avai l abl e from conputi ng node groups. In this ill ust_rattg_d enpodi nment ,
the routine 7DONgper Al aboi fhagnfen S8MSH SRIMMPTE XYY dFR g c uth Gher
service that I r; i I t

ot ogr ams. on SESER S TPHARIRNRY of W TABRERHent SopRKRRY I was
some or all ofitiated ih wveht B8l separateiyt inemribatproddingOofithg four pdditicnkld

i n other nmanners. E00891 In the illuitrated '

. . di t, .th
begins at bl GORPHIES NAER SOHRSPIRAIRALEP SHeTS E4Ee: sueh 5 to ety
gathering of 4Hbos RS I HRvAME CRMRithgNESodO R Sdrédponding"Brignge for

conputing node groups, such as contintously or otherwise in a
repetitive mimatewouldnbédus brefore theuend safetimenariod 260k end BgbesURBS: s

ot her nodul es _and/ or..routj.n y 1,63l . I 700
fo generate TMERGaIR Spuries FRAAMHAOVAE dhofT eatreld e peo,
Wi th respect wi aeRaftt iIFoH aan€ onmatt | adtinerts ®hatge ofshiarihgr est distinct

bl ock 705, the routine gathers performance characterjstjcs .

i nfor mati on foorreppending Mis@ss identiterpuhi addiioe while be iy gomputing

| ndi cati ons_gfgbhg, SUBYAG BPAGAIEP At InBBGR A ARFeGABAUARHbr
nodes bel ong, TOF lTater uUse€ in genetrating aggregate 1'mfornation for

t he conput i ngn acsheglgrowna. taflec28Mfinroniéni embodiynends eathecsputing vedeous

manners, including b l[ling the information by re st in
parti cul alr c&léﬂlﬂgﬁ%g%%sé%?epﬁ%%h?%ﬂ%& ?é?@t‘ﬁtgﬁof"ef%’.e ?% t{gegtggfea%%%. VM
manager conpopgan fo fvﬂfutcﬁ BhEN 3haPHY £5& HERUS IdEhtREF RE) thiP isPé@vardly

the information, by such conputing nodes and/ or associ ated conponénts
pushi ng t he iilhfstratedt foopntyooinh285i ofinggregat®al ¢hange Cheri odi cal I y; upon

certain types of events, such ,as _a detected error. condi.ti il
cause the colfhifi %@”ﬁﬁﬂ@oﬁo'%mﬁ BEHnP S © @%?wrfsaet.r E‘ggr’r@&ﬁﬁn%?glﬁltt% | e;
etc.), by norbiREb&SH Rt ¥R Ko idyAbie niificatioh§ 8 vhpating esde tantityage
by particul ar conputing nodes; "etc. . ]
based on dynamic user instructions and/or satisfied user triggers, but also
based on inadvertent changes to computing node quantity (e.g., due to
computing nodes failing or otherwise becoming unavailable). Such
changes are detected based on monitoring activities, and are illustrated
as events that trigger additional changes (e.g., the providing of
replacement computing nodes), although in other embodiments may be

handled in other manner, such as to not track such changes and/or to not
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[0090] The routine then continues to block 710 to determn ne aggregate
performance characteristic information for one or nore sel ected
conputi ng.no , ps and to store that determ ned inf i far

| at er use%&g}{g‘{;\%ﬂfor all conputing node groups, conpﬁ#ﬂﬁ%mﬁozodé‘%l
groups for which individual conputing node informtion was just

gat hered, conputing node groups for which aggregate perfornmance

characteristic informati on has been requested or has not been
generated recently, computing node groups for which individual

conput i ng node_inf S i e " e G

nodes in theg@ghpstyglgeﬁghé{g ghg@%ﬁ%}ér@%@_ aﬁwgﬁa%}gbg{%&%’r eci at ed'ln'ta Eeait
aggregat e peifHiletpe ctanlieeashiendalsi informationit thentabtes 260 gedaeatdedsi n
various manners, including when only parti al inf?rnﬁtion i s, avail abl e
regar di ng t h&ok SHpNOHIEYH egngthanges dhat gre difefvag B%Ut@?h 8819 g
or otherw se [ ' ndi v p IS by d

ot or mat 1 on TI0F SroeBend Pl Ueiite. g R LA TRAC Caeertisgh a6 o be
performance diititad timmeliately) anfl chengesthat aas indsregiiy atimdabledo @ne or

aggregated may vary in various nner s uch_ as to al col,l
certain typedYp GONESPABEING FVFBIS &9 %‘zﬁ?z_%ﬁ]aﬁEr%ﬂg%reg\é\%;@g?weiéﬁjf’ai n
embodi ment s, 4 Cboﬁgii#.%n Calbai Robd PafarRles! Bf BemhiitiRgd basesl & dufig
criteria specifie or determ ned triggers for particular conputing
node groups, hetrooniZgtiomectivities), vini btheb| eokediTeply suchrigfarmalisor ag¥d

in this exanple as bei performed in a sequential manner, it will be
appr eci at edn?‘Hﬁ'ferjaz?r"ir '{]%dbl ocks may instead be perforned in other

manners in sqEeE MROFISTRINER, nbied, examukiButiom of eagpanisitity fenparticuter
information gathering activities of block 705 may be perforned og a
conti nuous bayhamir pragsamce¥aduiios apesity enodiigatiohs tagyregating noae

i nformation tl d r mﬁi

per f or med onﬁg&ﬁéﬁaﬁ?@%yﬁ%éﬁﬁﬁeﬁ‘% @%T%C{ﬂ{égﬁl p?'?g t %@%ﬁ??or?es to

conti nues togblugek a&bciateddatitr theecamputiigomedeugreemt cictvbyl changgsam

execution capacity information for each. of. one. or re con‘gﬁ%%%gbnode
s

groups, suchogsusred.r ef§usht reas_P@l'j'ﬁ' dity qtriiop infgrmation, fMayg 6f a
group that aenchiic® Bt Al A0leBpoRdilhohaRees Ypcstsre@iee regeRes! es

of program exXecut1 on capacity conputing node group, and stores
t he det er m ném ntermsnat othar Sourcest srchuae a ralliest taddentify waichewenttir e,
in some enbodi nents and si.tuati

ns, the.routine f :
i mredi atel y @plae §24%H rYs 60H6|g“ﬁ’b'|a(5f F'id('ﬁag?é r@gg%de%%cgg?jémcapacﬁy
execution capasdifidatiofl o oBREPsHAMYS P EQalibIMp dfoonefdresiord Rwmputing
determ ned current actual program execution capacity for the '

conputi ng nodedgs oop, awarowp,i rng¥ererofe el nerasany jgxeggtien yRapAcHy

O Tici ol 1 onontEbs b o dipal ERDIAAY sRRerbly i) cipfdble)'ale,
routine thencapté®ngl dne 8eheuraiingBatitlyevaniaciAy disodsded aftharspectdger s

for any conputing node groups that have been satjsfied f an
conmput i ng nodéguieodBs te. gexusdaisamation dhsiraiah e ‘T"'%C%O@r iaéﬁ &S0

information gathered i Rlankntle ARdhALkRgIReAtHeviihg responsibility
attribution infofmation. For example, with respect to the addition of §
computing nodes corresponding to change C7 in Figure 2A, the user may
want to know why 5 computing nodes were added (e.g., particularly in
light of the user instruction of event E4 to add 3 computing nodes). By
using the nexus information illustrated in Figure 2B, the PES or other
system may easily automatically generate a human-readable explanation.

For example, in response to a user request as to the cause of adding the
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bl ock 710, and/or based on actual program execution capacity
information determ ned in block 715), although in other enbodi nents

such trig Jj.sf.action determ nation may instead be _at

t he end ogﬁgﬁﬁg%?{ggati on period of time, such as mthpﬁé%)zgwﬁ&(ﬁ?
correspondi ng harnoni zation activities that are discussed in greater
detail with respect to Figure 5. If any triggers are determ ned to be
satisfied, information about such satisfied triggers is then stored
for later use. In sone enbodi nents and situations, satisfaction of a
particul ar tegi r f el .t L a: L { i

execution ca%%%%%;m %%ﬁfﬁ&a% %O##P?hg]hﬁa@s%g?l t?dﬁéﬁFl Hfé?%'gmr}\‘c?d’:é'zs
group, and i for stherugfstempmag famesample,i indicateptie tojlowig: f F@kangsnCO1

tivit be initiated, dth tir t d
Cusat | on | niGRcH G B R R SLierTbq EVRIOED! A A TeRugst
PIO0! am exeC i pryEAPIIY Y ITIHiEieE 3 HBuRCls & Kbmpniapl Aeaéer | aer

use with respect to routine 600 of Fi'gure 6. nasinmlar
manner, the mdotaton maylbecgercsteddiasedioneesing Siehaexumipfaraabion i28§x

nodes of any_conputi node_ groups have been,.initjat.ed

avai | abl e f of™fth O“ﬁdé%ft F‘?fée%&ﬁ]gprﬁ &Jﬁﬁa% Eﬂh |dr%nbﬁ’a'l_°5"g§9 Iggnr@’ﬁtﬁg
failed or othahui 360 NQIr<zpBRYBLCEH Weht IER aReceitrdngeand donhattinge
(e.g., 10 minutes). If so, the illustrat ed_ enbodi nent of the routine
initiates thinfomaitinafrenprows B8%g and 296apinaaedesitedc BIARGET K8 Inolledf or

any such co tin e i :

oansat o’ | il habRtc, s bl et bR B tisot pfetErontEe A fomat

unﬁvai I ?rtt;i Id! bsés ohmEﬁw@fust etd)e Simitarig) Edressphw@antsegmqmab Bs I n

ot her e odl nents, suc rep acenent activities. nmm I NSt ea no )
FL ol B kgt

per formed i ntadhe refiant eletheniges Ingrygtion R igaipit € 9GYPef
I o _ . . =l
B ilce et

and/ or may ins by t outi ne 400 of ure 4. In
addi tion, asfgilamingf “EventiEQ1 agtimepl adiesatiyt caused \GhangssfGo1,sG@h and

unavai |l abl e conput{ng no , the,routi.ne y,further take acfions_to
term nate thgogga q g%ioﬁ’ﬁﬁtﬁhﬁgaﬁi%ﬁ%n E@.qonﬁgtﬁlnp P88%§ i(hll‘ﬁlt Was
runni ng but 'Frﬁtié{.ea%%@i%@?r\feénd end@QP4tirB . SCHahge GU2WAES thé Badition
routine in block 730 optionally initiates the imredi ate providi n_gaof

a repl acenenbf 3aopuputing mestis thet waaynitisiegatitimee Adduy endebaplimenis-

d t ' b Vee: 3 d
O oupe. but - aldangs G remadibh el TccipRil npde S GATRMEY dode
unavai | abl e, tigfdTh farkP didAof ebinblite Ml aidther exawplel isauspdrisento a

information that |inks that conputing node unavailability as the
cause of theUBgl treaies ?épt%é@%@ﬁ“sécﬂfv@qq}[?gIWeoﬁH%rCQJﬁ%‘émgﬂrémd?,s

such repl ace j:Viti NSt f.or i
med ate. marnipRa i 4 ERaRER CrT Rt 9N, B8 MRS TR BT
requests to fmditampleogrdicatexiee dollowing.aj€bange CHdas indivedily caused

performed by the routine 400 _of Fi 4, .and/ or ot her pes of .
aut omat ed deb¥rarentt FORs EREy Fbg %E\g@s%'aﬁftmf@a o g Reyiod
nitiate | MEdRAte108aRaes ERrIR Wi feilidstTof aPatdifichdl Yomputing

particul ar conputing no groups. In addition, as part of initiating
repl acement actiey based chawmtiafactiomvhirigaer #Redbmbvenh 506 avis, a renuasbiari ne

(e g 11t 2 addBRnol’ AmptpS oioecs anr ol meRviap ot Mkl R AgS ™

di scussed. i npgeRAERY WAL @ tedtleSE IS @dditiAal BtibIBngRBdES 18REE on a
enbodi nents consi der other factors when determ ni ng whether to

i medi at el y pyndmicrusersupiiedciosucticncfrom bises UWWh FeaifelPo ovasl 8cks

725 and/ or 730, suc eriods of time. fo i SROCI er
will be or héi‘%q%?@grf‘]’&ﬁ’gr’gB Fegﬁngr%oltﬁ‘W‘ [‘P&r@ %‘rﬁeﬂ]"ﬁ ﬁ%xtaﬁ&ﬂa{éﬁ
har noni zat | oferpahatidd ¥f BSconsh@ty Bekd ef B gasupoihae dethae umyvailbblect

In addition to or instead of such text strings, responsibility attribution
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[ soss] After block 730, the routine continues to block 785 to
optionally perform any housekeepi ng operations, including to update
stored in | Qn..as appropriate. After block 785, th ' <
conti nuesWé)ﬂEf%@EﬁmS to determ ne whether to conti nug(,:f@%%o?]d?(ggsm
until an explicit indication to termnate is received. If it is
determned to continue, the routine returns to block 705, and

ot herwi se continues to block 799 and ends. Wile the various
activities described with respect to routine 700 are illustrated in

t hi s enbodi :hei r I b f I a

nodul e t hat ngﬁ?%@%r@e ro t?ﬁ{eﬁeﬁotgt@cgeﬁ%gﬁﬁgrme%@d%mgﬁﬁg fggf]rg glflélrgl%ls'of
t he functi onautdrgatefl reperts e gr,dntables, chartshetgk randrinspeYodc SF viIes
nodul e or ot he%vvi sle conbi ned. {00. 6b It WIL b&: ﬁp?reci at ed tha%.“i n
some enbodi meAPRIYIRL FANBEN ond i“l"ﬁ PofPRERFAIST + HRT BT HESPULUIN s ed
above may Dbe sRfigMlisHe thibinAtdreh2! be YeWBitited el REBNGIRER of odveng
nore routines or consolidated into fewer routines. Simlarly, in sonme
enbodi nent s manrers it ether eonbodiaentay provi de nore or | ess

functionalit an | escr.ibe. C er LlLust

routines i ns¥°é’§2| ﬂa‘ﬁ’ﬁ' g? ?Wé?ﬁ%&eozﬂlaﬁ tﬁ%n%ﬁﬁjﬁgwt'&g?@ﬁé‘%&gﬁdﬁp dor
when the anmoyphngds fliusgiteanalFigyret IR s provideaviod ditlistratived parpsbes|anly,
addition, while various operations may be illustrated as bei nrﬁ'@tipn

per formed i naadphatthednfermatiomihat issigred prd deg pigrags of sugiuinie

and/or in a Ergew Pélﬂcﬁ?{?rﬁ%gq 2 VAR EI%[(.’t'hLe?‘iiné.H?'leﬁ'@‘?n %’Eﬁer"\%ﬁbodin}enta

appreciate t er “enpodi nent's e operations nay be perforned
i n other ordgushentote) tiche?ESanigr storéhas erasiehyl |afd additiphal dypesn dil
al so appreciate that the data structures di cussegeabove ma

b
structured i MBTFRGEnEDAYN IS Alh SRMBYIHAYMAESa HPHRY e¥rblat%g‘er
structure Sp'eHbdd%Qnﬁ@;” UER! & 0 tHavet A4EidHA StaBlesbihab aYeradinfHidtishe

data structures consolidated into a single data structure. Simlarly,
in some enbodboenusen-définedr taipgersd abaut imanitorac sedaynanasy measkenegnt
| ess information thanﬁl'hg"l escribed,, such as when other illustrated

data st ruct uFdeMHGL SETACCPIMSUEE such i nf or nati on
respectivel Y{uogﬁ] WheRiditen, aRd Wikcading Y@eanglks | 6ff Pigiedsd @A khat 2B sare

stored is altered. [f00_9t7] Clause 1. A nmethod for a configured .

conputi ng sysrandes fer illustrative purposes, and other embodiments may differ in
various ways from the examples. For example, although the program
execution capacity is measured and modified based on a quantity of
computing nodes in these examples, such as if the various available
computing nodes are treated as being equivalent (e.g., having equivalent
computing resources), other embodiments may be provided where
various of the available computing nodes may be of different types with
varying characieristics (e.g., different amounts of processing capacity,
memory, platform specification, etc.), andfor in which program execution
capacity is tracked in manners other than computing node quantity. In
some such embodiments, various of the requests may include indications
of one or more specific types'of the computing nodes for use in groups of
computing nodes selected fo execute programs associated with the
requests, and those requests may only be fulfilled on the corresponding

specified type of computing node.
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program execution service to determ ne causality for dynanmc
nodi fications in program execution capacity provided to users, the

nmet hod co under control of the configu |.ng
syst em of %)41% b’p‘%&r’am execution service, the program ef}gﬁﬂ?ﬁ%g@(}%gﬂ
service providing a plurality of conputing nodes that are

configurable to execute prograns of a plurality of renote users in

exchange for fees charged to the users, and for each of nultiple of
t he users, receiving information fromthe user that specifies

an initial gg;gﬂq duasbh! afleaeaag]a#é RehRRARENIs0 PES dribtRECeHien

an indi cated ramo the user that specifies nultiple quantity
nodi fi cat i onmayi fgghes pédornu stheir typest afraciivities asipagt efunanagieg groups of

Use by the. uSETPULEG ASRS: HESBAIDPEy Ao Pt BRE TGERS PhertRl ng
5 B I AR ol ST GRS S e o
node quanti t gomipatige rasiebgraupategariisi ﬁmeh,emqugimg tﬁg)e f@j@;ﬂ:ﬁ&;t%ﬂ;%gl "
trigger is S%%lil'ﬁs'lg)nlzgflon activities at the end of an aggregation period of time in
‘response to one or more triggers satisfied during the time period and/or
user instructions received during the time period; at any time in response
to a user instruction or trigger satisfaction that is specified or determined
to have immediate effect; at any time in response to automated activities
of the PES or other system, such as to replace a failed computing node
and/or to terminate and remove a computing node whose ongoing
operation is inhibited; etc. In at least some embodiments, the PES or
other system may further consider other factors when determining the
exact timing for at least some such computing hode group modifications.
For example, in situations in which a user will be held responsible for the
use of a given quantity of computing nodes for a given period of time
(e:g., has already been charged for X computing nodes for the next houry),
such information may be used to determine timing related to at least some
types of modifications to the computing node group. If the PES or other
system determines to reduce the quantity of computing nodes in the
group below X, the PES or cther system may determine to wait until near
or at the end of the given time period (e.g., the end of the hour for which
the user has already been charged) before actually reducing the
computing node quantity below X. Similarly, if a computing node of a
group fails near the time when new harmonization activities will be
performed (e.g., hear the end of a period of time during which requested
computing node guantity modifications are being aggregated), the PES or
other system may determine to update the actual node quantity and

optionally the official recorded node quantity to reflect the failure, but to
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automatically determning a group for the user of multiple of the
plurality of computing nodes for use in executing the indicated

program ofw(g NR14864; the multiple conputing nodes bei np‘gﬂgsztgu“ﬁmsﬁ
in

initial desired conputing node quantity, and providing I ple
conputing nodes for use by the user at a first tineg;

response to an instruction fromthe user, initiating execution of a
copy of the indicated programon each of the conputing nodes of the
group; and automati cal |y managi ng the conputing nodes of the

group during g i?ﬁﬁ%ﬂ%t&? iitid¥8 thé QEUkBA dfid é?;éée%r&%o%ph%@hoaémﬂd
time, by: during the period of tine, automatically nonitoring the
conput i ng nodiss rodnndreif dhe aggtegatiet ef diha cequestast nempeting: node guantin

Chat “at T easMaEasPas L GASRE My rholrr R AT Ut Rl ol edfey,
the user is $ahipthihghdRBSRMMY {1 ehe BFreIgThPMens heFBARBuUIRS hbEss,
d o?

during the period tinme, receiving one or nore quantity change
i nst ruct i ons the tailed vemméingtiede reay heiusedas ene &U&yf%iiﬁpt!@] rather than

;Pgﬁ:of ' ed re?éjr%siﬁatfm%rar?e g@ur%}nht%n?a.ﬂﬂ%%éd% &QHQl&éJbg nodes of the
[0060] In some embodiments, the PES or other system may manage
multiple distinct types of modifications for a computing node group
simultaneously. As one example, a computing node group may be being
managed at a current desired computing node quantity using computing
nodes at a single location, but the user may decide to specify a second
type of metric for the computing node group, such that a specified desired
subset of the computing nodes of the group be located at a distinct
second location. If so, the PES or other system may operate to meet the
desired value for the second metric in various manners, including by
incrementally adding any new computing nodes to the group at the
second location and incrementally removing any existing computing
nodes from the group at the first location until the desired value for the
second metric is achieved, or altematively immediately terminating
existing computing nodes from the group at the first location to enable
replacement computing nodes to be added to the group at the second
location. Such incremental additions and/or removals may be triggered in
any of the manners discussed in greater detail elsewhere, including to
replace unavailable computing nodes, modify computing node guantity in
response to dynamically specified user instructions and/or satisfied user-
specified triggers, etc. In addition, while computing node quantity and
location are simultanecusly being balanced in this example, a variety of
other types of changes may be performed in a similar manner (e.g., to
change existing computing nodes from a first type to a second type, such

as based on the different types having differing associated amounts of
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automatical |y determ ning an actual conputing node quantity for the
second time that reflects a quantity of the conputing nodes of the

group th actually available at the second tine he
pr ogram fﬁo?‘ﬁg/oﬁgbe?’r, t he determ ned actual conputing %‘g@%ﬁ%ﬁ’ y

at the second tine being distinct fromthe initial desired quantity
of conputing nodes at the first tine based at |least in part on

mul tiple changes to availability of conputing nodes of the group
during the period of tine, at |east sonme of the multiple availability

changes havi ngQNAingl rdBufcRSS OFlhdhor€ Hhil8 Tprvlierh dxaeutisecabaci
char ged,; _forn(.éeach of at |east one of thpew@rrul tiple cha_nggs fyo
avai | abi | i t y,madificatinriscalel yadetinisome ayamplsisniey changise compuiing node

O RORE P oD el AR S

the one or myfeckBiRyihd tibe Phodac RSt taRwitlraManid er usse; computing
nodes of the group (e.g., by replacing a first computing node with a
second computing node that has more or less of one or more types of
computing resources of interest, by modifying the amount of one or more
computing resources that are available to one of the computing nodes
that are already part of the group, etc.).
[0061] As previously discussed, various types of functionality may be
provided and used by a PES in various embbdiments, and the
functionality may be provided in various ways. For example, in some
embodiments, program execution capacily available from a PES may
include multiple computing nodes for executing programs on behalf of
users, such as via multiple physical computing machines interconnected
via one or more networks or other data exchange. mediums that are
capable of transmitting data between the computing machines. At least
some of the computing machines may in some embodiments each.include
sufficient computing-related resources io execute multiple programs
simultaneously (e.g., sufficient writeable memory, non-volatile storage,
CPU cycles or other CPU usage measure, network bandwidth, swap
space, etc.), and at least some of the computing machines in some such
embodiments may each host multiple virtual machine computing nodes
that each may execute one or more programs on behalf of a distinct user.
Furthermore, in various embodiments, a PES may execute various types
of programs on behalf of multiple users. For example, such programs
executed on behalf of users may include one or more operating systems,
applications (e.g., servers and/or other software applications), utilities,
libraries, etc. In addition, in at least some embodiments, such programs

may include executable software images, such as virtual machine images

51



for each of at |east one other of the nmultiple availability changes
for which a single cause is not automatically attributed, the at

| east one {oaYal | abi ity changes being distinct frp&%%l%ogﬁast
one availability changes, automatically.-attributing a conbination of

mul ti ple possible causes to the availability change that are

I ndependent of each other and that include one or nore of the at

| east one quantity nodification triggers that are determned to be
satisfied and include at | east one of the one or nore quantity change

i nstructi ons yh40sRet BsbtHSIEr or aiherwise loaddBle\undbid or Hebreavittaalsmathinge
attributed single cause for each of the at |east one availability

changes and sbmpgnatnodepuard thranahanay indedegperaiing watea softyiereach

of the at | eas}. gne ot her LLability £ ; the
associ at ed féggtwf"ger f?%ec’%gt %1\{2‘?8?@ s#r%'xgﬁéﬁﬁgggqaﬂ'i Ey %ﬁ%’tﬁges Qh%é]bﬁ

i mput ed to t hgoraslion, B@9sa] C ause 2. The nethod of clause 1 wherein,
for one of the nmultiple users, the determ ned actual conputing node

quantity at (962k&tcideepimsome eprodimants; HBS | SXQGUEPN o&s PREgr more
COTPUL 19 TOBRdHAR 1 4 80n bl ok B nalod PRLPES (R boct
for the one us#atefir tmreqpednsef tona currenr exetutidre retjuestador dmenediate
quantity mdie];(jag&%cjnoé} thcﬁéeg 8%9?’&%2? Bf\]t%rrneatﬁfg} ’e;hrg {r]'nﬁ%tion may be based on
a previously received program execution request that scheduled or
otherwise reserved the then-future execution of those programs for the
now-current time. Program execution requests may be received in
various ways, such as directly from a user {e.g., via an interactive console
or other GUI provided by the program execution service), or from an
executing program of a user that automatically initiates the execution of
one or more other programs or other instances of itself (e.g., via an API
provided by the program execution service, such as an API that uses Web
services). Program execution requests may include various information to
be used in the initiation of the execution of one or more programs, such
as an executable or other copy of a program to bé execuled, an indication
of a program that was previously registered or otherwise supplied for
execution, and a number of instances of the program that are to be
executed simultaneously (e.g., expressed as a single desired number of
instances, as a minimum and maximum number of desired instances,
etc.), as well as a variety of other types of preferences and/or
requirements for execution of one or more programs (e.g., resource
allocation, geographical and/or logical location for execution, proximity of
execution to other programs and/or computing nodes, timing-related
criteria, etc.).
[0063] After receiving a request to execute one or more instances of a

program at an indicated time, the PES may determine one or more
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to be satisfied and at |east one of the one or nore quantity change
instructions fromthe one user, wherein the automatic determ ni ng of

the actualy, 9JIPJH{1E§}9. node quantity for the second ti ne{,é%s%ogb%ﬁg%g ‘o

user includes detéermning a single aggregated nodification

i ncrease the computing node quantity of the group for the one user
based on aggregating the requested i ncreases of the one or nore
satisfied quantity nodification triggers and of the at |east one
guantity change instruction fromthe one user, wherein the determ ned

single aggre t qﬁéde%%i&% ir0g 1 815;??&%)¥eféﬁtiﬁ§’@ﬁé’b'd?ﬁ?ﬁoiﬁ@tances.

quantity of the 'grotp for the one User is one of the at [east one
ot her avai | alinlsdnye ehhgiiechisy thd detaroumetionr oft the coropulting nodés teibe

none of the one or nore satisfied quaptity nodification triggers and
the at | east W GERHOTSE dtdng dmaiol Mectstret P e Biueueieitod
attributed agntdifesbRBolingamsetrf darymiiatibReofathel @aAput}enodes to be
availability changes for the group for the one user, and wherein the

conbi nati on afseduforifuture peasiubibe ofatgeIf More WA tinsfaneey &ray bene

possi bi 6 candetottufe ST ik e a4 e Brd e e EREligh B Bl

conput i ng noggfoghatich f Hatt e 9ied UseiilaBiel | ndnt kenper epthodiméntse thied
that are not attributed as a single cause of one of the at |east one
avai | abi | i t y defermyeation] obedijchcrampsting TReEesde Hsg for exeaulian of RRErYi n
t he program uf, i rvJ I n : i i

that each of g PioBReE(oH Benalf oF Ldhiingy A AR Ror O St
conputi ng dewxeestepgeth asai artinmpwbenet useristbsoiterseand/ohegitelsdasise
sonme avail abilit chang&s with the associ ated fees for {he grougffor

the one user 1@ @ngie &@n UmecPURldaS SRUBRRIORIGHY IR Rrograms for
computi ng ”O%.e‘?sséﬁf TF[eoE%]g(Qﬁ'lB\‘g? it ©5mieN&cANEnbSRnenf) SnBRe %8 ddnfhAing

user pays a or the providing of the nmultiple conputing
nodes for useoddgstinay dwe assesiated with 4 iuser foi @eparied phyiimensud thair e

part of t ho. GRSTGRSEIY HRawtased i Baual BRKehadaf So R, Aoddhe
user. [0n Coaifing- ndiesOMPa L tinleBlLifRE M tbarRidn@dch s diehsy b ag

causal ity for dynam'c nodifications in program execution capacity
provi ded to aeqssstis rensivast toerasoimpeefbvaig: for the user during the period. “In

addition, in some embodiments, the determination of which computing
‘nodes to use to execute programs on behalf of a user may be'made when
one or more computing nodes and/or computing resources of one or more
computing nodes become available for executing programs for the user,
such as, for example to execute programs of one or more pending
requests on one or more computing nodes at a time when the computing
nodes are unused and/or are otherwise available for executing the
programs.

[0064] The determination of which computing nodes to use for execution
of each program copy or instance may be made in a variety of ways,
including based on any preferences and/or requirements specified in the
request or otherwise specified for the program and/or associated user
(e.g., at a time of registration, etc). For example, if criteria are

determined for preferred andfor required resources for execution of a
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under control of one or nobre conputing systens that are configured to
provi de a program execution service for use by nultiple users, the

program exgssii/@z2aervice having a plurality of conputppgueRdssseishat
are configurable to execute prograns of the users of the program

execution servi ce, receiving an indication of an initial
desired program-execution capacity for executing one or nore software
progranms on behalf of a first user of the program execution service;
determining nultiple capacity nodification triggers for use in |ater
initiating ayregranemhstadel(eqn! mehry antiop staayeCRUt e oyaleaairtofher
being provided to the first user, each of the capacity nodificatjon
triggers inclngiicAganer &retiipr enebyarkr icgrpeily: ugdaifemye i fied i et he
capaci ty nodifi N E el I sf1ed.: | ugly i-fh.ed
Cype.of " progriskiindfivt b S8Ctndpfial SoipaiRy Aol o) Sletad LRRk A

t he capaci ty imsighde aalyi mnbased)gkleasbinggdrt shivddsther a compatihgmatiededs| y

determining a first group of nmultiple of the plurality. of conputi
nodes for uséufﬁ?'%}t(ﬁﬁ‘?ﬂr s Phquh[l& Fq é@t‘%%irlqség eﬁ?'_ﬂf&?é#%‘i?ecggg'gﬂn&g
capacity of tdé?ai{s; tel SBr e)]sé?diﬁin@%ﬁd‘%ohﬁ@ f e%grgﬁs“@dék&ftetd?ﬁa

first group avai eat afirst timeto ea Xeécute one or nore
sof t war e progregranf oexadutiohi rservicgsemare includedadnompendingl |y.S. Patent

i bet woon ARRicRiarNB; T RERER, Rl bl 3, 2664 hod st RRRURT. o
capabl e of 1 esibhiidlof PrégreRd by MUl CmpliRgRs RAEmE)" QMeEN IS ABreby

capacity being provided by the nultiple conputing nodes of the first
group, the minadrpdrates/bnteferancedaitagniitety.east one of the specified

capaci ty modifl.catl Qn L1 L agens, Ok "RedShE) PSS et il 1! b&for a
PES, such that the PES may execute programs on behalf of a user in
exchange for payment of one or more fees by that user. For example, in
some embodiments, fees may be charged to a user based on an amount
and/or type of program execution capacity aliocated for executing one or
more programs on behalf of a user, such as based on one or more of a
number of processing units, an amount of memory, an amount of storage,
an amount of network resources, etc,, allocatéd for executing programs of
the user. In some embodiments, fees may be based on other factors,
such as various characteristics of the computing resources used to
execute programs, such as, for example, based on CPU capabilities or
performance, platform type (e.g., 32-bif, 64-bit, efc.), etc. In some
embodiments, fees may be charged on the basis of a variety of use
factors, such as a price per use of the service, a price per unit of time that
computing services are used, a price per storage used, a price per data
transferred in and/or out, efc. In at least some embodiments, as
discussed in mbre detail below, fees may be based on various other
factors, such as various properties related to executing programs (e.g.,
continuity of execution, fault tolerance, etc). In at least some

embodiments, a provider of a PES may offer one or more of various tiers,
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automatical |y determ ning an actual program execution capacity that
Is available to the first user fromthe conputing nodes of the first

group at LJASHARE time, the actual program execution '
t he secon e bal ng distinct fromthe desired progra%]e’g@g@lh}ﬁégﬁtl

capacity provided to the first user at the first tine based at feast
in part on one or nore changes to availability of one or nore
conputing nodes of the first group that occurred during a time period
between the first tinme and the second tine; for each of the

avai | abi I'i ty ghangrg/op eVl oPBEvRIes BT fEnStINRIIfY 108 eredigtihgoproghemé ionst
group, autonma |caléﬁ; attributing one or nore of the identified events

as aI cgulse ofbettalf ofvmivitiphe (Users, EEnifeSOMAE $USHs EMBRE RNt HKarious fees
. it n hayi ‘ . o : : :
cvent o that " 478 PRamsenaa B SGIRbIRle!ss b ARBr IR ER S eciete Pl ©

nore of the ap hedsbnofér eRafipld, ctesapani e medif forabi epedific dype sof
that are determ ned to be satisfied; vi ding._a

i ndi cati on offupetienality provided y2 865 @ﬁggé’éﬁ‘)@l"‘afﬂ% &t %@s&ieqfﬁéa

L ARG b0 B A (L W e
specified first threshold of computing nodes being used), to charge fees at
a second tier (e.g., a lower price tier) for a second quantity of program
execution capacity functicnality (e.g., above the specified first threshold
and up to a speéified second threshold of computing nodes being used),
etc. Additional details related to various fees associated with a program
execution service are included in pending U.S. Patent Application No.
11/963,331, filed December 21, 2007 and entitled “Providing Configurable
Pricing for Execution of Software Images,” which is hereby incorporated
by reference in its entirety.
{o068] Furthermore, various other types of functionality may be provided
and used by a PES in various embodiments, as discussed in greater
detail elsewhere.
[0067] Figure 3 is a block diagram illustrating an example embodiment of
a system suitable for performing techniques to manage groups of
computing nodes for multiple users. In particular, Figure 3 illustrates a
server computing system 300 suitable for providing at least some
functionality of a program execution service, as well as various client
computing systems 350 that may be used by users of the program
execution service, computing nodes 360 that may be used by the program
execution service, and other computing systems 380. In the illustrated
embodiment, the server computing system 300 has components that
include a CPU 305, various 1/O components 310, storage 320, and
memory 330. The illustrated 1/O components include a display 311, a

network connection 312, a computér—readable media drive 313, and other
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10101] d ause 5.The nethod of clause 4 wherein the nmultiple events
further include at | east one capacity nodification instruction that

is dynam ¢al byi,5R8Gi fied by the first user to request | fd<
R PePEANIEEN e

nodi fication to t program executi on capacity being provi

first group, and wherein the conbination of nmultiple events that are
attributed as the cause for one of the at |east one availability
changes includes one or nmore of the at |east one specified capacity
nodi fication instructions. [0102] C ause 6. The nethod of clause 4

wherein at | ?@f&e@ﬁ% 9489k ¢fa lkFgD@éfaj Lahbhdd, )épi%Q?é}g,eétdfbasinaéUdition.

attri buted cause I's a’sing one of the multiple events, the at
| east one ot hes ilastateabusérnt gompatitgespsiemg 356 hake tcommpmentse skmitar dast

P D s o SiVer [ Comptting Y8R 30, TRIMG 4 EREVR1° 1o
components 352, storage 354, and memory 357. The other computing
systems 380 and computing nodes 380 may also each include
compohents that are similar to some or all of the components illustrated
with respect to server computing system 300, but such components are
not illustrated in this example for the sake of brevity.

[0068] An embodiment of a Program Execution Service System Manager
module 340 is executing in memory 330, and it interacts with computing
systems 350 and 380 and computing nodes 3860 over the network 390
(e.g., via the Internet and/or the World Wide Web, via a private cellular
network, etc.). In this example embodiment, the PESSM 340 includes
functionality related to managing use of multiple computing nodes 360 by
various users {not shown) interacting with user computing systems 350,
such as in conjunction with a program execution service managed by the
PESSM 340. The other computing systems 350 and 380 and computing
‘nodes 360 may be executing various software as part of interactions with
the PESSM. For example, user computing systems 350 may be
executing software in memory 357 to interact with PESSM 340 (e.g., as
part of a Web browser or specialized client-side application program),
such as to configure and/or request execution of programs on behalf of
the users of those systems ‘on one or more computing nodes 360 in
various ways, as well as to perform various other types of actions, as
discussed in greater detail elsewhere. Various information related to the
functionality of the PESSM module 340 may be stored in storage 320,
such as information 322 related to configuration, execution and/or
registration for executing programs on behalf of multiple users,
information 324 related to program execution capacity modifications for

computing node groups (e.g., information about predefined user-specified

56



automatically determ ning that the single one event is a determ ned
type of cause of the at |east one other availability change, the

det er m ne (Si’tﬂ?/o' fsscause being either a direct cause o Ionfld<hect
cause, angv prowﬁl ng an indication of the single one fé(\:/@fg%io e.°?§9t he

determ ned type of cause of the at |east one other availability
change.

triggers; information about dynamicélly specified capacity modification
instructions from users; information about computing node performance
measurements and other information related to determining if specified
triggers are satisfied; current values for desired, actual and official
recorded computing node quantities for groups; etc.}, and information 326
related to attribution of causation for particular program execution
capacity modifications for particular computing node groups (e.g., by
listing at least some events that occur and at least some changes to
computing nodes of groups, and associating particular events with
particular changes, such as in a manner similar to that discussed in
Figure 2B and elsewhere).

[0068] After the PESSM module 340 receives requests (or other
indications) to execute one or more programs on a group of one or more
computing nodes 360, the PESSM module 340 selects the one or more
computing nodes for the group, and initlates execution of those programs
on those computing nodes 360. In addition, the PESSM module 340 may
further interact with computing nodes 360 to later terminate execution of
initiated programs on the computing nodes, to migrate one or more of the
programs to one or more other computing nodes 360 or computing
systems 380, etc. The computing nodes 360 may have various forms in
various embodiments, such as to include a number of physical computing
systems and/or a number of virtual machines executing on one or more
physical computing systems. In some embodiments, the server
computing system 300 and computing nodes 360 may be part of a data
center or other group of co-located computing systems, or may otherwise
be computing nodes of a private network. In addition, in some
embodiments, the PESSM module 340 may interact with one or more
other computing systems 380 to initiate or terminate execution of one or
more programs on those computing systems, such as if the compuiing

systems 380 are provided by one or more third-party participants who are
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[0104] C ause 8. The nethod of the clause 4 wherein the automatic
determ ning of the actual program execution capacity includes

determ ni I.pl.e availability changes that have oc and
wherein tﬁ@%i’@r&si c attributing of the one or nore e@@ﬁ%ﬂg@:%%
cause of each of the availability changes includes identifying one or
nore of the nultiple events that are each a single cause of one of
the multiple availability changes, and aggregating all of the

mul ti ple events that are not a single cause of the one of the

mul tiple avail abi.ljt hapges arf of_the c | -naj.i fof, e

ot her of thepmﬁ? 'F%I §°§W§f'ﬁ§biﬂ%?‘{e§ g%nléseés §¥1at8 cr)eg"tsﬁggt? ha(?e %ﬁﬂe

si ngl e causeenipoiiméhieUse: PERSMMmbHoE 840 chaufiathervdreinetead franagae

of the at |least one availability changes, the automatic attributing

of the conbi AESFENICLPNSEF MMYELYRGR A SORPUIAGTRIAIRLIesPUIqRS QnRervices
availability ' e & LRk ' PRy at

mul tiple event s ?gﬁbﬂg{g&m&r@?ﬁ%%w& cal 'ép%{‘é?sttﬁ@rﬁglntgﬁfgvai | abE: ?i ty
change, the defragebemitesypesehgingseevitas, dgtabiasheendcel, ebz). cause or

an indirect ca wh int i dj f the pLndicgati f th
ot R e g "ebBE BT SR halhE, ERSLGRE Shtlet e
i ncl udes prowagge%e RiRidiBAhS M%Ba@%r tRRuESR 3 *eRtiAG iNTHIdrOyE330,

events being t termned type of cause of the one availabilit
change. gri mafliadtgdetgts Ththisrentomiiogntcvih seonputingr eedes ﬁ@UrﬁMetfifE@e

i ndependent events gach request a.mdificatio . rLagr

executi on caBﬁ@qug }“)é ‘nd ﬁ%ﬁ(ﬁujﬂd'”@“? r?é‘ampﬂ%{é@#&ﬁ!ﬂg”g&ﬁgﬁ%%!“%‘“t he
net hod fur t hg{ode45S escldddsL Taidtonblity ebeEmaimanitorign gl eotherwise
aggregated nodification to nake to the program execution capacity  of

the first groverastieewitnonggr spreiofghe remriging Jiaslesmif 1q Faek yae by

the multipl egeven ad 1 nitiat] ] ' ed

modi 11 cat | onse; panpRiy bhn SR e fo, SIS Sl Ak dto g
execution capacity of a computing node group and/or to determine current

performance characteristics corresponding to some or all computing
nodes of a computing node group. As previdusly noted, such information
may be stored on storage 320 and/or elsewhere, and may be used by the
modules 340 and 345 in various manners. For example, in some
embodiments, if the module 345 discovers that a computing node has
failed or otherwise become unavailable (e.g., as part of provisioning or
otherwise initializing the computing node to be used as part of a
computing node group, after the computing node has been ih use as pait
of a computing node group, etc.), the module 345 may automatically take
actions to replace the unavailable computing node with a new computing
node. In other embodiments, the module 345 may instead not perform
some or all of the monitoring of the computing nodes, such as if the
module 345 instead obtains information from another source about
current actual program execution capacity of a computing node group
and/or current performance characteristics corresponding to some or all

computing nodes of a computing node group, and then uses that
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[0107] d ause 11. The nethod of clause 10 wherein the nmultiple events
further include at | east one capacity nodification instruction that

i's dynam gah hofygaessi fied by the first user to request BcpRSHdisER
nodi fication to the program execution capacity being provided by the

first group, wherein the determned nultiple capacity nodification
triggers are specified by the first user prior to the first time, and
wherein the conbination of nultiple events that are attributed as the
" cause for one of the at |east one availability changes includes one

or more of thﬁoﬁﬁaﬁ&a% rﬁaiﬂtéﬁgsrbf?raeﬂ SaRatbh Yeapagity iferth®omputing
instructions. [01 O Clause 1 he nmet hod of clause 11 wherein the

det er m ned sﬂ@QE@FQ@ga@@aP@PTMﬁM fi catl on is the one availability

h f
ot Vona D GRS AprdBhEeHRE RRORASIY B, SopHg a0
the cause. [Qh@%orkpuititgenddes Fb@ areiwelydfiusttaive eantDamheoteinteridee to

program execution capacity of the first group is neasured based a
PoRlely he

quantity of d&6HpiHE $&P etl?féﬁe%ifr'é"%iqn oft NEROMRYLET %ﬁsgﬁm

that the ini an
desired quanho? qﬁ%ﬁ?ge |%§Eﬁo es andjlgﬂgﬁﬁ[fgﬁ&éthph gttﬂclad m’l‘)&?\éet ®
act ual progr amdexees aMtrmwnpmmgasysthhmdesdnay e cosnecied ¢ wiher
gquantity of corrputl n nodes @hat ar.e a art of the first

group at the dewicen dnas A nalWHSatedhincitn fF?HQ anam.'}e;‘}WOk
changes of tRE-ANR fle FREBet VP e 'Weﬁ‘ogie%a%rl\kﬂ@ HetW6iks e P B

i nclude at |east one of one or nore conputing nodes that are part of
the first grcopnevcationgnetvevks,| eislle ddereogerrrelnra morepuling B¢ Wi ng

nodes bei ng added to the first qrou andwh d

singl e aggre§ A CAMRH YN BYSIBH '?‘8“%@?% g §mr)b ﬁ%%g §]1 ﬁéﬁrﬁéﬁ%
change in quaptivhie Ofhat hﬂqéyoﬁﬁtetraétg aﬂﬁﬂeﬁer’f&m tthe fdesstibed O'tsmes[ Q10]
Cl ause 14. The nethod of clause 13 wherein the determ ned sin

aggr egat ed mﬂmmpaahwonncﬁ@dms witbeeta d@itaien (HREoR yoropt h%rﬁemgﬂ@fs
nodes of the f gé’b%%ﬁgé&wrsb*eﬁv&?e&ofé dd@&r’i@@% 'atd(:i B{he?’}tpet\%rk@é\ﬁces

conputing nogg erern the determ
modi fi cati on ADAg)Neehihdries, omemsmhenayalﬂmrd;l te;?eaﬂmugesrgfaoaev&u ch

the indicati (I)r?te?rfettaq)phances television-based systems (e.g., using set-top boxes
andfor personalfdigital video recorders), and various other consumer
- products that include appropriate communication capabilities. In addition,
the functionality provided by the illustrated modules 340 andfor 345 may
in some embodiments be distributed in additional modules. Similarly, in
some embodiments some of the functionality of the modules 340 and/or
345 may not be provided and/or other additional functionality may be
available. ’
[0072] It will also be appreciated that, while various items are illustrated as
being stored in memory or on storage while being used, these items or
portions of them may be fransferred between memory and other storage
devices for purposes of memory management and data integrity.
Aliernatively, in other embodiments some or all of the software modules
andfor systems may execute in memory on another device and

communicate with the illustrated computing systems via inter-computer
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attributed cause is provided, and wherein the nethod further
conprises performng one or nore further actions that include
initiatin re monetary charges to the first u

| east in %‘é‘?ﬂﬁl/ﬂl Igg initiated determ ned single aggre§ f/ggﬁ%?(%o%ﬁ
nodi fication. [oill] O ause 15. The nethod of clause 4 wherein one of
the one or nore availability changes for which the indication of the
attributed cause is provided includes at least a first of the
multiple events as at |east part of the cause of the one availability
change, and %ﬁ{ﬁurﬂcéﬁﬁl Fﬂ}‘tbgtnﬁ' fin 5B PG@iH s, Aorh8Srafit 61 gt ed
cause for the~ one avail abi ah e s performed I'n response to a
request for aystefrastanoife a‘iodﬂl&s:hnewetbﬁ smpdarsentetieooreodided | kbiofthary

cvent. [0114 RIS SN aie IRREORATI 61 A S MGl e g
event. [0114 e t
is received flt].?efnéﬁl IHREEd tan@n 8F Fhdtel Qsprnfa%hgpaaﬂ@f.ntégeatbﬂdbn?&ﬁfson

of the attrib cause for the one avarll é’change I ncl udes
generating a(A8Hzs): rﬁaﬂ%ﬁelrﬁﬁgﬂmmiml’tet CLOI‘IEIO fSrK%Qt,eBYCQE%@thr

the one availabilit n and the ener

hunan- readabla@p@%’l%% 1%91 mtucﬂ'gc Oﬁ' ?ﬁggtq/?f e&fbaeﬁiggdll
The nethod ofoRtrgmss), 4 fé&ﬂld?ééra%ﬂﬁﬁb!'eSI Rete f Aragach(FPGASE otormple
additional tine periods that occur after the second tine

aut onat i cal | gnr@grammhledmlcntevm%n@%-%dﬁtq ofame geat |0ff itlay neRdies as

a cause of an_avail 0, r hg nal
time period, g% %?‘8 g%f %mgﬁ]ze%pﬂ%%e&g d#??%ﬂ}%’dl? gtrit ?I e e&&/gnts
that is the gasetiehs onetraétudte dadionad cbinpyitariteagaisie rediuog such ad
during one of the one or nore additional tine erlo

addi t1onal | @chATHrdIg MOV 3NGTETH ©F & PORDIBME %%\Fg‘?lt%l?ﬁl fepy
changes that C e r

and the secon &%sgfg%%?g\é Igﬁs\ﬁed %@ ébﬁﬁ%%?hogﬁg?h%maaég mﬁl n
t he maki ng avaodisds andfdatﬁletrochmpmﬁ ey aisdé® idngnhited iassgenpraigd datat he
first tinme to, each execute t ? e or_.nore softwa prgglrgr% f é‘%]he
first user i ROGFedC&n FFalP aI°| y2 pPIUFS | WaYH P e SHIF 0P T R Em‘%'t ng
nodes of thepfddsiadd OsiBnal) on a variety of computer-readable transmission

mediums, including wireless-based and wired/cable-based mediums, and

may take a variety of forms (e.g., as part of a single or multiplexed analog
signal, or as multiple discrete digital packets or frames). Such computer
program products may also take other forms in other embodiments.
Accordingly, the present inventiocn may be practiced with other computer
system configurations.

[0073] Figure 4 is a flow diagram of an example embodiment of a
Program Execution Service System Manager routine 400. The routine
may be provided by, for example, execution of the PESSM modules 110
and 180 of Figures 1A and 1B, respectively, andfor the PESSM module
340 of Figure 3, such as to assist in managing use of groups of computing
nodes for users, as well as to perform other types of management
operations in some situations. In this ilfustrated embodiment, the routine

400 manages various aspects of use of a program execution service that
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and includes automatically initiating execution of each of the one or
nore software prograns on each of the conputing nodes of the first

group. [O0Jadnthavse 19. The nmethod of clause 4 wherei pct/B80Rf@R88s2M
execution service 1s a fee-based network-accessible service that is

remote fromthe first user, wherein the program execution service
provi des at | east one of one or nore Application Progranmm ng
Interfaces (APIs) for renote conputing systens to programmatically
interact with the program execution service over one or nore networks

and of a graphbhidés pesrahéRIduEeR cfaﬁéciqsmrl@yeem Brogs&mns covieshainef

one or nore networks, and wherein the first user pays one or nore
f ees based atmuyldpistusers.part on the attributed cause of one or nore of

t he avail abi | e e 0 c 4
wherein the [5‘#0%1' iﬂqﬁge@ﬁt%}%d %@gﬁ@ﬁe&é’eg%virr Lr% Iﬂ?g{nlsoéﬁp g%ﬁng?%‘gy
such that theyhlreifbirhaticr ocaressh i eediead) Mhkudating contiraek tofblock
mul ti pl e physical conputing s%/st ens, nultiple vi_r‘t ual machi nes gost ed
by the physi dd0 vsstgmHae of dhe reepiyed Jeauesic AT 4B oémﬁﬂo’é%écrt?f edto

| east one progr | o) ' fh rgt are
hosted virt uiﬂﬁ%&gﬂ%ﬁ%@o&ﬂéﬁ&ﬂ%r%‘fﬁtoﬁg!rg@gﬁ%r 8&mér ?%?%;?é:r?gﬁ%gmtghe
first user amedparsuchfiasavéquasafromeshiser if saghe raliling ca@htiuss ta block

conput er - r eadabl e di.um whose contents configur conmputi ng system
to determ ne%éu’%"ag&%}nf'ﬁ MEpHi Eg Qi(f\la%tr?&lr‘u%s%‘?& R{P%fﬁn?’%%ﬁ% on
capaci ty pro\é.h@i?%stgn@niﬁ Faesi#‘éﬁa 2%60RE B PEbglamEbRatieApasin ®r the
under control of the configured conputing system receiving an

i ndi cati on ofcomplitingt ngdeugrafp relg.i pi edesirgsiutaongpuiivnge odraguandty),
associ ated w t

progr am exec GPBB’S:&" ;éé‘%l#j%fg'@%@é&:nrﬁsttgé% E%?%@egaéxggoﬁjr@ Bg“ggb{e\?‘farr e

programs on hehal fusef-spbaifiéd r 8hpaG®’ ;modification triggers.  As discussed
elsewhere, in some embodiments, a user may select from one or more of
various types of computing nodes and/or may otherwise specify various
amounts and/or types of computing resources desired (e.g., processing
unit type/amount, memory amount, platform specification, etc.). [n block
420, the routine then’selects the computing nodes to be used for the
group, and in block 425 initiates making those selected computing nodes
available for the user, such as by provisioning the selected computing
nodes and optionally initiating execution of the one or more programs to
be executed. The routine also designates the desired program execution
capacity of the selected computing nodes of the group as the initial official
recorded program execution capacity for the group. When the computing
nodes are available for use on behalf of the user, the user may be notified
of the availability in various manners, or in other embodiments the
computing nodes may operate in an automated manner without further
interaction by the user. The routine then continues to block 430 to store
information related to the computing node group, including any user-

specified triggers for the group.
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automatically identifying nultiple i ndependent events that occur
between the first tinme and a later second tine and that each have an
associ ate e nodi fi cati on of the program executi | of
the first q‘é‘?g@g?ﬁgﬁ automatically determ ning an agﬁfggﬁgo?dgg%éém
execution capacity that is available to the first user fromthe
conputing nodes of the first group at the second tinme, the actual
program execution capacity at the second time being distinct fromthe
initial program execution capacity provided at the first tine based
at least in Rl 9t 40GnAbad eI BiGciauAb! MBL bl foquebt hmiste
more conputing rodes of the first group; automatically attributing
one or nore eassa®ort of eaghowl of temfetiegniedss &y adt apteived; trardigeof

the first , th '
[ east one of TitedanibelpePRadibtiodemae Hidngt & aUrt b e o
of the ident ifhfd oHSERANS Brod?¥RNEEcuBBN capacity for an existing computing

node group. If so, the routine continues to block 445 to receive and store

a dynamically specified user instruction related to modifying program
execution capacity for an indicated existing computing node group. In the
illustrated embodiment, the user instruction may be aggregated with other
possible program execution capacity modification requests that occur
during a current aggregation time period, and further processed during a
next time that harmonization activities are performed, such as with
respect to blocks 465-477, although in other embodiments at least some
such user-specified modification requests may instead be performed
immediately. '

[oo76] If it is instead determined at block 440 that a request to modify
program execution capacity for a group of computing nodes is not
received, the routine instead continues to block 460 to determine whether
to currently perform periodic or otherwise recurrent harmonization
activities with respect to the program execution capacity for one or more
computing nodes groups, such as at the end of a period of fime of
aggregation of program execution capacity modification requests for such
a computing node group. If so, the routine continues to block 465 to
determine one or more computing node groups for which to currently
perform harmonization activities (e.g., computing node groups for which
an aggregation period of time has ended and for which one or more
dynamic program execution capacity modifications have been
aggregated), and in block 487 selects the next determined computing
node group, beginning with the first. The routine then continues to block
A70 to execute a routine to perform recurrent capacity harmonization

activities, with one example of such a routine being described in greater
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provi ding an indication of the attributed one or nore causes for one
or nore of the at |east one availability changes. [01181 C ause 22.

The conpu - I | e medi um of clause 21 wherein the Lqured.
conput i ngg"g(i%otlgﬁ\q%g part of a program execution servi cggﬁﬁﬁy%qag%?ildes
a plurality of conputing nodes configurable-to execute prograns of
users of the program execution service, wherein the nmultiple

conputing nodes of the first group are a subset of the plurality of
conput i ng nodes, wherein the receiving of the indication of the first

Capacity 1 ometHc Fefbbelid FRETS. (1 fclfpb Aetd FrniRliBd s Madkaems 0

aut omat i cal | yuxassech abiifirgs td@efformtadivitiss refated tpatiribgticrodé sausdtiont he
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execut i on cafecProgras eesution sapaaiby moghicalions f'}?g e °U§'38 IR E’JQ%er

i ndi cates on r.pore c RRY L fA | i ;
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progr am execwyfithorespapiata Figued 6t hafiéi bietk gi7éuthe enudineheméinnes fie block

mul tiple i ndegendent events i

clude at |east an ottecchit
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speci fied I rst user. ause 23. The conputer-readabl e
medi um of cl mesks&h déterrsinedtdomnpidimgrredlergr@ilpi cati on of the program

execution capacity, far .each of the myltiple.i nts is.a
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i ncrease the program execution cagiarm ty of the first group based on

aggr egat i ng PRRITABYEXSALEEN PERREI FrianesorgnotheorapulinghRedesma@royas; e ed

capacity nodificati tr] . I%'fc i

nodi fication r?lﬁt&aer l?%%ag;é%ﬁ@%%?ﬁg%?%ks%@ﬁé%%p {|§rﬂ%fyi ni |r§f|8ﬁ% oﬁfréore
det erm ned siofigdreindt@terbaperhiionsi f$oett oparationermay indleds efoorekatripie,
wherein the determ ned single aggregated nodification is one of the

at | east one ORGP @OTE of yhe Frlloydag: Aser ipyests relRed IonBe FRIMIBS obfet he
ltiple ind d i bk
multiple in ﬁﬁ%&eﬁﬂﬁaﬁgﬁ{ exd fgn‘ gf e g?&h@é‘dﬂ g?o"‘gr&ﬁle_e%@t% S8 /Re

causes for t sl ng aggregat ed nodi f1 cation 1 ncludes the
at | east one psatidsd isadh cathac iprggnaotidxecationiypeas)ggucs amip tdxecute a

[0120] G aucBnale ARG b e AQAaGT BUaa) Ror SH 2E6TY BTy

the conput er ghgaGii SdpRdity MrodifRhtibatdquess hatd i@ M bedfparformed
conputing systemthat stores the contents and a data transm ssion

medi um t hat ~ imolegdintelysegrnauseeinsyustion teltarmingty raecelém af Ainqgiouas
Cont e SRS R 58 BBt b eBerating
properly); user requests to specify additional triggers or otherwise to
modify configuration information for an indicated computing node group;
user requests fo immediately perform harmonization activities with respect
to an indicated computing node group, such as in addition to or instead of
recurrent harmonization activities (e.g., if harmonization activities are
performed only upon user request); user requests to obtain various status
information related to one or more computing node groups with which the
user is associated; requests to perform administrative-related activities for

a user, such as subscription, registration, or payment operations; etc.
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[Or121] O ause 25. A conputing systemconfigured to deternine
causality for dynam c nodifications in program execution capacity for

a user, Ceyphdiphdi9ss one or nore processors; and a syst pE g aERbss1
nodul e that is configured to, when executed by at | east one of the

one Or nore processors, nmanage program execution capacity for

mul tiple users of a network-accessible service by, for each of the
mul tiple users: determning an initial program execution
capacity to be provided for use in executing one or nore software
prograns on keirel fAfel biduks WD 445, or 480, or if it is instead determined in block

477 that additional determined computing node groups are not available,
the routine continues to block 485 to optionally perform any user billing (or
reimbursement) activities based on the information or request received in
block 405 or as is otherwise initiated (e.g., periodically), such as to charge
and/or collect fees from one or more users based on program execution
functionality provided to the users. The routine may further optioﬁally
perform periodic housekeeping operations as appropriate. '

[0079] After block 485, the routine continues to block 495 to determine
whether to continue, such as until an explicit indication fo-terminate
execution of the routine. If it is determined to continue, the routine returns
to block 405, and if not continues o block 499 and ends. [t will be
appreciated that additional types of activities may belperformed in some
embodiments and situations, such as to determine whether users are
authorized to perform particular requested operations, to immediately
obtain payment from users for some types of requested operations, etc.
In addition, while user requests and other operations are indicated in the
illustrated embodiment as being performed in a manner specific to a
particular computing node group and a particular associated user, in other
embodiments some or all such operations may instead be applied more
generally, such as to multiple computing nodes groups associated with a
single user and/or from multiple users associated with one or more
computing node groups.

[o08o] Figure 5 is a flow diagram of an example embodiment of a
Recurrent Capacity Harmonization routine 500. The routine may be
provided by, for example, execution of the PESSM modules 110 and 180
of Figures 1A and 1B, respectively, and/or the PESSM module 340 of
Figure 3, such as may be initiated from block 470 of routine 400 in Figure
4.
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and determning one or nore capacity nodification triggers for use in
later initiating automated nodifications to the program execution

capacity ' ] | ded for the user; automati c sz
associ at i g‘gd @’qﬂ%g% of nmultiple avail able computing nogllétlﬁ%o%%m?:ﬁé

user at a first tine for use in providing the initial desired program
execution capacity to the user; and after the first tine,
automatically identifying rmultiple i ndependent events that occur

bet ween tgedfi rst time and a |later second tine and that each have an
associ ate ' I+ ' ar-Wolg i"QNinC [ of

t he group, tﬁ@bmﬁ .r{g?e'f"éﬁ?rﬁ?%rﬁé?‘mﬁﬁg g%rf%ﬂggiéegﬁgmgfmt Eg%ga%%%i ty
nodi fi cat i onwherggeobtdirs ag ioditation pédhe cubentasilectest computing node

automatically determ.ning one or nore changes.to avail.ahili f one
or nore conpgf‘?%?%mgh gf"p?‘ﬁfé( fé?rm'%aﬁ'&’p Afyilies Elrﬁgé ngdg%ﬁé)ﬁ}eﬁea U
executi on capaeikt 1B Okdesithie thén Ofclidiies  informaidroraboug alney official
attributing one or nore causes to each of the determ ned availability

changes of t hecayded mrogiam @xecutionmeapaeibu festhenaelegied gempiiing &gdeo

t | t f th iLabili ! .0, aen '
mul Liple of B Ui aac Al iR SERP PayHRbesd GeAT Rt for
causes t hat ﬂﬁ@séfébfeidtl}ﬂnﬁ?ﬂlth? ridd @eep (onthedhitiar offitial feeordeal paigramt y
0

changes being a single one the identified i ndepende ve : d
gexecutiongcapacity for the selected computing nodepgroupn]; th?s is%g ’ﬁrsa%n

harmonization activities that are performed), and/or based on subsequent
modifications to the official recorded program execution capacity that may
be performed by a PES Capacity Maintenance Manager modtule {e.g., as
described in greater detail with respect to Figure 7). The routine then
continues to blocks 520 and 525 to determine the current actual and
current desired program execution capacities of the selected computing
node group, respectively. The determining of the current actual program
execution capacity may include, for example, retrieving information that
was previously stored by a PES Capacity Maintenance Manager module
as part of monitoring the selected computing node" group, although in
other embodiments the routine 500 may dynam.icaily determine the
current actual capacity (e.g., by dynamically requesting a PES Capacity
Maintenance Manager module or other monitoring source to provide that
information).

[0082] The determining of the current desired program execution capacity
in block 625 may include, for example, retrieving information regarding
any dynamically specified capacity modification instructions that have
been received from an associated user for the selected computing node
group during the current aggregation period of time to which the
harmonization activities correspond (e.g., as previously discussed with
respect to block 445 of Figure 4), and regarding any user-specified

triggers for the selected computing node group that have previously been
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provi ding an indication of the attributed one or nore causes for one
or nore of the determ ned availability changes of the group. [0122]

Cl ause ZGMJE@gﬁﬁggguti ng system of clause 25 wherein tp&lﬁ#gﬁd&%&ét

i ndepende for one of the nultiple users furthe

| east one capacity nodification instruction that is dynamcally
specified by the one user, wherein the system manager nodule is
further configured to autonatically determ ne a single aggregated
nmodi fication to make to increase the program execution capacity of

the group forgchdigigae té’?ul%l(/eQ?e%%dsé}&ﬁéggfﬁiﬁgtthégcdr%t%@ré flion period

nmodi fications of the at [east one satisfied capacity nbdification
triggers and obftindie Altereatietlyoite someaembpdinehits, the rowinens@yuisiand

Dot egared. maehEreadeiied et plor s gint s SO PR 8P, fhe
second tinme, Jahei&d RohhRLAG! REAR NREUST @), € iffoanaus] eatradsf prealouely i s

one of the at |east one avail abili :‘X'C anges for the one user, and
wherei n the storbiinky iPo$ Chapasiiy Maintenaner Madrsrr Bwdiies ashaarti of

attributed as_the one, or e e ] . S :

agar cgat od moRHRRon s GLERHB I fboe YR D E bR e delicaly,
nmodi fi cati on dptdisE@ by raqdediity aPESEapacineMaipanarios Madajécmaodoke or
instruction specified by the one user. t%01_23] Cl ause 27. The
conputing sy$then Benierng sovseiReprovie: hat infemnations dn Ofgercio gurrently
nodi fication | f t r IF RSutHRe
wherei n the %&%ﬁ?ﬁé g’é‘ceg@esri eegs%r#%ggielastﬁgéﬁsggfr. gr%jggégﬂgtﬁ iecon sgtﬂ@i ce
t hat provi deswdepjrouplaré yuokntiy sptitfienigamb/deweos pfevipusibbatisfiedakuingt e

prograns of renote users of .the progr execytign service,. and. .
wherei n the i CUPEE! BGRIRHANAY H’éiso‘gg]mfahe‘&g?'bﬁ?ﬁ ygpo&gﬁow%&n IS
| east one of .Lie oyl the! BuiSHr UeirBdApRidpadt eXbclifih Phdpaalty t el be

conput i ng nodes. )

determined by aggregating the one or more requested program execution
capacity modifications, as discussed in greater detail elsewhere, in order
to determine the resulting desired program execution capacity after any
such aggregated capacity modifications are made.

10083] After block 525, the routine continues fo block 530 to determine the
actual changes to be made to the selected computing node group in order
to harmonize the current actual, desired and official recorded program
execution capacities for the selected computing node group, such as to
adjust the current official capacity to the current desired capacity. The
routine then continues to block 535 to designate the current desired
program execution capacity that will be provided by the modified selected
computing node group as the updated current official recorded program
execution capacity for the selected computing node group, and further
initiates the program execution capacity modifications determined in block
530. After block 535, the routine continues to block 598 and retums.
r0084] Figure 6 is a flow diagram of an example embodiment of a
Capacity Modification Attribution routine 600. The routine may be
provided by, for example, execution of the PESSM modules 110 and 180
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[0124] d ause 28. The conputing system of clause 25 wherein the
syst em manager conponent includes software instructions for execution

by the comgdlﬂg‘ﬁ%stem [0125] C ause 29. The conputip@r,?yﬁi@dgbgfl

cl ause 25 wherein the system manager conponent consists of a means
for managi ng program execution capacity for nultiple users of the

net wor k- accessi bl e service by, for each of the nultiple users:
determning an initial programexecution capacity to be provided for
use in executing one or nore software prograns on behal f of the user,
and det er m nigigrigixesotA rande 1BapespddivalpdiahieattherPES SNy ackiuleoB40saf i n
| ater initiating automated nodifications to the_ programe %c_utlg_on
capacity bei figWRoviS¥El asdpay Re piigied from b'°°"aﬁ¥%ﬁ§?‘?‘@ﬁ?l in Figure
associ ating g group of multiple avail able conputing nodes with the
user at a first time for use in providing the initial desired program
executi on capass) ¥n tthet Hestreted ; erabddiment, the routine begins in block 605,

where it obtains an indication of the currently selected computing node
group for which capacity modification attribution activities are io be
performed. In block 625, the routine then identifies information about
program execution capacity availability changes that have occurred since
a prior time, such as the prior harmonization activities that were
performed for the selected computing node group. The identifying of the
change information may include, for example, retrieving information that
was previously stored by a PES Capacity Maintenance Manager module
as part of monitoring the selected.computing node group, although in
other embodiments the routine 600 may dynamically determine the
infermation {(e.g., by dynamically requesting a PES Capacity Maintenance
Manager module or other monitoring source to provide that information}.
[00ss] After block 625, the routine continues to block 630 to determine
- whether any such capacity availability changes have occurred, and if not
continues to block 699. Otherwise, the routine continues to block 635 to
identify information about program execution capacity modification
request events that have occurred since a prior time, such as the prior
harmonization activities that were performed for the selected computing
node group. The identifying of the event information may include, for
example, retrieving information that was previously stored by a PES
System Manager module as part of providing functionality for the selected
computing node group, such as discussed in greater detail with respect to
Figures 4 and 5. In block 840, the routine then determines any of the
identified events that directly cause corresponding availability changes,

such as based on the types of events {e.g., automated system operations
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after the first tinme, autonmatically identifying nultiple independent
events that occur between the first tine and a |later second time and

that eachyg 1, 8ssoci ated desired nodification of t <
execution capacl ty3 of the group, the multiple events inc lﬁ%ﬁ%@getn

| east one of the capacity nodification triggers being determned to
be sati sfi ed; automatically determ ning one or nore changes to
availability of one or nore conputing nodes of the group that affect
t he program execution capacity provided by the group;

automati call y, ?{e%l%ib?%ria“vﬂﬂéﬁl@ ImIRING SHSE TebllvédGRePlindthRtions that

determ ned avai Ity changes of the group, the one or nore causes
that are att spbcifiean immaxidie astrespendifg taspoasaidtadi | ity changes being

mbi nat i f nultiple of

the one or  maarc Attes Hlocle B4a 8, dtFiG, caufifyg® 6 AU Bua it e P

the avai | abi ljeky 261RBIRS cRadWidentiidtDineblone 625, 5é%i‘mhidgmiﬂhfﬂ1edirst; In
(0]

i ndependent events; and providing an indication the attrjbuted one
or nmore causéipdkof5@ntheoroutinectheh deterraimesrwhelbar s ¢hanae; sydirgdhges

o e 0 0UP o B3Rl 8 855 % PR B e MR PG SaTpURY RO

executi on capaciebirdsothat $UEAL at Riee BALBO doc tigseletied: capacity availability
change. Otherwise, the routine in block 650 aftributes the cause for the
selected capacity availability change as being a combination of the other
identified events that were not determined in block 640. In block 660, the
routine then determines whether there are more capacity availability
changes, and if so returns to block 645 to select the next such capacity
availability change. Otherwise, the routine continues fo block 698 and
returns.
[oos8] Figure 7 is a flow diagram of an example embodiment of a
Program Execution Service Capacity Maintenance Manager routine 700.
The routine may be provided by, for example, execution of the PESCMM
modules 115 and 160 of Figures 1A and 1B, respectively, and/or the
PESCMM module 345 of Figure 3, such as to assist in monitoring groups
of coniputing nodes for users, including to determine actual program
execution capacity that is available from computing node groups. In this
illustrated embodiment, the routine 700 operates in conjunction with a
program execution service that provides program execution capacity for
executing programs on behalf of multiple users, although in other
embodiments some or all of the functionality of the routine 700 may be
provided in other manners.
[0089] In the illustrated embodiment, the routine begins at block 703,
where an indication is received to initiate gathering of information about

' computing nodes of one or more computing node groups, such as

continuously or otherwise in a repetitive manner — while not illustrated
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under control of the configured conputing system of the program
execution service, the program execution service providing a

pl uralitywd20agmadsi ng nodes that are configurabl e to pxeosiog/s03s1
prograns of a plurality of renote users, and for each of multiple of
t he users,. receiving information fromthe user that specifies
an initial desired quantity of conmputing nodes for use in executing
an i ndicated programof the user and that specifies one or nore
gquantity nodification triggers for use in later initiating automated
nmodi fi cat i ondere tihe sdeei rerdoedimemts notheo dmogubast | and/oe aentiogs t may

! iy . s .
et eni f ni AnARIGTE BRUAES B frodne: (AT O erRiag Y Bruldd erldfang®
i ncluding a spBRhiticd of GRRMdINGUEIPER WitANesp¥ciCitaagBartitulah commiingt v

modi fication trigger is satisfied; W0 2011/041253PCT/US2010/ 050351
aut omat i cal | yodet@erp rifnigtetest odrp bisckni03.i fhieerayiting Haathengr pgTfernasce

COTPUL, PO nOURR LIRS, bR ARHL IO et LR SR OB phis.

desired corrptmcinﬁtgn%ommuaﬁ@ | 6y theansbrputivigdinbget heoups! té piveichothasei ng

nodes for use by the user at a first tineg; X . .
computing nodes belong, for later use in generating aggregate information
for the computing node groups. The information may be gathered in
various manners, including by pulling the information by requesting
particular computing nodes or associated modules (e.g., associated VM
manager components for virtual machine computing nodes) to provide the
information, by such computing nodes and/or associated components
pushing the information to the routine 700 (e.g., periodically; upon certain
types of events, such as a detected error condition that will cause the
computing node to shutdown or otherwise become unavailable; etc.), by
monitoring network traffic and/or individual resource usage by particular
computing hodes; etc.
[0090] The routine then continues to block 710 to determine aggregate
performance characteristic information for one or more selected
computing node groups and to store that determined information for Jater
use, such as for all computing node groups, computing node groups for
which individual computing node information was just gathered,
computing node groups for which aggregate performance characteristic
information has been requestéd or has not been generated recently,
computing node groups for which individual computing node information is
available for each of the computing nodes in the computing node group,
etc. [t will be appreciated that aggregate performance characteristic
information may be generated in various ranners, including when only
partial information is available regarding the computing nodes of the

group, such as be extrapolating or otherwise estimating individual

&9



in response to one or nore instructions fromthe user, initiating
execution of a copy of the indicated programon each of the computing

nodes of .. and designating the initial desire .

node quan&ﬂ??gggHgﬁ of ficial computing node quantity tﬂgﬁﬂgﬁﬂﬁ%gg}ded
as being available to the user at the first time; and

automati cal ly managi ng the conputing nodes of the group during a

period of time fromthe first time to a later second tinme, by: during
the period of time, automatically nonitoring the conputing nodes of

the group to rm ne f tert St : OPRYr 2did; of
those conput PIICTOAMES iz RFBRE REAREFLERL N heraldiBlIeo PAY Sdith
one of the quaridular petbrinanatichardoténidies Infopeatin ethihy gatiered endie

satisfied based on the determ ned perfornance characteristics;
during the p@ODEREAREd (MAS, VarkdBi VAIKYSaMabgss: Ats i Avae, cpliegt

computi ng nodsaais; SeS75F inERAREGH fer G Corblid ka8 (FiRs' B! cpraln
user; auibdivhientl by cdidot caitainrtypes wb dhfbineaticdelsasesdor trepatiterig -
node quantity at_the second.tipe, the nodified desired conputing node
quantity i ncPREFHEI JRRAGEIMIP @%é%if?'éﬂa@lﬁ'f%ﬁ"t‘f%pﬁli@ena %rﬂr?%i/s’
fromthe firg:t FBhERSSS, ¥hile ftstks 7D5PPES aRNiILERatSEAR ithis ekap P UEi NY
node quantity changes fromthe at |east one satisfied quantity .

nodi f i cat i on beiriggefamsatdnensactuentisionannel, davik becppetiatey thaliearous:
quantity charg) %ks may instead be performed in other manners in some
embodiments. For example, in some embodiments, the information
gathering activities of block 705 may be periormed on a continuous basis
or near-continuous basis, but the aggregate information generation of
block 710 and/or other blocks may be performed only periodically.

[0091] After block 710, the routine continues to block 715 to determine
and store current actual program execution capacity information for each
of one or more computing node groups, such as to reflect a current
quantity of computing nodes of a group that are currently available, and/or
one or more other measures of program execuiion capacity for a
computing node group, and stores the determined information for later
use. While not illustrated here, in some embodiments and situations, the
routine may further immediately update a corresponding official recorded
program execution capacity for a computing node group to reflect the
determined current actual program execution capacity for the computing
node group, while in other embodiments will wait until a next
corresponding group of harmonization activities to update the official
recorded program execution capacity.

10092} In block 720, the routine then optionally determines any capacity
modification triggers for any computing node groups that have been
satisfied for any computing node groups (e.g., based on performance

characteristics information gathered in block 705 and/or aggregated in
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automatically determ ning an actual conputing node quantity at -the
second time that reflects a quantity of the conputing nodes of the
group tha e actyally available at the second tine t te the
pr ogram fBY(?E%gﬁlﬂésér; at the second tine, aut oﬁgﬁﬁ%ﬁq]@?o}”l
har noni zi ng the official conputing node quantity for the user with
the nodified desired conputi ng node quantity, the harnoni zing

i ncluding automatically nodifying a quantity of the conputing nodes
that are part of the group by -taking actions to change the det'erm ned
actual Compul ik ARAGrRYEMUdsEY drPadifal 1o pléditidaeliatl ftom o
node quantity;, and Ied quantity

conputi ng nodmsemﬁnechengﬂomlp?ﬂ& allﬁmugh hhettnsemb@dlmenaﬁgnlatti‘lg@en he

nodi fied desired cQ i, N node ntl al uting
node quant i t)?aﬁ"éépt’ ‘%t?r ‘E‘ﬁ“é"m 5y 4 %@fiﬁ’? ‘{r@% %fﬂ%r?ré)gﬁ

31. The meth %r.é@ wheinge, ”suéﬁ’raQrW’tl?fre% @ct”%td:d}l'&p‘éﬁ@rn'@
the determ ne orrputl ng node quantity at the second tinme is

| ess than t hehauhbmzraad)n eotiyities tigt awérsqusaﬁd inygreater datailfwiths iespegaeto

based at | ea a one or e of e, co

group for th %s& Qeagﬁfﬁgafﬁ %’?m% g P8rs ftée %%ﬂggﬁ%rggsérlod
of time fr OmsfuBﬁ sfahéﬁéd frigderd B thBR sieredrier latdrusamier sime Rtbalithentt i ¢
moni toring of the conputing nodes of the lgrou for the one user

during the pandogitustionsneatisfasticnes’ pepastiedar yrnager anay fimkeeraniigie ant
t ual L t
oft i al cominTeiE Rl ptes by, DAY HRBlicaitn 1BEah 38540k

updat ed of f i gomipLtingPHEde Grogsie and antsot Juati leptdgfadxebeemtrmd ceplmmbfnt

actual computing node quantity, wherein the at st one_satisfi e%
quantity nodimedtigation agtivfyenay PGr'”tt'ﬁEed@r?é‘du@érmP ng Mgy MrRGe"

specifies to c';.p&%y Oﬁwf?ﬁiam#ﬁt' Iﬂﬂ(snf?]%?%aﬂéflléc[;?néﬁe?%@:tﬁ Qhat Bfib

user by a quan one or nore unavai I'econput i ng nodes in
order to nai Ietxacmtldrheamfdityc‘hadﬁf catiqgruadtivily neaibh aputontiatey use Wlfﬂilere§9@©tnd

time at the initial uantity of conputing nodes specified by
t he one user, OVMW@I%} {elgﬂg'%rgl ndi cated quantity change that is

dynam cal ly g {Rﬁgf fih edsiBat Peasii®, Heefodting! iHdasclen2s éitsmtingds iatsilsdd on
inthe initial desired quantity of conputing nodes of at |east one

conputi ng nocay cnhmtém nortesack ampcompHting neiaigiguRs hayve begaiinitialed
desired compyli g, nade GHANE &Y i EanB%nRé‘%oHéedroﬁé blrenBahRBEzation

has failed or otherwise not completed within a specified period of time
(e.g., 10 minutes). If so, the illustrated embodiment of the routine initiates
the immediate providing of a replacement computing node for any such
computing nodes, and the routine may further record causation
information that links that initialized computing node unavailability as the
cause of the initiated replacement activity. In other embodiments, such
replacement acfivities may instead not be performed in an immediate
manner {e.g., instead may be aggregated along with other requests to
modify program execution capacity), and/or may instead be performed by
the routine 400 of Figure 4. In addition, as part of initiating replacement
activities for such unavailable computing nodes, the routine may further
take actions to ferminate the unavailable computing node (e.g., if it is still

running but is unresponsive).
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t| me includes at least partially offsetting the indicated reduction
with the one or nore unavailable conputing nodes, and wherein the

of ficial qeyRibNgssnode quantity available to the one Pé?;ﬁsz’%ﬁwﬁsﬁ%1
second time is the initial desired quantity of conputing nodes

specified by the one user mnus the indicated reduction specified by
t he one user. 101291 C ause 32. The nethod of clause 31 wherein the
program execution service is a fee-based network-accessi bl e service
such that the multiple users each pay a first fee for the providing
of . the nul ti P4 dmpuginmilgr magesr, fibe rogtinebin hibek G3@ optionallydnitiatast thei ne

et ity o ERnARgThREE B Pl B hOt Bl UMl
second time, qofesfhk E;éifnpﬁﬂﬁ'g $686€ %%Jp%%a?@éha hevittisianededis past then

part on a current quantity of the conputing nodes of the group for
t he user. Jomejpuanaused%groupmhpiutaée news| iskepiified agetheying dailed or

et hod compr erayiee BeBorR8 ARG pBF 188 Hia Yyt v Ay e

systens that cat€atfiominfeiiRidnttRaPirke Hat aoRbOiR@ Mot agizvaidbilite rasi the
for use by multiple users, the %Fogram execution service having a

plurality of cabspfithe intaied replacement ashyiguimpthertmbediaents, such
programs of {ho USELR Abulifiss RAPHAREX HRY L RefBIYUEGGn an immediate

manner (e.g., instead may be aggregated along with other requests to
modify program execution capacity) and/or may be performed by the
routine 400 of Figure 4, and/or other types of automated determinations
may be performed that can automatically initiate immediate changes to
program execution capacity for particular computing node groups. In
addition, as part of initiating replacement activities for an unavailable
computing node, the routine may further take actions to terminate the
unavailable computing node {e.g., if it is still running but is unresponsive).
Furthermore, as discussed in greater detail elsewhere, the routine may in
some embodiments consider other factors when determining whether to
immediately perform the replacement activities with respect to blocks 725
and/or 730, such as perieds of time for which an associated user will be or
has been charged, an amount of time until a next harmonization activity is
scheduled to be performed that may affect the desirability of performing
the replacement activities, etc.

[00ss] After block 730, the routine continues to block 785 to optionally
perform any housekeeping operations, including to update stored
information as appropriate. After block 785, the routine continues to block
795 to determine whether to continue, such as until an explicit indication
to terminate is received. If it is determined to continue, {he routing returns
to block 705, and otherwise continues to block 799 and ends. While the

various activities described with respect to routine 700 are illustrated in
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receiving information that specifies an initial desired program
execution capacity for use in executing one or nore software prograns

on bghfal f wad 2021/6418:3t user of the program execution serpiges@whsbIaat
specifies one or nore capacity nodification triggers for use in |later

initiating automated nodifications to the desired program execution
capacity, each of the capacity nodification triggers including one or
nore criteria for use in determning if the capacity nodification
trigger is satisfied and including a specified type of nodification
to the desir ¢us perabodiment eaxuithieny apfaoneg bhat different produde)dban ebei f

the capacity nodification tri ri atisfied; . aut o ' I
det erm ni ng’ &4 LF%E“%_H&IEOFHP %ﬁf‘?p‘ﬁﬁd? Oﬁlﬂ%r BIngPdimenys C?P”}:egﬁt):?ﬁ?#{gy
nodes for usend A REiGNAIRY BEtHRvd Riutihas neteshé Pérf@frﬁ@di BY=EAAGIMOAUIe
capacity of the first user, making the conputing nodes of the first

group avai |l abr eftetrwisefdarsingdl.ne t o each execute one or nore software
prograns for

th I rst. user. and | gnat i.ng | :
program exec@ﬂo?énﬁtc‘ﬂ ak_?ﬁ‘? ta?pgesc_'ag{ﬁd 35%% & ﬁﬁghgr%@%ﬂﬁh@x@%%? g‘ﬁ%é{&ﬁg'c' ty
that is recopagfdas bg%élgo@m! dibbieskl dtwelrag beysrevidet it dtefnative
tinme; after the first time, nonitoring the conputing nodes of

the first gro@ystsudeaepringespitipmeng rafeueytings cprenwid Q) JRAET of
perf or mance ?@ﬁ[ﬁgt E‘éain%ﬂ@%n%rﬁ@ﬁﬁoam% 'nrrl}@tra@g@%#gﬁ%ﬁﬁ} r%-evihae

executing of he  or re-sortware progra
i ncl udi ng denssrgionilewg fanchiwialia) thandg destribe; stutioas edpsodthyr lbsirated

aroup at & | EeEimescDatRat: e OANREHE IRUCH THBEENANG: respectivaly, of hen
the amount of functicnality that is provided is altered. In addition, while
various operations may be illustrated as being performed in a particular
manner (e.g., in serial or in parallel) and/or in a particular order, those
skilled in the art will appreciate that in other embodiments the operations
may be performed in other orders and in other manners. Those skilled in
the art will also appreciate that the data structures discussed above may
be structured in different manners, such as by having a single data
structure split into multiple data structures or by having muitiple data
structures consolidated into a single data structure. Similarly, in some
embodiments illustrated data structures may store more or less
information than is described, such as when other illustrated data
structures instead lack or include such information respectively, or when
the amount or types of information that is stored is altered.
jo097] Clause 1. A method for a configured computing system of a
program execution service to determine causality for dynamic
modifications in program execution capacity provided to users, the
method comprising:
under control of the configured computing system of the program
execution service, the program execution service providing a plurality of

computing nodes that are configurable to execute programs of a plurality
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automatically determning to nodify the desired program execution
capacity of the first user based on nultiple events that occur during

a period ime between the first time and the second fj t
mul tiple &%&%Otlg&l?% uding at | east one of the specifi eg&@ﬁ%ﬁgw{%ﬁ 51
nodi fication triggers being determ ned to be satisfied based at | east

in part on the determ ned current values for the one or nore
performance characteristics types and including at | east one capacity

nodi fication instruction that is dynamcally specified by t first
user, each offf¢MBolg UpeIgde %ﬁ@a%%éf%rgﬁﬁ C}S‘Q@@i tloytlhf'ardéﬁelr%c%ﬁcrgﬂ each
triggers andgfRRigle bEft ugdys, capacity nodification instruction
indicating a specified nodification to the desired program execution

capacity; and receiving dnfermation yromathe el Higt tapeciies Ay Butiad rdasied

o ) : i e it
Phe et er m ey (Rl Wad NS FRRckiind If fisted SRl of
and with thetmodsén ant ted ispedifips ogulbpte exaatityi modifieatiot triggetshor use in

har moni zi ng of the.recorded offici rogram executi o aci

el ud no ulRbITEREA R i Rieatbanit Mol 37 cRAPOEPL hoe
of the first pginuprovidéet 5o ddacey hée huddre edeh eshiine duaatitya naalifagtiom
execution capacity_and the nodified desired program execuﬁ_tfi on .
capacity, sufHSeRRINYYENGSALIArdBOEGHIEHR fef ipdetpEmininoyif the, auapty
provi de the jidk d j : i csafj&q' it aBde
that the recg?giéfgdagg P ﬁ??g%ﬁ%r%ﬁ%agﬁﬁﬁw#\@;gpaci t‘;s_:rc_iiy gorﬂggtarf%d to
reflect the praniitdechanas 1o die deguesied pf dbe saHaskibe modifcaiigpaliiager 1s
[0130] C ausga@é“ed]_he met hod of cl ause ‘33 wherein the program
execution capa |{y‘of the first group is neasured based on a quantity
of conputing nodeautdmeaticatie dedetmioingt hegrioupstor gtheupsers ot multigie ohihe

initial desired program executipn capaci.ty is an Lniti i
quantity of 8&%‘&&1@&"%"&3‘&9 R Sd*‘é’fé‘?ﬁi’ﬂeed‘eﬁﬂﬁ'ﬁ%khep%%ﬁ’%@%m gh
fﬁpfd ty at {érltee%is;@pﬂmnmﬁfﬂe %@Pﬁﬂtirlfg?h@fés ol Ag of Ehet iﬁftiaﬂ:dﬁ’ﬂt%d f@npmt p
at are available as part of the first group at the seco [ e
aut omati ¢ dePedKioMERYM @ndoording they gyt coPptiac nseBg er afse BY the

capaci ty i ncludes detefifeni ng the nodified desired program execution
capacity as a nodified desi red quantity of conputing nodes for the
first group, and trheespgneedeian mstiuelarmfionr thendseroiiatingexasylisn i &

o ot oA ELER AR SRS SRR OHLRES Halpgeply S
nodi fi ed desanéd quantity. -
automatically managing the computing nodes of the group during a
period of time from the first time to a later second time, by:
during the period of time, automatically monitoring the computing nodes of
the group to determine performance metrics from -operation of those
computing nodes, and automatically determini-ng that at least one of the
quantity modification triggers specified by the user is satisfied based on the
determined performance metrics;
during the period of time, receiving one or more guantity change
instructions from the user that each indicates a dynamically specified
request for a quantity change in computing nodes of the group; |
automatically determining an actual computing node quantity for the

second time that reflects a quantity of the computing nodes of the group
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[0131] O ause 35. The nethod of clause 34 wherein the specified
nodi fication to the desired program execution capacity of each of the

at | east Qu®PRARYs ed capacity nodification triggers gagusReydbss:
| east one capacity nodification instruction reflects an indicated

gquantity change in the desired quantlty of conputing nodes for the
first group, and wherein the determ ning of the nodified desired
program executi on capaci ty for the first group includes aggregating

th di cat ed tit | t fied it
odi {1 cat 1 on 1A GeretialiovAERIR of I rom Bip 48 ey SiEcine ERerah 1o 7
i nstruction, tﬁ@%s@?dtﬁe\’ﬂ@ﬁrﬁ)ﬁ@d' éﬁthéﬁéoﬁﬁﬂrrggeﬁwéglﬁnhw of tHeoBpesrid1g

nodes by the aggregat ed quanti changes ause 36. The

net hod of cl dime bgmg/mléhmtﬁrqméﬁ/@pmtlairda‘fﬁﬁ@ QUAREY off CQBRYIBIHAAYRS at
characteristifs sl e %Buét' :89%}'}@3%18% rH?rﬁ i Efdngds paJa%bngct i

the current va?ues ar e ter moni orlng |nc ude an
quantity of comgpuitinggnoussesf thharous daviag ltixb periad opdime, o ledsd spoimes of

group, wherei,p_the incl ud &8 determ ni

actual quant |tF? Et'g%rﬁ‘)'{ﬁ ?h@g’n &t aevé%%gﬁ Mgrépggsﬁf%?%ﬁ? i
t he period ofwhitiendgéarderhaied i rst and second tinmes, and wherein
the harnmoni zi ng of_ the recor d official, pro m executi pn capacity
further includes desEgraidngt 87s f LG PIaé’bé) {'&gdc”ﬂﬁl}:ﬂﬂs fcﬂl aggﬁ)e?b ly;
conput i ng nO%ﬁorEaﬁcélfyeattﬁm&lh Qé%m@té Cabée Bf e LRANaMt) | HadbePhanisam
execution capaclity avail first user at the second tine.

[0133] C auseityer oneaeoﬁethﬁoat JﬁasélmaugetIWhMifwatt% tpgersathat are
executon Ca%ae%%HPQé tw?efbﬁ{ﬁeo%P el 5f fRASHE &F RdRE Y uBhtity change

aggregati ng eac ypes Of conmputing resources avail l e
fromthe corrpmtrung;onstﬂ@mthealseare part of the first group, and

T EL e, St SR Cu B DS L AR SRR SRR e 1

one of the myfitphesingleeauss iaspaitbmaticgioattriteted the adieastvablaibbre

Ut onmt | o mo@ PR PaREE T | g dean e at leatt “she “vataniiy”
changes, automatically atiributing a combination of multiple possible
causes to the availability change that are independent of each other and
that include one or more of the at least one quantity modification triggers
that are determined to be satisfied and include at least cne of the one or
more quantity change instructions from the user; and

providing indications of the attributed single cause for each of the at

least one availability changes and of the attributed combination of multiple
causes for each of the at least one other availability changes, so as to
enable the associated fees for the at least some availability changes to be
imputed {o the user.
[0098] Clause 2. The method of clause 1 wherein, for one of the
multiple users, the determined actual computing node quantity at the
second time is more than the initial desired computing node guantity for
the first time based at least in part on requested increases in the quantity
of computing nodes for the group for the one user from each of one or

more of the at least one quantity modification triggers that are determined
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[0134] C ause 38. The method of clause 33 wherein the one or nore
criteria of each of the at | east one specified capacity rmdi fi cati on
triggers are based on one or nore specified values for one
of the ond QFHBHES 3performance characteristic types, ﬁ% F%(Pﬂsallhe
met hod further conprises automatically determ ning that the at | east
one specified capacity nodification triggers are satisfied based at

| east in part on a match between the one or nore specified values for
each of the at |east one specified capacity nodification triggers and
t he det er ni néd ausatisfied andeat fanst tane ehdheronsope 1peisr dradkRyechange
characteristi.

wherein the éf?é[{t}cggﬁg‘frﬁgg gﬁgh?%%gzﬁ%%ar aﬁégrl sﬁgggt%ggh@o %@%gnd
to a conputi rgtlaasbreputinge nodeppidntity fodte skcork tine dor frowpe user

o 11 cat i on TG ASIRRURER 2 r3iade; SOReaR T ERLeeihut ROPIa! on

the conputi ngiages tef cdrigufing Bbda ot @lf tHe gmu@ fbemaoam user based

i ncreased state, wherein the automatica i q;% of "the

conputi ng no®ds agﬁr@Qaﬁﬂ@ tbﬁr E%‘ﬁsﬁ@e'ﬂqﬁ%ﬁesg%yﬁ Gﬁlé’é‘orteeﬁﬁ%?f&dl ly
| ncreasing t g3 ch%ﬂ?ﬁ’lhgétfgﬁuéh@’bf%gaﬁi ie)ésft hiHe Ghadl) dilige
fromthe conputi es of t rst group 1n order to accommbdat e

t he tenporar ||rh9,trucnon émdhstoaee.laﬂr, wherain it dietegminsshsingledaggregated
the nethod furt er co

third tine afeeiEn o rars RSP biEtfhg hsre el Sreadup ithe
executi on capaeidserionedfithe stheasteonzoother hyailabdity ehanhescioniiie grooigr am
execution capacity of the c utin of the first group to .
reflect an en®f tf@ypﬁs P%?de}‘of%ﬂ"y”gﬂ ‘ga@'@d‘)@? A€ 57 Sé%‘ﬂﬁﬁ'?f‘ﬁ%

| oad. [0136] nSddicRionCGrigddre diRf thethtobast ohesquatiybiesiRjeninstractitin fremst

one performance char acterl stic types include an actual_quantit
conput i ng nodles onAaiser @r%@ﬁrlb@@ﬂeaSa@ep%mbcﬁaus;ﬁ@fﬁwflg %A?é’reel n

the det erm nijjgliiny Ehmgds tamle SRR RACH eRocasasidnd m‘étéuhcﬁbl on

triggers are sa 'S ased on actual quantity of the
conput i ng noatem%mﬁattdmeoffmﬂ%lplegmﬂﬂ!blh@am@s torgagheaf the gileast paeiotherd

d d t
modi fyi g of AL S e A€ Wty 207, M ofe QyscfnidiB it posaible
i ncl udes r et wanb&y thdteardddéertified mtavauamntamhangesfm tthe cooypuiting mpde

2 g(rjrgat IOL gt Eg@fé‘lg{!ps ¥or%[|e 0 etu%eff urlné) ﬁwcel Eaér?o% gfe flsnl‘Ié %%qugtnér'etrYot afttnbuted

as a single cause of one of the at least one availability changes.

foo99] Clause .3. The method of clause 2 wherein the program
execution service is a network-accessible service such that each of the
remote users provide instructions from client computing devices over one
or more networks, wherein the at least some availability changes with the
associated fees for the group for the one user include one or more
increases in the quantity of computing nodes of the group for the one
user, and wherein the one user pays a first fee for the providing of the
multiple computing nodes for use by the one user at the first time and
pays one or more distinct second fees for each additional computing node
provided as part of the one or more quantity increases of the group for the

one user.
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[0137] d ause 41. The nethod of clause 38 wherein the one or nore
criteria of one of the at | east one specified capacity nodification

triggers @‘F@Z(Hﬁ?ﬁ%:;on one or nore of a threshold for dgtEHedERoss:
g .

current values for an indicated perfornmance characteristics type, of
a nmeasure of change over tine in determ ned current values for an

I ndi cat ed performance characteristics type, and of a | ogical

conbi nati on of determ ned current values for nultiple performance

characteristic t]ypes. [01381 O ause 42, The thoﬁ f_cla ie 33.
wherei n the K0P BIRUSE, cht A1 GPTRUITHRBISRRNEA 6 RN e i TRINg
capacity rmdlc%ugﬁgy Ofbrt iyASRES PBUMEalidTURT PFodMIRs CoxRRation BREt

criteria are based on oné or nore specified tinmes, and wherein the
met hod f urt heroidegpia 8 aisenlibe methehtoypHiengr ni ni ng that the one

speci fied capacity,fofll {4 fah! 8 ddd Hembe BMihEd syDRRRd bt | ags!
in part on a curréent tife matching the one or re“specitied tines.
[0139] O auseoAfigurgédetonptdviit af poigearsee@ulibe rsairvice Hor mskt by Ineultiplent s

further include o of the specified capacjty podificatiop triaggers
bel ng ¢ 1 ggelSaHISCPBHEB; SifsHioB: sialranaynd caguiely 8F sohirtifbe
patterns i denphbsé afaf 'é@énd’éinﬁllggrfab@‘@'to tHsruted pograRisebn théausers i dhe
further conprises automatically determ ning that the one specified

capaci ty nodPfediaf DFEQULIPR§EMVI¢S satisfied based at least in part on
the determ ned C“Féceéi\}in%aéh’%difcgﬁorﬁ)rkﬁ 8h MREE RANEE PRIYESm execution

characteristics types corresponding to at | east one of the one or

nor e patt er nsapacity for executing one or more software programs on behalf of a first
user of the program execution service;

determining multiple capacity modification triggers for use in lafer

initiating automated modifications to program exeéution capacity being
provided to the first user, each of the capaéity modification friggers
including one or more criteria for use in determining i the capacity
modification trigger is satisfied and including a specified type of program
execution capacity modification to be requested if the capacity
modification trigger is satisfied;

- automatically determining a first group of multiple of the plurality of
computing nodes for use in providing the initial desired program execution
capaci{y of the first user, and making the computing nodes of the first
group available at a first time to each execute one or more software
programs for the first user;

automatically identifying multiple independent evenis that occur
during a period of time between the first time and a later second time and
that each are capable of.resulting in a modification of the program
execution capacity being provided by the multiple computing nodes of the
first group, the multiple events including at least one of the specified
capacity modification triggers being determined to be satisfied;

automatically determining an actual program execution capacity

that is available to the first user from the computing nodes of the first

-
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[Oia] Clause 44. The nmethod of clause 33 wherein the nultiple events
further include one of the specified capacity nodification triggers
being triggered whose one or nore criteria are based on_one or _no

_nore
i ndi cati oN% P42 Hount of work to be per formed by t NECHHRPOUYOSPB1E e

sof tware prograns bei ng executed on the conmputing nodes of the first
group, and wherein the nethod further conprises automatically
determ ning that the one specified capacity nodification trigger is
satisfied based at | east in part on obtained information related to
an actual amguewp &f thesrced e dhe aaleal RFpYtafe exgeulinn ARPICIY AL Rer e

prograns. [O AR G | i
det er m ni ng cj??a]t)wgejt]?rﬁl%?? @ddlggﬁﬁtﬁéﬁ 3?33‘}95%252?8%%3%@ F%ﬁ?%ty
the first grqupvided ke thes fisggsegat thegfirshémienchsest aideasidinfiarhoh one aro

he at | cast TG QROOFF B BLRAEDLY Gnubt Mloug BV loFBs By

| east one capgeig yhatosticliredt durihg atiniel perion , betwdes e ifitsti tinge tane the

determ ned nodi fied desired program execution capacity based on the
aggr egat ed i §8FeRE EMShodi fi cations to the desired program execution

capacity. [0142] lasss 4ftheTBRiBBIRPENAIgE sUBR die WheddE touting

aggregating of the indicated nodifications to the desired program
execution capadesyofi el fitkdsgratpl eytamatinallyf atiiisiingl ene vy twRee of the

execut | on Capages yoi _ : e of the
et o 0, 8 SO T ol i e
modi f i cat i onmyaitdbilite| ehetrigeg Bawhng eause thbt tihie icotibization of multiple

T o o R o AR P B SRV Bl i e MR 01
i ndi cat ed noghd i g@atiasts .one specified capacity modification triggers that are
determined to be satisfied; and
providing an indication of the atiributed cause for each of one or
more of the availability changes so as to enable one or more further
actions to be performed corresponding to that atiributed cause.
[0101] Clause 5. The method of clause 4 wherein the multipie events
further include at least one capacity modification instruction that is
dynamically specified by the first user to request a specified modification
fo the program execution capacity being provided by the first group, and
wherein the combination of multiple events that are attributed as the
cause for one of the at least one availability changes includes one or
more of the at least one specified capacity modification instructions.
[0102] Clause 6. The method of clause 4 wherein at least one other of
the availability changes has an attributed cause that is a single one of the
multiple events, the at least one other availability change being distinct
from the at least one availability change.
[0103] Clause7. The method of clause 6 further comprising
automatically determining that the single one event is a determined type
of cause of the at least one other availability change, the determined type

of cause being either a direct cause or an indirect cause, and providing an
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[0143] O ause 47. The nethod of clause 33 wherein the at |east one
capaCity nodification instruction that is dynam cally specified by

the first yushyedaskst hat is included in the nultiple evepgshipdskaes a
single capacity nodification instruction specified by the first user,

wherein capacity nodification instructions specified by the first
user take precedence over specified capacity nodification triggers
that are determned to be satisfied, and wherein the determ ni ng of

el udes. sol ArRe ROHEDHAEERLE Bhobdfg o bbicrfindd fok SGtaREts

i ncl udes sel &¢ ed program
execution camia@at heatahashe D’ehesaealiafbllﬁyd cbgngehe si ngl e capaci ty
nodi fication _jinstr ctlo e us i eu e.indic

nodi fi cati ond?13f] %”S:ﬁ y eaggedﬂg eeﬁ #Weeaiag‘féﬁg%‘“{hﬁr%d ?%Iétppbaﬁic

triggers. [Oléfdrmfihinyseofdbhe Thectomt hg@gﬁémclman&a fcapatitr mcludes
conpri sing receiving ecification the first user Ofﬁﬁgltl

di sti nct geo@ﬁﬁfﬁ]"&laﬁ m@gﬁlﬁ%’ﬁﬁa?'%ﬁc*&"@eéé’éﬂ have; ecsyred I"‘(Pt?ée‘an
i ndi cat ed Sufaf@buﬂa‘métrbea tﬁﬂlhgrﬂf%é%@ &%6?@@%&@ a&fthbmeau@.ermtgacng

nodes of the rst group ase on one or nore of the conputing nodes
of the first Odjﬂwgvaiblbd@y abangest ingdgs igeiitifidng Da@a:trur@@re ofrthe whivdtielen

e st omeC! QR e Lok SAURULADS BPASS 47 FAWIE bl

per accor dancé cerve
speci fi cat i oghasged) dritbaggregatimgliafl iof dhe omgitiple reyentdthet are nobdi dingld t o

i ncl ude the indicated subset, of the ogra ecytion capacity th
conputi ng no&@gs%fotﬂ@ Pesef %JB”[HB{G gﬁﬁ'%@ ng’%?ﬁ??l $ art Yor the
geogr aphi cal chapaidtRAstor EaH Uthér amhe hBitiplehavaTRibliag cﬁén SR s
wherein the automatic m)dl fying of the conputing nodes that are part

of the first NgtBaY® ARNARIEIUIRDI acing one or nore of the conputing
nodes of thedibESEIIRUP. W The HEHRY S0EBuSE helyheRSRUtMend ke dthe

&t
one or nore other computing noggs each having a different anount of

avai | abl e pr tepsheneavailabiliy chapges tthe ehtomatieaiyitutiop ofdhe cermpingtien
ComPe S oA PR e etk L ORY Syt RS
first tine tdetacinieyeoat ietdreniinatianr ohondide eeatsds @ dgteanmme‘dotypehe
(Lt ueer | OFLutes 47 Skl B HRERTAA BRSIRLy i S RLb"S
execution of papgeitier Bhfirc@eafie 0PAR IrRbEVEdBch BAEG WP eiathe pedvigihgt he
computing nog$§(hg flnélggtlc];rll ro?‘tthgrgtteruted cause for each of the one or more
availability changes includes providing an indication of the combination of
multiple events being the determined type of cause of the one availability
change.
[0106] Clause 10. The method of clause 4 wherein the multiple
independent events each request a modification of the program execution
capacity being provided by the first group, and wherein the method further
comprises automatically determining a single aggregated modification to
make to the program execution capacity of the first group based on
aggregating the requested mcodifications of the multiple events, and
initiating the determined single aggregated modification to the first group

prior to the second time.
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[0147] d ause 51. The net hod of cl ause 33 wherein the pr ogr am
execution service is a fee-based network-accessible service that is

remote fremidigofibdsst user, wherein the program execut p@HuSRIMiseH1
provi des at | east one of one or nore Application Progranm ng

Interfaces (APIs) for renote conputing systems to programmatically
interact with the program execution service over one or nore networks
and of a graphical user interface for use by renote users over the

one or rore raﬁto?f;rdﬁus@w "‘ﬁ%%@th&aﬁﬁfdéxﬁe HE GlheRE SO f e 'BREALs

fees for the i ¢ nodi fying of e conputing nodes that are part
of the first fignthemp |rastu¢mrat tfast heneawtapaeity cmndifindiiory iingjrugtion4 81at s

Cl ause 52. The neth d of e, 33

service uses C@F?%%ﬁ v 2 ecﬁ'ﬁ%@ W%o '%gﬁggtwet%ﬁ‘eg{ %)%égg}(ur gﬁb‘@h@&
corr{)uti ng nlod@stlhenpﬂdgdan émasmﬁ@nhca;faml gelpgeprﬁhMij( thenﬁmtlg‘lgup,
systens, nulti [ | oste t ti
system that 3 r%‘”%‘&cﬂ;‘ a@’fe["alr@eg Gp% tty oﬁ'@gg&atj %n{”g\ﬁﬁ ue?'%g
the conputi n%ﬁ@@iﬂ% BY fh@efzfétr B0 PP t@reh@omstedmverbual whBEh Nge,
and wherein the one or nore prograns of e first user are part of a

virtual machicagtinatips. of moltip e@rﬁﬁél@atwe ﬂfMM%?h& eauRhias aRed®fum
whose cont ens, GPRIJgune eﬂraﬁgﬂmgté F&%ﬁamégoﬂw%&@& W@g&' E¥st

program execution capacit by performng a net
conprising: one specmledezapaom,t mmldzfmfat:onhms&mnﬂorgur ed conputing system

ecel VM9 20 B EPS!  ok Fibng BfuRlsdr  Rbf TR e

desi red progkglesg§ieoatst mmatwn fotheume availakiibuthargecioe whichbee

software pr O%Egrrgr r%%rg esgglclﬂegfca}pg%:t; Irrrigéiftcatlon instructions are included in
the combination that is attributed as the cause.
[0109] Clause 13. The method of clause 10 wherein the program
execution capacity of the first group is measured based on a quantity of
computing nodes that are part of the first group, such that the initial
desired program execution capacity is an initial desired quantity of
computing nodes and such that the determined actual program execution
capacity at the second time is an actual quantity of computing nodes that
are available as part of the first group at the second time, wherein the one
or more availability changes of the one or more computing nodes of the
first group each include at least one of one or more computing nodes that
are part of the first group becoming unavailable and of one or more new
computing nodes being added to the first group, and wherein the
determined single aggregated modification fo the first group is a
determined change in quantity of the computing nodes for the first group.
[0110] Clause 14. The method of clause 13 wherein the determined
single aggregated modification is to increase the quantity of computing
nodes of the first group by a specified quantity of one or more computing
nodes, wherein the determined single aggregated modification is one of

the one or more availability changes for which the indication of the
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automatical ly determ ning an actual program execution capacity that

is available to the first user fromthe conputing nodes of the first
group at a later second time after the first time, the I Qgram
execut i on%‘gf)oéyﬁl?%at the second tinme being distinct fF%ﬁ#ﬁéﬂ"(ﬁé%?red
program execution capacity provided to the first user at the first

time based at least in part on one or nore changes to availability of
one or nore of the multiple conputing nodes of the first group;

automati cal | y_ det erm.ni ng. j fi i t] . ‘
capacity 1o BUTEMEHT AR5 pRE e, BhCRbR o BRI e Mases on
rruhl tipl ehl ndeeefoce ot nig c_ﬁmsbt mdrgﬁnﬁﬁagﬁbtmslihatainledetigiﬁa{img-shetdrrmorend
t hat each speci an indicate ificatio t he desjred, pr.ogra
execut | on caBRISgy HHRITRDA (R dTdldster &rsah dhranttaRdeit Porine dderey
at the secondietdifndiesigl g8fedafodiggatRmat i on of the specified

i ndi cated nodi fications of e multiple independent events and being

di stinct frof@tite Glaugechs.ed Thesnethwdpebglatss &k vhgtsinrPneaphiia gne it
is provided forl i e : i iyl t he
computi ng nod e aeEfily dhdiiestiofunich the AUlaBh cf the KBRcL N
so as to har impicwiledhechdes B East adirsted tipe ogtliinle exectstasoat leagdpartof at
the second tiye with e determn actual programexecutiohn C ity
at the. second Fese oh B8 A1 Aralrbit e, RSt Hhl Ao
provi di ng t héndigetion @f thes aftAbutetiogaade qseakiéi ome capdlabilty tthahfe is
first user. [0150% Cl ause 54. The conput er-readablfe medi um of cl ause
53 wherei n t RETEHRES JUIRSPOBEF (D arFAYeyet Aippst g of Which sypRtgcase
execution sefyd 6Re NANaBiigVeHiRRyefart Bf dhidhariilablifPehdritks adesaused
configurable to execute prograns of users of the program execution
servi ce, whep¥ithe firsé ewant i pl e conputing nodes of the first group are

a subset of D ' 0f.50 i AULRITRL | |
associ at ed WH}EZ],[ pegl%elrﬁ( uig(rg g‘%\ﬁdndg%ﬁ@s tﬁ%vﬂ{???lﬂe{ pr og %‘ b
executi on serstdeheed fromeapmeseand whereiquiist prbwidinghef thesindézhtipn afrthen
execution capacity that is received from.the first user prLi he
first time. aRdputd oflsq fors FRCSBE ara Bl Phated mtifon Usr8lashd &
cagafc! ty mdhbhmtriﬁ@ﬂ;caib[é! @@ﬁd ratioarof tise attribdted eausafdrithe ong ague\?my_ed
nmodi fications to the desired program executi on capagity, and whefein
the mul ti pl e PR e PrOEYIBAL Q‘eoﬂ%faéﬁgthﬁ“%f%éj% o atipggtor
desired progyamR48aHEiQBr.capacity is based include at |east one of

t he capacity nodi'fication triggers being determ ned to be satisfied
and incl ude #113leflausenty.capheingthad diffdlaune 4 dunthert eQroprising .t ieaeach

dynam cal ly 3pegLidiafoRy alififiohil fiheYiftiods that occur after the second time,

automatically aitributing one or more additional identified events as a

cause of an availability change that occurred during the additional fime
period, and wherein, for one of the additional identified events that is the
cause of one of the availability changes that occurred during cne of the
one or more additional time periods, the one additional identified event is
a result of one of the availability changes that occurred during the time
period between the first time and the second time.

[0114] Clause 18. The method of clause 4 wherein the making available
of the computing nodes of the first group at the first time to each execute
the one or more software programs for the first user includes

automatically provisioning each of the computing nodes of the first group
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[ 0151] d ause 55. The conput er -r eadabl e nmedi um of cl ause 54 wherein
the one or nore software prograns are being executed on the multiplé

conput i ng“r,}?g[ﬁfmﬂ 53t he first group to support at leaStPeﬂﬁsﬂhpt%Bss
sof tware program'beli ng executed on at | east one conputl Ag SYysS em 1 hat

is not part of the first group, and wherein one or nore of the at

| east one capacity nodification triggers that are determned to be
sati sfied each have one or nore criteria that are based on status

i nformati on obt aj ned about executi.gn.of the at |eas ot her

Sof tvar e pr ogMannCl 088 FRmalkely SR Leran e CPehLENe CREA TP
clause 54 wheyivar PRodrBfisCaH 8bHISRhEDniPLERE AR OF td MBt GRRACI Ty

that is provided at the first tine to the fifst user is recorded by
t he program dk¥éLtGlausedPvi déeadneiirofniof i glause f tciveerginodhanprogram

execut! on Canagliiol ks RVE 180L8sLE AdRioikbEledtiiE SrvicBeidtr &l

time, wherein't rther conprises nonitoring the conputing
nodes of the remote fomuphel Uitshgiser,pevhicoeinothe ipregifany nexdoaitibn r servidene

to the second ti. to,identify the one_ or . avai Labi | S
to the one @Jowﬁgga&%‘ﬁwﬁg&f &Y '5P™% ﬁggﬁcga&igﬁ I@{ogﬁ%hﬁw&ﬁ'{ngg@%%%te
t he - r ecor ded (apid)GbaterpsteWoripLagaybicdis kapagrdrimaticallieinteragneith the
execution service that is available to the first user s ?s to .. |
Fef lect the GHRIIGM REPRIIAPETMGS IVE) OBR A1 JBYe RetuPEITARher ALlapkiea

of ficial prograpRseass OSSR lehioteludehe cREPHABHE GMbOReifirks cE
that is available to the first “user is not updated based on_the

automati c deteadnvhenen tie firabusaidiays eederInpeadiess hpsathad leastin part on
capacity at i OB, i bkl f. the
conput i ng noﬁﬁegaftﬁg@%gréé“%r"ﬁﬁ? °}Aﬁ§r§i"?§§§§‘r’%@gh'§¥b}§% ss'econd tinme
is further pgofier Blduson2as fThehamethodzeft blausecdr sarranf ithd aprqaragr am
execution capacit at the secaond ti i i i
o oot am exec eretnion, Bhpdd uSe PRLtiTondeb oSy FROK MR UG ot e
recor dg_df of L icghqjutingogxbaat epeiiide ortaqrcaami bﬁ/_riwmﬁbveditphgsiicdbmdgﬁ?@tm

e nodi fied desired program executjon capaci e second tine as
a further up@¥eEds: e%!lttﬂ’g% qulp?‘éph'ﬁﬁﬁg?‘gﬁ?@x‘é&ﬁ'? O%}Iyéggg(ﬁq’@,ptgpgt he
program execggg@ﬂq %‘f‘étvéréeeédhaéblb%o%bh@b?ﬂeragt bhE ggd)g\il\rﬁﬁq,%reir{ H53]

Cl ause 57. The conputer-readabl e nedi um of clause 5 erein the
conput er - r ead@pipiingdnodes of dhe| rsbrowe ate Bostedoiguad)f machwsutandg

system Lhat ShRne HRCoROBE SIS Mg nd A SarbarPel Umikbal

i ncludes a generated stored data s containin e contents, and
wherein the comtheme gnage i nstructions that when executed cause the

conmputing Sy%ﬁ% t(‘ffagsez-:rﬁ?.r mAt hgonrr\%tupe?gréadable medium whose contents
configure a computing system {o determine causality for dynamic
modifications in program execution capacity provided to a user, by
performing a method comprising:
under control of the configured computing system, receiving an
indication of a first group of multiple computing nodes that are associated
with a first user at a first time to provide an initial program execution
capacity for use in executing one or more software programs on behalf of
the first user;
- automatically identifying mu!iiple' independent events that ocour

between the first time and a later second time and that each have an
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[0154] C ause 58. A conputing system configured to dynamically nodify
program execution capacity for a user, conprising: one or nore

processorsg, and a system manager nodule that is_configured to,
when execmqaa’lwu?ﬁ} | east one of the one or nore procegégﬂéz,ﬂ%mi e?be

program execution capacity for nmultiple users of a network-accessible
service by, for each of the nmultiple users: determ ning a
desired program execution capacity for use in executing one or nore
sof tware progranms on behalf of the user, and determ ning one or nore
capaci ty nodibsostiedrdesiieggandifitaiiorustthienplagram execution capacity of the

first group;
automatically determining an actual program execution capacity
that is available to the first user from the computing nodes of the first
group at the second time, the actual program execution capacity at the
second time being distinct from the initial program execution capacity
provided at the first time based at least in part on one or more changes to
availability of one or more computing nodes of the first group;
automatically attributing one or more causes to each of the determined
availability changes of the first group, the one or more causes that are
attributed to at least one of the availability changes being a combination of
multiple of the identified independent events; and
providing an indication of the attributed one or more causes for one
or more of the at least one availability changes.
[0118] Clause 22. The computer-readable medium of clause 21 wherein
the configured computing system is part of a program execution service
that provides a plurality of computing nodes configurable to execute
programs of users of the program execution service, wherein the multiple
computing nodes of the first group are a subset of the plurality of
computing nodes, wherein the receiving of the indication of the first group
includes receiving a request for the initial program execution capacity
from the first user prior to the first time and automatically associating the
first group of computing nodes with the first user at the first time for use in
providing the initial program execution capacity to the first user, wherein
the first user further indicates one or more capacity modification triggers
prior to the first time for use in later initiating automated modifications to
the program execution capacity of the first group, and wherein the mulitiple
independent events include at least one of the capacity modification |
friggers being determined to be satisfied and include at least one capacity

modification instruction that is dynamically specified by the first user.
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initiating automated nodifications to the desired program execution
capacity for the user; automatically associating a group of

mul tipl e gxabdigbdigssconputing nodes with the user at a pit/géoiddsessh or
use in providing the determ ned desired program execution capacity to

t he user; and after the first tinme, autonatically determ ning
an actual program execution capacity that is available to the user
fromthe conputing nodes of the group at a |later second tine after

the first ti [6‘;119]t E:‘Faw,?s(‘eté?l PhESYH Se4hL08 manas sdcidtisd PEwWhRRAA

time being dFsti’nct” Tromthe desired program execution capacity
provi ded to tHeedesierd siodificetidén oSthet program executiomucapasity el ¢ach of the

determ ning a | fied desired program executio pnacity
provi ded to m’rgtl') Ee'rngﬁ'f’e'? tg V@D&ﬁ%q?i%eﬂlé%%éa oﬁoﬁﬁggﬁ%ﬁ’ewl}l%?@ﬁéﬂ%ent-
events that gaghodseticraddripriddiealtorsticallyngefendinimat shagle duavegatad
associ ated nodification of the desi redh‘gro ram execqtii I on_capaci tt%é

|

the nul ti pl eMastigiRadRtmale e dGTRESR ARR TN E3ECBI08 P of
capaci ty Mo ditdh Gbifhaseudatiaygheiating dkeiciuesita! Modficaabns bf etk and

i ncluding at |east one capacity nodification instruction that is
dynami cal | y lgsestioneeshtisfied ivapasity modifisatiouitriggars disi petheppbleaghrne
execution ca | 1. . SeC ' | t+h QN
of the assocraresBindBuBRCRERubidT £of the WEFREeEn B IHRAEHT h
and autietemtrireal Isingie dadgregatet henadiifigation ngrieTo tte $he hagcande tipe:; t

of the group at the, second ti .50 _as_to harnoni. e. | f]
desired progt ﬁ{%&%ﬁﬁfﬁgﬁrn&ﬂsgﬁﬁ”ﬁj@ aﬁggf?ﬁeaqggcfgﬁ@ﬁ%t@ {ﬁngﬁé tohgﬁie at
det ermi ned apdadl o Q/afabiBle eHAhGES, CapAChireii thbe csebimationi ok the he
nodi fi ed conmputing nodes being for use in i ding the nodified

\ [ OV
desired pr ogPBHiRiQ dadrResHeRbpRN S &hqtdstqi@bﬁgeéir as the one or more causes

for the determined single aggregated modification includes the at least
one satisfied capacity modification triggers and the at least one capacity
modification instruction from the first user.
[0120] Clause 24. Thecomputer-readable medium of clause 21 wherein
the computer-readable medium is at least one of a memory of a
computing system that stores the contents and a data transmission
medium that includes a generated stored data signal containing the
contents, and wherein the contents are instructions that when executed
cause the computing system to perform the method.
[0121] Clause 25. A computing system configured to determine causality
for dynamic modifications in program execution capacity for a user,
comprising:

one or more processors; and
a systemn manager module that is configured to, when executed by at
least one of the one or more processors, manage program execution
capacity for multiple users of a network-accessible service by, for each of
the multiple users:

determining an initial program execution capacity to be provided for

use in executing one or more software programs on behalf of the user,
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[ 0155] d ause 59. The conputing system of clause 58 wherein the
determ ned desired program execution capacity for one of the multiple

users is kfulbfaphAsksdy the one user and is identified aﬁcﬁﬂsjomﬂ;ﬁbgh
of ficial program execution capacity that is recorded as bel ng

available to the one user at the first tine, wherein the automatic
determ ning of the actual program execution capacity that is
available to the one user at the second tine is based at |east in

Baringa per 06 BrelRRirar iR oy erd Bigord med feflofiRaudls P s TliFitEt
to identify ofiating aWtomatédingeificatibes tothetmrogregn eketutienaapaotty hging

nodes i ncl udi n ti the recorded official program execution
capacity thaPr‘gﬁd%sg?rltg%Pée‘Eo the one user to reflect the one or nore

changes, wherein tabﬁ;rﬁgtwlyeaésa&*anﬁw gmmbﬁmﬁm@en&bl@mmmm
that is available to the ohe user is naot updated based on

automati c dethedas rwlﬂgfhﬁ usgreatnd dirsti tioe desuse BFW&’ﬁ%t@%Lﬁllﬁmd
capacity at f&)?@gr?ﬁ‘??:@:ﬁbﬂ%a{aﬁ&ﬂf WIREGisBr-tdyg nodi fying of the

conputing no the group at the second tinme is

further perfornedaer dse tfmsthiamepaumm}wlly adentiydy oneltipleaindependem

execution capacity t he .second .t it

o oor am execeuebs ahatdPFeRR e R e phd & BRE seeBfie it BEE ther,

recorded of f isgcRl haveos agseXiaRdt @wreciamdlﬂwt.mm@rm pgogrdemekéatition

the nodified desired 5? grame ecutf [éoca ci.t ondtlrrea
=y ‘hB

a further updapaety et W thei mH éﬂa'tnﬁoﬂ Leéﬁgel’?f Hgt

i s avail abl ec\%\lﬁaé@sm%ﬁlcé!ﬁ&f trldggﬁﬁétngcﬁ%n% tolb@ sadmedt i ng syst em
of clause 59 erein the determned capacity nodification tri gh%e,

for the one user autoraghasllyidaiersyiningeciunOrusere CARes fp @vallab
net wor K- acce%%leb}f ri67e! chfhoufing &S remtﬁée@%hh Ofhat SsficE anbhfogram
provi des a plura Co ﬁp P ng nodes con

'e to execute
prograns of eaeomtmnmas:ttpbrmmcbby)@lmamoemewtl on service, and

wherein the nmulti ng...n s _of f at
| east one of the %HFOt ?)tl'r%ﬂ @?@b'ﬁ?@ 59?' ubE xpg ljcsg%)I ﬁoﬁ‘%}:cﬁyoﬁfthe
conput i ng nodesemijited avAllabile clidngeBher the rgpoug, rtgesnylatctrrmme aduses ¢hats

wherein the system nmanager no e includes software instructjans for
execution by a)[/%ealér i g g{aé one é’f ?he avallm@m%/ changes bemg a

combination of multlpte of the identified independent events, and the one
or more causes that are attributed to at least one other of the availability
changes being a single one of the identified independent events; and
providing an indication of the attributed one or more causes for one or
more of the determined availability changes of the group.

[0122] Clause 26. The computing system of clause 25 wherein - the
multiple independent events for one of the multiple users further include at
least one capacity modification instruction that is dynamically specified by
the one user, wherein the system manager module is further configured to
automatically determine a single aggregated modification to make to
increase the program execution capacity of the group for the one user
based on aggregating the desired modifications of the at least one
satisfied capacity modification triggers and of the at least one capacity

modification instruction specified by the one user, and to initiate the
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[0158] C ause 62. The conputing system of clause 58 wherein the
system manager nodul e consists of a neans for managi ng program

executi onvﬁﬁﬂﬂ?bhyﬁf or multiple users of a network-accpspi®lofSaisyi ce
by, for each of the nultiple users: determ ning a desired

program execution capacity for use in executing one or nore software
programs on behal f of the user, and determ ning one or nore capacity
nodi fication triggers for use in later initiating autonmated

modi fi cationg £ o %%Sg':é Sﬁg%ﬁ%%oamo‘%fﬁ%%%ﬁ 5 1RERPSS Yor B ditEudser

prior to the second time, wherein the determined single aggregated
modification is one of the at least one availability changes for the one
user, and wherein the combination of the multiple independent events that
is attributed as the one or more causes for the determined single
aggregated modification includes the at least one satisfied capacity
modification triggers and the at least one capacity madification instruction
specified by the one user. '
[0123] Clause 27. The computing system of clause 26 wherein the
determined capacity modification triggers for the one user are specified by
the one user, wherein the network-accessible service is a program
execution Service that provides a plurality of computing nodes
configurable to execute programs of remote users of the program
execution service, and wherein the multiple computing nodes of the group
for each of at least one of the multiple users are a subset of the plurality of
computing hodes.
[0124] Clause 28. The computing system of clause 25 wherein the
system manager component includes software instructions for execution
by the computing system.
[0125] Clause 29. The computing system of clause 25 wherein the
system manager component consists of a means for managing program
execution capacity for multiple users of the network-accessible service by,
for each of the multiple users:

determining an initial program execution capacity to be provided for
use in executing one or more software programs on behalf of the user,
and determining one or more capacity modification triggers for use in later
initiating automated modifications to the program execution capacity being
provided for the user;

automatically associating a group of multiple available computing
nodes with the user at a first time for use in providing the initial desired

program execution capacity to the user; and
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automatically associating a group of nultiple avail able conputing
nodes wth the user at a first tine for use in providing the
det erm ned _desi red program execution capacity to the u

after the 942, autonaticall y determ ning an actﬁ‘gfmﬁ%g“gﬂﬁaﬁ

execution capacity that is available to the user fromthe conputing
nodes of the group at a later second tinme after the first tine, the
actual program execution capacity at the second tine being distinct
fromthe desired program execution capacity provided to the user at

the first time; after thedirgintimpcaviopaticedy ridentityng mudicle slepegdedy
program exec%ﬂ% fﬁ%FBS&Jrﬁbé&egﬁ thE At At Eﬁd NGt RIcofl tﬁﬂ?aﬁ@@
time based on nultiple 1ndepen ra

ent events that each occu ter the
first tinme amdhchhevecar @shasistegndesisciraddigation iof ithapiregraot exérution

desi red program exe |l on it the |.ti. i.nd e S
el udi ng. at PEAGE BhaErETE Whestuichly” sl BficloR P RAGEPhe RS
det er mi ned t @abacisaioafficatiorfrigencheid rigtermihedh s bosatisfidaci ty

nodi fication instruction harF} is dynam cally spegified by the.user,
the nodified desi PEEPTRAUSGIY G‘é%fé@(]ﬁgoﬁ“%&ﬁaf\éﬁ%) chEngeR 1 BUBIRPILYY
bei ng based QpeaBr 3AGLIBHPRAANG NddR BFREI glopp fRA dfetthengrdgramhe
mul tiple independent events; and automatically nodifying the
conmput i ng nodxscytica capagsitp Rrevidgd bYhEhey@wup; at the second tinme so as

Lo harmoni ze the BAM-AMRAIDCaARAR BB SHBRILARCARAGAN BF hbe
second tine with the determ ned actual program execution capacity at
t he second t ideterntifed avallabiliby cloamgast ofithe mooles theiong doronongsauisas that

providing the, 1ogdhf Gy 985 4R CHS BN WMo fifP Lhahed %dG a
combination of muttiple of the identified independent events, and the one
or more causes that are attributed to at least one other of the availabiiity
changes being a single one of the identified independent events; and
providing an indication of the attributed one or more causes for one or
more of the determined availability changes of the group.

[0126] Clause 30. A method for a configured computing system of a
program execution service to dynamically medify program execution
capacity for users, the method comprising:

under control of the configured computing system of the program
execution service, the program execution service providing a plurality of
computing nodes that are configurable to execute programs of a plurality of
remote users, and for each of multiple of the users,

receiving information from the user that specifies an initial desired
quantity of computing nodes for use in executing an indicated program of
the user and that specifies one or more quantity modification triggérs for
use in later initiating automated modifications fo the desired computing
node guantity, each of the quantity madification triggers including one or
more criteria for use in determining if the quantity modification trigger is
satisfied and including a specified computing node quantity change if the

guantity modification trigger is satisfied;
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[0159] Fromthe foregoing it will be appreciated that, although
speci fic enbodi nents have been described herein for purposes of

11 ustrat hagagygfihRus nodifications may be made wit houpcgeydoddidsosi
fromthe spirit and scope of the invention. Accordingly, the

invention is not |imted except as by the appended clainms and the
elenments recited therein. In addition, while certain aspects of the
I nvention are presented belowin certain claimforns, the inventors

CPat mTorm For SouIANRRR LB e BB o,
currently be coafputing nadied gbmgseeimbodicating theaindizatad prograradilihe usedithan
yst e con | GUIGHIC oM RRITERER,P! ABRIBISHFRIER S BLiE Ren e paBeye
for a user, GEABId@INGE/, and providing the multiple computing nodes for use by the
user at a first time; |
in response fo one or more instructions from the user, initiating
execttion of a copy of the indicated program on each of the computing
nodes of the group, and designating the initial desired computing node
quantity as an official computing node quantity that is recorded as being
available to the user at the first time; and
automatically managing the computing nodes of the group during a
period of time from the first time to a later second time, by:
during the period of time, automatically monitoring the computing nodes of
the group to determine performance characteristics from operation of those
computing nodes, and automatically determining that at least one of the
quantity modification triggers specified by the user is satisfied based on the
determined performance characteristics,
during the period of time, receiving at least one instruction that
indicates a user-indicated computing node quantity change for computing
nodes of the group that is dynamically specified by the user;
automatically determining a modified desired computing node
quantity at the second time, the modified desired computing node quantity
including changes to the desired computing node quantity from the first
time based at least in part on the specified computing node quantity
changes from the at least one satisfied quantity maodification triggers and
on the user-indicated computing node gquantify change;
automatically determining an actual computing node quantity at the
second time that reflects a guantity of the computing nodes of the group
that are actually available at the second time to execute the program for

the user;
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one or nore processors; and a system manager nodul e t hat
I ncl udes software instructions stored on nenory and that is

confi gur egyd sn11,81843 executed by at | east one of the ongePisIFNIR0351
processors, manage program execution capacity for nmultiple users of a

net wor k-accessi bl e service by, for each of the multiple users:
determ ning a desired program execution capacity for use in executing
one or nore software prograns on behalf of the user, and determ ning

a capacity nodification tri r.for usg e |n|t| aut t ed
modi fi cations to BheRfesf? r U§FanfHP EFEFF@% baﬁggn'ﬂ/gfo er,

the capacity c@ﬁﬁbuﬁlhga{dd@rudarﬁtuw the OESIOWIBG the AIoRIEIEd m:r@apmmwnng
quantity change if

he capacity nodification tri s satigsfied
associ ati ng @ogeogyaahty e @aénamamsabm@u@aapaygq%@a’fw&ﬂ)ésmdifwnehé
o LGB FRUARRTRRE SRS RI6T gy ing
actions to change the determined actual computing node quantity to be
the modified desired computing node quantity; and
providing the modified quantity of computing nodes of the group
for use by the user, and designating the modified desired computing node
quantity to be the official computing node quantity available to t'he user at
the second time.
[0127] Clause 31. The method of clause 30 wherein, for one of the
multiple users, the determined actual computing node guantity at the
second fime is less than the official computing node quantity for the first
time based at least in part on one or more of the computing nodes of the
group for the one user becoming unavailable for use during the period of
time from the first time to the second time, wherein the automatic
monitoring of the computing nodes of the group for the one user during
the period of time includes repeatedly determining a current actual
computing node quantity for the one user and updating the official
computing node quantity for the one user to reconcile the updated official
computing node quantity with the determined current actual computing
node quantity, wherein the at least one satisfied quantity modification
triggers for the one user is a trigger that specifies to increase the
computing nodes of the group for the one user by a quantity of the one or
more unavailable computing nodes in order to maintain the official
computing node guantity at the second time at the initial desired quantity
of computing nodes specified by the one user, wherein the user-indicated
quantity change that is dynamically specified by the one user includes an
indicated reduction in the initial desired quantity of computing nedes of at
least one computing node, wherein the automatic determining of the

modified desired computing node guantity for the one user at the second
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determ ni ng an actual program execution capacity that is available to
the user fromthe conputing nodes of the group at a |ater second tine

after theydniphbd¥e, the actual program execution capagii¥zofhoshide
second tinme being distinct fromthe desired program execution

capacity provided to the user at the first tineg;
determining a nodified desired program execution capacity to be
provided to the user at the second time based on nultiple i ndependent

event s that ccur er the fir ti it i | t
events incl u ﬁ’é}eéa?)t lepsy P W "ﬁ’gg‘?ﬁt'l}ﬁ%t‘gﬁé@é%e@eﬁeﬁg%ﬁf g’rﬁ%tﬁgd
to be sati sf bﬂd aﬂdnbfeclumdwmae capagiting Modieh] eatdi ovhereint thec tofftial
that is dynamcally specified by the user, with a user-speci

capacity nodPﬂF‘tPé.‘f’i"BrﬂO&’ﬁtﬂHﬁ“t'm ﬁ‘éa"ﬁli’éﬁ fo the gesiusel af)lﬂ?fgg @gﬁ'@t Fon

capacity at elﬁ@irﬁﬁé}%:réb ’%aﬁﬁ{y"&f QFRFGkIRY nb@@ébpé&ﬂ@cﬁb& tR8 drikeuser

user-speci fied capacit fication anount and the execution
capacity quammuaythmad@etef%nedun@rtamﬁeq/bhﬁm PN HS®on trigger; and

Cocon 10w oy SR 11055101 Bt | Atin Y o eusl’ S10SHUGHP (Y biaram

second tine nize'the no ied desire rogram execu
capacity at ‘eheo;&kmomtvmenseavfew(bashe nd&t:@kmomedmbla smvicpreoigh dnat the
execution ca a(itlpfg 3éer:[shgac§1e%%9da ﬁrgF'fee for the providing of the muliiple
computing nodes for use by the user at the first time and each pay a
distinct second fee for the providing of the modified gquantity of computing
nodes of the group for use by the user at the second time, the first and
second fees each being based at least in part on a cuirent quantity of the
computing nodes of the group for the user.
10129] Clause 33. A computer-implemented method for dynamically
modifying program execution capacity for a user, the method comprising:
under control of one or more computing systems that are
configured to provide a program execution service for use by multiple
users, the program execulion service having a plurality of computing
nodes that are configurable to execute programs of the users of the
program execution service, _
receiving information that specifies an initial desired program
execution capacity for use in executing one or more software programs on
behalf of a first user of the program execution service and that specifies
ohe or more capacity modification triggers for use in later initiating
automated modifications to the desired program execution capacity, each
of the capacity modification triggers including one or more criteria for use
in determining if the capacity modification trigger is satisfied and including
a specified type of modification to the desired program execution capacity
that is to be requested if the capacity modification trigger is satisfied,;
automatically determining a first group of multiple of the plurality of

computing nodes for use in providing the initial desired program execution
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2. The conputing systemof claim1l wherein the determ ned desired
program executi on capacity for one of the nultiple users is indicated

by the onguysfinané is identified as an initial officigbrRERY@Rs1
execution capacity that is recorded as being available to the one

user at the first tinme, wherein the determ ning of the actual program
execution capacity that is available to the one user at the second
time is based at least in part on nonitoring the conputing nodes of

the group for_the,o rin - perlo ' Jde

et o he caeany of € Bt dteer oheRute e afbuld ol B Mol 'F

noni tori ng ofavalisblectrpuirstigms ¢oeach exkoutergeupdadienspitwere pecgradedor

of ficial progyramexecution c paC|t¥ t hat Ls.qv | l.abj e to the one.user
0 In '®Pequ '

to reflect t 8BS oHE iSShoAOdc HERIGRELINGH hee PERIEB PECHCD

program exeCtHabaeit;ﬁ%%aéhtéﬁi_&iapbrég%aav@&éahlqh bapddily PRE iv'Tetoidednad
updat ed based on the determ ning of the nodified desired program
execution capwing gvailabiaie thedssidiser @b thenfigt e ei n t he nodi fyi ng of
the conputing nod t - e ENBrst S
further perfor nedeaztg? ggét@%ﬁggﬁédn@@lt%ﬁig rqre]%(t)t%@dmg@f pg&gg&gr%r ar?l
executi on cagmeup yo aetervéns eooadt vales ot bne los o typesl o @sirfioguance

program execution capacity,.at the second ti L.Zd: he
Fecor ded” of  ISCPEIC TR ih topse FeRM DG tedss Frarte darths BHaet i o

t hfe m)ﬂi fied O?ﬂ@s%ﬁ ﬁ@r@@gﬁg@mf fgwafﬁspm@apﬁmb titg atcltiding sketemd nmghrmw as
a further updated recorded official program execution capacit at
s avai | abl 6 Al RECGHEN GXBPUOrCSRARYCBAD R PG ELIR R DIt o
wherein the qgt ebMpl8AgGRBRS iof Yhd Rkt Gréwt Ao 14tef S8nd( e tter @Rrefilgser
is specified by the one user, wherein the network-accessible service

s a programtié';\@icution service that provides a plurality of conputing
xecut | on seri ce i RE BB A e St St el o
group for eacapatitabf lthadirstoneerobasdtk onuimuitiple elsatssthat @cgue duseg af
e Bl LB AL BARRHSRe i o TR SR XS T
t he managi ng eatntshiaciodivg #neastanis dfthe cppaifiet wapacitt tnedifichtiorptriggeser s
of the net Worbke_inagcgg’csesrrimtl)nle%! tsoekgé/ isgteléﬁed based at least in part on the determined
current values for the one or more performance characteristics types and
including at least one capacity modification instruction that is dynamically
speciﬁéd by the first user, each of the at least one specified capacity
modification triggers and the at least one capacity modification instruction
indicating a specified modification to the desired program execution
capacity; and
autematically harmonizing the recorded official program execution
capacity that is available to the first user with the determined actual
program execution capacity at the second fime and with the _modified
desired program execution capacity, the harmonizing of the recorded
official program execution capacity including automatically modifying the
computing nodes that are part of the first group in accordance with ihe
determined actual program execution capacity and the meodified desired

program execution capacity, such that the modified computing nodes are
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5. A conputer-inplenmented method conprising: defernining, by
one or nore configured conputing systens of a network-accessible

servi ce, esi program execution capacity for use | ti

one or m?%ggoéf/ ‘Wg?}e progranms on behal f of ayuser, andilguﬁgzggoqut’{}lg
nodi fication trigger for use in later initiating automated

nodi fications to the desired program execution capacity, the capacity
nodi fication trigger including a execution capacity quantity change

if the capacity nodification tri i s satisfied;

a;ssoc: ating, aryyllab{@ 1@ peovige ﬂﬁ@oggﬁﬂldﬁﬂréd REREREIN PXRCUWipStEaRECity Aiup
of multiple e

for use in pg}évi | ngﬁlkeh'%Qig‘-tgétéc-i'r1 %ﬁﬁquj gk%éfgﬁa%pe%tfgg d% |ugahtéd &
capacity; andefddt éne plwvidad mbdlﬁedmi,es:red program execdtiorcapagityy, by the

one or nore confi red nmput.in st ens, ;.ap. .aciu ar, i on
capacity thatm"iag] ) %‘P ﬁ] nﬁ}eﬁlioci %Lﬂﬁ”&& %(Li;dg‘éhéc?)%%t ﬁ@éngﬁ'}&%%t a
later second gkbamticH bﬁﬁadﬁbebffthé :ﬁrrsttgmsep i$ lmeemlrembape@@mammmatﬂytofon
capacity at the second tine distinct fromthe d Sltflat t['Per ogr.am

execut i on caﬁﬁmwnﬁrmﬁ%g‘aﬁtarﬁh@a'ﬁlCPfSEhe( fif3t, group, suc
desired program execution capacity is an initial desired quantity of

computing nodes, the determined actual program execution capacity at
the second time is an actual quantity of computing nodes that are
available as part of the first group at the second time, the automatic
determining to modify the desired program execution capacity includes
determining the modified desired program execution capacity as a
modified desired quantity of computing nodes for the first group, and the
automatic modifying of the computing nodes that are part of the first group
includes changing the actual guantify of the computing nodes that are part
of the first group to be the modified desired quantity.

[0131] Clause 35. The method of clause 34 wherein the specified
modification to the desired program execution capacity of each of the at
least one specified capacity modification triggers and the at least one
capacity modification instruction reflects an indicated quantity change in
the desired quantity of computing nodes for the first group, and wherein
the determining of the modified desired program execution capacity for
the first group includes aggregating the indicated quantity changes of the
at least one specified capacity modification triggers and the at least one
capacity modification instruction, and modifying the initial desired quantity
of computing nodes by the aggregated quantity changes.

[0132] Clause 36. The method of clause 34 wherein the one or more
types of performance characteristics of the computing nodes of the first
group for which the current values are determined by the monitoring
include an actual quantity of computing nodes that is available as part of

the first group, wherein the monitoring includes determining the current
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determining, by the one or nore configured conputing systens, a
nodi fi ed desired program execution capacity to be provided at the

second ti Rfp hasA24n nultiple independent events that pggHE0afdses1t he
first tinme, the multiple independent events including the capacity

nodi fication trigger being determned to be satisfied and including a
capacity nodification instruction that is dynam cally specified by
the user with a user-speci fied capaci ty nodification anount, the

nodi fied desired pro xecut aci.t t the.second ti bei_n
based at | eaduA PEAIVoR CROPUTALNOdES At Pel PPl tisi g e
anmount and tfp%n@aegmuw befRss thie omantahays@&mgqﬁe@r dridewti@psiai thy

nmodi fication trigger; nodi fyi ng, by the ong 3% nDre

confi gur ed c@@ﬂﬁ?ﬂﬁ@gs%ﬂ@rﬁecqrﬁﬁd &fﬂ%ﬁlt PRRGTABRXEqUHER CaPECHy Tyt
the group at i 46iSE408 nétirf?thb%@&?@@@b%ﬁe& ggaﬁ‘ﬁi‘? ok 'c@f%p@ﬁﬁg h8des for

pr ogram executlon capaci e second ti h the determ ned
actual progr dne &rstgrupie hﬁagwrreylt afficiah proagramrekacutien capacityrrvailable

b ogr am exeedt THSLEEE 29 Sopd ilboa "Dy the user . and wherein the.
determ ni ng @f13sh€Claedeidy . prrhgr amﬂ&m@cuit ioteusea @ iwhereimatthe sprogram
avai lable to the yser at .the tinme. is base ast_in rt on
moni toring t RECEEIRSLERRRFIY Sfe & rs{jﬂ@“@r ﬁu'ﬁ'eﬁﬁ‘t"ﬁgel?ﬁsﬁﬁjgo? ﬂgg{eq[‘)’ﬂ%ﬁﬂ
and the secopgchi BB mAlthenypdy SMEofpUiE e rédbARERSs available from the
computing nodes that are part of the first group, and wherein the
automatic modifying of the computing nodes that are part of the first group
includes changing an aggregate amount of at least one of the multiple
types of computing resources that are available from the computing nodes
that are part of the first group after the automatic modifying of the
computing nodes.
[0134] Clause 38. The method of clause 33 wherein the one or more
criteria of each of the at least one specified capacity modification triggers
are based on one or more specified values for at least one of the one or
more performance characteristic types, and wherein the method further
comprises automatically determining that the at least one specified
capacity modification triggers are satisfied based at least in part on a
match between the one or more specified values for each of the at least
one specified capacity modification triggers and the determined current
values for the one or more performance characteristics types.
[0135] Clause 39. The method of clause 38 wherein the at least one
performance characteristic types correspond to a computing load on the -
computing nodes of the first group, wherein the determining that the at
least one specified capacity modification triggers are satisfied is based on
the computing load on the computing nodes of the first group being in a
temporarily increased state, wherein the automatically medifying of the

“computing nodes that are pari of the first group includes temporarily
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7. The conputer-inplenmented nmethod of claim®6 wherein the determ ned
desired program execution capacity is identified as an initial

of ficial RrPgipEseCUtion capacity that is recorded apcpygHol@RbRit 0
the one user at the first tine, wherein the nonitoring of the

conput i ng nodes including updating the recorded official program
execution capacity that is available to the one user to reflect the
one or nore changes, and wherein the nodifying of the conputing nodes

h f _t.h ‘ ' . . .
e o € P inkalG 8 AR SRR A Ak AGEyRS e
second time wohlputing mbdedi e tHesfirse dgiupgimnorese clot iagnomapatzte ythet

the second tine, the harnoni zing of the recorded ,official proara
execut i on caé%!@???”%d%@?ﬁ%éiﬂg?ﬁ iqyﬁhﬁgc?'ﬁ‘é‘uﬁ%i'f’?%’d a&as}“&g Ii5rt{gr']§r am
execution capgghby fakhéNBomBREES alitdiRatRBNR detdrhigihg URdRT£AEr HaROtiGed
of ficial program execution capacity that 1s available to the user.

8. The conpuiader thiplesmreraetina@asty @itheasiunl sragiameprecufian §apasit Red
o anoa LRl rERehooBaY e B ErAd 8Bkl 8xtiaition LBAERY Bt inBe

net wor k- accessi bl e service | rogram execut| on service th _
provi des a pleongiuting reddesoaptiia figst rgrdes tooeflecuaralsind toothex tarapararily

prograns of renote psers of the progr.am execution service, and
wherein the ﬂﬂﬁr???ﬁcgs@g%ﬁﬁtthﬁ?émﬁg@é‘g lB?d't he group are a subset of the
plurality of ipespdiaing s0deThe Hethblieof empeee3s iwndreinethicest teaish atieof
claim5 wherein program execution ca a%i% of tpe %roug icﬁ neasyr ed
based on a qREHPIMPNER CHBIASERNISHG WRRFeDCtUSR: A AEIUSA HHABFY  HLOGIRITIRS
such that t_h%ogég GhAE 9 aflSst R0 AHE 98 (RETTRX 9Fdll, Whé‘réiﬁ%btdétéﬁniﬁmlg
initial desired quantity of conputing nodes, the determ ned actua
progr am exec thatdhe aigaasttgneaspediied eapaeityt madificatiomiriggermpreysaliffiegdy
of conputi ng; val_l OLPUB Bt §RS
second tine, .é;ﬁ%&ﬁ@ﬁ?@%@%e arrrioﬂ& ﬁ@% Lg)géllétfeh [?)é}gegr am execu@i oﬁ
capacity i s hanindi déeddtedekomed spemifteidk desifed qupntity ef crardpgtifg nodeés
group. and wherein the automatically modifying of the computing nodes that are
part of the first group includes returning the deviated actual quantity of the
computing nodes of the first group to the specified desired quantity of
computing nodes.
[6137] Clause 41. The method of clause 38 wherein the one or more
criteria of one of the at least one specified capacity modification triggers
are based on one or more of a threshold for determined current values for
an indicated performance characteristics type, of a measure of change
over time in determined current values for an indicated performance
characteristics type, and of a logical combination of determined current
values for multiple performance characteristic types.
[0138] Clause 42. The method of clause 33 wherein the multiple events
further include one of the specified capacity modification friggers being
triggered whose one or more criteria are based on one or more specified
_times, and wherein the method further comprises automatically

determining that the one specified capacity modification trigger is satisfied
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10. The conputer-inplenented method of claim9 wherein the nodifying
of the computing nodes that are part of the group includes changing

t he actua ] of the conputing nodes that are p e oup
to be thek’ﬁggﬁp{}‘}é%%desi red quantity. 11. The corrputer-ﬁ%ﬁ%zgl‘?znﬁ?sgg
nmet hod of claim9 wherein the execution capacity quantity change of
the capacity nodification trigger is a first indicated change in

quantity of conputing nodes of the group, .and wherein the
user-specified capacity npdification anount is a second indicated
change i n qudmsetdyabeassnipupargodtasirent difee gpaigping 1 opgeor more
conput er - i m's@@éﬁ’i&ﬁ ini&d hod of claim1l wherein the determning of

t he nodified desired program execution capacity for the group

i ncl udes det ge1soniGlguse #Ri r Thetraatediaf clausstid whereipdhe muliije syt of

quant £y of  dONGH MipeRoans arherpegl b oty BRFGHED FREersPely
dﬁ: In'[ :efl qg?ntctgggﬂt@iﬁnwmwébh@@{ mostescriterid bee tiiasat Emrmda dhivode pattames i n
gorrput e?/-i rrpli‘égl'%if‘ﬁé rquﬁﬂgtgriggl ‘iqqgi %Q%WPZE‘%%%EOQ%?%HN%@”W
the first and,g&nanshiyndbeRifing HABOGR idhedypadiiiéd ipacRimbédinigationdes
of the group includesaccumul ati nrq the first and second i ndicated
changes in queggeniy satisfied based at least in part on the determined current values
for one or more performance characteristics types corresponding to at
least one of the one or more patterns.
[0140] Clause 44, The method of clause 33 wherein the multiple events
further include one of the specified capacity modification triggers being
triggered whose one or more criteria are based on one or mere
indications of an amount of work to be performed by the one or more
software programs being executed on the computing nodes of the first
group, and wherein the method further comprises automatically
determining that the one specified capacity modification frigger is satisfied
based at least in part on obtained information related to an actual amount
of work to be performed by the one or more software programs.
[0141] Clause 45. The method of clause 33 wherein the determining of
the modified desired program execution capacity for the first group
includes aggregating the indicated modifications to the desired program
execution capacity that are specified by each of the at least one specified
capacity modification triggers and the at least one capacity modification
instruction, and specifying the determined modified desired program
execution capacity based on the aggregated indicated modifications to the
desired program execution capacity.
[0142] Clause 46. The method of clause 45 wherein the aggregating of
the indicated modifications to the desired program execution capacity
includes at least one of accumulating the indicated modifications, of

offsetting at least one of the indicated modifications with at least one other
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14. The conputer-inpl enented method of claim12 wherein the
aggregating of the first and second indicated changes in quantity of

conputi ng g $0fAbsst Ne group includes offsetting the fj < ond
i ndi cat ed“z:tﬁanges 5| n quantity. 15. The conputer-i npl eir)réeﬁ?sezg%ﬁﬁgd

of claim12 wherein the aggregating of the first and second indicated
changes in quantity of conputing nodes of the group includes
selecting a single one of the first and second i ndi cated changes in

gquantity. 16. .The ¢o ter-inplenmented t hod _of , clal .
conpri si ng n&ﬁitt‘%ﬂﬁ‘ﬁ'@%ﬁéﬂe?&'ﬁﬁ%ﬂfﬁg Okéﬁbegc%aﬁ q RE9lG 8ﬁ%ﬂf§h%g§%rg%aﬁe
one or nore YahdifsatioPs hakel @ASdnePBEmoyd Selettifttifileriapant of using one or
characteristic related to the executi ng of the one or rerﬁre sof.tV\{%Ee
S

prograns, andn@ie: BReitigsniat e asrocialed Wiy oRsdPE inealE Bh the iyYe?

satisfied basgshifdaticrast in part on the determ ned values for the at

| east one type of perfornmance characteristic. 17. The
conput er - i nplleErenhCalseed hodThe rokthionh of clanee 3 wheseiat theeak leasheneype

¢ ¢ h toristic inel. ..
Conut i g nogeRaaRGFEddlaion ingREud at Gilficalfy Sibdiien BY the it
conput er - i nplueareahe dhates aduddd Y ihiermlfiplsheveanta inchelesta bingia capacity

erfornmance characteri sti i
P he conput i n@%ﬁt@giogf ?qqltlrglcéglgﬁ'?ﬁ:e%rl |e%s %?fn%'?e tff?sta U%glr‘rp W 'e?eclnl 8:%9&101 y

modification instructions specified by the first user take precedence over
specified capacity modification triggers that are determined to be satisfied,
and wherein the determining of the modified desired program execution
capacity for the first group includes selecting the indicated modification to
the desired program execution capacity that is specified by the single
capacity modification instruction to be used in lieu of the indicated
modifications of the at least one specified capacity modification triggers.
[0144] Clause 48. The method of clause 33 further comprising receiving
a specification by the first user of muitiple distinct geographical locations
that are each desired to include an indicated subset of the program
execution capacity of the computing nodes of the first group based on one
or more of the computing nodes of the first group being at that
geographical location, and wherein the automatic modifying of the
computing nodes that are part of the first group is further performed in
accordance with the received specification, such that the modified
computing nodes are modified to include the indicated subset of the
program execution capacity of the computing nedes of the first group at
each of the multiple geographical locations.

[0145] Clause 49. The method of clause 33 wherein the automatic
modifying of the computing nodes that are part of the first group includes
replacing one or more of the computing nodes of the first grourp with one
or more other computing nodes, the one or more other computing nodes
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19. The conputer-inplenented nmethod of claim 16 wherein the multiple
| ndependent events further include a second capacity nodification

trigger bgj tisfied based on one or nore patterns | i fied from
hi stori cal &dg‘{lz/,ﬂhg%d wherein the nmethod further conpri gg@%ioﬁdn‘f‘s@sal

automatically determ ning that the second specified capacity
nodi fication trigger is satisfied based at least in part on the
determ ned values for the at |east one type of performnce
characteristic corresponding to at | east gne of the one or nore

palt ter ns. 2 @achavingrpudigetanianar (f Avalas Pregram SXELylich sPRAHY: he
mul tiple ind gend ara cond capacit

nodi fi cati on%?%?ggern%éfﬁ%%sgﬁtés | e%drﬁg%ﬂe%egﬁd%ecur rent IOti meymat chi ng
one or nore $pwsl fGlagse S0es The2 methodont t ¢lause t 38y whergint e reghingl e

T oS AL Db BB GobB TR e 6 BdR
execute the one or more software programs for the first user includes
automatically provisioning each of the computing nodes of the first group
and includes automatically initiating execution of each of the one or more
software programs on each of the computing nodes of the first group.
[0147] Clause 51. The method of clause 33 wherein the program
execution service is a fee-based network-accessible service that is
remote from the first user, wherein the program execution service
provides at least one of one or more Application Programming [nterfaces
(APls) for remote computing systems to programmatically interact with the
program execution service over one or more networks and of a graphical
user interface for use by remote users over the one or more networks,
and wherein the first user pays one or more fees for the automatic
modifying of the computing nodes that are part of the first group as part of
the automatic harmonizing.

[0148] Clause 52. The method of clause 33 wherein the program
execution service uses virtualization technology such that the plurality of
computing nodes include, for each of muitiple physical computing
systems, multiple virtual machines hosted by the physical computing
system that are each able to execute at least one program, wherein the
computing nodes of the first group are hosted virtual machines, and
wherein the one or more programs of the first user are part of a virtual

machine image.
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determ ning, by the configured conputing system a desired program
execution capacity for use in executing one or nore software prograns

on behal f Iser,, and a capacity nodification trigg r use _in
| at er i ni ﬁi%qq?@“g{?t omat ed nodi fications to the desi re'gé'ﬂf’lgzﬂ}ozoﬁ&bl

execution capacity, the capacity nodification trigger including a
execution capacity quantity change if the capacity nodification
trigger is satisfied; associ ating, by the configured conputing
system a group of nmult iqpl e avail abl e conputing nodes with the user

‘n

at a first ti0doK 642UseedI-n Pr oIEPHE TPRIZRR erMPdiEE d¥diOFEd TR m
execut i on CangﬁgﬁLﬁg é"BQrfr{i‘;LEﬁ% ch(QFerﬁ- it§ SynhifiBally modify program execution

det er m ni ng, confrgur conputing system an actual program
execut i on capapatity fohatuses bavesrfoating & mgtheth eomhisingi ng nodes of the

group at a later s n i er Iy r i . Dr ggram
execution capaci tﬁ@% ld'ﬂét@g%fgm]e FP#E&H%# n%&%é%tmgﬁg}??gfnégﬁg"gegﬁr ed
pr ogr am exec iidiczlionadfas fitst grooy iof eduldpletduenutingt nedesethat is associated
determ ning, by the configured conputing system .a nodified desi.ed
program execﬂ’c’%oﬁ ‘%ﬁbé’é‘?f %t%qﬁ\i} %hﬂ%&mﬁe tci%’@gc%fr?&fﬂmn%*%c&é'% on
mul tiple i ndepeadsYor G¥EH Exddldingifelibr bk Boftligre! progiarhs BB, behbf of

mul tiple i ndependént events including the capacity nodification

trigger bei n@%@ﬁék’ﬁﬁ*rﬁed to be satisfied and including a capacity

W & aserspac: FHEIAB ek RN R BREEHA Bibdbh iy

desired progteahis available to the first user from the computing nodes of the first
group at a later second time after the first time, the actual program
execution capacity at the second time being distinct from the desired
program execution capacity provided to the first user at the first time
based at feast in part on one or more changes to availability of one or
more of the multiple computing nodes of the first group;

automatically determining a modified desired program execution
capacity to be provided to the first user at the second time based on
multiple independent events that each occur after the first time and that
each specify an indicated modification of the desired program execution
capaéity, the modified desired program execution capacity at the second
time being based on an aggregation of the specified indicated
modifications of the multiple independent events and being distinct from
the indicated desired program execution capacity that is provided at the
first time; and
automatically modifying the computing nodes that are part of the

first group at the second time so as to harmonize the modified desired
program execution capacity at the second time with the determined actual
program execution capacity at the second time, the modified computing
nodes being for use in providing the modified desired program execution

capacity to the first user.
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execution capacity at the second tinme being based at |least in part on
the user-specified capacity nodification amunt and the execution

capacity hange for the capacity nodification ' - _and
nodi fyi ng%’(ggb "Pféz%onfigured conputing system the con%éf’#lgzg?d;‘%g%g
that are part of the group at the second tine to harnonize the

nodi fied desired program execution capacity at the second time wth
the determ ned actual program execution capacity at the second tine.

22. Th t t - bl e

the dot er m ndteBasderes Shoai PeCaTFoReTPIGER MELRLE! FRERe B WHeeen
user, wherei find %nﬁ%ﬂ%ﬂ%ﬂ%’c Bt Ads et 8Mbigrogrint eXbo@idh S&vR
execut I on service t rovides a plurality of conputi ngisnodes

confi gurabl e tha pravidase apr@ﬁ'ﬁWBOfof?Olm@HBB@ nEAess cgmfguﬁ@ exprute
execution sery %@rﬁ{ns ?‘tﬁb Hb&/é?g:céﬂe%bﬁoﬁgm S%é?%%e%uﬁiﬁl%

group are a & S Ul conputin

computing nodes of the first group are a subset of the plurality of
computing nodes and are automatically associated with the first user at
the first time by the program execution service in response {o a request
for the desired program execution capacity that is received from the first
user prior to the first time, wherein the first user further indicates one or
more capacity modification triggers for use in later initiating automated
modifications to the desired program execution capacity, and wherein the
multiple independent events on which the determined modified desired
program execution capacity is based include at least one of the capacity
modification triggers being determined to be satisfied and include at least
one capacity modification instruction that is dynamically specified by the
first user.

101511 Clause 55. The computer-readable medium of clause 54 wherein
the one or more software programs are being executed on the multiple
computing nodes of the first group to support at least one other software
program being executed on at least one computing system that is not part
of the first group, and wherein one or more of the at least one capacity
modification triggers that are determined to be satisfied each have one or
more criteria that are based on status information obtained about
execution of the at least one other software program.

ro152] Clause 56. The computer-readable medium of clause 54 wherain
the indicated desired program execution capacity that is provided at the
first time to the first user is recorded by the program execution service as
an initial official program execution capacity that is available to the first
user at the first time, wherein the method further comprises monitoring the
computing nodes of the first group during a period of time from the first

time to the second time to identify the one or more availability changes to
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23. The non-transitory conputer-readabl e medi um of claim 21 wherein
program execution capacity of the group is neasured based on a

quantity g\t%fo‘iﬁﬁ’ﬂﬁéng nodes that are part of the grOUpP(f"F/’tffﬂ(lleJ%ﬁ’}sﬂhe
es ral”de

determ ne I'red program execution capacity is an ini Ssired
gquantity of conputing nodes, the determ ned actual program execution
capacity at the second tine is an actual quantity of conputing nodes
that are available as part of the group at the second tine, and the
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nodi fication trigger. 25. The non-transitory conputer-readabl e
medi um of cl 5PpRGHY &fitbe aregraRrexecution service that is available to the Tirst user
is not updated based on the automatic determining of the modified
desired program execution capacity at the second time,'and wherein the
modifying of the computing nodes that are part of the first group at the
second time is further performed so as to harmonize the recorded official
program execution capacity at the second time with the modified desired
program execution capacity at the second time, the harmonizing of the
recorded official program execution capacity including identifying the
modified desired program execution capacity at the second time as a
further updated recorded official program execution capacity of the
program execution service that is available to the first user.
10153] Clause §7. The computer-readable medium of clause 53 wherein
the computer-readable medium is at least one of a memory of a
computing system that siores the contents and a data transmission
medium that includes a generated stored data- signal containing the
contents, and wherein the contents are instructions that when executed
cause the computing system to perform the method.
[0154] Clause 58. A computing system configured to dynamically modify
program execution capacity for a user, comprising:
one or more processors; and
a system manager module that is configured to, when executed by
at least one of the one or more processors, manage program execution
capacity for multiple users of a network-accessible service by, for each of
the multiple users:
determining a desired program execution capacity for use in
executing one or more software programs on behalf of the user, and

determining one or more capacity modification triggers for use in later
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determ ning of the nodified desired program execution capacity
I ncludes offsetting 112 the user-specified capacity nodification

anount anqévé 1/&?‘1%3“““ capacity quantity change for B%mgggﬁ@ﬁs\{

nodi fication"trrgger. 26. The non-transitory conputer-rea

medi um of claim 21 wherein the determ ning of the nodified desired
program executi on capacity includes selecting one of the
user-specified capacity nodification amount and the execution

capaci ty quangi;ty, £hangdgabel HhBGincaRaE ¥ PRI ddshah' BodrimI%REcution

capacity for the user;

automatically associating a group of multiple available computing
nodes with the user at a first time for use in providing the determined
desired program execution capacity to the user; and

after the first time, automatically determining an actual program
execution capacity that is available to the user from the computing nodes
of the group at a later second time after the first time, the actual program
execution capacity at the second time being distinct from the desired
program executicn capacity provided to the user at the first time;

automatically determining a modified desired program execution
capacity to be provided to the user at the second time based on multiple
independent events that each occur after the first time and that each have
an associated modification of the desired program execution capacity, the
multiple independent events including at least one of the capacity
modification triggers being determined to be satisfied and including at
least one capacity modification instruction that is dynamically specified by
the user, the modified desired program execution capacity at the second
time being based on-an aggregation of the associated modifications of the
multiple independent events; and

automatically modifying the computing nodes that are part of the
group at the second time so as to harmonize the modified desired
program execution capacity at the second time with the determined actual
program execution capacity at the second fime, the modified computing
nodes being for use in providing the modified desired program execution
capacity fo the user.
[01s5] Clause 59. The computing system of clause 58 wherein the
determined desired program execution capacity for one of the multiple
users is indicated by the one user and is identified as an initial official
program execution capacity that is recorded as being available to the one

user at the first time, wherein the automatic determmining of the actual
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27. The non-transitory conputer-readabl e medi um of claim 21 wherein
the nethod further conprises nonitoring the conputing nodes of the

group to rm one or nore values for at |east one <
perfornangg&g%mgg?eri stic related to the executing of P{:ﬁ@&gﬁd@s&o’rﬂ

nore software prograns, and determi ning that the capacity
nodi fication trigger is satisfied based at least in part on the
det erm ned val ues for the at Ieast one type of performance

characteristic. non- tr ut readabl e um of
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patterns. second time, and wherein the modifying of the computing nodes that are
part of the group at the second time is further performed se as to
harmonize the recorded official program execution capacity at the second
time with the modified desired program execution capacity at the second
" time, the harmonizing of the recorded official program execution capacity
including identifying the modified desired program execution capacity at
the second time as a further updated recorded official program execution
capacity that is available to the one user.
[0158] Clause 60. The computing system of clause 58 wherein the
determined capacity modification triggers for the one user are specified by
the one user, wherein the network-accessible service is a program
execution service that provides a plurality of computing nodes
configurable to execute programs of remote users of the program
execution service, and wherein the multiple computing nodes of the group
for each of at [east one of the multiple users are a subset of the plurality of
computing nodes.
(01571 Clause 81. The computing system of clause 58 wherein the
system manager module includes software instructions for execution by
the computing system.
[0158] Clause 62. The computing system of clause 58 wherein the
system manager module consists of a means for managing program
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31. The non-transitory conputer-readabl e medi umof claim27 wherein
the multiple independent events further include a second capacity

nodi fi cat b’g&?ﬁ%ﬂ?ﬁ%’;dbei ng satisfied based on a curren},c%/iug%l(g&togsrfi ng

one or no tinmes.

execution capacity for multiple users of a network-accessible service by,
for each of the multiple users:

determining a desired program execution capacity for use in
executing one or more software programs on bebhalf of the user, and
determining one or more capacity modification triggers for use in later
initiating automated modifications to the desired program execution
capacity for the user;

automatically associating a group of muliiple available computing
nodes with the user at a first time for use in providing the determined
desired program execution capacity to the user; and

after the first time, automaticailly determining an actual program
execution capacity that is available to the user from the computing nodes
of the group at a later second time after the first time, the actual program
execution capacity at the second time being distinct from the desired
program execution capacity provided to the user at the first time;

automatically determining a modified desired program execution
capacity to be provided to the user at the second time based on multiple
independent events that each occur after the first time and that each have
an associated modification of the desired program execution capacity, the
multiple independent events including at least one of the capacily
maodification triggers béing determined to be satisfied and inciuding at
least one capacity modification instruction that is dynamically specified by
the user, the modified desired program execution capacity at the second
time being based on an aggregation of the associated modifications of the
multiple independent events; and

automatically modifying the computing nodes that are part of the
group at the second time so as to harmonize the modified desired
program execution capacity at the second time with the determined actual
program execution capacity at the second time, the medified computing
nodes being for use in providing the modified desired program execution

capacity to the user.
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[0159] From the foregoing it will be appreciated that, aithough specific
émbodiments have been described herein for purposes of illustration,
various modifications may be made without deviating from the spirit and
scope of the invention. Accordingly, the invention is not limited except as
by the appended claims and the elements recited therein. [n addition,
while certain aspects of the invention are presented below in certain ¢laim
forms, the inventors contemplate the various aspects of the invention in
any available claim form. For example, while only some aspects of the
invention may currently be recited as being embodied' in a computer-

readable medium, other aspects may likewise be so embodied.

104



CLAIMS

1. A computing system configured to dynamically modify program execution
capacity for a user, comprising:
one or more processors; and
a system manager module that includes software instructions stored on
memory and that is configured to, when executed by at least one of the one or more
processors, manage program execution capacity for multiple users of a network-
accessible service by, for each of the multiple users:
determining a desired program execution capacity for use in executing
one or more software programs on behalf of the user, and determining a cépacity
modification trigger for use in later initiating automated modifications to the desired
program execution capacity for the user, the capacity modification trigger including a
execution capacity quantity change if the capacity modification trigger is satisfied;
associating a group of muitiple available computing nodes with the user
at a first time for use in providing the determined desired program execution capacity
to the user; and
after the first time,
determining an actual program execution capacity that is available to
the user from the computing nodes of the group at a later second time after the first
time, the actual program execution capacity at the second time being distinct from the
desired program execution capacity provided to the user at the first time;
determining a modified desired program execution capacity to be
provided to the user at the second time based on multiple independent events that
occur after the first time, the multiple independent events including the capacity
modification trigger being determined to be satisfied and including a capacity
modification instruction that is dynamically specified by the user with a user-specified
capacity modification amount, the modified desired program execution capacity at the

second time being based at least in part on the user-specified capacity modification
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amount and the execution capacity quantity change for the capacity modification
trigger; and

modifying the computing nodes that are part of the group at the
second time to harmonize the modified desired program execution capacity at the

second time with the determined actual program execution capacity at the second

time.

2. The computing system of claim 1 wherein the determined desired program
execution capacity for one of the multiple users is indicated by the one user and is
identified as an initial official program execution capacity that is recorded as being
available to the one user at the first time, wherein the determining of the actual
program execution capacity that is available to the one user at the second time is
based at least in part on monitoring the computing nodes of the group for the one
user during a period of time from the first time to the second time so as to identify
one or more changes, the monitoring of the computing nodes including updating the
recorded official program execution capacity that is available to the one user to reflect
the one or more changes, wherein the recorded official program execution capacity
that is available to the one user is not updated based on the determining of the
modified desired program execution capacity at the second time, and wherein the
modifying of the computing nodes that are part of the group at the second time is
further performed so as to harmonize the recorded official program execution
capacity at the second time with the modified desired program execution capacity at
the second time, the harmonizing of the recorded official program execution capacity
including identifying the modified desired program execution capacity at the second
time as a further updated recorded official program execution capacity that is

available to the one user.

3. The computing system of claim 2 wherein the determined capacity
modification trigger for the one user is specified by the one user, wherein the
network-accessible service is a program execution service that provides a plurality of

computing nodes configurable to execute programs of remote users of the program
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execution service, and wherein the multiple computing nodes of the group for each of

at least one of the multiple users are a subset of the plurality of computing nodes.

4, The computing system of claim 1 wherein the system manager module
consists of a means for performing the managing of the program execution capacity

for the multiple users of the network-accessible service.

5. A computer-implemented method comprising:

determining, by one or more configured computing systems of a network-
accessible service, a desired program execution capacity for use in executing one or
more software programs on behalf of a user, and a capacity maodification trigger for
use in later initiating automated modifications to the desired program execution
capacity, the capacity modification trigger including a execution capacity quantity
change if the capacity modification trigger is satisfied;

associating, by the one or more configured computing systems, a group of
multiple available computing nodes with the user at a first time for use in providing
the determined desired program execution capacity; and

after the first time,

determining, by the one or more configured computing systems, an
actual program execution capacity that is available from the computing nodes of the
group at a later second time after the first time, the actual program execution capacity
at the second time being distinct from the desired program execution capacity
provided at the first time;
determining, by the one or more configured computing systems, a

modified desired program execution capacity to be provided at the second time
based on multiple independent events that occur after the first time, the multiple
independent events including the capacity modification trigger being determined to be
satisfied and including a capacity modification instruction that is dynamically specified
by the user with a user-specified capacity modification amount, the modified desired

program execution capacity at the second time being based at least in part on the

107



user-specified capacity modification amount and the execution capacity quantity
change for the capacity modification trigger; and

modifying, by the one or more configured computing systems, the
computing nodes that are part of the group at the second time to harmonize the
modified desired program execution capacity at the second time with the determined

actual program execution capacity at the second time.

6. The computer-implemented method of claim 5 wherein the determined desired
program execution capacity is indicated by the user, and wherein the determining of
the actual program execution capacity that is available to the user at the second time
is based at least in part on monitoring the computing nodes of the group between the

first time and the second time to identify one or more changes.

7. The computer-implemented method of claim 6 wherein the determined desired
program execution capacity is identified as an initial official program execution
capacity that is recorded as available to the one user at the first time, wherein the
monitoring of the computing nodes including updating the recorded official program
execution capacity that is available to the one user to reflect the one or more
changes, and wherein the modifying of the computing nodes that are part of the
group at the second time is further performed to harmonize the recorded official
program execution capacity at the second time with the modified desired program
execution capacity at the second time, the harmonizing of the recorded official
program execution capacity including identifying the modified desired program
execution capacity at the second time as a further updated recorded official program

execution capacity that is available to the user.

8. The computer-implemented method of claim 5 wherein the determined
capacity modification trigger is specified by the user, wherein the network-accessible
service is a program execution service that provides a plurality of computing nodes

configurable to execute programs of remote users of the program execution service,
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and wherein the multiple computing nodes of the group are a subset of the plurality of

computing nodes.

9. The computer-implemented method of claim 5 wherein program execution
capacity of the group is measured based on a quantity of computing nodes that are
part of the group, such that the determined desired program execution capacity is an
initial desired quantity of computing nodes, the determined actual program execution
capacity at the second time is an actual quantity of computing nodes that are
available as part of the group at the second time, and the determined modified
desired program execution capacity is a modified desired quantity of computing

nodes for the group.

10. The computer-implemented method of claim 9 wherein the modifying of the
computing nodes that are part of the group includes changing the actual quantity of

the computing nodes that are part of the group to be the modified desired quantity.

11.  The computer-implemented method of claim 9 wherein the execution capacity
quantity change of the capacity modification trigger is a first indicated change in
quantity of computing nodes of the group, and wherein the user-specified capacity

modification amount is a second indicated change in quantity of computing nodes of

the group.

12.  The computer-implemented method of claim 11 wherein the determining of the
modified desired program execution capacity for the group includes determining a
third change in quantity of computing nodes of the group by aggregating the first and
second indicated changes in quantity of computing nodes of the group, and modifying
the initial desired quantity of computing nodes by the determined third change in

quantity of computing nodes of the group.
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13.  The computer-implemented method of claim 12 wherein the aggregating of the
first and second indicated changes in quantity of computing nodes of the group

includes accumulating the first and second indicated changes in quantity.

14.  The computer-implemented method of claim 12 wherein the aggregating of the
first and second indicated changes in quantity of computing nodes of the group

includes offsetting the first and second indicated changes in quantity.

15.  The computer-implemented method of claim 12 wherein the aggregating of the
first and second indicated changes in quantity of computing nodes of the group

includes selecting a single one of the first and second indicated changes in quantity.

16. The computer-implemented method of claim 5 further comprising monitoring
the computing nodes of the group to determine one or more values for at least one
type of performance characteristic related to the executing of the one or more
software programs, and determining that the capacity modification trigger is satisfied
based at least in part on the determined values for the at least one type of

performance characteristic.

17. The computer-implemented method of claim 16 wherein the at least one type
of performance characteristic includes an actual quantity of computing nodes that is

available as part of the group.

18. The computer-implemented method of claim 16 wherein the at least one
performance characteristic type corresponds to a computing load on the computing

nodes of the group.

19. The computer-implemented method of claim 16 wherein the muliiple
independent events further include a second capacity medification trigger being
satisfied based on one or more patterns identified from historicat data, and wherein

the method further comprises automatically determining that the second specified
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capacity modification trigger is satisfied based at least in part on the determined
values for the at least one type of performance characteristic corresponding to at

least one of the cne or more patterns.

20. The computer-implemented method of claim 5 wherein the multiple
independent events further include a second capacity modification frigger being

satisfied based on a current time matching one or more specified times.

21. A non-transitory computer-readable medium having stored contents that
configure a computing system to perform a method, the method comprising:

determining, by the configured computing system, a desired program
execution capacity for use in executing one or more software programs on behalf of a
user, and a capacity modification trigger for use in later initiating automated
modifications to the desired program execution capacity, the capacity modification
trigger including a execution capacity quantity change if the capacity modification
trigger is satisfied;

associating, by the configured computing system, a group of muitiple available
computing nodes with the user at a first time for use in providing the determined
desired program execution capacity; and

after the first time,

determining, by the configured computing system, an actual program
execution capacity that is available from the computing nodes of the group at a later
second time after the first time, the actual program execution capacity at the second
time being distinct from the desired program execution capacity provided at the first
time;
determining, by the configured computing system, a modified desired

program execution capacity to be provided at the second time based on multiple
independent events that occur after the first time, the multiple independent events
including the capacity modification trigger being determined to be satisfied and
including a capacity maodification instruction that is dynamically specified by the user

with a user-specified capacity modification amount, the modified desired program
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execution capacity at the second time being based at least in part on the user-
specified capacity modification amount and the execution capacity quantity change
for the capacity modification trigger; and

modifying, by the configured computing system, the computing nodes
that are part of the group at the second time to harmonize the modified desired
program execution capacity at the second time with the determined actual program

execution capacity at the second time.

22. The non-transitory computer-readable medium of claim 21 wherein the
determined capacity modification trigger is specified by the user, wherein the
configured computing system is part of a program execution service that provides a
plurality of computing nodes configurable to execute programs of remote users of the
program execution service, and wherein the multiple computing nodes of the group

are a subset of the plurality of computing nodes.

23. The non-transitory computer-readable medium of claim 21 wherein program
execution capacity of the group is measured based on a quantity of computing nodes
that are part of the group, such that the determined desired program execution
capacity is an initial desired quantity of computing nodes, the determined actual
program execution capacity at the second time is an actual quantity of computing
nodes that are available as part of the group at the second time, and the determined
modified desired program execution capacity is a modified desired quantity of

computing nodes for the group.

24, The non-transitory computer-readable medium of claim 21 wherein the
determining of the modified desired program execution capacity includes
accumulating the user-specified capacity modification amount and the execution

capacity quantity change for the capacity modification trigger.

25. The non-transitory computer-readable medium of claim 21 wherein the

determining of the modified desired program execution capacity includes offsetting
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the user-specified capacity modification amount and the execution capacity quantity

change for the capacity modification trigger.

26. The non-transitory computer-readable medium of claim 21 wherein the
determining of the modified desired program execution capacity includes selecting
one of the user-specified capacity modification amount and the execution capacity

quantity change for the capacity modification trigger.

27.  The non-transitory computer-readable medium of claim 21 wherein the method
further comprises monitoring the computing nodes of the group to determine one or
more values for at least one type of performance characteristic related to the
executing of the one or more software programs, and determining that the capacity
modification trigger is satisfied based at least in part on the determined values for the

at least one type of performance characteristic.

28.  The non-transitory computer-readable medium of claim 27 wherein the at least
one type of performance characteristic includes an actual quantity of computing

nodes that is available as part of the group.

29.  The non-transitory computer-readable medium of claim 27 wherein the at [east
one performance characteristic type corresponds to a computing load on the

computing nodes of the group.

30. The non-transitory computer-readable medium of claim 27 wherein the
multiple independent events further include a second capacity modification trigger
being satisfied based on one or more patterns identified from historical data, and
wherein the method further comprises automatically determining that the second
specified capacity modification trigger is satisfied based at least in part on the
determined values for the at least one type of performance characteristic

‘corresponding to at least one of the one or more patterns.
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31. The non-transitory computer-readable medium of claim 27 wherein the
multiple independent events further include a second capacity modification trigger

being satisfied based on a current time matching one or more specified times.
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