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
conpani eswendigilnss or gani zati ons operate conput er net wechasthainsos3st

I nt erconnect nunerous conputing systens to support their operations, such
as with the conputing systens being co-located (e.g., as part of a |ocal
network) or instead |located in nmultiple distinct geographical |ocations
(e.g., connected via one or nore private or public internedi ate networks).
For exanple, data centers housing significant nunbers of interconnected

conputing syst ' ers
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conputing resources to custoners. Sone public data center operators provide
network access, power, and secureXEGYMTAONCAGACIEHN |ities for hardware
owned by various custoners, while other public data center operators
provide "full service" facilities j el ude hardware resources nade
avai l abl e for use by their custoné%ggkﬁ@géﬁ 7 as the scal e and scope of
typical data centers has increased, the task of provisioning,

?ﬁg} 2;27 ﬁ” i8bo 1?"@&1@”%@%&&? Qﬁdsb@lﬁ’ér CgRHIZaNENS CORRFAES ddAsplReEONE
gly co | cat

networks that interconnect numerous computing systems to support their
operations, such as with the computing systems being co-located (e.g., as
part of a local network) 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 entities 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 customeré, while other
public data center bperators provide “full service” facilities that 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 rescurces 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, alEowing 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 virtualization technol ogies for commodity hardware has
provi ded sonme benefits with respect to managi ng | arge-scal e conputing
resour ceswobanimmams3iusers with diverse needs, allow ng vacTassoi00838ti ng
resources to be efficiently and securely shared by nultiple users. For
exanpl e, virtualization technol ogi es such as those provided by VMAare, XEN,
Li nux' s KVM ("Kernel -based Virtual Machine"), or User-Mde Linux may all ow
a single physical computing machine to be shared anong nultiple users by
provi ding each user with one or nore virtual machines hosted by the single
physi cal congiiionggMiiite risersi vh peaddingueachy jusel avitheile Q6 Mefehyirtia of t war e

Ssers vi tn tngehfelendsiEiay 6 i de oy By TR B MY ot or s
of a given haidh\aire,#l omakhined beRfP W &8ftweie | SnRliSrPRYhgi 89 ARMtmRt i on

i sol ation and security anong the Vvarious virtual nachines. BRI EF
DESCRI PTI ON loFicaHEoMRAINHIGS S0 di3dt Foyistessusiss aviidh thB ibusion éhaldhry diragr ans

il lustrating,exanpl e emhodi nents ,of .ipteractions. to nage progra )
exeout| on cabechoB Goaralam EntosAainsBrBract 8 Ghel RRcarm EXoRUen
Service. resource, while also providing application isolation and security among

the various virtual machines.
BRIEF DESCRIPTION OF THE DRAWINGS

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

[0004] Figures 2A and 2B illustrate 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. _

[0005] _Figure 3 is a block diagram illustrating an example embodiment of
a computing system for managing program execution capacity provided to
multiple users. |

[0008] Figure 4 illustrates a flow diagram of an example embodiment of a
Program Execution Service System Manager routine.

[0007] Figure 5 illustrates a flow diagram of an example embodiment of a
Recurrent Capacity Harmonization routine.

[0008] Figure 6 illustrates a flow diagram of an example embodiment of a
Capacity Modification Attribution routine. _

[0009] Figure 7 illustrates a flow diagram of an example embodiment of a

Program Execution Service Capacity Maintenance Manager routine.



[0004] Figures 2A and 2B illustrate exanples of nmanagi ng program execution
capacity of a group of nultiple conputing nodes for a user, such as to
dynam calwg 20tdi4i3s3t he avail abl e program executi on capa®CryusSat10War3sDus
times and in various manners. [0005] _ Figure 3 is a block diagram

Il lustrating an exanpl e enbodi nent of a conputing system for managi ng
program execution capacity provided to multiple users. [0006] Figure 4
illustrates a fl ow di agram of an exanple enbodi ment of a Program Execution

Servi ce System Manager routine. [0007 ure 5 illustrates a flow di agram
of an exanpl e enbodi nent of DETREED B S FEdON, Har noni zation routine.
[0008] Figure 6 illustrates a flow di agram of an exanpl e enbodi nent of a
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capacity used to execute programs for one or more users. In at least
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 user may be 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
modifications 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, etc.).
Additional details related to the dynamic modification of program
execution capacity available from a group of computing nodes are
included -be[ow. 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 multiple computing nodes (e.g., muliiple
physical computing systems and/or virtual machines that are hosted 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 nent of a
Program Executi on Service Capacity Mintenance Manager routine. DETAILED
DESCRI PTIveN 2p 000353 Techni ques are descri bed for nanagi ngCprusgeiansessecut i on
capacity used to execute progranms for one or nore users. In at |east sone
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 wth a user may be dynam cally nodified while in use in order to
manage an anblamagef pradulemandiout aorProgpami t Bxecutton sSandee allapaciyt he

user fromthe conputing nodes of .the group. The nodifications to the group
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such as by dynarm cal |y addi ng and/ or renoving conputing nodes), and may be
initiated i npgdninees torangreup dhcoraputing nexieedhatist i (s gxecltirgpdnerordynam c
i nstructions specified b]y t he user, based on autonmated determ ﬁ?t i ans of
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included below. In addition, in at |east sonme enbodinments, the techniques
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quantity modifications may be used, for example, in situations in which
some or all of the computing nodes in the group provide or have access to
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 quantity
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 program execution 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 ntenance
Manager nodul e, as described in greater detail below [0011] As previously
not ed, twodynazmizs3nodi fications that are perforned to @acgrusa@omfossonputi ng
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 exanple, the program execution capacity of the group of
conmput i ng nodes nay be neasured at |east in part by the quantity of
conputing nodes that are part of the group, and may be nodified b% changi ng
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and speci fying program execution capacity are included "bel ow.
execution capacity modifications for the computing node group in various
manners. For example, in at least some embodiments and situations, the
PES or other system may make some types of program execution
capacity modifications in an immediate manner, while other types of
program execution capacity modifications may be performed periodically
or otherwise in a recurrent manner (e.g., so as to defer and aggregate

multiple modifications that are requested or otherwise determined to be



(0013] A PES or other systemthat is managi ng the conputing nodes of a
group that is in use executing one or nore prograns for a user may

aut omat i cablgiidei®mB M ne how and when to nmake dynani ¢ pr @grarse@emswssi on
capacity nodifications for the computing node group in various manners. For
exanple, in at |east sonme enbodi nents and situations, the PES or other
system nmay nake sone types of program execution capacity nodifications in
an i medi ate manner, while other types of program execution capacity

nodi fications may be perfornmed periodically or otherwise in a recurrent
manner (e.g. Mags dwingaperied efittimags@yassNGe @ PPPEPREAITRREE PHRBC Hat are
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determned first, the one that was determned |ast, etc.; to accunulate the
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modification that satisfies some specified criteria, such as the largest, the
smallest, the one.with the highest priority, the one that was determined
first, the one that was determined last, etc.; to accumulate the various
determined modifications and use the accumulated modification amount;
etc.). Additional details related to determining how and when to make
various types of program execution capacity medifications 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 include, for
exanpl e, identifying particular events that have occurred during a rel evant
time periwo2hauimach are capabl e of causing a dynam ¢ pPCoOgSamMOAR@sUL i on
capacity nodification, and attributing one or nore of the events to sone or
all of the dynam c program execution capacity nodifications that are
performed during or subsequent to that tinme period. For exanple, sone
dynam ¢ program execution capacity nodifications nay each be initiated by a
single particular event in at |east sone enbodi nents_and situationﬁﬁ(e.g.,
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an increase 1 n conputing node quantity for the group during a period of
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have particul ar benefits in situations such as, for exanple, when the user
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tenporary unavailability of sone or all of the conputing nodes for

addi tional changes. In addition, a user nmay predefine various types of
triggers wbantizanuesBased on performance characteristics eCTaSgriowp3st
conputing nodes, with the program execution capacity being automatically

i ncreased or decreased as appropriate as particular triggers are satisfied
(e.g., to reactively increase the program execution capacity of a group of
conmputi ng nodes to acconmobdate a tenporary increase in the conputing | oad

for the corrputicgg_ node group; to proactively increase or decrease the
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conputing nodes to mairntai n the avall abl e program execution capacity at

t hat speci f i @dbbdinedntéethe responsdiility rathibubionuaforoetiont inay bedenqrededi ty

that has deviated fromthe specified desli red quantit b?ﬁﬁﬁ t,o that
speci fi ed debid Symanrradaple fesmat fos disnlay & thayse torenaRie thgusexdop e,

when each Ofuﬁéﬁs%%ﬁ%ié%lgﬁm B WhD IR REREHES Bcfiofls SidrBABkERPY Of

t he same program serve as alternatives Tor an aggregate conputing
| oad over thsy gheUPES @ndothiee systérini thatofs owipded rig treddminaarereadhbieed to
manage the anount of work handl ed by each conputing node, or otherw se in
si tuations iipfasmation: heuchresprensidififyuaiiity tiesdedorsratioryMmaypalge keotisedch

The ot oup cdmptATons ke Sarritis 30 FEnPLSHRAIERR: dnohafierby B BEREF S0
as to have s@fBr gQ8ient tdGhuUIGHEScaNe HiiReasthaPRbetidry) #ekdaRiop! agzam and

to have other conputing nodes execute an associ ated database server
program if lesskesanearhbodimends cihepespagsihbitiesttibution infarmatieremaybets of a

single program such asg,in a distributed nmanner; etc. Fur.t her mor e, when
addng adl ;sed}ﬁlo{r*'%c@ﬁaﬁéqwg olesRonse oYﬁ{'°‘{5ntEVHQéS23fc>ﬁ_”89ﬂ%{e%‘§}¥?%m my
urt her opti [ i i WHRhI QRs(ssuch as
to provisi onﬁ)@ﬂeu%éé%?ée%gﬁpsﬁjﬁg%hg éh ta(% %féeéﬁgﬁgot%ga@ c\ﬁ’tﬂ‘@hone (g(rﬁm)re
programs, orareo tieir tdnese aft ampartialldy indicatest probmmxerecutom afapakdy one or
nore prograns on the added conputing node. i_OOl?] Asd?revi ousl| n?t ed,
users rmay priEEficAEON L1 ather: ghargefin tayaligeridy f| ape L1 H‘Qﬁn‘é?f%f'l?'d Ny

di T Vi . . o _ q
Y} 19 I S8 CARAEVof OB Acpin RAPY, Rafipry

t hose triggers fay be | o rnitiate co

dynani ¢ pr oghadifiexgsnis) @t sthepebmputipdi hvdalgrems dvallabilityouhamge(8peee gr oups
of the users. As one exanple, a trigger nmay be defined that specifies a
particul ar daiiseddbywene of ynefe dnipatedngveiige s Asiditinsl dajaily gelatrd &0 anount
of one or nore conputing resources uch . be . t .cally
maintain a c‘iﬁ%@? (9?91@5'8’ HSWEU{‘?ﬁPS“ﬁf%@Vg?@'JP%” W@ﬁﬁg'&éﬁr@tj G&ﬁ%‘bﬂ?l ng
node quanti tﬁro@!‘arﬁ%ﬁdeb@ﬁoﬁ%@b%iﬂ} A oPiBRfon8 GrE §SEALAEE bBwWNt . or instead to
change to a spécified conputing node quantity or aggregate conputing ‘
resour ce andoets]i Thepaesdrived dechriqies doe auidivsftically managhgr dyhamici ons, a
trigger may be defined ghat spe%i fi edﬁ.a articul ar ﬁjl[%sol ut e gr rfﬁlﬁati ve
change in cHFPUIAMPHREHECRY SaRECHY MdiEERiFI@Y RIONIKE YANYRCBREHS 1
conmputing r es: a i { f+i : laed ed

per for nanceqc%gu%c%g#@sbﬁ% (':s%o t’h%ﬁ%%rﬁptg'tg?ﬁg%gﬂﬁ%&oﬁp'ﬁﬂmﬁ%ﬁ?&i fied
t hreshol d ordetehmrineds edyaedmisf Yoragsaracidxieedtioni toapiagity e ngodificatiomisn fert hin a
specified range for a specified period of tine, show a particular trend,

sucE as a smsﬁq%'étiﬁwthéfs t@_ﬁeﬁgg Fvethep sypleamn f”i@ﬂ.bﬁéit?[%do SPtmige  or
cor t eapond 19 ite HoargeuTnBhiRaoRs A8 b Mowel B S Bnfti2e] o s

that indi catiepebfilichhfige®abt BiensoflputihgJnede<EXeal nan create periods of



capacity use; satisfy a specified |ogical or other conbination of values
for multiple performance characteristics, such as nmay be conbi ned using

| ogi cal operatiaus2ssuch as AND, NOT, OR, etc. and/or in eChas20meossss;

etc.). In other enbodiments and situations, a predefined trigger may be

ot herw se satisfied based on information that is not part of the
performance characteristics of the conputing node group (e.g., based on a
current tinme matching one or nore specified tinmes that are part or all of
the criteria for a particular trigger; based on status information_for one
or more progeAROTBE righavedabtidy fnseme @ ednet dbepGOMPYLABIBCEEBUfP t hat i s

current  conptaHgna iR Tdes. na AFRlteH, B Ry SBRk Abaet e ElsuRBR SRk ¢ ha
i's queued fofrigeerPtthal Wrs ebkssvibrOpefiopened EifaRetdititersed Byodmefone or

nore prograns; based on performance characteristics or other status
i nf or mati on ¢@mputieg orngngse ovitler tBgecpragignpr eyeauon hazapacsdy nokeibgi ng

executed by the cyrrent conmputing, _node ou such ., as if the current

comput | ng. modOGIRSGATY inSTRERTASY CRGIeRITH 5 CHPRRATRLS ESRAHONEr HOSHE of her
execul’ 19 ProQ samsfi f8gl G rEBEti\?‘é?fi"mér‘éasér’tﬁée;?r%ﬁrérﬁeeﬁc@lﬁbﬁrﬂa@é%ﬂyt' on
capacity of the curren onput 1 ng node group as the conputing | oad on the
ot her executdfhg groog redircommaireprede®ito decormsadatedd terpofury ingreaierinance
characteristics na based on any nmeasurable attribute of or other netric

o]
cor r espondi n“@et‘ép"ﬂ%\éﬁ'gﬁ)@?aéi [ dhecammrRUtNG RBFR WPURIHE RIGAREHIYSIMINGEAES of t he
P ne! ugl ; ! el US| o ol ati
group, inclugipg fhed %éﬂ%ﬁ%&qc’%&%o\*\sbgﬁa& éfrof féag;rﬁﬁﬁgc%f%&m htlfmg ative

amount of use oOf one or uting resources o si'ngl'e conputrng node
(e.g., a pergedésage awevnimedatavain alXpectamupcdmeingg nesdd for dcRlitionyall e
utilization, an absolute ambunt_ of network bandw dth being used, etc.); an
absol ute or pregsMexeswiontcapacly gnafutan exreded sivsoBingiack efdigad faig

' f all of th i - b 5| at. |
rount of | cPERE BrodEnER e ey TaPclg Sl Ag bBBeR s, Blel by
external conparicO@rSysSHEMManc) cHarabtalistied drRl/éf iINgtoRBRUdatPfinBRktinges of

the conputing nodes in performng one or nore desired actions; etc.
Furt her nor e, reicnrrintg patistnssoiprogndrodéxemutionaapasity wse; efs). Adtermativehan

having a trigger directl. eci.fy.a particul ar program execuytion capacity
modi 1 cat i orf LRSE MY desitR Ky MAIREIN e ploaian exeiion Gapacyiios 3aPBR o 1 ne
trigger may %&ﬁﬁgtiﬁﬂo%éta%dorsﬂééﬁé“s bcifiedubgel Qe Qe difiéd dedftedt hat
system or nodul e fay Tequest a particular program executlon capaclity

modi fi cat i oncdrestant, g@arntite dé fcongslitivepacdds), andivdrioasi modificatiodoesaynbe vary;

a capacity nodification that is dynamcally determ ned at the tinme of the
notificati orAUtomaticaldy yaade ishtherornr Pesomiiiag: nedes ter aintaim thadi ti on,

the PES or o i 0 4 ' : i,0 ations
o moni tor S nenE BRI b duRR R Rt Splind IaVel PRbg 31885 1 | °c;
the perfor W%cﬁwr@ﬁﬁ@ﬂﬁiﬁ%ir@ﬁef@maﬁth? that aasrdeviaedcirainethespscitibg gr oup,
or may otherw se obtain such nonitored performance characteristics from
anot her sourdesifes guantity dackHho thatepadified desised quaatitylro Suchrischmguesnput i ng
nodes, from software executing on a computin ode to ni tor that
comput i ng ndB8Y i SRl FFPER YHEREIh T diesormidaredss it
Further mor e, qiolinSekE:RES fl ITSHMCE cobCofPfre Qanfel BRSgrams(8W MRY sEALas

P
syst em defi ne riggers that initiate dynam c program execution capacity
modi fi cat i onaltarhativésdorc anesggneiggte coomputang oaat evenths fgredp), candrdipe

otherwi se automatically detferm ne to nake. sone types of changes.to
conput i ng ndUHETIS GhSOMmPLERECTPaeR ot FQHiEh e BRENags0 1S STRALHT 47 ¥BFK ne
trigger Sp?cﬁédcﬁéd%ap@ééﬁ %) utiﬁ@%‘&%d& SorbtheRvRE! MEsiRRABAE ih WIREHRHET NY
node quantity or agdregate amount of dne or nore conputing resources, and
the one or mErRdEPESbUting todesrdfaa igpoup kie nef easideketytgea distimct copy

automatically determned to be satisfied based on current conditigns for a
correspondi rief BreospMmsE PEediRR | (@cf- ndld diptingh subpefso pf dhe carogpse@mPHENY

t ti |1 t i t : i fl
execut i on cdiie Saf HretlR PaHeRaH JRYa? ehfamets U SR S5 hEGAETLET of
speci fi ed preshpiigy afdddsoBxeamachhyappiiidtionaténes pragrare andfer hade
imrediately (e.g., a request to termnate



use of one or nore conputing nodes, a request based on a trigger that the
user has designated for inmmedi ate perfornmance, etc.), while other types of
speci f i edwprogremsexecut i on capacity nodifications may PeTdst@onsadsunt i
the end of an aggregation period of time for 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 nodifications that are dynam cally requested by
a user (e.g., via a GJ, or graphical user interface of the PES or other
system by OpEbGPEMRUWING: MrdesBXeqyta an desosiatedagintabgse SavecRIqEAM;

progranmi ng . f h . r VAP0 rm ned
to be perfor'hIg%ﬁ—{enﬁg%ﬂ!acﬂ:feiirkg> §%r55§}'9§ g%%%a?ﬁ@}rg@fgeﬁ%ggbgﬁg %{ggrsg@_ged in a
simlar manneogravchueh Basedaodistmisuted Padinefly BafT).C PuRBEMIdDRY@RHERON
capacity nodification, based on an explicit request fromthe user for

i medi at e oradiing radsiitigret fapnneuiing nedes tovisr gowg, | thafinS dut ether syatgow t o
manage a conbinatipon of .nmultiple ternm.ned. program executiqQn capacjty
o 1 cat | oDy Thitaararuptally iR ST peaR rbal BRel BEER H PR 8iEh ot oo
wi th di ffer e dIBt&idibAtfe BRd cahpliifly riddeSte: bé EHPtd @ibbitesofi@rbe
assessed in various manners, such as for dynam cally 'specified user
requests or rabhepragrams, osto Gathersitomabieally indiate toe feikecetion pf ther ohg from

satisfied triggers (e.g., a higher or lower priority), for different types
of det ermi nedf "HBER p§q953men the B@da? FRMPYUNAdId® priorities (e.g., for
requests to e rs cyt i J L I } riority
than request QT A8 BraUBRLR AALE, LLe A nETRRELENng SafBuS infih G fiterk ' 1.
details rel aeestetido kﬂ?h@gwids@i?rmd.ﬁffyihgcbrbg'regg&{x&caﬂdn dapaciny farngropps fodr mance
characteristics are included bel ow. 10019] Furthernore, in at |east sone
enbodi ment s,CamRUINES rRdes, hand sihasemtriggeisamaie brerlptrli tsed & Hisftigtee

. e ; . .
o {1 cat i odoTiabaianty ¢ kAN TATRE nefid’ SPkECERY L, PeBlloc 'Y
cor r espondi NgodfieHBoRd forcMmpltint nb8E eFouss oPtHEenYISE A bhe EXaRRAE, 40

control | abl e paraneters that are each related to one or nore conputing
nodes of t hdriggeupnaynsbemefimedmhat, spetifigs cdmparticulgr rdeiiregu gantity odr a
conput i ng node 8r ou aé a _nmetric . correspondi ng E)Of gr ogr am execut i pn

Capaci ty f orcAMBUEHLPREPRET SEaUSH Aso0TRAPRANLET PR S TOYE EHTRUINYai nt ai n
and use at 18aahrddd CRuLA! Gs T R Chle TRARM o) faﬁtmi@q%%bnﬁamo% group,
as follows: a desired conputing node quantity for the cohputing node group,
such as nay dwgréspiondald }cosgiuting andasgmuiipatat dhas efesikdncomputingpaddag node

group is initiated, and may be nodified by satisfaction of triggers and/or
dynani cal | y @47ty pe dlasiied agrfeeates POH}E’U&BEJ%OHEQ%HN%@E%HE‘%@W y of

the currentl il ahl - [ e ; -.erm ned
by conti nuou(%shs’@]:é%r{eopga%‘r')e%i’r'n)g :n' %P@&iﬁ@%@%%@#%ﬁ??%&%ﬁ etg %ﬁ“gﬁ{éﬁ roup);
and an of fi qeaburcecanmdemt Gospedified ontsia avariatisiied! Ihhethetsitantibys axai | abl e
conputing nodes of the group (e.g., as determned at the |ast tine that one

g C : :
or nore dyndfpgeprogy dm cedved hatcspraiies anparicuan abssluie o1 relatie@ ed, and

i onal | dat ed i onal | v by th ' .
oni Cori ngy B T pie feReiatts oF SlaBipneRht B Fins ey be
used in variQusplifiY fesouress Nsih b P bentiggeled Fonepeaiad! inditedsgre the

actual quantity and update the official recorded quantity accordingly
(e.qg., basedaforpericer mhagactenstics i ofg tbé chmpedinguiodg rgsdes o$aatheagr oup),
and to periodically, attenpt to update the nost recent .offigcial recorded
quantity to W@W‘%’Hﬁeﬁﬂ?!ﬁeﬂ‘i 0 1954 saE%IMtff‘ tSPeFE’.e&. CriGHaN I IEHHN ng how
and whet her ta.: : ' [ £y ddriddCoPESEE $Rb Behiaped

nodi ficati on«s”()ﬂj.Iﬂﬁ%géﬁiigc%ﬁge?%tsﬁog/pﬁ%?gg,&tr%lg %Eg of ot e?d%/st em may
further per ftegnd, veudhoas appeaificdrembanabtf change eausalspeyifiedf pemmt iodbn or
other responsibility for particular dynam ¢ program execution capacity

nodi fi cati of#N@naf SHEB FadePartiGHlasx aspeleration” wielatsudl shange dnatsheff s
correspondi f.or nam 0, QZP?E ' ci Ly

nodi ficati o_rr}(%h%gréogﬂ%g)%ﬁt itﬁgoﬂ%dgmgrﬁgg% %yt egd(ter%%fg% CS?%@I Gai ;lré)r%ynam C
user - speci f ifigkorical 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 cablyiveksma by t he PES or other systemin sone ecihastemnsss(e. g.
based on nonitoring that is performed, such as if a conputing node is
determ ned to have becone frozen or otherw se unavailable to perform
desired activities, to automatically shutdown or otherw se termnate the
use of the computing node as part of its current conputing node group).
Simlarly, actual changes in prog ran1execut|on ca aC|ty for the c Pputlng

node group neBPAasItYiUSE: |S@tl§fm|sa@ré@ad legical g5 Omﬁir{{%% ipgtieR oh yRtHeaTyiar

comput i ng na@elHEIRTIREREE: HipGREIRs a0k M dbal Moo BkA ARG o .

various evenpgical dpefatbRf 8LERIHSOANIRYNDT, SOR! etk.idhdiof irf dthetahabaess;t abl e,
and various i nf ormation related to capacity change or other availability

change may betcst oineathien embediorants angbsituations! a. pneﬂeaneéltaggﬁmmypbget ween
a particular event an i cular _avajl abilit ange. i.s ide

_(el.og._, a par‘?tgém’éf“’ é\?@ﬁf‘g@abéﬁgd Oﬂar'P Oém%'Pnaég?r |8|g|r]o[t p@ﬁtan(get B pe

| mredi at el'y ﬁ&ﬁérﬁﬁeﬂ%@ ch aERJrTs%éQ‘b‘FQhé%oﬂ’?ﬁmﬁwgbﬁéd@@ﬂo&mé e Voae PO

availabilit ange may. be tracked by storing™the sane nexus rel ated
identifier ahaogem timet imatakiiheg oniendomioet nspacifled tirhes thataare partiot Bltof
availability change. .In other situations |$ which mul ti ents may

i ndi vi dual | yt §r°*’itﬁ“%5%ﬁrféﬁm%waﬁgl%ﬂa Aaf .%?@U%MPFE%W o ‘B’Pl%ﬁée but
whi ch
A el o B b AT SR g o B

that avail abislmédsm’@anmanandemcfhavfthahwfamm crardcfanistiber sdair asne or

more other availability changes if they simlarly may be attri buted to
t hose sane rﬂ.purrpnbcgm@ntlsgllm asdodice doby,lfﬁr@asarmnl%tarbﬁmonmgl Wask

exanple, if e nts C uring a
o nore aggr cbt I Riduet flt difbalsd Nt SRS P I 1 SRS RYing i 1)
changes' occusndligri mgré bgftis, BASE@ IR inePfdrinEBcReshA1EclristiosasH athery after
(e.g., as part of harnonization activities that are perforned at the end

of the aggrajatusomfmrmaiiqﬁefqron')a oanwrefothenexecufmmﬁeogramﬁ téW’c?ér@éemQ’iect |y

ttri butabl t t h t f
21 of "the reiveplediehS M5 Grdft PoBirEGo N HoER HERAR brhaor e
capacity chaqgrsht & dllt?[ﬁﬁ' ﬂSH%g# B%%l‘%‘i‘aé ggSHﬁ%HZ fo¥ ﬁﬁdrﬁh‘ ion are

i ncl uded bel ow, i nc ect to Figure 2B. [0021] In addl i on,

a simlar netheasthenekécyting pughatiesia asl to,dot eabmpiel intfdaseahegirogiamat es rray
be tracked and used for gne or nore other contro]l abl e paraneters

cor r espondi rigracyitign sPrasite 08 the cHHCRAFATPLNING 51008 OV AS Fﬂf FIFRUERPSup,

such as a fi e f i.al aggrgyate
aver age CPU igéé 031 tthﬁ (?[Ihgg %‘%ﬁﬂ] z?aﬁ ?gémggg?'% %égé@idreg acf ua ) gg of ficial
anounts of agEfSeRcVRiragRrizatyidy bedigedtdn dhy meadirable attribute of

etc. Furthernore, when nultiple paraneters
or other metric corresponding to the operation of one or more of the
computing nodes of the group, including the following non-exclusive list:
an absolute or relative amount of use of one or more computing resources
of a single computing node (e.g., a percentage amount of available
memory being used or CPU cycle utilization, an absolute amount of
network bandwidth being used, etc.); an absolute or relative amount of
aggregate use of one or more computing resources of all of the group
computing nodes; an absolute or relative amount of latency or other delay
in responding to communications from external computing systems; an

absolute or relative amount of failures of the computing nodes in

1"



correspondi ng to program execution capacity for a conputing node group are
si mul taneously tracked and used, the PES or other systemmay attenpt to
manage alwoabiidae2spar aneters, such as to nodify a conmpurCcmgsSa@d@s@gsoup in
order to simultaneously achieve desired aggregate average CPU cycle
utilization and desired aggregate average network bandw dth utilization. As
anot her exanple, nultiple paraneters for a conputing node group nmay include
both a quantity of conputing nodes and specified geographical |ocations of
vari ous conputing nodes of the group cée. ., between fifteen and twenty

S5 ?Cgoﬁir

percent of tRErfEFBIRS EBATRI MAjendRs §tC. ddthesmose, ImAd lede
remal ni ng gr ﬁﬁleﬂ%m&%’irﬂg OQﬁgisﬁﬁJat%BﬁsoFatHBF ‘T:h?rta i %@t@@grgdiﬁécag"“h
gto h'co tin ode qu

the PES or other Systemattenp manage bo ntity

and conput i ngp&eifie adpatichiH pﬁ:lc?réﬁp@&é@miémrcdp@eitgrmuaif&'aﬂuhtmaeqslstby-
Addi tional detail's are included belowrelated to using nultiple attributes
to track andogsuraybeonit iersatinfiedpribgrsatiséadion obrihe alifigaet ynpureatseess.

00221 11 a0 e s e 8 Rl L PSR B odirss ¢
some enbodi NgRSreqiest 835HrtiSQBE pPdgrahit ek88MEH BEpadfemodification (e.g., a
predefined capacity modification that does not vary, a capacity
madification that is dynamically determined at the time of the notification,
such as based on then-current conditions; etc.). In addition, the PES or
other system may in some embodiments perform various operations to
monitor a group of computing nodes in order to determine some or all of
the performance characteristics for the triggers associated with the group,
or may otherwise obtain such monitored performance characteristics from
another source (e.g., from third-party software that monitors the
compuﬁng nodes, from software executing on a computing node to
~monitor that computing node and optionally report the monitored
information, .etc.). Furthermore, in some embodiments, the PES or other
system may have system-defined triggers that initiate dynamic program
execution capacity modifications when indicated ftrigger criteria are
satisfied, or may otherwise automatically determine to make some types
of changes to computing node groups in specified circumstances.

[0018] When a defined frigger 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 trigger are automatidally determined to be satisfied based on
current conditions for a corresponding group of computing nodes, the
PES or other systemn may automatically determine whether and how to
perform 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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avai l able froma PES for executing prograns may be all ocated to one or nore
users for preferential use by those users, such that each of those users
has pri orwoponoaexss rel ative to other users to use thosecraspubiosggsnodes.

I n one such enbodi ment, the priority access of the users nay be based on
each of the users having dedi cated or exclusive access to use those
conputing nodes for a specified period of tine, such as in a manner

anal ogous to a lease. In addition, in sonme enbodi nents, at |east sone of
the conputing nodes that are allocated to one or npre users for dedicated
or other prefi$® SHtaN§ oL OTFEGOPRULIRG NogeseACEasept Bgpathaxadiiggehtiaipaci ty

for other usgrs i . C i g no re, N |.n use

by the usersﬁeoU%Bhagﬁée%@ﬂ%%ﬁiﬁavﬂﬁﬁlggbg?eﬁ éﬁm%%eé(; %ﬁgi g\{tﬁi\ﬁng{nhéar user

to whom a computi Bf SpreFiddS prbhemat efecutiin cabhyityakedificaions | wegt Be

conputing node avail able for use by other users. In this manner, at | east

some progr andefestegt votil hepanrd of arhaggtegativhaeeriastof dme forr eensiderapoof users

may become available _fromtine to tiq}E tq.temporarily exectute r ogr.ans on
omnytel

I
behal f of ot®erPd elog,agu@ﬂg@%'ﬁma_ Pak 88@MaSTE (Y. 2 _étM t hat
access 10t N @fealisns’ (ot URCKEGULIBN SARAGLANSETUBINIRRE RG irfatt Nat
program execution capacity Is desired for other purposes, such as
pref erenti al peniod ef dimved Sigdldily, pnegram rxeeutidin eapasity shodificatidrer theate, i n

sone enbodi nents, a PES may incl ude on-denpand co ing nodes.that are
avai | abl e t PEaflyRIVIGRIHIRALSFISH xé@eW@a'(g-gqu‘égfg%kJnﬁes@P?Mgmt e
prograns (e.: i i u f i pdi cat ed
Pltore ti o Pigriadi B i PESBOBETRETbnt bl B BRodraf] br fe aobr LA |
such that thgefireel &PIor eappliegtiamprogirmadigg imterfaveh of the RESt ormathdre
executed if conputing nodes sufficient to satisfy the requested execution
are avai | abl eyséeém; giChemay bacdetefuinade & thanperionmeg idedialahaadiasquest
bei ng guaranteed to, b atisfied. | i.tion, | i after
Stch an on- dendiiafiy;elerend Hopiradtid b St PaRe L RRT S Rofed
satisfied anghHeagssfofl dpndniict pigeamegesdiftioPNc b adiyenidififationPbageans on
behal f of a respective user, the ongoing use of thé on-denmand conputi ng
nodes may beomuanarex@dditt cequesti fioen uthe | usenefor uinnmediatee, ors igfemeda ti me
of the respective user's, chogQsin opt i.onal subject, to certain
limitations RETYMAGRKels ¢ ‘H@g’&ﬁ%r W@ed%ﬁrgf"n{% hews 19 1Manage pReenpt
the use for poses At ANO u d i fay of the
conmputing no erES_@)?gghtiﬁg %@%?og‘?%ﬂﬁsﬁp%cﬂ ?g%tagﬁnb(%?%gﬂ?é ﬁéea%gtgnputi ng
nodes used tmodificetidest ire somalsitaationardiffdreat privgities) megche i associiadi ty may
be distinct fromthe conputing nodes_used to Er ovi de dedj cated program
execution cayyiil differanl/ determiind mRORIFRERiIRNSHg e sSURE PricHtiBE oY eb@xcess
program execuytd apacLli.y. = j f of.t i ed to
P ovi de ¢ ne ayreaasdii valitus, maffes oRdlBsCtor Ay, sedfef e el

in some enbodigoesiss ot theMagebendtafiiohe 1 bei gieer XL elifferent PrvmeXegnt i on
capacity until on-demand vari abl elggr ogram execution capacity requests are
recei ved, whsatisfied iggers éaigbdRniigher telpwea ity for shidierept gvess @8 excess

i_on. LY. .. enmbogdi . I i nal f
bt oo am exectrpRERnREA s $b B oFPRan RN PueRBeh &f by L LEH R ogr am
execut i on CapaghnkadBYprbgrath Ketetion] &Rty Beiig Yivh higher oMY khahagr am

that illustrates an exanple of a program execution service that” manages
conput i ng nowesiestsato acesaseaplragram execuime capaoityy. elicngAgdibgnahdetagdsut i on

capacity to execyt rograns for nmultjple users. ,For illustrative r poses,
soﬁe ;x;rrpl e@)'(aiﬁa z?rgﬂﬂ ﬁeh‘??r'gﬁgn%sh&%% ﬁ%ﬁoﬁpi}q{n{mf‘gh p??@b?\gf"f‘ggtspes
of program e HHe‘PEtiE@@?@ir{dhﬁd’?@Bﬁlow.OVi ded and managed in specific

t

manners. In addition, In sonme O e exanpl es and enbodi nents descri bed
bel ow, the poow]aRugkesndiepnncapdsastysodingt enbadimentie dhey P& ravupthel
conputi ng nodes nmay be neasured in _particular manners (e.g., based on a
quantity of $YSe@omAM iMENagRIdesriodie o OthrMetR JeFHITBRF FANIeSRtIoRs M s

Fespebt Lo oRUEPS diisrihedeoEn A dfon b foBlncAbR: HisEp 81T

control | ed biyacking and using multiple attributes for a corresponding group of
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associ ated users in various manners (e.g., based on the use of predefined
triggers and/or dynam cally specified instructions), may be nodified in
parti cul avormarmmenzs3(e. g., by aggregating at | east sone pPCOgrsamoAIEsUti on
capacity nodifications that are determ ned and deferred during a period of
time and then perform ng one or nore correspondi ng aggregated nodifications
at the end of the tine period, such as to nodify the quantity of conputing
nodes in a group), etc. These exanples are provided for illustrative
purposes and are sinplified for the sake of brevity, and it wll be

appr eci at ed tdraputing nonasntor etheswise qﬂélsreﬁmpcbéomﬂmllabée Wagametertet y of

xampl o of e Bech, BiEdclo, i & (o CRBRIATeBe o rodtite Bpi on

conmputi ng Syéﬁ@'&aﬂlﬁﬁetGs;hgtc%rn%ﬁt;r%vﬁéd@qﬂﬁhw for %O&Mbhfh@nBag g}bgw ded by

a program execution serviceé providér entity sonme of
functional i tgsofb mhetriPESobreispongdingvitde grogranhi exemﬂrqni ecapaciiy rf¢l1 uber at ed

enbodi ment of a Program Execution vi ce System Manager. PESSM' dul e
110, and ot HEAMPUHEd P ool BES o+ hed SrHeh MEnC By ﬁg}g’ b

Venager (- PESERA N o dueL SIpES P FHEBNTERTor B SfpShd AR blodf Benance
assi st partifollbask: us@esiréd complitioy mode quanmtitg fafthe wupubutirg nmtdi@grdu:p be used

to execute prograns for the users, including specifying initial desired
conputing notkchy@snmayi ke initially pet QVCﬁI’b@Sﬁﬁ@!a@%é'WS/M@nt Heggerpufipe use in

quant i 11 s, 1o0e 14 8uEIa Bt Do, BRGNS Bl R R 20
avai | abl e foén%?cdﬂ}ddhﬁcﬁnyo%rp%&ﬁae@f ub&e régessts; aht hewah dofhpﬂjth@ node
enbodi nents at | east sone of the cog‘ﬂatl ng nodes used for at |east some of

the groups nayamtiy mfdhe dedrantlyavaiableaserpstine. r@des@dbeagr@upa(ﬁ@ B$ t he
users and/ or

b th t h t { 140, but
manageq by FetopRsed ph Saplifiows of fedbasadannn i B HesSoheptabg eptty
continuousl y,0fy g/?@aﬁ)edéae BRNbfRI] %cemawtzbﬁq)uﬁﬁaensa@%rﬁ.t%f%e in

use, and opt| ona attenpting to replace any conplting nodes that fail or
ot herw se becumentinavaildkdelcomsdings nodeseif tivaignop lega,nasleed:exmmadcaipam ty

at previously determ ned | evels. [0025j The network 100 nmay, for exanple,
be & publ i ol Y1ealRsisHMe ale ORBr RT ANOT HEATHEL REIGEET SHEEMRY RAHed by

vari ous di st pGirdREhLeRe SHELE S Bl BhaSS upkBid e.ea?&an ) Bynths. the

net work 100 nay pri va porate or

university n@ém‘fd@dsh@i' tepeated |niopitomap)t | eblioh lrnamp@%ttvibelté@ for the
non-privileged users. In still other enbodi ments, the network 100 may

i ncl ude one eeMpytieg predatgsoupt MEYKkEe wised A RIIDUS MAMIess, SHEM ahdo

mocul o 115 e iy br dhBSaERn MRt thécertbaL e AR Sud JibdBE BRI
nor e conput i HFicRY S rE€EBrdeot qidiiR) ackardheigiyt é@gjltbésﬁ)d%hespéﬁ&nﬁﬂg 115

and various conputing nodes 120 may be provi n various manners, such as
at a singl e tanitodegt af the Gﬁrh[e!uwﬂgsmmsugé the ggroup).ofindotd @eaiodicalignput i ng

T VarTous. GRESTRELD yBoge i Btst rgea g recorded Uty 16 halth e " o
current desired quantity (e.g., when considering how and whether to
- perform a combination of multiple aggregated determined modifications).
[0020] As previously noted, the PES or other system may further perform
various operations to attribute causality information or other responsibility
for particular dynamic program execution capacity modifications that are
made. For example, as previously noted, events corresponding to
requests for dynamic program execution capacity modifications for a

computing node group may be tracked, including dynamic user-specified
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[0026] In sone enbodinents, the illustrated conputing nodes 120 may i ncl ude
mul tiple physical conputing systens and/or nmultiple virtual nachines that
are host esoaniignaeser nore physical conputing systens (a®Crasdasmsissed in
nore detail with respect to Figure 1B). Each of the conputing nodes 120 has
sonme anmount of conputing resources avail able for executing one or nore
prograns, such as to provide a specific anmount of program execution
capacity, such as may be neasured, for exanple, by a conbination of one or
nore of processing capacity (e.g, nunber and/or size of processing units),
menory capacinsjrucliens adleatc apici fsceived wank pRiedwiined ddggerst ythadt @e|n sone
enbodi nent s, _the PES.prqvj der j_de figur ti.ng
nodes, vt h AUOIAIE PHIne dnnBY SeHs ALITAD s dchenE g A

ot herw se si gidorfiaticipuaken Py HES RES s ather | siRtemfiarsenecatnbbdiniémer ans on
behal f of users, whilé in other enbodinments, the PES provider 105 may

provi de a se(aegt ibasedforvendndosingithakisgrarfaomgsutsus arodescampuiingnnedea user
may choose for executi rograns_on _behal f of the user.. ch as with each
sel ect§ on hah SEISTRID Brit heESmRdTaren opetieme iRV IaR e th B3rEkL" o7

size, speed gogray nagymeef t&rﬁaﬁgpg@;wehaﬂoww@%themeé%ﬁﬁms tHai t's;

anount of nenory a or storage; orm configuration, such as 32-bit or
64-bit; etc. )se [0PtRF Lohmputimgsnodé ast part e itsnhodéntecamptiireg podgrgroupkecut i on
service provides functignality for managin nor e _conputi ng

( roups of. one or
nodes 120 fo&r@éaﬂ%acwﬂlmhﬂﬁgssurs@r@graﬂéeag%%m asityqiee fhe Forputing

el sewhere, ASYbATnAT STIRYOEIEIERE slichd RaRistiiagul fiad Gt ©

speci fy reques o ni e use of groups o ng nodes r¥execution

of programs efedehahd/opftot Biber SRIp3city chaigesUthag ndsudir nfend. 5 .instanbes esfour ces
may be specified at the tinme of a request for execution _of one or nore
prograns on @omputipd olodasmbriting oretherwise besaniingfunavadlableandAsr ©8€ one or

ther ti h.as wh ipitiall i ib
Lo use servi SEATBIS: Fardies e datited bBiutiadiort e Ferslimhanore oy
provi de subsgaispbis8naBNed/ ahd NBGickis’ RfbPRaRAT YelReSd e QAhcity OMAfyd!TRT S,

such that users may specify information related to one or nobre prograns to
execut e on bethalr favailakilityseharige ;ay be cleredsin asaecord dadihasedthbdesdbe

nane. | bi Tl G RMARPEBIe R A atcy g Ridi it pasiedlal hialahat Balotent <.
ft i : ' , -

eat st or - f or SUaei] fo by, oauir eV TEAtecs diinrliciat Sealdohly eRdnge

(e.g., keys,id b&émmedistely parfesned) @ gordspioraling aggos behedenvthdt eventuser

and are to be used_in conjunction with executing prograns on behalf of the
user. In ot hafd evpiebiliyfnands mayhestragkrd by siermd therpammnaysrrelated, not

shown, may bﬁe%ﬁgﬂ. daqgng with the other information for that event and that
availability change. In other situations in which multiple events may
individually or in combination cause a particular availability change but in
which causaliiy is not attributed to a single event, a single nexus-related
identifier may be stored 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 may 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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to performvarious operations related to subscription and/or registration
services of a PES. [0028] After a request is received froma user for use
of one orwouna/m@omsputi ng nodes, the PESSM 1 nodul e 10 megTast@onsissl whet her
there are a sufficient nunber of conputing nodes 120 with avail abl e
resources for satisfying the request, and if so, the PESSM 1 nodul e 10 may
initiate execution of one or nore prograns for the request on an
appropri ate anmount of the conputing nodes on behalf of the user. In cases
where a user schedules a request for future execution of one or nore
prograns on endrafuiheobggregaiionntime eernipd),i agd nbdene ohéhegesssventri@e 110
may attenpt to iymediately reserve faﬂ?seap ropriate anmoun ng nodes
a

f !
for executingre®y gHELERMNR BPYR 1S Re BRE &apﬁﬁﬁ%o‘?r@?ﬂo&e Pzti’ﬁes,
and/ or may d(?tjiurﬁ}ﬂg%?@pgtrﬂ’tﬂ% hiSE éwnﬁynﬁ;@éqgﬁ@uw@@ebehmhéor

execution un e.g., such as en the one or nore future
times occur)oné Brirherd chpatitytkangad odiuntetr detéils rdateESs\sucdchesality i s
unabl e to allocate conputing nodes for a user request, _the rgquest may
fail, such tadibutivn areigehidedhaloweinclyding puth respestiorighiedB-t he user may

esub L2 ] SHHGRh. e, SN SRR e R Bt gl SO

enbodi nent s, in assocli ation wth use of

the PES, suchffigfal bagasuies mdjubeeratkedoripdt ivggdnfstednesed, morey ptheof
conputi ng nodes used, a duration of tine the conputing nodes are used,

particul ar opentsliabis panametdre cosrgspondinchtsd pEOgIanT exesytiorycapagiyafarr ansf er
and/ or storage), etc. [0029] After a gro of, o or r 0 ! nodes
i s provided gdonaglglq% %&%9&?‘?9193%3%? ##gF @etp?ﬂé?%%d’moaﬁ%éh%mj&m&%é user,
t he conputin BRIRY i I RHKS NQr Secdrd sexayfpl e, as
previ ously n%’t]‘@g!ﬁ?st %}goél@sr ¥te?r%(\zliul e 1%%@6&?&0?@?@ corr?)uti r?g nodes of

the group, stesiredh toctubdt andi nHicmr forowms eof aggregaiel shiecagef neiwvarkor al |
of the computing nodes, including a tual conputin uant i or

ot her measurka Wﬁ’é‘?uﬁfii'ﬁﬁi@@raﬁj{%xe}d{arf Mo4Bac li‘?nb&tﬁ@gp%&'ﬁ@_@ "By the
computi ng noggﬁ‘e%qﬁd?ﬁ%?é g)\:(g%[gﬁg%x%ﬁﬁ@r{ oAb bty rdeadrbypof the

group may changeé™i one or e conputing nodes fail

or ot herw seakesnialtaneysly abdckedanad nsed, teasRESooe athdodysiem smayhe
nodul e 115 nmay perform vari ous oger ations to maintain the pr ogr am_ execution

capaci ty of afempbipmanaps sl efJhenarameiersh syeh @ loomediy 3compyting
place of ¢ neneRa il alleniE ST ATETEEy Sel VAR pdt bt AitdBe 5
use informat gy apeet uiz8abaT4Hd188sREd WRygrégaTB ivargge attwatiabhhtiwidth t he
conputing node group to update an official recorded conputing node quantity
of the conputiilizptionde Ay amptheruekarple; poniitipe cearamptarse feim gecomputigdact ual
conputing noggdglé%mi) H/aiy i?\%[dd%dli)gtﬁlall &Uar?ttltg'of computing nodes and specified
geographical locations of various computing nodes of the group (e.g.,
between fifteen and twenty percent of the group computing nodes at a

first data center, and the remaining group computing nodes at one or

more other data centers), with the PES or other system attempting to
manage both computing node quantity and computing node geographical
location for the group simultanecusly. Additional details are included

below related to using multiple attributes to track and manage one or

more program execution capacity parameters.

[0022] In addition, a PES or other system may provide users with access

to computing nodes in various manners in various embodiments. For

example, in some embodiments, at least some of the computing nodes
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[0 030] In addition, the PESSM nodul e 110 may al so assi st in nmanagi ng the
conputing node group in various manners. For exanple, as previously noted,
t he user woe=xotvai®md with the group may have previously epeaistiiedsasse or
nore quantity nodification triggers that specify types of conputing node
gquantity changes to be nade to the group if various specified criteria are
satisfied. Furthernore, in at |east sone enbodi nents, the user associ ated
with the group may dynami cally specify changes to the operation of their
associ ated conputin node roup at various tinmes, including to change the
quantity of avaa!abdm% Sd@gee;ecuhm gregiamsagiayabe abpcatedaigi Are e
conputi ng node oup the duIe 110 track h I node
quantity forn"coﬁg &%f?r Hbe ﬁ@d’é’ab}’g‘ﬁﬁ)y ?%d%&'gﬁﬁbéﬁgégﬁﬁlz%bgﬁe

of ficial recgggathsOpRLtityScaderdai td )étﬁé?ruéé}g 16 ANSRItH NS BOGGUERGUP Wi t h

the desired conmputing node quantity for the conputing node group. Such
peri odi ¢ harnodesaln onersaghi erobadimentathe pgoaﬂycﬁ@gﬁéﬁéhen@emq@sb@d

di ficat to th t t hat
2gar cgati on BEHEHANGIAT Rothes der oAt Fa Reciiated AL PG BRESS ChBFE of the
predefined usg Sd?)%but rﬁgn&ﬁé%?ﬁt e enigé’cf ]pgﬁﬁa‘o?'ﬁﬁ'zé)rsu@ﬂré% YA e Y

speci fied user |nstr e tinme period, the nodule 110

may then det@m@mgeumhheas@nm haddition, mdmemmb@dlmﬂegattledsmmetofng node
guantity nodifications, and may up datethe desired co ut| odegantlty
based on thetf@g@crregutmg)ﬁt)éesmﬁt ’%’@r?é'@?ﬁ’??@ Raene aﬁmﬂrﬁ@ The

nodul e 110 hen i i e fl. ci al
recor ded con%%tolt“ﬁ%r Rﬁ%%wﬂﬁﬁt {bi ;}'I’?nl %td ?’ng)f«f(#% R gé gg%ex?&corer{])utl ng
node quanti t yap@diyf fof dtthésserand tmm@tsum é@wr@fnfuh@ @imp&mg dedesanput i ng
node quantity to match the new desi red conputing node quantity that wl|

resul t from noiinagg by theedsersitporhion th@@@nmmm nadegpaner allogateshand/or
Furthernore, |{n ca the c

Gt ore Tr onvhAs DR oLt o it BRtn S Al ERIBHIY HeRE AT oY
the tine pef%W&baté@ecaﬁgma%d@rh\%ﬁlabtéef&e%séeéyaaﬂne@f fis&isal Ihegsigded

conputi ng node quantiti further be perforned in light of the actual
conput i ng noshangeanai legst sun‘re pragratrhexécutidracapacityf thethds adgeaigst tda

conput i ng node quantlty nodi fications is, rformed to u thec rrent
actual conpuliishgrowRief Hﬁ%rmm?y Offfeavay {rogé Mecte %59383?%’ ﬁ%

Th
quant . The, il oddfn i Hath6r oiet LefE, Sich dicbharhon irteeal | on

as eac specified period~of tinme has

el apsed, eachasisne.q, Bubhthat anoesy tofthe @xoets NYogente exsmutionycagemityes have
been requested, etc. [0031] Furthernore, the PESSM nodule 110 may r{@ef{rfor m
other acti vi faysbe sescindad df that Prag@np sxeceiivn capasity sfesked fPoRthelpaci t y

changes that_occur with respe a C n 0 At

| east sone OPUEH?§e§T 3@'?3@%)@%@%&@ é{oé‘%%r%ghg%géw 0 er(?r'gﬁ (%% Bﬂﬁar
correspond tQs&panFartREREERT iAXE6ke embriAehtsy ATRES! ariyl Cmﬁ;délain are
initiated by the nodule 110 as part of periodic or recurrent harnoni zation

activities, dechangt icomputing masiese that wiei ensilakle feir salisfyi dxnamicadyogr am

SxSCu 1 On CoBSCll SUAIAE, LERCIRL) ORI bNGR BT MRS ) B e
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 to 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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ot herw se becone unavail abl e, or other types of detected changes in program
execution capacity for conputing node groups). The nodule 110 may further
make aut owated/detser m nations at various tinmes to attri lparaSec@odsdssty or
ot her responsibility for particular capacity changes to particul ar events,
such as in accordance with periodic or other recurrent harnonization
activities that are perforned, or instead at other tines. [0032] Although
t he foregoi ng exanpl e enbodi nent of Figure 1A is described with respect to
a PES that provides various types of functionality for various users, it
wi || be apprespatte Ubat, thalohgomgommm Hrebonlidesndansd nampe&ihgtnod%rmexarrpl e,
in at |east sone enbodinents, unused rtions of a s one of tﬂe
conput i ng no'él%sguff@"t(e@dgto cQIHinssuBtl §|fHBJrﬁrﬁrFecPBa% sy tee ofi fl€ed
portl ons of 0, re
ser s, such TREECHre B56r s TROsh, NP subfed kot INARASe 02

resour ces of s 8 3b HeCouamahtatd! fredehaiRES Wit pieemnet d‘ie useéopbﬂmslr users.
In addition, although sone enbodi nents are described with respect to a
pr ogr am execpiiooses chuti net tahe giargnieacagainst wiutaphithe me’e‘t'w nedga

appr eci at ed that 1t he descrl bed technl ue t ss to
vari ous ot hef €)g"‘I*U(S E th@f EQ%G}SP ng n8‘&®? %Wbﬁﬁggnﬁygg% W%P?ﬁégra at ed
resources. Agongxp BIVHiY the bﬁidé?ﬁaﬁdﬁvéﬁbﬁiia BfogvhheéxdoRh @dpacity m
conputing-related resources that may be nmanaged for use by multipl e users
may i ncl ude béeligtivict frrmdhe pemwmgmom ased M@g@\ndamnﬁateﬁ@og@r@ on
non-vol atile nenory devi C_F ch as rd di Skt dri veé<j§s Praré aata

st or age capa®Xeqitiods caragty 86'9 oframl € nEBPYING H/}) ey

gueui ng and/ S e IHLREC

capabi liti es&fce%% E}%?\Aﬁﬁ%%egg{éi%ﬁ?pﬁtpt ua n?o%ﬁ?ﬁu onbc?ér"gﬁpyg etc.);
dat abase managésenisezhpabiprovides thel eon-ciaheahd aratisitde hpmgranheexecution

net wor k-r el at ed resources i nput . devi ce capabiliti

t d
capabi | i ti es¢amgaitycgtg dwt dp B%Ehe!f” iSRES lﬁfﬂ?%‘i’\‘“@%ﬁ%ﬁ'%gu pabi S‘l?lffffzg; etc.
0033] F | ] i
Lorurte oy Bothd AEHE hrtheal SRBOGNIP agdit L e?’é‘p‘?‘ﬁﬁ? et on

nul tiple physiggramc @Reicutios SHPLEINE - réc{ﬂae@@s’ta@h@bew’édgumllé&m sothemet wor k
diagramillustrating an exanpl e enbodi nent in which a PESSM nodul e 180 and

PESCMM nodul embedinonts they gnaymek be tisiediosriiovidseeXpasage o8KBIAXEHEBR one or
nore prograns_on.behal f, of u n arl Qus, Co t he one
or , rmore dat2PEN: ePOthehE Sq GﬁE‘FPﬁﬁgﬁ’ L2008 vﬁ§ tﬁfa&ggggﬁ (':ngﬁper 170
used by the B ' ethridlof Mndntppaetofl Beo éhefé)@ tiont he
data center 1% Inﬁ sb%eggl?rgaga t he (I)nt er nett?éL% %r%w des accggsI to

vari ous ext ecapacityanpybengrogilerens, such as conputing systems 190 via
private network 194 and di.rectl

ssi bl e,c ut,i st ens 92 The
private net \/\ES'P%‘MBIQ%y Ads ¥\ggr |agrary SB %%ﬁe%/%ﬁxl?"ﬁ §t%5 @ whol 1y

or partiallygi e r N ﬁgq%’ SR )Q,-grnal to
the pri vate R ec;ﬁg@k ghﬁ?ﬁo Qél}}l!}%g Qéﬂs&é 2 may | nrﬂ?ude, %gﬁatgxarrpl e, a
home conput i agnikipsd efor tuad e qroeicling QPrograrhyexecttion Icapacinh;etto( excgputevi aa

t el ephone or cable nbdem a Digital Subscriber Line ("DSL" etc g
addi tion, onbfwamr@fdﬂhﬁhpl%laﬁﬁf%erﬁ@r dustgtivg (Pulrﬂ"l’%ﬂ?t r$QrBe § '9?

conneot o, < ooRa SRl P oo HERSH PEon S R e O
center 170 iéﬁéé{ﬁ%ﬁ SapabTig aref piivikdd ahdheahagednbtspegifiy Aizrmerd.79n

physi cal conputing systens 182, a PESSM nodul e 180 of the PES, and a PESCWM
nmodul e 160 oédditien PESome af ihe eaaamdﬁ%andmbwmmﬁs; dgssiked bglowdheach
provide rmultiple virtual . machi e a \Vvir uaI nmachi manager
conponent t oP ﬁ’@rﬁ% ef(ﬁglétéor{,p@pagﬁy?}ﬁ%i%goylgea Y& IWBEPv&eS&mﬁMhogher
virtual machhpge gieé)m Bdﬂﬁ Ida'?nwslaﬂmarrmew (¥igh NoaesPBAta Goahmst
conputing system 175a mul tiple virtual machines 177a and a VM nmanager
conponent 178atheTtmmputieg nbdes), coapbeimgnagad énpaticstarmanserd (eag. PYi ncl ude

such components, but those other, c onents,are not illustr
i tracking use of desired, actu ?mr)1 fP cial a{:tr:butes wn%h respectt ?0 one or

more program execution capacity metrics), may be controlied by
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here for the sake of brevity, and sone or all of the conputing systens 182
may optionally simlarly have one or nore such virtual nachines and/or VM
manager owoponanrizs3(not shown). Each of the virtual naclkcmas2@oosi3ded by a
host conputing system nay be used as a distinct conputing node for the PES,
such as to have a first virtual machine conputing node on a host conputing
system be part of a first conputing node group for a first user, and to
have a second virtual nachine conmputing node on that sane host computing
system be part of a second conmputing node group for a second user.

Al t er nat i vel gssdaiatet heisessbiodivagious, nsamersr (algl, dfasede gphytbec atseh®it

conputing syste at the data genter ma ot provide any.virtual chi nes,
such as to iW@gﬁaeﬁiV@S?W %@O%Sﬁﬁa%gﬂﬁ’t iSHEC 5! ﬁé’%’t’@}@cdp&n@ e or
more progra i | baRicup RishAste" (£8St BYRhgGfeddifgPES. 1chYt tdwhgore, in
sonme enbodi @r?tggle@g?'?oégﬁlgyﬁt?he codr;égutl(n ’sygfe%g qut75 gnd 182 may have

di ffering capaigramt iexecutiay bapacity fihedficatians othait ade f determimedisand may
support different types of user prograns virtual nmachine software

f o
i mage i nst and@fered @ufingr anpespd eef mep@%@tﬁ'ﬁﬁ RetfRrming Qnenrt IEE of
nees” : _ ]
batterne of 1t ShetigiadsP e ok ARRIORS HF L ent6F 1 tfhe Srd

particul ar usedrsasfsirydifyltak Iquah@iey engormpiting npdes red dreup), etauTohesei cal | y)

according to one or nore such factors, which may further be used as
constrai nt s @xamplesparef picyitassfardiusttativg pmineses sLarengimglfiednioritbesel ect

| nc udes. an SoHo PhaorevBE i o or ABpiBs AR Fuficth, FRRb e YePnutlkeRg'
devi ces (notwégqymsema IRIESVAR ) 8% ot RSl0sitenE! Bnlyadtse Bfeviiieiges, With

conputing systens 175 and 182, the” PESCW nodul e 160, and t he PESSM nodul e
180 connect edegaribedebelotver nal network 172. The vari ous host conputing

t 175 and ot h ' t 182 b d.i i
Tanner s, | ncBAIE Bp SERRBI P EIS, Ty et Hse s figt STORPHATeLSIRG! anes
or ot her '%ﬁoﬁj%g&g%qﬁ!c%%ﬁmm&%teﬂérW@wﬂ{téracﬁ%r%fné%rﬁvl@ﬁl #fth 160 and

180 may be exe using ‘'one~or” nore conputing systens (not shown). [0035]

The il ustr aa REPRSSNIsohy & pk8graan dxectidhsendoé praddepentityr 105t witkast
sone of the described techniques in order to nanage execution of prograns
on groups ofS@Bapthadundinalibhat ther BEs bringdovideddn dhie %W?it?%agyst ens
175 and 182,. ' - ' . i cul

i ng nolaSy R BBl ey Y b Eh A B G B, SRR MRS T

conmputing no one "Or "nore progra er, the

PESSM nodul epEgSM”)s AisiutTord, ngnd sothai truadtreXee e prbvitdedsian thisgr ans
by interacting with a VM manager conponent or other manager conponent that
control s exeexample by g diystnaéed ambodiment| efca dyogepubkeeutintt Sergee nay

Dsers of 1 netpesRiMAmERGRE dueduthLPERT L) sbleds FR BRSSP ne™"

PESSM nodul em%%@l}e SUeh ,C%ﬁ)‘é&bﬁﬂaléy%'s@l%g 8;9-@:‘[909@ 19%ersOin GOMpgLiting

systens at one of the other data centers 0036] it will be appreciated
t hat the datgroupstafrconfpiFirguneddsio be prsedi tdezkeicote pragramsafior e peefovses
only, and that program executigon seryices and, ot her SOftmﬁ{i}n e ecgbieon

servi ces mayNSRIGHRD\ERESHYING Mifidl desiREr SOMPULPEe POdRLAURHERSS TOF

exanpl e, PES d an iqBERCYYH el i inrovi ded
usi ng one or%gg %bﬁerggg%lﬁ{g'ﬂé iqﬁ'gggystems ext'ﬁrlrj‘laa %ﬂ?ﬂgﬁ‘tﬁt&g@ﬂ? r 170,
such as conpdynaigicsytificatidNd to H2 compating rdaieaquantitiers. 198this example,

the PES makes various computing nodes 120 available for executing

{

programs of the users, although in other embodiments at least some of
the computing nodes used for at least some of the groups may be
provided in other manners (e.g., made available by the users and/or by
third-parties, such as external computing systems 140, but managed by
the PES). In addition, the PESCMM module 115 may assist in
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[0037] Figure 2A illustrates an exanple of techniques for managi ng an
exanpl e group of conputing nodes that are provided to execute one or nore
progr ans WO 2an/@x@mapl e user, such as techni ques that napChasaubosessi cal |y
performed by enbodi nents of a PESSM nodul e and/ or a PESCVWM nodul e. In
particular, in this exanple, a particular user (referred to as User UUU
bel ow, and not shown in Figure 2A) has initiated the use of a group of

mul ti pl e conputi ng nodes to each execute a copy of an indicated program on
behal f of the user, such as to serve as alternative conputing nodes to

handl e requesdritinuately edrdpeatedigrmonitotifatomp yting vinatbs gbgupmﬁaaémedni ng
program (e.g., in order to balance the conputing | oad for thg’gq%rxf
across the nu$e.igckopieRally ﬁ‘féerﬁgﬂ’é% t%feﬁ'ﬁée@rnblu%mp%”g gofles HE in the

timeline gra %S%é%edéggoﬁ gqallélﬂgu t%@ P ﬁ']b[?ﬁali[u 8?(55@'%& N&ecRfiBHt | N9

node group b speci an ini ed conputi ng node

quantl ty 215gy Cﬂ@ equfgwbugg m@ﬁﬁ.r{eqrgemg group. Information 250 indicates
various user-defined triggers that the user has specified for the_conputing

node group, [9028] &beanetwmrkt “lH@ gfaw hieri axamale, r EQU@sPUbh‘Hyaﬂ‘éﬁQﬁSﬂHe

| 2h, 29 f
ber for mance. BRUIE t EHE RS e s SPeltpdry JRrEHE Mifist ERiE R oae
group and tuﬂlﬁcm’ak'théqnf&ﬁett%%%@rraﬂnl&%dwhéﬁt@e&hé PREVEHOTED AP Beas e

satisfied, In this exanpl e includes aggregate average CPU utilization
205a for thepmmtpmem@rmmrgasuﬁ)rMmglgr @gamrapowterralgsnwefwyrkemlﬂw dth

utilization 205b for the co ut|n c{ﬁgﬂrou 0038 e, to the
event El at Hakis wnollypf E@H!r;r‘p%'ﬂﬁ S{the ?é‘@g yege Uﬁeé%;uifg?ﬁthh% tiate
P es L Eodimiens iR hbﬁ%rﬂoﬂﬁ} HeRHReluBB AP horBTER VAR hefiing

|n|t|atesacorrpu group for the user |n|t|aly|ncludes ei ght

conputi ng noggl acbés@@@@hdﬁjwﬁawthé Imtbmetnllhlthb |!li%nateuﬂeuqunmeng thede
guantity. In addition, an official _recorded conputing node ‘?ﬁ}antlt 225 for

the conputinBESSH giasiute | 118 and aPEPCIM odylghil 100 MK | €As is

shown in the_tineli.n v are not
actual ly |m7§‘3‘!ih9$?’@ Vgggﬁﬁ)%soﬁéaq e§g8"\fe$ nggorﬁ% Eor‘ﬁBgﬁ Hélsggtle@?% and nake
avai | abl e t hgn GOAPULA NEHAIREKE StheOmddifeis 10asihd of 18 Badovarbls ogmpadtiaggr oup,

i ncl udi ng havi ng the program cc%y be executed on each of the conputing

nodes by thendds 620trhay beeprovidedoiar varinusamanaersrsugh ahat PAingleAAtAas

d aft t Ti ch 255 th t
Papaci ty f or CEMET QbiANBTASS TdesePRIRuB LR Lo o ted o B S B  rat o1 y
time T2 aftefns’ﬂ%ﬂ N9 BegRtiRANd RanheBusihg wKbUiceinsiRinge spsress tin a

first fou
various distinct geographical locations.

[0026] In some embodiments, the illustrated computing nodes 120 may
include multiple physical computing systems and/or multiple virtual
machines that are hosted on one or more physical computing systems (as
is described in more detail with respect to Figure 1B). Each of the
computing nodes 120 has some amount of computing resources available
for executing one or more programs, such as to provide a specific amount
of program execution capacity, such as may be measured, for example,
by a combination of one or more of processing capacity (e.g., number
and/or size of processing units), memory capacity, storage capacity,
network bandwidth capacity, etc. In some embodiments, the PES
provider 105 may provide preconfigured computing nodes, with each

preconfigured computing node having equivalent or otherwise similar
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of the eight conputing nodes being avail able. Accordingly, the actual
conputing node quantity 220 that is tracked for the conputing node group

i ncreaseswbrom@i1se 4 at that tine. In addition, at thePsams2010/080361
shortly thereafter, the tineline graph 205 indicates that the aggregate
average CPU utilization 205a and aggregate average network bandw dth
utilization 205b performance characteristics begin to be tracked based on
operation of the avail able conmputing nodes of the group. [0039] In this
exanple, the PES (or other third-party system perfornms nonitori nfq of the
conput i ng nogesuots tdferesvanpes ravailables famexetUng qrrograros sonelpehall afuch
that the performance characteristjcs 205ﬁ 3__%1 205h. ancjI he actual, conputing
node quanti tysersowWhiledpreihebsmRodimentsitRed FR RIRVIES! (19°4TaY RN IS @
However, in L.Ss: |.e: . at ype eAYARENEY i\fd Lons to
the conputi n%g%@?jg‘ﬁ HL% PLFI‘%?%WEEQO “E'%‘Qn@"&n%sde gr %@Cg?éei l{)éeeﬁ;fattcr)]lra?nad only

peri odi cal | yechsoehfdtSeterutiogmogtenator] bakalf ofiike tuspessudh asquits eadh
nodi fications duri ngi_taaggregati on periods of tinme 260, and to perform

har noni zat i oselgctionihaving yarying arpgunts aRe/osdyPed Afi eRMPYHRD FBFPYESShet ween
the desired,, actual d pfficial ¥ Liies 215,
990 and 25, (&8s s ST Al s, G Profes TG Rite) ufRiCE SHiSRELLUAS, 0

period 260a, yagdi 4ihB80Al of AMES 28dor Btdaget pratfdrmBonfifatioansudly asf t he
conputing node group occur. For exanple, after the change C that nakes the

first four c3Mmittontig-bdpet.)avail able, a subsequent change C2 that is

conpl eted at_approxi mte ti T3,correspopds to three additional.

conputi ng no@@gﬂbgbéﬁf%dﬁ%&;%ﬁtg‘gb?@bpgfmﬁgg FHPE' T Fﬁ%"@b‘?ﬂmﬁ%r}‘.‘&enode
group. [0040 V@l il R ¥R t ' oHPWidradch tihgat was
initially re%hes ed?ud%cg!gﬁr?g@ E%rgorre 69\?%9 légngé?cE]F gntéi (?rrrgl y rr:atﬁn@(ra)‘,tl lsgch as
due to a hardydes 100 bresah tdf trudtiplegmers ngAsodiscussad iils greataratiéail

bei ES;S%? [ aekgwiere, v%tg%ﬁ{gﬁ%é%%%f ﬁw%%imé&tﬁ%%éﬁ%&‘ﬁd@%ﬁ&ﬁef ne
Vil abl o) PeedtgrbSeafo oAb hssy of RlpS, of CBOPRING HBHSE, £RrTer

the change Q@xeditichPef Brdgrai® ¥nthamalfTdf thenugdisc hirt bariblS enesodiments t he
original eighth conmputing node if needed (e. if it is frozen in an

Ny . 9.,
i nt er medi at esstraregouragsi may be spesifienatthevinge & aoreaiestpraailien&ight h

t] de. As di d i ter detail. wi Ei 2B,
o " S nrfie o fdlersdtR s dh kg of SohBiot ddtss T BEhal ¥ B i
corresponds %ﬁd/%ﬁi%%etgﬁrdd?étdtﬁér fiin@Bt Buew BRUVKEE d“@é&f,inhiaﬂlytrbﬁist@'bange Cl

Oa fails to be completed wth an actual eighth computing node that is added
and becomes awndior abbscribesita tises sehdceshahtie BESCani someternkediownésl the t he

actual conputing node quantjty 220 of ti,nmeline graph 210 or ot herw se
chown i n F gbECSM mpadeehip may evlesulreliop Rodyeronition SiykeR: od
into two dis§d Y éi.gﬁ? bnt fekdtegaeur at
or near the {sdarargétq?n@mfﬁ%gfﬁ&gnﬁérgt ﬁteﬁ'tg I@.‘ég%co ggﬁgﬁ{%vgnt Ega at tine
T4 in this esagprenidratprograras toneteedute tdre behglitdf a amsut (eng, podgraines,| i ng to
initialize correctly (e.g., within a specified deadline), and the, PES

aut ommat i cal | §ounget cates asddsassaRie degationDtofs ABANPT 4NOES RICFIAMS £15-hi nat e
the initial eighth . i ng d i initiali tdey.

Fur t her nor e, @F "frﬁi 'g?@ﬁiﬂ%egé?ghgﬁae?%%ﬁ‘ét ?ﬁﬁh%gﬂoﬁhgggﬁ‘t %g:'}lfﬂlé'flﬁgléfei ght h
conputing nodse! 8@l Af&HAfe ambdimmentylditepfa aeenintBRmts wiltt & PESSMt ed as
a separate event E2b at tinme 14 that automatically initiates the immedi ate
provi di ng of mdselle ddiCate suhscheyang/eorgaisten Jon sgaviceuciiec HBEHMAY f event s
and results of cqrresponding changes, sugch th t he fr change
for o rirse BouRd drE Bf parioRBBidEsie g Kovh BebiaubSitipmes, #t Mt

anot her changg, JERB-RAEY \With MRE! Q4 BRBCA So! Be IisReKiM Gonjunction with

inter-relationships between events and correspondi ng change results, as
di scussed i nege@sing pdegrains airs dshaifeof Subseamrenth yothar crabodin@htes58, whi ch

was initiated at tinme T4 base ent E2b and i s, conpleted at ti T5,
brings the aBiasle eHEIUNARY ﬁ%’gggfﬁm‘?q el1§ymnot shown, may Be provided
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seven to eight, as the replacenent eighth conmputing node becones avail abl e
for use as part of the conputing node group. [0041] After the eight
conput i ngvoadax4ofs3t he conputi ng node group operate in tPrhg/usaeienssdl manner
for a portion of the aggregation tinme period 260a, another change C4 255
occurs in the actual conputing node quantity 220 at approximtely tinme T7,
pronpted by one of the conputing nodes failing or otherw se becom ng
unavai l abl e. A correspondi ng event E3 265 occurs at approxi mately the sane
time as the change C4, in which the PES term nates the unavail able

conput i ng notte pasforreedanibusangemitonsnadlatedaint subsdripdiony aneior iregsirating
providing of a replacepent conputing node. In particular, in a manner
simlar to tReVIGHSRiHESS discussed with respect to event E2, the event E3
i s separ at ed;j.Bq.t Al | ¢ At e S 3 ot
shown separ a[dg?% %%5?( %@tﬁﬁa@ 'E)érée\rf\%éf lﬁt% e%ggr?gy? ?@s ETﬁfu'gﬁgtﬁg%P&Er%

records an e&@mgjuﬁag rddeki the PESSMthirodesartfl raay kizteronine esipethds tharet he
conmput i ng node bei r;g detected to have becone unavai | abl e, e}nd t he PES
aut omat i cal | gre aisufieiest aumber of gomputinaneodes {180 withaNatapleHESQWICESi | abl e

conputing node, such a irec . t r , in
this exanpl e?ortﬁi'sfyé?%%ﬁ%??%hesgf 5{1%«%&%&?\53”%%%?? ggﬂmgu Eengelr'{%%grrt@g{tg occurs
as the resul x@fytRyeBt dred ol mbfes prdgrahfaf@d ties réqeestaontan exppnoprize t hat
automatically initiates at approximately tine T7 the innediate Rrow di ng of

a repl acemenamzompwf ithey cooreitingl nodrsyanibehathel thentigrli nengasesn@nsre dat i ons,
h i di | ti A f d

invi &t he habngsohad s aaBndR ot i Biear 8 Gad b mdrE rpafnS ol of

the aggregath gp'gr@ B5S 0P IneRPBomPURS S HEIYS, Xhe IPESSIVE nsRi®!1a0 maa?hange

C5 255 is co d at approximately time T9 that returns the actu
conput i ng nod#empinta tmmenliatieghtreseiveeanl wppeawede bgmouat evfe soMEBBiNGas t he

repl acenent conputing node becones avail abl e for Sfﬁ as part of ﬂ{e

conput i ng noBedgs fepexeGting @e&%ﬁfé’?oﬁen%mcgﬂ'?ri“éi%lt ?e@?ftr) 855“9{8% "®hg node
uantity 225.is _n ' : r : and
&5 hor "t oty EncifiRE oray P Emicn SRR B T RGAeS 6 21

of ficial recggdder eqsputidrmantioddaiguainé t(g.225uchmpshehepdhe exhe or nedreect
sonme or all such changes, such as _to continuously or_repeat ec*l(lﬁagg‘:”nt ain

the of fici al futeeoiines eesut imthe dustratachembpdimgnt, if thesPESe

reconciled w .t he dat ed actual c I j 0. t her
conmput i ng noaiadﬁﬂgéﬁ%/%a@g?qag icpqu%ﬁgﬁl%%% @?%29%%%53@6‘?&%% he
remai nder of i RerAYH RANNE M ifFBgRRAS Gle ARReidtItéd S I1AxawaN easés|cthedi ng
none of the specified triggers 25% bei ng satisfied, and no dynam cally

speci fi ed usasei msay uesikbmyg ddaited requestefor laterocyeeion. s fIrgworsly at t he
end of that time period 260a, .a first set Hl of, harnoni zati.on Lvities
are consi der Be’fed_@ﬂf’ ﬁ@“&c?ﬁ’\%@i"@@n'@f@ Hé@&léﬂ?ys?%&@ﬁ%ee&é’ﬁf’%ﬁﬁ%és' red,
actual and obkigdigtion *RRk I8k COMHE! PESIOdAcHIUAD! basas ol % Adfibdnor2s,

respectively, are a mat ching at ei ght conputing nodes. |If the change C5
to replace tbemputingi hadds usedpatiypg alodempating atodesensedr sioiwadiodwefi ng t he

aggregation time period 260a as illustrated in this exanple, i | d

i nstead be i Mg égédcﬁm%’é‘ﬂﬂ Wd?ﬁea%rﬁﬁﬁﬁzmléﬁ:tqmr {'%'gs I—‘i}aﬁ?@!@r t he
aggregation tj i i r I e nput i ng node
at that ti neE%ﬁé&,ﬂbirﬁﬁgg%eﬁfégﬁ Béhaw“%ﬁé gr%;ﬁs*ﬁ%‘e' i/ @yﬁgﬁdc?)a\e/%ﬂ ability
changes that (gpbe PEREeshRILIpPEF bRétdrahere domputingheodeggisqgavided foraseper i od

2609) in executing one or more programs on behalf of a user, the computing
node group may be managed in various manners. For example, as
previously noted, the PESCMM module 115 may monitor the computing
nodes of the group, such as to determine performance characteristics of
some or all of the computing nodes, including an actual computing node

quantity or other measure of actual program execution capacity being
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[ 00421 During the second aggregation time period 260b, additional events do
occur, however. In particular, an event E5 265 first occurs at

appr oxi newel211a4ms3T16, correspondi ng to an aut omat ed deCEruseoiainsonl by t he
PES that trigger TR-1 250a has been satisfied by the increasing aggregate
average CPU utilization 205a, as is graphically illustrated in the tineline
graph 205 with a first black oval on the aggregate average CPU utilization
205a line. The trigger TR 1 satisfaction initiates a request to increase

t he desired computing node quantity 215 by 4 computing nodes, for a total
request ed degravidbd dypthe mpmmaangnadest 9f Fsgrotipt wdlheeatwal piogeamati vel y
coul d request that the updated desired corp;puti ng node@glu?ntit be set to
tuel ve, regafXB@i®nstanadlyQithedrodrdnaE#hapasdtifiges Qeql%”ﬁ Pt pyore

Simlarly, affgl EHt r&;ﬁ/ﬁgﬁﬂtgdeﬁélglﬁbr OHIEWIGS pRESARAunglaifiid! af§ irGR next

occurs at approxi ra corresponding to a determnation that

trigger TR-NegdbPcshme hsmbodiahéstt] ethebymiodald ntt®asnag pgdorpatvariauer age
networ k bandwi dth utilization 205b, as is graphically il]Justrated in the
timeline grapperagisnaitermaintaiacibeongram execHiphr eapadtyadkingeomeuiingk
bandwi dth utjlization 205b |ine. The frigger - stact Lan.dni tiates a
request to i’ﬂ%q%ag'éo"{%emdeséicbeds@gﬂgﬂ%i rﬁ% Hpcpydhlg%?ibby t@ﬁS%ggltff?lcodriputi ng
nodes, for adMi@méRUESHpRtingesédas 16 aRBUsronp MogRicaUsNtid YinalBHalsie ten
(or alternatively could request that the updated desired conputi r;% node

9

‘quantity be senptiting emdesigainll addition, the nedulent 1%gvay edse dnfpumatlignnode
quantity). After, a short additional ti has passed,. an_.eyent E4 265 occurs
at appr oxi mefRPYt 8 ar%tefq@?e RAHR!cFomRytnd o sodjanmye(?fvﬁ%fehc?%uﬁgﬂputi ng
node group pgoyd £ 8h | otiGRERIdor &l E:Sﬁiiﬁﬁ'h Lfode §USRRG dfitRedesi red
conput i ng no'é(ga’%gg(?\%?@y@?gkgéhﬁéoﬁputi ng nodes, lf gr a tgt allaﬁtr?equested
desired conptérpgtingdedeugniugd, ysixtbhsodpa eletectingr aathangzain tied yactuall d
request that the updated desired conputing node quantity be set to el even,
regardl ess ofOMRElRY NPERIAUREIRY. RETOSRAWi B node quantity). This request

b de, . LG t iagat
aver age. cpy WpR, T Ao, 42 PESTY, ARdiy 1 RanRg dlfo eBist (T Aa8R8C. % 1
conputi ng noghe Fodmputing i mwlecagong, iret earidud04dbnférsal | For seramble,betore the

end of the aggregation tinme period 260b, an additional change C6 occurs at
appr oxi mat el previausiyrpotedy thepised asgogiatecowith e asprir Maghave esedeusiMe gr oup

IR 4 e N e A e (R
5T o SETBRTLISR ey chatsote e pesics e dpup prame,
node, howevespedified criteria are satisfied. Furthermore, in at least some
embodiments, the user associated with the group may dynamically
specify changes to the operation of their associated computing node
group at various times, including to change the quantity of the computing
nodes of the group. As part of managing the computing node group, the
module 110 may track the desired computing node quantity for the
computing node group, and periodically harmonize the official recorded
computing node quantity for the computing node group with the desired
computing node quantity for the computing node group. Such periodic
harmonization may include tracking and aggregating requested
modifications to the computing node quantity that occur during an

aggregation period of time, such as from satisfaction of one or more of the

predefined user-specified triggers and/or from one or more dynamically

23



PES determnes to wait until the inpending second set H2 of harnonization
activities are initiated at tine T21 (e.g., based on the snmall anpunt of
time remawvoizog/dmtssl tinme T21, based on such deferral ofPcprusedidionassi

repl acenent conputing nodes being the default action for any conputing
nodes that beconme unavailable while in use, etc.), since it is possible
that the quantity of conputing nodes in the conputing node group wll be
reduced based on those harnoni zation activities and the repl acenent
conputing node will not be needed. In other enbodinments, the PES may

i nst ead i nregpedifiéy uiser tristtuetivhe. Pt diié aindgofahettime pepicdc trentodtbeniddi ng
node (e.g., based on not deferring the replacenent of unavail abl e cqonputi ng
nodes in anyM&yr ébﬁ%téﬁ'ﬁ%@!‘”%a‘é’@&ﬂlﬁ\' Red doverio rR’FrFq{@ r@&l A99FevRteds

unavai l abl e 1 ng es 1n.this e eunst ”ﬁi%f e '
conmputing no e@%h&i ?@8‘%5%%&,& k@?ﬁ H?%lgﬁg’r 2&;@; r hdeéaéttﬁatn}%g?gsgrgge as
part of the banpofihgdodenyaitity bht€s onZhelmgpdgatiomof thietemputigg hbde
repl acement of unavail abl e conputing nodes in this circunstance due to
ot her fact orgyartityh medifiprtianser e nogieeatilo pmay ftheneicgmpletendhei ng

nodes until Jater ti T3; etc.)..ln this I LN a ner. .simi.ar to
t hat plrJev: oué?ﬂf“%'é%ﬁ‘&eﬂf vﬁ?hd%égﬁ C%n{%oﬁ@iﬂ?g&ghgﬂdc@bu@hg @\'[/S'g%t E9 is
separ at ed inaﬁaﬁﬁﬁésdi Byl WﬁﬁiaﬁHgnttﬁeEﬁ%?‘éﬁat%%b EaRbushgWhapagabelity) t hat
occur at or near the sane tinme. Thus, e PES records an event E9a at tine

T20 in this ewaiffdationhasnd apdadipgritie afficiaheeconded computingenasis agatidyect ed
to have becone ungvail able, and the PES automatically.initiates activities
at time To0 KomelhihenewdasTaR AR PaBTe nedauenil tahu i Hefipe
directly cau g F e ; i a erigi nati on
of the unava?g%ltbe]lg’%t%&c:rrput P%n%oﬂ%&é;h%%g%u@dﬁaﬂga?ﬁgé} ggtﬁh%rﬁ%r&én[ﬁ E9a is

i tsel f treatessesinawBichahatotirmrg rictuzd woatpding maderguehtjtytdiffersT2omt that
initiates a request for an additional conmputing node far the grou go use

as a repl acefiigial deapidachgompyting Jirde gyanitynal HieaPRd¢icthgelinEepe uting
d tity 2 i red i | | des. |
This axampl othe RaAbalzAleRCEr IEEJRYRRY' It BlRfaloctridd cehtind hopgrled. 11

events E4- E6quartithey mehydafaer ee perforimddi hghtnefthaaddtoal eahpufing eede? t hat

WIIl be perforned at tf¥e end of the current aggregation tine period 260b,
al t hough i n guaetityersishi tleat sheniaitigtionaof othe Agsregrted epApLdings node

repl acenent co ting,node may instead be initiated | i J

addi tion, i nqk'%;i?@y&‘gﬂlﬁ%?'mﬁ% RATT9EI %r%%%taéﬁe 88#8%%%&%%‘%’3@% ity
225 is not URMaL equditf Ol ¥R Adm BBaREE Elmpliting MEIE&Juditity.| arhio t hat
previ ously descrie(g%ﬁﬁth respect to changes Cﬁ an%l1 C5, _gt_ho%h_ in other
enbodi ment s hioeludd 1€ alay &aothetededonmp usuahg paoddicgbamonigattos aaiyities
updated to reflect such changes i

.0044] Accordingly, t he end of the
second aggr efpRAaeCY; SHCRAS GACHEHRE 2 PG HFggﬁi‘gﬁh@&ﬁef't&@gs are
initiated, a I (S | 4 A @}, ' [ ' e
conputing noggcﬂéﬁ.’igﬁj%'g ?"ﬁ‘ﬁﬁ‘?ﬁ %&J@J}{,&t%ﬁngﬁ nB'? Eﬁgj%d;gﬁntgrgﬁggeg%?]gggt es the
request ed noBeéh ¢eduestedcetcr esponding to the various requested desired
conputing node quantities 215b, 215c¢c, 215d and 215a for events E4, E5, E6
and E9b, andlogatleFrrthesmees. iR ESE)Vhmpdule ddOnay eerpiahethey artiuitiescat i on

Gy nan o agg SHIEEN Sl Ay REARPIE Mgt Sedratltalod cndhdck iR o
of four addi pranalitls PEBEdtNe PHEETal BoputingIRdeogrouplsi Nat st somegest of

the requested quantity nodifications), so as to correspond to an updated
current desi thed peegrpm iexgeutiore appasity tghangseindermaiian enay gogesepnd to

enbodi nents, the dynam c aggregated quantity.nmodification. erm ned
T ot her  nanAURETICARerEE S phEenaEy mediratansyP el Al R

modi ficati onpRey s 149 %E@lﬁ%ﬁ ERGgiBrdrofecfeht drmeRRatibAadiRirRsdwaat i ty
215a in accordance wt vent E9b (e.qg., to result in an increase of one

conput i ng nodptiémally timesamer sitbatiartsuahay ofuptiver nigcholge pgogran t g¥gcutiont ake a
smal | est of the requested quantity n?fdifi@gtsi ons_ of events EAa- 5&(1?‘ ., to
result in anCAPRFIBASRARNOS; RIEHAORI A ThodEs MPRIRTNE REIFYEIR i P&d

conputing no%%%gglgjlbﬁ%%%%ﬁSt(%@, A cAEEFIR & chbButiRg YeRie8 dhat il or

2011/ 041253P
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gquantity nodifications of events E4-E6 (e.g., to result in an increase of
three conputing nodes fromthe current desired conputing node quantity), to
take an awounul@iisen of the requested quantity nodifi carcons2ab/ossent s
E4-E6 (e.g., to result in an increase of nine conputing nodes fromthe
current desired conputing node quantity), to take a highest priority of the
requested quantity nodifications of events E4-E6 (ag., to result in an

i ncrease of three conputing nodes fromthe current desired conputing node
quantity if, for exanple, the user instruction of E4 is considered to be

hi gher pri or ptrgrividanbebemier upgesilatae, sf asthepngped ofveetestdsb chrdgEs)in t o
take a first requested or |ast requested of the requested quan it¥

modi f i cat i onBrogramosition-Epacty gc?r, cqrpyRg npde grares cHhegode #d8r or

th ti f i i Lty,
respect  vel yeVeRRMEF el al ity SlferiRicrs, SCPROAS firidgite dedile ¥
instruction eyginnasr hbtaBer ré¥porisitiiltyt fem partiogier sapasityciiianyesveot s

(e.g., if the user instruction always overrides any requested dynanc

nodi fi cat i onparfticolarteviegdersueit asfin@dcordanasnwih, penediers oHRgr FregurrRit
prevent additional. trigger .satisfaction. events from [l uring an
aggr egat i on E‘?rr%orﬂié?ﬁ’?fggﬁé‘flﬁ s thaf ate ReRGd PBWSE?/%%%%B qg@%%}ed, such as
to in this exgunl R1thSHGh St oy ILARPlen @mIBstiniart J6RTFigadd SfAci on
events that @gc rﬁgPtsg@Ht%e ugllgi‘rag [ ngstructﬁ is received f o? event E4.
Fur t her nor e, déscriteds witianpéspedt heo car RES  Hwatuprovdds ovarioual typesorafed
conmputing node quantitjes 220 and 225 differ, at seven, and eight conputing
nodes, respeltiCHENGILY For (YREIOUSTESSSS, p'ﬁé‘"]Lmﬁpﬁ%ﬁ‘?’@ﬁl Hlﬁql ‘(ﬁr{qq‘@_s oﬁ_@:r
Theref or &, - ag ki ftc! ey NBKAPNI g S0lmARL T T4H RBsFRontd'enfBicRtindintd. at es
the providing O I've addrtronal conputihg nodes for the conputing node
group, to raifsgsdédporivhkesfta sipgléabne afiths computidg ropdest 120/ (e§., seveedt o t he

new updat ed desired conputing node quantity of twelve, and further updates
the of fici al PrasEssB@duURibARRK AYCIRSdENYERMHHarons of riemanthettlk MawPEpdat ed

capacity avanad pEiARRE by bf aldBriifiord Trs Pull el RRIRE MRS e

by repl aci ngpidipaRieolCo iRt it magod BRarNe reseurdes\ulid sibigle vbinputiagpect to
change C7, in accordance with event E9b, as well as by the increase of 4
addi ti onal coogewitigthosees§ ane csgporedpthigriusearhe ldadstifien calthayghespined
quantity nodification fromthe.ev ntg E4 5, and E6.@%00451 Dur | r}ﬁ { he
third aggr eg8MPoRMERs %r@rf’%%cr%.ﬁg‘,”’t dGEPPENIN aR/eRIAN SFLERE RS K G node
capacity avaj Irbd g f i rBdiaté s Hatrtheidtnpeg C7 is
conpl eted at ét‘fg rr!(?) %ayn%;églég.ﬁ?nngﬁ%gﬂ’ilﬁw\m%hd@hg currently avail abl e
conput i ng notéehaiars May bei usade &s edamggd iaceess ta tavicals ofhervgrbups afnput i ng

nodes, to reflect the five additional ¢o uti_ng nodes whose avajlability
NS T hi { | al cEOPULNGOHES, o AaRityPER FG CARAKISBIRIGH REOHGES. ARy 220
bei ng_updat ed, AGGHL IR Yrexaiplbs GNNGr tibdd BPELRDUENBRRIASS reblicadar egat e

average CPU U fzation an he ‘aggr'egate averagé networ andw dt h

utilization gRbndPEbE rdscsges oraidechby ndtisleanges Glay wdudd the fadignigat e
average CPU utilization 205a dropping quickly. In particular, in this

exanpl e, t hepargigteghdatassteraggcapabiliies (&4t iafnnovyalaiie AaMEPVAMERS bel ow

h hol d of .20% di I i i fi.ed.f I 250D,
ausi ng an eousit Heeed JER IR REP TSR RPRRE kapEIER 'Y P B er
TR-3 250D hagoRaRN makict), adichaas MM?;phhéééégé | qualsihg abad/iorn Bhbﬁnf;i el i ne

graph 205 with a second bl ack oval on the aggregate average CPU utilization
205a |ine. Thapabilitigsr obferi bi@st iohncommumicaiiora capabiiiest (e .gecheledkt he

desired ti d tity 215 by 2 ti f t ot gl
equect ed QeSPHRRISC ORI RBTIRNRICHIaR: PG TBIotoo; GaACERe Haneei el
could r eq“esﬁaﬁMFtiéﬁedHBi@%&ﬁ lgﬁg?l“?ig BN BeRPSk-BIRBH tesdifcsst to

ten, regardl ess o e current conputing node quantity). [00461
Finally, an agdittdevival capatntitieCoOuipotidsvicef capabilitiese @PWfcycles aggtheyat i on
time period 260c at approximately time T28, pronpted by one of the
conput i ng notsdrustion wxegiirmb crRRAPIIHRE: GCot her wi se beconi ng unavail able. A
correspondi ng event E10 occurs at approximtely the

25



sane time as the change C8, in which the PES term nates the unavail abl e
conputing node as needed. in a manner simlar to that for change C6, the
PES opts wo 2ohii1msanpl e to wait until the third set H3Pofi/Usasowsi3zat i on
activities are initiated at tine T31 rather than imrediately initiate a
repl acenent for the unavail able conputing node (e.g., since event E8 nakes
it possible or likely that the desired quantity of conputing nodes in the
conputing node group will be reduced then), although in other enbodinents
the PES may instead inmmediately initiate the providing of the repl acenent
conput i ng nope33]l Figraet iR illusiratésan eraho@m@trmlvdllcm@ pl‘r@@’arpir@ﬁ@ﬂllgny

di scussed with respect .to events E2, E3 and E9 eve nt eparat ed
into two di sﬁ‘PW&e é@%}htt? ET%d%‘idJ%‘Q}?'IenSf ’EH ﬁﬁ”&?@ﬁb}a i

exanpl e t hat E{g?n i n event
El Ca at tine S@ﬁ%l 88 UE'PQS? at %oﬁﬁ?ﬁ@%@ F@tﬁggc?gﬁ&pﬁtém&node
bei ng det ect 51&9’&'%%\4@’(@@@% enm‘mpld ehibadiraedt irhevhiREESaalRESSA imadidile
initiates activities at time T28 to term nate the unavail abl e conputi ng

node, such a38@@nd P&&W%m@lehﬁ%ﬁéﬁg@roge;ampm%oquenm@ﬁge
exanpl e, the te?}g] nat on ofogtrtﬁtgggrm%@érﬁ?e%%#bqus ?qustl E'I%% S as

the result of*® rea as’ a separate ev

appr oxi nat el &oﬁqpmﬁng@ystté@% bhithé 2818 ot MY eddtal BEntars. ad‘ﬂhél]ﬂﬁ@&atedﬂpml ng
node for the group to use as a replacenent conputi g node, such as to

mai nt ai n t heegaviplehcholgsua datp n@d@fdl?@rﬂi’rﬂcyb?ﬂ?ﬁ ehighds ceaneetedt i t y

s handl ed 1| 10 daimameta g Para o e agBnCBEr 4 2B5 NS Rl PR (he
har moni zat i opyafdt ids! 519 vfé%sté},giesﬁ‘tb 'V&lﬁ%UQ%rxiél’hﬁ?QorﬁEuflﬁ@ ng@t‘énﬁg difeR

current aggregation time period 260c, although in other enbodi nents and
si tuati ons saslcoppting sygstenhsaﬂQ(Oequiaz;zrmnebmmthMQndmddecﬂyagacm&allﬁad be
initiated inmediately. I n add i.n this ex fffICIaJ recor ded

Le,
conput i ng noG@”&ﬁ’H&ﬁglslﬁteﬂ%w@ n eﬁﬁﬂ%@ébem&r'gggﬂggﬁi’)??ﬁ 88, in a
| h | ; 4- o,
o fhough 1n ComsRatl HorhbAY (R ik REBAY OF lbdtiall RaRSESIE, ﬁ?ﬁ%ﬁ%ﬂ

quantity 225 ﬂﬁfieg@i wshapeithg osyseémectexternbl cloares prilde4 Hetwodor gl y, at
the end of the third aggregatlon tinme period 260c, the harnonizati_on
activities HSomputing sysiests 184dmMay i a, iR @4RIEs & HOMee CEBIMWINEng node

| h d
TP cnt basast Bl shifrEER kb I IR BT BlelIme SPHRReST
period 260b, nyhickh, & Di§itaIsS Ehimblet Lirfe grrﬂsa_ gvélet). BB adhtidd, One anehore

deternines to make a dynam c aggregate eguantlty nodi fication to the prior
desired corrpotheng:latad@erqelasnﬁ%wrzllﬂust@at Wikiab @re gaincigctad tmndgt%mntﬂre is a

decrease of t ut| 0 as to ond tp.a urrent
desi r ed corrpG‘?B @én{]?%%ﬁtt ?gé §‘i‘§b a§fm?¥ Bﬁe‘r‘?ﬁfﬁgy%ﬁﬁﬁ 'He

actual and chdS% hd &5PbafHeGRMPUt i Ng node quant| ties 220 and 225 differ,
at el even an ve conputi ng nodes, respectively, at the tine of the

har noni zat i o[poa4yt iThiet &xampl: déﬁaece:ﬁterd?()amcbﬂies afnurhizetaf pbysicalt host
activities H3, the PES initiates a change in the current f| C%ﬁﬁmu“ ng
node quant it $OBPULREI S¥Stems ddén RW@%r?%Puﬂf&leréBerﬁﬁt g node

quantity of ksl FthePeSNSnGY PRUCKR HRlafETBAN egﬁq@ qRaRi ty of

el even, so a renove one o exrsting COI’TpU I ng noae omt

conmput i ng noda@ipl!P hoet Comp@tinEravistathe N8 eaels upiovideofmultiplepndguaim on
the renoved conputing node, optionally after | eting sone or all actions

that it has mackins maguhavana Yiguahkaaghing tﬂ%ngtmﬁga%déomne@w@ f or

ot her future_use b ther y
avai | abi |11y R BPF cHDRhGTBRENE (B-odl DPEITRRT R MEROREEY, (i e
T31 is indi rﬁ?édtﬂné%@éﬁﬂargys&&}ea%%rr!ln@ﬁat@a @ithtle8pesetdhesp ceaifitingng node
with respect to event EIO as wel by the requested decrease of 2

conput i ng nodgstecori7Epwitti myltiplet Wietual enactiibes ThE PRSI arVNbrm@ﬂ'rb@Eﬁl’es t he

of fici al recgg%ﬁggﬂ%a r?qogjﬁlﬁcphantl t %{SF]Q{,OSQ% tchﬁﬂg@w&%ﬁ%ﬁy
desired conp an céPRH 1 nal
change G i s; ol QLER RmFARRIRE! BRBb¥e dtHBr ddhpohBnidhanéiifustiateant |y

26



avai |l abl e conputing node quantity is decreased by one to a total of ten
conputing nodes, to reflect the conputing node whose renoval fromthe
conput i ngvoadea/gisap was initiated at tinme T31, and wi t RCrhs2@onsssb1
conputing node quantity 220 being updated accordingly. In other

enbodi nents, the change CO may occur substantially imrediately at tinme T31
upon the determ nation to make the change, such as if the conputing node to
be renoved is imediately withdrawn fromfurther activities for the
conputi ng node group, even while the renoved conputing node is tenporarily
execut i ng ariseravfar tiebkakée of bamniitynaerd penfeonalhgf teecamnputisg sysens] 182
addition, while the harnpnization activities Hi, are illyustrated

¢ ) H2 and H3
in this exanpr¥ erlicsedyrsmigriihayespig ¥ meresuch Yifthal machifjes apd/or

appreciated y 0 rrpmz I agtj M t4 [ yﬁ!%t hinek ake

pl ace over avggh%gé%r %ﬁ’@é?f‘gﬁfg urttﬁléé\ﬂﬁ)éy%%%etdgte@g?ee gcrﬁgét’ gt | ast
over a peri ostoRfddd "B & Ofiogtx abhipaitingn sgéteheasiays bee usedodisnentdistirmbne or
all changes to program execution capacity of a conputing node graqup that

are initiateeorpputing RER fey the RES, sHCh aedpdrave a HtdwiHahEfRGUNEn whi ch
t | t th t f t .ch - .. Th
BES. | ndi cat cePBPUTTREBEcD o St bty SRR, B8 el or A r el c@Bnd S

| ockdown ”Bynd}dhc'ql‘éﬁ for aeXipdtPLiSer, PARGT RMHNEC HE E8BoR@PARLAY nhasHig@ses
and/ or decreases haP are initiated as part of the harnonization activities

(e.g., to adcbmputing mpdeiogthaddame hostrearopetingsysterybe pasuel ageronds,
etc.), and/or program execution capacity changes that are initiatgd

i medi atel y ‘F(Pfﬁpﬁgrfﬂ)ng@ ?09?45‘6&%?&#%% te. gﬁe”&atﬁvﬁ%um n Elr%de
failure, recgi u ' ty [ | ffaxvaishs SheRefi ed
trigger, et c&;n%g%%ﬁﬁsbgﬁygmgihﬁgt g\?}g E:%Ltﬁiﬁgfr:\gb@?uva igﬁs types (e.g.,
until a specditaederitesuhhy aiotopmvidesang, vistuah naschines,| sactc @spta iingjeadde
bei ng added has becone avail able; a specified Ieg%th of tinme, such as the

average or edifR@beactiana qasrpPinghpde that SRS PAE AJHLE PFPHEEHRN
avai |l abl e; . ng i e LEen r kaﬁ,pé} tk of
PES-initiat :%‘g’&%{%r?geg” ﬁ??%ﬁéugﬁgﬁyﬁdﬁﬁ@?y@ 8! I>least sgﬁje?e‘t %eésdf'@ events

or changes naybagiméstsaldriRdof S Bomputioggist@hkoiwiiaad- g oidy hedvéri ggers
to be satisfied (or by ignoring any such trigger satisfactions) during the

| ockdown durdiffedng earghiliiaso may haveowifierent assoeigted dnas tfer BeadPayt ed (or

by ignoring any such.user . instrpctions) duri th ] rat.j.on.
Furthernore_,Sli‘qugﬁ@;feerﬁﬁ_{)(ymfesnP usgr ‘]%égraggs.sg%.gat@gh%ffrﬂé)%%%gﬁ(ﬂa% node
group may simhd AL liNstaRess fof @ifferRMtt Slous BEHregrdmatwitpeliférent ithpds Sifmi | ar
manner to that of a |ockdown, such as a cool down period of a specified
amount of timsouhse drivéti@vandior cdodpwting desoursee adagak suchf agcdiffatingt her
times. As with the | down, during the cool down period,, at,|east sone
types of evepdléerns @ﬂj}rge%”qréﬂ}e'ﬁ [RECERT AR Nedte é‘f‘agg)’nﬂc'ala]?oﬁﬁ’

uSer spect 1 GEELIAIic Lo BRIBAL NIl Chrbganty HIIPT R0 aRosCd bl 00er

sati sfactions arin down peri be appreciated 't hat

users and/ or atifpendR3llgRRccomingto wndi di mare eusht factorspwhiciymaydiirtresups i n
ot her manners in other enbodi ments. 10049] Thus, in this nner, the PES

operates to herisps esccorgipinln apditpPrefereagasi regapiing Weight cOMPYERE by a

group of conputin odes .. i i t v.ar.l dy: 1 ifigations
to the conplrjr‘l?\(stjia o] eSG%SLE&ﬁé’g%}ng‘ﬁ ga@%rhfaert@"bgfé@s.r Cﬂlﬁéﬂe&g@:ﬂé C|$§WI |1 be
appreci ated t&ater 1R SURRES IRNGdE M0 Gteid] Usétvdirie 1 7 tRabunay drhclade
provided for illustrative purposes only, and that actual events, changes

and ot her opewdtiple metubrking deEGSesdpotiEhown),i such: aesWHARSH FEGR EOWRES,
situations. and core routers, with computing sysfems 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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[0050] Figure 2B illustrates an exanple of techniques for automatically
attributing causation information to the dynam c conputing node quantity
nodi fi catwonsipuesdousl y di scussed with respect to Fi guPeETAAR201906(35RS

techni ques that may be automatically perfornmed by an enbodi nent of a PESSM
nodule. In particular, Figure 2B illustrates two exanpl e dat abase table
data structures that store information corresponding to sone of the
information illustrated in Figure 2A, with the exanple table 280 of Figure
2B storing various information related to the exanple conputing node

capaci ty avajnt@iohhégtiorhanagisnishatFiatiaenroed, tachhef theampdulenrfit and node
group of Figure 2A (referred to as "Goupl"” in Figure 2B), and wth exanple
tabl e 290 of 189 guayberxecuiadigsing ONeUY MATHEAMPUERY s¥PIaNes (MY oW Nxanpl e

events t hat reed for e e t) Fi gure
2 Toost) o APEaPEraRE PERMECTATRY, 4P e PERCHRN Sheitte Jo0

285a- 285k th?érf@ﬁﬁ"btcl%%?%@ﬁ@%f e AR ciibeli N cRIRBE ENCORIRGED Banagd0

di scussed with respect to Figure 2A, with various fields or columms

280a- 280x i | exstutmnedf poograashonayioupa qfacamputing nodestthat asg Hfpvidedeach

row i ncludes a unjique identifier ("}Dr) 28 an | D 280b. of th Li cabl e
conputi ng noH%’“Qrtb FPOchpWﬂQ:ﬁyﬁe[ﬁ@(sc{Hgﬁég%cg&'e%spgﬁﬁgfoeﬁi)wgtgaﬁ%ogg I the

pr ogr am execy| PYGhLY LCHARERr Bdlinghdis289dcrl thexddtearded
result of th%fsg%geﬁzgm%ggéﬁt?t%ﬁgggg)acmﬂ}qg%ange, I vari%us details 280e about
t he change, st amorangrayrdnts nafs a2atferantte2 FIESOM theodulearrgay &n e@jpeegat i on
time period 280h during which the change takes ace or. otherwi se with

|
whi ch' t he chafpedirgentss buliaieexqaMicRnoT Hass Bregdrams BY iiateraeing ¥ 8 based

on the harno i (VAN f c%’h% h i
time peri od)%%?ﬁﬁ%@e@?@n@ﬁ%’%ﬁ? |%B§E%Q?h§§§'eopt, oﬁ;a?rftyﬁ]va;??%ﬁ@@%; ﬁgr
i nfor mati on. epsci@tith i dfl PrbgRinmy efcrx angll &elé@vd 28omputingesdedsot omalange C

for Goupl, which corresponds to a change in the conputing node quantity of
Groupl i nvol alterpativelyndirectiie execute g RPaEEMS IR thAaselestedoppMPEAgat ti me

TO2 duri ' i [ H . The ' i
i nfor lr:;!t Pgnaﬂaégg é%gatl g F’?@%i 'g’%i!éf?el “%'ﬁ]‘g‘%gglilp\{/}g}rqgé@%orﬁg?%\?\g@r)ér&;nt ries
295a- 295m t hgfhaRePESSMVESRANAS 1180, Q06h Qs EABpaNagRYStedYeNDE drl 192 Gr

di scussed with respect to Figure 2A, with various fields or colums
290a- 290x i | toswputingdystemeat bne ofithe ntheirdata geatersii®8t hi s exanpl e, each

e e R i b 3P cefibe 2 AR, 3 S 5ePRBY, 2201 ©
gxgm I nfor it §108r2ARH pARosed BRIYS UHSE hat! pidifay 8Récutidr kBRicEVanal the
other software execution services may be provided in other manners in
other embodiments. For example, PESSM module 180 and/or PESCMM
module 160 may instead be provided using one or more other computing
systems external to the data center 170, such as computing systems 190,
192 or at a data center 198.
[0037] Figure 2A illusirates 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 to each execute a copy of

an indicated program on behalf of the user, such as to serve as
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an aggregation tinme period 290f during which the event takes place or
‘otherwi se with which the event is associated (which in this exanple is

ref erred wo 2boa#a38n t he harnoni zation activities perforggdsatiowbssend of
the aggregation tinme period), a change-event nexus |ID 290x, and optionally
various other information (e.g., a particular user associated wth received
user instructions). As one illustrative exanple, row 295h corresponds to
event E4 for Goup 1, which corresponds to a received user instruction at
time 119 during aggregation time period H2 that requests that the desired
conput i ng noalergativé cosnpofinGmmdes tochandie cegeastbyedeivedpyta agrvinsitat The
other rows include simlar information. [0053] In the ex | e of E gure 2B,
t he change- é¥eROVIdSAIOY B nE¥RGHING0 RTOHBIN ﬁ-?gﬁxo'@@rtg’onﬁ)@ia% tgé%d 290
reflects cau ' ' ' ' (A i |AttH@NSshi ps
bet ween chan %@bgﬁ%‘b &&@&hgﬁe@% ?Eﬁ?s‘%r&%irﬁ%ﬁ%s&%gg%bgﬁoi# grcg\t/tv';@i n the

tables 280 up90 Ashiglikugtratedmim they tiedine @raph @ 10h ing esevbas reguested D
i nformati on 280x and 290x, it reflects attributed causation bet V\B_ﬁ‘n t he

cor r espondi nat tiwent & thaidhe mongeidingasode gresp kg Rrovided, asd Ak speditd ussed

Fepl acement @b RSGRoTHFtho TR A AR 158 40k RRRARY 0GR Bl
whi ch i s di rggtdpsupt tihidiHediBh23inalnes vallosoLESssetld tigers teatiteeul ti ng

addition of a conputing node to the group. Accordingly, row 295e
(cor r espondi usert bag spatified fpr dmel coowtiBggnods gredpoditings tab thadifee ofs)

i T R A R S N e
T P ol ARG ' bR RS heMifoned pctrstie gt ot
request ed dypacked fordhti aahpotirsy hod&rgropp,anththeh widibe aged dgdetrimineg used
in conbination to pronpt the adding of four of the five conput.i nodes for
change C7. Ayhethen theona',ggers 250 are satisfied, which In this example lngl%des
aggregate average CPU utilization 205a for the computing node group
and aggregate average network bandwidth utilization 205b for the
computing node group. '
[0038] In response to the event E1 at time T1 corresponding to the
received user request to initiate the providing of the computing node
group, an example PES (not shown) initiates a computing node group for
the user that initially includes eight computing nodes, in accordance with
the initial desired computing node quantity. In addition, an official
recorded computing node quantity 225 for the computing node group is
similarly set to eight computing nodes. As is shown in the timeline graph
210, however, the eight computing nodes are not actually immediately
available, as it takes some time to provision and make available the
computing nodes for use as part of the computing node group, including
having the program copy be executed on each of the computing nodes by
the PES or the user. In particular, after an initial time 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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295f - 295h (correspondi ng on events E4-E6) and row 2851 (corresponding to
change C7) all share a common nexus identifier. Furthernore, in the exanple
of Fi gur ewdAp1iomesef the five conputing nodes that was aduas2@as/opast of
change C7 was a repl acenent node for the conputing node that becane

unavail able with respect to change C6, with the initiation of the

repl acenent conputing node corresponding to event E9b. Accordingly, row
295] (corresponding to event E9b) and row 2851 (correspondi ng to change C7)
al so share the sanme comon nexus identifier. In other enbodinents, if the
provi di ng ofoft the eaitccenpoting omglesi begingodeailside.i nhceerdigly,nthey antuakob

separately fromthe providing of the four additional conputing nodes
cor r espondi riePPBUlERGERPde B&@Egty 22 Hhatds ttrécﬁﬁgré‘aﬁ @@&WP@%%BQ? [ECUP
ilable i o hat
ber ore 1 he. g e RER 4 S EpERhESRREI b MRS pfile LS oniidly cccur

activities HReradfter“ihe dinislirghgrapls 20ar intdiajed thatattlec agdgfegsite avevage E9b
and that additional change sharing a distinct correspondi ng nexus.
i dentifier. CRUadilization 205si and agaregaie ayergsia nelyaik daad HiligateRied f or

h C h i . ed [ j [ 280,
' order enoumharieEatte EORATIG Inuinir i SedtPhisidtn dralef oo v
a separate rowWnd8RaRhblhorhpllity A8fes @Athd §roup. woul d each share the same

nexus identifier N/ that is currently illustrated for only row 2851 of
aggr egat ed dlessgelnCihis [©@BApleFine HREBo(aF, other tthird-pathnpyeienhpagersnsar e

tracked in table 280 t correspond nqt only.to dynam c _nodifjcatjons to
conput i ng nd¥eNHRERY i ‘PQ%‘%SEG”‘@H%%&HBES ugtrth?ngfc}/"fﬁzt'r'oﬁs S&haﬂ‘&'agyati sfied
user 11 99er ontiitboudl AnAES S iHAIHY Hdritndili8NARRab Riz0E9 H05R0a g de
quantity (e.g., dué to conputlng nodes falling or otherw se becom ng

unavai | abl e)205ichng ht#ingesctask cehpatiegl hasded qoantiyni22) i infprerettioni tises, and
are illustrated as events that trigger additional changes ei.g. thﬁ‘fre

provi di ng of MegpRiReEnBran seneudategTAORES) HowevVRiught 2 Gonirle Sabiattent s
may be handl gd i , : d/or to
not treat syevedvPRr oF RARAE motAGatione & R bififiod ficker BRARAS, RE1 DT

whil e the chpageompalihg Yeudes graliprarat perfointed fumly pairiedicaly, sudh 289 tdoes not
di stingui sh between changes that are directly attributabhle to one or nore
cor r espondi nag@regates ate.lgast esames types ehausavesiese wadiligations HEMNG ti at ed

cor respond! mOdcaRtan feTius ot BB S4ATE ba heblohb At Satich 8ofufigs Th ©
conbi nati on gazeahBAFthehadsegation Riné Heriods ssbtwemtRs d8siféddactual,

har noni zation activities), Tn other enbodi ments such information na
further be tamdkefficial 0@56[deks qorepiting | yodetqdntitive 215 220 iangd 425,

ibility for ticul ar 1. tiof '
ool 11 cat | orfSePBoR A prpRErg nilie dUT0S 7 iy APGHERIOD ST ECT A6,
mod £ cat | o SPECHCkmptier e *Dal 50t B
node group oRuy AR, 285 0 G iBthofe MRRNAbTOT e Fapatgreut i ng

i nformation neye Grsuhetcire Benexanptt, arfidh dhe chedgeCt dxgtonakes theyfirstous
types of queries received fromusers or other sources, SUChQ?S ﬁ request to
i denti fy whi tonr ecempuiinganedene avalaiieora asywesaquent acnangs c&edBr ddr am

ti . i i R il il .
more.comput | 0 RistEd 8t ARPEURREY, Bies T RS HoReS B (AR ddeifindtll Oy
modi fi cati ongsmpatingtritRiesCBEBGINEY abaikshigr for sy ak| et |oft thecbamgeating are

caused by one or nore indicated events. As discussed with respect to Figure
2B, the nexusodefjooumtion illustrated in tables 280 and 290 provi des one

mechani sm for tracking and pr.oviding, responsibilit [ [

i nfor mat i on. OB E'Q%‘?%Pé,‘ :%P'ﬁ ‘ra”é%"ﬂglﬁ t?'% ?W@%}&ﬂrﬁ?@ﬁ%f’%@%%u PRg nodes
cor r espondi NglAMy GB308&Eddds FbONECORA-avliBbKSIAra e AN, sligwashy 5
conputi ng nodes %ere adged (e.g., particularly in light of the user

i nstruction dfie elveat hBdiwareagdoPeoomth ithg compsiing Byodssithgt tiseiniielys
information illustrated in Figure 2B, the PES or other system nmay easily
aut omat i cal | §elgetesk (areingt -qt@délg‘i‘%t‘%gﬂﬁaipi %I_y -écﬁ&{%&létfﬁﬂ 5'¥’df:"ﬁ
response to gopsel fGACSEE AR T9 1bP8sEdHIRe YorAHMPNnEHE group, with the
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four conputing nodes corresponding to change C of Figure 2A, the PES or

ot her system may, for exanple, indicate the follow ng: "Change COL was

di rectl y wausad4imsievent EOL at tine Tl . Event EO1 wasPaTrsquessossr om User
UUWUto initiate a group of 8 conputing nodes.” This information nmay be
generated based on using the nexus information 280x fromrow 285a
corresponding to change C to identify row 295a of the table 290
corresponding to event El, and extracting and formatting i nformation from
rows 285a and 295a in a desired manner (e.g., in a format based on the user
request or psighth WRBpUtingf evoelecés,be riynafnicalyt dogledd asnsGES akfitates,

etc.). Simlarly, in response to a user request o.the effect aof the
user i nst r uckeeIMES Q‘@"iﬁgieﬂl abecomingly.oap %@r‘él%ﬁi ot?pﬁ"t‘?WB HSHEENIt he PES

or other syste at
time Ti dife %%géﬁéa‘i%%é% Coe! ApERama iy he TH, B v B¢ P

addi tion of t@rmééftmgoﬂﬁ cmﬁﬁautmgtmteadnameur(re grlif amzdfrelehed at
time T2. Change C2 was t eadltlon of 3 conputing. odesthat was

initiated atint anein®@rmetiatenatadelatand raitigtes thaamgeviding Rha traR a&émeﬂton of 1

conput i ng node hat initiated at. tine Ti

anot her exany Qh Cﬁ”'fﬂé‘é'ﬁ'@n@‘ed?o 'g Lfb% usﬁ?&u’@s rea%% gje?%e“@g'{]%'le o?t tcc)idl ng

the five conp ht@@ew.g@ﬁ.s%tdneﬁeom PEY Aaahamated-a darfjedOnoah tihbe PES
or other system nmay, for exanple, indicate the follow ng: "Change C07 was

i ndirectly chtdeat byrresmorids Eﬂ'a'ddiﬁgﬁtheﬁﬂmﬁmgiﬁbgmmmngm@der bdt thati ng t he
time period fromTll to T21. Eve g?f? vva%are stﬁ r 4ac%%i% &gal
conput i ng noelangm&dadails 19 P@r%’f‘? Gwith an gefiatgight étpéﬂ?u a
request for % qé"a%'d%ﬂaén&%%ﬂ r g@%gﬁrtbéﬁ&%@é‘tﬁ@tdr%aetmoa% ddti gger

TR-N. Event was a request i onal conputing nodes based on a

dynani ¢ userrefileftdd ecthensdtuaicdarpufine notls euadtity. 229 eftintedigle grapha2equest
for 1 replacenent conputing node based on the automated term nati olg%of a

conputi ng noder etherwiseghawn imhiguse 24vensteadiin dBEeexamples i evet

i nstead of such te t X n ma
further be g@nﬁﬁpﬁr@%dshi%ﬁg$gu ﬁ%?%%h#%oéri%é%ngu%%bgﬂ&%%ﬁ%%{% e@l‘;=1 3/? g
(e.g., in tat?ta%ccgh@ttcﬁ né&drCthe same fiMea PEphaibularthotfEs recb&bwegd
manner. It will be appreciated that such resgona bility attribution

i nformation emnthdeatartlateaJtlaﬂm thise@xampée \tbal @PV%POB@ﬁéP hengighthi n

ot her enbodi nent s 00 reci ated that i nf n
regardi ng evedE! Hﬂé %‘% gmigl |"%s't‘e‘??2 F?l"ﬁ?@ﬁr(g ‘DY @ﬁBrgv?’éggﬁll?a

Il Tustrativey ﬁaﬁ@eén@%é/ PE%"QuEJ?ﬁétuédt@ |htﬂ§€§3@bh9ﬁgé®10b ditspoath)and t he
storage of suc ormati on nmay performed in a variety of other manners
i n ot her enbadtimen(ls. t-teminateotiee initial E@ﬂrm;pmpmimg aoder thed yfaided to

addi tional types. of informati gn about.L users and (%Egutl‘gqq node aroups in
ot her enbodi idialige canmstlys kuthernergdin HivexRMPs t?trB’rn@ PR{Dr mat i on

A aser - fld Ao Ao hot® ha2d el o' (RETRRGR oFABHI EZBNS
atself 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
benefi'ts 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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[0058] In addition, the precedi ng exanples of Figures 2A and 2B are
provided for illustrative purposes, and other enbodinents may differ in
vari ous wap0fremsshe exanpl es. For exanpl e, although treTAISOGOARN3EKECUL i ON
capacity is neasured and nodified based on a quantity of conputing nodes in
t hese exanples, such as if the various avail able conmputing nodes are
treated as being equivalent (e.g., having equival ent conputing resources),
ot her enbodi nents may be provi ded where various of the avail able conputing
nodes may be of different types with varying characteristics (e.qg.,

di fferent angayins t@fegﬁhgcg§sth@gré;ﬂ§@@hbm gigitthr gompludinonous peecdmesat i on,
etc.), and/or in which program execution capacity is tracked in nmanners

ot her than cavgiabienfpriseasgpanof the compsiting nogerd™®Podi ment s, vari ous of

t he requests khcl yde i.ndicatio of. r ifi f the
conput i ng norag‘?ff%f}eﬁgﬂei%'ggt &%’H&p@ﬁ‘gc&?&%gu ﬁ{:} tﬁ%d%%aégﬁ@t@d}%%?éﬁgcut e
programs assgsdiedn Whihintdiedd £ Hasis fand pbdion bedhesdgyregationltimbe
fulfilled on the corresponding specified type of conputing node. [0059] In

addi tion, i nperiod 2884, amotbernhangertid 255 acpms iorthetanialspnpulingpoder t her
performother types, of activities as of nagi n [ s.of ¢ uting
odes. | For  cltuatiite 228aARRPEIRABNAITEA 7 emieed oY i of e ePontg

determne to e nggrg% It ; k Vpup at
various ti ner%(,%jéljsnc "Hfﬂeﬁlg%ﬁ]e 1Jo P%gm&ygﬁﬁjgﬁﬁ?éﬁgﬁ@r g%ﬁ???gr&mggﬁ vities at

the end of aB3a2Rs egaur At pEpproginediety the isametiponses the ahenge g dn
triggers satisfied during the tinme period and/or user instruction ecei ved
3 alsh) S

during the tWhishpthe B&S sermipatas the upay B <ePBUting N9de; A8 (1 n or

trigger satigfacti at I | f ' t ARt e
effect; at a%}@t‘igé@}}awpr ég%@%@@eﬁ@ Igﬁ %t%%tgﬁéi%jtaibwt eés)f %? \ftgﬂ'g PES rgr ot her
system suchc@hplifing @RIRCe 1A paticathre o trhagnéodimitardiothaio previousiat e and
renmove a conputing node whose ongoi ng{ operation is inhibited;, etc. In at

| east sone edisodssashvéth reapepEdooeveitthe?. $he vanidsS fisrsaparatesny d8% ot her

factors when_determ ni t.he. exact tigang f Gfyyputi ng
node group nofTPE F%B(g? df—sgﬁn(;g?g%tlseé% %”Q%%ng'?‘]’otﬁs?ﬁ’ﬁ“h ﬁ%’%@phser will
be held respgasirblteorf Martthe shifieUme TR s PES recatscmpuentB3acdes for
a given period of time (e.g., has already been charged for X conputing

nodes for thimeeXT ihdiis example tidiocomespondeaio ithe rosputiciBedeR@iBdt i ni ng
G oup. 11t haeteeRshio Brve bEEGREcGRTIsPls: mod 1he RES Ao fRECH RS o
computing NOggRidds Litind PHR RhAMLHE thbhdVaRable QiMBLiIRY AbAE) sden dst er i ne
to wait untilT near or at the end of the given tinme period (e.g., the end of
the hour f ortoMdirebtly heauseethdiahamigee@dy beenhernaorgedh ties enanapieudhey

reduci ng the computing node quantity below X. Simlarly, if_a conputing
node of a grWmlﬂﬁlqnso‘fn@érUﬁ@i@"?bl@eCQmBHt"ﬁ%\NoﬂﬁrtH]ﬁhPE BAP g&ﬁﬁﬁ?gﬁicgs will

be perfornmed_(e..g nea f i ! LN ! guest ed
conputing nod er&ugﬁ?i lgyﬁ?%ﬂ?qelgggq %g’ng g{ﬁeér%% %’ehlé;!r% e%ﬁ%d??%%ﬁg%g or

ot her syst emnifRites eher BppoXirdatélgatitd hE7 achealimnutibatguambividimagndf a
optionally the official recorded node ?uantity to reflect the failure, but
to not irmmetipdacEmenhicdrapetinthenadel taleugh anr efherc arebedingaiist 2R node -

to e enede 16 ; .
modi £ cat 1 onSAHINSg e REnBIRJANEof ALrPRRLERL HerarhEind cno e e

conputing nogle; auantd t Yefedfed Nentl" HE BAMIBEzQMoMOAELGIRSP UHI Nghatodee, t he
fail ed conputing node may be used as one such reduction rather than

termnati ng perfereedt e endmithe gggoegaton time pering260a. Subsequently,
in this example, a change C5 255 is completed at approximately time T9

that returns the actual computing node quantity to eight, directly caused
by the event E3b, as the replacement computing node becomes available
for use as part of the computing node group. In this example, the official

recorded computing node quantity 225 is not temporarily updated to
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[0060] In sone enbodi nents, the PES or other system may nmanage nultiple
distinct types of nodifications for a conputing node group simnultaneously.
As one exwopba/4560nmputi ng node group nay be bei ng nanagedsat10asa3ar r ent
desired conputing node quantity using conmputing nodes at a single |location,
but the user may decide to specify a second type of netric for the
conputi ng node group, such that a specified desired subset of the conputing
nodes of the group be located at a distinct second location. If so, the PES
or other system nmay operate to neet the desired value for the second netric
in various naasrmﬁmnd te kchdhges 134 andr@6enorkd yhaqbdeviguamjnangasdbh@ﬁi ng
nodes to the group at the second | ocation apnd jncre EQF{ renDV|Bg any

o]

exi sting con@itheygh HBd@@‘eFr@WpPﬁEn@’ﬂ@uH‘%tOffﬁél freeQf RGN DPAC he

desired valu aghd r t velidh

i mredi ately ﬁ‘é?'ﬁ{i't}ﬁ?[}% @ggm 5t ﬁ%{eyg%é II ng (ﬁpc{) rSc%‘r%nht @ gugbat atshe
first |ocatignchatifi@dig drepémsRsant nnit ithe mfﬁdleis rbml’raledaddm[butlngt he
group at the second |ocation. Such increnental additions and/or renovals

may be triggeode quandity 286 he stattdrat igi roeasied iwithytheupdaed ctual
el sewhere, i ncludj

conput i ng noﬁ%maHhﬂgl P9d%ﬁ i"g(@:@é‘ ?2}533 EGJ :%5(%) I#ﬂ/ﬁg%g&oﬁ?%d %JC“Y

i nstruct i onsa s C%S%héﬁ{;é@doHSéﬁer&@e@chedd&m@gﬂfes refidindén edahei on,
~whi | e corrputl ng no gquantity and | ocation are sinultaneously bei ntg
e

bal anced i n apgegekienptime aeviadi 26Qa dh tlideexamples lotzludmg‘@@err@f/
performed in a simlar man to chan existi.n nodes
froma firstSR§ghed (Sr’%g%récgﬁéj béay'ggsa’gg@gc@cg e‘ﬁ’WlPﬁ gg?’i’feaqfsetrypes
having di ff e AcASHO e %é?e@é’f?éﬂ“ SAd&{ !V)Lﬁt'tﬂﬁe i ¢ Jend Bf i nor e,
whi | e program executi on | ca I'ons are nmade in sone exanples by

changi ng conpwl pswlowgeoa ualﬁtsttsset Hnobhaenorizbiich aehtities ach coaﬂdemw
nodi fications may be nmade by changi ng the program exe utlo {gp% ¥| of one

or more conpbui RY asdivisiesAretnredad $igethe CUBENG desi @t‘é £ uti ng

node with a seco l2%S

types of con{ﬁﬁorﬂ%d Cg’mt&%gng‘?gw gﬁégg%@g@d%d |2?35 tr épéz;&n@u one or
mor e conputi gy nh@BAHLEE elq]l‘ﬁtco@mﬁjtﬁr}gﬂhbééé e if theoohange tCE t@@eplubertgenodes
that are already part of e group, etc 00611 As reviously discussed,

vari ous typegnavaifaiphet comgiuting mogebehad OV‘D ehe%fhdpﬁ 6“69 susing ithevari ous

exanpl o 1 n’ SBHEdEBl TN Penop SEPArFe i Badll: B Ao, o
PES may incl Hﬁ?eéaﬂbté Rli t%ﬂ”?%”;ia’?ﬂof“ﬁ@%afrﬁforﬁi‘ﬁﬁ# bBOViRES M REFteothbehal f
of users, such as via nu physi cal conputi ng machi nes interconnected

via one or n”aggrewhmrt{meopenmhen olates texn&mm thedinawailahle Caﬂ‘@uﬂa‘gabl e of
transmtting data betvveen t he corrputl

@} ﬁ | east .some. %?m
conputi ng neBAiAES thal tme %%ﬂe"é%&&f @I‘?yl‘ﬁ el J¥NanyG PYRLgRity
CO”DUt I ng-r el’:ﬁ‘érﬁg?eé’ ﬁﬁqlﬁ}%%qﬁé’ t@éeoqqﬁﬁaf@& tﬂﬂé 9%??%’0%&1%«%%%%65' y

(e.g., sufficie non- vo atl e st CPU cycl es or
ot her CPU usggeajreasur e, netvvork bandvvl dth, swap space, etc. ) and at | east
sonme of the conputing machines in sone such enbodi ment s Eaﬁ h host

nul tipl e virio042l Rasinonibecsrgand aggreeatian timg P@H@ﬂ 268y 8 SH%mér nor e

prograns on Qehalf of, a distingct u ur, h i ment s,
a PES may exaeuf)gc'\’)'ar'i-'%‘ﬂfgv?'i/peg' cﬁaﬁﬁé%%r?amb %r({ ha? éb%"'ﬁrbf gg)a%lers

For exanpl e, aEHFcfk:rﬁé&Q{r%ﬁ?e W@Cébﬁésﬁcﬁhdlﬁﬁdbfarpéumtédm;tenmimtatidﬁ byne or
nore operating systens, applications (e.g., servers and/or other software

appl i cati onsjhe lREE$|maésirlggélbr'fﬁ-‘1e350etms lngendsntisfind bynthe in@easingone

Sr??ggre%ihpaglgq% @g/re?ané;e E‘EXJ uPICzaL‘tllon fd?eg: ua%saiglgera]gﬁlca hﬁlslﬂ'%ﬁ‘l thEUCh as

timeline graph 205 with a first black oval on the aggregate average CPU
utilization 205a line. The trigger TR-1 satisfaction initiates a request to
increase the desired computing node quantity 215 by 4 computing nodes,

for a total requested desired computing node quantity 215¢ of twelve (or
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that are bootable or otherw se | oadable on one or nore virtual machine
conputi ng nodes, and that each may include operating system software,
sof t war e Wonooma1238 nore applicati on prograns, and/ or ceofiuseeiansaat
information, etc. [0062] In at |east sone enbodi ments, the execution of one
or nore prograns on a group of one or nore conputing nodes by a PES may be
initiated in response to a current execution request for i mmedi ate
execution of those prograns. Alternatively, the initiation my be based on
a previously received program execution request that schedul ed or otherw se
reserved t healtdreativelyuceuldx eeyesinthat theo sypdptesty rdesiretlo corpaitingwneder ent

time. Program execution requests received in i ous ways, .such as
directly fromantigdre setd othﬁ[\ée,angi/q{B%saC@ (96'ﬁ@('3’¥éJ ﬁ%%pé'ﬁp

rovided b e ram of
D heer thay Ao RBHIR, Dao] oRef ﬁgﬁg%k%ggpltgﬁ%m‘t%e“ao%r Bbs8da PhRoy

prograns or @idyarEe r%aﬁﬁﬂsocﬂj‘um m@pfpréﬁmte!yvume an 8ARlormspondid) toyat he
program execution service, such _as an APl that uses Wb services Program

execution redelesmination thet tiggervERN@80¢ hesrhean satisfisdiy U&%H‘qrﬁgﬁ'ﬁ

initiation of the xecutlon u ut abl e
or ot her cop@g%ﬁegg SFaagrﬁ P%“%‘gf@e%ﬁ%‘@@@? @hgﬁ | ca ;Bb%go' P gc?g%@ m t hat
was previ ousjystre@ids it frRd tiffelifbhgiaphs205 wim heﬂlaﬁﬁromeﬁuth@@gg%‘ghta number
of instances of the programthat are to be executed sinul taneouslﬁd&e g.,
expressed asaversgeghetwerki bagdunidibe utititations t2%bedineas Bheri iiggem ARNmaxi num
nunber of de3|r

d f f
pr ef er ences %@féﬁ'%ﬁ’ﬁqﬂiﬁfﬁ{lﬁs":@%ﬂt@qﬂé#t g?(é'&'ﬁf?laﬁas P %%’Ire 08 %quggrapéﬁges 0

(e.g. ,_resou tﬂ/ 963l |y n2 9:% g Crf'i‘:'de%“'ﬁ’o?r | pahcabgliesetl Qesired
execution, OXI ty of xecut ot her prograns and/ or conputing nodes,

timng-rel at e@mputmgrncme quiantity Z’CEIB&T tei t{er a[rten'atwelygcwlde@qeest thatexecut e

Sgte e(r);n gte)r g@%ﬁ;&i‘%ﬁg c?gsw%dpcr:c())m;raath; tno?ig clzunadr:tlct:ya S set tcr)n%en regarglsess c}/f
the current desired computing node quantity). After a short additional
time has passed, an event E4 265 occurs at approximately time T19, in
which the user associated with the computing node group provides 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 load on the
computing node group is increasing, etc.
[0043] Finally, shortly before the end of the aggregation time period 260b,
an additional change C6 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 C6, 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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conputing nodes to use in a group for executing the programinstances. In
sone enbodi nents, the determ nation of the conputing nodes to be used is
per f or redwat2otig12s8me of the request even if for futureprexasationom3sin ot her
enbodi nents, the determ nation of the conputing nodes to be used for future
execution of one or nore programinstances nmay be deferred to a later tine,
such as at the future tinme of execution based on information that is then
avai l abl e. I n sone enbodi nents, the determ nation of which conputing nodes
to use for execution of one or nore prograns on behalf of a user nmay be
made prior tpPES rgaedindsd ©Xegsit e unsilictheasingderaiing mecudwech setisHR of
subscribes and/or registers to use the PES, and/or at another tine prior to
a request tohawaenization agtivities ese initiates: at troe BXhimPe basedsemthe smgll

enbodi ments, _gne or re conput.i ng d b i a i er for
a period of fw,n?s#gﬁ"}e_né?'q‘%?%ﬁgawgtﬂnﬁ@'ebng-&gxg%%%ﬁ%gn%ggﬂ\gﬁﬁéé ' lat user
on the assochagding FEBlHdeRriadtipaiingbdbs BRify theHdrhat 2REbhddr adych as
at any tine a requéest Is received to execute software for the user during

the period. tompdtingirodesi thas dbecosodavaiakle while deteenettal iinca it Bhi ch

conputing nodes 10 use to execyte prograns on hehal f of a user my be nade
when one or %?%E"@oﬂiﬁ}t{"ﬁg.qﬁaa iy Qﬁcﬁo P H}Qplﬁ'f’%ﬁa V’e%rct?&p@ngoﬁ'éd& nor e
conputing “ggf‘og..dowﬁpffs% ARIdeAPbSsd@Tore RS hBmBRREtBABadtRttidshanySAE, such

as, for exa t o execute prograns of one or nore pendi ng requests on one
or nore conpmdplagemedesomputing imelenviinnothiee cesdedi nip othee ensivedionemisad

and/ or are otherw se avail able for executing the prograns. [0064] The

det er mi nat i oeoPERHNal "&%fﬁﬁgt'mﬁ@eﬂﬁ?@é'W’Qﬁtﬁgaeﬁ?v'gli’%c‘eﬁf‘&gegfam program
copy or inst in riety. of i ugli n any
pr ef erences §ﬁ@ﬁ8ﬂﬁ¥e§§fjggg§#ts b%ﬁ\égu foﬁed-'dl%ndt%ﬁ%mpgqt%ést Fggrw%t %ﬁgvi-dge

speci fi ed fopnhfiiale IEampanng Ohodesom aamd ¢irrimétanges; dasadt ione rujt

registration, etc.). For exanple, if criteria are determned for preferred
and/ or requi deferrieg othe: ereplaneresric afi emaygilablep cogrtinansiednse ipe tgis,

menory and/ or. st or age; U type,, cycles or her .pe : 1,G;

net wor k capaﬁ'ircfws%%éﬁfﬁ%t? i’g%,deérf8?)‘?°'ﬁﬂ‘é*?r5%589%%ﬁq{tgﬁ%o%ﬁ“ d;ﬁk%lkg?opri ate
conputi ng NOoRRrd A XAAE thah BECRHAR A9 phANGEtHERNakromasksh attilitestHa;n part
on whet her a conputing node has sufficient resources available to satisfy

t hose resour based icnenotadefading it atplaceriand of sinavailable exraputinggioges
configuring prograns to, execute on, a %%%ram execu%i on_se vi.ceagrre i ncl uded

in pendi ng UNshipgaresmsianse; dug fRthG reo8icheds the Heg RAYIRE a¥fPad¥ooe and
entitled "M i C UL Q% I e ol MpUEH w nms, "
which is hergggi ﬁc po#gart@g“@/nrgg?gr@ﬁi!a&?rn%iet;g’nﬁchgty. [I%%)éS] Ieﬁ sone
enbodi nent s, irf 2esanmer dimilas tothatpedvioutly dibeussee with aesikekt towvknthBE t he

PES nmay execute prograns on_behal f of a _user in exchange far pa % of one
or nore feesapg Eg?na eydvant Qs sepafated inte %’Yﬂr@'s@ﬁﬁbﬁf’g@ﬁt g?ﬂf%@E y be

h dt f tad

char ged to ayser, fased bl HRHBEAG OF feuping!cAHEUIAL CHRRIHE"

capacity all g one or nore prograns on f a user,

such as baseprm r&itRdeanBVENtOE9A A1 UiiiRe T 20 indthis esample timatt corresponisunt  of
menory, an anount of storage, an anount of network resources, etc.,

al | ocat ed f oto theecampugingriepeabeing delested & have kename rysypiabies anflees may
be b d th t " h i h t erl i . 1 ti
Fesour ces us e FFS uamEtisalyafiates aefvies 6 BFls; Tt o8 Sefibing® g | "
capabi | i ti esuﬂﬁ%ﬁgﬂté’rdm?ﬁned)héaépgﬂblﬁYa%etc( Q}ir%cﬁ¥ nfakt thebéhdnde CB.C.),

o) ees h d on

etc. In sone e I ments, may be charge the basis of a variety of
use factors, Fertherrasres pmi deis pexangdeof thehetesmingtion, of ghecansegilabiet of

ti t hat ti i , i 1 i
per data t 1 aROTUAGE HOdeRa arowsias e eshh ok evBELERa & AR BB AR s Cas
di scussed | ”sggér%té’%&éb{ £og! %%a@é@%n ﬁﬁeb?ﬁ@%é’ﬁin&?été@?zééau%%f tdractors,

such as vario propertires r to executing prograns (e.g., continuity

of executi onanf additiohal eompetingehsds .fol rthat gloemsto smee asnd odipleensenta
provi der of a PES may offer one or nore of various tiers, )
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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types and/or |evels of services or functionality for executing prograns on
behal f of nultiple users, and in sonme such enbodi nents, various fees may be
associ at esowntin4iise various tiers, types and/ or |evel s eCTAS2MOOEE51 | N
addition, for exanple, tiers may be used for a specific type of
functionality provided by a PES, such as to charge fees at a first tier for
a first quantity of program execution capacity functionality (e.g., up to a
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
executi on cagaghple, ftHectdquest idfyedentgEOb diohandlbd mpacirineer fsimiar tbr eshol d
and up to a specified second threshold of conputing nodes_ being used), etc.
Addi ti onal dexerlts £4-Efaircbeing dafﬁr@@lsum@é@ea{wmrhﬁtwwwﬂaeﬁ)?@gm

execution seryice are ingl y! i S ' | .

11/ 963, 331, Will kg PEEOEREH raqgﬁg %SFQ%dQ%ﬁ%{?tt ?%Eﬁ@bﬁﬁ%@ﬁﬁfﬁ’%%@éﬁ?%? abl e
Pricing for Sxeqidh oR efherobimmidimertdesnd dtidtibnks sherkeprovidiagr perat ed by
reference in itsentirety. 100661 Furthernore, various other types of

functi onal i treplacerbentpcavipdting amatieiseay hystea®Hs: iintigiad susesiaiety néht s, as
di scussed in greater detail elsegwhere. .[0067] Figqure 3.is a_block diagram
i|lustrating® t'%'%a}ﬂ:)ﬂ?és SO e e&?“f'%lg'si%%‘iléﬂ?‘%ﬂﬁ%%ﬁ’ ¢ PG IYM ng
techni ques t f ' 0 imd hdirerusiiar thn

parti cul ar, %%@gg %%@rtgtcggr%?ggg\r}gr corput i ﬁd systdeﬂm 3500 sluirt_abl e for
provi di ng atthkepsévisasip desoribedndth tespett to phanggesCdxand U rltbeughde, as

wel | as various client conputing systens 350 that may be usedp gggrs of
the program @heeambadigeants clie elidal 1as9TIRA COMBH NG AR JUBRIY €4 by t he
program execut | i r ting systens 380. In the

il lustrated %‘%Mco% ﬁéﬁ%&?aﬁﬁéggg?t\%ﬁﬁccﬁ{%#hg system 300 has conponents that
i ncl ude a CRgb#£f)SAcycrdirgly, bt theosh@rsitie 3eondt agaregalidn, timedperodry 330.

The illustrated 1/0O conponents include a display 311, a network connection

312, a conpu2@fb,ribedhaimonigation dativiies 82 anedindkded, and in this case do
result in dynamic modifications to the computing node group. In
particular, the PES in this example aggregates the requested
modifications corresponding to the various requested desired computing
node quantities 215b, 215¢, 215d and 215a for events E4, E5, E6 and
E9b, and determines to make a dynamic aggregated quantity modification
to the prior desired computing node quantity 215a of eight, with the
dynamic aggregated quantity modification in this example being an
increase of four additional computing nodes (e.g., based on taking the
largest of the requested quantity modifications), so as to correspond to an
updated current desired computing node quantity 215e of twelve. In other
embodiments, the dynamic aggregated quantity modification may be
determined 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 E9b (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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|/ O devices 315 (e.g., a keyboard, a nouse, speakers, etc.). In addition,
the illustrated user conputing systens 350 have conponents simlar to those
of serverwoanpuiizsg system 300, including a CPU 351, |/ @Cctaspansni3st 352,
storage 354, and nenory 357. The ot her conputing systens 380 and conputi ng
nodes 360 may al so each include conponents that are simlar to sonme or all
of the conponents illustrated with respect to server conputing system 300,
but such conponents are not illustrated in this exanple for the sake of
brevity. [0068] An enbodi nent of a Program Execution Service System Manager
nmodul e 340 i guantity uhodifjcations b ravedtd E4aRE (et g o gesult snvan ingeapatdfng
systens 350 and 380 and s 360 over  the npetwork..39

cogrqlgjlti n% nod 0 %Jasg , Vvia
the I nter netNEeRy 6PTIAMENGs10geRy JEPDedne | YN HSIERY EPTPRHUND n8PHBr k|
etc.). In thj Iﬁﬁﬁfq 'Efgﬁ%, ; qq’lféla UAHE8, Fridd ity
related to n%l?%gl g éggﬁ%‘%ﬂ% t pﬁjlgh@@r?gﬁﬁgn%b no&ggq\%w Eyy varidc?gi;bﬁﬁsers
(not shown) oheesmtst EAEBW & . Userestitnipuan ngcrepse esfsniBBOcorspetingsiodes
conjunction with a program execution service nanaged by the PE Sglée&to' The
ot her conputfrey Hstamedsdesifaf SO0RIAIMI HREB ﬁH@”WHeé’ 1R r?ai' s

executing vari.ous ftwar I AN i t _E%E@S or
exanpl e, use?”%rg[x'p(ﬁﬁhﬁg @&ézﬁﬁgéﬁﬁ@a?%@%@ébgﬁ n%“%@?t%re hMr‘rétﬁDry 357
to interact wigih iRESPMMFEAsé OfhredtSoRiiltingl nedad frobi e eurent siesired! i zed
client-side application progranm, such as to configure and/or request

execut i on of cpmpytingsnaste ispigatity of fehexaswle, Hie wsesensifdelian BnEdre or

- ti d 360 1| i . wel | t }
other “Lypes GnSgeedHO be bt e Akl WA tred iallBr sl teRE s ALPIERT o us
i nformation gelgted Z%Otéﬁéeaf HAgtd gua&iédyoefnagm?eﬁw gt rédlestBy be

stored in storage ‘3 such as information 322 related to configuration,
execut i on anguanmtity agodifications of eveste E4-EAg(epg.odo aesubrinbndingrease mil ti pl e
users, information 324 related to % %rar’%execut' on capacity noodifications
for conputi n@UididhgeGeERWiIng nod g’ %ﬁi%ﬁ“é’@@ttdneﬁ% eqqnaé@mg hode

user -speci fi [ b I ' iSRS il isgpaci ty
nodi fi cati on&'?%%tit U%ﬁ%&gvély%%tgglﬁr g?”%ﬁ%?ﬁgw%ﬁk%&oduf&tcorrpustiihﬁglﬁgde
per f or mance grgeHitRRIGNaANGENOHashighéopriartydhan dfiggedsatisfaetiosr evenitag i f
specified triggers are satisfied; current val ues for desi redq dact uallC and

of ficial rec@@dedf dbapusendsibirtioguahvans eyerrislesyagypedussie

information 326.related.to at.tributi f C O o] rtLcu rogram
execution camei'f{%?t]ﬁﬂai Frp%ﬁflééép%&t@%égp Pc%lk}gﬁ{%bﬁg%t Fr%’a nﬂ(')]gg E%hl?gs
(e.g., by ligsidveat Hadiktdl SiRger a@Risctiohabveseufroandogurireatiuripgmanchanges
to conputing nodes of groups, and associating particular events with
particul ar chggrggstiosdiche asripd aftersnneer igsirlictien eyenhistregeyedsseeh PR Fi gure
2B and el sewhere),. (0069], After the PESSM npdul.e 340 receives..l ts (or
ot her indica ghdhisg Gx@%‘glﬁn'%“‘?fﬁe rn%redgfeéﬁ\’%%aﬂx tggaﬁf)&%t'g%%gﬁg or

or e conput | Q\Gerﬂgdﬁ%t 36urt BfePERONIJER ditsrudiidh S8! Refvdd ¢o0RGeRt HIRI €
conputing nodes for the group, and I nitiates execution of those prograns on
t hose conput Foghewdes:, 360this rexandple] dhe tureeESSVaimand offiial negortiedt her

interact with conputing nodes 360 to |later t .npate execution ,of .i.nitiated
prograns on EPRAPHERGUDPHY AdaARiies £44 d’r‘"‘é{@ﬁg' # Bt SYPN ﬁ@dple&jﬂarrs to

one or nore %@EQ@@&@%Q%&B&%@S%} e HRIEBE EH@héMﬁBﬁgg%Héﬁ%cti@&iés The

COI’TpUti ng no ve 'varl o orns I n varil ous e I ments, such as

to include aHpunbphereforehyss gairt @fnhet hagneyizbdon adilies dH2utherPBS
virtual machines executing on one or nore physical conputing systens. In
some enmbodi ninifiates the pravidisg of divprddiipna) soairuing nedescionbie cagPydREs 360

b f.ad h f co| '
oyatems or Rege efaus. foiRs v pltBhT attiahBobrtflo sREBL AL RRTS 6%,
addi tion, insoRE §aROGhHRRYS debifed PEspadlImE o3 4fuamtivy ioft eveted, ahtih one

or nore other conputing systens 380 to initiate or term nate execution of
one or nore furthpraupdatest thes efficabuetordedy sompaiting unada squantithe22viput i ng

systems 380 Ao hie he Lpdardl Gedired Wop ling O bR rTWBRE STHE, 2" e

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, the
PESSM nodul e 340 may further or instead manage access to one or nore types
of conputwogerigl4azsed resources or services other than pPOFNSR010x08138L i ON
services (eq., persistent or tenporary data storage services, nmessagi ng
servi ces, database services, etc.). [0070] In addition, an enbodi nent of a
Program Execution Service Capacity Mintenance Manager nodule 345 is
executing in nmenory 330, and it interacts in this enbodi nent with computing
nodes 360 over the network 390. In particular, in this exanple enbodinent,

t he PESCEV1Mngmdutie cisddndyuegsiaéingctieonald topmmlitmigetiotie thati becamg or
otherwise interacting with one or nore of the conputing nodes 360 to track
use of thoseuravailabie\withogspeckincaharge &7qdr acapraancgr Withevebt ESP. fogr am

per 1 or mance PRAASRLIETRER of 4S8l By H R ot POERENATRG hcies o
a conputing feAgefrRiimed AggRigited URlantilphistification frofhEREVatsNBY, B6 st ored

on storage 320 and/or el sewhere, and may be used by the nodul es 340 and 345
in various mandi&ts. For exanple, in sone enbodinments, if the nodul e 345

di scovers that a gconputjng,.node has failed or atherw se 0 unavai | abl e
(e.qg., as palo043s E)[b’l"' di @%mlﬁg_a@sf%ﬁ 145 Pﬁf'?gaé%?'n%{?cﬁﬁgrq%‘p Thtng node
to be used aén@aéémﬁhpﬁ%%a@éﬂégwai dgvgﬂét%’t ghhfged NareerMstdupg nade has
~been in use as part’ o conput 1'ng node grour\g, etc”), the nodule 345 may

aut onat i cal | pattiekiaraatdhamget 07 rie goaydetckeatianaprakinadiicty trowewpli22,ng witidb with a

new conputing node. |n other enbodi nents, the nodule 345 i nst ead not
per f or m somethér cuirentys avadahis mareRyiY arde R iR lr@e?ﬁfﬁﬁé){ B’@cﬁ) gs if

e, modl e St SEFAe Ui PEEETId S L) BBCBRAIESARNG

current perf/pa@e eeheRAbElsilityt Wwas iARiates ROaIT2N sedivith tiad lactwatput i ng

nodes of a conputing node group, and then uses that
computing node quantity 220 being updated accordingly. As is shown in
timeline graph 205, the aggregate average CPU utilization 205a and the
aggregate average network bandwidth utilization 205b both decrease
after the change C7, with the aggregate average CPU utilization 205a
dropping quickly. [n 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 occur 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 utilization 205a line.
The ftrigger satisfaction initiates 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 fo 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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information to mai ntain program execution capacity for the conputing node
group as appropriate. [0071] It will be appreciated that conputing systens
300, 350 wpaoB3@1#mad conputing nodes 360 are nerely ill eernstéivesasad are
not intended to limt the scope of the present invention. The conputing
systens and/or nodes may instead each include nmultiple interacting
conputing 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., nobilsamertimaiasdhe changeV@s ks whichk the PiS tergumatealthy unavaibaiglat i ng

Cof twar et hatoRYIGIEa#S ARORE) | Bt AVTRBBLSRTIAad Phie ghands C.~ © "
functi onal | te PESI LAY %Qagtpéé TR AR (S BifLPRet013 BF ABFmBARBHLAT S,

dat abase servers, stor vi ces and ot her networ evi ces, PDAs,

cel | phones, aéthéiers arehimitstedpatdinse EBectativer ¢ham giemnediately | imitiataea
appl i ances, tel evision-based systens (e.g., using set-top boxes an’g/ or
per sonal / di giapdacameelforethsr yaap¥gilabia ccoapHing sidecfe-ond0Re eV dEet s t hat

Funct i onar 1Pt eeerRy Grbenf T EFE tes bl antBagoeatiMipo HiBes | |
sone enmbodi npRt Tobfputing! Mot efoiy wildbei eedlicaPdrnéss . alfiididiarihyothier sone

enbodi ments sonme of the functionality of the nodul es 340 and/or 345 may not
be provi ded emébdimentsetheaBliS hmyainstead imorediately inijatpethgvinavigding of[ 0072]

bei g st or et TREARSYE o CopP st aBke wih FarsiTy I SdRaRid uief ke iy °°
portions of ﬁ#é%feufs%gdgf%uééédwtﬁfr@%e%%htmm ahd EY, ie& eSbAT E9E

devi ces for ‘purpo menory managenent and data integrity.
Al ternativelig, sepandtedr irdobdaoneigtmct oeeerds &10aofandhds KT t (nat eshowol es

and/ or systens may execute in nenobry on anot her vice and c ni.cate with
the ill ustrateRPrakHpLN i XAMBIKING QCF%@Qfd&ﬁfﬂﬁéﬁa”&%ﬂ%i E*é %ﬁ‘?

Fur ther mor e, o8, 0apq eBRAUGRRR: Da SOMRCOr2RI 1A ooy B BorARbARSTDAU! es

may be 1 npl enent ed or provide manners, su s at partially

in firmare @ntHeotomputngode beingddeigctdrito have |bevones unavaitatsie pandor e
application-specific integrated circuits _g_ASI Cs), standard integrated
circuits, coter BESautpmagcallpynidriasueriytiopRtopmeaties; i detpinaihdheand

i ncl udi ng m crocq ol lers . and/or_e d, c | 1 vkl - anmabl e
gate arrays ‘(’W’@&%He @8%%%%?8‘6&?3%% Tooéﬂ%E@é\ﬁgggé tf‘ EP%&I g%. Sone
or all of theyAREMhER, Y SHAST eRBFhHIAL &hst tEfhinaEdnTf ahs 0 ubavailasied
(e.g., as software instructions or structured dat ag on a conputer-readabl e

medi um suchcampatihgnddeithiat oecureras the resubtofevient b Oa ipdselhiieatetbapa
article to be read by an opriate dri I Vi n .opriate

connect i on. qt?@péﬁtﬁe‘??ﬁe,nt%ﬁdh 5 agn@m@ﬁgtwﬁhﬁnﬁg@aﬁﬁﬁ{%@goa [gauest
transmtted 1 . e Ofagdg Gapldcemerve or
ot her anal og@r%?gpﬁgﬁgbggﬁﬁbgﬁ%@ %eogl%}p\?g{ ihgtf/a o? b

conput er - r eacaibetihg aosle] secloastedhaintzinithe dedired cameitingsidutes gdandity

wi r ed/ cabl e- based nedi uns, may take vari ety of s part

B, .and m forms (e.g,, .a
of a single 315mh thepdesbad MHABEY 4 peacl el Cﬁmﬁqﬁﬁ‘genaijé%r ele thisgi ¢ al
P AR JPHThcRER s S 1T T e S
practiced w blfemtbel, Bamibg lefsysd aimtic thd hgumehization activities H3 that will
be performed at the end of the current aggregation time period 260c,
although in other embodiments and situations such providing of a
replacement computing node may instead be initiated immediately. [n
addition, in this example, the official recorded computing node quantity
225 is not updated to correspond to change C8, in a manner similar to

that previously described with respect to changes C4-C8, although in
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[0073] Figure 4 is a flow diagram of an exanpl e enbodi nent of a Program
Execution Service System Manager routine 400. The routine may be provided
by, for ewearplied4imszecuti on of the PESSM nodul es 110 andprt@@sediolsgar es 1A
and 1B, respectively, and/or the PESSM nodul e 340 of Figure 3, such as to
assi st in managi ng use of groups of conputing nodes for users, as well as
to performother types of nanagenent operations in sone situations. In this
illustrated enbodi nent, the routine 400 nanages various aspects of use of a
program execution service that provides program execution capacity for

executing pregeardmbodipedratkl thef offidili modrdeercompiiiitindde tlentityl B25r at ed
enbodi nent, the routine begins at bl ock 405, where infon-nation or a

request is reeyibedpdated togefleeissuchnghang®s to bl ock 410 to determine if the
received request qr informatjQn i.S.r tegd.t.o initiafli Lt f one
or nore pr ogﬂoﬁ‘?@ ‘g\ﬁcar_%?%ﬂ’pa ec&ﬁ*ﬂu%i fﬁ& %g e%éépgééﬁ&ggg%gﬁgg@gs c':‘)om a
user. If so, HdRafrRohiz8G0:F HetiliiEEHS @r8liAtiktet] mriddohesumn in thahgesiton

regardi ng the requested program execution, such as an initial desired
anount of prihgr monexengt inodec gpaup.t y In opartivelaco et PEG modéigrexaprle. g., a
desired conputing node, quantit opt.i.onally one or npre . prograns,tq be
execut ed, anﬁgﬁﬁgﬂﬁ%lth? Eﬁ%‘e@}@qrdf‘gdlﬁ'é’@ﬁg’%%e‘fﬂrf‘?sé’(?n@l%égt ?9‘?@& magati on
triggers. ASngye GHssidd M EEimEbRIP26DBINERThsthifeshRplRYomg! ect
fromone or nore of various~types of conputing nodes and/or nay othéerw se
speci fy varieusntafsuahd BEndbomanidy peterafinesrputriakg aedynarnis aggségaidd(e. g. ,
processing unit type/anount, nenory anount | at f orm speci fi @i%i 8n, etc.).
I'n bl ock 420quamyroedifigationinthespder desirrd eomputing godsRHantly BAS8 S £ or

the group, a&gqik% ﬁbgcﬁklngéi%bgé% €S JBkLAgsL rmﬁﬁzgsgée é%ﬁﬂ%%%gt kpg nodes

avai l able fo pr ovi si onrng conput1 ng

nodes and ophé @9 alorieshbBhiitatar apaxReLEleentdedifel compatinguiatiepgogntitys to be
executed. The routine al so designates the desired program execution
capacity of 2hagsel dened Fwihrrmarg, ribgesubent msctgrlo@pdasffiaid resardgd

ot o oGRSl A I o0 B 0 e} "6, i HETIWbE,
oot nEoTEAE et s ) ot I ke asnonRaoh sciombac, men
i nteracti on Hig. t HEhereéore, Taee pasutdf ntihet hanmooizatinneactivities dtk #80 RESstore
'ugfef" rs]Etelcf)P i ﬂgﬁliqattpg g)g%?%rgg%gmc ggglé’;-‘%‘ﬁﬁ)%ggl «%r%%ﬁtiné r}t%ldlédcllun%t%r%f twelve
to reach the current desired actual computing node quantity of ten, in light
of the current actual computing node capacity of eleven, so as {o remove
one of the existing computing nodes from the computing node group (e.g.,
to terminate the execution of the program on the removed computing
node, optionally after completing some or all actions that it has already
begun, and to make that computing node available for other future use by
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 to 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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[0075] If it is instead determ ned at block 410 that a request to initiate
execution of a group of conputing nodes is not received, the routine

i nst ead cwotzonues2s80 bl ock 440 to determ ne whet her a requastoiodsesscei ved
related to nodi fying program execution capacity for an existing conputing
node group. If so, the routine continues to block 445 to receive and store
a dynamcally specified user instruction related to nodifying program
execution capacity for an indicated existing conputing node group. In the
illustrated enbodi nent, the user instruction may be aggregated wi th other

possi bl e progyaimH eowipRihgcAPas iduantidid deatdasadrimyvest® ahatalafden during
a current aggregation tinme period, and further processed duri Bﬂ%’% tBeXt tinme

p .
that har noni gampgtingdidgst i@ sefiecd the rgompring Bedd WHosH famewl § bl ocks

465-477, alth h. i th i ; 5 iuf i ed
nodi fi cat ?oncg'g'ﬁﬁgbgsg%%?erqrﬁg?g\glagﬁﬁh%éﬁ oértrer@z]%i ﬁr;?’nizfgiazt]tklj gl%tlrll Ff)eo?gi IIfI 'et is
i nstead det epginedngt nBHECKudARyt Pah BeirRpugsdaté® aocbrilingly.ogriamotheacut i on

capacity for a group of conputing nodes is not received, the routine
i nst ead” cont embesliments, dk chétge & Heryrogaus suhstandially immadialgty gt tyeef or m

periodic or gtherwi se recurrent. harnoni zation activities..w t to

t he program &éé{ﬂ%ﬁ%‘&ﬁﬁﬁﬂ@@ﬂﬁ%ﬁ%@ﬁ‘% @%%Wi%g'fm%gg&gﬁﬁgs, such
as at the end,qf 3 perbRbval &' eaiaﬁgrvﬁaﬁirb%_ REMPRAtHATA AN fomn
capaci ty nodi PP%ati on requests for such’a conputing node group. If so, the
routine cont tHyiesniputihgosédel Gotip, dedewiileethen eerooved reorspuiing negenisde
groups for which to currently perform harnonj zati gﬁeacti vitie

, L e.g.,
conput i ng notRMpewihsexeruting and axaitapie &y PG BEMBENEE ?9%§ﬂé§' ended and
for which on r am i ciyyy hHiqatdans have
been aggr egaf°38§], rﬁgr??dﬁﬁoqb%@ﬁ%hgﬁgﬁ%ﬂéhgbﬁggﬁdgﬁéri-%ﬁgg Iggrréprgti ng
node group, NEEtrBEH Mié Bxahpié iasséecufiirg radw singld peimt dorimeLiesvill bebl ock
470 to execute a routine to performrecurrent capacity harnoni %ati n
activities, appreciatedetra@insomeforsalthasmopiratine Beliviies 83y el |iVnta%Peat er

detail with respect to Figure. 5. The r i o0 | 0 475 to
execute a roﬁfal Y %mg’idn?%ﬁ?\e\viaﬁde@%g? ipéggﬁtagga@b%’\?b%ﬁ%%sntﬁq%%usati on
for program %QPH%&MC@W%I ¥ drasianhsiat iroasiebBbéomecernbolipiantd, somel ock
470, with one exarnple of .such a routine being described in greater detail

with respect ot alliipangesto pxbgamisxecktion Sapacdy ob @ coppying iNedesgiogPol ock
477 to determ ne whether there nore detern ned conputi,ng._no roups to
process, andthatag mﬁ@t%ﬁyﬁﬂ%F’%ﬁeWSF%HEW &tgrrmawg%gkﬁg@{' qeﬁgmﬁ! xt such
determ ned c L r 7 i br E8ar SR Aldvesd at

bl ock 460 notg‘;ﬁ?dg)H éﬂ%ﬁ%ﬁ??’;’%p@ﬁ?ﬁ&gﬂ%%ﬁey in(t:é g? b%?‘hgel%wﬁ?g recurrent

har noni zat i oThacPEG-hdikated brograspexecution caepacibygchangss thati mayceqsei ty for
one or nore conﬁutin nodes grou the routine instead continues to block

s
480 to opti ossEhya oM BYRY Eﬁcpmécobﬁﬁémﬂl%dl?'@&f%@ BRI A oRPEE Y h

operations may_inclu fQ - Ol r t LS er
requests rel (Jﬁ/cgaag%s %ﬁgéo&c{%cﬁéﬂ%@at% E%é@{’%@apro %ratn(? gaég{lﬂrﬁ'}gﬁﬁ%t#‘f he
provi ded progi-avRiese¢syl 0o Satdi ¢RI engeting unbdes heto pengvamesdstingt i on
types), such as to execute a single programon a single conputin ode;
user - speci f i edmpuiipganedsss iici) oandmpayPgramMmxecHtan iC@ﬁaP@qf‘Fg%Qegﬁg@t are to

be perfornmed i med atel. e.d. .. a user jnstructj ecution
of a particul®® 'Pﬁ@i?%‘gt'é@’g%%aﬁmi'ﬂgreﬁgag,sestﬁc% ggg} bggé{g{'ﬂ%@n%ﬁjﬁﬁ% (r%gde i's
not operati ”%omﬁﬂd a{a«;e thHBiFe, fEOLRS bF aluder ReRiUdtionddafidfantdn bf hagers or
otherwise to nodifty configuration information for an indicated conputing
node group; wpecifiedquigges, ¢io.)i mBedhalbekyoywes froaynhaxendwiations o ¥IIQUS ti es
with respect to an indicated conputi ng n?de group, such ashi n ﬁgﬁh!ti on to
or instead oftYRRS U @ nt UHHr ﬁbﬁpgg‘ﬁﬁgn eRY \Are PECUIRNGS:, SHFNhaP 2 & on
activities ar Rl A5 BRIng 4800 HaSbdcRfne alailaniech shegiealiengt ebt ain
various status i'fo ion related to one or nore conputing node groups

wi th which t hgnais€lichH as ahe anictags or reeqeetddstitne foerd computing node being
adm nistrative-related activities for a user, such as s bSC{i ti oné
regi strati on,ackgiedpgybgﬁ@n@p@y@[qb@msgetce)[, @nd 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 determned in

bl ock 477 that additional determ ned conputing node groups are not

avai | abl evotzba/;msBi ne conti nues to bl ock 485 to opti on&Chryuspanfoosrst any
user billing (or reinbursenent) 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 fromone or nore users
based on program execution functionality provided to the users. The routine
may further optionally perform periodic housekeepi ng operations as

appropri at e. |ch80d&heAfb6s obbosits4iiThangesmay notbea@ilbivade suth asltoaiot 495 to
determ ne whether to continue, such as until_an explicit indication to

ternminate exalw iusersipecified &iggers. ta g satisfliembi(eF MheeNANT Y BHEN t he
routine returns to bl ock 405, and |f no ti s 10 ends.
It will be a%‘&ﬂ&&i%??‘é%#‘ﬁ’&?%ﬁ' Re, ’cﬂ?a?‘"%"?é@g‘ gp}%@’f'v‘i"?‘#@gl{ﬁ&bgﬁ%ﬁrformd
in some enbogidenhsira@iibryl ttdatdedNsocepied s 1y digherifgnaryhesiuer useers are
authorized to performparticular requested opéerations, to i medi ately

obt ai n payneinstriiciions)s eksingorths olnektppies difratienueskadhemeers; | thssoreéc. | n
addi ti on, whi user requests and ot%%r oper ati ons ,are indi catl?é:l in the

|
i1 lustrated QQ!'R%WIS’ YRETngSSRAREAEN @ LOMBHIEIY o8 BTUR gnay
particul ar C&Wﬁfé?lg;%ée{ﬁﬁgea %EBPHO@H%@&PH&Q}H@&&S%O&isﬂhﬁﬂr Higfinerit§ Ot her

enbodi ments sone such operations nmay I nstead be applied nore
general |y, stheh ofisn loekdowh| plieh @enaebbhdowodesriap ofipssasfied arwlinkiafh a
single user and/or fromnulti El € users assaqci

ted with,one or nore
conput i ng noli@egingt flloy @sloprepyr er snigag tﬁ_ﬁ%ﬁve(‘jﬁg&éﬁérﬂﬂ&?r é’ﬁ'eéxaﬁﬁl e
S T R e T O
of Figures 1&véwd 4B.chadgescCiriayehyt mndiliowed)esiRESSN todubteaBad oferri gure
3, such as may be initiated fromblock 470 of routine 400 in Fi ?urer4.
specified triggers to be satisfied (or by ignoring any such frigge
satisfactions) during the cool down period. It will be appreciated that
users and/or the PES may control modifications to computing node
groups in other manners in other embodiments.
10049] Thus, in this manner, the PES operates to manage the program
execution capacity provided to a user by a group of computing nodes,
including to make various dynamic modifications to the computing node -
group based on a variety of circumstances. It will be appreciated that the
events and changes illustrated in Figure 2A are provided for illustrative
purposes only, and that actual events, changes and other operations of
the PES may differ in other embodiments and situations.
[0050] Figure 2B illustrates an example of techniques for automatically
attributing causation information to the dynamic computing node quantity
modifications previously discussed with respect to Figure 2A, such as
techniques that may be automatically performed by an embodiment of a
PESSM module. In particular, Figure 2B illustrates two example database
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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[0081] In the illustrated enbodi ment, the routine begins in block 505,
where it obtains an indication of the currently sel ected conputing node
group forwolwolhn4cmpaci ty harnoni zation activities are techaspaoidsessed. | n
bl ock 515, the routine then retrieves information about the official
recorded program execution capacity for the sel ected conputing node group,
such as based on the prior harnonization activities perforned for the

sel ected conmputing node group (or the initial official recorded program
execution capacity for the selected conputing node group if this is the
first har mongzsddignaagiabiityi esanded thate openfred Medihe andingplebasmguting
subsequent nodifications to the official recorded praogram executjon

capacity t hanog@greep o FigiresA Kiefarrptdo @spderoup T FigHERR): RISaYER modul e

. d i bed. | : A ; i .
ot he't henSXAB I Acte 205 1tlR 28 stiihd yerRRS fhichihafich tefbréd 1o Hhe,
actual and cgg4fple doehfscthdtr 886G aTR®XEE Uhé GkarAPRCLOIMBELIAG hdde spbapt ed

conputi ng node group, respectively. The determining of the current actual
progr am execGroup ohpieire 2Aray i ncl ude, for exanple, retrieving infornmation

t hat was previous st or b PE aci t. I nt enance, Ma [ ule as
part of mF;ni PB?“nEY‘?H@?%g‘?dQE%IQ@ %ﬁH%P%daHéngfgpg%pr &PFI?&E%%?‘%gggher
enbodi ment s t i ! agt ual
capact Ty (o, ST cBOH CofoeB RIS d B e S O R nesed
Manager nodulithorespiebertonbigjurer 2Ag veittunvaeious fieldsi de cofierning n2@0ar2B0sn) .

[0082] The determ ning of the current desired program execution qcﬁa#igcity in

bl ock 525 medlustiaiedder epsh rawardpirarticar. i i §XeATRIEn2RFHIPW Sy any
dynam cal |y iLf.Led. difi i i st L QS ; een
recei ved frof" ﬁea{ggﬂtg@@gj nggg‘f éc‘)'fr' ||§ﬁjeéd§e 1jet@tl% eémlgﬁg%t?%@eﬂ%ﬁ}‘gggup
during the cgfdupnto agiER el @Rangs | cotredpondsp d &ypehi280ct bk therprogramat i on
activities correspond (e.g., as previously discussed with respect tq block

445 of Fi gurexagytionngapagjar ahangangn dedication 280ccaf the ijepded gesulhof

| d i d hat | i Qus| i h
been satiof 10 B Exeodiith cABball EBaRbF, BTN gRTAR 2BGe Hbdfe! O have
Al ternativel Ynahde SOAR RUNSEH TBRIsS280fhd 2803 BE tHEAEhANSE, earlag@leativn

det erm ned performance characteristics information for the selected

(C::grrpu_t i ngngﬂmegpem:pd @80b. during gnhlnﬂt thenchange }I&@qopblﬂep@fsoghr?@ﬂ@ﬁ?‘dﬁbyda PES
pacity M ntenance Nanager nodul.e, a tt o nitoring.the.se e

conmputi ng noWeIGy &k, ceng n%ﬁ?ﬁ??'@?cﬁ}ﬁgfﬁﬁbm |t5%08¥%ﬁ“#?2% *Wef%f&?fgg%’i ng a

PES Capaci t y,, Aal ht e MRRRGatisRd ke O BN 501thB8JefQUHE]hEO

provi de that b%&orgrr@ﬁ?%n) I'n ofzrc?é’?ﬂt %Icﬁ\tﬂ'?§sen_§)?§65et erm ne V\ﬁet her any

user - speci fi g?gﬁergaggartanémertd&), settertgede vantpoiusg | D @86 xg aadpoptianatlvr rent | y

satisfied and/or were previously satisfied duri ng t he cur[?ent aggésgati on
period of tiverious t@hef hifompalinns i fior e Besiraliye XIVRE: (MY ent

desired program ti0 i4t : ) I t he one
or nore requ8§[(r8§§ﬁ gtoaﬁh]%@%g?i P@r‘i%&gﬁr tq@t' &ni)g??lsg%@?{do%g?égg%gpggﬂssed in

greater detajfe elore¥iitice ndde afuidttity ofd@reupi ninvohing esnl increpsteifr dd
program execution capacity after any such aggr egat ed capacity nodifications
are nade. 10083ipulifg erodsisothiat 39 sompietadoat fime ¢BAtdWiNGs aggragadier W18 to

determ ne the ac anges to he de.tg the s ed conputing node
group in ord@?”?é?ﬂ{arﬁa"ﬁP%éertrﬁg"sp'u_f;@ﬁts'@@?[ug\ ?mi%@ﬁ'ed and of fici al
recorded progyeam exatHie WHIeRALINCIRRS! #Vafify FFAoa! SideMfied PosaR IBIHe
group, such as to adjust the current official capacity to the current

desi red capathdtyeachheomespomis the@mnecohthienezampie ieivedts BEIE1Q disalisgrbt e t he
t desired ti ity that wll b Lded th
o 11 ed" sel BiNe PSRBT, hPUBIERG BT Vasoue el PE OO OF AR al
recorded pr Oﬁlﬁgﬂh@t&eﬁ‘l‘@ﬁ%ﬂ rS@Palﬁ'r#é’rtif:ﬂér,_tiHQh%eé)(%\%;ﬂ@, S8R ¥ MECINEE agdr oup,
rates the p

and further 1ni rogram execution capacity nodifications
det erm ned i onkjueciiehfifier (Ve 2Obhpak |BIZ0K bEthecapplitabEootiputisg nodel ock

599 and returns. )
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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[0084] Figure 6 is a flow diagram of an exanpl e enbodi nent of a Capacity
Modi fication Attribution routine 600. The routine may be provided by, for
exanpl e, weaoutd4ms3of the PESSM nodul es 110 and 180 of PErgise@s/0303sand 1B,
respectively, and/or the PESSM nodul e 340 of Figure 3, such as may be
initiated fromblock 475 of routine 400 in Figure 4. [0085] In the
illustrated enbodi nent, the routine begins in block 605 where it obtains
an indication of the currently sel ected conmputi ng node group for which
capacity nodification attribution activities are to be perfornmed. In block

625, the rouphnagdragatibnlamhe fderiod RHOF dBtihg 'wiaibh Uhepevgtaimkes quiate ar
capacity avail abiTity changes that have occurred since a prior tine, such
as the pri orotharwiss waithi whickcthe ievest is rgsosiaiad whichr iethis sxamplesis| ect ed

Chelude. Ot or s drfI B basst PRI eV mpgiiph i MR RO R B Y RS, o by
a PES Capaci {pe !\Qg'gd?tﬁggﬁmeﬁm&nwibdﬂv%u|®a®§e£@\rént0ﬁeﬂ@@i Ior 290Kt Bad

sel ected computin e group, although in other enbodinments the routine
600 may dynaoptiehally wetersdther iffermafion (agi, enpasicglar user @gsasinted With
requesting a PES Capacity Mintenance Manage ul e or other noni.ioring
source to prﬁﬁedl‘@ccflﬂﬁeri %N?Hf’f‘gn) . s‘L‘[SO(S’@@] "jiﬁq%g'v& 85?"@%%, i.‘{"Weallgg’ﬁti ne
continues to ' &b PelyRey 6ARAGHL X ra¥aivkeabi l ity
changes havecg%gg‘s?@d}?té% ?‘?%rlﬂfgﬁglvtelﬁm’egvto lgl%g%EPGQQ. O herw se, the
routi ne cont usgesnsteudiiope lat 6bet 010ddoting yaggriegatian i tmeapetiod pHag thah

execution capacity nodification request events that haveﬁﬁc%re E’i nce a
prior tine, REUesEs thad e odesiradrosemauing BedevArABYLY: it YeHeT p&Ff or ned

L
for the selected co ing Qgro The i dentii.Lyi of: euph:
i nformation Me?%%,é]f%&ﬂg)ﬁ(gﬁél ﬁ?d?sét r i-lgf/él n%&h%%f%r%r?af?%gatehéﬁ%&%s
previously sifsgfatdn.a PES System Manager nodul e as part of providing
functionality for the selected conputing node group, such as discussed in

greater detaidossy i thespexample RofgUrigares 2Rd e 1ahanascrvato,nexye fButine

e et e BSsarla 0k LA S HBR a4 My S ot

(e.g., aut onpirensis BiBtaL HRbLRRFto reflect relationships between changes and
events. In particular, in this example, if rows in the tables 280 and 290
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 HZ2,
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
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to replace unavail abl e conputing nodes, received user instructions that
specify an i mredi ate correspondi ng response, etc.). 100871 After bl ock 640,
t he routiwe 2on4izsaes to bl ock 645 to sel ect the next awvairitsbelviosodschange
identified in bl ock 625, beginning with the first. In block 650, the
routine then determ nes whether this change is directly attributable to one
of the individual events determned in block 640, and if so records that
event as the cause for the selected capacity availability change.

O herwi se, the routine in block 650 attributes the cause for the sel ected
capaci ty avapdsirdsh corhaspondasy brigwents Ednbbnand cowd@88i{eowesmpondidgnt i fi ed
events that were not determ ned in block 640.. I n _block 660, the rqutine

then det er niifeehanga kd) allhehareas comypen Npasi identiliel | BHINeIYOEHdRdRE, and

i f | . 645 | - ' | LI
change. - nevtirBel SiTdafiz2hneRE s ihe U8 ARHyEoEaraRs Wasdded s L3,
Figure 7 is gakldWrdinger emwis anrepradathentenbedifoetie edmpulinggiata fhetcut i on

Service Capacity Mainf'enance Manager routine 700. The routine may be
provi ded by, béeamexunegplagablexeithtriespect ta phamgesOdv with the dnitiationsd theo of

Fi 1A and 1B, tiyel d/ or t he PESCVM 3 i 3,
SUch a5 to JBHIRTETATLBATPH TSR EREeRORRG e T hAsEE Faedinel?”®
i ncl udi ng torcﬂ\?tﬁggi(e&r@%é%i%@{t IERIRtOE G bha YowrRBS] (dorkdsBoridingivai | abl e

from conputi ng node ‘groups. | s 1'llustrated enbodi ment, the routine 700
operates in camgencilonlsel shae thegane es@ootdromexys videstifierat 1pr ethedes

s ity for execut] behal f of .mul tipl
Users. al t hotmoRimetier’ it BErISROSOL Jik TEPEEPMERt GORRPYHIE POGRAVPEY of
th tine . : : P |
oo ment . PEE YD RYeRf B Seharticty fitim 1RO MEoGdind 0P He tdiriditiifondist rat ©

received to édinpufihg nedebaiorr@pehdiny @ swdnteE4ESy suchmgsutol imgnediaéaly of one
or nore conputing node groups, such as continuously or ofherw se i]p a
repetitive neepiece thewinavaiablei compuiing dipde, the corresponding change for

that would occur before the end of time period 260b and the resulting
harmonization activities H2, and would be shown separately in table 280
with event E9b and that additional change sharing a distinct
corresponding nexus identifier. In addition, while the five computing
nodes that are added for change C7 are shown in an aggregated manner
* in a single row in table 280, in order embadiments each computing node
being added may be represented in a separate row 285 of the table 280,
and if so would each share the same nexus identifier N7 that is currently
ilustrated for only row 285i of aggregated change C7.
[0055] Furthermore, in this example, changes are tracked in table 280 that
correspond not only to dynamic modifications to computing node quantity
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 o not
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here, in some enbodi nents other nodul es and/or routines may dynamcally
request the routine 700 to generate and provide particular information of

i nt er est ,weuoh/|$253i t h respect to a particul ar conputi ngCma$eoignsuspl of
interest. In block 705, the routine gathers performance characteristics
information for one or nore such conmputing nodes, including indications of
the conputing node groups to which those conputing nodes belong, for |ater
use in generating aggregate information for the conputing node groups. The
informati on nay be gathered in various manners, including by pulling the

i nformation Pyat egdeshiimbaedr réglabamertactivitieg redeveats. asSadthatradrayodul es
(e.g., associated VM manager conponents for virtual machine conputing

nodes) to prowildéhe sbangeeveat nexys kfornation infia lakies 488 anghépdoes

i d . hi he_ i nf i h . i Y
15500 120 RPN R LR R DSR40 0 5
condi tion t h| éﬁ’idg'_rrég?gﬁ)&nbh@vérﬁgfw,td. ngvadanbpcalist dwe ehamgdetobee

beconme unava , by nonitoring network traffic and/or individual
resour ce usaitidigd framediately) aruhghariges thatiass indirectiyaiiriphtable te PAe Arhen
continues to block 710 tq determ ne aggregate. performnge char [istic

i nf or mat i on 'fwe&ﬁéreépomglﬂs eg@ﬂé%ﬁ%&-%?fﬁﬂ% ff}% aﬁ%é‘@%‘?gﬁiﬁgg%%tﬁ%sggor e
that determ pedohiinhieH | isbOdY ShalgBs RHGR RftiARH, BoF @EPLIRG node
groups, conputing node groups tor which™indlvidual conputing node

i nfor mat i on wasnpnhizhtigatdeivitids) c imuthenemivoldingents psudhoinfataticagueggat e
performance characteristic information has been requested or has not been
gener at ed r etistharpe €aekagt i ng node groups for which individual conputing

hiad SRt ik _ I et  Cf
Comput i ng. nofogs A8 Rl Pl AR AufRyict of SERpRABR R ppficlle
per formance ghramid BFdgrhht ek8d@idrthpacifpynduifigtivnsatoed dompatingusdeanner s,

including when only partial information is available regarding the
conput i ng nogrepoinayherogideuyaricischensfitseingiuding i BIQVINE explanEtignsdo

put i ng nogesimay h Vg B0 _ |
vai 1 2bl o 17 HiSK (osROHER (WG T Oran g coen et ol Sl EefBBerm f on

that is gathgraeand/ &k JEESG KGRt BLYoh NI Atich ITABYPEfuithetubB as to
al ways collect certain types of information for all conputing node groups

in certain egbneiatettand/droused liecespmgeaton vasipes types of queses geceiSed on
the criteria specified for determned tri %grers fo%sioarg' cul ar corrrggéti ng
node groups, AL USETs: ohetherSOUIGRS: |SMCh) 5t RIeayssTEsagntny Whiehy $YGP)i n thi s
exanpl e as bgj er, i I n&%g It Wkhit G i at ed
that vari ousgtﬁ]gg sc%rgég?%fstd;af%rﬁgﬁgg%g?%$i n {%ﬂgr egbﬁ%%%@g In sc?;t?rre
embodi ment s. nffifictiefpbe other shangeniodyaitatiility ohenenbomers compatingr i ng

activities of block 705 may be perfornmed on a continuous basis or .
near - cont i nuoadepasf sa IeUPheandgr eGht NG oPFRATABh B¥RRHUAN oFARACYI ock

710 and/ or othey.. bl.oc b I I riadi I ]4Af t er
bi ock 710, ¢ REIIHRRED GPnT oMt ots droBE Bty Knande ot
current act ughyfs®Byaohe be GHbIOThdiedaa dueritdf Magalidcusédrwidachspdctdoe or
nore conputing node groups, such as to reflect a current guantity of

conput i ng noHeagiref 28, gheupexhat inderenation dhustiatadain 4ables 288/ 8ndorE0or nore
ot her neasures of program execution capacjty for, a conputi S .GL.oup,
and stores tﬁ@%ﬁgrﬁﬁﬁeﬂn?%}%ﬁfﬁt :}B'h r@Pf“Inét eﬁn%s%rovim?qle?%ﬁébqﬁ??]g@trgt ed
here, in somBuAAROGH THdhHafdA. S FbH xS, Wi Fe¥pdchaohe huakibar of 5

i mredi atel y update a corresponding official recorded program execution
capaci ty for cemputingtrictigsnantsesponding to ceahge C7t ineFigare2Ai Heluser mayt

ot her enbodi WATE SodTQw Y BFRTPUHNAeTes0 MRS FsRch i G e tEpiany in”

par oM patt OfgRrb Hid LESr btifleh b GerR24 %6 2ad 8 QSHtiRY RBges). cegeut! on
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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[00921 In block 720, the routine then optionally determ nes any capacity
nodi fication triggers for any conputi ng node groups that have been

sati sfi edwbantiamy2ss6onput i ng node groups (e.g., based onppenfSermmssl
characteristics information gathered in block 705 and/or aggregated in
bl ock 710, and/or based on actual program execution capacity information
determ ned in block 715), although in other enbodi nents such trigger
satisfaction determ nation nay i nstead be perfornmed at the end of an
aggregation period of tinme, such as with respect to correspondi ng

har moni zat i ofpyua@bhyutingsndde cairessbhrading $edhanggGhbeFigiee @A, thetFESes pect
to Figure 5. If any triggers are determned to be_ satisfied, infoqll\rgn?tion
0

[]

about such ser pHfereysterngyeys forsexaranles indieater the fallowingiseChange

enbodi nents and situations, satisf Lon .0f at i cul L :
further ini tWQ?éﬁrfr?HVrﬁ’?éﬁ’fegtly 8?’%86&@531& u?ialz)fi Qg@gi@ %g?@?%% ion for
an associ at ego GOl MNOHS BIRHE. adBfbuf &0 85 uRlnputiig HorBseX eCitiison
capaci ty nodi ?I cation activity may be initiated, and the routine may

further recoinforozationt inay benfenenatéd hasedonl Usikg theaexeainfermation 288%er with
t hat program executiQn capacit dification.activjty. suc for, later
use with reshedtrew P ’Eeﬁ@%‘%gg I’—tPg‘EC]'f%"g@. Cﬁofﬁbﬁerﬁ'@ 5°‘§?%§$%P?r¥gﬁner ,
the routine § I ] RES r j Ainany
conput i ng nof e]%r%?;sgcﬁa%vsg’%@g{e :}ﬁl teygll?tte?t’ oélg% %@i?\%ﬁ%m orm?he

conput i ng nogorgiation, fromd rowve 2854 iarid 286k0im hadesiedd evlammero{engr,whsa not
conpleted within a specified period of tine mnutes). _If so, the

> (e.g., 10
i |l ustrated Omedibasee ot thedisesdennast of Pf‘ﬁé é’§gf ﬁéeJTPFﬁfﬁﬁsat"é HI¥NAi ng of

| o _ . o
ey Turt nor PRt ANEES qeRafins o P SRy B Feidblode 3 e BsetaaRe aout | ne
conput i ng noge theaafrddtabi thd Yusks inseruetions eEof tot hetiatei theatgedup epll @ightent

activity. In other enbodinents, such replacement activities nay instead not
be per f or medcompating medesatne ReEdnerother gystermBiayaierexaneleaijitieaistttd al ong

W th other rgquests t i r.ogr xeeut i ] n y
instead be p@f"ﬁ’l"?ﬂad %yenrﬁﬂ%&/@&nﬂﬂ%ﬁoﬁr %qu'k/ll’—(}ag'[}lg g’a@ﬁgbéé%géﬁ %)(%‘r agg part
of initiatingohepl@raRNCECWE the Saddiion W lemmpiind | ode@ Tt wasnodes,
the routine may further take actions to terminate the unavail abl e conputing
node (e.g., initistediad tisneé M anchendgdmattting Tzhr Ehpogei O3 was the addition

of 3 computing nodes that was initiated at time T1 and ended at time T3.

Change CO03 was the addition of 1 computing node that was initiated at

time T1 and did not complete.” As another example, in response to a

user request as to the cause of adding the five computing nodes

corresponding to change C7 of Figure 2A, the PES or other system may,

for example, indicate the following: “Change CO7 was indirectly caused

by events EQ5, E06, E04 and E09b that occurred during the time period

from T11 to T21. Event E05 was a request for 4 additional computing

nodes based on satisfaction of trigger TR-1. Event E06 was a request for
2 additional computing nodes based on satisfaction of trigger TR-N.
Event E04 was a request for 3 additional computing nodes based on a
dynamic user-supplied instruction from User UUU. Event ECSb was a
request for 1 replacement computing node based on the automated
termination of a computing node of the group that became unavailable.”

In addition to or instead of such text strings, responsibility attribution
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[0094] In a simlar manner, the routine in block 730 optionally initiates
the i nmedi ate providing of a replacenent conputing node for any conputing
nodes of wornpuiri4nzg3node groups that were previously in Bse/Bs01pasE35Df t he
conputi ng node groups but are now identified as having failed or otherw se
beconme unavail able, and if so the routine may further record causation
information that |inks that conputing node unavailability as the cause of
the initiated replacenent activity. In other enbodi nents, such repl acenent
activities may instead not be perforned in an i rmedi ate manner (e.g.,

i nstead nay ipforaggiceyai®d fadieng bei énataed in ewarimaiss othernfdtinfsy suchgaam
execution capacity) and/or may be perfornmed by the routine 400 of Figure 4,
and/ or ot hera‘ﬂt@ﬁ@iedffeﬁgfté&ﬁ@ed'ndég@ﬁﬂcﬁaﬁﬁoﬁgc-}r@ndo@ poefidice’ P& can

automatically_,injtiate i di at e e r e t ,ty for
particul ar c%‘?ﬂﬁfﬁleh% ﬁ]@&g'ggr oﬁlé)swﬁllhﬁtﬂ;’gagoﬁJ érfg'g%,rtg(gsﬁ‘;gér ?GgiF fénélrbtoﬁg[@ ﬁg
replacement aghditidd ffofmRatic mEaYvel fakbetapapdt ised Nodevalidly ofogthene may
further take actions to terminate the unavail able conputing node (e.g., if
it is still mannerginbother emhoadéwpotssi ve). Furthernore, as discussed in
greater detail el sewhere, the rqutinpe 1p sone enbodinents nsi.ger

ot her fact or@aﬁleﬁ ‘\é\@t é?n?wrﬁﬁ'é&ﬁéttﬁa QE% [qu@peﬁgaﬁgﬁo%}{?ﬁ%egng

repl acenent lgdd § idghint f fof AR E61OANAS
peri ods of t@’%ﬁq@(ﬁilfaﬁﬁr%&a’rﬂ] ggsg?c?gtigﬁhggéawz)ﬁl be or h%ggggen chsgr ged,
an anount of anhd teatutheiihformatinh that iststomat aod the storage of sush hefdonationo be
performed that may affect the des,irabilit% of erforn‘iﬁ% the r r?lla enent
activities, Bay.b¢mesrmed; & apasiely piethehm $ iR & "tfeﬁii@éd' &§"Bi-ock 785
to optionall a e i per atis v fl 4 pgat e
stored inf orﬁ%ﬁﬁ%{\rﬁéﬂg’ ag%(er Qgglgaﬁ%pA%é? %I %%bg%ffl t gﬁﬁﬁi h@e(%ogjt?i nues
to bl ock 795nf@rmskiorr Mabeumhesser hadcamsrhputing Swobleasgroupsl imn ethelri ci t

indication to termnate is received. If it is determned to continue, the
routine retuembodinentscisuebsas dadhaveadiitianal dablesuthat: gors defermeyoand

ds. Wil h ' . [ Viti i i ' 700
e i1 ust r atet e laerrabaR o fthell PRIbRRARES rhar PRI,
nmodul e than jWagmBdH, abblttis@ead@ums agt i ne 400, in other enbodi nents sone
h

or all of the functionality of the two routines may be perforned by a
si ngl e nodul [o88] bt keiditicsy thenbigveding @x@e)ples afi Figuses adfhrand Aed@rehat in

some enbodi nents t functionalit rovi ded, by the routines di ssed above
may be provi H@d"q#g‘?rt E'Pﬁ_ 2R PR é,)e%tfﬂff Qgh%e_? _ OQBP??QQWQE%{ a"
routines or efloh it fe?‘éﬁn’%)EéQUtF@ﬁ%xau%ﬁé@,'c)?ﬁtrdugﬂ Rhé PrBgram

enbodi nments 11 Tustrated routines y provide no ess functionality

t han i s descexdmdionseapacity ihaneasired ahd usiodifiesd basadi orsa iquandifid dfack or
i ncl ude such functionality respectively, or en tF? amount of .

functi onal i tSOMRHEING NGHasy i dhesa HABHIEa, SHAN A% ithd, valiayse ayaiatigs

oper ati ons J 1 | nerfor. i i ner
(g Tn sompeyhe REE M hdRel HeGeinG cAUVREnt (6 B HRANE KhalaliTt

skilled in thsmpltingd Féscapess)ci ethert baibddimenhtiermeaybodi peovidet hevheper at i ons
may be performed in other orders and in other manners. Those skilled in the
art will al seargys etithe @vailablet cpmputing sodestmay eyt difterent Hnseewitly be

structured in different manner su as b i i d fructure
split into r’r‘(ﬁ*%r}ﬂ gha&qc&eg%h%ciﬁlg%gﬁﬁer%g} ég&%ég%fﬁ)l%p({%g@% ggg?(ra Ctures
consol i dat edme?ﬁ&ga pHtIhE sPatificaidr! cdtb!) Ean@iofiihavhizh progRffEs@tREehment s
illustrated data structures nay store more or less information than is
described, scapacly sheackedér mannarsrethed thian ompultgunede jquantigy 1lack or

| ncl ude such L ALOLIR 1 00 LESREE! LYCLYS oPine iSidslE P nkidhfend

of one or more specific types of the computing nodes for use in groups of
computing nodes selected to 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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[0097] C ause 1.A nethod for a configured conputing system of a program
execution service to determ ne causality for dynam c nodifications in
progr am execoti/iamssapacity provided to users, the met ho@CTarspoio®s03g1
under control of the configured conputing system of the program execution
service, the program execution 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 multiple
of the users, :

(00591 In addition, in at least some embodiments, a PES or other system

may further perform other types of activities as part of managing groups of
computing nodes. For example, as previously noted, the PES or other
system may determine to add or remove computing nodes from a
computing node group at various times, including the following: during
harmonization 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 node 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 hour),
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 other 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., near the end of a period of time during which requested
computing node quantity 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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receiving.information fromthe user that specifies an initial desired
quantity of conputing nodes for use in executing an indicated program of

t he user woaotihat2sspeci fies nultiple quantity nodifi catipom/useeiggsnssi f or use
in later initiating automated nodifications to the quantity of computing
nodes bei ng provided for use by the user, each of the quantity nodification
triggers including one or nore criteria for use in determning if the
gquantity nodification trigger is satisfied and including a specified
conmput i ng node quantity change to be requested if the quantity nodification

trigger is spéfipfrhediately initiaRUher@dditen by adepricenrén@omputingondds —tihe user
of nultiple of the plurality of conputing nodes for use in executing the
i ndi cat ed prihig mansters iidhe aggregatiomof teprasiuestgsl epmpuiiogawdeeawantdy t he

initial desired.cogputipg. node quanti.ty. and.providing .th Lit.i.pl

conput i ng no@é’g"fﬁ‘ﬂg%éﬂ‘gvgt & &rgpogggféoq ?FE‘F'{‘% r?%}eﬁn'heﬁo{pédpgggﬁﬁse to
an instructi il Bt #Hal ¢ | M@ fRMIngf

i ndi cat ed pr%%mg%ﬁg%hgggﬁgéfm? ?igﬁ%@ﬁg%ﬁgggs of Irehg;ogroulgr).l;g 21?1%&’

aut omat i cal | thenfailedicogpuimgawdritriaydpanuded asfonensugh ceguationi rather thani od of
time fromthe first time to a |later second ti bg: during the period of
time, aut omelENALNGHHEXEFYHNY FABPLBRY I ﬁé’fgﬁ%éﬁ '¥- the group to

det or i ne_Debg RSB UHESIANE OB BESGCHEOSFERTIHE) H9aRages. and

aut omati cal | termning east one of the quantity ation

triggers spegidtiphd Higtihbie tysey dfs neadificdtiond ors ed compiitingd etostenigredp

performance netrics;
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 mefric is achieved, or alternatively 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
Jocation. 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 quantity in
response to dynamically specified user instructions and/or satisfied user-
specified triggers, etc. In addition, while computing node quantity and
location are simultaneously 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

50



during the period of tine, receiving one or nore quantity change

I nstructions fromthe user that each indicates a dynamcally specified
request fwo 2ai1gquaasBi ty change i n conputing nodes of thePgmTaspo10/050351
automatically determ ning an actual conputing node quantity for the second
time that reflects a quantity of the conputing nodes of the group that are
actually available at the second tine to execute the program for the user,

t he determ ned actual conputing node quantity at the second tine being
distinct fromthe initial desired quantity of conputing nodes at the first
time based atoimpasihgirespardesyn Rutthephere; hahile prograam aexemitiont gapscity
conmputing nodes of the group during the period of tinme, at |east some of

the mul tipl e"&%ﬁqiﬁﬂnﬁlﬁf? 'E!@éﬁg’@sscﬁﬁ@leﬁ@fﬁh@sd?y FBRRIIAGCRIMBHMWIC OGS f or
whi ch the USSuanﬁ’ty,C a&&%q 'embodiments such capacity modifications may be made

by changing the program execution capacity of one or more 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 embodiments, and the
functionality may be provided in various ways. For example, in some
embodiments, program execution capacity 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 to 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
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for each of at |least one of the nultiple changes to availability,
automatically attributing a single cause of the availability change that is
ei t her onwoabittdaesat | east one quantity nodification tripggarssomwhaissar e '
determned to be satisfied or one of the one or nore quantity change
instructions fromthe user; for each of at |east one other of the

mul tiple availability changes for which a single cause is not automatically
attributed, the at | east one other availability changes being distinct from
the at |east one availability changes, automatically attributing a

conbi nat i on pfat rark thquteblposs biHerwisaL kesldble heore airl rabid virfuadt maagdnehat are
I ndependent of each other and that include one or nore of the at |east one
quantity rmodedmpdtingmodesgged dhehaach mayidyds segrating,sysiam seituarend

include at lg n f.the o r . ant | a [.n JCt from
t he user; an%&ﬁ’a‘% ?%'?&ﬂedioﬁgﬁfor{gi §§B pcgagga%oﬁrégaﬁéémgt rgﬁgﬁc{regbéﬁ%?gaéause
for each of fesrnadtioneesd, one availability changes and of the attributed
conmbi nation of multiple causes for each of the at |east one other

avai | abi | i t y[oosRinesit lsashsone eerabbdimenisadeceéxamdionees ang Ah@ie | east
sonme availability changes to l%e in“ﬁut ed to the.user, %gOQBbE[%]ause 2. The
net hod of clRPSEAME QfharHPHP F NS Enﬁret(f?én?r‘ﬁmq pPees DX & PER B HeP&r ni ned
actual compuiitgefofe @Eﬂ@ﬁéé YicPla LfrSRC RREcliidh® fetueRt Sfof NiAmelmte i ti al
desired conputing node quantity for the first tinme based at |east in part
on request edexewticasEthose phegraoent Attgrnattivelynihe initgatioodwaay fosr bases! gnoup f or
the one user fromeach of one or npbre of the at | east Ones%HgQ}JIieEiyor

modi fi cati on®t pfq‘y&}&y t1eseivede RIRPEAM; gygeution request that
otherwise reserved the then-fuiure 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 be executed, 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

I nstructions fromthe one user, wherein the automatic determ ning of the
actual cowpapvimgizsede quantity for the second tinme for trhe/us2@0SBS51

i ncl udes determ ning a single aggregated nodification to nake to increase

t he conputing node quantity of the group for the one user based on
aggregating the requested increases of the one or nore satisfied quantity
nodi fication triggers and of the at |east one quantity change instruction
fromthe one user, wherein the determ ned single aggregated nodification to

i ncrease t hecegptihgMbdeede asen it yrowip fonexgeating ftiee prbgramménstarces.s one
of the at | east one other availability changes for the aroup for the one

user, wher ei In fome embadiments, dherstermsiation; dutheuapmPLynadRdasciR Pen
e e St i but BePRdS pRIERRY I o T Ptk JRBRE: 87 b Sl BRebIORES, 1o

are attribut H3® a |'east one availability

changes for [PetKKosMbbAimEnE, E dEi8iminalien Vdiethel formpating Mudes! tobeof
mul ti pl e possi bl e causes for each of the at | east one other availability

changes for ubed goodpturer exéritione ofisme ioncingie IPprasasivstansesameysbehat are
identified fqr_avaj]abiljty changes in . the_co ting, node .gro for the one
user during ﬁﬁ?"iﬁ-dr (&3] Igﬂer%ﬁnp% f”ﬁzﬁtt”&? éu’fffg‘?p I0& gf Bﬁ?%‘&%é'sggs%cfﬁal e
cause of oneyfbrhffornt 25 en A%hliARL! | InChReEs eri@ffiflerd aune 3. The
met hod of cl ause ereln the program execution service Is a

net wor k- accedstdririnatiory of evhicie ltontattineanbdes o heser foroeequiiensofpone iate

I nstructions fromclient conputing devices over onqe? Bhgm)re net wor

wherein the mOTPdH%V%’BﬁEO%}PﬁhPHHPI@Hﬁ%HQﬁXj&e W fé‘_%saoﬁ%{{ee% ?’é_es for
the group forﬁéég%g?gﬁ%ﬁégrat 'a%«rg G Wer'PbScti %ﬁ&f?}? .ré&st}el?@ tgyaatity of

conput i ng no Foup hé one user, an erei n"the one user

pays a firsttHePER@ntns mrmtldérnmn@?rtdmorwﬂetduebemmm?e nyogates fdror use
by the one user at the first time an lgays one or nore distinct second fees
for each addatussnialFosexpuinlegnissiee sHek etPHRNISHiS, tONGF Of INETe FEMPULIAGY e

quantity | nchgggsesmg{{ l:tjeb%sgfaglu egi Ov(/itﬁ hae uleF 18P Y period of time, such that
programs may be executed on behalf of that user on the associated
computing nodes at any time during that period, such as at any time a
request is received to execute software 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 and/or required resources for execution of a

53



[0100] d ause 4. A conputer-inplenented nethod for determning causality
for dynam c nodifications in program execution capacity provided to a user,
t he net howoconprizsBng: under control of one or MPCE/USRMPWSI3NDY
systens that are configured to provide a program execution service for use
by nultiple users, the program execution service having a plurality of
conputing nodes that are configurable to execute prograns of the users of

t he program execution service, receiving an indication of an initial
desi red program execution capacity for executing one or nore software

prograns on pehghin inbtshck (esd., regmonfanidier picvagenCBkictype| cycleeov bther
determning nultiple capacity nodification tri gﬁers- for use in |at

initiating abDedanarceoMmelicat NGHYOEo pRRRFIM Xt ofvRepatlicy Hg{eng

g o . ronreea .
Do ok e orbBBrilorBF ar, BB gPlatk WErfiFBEL PScRPH EEAECR Ebes
nodi fi cat i onjrskdri@eadySod Bhksd it tedtdn ipa#l ofiwietBesaewnipuithd Nege hspr ogr am

execution capacity nodification to be requested if the capacity
nodi f i cat i onstfficiggéresaireas iavhilelle to satisfy thasengspyre Vlta@aer/ﬁ/mv@@ala first
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Application No. 11/395,463, filed March 31, 2006 and entitled “Managing
Execution of Programs by Multiple Computing Systems,” which is hereby
incorporated by reference in its entirety.

[0065] in some embodiments, fees may be associated with the use of 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 allocated 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., allocated 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-bit, 64-bit, etc.), 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, etc. In at least some embodiments, as
discussed in more 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, eic.). in at least some

embodiments, a provider of a PES may offer one or more of various tiers,
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automatically identifying nmultiple i ndependent events that occur during a
period of time between the first time and a |later second tinme and that each
are capabWweofi/mexsal ting in a nodification of the prograoTasecssat
capacity being provided by the multiple conmputing nodes of the first group,
the nultiple events including at |east one of the specified capacity

nodi fication triggers being determ ned to be satisfied;

automatically determ ning an actual program execution capacity that is
available to the first user fromthe conputing nodes of the first group at
the second tiypes ddonldvedd opsenlices examdtiooalityaieaeixeyuting phegeetond ti me

being distinct fromthe desired program execution capacity provided to the
first user abeb@lé ofimuitile wserasad df SOFAR SUCH %ﬁ\bp% eBiFe ‘)g‘f'oHﬁrfgeéhanges

first user al . S _
occurred dur Ry 66 ARRECRied WiR SR ENCIR 6Tt ahdlBr /el oPEORReds™™,

for each of frheadimdn akkhr iekanfdli@ndiess ohalyhBeongedr forome speuifiet typge rofdes of
the first group, automatically attributing one or nore of the identified
events as a funetienslitytnrovidedi hynaiRESysucnagdo chargefeas aha fisst tighdor a

SRR o Ve S M I

the at | eas! spoafis@fitdtihR d;h%gcﬁgﬁééﬁ‘up[]ﬁ% hoaas ivdihg [68L 1S chhRje feee at
a second tier (e.g., a lower price tier) for a second guantity of program
execution capacity functionality (e.g., above the specified first threshold
and up to a specified 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.
j0066] 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 computer-readable media drive 313, and other
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provi ding an indication of the attributed cause for each of one or nore of
the availability changes so as to enable one or nore further actions to be
per f or redwoantigepsadi ng to that attributed cause. PCTIusRGI0/0503Fhe

met hod of clause 4 wherein the nultiple events further include at |east one
capacity nodification instruction that is dynamcally specified by the
first user to request a specified nodification to the program execution
capacity being provided by the first group, and wherein the conbi nation of
mul tiple events that are attributed as the cause for one of the at |east

one avai |l abi it ¥eGEaNges (enf! Hdeybear, & niBlise, dbebkersiiett.pash aaditicpeci fi ed
capacity nodification instructions. [0102] C ause 6. The nethod of clause 4

wherei n at |thasilusiratest heer opmphiEngeyisterns| 330 henargsspargntarsiatier itdut ed

avai L abi 11ty EREnGE BEVRG SEPHHRY TYORM ot MebstddoAe R R IRy "

change. components 352, storage 354, and memory 357. The other computing
systems 380 and computing nodes 360 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 360 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 muitiple users,
information 324 related to program execution capacity modifications for

computing node groups (e.g., information about predefined user-specified
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[0103] C ause 7.The nethod of clause 6 further conprising automatically
determ ning that the single one event is a determ ned type of cause of the
at | east woeontderssavail ability change, the detern ned typasedioossse bei ng
either a direct cause or an indirect cause, and providing an

triggers; information about dynamically 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; efc.), 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).

[0069] 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 initiates 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 computing

systems 380 are provided by one or more third-party participants who are
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I ndi cation of the single one event being the determ ned type of cause of
the at least one other availability change. [0104] C ause 8. The nethod of

t he cl auswo2omnai®s3n t he automati c determ ning of the aecwalS2@oogram
execution capacity includes determning multiple availability changes that
have occurred, and wherein the automatic attributing of the one or nore
events as the 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 nmultiple availability changes, and aggregating all of the

mul tiple evepicvidifigt cahfbulitly ansdetd! rcause By oiterongsaérs. t hdnmddmel e
availability changes as part of the conbination for each other of the
ml tiple avaem@bdlmelytschmgéésﬁwhtmmg 3 ey éurdheyi aglinstead gBanpgl 05)

a 9. Th t hod of cl 4 whe
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change. and it interacts in this embodiment with computing nodes 360 over the
network 390. In particular, in this example embodiment, the PESCMM
module 345 includes functionality related to monitoring or otherwise
interacting with one or more of the computing nodes 360 to track use of
those computing nodes, such as to determine current actual program
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 previdus!y 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 in use as part
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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[0106] C ause 10. The net hod of clause 4 wherein the nultiple i ndependent
events each request a nodification of the program execution capacity being
provi ded w9 2bhie4iissst group, and wherein the net hod fur PhEUSC@OPSIISES
automatically determ ning a single aggregated nodification to make to the
program execution capacity of the first group based on aggregating the
requested nodifications of the nmultiple events, and initiating the

determ ned single aggregated nodification to the first group prior to the
second time. [0107] C ause 11. The nethod of clause 10 wherein the

nul tipl e evemfsmiationhes rhaiptaidepRigragasikeontore appeicity fopdthei camnpating
instruction that is dynamcally specified by the first user to request a
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second time, wherein the one or nore availability changes of the one or
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products that include appropriate communication capabilities. In addition,
the functionality provided by the illustrated modules 340 and/or 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 transferred between memory and other storage
devices for purposes of memory management and data integrity.
Alternatively, 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
perform ng one or nore further actions that include initiating one or nore
nonet ary wbangasgi11se the first user based at | east in paPCTas2el0@5038iti at ed
determ ned single aggregated nodification. [0111] d ause 15. The net hod of
cl ause 4 wherein one of the one or nore availability changes for which the
i ndication of the attributed cause is provided includes at |east a first of
the nultiple events as at | east part of the cause of the one availability
change, and wherein the providing of the indication of the attributed cause

for the one gyahliaidtidy Foaneambee pardamaesmbadinesmeonsemecorall efdhst for
at | east one of which events cause the one avail ability change and of which

avaih | Sbi } i t%lsystamngegndf@' oxedides bypayhdef implemendad. of oarepjded dasethes. The
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a hard disk, a memory, a network, or a portable media article to be read
by an appropriate drive or via an appropriate connection. The systems,
modules and data structures may also be transmitted as generated data
signals (e.g., as part of a carrier wave or other analog or digital
propagated signal) 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 invention 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, and/or 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 illustrated embodiment, the routine

400 manages various aspects of use of a program execution service that
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[0114] d ause 18. The nethod of clause 4 wherein the naking avail abl e of
the conputing nodes of the first group at the first tinme to each execute

t he one owormrign4smBt ware prograns for the first user inecwdsgoaosasatically
provi si oni ng each of the conputing nodes of the first group and includes
automatically initiating execution of each of the one or nore software
progranms on each of the conputing nodes of the first group. [0115] C ause
19. The method of clause 4 wherein the program execution service is a

f ee- based network-accessible service that is renmote fromthe first user,

wher ei n the proviiedNpgeant &xscidivhviapadity fet drscatind pesgraneonbebalf afir nor e
Application Programmng Interfaces (APIs) for renpte conputing systems to
progr ammat i calultiple yisersact with the program executi on service over one or

nore network d of, a.gr i .gal £ fa r r e ers
over the one'-%B‘?ﬁnm éh%éﬁ\@%}?a 3{?@’%@{@?@{, ﬁ{hfehg&*tltn%stbléﬁﬁ'érj %Ba@ge%n%d%r nor e
fees based alyhbRAMfoiMatitH br AMedliestas FéddNb@d TRAUBELINE cBRENGEs tPbRCRF the
avail ability changes. [0116] C ause 20. The method of clause 4 wherein the
program execdit® do setarimire ui§ dbevieaeivaid ragiest pedhfesmagipnsisciickated tohe

lurality of conputi des.incl ude, f h of multiple physical
Comput i ng Sy BIEHES FRPYIATE ol iUl TheenPredarss PacR i oBReob Ry Rieiine
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wherein the conputing nodes 'of the first group are hosted virtual machines,
and whler ei nhMl{e tonebi@in nnfeematiogr egardingt thee requeested eprogrampaxecutory
virtual machine inmage. [0117]. Cause 21. A conputer-readabl e nedi whose
contents con$igups an Mhﬁh@?ﬁbe%@ﬁi%fﬁtt‘?f IR '%@%@Qa??ﬁﬂp'tﬁ’o&”&gﬁam c
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optionally one or more programs to be executed, and optionally one or
more user-specified capacity 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.). In block
420, the routine then‘se[ects 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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under control of the configured conputing system receiving an indication
of a first group of multiple conputing nodes that are associated with a
first usewoabiiz#iissst time to provide an initial programrCeuscupiosisscapaci ty
for use in executing one or nore software prograns on behalf of the first
user; automatically identifying nultiple i ndependent events that
occur between the first tinme and a |later second tine and that each have an
associ ated desired nodification of the program execution capacity of the
first group; automatically determ ning an actual program execution
capaci ty thafootsy Hviti$ afdteat adéthemiriedstat bdesk #rOnthehe ceggesti toginiiedes of
the first group at the second tine, the actual _program execution agaci ty

at the seconexqquienpel iy 9apR i9iceomPpuing Hiodas is Aot geegivarh dRedaifis
Capact L br oy fefh b s biabot 48 153000 e Aftheld gbe Bomng

related to modifying program execution 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. '

[0076] 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 time 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
470 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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automatically attributing one or nore causes to each of the determ ned
availability changes of the first group, the one or nore causes that are
attri but esot2o11a41358ast one of the availability changes kperng2@oossbi nati on
of multiple of the identified i ndependent events; and provi di ng an
indication of the attributed one or nore causes for one or nore of the at

| east one availability changes. [0118] C ause 22. The conputer-readabl e
medi um of cl ause 21 wherein the configured conputing systemis part of a
program execution service that provides a plurality of conputing nodes

confi gur abl eqbmilexiEe wshdot 8 Fagred. Thersubihe ekt ponPiEs ©Xislonk i4F5 teer vi ce,
wherein the nultiple conputing nodes of the first group are a subset of the
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user at the first time for use in providing the initial program execution
capacity to with relspett tesBiguretter éifiertiieck 7St thes eouting cortinuesdtabtagk one or
nore capacity_podification triﬂgers rprior to the first tinme for tﬁsggin
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capacl ty nodi I

| east one of ication triggers being determned to be

sati sfied andekxteldhigetarmirgtorapeticgpadetgroopdi fication instruction that
is dynamcally specified by the first user. [01191 Cl ause
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execution capacity modification requests that are to be performed
immediately (e.g., a user instruction to terminate execution of a particular
indicated computing node, such as if the computing node is not operating
properly); user requests to specify additional triggers or otherwise to
modify configuration information for an indicated computing node group;
user requests to 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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[0120] C ause 24. The conputer-readabl e nmedi um of clause 21 wherein the

conput er-readabl e nediumis at

| east one of a nenory of a conputing system

t hat st orwe 2he4eat ents and a data transm ssi on nmedi umpChatS20m00b0des a
generated stored data signal containing the contents, and wherein th
contents are instructions that when executed cause the conmputing systemto
performthe nmethod. [0121] C ause 25. A conputing system configured to

determ ne causality for dynam c nodifications in program execution capacity

for a user,

conprising: one or nore processors; and a system nmanager

e

nodul e

that is confjogegjedftep blovke X el et 480, arr ifl ib#&sinstes déterminedhe blockor e

processors,

manage program execution capacity for nultiple users4i %i
able,
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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 optiohaliy
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 to terminate
execution of the routine. If it is determined to continue, the routine returns
to block 405, and if not continues to block 499 and ends. it will be
appreciated that additional types of activities may be performed 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.

[0080] 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 determ ning one or nore capacity nodification triggers for use i
initiating autonmated nodifications to the program execution capacity being
provi ded wonotinagiasser ; automati cal ly associ ati ng &Cyrseq@oofo3su
avai |l abl e conputing nodes with the user at a first tine for use in
providing the initial desired program execution capacity to the user
after the first tinme, automatically identifying nultiple independent events
between the first time and a later second tine and that each
have an associ ated desired nodification of the program execution capacity
of the groupposf)elrmihé i iflstrated neémbodirhedi, nipeatoutees begites i hlbek ddifaci ty
nodi fication triggers being determned to be satisfied, aut o
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t hat occur

nodes of the

t he group;
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block 515, the routine then retrieves information about the official
recorded program execution capacity for the selected computing node
group, such as based on the prior harmonization activities performed for
the selected computing node group (or the initial official recorded program
execution capacity for the selected computing node group if this is the first
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 module (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-ically determine the
current actual capacity (e.g., by dynamically requesting a PES Capacity
Maintenance Manager module or other monitoring source to provide that
information).

10082] The determining of the current desired program execution capacity
in block 525 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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automatically attributing one or nore causes to each of the determ ned
availability changes of the group, the one or nore causes that are

attri but esot2o11a41358ast one of the availability changes kperng2@oossbi nati on
of multiple of the identified independent events, and the one or nore
causes that are attributed to at | east one other of the availability
changes being a single one of the identified i ndependent events; and

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] C ause 26.
The conput i ngeteysirend 6 halveusser? Satisferce duringdhendurieuiteaggregaitord etiodvent s
for one of the multiple users further include at | east one capaci
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the current aggregation period of time. After the various information is
retrieved, the current desired program execution capacity may be
determined by aggregating the one or more requested program execution
capacity modifications, as discussed in greater detail elsewhere, in order
to determine the resuiting desired program execution capacity after any
such aggregated capacity modifications are made.

10083] After block 525, the routine continues to 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 599 and returns.

10084] 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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[0123] C ause 27. The conputing system of clause 26 wherein the determ ned
capacity nodification triggers for the one user are specified by the one
user, wheweinittdae2saet wor k- accessi bl e service is a progr @CTANCOWEMBRL Ser Vi ce
that provides a plurality of conputing nodes configurable to execute
prograns of renote users of the program execution service, and wherein the
mul tiple conputing nodes of the group for each of at |east one of the

mul tiple users are a subset of the plurality of conputing nodes. [0124]

Cl ause 28. The conputing system of clause 25 wherein the system nanager
conponent i nof Fitpses of A vance 1Bngespettivets &od/oexbe RESSMynotkdecdtp afi ng

system [0125] C ause 29. The conputi S e clause 2 erei n_the
syst em managBlouE® #p EHER ASIHAY kG %“ttﬁteg%??éérﬁo%o‘ﬁq’rﬁh%tw %9@8? Efﬂ"g?ecut i on
capacity for, nmultiple users of the network-accessible service by, for each

of the multiple users: determ ning an initial program execution

capacity to fessr pyitaedilbisirateseciriboeiieent,i e oneting bagires soflileck 605, 0gr ams
on behal f of the user, and determ ning one or nore capacity nodification
triggers forwheee ithobtaing apnindicationgohthe sHtreatiynseiactedGopruting pRESpr ogr am
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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
information (e.g., by dynamically requesting a PES Capacity Maintenance
Manager module or other monitoring source to provide that information).
[0086] 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 640, 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 time, automatically identifying nultiple independent events
that occur between the first time and a | ater second tine and that each
have an awecoilzauers3desi red nodification of the program exeasteionssapaci ty
of the group, the nmultiple events including at | east one of the capacity
nmodi fication triggers being determ ned to be satisfied;

automatically determ ning one or nore changes to availability of one or
nore conputing nodes of the group that affect the program execution
capacity provided by the group; automatically attributing one or

nore causes {Pr&A66e AUndvatabie! esmiplaag awridsaebéited asprdastrottidrize tratoup,
the one or nore causes that are attributed to at | east one of the
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avai | abi | i t yblobRngES, tife rdwtirngr thgn determines whether this change is directly
attributable to one of the individual events determined in block 640, and if
so records that event as the cause for the selected capacity availability
change. Otherwise, the routine in block 650 attributes 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 845 to select the next such capacity
availability change. Otherwise, the routine continues to block 699 and
returns.
[0088] 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 computing 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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[0126] C ause 30. A nethod for a configured conputing system of a program
execution service to dynam cally nodi fy program execution capacity for
users, theoretiadssonpri si ng: under control of treTaSRII0HN3T
conputing system of the program execution service, the program execution
service providing a plurality of conputing nodes that are configurable to
execute prograns of a plurality of renpte users, and for each of nultiple
of the users, receiving information fromthe user that specifies an
initial desired quantity of computing nodes for use in executing an

i ndi cat ed priegreamirof sdime mbodmnbmtbatothaecmbﬂaiesomdjor moowingsannayy

nodi fication triggers for use in |ater |n|t|at|n nate8§nnd|f| atlons

to the desirémabieplly irgguasihe;taning y00ek: HGB‘P’Q ﬁea HHOYIEG RECHEEat i on

119980 1l RSy gl st 56 el Gest, LRGN Bplblc

CoTPUH 0% "R S P 1 S oo snsio petrmonc
characteristics information for one or more such computing nodes,
including indications of the computing node groups to which those
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 nodes; 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 later
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. It will be appreciated that aggregate performance characteristic
information may be generated in various manners, including when only
partial information is available regarding the computing nodes of the

group, such as be extrapolating or otherwise estimating individual
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automatically determning a group of nultiple of the plurality of computing
nodes for use in executing the indicated programof the user, the nultiple
conput i ngvoadag4edsst he group being of the initial desiredTasapoosisgl node
quantity, and providing the multiple conmputing nodes for use by the user at
a first tine; In response to one or nore instructions fromthe user,
initiating execution of a copy of the indicated programon each of the
conmput i ng nodes of the group, and designating the initial desired computing
node quantity as an official conputing node quantity that is recorded as

bei ng avai | apb@ofnRaridte chaictétisticBanfoniattiohi that isanet availableutormiditon, | y
managi ng t he conputing nodes of the group duri n&@r? period of tinme fromthe
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automati ca nmoni t ori ng the conput.ing nodes_of the ar '
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per f or mance eindodirhentssto cellect certainltypergof informatiandbased onetheresderiai ng at
| east one instruction that indicates a user-jndicated ﬁlgrrput' ng_node
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speci fied bygfheryshdrmore, while blocks 705-785 are illustrated in this example as

being performed in a sequential manner, it will be appreciated that various
blocks may instead be performed in other manners in some
embodiments. For example, in some embodiments, the information
gathering activities of block 705 may be performed 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 execution 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 determning a nodified desired conputing node quantity at the
second tine, the nodified desired conputing node quantity including changes
to the desored/mesputi ng node quantity fromthe first tipoE/Usasieds@sl | east
in part on the specified conputing node quantity changes fromthe at |east
one satisfied quantity nodification triggers and on the user-indicated
conputi ng node quantity change; automatically determ ning an actual
conputing node quantity at the second tine that reflects a quantity of the
conputing nodes of the group that are actually available at the second tine
to execut e tbecRrg, amfarbddee oseaciual program axedutmrseapautytinfoemation

automatically harnoni zing the official caonputing node quantity for the user
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such satisfied triggers is then stored for later use. In some embodiments
and situations, satisfaction of a particular trigger may further initiate an
immediate program execution capacity modification for an associated
computing node group, and if so such a program execution capacity
modification activity may be initiated, and the routine may further record
causation information that links that satisfied trigger with that program
execution capacity modification activity, such as for later use with respect
to routine 600 of Figure 6.

[0093] In a similar manner, the routine in block 725 determines whether
any computing nodes of any computing node groups have been initiated
to be made available for the computing node group, but the initialization
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 activities 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 terminate the unavailable computing node (e.g., if it is still

running but is unresponsive).
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[01271 O ause 31. The net hod of clause 30 wherein, for one of the nultiple
users, the determ ned actual conputing node quantity at the second tine is
| ess t harwohel1ai4iisei al conputing node quantity for the fPcratS2aiomsosbased at

| east in part on one or nore of the conputing nodes of the group for the
one user becom ng unavail able for use during the period of tinme fromthe
first tinme to the second tinme, wherein the autonmatic nonitoring of the
conmput i ng nodes of the group for the one user during the period of tine

i ncludes repeatedly deternmning a current actual conputi n? node quantity
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thgrglng Lsgré?‘%(’:qﬁ:?@g@%gn |'r?§:.l®§% I(thésrg ug% I oh I ng ?‘ﬁggiym tiagﬁbi!j’é/s??gﬁé ' Y

quantity of cAIbF g MR IOfepMcdraant acmatyc olmathargembddimaitsy suoht he
automatic determ ning of the nodified desired conputing node quantity for

the one userremacameenicactivties imay iinsteadesohioe pasferpadt inapnyingnediatei ng t he
i ndi cat ed duct i ith th i | I , d
wher ei -t he BPPNET 4P teolitTach g Rode daarmdeted Hafyfint S IR ia. °o
the second th%ifyspﬂo@%mnbké@thﬁdiﬁﬁziabﬁéi UaRbIdryndly BeNpaibiBedsieshe

specified by the”one~“user mnus the indicated reddction Zj)ecif_i ed by the
one user. 10mt2dhe@Clioé FiQureTheansdionadheif typlesusfeagtomated eleiernivsaboogr am

execution service is f ee- hbased net work-acgcessi bl e seryice such that the
mul tiple useM@YelR Pesymed; MtC%@U%ﬁﬂ@?@'vp‘Pﬁ\ﬂ? i'w%%af%ﬁﬂﬂs?ﬁ» E‘Pe
conputing no r I a?ﬁ& f g | € ay

di stinct sec‘gﬁ%r @eeggﬁtﬁekgﬁggmifﬂgbo [t Ié} &?ﬁ?é‘!t@ ﬁggﬁt%pgf égrrputi ng
nodes of theaddition, aer pageobynitiiingigeplagenidre actodies foman ubhavéialde and

second fees each being based at | east iwart on a current gquan itx of the
conput i ng noeREpEting Heds: dh Futinenaays Birtheroteks) aelionss ko 4gimiate the

comput et L Ekb ERLHD SpeB R B bRk BuPe s ssG  o

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/for 730, such as periods 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.

[0095] 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, the routine 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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under control of one or nore conputing systens that are configured to
provide a program execution service for use by multiple users, the program
execut i ooweenu/@eshavi ng a plurality of conmputing nodesPChatS2@0050351
configurable to execute programs of the users of the program execution
servi ce, receiving information that specifies an initial desired
program execution capacity for use in executing one or nore software
progranms on behalf of a first user of the program execution service and
that specifies one or nore capacity nodification triggers for use in later
initiating athi:']@r?hbﬂdimaﬁtf asdbéingspedotrhed desia atifferent rraodelee than ghe
capacity, each of the capacity npdification triggers including on r nore
crit e][ i adf or Meslle thafep@ifoRms reutine 4R, (’,‘b;?g%‘?"t 9%&'?@?9& ?%We??’i agé)(r% is
satisfied a ipel udi LEied: ksl i Lrred

sat 110 il RRCHEAN By RSO SO B ARBIRN b ratiat

nodi fi cati onpt piheeRisel CoraBinkedf | ed; automatically determining a first

group of multiple of the plurality of conputing nodes for use in providing
the initial [9ee8]r Bowibrbryrappresiatad that incegaei egbedinpgrist thestungdigpalitraki ng

e COmPUtL g PSS ngnd R IALL iLRR BERLTRET A pfldécy Hiecel
the initial gggirasaeBeiy SHR@HLAG nteRAGILLIes Br dBneblidated|int fegierm
execution capacCity that is Tecorded as being available to the first user at
the first tiretines. Similarly, in some embodiments illustrated routines may provide
more or less functionality than is described, such as when other illustrated
routines instead lack or include such functionality respectively, or when
the amount of functionality that is provided is altered. [n addition, while
various operations may be iliustrated 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 multiple 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.
[0097] 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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after the first time, nonitoring the conputing nodes of the first group to
determ ne current values for one or nore types of performnce

char act erwetntig4of53t hose conputi ng nodes rel ated t o theprexamsaaiong3st the
one or nore software prograns, the nonitoring including determning an
actual program execution capacity that is available to the first user from
the conputing nodes of the first group at a |ater second tine after the
first tine; automatically determning to nodify the desired program

execution Cf@@@rﬁgteq&séreqnfé’{cﬁhng%gq ?@&eghQ@EeG‘Jﬂot fhel §s&r¢enhd tbpakcARcCur

during a pe time between Irst ti and the second tine, the
mul ti pl e eveoftmultiptd ofithegusears] east one of the specified capacity

part on i he det er (RCRMMGRCEREYRI TS sy Ut TG SHAC TSy Y JAKRbARREL

characteri St(?@énﬂtYRﬁ%oﬁ%ti h88b89oRlisé §R ExeONfnG BPARUICALED Brodas iopn
instruction that Ts dynamcally specified by the Tirst user, each of the at

| east one spibei isarcarshiid ispecifiesi mutiple gnantityggediication triggers foesse idne

Che des! r od BIUgrRCBRcATpRAREe Madfieefiis PR SRSy et REEE. 01 ng
the recor dedygihfl ﬁio?.‘idéu FOF ABLHGCHd UsetaRacht ¥f thalquantiay ahbdlficatibe the

first user with the determ ned actual_ program execution capacity at the
second ti ne tgges ineludieg mhei o BWra EsitereTof us indeieanining if B eantly t he

b L ; ‘ _ c o A . . di

it onat | car 1 JorlRERBH ABHRE K satifidY sRHOHERA T, Bohectid BORfthd RSUET" MO

group in aC_C?ﬂaiﬁnvecwdrtde tth ebel eeguesterd ifatticiajuamtiog ractiBsetion i tiggeapsici ty
|

and the nodified desired program execution capacity, such that the nodified
conputi ng notisfigfle availabie to provide the nodified desired program

ety S o, ST SRS £ R ohe Gudl o A Sl o
execut i on caparlity of computing nodes for use in executing the indicated program of
the user, the multiple computing nodes being of the initial desired computing
node quantity, and providing the multiple computing nodes for use by the
user at a first time;
in response to an instruction from the user, initiating execution of a
copy of the indicated program on each of the computing nodes of the group;
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 metrics 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 metrics;
during the period of time, receiving one or more quantity 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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[0130] C ause 34. The nethod of clause 33 wherein the program execution
capacity of the first group is neasured based on a quantity of conputing
nodes t hawoana/@#as8 of the first group, such that the i mrcritskodesissed
program execution capacity is an initial desired quantity 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
first group at the second tine, the automatic determning to nodify the

desired prog exe n i ncl udes .det er m ni n he di fi
desired pr ogﬁﬁrﬂ e%% @‘ha@ the Sfcﬁﬂa WEE%%?CP 8%"@ i‘%
conputing noges ykeF, ﬂqﬁedéﬂerrﬁﬁnaf guﬂ;alm;sdtmgahb@ér&jumm@@tftmer@wndt he
conputing nodes that are part of the first é‘Jrou i ncl udes changi ng the

actual quant timg beinghdistineidternriberodies densed sluangbyt of wmphlénﬂm%i%g@foup to

wher oin t he UBCOrS hE hatheR et T bat e fle ol I elaatiliforuce ¢

capacity of eamipuihgtitRied! of BRS§rovpedisMestid pericdrAdinty, awidabi sartneoasf
triggers and the at |east one capacity npdification |nstruct n reflects an

i ndi cated quiit mytipleaavpilabity Keanaes r*‘@d"lﬂjaﬂ?lqrymé’fe Esapaiat %%%Ié%‘ f or
the first gr%ﬁ)c ﬁ%d gg}q%%h]goé&ﬁhdetgrm ning of the nodified desired

program execut | oh capaci e first group includes aggregating the

i ndi cated quanti tYoeraDBe@f af ¢4t ahelsfatite mlsﬂtiplpechélh@@ls tapaeaitapility,

nmodi fication triggers and the at |l.east one c i flcatlo

i nst ruct i on, adigMaliERlly,AthIPUtng aFinglgl cqlss P @éﬁéﬁ’ '3yth%'3>9ﬁ)Elf‘?tn§’ nodes

by the aggre%ﬂﬁ&d Sk i gy 6hangss on go&é} rrgn C%@lonT{}f‘gdgfgg hoeht Ofrec! ause

34 wherein the one or nore types o per ce C aracterlstlcs of the
conputi ng nodeterofinedidofbe sﬁatlgﬁedlmrf omewﬁl the ohe @umuosatquearitiy schange
det er m ned bf/@b_he noni tor i nclude an actual quantity of conputing nodes
that is avai |U§“8§SH&W US¥le first group, wherein the nonitoring

i ncl udes det er m nidGeddof 4 1688 ond StHEH onHé@ﬁuﬁlﬁieOéveﬁI@Eﬂlﬂ*]bﬁgnQ@Qwr at
each of nultiple times during the period of time between e first and

second ti neswhinidasingleicaushes imat mottmaticallyf atiniutedcihedideast pae sthesr ogr am
S o0 RS ohiaet RS BRRL ARG O | AP AR B alBAEIH,
progr am execghifdes apatirhiticaly babbatihg éh@oﬁwbrrﬁtsonseif muittph@ pessiblé tinme.
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 one 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 to the user.
[o0o98] 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 quantity for
the first fime 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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[0133] C ause 37. The nethod of clause 33 wherein the program execution
capacity of the first group is neasured based on aggregating each of

mul ti pl e wopesl/@i2ssonputi ng resources avail abl e from t hecraspubiosggsnodes
that are part of the first group, and wherein the automatic nodifying of
the conputing nodes that are part of the first group includes changing an
aggregate anount of at |east one of the multiple types of conputing
resources that are available fromthe conputing nodes that are part of the

first group after the. aut | dj fyi e i : 134]

Cl ause 38. Tﬁ’e ﬁe?ﬂ%ﬁleé#]a@ﬁgé‘sie% %%rée]ﬁgﬂ%g r?y%or?gorgp%rm englﬁlpt%@rap 8of each
of the at | epstruehiens pee the dneapssr ihereial fhecatiioomatio dg@erdniag eofitheed on
one or nore specified values for at |east one of the one o[]?m)re

per f or mance a@iphEOEIMWING: NEdeguantify iwnahei feeonrd PR Jar et PRe YSKifpri ses
oo Tanes PR pe tho !
moai T cat or B s gedeteintliflal ot aGdehaRE MRERICALEH, SEPARINSY 1o

bet ween t he ipRecave ther corapeting hedevalantity &biheegrolupabr tie cae Useadbiasede
specified capacity nodification tri gers and tg?‘?det er m ned curre?t val ues
for the one O AG9rE0BUNS dhenFraiested dneieases) ok the e Gromesr satsiied so.

The met hod Oéugﬁdﬁy%oaﬁic\mﬁ%gg}eg bPaRb ANRA8' &M MRARILF kpRAgEer | Stic

types correspon 0 a conputin on the conputing nodes of the first
group, wher einstrubtiord étosn haiong e, wheremt tHeedstermired pingle iaggregatadi t vy

Tonnut oy momodifRtoRdSneeRss bErasap i ROdS tulabini BTHF bRt B8 dn8e, hi'e.
wherein the gyk oQBF [<Canéd v RAh{ MaREoAE dthér éﬁi@bﬁlitﬂ@hﬁﬁsﬁ fémak grogppart  of

the first group i ncludes tenporarily increasing the actual program
execut i on cafoacihey onbatisérs vehereiralsionet pbrthe hene afpataragsafisiies avantiify fir st

Comput i ng | o8I RAHOAAERGT Y €k tike o onprsbe S ERATde FtEeBh AdF,

determ ni ng e 8né ¥sef avdiatiblitdPadithesirdle detepwfainy ohthecasieagt ohet he
actual program execution capacity to reduce the tenporarily increased

actual progravailgbditvtehangespen the (ﬁfoﬂﬁef%’ompﬂﬁgUﬁ%ﬁe%”‘é)fwhﬂ'@"?it. 8t group
to reflect ag,gnthdidn'fFmbRFROPBELbI EARERT Sathian8 atBECHP B9 | 0ad.

availability changes for the group for the one user include all possible

causes that are identified for availability changes in the computing node
group for the one user during the period of time and that are not attributed
as a single cause of one of the at least one availability changes.

fo099] 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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[0136] C ause 40. The nethod of clause 38 wherein the at | east one
performance characteristic types include an actual quantity of conputing
nodes t hawoieiiza4aisBabl e as part of the first group, wherPerruskée/o8B5Er M ni ng
that the at | east one specified capacity nodification triggers are
satisfied is based on the actual quantity of the conmputing nodes of the
first group having deviated froma specified desired quantity of conputing
nodes, and wherein the automatically nodi fying of the conputing nodes that

t of the fi i ncl ud ' h i at ed . ]
o the. compuliiily RAIBS of (Ae SPIESGBRS M Ere SB0HY eh deEP B duant i ¢
of conputi ngcARaSy {d?l%]%aﬁliéwﬁﬁ)d‘?ﬁcatfﬂh% Rt Peshran cereGriord odiricayn the

one or nore criteria of one of the at |east one specified capacity
nodi f i cat i onprovidggkiosa aiser,ihe aaetbedeenpiisingr e of a threshol d for

determ ned current val ues .fqr an_jndica per ce C | SILLCS
type, of a measurgn% r C‘Fﬂiﬂboj 8vePh$i I(F)\E. f"ﬁ‘%ﬁé’?’?ﬁ“ﬁﬁ'@’ cst}lrgs%hg It/lg%tuzjgéfor an
i ndi cat ed pegdiigines eoCPrIvIdS &f ipsddresn texeeutionksarlica forgisalbycordifiplat i on of

determ ned current values for nultiple performance characteristic types.
[0138] O auseésers, timaepiagrapd execelioiuserdgepryiBg na t HEratly t9fpFempybing s

further |nCl 48O Raflard NortREFalIbCH §3R8GHE ProBdhld G iheNubeisIo ificel ng

triggered wh e or nore eria one or nore specified

tinmes, and whegeam étezutiohhetviter t her conprises automatical |y deternining
that the one specified capacjty nodification s satisfied . based at

|l east in part on @Q%‘f‘ﬂ@n@”tinﬁ\@%ﬂcﬁfnﬂ’t‘ﬁgiai[fggﬁ%rdrrﬂ%g%c‘?’ﬁ%‘oﬁ nes.

capacity 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 later
inifiating automated modifications to program exebution capacity being
provided to the first user, each of the capaéity mcdification triggers
including one or more criteria for use in determining if 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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[0139] d ause 43. The nethod of clause 33 wherein the nmultiple events
further include one of the specified capacity nodification triggers being
tri gger edwotlrosi@4m’@ or nore criteria are based on one oPCEIISRIPASE3ST NS
identified fromhistorical data, and wherein the nethod further conprises
automatically determ ning that the one specified capacity nodification
trigger is satisfied based at least in part on the determ ned current

val ues for one or nore performance characteristics types corresponding to

at |east one,of QF tl‘?é‘%eﬁppgntfrﬁe PR g&ﬂxu%rl t#qgé'da% %e%HﬁSn ‘b%gFE{iﬁ drghBod of

cl ause 33 whereirnt he o pl e évent I ncl'ude one e specified
capaci ty nodsécarad tiare beirgpdissinbefrog the gigsired priogsamoexequtionoecapanityt er i a
are based on one or npre_indications of an ganmount o tk tqQ be perforned
by the one oPFQYl'ﬁ%J o thedrst Lﬁ%@tgﬂ% fﬁ%ﬁ%ewﬁﬁ{e@\g%@g%f?ﬁ?ﬁ nodes
of the first WharHLERiIL8f BReNGdnioie RPPhOSES oh iRl cal |y
determning t été%?ﬁg@gﬁg sptaag‘:apllﬁtta%%caparﬁ?y no ifi%aﬂ?(;n trigger iEs
satisfied bagedipathdteasturiad garimg entiolet pened hetveendhedirst et addttbean
actual anount of rk to be perfornmed by the one or nore software prograns.
[0141] O aus®®4ND HHE: net hod of clause 33 wherein the deternmining of the

modi fied desired pyOSHEHLEXRS AVEMALIRGRETErges! 6F tHehené idrshof edmputiggudes
aggregating the indicated nodifications to the desired program execution

capaci ty thanode® afpths firstdgtmupe aatfootatically aatintuding ene epeuer off thapacity

nodi fication. tri. rs _and_the I t.on Cl | fi '

I nstruction, 'dtélﬁ‘hﬁggﬁ’?f‘gﬁ ﬂ% g ?é&%?eﬁﬂﬁﬁ %\é%hf@ﬁ?fc:héﬁgggg* Ieég?tgbggorfg%e
execution cagagiidbilitpasiethges hagingoar egase dhiands catesmibmetibn ceft hauspieo t he
desired program execution capacity. [0142] C ause 46. The net hod of cl ause

45 wherein t feenigdhabyats ingepender! ofirachueiagr Apdi that liclusiesore of REBEi r ed
Pro9% 2 S okl o, SBREIdng | SpLISE, BbpAcr mBpclofeE el e
nodi fi cati ongewrininetd td beshtisied;airlier
providing an indication of the attributed 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 attributed cause.
[0101] Clause 5. The method of clause 4 wherein the multiple events
further include at least one capacity modification instruction that is
dynamically specified by the first user to request a specified modification
to 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] Clause 7. 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

78



of the indicated nodifications, of selecting a single one of the indicated
nodi fi cati ons based on one or nore selection criteria, and of using one or
nore pri owotnew4tiisat are associ ated with one or nore of pChaseodiosased

nodi fications. [0143] C ause 47. The nethod of clause 33 wherein the at

| east one capacity nodification instruction that is dynamcally specified

by the first user and that is included in the nultiple events includes a

single capacity nodification instruction specified by the first user,

wher ei n capagiA: dif § 1 hhat "é‘?ttit%”@ Iotd 8y AR er take
pr ecedence o@gﬁé{aggéc?ﬁr%gg@gp%agﬁ?yérm ifilc ?{i&%%’bﬁrﬁgger s?htgfat ar Tg.elb?
det er mi ned tthebat lsasi shie etheravailabidityecmandee det erm ning of the nodified

desired ti ity f t first I d l.ecti
the. | ndi bat cMACTs s Bon_0a methedi ofethe,atRg 7 oieit ohe CRaRBts t hat
is specifiedy _rHﬂﬁngi n&H etzaPagiay rﬂ?g%ﬂ;én@até@&u'ﬁaﬁ”ééﬁdoﬂ? tinch@eysed in

lieu of the Indicated nodifications of e at | east one specified capacity
nodi f i cat i ondetermiming mitipksavailabilidy changes thathausdoesurce el wBereint her

Geoqr aphi cal BT SREUUNEBEIBRoREr Eals BRonti ™, it R sBell Subeer
of the progrgmxagaiidbaity cABAGES IndMidéd RicHIIRNG iohe Gomese of themdiligiet group
based on one or nore of the conputing nodes of the first group being

bei ng at
that geograp@évents thetaareopachsd singde awsenel gneodithe mgéipkey prailaiilityhe

conputing no at [ | i t her f din
accor dance V\?l?%né%e gﬁ%g@%@%&lﬁéél??{:{aﬂ% cﬁ)ﬂ’flﬁl@%ﬁ étrﬁ%itw%th%%nrﬁgﬁ is’eodT8

conputi ng nogggsered thedidniecdf tthei nulitisle absildbility calimheulzsepadf of thepr ogr am
execution capacity of the conputi r[ég nodes of the first group at each of the

mul ti pl e geogPapHiation fopaachoviier (@ 1hgmeltiples avaipbility chanaesdhat doPguse 33

wherein the b Gui iLykLRg of the conputing nodes that are part of the
first group ﬁﬁtﬁ%@eé%‘@?&fgﬁ%g one or nore of the conputing nodes of the

first group ehos] Qieuse 9nor §het hethod ngfutlange rbadrein oo romeonf itbe eatot her

xeot i on calsast PPCENaNaRHE Wiuitss. Ao BUKERRat et g TrEREHteN
of multiple events as the cause of the one availability change includes
determining that thé combination of multiple events is a determined type
of cause of the one availability change, the determined type of cause
being either a direct cause or an indirect cause, and wherein the providing
of the indication of the attributed 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.
10106] 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 modifications of the multiple events, and
initiating the determined single aggregated modification to the first group

prior to the second {ime.
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[0146] C ause 50. The nethod of clause 33 wherein the nmaking avail abl e of
the conputing nodes of the first group at the first tinme to each execute

t he one owormrign4smBt ware prograns for the first user inecwdsgoaosasatically
provi si oni ng each of the conputing nodes of the first group and incl udes
automatically initiating execution of each of the one or nore software
progranms on each of the conputing nodes of the first group. [0147] C ause
51. The nethod of clause 33 wherein the program execution service is a

fee-based nefg\regfdkc%fs%sﬂb! T REEMEHISH bharau!sg TEWPkfeih tREhORpld Eséntdser

wherein the ram execution service provides at |east one of one or nore
Appl i cati on ferthgrainciude |att éedsdcone ( s@AYitY onodifnatien dosipuctiony Hattiens to

programmatical |y interact. wth the_programexecution service over .one or
nore net wor ké‘yrﬁgmgﬁiyépgpgmi @éltth%g'gﬁt _@Pf@@@e?{o? Jpegifisg Wé’ﬁmcgtiﬁgers
over the onetPrhdDi@ghethex&sutictnéapheitgidkibd eprovidedd byethePdyst grsumr nore
fees for the automatic nodifying of the conputing nodes that are part of

the first grebpreis pae t determirediuraiiiniec cagaaithi modificationadliggergusses?2. The

net hod of cl ause,. wher ei n. t.h ogqr Xgcut Vi .
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i nclude, forc@ndihagibnnef muRipfe phEAisCat coaRItbOEE 4S tihaausslfbi phe ofi r t ual
machi nes hosted by the physical conputing systemthat are each able to

execute at |¥set least pregaiiabilifie coangen incluten PPRPMDAES Obihe @ leastst
group ar e Noghednyl ikl ¥apdB) ihificatih INBRLEHGhd e one o more programs of
€ part a virtual nmacni

the first user a ne i1 nmage. 0O149] d ause 53. A
conput er - r eagabd)eCrangicut2 whd$e ewsthedt sf cenfsegdrewheesinptid migtaysined t o
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one or more specified capacity modification 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 to 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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under control of the configured conputing system receiving an indication
of a first group of nultiple conputing nodes that is associated with a
first usewoaniia4iissst tinme to provide desired program eretatSean/0s@paci ty
for use in executing one or nore software prograns on behalf of the first
user; automatically 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 tinme after the first tine, the actual program

execution cappGhltedataddeeisspesvided, ard heidreirditis method rfaftheheodssiseed
program execution capacity provided to the first user_at the first tine
based at | eaBerfermipgrane AT Mrrediuringr @actinay eat insludednitiabingiane eF M¥Ke or

nore of the inl.e ' fn O OMP:
aut omati cal | w&tgkée:l&n? ni ﬁgggbﬁgﬁ[@gggsgig%gg% dgrk?)%srtaﬁr}l é%écot'ﬁ Jlthoenmété%ggi ty to
be provi ded fieterinindd sistleusgyregfatédmaiificatidnt i mre based on nultiple

I ndependent events that each occur after the first tine aggethhat each
speci fy an i RatBab&Hseolh1i JAe BIetaed (feclagss A-whsreigr ane Gt Plofh OF

capacity, thndi®UvEhEsiIifeehARid FRONARANB HEIARORIRARE byt d 2aBgE0Nd.
time being based on an aggredation of the speciftied indicated noditications
of the nultiislprovidedprclddes adVeadtss fnst obtHienguudtipse ienentsf apat idast padiafat ed

desired program executjon capacity.that is prqovided.at, the first tjne; and
AUt omat | cal ORISR Pribe e Buah g asess A ASEU the BrodipetthP sy
group at thengRe@RA ©bf MPeS @tfiduld NafuEeNige thd eoR@dhiAiRsildg SERAthPTIg9r am

execution capacity at the second tine with the determ ned actual™ program
execut i on capatdmyedin dsponsedad taauest fdreatieastioraiot whinix ¢vantacdvsebei ng

for use in providl g hSifPdhdigs A3 SHicR QLA BREMLSL aFERAELLY to the
by the first event.
[0112] Clause 16. The method of clause 15 wherein the request is
received from a user, and wherein the providing of the indication of the
attributed cause for the one availability change includes generating a
human-readable explanation of the attributed cause for the one availability
change and providing the generated human-readable explanation for
display to the user.
[0113] Clause 17. The method of clause 4 further comprising, for each
of one or more additional time periods that occur after the second time,
automatically attributing one or more additional identified events as a
cause of an availability change that occurred during the additional time
period, and wherein, for one of the additional identified events that is the
cause of one of the availability changes that occurred during one 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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[ 0150] d ause 54. The conputer-readabl e nmedi um of clause 53 wherein the
configured conputing systemis part of a program execution service that
provi des wopbur@aiissy of conputing nodes confi gurabl e t oprexamsatie/opr3oygr ans of
users of the program execution service, wherein the multiple conputing
nodes of the first group are a subset of the plurality of conputing nodes
and are automatically associated with the first user at the first tine by
t he program execution service in response to a request for the desired

Pr ogram execlhlyqciGaBa Slufdmbialiy MitBRG! ciebulibRMr N o e StRebr RidrRr O
the first tine, WAET T 1 the TTT ot USerfurther indicates one or more
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about execut kA WHerklietht filsEasér paEs 6hE T ol ferEba¥cadstdans] iRldat ofl ause
56. The conputer-readabl e nmedi um of clause 54 wherein the indicated desired

pr ogr am execths attrikuipd caugetaigne & pPEy Plithe availakiity changes.ne to the first
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time, wherei axéfgioresdaitd uséd efrtiedinptions eschimoiogysuol thaetheoplurdiitpgpfnodes
of the first groug, during a period of tine fromthe first tinme to.the
second tine EOMPYEAG NPdERe @r fobready Hf Apvltiple, R sCPBPUIRE one or
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progr am exec on ¢apaci the program executl on serVice that
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execution capacity at the second time, an erein the nodifying of the
conput i ng notexhirteimagee part of the first group at the second tine is

furth f d ize th ded ,offi cj '
executi on calen 18k b° s Komadietiradriif. el cdviest T SRS, am
execution capggfijuredta tdinpeGeNdsydtam tbheidiemipei cangaml the dyemided

official program execution capacity including identif ngt the nodified
desi red progmadificationsi in wageaMt gxaguliaie capesiy pravidess 1@ gulsgBr bipdat ed

ervi co.t hat PRECHUO BRI GE Spier Rt Phge, Y @ (e Program execution
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!tiple' independent events that occur

between the first time and a later second time and that each have an
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[ 0153] d ause 57. The conputer-readabl e nmedi um of clause 53 wherein the
conputer-readable nediumis at |east one of a nenory of a conputing system
t hat st orwe 2he4esat ent s and a data transm ssi on nmedi umpChatS20m00b0des a
generated stored data signal containing the contents, and wherein the
contents are instructions that when executed cause the conmputing systemto
performthe nmethod. [0154] C ause 58. A conputing system configured to
dynam cal ly nodi fy program execution capacity for a user, conprising: one

' S, d. . SV. d . i.S. '
A T e X e R
progr am exectylst gfb@a}paci ty for multiple users of a network-accessible

service by, for each of the nultiple users: determ ning a desired
progr am execut i onagtgpaatically f detetrmming ark &sligalngragian ©xXgeriors saPR&HE

pr o0 e o1 BEh T Blobli®1d T A e HBITRL RnABRAY rEEEE SRR
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 o 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 multiple
independent events include at least one of the capacity modification |
triggers being determined fo 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 nultiple
avai | abl ewvoanmuui4izsg nodes with the user at a first tinmePCONUSEGIO/N050351

provi ding the determ ned desired program execution capacity to the user;

and after the first tine, automatically determ ning an actual program
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

pr ogram exeg@yr?ﬁnc%%g%_céé_y %etéb%yagtr%g_\??addé%é#ﬁn& gi Sk Bst f\KzﬁéTﬂetirh‘e

desired pro executi'on capacit e user at the first tine;
aut omat i cal | hedhistredi miotfication ¢ the pragraim egequtingr eapapitydor eanhcdpaei ty to
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capacity modification instruction from the first user, and initiating the
determined single aggregated modification prior to the second time,
wherein the determined single aggregated modification is one of the at
least one availability changes, 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
modification instruction from the first user.
[0120] Clause 24. The computer-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 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 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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automatically nodi fying the conputing nodes that are part of the group at
the second tinme so as to harnonize the nodified desired program execution
capaci ty w0 20hev4smeond tine with the determ ned actual progrsamoazesuti on
capacity at the second tine, the nodified conputing nodes being for use in
provi ding the nodified desired program execution capacity to the user.

[ 0155] d ause 59. The conputing system of clause 58 wherein the determ ned
desi red program execution capacity for one of the multiple users is

i ndi cated by Jjser Sl [ J bl f fdeCil rogram
execution ca%'té@?te 3&&@?& %ﬁér]gg:g?)éég:%gébﬁ%ﬁﬂ%&g%%ﬁda@?gbt% ofc{?hl%eglhgébéger at
the first tiimtiatingeidomatde neodiications tddhe pmogriany eabcutien eapaeity bgnggr am
execution capacity that is available to the one user at the second tine is
based at | eaBOVidEhIth@¥SRbni toring the conputing nodes of the group for
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that is available to the one us&r tﬁ?ﬁreflect t he one or nore changes,
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modi fi ed desired program execution capacity at the second tinme, and wherein
t he nodi fyi ngvaritsithat cotruretmgenchedfirshtimeaard galetercseqand tnewgndihathe

second time is further perfor . agolqll r icial
b aram vechi bS5k SR S8 S ACHT o Pl 466l
rogr am exec na eS8 deert®, i iMga [ e
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the one user. [01 aus onput’i ng sys erein

t he det er m ngge capagdicy contputinganbdest of dlgergroupr thdteafieet tserprageam
specified by the one user, wherein the network-accessible service is a
pr ogr am execeX¢@Hiofsanacityiayidsd by BEOTRUBl urality of conputing nodes

configurable to exiheqpNILATBufily SAB! 6r URETS Odyddie 18" ageAMEXABUL | On

service, and wherel nputi ng nodes of the group for each of

at | east onedefertireecabaiigdilty chengeant the gugstthefoneher plone seusgs that

computing nogses'attributed to at least one of the availability changes being a
combination of multiple 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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[0157] d ause 61. The conputing system of clause 58 wherein the system
manager nodul e i ncludes software instructions for execution by the
conput i ngwveystie2sp0158] Cl ause 62. The conputi ng syst emcofUSediansessH8
wherein the system manager nodul e consists of a nmeans for nanagi ng program
execution capacity for multiple users of a network-accessible service by,
for each of the nultiple users:
determined single aggregated modification to the group for the one user
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 modification 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 nodes.
[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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determ ning a desired program execution capacity for use in executing one
or nore software prograns on behalf of the user, and determ ning one or
nore capawOtyimadisBi cation triggers for use in |ater iniPCratSzong/osnssonat ed
nodi fications to the desired program execution capacity for the user;
automatical ly associating a group of nmultiple avail abl e conputi ng nodes
wth the user at a first tine for use in providing the determ ned desired
program execution capacity to the user; and after the first tineg,
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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.
[0126] Clause 30. A method for a configured computing system of a
program execution service to dynamically modify 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
guantity of computing nodes for use in executing an indicated program of
the user and that specifies one or more quantity modification triggers for
use in later initiating automated modifications to the desired computing
node quantity, each of the quantity modification 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

quantity modification trigger is satisfied;
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[ 0159]

Fromthe foregoing it will be appreciated that, although specif

enbodi ments have been described herein for purposes of illustration,
vari ous rmwoi2biloaiisens may be made wit hout devi ating frorcrhis2epiosisst and

scope of the invention.

by the appended clains and the el ements recited therein. In addition,
certain aspects of the invention are presented belowin certain claim

f or s,

iC

Accordingly, the invention is not Iimted except as

whi | e

the inventors contenplate the various aspects of the invention in
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i S:

muttiple computing nodes of the group being of the initial desired computing
node quantity, and providing the multiple computing nodes for use by the
user at a first time; |

in response to one or more instructions from the user, initiating
execution 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 modification triggers and
on the user-indicated computing node quantity change;

automatically determining an actual computing node quantity at the
second time that reflects a quantity 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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[d] 1. A conputer-inplenented nmethod for determ ning causality for dynamc
nodi fications in program execution capacity provided to a user, the nethod
conpri si My0 2011/041258nder control of one or nore conputi N@CINSL@o®sE3RAt ar e
configured to provide a program execution service for use by multiple
users, the program execution service having a plurality of conputing nodes
that are configurable to execute prograns of the users of the program
execution service, receiving an indication of an initial desired
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automat ed nodifications to program execution capacity being provi deg to the
first user, nadé gfiantiy, ctheadiarnonizing i neludingt autpyeaticallycinaedifdngna or
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ggfl: ; } Icgfd l Ongoretd efuAgé alei detbhminedpactuby coriutingatdden quantiyeto be
the modified desired computing node guantity; 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 the 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 quantity at the
second time 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 fo 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 fo 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 quantity at the second time at the initial desired quantity
of computing nodes specified by the one user, wherein the user-indicated
guantity change that is dynamically specified by the one user includes an
indicated reduction in the initial desired quantity of computing nodes of at
least one computing node, wherein the automatic determining of the

modified desired computing node quantity for the one user at the second

89



automatically determning a first group of nultiple of the plurality of
conputing nodes for use in providing the initial desired program execution
capaci ty wb 2hen4iissst user, and naking the conputing noaes/uskomlso3si r st
group available at a first time to each execute one or nore software
prograns for the first user; automatically identifying nmultiple

I ndependent events that occur during a period of tine between the first
time and a later second tine and that each are capable of resulting in a
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nodi fication tri gtgers bei ng determ ned to be SatISerC{
compufing node quantlty available to the one user at the second time is

the initial desired quantity of computing nodes specified by the one user
minus the indicated reduction specified by the one user.
[0128] Clause 32. The method of clause 31 wherein the program
execution service is a fee-based network-accessible service such that the
multiple users each pay a first fee for the providing of the multiple
computing nodes for use by the user at the first time and each pay a
distinct second fee for the providing of the modified quantity 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 current quantity of the
computing nodes of the group for the user.
[0129] 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 execution service having a plurality of computing
nodes that are configurable to execute programs of the users of the
program execution service, 7
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
one 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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automatically determ ning an actual program execution capacity that is
available to the first user fromthe conputing nodes of the first group at
t he secomlot2onin411sBe act ual program executi on capacity &CTiuseosesmsad ti nme
being distinct fromthe desired program execution capacity provided to the
first user at the first tine based at least 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 time and the second ti ne;
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dynam cally Specified by the first user to request a specified nodification

to the progreharectesisticsrofctivaei eagmputing nodesi ietatedtotthe exeattingroulie and
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the at | east a6f@l pPEGiahh eteatiars idapanigithatciat avilabhs td des ifesisuser from
the computing nodes of the first group at a later second time after the first
time;

automatically determining to modify the desired program execution
capacity of the first user based on multiple events that occur during a
period of time between the first time and the second time, the multiple
events including at least one of the specified capacity modification friggers
being determined to be satisfied based at least in pari on the determined
current values for the one or more performance characteristics types and
including at least one capacity modification instruction that is dynamically
specified 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
automatically harmonizing the recorded official program execution

capacity that is available to the first user with the determined actual
program execution capacity at the second time 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 the
determined actual program execution capacity and the modified desired

program execution capacity, such that the modified computing nodes are
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[c3i 3. The nmethod of the claim1l wherein the automatic determ ning of the
actual program execution capacity includes WO 2011/041253PCT/ US2010/ 050351
det er mi niwgQ 20ulw4izsBe avail ability changes that have occecrasoiangosdher ei n
the automatic attributing of the one or nore events as the cause of each of
the availability changes includes identifying one or nore of the nmultiple
events that are each a single cause of one of the nultiple availability
changes, and aggregating all of the nultiple events that are not a single

e S N

not have a syl ehatatheerecorded official program execution capacity is updated to
reflect the provided modified desired program execution capacity.
10130] Clause 34. The method of clause 33 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, 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 quantity 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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[c4] 4. The nethod of claim1 further conprising, for each of one or

addi ti onal

time periods that occur after the second tine, automatica

attri butiwg 2ne402s3nore additional identified events asPaTasese/ 06f35a
avai lability change that occurred during the additional tine period,
wherein, for one of the additional identified events that is the cause of

one of the availability changes that occurred during one of the one or nore
time periods, the one additional identified event is a result of

one of the avajl ability changes,that occurr ring. . 1 i

bet ween the ?‘?tr“ qf’?ﬂé%aﬂﬂc?'ﬁ] _UQBSO'H%CP%% #}éggg?gcg] ’*‘@W%ﬁ%ﬁ%ﬁéy@
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execution capacity for a user, conprising: one or nbre processors; a

addi ti onal

armonizing of the recorded official program execution capacity further
includes designating the modified desired quantity of computing nodes for
the first group to be a current official program execution capacity available
to the first user at the second time.
[0133] Clause 37. The method of clause 33 wherein the program
execution capacity of the first group is measured based on aggregating
each of multiple types of computing resources 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
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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 modifying of the

computing nodes that are part of the first group includes temporarily
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a system manager nodul e that is configured to, when executed by at | east
one of the one or nore processors, nanage program execution capacity for
mul ti pl e weensl/@iz2sa net wor k- accessi bl e service by, for eathusediowbsstul tiple
users: determning an initial program execution capacity to be
provided for use in executing one or nore software prograns on behal f of
the user, and determ ning one or nore capacity nodification triggers for
use in |ater initiating autonmated nodifications to the program execution

capacity bei f?‘r%r@és%é %68 abRla bpc?grﬂﬁ?ékecution capacity that is available from the

computing nodes of the first group in order to accommodate the
temporarily increased state of the computing load, and wherein the
method further comprises automatically determining at a later third time
after the temporary increasing of the actual program execution capacity to
reduce the temporarily increased actual program execution capacity of the
computing nodes of the first group to reflect an end to the temporarily
increased state of the computing load.
[0136] Clause 40. The method of clause 38 wherein the at least one
performance characteristic types include an actual quantity of computing
nodes that is available as part of the first group, wherein the determining
that the at least one specified capacity modification {riggers are satisfied
is based on the actual quantity of the computing nodes of the first group
having deviated from a specified desired quantity of computing nodes,
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.
[0137] 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 triggers 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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automatically associating a group of nmultiple avail abl e conputi ng nodes
wth the user at a first tine for use in providing the initial desired
progr am execoti/iamssapacity to the user; and after the fiPCIUSRON®S0351
automatically identifying nultiple i ndependent events that occur between
the first tinme and a |later second tine and that each have an associ at ed
desired nodification of the program execution capacity of the group, the
nmul tiple events including at | east one of the capacity nodification

one_or mor'e PRERCE e PallpRcy SpnEl tme meBrlTihe Bhe Yol BIGHET 09

group that agpesitied fiengw. ogr am execution capacity provided by the group;
automatically attri butlgg one or npre causes to each, of the gfterm' ned
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automatically determining that the one specified capacity modification
trigger is 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 more
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 trigger 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
exectition 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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providing an indication of the attributed one or nore cau
nore of the determ ned availability changes of the group.

ses for one or
[ c6] 6. The

conmput i ngwveystigmizsB cl ai m5 wherein the nmultipl e i ndeperdents2eveni3st f or one

of the multiple users further include at |east one capaci

Instruction that is dynamcally specified by the one user,

ty nodification
wherein the

system manager nodule is further configured to automatically determ ne a
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modification instruction specified by the first user, wherein capacity
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 multiple 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 maodified
computing nodes are modified to include the indicated subset of the
program execution capacity of the computing nodes of the first group at
each of the muitiple 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 group with one

or more other computing nodes, the one or more other computing nodes
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rc7] 7. The conputing systemof claim6 wherein the determ ned capacity

nodi fication triggers for the one user are specified by the one user,
wher ei n twWe 2nat0anrsk- accessi bl e service is a program exe®ariusaoiemsossce t hat
provides a plurality of conputing nodes configurable to execute prograns of
renote users of the program execution service, and wherein the multiple
conputi ng nodes of the group for each of at |east one of the nultiple users
are a subset of the plurality of conputing nodes. [cs] 8. A

Capaci ty T oreaLLEnng A EeR iy PEAkaretie Brodt R R e o
nor e conput i fnSnetdEsolt ke aé@agg@i;bmymgtmdgsow de a program execution
service for use by nultiple users, the p ?ram execution service having a
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executing ongxgiutdthe 65é tmmr@rsmwma progeatnal for aheafifst nster useludet t he

program execution service and_that specifies one or nore cit
nodi fi cati onawtpngaj@agym@wawngweﬁawfthﬂlqomtitm BodeH R @Bgﬁfﬁi'élrpﬁat i ons

to the desirgdy %89&&%8@%&%&@9 i RBAGY BkechAGH o‘f’feakﬂeofctﬁé%et ¥r more

nodi fication triggers one or nore criteria for use I n determning
if the CapacmfﬂNamtwfolgmhsmm éaarggfsihel soraptiid nedesod thenfitsi grogp.a speci fi ed

bo T equest edOH/1t FELSEIAE ¢ I MeodRech: (tn CAHRBoa ('Uhereid aeetprogfm *
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 Interfaces
(APIs) 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 multiple 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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automatically determning a first group of nultiple of the plurality of
conputing nodes for use in providing the initial desired program execution
capaci ty wb 2he4iissst user, maki ng the conputing nodes @CTiUse010i056351 gr oup
available at a first tine to each execute one or nore software prograns for
the first user, and designating the initial desired program execution
capacity as an official program execution capacity that is recorded as
being available to the first user at the first tineg; after the first
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t hose conputimdiguedes conipatiag $ystémetcedpearnioally ahodifie ppograon execetisnf t war e
progranms, the nonitoring i rlfl udi_ng det erm ni n]% an _actual program execution
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current val _ the one or nore performance characteristics types and
i ncl udi ng atthedast usgre capacity nodification instruction that is

dynam cally specified he fjirst .user. e ecified
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i nstruction fhadii€ advangbR fPese ffiredusddirbht ahé aantputirte nddes refdther figtam
execution capacity; and aut omati cal | y harnmpni zi ng the recorded

of ficial progioam ket latesrsenonsctime w@ier the Aadi s dheoaetwal mreg@iser
with the determ n: | .OR ¢ oA h tinme
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of the recorgegranfl eréaltign egpaoiexeoutiedntoc dpadirsty usacladdhegfistttonat i cal |y
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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 exectition 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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determ ned actual program execution capacity and the nodified desired
program execution capacity, such that the nodified conputing nodes are

avai | abl ewvoaomwwoavisde t he nodi fi ed desired program execurcomseapasissy, and
such that the recorded official program execution capacity is updated to
reflect the provided nodified desired program execution capacity. [c9]9. The
nmet hod of claim 8 wherein the program execution capacity of the first group
i s measured based on a quantity of conputing nodes that are part of the

first gfouppggﬁgcﬁél?ée 5he el éthplReIbadaMbGAEAMP Y EldUSas T ARRRLHY 1S an

initial desi uantity of conmputing nodes, eterm ned actual program
execut i on cajhecconfiguret mrspatony system is part @ica yabgramreiecytioh ssovigat i ng
nodes that aye,avail able a rt of the first grou t ot econd tinme, the
Atomat 1. delet s & RBURRY pheamsying Todky Hinfuelis of SRBLPty

i ncl udes det g{o;aramagoﬁu%rmltﬁé%@?ﬁﬁ EREcHiGHEBREX APkl taRAfiplE as a

nodi fi ed des d quantity of conpu g nodes for the first group, and the
aut omat i ¢ nogdmpiuting ohodése efothrutfiraly glodesareha sabsepaft the pluality raft group

i ncl udes changi ng..t he actual quanti.t f _th t i ng,.npde t e part
of “the Ti 1ot CAPBAING SBES s A bihalisaly Be SRl Wi R et R e hod
of claim8 wpergish time bRl el FrogPNACtdRiionaRRVickYinofespbfséitbsd req@edt | s
measur ed based on aggregating each of multiple types of conputing resources
avai | abl e f riomthaslesyegupiogiamospacutinat capasitydhat of rageived from e dipst and

e e AL RO 1Sk s SO Moy fakapicoerd o 1o
nul tiple typesrofcapaeiytibgificatonrttiggeishfvr ase iavaidrabitiatihgoautoneatednput i ng
nodes that are part of the first group after the aut o,g[rat i Cd diré%itﬂg of the
conputi ng nodéifications to the desired program execution capacity, and whe

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.

[0152] Clause 56. The computer-readable medium of clause 54 wherein

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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[ci-i] 11.The nethod of claim8 wherein the one or nore criteria of each of
the at | east one specified capacity nodification triggers are based on one
or nore sweenfiamssal ues for at | east one of the one or pomrES2@ens@sNMANCE
characteristic types, and wherein the nmethod further conprises
automatically determning that the at | east one specified capacity

nodi fication triggers are satisfied based at |least in part on a match

bet ween the one or nore specified values for each of the at | east one

speci fied capachhy dofioré CHm@tird nBaes Sofathd fiRke gieliprandied updaienheval ues
for the one or nore performance characteristics tty es. 1c12] 12. The nethod
of clai m8 wieseeied wificidepergram myestitipmecapacity of the program execution

service that is available to the first user so as to reflect the one or more
availability changes, wherein the recorded official program execution
capacity of the program execution service that is available to the first 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.
[0153] Clause 57. The computer-readable medium of clause 53 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 exec.uted
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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nodi fied desired program execution capacity for the first group includes
aggregating the indicated nodifications to the desired program execution
capaci ty wbantiauesspeci fi ed by each of the at | east onepspas2diopsidsapaci ty
nodi fication triggers and the at | east one capacity nodification

I nstruction, and specifying the determ ned nodified desired program
execution capacity based on the aggregated indicated nodifications to the
desired program execution capacity. [cl1l3] 13. A conputing system configured

to dynam cal |ntidtR faltefREsRMmYETcetibAs ERPRel desfred proram &adButionl Ng:
one or nore processors; and a system manager nodule that is
confi gured teapagibifoeffeeused by at | east one of the one or nore processors,

g, P oG AT S SEM bAAREIS L M HE TS il gomputing
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 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 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 time, the modified computing
nodes being for use in providing the modified desired program execution
capacity to the user.
[0155] 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 determining of the actual
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determ ning a desired program execution capacity for use in executing one
or nore software prograns on behalf of the user, and determ ning one or
nore capawOtyimadisBi cation triggers for use in |ater iniPCratSzong/osnssonat ed
nodi fications to the desired program execution capacity for the user;
automatical ly associating a group of nmultiple avail abl e conputi ng nodes
wth the user at a first tine for use in providing the determ ned desired
program execution capacity to the user; and after the first tineg,

aut omat i cal | yrARERY Sketuldnadhpity thatds QaLAADRABINE! (e G8R3&t thE det@hdi S

avai lable to the user fromthe conputing nodes of the group at a | ater

second tine Wmeelks baged at deastiinmart ke moniatingribgreampitingunedas 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 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 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.
[0156] Clause 60. The computing system of clause 59 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 multipie computing nodes of the group
for each of at least one of the multiple users are a subset of the plurality of
computing nodes.
[0157] Clause 61. 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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capacity at the second tine being distinct fromthe desired program
execution capacity provided to the user at the first tineg;

aut ormat i cabl2g1idei®mBm ni ng a nodi fi ed desired program executusenonapacity to
be provided to the user at the second tinme based on nultiple i ndependent
events that each occur after the first tine and that each have an

associ ated nodification of the desired program execution capacity, the
mul ti pl e i ndependent events including at | east one of the capacity

nodi fi cati onekéd@ey é?jﬁ@éiﬂgfqﬂﬁhﬁﬁiﬁié?ageispobé ricivor-bedesdiflel Seivied g at
| east one capacity nodification instruction that is dynam cally specified
by the user, farieadchoefithe daulliels ¥s&ISpr ogr am execution capacity at the second

mul i pre | ndependaicVARES & Hrsea” brod BnT aReARp, ARALH L OHE &' 1

conput i ng nodescutimt oaceopaidreotoftvare programhs tdre bebedfndf therusse, agdt o

har noni ze the nodi fied desired program executi gn capaci t}( at the second
time with theS@EMNRY e &5t mare EPFCEN regdiéigation teggars igr gee tiRdatedcond
time, the nogifd CaQ{fBM LOg u 0P el pdi fied
desired pr ogﬁgﬁt@g’ecu | O%‘té@p@%ﬂﬁ @atﬂ ghghteCI (t}égr %I%f'ﬁi] b%rghgg%%énbgﬁtgﬁ ng
system of cl eapad®y fohtheuset,he det erm ned desired program execution

capacity for one of the nultiple ysers is indicated by the one user and is
Cdont 1 {1 ed s an PHIGTCAY; 380503 Senek G e ualable) Combung
recorded as hehdg viirpihaRiser il 4 BsORMURR usd ih IBrolidin] thé Botefiabgi N the
automatic determ ning of the actual program execution capacity that is

avai | abl e t odesiredbprogrsry exgcutiva cxpaoity to ithee user;lasled at | east in part on

[ [ h ' d f_th h duri
period of ti e 1ok KETRGES el s iie 2y S5l SIPBBAT 1y one

or nore changgssutiofecdptitythaNB Hailbfe (P FUILESSrERIRR taRbUfhghodedat i ng
the recorded official pro?éam execution capacity that is available to the
one user to ¢fethecgiouphat aiateseomnd timeaatgesiheniist Eme,tthe acdedrrregraint i ci al

Dr o9 = eoH ARG RABAY, B the! S B el ISR CEnd g Pt o

program execution capacity provided to the user at the first time;

automatically determining a modified desired program execution
capacity to be provided fo 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 time, the modified computing
nodes being for use in providing the modified desired program execution

capacity to the user.
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nodi fi ed desired program execution capacity at the second tinme, and wherein
the nodi fying of the conputing nodes that are part of the group at the
second tiwe 20s/fzsBher performed so as to harnoni ze theprceasededsasstici al
program execution capacity at the second tinme with the nodified desired
program execution capacity at the second tine, the harnonizing of the
recorded official program execution capacity including identifying the

nodi fi ed desired program execution capacity at the second tinme as a further
updat ed recorded officjal program execution capaci t%ﬁt hat is available to

the one user[mfﬂi_lgﬁorﬁ!Sth_Pn_@)e@EEﬁ@t itngills et appieciaied; thpt saliiaign sPeRlic
det er m ned C&%&%b?ﬂeﬁ@dhébggﬁéé’ﬁ ddscRBES fsh%:x%rin YBE ARBosSE or XGRS [ ed by

t he one user, erern t Wor K-accessi bre servi'ce s a program exXecution

servi ce thatvfiicud Arsifcationsahil Yoed mfdaithbE deoREAg CRadYN thier &biHieahd
execute prograns of renote users of the Frogram_executl on service, and
wher ei n t he #a0Rd of thecionpotiomg Assaedngly, theeinyeotipn fis not liwlitedfexsept agst one

of the mul til%l/ he Saeprpsen%re%l 8Ia|SrHQ Saeﬁ[d ?ffle terl]eemglr'nfér ?eléitte)él ﬁwfergf%r.m rtlian it?c?nd,es'
while certain aspects of the invention are presented below in certain claim
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.
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CLAIMS

What is claimed is:

fc1] 1. A computer-implemented method for determining causality
for dynamic modifications in program execution capacity provided to 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 execution service having a plurality of computing
nodes that are configurable to execute programs of the users of the
program execution service,

receiving an indication of an initial desired program execution
capacity 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 later
initiating automated modifications to program execution capacity being
provided to the first user, 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 program
execution capacity modification to be requested if the capacity
modification trigger is satisfied;

automatically determining a first group of multiple of the piurality of
computing nodes for use in providing the initial desired program execution
capacity 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 events 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
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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
group at the second 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 least in part on one or
more changes to availability of one or more computing nodes of the first
group that occurred during a time period between the first time and the
second time;

for each of the availability changes of the one or more computing
nodes of the first group, automatically attributing one or more of the
identified events as a cause of the availability change, at least one of the
availability changes having a cause that is a combination of multiple
events that are independent of each other and that include one or more of
the at least one specified capacity modification triggers that are
determined to be satisfied; and

providing an indication of the attributed 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 attributed cause.

[c2] 2. The method of claim 1 wherein the multiple events further
include at least one capacity modification instruction that is dynamically
specified by the first user to request a specified modification to 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.

[c3] 3. The method of the claim 1 wherein the automatic

determining of the actual program execution capacity includes
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determining multiple availability changes that have occurred, and wherein
the automatic attributing of the one or more events as the cause of each
of the availability changes includes identifying one or more of the multiple
events that are each a single cause of one of the nﬁultiple availability
changes, and aggregating all of the multiple events that are not a single
cause of the one of the multiple availability changes as part of the
combination for each other of the muitiple availability changes that does

not have a single cause.

[c4] 4, The method of claim 1 further comprising, for each of one or
more additional time periods that occur after the second time,
automatically atiributing one or more additional identified events as a
cause of an availability change that occurred during the additional time
period, and wherein, for one of the additional identified events that is the
cause of one of the availability changes that occurred during one 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.

c5] 5. A computing system configured to determine causality for
dynamic modifications in 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 muiltiple 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
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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 fo the user; and

after the first time,

automatically identifying multiple independent events that occur
between the first time and a later second time and that each have an
associated desired modification of the program execution capacity of the
group, the multiple events including at least one of the capacity
modification triggers being determined to be satisfied,

automatically determining one or more changes to availability of
one or more computing nodes of the group that affect the program
execution capacity provided by the group;

automatically attributing one or more causes to each of the
determined availability changes of the group, the one or more causes that
are attributed to at least one of the availabitlity changes being a
combination of multiple 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.
[cB] 6. The computing system of claim 5 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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determined single aggregated modification to the group for the one user
prior {o 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 modification instruction
specified by the one user.
[c71 7. The computing system of claim 6 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 nodes.
c8] 8. 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 execufion 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
one 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,;
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automatically determining a first group of multiple of the plurality of
computing nodes for use in providing the initial desired program execution
capacity of the first user, making the computing nodes of the first group
available at a first time to each execute one or more sofiware programs for
the first user, and designating the initial desired program execution
capacity as an official program execution capacity that is recorded as
being available to the first user at the first time;

after the first time, monitoring the computing nodes of the first
group to determine current values for one or more types of performance
characteristics of those computing nodes related to the executing of the
one or more software programs, the monitoring including determining an
actual program execution capacity that is available to the first user from
the computing nodes of the first group at a later second time after the first
time;

automatically determining to modify the desired program execution
capacity of the first user based on multiple events that occur during a
period of time between the first time and the second time, the multiple
events including at least one of the specified capacity modification triggers
being determined to be satisfied 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
specified 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

automatically harmonizing the recorded official program execution
capacity that is available to the first user with the determined actual
program execution capacity at the second time 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 the
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determined actual program execution capacity and the modified desired
program execution capacity, such that the modified computing nodes are
available to provide the modified desired program execution capacity, and
such that the recorded official program execution capacity is updated to
reflect the provided modified desired program execution capacity.

[c9] 8. The method of claim 8 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, 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 quantity
of the computing nodes that are part of the first group to be the modified
desired quantity.

c10) 10. The method of claim 8 wherein the program execution
capacity of the first group is measured based on aggregating each of
multiple types of computing resources 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.

11  11. The method of claim 8 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 ohe of the one or more
performance characteristic types, and wherein the method further

comprises automatically determining that the at least one specified
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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.
e12]  12.  The method of claim 8 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.
c13]  13. 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 muitiple 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
initiating automated modifications to the desired program execution
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 o 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
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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 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 time, the modified computing
nodes being for use in providing the modified desired program execution
capacity to the user.
141 14. The computing system of claim 13 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 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 io 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 automatic determining of the
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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 {o the one user.

151 15. The computing system of claim 13 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 nodes.
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