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 1[ 0001f
Many conpani es and other organizations operate conputer networks that
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 local network) or instead |located in nultiple distinct geographical
| ocations (e.g., connected via one or nore private or public

i nternedi ate networks). For exanple, data .centers housing significant
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entities as busi nesses to provi de co ut | n& resources to custoners.

Some public data center operat oFXEHBUION CARAEITY access, power, and
secure installation facilities for hardware owned by vari ous

custoners, while other public dat A@,\q%lgbéwrators provi de "full
service" facilities that al so i nclude hardware resources nade

avai l abl e for use by their custoners. However, as the scale and scope
of typical daod]cdangr sompaniasc rarek esthet hergbaizkiiohs popenage ocdmpuier
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operations, such as with the computing systems being co-located (e.g., as
part of a local network) or instez_ld located in multiple distinct geographical
locations {e.g., connected via one or more private or public infermediate
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 customers, while other
public data center 6pe}ators 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 resources has become increasingly complicated.

[0002] The advent of virtualization technologies for commodity hardware
has provided some benefits with respect to managing large-scale
computing resources for many users with diverse needs, al}o_wing various
computing resources {0 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



(cnoz] The advent of virtualization technol ogies for commobdity

har dwar e has provi ded some benefits wth respect to managi ng

| ar ge- scal e conputi ng resources for many users with diverse needs,
al l owi ng various conputing resources to be efficiently and securely
shared by nmultiple users. For exanple, virtualization technol ogies
such as those provided by VMMre, XEN, Linux's KVIVI ("Kernel-based
Virtual Machine"), or User-Mde Linux nmay all ow a single physical
conmputing machine to be shared anong nulti'ple users by providing
each user wi emange maitipleruserd byuplovithiudhiaseh dssstwith lppet be nyiragligual

physi cal conputin chi i th.each.such virtual machi.ne bein
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that provi degudk afifudl inachine béingshosofiit $iiRiatRine abity @' @ distinct
operators and adm ni strators of a given hardware conputing resource,
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available to nmultiple users of a program execution service.
the various virtual machines.

BRIEF DESCRIPTION OF THE DRAWINGS

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

[0004] Figures 2A and 2B iilusirate examples of managing program
execution capacity of a group of multiple computing nodes for a user,
such as to dynamically modify the available program execution capacity at
various times and in various manners. .

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

[ooo6] Figure 4 illustrates a flow diagram of an example embodiment of a
Program Execution Service System Manager routine.

fooo7] Figure 5 illustrates a flow diagram of an example embediment of a
Recurrent Capacity Harmonization routine.

[0008] Figure G 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.



p0041 Figures 2A and 2B illustrate exanpl es of managi ng program
execution capacity of a group of nmultiple conputing nodes for a user,
such as to dynamcally nodify the avail abl e program executi on
capacity at various times and in various manners. [Nos] . Figure 3 is
a block diagramillustrating an exanpl e enbodi nent X a conputing
system for managi ng program execution capacity provided to nmultiple
users. nos] Figure 4 illustrates a flow diagram of an exanpl e

enbodi ment of a Program Execution Service System Manager routine.
[0007] Figure 5 illustratesDETAIRDDEZCRIFDOMNN exanpl e enbodi ment
of a Recurrent Capacity Harnoni zation routine. [0Ooos] Figure 6

1L ustrates guhowdhagram of aBeExme Sof THARhgRA! Hbgfant8R6kden

Modi fi cation nro
capacity used to execute programs for one or more users. In at least

some embc—dimenté, the program execution capacity being managed
includes a group of cne or more computing nodes that are provided for
use by a user in executing one or more programs. In addition, the group
of computing nodes associated with a usér may 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 operationsl 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., multiple
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



[000s] Figure 7 illustrates a flow diagram of an exanpl e enbodi nment
of a Program Execution Service Capacity M ntenance Manager routi ne.
DETAI LED DESCRI PTI ON [ Ool 0] Techni ques are descri bed for nmanagi ng
program execution capacity used to execute prograns 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 with a user may be
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the same or similar amounts of computing resources (e.g., amounts of
memory, hard drive space, CPU execution cycles, network bandwidth,
etc.), such that a given percentage change in computing node 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 prdgram 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 nt enance Manager nodul e, as described in greater detail bel ow
0011] As previously noted, the dynam c nodifications that are
performed to a group of conmputing nodes that is in use executing one
or nore prograns for a user may have various fornms and may be
initiated in various manners in various enbodi nents. As one exanpl e,
the prograrn execution capacity of the group of conputing nodes nmay
be neasured at |east_in part by the quantity of conputing nodes that
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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 nmanagi ng the conputing nodes of
a group that is in use executing one or nore prograns for a user may
automatically determ ne how and when to nake dynam c program
execution capacity nodifications for the conputing node group in

vari ous manners. For exanple, in at |east sonme enbodi nents and
situations, the PES or other system may nmake sone types of program
execution capacity nodifications in an i medi ate nmanner, while ot her
types of program execution capacity nodifications may be perforned
peri odi cal | y readeodudinga period of timess such @s. siteene pripepeiiormaancgsofianedert er
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determined modifications and use the accumulated modificaﬁon amount;
etc.). Additional details related to determining how and when fo make
various types of program execution capacity medifications are included
below.
10014] 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

informafion or other responsibility for particular program execution



capacity nodifications. The attribution of responsibility may

i nclude, for exanple, identifying particular events that have
occurred during a relevant tine period that each are capabl e of
causing a dynam c program execution capacity nodification, and
attributing one or nore of the events to sone or all of the dynamc
program execution capacity nodifications that are perfornmed during or
subsequent to that tinme period. For exanple, sone dynam c program
execution capacity nodifications may each be initiated by a single
particul ar ewapacityhmadificadions.sdie sittiudionest espodsibilitu mayoinsiude. dor,
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tenporary unavailability of sone or all of the conmputing nodes for
addi ti onal changes. in addition, a user may predefine various types
of triggers that are based on performance characteristics of a group
of conputing nodes, with the program execution capacity being
automatically increased or decreased as appropriate as particul ar
triggers are satisfied (e.g., to reactively increase the program
execution capacity of a group of conputing nodes to acconmopdate a
tenporary increase in the conputing |oad for the conputing node
group; to prexecida gapacityease/oprondethee hases)helnpsugir aivaticnsutheouser
capacity of a gro f . conputing nodes to.accommopdate an expect
ipeon ny needRoPOLRILY PP SR RLGME AT eLENistt CIP TR0 4P LA RGeS et
expected upcegiBgpdetk tof patdulber @farhit NIpRgRshaneRx@&fivhi OBapacity
capacity, such as based on trends over tine in particular performance
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specified level (e.g., to-return an actual conputi’ng node quantity
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capacity use; satisfy a specified |ogical or other conbination of
values for nmultiple performance characteristics, such as may be

conbi ned using | ogical operators such as AND, NOI, OR, etc. and/or in
ot her manners; etc.). In other enbodinments and situations, a
predefined trigger may be otherw se satisfied based on information
that is not part of the performance characteristics of the conputing
node group (e.g., based on a current tine nmatching one or nore
specified tines that are part or all of the criteria for a particular
trigger; basdemparayaunavailabiitymef i someoor @aile obrtheocempritiog amedaseiferg
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use of one or nore conputing nodes, a request based on a trigger that
t he user has designated for i medi ate performance, etc.), while other
types of specified program execution capacity nodifications may be
deferred until 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 tine. Simlarly, program execution capacity
nodi fications that are dynam cally requested by a user (e.g., via a
QU , or grapbtreglcanyatingnadasaexecate ahaspEdatad databass pervamprogram;
program of the user via defined. APl . or applicatio [Ogr amm.n
Phterface, off 9B sESICH e aMEpecede el SHer SR bTn R P 0o
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t hat one or %f%%nﬁgmcga%r%gﬂisﬁﬁge%?ﬁ?i Sﬁmggbgéi P@a%gﬁf‘%ci%?%gg are
initiated, agsboiid tieshold as othemies saasHsa _@E@biﬁyd hyritdrite (€ gNtremmns
or repeated nonitori ng}_. Such nultiple attributes for the conputing
node group' néifhigea geeeitied range frsa shAREed pesigdPfdEnegoshanme PRIGEYRY or
repeat edl y r h C . | L clal:
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historical data that indicates recurring patterns of program execution
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instructions that are received and predefined triggers that are
automatically determned to be satisfied, as well as actions that are
automatically taken by the PES or other systemin sone enbodi nents
(e.g., based on nonitoring that is performed, such as if a computing
node is determned to have becone frozen or otherw se unavailable to
performdesired activities, to automatically shutdown or otherw se
termnate the use of the conputing node as part of its current .
conmputing node group). Simlarly, actual changes in program execution
capaci ty for capacibongetsatigfynmdpecjfied fogies} osiothérasdrybibation et kaldes $arch
as changes corresponding to events and/ or to other gapaci changes
that occur (é‘?‘{jt’?'gi PR SN BRSTRIGRy FHHeES BRY | 08?’% Pﬁﬁ' e
becom ng UnaY@t{;&agtBﬁ@ratdﬁg s08F a8XRNB! RO AOR0 e, SMRASr MEOREL thanners;
information nay be stored in a first database table, and various

i nformati on eéd.at éul other caplrd ingnishand sitvatienshér predefineditliggey rodvbge

may be stored,in a second database table. 1f a .ati hip.b na
particul ar e@_g?ﬁ“”éel‘?d %?%ﬁﬁ?éjl bﬁ?%cf %'Q/alﬂf%fmﬁ‘tl% téﬁgﬂée?]lgi ﬁ’%@ngf :‘Aﬁgd

(e. 9., a parpefdlAsn®Y BRirabRIBREs 8f ORY édropliig Avae Yy (.4, ehsagent o
be i medi ately perfornmed), a correspondi ng nexus between that event

and avai : abi Bi wa&fﬁﬁpgﬁemwimoﬂ?mmempeﬁﬁ@d!thf@eq that gg@r@?rt or all of
ovent and- nat SO PR i PafaniriBel sl stefd R eARn' € chRr

mul ti pl e evepigremygiants beidyalxeyuied ormthecsdrram iconputiagsede graup itieatl ar
avai l ability change but in which causality is not attrihuted to a

si ngl e event IS HeaSHIAdINTERNASISAREE NATGRATPFMAICE RIRTBHCESISe JUGH GRg
with the other,]j Hﬁﬁ"‘.' : ! ok | B orRf

t hose eventsfgl Cadrrlgngér e?ﬁ?iér)c{do%\%mgru%\fn%? E?goh'g%é{rg@ﬁg}{égﬁ?rﬁ??g chanrges
i f they sim Heatliy qreyedtoratrtathdnissdktovn bosepacted torbetpgnfoemedanttbe

i ndividually or in combination. Thus, for_example, if nmultiple events
for a given EBARE MR MG ABARTEAR RTITG RS SRR IeCgL oS
tinme period apfuOioMhati Br RhEUrANLRX 6T eRBcGRABIdgYarhb ARACSeafstUT
during that sane aggregation tinme period or imrediately after

! (e.g.,
as part of hheingnexecuted kythesictirest empuiing pedd @rowel awch 1Be lg‘ethé of

i rectly act PrBarLErnBE s B s RGeS, SHERS: Blfpatno, ..

conbi nati on @fe aiher ekedltmigProbiaphe s vebsfomeyamplaiidrebsd ¢tk progeanh
of the one or nore capacity changes. Further details related to such
causal ity at exegiltongapaciy chiheueeni coswutingdade grguniasrhe copwting o

Figure 2B. | L Ll s : L. S
desired, act 80%%1‘%%%%0@?1 ?tlé”é%ﬂ"gp ?:blr r?érs@ 1h§|§ga§§§{& ?ggﬁg‘é&%ﬁ’% tg'g'eﬁ?j ttg gr
one or nore pelfermanud cldrheteristigzamabicdrasedoor asy medisnpiie afiribgpeanh
execution capacity for a Conguqtqliys]ﬁg nod,q% gr ou]p, such as a first set of
desired, act QRICRPIIMGHE CPHESE dogihesgpeialian £TaRe Aemert) of yiire
utilization, fth&@Fb S Gnc h—@a!h Rflowink Edrabxa0BvEYist: of
aggregat e avgﬁrgggﬁﬁgﬁv?grgé Cﬁénd%?dlfuﬁ’ ﬂ%l PI at ieon, et f(‘c:; Fur t her nor e,
when nul ti pl enEbsaiad er elative 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, efc¢.); an absoclute 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
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correspondi ng to program execution capacity for a conputing node
group are sinultaneously tracked and used, the PES or other system
may attenpt to nanage all of the paraneters, such as to nodify a
conmputing node group in order to sinultaneously achieve desired

aggregate average CPU cycle utilization and desired aggregate average

networ k bandwi dth utilization. As another exanple, nultiple
paraneters for a conputing node group may include both a quantity of
conmput i ng nodes and specified geographical |ocations of various

conput i ng nodesfoohintchengraumote .dpsjret eactives; &id t demthandorayant gt least

t of th ' d t first t t, d th
el ni ng. gr GO GHRAATIGSoHAL SHUEdare ates Ban Mavihaid Gber APl

with the PES
guantity and
si mul t aneousl
using mul tipl
execution ca

Splechf hEpaRURIApRGHAAPEIQLLR CRRATP Metificamwaing fode

conput i ng node geographical |ocation for the group
accupadien dnial safsfied] theasatisfaclionied thel toggeremayedatse a

ofeefinptost e, B Wl B SelTRARRE, AR Rl RSP HRe

system nay pPrady fUese apamichlansegiemickeeatinv thpacityatedification(d.gua
manners in various enbodi nents. For exanple, in some enbodi nents, at
| east some ofPre¢efinegnpranasdy nowlification that does not vary; a capacity

modification that is dynamically determined at the time of the nofification,
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 compﬁting 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
compdting nodes, from software execufing 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 trigger 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 trigger specifies a particular absolute or relative
change in computing node quantity or aggregate amount of one or more
computing resources, and the one or more specified criteria for the
defined {rigger are automaticél[y determined to be satisfied based on
current conditions for a corresponding group of computing nodes, the
PES or other system may automatically determine whether and how to
peﬁorm the specified program execution capacity modification for the
trigger. For example, some iypes 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 nmay be all ocated to one
or nore users for preferential use by those users, such that .each of
those users has priority access relative to other users to use

t hose- conputi ng nodes. In one such enbodi nent, the priority access of
the users nay be based on each of the users having dedicated or

excl usive access to use those conputing nodes for a specified period
of time, such as in a manner analogous to a |lease. In addition, in
sonme enbodi nents, at |east sone of the conputing nodes that are

al | ocat ed t o useeofopnaror smarecranpudingdeedasateeteapesbbased pned diggerithat

ot times, sudie doeyin aruBheRpORY M itue apBs Rk, ey e e °
users.to Whomydde of OspuLificdd pRestam %’x%c@iiér?@p@ﬁié%ﬂﬂb@iﬁcm fnape Lo

whom a conputing-node is allocated explicitly es the allocated
conput i ng nodéfeied Lalll Berend gt anmadegriiorupeiad of imenfos aeaiderationt

oroup of usoPS R Sl chtl. 2dsERRRR . b hlfbid il neRtutBan sapadty |
execut e proghasdifieniohehthat @k midiestads @F Sothenwibe agetemiaed during that

non- guar ant eed basi s (e. % .such that access to the excess program
executi on capgEPH\offijepeSiriadynaogram esttion sgprasienadifgagans that
capacity is i - r 'S, prefier Lad:

reserved useggéé/ ogﬁgn%(%{"%q{ragg%)?t graﬁég%srig%’r?{%e%n%g,ﬁi rb@@?rghser
enbodi nent s, irtePES mhythe rRESder othed esyatsiin;cbyrauprotyamode she hiser aiae a

xecut e progRanEed A or ARRDGr AL PIPApBFe G aCs Of S BES oF Siheg:
execute prog Mg i )

an i ndi cat ed g{¢tbH{; Cothl) Riay abe IRABMIhEE 18Usd PRErRfmEA dinGAkittdhy Ehdtor
ti.me period, etc.)’.,_ such that the one or nore prograns indicated by
such a requetemperarihedefesedtal kygiegatadt inng s gnapimen suem@asthased
Fequest ed 1 8 e P B EnE Aol At SRet st e B BRI Base
satisfied. |pnade td@liciti reciRR® RoPOCGheemESs Bkt fimsdiie abr ogefderagnd

request -for inmediate (or schedul ed) execution is satisfied and
successf ul | yPEAPIMaNGEs eleecuMospovsir, owhem rdaiginginingo feuwido omapagsl 8 of

a respectiv . 1 he. ongos u . = n ti es
may be guar a%?@%ﬁ{e{hghco%fi ﬁ‘%%\t ﬁ%tés}gnr'rrté u?’ E?@EEF rr%xg% aé]&%té}'t%grre
of the respeaiddificatioassirchome situationsi diffaidny Fiohifies tmay beeatseadiated
limtations (e, 9., such as to ge ua}ranteed ltg'hat the PES . wi || noL
preempt the HE §EerRthEsIpUINEEsRaTsaloRs  § (b Uitia PIIRRIMAYaPRst
failure of tBtE%éTé%'éHUH DErARI PFarieiE UsLRY dshforPaptaBly shBcfidtuser

enbodi nent s, e conputing nodes used to provide the on-denmand

vari abl e pr ogequastx et utthemusapistrugtionsy td bediiven rec differemh phierity from
conput i ng nodes .used. to provi de ,dedi cat ed progr xe i 0 apacity
and/ or from Pfl _f@gn&@?’? ((ﬁ_gde§ ﬂ@bed ?ro%&%ﬁ'g%ﬁgxgggg%{ﬂﬁrﬁﬂgs of
execution capafdrinthed fiddficatibng &'Be Givenh@rfeimp pHbAteQNES fatseduésts
provi de the on-demand vari abl e program execution capacity are not in

use, in sonetedbogiane mrogiane exaaytione capaciyt keipg @iNafehighee sgolydgram

execution ca i N | - i e i .
capacity reqFFZ@{egsatbeﬁlFLeca%lg v‘grgg%l @E{‘%ﬂ)? ?T@%C%gifbaé(%’i ﬁ%ﬁf{i&‘s&'}%ﬂg?aﬂ#gy
not be used Fdlatedod d@siﬂ?cﬁw-démwdaﬂﬁiggéﬁgU‘ah@nd@t@ﬁﬂﬁiiﬁg/-pérfbrmalmeé
enbodi ments, only a single type of program execution capacity may be
provi ded, an@h@Ecisrisdes aiRBsiuged Rekygram execution capacity may be
provi ded. [OEB%?’JJ FLAHSFndrd, it & fé%&%hh}{bfrﬂfo%%éﬁg the | ps&r Gt %ﬁ}g?”
exanpl e of a“*program execution service that nmanages' conpufi ng nodes
that are avakysteie niay mseagen periodicd bndthemdsamreexeentt aggregations tof to
execute prograns for nultiple users. For iIIust‘.ratiﬁiﬁC ur@_oses, sone

exanpl es andTBHERIA] ingy Proyiant exeeHtivd eRPACHY AP baged 9Res

tracking and using multiple atiributes 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 dynamcally specified instructions), may
be nodified in particular manners (e.g., by aggregating at |east sone
program execution capacity nodifications that are determ ned and
deferred during a period of tinme and then perform ng one or nore
correspondi ng aggregated nodifications at the end of the tinme period,
such as to nodify the quantity of conputing nodes in a group), etc.
These exanples are provided for illustrative purposes and are
sinplified febriputingakesde drethetwise anith réspact lto bondmpjiaisle parathetdrat

t he inventive techni ques may be used in a wide variety _of other

si tuati ons, é’?‘ﬁtya'?o?ﬁ?ho'fe'%ﬁﬁéﬂ RCCIEISES CRRRLHRY Wemﬁghﬁ O PR h &S

exanpl e of Fi.gur vad;i r i i

o pent conpuPtBiiehibie, @gimittihg noBs lusibr & coriyii YGd st
PES provi ded aby za meifnigr aorrespending ntos grrogeem pexsdution eapacity §06,thai t h
sone of the functionality of the bej.n rovided in this exanpl,e
oo 1 1 ] ust CATEHIBADGEE AP JNE £ oF Ui eVS@ M ralinlaih araata
Manager (" PE%%I\Ai)thP@%tﬁr&éQtecﬁﬂ%é%hF@ foURed icnddting REHS GrBLEY iaded

in this exanple by an illustrated enbodi nent of a Program Execution

Servi ce Capafdlioyvsiia desirechcamphitingeedq qrEgityianthersampating Rodg|gEoWESSM

aroups of conER g Ry ab Mite B 2B Geeehie. U3 fpafafi Sorfihned
users, incl ugbBg gragiié ihifgiddnidnbdahagass rRdifRpyidatisfartoe oiubggénsi es
for the groups and specifying triggers for use in |ater automatically
maki ng dynanBpdigsdinagaicalbh speeifieh disebipauests; ABRCtd/lapeMPYlY NEde
this exanple P L ki i | e.foOr
execut | ng. pr JyPaY g REREolF avate BIRIRG rBRcE of 150 g (49, Be

| east sone gf:fetehmimdﬁ”rbwbbnﬂm:]mea mpeateﬁ?noaitorlrgaﬁﬁthemmlmﬁipghmdesh
groups may be provided in other nner s . 9., e avail abl.e hy the
users and/ or byhe rﬁ"?'df%ﬁ)a"?“ldi 88 offigia hr%f"@gfégﬁ@”gg%rﬂﬂﬂeﬁ ﬁﬁamtcgrwtﬁ’e
140, but mangggdy am%b?@%bmduﬂn@gﬁybs%mé afoUB-REYM Ltk A TRy

assist in conti n{%usl or repeate noni tofi ng cohputing node
groups that #e last tiwe, thaidongptoronmirg ydyarEappiogiam oexegpitias ecapacity

co ting nodes,.that fail .ar .otherw becone avai |l abl e 0 to
maumrﬁJ a: ngpr o&%ﬁ@@ﬂﬁér%ﬁn'ﬁ%tﬁgc?P@noiﬁoﬂ?el V§%H§a9’3’eﬁg?cecraﬂdﬁgﬁy P@E?s.
[0026] The ngbM@HiloukOBr MBYealed nRRERNE. Buch Paltipie! ¥tranaes sfoblthe
network of |inked networks, possibly operated by various distinct

parti es, suchoaputing notdec GFRUP M3y HEhBSSE M OEINPERL INANPRE, Mciodk 1200

ni versi ty noptEHBUENEPF reeHiGPinerSlia BT Gt AuSRILER) GrfHe the
non- pri vi | egefficitd ergcortad s tguahtigt hescordibgigi et s, bdseel nat wpeKorkGiig may
i ncl ude one or nore private networks with_access to and/or fromthe

| nt er net. | nMayndoring (@f e é’_&”tph’gﬁai nRsas of ﬁ]é? FSIEQER), n‘:iﬁﬁ.llt% e y
PESCMM modul g4l ‘E@hpﬁﬁféhth'e%b%%céﬁf Sﬁ?@fa? fémaéalgghﬂmg tahﬂﬁtcﬁﬁﬁeut e
on one or nore conputlng systens (not shown). I n addrtion, the _
modul es 110 andedfl deained wpranditys (e gnpwhen geonsitesing2 Bowapnd ewpether ded

in various nanners, such as at_a single data center. or otherw se to
e o oun BERS R RBR B I st ied SRl ngl radlaatons).

di stri buted {H%Eé]ehs;ﬁ%iﬁaué’l A, tRETFRY O GtifarEy8tEm inflay/ AirHeY erform
di stinct geographic ocatli ons.
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 maodifications for a

computing node group may be tracked, including dynamic user-specified
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[0026] In sonme enbodi nents, the illustrated conputing nodes 120 nmay
include multiple physical conputing systens and/or nultiple virtual
machi nes that are hosted on one or nore physical conputing systens
(as is described in nore detail with respect to Figure 18). Each of
t he conputing nodes 120 has sone anpbunt of conputing resources

avail abl e for executing one or nore progranms, such as to provide a
speci fic anobunt of program execution capacity, such as nay be
nmeasured, for exanple, by a conbination of one or nore of processing
capacity (e. dnstructicher thatd/ ane sﬁezelveﬂ parat epeEdefinedi ttédgersentbaty are

cbadi mont 5, AUATRHE, HEIBINELDR e SBPACo Wb, AU UG ng

nodes, with Waﬁ@n@nﬁaww trféOﬁEst bf‘%tﬁlé?d@sf@ﬁ'lﬁ%cﬁ%”e}ﬁ%&nheﬁfs

ot herwi se si unts of resources avail'able for executing
progranms on lfelgs) Haseld erssanjtoring t!'atnsnperfh@nedsmhlaseﬁaszommémemde

provi der 105 r QVi selectlo of various.differ

Podes f rom o St B A RhEine froen (R oSS s iRbie SR Bt

of the user, (edfBd afctiviicd, BRaDtcTRARSI GhubBWR Gr AR MBIRAR the
and/ or types of conputing resources (e.g., size, speed and/or type of

processi ng unsesef thamesipuingpiasieeas pag efiis @urr%fmmp%mgrﬁﬁﬁﬁ YTONRY/ or

C0027) 1"t PR S Bha 0 iy R Sl o Siech 331 e il .

provides f Unfw‘otf@rm‘bupWé}@élﬁﬂﬁﬂl@rgjmgagkéwmchfawﬂiﬁartgesrmfrﬁes@t)nﬁlmgltng
nodes 120 for each of multi BI e users. di scussed IE %Meater det
el sewhere, tR¥EQEr ﬁB@/@Fd@eﬁPt ehﬁ?P?‘HWeP%’ﬂgﬁﬁ thatiereupe gy insknNces 1c1

to specify f%a oaéy? mfgfeovs&h fwiSs %%nﬁﬁ Q%Hﬂétﬂg) NQReHNkOr

execution of of t e users n-various €enbodi nments,
such resourcmamp}e beamplmzle‘veet}reiateﬂhmforirmﬂcmﬁ neay dguasrefioin a first

execution of o or e rans_Qn. a gr.oup nput i ng npdes on
behal f of a GEEDASRAIDIS. (0 YENEYS ARl s e y“’rf@g BReH ShaRas o
user initial lopdreg=nbsHify &wg%rmﬁg%%tbl@ﬁmté’séﬁ@n@ abMbass hlet Nea
PES. In sonme enbodi ments, the PESSIVI nodule 110 may provide

subscri pti on relationship bghwearsa pericslaneventand agastiasanmiadabilivrehangach

exacut o on EWGPREtHe o bAie St el Fplted 2 Bffolér ARISREAHAE, | C

| ocations of {9Re iRimemalRlPESEATR), £cbrmbspanriiay Nbxunbetwerhi taat &verg. |
user nane, billing information, etc.), terns of use, etc. In sone

enbodi ment s, aafiavailabiliyaghange shai be tigcked bl stainsdbeame pexupralzied
subscri be a”‘?de?ﬁlfI%Pgéléﬁgr thﬂfeerdfhgresinfotnlﬁﬁtliﬁefor"ﬁiétb?vérﬂsﬁﬁg Wz or
e.g.,  keys, , c.) that are

nore identifiers user
associ at ed walhilddity udemgaend 1aretheo sﬁiaatumsd in rwmdmj mnld;pieoavemshmay

executing progra n behal f of .the user d| ment s,
rodul e ofhor MERAHEE NeoPESSMBIOAUTS CASs 2 st e ierRvaRR) Db ds.p s

which causality 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 he 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

regi stration services of a PES. [0028] After a request is received
froma user for use of one or nore conputing nodes, the PESSM 1
nodul e 10 may determ ne whether there are.a sufficient nunber of
conmputing nodes 120 with avail able resources for satisfying the
request, and if so, the PESSM 1 nodule 10 may initiate execution of
one or nore prograns for the request on an appropriate anmount of the
conmputi ng nodes on behalf of the user. In cases where a user

schedul es a ipauUBsthd Qlggheddtib BxecHéicl), ahdoiRgone ODtiRse egertetaren a
group of one or nore conputing nodes, t he PESSM nodul e 110 may

attenpt to i mwemlyataéur@ut@é,@rtoea@h ohihe opie A Ak FRPAGHY @Bﬁmﬁﬁ.nf@e
des f GUL
foture o1 mos cotinipiome ALGs B FRLPLCESTE Marbe ol O cdBH & the

nodes to use oh@roremeaﬁélblapabztw&.hdn@sl aF@rthdri detaileralated tocduchscanisalityt he

one or nore future tinmes occur). In the illustrated odi nt, if
t he PESSM no@éfrlbuﬂqmaf%m@h’é@ﬁ@eﬂ%”dPFIH@&'QéN'Eb??&BFPHQ 1€ F-or a user

request, the eQuEst ! f b oiaWiaNnTaRAbr A B0 Bedrelt, Biual and

executed. In*su cases, user may res réquest for
| at er execut ioﬁmalAattpbmisouﬂyy beotradked rargbmeednfmwdonenos, mareusthermay
be charged vari ou ees in gssom ation,w tth use of the PES

h.a
based on a nGRBEPIEE SeraTeieR CRURBROTHIE 1o RIAdRR SequRBFEPAE ™ los
used, a duraty &-.rha;gum{g ABdd BRourP¥Reh 8% ARESSt 8f SedieRd achl hhd Wiidial

operations that t conmput 'ng nodes perform (e.g., data transfer
and/ or st or age)ounis of dapegdteAaverage GPbupyae Wi jgatinn, o rseceadpat | 9g

nodes is prOV|ded faor, use in g tin ne r aIf
of a user, tHES E%%@FF"WE Al 0 F'@E a'ﬂg‘;}'%ﬁ oﬁaqgﬁéﬁatg %9%%%% BRnSR
manners. For baKaWRIte, uBfzalbAYi &ds| YFosh@thore hevirSCiiitipisl ubaratistersay
nonitor the conputing nodes of the group, such as to determ ne

perfor mance chHPERERING {0 BECGBAMRXASUIPN SRPaEHY Ioha W&GWH@O%@&'P
| ncl uding an gﬁ%e)ﬁg{}grﬁ’é@}éﬁy&%cﬂg& A Ll Xhé’r%é’éh@f Al ma
paci d by t

actual progr I on e|n provi e conputln
nodes of the agenb to Tivenae alabf trre)ga:amamc sutlomsdapacdifya @ompding

roup nay change if, for exa one or npre of th nodes
19 ai | p_or )c/)t her"'\%8§é3“5'&m@rd@ﬁ%ng'ir’!%ﬁngou%!ﬁé’chﬁvﬁtdqu Slaggg%@tte average
embodi ment s, UhiBlization BRY &1&%@9@5@@@&@@% ALLASIR Bahdwidth

mai ntain the prog am executi on capaci t t he conputing node group
in such si tuamhmimn( e.As ,anb’gher r&xanmle,nmulﬂrmemﬁtamemsoﬁorraamommﬁiﬁst

conputing no to the n ace o e unavail a

nodes). In a(ﬁ‘&ﬁ?i%ﬂuP QEI (5’0%1 1@{5‘8 'Hﬁtq% 9@@:%%3’{‘%8
det er m ned a@%ﬁ@%apwm%bétﬁan@éﬁvam chdh tmg hﬂ)(ﬁ%nﬁﬂlthdl@rmqﬂ%@[ oup
to update an official recorded conputing node quantity of th

conput i ng no@etxgeem;ﬂfteeamcamdabv&rﬁmemrécqﬂ thg Group ARGROYtING: h@d%ﬁcﬁbal
conputing nodequant Lty P& 9K tahbiing YFoup 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 simuitaneously. Additional details are included
below retated to using muitiple 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
fo computing nodes in various manners in various embodiments. For

example, in some embodiments, at least some of the computing nodes
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[0030] In addition, the PESSM nodul e 110 may al so assi st in nmanagi ng
t he conputing node group in various manners. For exanple, as
previously noted, the user associated with the group may have

previ ously specified one or nore quantity nodification triggers that
specify types of conputing node quantity changes to be nmade to the
group if various specified criteria are satisfied. Furthernore, in at
| east sone-enbodi nents, the user associated with the group may
dynam cal |y specify changes to the operation of their associated
conput i ng nocdwaialledran avBREBdos ekécting prograncs meyt e elocajed thone or

gquantity of the conput.in odes of the group. As t, of nagi t he
conput i ng nod@r s feh r%@&ﬁ@l 'ﬁ%gﬁéao?‘? ﬁéﬁrst ﬁggﬁégﬁr%%cib§ ng
node quantity,cbes héQ?rféﬂ@#&é&!&g reRARe b WRer adkts A8MUsRMihe8Edomputing
har noni ze the official recorded conputing node quantity for the

conmput i ng nodwedgsoup onetduchrembleimest] the ppiatilyracossd of HiaHsersymaybet he
conputi ng node group. Suc eriadi.c_har noni zat,i N

£ r atki ng_and B0 AULeRATLOF KT S Ao TRt oo a0 SaeNe esket o s
node quantit yhédagorApGiitig Abddsfar arspaglied paliod bf ield, edcobs tin EnastEh
as fromsatisfaction of one or nore of the predefined user-specified

triggers andeoelqgosmiosdease.nby addifjermin sameemiertimenis @t (past some of
instructions : ' ' en
ot er i ne. wndihepaRRaTs Hal ok Hiofd Rond BEMERSherstoPaEYatcl
quantity nodighisthtl @referentihl e Egabe il desexasscprguamngxemdion
quantity based on the aggregation of the conputi node guantjty

nodi fi cat i on§aPFHEY Tas Qler usens ﬁ‘ﬁymﬁﬁeﬁuébﬁ% %gé’qm%@'ﬁi S Cof

the desired anfupldd bl fle EEGS1CRACRPIRLAIASIRIRAAUIL lIbERCB AN

f
initiating the aggr ted conputing node y nodifications, and
updat i ng t he wifen aiuskr tewbooed commuiing mpdedd allgoatedi axplicitly trakas thee

new desired c ting node quantity that will result fromthe .
aggr egat ed p@ﬂg%lﬂ?ﬂg rgRKtRg, fiode 9¥WI?&? ife'étLiSSnEY ?ﬁ??f H&eﬁ%_re!n ithis
cases in whi ghades, Qﬂreragﬂ%oﬁ%tmé?ré?ﬁ@%ébutﬁtﬂw pagkciguAat is Aictatdets a
fromthe official recorded conpufing node quantity at the end of the

time period, firsigroup obuseratmanbetomaavaisahle Somtmederting to tampasptyd
conmputing no

act ual corrput%l?‘ﬁguag%igé}@ﬂiﬁ%gﬁ?’ﬁhggtﬁiﬁ’{qﬁggfsgﬁlé%%ni ié’i ?lor{r?g' géueﬁ%réfe%ﬁ

aggr egat ed ceapidt (g1g, R0k thateatddsy o0l &paEs Qisgrosn peedationedaparity
update the current actual conputing node quantity to, the_Cur]J ent
desired conp@@niedesendes ifithat programesmetiion cepaeily sudesied B8R m

such peri odi ni [ VAT S Hdrre
a specified %gﬂ?cés?%bfs{l?bn%‘ﬁgé;fé(ﬁ@%ggg,r@gg@%af@%bg ﬁio?mmggé:n%antr of
conput i ng nodeemg)anfuttierhenegds dtave dmmodimegisesa RES enay inclode |on-

Furthernore, the PESSM npdul e élo erfor ther actjvifies.t
track events 9GHENarRNYUHIELS HP Eﬁaﬁ\% x&@uﬁ“ﬁ%@ﬁpﬁ’cﬁ Sth 5351'?5?3%
occur wi th respacld (Qupatd bfubés teoisw.sm@9@9Qﬁsq.¥a.cb4pﬁnmé&ia't@?i!poﬁ0m?

of the program execution capacity change I nformation may correspond
to dynani ¢ pregueshof theset isens, @ padndigateddliure simep é somegttirag during an

initiated by.the e 110 as .part, of peripdig or re

har noni zat i oﬂf"ﬂe@g@%@% ,]"%JPESB& SWQI’ IS_E'C':' ﬁﬂgfoﬁ@ 8?% &i%éﬁegb%ams

further inclgifcREaIbaNsEeEirbQlestanily by ekeadedi if esmputi) riodes

the nonitoring perforned by the PESCMM nodul e 115 (e.P., to

correspond t sutfsignitto mgtisfydhe reguasted exeeytion 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 herwi se becone unavail able, or other types of detected changes in
program execution capacity for conmputing node groups). The nodule 110
may further nake autonated determ nations at various tines to
attribute causality or other responsibility for particular capacity
changes to particular events, such as in accordance with periodic or
ot her recurrent harnonization activities that are perforned, or
instead at other tines. [0032] Although the foregoing exanple

enbodi ment of Figure 1A is described with respect to a PES that

provi des var irgdsachiy@ t8e thd URGEhGNAL! dthé Oh-dedhatiEompaiify nbdegiiray be
appreci ated that various other enbodi ments may exist. For exanple, in
at | east sombeeguardinteedtis, cantingediniibsomentiiwe ting, pgheas wetige ¢fse

conputing nodes 120 (e.q., unused pI.OCESSI it - :
unused porti 6%?#”%??,0@98'.”?' 9&9&@&%‘8}%%3 i?egjbq?rglﬁpﬁ% ﬁhﬁ% (%g”one
Or more user gych4ehoHRAJuAaAteRl tHRE hePPESNAMoR bréerhpl the wseefor wtherbe
sharing resources of a single conputing node with those of one or

nore ot her upsirpsesnbulrntite b guaransad Rogtiskialkishef Ihemompytipg nodes
descri bed w ect an Weis Vi

exeout i on casaer iy e hiaofeBsr o Remie BHibcRinb s, e cBRR RGeS
t echni ques magedito pseddé tharBnaigenatcesniabio praramusxenutien cgpadipsmaly
conmputi ng nodes or other types of computi ng-rel ated re pugq%gs. A
nonexcl usi vebEidistingt fiom thsa eampiting Rares yed @ Pradds derivg st Pipstym
resources th b FEGRY r i r i grelidde
the follow n%%e‘g@%snl g?ent dgﬁ%’f"gtféﬁgté‘%lg‘g%ﬁ'i ?]gg% (ge.ﬁsgg(:qufa)ﬁ?)nFﬂg He
non-vol at i | e ewesss profpaic executiorh capadityr ¢ thiusk ifdsowespf the mooruting
data storage cagpabilities (e.qg.,..on volatile ne , such a :
nmessage queui"ﬂag%mﬂ? tBaEg‘i"’r‘fge c@ﬁaﬁinr(#etrf‘%%qe ‘ﬁﬁrﬁg’wt@fﬁﬁgﬁ"ﬁf Bt
communi cat i 0RaE3ERPkEI tHo®Sn (Bed- in SShuoskbsGiftets they rhalbe used to
communi cation circuits, etc.); database nmanagement capabilities;

dedi cat ed baptwidr rexeesotregranat exadutipa| eapasity ednilr er-slemaisy vatiakiece

et uct i on BoR sEEUGE: FARRAY. rhhs 3 JpERE Wil other
illustrates smiadhteanéy Maywiitie essd fRopidexewess progreny execution be
provi ded using one or nore data centers that include nult

| .
physi cal conpapasity. shisetbagembrdjsaents comiy@ sirgigyee P W%Qrﬁl”ﬁ@?m'ﬁ?”
b o 1 _ ; ! . _
T80 and PESCRRPASHATEY oF BRRISeEBAGI ettt OF BroginT Lo

executi on of capacityrmapbe ppovidedns on behal f of users using various
conputing systens _at the one or .npre data,centers. The illustrated
exanpl e incl (#e¥ §I95® é‘ﬂ;é‘fn@e?et_’("ﬁgﬁ) a%tqﬁéﬁtﬁé@temncﬁxq@plte or a

connected t Opf'&ﬁah{‘te‘?(ée@ﬁorfl%@nﬁéé efag! mhRaddle SMPRBNNBHeS Bt dte

this exanple, the Internet 196 provides access to various external
conputi ng sysvaiable sar hisasinc pnpudding gprogsaranexergtion; eagadity atte exesler k

194 and directly accgssibl.e conputi st e 192. The Y
network 194 REGETBEYS tl% rmlélbalr?pyég}sa Eg? ﬁ%‘?ﬁ?@%’{%ﬁgt ﬁgﬁel %&%ﬂglﬁsy
or partiallyahRagsieshinehe dreBSeABed belov RORHEIchQIPRKIfictgpéy 6f program
external to the private network 194. Conputing systens,_192 may

i ncl ude, for cugeutisinecapatiliynare aipvided grsyReasdehn seepifie FPaNREEeddl v
to the Int t...(e.d. i t : 10 |
Sabscri boer | PRETPALE s Bt fhe) SxfiPER R erfiBH meRR BBl AR, the

centers 198 arsyrahl eséd@iondcapadityatrat dorprevided 1o adgtaupc efiteempufidgvi a
the Internet 196, such as may further be used bi/ the PES in at | gast
sone enbodi mBAEeS Mayohe reassres EhpRRICHIR Mannerete.g7®asged | Quya qugnity

nunber of physic [ ' PO pn
systenms 182, @'ﬁ%ﬁé@ﬁﬁﬁ%ﬂ&iﬁ%ﬁ%{/ ﬁ%@%ﬁ%‘%‘@h’%@@%@% rmd&l‘f'g"%go
of the PES. tmackihgusexsfnjasted hacttalcanpofficiadatiyinitessvitht&speatio mnewdrde

more program execution capacity metrics), may be controlled by
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here for the sake of brevity, and some or all of the conputing
systens 182 nmay optionally simlarly have one or nore such virtual
machi nes and/ or VM manager conponents (not shown). Each of the
virtual machines provided by a host conputing system nmay be used as a
di stinct computing node for the PES, such as to have a first virtual
machi ne conmputing node on a host conputing system be part of a first
conputing node group for a first user, and to have a second virtual
machi ne conmputing node on that sane host computing system be part of
a second conpgbbeigtetodets OBp vhfbus Banned Ysgr, bakbdr oat kel yse iof

ot her enbodi nents, some or all of the physical host conputi n%w?/%tems
at the data &sdelinegaifiagers mneeradyrarpically ispecified cinskEstions),c Mays beo

instead dire -act. as_a i t hat :

progr ams.on DR dp° BafticRPCHERErREE,, BY; <BHRAHIRS ALt BBE
in sonme enbodirsgrats es@cutions ofpddiy cowgifidatiops sreitearss 1d&eanited8 2nday
have differing capabilities, na ijla\(e di fferent a?fsoc,i ated fees for
use, may supP&fares usngng P?rb%i f g ANG r BSRa REMTPENIGY | OGS (QF, Fore
machi ne soft j [ 7)) e i , i@’ BEBodM t h
di fferent ty\gggreg %ﬁ%t@g@#ﬁe@%ﬂgﬁgﬁ% Q%:gfrépétﬁ ian%foghgggﬁlr%ce usdgge,
such as di f f sucingspamadifythe fuantlly afidompriting nadee iisa gnelip eetrorihese

usage), etc. If s articuyl ar. user nd/ or their progr.a

rouped (e, oSemis i biaviiss ot iR pOseS aheh B RIRET e
whi ch may f ughReoriftelife hrRS it AN Hd appiciAsd teat Peehoerfeetechaedi ng
whi ch conputing systens to seleot for executing particular pro%rams.

The exanpl e dayabeesedin arideweright of eibpugiéeations: anlgseme abwiishi@re72
that may include.mlfiple networking devices (not shown), such as
swi tches, ed ggfrbqﬁdelﬁeé,gwand core routers, with conputing systens 175
and 182, t he defCMHBdxdraplosX Figoek the vRRSTVuseduinet $ROwapareasied t o
the internal network 172. The various host conputi ng Zaystems 75,ﬁnd
ot her conput VAHouS, sienhwompting systems 1 3 de dnterac) AVebHa JiehpRie 1 wit

{ncl udi ng by Jskae 0yaURSY 4 BrddialPeliakion W ics R haRp AT

ot her interconnection mediu hernore, each of the ules 160
and 180 may bemexafdhé ddnationatitymfehe PE®beingqrpuiteddn this ezamplanioy an

shown). [0035] The il |l yustrated PESSM nodul e 180 .and P dule 160
i ot ) Ehistr ) BRI g8 ScPTUEHT AT OIS SRR (MSTRGRL - o
execution of SE{JE{&IE@"FBMU{H a4yps Sﬂﬁ%h&%mﬂ%g@amﬁdﬁd@w\tmaed

using the co ng 'systens 175 and 182, as descri reater,
detai | el sewezamplaNgren ilpatraieduembodiongnit ¢fng Rrogeam Exasuben &ervige

execut e one oy, e, pr.ogr ans a_user WSS e J me
enbodi ment s CAPPREY MAGERANEe Hesolh SRR Ry Ero e pe, T PESSATT,
a VM nmanager niih® nemt n9dy, Ofdi céxdrapiagd eisskd npartenar ks dantddfigaring
execution of progranms for that selected conputing node, or mma

. y
al t er nat i vel grensedftqoppsstisgnasiestia hsr eepckipsexesutenarogearas ferdhedisei. i ng

node. Users ¢ P Vv use. vagl 119 t L0 | ct
wth the pestitidfe weeiRlo. fi i dsS, ERMRs g dodae  fiplice 1) Ahe
conputi ng sygreups ahdosgediyirgherigidrer folatise deniagrs ad@snaticabBahaking

wi |l be appreciated that the data center of Figure 1B is_provided for
11 ustrat | ve SHUABE@SddRRIONS e ther M pHtngr Rare. uaTiitan 18 & FXBTRR
ot her softwa i S\ e Vi j in
ot hor onbod TS Ehsied Sefidas Cpllip nRIe 18 “aloBl Bl SRTANG  o
160 may i nst eestramspofothiedeskrs,saittpougheinoothep esbedireeniscatpleaisihgoreg sifens

external to the data center 170, sych of comuting systemh 190, 422

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 prograns of an exanple user, such as techniques that may be
automatically performed by enbodi nents of .a PESSM nodul e and/or a
PESCW 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 nmultiple conputing nodes to each
execute a copy of an indicated programon behalf of the user, such as
to serve as ghtiRidlaly YR r&ERlY PMoriRARG do%mﬁmglmadeegm@b&hme@@ ined
by a service that 1s prOV|ded by the executlng program (e.g

order to bal alseean@eptl@majmal‘tﬂgnmtmofr@PiaCﬁ@WeﬁﬁleF@cW% thﬁtefall or

I tipl f th
el [ ne o gt os BREOHEe HMATRRPR 8 &5 el Th ARy Byddifon
conputi ng nogepsEigUat Aﬁgwg{,gyldé@@hmﬁéwgéw@g specified an initial
desired conputlng no quantity 215a of 8 conputing nodes for th
group. | nf or i@28bA hesoeiwark c 3@@ smavr fofusxaspie. dbei ﬁeEl”t?llcfygd’é‘P%S?!Wﬁt
th h f
e e nas BRSSO ek O R bR PR o ARG siritde

il lustrates isntieragehieontaaheiut it vihee xarthudimenise sheohepesrkot0famay be a
characteristics that w |l be tracked for the conmputin nodEy% 1qm?kand
that will bePri¥el® RSOELSUANNRS REENBTPE S PRIPE Psor

satisfied, W%@hs yhroir{? of pEHRAP rfackBEdibieas B RABLE B¥Er2aR SGPYther

utilization he"conp t|ng node group and aggregate average
net wor k bandwendiddiraeitsi Heet neﬂwoﬂOBBOﬁmy inslidecmnsuel mrmpdeatgmmorks

Fecetved usciiaess 1 By fem b Rleprbundba RS ERRLARb AR MR oo

group, an expEESMPRRAM RNAHY) FEBCMM 8RoduieonmSt mag agdle mcmua
for the user that initially includes eight conputing nodes,

ag g or dance wso?;wareelmtrucﬁmsdfbetexeqﬂlte OATPNE A PIGIROTORIENG wtemﬁ (not
addi tion, ﬁoglpﬁ 3 I%uedgtl?o:ﬂ rtgeﬁﬁ {aénpl(}ngiq ﬂ%aﬂﬁﬂi L4ridae cfgﬂiplftﬁg .

conput i ng no& nputi ng

shown i n t he nbigglR20angy dehpradided hwen@us mdmaem @lubhcasrmm snglermtas
are not actual lﬂ’ék'l medi at el goaval | able, as it takes sone ti

provi si on an@ehikErAEPMIBS & tie @ SRR PhECIRARIRD COMPYERY SyS % Nl
the computi ng,Jode .ﬂrgu‘ﬂsmbafémé}%a?aaé@g (AU’ GEFRIGEPYsRins in

executed on each of t ut1 ng nodes ES or the dser.
particul ar, aghtieuns dlstma‘:tlgeagi‘aphmm lbeetiopassed after tine T1, a change

a 255 tion. ty for.th i
St SN SR R R e
been begun ajndihd® bR bryRical ESHhp@HRPHBtdMSs dahd/bptmultigle 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 specfﬁc amount
of program execution capacity, such as may be measured, for example,
by a combination of one or more of processing capacity (e.g., humber
andfor 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 increases fromO to 4 at that tine. In addition, at the sane
time or 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 abl e conputi ng nodes of the
group. [0039] In this exanple, the PES (or other third-party system

perforns nonigesidts & rddtRiresy Ryhbildige Mot esxeelitind erogrums ion dehalf of
substantially conti nuous manner, such that_the perfornmance

char act eri st jusers0%leaincothes srbedinenis atheuBFSIIRYGET 1§°1HaY% PERMAR @t v

220 informati s i i neg:.d n - t.0- : i
thi's oxanpl e ol g, R Hshuldotipiicl BSel AR nich S HEer iy
conput i ng nod@cas@mdn éxeduting tfregreanpohibehaiafehgusen sach e witbreamth
only periodical I(%, such as to aggregate at | east sone t

ap

f
request ed nodelEcEani G YANMIRE FPERRENGPIIPED WR%E’;S?%@P"%%%

to performh L:izat §ME b - - hD@ibao 3F 8asddsaih
time peri ods?%'glg\r)\ééé% %%ﬁ%@?’?ﬁy@%f%ﬁcgggﬁgq’é‘? %_’l f:‘?,al r ec%r deosl 9
conput i ng nodmitguambunt ef mzhtory 280Q/emstolREe; platfopeceenfigiugation, such as
Accordi ngly, rin first aggregation tinme period 260a, additional
changes 255 iﬁ%%@’g@‘gﬁﬁu‘?tpﬂg node quantity of the conputing node
group occur. Hﬁ% fr o Quustbtsd diiSodit@ngetid prbglankescutior Skl
four conputing nodes avail able, a subsequent change 02 that is
conpl et ed at papydexifumttiongliyi fos managing egioving soft one Hfe@osel dIaMRKIEG

conputi ng nodes, be .ng _avai l.abl oy e f 1130
node group. E@Fs%\,@}g?agﬁqr{pgﬁ@% %%; ?%egg%ﬁ%ﬁ @%ﬁgﬁé&rﬂde
that was i ni lWheré chiessiiods deefs mal iMermiwvitvibe RESSM modulei 11l tp
manner, such as due to a hardware problemw th the conputing Egdgor

t

that is initiSREFY Jepeestediq dnitiplstisgd qf ngERUREr OF | QAR

onl y 7 compuL{ g nadge Rl AR PLARY Bt Mo LLEE Th {oldsybBaits, |

conput i ng node group conpuiing node to be

dynani cal | y addiedessirse®maysoeé tpéaified abtheoiime ofeaielabsielpr execution of
Accordingly, an event E2 265 is shown ccurri.na slglortln%/ a}{ﬂtﬁer t he
change C2, aCNgPrBRIERICENIME PR GPUP; 4T CRMRUANE MPIBE S RN RUSThe
original eig j | m‘%d ren B dder St ftéfd an
i nt er nedi at elé@taédt%e; , anﬂgwﬁlpétjlsgqéerst t é%g(r;ﬁ\%sg?’?%ﬁ %fdéaerrirgg%l_gg%%ent

ei ght h conpuandfprsoecrives i weusyvides of theBES: ldswaie embodimepeite t o

Fi 2B, i i | he PES, had, i ni t.i h .
(1o 1 Ehat PESSREORIE Tp hagery e sthedptiof B RORBRIaT SRS 1o
but that chapgene orPRoflitérst Sudie HiRefd Athydddtifannfeshbtdn edighidhio

conputing node that is added and becones avail able, and thus the
change ClOa iogeneit mose Ipsegiamns ko execuiet erabebalifta ngen 6816 RIETaNS:

220 of timeli 2 her in Fi | d,
T thi s examsPares AbleyanprdiSapl MEALAE & BHR S i g blodias, LS
E2a and E2b (@eepuighiawsimetipar@ie] uset hameptillig dformativenrett. hetesmseof

time. In particular, the PES records an event E2a at ti nﬁ T4 Etn%élul S
exanpl e t hat UsBr Fissplihgameembedigigisis.raltss i Ysehiterggls va |thﬁ5
initialize c L i thi i L i : PES
it omat | oal | 5 MOLE ubgdtelbflyBr FEEler 1B sCRAS 16 sy e
term nat e t héssuedtaorsd oringht Hiderdifiew (ag., kegs, tohehsf asdrathmes,ieicyithéti ze
correctly. Furthernore, in this exanple, the actual, term.nation of
the initial éﬁr@rﬁ%oe@ﬁmﬂ'f%%d@efﬁd 36545 S5 SBH iy COURRL ulne
E2a is itself SR ajp g dthbloRmthents,

aut omati cal | yexIE%I Tl a?ggg?ta esslsﬁr?r% iﬁ gygﬁ%vll%%?ngho;dﬂ;i%e repl ac\:'(::nrrg?:nta

ei ght h conputnodyieoter tsac lthe RHESSMgnodule vide siohalbiowe simay heoprovided
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seven to eight, as the replacenent eighth conputing node becones
avai l abl e for use as part of the conputing node group. j0041] After
the ei ght conputing nodes of the conputing node group operate in the
i ntended nmanner for a portion of the aggregation tine period 260a,
anot her change C4 255 occurs in the actual conputing node quantity
220 at approximately tinme T7, pronpted by one of the conputing nodes
failing or otherw se becom ng unavail able. A correspondi ng event E3
265 occurs at approximtely the sanme tinme as the change C4,. in which
the PES ter migalforkfaftlaY 8bbabbRs FEBRIH tddupssipiien Aeneetegiandtion
optionally automatically initiates the providing of a replacenent
conput i ng nocervites pba PESul ar, in a manner simlar to that previously

di scussed wi re ct to event E2..1h e j r i hi s
exanpl e int ot[F%B] ?ﬁﬁe{ri%ﬁqw&ﬁ Sreg@ge%ﬁﬁ‘éﬁtu(sggtfbé H%ﬁn%s@%eggétrﬁ?%
that occur atcoﬁfplﬂiﬁ%rnddé%, FRPESSVE1 nibdige T0NRafEStaratios dhetier everat
E3a at tine T7 in this exanple that corresponds to the conputi ngc(ﬁnode

bei ng det ect éue teosufficienbeumher oheeapyuting Bodes d 20 athpeailagle FREOUESRS v

initiates actlVill [ ] i L
computi ng nod® “LlsAnging [$eRE Ay ¥ SBTLBBESSIE 1 HRuEL RDinay jmiate
in this exangixecutidte of &n@ optias pbgtdms foa v redpiest compot apgropdate
that occurs as the result of event E3a is itself treated as

separate ever®M®&IH of ihe campyiag nogdep Pri brfaliap e@ea'fs_ezi'pﬂ? &f?%?"@e{/e fli ne
17 the | mediRee sBIoHliE B%Mledt (6aBlAE BRBALIGPOMNE HiimBRSIBrogRarhS HON

i n other enbodinents and si any such providing o
repl acenent cogpupi oigomde mvrel camsutingdndtes) éhe RERSMmmptulent!0 may

har noni zation activjties 1-11 that are perfornmed at th d

aggr egat i on ﬁﬁﬁg‘pﬁeh L] ‘?'}’s[ﬁ??é\éﬁ;é_lﬁ W’P@W#‘ﬁi §m8§§ﬁr§Fe9°?'gPl‘&lﬁ§nge
C5 255 is comyyet 96r skeimRgAls %b%r%nbte’?m@aﬁlhaét thQlonens mbe: Atlreal
conmputing node quantity to eight, directly caused by the event E3b,

as the repl adismsmtandirpnay iiglaothe deteaninatign0f wiice coppulisg nedssalor

of the conputing.n up, ool ' l g, i 6 d
conputing nod’éegﬁé%%g?@f%@nqis&pﬁgg ﬁ@%px%'r@i'r ???/ﬁ E%c}gﬁéeddﬁ‘leghn%%??ﬁ%%ond
to changes C4utarsliiffas dwurt ointthe jisiated entbogiigest, @ theRESEMhmodalei n
ot her enbodi nents the official recorded conputi node quaptity 225

in
may be updat dd0tis unablecierallpsate epMaNYNGRIET IPEFYEIE repiiestadie rgauest
conti nuously J j i Q) C t ihag
node. quanti 1 L SAF SEER 3 R BlcBhcink Moo Glfuidr o K6 oty e
actual conputiseg mageespanit iz fai2A0regNesb fdrelateroayenuting. nddepresjoasiyt y
avai lability changes or evegtg, occur durin tthe rﬁmai der. of {ﬁrée .
aggr egat i on  tOHE, pBr $YRE BHACTIMENF <2 HSRAPTRY QS EMFECHGYHINE 6t Fe

speci fi ed triQggeLisidsOwie! (i AL IR IFEh, 80eh ngs bl oal by napper féfed
user instructions being received. Accordingly, at tinme T11l at the end

of that tine compubing2tdies asdd,ratypeof Bomputingrnasisszugadorp dorationt efes
are considered, but no act.ivities are neede i nhce r

desired, act Elgfe atﬁﬁ 89%%‘%@9 'P%cg%?r R Hﬁﬁuﬁﬁﬁgur%d&bgﬁaéﬁﬁ %’tlﬁ{e% s

220 and 225, cb&ﬁnﬂﬁbinb@bs,peﬁbﬁnqb.lg.,r@téhiangfeatanarcg@oragap@mng nodes.
I f the change to replace the unavail abl e conmputi ng node had not

been per f or mieP28LIAfIRg & GROURGYraNga®i BIPTE CAEPNENG GWdes 0% PEViIdad (REtYsst ed

in this exanmple, 11..wou i it t :

nar mon: zat 1 o S2ePUIEY 808 o HREProfal bh BT #tr dheiHnpyting
order to replmge §iipuRryabEabbragedmntvarpusotenatrd hatort example, gs,
in conjunction with any other _dynam c availability changes that are

request ed or Arayievsly awierdirthad EReMid greduiei Uy WB@W%@GW@”Q

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 tinme period 260b, additional
events do occur, however. In particular, an event E5 265 first occurs
at approximately tinme T16, corresponding to an automated

determ nation by the PES that trigger TR-1 250a has been satisfied by
t he 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 the desired

conputi ng nodes@dadtiy Yhe? Eanputifig CRSMY ioﬁ&h@gj,iﬁap. f Phe dadtobiprogram
requested desired corputi ng node quantity 215c of twelve (or
al ternati vel gxeouliah capacitytof thagrelremaydehangeds $or eXproplep @DE iy Mode

guantity be s to twelve, r | ess, of . e LI.e : ‘
domput | hg. nodt Tt SRS ng el ¢ °SunBhubS e B s ThafeBblsh dnc, n-at
has passed, @hs®VebineEberAbbdiiftls,0qRYN Snadul@PPI HX it eperfdrimevdridis
corresponding to a determnation that trigger TR-N 250c has been

satisfied byopgeationsriedsningiadhe aisg@mexeadiomenasity afdhaGommpHting
utilization , | S gr i iJ | r it heatd h
205 with a b %@E g\?%ﬁ'd o'Hgtﬁﬁgnaénglée%oadsle @%é’r Zég}gqﬂigtg %@kﬂﬁaﬁﬁlm%@p
utilization wﬁbcémaathcadg@u_timg g@ﬂbs?ﬁ— Resgtaupf imcpliaoe_dfrmgilgmfmilable
request to increase the, desired conputjng node ntity .
conput i ng no§egPUiiBg Redesyal Iy @&Gg@ﬂedh%glqp&gﬁ @ﬁ'?awﬁ[ﬁ)f ﬁﬁ’enm%a%‘on
quantity 215dygf releHg(e‘i’u'i‘nir?éot &kl 'eebgﬁé;%/uti;ﬁguhgdé Q@Mﬁﬁfy bhake tdopnpiRfhgt ed

desired conputing node quantity ten, regardless of the
current desi nedegroymté npdatecan qfieial iregordedvicomputing mede qrdtity ofthie

ti h d, t E4 265 t inately i T [
uhi ah ¢ he' us 6P ULt PACBSIRYPn LB 0BT I IR RGR POd G el "
dynam cal | y gggputih§ hoHedeRstityt petidGitaRsetd.he desired conputing node

quantity 215 by 3 conputing nodes, for "a total requested desired
conmput i ng no@®3ejuimeddijion] Bie BESEM veedyle 11§ may deq aesigt domeagaging

request that e d ir I ant ¢
el gven, regaﬁ#e%oi&g@ en%cur ﬁgﬁfﬁgggyr&g%gﬂn%ﬁ?%g n%gc’i% éq;(%gﬁ?%’t %%.
Thi s request pr@yolsdy ABtel, tHousexaasocted agiadhe grélemaydravegireviongly

that the aggregate average CPU utilizatjon 205a is hiaﬁh’ t%{a t he
total conput SRECified@nerett Mere SHAYY podfiaalioy Biggerssthal sPesy hpeselc.
(am Finally N RY; -elg}g] f a0 i jd
260b, an addF?lﬁ.@ﬁgf‘éc %%g[lg%ﬁtgc%ur egttotag%r@%g%aqtge% Pférlf‘epnlliz\g,ﬁdlg
pronpt ed ‘by epecifiéd t hetarianparei rsptisbeds ofFurthermoreup i ait | legsbr some

ot herwi se beconi ng unavail abl e. A correspapdi event E9 ogcurs
appr oxi mat el ?"ﬁ?é’%ﬁ%! ﬁ‘ﬁe”é@r HFECEASy ,*ﬂgnngPc mthéﬁ'ﬁég"caﬁlty
termnates tQE-HRAKARAGHE 90 GRBPHSRUoROSERNr BS&sRsted émehmg?m@ e,
rather than immediately initiating the providing of a reﬁ acenent
conput i ng nodeuphatwsarius 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
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PES determines to wait until the inpending second set H2 of

har noni zation activities are initiated at tine T21 (e.g., based on
the small amount of tine remaining until tinme T21, based on such
deferral of providing replacenent conputing nodes being the default
action for any conputing nodes that beconme unavail able while in use,
etc.), since it is possible that the quantity of conputing nodes in
the conmputing node group will be reduced based on those harnoni zation
activities and the replacenment conputing node will not be needed. In
other enbodi f‘é@@kﬁied%@r RRSUEBYNd NAL BRfehdBPSicatiRb Yekil! it molitie 110
provi di ng of the replacenment conputing node (e.g., based on not

def erri ng t henamepheoedetarmifie uhsthier adnd kewpta ipaifaizddbei aganegated

i t . based t deferring th | L
Computi ng. nod@REnedt: el anedRetie, e T Upstite A8 RhsifY ©
node quanti t yohgiuiitig!ide! qudrity @ﬁ@ﬁgﬁtﬁ@é@@égéﬁmﬂoﬂm@rmtm rioiel

of the harnonization activities H2; based on not deferring the
repl acenent cmantiyy anedificaticvenpuiTheg medide 1H0t may dherupemRIste e

comuti ng. nosBeRaRERfch 33t R, {fer S gl Aelerdy Jodpyfig ode

manner si m | guahtitidhaby prieviatng | thali agyegatbdv tdmpatimechotie ewmntiy E2
and E3, the event E9 is separated intg jt\{vo di sti nct eﬁents E9a %EY
E9b (not showrdiligaiioaserny Updating &he,piiigial grcorded cOMpUERGROME AUanly s,

e, o S by s et A ARt e

corresponds € conplting node ecome
unavai | abl e, aagtegdied PESnputirgratddealquantityi mcalifeatians.i viFursrmore, i ine

T20 to termnate the, u ai | abl e conputing.node, such..as,.to diregtl
Cause t ho. chaRes kB acuRarbactAT semBSuR eSS fiens HabTfle ot
the unavail a@f&i&%&éﬁdé&&&ﬁﬂ@tiﬁ&ﬁbd@%ﬁtﬁ& freeen@vilthe Anepenbd E9a

is itself treated as a separate event at approximately tine T20
that initi at &we darmgoizstion g the deliied and | oficiaplacordpd saepLEnRg tnasle

group to use as a.repl n i.ng. : t jnt.al .t he
desi Ted compAPROFoRE JuaReT o Poarpd i 19HE hei sBipldhaidust

ei ght conput igpgntigdeasuchl thathiiie iGKaneNn ef tHee ageretratd oforapetiiy Eidel s
handled in a manner sirriilar to events E4-E6, in being deferred.
until the haawghtityanpdificatians s pedsrmed o upgatethe PUB@"&:%‘P%‘r%?EPl&tngt he

end of the cyrren QQ?F atl I .Ad ind! dfdu La ot
enbodi ment s g’ﬁggs{wua g%s%%c%‘“&r“ﬁv@%?ﬁg gﬁﬁgetrm Iacengg?hﬂ(i:}ghpﬁﬁeng
node may i nsheadlidel i0nmayafiether rperflinat sligh periodiddharmamizationt activities
exanpl e, the official -recorded conputing nod yantity 225 i s not
updated to cEEPRAIBENd SUED @taRge] @g:?e 2nS "‘ﬁ%ﬂi@g”ggrﬁfltﬁpet 5 fRlgpsed,
previously desgpi ' Rfclunt Bf 6OAPUGTY FhdaMliaRlty hdridRMctEven
ot her enbodi (r%e%%f's? t g"\‘gﬁrﬁwgﬁgﬁ regor ded gorrg%ﬂi ngqﬁlgdeyquantl ty 225
may be updat deéengeqeddtedietsuch changes. [0044] Accordingly, at the

end of the second regation tj eri b, the har I zati an
SCtivitios HO PO the R Sainpaiie 200 Mg AErRfh RREA S MARks
modi fi cati ongy ty@ckhe AL PEHIPQEE pBSPH ekdcltivht dapdoay chiahgePEati n
this exanpl e aggregates the requested nodifications corresponding to

the various oequewtedesiast te gagisHRiIontPUina10giegromps.c S\t aash somesef

215d and 215a for event E a b, t ' e a
dynam c aggr &%Péﬂgra_ﬁgﬁﬁ(?%i%g??%% %%@o‘qfﬁ%ggﬁoﬁa?géﬁ%%%n%
conputing n0fdi?nﬁma@btdgfx‘arﬁjeﬁ@caﬁoredeSécity%bdiiﬁ&étE)_rﬂ)thaﬂm@ ingigteaioay the
quantity nodification in this exanple being an increase of four

addi ti onal congsiide Ad Onesoeart(@ reriodisagkteesivenh RAfRoRIERN, Aglbdlies, fandhe
request ed quapnt: i ficati: S S o] a ed
current desi r%@hbé%lﬁggl?i ér%rﬁ%o%g’&?fégﬁt i ?‘?/ %&Fgﬁ‘aﬁ% eg]gtr??\q %%(ﬁ@ﬁ%tn
enbodi ment s, cabacitly ehaingeaggorgsticed frpranthiet ymomittirinige performedy bpethe

PESCMM module 115 (e.g., to correspond to computing nodes that fail or
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quantity nodifications of events E4-E6 (e.g., to result in an

i ncrease of three conputing nodes fromthe current desired conmputing
node quantity), to take an accunul ati on of the requested quantity
nodi fications of events 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 (e.g., to result in an increase of three conputing nodes
fromthe current desired conputing node quantity if, for exanple, the
user instr ucijympl h®ieC AR {8 lof IdtestellYcHdiRst ine
trigger sati ts??acti gngég?ﬁgvgmﬂég%gn%ro%gﬁhygé%alﬁe a first Ep%guest ed
of last requesegdnoéxadublioncapesityctor gomputing neddigrowra)i die reedde driDs

E4- E6 .g., | i i ‘ £ f . )
BA-E0 (00 ch 8 R inih Ao RAEE ARG Aln B & A B RETRY LifBute
respectivel yhauelity bh StABE BALIBEIRY SoANgarsictikAt Egweityn chhgds ao

user instruction event has higher priority than trigger satisfaction
events (e.g. partfculareevgsds, susbtasint ﬁmprdamwtbv@rrng@gr SHET TegyeRted
dynam ¢ nodi §i | kL i (o] % : ES may
further pr evgﬁf'%éh%?ﬁ?ihgﬁmnﬁ% "g‘gg‘:"’eg‘g‘%’?‘? ac Pgnmsg%ﬁ%@tp ?%{%ﬁggcurri ng
during an aggiagpinitbbugh Mepfaregdingl eramplelssenbodisientiadfi Bigues et s

recei ved, such as to in this exanple ignore (or never deterHi ne a*ny
trigger sati §eaedlesh wilkntespephitood: JPESAT that PrRVIde vas, dWeo i s

received for 4. : Ry U B I
actual and o W@?&?ﬁﬂfggt{%@gﬁ%%ﬁsﬁi ESME(I;B eagﬁant |ttgideﬁs1ggggﬁg"rﬁ%y1285r
differ, at sewsbodimdnisi may edstpuFongxaogés, inratsipast somkeyembediments,i ne

of the harnoni zation activyities H2. Therefore. as part .af, the

e oni 2ot | oRHeed 9PeEs o Sitgle et EPRPtng ReBRF doPeidy tusery e
addi ti onal °p Mg (R RRckOsydldte (FRIBBHT MO G rBsaUR;, dte) My Bet he
current actu conpdt i ng node ‘quantity of seven to the new updated

desi red conpméddeyanailable danuse \oyobnewwdl Fere asers, usudhethal gt es mare

fficial ded i it : ,
Opdased deo PSRBT et sRE M Rrotie TEsulrdel Bl BkidIE fifbuting
exanmpl e, thengapagiti thoxeaifl g bt Fioré lbtingeusairs.5 |6 @additionn githoutEs some_

indirectly caused by replacing the one conputing node that_ becane
unavai | abl e wmhediregpiscare: Gesehibag avithyrespgchio 8 rIag@ FFepHttNeSRIVIESD,

as well as b j ' {,ti il :
correspondi nénpgﬁ?h%%é%?%re'%%ec %Eg[y’egg{"zgeqﬂgn?%l?gé@nﬂgggﬁlﬁcg??cgﬁe rom
t he events -Efechniguasdmizg. bevased Dor nmagagdecchss do aggoeg athemgroupe of
period 260c, additional, events and conputi ng node, capacit

avai | abi | i t y CORBNYBY FP&’P?%?"@%&:’WP?% i %m&lﬁ'éﬂﬂﬁﬁ{tei?‘ﬁ%é@é-cﬁ fia-
conpl eted at gﬁaaéﬂéliﬁ%?!e)kam | Eﬁagnémy;wgu 6hcéM%uﬁHg?J%§8fédYre%‘é§tde§b| e
conmputing node quantity is increased by 'five to a total of twelve
conput i ng notlest mapbeehdraged foe ute by radliiple usess meynipakideghe fdiswingiose
availability was injtiated at tine. . T21,  and wth the actual i ng
node quant i t?e%eﬂfeé%t& %ﬂ&g?é’@%ﬁ@[}?ﬁ{%&sﬁn '?%n"}’%’aglﬁd“mﬁ&%ﬂl g‘lgﬁng%l'ne
graph 205, tRAcKRIA RS BisRVANRESE tehiporky! azta_tst@fazg%oéapmdietsh(@.g., on
aggregate average network bandw dth utilization 205b both decrease
after the changdleCmmemionh sheh agyyrBie messagse qoeying jand/l iReESPg5a

9 : D : oY ° o | _
aver age cp orety OAShebES cof Bty iFREP sBpat Med HEIGED Aefak
20% cor r espoR@tigs! wirtudl’ thraruicaBipaccirbts, T ett.)f rdajalease? Shdnagemisiing

an event E8 to occur that includes a determ nation that e%!lg er TR-3
250b has bee§2pabilitigs; cdedigateps bgndwidtie 01 pther| pebyosksglatss freeources;

Limel | ne. o ARk, R0 Wi o @rifEal Sultf eV RELaBilkiBe. BPU BRALS oR HRHIC

CPU utilizat e’'trigger satistactironinitiates a
request to dewgteztion klecutisi capabiitiopugtcng node quantity 215 by 2
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sane time as the change C8, in which the PES term nates the

unavai |l abl e conputing node as needed. In a manner simlar to that for
change C6, the PES opts in this exanple to wait until the third set
H3 of harnonization activities are initiated at time T31 rather than
imrediately initiate a replacenent for the unavail abl e conputing node
(e.g., since event E8 nmakes it possible or likely that the desired
quantity of conputing nodes in the conputing node group will be
reduced then), although in other enbodi nents the PES nay i nstead

i mredi atel y igyab] #igurkhB MuSHhiiséh Bmbolfné&miih aRask Blprograpnekaeutipde.
In particular, in a manner simlar to that previously discussed with
respect to ewentiee FRay E® providesl using enemr mRere data septaraidteat inelusler wo

di sti El d - Ylird fatid] |
hat. occur  athgpoaERALSamilind Riot S dn PERRLBEC Blis PR g SRR ©
El Ca at tingligdgt8n Mubtiaingaakatnple &misaimesp indaichoa tHESSinmetiukg

node being detected to have becone unavail abl e, and the PES

aut omat i cal | y180nand HESCMM mpduje 346@tofia REogram exoUEpRiseRliee Manage
unavai l abl e ' e [ .
Furt her ror o, SRS LIRS pr HGiS. Brodrims B heng° Bt Beo Bl Tt
conput i ng nogenigidihgosysiemsaat tiee onesot nae eatenteritersOa The illustrated

t t ed t t EIl Qb at i mat ti T28 t hat
i £ ateq a (AN INC0GR D St Ul 7SOV PV M FESe W BHOTBRBSY o
use as a rep &?ﬁ@%&br@@%&éﬁ?rﬁg&é@éu% gentbP 1781 Nhahis dxadhplesineed

conputi ng node quantity sired quantity 215e of twelve
conput i ng nodeterndtr 96previdrampbess tohearivagesdarnsf camputing3ys@ms.ssuch

handl ed i : imlar t t .E9b, | i-ng. def d il th
o o zat i ofsdRrTHtTocysms faf Vi bivals nebiers b AR BBt bl
current aggr @gafpuding lSySRrien 92d TREQFivald AENEEI 108 ned\BE, feFrBestnpR)ES

and situations such™providing of a replacenent conputing node nmay
i nst ead be i wotncsatsd netwed sall e whollydar tpastially Anageessilearfisine, n@re

of ficial recqr C I n nt.| LS. NQL d o]
correspond t r'@ﬁ%@i%'&q}ﬁ'%%ﬁ%ﬁ%@ %#%%Pﬁrzét (lgﬁ? h@ﬁve}gge@%@&sr*yw‘l'
descri bed wi idbmERPIRCbydtomehady erayindiode, afor fagiplée,na drhercomputing
enbodi ments the official recorded conputing node ciuanti tp¥| 225 may, be
updat ed to r s¥stest thaeanperdn gasctly wothe) nigeei{giggl's a tglerhrae oR g2
the third ag i js : sry&h g i i~@N RVAS §NCTS
113 are i i PSR, S DS PSHne BROTIDST, HB)TIR eRkcRY ofie oY
group.. I n pantharudiata, certersPER are ilhistratedatihsk ereaggnegaeddotdata center

request ed nodifi catjons corr ondjng to evepts, that have o rre
during the tif8 \5%#5%&“?6&%,%%%&% stuaﬁghﬁ?élsﬁg%ynﬁk? E&énlp 3
and Ebb, anddekehfdGspbdintakse a dynanic aggregated quantity

modi fication to the prior desired conputi ng node quantity 215e of

twel ve, whi clfioosq) {Thiesexarepipldata seateretik nclidss a wombhssitohygicabbest,
So as to correspond to an up ed, current desired LN

gquantity 215(5061%%]89. Sﬁ%‘?rpﬁe?ﬁjr Bbyﬁ'?\@ UPPEie §é‘?%§f§o§?§ % %’%?%M
recorded conmpydduMg 18048 tA FHS, tarksa ZHECMM AdRiul 16@or trt PEBeVarthind
twel ve conputing nodes, respectively, at the tinme of the

he .
har moni zat i ogxaawile:i hpsls cpBipUTingr sysie@s 4€5paach girovide Rultiaddi vEualon

Comut i ng nolPdllies Aty Brve I Fu GRABSTR' CYLPE e pdibod o,

conput i ng nocearsgrntthése ofirttiain machindsghe.gof 4 hypenuisenbr asthenl virtual
conputi ng node capacity of eleven, so as to renove one of the i

exi sting conpuAGHE MeRIEerX soeht 3% 1% HivstitedywhB JesRRS Up hestFomrying
termnate th ieQn : i rﬁqﬁv (N =[2] e,
optionally a?’?gt;éﬁggr?ggewﬁgﬁqgglﬁg %ﬁqﬁg%@ﬁgsns t atglq?tcé)m a rae%lﬂg
begun, and t eomgpiomenhav9a.ofMetathgr hostecammitirgbdystdéros 1G6bemay sinitaglyuse

include such compenents, but those other components are not illustrated
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avai |l abl e conputing node quantity is decreased by one to a total of
ten conputing nodes, to reflect the conmputi ng node whose renoval from
the conputing node group was initiated at tine 131, and with the
actual conmputing node quantity 220 bei ng updated accordingly. In

ot her enbodi nents, the change CO nmay occur substantially inmediately
at tinme T31 upon the determnation to nmake the change, such as if the
conputing node to be renoved is immediately withdrawn from further
activities for the conputing node group, even while the renoved
conputing no | &t } } { SRtéeUe2
perform ng oggF%ﬁréﬁés@gf%ﬁéﬁé"ﬁ%%???%ﬁmmﬁf ?éﬁtﬁwg?grrqni zﬂgti on
activities HmayRphorhliMssienlerly hiaus taret eximiane tshich \dstagipnechises @odfari ng

Par moni 24t | o MAdTRUTecERRYNaE. (e whoBRL pradt iR diHT rindes
tinme, and fubidgdedmyy Navieoft Bempaiiid dyetdriamadyade 0¥ed as par distinaf

time. For exanple, in at |east sone enbodi nents, sone or all changes

to program egempution redeafon theoPES, cviebuas g ke agfitsh prittualt maeling

initiated by the PES ' . .

uhi ch-at | eaGPo a0 sFRE 9t Py LTEEAY ReREECONE o sl

al | owed. ThenB&S- ?md'lq?cmred fifs® QlisHY) exects irmvecapestdnd odrudesathiae
oC

may cause such a [ ockdown may include, for exanple, program execution
capacity i ncfeawuingngdsonteat samedoshgempping Av§tPay ReiPad 9 4rgee8ndt ne
harmoni zat | 0goagih ¢ heSe (il 160 AALBAY GOIDUL MASIALER, ho ohRIFove
exi sting conputing nodes, ®tc.), and/or program execution’'capacity
changes t hat emibdimnettisasechel smaitobthel physical depboseputing spESMSs at the
determ nation (e.g., a co ting ,node fajlure, ,receipt, of user

i nstruction, d?é Fgf‘fﬁétma}ﬁ% %[Og@@r?%gd‘ﬁaréﬁé‘fmri'%e "fc’hef%%?.mﬁﬁ@ﬂ

| ockdowns na)ﬂir?@t“ﬁa&”é@é'c%ﬂﬁadﬁhg%d‘e%ét EXdafied 8n8 -or ridYel programs on
specified result “or occurrence, "such as until a conputing node being
added has bebehelf anfanh agnde ;user spstinéeeof teafthSof Furthermeigs hnagomae

average or expected tine for i n i t '
avai |l abl e; e?gﬁ:}oﬁ'ﬁﬁﬁt?’i Wrgbﬁe&etﬁ%or’%ml‘ﬁﬁg %&gerﬁgr1y %@éejgggnrﬂ?ﬁz]%tg %e
of PES-initi gifedinghesskbilitias] irdy haob difislenowrsociated feasforsos® tppes
of events or changes may not be allowed, such as to not allow )

user - speci f i 6UPRONE glifisrent ypss efawsesfrregrans (8¢-.i \redl mgching sqfvare
ot et mog i . o .

o | ow user 1 A%, ifianeey o Mindraft sPRSTRNburRS Wk BfOrdH: 8
i Pﬂit (r]I tuct i onsjegburce Goritérda !amk%iommﬁuﬁng i resouriear Uiaaa%erosmh ias’ diffeeing -
enpodl nents, a user Ssoclated wt a conputin node grQu m
simlarly sp@@ﬁ?&ﬂsaogc%? W%Wo@%ég@&%ﬂg% Pﬁg%éssr)‘%‘?‘l ;F S0,
manner to tggbrtf?:ful ll%éfg_o%dio?uctbeﬁ‘s ;go?l%%s dedy PBEI Qtolbed (o.g.,

speci fied anmbunt of tinme that follows ockdown,” or instead takes
ef fect at ot hatormativedly) ascanding tohend oc kuwarsuct atiogs,twhkich goay dother

iod, at | t e t .Qf t h t. b I d,
hch as to nBe rebmeuedite T Preigsores tesaliia st Sarsng,
i gnoring any sgatehs! fd SeBEt fotd:ehkagid 9Eﬁku$§g;ﬁrﬂgrérﬁ§ ol exEmplengdthod.

It will be appreciated that users and/or t PES rrﬁy control
nodi f i cat i onsenter cbifbduithey inclislegr au paternal ohefworelfiZe ihati mayt inelude

enbodi nment s. 9] Thu in this royt PES t ge

t he program @ﬂ%?i@he%ﬁ:%vc%ﬁ gﬁ%%%wpb 4f}fﬁ\:&s rs‘ggage%g?%?ﬂ%(?%@@

conputi ng NO@as, cdreClouthragwith dakputing s@sismey 18 iandmogit, f theaPESTMNO

t he conputi ng node Proup based on vari et y1 of circunstances. |t %}4 |1
A

a .
be appr eci at 8tpduirit T60h eand, dhe SPEASM: iaedde 180 wenpatted o the Joteen
are provided f i | traglyv - e S,
changes and 8?@@?""02@?'at ﬁgﬂr?s%gﬁ H%%ﬁ@%&é“ﬁ % grg {é?é]s gﬁ?gf&]nd BtEr
enbodi ment s aahpstingadystemss 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 dynamc
conputing node quantity nodifications previously discussed with
respect to Figure 2A, such as techniques that nay be automatically
performed by an enbodi nrent of a PESSM nodule. In particular, Figure
28 illustrates two exanpl e dat abase table data structures that store
i nformati on corresponding to sone of the information illustrated in
Figure 2A, with the exanple table 280 of Figure 2B storing various

| nformation rﬁtlrf]a?écﬁ"ﬂ\ekﬁﬁﬁ Hedymiap! ?uﬁﬁ r'e”%a'&ﬁd@f the2RpRkiuled 160 and

avai l ability changes that occurred to e éxanpl e conputing node
group of Fi guigd :ﬁAybee‘becumdl USmgaenéGrmme bonmuﬁnglsysem)(noaahbw)t h

he bxanp o U8Rl 3 ten lkStaEar PES SR mendSe 18l EEEM ol Boup

Groupi of Fi girdPat [280 sEXRIBE the 8BL&ibERO0tdRAlgNEESn SordéF ¢ ivaritige

rows or entries 285a-285k that each corresponds to one of the exanple
changes el - @®cdiictof peograirshon @wm ot compyting nedes Whathargapiayiged

fields or col ums,280a- 280x |IIustr eac

in this exanpl9 B‘fc%O'PBW“I%XﬁE%'BE 413%21 e ?%qr}ﬁgp qu%ﬁelr?gbﬁ{
an |1 D 280b ofg|ditherBPIWARSH bepAaEME éSEpNIRTEnad® igdsdlectel its xéheeain@nge
corresponds, a type 280cof the program execution capacity change, an

i ndi cation 280dmsret pEograrsn@édar eser.t the RRSSM Jgpdulpe xadtin ofoMme

capacity cha u end
Cimes 2b0r andoaniebfe Fifie RieSursinor oL plorariiB ietlofhg e
during whi ch y¥ieneinagee dorksment ameoﬂ-reronmagese:ompdmemtbat tdoatrols

change is associated (which in this gile i,S refe red to based on
t he har noni z&E6HtQt O iPFPEeMser Pbrtﬁ'ﬁﬁl e¢tRe SREPY ’"Q h@o‘iﬁgroégﬁlqyon

time period), I@rrﬂ?ﬁ%@?dﬁ’é‘&ﬂl cRENHE thie g am§n6’n QRE | UMEtbY AEMPRING

ot her inform |on one I'l l'ustrative exXanple, row 285a corresponds
to change C roole. Qsers! of thhaiRES coay espeadsus oompuhngngystemamnteract

conputi ng node,q f u i nv IV|n an..i ncr

conmput i ng nod’%@ &ﬁgl%téé“@mﬁﬁgqiéoaﬁu | e © EUH'EH i eﬁ‘%g 8?“%
period H . iRg €18 t@nsapéﬁéisftﬁbmthéwatafc@htmnga prﬂ Exarrple
tabl e 290 |ncI es a varl ety of rows or entries 295a-295mthat each

corr esponds tIQDSGhét oill herappiesigied thatdhe gata centgr @f Sigs B (& previded

T herrat od o) IEsTAYYD RuRasES P, ohd e RradiRl SR BPR4AGEs and
includes a U'Utlﬁbﬁsd)fd@a'k’él ExeRution 1sen)icéObmy B provid8dlin @:fthémmanners in

appl i cabl e conputing node group to which the event corr n
type 290c of ather @mbadimearis.oFRaeKIMPIE G- PYunodwe @u‘f“l‘@g F’WM

event, a timg,290e @b hiF ifMEM 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 illustrates an example of techniques for managing an
example group of computing nodes that are provided to execute one or
more programs of an example user, such as techniques that may be
automatically performed by embodiments of a PESSM module and/or a
PESCMM module. In particular, in this example, a particular user
(referred to as User UUU below, and not shown in Figure 2A} has initiated
the use of a group of multiple computing nodes 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 referred to based on the harnoni zation activities perfornmed at the
end of the aggregation time period), a change-event nexus |D 290x,
and optionally various other information (e.g., a particular user
associated with received user instructions). As one illustrative
exanpl e, row 295h .corresponds to event E4 for G oupl, which
corresponds to a received user instruction at tinme 119 during

aggr egati on itg®haes icothpdling matles @ hasd!e rehadsts hecahes] bed seovipe thatg
node quantity of G.oupl be 1ncreased by 3 conputing nodes, The other
rows incl udelssipRpyided i by dhere@XesHting gUsg1am n(edhe BXAIRET dOooPalgnge e,
t he change-e ' i : fiti a8feand
200 rof | act o COnpulid Ked {3y 1 B ot ANt U BrcPhod e

rel ati onshi pgragiweanisdnangesd anthecinsiinge graph @40t theuliser hasrethested

le, if \ th bl 80 and 290 sh | ue.f
the. change- epbHmebLUERtbS CATR-HASITERe P AP SYORT. AL NP Brete

attribut ed C%H%ﬁ&iapaeaﬁég%;&gp&m@ REdE BERRMY INGaBfNESMBIh haaaefor AS

one exanpl e, as previo I scussed with Ffespect to Figure 2A, event
E3b corr espoitisgtonpt Hefopmation 266 indiczics ypriaee neendefmedirivgrrsibadheor

t] de that b i | abl ich is. di :
Bt er but abl e uss" bis apeched dor ecsanaminy hedt iR hishtie tms, oo
a conmputing Rt rbRBadt! OMPadAGSRr §heliHe graphv 2@ firistrats! iafprardiong

to event E3b) and row 285g (corresponding to change C5) share a
common nexus abdehtwdi exampleohpesCohperisangnce Hiagectensticghthay will be

corTEsponds | 8RR NG LSRR HASGROHS I Ik LR ISRl
directly att whetierbine triggehsnsohamegeatidfiedpartiittc ih dhis example Bejudes
and E6 each requested dynam_c nodjfications. to 'Goup' !, which were
aggr egat ed aABITRIALE iAvetagep it iubizationp2@emfor Hie S%BHH‘%ﬁOFSLﬁmHP
the five conpyli og-RAdes LragdaRGET - bASIAHEN utlii2¥fon 205b for the
computing node group. '
[0038] In response to the event E1 at time T1 comresponding 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 fime has passed after
time T1, a change C1 255 occurs in the program execution capacity for
the computing node group, which is completed at approximately time T2

after having been begun at time T1, and which corresponds to a first four
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295f - 295h (correspondi ng on events E4-E6) and row 285i (corresponding
to change C7) all share a conmmon nexus identifier. Furthernore, in
the exanple of Figure 2A, one of the five conputing, nodes that was
added as part of change C7 was a replacenent node for the conputing
node that becane unavailable with respect to change CS, with the
initiation of the replacenent conputing node corresponding to event
E9b. Accordingly, row 295] (corresponding to event E9b) and row 2851
(corresponding to change C7) al so share the same conmopn nexus
identifier. e i j f 18 n i | Re@TENt
comput i ng nogg t%rs&# hrllti %@%ﬁhégséerﬁegrgggéﬁeégﬁ'at/g?éfr?’?g% ? ﬁg

provi di ng of compufiog nodd divantityR20cthapistiravked dacthecpmpEipgrntidegdroup

events E4-E6, such tq,J pately repl ace the_ unavail

conput i ng nod¥r eqq‘?é’afg‘i’fpg)e@pgﬂgh‘f‘é% nlé'eaq%gt?o'}’ ﬁiﬁ“%’ﬂf’a t@?‘ég‘: St e
the end of tiHEHeaREr Wk 2RNnaNGrabRe20® Fididdt88 thay ilenagarbhate average
activities H2, and would be shown separately in table 280 with event

E9b and t hat CRitdiutilizatiah 208arayd aggiegsig aveman nelwork bapdsidnalilirgtiagxus
i dentifier. ddi 4 i whi | five. ty t
e {or g Wb Ened B e PR N A R rbpaiin

in table 280f ite AVapableamhoslitieniciesasthe graup. i ng node being added
may be represented in a separate row 285 of the table 280, and if so

woul d each sigp8 Imihis memrlsuthe F&s (¢ etheqrhirgparlyssysipmk perfprms
illustrated : 8 fe t a C I i
Furt her nor e, %'tg ﬂbg éﬁghrr%l é&ngﬂté%g’g&%rgegf rtggkggﬁipn?? abl %mzsé%nt![eﬂ}ét
correspond ngbnitmioust madyeasuch rthal fhiecpeiansance crracteristipsn2@fm and

gquantity based on dyngm c user instructions and/ or i sfied user.
triggers, bu?oﬁbsangagﬁd afiual, se0uiag: neRgHguENtYy t%:gbrpmfij%a%és

quantity (e. Ehaént ﬁ@dt A SP0PUL G AeddRrf 1dua\krom Midekihpr, Reteastng

unavai |l abl e). Such changes are detected based on nonitoring _
activities, aocedypes lof cynamicemhogifications to theacomplijo@ nodd dluangiyafor

lthough | o bienePreos e atSe, 56 BREes ST BHBReARfn 23R 4o
t o not trackag?l,_@@a@aénggagn@/oﬁ{e ttgpggt of tiegaksteys neddifichtionst edring

replacenment activities as events. Furthernore, while the change-event
nexus i nf or maggregation pesioga st dime 860 aard 10 @aHeEs hasmomizaliph Astyijes

e 8 1 SATBR e R et SesBs

correspondin hose changes to
initiated i mgnadi effieiay)reaodiechaogpsitingahods eyuantitieec215; 220 ramdit228, e
to one or nore correspondi ng, event s. ée. q, , events t hzl are _aag%g@agt ed:
t oget her andresPestvalynateeHdnglys dWRgsa TEphAgEEIREoR M PEQE P uch
as during ha LZat | t5AH - 8S) con h ' t8e SBRTHULN

ot ormat fon SouIpIE giahaBs 28 in B eqr il e HLBNIT N e SBRbutng
attribution abdegspanecdirl iFor exampbaraficedtharchange C1 that makes the first

four computing nodes available, a subsequent change C2 that is

completed at approximately time T3 corresponds to three additional
computing nodes becoming available for use as part of the computing
node group.

[0040] However, in this example, the eighth computing node that was
initially requested does not become available in a timely manner, such as
due to a hardware problem with the computing node that is initially
selected (or instead in other situations due to only 7 computing nodes

being available at time T1 for use in the computing node group, with the
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dynam c program execution capacity nodifications to a conputing node
group may provide various benefits, including in providing

expl anations toa user associ ated vmth the conputing node group of why
changes occurred. Such responsibility attribution information nmay
further be generated and/or used in response to various types of
gueries received fromusers or other sources, such as a request to
identify which event(s) are the cause of a particular indicated
program execution capacity nodification or other change in

avai l abi | i ty ut.k.n f r ot 1afer
whi ch progr am exe(r}'e.tﬁrﬁ%ﬁ@raglgg?% %d?wgggtﬁ?%}g(ad)aegrggﬁ?gpgéngut| ng
node group abatcbmbslavajiakleinfeicoydingly, aaus\gmttEQ élﬂé isrshewyre ocadiriogt ed

t As di th t Fi
T T ust; at od ShotbaTte he GraREB I ettt vl Tan Fepieo g B! o
and provi di ”%ﬁrﬁﬁ}g@%é’bhg&m é?ﬁfh' SHhp@Rihg rﬂfdy;frnéem (69!, ifeiaiizen

with respect additton o conmputing nodes correspondi ng to
change C7 i nirFiaguinderaiediathestatadr andymvt@tﬂs the revidinay o aceRRAETRRY

nodes were add articularl |n h ion
of event E4 P@?‘g@&%‘%%gﬂgu?? 8 I‘ﬁ?dg%"f %’35; 8’51559 t?rt Qgtﬁgﬁgh irﬁﬁérdrfrg%l on
iIlustrated Fiyre 2B, 6n s exampRiIherPES el ipifiaters ohynga 10 at time
aut omat i cal | §_1generate a hurman-readabl e _expl anati on. For e a[Tl?Bt?hat

response to d1ubet cox sde adglingthe iitish eighth ggmuytingeno
oher syst anchande ?1%33%%%41 Ko SBRIABH R afacfiel ichu? ondoling RRge"

¥\as di rect | ytiesus edided mnteccﬁﬁés aiv]?tlahﬂe dhd thivetie EBénnghT@ar iscumst
romUser UUU to injtiate a group of 8 c In Thi

i nformation fefledRd Mﬁrﬂﬁ%ﬁﬁﬁﬁnaﬁoﬁ?l%"&' e&@QﬁEum%Em 210
280x from rOg(oggﬁfénﬁgérmnﬂ'F]gufeozﬁhméa@mttﬂs'éi@mﬂ!é Vthe @yeRPER Of

the tabl e 290 corresponding to event , extracting and
formatting i iF¥ sepatiedrinfa tvo distisctz8satakaa MaEﬂn (rotahomnespRadaeby)

(e.g., in a ormat based on the user _.reques

pr ef er ences, '?ﬂ °£°f"5|a§ré’{ %ége&?%gnﬁef F@ICU%‘-’C&} BE 5813 2" n
response t0 @yeSeE26CUEFe Fa ﬁthmél%x@Hp@@ttth chbitespisriis tcﬂ?ahé ngman
El toinitiate the group of eight conputing nodes, the PES or ofher

system may, tgmpgﬁagpm le ifailing atce initi@izeo LPBRFHY (e ey dithinegy specifiede
Ti di tl Ch
R e s L e Sl R

at tinme T2. QBWT@% wamindte tagdinitiabrighth a:anmmmgu noden dlakstsfailbdttowas
initiated at tine Ti' and ended at tinme T3.

ge COB8 was the .
addi ti on of 1“1%%lﬁqrfﬁ&”ﬁo§émf‘ﬁﬁﬂoﬁﬁa§’ this ?F%!PB@ fhe ?Fth’\éﬁﬁrméﬁﬂi’o&‘?f
not conpl ete t S
o the bause ! T AR coERIRL Sodsinae BaApE B s RelAESr Sk B
-change C7 of itbelfurentédd ad lae sBfsrate mhérEZkysatdlmera'l]t} thet w)t@mptl@ﬂy
indicate the follo nge CO

di tI 501
EO5, E06, EOMNitiFEs Qb’”irﬂﬁ‘i"at?c@{f?‘f‘%ﬂgo‘?fr % e ﬁ@taléf@?'ﬂbf% NG |

to T21. Even BREESF vBhts? ﬁ&i%é [tmaf 688BRGdMeY tREAges,
based on sat ?‘sﬁgctlon o trig farefv'?'R- 1a EvenLtI E06vaas a g;sguest or 2

addi ti onal csaplmlthatghamdt mauemlﬂasgelfelf acfrstcaveat mayi itpgrberireated
Event EO4 was a re ue

dynani ¢ user #&ud p?ei ;[ ‘?\‘9’11 Jggflg:%h%sg nﬁ%bgﬁr gré%vrﬁ%f %‘3@3 e\%rﬁ)

request for %eh@m%aﬁefﬁ%mngqatawévaﬂ@nmggbb&m @veﬁtbenammeddmg
termnation of a conputing node of the g{roup t hat becane

unavai | abl e. changegesulisoas idisayssedh dn gerpter detal ielsawderst r$lﬂﬂf§q“e"ﬂyv
res poﬂs' bi 1 %ych%[ntg%' oY Ebg,nwhtch 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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informati on may further be generated in various other fornms, such as
automated reports (e.g., in tables, charts, etc.), and in a periodic
or other scheduled manner. It will be appreciated that such
responsibility attribution information nmay be generated and used in a
vari ety of other manners in other enbodinments. [0057] It will be
appreciated that the information regarding events and changes
illustrated in Figure 2B is provided for illustrative purposes only,
and that the information that is stored and the storage of such

i nformation p r LN | L5 Vi n [ r
enbodi nent s. ggu?fﬁgr%bg, gtgﬁtgéP@Iéé%y%o?lgﬁgo&gﬁpgﬁgo’?éczedgéfigg{r?gl
types of i nf evaidble foralsauds paréof thencbnomutingt nodg grodp. gr oups i n ot her

enbodi nment s, h to h dditi, I bl t hat st inf ti
Sbout user - dERHACATEF igeaant SHBIAUIRG RAdsRoaT JBF 1 STHRNTS Rete P oHBNt |

i nf ormati on, j SRy fof @0pBliohN P&k ldgRfegdiRn time
pr ecedi ng exé’ﬁ%%% fg]‘sﬁll%i gﬁres Zi‘aéﬁg?{% arg p]roov?ded fg? iq | ustrative
pur poses, angedbth@60ansuotherchangeaf4 d5bfaacursiniheiastisal wayputing Modke

exanpl es. For ex , _al though, th ragram execut i ' '
neasur ed and qHﬁH&V% ﬁa@ﬁﬁoﬁﬁ]a&elﬁ %5%1 ??yp@mpéﬁﬁg’ﬁtq?%ggﬁgggag | lC’n'“]trtﬁﬁes e
exanpl es, sUGRJaS fiifind BE oHRIvidEShEGRhg RIndvaime! IA Bomesiehdieevent
treated as being equivalent (e.g., having equivalent conputin

resources), GB3he5 crrsuis mtappronataly phevsater) tiweras the © %@%%‘is hig

S Lo, SR B, PR B8 0T e g

characteristi anoun processithg capacity,

menory, plat Gagmpeasllyi eatdntdticaty Cinjtiaten dherpriovidity «f pr cplacement
execution capacit¥_ is tracked in nmanners ot her thap conggti ng .node
quantity. |nCemWmELBadPdaThdRi PasHEWar. By B JUENBE sHlaretpuiat PRpUSlY

i ncl ude indi gatl00% QitnP ARG AL B'RePPEY, the dPREDs sBaftREP H ithS

nodes for use 1 n groups (El% conmput 1 ng nodes selected to execute
programs assesambédint two tistincbenerdt Elaand Edh dwtrsbguassapanaielyd gt be

fulfilled OnoE:QL?r gtoérrr?észs)rotﬂgis% és ir%%i. f+r‘?9s,tt%é’ ?’ég ré:c%qgéj tainn&erﬁ?%%a at
time T7 in this example that corresponds to the computing node being
detected to have become unavailable, and the PES automatically initiates
activities at time T7 to terminate the unavailable computing node, such as

~ to directly cause the change C4. Furthermore; in this example, the
termination of the unavailable computing node that occurs as the resuit of
event E3a is itself freated as a separate event E3b that automatically
initiates at approximately time T7 the immediate providing of a
replacement computing node, although in other embodiments and
situations, any such providing of a replacement computing node will
instead be deferred until the harmonization activiies H1 that are
performed at the end of the aggregation time period 260a. 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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noss] In addition, in at |east sone enbodi nents, a PES or other
system may further performother types of activities as part of
managi ng groups of conputing nodes. For exanple, as previously noted,
the PES or other systemmy determne to add or renobve conputing
nodes from a conputing node group at various tines, including the
foll owi ng: during harnonization activities at the end of an
aggregation period of tinme in response to one or nore triggers
satisfied during the tine period and/or user instructions received
during the ticgreBpohddo chbngey Cidi afd 05, s poNise previeusishangessCriue3,i on
or trigger satisfaction that is specifjed or determ ned to have

i mredi at e ef faébeughtinaptper | erabpdimests dhe eofﬂ"@ahd%?f&?adc%f’v\w& inogieot
the PES or Ol lghysyslsciilay uclihdied B IARLAESE dr 3lllsteh CABRYEL, RacRede
and/or to termnate and renoVe a conputing node whose ongoi ng
operation i s to duntihtiedsly esrcrepeatsdly Ineaistails dhe affitielireerded aoneptB0g or

ot her system may further _consider, other factors,6 when deternm ning the
exact tim ngoge antityLLdsne %@f@ﬁ%@gﬂﬁ)ﬂ??m"%%ﬁwﬁwdaﬁ actual
modi fi cation in@X Cquhilitd At i bt b LRinkS fodwl khpast
hel d respons?gﬁﬂlgg ?Eg ugléérgﬁa”g?vemu%ﬂ?wyﬁbf i(?grrpyti ng |?lodgs
for a given peaiallitgf changeg eory.gvehts adaueadyring ethec namgiler opf Xhe

conputing nodes for, the next .h such informati.o ) 0
ot brmna 11 moREaRthy e, Bered 1 80e, TLiHls' PRRERLRYWERY, Bohe el
the conputi ngpBeified Qﬁgg’e&s 450 bé&itgRefisféd, CAME ho Soipaaiitdliyt Syatiffeeisuser
reduce the quantity of conputing nodes in the group below X, the PES
or other sysitrshuciignsbenmiersives. wareordmdly. Eﬁeﬂiﬁeaﬁ'fa@t theeesh @f dhak he
given tinme perjod (e th n A Ji S
al ready been%gﬁagﬁli%q Q%%’?'oe} grsgégtu@tlfl Iot;;rﬁ(rare'ﬂﬁﬁi%%% ﬁéém(]:tgér%p%'lt%?crg&% %&%ﬂ
quantity bel @ut Xo itivitieardry nectied, sino®titie ogrreniddesifeda agiual pnd adflical
near the time when new harnonization_activities wll _be per{iormad
(e.g., near (®ROTdad computivernesie avantiiiss 2R 220 H RS, Irspechively. are
conmputing no i i £ ki i RereH t@d ES
or ot her sys'gl gnﬁ“ H&@Hgé%%%ﬂh%b@%hﬂﬁ%?togéghg?gﬂgﬁal neg%g tgu%ﬁﬁdté? hEnd
optional | y t heaeéifdabie atompotingledotedbaduant | bgen opeddinet ding the
failure, -but to not ipmediately jnitiate the addjtion of a .

repl acement @Gﬁfﬁﬂ"’l%ﬁﬁ WogePENe d?las aﬁdhﬂ%tfa?e?fmt S SGrRle: ftofeyr
the request eghGORPW PRtidted sUpaAtdrt theMatidriaitioRnsctlitidsNE 1t ifker the
har noni zation activities determne to reduce the conputing node
quantity for aggeeggtionptibe peripdin wder toogriace dhecmeyailalie qompuitng

i d . i . o
computL 0 Sl b8 K58 ts S S O A Wity
enbodi ment s, chARgEEhRare rdiesiabbemitated damneg thamgdreghtordtimei period

types of nodifications for a conputing node group sinultaneously. As
one exanpl e, 2808bnput i ng node group may be being managed at a current

desired conpytj i i : I ; i

ocat on, _butteede G (43ked sS|LRIEATRK beod 2808 Qaiforkl ot |
for the compuioi Bgcmodieowep, laupbrtichir, anspeent iE5d 266s first dosaurs est of
t he conputing nodes of the oup be | ocated at di st|nct secand

| ocation. |f a§‘§!°’f”ﬁétthW-?{ﬁ:t@r”e§9§P@ﬁgﬁﬁ)?"(ﬁi@?@@ze(i aetr?é'@{n {RR by

desired val ugnd B haP GG TR 1250aNh4E RIS saRIRE! By thaGhedaBigby

increnentally a ng any w conputing nodes to the group at the
second | ocat iaggreyaie kueragee®P U utiizatioroR05ay asny gexphicallygllesirated imigie

d f the ql t L i til the desi
for the secontdberdranh 205wt fefrst BekiVal filchs abyradiii avaiaee,cF0
termnating ex; tidﬂxgz@?érmklé.i Nehd @ifRfer f T tAasrastembindiatdda rbigusdt to

| ocation to enabl e replacenment conputing nodes to be added to the
group at t he iswease theodesitashcorspuiing nede reantiy 248div 4 6aspaiiaa sodes,

for a total requested desired computing node quantity 215¢ of twelve (or
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conputing resources). Furthernore, while program execution capacity
nodi fications are made in some exanpl es by changi ng conputing node
quantity, . in other enbodi nents such capacity nodifications may be
made by changi ng the program execution capacity of one or nore
conputing nodes of the group (e.g., by replacing a first conputing
node with a second conputing node that has nore or | ess of one or
nore types of conputing resources of interest, by nodifying the
anount of one or nore conputing resources that are available to one
of the conpuliBthAQYERS cbi! rédfifes!thsa e Ridatdt dedfed S8Hputie node
[00s1l] As prev?ouslyﬁzfscusggé,Svar?%us ?@%es of functipngl?$§ may be
provi ded and qusstitybbe £cPES twelveariegagdlesshotitme sugenhdgsired computing
functionalit y_be provided in varli ways,... For ,.exa i.n,S
enbodi nent s, %ngg%&mt _ec§t‘r|’(I lecafgeéi %ﬁsoéﬁﬁﬁf‘ér Pﬁ%“nﬂ%%@sﬁgy%ﬁe
i ncl ude nul 't iRbft E6HBH hdg dtRURSaf Afproxatatblytin®NUS! aBFesforkpgtd aof
users, such as via nultiple physical conputing machi nes

i nt er connect determination bet trigger TR-Wo250s has brencsatisdied tyndbrdngeasing

medi uns that _are capabl f bt a_k 119
machi nes. A “PRREETE R phERIE R B2 REL 2080, 0% SRIPHAR
enbodi nent s dretratadcirutRe tmkline igeaph coBnwith agblaek aival onehe iggegite
execute nultiple prograns sinmultaneously (e.q., sufficient vvrih; | e
menmory, non- EEERZGE @EMkaaééf,‘d‘ﬂd@-dﬁ&'?@éorbrx%{bh@?e@ AROSTe %J e,
network bandub e dfisea s refidsttn PBbaRk $EAXSIRATBORbuLiR? node
conputing nmachines 1 n sone suc% e 08| nents nmay each host multiple
virtual machigonentitgnRdsi by Podaespitied maids, nlay exotalt eequested dasired

behal f. of di sti .. Furth . i i
b bod ment o, CAMPENGHPISRRNTD 2458 qiden e armaprey ol eitssh et of
mul tiple useg ugﬁeéteawgaiea,coﬁ«minarrw@ﬁ@arﬁ%@%ts%@t@tbrmééérfdlééfs of

users nay 1 ncC e one OI’_ nor e ope_r atin syst gms, a p| Icatilons (e.dg.,
servers and/ the sutrent slesiredhroommtingcrede qopntity).i |Aftares shortpadditienal

etc. In addifion, in_at least odi ment . Y
i ncl ude exechf"z?ob%s E@P%%giraé] Fﬁ%@}g%; %ﬁcﬁmﬁs \# Wé%%@ﬁ?ﬁ@%e‘g
that are booymleis wRkheissbsiatddoamabie eamPoEngMmotier group! prdides a
machi ne conputi ng nodes, and that each may 1 nclude operati n%? system

sof tware, sofiypamicalyrsrasdiedr ressiest 4 in¢rease dhe prasiedngomaring node
configuration, Lof.or i Qn, a€ I S &GS,
t he executi oﬁu%@'tgng?%rBﬂo?’eE%rpgg{r?'Qﬁoodr#aa%Foﬁgﬁgﬁl gér@e%?g%e .
conput i ng nodemplting riide geantite 218kt oftleden Mor eftpoaieelyocauld uegeest
execution request for inmmediate executjon of thos .ggr

\ ogr ans.
Al ternativel §nat the Urdates: dgsirerh PO ingenods G . ib§8§13{/“¥? IBYSRd
rogr am exec eSS
Phen fut or o SAAARE BT oiteht decid baifp AnhaRs BLamiyF orreabon
Pr ogr am exec niayolre mesyiee treexamp|bchasaecedv e iservmiicogdhabthe aggregatgs

directly froma use e.q.,.Vi n.interactive nsol e .or ot her: I
provi ded by ?H%faﬁﬁoé?gﬂnlf@%%‘m ?8%’1 &B@F’c&)ﬂtﬁ s tﬁ?‘éfﬂ“&%""@&@e@a{'i" gt%“lg
program of aoHﬁE;htiﬁQ%bdé‘ﬁr&ﬂ@Fsiiﬁé’i‘eb)éinigflbfd. ates the execution of one
or nore other prograns or other instances of itself (e.g., via_an APl

provi ded by {t9da3lpFogilsinshorty befase the end of the ggaregstion tixme pennst 26Qs

i or et i on P8 BEHEE FATGHET Rre o FhPrrR Al YHECT I Bbted by,

Mor e progr amene SefchedGoraputEACHSD b ties gesUtefailirpyr ofhetwisiolecoming be

executed, an indication of a programthat was previously reg;é%tered
or ot herwi seusayslablel Agoreseending fveRha LcruiFRlaRProXiFstely 828 sa3met he

program t hat eagotgaec uied i wHﬂchamsopﬁbvtérﬁm%Jes %Qrmﬁiﬁggr a

si ngl e desi rtt:\' Shanber o stances, as a m ninmum and maxi num nu
of desired i asirpotieg, naiec ap, naslede! In abisaexeanple} yathér dhdreimmeolistelyf

initiating the providing of a replacement computing node, however, the
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[ 0063] After receiving a request to execute one or nore instances of
a programat an indicated tinme, the PES nmay determ ne one or nore
conputing nodes to use in a group for executing the program

i nstances. In sonme enbodi nents, the determ nation of the conputing
nodes to be used is perforned at the tinme of the request even if for
future execution. In other enbodinents, the determ nation of the
conputing nodes to be used for future execution of one or nore
progran1instances may be deferred to a later tine, such as at the

future tinme )r(]tﬁgtétrhhe AkPaged an Egﬁt Ofuggltf rLch@% LScdernsavail a@# e.

In sonme enbo determ nati on ut1 ng nodes
use for execmarmnnmbtlonecw]tmaae pmtmédmstlme 'Eﬁeheég bhsad mdhersmailbe
made prior to a request to execute, such at, a tjine when

321 HEfeTEd oS

subscri bes aﬁ’d‘?%‘#”tr%ﬂmeef%m?@’%émﬁ'hé'“?% arRFs&d 90 8
prior to a :Tg) %‘wﬁ%ﬁtr‘ép@&%ﬁ’r&rﬁ &Wﬁﬁgﬁﬁd&% l?elH%%e dePAuICAE Ror dry

sone such e one or nore conputing nodes nmay be associ ated
with a user feomputipgrattsahat baeomeumavaﬂainle;wlm@r ms&m@twesmnedhlsed

on behalf of th er n the il ated.co ting podes at.any

Gur ng t hat | poRete Tt e, guantingl pongouts Hodes i (¥ BRmRluid ngde™
execute sof t wahgp B‘QH el Redie8H tEBére'ann tth8sd BlahRBnizhtlord@tivities andnthgone
enbodi ments, "the determ nati on of which conmputing nodes to use to

execut.e pr ogrramlacamenbn@mpumg node avill mybbélaedad viRegihemembediminnds,

noaes. become BBy HSFR kbl TRY i8R Rk HeTeRl FHRE aAhedd
for exanpl e fcanfpiainyt AolE 0. grsbadednsn Ofiotmaleterfrg diheg reptauesieatoasf

one or nore computing nodes at a time when the conputi ng gédJes are
unused and/ omnarailaiie erainBaling, J19dasi dn f 8RY e‘i‘é‘iﬁh"i‘ﬁtﬁ@‘?@%e BFefyr Qrshot

[ 00641 The d%teegécrﬁhgameo cBlactle 6P MVAELIBOUBRAINYS Robigs in this

execution of rogrant copy or I nstance may In a variety
of ways, i ncleirdumgtdnasetlieoto ﬂ:mydes:@decwnpamgandtlerquaaqm baingriksly o
specified in _the re st ,or thervmse ecified for .t

&b LS

and/ or associRfireass Lpey thag ¢ eg;@a%e fF thegharmaniz Wnp%{cg@}rt%rsn%r

exampl e, i1 @ab8drendl @efgﬁ‘rir@r NI dcRindtit Fralr=REil A/ RmpaRgi fdiés

resources for execution o
in this circumstance due to other factors, such as the user‘havmg already
paid for eight computing nodes until later time T3; etc.). In this example,
in a manner similar to that previously discussed with respect to events E2
and E3, the event E9 is separated into two distinct events E9a and ESb
(not shown sepafately) that occur at or near the same time. Thus, the
PES records an event E9a at time T20 in this example that corresponds
to the computing node being detected to have become unavailable, and
the PES automatically initiates activiies at time T20 to terminafe the
unavailable computing node, such as to directly cause the change C6.
Furthermore, in this example, the termination of the unavailable
computing node that occurs as the result of event E9a is itself treated as a
separate event EGb at approximately time T20 that initiates a request for
an additional computing node for the group to use as a replacement
computing node, such as to maintain the desired computing node quantity

215 at the desired quantity 215a of eight computing nodes. In this
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programinstance (e.g., nmenory and/or storage; CPU type, cycles or

ot her performance netric; network capacity; platformtype, etc.), the
determ nation of an appropriate conputing node to execute a program

i nstance nay be based at |east in part on whether a conputing node
has sufficient resources available to satisfy those resource
criteria. Additional details related to executing and configuring
progranms to execute on a program execution service are included in
pending U S, Patent Application No. 11/395, 463 filed March 31, 2006
and entitled | Li

Systens, " mhlc%ﬁﬁﬁgﬂggegéﬁﬁgtngggé IEFb @§3m@e£.ﬁ5ﬁ?§bgﬁﬁﬁﬁggy

[0065] In SO&BeﬁﬁtEnthEﬁem semfge@a*erred uindil mmmmmmwnesuﬂtmm a
PES, such that the PES may execute progranms, on beh | f of a u
thedy A

exchange f or Wikprawarfosnedat toe epgrof gDt R9SHE9H %r,atmgope |
In some e”bogtﬁsag)}% inf %%rnaphb%awﬁ&ﬂggsﬁdtgufatm@r s SstoRRiIRy GFmaunt
and/ or type o gram execut1 on capacit ocated for executing one
or nore progreyﬁacmnebtebartnbubrﬁg a]odeemaygus‘deaelsbe)amttaltednmmnedletelmrIB of
a number of processing .units amoynt . of an. anou of ..

st or age, éﬁaﬁ’ﬂf‘ BT%H%t%FFP’?' g‘@u?‘%@@] e ggé‘ﬁ”&%ﬂ‘ﬂ"@d"? quantity

executing pr QQBQW&fuﬁdﬁ?edJﬁfE:orréﬁbm SH&%B BN a fri2fRelMBimiRR to
based on other factors, such as vari ous characteristics of the

computing r eﬂmjrmewou@mesonteecbwdhéewe;gftmbanm%a@d €dr althaugh ia,
based CPU bi bt t
32-b1 1 6a- bPIer papptingS il e BRES e Rt Be sy, 225 .

on the basi snﬁy@eugﬂa@ayoeéﬂéﬁgu&mghmfs such as a price per use of
the service, a price per unit of time that conputing services are

used, a pri céﬁﬂﬂﬁr A@F@Wﬂ'@%u@%@he &ngr pf:éh%e%eceatﬂ 2P99regalixl tige ipgried
and/ or out. 8hp |k ﬂgn{gsmgénoﬁpzsmﬁ{@wﬂ@ itidteg dbAE YASAR S4TBbe

detail bel ow ees d on various o ac ors, suc
vari ous propesdiltesn rd';lrr%rmd trdificadions nfp dhegcempuiiey glqdeccgmugmui tlp of
execution, fault oI er anc§’E etc. In at | east sone, e i

di ment s
provi der of HaﬁEﬁ%y"@ff Sonl® oﬂ"%?@@?'%a?@@ﬁ@aﬁsertgel r99H§§t98
and/or | evel ﬁc?i‘lfc%%ﬁﬁé %ﬁeegoﬁamgttbqn@wawu& %q@é‘ﬁé&"de@ge@rc@ﬁ{ﬂﬂﬁgon

behal f of nu p e users I n"some such enbodi ments, various fees
may be assochatiedjusintities Bd5baRlbas2thkand 21\Gecforauenty Eders, £&and

services ditiion, for iers may be,u iC
type of funcﬁzé nal Agtesmin g’dﬂng%ﬁ' mtg@gﬁreggtqisgﬂi%gﬁdﬁcgaﬁgﬁ
first tier fgg tﬁef;bﬁo?tdé%l% chvhp@hn@rmg:rearquanmﬁumw ofagight, twith the
functionality (e.g., up to a specifred first threshold of conputing

nodes bei ng ds‘@@l)'llc \ggrenated auaniitatmadifisaliony i BYis (exagiple abeipdeAn

price ti er) S Y. g ut C

Puncti onai 1 ¢ Jitredts” SFRAF, A4 Yecthn R pOREXEEL L CaRAGkY tre

specified SeCa‘?stttdfﬁﬁé ed b stdd qoanmtity nﬁtmlﬁuaﬂiembebr@ mmmspend to an

Additional details related to vari ous fees associ ted Wi tha AIFP ram
C

execution seHW@'@dd?L@rqnﬁéﬁﬁ%C?’ﬁpﬁmﬂﬁ@e Qu@t‘tpaqt SRt AplY
11/ 963, 331, 0
Conf i gur abl egkdrl Cl ng ﬁ%xc’i‘%natrﬁgngggf%% Fébt @aﬁmg{eﬁmﬁmﬁﬁcwe‘% be _

her eby i ncor ueteilmdacbya ottbe nearers, nsudhsas i Belecy the dynamic aggregated

quantity modification so as to maintain the prior desired computing node
quantity 215a in accordance with event ESb (e.g., to result in an increase
of one computing node from the current actual computing node quantity),
to take a smallest of the requested quantity modifications of events E4-E6
(e.g., to result in an increase of two computing nodes from the current

desired computing node quantity), to take an average of the requested
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[0066] Furthernore, various other types of functionality may be

provi ded and used by a PES in various enbodi nents, as discussed in
greater detail elsewhere. [0067] Figure 3 is a block diagram
illustrating an exanpl e enbodi mrent of a system suitable for
perform ng techni ques to manage groups of conputing nodes for
multiple users. In particular, Figure 3 illustrates a server
conputing system 300 suitable for providing at |east sone
functionality of a program execution service, as well as various
client conputjuagtiyysiogifieatidis bhavensyEdEIGed., iy reselt 3n @n inbeegseonlr am

execution service, conputing nodes 360 that nay be used by the
program exec@'ﬁ'ﬁ@n.@é?ﬁr;l?@é, n%ﬁaso?rﬁm Q%Snﬁh‘frieﬁbygﬁfeéfmcmmgn nage
11 ustrated efbamiaBlacd B RRUHEARARUhb Mo SI6E Buafifly ASdifications

conponent s t hat e a CPU , various |/0O conmponents 310,

st orage 320, ofirtentsnBAEREDg., Thaesult irs enanease @foring moemuingnwdese a
di splay 311, _,a nefwork cqnnection 312  a conputer-readable nmedi

drive 313, aﬁr@n&ﬁ{:\%rcur{ edocompHling, npde 3”?%%2‘9&3'(5 ﬁoﬁgg‘?ﬂ

speakers, e':rgribritg' & fddiddRBied! §@antity WSIdiftRBnY T evePiPd BULEE (8XS! TS
350 have conponents simlar to those of server conputing system 300,
i ncl udi ng a CRWIGHELaN linaeaeened HeeescaaRuting bederefreuthe AdTerindgsireds 7.

The ot her conputi syst.e 380 angd c Ln . , ach
i ncl ude corrpgﬁwgﬁgh'iq eaﬁ@agﬁ‘% ’?’a&’rt%{%@é’ g’ﬁ%ﬁd?&%@éo@b%ﬁeﬁt S
iIlustrated whhiideRsPRIe highee brieritythan tié tijgey Shitshadiiths dlévents BS
conponents are not illustrated in this exanple for the sa

ke of
brevity. pm AndeRBhdiontake arfirst peeipsied ordast reptiestsd o dheyreapgsted

Manager nodul ' > Ut J {ABHR| , it id Dte it h
conputi ng sysqﬁgn@gﬁéd@égﬁcggoggﬁgggonpu I n?ﬁbégggglg!) I%\%Brlh?%%E%ﬁ
net wor k 390 (@urgor, thvéa colmputing etodes feord/the cdulrentWesided\cdenpidibg node a
private cellul ar _network In this | e enbod

. etc.). j t,.the
PSS 3401 nOHABKY, RSReEiae 16 oo amRoaaras ARG SLETERe ILMEich: e
computi ng Nogese? AtAICIYAEVEHEHS Righet Bﬂbrit?ﬁﬁ&ﬁkriggﬁf%ragﬁdcﬂgn Wbfts

user computing systens , such as i'n"conjunction with a program
execut i on sef&pceif theagsrl MptruhtiorPEdSNy34verrides anygeduesisdt dyrpmic

350 and,.380. and i . 360 b ' '
ST tvare as BHTGONR: GPor P sRaRioD Svily. e SEK B e
conputing SYEP@J@t?&ﬁiﬁBﬁél hAggxesatidfadticyO Bluaeefrbi FeOWTiig Sutirg an

interact with PESSM 340 (e.g., as part of a Wb browser or
speci al i zed eppwaationdinappiied afteoa Usebipstkptions gventds reeeivashsughas

and/ or request . ug i f. Drogr £ Qf : r se
Systems on- ot IS iHipR IdhoRS BF el BERMrin oty Srighiss SaiBfacdiBf

as to perforevwas this eideeraftarpibe aferadistrunton ds dicsivadsied evengright er
detail elsewhere. Various infornation related to }he fu ctionalit\é of

t he PESSM no&yrteermerend) this exarwle.i hestyrafeasig! abgdcpiigial recorde

i nformation t EHtibYU i ed ON1aREA and eight

regi strati onéﬁépbghgcﬁgﬁj%lgq pro%‘lragn%ﬂ%n&gjehai f%t(ﬁ rinrﬁlti pf,e users,g

i nf or mat i on 3ampudhgedes orgspegtivily, eat dbe e of: tieabanyonizationi acivitiess

¢ : Ca i : :

ugtrar?ggggit :c :’l g@r.lod'Fheci'rePourg,s agsepgrt’mJ ﬂleorhg?}nbgﬁa |gr? uéctﬁft%%ehb?%ple PES
initiates the providing of five additional computing nodes for the computing
node group, to raise the current actual computing node quantity of seven
to the new updated desired computing node quantity of twelve, and
further updates the official recorded computing node quantity 225 to
match the new updated desired computing node quantity of twelve. Thus,

in this example, the capacity availability change of 5 computing nodes is._
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triggers; information about dynami cally specified capacity

nmodi fication instructions fromusers; information about conputing
node performance neasurenents and other information related to
determining if specified triggers are satisfied; current values for
desired, actual and official recorded conputing node quantities for
groups; etc.), and information 326 related to attribution of
causation for particular program execution capacity nodifications for
particul ar conmputing node groups (e.g., by listing at |east sone

events that occur .and at .| east sone anges 1 ut. |

groups, and é@@@&ﬂ&t ?Weﬂaﬁy i | @?aaqngasﬁ?\t%%ctoﬁmg‘&%i éﬁ@%rtﬂgﬁiﬁgg@e
such as in ayRaPaRibiS wWihl rRepéet tbhutang TUSA edcbridnice with SlErarEbb, as
el sewhere). [0069] After the PESSM nodul e 340 receives requests (or

ot her i ndi catelnas by $heinsiease ofne agditintrlccHPRIFENROYRS SOTRPORIB tone
] lect
o 0 ermor it ARG 200p0si FEITH, MRMAGBAT IR ElSichiepengec)

prograns on tgpages.conputi ng nodes 360. I n addition,. the PESSM nodul e
340 may further interact wth conputing nodes 3 [ term nate

) ) ] 360 . to I%te
executi on of [904pk iDared Heotingnaogroatiert é'H?ﬁ)lEPr'ﬂg 2R0%e dditiongy gvepls
one or nore t r Waly j s 1360
o comput g And. BEmBLARG Hue afRg avERESIG! SRANGRTRItEIg opaUES 1A
vari ous for mparticuar aahangelddisnesrnpleteslishaprrokimatalyl tine T22n imbichof

physi cal conputi ng systeng and/or nunber of virtual nmaghings
executing on g U ?n%bﬁlég%r@%icempugw&%%'ﬁf Mprq%}eggq}@ﬁve toa
embodi MeNt S, 14{BP of A0S cemiPlting Woduss k6 oM thEdveORTIiér) duRiRAingo0
may be part of a data center or other group of co-located conputing

systens, or magestwhoss swailabiltyvyas inifipteddddinag T2 Tprandawhtbevistval | n
ddition, i .enbodi t PESS | ' W th
one or mor e GORBRIBE AP SHprays e Leng e aRoditthdlp Atk S i

execution of tigRMin@graph ©0B[ G% aggregatd hosrage WPUL litligatiyrs ROSA ansiubl as
I f the conputing systens 380 are provided by one or_nore third-party

parti ci pant s a@aEEgAe AIFET dIShyoBoRBOEWIEh ngligation, 2055 balh geresase

users.n soMyper the change C7, with the aggregate average CPU utilization 205a
dropping quickly. In particular, in this example, the aggregate average
CPU utilization 205a eventually drops below a threshold of 20%
corresponding to a criterion specified for trigger 250b, causing an event
E8 to 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 trigger satisfaction initiates a request to décrease 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 guantity be set to ten,
regardless of the current desired computing node quantity).
[ooss} 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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enbodi nents, the PESSM nodul e 340 may further or instead manage
access to one or nore types of conputing-related resources or

servi ces other than program execution services (e.g., persistent or
tenporary data storage services, nessaging services, 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 enbodinent with
conmput i ng nodes 360 over the network 390. In particular, in this

exanpl e e”bo‘%'bm%“ﬁmefa%%hé’%t i R KhidARnd PHIER RO HomMVHNble

related to nonitoring or o wi se Interacting _vvlth one or nore of
t he conput i ngormyuidiag 38diet as nead&d.use soMmannes siniargatthayfoisiesge Lefth

as to determne rent actual ogr.am ex ti.on, i of a ..

conput i ng noa%e Eégu‘b&ﬁﬁrﬁi “f‘e%‘?}“g[,?ttgr %B"‘?ﬁﬁ?im‘id %egﬁ—f%?ﬁ%momzatlon
charact eri st i;gfiyified r88PMNHtEd AOHMRMT3Ar rathbr GRAP Ukintediaee snifhteaa
conputi ng node group. As previously noted, such information may be

stored on st cerlgeersgnt fardiher ueavailahler eompriingdipdse(aigePinse exent ES

nodul es 340 and 345 in.vari rs,.Eor i :
enbodi nent s, q‘?ﬁgp%sd?fﬁeorg%éiygﬁg{c]%\%qes&'%ﬁa&iWoﬁfp% rﬁ%‘g%%d TS
failed or ot ket dokepltBgoMedengrcabl il e eegucedshas) talibougholn ittesri ng
or otherwise initializing the conputing node to be used as part of a
conputi ng no@&kpdiupntsaihee? Eﬁﬁatdﬂﬁﬁﬁg Agmrshidtelyaiitipte fhe projdding of
part of a co i CQ!WR ntdeHdRstu Hi

automati cal | yp#g%gg&aéﬁ%ns t'o |Pg§fo§(% 'F%ﬁ&nava!f%g?%dggﬁb"&'ﬁrﬁa t[?ﬁ)tde
W th a new cepmpldushydizedesed witlo rdapect tdedente it E3tdred B diecsv@hb Ertfly

i nstead not performsqne.or _all of the nmonitgrin f onputin
nodes, such & ﬁqpaﬂ'?%gnﬁﬁﬂlgf"%&gsﬁ”ﬂﬁt S’o’ﬁ”%br%gpﬁs%ﬂaf §1ﬂ§t g%%pisﬁ“SWﬁ
anot her sour §@p§ﬁ@é| } IAUR SNl YRt SRCOPEEER REEaHE 58MeaRRAC Thiis Ohed

conputing node group” and/or current performance characteristics

cor respondi nf &% renonds en exeht Codpat timg HaB isthis exaropleghat egresppeds
group, and then uses that Information i i ro - cyt.i,on
capacity for tq (‘:‘BWBHB?%@O%O%Q'@Q 88@9%‘%85%?%?’?@9 &e W%é% lé\‘/’mhl I
be appreci at g5k tHES AoPUELLAY Mitkitesmcillies 3a0timad T8 Qoateimiratd theng
nodes 360 are nmerely illustrative and are not intended to |imt the

scope of t heuppéaitabie icarwuing modehsusBrsute Aiestis cauie MiricHANgR deb
may [ nstead panRehdigic!dfh Mild | Blatnbil! ChRCUEAAIGAERY L NheVRARanE
ens Yy e ot ner

devi ces, and tﬁe conputing sys nbdes may be connected to
devi ces that camputing noblkusatr adcats as th reiuitef idventighOa iscitsmif fneated as

net wor ks such as the Internet, via the Web,. or _yia private networks

(e.g., nobil @ SRR %ﬁﬁf&imheafvﬁﬂﬂie&"ﬁ%'y)ﬂ.m‘?v#é f@%ﬁé’f"?&%? rgquest

conputi ng Nogg. o4 BHHEHaFﬁMHEﬁﬁ;Pnééfétfémri@%?@ﬁ%rﬂls%eaé‘@r gl on
1) a o

of hardware or software that I nteract erformthe described
types of funcompuating npdej suithual togmairtaiodhe idesireditomputieg kode quantiyher

conput ers, database servers, nefwo stqra devi ces _and ot he .
methor K devi 245, Anthes dexiced [HBRLY. 2858 o 88Ts SHwbtind Jipes *In this
el ectroni ¢ oLgaRhbkerihe LQlLBsNSt cPOR EQDS S har@ledy ins homahAse dinsilstians
(e.g., using set-top boxes and/or personal/digital video recorders),

and various eveetEgnsheing gefseck witd the hamopuigaticipaetivijiesakid that will

oy the. 11 usBpopaibtia rEne eCRAHS WnehliBobtdietbh ithe perBCAbee]
di stributed ifthaggh tihobterneditlogimertis Mehar biyuationss engh esrooidintenifs a

sonme of the functionality of the nodules 340 and/or 345 may not be
provi ded andreplacgment aeimpuiintacdeumayi ibaigadt e iijatsd iavaedigiahe. In

addition, in this example, the official recorded computing node quantity
225 is not updated to correspond to change C8, in a manner similar fo

that previously described with respect to changes C4-C8, although in
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pan] It wll also be appreciated that, while various itens are
illustrated as being stored in nenory or on storage while being used,
these itens or portions of themnay be transferred between nenory and
ot her storage devices for purposes of nenory nanagenent and data
integrity. Alternatively, in other enbodinments sone or all of the

sof tware nodul es and/or systens may execute in nenory on anot her
devi ce and communicate with the illustrated conputing systens via

i nter-conputer conmunication. Furthernore, in sone enbodi nents, sone

*h other mmnplie SRS, mRCGHeaT (BRudRR CAMbRE hede Yudify 98¢
o F:Ng;t?l olnn?%???gd?ﬁ?gafﬂéﬁrgg;t?gﬂlh?%e‘@gg (C)I; m);t(:aandard i at ed
Sir f Skt THEC

circuits, cof?o4dl Wé’ﬁ@@"&'& at the %‘%@ﬁihehg" @pﬁg Be tingspe
and ‘i ncl ud ”%@‘lb—.%h% éﬁ(% la‘éﬁ\ﬁh%;gfgzsse %@Qf%rﬁoﬂé erédl?frﬁ?:hanges to

field-programrabl’e gate arrays ex programm I"ogi ¢

devi ces (CPLBsg ,comhsutinGomeder gadup. of Int bartlmldinl d¢ise BESt indhianexatapla

structures may al so be, stored s, software in tru tions,or
SRR f

structured daggiedsies, IBemsaLER tiQRgi SR eSeQRAMNgS %1 HEPE 4,
a menory, a ReLWIrr8l JuriRgth8Rimte PBAS® 280b) whRghtif tﬁi@ &enthi®Ys ahly

appropriate drive or via an appropriate connection. The systens,
nmodul es and daeat &8 actuEéeb, rra;zdadi@errb@ewf@nmkm@ddwr@@n@meﬁatedata

I fi t
ot opagat ed_ SPYAARY ToROToEh B pestios RS TrdroPiiie At AkaBly i s
medi uns, i nchygBgwhidrened s Brsfgicdiath Webrase altligohamesutingdhodes, sand
rraytakeavarlety of forms (e.g., as part of a single or nultiplexed

anal og si gnales torcoa@smnmtwa@ w%&@p@rréngﬂ@wedpa@nev%ngaHO?’? S8aNty
Such conput e o] r r Brgfed
enbodi nment s. rz,&géogfjﬁ% %&?@ﬁﬁ%eﬂ{éﬁz&%ﬁ |%t1@mgﬁge6@?’§2tr|@% W th
ot her conput ebnsit @dquL@utmés 073 ahﬂOZ& difgrurat dleven aarid dwelve

di agram of an mgggﬁp%ggo%sg%gttw& qt,;PrO gt%&eﬁ%rtl on_Ser V'cgpntles
Syst em Managé&P 0 t I EHEHP

exanpl e, exe e RE e Fngrtﬁé ﬁésand
1B, respecti&g'y, a%%féorrg’ t{eﬁéglsgﬁﬂ%%r%%%ﬂg?]%ﬁggrg 3, such as to
assi st i n naivitiateg austangke igrtbegsrent officiad comgutingl eode guantiyraf iwalye
well as to perform t her t¥aes 0

situations. |q>]r63qﬁl’gt BIQUIETT SPE ﬁ%‘&fi nsaﬁqaﬁgeé%éilgﬂ@y 'Eggasrﬁgrﬁg%s

various aspegk hOEuisst AituA dONRSIEHE RS Bip Aty TF fetdved, EBals to 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 indirecily
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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provi des program execution capacity for executing prograns on behalf
of multiple users. [0074] In the illustrated enbodi ment, the routine
begi ns at bl ock 405, where information or a request is received. The
routine continues to block 410 to determne if the received request
or information is related to initiating execution of one or nore
prograns on a group of conputing nodes, such as a request froma
user. |If so, the routine continues to block 415 to obtain information
regardi ng the requested program execution, such as an initial desired

amount of pr QELAABIEXRRIHRG FeRAGLENL) a8 dedfasedmbit bng tocadbtalr ofiulen
(e.g., a desired conputing node quantity), optionally one or_nore

prograns to empdiagtradlesatnirafiect iraroypeiing pedewhesgdemaygbirrm kg

ans 10 1ok . oct ear # er
crbodi mont o, SeEnSnadde FET waS A FC . T S8 wifl 8 Botual
conputi ng nodemARRGOholBY @ity VEZE Isdiegi lipdated | accordinglynt sinardiierr

types of conputing resources desired (e.g., processing unj .-
t ype/ anount , ambmﬁmeatﬁamﬁ chafgg @8W%B%rﬁ"’g§ﬁ”§ﬁﬁy @?@?3@‘%‘% ap ek

420, the routipne ef. .S Sk j g\gjge inghe
group, and i rT %I "H%:[ﬂ' %ﬁtﬁﬁ[ﬁgﬁﬁtﬁa&%ﬁgﬁ%] %s s’%luggtaggf %%Qn%tﬁ@ﬁmb
nodes avai | abjogef t@r bé hemased is Smotediatelyywithdraivei fommniyrthiee astvibes g@“
conmput i ng nodes and opti onal |¥ initi atiﬁ% xecution, of th(ta one%jor.
more progr anshe &OHBPLE‘X‘@_(:QR‘%HS CHR= VBT YR 9556'88‘_5‘?%@?@5 IPE 1GES s ed
program execLté:h}%&é%fl@@%&dmgfaﬁd@/aﬂsb@%%@nﬁmﬁ@ﬁéﬁmiﬁg@géraaa‘on_bhe
group as the Inftial” officral recorded program execution capacity for
the group. Wjenast e aciditiomt whijertbddwarmonizalion | aaivisies di1.u88 awl béhaner

of the user, .th ser be nptified of the ilabil ity Ln; i.QUS
manners, or i"?’r’sg@g%f ’%%%87‘%3 9% RECUETRB i%%ﬁﬁfgdggh{rrg’y%{rg%e'rt\é@g b|%n
an aut omat ed JHRpaGated AP sbricl b RA harficiRioh oactivitisshmay ssstuallyhtake

routi ne then continues to block 430 to store information_rel gﬁ%etclﬁt%f?

t he conputi nglaesdeveyr awerion |t randfthet dpay hare otkey efecly)

t he group. 007 | f JdtcdsS | t ! I h
request Lo i Vel ATttt Pat BRPE, Bt B RES Sim? chiodiEnts, 3o
received, theyrrfiutidrgesns rogragobkécution dapablty ok adtinpudingenatajroaip
whet her a request is received related to nodif ing@rgrlo%m execq%j on
capacity for taat &giisiiaiey %WE%Q“%&“@”&HB@&?X]HO d, OTHEOWORET He!"
continues to pligck f’e%ét é&pé%‘iﬁ‘éﬁ?g@é@f SIS oP BT fa) hyt 58 atovegd

user instruction related to no ing program execution capacity for
an i ndi cat ed Fhd PESAgdicataulipioggemosiecytion gapacit tleandesubet maydcause

enbodi nent, the user instructi.,o be aggregated w th ofher .
possi IbI e pr o@‘-'&mu% I PWHnr%@&h%‘gpgg'y%cﬁxﬁﬁ%ﬁ'?%rﬁgFaé'\émt?é(?% |$}§g?p%%t ur
during a currgilba8@9LRERY idRBrddsEB tiRardrednitiaied d9pamer i haeseragation

during a next tine that harnonization activities are perfornmed, such
as W th respextivitiesbl@gks tal63ddi 77ew a COMPUERT | ROSRhetO eFATBRNSEPHISING

| east some such user-specified nodjfi i : i

por or med | miCHRARER gESn 7 AT BT kAT LandERy (rRFOER ange
440 that a regHepitiaéd TPeiddyateloBr asBpoxes Ui anPESpdsietmirfation alegy.oup
of conputing nodes is not received, the routine inst e,a%1 continues to
bl ock 460 to aenpitingmodarfaiwe; recsirt At BaiRar ysteiclisnsaieraciign of gruser-
ot herwi se recurr .zati (AYIR ' A

or ogr am exeooBeEaPRBRE HES, | SibsP Kekdibbbe Tt hive cRAEInd! & Lifous
such ?_s at thgpggtld(ecg.aa%rpier? oshauffied rmfuﬂf fmggccagﬁ&ria&n micfp!asgmtﬂda
execution capacity_ nodification requests for such a conputi nqde
group. |f sp,CQm@JtW?%bﬁlﬁﬂﬁqqﬁ_ g’acsobwaﬁ%%bﬂ% ad%*?%ﬁlﬁd;%“(gﬁbot)r
more comput '}%80&?@?&8 al8fagbichdetdd i@ ol Yo BShpOENE node being
harnoni zation"activitres (e.g., conputing node groups for which an
aggregati on psddeadtoobetime daadabledetc. hrahd or sammecambadingntaunay vary

based on the type of PES-initiated change. During such lockdowns, at
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detail with respect to Figure 5. The routine next continues to bl ock
475 to execute a routine to performactivities related to attribution
of causation for program execution capacity nodifications that are
performed in block 470, with one exanple of such a routine being
described in greater detail with respect to Figure 6. After block
475, the routine continues to block 477 to determ ne whether there
are nore determ ned conputing node groups to process, and if so the
routine returns to block 467 to select the next such determ ned

conput i ng node_group. o771 1f it is |ns 1 nad ck 2460

ot to corr onad Bt wbR? Bovdile ot shangdiah e ot BE B Phag s & f%or

har moni zat i ojjggt Ldtédmsifiid FrigesPact bé atiBfedr(0g BMighosiagt aon such

capacity for one or nore conputin%hnodes groups, . the routine jnstead
I

continues  t o tligastksatistaationshdranaithg fpekrdymmdyriioss ansie & Ret allow
| ndi cat ed Opﬁé@# L}f’lgﬁuot%h%h t8p%"eatdcggp;‘t[eﬁa3(oﬁ B e;ﬁgﬁorilfl r?@fa&ﬁ’éﬁ»u e

or nore of t oW ng:” uSer requéests re to per m ng ot her
types of progiswmicBses)utdusingOthd Hecldawn déutafiongr afurthermatre,onn seemece
provi des such other program executjon, ty. es%, such, as tg execute a
si ngl e progr &mkadingesisnq? @S@BWW@%%B‘, LOMRYIEEi FPE] $PYgr By

executi on Caggﬁﬁgérx/ %ﬁ%ﬂg@&ﬂ%l%vﬁﬁ?éﬁé& $hdtGleraied ih% Qﬁnil%?rfﬁé’rﬁﬁ@‘go

i mredi ately r-instruction to termnate execution of
particul ar i featosftaebokdawns suah asaecod yiowraperidd ohe spesifiediamowddd i s

not operatin r r.ly); user, requests to specif ditjonal triggers
or ot her wi se%["% ﬁ%ﬁi@@“&%ﬁf'f’ A A lpﬁ%@ﬁ%ﬁ%ﬁ#@fagﬂ{f\eﬁ?@& e%‘g
conputi ng NOGHOHRUBCKUSAR, A@THEE RIS cdO dowm Periba! ¥t RRIst @bMe types of
har noni zati on activities with respect to an indicated conputing node

group, such ayehis ardihenges troayrnetnbe callovesd, reuoly pento ME ARV AEE0N

oup. S o svaiiniboteavibeinthosel _
fer 't equest FPokitey SRRECTe” BE' SRS Vol | 67 JBhGRE A TaitC RidaotPO"
rel ated to orgiisfaclitlisy @ATAUtiengodlodewar seHegl. Wilt vilWbichpprieeiatek thats

associ ated; requests to performadm nistrative-related actiyvities for
a user, suchugerssgpdiar the HIES ragy seamidl grodfiFatipimia cOpRYtng Aede

etc. [0078] r @%lg.? 4 4%% if it is instead
determ ned i ﬁl}%g[g%} ﬁﬁ&%dﬁlﬁﬁeg%é?b et gﬁ{r% ned conputi ng node
groups are ngdo4syvahuiapirethis heamzu} thee PEShOpaiadss to nrrage theSprogram

ti |1 f billi i mour t tiviti
based on | ho SXRPBIRRERRANIDr PPNEEaD ® diser Y dropP cuiCarpe o e

otherw se i ”ﬁric!l@&iﬁ t6 ke vRASULHERNYInodfidatios td thes Bampeting tHode

collect fees from®One or nore users based on ‘;t)r Q(I:;r am execution
functional i t grosmbasktion @ wanetyebeircurmiiancest it wall hayappigsigied that the

optional Iy perfolm Rethathss TREBSKECR! PRURD SaPhIe Brovited RR R A E:
purposes only, and that actual events, changes and other operations of
the PES may differ in other embodiments and situations.

[eoso] Figure 2B illustrates an example of techniques for automatically
attributing causation information to the dynamic computing node quantity
modifications previously discussed with respect te 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 o the exampie computing node
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[0079] After block 485, the routine continues to block 495 to
determ ne whether to continue, such as until an explicit indication
to term nate execution of the routine. If it is determned to
continue, the routine returns to block 405, and if not continues to
bl ock 499 and ends. It will be appreciated that additional types of
activities may be perforned in sonme enbodi nents and situations, such
as to determ ne whether users are authorized to perform particular
request ed operations, to inmediately obtain paynent fromusers for

sone types of reguest oper at i ons, C ddi i i :
requests and C@Pﬁ@‘fy &H%ﬁ%‘?‘ﬁéin@s%{‘rgee%i W%:tc%ctcgﬁ'e?ngt %Iléé){éixﬁ\j@ér gﬁoe fing
enbodi nent  asodel dreup f FdureRA (referf@hitesas SERLIpil dn Flguse 28) 1 acdiéth
conput i ng node grou? and a particul ar associated user, in other
embodi ment s SxaERlE tahle 29091 FigwieatB Styngayariovstiatoamglion sejptechionihee
generally, s t i.nl Uk | ngdes ar hat ith
a single use'rti’(;(grr{@%reqﬁE ir?([)gmtujlrfiﬁl (??cgﬁ?@u%sdép@eassocf)%t gﬂ“@”?’?@’%ﬁ%@#ﬁr e
conputi ng no@rogpdwhFiguwd8Bl Figure 5 is a flow diagramof an exanple

mbodi ment of a R t Capacity Harnmonizati tine 5
Couti ne. nmy (OSHT BRI (AR AP MR B BB s of oFES AaarboK

nodul es 110 IO ol oy - i g
PESSM modul e el B P e e g R e S o Bt 470

of routine 40@8th respegtirte Biguré GO 1pvithnvarfusi figldst emcetingrh @80astR0x
the routine ins jn block 50 ere it .obtains,an_indi i

the currentl 3%@?@&5 CREMEAY 1y PR 55%67'5'Jﬁlsfe&"%?’ceréc@gjﬁgl?h{;@aegg
har moni zat i Orﬂm?cfde! MEhiifs (D) 280D @nPey 80 BCthe dbpibatsil ceifputing@ode
routine then retrieves Iinformati on about the official recorded

progr am exec groum te aphichtthef ghandee coaesrRansts, @b e LREC fddegpEignm

h b d t i i i ACtAA AL ] t h
Sol oct od compuePHicRRAGH ARER i oRApi A8t b el Fhodietfostfof Ne
program exec tﬁ_&é Qiﬁo%raﬂﬁ@kéwutfan céﬁ?ﬁ:ity&_ﬂ@ﬁed vaioqs tdetajjs eile gboutpthief
this is the first harnoni zation act|V|t|S§thﬁLhare erforrreg% .
and/ or based cHANgeLEaL @eRteimes 2807 8 2800 ohiheghangea pn aggnrdatien

120 L AR B R Bice e o

Mai nt enance nage g., as descr greater detail with
respect to Fiwhicte tHe . chBinger Bubssteiatbe n(wddsit .imdeis exarbpleciss reSegedrio

525 to determ ne the current actual and.current desir.e rogr a
executi on capaeedies @‘F PﬁH“QE'F@@?réda‘gU%ﬁt PRGO" %Cg ag}rglﬁg,e 3 the
respectivel yagytf‘ga%heﬁrﬁé Hehddfa bhgn VERK nédisUR) 2B0RJArRIToBGEAIR ON

capacity may incl'ude, for exanple, retrieving information that was
previ ousl y stvarieds bgthar PE®IGgtiani t yANacneelustrativea ragenbiaodawe 285a

part of nonitoring the selecte ing e I i.n;
ot her enbodi r‘FBFTF§8‘P'P1%S frooﬁﬁ'}‘ﬁ? g?)%@ﬁ'@na‘{%?%a?%g e ng?' r#)%&%bedéqm
current act Uahe Cegmagiting (de- qulititdly sRrGabh yinvelires taminae®ES of 4
Capacity Mui ntenance Manager nodul e or other nonitoring source Lo
provi de t hat confrtingtrasies. thebsucampleird at fime B2 sluringeAgarpgalipn time
desired program Uty j [ : i nclude, for
exanpl e, ret tpl%g\??)rf\_gﬁi m%rg%e’tq?gﬁéﬁ%%%#éd?h@%gh@%% cally specified
capaci ty nodijdosep Hxample sdble @oidnsluddms viardely dferowsrarenitie2$aiiamn

associ ated user for the selected conputing node group i.ng t he
current aggr &Rk P pRY BIRPISIS 10 pRe % t%iegﬁ"_ﬂ?ﬁe Qﬁ%‘?%f’%ﬂ %ﬁcussed
activities CQ@{he?é’%!l%’c 8- E'gurélsz&ré‘u\&h%@ﬁdbsdﬁéﬁgsé%omrﬁﬁs @PREXYox O
bl ock 445 of "Figur , and regarding any user-specified triggers for
t he sel ect ed ilustrtdd fog eaok eowyr dmpatticatarhiavibispremplestachbesnincludes a
unique identifier (*ID”) 2080a, an 1D 290b of the applicable computing node
group to which the event corresponds, a type 290c¢ of the event,

infarmation 290d about the source of the event, a time 290e of the event,
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determ ned to have been satisfied during the current aggregation
period of tinme. Alternatively, in sone enbodi nents, the routine may
instead retrieve determ ned perfornmance characteristics information
for the selected conputing node group (e.g., information that was
previously stored by a PES Capacity Mi ntenance Manager nodul e as
part of nonitoring the selected conputing node group, or information
dynam cal | y obtai ned by requesting a PES Capacity M ntenance Manager
nodul e or other nonitoring source to provide that information) in

order to currently det.ermi ne wh A - i fje i r
t he sel ected %ﬁ%ﬁﬁeigﬁég“%%e &egﬁé%%%%‘Pgéﬁ&ﬁﬁ/Qggtél\"seﬁ?é%(%%g 8?' (\f"/\lgr e
previously sathsiies with WARHt ihe eudrtastasagoiatgh(Whishpiarthiad esdmplenis.
After the various information is retrieved, the current des'hred

progr am exec uefesredciokased oniie bermeitigtianad vEiesdpifamed fdherbd el

i scussed i n 7 cae8PRAH, FHET RO, A Pafargs M hERls 0° 298, and

resul ti ng desiptiedally egiam akecinfirmmationfagi t pafticalar asgr assxiviated with
aggregat ed capacity nodifications ar nade.,M%O?B% After. bl ock ,
the routine dBFRRIVPRidSaro INSIMERONS0 148 Rl riHsi@tVRSXATRlS O to

be made to t%{f%g}ﬁﬁéﬁg? gégﬁggéng;{@%pgf%mcﬂ RoRedESndL td @l FEvRIER

the current actua ficial recorded program execution
capaci ti es f aset Hassedtiont atl tineplt9 miyringdedgnregetion sinng peyiad Haljthat

the current official_c city to,the current desired.ca } T
routine then' Eﬁﬂ?ﬁtﬁug?%g) ﬁ'eol eg3§°muﬁ@%i g8 ehyﬁ‘g{ﬁgugegﬁ{&(@é‘si}%&d
program execytiBRsERPAE| 3 Yoditing InodBS. Prng dlebowbeinondic isdilar

sel ected conputing node group as the updated current official
recorded prodnfammeaketuti on capacity for the sel ected conputing node

aroup, a0 4P G| Blatigh e PERGF TP BL oA | 8BoBaRRRI Yrows 0.
continues t o iffopakti®? Raxdanet 2803 of (tABI84] 280 gunde 260i s=flectsl caushtagr am
Fouti ne. 600, TRETWER TR i3y bkiof 0% el rBUoT SIS RaMSED) TERSE ANt
of the PESSMJmdid ef, 110ic3R! HhS#is 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
unavaitable, which is directly attributable to change C5 corresponding to
the .resulting addition of a computing node to the group. Accordingly, row
295¢ (corresponding to event E3b) and row 2859 (corresponding to
change C5) share a common nexus identifier.
[0054] Conversely, change C7, which corresponds to adding five
computing nodes that is initiated during the harmonization activities H2,
does not have a single event that is directly atfributable 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



of Figures 1A and 1B, respectively, and/or the PESSM nodul e 340 of
Figure 3, such as may be initiated from bl ock 475 of routine 400 in
Figure 4. [0085] In the illustrated enbodi ment, the routine begins in
bl ock 605, where it obtains an indication of the currently sel ected
conput i ng node group for which capacity nodification attribution
activities are to be perforned. In block 625, the routine then
identifies informati on about program execution capacity availability
changes that have occurred since a prior tinme, such as the prior

har noni zat i opoaebbEh (EsFedpdRtingedie oelith EEME) bad rélesse(esteagonding
conputi ng node group. The identifying of the change information nay
i ncl ude, for texhapge CHall share mycPmmmmasiunidentiiernalsuriarmasasinthe

t db P j }
moni Lor ng t RETHES! ERl aau g i AR e eARaPRht aplicd as
((anbodi rrEntz oA éfqﬁgaing% @@G}va{é_ﬁa rdmaggié@at hwdéfbeﬂl\g cEmping nﬁgn et on
e.g., nam ca requesting a aci nt enance. er
m)dgl e o)r/ o%llbéﬁaﬁ@n'i”%/%“g@es‘ﬁ@? g@ﬂ%’tﬁ‘i’g&gﬁ%&’ thhh#ftﬁ ﬁ&lﬁ'@ﬁ)&a&e
e o PG mBAP comBEAE HbHE SRRPLARR, tb(eVin BoL0SAckerdingly,

det er m ne whet'her any suc acl ava ty changes have
occurred, andowf298t(covespondiyy to evkot E9BD @ndQoke 28bis @ortespondingitee

ti t | ock 5 identjfy inf ti bout.
et oy LosRangs Cin i ey el saler cavmte nangs auERacln ether
since a priokg t%d?i‘?me t4chy {Jﬂﬁid%é%rf tharepRicaRiche Roafputing tidie Waat
ec

wer e perforne or the se ed conputing node group. The identifying
of the event initidtedrintevent b seperately, frérrthexaatiag ofdheifeyr additional

i nformation that s previ ousl Mo b : . ul e
as part of pPBmP&}P{ﬁg rg’lgﬁﬁtclogﬁﬁeg?ﬁ}g? ggey%%tgsgﬁggtgég&ﬁg%@{ﬂﬁ ﬁgerdh%%g
group, such aspidts He SfRvhilaigé dhiutingt Rode, Whehcareapeatiingocharye &x 4
and 5. In block 640, the routine then determ nes any of the .

i dentified etkattwovHagecaur rhafereytheagad afdime fswiedi %@%@aﬂl tagi 1espljing
changes, suchsohasfish aBiifis HPSRd oy B8l Shduf BeparBidi PRI 288t €M
operations tO replace unavail abl e conpuiing nodes, recelved user

i nstructi ons withat et cidgb aand milesti addditxaral e shangé nghaesgoms edisting. ) .
[ 0087] After block 640, the routine cqntinyes to @éogk €45 to s?.l ect
the next avaiCPHBFPPRANGHIEKYE @RS i 4B adfitioy RNl ghe, Yt GRHEHRE h

the first. | %Bég?ﬁatﬁqﬁg ﬂggtaggispéﬁédg% Ehehe dRbRATH raﬁsadgl;gtgggét@a rhd¥rger

change is directly attri e toone of the indivi events
det ermi ned i in bl sicge 649, indadlei 2805 dn oeder etsbodintents gach gempéing agde

for the sel ected capagity ,avail abil i change. h ] t r i ne
o bl bek 650 DG SRt ey Bardtned 1y B e Th Ik 8| BB1e 20,
avai | abi | i ty 56RaN8E vsuld 8L sRafeOtiel iahé PRx0é iddiftifier Ngrthatisndurfdral)
events that were not determined in block 640. In block 660, the

routine t henillistratad foe oniurewizdsi ohagaregptecheiandedpbcity availability
changes, and _|f _sao r rn 0, 5 I :
capacity availt}oéﬁ]i ﬁu{'ﬁggﬂ%%gk thg %gw%é&%ie%r%%ﬁéﬁggggﬁﬁbﬁggag %at

bl ock 699 ang@ofrebpdid 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 unavailabie). Such
changes are detected based on monitoring activities, and are illusirated
as events that trigger additional changes (e.g., the providing of
replacement computing nodes), although in other embodiments may be

handled in other manner, such as to not track such changes and/or to not
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100881 Figure 7 is a flow diagram of an exanpl e enbodi ment of a
Program Execution Service Capacity Mi ntenance Manager routine 700.
The routine may be provided by, for exanple, execution of the PESCWM
nodul es 115 and 160 of Figures 1A and 1B, respectively, and/or the
PESCMM nodul e 345 of Figure 3, such as to assist in nonitoring groups
of conputing nodes for users, including to determ ne actual program
execution capacity that is available from conputing node groups. In
this illustrated enbodi nent, the routine 700 operates in conjunction

with a programexecution.servic h pr.Qyi.des pr XS
capacity for%@fgcﬁﬁsr%"'ap%tﬁpa ?%%erﬁéé'ﬁafa&wﬁe%nﬁ%t f%g%@g]user's, glcht'a F%ugh
i n other enbqgiilgeRé Thangs-etentahdxurfinfon@ation @i theniabldsy28(f ahd @90 adesne

700 may be provided in other manners. . [0089] In the ilgustrated
enbodi nent, b distnguish brivess changesdRares dieheatfbyigaiccio PBR A's

received to injti i | pf i A st i S
of one or m)ﬁér%o%gﬁsgﬁé&ﬁéﬁv%l%ﬁép@: %g% tggt contltﬁgg%ﬁghggs foe
ot herwi se i nimitisteg einhiddistelypandichanyés that acs indirbotiyt athitedabledo @neior
some enbodi nents ot her npdul es and/ or routi n?s rraé dﬁnﬁﬁrg;ical M/ q
request the f@ﬁf?i%ére?ggnqlﬁgﬂﬁ@’ﬁsa(?&"a%‘{?%?%\ﬁ ge° Be9ERets jpgetier an

[ nformation §f lMiShERn AHED BBsd SbrBIPRE be! Mifated! Suek! & during

conmputing no group of interest. In ck 705, the routine gathers
performance thananizetiors tactisities), dnneathieorerhbodiment sugbriefamaton may

conmputing nodges, inclJuding indications of the conputing node groups
to which thogﬁr?ﬁfrpﬁuq‘?‘ﬁ@gnodes bel ong, for later use in generating

aggregate i n&&g@PWsoﬁ're_fv%rusFyhﬁot%amﬁé IaRELORSIE 08 Te@spthsibliig fonpartivaldron
e

may be gat he in various manners, including by pulling the
i nf or mati on kynamipprdray execuiion|capasimpndifrgtineside rompyleg NOE]

nodul es (e.g.., associate . 0 v isne
comput i ng nodie TBVHBTraYAHES PRRETSar e, mRlidhd B Tansirs €2
and/ or associqalgdr cREpEARY Withushé nhrhifetinghneteagroup b whe chargese
700 (e.g., peri od? cal ly; upor: certain '?ﬂ:oeg; of egen,ts, sucg S a

det ect ed err @ECeBR t iSHEht ﬁ%ﬁpoﬂﬁlbl'"ty:aﬁlﬁ'éuit'% iR mpRtioRg MRYd ur?}aer be

shut down or ' 3@% i s vBLi&: SRS fR@eived
network traf &nggaﬁ%igpgﬁ IVId&ﬁiﬁé@Pé@%Euf%gSﬂg%%teyﬁ% partircgl ar

conput i ng no@es) uetG. o GR8N}odtes r sudh o atrequesidatidentify vihichh Beent(s) 10
to detern ne aggregateﬁp%forna ce cha%ac@ec{istic i nformation_for. one

or more sel e®@dhoRBYR RoRaMGHR Pl PrOPETS PIRRUTIGR, EPRFGR
i nformation fg@édiﬁ@iti%ﬁ' Y5 Bthet USHhrRR frPavalldbili rBTUbAS Bredes WoRMRAing

conputing no groups for which "'ndividual conputing node infornmation
was just gat medes, of oapuréuny madéorgrafupéitior PIRFaN Ry§eulien ecapacity

f har. jstic. inf ti.on h t
been_gener at STEERNTS) Orcoit EPMRLEH£oGR B8 ARy cheRlge ey
conput i ng nodgyssd 5 BHd B nidre aMdich®ll evdras, garbiselisddtenithmpapectdo

nodes in the conputing node group, etc. It wll be appreciated that
aggr egat e pefi@nenABe topanexiseiniormation ibusteatednnmigPlee 4hangh €40 n

s ng G bHE RRALERRTTE SACHES' o SRR SiSD

or ot herwi se g@Fibiti@i iifforrhasbn ezl example, with respect to the addition of 5
computing nodes corresponding to change C7 in Figure 2A, the user may
want to know why 5 computing nodes were added- (e.g., particularly in
light of the user instruction of event E4 to add 3 computing nodes). By
using the nexus information illustrated in Figure 2B, the PES or other
system may easily automatically generate a human-readable explanation.

For example, in response to a user request as to the cause of adding the
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performance characteristics information that is not available. In
addition, particular performance characteristics information that is
gat hered and/or aggregated may vary in various manners, such as to
al ways collect certain types of information for all conputing node
groups in certain enbodinments, to collect certain types of

I nformati on based on the criteria specified for determ ned triggers
for particular conputing node groups, etc. Furthernore, while bl ocks

705-785 are iIIustrated in this exanple as being perforned in a
sequenti al e ARRIRAY G dadbe M bPFRuRd OAKEheTRES
I nst ead be per Oéronrg%ﬁtu‘@ M)% © rsmlbn SOITEng’TbOdI rr%#ts For

exanple, in sxurtﬂhemwxdenmem‘as,, fartm(anmle,rlmdtcatmﬂyafdﬁewim;g Hebhanga C&9 of

pasts, but |t MESgbealeaRed by Semdro Db T, ByBnh EDTES B AR
ot her bl ocks gy Q@erpewugr'i@%ma{é' a"%rb@ﬁ' 6R/d Yoorl1ARE] nbtieer birark
710, the routine continues to bl ock to determ ne and store

current act uahfopnatipramaytscpetsratasbresidign using thranpwis ndermadion 230%one
t
of Comput i g TiesdeNcrae BB QBT i Bnafled St R lachfit e dosd ' Y

one or nore aekhier 208 aGdHRPodting” @Y réiEneXet,ubhdnextegutiogt sind Oformatting
conputing node group, and stores the determ ned |nforrrat|on for later

use. Wi le ndtformatien freredowsr2854 And #R5% Kb @dfeRirad mewesi(ht iNAs,
the routine nhy, LUIQr o) fHEdiaf F%c%/ﬁe%g%f‘?‘?of‘ us8f ?e"?@ L8 Jinok ffbﬁh@t'

recorded progrfam execution capacil corrput ng node group t
reflect the desed ro:nriéESO:lﬂfa@ltm etx). uSimifarlygiraresprase to anuseapegres) El’Sor

th ti d th d || t
2 moxtCor  oIpaRE SPGB fbrsRERRHIRD: B BolTA 58 ottt

of fici al reC%EHﬁﬂmHP?%@?“ﬁé lop Bttty me[yoﬂﬁ?dxa 18] ingkaiehe
t opti ona

the routine et er m nes capaci t i fication
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initiated at time T1 and ended at time T2. Change C02 was the addifion
of 3 computing nodes that was initiated at time T1 and ended at time T3.
Change C03 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 C07 was indirectly caused
by events E05, 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 EG9b was a
request for 1 replacement computing node based on the automated
termination of a computing node of the group that became unavaitable.”

In addition to or instead of such fext strings, responsibility atiribution
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bl ock 710, and/or based on actual program execution capacity
information determ ned in block 715), although in other enbodi nents
such trigger satisfaction determ nation nmay instead be perforned at
the end of an aggregation period of time, such as with respect to
correspondi ng harnoni zation activities that are discussed in greater
detail with respect to Figure 5. If any triggers are determ ned to be
satisfied, information about such satisfied triggers is then stored
for later use. In sone enbodi nents and situations, satisfaction of a
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this enbodi nent as being perfornmed by a different nodule than the
nodul e that perforns routine 400, in other enbodinents sone or all of
the functionality of the two routines nay be perfornmed by a single
nodul e or ot herw se conbined. Nom It will be appreciated that in sone
enbodi ments the functionality provided by the routines di scussed
above may be provided in alternative ways, such as being split anong
nore routines or consolidated into fewer routines. Simlarly, in sonme
enbodi nents illustrated routines nmay provide nore or |ess

functional i tl{no%?a'lh bad@BAC I MedastSdtiie @mbUMAcAisharPEL| disdthat §gbtem
routines instead | ack or 1nclude such functionality respectively, or
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provi ded to users, the nethod conprising:
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 [east 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 unti! 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 peried 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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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 nultiple of the users, recei ving
i nformation fromthe user that specifies an initial desired quantity
of conputing nodes for use in executing an indicated programof the
user and that specifies multiple quantity nodification triggers for

use in later ipitiati fed i.fi.cati t '

computi ng nodebrarHistay SUAEIT 5rIReh oy eyl beRgRHEF hbg th
quantity nodifis eaddrdt, FihdagsRgatich ot rafiRstid sBMmpulid hede qubntityuse
in determning if the quantify nodification trigger is satisfied and
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plurality of tieofgiedicompitidg hodemasbeiused asanrtd auph feeuttich cabedthan
program of the user, the nultiple conputing nodes being of the

initial desi FIMBIMAAT BYEHEDE comatingynodgRf e (AW ng the nultiple

conputing nogige M soife RmBdmERE! AL PES! 68 bidrMBystem may manage
| multiple distinct types of modifications for a computing node group
simultaneously. As one example, a computing node group may be being
managed at a current desired computing node quantity using computing

nodes at a single location, but the user may decide to specify a second

type of metric for the computing node group, such that a specified desired

subset of the computing nodes of the group be located at a distinct

second location. if so, the PES or other system may operate to meet the

desired value for the second metric in various manners, including by
incrementally adding any new computing nodes fo the group at the

second location and incrementally removing any existing computing

nodes from the group at the first location until the desired value for the

second metric is achieved, or 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 héving differing associated amounts of
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in response to an instruction fromthe user, initiating execution of
a copy of the indicated programon each of the conputing nodes of the
group; and automatically managi ng the conputing nodes of the
group during a period of tine fromthe first tine to a |later second
time, by: during the period of tine, automatically nonitoring the
conputing nodes of the group to determ ne performance netrics from
operation of those conputing nodes, and automatically determ ning
that at |east one of the quantity nodification triggers specified by
the user is simgftingdrdssesksdn Fivehataicre mivhid grogiam nexecetion tcapasity
during the period of tine, receiving one or nore quantity change

i nst ruct i ons Medificatiensyarer Medatin seee pXamplasdyy shalgiagicomnujing node
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for the 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 neiworks 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 sysiems,
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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second time that reflects a quantity of the conputing nodes of the
group that are actually available at the second tinme to execute the
program for the user, the determ ned actual conputing node quantity
at the second tine being distinct fromthe initial desired quantity
of conputing nodes at the first tine based at least in part on
mul ti ple changes to availability of conputing nodes of the group
during the period of tine, at |east sone of the multiple availability
changes havi ng one or nore associated fees for which the user is
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for each of ate, n Q¢ other of the multiple availability changes
for which a single cduse is not automatically attributed, the at
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| ndependent Hitiﬁ@@hi@H??ﬁoﬁé@ thhat ,cbﬂéh#ciﬂﬁ(eﬁﬂﬁ‘orprreggéﬁ %r tifhetfiate

| east one quantity no I cation triggers that are determ ned to be
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| nstructions af rp%@iét?sy”?e%&fve%n%rogram execution request that scheduled or
otherwise reserved the then-future execution of those programs for the
now-current time. Program execution requests may be received in
various ways, such as directly from a user (e.g., via an interactive console
or other GUI provided by the program execution service), or from an
executing program of a user that automatically initiates the execution of
one or more other programs or other instances of itself (e.g., via an API
provided by the program execution service, such as an API that uses Web
services). Program execution requests may include various information to
be used in the initiation of the execution of one or more programs, such
as an executable or other copy of a program to bé 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, ete.).
[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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providing indications of the attributed single cause for each of the
at | east one availability changes and of the attributed conbination
of nultiple causes for each of the at | east one other availability
changes, so as to enable the associated fees for the at | east sone
avai lability changes to be inputed to the user. |oom d ause 2. The
met hod of clause 1 wherein, for one of the multiple users, the
determ ned actual conputing node quantity at the second tine is nore
than the initial desired conmputing node quantity for the first tine
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one avai |l abi ldolwputingngsies 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, thé determination of which computing
‘nodes to use to execute programs on behalf of a user may be made when
one or more computing nodes andfor 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
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[0099] C ause 3. The nethod of clause 2 wherein the program execution
service is a network-accessible service such that each of the renote
users provide instructions fromclient conputing devices over one or
nore networks, wherein the at | east sonme availability changes with
the associated fees for the group for the one user include one or
nore increases i-n the quantity of conputing nodes of the group for

t he one user, and wherein the one user pays a first fee for the
providing of the nmultiple conputing nodes for use by the one user at

the first tiMRogih RREhERNR.® mERidy @hdldr RedrageoORU tyee scytles crasther
addi tional conputing node provided as part_of the one or nore
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program execution service are included in pending U.S. Patent
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 aliocated for executing one or
more programs on behalf of a user, such as based on one or more of a
number of processing units, an amount of memory, an amount of storage,
an amount of network resources, etc., allocatéd for executing programs of
the user. In some embodiments, fees may be based on other factors,
such as various characteristics of the computing resources used to
execute programs, such as, for example, based on CPU capabilities or
performance, platform type (e.g., 32-bit, 64-bit, etc), stc. 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 emboediments, 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, etc.). In at least some

embodiments, a provider of a PES may offer one or more of various tiers,

54



receiving an indication of an initial desired program execution
capacity for executing one or nore software prograns on behalf of a
first user of the program execution service; det er m ni ng

mul tiple capacity nodification triggers for-use in later initiating
automat ed nodifications to program execution capacity being provided
to the first user, each of the capacity nodification triggers

I ncl uding one or nore criteria for use in determning if the capacity
nodi fication trigger is satisfied and including a specified type of
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and up to a specified second threshold of computing nodes being used),
etc. Additional details related to various fees asscciated 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.

[ooes] 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 308, various /O components 310, storage 320, and
memory 330. The illustrated IO companents include a display 311, a

network connection 312, a computér—readable media drive 313, and other
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group at the second time, the actual program execution capacity at
the second tinme being distinct fromthe desired program execution
capacity provided to the first user at the first tine based at |east
in part on one or nore changes to availability of one or nore
conputing nodes of the first group that occurred during a time period
between the first tinme and the second tine; for each of the
availability changes of the one or nore conputing nodes of the first
group, auton?tically aftributing one or nore of the identified events
as a cause o e .avai ilit hange, east 0

avail ability '@ngﬁ‘ﬂ@? ﬁéstiﬁ§ ! Q(gﬂﬁhgtm?gsea S@S’ﬁ%‘?rﬁaﬂco)n By addiionol e
events that gie i RHaReNdsst coh @ﬁfgjﬁsgéteﬁfs 250l Hahatcdnfisdrietes ehilaprto
nore of the at |east one sp e0|? ca aC|tg nodi fication triggers
that are det thosened servbe mp@fnge@ysm 300, inghicng da ngPhh 351, /O
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5. The nethod of cl-ause 4 wherein the nultiple events
components that are similar to some or all of the components llustrated
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 380
(e.g., via the Internet and/or the World Wide Web, via a private celiular
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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further include at |east one capacity nodification instruction that
is dynam cally specified by the first user to request a specified
nodi fication to the program execution capacity being provided by the
first group, and wherein the conbination of nmultiple events that are
attributed as the cause for one of the at |east one availability
changes includes one or nore of the at | east one specified capacity
nodi fication instructions. 10102] d ause 6. The nethod of cl ause 4
wherein at | east one other of the availability changes has an

attributed caussershaifoirgatiorsiabole dyRamdallyhspetifidd phpacitie medifiddiienat
| east one other availability change being distinct fromthe_ at |east
one avai | abi instyctinas dem Lsess]iniormatien 2bpHE CREPHERY §1008 RRIEYMance

T e e BUhATBAY G irfstRhh Veftled N adhbitni g0 Splfed
triggers are satisfied; current values for desired, actual and official
recorded computing node quantities for groups; etc.), and information 326
related to attribution of causation for particular program execution
capacity modifications for particular computing node groups (e.g., by
listing at least some evenis 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 nhodes 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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of cause of the at |east one other availability change, the

determ ned type of cause being either a direct cause or an indirect
cause, and providing an indication of the single one event being the
determ ned type of cause of the at |east one other availability
change. [0104] O ause 8. The method of the clause 4 wherein the
automatic

providing computing nodes for use by other usérs. In some
embodiments, the PESSM module 340 may further or instead manage
access to one or more types of computing-related resources or services
other than program execution services (e.g., persistent or temporary data
storage services, messaging services, database services, etc.).

[0070] In addition, an embodiment of a Program Execution Service
Capacity Maintenance Manager module 345 is executing in memory 330,
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 cne 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 ali computing
nodes of a computing node group. As previéus!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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determ ning of the actual program execution capacity includes
determining nultiple 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 multiple 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 conbination for each
other of the.nmultiple. avail

bility changes.th .
si ngl e cause MABEFINH 5?15733'@.%em9§[%de ugﬁgﬁéagggﬁ)aﬁgfg?@n?c\é?n dd;h Uhge
of the at | e%&le@ﬁ@u;@ﬁ@a}'}ﬁﬁdrh’té{ changes, the automatic attributing
of the combination of multiple events as the cause of the agne
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change, the 5@?e¢0§1§1\g§& ﬁoe Sogg%%ﬁééjgn%éﬁynlg@ﬁtﬁéréﬁge%%pg%@%ﬁ% g %r
an indirect gplisthe sovpenbiehel prebbet ipvemiah. nThefconrutingdsystems mndfort he
attri buted cause for each of the one or nore avai] ability. changes

i ncl udes pr ovicdesignan NsteRT sark indrde RUIBRIRIMSRTES SAMREING pygems
events being erm ned ; %F}a%ﬁ' | Itk |
change. [010(?? H%Vig%’eéq%.ﬂaﬁééﬁ‘ﬁ@t'ﬁ) 0 S{%géﬁa%%ﬁ?}ﬁﬁé?ﬁg tJr)ruofﬂ%(eirpl e
i ndependent eeeitts thaichre poliiisstratedp diduding itmotgh drigeop muye arétworks
execution capacjt ei rovi.ded the first qrou nd erein the
net hod furt hél‘l%%pﬁ\:es@‘gergﬁﬁc}ﬂ%ﬁ]?%&pﬁ% ge i By ﬁdjezwgﬁﬁngeg' nidtite
aggregat ed mdidch GREARIN heEHKS, BR ) NMGEOGERRafly e& WdrRfutingP aeHE Yorof
the first group based on aggregating the requested nodifications of
the nul ti pl e otharmanputing systenamiaygcarheriste gy reorgdnationgpe haglyasg AAred

modi ficati onsgﬁw%pee tfhiaKcStm rolHtDergcr:ti %n Opéleoq'rrF eﬁ]%nddéécﬁﬁed types of
functionality, including without limitation desktop or other computers,
database servers, network storage devices and other network devices,
PDAs, cellphones, wireless phones, pagers, electronic organizers,
Internet appliances, television-based systems (e.g., using set-top boxes
andfor personal/digital video recorders), and various other consumer
- 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.
[6072] I 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.
Aliernatively, in other embodiments some or all of the software modules
and/or systems may execute in memory on another device and

communicate with the illustrated computing systems via inter-computer
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[0107] d ause 11. The nethod of clause 10 wherein the nmultiple events
further include at | east one capacity nodification instruction that
is dynamcally specified by the first user to request a specified
nodi fication to the program execution capacity being provided by the
first group, wherein the determned nultiple capacity nodification
triggers are specified by the first user prior to the first time, and
wherein the conbination of nultiple events that are attributed as the
cause for one of the at |east one availability changes includes one

or nore of the at l.east one ecified capaci nodi.fi cat i
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aggr egat ed mpghduleRhh@Rizts stroctufsy R§Calbd @et@idnhitigd ofs gongratadndata
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modi ficati ONsignal, 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 Hlustrated embodiment, the routine

400 manages various aspects of use of a program execution service that
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[0111] d ause 15. The nmet hod of clause 4 wherein one of the one or
nore availability changes for which the indication of the attributed
cause is provided includes at least a first of the nmultiple 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 availability change is perforned in response to a request for
at | east one of which events cause the one availability change and of
whi ch availability changes are caused by the first event. (0112]

G ause 16. TheoBédprbphmteditafion Taplsiteion ekb@utir%qpl@‘@?arhﬁ ohetsshatfoes

froma user, and whereln the providing of the indication of the -
attributed carmd’eplemsers’ne one availability change i ncI udes generating
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occurred during the tinme period tmeen first tinme and the second
time. [01141cGmputing18oddhgrovpt Hed.ofa cliesired Lommtiagn node muRNtilY),
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the first gr gijs%where in some embodiments, a user may select from one or more of
various types of computing nodes and/or may otherwise specify various
amounts andfor types of computing resources desired {e.g., processing
unit typefamount, memory amount, platform specification, etc.). In block
420, the routine then‘selects the computing nodes to be used for the
group, and in block 425 initiates making those selected computing nodes
available for the user, such as by provisioning the selected computing
nodes and optionally initiating execution of the one or more programs to
be executed. The routine also designates the desired program execution
capacity of the selected computing nodes of the group as the initial official
recorded program execution capacity for the group. When the computing
nodes are available for use on behalf of the user, the user may be notified
of the availability in various manners, or in other embodiments the
computing nodes may operate in an automated manner without further
interaction by the user. The routine then continues to block 430 to store
information related to the computing node group, including any user-

specified triggers for the group.
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and includes automatically initiating execution of each of the one or
nore software prograns on each of the conputing nodes of the first
group. roils] Cause 19. The nethod of clause 4 wherein the program
execution service is a fee-based network-accessible service that is
remote fromthe first user, wherein the program execution service
provi des at | east one of one or nore Application Progranmm ng
Interfaces (APIs) for renote conputing systens to programmatically
interact with the program execution service over one or nore networks

and of a graphiLga . .nLer : u [t
o o oo e BRI AT RL 135 A1ETPE sURBlBENS e
fees based abxbeaidn oh a)gfdupef tdognmiting hodead i< ags eecdivediether roudine of
the availability changes. mn] dause 20. The met hod of clause 4
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tinme and a | aueh st@peciicdenmaitiicatioh wgubsisavmyainstead 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

62



associ ated desired nodi fication of the program execution capacity of
the first group; automatically determ ning an actual program
execution capacity that is available to the first user fromthe
conmputing nodes of the first group at the second tinme, the actual
program execution capacity at the second tinme being distinct fromthe
Initial program execution capacity provided at the first tinme based
at least in part on one or nore changes to availability clone or nore
conmputing nodes of the first group; automatically attributing one or

nmore causes tq%ﬁgmh%sﬁéaw? uses@nﬁ VRliinattehd Eé’ntﬁhu%g%%l&fk tf'f?to

first group, The one or Tore aré attrirbuted to at [east
one of the awxekaty hlrbwwé]w@esfobmatgwanesmtatmm attribéitioruof icpLigatizin
the identified i ndependent events; _ an
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one avai | abi iAoy A5 Sxample of such a routine being descnbed in greater detail

with respect to Figure 6. After block 475, the routine continues to block
477 to determine whether there are more determined computing node
groups to process, and if so the routine returns to block 467 to select the
next such determined computing node group.
[0077] If it is instead determined at block 460 not to currently perform
periodic or otherwise recurrent harmonization activities with respect to the
program execution capacity for one or more computing nodes groups, the
routine instead continues to block 480 to optionally perform one or more
other indicated operations. Such operations may include, for example,
one or more of the following: user requests related to performing other
types of program execution (if the provided program execution service
provides such other program execution types), such as to execute a
single program on a single computing node; user-specified program
- 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 otherwis.e to
modify configuration information for an indicated computing node group;
user requests fo immediately perform harmonization activities with respect
to an indicated computing node group, such as in addition to or instead of
recurrent harmonization activities (e.g., if harmonization activities are
performed only upon user request); user requests to obtain various status
information related to one or more computing node groups with which the
user is associated: requests to perform administrative-related activities for

a user, such as subscription, registration, or payment operations; efc.
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[Nis] Clause 22. The conputer-readabl e nmedi um of clause 21 wherein
the configured conputing systemis part of a program execution
service that provides a plurality of conputing nodes configurable to
execut e prograns of users of the program execution service, wherein
the nultiple conputing nodes of the first group are a subset of the
plurality of conputing nodes, wherein the receiving of the indication
of the first group includes receiving a request for the initial
program execution capacity fromthe first user prior to the first
time and aut i | oCimat.d,Rg first . P es
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i ncludes a generated stored data signal containing the contents, and

wher ei n the eerticsarcamputingsiadecgiospandrmpaiisaler axsetieied usande atibef
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program execgensfaliyagash by tb huliplesmptipgicdesngroups associated with a
single user and/or from multiple users associated with one or more
computing node groups.
jooso] 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, andfor the PESSM module 340 of
Figure 3, such as may be initiated from block 470 of routine 400 in Figure
4,

64



one or nore processors; and a system manager nodule that is
configured to, when executed by at |east one of the one or nore
processors, mnanage program execution capacity for nmultiple users of a
net wor k- accessi bl e service by, for each of the nultiple users:
determining 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
later initiating automated nodifications to the program execution

capaci ty bei pas#y @vitHedifidratédesrdb&diment, the routine begins in block 505,
where it obtains an indication of the currently selected computing node
"group for which capacity harmonization activities are to be performed. In
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
hode group, respectively. The determining of the cumrent 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 embodimenis the routine 500 may dynam-ically determine the
current actual capacity (e.g., by dynamically requesting a PES Capacity
Maintenance Manager module or other monitering scurce to provide that
information).

[0082] 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
groub 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 associating a group of nultiple avail able conputing
nodes with the user at a first time for use in providing the initial
desired program execution capacity to the user; and after the
first tinme, automatically identifying multiple independent events

t hat occur between the first tine and a later second tinme and that
each have an associ ated desired nodification of the program execution
capacity of the group, the nultiple events including at |east one of
the capacity nodification triggers being determned to be satisfied;

aut omat i cal | yedehahag & Py 8Hech! sdtifigd @ﬁﬂg%ﬁet&.r?ewiaba&ddﬁbﬁ pdrioane

or nore conputing nodes o group that affect the program
execut i on capdidinig. phltarndticelpyint Bemgr emppdiments, theureutue oayl pstead
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multiple of the identified independent events, and the one or nore
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or nore of thetdes®byiregeeang 4 PES Chyasihamgirendndehagagaiomodule or
other monitoring source to providé that information) in order to currently
determine whether any user-specified triggers for the selected computing
node group are currently satisfied and/or were previously satisfied during
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 resulting desired program execufion capacity after any
such aggregated capacity modifications are made.
[0083] 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 biock 589 and returns.
[oo84] 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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[0122] d ause 26. The conputing system of clause 25 wherein the
mul tiple i ndependent events for one of the nultiple users further
I ncl ude at | east one capacity nodification instruction that is
dynam cally specified by the one user, wherein the system nanager
nodul e is further configured to automatically determ ne a single
aggregated nodification to nake to increase the program execution
capacity of the group for the one user based on aggregating the
desired nodifications of the at | east one satisfied capacity

L2 RS ATH e el 925 0E RS il sl

i nstruction s né'user, Initra

determ ned siFigire Hegckgatrady edhitiateal fron Block 425 of mugting a00t ind-igure
user prior to the second tine, wherein the determ ned single
aggr egat ed nddi fication is one of the at |east one avail abili ty
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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 830 to determine
- whether any such capacity availability changes have occurred, and if not
continues to block 699, Otherwise, the routine continues to block 635 to
identify information about program execution capacity modification
request events that have occurred since a prior time, such as the prior
harmonization activities that were performed for the selected computing
node group. The identifying of the event information may include, for
example, retrieving information that was previously stored by a PES
System Manager module as part of providing functionality for the selected
computing node group, such as discussed in greater detail with respect to
Figures 4 and 5. In block 840, the routine then determines any of the
identified events that directly cause corresponding availability changes,

such as based on the types of events (e.g., automated system operations
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[0125] C ause 29. The conputing system of clause 25 wherein the
system manager conponent consists of a means for nanagi ng program
execution capacity for nultiple users of the network-accessible
service by, for each of the multiple users: determ ni ng an
initial program execution capacity to be provided for use in
executing one or nore software prograns on behalf of the user, and
determ ning one or nore capacity nodification triggers for use in
later initiating automated nodifications to the program execution

capaci ty bei pg rBpRXEAGthvaRabE N MSRNG nodes, redsi-@dmides ahdtbuctions that
associating a group of nultiple available computing nodes with the

user at a fi epecify awimoedige correppowing repronse; #icti al desired program
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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 645 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 corﬁputing 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 705,
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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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 to each of the determ ned availability
changes of the group, the one or nore causes that are attributed to
at | east one of the availability changes being a conbi nation of
multiple of the identified i ndependent events, and the one or nore
causes that are attributed to at |east one other of the availability

changes bei n%e?%Sii glsgpl-n gferﬁ%%&igfenitéjg%ief' | fihdupdeRERAEN roBKAEEL Smagnd

provi di ng an’'I'nti cat i tri ed one or nore causes for one
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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.

[00s0] 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 petrformance characieristic
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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receiving information fromthe user that specifies an initial desired
gquantity of conputing nodes for use in executing an indicated program
of the user and that specifies one or nore quantity nodification
triggers for use in later initiating autonmated nodifications to the
desired conputing node quantity, each of the quantity nodification
triggers including one or nore criteria for use in determning if the
quantity nodification trigger is satisfied and including a specified
conputing node quantity change if the quantity nodification trigger

is satisfi edlperformance ahhRERstad Infoedtynihat ROnet QfﬂuBIeOf Irmxddltldiﬂ e
of the plurality of conputing nodes for use in _executing

i ndi cated pr ogrilavlaifparfsmasee cherreteriatics rferpatiputhatgs Q@H@eéﬁnﬁffé

group being of the.i S n apt i

provr i ng ¢ ndoAEt] dPelnstY T hFHERCI R ol BER, e i,

time; ckRaine §pRRs ef Hrﬁoﬁﬁ@hdﬁ fooaf caraputirgf inode §roupst ine cerdain,
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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 centinuous basis
or near-continuous basis, but the aggregate information generation of
block 710 and/or other blocks may be performed only periodically.
[0091] After block 710, the routine continues to block 715 to determine
and store current actual program execution capacity information for each
of one or more computing node groups, such as to reflect a current
quantity of computing nodes of a group that are currently available, and/or
one or more other measures of program execuiion capacity for a
computing node group, and stores the determined information for later
use. While not illustrated here, in some embodiments and situations, the
routine may further immediately update a corresponding official recorded
program execution capacity for a computing node group to reflect the
determined current actual program execution capacity for the computing
node group, while in other embodiments will wait uniil 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
safisfied for any computing node groups (e.g., based on petformance

characteristics information gathered in block 705 and/or aggregated in
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during the period of time, automatically nonitoring the conputing
nodes of the group to determ ne performance characteristics from
operation of those conputing nodes, and automatical ly determ ning
that at | east one of the quantity nodification triggers specified by
the user is satisfied based on the determ ned perfornmance
characteristics; during the period of tine, receiving at |east
one instruction that indicates a user-indicated conputing node
gquantity change for conputing.nodes of the group that is dynamcally
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such satisfied tnggers 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
medification 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 8.

[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 nodeé, 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 fo
modify program execution capacity), and/or may instead be performed by
the routine 400 of Figure 4. In addition, as part of initiating replacement
activities for such unavailable computing nodes, the routine may further
take actions to ferminate the unavailable computing node (e.g., if it is still

running but is unresponsive).
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‘at the second tinme, autonatically harnonizing the official conputing
node quantity for the user wwth the nodified desired conputing node
quantity, the harnoni zing including automatically nodifying a
gquantity of the conmputing nodes that are part of the group by taking
actions to change the determ ned actual computing node quantity to be
the nodified desired conputing node quantity; and provi di ng
the nodified quantity of conputing nodes of the group for use by the
user, and designating the nodified desired conputing node quantity to
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initial desired.quantity of c ut i ng,nodes _.of - | east i ng
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conputi ng nodgnpudAg i iotef Qhetrbatirﬁ?él?néc\?ﬁ%rtr@ér ke sctRmedio tarmindtecthedes
at least partially offsetting the indicated reduction with the one or
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m nus the i ndomat esbbeitharts eonsidec otherdabiprs henndetesrining whether to
immediately perform the replacement activities with respect to blocks 725
and/or 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.
[0085] 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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101281 d ause 32. The nethod 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
mul ti pl e conputing nodes for use by the user at the first tinme and
each pay a distinct second fee for the providing of the nodified
gquantity of conputing nodes of the group for use by the user at the
second tine, the first and second fees each being based at |east in
part on a current quantity of the conputing nodes of the group for
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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 Hlustrated data
structures instead lack or include such information respectively, or when
the amount or ty;'pes 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 conirol 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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capacity of the first user, making.the conputing nodes of the first
group available at a first time 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
tinme; after the first time, nonitoring the conputing nodes of
the first group to determne current values for one or nore types of
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execution capacCit execut| on
capacity, suoket diad fitshémepdi fi ed conputi ng nodes are

in response o 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
pericd 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 deten‘nini'ng that at least one of the
guantity 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 actuai computing node quantity for the
second time that reflects a quantity of the computing nodes of the group
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avai l able to provide the nodified desired program execution capacity,
and such that the recorded official program execution capacity is
updated to reflect the provided nodified desired program execution
capacity. [On] O 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 that are part of the first group, such that the
initial desired program execution capacity is an initial desired
guantity of conputing nodes, the determ ned actual program execution
capacity at tthat aecacidaly seailableanat the sedorguimeitt yexetuteotineutrogemddes
that are avaigable a e{)art of the fi roup at the

1GF
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wherein the ecifle if] ton to the desired program execution

capacity of 3@1@‘ h#e ﬂ%%qgt&%@%?t one specified capacity nodification

triggers and the dbr leagltofontelezapatict pf thimiltiplei cmarngest taevaitability,
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i ncludes aggregating the indicated quantity changes of the at |east
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capacity mdiirﬂétﬁﬂftibﬂ@fﬂoﬂﬂﬁe“ﬁéér”“ and nodifying the initial desired
quantity of conputing nodes by the aggregated quantity changes.

[0132] O ause 36. faheacteofaideast anetber cuthaireultiple auadabifiy ahrangss dor
[Pes o e ERARARAZRRL  hathGarBlchFaS TR 0 96 i e
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o bl e 2o dhanbesy abmitally SHbifing“8°ESHBindiEn "B hiib2? dodSbie'es
causes to the availability change that are independent of each other and
that include one or more of the at least one quantity modjification triggers
that are determined fo 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
Jeast 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.
[0098] Clause 2. The method of clause 1 wherein, for one of the
multiple users, the determined actual computing node quantity at the
second time is more than the initial desired computing node 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 medification triggers that are determined
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actual quantity of conputing nodes at each of nmultiple tinmes during
the period of time between the first and second tines, and wherein

t he harnoni zing of the recorded official program execution capacity
further includes designating the nodified desired quantity of
conputing nodes for the first group to be a current official program
execution capacity available to the first user at the second tine.
[0133] d ause 37. The nethod of clause 33 wherein the program
execution capacity of the first group is neasured based on
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met hod of cl ause 33 wherein the one or nore criteria of each of the
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oneé or nore gﬁgﬁh %d\f LHES tﬁ@éer@t aﬁ@\?ﬂ?tth@nﬁt asi %eoggaﬂt}lﬁgﬁlge
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on 2 et ch bR PRI IREEEE it BolBuliR: rEfe JERBHY v eRbub Stk
at | east Oneo&@QfsleHsemé:aﬂﬁ@éNeaﬁCbrfe @t&é'ravaitabil@gehangaawforhmgroup
determ ned current val ues r the one nor e performan
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wherein the %odnﬂ%%bn(%ﬁg%&@rér@ﬂm&r&%ﬁéﬁfr@cdL%rm@ tariggdpstrasidreR@and
to a conmputing |oad on e conputing nodes of the first group

wherei n the & engiusengra ﬁﬁ['blﬁtﬁé ast theesingle sipuse 88 anyi fdhe b &east pne
modi fication Léﬁ%ﬂ@?}ﬁ'ﬁﬁafdfswggd”@ E@.s% gﬂetggercgmuwhgge,h%g on

t he conputing no rst g eing in a tenporarily
i ncreased st abmbmﬂiiene:fnnuihpleammlﬂe icenses foredichydf ige et laast obembiRrn ng
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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.
10099] Clause I3. 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 guantity 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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i ncreasi ng the actual program execution capacity that is available
fromthe conmputing nodes of the first group in order to accommpdate
the tenporarily increased state of the conputing | oad, and wherein
the nethod further conprises automatically determning at a | ater
third tine after the tenporary increasing of the actual program
execution capacity to reduce the tenporarily increased actual program
execution capacity of the conputing nodes of the first group to

reflect an end to the tenporarily increased state of the c ut.in
| oad. [ 0136] 10IL iR “Aheh nEPROUISITEISSUSYs NRtBPe (07 e TR NBBst
one perfor mReAsHRAr fft yhafic hyvaftatidld Ure prégraki Utecatiant tiyadty

conputing nodes that is available as part of the first group, wherein
t he det er mi nipigvidedto ameenithe mmeihodpemppsinpr i ed capacity nodification
triggers are sati st i S tdle AGku nﬁ#ﬁ i

conmput i ng nodes o?ﬁ]?%g #@F@ gfo‘ﬁ% h%\e/i ng d?\ﬂ e@bf r%:r‘sn fé“ésg@%tu f?rgd
desi r ed quantohfigukdcionprtvideg anpogsamaexkontion eservich soautsenby incaltiple

nodi fyi ng of the conmputing nodes.that are part of the fjrst _gro

ool Lee ot uehfn e Bragbdnapesrutn e Vst Rar by A P Ub, B oo
nodes of thenbiestthatf @wd donfihbibes dicedic psddrachsivinhe tusepd of the
conputing nodes. [0131 Cl ause 41. The nethod of clause 38 wherein the

one or nore EFPIEH] axqautign &epficq.he at | east one specified capacity
nodi fication tri ggglhiag Cakangafith WreaR" infl Sdired pRSgRaMOledediRion

determ ned current val ﬁ%s for an 1ndicated perfornance _
char act er i st icapatiypior expcuatingare ok msre civimeee regranisnen pahaléekarirsled

current val ugggﬂg{thgrbrgﬁgin?g%g ﬁgﬁge?\ﬁg@nce characteristics type, and
i nath on “of “dé '

of a | ogical ermned Current values for nultiple
per f ormance char adewrivining rhylpels. c4patig Imdificatoniiggdre foreddsoth Bler

cl ause 33 wherein the multiple events further include one of. the.
Speci T ed caditathy AUREHE AT ER RGeS RSO0 CRPHUEPEAoRAGYe BERE or
nore criteri aréVideddasetheOtirings® | davhe of iBei Eaeatityi Meslification viiggersn
the nethod further conprises autgmatically determ ni ng th%t t he Qtne
speci fi ed caB¥yding R fArcEONS FriteiigyJar Yse ¥nidedemapind if the capacity

modification frigger 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
capacify 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 .resu[ting in a modification of the program
execution capacity being provided by the multiple computing nodes of the
first group, the muitiple 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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based at least in part on a current tine matching the one or nore
specified tinmes. [0139] C ause 43. The nethod of clause 33 wherein
the multiple events further include one of the specified capacity
nodi fication triggers being triggered whose one or nore criteria are
based on one or nore patterns identified fromhistorical data, and
wherein the method further conprises automatically determ ning that
the one specified capacity nodification trigger is satisfied based at
| east in part on the determ ned cHrrent val ues for ope or m

performance dharR& dhe secerd tinf dhe ARl yRETHY eX§cUlon 838@“@%" the
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t he comput i ngrows dsatodcduimedf durgty grioop pesind viveeen rih¢ liestnitd cohd the
further conprises, automatically determ ning that the one specified
capacity mdi*?@%‘i’ﬁm'tri gger is satisfied based at least in part on

obt ai ned i nf or mat if@meddH a8t 8% HeaiRBIRE EhahgaBUNe Se WP horedpsputing
performed by the one or nore software programs. [ 0141] C ause 45, The

met hod of cl &99es3d Hieeiiestndrone. getpaiGallYgAIbUting ARRIIGT BYPre i thed
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the indicate 'ications to the desired program execution cagam ty
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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 medification 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 ohe of the
muitiple events, the at least one other availability change being distinct
from the at least one availability change.
10103] 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
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[0142] C ause 46. The method of clause 45 wherein the aggregating of
the indicated nodifications to the desired program execution capacity
i ncludes at | east one of accumnul ating the indicated nodifications, of
of fsetting at | east one of the indicated nodifications with at | east
one other of the indicated nodifications, of selecting a single one
of the indicated nodifications based on one or nore selection
criteria, and of using one or nore priorities that are associ ated

with one or nore of the indicated nodifications. [0143%{ Cl ause 47.
The nethod ofindiFatipne oBthesisgls ane ﬁéreﬁit being dpe &eéereu@%f& e of cause of

nodi fication thé‘%ﬂéé“s? bgggmg}tav t| pﬁ |y specified by the first

user and that 1s 1nc I'n t ‘events includes a single
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execution capgghd ﬁvélhﬁﬁliﬂ( %hﬁlﬁ’é’é‘d fn'cﬁ@e?ydélhﬁylﬁ? RALDOGABRCHE the multiple
nodi fication instruction to be used | ieu of the indicated

modi fi cat i ongvents: Hataare| exrlt aosibglepeaiss el obapelc fey MiBkinle | 2valbHEY
triggers. [0lddl & aéﬁaeaééreig% %'EﬁtJ?Qﬂe %ﬂﬁbl??@%n?@tﬁdfrér?qot a smgle
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conprising recel |ﬁg as t1on irTst user o
di stinct geogaaphiafathd anat pbrike thallipkr evetatiliidechangest asi part lﬂieth&n

nodes of ¢ he CPIRERILGp S5aaerC L EtRs BPdleind craliied PR tosas
of the first ngtadpe Balimge @busdlat geogr aphi cal | ocation, and wherein

the autonmatic nodif |ng of e co ut| nodes that. are part .o
first group i% e 'é?e%erfgp' gg'ﬁ&éﬁ wWhierging ﬁ%r B‘?:é?fvtgﬁ 2

speci ficati Oflagst bhi é\)&%bﬂlﬂ?ﬁ:h&ﬂgéé i tﬁe £AGAHHE BEINAFRSOTARE coRfbiridtif t o
include the indicated subsét of the proaﬁim execution capacity of the

conput i ng no@égnigiipienevants as eotplse oblehope avadablityt Ffpﬁ@e includes
Shoren't e SSPERINRG el MEImEhAHE of Rule TERROR SUcifire Be |
of the first ograaupelmfctl'ledese raaraiiablmygchﬂr@eorthmﬂeéemﬂmeﬂdyperqiutausg
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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.
j0106] 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 meodifications of the multiple events, and
initiating the determined single aggregated medification to the first group

prior to the second time.
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each having a different anount of avail abl e program execution
capacity than the one or nore replaced conputi ng nodes. 101463 C ause
50. The nethod of clause 33 wherein the naking avail able of the
conmputing nodes of the first group at the first tine to each execute
the one or nore software prograns for the first user includes
automatical ly provisioning each of the conputing nodes of the first
group and includes automatically initiating execution of each of the

one or nore software rags on of the, conput.i nodes of the
TTe o oroun. Tt Hisefa 00 The oo s 1§ hhadin 35 ndinle Aveh

program exec ok $rﬁflil{d§eat' oAt f@Rs t%?f eaw%a@iﬁisawmmt@nsma«u e
that is renote fromthe first user, ereln the program execution
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of the first cghbiatin SRanbitiple é\?é’hts?lma?t@blaitrbafdm@s Hengauddieslonel sfuse
52. The met hod of cl ause 33 _wherein the ram execution service

uses virtual theat spst é’BﬁrﬂYﬁB@V['@lﬁW"ﬂﬁﬁt'“@]H e$)PQe & inpgreget gt leasty
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virtual nmachione omagee 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 ohe 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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[0149] C ause 53. A conputer-readabl e medi um whose contents configure
a conmputing systemto dynam cally nodify program execution capacity
for a user, by performng a nethod conprising: under control

of the configured conmputing system receiving an indication of a
first group of nultiple conputing nodes that is associated with a
first user at a first tinme to provide desired program execution
capacity for use in executing one or nore software prograns on behal f

of the first user: .auto cally, dete mn| ctual program
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time; and  the one availability change and of which availability changes are caused

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 resuit 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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automatically nodi fying the conputing nodes that are part of the
first group at the second tinme so as to harnonize the nodified
desired program execution capacity at the second tinme with the
determ ned actual program execution capacity at the second tine, the
nodi fied conputing nodes being for use in providing the nodified
desired program execution capacity to the first user. [0150] d ause
54. The conput er-readabl e nedi um of clause 53 wherein the configured
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avail abi l'it )
configure a computing system to determine causality for dynamic

modifications in program execution capacity provided to a user, by
performing a method compri'sing:

under contro! 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!tiplé independent events that occur
between the first time and a later second time and that each have an
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t he. one or nore conputing nodes of the first group and to update the
recorded official program execution capacity of the program execution
service that is available to the first user so as to reflect the one
or nore availability changes, wherein the recorded official program
execution capacity of the program execution service that is avail able
to the first user is not updated based on the automatic determ ning
of the nodified desired program execution capacity at the second
time, and wherein the nodifying of the conputing nodes that are part
of the first agsotiatedt dédimdsmodifidatiornef tre prograver expmufion magasity ebtheo
har noni ze the, recorded official program execution capacity, at the
second tinme WHPPYR nodified desired program execution capacity at

the second tine, Tabﬁ:rﬁé‘ﬁdﬁﬂ?'dét@ﬂmﬁfnfgt BR a&0ar ﬁﬂ?r@ﬁnf egecajtuonremmny
execution capacity includin dent i y|ng t he no
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conprising: one or nore processors; and
attributed to at least one of the availability changes being a combination of
rultiple of the identified independent events; and

providing an indication of the attributed one or more causes for one

or more of the at [east one availability changes.
[0118] Clause 22. The computer-readable medium of clause 21 wherein
the configured computing system is part of a program execution service
that provides a plurality of computing nodes configurable to execute
programs of users of the program execution service, wherein the muitiple
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 friggers
prior to the first time for use in later initiating automated medifications 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 io be satisfied and include at least one capacity

modification instruction that is dynamically specified by the first user.
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a system manager nodule that is configured to, when executed by at

| east one of the one or nore processors, manage program execution
capacity for multiple users of a network-accessible service by, for
each of the nultiple users: determ ning a desired program
execution capacity for use in executing one or nore software prograns
on behalf of the user, and determ ning one or nore capacity

nodi fication triggers for use in later initiating automated

nodi fications to the desired program execution capacity for the user;
aut omat i cal | yolasls 6daussi 27 aThe coppsternendableaneditin ofiftiausendd wiergn
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multiple independent events is a requested modification, wherein the
method further comprises automatically determining a single aggregated
modification to make to increase the program execution capacity of the
first group based on aggregating the requested modifications of the at
least one satisfied capacity modification friggers and of the at least one
capacity modification instruction from the first user, and initiating the
determined single aggregated meodification 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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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 |ater second tine after the first tine, the
actual program execution capacity at the second tinme being distinct
fromthe desired program execution capacity provided to the user at
the first tine; automatically determ ning a nodified desired
program execution capacity to be provided to the user at the second

time based tiple. i ndependent t .
it G me oA AU R0 Ayt | et orop o fListet
desired progngmagigauohtiled aratidalions kethedrobrine exedetpanchpecite beimgs

i ncluding at |east one of the capacity nodification triggers being
det erm ned t @reddaadferdhpadetnd i ncl udi ng at | east one capacity
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the nodified desired program execution”capacity at the second tine

bei ng based cwdas witfyteyuseoat affirstiime dapuse it aroxiding it inibalsdassiredhe
mul tiple ind S; tically nodifying the
conput i ng nogjz‘g&%ﬁg%x%{gﬁbaﬁapg%thtgeé']rsgﬁ;gnyat he second tinme so as
to harnoni ze the mfidi fthedirstetineedutunagicailly doentifying mobipkec indgpetdeite

second tinme with the determ.ned actual .program executio ' t
the second tiSYEnts iat Hﬁﬁ‘i‘rft?%eﬁﬁ%%ﬁﬁé'%ﬂﬁ)gag ab'@f?{gS%CSPHJ@%D?ﬁH e
provi di ng t heagRdidveesn RSbEadPESGfANMOSHiIzELiOP Bf e acddnant exédigion
user. [0155] d ause 59. The coméuti ng system of c¢|ause 58 Whe:fﬁ’i t he
I | e

det er m ned d&aPaedy B S AW ShatMYRIPleBYeME inElgdingnat [sest pae
of 11ial prograny BeoeBtoREsER bafl deter i 1 e et g ©
avail able to the mmma@allutdatmnin%\gsoneiqmnovm@hen@ﬁ& h@aé{ail%ﬁ’étvi ef
determ ning ct):fnet B? rﬁSFeu%lomputing nodes of the group that affect the program
executibn 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 atiributed to at least one of the availability changes being a
combination of mulfiple 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 meodification 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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program execution capacity that is available to the one user at the
second tinme is based at least in part on nonitoring the conputing
nodes of the group for the one user during a period of tine fromthe
first tine to the second tinme so as to identify one or nore changes,
the nonitoring of the conputing nodes including updating the recorded
of ficial program execution capacity that is available to the one user
to reflect the one or nore changes, wherein the recorded offici al

pr ogram execut aC| that is availa r 1S t
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nodi fi ed desired program execution capacity at the second tine
har moni zi ng i athibutest @sdde oirig ciramoge ogﬁlﬁﬁbﬁef&écﬂtei &et%rapa@qiwngle
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60. The conputin F; ngm of clause 59 wherein the determ ned capacity
nodi fi cat i onSP??'g%‘i ¥ BRPEHE®0ne user are specified by the one user,
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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 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
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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execution capacity for nmultiple users of a network-accessible service
by, for each of the nmultiple users: determ ning a desired
program execution capacity for use in executing one or nore software
prograns on behal f of the user, and determ ning one or nore capacity
nodi fication triggers for use in later initiating autonmated

nodi fications to the desired program execution capacity for the user;
automatically associating a group of multiple avail abl e conputi ng

nodes with the user at a first tine for use in providing the .
det ermi-ned desi r ea@ftgr dige dirstetimeuautrmatinady i idgntifyng hauliple indgpgndent

e he sl BB SR L0600, Stplni clen
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the first ti@Bpacity 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 atiributing 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 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.
[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 guantity modification triggérs for
use in later initiating automated modifications to the desired computing
node guantity, 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 nede quantity change if the

quantity modification trigger is satisfied;
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automatically determning a nodified desired program execution
capacity to be provided to the user at the second tine based on
nmul ti pl e i ndependent events that each occur after the first tine and
t hat each have an associ ated nodification of the desired program
execution capacity, the nmultiple independent events including at

| east one of the capacity nodification triggers being determned to
be satisfied and including at | east one capacity nodification
instruction that is dynam cally specified by the user, the nodified
desired program eaetamatinally agetermiping a lgsoge Fntnuiipte Hetliy Ahdeby oh
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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 quanfity
changes from the at least one satisfied gquantity 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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CLAI M5 What is clainmed is: 1. A conmputer-inplenented nethod for
determ ning causality for dynam c nodifications in program execution
capacity provided to a user, the nethod conpri sing: under
control of one or nore conputing systens that are configured to
provi de a program execution service for use by nultiple users, the
program execution service having a plurality of conputing nodes that
are configurable to execute programs of the users of the program
execution service, . .
at the second time, automatically harmonizing the official
computing node quantity for the user with the modified desired computing
node quantity, the harmonizing including automatically modifying a
quantity of the computing nodes that are part of the group by taking
actions to change the determined actual computing node quantity to be
the modified desired computing node quantity; and

providing the modified quantity of computing nodes of the group
for use by the user, and desighating the modified desired computing node
guantity to be the official computing node quantity available o tﬁe 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 gquantity 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 to the second time, wherein the automatic
monitoring of the computing nodes of the group for the one user during
the period of time includes repeatedly determining a current aciual
computing node quantity for the one user and updating the official
computing node quantity for the one user io reconcile the updated official
computing node quantity with the determined current actual computing
node quantity, wherein the at least one satisfied quantity modification
triggers for the one user is a trigger that specifies to increase the
computing nodes of the group for the one user by a quantity of the one or
more unavailable computing nodes in order to maintain the official
computing node 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
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receiving an indication of an initial desired program execution
capacity for executing one or nore software prograns on behalf of a
first user of the program execution service; det er m ni ng

mul tiple capacity nodification triggers for use in later initiating
automat ed nodifications to program execution capacity being provided
to the first user, each of the capacity nodification triggers

I ncl uding one or nore criteria for use in determning if the capacity
nodi fication trigger is satisfied and including a specified type of
pr ogr am exec titneo mohajescatt pasppafiabnoffestting the indigatest egluction mith the

capacity nodification tri ' LSkl ed: £ | Ve
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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.
10129] Clause 33. A computer-implemented method for dynamically
modifying program execution capacity for a user, the method comprising:
under control of one or more computing -systems that are
configured to provide a program execution service for use by multiple
users, the program execution service having a plurality of computing
nodes that are configurable to exscute 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 madification 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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first group, the nultiple events including at | east one of the
specified capacity nodification triggers being determ ned to be

sati sfi ed; 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 tinme, the actual
program execution capacity at the second tinme being distinct fromthe
desired program execution capacity provided to the first user at the

first tine b ' r 0. O
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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 o he 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
specifiéd by the first user, each of the at least one specified capacity
modification triggers and the at least one capacity modification instruction
indicating a specified modification to the desired program execution
capacity; and

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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3. The method of the claim1l wherein the automatic determ ning of the
actual program execution capacity includes determning nultiple
avai.lability changes that have occurred, and wherein the autonmatic
attributing of the one or nore events as the cause of each of the
avai lability 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 cause of the one of the nmultiple availability
changes as pawailatfle tid@raviad theamiodificiolesirediprogiam esecution gapacity| and
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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 meodification 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

92



one or nore processors; and a system manager nodule that is
configured to, when executed by at |east one of the one or nore
processors, mnanage program execution capacity for nmultiple users of a
net wor k- accessi bl e service by, for each of the nultiple users:
determining 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

| at er initiating automated nodifications to the progr ti
capacity bei @§iys! ?gmaag’ae plopomnputing gpdes at each of muﬁip?egtir%g]sec)[(uenpn% the

period of time between the first and second times, 'and wherein the
harmonizing 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
o 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
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 nedes of the first group being in a
ternporarily increased state, wherein the automatically modifying of the
“computing nodes that are part of the first group includes temporarily
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automatically associating a group of nultiple avail able conputing
nodes wth the user at a first tine for use in providing the initial
desired program execution capacity to the user; and after the first
tinme, automatically identifying rmultiple i ndependent events

t hat occur between the first tine and a later second tinme and that
each have an associ ated desired nodification of the program execution
capacity of the group, the nultiple events I ncl udi ng at | east one of

t he t di f t b t | d
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computing nodes of the first group to reflect an end to the temporan!y
increased state of the computing load.
[0138] 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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provi ding an indication of the attributed one or nore causes for one
or nore of the determ ned availability changes of the group. 6.The
conputing systemof claim5 wherein the nultiple independent events
for one of the nultiple users further include at |east one capacity
nodi fication instruction that is dynamcally specified by the one
user, wherein the system manager nodule is further configured to
automatically determ ne a single aggregated nodification to nmake to

i ncrease the program execution capacity of the group for the one user
based on aggregeti ap l¢dst e partedn ndivrierhttined smefchirge the ansaer waE
satisfied capaci §¥ gmdification triggers and of the at. | east one
capaci ty nodiECERAS $Sst ructi on specified by the one user, and to

initiate the ofie] ClELSSd3si NTleemadwdagalamkeislivilieraini the rultipleevgntup
for the one user prior to the %econd_ i me, wherein_the dg_t‘ er m ré)ed
singl e aggreddttber mstide eae; Arihessresiegk canacitympdificatiqn, friggers being
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the nultiple | endent events Is attributed as the one or nore
causes for t lidentifiedrfiomdisioringl dataggne ydeseinibaimeibadiferihenednges he
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user. 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
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.
10142] 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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7. The conputing systemof claim®6 wherein the determ ned capacity
nodi fication triggers for the one user are specified by the one user,
wherei n the network-accessible service is a program execution service
that provides a plurality of conputing nodes configurable to execute
prograns of renote users of the program execution service, and
wherein the multiple conmputing nodes of the group for each of at

| east one of the nmultiple users are a subset of the pIuraIity of
conputi ng nod enented

dynami cal | y r?gglf‘?)}nqiﬁatﬁldgapé cgtﬁ%{]er (?Iﬁi%éﬂﬁgcﬁ gief eoPn?i ‘ﬁ th? indlifated
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systens that are configured to provide a program execution service

for use by mma@reppBolitas thatiare prspialad axdt ANSoRT JBRRE F thendgated
plurality of computing nodes that are configurable to execute
programs of the users of the program execution service,
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execution capacit.y. for n r ans
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capacity, eafPglicatiop dsyyeher |f¥qdc Yi e ?tgé’@ <iBi FPTHY or

more criteri gnddificatRf |h§tr|9’@nto%r§ﬁé'cﬂﬁd'tﬁy iﬁéﬁ‘fu‘éﬁﬂééﬂ iakefm@béd@ﬁie @ﬂer
trigger is satisfied and including a specified type of nodificati

to the desir énepiiegcanpeiovadifisaticnisgeptsthehate qi%tefram@é tp bg R&dIEH |f
t he capaci ty JaRdiféedt 4D gbidnI8fifg 'of thehh&difi&f 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 modified
computing nodes are modified to include the indicated subset of the
progrém execution capacity of the computing nodes of the first group at
each of the multiple geographical locations.

[0145] Clause 48. The method of clause 33 wherein the automatic
modifying of the computing nodes that are part of the first group includes
replacing one or more of the computing nodes of the first grourp with one

or more other computing nodes, the one or more other computing nodes
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automatically determning a first group of nultiple of the plurality
of conputing nodes for use in providing the initial desired program
execution capacity of the first user, making the conputing nodes of
the first group 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 tine; after the first tine, nonitoring the conputing
nodes of theehth dtavirgpapiferedeasmounhef craiable pragmes ekecutintecapadiiyr e
types of per%or nce characteristics of tt hose, conputi ng nodes rel ated
to the executfayNEONG Y BRE SPIEREACARYHNG O8S0gr ans, t he nonitori ng
includi ng dejrRasy Olage80.acThal nthed aot exfess i 38 whpasn t $het habking
available to the first user fromthe copputin nod(?ﬁ”l oft H]e firsth
group at a | avaifableebhe eomputiig Redesef the kst grpp at the tirst time to eac
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~capacity of I'rst user based on nu e events that occur during
a period of autemalisalie@iodisieningreacht ofitbepampuiisgseaedasot thadirsk group

mul tiple events.inckudi . " Lt '

modi 1 cat i onapigares plRnReflHAAG Plocuibn IPREL bEhEeRget ke
in part on t befleteeprograts onreaehtof tiad vempliting nbdeooktherfirsiigreup.
performance characgteristjcs pes.and including.at | east one ity
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triggers and the at |east gne capacity nodification inst rﬁ?(':ti on .

| y n
i ndi cating arepets fiea Wedifirstc HeplnWhBraihethge STPHAMHrBECHIOR XU P on
capaci ty; aNdrovides afKEEITBA ERbMY dihGRNABDIRGIA ProgERifReg Ildrded
program execution capacity that 1s available to the first 'user with
t he det er m nédPks} faraenmte gompUting systeos toapagiamymaticaliydnieead mith thee

and w th the 8?8&%%1' §)g%cgff|§é (rje,%gfic?é BOLATRESF b HerivBRAGArd of é??z%g/hical

har noni zi ng I Clal "program execution capa
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of the first a%oulff eli'eri]n %goﬁrg User Vgé[yg E)rtllg or more fees for the automatic
modifying of the computing nodes that are part of the first group as part of
the automatic harmonizing.
[0148] Clause 52. The method of clause 33 wherein the program
execution service uses virtualization technology such that the plurality of
computing nodes include, for each of muitiple physical computing
systems, multiple virtual machines hosted by the physical computing
system that are each able to execute at least one program, wherein the
computing nodes of the first group are hosted virtual machines, and
wherein the one or more programs of the first user are part of a virtual

machine image.
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determ ned actual program execution capacity and the nodified desired
program execution capacity, such that the nodified conputing nodes
are avail able to provide the nodified desired program execution
capacity, and such that the recorded official program execution
capacity is updated to reflect the provided nodified desired program
execution capacity. 9. The nethod of claim8 wherein the
program execution capacity of the first group is neasured based on a

gquantity of conputd ng nodes.that ar t firs r.Qup
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be the nodified.desired quantity. 10. The nmethod of claim8
wherein the BT%@FEH?%rxecuti on capacity of the first group is neasured
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conprises aut omat hgRinaticepy elciémiiniagt Hahotified adedireds progrems pesiutived
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 executicn capacity at the second
time being based on an aggregation of the specified indicated
modifications of the muitiple 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 hamonize the modified desired
program execution capacity at the second time with the determined actual
program execution capacity at the second time, the modified computing
nodes being for use in providing the modified desired program execution

capacity to the first user.
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capacity nodification triggers are satisfied based at |east in part
on a match between the one or nore specified values for each of the
at | east one specified capacity nodification triggers and the
determ ned current values for the one or nore perfornmance
characteristics types. 12. The nmethod of claim8 wherein the
determ ning of the nodified desired program execution capacity for
the first group includes aggregating the indicated nodifications to

t he desired program execution capacity that are specified by each, of
the at |east [@M8] §iadsg Péd dapsompuiep@atable medium pigarse §éd"”ﬂq{€'”at

Gec S nea OB PSSR bR Bt Aot e b,
aggregat ed i fiokifc prasitiesodi plurality oofs comptitieg d’ﬁ;;ﬂesedopﬁgigablm B)_(@X@FU’@(]
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processors; adfhputing nodes of the first group are a subset of the plurality of
computing nodes and are automatically associated with the first user at
the first time by the program execution service in response to a request
for the desired program execution capacity that is received from the first
user prior to the first time, wherein the first user further indicates one or
more capacity modification triggers for use in later initiating automated
modifications to the desired program execution capacity, and wherein the
multiple independent events on which the determined moedified 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.
[0151] 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 [east 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
moedification 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 exscution 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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a system manager nodule that is configured to, when executed by at

| east one of the one or nore processors, manage program execution
capacity for multiple users of a network-accessible service by, for
each of the nultiple users: determ ning a desired program
execution capacity for use in executing one or nore software prograns
on behalf of the user, and determ ning one or nore capacity

nodi fication "triggers for use in later initiating automated

nodi fications to the desired program executi gn capacit or the uyser;
Autommt | cal | JTBSUECPRTING UMY GROGRIOL 1R BrStAPHREY EoHBURENTS
nodes wi th the.dtg88 @icidl bidgrhm! bRBclth E8Sadit) BF e Grdlaihexecution

determ ned desired program execution capacity to the user; and after
the first tigervice that iggvailahle dalthg figtusenisai asyiarefigst tha ope &§maere
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act ual progr aapacibcefttheprogram 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 capacily 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 include_s a generated stored data signal containing_ the
contents, and wherein the contents are instructions that when executed
cause the computing system to perform the method.
[0154] Clause 58. A computing system configured to dynamically modify
program execution éapacity for a user, comprising:

one of mere 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 hehalf of the user, and

determining one or more capacity modification triggers for use in later
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capacity at the second tine being distinct fromthe desired program
execution capacity provided to the user at the first tine;
automatically determning a nodified desired program execution
capacity to be provided to the user at the second tine based on

mul tiple i ndependent events that each occur after the first tinme and
t hat each have an associ ated nodification of the desired program
execution capacity, the nultiple i ndependent events including at

| east one of ;the: ' | ' I gger, N r o -
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avail able to the one user a he second tjne is sed at | east .
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pg}c:ity} rr}w%diﬁcation 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 ncdes that are part of the
group at the second time so as {o 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 fo the one
user at the first time, wherein the automatic determining of the actual
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nodi fi ed desired program execution capacity, at the second tinme, and
wherein the nodifying of the conputing nodes that are part of the
group at the second tine is further performed so as to harnoni ze the
recorded official program execution capacity at the second tinme with
the nodified desired program execution capacity at the second tine,

t he harnoni zing of the recorded official program execution capacity

I ncluding identifying the nodified desired program execution capacity
at the second tinme as a further ted recorded official program
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wher ei n t he wmohpulihg cmodpat ineiudingl espdadtinghehgr oegorided efickal opr@ram
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conmputing no
more changes, wherein the recorded official program execution capacity

that is available to the one user is not updated based on the auiomatic
determining of {he 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 sb 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 589 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.
[0157] Clause 61. The computing system of clause 58 wherein the
system manager module includes software instructions for execution by
the computing system.
[0168] Clause 62. The computing system of clause 58 wherein the
system manager module consists of a means for managing program

102



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 iater
initiating automated modifications to the desired program execution
capagcity for the user;

automatically associating a group of multiple available computing
nodes with the user at a first time for use in providing the determined
desired program execution capacity to the user; and

after the first time, automatically determining an actual program
execution capacity that is available to the user from the computing nodes
of the group at a later second time after the first time, the actual program
execution capacity at the second time being distinct from the desired
program 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 execuiion capacity, the
muliiple 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
mutltiple 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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[0158] From the foregoing it will be appreciated that, although specific
embodiments have been described herein for purposes of illustration,
various modifications may be made without deviating from the spirit and
scope of the invention. Accordingly, the invention is not limited except as
by the appended claims and the elements recited therein. In addition,
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:

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 execuiion 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 aptual program execution capacity at the
second time being distinct from the desired program execution capacity
provided to the first user at the ﬁrsf 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 fo 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.

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 fo 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.

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 rﬁultiple 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 multiple availability changes that does

not have a single cause.

4. The method of claim 1 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 additionat 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 ime and the second time.

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 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

107



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 tb the user; and

after the first ime,

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 attribuiing one or more causes to each of the
determined availability changes of the group, the one or more causes that
are altributed to at least one of the availabi'lity changes being a
combination of multiple of the identified independent events, and the one
or more causes that are atiributed fo 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.

6. The computing system of claim 5 wherein the multiplé
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 fo
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 to tf]e 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 muitiple 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.

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 60mputing 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.

8. A computer-mplemented 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 muitiple
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 information that specifies an initial desired program
execution capacity for use in executing one or more sofiware 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 software 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 ime, 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 maonitoring 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 executicn
capacity of the first user based on multiple events that occur during a
period of time beilween the first time and the second time, the multiple
events including at least one of the specified capacity modification triggers
being determined to be salisfied based at least in part on the determined
current values for the one or more performance characteristics types and
inciuding 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.

9. 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 guantity.

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.  The methed 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.

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
capacily that are specified by each of the at least one specified capacity
moadification 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.

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 muitiple 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
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 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
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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 evenis including at least one of the capacity
modification iriggers being determined fo 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 modiﬂcétions of the
multiple independent events; and

automatically maodifying 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 iime 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,

14.  The computing system of claim 13 whérein 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
exécution capacity that is recorded as being available 1o the one user at
the first time, wherein the automatic determining of the actual program
execution capacity that is available {0 the one user at the second time is
based at [east 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 1o 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 sc 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.

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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