CLAIMS

1. A computer-implemented method for determining causalif§ for dynamic
modifications in program execution capacity provided to a usgr, the method
comprising:
under control of one or more computing systems that are/onfigured to provide
a program execution service for use by multiple users, the prdgram execution service
having a plurality of computing nodes that are configuratfe to execute programs of
the users of the program execution service,
receiving an indication of an initial desjfed program execution capacity
for executing one or more software programs on héhalf of a first user of the program
execution service;
determining multiple capacity A/nodification triggers for use in later
initiating automated modifications to proggam execution capacity being provided to
the first user, each of the capacity modiffcation triggers including one or more criteria
for use in determining if the capacity fnodification trigger is satisfied and including a
specified type of program executjén capacity modification to be requested if the
capacity maodification trigger is sfisfied;
automatically defermining 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, and makinG the computing nodes of the first group available at a first
time to each execute ghe or more software programs for the first user;
automatically identifying multiple independent events that occur during a

period of time bétween the first time and a later second time and that each are

automatically determining an actual program execution capacity that is

afailable to the first user from the computing nodes of the first group at the second
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time, the actual program execution capacity at the second time being distincffrom the
desired program execution capacity provided to the first user at the first tiphe based at
least in part on one or more changes to availability of one or more cophputing nodes
of the first group that occurred during a time period between the fj
second time;
for each of the availability changes of the one or nfore 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 avgilability changes having a
cause that is a combination of multiple events that are ipflependent of each other and
that include one or more of the at least one specifigd capacity modification triggers
that are determined to be satisfied; and
providing an indication of the attribfited cause for each of one or more of

the availability changes so as to enable one6r more further actions to be performed
corresponding to that attributed cause.
2. The method of claim 1 fvherein the multiple events further include at

least one capacity modification ingfruction that is dynamically specified by the first
user to request a specified mogification to the program execution capacity being
provided by the first group, apd wherein the combination of multiple events that are
attributed as the cause for gfie of the at least one availability changes includes one or

more of the at least one gPecified capacity modification instructions.

3. The

changes has an Attributed cause that is a single one of the muitiple events, the at

thod of claim 1 wherein at least one other of the availability

availability change being distinct from the at least one availability

change.

The method of claim 3 further comprising automatically determining that
the Zingle one event is a determined type of cause of the at least one other

ilability change, the determined type of cause being either a direct cause or an
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indirect cause, and providing an indication of the single one event Jeing the

determined type of cause of the at least one other availability change.

5. The method of the claim 1 wherein the automatic dgtermining of the
actual program execution capacity includes 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 igentifying one or more of

type of cause being either a dir cause or an indirect cause, and wherein the
providing of the indication of tfe attributed cause for each of the one or more
availability changes includes oviding an indication of the combination of multiple
events being the determineg type of cause of the one availability change.
7. The med of claim 1 wherein the multiple independent events each
request a modifica' of the program execution capacity being provided by the first
group, and wherefh the method further comprises automatically determining a single
aggregated mofification to make to the program execution capacity of the first group
based on gggregating the requested modifications of the multiple events, and

initiating tfe determined single aggregated modification to the first group prior to the

The method of claim 7 wherein the multiple events further include at

east one capacity modification instruction that is dynamically specified by the first
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user to request a specified modification to the program execution capaci being
provided by the first group, wherein the determined multiple capacity dification
triggers are specified by the first user prior to the first time, andwherein the
combination of multiple events that are attributed as the cause for ong of the at least
one availability changes includes one or more of the at least one $pecified capacity

modification instructions.

9. The method of claim 8 wherein the deterphined single aggregated
modification is the one availability change for which fhe one or more specified
capacity modification instructions are included in the cgmbination that is attributed as
the cause.

10.  The method of claim 7 wherein ghe program execution capacity of the
first group is measured based on a quantityof computing nodes that are part of the
first group, such that the initial desired prggram execution capacity is an initial desired
quantity of computing nodes and suchAhat the determined actual program execution
capacity at the second time is ary actual quantity of computing nodes that are
available as part of the first grodp at the second time, wherein the one or more
availability changes of the ong or more computing nodes of the first group each
include at least one of one gr more computing nodes that are part of the first group
becoming unavailable ang/of one or more new computing nodes being added to the
first group, and whereif the determined single aggregated modification to the first

group is a determineg change in quantity of the computing nodes for the first group.

1. T

modification j

method of claim 10 wherein the determined single aggregated
to increase the quantity of computing nodes of the first group by a
specified gliantity of one or more computing nodes, wherein the determined single
aggregated modification is one of the one or more availability changes for which the
indicgfion of the attributed cause is provided, and wherein the method further

copprises performing one or more further actions that include initiating one or more
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monetary charges to the first user based at least in part on the initiated defermined

single aggregated modification.

12.  The method of claim 1 wherein one of the one or phore availability
changes for which the indication of the attributed cause is provided/includes at least a
first of the multiple events as at least part of the cause of the op€ availability change,
and wherein the providing of the indication of the attrib cause for the one
availability change is performed in response to a requeor at least one of which
events cause the one availability change and of availability changes are
caused by the first event.

13. The method of claim 12 wherein request is received from a user,

and wherein the providing of the indicatio the attributed cause for the one

nodes : the first group at the first time to each execute the one or more software
prog yams for the first user includes automatically provisioning each of the computing
nofles of the first group and includes automatically initiating execution of each of the

bne or more software programs on each of the computing nodes of the first group.
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interact with the program execution service over one or more nefvorks and of a
graphical user interface for use by remote users over the one or fore networks, and
wherein the first user pays one or more fees based at least in/art on the attributed

cause of one or more of the availability changes.

17. The method of claim 1 wherein the program execution service uses
virtualization technology such that the plurality of cofputing nodes include, for each
of multiple physical computing systems, multiplg virtual machines hosted by the
physical computing system that are each abje to execute at least one program,
wherein the computing nodes of the first gfoup are hosted virtual machines, and
wherein the one or more programs of tife first user are part of a virtual machine

image.

18. A computer-readablg medium whose contents configure a computing
system to determine causality for dynamic modifications in program execution
capacity provided to a user, By performing a method comprising:

under control of the/configured computing system,

receiving An indication of a first group of multiple computing nodes that
are associated with A first user at a first time to provide an initial program execution
capacity for use i executing one or more software programs on behalf of the first
user,;

automatically identifying multiple independent events that occur
between jhe first time and a later second time and that each have an associated
desireg/modification of the program execution capacity of the first group;

automatically determining an actual program execution capacity that is
ayailable to the first user from the computing nodes of the first group at the second

ime, the actual program execution capacity at the second time being distinct from the
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initial program execution capacity provided at the first time based at least in pArt on
one or more changes to availability of one or more computing nodes ofAhe first
group;

automatically attributing one or more causes to each of the determined
availability changes of the first group, the one or more causes that ay€ attributed to at
least one of the availability changes being a combination of multigle of the identified
independent events; and

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

more of the at least one availability changes.

19. The computer-readable medium of cldim 18 wherein the configured
computing system is part of a program executioryservice that provides a plurality of
computing nodes configurable to execute programs of users of the program
execution service, wherein the multiple cogputing nodes of the first group are a
subset of the plurality of computing nodeg, wherein the receiving of the indication of
the first group includes receiving a regfest for the initial program execution capacity
from the first user prior to the first tim€ and automatically associating the first group of
computing nodes with the first uger at the first time for use in providing the initial
program execution capacity tofAhe first user, wherein the first user further indicates
one or more capacity modification triggers prior to the first time for use in later
initiating automated modffications to the program execution capacity of the first
group, and wherein th€ multiple independent events include at least one of the
capacity modificatioyf triggers being determined to be satisfied and include at least

one capacity modjfication instruction that is dynamically specified by the first user.

is a requested modification, wherein the method further comprises

pyogram execution capacity of the first group based on aggregating the requested

modifications of the at least one satisfied capacity modification triggers and of the at
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attributed as the one or more causes for the determined single aggregated

modification includes the at least one satisfied capacity modificatigh triggers and the

at least one capacity modification instruction from the first user.

21. The computer-readable medium of claim 18 wherein the computer-
readable medium is at least one of a memory of a compliting system that stores the
contents and a data transmission medium that inclfdes a generated stored data
signal containing the contents, and wherein the cgfitents are instructions that when

executed cause the computing system to perfornythe method.

22. A computing system configyfed to determine causality for dynamic
modifications in program execution capagfty for a user, comprising:
one or more processors; and
a system manager module thét 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 gervice by, for each of the multiple users:
determining ayfinitial program execution capacity to be provided for use
in executing one or morg/software programs on behalf of the user, and determining
one or more capacity modification triggers for use in later initiating automated
modifications to thefrogram execution capacity being provided for the user;
autgmatically associating a group of mulitiple available computing nodes
with the user # a first time for use in providing the initial desired program execution
capacity to phe user; and
after the first time,
automatically identifying multiple independent events that occur
betyfeen the first time and a later second time and that each have an associated

sired modification of the program execution capacity of the group, the multiple
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events including at least one of the capacity modification triggers being determingd to
be satisfied;

automatically determining one or more changes to availabjffity of one
or more computing nodes of the group that affect the program execuffon capacity
provided by the group;

automatically attributing one or more causes ;o each of the
determined availability changes of the group, the one or mgfe causes that are
attributed to at least one of the availability changes being a cophbination of multiple of
the identified independent events, and the one or more caybes that are attributed to
at least one other of the availability changes being a gingle one of the identified
independent events; and

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

or more of the determined availability changes of jhe group.

23. The computing system of clayn 22 wherein the muitiple independent
events for one of the multiple users furthgr include at least one capacity modification
instruction that is dynamically specified/fby the one user, wherein the system manager
module is further configured to Jautomatically determine a single aggregated
modification to make to increase fhe program execution capacity of the group for the
one user based on aggregating/ the desired modifications of the at least one satisfied
capacity modification triggerg and of the at least one capacity modification instruction
specified by the one ySer, and to initiate the determined single aggregated
modification to the grgup for the one user prior to the second time, wherein the
determined single gggregated modification is one of the at least one availability
changes for the ghe user, and wherein the combination of the multiple independent
events that ig/attributed as the one or more causes for the determined single
aggregated /modification includes the at least one satisfied capacity modification

triggers ghd the at least one capacity modification instruction specified by the one
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24. The computing system of claim 23 wherein the determined capAcity
modification triggers for the one user are specified by the one user, whepin the
network-accessible service is a program execution service that provides a plurality of
computing nodes configurable to execute programs of remote users ofAhe program
execution service, and wherein the multiple computing nodes of the g p for each of

at least one of the multiple users are a subset of the plurality of comfputing nodes.

25. The computing system of claim 22 wherein/the system manager

component includes software instructions for execution by tffe computing system.

26. The computing system of claim 22 ylherein the system manager
component consists of a means for managing frogram execution capacity for
multiple users of the network-accessible service py, for each of the multiple users:

determining an initial program ey€cution capacity to be provided for use
in executing one or more software prograngs on behalf of the user, and determining
one or more capacity modification trigGers for use in later initiating automated
modifications to the program executioycapacity being provided for the user;

automatically associa' a group of multiple available computing nodes
with the user at a first time for in providing the initial desired program execution
capacity to the user; and v

after the first t

automa'lly identifying multiple independent events that occur
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attributed to at least one of the availability changes being a combination of muliiple of
the identified independent events, and the one or more causes that are attrjbuted to
at least one other of the availability changes being a single one of thg identified

independent events; and
providing an indication of the attributed one or morg causes for one

or more of the determined availability changes of the group.




CLAIMS

1. A computer-implemented method comprising:

providing, by one or more configured computing systems of a program execution
service, a first group of multiple computing nodes for use in providing an initial program
execution capacity at a first time for executing one or more software programs for a first
user;

identifying, by the one or more configured computing systems, multiple events
that occur between the first time and a later second time and that each are capable of
resulting in a modification of the program execution capacity being provided by the
multiple computing nodes of the first group;

determining, by the one or more configured computing systems, an actual
program execution capacity that is available to the first user from the computing nodes
of the first group at the second time, the actual program execution capacity at the
second time being distinct from the initial program execution capacity provided at the
first time based at least in part on a change to availability of one or more computing
nodes of the first group that occurred between the first time and the second time;

attributing, by the one or more configured computing systems and at or after the
second time, a combination of a plurality of the multiple identified events as a cause of
the availability change; and

providing, by the one or more configured computing systems, an indication of the

attributed cause for the availability change.

2. The method of claim 1 wherein the multiple events include at least one
capacity modification request that is specified by the first user for a specified
modification to the program execution capacity being provided by the first group, and
wherein the combination of the multiple identified events that are attributed as the cause
of the availability change includes one or more of the at least one specified capacity

modification requests.
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3. The method of claim 1 wherein the actual program execution capacity
provided at the second time being distinct from the initial provided program execution
capacity is further based in part on at least one other availability change that occurred
‘between the first time and the second time, and wherein the method further comprises
attributing a single one of the multiple identified events to the at least one other

availability change.

4, The method of claim 3 further comprising determining that the single one
event is a type of cause that is either a direct cause or an indirect cause, and providing

an indication of the single one event being the determined type of cause.

5. The method of the claim 1 wherein the determining of the actual program
execution capacity includes determining multiple other availability changes that have
occurred, wherein the method further comprises attributing one or more of the identified
events as the cause of each of the other availability changes, and wherein the
attributing of the one or more identified events as the cause of each of the other
availability changes includes identifying one or more of the multiple identified events
that are each a single cause of one of the multiple other availability changes, and
aggregating all of the multiple identified events that are not a single cause of the one of
the multiple other availability changes as part of the combination for a first of the other

multiple availability changes that does not have a single cause.

6. The method of claim 1 wherein the attributing of the combination of the
plurality of identified events as the cause of the availability change includes determining
that the combination is a determined type of cause of the availability change, the
determined type of cause being either a direct cause or an indirect cause, and wherein
the providing of the indication of the attributed cause for the availability change includes
providing an indication of the combination being the determined type of cause of the

availability change.

7. The method of claim 1 wherein the multiple events each indicate a
modification of the program execution capacity being provided by the first group, and
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wherein the method further comprises determining a single aggregated modification to
the program execution capacity of the first group based on aggregating the indicated
modifications of the multiple events, and initiating the determined single aggregated

modification to the first group prior to the second time.

8. The method of claim 7 wherein the multiple events include at least one
capacity modification request that is specified by the first user for a specified
modification to the program execution capacity being provided by the first group, and
wherein the combination of muliiple events that are attributed as the cause for the
availability change includes one or more of the at least one specified capacity

modification requests.

9. The method of claim 7 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 program execution capacity is an initial 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 availability change includes one or more computing
nodes that are part of the first group becoming unavailable or 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.

10. The method of claim 9 wherein the determined single aggregated
modification is to increase the quantity of computing nodes of the first group by a
specified quantity of one or more computing nodes, wherein the determined single
aggregated modification is the availability change for which the indication of the
attributed cause is provided, and wherein the method further comprises performing one
or more further actions that include initiating one or more monetary charges to the first

user based at least in part on the initiated determined single aggregated modification.
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11. The method of claim 1 wherein the availability change for which the
indication of the attributed cause is provided includes at least a first of the multiple
events as at least 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
performed in response to a request for an indication of which events cause the

availability change.

12.  The method of claim 11 wherein the request is received from a user, and
wherein the providing of the indication of the attributed cause for the availability change
includes generating a human-readable explanation of the attributed cause for the
availability change and providing the generated human-readable explanation for display

to the user.

13. The method of claim 1 further comprising, for each of one or more time
periods that occur after the second time, automatically attributing one or more additional
identified events as a cause of an additional 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 additional availability changes that occurred during one of the one
or more time periods, the one additional identified event is a result of the availability

change that occurred between the first time and the second time.

14. The method of claim 1 wherein the providing of the computing nodes of
the first group at the first time for the executing of the one or more software programs
for the first user includes provisioning each of the computing nodes of the first group
and initiating execution of each of the one or more software programs on each of the

computing nodes of the first group.

15.  The method of claim 1 wherein the program execution service is a fee-
based network-accessible service that is remote from the first user, wherein the
program execution service provides at least one of one or more Application
Programming Interfaces (APIs) for remote computing systems to programmatically
interact with the program execution service over one or more networks and of a
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graphical user interface for use by remote users over the one or more networks, and
wherein the first user pays one or more fees based at least in part on the attributed

cause of the availability change.

16. The method of claim 1 wherein the multiple computing nodes of the first
group are part of a plurality of computing nodes that 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 executed for the first user are part of a virtual machine image.

17. The computer-implemented method of claim 1 further comprising
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.

18. The computer-implemented method of claim 17 wherein the multiple
identified events include at least one of the determined capacity modification triggers
being determined to be satisfied, and wherein the combination of the multiple identified
events that are attributed as the cause for the availability change includes one or more
of the at least one determined capacity modification triggers that are determined to be

satisfied.

19. The computer-implemented method of claim 18 wherein the multiple
identified events further include at least one capacity modification instruction that is
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 the multiple
identified events that are attributed as the cause for the availability change further
includes one or more of the at least one capacity modification instructions.
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20. A non-transitory computer-readable medium having stored contents that
configure a computing system to:

receive 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;

identify multiple 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 first group;

determine an actual program execution capacity that is available to the first user
from the computing nodes of the first group at the second time, the actual program
execution capacity at the second time being distinct from the initial program execution
capacity provided at the first time based at least in part on one or more changes to
availability of one or more computing nodes of the first group;

attribute, at or after the second time, one or more causes to each of the
determined availability changes of the first group, the one or more causes that are
attributed to at least one of the availability changes being a combination of multiple of
the identified events; and

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

at least one availability changes.

21.  The non-transitory computer-readable medium of claim 20 wherein the
first user indicates one or more capacity modification triggers prior to the first time for
use in later initiating automated modifications to the program execution capacity of the
first group, and wherein the multiple events include at least one of the capacity

modification triggers being determined to be satisfied.

22.  The non-transitory computer-readable medium of claim 21 wherein the
desired modification of the program execution capacity for each of the multiple events is
a requested modification, wherein the stored contents further configure the computing
system to determine a single aggregated modification to be made to increase the

program execution capacity of the first group based on aggregating the requested

110



modifications of the at least one satisfied capacity modification triggers and of at least
one capacity modification instruction from the first user, wherein the stored contents
further configure the computing system to initiate the determined single aggregated
modification prior to the second time, wherein the determined single aggregated
modification is one of the at least one availability changes, and wherein the combination
of the multiple 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.

23. The non-transitory computer-readable medium of claim 20 wherein the
multiple events include receiving an indication of at least one capacity modification

instruction specified by the first user.

24. A computing system, 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:
associate a group of multiple available computing nodes with a user at a
first time for use in providing an initial program execution capacity to the user; and
after the first time,
identify multiple events that occur between the first time and a later
second time and that each have an associated indicated modification of the program
execution capacity of the group;
determine 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;
at or after the later second time, attribute 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 multiple of the identified

events; and
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provide an indication of the attributed one or more causes for one

or more of the determined availability changes of the group.

25. The computing system of claim 24 wherein the multiple identified events
further include at least one capacity modification instruction specified by the user,
wherein the system manager module is further configured to determine a single
aggregated modification to be made to increase the program execution capacity of the
group based on aggregating the indicated 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 determined single aggregated modification
to the group prior to the second time, wherein the determined single aggregated
modification is one of the at least one availability changes, and wherein the multiple
identified events that are 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 [east one capacity modification instruction specified by the user.

26. The computing system of claim 25 wherein the user is one of multiple
users of the network-accessible service, wherein the determined capacity modification
triggers 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 the multiple users, and wherein the multiple computing nodes of

the group are a subset of the plurality of computing nodes.

27. The computing system of claim 24 wherein the system manager module is
further configured to determine one or more capacity modification triggers for use in
later initiating automated modifications to the program execution capacity being
provided for the user, and wherein the multiple identified events include at least one of

the capacity modification triggers being determined to be satisfied.
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