PRE-CONFIGURE AND PRE-LAUNCH COMPUTE RESOURCES

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims the benefit of U.S. Patent Application No. 13/914,225,

filed June 10, 2013, the disclosure of which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] Service providers provide computing resources to various entities, such as
corporations, universities, government agencies and other types of customers. The services
offered by the service providers allow the entities flexibility in resource allocation, improved
scalability, reduced operating costs and so on.

[0003] Service providers typically provide computing resources in the form of
instances. The instances are sometimes implemented as virtual machines, virtual machine
instances or the like. The ability to provide computing resources in the form of instances allows
the service providers to dynamically scale the computing resources available to meet the needs

and requirements of the various entities that use the services.

SUMMARY OF INVENTION
[0003a] According to a first aspect of the present invention, there is provided a system for
provisioning and launching compute instances, the system comprising:
one or more datacenters comprising a plurality of computing devices configured to
communicate with each other over network connections; and
one or more memories having stored therein computer-readable instructions that, upon
execution on the system, cause the system at least to:
determine an expected demand for a plurality of compute instances, the plurality
of compute instances being associated with a plurality of machine images and a plurality
of compute instance types;
determine one or more computing devices from the plurality of computing
devices configured to host the plurality of compute instances based at least in part on the
expected demand and an expected availability of the plurality of computing devices to

support a balanced distribution of the compute instances across the computing devices;
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prior to receiving a request from a customer node to launch a compute instance,

launch and idle the plurality of compute instances on the one or more computing devices

based at least in part on the plurality of machine images and the plurality of compute instance

types; and

in response to receiving the request from the customer node to launch the compute

instance, activate the compute instance from one of the plurality of machine images that are

idle on the one or more computing devices.
[0003b] According to a second aspect of the present invention, there is provided a method,
comprising:

providing a plurality of pre-configured machine images on a plurality of compute nodes,
wherein the plurality of pre-configured machine images is based at least in part on an expected
demand for compute instances and an expected availability of the plurality of compute nodes to
support a balanced distribution of the compute instances across the computing devices;

launching the compute instances prior to receiving the request from a user node;

idling the launched compute instances prior to receiving the request from the user node;

after receiving a request from the user node to launch a compute instance, determining that
the compute instance is associated with at least a type of machine image of the plurality of pre-
configured machine images; and

completing a launch of the compute instance using the associated type of machine image on a
compute node of the plurality of compute nodes based at least in part on the determination by
activating the idled compute instance in response to receiving the request from the user node.
[0003c] According to a third aspect of the present invention, there is provided a method comprising:

determining a demand for a plurality of compute instances associated with a plurality of
machine images;

determining a plurality of compute nodes configured to launch the plurality of compute
instances from the plurality of machine images, the determining being based at least in part on a
constraint associated with launching the plurality of compute instances on the plurality of compute
nodes, wherein the constraint is based at least in part on an available compute capacity at the
plurality of compute nodes or availabilities of compute nodes across a zone or a region and is
based at least in part on a number of compute instances configured to be concurrently launched
on a compute node of the plurality of compute nodes to support a balanced distribution of the
compute instances across the compute nodes;

configuring the plurality of machine images on the plurality of computing nodes prior to
receiving a request from a user node to launch a compute instance of the plurality of compute

instances; and
la



after receiving the request from the user node, completing a launch of a specific type of
compute instance using one of the plurality of configured machine images on one of the plurality

of compute nodes.

BRIEF DESCRIPTION OF DRAWINGS

[0004] Throughout the drawings, reference numbers may be re-used to indicate
correspondence between referenced elements. The drawings are provided to illustrate example
embodiments described herein and are not intended to limit the scope of the disclosure.

[0005] FIG. 1 illustrates an example operating environment of datacenters, according to
embodiments.

[0006] FIG. 2 illustrates an example configuration of a datacenter, according to
embodiments.

[0007] FIG. 3 is a flowchart depicting an example procedure for launching an instance.

[0008] FIG. 4 is a flowchart depicting another example procedure for launching an
instance, according to embodiments.

[0009] FIG. 5 is a flowchart depicting an example procedure for determining an

expected demand, according to embodiments.
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[8018] TG, 6 illustrates an example configuration of & datacenter thet pre-warms an
instance, according to embodinents,

P831] FIG. 7 illustrates another example configuration of a datacenter that pre-warms
an instance, according to embodiments.

[B812] FIG. 8 is a flowcharn depicting an example procedure for placing a pre-warmed
instance on 3 compuling resource, according to embodiments,

{0013]  FIG. 9 dlestrates sn sxample computer hardware architecture for impif:msmin_g

various computing devices described in embodiments presented herein.

DETAILED DESCRIPTION

(863147 As noted above, service providers dynarpically provide compuling resourees
entities, usually in the form of computing instances. For the most part, the entities, which are
referred o herein interchangeably as customers, Lo, customers of the service providers, provide
input 10 the service providers to define the type and configuration of the computing instances
desired as well as to provide information regarding when the computing instances are needed by
the customers. Al of this input information is used by a service operaied by the servies provider
i configure and laonch computing instances. The haunch process generally ccowrs on demand
ard is reactive 1o cusinmer needs. However, the launch process is not instanianeous of even neww
insiantaneous, Rather, a customer may experiencs a noticsable thme delay between the time that
the launch s requested and the tme that the instance is ready for uge by the customer. The time
delay experienced by the cusiomer can be on the order of minsies a8 z result of the service
configuring i computing resources and Iavnching the instance. That amount of ume delay can
impact the customer axperience,

{80151 To improve the customer experience, & service provider can analyze a history of
instance reguesis and use the information 1o determine an expecied demand of instances. This
expecisd demand information can include, for example, the number and types of instances that
the servics provider expeets i pustomners w request. Based on the expected demand
inforrnation, the service provider can pre-configure computing resources and provision compuie
instances on the pre-configured computing resources 1o reduce the time that it takes from when 8
cusiomer regquests an instance & when the instancs is gvaiisble 10 the customer 1o use. When the
service provider receives a request from o computing device of a customer (o lasnch an instance
of a particular configuration, the service provider services the reguest by allocating an instance

fromm the provisioned instances. Since the provisioned instances may be pre-contigured and pre-
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posttioned on 3 compuling resoures, the customer may only need 1o wail for contrel of the
instance to be tansferred o the customer or for the instance 1o be sctivaed {e.g., resomed from
an idied staile or booted up fom s cached image) to connent @

{68161 Further detail about pre-configuring the instances and the computing resources
of the service is provided herein. Tt should be appreciaied that the subject matier presented
hersin may be implemented as a compuier process, 2 vompuier-controfled apparatus, &
computing system or an srticle of manufacture, such as 3 computer-readable storags medium,
While the sebject matter described herein is presented in the general context of program modules
that exectte on one o more computing devices, those skilled in the art will recognize that other
tnplementations may be perfrmed in combination with other types of program modules.
Generally, program modules include routines, programs, components, data structures and other
types of structares that perform particular tasks or implement particular abstract data types.

80371 Those skilled in the art will also appreciaie that the subdsct matter deseribed
herein may be practiced on or in conjunction with other computer system eonfigurations beyond
those described herein, including multiprocessor systems, microprocessor-based or
prograrnmable consumer clectronics, minicomputers, mainframe computers, handheld
somputers, personal digital assistants, e-readers, celiular telephone devices, special-purposed
hardware devices, network appliances and the ke, The embodiments described herein may also
ke practiced in distributed computing environments, where 1asks are performed by remote
procsssing devices that sre Hnked through s communications netwiwk, In a distribuied
cormputing environment, program modules may be located in beth local and remote memory
siorage devices.

{B818] A compute node, which may be referred to also as 3 computing node, may be
implementad on a wide varisty of computing environments, such as commeadity-hardware
computers, virtuad machines, computing clusters and computing applisnces, Any of thess
computing devices or environments may, for conventence, be described as compute nades.

{8019] FIG. | ustrates an example of 2 suitable computing environment in which the
embodiments described herein may be implemenied. A service provider may configure the
ithustrated computing environment i virtualize computs resowrces and launch instances for s
customers. In particular, FIG. 1 is o system and network diagram that shows an tllustrative
pperating environment 100 that includes s programmable execution service ("PES”) platform
108, which may be referred 10 a5 PES 168, for providing on-demand access 1o instances. PES

platform 108 cap provide computs resources for execoting apphcations on & permanent of an as-
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needaid basis and may be configured s & private network, These compute resources may inclads
various tvpes of resources, such as daia procsssing resources, data storage resousces, data
communication resourees and the like. Each type of compuie resource may be general-purpose
or may be avatlable in a number of specific configurations. For example, data processing
respuress may be available as vinual mechine instances, The instances may be configured o
execute applications, including Web servers, application asrvers, media servers, dutabase servers
grd 8o on. Thaia storage resources may mclude il storage devices, block storage devices and so
o,

{00287 Each type or configuration of compote resowrce may be available in different
sizes, such as large resources consisting of many processors, Jarge amounts of memory andfor
large stomge capacity, and small resources consisting of fewer processors, smaller amounts of
memory andfor smalier storage capacity. Customers may choose 1o alfocaie & sumber of small
processing resources a5 Web serverns andfor one largs processing mesource a5 a database server,
for example.

(30211 The compute resourees provided by PES plaform 108 may be enabled by one o
more datscenters 1024, 1028, 102C, ..., 102N, which may be referred herein singniarly as
*datacenter 102”7 or in the ploral a5 “datacenters 1027 Datacenters 102 may be facilitiss that
houge and operste compuier systems and associatod components aad may inclode redundant and
hackup power, communientions, cnoling and securily systems. Dalacenters 107 may be lovated
in a same geographical aren, suck 45 in 3 same facility, and may be intorconnecied using private
networks, such as high-speed fiber optic networks, controlied and managed by a service provider
of PES platform 108, Datacenters 102 may aiso be distributed across geographically disparate
Iocations and may be interconnected in part using puble networks, such as the Internet. One
iHusirative configuration for datscenter 1072 that implemenis the concepts and wehnologies
disclosed herein is described below with regard 1w FiG. 2

188227 Customers of PES platform 108 may access the compuie rescurces provided by
datacenters 102 over 2 wide-area network (“WAN} 106, Although a WAN is illustrated in FIG,
i, it should be appreciated that 2 local-ares network ("LANY, the Internet, or any other
networking topriogy and network connections kaown in the art that connects datacenters 12 o
remote custorners and other ssers mey be viilized, It should also be appreciated that
combinations of such networks may also be ptilized.

6237 A cestomer of PES platform 108 may viilize a computing systern 104 10 acoess

the compule resources provided by datacenters 102, Customer computing system 104 {which
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may also be referred 1o as “customer node,” “oser node” or the like) may be a computer capable
of sccessing PES platform 108, such a3 a server compuier, a deskiop or laptop personal
cornpuler, 2 @ablet compater, 3 wireless elephone, 3 PDA, an e-reader, a game console, 8 set-top
box or any other compuiing deviee,

(24 As is described in greater detail below, customer computing system 104 may be
utilized to confipure aspecis of the compute rescurces provided by PES platform 108, In this
regard, PES platform 108 may provide 2 Web interface thwough which aspects of its operation
may be configured through the use of 8 Web browser application program exscuting o cusiomer
compating system 104, Alematively, a stand-alone apphication program executing on customer
computing system 104 may access an application programming nierface (CAPIT) exposed by
PES platform 108 for performing the configuration operations, Other mechanisms for
configuring the operation of PES platform 108, including launching new virtual machine
instances on PES plarform 108, may slse be grilized.

[8025]  According 1o embodiments disclosed herein, capacities of parchased computs
resources privided by PES platform 108 can be sealed in response to demand. In dhis regard,
scaling refers 1o the process of instantiating, which may also be referred o herein a5 “lasnching”
or “creating,” or “terminating,” which may also be referred to herein as “de-scaling.” instances
of compuis resources in response (o demand.

[8026] Auio scaling may be ope mechanism fiw scaling cOmMpyie TEBMUTCES 1D TESPONSS
t0 increases or lolls in demand for the resources, Aot scaling may alfow customers of PES
platform 108 1o scale thelr purchased compute resources sccording (o conditions defined by the
customer, Por instance, rules may be defined for sealing op capacity in a particelar masner in
respanse w0 the oscurrence of spacified conditions, such as a spike in demand. Sbmiiarly, roles
may also be defined to scale down capacity in 2 particular manner In response 10 the otourrence
of other conditions, sech 35 3 lull in demand. The mechanisms disclosed berein for jaunching
virinal machine instances may be vitlized when nstances are manually launched by a customer
or when mnstances are lnunched by an anto scaling component in PES platform 108,

(6827} PES pladiorm 108 may also be configured with 2 deployment component (o
assist customers in the deployment of new instances of compote resourcss. The deployment
component may receive a configuration from s customer that may inclede data describing how
new instances should be configured. For example, the configuration may specify one or morg
appﬁicaaiaﬁ& or software components that should be instalied in pew instances, provide seripts

andfor other types of code to be sxecuted in new instances, provide cache warming logic
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specifying how an application cache should be prepared and other types of information, The
deployment component wiilizes the customer-provided configuration and cache warming logie o
lsunch, configure and prime new instances of COMPULS rESOUNCEE,

IpO28]  FIG. 2 is 2 computing system dagram that iHlastraies one configuration for
datacenter 102 that imploments PES plaforrs 108, The exampls datacenter 182 shown in FIG. 2
may incinde several server computers 2004, 2008, 200, 202D, .., 202N, which may be
referred hersin singularly as “server compuier 2007 or in the plural as "server computers 2027
for providing compute resources for hosting instances and for executing applications, Server
vomputers 202 may be standard wwer or rack-mount server computers configured appropriately
for providing the compute resourses described above. For instance, in one implamentation
sepver compuiers 202 may be configored o provide instances 2064, ., 2060, ., 206G, .,
2061, ..., 208N of compute resources, which may be referred berein singalarly as “instance 20687
or in the phoral as Vinstances 2067

(6028 Instances 206 may be virtea] maching instapres, As known in the art, a vinual
machine mstance is an instance of a software implementation of s machine {Le.. 3 compuler) that
execuies programs Hke a physical machine. A server can use an image of the machine {8.g.,
operating sysiem, apphication server and applications) to lasnch the virtual mackine instance.
This image, which may also be referred 1o 38 3 machine image, 15 a template that containg g
sefiware configuration and all information necessary 10 boot the instance. In the sxample of
virtual meching inslances, each server 202 may be configered (o oxecuie an instance managar
208 capable of executing the instances. Bustance manager 208 may be o hypervisor or another
type of program configared (o enable the execution of multiple insiances 206 on 2 single server
202, for example. As discussed above, sach of Instances 206 may be configured o sxecute all or
a portion of an application,

[838] It should be appreciated that althoogh the embodiments disclosed herelin are
described primarily in the context of virteal maching instances, other typee of instances can be
utifized with the concepts and technolopies disclosed bepein, For instance, the technologies
disclosed hevein may be utilized with instances of storage resouress, instances of data
communications resources and with other types of resources, which may all be referred to a5
compute instances. The embodiments disclused herein may also execute alt or a portion of an
application directly on s compaler system withoot stilizing virtual machine instances,

(80331 Datscenter 102 shown in FIG. 2 may also inclode one or more server compuiers

204 {which may be referred 1o iy the singotar as "server compuier 2047 or in the plural as “server
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commputers 2047} reserved for executing software components for managing the operation of
datacenter 102, server computers 202 and instances 206, In particular, server computer 204 may
sxecuie & management component 210, As discussed sbove, a cusiomer of FES platform {08
may uiilize cusiomer computing system 104 to sccess management component 210 1o configure
varions aspects of the operation of PER plaform 108 and Instances 206 purchased by the
customer. For example, the cusiomer may purchase instances and define and make changss w
the configuration of the instances. The configuration of the instances can include parameters that
specify operating systems, application server, applications and the like of machine images that
the datacenter 102 uses (o favnch the compute instenees. The customer may also provide
requiests 1o launch instances to management component 210 and may specify settings regarding
how the purchased instances are to be scaled in response 1o demand.

I321  As also desoribed beisfly ahove, an suio scaling component 212 may scale
instances 206 based wpon rules defined by a customer of FES platfory 108, For example, auto
scaling component 212 may allow z customer to specify scale vp rales for use in determining
when new instances should be instantiated and scale down rules for use in determining when
existing insiances should be {orminated.

(60331 Auto scaling component 212 may execute on 3 single server computer 204 or in
paraliel soross multiple server computers 202 in PES platform 108, In addition, auto scaling
component 212 may consist of a number of subcomponents executing on differend server
compiers 22 or other computing devices in PES platform 108 Awio scaling component 212
may be implemented as software, hardware or any combination of the two., Auio scaling
component 212 may monitor available compute resources in PES platform 108 over an internal
management network, for example.

F6834]  As discussed briefly above, datacenter 102 may also be configured with a
deployment component 214 to assist customers in the deployment of new instances 206 of
compuie resourees. Deployment component 214 may recsive a configuration from a customer
that includes data describing how new instances 206 should be configured. For example, the
configuration may specify one or more apphications that should be instalied in new instances
2045, provide scripts andfor other typss of code to be exeouted for confignring new instances 206,
provids cache warming logie specifying how an applivation cache should be prepared, and other
types of informative. In auother gxample, the configuration information received from the

customer may inclade identifiers of machine images and types of new instances 26,
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{68351  Deployment component 214 may siilize the customer-provided configuration
and cache warming logic (& configore, prime and launch new instances 206, The configuration,
cache warming logic and other information may be specified by 3 customer using mansgernent
component 210 or by providing this information directly to deploymesnt component 214, Other
mechanisms may also be utilized 1o configure the operation of deployment component 214, For
example, deplovment component 214 may launch new instances 206 based on the identifiers of
the machine images and based on g competing resourcs {8.3., server compaier 2073 configured io
host instances of the types of new instances 206,

(80367 Datscenter 102 may also executs 2 joad balancer component 216 to disiribute
the exacution of the instances across the server computers. Losd balancer component 216 may
be an application within deployment component 214, mansgement component 210 or may be
execuied on a server other than seprver computer 204, In an sxample, load balancer component
216 receives instructions from deployment component 214, determings resources available
within datacenter 102, and distributes the instances on the available respurces such that no
resourcs is overnsed or underussd and thus the instances are protected against a single point of
fatlurs within the datacenter 102,

{BG371  In the example datacenter 102 shown in FIG. 2, an appropriate LAN 218 may be
utilized to interconnect server compuiers 202 and server compuier 204, LAN 218 may be alas
connecied 1o WAN 106 illostrated in FUG. 1. It should be appreciated that the network iopology
ilustrated n FIOGS, 1 and 2 has besn greatly simglified and that many more networks, network
connections and networking devices may be wtilized to interconnect the various computing
systerns disclosed herein. Approprisie foad balancing devices or software modules may also be
utilized for balancing a load between each of datseeniers 102, betwesn each of server computers
207 in cach datacenter 102 and between instances 206 purchased by sach customer of PES
platform §08. These network wpologies and devices should be apparent o those skilled in the
art.

(8038 It should be appreciated that datacenter 102 described in FIG. 2 is merely
Hustrative and that other implementations may be utilized. In pardeular, funetionality described
herein as being performed by management component 210, sute scaling component 212,
deployment component 214 and load balancer component 216, may be performed by one
another, may be performed by ather components o may be performed by 2 combination of these
or other components. Further, sach one of these components may be implemented as a service

internal to the programmable execution service PES 108, Additionally, it should be appreciated
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that this functionality may be implemented in sofware, hardware or a combination of sofiwars
and hardware. Other implementations should be apparent 1o those skilled in the art,

08391 Example procedures for launching an instance in datacenter 1 of FIG. ¥ are
described in FIGS. 3 and 4. In the interest of clarity of explanation, FIGS. 3 and 4 are described
with respect (0 a single instance associated with a single customer. However, the procedures
condd also be used in connection with a plurality of instances that may be associated with a
plurality of customers, Addidonally, instances associated with & single customer can be
taunched within 2 single datacenter or aoross 2 phurality of datecenters. Furthermore, datacenter
102 and example components of datscenter 102 are described in FIGS. 3 and 4 a5 perfornung the
example procedurs. Nevertheless, other components or combination of components can be used
and should be apparent 1o those skilled in the art.

{8401  Geonerally, in response o receiving 2 request from customer computing sysiem
104 1o Jaunch an instance, datscenter 102 {Le., computing components in the dalacenter as
described below) determines if the request could be satisfed wing 2 pre-warmed instance. 1f so,
the detacenter performs the procedure described in FIG. 4; otherwise, it performs the procedure
described in FIG, 3. As shown in FIG, 3, when the instance cannot be laenched from a pre-
warmed instance, datacenter 102 configures s computing Tes0URces in response to the reguest,
faunches the instance and provides information to allow the customer computing sysiem 19
establish 2 connection o the instance. FIG. 3 is presented first to flustrate the genersl end-to-
end process of preparing an instance for operation on 3 conputing device. Thereafter, FIG. 4 s
presented to contrast with FIG. 3 to demonstrate the reduciion in launch time effeciuated when
pre-warmed insances ane wvailable.

(#0411  Referring to FIG. 3, operation 3072 flusirates datacenter 102 receiving a request
from the customer computing system 1o launch the instance. The request may be inthe formof a
call 0 2 web APT and typically includes information identifving attributes of the customer and
atiributes of the desired instance. For example, management component 210 can recelve a
username, password and credentials of the customer along with input parameters that define
some configuration atribotes of the instance. The input parameters can specily, for example, an
identifier of 2 machine bmage from which the instance should be launched, 3 compute inslance
type {2.5., 8 type identifier that indicates the amount of hardware resnurces that will be allocated
ta the instance, such 48 a number of processors, an amount of memory, an amount of S0rage, an
smeunnt of network bandwidih, 20}, neiwork security 1o be applied, storage volume o be

associated with the instance and other information, The paramsters can alse speeify, for

oila
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example, one or more apphications or software components that should be instalied inthe
instance, soripis and/or other types of code (o be executed in the instanve, cache warming logic
specifying how a0 application cache should be prepared and other types of information.

180421 I an embodiment, management component 210 receives the request from the
cusiomer compuiing system in responss o providing z list of varivus instance configurations that
the customer can select from. The cusiomer selection may include a machine images oifered by
the service provider and 2 compute instance type. In addition, management component 210
aliows the customer 1o select a default or custom network sseurity in the form of, for example,
firewal] rules that control network affic that can reach the instance. Other examples of the type
of information that the customer cun alse specify in the request includes 3 region o jaunch the
instance in, a zone that is within the region, 2 name of the instance, 2 pumber of mstances o be
faunched and 50 on.

[B043] Operation 304 illustrates datacenter 102 validating the reguest. In an example,
management component 210 aothenticates the customer based on & digital signature in the AP]
request, the username and password, ete., determines whether the customer hag permission to
launch the instance based on the credentials of the customer received in the reguest. I the
request is valid, management coroponent 210 requests deployment component 214 1o initiste the
faunch of the insiance (shown in operations 308-318 of FIG. 3} or to satisfy the request itom a
pre-warmed instance {shown iy the operations of FIG. 43

10044]  Operation 306 iHlusiraies datacenter 102 determining that the request cannot be
satisfied nsing a pre-wanmed instance, This operation can inciude deployment component 214
determining that none of the pre-warmed instances have sttributes that match the siribuies of the
desired instance. In this case, deployvment componert 214 and other compoments of datacenter
102 provesd & launch a new instance for the customer as described in operations 38-315.

[B048)  Operation 308 llustrates datacester 102 returning an instance identification 1o
the customer computing system. This operation can include deployment component 214 further
validating the request to determing, {or example, whether sufficient capacity is available af the
datacenier 1o host the instance. This determination considers various parameters from the reguest
such as, for exampde, the instance type, the machine image, whether the instance can be hosted
on 3 server corpuier 202 along with instances of other customers and 1 profile of the cusiomer
that includes is usage pattern. If validated, deployment component 214 generates the instance
identification, updates an instance status o pending and returms the information o management

component 210, In turn, the management component transmits the instance identficanon to the
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customer computing system with an indication of the instance’s status and other-instance related
information.

{B046]  Operations 302-308 may be performed synchronouashy and complete in a few
seconds oy less, In comparison, the remaining operations for launching the instance usually
consume 4 larger smount of dme, £.8., o8 the order of minuies, and are performed
asynchronousty.

(88471 Operation 310 illustrates datscenter 102 configuring various competing
resources o launch the instance. In this operation, deployment component 214 can use the
nformation recetved in the reguest 10 set up the various computing resouroes w sliow a server
computer 2072 1o launch the instance by booting up the machine image. For example,
depioyment component 214 determings a root siorage device that contains the machine image,
aliocates 3 block-level persisient storage 1o the instance, sssigns an intemst protocod (IP) address
1o the nstance, seis up a network interface, generstes routing information, configure firewalls,
and sttaches other physical and virtual resources 1o the server compuler associated with the
instance,

100487 Operation 312 Hlustrates datacenter 102 determining a host for the instance.
This operation involves deployment component 214 determining a particular zone in which io
tannch the instance and load balancer component 216 determining a particular server computer
within that zone where the nstance will be placed. Zones are collectinns of computing resources
configured to minimize impacts of failures from one zone o another and allow deployment
component 214 and load balancer companent 216 to disiribute Instances across 2 plarality of
server computers and zones, This distribution of instances can be sabject 10 a number of
constraints that are asseciated with, for example, computing resource avaslabilities, fanlt
wierances reguirements, fnancial cosis for hosting the Instances or the like and that may restricy
the placement of the instances soross the plurality of server computers and zones,

[884%] Various paramalers can be used (o optimize the number of constraints that can be
satisfied when placing the instance on a server computer. T hese parameters may rafate w the
configurstion of the instance, configuration of the server computers, busingss considerations,
fault tderance requirements and 5o on. For example, load balancer component 216 considers s
particujar server computer and determines whether it can support the architecturs and network
requirements of the instance, The hoad balancer cranponent also determines the existing

instances that are currently running on the particolar server cornputer and verifies that new
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instance of different customers can be hosted by the same server computer, If the particular
server computer meets these requirements, the foad balancer assigns the instance (0 88

{BB58] In a further example, the instance and an existing instance hosted on a server
cormputer have the same opsrating system associated with & vendor, ¥ the vender charges a
Hcensing fes that does not depend on the nomber of instances that are hosted on the server
computer and that executs its operating sysiam, the load balancer component assigns the inslance
tor this server compuiter, thereby reducing the financial cost 1o launch the instance,

[8631] In ancther example, load balancer component 216 masigns the instance 10 a server
compuier o meet 3 targsied density of instances at the server covnputer. The load balancer also
considers whether a large number of other instances are being concwrently Jaunched on the
server computer and, if 5o, selects another server computer w avoid forming 2 hot spot. When
sefecting the other server compuier, the Joad balancer considers server computars that are hosting
other instances associated with the cusiomer and, if possible, assigns the instante 03 servey
computer that currently does not host any or that hosts the least number of these instances, This
selection reduces the impact of a failure of any of the server computers on the cusiomer. Those
skilled in the art will recognize that these and sther parameters may be combined and used 1o
select g server compuier for launching the instance.

[B8821 Once a server computer s selected, load balancer component 216 passes
information about te configuration of the instance to the server compuier and passes
information abost the server computer o deployment component 214, Operation 34 iBustrates
datacenter 102 calling the host o launch the instance, For example, deployment componsnt 214
sends a command 1o the server compuier 10 initiate the launch of the instance.

068537 Operstion 316 Hlustrates datacenter 102 launching the instance on the host. In
this operation, instance manager 208 exscuting on the server computer configures a partition in
which the instance is launched. Por example, the instance manager accesses, caches, decrypts
and decompresses the machine image from the root storage device. It aluo parses configuration
files i the machine image and the configuration files according 10 the configeration parmmsters
of the instance. Next, the instance manager starts the instance which, in turn, mounts and reads
the modified machine image, looks for 3 master boot record and boots the operating systent. The
instance manager also attaches the storage volume, device interfaces and network interfaces ©
the instancs, When the boot process §s complete, applications and other components of the
instance are ready for execonon and instance manager randmits an indication w management

component 210 that the instance is ready 10 be used by the cusiomer.
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[8654] Operation 318 flustrates datacenier 1072 notifying the customer that the instance
is ready by providing information to the cusiomer computing system 0 aliow it to establish o
connection to the instance, For example, management component 210 updates the status of the
instance i a running stams and facilitates a seoure conngction of the Cusiomer compoting system
to the instance by applying, for example, 3 secure shell {85H) protocol using the credentials of
the customer. The managemend componenst 2150 updates an interface of the customer o reflect
the running statos of the instance and to stroct the customer 1o launch 2 SSH client on s
computing sysiem.

(80551 As deseribed above, datacentor 102 preforms the procedure of FIG. 4 when it
deiermines thet the reguest can be sagisfied from a pre-warmed instance. Generally, datacenter
102 (i.e., computing components in the datacenter as describad below} pre-configures and pre-
jannches the instance prior to receiving the reguest based on an expecud demand for instances.
This procedure allows datscenter 102 to minimize the tme from when a request for an instance
is received (o when the customer can use the instance.

{BB56]  Operation 402 illustrates datacenter 102 pre-warming instances based on an
exnpected demand for instances, This operation may invelve delermining the expected demand
and pre-warmning instances accordingly. An example procsdure for delermining the expected
demand is further described in FIG. 5 and inchudes, fur exsunple, determining a target for pre-
warming instances and configuration parameters of the instances tat need o be pre-warmed,
This procedure may be implemented as 8 service hosted at datacerster 182 or as a service hosted
outgide datacerser 132 and provided 1o the compsting components of datacenter 102,

{80571 Once the expected demand is delermined, the computing components of
datacenter 102 pre-warm these instances based on the coresponding configuration parameters,
In general, pre-warming the insiances involves pre-configuring and pre-launching the msiances
on the available computing resources prior to recedving requesis for thess instances from the
customers. The pre-configuration may involve operations stmilar 10 operations 310-316 of FIts
3, such that the computing components pre-configure machine images of the instances and
various computing resources based on the comesponding configurasion parameiers prior (o
receiving the requests. For example, the pre-configuration includes determining the regions, the
zones and the ssrver compuiers that will bost the instances, attsching the root storage deviees
that store the machine images, dllocating the storage vohumes 1o the Instances, setting-up the
network securities and inerfaces and so on. Additionally o aliernatively 1o this example, the

computing components may bnplement the example procedure of FIG. 8 to optimize the pre-
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cenfignration by considering the constrainis associated with placing the pre-warmed instances on
the various computing resources.

0581 The pre-lavnching operations include accessing, caching, decrypting and
decompressing the machioe images and modifying their configuration files. An example of this
implementation is further described in FIG. 7. In a further example, described in FIG. 6, the pre-
taunching of the instances also involves faunching and idling the instances and swapping the
idled instances 1 the roof storage devices.

G859 The computing components can alse use other technipies to pre-warm the
instances. In an example, the computing components leunch and sospend the instances and then
restart 2 namber of them in response @ the request from the customer. In another example, the
computing components launch the insances, generale saapshots of them, siore the snapshets on
storage volumes, stop the instances and then re-lannch 2 number of them from the corresponding
snapshots in response 10 the request,

[8660] Once the instances gre pre-warmed, the computing oHmpunenis can manage
them for 3 cerjain tmeframe. For example, the computing components can re-configurs the pre-
warmed instances in this imeframe based on updates t the configuration parameters of the
instances, If the computing components do not lsunch 2 pre-warmed instance in response io a
request from a costomer within the dmeframe, they remove the pre-warmed instance and frees
up the compuling resources that were associzted with it But if the request {2 received, the
computing comporents next launch the instance a8 described herein,

{617 Operation 404 ilustrates datacenter 102 (e.g., management cornponent 210}
recelving and validating a custorner request for an instance. This operation may be simifar to
operutions 312, 304 and 308 of FIG. 3 albelt compressed In time, More particulardy, the received
requast includes customer information and configuration parameters associated with the instance.
The datscenter {e.g., management component 210) suthenticates the customer and determines
whether he or she has permission (0 ren the instance based on the customer information. ¥
authenticated and authorized, the dutacenter updates the status of the instance 1o pending and
returns an indication of the status and an ientification of the instance among other information
1o the customer, The datacenter also compares the configaration parameiers in the reguest o the
configuration parameters of the pre~warmed instances, determines a pre-warmed instance from
the pre-warmed instances that can serve the reguest and sends a request (o the server compuler

assuciated with the pre-warmed instance 1o complete the lasunch of the pre~warmed instance,
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[BBE2]  Operstion 406 Hiusrates datacenter 102 {e.g., deployment companent 214}
taunching the requested instance from the pre-warmed instance, Generslly, operation 406 may
include an activation of the pre-warmed instance such that the lavnch of the instance is complete
and the mstance is 18 & running state. This operation may abso include an association of the
instance with the customer by, for sxampde, applying o the instance the network security and the
credentials received in the reguest. The implementation of this operaticn depends on the
tmplementation of operation 402, For example, i the pre-warmed instance 16 sdled, the server
computer calls the idled instance for exeontion. Similarly, if the pre-warmed instance 18 pre-
configured and ready 1o boot, the server computer boots the operating system of the machine
image. Likewise, if the instance is suspended, the server compuier resumes 1 or i the server
coanpirter had generated g snapshot and stopped the Instance, the server computer restaris it from
the snapshot,

00831 Operation 408 illusirates datacenter 102 (e.g., management component 210}
notifying the customer that the instance is ready by providing information to the costomer
compuiing system to alfow it to establish a connection to the instasce. This operation maey be
simitlar to operation 318 of FIG. 3. Move particularly, datacenter 102 {e.g., management
component 214 updates the stans of the instencs to running and uses the credentials of the
customer 1o provide information (o the customer computing systerm 1w allow it o semblish 3
secure conpestion o the instance.

{64l When reguesting an instance for Isunch, the customer may choose 3
configuration for the instance from 3 large pool of available snd combinable configuration
parameters. For exaraple, the customer has a choice of 3 machine image from a large nember of
maching images, a choice of an instance type from a largs number of compute instance types and
chiniers of other instance configuration parameters as discussed herein above. Purther, zach
machine image and instance may be customized to specific needs of the customer. Because
datacenter 102 may be configured to service a lavrge number of customens, the number and
configurations of instances that these CuSIOMSrs MAY roquest can grovw exponentially based at
jeast on the available configuradon chodces. Thas, i may not be feasible to pre-warm instances
based on each configuration choics that can be requested.  Instead, 3 service may be configurad
to determine the expected demand for instances, determine computing resources expectad 0 be
avaiiable, balance the expected demand with the expected computing resource avaiiability, and

pre-wanm the instances aceordingly.
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[BB6ST  This servics may be hosted at datacenter 102 or &t 8 computing node sutside of
datacenter 102 {e.z., 8 server, 3 computing componsent 8t a different datacenter, 3 third party
computing resource of the like), For example, the service can be implernented as a standalone
application hosted on server coraputer 204 or &5 an application integrated with a computing
component of the datacenter such 25 management component 210 o deployment component
234, An exarnple of z standalone application is shown in FEGS. 6 and 7 a8 pre-warming
component $18. In an allernative sxample, the service may be configured on the computing
node such that the service interfaces with the computing components of datacenter 102, recaive
the necessary information {forther described in FIG, 53 from the computing components,
determines the expected demand using the reoeived information and retumns information sbout
the expected demand o the computing components.

(8066} Turning to FIG. 5, that figure iHustraies an example procedurs for determining
the expecied demand. In the interest of clarity of explanation, the service for determining the
expecied demand is referred o herein as 2 pre-warming component that may be configured as a
sn application within or outside of datacenter 132 as described herein above, Cperation 302
ilusirates the pre-warming cmponent considering a dataset representative of a history of
requests for instances and analyzing the datasst o delermine expecied requests for instances.
The considered dataset can include historical data associated with regoested and/or launched
instances snd dats indivstive of corrently hosted ‘isastaeaém The pre-warming componsnt £an
select the datasel using s combination of faciors such as requesied locations, regoesting
cusiomers, time of reguests or the ke, For example, the pre-warming component may consider
the requests for instances within a specific location {8.g., a region, 2 zone of availability, sic.}, by
certain customers {e.8., a particular customer, 2 number of customers or all of Hs customers) or
over a period of dme {e.g., days, wesks, months and even years) depending on how
comprehensive the analysis needs to be.

(80877 Mexy, the pre-warning component may analyze the considered dataset by
subjecting it 16 2 mathematical model. For example, the pre-warming component can sonl the
data from the dataset into groups based on machine image and instance fype 1o get a count for
each group. Fach of the groups may represent @ pair of machine irnage and instance type. The
pre-warming component may plot the count for each group over time and determine a
mathernatical equation that fits the plotied curve using, for example, an extrapolation procsss,
This squstion can sstimate the expected demand for sach group and can be continuously refined

over time by considering additions! data associated with each group. As such, for a specific pair
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of machine image and instance type, the pra-warming componest may express the expected
demand g8 a function of tme {e.g.. pre-warm one thousand instances corresponding to the
specific insiance type and machine image on a first day of a week, two thonsands of these
instances on a second day of the week, five hundred of thess instances on 3 thivd day of the week
and so on).

G088 The pre-warming component may slso apply a similar analysis based on either
the instance fypes or the machine mages or based on other configuration paramelers of the
instances. For example, when datacenter 102 is configured such that specific types of instances
can only be hosted on specific computing resources, the pre-warnning component may determine
the mathematical squations that estimate the expected demand per instance ype. Thess
eguations can be used o estimate the expected demand for the computing resources that can
support the instance types. As such, in tds example, the pre-warming component can estimate
the nesded computing capacity to pre-warnm the instances.

{08691 Operating 504 illnsirates the pre-warming component seiting a target for pre-
warming the instances, Having estimated the expected demand for the instances, and in some
situations, the expecied demands for computing resources, the pro-wanming component may set
the target for pre-warming the instances on the compuiing resources based on this estimalion.
This target may inchude configuration paramsisss of the insiances {8.g., instance fypes, tdentifiers
of machine images, eic.}, the total number of instances, the nuwnber of cach instance type, the
iimeframe within which the instances are expecied to be regpested, the regions and zones within
which these instances should be pre-warmed and so on. For example, the analysis of the history
of reguests can indicate that over one week long periods of time, out of one hundred thousand
reguested instances. ten thousands were instances that use FEDORA operating sysiem and run
AFPATHE web servers on a 32-bit archilecture within a particniar datacenter in California.

Based on this example analysis, the pre-warming component expecis the cusiomers & request ien
thousands of tese FEDOR ALAPACHEAZ-bit mrehitecturs instances 1o be haunched within the
particuiar datacenter in California on 2 weekly basis. As such, the pre-warming component
targets o pre~warm ten thousands of thess instances in the particelar datacenier,

06781 However, when it may not be feasible 1o pre-warm instances based on each
configuration choice that can be reguested {s.g., combination of instance type and maching
Inage}, the pre-waring component may further revise the targets associated with the varions
configuration chojces by applying varlous factors 1o the expected demand. These various factors

can include 2 combination of siatistical factors and considerations of computing resourcs
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availabifities and constraints that can used by the pre-warming component i ensure that the
targeied instances for pre-warming can be supported by the resources of datacenter 182,

{8711 Operation 306 illusirates the pre-warming component refining the target based
on various statistical factory apphied to the expecied demand. In an embodiment, the pre-
warming component may revise the terget by applying any or 3 combination of averages, peaks,
vaileys, thresholds and standsrd devistions to the anelyzed dataset that is assoriated with the
expected demand. Continuing with the provious example to Hlustrate operation 306, H the pre-
warming component determings thal over the week long period of time, the
FEDORASAFPATHEZ-bit architerture instances wore reguesied an average of about ong
thousand five hundred times g day, the pre-warming companent may set thal average number as
the targel for the specific machine bmage on 2 daily basis. Similarly, if the pre-warming
component determines that within that week long period of time, s maximum meraber of
instances having that specific i configuration were launched at 2 certain day of the week (2.2,
Wednesday) and a minimum nurmber of the same instances were kaunched at snother day {e.g.,
Friday), the pre-warming compinent mnay set the roaximun and minirours pumbers as the (argst
for the specific instance typs over Wednesday and Friday, respectively, of each week. Also, if
the pre-warming component determines that within that week long period of time, oaly 2 small
peroentage (e.p., 0.1 percent) of regquests are aasociated with another instance configuration, the
pre-warning component may revise its target for pre-warming instances of this configuration
type from one percent (.., one hundred instances) 1o zero when the initial target falls below a
predefined tweshold (2.g., 3 threshold that requires pre-warming the top ton pereent of the most
poputer configurations of instances).

88721 Operation 508 ilustrates the pre-warming component refining the target based
on avatiabilities and constraints of the computing resources of datacenter 102, The pre-warming
component may further revise the warget io balance the expected demand for the instances andéw
compuling resources with expecied availability of its computing resources. To determine the
computing resources that ars sxpected to be available, the pre-warming component may also
apply a similar analysis as above 1o historical uses of s resources. For sxample, the pre-
warming component can delermine that over one week long perinds of time, the partivular
datacenter in Califomis rons on average at eighty percent capacity. Thus, the pre~warming
component may expect 10 have twenty percent of available capacity at the datacenier in
California on 2 weekly basts and may reserve this available capacity for pre-warmed instances.

To ilustrate, if one percent capacily represents the ability w bost one hundred instances, the
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twenty percent available capacity at the datacenter in Crlifornia smounts 1o two thousand
instances on 3 weekly basis, Thus, the pre-warming component may revise its target from pre-
warming ten thousands of the FRDORA/APACHE/32-bit architecturs instances 10 two thousands
of them, |

IB073] B a Duther embodiment, the pre-warning component may also analyze any
planned ootages or maintenances that may affect the resource availability and may spdaie the
reserved capacity Based on this analysis, For example, if the pre-warming component
determines that the particulsr datacenter in California will be down to ninety percent capacity
next weel because of 8 planned maintenance, the pre-warming component may decide o
consirain the reserved capacity to ten pescent from twenty pereent such that the 1otal available
comnpuiting capacity 15 not sxeseded.

188741 Nexy, the pre-wanming component may further refine its target by alse balancing
the expectzd demand for instances andfor computing resources with constraints that may Hmit
the placement of the instances on the computing resowrces. This balancing is described in FIG. B
and may be implemented 1o ensure that the available capacity at the datacenter i3 nol exceeded
and 1o support a balanced distribution of the pre-warmed instances aoross multiple computing
rezources and datacenters, Those skilled in the art will recognize that these and other types of
analysis may be combined and vsed to quantily the expecied demand and refine the targst for
pre-warming inslances,

[BU75]  Tuming o FIG. 6, that figure illustrates an example configurstion of datacenter
1032 whers the pre-warmed instance includes an idled compute instance that can be used in
performing the provedurs of FIG. 4. Prior to receiving the request for an instance from the
cusiomer computing system, various computing resources of datacenter 102 are configured 1o
pre-wann an instance 638 from 3 muchine image 820, For example, server compater 204
exccutes the pre-warming component Shown s pre-warming compoenent 518 in FIG. 8} to
determine the configuration parameiers of the pre-warmed instance and execuies management
component 210, deployment component 214 and load balancer component 216 to select server
computer 202 a5 a host of pre-warmed instance 630 and associate root storage device 630 that
contains the machine image, storage volume 640, netwark interfaces and devices and other
resources with the pre-warmed instance.

(8676} Although FIG. 6, lilustrates pre-warming component 51% as a standalone
application hosted on server computer 204, this pre-warming component can be hosted on z

compuiing node outside of detacenter 102 such that the configuration parameters of the pre-
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warmed instance and information assoviated with the expecied demand are provided to the
computing components of the datacenter (e.g., management component 218, deployment
component 214, Joad balancer component 216} as 3 service as desoribed herein above. Likewise,
in another example, pre-warming component 618 may be bosted on a computer server within
datacenter 107 and interfacing with server computer 204 such that pre-warming componsnt 618
provides the information associated with the pre-warmed instances (o the computing COmpoOnEMS
exscuted by server computer 204,

777 To pre-launch the instance, instance mansger 208 accesses machine image 528,
madifies it configuration files 626 and boots instance 630 from the modified machine image.
At this point, instance 650 is launched and instance manager 208 aliovates virtual memory 1o s
puss operating system 622, This virtual memory is typically mapped o a physical memory of
server computer 202, such as iis RAM. Also at this point, instance 630 is not connacted w© the
customer compuling system and does not execute applications 624, Thus, until the request is
received from the customer computing system, instance 630 s in an idie state.

78] When the instance manager delects that the instanes s idle, it can free up the
associated physical memory to other instances runming on the server computer by swapping this
physical memeory 1o disk. For example, the instance manager stores the content of the assoviated
physical memory 1o a swap file 632 on root storage device 632 and updates the physical o
virtual memory mapping.

(88791 The instance remains idle il datacenier 102 recoives the regoest from the
customer compating system. Subseguently, menagement component 210 authenticates the
castomer and determines whether he or she has permission 1o use the instance. I o, deployment
component 214 determines that the request can be satisfied by naing instance £50. Mext,
deployment component 214 instraces load balancer component 216 1o start instance 630 In wm,
the load balancer component calls instance manager 208 @ activate the instance.

BO8ET  When mstance munager 208 receives Instructions from the boad balancer io
activaie instance 650, the instance manager loads the swap file 1o the aliocated physical memory,
updates the mapping between the physical and viral memories and allows the mstance 10 use
the physical mersory by way of the mapped virtual memory. At that point, the ingtance is
considered 1o be lavnched and ready w0 be connected 1o the cosiomer computing sysiem.

(8081} FIG. 7 iHusyrates anpther exampe configuration of datacenter 107 to pre-warm
an instance pricy 1 recelving o regeest for te instance from the costomer computing system. In

the configoration of FIG. 7, various computing components of the datzcenter {2.g., management
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component 210, deplovment component 214, load balancer component 216 and pre-warming
component 618) pre-configure an instance 750 on server computer 202 but do not boot it unil
receiving e request. In an example embodiment, pre-warming component 618 can instruc! and
canse instance manager 208 {0 socess, cache, decrypt and decompress machine image 520 and
parse and modify configuration files 626 based on various parameters associaied with pre-
warmed insiance 730 prior 1o receiving the reguest. These parmmeters inclode, for example, the
configuration parameters of the pre-warmed instance, the hardware and system configuration of
server computer 202, the addressing of the attached storage volume, network interfaces and so
on. The modified and cached machine bmage is shown a5 machine image 760 in FIG. 7.

{38821 Once the request for the instance 1s received, management componant 210
authenticates and authorizes the customer (o launch the instance.  Next, deployment compenent
214 determines that the reguest can be satisfied from pre-warmed instance 730 and instruct load
balancer component 216 (o complete # lawnch of te pre-warmed instance. In turm, the load
Balancer component calls server computer 202 to activale the pre-warmed instance. Instance
manager 208 of the server computer mounis and reads the pre-configured machine image T60
and boois its operating sysiern. Onee the boot is complete, the instance is considerad w be
tzunched and can be connecied to the customer computing system.

(8082}  Althoogh opermions 404-408 of FIG, 4 and the sysiems of FIGS. Sand 7 ars
deseribed herein above in the context of a single instance, they alse apply to a larger sumber of
mstances, in the order of hundreds and thousands and more, Also, in addition 1w setting a target
for pre-warming instances based on an expecied demand, the various computing components
{e.g., pre-warming component 618, deployment component 314} rmay place the pre-warnmed
instances on paricular server computers by considening the constrainis assaciated with placing
thems on the wrver comaiers.

I00B4]  FUG. B is an exampls of such 2 procedurs and is implemented to optimize uses
of computing rescurces and financial cosis. In the interest of clarity of explanation, pre-warrsing
component $18 is described as performing the example procedure of FIG. 8. Nevertheless, other
components or combination of componenis of datacentsr 102 can be used and should be apparent
1o those skilled in the art,

(8085}  Operation 802 tHusirates pre-warming component G318 determining density
parameiers that indicate the svailable capacity at the various server compuiers. Pre-warming
component §18 uses these parameiers o targed densivy such that the server computers arg

efficienly used {o.g., targst 3 high capacity use} and such that impacts of fattures within and
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across the server computers are reduced {e.g., pre-warmed instances of a particular cusiomer
should be distributed soross multiple server computers),

{B086]  Operaton 804 ilustrates pre-warming component 618 determining concurrency
paramesters that indicate the number of instances that are being concurrently pre-warmed at &
server computer. Pre-warming component 618 uses these parameters to avold forming hot spoix
associated with pre-warming a largs number of instances within a shont perind of tmeon a
single 3ETVET COMpUIeL.

IBB87T  Operntion 806 ilhustrates pre~warming component 618 determining 2 tmeframe
within which the pre-warmed instance should be available o the costomers. This timelframe
typicaily depends on various parameters that are associated, for example, with the available
capacity and the comesponding period of availubility, Once the tmeframs is set, if the availabls
capacity decrsases or if datacenter 102 receives new wraffic thal was unexpecied, the tmeframe
van be shortened, Likewise, if the avalluble capacity increases or if planned wraffic unexpectedly
decraases, the timeframe can be lengibened,

(0B8]  Operation 808 lusiraies pre-warming component 618 determining reginnal and
zonal parameters that indicate resource availability across multiple zones andfor regions. Pre-
warming compoenent 18 yses these parameters o distribute the pre-warmed instanges 10 server
computers across multiple zonss and regions such that impacts of fallures within one of the
regions or zones on the customers are minimized. This operation can also involve pre-warming
component 618 determining compatibilities of the server computers (o best support the pre-
warmed instances. For example, the pre-warmed Instances can require a particular netwarking
tnizrface available in only one region. In this example, pre-warmsing component 518 places the
pre-warmed instances on server computers within that region.

(80897  Operstion 308 illustrates pre-warming component 618 determining
compatibility parameters that indicate the computing resources that can sapport the pre-wanmed
insiznces. Pre-warming component 518 may use these pararnsiers when datacenter 102 §s
configured such that specific types of instances can only be hosted on specific computing
resources, As such, in this operation, the pre-warming component can determine the server
computers thet can actually support the pre-warmned instances and can proactively place the pre-
warmed instances on these server compuiers (o ensure that compatibility is met between the
configuration of the pre-warmed instances and the configuration of the computer servers.

{B899]  Operation 312 Hlustrates pre-warming component 518 detersining financial

parameters that indicate s financlal cost assoviated with pre-warming the instances, For
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example, 2 vendor of 3 particelsr operating system can charge a liceasing fee on 2 per-server
computer basts rather than z per-instance basis. In other werds, regardless of how many
instances that execute the particslar operating sysizm are hosted on the server compuler, the
charge remains flat. In such sn example, the pre-warming component places pre-warmed
instances that execuie the particular operating sysiem on a server computer that already hosts an
instance with that particuisr operating system 1o avoid incuming additional licensing fee charges.

108911 Operation 814 lustrates pre-warming component 513 placing the pre-warmed
instances on the server compiters. In this operation, pre-warming component 81% combines the
sbove paramelers 1o sptimize the deployment of the instances. This optimization may include
prioriizing and maximizing the nember of consirainis associaied with placing he pre-warmed
instances on the server computers. Onoe selected, pro-warming component 518 initiates the
deployment of the pre-warmed instances on thess compuier resources as described in the
procedure of FIG. 4.

68921 Turning to FIG. 9, this figure shows an example computer architecture for a
compuier 800 capable of sxecnting the above-described software components. The compuier
architecture shown in FIG, 9 illusirates = conventional ssrver computer, worksiation, deskiop
computer, Japtop, tabdet, network appliance, PDA, e-reader, digital celiular phone or other
computing device, and may be stilized 1o execute any aspecis of the software componenis
presanted hereln deseribed as sxecuting within datacenters 102, on server compusers 202, on the
customer computing system 104 or on any sther compating system mentioned herein.

{8931 Computer 900 may include a baseboard, or “motherboard,” which is a printed
cironit board o which a multitude of components or devices may be comnected by way of a
system bus or sther elecirioal communication paths. One or more central provessing units
(“CPUs™ 904 may operate in conjunsiion with a chipset 306, CPUs 904 may be standard
programmable processors that perform arithmetie and logical operations necessary for the
operation of computer 800,

[0894]  CPUs 904 may perform the necessary operations by transitioning from one
disorete, physical state io the nexy throargh the manipulation of swikching clements that
differentiate between and change these siates. Switching elements may generally incinde
slectronic circuits that maintaln one of two binary states, such as Bip-flops, and electronic
chrcuits that provide an output state based on the logical combination of the states of one or more

other swiching elements, such as logic gates. These basic switching slements may be combined
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te sreate more complex logie clicuits, inchading regisiers, adders-subtractors, arithmetic logic
unitg, floating-point vnits and the fike,

{0951  Chipser 906 may provide an interface beoween CFUs 904 and the rernainder of
the components and devices on the baseboard. Chipset 906 may provide an ineface o2
random access memory CRAM™) 908, used as the main memory in computer %00, Chipset 506
miay further provide an interface 10 a compuier-readable storage medivm such as a read-only
memory (CROM™) %20 or nop-velatile RAM ("NVRAM™) for storing basic routines that may
help 0 startep computer 900 and io transfer information between the various components and
devicas, ROM 920 or NVRARM may also stors ather software components such as computer-
readable instractions necessary for the operation of computer %00 in accordancs with the
embodimentzs described herein.

10894)  Computer 200 may operate in a networked environment using logical
connections o remoie computing devices and computer systems through network 218,

Chipset 506 may include funcdonslity for providing network conpectivity dwough a petwork
interface controller NI 922, such as 2 gigabit Ethernet adapter. NI 923 may be capable of
connecting the computer 830 to other computing devices over network 218, It should be
appreciated that multple NICs 922 may be present in compuier 900, connecting the compuler o
wther types of networks and remels computer sysiems.

{80971 Computer 900 may be connected o a mass storage device 928 that provides
aop-volatile storage for the computer. Mass storage device 928 may siore sysiem programs,
application programs, other program modules and data, which have been described in greater
detail herain, Mass storage device 928 may be conneciad to computer 300 through a storage
controller 924 connecied o chipsst 906, Mass storage device 528 may consist of one or more
physical storage units. Storage congroller 824 may interface with the physical storage snits
through a serial attached SCST("SASY) nterface, a serial advanced technology atiachment
(“BATA™ interface, 2 fiber channed ("FUO) interface or other type of interface for physically
connecting and ransferring data between compuiers and physica! storage unig.

[6658] Computer 500 may store data on mass storage device 928 by transforming the
physical siate of the physival storage units to reflect the information being stored. The specific
transformation of & physical state may depend on various factors and on different
implementations of this description. Examples of such factors may include, but are not limited
to, the technology used to oplement the plvsical storage units, whether mass storage device 928

is characterized as primary or secondary storage and the Hke.
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{3899] For example, computer 200 may siore information 1o mass storage devics 928
by issuing instructions through storsge controtler 924 w alter the magnetic characteristivs of a
particular location within a magnetic disk drive unit, the reflective or refractive charactenistics of
2 particular location in an optical siorage unit or the slecirical charascteristics of g particular
capacitor, tansistor or other discrete component in a solid-state storage wnit. (hher
wransformations of physical media are possible witheut departing frov the scope and spirit of the
present description, with the foregoing cxamples provided only to facilitate this description.
Computer 900 may further read information from mass storage devics 928 by detecting the
physical states or characteristies of one or mors particalar locations within the physical storage
s,

[BI68] In addition to mass storage device 928 deseribed sbove, computer 300 may have
access 1 other computer-readable storage media (o store and retrisve information, such as
program modules, data stroctores or other data. 1t should be appreciated by those salled inthe
ari that compuier-readable storage media can be any available media that provides for the siorags
of pon-transitory data and that may be aceessed by computer 900

81 By way of example and not limitation, computer-readable storage media may
inclode volatile and non-volatile, removable and non-removable media implemented in any
method or iwehnodogy, Computer-readable storage media includes, but i3 not Emited 1o, RAM,
ROM, erasable programmable ROM ("EPROM ), slectrically-erasable programmable ROM
{CEEPROR™), flash memory or other solid-state memary technology, compact dise ROM (CD-
ROBA™), digital versatile disk (“DV D), high definiton DVD (CHD-DVDYT, BLURAY or other
optical storage, magnetic casselies, magnetic tape, magnetic disk storage or other magnetic
stopuge devices or any other mediam that can be used (o stove the desired information In a non-
wansitory fashion.

(831027 Mass stovage devics $38 may store an operating sysiers otlized to control the
operation of the computer 500, According to one smbodiment, the operating system comprises a
version of the LINUX operating system. According to another smbodiment, the operating
systent comprises a version of the WINDOWS SERVER operating system from the
MICROSOFT Corporation.  According to further embodiments, the operating system may
comprise a version of the UNIX operadng sysiem. I should be appreciated that other operating
systems may also be utilized. Mass storage devies 928 may store other system or application
programs and data vtilized by computer 304, such as management component 21 andfor the

other software components described sbove.



WO 2014/201053 PCT/US2014/041794

ID163]  Mass storage device 928 or other compter-readable storage media may also be
encoded with computer-execniable instructions, which, when loaded into computer 200,
wransforms the compuier from a general-purpose computing system into a special-purpose
compuier capable of mplementing the smbodiments described heremn, Thess computer-
executable instructions ransform computer 300 by specifying bow CPUs 904 transition hetween
states, as described above. Computer 500 may have sccess to compuier-readable storage media
storing computer-execuable instructions, which, when executed by computer 900, perform the
procedures described with regard 1o FIGS. 3 and 4.

#1641 Compuier 900 may alse include an input/outpat controller 932 for receiving and
processing input from a nember of input devices, such as 3 keyboard, 3 mouse, 3 touchpad, 8
touch sereen, an slectronie styhus or other type of input device. Similarty, input/output
contreller 932 may provide ontpu 1o 3 display, such as a computer monior, a Hat-panel display,
a digital projecior, a printer, a plotier or other type of outpet device. It will be appreciated that
compuier 300 may not include alf of the components shown in FIG. 9, may include other
components that are not explicitly shown in FIG. 9 or may utilize an architecture completely
different than that shown in FIG. &,

[8308] &t should be appreciated that the network topologies illustrated in the figures
have bean preatly simplificd and that many more networks and networking devices may be
gtilized o interconnect the various computing systems disclosed hevein, Thess network
topologies and devices should be apparent 1o those skilled i the art,

[B108] &t should also be appreciated that the sysierns in the figures are merely
iHustrative and that other implementations might be used. Additionally, i should be appreciated
that the functionality disclosed herein might be inplemented in software, hardwarz or g
combination of software and hardware. Cither implementations should be apparent (o those
skilled in the art. It should also be appreciated that a server, gateway or other computing device
may comprise any combination of hardware or software that can interact and perfonm the
described types of functionality, including withow Bmitation deskiop or other compuiters,
database servers, network storage devices and other network devives, PDAs, tablets, celiphones,
wirgless phones, pagers, electronic organizers, Infernet appliances, wlevision-based sysiems
{£.g., using set top boxes and/or prrsonal/digiial video recorders) and various sther consumer
products that nclade appropriste communication capabiiities. In addition, the functonality
provided by the Hiustrated modules may in some smbodiments be combined in fewer modules or

distribuied in additional modules. Similarty, in some embodiments tie fonsctionality of some of
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the ilustrated modules rmay not be provided andéor othey additional functonality may be
avaifable.

63871 Each of the operations, processes, methods and algorithmms desertbed in the
preceding sections may be embuodied in, and fully or partially sutomated by, code modules
gxecoted by ons or mors compuiers or computer procassors, The oode maodules may be stored
on any type of non-transiory computer-readable medivm or computer siorags device, such as
hard drives, solid state memory, optical disc andfor the ke, The processes and algonithms may
be implemented partially or wholly in application-specific circuitry. The results of the disclosed
processes and process steps may be stored, persistently or stherwise, in any type of non-
transiory coinpuier siorage such as, £.g., volatile or non-volatile storage.

[8188] The varions featuees and processes described shove may be used independently
of one another, or roay be combined in various ways. Al possible combinations and sub-
combinations are intended o fall within the scope of this disclosure. In addition, certain method
or process bloeks may be omitted in some implementations. The methods and processes
described herein are also not Bmited to any particular sequeence, and the blocks or states relating
thereto can be performed in other sequences that ars appropriste. For example, described blocks
or states may be pasformed in an order other than that specifically disclosed, or multiple blocks
ot states may be combined in a single block or state. The sxample blocks or slates may be
performed o serial, in paralicl or in some other manner. Blocks or siates may be added to or
removed from the disclosed example embodiments. The example sysiems and components
described horem may be configorsd differsnty thans described. For example, clements may be
added to, removed from or rearranged compared o the disclosed example embodiments,

[B369] It will alse be appreciated that varinus tems are llusirated as being stored in
memory of o storage while being nsed, and that these Hems or portions thereof may he
transferved between memary and other storage devices for purposes of maemory management and
duta imtegrity. Altersatively, in other embodiments some o all of the seftware modules andfor
SYSIEMmS may execuie inrmemory on another deviee and communicate with the Hlusirated
computing sysierss vis inter-compuier commenication. Furthermore, in some embuodiments,
some or all of the sysiems andfor modules may be implemented or provided in other ways, such
as at least partially in firmware andfor hardware, incleding, but not mited o, one or more
application-specific integrated clreuits (ASICs), standard integrated circuits, conmollers {e.g., by
erecuting appropriate instructions, and including microconurollers andfor embedded controliers,

field-programmable gale arrays (FPGAs), complex programmable fogic devices (CPLIK), eie.
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Some or all of the modules, systoms and data structures may also be stored (2.8, as software
msiructions or structured data) on a computer-readable medinm, such as a hard disk, a memory, 2
network or a portable media articls 1o be read by an appropriate drive or via an appropriale
connecdon. The systems, modules and dats siructurss may also be transmitted as generated data
signals {e.g., a5 pant of a carrier wave or other analog or digital propagated signal) on a vagiety of
computer-readable iransmission media, including wireless-based and wired/cable-based media,
and may take a varfety of forms {e.g., a5 part of 8 single or multiplexed analog signal, or as
multiple discrete digitsl packets or frames). Such computer program products may also take
cther forms in other embodiments. Accordingly, the present invention may be practiced with
other compater sysiem configurations.

IR

6838] Conditional baguage vsed herein, such as, among others, "can,” "could,”
“might,” “may,” “e.g” and the hike, unless specifically dlated otherwise, or stherwise undersiond
within the context 8 vsed, 13 generally intended to convey thal cortain embodiments include,
while other embodiments do not inchade, certain features, elements andior steps. Thus, such
conditional fanguage is nol generally intended 1o imply that featres, clements andfor steps are in
any way reguired for one or more embodimenis or that one or more embodiments necessarsly
include logic for deciding, with or without anthor input of prompling, whether these features,
slements andfor steps are included or are to be performed in any pantivular embodimeni. The
terms “comprising,” Vincluding,” “having” and the like are synonymous and are used inclustvely,
in an open-ended fashion, and do not exclode additional elements, features, acts, operations and
so forth. Also, the term “or” is used In its inclusive sense (and not i its exclusive sense} so that
when used, for example, o conneet a Hat of elements, the wrm “or” means ong, some or all of
the elements in the Hst

[#111] While certain sxample embodiments have boon desoribed, these embodiments
have besn presented by way of example only, and are not intended o limi the scope of the
inventions disclosed herein. Thus, nothing in the foregoing description is intended 10 imply that
any particalar featore, characteristic, step, module or black is necessary or indispensable. Indeed,
the novel methods and sysiems deseribed herein may be smbodied in s variety of other forms;
furthermore, various omissions, substistions and changes in the Torm of the methods and
sysierns described herein may be made without departing from the spirlt of the inventions
disciosed herein, The accompanying cisims and thelr equivalents are intended to cover such

forms or moedifications as would 28} within the scope and spicl of cortain of the Inventions

disciosed herein,
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18312]  Embodiments of the disclosure can be described in view of the following
clauses:
i A systen for provisioning and launching compute instances, the system comprising:
one or more datacenters comprising 2 pluraliey of computing devices configured
communicate with esch other over network connections; and
one or more memories having stored therein compater-readadle instructions that, upon
execution on the system, cause the system af least i
determine an expecied demand for s plurality of compate instances, the plurality
of compute instances being associaled with a plurality of machine images and a plorality
of compuie instance types;
determine ons or more computing devices from the plusality of computing
devices configured to host the plurality of compute instances based at least in part on the
expected demand;
prior 10 receiving a reguest from a customer node to faunch a comprie instance,
launch and idie the plurality of compute instances on the one or more computing devices
based at least in part on the plurality of maching images and the plurality of compute
instance types; and
iny response to receiving the reguest from the customer node 0 launch the
compute instance, activate the compute instance from one of the phurality of maching

imnages that are idle on the one or mors computing devicss.

Z. The system of clause |, wherein the expecied demand is determined based ot least in pant
on a history of reguests received from customer nodss, and wherein the history of requests is
surted based at feast in purt on configuration parameters of compute insianses associated with the

TEGUSSES.
3 The system of classs |, wherein the instructions to determine an expected demand for 2

plurality of compuie instances comprise instructions thal, upon execution on the systers, cause

the system a1 least {o:
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analyze a history of requests for compute instances 1o determine 8 target for the plueality
of compuie instances and the one or more computing devices; and

revise the target based at least in part on statistical faciors associated with the reguests,

&, The system of clause 1, wherein the nstructions to determine one of more computing
devices from the plurality of computing devices comprise instractions that, upon exerution on
the sysiern, cause the sysiem at least (o

determine an expecied avaiiability of the plurality of computing davices;

balance the expected demand with the expecied availability o meet a constraiat
associated with launching and idling the plurality of compute instances; and

determine the one or more computing devices based at least in part on the balancs,

5 A mathod, comprising:

providing a plurality of pre-configured machine images on & phurality of computs nodes,
wherein the plurality of pre-configured maching images Is based at kast in paxt on an axpecied
demand;

after receiving a request from a user node 1o lmunch a compute nstance, determining that
the computs instance is associated with ot Jeast 2 machine image of the plurality of pre-
configured maching images; and

completing a laonch of the cormputs instance using the asgociated machine image on 2

compute nide of the phirality of compute nodes based at least in part on the defermination,

8. The methed of clause 5, wherein the expected demand is basad at least in part on

previousty received regoests for compute instances.

7. The method of clause 5, whergin the expecied demand comprises types of a plurality of
compuie instaness associated with the plurality of pre-configured machine imagss and identifiers

associated with the plurality of pre-configured machine images.

8. The method of classe 7, whereln the expected demand further comprises a timeframe
within which requests for the plurality of compute instances from user nodes are expecied 1o be

received and regions expected o be indieated in the requests from the user nodes.
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g, The method of clause 5, wherein the machine image ¥s pre-configured for lzunch on the
compute node based at least in part on:

caching the machine image from a root storage device that stores the machine image;

modifving a configuration fils of the machine image based at least mpant on g
configuration of the corppute nstance; and

sliocating 3 storage volumes to the compute instance based at least in part on the

configuration of the compute instance.

13, The method of clauss 8, wherein the completing 8 lavnch of the compuie inslance
comprises booting an operating system of the machine image on the compuie node based at least

in part on the configuration fike that s modified.

11, The mothod of clause 5, wherein the complating a launch of the compute Instance
comprises:
faunching the compmie instance prior o receiving the request from the user nods;

idhing the launched compuie instance prior w receiving the request from the user node;

and

activating the idled compitte instance in response (o receiving the request from the user
node.
12, A nop-iransitory compuiesr-readable medivm comprising instructions that, spon execetion

on a system, canse the system o perform operations comprising:

determining = demand for a phurality of compule inslances associated with a phurality of
maching hmages;

determining a plurality of compuie nodes configured o lnunch the plurality of compute
instances from the plurglity of machine images, the determining belng based af least in parton 4
consiraint sssociaied with lnunching the pluradity of compute instances on the plurality of
compuie nodes;

canfiguring the plurality of machine images on the plurality of computing nodes prior (o
receiving a request from a user node w launch 2 compute instance of the plurality of compute
instances; and

afier receiving the request from the vser node, completing s lasnch of a specific compute
instance wsing one of the plurality of configured machine images on one of the plurality of

compiie nodes.



WO 2014/201053 PCT/US2014/041794

13, The non-transitory compuier-readable medium of classe 12, wherein the demand for the
plurality of compute lnstances is associated with expectad requests for launching the plurality of

COMpUIE INsiances.

14, The non-lransitory computer-readable medivm of clause 13 further comprising
tnstrections that, upon execstion on the system, catse the system 1o perform operations
comprising:

analyzing a history sssociated with launched instances o determine a plusality of
configuration parameters associated with the cxpecied reguests for lunching plurakity of
compaie nstances,

detzrmnining & target assuciated with luaching the plurslity of compute instances on a
plurality of compute nodes based at lsest in part on availabilities of the plurality of compute
nodes; and

setting the demsnd based at Jesst in part on the wget, the demand comprising one or

more configuration parameters from the plurslity of eontiguration parametsrs,

15, The non-transiiory oompuier-readable medium of clause 14, wherein the plurality of
configuration parameters inchide & number of the plurality of compuie instances, types of the

plorality of compote imstances, and identifiers of the plurality of machine images,

16, The non-transilory computer-readable mediom of clause 14, whereln the history is based
at least in part on reguests for the lsunched instances associated with 2 plorality of vser nodes,

whersin the lasnched instances are hosted at a specific location.

i7. The non-ransitory computerreadable mediom of clause 12, wherein the consiraind is

hased at least in part on an gvailable compute capacity b the phlarality of compute nodes.

18,  The mon-ransitory computer-readable medivm of clause 12, wherein the consiraint is
based st least in part on a number of compute instancss configured 3 be concurrently launched

on a compute node of the plarality of compute nodes.



WO 2014/201053 PCT/US2014/041794

19, The non-transitory computer-readable medivm of clavse 12, wherein the constraint is

based at least in part on availabilities of compute nodes across a Tone of a region

20, The non-transtiory compuier-readable medivm of clauss 12, wherein the constraint is
based at least in part on s fee associated with executing an application or an operating systern

associated with one of the plurality of machine images.

2%, The non-transitory computer-readable medivm of clause 12, whersin the constraint is

based at least in part on a fee associated with launching one of the plurality of compute instances

from one of the plurslity of machine images on one of the plurality of compute nodes.

22, The non-transitory computer-readable medivm of clause 12, wherein the constraint is
baged at least in past on compatibilities of the plurality of compute nodes for lavnching the

plurality of compute instances.



CLAIMS

WHAT IS CLAIMED IS:

1. A system for provisioning and launching compute instances, the system comprising:
one or more datacenters comprising a plurality of computing devices configured to
communicate with each other over network connections; and
one or more memories having stored therein computer-readable instructions that, upon
execution on the system, cause the system at least to:
determine an expected demand for a plurality of compute instances, the plurality
of compute instances being associated with a plurality of machine images and a plurality
of compute instance types;
determine one or more computing devices from the plurality of computing
devices configured to host the plurality of compute instances based at least in part on the
expected demand and an expected availability of the plurality of computing devices to
support a balanced distribution of the compute instances across the computing devices;
prior to receiving a request from a customer node to launch a compute instance,
launch and idle the plurality of compute instances on the one or more computing devices
based at least in part on the plurality of machine images and the plurality of compute
instance types; and
in response to receiving the request from the customer node to launch the
compute instance, activate the compute instance from one of the plurality of machine

images that are idle on the one or more computing devices.

2. The system of claim 1, wherein the expected demand is determined based at least in part
on a history of requests received from customer nodes, and wherein the history of requests is
sorted based at least in part on configuration parameters of compute instances associated with the

requests.

3. The system of claim 1, wherein the instructions to determine an expected demand for a
plurality of compute instances comprise instructions that, upon execution on the system, cause

the system at least to:
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analyze a history of requests for compute instances to determine a target for the plurality of
compute instances and the one or more computing devices; and

revise the target based at least in part on statistical factors associated with the requests.
4. The system of claim 1, wherein the instructions to determine one or more computing devices
from the plurality of computing devices comprise instructions that, upon execution on the system,
cause the system at least to:

balance the expected demand with the expected availability to meet a constraint associated
with launching and idling the plurality of compute instances; and

determine the one or more computing devices based at least in part on the balance.
5. A system of claim 1, wherein the instructions further cause the system at least to:

remove the compute instances that are idle on the one or more computing devices, if the
compute instances are not launched in response to the request from the customer node within a
predetermined timeframe.
6. A method, comprising:

providing a plurality of pre-configured machine images on a plurality of compute nodes,
wherein the plurality of pre-configured machine images is based at least in part on an expected
demand for compute instances and an expected availability of the plurality of compute nodes to
support a balanced distribution of the compute instances across the computing devices;

launching the compute instances prior to receiving the request from a user node;

idling the launched compute instances prior to receiving the request from the user node;

after receiving a request from the user node to launch a compute instance, determining that
the compute instance is associated with at least a type of machine image of the plurality of pre-
configured machine images; and

completing a launch of the compute instance using the associated type of machine image on a
compute node of the plurality of compute nodes based at least in part on the determination by
activating the idled compute instance in response to receiving the request from the user node.
7. The method of claim 6, wherein the expected demand is based at least in part on previously
received requests for compute instances.
8. The method of claim 6, wherein the expected demand comprises types of a plurality of
compute instances associated with the plurality of pre-configured machine images and identifiers
associated with the plurality of pre-configured machine images.
9. The method of claim 8, wherein the expected demand further comprises a timeframe within
which requests for the plurality of compute instances from user nodes are expected to be received

and regions expected to be indicated in the requests from the user nodes.
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10. The method of claim 9, wherein the method further comprises the step of removing the
compute instances that are idle on the one or more computing devices, if the compute instances are

not launched in response to the request from the user nodes within the timeframe.

11. The method of claim 6, wherein the machine image is pre-configured for launch on the
compute node based at least in part on:

caching the machine image from a root storage device that stores the machine image;

modifying a configuration file of the machine image based at least in part on a
configuration of the compute instance; and

allocating a storage volume to the compute instance based at least in part on the
configuration of the compute instance.
12. The method of claim 11, wherein the completing a launch of the compute instance
comprises booting an operating system of the machine image on the compute node based at least
in part on the configuration file that is modified.
13. A method comprising:

determining a demand for a plurality of compute instances associated with a plurality of
machine images;

determining a plurality of compute nodes configured to launch the plurality of compute
instances from the plurality of machine images, the determining being based at least in part on a
constraint associated with launching the plurality of compute instances on the plurality of
compute nodes, wherein the constraint is based at least in part on an available compute capacity
at the plurality of compute nodes or availabilities of compute nodes across a zone or a region and
is based at least in part on a number of compute instances configured to be concurrently
launched on a compute node of the plurality of compute nodes to support a balanced distribution
of the compute instances across the compute nodes;

configuring the plurality of machine images on the plurality of computing nodes prior to
receiving a request from a user node to launch a compute instance of the plurality of compute
instances; and

after receiving the request from the user node, completing a launch of a specific type of
compute instance using one of the plurality of configured machine images on one of the plurality

of compute nodes.
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14. The method of claim 13, wherein the constraint is based at least in part on a fee associated
with executing an application or an operating system associated with one of the plurality of
machine images or a fee associated with launching one of the plurality of compute instances

from one of the plurality of machine images on one of the plurality of compute nodes.
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