DYNAMICALLY ALLOCATING NETWORK ADDRESSES

CROS3S REFERENCE TO RELATED APPLICATION

[0001] The following application claims priority to, and the benefit of, U.S. Patent
Application enfitled "DYNAMICALLY ALLOCATING NETWORK ADDRESSES" filed on
September 18, 2012 having application number 13/621,881, which is incorporated herein by
reference in its entirety.

BACKGROUND

[0002] Network devices may be associated with one or more network addresses per
network interface. Network addresses facilitate routing of data to and from network devices.
Internet protocol (IP) network addresses are associated with subnet masks, which indicate the
portion of the nefwork address that corresponds to a routing prefix and the portion of the network
address that corresponds to a host identifier for a subnet. A subnet is a logically visible
subdivision of an IP netweork. Subnets may be arranged logically in a higrarchical architecture,
thereby partitioning network address space into a tree-like routing structure. Network address
exhaustion is a potential problem for IP version 4, given that the network addresses are just 32
bits in length. [P version 6 uses 128-bit addresses and thus is not as easily susceptible to
address exhaustion. Nonetheless, in spite of the address exhaustion issues, IP version 4
remains in common use.

SUMMARY OF INVENTION

{0002aj] According to a first aspect of the present invention, there is provided a system,
comprising: at least one computing device; and an address allocation service executable by the
at least one computing device, the address allocation service being configured to: initially assign
a first network address allocation to a subdivision of a network, the subdivision including a
piurality of computing devices; configure a router for the subdivision to implement the first
network address allocation; obtain data indicating a reconfiguration of the plurality of computing
devices, wherein the reconfiguration changes a quantity of virtualized machine insiances hosted

by the plurality of computing devices;



dynamically assigh a second network address aliocation o the subdivision of the network based
at least in part on the reconfiguration of the plurality of computing devices; and reconfigure the

router for the subdivision to impiement the second network address allocation.

[0002k] According to a second aspect of the present invention, there is provided a
method, comprising: obtaining, by at least one computing device, data indicating a
reconfiguration of at least one of a plurality of computing devices included in a subdivision of a
network, the subdivision being assigned a network address allocation, wherein the
reconfiguration changes a quantity of virtualized machine instances hosted by the at least one of
the piurality of computing devices; determining, by the at least one computing device, whether to
release an assignment of a first subset of the network address allocation based at least in part on
the reconfiguration of the at least cne of the plurality of computing devices; dynamically
reteasing, by the at least one computing device, the assignment of the first subset of the network
address allocation in response io the determining; and reconfiguring, by the at least one
compuiing device, a router for the subdivision to advertise a second subset of the network
address allocation instead of the network address allocation.

[0002c] According to a third aspect of the present invention, there is provided a non-
transitory computer-readable medium embodying a program executable in at least one
computing device, wherein when executed the program causes the at ieast one computing
device to at least: initially assign a first netwerk address allocation to a subdivision of a network
including a plurality of computing devices based at least in part on a respective computing device
type for individual ones of the plurality of computing devices; configure a router for the
subdivision to impiement the first network address allocation; obtain data indicating a
reconfiguration of the plurality of computing devices to host an increased quantity of virtualized
machine instances; dynamically assign a second network address allocation io the subdivision of
the network based at least in part on the reconfiguration of the plurality of computing devices;
reconfigure the router for the subdivision to implement the second network address aflocation;
obtain data indicating a subsequent reconfiguration of the plurality of computing devices included

in the subdivision to host a reduced quantity of virualized machine instances;

la



release a third network address allocation assigned to the subdivision based at least in part on
the subsequent reconfiguration of the plurality of computing devices; and reconfigure the router
for the subdivision to exclude advertising of the third network address allocation.

[0002d] According to a fourth aspect of the present invention, there is provided g system,
comprising: at least one computing device; and at least one service executable in the at ieast
one computing device, wherein when execuied the at least one service causes the at least one
computing device to at least: determine that a quantity of virtualized machine instances executed
on a plurality of computing devices has changed; dynamically assign an updated network
address aliocation to a subdivision of a network in response to the quantity of virtualized machine
insiances, the subdivision including the plurality of computing devices; and reconfigure a router
for the subdivision {o implement the updated network address allocation.

[0002e] According to a fifth aspect of the present invention, there is provided a system,
comprising: at least one computing device; and at ieast one service executable in the at least
one compuiing device, wherein when executed the at least one service causes the at least one
computing device to at least: determine that a quantity of virtualized machine instances hosted
by a computing device included in a éubdivision of a network has changed, the subdivision being
assigned a network address allocation; dynamically release an assignment of a first subset of the
network address allocation in response fo the guantity of virtualized machine instances: and
reconfigure a router for the subdivision to advertise a second subset of the network address
allocation instead of the network address allocation.

[0002f] According to a sixth aspect of the present invention, there is provided a method,

- comprising: determining, by at least one computing device, that a quantity of virtuaiized machine
instances executed on a plurality of computing devices has changed; dynamically assigning, by
the at least one computing device, an updated network address allocation to a subdivision of a
network in response to the quantity of virtualized machine instances, the subdivision including
the plurality of computing devices; and reconfiguring, by the at least one computing device, a

router for the subdivision to implement the updated network address aliocation.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Many aspects of the present disclosure can be better understood with reference to
the following drawings. The components in the drawings are not necessarily to scale, with
emphasis instead being placed upon clearly illustrating the principles of the disclosure.
Moreover, in the drawings, like reference numerals designate corresponding parts throughout the
several views.

[0004] FIG. 1is a drawing of a networked environment according to various embodiments

of the present disclosure.

[0005] FIG. 2is a drawing of one example of a hosted computing environment employed in
the networked environment of FIG. 1 according o various embodiments of the present

disclosure.
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[0006} FIGS. 3 and 4 are fiowcharts illustrating examples of functionality implemented as
portions of an address allocation service executed in a computing environment in the networked

environment of FIG. 1 according te various embodiments of the present disclosure,

[0007] FIG. 5is a schematic block diagram that provides one example illustration of a
computing environment employed in the networked environment of FIG, 1 accerding to various

embodiments of the present disclosure.

DETAILED DESCRIPTION

[0008] The present disclosure relates to dynamic assignment of network addresses to
nefwork devices based onh demand. Network address exhaustion is a serious problem in irdernet
protocoel (IP) version 4 and potentially other communication protocois. Publicly accessibie |2
addresses are difficult to come by, and their allocation is carefully managed. Even private 1P
networks may face address exhaustion issues. Large private networks typically use, for
example, the “10.0.0.0/8" address space {represented in classless inter-domain routing (CIDR}
notation), which uses an eight-bit networlk prefix and a 24-bit host identifier and provides for

nearly 17 million addresses (approximately 2% addresses).

[0008] Such a substantial guantity may seem to be inexhaustible for an organization.
However, If network address allocations are not managed well, address exhaustion issues may
arise. For example, an organization may naively choose to allocate address space for g “/22”
network for each rack in the data centers of the organization, A “/22" network provides for
approximately 1024 (ie., 210) addresses. An organization using such an allccation scheme
would be limited to 16,384 (or 2') racks having “/22" aliocaticns within the “10.0.0.0/8" address

space. Such a limitation may present a real problem for large organizations.

[0010] The problem may be compounded if the network is further hierarchically structured.
To iliustrate, there may be some number of aggregation routers in the network, with some
guantity of racks behind each of the aggregation routers. Suppose a /15" network were
aliocated o each aggregation router. This provides for an allocation of approximately 131,072
(or 27y addresses to each router, which could be further divided inte 128 (or 27) rack aflocations

of 1024 addresses each. Also, within the "10.0.0.0/8” address space, there could be 128 (or 27)
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such aggregation routers. Scalabllity problems may arise with the total number of aggregation

routers and/or the number of racks per aggregation router.

[0011]  Such a rigid network address allocation scheme as discussed in the example above
may not make sense if some racks use fewer than 1024 addresses. if a particular rack uses only
256 addresses, it would be wastefui to allocate 1024 address to the particular rack. However,
when a rack is initially configured, it may not be known how many addresses will ultimately be
used, especially when a variable number of machine instances may be employed in the rack. A
large quantity such as 1024 may be selected as an upper bound, thereby ieading o inefficiencies
in allocation, Further, in some cases, the upper bound may be too low for racks that are densely

configured.

[0012] various embodiments of the present disclosure provide for dynamic allocation of
network addresses based on demand to overcome these inefficiencies and scalabitity
challenges. Manual, fixed configuration of network addresses may be replaced with autamatic,
dynamic configuration, which recognizes the dynamic nature of address use within network
subdivisions having a variable number of machine instances. An initial number of network
addresses may be aliocated according to an initial physical configuration of a rack or other
network subdivision. Additional network address allocations may be made to the network
subdivision as necessary to meet demand. In the following discussion, a general description of
the system and its components is provided, followed by a discussion of the operation of the
same.

[0013]  With reference to FIG. 1, shown is a networked gnvironment 10C according to
various embodiments. The networked environment 100 includes a hosted computing
environment 103 and a computing environment 106 in data communication via a network 109.
The network 108 includes, for example, the Intemet, infranets, extransts, wide area networks
(WANs}, 1ocal area networks (LANs), wired networks, wireless networks, or other suitable

networks, gfc., or any combination of two or more such networks.

[0014] The hosted computing environment 103 may comprise a plurality of racks 112a ...
T12N, which may be provided connsctivity to the network 109 by way of one or more aggregation
routers 115. Although described as “racks,” the racks 112 may correspond fo other subdivisions

of & hosted computing environment 103, e.g., data centers, rooms within data centers, groupings
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of racks, groupings of computing equipment, and so on. Each of the racks 112 may include a
plurality of computing devices 118a ... 118N and a router 121, The router 121 may correspond
to a top-of-rack (TOR) router or other device that provides conneciivity to the network 109 for the
respective rack 112. The routers 121 may empioy a routing protocol such as routing information
protocol (RIP), open shortest path first (OSPF) or other routing protocols. Routers 121 may in
somme cases be constrained by the number of separate network address allocations that can be

advertised,

[0015] The computing devices 118a may correspond to computing devices having a
processor and mermory circuit which are used to provide computing sevvices to customers
according to a utility computing model. To this end, a particular computing device 118a may
inciude, for example, a plurality of machine inétanc:es 124z ... 124N. The machine instances 124
within a computing device 118 may be hosted for one customer or muitipie customers. As will be
described, different machine instances 424 may have different characteristics. A given
computing device 118 may be reconfigured dynamically to have any number of the machine

instances 124.

[0016] itis noted that different racks 112 may have different types and guantities of
computing devices 118. Some computing devices 118 may have relatively more computing
resources, e.g., more memory, more powerful processor(s), faster data storage, efe. or different
combinations of computing resources. Further, computing devices 118 may have different types

and quantities of machine instances 124.

[0017] Each of the racks 112 may be assigned onhe or more network address allocations
for connectivity fo the nefwork 109. In some cases, such network address allocations may be
aggregated into an allocation given to the respective aggregation router 115, thereby providing a
hierarchical structure fo the portion of the network 109 in the hosted computing environment 103,
The hosted computing environment 103 may have multiple aggregation routers 115 servicing
different racks 112 or subdivisions of the network 108, The aggregation routers 115 may employ
& routing protocol such as OSPF or other routing protocols. Aggregation routers 115 may in
some cases be constrained by the number of separate network address allocations that can be

advertised.
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[0018] The computing envirorment 106 may comprise, for example, a server computer or
any other system providing computing capability. Alternatively, the computing environment 106
may empioy a plurality of computing devices that may be empioyed that are arranged, for
example, in one or more server banks or computer banks or other arrangements. Such
computing devices may be located in a single installation or may be distributed among many
diffarent geographical localions. For example, the computing environment 108 may include a
plurality of computing devices that together may comprise a cloud computing resource, a grid
computing resource, andfor any other distributed computing arrangement. |n some cases, the
computing environment 106 may correspond to an elastic computing rescurce where the allotted
capacity of processing, network, storage, or other computing-related resources may vary over

time.

f0018] varicus applications and/or other functionality may be executed in the computing
environment 108 according to various embodiments. Also, various data Is stored in a data store
125 that Is accessibie to the computing environment 108. The data store 125 may be
representaiive of a plurality of data stores 125 as can be appreciated. The data stored in the
data store 125, for example, is associated with the aperation of the various appiications and/or

functional entities described below.

[0020] The components executed on the computing environment 106, for example, include
an address allocation service 127, a network monitor service 130, and other applications,
services, processes, systems, engines, or functionality not discussed in detail herein. The
address allocation service 127 is executed to generate address allocation assignments 131 of
addresses on the network 108 for the hosted computing environment 103. The address
aliocation assignments 131 may correspond to initial assignments (e.g., when a rack 112 is
initially configured) or subsequent assignments based on demand (e.g., demand created by
reconfiguration of the computing devices 118 in the rack 112). The address allocation service
127 may manage releases of address allocations that are underutilized or are predicted to be
underutilized. Further, the address allocation service 127 may be configured to consolidate
address allocations to release address aliocation space or to facilitate aggregation of ailocations.
In various embodiments, the address allocation service 127 may be split into two or more

services, e.¢., where one service includes the business logic to determine whether o assign or
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release aliocations, and another service performs the implementation in the hosted computing

environment 103,

[0021] The network monitor service 130 may be executed te monitor various aspects of the
hosted computing environment 103. Such aspects may relate to resource consumption, network
address utilization, resource consumption history, network address utilization history, velociies of
increases or decreases in resource consumption or address utilization, and so on. The data
generated by the network monitoring service 130 as a result of such monitoring may correspond
to inputs o the address aliocation service 127. Such inputs may aliow the address aliocation
service 127 to make a decision as to whether to assign further network address allocations,
release existing nefwork address aliovations, consolidate or aggregate network address

allocations, and so on.

[0022] The data stored in the data store 125 includes, for example, network topology data
133, address allocations 138, address sllocation history 139, device type data 142, device usage
data 145, customer data 148, and potentially other data. The network topology data 133 may
include information regarding the physical and logical network topology of the hosted computing
snvironment 103. Such information may include data regarding racks 112 or other network
subdivisions, computing devices 118 in the racks 112, routers 121, aggregation routers 115, and
s0 on. The address allocations 136 describe the blocks of network addresses which have been
assigned to aggregation routers 115, routers 121, computing devices 118, machine instances
124, and/or other components of the hosted computing environment 103, As a non-iimiting
example, an address aliocation 136 may indicate that the addresses in the block "10.1.2.0/27"

have been assigned to a particular router 121 associated with a rack 112.

[0023] The address allocation history 139 may indicate a history of address allocations 136
that have been made to patticular components in the hosted computing envirenment 103, As a
non-iimiting exampie, the address allocation history 138 may indicate that a router 121 fora
particular rack 112 had been assigned five /27" address blocks, with one block being assigned
every week. Thus, from the address allocation history 139, historical demand and velocity for

address allocations may be determined.

[0024] The device type data 142 indicates characteristics of various computing devices

118 and machine instances 124. For exampie, a computing device 118 of a particular device
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type may be capable of accommodating five large-type machine instances 124, ten medium-type
machine instances 124, or twenty smali-iype machine instances 124. The device usage data
145 may indicate current configurations and network address utilization for the various computing

devices 118.

[0025] For example, the device usage data 145 may indicate that a current computing
device 118 is partitioned into three large-type machine instances 124, where two of the machine
instances 124 are using two network addresses and one of the machine instances 124 is using
five network addresses. The device usage data 145 may aiso include network address usage
history and velocity for previous and existing machine instances 124. Such data may be
correlated with customer data 148 to determine network addrass and instance uiilization for

particular customers in the hosted computing environment 103,

[0028] Referring next to FIG. 2, shown is one example of a hosted computing environment
103 according to various embodiments. The hosted computing environment 103 includes a
plurality of computing devices 203a, 203b ... 203n, a plurality of computing devices 208a, 206b
... 206n, and a data store 208. Such components of the hosted computing environment 103 may
be in data communication with each ofher and/or external computing devices by way of a
network 108 (FIG, 1). Such computing devices 203 and 206 may be located in a single
instailation or may be dispersed among many different geographical locafions.

[0027] The computing devices 203 and 206 correspond to the computing devices 118
(FIG. 1). The compuiing devices 203 and 208 may correspond 1o differing hardware platforms in
various embodiments. Accordingly, the computing devices 203 and 206 may have differing
hardware configurations of resources, for example, of central processing units {(CPUs) that
provide general-purpose processing resources, graphics processing units (GPUs) that provide
graphics processing resources, system memory, data storage characteristics such as capaciy,
storage bandwidth, and storage inputfoutput operations per second {{OFS), network bandwidih,
and/or other hardware characteristics.  In one embodiment, all computing devices 203a, 203b ...
203n may have a first hardware configuration, while all computing devices 206a, 206b ... 206n

may have a second hardware configuration,

[0028] For example, the computing devices 203 may have a certain ratio of a first type of

resousce to a second type of resource, while the computing devices 206 may have a different
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ratio of the first type of resource to the second type of resource. In a specific example, the
computing devices 203 may have a relatively high amount of memory, while the computing
devices 208 may have a relafively high amount of CPU resources. In another specific example,
the computing devices 203 may have a relatively high amount of CPU resources, while the
computing devices 206 may have a relatively high amount of GPU resources. Although only two
sets of computing devices 203 and 208 are shown, it is understood that there may b any

number of sets of computing devices 203 and 206 having different hardware configurations.

[0029] As anon-limiting example, & customer who is planning to run a data store that will
respond to a high volume of queries for small quantities of data may prefer fo have a computing
device 203, 208 with relatively high storage IOPS capability over storage bandwidth. By
contrast, a customer who Is planning to run a data backup archive may prefer to have a
computing device 203, 206 with retatively high storage bandwidth capability over storage IOFS.
The data backup archive may not respond to many requests, but when a request is received, a

large quantity of bandwidth may be preferred to transfer data from the data backup archive.

[0030F Each computing device 203, 206 may execute one or more machine instances (Mi).
A machine instance may correspond {¢ an actual machine or to a virtual machine. A viduai
machine instance is a virtualized computer system, or a software implementation of a phystcal
computing system, Virtual machines may provide for multiple andfor different operating system
envirenments o run concurrently on a single system having a processor circuit and a memory.
As a non-limiting example, multiple instarces of a Linu® operating system environment may
execute concurrently with multiple instances of a Microsoft® Windows® operating system
environment on & single system. Each machine instance may be controlled by different
customers, who may have administrative access only to their own instance(s) and no access to
the instances of other custamers. Multiple machins instances may in fact execute concurrently
on & computer system including parallel processors, although multiple instances may appear o
execute concurrently on a multithreaded computer system with fewer processors than instances.

[0031] Different types of machine instances may be available. In the example of FIG. 2,
computing devices 203 may support three types of machine instances: Ml large 212, M1 medium
215, and Ml small 218, each of which may be associated with differing resource configurations.

As a non-limiting example, each M| large 212 instance may have four CPU-sguivalent units, 15
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GB of system memory, and 1,000 GB of data storage. Each Mi medium 215 instance may have
two CPU-equivalent units, 10 GB of system memory, and 800 GB of data storage. Also, each Ml
smail 218 instance may have one CPU-gquivalent unit, 5 GB of system memory, and 250 GB of
data storage. In the example of FIG. 2, computing devices 206 may also support three types of
machine instances, namely, Mi large 221, Mi madium 224, and M! small 227, M large 221, Ml
medilim 224, and Ml small 227 may have the same respective configurations as Mi large 212, M|
medium 215, and Ml small 218 or may have different configurations as desired. As a non-limiting
example, a Ml large 221 instance may have four CPU-equivalent units, 20 GB of system

memory, and 1,000 GB of data storage.

[0032] The example of three types of machine instances for each type of computing device
203, 206 is not intended te be limiting. In various embodiments, there may be more or fewer
types of machine Instances for each type of computing device 203, 206, In one embodiment, a
machine instance may comprise an allocation of an entire computing device 203, 206 with no

virtualization.

[0033] inthe example of FIG. 2, one Mi large 212 instance is executing on computing
device 203a, two M! medium 215a, 215b instances are exacuting on computing device 203b, one
M medium 215¢ instance and two M| small 218a, 218b instances are executing on computing
device 203n, one Ml large 221 instance is executing on computing gevice 208a, three M!
medium 224a, 224b, 224¢ instances are executing on computing device 208b, and che M|
medium 224d instance and four Ml small 227a, 227b, 227¢, 227d instances are executing on
computing device 208n. Each machine instance may be associated with a custormer, though any

customer may be associated with any number of machine instances.

[0034] in various embodiments, a customer may be capable of launching new machine
instances and/or terminating machine instances dynamically. Thus, the hosted computing
environment 103 may provide elastic computing capability o the customer that can vary over
fime. As a non-limiting example, a customer hosting an infrequently visited network site on a
machine instance may suddenly get an influx of network page hits when the network site is
mentioned on television or linked on a popular network site. The increase in network site traffic
may overwhetm the computing capability of the machine instance, leading to poor network site

performance and availability. To cope with the network site traffic, the customer may launch new
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magchine instances and/or fransition to a machine instance with more resources and betfer
performance. The cusfomer may also configure additional or fewer network addresses for the
particular machine instances as needed. The operator of the hosted computing environment 103
may need fo ensure that spare computing capability is availabie in the hosted computing
environtment 103 to accommodate such new machine instancaes. At the same fime, {oo much
spare computing capability may be costly and rescurce inefficient.

[0038] various applications and/or other functionality may be executed in the machine
instances and in the computing devices 203, 206 according to various embodiments. Also,
various data is stored in a data store 209 that is accessible to the compuiing devices 203, 206.
The data store 208 may be representative of 2 plurality of data stores 209 as can be appreciated.
The data stored in the daia store 208 includes, for example, machine image data 230, customer

data 233, and polentially other data.

f0036] Machine image data 230 may include data used to launch a machine instance.
Machine image data 230 may include one or more disk images of an operating system
environment. Some of the disk images may be preconfigured for use by any customer or subset
of customers, while others may be customized for a particular customer or subset of customers.

in one embodiment, one disk image may be loaded by multiple machine instances.

[0037] The customer data 233 may inciude customer-specific data. |n one embodiment, alf
custemer configuration data for a machine instance is stored in customer dats 233. in this way,
such daia may be easlly shared among many machine instances. As a non-limiting exampie, the
customer data 233 may include network pages to be served up by ona or more network page
servers executing on machine instances associated with a customer. However, it is understood
that in some embodiments customer-specific data may be stored within local data storage
associated with a machine instance,

[0038] Retuming now to FIG. 1, a general description of the operation of the various
componenis of the networked environment 100 is provided. To begin, an aggregation router 115
may be given an initial alocation of network addresses for the network 108, A rack 112 or cther
subdivision may be configured for the hosted computing environment 103 behind the aggregation

router 115, Muliiple other routers and networking hardware may be interposed between the rack
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112 and the aggregation router 115 in various embodiments. In some embodiments, the router

121 in the rack 112 may be coupled o the network 109 without an aggregation router 115.

[0039] The rack 112 may be initially configured with a set of computing devices 118, In
some cases, ane or more of the computing devices 118 may be initially configured to host one or
more machine instances 124, In some cases, one or more of the computing devices 118 may
have no initial configuration into machine instances 124. All of the physical spaces within the
rack 112 may be inifially occupied, or physical spaces within the rack 112 may be available. The
address aliccation service 127 assigns network address allocations to the rack 112 based at
least in part on a defauit assignment configuration, the device types for each of the computing
devices 118 in the rack 112, historical assignment velocity or address usage velocity for the
types of the computing devices 118, historical assignment velocity or address usage velocity for

the customer(s} associated with the computing devices 118, andfor other factors.

[0040] As anon-limiting example, a rack 112 may be initially configured with 20 computing
devices 118 of a certain device type. [n response to the number of computing devices 118, the
type of the computing devices 118, and/or other data, the address aliocation service 127 may
decide to assign the rack 112 a /27" block of 32 addresses. Tc this end, the address allocation
service 127 may auvtomatically configure the router 121 to adveriise this particular biock of
addresses, thereby implementing the allocation. The address allocation service 127 may select
the particular block of addresses from within a larger block of addresses (e.g., a “122" or other

block} that has been allocated to the corresponding aggregation router 115.

[0041] Continuing with the non-limiting example, it may be that each of the 20 computing
devices 118 is initially configured to use a single corresponding address from the “/27" biock.
Various addresses in the block may be reserved as a network number, gateway address,
broadcast address, and so on. As the rack 112 is reconfigured, address utilization may rise.
Additional computing devices 118 may be added to the rack 112, addifional machine instances
124 may be added o the computing devices 118, customers may request additional network
addresses for their machine instances 124 or computing devices 118, and/or other
reconfigurations may take place. The network monitor service 130 may monitor the network
topology, address allocations, device usage including address utilization, and/or other

information regarding the hosted computing environment 103. Data associated with and
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indicating the reconfiguration may be stored in the network fopology data 133, the address

allocation history 139, the davice type data 142, the device usage data 145, efc. Such data
indicating a reconfiguration may be provided directly to the address aliocation service 127 in
some embodiments. Thresholds may be established to ensure that address aliocations are

performed in advance of address exhaustion,

[0042] For example, the address allocation service 127 may obtain data that indicates that
a reconfiguration of the rack 112 has resulted in an increased guantity of machine instances 124.
Consequently, the address allocation service 127 may decide to assign another “/27" block of
network addresses to the particular rack 112, The block of network addresses in some cases
may be selected as a subset of the addresses allocated fo the aggregation rauter 115. Upon
assighment, the address allocation service 127 may automatically reconfigure the router 121 to

implement the additional address allocation.

[0043] The address allocation service 127 may be configured to prefer contiguous
allocations, if available. In some cases, based at least in part on address allocation history 139,
customer data 148, and/or other factors, the address allocation service 127 may initially reserve
unassigned address allocations which are contiguous to an assignment, where the reservation is
for pessible future use. If demand in other racks 112 leads {o additional assignments, such
reserved aliocations may be assighed {o other racks if needed. Thus, non-contiguous

assignments may be necessary.

[0044] I contiguous aliocation assignments are made, the address aliocation service 127
may be configured to consolidate assignments. For example, if two /27" networks are
contiguously allocated, the address allocation service 127 may be configured to roll up the two
“f27" allocations into one “/28" allocation. Likewise, if four /27" networks are contiguously
allocated, the address aflocation service 127 may be configured o roll up the four “/27”
aliocations into one "/25” allocation. In one embodiment, by combining contiguous aliocations,
additional addresses that were previously reserved addresses for the smaller allocations (8.g.,
network number, broadcast address, efc.) may become assignable to computing devicas 118.
By performing this route aggregation or summarization, the routing demands on the routers 121

and aggregation routers 115 may be reduced.
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[0045] Inone embodiment, a router 121 {or aggregation router 115) may be configured to
adveriise routes that are not assigned to computing devices 118 for purposes of aggregation.
For example, three configuous address allocations 136 for /27" blocks may be assigned to a
particular rack 112. The address alipcations 136 may be aggregated into a single */25" block in
spite of including one unassigned /27" block within the */25" block in order to simplify routing
advertisements. The unassigned */27" block may be reserved for future use by the rack 112 or

may be split off later for use by another rack 112 depending on demand.

[0046] While some reconfigurations in racks 112 may lead to greater address utilization,
other reconfigurations may lead to reduced address utilizafion. For example, a rack 112 that was
previously assigned an addresé allocation 138 of & /22" block may now only be using 400
addresses, which could fit within a */23" block. Such reduced utilization may occur when fewer
machine instances 124 are being hosted on gaining computing devices 118 that have become
relatively underpowered. Consequently, the address allocation service 127 may release another
/23" block from the original “/22" aliocation. Thresholds may be used to provide hysteresis.
Hysteresis may be desirable to avoid releasing an aliocation that couid be used within a short
while. For example, address utilization might temporarily dip below 512 for & */22" block, but a

123" might not be released until address utilization Is below 450.

[0047] Insome cases, addresses within the block te be released may already be in use. In
such cases, the address utilization service 127 may be configured fo initiate a transition of
computing devices 118 away from addresses in the block fo be released {o addresses in the
biock to be retained. In some embodiments, moving computing devices 118 from one address to
ancther may be undesirable and may result refraining from releasing portions of the address
allocation 136. For example, although only 400 addrasses in a /22" block might be used, due to
existing address ulilization, the address allocation service 127 might only release a /24" block.
The address allocation service 127 may be configured with thresholds to prevent breaking up

address allocations 136 into numerous small blocks to avoid problematic routing table overhead.

[G048] The examples discussed above may be extended to address aliocations 136
assigned to aggregation routers 1185 as well. The portion of the hosted computing environment
103 that is behind an aggregation router 115 may be considered a subdivision of the network

109. To this end, blocks of network addresses may be allocated to an aggregation router 115
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based at least in part on predicted or actual demand, e.g., the racks 112, the computing devices
118, the machine instances 124, efc. that are serviced by the aggregation router 115. Actual or
predicted for network addresses may increase or decrease over fime, thereby resulting in
additional address allocations 136 being assigned or in existing address allocations 136 being

released for reassignment.

J0049] Referring next to FIG. 3, shown is a flowchart that provides one example of the
operation of a portion of the address allocation service 127 according to various embodiments, |t
is understood that the flowchart of FIG. 3 provides merely an example of the many different types
of functional arrangements that may be employed to implement the aperation of the portion of the
address allocation service 127 as described herein. As an alternative, the flowchart of FIG. 3
may be viewed as depicling an example of steps of 2 methed implemented in the computing

environment 106 (FIG. 1) according to one or more embodiments.

[0050] Beginning with box 303, the address aliocation service 127 determines an initial
configuration of a subdivision of a netwerk 109 (FIG. 1). The subdivision may correspond to a
rack 112 (FIG. 1), the portion of a hosted computing environment 103 (FIG. 1) that is behind a
given aggregation router 115 (FIG. 1), or another subdivision. To this end, the address aficcation
service 127 may refer to data gathered by the network menitoring service 130 (FIG. 1} 1o
determine the topology of the network 108, the computing devices 118 (FIG. 1) and their device
types, the machine instances 124 (FIG. 1) that have heen configured, the customers assaciated

with the machine instances 124, and so on,

[0051]  in box 306, the address allocation service 127 assigns a first address allocation 136
{FIG. 1) to the subdivision based at least in part on the initial configuration. For exampie, the
address aliocation 136 may be determined based af teast in part on the respective device type
for each of the computing devices 118, the projacted demand for network addresses, and/or
other factors. In box 309, the address allocation service 127 configures the router 121 (FIG, 1)
(or aggregation router 115, as the case may be) to implemanti the first address allocation 138.

[0052] Inbox 312, the address allocation service 127 obtains data, e.g., from the network
monitor service 130, that indicates a reconfiguration of the computing devices 118 in the
subdivision. For exampie, additional computing devices 118 may be added, computing devices

118 may be replaced with more powerful computing devices 118, computing devices 118 may be
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reconfigured with more machine instances 124, computing devices 118 may be reconfigured for
customers who tend to use many network addresses, and so on. in the case of FIG, 3, the
reconfiguration indicates an increase in actual or predicted address utiiization. In box 315, the
address allocation service 127 assigns a second address allocation 136 to the subdivision based
at least in part on the reconfiguration. The second address aliccation 136 may be selected, for
example, based on contiguity with the first address allocation 136. For example, *10.1.0.0/24" is
contiguous with “10.1.1.0/24." Contiguity may depend on the ability of the address allocations
136 to fit within a particular subnet mask. The size of the second address allocation 136 may be

determined, for exampie, based on a velocity of address assignment, allocation, or utilization,

100531 In box 318, the address allocation service 127 determines whether to aggregate the
first and second address allocations 136. For example, “19.1.0.0/24" may be aggregated with
“10.1.1.0/24" to produce “10.1.1.6/23." In some embodiments, non-centiguous address
alfocations 136 may be aggregated. If the address allocation service 127 determines not to
aggregate the first and second address allocations 136, the address allocation service 127
moves fo bex 321 and configures the router 121 (or aggregation router 115, as the case may be)
to advertise the second address allocation 136 as a separate route. The address allocation

service 127 then continues o box 324.

[0054] 1if, instead, the address allocation service 127 determines that the first and second
address allocations 136 are to be aggregated, the address aliccation service 127 continues from
box 318 to box 327 and combines the first address allocation 138 with the second address
allocation 136, in box 330, the address allocation service 127 configures the router 121 {or
aggregation router 115, as the case may be) fo advertise the combined address allocation 136,
The address allocation service 127 then proceeds o box 324,

[0058]  In box 324, the address allocation service 127 determines whether another
reconfiguration has occurred. If another reconfiguration has cccurred, the address allocation
sefvice 127 returns fo box 312 and obtains data that indicates the reconfiguration. If another
reconfiguration has neot occurred, the portion of the address aliocation service 127 ends.

[0056] Turning now to FIG. 4, shown is a flowchart that provides one exampie of the
operation of ancther portion of the address aliocation service 127 according to varicus

embodiments. It is understood that the flowchart of FIG. 4 provides merely an example of the
15
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many different types of functional arrangements that may be employed to implement the
operation of the portion of the address allocation setvice 127 as described herein. As an
alternative, the flowchart of FIG. 4 may be vieweéd as depicting an example of steps of a method
implemented in the computing enviranment 108 {FIG. 1) according to one or more embodimeants,
[0057] Beginning with box 403, the address allocation service 127 (FIG. 1) obtains data,
€.g., from the network monitor service 130 {FIG. 1}, that indicates a reconfiguration of the
computing devices 118 {FIG. 1) in a subdivision of a network 109 (FIG. 1) {e.g., rack 112 (FIG.
1), a portion of a hosted computing environment 103 {FIG. 1) behind an aggregation router 115
(FIG. 1}, efc.). For example, computing devices 118 may be removed, computing devices 118
may be reconfigured with fewer machine instances 124, computing devices 118 may be
reconfigured for customers who tend to use fewer network addresses, and so on. inthe case of

FIG, 4, the reconfiguration indicates a reduction in actual or predicted address utilization.

[00568] In box 408, the address allocation service 127 determines whether the address
utilization for the subdivision is below a threshoid. if not, the address allccation service 127
proceeds to box 409 and no releasing of address allocations 136 (FIG. 1) ocours. If so, the
address allocation service 127 continues from box 408 to box 412 and determines whether at
least a portion of the address allocation 138 for the subdivision is releasable. For example, the
address allocation 136 may be populated with addresses which are currently in use and cannot
be moved, thus making the address allocation 136 potentially non-reieasabie. [f the address

allocation 136 Is not releasable, the address allocation service 127 continues to box 408.

[0089]  If the address allocation 136 is releasable, the address allocation service 127
transitfons from box 412 to box 415 and determines whether o move active address
assignments. If not, the address allocation service 127 continues to box 418. I, instead, active
address assignments are to be moved, the address allocation service 127 continues from bey
415 to box 421 and migrates active address assignments away from a releagable subset of the
address afiocation 136, This may invoive automatic reconfiguration of the computing devices
118 that are involved, notifying the customers associated with the computing devices 118, efo.

{0060] inbox 418, the address allocation service 127 releases the subset of the address
allocation 136. In box 424, the address allocation service 127 reconfigures the router 121 (or

aggregation router 115, as the case may be) to advertise the non-released subset of the address
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alocation 138. As a nan-limiting example, wheare the address allocation 138 was “10.1.1.0/23,”
address assignments may be migrated away from *10.1.1.0/24" and "10.1.1.0/24" may be
released. The route to *10.1.0.0/24" may subsequently be advertised. If the released subset of
the address allocation 136 is not aggregated with another subset, then it may be the case that no

new route is advertised as a result. The address allocation service 127 proceeds to box 409,

[0061]  in box 409, the address allocation service 127 determines whether another
reconfiguration has occurred. |f another reconfiguration has occurred, the address allocation
service 127 retums fo box 403 and obtains data that indicates the reconfiguration. If another

reconfiguration has not occurred, the portion of the address allocation service 127 ends.

[0062]  with reference to FIG. 5, shown is a schematic black diagram of the computing
environment 108 according to an embodiment of the present disclosure. The computing
environment 108 includes ore or more computing devices 500. Each computing device 500
includes at least one processor cireuit, for example, having a processor 503 and a memory 508,
both of which are coupled to a focal interface 509. To this end, each computing device 500 may
comprise, for example, at least one server computer or like device. The iocal interface 508 may
comprise, for example, a data bus with an accompanying address/coniro! bus or other bus

structure as can be appreciated.

[0063] Stored in the memory 506 are both data and several components that are
executable by the processor 503. In particular, stored in the memory 506 and executable by the
processor 503 are the address allocation service 127, the network monitor service 130, and
potentially other applications. Alsc stored in the memory 506 may be a data store 125 and other
data. In addition, an operating system may be stored in the memory 508 and executable by the

processor 503,

[0064] i is understood that there may be other applications that are stored in the memory
506 and are executable by the processor 503 as can be appreciated. Where any component
discussed herein is implemented in the form of software, any one of a aumber of programming
languages may be employed such as, for example, C, C++, C#, Objective C, Java®, JavaScript®,
Perl, PHP, Visual Basic®, Python®, Ruby, Fiash®, or other programming langusages.

[0068] A number of software components are stored in the mermory 506 and are

executable by the processor 503. In this respect, the term "executable” means a program file
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that is in a form that can ultimately be run by the processor 503. Examples of executable
programs may be, for example, a compiied prograrm that can be franslated into machine code in
a format that can be loaded into a random access porfion of the memory 506 and run by the
processor 503, source code that may be expressed in proper format such as object code that is
capable of being loaded intc a random access portion of the memory 506 and executed by the
processor 503, or source code that may be interpreted by ancther executable program to
generate insiructions in a random aceess poriion of the memory 506 to be executed by the
processor 503, efc. An executsbie program may be stored in any portion or component of the
memory 506 including, for example, random access memory (RAM), read-onty memory (ROM),
hard drive, solid-state drive, USB fiash drive, memory card, optical disc such as compact disc

(CD} or digital versatile disc (DVD), floppy disk, magnetic tape, or other memory compenents,

[00668] The memory 506 is defined herein as Including both volatile and nonvolatiie
memory and data storage components. Volatile components are those that do not retain data
values upon loss of power. Nonvoiatile components are those that retain data upon a foss of
power. Thus, the memory 508 may comprise, for example, random access memory (RAM),
read-only memory {ROWM), hard disk drives, solid-state drives, USB flash drives, memory cards
accessed via a memory card reader, floppy disks accessed via an associated floppy disk drive,
optical dises accessed via an optical disc drive, magnetic tapes accessed via an appropriate tape
drive, and/or other memory componenis, or a combination of any two or more of these memory
components. |n addition, the RAM may comprise, for example, static random access memory
(SRAM), dynamic random aceess memory (DRAM), or magnetic random access memory
(MRAM) and other such devices. The ROM may comprise, for example, a programmable read-
ohily memory (FROM), an erasable programmabie read-only memory (EPROM), an electrically

erasable programmable read-only memory (EEFROM]), or other like memory device.

[0087] Aiso, the processor 503 may represent multiple processors 503 andfor muitiple
processor cores and the memory 506 may represent muliiple memories 506 that operate in
parallel processing circults, respectively. |n such a case, the local inferface 509 may be an
appropriate network that facilitates communication between any two of the muitiple processors
503, hetween any processor 503 and any of the memories 506, or between any two of the

memories 508, efc. The local interface 509 may comprise additional systems designed to
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cocrdinate this communication, including, for example, performing foad balancing, The

processor 503 may be of electrical or of some other available construction.

[0068] Avhough the address aliocation service 127, the network monitor service 130, and
other various systems described herein may be embodied in software or code executed by
general purpose hardware as discussed above, as an alternative the same may also be
embodied in dedicated hardware or a combination of software/general purpose hardware and
dedicated hardware. [f embodied in dedicated hardware, each can be implemented as a circuit
or state machine that employs any one of or a combination of a number of tachnologies, Thess
technologies may include, but are not limited to, discrete logic circuits having logic gates for
implementing various logic functions upon an application of one or more data signats, application
specific integrated circuits (ASICs) having appropriate logic gates, field-programmable gate
arrays (FPGAs), or other components, efc. Such technologies are generally well known by those

skilled in the art and, consequently, are not described in detall herein,

[0068] The flowcharts of FIGS. 3 and 4 show the functionality and operation of an
implementation of portions of the address allocation service 127. If embodied in softiware, each
block may represent a module, segment, or portion of code that comprises program instructions
to implement the specified logical function(s). The program instructions may be embodied in the
form of source code that comprises human-readable statements written in a programming
language or machine code that comprises numerical instructions recognizable by a suitable
execution system such as a processor 503 in & computer system or other system. The machine
code may be converted from the source code, efc. i embodied in hardware, each block may
represent a circuit or a number of interconnected circuits to implement the specified logical
function(s).

{00707 Although the flowcharts of FIGS. 3 and 4 show a specific order of execution, it is
understood that the order of execution rmay differ from that which is depicted. For example, the
order of execution of two or more biocks may be scrambled relative to the order shown. Also,
two or more blocks shown in succession in FIGS. 3 and 4 may be executed concurrently or with
partial concurrence. Further, in some embodiments, one or more of the blocks shown in FIGS, 3
and 4 may be skipped of omitted. in addition, any number of counters, state varigbles, warning

semaphores, or messages might be added to the logical flow described herein, for purposes of
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enhanced ufility, accounting, performance measurement, or providing troubleshooting aids, efc.

It is understood that all such variations are within the scope of the present disclosure.

[G071] Also, any logic or application described herein, including the address allocation
sarvice 127 and the network monitor service 130, that comprises software or code can be
embodied in any non-transitory computer-readable medium for use by or in connection with an
instruction execution system such as, for example, a processor 503 in a compuier system or
cther system. Inthis sense, the logic may comprise, for example, statements including
instructions and declarations that can be fetched from the computer-readable medium and
executed by the instruction execution system. In the context of the present disclosure, a
"somputer-readable medium” can be any medium that can contain, store, or maintain the logic or
application described herein for use by or in connection with the instruction execution system.

{0072] Various embodiments of the disclosure can be described in view of the following
clauses:

1. A non-transitory computer-readable medium embodying a program executable in

at least one computing device, comprising:

code that initially assigns a first network address allocation to a subdivision of a
network including a plurality of compuiing devices based at least in part on a respective
computing device type for each of the computing devices,

code that configures a router for the subdivision to implement the first network
address allocation,

code that obtain data indicating a reconfiguration of the computing devices to
host an increased quantity of machine instances;

code that subsequently assigns a second network address allocation to the
subdivision of the network based at least in part on the reconfiguration of the computing devices;

code that reconfigures the router for the subdivision to implement the second
network address allocation:

code that obtains data indicating a subsequent reconfiguration of tha computing
devices included in the subdivision to host a reduced quantity of machine instances;

code that releases a third network address allocation assigned to the subdivision

based at least in part on the subsequent recanfiguration of the computing devices; and
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code that reconfigures the router for the subdivision to exclude advertising of the

third network address ailccation.

2. The non-transitory computer-readabie medium of clause 1, further comprising
code that reconfigures one of the computing devices to use a different network address in

response to the third network address allocation being released.

3. The non-transitory computer-readable medium of clause 1, wherein the third
network address allocation is a subset of the first network address allocation or the second

network address allocation.

4. A system, comprising:
at least one computing device; and
an address ailocation service execuiable by the at ieast one computing device,
the address allocation service being configured fo:
initially assign a first network address allocation to a subdivision of a
network, the subdivision inciuding a plurality of computing devices;
configure a router for the subdivision to implement the first network
address allocation;
obtain data indicating a reconfiguration of the computing devices,
subsequently assign a second network address allocation to the
subdivision of the network based at least in part on the reconfiguration of the computing
devices; and
reconfigure the router for the subdivision to implement the second

network address allocation.

5, The system of clause 4, wherein the computing devices include a plurality of

machine instances which empioy a variable quantity of network addresses.
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8. The system of clause 4, wherein the second network address allocation is
subseguently assigned based at least in part on an increased quantity of machine instances

hosted by the computing devices pursuant to the reconfiguration of the computing devices.

7. The system of clause 4, wherein the second network address allocation is
subsequently assigned based at least in part on a netwerk address assignment velocity

associated with the computing devices.

8. The system of clause 4, wherein the first network address aliocation is based at

least in part on a respactive computing device type for each of the computing devices.

g, The system of clause 8, wharein the address allocation setvice is further
configured to:
pradict a guantity of machine instances for at ieast one of the computing devices
based at least in part on the respective computing device type; and
wherein the first network address allocation is based at least in part on the

quantity of machine instances that is predicted.

10, The system of clause 4, wherein the subdivision corresponds to a rack, and the

router corresponds {0 a rack-associated router,

11, The system of clause 4, wherein the second network address allocation is
selected based at least in part on contiguity of the second nefwork address allocation with the

first nefwork address allocation.
12. The system of clause 4, wherein the first network address allocation and the

second network address allocation are assigned fo the subdivision in response to the second .

network address sllocation being implemented.
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13. The system of clause 12, wherein the first network address allocation and the

second network address allocation are contiguous.

14, The system of clause 12, wherein the first network address allocation and the

second network address allocation are non-contiguous.

15. The system of clause 14, wherein, in response to the second network address
allocation being implemented, the router is configured fo advertise a contiguous network address
allocation that includes the first network address allocation, the second nefwork address
allocafion, and a third network address aliocation that is contiguous 1o the first network address

allocation and the second network address allocation and is unassigned o the subdivision.

16. The system of clause 4, wherein the first network address allocation is no longer
assigned to the subdivision in response to the second netwerk address allocation being

implemented.

17, The system of clause 4, wherein the second network address allocation includes

the first network address aliocation.

18. A method, comprising:

obtaining, by af least one computing device, data indicating a reconfiguration of
at least one of a plurality of computing devices included in a subdivision of a network, the
subdivision being assigned a network address allocation;

determining, by the at least one computing device, whether o release an
assignment of a first subsel of the network address allocation based at least in part on the
reconfiguration of the at least one of the computing devicas;

refeasing, by the at least one computing device, the assignment of the first

subset of the network address allocation in response to the determining; and
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reconfiguring, by the at least one computing device, a router for the subdivision
o advertise a second subset of the network address allocation instead of the network address

aliocation.

19, The method of clause 18, wherein the reconfiguration corresponds to a reduction

in a guantity of machine instances hosted by the at least one of the computing devices.

20. The method of clause 19, further comprising determining, by the at least one
computing device, whather the quantity of machine instances meets a threshold for releasing the

first subset of the network address allocation,

21. The method of clause 18, further comprising automatically reconfiguring, by the
at ieast one computing device, one of the computing devices in the subdivision to use a first
network address In the first subset of the network address allocation instead of a second network
address in the second subset of the nefwork address allocation before automatically

reconfiguring the router.

22, The method of clause 18, wherein the first subset of the network address

allocation and the sscond subset of the network address allocation are contiguous.

23. The method of clause 18, wherein the first subset of the network address

allocation and the second subset of the network address allocation are not configuous.
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24, The method of clause 18, further comprising the steps of:

obtaining, in the at least one computing device, data indicating a subsequent
reconfiguration of at least one of the computing devices inciuded in the subdivision;

assigning, in the at ieast one computing device, ancther network address
allocation to the subdivision based atleast in part on the subseguent reconfiguration of the at
least one of the computing devices; and
automatically reconfiguring, in the at least one computing device, the router for the subdivision to
advertise the other network address aflocation in addition to the second subset of the network
address allocation.

[0073] The computer—readabie medium can comprise any ohe of many physical media
suich as, for example, magnstic, optical, or semiconductor media. More specific examples of a
suitable computer-readable medium would include, but are not limited o, magnetic tapes,
magnetic floppy diskettes, magnetic hard drives, memory cards, solid-state drives, USB flash
drives, or opticat discs. Also, the computer-readable medium may be a random access memory
(RAM) including, for example, static random access memory {(SRAM) and dynamic random
access memery (DRAM), or magnetic random access memory {(MRAM). in addition, the
computer-readable medium may be a read-only memory (ROM), a programmable read-only
memory (PROM), an erasable programmable read-only memory (EPROM), an electrically
grasable prograrmmable read-only memory (EEPROMS}, or other type of memory device,

[GO74] it should be emphasized that the above-described embodiments of the present
disclosure are merely possible examples of implementations set forth for a clear understanding
of the principles of the disclosure. Many variations and modifications may be made to the above-
described embodiment(s) without departing substantially from the spirit and principles of the
disclosure. All such modifications and variations are intended tc be included herein within the

scope of this disclesure and protected by the following claims.
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CLAIMS
Therefore, the following is claimed:
1. A sysiem, comprising:
at least one computing device; and
an address aliocation service executable by the at least one computing device,
the address allocation service being configured to:
initially assign a first network address allocation to a subdivision of a
network, the subdivision including a plurality of computing devices;
configure a router for the subdivision to implement the first network
address afiocation;
obtain data indicating a reconfiguration of the piurality of computing
devices, wherein the reconfiguration changes a quantity of virtualized machine instances
hosted by the plurality of computing devices;
dynamically assign a second network address allocation to the
subdivision of the network based at least in part on the reconfiguration of the plurality of
computing devices; and
reconfigure the router for the subdivision to implement the second

network address allocation.
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2. The system of claim 1, wherein the second network address allocation is
dynamically assigned based at igast in part on an increased quantity of virtualized machine
instances hosted by the plurality of computing devices pursuant to the reconfiguration of the
plurality of computing devices.

3. The system of claim 1, wherein the second netwark address altocation is
dynamically assigned based at least in part on a network address assignment vetocity associated

with the plurality of computing devices.

4, The system of claim 1, wherein the first network address allocation is based at
least in part on a respective computing device type for individual ones of the plurality of

computing devices.

5. The system of claim 1, wherein the address allocation service is further
configured to:
predict the quantity of virtualized machine instances for at least one of the
piurality of computing devices based at least in part on the respective computing device type;
and
wherein the first network address allocation is based at ieast in part on the

quantity of virtuaiized machine instances that is predicted.

6. The system of claim 1, wherein the subdivision corresponds to a rack, and the

router cotresponds {0 a rack-associated router.

7. The system of claim 1, wherein the second network address allocation is
selected based at least in part on contiguity of the second network address allocation with the

first network address allocation.

8 The system of claim 1, wherein the first network address allocation and the
second network address allocation are assigned to the subdivision in response to the second

network address allocation being implemented.
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9. The system of claim 1, wherein the first network address allocation is no longer
assigned to the subdivision in response to the second network address allocation being

implemented,

10. The system of claim 1, wherein the second network address allocation inciudes

the first network address allocation.

11. The system of ciaim 1, wherein the piurality of computing devices inciude a

plurality of virtualized machine instances which empioy a variable quantity of network addresses.

12. The system of claim 8, wherein the first network address ailocation and the

second network address allocation are contiguous.

13. The system of claim 8, wherein the first network address allocation and the

second network address aillocation are non-contiguous.

14, The system of ciaim 13, wherein, in response to the second network address
altocation being implemented, the router is configured to advertise a contiguous network address
allocation that includes the first network address allocation, the second network address
allocation, and a third network address aliocation that is contiguous to the first network address

allocation and the second network address allocation and is unassigned to the subdivision.

15. A method, comprising:
obtaining, by at least one computing device, data indicating a reconfiguration of
at least one of a plurality of computing devices included in a subdivision of a network, the
subdivision being assigned a network address allocation, wherein the reconfiguration changes a
quantity of virtualized machine instances hosted by the at least one of the plurality of computing

devices;
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determining, by the at least one computing device, whether to release an
assignment of a first subset of the network address aliocation based at least in part on the
reconfiguration of the at ieast one of the plurality of computing devices;

dynamically releasing, by the at least one computing device, the assignment of
the first subset of the network address atlocation in response o the determining; and

reconfiguring, by the at least one computing device, a router for the subdivision
to advertise a second subset of the network address allocation instead of the network address

allocation.

16. The method of claim 15, wherein the reconfiguration corresponds to a reduction
in the guantity of virtualized machine instances hosted by the at least one of the plurality of

computing devices.

17. The method of claim 16, further comprising determining, by the at least one
computing device, whether the quantity of virtuatized machine instances meets a threshold for

releasing the first subset of the network address allocation.

18. The method of claim 15, further comprising automatically reconfiguring, by the at least

one computing device, one of the plurality of computing devices in the subdivision to use a first

network address in the first subset of the network address allocation instead of a second network
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address in the second subsef of the network address allocation before automatically
reconfiguring the router.
19. The method of claim 15, further comprising:

obtaining, in the at least one computing device, data indicating a subsequent
reconfiguration of at least one of the plurality of computing devices included in the subdivision;

assigning, in the at least one computing device, another network address
allocation to the subdivision based ai least in part on the subsequent reconfiguration of the at
least one of the plurality of computing devices; and

automatically reconfiguring, in the at ieast one computing device, the router for
the subdivision to advertise the other network address allocation in addition to the second subset

of the network address allocation.

20. The method of claim 15, wherein the first subset of the network address

allocation and the second subset of the network address allocation are contiguous.

21. The method of claim 15, wherein the first subset of the network address

allocation and the second subset of the network address allocation are not contiguous.

22. A non-transitory computer-readable medium embodying a program executable in
at ieast one computing device, wherein when executed the program causes the at ieast one
computing device o at least:

initially assign a first network address allocation fo a subdivision of a network
including a plurality of computing devices based af least in part on a respective computing device
type for individual ones of the plurality of computing devices;

configure a router for the subdivision to implement the first network address
allocation;

obtain data indicating a reconfiguration of the plurality of computing devices to
host an increased quantity of virtualized machine instances;

dynamically assign a second network address afiocation to the subdivision of the

network based at least in part on the reconfiguration of the plurality of computing devices;
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reconfigure the router for the subdivision to implement the second network
address allocation;

obtain data indicating a subsequent reconfiguration of the plurality of computing
devices included in the subdivision to host a reduced guantity of virtualized machine instances;

release a third network address allocation assigned to the subdivision based at
least in part on the subseguent reconfiguration of the plurality of computing devices; and

reconfigure the router for the subdivision to exclude advertising of the third

network address aliocation.

23. The non-transitory computer-readable medium of claim 22, wherein when
execuied the program further causes the at least one computing device to at least reconfigure
one of the plurality of computing devices to use a different network address in response 1o the

third network address allocation being released.

24, The non-transitory computer-readable medium of claim 22, wherein the third
network address allocation is a subset of the first network address allocation or the second
network address allocation.

25, A system, comprising:

at least one computing device; and
at least one service executable in the at least one computing device, wherein
when execuied the at least one service causes the at least one computing device fo at jeast:
determine that a quantity of virtualized machine instances executed on a
plurality of computing devices has changed,;
dynamically assign an updated network address allgcation to a
subdivision of a network in response to the quantity of virtualized machine instances, the
subdivision including the plurality of computing devices; and
reconfigure a router for the subdivision to impiement the updated

neiwork address allocation.
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26, The system of claim 25, wherein the quantity of virtualized machine instances
has been increased relative to a previous guantity of virtualized machine instances hosted by the

plurality of computing devices.

27. The system of claim 25, wherein the quantity of virtualized machine instances

employ a variable quantity of network addresses.

28. The system of claim 25, wherein, in response to the updated network address
allocation being implemented, the router is configured to advertise a contiguous network address
allocation that includes the updated network address allocation and another network address
allocation that is contiguous to the updated network address allocation and is unassigned to the

subdivision.

29. The system of claim 25, wherein when execuied the at least one service further
causes the at least one computing device to at least:
determine a network address assignment velocity associated with the plurality of
computing devices; and
determine the updated network address allocation based at least in part on the

neiwork address assignment velocity.

30. The system of claim 25, wherein when execuied the at least one service further
causes the at least one computing device to at least:
determine a respective computing device type associated with each of the
plurality of computing devices; and
determine the updated network address allocation based at least in part on the

respective computing device type associated with each of the plurality of computing devices.
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31. The system of claim 25, wherein when executed the at least one service further
causes the at least one computing device to at least determine the updated network address
allocation based at least in part on contiguity of the updated network address allocation with a

previcus neiwork address allpcation.

32. The system of claim 25, wherein the subdivision corresponds to a rack, and the

router corresponds to a rack-associated router.

33. A system, comprising:
at least one compuiing device; and
at least one service executable in the at least one computing device, wherein
when executed the at least one service causes the at least one computing device to at least:
determine that a quantity of virtualized machine instances hosted by a
computing device included in a subdivision of a network has changed, the subdivision
being assigned a network address allocation;
dynamically release an assignment of a first subset of the network
address allocation in response to the quantity of virtualized machine instances; and
reconfigure a router for the subdivision to advertise a second subset of

the network address allocation instead of the network address allocation.

34, The sysiem of ciaim 33, wherein the quantity of virtualized machine instances
has been reduced relative {o a previous quantity of virtualized machine instances hosted by the

computing device.

35. The system of claim 33, wherein when executed the at least one service further
causes the at least one computing device to at least determine that the guantity of virtualized
machine instances meets a threshold for releasing the first subset of the network address

allocation.
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36. The system of claim 33, wherein when executed the at least one service further
causes the at least one computing device to af least reconfigure the computing device in the
subdivision o use a first nefwork address in the second subset of the network address allocation
instead of a second network address in the first subset of the network address allocation before

reconfiguring the router.

37. The system of claim 33, wherein when executed the at least one service further
causes the at least one computing device {o at least:
determine that the quantity of virtualized machine instances has changed again;
assign another network address allocation to the subdivision in response to the
quantity of virtualized machine instances that has changed again; and
reconfigure the router for the subdivision to advertise the other network address

allocation in addition to the second subset of the network address allocation.

38. A method, comprising:
determining, by at ieast one computing device, that a quantity of virtualized
maching instances executed on a plurality of computing devices has changed;
dynamically assigning, by the at least one computing device, an updated
network address allocation to a subdivision of a network in response io the guantity of virfualized
machine instances, the subdivision including the pluratity of computing devices; and
reconfiguring, by the at least one computing device, a router for the subdivision

to implement the updated network address allocation.

39. The method of claim 38, wherein, in response to the updated network address
allocation being implemented, the router is configured to advertise a contigucus netwaork address
allocation that includes the updated network address allocation and another network address
atlocation that is contiguous to the updated network address allocation and is unassigned to the

subdivision.
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40, The method of claim 38, wherein the quantity of virtualized machine instances

employ a variable guantity of network addresses.

41, The method of claim 38, further comprising:
determining, by the at least one computing device, a network address
assignment velocity associated with the piurality of computing devices; and
determining, by the at least one computing device, the updated network address

allocation based at least in part on the network address assignment velocity.

42. The method of claim 38, further comprising:
determining, by the at least one computing device, a respective computing
device type associated with each of the plurality of computing devices; and
determining. by the at least one computing device, the updated network address
allocation based at least in part on the respective compuiing device type associated with each of

the plurality of computing devices,
43, The method of claim 38, further comprising determining, by the at least one
computing device, the updated network address allocation based at least in part on contiguity of

the updaied network address allocation with a previous network address allocation.

44, The method of claim 38, wherein the subdivision corresponds to a rack, and the

router corresponds to a rack-associated router.
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