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ABSTRACT

Improved load balancing techniques are disclosed. For
example, in one illustrative aspect of the invention, a method
of satisfying requests in a system comprised of a plurality of
servers comprises the following steps. At least one load
balancer is provided for routing requests to the plurality of
servers. At the at least one load balancer, a request sent from

Correspondence Address:
Ryan, Mason & Lewis, LLP
90 Forest Avenue

Locust Valley, NY 11560 (US)

a client is obtained. At the at least one load balancer, the

(73) Assignee: International Business Machines Cor
poration, Armonk, NY

request is examined. Costs of satisfying the request by at
least two of the plurality of servers are estimated. The

(21) Appl. No.:

11/094.905

(22) Filed:

Mar. 31, 2005

at least one remote access for satisfying the request. The
request is routed to a server of the plurality of servers with
a low estimated cost of satisfying the request.

estimation is based on at least one of a number and a cost of
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SYSTEMIS AND METHODS FOR
CONTENT AWARE LOAD BALANCNG
FIELD OF THE INVENTION

0001. The present invention generally relates to informa
tion systems and, more particularly, to techniques for con
tent-aware load balancing in Such information systems.
BACKGROUND OF THE INVENTION

0002. In general, an information system is a data pro
cessing system that provides some form of response to a user
upon a user's request. The Internet or World Wide Web
(WWW or the “web’) is easily the most ubiquitous infor
mation system that exists today.
0003 Scalable web sites associated with the Internet
typically comprise one or more load balancers for routing
requests to a plurality of servers. The techniques used for
load balancing the requests can have a significant effect on
performance of the overall system. If requests are routed in
a content-aware fashion, then the load balancer is aware of

the contents of a request and can make more intelligent
routing decisions.
0004 One of the drawbacks to content-aware routing
compared with content-unaware routing is that content
aware routing usually incurs significantly more overhead.
Therefore, the benefits for performing content-aware routing
must be significant enough to justify the higher overhead.
0005 Content-aware routing techniques have been pro
posed, for example, as described in V. Pai et al., “Locality
Aware Request Distribution in Cluster-Based Network Serv
ers.” Proceedings of ASPLOS-VIII, October 1998, the
disclosure of which is incorporated by reference herein.
However, the content-aware routing disclosed in the above
referenced work is primarily intended for static requests and
thus uses techniques for selecting servers which are not
always well Suited for dynamic requests. Techniques
described in C. S. Yang et al., “Efficient Support for Content
Based Routing in Web Server Clusters.” Proceedings of the
2nd USENIX/IEEE Symposium on Internet Technologies
and Systems (USITS 99), the disclosure of which is incor
porated by reference herein, provide content-aware routing
only for static content. Thus, existing work in content-aware
routing is not sufficient to handle the data partitioning
problems which occur in major deployments.
0006. Accordingly, a need exists for techniques which
overcome the above-mentioned and other limitations asso

ciated with existing content-aware routing techniques.
SUMMARY OF THE INVENTION

0007. The present invention provides improved load bal
ancing techniques.
0008 For example, in a first aspect of the invention, a
method of satisfying requests in a system comprised of a
plurality of servers comprises the following steps. At least
one load balancer is provided for routing requests to the
plurality of servers. At the at least one load balancer, a
request sent from a client is obtained. At the at least one load
balancer, the request is examined. Costs of satisfying the
request by at least two of the plurality of servers are
estimated. The estimation is based on at least one of a
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number and a cost of at least one remote access for satisfying
the request. The request is routed to a server of the plurality
of servers with a low estimated cost of satisfying the request.
0009. The step of routing may be accomplished by clas
Sifying a request into a partition and routing the request to
a server hosting the partition. In the step of providing at least
one load balancer, the at least one load balancer may
comprise at least one content-unaware load balancer routing
requests to a plurality of content-aware load balancers.
Further, in the step of providing at least one load balancer,
at least one of the plurality of content-aware load balancers
may reside on at least one of the plurality of servers.
0010. The step of estimating costs may further comprise
the steps of examining at least one parameter included in the
request and using information about how data are partitioned
among the plurality of servers to estimate at least one of
numbers and costs of remote accesses for satisfying the
request. The step of obtaining a request may further com
prise obtaining a request that is sent using the Transmission
Control Protocol/Internet Protocol and the step of examining
the request may further comprise accepting a TCP connec
tion. The step of estimating costs may comprise estimating
at least one of a measure of resource utilization and a desired

service level for satisfying the request. Further, the step of
estimating costs may vary with respect to at least one of a
number of servers and time. Still further, in the step of
obtaining, at the at least one load balancer, a request from a
client, the request may comprise a request for dynamic data.
0011. In a second aspect of the invention, a method of
satisfying requests in a system comprised of a plurality of
servers comprises the following steps. At least one load
balancer is provided for routing requests to the plurality of
servers. At the at least one load balancer, a request sent from
a client is obtained. At the at least one load balancer, the

request is examined. Costs of satisfying the request by at
least two of the plurality of servers are estimated. Informa
tion obtained in the estimating step is sent from the load
balancer to a server of the plurality of servers along with the
request. At the server, the information is used to satisfy the
request.

0012. In a third aspect of the invention, a system for
satisfying requests from at least one client comprises a
plurality of servers, at least one content-aware load balancer
for routing requests to the plurality of servers, and at least
one cost analyzer associated with the at least one content
aware load balancer for estimating costs of satisfying
requests by different servers based on at least one of num
bers and costs of remote accesses for satisfying requests.
0013 In a fourth aspect of the invention, apparatus for
satisfying requests from at least one client in a system
comprised of a plurality of servers comprises a memory and
at least one processor coupled to the memory and operative
to: (i) obtain a request from a client; (ii) examine content of
the request; and (iii) estimate costs of satisfying the request
by at least two of the plurality of servers based on estimating
at least one of a number and a cost of at least one remote

access for satisfying the request. The request may then be
routed to a server of the plurality of servers with a low
estimated cost of satisfying the request.
0014. In a fifth aspect of the invention, a method of
satisfying requests from at least one client in a system
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comprised of a plurality of servers comprises the following
steps. A request is obtained from a client. Content of the
request is examined. Costs of satisfying the request by at
least two of the plurality of servers are estimated. The
estimation is based at least one of a number and a cost of at

least one remote access for satisfying the request. The
request may then be routed to a server of the plurality of
servers with a low estimated cost of satisfying the request.
0015. In a sixth aspect of the invention, an article of
manufacture for use in satisfying requests from at least one
client in a system comprised of a plurality of servers
comprises a machine readable medium containing one or
more programs which when executed implement the steps of
obtaining a request from a client, examining content of the
request, and estimating costs of satisfying the request by at
least two of the plurality of servers based on estimating at
least one of a number and a cost of at least one remote access

for satisfying the request. The request may then be routed to
a server of the plurality of servers with a low estimated cost
of satisfying the request.
0016. In a seventh aspect of the invention, a method of
providing a load balancing service comprises the step of a
service provider providing a service to a customer which
comprises obtaining a request from a client, examining
content of the request, and estimating costs of satisfying the
request by at least two of the plurality of servers based on
estimating at least one of a number and a cost of at least one
remote access for satisfying the request. The request may
then be routed to a server of the plurality of servers with a
low estimated cost of satisfying the request.
0017. These and other objects, features and advantages of
the present invention will become apparent from the fol
lowing detailed description of illustrative embodiments
thereof, which is to be read in connection with the accom

panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

0018 FIG. 1 is a diagram illustrating a server system
architecture according to an embodiment of the present
invention;

0.019 FIG. 2 is a diagram illustrating a system for scaling
a content-aware load balancer, according to an embodiment
of the present invention;
0020 FIG. 3 is a diagram illustrating a system in which
content-aware load balancers are integrated with servers,
according to an embodiment of the present invention;
0021 FIG. 4 is a diagram illustrating a method for load
balancing requests, according to an embodiment of the
present invention;
0022 FIG. 5 is a diagram illustrating a method for
selecting a server based on cost, according to an embodi
ment of the present invention; and
0023 FIG. 6 is a diagram illustrating a computing sys
tem in accordance with which one or more components/
steps of a load balancing system may be implemented,
according to an embodiment of the present invention.
DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

0024. The present invention will be explained below in
the context of an illustrative Internet or web-based client
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server environment. However, it is to be understood that the

present invention is not limited to such Internet or web
implementations. Rather, the invention is more generally
applicable to any request-based environment in which it
would be desirable to provide enhanced load balancing
performance.
0025) Furthermore, content that is to be served in
response to a request may be referred to generally herein as
an “object.” An “object” may take on many forms and it is
to be understood that the invention is not limited to any
particular form. For example, an object may be an electronic
document such as one or more web pages. One skilled in the
art could use the invention in a variety of different electronic
document formats including, but not limited to, HTML
(HyperText Markup Language) documents, XML (eXten
sible Markup Language) documents, text documents in other
formats, and binary documents. Also, the phrase "electronic
document may also be understood to comprise one or more
of text data, binary data, one or more byte streams, etc. Thus,
the invention is not limited to any particular type of data
object. Still further, it is to be understood that the term
“overhead may include, but is not limited to, computer
CPU (central processing unit) cycles, network bandwidth
consumption, disk, I/O (input/output), etc.
0026 Referring initially to FIG. 1, a server system
architecture, according to an embodiment of the present
invention is illustrated. As shown, one or more clients (e.g.,
102-1 ... 102-M) send one or more requests to a server
system 103. It is to be appreciated that the clients (by way
of example only, personal computers, personal digital assis
tants, cellular phones, etc.) may be coupled to server system
103 via the Internet or some other wired and/or wireless
communications network. The invention is not limited to

any particular communications network. Also, it is to be
understood that the term “request' is not limited only to
requests for the return of data content from the server
system. Depending on the particular application, a request
may have different purposes and/or seek different results.
The invention is not limited to any particular type of request.
0027 Server system 103 includes a load balancer 104, a
cost analyzer 106, and a plurality of servers 108-1... 108-N.
Cost analyzer 106 aids load balancer 104 in determining
which one of the plurality of servers a request should be
routed to. The load balancer may be content aware. In other
words, load balancer 104 may have the ability to determine
the contents of a request in order to make more intelligent
routing decisions.
0028. A content-aware load balancer can incur signifi
cantly more overhead for handling requests than a content
unaware load balancer. For example, if communication is
taking place via Transmission Control Protocol/Internet Pro
tocol (TCP/IP), then a content-aware load balancer would
typically accept a TCP connection in order to examine the
contents of a request. This step incurs considerable overhead
and would normally not be required by a content-unaware
load balancer.

0029 Principles of the invention provide features for
Scaling up content-aware load balancers to handle high
request rates. FIG. 2 depicts one such feature.
0030) Referring now to FIG. 2, a system is illustrated for
Scaling a content-aware load balancer, according to an
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embodiment of the present invention. As shown, server
system 202 includes a content-unaware load balancer 204
and a plurality of content-aware load balancers 206-1 . . .
206-P.

0031 Requests received from one or more clients (not
shown) are initially routed to content-unaware load balancer
204 which subsequently routes requests to one or more of
the plurality of content-aware load balancers 206-1 . . .
206-P. The content-unaware load balancer has higher
throughput than any of the individual content-aware load
balancers. A variety of schemes may be used by the content
unaware load balancer for sending requests to the content
aware load balancers including, but not limited to, round
robin or methods considering the load on the content-aware
load balancers.

0032 Referring now to FIG. 3, a generalization of FIG.
2 is depicted in which content-aware load balancers are
integrated with (e.g., reside on) one or more servers. That is,
as shown, server system 302 includes content-unaware load
balancer 304 and a plurality of content-aware load balancers
306-1 ... 306-R respectively integrated with a plurality of
Servers 308-1 . . .308-R.

0033 Referring now to FIG. 4, a method 400 is illus
trated for load balancing requests, according to an embodi
ment of the present invention. The server system architec
ture of FIG. 1 will be referenced to illustrate the steps of
method 400. However, it is to be appreciated that other
server systems architecture (e.g., those shown in FIGS. 2
and 3, as well as others not expressly shown) may be
employed.
0034. In step 402, a load balancer (e.g., 104 of FIG. 1)
receives a request. In step 404, a cost analyzer (e.g., 106 of
FIG. 1) examines the request and identifies a server (e.g.,
108-1 . . . 108-N) which will likely incur a low cost for
satisfying the request. In step 406, the request is routed to a
server identified in step 404.
0035. There are a variety of ways in which step 404 may
be implemented. FIG. 5 depicts one illustrative method.
0036) Referring now to FIG. 5, a method 500 is illus
trated for selecting a server based on cost, according to an
embodiment of the present invention. In step 502, the
request is examined. If the TCP/IP protocol is being used for
communication, step 502 may involve accepting a TCP
connection. The request may contain one or more param
eters.

0037. In one embodiment, data are partitioned among the
servers 108-1 ... 108-N asymmetrically. The proper server
to handle a request depends on the request. For example,
Suppose that data are partitioned based on a name parameter.
If there are three servers, then one server could handle

names beginning with A through I, a second server could
handle names beginning with J through R, and a third server
could handle names beginning with S through Z.
0038. When a request is received by the load balancer
(e.g., step 402 of FIG. 4), in the scenario described above,
a parameter corresponding to the request would contain the
name. For example, if the name was “Smith, then the
request would be routed to the third sever. If the name was
“Jones, then the request would be routed to the second
SeVe.
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0039. In another scenario, the data are partitioned among
the servers (108-1 ... 108-N) in a more complicated fashion.
A request routed to a server may result in a number of
different accesses to non-local data depending on how the
request is routed. By “non-local,’ it is meant that the data
sought are not stored at the server that initially receives the
request, but rather is stored on a server or other network
element remote from that server. For example, if the request
is routed to the first server, this might result in three remote
accesses. If the request is routed to the second server, this
might result in one remote access. If the request is routed to
the third server, this might result in eight remote accesses.
These determinations would be made in step 504 based on
the contents of the request.
0040. It is to be appreciated that one of the features of the
invention, but not the only feature, which distinguishes it
from existing techniques such as, for example, the ASPLOS
VIII and USITS'99 papers mentioned above is that the
inventive techniques can be used for requests for dynamic
data as well as for static data. By contrast, the above
referenced papers describe content-aware routing techniques
which are only well-suited for static data. A request for static
data is a request for data, Such as a file, which exists at the
time that a request is made. A request for dynamic data is one
in which program code is executed in order to satisfy the
request. For example, ordering an item at an e-commerce
web site would typically be implemented as at least one
dynamic request. The order might result in several database
accesses, persistent state changes at the server, and an
acknowledgement which is generated on-the-fly and sent
back to the client in response to the order.
0041 Satisfying dynamic requests is typically much
more complicated than satisfying static requests. The over
head for dynamic requests is also generally much higher.
The inventive methods used for selecting servers are thus
different from those which have been proposed for selecting
servers for static content.

0042 An application may be analyzed to determine how
it can best be partitioned to run on a set of servers. Partitions
are often defined to have little interactions with other

partitions and thus the state needing to be shared is mini
mized. Logically, each partition may be associated with a
part of a computational task, which may include the code
and state to process a specific set of requests.
0043 Partitioning can be done statically by analyzing the
business logic of the application. These partitions can be
further refined at run time based on on-line workload

statistics. Thus, the cost analyzer not only is preferably
aware of the initial partitions but also may implement the
logic to repartition the application online.
0044) The cost analyzer may take a global view of the
application to determine how to partition the application to
minimize the cost of processing a particular set of requests.
The cost of processing requests generally includes central
processing unit (CPU) overhead and also the communication
overhead of synchronizing the underlying State that may be
shared by several backend servers. Thus, the cost analyzer
may also determine how widely a piece of data should be
replicated. While replicating a piece of data widely may
increase the overall capacity of processing the requests
associated with this piece of data, it may also increase the
cost of synchronizing the data across all of the replicas.
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Thus, it is desirable for the cost analyzer to balance consis
tency requirements, request rates, and synchronization pat
terns of the data.

0045 Conversely, not-replicating data may also be con
sidered by the cost analyzer. It may be more advantageous
to route requests for particular data to one or a few servers
hosting said data in order to avoid data replication costs.
Further, the aggregate caching capabilities of a set of severs
may be better utilized. For example, each of three servers
comprising a server set, each equally capable of servicing
any one request, may be able to cache only one of three
frequently used large objects at any one time due to size
constraints. The cost analyzer may choose to place large
object A on server 1, large object B on server 2, and large
object C on server 3. Subsequently, requests for each object
would be routed to a server according to its cached location.
In this example, each large object is able to be cached on at
least one server which results in overall improved perfor
mance. Thus, the cost analyzer can improve horizontal
Scalability of applications by making intelligent decisions
about requests for service and where to service them based
upon request content.

0046) The underlying data held by servers may need to be
migrated before request routing can be changed. Migrating
underlying data typically comes with a cost. Thus, the cost
analyzer may also take the cost of State migration into
account to optimize routing.

0047 Since remote accesses are costly, it is desirable to
minimize them. In step 506, the system selects a server to
route the request to based on the costs determined in step
504. In the example from the previous paragraph, the second
server would normally be the one selected since it requires
only one remote access. If the second server is highly loaded
compared to the first server, however, the first server might
be selected in certain cases.

0.048 When the system determines costs of routing
requests to different servers in step 504, this determination
does not have to be completely accurate. In several cases, an
estimate will suffice. In performing this determination, the
system might execute code that determines parameters of the
request, which servers need to be contacted to satisfy the
request, or other information that can help satisfy the
request. A straightforward approach would be to determine
this information once by the cost analyzer and a second time
by the server to which the request is routed. This approach
incurs overhead due to the redundant calculations. An opti
mization to alleviate these redundant calculations is for the

cost analyzer to store the relevant information in the request
and send the augmented request to a server. The server then
accesses information stored in the augmented request by the
cost analyzer to obtain relevant information for satisfying
the request and avoiding redundant calculations. A compiler
can perform program transformation techniques on the pro
gram code for satisfying requests to fully or partially auto
mate this optimization.
0049. The cost analyzer may consider partition definition,
partition-to-server assignment, and desired optimization.
Partition definition is the process of classifying requests into
partitions. Partition-to-server assignment is the process of
deciding on which server a classified request is to be handled
(in other words, on which server a partition is to be located).
Desired optimization considers how to best distribute par
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titions amongst available servers. Individual partitions can
be moved from one server to another on demand.

0050. The cost analyzer can make dynamic determina
tions for each of the control variables. For example, cost
analyzer off-line analysis of system utilization may recom
mend a different classification into partitions Scheme; or
recommend a different allocation of partitions to servers.
Further, cost analysis results may be different for varying
numbers of servers in the serverset, and may vary over time.
0051. For varying numbers of servers, one partition-to
server allocation scheme may be optimal for two servers,
another for three servers, another for four servers, and so

forth. For example, say the partitions are named {0, 1, 2, 3,
... 9. For two servers, cost analysis may determine that

optimal assignment is for partitions 0-6 to be assigned to

server 1 and 7-9 to server 2. For three servers, the cost

analyzer may recommend partitions 0-3 be assigned to
server 1, partitions 4-7 be assigned to server 2 and partitions
8-9 be assigned to server 3.
0052 For time variability, the desired cost optimization
function may specify one assignment of partitions to servers
for the period 8AM to 5PM, then another assignment during
the period 5PM to 8AM.
0053. The cost analyzer need not optimize on “best”
utilization of resources from the system's perspective. A
simple service request load balancing technique to utilize a
system is to round robin requests to each in a set of servers;
or to choose the server with the least utilized CPU. Instead,

the cost analyzer may classify requests and route them based
upon said classification results, even though this may not
result in the “best utilization from the systems perspective.
0054 Cost analysis may consider quality of service
requirements. For example, a 'gold customer may be
directed to a “fast” speed partition, a “silver customer may
be directed to a “medium’ speed partition, and a “bronze
customer may be directed to a “slow speed partition. That
is, the cost analyzer may not always seek to optimize from
the systems perspective, but rather relative to the requests
importance.
0055. It is to be further appreciated that the present
invention also comprises techniques for providing load
balancing services. By way of example, a content provider
agrees (e.g., via a service level agreement or some informal
agreement or arrangement) with a customer or client to
provide content. Then, based on terms of the service contract
between the content provider and the content customer, the
content provider provides content to the content customer in
accordance with one or more of the load balancing meth
odologies of the invention described herein.
0056 Referring finally to FIG. 6, a computing system is
illustrated in accordance with which one or more compo
nents/steps of a load balancing system (e.g., components and
methodologies described in the context of FIGS. 1 through
5) may be implemented, according to an embodiment of the
present invention. It is to be understood that the individual
components/steps may be implemented on one such com
puter system, or more preferably, on more than one Such
computer system. In the case of an implementation on a
distributed computing system, the individual computer sys
tems and/or devices may be connected via a suitable net
work, e.g., the Internet or World Wide Web. However, the
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system may be realized via private or local networks. The
invention is not limited to any particular network.
0057 Thus, the computing system shown in FIG. 6
represents an illustrative computing system architecture for
a load balancer, a server, a cost analyzer, and/or combina
tions thereof, within which one or more of the steps of the
load balancing techniques of the invention may be executed.
0.058 As shown, the computer system 600 may be imple
mented in accordance with a processor 602, a memory 604,
I/O devices 606, and a network interface 608, coupled via a
computer bus 610 or alternate connection arrangement.
0059. It is to be appreciated that the term “processor as
used herein is intended to include any processing device,
such as, for example, one that includes a CPU and/or other
processing circuitry. It is also to be understood that the term
“processor may refer to more than one processing device
and that various elements associated with a processing
device may be shared by other processing devices.
0060. The term “memory” as used herein is intended to
include memory associated with a processor or CPU, such
as, for example, RAM, ROM, a fixed memory device (e.g.,
hard drive), a removable memory device (e.g., diskette),
flash memory, etc.
0061. In addition, the phrase “input/output devices” or
“I/O devices” as used herein is intended to include, for

example, one or more input devices (e.g., keyboard, mouse,
etc.) for entering data to the processing unit, and/or one or
more output devices (e.g., speaker, display, etc.) for present
ing results associated with the processing unit.
0062 Still further, the phrase “network interface' as used
herein is intended to include, for example, one or more
transceivers to permit the computer system to communicate
with another computer system via an appropriate commu
nications protocol.
0063. Accordingly, software components including
instructions or code for performing the methodologies
described herein may be stored in one or more of the
associated memory devices (e.g., ROM, fixed or removable
memory) and, when ready to be utilized, loaded in part or in
whole (e.g., into RAM) and executed by a CPU.
0064. Although illustrative embodiments of the present
invention have been described herein with reference to the

accompanying drawings, it is to be understood that the
invention is not limited to those precise embodiments, and
that various other changes and modifications may be made
by one skilled in the art without departing from the scope or
spirit of the invention.
What is claimed is:

1. A method for satisfying requests in a system comprised
of a plurality of servers, comprising the steps of
providing at least one load balancer for routing requests to
the plurality of servers:
obtaining, at the at least one load balancer, a request from
a client;

examining, at the at least one load balancer, the request;
estimating costs of satisfying the request by at least two
of the plurality of servers based on estimating at least
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one of a number and a cost of at least one remote access

for satisfying the request; and
routing the request to a server of the plurality of servers
with a low estimated cost of satisfying the request.
2. The method of claim 1, wherein the step of routing is
accomplished by classifying a request into a partition and
routing the request to a server hosting the partition.
3. The method of claim 1, wherein, in the step of provid
ing at least one load balancer, the at least one load balancer
comprises at least one content-unaware load balancer rout
ing requests to a plurality of content-aware load balancers.
4. The method of claim 3, wherein, in the step of provid
ing at least one load balancer, at least one of the plurality of
content-aware load balancers resides on at least one of the

plurality of servers.
5. The method of claim 1, wherein the step of estimating
costs further comprises the steps of:
examining at least one parameter included in the request;
and

using information about how data are partitioned among
the plurality of servers to estimate at least one of
numbers and costs of remote accesses for satisfying the
request.

6. The method of claim 1, wherein the step of obtaining
a request further comprises obtaining a request that is sent
using the Transmission Control Protocol/Internet Protocol
and wherein the step of examining further comprises accept
ing a TCP connection.
7. The method of claim 1, wherein the step of estimating
costs comprises estimating at least one of a measure of
resource utilization and a desired service level for satisfying
the request.
8. The method of claim 1, wherein the step of estimating
costs may vary with respect to at least one of a number of
servers and time.

9. The method of claim 1, wherein, in the step of obtain
ing, at the at least one load balancer, a request from a client,
the request comprises a request for dynamic data.
10. A method of satisfying requests in a system comprised
of a plurality of servers, comprising the steps of
providing at least one load balancer for routing requests to
the plurality of servers:
obtaining, at the at least one load balancer, a request from
a client;

examining, at the at least one load balancer, the request;
estimating costs of satisfying the request by at least two
of the plurality of servers;
sending, from the load balancer, information obtained in
the estimating step to a server of the plurality of servers
along with the request; and
using, at the server, the information to satisfy the request.
11. A system for satisfying requests from at least one
client, comprising:
a plurality of servers;
at least one content-aware load balancer for routing
requests to the plurality of servers; and
at least one cost analyzer associated with the at least one
content-aware load balancer for estimating costs of
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satisfying requests by different servers based on at least
one of numbers and costs of remote accesses for

satisfying requests.
12. The system of claim 11, wherein the at least one
content-aware load balancer comprises a plurality of con
tent-aware load balancers and wherein the system further
comprises at least one content-unaware load balancer for
routing requests to the plurality of content-aware load bal
aCCS,

13. The system of claim 12, wherein at least one of the
plurality of content-aware load balancers resides on at least
one of the plurality of servers.
14. The system of claim 11, wherein a request is routed by
classifying the request into a partition and routing the
request to a server hosting the partition.
15. The system of claim 11, wherein the at least one cost
analyzer estimates costs by examining at least one parameter
included in the request, and using information about how
data are partitioned among the plurality of servers to esti
mate at least one of numbers and costs of remote accesses

for satisfying the request.
16. The system of claim 11, wherein a request is sent
using the Transmission Control Protocol/Internet Protocol
and a TCP connection is accepted when the request is
examined.

17. The system of claim 11, wherein the at least one cost
analyzer estimates at least one of a measure of resource
utilization and a desired service level for satisfying the
request.

18. The system of claim 11, wherein estimating costs may
vary with respect to at least one of a number of servers and
time.

19. Apparatus for satisfying requests from at least one
client in a system comprised of a plurality of servers, the
apparatus comprising:
a memory; and
at least one processor coupled to the memory and opera
tive to: (i) obtain a request from a client; (ii) examine
content of the request; and (iii) estimate costs of
satisfying the request by at least two of the plurality of
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servers based on estimating at least one of a number
and a cost of at least one remote access for satisfying
the request.
20. A method for satisfying requests from at least one
client in a system comprised of a plurality of servers,
comprising the steps of:
obtaining a request from a client;
examining content of the request; and
estimating costs of satisfying the request by at least two
of the plurality of servers based on estimating at least
one of a number and a cost of at least one remote access

for satisfying the request.
21. An article of manufacture for use in satisfying requests
from at least one client in a system comprised of a plurality
of servers, comprising a machine readable medium contain
ing one or more programs which when executed implement
the steps of:
obtaining a request from a client;
examining content of the request; and
estimating costs of satisfying the request by at least two
of the plurality of servers based on estimating at least
one of a number and a cost of at least one remote access

for satisfying the request.
22. A method for providing a load balancing service,
comprising the step of:
a service provider providing a service to a customer which
comprises:
obtaining a request from a client;
examining content of the request; and
estimating costs of satisfying the request by at least two
of the plurality of servers based on estimating at least
one of a number and a cost of at least one remote access

for satisfying the request.

