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AUTOMATED POWER CONTROL RPOLICTES BASID ON
APPLICATION-SPECTITY REDUNDANCY CHARMCTERTIDTCS

BACRGROQUND OF THE INVENTION

Th:z.s invention pertains to clusteresd camnutlng avstems and other
clustarad information handling syatems.

In order to meet the demands of héavily Loaded Internst application
services, providers of application services have turned to redundancy in
ordaer o incréase tha regponse ime of the application service.
Redundancy typically refers to the addition of one or more functionally
identical servers to the application service. When a2 single physical
server actg logically as a plurality of servers, the plurality of servers
ara generally referred Lo as virtual servers. wWhen adding servers in a
redundant server epwvironment, the servers added can be physical or

virtual, .

The network's deploved in heavily loaded Internet application
services byplcally contain a finite rmumiber of network nodes. At sach node
regides a server or a nunber of servers. Rither the server or the number
of seﬂ:t:'tre:rs can be virtual or physical gervers or any combination of both.

- Bervice Providers typivally have a larges number of nodes 'tha,t may bae
allocated among multiple customers to provide application services abk
varions points in btime. Beacause the offered workleoad may vary over time,
there will be times when the numbers of nodes in the facllity excesd the
number of nodes recnuired to provide the service. This presents & problem
to the service provider because the awxcess garvers consume power and other
regources. ‘The servers which are inactive and remain powered-on not only
consume more powear bub are also susoeptible to derated reliability for
thoge reliability componenits which correlats to total power-on time.

Managing Energy and Server Resources in Hosting Centers hy J Chage,
D Anderson, P Thnakar, Amin Vahdat and R Dovle discloses the desion and
implementation of an architecture for resource management in. a hosting
center operating system. The solution disclosed provisions server
resourges for co-hosted services in a way that autmmaﬁically adapts to
sffered load, improves the energy efficiency of gerver clusterg by
dynamivally resizing the active server set, and responds to powsr supply
disruptions or thermal events by degrading service in adcordance with

negotiated Service Level Agreaments (Shbs).

sceived at the EPO on Apr 26, 20056 17:19:50. Pa AMENDED SHEET
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Load Balancing and Unbalancing for Power and Performance in
Cluster-Bazsed Systemg by E Pinheire, R Blanchini, E Carrera and T Heath

addresses power conservation for clusterg of workstations or BPCs. 2An
algorithm is disclosed that makes load balancing and unbalancing decisions

by considering both the total load impeosed on a cluster and the power and
parformance impllcations of turning nodes off.

~ Energy-Efficient Server Clusters by E Elnozahy, M gistler and R
Rajomony is a paper which evaluates five policies for cluster-wide power
management in server farms. The policies employ various conbinationg of
dynamic voltage scaling and node vary-on/vary-off (VOVO) to reduce tha
aterregate power aconsgumption of a8 server cluster during'perimdé of reduced

' wc&rl;loa;d .

Qoeano - SLA RBaged Management of a Compuking Utldlity by K Appleby, &
- Fakhouri, L Pon, ¢ Golds=mide, M Kalanbar, @ Kﬁéishnakumar, D Pazel, J |
Perslhing a.ﬁd B Rochwerger digclogses a protobype of 2] highly available,
scalable, and manageablé infrastructure for an a=-business computing
utilitcy. Tt snables multiple customers to be hosted on a collection of

aacmientially shared resourdas.

U8 Patent Application Publication 2002/0004912 discloges a network

architecture, computer svstem and/or gerver, circoult, davice, apparatus, .
method, computer program and control mechanism for managing powsr
consunption and workload in compuiter syshem and data and informaiien
mervers, Further provides power and energy consumphbion and workload
managemant and contrel systems and architectures for hiligh-density and
modular multi-server computer system= that maintaln performance while

conserving enerdy.

To maximize cogt sgavings it would sesm to be beneficial to powsyr ofF

a8 many ssrvers as posgilile. Fowering off the zervers, howaever, expozes
the gervice provider to the risk of not beling able to provision gervers
guickly encugh during times of peak load or failurs of servers that

provides the application service.

SUMMARY OF THE INVENTION

Avmordingly there is provided a computer progran comprising program
code means adapted to carry out the Lfollowing method steps when exeguted
on a computer: (a) determining the workload of each server of a cluster of

ceived at the EPO on Apr 26, 2006 17:19:50. Pa AMENDED SHEET
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garvers which provide an application service:; (b)) debtermining the topology

0f the application servigs wherein said topology determination includes a

correspondence between a first component of the application service and
the server on which the first component ls executed; and (¢) setting the
power state of at least one server of the cluster of mervears based upon
gai1d workload determination and said topology determination.

The invention provides a program product comprising: a computer
nsable meﬂ:iuin having computer readable pragram code enbodisd therein, the
computer readable pregram node in said program product being effeckive in
axecsuting tha steps of: (a) detemining the workload of asach server of a

cluster of servers which provide an application service; (b) Jdeterminineg
the topology of the application servide wherein sgid topoicgy
determipation includes a correspondence between a first component of the
application service and the server on which the Eirst component is
exacuted: and (¢) setbing the power sta.ta of one gerver of the dluster of
servers based upon said workload determinatiorn and said Lopology

determination.

rreferably there is provided a way of reducing the power consumed by
a clusters of rodundant gorvergs.

. The present-invention preferably provides a solution o the provider
of an Internet application service sesking to power down inactive servers
while at the same time eschewing the risk ©f hot being able to provision
servers gquickly enough during times of peaak load or server failure. In
orie enbodiment the workload of each server of a cluster of servers which
provide an application service i1s mads. Then, the topology .of the
application gservice is determined. This topology information includes a
norrespondence hetween the componehts of the application service and the
servers on which the components are run. And bhased on this workload and

topology informaticon, the power state of one or more servers is then

achang=d.

I the preferred smbodiment, the concepts of the present invention
are provided in the form of a computer program product. The product is
digtributed on a compubter readable medium such ar a floppy disk or CD<ROM
and installed inte pre-existing (or provided) computer systems for the

henefit of the customer.

iceived at the EPQ on Apr 26, 2006 17:19:50. Pa AMENDED SHEET
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In a different embodiment, the concepts of the present invention are

provided in the form of an apparatus and can include the servers

themselves.

In a still different embodiment, the concepts of the present

invention are provided in the form of an apparatus and a program product

or method and 1n any combination and can include the servers being

m—

managed.

In one embodiment the setting (¢) is to a low power state when said

workload determination determines a workload which is below a

predetermined threshold.

In one embodiment, the setting (c¢) is further based upon the extent

to which server resources are fully utilized.

Preferably the low power state 1s a state selected from the group

consisting of: standby, sleep, hibernate, and off states.

Preferably the topology determination includes a first count of the

y—

total number of active servers and wherein said setting (c¢) is further a

function of a ratio of powered-on inactive servers to the first count and

includes a provision for setting a minimum number of powered on inactive

sServers.

Preferably the setting (¢) 1s to a low power state when said
workload determination determines a workload indicative of the elapsed

time sgsince the one server was last reget.

Preferably the setting (c¢) is to a powered-on state when gaid
workload determination determines a workload which is above a

predetermined threshold.

According to a preferred embodiment, there is provided a computer

program comprising program code means adapted to perform the following

method steps when executed upon a computer: determining the workload of

each server of a first tier of scalable redundant servers which provide an
application service; determining the topology of the application service

wherein said topology determination includes a first count of the total

number of active first-tier servers and a correspondence between a first
component of the application service and the first-tier server on which

the first component is executed; transitioning a first-tier server between
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the application service and a free pool of first-tier servers based upon

said workload determination; and controlling the power applied to each of

the servers of the free pool of first-tier servers according to a first

nd based upon said topology

predetermined power management policy &

determination.

According to a preferred embodiment the step of determining the
workload of each server of each of a cluster of servers comprises
determining the workload of each server of a first tier of scalable

redundant servers which provide an application service, wherein the

topology determination includes a first count of the total number of
active first-tier servers and the correspondence is between the first

component of the application service and the first-tier server on which

the first component i1s executed, the computer program means further

adapted to perform the following step when executed on a computer: (e)

transitioning a first-tier server between the application service and a
free pool of first-tier servers based upon said workload determination,
and wherein the setting step (¢) comprises: (f) controlling the power
applied to each of the servers of the free pool of first-tier servers
based on the topology determination and according to a first predetermined

power management policy which is based upon the workload determination.

Preferably the program means i1s further adapted to perform the
following method steps when executed on a computer: (g) determining the
workload of each server of a second tier of scalable redundant servers

which provide the application service wherein responses from the second

tler of scalable redundant servers depend on responses from the first tier
of scalable redundant servers; (h) transitioning a second-tier server
between the application service and a free pool of second-tier servers;
and whereln sald topology determination further includes a second count of
the total number of active second-tier servers, and (i) controlling the

power applied to each of the servers of the free pool of second-tier

servers according to a second predetermined power management policy and
based upon said topology determination; wherein the second power

management policy is a policy selected from the group consisting of the

first power management policy and a policy independent of the first power

management policy.

According to one embodiment the transitioning i1s from the
application service to the free pool of first-tier servers when said
workload determination determines a workload which is below a

predetermined threshold.
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Preferably the transitioning is further based upon the extent to
which server resources of the transitioning first-tier server are fully

utilized.

According to one embodiment the transitioning is from the free pool
of first-tier servers to the application service when said workload

determination determines a workload which is above a predetermined
threshold.

Preferably the first predetermined power management policy applied
to the servers of the free pool of first-tier servers maintains a first
number of servers in a powered-on inactive state while the remaining

servers are set to a low power state.

Preferably the first predetermined power management policy applied
to the servers of the free pool of first-tier servers is a function of a
ratl1o of powered-on inactive servers to the first count and includes a

provision for setting a minimum number of powered-on inactive servers.

Preferably the low power state is a state selected from the group

consisting of: standby, sleep, hibernate, and off states.

According to another aspect, the invention provides a method
comprising: (a) determining the workload of each server of a cluster of

servers which provide an application service; (b) determining the topology

of the application service wherein said topology determination includes a

correspondence between a first component of the application service and

the server on which the first component is executed; and (c) setting the
power state of at least one server of the cluster of servers based upon

sald workload determination and said topology determination.

According to a preferred embodiment, there is provided a method

comprising: (a) determining the workload of each server of a first tier of
scalable redundant servers which provide an application service; (b)
determining the topology of the application service wherein said topology
determination includes a first count of the total number of active
first-tier servers and a correspondence between a first component of the
application service and the first-tier server on which the first component
1s executed; (c) transitioning a first-tier server between the application
service and a free pool of first-tier servers based upon said workload
determination; and (d) controlling the power applied to each of the

servers of the free pool of first-tier servers according to a first
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predetermined power management policy and based upon said topology

determination.

According to another aspect, there is provided an apparatus
comprising: a workload monitor which detects the workload of each server
of a cluster of servers which provide an application service; a topology
sensor which determines the topology of the application service including
a correspondence between a first component of the application service and
the server on which the first component is executed; and a power
controller which sets the power state of one server of the cluster of
servers based upon the workload as determined by said workload monitor and

the topology as determined by said topology sensor.

Preferably the apparatus comprises each server of the cluster of

servers which provide the application service.

According to a preferred embodiment, there is provided an apparatus
comprising: a workload monitor which detects the workload of each server
of a first tier of scalable redundant servers which provide an application

service; a topology sensor which determines the topology of the

application service including a first count of the total number of active
first-tier servers and a correspondence between a first component of the

application service and the first- tier server on which the first

component 1s executed; a move module which transitions a first-tier server

between the application service and a free pool of first-tier servers
based upon the workload as determined by said workload monitor; and a
power controller which sets the power state of each of the servers of the

free pool of first-tier servers according to a first predetermined power

management policy and based upon the topology as determined by said

topology sensor.

In a preferred embodiment, the apparatus comprises each server of

the first tier of scalable redundant servers which provide the application

service.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention will now be
described, by way of example, and with reference to the following

drawings:
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Fig. 1 is a topological diagram of an exemplary application service

1n which power saving concepts"are deployed in accordance with a preferred

embodiment of the present invention.

Fig. 2 depicts the provisioning of servers of the application

service of Fig. 1 according to a preferred embodiment of the present

invention, including the moving of servers between the application service

and a free pool. The free pool of servers are kept in a hot standby state

and a low power state.

Fig. 3 1s a flow diagram of the power and redundancy management

policies in accordance with the teachings of a preferred embodiment of the

present invention.

Fig. 4 is a block diagram of an alternative embodiment of the

invention implemented in the form of an apparatus.

DETALLED DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

Referring now more particularly to the accompanying drawings, Fig. 1

depicts the topology of an exemplary application service and in which the

power saving concepts of the current invention are utilized. The

application service of Fig. 1 is comprised of web servers 100 and network

dispatchers 101 and 102. The network dispatchers 101 and 102 function as
load balancing components that distribute web requests to web servers. A

single hot-standby network dispatcher 102 is shown in Fig. 1, however, an

application service can have any number of network dispatchers with any
subset of them functioning in the hot standby state. The function of the
network digpatcher is to be explained in further detail hereinafter. The
term hot- standby will also be explained as the description of the
preferred embodiments progresses. The web servers 100 perform the function

of serving the web pages and are functionally identical. The network

dispatcher 101 receives requests for web pages from the Internet and

forwards the requests to the web servers 100. The web servers 100 process

the individual requests and send the individual responses back to the

clients on the Internet. The hot standby network dispatcher 102 is used
to take over the role of the network dispatcher 101 in the case of a
failure on the part of network dispatcher 101. The application service of

Fig. 1 is shown with three servers and two network dispatchers. However,

in general the application service can contain any number of web servers

and any number of network dispatchers. Further, the application service

is shown as having two tiers of servers, tier 1 for the web servers and
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tier 2 for the network dispatchers. Nevertheless, the application service

can contain any number of tiers of redundant servers. Each tier performs

a distinct function in the application service. For example, another tier

can be added for servers performing a web or database application which

feed information to the web servers 100. Indeed, any server function

which can benefit from a scalable redundant architecture can also benefit
from the concepts of the present invention. These functions, for example,
include a proxy cache, FTP, DNS, Gopher, FrontPage ™ and authentication

functions. The database application can be any database application

including a relational database such as IBM’s SQL, ™,

The term -~ load -- can be defined as the number of requests

arriving at the network dispatcher 101 per unit of time. According to the
preferred embodiment, 1n the case where the load on the application
service 1s low, the number of servers used for the application service 1is

reduced by removing certain servers from the application service. Power

1s then reduced by controlling the amount of power consumed by a subset of

the servers removed from the application service. Additionally, a

redundancy management policy is implemented for the servers of any given
tier such that the application service has enough online powered-on

capacity to meet the workload, plus a certain amount of spare online

powered-on capacity in the form of one or more additional servers. For

the example given in Fig. 1, When the load on the application service is

very low the number of web servers 100 used for the application service

can be reduced, from say three to two, by powering off one of the web

servers for example. Furthermore, rather than powering off the web
servers completely, it is also possible to save power by setting the power
state to one of the industry standard semi powered-on or ultra low power
states such as standby, sleep, hibernate, and other power saving states

and modes. Note that the standby state is a state separate and distinct

from the hot standby state which is described hereinbelow.

Fig. 2 shows the provisioning and operational states of the servers

in a tier of redundant servers performing an identical function in the
application service. The servers are moved to and from the active state
201 1n the application service and a free pool 202 depending on the
workload experienced by the servers. The active state 201 is a fully
powered-on state in which a server is engaged in the application service.
The servers in the free pool 202 are inactive in the particular

application service under consideration. As previously mentioned, a

redundancy management policy is implemented which assures enough online

powered-on capaclity to meet the workload demands of the application
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service, plus a certain amount of spare online powered-on capacity in the

form of one or more additional servers. These spare online powered-on
servers are referred to as hot standby servers. According to the
redundancy management policy, a certain number of the servers of the free
pool 202 are kept in the hot standby state 203. These hot standby

servers, although inactive 1n the application service, can be provisioned

quickly to the active state 201 in case the workload demands on the

application service exceed a predetermined threshold. To reduce power,
the servers of free pool 202 which are not to be kept in a hot standby

state can be set to a low power state 205.

In the preferred embodiment, the topology of the application service
1s also taken into account when transitioning the servers between the
actlve state 201 and the free pool 202, and between the hot standby 203
and low power 205 states within the free pool. The determination of
topology can take many forms and various examples will be given herein.
These examples however are not to be taken as limiting the scope of the
invention. As a first example, the topology determination can take the

form of determining the total number of servers currently active in the

application service. In another example, the topology determination can

take the form of determining the individual health of each of the servers.

—

In determining health, the topology determination can focus on the amount

of remaining memory or the extent to which memory, CPU, I/0, for any other

system resource has been exhausted. In determining health, it is

well-known that certain operating systems need to be reset (rebooted /

restarted) every so often; thus, the topology determination can focus on
the total amount of time elapsed since any given server has been reset.

System bottlenecks of any sort can also be taken into account.

In still another example, the application service operates in a

virtual server environment. In the virtual server environment there is

not necessarily a one-to-one correspondence between a virtual server and a

physical server. In this environment, the topology determination will

conslder whether the physical server is performing more than one function

or whether the physical server is involved in more than one tiler of

redundant servers. For example, a physical server may be running hundreds

of virtual Apache servers. In this example all Apache servers are

operating in the same tier and are redundant. In still another example,
the physical servers can be running virtual applications of several tiers

such as proxy cache, or network dispatcher tiers. In this virtual server

environment, before a server is set to the low power state 205, the

g

topology of all virtual servers within any given physical server is taken
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into account and a physical server is not powered down unless all of the

virtual functions performed by the physical server are determined to be in

the free pool 202 and in the hot standby state 203. Once the appropriate

workload and topology determinations have been made, and once it is
determined that there are a sufficient number of hot standby servers in

the free pool to meet the demands of the application service, then and

only then will a physical server be set to a low power state or powered

off completely.

A more specific example of topology and workload determination will

now be given. In this example, the number of servers to be kept in the

hot standby state 203 per each function type are defined by the below

parameters. Here, function type refers to the function performed by the

tier of redundant servers.

minHotInFreePool - This parameter provides a provision for setting a
minimum number of hot standby servers of this function type in the free

pool.

addOnlineRatio - This parameter represents the desired ratio between the.
number of servers of this function type actively participating in the
application service to the number of additional servers of this function

type that would be kept in the hot standby state 203. For example, if one

hundred servers are actively participating in the application service, and

the value of addOnlineRatio is 20, then this particular application
service would require 100/20=5 hot standby servers in the free pool 202.

If there were 15 total servers in the free pool 202, then the remaining

i}

15-5=10 servers can be powered off or otherwise set to a low power mode of

operation.

deployedInAllApplicationServices - This parameter denotes the total number

=

of servers of this function type that are currently participating in the

service provider's environment.

hotServersInFreePool - This parameter represents the number of servers

that are to be in the free pool 202.

Now, the number of servers of a particular function type to be kept

1n the hot standby state 203 is determined as follows.

hotServersInFreePool =

minHotInFreePool + (deployvedInApplicationServices/addOnlineRatio)
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In an alternative embodiment, hotServersInFreePool can be computed

as follows.

hotServersInFreePool =

(minHotInFreePool > (deployedInApplicationServices/addOnlineRatio) ?

minHotInFreePool

minHotInFreePool + (deployedInApplicationServices/addOnlineRatio)

The power management system of this example will attempt to maintain

the number of hot servers of a particular type in the free pool 202 to be

equal to hotServersInFreePool. The remaining servers in the free pool 202

can be placed into the low-power state 205.

In the preferred embodiment of this invention, and referring now to

both Figures 1 and 2, redundancy and power management policies are applied

separately for each tier of redundant servers. These tiers are depicted
as tier 1 and tier 2 in Fig. 1, and are encircled with dashed lines. The

policies are applied separately because each function type is likelv to

have specific needs. For example, the minimum number of servers which are

to be kept in hot standby state 203 are likely to vary across function

type. Where the minimum number of web servers 100 can be almost any

number, the minimum number of hot standby network dispatchers 102 can be

more specific. While the hot standby network dispatcher 102 is not
necessary utilized at all times, it cannot be powered off, as it needs to

take over the active role in case of failure of the current network

dispatcher 101. Power and redundancy management policies can be specified
for network dispatchers such that (1) at least two network dispatcher

servers must be online at all times, (2) network dispatchers can be

powered on to meet additional workload, and (3) network dispatchers can be
powered off as the workload decays so long as at least two are online at
all times. Alternatively, the power and redundancy management policies

applied to various tiers of an application service can be the same.

Fig. 3 is a flow diagram of the power and redundancy management

policies in accordance with the teachings of a preferred embodiment. In

step 301 the workload of each server of a tier of redundant servers is

determined. The workload of &

ny given server is directly related to the

load on the application service as a whole, and is further dependent on

server specific attributes. Determining the workload of the server is
well known in the art and will therefore not be described in any further

detail. Once the workloads have been determined processing moves to step
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302. In step 302, the topology of the application service is determined

as per the above discussion on topology determination. The topology

determination includes an accounting of the components of the application

service and the servers on which those components execute. 2nd if the

application service utilizes virtual servers, a further topological
determination is made relative to the virtual servers and corresponding
physical servers. Once the workload and topology have been determined
according to steps 301 and 302, processing continues at step 304 whereiln
1t is determined whether a transition of any particular server is

reqguired.

Transitioning of servers is required when the load placed on

application service either exceeds or does not meet predetermined high and

low load thresholds. If neither of the thresholds are met, prqcessing

continues at step 301. If, on the other hand, either of the thresholds

are met, processing continues at step 305 wherein the servers are moved

according to the following criteria. 1In step 305, the servers in the
application service are moved out of the application service and into the
free pool 202 during times of low load as determined in step 301.
Conversely, the servers are moved from the free pool 202 back into the

application service during times of high load as determined in step 301.

Processing then continues at step 307 and 308 wherein the power

management policiles described hereinabove are applied. In step 307 a

decision is made relative to the power applied to the servers of the free

pool 202 in accordance to the transgition or transitions made to the

servers in step 305. If it is determined that the current level of power

applied to the servers of the free pool 202 is satisfactory, and no change
1s needed, processing continues at step 301. If on the other hand it is
determined that more servers are needed in hot standby mode, or that fewer

servers are needed, processing continues at step 308 wherein the power

operating levels of one or more servers are set. In step 308, the power

management pollcies discussed hereinabove are applied. As discussed,

these policies take into account the workload and the topology as

determined in steps 301 and 302. If these power management policies
determine that the number of servers in the free pool 202 which are in the
hot standby state 203 can be increased based upon a predetermined

threshold, free pool servers in the low-power state 205 can be set to the

hot standby state 203. If the power management policies determine that
the number of servers in the free pool 202 which are in the hot standby
state 203 can be decreased based upon a different predetermined threshold,

free pool servers in the hot standby state 203 can be set to the
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low-power state 205. The power thresholds can be the same or different
and can be either dependent or independent of each other. Once the power

level or power levels have been set, processing then continues at step 301
wherein the process repeats.

Figure 4 depicts an alternative embodiment of this invention
implemented as hardware apparatus 400. Apparatus 400 monitors, senses,
moves and controls the power of servergs 409 as described hereinabove and

as the further described herein below. The servers 409 can be any of the

servers or any of the tiers of servers discussed thus far. The apparatus

400 1s comprised of workload monitor 401, topology sensor 402, move module
405 and power controller 408 and implements those power and redundancy

management policies degscribed herein. Workload monitor 401 determines the

workload of each of the servers 409 and analogously performs the functions
as described in step 301 with respect to Figure.B. Topology sensor 402
determines the topology of each of the servers 409 and likewise performs

the functions as described in step 302 with respect to Figure 3. Move

module 405 acts upon the servers 409 analogously to the steps 304 and 305
discussed with respect to Figure 3. Power controller 408 controls the
power settings of each of the servers 409 and analogously performs the
functions as described in steps 307 and 308 of Figure 3. Furthermore,

apparatus 400 can be implemented as a single unit which when coupled to

the servers 409 performs the functions as described herein.

Alternatively, apparatus 400 can be implemented as a distributed series of

units 401,402,405, and 408. Apparatus 400 can constructed in any of

various hardware implementation methods known in the art; such as, gate

arrays, microprocessors, microcomputers, custom VLST modules, embedded
network processors, etc.
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CLAIMS
1. A computer program product comprising memory having computer readable

code embodied therein for execution on a computer, said code comprising:

(a) determining means for determining the workload of each server of

a cluster of servers which provide an application service;

(b) determining means for determining the topology of the application
service wherein said topology determination includes a correspondence between
a first component of the application service and the server on which the

first component is executed; and

(c) setting means for setting the power state of at least one server
of the cluster of servers based upon said workload determination and said
topology determination, wherein said setting means (c¢) is to a low power
state when said workload determination determines a workload which is below a
predetermined threshold and wherein said topology determination includes a
first count of the total number of active servers and wherein said setting
means (c¢) 1s further a function of a ratio of powered-on inactive servers to
the first count and includes a provision for setting a minimum number of

powered on 1lnactive servers.

2. The computer program product of Claim 1 wherein said setting means c)

1s further based upon the extent to which server resources are fully

utilized.

3.  The computer program product of Claim 1 wherein said setting means (c)
1s to a powered-on state when said workload determination determines a

workload which is above a predetermined threshold.

4 . The computer program product of Claim 1, wherein the determining means

for determining the workload of each server of each of a cluster of servers
comprises determining the workload of each server of a first tier of scalable
redundant servers which provide an application service, wherein the topology
determination includes a first count of the total number of active first-tier
servers and the correspondence is between the first component of the

application service and the first-tier server on which the first component is
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executed, the computer program product further adapted to perform the

following step when executed on a computer:

(e) transitioning means for transitioning a first-tier server between

the application service and a free pool of first-tier servers based upon said
workload determination,

and wherein the setting means (c¢) further comprises:

(£) controlling means for controlling the power applied to each of
the servers of the free pool of first-tier servers based on the topology

determination and according to a first predetermined power management policy
which 1s based upon the workload determination.

5. The computer program product of Claim 4, further comprising:

(g) determining means for determining the workload of each server of
a second tier of scalable redundant servers which provide the application
service wherein responses from the second tier of scalable redundant servers

depend on responses from the first tier of scalable redundant servers;

(h) transitioning means for transitioning a second-tier server

between the application service and a free pool of second-tier servers; and

wherein said topology determination further includes a second count of

the total number of active second-tier servers, and

(1) controlling means for controlling the power applied to each of
the servers of the free pool of second-tier servers according to a second

predetermined power management policy and based upon said topology
determination;:

wherein the second power management policy is a policy selected from

the group consisting of the first power management policy and a policy
independent of the first power management policy.
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6. The computer program product of Claim 4 wherein said transitioning
means transitions from the application service to the free pool of first-tier
servers when said workload determination determines a workload which is

below a predetermined threshold.

7. The computer program product of claim 6, wherein said transitioning
means for transitioning i1is further based upon the extent to which server

resources of the transitioning first-tier server are fully utilised.

8. The computer program product of Claim 4 wherein sald transitioning
means transitions from the free pool of first-tier servers to the application

service when said workload determination determines a workload which is

above a predetermined threshold.

9. The computer program product of Claim 4 wherein the first predetermined
power management policy applied to the servers of the free pool of first-tier
servers malntains a first number of servers in a powered-on inactive state

while the remaining servers are set to a low power state.

10. A method comprising:

(a) determining the workload of each server of a cluster of servers

which provide an application service;

(b) determining the topology of the application service wherein said
topology determination includes a correspondence between a first component of

the application service and the server on which the first component is

executed;: and

(c) setting the power state of at least one server of the cluster of
servers based upon salid workload determination and said topology
determination, wherein said setting (c¢) is to a low power state when said

workload determination determines a workload which is below a predetermined

threshold and wherein said topology determination includes a first count of
the total number of active servers and wherein said setting (c¢) is further a
function of a ratio of powered-on inactive servers to the first count and

1includes a provision for setting a minimum number of powered on inactive

Servers.
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11. Apparatus comprising:

a workload monitor which detects the workload of each server of a

cluster of servers which provide an application service:

- a topology sensor which determines the topology of the application
service including a correspondence between a first component of the

application service and the server on which the first component is executed;

and

a power controller which sets the power state of at least one server of
the cluster of servers based upon the workload as determined by said workload
monitor and the topology as determined by said topology sensor, wherein the
power controller 1s operable to set the power state of at least one server to
a low power state when said workload monitor detects a workload which is
below a predetermined threshold and wherein said topology sensor counts the
total number of active servers (first count) and wherein said power
controller 1s operable to set the power as a function of a ratio of
powered-on 1lnactive servers to the first count and includes a provision for

setting a minimum number of powered on inactive servers.
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