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Description

TECHNICAL FIELD

[0001] The present invention relates to an operation management method of an information processing system in-
cluding a group of information processing devices such as server devices, storage devices and network devices and
cooling equipment for cooling the devices, and more particularly to workload allocation to the group of information
processing devices, which is required to achieve the integrative power saving operation of the group of information
processing devices and the cooling equipment.

BACKGROUND ART

[0002] It is expected that information processing devices such as server devices, storage devices and network devices
will explosively increase for the recent rapid development of information communication and toward an age of fusion of
broadcasting and communication. On the other hand, in order to reduce carbon dioxide for the prevention of global
warming, it is necessary to reduce the power consumption of information processing infrastructure including these
information processing devices. In particular, in a data center taking a role of the information processing infrastructure
in the back end, in addition to the device power which is the power consumed by a group of information processing
devices, the cooling power which is the power consumed by cooling equipment for cooling the devices also accounts
for a large share of the power consumption, and comprehensive power reduction of the device power and the cooling
power is what needs to be achieved.
[0003] Respective approaches for the power saving of the data center have been started in information processing
devices such as server devices, storage devices and network devices, cooling equipment, and operation management.
In the information processing device, the improvement in performance per power consumption by means of a low-power
device and the employment of the power saving function by the switching of operating states in accordance with workload
have been promoted. In the cooling equipment, the operational efficiency improvement of an air conditioner itself, the
optimization of an airflow design of an inlet and an outlet and the introduction of local cooling and liquid cooling have
been started. In the operation management, the operation information monitoring, the job scheduling and the operational
efficiency improvement or consolidation of a device group by means of virtualization have been adopted as main meas-
ures. Though the cooling equipment is generally designed based on the maximum rated power of the device group, the
power consumption of the cooling equipment during operation depends heavily on distribution and fluctuation of the
power of the device group with respect to the cooling equipment. For example, since the efficiency of the air conditioner
depends on the power or heat generation of the device, a position relationship and a distance between the air conditioner
and the device, a temperature, an air volume, an airflow direction and the like, the cooling power is heavily influenced
by the power and the arrangement of the device. Since it is expected that consolidation of server devices by means of
virtualization technology will be utilized for the power saving with the advance of an operation management technology
of the data center, it becomes necessary to take measures to reduce the total power of the device group and the cooling
equipment with due consideration of the uneven power distribution and the time fluctuation of the device group with
respect to the cooling equipment. Some examples have been conventionally known as the operation management
method of devices such as server devices and storage devices and cooling equipment, but they still remain in local or
sequential measures in terms of the comprehensive power saving described above.
[0004] In Japanese Patent Application Laid-Open Publication No. 2004-126968 (Patent Document 1), in a management
server for performing the job scheduling to parallel computers, a new job is input into a low-temperature computer based
on temperature sensor information of the computers, and a job is transferred from a high-temperature computer to a
low-temperature computer, thereby preventing the failure and the performance degradation in the parallel computers
due to high temperature. Furthermore, whether to transfer a job is determined by estimating the power consumption of
each computer and cooling equipment provided for each computer before and after the job transfer based on temperature
information.
[0005] In Japanese Patent Application Laid-Open Publication No. 2007-179437 (Patent Document 2), in a management
system for a plurality of computers, an overheated computer and a non-overheated computer are extracted based on
temperature distribution and operation information of the computers, and software is transferred from the former to the
latter, thereby achieving the power saving. Furthermore, after the extraction of target computers, fluctuations in computer
power and air conditioner power before and after the transfer of the software are compared, thereby determining whether
to transfer the software. The computer power is obtained from the operation information, the air conditioner power is
obtained from the temperature distribution, and the temperature distribution is obtained from temperature sensors, a
temperature history and the operation information.
[0006] In US Patent Application Publication No. 2006/0259621 (Patent Document 3), in a method of allocating work-
loads to a plurality of servers in a data center, a requested workload profile is compared with a historical profile, and the
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requested workload is allocated to a server in accordance with a history that minimizes the power of the server and an
air conditioner, or randomly allocated if there is no matching history. The historical profile includes server location, class,
operation information, inlet temperature, outlet temperature, workload type and power of the server and air conditioner.
The power of the server and air conditioner is obtained from the inlet and outlet temperatures of the server, specific heat
and air volume or measured by a power meter.
[0007] In US Patent Application Publication No. 2006/0259793 (Patent Document 4), in a method of distributing power
to a plurality of servers in a data center, power budgets are lent and borrowed between the servers or racks that are
close in geographic location so as to approach to an ideal and analog temperature distribution or power distribution, and
a discretized power state of the server is assigned based on the budget distribution, thereby preventing the failure of
the servers due to a hot spot or a cold spot. A thermal multiplier indicating ideal power for each server is obtained from
an outlet temperature of each server, a reference outlet temperature of an average server and a supply air temperature
of air conditioner.

Patent Document 1: Japanese Patent Application Laid-Open Publication No. 2004-126968
Patent Document 2: Japanese Patent Application Laid-Open Publication No. 2007-179437
Patent Document 3: US Patent Application Publication No. 2006/0259621
Patent Document 4: US Patent Application Publication No. 2006/0259793

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] In Patent Document 1, a job is allocated to a low-temperature computer of parallel computers, but this does
not always contribute to power saving. Furthermore, since the power consumptions of the computers before and after
the transfer of a job are estimated, although power associated with a transfer source and a transfer destination decreases,
this is only local power saving for the whole of the parallel computers. More specifically, this does not lead to compre-
hensive power saving of a computer room. In Patent Document 2, fluctuations in computer power and air conditioning
power before and after the transfer of software are compared with each other, but objects to be compared are limited
to the extracted overheated and non-heated computers, and the total power of the computer group and the air conditioning
equipment is not considered. More specifically, this does not lead to comprehensive power saving of the computer room.
In Patent Document 3 , since workload is allocated to a server based on the historical profile that minimizes the power
of the server and air conditioner, the total power of a server group and the air conditioning equipment can be reduced
for the workload within a range of the history, but in the case of workload having no history, the improvement is conducted
only sequentially according to the accumulation of history. More specifically, it necessarily takes a long time before the
achievement of power saving of the computer room. In Patent Document 4, since power budgets are lent and borrowed
between servers close to each other so as to approach to an ideal temperature distribution, this does not mean that a
total power of the server group is reduced. More specifically, this does not lead to comprehensive power saving of the
computer room.
[0009] As described above, the conventional technologies have the problem that only local power saving can be
achieved and it takes a long time before the achievement of power saving.
[0010] A method with the pre-characterising features of present claim 1 is disclosed by Cullen Bash et al. in the paper
"Cool Job Allocation: Measuring the Power Savings of Placing Jobs at Cooling-Efficient Locations in the Data Center",
published in PROCEEDINGS OF THE USENIX ANNUAL TECHNICAL CONFERENCE, 22 June 2007, pages 1 to 10.
[0011] An object of the present invention is to achieve power saving in a computer room including information processing
devices and air conditioners in a short time by means of the optimization of workload allocation to the information
processing devices.

MEANS FOR SOLVING THE PROBLEMS

[0012] The present invention has the features defined in claim 1 in order to achieve power saving in a computer room
including information processing devices and air conditioners by means of the optimization of workload allocation.
[0013] A feature of a representative embodiment is to calculate a coefficient of performance of the air conditioner with
respect to an information processing device. Generally, a coefficient of performance COP of an air conditioner is a heat-
transfer efficiency of an air conditioner when the air conditioner is operated to exchange the heat in a computer room,
and it is represented by the Formula 1. 
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[0014] The coefficient of performance of an air conditioner with respect to an information processing device is a COP
when an air conditioner exchanges the heat generation of a specific information processing device, and here it is referred
to as a device-specific COP. A COPji that is a device-specific COP of an air conditioner j with respect to an information
processing device i is represented by the Formula 2 by using a heat generation amount PDi of the information processing
device i and an air conditioner power PCji of the air conditioner j with respect to the information processing device i. 

[0015] Generally, since heat diffuses, the device-specific COP lowers as a distance between the air conditioner and
the information processing device increases. Given that heat diffusion depends on airflow, air volume and temperature,
it is necessary to obtain the device-specific COP from a result of three-dimensional thermofluid simulation or the like.
However, the device-specific COP may be obtained in another way. As an example, when the matter is simplified and
it is assumed that heat diffuses two-dimensionally and the device-specific COP is inversely proportional to the square
of the distance between the air conditioner and the information processing device, the COPji that is the device-specific
COP of the air conditioner j with respect to the information processing device i can be represented by the Formula 3 by
using a distance Lj i between the air conditioner j and the information processing device i, a coefficient of performance
COPj that is specific to the air conditioner j and an environment constant A. The coefficient of performance COPj of an
air conditioner can be obtained from the specification of the air conditioner j, and the distance Lji can be obtained from
arrangement information including locations of the air conditioners and a group of the information processing devices
in the computer room. 

[0016] By the device-specific COP, an air conditioner power with respect to a certain information processing device
can be calculated. In a case where one air conditioner j deals with the heat generation of the information processing
device i, when it is assumed that an amount of heat generation of an information processing device is equal to device
power, an air conditioner power PCji of the air conditioner j with respect to the information processing device i can be
represented by the Formula 4 by using a device power PDi of the information processing device i and the COPji.
Furthermore, in a case where a plurality of air conditioners deal with the heat generation of the information processing
device i, when it is assumed that an amount of heat generation of an information processing device dealt with by the air
conditioners is proportional to a COPj i ratio of each air conditioner, an air conditioner power PCi with respect to the
information processing device i can be represented by the Formula 5 by using the number of air conditioners N, the PDi,
and the COPji. 

[Formula 5] 

[0017] Another feature is to create a device-associated power consumption expression that is a total of device power
and air conditioner power with respect to each information processing device. A device-associated power consumption
expression Pi (x) of the information processing device i can be represented by the Formula 6 by using a device power
expression PDi(x) of the information processing device i and an air conditioner power PCi (x) with respect to the information
processing device i. 
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[0018] Here, PDi(x) and PCi(x) are functions of a resource utilization ratio x of an information processing device. When
the information processing device is a server device, the resource utilization ratio is mainly a CPU utilization ratio and
a memory utilization ratio. When the information processing device is a storage device, the resource utilization ratio is
mainly a disk region utilization ratio. The Pi(x) represents a total of device power and air conditioner power, and position
information of the air conditioner and the group of information processing devices in the computer room is taken into
account for the air conditioner power. More specifically, by using the Pi(x), the evaluation of power consumption with
taking the position information in the computer room into account is possible without thinking of the position information
in the computer room.
[0019] Still another feature is to calculate power consumption of the entire computer room by device-associated power
consumption expression of each information processing device. Since the device-associated power consumption ex-
pression Pi(x) of the information processing device i includes device power and air conditioner power with respect to
the device, it is possible to obtain power consumption of the entire computer room by totalizing the device-associated
power consumption expression Pi(x) of each information processing device in the computer room. A power consumption
P (x) of the entire computer room can be represented by the Formula 7.
[Formula 7] 

[0020] Still another feature is to determine workload allocation so as to achieve power saving of the entire computer
room by using a power saving performance evaluation index based on the device-associated power consumption ex-
pression of an information processing device. A workload in a server device includes an operation of an application or
a virtual OS, response to a client to be connected and the like. Also, a workload of a storage device is a disk storage
region or the like. Further, a workload of a network device is a network throughput or the like. The power saving per-
formance evaluation index is defined as processing performance per power consumption when the resource utilization
ratio of the information processing device is at a resource utilization ratio maximum value. The processing performance
in a server device is a performance value of a benchmark such as SPEC or the number of transactions per unit time.
The processing performance in a storage device is, for example, a disk storage region. The resource utilization ratio
maximum value is a maximum value of resource utilization ratio of a corresponding information processing device, and
an administrator determines the resource utilization ratio maximum value based on a use policy of the corresponding
information processing device.
[0021] When it is assumed that the processing performance of the information processing device i is proportional to
the resource utilization ratio, a power saving performance evaluation index EEi with respect to the information processing
device i can be represented by the Formula 8 by using a resource utilization ratio maximum value Xi and a processing
performance maximum value Wi of the information processing device i. 

[0022] Here, EEi is a constant, and a larger constant value indicates better performance-to-power consumption char-
acteristics of the information processing device i. The power consumption shown here is a total value of the device power
and the air conditioner power with respect to the information processing device i. More specifically, by allocating workload
preferentially to the information processing device i having a large power saving performance evaluation index EEi,
workload allocation that minimizes the power consumption of the entire computer room is possible. When workload
allocation is performed according to this policy, there appears a bipolar phenomenon in which the resource utilization
ratio of an information processing device having a large power saving performance evaluation index comes closer to a
maximum resource utilization ratio while the resource utilization ratio of an information processing device having a small
power saving performance evaluation index comes closer to zero. The power saving performance evaluation index EEi
evaluates the power saving performance when the resource utilization ratio of an information processing device is at
the resource utilization ratio maximum value with taking the bipolar phenomenon into account.
[0023] Still another feature is to control a workload operated in each information processing device based on a result
of workload allocation. For its achievement, a group of information processing devices has a workload control agent,
and the workload control agent controls a workload operated in the information processing device in accordance with
the result of workload allocation.
[0024] Still another feature is to calculate an air conditioner power from the device-specific COP and a measured
device power value of an information processing device. When it is assumed that an amount of heat generation of an



EP 2 330 505 B1

7

5

10

15

20

25

30

35

40

45

50

55

information processing device dealt with by an air conditioner is proportional to a COPj i ratio of each air conditioner, an
air conditioner power PCj of the air conditioner j can be represented by the Formula 9 by using the number of air
conditioners N, the measured device power value PDi of the information processing device i and the COPji.
[Formula 9] 

[0025] Still another feature is to control an output of each air conditioner based on a result of the above-described air
conditioner power calculation. In order to control the output of each air conditioner, the air conditioner has an output
control agent, and the output control agent controls the output of the air conditioner based on an instruction of an operation
management device.

EFFECTS OF THE INVENTION

[0026] Since the total power consumption of a group of information processing devices and air conditioners in a
computer room can be reduced by the workload allocation taking into account the air conditioners, power saving operation
of a data center can be achieved. Furthermore, since determination of workload allocation to the group of information
processing devices does not depend on output of the air conditioner, it is unnecessary to sequentially repeat workload
allocation and power measurement, and power saving can be achieved in a short time.

BRIEF DESCRIPTIONS OF THE DRAWINGS

[0027]

FIG. 1 is a block diagram showing a system configuration of an operation management device and a server device
of a first embodiment of the present invention;
FIG. 2 is a plan view showing arrangement information of the first embodiment;
FIG. 3 is a conceptual diagram showing an information processing device specification table of the first embodiment;
FIG. 4 is a conceptual diagram showing an air conditioner specification table of the first and third embodiments
according to the present invention;
FIG. 5 is a conceptual diagram showing a workload specification table of the first embodiment;
FIG. 6 is a conceptual diagram showing a workload allocation table of the first embodiment;
FIG. 7 is a flowchart showing processing in a workload allocating unit in a case where a device-specific COP is
constant;
FIG. 8 is a flowchart showing processing in the workload allocating unit in a case where the device-specific COP
varies in accordance with an environment;
FIG. 9 is a conceptual diagram showing an output result of a device-specific COP calculating step of the first
embodiment;
FIG. 10 is a conceptual diagram showing an output result of a device-associated power consumption expression
creating step of the first embodiment;
FIG. 11 is a conceptual diagram showing an output result of a device evaluation index calculating step of the first
embodiment;
FIG. 12 is a block diagram showing a configuration of a second embodiment of the present invention;
FIG. 13 is a plan view showing arrangement information of the second embodiment;
FIG. 14 is a conceptual diagram showing an information processing device specification table of the second em-
bodiment;
FIG. 15 is a conceptual diagram showing a workload specification table of the second embodiment;
FIG. 16 is a conceptual diagram showing an output result of a device-specific COP calculating step of the second
embodiment;
FIG. 17 is a conceptual diagram showing an output result of a device-associated power consumption expression
creating step of the second embodiment;
FIG. 18 is a conceptual diagram showing an output result of a device evaluation index calculating step of the second
embodiment;
FIG. 19 is a conceptual diagram showing a workload allocation table of the second embodiment;
FIG. 20 is a block diagram showing a configuration of a third embodiment of the present invention;
FIG. 21 is a plan view showing arrangement information of the third embodiment;
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FIG. 22 is a conceptual diagram showing an air conditioner power table of the third embodiment;
FIG. 23 is a flowchart showing processing in an air conditioner power calculating unit of the third embodiment;
FIG. 24 is a conceptual diagram showing an output result of a device-specific COP calculating step of the third
embodiment;
FIG. 25 shows a screen provided by an air conditioning visualization analysis tool of a fourth embodiment of the
present invention; and
FIG. 26 shows another screen provided by the air conditioning visualization analysis tool of the fourth embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0028] Embodiments of the present invention will be described below with reference to the drawings.

FIRST EMBODIMENT

[0029] FIG. 1 is a block diagram of a first embodiment of the present invention. In the present embodiment, when an
information processing device is a server device, the workload allocation to server devices capable of saving the power
in an entire computer room is achieved. Though this embodiment shows a case where two server devices are provided
as information processing devices, the number of server devices may be any number. Furthermore, as the information
processing device, a storage device or a network device may coexist with the server device. In this embodiment, an
operation management device 100 and server devices 110a and 110b are connected to each other via a network 120.
[0030] When the information processing devices are server devices, workloads 111a to 111d correspond to an OS
on a virtual machine and an application for a web server, a DB server or the like. Workload allocating agents 112a and
112b receive instructions from the operation management device 100 and control the workloads 111a to 111d on the
server devices 110a and 110b. The workload allocating agents may be provided in the server devices 110a and 110b
as shown in FIG. 1 or may be disposed outside the server devices 110a and 110b. For example, when the workload is
an OS on a virtual machine, the workload allocating agent is a virtual OS manager, and it is provided in the server device.
On the other hand, when the workload is a server application, the workload allocating agent is a load balancer, and it is
disposed outside the server device.
[0031] The operation management device 100 is provided with arrangement information 200, an information processing
device specification table 300, an air conditioner specification table 400, a workload specification table 600, a workload
allocation table 500, a workload allocating unit 101 and a workload control unit 102. These components may be arranged
within the single operation management device 100 as shown in FIG. 1 or may be arranged in a plurality of devices in
a distributed manner.
[0032] FIG. 2 shows an example of arrangement of devices in a computer room. When air conditioners 210a and 210b
and server devices 220a and 220b are arranged in a computer room as shown in FIG. 2, the above-described arrangement
information 200 set in the operation management device 100 has to include device IDs 221a and 221b of the server
devices 220a and 220b, air conditioner IDs 211a and 211b of the air conditioners associated with operational environments
of the respective server devices, and pieces of relative distance information 230a to 230c between the server devices
and the air conditioners 210a and 210b. The arrangement information 200 may be in a graphic form as shown in FIG.
2 or may be in a table form.
[0033] The information processing device specification table 300 shown in FIG. 3 holds a device type 320, a device
power minimum value PDmini 330, a device power maximum value PDmaxi 340, a processing performance maximum
value Wi 350, an allocable processing performance 360, a resource utilization ratio maximum value Xi 370 and a device
power expression PDi (x) 380 for each device ID 310 with respect to the information processing devices in the computer
room. The device ID 310 is an identifier for identifying the information processing devices 220a and 220b in the computer
room. The device type 320 is a piece of information for identifying types of the information processing devices. The
device power minimum value PDmini 330 and the device power maximum value PDmaxi 340 are an idle-state device
power and a maximum rated power of the information processing device, respectively. The device power minimum value
PDmini 330 and the device power maximum value PDmaxi 340 are values specific to each information processing device
and are specified in a catalogue or the like. In this embodiment, an increase amount of the device power of the information
processing device is assumed to be proportional to the resource utilization ratio, and the device power expression PDi(x)
of an information processing device i is represented by the Formula 10 by using PDmini, PDmaxi and a resource utilization
ratio x. However, the device power expression PDi(x) may be a constant for simplification or may be represented by an
expression different from the Formula 10, which obtained by approximating a measured result of power consumption of
the information processing device. 
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[0034] The processing performance maximum value Wi 350 in a server device is a maximum value of arithmetic
processing performance of the server device, and a performance value of a benchmark such as SPEC or the maximum
value of the number of transactions per unit time of a certain application is used. The allocable processing performance
360 is processing performance to which workload can be allocated, and it is equal to the processing performance
maximum value Wi when no workload is allocated. Furthermore, the resource utilization ratio maximum value Xi 370 in
the server device is an allocation maximum value of CPU utilization ratio and a memory utilization ratio of the server
device, and it is set by an administrator according to a use policy of the server device. For example, when power saving
performance is given priority, the resource utilization ratio maximum value is set high so that more workloads are
consolidated in the server device. On the other hand, when service continuity is given priority, the resource utilization
ratio maximum value is set low so that a workload is allocated with room left in the resource of the server device.
[0035] The air conditioner specification table 400 shown in FIG. 4 holds an air conditioner COP 420 for each air
conditioner ID 410 with respect to the air conditioners in the computer room. The air conditioner ID 410 is an identifier
for identifying the air conditioners 210a and 210b in the computer room. The air conditioner COP 420 is specified in a
catalogue or the like.
[0036] The workload specification table 500 shown in FIG. 5 holds an allocation target device type 520, a workload
amount 530 and an allocation policy 540 for each workload ID 510 with respect to the workloads. The workload ID 510
is a piece of information for identifying workloads executed in the computer room. The allocation target device type 520
is a piece of information showing a type of information processing device to which a corresponding workload can be
allocated. The workload amount 530 in the server device is an expected value of arithmetic processing performance of
the server device that is required for the operation of a corresponding workload, and it is represented by using the same
reference as the processing performance maximum value 350. The allocation policy 540 is a piece of information referred
to when the workload allocating unit 101 determines workload allocation. In FIG. 5, service priority and power saving
priority are specified as allocation policies, but another allocation policy may be used or no allocation policy may be used.
[0037] The workload allocation table 600 shown in FIG. 6 is a table showing a relationship between each workload
and the information processing device to which the workload is allocated. The workload is identified by using a workload
ID 610, and the information processing device of an allocation destination is identified by an allocated device ID 620.
[0038] FIG. 7 shows a processing flow in the workload allocating unit. This processing flow includes a device-specific
COP calculating step 701, a device-associated power consumption expression creating step 702, a device evaluation
index calculating step 703, an allocable information processing device extracting step 704 and a workload allocating
step 705, in which the arrangement information 200, the information processing device specification table 300, the air
conditioner specification table 400 and the workload specification table 500 are taken as inputs and the workload allocation
table 600 is output. The allocable information processing device extracting step 704 and the workload allocating step
705 are processes performed to all workloads, and are performed for each workload.
[0039] At the device-specific COP calculating step 701, the arrangement information 200 is taken as an input and an
output result 900 shown in FIG. 9 is output. The output result 900 holds a distance 930 from each information processing
device and a device-specific COP 940 of each information processing device with respect to each air conditioner. The
air conditioners are identified by air conditioner IDs 910, and the information processing devices are identified by device
IDs 920. A distance Lji 930 between an air conditioner j and an information processing device i is calculated by analyzing
the arrangement information 200. Calculation of a COPji 940 that is a device-specific COP uses the Formula 3. In this
embodiment, the environment constant A in the Formula 3 is set so that an average of the COPji of the air conditioners
j becomes a COPj. However, the device-specific COP or the environment constant A may be obtained by an experiment
in the computer room or may be obtained based on a three-dimensional thermofluid simulation. For example, an air
conditioner power with respect to a device power can be obtained by using a three-dimensional thermofluid simulation
or a high-speed simulation engine in which main parameters are extracted based on a three-dimensional thermofluid
simulation, and a device-specific COP can be calculated from the air conditioner power. Incidentally, a device temperature
can be obtained from the device power when these simulations are used.
[0040] At the device-associated power consumption expression creating step 702, the information processing device
specification table and COPj i are taken as inputs, and a device-associated power consumption expression of each
information processing device is output. FIG. 10 shows an output result 1000 of the device-associated power consumption
expression creating step 702. The output result 1000 holds a device-associated power consumption expression 1020
for each device ID 1010. The device-associated power consumption expression 1020 is calculated by utilizing the
Formula 4, the Formula 5 and the Formula 6.
[0041] At the device evaluation index calculating step 703, the device-associated power consumption expression 1020
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and the information processing device specification table 300 are taken as inputs, and an evaluation index of each
information processing device is output. FIG. 11 shows an output result 1100 at the device evaluation index calculating
step 703. In this embodiment, a power saving performance evaluation index EEi 1120 and a service continuity evaluation
index ESi 1130 are used as evaluation indexes of each information processing device. The power saving performance
evaluation index EEi 1120 is a constant calculated based on the Formula 8, and it indicates the performance per
associated power consumption in the maximum resource utilization ratio of the information processing device i. Since
EEi is a power saving performance evaluation index taking into account the air conditioner power and the arrangement
information of the computer room, workload allocation capable of reducing the power consumption of the entire computer
room can be determined by allocating workloads to the server devices in descending order of EEi values. The service
continuity evaluation index ESi 1130 is a constant calculated based on the Formula 11, and it indicates an available
resource amount of an information processing device in maximum resource utilization ratio of the information processing
device i. Workload allocation having room left in the information processing devices can be determined by allocating
workloads to the server devices in descending order of ESi values. In this embodiment, the two evaluation indexes EEi
and ESi with respect to each information processing device are used, but only the power saving performance evaluation
index EEi may be used or another evaluation index may be used. 

[0042] At the allocable information processing device extracting step 704, the workload specification table 500 and
the information processing device specification table 300 are taken as inputs, and an information processing device to
which a workload can be allocated is extracted. Specifically, an information processing device whose device type 320
is identical to the allocation target device type 520 and whose allocable processing performance 360 is larger than the
workload amount 530 is extracted with reference to the allocation target device type 520 and the workload amount 530
of the workload, and the device type 320 and the allocable processing performance 360 of the information processing
device. The information processing device includes a resource required to be secured in the workload allocation in
addition to the allocable processing performance 360. For example, when the information processing device is a server
device, the resource corresponds to a disk storage region, the number of licenses of an OS or application or the like,
and when the information processing device is a storage device, the resource corresponds to the number of connected
clients. These resources do not appear in the Formula 8 and the Formula 11, but are factors in determining whether to
perform allocation. In this embodiment, the processing is shown based on an assumption that these resources are
sufficiently secured, but the workload specification table 500 or the information processing device specification table
300 may hold the information of these resources so that the information can be used as a restriction condition in the
extraction of the information processing device.
[0043] At the workload allocating step 705, the information processing device to be an allocation destination of the
workload is determined in accordance with the allocation policy from the information processing device extracted at the
allocable information processing device extracting step 704 and the output result 1100 at the device evaluation index
calculating step. FIG. 6 shows the workload allocation table 600 that is an output result of the workload allocating step
705. At the workload allocating step 705, when the allocation policy is power saving priority, an information processing
device having the highest power saving performance evaluation index EEi is determined as the information processing
device to be the allocation destination of the workload, and when the allocation policy is service priority, an information
processing device having the highest service continuity evaluation index ESi is determined as the information processing
device to be the allocation destination of the workload. After the information processing device to be the allocation
destination of the workload is determined, the workload amount 530 of the workload is subtracted from a value of the
allocable processing performance 360 of the corresponding information processing device.
[0044] The processing flow of the workload allocating unit has been described above. However, when the device-
specific COP is not as simple as that represented by the Formula 3 or varies in accordance with an environment in the
computer room, the device-specific COP calculating step 701 to the workload allocating step 705 may be repeated until
a convergence condition is satisfied like the processing flow shown in FIG. 8. For example, when a device-specific COP
is obtained by a three-dimensional thermofluid simulation, a sequence of processes of obtaining device power distribution
that is input information of the three-dimensional thermofluid simulation at the workload allocating step 705 and calculating
a device-specific COP based on the obtained distribution at the device-specific COP calculating step 701 is repeated
until the convergence condition is satisfied. The convergence condition at a convergence condition determination 801
is that a difference in device-specific COP from the last calculation result is within a threshold, a result of workload
allocation is equal to the last workload allocation result and the like. Furthermore, a restriction condition that a device
temperature obtained by a three-dimensional thermofluid simulation or a high-speed simulation engine does not exceed
an operational upper limit temperature of the information processing device or a temperature obtained by subtracting a
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margin from the operational upper limit temperature may be added in the workload allocating step 705. Incidentally, the
flow of the workload allocating unit shown in FIG. 8 is also applicable to the case where the amount of heat generation
of an information processing device is influenced by heat generated from an adjacent information processing device,
the case where the device power of the information processing device is influenced by the temperature in the computer
room and the like.
[0045] The workload control unit 102 uses the workload allocation table 600 to control the workloads 111a to 111d of
the information processing devices 110a and 110b. This control varies depending on the types of the information process-
ing devices. When the information processing device is a server device, the workload control unit 102 changes settings
of a virtual OS manager and a workload balancer corresponding to the workload allocating agents 112a and 112b, and
allocates workloads to the server devices based on the workload allocation table 600.
[0046] As described above, the workload allocation capable of saving the power of the computer room can be achieved
by determining an optimum allocation of workloads to the server devices with taking into account the air conditioner
power and controlling the workloads on the server devices in accordance with the allocation.

SECOND EMBODIMENT

[0047] FIG. 12 is a diagram showing a second embodiment of the present invention. In the present embodiment, when
the information processing device is a storage device, the workload allocation capable of saving the power in the entire
computer room can be achieved. Though this embodiment shows a case where two storage devices are provided as
information processing devices, the number of storage devices may be any number. Furthermore, as the information
processing device, a server device or a network device may coexist with the storage device. In this embodiment, an
operation management device 1200, storage devices 1210a and 1210b and a workload allocating agent 1220 are
connected to each other via the network 120.
[0048] When the information processing devices are storage devices, workloads 1211a to 1211d are data storage
regions. The workload allocating agent 1220 receives instructions from the operation management device and controls
the data storage regions of the storage devices. The workload allocating agent 1220 for the storage devices is a storage
manager and is generally disposed outside the storage devices.
[0049] The operation management device 1200 shown in FIG. 12 is provided with arrangement information 1300, an
information processing device specification table 1400, the air conditioner specification table 400, a workload specification
table 1500, a workload allocation table 1900, a workload allocating unit 1201 and a workload control unit 1202. Hereinafter,
the arrangement information 1300, the information processing device specification table 1400, the workload specification
table 1500, the workload allocating unit 1201 and the workload control unit 1202 which are differences from the first
embodiment will be described.
[0050] The arrangement information 1300 shown in FIG. 13 is a piece of information showing position relationships
between air conditioners 1310a and 1310b and storage devices 1320a and 1320b in the computer room. Air conditioner
IDs 1311a and 1311b are assigned to the air conditioners 1310a and 1310b, respectively, and device IDs 1321a and
1321b are assigned to the storage devices 1320a and 1320b, respectively. The arrangement information includes pieces
of relative distance information 1330a to 1330c between the air conditioners 1310a and 1310b and the storage devices
1320a and 1320b. The arrangement information may be in a graphic form shown in FIG. 13 or may be in a table form
as long as the relative distances between the air conditioners and the storage devices can be understood.
[0051] The information processing device specification table 1400 shown in FIG. 14 holds a device type 1420, a device
power minimum value PDmini 1430, a device power maximum value PDmaxi 1440, a processing performance maximum
value Wi 1450, an allocable processing performance 1460, a resource utilization ratio maximum value Xi 1470 and a
device power expression 1480 for each device ID 1410 with respect to the storage devices in the computer room. When
the information processing device is a storage device, the processing performance maximum value Wi 1450 is a maximum
value of a data storage region of the storage device, and it is specified in a catalogue or the like. The resource utilization
ratio maximum value Xi 1470 is a maximum value of utilization ratio of the data storage region of the storage device,
and it is referred to by the workload allocating unit 1201 in the workload allocation.
[0052] The workload specification table 1500 shown in FIG. 15 holds an allocation target device type 1520 and a
workload amount 1530 for each workload ID 1510 with respect to the workloads. The workload amount 1530 in the
storage device is a size of the data storage region required by a corresponding workload. In the workload specification
table 1500, an allocation policy is not specified, but an allocation policy may be specified like in the workload specification
table 500 of the first embodiment.
[0053] A processing flow of the workload allocating unit 1201 in this embodiment is the same as the processing flow
700 of the workload allocating unit of the first embodiment. At the device-specific COP calculating step 701 in this
embodiment, the arrangement information 1300 and the air conditioner specification table 400 are taken as inputs, and
a device-specific COP for each air conditioner shown in an output result 1600 is output.
[0054] At the device-associated power consumption expression creating step 702 in this embodiment, the information



EP 2 330 505 B1

12

5

10

15

20

25

30

35

40

45

50

55

processing device specification table 1400 and the output result 1600 of the device-specific COP calculating step are
taken as inputs, and a device-associated power consumption expression of each information processing device shown
in an output result 1700 is output. In this embodiment, the device power of the storage device is assumed to be constant
regardless of the resource utilization ratio, and a device-associated power consumption expression Pi(x) is obtained by
fixing the device power expression PDi (x) of the storage device at the device power maximum value PDmaxi. However,
on an assumption that the storage device adopts an MAID (Massive Arrays of Inactive Disks) technology for performing
power control in accordance with a used storage region, the device power expression PDi(x) and the device-associated
power consumption expression Pi(x) may be obtained so that the device power increases or decreases in accordance
with the resource utilization ratio.
[0055] At the device evaluation index calculating step 703 in this embodiment, the device-associated power consump-
tion expression 1700 and the information processing device specification table 1400 are taken as inputs, and an evaluation
index for each storage device shown in an output result 1800 is output. In this embodiment, only the power saving
performance evaluation index EEi is output. However, other evaluation indexes may be output as described in the first
embodiment.
[0056] At the allocable information processing device extracting step 704 and the workload allocating step 705 in this
embodiment, the evaluation index 1800 for each information processing device, the workload specification table 1500
and the information processing device specification table 1400 are taken as inputs, and the workload allocation table
1900 shown in FIG. 19 is output. In the evaluation index 1800 of each information processing device, the power saving
performance evaluation index EEi of the storage device 1320a whose device ID is 3 is higher than that of the storage
device 1320b whose device ID is 4, and therefore, workloads with respect to the storage devices are intensively allocated
to the storage device 1320a in the workload allocation table 1900. This indicates that the power of the computer room
including the air conditioner power can be saved by the intensive allocation of workloads to the storage device 1320a.
[0057] The workload control unit 1202 controls a workload of each of the information processing devices 1210a and
1210b by using the workload allocation table 1900. This control varies depending on the types of the information process-
ing devices. When the information processing device is a storage device, the workload control unit changes settings of
the storage manager corresponding to the workload allocating agent 1220, and allocates a data storage region that is
a workload of each storage device based on the workload allocation table 1900.
[0058] As described above, the workload allocation capable of saving the power of the computer room can be achieved
by determining an optimum allocation of workloads to the storage devices with taking into account the air conditioner
power and controlling the workloads on the storage devices in accordance with the allocation.

THIRD EMBODIMENT

[0059] FIG. 20 is a diagram showing a third embodiment of the present invention. In the present embodiment, an air
conditioner power required for cooling information processing devices 2010a to 2010d in a computer room is obtained,
and air conditioners 2020a and 2020b are controlled in accordance with the obtained air conditioner power, thereby
saving the power of an entire computer room. Though this embodiment shows a case where four information processing
devices and two air conditioners are provided, the numbers of information processing devices and air conditioners may
be any number. This embodiment may be implemented in parallel with the first embodiment and the second embodiment
or may be performed independently. In this embodiment, an operation management device 2000, the information process-
ing devices 2010a to 2010d, the air conditioners 2020a and 2020b are connected to each other via the network 120.
[0060] The information processing devices 2010a to 2010d in the computer room are provided with power measuring
agents 2011a to 2011d. The power measuring agents 2011a to 2011d measure the device power of the information
processing devices and transmit the results of the measurements to the operation management device 2000.
[0061] The air conditioners 2020a and 2020b are provided with output control agents 2021a and 2021b. The output
control agents 2021a and 2021b control outputs of the air conditioners 2020a and 2020b in accordance with requests
from the operation management device 2000.
[0062] The operation management device 2000 is provided with arrangement information 2100, the air conditioner
specification table 400, an air conditioner power table 2200, an air conditioner power calculating unit 2001 and an air
conditioner control unit 2002.
[0063] The arrangement information 2100 shown in FIG. 21 is a piece of information showing position relationships
between air conditioners 2110a and 2110b and information processing devices 2120a to 2120d in the computer room.
Air conditioner IDs 2111a and 2111b are assigned to the air conditioners 2110a and 2110b, respectively, and device
IDs 2121a to 2121d are assigned to the information processing devices 2120a to 2120d, respectively. The arrangement
information 2100 includes pieces of information 2130a to 2130d on relative distances between the air conditioners 2110a
and 2110b and the information processing devices 2120a to 2120d. The arrangement information may be in a graphic
form as shown in FIG. 21 or may be in a table form as long as the relative distances between the air conditioners and
the information processing devices can be understood.
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[0064] The air conditioner power table 2200 shown in FIG. 22 holds an optimum air conditioner power 2250 for each
of the air conditioner IDs 2210 of the air conditioners. The air conditioner power 2250 is calculated from a device power
measured value 2230 and an air conditioner power expression 2240 for each of the device IDs 2220 of the information
processing devices. The air conditioner power table 2200 is created by the air conditioner power calculating unit 2001,
and it is referred to when the air conditioner control unit 2002 controls the outputs of the air conditioners 2110a and 2110b.
[0065] FIG. 23 shows a processing flow of the air conditioner power calculating unit 2001. This processing flow includes
a device-specific COP calculating step 2301, a device power acquiring step 2302 and an air conditioner power calculating
step 2303, in which the arrangement information 2100, the air conditioner specification table 400 and the device power
measured value 2230 of the information processing device are taken as inputs and the air conditioner power table 2200
is output.
[0066] The device-specific COP calculating step 2301 is the same as the device-specific COP calculating step 701 in
the first embodiment. At the device-specific COP calculating step 2301, the arrangement information 2100 and the air
conditioner specification table 400 are taken as inputs and a device-specific COP is output. FIG. 24 shows an output
result 2400 of the device-specific COP calculating step 2301.
[0067] At the device power acquiring step 2302, the device power measured values 2230 of the information processing
devices 2010a to 2010d are acquired via the respective device power measuring agents 2011a to 2011d. When the
device power measured value cannot be acquired, a device power maximum value or a value calculated by using the
device power expression PDi (x) may be used instead of the device power measured value.
[0068] At the air conditioner power calculating step 2303, the device power measured value 2230 and the device-
specific COP 2440 of the information processing device are taken as inputs, and an air conditioner power calculated
value of each air conditioner is output. The air conditioner power table 2200 shown in FIG. 21 is an output result of the
air conditioner power calculating step 2303. The air conditioner power PCj 2250 of each air conditioner is calculated by
using the Formula 9. Since the air conditioner power PCj 2250 of each air conditioner is an optimum value of air conditioner
power, by controlling the output of the air conditioners 2010a and 2010b based on this value, the air conditioner power
of the computer room can be reduced.
[0069] The air conditioner control unit 2002 refers to the air conditioner power table 2200 and controls the outputs of
the air conditioners 2020a and 2020b via the output control agents 2021a and 2021b.
[0070] As described above, the power saving of the air conditioner power of the computer room can be achieved by
obtaining the air conditioner power calculated value of each air conditioner and controlling the output of each air conditioner
based on the calculated value. This embodiment can be implemented in parallel with the workload allocation to the
information processing devices shown in the first embodiment or the second embodiment. By implementing this embod-
iment in parallel with the first embodiment or the second embodiment, workload allocation to the information processing
devices is optimized, and a total value of the device power and the air conditioner power of the computer room can be
reduced. Furthermore, since the first embodiment or the second embodiment is independent of the result of the present
embodiment, it is unnecessary to sequentially repeat the workload allocation and the power measurement, and the time
to achieve the power saving can be shortened.

FOURTH EMBODIMENT

[0071] Next, an embodiment in which the determination of workload allocation to devices described in the embodiments
above is executed through a screen provided for an administrator by an air conditioning visualization tool provided in
an operation management device will be described with reference to FIG. 25 and FIG. 26.
[0072] FIG. 25 shows an example of a screen displayed by an air conditioning visualization analysis tool provided in
the operation management device 100 in FIG. 1. The air conditioning visualization analysis tool displays a computer
room layout display screen 2510, a device /air conditioner selection screen 2520, a detailed information screen 2530,
a computer room information DB selection button 2540, an air conditioner display item selection box 2550 and a device
display item selection box 2560 within a whole window 2500 so that air conditioning analysis information is provided for
the administrator.
[0073] The computer room layout display screen 2510 includes a computer room layout frame 2511, device objects
2512 and air conditioner objects 2513 and 2514, and provides the administrator with the arrangement information of the
air conditioners and the devices.
[0074] The device/air conditioner selection screen 2520 displays a list of devices and air conditioners in the computer
room to provide the administrator with means to select a device or an air conditioner to be displayed on the detailed
information screen 2530. For example, when the administrator selects "air conditioner 2" 2521, the air conditioning
visualization analysis tool 2500 displays a corresponding object 2514 on the computer room layout display screen 2510
in a highlighted manner. Further, as shown in FIG. 25, detailed information of the corresponding object is displayed on
the detailed information screen 2530. Also when the administrator selects the object 2514 in the computer room layout
display screen 2510, the "air conditioner 2" 2521 on the device/air conditioner selection screen 2520 is displayed in a
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highlighted manner, and the detailed information of the corresponding object is displayed on the detailed information
screen 2530. The display items of the detailed information screen 2530 include a device name, a device type, a device
power, a device-specific COP and COP (an average value of device-specific COPs) relating to the selected "air conditioner
2" 2521. However, other items may be included.
[0075] The DB selection button 2540 is a button for calling a screen for selecting information of the computer room to
be an object of air conditioning visualization analysis. In this embodiment, the DB selection button 2540 is in a button
form, but it may be in another form.
[0076] The air conditioner display item selection box 2550 is a box by which the administrator specifies a display item
associated with an air conditioner object on the computer room layout display screen 2510. The device display item
selection box 2560 is similarly a box for specifying a display item associated with a device object. FIG. 25 shows the
state in which an item (e) is specified in the air conditioner display item selection box 2550, and as a result, a value of
COP of each air conditioner is displayed in the air conditioner objects 2513 and 2514 on the computer room layout
display screen 2510. Further, an item (h) is specified in the device display item selection box 2560, and as a result, a
value of resource utilization ratio of each storage device is displayed in the device objects 2512 on the computer room
layout display screen 2510.
[0077] FIG. 26 shows the state in which the administrator selects "device 4" 2610 on the device/air conditioner selection
screen 2520, and as a result, a storage device object 2620 is displayed in a highlighted manner on the computer room
layout display screen and the detailed information of the corresponding object is displayed on the detailed information
screen. In this example, display items of a detail display of the storage device include a device name, a device type, a
device power, resource utilization ratio, a power saving performance evaluation index, a device-specific COP for each
air conditioner and an average value of these device-specific COPs of the air conditioners.
[0078] When the administrator utilizes the air conditioning visualization analysis tool 2500, the low-cost operation of
the computer room can be achieved. For example, by displaying the item "device-specific COP (Device 1)" in the air
conditioner objects on the computer room layout display screen 2510, the influence of increase in device power of Device
1 on the air conditioners can be checked. More specifically, the administrator can check which air conditioner should be
controlled for more effective operation in accordance with the increase and decrease of the operation state of Device
1. When the administrator performs the control by using the result, the air conditioner power can be reduced.
[0079] Furthermore, when a new workload is to be added, by displaying the item "power saving performance evaluation
index" in the device object on the computer room layout display screen 2510, it is possible to confirm to which device
the workload should be allocated for higher power efficiency. When the administrator performs the control by using the
confirmation result, an increase in power of the entire computer room can be suppressed.
[0080] Furthermore, when a new workload is to be added in the case where output of Air conditioner 1 is close to its
upper limit, by displaying the item "device-specific COP (Air conditioner 1)" in the device object on the computer room
layout display screen 2510, it is possible to confirm to which device the workload should be allocated in order to minimize
an increase in output of Air conditioner 1. When the administrator performs the control by using the confirmation result,
the air conditioners in the computer room can be evenly used, so that a timing to introduce a new air conditioner can be
delayed.

INDUSTRIAL APPLICABILITY

[0081] The present invention can be applied to integrative power saving operation management in an information
processing system including a group of information processing devices such as servers, storages and networks and
cooling equipment, and it is particularly suitable for a data center. Furthermore, the present invention can be used for
autonomous operation management of an information processing system, and be widely applied as a system construction
tool, an energy saving diagnostic tool, an operation monitoring tool and a supplementary tool for an operation administrator
and an equipment administrator.
[0082] The present invention is mainly intended for a group of information processing devices, but the present invention
can be applied to any device, which consumes power or energy, and equipment therefor. For example, the present
invention can be applied to the operation and control of an electrical device, a machine device, a power device, a heat
device and others.

Claims

1. An operation management method in an information processing system having a plurality of information processing
devices (110a-b; 220a-b; 1320a-b; 2120a-d) and cooling equipment (210a-b; 1310a-b; 2110a-b) and deciding work-
load allocation to the information processing devices with an operation management device (100) previously storing
specification information (310-380; 1410-1480) of each information processing device, the method comprising:
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obtaining, by experiments or simulations, at least one device-specific coefficient of performance (940; 1640)
relating to each information processing device (110a-b; 220a-b; 1320a-b; 2120a-d), based on heat generated
from the information processing devices and electric power of the cooling equipment (210a-b; 1310a-b; 2110a-
b) for exchange of the heat;
characterized by:

obtaining index values (1120, 1130; 1820) indicating performances of each information processing device
(110a-b; 220a-b; 1320a-b; 2120a-d) per unit power consumption relating to total power consumption of
power consumption of each information processing device at previously specified resource utilization ratio
for each information processing device, respectively, and power consumption of the cooling equipment
(210a-b; 1310a-b; 2110a-b) for cooling heat to be generated from each information processing device
corresponding to the power consumption of each information processing device, based only on the previ-
ously stored specification information (310-380; 1410-1480) of each information processing device and the
at least one device-specific coefficient of performance (940; 1640) relating to each information processing
device; and
deciding workload allocation by allocating workloads (111a-d; 1211a-d) based on the index values (1120,
1130; 1820).

2. The method of claim 1, wherein, when workloads (111 a-d; 1211a-d) are allocated based on the index values (1120,
1130; 1820), a workload is allocated preferentially in order from an information processing device (110a-b; 220a-b;
1320a-b; 2120a-d) having a higher index value among the information processing devices.

3. The method of claim 1, wherein,
when workloads (111a-d; 1211a-d) are allocated based on the index values (1120, 1130; 1820), whether workloads
are capable of being allocated to each processing apparatus or not is determined based on the specification infor-
mation (310-380; 1410-1480) of each information processing device (110a-b; 220a-b; 1320a-b; 2120a-d), and
a workload (111a-d; 1211a-d) is allocated preferentially to an information processing device (110a-b; 220a-b; 1320a-
b; 2120a-d) having the highest index value (1120, 1130; 1820) among the information processing devices to which
a workload are determined to be capable of being allocated.

4. The method of claim 1, wherein, when the at least one device-specific coefficient of performance (940; 1640) relating
to each information processing device (110a-b; 220a-b; 1320a-b; 2120a-d) are obtained, three-dimensional ther-
mofluid simulation is applied using distribution of the heat generated from the information processing devices as
input data.

5. The method of claim 1, wherein the information processing device (110a-b; 220a-b; 1320a-b; 2120a-d) is a server
device.

6. The method of claim 1, wherein the information processing device (110a-b; 220a-b; 1320a-b; 2120a-d) is a storage
device.

7. The method of claim 1, wherein the cooling equipment (210a-b; 1310a-b; 2110a-b) includes an air conditioner.

8. The method of claim 1, wherein the cooling equipment (210a-b; 1310a-b; 2110a-b) includes a plurality of air condi-
tioners.

9. The method of claim 8, wherein, when the at least one device-specific coefficient of performance (940; 1640) relating
to each information processing device (110a-b; 220a-b; 1320a-b; 2120a-d) are obtained, the at least one device-
specific coefficient of performance (940; 1640) relating to each information processing device are obtained for each
air conditioner based on heat generated from the information processing devices and electric power of each air
conditioner (210a-b; 1310a-b; 2110a-b) for exchange of the heat.

10. The method of claim 8, wherein, when the index values (1120, 1130; 1820) are obtained, index values indicating
performances of each information processing device (110a-b; 220a-b; 1320a-b; 2120a-d) per unit power consumption
relating to total power consumption of power consumption of each information processing device at previously
specified resource utilization ratio for each information processing device, respectively, and power consumption of
the air conditioners for cooling heat to be generated from each information processing device corresponding to the
power consumption of each information processing device, are obtained based on the specification information
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(310-380; 1410-1480) of each information processing device and the at least one device-specific coefficient of
performance (940; 1640) relating to each information processing device.

11. The method of claim 1, wherein, when the index values (1120, 1130; 1820) are obtained,
power consumption of each information processing device (110a-b; 220a-b; 1320a-b; 2120a-d) at the previously
specified resource utilization ratio is obtained based on the specification information (310-380; 1410-1480) of each
information processing device,
power consumption of the cooling equipment (210a-b; 1310a-b; 2110a-b) for cooling heat to be generated from
each information processing device (110a-b; 220a-b; 1320a-b; 2120a-d) corresponding to power consumption of
each information processing device is obtained based on the at least one device-specific coefficient of performance
(940; 1640) relating to each information processing device, and
index values (1120, 1130; 1820) indicating performances of each information processing device (110a-b; 220a-b;
1320a-b; 2120a-d) per unit power consumption relating to total power consumption of the power consumption of
each information processing device and the power consumption of the cooling equipment (210a-b; 1310a-b; 2110a-
b) are obtained.

12. The method of claim 1, wherein, when workload allocation by allocating workloads (111a-d; 1211a-d) based on the
index values (1120, 1130; 1820) is decided, workload allocation is decided by sequentially extracting one of the
workloads to be allocated and sequentially allocating the extracted workload based on the index values.

13. The method of claim 1, wherein the previously specified resource utilization ratio is the maximum value (370; 1470)
of the resource utilization ratio of each information processing device (110a-b; 220a-b; 1320a-b; 2120a-d).

14. The method of claim 1, wherein the information processing devices (110a-b; 220a-b; 1320a-b; 2120a-d) and the
cooling equipment (210a-b; 1310a-b; 2110a-b) are arranged in a computer room.

Patentansprüche

1. Betriebsverwaltungsverfahren in einem Informationsverarbeitungssystem mit mehreren Informationsverarbeitungs-
vorrichtungen (110a-b; 220a-b; 1320a-b; 2120a-d) und einer Kühleinrichtung (210a-b; 1310a-b; 2110a-b), um eine
Arbeitsbelastungszuteilung an die Informationsverarbeitungsvorrichtungen mit einer Betriebsverwaltungsvorrich-
tung (100) zu entscheiden, die zuvor Spezifikationsinformationen (310-380; 1410-1480) jeder Informationsverar-
beitungsvorrichtung speichert, wobei in dem Verfahren:

durch Experimente oder Simulationen wenigstens ein vorrichtungsspezifischer Leistungsfähigkeitskoeffizient
(940; 1640) zu jeder Informationsverarbeitungsvorrichtung (110a-b; 220a-b; 1320a-b; 2120a-d) basierend auf
der von den Informationsverarbeitungsvorrichtungen erzeugten Wärme und der elektrischen Leistung der Küh-
leinrichtung (210a-b; 1310a-b; 2110a-b) zum Austausch der Wärme erhalten wird,
dadurch gekennzeichnet, dass
Indexwerte (1120, 1130; 1820) erhalten werden, die die Leistungsfähigkeiten jeder Informationsverarbeitungs-
vorrichtung (110a-b; 220a-b; 1320a-b; 2120a-d) pro Leistungsverbrauchseinheit bezogen auf den Gesamtleis-
tungsverbrauch des Leistungsverbrauchs jeder Informationsverarbeitungsvorrichtung zu einem zuvor spezifi-
zierten Ressoucennutzungsverhältnis für jede Informationsverarbeitungsvorrichtung angeben, und der Leis-
tungsverbrauch der Kühleinrichtung (210a-b; 1310a-b; 2110a-b) für die zu erzeugende Kühlwärme von jeder
Informationsverarbeitungsvorrichtung entsprechend dem Leistungsverbrauch jeder Informationsverarbeitungs-
vorrichtung basierend auf den zuvor gespeicherten Spezifikationsinformationen (310-380; 1410-1480) jeder
Informationsverarbeitungsvorrichtung und dem wenigstens einem vorichtungsspezifischen Leistungsfähigkeits-
koeffizienten (940; 1640) zu jeder Informationsverarbeitungsvorrichtung erhalten wird, und
die Arbeitsbelastungszuteilung durch Zuteilung von Arbeitsbelastungen (111a-d; 1211a-d) basierend auf den
Indexwerten (1120, 1130; 1820) entschieden wird.

2. Verfahren nach Anspruch 1, wobei, wenn Arbeitsbelastungen (111a-d; 1211a-d) basierend auf den Indexwerten
(1120, 1130; 1820) zugeordnet werden, eine Arbeitsbelastung vorzugsweise in der Reihenfolge von einer Informa-
tionsverarbeitungsvorrichtung 110a-b; 220a-b; 1320a-b; 2120a-d) mit einem höheren Indexwert unter den Informa-
tionsverarbeitungsvorrichtungen zugeordnet wird.

3. Verfahren nach Anspruch 1, wobei,
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wenn Arbeitsbelastungen (111a-d; 1211 a-d) basierend auf den Indexwerten (1120, 1130; 1820) zugeordnet werden,
basierend auf den Spezifikationsinformationen (310-380; 1410-1480) jeder Informationsverarbeitungsvorrichtung
(110a-b; 220a-b; 1320a-b; 2120a-d) entschieden wird, ob Arbeitsbelastungen dazu geeignet sind, jedem Verarbei-
tungsgerät zugeordnet zu werden oder nicht, und
eine Arbeitsbelastung (111a-d; 1211a-d) vorzugsweise einer Informationsverarbeitungsvorrichtung (110a-b; 220a-
b; 1320a-b; 2120a-d) mit dem höchsten Indexwert (1120, 1130; 1820) unter den Informationsverarbeitungsvorrich-
tungen zugeordnet wird, die für die Zuteilung einer Arbeitsbelastung als geeignet festgestellt werden.

4. Verfahren nach Anspruch 1, wobei, wenn wenigstens ein vorrichtungsspezifischer Leistungsfähigkeitskoeffizient
(940; 1640) zu jeder Informationsverarbeitungsvorrichtung (110a-b; 220a-b; 1320a-b; 2120a-d) erhalten wird, eine
dreidimensionale Thermofluid-Simulation unter Verwendung der aus den Informationsverarbeitungsgeräten erzeug-
ten Wärme als Eingangsdaten angewendet wird.

5. Verfahren nach Anspruch 1, wobei die Informationsverarbeitungsvorrichtung (110a-b; 220a-b; 1320a-b; 2120a-d)
eine Servervorrichtung ist.

6. Verfahren nach Anspruch 1, wobei die Informationsverarbeitungsvorrichtung (110a-b; 220a-b; 1320a-b; 2120a-d)
eine Speichervorrichtung ist.

7. Verfahren nach Anspruch 1, wobei die Kühleinrichtung (210a-b; 1310a-b; 2110a-b) eine Klimaanlage aufweist.

8. Verfahren nach Anspruch 1, wobei die Kühleinrichtung (210a-b; 1310a-b; 2110a-b) mehrere Klimaanlagen aufweist.

9. Verfahren nach Anspruch 8, wobei, wenn wenigstens ein vorrichtungsspezifischer Leistungsfähigkeitskoeffizient
(940; 1640) zu jeder Informationsverarbeitungsvorrichtung (110a-b; 220a-b; 1320a-b; 2120a-d) erhalten wird, der
wenigstens eine vorrichtungsspezifische Leistungsfähigkeitskoeffizient (940; 1640) zu jeder Informationsverarbei-
tungsvorrichtung für jede Klimaanlage basierend auf von den Informationsverarbeitunsvorrichtungen erzeugter Wär-
me und der elektrischen Leistung jeder Klimaanlage (210a-b; 1310a-b; 2110a-b) zum Austausch der Wärme erhalten
wird.

10. Verfahren nach Anspruch 8, wobei, wenn die Indexwerte (1120, 1130; 1820) erhalten werden, Indexwerte erhalten
werden, die jeweils Leistungsfähigkeiten jeder Informationsverarbeitungsvorrichtung (110a-b; 220a-b; 1320a-b;
2120a-d) pro Leistungsverbrauchseinheit bezogen auf den Gesamtleistungsverbrauch des Leistungsverbrauchs
jeder Informationsverarbeitungsvorrichtung zu einem zuvor spezifizierten Ressourcennutzungsverhältnis für jede
Informationsverarbeitungsvorrichtung angeben, und die den Leistungsverbrauch der Klimaanlagen zum Kühlen der
aus jeder Informationsverarbeitungsvorrichtung zu erzeugenden Wärme entsprechend dem Leistungsverbrauch
jeder Informationsverarbeitungsvorrichtung basierend auf den Spezifikationsinformationen (310-380; 1410-1480)
jeder Informationsverarbeitungsvorrichtung und dem wenigstens einen vorrichtungsspezifischen Leistungsfähig-
keitskoeffizienten (940; 1640) zu jeder Informationsverarbeitungsvorrichtung angeben.

11. Verfahren nach Anspruch 1, wobei, wenn die Indexwerte (1120, 1130; 1820) erhalten werden,
ein Leistungsverbrauch jeder Informationsverarbeitungsvorrichtung (110ab; 220a-b; 1320a-b; 2120a-d) zu dem
zuvor spezifizierten Ressourcennutzungsverhältnis basierend auf den Spezifikationsinformationen (310-380;
1410-1480) jeder Informationsverarbeitungsvorrichtung erhalten wird,
der Leistungsverbrauch der Kühleinrichtung (210a-b; 1310a-b; 2110a-b) zum Kühlen zu erzeugender Wärme aus
jeder Informationsverarbeitungsvorrichtung (110a-b; 220a-b; 1320a-b; 2120a-d) entsprechend dem Leistungsver-
brauch jeder Informationsverarbeitungsvorrichtung basierend auf dem wenigstens einen vorrichtungsspezifischen
Leistungsfähigkeitskoeffizienten (940; 1640) zu jeder Informationsverarbeitungsvorrichtung erhalten wird, und
Indexwerte (1120, 1130; 1820) erhalten werden, die Leistungsfähigkeiten jeder Informationsverarbeitungsvorrich-
tung (110a-b; 220a-b; 1320a-b; 2120a-d) pro Leistungsverbrauchseinheit bezogen auf den Gesamtleistungsver-
brauch des Leistungsverbrauchs jeder Informationsverarbeitungsvorrichtung und den Leistungsverbrauch der Küh-
leinrichtung (210a-b; 1310a-b; 2110a-b) angeben.

12. Verfahren nach Anspruch 1, wobei, wenn die Arbeitsbelastungszuteilung durch Zuteilung von Arbeitsbelastungen
(111a-d; 1211a-d) basierend auf den Indexwerten (1120, 1130; 1820) entschieden wird, die Arbeitsbelastungszu-
teilung dadurch entschieden wird, dass nacheinander eine der zuzuteilenden Arbeitsbelastungen extrahiert und die
extrahierte Arbeitsbelastung basierend auf den Indexwerten nacheinander zugeordnet wird.
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13. Verfahren nach Anspruch 1, wobei das zuvor spezifizierte Ressourcennutzungsverhältnis der Maximalwert (370;
1470) des Ressourcennutzungsverhältnisses jeder Informationsverarbeitungsvorrichtung (110a-b; 220a-b; 1320a-
b; 2120a-d) ist.

14. Verfahren nach Anspruch 1, wobei die Informationsverarbeitungsvorrichtungen (110a-b; 220a-b; 1320a-b; 2120a-
d) und die Kühleinrichtung (210a-b; 1310a-b; 2110a-b) in einem Computerraum angeordnet sind.

Revendications

1. Procédé de gestion de fonctionnement dans un système de traitement d’informations ayant une pluralité de dispositifs
(110a-b ; 220a-b ; 1320a-b ; 2120a-d) de traitement d’informations et un équipement (210a-b ; 1310a-b ; 2110a-b)
de refroidissement et décidant d’une affectation de charge de travail aux dispositifs de traitement d’informations
avec un dispositif (100) de gestion de fonctionnement stockant au préalable des informations (310-380 ; 1410-1480)
de spécifications de chaque dispositif de traitement d’informations, le procédé comprenant :

l’obtention, par des expériences ou des simulations, d’au moins un coefficient (940 ; 1640) de performance
spécifique au dispositif se rapportant à chaque dispositif (110a-b ; 220a-b ; 1320a-b ; 2120a-d) de traitement
d’informations, sur la base d’une chaleur générée depuis les dispositifs de traitement d’informations et d’une
puissance électrique de l’équipement (210a-b ; 1310a-b ; 2110a-b) de refroidissement pour un échange de la
chaleur ;
caractérisé par :

l’obtention de valeurs (1120, 1130 ; 1820) d’indices indiquant des performances de chaque dispositif (110a-
b ; 220a-b ; 1320a-b ; 2120a-d) de traitement d’informations par unité de consommation d’énergie se rap-
portant à une consommation totale d’énergie de consommation d’énergie de chaque dispositif de traitement
d’informations à un taux d’utilisation de ressources précédemment spécifié pour chaque dispositif de trai-
tement d’informations, respectivement, et une consommation d’énergie de l’équipement (210a-b ; 1310a-
b; 2110a-b) de refroidissement pour refroidir une chaleur devant être générée depuis chaque dispositif de
traitement d’informations correspondant à la consommation d’énergie de chaque dispositif de traitement
d’informations, sur la base uniquement des informations (310-380 ; 1410-1480) de spécifications précé-
demment stockées de chaque dispositif de traitement d’informations et de l’au moins un coefficient (940 ;
1640) de performance spécifique au dispositif se rapportant à chaque dispositif de traitement d’informations ;
et
la décision d’affectation de charge de travail en affectant des charges de travail (111a-d ; 1211a-d) sur la
base des valeurs (1120, 1130 ; 1820) d’indices.

2. Procédé selon la revendication 1, dans lequel lorsque des charges de travail (111 a-d ; 1211a-d) sont affectées sur
la base des valeurs (1120, 1130; 1820) d’indices, une charge de travail est affectée préférentiellement dans l’ordre
à partir d’un dispositif (110a-b; 220a-b ; 1320a-b ; 2120a-d) de traitement d’informations ayant une valeur d’indice
supérieure parmi les dispositifs de traitement d’informations.

3. Procédé selon la revendication 1, dans lequel,
lorsque des charges de travail (111a-d ; 1211a-d) sont affectées sur la base des valeurs (1120, 1130 ; 1820)
d’indices, que des charges de travail soient aptes à être affectées à chaque appareil de traitement ou non est
déterminé sur la base des informations (310-380 ; 1410-1480) de spécifications de chaque dispositif (110a-b ; 220a-
b ; 1320a-b ; 2120a-d) de traitement d’informations, et
une charge de travail (111a-d ; 1211a-d) est affectée préférentiellement à un dispositif (110a-b ; 220a-b ; 1320a-
b ; 2120a-d) de traitement d’informations ayant la valeur (1120, 1130 ; 1820) d’indice la plus élevée parmi les
dispositifs de traitement d’informations auxquels une charge de travail est déterminée être apte à être affectée.

4. Procédé selon la revendication 1, dans lequel, lorsque l’au moins un coefficient (940 ; 1640) de performance spé-
cifique au dispositif se rapportant à chaque dispositif (110a-b ; 220a-b ; 1320a-b ; 2120a-d) de traitement d’infor-
mations est obtenu, une simulation tridimensionnelle de thermofluide est appliquée en utilisant une distribution de
la chaleur générée depuis les dispositifs de traitement d’informations comme données d’entrée.

5. Procédé selon la revendication 1, dans lequel le dispositif (110a-b ; 220a-b ; 1320a-b ; 2120a-d) de traitement
d’informations est un dispositif de serveur.
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6. Procédé selon la revendication 1, dans lequel le dispositif (110a-b ; 220a-b ; 1320a-b ; 2120a-d) de traitement
d’informations est un dispositif de stockage.

7. Procédé selon la revendication 1, dans lequel l’équipement (210a-b ; 1310a-b ; 2110a-b) de refroidissement inclut
un climatiseur.

8. Procédé selon la revendication 1, dans lequel l’équipement (210a-b ; 1310a-b ; 2110a-b) de refroidissement inclut
une pluralité de climatiseurs.

9. Procédé selon la revendication 8, dans lequel, lorsque l’au moins un coefficient (940 ; 1640) de performance spé-
cifique au dispositif se rapportant à chaque dispositif (110a-b; 220a-b ; 1320a-b ; 2120a-d) de traitement d’informa-
tions est obtenu, l’au moins un coefficient (940 ; 1640) de performance spécifique au dispositif se rapportant à
chaque dispositif de traitement d’informations est obtenu pour chaque climatiseur sur la base d’une chaleur générée
depuis les dispositifs de traitement d’informations et d’une puissance électrique de chaque climatiseur (210a-b ;
1310a-b ; 2110a-b) pour un échange de la chaleur.

10. Procédé selon la revendication 8, dans lequel, lorsque les valeurs (1120, 1130; 1820) d’indices sont obtenues, des
valeurs d’indices indiquant des performances de chaque dispositif (110a-b; 220a-b; 1320a-b; 2120a-d) de traitement
d’informations par unité de consommation d’énergie se rapportant à une consommation totale d’énergie de con-
sommation d’énergie de chaque dispositif de traitement d’informations à un taux d’utilisation de ressources précé-
demment spécifié pour chaque dispositif de traitement d’informations, respectivement, et une consommation d’éner-
gie des climatiseurs pour refroidir une chaleur devant être générée depuis chaque dispositif de traitement d’infor-
mations correspondant à la consommation d’énergie de chaque dispositif de traitement d’informations, sont obtenues
sur la base des informations (310-380 ; 1410-1480) de spécifications de chaque dispositif de traitement d’informa-
tions et de l’au moins un coefficient (940 ; 1640) de performance spécifique au dispositif se rapportant à chaque
dispositif de traitement d’informations.

11. Procédé selon la revendication 1, dans lequel, lorsque les valeurs (1120, 1130 ; 1820) d’indices sont obtenues,
une consommation d’énergie de chaque dispositif (110a-b ; 220a-b ; 1320a-b ; 2120a-d) de traitement d’informations
au taux d’utilisation de ressources précédemment spécifié est obtenue sur la base des informations (310-380 ;
1410-1480) de spécifications de chaque dispositif de traitement d’informations,
une consommation d’énergie de l’équipement (210a-b ; 1310a-b ; 2110a-b) de refroidissement pour refroidir une
chaleur devant être générée depuis chaque dispositif (110a-b; 220a-b; 1320a-b ; 2120a-d) de traitement d’informa-
tions correspondant à une consommation d’énergie de chaque dispositif de traitement d’informations est obtenue
sur la base de l’au moins un coefficient (940 ; 1640) de performance spécifique au dispositif se rapportant à chaque
dispositif de traitement d’informations, et
des valeurs (1120, 1130; 1820) d’indices indiquant des performances de chaque dispositif (110a-b ; 220a-b ; 1320a-
b ; 2120a-d) de traitement d’informations par unité de consommation d’énergie se rapportant à une consommation
totale d’énergie de la consommation d’énergie de chaque dispositif de traitement d’informations et la consommation
d’énergie de l’équipement (210a-b ; 1310a-b ; 2110a-b) de refroidissement sont obtenues.

12. Procédé selon la revendication 1, dans lequel, lorsqu’une affectation de charge de travail par affectation de charges
de travail (111a-d ; 1211 a-d) sur la base des valeurs (1120, 1130 ; 1820) d’indices est décidée, une affectation de
charge de travail est décidée en extrayant séquentiellement une des charges de travail devant être affectées et en
affectant séquentiellement la charge de travail extraite sur la base des valeurs d’indices.

13. Procédé selon la revendication 1, dans lequel le taux d’utilisation de ressources précédemment spécifié est la valeur
maximum (370, 1470) du taux d’utilisation de ressources de chaque dispositif (110a-b ; 220a-b ; 1320a-b ; 2120a-
d) de traitement d’informations.

14. Procédé selon la revendication 1, dans lequel les dispositifs (110a-b ; 220a-b ; 1320a-b ; 2120a-d) de traitement
d’informations et l’équipement (210a-b ; 1310a-b ; 2110a-b) de refroidissement sont agencés dans une salle des
ordinateurs.
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