wo 2010/056473 A2 I T A0KO 0 RO ORI

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2010/056473 A2

(19) World Intellectual Property Organization /’@?‘?’3\
International Bureau v{ 0
al
(43) International Publication Date \'{_5___,/
20 May 2010 (20.05.2010) PCT
(51) International Patent Classification:
GO6F 19/00 (2006.01) GO6F 9/44 (2006.01)
(21) International Application Number:
PCT/US2009/061534
(22) International Filing Date:
21 October 2009 (21.10.2009)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
12/261,250 30 October 2008 (30.10.2008) US
(71) Applicant (for all designated States except US):
HEWLETT PACKARD DEVELOPMENT COMPA-
NY, L.P. [US/US]; Intellectual Property Administration,
11445 Compaq Center Dr. West, MC 060701, Houston,
Texas 77070 (US).
(72) Inventor; and
(71) Applicant : HAMILTON, Ken [US/US]; Hewlett
Packard, P.O. Box 272400, Fort Collins, Colorado
80527-2400 (US).
(72) Inventors; and
(75) Inventors/Applicants (for US only): EINHORN, Steve
[US/US]; Hewlett Packard, P.O. Box 272400, Fort
Collins, Colorado 80527-2400 (US). WARREN, James
[US/US]; Hewlett Packard, P.O. Box 272400, Fort
Collins, Colorado 80527-2400 (US).
(74) Agents: LEE, Denise et al.; Hewlett Packard, 1501 Page

Mill Road, Palo Alto, California 94304 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to the identity of the inventor (Rule 4.17(1))

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(i1))

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: DATA CENTER AND DATA CENTER DESIGN

402 \ 404 —\
COMPUTER/NETWORK/
O oK COMPUTERMNETWORK/TELECOMMUNICATION
EQUIPMENT EQUIPMENT
[ioda] [ioad] [iode] licsc] [dosr] Jaoa} Jroan] frosg] 104 ]
408 412
POWER COOLING POWER COOLING
EQuipMenT | | equiPMENT equibMenT | | equipmeEnT
(TIER 1) (TIER 1) (TIER 2) (TIER 2)
408 410 414 416
FIGURE 4

(57) Abstract: According to one embodiment of the present invention, there is provided a data center comprising: a plurality of
data center sections, each section having a different predefined level of reliability; and a plurality of sets of applications, each set
of applications being populated on one of the plurality of data center sections.



WO 2010/056473 PCT/US2009/061534

DATA CENTER AND DATA CENTER DESIGN

BACKGROUND

[0001] A data center is a facility that provides computing services to an
enterprise. A data center typically houses a variety of computer equipment and
software applications used to provision the computing services. The computer
equipment may include computers and servers, network equipment, storage
equipment and telecommunication equipment. Additionally, further auxiliary
equipment is provided to enable the computer equipment to operate. Such
auxiliary equipment may include uninterruptible power supplies (UPS) and

cooling equipment.

[0002] The Telecommunications Industry Association (TIA) TIA-942: Data
Center Standards Overview and the Uptime Institute define a set of 4 data
center tiers based largely dn levels of redundancy. For example, tier 1 data
: benters offer the most basic set-up, whereas tier 4 data centers offer full
redundancy with 99.995% availability. Unsurprisingly, increased redundancy
equates to significantly increased capital costs and operating costs. By way of
example, up to 50% of a tier 3 or 4 data center may be taken up with redundant
power and cooling equipment, which can translate into as much as 50% of the

overall capital cost of the data center.

[0003] Typically, when an enterprise builds a data center they typically
build the highest tier data center for their budget. The enterprise then populates
the data center with their IT equipment and populates the IT equipment with the

enterprise’s software applications.

SUMMARY
[0004] According to one aspect of the present invention, there is provided
a data center comprising a plurality of data center sections. Each data center

section has a different predefined level of reliability. Also provided is a plurality
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of sets of applications, each set of applications being populated on one of the

plurality of data center sections.

[0005] According to a second aspect of the present invention, there is
provided a method of designing a data center. The method comprises obtaining
details of a set of applications to be populated in the data center. For each
application a priority characteristic is determined. Based on the determined
priority characteristics the applications are populated of different data center
sections, with each data center section having a different predefined level of
reliability.
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BRIEF DESCRIPTION
[0006] Embodiments of invention will now be described, by way of non-

limiting example only, with reference to the accompanying drawings, in which:

Figure 1 is a block diagram showing a monolithic tiered data center according to

the prior art;
[0007] Figure 2 is a block diagram showing of a number of software
applications;
[0008] Figure 3A is a flow diagram outlining example processing steps

taken during a data center design process according to an embodiment of the
present invention;

[0009] Figure 3B is a flow diagram outlining example processing steps
taken during a data center design process according to a further embodiment of
the present invention;

[0010] Figure 4 is a block diagram showing a hybrid tiered data center

- according to one embodiment of the present invention; and

[0011] Figure 5 is a block diagram showing a hybrid tiered data center

according to further embodiment of the present invention.
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DETAILED DESCRIPTION
[0012] Figure 1 shows a simplified block diagram of a monolithic tiered

data center 100 according to the prior art. The data center 100 includes
computing equipment 102, which may include computers, servers, networking,
and telecommunication equipment, on which run numerous software
applications 104a to 104n. The equipment 102 is powered by power equipment
106 and is cooled by cooling equipment 108. The exact nature of the power
equipment 106 and cooling equipment 108 depends on the tier classification of
the data center 100. For example, a tier 4 data center may have multiple power
and cooling distribution paths including 2N+1 redundancy (i.e. 2 UPS each with
N+1 redundancy), whereas a tier 1 data center may have only a single path for

power and cooling distribution, with no redundant components.

[0013] Given the increasing operating costs of running a data center,
especially with respect to power and cooling, data center operators are looking
to reddce the cost of and improve the efficiency of their data centers. Currently,
this is being done by applying localized solutions to power, space, and cooling.
Such localized solutions include, for example, use of more energy efficient

cooling systems, server consolidation, and outsourcing of workload.

[0014] The present invention, however, is based largely on the realization
that significant efficiency and cost savings can be achieved if the nature of the
applications intended to be run in the data center are considered during the
planning, design, and configuration phases, as will be explained below in more

detail.

[0015] Reference will now be made to Figure 2, which shows a block
diagram of a number of software applications 104a to 104i that are to run or are
planned to be run in a data center. Additional reference is made to the flow
diagrams shown in Figures 3A and 3B. Those skilled in the art will appreciate,
however, that only a small number of sbftware applications are discussed herein

for reasons of clarity, and will further appreciate that the number of software
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applications in a typical data center may run into the many thousands and

beyond.

[0016] At step 302 a list of software applications to be run or planned to
be run in the data center is obtained. In the present example, software
applications 104a to 104i are identified. These applications may be individual

applications or may be a suite of one or more applications.

[0017] For each software application 104a to 104i a business impact and
urgency level is assigned (step 304). In this sense, in line with standard
Information Technology Infrastructure Library (ITIL) terminology, business
impact refers to the impact on the enterprise business should that software
application not be available, due, for example, to a hardware failure. Urgency
refers to the time delay in which such an application should be made available
following the application becoming unavailable. For example, in a banking
environmént, an application providing authorization to withdraw funds from an

ATM machine may be classed as having high impact and high urgency,

whereas an application providing the overnight transfer of funds from one

account to another may be classed as having high impact and medium urgency.

[0018] At step 306 a priority level, based on the defined business impact
and urgency is defined. Table 1 below, for example, shows an example

mapping of business impact and urgency to priority.

Impact
High Medium Low
High Critical High Medium
Urgency Medium High Medium Low
Low Medium Low Planning

Table 1 — Mapping of business impact and urgency to priority
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[0019] Thus, in the present example, an application having high urgency
and high business impact is defined as having a critical priority. Similarly, an
application having high impact and medium urgency is defined as having a high
priority.

[0020] In the present embodiment software applications 104a, 104d, and
104e are determined to be low priority, applications 104c, 104f, and 104k as
medium priority, and applications 104b, 104g, and 104i as critical priority.

[0021] Once the priority of each software application has been defined,
the number and type of data center sections or tiers may be determined (step
308). Currently there are 4 widely accepted industry standard data center tiers,
with tier 1 data centers offering the most basic reliability levels, and tier 4 data
centers offering full or near full redundancy with 99.995% availability. Those
skilled in the art will appreciate that different numbers of data center sections or
tiers could be used, each having a different level of reliability, redundancy, or

other appropriate characteristics.

[0022] For example, if the defined priorities of the applications 104a to
104i include low, medium, and critical priorities, it may be initially determined

that a data center comprising tiers 1, 2 and 4 is suitable.

[0023] In this case, for example, applications having a critical priority may
be populated on computer equipment in a Tier 4 data centre, applications
having a medium priority on computer equipment may be populated in a Tier 2
data centre, and applications having a low priority may be populated on
computer equipment in a Tier 1 data center. In this way, each application is
mapped to data center tier offering a level of reliability and redundancy

corresponding to the determined priority of that application.

[0024] In step 310 the capacity of each data center tier determined in

step 308 may be estimated. This estimation may be based, for example, on the
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performance requirements (such as required processing power, required
memory, required network bandwidth, etc) of the applications intended to be
populated in each data center tier, an estimated physical size of the data center

tier, and/or an estimated power density of the data center tier.

[0025] According to a further embodiment, a further set of steps, shown in
Figure 3B may be additionally performed. The additional steps aim to optimize,
or at least improve upon, the data center design based on financial

considerations.

[0026] In step 312 an estimated capital cost of the data center is
determined based, for example, on the number of determined data center tiers

and their capacity.

[0027] In step 314 the data center tiers determined at step 308 are
analyzed, from a financial perspective, to determine whether any consolidation
of the tiers may be achieved. For example, in situations where there are large
number of low and critical priority applications, and a low number of medium
priority applications, it may be more cost effective to design a data center having
a tier 1 section for the low priority applications and a tier 4 section for the critical
and medium priority application, rather than having an additional tier 3 section
just for the low number of medium priority applications. This is based on the fact
that the construction of each data center tier section has a minimum fixed cost
associated therewith. If appropriate, the data center design is rationalized, and a

new cost estimated (step 316).

[0028] In step 318 the capacity of each proposed data center tier may be
modified and its effect on the estimated cost of the proposed data center

evaluated (step 320).

[0029] This process may be repeated numerous times, each time

modifying different characteristics of the proposed data center. In this way, a
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proposed data center may be arrived at that is initially substantially optimized
from a business perspective and, alternatively, additionally substantially
optimized from a financial perspective. A proposed data center may include
various different data center tiers of varying capacities depending on individual

requirements.

[0030] The data center tiers described above may be implemented either
in individual physically separate data centers, as shown in Figure 4, or by a
single hybrid tiered data center as shown in Figure 5, or in any suitable

combination or arrangement.

[0031] Figure 4 shows a block diagram of a first data center arrangement
according to an embodiment of the present invention. In Figure 4, there are
shown a number of different data centers 402 and 404. Data center 402 is a tier
1 data center, and houses low priority applications 104a, 104d, and 104f. Data
center 402 has tier 1 power equipment 408 and tier 1 cooling equipment 410.
Data center 404 is a tier 4 data center and houses medium priority applications
104c, 104f and 104k and critical priority applications 104b, 104g and 104i Data
center 404 has tier 4 power equipment 414 and tier 4 cooling equipment 416.
With appropriate network access and interconnection, the data centers 402 and

404 provide seamless enterprise computing services.

[0032] Figure 5 shows an example hybrid tiered data center 500
designed by following the above-described methods. The hybrid tiered data
center 500 provides different data center sections each providing different
reliability and redundancy characteristics of different data center tiers within a
single physical data center. For example, computer, network and/or
telecommunication equipment 402, power equipment 404, and cooling
equipment 406 are arranged to provide the reliability and redundancy
characteristics of a tier 1 data center for applications 104a, 104d, and 104e.
Computer, network and/or telecommunication equipment 408, power equipment

410, and cooling equipment 412 are arranged to provide the reliability and
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redundancy characteristics of a tier 4 data center for applications 104c, 104f,
104k, 104b 104g, and 104i.

[0033] By providing a single hybrid data center, further cost savings may
be achieved by allowing sharing of common facilities and infrastructure, such as
sharing of a physical enclosure or facility, sharing of security systems, access

controls, and the like.

[0034] By basing the initial data center design and configuration on the
business considerations, such as the priority of the applications that are to run in
the data center, significant cost savings and energy efficiency can be achieved.
For example, if the applications 104a to 104i were to all have been housed in a
single monolithic tier 4 data center, significant capital costs and operating costs
would have been wasted on providing the low and medium priority applications
with a level of redundancy and reliability over and above that determined, by the
business, as necessary for those applications. In existing monolithic data
centers it is estimated that as many as 50% of the applications running in such

data centers can be classified as non-business critical.

[0035] Although the present embodiments have been described with
reference to ITIL principles, those skilled in the art will appreciate that other
business service prioritization frameworks, such as ISO 20000, could also be

used.

[0036] in further embodiments, not all of the method steps outline above
are performed, or are performed in a sequence different from that described

above.

[0037] It should also be understood that the techniques of the present
invention might be implemented using a variety of technologies. For example,
the methods described herein may be implemented in software executing on a

computer system, or implemented in hardware utilizing either a combination of
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microprocessors or other specially designed application specific integrated
circuits, programmable logic devices, or various combinations thereof. In
particular, methods described herein may be implemented by a series of
computer-executable instructions residing on a suitable computer-readable
medium. Suitable computer-readable media may include volatile (e.g., RAM)
and/or nonvolatile (e.g., ROM, disk) memory, carrier waves and transmission
media (e.g., copper wire, coaxial cable, fiber optic media). Exemplary carrier
waves may take the form of electrical, electromagnetic, or optical signals
conveying digital data streams along a local network, a publicly accessible

network such as the Internet or some other communication link.

10
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CLAIMS

1. A data center comprising:

a plurality of data center sections, each section having a different
predefined level of reliability; and

a plurality of sets of applications, each set of applications being

populated on one of the plurality of data center sections.

2. A data center according to claim 1, wherein each set of applications has a
determined priority, and further wherein each set of applications is populated on
a data section having a level of reliability corresponding to the determined level

priority.

3. A data center according to claim 2, wherein the priority level of each set of

applications is determined based on a determined business impact and urgency.

4. A data center according to claim 1, wherein the capacity of each of the
plurality of data center sections is based on the performance requirements of

the applications to be populated therein.

5. A data center according to claim 4, wherein the number of data center
sections is determined in part based on determined priority of each set of

applications and in part on a financial analysis.

6. The data center of claim 1, wherein the plurality of sets of applications further
include applications planned to be populated on one of the plurality of data

center sections.
7. The data center of claim 1, wherein each data center section is one of either

an independent physical data center or a section of a data center within a single

physical data center.

1
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8. The data center of claim 7, wherein each data center section is network

interconnected.

9. The data center of claim 1, wherein each data center section further
comprises power and cooling equipment suitable for providing the level of

reliability and redundancy required by each data center section.

10. The data center of claim 9, wherein each data center section is a section
within a single physical data center, each section sharing common infrastructure

elements on the same physical data center.

11. A method of designing a data center comprising:

obtaining details of a set of applications to be populated in the data
center;

determining a priority characteristic for each application; and

determining, based on the obtained priority characteristics, a plurality of
data center sections on which the applications are to be populated, each data
center section having a different predefined level of reliability associated with

the determined priority characteristic for each application.

12. A method according to claim 11, further comprising populating at least some
of the plurality of applications on a data center section having a level of

reliability corresponding to the determined level of priority of each application.

13. A method according to claim 11, further comprising determining the priority
level of each set of applications based on a determined business impact and

urgency of each application.
14. A method according to claim 11, wherein the capacity of each of the plurality

of data center sections is based on the performance requirements of the

applications to be populated therein.

12
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15. A method according to claim 11, further comprising determining the number
of data center sections based in part on the determined priority of each set of

applications and in part on a financial analysis.

16. A method according to claim 11, further comprising refining the capacity of

each of the plurality of data center sections based on a financial analysis.

17. A method according to claim 11, further comprising performing the method

steps iteratively to substantially optimize the data center design.

18. A data center comprising:

a plurality of data center sections, each section having a different
predefined level of reliability;

a plurality of sets of applications, each set of applications being
populated on one of the plurality of data center sections; and

wherein each set of applications has a determined priority, and further
wherein each set of applications is populated on a data section having a level of

reliability corresponding to the determined level priority.

13
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