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Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The declarations
pertaining to these essential IPRs, if any, are publicly available for ETSI members and non-member s, and can be
found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to
ETS in respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the
ETS IPR online database.

Pursuant to the ETSI Directivesincluding the ETSI IPR Policy, no investigation regarding the essentiality of IPRS,
including I PR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not
referenced in ETSI SR 000 314 (or the updates on the ETS| Web server) which are, or may be, or may become,
essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its
Members. 3GPP™, LTE™ and 5G™ logo are trademarks of ETSI registered for the benefit of its Members and of the
3GPP Organizational Partners. oneM 2M ™ |ogo is atrademark of ETSI registered for the benefit of its Members and of
the oneM2M Partners. GSM® and the GSM logo are trademarks registered and owned by the GSM Association.

Foreword

This draft European Standard (EN) has been produced by ETSI Technical Committee Environmental Engineering (EE),
and is now submitted for the combined Public Enquiry and Vote phase of the ETSI EN Approval Procedure (ENAP).

Proposed national transposition dates

Date of latest announcement of this EN (doa): 3 months after ETSI publication
Date of latest publication of new National Standard

or endorsement of this EN (dop/e): 6 months after doa

Date of withdrawal of any conflicting National Standard (dow): 6 months after doa

Modal verbs terminology

In the present document "shall", "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

"must” and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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Introduction

The present document specifies:
1) A metric for the assessment of energy efficiency of Data Storage Equipment (DSE).

The metric for energy efficiency of DSE is different from server's. For DSE it isimportant to evaluate the performance
of data operation in the unit of Input/Output operations or data throughput per second, while for serversit is mainly to
evauate the performance of computing.

For comparison, evaluations should be conducted across similar types of categories of DSE. The present document
categorizes DSE to address applicability, configuration groupings to represent a family of DSE to address the broad
range of custom configurations possible within each family, and tool revision control to ensure comparability and
consistency of the resulting metric value.

2) Test and evaluation methodologies for the assessment of energy efficiency of DSE.

The present document formalizes the tools, conditions and cal culations used to generate a single figure of merit of DSE.
The present document formalizes the methodology for evaluating energy saving level of DSE from the perspective of
supported energy saving feature.

The present document considers some benchmark documents on energy efficiency of DSE.
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1 Scope

The present document is based upon Energy Efficiency Benchmark for Data storage products.
The present document specifies:

1) anactive state metric, test conditions and product family configuration for the assessment of energy efficiency
of DSE using reliable, accurate and reproducible measurement methods,

2) anidle state metric and the calculation of the idle state power;
3) ameasurement method of the active state power;

4) ameasurement method of the idle state power;

5)  the measurement and calculation of the maximum power;

6) the measurement and calculation of the operating condition class, the ASHRAE validation, using reliable,
accurate and reproducible measurement methods, which take into account the recognized state of the art;

7)  requirements for equipment to perform the measurements and analysis;

8) documentation and reporting requirements;

9) evaluation methodology for energy saving level from the perspective of supported energy saving features.
The present document addresses DSE.
The present document is applicable at the energy efficiency of:

. online storage;

. nearline storage.

The present document defines metric for the assessment of energy efficiency of DSE and related testing methodol ogy
considering data storage equipment HW and system.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found in the
ETSI docbox.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

[1] ANSI INCITS 400-2004: "Information Technology - SCSI Object-Based Storage Device
Commands (OSD)".

[2] ANSI INCITS 458-2011: "Information Technology - SCSI Object Based Storage Device
Commands- 2 (OSD 2)".
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2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] "SNIA Emerald™ Power Efficiency Measurement Specification”, Version 4.0.0.

[i.2] BenchDEE.

[i.3] " SPECstorage® Solution 2020".

[i.4] "CTS Lite Device Test - Power Efficiency Measurement”.

[i.5] ASHRAE TC 9.9 Reference Card: "Equipment Thermal Guidelines for Data Processing

Environments".

3 Definition of terms, symbols, abbreviations and
conversions

3.1 Terms

For the purposes of the present document, the following terms apply:

a.c.-d.c. power supply unit: power supply unit that converts line-voltage alternating current (a.c.) input power into one
or more direct current (d.c.) power outputs

active state: operational state of a DSE (as opposed to the idle state) in which the DSE is carrying out work in response
to prior or concurrent external requests (e.g. instruction over the network), mainly data operation work

auto-tiering: policy-based system that automatically places and moves data across tiers to optimize performance
service levels, cost targets, and overall energy consumption

NOTE: Each storage tier may comprise different storage technologies, offering varying performance, cost, and
energy consumption characteristics.

blade storage: storage device that is designed for use in a blade chassis and that is dependent upon shared blade chassis
resources (e.g. power supplies, cooling) for operation

cache: temporary data storage, not directly addressable by end-user applications, used to store data for expedited access
to or from slower media

committed data: data that has been written to stable storage
compression: process of encoding datato reduceits size
controller system: computer or computer server that manages a benchmark evaluation process

Count-Key-Data (CKD): disk data organization model in which the disk is assumed to consist of a fixed number of
tracks, each having a maximum data capacity

NOTE: The CKD architecture derives its name from the record format, which consists of afield containing the
number of bytes of data and a record address, an optional key field by which particular records can be
easily recognized, and the data itself.
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data deduplication: replacement of multiple copies of data at variable levels of granularity with referencesto a shared
copy in order to save storage space and/or bandwidth

Data Storage Equipment (DSE): collective term for disk drives, solid state drives and modules, tape cartridges, and
any other mechanisms providing non-volatile data storage

data storage server: enterprise storage device which contains the same components as a computer server together with
> 10 storage devices and software (vendor or 3'd party) that supports storage system connectivity, capacity optimization
management, virtualized storage environment and software defined storage

NOTE: Supporting features are described by the product's datasheet description and are either accompanied with
vendor specific utilities and/or commercially available software supporting these functions.

data storage system: fully-functiona system that supplies data storage servicesto clients and devices attached directly
or through a network

NOTE 1: A storage system may be composed of integrated storage controllers, storage devices, embedded network
elements, software, and other devices.

NOTE 2: While storage system may contain one or more embedded processors, these processors do not execute
user-supplied software applications but may execute data-specific applications (e.g. datareplication,
backup utilities, data compression, install agents).

NOTE 3: Components and subsystems that are an integral part of the storage product architecture (e.g. to provide
internal communications between controllers and disks) are considered to be part of the storage system.

NOTE 4: Components that are normally associated with a storage environment (e.g. devices required for operation
of an external Storage Area Network) are not considered to be part of the storage system.

d.c.-d.c. power supply unit: power supply unit that converts line-voltage direct current (d.c.) input power to one or
more d.c. outputs

NOTE: For purposes of the present document, a d.c-d.c. converter that isinterna to adata storage systemand is
used to convert alow voltage d.c. (e.g. 12 VDC) into other d.c. power outputs for use by components
inside is not considered a d.c-d.c. power supply unit.

dedupable: property that a collection of datais said to possessif the needed storage capacity for the datais reduced
significantly by data deduplication

delta snapshot: type of point in time copy that preserves the state of data at an instant in time, by storing only those
blocks that are different from an aready existing full copy of the data

direct-connected: storage designed to be under the control of a single host, or multiple hosts in a non-shared
environment

efficiency: ratio of workload output to the resource input to the system
ener gy efficiency: ratio of workload output to the power input to the system
file: abstract data object made up of:
a) anordered sequence of data bytes stored on adisk or tape;
b) asymbolic name by which the object can be uniquely identified; and
c) aset of properties, such as ownership and access permissions;
that allow the object to be managed by afile system or backup manager

file system: software component that imposes structure on the address space of one or more physical or virtual disks so
that applications may deal more conveniently with abstract named data objects of variable size (files)

Fixed Block Architecture (FBA): model of disksin which storage space is organized as linear, dense address spaces of
blocks of afixed size

NOTE: Fixed block architecture is the disk model on which SCSI is predicated.
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formatted capacity: total number of bytes available to be written after a system or device has been formatted for use,
e.g. by an object store, file system or block services manager

NOTE: Formatted capacity islessthan or equal to raw capacity. It does not include areas set aside for system use,
spares, RAID parity areas, checksum space, host- or file system-level remapping, "right sizing" of disks,
disk labelling, caches, file system metadata, and so on. However, it may include areas that are normally
reserved such as snapshot set-asides if they can alternatively be configured for ordinary data storage by
the storage administrator.

free space: amount of additional irreducible data that can be written to the product under test as configured
hot band: simulation of naturally occurring areas of storage address space accessed more frequently than is typical

hybrid Solid State Storage and magnetic disk system: storage system whose formatted capacity is provided by a
combination of Solid State Storage and magnetic disk storage devices

hyper converged system: software-defined set of resources with at least two of the following: compute, storage,
networking and/or virtualization

ICT equipment: equipment providing data storage, processing and transport services
NOTE: A combination of Information Technology Equipment and Network Telecommunications Equipment.

idle state: operationa state of a DSE (as opposed to the active state) in which the DSE is not performing any useful
work

NOTE 1: The DSE is capable of completing workload transactions, but no active workload transactions are
reguested or pending by the system.

NOTE 2: For systems where ACPI standards are applicable, idle state correlates only to ACPI System Level SO.
I/O device: device which provides datainput and output capability between a DSE and other devices

NOTE: An1/O device may beintegral to the DSE motherboard or may be connected to the motherboard via
expansion sots.

I/0 intensity: measure of the number of |OPS requested by aload generator

NOTE: 10 intensity isphrased as a percentage of selected maximum IOPS level that satisfies the timing
regquirement(s) for ataxonomy category.

I/0O port: physical circuitry within an 1/0 device where an independent 1/O session can be established

NOTE: A port isnot the same as a connector receptacle; it is possible that a single connector receptacle can
service multiple ports of the same interface.

irreducible data: datathat is neither compressible nor dedupable
Just a Bunch Of Disks (JBOD): shelf that does not provide storage protection

NOTE: A JBODisa"smple" "just abunch of disks," an architecture that does not provide storage protection
capabilities. The storage devices of a JBOD can function as individual volumes or can be combined to
form asingle logical volume by asimple controller. A JBOD provides no redundancy or resilience, so
failure of a single storage device amounts to failure of awhole logical volume. A JBOD is asingle shelf.

load generator: hardware and software environment executing the workload generator to drive the product under test
during measurements

Logical Unit (LU): entity within a SCSI target that executes IO commands
Logical Unit Number (LUN): synonym for logical unit

maximum power : peak sustained or root means square power consumption value while operating the worst case
functions

Maximum Timeto First Data (MaxTTFD): maximum time required to start receiving data from a storage system to
satisfy aread request for arbitrary data
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memory: server component external to the processor in which information is stored for immediate use by the processor

motherboar d: main circuit board of the DSE typically accommodating the processor, memory, expansion slots and
enabling the attachment of additional circuit boards

networ k-connected: storage designed to be connected to a host via a network protocol (e.g. TCP/IP, IB, and FC)
non-disruptive serviceability: support for continued availability of dataduring all service operations

NOTE 1. Examples of non-disruptive serviceahility are FRU replacement, code patches, software/firmware
upgrades, configuration changes, data migrations, and system expansion done during production time.

NOTE 2: Service operations may result in performance impacts to data availability, but will not result in aloss of
access.

non-volatile: property of retaining datain the event of the loss of power

nor malized performance: relative performance values calibrated to a baseline common to the set of equipment being
evaluated

parity RAID: collective term used to refer to Berkeley RAID Levels 3, 4,5and 6
per manent storage: data storage media which can retain data indefinitely without a power source

power supply unit: self-contained device, physically separable from the motherboard of the computer server, that
convertsa.c. or d.c. input power to one or more d.c. power outputs for powering the computer server via aremovable or
hard-wired electrical connection

raw capacity: sum of the raw, unformatted, uncompressed capacity of each of the storage device in the product under
test

ready idle: operational state in which a systemis capable of satisfying an arbitrary 10 request within the response time
and MaxTTFD constraints of its selected taxonomy category, but no user-initiated 10 requests are being submitted to
the system

NOTE: Intheready idle state, background 1/O activity, autonomously initiated by the solution under test, may
take place.

sequential read: 10 load consisting of consecutively issued read requeststo logically adjacent data
sequential write: 10 load consisting of consecutively issued write requests to logically adjacent data
shelf: modular enclosure suitable for installation in arack

NOTE: A shelf typically houses storage devices, storage controllers, power supplies, and cooling devices. A shelf
typically has a pre-wired backplane that carries power and 1/0 interconnect signals to the housed
components.

Single Point of Failure (SPOF): one component or path in a system, the failure of which would make the system
inoperable or datainaccessible

solid state drive: storage device that uses memory chipsinstead of rotating magnetic platters for data storage
solid state storage: storage capability built from non-volatile solid state electronic devices

storage controller: device for handling storage requests that includes a processor or sequencer programmed to
autonomously process a substantial portion of 10 requests directed to storage devices

NOTE: Thisdefinition is specifically intended to exclude aggregating storage elements such as RAID array
subsystems, robotic tape libraries, filers, and file servers. Also excluded are storage devices which are not
directly accessible by end-user application programs, and are instead employed as aform of internal
cache.

storage protection: any combination of hardware and software (e.g. RAID, NVRAM, disk sparing and background
disk scrubbing or media scan) that assures that all completed 1O operations will be preserved in the event of power loss
or storage device failure
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system crash: hardware or software failure which causes data to be temporarily unavailable and which requires a
reboot of one or more hardware components and/or re-initialization of one or more software components in order for
data access to be restored

Uninterruptible Power Supply (UPS): combination of convertors, switches, and energy storage devices (such as
batteries) constituting a power system for maintaining continuity of load power in case of input power failure

virtual drive: removable media storage device, e.g. tape drive, that is emulated using other storage devices

weighted geometric mean: geometric mean calculated using a predetermined factor for each of the elements prior to
aggregation

worklet: synthetic software routine, using real application functions focused on a particular type of data operation
activity, which stresses a particular characteristic of the system

workload generator: software used in the load generator to drive the product under test during measurement

3.2 Symbols

Void.

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

ac., AC Alternating Current

ACPI Advanced Configuration and Power Interface
ASHRAE American Society of Heating, Refrigerating and Air-Conditioning Engineers
BIOS Basic Input/Output System

CPU Central Processor Unit

d.c., DC Direct Current

DSE Data Storage Equipment

ESC Energy Saving Cooling

ETS European Telecommunications Standards I nstitute
EUT Equipment Under Test

FBA Fixed Block Architecture

FRU Field-Replaceable Unit

GB GigaByte

HDD Hard Disk Drive

/0 I nput/Output

ICT Information and Communication Technology
ID IDentification

INCITS InterNational Committee for Information Technology Standards
IOPS I nput/Output operation Per Second

JBOD Just a Bunch Of Disks

MaxTTFD Maximum Time To First Data

NVRAM Non-Volatile Random Access Memory
NVSS Non-Volatile Solid State

(O] Operating System

osD Object-based Storage Device

PDU Power Distribution Unit

PSU Power Supply Unit

RAID Redundant Array of Independent Disks

RAS Reliability, Availability, and Serviceability
RMS Root Mean Square

RVML Removable and Virtual Media Library

SCsSl Small Computer System Interface

SPOF Single Point of Failure

SSD Solid State Drive

UPS Uninterruptible Power Supply

VDA Video Data Acquisition
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