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METHOD AND APPARATUS FOR IT APPLIANCE CONTROL

A portion of the disclosure of this patent document may contain command
formats and other computer language listings, all of which are subject to copyright
protection. The copyright owner has no objection to the facsimile reproduction by anyone
of the patent document or the patent disclosure, as it appears in the Patent and Trademark

Office patent file or records, but otherwise reserves all copyright rights whatsoever.

CROSS REFERENCE TO RELATED APPLICATION

This Application is related to U.S. Patent No. 8,782,341 entitled “EMBEDDED
ADVISORY FRAMEWORK FOR STORAGE CONFIGURATION MANAGEMENT”
issued on July 15,2014 and US Patent ‘Application Serial Nos. 13/804,596 énfitled
“OPTIMAL DATA STORAGE CONFIGURATION® filed on March 14, 2013;
13/813,825 entitled “RETRIEVING DATA FROM DATA STORAGE SYSTEMS” filed
on February 1, 2013; and 14/137,448 entitled “TIERED STORAGE DESIGN” filed on
December 20, 2013, the teachings of which are hereby incorporated herein'by reference

in their entirety. -

TECHNICAL FIELD

This applicétion relates to data storage and, more specifically, to automation of

the service commands for data storage management.
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BACKGROUND

Some data storage systems include complex arrangements of storage disk arrays,
configuration management interfaces, and storage processors. A system administrator
faces many choices in making adjustments to the configuration of a data storage system
in response to chahgihg conditions, many of them resulting in sﬁboptimal performance.
Along these lines, the system administrator may seek advice with regard to provisioning
additional storage when a storage processor generates an alert that the available storage
on a particular storage disk array has fallen below a threshold.

Conventional configuration advisory tools for data storage systems use standalone
applicaﬁons- that employ a set of heuristics based on historical configuration and failure
evlent'data. Aloﬁg these lines, suppose that a data storage system needs to be configured
to supporﬁ a certain quantum of work of a given characteristic (called a “workload”).-A
system. administrator will either contact a supioort center; which will use a standalone
tool, or use a standalone tool himself. The tool will take the input characteristics of the
WOr.klbad, and consulting the set of heuristics that it is supplied with, will provide advice

on how »to-co'nﬁguré the data storage system.

SUMMARY

Exam"pl'e embodiments of the present invention relate to a method, an apparatus,
and a comiputer program product for IT appliance control. The method comprises

determining an action regarding a storage system, encoding the action regarding the
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storage system, and representing the action regarding the storage system as a graphical

representation.

BRIEF DESCRIPTION OF THE DRAWINGS

A(')bjects, features, and advantages of enibddimenté disclosed heréin may be better
understood by referring to the following description in conjunction with the
accompanying drawings. The drawings are not meant to limit the scope of the claims
included herewith. For clarity, not every element may be labeled in every Figure. The
drawings are not necessarily. to scale, emphasis instead being placed upon illustrating
embodiments, principles, and concepts. Thus, features and advantages of the present
diSclosure will become more apparent from the following detailed description of
éXemp]ary embodiments thereof taken in conjunction with the accompanying drawings in
which:

FIG. 1 is a diagram illustrating a matrix barcode according to an examplé
embodiment ofthe present invention;

FIG. 2 is a process diagram illustrating a method for command execution on a
storage array according to respective example embodiments of the present invention;

- -FIG. 3 is a process diagram illustrating a method for storing and retrieving storage
array configuration according to an example embodiment of the present invention;
‘_ FIG. 4 is a.p‘r'ocess diagram illustrating a method for storing and retrieving storage
array configuration for online purchasing according to an example embodinﬁent.of the

present invention;
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FIGS. SAfSB are flow diagrams illustra_til'lgrmethods acccb)r‘d‘inrg to 'respe"c,tive S
example embodiments qf the present invention;
FIG 6 is ?1 blockdlagram ofan apparatus according to an example embodiment of
t,rhe'ﬂpr‘.esent invention; apd
FIG7 is an illustration of an example embodiment of the present invention

embodied in coniputer program code.

DETAILED DESCRIPTION

Example embodiments of the present invention relate to automation of service
commands whjch, in certain embodiments, enables executing them quickly and-
performing hardware maﬁdgérﬁe_nt and maintenance in a more.co‘r'wén‘ient way. For
e}(ahplé, exér"npl_e embodiments of the present invention may minimize efforts on initial
systemn édnﬁépration and mainfenance during the hardware life time, reshape: complex .
syétéms as 51mple and éasy to use by masking the complexity.of manyvmanlag_ement
actions upder an automated _cd'ntrol framework, and enable “Storage Control Automation”
to l;e offered as a‘p're"mi'um. service to customers.

Although the description below describes use of example embodiments of the
present invéntion-wit']; VNX® storage systems by EMC Corporatiori of Hopkinton,
Massachﬁseﬁs, it.should.bé understood fhat example embodiments of the present .-
ipvention méy relate to different kinds of information technology (IT)'appliances; for
'example,”'sftorage systems (e.g., storage arrays), general purpose servers, commodity

hardware, network switches, routers, personal computers (PCs); and home equipment, for
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example, smait TVs, refrigerators, and other appliances. It should be understood that
example embodiments of theipresent invention may be applied to variety of hardware .
which has a central processing unit (CPU), random access memory (RAM), and at least
one interface port for ser.vice purposeé.

Typically, storage systems require maintenance work to be performed by service

engineers. This may include tuning of some internal parameters like redundant array of

~ independent disk (.RAID) configuration, logical unit (LUN) allocation, data collection

routines, statistics gathering, settings reset, or any other anonymous or authorized
commands. In general, however, the storage system does not have keyboard and monitor
attached so a remote user graphical user interface (GUI) or command line interface (CLI)
is used to access the system. This provides an'added layer of complexity and, in the case
of an inability to access the storage system via the GUI or the CLI (e.g., if a network card
is bfoken or because of a driver failure), there is no way to execute system commands
without connection of additional equipment (e.g., keyboard and monitor). In many cases,
this requires significant effort to perform what should be a simple command (i.e., system
or service reset, log collection, etc.). In other cases, some sequence of complex system’
scripts may need to be run but a qualified service technician may not be reachable or
additional hardware may not be available. Therefore, what is needed is a more simple
and feliable way to execute commands with minimal user requirements.

FIG. 1is édiagram illustrating a matrix barcode 100 (e.g., a quick response code-
or QR Code® by Denso Wave Incorporated of Tokyo, Japan). Matrix barcodes are

described in U.S. Patent Nos. 5,726,435 entitled “OPTICALLY READABLE TWO-
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DIMENSIONAL CODE AND METHOD AND APPARATUS USING THE SAME”.

issued on March 10, 1998; 5,691,527 entitled “TWO DIMENSIONAL CODE READING

APPARATUS” isrsued_-'onNovvember 25, ].99_7; dnd 7,032,823 ventitléd “TWO-
DIMENSIONAL CODE, METHODS AND APPARATUSES FOR GENERATING,

DISPLAYING%AND READING THE SAME?” issued on April 25, 2006, the teachings of

"which are hereby incorporated herein by reference in their entirety. A matrix barcode is a

ma_chitje-readable optic‘al‘ label that contains information, such as information abouf an
item to wfaich 1t isl af‘ﬁxed. A QR Code may use four sfaridérd encoding modes. (ie.,
numeric, alphanumeric, byt.e/binavry, and kanji) to store data. | |

As illustrated in FIG.V 1, the matri* barcode 100 may represent encoding of
information, such as a prefix 105 and a plurality of commands 110:(e.g., save | 10.-_1-,
re.prlicate 1.10-_22,'émd shutdown:1 10%3’_). For example, the prefix 105‘.may.indicate,to a.
device-’l"eading.éthe matri'x Barcode 100 that:one or. more executable comimands 110
follows.

.. FfG. 1 may be studied in c()n'ju‘n'ction with FIG‘ 5Awhich is a flow diagram -
illustr.atingva method according tdan example embodiment of the present invent_ion. As
illusfrate;d Zin_F 1GS-. 1-and SA; to create a matrix barcode 100, example —embbdime‘nts of .
the present invention‘may determine an action 1 10.regardin‘g a storage systein‘to be
repre‘;'ented .in‘lthe'matrix ba:réode (510) and encode the action 110 regarding the storage
system (520). _'The-encoded.ac,tion 110 regarding ;he stora;ge system thgn may be

represented as a graphical.representation (530), such as the matrix barcode 100.
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Aé illustrated in FIGS. 1 and 5B, to use a matrix barcode 100 for automation of
storage management, example embédiments of -the present invention may receive the
graphiéal 'r.epresentatiovn (e.g., matrix barcode 100) of the action regérding thé ‘sv;torage
system as an input (540) and decode the encoded action 1 10 regéfciing the storage system
represented by the graphical representation. (550). The decoded. actioﬁ 110 régarding the
storage system then may be performed (560).

In certain embodiments, a hardware device (e.g., scanner or optical device such as
a mobile phone) may interface with the storage system (e.g., universal serial bus (USB),
local area network (LAN), or communications (COM) port). In certain embodiments, a
driver for the hardware device may recognize the scanned matrix barcode 100, identify
command 110 markers in the matrix barcode 100, and execute them on the storage
system.

‘For example, in certain embodiments, the one or more storage system commands
may be en;:oded as a binary set of instructions, with a software libréry used to répresent :
the binary-encoded storage system commands as a series of black squares comprising the
matrix barcode 100. The storage system commands 110 may be a number of frequently
used/important,commandsv or sequences which may be interpreted by, for.example, a
system CLI (e.g., Lihux commands or scripts, such as reboot, reconfigured, shutdown,
start replication, format, etc.). In other words, usage of storage system commands 110 .
encoded in a matrix barcéde 100 abstracts away the knowledge of system commands
used in, for example, GUIs and CLIs from service personnel who actually run the storage

system commands 110. Accordingly, example embodiments of the present invention
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enable masking of storage system .commands 110 by encoding them in a machine-
readable form.

Further, in certain embodiments, the binary set of instructions may.be encrypted
prior to representation as a matrix barcode such that the encrypted binary-encoded

storage system commands are then represented as a series of black squares comprising

- the matrix barcode. Therefore, although matrix barcodes generally comply with one or

more standards, the encrypted binary-encoded storage system commands may provide a
limit on those that have the ability to read the'storage system commands to only those
that are able to decrypt or otherwise transform the output of reading the matrix barcode
100. |

In other embodiments, the information stored in the matrix barcode may be a
pointer to an external location. In certain embodiments, the external location may be a
secure location.requiring credentials for retrieval of the storage system comlﬁand‘s.
Additional security layers may be provided by requiring authentication of a user scénning
tﬁe m.é‘trix. bércode 100, such as by scanning a second fnatrix barcode identifying the user
(e:g., vprinted oh' a personnel badge), with the second matrix barcode authenticating.the:
identity of 'the‘ user and authorizing the user to perform the one or more operations - .
encoded in the matrix barcode 100.

FIG. 2 is a process diagram illustrating a method for command execution on.a
storage array according to respective example embodiments of the present invention. As
illustrated in FIG. 2, example embodiments of the present invention enable quick and

reliable system command execution on, for example, storage systems 220 which have no

SUBSTITUTE SHEET (RULE 26)



10

15

20

WO 2016/108718 PCT/RU2014/001015

access via a common user interface (e.g., GUI or CLI). As a result of example
embodrments of the present mventron even non-qualified personnel may perform control
actions on storage systems 220. Another beneﬁt provided by example embodlments of
the present int/ention they enable performance of pre-programmed service operations
(e g cleanup or reboot) Accordmgly, example embodiments of the present 1nventron
enable performance of storage system services that 51gn1ﬁcantly conserves resources and
time.

As illustrated in FIG. 2, in alternate embodiments, matrix barcodes 200 may be
provided in user documentation 200A (or, alternatively, in any other printed form, such
as a digital image transmitted via e-mail) or on the chassis 200B (200 generally) of the

storage system 220. Similarly, as illustrated in FIG. 2, in alternate embodim‘ents,

example embodiments of the present invention do not require use of specific hardware to

read the matrix barcode 200; rather, for example, a mobile phone 210A (or any other .
mobile- det/ice capable of scanning matrix barcodes using, for example, a matrix barcode
scanning app) or a traditional barcode scanner 210B (210 generally) may be used to read
the matrix barcode 200.

| Therefore, as illustrated in FIG. 2, a user (not shown) may use matrix barcode
scanning device 210 to scan a matrix barcode 200 encoded with storage system
commands-(e.g., storage system commands 110 of FIG. 1) to generate an executable -
sequence 21 5‘of storage system commands that may be executed on the storage system

220. As illustrated in FIG. 2, the executable sequence 215 of storage system commands

-may be interpreted by a CLI; however, in alternate embodiments, the executable .
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sequence 215 of storage system commands may be interpreted by a GUI or an application
programmmg mterface (API) for execution on the storage system 220

FIG 3 is a process diagram 111ustrat1ng a method for stormg and retrieving storage
system conﬁguration accordmg to an example embodlment of the present invention.
Some data storage systems include complex arrangements of storage disk arrays
configuration management interfaces, and storage processors. Accordmgly, these storage
systems require configuration (e.g., pools, tiers, RA1Ds, LUNs to be composed, and loads
assigned). As illustrated in FIG. 3, example embodiments of the present invention may
simplify work of users who need to retrieve storage system configuration information
(e.g., model, capacity, memory, number of drives, LAN interfaces, etc.). Alternatively,
example' embodiments of the present invention simplify inventory and identification of
storage systems (and other devices) in labs

Advisory tools 330 are software applications which are widely used by sales and
engineers to simplify the choice of the hardware and software configurations based on
desired values. Input into an advisory tool 330 may include parameters (e.g., number of
users, kind of applications that the storage system is targeted to serve, capacity, and
power consumption). Typically, such advisory tools'330 are standalone applications that
use databases 335 of the existing hardware and known average parameters of user.
app'lications to make final configuration choices. Advisory tools 330 are described in
greater detail in U.S. Patent No. 8,782,341 entitled “EMBEDDED ADVISORY .-
FRAMEWORK FOR STORAGE CONFIGURATION MANAGEMENT?” issued on July

15, 2014 and commonly assigned with the present invention to EMC Corporation of
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Hopkinton, Massachusetts, the teachings of which are herein incorporated by reference in
Athei‘r entirety: .

One 'such'advi:sory tool 330 is VNXSizer by EMC Corporation of Hopkinton,
Massachusetts. In general, VNXSizer p,rovides_ capacity/performance sizing cépabilities
for VNX® and 'VNX.e®' by EMC Corporation of,Hopkinton,_Massachusetts (similar to
the capabilities of VMAXSizer by EMC Corporation of Hopkinton, Massachusetts for
VMAX@ storage systems by EMC Corporation of Hopkinton, Massac‘husetts). In
general, VNXSizer.méy be used by sales and pre-sales staff, channel partners, mérketing,
developers, testers, and administrators to determine a hardWar_e conﬁguration (e.g.,
model, disks, specific features) and workload allocation in an optillna] manner according
to.giVen‘:.WOrkload and application specifics (e.g., Exchange, Oracle, VDI, file share,
hardware tﬁode;l, preferred drives, etc.).

A"dvisor‘y toolsv-3'30; such as VNXSizer, may generate a'physica]‘conﬁ,g'ﬁration
report identifying’ a storage system (e.g., system type, such as VNX5800), soﬁware'-
'v.-ersi'ors., 10PS, percent system utilization, power consumption, total storage, rack. unit.
usage, drive count, number of hot spares, number of vault drives, and risk profile.
Advisory tools 330 also may generate a.table identifying storage pools, including pool
ID,.storage tier description (including RAID level), pool type,:pool optiqss, disk count,. -
pool storage capacity, percent pool utilization, percent tier drive saturation, and pool
respo'nse‘ti.me._ Thi.s cp‘nﬁ guration information-may bs stored in: a confi gu‘rati’on"data"base

335 or may b’elrepresented‘in a specifically-formatted human-readable or bihary ﬁ‘lé,
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For example, on a working storage system, its current configuration details,
model, physical hardware available, and internal logical assignments may be viewed
remotely or-via a special system control panel connected to the rack for-thc,stbrage )
system. This supposes usage of specific software for configuration management and

S control. In some cases, this might be needed for a user to know what sits inside the rack
without even connecting to its control panel.

Aé illustrated in FIG. 3, in an example embodiment of the present invention, a
matrix barcode 300 may be created which contains the information about the current
configuration of the storage system 320. In certain embodiments, this may be the full

10 content of an advisory tool 330 output including workload information or, in other
embodiment, may include only the information regarding the hardware configuration. It
+is understood in the art that typical matrix barcodes 300 are able to store 4-7 Kbytes
which is sufficient to store this type of information. In certain embodiments, a printed
matrix barcode 300 may be placed on a human accessible side of the storage system 320
15  for scanning and determination of storage system 320 configuration information.

The matrix barcode scanner 310 'may be communicatively attached to an advisory
tool 330 input and, once the matrix barcode 300 is scanned, the storage system
configuration information may be restored in the advisory tool 330 and stored in a
configuration database 33.5. In certain embodiments, if the storage system configuration

20  was changed (e.g., new disks were added) the matrix barcode 300 may be replaced by an

updated accurate matrix barcode (not shown).
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It should be understood that matrix barcode 300 also may be used for asset
identification and ac:count~ing-, whereby an administrator scans the matrix barcode 300 and
add the hardware description provided by the matrix barcode 300 to a list of assets. .In
certéin embodiments, the matrix barcode 300 may be provided by a vendor and shipped
to a customer with the matrix barcode 300 in place. Additionally, in other embodiments,
configuration description information read from the matrix barcode 300 may be
transmitted to another location (e.g., for reporting, duplication, and estimation), other
customers, or back to a manufacturer for service. It should be noted that in each of 'these
example embodiments storage configuration information regarding the storage system-
320 may be retrieved via the matrix barcode 300 without software access (i.e., if the
storage.s?stém 320 is turned off, damaged, or.otherwise inaccessible via a software
interface). ‘

FIG. 4 is a process diagram illustrating a method for storing and retrieving storage
array configuration for online purchasing according to an example embodiment of the .
préseﬁt invention. In general, mahy customers and stdrage system manufacturers desire
to have aufomated systems that provide-analysis of storage system configuration (i.e.,
hardwdre and software). However, such automated systems must detefmine whether a
proposed storage system are sufficient to satisfy desired customer applications. without- -
“overprovisioning”, thereby increasing customer cost. Traditionally, advisory tools (e.g.,
VNXSizer) provide an output that may be entered manually as an order which has a
number of disadvantages, including delays in entering/verifying the order, risk of

mistake, cost of expert sales personnel, etc.
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Accordingly, in example embodiments of the present invention, an advisory tool
430 output (e.g., from VNXSizer) may be encode}d in a matrix barcbdg 400 and
repygsented alongside the human-readable advisory tool 430 output con‘ﬁguvr;ationAr_epprt
432. The matrix bargode 400 then may be scanned by a matrix barcode reader 410 and.
us‘edvfor a number of purposes, including automation of form filling in a‘purchasing
system 440. Additionally, the details of the configuration repoﬁ 432 may be shared with
othef users or preserved in a configuration database (e.g., configuration database 335 of
FIG. 3).

FIG. 6 is a block diagram of an example embodiment apparatus 605 according to
the present invention. The apparatus 605 may be part of a system 600 and includes
memory 610 storing program logic 615, a processor 620 for executing a process 625, and
a.communications I/O interface 630, connected via a bus 635.

Froce;sing may be implemented in hardware, software, or a combination of the
two. Processing may be implemented in computer programs executed on programmable
computers/machines that each includes a processor, a storage medium or other article of
manufacture that is readable by the processor (including volatile and non-volatile
memory and/or storage elements), at least one input device, and one or more output
devices. Program code may be applied to data entered using an'input device to perform
processing and to generate output information.

- The methods and apparatus of this invention may take the form, at least partially,
of program code (i.e., instructions) embodied in tangible non-transitory media; such as

floppy diskettes, CD-ROMs, hard drives, random access or read only-memory, or any.
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other machine-readable storage medium. When the program code is loaded into.and .
executed.by a machine, such as the computer of FIG. 6, the machine becomes an
apparatus for practicing the invention. When implemented on one or more general-
purpose processors, the program code combines with suqh a processor to provide a
unique apparatus that operates analogously to specific logic circuits. As:such, a general
purpose digital machine can be transformed into a special purpose digital machine.

FI1G. 7 is a block diagram of a computer program product 700 including program
logic 755, encoded on a computer-readable medium 760 in computer-executable code
configured for carrying out the methods of the invention, according to an example
embodiment of the present invention. The logic for carrying out the method may be
embodied as part.of the aforementioned system, which is useful for carrying out a method
deScribed with reference to embodiments shown.

Although the foregoing invention has been described in some detail for purposes
of clarity of understanding, it will be apparent that certain changes and modifications may
be practiced within thé scope of the appended claims.” The scope of the invention is .
limited only by the claims and the invention encompasses numerous alternatives,
modifications, and equivalents. Numerous specific details are set forth in the above
description in order to provide a thorough understanding of the invention. These details
are provided for the purpose of example and the invention may bevpracticed according to
the claims without some or all of these specific details. For the purpose of clarity,
technical material that is known in the technical fields related to the invention has not

been described in detail so that the invention is not unnecessarily obscured. Accordingly,
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the above implementations are to be considered as illustrative and not restrictive, and the
invention is not to be limited to the details given herein, but may be modified within the

scope and equivalents of the appended claims. -
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CLAIMS

What is claimed is:

1. A method comprising:
determining an action regarding a stbrage system;
5 éncoding the action regarding the storage system; and
répresenti.n g the action regarding the storage system as a graphical

representation.

2. The method of Claim 1 further comprising:
receiving the graphical repres’eﬁtation of the action regarding the storage
o sys_t'fcv'm_'a.sb an input;
decoding the encoded action regarding the storage system represented by
the graphical representation; and |

performing the action regarding the storage system.

3. The method 0f>Cl.gim 2 |
15 wherein determining an action regarding a storage system comprises
“determining a storage system command for performing on the storage system;
wherein encoding the action regarding the storage system comprises

encoding the storage system command for performing on the storage system;
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wherein representing the action regarding the storage system as a
graphical répresgntation comprises r_eprese‘nting th¢_storage system command asa
graphical represen.ta'tion;'

whereip .recéi{/ing the graphical representation of the action regarding the

5 storage sysfem'as an input comprisgs féceiQing the graphical representation of the
storage system command as an input; |

wherein decoding the encoded action regarding the storage system
represented by the graphical representation comprises decoding tPlle‘ encoded
storage system command represented by the graphical representation; and

10 wherein performing the action regarding the storage system comprises

performing the storage system command on the storage system.

4. The method of Claim 3
wherein decoding the enéoded storage system command represented by
the gfaphical representation generates an executable sequence of one-or more.
15 storage system commands; and |
whérein performing the-étorége_ system command on the storage system
compfi,ses receiving the executable sequence of one or more storage system,

commands via a management interface to the storage system.

5. The.m_ethod of Claim 2
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wherein_deter}rninin‘g an action regarding a storage system eompri'ses
determining a eonﬁ guratien of the storage system;

wherein encoding the action regarding the storage system comprises
encoding the configuration of the storage system;

wherein representing the action regarding the storage system as a
graphical representation comprises representing the configuration of the storage
system as a graphical representation;

wherein receiving the graphical representation of the action regarding the
storage system as an input comprises receiving the graphical representation of the
conﬁguratron of t_he storage system as an input;

wherein decoding the encoded action regarding the storage system'
represented by the graphical representation comprises decoding the encoded
configuration of the storage system represented by.the graphical representation;
andv

Wherein performing the action regarding the storage system-comprises
configuring the Storage system according to the configuration of the storage .-

system.

The method of Claim 5 wherein the configuration of the storage system is - -
generated by an advisory tool configured to provide one or more of capacity and

performance capabilitie_sfor the storage system.
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7. The method of Claim 2
wherein determining an action regarding a storage system comprises
determining a configuration of the storage system; -
wherein encoding the action regarding the storage system comprises
5 encoding the configuration of the storage system;
wherein representing the action regarding the storage system as a
graphical representation comprises representing the configuration of the storage
system as a graphical representation;
wherein receiving the graphical representation of the action regarding the
10 storage system as an input comprises receiving the graphical representation of the
configuration of the storage system as an input;
wherein decoding the encoded action regarding the storage system .
r'eprese»:ntedv by the graphical representation comprises decoding the encoded
configuration of the storage system represented by the graphical repreéentation;
15 and
wherein performing the action regarding the storage system comprises

inputting the configuration of the storage system into a purchasing system. -

8. The method of Claim 2 wherein the graphical representation is a matrix barcode.
9. The method of Claim 2 wherein encoding the action regarding the storage system
20 comprises encrypting the action regarding the storage system.
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10.  The method of Claim 2 wherein encoding the action regarding the storage system
comprises encoding a pointer to an external storage location storing the action:

regarding the storage system.

11.  An apparatus comprising:’
5 ‘memory;
a processor; and
computer program code that when executed on the processor causes the
apparatus to perform the operations bf:
| determining an action regarding a storage system;
10 encoding the action regarding the storage system; and
representing the action regarding the storage system as a graphical

.. representation.

12.  The apparatus of Claim 11 further comprising:
receiving the graphical representation of the action regarding the storage
15 system as an vinput;
decoding the encoded aé.tion regarding the storage system represented by
the graphical representation; and

performing the action regarding the storage system.

13. The apparatus of Claim 12
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wherein determining an a'ctioh r_egarding a storage system comprisgs |

determining a storage system co‘mmand for performing on the storage system;
| whereiﬁ encoding the act_ign __regarding thg storage system comprises

encoding the storage system command for performing on the storage system;

wherein representing the action regarding the storage system as a
graphical representation compri'ses representing the storage sysiem cofnmand asa
graphical representation;

wherein receiving the graphical representation of the action regarding the
storage system as an input comprises receiving the graphical representation of the
storage system command as an input;

wherein decoding the encoded action regarding the storage system R
represented by the graphical representation comprises decoding the encodéd
storage system command represented by the graphical representation; and

wherein performing the action regarding the storage system comprises

performing the storage system command on the storage system..

The apparatus of Claim 13
wherein decoding the encoded storage system command represented by
thevgraphicé]- representation generates an executable sequence of one or more. -

storage system commands; and
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wherein performing the storage system command on the storage system

comprises receiving the executable sequence of one or more storage system

commands via a management interface to the storage system.

The apparatus of Claim 12

wherein determining an action regarding a storage system comprises
determining a configuration of the storage éystem;

wherein encoding the action regarding the storage system comprises
encoding the configuration of the st0rége system;

wherein representing the action regarding the storage system as a
graphical repfesentation comprises representing the configuration of the storage
system as a graphical representation;

wherein receiving the graphical representation of the action regarding the
storage system as an input comprises receiving the graphical representation of the
configuration of the storage system as an input;

wherein decoding the encoded action regarding the storage system
repfe‘sented by the graphical representation comprises decoding the encoded
configuration of the storage system represented by the graphical representation;
and |

wherein performing the action regarding the storage "system comprises
configuring the stofage system according to the_cbnﬁguration of the storage -

system.
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The apparatus of ‘Clai_m 15 wherein the configuration of the storage system is
generated by an advisory tool configured to provide one or more of capacity and

performance capabilities for the storage system.

The apparatus of Claim 12

wherein determining an action regarding a storage system comprises
determining a configuration of the storage system;

wherein encoding the action regarding the storage system comprises
encoding the configuration of the stofage system;

wherein representing the action regarding the storage system as a
graphical representation comprisés representing the confi gqration of the storage
system as a graphical representation;

wherein receiving the graphical representation of the action regarding the
storage system as an input comprises receiving the graphical representation of fhe
configuration of the storage system as an input;

wherein decoding the encoded action regarding the storage system-
represented by the graphical representation comprises decoding the encoded
configuration of thé storage system represented Ey the graphical represeﬁtation;
and

wherein performing the action regarding the storage system cornprises

inputting the configuration of the storage system into a purchasing system.
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The apparatus of Claim 12 wherein the graphical representation is a matrix

barcode.

The apparatus of Claim 12 whereiﬁ encoding the action regarding the storage

system comprises encrypting the action regarding the storage system.

The apparatus of Claim 12 wherein encoding the action regarding the storage
system comprises encoding a pointer to an external storage location storing the

action regarding the storage system. -

A computer program product have computer program che encoded thereon that
when »execufed by a brocessor of a computer causes the computer to enable IT
appliance control, the computer program code comprising:

computer program code for determining anvaction regarding a storage
system;

computer program code for encoding the action regarding the storage
system; and

computer-program code for representing the action regarding the storage

system as a graphical representation.
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