wo 2014/189607 A1 |1 I} NN T OO0 RO 0

(43) International Publication Date
27 November 2014 (27.11.2014)

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/189607 A1l

WIPOIPCT

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:
GO6F 12/00 (2006.01) GO6F 13/00 (2006.01)

International Application Number:
PCT/US2014/031256

International Filing Date:
19 March 2014 (19.03.2014)

Filing Language: English
Publication Language: English
Priority Data:

13/901,333 23 May 2013 (23.05.2013) US

Applicant: NETAPP, INC. [US/US]; 495 East Java Drive,
Sunnyvale, California 94089 (US).

Inventor: EL-BATAL, Mohamed; 3664 W. Torreys Peak
Drive, Superior, Colorado 80027 (US).

Agents: KELTON, Thomas W. et al.; Haynes and Boone,
LLP, 2323 Victory Avenue, Suite 700, Dallas, Texas
75219 (US).

(84)

(81) Designated States (uniess otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, 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, IR, IS, JP, KE, KG, 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, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

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

[Continued on next page]

(54) Title: SYSTEMS AND METHODS INCLUDING AN APPLICATION SERVER IN AN ENCLOSURE WITH A COMMU -
NICATION LINK TO EXTERNAL CONTROLLER

100
/
CUSTOMER
NETWORK CLUSTER
I l i INTERCONNEGT
ASN ASN
- ESHi EsM 1
- 7 N 1
} 11 |
} | 101 KRS 102 B
[ t
by B
, .
| [
1| | 103 103 i §
| L J |
L. d

BLOCK BLOCK
CONTROLLER CONTROLLER
il
¢ N
121 129 122
123 123

Fig. 1

(57) Abstract: A system including a first array of storage
drives in communication with a storage controller, the stor-
age controller providing virtualized storage with the first ar-
ray of storage drives; an application server running a storage
warehouse application and communicatively coupled to a
host device and the storage controller; and a communication
port expander providing expansion slots to a first enclosure,
wherein the first array of storage drives, the application serv-
er, and the communication port expander are contained in the
first enclosure separate from the controller, further wherein
the controller controls the first array of storage drives and is
in communication with the first array of storage drives
through the communication port expander.



WO 2014/189607 A1 |IIWAK 00N 000 VO O O

Published:
—  with international search report (Art. 21(3))



WO 2014/189607 PCT/US2014/031256

SYSTEMS AND METHODS INCLUDING AN APPLICATION SERVER
IN AN ENCLOSURE WITH A COMMUNICATION LINK
TO AN EXTERNAL CONTROLLER

TECHNICAL FIELD
The present description relates to network storage Svstens and, more specificaliy,
o systems and methods i which application server hardwiare and software are included

10 with communication haks to a storage srray controller in a separaie enclosare.

BACKGROUND
Cenventional network storage sysiems may be implemented using the Storage
Rridge Bay standard. The Storage Bridge Bay (SBB)Y specification i & standard for
13 storage solution providers who desire to have a standard controller and slot compatibility
hebween respective controdlers which can be manufactured by different ovganizations. The
SBB speeification desenbes the physical reguirements for storage camisters and the mid-

plane connectors of a storage enclosure, The storage enclosure can house mne or more

storage canisters. Meamwhile, each storage camister houses at least one printed cweui

20 bhoard having elecironios mounted thereon. A currergt version of the SBER specification, as
of this writing, s Storage Hnidge Bay Specification, Version 2.0 relessed Jan 28, 2008, the
entire contents of which are hereby incorporated by reference.

Storage eoclosures are conventiomally designed o it in a standard rack defined in
EIA-318 A raek unit {or “UT) v a measurement of height within the rack, where one rack

23 anit equals 44 45mmy or 175 inches, A storage o connpeting device that is embodiad
within an enclosure that #t 18 vne rack unit tall may be referred o as g 17 deviee
Santlarly, a storage or computing device that is embodied @ an enclosure that & two rack
units tall may be reforred 0 ax a 2U device. A given rack can be any height, but s usually
19 or 23 inches tall,

30 A crnventional aetwork application svstem inclades two application servers in

different 2U enclosures, a RAID Bunch of Drives (RBOD) in a 2U enclosurs, and an
Expansion Buach of Drives (EBODY i a 217 enclosure, for o total of 8U taken up by fouwr

enclosures. The RBOD includes two storage controllers, and the EBOD includes tweo
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expansion Enclosure Service Muodules {ESMs) However, conventional techuigues for

configaring a network storage svstem may ot be as efficient as could be deswred,

BRIEF DESCRIPTION OF THE DRAWINGS
5 The present disclosure 18 best understond from the following detatded deseription
when read with the accompanying figures.
Figure | is 8 system diagram of 8 computing infrasirecture mcluding g network
starage system according to aspects of the present disclosure.
Figure 2 is an iHlpstration of an example circuit board of Figure 1, adapted
10 according to one embodiment.
Figure 3 15 an iHustration of an example mechanical and cabling diagram for the
system of Figure |
Figure 4 is 8 system diagram of 8 compuiing infrasirecture mcluding g network
storage system according o one embodiment.
13 Figure & i an ilustration of an example coeuit board, adapted according to the
enibadinent of Figure 4 to include a dense server ASN and ESMs.
Figoare & i g system diagram of 3 computing infrastructure including a network
storage svsiem according (o aspects of the presend disclosure.

Figure 7 15 a system diagran of a computing infrastructure inclading a network

200 storage system gocording 1o aspects of the present disclosure.
Figuwre ¥ is an ilasiration of example rack, adapted acoording to one embodiment.,
Figure 9 ik a block diagram of a method of mstalling a network storage system
according to aspects of the present diselosure.
Figare 19 & an tHustration of an example RBOD, adapted according & one
23 cmbodiment.
Figures 11 angd 12 are illustrations of nwethods t© provide virtoal storage o a
network storage system, according to one embodiment.
DETAILED DESCRIPTION
36 AN exwnples and dlostrative references are non-himiting and shoold oot he osed

equivalents, The headings are solely for formatiing and should not be vsed o limit the
subject nwatier in any way, becagse text under one beading may cross reference or apply o
text under one or more headings. Finally, in view of this disclosure, particular features

7
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described m relation 1o one aspect or embodiment may be applied fo other disclosed
aspeots or embodiments of the disclosure, even though not specifically shown i the
drawings or deseribed m the text,
The present disclosure relates o network storsge systems and methods of
5 implementing network storage systems that provide for more efficient use of space ing
computer housing {e.g. arack) In one example, 8 network storage system includes an
Application Server Node {ASNY 1 a same enclosure with an ESM, where the ESM
molades expansion ports. The enclosure also includes a first array of storage drives. A
different enclosure includes a storage controdler providing virtualized storage functionality
10 for the array of slorage drives. The stovage controller conmmanicates with the array of
storage drives via the expansion ports of the ESM
Thas, in this example, even though the array of storage drives is located in the
same enclosare as the ASN, # 15 nof the provessing power of the ASN that tused as 8
storage contraller. Rather, the storage contrefler functionality is provided by a storage
13 controller in a separate RBOD enclosure that takes advantage of the expursion ports of the
ESM 1o communicate with the storage array
in one example, the enclosure that inclodes the storage controller also ncludes
another array of storage drives that are also controlled by the storage controfler. The first

enclosure and the second enclosure cach occupy 2U in the rack, therehy providing a U

20 storage system. By contrast, s conventional network storage sysdem would use separate
enclosures for an ASN and an ESM, thereby using more units in the rack,
In another example, an enclosure includes a High Avatlability {(HA) paw of
ASNs, each of the ASNy including an ESM with expander ports. The enclosure may be
stifl be embodicd as a 217 enclosare. The space savings may be achieved by embodying
23 the ESMs as Peripheral Component Inlerconneet Express (PCled cards that cooupy card

slots of the ASN hardware. However. the scope of embodiments s not linied to PCle
cards as ESMy, ay any appropriate connection between the ASN hardware and the ESM
hardwars may he used.

The hlock controllers mayv also be embodied as an HA pawr, where each hlock

30 controller & redundantly connected to gach ASN and to ench ESM. In fact, the

architecture described herein may be adapied fr use i clustered systems, g5 shown in the
figures.

In vet another example, the ASK is embodied as a dense server, which has two or
more pracessors and may use more room on a crcud board than a server that has only one

3
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processor. An example of g dense server K one that wes two or four Tigel™ Xeon™
processors, though the scope of embodiments 15 not miled to any particular type o
autber of processors, In some embodiments emploving dense servers as ASNg, there may
nod be enough space within a 2U enclosure to house two or more redundant ASNs. Thus,
some dense server embodiments may mnchlode only one ASM in g given enclosure, along
with at least one ESM. Redundanoy can then be achisved by using an additional
ASMN/ESM encloswre and mabing redondant conncetions between the storage controller
amd cach of the ASNs.

The various embodimends desertbed above are examples. and # 15 understood that
the scope of embodiments inchedes slorage systems with different numbers of controlers,
ASNs, and storage arravs. In fact, any of the embodiments described herein mayv he scaled
larger or smaller depending on particular needs of a given mnplementation.

Figuyre 1 s a svstem diagram of a computing infrastrecture 100 mclading a
network storsge system according 1o aspects of the present disclosure. Infrastructure 104
mclades enclosure 110 and enclosure 120, which may be adapied according to the BEIA-3H)
standard to it into standard racks. However, the scope of embodiments & not mited @
standard enclosures, and any type of enclosare, whether standard or stherwise, may be
adapted for use m some emboduments.

Enclosure 13 includes circuit boards 1 and 102 a8 well a8 storage array 183

frr this example, circutt board 101 inclodes hardware and software to provide ASN and
ESM functionality, as does circutt board 102, The ASNs of circut boards 101 and 102 are
contfigured as a HA paw.

The ASNs of civeuit boards 101 and HI2 we i connnunication over the customer
network with one or more host devices (not shown}. The ASNy of circuit boards HH and
102 are also in commuymication with a clusier inferconnect, which may provide
communication with nther devices in a cluster (v g, additional ASNs, not shownl.
Connections (o the custorner network and cluster iterconnect may tnchade Ethernet,
Infinthand, IEFE 802, 11, andfor myy other appropriate conunanication fink.

The ASNs of Figure | host storage applications that are made avatlable to host
systems that access to the storage system. For example, some ASNs run applications to
provide. continunus data protection throush suwtomated backup proceduares, dalabase
management apphication processes, snapshot mansgement processes, the de-duplication
manggenent processes, and the Hke, Other exswoples of applivations include a cluster-
based file system program {e.g.. a Lustre™ gpplication}, a higheperfyrmance computng

4
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application {a data warchousing apphication, & video delivery and processing application,
an Oracle™ database apphication, ic. ), & big duta application {e.g., Hadoop™ or other
map-reduce apphication). and the hke,

In some examples, the ASNs utilive Virtual Machine Managers {conunondy
riferred 1o a8 "hypervisors™y to provide a virtugl machine for cach of the multiple
apphication processes. In gencral, a hypervisor controds the overall operation of each of a
plaratity of virtual machines. Each virteal machine may include #ts own specific operating
systen kernel and associated application processes such that the hvpervisor hides the
underbving physical hardware cirastry nderfaces from the operating system and

application processes operating within g victeal maching.

The ASKs of Figure | may use any appropriate operating syvstem or hypervisor,
but s this example, the ASN may inclode one or more general purpose processors {22,
ftel Xeon or other processors) running a data warchousing program {¢.g., 3 map reduce
program} on top of Linux.

The ESAMs of Figure | include hardware and sofware funchionality to manage the
physical operation of hardware within the storage svstem. Examples of functionality
mclude envivornment reporting and setting via SCST enclosyre services, such as tomperature
control, power management, and the ke The ESMs may mclude thew own processing
porwer and menory switable to provide such functionabity (e.g . by an Application Specific
Integrated Ciroutt or Field Programmable Gate Array), and in many instances, the amount
of processing powsr and memory used i an ESM 15 legs than that ased in an apphication
SETVET.

Further, in this example, the ESMy of Figure T mclude expander ports for
cormecting farther dovices within the closter, Before discassing the expander posts further,
a discussion of the data transfer linky may be instructive, dystem 108 may be imphanented
with serial attached SCST {SAS) architecture or a hike srchiiecture sultable for supporting
full daplex data transfor. SAS may refer to g point {o point sertal iterfice sutable for
providing full duplex commumication at three, sy, or twelve gigabils per second (Ghis) or
higher per direction per channel, Protocols that may conununicate vig a SAS interfhace
may he small computer system mterface (SCST, advanced fechnology attachment (ATA),
SAS management or hike protocols.

Expander devices incloded in the ESMy of Figure 1 aayv include edge expander
dovices, edge expander device sets, and fanoat expanders. SAS devices, such as end

devices and expander devices, may be inferconnected o debiver scalable storage i a SAS

3
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environment. SAS devices are typloally interconnected with a set of point-to-point Hoks

the SAS domain. SAS devices may also include af keast two connections for enhanced

performance and availability, In an mtercounection of SAS devices or SAS domain, cach
logical connection to a node 1 made via a port. A port may mclade o plurality of point-o-
pevint Hks, which may be denoted as plivs. For imstance, a typical media deviee, such as a
storage drive. may comprise two ports with each port mcluding at least one phy.
Additionally, muiltiple phys may be arranged together 1o make up a port, allowing for
multiple concurrent conueciions fo be established. In some endbodiments, the expanders
moloded wnthe BESMs of Figure | inclode edge expander devices or like expander devices
suitable fyw commmumication with ep to 128 SAS addresses. An edge expander devics
enahles communivation to be established between nodes that are directly connected fo the
edge expander device.

Nevertheloss, a5 mentioned above, the scope of embodiments K not hatied to
SAS. Other sutable data transfor links may be appropriate, such as Fibre Channel {FC),
Ethernet, Infindband, TEEE 802 11, and the ke,

Maoving to enclosure 120, block controllers 121 and 122 are embodied w circutt
boards housed within enclosure 120 along with storage drive array 123, Block controllers
P21 and 122 in this example are configured as a HA pair, though the scope of
embhodiments B not lunded just to HA pairs.

Each controlier 121, 122 meludks one or more processons or application specific
iogic that causes connected storage areays 1o read or write data o or from persisiend storage
i response to requests received from an external host. Each controlier 121, 122 may also
fnehade memory that acls as 8 buffer or temporary storage for daia being translerred
between the host and persistent siorage, Fach controller 121, 122 sy firther inchude host
fputioutp (70} controllers (HICK) that interfice the dorage array condroller with the
host, and target O controllers (THCs) that interface the storage array controller with the
storage drives. The bock conirollers 121, 122 may include processing power and memory
suttable (o virtualize slorage and control reads and wries {e.g., by an Application Speaific
Integrated Circuit or Field Frogranunable (fate Array), and in many instances, the amount
of processing power and memory used in a block controller 121, 122 s less than that used
i1 an application server,

In one example, cach block controller 121, 122 virtuslizes the slorage within
storgge arravs 103, 123 o provide RAID storage. The acronym "BRALIDY » an umbrella
term for computer data-storage schemes that can divide and replicate data among nultiple

6
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physical storage drives. When several physical storage drives are set up to use RAID

technology, the sovage drives are sard to be g RAID array. The RAID array distnibotes

data across severad storage drives, bot the array 1§ oxposed to the operaling svaem o the
application server as a single logical storage drive or mubtiple logical storage drives, where
the logical storage drives do not correspond one-to~one with the phovsical storage drives.
Examples of storage drives that may be used in vanouos embodiments tnelude Sohd State
Prrives (38Ds), Hard Disk Drives (HDDs), and the bke,

Enclosure 120 may be referred o as 1 RAID Buwnch of Drives or {RBOD)Y. Inone
example. block contraflers 121, 122 are essentially whentical Sturage controllers coupled
with one another to provide redendancy m case of fatlare of vne, Figure 10 provides 8
more detailed iHustration of RBOD 120 according to one embodiment. In Figure 10,
controffer 121 has a crcuit board 191 with a CPUL an SAS FO controller, and an SAS
cxpander. Sumilarly, controller 122 has a cirooit board 192 with a CPUL an SAS 1O
controller. and 5 SAS expander. The condrollers 121, 122 are cross-coupled via thewr SAKR
PO contollers. Further, each of the storage drives o array 123 18 eommunicatively
couapled to each controller 121, 122 Fach of the RBODs shown m the varous
embodiments herein may include cross-coupled controllers, as shown in Fig. 10, In the
exemplary embodinent of FIGL 2, block eontrollers 121, 122 are interconnected via s path
{not shown), which may provide any of a variety of well-known commumication prafocols
and media inclading, for example, PCH {e.g.. PCE Express), SAS, Filwe Channell
Infiniband, Ethernel, IEEE 8G2 11, eto. This mter~comtrolier interface and mediom is
utilized for exchanges between the controllers 121, 122 withun the storage enclosure 120,

The various components of system HH are commanicatively coupled as follows.
Block controller 121 &y connceted to the ASNs of eirenit boards 101 and 102 via
commurncation hak 141, Thus, block controller 121 15 conmected to both ASNs.
Simiarly, dock controler 122 is commected fo the ASNs via conununication lnks 142
Comnugmication hnks 141 and 142 may inchude any appropriate type of commumication
fink, including bot not limited 1o SAS, Fibre Channel, Infinthand, Ethernel, TEEE 8082 1,
and the like.

Block controller 121 18 connected ti the ESMs of circutt boards Hil and 162 via
comangnoation haks 143, Thus, bloek controller 121 is connectad to both of the redundmt
ESMs i enclosure 110, Similwly, block controlier 122 & conncoted to the ESMs by

communication hinks 144, Commuonication lmks 143 and 144 may melude any appropnaie
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type of communication link, incloding but aot mited to SAS, Fibre Chanpel, Infiniband,
Ethernel, IEEE 80211, and the hke

Blaok controllers 121 and 122 commumicaie with, and control, dorage drive aray
123 through a nddplane mterface (not shown) or other interface within enclosure 128,
Farthermore. block contmollers 121, 122 conununicate with, and control, storage drive
array 103 {in enclosure 110) via commmunication links 143, 144 and the EMS, In othey
waords, storage drive mray 193 i enclosure 10 is iIn conunanication with controflers 121
122, which ave external 1o enclosore 110, through the FSMy that are included within
enclosure 110

The embodiment shown in Figure 1 may provide one or more sdvantages over
conventional network storage systems. Combining ASN and ESM hardware wito the same
enclosure may provide space savings by creating bigher density of storage drives, Thus,
the ratio of number of rack units esed for storage versus the nember of rack units used fr
processing can be increased. Increasing Such ratio may be desirable because, as processing
pawer increases, the ability to condrol storage drive arravs using a same size civcudl hoard
also moreases; bot as the nomber of rack units for storage increases, there ik less space for
processing poower in the rack,

Figure 2 15 an iHustration of an example circuit board i of Figure 1, adapted
sccording to one embodiment. [t s understond that in vatious embodiments, System 100
(Figure 1) may mclode cirouil board 102, which is substantially similar (o cireait board
3 U shoaeld also be noted that the specific implementation shown in Figere 2 is an
example. and other embodiments with different types and numbers of VO ports, processing
power, memory, and the hke may be adapted for use. In one example, the hardware of a
RAID controller may be used as the hardware of ciraut board 101, Fuow instance, tf a
RAID controller board has sufficient processing hardware, ity RAID controller soffware
and Hrmware may be replaced with application server hardware and firmware fo provude
apphcation server functionalty i any of the embodiments of Figwres 1, 6, or 7. Inother
words, the embodimont of Figure 2 shows a modified RALD contmller board osed as an
ASN. Hovwever, any appropriafe processing hardware may be used inoasny of the
enthodiments.

Dashed Hne 201 shows a division between the ASN hardware and the ESM
hardhware, Labels to the el side of circuit board 101 show thal some poris communicate

with the cluster intercomnect, the host network, and the controllers 121 and 122 Among
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other things the ASK hardware tncludes CPU 210, HIC card 211, and SAS mputioutput

corgrod 212 (o conuneaicate with controllors 121 and 122}

The ESM hardware can be embodied s a PCle card, mounted directly on board
L3, or any other appropriate configwration,  Among other things, the ESM hardware
includes expander 213, which provides ports for commumication with controdlers 121 and
£22. The conmuanication with controlers 121 and 122 1 pussed through connection 214
to midplane connector 215 and to stovage array 1030 Thus, as explained above,
controllers 121 and 122 controd storage arvay 103 through the expander 213 provided by
the ESM within enclosare 110 Storage array 103 io this example s not implemented on
circuil board 101, bat &5 msicad impleomenicd on a different circust board i conumunication
with midplane connector 215 Glue logic for the FSM i provided m this example by
FPCEA 216, which provides Tess processing power than does CPU 210,

Figure 3 is an tHostration of an example mechanical and cabling dingram for the
system of Figure T Enclosures 118 and 120 are shown as standard 2U rack-mounted
eaclosures. Fig. 3 also shows compumication links F41-144 with respective SAS ports,
and this arrangement s consistent with the communication link layout shown in Figure 1.
Poris labeded “IR™ are Infintband ports, and ports labeled 1000 are Ethernet ports. The
boxes labeled "AC” are example power supply units, I s noted thit in practice a rack
mounted enclosare may have different tvpes and mumbers of ports than those shown w Fig.

3. Also, as noled above, the scope of embodiments 15 not imited (o SAS communication

finks, as other embodiments may use Ethernet, Infintband, 1EEE 80211, andior Fiber
Channel. The example of Figure 3 is consistent with the example of Figure 2 i that the
ASN 13 alt using mndified RAID controller hardware, However, the scope of
embodiments & not limited to esing RAID controller hardware in the ASNs

Figoare 4 & g system diagram of 3 computing infrastructure 4080 inchsding a
network stovage svstem according to aspects of the present disclosure. The embodiment of
Figure 4 utihizes dense servers for ASNs and, therefore, utilizes one dense server par

enclosure. As explained above, a dense server may inchade more processors and memory

than the ASNs shown w Figure | and may utilize more space within a given enclnsuare.
For mstance. enclosure 410 inclades a circut board including a dense server ASN 411 and
two ESMs 412, 414, Simbarly, enclosure 420 inclodes a dense server ASN 421 and ESMs
422, 424, ASNy 411 and 421 are configured as & HA parr via the clester imterconnect and

are both connected o hosts (not shown) via the costomer network. Each enclosure 418,

324 alse meludes a storage drive array 413 and 423, respectively, ASNs 411 and 421 run g

9
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storage warchousmg apphication or other application on top of an operating system, smutlar
1o that desertbed above with respeot to the ASNs of Figure T However, ASNy 411 and
421 may handle more concurrent processes due o ther increased processing power.
Enclosure 430 meludes two block controtlers 431 and 432 and a storage drive
5 aray 433, Controllers 431 and 432 of Figure 4 operate substantially similariy to
cotroflers 121 and 122 of Figure | by providing low-leved virtual storage control o
storage drives 413, 423, and 433,
ASK 41 has redundant communication links 441 and 442 to cach of block
comtrollers 431 and 432, Similarbe, ASN 421 has redundam communication Hnks 443, 444
10 o each of block controllers 431 and 432, Such communication links may be substantially
suniar to links 141 and 142 of Figure |
Fach ESM 412, 414, 422 424 has a respective comnunication link 44544810 &
parttcular block comtrolier 431, 432, as shown, Communivation Hinks 443448 are
substantially similar to the communication links 143, 144 of Figure {. Controller 431
13 communicates with, and controls, storage arravs 413 and 423 via respective ESMs 412 and

422 Similarty, block controller 432 communicates with, and controls, storage arrays 413

and 423 via respective ESMs 414 and 424,
Figure 5 15 an iHustration of pan example ARN: 5320 and 330, adapted aconrding

to the embodiments heremn, Hach ASN 820, 53380 s included s own oircutt board within

20 wx oown enclosere and B in conunanication with midplane 530 through madplane cards 503,
5850 ASNs 320 and 530 ave provided in contrist to the cireut board of Figare 2, which
meludes RATD controller hardwarg, ASN $20 mcludes COPL 302, and ASN 330 includes
CPL 5303, though the scope of embodiments may wlude any number of CPUs 1o cach of
the ASNs. Figure 3 ilustrates one example configaration to accommodate ESMs 324 and

23 534 moa same enchosure with respective ASNs 526 and 334

Each ASN 320, 830 mcludes #s respective BESMs 324 and 5334 as PCle cards.
though various embodiments may implement the bardware of ESMs 524 and 534 w any
appropriate manner. ESM 524 communicates with block controllers (not shown} and
passes that communication to midplane card 504 and o storage arvay 3130 Similarby, ESM

30 534 comymunicates with Mock controllers {not shown} and passes that conununication to
mudplane card 505 and on to storage arvay 5130 Each ESM 524 and 534 has a respective
expander 312, 514 i provide communication links o the controllers. In some mstances,
PCH is used for providing power andy, while the data connections between a server and an
ESM are provided by lechnologies other than PCLH

18]
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In one example, both ASKs 328, 530 may be implemented side-by-sade i 2U s0
that the total rack unit space ccoupied thereby 12U, though the scope of embodunents
gchudes any sizes for enclosares ASNg 524, 534

With respect to the embodiment of Figore 4, cach ASN 411 421 may be

5 mmplemented smilardy to ASK 524 bat with at least one more UPL and two ESMs m each
ASM. With respect 1o the embodimenis of Figores 1, 6, and 7, cgch ASN enclosure therein
{e.z., encloagre 1) may be tmplemented osing the sysdem shown in Figare 3 i which the
ASNs 524, 330 are in a HA paw and may be nptionally cross-coupled.

Figure & is a svsteny diagram of 8 computing infrastrocture 608 incloding a

10 network stovage systent acoording to aspeots of the present diselosure. Flgyre 6 mcludes

many of the same features shown in Figure |, and like features sre shown with ke
riference nombers.

Sextern 608 includes enclosure 1160 that has ASNs configared as a HA pafr.
Biock controller 121 conwnunicates with, and controls, storage array 103 via

13 commnunication liok 623 and the BESM of circuit board 101, Similarly, block controller 122

communicstes with, and controls, storage array 103 vig comnwnication Hnk 624 and the
ESM of crcust board 102,

Svstem 666 ako wmcludes enclosare 610, Enclosure 810 has ESMs 611 and 412
as well as storage array 613, Each of ESM 611 and 612 has a respective expander that

20 provides conmmunication porls to provide compuanication with block controflers 121 and

£22 vig communication links 621, 622,
Block controller 121 conununicates with, and controls, storage wray 613 via
comanguoation hak 621 and ESM 611, Block controller 122 commumicaies with, and

corgrols, slorage array 613 vig commumication nk 622 and E8M 612, The embodiment of

23 Figure 6 ilostrates that additional storvage arrays {¢.g., array 6133 may be added using
expanders as long as the block controllers of the system have adequate communication
ports and processing power, Communication Binks 621-624 may inclede any appropriate
tvpe of commanication link, including bet not Himited to 3AS, Fibre Channel, Infinthand,
Ethernet, TEEE 802 11, and the hke

36 Figure 7 ix a svsteny diagram of 8 computing infrastrocture 700 incloding a

7

network storage systen acoording to aspocts of the present diselosure. Flowre 7 includes
many of the same feglores shown in Figures 1 and 6, and ke features are shown with bike

reference numbers.

H
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The ASNs of enclosares 118 and 10 are connected to the customer nebwork, as
shown, and to cach other via the chuster inderconneet. In addition o the concepts shown in
Figure 6, Figure 7 dhustrates that ol least fowr ASNs can be accommadated @ two different
enclosures and that storage drives in those enclosures can be conununicatively coupled o
controllers via BESMs with the ASNs. Put another way, the ESMs of Figure 7 provide
conwnanication ports so that storage arrays 103 and 613 can be included in the same
enclosures as ASNs gl while using exdernal comtrollers.

The emmbodinent shoswn in Figure 7 is similar to the cinbodiment shown in Figure
., but the embodimend of Figore 7 adds ASKs to enclosure 6140 1o fact, in Figure 7, the
components and fumctionabity within enclosure 610 are subslantially sinvilar to those within
enclosare TG Thus, ESM 61 & included in corcuit board 701, and BESM 612 & mmcluded
in circud board 702, Block controllers 121, 121 mclude redundant cross-coupling o the
ASNs of cirvelt boards 701 and 702 via communication Hnks 741 and 742, Once again,
block controdiers 121 and 122 communicate with, and control, storage array 613 through
respective ESMs 611 and 612

In an exemplary emboadiment, the various enclosures discussed above may be
installed in g standard rack. Figure 8 &5 an illustration of example rack 801, adapied
gevording to one embodiment. In the example of Figure 8, the system 700 {Figure 71 has
been mstalled i the rack 801, and cach of enclosures 1O, 120, 610 18 embodied as a 24
unt, therchy ocoupying 6L otal space.

Figure ¥ does not show other units i rack 801 for simplicitv of dlustration, but

is understood that the scope of embodiments includes racks with any number of enclosures

therein. It 15 also understood that any of the embodiments of Figures |, 3, 4, &, and 7 may

be configured as standard rack-mounted enclosures and installed in s rack, such as rack
8183, However, the scope of embodiments s not limtted {o standard rack-mounted
compuling systems, 85 any appopriale configuration of enclosures {even outside of racks)
may be adopted.

Figure 9 is 8 block diagram of a method 908 of mstalling a network storage
system according to aspects of the present disclosare. It s understond that additional steps
can he provided before, during, and after the method 900, and some of the steps deseribed
can be replaced or ehminated for other embodunents of the method 900,

Block 902 meludes instalhing a first computing device g housing with a
plurality of slots. An example of a sustable hoosing melades a EEAS3 10 rack with slots that

are each an imteger mumbher of units tall. The Hest computing device is placed w a first slot
12
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of the housing, and the first computing device includes g first enclosure with an application
server, @ conunanication porl expander, and an array of storage drives in comaumication
with the expander. In one example, the enclosures of method 908 are standard enclosures
that are cach an infeger mumber of rack waits tall

Block 204 mcludes installing a second computing device m the housing by
placimg the second computing device ina seoomd slot. Fuarther, the second computing
device inclades a sceond enclosure with a storage drive controller, In other words, the
storage drive controller and the storage drive are inchuded in separate enclosures

Block 906 molades operably coupling the storage drive controlier fo the array of
storage drives through the communication port expander and aperably coupling the
application server W the Storage drive controller. The coupling of block %06 may include
mstalling cables and, addiionally or allernatively, setting op wireless communicaton
finks.

The scope of ensbodinents s not limited to ELIAS3 1O standard rack housings and
enclosures. Rather. variows embodiments may inchade any appropriate housing or

enclosure, whether standard or otherwise, Furthermore, the communication links among

the various conponents may imchude any appropriate hardware mterfice and protocol.

YVarous communication Hoks that may be used with the embodiments heremn include, but

TE 80211, and the like,

arve not Timited o, Ethernet, SASR, Infiniband, Fiber Channel, 1E]
Figure 11 15 a block disgram of a methad 1100 of providing vivtual stovage
according 0 aspects of the prosent disclosure. Method 1100 1 from the perspective of the
hardware and soflware within an enclosure. such as enclosare 110 (Figore 1) Itis
anderstood that additional steps can be provided before, during, and after the method 1104,

and some of the steps described can be replaced or ehiminated for other embodiments of

the method | HKL

Block 1102 includes mteracting with a client computer to receive wrile requests
for & viriual storage volme. In this example, the virtual slorage volume i implemenied
ot an array of sorage drives within a first enclosure that includes the application server
node.

As described above, an ASK provides bigher-level storage functionality, such as
by implementing a map reduce systent or other system. The ASN mnterfaces with the chient
compoter {0 reecive wirite requests and to return responses 10 read reguesds.

Further. as described above, the vwer-level storage functionality, such as RAID
control, i provided by the storage controller. Thus, in block 1104, the ASK passes the

13
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write reguest o the storage controller. Further, iy this example, the sforage controdler i
provided in an enclosure that i separate from the enclosure that includes the ASN and the
storage drives,

in biock 1106, phovsical storage drives of the arvay receive control signals from
the storage controlier to effect the write request. The control signals are received via a
conwnanication port expander focated in the enclosure with the ASN and the storage array.

Method {10015 offered to slustrate o data path that ©asts in varioys systens
according o one or more embodiments. Specifically, the phvsical storage drives of the
array are ncluded m an enclosure that i separate from the enclosare that mcludes the
storage controller. Thercfore, write requests received at the ASN during inferaction with
the chient are passed on to the controller i the second enclosure, and the controller then
provides kw-level storage controf signals fo the storage drives in the first enclosare.
Block 1108 illusirates that read requests are effected using the same data path, There s no
reguirenient that write requests are performed before read requests: rather, write and read
requests are performed in any appropriate order.

Figure 12 8 a hlock diagram of a method 1200 of providing virteal storage
according to aspects of the present disclosure. Method 1200 &5 from the porspective of the
hardware and software of the storage controler, such as in enclosure 120 (Figure 1), It s
anderstood that additionad steps can be provided hetfore, daring, and after the methnd 1200,
and some of the steps deseribed van be replaced or elimmated for other embodiments of
the method 1200

At hlock 1202, the storage controller receives & write request from an ASN. In
this example, the ASN performs data warchouosing feactionatity, and the write request 15 in
accordance with sach fonctionaldy,

The write request 1 received via a communication port expander i a first
caclosure with the ASN and is received by a storage controlier in a second enclosure
separate from the first enclosure. At block 1204, the block controlier sends control signals
from the controller (o a storage array within the first eoclosure 1o wriile data to a virtual
volume implemented in the storage wray. Such controd signals are a part of the low-level
storage functionality of the storage controller that provides, for exaople, RAID
functionality in the storage drive array,

At block 1206, the Mock controller procesaes read requests m the same manner
that the write request s processed i blocks 1202 and 1204, Method 1200 Hustrates a data

path that includes a write or read reguest coming from a client and being received at sn
14
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ASN, then passed 1o a storage controler in a different enclosure. The storage controller
then communicates with the physical disk drives in the ASN enclosure viaa
comanaucai et port expander to effect the read or wille request.

For both the methods 1100 and 1200, many embodusents include storage drives
i the controller’s enclosure and in other enclosures as well as i the ASN enclosure. In
such embodiments, the drives that are mehuded i the sanw enclosurs as the ASN are
presented to the RAID comtrotler via the port expander such that they become members of
the total set of drives that are managed by the RAID controller. In other words, the RAID
controller combines the drives in ds enclosure with drives o an Expansion IB0ODs
{EBOD) (e.g., 610 i figure 6, i apphoable) and the drives m the ASN enclosure to create
RAID volumes 1o be presented to the applications ruruung on the ASK

The foregoing cutlines features of seversl embodiments so that those skilled in
the art may better understand the aspects of the present disclosure. Those shilled in the mrt
should appreciate that they nay readily use the present disclosure as a basis for designing
or modifying other processes and strociures for carrying oot the same purpases andior
achieving the same advantages of the embodinents introduced berein. Those skilled i the
art should also reabize that such equivalend constructions do not depart froan the spirgt and
soope of the present disclosure, and that they may make various changes, substuutions, and

alierations herein without departing frony the spirtt and scope of the present disclosure

12
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CLAIMS

i A svsiem comprising:
a first array of storage drives in communication with a storage controlier, the
5 storage controller providing virtualized storage with the first array of storage drives,
an application server rynning a storage warchouse apphication and
comnanicatively coupled to a host device and the storage controller; and
a connnnukcation port expander providing expansion slots to a fivst enclosure,
whoerein the first array of storage drives, the application server, and the communication
10 port expander are contained in the first enclosure separate from the condroller, further
wheren the controdler controls the fwst arrav of storage drives and 8 in communication

with the first array of storage drives through the communication port expander.

2. The system of clatm L. wherein the communication port expander s
provided by an Bnclosere Servive Module {ESMY within the first enclosyre, the ESM

13 providing power and temperature control fo the application server,

-~

3. The system of clatm 2, wherein the application server and the ESM are
mcluded on a same circuit board within the enclosure, wheremn the ESM comprises CPU

resources separate from CPU resources of the application server,

4. The svstem of clanm |, wherem the connmenication port expander &

bt

8 incheded om a peripheral intercommect card in communication wilh the application server,

s The system of claim |, wherein the expander comprises an SAS expander,

5. The system of claim 1. wherein the application server s part of & High
gvatlabitity {HA) paw of applicaton servers.

g

The system of claim 1 wherein the storage contradler s part of a High

25
1.7

Avatlability {HA) pawr of sorage controlers.

8. The system of claim 1 wherein the storage controdler comprises a RAID

vontrailer

Ih
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g The systeny of claim |, wheren the first encloswe inchuding the first array
of storage drives, the commumication port expander, and the application server comprises a
21 blade device, forther wherein a second enelosure mohsding a sceond array of storage
drives and the controlier comprises a 207 blade device installed o a same rack with the first

A enclosure.

18, A method comprising:
mstalling a first conynting device i a boosing with a phurality of slots, the fira
computing device being placed in a Hird slof, wherein the first computing device comprizes
a first enclosure with an application server, a communication port expander, and an array
10 of storage drives in communication with the expander;
instalting a second compuoting device i the hoosing, the second counpoting device
being placed in a second siot, wherein the second computing device comprises a second
enclosure with a storage drive controdler; and
operably coupling the storage drive coniroller (o the array of storage drives through
13 the communication port expander and operably coupling the applicaton server to the

storage drive controller.

il The methed of claim 1, wherein the housing comprises a EIA-3 10 standard
rack, and wherein the first and second computing devices conprise FLA-310 standard

enclosgres,

20 12, The method of elaim 10, wherein operably coupling the storage drive
confrofler to the arvay of storage drives comprising providing a Serial Attached 5CS
{SASY communication fink,

13, A system comprising
an avray of storage drives i conunanieation with a storage comtrolier, the storage
25 controller providing virtualived stovage with the arvay of storage drives:

an application server running a storage warchouse application and serving the
storage controdler; and

an Enclosure Service Modale (ESM) providing expansion slots to the array of
storage drives, wherem the array of drives, the application server, angd the ESM are

30 contammed s same enclosure separaie from the condrolier, further wherein the controller

A
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controls the array of storage drives and I8 in compuunication with the array of storage

drives through the ESM,

14, The svstem of clabm 13, wheren the apphoatioo server and the BSM are

included on a same circunt board withun the enclosure,

15, The svaem of claim 13 wherein the ESM s incladed ax a peripheral

mterconnect card in communication with the application server.

15, The system of claim 13, wherein the expander comprises an SAS expander.
i7. The system of claim 13, wherein the apphcation server & part of s High
avatlability (HA) paw of application servers.

18, The system of el 13, wherein the dorage controller is part of a High

Avatlability {HA) pawr of sorage controlers.

19, The system of claim 13, whersin the slorage controller comprises a RAID

controlier.

24. The systent of claim 13, wherein the eaclosure including the array of
storage drives, the BESM, and the application server comprises g 2U blade device, further
whersin another eaclosure ncluding the controlier comprises a 2U blade device indalled 1

a samwe rack as the enclosure.

21. A method for providing virtual storage for a chent, the method comprising:

at an application server node, recetving write requests from a chient computer for a
virtual storage volume, the vivtual storage volume bemg onplemenied on an array of
storage drives aocessible by a first compuding svstem implementing the application server
node, the storage drives being physically focated with the first computing systen;

passing a frst write request from the application server node to a slovage controller,
the storage controdler inplemented by & second computing system physically separate from
the first computing system; and

receiving drive access instructions from the storage contmller to the wray of
storage drives to effect the write request, where the drive aecess imstructions are received
vida a communication path between the first computing system and the sceond computing

system,
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22 The methed of claim 21, wherein the storage controller comprises RAID
corgrofler hardware, and wherein the application server node comprises a CPU exequting a

data warchousing program.

230 The methed of claim 21 whercin the conumgenication path comprises a
communication port expander that 13 included n an Enclosure Service Module {ESMY, and
wherem the commumication port expander comprises a Senial Attached SCSI {SAS)

cxpander,

24, A method for providing virtual storage 1 a storage network, the method
comprising

receiving a write request from an application server node. the wrie roguest beng
accordance with dala warchousing functionality of the application server node, the wriie
reguest received via @ commnanication port expander 1w 3 ficst enclosure with the
application server node, the write request being received by a storage controller i a second
eaclosure separste from the first enclosyre; and

it respomse (o the write request, sending control signals from the controlkr to a
storage array within the first enclosure to wrile data to g virtual volume implemented i the
storage aray.

3

N

The method of olaim 24, wherein the dorage controller compnises a RAID
conttrotler,
25, The method of claim 24, further comprising:
receiving a read request from the application server ol the storage controller: and
it rexponse (o the read request, sending conirel sigaals from the controller to the

storage array © road data to the virtea! volome.

1Y
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WHEREIN THE FIRST COMPUTING DEVICE INCLUDES A FIRST ENCLOSURE
WITH AN APPLICATION SERVER, A COMMUNICATION PORT EXPANDER, AND
AN ARRAY OF STORAGE DRIVES IN COMMUNICATION WITH THE EXPANDER

!

INSTALLING A SECOND COMPUTING DEVICE IN THE HOUSING,
THE SECOND COMPUTING DEVICE BEING PLACED IN A SECOND
904 -] SLOT, WHEREIN THE SECOND COMPUTING DEVICE INCLUDES
A SECOND ENCLOSURE WITH A STORAGE DRIVE CONTROLLER

!

OPERABLY COUPLING THE STORAGE DRIVE CONTROLLER 7O THE
| ARRAY OF STORAGE DRIVES THROUGH THE COMMUNICATION
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INTERACTING WITH A CLIENT COMPUTER TO RECEIVE WRITE REQUESTS

1102~] FORAVIRTUAL STORAGE VOLUME, THE VIRTUAL STORAGE VOLUME
BEING IMPLEMENTED ON AN ARRAY OF STORAGE DRIVES WITHIN A

FIRST ENCLOSURE THAT INCLUDES THE APPLICATION SERVER NODE

!

1104 PASSING A FIRST WRITE REQUEST FROM THE APPLICATION SERVER NODE
~  TOASTORAGE CONTROLLER, THE STORAGE CONTROLLER INCLUDED
IN A SECOND ENCLOSURE SEPARATE FROM THE FIRST ENCLOSURE

!

RECEIVING CONTROL SIGNALS FROM THE CONTROLLER TQ THE
1106~ ARRAY OF STORAGE DRIVES YO EFFECT THE WRITE REQUEST

!

1108~ PROCESS READ REQUESTS
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