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Local Storage Shared Storage

Figure 7: DAS (Local) and Shared Storage
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4. T—T VAT L, RAML—D - SRATFLLEERHD, CDOEIBTNARALTRMEEShE MY
B—DTARADRATIZIE, T74/8 F¥RJL, SAS, BLUAM—H xRy kHEEFN D,
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SNIAEmerald R h L—U R 58I, BIETO 7ML EHR— RSN TOSHEDE R TR FL—DH
MEREYITORTLERET HITENEEZERLEZLOTHS, CONEIX. LREEICRY, 2V
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Figure 8: Taxonomy Overview
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DEATIVE, £y FATRKENCHBEITA VL EERLEZLOTHY . XBEOHEEOHREREY
ERDHRBEIN—TELTELDDEDIERTHIENTE, TORTHERDH D HMD LK
AEEETH D, AETIE, 6 DORENGHENTIVEEET S (Table 2 IZEMETY) o

o TARY YL -FIM4Y

o TARD Y ZTFTFUIAY

e RVMLEY R YL—NTI  ATF4T -S54T5Y

e RVMLEwY b -
e NVSSty k-

e NVSStEYhk:-AE

SEATITIE, BE. EHEME. MR, BELLEOLEDENLERICERNEMM TV EMNIZERKR
B, BRDLOOBEDETIVERE) ) —ANRLGLBEELY FEYR—+F 5, ATIVAD
HEDEWVIEEIZE STRENS, DEHATIVIELIC. ZOATIVRADOIRTORBITHET
LERMEDEY FAEERSND,

FEATAT - 5475
TARYD - TOER
TR

ATIVEE
SEATIVOPRT, BEICH L TETDOEENLGRECHERANLELIZEELAHY . TDEREZ Table
LIZFEDHD, ChlE, FODOATIVREIRTTRA b - ARV —DRIZID,
Table 1 - Common Category Attributes
Set
Disk RVML NVSS
Attribute Category
Virtual
Online Nea.r- Rem.ova.ble Media Disk Access L ET
Online Media Library | . Access
Library
Access Random/ Random/ Sequential Sequential Random/ Random
Pattern Sequential | Sequential 9 q Sequential
MaxTTFD <80 ms >80 ms <5 min <80 ms <80 ms <80 ms
Magnetic | Solid State
Media Tvpe Magnetic | Magnetic Magnetic tape, | disk, Solid | Storage + Solid State
yp disk disk optical disk State optional Storage
Storage magnetic disk?®
Access Block, File, | Block, File, Block Block Block, File, Memo
Paradigm Object Object Object Y

a  Allows a purely Solid State Storage system or a hybrid Solid State Storage and magnetic disk
system.
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Table 1 @ Attribute 5 [ZRD & S ITEZESIN D,
e Access Pattern [& Random & Sequential DEL LN EIIFDOEATH S,

FURBL-TOER - NRE—VUBHEFOAML—PHEHAR. FEORET —RICTHLTKEEL
W7 ABHEZERET 5.

Y=Ll TORR KA —UEBEROR FL—UHAR, BEICTIHRShET—4
DEADTF FLRICHET—R~DT I LADMDT—2~DF 5 LR LY LENAHEMAH S,

e MaxTTFD (Maximum Time To First Data) 1. EFEDT—R I T SHAHFMY BEREZFH T
ISR EL—=D  SRTLADNODT—FZEFFHIBT 5=DICBHELGERBTHS.

e Access Paradigm (&, Block, File, Object, & & U Memory D 1 DFE=IXEHTH S,

JAvY TFHOHER - NSEALBEZHEOIDRANL—CERIE. TARY/ T—T~AD SCSI T
AvY - 7O9ERENTIHBELE., T—E~DOBEEIOVIFIXCKD 7V RAFIRET 5,

T7A4N - TIOER - NTHALEEZE DX NL—PEFRIE, NFS TO FaLENT HIHER
E.T—E~DIT74I - T ERERET B,

IO -THOER - NSEALEREZEDRAML—UERIE, SCSIOSD A FajL
(INCITS 400-2004 & INCITS 458-2011) # N9 BGEHE. T—E2A~ADA TPV b - THUER
T 5,

AEY - NSEALBEEZE DA ML—CEIGIE, load PO store L ED CPU AEY - 7O R
SENLET—424~ADT7 IR ERItT 3,

DEISO T4 r—ay

953 745—=a3viE, ATFT)VHROBREDREFIIENHEAEHLEEERZLE-LDTHS,
DIV T4 —2aviE. BHEBVATLERANT S, 953 745— a3 DBER. Y4
X, BHES, BLUE—5Y FBNERLSZVRATLEZRBIT R ETHD, 95V T45—3ay
D—REEHIE U TIZRT,

e AVYa—I/AVKR—RUK (KUFTTa—23>1)

e JBOD (<735Y 744 —232>15)

e O—IVK (KUFVTa7r—23>2)

o SYFRLYY (UTFVT47—230>3) & (UFVTa—30>4)
o NMIVK (UFVT447—23U>5)

o AAUIL—L (KUFVT45—30>6)

A a—% KPSV Ta5—a32>1) DRTLALIEK, EIZ. BA. Rik, BE, FREXE—)L
ECHRRADBMTBASNSGEHRLEERTHD.

aAviR—Ro b KOSV Ta—30>1) k. TF—EF w8 — APL—DRBO—EEHER
FTHaVvR—U bk (REVEK7AOVODT—T - KSA TPEBDIN—K - T4 RY - K54 T
E) ThHd,
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JBOD (<9 5+ 744 —232>15) (&, THffi7Z] JBOD T. R L —UREMENEAAENT
WHEWF—FTI9F ¥ THd, IBODHADRA FL— - TNRALRIE, BRIOARY 2 —LE LTHEET D
CéED, EHEEZEGELTE—DORER )1 —LEBRTIEITES (ARMZRHLAVE—
DHEI> bO—FI2& D) . JBOD (TR EMPEIENEZRE LGN O, BE—DXL—D - TS
ADBEHNHEARY) 2 —LEEDHEIC/E S, IBOD ST IL -z )LTTHD,

A—I k- YRTL (USVT475—2320>2) [F, —BHIIC, 18N 2EORBIY FO—5
ETHREDSHR SN VTIL - 2L TTH S,

SYURLYY (OF9T747—23033E<9 59 Talr—2au>4) VATLALIK RE—I-
TYRLYD - VRTLES D 2y FLYY - VRATLIZHEAENS, RE—L SV LY
DeVARTL (UF9T745—230>3) [F. —EBHIC, 5= SV RLYD - VRATL (U3
V74— a>4) EHBLTHRRECREENFIRE LS,

NAIVR (O T745—230>5) BLUAASMVTL—L <9 F32T47—232>6) VR
TALIE, FRBICRKELEREZEHL., SELBRFUHZRHIIFEBICKBARL AT LATH S, 21V
TL—LlF, hovb - F— - T8 (RRT—EBEZRO—TEHD LSV IICE2TTARIN
BHINTWAERESNETARY - T—2HBETIL) OYR—EAERENDEVIET, /N
ATV RERREND,

Table 212, VSV T4 75— a v OBEZETY .

Table 2 - Taxonomy Classifications Overview

Set
Disk RVML NVSS
Catego
Level 9 ryV'rt I
irtua .
Online Near-Online Rem.ova.ble Media I LB
Media Library Li Access Access
ibrary
Classification
Consumer/ Online 1* | Near-Online 1* | Removable 1 Virtual 1 Online 1 | Online 1°
Component?
JBOD Online 1.5 | Near-Online 1.5° | Removable 1.5¢| Virtual 1.5¢ Online 1.5 | Online 1.5°
Low-end Online 2 Near-Online 2 | Removable 2 Virtual 2 Online 2 Online 2°
Online 3 Near-Online 3 | Removable 3 | Virtual 3 Online 3 | Online 3°
Mid-range
Online 4 Near-Online 4¢ | Removable 4¢ | Virtual 4¢ Online 4 Online 4°
High-end Online 5 Near-Online 5 | Removable 5 | Virtual 5 Online 5 | Online 5°
Mainframe Online 6 Near-Online 6 | Removable 6 Virtual 6 Online 6 Online 6°
a  Entries in this level of the taxonomy include both consumer products and data-center
components, e.g., stand-alone tape drives.
b No test procedure for this Classification is provided by the Emerald Specification.
¢ Classification is not defined; no test procedure is provided by this document.
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TARY Y -FV340-hTTY
FARY -ty bE, MET 4R EREE T ZEREAT /A RITETR P L—SHRTHES

nd,

TARD Y b FoSA2-ATFIAVIE, o540, TUFLTIER, BEEBRAEAR—IADR
FL—UEIRIZDONT, BEEHEZEELEEOTHD, COTOT77/IILAQRGIE. JOy
. 274N, FEEFEATOzH - A28 —T /A ADEEOHAEOLEZIRBILTE S, Table3
I2. SOATIYTERSINE=REISVTar—2ay (TA4RY Y b FUSA42-F2F
A1 E) ICHTHIERETRT,

Table 3 - Disk Set Online Classifications

Category: Disk Set Online

Classification: Online

Attribute
12 1.5 2 3 4 5 6
Ability to Ability to Ability to Ability to Ability to Ability to
Multi-host Not share with 1|share with 2 |share with 2 |share with 2 [share with 2|share with 2
Shareability Specified |or more or more or more or more or more or more
hosts hosts hosts hosts hosts hosts
Consumer/ Yes No No No No No No
Component
Storage : . . . . . :
Controller Optional Optional Required Required Required Required Required
Storage . . . . . .
Protection Optional No Required Required Required Required Required
No SPOF Optional Optional Optional Optional Required Required Required
Non-Disruptive . . . . . . .
Serviceability Optional Optional Optional Optional Optional Required Required
FBA/CKD : . : : . :
Support Optional No Optional Optional Optional Optional Required
System
Capacity > 1 >4 >4 >12 > 100 > 400 > 400
(number of
drives) ®

b There is no upper limit on the number of drives in any Classification.

a  No test procedure for this Classification is provided by the Emerald Specification.

Table 3 @ Attribute H|FXRD L SIZEFEERSIN B,
o TIIFHRRMEEFREMEIK, R FL—CHRGEFHEEARELRR FOBEFHERT S,
o RAPL—PRERUZEIDANL—JDERIE, ENAVEPRA ML= - TS ADOBELFKEL -

EEICTRTDET LI IOBRENARESNDLEERAT S, COR

iFl%. RAID. NVRAM.

TARG - ARTYVUG . NI TSS9V R - FTA4RY - RISEVT, "I 5590 K- 4
TAT - AX Y UBEDN—FI2T7OVI NI T7TOHAEDOEIZE>TIEETES,
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e NOSPOFEMZEDAML—VERAICIK, BEICK > TURTLNMREREEICH Y., T—4
M7 IO ERTEEIZHE YT Ha0R—R 2 FORZABELY,

o EEILY—EXMEUEROAML—CHEHARX, FRURB, O—F-/RvF, YI+DIIT7/
77—LDIT7EH. BREE. T—323%1T. BLUVRTLIREZEEC IR TOY—ERERF
[CT—2 DEFRAAKESR— T 5,

e FBAICKD Y R— rEMZH DX FL—T&GIL, IBM Corporation [T& > TEESNFAD U b -
*— - TRERHET S,

iy & W RN b k=1

TARY ~ 2y ME BRTA RV ERRET DRGEAT NS RIZEICAML—CHATERS
nd,

TARY Y N ZTFFSA2 - ATTVIE ZT7F23A0D5 5 LTI XADOEEREAK
R—ZADAFL—PHEBIZONT, BHMEBEEZEELEZIDOTHD, COTAT7AILHROES
. Favy., 74, FEEAITSzH A8 —D 24 RADEEDHEA#EDOELEFTTHL.,
MAID £17=[Z FCAS 7—XxTO Fx 1L ERAT 5, Table4 2, COATIT TEERSN=-DEIS
T245—=232 (TARY Y b ZTFFUS5A0  ZTF7F 0S54V 1HE) ICEHTIELEET
T,

Table 4 - Disk Set Near-Online Classifications

Category: Disk Set Near-Online

Attribute Classification: Near-Online
12 1.5° 2 3 4° 5 6
Ability to Ability to Ability to Ability to
Multi-host Not share with 2 |share with 2 share with 2|share with 2
Shareability [Specified or more or more or more or more
hosts hosts hosts hosts
Consumer/ Yes No No No No
Component
Storage . . . . .
Controller Optional Optional Required Required |Required
Storage . . . . .
Protection Optional Optional Required Required |Required
No SPOF Optional Optional Optional Required Required
Non-Disruptive : . . . .
Serviceability Optional Optional Optional Required |Required
FBA/CKD . . . . .
Support Optional Optional Optional Optional Required
System
Capacity
(number of 21 24 212 > 100 >1000
drives)°

a  No test procedure for this Classification is provided by the Emerald Specification.
b Classification is not defined; no test procedure is provided the Emerald Specification.

¢ There is no upper limit on the number of drives in any Classification.
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RVMLEY F = YUL—INTIL = ATF4 T - S4TS5Y - AFTY

COATIVIE. BAFREFAATAT7 - O—4F— (T—F - SA4TSYORXSATSIVHE) I
KFETDHDRARL—DHEFRICDONT, BFHEEBEZTEEL-LDTH D, Table5(2, COATIYTRE
EINE=-D8I5V745—2aVICEAT2EHRETRT .

Table 5 - RVML Set Removable Media Library Classifications

Category: RVML Set Removable Library

Classification: Removable

Attribute

1 1.52 2 3 42 5 6
Robotics Prohibited Required Required Required Required
No SPOF Optional Optional Optional Optional Required
Non-disruptive . . . . .
Serviceability Optional Optional Optional Optional Required
System
Capacity Not < S S S
(number of  |Specified <4 25 225 >25
drives)

a  Classification is not defined; no test procedure is provided by the Emerald Specification.

RVML £y MREAT4TF - 54T35Y) - AT3Y
COBETOTI7ANIE, REATAT7 - 4TSV ERET H-OITEY L—NT)L - R bL—

D ATATIRETEO— VI v LTI ER - A ML—DHEBRITONT, BHMEHEEEEL
LDTHD, Table6IZ, COATIVTEERINIREI T T47—2 32 (RVMLEY MrEA
TAT7 - 24T VERBLEE) ICETHIEHETT,
Table 6 - RVML Set Virtual Media Library Classifications

Attribute

Category: RVML Set Virtual Media Library

Classification: Virtual

1

1.52

2

3

4a

5

6

Storage
Protection

Optional

Optional

Required

Required

Required

No SPOF

Optional

Optional

Optional

Optional

Required

Non-Disruptive
Serviceability

Optional

Optional

Optional

Optional

Required

System
Capacity
(number of
drives)

<12

>12b

> 48b

> 96P

> 96P

b There is no upper limit on the number of drives.

a  Classification is not defined; no test procedure is provided by the Emerald Specification.
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NVSS Y k&, FEREEVIYFR - ATF—F - A FL—PIZE IR ML—VHEATER SN S,
NVSStEY b+ TR 7O - ATFIVIEFK AUFA VDS VEFLTHIEADY) YK R
F—hr RFL—C R—ZADTFARYT THER - A FL—CHEEIZDONT, HHEEEETESRL

3D THH, AL—DHEAIFX AbL—D -

FH<. LS.

NSEALEFERALET—2 - 7ORX (DFY,
HAMS., BLUEEFAD) ZRELTVSBEICTARY - TV ERZRHET 5,

COTATFAILRAOERIE. TAVY, T7AL, FEA TPz I b A VE—T A1 RDEE

DRAEHLEZERHETE D,

Table 712, COATIT) TCEESN=-DEISTSITI«5—3> (NNSStEY b -TFTARY -FTH+

Category: NVSS Set Disk Access

Attribute Classification: Online
12 1.5 2 3 4 5 6
Ability to Ability to Ability to Ability to Ability to Ability to
Multi-host Not share with |share with |share with [share with |share with [share with
Shareability Specified [1ormore |2ormore [2ormore (2ormore |2ormore |2 ormore
hosts hosts hosts hosts hosts hosts
Consumer/ Yes No No No No No No
Component
Storage Optional Optional Required [Required [Required |Required [Required
Controller
Storage : Not . . . . :
Protection Optional integrated Required [Required [Required |Required [Required
No SPOF Optional Optional Optional Optional Required [Required |Required
Non-Disruptive : . . . . : .
Serviceability Optional Optional Optional Optional Optional Required [Required
FBA/CKD . Not . . . . .
Support Optional integrated Optional Optional Optional Optional Required
SySte’T‘ consumer |JBOD very small | small medium large mainframe
Capacity
& No test procedure for this Classification is provided by the Emerald Specification.
R T340 1%5E) ITBETLEHERT,
Category: NVSS Set Disk Access
Attribute Classification: Online
12 1.5 2 3 4 5 6
Ability to Ability to Ability to Ability to Ability to Ability to
Multi-host Not share with |share with |share with [share with |share with |[share with
Shareability Specified [1ormore |2ormore [2ormore [2ormore |2ormore |2 ormore
hosts hosts hosts hosts hosts hosts
Consumer/ Yes No No No No No No
Component
Storage Optional Optional Required [Required [Required |Required [Required
Controller
Storage . Not . . . . .
Protection Optional integrated Required [Required [Required |Required [Required
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No SPOF Optional Optional Optional Optional Required [Required |Required
Non-Disruptive . . . . . . .
Serviceability Optional Optional Optional Optional Optional Required [Required
FBA/CKD . Not . . : : .
Support Optional integrated Optional Optional Optional Optional Required
SySte".‘ consumer |JBOD very small | small medium large mainframe
Capacity

b No test procedure for this Classification is provided by the Emerald Specification.

Table 7 - NVSS Set Disk Access Classifications

NVSStEY k- AEY - 7YX - HTTY

NVSStw klE, FEEEVYIY R - ATF—F - A FL—VIZEDICRMNL—VEBTEREINS,
NVSStEY k= AEY - F7HOER-ATIVIE TOFAVDSVFLTIRZADY Y)Y K« RT7—
"R FL— R—ZADAEY - TFHER - A PL—PHERIZONT, B EMEEEZERL-E2 D
ThHd, APL—CHGRF, A - TVITF4ITEFALEAML—DADKRR -7 1R Gk
HRAAHPREFLE) ZRRELTWBIESITAEY - 7OV R EZRET 5,

COTATFAIADERE, AE) - A3 —T1(RERMT S, Table8IZ, COATITIAD
NIV T4 =2 avICEALTCAIRRABERETRT .

Table 8 - NVSS Set Memory Access Classifications

Category: NVSS Set Memory Access

Attribute Classification: Online
12 1.52 23 32 42 52 62

Consumer/ Yes No No No No No No
Component
Storage . . . . . .
Protection Optional [TBD Optional Required Required Required |Required
No SPOF Optional [TBD Optional Optional Required Required [Required
Non-
Disruptive Optional [TBD Optional Optional Optional Required [Required
Serviceability
SySte’T‘ consumer [JBOD very small small medium large mainframe
Capacity

a  No test procedure for this Classification is provided by the Emerald Specification.

MAZT, APL—CERIE, HILWEATODAML—2 - P—F T F v EEREZRRITHEIESHE,
MHITRALTWS, }MRELBIHBEEICIEX, A TP HV bR +TFL EVvT T8 —T54X
REIERA L= - =N, BLEUVaVN—=D KR, NA/R—auNnN—=PF, avR—FTIL, &V
VYVIRIIT7EBEANL—UNEEND, ANL—CEREG—NHELOBROEEZEEIZR
TOEDNERH#EICHE>THY., VIFIVITERDERENTFEHIATWWDS I EN L, ChHFERTD
E=OIZIE, ERDITN— b F—2ARTOERDHPEORY EALDBETH D,
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4. A FL—COYE R

AML— s SRTFLRFYEEOAT47,. AV bO0—35, BLUVEKTHERENE, A FL— -
FNARIZIE, N—FFT4RX5 K547 (HDD) . YUy K+« XF—Fk+ K54 7T (SSD)
(PCle ®NVMe DN\RAKXELED) . ERSATEADV I YKL - RTF— b+ AT47,. T—7. &
FURATATEEDR DD, ATATET—TIE, EIZ. Ny O Ty TOF7T—hA4TIFEARHSN
b, AhL—C-arvro0—SFEFIToeydiE. MEIL—2 - THAAREEHEL, /N\—F
HIF7RADZEZEL, JAVFIVROaIVEL—4 HBA (KRR - R - F7HETHR) &ENX\vsH T
VERTHIHENETNARICA A —T A RERH®T D, FS4T. a>b0—5 I0EDa2—
I, S RTL—r, BR. BLUAENT7 7 UWYBERICABRIA TS, COKSIHERIK, B
—DHBERICTEIEL, OV FO—SERERSA TERIZDITEH LI TES, BE—BEES
(SPOF) AEWNWEWSEHRZH-THOIZ. COEIBEREIRNEGEN—FDzT7 - EVa—IL%H
ZAB2 LD, TARIDPABSIN—RIGERX FL—ERKRZE Figure 912779,

Front View

[+ o
° (o}
‘\

Drive Carriers (24 shown)

Power Supply &

Cooling Fan A
0000 S 2
.4 Power Supply &
oo DP ) O Cooling Fan B
Rear View /
Controller (Node) A
&B

Figure 9: Typical Storage Enclosure: Entry Level, Expand Out

A= SRATFLDIRILF—HEK, KEM, APL—D - AT T7OEE (47 (SSD
F/-(XHDD) . A FL—CBE. BRHDOTNAZADENHEE., BLUTNARE) ITE->TRESH
%5, TOMDERIL, RAID LRILDEIR, RAS (IEEMH. fTAM. B VRTESM) #ee. FAS
NERERFEILFEE (COM) . BLURIL—L - av bO—5SDUEETH D, —HEHIZ. R FL—

TP VRTFLDEANEWNEE (A—I Y FTEELNAIVE) | BNO#EZYR— 58
[THEBELHEANELH S,

IVA—TS5A4X - RAFL—CHBIZERAINTLSN—F - KSAJOETIE, 25"FS54 JDEY
BHEZETH6W (72KRPM) K54 JT. 10KRPM & 15K RPM TlEFNFh 7.5W & 8.3W &
BHEENDVLELCHES, 35" RS TOFHENEFEEIL72KRPM K54 JTH 10W TH 5,
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SATAVYY KR+ RF—hr - FSATESASY YR - RTF—b - FSATDEHNEHEEIL 7~
15W ThH b, NVMe V) K« AF— bk« FSATDEAEHRIZIEZEZNZEL, BAIX. BEIZKHL
TZEL., 25W B X 2 A HEELH B,

ZLDRA ML= - RUS—DLHEBAVIaAL—F2—2AFTES, ThEFERAITLIE X+
L—VERDBENTEZREL. BRRAGBHOAHEHET S ENTES,

arhrO—5 - EDa—)LIEMHEEEIC & > T—HEMIIZ 50W~1000W ZHE L., KSA4 JERKRIIOE

D a—)LIL 20W~50W ZHET D, 24 BD 25" AEZVY - RSA TH#INETHELML2U K54
TEIKRIEL 200W~400W ZHE T HAIREMENH S, MMA T, 4UHT-Y 1008%HBZ535"K514TF
21X 3U H1zY 1208 % BA B 25" RS54 T+ NAUREGEEEERNHD, ChoDEKXKLIDDED
(% 1500W # B X B A[REMEN B D, KT TERN I~4 B EZBAIREELR FL—CBRIE. K3
ATDENDRKELZEEHD D, KBELA N —CBRICETS R4 JOENEEIL. BEIXEE
BEHEEBED 60%LLEIZHE S,
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5. R FL—U DRI

AbL=2 - TAONA AL, BEDEROFREAMBICH L TREARLET—2DEZHEHOL. Xk
L—CER07y EHhizYOMEEERLESE., T—42 - U2 —2KOENHEEZRE ST =HIC.
N—F9127 - R=REYTEIIT - R=RADA/ R—=L 3 VDOHE. BAHE. SLVREEH#EGEL
TWb, AFL—2 - FNAR (ATA4TF) ERARL—D - VRATFL BEIZT—42 - o4 —(CFE
ENBLMD) OEADLARIILTHENED LN TILVS,

A= AT47

ARL=2  AT4TFIE. N—F T4RY - K547 (HDD) &VYY K- RXRT—bk+ K547

(SSD) DMA DMEGHIHMFARERMLET TS, COMADEA TDAT 4 TIE, %D E
3 5~10 FEMIET—4 - o2 —ANICEBREIA K ITS, —HOT—2 - 22— A L—DEEAR
UA—F1BEOATA 7 LAMERALELA, HOEZLDRUVE—ILEREHL, REEH. BLUE
CHARBERELYBLCHEETHEODATAT - 34 TOHAEOEEBEREICER®ET 5L 51245, =
DtEHLarvTIH, EHEVE—HOBUAZHRLIZLT, MADATAT - 24 TOHMIZONT
BT S, TDOEWIKLY, BAICKS>TIERAML—TIZSSD ERFRICHDD #FEALKEITAREMN
HHME LN,

d1—R - F—RO B

ZLDT—H - 2B —DL—R - ¥—ATIlI, SSDDEANSHLIEZHEITS, REODT—4F -t
VEA—ADTTIVT—2 3 DENBVVEEEERT D, TIVr—avItkoTIE, — 5o
RTEVERESERSIND, COLSGHREFRMPICESSAhTWSI—HFEHDD DRHYIZ SSD %
ERT5a8EELAH D, COKRTIE, SSDDFEAIE. KFBESXTLAD 1 DODA ML—UREE
FEERADA ML= FISATUORDERICBESND, COVSADTFIH5—2 3 VT,
EEN S BEOBEND SSDADEBEBEEECRRIZEXTH D,

—®DY IR - TR Rk TENA -y MERTEESN, TCTEEAEL
THREZANFIREIN S0, HREFERELLEL,

DT—2 - LB —F REDT—FEF US54 THBELLBITAIEGE SN E LD B DOEKIIR
BICEALTWS, COLIWKRTIE, BELGHRELANLTORENEEZDLOLIY LEELT
&, S E HDD ORFANG C ATREEAH S,

HDD IZIRE LG T 2 ATHEENE L SME (/b)) LT84 —TS5A4 X - T—42 - 22o42—0D% 5
1201 —R - —RIE, EEMEERT D=HDT—2DNNVI T TThHbD, FEAEDLE

N, BENSEELBNYITYT - TITSAT7UVRET, AohDOREDTOEIL - NI Ty T%H
FRALTWS, ChlE, T—EADNERCEEOHRETHIBE LBV LEZRIETH-HTHDH., Ch

. RKEENVELJDKRRTHD. — MBIV T7yT - VI Iz 7FELLEEBDHZR
BIDEIIEET S0, MEFZFNEFEEXRELEMBIZELESLULA, Ny o7y FXRMM
BDWHERAHEIL—/IN—AY FOIARMTHA=0. FEBICKELBEICLS,

A T4 TREOFH A%

Bl L=k 512, SSDEHDDDEELESRERMEINSGI—R - ¥—RIE+RIZH D, TD=H. M@
BFORBHTHEEFARISBHKINATLNDS, REZEDRFEDEI 32T, MADHLFOATEEEDS LV
FEIZDWLWTRTWL,

TARY « FSAT - HTS54¥E, TEBEETHS. R TEF O L—DHRITHET
BUVRTL - ARUF—CE o TEBENRI/NTA—FRNICBEDLDICK R FA TICE-THE
ENDZBHEHBFLFEIBTE2EHERONLNTNDS, COFKDFT, T34 VEIRORITE
BLTW,
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o BEEHOT. BONFBENFHEOPTINEERTIEVNS LK. T5vEEFS4 JIZEM
TERVWIEZEKRT 5, COEBOHEIE, T, ZIFANFRELEEEOLRILTEREES
EFB-O0FH LVFELEFRR SN -EREREFICERNE TN D,

o FSIATDHHMBROERZRTCLICEDTRIATDIRLF—NEEZED D, BHSh, A
DOLTHEREZENEZFSA4ATHRZOETHRAD 1DO2DFITH S,

HDDR FL—S = AT 4T

IVRE—TS54 X VATFLDHDD (I\—FK - T4RY - K54 D) IEHELEBFTEND2DODE24 7
IZRFond, BHETARY - FSA4 T, SASET7A N - FrRILDEL LA DEERET—
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L—CRE) BV, BETARY - FSA4TJE, BETARY - FSATXKYBWNWT—L2RESF
BAFETARY - FSA4TDZETHD, COREFATIE, HEEDEWNT—F - A28 —T /(4R
GBHE X SATA) ZiEA. EEEELEL (@EIE72KRPM UT)

ZLDEENUREDT 4 R+ FSA TRITOYEMLAHBRZRRL TR FL—UBEZEOTHI
DFEREEDTND,

AN)ILFEBETARY - K547

ANYYLFETARY « FSATTIE, TSV EAEELTAY FABETIREELTAY LA
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B7 R MHESEEEFSAT
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RMSRECE NS4 D

RHREE (SMR) (F, T4 RV - TSV LDOBET DIy EBAMITA—N—LAEETH
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—EDKSAT - A—h—I%, HEEZRALEIEZE-OICE—DFSA TAIC2@BDT7HVFrIT—42%
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o HEXIERE : SSDRAML—UFTARTOHDD K YMEEAENLTEY ., KIBICERL=/NMRE O R
T HEEERELERA M) —ZVT - FT—4 - L— FORAFIRET S,

o HBEAH SASELIEISATAA VA —D A REYKR— T HHNEED SSD (X, BELBAMN
EMEEHDD &Y IEAMzMEEL ., BEIL. 72KRPMHDD OEEEHDA—4—TH5B., _h
X, BEDNDBT=NEHEEHDD A FL—CZRFENDEED SSD R FL—VICESHMA DT LITEK
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A—FK) EEOEKREILL (FSRFLETAFTR) 2RLTVWS, TRTOY—RIZHNT, $HIZ,
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T4 THREOHRIZIXESDENAZ L, MEREHIE CEEO FSA4 THINEIBENE126) DBE
F. 7O T4 THESITEEZENMET Q4 —X) FEAL A5 —X) LTWS, IXTOFEAT
RBREY—RIZBWT, 77T« THEEEEZRZER CAhAEMELTWS,

Table 9 - Active COM Examples (70/30 R/W Random Workload), Based on Physical Capacity Reduction*

COM Type

Baseline Config
Baseline Capacity (GB)
Baseline Power (W)
Baseline (GB/W)
Baseline Perf. (10Ps)
Baseline (10/W)
Optimized Config
Optimized Capacity (GB)
Opt. Power (W)
Optimized (GB/W)
Delta (GB/W)
Opt. Perf (IOPs)
Optimized (10/W)
Delta (10/W)

Thin Provisioning

Raid 5 (3+1 Data + Parity)
54,000 (160 — 450 GB disks)
2360(1) 3134(B)

22.88

25,250

8.06

Thin Provisioning (50% written)
54,000 (50% written)
1464(1) 2030(B) (80 disks)
36.88

+61%

13,560

6.68

(17)%

TP + Data Dedup
Full Provisioned No Dedup
54,000 (160 — 450 GB disks)
2360(1) 3134(B)

22.88

25,250

8.06

TP+Deduped Patterns (2:1)
54,000 (50% written-dedup 2:1)
1016(1) 1478(B) (40 disks)
53.15

+132%

8,580 (2:1 Dedup Ratio)

5.81

(28%)

Data Compression
Uncompressed

36,000 (160— 450 GB disks)
2360(1) 3134(B)

15.25

36,010

11.49

Compressed (2:1)
36,000 (80— 450 GB disks)
1464(1) 2030(B)

24.59

+61%

38,280

18.86

+64%
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Table 10 - Active COM Examples (70/30 R/W, Random Workload) Based on Usable Capacity
Optimizations®

COM Type
Baseline Config
Baseline Capacity (GB)
Baseline Power (W)
Baseline (GB/W)
Baseline Perf. (IOPs)
Baseline (10/W)
Optimized Config
Optimized Capacity (GB)
Opt. Power (W)
Optimized (GB/W)
Delta (GB/W)
Opt. Perf (10Ps)
Optimized (10/W)
Delta (10/W)

Thin Provisioning

Raid 5 (3+1 Data + Parity)
54,000 (160 — 450 GB disks)
2360(1) 3134(B)

22.88

25,250

8.06

Thin Provisioning (50% written)
108,000

2360(1) 3134(B)

45.76

+100%

25,250

8.06

0%

TP + Data Dedup
Full Provisioned No Dedup
54,000 (160 — 450 GB disks)
2360(1) 3134(B)

22.88

25,250

8.06

TP+Deduped Patterns (2:1)
216,000 (50% written, 2:1)
2360(1) 3134(B)

91.52

+300%

32,825 (2:1 Dedup Ratio)
10.47

+30%

Data Compression
Uncompressed

36,000 (160 — 450 GB disks)
2360(1) 3134(B)

15.25

36,010

11.49

Compressed (2:1)
72,000 (2:1 Comp Ratio)
2360(1) 3134(B)

30.50

+100%

72,020 {2:1 Comp Ratia)
22.98

+100%
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BHODEEHR. 0R2 990 TNy TR EI2$HSH SSD ATIRIESh HEMEHE. XU
V- JOEYaZ U THREEERDICT RRREZEZATHD. ChoDETNENN, AFL—D - 5T
DATLICE TR SN A 2R ERTIRE GRIE) REICEHTES, BEMLGT—ATHR., E
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7. A FL—IZB89 5 SNIA EMERALD F—4 MRr9H D

T—AMIZERASINT- SNIAEmerald TR k - T—4I(X2022F 3 AIcF LHbNt=z, 200 FLLE
DT—EDHEN, T—E2HE—I245 OEM VAT LDT—2 ZHIBRL-#0D 160 GnTOy Y
O L RTLNSHD, FZ74IL-FTHOER - DRATLIZERATREG T —2XEFBICE SN TNV ==
H, TOT—REIDR/MZEENTLEL, 36BEDA US4V 2R T L, S5EDAVS142 3
ATL, BLUBOEDA LSSV AL RATLAFEET D, T—2IEETBIZ. TRENDOEEINREL
ENfF=I—o0—FK: 347 (b avFE V40w IL) RS TES (Table11)

Table 11 - ENERGY STAR configurations of data presented in this paper

System type Number of Systems

Total 7.2KRPM | 10KRPM | 15K RPM | Mixed RPM SSD
Online 2 Transactional 15 1 14
Online 3 Transactional 33 4 18 10 1
Online 4 Transactional 41 4 8 9 2 18
Online 2 Sequential 21 10 10 1
Online 3 Sequential 22 7 14 1
Online 4 Sequential 28 4 12 12

AbL—D - SRFLOEEEIX, o bO—S5, avbO—5 - Fyvyia, JAVRIVERENY
Y9IV RFOHEEG. ARL—C ATATDBRE. BEURARML—=D - ATATDORSATEE
(BETBIES) ITE&KEFET . LEOEYLavTlEH. 99y bb-UYD RSO SSavitge. Ty
EH=UD—r v )Likie. BLUDEE. FS3A4T7 -840, BLUFRSA TEEMNEIZEZ S
FEITOLWTRTWL,
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SRTFLDEDT—4
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RIEIEHA 4B & %55, Figure 10 & Figure 11 (&, 7Ry b - /32 KifgEE 74 FILEHIEE(ZHEREAREZR

MEWI EZERLTLS, Specl & Spec2 &ULV5 FEEIE. Energy Star for Data Storage {£#® 1.0 &
20 ZEKT B,
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Figure 11: Hot Band vs. Ready Idle (Expanded Scale)
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Figure 12: Got Band Metric vs. Drive Speed (HDDs)
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Figure 13: Hot Band Metric vs. Drive Speed (HDDs and SSDs)
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Figure 14: Sequential Read vs. Ready Idle Metrics (&, —4 > v LA RY BABZLE T A FILiK
BEENEZICHEBERN GV EETRLTLS,

oﬁt.b‘.s ) L4 ° .

Figure 14: Sequential Read vs. Ready Idle Metrics
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Figure 15: Sequential Read Metric vs. HDD Speed
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Figure 16 Sequential Write vs. Ready Idle Metrics
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Figure 17: Sequential Write Metric vs. HDD Speed
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Figure 22: Ready Idle Metric vs. Drive Capacity (7200 RPM Drives)
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Figure 24: Ready Idle Metric vs. Drive Speed (Sequential Systems)
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Figure 25: Ready Idle Metric vs. Drive Capacity (All Systems)
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