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Figure 5: Scale-up Storage Example
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Figure 6: Scale-out Storage Example
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Figure 7: Local and Shared Storage
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%,

MG TRGEEICRSR FL—UHEROEBNRFTEN TS =8, SNIA Emerald™E H 23 EE
4" T4 EHEE (Taxonomy Structure) BMER S t=, DEAFEHET 52 & T, TRILF—FER%E T
THGEIC. Y4 X, BE. i, SUAMGLEEZE L (R0 ERRLT TOLEMNATEEIZA
%, CORFEIE. TOD Figure 8 IZ7RY Online (WL F. #2354 B LEFY). Near-Online (LLF. #
254 2 EELET). Removable Media Library AT ) L—/N\TIL- AT 4TS5 4 T3 1)), Virtual
Media Library AT, REBAT A7 - SA TSR EDR ML—2 - AT THEEESNDS, EH T3
JIEBR SN FEFHOBEECESVTRAR6 DORFEICHEISND (Figure 9 ICAH > SA4 > - AT
DDOHRDREZERT ).

AML—CDREDL5 1 D20BMIE. TATNMELGDIIRILF—HETI FRENDELLLHX
fL—2 - DRTLDYVSREHLMNITEHIETHSD, SNIAEmerald™EBEAERELHKIEA > S
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ZELCHEAL, AEF-ERKROEZOFEERIET 5 ENFNGERAEICE >THRARTH S,

Category Online Near- Removable | Virtual Adjunct Interconnect
(see53) Online | Media Media Product Element
(see 54) | Library Library (see 5.7) (see 5.8)
Level (see 55) (see 56)
Consumer/ Online 1 Near- Removable | Virtual 1 | Not defined | Not defined in
Component 2 Online 1 |1 in this this
specfication | specificabon
Low-end Onhine 2 Near- Removable | Virtual 2 e
Online2 |2
Mid-range Cnline 3 Near- Removable | Virtual 3
Online3 |3
Online 4
High-end Online 5 Near- Removable | Vitual 5
Onlne 5 |5
Mainframe Onfine 6 Near- Removable | Virtual 6
Online6 |6
3 Entries in this level of taxonomy include both consumer products and data-center components
{e.g., stand-aione tape drives)

Figure 8: SNIA Emerald Taxonomy Overview

* SNIA Emerald™&E H 1381 4%, http://www.sniaemerald.com/download
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Classification
Atnbute
Online 1 Onfine 2 Oniine 3 Oniine 4 Online 5 Online 6
Kosene Oallens RandomV | Random/ Random/ Random/ Random/ Random/
Sequential | Sequential Sequential Sequential | Sequential | Sequential
MaxTTFD (1) t<B80ms |[t<80ms t<80ms t<80ms t<80ms t<B80ms
g:g-Accessmle Required | Required Required Required Requred Required
Comectity |8 Coeed® INetwork- [ Netwock- | Network- | Network-
specified multiple hosts connected connected |connected |connected
Consumer/
Component Yes No No No No No
Integrated
Storage Optional Optional Required Required Required Required
Controller
St
Prc;:g:m Optiona! Optional Required Required Required Required
No SPOF Optional Optional Optional Required Required Required
Non-D : . i i
S;va:ar;g:;e Optional Optional Optional Optional Required Required
FBA/CKD
Support Optional Optional Optional Optional Optional Required
Maximum
Supported 21 24 212 > 100 >400 >400
Configuration

Figure 9: SNIA Emerald Online Classifications
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Figure 1: Typical Storage Array Enclosure: Entry Level, Expand Out
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On-line Category Number of Families Number of Number of
Configurations Manufacturers

| 2 Transactional 3 I 11 12

2 Sequential 5 24 2

3 Transactional 16 48 5

3 Sequential B 10 2

4Transactional 10 35 5

4 Sequential 10 27 5

Table 1: Breakout of the ENERGY STAR configuration data presented in this paper
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FSo¥Ov a3y - D= 0—FRICRELELSNEZVRATLANGDT—4

Figure 11 [, /N\— K« T4 XY « K54 J (HDD) #FERATHVRATLDO SO 30 - J—
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Hard Disk Drive Systems Hot Band Vs Ready Idle
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Figure 11: Hard Drive Systems; Hot Band vs. Ready Idle
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Figure 12: Hard Drive and All Flash Array Systems; Hot Band vs. Ready Idle
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Figure 13: Hot Band Result vs, Drive Count With and Without Online 2 AFA systems
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Figure 14: Random Read vs. Drive Count with and without Online 2 AFA Systems
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Figure 15: Random Write vs. Drive Count with and without Online 2 AFA systems

Figure 16: Transactional Systems Ready Idle vs, Drive Count
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Figure 17: Online 3 Transactional Metrics vs. Drive Count Broken Out by Drive Type
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Figure 18: Online 4 Transactional Metrics vs, Drive Count including All Flash Arrays
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Figure 19: Online 4 Transactional Metrics vs. Drive Count without All Flash Array Data

Figure 19 [&. N—F* FSA TDHDF 54 > 4 DIEEEIEIZE L Ready Idle $E1Z2E RS54 THDE
BRERLTWD, AUFMV4BFUFM4 V3 ERLERZRLTEY . KYSEED K54 JEEL
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BE/BNIEEL. ARICKSA TDRA4 TEEBHATES 2% L TLV S, Hot Band $54#Z(&. Random
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Table2 (. #5414 3 THDIEEETRT, FVRATLDOIRNILIZIE. BlYETonf-773)—F
BIRSA T+ Thd—LT7I93—IRSATORER FS4 TBRE/ RS54 TEMNLBEHSh TS,
B ESA TOEEHILES TSN, BIEED LA 25% A RE THIARTIN TS,

Hot Band Random Read Random Write
Label (10PS/W) (10PS/W) (10PS/W) Ready Idle (GB/W)
FAM15 2.5 7200k OGB #Dr0O 21.6 6.8 7.8 40.7
FAM16 2.5 7200k OGB #Dr0O 3.3 1.2 2.9 36.8
FAM12 2.5 7200k 1000GB #Dr12 5.5 3.2 2.2 19.4
FAM403.5 7200k 64GB #Dr4 4.6 3.97 1.4 36.49
FAMA403.5 7200k 384GB #Dr12 4.88 4.49 1.48 49.9
FAM113.5 7200k 1000GB #Dr12 6.4 3.5 2.8 23.3
FAM14 3.5 7200k 1000GB #Dr12 8.7 4.3 3.3 28.1
FAM15 3.5 7200k 1000GB #Dr12 11.4 3.9 5 46.9
FAM13 3.5 7200k 1000GB #Dr24 8.8 4.4 3.5 29.1
FAM15 3.5 7200k 1000GB #Dr60 10.5 5 5.2 83
FAM15 3.5 7200k 1000GB #Dr60 12.5 5 4.3 75.1
FAM25 3.5 7200k 2000GB #Dr12 12.91 3.45 6.6 82.61
FAM28 3.5 7200k 2000GB #Dr12 14.42 3.14 6.3 76.38
FAM27 3.5 7200k 2000GB #Dr60 18.9 4.48 10.47 149.6
FAM293.5 7200k 2000GB #Dr60 13.97 4.6 11.72 145.25
FAM17 3.5 7200k 4000GB #Dr12 5 2.6 1.8 122.3
FAM33 3.5 7200k 4000GB #Dr42 9.5 3.4 6.6 236.1
FAM33 3.5 7200k 4000GB #Dr84 14.1 5.4 8 285.7
FAM33 3.5 7200k 800;4000GB #Dr70 9.4 0.3 1.5 264.9
FAM15 2.5 10000k OGB #Dr0 6.1 16.9 11 26.2
FAM112.5 10000k 600GB #Dr12 21.7 22.9 17.1 15.5
FAM12 2.5 10000k 600GB #Dr24 27.3 17.4 21 12.5
FAM13 2.5 10000k 600GB #Dr24 30.4 18.1 23.3 13
FAM14 2.5 10000k 600GB #Dr24 35.7 16.7 18.5 12.7
FAM26 2.5 10000k 600GB #Dr24 34.41 15.15 13.04 46.74
FAM302.5 10000k 600GB #Dr24 34.42 13.51 13.26 43.3
FAM27 2.5 10000k 600GB #Dr60 27.34 18.32 16.77 59.71
FAM29 2.5 10000k 600GB #Dr60 41.53 18.01 19.46 57.71
FAM33 2.5 10000k 600GB #Dr84 34.1 19.4 23.9 73.6
FAM33 2.5 10000k 900GB #Dr42 26.9 13.4 18.5 67.8
FAM17 2.5 10000k 1200GB #Dr24 28.4 13.1 16.9 36.6
FAM13 2.5 10000k 400;600GB #Dr17 29 21.8 6.9 19.8
FAM14 2.5 10000k 400;600GB #Dr17 49.7 21.1 7.2 17.7
FAM17 2.5 10000k 400;600GB #Dr17 34.4 18.5 8.3 31.5
FAM16 3.5 10000k OGB #Dr0 1.2 6.6 1 22.9
FAM112.5 15000k 146GB #Dr24 20.6 25 18.1 3.1
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Hot Band

(10PS/W)

Random Write
(10PS/W)

Random Read

(I0PS/W) Ready Idle (GB/W)

2.8

2.7

12

11.3

11.3

18.3

5.3

20.3

7.3

6.8

2.7

17.5

Table 2: Online 3 Transactional Data Highlighting the Top 25% for Each Metric/Workload

Table2 (X, #2542 3DI 5 7ERILIERZRLTWNS, GEEERSA TEZBE LIV ATLL
TEREFRIZD LI 25%ICABERIAHZHDIZH LT, BEXBE RS54 TE5EBH L= X T LA Ready
Idle 512D E£4I 25%IZ A B {BERAH B, TR THDIBIZED LA 25%IZA>TWLWEDIE 1 DD AT LT

TTHD, COVATALIK, T—2 Y FATEKSA

TEARZRELEVRTLTH D,

Table3 &, >S54V 4A$E1E%ETRT, CCTH R4 TDEERIIES TSN, HIBED LI 25%

NixBTHRIARTINTL S,
Random
Write
Hot Band Random Read | Workload Ready Idle
Workload Test Workload Test Workload Test
(10PS/W) Test (IOPS/W) | (IOPS/W) (GB/W)
10.3 4.6 4.4
18.3 5.9 8.2
6.6 3.3 2
9.2 5.1 3.1
FAM342.5 10000k 1000GB
#Dr24 14.9 9.5 49.9
FAM37 2.5 10000k 1000GB
#Dr24 27 13.2 8.9 47.7
FAM7 2.5 10000k 600GB #Dr50 21.6 3.85 6.9 45.8
FAM9 2.5 10000k 600GB #Dr50 22.5 6.21 8.13 45.2
FAM2 2.5 10000k 600GB
#Dr125 23.48 12.48 5.67 52.8
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FAM72.5 10000k 600GB
#Dr125 21.83 2.91 ‘ 5.11 ‘ 65.6
FAM92.5 10000k 600GB
#Dr125 25.12 13.1 7.04 60.1
FAM242.5 10000k 600GB
#Dr125 24.91 12.3 53
FAM192.5 10000k 600GB
#Dr150 11.75 7.85
FAM22.5 10000k 600GB
#Dr175 25.62 13.81 59.3
FAM7 2.5 10000k 600GB
#Dr250 19.8 2.25 -
FAM242.5 10000k 600GB
#Dr250 26.84 14.63 7.96 64.6
FAM92.5 10000k 600GB
#Dr275 23.38 7.9 5.39 69
FAM22.5 10000k 600GB
#Dr325 23.48 9.82 5.85 66.4
FAM242.5 10000k 600GB
#Dr500 24.03 16.04 6.89 -
FAM442.5 10000k 600GB
#Dr528 13.67 10.52 4.5 55.4
FAM422.5 10000k 600GB
#Dr576 21.49 63.6
FAM182.5 10000k 900GB
#Dr192 20.63
FAM353.5 10000k 0GB #Dr84

FAM38 2.5 SSD 480GB #Dr0

FAM38 2.5 SSD 480GB #Dr0

10.8

10.2

Table 3: Online 4 Transactional Data Highlighting the Top 25% Scores for Each Metric/Workload

Table3 &, #5414 >

ADTST7ELVAUSAU3DT—2LRALCERZRLTINS, BEER KR

TATEBRH LR T LOEREIRIED LI 25%ICABIEANHHDICKH LT, EEGZRKEE RS 4

TEEH L= X7 LA Ready Idle 158
AD2TWBE—DAUFA 24 DRATLIIEELEL,

S0 LG 25%(CABIERMNH B,

TR TOIEED LI 25%(C
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Figure 20: Sequential Read vs. Ready Idle by Taxonomy and Drive Type

Seqential Write vs Ready Ildle
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Figure 21: Sequential Write vs. Ready |dle by Taxonomy and Drive Type
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Figure 20 & Figure 21 (&, BIETCTEELIzO LRAHKIZ. F34 THAID Sequential Read FE4Z.
Sequential Write 5§42, # & U Ready ldle {52ZDEHRERLTWVWS, REATIVERSAT 447
A THERENLELS A LTS, Ready ldle 158X, 7.2Kipm RS54 T&#BEH LA S1 2V 3 LR T
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Figure 22: Sequential Metrics vs. Drive Count Broken Out by Taxonomy

Figure 22 (. EDH%EH T3 ') T3 Sequential Read/Write I5EZMNEL AL TS E%ERLT
WE, TRER] HEEICE>TR ML—CHEZENET 5= ERART LB O BRREGIERAE

WER LG,
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Figure 23: Online 3 Sequential Metrics vs. Drive Count

Figure 23 [&. K54 T - 344 TEL RFSA4 THTHEINI=F > 54 > 3 D Sequential Read/Write
{6 & Ready ldle fE EZRL TS, 7 7(F, BIL T, RIEOBERICOVTHEON-LDERLHE
WMEXFLTWS, LYBEELG FSA TIEHE/ENEETERTLSDIZH LT, & YIEERERAL F
5S4 TIEBRE/IBHIEETENATWS, 2L, 54 > 3 D Sequential Read/Write D T—% v k
FEREICNEL, BROHLIPELGHERBEFTIZLIETEAEL,
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Figure 24: Online 4 Sequential Metrics vs. Drive Count

Figure 24 (X, FS 47 - 34 TE RS A THTHEIN=A >S54 > 4 D Sequential Read/Write
512 L Ready ldle $8 2R L TW5, RIS FSA4 T - a4 TEEHICEL ThRzEL D LR C#ERIC
ELTf, 500 B%BADRFSATEEE LI LDODURATLAIKL, RAED RS A4 THELEE LD
ATLIFERILGHERZHIGA oz, TNIF, PRATLOIAV FI Y RFEREINYI IV RTT—
REENEHRTEVRATLOR LRy I NEROAEEEAT L,

RO Tabled £ 5%, 25423 &A1 2 4D Sequential Read/Write 5423 & U Ready Idle
BEERLTEY. TN TNDEEETEAD LA 25%hEARTIN TS,

71'/74/30)7' Aty MINETWEH, FEDOHERBEZEZSHIDOEIE#ETHS, L. #iL
 BEAKEL, EEHNENRS A TIZE, Ready ldle FEEEARZRBENN EASMN>TINVS, &
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DAYFAVIVRTFLOREY Y FTY VY TIE, 7731)—10 & 77 2 1)—32 D Ready Idle $51Z
& Sequential Read 542 & & Uf Sequential Write 524+ R LY,

FAM3 2.5 10k 450GB #Dr36

1.06 0.63 48.67
FAM3 2.5 10k 450GB #Dr36 0.89 0.54 41.38
FAM4 2.5 10k 450GB #Dr48 1.07 0.51 55.27

Table 4: Online 3 Sequential Data Highlighting the Top 25% Values for Each Metric/Workload
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Ready
Sequential | Sequential | Idle
Read Write Workload
Workload | Workload | Test
Test GB
0.66 0.34
1.79 1.19 26
3.49 1.68 31.7
FAMA4 2.5 10k 450GB #Dr48 0.99 0.51 48.75
FAMS 2.5 10k 450GB #Dr54 1.15 1.84 32.95
FAMS 2.5 10k 450GB #Dr88 1.55 1.18 34.32
FAM? 2.5 10k 600GB #Dr50 a2 |NRRR|  ass)
FAMS 2.5 10k 600GB #Dr50 5.34 4.16 45.2
FAM2 2.5 10k 600GB #Dr75 4.73 4,18 44.7
FAM7 2.5 10k 600GB #Dr75 5 421 51
FAMS 2.5 10k 600GB #Dr75 5.68

FAM24 2.5 10k 600GB #Dr75

FAM2 2.5 10k 600GB #Dr125

FAMS 2.5 10k 600GB #Dr125

FAM24 2.5 10k 600GB #Dr125

FAM2 2,5 10k 600GB #Dr200

FAM24 2.5 10k 600GB #Dr200

FAM?7 2.5 10k 600GB #Dr250

FAM44 2.5 10k 600GB #Dr528

Table 5: Online 4 Sequential Data Highlighting the Top 25% of Values for Each Metric/Workload

Table5&, #2542 4DT—2 %KL, TAhEZNDEBEODD LI 25%F58FARTL TS, 3

DI RTDIEED LLL 25%ICADE—D L AT LKLY,

BRBZARE RS/ TERBHB LR TLA

TRLEWVWT7A FILKEBRI7HARONFIEIO SR T LEIERBRMIC, 74 FILIKED L 25%(2
A2TWAHDIF 7.2Krpm Y AT LD 1 DFEIFTHDH. COBROKES &, 10Kpm PR TFLED K
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LTW3, FSATHDZEVWIRTLIFE, a2 b O—SBHEHE L TEIETE S5, Readyldle
FE1BIXIE < 125, Sequential Read #64Z. Sequential Write 5§42, Ready Idle $51&4£ T D L4 25%IZ A
BZE—DYRATLIFEL,

T—2 D5

T—2tY MIVATLELEAEEZEDOHNVLZEW O, T—42 Yy FRADIVR—FR2 b - 24
THIOHERZESHIDIEIR#ETH S, BILT. r5oHo a3y - DXRTLDBEIE. SEE RS
A TIC&>TEYBVHEEIEENSE A SN EH. BEEGKREE K54 JlE& YFL Ready Idle 1512 %
T 5., COBEIE, Ready ldel FEZMBE I RIIL X —HEORGFEIBEICELLBEVEREZRLT
LV %, Sequential Read/Write 151ZIEH > TILEHA VBB ETHRBEESHIT LA TEHLAD, 15K
rpom RS54 T&HEEH L= X T LT Ready ldle B ENBRIFLE IR T LNHFE LGVWEEN, BEEF
T4 THEEENDH S Ready ldle IEEEER LGV EVWSBHERREIFLTL S,

FSA4 TDERELRGEHI A THARL VR TLERET 55H81F. ROBUENMERICEET S,

O avhrO—FLkDFrvyda -HAX (A FO—SLEDBNDAEYEZRBLTERLIEXRS
A1 7%FvyiabLTHERALT)

O YRTLIZHEINF-FZA4TDEH

O YATLIZT—R%#Tvadd9—NDOEHRER ML —D - SATLEY—NIZERLT
W78 rIV R A TOH

O H—N, avbO—5, BEUNYIIVR - A bL—2 - TR RBDOEESA4T

O . CPUDH. CPUDZA T, T—2HBEIMEE. NV I IV R - X bL—D - FNAR -
AL THREDAY FO—F - T—FT I F v OEH
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Figure 25: Transactional Metrics for the Online 4 All Flash Array System

Figure 25 &, #7—JL - 75w a - 7 L4 A Random Read B§[Z A 1) v b #i#t 3 %A%, Randowm
Write $E1R{EILS4RE HDD R—X D7 LA ZFERLEEHDRA FL—2 - SRATLDEEHFY ED
SIEVWEVSHIR LA THEIN-EEEZRLTWLS,

A4 40T7—4%

Figure 26 & Figure 27 IZA >S4 4DT—3 &R LTWS.EP R—DIT7I—ICBTHT—
AEWBRTHATH D, ZD& 54 RATLIE, Hot Band > Random Read/Write 7—4 B— FHAIZ
RE{EENTHN D, Sequential Read/Write 7—4 O0— FAIZHEBELEI Nz, COESHEIRT AL,
BERDFSATHRERSAT - A TEFERALTTR S, HREREBEICHNTERSA4T - 447
ERFSATHOEEBOZELEHERTLTLS,
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Figure 26: Online 4 Transactional Family Data
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Figure 27: Online 4 Sequential Family Data
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Table 6: Active COM Examples (70/30 R/W Random Workload), Based on Physical Capacity Reduction®

°H 81 : [Software Defined Storage Energy Efficiency Features]. The Green Grid Forum 2016
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Table 7: Active COM Examples (70/30 R/W, Random Workload) Based on Usable Capacity Optimizations®
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