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Executive Overview 

capacity while delivering high performance and staying within tight budgets. Oracle can 
help ease this pain by offering the first unified storage solution that optimizes 
performance with Hybrid Storage Pools (HSPs) and delivers radical simplification of 
storage deployment and management all at a cost that redefines the economics of 

ZFS Storage Appliances offer a complete integrated solution that can 
help accelerate business performance and reduce risk. In addition to simplifying storage 
deployment and management, the appliances can also improve service levels through 
self-healing capabilities and DTrace Analytics software, which helps IT teams quickly find 
and fix performance issues.  

Introduction 
The rapid growth of new digital data demands new storage architectures that offer more 
flexibility and radically different storage economics. IDC estimates that the total amount of 
digital information created, captured, and replicated will grow at a rate of 50 percent in 
2010 reaching 1.2 million petabytes, and that by the year 2020, the total will be 50 
times what it was in 2009.1 With application storage requirements growing at this 
tremendous rate, storage costs are skyrocketing. At the same time, a challenging global 
economy has kept IT budgets flat or declining. IT managers are thus caught in a bind. 
They are trying to meet the growing needs for increased storage capacity and 
performance while also containing costs. 

!
!
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As storage capacities have grown, traditional means of deploying and managing storage 
stems require a highly trained 

administrator to effectively manage the environment. This adds time and cost to 
deployment of new storage systems and increases the ongoing cost of managing the 
environment.  

it has become increasingly difficult to 
troubleshoot and fix storage performance issues. Most tools currently available offer 
limited visibility because they lack an end-to-end view that encompasses multiple layers 
from the CPU and application to the storage file system, operating system, and data 
services.  

Customers can no longer tolerate the high costs of traditional storage or massive 
licensing fees and are looking for new ways to address their growing storage 
requirements and their challenges in managi
environments require storage solutions that can offer: 

 Better performance economics to enable business growth 

 Greater storage efficiency to reduce storage costs  

 Simplicity and ease-of-use  
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system support we need to run our business through the OpenSolaris storage community, which saves significant time and 
money. I participate in the community daily and see real business value in the projects that are being created by some of the 
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Figure 1. Oracle ZFS Storage Appliance family 
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Figure 2. Oracle Solaris ZFS transparently optimizes data placement across HDDs and SSDs to deliver improved throughput. 
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LMG3!$48=/7:*(.:6>!:84>.:B:49!(>8!9.6)49!6>7A!=>:N=4!@76*D9!6B!8(.(&!(>8!*(>!/6.4>.:(77A!9(?4!
9:<>:B:*(>.!(56=>.9!6B!9.6)(<4!*(/(*:.A3!M6)!4I(5/74&!2:.+6=.!8(.(!848=/7:*(.:6>&!2+4>!(!"'U!
B:74!:9!45(:748!.6!"--!/46/74&!.+4!9A9.45!2:77!9.6)4!"--!:84>.:*(7!*6/:49!6B!.+4!B:743!UA!*6>.)(9.&!:>!(!
848=/7:*(.:6>!4>?:)6>54>.&!6>7A!6>4!*6/A!6B!.+4!B:74!:9!9.6)483!

54.+68!6B!:5/7454>.(.:6>!5:<+.!(BB4*.!9.6)(<4!*(/(*:.A!(>8!(//7:*(.:6>!/4)B6)5(>*43!C+4!569.!

-speed (or near cache-speed) 
important in our decision to go forward with the purchase of those machines  

 David Robillard, UNIX team leader & Oracle DBA, Notarius 
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*6556>!54.+68!6B!848=/7:*(.:6>!:9!/69.;/)6*499:><3!#>!.+:9!(//)6(*+&!.+4!*65/74.4!94.!6B!8(.(!
:9!:>:.:(77A!2):..4>!.6!8:9D!(>8!.+4>!(!9=@94N=4>.!/(99!:9!5(84&!=9=(77A!8=):><!6BB!+6=)9&!.6!/69.;
/)6*499!.+4!8(.(!(>8!)456?4!8=/7:*(.4!*6/:493!C+:9!(//)6(*+!(?6:89!/=..:><!(!+4(?A!76(8!6>!.+4!
9.6)(<4!9A9.45!6)!(//7:*(.:6>!8=):><!.+4!:>:.:(7!2):.493!P624?4)&!:.!:>*=)9!(!/4>(7.A!:>!.+4!94>94!
.+(.!:.!)4N=:)49!4>6=<+!4I.)(!9.6)(<4!*(/(*:.A!.6!9.6)4!.+4!8=/7:*(.4!8(.(!=>.:7!.+4!/69.;/)6*499:><!
:9!*65/74.43!!

C+4!(7.4)>(.:?4!:9!*(7748!:>;7:>4!8(.(!848=/7:*(.:6>!(>8!:>?67?49!/4)B6)5:><!.+4!848=/7:*(.:6>!6>!
.+4!B7A!2+:74!.+4!8(.(!:9!@4:><!2):..4>3!C+:9!(//)6(*+&!2+:*+!:9!=948!@A!LMG!G.6)(<4!O//7:(>*49&!
+(9!.+4!(8?(>.(<4!6B!(?6:8:><!(>!4I.)(!/)6*499:><!9.4/!(>8!9(?:><!9.6)(<4!*(/(*:.A!8=):><!.+4!
.45/6)()A!/4):68!2+4>!5=7.:/74!*6/:49!6B!8(.(!26=78!@4!9.6)48!:>!(!/69.;/)6*499:><!(//)6(*+3!

LMG!G.6)(<4!O//7:(>*49!*(>!848=/7:*(.4!(*)699!(!S\]CU!/667!6B!9.6)(<4&!(!5=*+!7()<4)!/667!.+(>!
569.!6.+4)!848=/7:*(.:6>!:5/7454>.(.:6>93!C+:9!:9!/699:@74!@4*(=94!LMG!G.6)(<4!O//7:(>*49!.(D4!
(8?(>.(<4!6B!.+4:)!7()<4!9A9.45!5456)A!(>8!+:<+!/4)B6)5(>*4!GG$9!.6!4>(@74!.+4!848=/7:*(.:6>!
.(@74!F/6:>.4)9!.6!4(*+!=>:N=4!9.6)(<4!@76*DH!.6!@4*654!N=:.4!7()<4!(>8!9.:77!6BB4)!4I*4774>.!
/4)B6)5(>*43!#>!9.6)(<4!967=.:6>9!2+4)4!5(:>!5456)A!:9!7:5:.48&!.+4)4!:9!(!>6.:*4(@74!
/4)B6)5(>*4!:5/(*.!2+4>!.+4!848=/7:*(.:6>!.(@74!@4*6549!7()<4!4>6=<+!.6!9/:77!6?4)!:>.6!92(/!
9/(*4&!2+:*+!54(>9!.+(.!8:9D!)4(89!()4!)4N=:)48!.6!(**499!9654!/6).:6>9!6B!.+4!.(@743!!

LMG!G.6)(<4!O//7:(>*4!848=/7:*(.:6>!*(>!(796!@4!/4)B6)548!(.!.+4!@76*D!74?47!)(.+4)!.+(>!(.!.+4!
B:74!74?473!C+:9!54(>9!.+(.!2+4>!9(?:><!5=7.:/74!8:BB4)4>.!?4)9:6>9!6B!7()<4!86*=54>.9!9=*+!(9!
Q624)Q6:>.!/)494>.(.:6>!B:749&!6>7A!.+4!@76*D9!.+(.!()4!=>:N=4!:>!.+4!8:BB4)4>.!?4)9:6>9!26=78!@4!
9.6)48!56)4!.+(>!6>*43!C+:9!*(>!<)4(.7A!)48=*4!.+4!9.6)(<4!)4N=:)454>.9!B6)!=>9.)=*.=)48!8(.(3!

Q4)B6)5:><!.+494!848=/7:*(.:6>!B=>*.:6>9!2:.+:>!.+4!LMG!G.6)(<4!O//7:(>*4!2+4)4!.+4)4!:9!(5/74!
/)6*499:><!/624)!(796!6BB76(89!848=/7:*(.:6>!6?4)+4(8!B)65!.+4!(//7:*(.:6>!94)?4)&!+47/:><!.6!
5(:>.(:>!+:<+!(//7:*(.:6>!94)?:*4!74?4793!

M6)!.+694!*=9.654)9!:>.4)49.48!:>!6/.:5(7!*(/(*:.A!9(?:><9&!LMG!G.6)(<4!O//7:(>*49!*(>!45/76A!
@6.+!*65/)499:6>!(>8!848=/7:*(.:6>!6>!.+4!9(54!8(.(3!K)(*74!G67():9!LMG!94(574997A!
*65/)49949!8(.(&!2+:*+!*(>!.+4>!@4!848=/7:*(.48&!(7762:><!B6)!5(I:5=5!9/(*4!9(?:><93!

Simple Storage Management  
LMG!G.6)(<4!O//7:(>*49!/)6?:84!=>5(.*+48!9:5/7:*:.A!(>8!4(94;6B;=94!.+)6=<+!:>>6?(.:?4!
9.6)(<4!96B.2()4!.+(.!:>*7=849!(!@)6294);@(948!5(>(<454>.!:>.4)B(*4!(>8!=>/)4*484>.48!
@=9:>499!(>(7A.:*9!B=>*.:6>(7:.A!:>!$C)(*4!O>(7A.:*9!96B.2()43!O!):*+!94.!6B!8(.(!94)?:*49!(>8!
5(>(<454>.!B4(.=)49!FM:<=)4!RH!+47/9!9:5/7:BA!(85:>:9.)(.:6>!(>8!:5/)6?4!94)?:*4!74?4793!O77!6B!
.+4!96B.2()4!B4(.=)49!(>8!8(.(!94)?:*49!()4!(?(:7(@74!(9!9.(>8()8!B4(.=)49!(>8!()4!:>*7=848!:>!.+4!
LMG!G.6)(<4!O//7:(>*4!2:.+6=.!(>A!(88:.:6>(7!7:*4>94!B4493!LMG!G.6)(<4!O//7:(>*49!(796!:>*7=84!
(!/7=<;:>!568=74!B6)!K)(*74![>.4)/):94!'(>(<4)!""<!^):8!%6>.)673!C+:9!4>(@749!(85:>:9.)(.6)9!
.6!944!(>!:>.4<)(.48!?:42!6B!.+4!8(.(@(94!(>8!:.9!9.6)(<4!9A9.459&!:>*7=8:><!.+4!(@:7:.A!.6!?:42!
5=7.:/74!9A9.459!B)65!(!9:><74!/(>43!
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!
Figure 3. ZFS Storage Appliances include data services for no additional licensing. 

!

O!)4*4>.!9.=8A!@A![8:96>!^)6=/!+(9!*6>B:)548!.+(.!LMG!G.6)(<4!O//7:(>*49!:>8448!+47/!
(85:>:9.)(.6)9!*65/74.4!.+4:)!.(9D9!56)4!N=:*D7A3!C+4!9.=8A!*65/()48!.+4!8=)(.:6>!6B!.:54!(9!
2477!(9!.+4!>=5@4)!6B!9.4/9!(>8!*7:*D9!.6!*65/74.4!?():6=9!(85:>:9.)(.:6>!.(9D9!6>!(!/)4?:6=9!
<4>4)(.:6>!G=>!G.6)(<4!\R"-!9A9.45!?4)9=9!(!*65/()(@7A!*6>B:<=)48!Y4.(//!MOG,-_-!(//7:(>*43!

B4(.=)49!(9!.+:9!/)4?:6=9!<4>4)(.:6>!9A9.45!9:>*4!:.!=949!(!>424)!?4)9:6>!6B!.+4!9(54!LMG!G.6)(<4!
96B.2()43!!

C+4!D4A!)49=7.9!6B!.+4!9.=8A!()4!+:<+7:<+.48!:>!M:<=)4!_3!C+4!K)(*74!(//7:(>*4!9+6248!.+4!
B67762:><!(8?(>.(<49!B6)!(85:>:9.)(.6)90!

 R_T!7499!.:54!)4N=:)48!.6!/)6?:9:6>!(>8!*6>B:<=)4!.+4!9.6)(<4!(>8!:.9!*6>>4*.:?:.A!

 R"T!7499!.:54!B6)!5(:>.4>(>*4!(>8!.A/:*(7!*6>B:<=)(.:6>!*+(><49!

 __T!7499!.:54!9/4>.!.)6=@749+66.:><!!
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!
Figure 4. A study by Edison Group showed that ZFS Storage software enables dramatic gains in efficiency over Netapp. 

!
C+494!4BB:*:4>*:49!:>!84/76A:><!(>8!5(>(<:><!.+4!LMG!G.6)(<4!O//7:(>*49!*(>!+47/!.+4!
6)<(>:E(.:6>!(*+:4?4!@=9:>499!@4>4B:.9!9=*+!(90!

 #>*)4(948!)4?4>=4! !Y42!)4?4>=4;<4>4)(.:><!(//7:*(.:6>9!*(>!@4!84/76A48!56)4!N=:*D7A3!

 J624)!6/4)(.:><!4I/4>949! !#C!94)?:*4!*69.9!*(>!@4!)48=*48!8=4!.6!7624)!84/76A54>.!(>8!
6><6:><!5(:>.4>(>*4!*69.93!

 W48=*48!):9D!6B!@=9:>499!:>.4))=/.:6>9!.+(.!(BB4*.!)4?4>=4! !P:<+4)!(//7:*(.:6>!94)?:*4!74?479!
*(>!@4!(*+:4?48!2+4>!=9:><!LMG!G.6)(<4!O//7:(>*49!.+(.!6BB4)!)47:(@74!9.6)(<4&!*6>9:9.4>.!
.+)6=<+/=.&!(>8!)(/:8!.)6=@749+66.:><3!

!
C+4!B67762:><!9=@94*.:6>9!849*):@4!:>!56)4!84.(:7!.+4!B4(.=)49!6B!LMG!G.6)(<4!96B.2()4!.+(.!+47/!
4>(@74!.+494!8)(5(.:*!:5/)6?454>.9!:>!(85:>:9.)(.:?4!4BB:*:4>*A3!

Easy to Deploy  

Q)6?:9:6>:><!(>8!5(>(<454>.!:9!8)(5(.:*(77A!9:5/7:B:48!.+)6=<+!(>!4(9A;.6;=94!5(>(<454>.!
:>.4)B(*4!.+(.!.(D49!.+4!<=49926)D!6=.!6B!9A9.45!:>9.(77(.:6>&!*6>B:<=)(.:6>&!(>8!.=>:><3!O9!
:77=9.)(.48!:>!M:<=)4!S&!.+4!@)6294)!=94)!:>.4)B(*4!FUV#H!/)6?:849!(>!:>.=:.:?4!4>?:)6>54>.!B6)!
/4)B6)5:><!(85:>:9.)(.:6>!.(9D9&!?:9=(7:E:><!*6>*4/.9&!(>8!(>(7AE:><!/4)B6)5(>*4!8(.(3!#>!9:5/74!
*6>B:<=)(.:6>9&!9=*+!(9!2+4>!84/76A:><!.+4!(//7:(>*4!(9!(!+:<+;9/448!@(*D=/!967=.:6>&!.+4!
(//7:(>*4!*(>!7:.4)(77A!@4!94.!=/!(>8!*6>B:<=)48!:>!5:>=.493!C+4!*7:*D;(>8;8)(<!:>9.(77(.:6>!2:E()8!
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8649!>6.!)4N=:)4!(!+:<+7A!.)(:>48!9A9.45!(85:>:9.)(.6)&!.+=9!9(?:><!6)<(>:E(.:6>9!?(7=(@74!.:543!
M6)!56)4;*65/74I!*6>B:<=)(.:6>9!9=*+!(9!(!+:<+;/4)B6)5(>*4!B:74!9A9.45!*6>9:9.:><!6B!5=7.:/74!

)6B499:6>(7!94)?:*49!6BB4):><!*(>!
+47/!9/448!84/76A54>.!(>8!)48=*4!.+4!):9D!6B!862>.:54!6)!8(.(!76993!

!

!
Figure 5. ZFS Storage Appliances help simplify deployment. 

!

`:.+!94(57499&!.)(>9/()4>.!B:74!9+():><!(>8!94*=)4!(**499!(*)699!@6.+!VY#a!(>8!':*)696B.!
`:>8629!4>?:)6>54>.9&!LMG!G.6)(<4!O//7:(>*49!(796!<)4(.7A!9:5/7:BA!84/76A54>.!:>!
+4.4)6<4>46=9!4>?:)6>54>.93!C+4!9A9.459!:>*7=84!>(.:?4!9=//6).!B6)!.+4!%6556>!#>.4)>4.!M:74!
GA9.45!F%#MGH!/)6.6*67!.6!9:5/7:BA!:>.4<)(.:6>!:>!`:>8629!B:74;9+():><!4>?:)6>54>.93!#>!
(88:.:6>!.6!J:<+.24:<+.!O**499!$:)4*.6)A!Q)6.6*67!9=//6).&!.+4A!(796!:>*7=84!9=//6).!B6)!
':*)696B.!O*.:?4!$:)4*.6)A!:>.4<)(.:6>!(>8!)674;@(948!(**499!*6>.)67! !+47/:><!.6!)48=*4!.+4!
):9D!6B!=>(=.+6):E48!(**499!.6!8(.(3!

O!9:><74!(//7:(>*4!*(>!(796!@4!*6>B:<=)48!2:.+!5=7.:/74!9.6)(<4!/6679!96!.+(.!4(*+!/667!*(>!@4!
*6>B:<=)48!8:BB4)4>.7A!:>!9=//6).!6B!8:BB4):><!26)D76(8!)4N=:)454>.93!M6)!4I(5/74&!(!B:74;9+():><!
4>?:)6>54>.!5(A!)4N=:)4!8(.(!*65/)499:6>!(>8!848=/7:*(.:6>!.6!9(?4!9/(*4&!2+4)4(9!(!8(.(@(94!
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(//7:*(.:6>!5:<+.!@4!56)4!B6*=948!6>!8(.(!/)6.4*.:6>!(>8!+:<+!(?(:7(@:7:.A3!V9:><!94/()(.4!/6679!
B6)!.+494!.26!4>?:)6>54>.9!4>(@749!.+45!.6!@4!5(:>.(:>48!6>!.+4!9(54!(//7:(>*4!2+:74!(7762:><!
4(*+!26)D76(8!.6!=.:7:E4!(!8:BB4)4>.!*6>B:<=)(.:6>!6B!8(.(!94)?:*493!

O!B=).+4)!(8?(>.(<4!B6)!+4.4)6<4>46=9!4>?:)6>54>.9&!LMG!G.6)(<4!O//7:(>*49!9=//6).!56)4!
*6>>4*.:6>!6/.:6>9!.+(>!6.+4)!74(8:><!9.6)(<4!/7(.B6)593!C+4!LMG!G.6)(<4!O//7:(>*4!/)6?:849!
(77!6B!.+4!B67762:><!*6>>4*.:6>!6/.:6>9!:>!(!9:><74!/7(.B6)50!!

 #>B:>:@(>8!F#UH!

 M:@)4!%+(>>47!GOY!

 Y4.26)D!O..(*+48!G.6)(<4!!

 #Q;GOY!

Easy to Scale  

V>7:D4!.)(8:.:6>(7!9.6)(<4!()*+:.4*.=)49&!LMG!G.6)(<4!O//7:(>*49!*(>!9*(74!:>!5=7.:/74!8:54>9:6>9!
.6!544.!9/4*:B:*!(//7:*(.:6>!>44893!O9!(//7:*(.:6>!)4N=:)454>.9!*+(><4&!#C!5(>(<4)9!*(>!*+6694!
.6!!

 #>*)4(94!*65/=.(.:6>(7!/624)!@A!(88:><!56)4!%QV9!(>8!*(*+4!!

 [I/(>8!.6.(7!*(/(*:.A!@A!(88:><!8:9D!8):?4!4I/(>9:6>!=>:.9!!

 #>*)4(94!/4)B6)5(>*4!=9:><!(88:.:6>(7!GG$9!.6!*(*+4!9.6)(<4!)4(89!(>8!2):.49!!

#>*)4(9:><!9A9.45!.+)6=<+/=.!:>!LMG!G.6)(<4!O//7:(>*49!:9!(9!4(9A!(9!(88:><!GG$93!K)(*74!
G67():9!LMG!:9!849:<>48!.6!8A>(5:*(77A!)4*6<>:E4!(>8!(88!>42!8):?49&!96!.+4!GG$9!*(>!@4!
*6>B:<=)48!(9!(!*(*+4!8:9D!2:.+6=.!8:956=>.:><!.+4!B:74!9A9.45!.+(.!:9!:>!=943!K>*4!.+:9!:9!86>4&!
K)(*74!G67():9!LMG!(=.65(.:*(77A!6/.:5:E49!.+4!B:74!9A9.45!.6!=94!.+4!GG$9!(9!+:<+;9/448!8:9D93!!

O!*6556>!9.6)(<4!*(/(*:.A!:99=4!:9!.+4!>448!.6!*6>B:<=)4!8(.(@(949!2:.+!)665!B6)!<)62.+3!O!
8(.(@(94!.+(.!:9!4I/4*.48!.6!<)62!.6!,CU!26=78!.)(8:.:6>(77A!+(?4!@44>!(776*(.48!.+4!B=77!,CU!6B!
*(/(*:.A!B)65!.+4!@4<:>>:><!4?4>!.+6=<+!:.!5(A!:>:.:(77A!=94!6>7A!R--^U!6B!9/(*43!LMG!G.6)(<4!
O//7:(>*49!6BB4)!.+:>!/)6?:9:6>:><!B6)!56)4!4BB:*:4>.!=.:7:E(.:6>!6B!9.6)(<4!*(/(*:.A!:>!.+494!
:>9.(>*493!`:.+!.+:>!/)6?:9:6>:><&!.+:9!8(.(@(94!26=78!@4!<)(>.48!:.9!,CU!6B!9/(*4&!@=.!.+4!
/+A9:*(7!548:(!B6)!.+4!"3\CU!6B!=>=948!*(/(*:.A!26=78!>6.!>4*499():7A!+(?4!.6!@4!:>!/7(*4!=>.:7!
8(.(@(94!<)62.+!5(84!:.!(!)4N=:)454>.3!!

Easy to Observe, Analyze, and Optimize  

$C)(*4!O>(7A.:*9!96B.2()4&!2+:*+!:9!@(948!6>!.+4!(2()8;2:>>:><!$C)(*4!B(*:7:.A!:>!K)(*74!

B6)!9.6)(<4!9A9.4593!O85:>:9.)(.6)9!*(>!8):77!862>!B6)!:>;84/.+!(>(7A9:9!6B!D4A!9.6)(<4!9=@;
9A9.459!=9:><!@=:7.;:>!:>9.)=54>.(.:6>!.+(.!/)6?:849!)4(7;.:54!?:9:@:7:.A!.+)6=<+6=.!.+4!8(.(!/(.+3!
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W4(7;.:54!9.(.:9.:*(7!<)(/+9!*(>!@4!=948!.6!N=:*D7A!76*(.4!(>8!:967(.4!/)6@7459!(9!2477!(9!6/.:5:E4!
9.6)(<4!/4)B6)5(>*4!(>8!*(/(*:.A!=94 (77!2+:74!9A9.459!*6>.:>=4!)=>>:><!:>!/)68=*.:6>3!!

!
Figure 6. DTrace Analytics software makes it easy to isolate problems and optimize storage performance. 

 

G.(.:9.:*9!*(>!(796!@4!()*+:?48!.6!8:9D!96!/4)B6)5(>*4!8(.(!*(>!@4!)4?:4248!(>8!(>(7AE48!
.+)6=<+6=.!.+4!7:B4!6B!.+4!9A9.453!$48:*(.48!()*+:?4!*(/(*:.A!(77629!(85:>:9.)(.6)9!.6!/)494)?4!
+:9.6):*(7!8(.(!B6)!=/!.6!94?4>!.6!"-!A4()93!O)*+:?4!8(.(!94.9!*(>!@4!9=9/4>848!6)!)49=548!(9!
849:)48&!6)!.+4A!*(>!@4!849.)6A48!:B!>6!76><4)!>448483!!

$C)(*4!O>(7A.:*9!<:?49!(85:>:9.)(.6)9!(77!.+4!.6679!.+4A!>448!.6!N=:*D7A!:84>.:BA!(>8!8:(<>694!
9A9.45!/4)B6)5(>*4!:99=49&!/4)B6)5!*(/(*:.A!/7(>>:><&!(>8!84@=<!7:?4!9.6)(<4!(>8!>4.26)D:><!
/)6@7459&!@4B6)4!.+4A!@4*654!*+(774><:><!B6)!.+4!4>.:)4!>4.26)D3!!

Reduced Risk with Industry-Leading Data Protection 

LMG!G.6)(<4!96B.2()4!:9!.+4!6>7A!96B.2()4!.+(.!/)6.4*.9!8(.(!B)65!(9!5(>A!(9!.+)44!8):?4!B(:7=)49!
2:.+!.):/74;/():.A!WO#$3!`:.+!8:9D!8):?49!<4..:><!7()<4)!(>8!5(>A!6)<(>:E(.:6>9!:5/7454>.:><!
2:84)!9.):/:><!(*)699!56)4!8):?49!B6)!:>*)4(948!/4)B6)5(>*4&!(!.+:)8;/():.A!@:.!+47/9!)48=*4!.+4!
):9D!6B!8(.(!76993!C):/74;/():.A!WO#$!(796!6BB4)9!(!<)4(.!2(A!.6!:>*)4(94!)(>865!)4(8!/4)B6)5(>*4!
B6)!(//7:*(.:6>!26)D76(89!9=*+!(9!.+4!K)(*74!8(.(@(943!

Most Comprehensive Self-Healing Storage System  

LMG!G.6)(<4!O//7:(>*49!.(D4!(8?(>.(<4!6B!.+4!K)(*74!G67():9!M(=7.!'(>(<454>.!O)*+:.4*.=)4!.6!
(=.65(.:*(77A!(>8!9:74>.7A!84.4*.!(>8!8:(<>694!=>84)7A:><!/)6@7459!=9:><!(>!4I.4>9:@74!94.!6B!
(<4>.93!`+4>!(!B(=7.A!*65/6>4>.!:9!8:9*6?4)48&!.+4!947B;+4(7:><!9A9.45!(=.65(.:*(77A!)49/6>89!
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@A!.(D:><!.+4!B(=7.A!*65/6>4>.!6BB7:>43!O=.65(.:*!8(.(!:>.4<):.A!*+4*D:><!(>8!*6))4*.:6>!:9!(796!
/)6?:848!@A!K)(*74!G67():9!LMG3!#B!:.9!@76*D;74?47!*+4*D9=59!:84>.:BA!(!*6))=/.!@76*D&!K)(*74!
G67():9!LMG!(=.65(.:*(77A!)4/(:)9!:.&!/)6?:8:><!947B;+4(7:><!*(/(@:7:.:49!(.!.+4!@76*D!74?473!!

C+4!9A9.459!:>*7=84!4(9A;.6;=>84)9.(>8!8:(<>69.:*!5499(<493!C+4!8:(<>69.:*!5499(<49!()4!7:>D48!

2+4>!+=5(>!:>.4)?4>.:6>!:9!)4N=:)483!!

Business Value of Hybrid Storage Pools  

C+4!B67762:><!9*4>():69!:77=9.)(.4!+62!PGQ9!*(>!+47/!(88)499!9654!6B!.+4!569.!/)499:><!
!

Scenario 1: Reducing Total Cost of Ownership  
O!*=9.654)!)4N=:)49!_]CU!6B!9.6)(<4!B6)!(!+:<+;/4)B6)5(>*4!B:74!9A9.45!(>8!:9!*6>*4)>48!(@6=.!
C%K!(9!2477!(9!8(.(*4>.4)!9/(*43!#>!*65/():><!(!/6/=7()!967=.:6>!(<(:>9.!.+4!LMG!G.6)(<4!
O//7:(>*49&!.+4!*=9.654)!B:>89!.+(.!.+4!LMG!G.6)(<4!\R,-!(//7:(>*4!>6.!6>7A!6BB4)9!9:<>:B:*(>.7A!
7624)!*69.9&!@=.!(796!/)6?:849!.+4!B67762:><!D4A!(8?(>.(<490!

 Y6!(88:.:6>(7!96B.2()4!7:*4>94!B449!*65/()48!.6!56)4!.+(>!VGbS-&---!:>!96B.2()4!7:*4>949!
)4N=:)48!2:.+!.+4!(7.4)>(.:?4!9A9.45!

 $47:?4)9!4N=:?(74>.!.+)6=<+/=.!(>8!@4..4)!/4)B6)5(>*4!2:.+6=.!4I/4>9:?4!(>8!/624);+=><)A!
"SX!)/5!8):?49!

 Q)6?:849!.+4!9(54!_]CU!*(/(*:.A!:>!7499!9/(*4!2:.+!:.9!84>947A!/(*D(<48!!
9:I!)(*D!=>:.!F]VH!9A9.45!

`+4>!*6>9:84):><!6/4)(.:><!*69.9!(>8!/=)*+(94!/):*4&!.+4!8:BB4)4>*49!24)4!9.(<<4):><0!!

 ]RT!7624)!(>>=(7!6/4)(.:><!*69.9!B6)!6><6:><!5(:>.4>(>*4!(>8!*6>B:<=)(.:6>!*+(><49!!

 RST!7624)!:>:.:(7!/=)*+(94!/):*4!B6)!.+4!9A9.45!(>8!)4N=:)48!96B.2()4!7:*4>949!

Scenario 2: Replacing 15K rpm drives 
O!)4<:6>(7!(=.6!/().9!8:9.):@=.6)!2:.+!S-!9.6)49!:9!=9:><!(!,--!+:<+;9/448!F"SX!)/5H!8:9D!8):?49!
.6!847:?4)!.+4!/4)B6)5(>*4!>44848!B6)!.+4:)!6>7:>4!)4/69:.6)A!6B!/().9!8:(<)(593!O.!R--^U!/4)!
8):?4&!.+4A!+(?4!(!.6.(7!6B!]-CU!6B!8:9D!9/(*43!C+4:)!@=9:>499!:9!4I/(>8:><!(>8!.+4A!+(?4!)4*4:?48!
94?4)(7!>42!*6>.)(*.9!.6!9=//7A!/().9!.6!76*(7!(=.6!)4/(:)!9+6/93!O9!(!)49=7.&!.+4A!2:77!>448!.6!
@4<:>!9.6):><!5(>A!56)4!/().!8:(<)(59!6>7:>4!(>8!2:77!>448!<)4(.4)!9.6)(<4!*(/(*:.A!(9!2477!(9!
:>*)4(948!/4)B6)5(>*43!!

!
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U4*(=94!.+4!>42!8:(<)(59!)4/)494>.!/().9!B6)!94?4)(7!8:BB4)4>.!(=.65(D4)9!(>8!94?4)(7!@)(>89!6B!
*()9&!.+4A!.(D4!=/!(!76.!6B!9/(*43!#>!(88:.:6>&!.+4!"SX!)/5!8):?49!*6>9=54!(!76.!6B!4>4)<A3!C+4!
*65/(>A!*(7*=7(.48!.+(.!:.!26=78!.(D4!RS-!6B!.+4!4I/4>9:?4!R--^U!"SX!)/5!8):?49!.6!9.6)4!.+4:)!
8(.(3!`:.+!)4N=49.9!B6)!/().9!8:(<)(59!8:9/(.*+48!(//)6I:5(.47A!4?4)A!",!5:>=.49&!.+4:)!
.)(>9(*.:6>!?67=54!:9!*6>9:84)48!5:8;9*(743!C+4A!2(>.48!.6!B:>8!(!967=.:6>!.+(.!26=78!@4!56)4!
*69.!4BB4*.:?4!.+(>!=9:><!"SX!)/5!8):?49!.6!9.6)4!(77!6B!.+4:)!/().9!8:(<)(59!

C+4!)4N=:)48!.)(>9(*.:6>!?67=54!*(>!@4!(**65568(.48!@A!.+4!LMG!G.6)(<4!\_,-!(//7:(>*43!
'=*+!6B!.+4!26)D:><!8(.(!94.!*(>!B:.!:>.6!5456)A!(>8!.+4)4!:9!(!<668!c+:.!)(.:6c!B)65!.+4!)4(8!
GG$93!C+4!,CU!GOG;,!8:9D!8):?49!:>!.+4!LMG!G.6)(<4!\_,-!(//7:(>*4!/)6?:84!*69.!4BB4*.:?4!
9.6)(<4!(>8!762!4>4)<A!*6>9=5/.:6>&!5(D:><!B6)!(>!4*6>65:*(7!(>8!/)(*.:*(7!967=.:6>!.+(.!(796!
/)6?:849!<668!/4)B6)5(>*43!

ZFS Storage Appliance Portfolio 

C6!544.!(!?():4.A!6B!*=9.654)!>4489!B6)!*(/(*:.A&!/):*4&!(>8!/4)B6)5(>*4&!LMG!G.6)(<4!
O//7:(>*49!*654!:>!B6=)!8:BB4)4>.!*6>B:<=)(.:6>9&!:>*7=8:><!.+)44!*7=9.4)!*6>B:<=)(.:6>9!.+(.!6BB4)!
:>*)4(948!(?(:7(@:7:.A3!!

O77!9A9.459!*654!@=>8748!2:.+!.+4!9(54!LMG!G.6)(<4!96B.2()4&!2+:*+!:>*7=849!8(.(!/)6.6*679&!
)4/7:*(.:6>&!*65/)499:6>&!(>8!$C)(*4!O>(7A.:*9!96B.2()43!%7=9.4)48!9A9.459!(796!:>*7=84!(>!
(88:.:6>(7!96B.2()4!568=74!B6)!*7=9.4)!96B.2()4!B4(.=)493!!

ZFS Storage 7120 Appliance 

C+:9!4>.)A;74?47&!4(9A;.6;:>9.(77!9.6)(<4!(//7:(>*4!:9!2477!9=:.48!B6)!95(77!(>8!548:=5!@=9:>49949!
(>8!84/().54>.9!(9!2477!(9!)456.4!6BB:*49!6B!7()<4!*6)/6)(.:6>93!#.!=949!.+4!9(54!96B.2()4!(9!.+4!
+:<+;4>8!*6>B:<=)(.:6>9!(>8!847:?4)9!=/!.6!",-CU!6B!)(2!*(/(*:.A!:>!(!]V!*6>B:<=)(.:6>!6)!=/!.6!
,_CU!:>!(!,V!/(*D(<43!C+4!(//7:(>*4!9=//6).9!.26!6/.:6>9!B6)!:.9!\&,--!)/5!GOG!8):?493!
%=9.654)9!*(>!*+6694!"CU!GOG;"!8):?49&!2+:*+!6BB4)!.+)44!^@/9!.+)6=<+/=.&!6)!,CU!GOG;,!
8):?49&!2+:*+!9=//6).!86=@74!.+4!#1K!.+)6=<+/=.!(.!9:I!^@/93!`:.+!.+4!LMG!G.6)(<4!\",-!
9A9.45&!*=9.654)9!*(>!(*N=:)4!4(9A;.6;=94!4>.4)/):94!8(.(!5(>(<454>.!B=>*.:6>(7:.A!(.!4>.)A;74?47!
*69.93!

ZFS Storage 7320 Appliance 

C+4!LMG!G.6)(<4!\R,-!9A9.45!)484B:>49!5:99:6>;*):.:*(7!4>.)A!9.6)(<4!B6)!.+4!4>.4)/):94&!6BB4):><!

<)62:><!9.6)(<4!>44893!#.!/)6?:849!(!+:<+;(?(:7(@:7:.A!*7=9.4)!6/.:6>!2:.+!9*(7(@:7:.A!=/!.6!"d,CU9!
6B!)(2!*(/(*:.A!(>8!9=//6).9!PGQ9!.+(.!*(>!@4!*6>B:<=)48!2:.+!=/!.6!,CU!6B!)4(8!*(*+4!(>8!=/!
.6!\,^U!6B!2):.4;6/.:5:E48!*(*+4!B6)!4>+(>*48!(//7:*(.:6>!/4)B6)5(>*43!C+4!9A9.45!=949!\,--!
)/5!GOG;,!8):?49!B6)!+:<+!4>4)<A!4BB:*:4>*A!(>8!86=@74!.+4!#1K!.+)6=<+/=.!6B!.+4!/)4?:6=9!
<4>4)(.:6>!6B!GOG;"!8):?493!
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ZFS Storage 7420 Appliance  

C+4!LMG!\_,-!(//7:(>*4!:9!(!9*(7(@74!=>:B:48!9.6)(<4!9A9.45!.+(.!6BB4)9!)(8:*(77A!9:5/7:B:48!
9.6)(<4!5(>(<454>.3!`:.+!=/!.6!"&"S,CU!6B!)(2!*(/(*:.A!(>8!=/!.6!]_!%QV!*6)49!:>!.+4!*7=9.4)!
*6>B:<=)(.:6>&!.+4!9A9.45!847:?4)9!9=/4):6)!/4)B6)5(>*4!2+:74!)48=*:><!4>4)<A!*6>9=5/.:6>!2:.+!
:.9!PGQ!()*+:.4*.=)43!J:D4!.+4!LMG!\R,-!(//7:(>*4&!.+4!LMG!\_,-!(//7:(>*4!=949!\,--!)/5!GOG;,!
8):?49!B6)!4>4)<A!4BB:*:4>*A!(>8!+:<+!#1K!/4)B6)5(>*43!

C+4!LMG!G.6)(<4!\_,-!(//7:(>*4!:9!:84(7!B6)!6)<(>:E(.:6>9!2:.+!845(>8:><!/4)B6)5(>*4!
)4N=:)454>.9!(>8!2+4)4!)(/:8!<)62.+!:>!B:74;@(948!:>B6)5(.:6>!:9!4I/4*.483!#.!(77629!*=9.654)9!
.6!9.().!95(77!F,-CUH&!(>8!.+4>!:>*)4(94!9.6)(<4!*(/(*:.A&!*65/=.(.:6>(7!/624)&!6)!)4(812):.4!
9.6)(<4!*(*+4!.6!544.!.+4:)!*+(><:><!@=9:>499!>44893!`:.+!.+4!LMG!G.6)(<4!\_,-!9A9.45&!
*=9.654)9!(*+:4?4!5(I:5=5!9*(7(@:7:.A!(>8!/4)B6)5(>*4!*65@:>48!2:.+!*6>94)?(.:6>!6B!/624)&!
9/(*4&!(>8!*667:><3!M6)!*=9.654)9!.+(.!)4N=:)4!5(I:5=5!/)6.4*.:6>!(<(:>9.!862>.:54&!.+4!LMG!
G.6)(<4!\_,-!(//7:(>*4!9=//6).9!(!.26;>684!*7=9.4)!*6>B:<=)(.:6>!.+(.!4>+(>*49!8(.(!(?(:7(@:7:.A!
2:.+!*7=9.4)!B(:7;6?4)!.+(.!:>*7=849!(77!B7(9+;@(948!2):.4!*(*+493!C+4!9A9.45!B4(.=)49!(>!(*.:?4;
(*.:?4!()*+:.4*.=)4!2:.+!>6!9:><74!/6:>.!6B!B(:7=)4&!4>(@7:><!+:<+!/4)B6)5(>*4!(>8!+:<+!(?(:7(@:7:.A!
.6!5(I:5:E4!@=9:>499!/)68=*.:?:.A3!

ZFS Storage 7720 Appliance 

C+4!LMG!\\,-!(//7:(>*4!6BB4)9!(!+:<+7A!9*(7(@74!@=7D!9.6)(<4!(>8!@(*D=/!967=.:6>!B6)!5:8;9*(74!
5:I48!26)D76(8!4>?:)6>54>.93!#.!4I/(>89!.6!=/!.6!"&__-CU!6B!9.6)(<4!*(/(*:.A!(>8!847:?4)9!+:<+!
/4)B6)5(>*4!.+)6=<+/=.!(.!(>!(BB6)8(@74!/):*43!C+4!9A9.45!*6549!*6>B:<=)48!2:.+!R,!%QV!
*6)49&!=/!.6!S",^U!6B!$WO'3!#.!:>*7=849!(!=>:N=4!:>.4<)(.48!@(*D/7(>4!.+(.!847:?4)9!+:<+;9/448!
:>.4)>(7!@(>82:8.+!.6!9=//6).!+:<+!(<<)4<(.4!.+)6=<+/=.!B)65!.+4!@=:7.;:>!GOG;,!>4.26)D3!C+494!
*+()(*.4):9.:*9!5(D4!.+:9!(//7:(>*4!(!<)4(.!B:.!B6)!5:I48!26)D76(89!6)!B6)!@(*D:><!=/!7()<4!
5:99:6>;*):.:*(7!8(.(@(9493!#.!*(>!(796!@4!(!*69.;4BB4*.:?4!/):5()A!9.6)(<4!967=.:6>!B6)!>6>;
5:99:6>;*):.:*(7!5:8;9*(74!(//7:*(.:6>9!.+(.!)4N=:)4!7()<4!*(/(*:.A&!9:5/74!94.=/&!(>8!762!6><6:><!
(85:>:9.)(.:6>3!
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CONFIGURATION INFORMATION FOR ZFS STORAGE APPLIANCES 

 KEY CUSTOMER 

REQUIRMENT 

MAX STORAGE 

CAPACITY (RAW) 

SPACE  

(RACK 

UNITS) 

WRITE 

OPTIMIZED 

SOLID-STATE 

DRIVE 

READ 

OPTIMIZED 

SOLID-STATE 

DRIVE 

CPU 

CORES 

ZFS Storage 
7120 
Appliance 

Low-priced entry-
level appliance with 
all software 
features 

Up to 120TB  
(12 X 2TB in 
controller +  
48 X 2TB in disk 
shelves) 

2U for 
controller + 
4U for 
optional disk 
shelf 

96GB N 4 

ZFS Storage 
7320 
Appliance 

Cost-effective  
mid-range storage 
appliance 

192TB  
(96 X 2TB) 

2U per 
controller, 
4U per disk 
shelf 

Up to 72GB (4 
X 18GB SSD) 
per disk shelf 

Up to 2TB (4 x 
512GB SSD) 
per controller 

8  

ZFS Storage 
7420 
Appliance 

! !

Best 
price/performance 
and growth path 

1,152TB (576 X 
2TB) 

3U per 
controller, 
4U per disk 
shelf  

Up to 72GB (4 
X 18GB SSD) 
per disk shelf 

Up to 2TB (4 X 
512GB SSD) 
per controller 

32 per 
controller 
(max 64) 

ZFS Storage 
7720 
Appliance 

! !

High-capacity 
storage for mixed 
workloads and 
high-end backup 

1,440TB (720 X 
2TB) 

3U per 
controller 
(max 46U) 

Up to 432GB 
(24 X 18GB 
SSD) per rack 
(max 864GB) 

Up to 2TB (4 X 
512GB SSD) 
per controller 

32 

!

Software. Hardware. Complete. 

LMG!G.6)(<4!O//7:(>*49!()4!/().!6B!.+4!*65/74.4&!6/4>&!(>8!:>.4<)(.48!K)(*74!9.(*D3!C+4!9.(*D!
/4>4.)(.49!4?4)A!7(A4)!6B!.+4!#C!9.(*D&!*65@:>:><!.+4!7()<49.!(>8!569.!*65/74.4!94.!6B!:>8=9.)A!
(>8!@=9:>499!(//7:*(.:6>9!96B.2()4!2:.+!.+4!B7(<9+:/!K)(*74!8(.(@(94!(>8!.+4!):<+.!.4*+>676<A!
:>B)(9.)=*.=)4!.6!9=//6).!:.3![><:>44):><!.+4!4>.:)4!9.(*D!.6!26)D!.6<4.+4)!A:4789!+:<+4)!)47:(@:7:.A!
(>8!<)4(.4)!94*=):.A!(9!2477!(9!9.=>>:><!/4)B6)5(>*4!(>8!762!C%K3!
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!
Figure 7. ZFS Storage Appliances are part of a complete, open, and integrated hardware and software stack. 

!

%=9.654)9!@4>4B:.!B)65!9.(>8()8:E48!+()82()4!(>8!96B.2()4!*65/6>4>.9!(>8!*4).:B:48!9A9.45!
*6>B:<=)(.:6>9&!+47/:><!.6!4(94!.+4!@=)84>!6B!:>9.(77(.:6>&!.)(:>:><&!(>8!(85:>:9.)(.:6>3!
%4>.)(7:E48!5(>(<454>.!6B!.+4!4>.:)4!9.(*D!(796!+47/9!.6!:5/)6?4!94)?:*4!74?479!(>8!9:5/7:BA!
*+(><4!5(>(<454>.!2+:74!)48=*:><!*69.93!V7.:5(.47A&!(77!6B!.+:9!74(89!.6!56)4!B74I:@74!94.!6B!
@=9:>499!/)6*49949!2:.+!(!7624)!*69.!6B!62>4)9+:/3!

Get Started on the Right Track  
`+:74!LMG!G.6)(<4!O//7:(>*49!6BB4)!B(9.4)!/)6?:9:6>:><!.+(>!*65/4.:.:?4!9.6)(<4!967=.:6>9&!
K)(*74!5(D49!:.!4?4>!4(9:4)!.6!84/76A!.+45!2:.+!/)6B499:6>(7!94)?:*49!.+(.!*(>!+47/!5:.:<(.4!.+4!

;2:>>:><!9=//6).!(>8!/)6B499:6>(7!
(>8!5(>(<48!94)?:*49!*(>!+47/!)48=*4!*69.9!(>8!9/448!.:54!.6!5()D4.&!2+:74!6/.:5:E:><!
8(.(*4>.4)!/624)&!9/(*4&!(>8!*667:><3!

G654!94)?:*4!6BB4):><9!.+(.!()4!9/4*:B:*!.6!.+4!LMG!G.6)(<4!O//7:(>*49!:>*7=84!.+4!B67762:><0!!

 !"#$%&'"()%*+$,,$+-.%(*'/#-&'(0./(+1'(234(4+./$5'(!66,-$%&'(0$7-,89!C+4!K)(*74!
O8?(>*48!#>9.(77(.:6>!94)?:*4!B6)!.+4!LMG!G.6)(<4!O//7:(>*49!<649!@4A6>8!@(9:*!:>9.(77(.:6>!.6!
:>*7=84!*6>B:<=)(.:6>!:>.6!(>!4I:9.:><!9.6)(<4!6/4)(.:6>(7!4>?:)6>54>.&!*6>B:<=)(.:6>!2:.+!
8:)4*.6)A!94)?:*49&!(>8!94.=/!6B!B(:76?4)!*6>B:<=)(.:6>3!K)(*74!/)6?:849!.+4!:>9.(77(.:6>!



Oracle White Paper  

!

19 

(99:9.(>*4!(>8!4I/4).:94!)4N=:)48!.6!(*+:4?4!(!9566.+&!9=**499B=7!9.().=/!(>8!.6!+47/!4>9=)4!
.+(.!9A9.459!()4!)=>>:><!(.!(>!6/.:5(7!74?47!):<+.!B)65!.+4!9.().3!!

 :%-0-'"(4+./$5'(;$+$(<-5/$+-.%(*'/#-&'9!':>:5:E4!8:9)=/.:6>!(>8!<(:>!B=77;B4(.=)48!
B=>*.:6>(7:.A!6B!>42!.4*+>676<A!:>?49.54>.9!2+4>!5:<)(.:><!B)65!6.+4)!/7(.B6)593!%=9.654)9!

:5/7454>.(.:6>!(>8!5:<)(.:6>!.66793!!

 =/$&,'(>/'7-'/(4?66./+(0./(48*+'7*3!K)(*74e9!4I/(>848!.4*+>:*(7!(99:9.(>*4!(>8!
*65/)4+4>9:?4!<76@(7!9=//6).!94)?:*49!*(>!+47/!5(I:5:E4!)4.=)>!6>!#C!:>?49.54>.!(>8!
5:>:5:E4!):9D3!`:.+!,_1\!(**499!.6!9A9.459!9/4*:(7:9.9!(>8!?(7=(@74!6>7:>4!.4*+>:*(7!)496=)*49&!
K)(*74!Q)45:4)!G=//6).!*(>!+47/!*=9.654)9!/)6(*.:?47A!(?6:8!@=9:>499!:>.4))=/.:6>9!(>8!
4>+(>*4!94*=):.A3!

 !?+.(4'/#-&'(@'A?'*+3!M6)!*=9.654)9!2+6!2(>.!5(I:5=5!/)6.4*.:6>!6B!.+4:)!8(.(&!K)(*74!
(796!6BB4)9!(=.65(.48!94)?:*49!B6)!)456.47A!56>:.6):><!(>8!5(>(<:><!9.6)(<4!9A9.4593!C+494!
)456.4!94)?:*49!()4!849:<>48!.6!+47/!*=9.654)9!:>*)4(94!94)?:*4!(?(:7(@:7:.A&!)48=*4!
(85:>:9.)(.:6>!.:54&!5(:>.(:>!9.6)(<4!9A9.45!/4)B6)5(>*4&!(>8!5(>(<4!8(.(*4>.4)!
4>?:)6>54>.9!56)4!4BB:*:4>.7A3!

 =/$&,'(:%-0-'"(4+./$5'(48*+'7(!"7-%-*+/$+-.%9!C+494!*6=)949!()4!849:<>48!.6!+47/!
(85:>:9.)(.6)9!<(:>!(!844/!D>62748<4!6B!LMG!G.6)(<4!O//7:(>*49!.+)6=<+!D>62748<4!.)(>9B4)!
.+(.!2:77!(7762!9.(BB!.6!@4!56)4!/)68=*.:?43!

Conclusion  

:>?49.54>.!:>!9A9.45!
)47:(@:7:.A!(>8!9*(7(@:7:.A!.6!847:?4)!*69.;

/):*41/4)B6)5(>*4!.6!.+4!=>:B:48!9.6)(<4!5()D4.!@A!:>.4<)(.:><!:>>6?(.:?4!9.6)(<4!96B.2()4!2:.+!
B7(9+!.4*+>676<A!(>8!(>!6/4>!()*+:.4*.=)4!967=.:6>3!!

%=9.654)9!*(>!@4>4B:.!@A!=9:><!.+494!>42!9A9.459!.6!!

 #>*)4(94!(//7:*(.:6>!/4)B6)5(>*4!(>8!@(*D=/!/4)B6)5(>*4!

 $)(5(.:*(77A!)48=*4!.+4!*69.!6B!+:<+;/4)B6)5(>*4!9.6)(<4!!

 G:5/7:BA!9.6)(<4!84/76A54>.!(>8!5(>(<454>.!!
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