
Back to  the  Fu tu re : NAS 
as  a  Data  Arch itectu re

Brian  Wong
Dis t ingu ished  Eng ineer
Sun  Microsys tem s



We've  Been  Here  Before
● NAS has  b een  around  fo r 2 0 +  

years
● Actually, we 're  s t ill here
● NAS hasn 't  changed  tha t  m uch
– Files
– POSIX
– Hand fu l o f p ro toco ls
– Pro toco l evo lu t ion  h as  b een  m easu red
– Vas t ly b e t te r ease - of- u se



The  Chang ing  Process ing  
World
● New p rocess ing  arch itectu res
– More  horiz on ta l
– More  ob ject- o rien ted
– More  d is t rib u ted
– More  ub iq u itous

● Are d ata  p ers is tence  
a rch itectu res  keep ing  p ace?



The  Chang ing  Ap p lica t ion  
World
● Firs t : d a ta  was  ab ou t  

t ran sact ions  ab ou t  world  
a rt ifacts
– Banking , inven to ries , te lco  b illing

● Now: d ata  o ften  is  the  art ifact
– Desktop  p ub lish ing , e sp ecia lly d ig ita l 

m ed ia

● Next: d a ta  is  ab ou t s ta tes  of 
a rt ifacts
– RFID, s ensor ne ts
– Vers ion ed  d a ta

● These  a re  new p arad igm s



The  Chang ing  Data  World
● More z eros
– More  TB (or PB)
– More  file s

● More, d ifferen t  typ es  o f acces s  
righ ts
– Ownersh ip  no  longer fo llows  lega l 

b ound aries
– Everyth ing  on line  a ll the  t im e

● Keep  that  d a ta!
– It 's  no t  ju s t  a  good  id ea , it 's  the  law...



Som e Th ings  Never 
Change ...
● Data is  s t ill the  core  of 

p rocess ing
● Cos t  of m ain tenance  is  a lways  

too  h igh
– Always  too  com p lex  to  m anage  d a ta

● Data is  a lm os t  never near a ll the  
p rocess ing  s ites  
– If it  is , the re  a re  too  m any cop ies

● Recovery is  ever m ore  im p ortan t
– Backup  is  a lways  on erous



In teg ra t ion
● Solu tions  ex is t  fo r m any of these  

p rob lem s
– Som etim es  m ore  than  one
– Som e are  p re t ty good , o the rs  a ren 't
– Som e are  m atu re , o the rs  d is t inct ly a ren 't

● Most users  will need  m ore  than  
one
– Mos t  o f them  d on 't  work with  o the rs

● In teg ra t ion  will b e  crucia l



NAS Arch itectu re
● Shares  sem an tics  o f d a ta
● Fine- g ra ined : files , no t  d evices
● Strong ly he terogeneous
● Inheren tly virtua liz es  s to rage
– NAS op era t ions  op era te  on  d a ta , no t  

d evices
– Sim p le r fo r hum ans  – and  cod e
– Mos t NAS arch itectu res  virtua liz e  away 

d evices
● They d on 't  virtualiz e  in fras tructu re

● More like  peer- to - p eer than  
m as ter- s lave



Blocks  vs . NAS
● Can  b lock s to rag e  ad d res s  these  

d a ta  p rob lem s? Of cou rse!
● NAS can  so lve  them  m ore  

e ffect ive ly
– Shared  d a ta  sem an tics  a llow s to rag e  to  

b e  h igher function , m ore  ve rsa t ile
– Dep loyed  so lu t ion  a rch itectu res  have  

b e t te r “d ivis ion  o f lab or”
– Eas ie r to  o ffe r he te rogeneous  acces s  

withou t  re sort ing  to  lowes t  com m on  
d enom ina to r



Technology Keep s  Moving
● Mass ive  ap p lica tion  o f VLSI
● Cos t  and  va lue  rea lignm ent o f 

fund am en tal com p onen ts
– Mem ory – Disk – Tap e
– CPU – Ne twork – Storage
– Networks  – Backp lanes  – In te rconn ects

● Software  cap ab ilit ies  con t inue  to  
g row
– Part icu la rly im p ortan t : com m on  

d ep loym en t o f re la t ive ly h igh  s ecu rity 
ne twork sys tem s



Perform ance
● Three  d im ens ions
– Throughp u t  (MB/ sec)
– Latency (e lap sed  m s / op era t ion )
– Efficiency (ms  o f CPU p er op era t ion )

● NAS latency a lread y a t  p ar with  
b locks

● Two com ponen ts  o f th roughpu t  
– Pip e  wid th  – 1  Gb it  NAS vs . 2  Gb it  FC
– Para lle liz a t ion  (p NFS and  o the r e ffo rts )



Efficiency
● The NAS p erfo rm ance  is sue  has  

b een  efficiency – p art icu la rly on  
the  clien t
– TCP/ IP is  vas t ly le s s  e fficien t  than  SCSI

● More  sem an tics  to  im p lem ent  with  les s  
hard ware

– TCP/ IP e fficiency was  1 0 - 2 0 x  lower 
than  SCSI

– Gap  is  now ~2 0 % (to le rab le ) fo r key 
ap p s

● VLSI ® (TOE, RDMA, e tc.) ® 
“RISC” TCP/ IP eng ines  ® ?“NAS” 
eng ines
– iSCSI m arke t  he lp s  enab le  th is  

t ran s it ion



Technolog ica l Convergence
● Mod ern  NAS has  clear value  in  

ease- of- u se  and  resu ltan t  TCO
● Im p roved  security rem oves  a  

m ajor b arrie r to  ad op tion
● Efficiency un locks  NAS values
– NAS will b e  com p elling  when  VLSI 

enab les  TCP/ IP  e fficiency on  p ar with  
SCSI/ FC

– Part icu la rly t rue  if HW encryp t ion  is  
includ ed



Concurren t  Trans it ions
● There  a re  two  sep ara te  

t ran s it ions :
– Tran sp ort  changes  from  d ed ica ted  

s to rage  (FC) to  com m od ity (IP)
● iSCSI ad op tion  is  m aking  IP- b ased  s torage  

m uch  m ore  com m on
● Forces  cons id era t ion  of s ecu rity fo r IP

– Sem an tic changes  from  b locks  to  NAS

● Transp ort  changes  will tend  to  
enab le  o r acce lera te  the  
sem an t ic chang es



Arch itectu ra l Realignm en t
● Disk, tap e  and  m em ory 

econom ics  will cause  p e rs is tence  
h ie rarchy changes
– Much  m ore  m em ory, s ligh t ly le s s  d isk 

and  tap e
● Make no  m is take , we  will s t ill have  tap e
● Prob ab ly s om e new ways  of u s ing  tap e  too

– NAS will b e  the  way the  h ie rarchy is  
ad d res sed

● Com b in ing  NAS sem an t ics  and  
VLSI will p e rm it  som e typ es  o f 
p rocess ing  to  m ove in to  s to rag e



APIs
● New or changed  APIs  d riven  b y:
– New ap p lica t ion  a rch itectu res
– Higher function  p e rs is tence  sys tem s
– Ch anges  in  p rog ram m ing  m od e ls

● Data p ers is tence  m ay well b e  
em b edd ed  in to  new run tim es
– Java  run t im es
– .Ne t  clas ses



What Does  Th is  Mean?
● VLSI ne tworking  will overcom e the  

p rim ary ob s tacle  to  NAS 
d ep loym ent

● Security will ge t  cons ide rab le  
a t ten tion

● The a rch itectu ra l sh ift  from  b locks  
to  NAS will enab le  m ore  
sop h is t ica ted  d ata  pe rs is tence  
so lu t ions

● In teg ra t ing  d iverse  NAS so lu t ions  
m ay b e  a  challenge
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