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Oracle’s	  ZFS	  Storage	  Technology	  

Engineered	  Systems	  

Exadata	  

	  
	  

	  	  	  	  	  	  	  	  

SL8500	  
SL3000	  

VSM	  SL150	  

LTO	  
T10K	  

SuperCluster	  

Oracle	  ZS5	  series	  

Storage	  Cloud	  

SAN	  

Oracle	  FS1	  

	  

Storage	  Management:	  OISP,	  OEM,	  ASM,	  Storage	  AnalyTcs,	  System	  Management,	  ACSLS,	  ELS	  
Automated	  Tiering:	  	  HSM,	  ParTTons,	  HSP.	  HCP,	  VSM	  
Data	  ReducTon:	  	  ACO,	  ADO,	  HCC,	  RMAN,	  ZFS	  Storage	  Appliance	  Dedup/Comp	  
Data	  ProtecTon:	  	  Data	  Guard,	  RMAN,	  OSB,	  ZS	  Snap/Rep,	  MaxRep	  
Security/EncrypTon:	  	  ASO,	  Oracle	  Key	  Manager,	  Disk/Tape	  EncrypTon	  

Storage	  So9ware	  

NAS	  and	  	  
Data	  Protec/on	  	  	  

Exalogic	   Big	  Data	  	  
Appliance	  

Deployment	  OpTons:	  Private,	  Public,	  Hybrid	  

Services:	  IaaS,	  PaaS,	  SaaS	  

ConsumpTon	  OpTons:	  Build,	  Manage,	  Subscribe	  
	  

Tape	  and	  Virtual	  Tape	  

3	  
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•  OISP	  
•  Fibre	  channel	  
•  iSCSI	  
•  Infiniband	  
-  NFS/RDMA	  
-  IPoIB	  
-  iSER	  
-  SRP	  

•  Object	  API	  
•  NFS	  V3	  and	  V4	  
•  SMB1,	  2	  and	  3	  
•  HTTP	  
•  WebDAV	  
•  FTP/SFTP/FTPS	  
•  ZFS	  NDMP	  V4	  

System	  Soaware	  

•  Hybrid	  Cloud	  Pools	  (ZFS	  Cloud)	  
•  Hybrid	  storage	  pools	  (HSPs)	  
•  Single,	  double	  and	  triple-‐parity	  RAID	  
•  Mirroring	  and	  triple	  mirroring	  

•  End-‐to-‐end	  data	  integrity	  
•  Local	  and	  Remote	  replicaTon	  

•  Snapshots	  and	  clones	  
•  Quota(s)	  
•  DeduplicaTon	  
•  Compression	  

•  EncrypTon	  
•  Thin	  provisioning	  
•  AnTvirus	  via	  ICAP	  protocol	  
•  Online	  data	  migraTon	  

•  Clustering	  

•  RESTful	  API,	  OpenStack/Cinder	  
•  Browser	  and	  CLI	  interface	  
•  Management	  dashboard	  

•  Hardware/component	  view	  

•  Role-‐based	  access	  control	  
•  Phone	  home	  

•  Event	  and	  threshold	  
based	  alerTng	  

•  Dtrace	  analyTcs	  
•  ScripTng	  
•  Workflow	  automaTon	  

•  Advanced	  networking	  
•  Snap	  Management	  UTlity	  

•  Source	  aware	  rouTng	  

Data	  protocols	   Data services Management 

Oracle	  ConfidenTal	  –	  Internal/Restricted/Highly	  Restricted	   4	  
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Soaware	  Protocol	  Use	  Demographics	  

Oracle	  ConfidenTal	  –	  Internal/Restricted/Highly	  Restricted	   5	  
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87.7%	  of	  systems	  have	  	  
mulTple	  protocols	  in	  use	  simultaneously	  
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Zenabyte	  
File	  System	  

Hybrid	  	  
Storage	  Pools	  	  

(HSPs)	  

AnalyTcs	  

Database	  
OISP	  

Database	  
HCC	  

Inline	  
DeduplicaTon	  

Inline	  
Compression	  Unified	  

Storage	  
Inifiband	  

Triple	  Parity	  
RAID	  

AnTvirus	  
IntegraTon	  

Flexible	  
EncrypTon	  

Shadow	  
MigraTon	   Database	  

SMU	  

Database	  
EM	  Provisioning	  

	  
REST/Open	  
Interfaces	  

Hybrid	  
Cloud	  Pools	  

(HCPs)	  
AnalyTc	  
Bundles	  

Triple	  
Mirroring	   External	  

L2ARC	  
	  

7*10	  
series	  

7*20	  
series	  

ZS3	  
series	  

ZS4	  
series	  

ZS5	  
series	  

256GB	  DRAM	  
1TB	  Read	  Flash	  
280TB	  Capacity	  

2.5GB/s	  

Flash	  
Storage	  

1TB	  DRAM	  
4TB	  Read	  Flash	  
3PB	  Capacity	  

10GB/s	  

2TB	  DRAM	  
12TB	  Read	  Flash	  
4PB	  Capacity	  

17GB/s	  

3TB	  DRAM	  
230TB	  Read	  Flash	  
7PB	  Capacity	  

32GB/s	  

3TB	  DRAM	  
307TB	  Read	  Flash	  
9PB	  Capacity	  

41GB/s	  

6	  

Built	  on	  a	  Decade	  of	  Storage	  InnovaTon	  
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powered	  by	  	  
ZFS	  Storage	  

Proven	  Cloud	  Scale	  and	  Efficiency	  
Oracle’s	  Public	  Cloud	  relies	  on	  ZFS	  Storage	  to	  
deliver	  database	  performance	  with	  cloud	  
economics.	  

35,720,000	  
Snapshots	  and	  Clones	  	  

28,520,000	  
Concurrent	  Users	  

18,031,000	  
Hours	  in	  Produc/on	  

1,090,134,000	  
Transac/ons	  per	  Day	  

1.01	  Exabytes	  
ZFS	  Storage	  

7	  

DESIGNED	  FOR	  SCALE	  . 	   . 	   . 	  
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Core	  cloud-‐scale	  design	  elements	  

•  POD-‐level	  performance	  with	  a	  balanced	  scale	  and	  risk	  profile	  

•  Zero-‐downTme	  architecture	  via	  system	  redundancies	  and	  sufficient	  overhead	  

•  AdministraTve	  operaTons	  per	  minute	  (e.g.,	  LUN	  deletes	  >800	  Ops/min.)	  

•  Rapid	  (e.g.,	  <35	  seconds	  for	  100	  clones)	  snap/clone	  capability	  
•  Automated	  I/O	  prioriTzaTon	  and	  performance	  (e.g.,	  db	  log	  bias)	  tuning	  

•  Dynamic	  and	  embedded	  extrinsic	  storage	  resource	  uTlizaTon	  
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Engineering	  ZFS	  Storage	  for	  Cloud	  Scale	  

•  MulT-‐protocol	  

•  Hybrid	  Storage	  Pools	  (HSP)	  

•  Dynamic	  Data	  ReducTon	  

•  Virtualized	  ZFS	  machines	  

•  Zenabyte	  Filesystem	  

•  Decorrelated	  RAID	  
•  Hybrid	  Cloud	  Pool	  (HCP)	  
•  Efficient	  Data	  Mobility	  

•  AnalyTcs	  (trouble-‐shooTng)	  
•  OISP	  2.0	  (integraTon)	  
•  POD/C@C	  Scale	  via	  QoS	  

•  Bring-‐up/down	  operaTons	  

Logical	  “front-‐end”	  Scale	   Logical	  “back-‐end”	  Scale	   Management	  Scale	  

SCALABILITY	  DEMANDS	  MULTIPLE	  ARCHITECTURAL	  DIMENSIONS	  



Copyright	  ©	  2017	  Oracle	  and/or	  its	  affiliates.	  All	  rights	  reserved.	  	  |	   10	  

Scalable	  System	  Performance/Hybrid	  Cloud	  Pools	  (HCPs)	  
Automated	  use	  public	  clouds	  for	  data	  protecTon	  
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Design	  Challenge:	  Enable	  virtually	  unlimited	  storage	  pool	  
scalability	  via	  external	  cloud	  integraTon	  without	  impeding	  

primary	  storage	  performance	  	  

Oracle	  ConfidenTal	  –	  Internal/Restricted/Highly	  Restricted	   11	  
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Adaptive Throttle Algorithm 
Determines Pipe Size 

3TB	  
DRAM	  

144	  Cores	  
Processing	  
Power	  

615TB	  
Read	  Flash	  

38TB	  
Write	  Flash	  

ZFS	  |	  Hybrid	  Storage	  Pool	  (HSP)	  Technology	  

§  Automated,	  real-‐Tme	  data	  migraTon	  from	  DRAM	  	  
to	  mulT-‐class	  flash,	  to	  mulT-‐class	  disk	  storage	  

§  Soaware	  specifically	  engineered	  for	  mulT-‐level	  	  
flash	  and	  disk	  storage	  

Most Horsepower Possible Hybrid Storage Pool 

Adaptive 
I/O Staging 

3T
B

 D
R

A
M

 

Read Intensive 
L2ARC 

READ FLASH 

SSDs or HDDs 

WRITE FLASH 

LRU MRU 

LFU MFU 

High Endurance 
Sync I/O Only 

(Evicted) 

Fl
as
h	  
St
or
ag
e	  
(S
SD

s)
	  

7.2K	  
HDDs	  

10K	  
HDDs	  

3.2TB	  
SSDs	  

3TB	  	  
DRAM	  

12	  
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HSPs	  serve	  86%	  of	  I/O	  	  
from	  L1	  and	  L2	  cache	  

13	  

0.01ms	  latency	  

0.10ms	  latency	  

10ms	  latency	  

L2ARC	  
SSD	  

WriteZIL	  
SSD	  

System	  Storage	  Pool	  
HDD	  blocks	  

512/4K	  Record	  Size	  

ARC/DRAM	  

WriteZIL	  
SSD	  

Cloud	  Storage	  Pool	  
Objects	  

4K-‐1M	  Record	  Size	  

ARC/DRAM	  

L2ARC	  
SSD	  

	  zCloud	  

Standard	  

ApplicaTon	  

~100ms	  latency	  

ZFS	  Cloud	  (Hybrid	  Cloud	  Pool)	  
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ZFS	  Storage	  

zPool	  

Oracle	  Public	  Cloud	  

Object	  API	  

NFS	  /	  SMB	  

FC	  /	  iSCSI	  

FTP	  /	  WebDav	  

Etc.	  

ZFS	  
Cloud	  
Device	  

zCloud	  
Daemon	  

User	  Kernel	  

Request	  
Response	  

OPCd	  
client	  

Swia	  (s3)	  

Read	  
Write	  

Put	  

Get	  

zPool	  

•  Incremental	  forever	  
pool	  in	  OPC	  

•  Greater	  than	  90%	  
typical	  cache	  hits	  from	  
local	  cache	  

•  Writes	  buffered	  by	  
Intent	  Log	  

Cache	  

Log	  

ZFS	  Cloud	  (Hybrid	  Cloud	  Pool)	  
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ZFS	  Cloud	  (Hybrid	  Cloud	  Pool)	  
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Uses:	  Hybrid	  Data	  Management,	  MigraTon,	  and	  DR	  

16	  

Basic	  Cloud	  Gateway:	  	  Moves	  data	  
from	  on-‐prem	  to	  OPC/object	  storage.	  	  
Can	  be	  used	  for	  data	  migraTon	  as	  well.	  

	  

Data	  Protec/on	  using	  Replica/on:	  	  
Create	  a	  DR	  copy	  in	  the	  cloud.	  

	  

Data	  Protec/on/Backup:	  Local/Remote	  
Targets	  for	  NBU,	  Commvault,	  and	  
Veeam.	  	  	  
	  
	  

WriteZIL	  
SSD	  

L2ARC	  
SSD	  ARC/DRAM	  

HCP	  

HCP	  

L2ARC	  
SSD	  ARC/DRAM	  

WriteZIL	  
SSD	  

HCP	  

L2ARC	  
SSD	  ARC/DRAM	  

WriteZIL	  
SSD	  

L2ARC	  
SSD	  ARC/DRAM	  

WriteZIL	  
SSD	  
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F L EX I B L E 	  
•  EncrypTon	  at	  project,	  share	  and	  LUN	  level	  
•  Complete	  access	  control	  opTons	  
•  Clear	  text	  and	  encrypted	  data	  on	  same	  system	  

Only	  Storage	  System	  That	  Delivers	  .	  .	  .	  	  

InnovaTon	  |	  Most	  Secure	  and	  Flexible	  Technology	  

S ECURE 	  
•  Strong	  AES	  256-‐bit	  encrypTon	  keys	  
•  Two	  Ter	  encrypTon	  key	  architecture	  
•  Integrated	  local	  and	  central	  key	  management	  

Only	  Storage	  System	  That	  Delivers	  .	  .	  .	  

17	  
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Flash	  Storage	  Pools	  
§ 8TB	  to	  3PBs	  of	  Flash	  Storage	  
§ Consistent	  low	  latency	  
§ Database	  indexes,	  redo	  logs,	  acTve	  parTTons	  

Hybrid	  Storage	  Pools	  (HSP)	  
§ Up	  to	  9PBs	  of	  Storage	  Capacity	  
§ Up	  to	  450,000	  IOPS	  at	  <1ms	  -‐	  4ms	  response	  
§ Database	  data;	  primary,	  test/dev,	  backup	  

High-‐Performance	  Controllers	  
§ 3TBs	  of	  DRAM,	  144	  processor	  cores	  
§ Up	  to	  24x10GbE,	  16x40GbIB,	  16x16Gb	  FC	  
§ Full	  suite	  of	  enterprise	  soaware	  L2

A
R

C
 

W
rit
e	  
Fl
as
h	  

External	  Read	  Flash	  
§ 2TB	  to	  300TBs	  of	  Read	  Flash	  Storage	  
§ Apply	  Read	  flash	  to	  any	  pool	  
§  Ideal	  for	  Database	  warehousing	  and	  mining	  

Hybrid	  Cloud	  Pools	  (HCP)	  
§ Comprised	  of	  Oracle	  Cloud	  Capacity	  
§ FuncTons	  as	  a	  private	  system	  resource	  
§ CompaTble	  with	  all	  system	  data	  services	  

Re
ad
	  F
la
sh
	  

W
rit
e	  
Fl
as
h	  

Re
ad
	  F
la
sh
	  

DD
T	  
Fl
as
h	  

Deduplica/on	  (Meta	  Data)	  Flash	  
§ Comprised	  of	  Oracle	  Cloud	  Capacity	  
§ FuncTons	  as	  a	  private	  system	  resource	  
§ CompaTble	  with	  all	  system	  data	  services	  

ConfiguraTon	  OpTons	  

Security	  level	  and	  control	  established	  for	  
shares,	  LUNs,	  or	  	  pools	  or	  profiles	  
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Scalable	  Storage	  IntegraTon/O.I.S.P.	  
Dynamic	  and	  automaTc	  database-‐storage	  tuning	  
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Design	  Challenge:	  Enable	  dynamic	  system	  (i.e.,	  database-‐
storage)	  I/O	  sizing	  and	  memory	  use	  for	  opTmum	  performance	  
with	  backup	  (RMAN)	  and	  producTon	  (dNFS)	  database	  use	  

concurrently	  

Oracle	  ConfidenTal	  –	  Internal/Restricted/Highly	  Restricted	   20	  
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dNFS	   TCP	   IP	  OISP	   Network	   IP	   TCP	   dNFS	   OISP	  

Oracle	  ZFS	  Dynamic	  AcTons	  
•  Dynamically	  set	  Record	  Size,	  log	  bias	  	  
•  Pluggable	  Database	  AnalyTcs	  	  
•  Database	  OEM	  provisioning	  	  
•  Database	  Snap	  Management	  	  
•  AnalyTcs	  AWR	  Feed	  	  
•  I/O	  FSS	  &	  DB	  Priority	  	  
•  I/O	  Caching/Prefetch	  	  

Oracle	  Database	  OISP	  
•  Extensions	  built	  on	  top	  of	  NFSv4	  protocol	  
•  Each	  I/O	  is	  tagged	  with	  data	  context	  

–  I/O	  reason	  
–  I/O	  priority	  
–  File	  type	  (redo	  log,	  data	  file,	  control	  file,	  etc.)	  
–  Database	  block	  size	  for	  file	  
–  Database	  and/or	  pluggable	  database	  id	  
–  Cache	  hints	  
–  Prefetch	  hints	  

OISP	  Technology:	  Database	  Storage	  Protocol	  
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NFS	  
Server	  

OISP	  	  
Tunes	  

Logfile	  share	  

Datafile	  share	  

NFS	  
Server	  

mnt/dbname/redo	  (Admin	  sets	  RS,	  LB)	  
mnt/dbname/control	  (Admin	  sets	  RS,	  LB)	  
mnt/dbname/archivelog	  (Admin	  sets	  RS,	  LB)	  
mnt/dbname/datafile	  (Admin	  sets	  RS,	  LB)	  
mnt/dbname/tempfile	  (Admin	  sets	  RS,	  LB)	  
mnt/dbname/chgtrack	  (Admin	  sets	  RS,	  LB)	  
mnt/dbname/undo	  (Admin	  sets	  RS,	  LB)	  
…	  
	  

mnt/dbname/logfile	  (RS,	  LB	  automaTc)	  
	  ⎝redo	  
	  ⎝control	  
	  ⎝chgtrack	  

mnt/dbname/datafile	  (RS,	  LB	  automaTc)	  
	  ⎝datafile	  
	  ⎝tempfile	  
	  ⎝undo	  
	  ⎝archivelog	  

OISP	  1.0	  	  	  Dynamic	  Database-‐Storage	  Tuning	  
Eliminates	  up	  to	  67%	  of	  Tme	  spent	  tuning	  Database	  and	  ZFS	  Storage	  for	  opTmal	  performance	  

Database	  Storage	  Without	  OISP	   Database	  Storage	  with	  OISP	  Enabled	  

10+	  shares,	  each	  with	  manually	  tuned	  Record	  Size	  	  
and	  LogBias	  se}ngs	  

2	  shares,	  dynamically	  and	  automaTcally	  tuned	  	  
for	  opTmal	  performance	  
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OISP2.0	  	  	  Database	  I/O	  PrioriTzaTon	  

•  PrioriTze	  high	  priority	  I/O	  handling	  
over	  medium	  and	  low	  priority	  I/O	  

- Weighted	  prioriTzaTon	  of	  storage	  
system	  	  
I/O	  managed	  by	  the	  database	  

- High	  priority	  examples:	  RAC	  pings,	  
LGWR	  writes,	  CKPT	  writes	  

-  Low	  priority	  example:	  RMAN	  
backups,	  background	  DBWR	  writes	  

WRITE FLASH 
Sync I/O Only 

NFS READ  
thread pool Low	  latency	  	  

thread-‐pool	  
Default  
Thread pool 

DRAM DRAM 

DRAM DRAM 

MLC NAND 
L2ARC 

READ FLASH 

RPC Scheduler  

 RPC 
  tag1 

DB	  Low	  latency	  	  
queue	   	  READ	  queue	   	  Default	  queue	  

 RPC 
  tag2 

 RPC 
  tag3  RPC 

  tag4 

 RPC 
  tag1 

 RPC 
  tag3 

 RPC 
  tag2 

 RPC 
  tag4 

 RPC 
  tag1 

 RPC 
  tag3 

 RPC 
  tag2 

 RPC 
  tag4 

Tagged	  RPC	  msgs	  
Flow1	  

Flow2	  

Flow4	  

Flow5	  

ZF
S

 H
yb

rid
 S

to
ra

ge
 P

oo
ls

 (H
S

P
) 

Flow3	  
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OISP	  2.0	  	  	  Database	  Performance	  Results	  
MulTple	  (OLAP/OLTP)	  Database	  OLTP	  Workloads	  Running	  Concurrently	  

Control	  File	  
Performance	  

Log	  File	  
Performance	  

Transac/ons	  per	  Minute	  
(AWR	  output)	  

2.07ms	  

27.95ms	  

13.5x	  
Faster	  

7.29ms	  

28.95ms	  

3.9x	  
Faster	  

197,274	  

235,549	  
TPM	  

19%	  
Faster	  
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OISP2.0	  	  Dynamic	  Tuning	  Extensions	  

•  Simultaneous 
RMAN + OLTP 
workloads 

•  Negative cache 
hints for RMAN 
and Archivelog I/O 

•  ARC growth rate 
steady for OLTP,  

•  No ARC growth 
for RMAN, 
Archivelog I/O 

•  No ARC evictions! 

OLTP START RMAN START OLTP START RMAN START 

Without	  	  +/-‐ve	  cache	  hints	   With	  	  +ve/-‐ve	  cache	  hints	  

ARC Evictions 
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OISP	  2.0	  Database	  (AWR)	  AnalyTcs	  Extensions	  

New	  Func/onality:	  Storage	  
analyTcs	  that	  incorporates	  Oracle	  
Database	  AWR	  data.	  

Database	  I/O	  StaTsTcs	  by	  File	  Type	  

Database	  I/O	  StaTsTcs	  by	  FuncTon	  

•  Data	  File	  
•  Temp	  File	  
•  Archive	  Log	  
•  Data	  Pump/Dump	  

•  Log	  Files	  
•  Backups	  
•  Control	  File	  
•  Flashback	  Log	  

•  DBWR	  
•  Direct	  Writes	  
•  LGWR	  
•  Archive	  

•  RMAN	  
•  Recovery	  
•  Streams/AQ	  
•  XDB	  
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•  12c	  Database	  Analy/cs	  
§  DBWR	  
§  LGWR	  
§  RMAN	  

•  Bounded	  latency	  for	  
higher	  priority	  DB	  I/O	  

•  NegaTve	  cache	  hints	  for	  
RMAN	  and	  Archive	  	  
log	  I/O	  

•  No	  ARC	  growth	  for	  
RMAN,	  Archive	  log	  I/O	  

•  Reduced	  ARC	  evicTons!	  

27	  

OISP	  2.0	  Database	  I/O	  PrioriTzaTon	  
Before	  OISP	  2.0	  Extensions	  OISP	  2.0	  Extensions	  

86%	  reduc/on	  in	  LGWR	  latency	  

33%	  faster	  Data	  File	  Backup	  

Granular	  Drill	  Down	  
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Oracle’s	  NAS	  and	  
Data	  Protec/on	  
System	  

Best	  Performance.	  	  Best	  Efficiency.	  	  Best	  Security.	  

Trusted	  by	  a	  majority	  of	  the	  F100	  and	  Oracle	  IT	  

FoundaTon	  storage	  for	  Oracle	  Cloud	  

Engineered	  for	  Oracle	  Soaware	  
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