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Why RAC on vSphere? 
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Virtualization is on the rise 

Source: Toward a Smarter Information Foundation: 2010 IOUG Enterprise Platform Decision Survey 

Oracle Magazine 
July / August 2010 

http://www.oracle.com/technetwork/oramag/2010/10-jul/index-087689.html
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Source: 2010 IOUG Enterprise Platform Decision Survey: Toward a Smarter Information Foundation  

*Source: Paul Mauritz keynote, VMware vSphere 5 launch 

Oracle Magazine 
July / August 2010 

Virtualization is gaining momentum 

http://www.oracle.com/technetwork/oramag/2010/10-jul/index-087689.html
http://www.oracle.com/technetwork/oramag/2010/10-jul/index-087689.html
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Business challenge 

Infrastructure silos lead to higher 
costs, lower ROI on assets, and 
increased environment complexity 

ÅLower server and storage utilization 

ÅDifficulty meeting service levels 
ï Maintaining and managing separate 

environments 
ï Provisioning inefficiencies 
ï Inconsistent data protection strategies 

Infrastructure silos 

Oracle11g Oracle9i Oracle10g 
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VMware vSphere with Oracle RAC benefits 
Match native performance even in consolidation scenarios 
·95%+ Oracle instances match native performance on VMware 
·VMware facilitates migration to current hardware ¬ a major performance 

benefit 

Performance 

Reduce hardware and software license costs 
·Consolidate servers 
·Reduce CPU burn by improving utilization 
·$/TPS declines dramatically as utilization improves 

DB consolidation 

Provision databases on demand 
·Minutes to provision a new VM from template 
·Seconds to provision database copy using storage semantics 
·Rapidly provision, use and destroy test / dev and other utility servers 

DB on demand 

Increase application quality of service 
·Scale dynamically 
·Built-in high availability and simple disaster recovery 
·Dynamically load balance RAC nodes across physical servers 

Quality of service 
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Current Oracle RAC / 
VMware vSphere customers 
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Support 
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My Oracle Support note 249212.1 
Purpose  

Explain to customers how Oracle supports our products when running on VMware 

Scope & Application  

For Customers running Oracle products on VMware virtualized environments. No limitation on use or 
distribution.  

Support Status for VMware Virtualized Environments  

--------------------------------------------------   

Oracle has not certified any of its products on VMware virtualized environments . Oracle Support 
will assist customers running Oracle products on VMware in the following manner: Oracle will only 
provide support for issues that either are known to occur on the native OS, or can be demonstrated 
not to be as a result of running on VMware .  

If a problem is a known Oracle issue, Oracle support will recommend the appropriate solution on the 
native OS.  If that solution does not work in the VMware virtualized environment, the customer will 
be referred to VMware for support. When the customer can demonstrate that the Oracle solution does 
not work when running on the native OS, Oracle will resume support, including logging a bug with 
Oracle Development for investigation if required .  

If the problem is determined not to be a known Oracle issue, we will refer the customer to VMware 
for support. When the customer can demonstrate that the issue occurs when running on the native OS, 
Oracle will resume support , including logging a bug with Oracle Development for investigation if 
required .  

NOTE:  Oracle has not certified any of its products on VMware.  For Oracle RAC, Oracle will only 
accept Service Requests as described in this note on Oracle RAC 11.2.0.2 and later releases .  

Source: My Oracle Support website 

Purpose  

Explain to customers how Oracle supports our products when running on VMware  

Scope & Application  

For Customers running Oracle products on VMware virtualized environments. No limitation on use or 
distribution.  

Support Status for VMware Virtualized Environments  

--------------------------------------------------   

Oracle has not certified any of its products on VMware virtualized environments. Oracle Support 
will assist customers running Oracle products on VMware in the following manner: Oracle will only 
provide support for issues that either are known to occur on the native OS, or can be demonstrated 
not to be as a result of running on VMware.  

If a problem is a known Oracle issue, Oracle support will recommend the appropriate solution on the 
native OS.  If that solution does not work in the VMware virtualized environment, the customer will 
be referred to VMware for support. When the customer can demonstrate that the Oracle solution does 
not work when running on the native OS, Oracle will resume support, including logging a bug with 
Oracle Development for investigation if required.  

If the problem is determined not to be a known Oracle issue, we will refer the customer to VMware 
for support. When the customer can demonstrate that the issue occurs when running on the native OS, 
Oracle will resume support, including logging a bug with Oracle Development for investigation if 
required.  

NOTE:  Oracle has not certified any of its products on VMware.  For Oracle RAC, Oracle will only 
accept Service Requests as described in this note on Oracle RAC 11.2.0.2 and later releases.  

Purpose  

Explain to customers how Oracle supports our products when running on VMware  

Scope & Application  

For Customers running Oracle products on VMware virtualized environments. No limitation on use or 
distribution.  

Support Status for VMware Virtualized Environments  

--------------------------------------------------   

Oracle  has not certified any of its products on VMware virtualized environments. Oracle Support 
will assist customers running Oracle products on VMware in the following manner: Oracle will only 
provide support for issues that either are known to occur on the native OS, or can be demonstrated 
not to be as a result of running on VMware.  

If a problem is a known Oracle issue, Oracle support will recommend the appropriate solution on the 
native OS.  If that solution does not work in the VMware virtualized environment, the customer will 
be referred to VMware for support. When the customer can demonstrate that the Oracle solution does 
not work when running on the native OS, Oracle will resume support, including logging a bug with 
Oracle Development for investigation if required.  

If the problem is determined not to be a known Oracle issue, we will refer the customer to VMware 
for support. When the customer can demonstrate that the issue occurs when running on the native OS, 
Oracle will resume support, including logging a bug with Oracle Development for investigation if 
required.  

NOTE:  Oracle has not certified any of its products on VMware.  For Oracle RAC, Oracle will only 
accept Service Requests as described in this note on Oracle RAC 11.2.0.2 and later releases.  

Purpose  

Explain to customers how Oracle supports our products when running on VMware  

Scope & Application  

For Customers running Oracle products on VMware virtualized environments. No limitation on use or 
distribution.  

Support Status for VMware Virtualized Environments  

---- ----------------------------------------------   

Oracle has not certified any of its products on VMware virtualized environments. Oracle Support 
will assist customers running Oracle products on VMware in the following manner: Oracle will only 
provide support for issues that either are known to occur on the native OS, or can be demonstrated 
not to be as a result of running on VMware.  

If a problem is a known Oracle issue, Oracle support will recommend the appropriate solution on the 
native OS.  If that solution does not work in the VMware virtualized environment, the customer will 
be referred to VMware for support. When the customer can demonstrate that the Oracle solution does 
not work when running on the native OS, Oracle will resume support, including logging a bug with 
Oracle Development for investigation if required.  

If the problem is determined not to be a known Oracle issue, we will refer the customer to VMware 
for support. When the customer can demonstrate that the issue occurs when running on the native OS, 
Oracle will resume support, including logging a bug with Oracle Development for investigation if 
required.  

NOTE:  Oracle has not certified any of its products on VMware.  For Oracle RAC, Oracle will only 
accept Service Requests as described in this note on Oracle RAC 11.2.0.2 and later releases.  

Purpose  

Explain to customers how Oracle supports our products when running on VMware  

Scope & Application  

For Customers running Oracle products on VMware virtualized environments. No limitation on use or 
distribution.  

Support Status for VMware Virtualized Environments  

--------------------------------------------------   

Oracle has not certified any of its products on VMware virtualized environments . Oracle Support 
will assist customers running Oracle products on VMware in the following manner: Oracle will only 
provide support for issues that either are known to occur on the native OS, or can be demonstrated 
not to be as a result of running on VMware.  

If a problem is a known Oracle issue, Oracle support will recommend the appropriate solution on the 
native OS.  If that solution does not work in the VMware virtualized environment, the customer will 
be referred to VMware for support. When the customer can demonstrate that the Oracle solution does 
not work when running on the native OS, Oracle will resume support, including logging a bug with 
Oracle Development for investigation if required.  

If the problem is determined not to be a known Oracle issue, we will refer the customer to VMware 
for support. When the customer can demonstrate that the issue occurs when running on the native OS, 
Oracle will resume support, including logging a bug with Oracle Development for investigation if 
required.  

NOTE:  Oracle has not certified any of its products on VMware.  For Oracle RAC, Oracle will only 
accept Service Requests as described in this note on Oracle RAC 11.2.0.2 and later releases.  

https://support.oracle.com/CSP/main/article?cmd=show&type=NOT&doctype=ANNOUNCEMENT&id=249212.1&clickstreamSession=68a468ceb0faa6c4c4ef1563488fe134b55116b8be2900dcbecfcf20ed1578c7&addClickInfo=<data search_text="249212.1" search_result_size="25" search_result_count="25" powerview_id="" on_off="off"/>
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Range of possible issues 

Oracle centric 

P
ropensity to require physical 

Hardware / OS centric 

Statement 
execution 

Oracle 
ASM 
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VMware / EMC support 
for Oracle RAC on vSphere 

ÅE-Labs tests and 
validates Oracle RAC 11g 
clustering on vSphere 
ÅEMC Global Solutions 

provides comprehensive 
testing of Oracle RAC 11g 
on vSphere 
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Licensing 
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Oracle licensing is on the processor core 
Almost all Oracle software products 
are licensed on the physical CPU. 
 
For most products, a processor 
core  factor (PCF) is applied to the 
number of processor cores. 
 
The higher the PCF, the higher the 
core count, and the higher the cost 
for Oracle licensing. 
 
Source: Oracle Technology Global 
Price List (May 12, 2011) 
Oracle Processor Core Factor Table 
(March 16, 2009) 
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http://www.oracle.com/us/corporate/pricing/technology-price-list-070617.pdf
http://www.oracle.com/us/corporate/pricing/technology-price-list-070617.pdf
http://www.oracle.com/us/corporate/contracts/processor-core-factor-table-070634.pdf
http://www.oracle.com/us/corporate/contracts/processor-core-factor-table-070634.pdf
http://www.oracle.com/us/corporate/contracts/processor-core-factor-table-070634.pdf
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Transaction cost vs. utilization 

Cost per TPS for a four-node Oracle RAC 11g cluster running EE 
Software license cost: around $2,200,000 

TPS: Around 4,000 at peak utilization 
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Oracle must be licensed on all processor 
cores in a VMware ESX cluster 

VMware ESX Server 1 
Oracle License Applies 

VMware ESX Server 2 
Oracle License Does Not Apply 

VMotion 

VMware ESX Server 2 
Oracle License Now Applies 

ÅAs soon as an Oracle VM hits an ESX server, the license and 
maintenance costs for Oracle apply 
ÅThere is no vCPU licensing of Oracle software 
ÅThese costs are high, and reducing them is very worthwhile 
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Virtualized vs. physical 
licensing compared 

Oracle RAC 11g EE running on physical hardware 

4 Node RAC: 

4 * 4 * quad processors: 43 cores = 64 * PCF (0.5) 32 licensed cores 

Oracle Database 11g EE license per core: $47,500 * 32 $1,520,000 

Oracle RAC upcharge per core: $23,000 * 32 $736,000 

Total: $2,256,000 

Annual maintenance on 11g EE per core: $10,450 * 32 $334,400 / year 

Annual maintenance on RAC: $5060 per year * 32 $161,920 / year 

Total: $496,320 / year 

Source: Oracle Technology Global Price List (May 12, 2011) 

OS OS OS OS 

CRS CRS CRS CRS 

11g 11g 11g 11g 

http://www.oracle.com/us/corporate/pricing/technology-price-list-070617.pdf
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Compatible workloads 
for consolidation 

2 Identical 4-node RAC clusters 
Workload RAC1: OLTP Workload RAC2: Batch-oriented DSS 

RAC1 peaks during the day, RAC2 at night 
Peak utilization: 60%, minimum 20% (both clusters) 
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Virtualized vs. physical 
licensing compared 

Oracle RAC 11g EE running on VMware vSphere 

2 4 Node RAC clusters consisting of 4 VMs running on a cluster of 4 ESX servers (each VM runs on 8 vCPUs): 

4 * 4 * quad processors: 43 cores = 64 * PCF (0.5) 32 licensed cores 

Oracle Database 11g EE license per core: $47,500 * 32 $1,520,000 

Oracle RAC upcharge per core: $23,000 * 32 $736,000 

Total: $2,256,000 

Annual maintenance on 11g EE per core: $10,450 * 32 $334,400 / year 

Annual maintenance on RAC: $5060 per year * 32 $161,920 / year 

Total: $496,320 / year 

Source: Oracle Technology Global Price List (May 12, 2011) 

http://www.oracle.com/us/corporate/pricing/technology-price-list-070617.pdf
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Oracle DRS / HA cluster 

Microsoft DRS / HA cluster 

Well managed licensing on 
VMware DRS / HA cluster 
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ROI on vSphere software with 
well-managed VMware DRS / HA cluster 

Assumes 2X compression 
Higher compression would result in higher savings 

3 year Oracle physical software costs $3,744,960  

3 year Oracle virtualized software costs $1,872,480  

Savings on Oracle software costs (physical vs. virtual) $1,872,480  

3 year vSphere software costs $92,384  

ROI on vSphere software investment 2,027% 
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DRS / HA cluster 

Poorly managed licensing on 
VMware DRS / HA cluster 



23 © Copyright 2011 EMC Corporation. All rights reserved. 

Negative ROI on vSphere software with 
poorly-managed VMware DRS / HA cluster 

Assumes Oracle VMs are 50% of the cluster 
Negative ROI increases as the percentage of Oracle VMs decreases 

3 year Oracle physical software costs $1,872,480  

3 year Oracle virtualized software costs $3,744,960  

Wasted money on Oracle software costs (physical vs. virtual) ($1,872,480) 

3 year VMware vSphere software costs $184,768  

Negative ROI on vSphere software -1,013% 
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Licensing summary 

ÅCorrectly managed, 
investment in vSphere 
software yields 
phenomenal ROI for 
Oracle RAC environments 

ÅIncorrectly managed, 
investment in vSphere 
can be spectacularly 
wasteful 
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Storage 



26 © Copyright 2011 EMC Corporation. All rights reserved. 

Possible storage configurations 

F
ile
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Physical Virtual 

Config 1 Config 2 

Config 3 Config 4 

Config 1: Block / SAN storage 
w/ RDM LUNs mounted directly 
on VMs then used to make ASM 
diskgroups 
Config 2: Block / SAN storage 
w/ LUNs mounted onto ESX, 
used to make VMFS volumes; 
.vmdk files used to create ASM 
diskgroups 
Config 3: File / NFS mounted 
directly on VMs managed by 
Oracle using Direct NFS Client 
Config 4: File / NFS mounted on 
ESX as datastores; .vmdk files 
used to create ASM diskgroups 
Å(uninteresting) 
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Storage config 1: Block / RDM -> VM / ASM: 
Layer diagram 

LUNs 

ESX 

VM 

Oracle 
ÅESX is bypassed almost 

completely, and LUNs are 
mounted on VMs as RDM 
Å¦P@PF´ afphp tfqefk SJp 

are used to create ASM 
diskgroups 
ÅExtremely large LUNs and 

I/O can be supported 
ÅMinimal overhead vs. 

physical 
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Storage config 1: Block / RDM -> VM / ASM: 
Network diagram  

FC Switch 

10 GbE Switch 

ESX Server 

Physical RAC Nodes 

Virtual RAC Nodes 

SAN Network 

R
A

C
 In

te
rc
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ne

ct 

SAN Storage Array 

ÅVirtual and physical nodes 
can co-exist in the same 
RAC cluster 
ÅCan also use storage tools 

which integrate with 
Oracle (EMC Replication 
Manager, RecoverPoint) 
ÅVMotion is not supported 

so no DRS cluster (but HA 
cluster still works) 
ÅSCSI bus must be set to 

shared mode (VM hack) 
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Storage config 2: FC / VMFS / .vmdk / ASM:  
Layer diagram 

LUNs 

ESX 

VM 

Oracle 

ÅLUNs are mounted onto ESX 
and formatted as VMFS 
volumes (must be eager zero 
thick) 
ÅShared write bit is set in 

.vmdk files to allow RAC 
clustering / shared storage 
(KB Article: 1034165) 
Å.vmdk files are then used to 

create ASM diskgroups 
ÅMaximum RAC nodes 

supported: 8 
ÅNo VMware snaps or linked 

clones (same as FT) 

.vmdk .vmdk .vmdk .vmdk .vmdk .vmdk .vmdk 
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Storage config 2: FC / VMFS / .vmdk / ASM: 
Network diagram  

FC Switch 

10 GbE Switch 

HA / DRS Cluster 

Virtual RAC Nodes 

SAN Network 

R
A

C
 In
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rc

on
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ct 

SAN Storage Array 

ÅBecause Oracle datafiles 
are stored on VMFS, no 
physical nodes are 
allowed 
ÅNot possible to use 

storage tools that 
integrate with Oracle (EMC 
Replication Manager, 
RecoverPoint) 
ï But storage replication 

(VMware layer) can still be 
performed if follow best 
practices 

.vmdk .vmdk .vmdk .vmdk 
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Storage config 3: IP / NFS -> VM / dNFS:  
Layer diagram 

NAS Array 

ESX 

VM 

Oracle ÅVM OS mounts NFS 
mounts using normal 
Linux / UNIX semantics; 
ESX is bypassed entirely 
ÅOracle then manages the 

NFS mount points using 
Oracle Direct NFS Client 
(dNFS) 
ÅVery large databases / I/O 

can be supported 
ÅMinimal overhead vs. 

physical 
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Storage config 3: IP / NFS -> VM / dNFS: 
Network diagram  

10 GbE Switch 

10 GbE Switch 

Physical RAC Nodes 

Virtual RAC Nodes 

NAS Storage Array 

ÅVirtual and physical nodes 
can co-exist in the same 
RAC cluster 
ÅNFS file systems are 

mounted on both virtual 
and physical nodes  
ÅCan also use storage tools 

which integrate with 
Oracle (EMC Replication 
Manager) 
ÅDRS / HA cluster works 

fine 

IP Storage Network 

R
A

C
 In
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on
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ct 

HA / DRS Cluster 



33 © Copyright 2011 EMC Corporation. All rights reserved. 

Storage configs compared 

Config Network Storage Layer Physical 
Compat 

Storage 
Tools 

VMware 
Value Add 

Scaling VMotion 

Config 1: 
FC / RDM -> VM / ASM 

FC Block VM Yes Yes No No limit No* 

Config 2: 
FC / VMFS / .vmdk / ASM 

FC Block ESX No No** Yes*** 8 nodes Yes 

Config 3: 
IP/ NFS -> VM / dNFS 

IP File VM Yes Yes No No limit Yes 

*Therefore, no DRS Cluster with RDM (HA Cluster still works fine) 
**Replication Manager / RecoverPoint replication possible at VM level, but without Oracle coordination 
***Includes Storage DRS, VAAI, VMware Replication, etc. 



Comparison between VMware RDM and 
VMFS for Oracle 11g Databases 
ÅOLTP Transactions per 

minute 

ÅESX server CPU utilization 

ÅDatabase transactions 
response times 

LUN Number Size (GB) Datafile Type 

1 LUN 1 50 Contains DATA device 1 

2 LUN 2 50 Contains DATA device 2 

3 LUN 3 50 Contains DATA device 3 

4 LUN 4 50 Contains DATA device 4 

5 LUN5 50 Contains DATA device 5 

6 LUN6 50 Contains DATA device 6 

7 LUN7 50 Contains DATA device 7 

8 LUN8 50 Contains DATA device 8 

9 LUN9 50 Contains DATA device 9 

10 LUN10 50 Contains DATA device 10 

11 LUN11 50 Contains DATA device 11 

12 LUN12 50 Contains DATA device 12 

13 LUN13 50 Contains FRA device 1 

Datastore Type Size (GB) Description 

1 Data Datastore 588 Contains all database DATA devices 

2 FRA Datastore 98 Contains all database FRA devices 

3 REDO Datastore 98 Contains all database REDO devices 

4 TEMP Datastore 98 Contains all database EMP/UNDO devices 

Disk Performance 

VMFS RDM 
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VMFS / NFS Oracle RAC: 
Best practices for file placement 

Small VMFS 1 / Small NFS 1 Small VMFS 2 / Small NFS 2 

Big VMFS / Big NFS 
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FAST VP vs. LUN migration 
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FAST VP performance comparison 

Å17% improvement in 
response times after FAST 
policy applied 

ÅFAST VP moved most active 
data to EFDs, so ensuring 
improved response times 
for entire storage group  

ÅFAST VP also moved 30% 
of total allocated storage 
for storage group to SATA 
with no negative impact on 
response times 
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FAST Cache 
Page requests satisfied from DRAM 
if available 

If not, FAST Cache driver checks 
map to determine where page is 
located 

Page request satisfied from disk 
drive if not in FAST Cache 

Policy Engine copies the page to 
FAST Cache if it is being used 
frequently 

Subsequent requests for this page 
satisfied from FAST Cache  

Dirty pages are copied back to disk 
drives as background activity 

 

Page Map Policy 
Engine 

Driver 

DRAM 

FAST Cache SAS Drives 
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dNFS (storage config 3) 
FAST Cache performance comparison 

ÅDifference between FAST 
Cache and non-FAST Cache 
was more than 2X 

ÅDifference between 
virtualized and physical was 
11%, at most 
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FAST Virtual Pool 

FAST Cache 

FAST SuiteÆFAST VP + FAST Cache 
FAST VP  
Tiers across drives in pool 
·Optimizes drive utilization 

·Relative ranking over time 

·1 GB slices ideal for 
deterministic workload 

·Periodic rebalance 

FAST Cache  
Copies hottest data to Flash 
·Optimizes Flash utilization 

·Dynamic movement in near 
real-time 

·64 KB sub-slices ideal for 
bursty workload or where 
working set varies a lot 

DRAM Cache 
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Will FAST Suite benefit my application 
 

ÅHow much improvement is 
expected from FAST Suite? 

ÅHow to find if an 
application benefits? 

ïMonitor application 
performance data 

ïAnalyze it for I/O size, 
randomness & locality 

 

Flash 
Performance 

HDD 
Performance 

0 100 
% Data set on flash 

All flash 
 performance 

All HDD 
performance 
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Multi-pathing and failover for 
virtualized environments 

ÅScale virtual machines on SAN 
storage over FC, iSCSI, FCoE 

ÅDynamically balance I/O 
requests 

ÅAutomatically detect and 
recover from I/O path failures 

EMC PowerPath VE 
Highly recommended for databases 
 

PowerPath 
VE VMs 

ESX 
Cluster 

IP /SAN 
Switch 

Storage 
Array 
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PVSCSI Storage Performance white paper 

Storage 
Array 

ESX 

VM 

PVSCSI 
Driver 

ÅFor high I/O workloads 
ï 2,000 IOPS or greater 

ÅImproves CPU cost for:  
ï Fibre Channel  
ï iSCSI  

ÅWorks with: 
ï RDM 
ï VMFS 

ÅWith VMware ESX 4.1 can 
boot with PVSCSI from: 
ï Windows Server 2008 
ï Windows Server 2003 
ï Red Hat Enterprise Linux 5  

ÅFree 

OS 

PVSCSI 
Driver 

App 

Paravirtualized SCSI (PVSCSI) 

http://www.vmware.com/pdf/esx3_partition_align.pdf
http://www.vmware.com/pdf/esx3_partition_align.pdf
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Performance 
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Physical & virtual Oracle RAC comparison 

ÅOLTP database workload 

ÅSAN / RDM (storage config 1) 

ÅVirtual environment delivered performance consistently within 4% of physical 
environment 
ï NFS / dNFS difference is higher (see previous slide) 
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Performance assistance for virtualization 
 

Hardware Assist Virtualization 

Linux / Windows  

Offers Significant 
Performance 

Improvements 

HBA / Network Cards  
Other Devices 

Off loads and increases 
efficacy of Hypervisor 
device management  

CPU multi-generation 
Support & Security  

Compatibility support for 
multi-generations of the 
same CPU family within a 

cluster / compatibility pool 
 

Secure execution of VMs 
using boot profiles to 

prevent attacks 

Linux Huge Pages  
Windows Large Pages 

Intel VT or 
AMD V 

AMD ¬ RVI  or  
Intel EPT 

Interrupt 
 Virtualization 

Directed 
I/O 

CPU  
Compatibility 

Pools 

Secure 
Execution 
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Memory virtualization: 
Non-accelerated 

Guest operating system 
(inside the virtual 

machine) 

Virtual memory mapping 
(VMM) addresses seen by 

the VM 

physical machine 
addresses seen by the ESX 

server 

LPN table 

PPN table 

Machine pages 

lpn2ppn 

ppn2ma 
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Memory virtualization: 
Translation look-aside buffer 

LPN to PPN translation EPT: Hardware assist 
PPN to MA 

TLB hit TLB hit 
TLB 
miss 

TLB with ASID (Address Space Identifier) 
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Memory virtualization: 
Shadow page table 

LPN table 

PPN table 

Machine pages 

LPN PPN 

PPN MA 

Shadow page 
table 


