
Oracle Database 12c Release 2 and Parallel NFS – What's It Good for? 

This is the second part of the article by Christian Pfundtner, DB Masters GmbH, the first part can be 
found in ORAWORLD #5 at www.oraworld.org. 
 
 

Test Setup Oracle 12cR2 with dNFS with and without pNFS 

• Oracle VM Server with one VM with Oracle 12cR2. 

• NetApp FAS 3170 Cluster consisting of two storage heads with 51 x 300 GB hard disks each 
o one VServer and two LIFs (IP addresses – one per storage head) 

• jumbo frames (MTU=9000) configured 

This setup (old hardware, virtualized, ...) is not suitable for a statement on absolute performance 
values of current Intel servers and NetApp storages – these are significantly faster! We have already 
carried out PoCs with more than 140,000 IOps and more than 1,000 Mbps over 5 years ago. However, 
the hardware is sufficient to determine the differences in performance of the various NFS versions. 

 

NetApp Storage Configuration 

The two FAS3170 form a cluster of two nodes (fas3170a, fas3170b). The storage node has 10GBit 
LAN interfaces, each configured with a LIF (virtual interface) of the vServer vsdb122b. 

 

Even though there are two DATA volumes, the database files are only located on volume DATA1. The 
volumes are appropriately created on the disks of one of the storage nodes: 

• DATA1 is on FAS3170; DATA1 is only utilized for database files 

• DATA2 is on FAS3170b 

In the course of the various tests, the DATA1 volume is moved from one storage node to another. 

 

Oracle 12c2 VM Configuration 

The Oracle 12c Release 2 database runs on an Oracle VM server with dual Intel Xeon X5450 (3GHz) 
and 8 cores in total. Storage connection is implemented with 10GBit network cards with IP address 
10.146.2.61. The VM itself runs with OEL 7.3 and may use 4 cores. 

The database with 8 GB is only located in the NetApp volume DATA1. This volume is mounted on 
/u01/app/oracle/oradata/DB122B/data1/ with NFS. The database is therefore small enough to fit in the 
cache of the FAS3170 storage node. 

 



The Oracle database was configured for usage of dNFS. The successful configuration of dNFS can be 
verified, for example, in v$dnfs_servers: 

 

Besides this view, there are more views with information on dNFS: 

• V$DNFS_CHANNELS … shows which NFS connections the database uses  

• V$DNFS_FILES … shows which files are on dNFS 

• V$DNFS_STATS ... performance statistics per file 

These views are used for performance analysis in the scope of the performance tests. 

The IP addresses of the LIFs are registered in /etc/hosts so that there are no name resolution issues: 

 

Since there are several paths to the data, an oranfstab configuration is required. This oranfstab is also 
required to turn on pNFS. Parameter nfs_version must be set to pNFS for this purpose – examples for 
the oranfstab follow in the various performance tests. 

References for the configuration of pNFS: 

Oracle 12cR2 Database Installation Guide: Creating an oranfstab File for Direct NFS Client 

https://docs.oracle.com/database/122/SSDBI/creating-an-oranfstab-file-for-direct-nfs-client.htm 

 

Performance Test – Overview 

As performance test, we use Oracle I/O Calibrate with a number of 100 disks (2 x 50) and a maximum 
latency of 20. I am well aware of the various reasons that are against this test (no SQL processing, no 
writes,...). Since the only reason for the tests is to determine the impact on performance with and 
without pNFS, a read-only access on the Oracle database files is sufficient for us. Only the RANDOM 
I/O parts of the I/O Calibrate are used for the CPU rating. The I/O Calibrate is always run two times in 
a row because the cache is potentially not filled during the first run. 

The database size of 8 GB is chosen to make sure that the database can fit into the memory of the 
applicable storage node. This choice was made because the focus is on performance difference i.e. 
performance overhead – which is in the range of microseconds – and not on disk io performance 
which is in the range of milliseconds. 

Additionally, we determine the CPU usage on both the database server and on the NetApp storage 
node. Unfortunately, the NetApp storages are not exclusively available for our tests, so that, without 
tests, the CPU usage varies between 3% and 10% and between 500 to 2,000 network packets. Since 
our tests generate a significantly higher load, it should still be possible to make a statement. 

Before each test, the Oracle database instance is restarted to take over possible changed settings in 
the oranfstab on the one hand and to clean up the v$dnfs views on the other hand. 

 



Performance Test #1: NFSv3, Access on DATA1 on FAS3170a via LIF on FAS3170a 

nfs_version has not been specified in the oranfstab so that the database instance uses the default of 
NFSv3. 

 

 

CPU Usage on the Database Server 

CPU usage via NMON shows (10% steal) that the VM does not offer enough CPU resources and can 
therefore be regarded as limiting factor. 

 

 

CPU Usage NetApp Storage 

FAS3170a … DATA1 is located here 

 

CPU usage fluctuates between 30% and, temporarily, up to 55%. When we subtract the typical base 
load, CPU usage by the benchmark should be in the range of 30% to 45%. 



 

The cores of the storages are almost equally used. 

FAS3170b … no additional IO by the benchmark, as expected. 

 

Oracle File - IO Statistics (v$iostat_file) 

Oracle gives information on I/O requests of IO Calibrate in this view. Since we are particularly 
interested in random I/O latency, we only consider the "small read IOs".  

 

Read latency across all database files is approx. 355 us (i.e. 0.355 ms). 

 

Result Of IO Calibrate 

IOPS = 27066 
Actual Latency = 1 
MB/sec = 362 

 

Performance Test #2: NFSv3, Access on DATA1 on FAS3170b via LIF on FAS3170a 

Volume DATA1 is moved from the FAS3170a disks to the FAS3170b disks. The volume is still 
accessed via IP of FAS3170a. The move is carried out online and has no impact on the NFS mounts. 

 

CPU Usage on the Database Server 

Usage on the database server is comparable to the first test. 



 

 

CPU Usage NetApp Storage 

On the NetApp storage, there is a dramatically different picture. 

FAS3170a ... the IP address used for access is located here 

 

CPU usage fluctuates between 20% and almost 40% – only for bi-directional transfer of IO requests 
via Cluster Interconnect. 

When we look at the CPU usage in detail – the head has 4 cores – we notice that two of these cores 
are significantly busier than the other two.  

 

 
CPU usage fluctuates between 20% and almost 40% – only for bi-directional transfer of IO requests 
via Cluster Interconnect. 

 
FAS3170b ... this is where the files are located on the disks 



 

 
We see the same load that was previously on FAS3170a. CPU usage fluctuates between 20% and 
50%, with values below 30% and over 40% being regarded as statistical outliers. 

 

 
All CPUs are used similarly heavy on this node. 

 
If we consider the I/O times for small reads from v$iostat_file and calculate the average small reads 
I/O times, the result is as follows: 

 

 
This means that the I/O via the "wrong" storage node takes approx. 35 us longer – that is not much – 
however, CPU usage on the storage node is dramatically higher! 

 

Result Of IO Calibrate 

I/O Ops/sec = 26416 
Actual Latency = 0 
MB/sec = 373 
 
If we access data via network card on one storage node that are located on the other storage node, 
this generates approximately the same CPU load on both storage nodes – in other words, we 
duplicate CPU need on both storages by using the wrong IP address. The result of the I/O Calibrate is 
practically identical – there is no difference from a database point of view – the additional latency from 
running I/O via two storage heads is therefore in the range of significantly below 0.04 ms. Internal 
measuring accuracy of the I/O Calibrate is whole ms, which makes benchmarking via v$iostat_file 
(with microseconds) far more useful. 



 

Performance Test #3: only NFSv4, Access on DATA1 on FAS3170a via LIF on 
FAS3170a 

In the third test, we switch from NFSv3 to NFSv4 – but we still do not use pNFS functionality. 

nfs_version in the oranfstab is now set to nfsv4 for all mounts: 

 

 
This is also correctly displayed in v$dnfs_servers: 

 

 

CPU Usage on the Database Server 

CPU usage on the database server is in the same range as with NFSv3. 

 

 

CPU Usage NetApp Storage 

There are differences on the storages compared to NFSv3 – metadata seem to be queried from both 
storage nodes.  

 

 



FAS3170a 

 

CPU Usage in detail 

 

Generally, CPU need on the storage is significantly higher when using NFSv4. The reason for this is 
the significantly higher complexity of the protocol due to additional functions. In case of our slightly old 
storages, CPU load increases from previous 30% and 45% (NFSv3) to 50% to slightly over 70% - an 
increase of approx. 20% 

 
FAS3170b 

As expected, the load is very low here. 

 

 

 
While the other node did not have anything to do in case of access via the correct storage node with 
NFSv3, we notice a – quite low – but measurable load in this test. Since the load fluctuates heavily (on 
start of IO Calibrate, the load was in the range of almost 10% for a short time) and became lower over 
time, querying metadata on the second storage node should only generate some % of load. 



 

V$IOSTAT_FILE 

If we consider the I/O times in v$iostat_file, we notice that these times are also significantly higher 
compared to usage of NFSv3.  

 

 
Times are in the range of 430 us, 75 us (0.075 ms) higher than NFSv3. 

 

Result of IO Calibrate 

I/O Ops/sec = 23536 
Actual Latency = 3 
MB/sec = 378 
 
Regarding the relevant IOPS, the results of the I/O Calibrate are significantly poorer and there is also 
a higher latency. We think that the higher latency is due to the initial accesses on metadata since 
these accesses are averagely still below 0.45 ms in v$iostat_file. 

 

Performance Test #4: NFSv4, Access on DATA1 on FAS3170b via LIF on FAS3170a 

The oranfstab is the same as in the previous test. Only data is migrated to the disks of FAS3170b. 

 

CPU Usage on the Database Server 

CPU usage and network throughput on the database server clearly indicates that there is something 
wrong compared to the previous performance tests. CPU usage is significantly lower – which would be 
quite positive, but at the same time, I/O throughput is decisively poorer. The I/O Calibrate values will 
obviously reflect this. 

 

 

 

 



CPU Usage NetApp Storage 

FAS3170a 

The CPU usage on the node responsible for the communication with the database server may be 
lower as in the previous test, but all I/O operations are forwarded to the other storage node.  

 

 

Again, two CPUs are heavily used, the load ranges between 40% and slightly over 50% with peaks of 
over 60%. 

 
FAS3170b – this is where the data is currently located 

 

 

 
The CPUs are more or less used equally with 25% to 40%. 

 

What do we find in v$iostat_file? 

 

As expected, I/Os take longer – with averagely almost 500 us (0.5 ms), this detour means approx. 70 
us longer I/O times. This naturally has an impact on the results of I/O Calibrate. 



Result of IO Calibrate 

I/O Ops/sec = 20780 
Actual Latency = 7 
MB/sec = 344 
 
The results collapse in the IOPS field from over 23,000 IOPS (Test#3) to below 21,000 IOPS – roughly 
10%. 

 
When we draw a comparison between NFSv3 and NFSv4 at this point (what many benchmarks 
unfortunately do), the result would be as follows: 

 

• NFSv4 is slower than NFSv3 – fewer IOPS, higher I/O times 

• Access via the "wrong" storage head will in fact also lead to lower IOPS numbers and higher 
IO times, but the decisive factor is the drastically higher CPU usage on the storage nodes. 
This problem should be solved with pNFS. 

 

Performance Test #5: pNFS, Access on DATA1 on FAS3170a via LIF on FAS3170a 
 

As the first step, set oranfstab to pNFS. 

 

 
This is also correctly displayed in v$dnfs_servers: 

 

 

CPU Usage on the Database Server 

It is noticeable that the CPU usage of the database server is lower than expected (below 70% - slightly 
lower as in the previous test), but the network throughput is comparable to NFSv3 at the same time!  



 

 

Storage CPU Usage 

FAS3170a 
The average load on the storage nodes is in the range of 60% - 80% with peaks of 90%. 

 

 

 
The load on all CPU cores is more or less distributed equally. 

 
FAS3170b 
As expected, the load on the non-involved nodes is quite low again – there are some small occasional 
peaks that may be the result of metadata queries. 

 



 

 

IO Times according to v$IOSTAT_FILE 

The values are surprisingly low – below 20 us (0.02 ms) the question arises whether the values could 
be correct or if Oracle does not measure correctly with pNFS. The number of IOs are displayed 
correctly, only the I/O times are questionable! 

 

 
This means that the result of I/O Calibrate will be important. Will we also find these very positive data 
there?  

 

Result of IO Calibrate 

I/O Ops/sec = 25547 
Actual Latency = 1 
MB/sec = 346 

 
And the answer is: Yes, absolutely! The values are a bit worse as with NFSv3 but still significantly 
better as with NFSv4. 

 

Performance Test #6: pNFS, Access on DATA1 on FAS3170b via ??? 

And now for the most vital point: Does pNFS deliver as promised? The data on the storage were 
moved to FAS3170b with the database running. When pNFS lives up to its name, access via 
FAS3170b should be transparent (after a short period of time at least). 

 
The result is disillusioning. It does not work. Both storage nodes are still under massive load. May the 
oranfstab be the problem? 

 
Test #1) comment out donotroute 
Test #2) define/permit multiple paths 

 
Each test shows that pNFS always accesses via mounted path. There is either a special configuration 
for the oranfstab we have not found – the documentation does not have any information on that – or it 
simply does not work yet. We have opened two service requests at Oracle in that matter. 

 

CPU Usage on the Database Server 



CPU usage on the client is significantly higher again – compared to the tests with NFSv3. 

 

 

Usage on the Storage 

FAS3170a 
Storage usage is similar to the other tests with NFSv4 – maybe slightly higher. 

 

 

 
FAS3170b 
The load is also in the range of the NFSv4 test when the wrong storage node is used for access. 

 

 

 

Results of V$IOSTAT_FILE 



As expected, V$IOSTAT_FILE also does not display correct values. 

 

 

Result of IO Calibrate 

I/O Ops/sec = 24321 
Actual Latency = 3 
MB/sec = 237 

 
The values of IO Calibrate are almost 10% below NFSv3. 

 

Summary 

Currently, the usage of ideal access paths with Oracle pNFS does not work yet and also the internal 
Oracle performance views display wrong data in the context of pNFS. It is interesting that the 
performance with pNFS is only some % lower compared to NFSv3, but the CPU usage on the 
database server is significantly lower. 

 

 
On the storage side, pNFS is obviously significantly more complicated and not as sophisticated as 
NFSv3 – however, this will certainly be improved in the coming years. The reason may currently also 
be that Oracle ignores the "redirect" to the other storage node. 

 
Should you already switch to pNFS? 
A clear "yes" for test/dev systems and a clear "no" for all productive databases. As we have learned in 
past decades, a new Oracle feature should be used productively with the next release at the earliest 
(to make sure that production is not at stake due to certainly still existent bugs). However, you should 
start gathering experiences. 

The found problems have been reported to Oracle – we hope for a quick resolution. 


