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Figure 4 - SMP Busy Estimates from Command History 

Adaptive Record Caching 
TPF data records typically show good temporal locality of reference but poor spatial locality. 
What this means is that when a particular record is read by TPF, there is a fairly good chance 
that the same record will be read again within a short time (temporal locality).  However, it is not 
very likely that other records on the same disk track will be referenced any time soon (spatial 
locality). This is because the TPF database is scattered uniformly across the disk volumes.  For 
this reason, it is usually most efficient to manage TPF disk caches on a record basis. 

Other operating systems such as z/OS typically have data access patterns that display both 
temporal and spatial locality of reference.  A technique called track caching is used to take 
advantage of this.  When a record is read from a disk on a system using track caching, the entire 
track (or in some cases a portion of the track) is staged from the disk and stored in cache 
memory. Thus subsequent reads to nearby records on the same track may be cache hits.  For 
TPF, track caching is usually not as efficient as record caching. 

The DS8000 features an adaptive record caching algorithm which dynamically adjusts between 
track and record modes at a fine granularity based on past experience.  This algorithm helps the 
DS8000 cache perform efficiently across a wide range of applications. 

A test was done to demonstrate the performance value of adaptive record caching compared to 
traditional track caching.  A TPF test was run with adaptive record caching disabled and the 
results were compared to a similar run with adaptive record caching enabled.  Figure 5 below 
shows the read response time of the physical hard disk drive (HDD) for the two runs.  Adaptive 
record caching reduced the HDD response time by 19% compared to track caching and no 
reduction in the read hit percentage was seen.  The size of data staged per disk read operation 
decreased from 57 KB to 21 KB. This test validates that adaptive record caching continues to be 
a more efficient approach to disk caching than track caching in a TPF environment.  The key 
benefits are lower response time for read misses and lower overall HDD utilization at the same 
I/O load. 
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Figure 5 – Physical Disk Read Response Time Lower with Adaptive Record Caching  

Performance with FlashCopy 
IBM FlashCopy is a method for making a point in time copy of data.  When FlashCopy is used, a 
near instantaneous logical copy of a source volume is created and available for use.  A FlashCopy 
may be made with a background copy or without one (NoCopy).  If a background copy is 
requested, data is asynchronously moved from the source to target volume.  As changes are 
made to tracks on the source, the original copy of that track is moved to the target volume 
before it is overwritten via destaging the changed track to the source.  This process is referred to 
as “copy source to target” or CST.  If the track had previously been copied to the target by the 
background copy operation or an earlier CST, then no further data movement is needed.  With 
the NoCopy option, all data movement to the target is handled by CST. 

FlashCopy can be a valuable method for making copies in a TPF environment.  Copies may be 
made for online backup, testing, or simply dumping data to tape.  From a performance 
perspective, FlashCopy makes additional use of disk system resources for moving data so some 
level of performance degradation is to be expected.  To evaluate how much of an effect 
FlashCopy has in a TPF environment, a test was run using the Air1 driver and FlashCopy with 
background copy.  Since TPF used software duplexing, it was only necessary to FlashCopy 360 of 
the 720 total volumes in the configuration.  The Air1 driver was ramped up to 163K IO/sec  -
close to the maximum I/O throughput for the disk system.  Just prior to starting the FlashCopy 
the I/O response time was 2 ms.  During the FlashCopy, the average response time more than 
doubled. Figure 6 below shows the before and after FlashCopy response time results. 
Considering the heavy I/O load that the storage system was servicing, this result is quite good.  
Typically a FlashCopy is run when the I/O demand is more modest.  Even at this heavy load, the 
overall response time was still less than 5 ms. 
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Figure 6 - Host Response Time With and Without FlashCopy Active 

Error Handling Behavior Performance  
As mentioned earlier, the DS8300 is powered by two dual active p570 servers running licensed 
internal code that manages most of the storage functionality of the system.  Each server contains 
a 4-way Power 5+ SMP complex. The DS8300 is designed with redundancy such that the 
storage unit will continue to operate after a hardware failure.  For example, if one of the servers 
were to fail, the surviving server can take over and manage the entire system.  This process is 
called a “failover”.  Although a failover occurs quickly, there is a small amount of time required to 
transition to single server mode.  During this time, host I/O will be delayed.  Likewise, after 
repairs are made, there will be a small amount of time required to “failback” to dual server mode.   
Finally there are some soft errors that can be corrected via a simple “warmstart” of one of the 
server clusters.  Again this results in a small amount of time when host I/O may be delayed.  
These types of scenarios are generally called error handling behavior.  To properly tune TPF 
shutdown parameters, it is useful to have some idea about the typical duration of these kinds of 
events. 

To protect TPF from catastrophic failure during a short term loss of disk access such as a DS8000 
failover event, critical TPF block shutdowns (e.g. ECBs, Frames, etc) should be set to roughly 
70%. This ensures that while TPF is in Input List Shutdown, the in flight transactions will not 
exhaust critical resources. 

In fact, TPF can protect itself from a catastrophic IPL for any length of time due to an event that 
causes loss of disk access. Of course this does not mean the time duration is unimportant 
because the system can be unresponsive during this period and thus appear to end users as an 
outage. As we shrink the length of time of the failover event, we drive the impact of the TPF 
system failover to zero. Hence, maintaining short durations for failover events is critically 
important. 

Figure 7 below shows timings for warmstart failover and failback while running TPF at a 
moderate I/O load using the scaled up Air1 driver.  In all cases the timings are very good, never 
exceeding six seconds.  These results are within design expectations for the DS8300 and 
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demonstrate the system’s excellent performance and resilience under simulated hardware 
failures. 
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Figure 7 – Sample DS8000 Warmstart/Failover/Failback Timings with TPF Active 

Conclusions and Recommendations 
The testing detailed in this paper provides an indication of the outstanding performance and 
throughput that can be achieved using a complete IBM hardware and software solution for TPF. 
Developing a large scale I/O driver based on TPF was the key to obtaining these results.  In the 
future this driver and variations upon it can be used to test new hardware and software versions 
as well as enhanced algorithms designed with TPF in mind. 

The following expectations may be extrapolated based on the test results and analysis: 
•	 A single DS8300 may achieve over 160K IO/sec in a TPF environment if the cache hit 

ratio is high. 
•	 IBM adaptive record caching is an effective algorithm for limiting disk read service times 

and reducing disk and cache utilization in a TPF environment. 
•	 IBM FlashCopy may be used in a TPF environment without excessive impact to host I/O 

response times. 
•	 The performance of the error handling capabilities of the DS8000 is more than adequate 

for a TPF requirement.  Measured I/O delays were less than 6 seconds, well within the 
range that a properly tuned TPF system can handle non-disruptively. 
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