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DISC CACHE

INTRODUCTION

We receive many questions on the subject of DISC CACHINC W, .t is disc caching? How does it work?
What TYPES of caching are available? This note will address these questions.

Hewlett Packard offers two types of disc caching: "XP" or hardware onboard memory built into the disc
controller, and MPE disc caching handled by software. We will first disucss MPE (disc) cache.

MPE CACHE
What is MPE CACHE?

MPE (disc) CACHE is an optional MPE subsystem that utilizes excess memory and CPU time to keep
portions of frequently referenced disc "domains" in memory. MPE CACHE manages the transfer of the
disc domains between main memory and disc storage. No portion of main memory is permanently
dedicated to disc cache, it is shared with other types of MPE segments and treated the same by the
memory manager. MPE CACHE is a software process.

MPE CACHE was implemented to make data available to the CPU in a more expedient manner. Since
memory access is considerably faster than Disc 1/0, MPE cache is used to store large chunks of data (in
main memory) in hopes that it would be needed in the near future. Thus reducing slow disc seeks and
data transfer overhead, and less CPU idle time waiting around for disc 1/0. MPE speeds up data access to
the CPU.

What is a CACHE DOMAIN?

A cache domain is a copy of a portion of disc, residing in main memory. A disc domain is considered
"cached" when it is in memory and "mapped” when there is I/O pending against it. A disc is never mapped
in more than one place in the cached domains; the cache domains never overlap. They are treated exactly
like data segments by the memory manager therefore, the amount of memory which is cache domain is
variable.

How does MPE CACHE‘ work?

When a process generates a read request from the disc, the list of currently cached disc domains of the
specified device is searched. If the requested disc domain is present in main memory, the read operation is
completed in 1/20 of the normal time. This process will continue executing without an interruption. If
the cache domain is not found in memory, then a physical disc request will be initiated.

When a process requests a write and there is currently a write pending against the specified disc domain,
the request is queued until the pending write is posted to disc. If a process requests a write to disc and it
is not in cache (it is in main memory) an available region of memory is obtained, and is used to map the
corresponding disc image. Once this data move takes place a post to the disc is initiated. Only the portion
of the cached disc image that is modified is posted. After the move to the disc image is performed and the
post to disc is initiated, the writing process is allowed to continue running without having to wait for the
physical post update to complete.

With these mechanisms and strategies, MPE disc caching reduces the traffic between main memory and
disc storage, and reduces delays to read or write disc information at the cost of additional memory and

CPU overhead.




How do | us¢ MPE disc CACHING commands?

MPE CACHE is a software process which can be optionally installed on your system. Disc CACHING is
transparent to system applications. Once the software is installed the only thing needed to make it work
is the use of the following MPE commands:

To turn on disc CACHING use the command:
STARTCACHE (ldev) ’
To turn off disc CACHING use the command:
‘STOPCACHE (ldev)
The cached domains in memory are managed by the system just as any other memory structure is
managed. There is no special memory area reserved for CACHING, the amount of memory used is a

function of the total memory demands on the system at any given time.

The :SHOWCACHE command gives a lot of very useful information. For example:

: SHOWCACHE

DISC CACHE READ MRITE PROCESS % OF CACHE
LDEV  REQUESTS HIT% HIT% READ% STOPS K~BYTES MEMORY  DOMAINS
1 1732764 94 A 82 129893 3822 23 113

2 595748 76 93 78 144770 12823 7 386

3 606932 75 92 81 136951 14861 8 455

4 619519 86 78 73 80249 85 0 97

5 356516 76 92 63 62193 1653 10 553
TOTAL 35611479 86 82 78 554056 8244 50 2604

67% of user I/0s eliminated.

Data overhead is 674k bytes.

Sequential fetch quantum is 96 sectors.
Random fetch quatum is 16 sectors.
Block on Hrite = NO

HWHERE:

CACHE REQUESTS ~ The number of non-memory management (I/O) calls that were made .
to disc.

READ HIT % - The percentage of the disc read requests that were found in the

cached domains resident in memory. From a performance aspect,
there is no such thing as this number being too high. However,
giving the system more memory may not cause this percentage to
increase if an adequate amount of memory is already available
and/or your applications mix has only limited locality.




KRITE HIT % = - The percentage of write requests that were satisfied by having
the desired object already in memory. HWrite nits are undesir-
able since they represent updates to existing records or writes
to areas previously initialized. This situation causes more
work for cache management and causes requests for other records
in the cached block to queue up until the write has completed.
Things that do not cause "write hits™ are additions to the end
of files. for example, writing a sui t output file or a logging
file. '

READ % - Read requests as a percentage of total requests. This figure
multiplied by the read hit % gives the percentage of the disc
1/0 operations that were eliminated by the use of disc CACHING.

PROCESS STOPS

The number of times the requesting process had to stop because
the object was not yet in memory. This can occur because the
disc record that you want is not in a cached domain and needs
to be set up as such or because someone else needed the same
domain before you did but it is not yet in memory.

MEMORY USAGE

The amount of memory that is being used. for cached domains.
There is no "right" amount of memory since more is (almost)
always better but not necessarily economically justifiable.
DATA OVERHEAD The amount of overhead involved in the management of CACHING.
This includes not only the structures that keep track of the
cached domains but also the region/subregion header and trailer
overhead attributable to those domains.

SEQUENTIAL The approximate size of the block retrieved for sequential read
FETCH QUANTUM requests. This can be manipulated by using the :CACHECONTROL
command .

RANDOM FETCH The approximate size of the block retrieved for random read
QUATUM requests. This can be manipulated using the :CACHECONTROL
command .

BLOCK ON WRITE

This is a mechanism to set block on write globally across all
discs and processes. This can be manipulated using the
:CACHECONTROL command.

HARDWARE CACHE

What is HARDWARE CACHE?

HARDWARE CACHE (CONTROLLER CACHE or XP CACHE) is currently available on the
7933/35/37XP disc drives. The following discussion pertains to the 7933/35XP drives only. XP is a
higher performance version of the 7933/35 H disc drives that incorporates 1 Megabyte (4096 bytes) of
memory on the controller. The added memory is used to contain the last 2595 active areas of the disc so
that future accesses to these same areas will be immediately available to the CPU without a physical read
actually occurring. The object of this XP ("CONTROLLER CACHE" MEMORY) is to decrease the overall
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disc response time and increase syste'm throughput. The amount of system performance improvement will
vary depending upon individual system configuration and program applications.

How does HARDWARE CACHE work?

When the CPU requests a read, XP CACHE memory is searched. A read hit occurs when the entire
request is already 1n memory, and the data is transferred to the CPU immediately. Otherwise, a physical
read from the disc is initiated. Write caching is not implemented on the 7933/35XP drives.

How do | use HARDWARE CACHE?

By default, XP cache is always enabled. It is a part of the firmware within the disc drive. If, however,
the firmware detects a problem with XP cache, it will disable itself. This benefit allows the disc drive to
remain online.

CONCLUSION

MPE or HARDWARE CACHE will, in most cases, improve system performance. However the
determination of which TYPE of CACHING to use can be confusing. With HARDWARE CACHING the
disc drive does a search through its own memory to satisfy the disc request. The advantage of
HARDWARE CACHING is that CPU resources are not impaired by waiting for disc I/0. In both cases
data transfer is optimized if the request is satisfied from CACHE. The determination as to which type of
cache to use is beyond the scope of this article. It requires the use of advanced performance tools, and
performance consulting. Either form of CACHING can actually degrade performance. In the case of
MPE CACHE, if there is not enough memory for CACHING to use, or CPU utilization is very high, then
the overhead to use MPE CACHE is relatively costly. In this case more I/O throughput is actually
achieved with CACHING turned off. In the case of XP CACHE, if a large percentage of disc requests are
not satisfied by XP CACHE the cost of always searching cache, added to the physical 1/0 (s) performed,
will cause system performance degradation. However, with proper implementation and selection of cache
type, system performance will be improved.
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North American Response Centers
HP 3000 Application Note #30: DISC CACHE
RC Questions & Answers (JUNE 15, 1987)

We welcome your evaluation of this Application Note and attached RC Questions & Answers Sheet. Your
comments and suggestions help us to improve our publications. Please explain your answers under
Comments, below, and use additional pages if necessary.
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