







































































































































































































































































54  Memory Systems: Cache, DRAM, Disk

This is extremely important, because FB-DIMM
systems are likely to have significant power-dissipa-
tion problems, and because of this they will run at
the cutting edge of the storage-performance trade-
off. Administrators will configure these systems to
use the least amount of storage available to achieve
the desired performance, and thus a simple reduc-
tion in FB-DIMM storage will result in an unaccept-
able hit to performance. We have shown that an ideal
write buffer in the disk system will solve this problem,
transparently to the operating system.

Ov.5 What to Expect

What are the more important architecture-level
issues in store for these technologies? On what prob-
lems should a designer concentrate?

For caches and SRAMs in particular, power dis-
sipation and reliability are primary issues. A rule of
thumb is that SRAMs typically account for at least
one-third of the power dissipated by microproces-
sors, and the reliability for SRAM is the worst of the
three technologies.

For DRAMs, power dissipation is becoming an
issue with the high I/0 speeds expected of future sys-
tems. The FB-DIMM, the only proposed architecture
seriously being considered for adoption that would
solve the capacity-scaling problem facing DRAM
systems, dissipates roughly two orders of magnitude
more power than a traditional organization (due to
an order of magnitude higher per DIMM power dis-
sipation and the ability to put an order of magnitude
more DIMMs into a system).

For disks, miniaturization and development of
heuristics for control are the primary consider-

ations, but a related issue is the reduction of power
dissipation in the drive’s electronics and mechanisms.
Another point is that some time this year, the indus-
try will be seeing the first generation of hybrid disk
drives: those with flash memory to do write caching.
Initially, hybrid drives will be available only for mobile
applications. One reason for a hybrid drive is to be
able to have a disk drive in spin-down mode longer
(no need to spin up to do a write). This will save more
power and make the battery of a laptop last longer.

For memory systems as a whole, a primary issue
is optimization in the face of subsytems that have
unanticipated interactions in their design param-
eters.

From this book, a reader should expect to learn
the details of operation and tools of analysis that
are necessary for understanding the intricacies and
optimizing the behavior of modern memory systems.
The designer should expect of the future a memory-
system design space that will become increasingly
difficult to analyze simply and in which alternative
figures of merit (e.g., energy consumption, cost, reli-
ability) will become increasingly important. Future
designers of memory systems will have to perform
design-space explorations that consider the effects of
design parameters in all subsystems of the memory
hierarchy, and they will have to consider multiple
dimensions of design criteria (e.g., performance,
energy consumption, cost, reliability, and real-time
behavior).

In short, a holistic approach to design that con-
siders the whole hierarchy is warranted, but this
is very hard to do. Among other things, it requires
in-depth understanding at all the levels of the hierar-
chy. It is our goal that this book will enable just such
an approach.
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