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CAREFUL MEMORY SCHEDULING CAN INCREASE MEMORY BANDWIDTH AND

OVERALL SYSTEM PERFORMANCE. WE PRESENT A NEW MEMORY SCHEDULER

THAT MAKES DECISIONS BASED ON THE HISTORY OF RECENTLY SCHEDULED

OPERATIONS, PROVIDING TWO ADVANTAGES: IT CAN BETTER REASON ABOUT

THE DELAYS ASSOCIATED WITH COMPLEX DRAM STRUCTURE, AND IT CAN

ADAPT TO DIFFERENT OBSERVED WORKLOAD.

eeeeee The gap between processor and
memory speeds has led to aggressive use of
techniques such as prefetching, speculation,
and multithreading, which consume band-
width to hide or reduce memory latency.
Architectural trends toward multicore chips
and application trends toward multimedia
workloads further increase the demands on
memory systems, which make memory band-
width an increasingly important resource.

To increase bandwidth, modern DRAMs
have hierarchical structures that allow multi-
ple memory commands to concurrently access
different substructures. However, if two com-
mands are scheduled for the same substructure,
the second command might need to stall for a
certain number of cycles. Rixner et al." have
shown that simple schemes for reordering
memory commands can avoid such hardware
conflicts and significantly improve memory
bandwidth. However, modern DRAMs with
5D structure and many different types of inter-
nal latencies make more sophisticated memo-
ry scheduling schemes necessary.
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To complicate matters, as DRAMs have
become more complex, so have their accom-
panying memory controllers, which use inter-
nal buffering and parallelism to increase
bandwidth. For example, Figure 1 shows the
structure of the IBM Power5’s memory con-
troller. Memory commands from the L2 and
L3 cache are placed in the two reorder queues.
The memory arbiter moves commands from
these queues to the central arbiter queue
(CAQ), from which they go to memory in
first-in, first-out order. If the memory arbiter
is not careful, bottlenecks in the various
queues can limit bandwidth. For example, if
the application requests commands in a ratio
of two reads for every write, and if the arbiter
selects commands in the ratio of one read for
one write, the read queue will quickly become
full, preventing the memory controller from
accepting any more reads. Thus, a second goal
of amemory scheduler is to avoid bottlenecks
within the memory controller itself.

This article describes a new memory sched-
uling approach that makes decisions based on
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