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Abstract

Memory and storage are often assumed to be unsophisti-
cated, flat resources, with simple properties, such as a con-
stant access time. Over the years this assumption has been
proven to be wrong, and understanding of the memory hier-
archy could be useful in order to enhance the performance of
an algorithm or a data structure [1]. For example, the Storage
Class Memory (SCM) is a new technology which represents
a new hybrid form of storage and memory with uniqe char-
acteristics, meaning a memory which is non-volatile, cheap
in per bit cost, has fast access times for both read and writes
using cache line access, and is solid state. Also, the SCM
is supposed to have different versions with different access
speeds and volumes, meaning that it might be possible to add
different SCM devices to the memory hierarchy as an exten-
sion of the RAM, and manage this enlarged main memory
complex using special algorithms [2].

A combination between the SCM technology and a des-
ignated Memory Allocation Manager (MAM) that will al-
low the developer to manually control the different mem-
ories will be likely to achieve a new level of performance
for memory-aware data structures. However, although the
manual MAM seems to be the optimal approach for multi-
level main memory complex management, this technique
is still very far from being realistic because of several rea-
sons, and the chances that it would be implemented in cur-
rent codes using High Performance Computing (HPC) plat-
forms is quite low. This premise means that the most rea-
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sonable way to introduce the SCM into any usable memory
system would be by implementing an automated version of
the MAM using the fundamentals of the paging algorithms,
as used for a standard memory hierarchy. Our hypothesis is
that achieving appropriate transferability between these new
main memory complex levels may be possible using ideas
of algorithms employed in current virtual memory systems,
and that the memory-aware adaptation of those algorithms
to a multi-level main memory complex is possible.

We investigated various paging algorithms, and found
the ones that could be adapted successfully from a stan-
dard memory hierarchy to a hierarchy with multi-level main
memory complex. We discovered that using a memory-
aware adaptation of the Aging paging algorithm results in
the best performances in terms of Hit / Miss ratio and ac-
cess speed. Specifically, we show that this modification can
improve the access speed of the main memory complex by
about 75%, and that the new algorithm manages to achieve
the same or better Hit / Miss ratio in almost all cases in
comparison to the current alternatives.
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Figure 1 Memory-Oblivious vs. Memory-Aware Algorithm:
Hit/Miss ratio (left), and Average Memory-Level (right).
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