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Abstract  Software cache is a commonly used method which solves the irregular applications on
Cell processor. Considering that software cache usually ignores the irregular reference memory
access pattern and thus sets the cache line to a specific length, which elevates memory bandwidth
overhead and limits cache utilization, this paper proposes an adaptive cache line strategy, which
continuously adjusts cache line size during applications execution, therefore, the transferred data
size is decreased significantly. Moreover, this paper presents a corresponding software cache —
hybrid line size cache (HLSC). It introduces a hybrid Tag Entry Array, with each mapping to a
different line size. It’s a hierarchical design in that when a miss is occurred in the long line Tag
Entry Array, misshandler is invoked at once. But if there is a miss in the short line Tag Entry
Array, misshandler is invoked immediately as well the long line Tag Entry Array is checked. If
it’s a hit in the long line Tag Entry Array, misshandler is abandoned. The hit rate is efficiently

increased because hierarchical lookups. Additionally, an original replacement policy — index
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aligned strategy (IndAlign_LLRU) is proposed to implement least recently unused replacement

policy for multiple cache line sizes. Performance evaluation indicates that the adaptive cache line

scheme greatly decreases the reduction of data transfer and improves hit rate. Additionally, aver-

age execution speed of the HLLSC is faster than that of the cache line design with 1024B, 512B,
256B and 128B by 28.9%,29.7%,32.1% and 33.5%, respectively.
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Background

Irregular application is widely used in scientific compu-
ting, which exposes unclear aliasing and data dependence in-
formation. Such applications are frequently seen in reservoir
numerical simulation, molecular dynamics, etc. The work in
this paper belongs to optimization of irregular applications on
Cell heterogeneous multicore. Software cache promises to
achieve programmability on Cell processor for irregular appli-
cations. Up to now, lots of researches have focused on the
software cache designs. However, irregular references
couldn’ t achieve a considerable performance improvement
since the cache line is always set to a specific size, which
ignores the irregular reference memory access pattern.

The contributions of this work include; An adaptive
cache line strategy which continuously adjusts cache line size
during application execution is proposed. Therefore, the

transferred data is decreased significantly. Moreover, a cor-

responding software cache-hybrid line size cache is designed.
It introduces a hybrid Tag Entry Arrays, with each mapping
to a different line size. It’s a hierarchical design which signif-
icantly increases the hit rate. Additionally, an original re-
placement policy — index aligned strategy is proposed to im-
plement least recently unused replacement policy for multiple
cache line sizes.
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