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ABSTRACT

Reduction in cache miss rates continues to be an important issue in processor design, especially at
the last level cache(LLC). The Least Recently Used(LRU) replacement policy has been widely adapted
in processors for the past decades. The LRU replacement policy represents the cache blocks in a set as
LRU stack. So, it only use the recency information. And it is expensive to implement in hardware. Also
in some workload, it raises the thrashing, i.e., blocks with high reuse evicting each other from the
cache.

We propose an new replacement policy to solve problems of LRU replacement policy. In the
proposed policy, a incoming block is inserted at the bottom of the set. To exploit the frequency
information, a hit block exchanges its position with its adjacent block above in the set. A victim block
can be chosen from bottom. Selecting the bottom block as the victim makes the proposed policy to
protect the cache from polluting by less frequently used blocks. It also proposes to divide the blocks in
a cache set into groups to resolve the thrashing. The victim block is selected alternately from each
group. The proposed policy reduces the average MPKI(Miss Per Kilo Instructions) of the baseline 1MB
16-way LLC cache using LRU replacement policy by 12.9%. It reduces the storage requirement by 47%
compared to LRU replacement policy.
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Algorithm Cache Management
begin
if accessed block A is hit
if A is top of the group
return;
/| Z28A
else exchange A with a block above A;
else // ZWA] H] 2
begin
evict a bottom block of selected group ;
insert a incoming block
into bottom of selected group;
//change selected group into next group;

++RRC;
if RRC ==
RRC = 0;
selected group = Ggrc;
end

end.
a1, Ak A #e ¢aEE
Figure 1. The proposed cache management algorithm.
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Table 1. Configuration of baseline cache

L1 32KB, 64B #}%l, 2-way/4-way, LRU,
Inst/Data | 1 cycle latency

L2 256KB, 64B #}<l, 8-way, LRU,
8 cycle latency

L3 IMB, 64B 2}<l, 16-way, LRU,

20 cycle latency
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Figure 2. Normalized MPKI for different thresholds.
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Figure 4. MPKI reduction rate over LRU of proposed scheme for
the number of divided groups
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Figure 5. IPC improvement rate over LRU of proposed scheme
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