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ABSTRACT

The design of an effective last level cache(LLC) continues to be an important issue in processor's
performance. Recent works on high performance caches have shown that cache bypassing is an effective
technique to enhance the performance of last level caches. However, commonly used inclusive cache
hierarchy cannot benefit from this technique because bypassing inherently breaks the inclusion property.
This paper presents a solution to enabling cache bypassing for inclusive caches. It introduces a bypass
buffer to an LLC. Bypassed cache lines skip the LLC while their entries are allocated into the bypass
buffer. And it is a simple, low-hardware overhead, yet effective, cache bypassing scheme that
dynamically chooses which blocks to insert into the LLC and which blocks to bypass it based on past
access/bypass patterns on a miss. Our proposed scheme is evaluated using a detailed simulation
environment where its effectiveness, performance-improvement capabilities, and robustness are
demonstrated. We present experimental results showing IPC(Instruction Per Cycle) comparison of the
proposed scheme and OBM(Optimal Bypass Monitor) against LRU for SPEC CPU2006 benchmarks. The
result show that the proposed scheme and OBM can improve IPC by an average of 18% and 14%,
respectively. And the proposed scheme reduces the miss rate by 16% compared to LRU.
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Figure 1. LLC miss rate of optimal bypassing normalized to LRU
replacement policy.
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Figure 2. Lifetime of blocks to be bypassed from LLC in L1 data
cache.
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Algorithm Cache Bypass
begin
access a block B
if block B is hit on LLC then B.accessed = true;
else { / LLC miss
if block B is in BB then {
if BB(B).cnt < 3 { // bypass
BB(B).cnt++;
bypass B;
else { / BB(B).cnt == 3, replacement
find a victim block V using LRU;
insert B in LLC;
B.accessed = false;
allocate V into BB;
if V.accessed == true then BB(V).cnt = 3;
else BB(V).cnt = 0;
}
else // B is not in BB and LLC
allocate B into BB; BB(B).cnt = 0;

end.
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Figure 3. Proposed bypassing scheme
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