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Abstract

The large working sets of commercial and scientific
workloads stress the L2 caches of Chip Multiprocessors (CMPs).
Some CMPs use a shared L2 cache to maximize the on-chip cache
capacity and minimize off-chip misses. Others use private L2
caches, replicating data to limit the delay due to global wires and
minimize cache access time. Recent hybrid proposals use selective
replication to balance latency and capacity, but their static
replication rules result in performance degradation for some
combinations of workloads and system configurations.

This paper proposes Adaptive Selective Replication (ASR), a
mechanism that dynamically monitors workload behavior to
control replication. ASR replicates cache blocks only when it
estimates the benefit of replication (lower L2 hit latency) exceeds
the cost (more L2 misses). Full-system simulations of 8-processor
CMPs show that ASR provides robust performance: improving
performance by as much as 29% versus shared caches, 19%
versus private caches, and 12% versus CMP-NuRapid [9] and
Victim Replication [41]. Furthermore, while ASR does not
improve the performance of all workloads, it provides
performance stability by always performing at least comparably
to the best alternative including Cooperative Caching [8].

1. Introduction

As Chip Multiprocessors (CMPs) emerge in mainstream
systems, they must provide good performance for a wide variety
of workloads. Level-2 (L2) cache management presents a key
challenge, especially in the face of the conflicting requirements of
reducing off-chip misses (capacity) and managing slow global
wires (latency). Current CMP systems, such as the IBM Power 5
[27] and Sun Niagara [18], employ shared L2 caches to maximize
the on-chip cache capacity by preventing replication. While
shared caches usually minimize off-chip misses, they have higher
access latencies since many requests cross global wires to reach
distant L2 banks. In contrast, private L2 caches [19, 23] reduce
average access latency by replicating data close to the requesting
processor, but sacrifice effective capacity and incur more misses.

Recent hybrid cache designs seek to achieve a balance
between latency and capacity by selectively replicating cache
blocks. Cooperative Caching [8] and CMP-NuRapid [9] have
nominally private L2 caches and restricts replication under certain
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criteria, while Victim Replication [41] has a nominal shared L2
cache and allows replication under other criteria. These schemes
perform better than private and shared caches for selected
workloads and system configurations. However, CMP-NuRapid
and Victim Replication each have static replication policies that
cannot dynamically adapt to different workload behavior.
Cooperative Caching uses a configurable probability to tradeoff
replication with effective cache capacity, but does not propose a
method to adjust the probability.

Figure 1 illustrates the need for an adaptive replication
policy. For the 16 MB CMP configuration (see Section 5.1),
Cooperative Caching improves the performance of Apache by
13% using minimum replication (CC 100%), but degrades the
performance of Apsi by 27% at the same level. Furthermore,
Section 6.2 shows that for some workloads the optimal replication
level changes for different cache configurations. Clearly, some
adaptive policy is needed to determine the best replication level
for a given combination of workload and cache configuration.

This paper proposes Adaptive Selective Replication (ASR), a
hardware mechanism that dynamically estimates the cost (extra
misses) and benefit (lower hit latency) of replication and adjusts
the replication level to minimize average access time. ASR
monitors hits to remote L2 cache banks and (pseudo-)LRU cache
blocks, to estimate the benefits and costs, respectively, of
additional replication. ASR monitors hits to replica blocks and a
novel Victim Tag Buffer to estimate the benefit of reducing
replication. ASR maintains per-processor summaries of the costs
and benefits, allowing independent localized replication decisions.

This paper makes the following contributions:

® \We demonstrate that cache replication policies should focus on
shared read-only blocks. For commercial workloads, shared
read-only blocks account for 42-71% of L2 requests, but
consume—without replication—only 10-21% of the L2
capacity. Replicating relatively few shared read-only blocks
significantly reduces L2 access time due to their tremendous
locality: the top 3% of shared read-only blocks account for 70%
of requests. Conversely, aggressive replication degrades some
workloads’ performance due to increased off-chip misses.

® \We introduce Selective Probabilistic Replication (SPR), a
simple replication mechanism that exploits the fact that the
most frequently requested L2 blocks are also the most
frequently evicted L1 blocks. By using probabilistic filtering,
SPR requires significantly less hardware than CMP-NuRapid
and Cooperative Caching, and equivalent hardware to Victim
Replication.




































