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An Optimized Hierarchical Cache Design Based on Data Access Features
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Abstract As more cores are integrated into one die, chip multiprocessors suffers higher on-chip
communication latency, and linearly increased directory overheard. Hierarchical cache architec-
ture partitions on-chip caches into multilevel regions recursively, reducing the communication la-
tency by replicating the data blocks to multiple regions that contains the requestor and alleviating
the storage overhead of directory by using multilevel directory. According to the data distribution
in the last-level cache, we improve the data placement policy and propose an enhanced hierarchical
cache directory (EHCD). EHCD directly puts an incoming off-chip data block into the lowest re-
gion that contains the requestor to reduce access latency, which guarantees only one data replica
is kept in the last-level cache for private data. EHCD improves the capacity utilization of the last-
level cache as well as good scalability. Simulation results on a 16-core CMP show that compared
with shared organization, EHCD gets 24% execution time reduction, and 15% reduction over

original hierarchical cache design.
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Background

Advancements in semiconductor technology enable more
cores to be integrated onto one single chip. Chip Multipro-
cessors (CMPs) have become the de facto design for high
performance processors. To achieve high performance and
throughput, CMPs heavily rely on the organization of on-chip
memory hierarchies, especially for the last-level cache
(LLO).

Directory coherence protocols are widely used for large
scale CMPs. In Directory protocols, the .2 caches can be ei-
ther private or shared. A private 1.2 cache organization can
provide fast on-chip access latency and low design complexi-
ty, whereas an organization with shared 1.2 caches prefers to
maximize the space utilization of L2 and to minimize the off-
chip accesses.

The storage overhead of directory grows linearity with
the number of processing cores increases. As the system
scales up, it needs more space to store directory, which lim-
its the scalability of system. HCD (Hierarchical Cache Direc-
tory) eliminate this bottleneck by distributing root nodes ac-
cording to data address. HCD divides CMP tiles into multiple
regions hierarchically, and combines it with data replication.
Multi-level directory is used to record the share information
within a region and assist the regional home node to complete

The cache blocks in LL.C can be divided
into private and shared. While occupying the majority of LL.C

operation efficiently.

capacity, a considerable part of private data is accessed only
once and thus has more possibility of being evicted from

LLC. Keeping multiple replicas of such data in the LLC is
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useless.

In this paper we propose enhanced hierarchical cache di-
rectory (EHCD) that organize LLC as different shared re-
gions. Each region provides data for the processing cores
within the region, and the address mapping is similar to
HCD. Each L1 cache can get data with low wire latency due
to proximity. In this scheme, we replace the concept of glob-
al home node with cluster home node. For private data, there
is only one copy exists in the LLC. An off-chip data block is
placed in the local cluster home node directly, and an evicted
cache block from the cluster home is sent back directly to the
memory. For a data block shared by cores belong to different
regions, data forwarding is used to send the data block from
the first accessed region instead of getting data off-chip.

This paper makes the following contributions: We dem-
onstrate that a good cache organization should keep only one
copy in LLC for private data. We introduce EHCD which use
the cluster home node to replace the global home node.
EHCD guarantees single cache block existed in LLC for pri-
vate data. The simulation results for a 16-core CMP show
that EHCD can get 24% performance improvement against
the shared organization, which is 15% over original hierar-
chical cache design.
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