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ABSTRACT

This paper proposes and studies a distributed L2 cache man-
agement approach through page-level data to cache slice
mapping in a future processor chip comprising many cores.
L2 cache management is a crucial multicore processor de-
sign aspect to overcome non-uniform cache access latency
for high program performance and to reduce on-chip net-
work traffic and related power consumption. Unlike pre-
viously studied “pure” hardware-based private and shared
cache designs, the proposed OS-microarchitecture approach
allows mimicking a wide spectrum of L2 caching policies
without complex hardware support. Moreover, processors
and cache slices can be isolated from each other without
hardware modifications, resulting in improved chip reliabil-
ity characteristics. We discuss the key design issues and
implementation strategies of the proposed approach, and
present an experimental result showing the promise of it.

Categories and Subject Descriptors

C.1.4 [Processor Architectures]: Parallel Architectures;
D.4.2 [Operating Systems]: Storage Management— Vir-
tual memory, Allocation/deallocation strategies

General Terms

Design, Management, Performance

Keywords

Non-uniform cache architecture (NUCA), page allocation

1. INTRODUCTION

Multicore processors have emerged as the mainstream com-
puting platform in major market segments, including PC,
server, and embedded domains. Processors with two to eight
cores are commercially available now [9, 16, 21]. Moreover,
projections suggest that future processors may carry many
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more cores—10’s or even 100’s of cores within a single chip [3].
This trend is accelerated by the unprecedented technology
advances and the limited single core scalability [4].

In a future multicore processor, the ever widening proc-
essor-memory speed gap as well as the severely limited chip
bandwidth exacerbates the dependence of program perfor-
mance on the on-chip memory hierarchy design and manage-
ment [7]. The desire to keep more data on chip will lead to
a large L2 cache comprising many banks or slices, likely dis-
tributed over the chip space [14]. Unfortunately, the wire de-
lay dominance in nanometer-scale chip implementations and
the distributed nature of the L2 cache organization result in
non-uniform cache access latencies, making the L2 cache
design and management a challenging task [5,6,8,17,26].

So far, L2 cache research and development efforts have
been based on the two baseline designs: private cache and
shared cache. A private cache is associated with a specific
processor core and replicates data freely as the core accesses
them. This automatic data attraction allows each processor
core to access data quickly, leading to a low average L2 hit
latency. However, the limited per-core caching space pro-
vided by a single private L.2 cache often incurs many capac-
ity misses, resulting in expensive off-chip memory accesses.
On the other hand, shared caches form a single logical cache
by having each cache slice accept only an exclusive subset
of all memory blocks. Overall, a shared cache design will
result in better utilization of on-chip caching capacity than
a private design because accesses are finely distributed over
a large caching space. Unfortunately, the average L2 cache
hit latency will be longer than that of a private cache since
the cache slice keeping critical data may be far off.

Previous works have shown that neither a pure private
design, nor a pure shared design, achieves optimal perfor-
mance under different workloads [7,8,12,18,26]. For exam-
ple, a program with its working set entirely fit into a cache
slice will perform better with private caching, while large ap-
plications with a high degree of data sharing may perform
better on shared caches. Therefore, researchers have further
examined optimizations such as cache block migration [14]
and data replication [26] in the context of a shared design
to improve data proximity. Alternatively, private caches can
be optimized to provide more capacity by limiting the de-
gree of data replication or reserving a portion of cache space
for other cores to use [5,6].

In this work, we investigate a dynamic data to cache slice
mapping approach at the memory page level in the context
of a shared L2 cache organization in future many-core pro-
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| NAME DESCRIPTION INPUT |
gzip compression reference
gce gce compiler reference (integrate.i)
mcf combinatorial optimization reference
crafty chess game reference
parser English parser reference
eon probabilistic ray tracer reference (chair)
vortex object-oriented database reference
twolf place & route simulator reference
wupwise quantum chromodynamics solver reference
galgel computational fluid dynamics reference
art image recognition reference (c756hel.in, al0.img)
equake seismic wave propagation simulation reference
ammp ODE solver for molecular dynamics reference
sixtrack | particle tracking for accelerator design reference
apsi metrology; pollutant distribution reference
fft fast Fourier transform 4M complex numbers
Iu dense matrix factorization 512x512 matrix
radix parallel radix sort 3M integers
ocean ocean simulator 258 x258 grid

Table 1: Benchmark programs, grouped by CINT, CFP, and SPLASH-2.

The execution-driven simulator is used to run a single-
threaded application, a multiprogrammed workload com-
posed of a general benchmark and a “hard-wired” synthetic
benchmark called ttg (described below). The trace-driven
simulator is used to run an arbitrary mix of general bench-
marks or a parallel application. A trace is generated by a
cycle-accurate simulator with a perfect data memory sys-
tem. Delays due to instruction cache misses, branch mis-
predictions, inter-instruction dependences, and multi-cycle
instructions are accurately captured in the generated traces.
When traces are imported and processed in the trace-driven
simulator, additional delays due to cache misses and network
traversals are taken into account.

We implemented a parameterized page allocation unit in
our simulators. Based on the demand paging concept com-
monly used in UNIX-based systems [2], every memory ac-
cess is caught and checked against already allocated memory
pages. If a memory access is the first access to an unallo-
cated page, the page allocator will pick up an available phys-
ical page and allocate it according to the selected allocation
policy. Given the 2-GB main memory and the benchmark
programs, we did not experience any page spilling (see Sec-
tion 3.2.2) in all the experiments we performed.

4.1.2 Workloads

We use three types of workloads in our experiments: single-
threaded workloads, multiprogrammed workloads and paral-
lel workloads. For a single-threaded workload, we use one
program from a set of SPEC2k benchmarks [24], four in-
teger (gcc, parser, eon, twolf) and four floating-point pro-
grams (wupwise, galgel, ammp, sixtrack). These benchmark
programs were selected because they have largely different
memory footprints and access patterns. Programs were com-
piled to target the Alpha ISA using Compaq Alpha C com-
piler (V5.9) with the -03 optimization flag.

To construct a multiprogrammed workload, we use one
program from the above SPEC2k benchmarks, which we
call a target benchmark, and a synthetic benchmark pro-
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gram called ttg (tunable traffic generator). ttg generates a
continuous stream of memory accesses. We can adjust the
memory footprint of ttg, the rate of memory accesses in-
jected into the network and memory system, and the level
of contention within shared cache slices. During actual sim-
ulations, we run our target benchmark on core 5 and ttg
on all the other cores. This arrangement is required for us
to accurately assess the sensitivity of different L2 caching
strategies to various network traffic and cache contention
levels, which is not achievable by using an arbitrarily con-
structed mix of benchmark programs. After skipping the
initialization phase and a 100M-instruction warm-up period,
we collect analysis data during one billion instructions of the
target benchmark.

For parallel workloads, we use fft, lu, radix, and ocean
from the SPLASH-2 benchmark suite [25]. These programs
run on four cores (tile 5, 6, 9, and 10). Shared memory
program constructs such as locks and barriers are modeled
using a set of magic instructions implemented with the Sim-
pleScalar annotations [1]. We use gec 2.7.2.3 (with -03) to
compile these programs to target SimpleScalar PISA. The
benchmark programs and their input data used in our ex-
periments are summarized in Table 1.

4.2 Results

4.2.1 Comparing policies, single-threaded workloads

The following policies are compared in our first experi-
ment: PRV (private), SL (shared, hardware-based line inter-
leaved), SP* (shared, OS-based page allocation), and PRV8
(private, 8MB) as a limit case. For page allocation (SP*),
we consider four different page allocation policies: SP-RR
(page allocated to all cache slices round-robin), SP80 (80%
of pages allocated to the local cache slice and the remaining
pages spread to the cache slices in the tier-1 cores, numbered
1, 4, 6, and 9), SP60 (similar to SP80 but with 60% of pages
allocated locally), and SP40 (similar to SP80 but with 40%
of pages allocated locally). SP-RR is an OS version of fine-
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