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ABSTRACT

Design, Performance

The trend in the HPC domain is to use CMPs but it is not
clear what is the best CMP design for this environment. In
order to ﬁnd the CMP conﬁguration that better ﬁts in the
HPC domain it is important to know its applications’ characteristics. In general, HPC applications are parallel computational loops which operate on huge data sets that are
sequentially traversed, exposing a high degree of task-level
parallelism and data-level parallelism. These characteristics
seem to ﬁt better in architectures with a high number of
cores because they are able to take more proﬁt of this high
degree of parallelism. Following this observation and the
trend opened by the design of the Intel SCC [1] this paper
studies the behaviour of CMP conﬁgurations that sacriﬁce
the size of the shared cache in order to have more area to
perform an aggressive core replication. On the one hand,
having more cores has the immediate consequence of being
able to execute parallel loops faster. On the other hand, this
schemes can have important drawbacks: the lack of scalability of cache coherence protocols [2] limit the number of
cores, and reducing the size of the L3 cache increases its miss
ratio and so generates oﬀ-chip traﬃc, so a higher bandwidth
is required. This paper studies all these implications on different chip conﬁgurations in terms of number of cores, size
of the shared L3 cache and oﬀ-chip bandwidth requirements.
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A CMP is composed of num cores cores, a shared L3 cache
of size L3 size and an interconnection network that connects
these components. The chip uses a bus with a bandwidth of
BW for oﬀ-chip communication.
In order to obtain realistic conﬁgurations, it has been deﬁned two parameters α and β. The parameter α corresponds
to the relation between the area of 1MB of L3 cache and the
area of a core. The parameter β is deﬁned as the minimum
amount of memory in L3 cache per core. Given a baseline
chip conﬁguration and a pair of values for α and β one can
derive new chip conﬁgurations by reducing L3 size and increasing num cores avoiding undesired chip conﬁgurations,
since α keeps the area of the chip constant and β imposes a
balance between the number of cores and the L3 cache.
To ﬁx values for α and β ﬂoorplans of modern architectures such as IBM POWER7, Intel Nehalem and AMD K10
have been examined. Following this observations, the values used for α are 0.25, 0.33 and 0.5, while for β they are

Chip multiprocessors (CMPs) are the dominating architectures nowadays. There is a big variety of designs in current
CMPs, with diﬀerent number of cores and memory subsystems. This is because they are used in a wide spectrum of
domains, each of them with their own design goals. This paper studies diﬀerent chip conﬁgurations in terms of number
of cores, size of the shared L3 cache and oﬀ-chip bandwidth
requirements in order to ﬁnd what is the most eﬃcient design for High Performance Computing applications. Results
show that CMP schemes that reduce the shared L3 cache in
order to make room for additional cores achieve speedups of
up to 3.31x against a baseline architecture.

Categories and Subject Descriptors
C.1.2 [Processor Architectures]: Multiple Data Stream
Architectures (Multiprocessors); C.1.4 [Processor Architectures]: Parallel Architectures; C.4 [Performance Of
Systems]: Design Studies, Performance Attributes

General Terms

1.

INTRODUCTION

Chip multiprocessors (CMPs) are the dominating architectures nowadays and, probably, in the future. CMPs are
used in a wide spectrum of domains: high performance computing (HPC ), servers, commodity desktops, gaming, embedded systems, etc. The majority of CMP designs are
based on the replication of several cores inside the same
chip sharing up to some degree a complex memory subsystem. However, current CMPs present a big variety in their
organizations because the optimal chip conﬁguration highly
depends on several design goals such as performance, energy
consumption, scalability, area and programmability.
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Table 1: Chip conﬁgurations.

α

6MB
8 cores 48MB L3
8 cores 48MB L3
8 cores 48MB L3

0.25
0.33
0.5

4MB
10 cores 40MB L3
10 cores 40MB L3
10 cores 40MB L3

2.5

2MB
13 cores 26MB L3
14 cores 28MB L3
16 cores 32MB L3

β

1MB
16 cores 16MB L3
18 cores 18MB L3
21 cores 21MB L3

3.0

3.5

2.5

1.0

2.0

SPEEDUP

SPEEDUP

SPEEDUP

2.0
1.5

1.5

1.0
0.5

0.0

8 cores 48MB L3
10 cores 40MB L3
13 cores 26MB L3
20

16 cores 16MB L3
17 cores 8.5MB L3
18 cores 4.5MB L3

35
50
BANDWIDTH (GB/s)

65

256KB
18 cores 4.5MB L3
22 cores 5.5MB L3
28 cores 7MB L3

3.0

2.5

2.0

512KB
17 cores 8.5MB L3
20 cores 10MB L3
25 cores 12.5MB L3

8 cores 48MB L3
10 cores 40MB L3
14 cores 28MB L3

0.5
0.0

1.5

1.0

20

(a) α = 0.25
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20 cores 10MB L3
22 cores 5.5MB L3

35
50
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65

8 cores 48MB L3
10 cores 40MB L3
16 cores 32MB L3

0.5
0.0

20

21 cores 21MB L3
25 cores 12.5MB L3
28 cores 7MB L3

35
50
BANDWIDTH (GB/s)

(b) α = 0.33
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(c) α = 0.5

Figure 1: Speedup of the diﬀerent CMP conﬁgurations.
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Figure 2: Bandwidth requirements of the diﬀerent CMP conﬁgurations.

4. CONCLUSIONS

6MB, 4MB, 2MB, 1MB, 512KB and 256KB of L3 cache per
core. The baseline chip conﬁguration used is a CMP with
num cores = 8 and L3 size = 48MB. This baseline chip conﬁguration is used as the starting point to derive new chip
conﬁgurations combining values of α and β. The resulting
chip conﬁgurations are shown in Table 1. The values for BW
have been derived from the HyperTransport technology, ﬁxing them to 20GB/s, 35GB/s, 50GB/s and 65GB/s.

3.

This paper explores the design space of CMPs in order
to ﬁnd an eﬃcient design for HPC applications. The design
space exploration contemplates design parameters such as
the number of cores, the size of the shared L3 cache and the
bus bandwidth. The study analyzes the performance and
the required bandwidth of diﬀerent chip conﬁgurations and
what is the impact of varying each design parameter. Results show that aggressive core replication is very beneﬁcial
when the available bandwidth is very high. Conﬁgurations
that reduce the L3 cache to 256KB per core and use the free
space to put more cores achieve speedups of 2.13x, 2.58x
and 3.31x with a bus of 65GB/s when compared to a baseline CMP architecture with 8 cores and 48MB of L3 cache.

EVALUATION

Figure 1 shows the average speedups of every CMP conﬁguration with respect to the baseline architecture. Aggressive core replication schemes achieve maximum speedups of
2.13x, 2.58x and 3.31x depending on α. These best three
chip conﬁgurations are obtained with β = 256KB and a
provided bandwidth of 65GB/s. In this ﬁgure it can also
be observed the scalability of CMPs, which is perfect when
β ≥ 1MB and, after that point, reducing the L3 cache to
add more cores provide under-linear speedups because the
L3 cache miss ratios start to increase signiﬁcantly.
Figure 2 shows the average required bandwidth by the
diﬀerent conﬁgurations with several main memory latencies.
For chip conﬁgurations with β ≥ 1MB the average required
bandwidth grows linearly due to the addition of cores. When
β < 1MB the miss ratios increase and so the bandwidth requirements do, showing a super-linear growth in the three
plots. In all cases the average required bandwidth is acceptable, with a maximum of 51.2GB/s.
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