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Abstract— Future architectures will feature hundreds to
thousands of simple processors and on-chip memories connected through a network-on-chip. Architectural simulators
will remain primary tools for design space exploration, performance (and power) evaluation of these massively parallel
architectures. However, architectural simulation performance
is a serious concern, as virtual platforms and simulation
technology are not able to tackle the complexity of 1,000-core
future scenarios. The main contribution of this paper is the
development of a simulator for 1,000-core processors which
exploits the enormous parallel processing capability of low-cost
and widely available General Purpose Graphic Processing Units
(GPGPU). We demonstrate our GPGPU simulator on a target
architecture composed by several cores (i.e. ARM ISA based),
with instruction and data caches, connected trough a Networkon-Chip (NoC). Our experiments confirm the feasibility of our
approach. Currently, our ongoing work is focused on developing
the power models within the simulation engine.

I. I NTRODUCTION AND R ELATED W ORK
During last decade the design of integrated architectures
has indeed been characterized by a paradigm shift: boosting
clock frequencies of monolithic processor cores has clearly
reached its limits, and designers are turning to multicore
architectures to satisfy the growing computational needs of
applications within a reasonable power envelope.
Hardware designers will be soon capable to create integrated circuits with thousands of cores and a huge amount
of on-chip fast memory. Future architectures will expose
a massive battery of parallel processors and large on-chip
memories connected through a network-on-chip, which speed
is more than hundred times faster than the off-chip one [1].
It is clear that current virtual platform technologies are not
able to tackle the possible issues coming by the complexity
derived by simulating this future scenario, because they
suffer problems of either performance or accuracy. Simulators for architectural explorations are quite accurate [2] [3]
[4], but they are not adequate for simulating large systems
as they are slow. On the contrary, high level simulation
technologies can provide good performance for software
development [5] [6], but can not enable accurate design
space explorations because they are lacking of low level
architectural details. Another simulation technique makes
usage of parallel machines [7] [8], but they require multiple
processing nodes to increase the simulation rate.
Moreover, none of the current simulators takes advantage
of the computational power provided by modern manycores,
like General Purpose Graphic Processing Units (GPGPU)
[9]. The development of computer technology brought an
unprecedented performance increase along with these new
architectures. They provide both scalable computation power
and flexibility, and they have already being adopted for many
computational intensive applications. However, in order to

obtain the highest performances on such a machine, the
programmer has to write programs that best exploit the
hardware architecture.
The main novelty of this paper is the development of
fast and accurate simulation (i.e. at instruction level) technology targeting extremely parallel embedded systems (i.e.
composed by 1000-cores) by specifically taking advantage of
the inherent parallel processing power available in modern
GPGPUs. The simulation of manycore architectures exhibits
indeed a high level of parallelism and is inherently parallelizable. The large number of threads that can be computed
in parallel on a GPGPU can be employed to perform such
a large number of core simulations in parallel. Clearly,
we developed a new simulation technology to deploy the
parallel simulation of 1000-core full systems on top of
GPGPUs. The simulated architecture is composed by several
cores (i.e. ARM ISA based), with instruction and data
caches, connected trough a Network-on-Chip (NoC). Our
experiments indicate the feasibility and goodness of our idea
and approach, since our simulator can simulate architectures
composed by thousand of cores and provide fast simulation
time and good scalability. Current effort is devoted to the
modelling of the power consumption of the target simulated
architecture.
II. TARGET A RCHITECTURE
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Fig. 1: Target simulated architecture.
The platform template targeted by this work and our
simulator is the manycore depicted in Fig.1. The platform
consists of a scalable number of homogeneous processing
cores, a shared communication infrastructure and a shared
memory for inter-tile communication. The main architecture
is made by several computational tiles composed by a ARMbased CPU. Processing cores embed instruction and data
caches and are directly connected to tightly coupled software
controlled scratch-pad memories. Each computational tile
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III. F ULL S IMULATION F LOW
The entire simulation flow is structured as a single CUDA
kernel [9], whose simplified structure is depicted in Fig. 2.
One physical GPU thread is used to simulate one single target
machine processor, its cache subsystem and the NoC switch
to which it is connected. The program is composed by a
main loop – also depicted in the code snippet in Fig. 2 –
which we refer to as a simulation step.
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Fig. 2: Main simulation loop.
The ISS module is executed first. During the fetch phase
and while executing LOAD/STORE instructions the core
issues memory requests to the Cache module, which is
executed immediately after. Communication buffer 1 is used
to exchange information such as target address and data.
The Cache module is in charge of managing data/instructions stored in the private memory of each core. The
shared segment of each core’s memory is globally visible
through the entire system. Shared regions are not cacheable.
The cache simulator is also responsible for forwarding access
requests to shared memory segments to the NoC simulator.
Upon cache miss there is also the necessity to communicate
with the NoC. This is done through communication buffer
2. For a LOAD operation (that does not hit in cache) to
complete there is the need to wait for the request to be
propagated through the NoC and for the response to travel
back.
IV. E XPERIMENTAL R ESULTS
We investigate the performance of our simulator with three
real-world program kernels, which are widely adopted in
several application from the embedded domain, namely Matrix Multiplication, IDCT and FFT. We adopt an OpenMPlike parallelization scheme to distribute work among available cores. An identical number of iterations is assigned
to parallel threads. The dataset touched by each thread is
differentiated based on the processor ID. The metric we adopt
to test simulation speed is Million-Instructions Per Second
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Fig. 3: Simulated MIPS for the three benchmarks.

(MIPS), calculated as total simulated instructions divided by
wall clock time of the host.
We show in Fig. 3 the simulated MIPS for each benchmarks.It is possible to notice that our simulation engine
scales well for all the considered programs. IDCT and
MMULT exhibit a high degree of data parallelism, which
results in a favorable use case for our simulator since a very
low percentage of divergent branches takes place. FFT, on
the other hand, features data-dependent conditional execution, which significantly increases control flow divergence.
V. C ONCLUSION
In this paper, we present a novel approach that represents
an important first step towards the simulation of manycore
chip of an arbitrary number of cores. The presented simulation infrastructure for massive parallel embedded architectures exploits the high computational power of modern
GPGPUs. Our experiments indicate that our approach can
scale up to thousand of cores architecture providing fast
simulation time and good accuracy. This work highlights
important directions in building a comprehensive tool to
simulate performance and power of many-core architectures
that might be very helpful for the future research in computer
architecture.
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