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Abstract

In this paper we introduce TaskSim, a simulator
targeting a new generation of accelerator-based ar-
chitectures built from a few master processors that
off-load computation to specialized processing el-
ements. The task off-load programming model
essentially loads data on the accelerator scratch-
pad, performs the computation on the local data,
and spills out the generated results back to shared
memory. We observe that during the computation
phase, the accelerator does not interact at all with
the rest of the system: interaction is limited to the
data transfer before and after the computation it-
self.

Based on that isolation, TaskSim abstracts CPU
phases as a single delay burst instead of simulat-
ing the computation in detail. Such abstraction
does not introduce any error in the simulation,
since the data transfer phases are still modeled in
cycle-accurate detail. However, the CPU abstrac-
tion greatly reduces the computation demands of
the simulator, and allows us to simulate very large
systems (with hundreds of accelerators) at a very
high detail in a reasonable time.

1 Introduction

Architecture simulation tools are extremely useful
not only to predict the performance of future sys-
tem designs, but also to analyze and improve the
performance of software running on well known ar-
chitectures. However, since power and complexity
issues stopped the progress of single-thread per-

formance, simulation speed no longer scales with
technology: systems get larger and faster, but sim-
ulators do not get any faster.

Simulation speed determines the size of the
evaluated architectures and the level of detail
at which they can be simulated in a reasonable
time. Therefore, existing methodologies perform-
ing cycle-accurate simulation of the core microar-
chitecture, make the simulation of large-scale sys-
tems not doable. All in all, alternative method-
ologies need to be employed to explore the design
space of next-generation large-scale multi-core ar-
chitectures.

Scalability issues, related to the design of a
multi-core system, need to be evaluated at their
full size: the memory consistency model, the cache
coherency protocol, the interconnection network,
and the bandwidth of the different units need to
be exercised by all the components in the full size
architecture. Otherwise, simulation of downsized
versions will lead to incorrect scalability assump-
tions.

In this paper, we introduce TaskSim, an event-
driven simulator targeting large-scale accelerator-
based architectures whose performance scales to
hundreds of accelerators. The key for its scala-
bility is the use of a task-level abstraction for the
simulation of accelerators, which leverages their
isolation for task execution. Accelerators have
their task data loaded in the local memory and
operate locally, so external events do not interfere
with task execution. Therefore, for evaluations
not requiring accelerator microarchitectural mod-
eling, cycle-accurate simulations can be achieved
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by the detailed simulation of data transfers and
inter-accelerator synchronizations on the shared
resources in the architecture (caches, memory and
interconnection), and only account for the task
execution runtime for a proper timing of those
events.

On top of the task-level abstraction, TaskSim
is built around an event-driven simulation frame-
work that avoids unnecessary simulation of inac-
tive hardware components and idle time. This
is accomplished by skipping empty cycles (cycles
with no activity) and selectively executing only the
hardware components with scheduled activity or
receiving external requests in a given cycle. This
allows TaskSim to simulate hundreds of accelera-
tors in less than an hour without loss of accuracy
for architecture scalability studies.

2 What is new in TaskSim

TaskSim exploits the isolation property of
accelerator-based architectures to decouple mi-
croarchitecture simulation of the accelerator
pipelines from multiprocessor scalability studies.
Since task execution in a decoupled accelerator is
independent of the rest of the system, we can fo-
cus our simulation effort on the rest of the mul-
tiprocessor components: the data transfer engines
(DMA controllers), the network interfaces, the in-
terconnection network, the shared cache hierarchy
(if present), the off-chip memory controllers, and
the DRAM modules.

This allows TaskSim to model issues like inter-
task synchronization, overlapping of data transfer
with task computation, cache sizes, coherency pro-
tocols and data migration issues, interconnection
bandwidth and topology, and memory latencies.
Also, simulating large scale systems, TaskSim can
be used to detect and anticipate software issues
before many-cores become readily available.

TaskSim is built around the principles of Dis-
crete Event Simulation. We maintain a list of
active components with scheduled activity in the
future, and jump over idle periods of time, simu-
lating only those components with scheduled ac-
tivity, or receiving external events. The use of the
task abstraction increases dramatically the length
of such idle periods, and allows TaskSim to sim-
ulate much larger multicore systems than other
alternatives simulating accelerators at the instruc-
tion level.

In TaskSim, we define a task as the com-
putational burst happening between two syn-
chronization events. Among synchronization
events, we count inter-task dependency checking
(semaphores, locks, messages) and data transfer
primitives (DMA get, put, and DMA wait). That
is, if an accelerator performs a DMA transfer in
the middle of a task, we consider two separate
CPU bursts to be abstracted. The counterpart to
the CPU burst abstraction is that their execution
time must be obtained from a different source.

We consider three different sources where the
CPU burst timing could be obtained:

1. From native execution on a real system: the
application is instrumented to dump compu-
tation burst durations to a trace file on a real
platform. We use this approach when model-
ing upscaled versions of the Cell architecture,
or when modeling the use of Intel cores as
accelerators.

2. From off-line simulation of the accelerator
core: microacritecture analysis of the acceler-
ators can be decoupled from multicore scal-
ability analysis. Computation burst dura-
tion can be obtained from a separate cycle-
accurate model of the accelerator pipeline.
This simulator only needs to model one pro-
cessor, not all of them.

3. From analytical models: execution time on a
projected accelerator could be derived from
analytical modeling based on current acceler-
ators for quick approximations based on fre-
quency scaling, superscalar issue width, etc.

All three methods above need to be com-
bined with an application-level trace describing
the inter-task synchronizations and data transfers
to/from shared memory so that TaskSim can re-
build the execution on the projected muticore, and
model the memory and interconnection systems in
cycle-accurate detail.

Rebuilding the execution of the application is
far more complex than what a simple multicore
analytical model would achieve. TaskSim mod-
els conflicts on the access to shared resources like
caches, buses, and memory controllers. We also
model cache and DRAM bank conflicts, cache lo-
cality issues, and memory synchronizations

The biggest benefit of abstract CPU burst sim-
ulation is that much of the simulated time - which
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consist of computational phases local to the ac-
celerators - does not consume any computational
resources on the host machine. As a result, most
of the simulated cycles are skipped.

For example, simulating a matrix multiplication
of 4Kx4K matrices running on a target Cell B.E.-
like target incurs only a 400x slowdown compared
to native execution. Moreover, simulating a target
platform with 256 accelerators, 32 cache banks, 4
MICs, and 8 DRAMs (32x more processors than
the Cell B.E.), is only 1.5x slower. Simulation time
is almost independent of the target architecture
size.

In conclusion, at a time when system scalability
concerns become ever more important, TaskSim is
a fast simulation platform for systems with hun-
dreds of accelerators.

3 Related Work

There are many multi-core architecture simula-
tors, like M5 [4], Simics [10], PLTSim [16], Sim-
Flex [7] or GEMS [11]. These simulators work
at the instruction level, and their popularity is
mainly due to their execution-driven nature and
their simulation detail. However, simulating the
architecture in such level of detail increases the
development time of new features and the simu-
lation time and, although they are convenient for
the simulation of architectures with a few cores,
the simulation time for architectures with more
than 16 cores becomes unreasonable.

The first optimization used by some ap-
proaches is sampling. Tools like SimPoint [13],
SMARTS [15] or COTSon [1] use statistical anal-
ysis to select representative subsets of a bench-
mark. Then, only the representative subsets need
to be simulated in detail to get results close to
the ones from simulating the whole benchmark.
That reduces simulation time, but it still requires
to run the non-sample parts for a proper warm-up
of caches, branch predictors, etc. That increases
the range of architectures that can be simulated,
but still the number of simulated cores in a rea-
sonable time is limited to a few tens of cores.

Another simulator optimization is to parallelize
simulator execution, and let different simulated
threads run decoupled in time from each other.
Current parallel simulators evolve from existing
single thread simulators, such as Parallel Turan-
dot CMP (PTCMP) [5], or from new develop-

ments, such as Graphite [12]. This technique
works well for decoupled architectures, i.e. archi-
tectures with little synchronization between simu-
lated threads. As an example, Graphite runs dif-
ferent nodes (each one including a CPU core, a
private cache and a network controller) in paral-
lel, and it does not even synchronize them on ac-
cesses to shared resources (global interconnection
and memory), but only on explicit core-to-core
synchronizations (e.g. barriers). COTSon also
parallelizes simulation of different shared memory
nodes, synchronizing on MPI messages.

A different approach to deal with simula-
tion speed is to actually implement a prototype
on hardware. Existing works like the RAMP
project [14] and the SARC project [9], aim at the
implementation of the target architecture (or a
model of the architecture) on FPGAs. That re-
sults in very fast runs of the target evaluations,
good for software development, but it involves
high economic costs and requires long develop-
ments to build the prototypes.

All the previous mentioned works consider mod-
eling at the instruction level. At early design
phases, or for some specific architectures, the level
of abstraction can be raised to speed up simu-
lation. For example, Dimemas [2] abstracts the
shared memory nodes in cluster architectures run-
ning MPI applications. This way, only the shared
resources among different nodes need to be simu-
lated for different cluster configurations, therefore,
scaling up to tens of thousands of nodes. Another
example is the work by Genbrugge et al. in [6],
in which the design of the core microarchitecture
is replaced by an analytical model based on the
dispatch width and miss events, e.g. branch mis-
predictions and cache misses.

In TaskSim, the simulation of cores is abstracted
without losing accuracy thanks to the indepen-
dent nature of the core computation. Since each
core works on its local memory, external events do
not affect its timing. Therefore, only synchroniza-
tion events, transfers to other local memories or
to main memory, and the associated accesses to
shared resources such as caches and interconnec-
tion, are modeled for a precise simulation of their
interoperability and contention.

The abstraction of the accelerator core also al-
lows TaskSim to skip empty simulation cycles
in an event-driven simulation environment. Our
event-driven framework differs from the original
Time Warp [8] mechanism employed in parallel
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discrete-event simulation, in that TaskSim syn-
chronizes all simulated components every cycle,
not allowing accelerators to run ahead in time,
and thus avoiding the need to checkpoint state and
rollback their execution, or sending anti-messages.

4 TaskSim

TaskSim is a trace-driven simulator for
accelerator-based multi-core architectures. It
targets the simulation of parallel applications
coded in a master-worker task offload com-
putational model. As an example, Figure 1
shows a graphical representation of a chunk of
a CellSs [3] application execution. Each one of
the horizontal bars represents the state of an
application thread along time. The different
colors represent the computation phase type, such
as task generation for the master thread (pink),
or task execution task for workers (brown). In
addition, the trace contains information about
the inter-task dependencies, shown as black lines
between different threads. That information
allows TaskSim to reconstruct the dependencies
at simulation time and avoid tasks from starting
before they are scheduled or scheduling them
before their dependencies are satisfied.

Figure 1: Abstract view of the application in terms
of CPU bursts, communications and synchroniza-
tions, as simulated by TaskSim.

As previously mentioned, the computational
CPU phases (bursts), such as task execution, are
not simulated in detail. The burst duration is ob-
tained from the trace file, and is simulated as a
single instruction with the same runtime as the
whole burst. Contrarily, the trace time for phases
involving access to shared resources in the archi-
tecture, such as waiting for DMA transfers, are
discarded, and their timing is simulated in a cycle-
accurate way by means of detailed simulation of
DMA controllers, caches, interconnection, mem-
ory controllers, and DRAM DIMMs.

Figure 2: Sample architecture simulated in
TaskSim.

Figure 2 shows an example of an architecture
simulated using TaskSim. The architecture in-
cludes two types of cores: masters (M) and work-
ers (W). Workers are grouped in four clusters,
which are interconnected using a hierarchical net-
work to the shared distributed last-level cache
blocks, and the memory controllers (MIC). Mas-
ter processors are also connected to the global net-
work.

In the following sections we present CycleSim,
the simulation infrastructure below TaskSim;
Time Warp, the event-driven methodology used
to jump over empty cycles; some validations re-
sults comparing TaskSim to and 8-SPE Cell; and
finally, some simulation speed results.

4.1 CycleSim

CycleSim is the modular simulation infrastruc-
ture underneath TaskSim. It is developed in
C++, with the aim of achieving maximum cycle-
level simulation speed, introducing minimum over-
heads.

A CycleSim-based architecture simulator is de-
scribed as a set of modules that connect to each
other through ports. All modules are called twice
every cycle to perform their the functionality,
which is split across the start of the cycle, and
the end of the cycle (Figure 3). The ports inter-
connecting modules provide time isolation: data
written to a port is only readable at the other end
after the next half-cycle. Then, the order in which
modules are executed does not alter the simulation
results.

CycleSim provides two types of ports: data
ports and control ports. Modules communicate
data related to memory transfers and synchroniza-
tions through data ports. In addition, a control
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Figure 3: Functionality of modules is split among
Start and End of the cycle.

port is usually associated to a data port. They
provide boolean values used to implement back-
pressure to sender modules, so they can check the
receiver status before sending through the associ-
ated data port; or to implement reject signals, usu-
ally employed by interconnection network modules
to reject data coming through a data port, depend-
ing on the network state and its routing protocol.
Both types of ports are only available to be read
by the receiving module in the next half cycle after
they were written by the sending module.

CycleSim operates as the main simulation loop
that functions as a cycle counter. For every cy-
cle, the infrastructure runs the Start method of
all modules, and then the End method of all mod-
ules, until simulation completes.

4.2 Event-driven simulation

The main simulation loop runs all the modules in
every cycle. However, thanks to the abstraction of
the CPU modules, there are many cycles in which
none of the modules has anything useful to do:
it will not generate any output (because it has
nothing to do, or because its pending operation is
not ready yet), and it has not received any input.

Figure 4 shows the fraction of empty cycles as
a function of the number of simulated processors
for a set of test applications. The percentage of
empty cycles varies greatly depending on the ap-
plication. It directly depends on how the applica-
tion uses the memory system. Applications with
lots of computation and little data transfer will
have more empty time (eg. CheckLU). Applica-
tions with lots of data transfer and small compu-
tation bursts have less empty time (eg. TaskFFT).

Given that applications can overlap data trans-
fer and computation through the DMA controllers,
high memory traffic and low computation voids
the benefits of the CPU abstraction, since most of
the activity is on the memory system.

In addition to empty cycles, the use of the
CPU abstraction and event-driven simulation also
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Figure 4: Percentage of empty cycles

makes many of the simulator components idle dur-
ing most of the simulated time. Figure 5 shows
the average number of modules that actually had
to be executed in the non-empty cycles. That is,
once we have skipped the full empty cycles, we
count how many modules were necessary, versus
the total number of modules.
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Figure 5: Number of active modules in the non-
empty cycles.

Our results show that the number of modules
that run in a given cycle is very small compared
to the total number of modules. Furthermore,
increasing the size of the simulated architecture
does not always translate to an equal increase in
the number of active modules. The impact of the
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CPU abstraction is far more visible in terms of
idle modules than in terms of full-empty cycles.

For most applications, the number of active
modules is linear with the size of the simulator.
For example, TaskFFT (the most bandwidth de-
manding application) runs 15 modules with 128
processors, and 21 modules with 256 processors.
Knn (low bandwidth demand) runs 4 modules
with 128 processors, and 7 with 256 processors.
The higher the ratio of data transfer to computa-
tion, the more active modules.

For the rest of applications, it seems the number
of active modules stalls at some point. As we will
see in Section 4.5, those are the applications that
have limited parallel scalability. Consequently, in-
creasing the number of processors, only increases
the number of idle modules. In any case, the num-
ber of active modules is very small compared to
the total number of modules (20 / 1000, 2%), re-
sulting in a great improvement in simulation time.

For the larger simulator configurations, the total
number of modules becomes very high compared
to the number of active modules. Even if we don’t
actually run those modules, we still have to loop
through the entire list of modules to check if they
need to be executed in a given cycle. Even worse,
we have to go through the list twice: at the start,
and the end of the cycle.

As a result, the overhead of iterating over the
entire list of modules can have a detrimental effect
on simulator performance. Given that the over-
head of a single iteration is approximately 5 host
instructions, simply iterating over a list of 1000
modules requires a 5000 instruction overhead. Ex-
ecuting a module only requires 200 instructions on
average. That means that the overhead of the loop
is equivalent to executing 25 modules — far more
than the typical number of modules that need to
be executed in any given cycle. Consequently, we
spend more time checking if modules need to be
executed than actually executing them.

Considering the overhead of the full loop traver-
sal, we replace the array of modules for a list of
active modules. when a module receives inputs, it
is added to the active list. When a module wants
to wakeup, it is added to the corresponding fu-
ture active list. Maintaining such an active list
is more complex than simply iterating over all the
modules, but the total overhead is significantly re-
duced.

4.3 Simulator validation

In this section we present some experiments where
we attempt to validate the results of TaskSim com-
paring it to the Cell B.E., a real accelerator-based
architecture. For this experiment, we configure
TaskSim to model a single-chip Cell system with
2 master processors (our processor module is sin-
gle threaded) and 8 accelerators. We disable the
TaskSim on-chip cache, and configure the inter-
connection and memory bandwidth to mimic that
of a PowerXCell 8i.

Figure 6 shows a comparison of the real exe-
cution on the Cell and the predicted execution
time from TaskSim for our set of test applications.
Time has been normalized to the real execution
time. The set of applications chosen for the simu-
lator evaluation are the same six parallel scientific
kernels used throughout the paper.
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Figure 6: Comparison of real Cell B.E. execution
time with the TaskSim prediction.

Our results show a very high simulator accuracy
for most applications. As mentioned before, the
CPU abstraction does not introduce errors. On
the contrary, it eliminates the main source of sim-
ulation error: since the CPU timing is obtained
from the trace file, the simulator achieves cycle-
accurate modeling of the processor pipeline.

However, for MatMul and Cholesky we observe
significant simulator deviation from reality. The
problem with these applications is that they are
dominated by sequences of very short CPU bursts
in the Master thread. The other application with
significant simulation error is 3D FFT, which is
dominated by very short CPU bursts in the worker
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processors during the cube transpose phases.

In those cases, a significant part of the predic-
tion error is attributed to the execution overhead
introduced by our application tracing mechanism.
That is, by instrumenting the application to ob-
tain the traces required to feed TaskSim, we are
altering its execution time. This is specially sig-
nificant in the smaller CPU bursts, since the in-
strumentation overhead is almost constant. If we
make a simulation with an altered trace, we will
of course obtain altered results.

For both MatMul and Cholesky we can instruct
the simulator to apply a correction factor to the
timing of a particular class of CPU bursts. In par-
ticular, we also show simulation results for Mat-
Mul and Cholesky where the short CPU bursts
showing higher instrumentation overhead in the
Master thread have been simulated as 2x smaller
than stated in the trace file.

The results show that this correction factor al-
lows TaskSim to approximate the real system per-
formance. Once we have obtained the correct fac-
tor comparing to the real hardware, we can con-
tinue using the same factor for the simulation of
larger configurations.

4.4 Simulation speed

In this section we discuss the simulation speed of
TaskSim, and its scalability in terms of the simu-
lated architecture. Figure 7 shows the simulator
slowdown of TaskSim on an Intel Core2 T9400 at
2.53GHz compared to an 8-SPE PowerXCell 8i at
3.2GHz.
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Figure 7: TaskSim simulation time vs. real execu-
tion on the Cell B.E.

Our results show that slowdown can go from a
mere 5-10x, to 400-600x. This exposes the great
impact of the CPU abstraction on those applica-
tions that have long CPU bursts and little data
transfer.

Table 4.4 shows some relevant information
about the applications used throughout the paper:
the number of executed tasks, the average task
runtime (abstracted by TaskSim), the total prob-
lem size, and the estimated average bandwidth for
each task. It is interesting to note how the appli-
cations with a higher bandwidth demand are those
that execute more modules per cycle in Figure 5,
and the ones with higher simulator slowdown.

Kernel # Tasks Task
run-
time
(µs)

Problem
size
(MB)

BW
per
task
(GB/s)

Check-LU 54.814 45.7 256 1.11

Cholesky 357.760 28.0 512 1.68

FFT-3D 32.768 13.9 128 3.27

K-means 335.872 30.7 195 1.56

K-NN 800.768 7.9 36 0.49

MatMul 262.144 25.8 192 1.42

Table 1: Set of test applications simulated with
TaskSim.

Finally, we have also evaluated the simulator
slowdown as we increase the size of the simulated
architecture. Figure 8 shows the increase in sim-
ulation time as a function of the number of simu-
lated worker prcoessors.

Our results show that for most applications, the
simulator does not become slower as we increase
the size of the simulated target. This is a direct
consequence of the event-driven simulation model:
the number of operations to perform depends on
the application, not on the architecture. If a num-
ber of data transfers must happen, it takes the
same time to simulate them on one DMA con-
troller, than spread across 16 controllers.

Most applications only experience a slowdown
of 1.5x when going from 8 to 256 processors. The
worst case is FFT, which gets 4x slower. This time
overhead is due to congestion on shared resources,
and operations that must be re-issued after being
rejected by a busy component.
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Our results show that, thanks to the CPU ab-
straction we exploit in accelerator-based architec-
tures, it is possible to simulate a CMP with hun-
dreds of processors in cycle-accurate detail in a
very reasonable time, compared to the simulation
cost of cycle-accurate out-of-order processor mod-
els.

As simulation is completely CPU bound, a
faster CPU immediately translates to faster sim-
ulation speed. Using TaskSim we can simulate
applications that take 2-3s of real execution time
on 8 processors, and simulate 256 processors in
less than an hour, allowing us to quickly evaluate
different metrics and application behavior such as
scheduling, memory management and contention,
resource usage, etc.

What is more important, is that we can simu-
late the entire application, as it works through the
full working set. for example, running Cholesky
on a lower number of processors would not expose
the lack of parallelism in the code. And using
a smaller application that lacks parallelism would
not expose the low cache locality of the large work-
ing set.

4.5 Sample TaskSim simulations

TaskSim uses CycleSim modular flexibility to cre-
ate a highly configurable simulator. It allows users
to configure a large number of parameters of the
architecture shown in Figure 2 through a small
number of configuration files. As an example of
the capabilities of TaskSim, in this section we

present a simple study of our accelerator-based ar-
chitecture scalability. Due to space restrictions,
we limit the study to speedup results, however at
the end of simulations every module prints its own
statistics (like hits on the cache, bank misses on
the DRAM, etc.), furthermore, there are config-
uration parameters to generate statistics traces,
which helps us understand transitory behaviors of
the applications or the architecture.

Figure 9 shows the applications scalability from
8 to 256 processors under ideal conditions: 32
MICs that provide a 819.2 GB/s bandwidth, mas-
ter processors that are 128 times faster than the
original, and no cache. This configuration allows
us to test the applications, eliminating most bot-
tlenecks like memory bandwidth, task generation
speed. The figure shows that while four of the ap-
plications scale well to 256 Processors, the other
two (CheckLU and Cholesky) only scale to 128 and
64 processors respectively. These two applications
have inter-task dependency problems which can be
observed through processors execution traces like
the one shown in Figure 1.

Figure 9: Applications scalability.

Having verified that there are four scalable ap-
plications, we tested the applications bandwidth
requirement for 256 processor configuration. For
this purpose we configure the simulator with 4, 8,
16, and 32 MICs. Given that each MIC contain 2
DDR3-1600 DRAMs with 12.8 GB/s peack band-
width, the experiments were performed for 102.4,
204,8, 409.6 and 819.2 GB/s. As can be seen in
Figure 10 Knn, and CheckLU do not require more
than 409.6 GB/s, while the other applications ben-
efit from the 819.6 GB/s. This results showed us
that this architecture without a redesign of the
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Figure 10: Applications’ bandwidth sensitivity.

Figure 11: Cache banks for a total size 512MB.

memory system would not be useful for 256 pro-
cessors; since it would not be possible, because
chips pin restrictions, to install 64 DRAM mod-
ules to feed the processors with data fast enough.

As a possible solution, for the bandwidth prob-
lem, a cache could be added to the system. Fig-
ure 11 shows the result for a distributed cache with
8 to 128 banks and a fix total 512MB capacity,
with 4 MICs. The speedup is measured against
the 32 MICs experiment and no cache. It can be
seen that all applications, except for the FFT3D,
achieved almost the same performance than the
ideal case. It can also be seen that it is not nec-
essary to have more than 32 banks, because the
applications do not require that much bandwidth.

5 Advantages and limitations

The results so far clearly point out the advantages
of the TaskSim CPU abstraction model: very few
modules need to be executed in a given cycle, and
only those modules that have useful work to do
are executed.

This leads to a very fast and scalable simula-
tor. Since most of the application execution is
abstracted away, large scale data processing work-
loads can be simulated at full scale. Since the
simulation time is independent of the target archi-
tecture size, large scale systems can be evaluated
for scalability evaluations.

The CPU abstraction is implemented through
trace-driven simulation. As discussed in Section 2,
the duration of CPU bursts is obtained from real
execution or off-line CPU simulation / modeling
and then recorded to be used by TaskSim during
the system simulation. The need for this separate
tracing / modeling stage can be seen as a limita-
tion of the approach. Every time the application
changes, it must be traced / modeled again.

Also, throughout this paper we have discussed
TaskSim in the context of a task off-load program-
ming model. However, TaskSim is not limited
to it. TaskSim can also work with loop parti-
tioning codes with barrier synchronizations (like
OpenMP). The actual limitation of the model is
that accelerators must be decoupled from the sys-
tem. That is, we require processors to compute
exclusively from their local memory, and use ex-
plicit communications to interact with the rest of
the system (DMA for data transfer, explicit syn-
chronization messages).
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Finally, TaskSim is not mean for CPU microar-
chitecture studies. As discussed before, cycle-
accurate modeling of the processor is expected
to happen off-line. In such studies, it should be
enough to model a single processor, and the ab-
straction / simplification usually falls on the mem-
ory system side. TaskSim abstracts the CPU, but
is very detailed in the modeling of the DMA con-
trollers, the interconnect, and the memory system.

TaskSim was not built for shared memory sys-
tems with cahe coherency, or CPU microarchitec-
ture. TaskSim is built for design space exploration
of a multicore system built from decoupled compo-
nents with access to a shared memory, like most
embedded Systems on a Chip. It allows dimen-
sioning of the shared memory structures, inter-
connection topology and bandwidth, inter-module
communication needs, and the number and perfor-
mance of the compute elements.

6 Conclusions

In this paper we have described the TaskSim sim-
ulator. We have shown that the CPU abstraction
means that most of the simulator components are
idle, and do not need to be simulated in most of
the cycles.

Using an event-driven methodology, TaskSim is
capable of simulating very large architectures with
hundreds of accelerators in a very reasonable time.
We have simulated a 5-second Cholesky decompo-
sition with hundreds of thousands of tasks, and
a 512MB working set, on 256 processors in less
than 45 minutes. This allows us to draw solid
conclusions on the scalability of the applications
and the architecture, that could only be hinted by
simulation of downsized working sets or smaller
architectures.

The CPU abstraction and event-driven ap-
proach not only improves simulation speed, it also
leads to a scalable simulator: simulation time de-
pends on the number of operations to be per-
formed, not on the size of the simulated target.
Meaning that very large configurations can be
modeled in a reasonable time.

We are currently exploring further performance
improvements by parallelizing the CycleSim in-
frastructure itself, and enabling shared memory
and cache coherency exploration by allowing in-
struction level simulation in the CPU.
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