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1. Introduction and Motivation
Emerging computing devices integrate multiple services and

heterogeneous applications such as multimedia, telecommuni-
cation protocols and wireless network communications. Such
heterogeneity and computational complexity is benefited from
recent advances in technology, which imposed a paradigm
shift from uni-processor System-on-Chips (SoCs) to Multi-
Processor SoCs (MPSoCs) and Network-on-Chip (NoC) archi-
tectures. The increased number of processing elements enables
the exploitation of parallelism in coarser levels (thread-level)
than the Instruction-Level-Parallelism found in uni-processor
SoCs. Thus, multi-threaded applications are becoming increas-
ingly prevalent for the next generation of computing systems.
The process of porting multi-threaded applications to NoCs is
a difficult task. Furthermore, multiple algorithms that need to
run concurrently on such devices impose complex memory ac-
cess patterns that may result in performance degradation and
high energy consumption. For example, in multimedia appli-
cations like video games, the unpredicted behavior of the user
causes varying inputs which significantly vary the dynamically
allocated memory objects, leading to unexpected memory foot-
print variations unknown until run-time.

Dynamic memory requests are serviced by the dynamic
memory manager (DMM). DMMs are responsible for orga-
nizing the dynamically allocated data in memory and also ser-
vicing the applications memory allocations and de-allocations
at run-time. In case of a memory request for allocation of a
new object the dynamic memory manager returns to the ap-
plication the pointer which refers to memory position of allo-
cated object. In C/C++ programming language dynamic mem-
ory management is performed through the malloc/free and
new/delete operators. In case of a memory request for deal-
location of an already dynamically allocated object, the dy-
namic memory manager returns to the application either a true
or a false value in respect to success of the deallocation pro-
cess. The DMM is a critical component in NoCs since the dy-
namic memory allocation often forms the main performance,
and scalability bottleneck of multi-threaded applications [3].
Also, it greatly affects the energy and memory consumption of
the overall system [1]. Extensive research has been conducted
for general purpose dynamic memory allocators targeting ei-
ther the single processor or the multiprocessor domain [3, 6].

Up until today, a lot of research has been performed in
memory analysis and optimization techniques for computing
systems to reduce their power dissipation and increase perfor-
mance [5]. Traditional optimizations use compile-time, mani-
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fest information and have focused on static allocation and how
to synthesize memory hierarchies for SoCs [4]. For modern
dynamic applications this is no longer possible, as the dynam-
icity of behavior due to the input dynamics cannot be captured
by source code analysis alone. Thus, the application behavior
and memory requirements significantly vary during run-time.
This results that the static allocation of memory leads to an in-
efficient memory utilization [1]. An extensive survey of the
dynamic memory allocation can be found in [6].

2. Exploration Methodology and Results

The end goal of exploring the multi-threaded dynamic mem-
ory manager (MTh-DMM) design space is to generate Pareto
sets of customized dynamic memory managers, tailored to the
designers constraints and the applications specific needs. Each
possible MTh-DMM solution can be modeled as a different
vector of decisions (composed of the leaves of decision trees).
In our work, we categorize the existing MTh-DMMs accord-
ing to their architectural features. Based on this categorization
we define an extended design space for platform independent
MTh-DMMs. Any known dynamic memory allocator (multi-
threaded or not) found in relative literature can be modeled
through the proposed design space. The design space is com-
posed of inter- and intra-thread decision trees.

The inter-thread design space decisions are shared since they
concern the management of the overall allocated heaps of the
MTh-DMM manager in a global manner. On the other hand,
intra-thread design space decisions concerns the management
of each allocated heap individually. Thus, the inter-thread level
includes decisions of globalized and shared policies, while
intra-thread level defines heap local customization policies.
Since the policy semantics are orthogonal for the inter- and
intra-thread design spaces, we partitioned the problem of ex-
ploring and designing custom multi-threaded dynamic memory
managers into two “constrained-orthogonal” problems.

The first problem refers to the exploration of inter-thread
decisions, while the second one refers to exploration decisions
available in intra-thread design space. The inter-thread MTh-
DMM exploration problem generates a Pareto optimal set of so-
lutions (we consider multi-objective optimization for the MTh-
DMMs). These Pareto configurations are propagated as con-
straints to the intra-thread level exploration. Thus, local heap
customization decisions are explored over global Pareto deci-
sions. In this way, we manage to the handle the complexity of
customizing at the intra-thread level each possible inter-thread
configuration. The major steps/flow of the proposed explo-
ration methodology are summarized as follows:

1) Given an application, its native source code is annotated
with proper profiling constructs that capture the dynamic mem-
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Figure 1. Inter-thread level: Total memory ac-
cesses versus memory footprint

ory behaviour of the application. The software designer per-
forms this task manually.

2) Inter-thread level exploration is then performed in order
to automatically generate the source code of valid MTh-DMM
solutions. The various MTh-DMMs are linked with the dy-
namic applications source code and each solution is compiled
and evaluated based on various metrics. A Pareto analyzer is
invoked in order to extract the Pareto optimal inter-thread level
MTh-DMM solutions. These Pareto optimal solutions form the
“inter- to intra-thread” level constraints and they are propagated
to the intra-thread level exploration.

3) Intra-thread level exploration is invoked customizing
each heap individually present in the propagated inter-thread
Pareto solutions. Automatic code generation produces valid
intra-thread customized MTh-DMM solutions for each Pareto
point. The intra-thread level customized MTh-DMMs are
linked again with the applications source code and each so-
lution is re-compiled and re-evaluated. The Pareto analyzer is
invoked again and the combined intra- and inter-thread level
Pareto optimal MTh-DMM solutions are extracted and returned
to the designer as the final customized MTh-DMM solutions.
Having the Pareto optimal solutions the designer selects the
MTh-DMM solution, which satisfies their design constraints.

We experimentally evaluate the proposed exploration
methodology and the corresponding tool flow based on a real-
life case study of a multi-threaded wireless application [2]. At
first, inter-thread level exploration has been performed. A so-
lution space of 67,655 valid and semantically disjoint MTh-
DMM configurations has been generated. Figure 1 displays
a 2D diagram of the solution space characterized through the
number total memory accesses versus the maximum memory
footprint needed for each MTh-DMM configuration. Each
point corresponds to a unique MTh-DMM solution applied to
the network application. From the diagram of Figure 2, only the
points delivering the best #Accesses vs. Footprint trade-offs are
needed to be further explored. The best trade-off values corre-
spond to the Pareto optimal solution points that are extracted
in order to be propagated and guide the intra-thread level ex-
ploration. We have developed two heuristic-based intra-thread
explorations in order to avoid the evaluation of the enormous
design space. Access-oriented exploration heuristic targets to
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minimize the memory accesses performed through heap cus-
tomization (intra-thread level) of inter-thread Pareto solutions.
On the other hand, footprint-oriented exploration heuristic tar-
gets to minimize the required memory footprint, by properly
customizing each heap found into the inter-thread Pareto solu-
tions. Figure 2 depicts the three Pareto curves generated af-
ter the implication of each exploration. The customization of
inter-thread Pareto solutions is graphically depicted through the
inter-thread Pareto curve shifting towards solutions with either
less memory accesses (in case of access-oriented intra-thread
heuristic) or lower required memory footprint (in case of foot-
print oriented intra-thread heuristic). For a real multi-threaded
network application, the automated tool-flow implementing the
proposed methodology offers design time reductions up to 22
days comparing with a hard-coded exploration flow implement

from an expert MTh-DMM designer.
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