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Abstract: To meet the extensive demand of many-core era, research communities are developing and emerging
with diverse NoC solutions which must provide scalable, efficient and reliable communication infrastructure.
The arrival of 3D integration technology has the potential to enhance the applicability of all the existing 2D
NoCs. Customized NoCs are the need of today’s SoCs as they offer energy efficiency and enhanced
performances because they are designed to support the specific application behavior. For the evaluation of
performance and the impact of the innovative 3D NoC architectures, modeling and simulation tools are
required which must provide accurate estimations in terms of quality of service metrics such as energy, latency,
throughput etc. This paper, initially presents a heuristic based on branch and bound approach to smartly map
applications onto the cores in 3D Mesh NoC architecture. This significantly improves the dynamic
communication energy consumption as well as latency. Secondly, the simulator NC-G-SIM is designed using
SystemC that is highly generic in nature that supports 3D Mesh, 2D-Mesh and Irregular interconnection
networks. The cycle-accurate simulator design has been made modular and flexible and has been used to
simulate and analyze the performance of the proposed mapping heuristic in terms of energy and latency.

Keywords: Branch & Bound, Distributed Table-based routing, Energy-efficient mapping, Irregular, Latency,
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. Introduction

Development of the silicon technologies has made the integration of large number of cores possible on a single
chip, offering a considerable amount of computation power. Shared or dedicated buses are currently being
utilized to interconnect the communication of on- chip resources [1]. However, scalability is a major issue in
these buses that needs to be eliminated to develop billion transistor chips. Other factors like energy
consumption, power management, wire delays, central arbitration, signal integrity and design choices
complicate the entire design operation thereby makes it more time consuming and also increases the time to-
market.

To ameliorate these design challenges of the traditional interconnection mediums [2]. Network on-Chip has
been proposed. This concept replaces global on-chip wiring and offers choices in selection in terms of structure,
performance, and modularity. With Network on Chip approach, building blocks of a system such as processors,
memories, peripherals, etc. are mapped on the cores that can communicate by sending packets to one another
over the NoC network. The network on chip technology has brought a paradigm shift from computation centric
design architecture to communication centric design architecture.

In the deep-sub-micron (DSM) era integration densities have gradually increased due to the continuous
shrinking of feature sizes and this has led to the introduction of new challenges in the existing 2D NoC
architectures such as increase in interconnect delays, path lengths, area overhead and many others. So, to
palliate complex communication problems, 3D NoCs were thought of as a promising solution and has opened
the paths for new opportunities in designing NoC architecture suitable for bulky SoCs providing higher
efficiency compared to 2D integration.

The complex multimedia applications of current era, integrated in embedded into mobile systems are becoming
more computation oriented as numerous functionalities have to be carried out by them. These mobile systems
embedding the multimedia applications usually operate on battery and support an extensive range of other
applications too hence; these systems must be energy-efficient. By optimizing the application to core mapping
process, significant improvement in energy consumption as well as latency can be achieved. In order to verify
and analyze the effectiveness of the implemented design architectures a concrete simulation framework is
desired. The market is loaded with surplus number of simulators whose functionalities are constrained to cater
the needs of specific domains of NoC. All the existing simulators are confined to support small sets of
topologies and moreover, they are targeted to simulate specific architectures tailored to satisfy the necessities of
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the designers of the particular application domain and so these are not applicable for other architectures. This
raises the need for a generic simulation tool to efficiently explore the wide design space [28-31] since, design
choices and decisions about NoC architectures are typically taken on the basis of simulation before resorting to
implementation since it is cheaper and more flexible.

The rest of the paper is arranged as follows. Section Il discusses the related work done to gain knowledge to
achieve our objectives; Section Il presents a Branch-and-Bound heuristic which includes description of 3D
NoC architecture and its associated energy-model and explains the detailed work-flow of the proposed heuristic.
Section 1V describes the simulation framework design, general architecture as well as the functionality of the
NC-G-SIM (NoC-Generic-SIMulator) simulator and Section V presents the experimental results showing
comparison between optimized and random mapping on 3D Mesh NoC architectures. Lastly, Section VI
concludes the paper and outlines some directions for future work.

I1. Related Work

In [3] the impact of 2D and 3D NoC architectural topologies on performance measuring parameters
such as network occupancy, latency and throughput evaluated. In [4] the authors have extended their formerly
designed 2D OASIS-NoC to third dimension and named it 3D OASIS-NoC. The authors have concluded that
3D OASIS- NoC shows performance enhancement over 2D OASIS-NoC in terms of latency. In [17-18] it is
demonstrated that in addition to the footprint reduction, 3D interconnection architectures lead to higher
throughput, lesser energy dissipation and reduced network latency in comparison to conventional 2D NoC
architectures. In [5] the authors stated that three-dimensional integrated circuits (3D ICs) present extensive
improvements in comparison to two-dimensional circuits. 3D ICs have capability of reducing interconnect
length as well as footprint without lessening the on chip transistors. In [6] benefits of 3D interconnects together
with the fundamental design challenges in 3D ICs are discussed. In [19-23] the authors have illustrated that 3D
stacked technologies offer a new prospect for network-on-chip design and since, 3D ICs have several layers of
active devices assembled one over another and are capable of boosting up the system’s performance
characteristics. In [24-25] the authors have shown that even in the absence of scaling 3D ICs consent to
performance enhancements.

In [26] the problem of IPs to tile mapping in regular 2D Mesh NoC topology is addressed. In [7] a
mapping algorithm called GA-MMAS is proposed with the aim of optimizing NoC energy consumption. In [8]
NoCOUT is presented which generates an energy efficient NoC topology customized to meet the requirements
of a specific application. In [9] a contention and energy aware mapping algorithm is proposed which results in
increased throughput and energy consumption minimization. In [10] multi-objective ant colony algorithm
(MOACA) is proposed to map the IPs onto tiles in 2D mesh NoC design structures. This algorithm optimizes
the total energy consumption of the NoC architecture as well as it provides a thermal stability in NoC. In [11] an
energy-aware run-time mapping scheme is proposed for homogeneous NoC architectures considering the run
time arrival and departure of applications into and from the system respectively. In [12] a novel source and
distributed routing based methodology in order to optimize the application specific NoCs is proposed. In [13]
the problem of application mapping onto NoC architectures is addressed. A communication dependence and
computation model (CDCM) is presented that takes the timing as well as communication volume of applications
into consideration. In [14] an ant colony optimization based mapping approach is proposed to schedule tasks of
an application on NoC architecture such that minimization of total bandwidth requirement can be achieved. In
[15] Dependencies-Neighborhood based Lower Energy Consumption approach (LEC-DN) is proposed that
facilitates mapping of tasks onto NoC architecture at run time. In [16] the problem of mapping of real time
applications onto tiles in mesh NoC architecture is addressed.

Numerous NoC designs have come up however, which one serves as best in which scenario must be
first tested and experimented under different conditions. To make this possible numerous NoC simulators have
been designed and various the research communities are currently utilizing them to analyze the effect of the
designed NoCs. Darsim [32] supports 2D mesh interconnects only and offers various customizable parameters
such as routing scheme, network size, VC sizes, packet sizes etc. Similarly, Noxim [33] is another such
simulator that models 2D mesh NoC supporting different traffic pattern distribution and 2D routing algorithms.
However, unlike DARSIM it does not supports the notion of virtual channels therefore not supporting the
bandwidth sharing property of physical channels. One more JAVA based general-purpose purpose simulator
known as gpNoCsim simulator [34] evaluates popularly known 2D on-chip architectures such as Butterfly,
Mesh, Torus, FatTree etc. while the simulator in [35] only includes the evaluation of Mesh and Butterfly, Fat
Tree architectures. The simulator developed by Stanford University, BookSim [36] has limited traffic injection
models but embed broad range of two-dimensional topologies together with flattened butterfly and different 2D
supportable routing algorithms.

In collaboration with the University of Southampton, UK and MNIT, Jaipur, India NIRGAM [37] is a
NoC simulator that is used to analyze regular Mesh and torus topologies. The simulator provides modularity and
flexibility feature by easily letting the extensions in terms of traffic, applications, architectural designs and
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routings. At present form it only has source, XY and OE (Odd-Even) routing strategies for the 2D
infrastructures. Recently, it has been extended to include 3D mesh that is capable of forming n interconnection
network with quite less number of tiles [38]. SICOSYS [39] is developed in C++, is a general-purpose
interconnection network simulator that forms its basis on the concept of versatility and modularity and that
replicates crucial facts of low-level simulation and is integrated in RSIM [40]. RSIM is designed to achieve high
instruction level parallelism targeted to simulate shared-memory multiprocessors and uniprocessors. It models
contention at different resource levels and also has a multiprocessor coherence protocol included in the
simulation environment. Simulators namely NoCsim in [41] and proposed in [43] and Nostrum [42] are some of
those simulators that only support synthetic traffic generation and VVC routers but do not report router power and
energy.

GARNET [44], Ocin_tsim [45], is a cycle-accurate level simulator model that supports either a flexible
egress-queued router or a standard virtual channel ingress-queued router with a five-stage pipeline and from the
ORION model [47] computes power consumed by the router whereas the SystemC based Nostrum-NNSE [42]
does not estimates power and communication energy requirement however, but has the ability to support the
regular as well as irregular topologies but with limited number of traffic patterns. Graphite [48] is a particular
PIN-based multicore simulator that has the ability to simulate thousands of cores by segmenting among multiple
cores on the same die but also among the multi-networked computers. For computer architecture researchers
Simplescalar toolset [49] is utilized to model processor architectures and memory hierarchies. Therefore, it can
be clearly noticed that most of the studied simulators are particular to 2D-NoC topology architecture and
routings. Also, they do not cater the needs of the ever growing chip complexity and are unable to simulate the
performances on the essential performance characteristics such as router energy consumption, total energy
dissipated, latency, and throughput simultaneously.

I11. Energy Efficient Mapping Heuristic

This section proposes the initial step that now-a-days a must in order to obtain an optimized NoC
connection targeted to build application specific SoCs. The whole process is divided into a series of steps as
explained below.

A. Platform Characterization

In order to better illustrate the proposed heuristic developed in this research work, a concrete NoC
platform is needed. In this paper, the chip is comprised of PxQxR tiles which are arranged to form a 3D Mesh
NoC architecture. The paper concentrates on the 3D regular NoC architecture. So, the static routing is preferred
over adaptive routing as adaptive routing scheme is complex and requires more resources. Static XYZ routing is
adopted for routing data packets among IP cores

B. Energy model for 3D Mesh NoC

The energy model used in this paper is based on the energy model presented in [27]. With XYZ
routing, for the 3D Mesh NoC architecture, Eq.1 shows that the average dynamic energy used per bit while
transferring it from core i to core j is calculated by the Manhattan distance between these two cores. Equation
(1) is given as follows where Ey;"? denotes the dynamic energy used per bit in transmitting it from core i to
core j, Egyit denotes the energy consumed per bit when it is transported through a switch, E, ;; the energy utilized

Cj,Cj
Eblit] = nhops X ESbit + (nhops - 1) X ELbit (1)

per bit on the link between two switches & npq,s the number of hops a data bit passes through until it reaches
from source tile i to destination tile j (i.e. Core i to Core j). The same energy model is implemented in the
proposed NC-G-SIM simulation framework for calculating the total energy consumption.

C. Formulation of energy aware application to core mapping for 3D Mesh NoC

The problem is to find optimal applications to cores mapping in 3D Mesh NoC architecture, so that the overall
consumption of dynamic communication energy is minimized.

Communication Routing Graph, CRG, G = G(C, P) also referred as Interconnection Network graph, is a directed
graph, where each vertex c; corresponds to one core in the architecture, and each directed edge p;; corresponds o
the routing path between c; and ¢; which is determined using XYZ routing algorithm. e(p;;) corresponds to the
average energy consumed (joule) in transporting a single bit of information from core c; to ¢; , i.e., Epi™. 1(pij )
corresponds to the group of links that forms the routing path p;;.

Application Communication Graph, ACG, G = G(A, M) is a directed graph, where each vertex a; corresponds to
one application, and each directed edge m;; corresponds to the communication from a; to a;. V(m;;) denotes the
communication volume (bits) from a; to a. The minimum bandwidth (bits/sec.) is given by bw(m;;) which the
underlying communication architecture should provide.
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The formulation of the problem of dynamic communication energy consumption minimization can be done as
one to one mapping of applications to cores. The size of CRG must be greater than or equal to the size of ACG
so that each application can be mapped onto one and only one core and all the applications in given ACG can be
mapped onto CRG. We have derived a one to one mapping relation bmap() [57] from ACG to CRG which
reduces to

minimize {Energy = Yvm;, V(m;;) x e (pbmap(ai),bmap(aj))} (2)
While considering that traffic load on any link will not cross its allocated bandwidth limit.

D. Proposed Heuristic for 3D Mesh NoC

The proposed heuristic is based on the concept of branch-and bound and it moves through the search tree to
derive an optimal mapping that leads to the least communication cost. Every node is assigned a label. For
example, node 832xxxxx signifies an internal node where Application number A0, Al and A2 of ACG are
mapped on Core8, Core3 and Core2 of CRG respectively, but applications A3 to A7 of ACG are still unmapped.
The communication requirements which involve incoming as well as outgoing data traffic from a specific
application to every other application in given ACG are stored in communication Matrix. For a node in the
search tree, the energy consumed by communication among mapped applications denotes the cost of that node.
The cost of the child nodes is more than cost of their parent nodes and based on this property ineligible tree-
branches are pruned later on in the heuristic. If a node meets the bandwidth requirement among the mapped
applications, then it is referred as a legal node. This condition can be represented as shown in equation (3) [57].
Bw(li) = Xvija;aem bw(m;y) X lis_link(ly, Pbmap(a;) bmap(a;)) 3)

Here, M denotes the set of mapped applications. Illegal parent node yields illegal child nodes. In order
to compute as lowest ULC as possible for a node, a greedy approach for mapping the applications onto cores is
adopted. The Run time of proposed heuristic scales up with the system size. There exists a trade-off between the
quality of solution and run time. The applications ranking and node preference queue are used in the proposed
heuristic to reduce the search time by detecting as many unpromising nodes as possible at earlier stages during
the search process and then trim away such nodes.

The heuristic iterates in-between the following two steps until it finds out an optimal solution. They are

Branch: The next available unexpanded node from node preference queue is expanded to generate new child
node and then the mapping of unmapped application with the uttermost communication volume onto to the set
of unused cores is done.
Bound: The upper limit cost (ULC) of a node denotes a cost that is no less than the minimum communication
cost of its legal, descendant child nodes where all the applications have been mapped (i.e. leaf nodes). The lower
limit cost (LLC) of a node denotes the best possible communication cost that its legal descendant child nodes
where all the applications have been mapped (i.e. leaf nodes) can probably attain. The ULC and LLC are taken
as the bound parameters. These bound parameters are computed and checked on newly generated child node in
the former step to see if it can yield the leaf nodes with the least communication cost on further expansion. This
node is pruned if one of the following conditions holds: Mapped applications communication cost > the lowest
ULC or LLC> the lowest ULC.

ULC Computation is done through a greedy mapping approach in which the next unmapped
application a, with the uttermost communication volume is chosen and is mapped on an unused core which is
mapped with the application that communicates with a, and is situated at the least Manhattan distance. This step
goes on until a single descendent leaf node is recognized. If this leaf node fulfils the bandwidth requirements,
then ULC of node under assessment is set equivalent to its cost or else ULC is set to infinity and the node is
trimmed away.

To compute LLC, three components:C,,, Cmyand Cy,, are computed first and then are summed up
together to give Lower Limit Cost. Cp,,, corresponds to communication cost among mapped applications and can
be computed exactly as topological locations of the mapped applications are known. C,, is the communication
cost between mapped and unmapped applications. In evaluating C.,, all the unmapped applications are assumed
to be mapped on an unused core at the nearest topological location of the used core. The last Component is C,,
which corresponds to the cost of communication among all unmapped applications. It is computed in two steps:
In first step an unmapped application with highest communication volume is chosen and is mapped onto an
unused core. Then all the remaining unmapped applications are assumed to be mapped on an unused core at the
nearest topological location of the used core in the former step.

IV. NC-G-SIM Simulator

This section discusses the simulation framework of NC-G-SIM simulator. NC-G-SIM simulator is
designed to accommodate all the existing requirements of NoCs. It is systemC based, open source, discrete
cycle-accurate discrete event simulator that is highly modular and component-based specifically targeted at the
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on-chip interconnection research domain. It is generic as it provides substantial support and extensibility
primarily in applications attached to cores, topology design, routing algorithms.

IrNIRGAM [50] is extended to develop NC-G-SIM, due to its simplicity in designing the internal
interconnection model. NC-G-SIM includes the simulation framework that supports two dimensional as well as
three-dimensional mesh based topologies and also irregular NoC framework and their compatible routing
schemes also. The simulator is targeted at the NoC research community to experiment with wide design choices
with efficient and accurate mechanisms and full convenience. It gives the designer a very important plug-and-
play feature through which the designers can attach any desired application library to any core or any router
function as suitable to their needs. Therefore, in near future NC-G-SIM can emerge as a powerful tool to model
and represent the interconnection on-chip networks for extremely intricate systems having large number of cores
providing accurate performance estimation.

A. Traffic generation

NC-G-SIM simulator follows two modes random or fixed to select destination nodes for a source node.
Traffic characteristics form an essential part while simulating and evaluating any NoC design. The simulator not
only holds the use of CBR and Bursty traffic generator applications which are primitive and known traffic
generators but also has incorporated additional traffic generators that are capable in generating concurrent
traffics. At any node that has multiple destinations to which it communicates these traffic generators named as
BWCBR can be attached that generates multiple traffic among these nodes during the simulation. In such a way
simulations become more relative to the actual real-time scenarios where there exists heavy traffic exchange.

B. NoC Topology Framework

NC-G-SIM as said earlier that it is highly generic in nature, it is because that it can easily incorporate
any style of topology. Here, the simulator takes in a topology configuration file that guides the simulator the
network design that is to be formed. The format of the file is [tileID Neighbor_tileID; Neighbor _tilelD......
Neighbor_tilelD, -1] always starting with the current tile identifier that must be begun from tilelD zero and so
on. Following the tilelD identifier the tilelDs of its neighbouring nodes are specified with a delimiter “-1”
marking the end of line and end of the neighbouring nodes for that tilelD. Another file that gives the length of
the links in the topology of the format [tileID next_tilelD link_length, mm) ] to estimate the energy consumption
during simulation.

This feature facilitates the user to design one’s own topology according to ones choice and
experimentation scenario. The file can therefore, be used to generate the regular two-dimensional as well as
three-dimensional and irregular topologies and as per the need of the situation it can be easily altered and
modified for further analysis. NC-G-SIM simulator has been made to support maximum number of tiles in any
topology type to be 500 with each tile having maximum number of neighbors to be 6. It can further be extended
to support more cores per topology.

C. Routings Supported

NC-G-SIM simulator supports routings compatible to each topology kind. For two-dimensional Mesh
based structure the most popular Dimension Order Routing (DOR) routing scheme, XY is used as well as Odd-
Even turn based routing is used which guarantees the routing to be deadlock-free. Moreover, to make the routing
more flexible Table-based distributed routing is also implemented to be used in all the three types of topology
structures. In this table-based scheme each node in the network has a table associated with it that has the format
[source_node, destination_node, next_node, path_id]. The packets are then transmitted on the basis of the
decision taken using these table entries at each intermediate node during the transmission. The path_id field is
used purposely so that in case of multiple path existence flits can be diverged through multiple routes and so the
path_id field keeps a track of the path being followed by the flits. The tables for irregular topology can be filled
offline using any deadlock-free irregular archetype supportable routing functions such as up*/down*[52], Left-
Right [52], L-turn [53] and prefix-routing [54] etc on the other hand the tables for three-dimensional Mesh
architecture can be generated using any of the minimal non-minimal, DOR or adaptive routing such as XYZ,
LA-XYZ [55], BDOR[56] etc. The distributed table routing scheme is advantageous in uniform diverging of the
traffic over different paths, also is deadlock and livelock free and also provides comparatively decent fault-
tolerance without much overhead.

To ensure that no deadlock occurs in the 3D-Mesh and Irregular topologies another routing
methodology is included in NC-G-SIM simulator that is based on the concept proposed by [51] in which the
virtual channels are divided into two sets with different priorities. The virtual channel set with higher priority is
allowed to transmit the newly injected messages. These new channels follow minimal path routing function that
provides greater network adaptivity. The packets continue to flow in this set of virtual channels until a deadlock
condition or congestion arises which makes them switch to the old lesser priority channels. These channels
follow the original routing function, and once a packet acquires an original channel it is not allowed to do
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transition to a new channel anymore to avoid deadlock situation. This scheme is said to be using escape
channels to avoid congestion and deadlocking. The simulator supports this methodology in the table-based
format where the format of the table is similar to that of the format discussed above except that the path_id field
is divided to denote the two sets of virtual channel.

Figure 1 NC-G-SIM simulation framework overview [46].
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NC-G-SIM makes use of flits as the unit of flow of information and implements wormhole switching
scheme with multiple virtual channels to transmit the data between the nodes. It supports a variety of
customizable features that can be easily modifies and are given for carrying out the simulation. These
customizable parameters are deciding topology type and routing are the size for the regular 2D-3D topologies,
buffer size, packet as well as flit size, packet interval, simulation and traffic generation cycle and others. The
simulator operates at the default clock frequency of 1GHz.

The NC-G-SIM control-flow architectural overview is shown in Fig.1. At the end of simulation a log
report is generated as per the degree of log level selected by the user. In addition, to the log detail of the
simulation another report is generated that contains the detailed output information that includes flit load,
energy consumed, throughput, latency and standard deviation. GnuPlot graph plotter can also be used to get the
graphical representation of the simulation results as the simulator produces the compatible codes.

V. Experimental Results

The proposed NC-G-SIM simulator is used to perform the experiments and to generate the output

results. The proposed branch and bound heuristic initially produced the efficient application to core mapping
which forms the optimized topology sets and they were simulated using the proposed simulator to prove the
benefit of applying the heuristic. The heuristic is applied on vast sets of test cases. For 100 different topology
dimensions five different cases were generated and tested in order to get accurate information of the different
performance parameters under consideration i.e. latency, throughput, and energy used to transmit the data
during the simulation. For comparable reason and fair usage, same sized 2D and 3D Mesh topologies under
random scenario, as well as under optimized 3D-Mesh based topology were taken in considerations. The traffic
generator used is the BWCBR that transmitted concurrent traffic in the network for different source-destination
pairs. Using TGFF, according to the specified application scenarios different bandwidth usage and
communication volumes are generated for each case within in a particular set in order to check the output
diversely.
The number of cores in simulation varies from 8 to 500 and the simulation was carried out for each case upto
5000 simulation cycles at constant throughput rate where the flit interval and packet size was set to two clock
cycles and 8 flits/packet respectively. The above explained analytical model was used where the link energy
between the routers (E_y;;) and the router switch energy (Esyiy) Values, for per bit transmission, were calculated
using the ORION tool for 0.18um technology. E, ;i is set to 0.0007 and Egy is set to 0.52 and 0.54 for 4-port and
6-port routers respectively. The simulation used offline generated distributed table-based routing for 2D-Mesh
and 3D-Mesh topologies filled using the compatible routing schemes such as XY and XYZ routings
respectively.
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From Fig. 2 it can be seen that the average time taken to reach the destinations has decreased
tremendously in the optimized 3D-Mesh network by a range of 26.9% - 47.7% and 44.7% - 55.7% when

compared against random 2D-Mesh and 3D-Mesh respectively.
Figure 2 Comparison in terms of latency and energy consumed between optimized 3D-Mesh and random 2D as well as 3D-Mesh
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Here, we can observe that 2D-Mesh offers not much a degree of performances as has much greater node
diameter and so takes much duration to travel. Optimally mapped 3D-Mesh structures are more efficient than
randomly mapped 3D-Mesh due to the fact that in optimized mapping obtained from heuristic, applications are
first ordered according to their communication requirements and all the applications communicating with each
other are mapped within the minimum Manhattan distance limit. Optimally mapped 3D-Mesh structures over
performs the optimally mapped 2D-Mesh since for the 2D and 3D Mesh structures of same size, the path lengths
get reduced in 3D Mesh. The experimental results show that the beneficiary compact design of 3D makes it all
the more efficient and also has reduced the total average energy consumed in the optimized design by 66% and
from 45% opposite to optimally mapped 2D and randomly mapped 3D. The average total energy consumed is
the sum of the average router and average edge energies and is lesser in optimized 3D-mesh as flits reach
destinations within fewer hops due to packed in architecture.

We have also given for better evaluation and understanding purpose, the comparison between optimized 3D-
Mesh v/s random 2D-Mesh and between optimized 3D-Mesh v/s random 3D-Mesh in terms of average
latency/flit and the average total energy per received flits for 16, 32, 64, 100, 140, 196, 256, 300, and 400
number of cores in the topology. From Fig.3 and Fig.4 it can be clearly analyzed that efficiently mapped
applications to the core offers better results in every sphere of performance that too with a drastic quality and
performance gains.

Figure 3 Optimized 3D-Mesh compared to random 2D-Mesh shown for different selected topologies in terms of latency and total
energy consumed.

3 Avg. Latency/flit in optimized 3D-Mesh 3 Avg. Latency/flit in random 2D-Mesh

—ic— Avg. total enrgy/ flit in optimized 3D-Mesh —&— Avg.total enrgy/ flit in random 2D-Mesh

300 A __ r 250
= 250 - — [l & =
E ___‘____‘;_,,—4?' - 200 &
[t -
2" 200 4 Ed
= - 150 &
= =
= 150 - — | g
= — —1 | | 100 &
ez 100 A =
= —2x— =
- F 50 -
% 50 - =

0] T T T T T T T T o}
16 32 64 100 140 196 256 300 400
Number of cores in the topology

IJETCAS 13-530; © 2013, IJETCAS All Rights Reserved Page 134



K. Vyas et al., International Journal of Emerging Technologies in Computational and Applied Sciences, 6(2), September-November, 2013,

pp. 128-137

Figure 4 Optimized 3D-Mesh compared to random 3D-Mesh in terms of latency and total energy consumed for specific

topologies.
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V1. Conclusion

In this paper we have presented a generic SystemC based open-source simulator NC-G-SIM that has
capability to be used by the research community in order to analyze and simulate the various 3D Mesh, 2D
sh and irregular topologies offering a wide variety of traffic generators and routing strategies particularly the

distributed table-based that can be used in any structure. The simulator is flexible enough to support easy plug-
and-play feature which helps in its further extension. We are planning to include other topologies, switching
mechanisms and routings including fault-tolerant strategies. Also the paper introduces an energy-aware heuristic
that is based on branch and bound technique for efficiently mapping the applications to the cores in the 3D-

Me

sh network that aims at minimizing the latency and the overall energy consumed by the system. It is also

planned to be extended to be implemented on the irregular topologies.
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