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ABSTRACT
Due to technology scaling, it is expected that future chips would
integrate tens to hundreds of functional units. The growing power
and design costs limit the benefit of continuously increasing the
universality and complexity of these units and motivate the usage
of specialized hardware modules. These modules are likely to be
replicated in order to exploit the inherent parallelism of many
tasks. This trend already exists in CMPs (moving from multi-core
to many-cores), ASSPs and FPGAs.
In this paper, we revisit the network on-chip (NoC) mapping
problem in light of this expected trend. Specifically, we leverage
the use of on-chip replicated specialized modules to minimize
traffic and hence to reduce the power consumed by the NoC. We
further improve the interconnect efficiency by making the
mapping algorithm aware of the set of modules traversed by
application data. To this end, we present an enhanced modeling of
the resources and timing requirements within a system on-chip
(SoC). We evaluate the benefit of the proposed approach and
show a significant reduction in the cost of communication.1

Categories and Subject Descriptors
C.5.4 VLSI Systems

General Terms
Algorithms, Design, Performance
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1.

INTRODUCTION

The scaling of VLSI technology increases the number of
transistors available to the system architect, making room for the
implementation of hundreds of modules on a single chip in the
near future. While it is hard to predict the specific applications
that would benefit from such massive architectures, it is clear that
the number of unique modules in such SoCs will be considerably
smaller than the total number of modules. In order to allow a high
degree of parallel processing and design productivity, units would
be massively replicated on the chip, creating classes of identical
modules with specialized functionality and characteristics. This
trend complies with the advance of CMP (chip multi processor)
systems, where processors and cache banks are already replicated
many times all over the chip, while replication of DRAM
controllers in a CMP is envisioned [1].
Due to the growing power and design costs of implementing
increasingly complex, general purpose modules, the majority of
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the on-chip modules will be massively replicated specialized cores
optimized for sets of tasks. Examples of such modules include
DSPs, memory banks, hardware accelerators, graphic processors,
vocoders, etc. Consequently, the data path in systems is likely to
become more deeply pipelined in the future. In parallel to this
trend, increasing system complexity has given rise to a packetswitching interconnection network, termed network on-chip
(NoC). Due to its parallelism, scalability and modularity, a NoC
reduces communication costs and improves design productivity.
As the distance traversed by packets in the network affects the
energy consumption and the performance of the system, the
mapping of the SoCs modules into the NoC structure is an
important step in the design process. Intuitively, communicating
modules should be placed in close proximity if they exchange
large amounts of data (to save energy) or if they require a short
network latency. In this paper, we discuss the mapping problem in
future SoCs. Specifically, we account for classes of replicated
modules and for multi-stage processing pipelines.
Typically, the inputs to a NoC mapping procedure are described
by a demand matrix and a latency requirements matrix (or
equivalent graph representations), which specify the flow
bandwidth and the allowed delay between each pair of modules,
respectively. In the classic demand matrix representation, each
flow is bounded to a specific sender and receiver and no flexibility
is allowed. Since the NoC infrastructure enables a sender to
communicate with any other module, binding a flow to a
particular pair of module instances is an unnecessary and
expensive constraint. Alternatively, we may allow the mapping
algorithm to benefit from the existence of identical modules, by
assigning flows to the best replica within a module class. As flows
are no longer associated with particular modules within a class,
the mapping algorithm has a higher degree of freedom resulting in
a more efficient design.
Moreover, we also argue that the commonly used latency
requirements matrix limits the potential cost reduction in the
mapping phase. By specifying only pair-wise module-to-module
timing requirements, the application level data-flow is ignored,
and the latency requirements are over-constrained. In this work,
we introduce and evaluate an extended modeling of the SoC
which captures the application's latency needs in a more
appropriate way. In resemblance to retiming of a logic path in
traditional circuit design, we allow trading off delays between
flows that compose a stream of information processing: wherever
applicable, we replace a "chain" of end-to-end delay constraints
with a single, unified constraint, describing the latency
requirement of an application stream, measured from the time the
first module in the chain generates the data until the last module
receives the data. By using this cross-layer knowledge of the
application needs, the mapping algorithm exploits new degrees of
freedom in the design space and the cost is reduced.

Figure 1a depicts a signal-flow graph of a video display of
multimedia information chip [2]. Hardware processing of a single
video stream requires six coprocessor units. In order to allow
parallel processing of two video streams for a dual screen display
("application example II" in [2]), 12 coprocessors have to be
mapped onto the chip (Figure 1b). Classically, the mapping
algorithm would get as part of its input an explicit binding of a
coprocessor with the memory it uses (e.g., NR1 to MEM_A, NR2
to MEM_D, and etc.). Moreover, a traditional formulation of this
mapping problem would specify timing requirements for each of
the 18 unidirectional flows within the application (nine for each of
the parallel processed streams).
Our approach includes two fundamental modifications: the
mapping phase groups the four available memory buffers into a
single MEMx class, and finds the most efficient coprocessormemory partition as part of the optimization process. In addition,
as the overall performance of the application is dictated by the
time a block of data traverses the whole chain of processing
modules rather than by individual, single hop delays, the seven
timing requirements for each stage are replaced by one end-to-end
delay constraint. This reduces the total timing requirements for the
system from 18 to 6 (as the single hop constraint between the NR
and memory module cannot be replaced).
The rest of this paper is organized as follows: in section 2 we
survey related work. In section 3 we describe the classic NoC
traffic modeling, cost function and optimization algorithm. In
section 4 we introduce our extended modeling and mapping
schemes. In section 5 we present our cross-entropy optimization
engine and in section 6 we evaluate the proposed schemes. In
section 7 we conclude the paper.

(a)
(b)
Figure 1: A dual-screen video display of multimedia SoC
(a) Signal-flow graph of a single video stream, describing nine individual
point-to-point flows. Seven types of cores are involved: input processing
(IN); noise reduction (NR); horizontal scaling (HS); vertical scaling (VS);
address generating (JUG); and video blending (BLEND), and memory
buffers (MEM). (b) A mapping of a dual screen SoC as a 4x4 tiled chip.

2. RELATED WORK
Due to its direct implications on overall system power and
performance, the module mapping problem has received a
considerable attention in the NoC literature. Since even simple
formulations of the mapping problem are NP-hard, optimal
mapping of large systems cannot be obtained within a reasonable
amount of computation and heuristic optimization methods are
often used. In the first paper to tackle mapping for NoC [3], a
deterministic branch-and-bound algorithm is used to minimize the
communication energy in the system. In [4], a heuristic algorithm
and splitting of traffic facilitate the minimization of the average
delay of packets in the network. In [5], the bandwidth
requirements of the application and message dependencies are
analyzed in order to find a mapping that reduces both power
consumption and the application execution time. In [6], a multiobjective genetic algorithm is used to find a good tradeoff

between power consumption and application execution time.
Similarly, the authors of [7] suggest a random search method to
minimize a cost function capturing the distance and the number of
shortest paths between cores. While a linear-programming based
approach is used in the core mapping phase described in [8] to
solve a similar problem, the algorithms presented in [9] and [10]
also address the resulting link load. Although providing powerful
means to tackle power minimization in the mapping problem,
these proposals either ignored the performance of the NoC or used
the resulting performance as a quality measure rather than as a
constraint for the mapping algorithm. In addition, the metrics used
only account for the overall average performance, ignoring the
actual, per-flow communication delay which is essential for SoC
applications. Moreover, a strict association between the
functionality of a module and its identity is assumed, so that the
existence of replicated modules cannot be leveraged.
The earliest published work to consider energy efficient mapping
of a bandwidth and latency constrained NoC is [11], where the
authors describe a tabu-search based automated design process of
a NoC providing quality-of-service guarantees. Another mapping
scheme that uses delay constraints is described in [12]. There, a
low complexity heuristic algorithm is used to map the cores onto
the chip and then routing is selected so that all constraints are met.
Similarly, the mapping schemes used in [13][14][15] all use the
per-flow, source-destination latency requirements of the
application as input to the design process while the end-to-end
requirements imposed by the application are not considered.
An example of leveraging application-level constraints for NoC
design is shown in [16], where end-to-end temporal requirements
are used for buffer sizing. A specific problem of placing replicated
memory controllers in the CMP domain was recently addressed in
[1]. However, the placement targets bandwidth problems while
the interconnect power consumption is not considered.
A related research field addresses the task mapping and
scheduling problem. In a typical formulation of the problem, the
application is described using a fine-grained task graph and the
optimization algorithm aims at finding an efficient task-to-core
(rather than core-to-tile) partitioning. In this work, we assume that
task allocation has been performed prior to the tile-mapping phase
and is provided as an input (e.g., [7][8][9][10][11]). However,
ideas similar to the ones discussed here can be incorporated into
the task mapping phase or into a joint task-core mapping
algorithm. While the NoC literature is rich in task mapping
algorithms, two papers are particularly relevant in this context. In
[17], six NoC design problems (topology selection, task
assignment, tile mapping, routing path allocation, task scheduling,
and link speed assignment) are solved using a nested genetic
algorithm optimization method. In [18], the authors propose a
hardware-software co-synthesis algorithm that chooses a set of
cores from an IP library, and then performs the tile mapping and
task allocation so that total energy consumption is minimized.
However, while focusing on the multi-phased optimization
schemes, these papers do not directly address the potential benefit
that lies in the replication of modules and in the extended
formulation of timing requirements.

3. CLASSIC NOC MAPPING
Throughout this paper, we assume a mesh-grid NoC in which any
shortest-path routing scheme is used (e.g. dimension ordered, YXXY, etc.). Though this is a common design choice, the proposed
techniques can be modified to accommodate other architectures

and topologies, including non-regular ones. For simplicity, we
also assume that all N modules have a similar shape and we focus
on the mapping problem rather than the floorplanning phase.
However, very similar concepts can be used during the
floorplanning of the SoC to optimize the cost of the interconnect.
In this paper, a mapping π∈P is the assignment of N tiled modules
onto the chip, while P is the set of all N! possible mappings.

3.1

Classic Traffic Characterization

The traffic within a SoC is traditionally described by a matrix of
N2 values, each of which specifies the amount of traffic
transmitted between an ordered pair of modules:
(1)
B = {bi → j | 1 ≤ i , j ≤ N }
where b i j is the bandwidth sent by module mi to module m j
(composing flow fi j), or 0 is such a flow does not exist.




As explained in Section 1, when timing requirements are
considered in the mapping phase, they are classically listed as a
set of pair-wise constraints. Since run-time, dynamic effects for
congestion are hard to predict, hop-count is often used as a metric
of latency (e.g., [12]). This approximation is accurate enough to
be used by the mapping algorithm [7] as NoCs are typically
designed to operate in light loads such that congestion effects are
not dominant. However, other, more elaborate analytic delay
models can be equally used. Formally written, the set of timing
constraints is defined as:

{

T REQ = t iREQ
|1 ≤ i , j ≤ N
→j

}

(2)

where t REQ is the timing requirement for the flow running from
i→ j
module mi to module m j, or ∞ if such a requirement does not exist.
Given a module mapping π, classic mapping schemes consider it
feasible if the following holds:
(3)
ti→ j ≤ tiREQ
→ j , ∀1 ≤ i , j ≤ N
where ti j is the delay imposed on a flow fi j in mapping π.




Adhering to a widely used modeling of the cost of a given
mapping (e.g., [7][10][17]), we use the following cost function:
(4)
Cost (π ∈ P) = ∑ BWl = ∑ bi→ j ⋅ Dist (i, j ) 
l∈L

1≤ i , j ≤ N

where P is the set of all possible mappings of the modules to the
chip; L is the set of all NoC links; BWl is the bandwidth delivered
over link l in mapping π; and Dist(i,j) is the distance between
module i and module j (measured in hop count) in mapping π.
This expression directly captures the dynamic power consumed by
the interconnect routers and links for the repeated charging of gate
capacities and wires. Nevertheless, other cost functions
(accounting for maximum channel load [1], static power
consumption, etc.) may be used according to the designer needs.

3.2

Classic NoC Mapping

Given a set of bandwidth requirements (1) and timing constraints
(2), the goal of traditional mapping algorithms is to find a
mapping π∈P that satisfies (3) and minimizes the cost (4).
Intuitively, such mapping algorithms will try to map modules that
exchange large amounts of traffic as close as possible to each
other without violating any timing constraint.
As the number of all possible mappings |P| prohibits a brute force
search for the optimal mapping, an efficient solution must be
found by examining only a small subset of the design space. This

can be achieved by cleverly ruling out large sets of expensive
solutions (e.g., [3]). Alternatively, heuristic algorithms are
frequently used to solve the minimization problem. Popular
choices include simulated annealing and genetic algorithms.

4.
4.1

EXTENDED MAPPING ALGORITHM
Extended Traffic Specification

In the proposed extended traffic specification, the modules are
divided into classes, so that modules in each class have identical
functionality (e.g., a class of DSPs, hardware accelerators,
memory banks etc.). Each unique (non-replicated) module forms a
class of its own. Instead of using pair-wise traffic specifications
(1), traffic is described by the amount of bandwidth each module
mi has to exchange with any of the modules in class Cj, as follows:
(5)
BWi k = {bi → C k |1 ≤ i ≤ N ,1 ≤ k ≤ C }
where biC k is the amount of traffic generated by module mi and
destined for a module (or modules) of class k and C is set of all
classes in the system.
Unlike classic mapping algorithms, the extended mapping
algorithm also has to generate a match between sources and class
destinations, specifying the amount of bandwidth exchanged
between a source module and each module m j in a class C k:
(6)
{bi → j | BWi k ≠ 0, m j ∈ C k }
When using the extended, class-based traffic specification, flows
are no longer bound to any particular module within a class. If no
further limitation is introduced, this might result in one or more
modules being assigned multiple flows, offering them traffic
beyond their saturation point. Therefore, the following set of
constraints is introduced for any selected flow assignment:
(7)
b ≤ σ , ∀1 ≤ i ≤ N

∑

j→i

i

1≤ j ≤ N

where σi is the maximal bandwidth module m i can receive.
This relaxed specification of traffic requirement allows the
mapping algorithm to match a source with any of the destinations
within a class. Potentially, this reduces the cost of the NoC with
respect to a mapping done with rigid, point-to-point traffic
specifications. A simple example is illustrated in Figure 2: in this
example, six modules should be mapped onto a 2x3 tiled chip.
Four of the modules (PE1-4) have unique functionality while the
other two (ACC1-2) are identical functional units (e.g., hardware
accelerators). The communication in the application to be mapped
is of a pipeline composed of the four processing elements PE1,
PE2, PE3 and PE4. In addition, each of those modules needs to
use one of the two accelerators available in the chip. For the sake
of simplicity, we assume all flows have the same bandwidth
requirement of 1 unit. A classic representation of the problem is
depicted in Figure 2a, where PE1 and PE2 were arbitrarily chosen
to use ACC1 while PE3 and PE4 would use ACC2. One optimal
mapping is shown in Figure 3a, reflecting a minimal cost of 9, as
defined in (4). Conversely, Figure 2b describes the same problem
using the extended formulation: ACC1 and ACC2 are grouped
together to a class called ACCx and the mapping algorithm is
allowed to choose which processing element would use which
accelerator. The resulting optimal mapping is shown in Figure 3b.
Enabled by the flexibility introduced by the extended formulation,
the mapping algorithm allocated ACC1 to PE1 and PE3, and
ACC2 to PE2 and PE4. The cost of this mapping is only 7,
reflecting a reduction of 20% with respect to the classic mapping.

Table 1

(a)
(b)
Figure 2: Classic (a) and extended (b) traffic specification

(a)

(b)

Extended Specification
Requirements

of

{

t

REQ
Ω

1
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i1

2

2

REQ
mi1 → mi2

+t

→ mi3

,..., f mi

REQ
mi2 → mi3

k −1

→ mik

+ ... + t

}

REQ
mik −1 → mik

(8)

}

,..., mik ∈ M

i2

where mi0, mi1,…,mik are the modules composing the chain;
f mi → m j is a flow of packets sent by module mi to module mj; and k
is the largest number for which Ω is still a stream. Note that in
case a flow is not a part of a longer chain of flows, it simply
composes a stream of its own of length k=1.
In the proposed formulation, the set of timing requirements (2) is
replaced with the set of requirements of all streams:
REQ
Ω

T

{

= tΩ

REQ
i

| Ωi ≠ φ

}

(9)

The mapping π must meet all stream timing requirements:

t πΩ ≤ t ΩREQ , ∀t ΩREQ
∈ TΩREQ
i
i

(10)

i

where t π is the delay imposed on a stream i in mapping π and
Ω
i

t ΩREQ is its timing requirement.
i

Figure 4 and Figure 5 illustrate the benefit of using the extended
traffic requirements: in this example, four modules (PE1-4) should
be mapped onto a 2x2 chip. The application to be mapped is
assumed to be implemented by a pipeline of all four modules and
needs to have a total latency no larger than 4 time units (measured
in hops). The pipeline also includes a bypass from PE2 to PE4
with a delay requirement of 1 time unit. Table 1 describes one of
the possible formulations of this input data using the
1

PE1PE2
PE2PE3
PE3PE4
PE2PE4

2
1
1
1

Stream

REQ

PE1PE2PE3PE4
PE2PE4

4
1

Figure 5: Resulting
mapping

Timing

In order to describe the timing requirements of the application,
point-to-point constraints should be used only when absolutely
necessary, as they impose rigid module proximity. By examining
the flow of data in an application, we identify streams of
information: a stream is composed of a chain of flows which can
have a single, unified timing requirement. Formally written, a
stream Ω is defined as follows1:

Ω = f mi → mi , f mi

REQ

Figure 4: Bandwidth
requirements

Figure 3: Classic mapping (a) vs. extended mapping (b)

4.2

Table 2

Flow

In this work, we consider the delay caused by the network distance and
ignore other contributing factors (packetization/reassembly delays, module
processing times, etc.) to allow a direct comparison with the classic
scheme. However, if those latencies are known, they can be accounted for
in both mapping schemes in a straight-forward manner.

classic, point-to-point requirements, allowing a longer delay to the
high bandwidth flow from PE1 to PE2. Table 2 describes the same
problem in the extended formulation, only restricting the mapping
algorithm by the total delay of the two data streams. Interestingly,
this problem has no feasible solution using the classic mapping
while it does have one when the extended formulation is used,
depicted in Figure 5. As can be seen, placing PE2 two hops away
from PE3 allows the timing requirement to be met; a step which
was prohibited in the classic formulation. Analyzing the result, the
mapping algorithm simply traded-off the long delay allowed
between PE1 and PE2 with the delay between modules PE2 and
PE3, leaving the total pipeline delay to be 4 time units.
While this is a very simple problem which only involves a small
number of modules and can be studied without using CAD tools,
it sheds light on the challenges the architect faces when designing
large scale systems. In such systems, the designer might only
learn that there is no valid solution after a very long run of the
mapping algorithm. As shown in Section 6, even if a solution can
be found by the classic point-to-point tools, they are often more
expensive than those generated by the proposed scheme.

4.3

Extended NoC Mapping

Similarly to the classic problem formulation, the proposed
mapping algorithm aims at minimizing the power consumption by
shortening the paths traversed by intensive data flows and placing
pairs with low communication further apart, while meeting all
timing requirements. However, due to the higher degree of
freedom expressed in the extended formulation, it is able to find
lower cost solutions.
Given a set of class bandwidth requirements (5), module
capacities σi, and timing constraints (9), the goal of the extended
mapping algorithm is to find a mapping π∈P that satisfies (7) and
(10) while minimizing the cost (4).

5.

CROSS-ENTROPY OPTIMIZATION

Throughout this paper we use Cross-Entropy (CE) optimization
[19] to find low cost mappings. CE is a modern optimization
heuristic that was proven useful in many combinatorial
optimization problems. The algorithm is akin to evolutionary
algorithms such that a population of solutions is evolved.
However, generation of new solutions is based on statistical
methods of sampling and estimation of parameters. CE is
inherently a global search method and therefore the risk of getting
trapped in a local minimum is reduced. Extensive comparisons
with solutions produced by simulated annealing (not shown here

due to space limitation) reveal that CE is superior in terms of
speed and quality. This complies with the observation reported in
[7] regarding the relatively poor results achieved by simulated
annealing and other optimization methods (genetic algorithms and
adaptive search procedures) when solving similar problems.
The goal is to find the global extremum of some cost function
S(x) defined on an element space X. We assume that a global
minimum is required, and that X is a discrete space of a finite (yet
very large) number of elements such that exhaustive search is
infeasible. It is assumed that one possesses a family of probability
functions f(x;v) defined over X parameterized by a parameter
vector v. Using the following steps, the algorithm sequentially
updates the parameter such that the corresponding probability
density becomes concentrated around the global minimum:
1. Given an initial parameter vector v=v0, sample
a random population of K solutions x1,x2,…,xk
from the distribution given by f(x;v).
2. Evaluate the costs S(xi),i=1,…,K.
3. Using the ρK (0<ρ<1) elite (lowest cost)
samples, obtain a new density function f(x;v)
by calculating a new vector v via Maximum
Likelihood (ML) estimation.
4. Repeat steps 1-3 with the new vector v unless
maximum number of iterations is reached or no
improvement is obtained for a predefined number
of iterations.

To adapt the generic algorithm to the mapping problem, we
maintain a vector of probabilities of length N (number of modules
to be mapped) for each tile in the placement matrix. Each entry in
the vector represents the probability that the corresponding
module is placed in that tile. Namely, each tile is associated with a
multinomial random variable with N possible outcomes – an
outcome for each module. The probability distribution for
sampling a solution (a mapping) is thus determined by N
multinomial random variables parameterized by the corresponding
vectors of probabilities.
For each tile, we generate a random sample of the corresponding
multinomial random variable to specify the module to be placed in
that tile (step 1). Once the module is placed, it cannot be placed in
any other tile. Thus, the corresponding probabilities of other tiles
are nullified and the remaining probabilities are re-normalized.
After evaluating the costs of all sampled mappings (step 2), we
update the probabilities associated with each tile. To this end, we
consider the elite set of sampled mappings. The probability of
module i to be placed in tile j is relative to the number of times
this module is placed in that tile in the elite sample set. For the
above probability distribution, this update scheme is the ML
estimation of step 3.

6.

EVALUATION

In this section, we evaluate the potential benefit that lies in the
extended formulation of the mapping problem. We use a 6x6 tiled
network on which 36 cores are mapped. For each random system
requirement scenario, two mappings are compared: one is the best
mapping generated by a classic algorithm and the other is the best
mapping found using the extended formulation. In order to get
reliable results, each experiment is repeated 12 times. All flows
have an identical bandwidth of 1 unit. For the parameters of the
CE algorithm, we use ρ=0.1 and K=2000 to comply with the
recommended values in the CE literature for problems of this size
[19]. Typical running time until convergence is a few minutes per
mapping on a PC with a 3GHz processor.

6.1

Class Modeling

In order to evaluate the gain enabled by the extended formulation
capturing the classes of replicated modules 4.1), we create random
application data-flow graphs which are mapped to the system
cores. To allow a fair comparison, the maximal load of each class
module in the extended formulation (σi in Eq. 7) is limited to the
maximal load presented to it when the classic formulation is used.
Figure 6 shows the cost (Eq. 4) reduction for a varying number of
class modules and size of each class. If only a single class of
modules is available, the total cost is reduced by 6% when the
number of modules in that class is 4 (11.1% of the 36 modules in
the system). The saving grows to 33% as the class size is
increased to 20 (55.6% of all modules). For the same total portion
of replicated modules, increasing the number of classes (thus
reducing the size of each class) results in a lower reduction in
cost. For example, four classes of size five each (20 replicated
modules in total, 55.6% of all modules) lowers the cost by 20%
compared to the mapping generated by a classic algorithm.

6.2

Extended Timing Specification

To compare the mappings generated using the classical and
extended timing formulations, we use random application dataflow graphs. We consider a many-modules SoC composed of a
multi-stage single stream application (similar to the one illustrated
in Figure 1a), and some additional modules. The application dataflow graphs account for two types of traffic. Type I traffic is
composed of a set of chained flows, going through all stream
processing modules one by one. Type II traffic is composed of all
other flows, running from sources to destinations selected
uniformly at random from all system modules. To complete the
specification of the data-flow graph, random timing requirements
are set for flows in the system. In the extended specification, the
timing requirements of the stream flows (type I traffic) are
replaced with a single requirement that is equal to the sum of the
replaced constraints and restricts the total delay of the path from
the first module of the chain to the last one (total pipeline delay).
Figure 7 shows the savings in case the pipeline is 16 modules long
and type II traffic has timing requirements randomly selected in
the range of 1 to 4 hops. The savings are presented versus the total
allowed pipeline delay, for varying amounts of timing
requirements for the type II flows. The X-axis reflects the rigidity
of the pipeline delay requirements: “tight” means that the mapping
of the modules must keep the number of hops composing the
pipeline no more than 50% longer than the pipeline’s own length
(24 in the case of a 16 module pipeline); “medium” is for 75%,
“loose” is for 100%; and “very loose” for 125%, representing a
case in which the pipeline has a large slack time. The Y-Axis
represents the cost reduction compared to the solution achieved
when a classic algorithm is used. Each group of bars represents a
different amount of extra timing requirements, i.e., constraints
imposed on type II flows. For example, “20% extra constraints”
means that there are 20% more timing requirements in addition to
the constraints imposed on the flows composing the pipeline
stream. These cases reflect different latency needs outside the
main processing data path.
The extended timing specification results in up to 18% reduction
in the cost of communication. Interestingly, for different pipeline
delay requirements, the peak saving is achieved for a different
mixture of constraints. For example, for a pipeline with a tight
timing requirement, the largest reduction is achieved when type II
traffic has no timing constraints, while for a very loosely bounded
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pipeline, the peak saving is received when the non-pipeline
traffic has a large number of timing requirements. This is caused
by the complex effects of increasing the allowed pipeline delay
and adding point-to-point timing requirements. Intuitively,
allowing a looser pipeline constraint increases the potential
benefit that lies in the extended timing specifications as larger
delays can be traded-off between different stages of the pipeline.
However, when the total pipeline requirement is very loose, the
point-to-point constraints of the pipeline are large enough to allow
a classic algorithm to generate an efficient mapping.

7.

SUMMARY

In this paper, we examine the NoC module assignment problem in
light of two trends already witnessed in current SoC designs,
caused by the steep increase in the number of transistors available
on a chip and by the growing importance of keeping power
consumption low. The first is the availability of replicated
modules that have identical functionality. The second is the
implementation of task-specific optimized modules (rather than
general purpose processing elements), prolonging the path
traversed by data on the chip. We argue that the design process of
the NoC should account for this development, as classic modeling
prevents exploiting the true benefits of a NoC based design. We
show the importance of modifying the traditional formulation of
the network assignment problem to account for classes of
replicated modules and application-level latency needs. The new
formulation leads to a more efficient tile mapping and yields
significant savings in the cost of communication.
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