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Abstract— Network congestion can limit performance of NoC
due to increased transmission latency and power consumption.
Congestion-aware adaptive routing can greatly improve the
network performance by balancing the traffic load over the
network. In this paper, we present a reinforcement learning
method, Q-learning, for NoC to alleviate congestion in the
network. In the proposed method, local and nonlocal
congestion information is propagated over the network
utilizing learning packets. This learning approach results in
better routing decisions due to up-to-date and more reliable
congestion values. According to this congestion information, a
path is chosen for a packet which is less congested.
Experimental results with synthetic test cases demonstrate that
the on-chip network utilizing the proposed method
outperforms a conventional scheme, Dynamic XY, (28% for
uniform traffic and 17% for hotspot traffic) with a 12% of
area overhead.

Keywords: Networks-on-Chip, Congestion-aware Adaptive
Routing, Reinforcement Learning, Q-routing

L INTRODUCTION

As technology scales and chip integration grows, on-chip
communication is playing an increasingly dominant role in
System-on-Chip (SoC) design [l]. Networks-on-chip

(NoCs) have emerged as a new communication
infrastructure to address scalability, reliability and
throughput  [2][3][4][5][6][7]. In NoC architecture,

Processing Elements (PEs) are connected to the routers, so
that the PEs can communicate with each other by
propagating packets through the on-chip network. Routing
algorithms are used in NoCs in order to send a packet P(s,
d) from a source node s to a destination node d. The
performance of NoC depends strongly on the routing
techniques. Routing algorithms are classified as
deterministic or adaptive. Deterministic routing algorithms
always provide a fixed path between the given source and
destination pair. These algorithms are unable to alleviate
congestion since the routing decision is independent of the
network condition. However, congestion is a major factor in
limiting performance of NoC and needs to be avoided [8].
Adaptive routing algorithms allow messages to choose
among multiple paths between source and destination.
Therefore, they can decrease the probability of passing
packets through congested areas and adapt the congestion
condition to the network status[9].

Reinforcement learning is a methodology to obtain an
optimal solution when the system offers alternative choices.
It has attracted considerable attention in the past because it
provides an effective approach for problems in which
optimal solutions are analytically unavailable or difficult to
obtain. The learning methodology is based on the common-
sense idea that if an action is followed by a satisfactory
state, or by an improvement, then the tendency to produce
that action is strengthened, i.e., reinforced. On the other
hand, if the state becomes unsatisfactory, then that particular
action should be suitably punished [10][11].

Q-learning [12] is one of the algorithms in the
reinforcement learning family of machine learning. In the
Q-learning approach, the learning agent first learns a model
of the environment on-line and then utilizes this knowledge
to find an effective control policy for the given task.

Q-routing [28] is a network routing method based on the
Q-learning algorithm. Each node makes its routing decisions
based on the information on their neighboring nodes. A
node stores a table of Q-values that estimate the quality of
the alternative paths. These values are updated each time the
node sends a packet to one of its neighbors. This way, as the
node routes packets, its Q-values gradually incorporate
more global information. Such exploration has proven to be
capable of adapting to load changes and to perform better
than the deterministic routing with high loads [13].

The main contribution of this paper is to apply and utilize
the Q-learning method to evaluate local and global
congestion information in NoCs. In the proposed approach,
named Q-learning based Congestion-aware Algorithm
(QCA), whenever a packet is sent from node X to node Y, a
learning packet returns the local and nonlocal congestion
information back to node X. The local congestion
information indicates the waiting time of a packet at the
corresponding input buffer of node Y. The nonlocal
congestion information gives a global view of the
congestion conditions of the nodes located between node Y
and the destination node. This information is extracted from
a Q-table available at each router and is updated using
learning packets. The aim of QCA method is to estimate and
predict the congestion condition of the network as close to
the actual values as possible. This information is used in the
routing decision to choose a less congested path.



The reminder of this paper is organized as follows. In
Section 11, the related work is discussed. Preliminaries on Q-
learning and Q-routing techniques are given in Section III.
In Section IV, the proposed Q-learning method in NoCs is
explained. The results are reported in Section V, while the
summary and conclusion are given in the last section.

II. RELATED WORK

2D-mesh topology is a popular architecture for NoC
design because of its simple structure, ease of
implementation, and support for reuse [17]. The
performance and efficiency of NoCs largely depend on the
underlying routing methodology. Adaptive routing
algorithms can be decomposed into routing and selection
functions. The routing function supplies a set of output
channels based on the current and destination nodes. The
selection function selects an output channel from the set of
channels supplied by the routing function [18]. The
selection functions can be classified as either congestion-
oblivious or congestion-aware schemes [19]. In congestion-
oblivious algorithms, such as Zigzag [20] and random [21],
routing decisions are independent of the congestion
condition of the network. This policy may disrupt the load
balance since the network status is not considered. On the
other hand, congestion-aware routing algorithms consider
the congestion status of the network in the routing
decision [9]. Several methods have been presented in order
to address the network congestion problem [15][16][22]. In
DyXY [23] the selection is performed using the local
congestion status of the network [18]. In this scheme, based
on the static XY algorithm, a packet is sent either to the X
or Y direction depending on the congestion condition. It
uses local information which is the current queue length of
the corresponding input port in the neighboring routers to
decide on the next hop. It is assumed that the collection of
these local decisions should lead to a near-optimal path from
the source to the destination. The main weakness of DyXY
is in the use of the local information in the routing decision
that may lead to forward packets through congested area as
employing local information is not sufficient. ANOC,
presented in [22], was proposed to reduce the network
congestion using a cluster-based network which imposes
additional hardware overhead.

Most of the other congestion-aware algorithms [14][15],
also consider local traffic condition. Routing decisions
based on local congestion information may lead to an
unbalanced distribution of traffic load. Therefore, they are
efficient when the traffic is mostly local, i.e. cores
communicate with other ones close to them [24], but they
are unable to solve the global load balance problem via
making local decisions.

Q-learning based approaches have been rarely investigated
in NoCs. The algorithm in [28] is proposed to handle
communication among modules which are dynamically
placed on a reconfigurable NoCs. Another method, named

fault-tolerant deflection routing algorithm (FTDR), is
presented in [25] which inspired by Q-learning techniques
for tolerating faults in NoC.

III. PRELIMINARILY AND BACKGROUND

In this section, we review the preliminaries about Q-
learning and Q-routing techniques.

A. Q-learning

One of the most important breakthroughs in reinforcement
learning is known as Q-learning. Q-learning algorithms use
a table to estimate Q-values, called Q-table. As shown in
Table I, each table maintains four fields named Current-
State Space, Next-State Space, Action Space and Q-value.
Current-State Space refers to everything that the agent
currently perceives, while Next-State Space is determined
by the Current-State and the actions selected by the agents.
The Action space indicates the actions that the agent can
perform. Each Q-value is accessible by O(s, a) representing
the expected reinforcement of taking action « in state s.

Table I. Q-table
Next-State Space

Current-State Space Action Space | Q-value

The standard Q-learning algorithm has several stages as
follows [26]:

Q-learning algorithm

1. For each s and a, initialize the table entry Q(s, a) to zero

2. Observe the current state s

3. Select action a through one of these methods and execute it:
e  Exploration or random
e  Exploitation or Q-table based

4. Receive reaction

5. Observe the new state s’ and update the table entry for O(s, a)

using the values of 7 and Q(s’, a)
6. s« s’

7. Go back to stepl

At each time, an agent is assumed to be in a certain state
s, and it chooses action a to interact with the environment.
Then the agent receives a reward r from performing action a
and observes a new state s . After that, Q-table is updated.

There are two methods for selecting action a from the
possible actions in every state [11]:

Exploration or random action selection: optimal actions,
which are not chosen yet, are added to the table.

Exploitation or Q-table based:
according to the learned Q-table.

actions are selected

It is clear that action selection is more exploration at the
beginning of learning, and is more exploitation towards the
end of learning.



B.  Q-routing

The task of Q-routing is to find an optimal routing policy
for the network [27]. In Q-routing, Q-learning is used to
first learn a representation of the network state in terms of
Q-values and then use these values to make routing
decisions. Each node x in the network represents its own
view of the network state through its Q-table. Given this
representation of the state, the action a at node x is to find a
neighboring router to deliver a packet which results to lower
latency for the packet to reach its destination.

As soon as node x sends a packet, destined for node d, to
one of its neighboring nodes y, node y sends its best
estimate Q,(z,d) for the destination d back to node x:

0,(z.d)= min 0, (n,d)
neN(y)
Where N(y) is a set of the y’s neighboring nodes.

This value essentially estimates the remaining time in the
journey of packet P (s; d). Upon receiving O,(z,d) node x
computes the new estimate for Q,(y,d) as follows:

0,(nd)" =0, (z,d)+q,+6

O.(v; d) is node x's best estimated delay that a packet
would take to reach its destination node d from node x when
sent via its neighboring node y excluding any time that this
packet would spend in node x's queue, and including the total
waiting time and transmission delay over the entire path that
it would take starting from node y. Q-value is modified by
the following formula:

Qx (y’ d)new = Qx (y’ d)n[d + y(QL (Z’ d) + qy +0 - Qx (y’ d)old ) (1)

Therefore, the maximum amount of time it will take for a
packet to reach its destination from node x is bound by the
sum of three quantities: (1) the waiting time (g,) in the
packet queue of node y (2) the transmission delay (J) over
the link from node x to y, and (3) the time Q,(z; d) it would
take for node y to send this packet to its destination via any
of node )'s neighbors (z). Moreover, the learning rate, 7y,
determines the rate at which newer information overwrites
the older one. y can take a value between zero and one; the
value of zero means no learning is made by the algorithm;
while the value of one indicates that only the most recent
information is used.
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Figure 1. An example of Q-routing method

IV. Q-LEARNING BASED CONGESTION-AWARE
ALGORITHM (QCA)

In this section, in order to utilize the Q-routing technique
in NoC, at first we modify Q-table in a way that it could be
used in NoCs. Then we explain the format of the learning
packets, carrying the information relevant to the Q-routing.
Finally, we describe the proposed Q-learning algorithm in
NoCs.

A. NoC-based adjusted Q-table

Q-table should be adapted in order to be applicable in
NoCs. An adapted Q-table can be considered as a nxm
matrix, where 7 is the number of nodes in the network while
m is the number of columns. As indexed in Table II, the
column of the table has five fields: Current-Router, Next-
Router, Output-Port, Latency, and Destination-Router. The
Current-Router and Next-Router fields are referred to
current state space and next state space in Q-table (Figure
1), respectively. The Output-Port indicates the action space
that can be within the following cases: north, south, west,
east, and local directions. The Latency is representative of
the estimated latency value to deliver a packet from the
current to the destination node via the next router.

For example, the contents of Table II are related to the
adapted Q-table of node 4 in 3x3 mesh network (Figure 3).
Each entry of the table is allocated to a specific destination
in the network that can be reached by node 4. The Output-
Port field indicates the minimal directions which can be
used to deliver the packet from node 4 to the given
destination; while the Next-Router field points to the
neighboring nodes in those directions. The latency value is
obtained by formula (1).

Table II. Adjusted Q-Table in NoC

State-Space Action-Space Q-Value Goal

S s’ a Q(s; @) d
Current- | Next- Output-Port Latency | Destinatio
Router | Router n- Router
Node4 | 1 | 3 | South | West Node 0
Node4 | 1 - | South - - Node 1
Node 4 1 5 | South East Node 2
Node4 | 3 | - | West - - Node 3
Node4 | 4 | - | Local - - - Node 4
Node4 | 5 | - East - - Node 5
Node4 | 3 | 7 | West | North Node 6
Node4 | 7 | - | North - - Node 7
Node4 | 5 | 7 East North Node 8




B.  Learning Packet Format

Two types of packets can be propagated through the
network, data packets and learning packets. However, they
use separate virtual channels to propagate information. As
shown in Figure 2, the learning packet is a 1-flit packet
consisted of four main fields described as follows:

e Receiving node ID: determines the corresponding
neighboring node to forward a learning packet.
Since each node is connected to at most four
neighboring nodes, 2 bits is enough to encode the
neighboring nodes ID.

o [Local latency: the packet’s waiting time in the
input buffer of the neighboring router to receive an
output channel. In the formula (1) the term qy is
referred to local latency. We have considered 2 bits
for the local latency.

e Global latency: the latency that a packet probably
experience from the next node to the destination. In
formula (1), the term Q,(z,d) indicates the global
latency. We have considered 4 bits for the global
latency.

e Destination node ID: determines the destination
node of a data packet. 8 bits are considered for this
purpose, so that it is sufficient for 16x16 mesh
network. For bigger size network, more bits should
be assigned to destination ID field.

2 bits 4 bits 4 bits 8 bits
[ il Il il |
Receiving Local Global Destiantion
Node ID Latency Latency Node ID

Figure 2. A learning packet format

C. The congestion-aware routing algorithm based on Q-
routing approach

Suppose that packet p is sent from the source node s to
destination d. At each router, the routing unit decides where
to send a packet. The decision is made based on the
congestion values received from the neighboring nodes. The
minimum selection function selects a path which is less
congested. When the current router sends a data packet to
the downstream router, it is also required to return the
learning packet (i.e. containing local and global congestion
information) back to the upstream router. Upon receiving
the learning packet, the upstream router updates the
corresponding entry in Q-table using the update Q-table
function. The proposed algorithm along with the minimum
selection and Q-table functions are given as follow:

The Proposed Algorithm

1. A new packet is delivered from node x to node y.
2. At node y, the minimum selection function returns the neighbour

of node y with the smallest congestion value.
3. The packet is sent from the current node y to the downstream
router; concurrently a learning packet is delivered to node x.
4. Node x receives the learning packet and updates Q-value in the
corresponding row of Q-table, calling the update Q-table
function.

In the minimum selection function, when node x receives a
packet destined for node d, it checks the vector O.(*; d) of
Q-values to select a neighboring node y in which the Q,(v, d)
value is minimum (note that * determines all neighboring
nodes of node x in minimal directions). It is important to
note that these Q-values are not exact. They estimate the
packet latency from the current to the destination node and
the routing decision based on these estimates does not
necessarily give the best solution.

Minimum Selection Function

1. Dest _id € Get Destination_Router(); --From the packet header
2 if destination is the local router then

3 consume the packet

4. endif;

5. if number of neighboring nodes=1 then

6. Selected-Router € Q-table(Dest id)(Next Routerl);

7.

8

end if;
. if number of neighboring nodes=2 then

9. Latency Neighborl € Q-table(Dest id)(Latency Pathl)
10. Latency Neighbor2 € Q-table(Dest_id)(Latency Path2)
11. if Latency Neighborl<= Latency Neighbor2 then
12. Selected-Router € Q-table(Dest_id)(Next_Routerl);
13. else
14. Selected-Router € Q-table(Dest id)(Next Router2);
15. end if;
16. end if;

When a learning packet reaches a router (i.e. node x), Q-
table should be updated in order to be adapted to the
changing state of the network. We suppose that the link
delay, o, is a constant value between each two adjacent
nodes, so in formula (1) we set it to the value of zero.
Moreover, a 50-50 weight is assigned to old and new
information. Thus simple weighting assignment has
performed the best compared to other cases, so that a value
of 0.5 is assigned to y. Therefore, the formula (1) is rewritten
as:

Qx( ’d)new :Qx( ’d)ald +0'5(Qy(z’d)+qy _Qx( ’d)ald)

In other words, each router learns a more accurate model
of the dynamically changing network condition.



Updates Q-table Function

For each router which received learning packet
--extracted from the learning packet header
Node_id ( get Receicing Node_id()
Local Latency ( get Local Latency()
Global Latency get Global Latency()
Dest _id  get Destination Node_id()

if Node_id= Q-table(dest id)(Next Routerl) then
QO value old € Q-table(dest id)(Latency Pathl)
QO-table(dest _id)(Latency Pathl) €Q value old+
0.5(Global Latency+Local Latency-Q value old)
10. end if;
11. if Node id= Q-table(dest id)(Next Router2) then
12. QO value old € Q-table(dest id)(Latency Path2)
13. QO-table(dest _id)(Latency Path2) €Q value old+
0.5(Global Latency+Local Latency-Q value old)
14. end if;

0N R W~

Figure 3 shows an example where a data packet is going to
be sent from node 0 to the destination 5. Whenever, the data
arrives at the intermediate node 1, the routing unit at node 1
decides either to send a packet to node 2 or node 4. Suppose
the routing unit selects node 2 for the next hop which is less
congested. At this time, a learning packet is generated and
delivered back to node 0. This learning packet should
aggregate the local and global congestion information. To
obtain the local congestion information, the waiting time at
the input buffer of node 1 is considered; while for the global
information, the latency value in Q-table is utilized. This
information is extracted from the corresponding row of Q-
table at node 1 indicating the estimated latency required to
send a packet from node 1 to the destination node 5 through
node 2.

TN\ N\ N
—l j—t 8 )

A ?/ \1/ \J
(1 —
_/

J

Figure 3. 3x3 mesh network

V. EXPERIMENTAL RESULT

In this paper we used an OMNeT++ based NoC simulator
to calculate the average delay and the throughput.
OMNeT++ is an extensible, modular, open-source
component-based C++ simulation library and framework,
primarily aimed at building network simulators [29][30]. A
two dimensional mesh configuration has been used for the
NoC. The simulator inputs include the network size, the
network offered load, the routing algorithm, and the traffic
type. Experiments are conducted to evaluate the
performance of QCA method compared to the DyXY

routing algorithm. Simulations are carried out on a 4x4
mesh NoC. The performance of the routing scheme is
evaluated through latency-throughput curves. For a given
packet injection rate, a simulation is conducted to evaluate
the average packet latency. It is assumed that packet latency
is the duration from the time when the first flit is created at
the source core, to the time when the last flit is delivered to
the destination core. For each simulation, the packet
latencies are averaged over 5000 packets. It is assumed that
the data packets have a fixed length of 8 flits with the flit
width of 32 bits; and the learning packets are 1-flit packets
with the flit width of 16 bits. To propagate data packets, two
virtual channels are used along the y and x dimensions,
while for learning packets, one virtual channel is utilized.
The buffer size per virtual channel is set to 4 flits. Since the
network performance is greatly influenced by the traffic
pattern, we applied two different traffic patterns, including
uniform random and hotspot. In each simulation time step
(nanosecond), these packets are stored in the queue of the
source nodes. The amount of injected packets depends on
the value of the network offered load. Below is the formula
for calculating the network offered load:

Network offered load = flit _size/flit arrival delay

A.  Uniform Random Traffic Profile

The first set of simulations was performed with a random
traffic profile. In the random traffic profile, each core sends
a packet to another core with a random probability. The
destination of different packets in each router is determined
randomly using a uniform distribution. Figure 4 and Figure
5 show the average communication latency and throughput
as a function of the average packet injection rate. As it can
be observed from the results, QCA leads to a lower latency
and higher throughput than the DyXY routing algorithm.
This was expected due to the fact that our method considers
local and global congestion information of the network in
the routing decision. The algorithm can avoid the congested
area, and thus reducing the average packet latency. The
performance gain near the saturation point (0.8) is 28%.
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Figure 4. Average packet latency under uniform random traffic
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Figure 5. Throughput under uniform random traffic
B.  Hotspot Traffic Profile

Under the hotspot traffic pattern, one or more nodes are
chosen as hotspots receiving an extra portion of the traffic in
addition to the regular uniform traffic. In the simulations,
given a hotspot percentage of H, a newly generated message
is directed to each hotspot node with an additional A percent
probability. We simulate the hotspot traffic with a single
hotspot node at (7,2) in the 4x4 2D-mesh network. The
average packet latency and throughput of each network with
H=10% are illustrated in Figure 6 and Figure 7,
respectively. As observed from the results, QCA achieves
better performance as compared to the DyXY routing
algorithm. The performance gain near the saturation point
(0.8) is 17%.
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Figure 6. Average packet latency under hotspot traffic
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C. Hardware Cost

In this section, the hardware cost of our proposed method
and DyXY schemes are computed together. The on-chip
router of each scheme is implemented with VHDL and
synthesized with Synopsys Design Compiler using the 65nm
standard CMOS technology with a timing constraint of
1GHz for the system clock and supply voltage of /V. The
synthesized netlist is then again verified through post
synthesis simulations. The layout areas of the two schemes
are listed in Table III. As can be seen from the table, the
area overhead of QCA is 12% higher that the DyXY
method. That is because of using Q-table in each router to
store local and global congestion information.

Table II1. Hardware cost

Components Arezzi
(mm”)

router in QCA method 0.1683
router in DyXY method 0.1503

VI. CONCLUSION

In this paper, we presented a congestion-aware routing
algorithm (QCA: Q-learning based Congestion-aware
Algorithm) for NoCs inspired by Q-learning techniques.
The aim of the proposed method is to alleviate congestion of
the network by a reliable estimation of the traffic status of
the network. In this method, routers maintain distributed
tables to store congestion information. These tables are
updated by learning packets which carry local and nonlocal
information between every two adjacent routers. The
information in the tables contains updated values that can be
used in the routing unit. Finally, in the routing decision unit,
a less congested direction is selected for forwarding a
packet. Experimental results with synthetic test cases
demonstrate that the on-chip network utilizing the QCA
method clearly outperforms a conventional on-chip network
(Dynamic XY) considerably.

VII. ACKNOWLEDGMENTS

The authors wish to acknowledge the Academy of Finland
and Ulla Tuominen Foundation for the partial financial
support during the course of this research.

REFERENCES

[17 D. Wu, B. M. Al-Hashimi, and M. T. Schmitz, “Improving Routing
Efficiency for Network-on-Chip through Contention-Aware Input
Selection”, in Proc. of 11th Asia and South Pacific Design
Automation Conference, pp. 36-41, 2006.

[2] W. J. Dally and B. Towles, “Route packets, not wires: On-chip

interconnection networks”, in Proc. of DAC, pp. 684-689, USA,
2001.

[3] L. Benini and G. De Micheli, “Networks on chips: A new SoC
paradigm”, IEEE Computer, pp. 70-78, 2002.



[10]

[11]
[12]

[13]

[14

=

[15

[}

[16]

S. Kumar, A. Jantsch, J.-P. Soininen, M. Forsell, M. Millberg, J.
Oberg, et al, “A network on chip architecture and design
methodology”, in Proc. of ISVLSI, pp. 117-124, USA, 2002.

J. Henkel, W. Wolf, and S. Chakradhar, “On-chip networks: A
scalable, communication-centric embedded system design paradigm”,
in Proc. of VLSI Design, pp. 845-851, India, 2004.

M. Kamali, L. Petre, K. Sere, and M. Daneshtalab, “Formal Modeling
of Multicast Communication in 3D NoCs,” in Proceedings of 14th
IEEE Euromicro Conference on Digital System Design (DSD), pp.
634-642, Sept 2011, Finland.

M. Daneshtalab, M. Ebrahimi, P. Liljeberg, Juha Plosila, and H.
Tenhunen, “A Low-Latency and Memory-Efficient On-hip Network,”
in Proceedings of 4th IEEE/ACM International Symposium on
Network-on-Chip (NOCS), pp. 99-106, May 2010, France.

D. Kim, S. Yoo, S. Lee, “A Network Congestion-Aware Memory
Controller”, in Proc. of Fourth ACM/IEEE International Symposium
on Networks-on-Chip, pp. 257-264, 2010.

P. Lotfi-Kamran, M. Daneshtalab, Z. Navabi, and C. Lucas, “BARP-
A Dynamic Routing Protocol for Balanced Distribution of Traffic in
NoCs to Avoid Congestion”, in Proc. of 11th ACM/IEEE Design, in
Proc. of DATE, pp. 1408-1413, 2008.

X. Dai, C. K. Li, and A. B. Rad, “An approach to tune fuzzy
controllers based on reinforcement learning for autonomous vehicle
control”, presented at IEEE Transactions on Intelligent Transportation
Systems, pp. 285-293, 2005.

R.S. Sutton and A.G. Barto, “Reinforcement Learning. An
Introduction”, MIT Press, Cambridge, MA, 2000.

CJ.C.H. Watkins and P. Dayan, “Q-Learning”, in Proc. Machine
Learning, pp.279-292, 1992.

S. Kumar and R. Miikkulainen, ”Dual reinforcement Q-routing: An
on-line adaptive routing algorithm”, in Proc. of the Artificial Neural
Networks in Engineering Conference, pp. 231-238, 1997.

A. Singh, W. J. Dally, A. K. Gupta, and B. Towles, “GOAL: A Load-
Balanced Adaptive Routing Algorithm for Torus Networks”, in Proc.
of ISCA, pp. 194-205, 2003.

A. Singh, W. J. Dally, B. Towles, and A. K. Gupta, “Globally
Adaptive Load-Balanced Routing on Tori”, IEEE Computer
Architecture Letters, pp. 2-6, 2004.

J. Kim, D. Park, T. Theocharides, N. Vijaykrishnan, C. R. Das, “A
Low Latency Router Supporting Adaptivity for On-Chip
Interconnects®, in Proc. of DAC, pp. 559-564, 2005.

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]

[29]

[30

=

J. Liang, S. Swaminathan, and R. Tessier, “aSOC: a scalable, single-
chip communication architectures”, in IEEE Int. Conf. on PACT, pp.
37-46, Oct. 2000.

J. Duato, S. Yalamanchili, and L. Ni, “Interconnection Networks: An
Engineering Approach”, Morgan Kaufmann, 2002.

P. Gratz, B. Grot and S.W. Keckler, “Regional Congestion
Awareness for Load Balance in Networks-on-Chip”, in Proc. of
HPCA, pp. 203-214, 2008.

H.G. Badr, S. Podar, “An optimal shortest-path routing policy for
network computers with regular mesh-connected topologies”,
pp.1362-1371, 1989.

W. Feng and K. G. Shin, “Impact of Selection Functions on Routing
Algorithm Performance in Multicomputer Networks”, In International
Conference on Supercomputing, pp. 132—-139, 1997.

M. Ebrahimi, M. Daneshtalab, P. Liljeberg, J. Plosila, and H.
Tenhunen, “Agent-based On-Chip Network Using Efficient Selection
Method,” in Proceedings of 19th IFIP/IEEE International Conference
on Very Large Scale Integration (VLSI-SoC), pp. 284-289, Oct 2011,
Hongkong.

M. Li, Q. Zeng, W. Jone, “DyXY - a proximity congestion-aware
deadlock-free dynamic routing method for network on chip”, in Proc.
of DAC, pp. 849-852, 2006.

L. T. Thiago, R. d. Rosa, F. Clermidy, et al., “Implementation and
evaluation of a congestion aware routing algorithm for networks-on-
chip”, pp. 91-96,2010.

C. Feng, Z. Lu, A. Jantsch, j. Li, and M. Zhang, “A reconfigurable
fault-tolerant deflection routing algorithm based on reinforcement
learning for network-on-chip”, in Proc of NoCArc, pp.11-16,2010.

T.M. Mitchell,“Machine Learning”, McGraw-Hill Press, International
Edition, 1997.

S.Kumar, ”Condence based Dual Reinforcement Q-Routing: an On-
line Adaptive Network Routing Algorithm”, pp. 198- 267, 1998.

J.A.Boyan, M. L .Littman, “Packet routing in dynamically changing
networks:A reinforcement learning approach”, Advances in Neural
Information Processing Systems 6., pp. 671-678,1994.

A. Varga etal. ,”The OMNeT++ discrete event simulation
system”, In Proc. of the European Simulation Multiconference
(ESM’2001), pp. 319-324,2001.

Y. Ben-ltzhak, E. Zahavi, I. Cidon, and A. Kolodny, “NoCs
simulation framework for OMNeT++”, in Proc. of NOCS, pp.265-
266,2011.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /Cmb10
    /CMBSY10
    /Cmbsy10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /Cmbx10
    /CMBX12
    /Cmbx12
    /CMBX5
    /Cmbx5
    /CMBX6
    /Cmbx6
    /CMBX7
    /Cmbx7
    /CMBX8
    /Cmbx8
    /CMBX9
    /Cmbx9
    /CMBXSL10
    /Cmbxsl10
    /CMBXTI10
    /Cmbxti10
    /CMCSC10
    /Cmcsc10
    /CMCSC8
    /Cmcsc8
    /CMCSC9
    /Cmcsc9
    /CMDUNH10
    /Cmdunh10
    /CMEX10
    /Cmex10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /Cmff10
    /CMFI10
    /Cmfi10
    /CMFIB8
    /Cmfib8
    /CMINCH
    /Cminch
    /CMITT10
    /Cmitt10
    /CMMI10
    /Cmmi10
    /CMMI12
    /Cmmi12
    /CMMI5
    /Cmmi5
    /CMMI6
    /Cmmi6
    /CMMI7
    /Cmmi7
    /CMMI8
    /Cmmi8
    /CMMI9
    /Cmmi9
    /CMMIB10
    /Cmmib10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /Cmr10
    /CMR12
    /Cmr12
    /CMR17
    /Cmr17
    /CMR5
    /Cmr5
    /CMR6
    /Cmr6
    /CMR7
    /Cmr7
    /CMR8
    /Cmr8
    /CMR9
    /Cmr9
    /CMSL10
    /Cmsl10
    /CMSL12
    /Cmsl12
    /CMSL8
    /Cmsl8
    /CMSL9
    /Cmsl9
    /CMSLTT10
    /Cmsltt10
    /CMSS10
    /Cmss10
    /CMSS12
    /Cmss12
    /CMSS17
    /Cmss17
    /CMSS8
    /Cmss8
    /CMSS9
    /Cmss9
    /CMSSBX10
    /Cmssbx10
    /CMSSDC10
    /Cmssdc10
    /CMSSI10
    /Cmssi10
    /CMSSI12
    /Cmssi12
    /CMSSI17
    /Cmssi17
    /CMSSI8
    /Cmssi8
    /CMSSI9
    /Cmssi9
    /CMSSQ8
    /Cmssq8
    /CMSSQI8
    /Cmssqi8
    /CMSY10
    /Cmsy10
    /CMSY5
    /Cmsy5
    /CMSY6
    /Cmsy6
    /CMSY7
    /Cmsy7
    /CMSY8
    /Cmsy8
    /CMSY9
    /Cmsy9
    /CMTCSC10
    /Cmtcsc10
    /CMTEX10
    /Cmtex10
    /CMTEX8
    /Cmtex8
    /CMTEX9
    /Cmtex9
    /CMTI10
    /Cmti10
    /CMTI12
    /Cmti12
    /CMTI7
    /Cmti7
    /CMTI8
    /Cmti8
    /CMTI9
    /Cmti9
    /CMTT10
    /Cmtt10
    /CMTT12
    /Cmtt12
    /CMTT8
    /Cmtt8
    /CMTT9
    /Cmtt9
    /CMU10
    /Cmu10
    /CMVTT10
    /Cmvtt10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


