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Abstract— Complexity of designing large and complex NoCs can 
be reduced/managed by using the concept of hierarchical 
networks. In this paper, we propose a methodology for design of 
deadlock free routing algorithms for hierarchical networks, by 
combining routing algorithms of component subnets. Specifically, 
our methodology ensures reachability and deadlock freedom for 
the complete network if routing algorithms for subnets are 
deadlock free. We evaluate and compare the performance of 
hierarchical routing algorithms designed using our methodology 
with routing algorithms for corresponding flat networks. We 
show that hierarchical routing, combining best routing algorithm 
for each subnet, has a potential for providing better performance 
than using any single routing algorithm. This is observed for both 
synthetic as well as traffic from real applications. We also 
demonstrate, by measuring jitter in throughput, that hierarchical 
routing algorithms leads to smoother flow of network traffic. A 
router architecture that supports scalable table-based routing is 
briefly outlined.  

Keywords: Networks on Chip, Hierarchical Networks, Deadlock 
Free Routing, Connectivity 

I.  INTRODUCTION 
Scalability is considered to be an important, sometimes 

essential, property for most data communication networks. This 
is because the applications and usage of most networks evolve 
with time. The scalability property helps to reduce the time to 
extend the network for adding new resources and applications. 
Scalability property of a network is generally reflected in many 
aspects including topology, communication protocols, routing 
algorithm etc. Internet is a famous example of a scalable 
network.  

Scalable architectures are preferred even for physically very 
small networks called networks-on-chip (NoC). This is because 
the number of cores which can be integrated on a chip is 
growing exponentially. For example, Intel has recently 
announced design and implementation of an 80-core NoC 
design using scalable mesh topology. Embedded system 
designers face the high cost of developing a complex chip. 
Design effort can be significantly reduced by chip architectures 
that can be used by many diverse applications requiring 
different types and number of resources. Like any large and 
complex system, concept of hierarchy will be useful for design, 
analysis, testing, usage and management of NoCs with a large 
number of cores.  

One can apply the concept of hierarchy in two different 
ways in the NoC context. In the first way, it is a design tool for 
partitioning complex systems. Resources in a large flat network 
could be grouped in physical or logical regions or sub-networks 
(subnets). At higher level of abstraction the network could be 
treated as an interconnection of nodes, where each node is a 
subnet.  

The concept of hierarchy can also be applied for building a 
large network by reusing and interconnecting many already 
designed NoCs. This is illustrated in Figure 1, where a 
hierarchical network N is formed by interconnecting four 
individual networks. A very large network could even be 
organized in more than two levels, as exemplified by network 
C that already contains a sub-network which becomes a sub-
sub-network in network N. This view raises the abstraction 
level of reuse from resources (components) to subnets.  In this 
case, networks at higher level consist of subnets as resources. 

 

Figure 1.  Hierarchical network. 

Such hierarchical NoCs are likely to be heterogeneous in 
many different ways. Different subnets may have diverse 
topologies and exhibit variability in type of resources. Different 
subnets may also use different communication protocols and/or 
routing algorithms. The operating clock speeds within these 
subnets may also be different. Due to these dissimilarities, 
design and analysis of hierarchical NoCs will raise many new 
issues and pose many new challenges as compared to flat 
networks. In this paper, we deal with one important issue for 
large hierarchical networks, namely design of deadlock free 
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routing algorithms. We call router nodes through which subnets 
are connected to each other as boundary nodes. A deadlock free 
routing methodology is described by defining rules that 
prevents packet deadlocks in a network of subnets.    

A. Scalability and Routing Algorithms 
The scalability property of a communication network is a 

combination of several aspects.  For example, a network may 
have a scalable topology like mesh, but can have a non-scalable 
routing algorithm using a table based implementation [1] [2]. 
Current way to design deadlock free high performance 
networks, is to view all nodes and links as part of one single 
flat network. This view has the clear advantage that it provides 
the designer with the possibility to organize the network such 
that a certain objective function is optimized. Designing an 
effective routing function for such a large heterogeneous 
network consisting of hundreds or thousands of nodes, which 
guarantees deadlock freedom and which makes it possible to 
optimize several other objectives (e.g., routing adaptivity, link 
load balancing, etc.) is a computationally challenging task. As 
all commercial systems are constrained by business 
considerations; cost, quality and time to market are essential for 
networks in these products. In many cases, reuse of sub-
systems has been applied to accomplish these goals. We feel 
that reuse of networks will also become increasingly important.  

The interesting issue of conflicting requirements for 
different subnets in network design can lead to a situation 
where a globally optimal solution is worse than a solution 
which is a combination of local optimal solutions for each 
subnet. Consider for example a network system consisting of 
two identifiable parts, P1 and P2 such that it is found that the 
optimal routing algorithm for the whole network is Odd-Even 
[3]. However, the best performance for P2 individually, is 
achieved by using West-First [4], but the requirements of 
deadlock free routing restricts the number of routing algorithms 
to just one. If it was possible to safely mix routing algorithms 
in a system, higher performance could be achieved. This is the 
guiding motivation for our work. 

B. Hierarchically Designed Routing Algorithms 
To tackle the problem of poorly scalable routing 

algorithms, one idea could be to use a hierarchical approach as 
follows. Locally, each sub-network is analyzed separately from 
each other and the most suitable routing algorithm which 
allows communication between nodes of each sub-network is 
designed. Globally, a routing algorithm is designed for 
communication between the subnets. However, some 
consideration must be taken into account when designing the 
global routing algorithm. This is to avoid the situation that 
when subnets are put together, the resulting global routing 
function may not be deadlock free. The essence of designing a 
deadlock free routing algorithm for a network of interconnected 
subnets can be obtained by studying the example in Figure 2. 

Figure 2 shows an interconnection of two simple subnets, 
where each subnet provides deadlock free internal routing by 
the use of bidirectional routing restrictions. But when inter-
connected, they are prone to deadlocks. The reason is that a 
cycle is formed in the channel dependency graph (CDG) of the 
combined network. If such cycles exist, freedom from 

deadlocks cannot be guaranteed [5] [6]. The cycle is caused by 
implicitly avoiding a routing restriction in the internal subnet 
using links in another subnet. It is not possible to avoid the 
cycle by setting restrictions on the grey “boundary nodes” that 
are used for connecting the subnets to each other. If such a 
restriction is set, the combined network is not fully connected. 
For example, assume a restriction that prevents the cycle by 
prohibiting the output of Subnet B to connect to the input of 
Subnet A. Indeed, such restriction will remove all CDG cycles; 
but it will also remove all communication possibilities from 
Subnet B to Subnet A. The only way to achieve deadlock 
freedom and maintaining connectivity is to modify the internal 
routing algorithms such that the routing restrictions are moved. 

 

Figure 2.  A  deadlock-prone network with deadlock free subnets. 

This leads to our problem formulation of hierarchical 
design of deadlock free routing algorithms: Given that a large 
network is built by connecting many subnets where each subnet 
provides deadlock free routing among its internal nodes. The 
problem is to design a deadlock free global routing algorithm 
that does not affect the internal subnet routing algorithms and 
provides full connectivity. In this paper we propose general 
solutions to the deadlock issues that arise when building a 
network by connecting several individual deadlock free 
networks (subnets). We call this methodology hierarchical 
routing algorithms (HiRA).  

II. RELATED WORK 
The idea of hierarchy has been used to improve scalability 

of both on-chip and off-chip buses. Proteo NoC architecture [7] 
is one of the earliest hierarchical NoC proposals. The vision of 
Proteo was that large networks will be heterogeneous and 
constructed by connecting smaller subnets (referred as 
clusters). Clusters should be connected using bi-directional ring 
networks. The larger systems could be built using multiple 
connected rings.   

Two dimensional mesh and its numerous variations have 
been the most popular NoC topologies. The importance of a 
region concept that allows irregularities in a mesh topology is 
discussed in [8] [9]. The stated purpose is to support varying 
sizes of resources, design partitioning and reuse of previously 
designed systems, including SoCs and NoCs. Bourduas et al. 
[10] have proposed a hybrid ring/mesh interconnect topology to 
remove limitations of large diameter of a large mesh topology 



network. In their proposal, a large mesh is partitioned into 
many small sub-meshes connected using hierarchical rings. 
They have shown that the hierarchical network topology 
reduces the average hop count as compared to a flat mesh 
network.  

In [11], a hybrid mesh-ring NoC topology is proposed that 
is suitable for future 3D ICs. Jain et al. [12] have compared a 
hybrid photonic network having hierarchical mesh topology 
with a flat mesh network, for performance and energy 
consumption. A hierarchical on-chip approach is also taken in 
HiNoC [13], which offers both packet- and stream-based 
communication services. In HiNoC, the network has two levels 
of hierarchy; the asynchronously communicating mesh at the 
top level and an optional synchronously operating fat tree 
structure attached to a mesh router network node.  Hierarchy is 
used in a NoC architecture based on CDMA techniques and 
star topology presented in [14]. Other approaches which 
emphasize the use of network hierarchies in the context of NoC 
based design are GigaNoC [15]  and THIN [16].  

Usually, hierarchical partitioning of networks refers to 
managing/optimization of complex network structures by 
splitting them into smaller sub-structures. According to our 
search, there is no research work reporting explicit hierarchical 
partitioning of a large network into non-homogeneous subnets, 
such that different subnets could use different routing 
algorithms and the whole network is still deadlock free.  
Although not allowing multiple routing algorithms in a 
network, Mejia et al. [2] use hierarchical partitioning in their 
SR (segment based routing) methodology. 

III. TERMINOLOGY, DEFINITIONS AND BASIC THEOREM 
The primary objective of HiRA is to provide deadlock free 

communication and total connectivity among network nodes of 
different subnets without modifying internal topologies and/or 
routing algorithms. Deadlock freedom is ensured by 
guaranteeing a cycle free channel dependency graph (CDG) for 
the combined network. To achieve this, some rules regarding 
the interconnect of subnets must be followed.  

We propose the concept of a “Safe Boundary Node” for 
this purpose. A node in a subnet with at least one port, used (or 
intended to be used) for connecting the subnet to another 
subnet is called a boundary node. A boundary node is safe if a 
deadlock cannot occur and connectivity can be guaranteed 
without modifying the internal routing algorithm, when it is 
connected to other subnet(s). We will define the properties of 
safe boundary nodes more formally later in the section. This 
section will prove that a network of interconnected deadlock 
free subnets will be deadlock free and connected, if the network 
for inter-subnet communication is deadlock free and subnets 
are connected to each other using only safe boundary nodes.  

A. General Notation and Definitions related to Deadlock 
Free Routing 
Variants of the definitions in this section are extensively 

used in literature on deadlock free routing and graph theory. 

Definition 1 A network is modeled by a graph T=(N,L) 
where each vertex n∈N is a network (router-) node and each 

directed arc lij∈L, represent a unidirectional link connecting 
node ni with node nj. Let out(n) / in(n) represent the set of 
output links / input links of a node n respectively, and let src(l) 
/ dst(l) represent the source / destination nodes of a link l 
respectively. 

Definition 2 A path is a connected graph P=(V,U), where 
the set of distinct vertices V={v1,v2,…,vk} are connected by a set 
of distinct edges U={u12,u23,…,u(k-1)k}, where an edge uij 
connects vertices vi and vj. Let p(v1,vk) indicate a path 
connecting and including vertex v1 and vertex vk. A cycle is a 
closed path C=p(v1,vk)+ uk1. 

Definition 3 A routing algorithm R defines all allowed 
message routes in a network. Each message route p(ns,nd)∈R is 
a network path from a source node ns to a destination node nd.  

Definition 4 [5] [6] A channel dependency graph is a graph 
CDG=(L,D) where a vertex l∈L, is a link in T and each 
directed arc dij∈D is a link dependency dij=(li,lj) such that lj is 
allowed immediately after li by a routing algorithm R.  

The routing algorithm R is implemented by switching 
messages (packets) in network nodes. If a node n and a link 
pair (lin∈in(n),lout∈out(n)) is in some message route p(ns,nd)∈R, 
a packet is allowed to be switched from lin to lout. A routing 
restriction between lin and lout indicates that a packet is not 
allowed to be switched in node n from lin to lout, and 
consequently there is no dependency d(in)(out)=(lin,lout) in the 
CDG.  

Note that the term routing algorithm is used in Definition 4. 
This is to indicate that the CDG, as used by our methodology is 
not limited to a specific routing function.  

B. Notation and Definitions regarding Hierarchical Network 
structure 

This section defines topological elements of a hierarchical 
network. 

  
Figure 3.  Hierarchical network structure. 

Definition 5 A hierarchical network is a network 
TH=(N,L), partitioned into a set of disjoint subnets 
Ѕ={S1=(N1,L1), S2=(N2,L2),…,Sk=(Nk,Lk)}, and a set of external 
links E={l∈T:l∉L(⋃Ѕ)}. 



Definition 6 The boundary nodes in a hierarchical 
network interconnect subnets via external links. Formally, the 
set of boundary nodes are B={n∈N:∃ l∈E:src(l)∨dst(l)=n}. 

As can be seen in Figure 3, all network nodes are in some 
subnet. Some links, however are not in any subnet. These links 
are the external links belonging to E that connects boundary 
nodes of different subnet to each other. Note that all internal 
subnet nodes, including boundary nodes, and links of a subnet 
are exclusive to that subnet, since they are disjoint, i.e. ∀Si,Sj∈ 
Ѕ, Si∩Sj=∅ for i≠j. 

C. Notation and Definitions on Hierarchical Deadlock Free 
Routing 

This section defines the components of a hierarchical 
routing algorithm.  

Definition 7 An internal routing algorithm Ri, defines the 
allowed internal message routes in a subnet Si. A message 
route is internal, p(ns,nd)∈Ri if both the source node ns and the 
destination node nd are in the same subnet.  

Definition 8 The external routing algorithm RG defines the 
allowed external message routes in a hierarchical network. A 
message route is external, p(ns,nd)∈RG if the source node ns and 
the destination nd are in different subnets.  
Any sub-path p(nx,ny) of an external message route p(ns,nd) 
where all links are internal links of subnet Si is given by Ri. 

Definition 9 The hierarchical routing algorithm RH defines all 
allowed message routes in a hierarchical network. Any 
message route p(ns,nd)∈RH is given, either by a subnet internal 
routing algorithm Ri or the external routing algorithm RG.  

Definition 10 A boundary node b∈B in a subnet Si is safe if 
there does not exist any path p(lout, lin) from an internal output 
link lout to an internal input link lin in the subnet internal CDG. 
In other words, b is safe iff ∄p(lout,lin)⊆CDGi: 
lout∈out(b)∧lin∈in(b) 

The purpose of defining a hierarchical routing algorithm RH 
by two separate routing algorithms Ri and RG is to formalize the 
main idea of this paper. Namely, that subnets with arbitrary 
internal deadlock free routing algorithms can be interconnected 
while maintaining deadlock freedom, without modifying the 
internal subnet routing algorithm. Due to this, the internal 
routing are independent of whether a subnet is used as a subnet 
or a “normal” network. A key aspect of external routing 
algorithm RG is that it has no power to affect internal message 
routes. If such routes are necessary for reaching a destination 
node, they are given by the internal routing algorithm.  

The consequence of the definitions of Ri and RG is that RG 
only can implement routing restrictions on boundary nodes. 
That is, given a dependency dij=(li,lj) removed by a routing 
restriction in RG, either li or lj or both must be an external link. 
These external restrictions can result in that some external 
routes from/to internal nodes are not reachable from all 
boundary nodes. 

The implementation of a hierarchical routing algorithm is 
yet not defined. In the context of this paper it is assumed that 
RH is the only implemented routing algorithm. Ri and RG 

routing algorithms are then components in the design phase of 
RH. Once the routes are given by each Ri and RG they are no 
longer used, and the hierarchical network is treated as a 
“normal” network. However, hierarchical routing approach 
provides a natural way of using two-level addressing, by 
implementation of Ri and RG instead of RH. This is briefly 
discussed in section 6.  

An external message route example is shown in Figure 4. 
The first part of the route p(ns,nd)∈RG is the internal route 
p(ns,bs)∈Ri from the source node ns to boundary node bs. Since 
it is a sub-path of p(ns,nd)∈RG, it is defined by Ri. In boundary 
node bs, RG routes to the boundary node bd. The internal route 
p(bd,nd)∈Rj again, is a sub-path of the external route and is 
routed by the internal routing algorithm Rj of subnet Sj.  

 

Figure 4.  Internal and external routing algorithms.  

A safe boundary node example is shown in Figure 5, which 
in upper-left corner illustrates a subnet routed by the Negative-
First routing algorithm [4].  

 

Figure 5.  Safe boundary nodes.  

Two grey shaded safe boundary nodes are connected to 
external links. To the right is the CDG of the subnet and below 
this is an illustration of safe node requirements of one boundary 
node. If it is safe, there should be no internal path formed in the 
CDG from any of its internal outputs to any of its internal 
inputs. This is shown as abstract dependencies connecting the 
internal links of the node. Checking all nodes for such paths 
reveals that there are four possible safe boundary nodes in this 
subnet. The other two nodes are not safe as boundary nodes. 



D. Deadlock Freedom and Connectivity 
Now we show that a hierarchical routing algorithm is 

deadlock free and connected, i.e. ensures that each network 
node can reach any other node, for any hierarchical network 
configuration. Note that 1-cycles are not allowed in CDGs.  

 

Theorem A hierarchical routing algorithm RH is deadlock free 
if  

i. each subnet routing algorithm Ri is deadlock free, and 

ii. the external routing algorithm RG is deadlock free, and 

iii. all boundary nodes are safe 

Proof:  

⇐ Consider an arbitrary subnet Si in a hierarchical network 
TH. Internal links of this subnet Si may exist in Ri and/or RG. Let 
CDGi be acyclic by Ri, and let CDGG be acyclic by RG using 
routing restrictions on safe boundary nodes.  

Since RG may define message routes that enter and leave 
subnets, there can exist paths in CDGG from external input 
links to external output links of boundary nodes. Therefore, in 
addition to restrictions on external links, RG may define 
restrictions for entering or exiting Si on a boundary node to 
avoid cycles in CDGG. Note, as boundary nodes are safe, there 
cannot be a CDGi path from any internal output to any internal 
input of the same boundary node. 

Assume a restriction for traversing a boundary node bs 
using an external input lext_in and an internal output lint_out. If RG 
is connected and bs is safe, there must be a CDGG path starting 
in an output link of the internal neighbour node of bs, 
dst(lint_out), through another boundary node in Si to the external 
input lext_in of bs. If the restriction disconnects any node with 
lext_in, RG is not connected. Similarly, if there is a restriction on 
an internal input, lint_in and an external output lext_out of a 
boundary node bs, there must be a path starting in lext_out 
through CDGG and another boundary node in Si to an input link 
of the internal neighbour src(lint_in) in Si. If there is a restriction 
on an external input lext_in and external output lext_out there must 
be a path from lext_out to the input of the neighbour src(lext_in) in 
CDGG, if RG is connected. 

Let RH be the routing algorithm that includes each subnet 
routing algorithm Ri and the external routing algorithm RG. 
Given that each internal CDGi is cycle free by Ri, an ordering 
can be established among the links of CDGi such that the order 
of a link lj, in a link dependency dij=(li,lj) is lower than the link 
li. If there are no lower order links,  lj is with minimum index. 
If CDGG of RG is cycle free, the ordering of external links and 
outputs/inputs of a boundary node will be constantly 
decreasing, where higher order links and minimal links are not 
necessarily in the same subnet. As there can be no 
dependencies other than in CDGG and in each subnet CDGi, 
CDGH is cycle free.  

If RG and each Ri are connected, the destination node of any 
packet on a minimal, lj must always be dst(lj). Then, dst(lj) will 
sink (remove) any packet on lj within finite time. Let W ={ w1 , 
w2 , ..., wk } be any succession of k packets in TH, where, for 

any two packets (wi, wi+1), i=1,�2, …, k-1,  wi+1 is waiting on 
wi . Since all packets in W are routed on links in a decreasing 
order, wh in head of W is either proceeding unblocked (or is on 
a sink) it will always advance. Then wh will eventually be sunk, 
leaving wh+1, as new head of W. For each removed head wh, 
each new head wh+i  ,i=1,�2, …, k-h will be sunk. Then all k 
packets in W are eventually ejected from the network. As W is 
an arbitrary succession of waiting packets, any waiting packet 
in any W will be delivered. Thus, RH is connected and deadlock 
free. 

 

IV. HIERARCHICAL ROUTING: DESIGN METHODOLOGIES 
This section presents basic guidelines that translate the 

theory in Section 3 into practical design techniques. Two 
scenarios are considered. In the first scenario a hierarchical 
network is designed using subnets that were designed without 
being aware that these could be part of a larger network. We 
call these subnets as “unaware” subnets. The other scenario is 
that a network is built using subnets, designed with the 
awareness that they will be used to build hierarchical networks. 
We call these subnets as “aware” subnets. In both these 
scenarios it is important that the subnet should have some safe 
boundary nodes.       

A. Safe Boundary Nodes 
A hierarchical deadlock free routing algorithm assumes that 

nodes used for interconnecting subnets are safe. The basic 
requirement on a safe node is that there does not exist a path of 
link dependencies from an output link to an input link of such 
node. Recall Figure 2 in Section 1 with subnets interconnected 
by un-safe boundary nodes. Both subnets are individually 
deadlock free but when interconnected, this property is lost for 
the full network. In this case, link dependencies combine in 
such a way that cycles are formed. The boundary nodes allows 
a path of link dependencies from its internal output links to its 
internal input links, which is not possible to remove by 
restrictions on the boundary node links, while maintaining full 
connectivity.   

Figure 6 shows the two networks interconnected by safe 
boundary nodes. Both networks are deadlock free and there are 
no cycles in the channel dependency graph. Therefore, it is not 
necessary to modify the internal routing algorithms to avoid 
cycles that are caused only from the interconnection of the two 
networks. This is the main intention of hierarchical routing; 
interconnection of networks should not require modification of 
the internal routing algorithms. Restrictions on boundary node 
links should only be applied for communication among 
different subnets. In Figure 6, such restriction is not even 
necessary, as it should not be, since there are no possible CDG 
cycles formed by the external communication links. 

Note that use of safe boundary nodes is a sufficient 
condition for hierarchical deadlock free routing. For example, it 
is easy to see in Figure 6 that the CDG of the interconnected 
subnets is cycle free even if only one of the boundary nodes is 
safe. Consequently, unsafe boundary nodes can be used for 
subnet interconnection. Still, as two unsafe nodes in many 



cases are enough to produce cyclic CDGs, the possibilities for 
use of unsafe nodes are limited and each configuration require 
careful analysis.  

 

Figure 6.  Deadlock free interconnection of subnets. 

1) Testing “safeness” of  Boundary Nodes  
The safeness of a boundary node can be easily tested by 

using termination as shown in Figure 7. Both the upper and 
lower version of the particular four-node network is deadlock 
free as guaranteed by an acyclic channel dependency graph, but 
the position of a routing restriction is different. Termination of 
the grey shaded boundary node creates a dependency between 
the external output and input links. If, considering the 
termination, the subnet CDG is still cycle free, the boundary 
node is safe. Otherwise, if cycles are found, it is not safe. As 
shown in Figure 7, the lower version CDG of the network is 
not cycle free and the boundary node is not safe. 

 

Figure 7.  Termination of boundary node. 

2) Finding Unsafe Boundary Nodes 
In a large network consisting of hundreds of nodes, finding 

safe boundary nodes can be both complex and time consuming. 
In the following some guidelines to simplify this task is 
proposed.  

Consider networks with deterministic routing algorithms, 
like for example, X-Y. Such networks allow only a single path 
between any source-destination pair. This automatically 
prevents the possibility to create a CDG path from an output 
link of any node to an input link of the same node. Thus, all 
nodes in such networks are safe boundary nodes. Next consider 
networks with partially adaptive routing algorithms with 

bidirectional routing restrictions, like for example Negative-
First [4], Up/Down [17] and SR [2]. The possible safe 
boundary nodes in a network with an adaptive routing 
algorithm are fewer than the nodes in the network as a result of 
more available paths between nodes. We briefly describe an 
approach to quickly detect unsafe nodes in such networks.  

The purpose of using safe nodes is to prevent implicitly 
violating an existing restriction and enabling a CDG cycle. 
Therefore a strategy to find safe nodes is to first find the 
routing restrictions. Consider a node n with a bidirectional 
restriction in a network. The purpose of the restriction is to 
prevent one or several CDG cycles to be formed by a particular 
set of links. But, it is possible that a path dependency from 
other input to output links of n, not affected by the restriction, 
still remains even if the cycle is broken. Normally, this is not a 
problem since a cycle including this path will be detected and 
restricted at some other node. However, a safe boundary node 
is not allowed to reach such dependency, as it can result in a 
CDG cycle with another subnet. Therefore, to quickly find 
unsafe nodes, follow all allowed routes from the restricted 
input links at the restricted node n. The nodes visited in this 
path are not safe.  

B. A Simple Example of Combining Subnets 
The following simple example illustrates the possibilities 

with hierarchical routing algorithms. Consider Figure 8 and an 
intention to interconnect subnets with routing algorithms from 
left to right, Y-X, X-Y, Y-X, such that each subnet routing 
algorithm is kept unchanged.  

 

Figure 8.  Interconnection of X-Y and Y-X  networks.  

Generally, creating a network routing algorithm by 
combining Y-X and X-Y routing is to beg for deadlocks. If the 
networks were just connected horizontally by some extra links 
there would be a cyclic CDG. For example, as indicated by the 
shaded cycle, a packet turning  X-Y (west-north), waits for 
another taking a Y-X (north-east), which waits for a packet 
turning X-Y (east-south), that is blocked by a Y-X (south-west) 
turning packet that waits for the first packet turning  X-Y 
(west-north). A hierarchical approach could solve this by first 
considering the networks as subnets. Fortunately, all possible 
nodes are safe boundary nodes. In addition, since it is 



deterministic routing, we know that there is only one path 
between the boundary nodes in each subnet. Then we decide 
that X-Y, which in this case is the same routing algorithm as 
the middle subnet, is defining the external routing algorithm. 
This means that whenever a packet comes in and out of a 
subnet it is routed by X-Y. Note that even though internal 
subnet links are used by the external routing algorithm X-Y, the 
internal routing of the Y-X subnets are still Y-X. 

V. PERFORMANCE EVALUATIONS AND RESULTS  
In this section we compare a set of general purpose routing 

algorithms (X-Y; Negative-First, North-Last, West-First [4] 
and Odd-Even [3]) and some application specific routing 
algorithms (computed using APSRA [1]) that have been 
configured to see the network as a “flat network” against a 
hierarchical routing algorithm computed using HiRA 
methodology. Note that all configurations are hierarchical in 
the sense of global interconnection, as other routing algorithms 
are not usable in the described configurations. A hierarchical 
routing algorithm governs the entire network and the routing 
algorithms within the subnets, have been configured to exploit 
the intrinsic hierarchy of the subnets (SN). Evaluations were 
performed using a publically available cycle accurate NoC 
simulator, Noxim [18]. We consider wormhole switching with 
a packet size randomly distributed between 2 and 8 flits, and 
routers with input buffer sizes of 4 flits. We use the source 
packet injection rate (pir) as load parameter. 

We consider four different groups of communication flows. 
SN->SN refers to communication flows with source and 
destination located within the same subnet. SN->EN are 
communication flows with source node located within a SN 
and destination node located outside the subnet, or what is the 
same, in the external network (EN). The group EN->SN is 
communication flows with source node located outside the 
subnet (in EN) and destination node located within the SN in 
question. Finally the pass-through traffic (EN->SN->EN) are 
communications that have both source and destination nodes 
located in EN but there exists at least one routing path from 
source to destination that passes through the SN in question. 

A. Analysis of the Impact of Global Traffic to Local Traffic 
We define as global traffic, those communication flows that 

involve at least two SNs (subnets). First we evaluate how 
global traffic affects the local traffic within a subnet. To do 
this, consider the network topology shown in Figure 9, which is 
partitioned into four subnets (A, B, C, D) interconnected 
through boundary nodes. We focus the analysis on the subnet 
labeled with A, located at the top-left corner of the topology.  

This subnet has two boundary nodes located in nodes 11 
and 25. We assume that local traffic (SN->SN) within A has a 
Transpose pattern behavior with variable packet injection rate 
(pir). The global traffic, on the other hand, is set to a pir equal 
to 0.16 and consists of three kinds of communications.  

• Three SN->EN communication flows in which source 
node is randomly selected from SN A and destination 
node is randomly selected from the set {14, 49, 54}. 

• Three EN->SN communication flows where source 
node is randomly selected from the set {14, 49, 54} 
and destination node is randomly selected from SN A. 

• Two EN->SN->EN communication flows from node 
14 to node 49 and from node 49 to node 14. 

 

Figure 9.  Network topology. 

Figure 10 shows the average delay of local communications 
measured in A for different pir. Two different routing 
algorithms (X-Y and Odd-Even) have been used in A. 
Measurements are taken with and without global traffic. 

Figure 10.  Average delay for local communications under transpose traffic for 
X-Y and Odd-Even with and without global traffic. 

As can be observed, without global traffic, the differences 
in performance between X-Y and Odd-Even are very 
pronounced. However, in the presence of global traffic, the 
difference between the two algorithms reduces. This effect can 
be explained by observing that as soon as global traffic load 
increases, the local traffic deviates from pure Transpose to a 
mix of transpose with random traffic. As X-Y is known to 
perform better than Odd-Even for random traffic, this shift in 
traffic type has a higher impact on Odd-Even.  

B.  Effectiveness of Hierarchical Routing 
In this experiment we consider the topology and local 

traffic combinations shown in Figure 11. It consists of four 



subnets (A, B, C and D) with two boundary nodes each 
(represented as gray tiles). Different traffic patterns are 
assigned to each different subnet; A uses Uniform, B presents 
Shuffle, C observes Transpose 1, and finally D sees a Butterfly 
pattern. The local pir used in each of them is such that the SN is 
below the saturation range according to the routing algorithm 
considered. We compare the following routing algorithms: X-
Y, Odd-Even, West-First, and Hierarchical. The latter is a 
heterogeneous routing algorithm which uses  X-Y routing in 
subnet A, Odd-Even in subnet B, West-First in subnet D, and 
Odd-Even in subnet C. Figure 12 shows the average delay 
under different global traffic loads when different routing 
algorithms are used. 

 

Figure 11.  Network topology and traffic patterns considered in each subnet. 

As a metric for the global traffic load we use the ratio 
between the global pir and the local pir. Measurements were 
taken by fixing the local traffic pir to a level below the 
saturation point, and varying the global traffic pir. As expected, 
as soon as the global to local ratio increases, overall 
performance of the network (measured in terms of average 
communication delay) decreases. 
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Figure 12.  Average delay under different global to local ratios for different 
routing algorithms. 

It is interesting to observe that such decrease in 
performance is much more pronounced in X-Y, Odd-Even, and 
West-First as compared to Hierarchical. This trend is analyzed 
in Figure 13 which shows the increase in percentage of the 
delay when the global to local ratio increases. As can be 

observed, the hierarchical routing exhibits the smallest 
variation. 
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Figure 13.  Increase in delay for different routing algorithms for different 
global to local ratios. 

Finally, Figure 14 shows the percentage of performance 
improvement (i.e., percent average delay decrease) of 
hierarchical routing as compared to X-Y, Odd-Even, and West-
First. On average, the hierarchical solution is over 50%, 20%, 
and 38% more efficient (in terms of average delay) than the 
network configured with X-Y, Odd-Even and West-First 
respectively. 
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Figure 14.  Percent performance improvement of hierarchical routing vs. X-Y, 
Odd-Even and West-First. 

C. A Real Case Study 
We also used a real case study to evaluate the benefits of 

hierarchical routing. Four applications were mapped on a 64 
node NoC. 

1. MMS: A generic MultiMedia System which includes 
an H.263 video encoder, an H.263 video decoder, an 
mp3 audio encoder and an mp3 audio decoder [19].  

2. MIMO-OFDM: A MIMO-OFDM receiver in which, 
to support the maximum data rate of WWiSE (World-
Wide Spectrum Efficiency) proposal for the next-
generation wireless LAN systems, some of IPs have 
been parallelized to multiple IPs [20].  

3. PIP and MWD: A Picture-In-Picture application and a 
Multi-Window Display application [21] [22].  



Network topology along with the mapping of applications 
in shown in Figure 15. We refer to [19] [20] [21] [22] for 
details about the communication topology and the bandwidth 
requirements of the different applications. We evaluate the 
HiRA solution against both general purpose and application 
specific routing algorithms implemented for a flat network 
topology. For the hierarchical case, APSRA is used in the 
subnets where MMS-Enc and MWD are mapped, X-Y is used 
in subnets where MIMO-OFDM and PIP are mapped, and 
Negative-First is used in MMS-Dec subnet. In the other cases, 
the same routing algorithm is used over the entire network. 

 

Figure 15.  Network topology and mapping of applications on the NoC. 

Maximum link bandwidth for the NoC is assumed to be 800 
MB/s. As performance metric we use the throughput jitter 
which is defined as the variance in throughput during the 
simulation period. This parameter gives indication about how 
smooth the flow of traffic is in the network. Figure 16 shows 
the normalized throughput jitter for each subnet when a certain 
routing algorithm is used.  
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Figure 16.  Normalized throughput jitter for each subnet and routing 
algorithm. 

The values are normalized with respect to the lowest 
throughput jitter in that subnet. As it can be observed, 
hierarchical routing outperforms the other routing algorithms in 
each subnet. Finally, we analyze effectiveness of different 
routing algorithms in meeting bandwidth constraints of the 
applications mapped on the NoC. A communication is said to 
violate the link bandwidth constraints if a link used by it 
exceeds the maximum link bandwidth during a simulation. 
Figure 17 shows for each routing algorithm and for each subnet 
the percentage of communications that do not satisfy the link 

bandwidth constraints. Once again, the proposed hierarchical 
routing approach outperforms the other routing algorithms. On 
average, using hierarchical routing, only ~10% of 
communications violate their bandwidth constraints as 
compared to over ~20% when X-Y, Negative-First, North-Last 
and West-First are used and over ~18% when Odd-Even and 
APSRA are used. 
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Figure 17.  Percentage of communications which do not meet bandwidth 
constraints. 

VI. SCALABLE ROUTER ARCHITECTURE  
Routing in irregular topologies, for example using 

Up/Down [17], is usually table-based, where sizes of the tables 
are dependent on the size of the network. Compression 
techniques [1] can reduce this problem to some extent, but in 
general table-based routing is not scalable.  

The hierarchical deadlock free routing methodology does 
not imply a new router design with special features. It is 
possible to re-map the router address space to a flat network 
and use standard router design, since it is only the routes that 
are the important output of hierarchical deadlock-free routing. 
We outline logical extensions to a router design that would 
make routing in hierarchical networks more scalable. These 
ideas may also be useful for increasing scalability of other 
table-based routing algorithms.  

Two of the most important aspects of a hierarchical 
network organization are the issues of addressing network 
nodes and implementation of routers. In this context a 
hierarchical approach to node addressing and routing will be 
logical and scalable. For example, in a two level hierarchical 
network the node address could be specified using two fields. 
The first field of the address identifies the subnet to which the 
node belongs and the second field specifies the position of the 
node within the subnet. Since a hierarchical network must be 
scalable, future expansion of the network must be kept in mind 
while deciding the size of the first field. Due to the 
heterogeneity of connected subnets, the size of the second field 
is either chosen such that it can handle the largest possible 
subnet, or a variable size is used dependent on the size and 
topology of subnet specified in the first field.  

Routers for hierarchical networks pose interesting design 
challenges. A natural way to implement the routing function in 
a two-level hierarchical network is by using two tables. The 
first table helps in finding admissible boundary ports available 
for reaching the destination subnet. The second table is used for 



routing within the subnet. In both cases, if multiple routing 
choices are available, then the global or local network traffic 
information may be used for making a good path selection. It is 
easy to see that the first table can be by-passed for local 
communication. It is obvious that the hierarchical table based 
implementation will add some area as well as power overheads. 
It will also slightly slow down the computation of a routing 
decision. We are currently working on the design of a router for 
hierarchical networks that will complement HiRA 
methodology, with the aim to quantitatively evaluate the 
impact of hierarchical table based implementation on both 
delay, area, and power of the router. 

VII. CONCLUSIONS 
Like in many other contexts, concept of hierarchy has a 

potential to provide many advantages but also challenges while 
designing, analyzing and using large and complex NoCs. 
Among the advantages are the possibilities for reuse of earlier 
designed smaller NoCs to build a large heterogeneous NoC and 
the possibility of virtualization of a large network as a set of 
many small networks for the purpose of running concurrent 
applications. In this paper we looked at one important issue, 
namely, design of deadlock free routing algorithms for 
hierarchical NoCs.  

We described a method to design a deadlock free routing 
algorithm for a large network which is an interconnection of 
many subnets, such that each subnet has an individual deadlock 
free routing algorithm for  internal communication among its 
nodes. We have modeled and evaluated hierarchical NoCs and 
showed that hierarchical organization has potential of providing 
better latency and throughput performance as compared to a 
large flat network for both synthetic traffic and traffic 
generated by a set of concurrently running real applications. 
We also showed that the traffic flow in a hierarchical network 
is smoother and has lower latency and throughput variance as 
compared to large flat networks. We also propose changes in a 
table based router design to handle hierarchical routing. 

 

REFERENCES 
[1] M. Palesi, S. Kumar, and R. Holsmark, “A Method for Router Table 

Compression for Application Specific Routing in Mesh Topology NoC 
Architectures,” Proc. of the SAMOS VI Workshop: Embedded 
Computer Systems: Architectures, Modeling, and Simulation, 2006. 

[2] A. Mejia, J. Flich, J. Duato, S.A. Reinemo, and T. Skeie, “Segment-
Based Routing: An Efficient Fault-Tolerant Routing Algorithm for 
Meshes and Tori,” Parallel and Distributed Processing Symposium, 
April, 2006. 

[3] Ge-Ming Chiu, “The odd-even turn model for adaptive routing,” 
Parallel and Distributed Systems, IEEE Transactions on,  vol. 11, 
2000, pp. 729-738. 

[4] C. Glass and L. Ni, “The Turn Model for Adaptive Routing,” Computer 
Architecture, 1992. Proceedings., The 19th Annual International 
Symposium on, 1992, pp. 278-287. 

[5] W. Dally and C. Seitz, “Deadlock-Free Message Routing in 
Multiprocessor Interconnection Networks,” Computers, IEEE 
Transactions on,  vol. C-36, 1987, pp. 547-553. 

[6] J. Duato, “A new theory of deadlock-free adaptive routing in wormhole 
networks ,” Parallel and Distributed Systems, IEEE Transactions on,  
vol. 4, 1993, pp. 1320-1331. 

[7] D. Siguenza-Tortosa and J. Nurmi, “VHDL-based simulation 
environment for Proteo NoC,” High-Level Design Validation and Test 
Workshop, 2002. Seventh IEEE International, 2002, pp. 1-6. 

[8] R. Holsmark and S. Kumar, “Design Issues and Performance 
Evaluation of Mesh NoC with Regions,” NORCHIP Conference, 2005. 
23rd, 2005, pp. 1-4. 

[9] R. Holsmark, M. Palesi, and S. Kumar, “Deadlock Free Routing 
Algorithms for Mesh Topology NoC Systems with Regions,” Proc. 9th 
EUROMICRO Conference on Digital System Design, Architectures, 
Methods and Tools (DSD), 2006. 

[10] S. Bourduas and Z. Zilic, “A Hybrid Ring/Mesh Interconnect for 
Network-on-Chip Using Hierarchical Rings for Global Routing,” Proc. 
of the ACM/IEEE Int. Symp. on Networks-on-Chip (NOCS), 2007. 

[11] V. Rantala, T. Lehtonen, P. Liljeberg, and J. Plosila, “Hybrid NoC with 
Traffic Monitoring and Adaptive Routing for Future 3D Integrated 
Chips,” Digest of the Workshop on Diagnostic Services in Network-on-
Chips, 2008. 

[12] A. Jain , S. Kamil, M. Mohiyuddin, J. Shalf, and J. Kubiatowicz, 
“Performance and Energy Comparison of Electrical and Hybrid 
Photonic Networks for CMPs,” 2008. 

[13] T. Hollstein, R. Ludewig, H. Zimmer, C. Mager, S. Hohenstern, and M. 
Glesner, “Hinoc: A Hierarchical Generic Approach for on-Chip 
Communication, Testing and Debugging of SoCs,” VLSI-SOC: From 
Systems to Chips, 2006, pp. 39-54. 

[14] Daewook Kim, Manho Kim, and G. Sobelman, “CDMA-based 
network-on-chip architecture,” Circuits and Systems, 2004. 
Proceedings. The 2004 IEEE Asia-Pacific Conference on, 2004, pp. 
137-140 vol.1. 

[15] C. Puttmann, J. Niemann, M. Porrmann, and U. Ruckert, “GigaNoC - A 
Hierarchical Network-on-Chip for Scalable Chip-Multiprocessors,” 
Digital System Design Architectures, Methods and Tools, 2007. DSD 
2007. 10th Euromicro Conference on, 2007, pp. 495-502. 

[16] B. Qiao, F. Shi, and W. Ji, “THIN: A New Hierarchical Interconnection 
Network-on-Chip for SOC,” Algorithms and Architectures for Parallel 
Processing, 2007, pp. 446-457. 

[17] M. Schroeder, A. Birrell, M. Burrows, H. Murray, R. Needham, T. 
Rodeheffer, E. Satterthwaite, and C. Thacker, “Autonet: a high-speed, 
self-configuring local area network using point-to-point links,” Selected 
Areas in Communications, IEEE Journal on,  vol. 9, 1991, pp. 1318-
1335. 

[18] F. Fazzino , M. Palesi , and D. Patti , “Noxim - NoC simulator.” 
http://noxim.sourceforge.net/ 

[19] Jingcao Hu and R. Marculescu, “Energy- and performance-aware 
mapping for regular NoC architectures,” Computer-Aided Design of 
Integrated Circuits and Systems, IEEE Transactions on,  vol. 24, 2005, 
pp. 551-562. 

[20] Sung-Rok Yoon, Jin Lee, and Sin-Chong Park, “Case Study : NoC 
based Next-generation WLAN receiver design in Transaction Level,” 
Advanced Communication Technology, 2006. ICACT 2006. The 8th 
International Conference, 2006, pp. 1125-1128. 

[21] E. Jaspers and P. de With, “Chip-set for video display of multimedia 
information,” Consumer Electronics, IEEE Transactions on,  vol. 45, 
1999, pp. 706-715. 

[22] E.B. van der Tol and E.G. Jaspers, “Mapping of MPEG-4 decoding on 
a flexible architecture platform,” Media Processors 2002,  San Jose, 
CA, USA: SPIE, 2001, pp. 1-13. 



<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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
    /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
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /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
    /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
    /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
    /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


