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Abstract—Dynamic Spectrum Access (DSA) MAC protocols 
allow a Cognitive Radio (CR) device to opportunistically access 
unused or less crowded spectrum while ensuring protection for 
the incumbents. Though DSA shows great potential to enhance 
spectrum efficiency, the associated constraints on QoS may limit 
its usefulness. QoS support in a DSA-based network is not trivial 
due to the fact that in addition to unfavorable characteristics of 
the wireless medium, the secondary devices are subject to 
additional interference and interruption from incumbents. In this 
paper, we present a case-study of key QoS provisioning 
techniques in DSA protocol design that facilitate the required 
application QoS. Specifically, we consider a CR system that 
supports high quality multimedia (including HDTV) streaming 
over UHF frequency bands. We model and evaluate the QoS-
oriented CR system together with the underlying QoS-
Provisioned DSA Protocol (referred as QPDP) through extensive 
simulations. The results show the effectiveness of DSA coupled 
with QoS provisioning, in supporting QoS-demanding consumer-
oriented network applications in TV bands. This outcome is 
significant as FCC has recently approved UHF bands for 
unlicensed operations in the second Report and Order in the 
USA, and various DSA-based personal/portable CR systems are 
being actively considered by the consumer wireless industry.  

Keywords—QoS provisioning, DSA, cognitive radio 

I. INTRODUCTION 
Dynamic Spectrum Access (DSA) [2][3] is characterized by 

opportunistic access to licensed channels with no or very 
limited (hence acceptable) interference to the authorized 
devices. Thus, DSA improves network performance by 
minimizing spectrum-usage inefficiency. Advances in 
Cognitive Radio (CR) technologies [1] have made DSA 
technically feasible in wireless systems. 

The DSA MAC is one of the most important components in 
providing the DSA functionality. Researchers have proposed 
several DSA MAC protocols and their associated procedures 
[5][6][9][10]. The DSA MAC protocols proposed thus far are 
aimed at improving throughput via opportunistic spectrum 
utilization. Nevertheless, the high throughput gained from DSA 
does not necessarily translate into better perceived application 
QoS. This is due to the higher degree of wireless resource 
fluctuations possibly experienced in DSA.  

On the other hand, modern consumer wireless networks are 
being increasingly dominated by different types of multimedia 

traffic that require stricter QoS guarantees (in terms of 
sustainable data-rates, delay bounds, and so on) as opposed to 
simple best-effort service. Examples of such applications 
include multimedia streaming and video-based telephony. 

Consequently, whether and how (in terms of complexity 
and cost) a DSA MAC protocol and the overall CR system  can 
provide adequate QoS support, is a major test for the viability 
and success of consumer-oriented DSA-based wireless 
systems. In this paper, we attempt to characterize the key 
characteristics needed for a CR communication system to meet 
application-level QoS requirements. In particular, we consider 
a CR system which must support high quality multimedia 
streaming over UHF frequency channels. 

The main contributions of this paper are two-fold. We first 
present the important QoS provisioning features in the context 
of DSA MAC design. To provide a concrete illustration of 
incorporating such QoS features, we derive the QoS-
Provisioned DSA Protocol (QPDP) from the WiMedia MAC 
[4]. QPDP is designed for indoor CR systems operating in UHF 
channels. QPDP can serve as a model for QoS provisioning in 
design of other DSA protocols. Second, we provide the proof-
of-concept of our ideas inherent in QPDP via simulations—
illustrating full quality HDTV streaming in home 
environments. The simulation results show the effectiveness of 
QPDP in QoS provisioning, and reveals the impact of key QoS-
impacting design components like sensing schedule and 
channel switching mechanism. 

The paper is organized as follows. Section II provides the 
motivation for this work while Section III discusses the prior 
related efforts. Section IV presents the system and QoS model. 
Section V briefly illustrates the QoS-centric cognitive MAC, 
namely QPDP. Details on QPDP’s key QoS provisioning 
schemes are provided in Sections VI and VII, while we discuss 
the evaluation results in Section VIII. Section IX concludes the 
paper.  

II. MOTIVATION 
This work is motivated by both commercial necessity as 

well as technical challenges.  

From a commercial point of view, QoS support in CR 
systems is critical to ensure its success in consumer wireless 
market. UHF spectrum block has already been approved for 
unlicensed operations by the FCC [11] in the second Report 
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and Order. This ruling allows unlicensed operation in TV 
bands for both fixed and personal/portable devices with DSA 
capabilities. 

From a technical perspective, the effort is motivated by the 
challenges of designing QoS-provisioning schemes in DSA. 
Disruptions from DSA operations can make deployment of 
QoS-sensitive applications questionable. For example, to 
maintain the viability of DSA (with incumbent protection), the 
CR system must sense the channels frequently. This involves 
quiet periods, which suspends the ongoing communication 
traffic and may lead to violation of QoS requirements.  Further, 
supporting high throughput data-traffic in narrow TV bands (6 
MHz) is a significant challenge in itself. This problem is 
further exacerbated by stringent QoS demands of new-
generation multimedia data-traffic in indoor networks. For 
example, HDTV streams require 19.3 Mbps bandwidth with 
PER less than two MPEG transport stream packets per second, 
or 376 bytes/sec.  

III. RELATED WORK 
IEEE 802.22 draft [7] is the first world-wide standard for 

cognitive radio networks. The 802.22 MAC operates in a point-
to-multipoint networking model. Though 802.22 MAC 
provides certain mechanisms to support QoS in infrastructure-
based networks, they are unsuitable for decentralized networks.     

There also have been several other proposals for ad-hoc 
MAC protocols [9][10][12][13] in literature for generic CR 
networks. Notions like control channel and backup channel are 
used in many of these proposals.  

In this paper, a UHF-based distributed CR system is 
considered, where the behavior of incumbents is relatively 
stable. There have been some studies done recently in similar 
operating environments (where the behavior of incumbents is 
stable). In [14], KNOWS prototype was presented, which 
dynamically accesses TV broadcast bands in a distributed 
personal environment. However, the KNOWS prototype uses 
separate sensing and data interfaces. It also assumes that a 
control channel in ISM band is always available for handshake 
and coordination. Additionally, a GPS receiver is incorporated 
in the hardware board for performing time synchronization.   

The aforementioned prior efforts do not consider QoS 
provisioning as a primary design objective for the DSA 
protocol, which is incorporated in our design and investigation 
through QPDP. The objective of this case-study is to evaluate 
the feasibility of DSA-based QoS-sensitive multimedia 
communication over UHF channels with single-radio CR 
hardware.  

IV. SYSTEM & QOS MODEL 
We consider a secondary device which is equipped with 

only one CR, ensuring its simplicity and cost-effectiveness. 
The CR system operates in 512– 698 MHz frequency range, or 
UHF channels 21-51, excluding channel 37. A secondary 
device operates on one 6-MHz UHF channel at any given time. 

The incumbents on UHF band are TV broadcasting services 
and wireless microphones. The secondary CR systems must 

meet a set of performance parameters to protect incumbents 
according to regulatory requirements. It must be able to detect 
the presence of an incumbent signal stronger than the 
Incumbent Detection Threshold (IDT) within the Channel 
Detection Time (CDT).  

Furthermore, the Channel Move Time (CMT) defines the 
amount of time within which the secondary system has to 
vacate the channel once an incumbent is detected, and the 
Channel Closing Transmission Time (CCTT) limits the amount 
of transmission time allowed to the secondary system once an 
incumbent is detected. Actual values for these parameters 
depend on regulatory directives and system design. Following 
the guidelines defined in [8], we assume CDT = 10s, CMT = 
2s, CCTT = 200ms, IDT= -114dBm (for wireless microphones 
and TV broadcasting). 

As mentioned earlier, we consider QoS provisioning for 
high quality multimedia traffic (e.g., HDTV streaming) in this 
work. To support such application traffic, the goal is to provide 
better-than-best-effort QoS [16]. The underlying observation 
behind following this approach is that multimedia applications, 
despite being QoS-sensitive, are flexible and adaptive to short-
term network variations and degradations. Hence, they can 
perform optimally with better-than-best-effort QoS 
provisioning. Note that guaranteed real-time QoS is extremely 
difficult to provide in wireless communications [15][16], and 
even more so in DSA (as discussed in Section II).    

V. QPDP OVERVIEW 
The design philosophy behind QPDP is not to develop a 

completely new DSA MAC protocol, but rather to adapt a 
suitable MAC protocol to easily provide the functionality of 
DSA with QoS provisioning in order to facilitate our case-
study. We chose WiMedia MAC [4] as our base MAC protocol 
platform to design QPDP. Apart from being a popular WPAN 
MAC standard, WiMedia already contains rudimentary QoS 
support, including aspects of mobility and coexistence support. 

 
Figure 1.  QPDP MAC architecture 

As shown in Fig. 1, QPDP is logically divided into lower 
MAC and upper MAC functionalities. The lower MAC is a 
modified version of WiMedia MAC, and is characterized by 
distributed reservation-based channel access. The lower MAC 
is mostly responsible for routine MAC operations, such as 
superframe synchronization and frame processing.  The upper 
MAC coordinates high level on-demand management of the 
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channels as well as the network for incumbent protection and 
fair secondary device coexistence.  

To make network management consistent and simple, we 
propose an overlay Master-Slave operation in QPDP. The basic 
idea is to designate one of the secondary devices as a master--
either through user configuration, using any existing 
mechanism for selecting a leader node, or any other external 
technique. The master device assists network entry, sensing, 
channel classification and channel switching. 

Note that the overlay Master-Slave operation over the 
distributed lower MAC in QPDP is different from how a purely 
centralized MAC operates. In the pure centralized MAC, the 
master acts as the only device coordinating the beaconing, 
synchronization, and channel reservation functions. If the 
master device fails, the whole network fails, suffering the 
single-point-of-failure problem. In contrast, the overlay Master-
Slave operation allows devices to maintain peer-to-peer 
communications even when the master device is temporarily 
down, since the lower MAC is coordinated in a distributed 
fashion. Such a loosely coupled design allows sufficient time 
for the master device to recover, or to be re-established 
gracefully. Details are discussed in the following sections. 

VI. DISTRIBUTED RESERVATION AND CHANNEL ACCESS 
This section presents basic QPDP details and key lower 

MAC mechanisms in QPDP with respect to QoS provisioning.  

 

 

Figure 2.  QPDP MAC structure 

A. QPDP MAC structure and distributed beaconing 
As shown in Fig. 2, the MAC structure (adapted from 

WiMedia MAC) follows a time-recurring superframe structure. 
Each superframe consists of a Beacon Period (BP), a 
Data/Sense/Sleep Period (DSSP), and a Signaling Window 
(SW). The SW and the BP are used for broadcast and exchange 
of control and management information, and their sizes (in 
units of time slots) are dynamically adjustable. 

Each superframe consists of 256 equal-interval Medium 
Access Slots (MASs). A MAS represents a unit of time that can 
be accessed by either reservation or contention, or utilized for 
sensing Quiet Period (or QP - needed for incumbent detection). 
The beginning of a superframe is the BP, and is used to 
transmit (and receive) special control packets called beacons. 
During BP, each device in the network transmits a beacon in its 
Beacon Slot. The number of beacon slots, i.e., BP length, is 

adjustable according to the number of devices in the network. 
Beacons (consisting of Information Elements or IEs) are used 
for coordination among member devices as well as for 
negotiating and informing DSA decisions.  

Additionally, there are a few specialized MASs at the end 
of superframe for exchanging control and management 
information, such as network entry, sensing report and channel 
request. This window is called the Signaling Window (SW). In 
contrast to the BP, the SW is shared by all devices 
opportunistically, thus improving channel efficiency for 
signaling.  

B. Distributed channel reservation 
Reserving the medium for a particular communication 

stream is a standard technique used in networking (e.g., circuit-
switched networks) to ensure continuous QoS guarantees in 
both wired and wireless domains.  

In QPDP MAC, channel reservation/release is achieved 
through the use of beacons. By default, all the MASs in a 
DSSP are available for contention-based access by all the 
devices in the DSA network. However, they can also be 
reserved for sole transmission by any participating device. 
Each device includes Reservation Availability IE in its beacon, 
indicating the device’s view about channel reservation status of 
the MASs in the upcoming superframe. A special IE called the 
Reservation Request IE is included by a device in order to 
reserve a specific range of MASs in the superframe. On 
receiving a beacon containing a reservation request, other 
devices update their MAS availability map, and their own 
transmissions during the reserved MASs are disallowed. 
Reservation Relinquish IE can be included by a device to 
request the release of certain reserved MASs by another device. 
This ensures fairness in the reservation mechanism. 
Reservation is secured in a FCFS fashion, even when there is a 
conflict in the process during the same superframe. 

VII. NETWORK AND SPECTRUM MANAGEMENT 
   In this section, we discuss important upper MAC 

functionalities of QPDP, in conjunction with the overlay 
Master-Slave approach mentioned earlier. 

A. Network entry and association 
Automatic device discovery and association is an essential 

component of providing complete QoS provisioning support 
for real-world consumer wireless systems. In QPDP, when the 
master powers up, it automatically performs an initial channel 
scan of all channels. After the initial scan, the master chooses 
one of the clean channels as the operating channel, and other 
clean channels as backup channels. The master then starts 
beaconing on the selected operating channel.   

When a slave (i.e., a device not configured as the master 
device) powers up, it also automatically performs an initial 
channel scan. In this process, the slave should discover the 
master device through beacons if the master powered up 
earlier. In case the master is not found, the slave device can 
either start another round of channel scan or wait for user 
command to resume the bootstrapping process.  
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After locating the master device, the slave device starts 
association with the master device by sending a join request 
message in the SW of a superframe. On receiving the join 
request message, the master device starts the association 
process. A new device may be denied by the master either due 
to authentication failure or traffic congestion. This provides 
network admission control—an important aspect of QoS 
provisioning.  

B. Spectrum sensing 
Spectrum sensing consists of two major components: the 

PHY sensing algorithm and the associated MAC sensing 
schedule (or QP schedule).  

There are two basic types of sensing schemes—fine sensing 
and fast sensing (or simple energy detection). Fine sensing is 
mandatory and should be able to detect incumbent signal as 
low as -114dBm [8]. Since fine sensing requires large QP 
duration, it cannot be scheduled by MAC frequently.  

Energy detection is optional, and can detect incumbents 
when incumbent signal is higher than -85dBm, at which level 
secondary devices are subject to severe service interruption. 
Due to a much shorter detection time, energy detection can be 
scheduled more often, thus reducing the service interruption 
when incumbent signal is strong. As suggested in our 
evaluation results (Section VIII), a combination of fine sensing 
and energy detection schemes performs much better in terms of 
QoS support.   

There are two types of sensing tasks: detecting incumbents 
in the current operating channel, and monitoring backup 
channels. The former, also called in-service monitoring, 
requires highly reliable sensing, and thus regular QPs with fine 
sensing are needed. Further, to ensure effective in-service 
monitoring, all secondary devices are required to participate in 
each collaborative spectrum sensing.  Backup channel scans, 
on the other hand, can be scheduled less frequently and are 
accomplished individually or with few secondary devices. In 
QPDP, the master can schedule backup channel scan for slave 
secondary devices, according to their traffic demands, so that 
service interruptions are minimized.  

QP requires all traffic to be suspended, causing 
interruptions to QoS-sensitive applications. Therefore, in a 
multimedia system, long QPs should be avoided. For this, we 
propose scheduling of multiple short QPs throughout CDT, 
with the QP scheduling frequency confirming to regulatory 
requirements. To ensure that each device follows the same QP 
schedule, the master and other nodes advertise the QP schedule 
within their beacons. In addition to regular QPs, on-demand 
QPs can always be scheduled whenever some abnormal 
channel behavior is observed.  

C. Channel switching 
If incumbent signal above the IDT threshold is found on the 

operating channel, the secondary network must switch to 
another channel within the CMT, in order to avoid interfering 
with the incumbent.  

The QoS-degradation associated with a channel-switch can 
be significantly reduced if the next channel to be used is 

already known to the communicating SU devices. Usage of 
backup channels (BCs) prevents reactive sensing or probing in 
order to search for a new channel. Further, since BCs are 
negotiated between devices prior to an actual channel switch, it 
minimizes the coordination control overhead involved at the 
beginning of utilizing a new channel. The master is responsible 
for designating backup channels, ordered by channel utilization 
metric. The master uses its own spectrum sensing results as 
well as spectrum sensing reports collected from other nodes to 
build the ordered list of BCs.  

After moving to the new channel and re-synchronization 
with the master device, all devices continue to keep the same 
channel reservation schedule for beaconing and data 
transmission, as used in the previous channel.  We call this 
channel imaging. The benefit of channel imaging is to resume 
transmission as fast as possible by avoiding the time-
consuming channel reservation re-negotiation. As a result, any 
QoS violation due to channel-switching is further minimized. 

D. Other mechanisms and remarks 
QPDP upper MAC incorporates several additional 

mechanisms and optimizations for meeting stringent QoS 
demands. For instance, two closely located secondary networks 
may choose to merge (by merging superframes) in order to use 
the medium fairly and eliminate mutual interference. Also, 
QPDP includes packet aggregation for small size frames 
leading to improve channel-usage efficiency. This simple 
optimization is crucial to supporting high data-rate multimedia 
traffic that are usually characterized by smaller size frames 
(<200 bytes) on narrow-band channels. We omit discussion on 
other QoS provisioning techniques due to lack of space. 

VIII. EVALUTION 
  In this section, we analyze the performance of QPDP 

using simulations. We are particularly interested in two aspects 
of QPDP w.r.t. QoS provisioning: 1) MAC efficiency in 
supporting high data-rate, low delay, and small error-rate in a 
typical indoor environment; 2) MAC robustness in response to 
incumbent disruptions.  

We simulate QPDP in a home network setting using the 
OPNET Modeler [17]. We use HDTV streaming for evaluation 
because it requires extremely high-level of QoS, making it 
close to the worst-case usage scenario for a consumer network 
QoS provisioning model. HDTV requires high data-rate 
(19.3Mbps), small end-to-end delay (less than 100ms), small 
delay variation (less than 50ms), and very low bit error rate 
(less than 5%). 

A. Simulation setup 
The setup consists of a single-house home network (range 

of up to 30-40m). The channel is modeled with Exponential 
Rayleigh multipath fading. The transmission power is 30dBm 
and path loss factor is set to 3.    

The PHY of the CR system is based on OFDM with a total 
128 FFT size. The subcarrier space is 50 kHz. The guard 
interval is set to 1/16 of and therefore, the OFDM symbol 
duration is 21.25us.  In other words, it allows the system to 
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mitigate inter symbol interference (ISI) when delay spread is 
less than 100ns, typical in home environments. The modulation 
for data payload is 64-QAM at 5/6, while default modulation 
used (beacons and headers) is 16-QAM at 1/2. The size of 
preamble is 4 symbols and PLCP is 1 symbol long. 

Each MAC superframe consists of 256 MASs, each of 432 
microsecond duration. The maximum BP length is designated 
as 5. The channel-switch repetition (N) is 3. The sender and 
receiver nodes power up within 1 second of the start of the 
simulation, unless mentioned otherwise. HDTV sender and 
receiver are designated as the master and the slave node 
respectively. They automatically associate with each other to 
form the DSA network, through the QPDP mechanisms 
(described in Section VII.A). HDTV streaming is started once 
the network is formed. 

Also, we test 6 fine sensing (FS-1 to FS-6) schemes, each 
with same long-term average sensing overhead, but with 
different schedules. FS-1 involves QP of 5ms duration 
scheduled every 3 superframes, FS-2 has QP of 10ms duration 
scheduled every 6 superframes and so on.  

B. Simulation results 
While the incumbent services are afforded all the protection 

required by the FCC, the QoS of secondary application may be 
impacted, the severity of which depends upon the sensing 
schedule. Fig. 3 shows the throughput performance in presence 
of a low power incumbent. We observe that the sensing 
mechanism does detect the incumbent by aggregating multiple 
sensing samples, and the devices switch to a BC. The 
incumbent signal power received (or iRxPr) is found to be -
100.25dbm. It can be noticed that the incumbent transmission 
power is low enough to allow secondary HDTV 
communication to continue without introducing any 
perceivable degradation to QoS level, as seen from throughput 
values. The observation is consistent through various fine 
sensing schemes, as seen from the graph. 
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Figure 3.  Throughput vs. impact of QP schedule - low power incumbent 

Fig. 4 shows the impact of a high power incumbent on 
throughput performance. Since the incumbent now transmits at 
high power, it affects the reception of the HDTV stream 
resulting in a higher percentage of packets received in error. 
Thus, the required QoS level for throughput cannot be 
maintained and the throughput drops as seen in the graph.  

Fig. 4 also shows the relative degree of impact on 
application throughput depending on the delay in incumbent 
detection of various sensing schedules. If the QP is frequent 
(5ms every 3 superframes), the impact on application QoS is 
much less than the case when sensing is less frequent (e.g., 
30ms every 18 superframes). Note that in all the sensing 
schemes, the average sensing rate (hence average sensing 
overhead) is same. Thus, difference in the sensing schedule can 
influence how quickly QoS-degradation can be detected.  
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Figure 4.  Throughput vs. impact of QP schedule - high power incumbent    
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Figure 5.  Combined fast sensing (energy detection) and fine sensing  

For previous results (Figs. 3 and 4), only fine sensing was 
used. Fig. 5 shows the throughput performance when both fast 
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sensing and fine sensing are incorporated. As received 
incumbent signal increases from -100.25dBm to -40.25dBm, 
the throughput does not drop significantly as compared to the 
case when only fine sensing is applied. Note that the energy 
detection is scheduled in every superframe (for 1 MAS).  

Fig. 6 shows the delay performance in presence of a high 
power incumbent. As expected, the sensing schemes 
significantly affect the delay experienced. The primary reason 
for this is the suspension of  transmission during QPs.  
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Figure 6.  Delay vs. impact of QP schedule 

Many other results have been omitted due to lack of space. 
We briefly mention few important observations. In all of the 
simulation scenarios, quick incumbent detection and fast 
channel switches play a significant role in sustaining the 
required application QoS levels. Moreover, channel imaging 
was found to further reduces the impact of disruptions to the 
HDTV application when transitioning to a new channel. The 
narrow spectrum-width (6 MHz) of TV channels necessitates 
designing extremely efficient DSA protocols in order to sustain 
stringent multimedia QoS. The techniques of channel 
reservation and frame aggregation play a key role in ensuring 
protocol efficiency. The resultant spectrum efficiency, 
represented by goodput divided by signal bandwidth, was 
found to be as high as 3.7 bit/s/Hz. 

IX. CONCLUSION AND FUTURE WORK 
In this paper, we have provided a case study of DSA QoS 

provisioning through QoS-Provisioned DSA protocol (QPDP) 
for multimedia streaming in indoor home/office networks. 
QPDP incorporates both fine-grained and coarse-grained QoS 
provisioning mechanisms. Fine-grained (packet-level) QoS 
support is provided primarily via slot-based channel 
reservation. Coarse-grained QoS support ensures QoS at stream 
(or connection) level and is provided through intelligent 
network and spectrum management. QPDP supports stringent 
QoS while ensuring efficient and distributed communication 
through the proposed overlay Master-Slave design. QPDP 

evaluation is done by simulating HDTV streaming in a single 
home network. The simulation results show the effectiveness of 
QPDP in DSA QoS provisioning and reveal the impact of key 
design components in minimizing incumbent disruption. It is 
shown that a high level of protocol efficiency, as achieved by 
QPDP through various intelligent optimizations, is critical to 
supporting QoS in narrow-band TV channels. Our next step is 
to study the behavior of QPDP in multi-dwelling unit 
environments such as an apartment complex. Open research 
topics for future work include adjacent channel operation, 
channel bonding and power control in conjunction with DSA. 

REFERENCES 
 

[1] J. Mitola, “Cognitive radios: making software radios more personal”, 
IEEE Personal Communications, vol. 6, no. 4, Aug. 1999. 

[2] I. F. Akyildiz, W.-Y. Lee, M. C. Vuran, and S. Mohanty, “Next 
generation/dynamic spectrum access/cognitive radio wireless networks: 
a Survey”, Computer Networks Journal (Elsevier), vol. 50, pp. 2127–
2159, September 2006. 

[3] M. Buddhikot, “Understanding Dynamic Spectrum Access: models, 
taxonomy and challenges”, in IEEE DySPAN, April 2007, pp 649-663. 

[4] WiMedia Alliance, “Multiband OFDM MAC Layer Specification”, 
http://www.wimedia.org. 

[5] C. Cordeiro, M. Ghosh, D. Cavalcanti, and K. Challapali, “Spectrum 
sensing for dynamic spectrum access of TV Bands”, in CrownCom 
2007, Orlando, Florida, August 2007. 

[6] N. B. Chang, and M. Liu, “Optimal channel probing and transmission 
scheduling for opportunistic spectrum access”, in 13th ACM 
International Conference on Mobile Computing and Networking 
(MOBICOM), pp. 27–38, September 2007. 

[7] IEEE-SA Standards Board, “IEEE 802 LAN/MAN Standards 
Committee 802.22 WG on WRANs”, http://www.ieee802.org/22. 

[8] Federal Communications Commission (FCC), “Unlicensed operation in 
the TV broadcast bands notice of proposed rulemaking (NPRM)”, ET 
Docket No. 04-186, May 2004. 

[9] B. Hamdaoui, and K. G. Shin, “OS-MAC: An efficient MAC protocol 
for spectrum-agile wireless networks”, in IEEE Transactions on Mobile 
Computing, vol. 7, no. 7, July 2008. 

[10]  C. M. Cordeiro, and K. Challapali, “C-MAC: A cognitive MAC 
protocol for multi-channel wireless networks”, in IEEE DySPAN, pp. 
147-157, April 2007. 

[11] FCC News, “FCC adopts rules for unlicensed use of television white 
spaces”, in News Media Information 202/418-0500, http://www.fcc.gov,  
November 4, 2008. 

[12] H. Su, and X. Zhang, “Cross-layer based opportunistic MAC protocols 
for QoS provisioning over cognitive radio mobile wireless networks”, in 
IEEE JSAC, vol. 26, no. 1, pp. 118-129, January 2008. 

[13] Q. Zhao, L. Tong, A. Swami, and Y. Chen, “Decentralized cognitive 
MAC for opportunistic spectrum Access in ad hoc networks: a POMDP 
framework”, in IEEE JSAC, vol. 25, no. 3, April 2007. 

[14] Y. Yuan, P. Bahl, R. Chandra, P. A. Chou, J. I. Ferrell, T. Moscibroda, 
S. Narlanka, and Y. Wu, “KNOWS: cognitive radio networks over white 
spaces”, in 2nd IEEE DySPAN, pp. 416-427, April 2007. 

[15] J. Kim, and A. Jamalipour, “Traffic management and QoS provisioning 
in future wireless IP networks”, in IEEE Personal Communications, pp. 
46-55, October 2001. 

[16] B. Ishibashi, N. Bouabdallah, and R. Boutaba, “QoS performance 
analysis of cognitive radio-based virtual wireless networks”, in IEEE 
INFOCOM, pp. 336-340, 2008. 

[17] Opnet Technologies Inc., “Opnet Modeler”, 
http://www.opnet.com/solutions/network_rd/modeler.html 

 

Authorized licensed use limited to: University of Michigan Library. Downloaded on September 25, 2009 at 16:58 from IEEE Xplore.  Restrictions apply. 



<<
  /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


