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Abstract— Nowadays, the channel selection is a challenging 

task in cognitive radio because of the high radio activity and 

the preemptive priority of the licensed user, called primary 

user (PU). In this paper, we propose a DIStributed channel 

Selection mechanism for efficient content dissemination in 

COgnitive RaDio ad-hoc networks (DISCORD). DISCORD 

selects the most appropriate channel for content dissemination 

based on the PU channel occupancy and the importance of 

cognitive radio neighbors in the network. Indeed, a sender 

peer in DISCORD forecasts the channel primary user activity 

by the mean of the actual and statistical estimation of the 

channels occupancy and selects the most stable one. 

Moreover, it makes use of a new Social Networks Analysis 

(SNA) inspired metric to select the appropriate neighbors for 

high content dissemination in the network.   

The simulation results using NS2 shows that Discord presents 

highest performance in terms of interferences, PU priority 

respect and content delivery ratio in multi-hop CRNs 

comparing to four related protocols. 
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I.  INTRODUCTION  

Recent technological advances have given rise to the 
development of ad hoc wireless devices: self-organized devices 
that can be deployed without the support of any infrastructure 
network. These devices usually have a small size with 
integrated processing, storage, and communication capabilities.  

Although ad hoc networks can operate on different wireless 
standards, the current state of the art has typically limited their 
action fields in the 2.4 GHz, 900 MHz and the industrial, 
scientific and medical (ISM) bands. With the increasing 
proliferation of wireless devices, these bands are getting more 
and more congested. On the other hand, there are many 

operators licensed bands, such as 400-700 MHz range, that are 
used occasionally, mostly under-utilized for transmission [1]. 

The wireless spectrum licensing is currently carried out for 
long term periods and over vast geographical regions. So as to 
deal with the problem of spectrum scarceness, the Federal 
Communication Commission (FCC) [2] has recently permitted 
the use of licensed bands by unlicensed devices. Thus, dynamic 
spectrum access (DSA) mechanisms are investigated to address 
the current spectrum ineffectiveness problem. 

This new research field advocates the development of cognitive 
radio networks (CRN) in order to enhance the spectrum 
utilization. The idea behind CRNs is that non-licensed devices 
(called Secondary Users or SU) take advantage of the licensed 
bands when the licensed users (called Primary Users or PU) 
are not using it. However, this situation leads to many 
challenges, such as the high fluctuation in the available 
spectrum as well as users’ quality-of-service (QoS) 
provisioning problem ‎[3]. In addition, the dynamic network 
topology and the distributed multi-hop architecture of ad hoc 
networks make the task more and more challenging.  

As most of the spectrum is licensed, the challenge in CRN is to 
exploit the licensed spectrum without interfering with the 
communication of other licensed devices. The cognitive radio 
allows to temporarily use unexploited spectrum, referred to as 
white space ‎[4]. Once this band is further used by a licensed 
device, the SU should move to another band to avoid 
interferences. 

Along with the network architecture, CRNs can be classified 
into infrastructure-based CRNs and CR Ad Hoc Networks 
(CRAHNs)‎ ‎[3]. The infrastructure-based CRN relies on a 
central entity such as a Wi-Fi access point or cellular networks 
base station, while CRAHN does not have any infrastructure. 
Consequently, a CR device can communicate with other CR 
devices in an ad hoc manner using different radio channels. 

In this paper we propose DISCORD, a distributed channel 

selection mechanism for efficient content dissemination in 

CRAHNs.  



 

 

DISCORD selects the best channels for content dissemination 

based on the channel primary user occupancy and the 

importance of each CR neighbor in the network. The main 

goal of CR sender is to select the best channel which reduces 

interferences with the PU and ensures a large dissemination of 

the content. Therefore our solution selects the channel with the 

lowest PU activity and the channel used by neighbors within 

strategic location in the network (i.e. central neighbors), 

ensuring a wide content dissemination in the network. The 

importance of an actor in its community was widely studied in 

the social network analysis field. DISCORD is inspired by 

node centricity metrics in order to select the channel used by 

strategic neighbors. 

We studied the performance of DISCORD using NS-2 
simulations and we show that DISCORD selects the best 
channels for an efficient content dissemination. Indeed, the 
effectiveness of the channel selection is enhanced by more than 
50% compared to four other approaches, namely:  Random, 
Highest Degree, Selective Broadcasting ‎[5], and SURF ‎[6]. 
The proposed solution ensures also the highest diffusion 
capacity in multi-hop CRAHNs and enhances the delivery ratio 
by more than 20%. 

The main contributions of this paper are as follow: 

1) A channel selection mechanism for ad hoc cognitive radio is 
proposed. The proposed mechanism is based on two metrics: 
the stability of the cognitive radio channel, and the strategic 
position of the neighbors using the channel. 

2) A PU user estimation model based on time series is 
proposed, to forecast the channel PU activity and consequently 
the channel stability 

3) A new centrality metric is proposed to characterize the 
strategic position of a node in an ad hoc network 

 The rest of the paper is organized as follows. In section II we 
give an overview of the state of the art on cognitive radio in ad 
hoc networks. Section III describes in details the proposed 
channels selection for content dissemination in CRAHNs. In 
Section IV, we present some illustrative simulation results. 
Finally, section V provides the conclusion and future work. 

II. RELATED WORKS 

In this section we review the main works related to channel 

selection for content dissemination in cognitive radio 

networks. In ‎[8] authors propose a policy based mechanism 

for channel selection. The proposed mechanism is performed 

by a centralized base station. The base station maintains 

centralized channels utilization state registry and selects the 

appropriate communication channel from the free channels set 

based on one or combined criteria. The main drawback of this 

approach is the single point of failure which consists in the 

centralized selection entity. A distributed channel selection 

mechanism is proposed in ‎[9], where each node selects 

independently the communication channel using a stochastic 

approach to estimate the channel occupation. The channel with 

low probability utilization is selected. A game theory based 

approach has been proposed in ‎[10] where channel negotiation 

protocol is proposed where each node tries to achieve its QoS 

requirement. The authors show the Nash equilibrium of their 

proposal. The main drawback of all these protocols is the fact 

that they are dedicated to single hops communication and they 

are not adapted to the content dissemination scenarios where 

the collision due to retransmissions should be taken into 

consideration.  

Research on content dissemination in multi-hop CRAHNs is 

in its infant stage. Indeed, a few works tackling channel 

selection in the context of content dissemination over multi-

hop CRAHNs have been proposed such as ‎[5],  ‎[6],  [12] and‎ 

[13]. In [5], each node selects a minimum sub-set of channels 

which covers all its neighbors without any consideration to the 

PU activity. In‎ [13], a common control channel (CCC) for the 

entire network is considered. We note that most of these works 

consider unrealistic assumptions which make them 

inappropriate to be adopted in real scenarios. Indeed, in ‎[5],    

[12] and ‎[13] authors assume that the network topology and 

the channels information of all SUs are supposed to be known. 

SURF ‎[6] is the most related work to our proposal, a 

distributed channel selection approach for content 

dissemination in multi-hop CRAHNs. In this work available 

channels are categorized, based on the PU channel 

unoccupancy and the number of CR neighbors using the 

channels. However this work does not take into consideration 

the diffusion capacity of the selected CR neighbors in the 

channel selection decision process.  

Unlike the main existing solutions, in our proposed solution 

DISCORD: 1) no global common control channel is supposed 

to exist; 2) the overall network topology is not known, the CR 

node is only aware of its one-hop neighbors; 3) Only 

information about active channel of one-hop neighbors is 

supposed to be known, no global information on SUs channel 

is available. DISCORD selects the channel which can be as 

long as possible utilized by SU, based on the time series 

estimation of the channel PU activity. In addition the selected 

channel is the one used by CR neighbors with a high 

dissemination degree in the network.  

The proposed mechanism is presented in details in the next 

section. 

III. MODEL AND SOLUTION 

A. Assumptions 

In DISCORD, we consider a CRAHN network of a set of PU 

licensed devices and a set of SUs non-licensed devices. We 

assume that the network does not rely on any centralized 

network entity that could perform some network operations, 

such as channel selection decision, spectrum sensing 

coordination, etc. All these tasks are performed by CR devices 

themselves in a distributed and a cooperative manner ‎[14].  

We assume a set F of radio channels, licensed and non-

licensed ones. The licensed channels are used exclusively and 



 

 

preemptively by the primary user. If the channel is PU free 

then it can be used by a SU. 

We consider that the PU activity detection and spectrum 

sensing are out of scope of DISCORD. These tasks are 

performed by a physical layer entity‎ [15], which provides 

instantaneous PU spectrum unoccupancy information.  

DISCORD will work on the provided list of available 

channels.  

We also assume that a CR node does not have a global 

knowledge of the network, and does not need any CR local 

state to be broadcast on the network. A CR node only needs to 

get information about its one-hop neighbors CR nodes. To do 

that, DISCORD relies on a local Common Control Channel. 

B. Channel selection mechanism 

DISCORD is a channel selection mechanism for content 

dissemination in CRAHNs. It selects the best available 

channel in terms of PU unoccupancy and content diffusion 

capacity of CR neighbors. DISCORD promotes channels that 

can be as long as possible utilized by the SU. This initial 

channels classification is then refined by selecting the channel 

utilized by the neighbors that can disseminate the widest 

possible content into the network to ensure a large 

dissemination of the content in the network and in a minimum 

of hops.   

Every CR neighbor, receiving the packet, undertakes the same 

mechanism to select the appropriate channel for carrying the 

packet to its neighbors.  

In DISCORD, a cognitive radio i locally computes weight    

for each sensed frequency channel f ∈ F using the following 
formula: 
 

     
     

   (1) 

Where   
   represents the channel f weight related to its 

freedom from the PU activity and   
   represents the 

diffusion capacity of all CR i neighbors utilizing channel f. 

Channels are then ordered based on their weight and the 

selected channel for transmission is the channel having the 

highest weight. DISCORD is composed then of two modules: 

Channel primary user activity forecast module and Channel 

diffusion capacity module. 

In the following sub-section, we present the two modules. 

1) Channel primary user activity forcast 

DISCORD makes use of time series [16] to predict PU 

activity, i.e. the occupancy of channel by the PU. This module 

allows to compute the   
   weight of the channel. 

In DISCORD, a CR forecasts the PU activity based on its 

previous activity in order to select the best channel to transmit 

content. The selected channel is a free channel that can be 

utilized by SU as long as possible. This is why CR should 

forecast the PU occupancy of each available channel and 

predict its unoccupancy time, modeled as a time series 

process. 

We define random variables   ,    as the time duration, over 

which the PU is active/inactive on a channel f. 

In order to study channel PU occupancy comportment and on 

the basis of the successive values of the random variables    

and    , we biuild the times series {  } ∈  {  } ∈  where    

denotes the duration of the     PU activity period and     
denotes the     PU inactivity period.  

In our study, we used the data set resulting from the spectrum 

measurement study performed in Aachen (Germany)‎‎[17]. The 

measurements, collected from December 27th, 2006 to 

January 2
nd

, 2007 concern the 20MHz to 6 GHz bands, where 

most of wireless services work nowadays.  

We applied the Box-and-Jenkins ‎[18] approach in order to 

analyze the time series. We had, before, to check the 

stationarity of the time series  {  } ∈  and  {  } ∈ . The 

obtained results showed that the two stationarity conditions 

[18] are satisfied in all the time series (of the different 

channels) resulting from the data analysis. 

Consequently     and    can be analyzed using Box-and-

Jenkins ARMA analysis method. This process includes three 

main steps: model identification, model parameters estimation 

and time series values forecasting.  

After analyzing the autocorrelation (ACF) and the partial 

autocorrelation (PACF) functions of the activity/inactivity 

duration of the PU, we conclude that the time series model is 

ARMA(1, 3) for  {  } ∈  and ARMA (2,1) for  {  } ∈ . 

Based on these models, a node can predict the activity and 

inactivity duration of the PU. Consequently, it will be able to 

predict when the PU utilizes the channel and for how long it 

will last. This information is exploited to perform channel 

selection. 

For each available channel, the CR computes the next PU 

activity date and computes the   
  part of the channel weight 

presented in equation (1) as follows:  

  
     |∑  

   

   

  | (2) 

  is a Boolean variable defined as follows: 

  = {            
                                          

 

t : the current time  

k is the activity period or inactivity period that covers the 

current time t.  

2) Channel diffusion capacity weight 

In order to select the best channel to disseminate the content in 

CRNs, DISCORD selects the channel used by the CR nodes 

which ensures a large dissemination. Our target is then, the 

discovery‎of‎the‎CR‎nodes‎that‎are‎more‎“central”‎in‎the‎CRN.  

In Social Network Analysis (SNA)‎‎[19], the node degree and 

the Shortest-Path Betweenness Centrality (SPBC) have been 

widely used as a centrality metric. In Figure 1, we note that 



 

 

the nodes C,D,F and G are equally central (in terms of 

degree); they all have a degree equal to 4. In addition, if we 

calculate the SPBC [19], for each node in the graph, then node 

G is the most central, followed by nodes C, D and finally node 

F. This is somewhat unexpectedly, since node F has all 

network nodes at its reach (at distance 2-hops). Based on this 

observation, we have proposed in  [7] a new centrality metric, 

named the dissemination capacity (DC), defined as follows: 

Definition: The dissemination capacity DC(v) of a node v is 

the maximum degree n which ensure that each 1-hope 

neighbor of node v has a degree greater than or equal to n.  

Using the Dissemination Capacity as defined, CR nodes which 

have more connections (larger degree) are more likely to be 

“powerful” to disseminate the content in the network, since 

they can directly touch more other CR nodes. But, their power 

also depends on the degrees of their 1-hop neighbors. Large 

values for the DC(v) of a CR node v indicate that this the node 

v can reach others on relatively short paths. 

The DC, as defined, offers many advantages, because each CR 

node, in order to compute its DC, needs to get from its 1-hop 

neighbors only their degrees, imposing less communication 

and computational cost. 

In order to select the transmission channel, the CR node 

calculates the diffusion capacity of channel   
   as follows:  

 

  
   ∑        (3) 

For each CR neighbor     using the channel f. 

IV. PERFORMANCE ANALYSIS 

A. Baseline strategies for comparison 

In order to evaluate the performance of DISCORD, we 

conducted comprehensive simulations using the Cognitive 

Radio Cognitive Network (CRCN) patch of NS-2 [20]. We 

compare DISCORD with random strategy (RD), highest 

degree strategy (HD), selective broadcasting (SB) ‎[5] SURF 

[6].  

In RD, channels are randomly chosen by CR node to 

disseminate content, regardless of the PU activity over these 

channels.  

HD approach selects the channel with the highest CR degree, 

namely the channel used by maximum number of neighbors. 

However in SB, the CR node selects a minimum set of 

channels for transmission, Essential Channel Set (ECS). The 

CR node transmits in round robin fashion over these channels 

until all the neighbors are reached. 

In SURF, channels are classified based on PU channel 

unoccupancy and the number of CR neighbors using the 

channels. In this approach, all neighbors’ nodes are considered 

equivalent regardless of their diffusion capacity. 

B. Simulation setup 

We compare DISCORD with the previous approaches in terms 

of the following metrics: 

a) Average Delivery Ratio: Defined as the ratio of packets 

received by a CR node to the number of original packets 

diffused in the network.  

 

b) Harmful Interference Ratio (HIR) [6]: Defined as the ratio 

of times where the selected channel is found used by the PU. 

HIR measures the respect of the approach towards the PU 

activity. 

 

c) Ratio of Accumulative CR Receivers [6]: defined as the 

ration of CR receivers to the number of neighbors in each hop. 

i.e. when a node x diffuse a content how much CR nodes in 

the network will receive the content ? 

The number of CR nodes is 100, randomly deployed within an 

area of 700m x 700 m, with a transmission range of 250m. 

Simulations are performed for 1000 seconds. Every 1 second a 

packets is sent by a randomly selected node. Obtained results 

are with a confidential interval of 95%.  

C. Results and discussion 

1) Average Delivery Ratio 

Figures 2 and 3 compare the average delivery ratio of RD, 

HD, SB, SURF and DISCORD, for 5 available channels 

(ch=5) and for 10 available channels (ch=10) respectively. 

DISCORD significantly outperforms the other approaches. For 

ch=5, DISCORD enhances the delivery ratio of SURF by 

approximately 20%. Indeed the overall average delivery ratio 

goes from 26% for SURF to about 44% for DISCORD. The 

other strategies (RD, HD and BS), exhibit a low delivery ratio 

(less than 5%). In fact SURF does not select the best neighbor 

to disseminate the content. It selects the channel that is more 

used in the neighborhood. But it is not guaranteed that these 

neighbors are good candidates to disseminate content, they can 

be borders nodes. However in DISCORD, the transmitter CR 

node‎ is‎ “far‎ sight”,‎ it‎ looks‎ to‎ the‎ neighbors‎of‎ the‎neighbor‎

node and selects the channel used by high diffusion capacity 

nodes. 

The delivery ratio is very low in the case of RD, HD, and SB 

because they are not aware of the PU activity on the channel. 

Thus a severe decrease in the delivery ratio is observed. 



 

 

 
Figure 1: CR Nodes’ ID and average delivery ratio (5 channels) 

 
Figure 2: CR Nodes’ ID and average delivery ratio (10 channels) 

2) Harmful Interference Ratio (HIR) 

We now study the PU harmful interference ratio for the five 

approaches i.e. RD, HD, SB, SURF and DISCORD for Ch=5 

and Ch=10. In Figure 4, we note that in DISCORD, 

interferences with the PU are very low compared to RD, HD 

and BS because DISCORD takes into consideration the PU 

activity in the channel selection process, while the above 

mentioned approaches do not.  Moreover, DISCORD lightly 

outperforms SURF which demonstrates the effectiveness of 

our ARMA based PU activity forecast model.  

Furthermore, we note that the HIR value decrease with the 

increase of the number of channels. Indeed, when we vary the 

number of channels from 5 to 10, we note that the HIR in 

DISCORD goes from 0.06% to 0.03%. We explain this by the 

fact that the probability to find a free channel is higher when 

the number of channels increases.  

3) Ratio of Accumulative CR receivers 

In Figure 5 we study the ratio of accumulative receivers for 

each transmission hop in RD, HD, SB, SURF and DISCORD. 

The results are represented until the 6
th

 hop. 

We note that DISCORD presents better performances than all 

four other approaches and for all the hops. Indeed, in the first 

hop, in the case of DISCORD 98% of CR nodes receive the 

original message when using 10 channels (96% for 5 

channels), however this ratio is 95% SURF very low values 

(<15%) for the other mechanisms. 

We note in Figure 5 that when the number of hops increases, 

the number of receivers decrease which can be naturally 

explained by the increase of collision probability with other 

retransmissions. Despite that, DISCORD provides a better 

dissemination ratio than other strategies. This is obtained 

thanks to the retransmission selection mechanism proposed. 

 

 

 

Figure 3: PU harmful interference ratio 
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Figure 4: Ratio of accumulative receivers 

 

 

V. CONCLUSION  

In this paper we presented DISCORD, a channel selection 

mechanism for content dissemination in multi hop cognitive 

radio ad hoc networks CRAHNs. Discord is based on a new 

channel selection metric. This metric depends on the primary 

user (PU) activity forecast and the strategic position of the 

channel user in the network. DISCORD forecasts the PU 

activity using a time series model (ARMA), and measure the 

centrality of a node in the network using a new SNA inspired 

metric called diffusion capacity (DC). 

Simulation results show that DISCORD outperforms SURF, 

selective broadcasting, highest degree and random-based 

approaches in terms of delivery ratio, number of 

retransmission and interferences.  

As a future work we plan to extend our work for more QoS 

demanding traffic such as real time video streaming and in 

more challenging networks such as vehicular ad hoc networks 

(VANET). 

 

REFERENCES 

[1] KOLODZY, Paul et AVOIDANCE, Interference. Spectrum policy task 
force. Federal Commun. Comm., Washington, DC, Rep. ET Docket, 
2002, no 02-135. 

[2] http://www.fcc.gov 

[3] AKYILDIZ, Ian F., LEE, Won-Yeol, VURAN, Mehmet C., et al. NeXt 

generation/dynamic spectrum access/cognitive radio wireless networks: 
a survey. Computer Networks, 2006, vol. 50, no 13, p. 2127-2159. 

[4] HAYKIN, Simon. Cognitive radio: brain-empowered wireless 
communications. Selected Areas in Communications, IEEE Journal on, 

2005, vol. 23, no 2, p. 201-220. 

[5] KONDAREDDY, Yogesh R. et AGRAWAL, Prathima. Selective 
broadcasting in multi-hop cognitive radio networks. In : Sarnoff 

Symposium, 2008 IEEE. IEEE, 2008. p. 1-5. 

[6] REHMANI, Mubashir Husain, VIANA, Aline Carneiro, KHALIFE, 

Hicham, et al. Improving data dissemination in multi-hop cognitive 

radio ad-hoc networks. In : Ad Hoc Networks. Springer Berlin 
Heidelberg, 2012. p. 117-130. 

[7] A. Bradai and T. Ahmed, “ReViV: Selective Rebroadcast Mechanism 
for Video Streaming over VANET”, in proceeding of VTC2014-Spring 
Workshops, 2014 

[8] NA, Do-Hyun, NAN, Hao, et YOO, Sang-Jo. Policy-based dynamic 

channel selection architecture for cognitive radio networks. In : 

Communications and Networking in China, 2007. CHINACOM'07. 
Second International Conference on. IEEE, 2007. p. 1190-1194. 

[9] SONG, Yang, FANG, Yuguang, et ZHANG, Yanchao. Stochastic 
channel selection in cognitive radio networks. In : Global 

Telecommunications Conference, 2007. GLOBECOM'07. IEEE. IEEE, 

2007. p. 4878-4882. 

[10] SHIANG, Hsien-Po et VAN DER SCHAAR, Mihaela. Dynamic channel 

selection for multi-user video streaming over cognitive radio networks. 

In : Image Processing, 2008. ICIP 2008. 15th IEEE International 
Conference on. IEEE, 2008. p. 2316-2319. 

[11] ZHAO, Jun, ZHENG, Haitao, et YANG, Guang-Hua. Distributed 

coordination in dynamic spectrum allocation networks. In : New 

Frontiers in Dynamic Spectrum Access Networks, 2005. DySPAN 2005. 

2005 First IEEE International Symposium on. IEEE, 2005. p. 259-268. 

[12] SHIANG, Hsien-Po et VAN DER SCHAAR, Mihaela. Delay-sensitive 

resource management in multi-hop cognitive radio networks. In : New 

Frontiers in Dynamic Spectrum Access Networks, 2008. DySPAN 2008. 
3rd IEEE Symposium on. IEEE, 2008. p. 1-12. 

[13] ARACHCHIGE, Chanaka J. Liyana, VENKATESAN, S., 
CHANDRASEKARAN, R., et al. Minimal time broadcasting in 

cognitive radio networks. In : Distributed Computing and Networking. 

Springer Berlin Heidelberg, 2011. p. 364-375. 

[14] AKYILDIZ, Ian F., LEE, Won-Yeol, et CHOWDHURY, Kaushik R. 

CRAHNs: Cognitive radio ad hoc networks. Ad Hoc Networks, 2009, 
vol. 7, no 5, p. 810-836. 

[15] YUCEK, Tevfik et ARSLAN, Hüseyin. A survey of spectrum sensing 

algorithms for cognitive radio applications. Communications Surveys & 
Tutorials, IEEE, 2009, vol. 11, no 1, p. 116-130. 

[16] KIRCHGÄSSNER, Gebhard, WOLTERS, Jürgen, et HASSLER, Uwe. 
Introduction to modern time series analysis. Springer, 2012. 

[17] http://download.mobnets.rwth-aachen.de/ 

[18] STELLWAGEN, Eric et TASHMAN, Len. ARIMA: The Models of 

Box and Jenkins. Foresight: The International Journal of Applied 

Forecasting, 2013, no 30, p. 28-33.  

[19] KATSAROS, Dimitrios, DIMOKAS, Nikos, et TASSIULAS, Leandros. 

Social network analysis concepts in the design of wireless ad hoc 

network protocols. Network, IEEE, 2010, vol. 24, no 6, p. 23-29. 

[20] http://www.isi.edu/nsnam/ns/ 

 

 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

1 2 3 4 5 6

R
at

io
 o

f 
A

cc
u

m
u

la
ti

ve
 r

ec
ei

ve
rs

 

Hope count

RD : CH = 5

RD : CH = 10

HD : CH = 5

HD : CH = 10

SB : CH = 5

SB : CH = 10

SURF : CH = 5

SURF : CH = 10

DiSCoRd : CH = 5

DiSCoRd : CH = 10


