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Ri Average throughput of ith SU
PH0 Probability of PU being absent
ri Transmission rate of ith SU
Sop Optimal size of a coalition S

davg,i Average distance between ith SU and all other SUs in a
coalition

davg,min Minimum average distance between each SU and all other
SUs in a coalition S

Vavg Vector consisting of average distances between SUs and
all other SUs in a coalition S

SNR Signal to noise ratio
Γ(., .) Incomplete Gamma function

Γ() Gamma function
γi,PU Average SNR of the received signal at ith SU from the

PU
hPU,i Path loss between PU and SU i
PPU PU signal power
σ2 Gaussian noise variance
µ Path loss exponent

dPU,i Distance between ith SU receiver and the PU
Pe,i,l Probability of error of ith SU to the coalition head l
γi,l Average SNR at the coalition head l from ith SU
hi,l Path loss between ith SU and coalition head l
di,l Distance between ith SU receiver and the coalition head

l
Qm,S Probability of miss detection of a coalition S
Qf,S Probability of false alarm of a coalition S
Vi,D Distance vector
di,j Distance between ith SU and jth SU

VD,avg Global average distance vector
davg,min Minimum average distance between each SU and all other

SUs in a coalition
ET,i Energy consumed for reporting the local sensing result

by ith SU to the coalition head
α Maximum tolerable probability of false alarm

P̂d,i Probability of detection of ith SU with adaptive sensing
threshold λi
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Symbols and Notations

P̂f,i Probability of false alarm of ith SU with adaptive sensing
threshold λi

P̂m,i Probability of miss detection of ith SU with adaptive sens-
ing threshold λi

P̂e,i,l Probability of error of ith SU to the coalition head l while
adaptive sensing threshold is considered

Q̂m,S Probability of miss detection of a coalition S while adap-
tive sensing threshold of SUs is considered

Q̂f,S Probability of false alarm of a coalition S while adaptive
sensing threshold of SUs is considered

Pf,min Minimum probability of false alarm
Pe,min Minimum probability reporting error
Smax Maximum number of SUs in a coalition S

D Defection function
PTx PU transmitter
PRx PU receiver
STx SU transmitter
SRx SU receiver
gp Channel State Information (CSI) in terms of channel gain

between PTx and PRx
g1 CSI vector between SU transmitter (STx) and PU re-

ceiver (PRx)
g1n Channel gain from STx and PRx in sub-channel n
g2 CSI vector between SU transmitter (STx) and SU re-

ceiver (SRx)
g2n Channel gain from STx and SRx in sub-channel n

pmax The maximum total transmit power at STx
P Power allocation vector of the SU transmitter
pn SU transmitter power in sub-channel n
N0 AWGN noise present in the channel

Imax Average Interference Power (AIP) threshold of Primary
receiver

pint The allowable maximum transmission power at STx con-
strained by AIP threshold

G The channel gain matrix representing CSI, whose (m,n)
entry represents the channel gain of the link for SU m
using channel n

pm,n SU m’s transmit power in sub-channel n
gm,n Represents the channel gain of the link for SU m using

sub-channel n
γm,n Signal-to-Interference-plus-Noise-Ratio (SINR) of signal

from SU m using sub-channel n
pk,n PU k’s transmit power in sub-channel n
gk,n Represents the channel gain of the link for PU k using

sub-channel n
pmaxm The allowable maximum transmission power of SU m
ptmaxm The allowable total transmission power of SU m

xix



Symbols and Notations

Rm The transmission rate of SU m calculated using Shan-
non’s Law

Pm Power allocation vector of the SU m
P Outcome power allocation vector of the all the SUs using

all the channels
G Represents the non-cooperative strategic Game
M Set of players in the game G

Sm Game playing strategy of player m
Um Utility function of player m
µm Lagrange multiplier for player m. The inverse of µm rep-

resents the water level
Ot Represents the observation symbol seen by a SU at any

given observation instance t
It The total interference power in terms of IPC received by

any PRx at any given instance t
Zk The interference power threshold that is tolerable by a

PRx
T Represents the number of observation slots to be used by

SUs
O Represents the observation sequence

Onext Represents the observation sequence in next period
S1 Represents the OFF state (i.e. PU is OFF in the channel)

of HMM
S2 Represents the ON state (i.e. PU is ON in the channel)

of HMM
S3 Represents the ON OFF state (i.e. PU is on in the chan-

nel, but usable by SU) of HMM
H Represents the HMM for a licensed channel
N Total number of states in HMM
M Total number of distinct observation symbols of HMM
A The state transition probability matrix of HMM
B The observation symbol probability distribution matrix

of HMM
π The initial state probability distribution vector of HMM

T cOFF Random variable representing distribution of S1 for chan-
nel C

T cON Random variable representing distribution of S2 for chan-
nel C

T cON OFF Random variable representing distribution of S3 for chan-
nel C

I Random variable representing IPC for channel C
AMC Availability metric (AM) for a channel C
Useq Average separation between two 0s in a observation se-

quence string
Lseq Length of observation sequence string
S0
seq Number of symbol 0 in an observation sequence string
` log-likelihood of observation sequence
S Represents sender node which disseminate a message

xx



Symbols and Notations

N(S) Set of the neighbours of node S

W(u) Size of the neighbour of node u
Sf Represents forwarding node (responsible for next hop

level dissemination)
Plist Preferable list of Sf nodes (i.e. forwarding nodes)
Rx Set of nodes that receives a message from node S

C(u) Best selected channel for dissemination by node u
K 1st element of Plist
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