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Multi-Objective Optimization of a QoS-Aware Channel Allocation
in Cognitive Radio Networks using NSGA-I1 Algorithm

Hooman Razavi, Abdorasoul Ghasemi

Abstract: In this paper the QoS-aware channel allocation problem formulated as an
optimization problem with two conflicting objectives; spectrum utilization and fairness among
secondary users (SUs) subject to channel availabilities constraints. Any possible channel allocation
which could be a solution of the optimization problem, encoded as a binary chromosome. By having
coded available spectrum opportunities instead of all channel-user combinations, the search space is
significantly reduced. Designing the QoS-aware channel assignment scheme is based on NSGA-II
Algorithm to find the optimum allocation of these two objectives jointly and finally the set of Pareto
optimal solutions achieved by proposed algorithm in discrete space of feasible solutions. Simulation
results demonstrate the trade-off between spectrum utilization and fairness and the Pareto optimum
points. Binary Integer Programming (BIP) confirms the results of the proposed evolutionary scheme
in small-scale instances while our scheme outperforms BIP method significantly in computational
for large-scale ones.

Keywords:Binary Integer Programming; Cognitive radio; NSGA-II Algorithm; Multi-Objective
Optimization; QoS-Aware Channel Assignment; Spectrum Opportunities.
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Algorithm3:Conflict Resolvingfunction

1: Consider a given population P
2: for p < 1to |P|do

3: fork«<1toKdo

4 Find all (n, k) that satisfies C,, . ., = 1.

5 Convert P(p) to allocation matrix A.

6: ifan, apr=1

7: Set one of them to 0 with prob of 0.5 .
8 end if

9: end for

10: end for
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Algorithml: NSGA-II for QoS-Aware Channel
Assignment

1:SetP,Q,R= Qandt =0
/I* t is the generation number and P,Q and R are
parent, offspring and collect populations,
sequentially.

2: Initialize the P(0).

3: while t <t do

40 R()= POUQ().

5: Sort all solutions of R(t) to get all non-dominated

fronts F = fast-non-dominated-sort(R(t))

Where F = (F, F,)./l F; is utilization as (2) and F, is

fairness as (3).

6: while the parent population size |P(t + 1)| + |F;| <

N do

7 Calculate crowding-distance of F;.

8: Add the ith non-dominated front F; to the

parent population P(t + 1).

9: Seti =i+ 1.

10: end while

11: Sort the F; according to the crowding distance.

12: Complete the P(t + 1) with the first N — |P(t + 1)|

elements of F;.

13: Generate the offspring population to Q (¢t + 1).

14: Q = Conflict Resolving (Q).

15: Sett =t + 1.

16: end while

17: The populations in P are the non-dominated

solutions.

sl Camer W5 31 e ol 0T Algorithml s & bolen

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

p3las dculos L aS7 5505 5 m g dllue sl2b Hs Sus c..«l.: Yy, VY GU‘&JB‘G‘} e by e ¢ L s o g 5 oS s

20 4 pamia Gl VY Salg s ol Slall 5 050 Jlsl oSas Gl 03, o 3 ), Conflict Resolving
§lad oS 5o i a8 AL el slas v S I

255

Ol & Glate JUST0 Coliad Jlis ) (ST b plad L7 s Algorithm?2:Fastnon-dominatedsort function
LN el FUSE s 0L 1 Sk glad b oyl 1: Set S, as the set solutions in P which P domina-tes

) ) o them and n, as the number of solutions which
2 e okl ol JUET ey eSS BT anad b dominate p.
Slw Gas 6L3 3 4 5 4 56 1, NSGA-I r""-)fi” 2: F, is the first front and includes the solutions whose

. . ‘ n, = 0.
s 5 Sl Oljn 1 sad (GBI 5 oee FYSE 53 a0 0L 1y 3:Seti=1.
.. g, s . - 4: whileF; # @¢do
| > gilwand pl jn il (o900 Ol (6o i
BN B oo /u;@ S J:° 5 SetQ = 0.
S R R AN =B R TR P I T ST BPLN] 6: for each p € F;do
. . . . . e . 7 for each q € S,do
Gle i 53 lie b lagealy FUSE s 550 | Ken abgr 50 8 " _qn *
. q - q - .
e Slagealy 51 ST g il onls OLL ol g 5 02y (o3 sl 9: if n, = 0 then add g to the Q.
S 2 ol o ol 5 b di o LS | E . 10: end for
sle ﬁvy:sﬂ _,-~.4~::) I Sl 63 5 5 11 end for
FUSE ys S 45 oler 255 b s ag o & Ol se 12: i =i+ 1 and the solutions in Q compose the
=, = . - . F‘.

Bl e i e N e T Dl et 13: end while

Sl WOT Blail 5 630, Oy 5 LT o0 S & shta 5 , - ,
S g 3 Gy sl Kas Jlasl 5 psjges S 6 olas Wy

G Al (Sl (S5 Ll s B 1S sy 1) Sl
« Conflict Resolving xb s ksl Sus anass

Llg o S 53 JUS Lamass dolle b Ll s 4 b 5 ooy
ST Bl ) (Sas anad ler pl S pluS
A3 3 s GO bk cowletT Algorithm3 s o7 us™ ws

Al e mb ol s e Sk s glels e S

4{(\3}}:3; Qj)é ‘ijlwé ] u‘“iJ:L‘)’Cn,n',k = 1

[ DOR: 20.1001.1.20088345.1396.11.1.1.8 ]

Journal of Control, Vol. 11, No. 1, Spring 2017 IPAF 5l <) opled o)) il (S e


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.1.1.8
http://joc.kntu.ac.ir/article-1-293-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1396.11.1.1.8 ]

NSGA-IT 25 831 51 oslisal b Sl (0315 sUaaSed 55 JUIST i s v CohS 51oET Jarains dbbakir (55losicgs A

B g S (s 45 a g

40 >

35

30

25

20

Utilization

15

O  feasible point
% |_® non dominated point |

10

OQM@IQ0 Of O
08
O

o
o
s

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Fairness

(Us) Jod) 5 2 g 0 ook s 51 NSGA-IT o2, S o1 S -l ¥ IS

[ ® |
40 ® 5 s
[®)
35
30
o 25
2
2
S o
= 20 o O
=1 o
15
g [ © fteasible point |
10 8 % | ® non dominated point
I
T
\
0]
o] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Fairness

(o3 Jos) 55 44 4 ooy s NSGA-I r:.:),fjl o Sen — o -F S

L Pe
40 © oW
O

35

30

25 S

20 &

Utilization
[e]

15

10

[ o feasible point
| ® non dominated point

o] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Fairness

(pomt Jod) 35 44 4 ok 1NSGACIT o, S 1 Kn = —F ST

40

35

30

25

20

Utilization

15

O feasible point
®  non dominated point

0.2 0.3 0.4 0.6 0.7 0.8 0.9 1

0.5
Fairness

(plosw Joi) 5 5, 4 42 ooy GILINSGAN 2y, S ) Kn =3 ¥ IS

6

o

o 1 2 3

§ 339 Laen 6S5 3 JUIST Colias 3 Culby s 56 01,187 Jetls ¥ s

6

3 eks slgtiy LSS o2 S ot S sl s a2
&b 5 eslisul L BIP S el ks eslizal BIP oz, S
binary integer Ll J> i, « 'ke > bintprog
@b ol e e (00 dlw as 5 ol programming
1) dlws slazent, BIP r:;_)}iﬂ S o Iy |y s aigy (slagenly
Jo 105557 r s " ol g e 5 G5 s &
bl 005 ey (2 831 ol S o3lizal b 855 slal b ol
2 S 2, S e sl oo (2, Sl ) szl
3Ol <S5 slal 53 5 ek SNy s L S S sl

.5; oslasl (gslgiiny sblgi z3)

2 S BIP 25, b oty lea ol aJaT@:@@LﬁW
Wl DLl TS 3 gdons b d b (550,40 03,5 dinds o OT
Cusgdous &G Olgie 4 Oolail ldde Sl ool 45 sd 0 b
Colail jMie 4 1y Gs slagal (sLab 5 odd 3.5 5 55 Al
3l b graly o g 0dkd 2 gdms (SLab 53 35l o0 2 aulone S
leo by Calbs (oolgiin Cf]’ S e ] S ssh
U s o kS S 6B i e gy 8L 1 50l
Ydsdor S o oo BIP 5 e 255 51 2 b Sles 5 )
4l 1, BIP 5 Algorithml slezy oz, S0 51 slanslie
Ve ) 2 oS 53 sl Olej Lo se Jpdr al 53 S e
S ysboks 57 Canlodd o3ls Olid il o 5 Bo3lad (55l
S BIP (o5, (U0 5 )8V bl b (les (61 sl adeiin
S 02 2 AS r O g et 4 O 6l 0L 0L
dr Slagel WIS o e Ol 55 @olgiiy 02, S ol

Syl Cws a1y aig 5

1. MATLAB
2 _ Exhaustive search

Journal of Control, Vol. 11, No. 1, Spring 2017

YFAF Sl o) osled o)) o oJ 25 aloe


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.1.1.8
http://joc.kntu.ac.ir/article-1-293-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-04-27 ]

[ DOR: 20.1001.1.20088345.1396.11.1.1.8 ]

NSGA- oz, S 3t eslizl b Sl 351y a3 SIS oy 5 Sk 51 0BT araies Sutair (5 jlusicgs

B g Jhs s 45 o g

(4]

(5]

(6]

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

algorithm for adaptive channel allocation for
Cognitive Radios,” 2nd Conference on
Cognitive Radio Oriented Wireless Networks
and Communications (CrownCom), Orlando,
FL, USA,August 2007.

Tragos, E.; Zeadally, S.; Fragkiadakis, A.;
Siris, V. Spectrum assignment in cognitive
radio networks: A comprehensive survey.lEEE
Commun. Surv. Tutor. 2013, 15, 1108-1135.
Z. Zhao, Z. Peng, S. Zheng, and J. Shang,
“Cognitive Radio Spectrum Al- location using
Evolutionary Algorithms,” IEEE Transactions
on Wireless Communications, vol. 8, no. 9, pp.
4421-4425, Sept. 2009.

Quan Liu, Hongwei Niu, Wenjun Xu, Duzhong
Zhang, “A service-oriented spectrum allocation
algorithm using enhanced PSO for cognitive
wireless networks”, Computer Networks, vol.
74, part B, pp. 81-91, 2014.

G. Tsiropoulos, O. Dobre, M. Ahmed, and K.
Baddour, “Radio resource allocation
techniques for efficient spectrum access in
cognitive radio networks,” IEEE Commun.
Surveys Tuts., vol. 18, no. 1, pp. 817-840, 1st
Quart. 2016.

Bhardwaj, Piyush, et al. "Enhanced Dynamic
Spectrum Access in Multiband Cognitive
Radio Networks via Optimized Resource
Allocation." IEEE Transactions on Wireless
Communications 15.12 (2016): 8093-8106.

F. Ye, R. Yang, and Y. Li, “Genetic Algorithm
Based Spectrum Assignment Model in
Cognitive Radio Networks,” in Information
Engineering and Computer Science (ICIECS),
2010 2nd International Conference on. IEEE,
2010, pp. 1-4.

Kalyanmoy Deb. Multi-objective optimization
using  evolutionary  algorithms.  Wiley,
Chichester, UK, 2001.

K. Deb, A. Pratap, S. Agarwal, and T.
Meyarivan, “A fast and elitist multiobjective
optimization genetic algorithm: NSGA-IL,”
IEEE Trans. Evol. Comput.,vol. 6, pp. 182—
197, Apr. 2002.

D. Porcino and W. Hirt, “Ultra-wideband radio
technology: Potential and challenges ahead,” in
Proc. IEEE Commun. Mag., Jul. 2003, vol. 41,
pp. 66-74.

F. Koroupi, S. Talebi, H. Salehinejad,
Cognitive radio networks spectrum allocation:
an ACS perspective, Sci. Iranica 19 (3) (2012)
767-773.

Kaur, Maninder Jeet, Harsh K. Verma, and
Moin Uddin. "QoS provisioning in channel
allocation strategy in cognitive radio using
fuzzy logic." International Journal of Machine
Intelligence and Sensory Signal Processing 1.3
(2014): 215-231.

Algorithml g BIP g5 gewly 4 Oy Obo) dwlio ¥ Jous

Dimensions of
problem Time of Time of
BIP (s) Algorithm1 (s)

N M
5 4 7.6182 1.3254
6 4 28.3916 3.3025
7 4 120.2045 4.0325
6 5 124.3557 5.5478
7 5 527.3286 7.3258
8 5 long 11.3254
7 6 long 15.3254
8 6 long 17.6578
9 6 long 26.1216
8 7 long 33.0882
9 7 long 47.4650
(S 5 om0

35 U g kS 1 oBT Ly dles dlis oyl o

L et (Sluang: dlue o5 6 55 Solis (505 saaSis
s b S e Caledd Jie Ll 5 (655040 Il
5 4l GSleag s = !, NSGA-II r;,_,,in,f e JUIST
T b 03l 0L a5 g bl 4 S S5
O 1w lagel 4 el b m e ol Kes lead
e S el Sl in b (ot p e Slaisy a3 oo
Iy eslginy Cj.la Ly ool Cuws 4 bl ;S":@‘ Coeo (29933
2 b g Glagal 4 O Ol B 1y ST e 0l
s Gaes 61y 5058 Jor S sl NSGAIT 2, S
ol B )sas e ol b 8ils JUIST 5 )8 sltes
waliee O s SdS B8 5 Jeld ey,
450 O e mle arass 53 Olail 5 Gose e o5 Sileane:
Sy Gletig e Gl 5 4 LB 05,57 s 4
Slsbae sle 51 Ol5 e Siasy ol 4alsl 55 ol JUS amai
Olse 4 1) mjiws Sy 5 S350 (22,08 Ll Sa b5
CAb 3 eslisal L 38 b s suadis (leaig dles Ooltal
by Sos Oolal 3l 4 1) angr slagealy cdllin oyl 3 ok slgnty

.:;Mobjrn.m‘p)'ldiﬁ:lg‘):?

&y

[1] Federal Communications Commission. (2003).
Facilitating opportunities for flexible, efficient,
and reliable spectrum use employing cognitive
radio technologies. FCC Report, ET Docket03-
322.

[21 Marinho, J., & Monteiro, E. (2012). Cognitive
radio: Survey on communication protocols,
spectrum decision issues, and futureresearch
directions. Wireless Networks, 18(2), 147-164.

[3]1 S. Fischer, M. Petrova, P. Mahonen, and B.
Vocking,  “Distributed load  balancing

Journal of Control, Vol. 11, No. 1, Spring 2017

YFAF Sl o) osled o)) o oJ =S aloe


https://dor.isc.ac/dor/20.1001.1.20088345.1396.11.1.1.8
http://joc.kntu.ac.ir/article-1-293-en.html
http://www.tcpdf.org

