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ABSTRACT

Since a decentralized network can be formed and maintained by multiple nodes without direct control from network
infrastructure, it can be deployed in a wide range of applications. As more nodes need to be taken into account,
however, computational complexity required for an optimal network significantly increases. It is more challenging
to maintain higher network throughput because of node mobility. For a mobile ad-hoc network that consists of
battery-powered mobile devices, in particular, it is even more important to consider power consumption required
for node mobility and data transmission. In this paper, we propose an algorithm for a mobile ad-hoc network formation
based on Q-learning. The proposed algorithm enables relay nodes with random movement to learn how to manage
transmission power for minimizing total power consumption and maximizing network throughput without a central
coordination. We confirm that the proposed solution can achieve high network throughput while minimizing power

consumption regardless of network size and mobility patterns.
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4: 00=0,8,=0,¢,=0
5: end for
6: for step = 1,2, ..., t,, do
7: for all n,, € N(G) do
8: i, < Get Action(si,t,e, A,6, )
9: 6 <0t
10: Transmn data
" Update_Q_table(s; ,, a; ;74 S, 1 11)
using (11)
12: (Ii.z,+l*7/i£+l)
<« Random_Mobility (z; ,, y; ,)
13: end for
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Algorithm 2 e-greedy Action Selection of Node n;,
function Get_Action(s; ;€ 4,4, ,)

1
2 Generate random variable p ~ U(0,1)
3 if p<e then
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5 else:
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7

return a;
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Algorithm 3 Random Mobility of Node n,,
1: function Random_Mobility (z T Y )

2: Generate random variables
Evaluate next location (IMH, Yigi1)
¥ using (1) or (2)
" if next location is in pre-allocated region
then
5 return (2,1 9,4 1)
6: else:
7 return Random_Mobility (z, ¥, ,)

1839

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "21-11 Vol.46 No.11

ol M2 P55 FAsh, UES T He]go] ARt
=w] ofel] tigt HAfe] FoiFIck ole]HE= A (11)
of Yehd nle} 7ol $<5E (learning rate) ol 2]
3 712 Q-#= A Akke Q-3ke A3 AgstH
e 2 Q-tables 7§AlgIc oul|, S5E a7} 0l 7}
7S Q-3 Ko 7JxlEc)

Q, (Si,t—lv az‘,z—l)
- Qi(si«,tfvai,t,—l)

+0‘(7’z‘,t +ymax @) (sm ai) - Qi(si.t—lv ai,t—1))
(1D

olF, BE oo Ex gl 3ol o 3wl
3o Wellx] @] o]F mdlef uwlz} o]E3lct )
o]F Azl sl 9] =74 nldsla, skt
g sel IR ~Fle] 5 ¢, ol ah]E’ich

V. HERI 7= AlE2o|d Zat

5.1 XMietst dmz|Ee| s A

B =tollA Akl daelEe] Aes HESEP
23l A o]F Bl Fel ulE Ay
7ol v Ad-E x18ys)eic) A o]F
A=, ;S felzelE, U] 9= mds
HEYZ F7]+& 3x3, 5x5, 10x10°2 A3}
E reEdEYa W 1x1 GYgnit) afx]ge} s
Freot B4 ree 27 RR wAEE, de]dEQl
deo] = A MEY = =771 ARl wel v
dalx] Skl & A dES= =77t
5x5, 1010 uf, ofle]dE2] = |MG)| = 24
7N, 237, 987He]ct. ofuf ool ES] Hf HF Y
A VES =z =7 vlHeEl F71gch A vESY]
= =Z7)7F 3x3, 5x5, 10x10Y o], olo]dES] )
AE AL 2, 3, 82 AAg} 73 Al w= 0.65,
0.75, 0.855 77+ AREslgit). o] A k- 5X
FE afole] Helo] = 7} Solvin] hAEhE W
F4E Hkedg Aok

AolHE 17 =l Jo-2 1x12 UA3|aL o
4T = 100709] Agjog FA%Ich wapa o]
& 27} gAIgle] 1] 28] tollA] HY o] A
= 0.010]ck ol ARSEE A7 y=0.90]m, 3
FES a=0.001°]tk

a5 2% S AR W xE g Fat oluA|
AnEt U EN A Xeles viehd 28] Zolc) gHAY
= 10000914 o] =712 A= g]el. 13 25 5

BN

1840

«

3x3
5x5
10x10]

',,,/

-

Vs

rd
3
F

/

o
~
w

Average Energy
Consumption

Throughput
£

1 f‘\ |
",‘- f‘l l

o

10000 20000 0 10000 20000
Episodes Episodes

J8 2. ARkl whE 3x3, 5%5, 10x10 U|ES|FelA] e
A= ol sAdE M W, B oluA] Ansdst EHI A
2g

Fig. 2. Average energy consumption and throughput in
3x3, 5%x5 network and 10x10 network with random walk
mobility

4
Eflm Aelge e #ld 5 9l
100007 A el A= o] F gHlo] FuEglE o
ol 7] Amekt e A2)g B s3I

% 3, 4,5, 62 5 Azl whE Hejo] =
A A oA WS dekich Ag oux]e] &
& F50l M2 ohe AoR vehfiolrt s 7}
THerE 8 AE AUAE ARSIl 2mlskd
FHjel] 7R e A elluAE AHEl2
w3},

a5 3= WY 913 ol sdE 2= 535 YES=
ollx] hsgo] Alsell wet o, 3w, 4w, 5, 114,
199l =7t AR oR AX =5 S
oAEch 58] 11l e=x ) AF A¥S A%
Ak 27l Fo2 s kol B4 kg A

o, ololl we} WS Al ol B4 ek 4]

<

x 103 10

20 )
””” 25 T
[0)
]
Q
Q@
20 ®
=
g g

RS

(%]
2 15 3
o &
i) @,
10 §
g
ENENERENE s
ESEHEmenE  OodEmmes | 05 @

01234567 8 910111213141516171819202122 0.0

Relay Nodes Index

T3 3. 5x5 VEHAIA WY 432 o5 TMHe d
go] =g A AF A

Fig. 3. Average transmission power of relay nodes in
5%5 network with random walk mobility

www.dbpia.co.kr



td
i)
o

2= FAl 229 Qleaming 7MF f=F

3.0

2.5

2.0

15

Episodes

1.0

0.5

01234567 8 910111213141516171819202122
Relay Nodes Index

E B3| Ay ol ndS

7 ] 32 BEAlR nprel® Fddhs &
. 23 54 5x5 WlES] =0l W Slo]
‘-’%F’ﬂ = wells 5wt 11 Heo)
T 9o, 13 Soil/ﬂ 5x5 v
v 9= ucgg g9l uf oH, 3,
d oWl Lo s} xqeuzqgi A
g o ok 5, 535 UES A=
kAl 271 %_Ef.ck.zﬂr%@

A5l felz

1amod uoissiwsuel) abesany

EEERUE

Ao

vEf= 2717} 24
& Ao =93 %S Fl=

A=k,

[e) Enl = ARN 1T 2~ o]
a2l 4. 5x5 YEYIA ;U o) EE o] FAS 71A] 22 A dyAE }‘]‘%‘3]?: AL geled 4= gt
£ Do) rmuEe] FF A% oA a8 62 vEYZ ZI7F F4E A 9= o s

Fig. 4. Average transmission power of relay nodes in

5%5 network with random waypoint mobility

3
X 10 ; 30

2.5
2.0

15

Episodes

1.0

& 2R 10210 V== Y A3HE vehiic, of
wsh 63 S 2 A oA 4
wen

e oddo] o] Ro|He-g 94131%&4.
o] = ot AE oﬂLM bﬁﬂ aREE T
A olF wule] FF we= vES=] 7)ok
E)= AelE el A<l 4L 5
ﬂol rerp Ao AR 2 o 5 glek
E 1 W95 93 o] BAE 2 3x3 vES A
A AA HA ] e der) 18] Ao} ke e

Jamod uolissiwsuel) abeiaay
zl

0.5
o S5 7 Dol 3 ge) ENZ A8} 2w g 54 o
01234567 8 910111213141516171819202122 0.0
Relay Nodes Index YR ArEks vlwgith i 15§86 UEY= 1A
5 -
a2 5. 5x5 UEZeA] @] 92 o] BN sHE 2 W 2es "R el Adnt el o= Ahaesieie
dlo] ] Hat AF A o - S = o
Fig. 5. Average transmission power of relay nodes in E VET Mg FUe 3l 482 7S o
5x5 network with Lévy walk mobility S olth el e E4) oluR] ek T
2ah o} et AN s UESlZ BER W) 19l 9] 0308 Ssie, wn Wl >

22 s o F

% alek

Episodes

10x10 HIESZellA WY 9= o] 54

9% 7P Gelo] wemse) A A%

9

1aM0g uoissiwsuel) abesany

Relay Nodes Index

el

. Average transmission power of relay nodes in 10x10 network with random walk mobility

1841

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "21-11 Vol.46 No.11

E 1. oA 93 o5 2= 3x3 viEY I A |

;(-] EHH] re u]_l_]]_ 101_ _?_91_ re u]_l_]]_ o] 7:]00 Lﬂ
A2 AelE3t e g $Al oA sws

Table 1. Throughput and average transmission power of

relay nodes in 3%3 dense network and sparse network with

random walk mobility

E 2. W9 9= ol5S 2 3x3 UEY Al T Al
T A o aelae] WEse Aelia e 4
Al OﬂLﬂZ] Jemak

Table 2. Throughput and average transmission power of
relay nodes of the centralized algorithm and proposed
algorithm in 3x3 network with random walk mobility

Throughput Aver.a g(.‘-l Throughput Aver.a g,e
(bytefsec) transmission (byte/sec) transmission
Y power per node (J) Y power per node (J)
Dense Network Centralized
. 4.8 0.3 . 5 0.4
(density=1) Algorithm
Sparse Network Proposed
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