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Design an Efficient Community-based Message
Forwarding Method in Mobile Social Networks

Bahman Ravaei* & Keyan Rahimzadeh
Faculty of Engineering, Yasouj University, Yasouj, Iran

Abstract

Mobile social networks (MSNs) are a special type of Delay tolerant networks (DTNs) in which mobile
devices communicate opportunistically to each other. One of the most challenging issues in Mobile Social
Networks (MSNs) is to design an efficient message forwarding scheme that has a high performance in
terms of delivery ratio, latency and communication cost. There are two different approaches for
message forwarding: the single copy and the multi copy. In the single copy schemes, only one copy of a
message exists in the network, which is carried by a custodian relay. On the other hand, in multi copy
schemes more than one copy of the message exist. Although the multi copy schemes generally have
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superior performance in terms of delivery ratio and latency, they incur high congestion in the network,
which consequently degrades the network performance and increases message forwarding cost.
Therefore, we present a scheme for managing the number of replica and selecting appropriate relays in
order to increase the performance and decrease the forwarding cost.

In this paper, we present a novel message forwarding scheme, named Multi Copy Community
Aware Forwarding (MCCAF), for managing the number of message replicas and selecting appropriate
relays in order to increase the performance and decrease the forwarding cost. MCCAF only forwards
one replica of message to each community that the destination node belongs to it. In order to find
communities and nodes’ future communities, MCCAF exploits a hidden semi-Markov model (HSMM).
In the proposed method, hidden states represent communities and environmental chronological
information such as location, visited nodes and access points are modeled as observation in HSMM. To
have a more precise community prediction, the semi-Markov model is extended to compute the
likelihoods of a node being in a particular community after N transitions. After that, appropriate relays
are selected to forward a message with taking into account the message expiration time, future
communities of relays and the number of message replica. Evaluation results on real traces demonstrate
that the MCCAF has superior performance over rival schemes in terms of delivery ratio, latency, and
forwarding cost. Specifically, MCCAF yields on average about 8% better delivery ratio and about 23%
less delivery delay than the nearest rival method.

Keywords: Forwarding, routing, mobile social networking, multi copy, community, hidden semi-
Markov model.
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(Figure-1): Overview of proposed method MCCAF
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Algorithm 1 Training for MCCAF Forwarding method

Input: o, L, {0,,0,,0,,...,0}
1: {e.3.{(m,,)}=VQ({0,,0,,0;,...,0.});
2: g;;(d),b;(e,) =HSMM (5, L {e,});
3 ¢ (L N)=T(q;; (d));

Sgd oo Alie Gles s a5 cl a3y bl o
o3 Skt @ e Ay S S ke 4Sad
aSd 5l 25 g ain Sl Al 0 Sezge glae S
Szl lrog 8 olowi gl ced adlal ] 4 L B
Sl azie 35l cl gac ol 0 05 S aS
SroSe sl Bl ad ke Jus el
Oools adgl ools slapn ! 51 (S g el adgl Sledol
s 1 sl ((eloiz! ooy )S) bedl> slass
S5 ol S Sl 5 slaiz] slaog,S sl
slp Golite laol, (Aly lag )l 0wl
a5 oyls o2y gloixl (slaog,S olawi o9l
BiS Glaet oSl b (o yiws b 5led 4 plgi o0
ga o)Ll [36,41] _elazx! claos 5

W JM —‘—‘”
S F 5l pepsee Wl (o) L Ll o
Sy oy Lloixl sog I 8L (6l alisee ledlbsl
FB s Sjgody  sloixl lrog T a5 bl 5
SeSay 1, Jed clesz] 05,5 Lo s onlin
‘w.uf‘sn Oy ‘SCLQ.A}‘ 05; o oo o live LSLQ’";
Jae HSMM o badl> L 1) closx] sloog )5 Lo o
Oygots eledzl slrog S Gle S5 > e fS (o0
0y Lol gd o Jow it lacdl Lo L3S
Cawddy S Cledbl 51 Slsay le e 1) el
J3s slas o claaxl glas,S el 15 el
Gebie o2 p (eloizl 098 pair (JBe Cosde
o g (b sbglasls o peasa) ail
ol o 1 eletxl 098 Sy 25 > (558
Csly s oo JoSid 1) elaizl 09,8 S aS (o0l




et SIS > B Wgdoe 35 Sy do O)goh
Ol 5l Jouzr s 139d a38)5 00y30 05 S gy
Jsoz onl Jhw 2 4 g 05800 oy (Sledbl alan
bdb)jsoyuuwb Lv °I—\HSUQM W).)&_i_v
LQM).’ U"‘ FLR| (5""“5) .)9.«.4‘50 ool w..ul.o.v E
S g, 0,5 4 HSMM Jow o aLacs! lgacay
o oad oolarul ba,lisl iuled gl a5 ooled len
) d.l) 6&0; .(p_.v.‘o.)).g 0 ¥ )...u l.@u.m?).' wuLn..) 6‘).'
Jz! alxe a4 pladl Olaslie ledbl cus LS
WSS oo jud By ez oddlice LM dade 0,5 S
5 ot o Gioles QM e,) &jg0a 1y o] a5
oolaiwl HSMM  ij9al jo jLacl lgreas ooz p oy

IRRARTAPES

BeSile 4 Bele Juo (s -V-Y
N ad yo
252 o gy 0,8 sanl elaizl (slaog 5 ooy
dy oo S o8 > (28,5550 wieils ksl o 4,y 08
Se s el eloizl gloog 5 e SIS wiz 5l o
38 K 3y IS iz Sl e sl (Sas o 08
2 Sholr e anuloe j3 b ol (al g 058 oloiz]
g 48,5 L
Jae s 0 S5 535 i o
arwg 4N o )l38 ot 6lp wb GBS jleass
O o b )08 lag Lo 5l (pan 5o 1y by
Sly o] o s a5 05d claizl 05,5 Sy oy SE
S Jlais] oyxil a5 qorsd yelol b sl ons
ol g Cow (5,5 lfus b IS 0 waded,
Aad G a1y B jleds ated lanl o aSST Ko o]
e Lo J3 1S oo N o b aalfaiz (865 Lo
SN 1 g oS (e (i ln 1) o5 leand
OS5 Gy 258 3| dmwgi cpl (gl [44] wolosls arwgs
ooliiesd el 4o b, Loy e arly Sy oS Camd
aSol 5l el Sylie (2,8 ol e aonl ol 00l
d=N SN gl oy bl cloasly aas
WEN o) atan o ol 5l eolizul b el

g alys 5 Dygon T oS CS > i ¢l
qir,j (t' N) = Pr{SnJrN = j’Tn+N _Tn =t | Sn = I} (A)

IS G pbe cayyas a pladl Lo @ (8, N) alns sl

0" (d)=0"(d.2)={g,;(d)] 500 q(d) S5 lears

e 3 WS (o0 S I Joe b A 4 o 6l
PR S il bl o 1) 63 Ysb o 4 Sl
21y Sley axly S pScwss o 3 a5 el ol S0
ol i gle 4SS ((Fleizl 09)8) > o
Sl axly Ky o 1y S Sy 5l e 0)F Sy 45 Ll
Sygeds (28 (nl inlple el (See 2 s plx]
Loo)S S ST epdleds wabioo olo 47;(0) =0
Sy Jolee elozz! 05,5 12 olSiT g oo HSMM
Gos,S lply sl HSMM s ise cll>
el asgame b oS o S T 6,5 a5 _olozx]
o) L bl HSMM s S"={1,2,...,8"} %
05 i 45 oS o b Lo igon o0 il
sl Sl axlg Do eloizl 09,5 SO 0T 0,5 Culdl
agere Gl e dae S il ol nlple
Li€S" sloaxlogs 5I7r o ST.cul {1,2,...,D}
S > oKl g pj €S loixl 09,5 a4 d cwlil b
odls Giuled GBS Lo 6oy 4o JIAS SO L wilg oo 0 )5
(om 5 o) a4 08 Jleis ] (pioran 04 oo
qij(d) ©jyp0n aibd cwldl Loy Li Jed o> 3]
g go 03l ioled

Syge 0 wgletzl 05 a0 1A, )8
30 ey bl (Gl CuxBge Dbl og08> 50
JEVOUREE XVE ULV B PR GG L ) DRI -V S REWS vORR
o3lewl HSMM o Slaslise ylgicds sudcus Sledlb
Sledbl 5l it ooliiwl a5l SIS el oo
Cans pdy Sl HSMM o Slaslin laacdy sadcdd
ko S90S Glacz 4 0 SRS wnld (b
5 o bla g oas Il oo 3 155 (igd o
g o walys Dbl Gl )l Djged e ytws
2o Jow 0 easlin flgedas lajls ol 5l ool
lagy 51 eolazasl 51 13 5 Cans gl 855 L
slor Rl Glapt sl 5wl svslie plgrca
Gl Wsd has S8 Glacaz 4 b ogd oolial
5o Slaslie glgeas oolaw! LB Seas slcws
S HSMM

GlLbl Lme 5l 0,5 S slaosalie a5 bl |
SO wgdge ool glad oy SO LBy 0es
b oy cuilSi sl [42] sl s i,
Ll g e, ooplplo ol ool solatwl ao,qus8
Jos i byl CJB o S cab oMo o yiwd

s S slatasdse polie gl o SRS & gw

OY 2ba V5Ll VP JLle



oeleial slreg )5 Hl o sliimwl b seloinl Hlw SdASID S ply BHI (b psme Jh9) O Ak

&

oS o)ls ol g @oleiiay g, o5 L
dade 05 eloizl laog 5 plad Cooms 4 ply o
shls eleizl oy cuwjod (nlply 290 ploxl
A1 355 e Joo | ol Ll (sl 14, 5 o5 s
pl 2 addsi LI lal jo g wigdiee eols plis
Soe dy 05 2 090 o adgl pojlaie 4= {5}
e ol ladiens 5 oo olaw Hlatl 4 jlre
il pe b al, 6,5 gl e slaasns slaws oyl
Iy ple 5l aes pe Wlgh oo 0,5 5 Ly 09 oo 00ld
0 dlewgd) et 8 b peles D)o
el adss LI sl o e il (4, gleo S
@}@WQIMSWITMg;}:Ad)o;LQ;J
Sade Sl 0gd o adsl 2ojlade pr =R O g0
4ol SOl Gl dy 0,8 S5 (pe) e s slaas
Sz slaases slowl el 0,5 45 sl (ol (sline
e @ asl pe <1 Jlaie 51 Js oyl 1, ply
9 Coms lme ply 5l dae ases sl a5 cl ()l
93k R0 )0 S ) pls Wi oo i W, 08
WS Ba 1) ply b ogs
Tp osill aly 05 o oalin LT Jote dl; 08
(M) pi)s8l wledion (1) oSl sli2t @ plasl
155355 Sl Ty 05 (sl ol LT 5 035 e e
Bz pp el Glhglr slre s slaws Jlojl ©)90
RoS Ul hslr o 3l o izt 5 3y 28l
e ) s B sl b ply Jo 4

Algorithm 2 Forwarding and replication Method
Triggered when node r. encounters node 7,

A: Set of communities
r.: Custodian relay
S.: Community that is assigned to relay .
1,,: New potential relay
m: Destination node
Input: A, S, m
If 7,,.isMemberOf(S,) & Pr(r,,m, S,) < Pr(r,,m,S;)
Forward message (p, 4, S, m)
Drop message
Elseif p, > 1
A = common communities between nodes r,, and m
Sort A based on contact probability between 7, and m
Foreachj € A do
IfPr(n,mj)>@&j¢A
Compute p,,
Pc = Pc— Pp
Aeh+ {j}
Forward message (o, 4, j, m)
Break Foreach
EndIf
EndFor
EndIf
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