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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 (DTNSs) in which mobile
devices communicate opportunistically to each other. One of the most challenging issues in Mabile Social
Networks (MSNSs) 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}
L {&3{Q(m.e,)}=VQ({0,,0,,05,....0});
2: g, (d).b;(e,) =HSMM (5, L{e,});
3 ¢.r1 (t’N):r(qi,j(d));

Wigd olo Al Gles s a5 el a3 el o
JC RS PPV PE S-S N
aSed Gl R)F 5wkt Sl Al o gz ge glre S
sloiz] slaog F slass o cas ailsl )] &y L Bis
ol atie 35l col gac ol o 0 F S aS
oSy weils BTl Al e Jae hgel
il sl ools slaen] 5l (S g ol asl LML
el 1 sl (elazml glaog,¥) bedls slass
o9y ol oS Gl gl elaim ] sleog )5 slass
slp Golite laol, (Hly slag )l o ol
as o)l 09>y slam! slaog, S slawi o jglcassa
LS Glapi o8l b o ytws B (B)led 4 ples o0
gei 0,5l [36,41] _elazm! slaos 5

oo Jo ==Y
IS5 ol & meeoee Al Sy Lo bxal o
St oy celaiz] (glaog,S oyl (sl iliee oSl
LB e Ojpots elaiz] (glaoy,S a5 Lol |
SeSa 1, b claix] 05,5 Lo caind cmliv
5 ed )Y ey bl (S Condse Sledbl
oS oo e flaizl 09,5 50 oud cdslive slao S
Jae HSMM s lacdls L 1, elazzl (glaos S Lo 3]
Oygohs slodzl sloog S Gle S5 > e 1S (o0
05,5 Lol 1395 0 Jae cilie lacdls ole S
Cawddy S Cledbl 51 Slsa le oed 1) elaz]
oo slad o slonzl (glaog)S Ll 1y el
s a4 dxei b GPS ugpw g dwd bolesle
ol (Kon ik 5 A e IS e UK
Gebie o2 p sl 095 pair SBe Cosde
S g (Aibair glagletsle jo (pgata) wll
Sl e (eleinl 09 S Sy 28 > 558
iy wims oo S5 1) (eleizl 09 )5 S a5 (g0l A



http://dx.doi.org/10.52547/jsdp.19.3.1
https://jsdp.rcisp.ac.ir/article-1-1150-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-01 ]

[ DOI: 10.52547/jsdp.19.3.1]

paize oS> b A9l o0 3,5 Ly do Oygoh
Ol 5l (99 G 1aisd 4285 00y0l 0,5 S Alwsgay
Jsoz onl shw 2 a5 05800 oy (Sledbl alfan
bdd)jgsakjl&iué}‘ud La o.\.a.Sum Wf«_is
3 a0 )5 4 HSMM  Juw o a,Lacsl lgieay
g o oolaiwl by lasl poles glp oS soles ylen
4y slee S (mlosp oy 35 oz Gluled sl
Jleiol anle 4y pladl Claalie Sledbl cf LS
WS (o6 G By ez oddline L date 0,5 S
5 st o Giales QM e)) &jg0a |y o] a8
ooliiwl HSMM ij9al jo jLacsl lgrcas lacwns p oy

RWARTY PP

S5 rle 4 BeSHle Juo poyws -V-Y
N a5 yo
s3> Ol s &y 08 eanl slaizl glaoy S sty
) loo,S oS > (28,500 sl Ll o 4y 08
Se ) el (slaizl Glaog I Glee S iz Sl o
095 e 3)lg HIS paiz w05
2 Shele e anulre 13 il el (ol 5 958 (sloiz]
sy a8 L
e ds 0F S8 358 gwpbe slr
drwg AN o )l38 o i 6lp Wb GBS jleass
iz 5l o b dly 08 Lagy sl 5l (pdm p3 10 el
SBly o1 o ke 45 558 elazzl 05,5 Sy o)y AS
SBMe Jls! 8l aS (ougd Helob sl el oo
ol g o (6,5 wlBus b lAS o wade-dl,
At S 1y B8 loads ditd lail 4o aSST Fa il
wid Lo A 1S Joad N i e b aslSaiz B65 )L
SN Gl g a0 )5 086 (G slp [y Bs5 ) loars
OS5 S PR 3l arwgi (nl sl [44] malosls anwgs
oolaiwl el 1o oS lawg gloj axly S oS cws
Sl 5l casl Syle (8,8 pl peiae Aol Sl 00l
d=N JiSE-N &l oy Sl cloosly aies
WEN gla 58 atan pp cnl 5l eslitul b ol

g oy 55 Oygeh T oS CS > Swiin sl
qir.j (t’ N) = Pr{Sn+N = j’Tn+N _Tn :t | Sn = I} (A)

S 5l iy e a4 8l Lo gl (6 N) alne 51,

q°(d)=a (@) ={a, (d)) Spon a(a) S5 leard

o 9 WS (o0 S S Jore b Al @ o sl
PR S ileoe bl o Iy (55 SV a4 Sle
21 Sl aoly SO pScws oS aS el cpl Ko
ol ook oS (o0 s (leizl 09)8) Sl e
Sloy axly S o]y IS SOl s 08 SG a5 Ll
Oygots (28 (nl inlple sl (See 28 s plx]
Lo oS 1 apleas so3di ol q]5(0) = 0
S Jolro sloizl 09,5 2 oKl gl Joo HSMM
sog,S plply sl HSMM s axe &>
el dcgamme L S o BN 7 05 a5 cloixl
oS b ,blie HSMM 5 8" ={1,2,..,8"} ik
Oloj didion &5 @S (o0 (28 Lo g oo 03ly ialed
sl Sloy axlg D o slaizl 05,5 G o7 0,5 culil
dcgarme 3l e oue S Cwll ley cplplo
Li€S" scloixlog 5lr o5 S.cul {1,2,...,D}
S o oSl g €S cloixl 09,5 ad culil e
odls iuled GBS Lo 6oy 4o LIS SO L wilg ge 0 )5
(o 5 o) a4 IS Jlais] (ioren 05 oo
qi5(d) &)ygon wild culdl Gloj i e 2> S
Sgd g0 o3le jislad

Syge 5o wtletzl oS a3 T oA, )8
30 ey bl (Gl CunBge Oledbl 39104290
JENUSREERVL gUPCIN N PR WIGH ) PRSP YIC SRRV
oolazwl HSMM o claalice (lgieds sudicas cledlb
Sledbl 5l et ooliiwl a5 Cewl  SU8S Laigd oo
G s Sl HSMM o Slaaline olgicds cadcds
35 S90S slacz 4 0,5 RIS wnl (b g
3 ey bla g oab ol slao )3 155 Wigd
5 O wlys Sldbl 5l gl Djgedr e
v Jow 0 csalin glgea bl y cpl 5l colaiul
lagl 51 sl 5 U5 5 ot pigolSel 355
Gyl plileS slapis ol 51wl cnslice lgica
Ol gl o SeS lacez 4 b ogd oolinl
5o Slaslie Glaed oolatwl bl Seas slacus
s HSMM

Slbl s 5l 0,8 o slvosalive a5 Lul
S g g ool giuled oy S B o 0gs
a byl cals Glp [42] g)lby plilsS o6l
bl g be,d oplply sl ouls oolatwl las,sus
B e byl CJB o a4 cabolBdle owyiwd

e slacusdae polie Wgd oo SRS 4 g&d}’

OF 2l Vo kel VP Jl


http://dx.doi.org/10.52547/jsdp.19.3.1
https://jsdp.rcisp.ac.ir/article-1-1150-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-01 ]

[ DOI: 10.52547/jsdp.19.3.1]

oeleial sWog )5 Hl o Slaiwl b Seloinl Hluw Glaasub 3 ply BH Hb e Hh9) 3 Alrb

%

S 0500 onl pr orw soleiiny gy 45 Ll
saie o5 eloizl slaog I pled Croms & ply Jor
shls sloizl ooy I Cuwod cnlply w290 ploxl
81455 o Joor |, ol il 1t 514, 05 5
ply 2 ode LI glanl jo g wisd e ools (ylis
Soe A,y 0,5 2 0ed o adgl 2o jlade 4 = {5}
el ol lrass 5l caseie olows il 4 jlxe
Oombed pe L1e ddy 0,5 6l slxe sloasens slass ()
el 5l aseus pe Wilgs oo 0,5 ¢ g leds 09 o 03lo
S Alewsd) peitee i b eeiles D)o
el s LI sl po e el (4, gleo S
& lre s slast g cel Tae Jgte a0 L
e ST 09l oo adgl (pojlade po =R L9
@bl Gl G d)y 0,5 S5 (pe) lre a5 slaas
Gaoz glaases oloul (8l 6,5 aS conl ol slixe
lxo 4y ol pe <1 Jlase ST Jg wojlo 1) sly 3l
9 Cor jlme ply 5l e ass obml a5 cl ()l
9 ke 6503 Ay 05 4l ply Wl oo s Ay 05
A5 G 1y by wb ags
Ty osdll al) 0,5 s csalie Lo (Jsie al) 0,8
) wiysSI ayliie (V) ainysS)l gzl & ol
59958 Jlo)l 1y 05 (6l ploy LT a5 0 o s
2z pp el Shsl jlre e shawi o)l & )90
Te o5 Ll Gl j2 5l Gy eizmen 5 05 sl
ply 5l s s Ghol> b oply Jo 4 Sl

Slyp 2y a5 daly L ogii(EN) e oS (o0
BeS Lo wlE-N )L\f u,....‘).;l.o
g so a5 Q7 (6,N)={qf; (t,N)]

t—

q (t,N)= :Z:qr(r,N—l)q’(t—r) Q)

r=N-1
229l g0 iy

t

Q" (t, N)=>19q"(z, N) fort=N=>2 )

=N

Ogods SN anin lp WSz il waledys
23,8 ooy p2

# (LN)=2Q" (t.n), o

n=1

I osF S Jlaisl Joie sl (L) o5 5
g asl S b RSN e el i s
J el o a5 Sy b cdls 4y 0955 olej 5l uiomen
0)5] GCQS}‘ os)f)oro)f

TTL

Pr(r,m, j)=> Q(m,e)bj(e)D 4", (t,N) (V)

lgizmo ilyole (lasuinizy Sigy-Y-Y
Goleidin by, 5o S8y F5 Sl el

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

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 1,,.isMemberOf(S,) & Pr(r;,m, S;) < Pr(r,,m,S.)
Forward message (p., A, S., m)
Drop message
Elseif p. > 1
A = common communities between nodes 7, and m
Sort A based on contact probability between ,, and m
Foreachj € A do
IfPr(n,mj) > &j¢A
Compute p,,
Pc = Pc — pp
A=A+ {j}
Forward message (o, 4, j, m)
Break Foreach
EndIf
EndFor
EndIf
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