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Abstract

Open Shortest Path First (OSPF) is one of the most widely used intra-domain
routing protocol. It is well known that OSPF protocol does not provide flexibility in
terms of packet forwarding to achieve any network optimization objective. The common
objective of network traffic engineering is to minimize the maximal link utilization in a
network in order to accommodate more traffic and reduce the chance of congestion In
this paper an algorithm, to solve congestion problem in an OSPF based best effort
network, is proposed. This algorithm is called Less-congested Open Shortest Path First
(LOSPF). A simple feed-forward neural network is used to predict the congestion
problem in the computer network links which are over utilized. The neural network is
trained to predict congested links based on a given traffic pattern. These predictions are
used to modify Dijkstr's algorithm to select the shortest paths, that excluding those
links. Better resource utilization is obtained by applying the resulting paths. This is
achieved throughout avoiding congested links and using other links that are
underutilized. Comparison between performance of the suggested algorithm and the
performance of OSPF that uses Dijkstra's algorithm to find the shortest path.
Simulation results show that LOSPF performance is better in term of distributing links
utilizations, and the queuing delay in the congested links. In spite of the superiority of
the proposed LOSPF algorithm, its execution time is almost same as that of the OSPF
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1 LOSPF Algorithm ( G,w,D,U, s, t);
2 path = null;
3 CongestedLinks = {};
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5 Work-cost(link) = w(link) / D(link)
6 If Work-cost(link) = infinity
7 Then CongestedLinks =CongestedLinks +link
8 End
9 End
10 (path, cost) = Dijkstra(G, Work-cost, s, t)
11 While (path = null) and (not empty(CongestedLinks)
12 Free-link = link from CongestedLinks with min(U)
13 CongestedLinks =CongestedLinks — Free-link
14 Work-cost(Free-link) = w(Free-link)
15 (path, cost) = Dijkstra(G, Work-cost, s, t)
16 End
17 Return (path, cost)
18 End
I dam el Sl G Al
Y s N b gl gy & (3) JSA
| | S| A e Sley S A e ddlias
_ . ~ Cua ciliaal) ol sl el Ja bkl
N = WL e L S8 Jlal zila i<t g
. ) s oSe N 5, IS
max ‘ | || \\\\‘ |‘ LZ;;: 62_'\;\“ B)ﬂ 2.0}4:.4]\ CJLQJ\ :_Ar_ 2\3\.\.;4’.1\
NG o o LS5 Juaadll zilai sae @ ydal Ml
| || pd (1) dsaall (G Osse
|‘ R g

o siall ralall o jall 4805 43S 3 5ad 1(3) JS)

97

www.manaraa.com



Al-Rafidain Engineering Vol.21 No. 1 February 2013

LAN S sie 5 el Gun G 5 go 4080 23 503 383,510l FTP dwadl) il sae (1) Jsaal

Alaal) clSudd) G ga
aleladl | LA | LAN | LAN | LAN | LAN [ LAN | LAN | LAN | LAN | LAN
1 N1| 2 | 3| 4| 5| 6| 7| 8 | 9 | 10
3 H1 20 | 75 50 20 25 75 10 15 25 10
g 3 H2 40 | 50 60 40 50 75 25 15 35 20
=3 H3 50 | 25 75 50 70 25 50 25 50 25
';; H4 50 | 25 75 50 70 25 40 25 45 25
%‘ H5 25 50 40 25 50 25 40 15 35 10
H6 10 | 75 40 10 25 50 25 15 25 5

Clalall sae Jiai oed b5 dlae 3805 JS 520 ) deaad) cilidl sae Jiad (1) Jsaadl 3 a8 ,Y)
AN 73 gad (8 Aeddiiea] FTP Aeadd 40l 134 50000 bytes aass 3l g cale (e (5585 Auldall o) 5 Sessions
(3) JSal) 8 LS Al Al K s gally Jasi el aolad) W Sean Al
gl g ASgl) (A dppaanl) AS,A)) @A 2-6

clilian) 20 Yl A5 A Jor Aol vie dlaal) Sl gaa) U8 (e dils) il gl pung 2ic
Ailas IS e Jeall ke oo 5ok b colilany) oda g cllall ZaLul 3y Luedl] Akl dy gudal) 2030
Ol Cum Sl D aally )y Jamally Jiaii cilad) 638 5 eclilan ) @l cilaw ilua iy AS)
Cargl) A siian Wl Lale il ) ) 6iE Budat aan B aal) dsased) 3030 A Jiad sda land) Cilgatia
) A i ) s Al gl MY aa Jled Jias
o B 58 s el o) (B st ASLAl) il aladial 3-6

Gy @y s aalal U Adad) S (e Lo s A4S o ddla) dend il a5
JINV g el Lol C_am))\}a COSPF Y5l jlusa yuabl alay) 8 Goaliill | ks G )l 53) Cftaa 3l 53
da yiid) LOSPF de )l sa 2405 Gy dilide cilel A Jla¥) 3l e (da il LOSPF Yl Uallais)

OPNET #lSlall zeali ys alasinly oeiliall 43 jlie cudiy jliie V) gy A 0 5l 4 jad Ayl 4020 il

(K 4z 5ally Jasi el 233l U (LANLO Y LANL) ilae sae (e ddlia) deadl) il 3485 25 Gum
li Sl G rdall gl LdlS s s )l Al (e JS Gakal (e AUl Ol jlusadll ) &3 Cum (3) SN
A1 50 LOSPF 43e )53 Gadia 5 330 OSPF JsS i goall (8 deaiiusall | yiuSa daa ) 53 Gl < jlusdl)
e Al LOSPF dae )l &l (aakat die 4a3lll &l jluall caall<s aba ) @,4.'\ ol iy By ASEN ol A
\)Aa&; 4.\.«:))\}; ?M Lg.ﬂ\} OSPF J}S}J})ﬂ\ d.\.\l:u e m.m;l\ u\.ﬂH\ L@SL.:.\ ‘;\j\ g.l\)\.um]\ L_Lms.i
ul.xuaj\ 44;‘9.1 die 4Kl u)a.a}j\ g_é ‘).\AL\]‘ uLA_)\ u\ﬁ 441.::} Ual.k.\S\ dﬁ\ UJS.\.w L_i\‘)w\ XYY u\ﬁ cMJAM\
Ll OSPF JsS 5i 50 alaainly cublhall olli g i ie Lgilita (e Jil () 5SS LOSPF &sa )53 plaiud 3ie il
Leds LOSPF 4l 53 (8 Lelilss Les OSPF JsS i (o8 deaiinsall | yiaSa 4300 58 2 (la b (3lay Lad
) bl 38l 1 5 e Cus 2msec ) b LOSPFA_MJJ\PCJL.AMO)&JM}\ Lu)s.m_\}l.um
anall (3 yainall 8 1 e i (5315 ) sl 4 ghna 8 Canll sliad (pe AN Sl g1} dlasicd

PG Al 7 gad (B Bl o) Pl 43 JBa 7

M0 ATy olgd Al cllasll e ST axe ) sedal @lld g Jaall H2 A5l delu) g3 gai il 25 i)
OSPF lasiul (e (padlil) ¢ jlsall IS Bula o3 (a5 Axgliie 5 ) a5 Al DSl 320 (e ) deaall il
(o Adlisall Clia gl D) 4 5la (uliaS dlia sl Dl Jaxe 581 230 a3 g ddlide s 5 )l & LOSPF
e Say) ) by, die A CBlay JMladul 4 jlie (4) SN mua gy ¢ AN A< 8 cpallall LS
LANT dplaal) 4,5l

98

www.manaraa.com



L guilad) clail) B Y o UsUais) JBY) 5 jua) el id 4a ) 53 140 padiS

W network load
M ospf
LosP spf
25
20
3
315
310 II I‘ ‘
O - T “I T L N AL L I I L L L L L L O L L A L L N L I SO L L LY
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43
Adagll a8,

LANL (e all d8lia) vie 4S8l COla sl D) Jalas 45 )lie Jadadia 1(4) JS)

s Oaa 3l A LS Aalil) & jleal) gkt ie ALKl cMLa gl (& LAl (e A0 e 8

o3 Ja Ol da sally (aldll ) gllall & G jall 4l Al alill ey 8 g BUaSY) AlSh. calS Wl
A€ S ) cBlagl) & el Gl i 8 A5 jlie (2) Jsand) easys i gl 13a Julas  Lulal g 41K
- H3 A delull 3 4l 3 LOSPR alasiul ax Lebls; Loy OSPF) Gaskal e

W Ola gl el gle i 1(2) Jsaall
Loy OSPF (3akai aie ¢ LalUaiSV) Lead el 21K == L [0] of Campus Hetwork <-

&b At 3 LOSPR) alasiu) die Ll
H2 4l de Ll 00050
[l
pdy | Adagh | alil ey | alil g oo
Lagll OSPF o
3 (msec) LOSPF 0.00601
(msec) 0.0050
7 BF 12573 6.675 D00sa.
17 EF 7.292 5.563 50030
21 | FG 5.033 3.981 -
22 | GF 6.97 4.355
25 | GK 7.64 5.335 i
29 | HL 9.076 6.476 BOO
35 | JK 7.477 4572 P
39 KL 19.252 12.764 G die | K dlasll b 5ualil) e 5 &5 jlaa (5) Jsall
40 LK 8.716 5.962 LOSPF 4l sA Gl xie s OSPF JS 55_4d)

BRE EJLIH

www.manharaa.com




Al-Rafidain Engineering Vol.21 No. 1 February 2013

A COla gl saa) b e ¥ axe G (3 A a8 (5) IS g

«Slaliiuy) 9

e Baaa G e )5 Al 8 A COla gl daadl | jlaSs dae )l ea skl o5 ) 138 (8
Eygany gl Fpmall Al JLESY) ASAE Crendiud s A pulall RS8N ) 505l saaall Jlead) il AliSa
i) | i A sn Jee gl g dpaal) 405D s e Calaiul 5 Ay gulal) A0 CBla y b LUSKY)
_).‘AS\J\ Jw\cam))\,;w))\p\dhm, cu).‘.aﬁ\dl\& u_d\ c_\\JL.ul\sﬂai_)\jl\ d\.a:‘}.“‘u;}\
: bl zlisiul &35 (Less-congested Shortest Path Firs LOSPF) ¥ i UsUaii Jay

e OSPF JS 5550l @MM\ Aoadall ) il daay )l 62 g3l s i3 aie LOSPF 4 & 1 ok 1

u\Jw\ e\m\ L;.J\ﬁ.: o« LOSPF Z\JA))‘P Ol Eua du;‘}“ EBIET Ola ) ISl c.\)); 4als
ol sall sl I Jlaa¥) dun 53 o3 AT Bali a5 %10 oo ST Alia gl sl Jalna L OIS )
PRECOA| s gl ‘;‘. ).\;Ld\ %) Julas ‘;‘. SIS \).m.m LOSPF MAJ)\P el O\ Ay NP dﬂ‘}ﬂ)
. 3.149556 msec < & b Jaxay

Load Balancing s swlall ciluill e Jlaal) 45 3) o 2l | OSPF da sitall dua ) sall pladind (Sas 2
Ol 1Xa 5 Joaiay) el Ea sl Jlaal e clli g IMainy) AL O la gl Jlaal (e al ) i <
Ay sulall 45800 joliae araad ¢ S JDaauYl e clee | OSPF 4 il 4 ) ) 53))

e Ju Lae claaddis e ) )5 aa ol LOSPF 4yl 53 5 Aplail) | jiusa da ) )8 288 (e ) 458 (0 .3
oAl ey Jali g LaUiSY) A0S dallaa 8 g8 o ae 8Ll (0 ) (sl () lin W Baaadl A ) ) 531 0

alain) 40Sa) Loy Lo aad) e1aY) (e LS dan of dalide Jlaad z3laty saaad) Gy ) &) Gadad ie 4
i) Aadail) ClSud A ) sall ells

:J.\L«AAJ‘

1. Piedra N., Chicaiza J., Lopez J. and Garcia J., (2008), "Study of The Application of
Neural Networks In Internet Traffic Engineering”, Sixth International Conference on
Information Research and Applications- i. Tech, Varna, Bulgaria.

N

. Sharma R.,(2009), "Computer Network", University Science Press An Imprint of Laxmi
Publications Pvt. Ltd. 113, Golden House, Daryagani, New Delhi-110002.

3. Rekhter Y. and Li T., (1995), " A Border Gateway Protocol 4 (BGP-4)", Network
Working Group Request for Comments: 1771.

4. Alan bivens J., Szymanski B. K. and Embrechts M. J., (2002), "Network Congestion
Acrbitration and Source Problem Prediction Using Neural Networks", Smart Engineering
System Design. Vol. 4; pp. 243-252.

5. Wang H. and Ito M. R., (2005), "Dynamics of Load Sensitive Adaptive Routing",
Proceedings of the IEEE International Conference on Communications (ICC), Vol. 1,
pp.213 — 217.

6. Eswaradass A., Sun X. and Wu M., (2005), "A Neural Network Based Predictive
Mechanism for Awvailable Bandwidth”. IEEE, The ACM Digital Library.
http://www.cs.iit.edu/~scs/psfiles/AlakSunWulPDPS2005. pdf

7. Mishra A. K. and Sahoo A., (2007), 'S-OSPF: "A Traffic Engineering Solution for OSPF
Based Best Effort Networks”, IEEE International Conference on Global
Communications (Globecom), Washington D.C.
http://www.cse.iith.ac.in/~sahoo/papers/globecom2007_aditya.pdf

Qazi I. A., Znati T. and Andrew L. L. H., (2009), "Congestion Control Using Efficient
Explicit Feedback"”, proceedings of the IEEE Communication Society subject matter

o

100

www.manaraa.com


http://www.cs.iit.edu/~scs/psfiles/AlakSunWuIPDPS2005.pdf
http://www.cse.iitb.ac.in/~sahoo/papers/globecom2007_aditya.pdf

Ly gualad) Aol B Y o Uslais) J8Y) g jpua) jlcall geih da ) 58 140 g

9.

10

11.

12.

13.

14.

15.

16.

17.

18

experts for publication in the IEEE INFOCOM, Rio de Janeiro, Brazil.
http://leecenter.caltech.edu/workshop09/papers/low7.pdf

Moy J., (1998), "OSPF Version 2", Network Working Group Request for Comments,
RFC 3630. http://www.fags.org/rfcs/rfc2328.html

. Skrypnyuk N., (2006), " Load-Sensitive Routing”, Diplomarbeit in Informatik,
Technische Universitdt Minchen, Garching bei Miinchen, Germany, http://www.net.t-
labs.tu-berlin.de/papers/S-LSR-06.pdf

Macfarlane J., (2006), " Network Routing Basics: Understanding IP Routing in Cisco®
Systems™ , Published by Wiley Publishing, Inc., Indianapolis, Indiana.

Ronaldo M. and Vitor G., (2007), "Efficient Routing Heuristics for Internet Traffic
Engineering", Elsevier B.V., Computer Communications 30, pp. 1942-1952.

Fortz B., Rexford J. and Thorup M., (2002), "Traffic Engineering With Traditional IP
Routing Protocols”, IEEE Communication Magazine, Vol. 40, No. 10, pp.118-124.
http://www.cs.princeton.edu/~jrex/papers/ieeecommO02.pdf

Awduche D., Chiu A., Elwalid A., Widjaja I. and Xiao X., (2002), "Overview and
Principles of Internet Traffic Engineering”, Network Working Group Request for
Comments: RFC 3272.  http://www.tools.ietf.org/html/rfc3272.

Kalunga J., (2006), "What is Congestion Control in Broadband Networks?",
Connexions module: m13361, Version 1.2, UK / Central.
http://cnx.org/content/m13361/1.2/.

Sniedovich M., (2006), "Dijkstra’s Algorithm Revisited: The Dynamic Programming
Connexion, Department of Mathematics and Statistics”, vol. 35 No. 3, Department of
Mathematics and Statistics, The University of Melbourne, Australia.

Medhi D. and Ramasamy K., (2007), "Network Routing Algorithms, Protocols, and
Architectures ", Morgan Kaufmann Publishers, imprint of Elsevier.500 Sansome Street,
Suite 400, San Francisco.

. Dijkstra E, (1959), "A Note on Two Problems in Connexion with Graphs", Numerische-

Mathematik, Vol. 1, pp. 269-271.

www.manaraa.com



