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Wiarking IP connaction
-------- Backup for working 1P conneclion
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Group [14] %Vl,éfgnﬁwLaua%mﬁaﬂi:ﬂaumiﬂmsmlumiaaﬂLmuLﬁumﬁqﬁaqﬁuluszﬁu%uiaﬁ
SRLG wosmaidenlasuitslussdudilonsi ﬂwaﬂﬁam«jmmmﬂ%aNIﬂelui:é’u%y’uvLaﬁﬁ
T¥nnsanlaslussdusuoandnaatd sriuning axlaslussdusuoananeais Fanun1TaonLLL
umetlasiuaiatitie SRLG °namnmm%'aNIﬂqius:ﬁu%uiaﬁuwLflu%’aﬁwmﬂlunwmﬁumq
HostuvosdnZoswald atlasiuanudadasioafonsaniuszninadumeman uay 1&uwms

Jaenu

222 FUMUUMIINIUIINAUTDIRAETZAUGTY (inter-working between layers)

mﬂ‘ﬁvlé’ﬂdnﬁamﬁjmwij’@ﬁmﬁLﬁﬂﬁululﬂiqﬁﬁﬂmaoLwia:s:é’u%usluﬁ’ﬁaﬁuﬁa Wateit
a:né‘nﬁqm‘sﬁwmui'suﬁwmLwia:i:ﬁu%u’usluﬂﬁﬁﬁ'swif@ﬁmﬁLﬁ@%u %ﬂQWﬂgﬂﬁ 2.7 AZAUIN
gﬂLmumiﬁwméawﬁumawa"uzri:éfu%u’uf:’w,l,ﬂqL‘flu 2 Uszian fa mIvnausuuldysanuiu
(uncoordinated approach) WAz N15HULUULTUSAL (sequentia approach) A9AZNEINDITLAZLD L
faly

2221 ;nJu,i.mm‘sv‘i'muu,uu‘lsiﬂiza'mﬁ'u (uncoor dinated approach)

% v Y [ &" 1@ 13 dl U v Y I L
magmm"u@maﬂuaﬂwmzuaﬂuumam%u@l@‘m:@mezmumigmmwmaﬂmmax‘smu
g QIJ A g g dl L v v dl a &J 1 v 1 I . gi dl AI o U
T DU 33@1‘]J°D’u1@7]@]3'3‘4‘4u@'3']34‘1|@‘1|a\‘i‘Y]Lﬂ@]“ll%I%Iﬂi\‘i“ll']ﬂvLﬂﬂau a:mmmumum‘mmmig
o o i o oy aa ) 9
ANHUAUBIND U ﬂ']i’)’]\‘]E‘iJLL‘U‘UELuaﬂHRLZHNﬂIB@]ﬂf‘] %Qﬂa@]ﬂ"lizluﬂ'ﬁﬂLLaLLazﬂ'ﬁﬂﬂNﬂqigﬂ?’]N
v o A a X 1 v W v a X a [ 1
m@mmmnmuluimmm GL‘LL‘Y]'N@I?\‘]ﬂ‘LL“}J"]N"UBLaﬂ"ﬂi’]ﬁgﬂuﬂﬂuﬂf’] 21ANANIIIUNIBNUISHAIN

% v Y I o & =< Y ) I o Al J
ﬂ‘SZU’)%ﬂW‘SQﬂ’ﬂN"U@%a@iuLL@lﬁZiﬁ@]U"Hu i'JNVL‘IJﬂQ ﬂ'lil"ﬁﬂ’)'lNﬂﬂ'liﬂﬂLﬂuq'l%')u&l’mLui’]\‘l'ﬂ'lﬂLL@]
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Lightpath in optical domain

—-_———- IP connection

U7 210 Juupzasilymiiiinainnisnslesenaluns 2 ssdugu

(]

a:szé’uﬁ’uﬁuﬁﬂmifﬁﬂmwfj’@maﬂunmﬁiﬂ&ﬁmﬁ’u NI NILAa I UTURINITONTIATLAIH

% [

dadaeldlwmainindia e ae3in 2.11

Y4
2222 funJLLaJi.lﬂﬁv‘i'mume?Jué'lﬁu (sequential approach)

g‘ﬂLLu‘i_lm‘sﬁNmuumﬂmiwé’u ﬁamiﬁmu@éﬂﬁwmLm'azs:é’ufﬂumiﬁmmﬁ’@%mﬂ
a &l d! 1 o >4 U o > AJI U U L = a Aa AI &l
LR sﬁammmamﬁl%mmuiuanwmzumﬂiﬂmigmmmmamﬁ‘szamﬁmwmmwu Uan
&)y U o 1 U dl =} >4 o 1
'onﬂummmmaﬂm{lﬁmmw}im‘sawaﬂmwm%mnLuamﬂuﬂug‘ﬂLmum‘smmmmuvlmhmm
Qs o U 1 Qs gi o U dlru L dl a g yg: o I U a1 o %3
N4 msa:m%u@lﬁLma:smuwumﬁm'ﬂgmmmma\mmmuvlﬂuu AN UG DINBIIINNALIAN
. 1 1-1’ t:l' =8 d' d' [ ES d! o U o Y
(hold-off timer) AMUILNBLBNANILEZIANINNEANILAUTUH JAZEHTNNNINANTA TS
U U Q/ gJJ 1 v >3 U U dl o > g}/ dld U dl U >
1 thezdvrulalidamsnfenadadeslinmazaznandimue ssaurundnihnlunisieruda
U >3 l‘l o U > U >4 = > g"/ dl o U s U 1 a U a
°llENE]@]V[JJ’QZLiN‘Y]”Iﬂ”IiQﬂ’J”lN"U@]"UE]\‘WMVI T EAUTRNININANNTadpsedAndasgin LI
1 o =, o (% 1 U = o
N13INNBENY gmmumi‘n’mmmuLﬂum@ummsml,maaﬂvl,@Lﬂu 2 Uszinn e gmmumi‘m
> gJJ U &l - o > gJJ U
SIUANNITAUTUINUUUY  (bottom-up escalation) LA g‘ﬂLL‘U‘Uﬂ’l‘m’m’mﬂ’miwuﬁuuumaw (top-

down escalation)

o o & o X .
° g‘ﬂLL‘LILIﬂ']i“f]’]ﬁ"l%‘ﬂ’]ﬂ‘ﬂﬂﬂ‘ﬁ%a']\?‘ﬂuﬂ‘H (bottom-up escalation)

o > gi 1 ‘3 ’:‘1 I ) U U v Y
stuuunsheuannszaususeauuuil unsmualiinszuaumsienwdadolu
TLALTHDONAADATURTNNLUNITLA MO NTATaI NN 15 DIZAUT U NaTH1IIaLS L
o Y d' a A&l U A U\ U 1 1 aqllv d' ) > g;/ =
ANTATaIAATWEE I anTzuIwNIILA ki lHaININNIEN A TANAINAI LA Sedurwlan
azdunihnlunisfaadadacdaly dedvesguuvuide Herwmdadasiifiatuansaud
laldluszdutusandnea nandldlunsfenudadasazldundin Wafisuiunisfauds

wIEAINa1 b IZAUT LN
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‘Working IP connection
e e = = R kU IP conmegHion
== = Backup lighipath for ighlpath of working IP connaclion

gﬂﬂ & 1; gﬁJLm‘umsﬁwmmmuvlsiﬁszmuﬁ’u

o JULLLNINIUIINTEAUTULUAIATY (top-down escalation)

o Q g 1 &JG o U > gi a o U dl U
suuuumshauanszausuudasasiidunisimual#szdusulod Sunihalufais
Lo dl a &’ 1 g: = I > g; a dl o U dltu Lo dl a &’ %3
dadasiiindunien  anuuladuszduruasndnaaiaziuinnganudadasifaudaly
mathnualiszdvleivnsfanadedasdoutwmiasan  Tussduledgunstidaudumeuu
1 = U 1 3"/ = a, 4! >
lassdngaznauivioyavadasedne m amzdu swlufalszinmamnindaansnda

o

sduanuddty (priority) lunisfarmdadelédnan (15

223 naqw%maemwagjsa@f[ﬂﬂﬁmsmﬂmiﬁmwﬁ'@ﬁmmemmzﬁ'ui'u (multi-layer surviv-
ability strategies)
ﬂasqm%maqmwagjsama@IﬂiqﬁnﬂI@ﬂﬁmsmwmiﬁmwij’@%’mLLuuwmmzéfu%’mLﬂqLi“;lu 2

Uszinn fa naIsmIfenadadasiuuaia (saic recovery technique) kaz nadsn1iiaudadeos

L . 3 1 = a e z-:qll
WUUWAIR (dynamic recovery technique) lasaznannesngazid aaaasa b

2231 amdnmafandadasuuuaie (satic recovery technique)

U v W a ) U o Y d' a % 6
nmafieradadasuouaio Wugduuonsfendadaciamnmmisumsldludnsuzeanlai
. . B QIJ = U Qs U a v | U a

(offline configuration)  1iuf auuunn1sfenudadosazgniaisalinounial#vims . gduuunis
= U R a = dl a 1 cu . gi a U dl >
wiznmafaudadesuuusinniafiiandt matlesiu (protection) wuazgniasanliinailoiu
If U L U dl a g 1 1 a L aQ U a QJ g’J s K U Q/
TdlFanudadasninaiudinasanuidnrnasanmsdaliusng dedunistesiuanudadasd
nanazlavinldinawalad (topology) 2aslasetnaudsuutasluannanaladamznausuldusng

n3aIenstlasiukuuaRaLLsaantlu 3 Usznnae
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e Duplicated protection

a %% [ ‘;1 a %% 6 t-:l' d' U qlz A
mmmﬂumiﬁmnuiuanwm:m:wmsmwmiﬂa\musluvqmamﬂi:ﬂaumﬂm"nmuuﬂa

oV o I U a %% [ gJ/ [ gJ/ a [ gJJ = dy
dnavasndudasin13tl0s uIaeS U Iz AUTURaWAADA WA ITAUTWEEN  wanani
U Qs >3 1 U = Qs o a U [ % d' =3 [V
Wumeilasiudsnanazdasiinsilosiuesiuesdndis  deguin - 2120 ALLAWLAN
6 o d'o I A U o 4' %% d{' o gﬁ a
asAlsznavrasnIstiasiunsndufa  @uwmeilasiuiinatassunisganlasluszdurwlan
MLAUEIT DT UAIRTUN L AWLEIN LI 1S 9L AT AT D A UEIRSUNIGLA L EI VDI E

meilaenu

e Logical spare unprotected

L >3 &l a Qs U > 1 g‘: &
maemstlesduluansustazfiansannistasiwi sadumendnyniy - Seazuan
g9 IS aunstlaeiuiuy  Duplicated protection 913991 a2 bl n9La T aNMaLAULES
L o L a - Qs { é}
flosiudmivmadunasuadumeilosiu douaasluzun 2129 wananiinaznisniow

m‘si’Ja\‘iﬁ’ué’oﬂénazﬁﬂﬁﬁ%mmmmgﬁwsmﬁﬁwLﬁuﬁaﬂ%a@mﬁﬂé’w

e Common pool strategy

sluuunsadwnsilasiulusnemeiaznsziludnsund sadudunsafenisileeiulu
jUuUL Logical spare unprotected laa?l azhanmadisesililunmnaiondumetiaeiu
wasasiumadenlasluszdvtuled  slduiuanuadisesildlunmaaioameduuss
ot ud1nsumatfnnasnlden é’agﬂﬁ 2.12.0 eﬁqaﬂﬂizmﬁmmmim%‘ﬂumiﬂaaﬁmmuﬁ
= o U ) t-:l'o IS U = 4' > L = a r.:l' =
fa mamhldasdraiidudfenassuiatiasiuaudadesfivunmanas WaiFoy

= >4 a Qs ‘dl U 1 U U
WauAuNIia3 ann1tioeniiln 2 ;smmwvl,@ﬂmamwu

2232 asdnafantadasuuuwaia (dynamic recovery technique)

U o Y Qs &" =, U L7 dl = o U a &’ 1

msgmﬂmmaﬂuaﬂwmzu amJumiQmmmwmmaumwma\ammusluimwmmﬂ
%é’\amid\ﬁaﬁaﬁﬁawal,lﬁa AatuN1TIANIIANTAd agssnaaniudaslErannisinaIsla s
1 6 . . . Qs 1 o‘&l = U dl
Jeuvvaaulali  (online  configuration) mﬁ@mﬂm\mmLmuaauvlauuazu'ﬂm‘ngu,amﬁa\‘i

a o dd‘ 1 a v Y &l =3 a
u,a:smLaﬂmiaaamm%}iaﬁaﬂummmiﬂwmalm@mmmmawu Tulilng ﬂﬁ@LLamwaIaﬂ
d' d' 1 o a U v Y U v Y (%% &Jo g U U a A
m'ﬂaﬂuvlﬂlmzmwmmumigmmmmm migmmwmaﬂuanwmxummumaﬂmmuﬂma

o a o - o | i N
ﬂ‘szmumwummvbslumimmmgo PN DAANANIZNUNDIARINAADNTINAN
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Warking IF sonnechion memmemnsaeae Spare IP connaction
————— Layar-connaction ——————— Warking |P connesction
~——— —— Backup lightpath for lighipath of working 1P connection
— s« = . Backup lightpath for lightpath of backup IF connection
Unprotected n. Duplicated Protection

memmmmmes=e=s=s Gpare IP connection =ms=mcms==== Spare |P connechon
‘Warking IF connecton — Warking IF connaction
—_— —— Backup hghtpath for ightpath of working |P conneetion  —— —— Backup lghtpath far lightpath of working 1P conneclion

9. Logical spare ungrotected A, Common poal strateqy

gﬂﬁ 2.12: na‘i%miﬁmm%%ammuaﬁm
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optical layer protection | link-disoint | node-digjoint
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IP node failure =0% =0%

IP link failure < 100 % =100 %
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Capacity differences between proposed and
shortest hop algorithm (unit capacity)
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Abstract— Resource utilization is an important issue that
needs to be taken into account when providing recovery mech-
anism in networks. In this paper, we investigate the recovery
scheme for multi-layer network which cannot only manage
the operation confusion among each layer, but also reserve
network resources effectively. Then, we proposed an algorithm
that adapts the concept of multi-layer approach to multicast
protection in order to recover the failures and reduce network
reserved resources at the same time. In our design, four types
of failure, i.e. optical link failure, optical node failure, IP link
failure and IP node failure are considered. The simulation re-
sults show that our algorithm can provide multicast protection
which uses less reserved resources compared to the traditional
shortest hop algorithm. The difference will be more significant
if our algorithm is implemented in the network topology with
high average node degree.

I. INTRODUCTION

Due to the recent development of technology, multicasting
has become a major technique used for transmitting the data
in today applications such as IPTV and video conferencing.
With this technique adapted, the communication with selec-
tive number of destinations can be possible. Many providers
nowadays aim at increasing their network capability in order
to support these newly launched applications with their
limited network resources.

Not only the ability to support multicast applications with
efficient resource usage is needed, network reliability is also
the main topic that must be taken into account. In the core
network, multicast traffic with high reliability requirement
is being transmitted at a very high speed while only one
failure that occurs in the network can cause a severe effect to
both customers and providers. Therefore, one way to avoid
this effect is to obtain the recovery mechanism during the
communications.

Most researches focused on providing the recovery mecha-
nism for multicast traffic in specific layer, i.e. optical layer or
IP layer. In optical layer, Wavelength Division Multiplexing
(WDM), has been introduced to increase the network per-
formance in various approaches, e.g. minimum cost backup
tree approach in [1] and [2], and multicast segment approach
in [3]. However, those approaches do not guarantee that they
will lead to minimum resource usage.

In IP layer, Multi Protocol Label Switching (MPLS) has
become a major technology that is used in NGN (Next
Generation Network). The technique called Fast-Reroute

(FRR) [4] is introduced to recover the failure in IP/MPLS
network. Reference [S] designed an algorithm by expecting
that if multicast request uses the minimum number of links,
resource allocated for traditional fast-reroute protection links
will consequently decrease. This algorithm will depend on
network topology and may not guarantee that number of
protection links will be minimized.

Another challenge of providing recovery mechanism in
the network is the inter-working between layers. When
the failure occurs during the process of transmission, each
layer will activate the recovery mechanism independently. If
both layers detect the failure nearly at the same time, the
interference among these processes might occur. Reference
[6] introduced the recovery scheme for multi-layer network
which considers the inter-working between layers. The study
shows that adapting the multi-layer concept can also decrease
network reserved resources. As far as [6] have presented,
they focused on providing multi-layer recovery mechanism
only in unicast traffic.

The goal of this paper is to provide the recovery mecha-
nism in order to minimize reserved resources for multicast
traffic by considering the concept of multi-layer network.
We also integrated the concept of “Failure Independent
Path Protection” (FIPP) into the design which can recover
the system from four types of failures, i.e. optical link
failures, optical node failures, IP link failures, or IP node
failures. Moreover, cross-layer information, i.e. Shared-Risk-
Link Group (SRLG) [7] will be included into the consider-
ation in order to avoid using failure-dependent links.

The rest of this paper is organized as follows. Section
II presents the concept of multi-layer recovery and the
classifications of multicast traffic. The multicast protection
algorithm is then proposed in Section III, followed by
simulation results shown in Section IV. In Section V, we
conclude our paper

II. BACKGROUND
A. Multi-layer Recovery

Two generic approaches [6] based on multi-layer recovery
are as follows.

1) Inter-working between layers: This approach allows
each layer to activate its recovery mechanism sequentially.
For bottom-up escalation, the recovery of bottom layer will
be activated first. If the recovery at bottom layer cannot



recover the failure or spends too much time in recovering,
then the upper layer will activate its protection. On the
contrary, top-down escalation is a scheme that allows top
layer to perform recovering first. In this way, the recovery
mechanism from each layer will not interfere among one
another.

2) Spare capacity sharing: By assigning the order of
recovery, capacity that reserved for recovery mechanism
in one layer is allowed to be shared with another layer
mechanism. This is called common-pool strategy. By doing
this, total reserved capacity of the network will be smaller.

B. Classifications of multicast traffic

Three classifications of multicast traffic requests, namely
IP-layer multicast, multicast via optical-layer unicast and
optical-layer multicast [8], are considered in this paper. In
Fig. 1 (a), the multicast routing has been formed in IP-layer
by the intermediate IP nodes. For optical layer, each node
will connect to its neighbors with lightpaths. On the other
hand, the source node will connect directly to its destinations
in IP layer for multicast via optical-layer unicast shown in
Fig. 1 (b). By using unicasting technique, multiple unicasts
are created in optical layer. In Fig. 1 (c) which is optical-
layer multicast, the source node will connect directly to its
destinations in IP layer like in multicast via optical-layer
unicast. For optical layer, the multicasting technique is used.
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Fig. 1. Classifications of multicast traffic

III. PROPOSED ALGORITHM
A. Assumptions and notations

In this paper, we consider four types of failure, namely
optical node failure, optical link failure, IP node failure, and
IP link failure. When a source is making a request with the
route in IP layer R and in optical layer £, our algorithm
will begin the process of finding the protection with respect
to network topologies in optical layer Go and IP layer G
and information, i.e. SRLG and optical link capacity. Then,
the protection will be reserved on the optical links of the
network. The rest of the notations are defined in Table I.

B. Multicast Protection Algorithm

We design the multicast protection algorithm based on
point-to-point element in order to support both unicast and
multicast consisted in the traffic as described in the pre-
vious section. For example, if Fig. 1 (a) is the request,
five elements, i.e. three lightpaths in optical layer and two

TABLE I
NOTATION
V,E Number of optical layer nodes and links in the network
Go, Gy Network topology in optical layer, and IP layer
£ The set of lightpaths used in multicast request,
L; Optical-node sequence of ith requested lightpath, L; € £
R The set of IP connections used in multicast request
pr IP-node sequence of ith IP-connection request, R; € R
W; The set of lightpath protections for L;, e.g.
Wi ={W}L W2, W}
wir nth optical-node sequence used to protect L;, W e W;
B; The set of protections for R;, e.g. B; = {B}.B?....,BI'}
B nth [P-node sequence used to protect R;, B} € B;
n Total number of multi-layer protection formations
Pi ith formation set of multi-layer protection, i € {1,2,...,n}
eg P = {W}. .. ,W},B},....BL}
C; Number of capacity unit reserved for P;
SRLG;  Group of IP links that use optical link 4, i € {1,2, ..., E}

connections between one source to one destination in IP layer
are counted as an input. In case of Fig. 1 (b) and Fig. 1
(c), there are four elements to be the input which are two
elements from optical layer and the rest from IP layer. The
following paragraph will describe each step of our proposed
algorithm.

o Step 1: Protection in optical layer
The objective for this step is to find all possible
lightpath protections W,* for each R; in G by using
FIPP concept. To consider FIPP, the method of find-
ing the paths will depend on the type of the failure
we considered. By using node-disjoint constraint, the
lightpath protections will be able to recover the failure
from optical link, optical node and IP link. Note that,
in IP-layer multcast, this layer protection will fail only
when the failure occurs at the optical node which has
to pass the traffic to IP-layer, e.g. node in the middle
of the optical layer in Fig. 1 (a).
o Step 2: Protection in IP layer
Same as step one, we find a set of all possible
alternative connections B;* for each R; in Gy based on
node-disjoint constraint. Moreover, SRLG information
needs to be considered in this layer. A candidate IP
link which can be used in the protection must not be in
the same SRLG of other IP links. For example, if one
IP link in the protection is in SRLG, and SRLGo,
other candidate IP links that can be used must not be in
either SRLG1 or SRLG5. This is called SRLG-disjoint
constraint. Next, we map all of the protections returned
in this step into optical domain in order to cope with
the calculation of resource reservation. Note that, in this
layer, optical node failure and IP node failure can be
recovered.
o Step 3: Protection in Multi-layer
This step constructs all possible formations of multi-
layer protection. Each formation P; must consist of
one member from every lightpath protections and one
from every IP protections. Therefore, total number of
multi-layer protection formations will be equal to the
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multiplication of number of members in each set of
protections. We define 7 as a total number of formations
in multi-layer protection which can be calculated by

)= (Hw) < 1mma).

where |W;| and |B;| refers to the size of ; and B;.
For example, if the request has three sets of lightpath
protections which are Wy = {W{ W2}, W, = {W}}
and Wy = {W}, W2, W3} and two sets of IP protections
which are B; = {B}} and By = {B3},B3}. The number
of multi-layer protection formations will be 12.
o Step 4: Resource optimization

The objective of this step is to find the multi-layer
protection formation that reserves minimum resources.
First of all, we map W into matrix form which is

()]

wr(1,1) W)
wr = ; :
wnr(V,1) WG VIR | B
where
no v f 1, if W uses link (p,q);
Wi(p,q) = { 0, otherwise.

p,q € {1,2,...,V}. In the same way, we also define B
in a form of V' x V matrix which is

Br(1,1) B (1)

B —| :
BV, V)

Bi(V,1) VXV

where B!'(p,q) = number of times that B uses link
(@)

With the concept of capacity sharing, we consider
both common pool strategy and intra-layer sharing in
this algorithm. Apart from common-pool strategy which
we have already described in section II, intra-layer
sharing allows the capacity to be shared within the
same layer. Fig. 2 shows the intra-sharing between 2
lightpath protections which can reduce total reserved
capacity from 4 to 3 units. With these conditions, we
can construct the multicast protection by sharing each
point-to-point protection together.

e g e g

Fig. 2. Intra-sharing within optical layer

In order to calculate the reserved capacity used
in one formation of multi-layer protection based on

common-pool strategy and intra-layer sharing, a mathe-
matical model is proposed in (1) by assuming that P; =
{Wg... , Wb BS,...,B%} where a,b, c and d depend on
combinatoric approach, and we define P;{k} as element
k in P; where k € {1,2,...,m+n}. Number of capacity
units reserved for P; can be computed by

vV Vv
Ci=3 3 max (PR} 0.0), PR} @,p) @)

p=1g=1
Next, the algorithm will find which formation gives
the minimum number of reserved capacity units. In this
case, 7 is considered to have an impact on complexity.
The objective function is then formulated in (3). By
doing this, the unit of capacity returned from our
algorithm (Cpy;,,) will be guaranteed to be minimized.

Crin = (eD) 3

min
Vie{1,2,...,n}

IV. SIMULATION RESULT

In this section, we evaluate our proposed algorithm by
comparing the efficiency in terms of resource usage for
the protection. Two network topologies are used in this
experiment, i.e. the network with 10 nodes and 22 links
(average node degree = 4.4) representing the dense topology
called SMALLNET shown in Fig. 3 and grid network with 9
nodes and 10 links (average node degree = 2.22) representing
the light topology shown in Fig. 4.

We compare shortest hop algorithm with our proposed
algorithm. With shortest hop from source to destination, it
refers that the reserved resources will be less. The more
hops the protection uses, the more units of capacity it has
to reserve. Therefore, the comparison with this algorithm is
very challenging for the protection resource preparation by
hop condition versus sharing condition.

In the experiments, we evaluate our algorithm through
MATLAB. Sources and destinations are generated randomly
with the uniform distribution. The shortest hop protections
in each layer are constructed without knowledge of any
information about the other layer. Moreover, we compare
the results of these two algorithms by increasing the number
of multicast destinations starting from 2 nodes to 7 nodes
in the first topology and 2 nodes to 8 nodes in the second
topology based on IP layer. The experiments are tested in
the case that there was only one multicast source at a time.

B

o iy

Fig. 3. SMALLNET network topology
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Fig. 5. Simulation result on SMALLNET network

Fig. 5 illustrated the comparison between our algorithm
and the traditional shortest hop algorithm in SMALLNET
network. We classify our discussion into three categories.
The first category is when multicast request has 2 and 3
destinations. The results from two algorithms are compara-
ble. This is because when there is a few destinations, our
algorithm will choose little sharing which can reserve less
resources than more sharing. Therefore, the result of ours will
be close to shortest hop algorithm. For the second category
which covers from 3 to 6 destinations, our algorithm has
reflected the efficiency in sharing which can dramatically de-
crease the reserved resources for about 40 percents compared
to the shortest hop algorithm. With many link candidates
to be used, sharing among the group of destinations can
be done in an effective way. The last category is when
multicast request has 7 destinations. The result does not have
much difference between these two algorithms compared to
the second category. Because of the distribution of seven-
destination multicast, the candidate links used for protection
sharing will not be diverse.

In the same way, we then test our algorithm in grid net-
work which has 9 nodes and 10 links. The result illustrated
in Fig. 6 shows that our algorithm can reserve less resources
than shortest hop algorithm similarly to the previous result.
However, the difference between two algorithms is not much
compared to the previous network which has 4.4 average
node degree. Notice in both results that our algorithm tend
to outperform the traditional shortest hop algorithm in dense
network.
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Fig. 6. Simulation result on grid network

V. CONCLUSIONS

In this paper, the concept of multi-layer recovery has been
investigated to manage the operation confusion among each
layer. With this concept adopted, the network resources used
for the recovery mechanism will be decreased. Next, we
proposed a protection algorithm for multicast traffic, i.e.
IP-layer multicast, multicast via optical layer unicast and
optical layer multicast based on multi-layer approach. In the
experiment, the result of our algorithm shows that it can
not only reserve less resources compared to the traditional
shortest hop algorithm, but also guarantees that the reserved
resources are minimum. Moreover, two network topologies
with different values of average node degree are then tested
to compare the efficiency of our algorithm. The result shows
that our algorithm will perform better if it is implemented
in the network with high average node degree.
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Abstract—In this paper, we investigate the protection scheme
for multi-layer network which can decrease the operation con-
fusion caused by each layer protection, and then we propose
an algorithm that adapts the concept of cooperation in multi-
layer network to multicast protection. With the design of our
proposed algorithm, failure from optical link, optical node, IP
link or IP node can be protected. We also generalize our
algorithm in order to support 3 classifications of multicast traffic,
i.e. IP-layer multicast, multicast via optical layer unicast, and
optical layer multicast. Moreover, the objective of our proposed
algorithm is not only aiming at protecting multicast traffic, but
also minimizing the reserved capacity used for those protections.
The simulation result shows that our algorithm can provide less
reserved capacity than traditional schemes.

I. INTRODUCTION

Due to the recent development of technology, multicasting
has become a major technique used for transmitting the data in
today applications such as IPTV and video conference. With
this technique adapted, the communication with selective num-
ber of destination can be possible. Many providers nowadays
aim at increasing their network capability in order to support
these newly launched applications with their limited network
resources.

Not only the ability to support multicast applications with
efficient resource usage is needed, network reliability is also
the main topic that must be taken into account. In core
network, multicast traffic with high-reliability requirement is
being transmitted at a very high speed. Only one failure
that occurs in the network can cause a severe effect to both
customers and providers [1]. Therefore, one way to avoid this
effect is to obtain the recovery mechanism when operating the
network.

Most researches focused on providing the recovery mecha-
nism for multicast traffic in specific layer, i.e. optical transport
network layer or IP layer. In optical transport layer, Wave-
length Division Multiplexing (WDM) has been introduced to
increase network performance in various ways. [2] and [3]
proposed an algorithm which can reserve the backup tree with
respect to cost constraint. With cost assigned to the network
topology, the minimum cost backup tree is calculated. In term
of resource reservation, there is no guarantee that minimum
cost can lead to minimum resource usage. Based on segment
protection, [4] designed their algorithm in order to recover the
failure that affects each multicast segment. By doing this, the
process of activating the recovery mechanism will be easy, but
the resource usage will be high.

In IP layer, Multi Protocol Label Switching (MPLS) has
become the major technology that is used in NGN (Next Gen-
eration Network). The technique called Fast-Reroute (FRR) [5]
is introduced to recover the failure in IP/MPLS network. [6]
designed an algorithm by expecting that if multicast request
uses the minimum number of links, resource that allocated for
traditional fast-reroute protection links will be consequently
decrease. In this way, this algorithm will depend on network
topology and may not guarantee that number of protection
links will be minimum.

Another challenge of providing recovery mechanism in the
network is the inter-working between layers. When the failure
occurs during the process of transmission, each layer will
activate the recovery mechanism independently. If both layers
detect the failure nearly at the same time, the interference
among these processes might occur. [7] introduced the re-
covery scheme for multi-layer network which consider the
inter-working between layers. The study shows that adapting
the multi-layer concept can also decrease network reserved
resources. As far as [7] have presented, they focused on
providing multi-layer recovery mechanism only in unicast
traffic.

Thus, the goal of this paper is to provide the recovery
mechanism for multicast traffic by considering the concept
of multi-layer network. We construct the recovery algorithm
by aiming at decreasing the reserved resources, so network
optimization is formulated here to solve this problem. We also
integrated the concept of Failure Independent Path Protection
(FIPP) into the design which can recover the failure from
optical link, optical node, IP link, or IP node. Moreover, cross-
layer information, i.e. Shared-Risk-Link Group (SRLG) [8]
will be included into the consideration.

The rest of this paper is organized as follow. Section Il
presents the background of what we need to rely on. The
algorithm is then proposed in Section IIl, followed by a
simulation result shown in Section IV. In Section V, we
conclude our paper.

I1. BACKGROUND

A. Multi-layer Recovery

Multi-layer concept has become necessary in providing
network nowadays. Two generic approaches were presented in
[7], i.e. the inter-working between layers and spare capacity
sharing in multi-layer network.
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1) Inter-working between layers: This approach allows
each layer to activate its recovery mechanism sequentially.
For bottom-up escalation, the recovery of bottom layer will
be activated first. If the recovery at bottom layer cannot
recover the failure or spends too much time in recovering, then
upper layer will activate its protection. On the contrary, top-
down escalation is a scheme that allows top layer to perform
recovering first. In this way, the recovery mechanism from
each layer will not interfere each other’s.

2) Spare capacity sharing: By assigning the order of re-
covery, capacity that reserved for recovery mechanism in one
layer is allowed to be shared with another layer’s. This is called
common-pool strategy. By doing this, total reserved capacity
of the network will decrease.

B. Layer Multicast

[9] presented that there are 3 types of multicast routing
which are IP-layer multicast, multicast via optical-layer unicast
and optical-layer multicast. Fig. 1(a) shows the characteristic
of IP-layer multicast which is the multicast that is routed by the
intermediate routers. In optical layer, each node will connect
to its neighbors with lightpaths (LP). Fig. 1(b) illustrates
multicast via optical-layer unicast. This technique uses a group
of unicast to create multicast in IP-layer. Source node will
connect directly to the destination nodes. In optical layer,
lightpath is constructed to connect source node to destination
node. In fig. 1(c), the concept of light tree is introduced.
Optical nodes must have the ability of light splitting in order
to create multicast routing. The same as multicast via optical-
layer unicast, source node in IP-layer will connect directly to
the destination nodes.

Fig. 1. Layer multicast

I11. PROPOSED ALGORITHM
A. Assumptions and notations

In this paper, we consider only 4 kinds of failure which
are optical node failure, optical link failure, 1P node failure,
and IP link failure. However, only one failure type is allowed
to occur at a time. We assume that our algorithm must be
done before providing services and one multicast request
needs one unit of resource in any links that it passes. Same
requirement is needed in every destination nodes. Moreover,
the information that must be known in advance is multicast
request routing (R%%:, RSPs), network topology in both layers
(N,, Np), SRLG, and optical link capacity. The notations are
then defined in table I.

TABLE |
NOTATION
N, L Number of optical layer nodes and links in the network
No, N; Network topology in optical layer, and IP layer
RLPi ith lightpath used in multicast request
RSP jth IP connection from source () to j** destination (D,)
in multicast request
BE m*" lightpath protection for i*" working lightpath
FLE Set of lightpath protections for it working lightpath, e.g.
= _ LP, pLP, LP.
s PLF. - (pEP: pLP:=  pLP:)

Py nt" protection for working IP connection S and D;

Set of protections for working IP connection S and D,
— T {Psuq Psuq ) Psuq
n Total number of multi- Iayer protectlon formation
Py k" formation of multi-layer protection, k € n
eg. Py = {PLP1 . PLPr PSD1 ';SDy}
Ct Number of unit capacny “reserved for Pt
SRLGs  Group of IP links that use s** optical link, s € L

B. Algorithm design

In order to support 3 types of multicast mentioned in the
previous section, we have to design the algorithm based on
point-to-point element. For example, if fig. 1(a) is the request,
3 elements of lightpaths in optical layer and 2 elements of
connections between one source to one destination in IP layer
are counted as an input. In case of fig. 1(b) and fig. 1(c), there
are 4 elements to be the input, i.e. 2 elements from optical
layer and the rest from IP layer. The following paragraph will
describe each step of our proposed algorithm.

« Step 1: Protection in optical layer

In each R™", find all possible protection lightpaths
(PX%) in optical layer (N,) that connect the origin
and the destination of R-": by using FIPP concept. To
consider FIPP, the way of finding the paths will depend
on the type of the failure we considered. By using node-
disjoint constraint, the lightpath protection will be able to
recover the failure from optical link, optical node and IP
link. In IP-layer multcast, this layer protection will fail
only when the failure occurs at the optical node which
has to pass the traffic to IP-layer, e.g. node in the middle
of the optical layer in fig. 1(a).

« Step 2: Protection in IP layer

For each RSP, find all possible alternative connec-
tion PSP5 that connect source node (S) to destination
node (D;) in N; with respect to node-disjoint constraint.
Moreover, SRLG information needs to be considered in
this layer. A candidate IP link which can be used in the
protection must not be in the same SRLG of other IP
links, e.g. if one IP link in the protection is in SRLG;
and SRLGy, the candidate IP links that can be used must
not be in either SRLG; or SRLG. This is called SRLG-
disjoint constraint. Next, we change all of the protections
returned in this step into optical domain in order to cope
with the calculation of resource reservation. In this layer,
optical node failure and IP node failure can be recovered.
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« Step 3: Protection in Multi-layer

One formation of multi-layer protection P, must con-
sist of one member from every lightpath protections and
one from every IP protections. Therefore, total number
of multi-layer protection formations will equal to the
multiplication of number of members in each set of
protections. For example, if the request has 3 lightpath
protection sets which are PPt = {pLP pLPiy " pLP:
= {PL™} and PLPs = {pLP: pLPs pLP:Y and 2 IP
protection sets which are PSPr = {pSP1} and pSP-
= {P5P2 pSP2}. The number of multi-layer protection
formation will be 12, i.e.

P, = PP PLEnniP 0 Dl
Py = (PP PLP: pLEGEEOT o>
Py = PLP pEEPTs DR DS

_ LP, LPs LPs SDy S Dy
P, = {pFP pLP: pLPs pSPi ps

_ L Py LP> L.P3 SDy SDy
PH* PZ 7P1 =P3 *,PI :Pl

L P L P; L P: SD S D:
Py =P, P 27P3 Y o E

based on combinatoric approach.
Step 4: Resource optimization

The objective of this step is to find the multi-layer
protection formation that reserves minimum capacity.
First of all, we define

PT%LPL(:LN) Pr{LPI(]-N)
pLP: — : - 3
LP, P,
PLP{(N,1) --- PEP(NINY |y
where
1, if m*" protection LP of i*" LP
PrP(p,q) = uses link(p, q);

0, otherwise.

p,q € N. In the same way, we also define PfD" ina
form of N x N matrix which is

PP, Ny .- PSP, 1)
PSP = . !

R?DJ(Nﬁl) PT?D1(NN) NxN
where P57 (r,s) = number of times that n'" protection
of working path connecting S to D; uses link(r,s),
r,s € N.

With the concept of capacity sharing, we consider
both inter-layer sharing (common pool strategy) and intra-
layer sharing in this paper. Apart from common-pool
strategy which we have already described in section
2, intra-layer sharing allows the capacity to be shared
within the layer. Fig. 2 shows the intra-sharing between

= it

Fig. 2. Intra-sharing within optical layer

2 lightpath protections which can reduce total reserved
capacity from 4 to 3 units.

In order to calculate the reserved capacity used in
one formation of multi-layer protection, a mathematical
model is shown in (1). Assume that

L .P; 5. B SD S Dy
Pt:{Pa i... BLPN pSDi | ps V}

and P{k} is k'"element in array P, where
ke{1,2,..,M + N},

N N

&= g;;ng;;x(ﬂ{k}(i,j»B{k}(jn’)). @

Next, we have to find what formation gives minimum
number of unit capacity reserved; hence, every formation
must be known in advance. By doing this, the unit of
capacity returned from our algorithm (Ci,,) can be
guaranteed to be global minimum.

We define 7 to be a total number of formation in
multi-layer protection which can be calculated by

n= <H|PLP,¢|> % H|PSDJ‘ , (2)
Vi vj

where | PEP:
and P5Di.

Then, the objective function of our algorithm is for-
mulated in (3).

and | PSP | refers to the size of array PL"

Cmin = gflgrl, (Ct) (3)

IV. SIMULATION RESULT

We found that network topology used in paper [10] really
inspired us. With the topology of 7 nodes and 12 links in
optical layer shown in fig. 3 and 6 nodes with fully connected
topology in IP layer shown in fig. 4, the implementation of IP
layer multicast, multicast via optical layer unicast and optical
layer multicast could be possible.

In this paper, we chose shortest hop algorithm to compare
with our proposed algorithm. With shortest hop from source
to destination, it refers that the reserved capacity will be
less. The more hops we use, the more capacity we have to
reserve. Therefore, the comparison with this algorithm is very

88



challenging in term of preparation the protections by hop
condition vs. sharing condition.

In the experiment, source and destinations were generated
randomly with uniform distribution. We setup the shortest hop
protections in each layer without knowing any information
about the other layer. Moreover, we compared the result of
these 2 algorithms by increasing the number of multicast
destination which started from 2 nodes to 5 nodes based on
IP layer. This experiment was tested in the case that there is
only one multicast source.

Fig. 3. Test network: optical layer topology

Fig. 4. Test network: IP layer topology

Fig. 5 illustrates the comparison between our proposed
algorithm and traditional shortest hop algorithm. We found that
the result will not have much significant at the beginning, but
the difference will be dramatically increased when the number
of destinations increases and then it will increase with lower
rate. If we compare the percentage of the increment, it will be
17, 34, 37 and 39. This reflects that during the small number
of destinations, network has more candidate links which can
be shared by the protections than during the large number
of destinations which links can hardly be shared with the
others. Although, the difference between our algorithm and
traditional shortest hop algorithm decreases when the number
of destinations is higher, our algorithm will still be more
efficient in term of resource reservation.
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Fig. 5. Simulation result on test network

V. CONCLUSIONS

In this paper, we proposed a protection algorithm for
multicast traffic which considered the concept of multi-layer
network in the design. We also generalized our algorithm in
order to support 3 classifications of multicast, i.e. IP-layer
multicast, multicast via optical-layer unicast, and optical-layer
multicast. Moreover, we used FIPP as a constraint in designing
our algorithm which can recover the failure from optical link,
optical node, logical link or logical node at a time. With the
adaptation of multi-layer concept, our algorithm can not only
reserve less resources compared to the traditional algorithm,
it also guarantees the unit of reserved resources to be global
minimum.
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