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# # 4670693021 : MAJOR ELECTRICAL ENGINEERING

KEYWORD: SURVIVABILITY / PERFORMANCE INDEX /[ LOAD DISTRIBUTION /
RESTORATION / LINK UTILIZATION / RESTORATION RATIO
THIRAWAT  KRAIRIKSH: NETWORK  RESTORATIOM  UTILIZING  LOAD
DISTRIBUTION FACTOR AS SURVIVABILITY PERFORMANCE INDEX. THESIS
ADVISOR: ASST. PROF. CHAIYACHET SAIVICHIT, Ph.D., 102 pp. ISBN: 974-14-
2571-6.

In an event of failure, Metwork survivability performance could be demonstrated
through restoration. Link-resioration is the simplest restoration technique provided by
determining paths around a failed link. The key idea of the proposed model is to consider
load distribution i-n path computation: In- other words, it distributes the disrupted traffic
among all restoration pa‘lﬁs. Qur aim i8 to improve the load distribution level in link
restoration. Therefore, the mudmed r&storqﬁgn schemes are proposed in order to consider
load distribution in path eomputation by using link restoration technique. In the first scheme,
spare capacities will be reserved by the lighter-loaded route prior to the heavier-loaded
route. The second scheme can find the optimum paths and reduce resource contention with
consideration of available spare capacities. The third scheme uses the advantages of the
above schemes with consideration of link utilization and available spare capacities.
Furthermore, we propose a novel performance index for evaluating how well the restoration
scheme can distribute the disrupted-iraffic among restoration paths.

By using ‘our proposed, restoration scheme, the network load distribution is
improved, compared with the shortestcpath scheme.<The outcome of the restoration ratio are
also improved equally, well when, traffic. demands are incréased or spare capacities is
insufficient. Experimental results show that our proposed index forms a good representation

of survivability value.
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2BIANALUNE (Failure), BRTINIFTENTANTYINUL LNBAUIAIAINENAzITUTILARS

neAnuAnEizAterediant s Ine N duneunsLlssiuAIANHa LR ARI

1.

udayamanisninnui@ame

ey “nsinAIANNet TRA”

o « < a ?:/
NVUAIAY9LURANNTA (Event) HASILILULLANAENNLTIANNA
WANANNBEIRARMTLLAATIANITO]
wArANtaiilunazifiaudazaniIng

o I 1 1 dl ya ¥
ﬂWU’JﬂAﬂ’]ﬂ')’]QJﬂ%ﬁ"ﬂﬂ‘ll'ﬂﬂiﬂﬁ‘\?‘ﬂ’]ﬂﬂiﬂuﬁ’mll’l
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23 FEMsRSNAUNNAITRLNaINNAMNatsaARdlATIlng

Lﬁ@ﬁﬁjwL%u‘ﬁmgﬂrﬁTmmmﬁﬂﬁmmﬂﬂnﬁ@fguuﬂwL%Mﬂwmmaﬁﬂmm a9
sfugewndumasuliiunswinmaniilul (Reroute) el Hidunnadnsos (Backup
path) T9@1unI083 1 lEVaNeAaNTT Famnaeh 2.2 [2] Taegnunsauelddu 3 stluniupe
nstlaaiuAanL e s (Protection) mmﬂ@mmmmﬁwﬁﬂ (Restoration) WAZNITLTOUY

UL (Preplanned restoration)

AN999 2.2 FAN1IAF A UN AT

T ANABLNE Finating AniLanuNan
1 | nstlesriulaaun Link protection Protection
(Pure Protection) Path protection
p-Cycle
1+1 APS
2 ﬂ’]ﬁ‘uuﬁ‘mzimﬂuﬁ Link restoration Restoration
(Pure Restoration) Path restoration
Meta-mesh
3 m'i‘i,lu'immmuﬁ\iﬂmﬁu Distributed preplanning with Span Preplanned
(Intermediate) Restoration (SR-DPP), Restoration
ATM backup VP,
Shared Backup Path Protection (SBPP)

ANA1397 2.2 wudnsienstlasiulae i n1sysausTaud uaznisysousuuuna
flasiuanisouitsaiadunidisaseanmuinusiaesaumisiiinasdesseaasmsiw
WnAganansenuaNANNBaYNe HuABLEUN 194N 7898 019045 19U AN Tus e Auaine

\enlen (Link protection, Link restoration) #answAnazgnidansaisuiiiaay

] 1
=]

Beung wazseAuLdunng (Path protection, Path restoration) BansWAnazi@anmaLFian

Tupsiunsuazilanenieiauanslugilin 2.1




Working path Working path
fallure fallure
Backuppath T Backup path
{Link protection/restoration) (Path protection/restoration)
() seuAeTaN e (1) TEAULEUNTY

717 2.1 nstlesfinnasysnscAnu@amie

2.3.1 AUADAUNITASILAUNIIRITBY

udnuiareslne AU LA 194 fnynynmu (Signaling) [4], [7] lun1saFradunig
a?qim‘ﬂmﬂm;ﬂ%wwﬂﬁqaﬂwmm’éwLﬁumqgim:ﬁﬁ%umum@mzﬁ”m&m&mmﬁm@urﬂqu
N"203LN 8N 783 E NI L RN 997 2.2 aransauislEiTuauane e
n7¥Ane1 (Broadcast phase) wWanaudy (Acknowledgement phase) wazinatindi

(Confirmation phase) Tnaifiidunasldiuuazidumisdsesniugla 2.1

2.3.1.1 wWansza18112 (Broadcast phase)

Tunds (Sender node) Az@3191198137BANNTENAD (Help message) @4l

Tuafiaglnesau (Neighbor node) astlsznausiaadagadnAn lunisysouzannud@a sl
%

e ynsarlusfunITazlananig

o unngpaluanetludunis (Node ID)

o N ANRlFFURANTTIUANNANNIAEIMNE (Loss traffic)

o gnaimaNsa (Hop)

o dl b3 % . . ¥

L4 mwamammi&mu% (Available spare capacity) UBILALNI

y . _ ve Cw e

Walumsanane (Intermediate node) lé5Le981398ANN T wAeRazLf AR
L . 2 . T 2 X 4
Asinee unneanaesiuafanasasgniisdnlllugneans Ardeadenseazgniinauiay
d! :I/ dl 1 a 1 d! 1 dl v 1 1 o dl 73 v
uianaFsnainanaauneiiunisinad@enlos uazdiuindAiaaugdnsasildanule

a ¥ 1

pavtngEanlenfd1asR U1 A gl ATas N e duneiaziinisl fuLanu

¥ ST S B R T N I Ut U= S . o & 4
D’I‘M’]ﬂﬂ]’\ﬂ’\‘m\iL‘ﬁ@Mﬁl@WVLﬂvLNLﬂuﬂW@’mﬁﬂﬂl\iLﬁ@Mﬁl@ (Hop limit) TuAsaNaNAazd9t19419
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=

sia lfaTunTaasausniduluangniunnludnansiiudiedenlasndAiAuqdnsediae
vive ldilugue waznisdednaansfiaznszinsialilaunsesiaiielundy (Chooser node) A

wansleilugii 2.2

F
Broadcast

help message

91l7 2.2 wlanszareanadmitnasy s seA e dan e

dunneaireduniaysniz luseatdunisnin un1ednsesasgnaietiusengneg
TuailuFuN1g (Source node) wazluatlanenIg (Destination node) 189 &LN191FINUN
VYo al ul/ A | % o o =K
IaFunansenuainaNiagetuAeun1saivdunisdnsesludneuzdaianiens
Uanen14 (End-To-End) Tp8luANATIARUAIHLALINNE (Detecting node) FIR9LA9T17
(Notify message) gt 2.3 (n) lussTunsiunnauazilaneniamnaluaindunisaesnulsiy
a 2 =X a dl a é’ ' dl ' 1 ! 1

HANTENLAINANNALMIE LN ILDIANNREMN N ATUN e UNUAA T AlUAAd9119813 78

ANTREIABAIUAndlugN 2.3 (1)

Working path

____X____

Send Notify message

(N) BagIN9ANNLABIE (1) wWanszangdn

77l 2:3 nnsudeAnu@e e g niUN sy I s AL NN

2.3.1.2 \Wamausu (Acknowledgement phase)

WaTuafulaiudnaansranaudoinaeasuansnnqdnsastnanisdetnagns
mauFyU (Acknowledge message) naullfalupdemuidunianinualiludingnszamins

1 A dl o Var 1 o & ] & ] 1 olz
TIYULUNAD LN@I‘L&@51’JﬂZ\]’]\ﬂﬂﬁ‘ﬂ‘ﬂ’\')ﬁﬂﬁ‘[ﬂ@ﬂﬁ‘ﬂﬂ@ﬁ@ﬂﬂﬁﬁqm’ﬂ@'ﬁﬁ"ﬂﬁiq LRZAY maiﬂ@umzm
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dansaauiununellf undedauansluglyn 2.4 nndnlussonansldannsnaasnaiy
qd17asldiiasaniinninadisesliinesneiazdea1oansanian (Release  message)

naullfsTupnasanansmeufunineuntinUinesnianNnNsaeInINqanses

c 5
2 3
. X
=
Y
o Send ack,|message .
o] "D
_ 6 5 - 6)-"
Receive and Receive and

reserving capacity reserving capacity

Send ack. message|

() seAUAe RN e (1) F2ALLEUN9

219 2.4 Wanausy

a

2.3.1.3 \Wa8ug (Confirmation phase)

dl 1 Yo 1 o =K a dl 1 a -dl Yo

WHalungdeldFudnagnsmauiuasmzaunisidansans 1 wWini e funansenuann
AL vng llSaduniednsealnanisdadnndansgudy (Confirm  message) ldgalunlu

o dl o Yaor 1 = o =K ] dll 1 a [ 1 Y o
WunnednreaiiaTuafianandlasudna @3t uduaninn e N AanI WA AN aNawana b fg

U7 2. 51l unsuldudanstiniuasnaidunisaiadunsz Uy s

1

[ Send confirmation
] message

1
1
]
1

Recelve
and switch traffic and switch traffic

(N) 32N le (1) 32ALLAUN9

717 2.5 ilatiueu
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2.3.2 nistasnuaanusdaung [2], [4], [8]

Tunnstlasiuanudennaynidunisldnuazinisessndun19dnsasuazAnug
179913 a29utinnaunaziinAN@auafna1an1sadly deduiemaudauiaiaay
A Py , o o | | o
Eunansizan3asetTuaninznianldau (Ready-to-use state) Tnalaidinnsdednyoynmn
-QI Y 1 [ Adl 3 o [ 1 v = ¥
iandun1elumanszanadnanazidnauiuLiiesannidun19dsessanans essauni sl

AmFuannudamaenizgluuninglildaauadnsessonniu

2.3.2.1 nMstlasnuanuidamaluszauidunie (Path protection)

¥ ¥ = = & o b4 = o P ¥
‘I/:l'ﬂLZ\?‘LAVM\?%N’WHMT]’W?LW?EINLZQHVI'NZQ’]‘J"Q\'IVL’J LL@ZNﬂ’]ﬁ‘@@\iﬂ')’m'ﬂ@qﬁ‘@\ﬂﬁl@@ﬂﬁu’]

witlianwnsninunldsaniuesndnadunisdisaadusield nnstlesduaanudanneaai

¥
] A 17

o A ] o =< , = ) axSa = o 9
L?ﬁlﬂ@ﬂ@ﬂ’]\?qqﬂq?ﬂ‘ﬂ\iﬂuuﬂl} NUIFAANLN (1+1 protection) EUNTRAARANNITO M LA UNS
o o

A9091AMuNNNAMNIA eI ELNA TN uANde 1AL ARAB9919AINAENTBINETE9F LAY

A ° A = o asl
L@ﬂﬁqﬂ@ququﬂqﬂLN@LWEUﬂUQﬁﬂq?H?mz

2.3.2.2 matlasiunnui@amaszaudnaidanies (Link protection)

35N19UAN1790EUN A NIAZAIA N 3R 1A T nd e @anTen Tedn
wWrauiauiunisflesiuanuidsmessAudunagudn 35tazilss@nsninlunisldanu
AINAA13DIAINILEIIAAINE AL U IUN19AAATIAUNIG LTBIANNFBIN U LALEUNI
o o [% | dl ' =2 Qddl 1 ] ¥
dnrsesiannzdminnnatamenlalulaseing aududsnlivunzanluwdaasnisldau

AINNAEN9D

2.3.3 msgfimzmqm%‘ﬂmﬂ [2], [4]

as = | = ¥ o P2 0% o :J/ dl =

'Jﬁﬂ’]ﬁ‘iilj’j‘m?.iﬂﬂl’mLZQEIMW?;I'Q?JVLNNT']'W?LM?EINLZQHV]"N@’]?@\?VL’)@QQVH’] PNUULNBHNAINH
= a é’ I [ a;d o I 1 Z// dll Y &
LA AL ‘Emww%mmimLz’ﬁumwumwu@gmi@\iqw@qiummwmwﬁlmLﬂu

1 1 v v
LEUNINA1T09TANAAN I NANN IASUNANTENUANNANNNIRL TN AT UAAUNITNIIIUIA

anuwassnnaaldluiiade 2.3.1 TaeRsnistiarnnsaldanuqdisassaniussudnegiluuy

] 1%

al a a K 1 % o ¥ o b4 4 v
mmmﬂmwmmuiuwmmuim ‘V]’]TVI@@ﬂ’]ﬁ‘fJ’]\‘lﬂfJ’]N"}@Wﬁ‘@\‘]@ﬂi@
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2.3.3.1 NFYTUSANNIALMNLTZALLAUNI (Path restoration)

o

. o A X oo odd o Yo W e e 4w

HadAN@amainauluaNimensaiuamdsisaz i ludagluagady
Tupsiunisuazluntaanduniamanitunisiudnadenleanifanau@anng a1niius
azAlupdaansfiaziiniImANad1saendves lususiunaai1edun1ednsesianans
dumann1amulugla 2.3 19 2.5 Asenaianisueiuldarnqdsasaecusiaze lus
P 1% = :I/ (% o [% Qdagl/ [% o v =& | dl
anansldl [13] aniannsa¥radunisdnsesdaedzilldnaiuuuardudeuaslimmnzaniag

PN Maulne e

2.3.3.2 nMsysazANNIdnassaudnamantes (Link restoration)

dl aa di/ 1= = ¥ o P 4 % ¥ o 2’/
Lu@ﬂ@WﬂQﬁﬂ’]ﬁ‘uiﬂJNﬂ’]ﬁ‘LM?ﬂN LZ\‘IWV]’]\?@’]?@\‘IVLQ@Q\‘]MMW NTATINAUNNEITAIUUAY

a -ERI A 1 = 1a 1 dl dl a a o
mm‘ﬂmmqiummgmm UNe @A e A AANULALUIIANNITIATIAAL (Detect) A4

N

| )

al dl a d? Y ¥ . aI/ 1 dl 1
@amaniiaauls glundenainazianisnszanadeya (Flooding) livinTasstneiivannaine
dl dld ' 1 o %'/ =X [ dll | a dl Vo
L‘ﬁﬂNIﬂﬂVIﬁJﬂ’MN"ﬂ 174N ﬁ@ﬁ@’]ﬂuu@\‘ﬁ/ﬁﬂq?m‘ﬂﬂﬁ]‘ﬂVI?’W\IV\IﬂV]i@?UN@ﬂﬁ‘:ﬁ‘l’]‘].l@']ﬂ

al o o 1% o = % dp d! a o g 1
ﬂ"ﬂllL@ﬂﬁﬁﬂmﬂﬁﬂﬂiﬂﬂﬂLZQHV]’NZQ’]?@\W]QT’]ZQ@WQ‘U% mmimmmqwLmﬂmﬂ@ﬂﬂmwiuu

naueniuliannuqgdses marznismduniedsesgniinlaag uaivesgineg

234 NMSYTUSHUUINLEY [2]

aa dgj [~ 1 v v £ o ?I// ada ¥ %
A8N19 Tl BN A NN AT LI LN IO AUBINITA LA W 9A19DIT DIV IADII DU 961 1
WA AUEENdINNTYIUTUILINNUKY (Preplanned  restoration) [10] deTAsadinadinng
= o o ! a = WMo va = J o o
st duneAsasneuina@amaus WlFinadeusauazassauqdnsadly oy
N194519 A UNINA122981 017D PN s AL e T aN Te AT 2L ALLA U WY aR AN
W@eunennaulagatfaazidananliuni12a29a8 LA LA LM LAL 492141 TN A LAI AN
\@enael (Failure notification) AANTWALIUGUT 2.2 2.4 Wag 2.5 wWAAzuANANATIII19477
dl 1 Z’/ 1 o Y ] dl = v v 1 ?:/ o % dl 1 a o N ~3 1
Rduiuaziullguguniednsadimran ¥ udawing i ldn 1 @ausAans wlnnalesangn
ada v detv v s 12 o 1 o 1 = a A
Apnnsysaulasud uazdsidalduselamiannnisldanuqdnsasianiuateiiszAnsnan

1 ad o A 1%
NINNIRaTIa9AURNAE
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2.3.5 NI5LAANEIEN1TAIIUNAUNINEITD

WnuLNAENsaF s dunsdsesmainaeiaasgluuunisldaanugdnses 919189
Arsaaiuannsnlddaniussndnegluuuanudamananggluuuiaiadnaziindun e
o = 1o o aa % o dl M va o Y]
Auvizaldl A ufudgnisairadunidrsesuuuysneililiinisaesaningdnseslianau
a dl a é’ ] Y o ! o dl |
Aameniintuusazgluuuanisaldaangdnsessaniunadunisaniliniunaiug
o dl % 1 v = 3| % dJ < 1 o
Anseansesivadlulasetnald (2], [20] Audunisansuyudsaziiudinisiieaiunanu
al :’/ 1 ¥ Ly 74 o ' o %
@enetiulianunsaldisylamiainnisldannuadnsasioniuls

¥ a 1 ad o/ = a 1 dl

dufrauieussudnedstlesiuanuideiaiaynisy s aadi@enns luudynau
uanitlaannisldmanugdises aziiulddadndenteinistlasiunudanisne douan
ANNENENNTBINNIAFINAUN1IA999 uARNdBIAaRemIARNE AL (Flexibility) 4113y

al dd‘ M va 4 1 c‘d‘ ¥
ponst@avngluunensmin ldlainsaianiendld 9] uwmnisainidunieldauuay
3 o P Y a = g | ~ | =
unednsesnsslfinamnuidennensg lunsaiiilasstineasliiaauaiuisnlunismn
¥ o o o tﬂl 1 ?/ vl d’jad o al o 1
uneduiusasiunisidansieniulaan wanaintaanisilasiuanudamedalimunzan
AulasednaAnawdnasnsarlasuudaslé (Dynamic traffic) vizalinisusuilasunanala

al 1 ] < o o ada al ca ¥ al
&l (Topology) aeslasedng [11] eeelsfimuduiuasnisysnzanni@amiaiide ds

]
[

1 o A A 1 v o o :l/ a A =K A
Lﬂuﬂuﬂﬂﬁ\lﬂfJWNﬂqﬂﬂ’Wﬂ&Luﬂﬁ‘ZUQuﬂW?@ﬁ"NL’egﬁ(u‘lfl’]\m'\‘j"ﬂ\‘] AatiuannIgaanuianiunng

' > ad ¥ v arild e )4 2 Wyo v o >
N'&Nquu?ZM’JWQW\T@@QQﬁLmqﬂQﬂﬂuuuﬂﬂﬂq?U?mgﬁLLUqu\iLLNuTQIﬂu’]T@ﬂT@QVN@@Q

£l

=

5n1sairudunisdisesnasanidnldseaiuneiannuiialunisaiadunieysusuas e
aunsn A nqdnsassatinedilss@naninansag

! A 1 % o o/ { tﬂl = o % :j/ =

A2UN191ABNIENTNNNIATIEUN A9z AT T a N TenviTa s s AL EUN1aTul
inpdadasneiuaanti [9], [10] uslaziiulfdndinisairadun1ednsassyiuduniesaald

dl A 9 a 1 dl 1 = ij/ o © ¥ a

ALY Wesaannsiaanduniainainnnglundasislulpssinaaniedarinliinanng
1elTIAI1NqA1989 (Resource ~ contention) adusazidunisag [2] Aeazwiuldanngila
2.6 (n) AaE@unafaTunTamanTag (2, 3) WanInIUsuyssALEUNI9AIUN 2.6 (1)
(-3 2 a [ ¥ o I ?a// I dl 1 nﬂl
winladnanaiianisueviuldnanuadrsessendneisansglundaansludnendanle (5, 6)
Tusuaasnisa¥radunisdnsasseiudiamanloaiunisuedinrnqdnsasdiasndn
Wasarnnisndunisinlasgiun (2, 3) Wengiaaalae laiuennsnilnldeuduiluaey

o

Tundaansgladulugily 2.6 (A) M ldinisuiduniaiuldetnesmndadamauiuszau
9 a ?f/ ¥ 3 o % a a dé{ [

Eune anivinnlfidunisysaszunuasuauiaginlilss@nsnnaesnisysachauls
1 1 dl = o/ o/ 1 dl =

atinenn wadyuafadunisysuzszdudnedanloshanisnszataivan (Load

distribution) Td@nunsoinlFAWNALNNIYIUEsEAUEUNIN T9REAINIITRATTEUNILAY
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m@mmﬂﬂnﬁié’?ﬂmm:wumnmm@ﬂmmmLwi@zﬁﬁumg@mﬂmiﬁwmmﬁwuﬁuvl,é’
mngﬂﬁ' 2.6 (%) Tmﬂﬁﬁmﬁﬂwnﬁmmw’wL%uimﬁ'mfmma‘?f}imgﬂ"lﬂumm‘jm: N1
Tﬂmmﬁ'mw\mﬂmm*ﬁ@zm:mm@ﬂiﬂﬁqiﬁmhﬂﬁmﬂﬂfhmmimm:ﬁuﬁmL%ﬂuiﬂﬁé'q
meslugﬂ‘ﬁl 2.6 (A) mﬂ%ﬁmquﬁq@mﬁmqLm”l,fﬁqﬁmmd’] annslFauaudan

]
] a

421881978938619° NG9 TN TN UFRTLHR I TUN 1 TRRNINITYTSULILISUAY

o 1 IS A = @ ¥ a [ ¥
?3@‘].|°1|’]f;|L°]]‘ﬂ3~l<l:f;|\‘]Lu‘ﬂ\‘l"ﬂ'\ﬂilﬂQ’]Nﬁ"JﬁL?"ﬂuﬂ’]?ﬂ’]L@uVl’NLL@xLLN LﬂﬁﬂW?LLﬂ\iﬂuiﬁﬂ’J’]N“ﬂ

41909 Tnaldaauaulalunisuddyminisnszanavannesisilingea

(A) L W&mILNsY sz sz AUt Tan Ty

717 2.6 naifFaumeusendenisysnszszAuduniuarine e e
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2.3.6 nmsusuzszavdnadanladnesudunsdungauazuinisluaninyign

4

anAnaEdesuazminladLAaAan iuARdeAde @ wansneiueanty el
TuuinginusaduiauaenfasWmuINIsysurANds sz AT edonToauuy

<& o e 4 J y o e oaa
eurugsanidlilazFandinisysuzssiudnadaney Wesanniawfsaumauiuisnig
YInuzANBEMNEsTALIEUN AN Iy sz s AL T BN TBeaNN Iy ST A HLAE NS
% 1 [~3 = a a = ?/ A ;73 o =l ] 1 v
laatnsnifnarllss@nsnin ansienisiaanldidunisdalaontianguninnansog
e Lo, X e . o o . d 4 v
patiiludautlazensine1998n19YssEszALdNe TN le UL LA UN19dUN 4R

Tuedds [7], [12] Tidnanedsnisysaizmnudavnasyivdieaenlaeineede
nsuiilasaneflulassaneeiae (Suonetwork) feuansianinainsvizanguaasiuauazis
dll dld o = o o al 1 dl dla d?
donTenniANqdnseaNeNNadmFuNsUsuz A MA@ IesT e man e Ay Tae

andanisiansannisluanidullanueinnqdisasidlulassdng  danansanandumed

v !
o =

v 1 1 1
dunganeunalidunisniunaaiilaniadmivdmiumnasiua (Flow) 7ifluldldneu

q

Ineld8ane35 Cumulative Maximum Feasible Flow on Spare resource 3NaNnn17uaf

o oA -y W 4 < o .
taanganauantuasgs i aninanai L unisysasluseudald Arnislnai laluws
azsauazgninliifFauiisuiussauniaysniefiaants asinisnafluneeniuls
o o =2 @ 4 e v @ o No o ~ ) L

A mFunisysue aufuAdinaaliifludeyaresminlatdmiuanudaneiug Wadny

danlos 17 @eavine Anua b
P' iugeseqduniednsesidaninea haesnisiasse

f, Wuarnsluatadusasduniednsas

Fi o dlusasudinisluaisunanesduniednsaandaaingnn h e H das

4

GRIG

e lddanassuniandumneindullfdumniduntannsysy azldganeadunig
NNAINLNG 28,4, ..o ey H- ~daadansdana (P, P 1.5 RY), deagldnislvaszan

o o X
MNUNAAIU
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Q;' a sl & o o =
ANTINN 2.3 W’]ﬁ"]NLl?]@?V]Iﬁ@’]‘ﬂﬁ‘ﬂﬂ'ﬁﬂqﬂ’]ﬁ‘vm@%S\I’m‘Vl’éﬁ@

Vv 1A183lUA
! dl

£ TAURIIELTRN e

" o o3
Freq TEALNNTYTUSTIAAINIG
P’ TAUBILAUNNYIULNTANNLNITTaNsD h

¥ 1 dl Y ¥

G, =(V,,E.S(E,)) 1adyar0slnsetnenldidun1anisysnicaaNen

s 1

= ! d‘ !
ANLE 2 09 K 9L Tanma

V, ={v:ve N(Pz'* s pk'* )} 1AD IUATNMH ATDUAUNINNITYTUTAINENIFIUG 2

=3 1 dl 1
N K 9l EaNAf

E ={e:ec A(PZ'*,..., pk'*)} AN TON TNV ATDILA N INNNIY UL AN

A AN -
871FNUA 2 D9 K TQ9taNme

S(E,)={s, e e A(Pz'*,..., pk'*)} fpreInNadsedluttedenTae e aeadunienig

YTUTANNENIAINE 2 T K TaiTiansi

1
o

TANNNIONNTWNAN ST NFANTRENGAUA LN ZANANFLITLALNNTYIUENANUUA

a

Adlafdedenias I” @awalaeande “Cumulative Maximum Feasible Flow on Spare

o a

Resource  Algorithm” @4n92 U9 UNI7 1098 ANEs o N AT 19T ULUNUF U019 TUEIT AL

[ % [ %

= 0 = el o ~ < 0
Predanled InanIMUANITIRLIAASNA1ATUANLAAS L UA19197 2.3 TINTUAaUN1IN19U

o

3

pasia il

AU 1 1ddana3nu “Modified depth First Search” lunnAuuan n Inaw"LATa
Euns {P, ..., P' } Wadendanlas 17 @evne uazinvualy k=2

AU 2 mauade G, V) E, sz S(E,) manuasslumnsen 1

N 3 a313lassdnetludis (Layered network) szuineglupaniAna AN § M5

4 9 t:lld 1 s xﬁl o 2 1%

WrazaAed IR Ao N0 Seaginuua T s uay t uald

z’/ ~ o iz 1 ! A [ =

Aun 4 Aanasas “MKM” [13] Tuniauuan 1 iauinislvaniiaiu F,

For V(e) e E,
If s, #0 then

€e Ek+1

Else

€¢ Ek+1
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req

If (F <F

e
=
=
o
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k=k+1
o dl A 1 1 dl
lﬁ]i"l@@'ﬂﬂﬂ’)’m@m’]ﬁ"ﬂ\‘mLﬁ@'ﬂﬂ]'ﬂﬂLLﬁl@:ﬂﬂﬂLﬁ'ﬂNIﬂﬂ
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2.5.2 Excess loss due to failure
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3.22 JUTMEUUUAIUIUENARIAINRANSRY (Spare capacity Weight Restoration
scheme: SWR)
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3.2.3 AsysmazkuuAdininaasiuanuazAnqd1sad (Load and Spare capacity
Weight Restoration scheme: LSWR)
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Network Restoration Utilizing Load Distribution
Factor as Survivability Performance Index
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Phone +66-2-2186907, Fax +66-2-2186912
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Abstract— In an event of failure, Network survivability
performance could be demonstrated through restoration. Link
restoration is the simplest restoration technique provided by
determining paths around a failed link. Our aim is to represent
the load distribution level with appropriate values. Therefore, we
propose a novel performance index scheme for evaluating how
well the restoration scheme can distribute the disrupted traffic
among restoration paths. A modified restoration scheme is
proposed in order to consider load distribution in path
computation by using link restoration technique. Experimental
results show that our proposed index forms a good
representation of survivability value. By using our proposed
restoration scheme, the network load distribution is improved,
compared with the shortest path scheme. The outcome of the
restoration ratio are also improved equally well when traffic
demands are increased or spare capacities is insufficient.

. INTRODUCTION

Survivability is an important factor in the design and
evaluation of telecommunication networks Due to the high
capacity of the transmission facilities, a single failure may
result in a serious consequence of service disruption. With-an
increase of traffic demand, specifications of survivability
performance are desirable. By considering survivability
performance objectives, it will ensure that, under given failure
scenarios, network performance will not degrade below
predetermined levels.

The term survivability itself is not usually given
quantitative meaning but is used in general to refer to the
quality of being able to keep on functioning in-the event of
failure. However, there are many ways to characterize
network survivability and define survivability measurements.
Using survivability measurements, one can formulate models
and then define relevant measures such as traffic survivability
ratio, service connectivity ratio, average network downtime,
etc., that can be used to estimate the survivability
performance of a real or network [1]. In [2], the physical
survivability for demand pair which is the ratio of the
survived capacity to the working capacity for the demand pair
was presented. This model concentrates on mathematical and
computational methods to evaluate and improve the
survivability and spare capacity allocation. In [3], an
analytical technique was proposed to evaluate the Excess Loss
due to failure of the network assuming link i has failed,

(ELF(i)), which is defined as fraction of traffic on the link that
is not restored after failure. From [4], failures normally affect
the performance of other components around the failed
vicinity. Then, the novel quantification method, namely
Degree of Disturbance (DoD), was proposed to model the
effect of various failure scenarios. This takes into account the
effect of failure in nodes and links on the affected demand.

In aspect of load balancing, the extent of load balancing in
network [5], cost(G), represents the squared magnitude of the
distance vector between the actual and minimum link capacity
in network G. A smaller value of cost(G) represents a higher
degree of load balancing. In addition, they proposed routing
algorithm to select working and backup path which can
maintain a high degree of load balance and resource usage
efficiency across the network.

The key idea of the proposed model is to consider load
distribution in path computation. In other words, it distributes
the disrupted traffic among all restoration path, i.e. lighter-
loaded links are preferred over heavier-loaded links when
routing the restoration paths by using link restoration base.
The benefits of considering load distribution in path
computation can be seen from [6]. In this paper we firstly
propose a novel performance index, Load Distribution Factor
(LDF), to show how the restoration scheme can distribute the
disrupted traffic among restoration paths, in case of single
link failure. Therefore, the link restoration scheme is proposed
to improve the survivability of network with consideration of
link utilization and available spare capacity.

The rest of this paper is organized as follows. We describe
the analysis of survivability and link restoration scheme in
section 2. We provide the proposed definition in Section 3.
The simulation result and performance comparison between
our proposed algorithm and other algorithm are presented in
Section 4. Finally, we conclude this paper in section 5.

Il THEORETICAL BACKGROUND

A. Analysis of survivability

The survivability of network is comprised of two parts [1]:
i) the ability of network to maintain or restore an
acceptable level of performance during network failures by
applying various restoration techniques.



ii) the mitigation or prevention of service outages
from network failures by applying preventative techniques.

A good network must be designed to provide some
resource redundancy. The appropriate spare capacity must be
justified to cope with the predetermined sets of failure
scenarios. Once a failure occurs, network must be able to
respond with a plausible action which minimizes several
undesirable effects. The two basic approaches [7] for the
survivability analysis and the development of performance
measures are shown as follow:

Given occurrence of failure (GOF): In this approach, each
relevant failure scenario is first postulated to have occurred.
Then an assessment of survivability is made.

Random occurrence of failure (ROF): This model is
usually based on the assumption that failures can be
characterized by random variables with given probability
distribution functions.

B. Link Restoration

Generally, full services that are robust to failure are
extremely desirable. So, in the event of failure, the way to
improve network survivability is by restoration. The
interrupted traffic must be rerouted via restoration paths. The
existing restoration techniques can be classified as path
restoration and link restoration. Path restoration restores the
end-to-end channel whereas link restoration restores all
affected traffic carried by a failed link facility, as shown in
Fig. 1. Compared with link restoration, path restoration needs
less network resource but computationally hard and complex.
Link restoration is very efficient, fast and scalable. For these
reasons, link restoration is selected instead of path restoration.

Fig. 1. Link restoration vs. Path restoration

The link restoration scheme with topological cluterisation
was proposed in [4], [8]. It uses shortest paths algorithm and
maximum flow algorithm to find. all possible paths for
restoration process and flow between the nodes connected to
failure. So, the reconfigured subnetworks can be found. Each
subnetwork represented a set of network resources that is
sufficient for the restoration of any failed link for each failure
scenario. The algorithm obtains the set of nodes and links
which is the minimum amount of resources required for the
desired restoration level.

I1l.  PROPOSED MODEL
A. Network model

Given the failure of link 1", the network model and the
parameters utilized by the proposed model are presented.
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G(V,E) is the graph modeling the physical network with a
set of [v| nodes and |E| links;

Ph'* is the set of all possible paths p with h hop limit

between the connected nodes of failed link 1" ;
R" ={r,..r.} is the set of krestoration paths due to

failure of link I";
L';’i ={l,..,1} isthe set of link in restoration path r; ;
we, is the working capacity of link I ;
sc, is the spare capacity of link I ;

w! is the weight of path r, ;

Q" is the disrupted traffic of link I";
Q':’i is the disrupted traffic that should be assigned to

restoration path r, ;

FF: is the cumulative maximum feasible flow of all
restoration paths;
f! is the maximum feasible flow of path r, due to failure

of link I”;

B.  Proposed restoration scheme

The Load and Spare capacity Weighted Restoration scheme
(LSWR), is proposed with the objective of balancing the
network traffic load and minimizing the error between the
fraction of disrupted traffic assigned to each restoration path
and the path selection probabilities that are computed to
minimize resource contention. The proposed algorithm can be
classified in two phases.

B1. Preplanned phase
To begin with, all possible paths with h hop limit, P,

between the connected nodes of link 1" will be preplanned.

The Busy factor of each path p, B'*, are computed as
follows:

B:: = max (LJ D

vlep | W, + SC,

where p, is capacity utilized by working traffic.

Then, sort the restoration path into the value of Busy factor
in increasing order (i.e. minimum to maximum). Next, find

the maximum feasible flow of each ordered paths (f;‘)
above by using MKM Algorithm [4], [9] and record the
orders path that f;k >0 as restoration paths set (R'*) , SO,



the cumulative maximum feasible flow can be calculated as
follows:

* k *
FF: = Z frl,i (2)
i=1
The weights for each path r, € R" are assigned as follows:
w,=f! ©))

Finally, the probability of choosing path r, to carry the
restored traffic is then computed using the following formula:

PI"T- _ ri (4)

B2. Restoration phase

Firstly, the Square Euclidean distance is introduced here to
minimize the error between the fraction of disrupted traffic
assigned to each restoration path and the path selection
probabilities. It can be calculated by a well known equation

(®).

" 4
D" = i{g—— Prr'fiJ ©)

= QI*

The disrupted traffic that is assigned to each restoration
path can be computed as follows:

k * *
29 =0 (©)
i=1l

Q<] ™

From (5), there are many possible. assignments of the
disrupted traffic to the K restoration paths. Therefore, we will
be used the iterative computation [10] to get the optimum
traffic assignment. Assuming that a set of N channels is
disrupted by the failure of link I’ (Q'* =N) at a specific
iteration n overall N iterations, one channel of disrupted

traffic is assigned so that the distance D™ , computed after
iteration, is minimal.

nlt _ ; ri i_pel” 8
D _mmk}z ——1_pr, ®)
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where §j is a binary variable that is equal to 1 if and 0
otherwise, and Q’r‘jil*'* is the number of disrupted traffic

assigned to subset I until iteration N —1. So, the constraint in
(6), (7) becomes

k *

> ol =n 9)
i=1

o'l <! (10)

for each iteration n and specific link I failure
In case of the cumulative maximum feasible flow less than

or equal to the disrupted traffic (FF{ < Q'* ) the disrupted

traffic that should be assigned to restoration path r, become

k * *

2=k (11)
i=1

QII’*I = frl,*i (12)

C. Novel performance index

As explained, each restoration scheme has its own
advantages and disadvantages. So, the use of different
restoration schemes impact on the network performance in
different way. The performance index is used as an indicator
that can show whether the selected restoration scheme is
suitable for that particular network or not.

Restorability or restoration ratio is the most basic indication
of survivability because it directly reflects the extent to which
single point of failure has been removed. As most commonly
used the restorability is defined as the ratio between working
units that are restored and the disrupted traffic [11]. For a

failure of link 1™, the restorability is

LT

R' =—
Q"

(11)

where T ~is the number of traffic that can be restored. Then,
the network restorability is defined as the average restorability
of all working paths that are failed under each single-link
failure scenario. That is

10 Y R
R —YlcE __ vIcE _ 12
Tre T za

vI'eE vI"eE




In this paper, link utilization is defined as a ratio of the
traffic carried by the link after the disrupted traffic is restored
to the link capacity. It can be calculated by (13)

uy=—2_— (13)
WC, + €,

where u, represent the utilization of link I, p is capacity

utilized by working traffic and restored traffic.

Therefore, the novel performance index, namely Load
Distribution Factor (LDF), is proposed here to evaluate the
load distribution among all affected links that were used in
restoration paths and can be calculated by the following

equation.

LDF' = * Ut (14)

Notation U in (14) is arithmetic average utilization of
network and can be computed as follow:

U
(15)

U=<E— :u.=0

E|

IV. EXPERIMENTAL RESULTS

The proposed model is evaluated by deploying in 11 nodes
23 bidirectional links network A [12] and 15 nodes, 28
bidirectional links network B [13] that more sparse than
network A, depicted in Fig. 2 and 3, respectively. The spare
capacity allocation of these networks is provided-to-achieve
fully restoration in case of any single link failure. The demand
patterns of all node pairs are uniformly distributed at a
specific network throughput defined as the ratio between the
network capacity utilized by the working path and the total
working capacity in network [10]. The number of link failure
scenario is |E| and assuming that-each-single link failure. is

independent and identically distributed.

To investigate the performance of the proposed restoration
scheme in terms of restoration ratio and Load Distribution
Factor, the percentage of ‘spare capacity. and the network
throughput are varied. For each single link failure case, the
proposed restoration scheme in section 2 is compared against
the restoration by using shortest paths and maximum flow

(SP) [4], [8].
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In first experiment, the spare capacities are varied (i.e. 50,
60, 95, 100 %) and network throughput as defined earlier is
fixed at 0.55. According to the result shown in Fig. 4 and 5,
these two figures give the same result, when the spare
capacity is reduced, our scheme can guarantee the same or
higher restoration ratio than SP because it can distribute the
disrupted traffic to links that have lower utilization, instead of
choosing shortest path and maximum flow of restoration paths
as in SP scheme. However, in some cases, the proposed
scheme achieves the same restoration ratio as SP because of
insufficient spare capacity for restoration. Furthermore, the
restoration ratio of network B is lower than network A since
network A is denser than network B. The proposed scheme
does not consider only pre-failure utilization of each link, but
also consider the optimum disrupted traffic that should be
assigned to restoration paths. The result shown in Fig. 6 and 7
clearly indicates that our scheme can greater balance the
network load that have been affected from failure at all
percentage of spare capacity.

Next, the test was run with various network throughputs
(i.e. 0.30, 0.40, 0.65) and the spare capacity is fixed at 60
percent. In Fig. 8, at all network throughput values, the result
shows that our scheme achieves the same or higher restoration
ratio than SP due to reducing resource contention but the
result in Fig. 9 show that our method can improve slightly
restoration ratio because of the characteristic of network B
that is quite sparse, so there is not enough path to acquire
greater restoration ratio. However, the results of our proposed
method can be improved on LDF value as the overall network
load increases because of a reduced probability of finding a
restoration route as a result of limited available spare
capacity.

V. CONCLUSION

As mention above, the performance of network
survivability can be evaluated in many ways such as the
physical survivability for demand pair, the excess loss due to
failure and Degree of disturbance, etc. In the aspect of load
distribution in restoration scheme, using shortest paths to find
maximum flow is not always the best solution for our
network. In this paper, we presented the novel performance
index to measure the load distribution after the disrupted
traffic is restored and to decide whether the- selected
restoration scheme is appropriate for the network _in
consideration; therefore, the new restoration scheme is also
proposed in order to find the optimum paths and reduce
resource contention with consideration of link utilization and
available spare capacity.

Experimental results show that our proposed index can
represent the performance of restoration scheme
appropriately. Furthermore, our scheme outperforms the
shortest path not only in the aspect of load distribution in
restoration scheme but also slightly enhances the restoration
ratio. Therefore, well-designed restoration paths can improve
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the survivability, although the demand is on rise or spare
capacities are insufficient.
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Abstract

In an event of failure, Network survivability
performance could be demonstrated through restoration.
Link restoration is the simplest restoration technique
provided by determining paths around a failed link. We
propose a novel performance index scheme for evaluating
how well the restoration scheme can distribute the disrupted
traffic among restoration paths. A modified restoration
scheme is proposed in order to consider load distribution in
path computation. Experimental results show that our
proposed index can present a good representation of
survivability value. By using our proposed restoration
scheme, the network load is balanced, compared with
shortest path scheme. The outcome of the restoration ratio
are also improved equally well when traffic demands are
increased or spare capacities is insufficient.
Keywords:  Network Survivability, Restoration Paths,
Load Distribution, Post-Failure Link
Utilization.

1. Introduction

Traditionally, network designers aim at satisfying
some specified performance objectives under normal
condition rather than issue of network survivability.
Performance under failure can be unpredictable with these
design methods. With an increase of traffic demand,
specifications of survivability performance are desirable.
By considering survivability performance objectives, it will
ensure that, under given failure scenarios, network
performance will not degrade below predetermined levels.

There are many ways to quantify network
survivability such as the physical survivability for demand
pair [1] which is the ratio of the survived capacity to the
working capacity for the demand pair. This model
concentrates on mathematical and computational methods
to evaluate and improve the survivability and spare capacity
allocation. In [2], an analytical technique is proposed to
evaluate the Excess Loss due to failure of the network
assuming link i has failed, (ELF(i)), which is defined as
fraction of traffic on the link that is not restored after
failure. From [3], failures normally affect the performance
of other components around the failed vicinity. Then, the
novel quantification method, namely Degree of Disturbance
(DoD), was proposed to model the effect of various failure
scenarios. This takes into account the effect of failure in
nodes and links on the affected demand.

The key idea of the proposed model is to consider
load distribution in path computation, i.e. lighter-loaded
links are preferred over heavier-loaded links when routing
the restoration paths. The benefits of considering load

distribution in path computation can be seen from [4]. In
this paper we firstly propose a novel performance index,
Load Distribution Factor (LDF), to show how the
restoration scheme can distribute the disrupted traffic
among restoration paths, in case of single link failure.
Therefore, the link restoration scheme is proposed to
improve the survivability of network with consideration of
link utilization and available spare capacity.

The rest of this paper is organized as follows. In
section 2, we describe the analysis of survivability and link
restoration scheme. We provide the proposed definition in
Section 3. The simulation result and performance
comparison between our proposed algorithm and other
algorithm are presented in Section 4. Finally, we conclude
this paper in section 5.

2. Background

2.1 Analysis of survivability

The survivability of network is defined as the
ability of network to anticipate, prevent, protect and
survive through various degrees of failures. A good
network must be designed to provide some resource
redundancy. The appropriate spare capacity must be
justified to cope with the predetermined sets of failure
scenarios. Once a failure occurs, network must be able to
respond with a plausible action which minimizes several
undesirable effects. The two basic approaches [5] for the
survivability analysis and the development of performance
measures are shown as follow:
Given occurrence of failure (GOF): the first approach is
defined by assuming that given failure(s) have occurred.
Either probabilistic weighting of various states of networks
or deterministic analysis may be used.
Random occurrence of failure (ROF): The second uses
probability of network failures and, possibly, rates of
repair and/or restoration to calculate various probabilistic
measures of network availability or unservability.

2.2 Link restoration

Generally, full services that are robust to failure
are extremely desirable. Hence, in the event of failure, the
way to improve network survivability is by restoration.
The interrupted traffic must be rerouted via restoration
paths. The existing restoration techniques can be classified
as path restoration and link restoration. Path restoration
restores the end-to-end channel whereas link restoration
restores all affected traffic carried by a failed link facility,
as shown in Figure 1. Compared with link restoration, path
restoration needs less network  resource  but
computationally hard and complex. Link restoration is



very efficient, fast and scalable. For these reasons, link
restoration is selected instead of path restoration.

{ .‘,-‘.__.,...._ S
C

Figure 1. Link restoration vs. Path restoration

The link restoration scheme with topological
cluterisation was proposed in [3], [6]. It uses shortest paths
and maximum flow algorithm to find reconfigured
subnetworks. Each subnetwork represented a set of network
resources that is sufficient for the restoration of any failed
link for each failure scenario. The algorithm obtains the set
of nodes and links which is the minimum amount of
resources required for the desired restoration level.

3. Proposed model
3.1 Network model

Given the failure of link 1", the network model
and the parameters utilized by the proposed model are

presented.
G(V,E) is the graph modeling the physical network with a

set of |v| nodes and |E| links;

Ph'* is the set of all possible paths with h hop limit
between the connected nodes of failed link | ;

R ={r,..r.} is the set of krestoration paths due to
failure of link 1 ;

Ll:i ={l,,... 1 } is the set of link in restoration path r; ;
wél is the working capacity of link 1;

sc, is the spare capacity of link I ;

W:*,i is the weight of path r; ;

Q" is the disrupted traffic of link 1”;

Q'rii is the disrupted traffic that should be assigned to

restoration path r; ;
fr'; is the maximum feasible flow of path r, due to failure
of link I";

3.2 Proposed restoration scheme

The Load ‘and = Spare capacity Weighted
Restoration scheme (LSWR), is proposed with the objective
of balancing the network traffic load and minimizing the
error between the fraction of disrupted traffic assigned to
each restoration path and the path selection probabilities
that are computed to minimize resource contention. The
proposed algorithm can be classified in two phases.

A. Preplanned phase
AL. All possible paths with h hop limit, P!, between the

connected nodes of link I” will be preplanned.
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A2. The Busy factor of each path p, Bg , are computed
as follows:

B:: = max [L] 1)

viep | we, + S¢,

where p, is capacity utilized by working traffic.

Then, sort the restoration path into the value of
Busy factor in increasing order (i.e. minimum to
maximum).

A3. Find the maximum feasible flow (f;*) of each
ordered paths above by using MKM Algorithm [6], [7] and
record the orders path that f;ﬁ >0 as restoration paths set

(R'*) , then, the maximum feasible flow can be calculated
as follows:

* k *
FF: = Z frl,i (2)
i=1

B. Restoration phase

B1. The weights for each path r, € R'* are assigned as
follows:

wo=f" ©)

B2. The probability of choosing path r to carry the
restored traffic is then computed using the following
formula (4):

.
pr =i (4)

ri k

2w,

i=1

B3. The square Euclidean distance is introduced here to
minimize the error between the fraction of disrupted traffic
assigned to each restoration path and the path selection
probabilities. It can be calculated by a well known

equation(5).
" 2
D' - 2[9 - pr:;] ©)

In case of (FR'* >QF ) the disrupted traffic that

is assigned to each restoration path can be computed as
follows:

k * *
.o =q (6)
i=1

Q< f! (7)

From (5), there are many possible assignments of
the disrupted traffic to the K restoration paths. Therefore,
we will be used the iterative computation [8], [9] to get the

optimum traffic assignment. Assuming that a set of N



channels is disrupted by the failure of link 1" (Q'* =N) at
a specific iteration n overall N iterations, one channel of

disrupted traffic is assigned so that the distance D! ,
computed after iteration, is minimal.

2

* k . . *
D" =_ErHink}Z —J_pr (8)
i — ’

where 5j is a binary variable that is equal to 1 if and 0

otherwise, and Q" is the number of disrupted traffic

assigned to subset i until iteration N—1. So, the constraint
in (6), (7) becomes

k *

>Ql =n 9)
i=1

' < £ (10)

for each iteration n and specific link I" failure

3.3 Novel performance index

In this paper, link utilization is defined as a ratio of
the traffic carried by the link after the disrupted traffic is
restored to the link capacity. It can be calculated by (11)

u=—=2 (11)
WC, +SC,

where u, represent the utilization of link I, ,0,r is capacity

utilized by working traffic and restored traffic.

So, the novel performance index, Load
Distribution Factor (LDF), is proposed here to evaluate the
load balancing among all affected links that were used in
restoration paths and can be calculated by the following
equation.

LDF" == (12)

c

Notation U in (9) is arithmetic average utilization - of
network and can be computed as follow:;

U
o SN (13)
E|

4. Experimental results

The proposed model are evaluated in 11 nodes 23
bidirectional links LATA network, depicted in figure 2. The
spare capacity allocation of this network is optimum in
order to achieve fully restoration in case of any single link
failure and the demand patterns of all node pairs are
uniformly distributed at a specific network throughput
defined as the ratio between the network capacity utilized
by the working path and the total working capacity in
network [9]. The number of link failure scenario is |E| and
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assuming that each single link failure is independent and
identically distributed.

To investigate the performance of the proposed
restoration scheme in terms of restoration ratio and Load
Distribution Factor, the percentage of spare capacity and
the network throughput are varied. For each single link
failure case, the proposed restoration scheme in section 2
is compared against the restoration by using shortest paths
and maximum flow (SP) [3].
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Figure 2. LATA network
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Figure 3. Restoration ratio vs. Spare capacity in network
for network throughput = 0.55
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In first experiment, the spare capacities are varied
(i.e. 50, 60, 95, 100 %) and network throughput as defined
earlier is fixed at 0.55. According to the result shown in
figure 3, when the spare capacity is reduced, our scheme
achieves higher restoration ratio than SPbecause it can
distribute the disrupted traffic to links that have lower
utilization, instead of choosing shortest path and maximum
flow of restoration paths as in SP scheme. The result shown
in figure 4 clearly indicates that our scheme can greater
balance the network load at all percentage of spare capacity.

Next, the test was -run .withvarious network
throughputs (i.e. 0.30, 0.40, 0.65) and the spare capacity is
fixed at 60 percent. In figure 5, at all network throughput
values, the result shows that our scheme achieves higher
restoration ratio than "SP due to .reducing -resource
contention. However, the results of our proposed method
can be improved slightly on LDF value as the overall
network load increases due to a reduced probability of
finding a restoration route as a result of limited available
spare capacity.

5. Conclusion

As mention above, there are many ways to
quantify network survivability such as the physical
survivability for demand pair, the excess loss due to failure
and Degree of disturbance, etc. In the aspect of load
distribution in restoration scheme, using shortest paths to
find maximum flow is not always necessary best for our
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network. In this paper, we presented the novel
performance index to measure the load distribution after
the disrupted traffic is restored and the new restoration
scheme is also proposed in order to find the optimum paths
and reduce resource contention with consideration of link
utilization and available spare capacity.

In our experiment, the results show that our
proposed index can represent the performance of
restoration scheme appropriately. Furthermore, our scheme
outperforms the shortest path not only in the aspect of load
distribution in restoration scheme but also enhances the
restoration ratio. Therefore, well-designed restoration
paths can improve the survivability, although the demand
is on rise or spare capacities are insufficient.
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