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This thesis presents a study of protection service grades for unicast traffic in
wavelength division multiplexed (WDM) mesh networks based on three optical path restoration
strategies against all single link failures, namely Disjoint Path Protection Strategy (DJP), Single
Link Basis Protection Strategy (SLB) and Minimal Cost Protection Strategy (MC). Two types of
protection service grades applicable to realistic environment are introduced and extensively
investigated, namely the proteciion of some nodes in the network and the protection of some
part in the network. The mathematical models based on integer linear programming (ILP) are
applied to achieve optimal fouting and wavelength allocation so that the total number of fibers
required is minimal. Based on two lested networks, numerical results show that the amount of
network resources required to handle failures can be proportionally reduced with lower grades
of protection requirements, signifying the pessibility of achieving network cost-savings for
practical requirement. For different pmtesﬁpn “strategies used, the relation between cost
reduction and protection grades varies. With the MC strategy cost of protection appears to
decrease linearly with—protection requirements. The olher two less effective protection
schemes, i.e. SLB and DJP, do not deliver the same level of linearlity relation as the MC, but
they do offer cost reduction in most cases. Finally, wavelength conversion is found useful only
in certain network scenarios. Therefore the existence of conversion may not be justified with
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Psd '
Z/usd,iasd,i =d, 0<uy; <1;i@enshortpathay; >0 (3.4)
i1

Isd \ Psd
zysjd,n ZZ((:usd,iasd,i)é‘sd,i,j') VSd =112!"'!m (35)
n=1 i=1

1
a

2) anuruduleinuasdnresesnaimenled | s i ane 7a S IEUN19dn TRIN dNWtNe
y 40
manlesn |

- Nt DIP Nintlasiannzuneglun

m  Psg

K fa
M XS~ zzys{i,nﬂs{in,j +(M XWj = Zzasd,i§sd,i,j) >0 (3.6)

sd=tn=1 sd=1i=1

Vj=12..,Lj# ]
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- ngtd SLB Niintlavannzunsglun

K T ., . m_ Psd
M ij _zzysjd,n sjd,n,j +(M ><Wj _Zzasd,igsd,i,j)
sd=t n=1 sd=1i=1
. (3.7)
+ ZZ(asd,i5sd,i,j)5sd,i,j' >0 Vj=12,..,Lj=]
sd=1i=1

dnunstinisinilasiasstinguuuunedauisuuunsid DIP uar SLB tiuawidasugilui
! 9 o 1 =X [ 1 %’/ A =K
aunsenzddun1adisastegiun t 09 k Wualuaisuuama 109 m
3)  Wesandnn1sanassdunidlusuuy DIP  udazduni1eiduiiunielugnindni
oy o Y = 5 = | ey P o v
anuandidunisdsaslfiaduniaman wintii aeiudun1enidudunisdisesazies
annsoud e ldynianisniindunasdnfgnsunauainmgnisainduldsisunaiuiieang
o 4 il 4 . 2
danlagann ewegnisaimdunislnfignsunowanndnemaniasanaduld s |
L's dl A Qd‘ o 1 dl dl 9 aa‘ 1
wan19nd We | Aeadiuenageidunastnfntuaindamanlasnidunialnmneinu uas
Taeiuuali F, iduesaeangnisaimduldidisumai dunidnfazgnsunouannniiy

dnadanleadene (|F,|=1)

et i i"eF,
vn=12,.,r,;vsd =12,...m (3.8)

y lgd s

v ¥ - 0 - ! | 5 - . .
4) Mageansaliu s; uaspy , iudnnuiniliifdudmuauiual (nonnegative integer)

j' +
Sjij/sd,n € I

Vji=12,.,L;¥n=12,..,r,;vsd =12,..,m (3.9)

3.2.1.2 s2uu WP
Tunsalilusaviduniaidngssliiulassingasdaddin1 s muaAI AN ART

ATARIADAELNNY S UL LS ATIAAN G AT E TN T RANTR (dimension) lunng

UL Y ORIV [ TIY CTBRY- o8 %qﬁﬂﬂ%ﬁ%ﬂumﬁﬂﬂﬂmLmum\i@ﬁummumu

19401 fail
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1) drwdunsaitnileqianizunealunty fglua sd lasaziinisdnilesdanuanaesdunis

drsasldernluaninsiifinmnuidamaiudamenien j 1e9aluntiu azfoaviniuaiuau

Wunalan ndng
g M . Psg M
Zzysjd,n,l ZZZ(asd,i,z5sd.i,j') 3Isd =t,....k  (3.10)
n=1 A=1 i=1l A=1

dounsaitnilediasstneuuuundeutiuiialun - sd bn Sauinresduniedisesldanly
an1aziifaAN@snaiuinedenls s j' 1e94uATY AazFAaINALAIWIUEAWN 191N

Wunmnpun neesnisdndasiuan g

d, >Q xd d el (3.11)
Psd M - dl
D g XAy, =0y 0L gy ; <1;1@00 short path flay,; >0(3.12)
i=1 =1
fg M d Psq. M
ysjd,n,/l o zz((/usd,i,lasd,i,i)asd,i,j‘) VSd =1!2""l m (313)
n=1 A=1 i=1 A=1

1
=

2) anurduleinuasdnrasasned@onlay j azfadieanasaefudun19dnsasnunudne
4 Jd .
wanlesn j

- natid DUP Mitlnflevianizuneg lun

K fsd . . m_ Ps
Sj - Zzysjd,n,xﬂsjd,n.j + (Wj i | Zzasd,i,ﬂé‘sd,i,j) >0
sd=t n=1 sd=1i=1

VYA=12,..M:Vj=12..L j#]
(3.14)

- ntd SLBMntlavannziunsglun

[ . N m_ Psd
Sj— ZZVSJd,n,Aﬂst,n.j + (Wi - Zzasd,i,ﬂ.é‘sd,i,j)
sd=t n=1 sd=1i=1
m  Psy
+ ZZ(asd,i,15sd,i,j)5sd,i,i' 20
sd=1i=1

VYA=12,.,M:Vj=12,..L;j# | (3.15)
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dounstinisdniesiasedneuuuunedouiauuunstd DIP uar SLB wuazilazugiuuy
annslennzarudun1sdnsesaasgiun t 09 k ugluavianunme 109 m
3) lunsaidanisdnassdunialuduuy DIP wiazidun1aniudunteluanindnd gaunem

IS 2 o v = 1 :j/
Ndunedsasliivaadunianeavingu

M N M o
Z 7/sjd,n,/1 T Z 7sld,n,l J" Jne I:a

=1 2=l

vn=12,..,r,;vsd =12,...m (3.16)

4) Memaenatiti s; uaz y) | Hwaruaudui liidusauauifinay (nonnegative integer)

j' +
ShwY éa.nia el

Vi=12,.,LVn=12..r,;VA=12..,M;Vvsd=12,...m (3.17)

3.2.2 m%‘ﬁ’mmﬁmﬁu’umu Jointly Optimized Working and Spare Fiber Assignment

luwiindatlarnanaien194 519U UAIAAIN A AAIAATN 1 1UN1TUIR1 U

| '
=

Wulerihuasnsnngaludsuuy MC Tnaaziansananassdulatiuasnldnulng uazdou

o v o = ca o 3 . . X ° A
Ansasndanniu tnaddeiduingilsyaad (objective function) 289LULANABIAD

L
min[z fij (3.18)

j=1

3.2.21 gsuu VWP

'
a

1) dwFunsainilesanizunealuniu Nelun sd 1o 9 dAndudunienldeudng wazung

a

Alun sd inmsintlasdniuduniedsaeildidetnamanios j° wvindulinamaWin

ToUU

Dag; =dy Vsd=12..m (3.19)

iy;'d',n =d, Jsd =t,..., k (3.20)
n=1
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dounstitniledlassdnauuuunedonii gluasd 1o o duniednfazmindudsununenin
seuy douduniednsesazwiniuliunm neniniazdnilesmunmuninaenisdniies
AetAINANNI9N (3.20) Asdesnns Q WinlUAy d, was Adauflu Vsd unw 3sd Fos

° [ = ' %’/ o ¥ o dln dl dl - Y =
2) dnsunsaitntdacanizuneg uatu Aunwduladuasndnemenilad j feqieane

AuFusesiuidunnanldaulng wazidunnedrsaanldinilesunagTun sd Adeeinuane

Foaile j
M Psg
M, _zzasd,i5sd,i.j 20 Vj=12,.,L (3.21)
sd=1i=1
K i j' - - -
Mxf =3 >y Bh. ;20 Vj=12. Lj=] (3.22)

sd=t n=1

daunstinnsinilaslasetdaeiunuadauiuazilaaugiluuuaunisi (3.20) l@nizdou
9 o 1 =) [~ I :I/ A =S
Wunednresresdiun t D9k iuglupiannnpe 1 09 m

3) 1,84, 48z y4 , WidudwauwAnay (nonnegative integer)

fjiasd,iiysjc;,n el
Vi=12,..,L;Vvsd =12,...,m;

3.23
Vi=12,...,py;VNn=12,...r, (3.23)

3.2.2.2 s=1u WP

AENETLAE DIP uar SLB AR WULSNARMINATAAanfazfedinsiuid
(dimension) N9 UAANEN ARl U INIeEa e Bein iR lunsdidnlesuuy
TN T T TNt i
1) z%m%umfﬁﬂﬂﬂmLfawq:mwﬁumﬁu figtun sd 1o “ A5 e denung wazin
Alun sd inmstinilasdmiudunasdasesdidiledraidenlas j wiaiutBuanmseniin

ToUU

Psg M

>Nay,, =d, Vsd=12,..,m (3.24)
i1 i
I'sd M .
Dy =dy Fsd=t..k (3.25)

n=1 A=1
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dounstitniledlassdnauuuunedonii gluasd 1o o duniednfazmindudsununenin
seuy douduniednsesazwiniuliunm neniniazdnilesmunmuninaenisdniies
AetANANNI9N (3.25) Asdesnns Q Wiy d , way Asieaily vsd unw 3sd don

° o = { %’/ o ¥ o dl 1 dl dl - Y =
2) dndunsaitntdasianizuneg uaru Anunwduleduasndnemenladm j feqieane
AruFusasfudunieanldeudng wazidunisdnsasnldinilesunegtun sd ndsenuane

o _
wanley j

m_ Psg

fi=> > ayi,00i; 20 Vi=12.,L;V1=12..,M (3.26)
sd=1i=1
K| it i - - -

fi=> > v Bhn; 20 Vi=12,.,LVA=12,...,M;j=] (3.27)

sd=t n=1

daunstinnsinilaslasetaeiununsdaniuazilaaugiluuuannisy (3.25) lwivdau
9 o 1 =) [~ I :I/ A =S
Wun1ednsacaesgiun t 09k duglupyianunne 199 m

3) 1,84, 48z y4 , WidudwawsAnay (nonnegative integer)

fj’asd,i,m7sjc;,n,/1 el”
Vi=12,.,L;Vsd =12,...m;Vi=12,...., py;

(3.28)
vn=12,.r,,vVi=12,.,M

TuNINLLUAI0IMNATEAAIERTT8398 MC IllaATsRawAnsnindneiten e

dl - U o d” £33 1 dl 1 U dI 1

7 " aeazawnmnlfuuuaaesilunismsuulassnei ldanisaud latloyuiviieang
P Yo =~ YR . A P A o A )y
danleslafuaanu@e sl (without restoration case) ©TANANNDNULULN AD AuN90 1

° aglj o 1% ) dl I~ o dl o Qd}

WULRNAB9H N9 A WA R T En Al aesa i dwlerinnasnnieu luan il A
TAsvanafasni1slé Taglunstl VWP Aannssadaunigi 3.19, 3.21 uay 3.23 daulunstl WP
A all dl a a o‘d’l 173 o a rd‘
ADNITITNANNNTN 3.24, 3.26 LAY 3.28 T 113 Ne BN Us LAz Ml LR a9 NI9AIRANAR N

| K L

TdlaAaiedamnniIsaindedanlasrns Tun1smiA13NeY (W.,a.,.,a., . ,) Wiy
j sd,i sd,i,A

q

WUURNABININANAAIARSN I35 Optimized Spare Fiber Assignment Tun1s4514

WULANAD
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WDM Tpeldusuanaaamieamncansnldgasune 3 luum 3

4 11N UUANISNARAL

luideiliendndersazBanuasdaiuatesnimaaeingutesiaacnaild
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1. Tasednelugd 4.1.(n) (flulnssdneindnuaulus (Node) Favun 5 Tum waz
Sruantnendanles (Link) savisn 7 dneidenlee anduedlunlulaseinaialag
RAYINAL 2.8 1ilaAInNagaanluni819Besielliae Fanlasanaiidn
TAs9Tne BN_7L
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GonTeaianua 13 dredanlos Ansaastunlulasdiafdnlnsmasini 3.71

waziianNazaanlun1a19adsie lasaBeanlaseineian Tasatne 7N_13L
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TuntmaaauldniuualinsinaesudazgluadAnvindunun ninusinng
UFlasuiBunasaaans i nilngan 4 iy Aa NAWINAL 1, 2, 3 WAY 4 AMNASL el

o . . . o 4
ATNIIDANEIINAUANHUZIBINN9ARATINTNEINsTATednanenaAaunilasldany
UFNUNT AN

TunsAneiepuansuraaszAunislnilaslassanaudazlszinnladinisd sy

o v d‘ 1 o v s a 1 'S 6

srAUAINNARINITNNTUNTTaaRLAnFNeTulS 3 svaulnaNansundluAflasibaufuadannsg
Untlas (%) Tnglunstinnsdnilaslassdnaunuuneglunazinnua e 30%, 50%, was
70% MstiNeANassarasa uugluanazianistiniles Aallalasaainadsunn 5 Tunad
Alualivianun 10 glus ssiudeniuuaAefimusaainisinilesls 3 ssausenannagls
Aluaiilu 3, 5, uaz 7 glusminanisu daulassainsauin 7 luaaziglualiisuun 21 4lun
patiudanuun % nsunilasld 3 szavaslagluaiiu 7, 11, uaz 15 Aluanuansy Geas
W39 2 Tassainefidasegupdinavinduisiie limiiaiwudulatiuasiianaseing
o .i’ o o = ] 1 %// o Y @
Faus duiulunsainisdntladiaserauuusnedaniuaznmua e 25%, 50%, way
75% e lin1sanindnuu neaningeann i lunstnilaslassdnaiiAnasio Tuniingn
Anildgegadanu 4 Asindaiinnalniles 3 szdufaglagnanuaunsmidiniianisinilas
auiflis 1, 2, hAY 3 AMNANAL

NINAAAUENAUFaN 191N NTATABANNNTATIAAAATANNULLAN A7 L
Anunluliaanadasnssnngldnsnivesliasedsauaslsunamamndnauansiaiulyl
aniuasigreannigaminaanfianitlifleulinulilaunsugaiagil CPLEX6.6 [24] tiNe

4 4 N R , «
naleasnuNIzanign Inglinennamesninuaelsziaananans Pentium 4 AYMEY
2.8 GHz uazHawIAMaEAIINaT 512 MHz Tneneueguussuutjifnisiulad Xp
di v ;73 1 ca a o‘agl/d o 1%
walinnsldnnaauaznaaiiuliladsanysal Aneninusiasseiauanannigld
s dgj o v ¥ 1 aal 1 dl v v

pzsuazna v ludell Ineduualigedeyavesusasislniasinssdaenasinuson S ax
wnnee anstnilesiasadnsuuuunegluauasdsinilasinssaneiiasiaesiog P as
Pu1an9Ian1aUnteglageaneLLLNed91 wean AR ndpsnani st ntlagnuuing 491 %
Alaualdaznuiatauinilafidusnazsasinilaslasedng  Inedanislnilaslasating
wuuuneg upiuaneinusiauiliniinimeasuily 2 dnwoue Tnaandaetinanisdnansu

Atunlulasedne 5 Tup asiidigunianun 10 glunazlé 1-2,1-3,1-4,1-5, 2-3, 2-4, 2-5, 3-4,
3-5, 4-5 Aaiuluwind | azilunnsinilessluanGuseusigiunusnauasuanuuagluaices
Unfle fausiglun 1-2 salilf 1-3 auasugluanaziniles dauwuud 11 funsinilaselus

dlal ?/ 1 % v o o 1 dl % 1 :I/ 1 v
VlLﬁ‘llﬁl\?LL[ﬂ@Ium@m‘ﬂ’]ﬂLL'Z\]')ﬂZ\]‘UZ\NNWQ%WEU@’W%QH@I%@V]ﬁl'ﬂﬂﬂﬂﬂ@\i Lﬂuﬁ]\iLLﬁ]@I‘IAM 4-5 LL]9
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Anaanaulihily 3-5 auasugluaiaziinilas ivuaduiifaaudglunisdnnisdays
dl ] dl a ' =
Wanagau ludaunsaviiadinsisiinanismaaauazanaianiznsnlunsiiaas WP
dl dl % Y @ 1 A :’/ ada o o [
Hasarnnismageui duansliiindufeuiannresnisauwaudulatiuaslidesay
wansinaiy uazlunisdnilesuuuunegluniufliinaueiiasnimageunuui | watu

di o 90// ai A o a a o
Wasanuazasnisnaudulavnuasiausd | uaz | AaneneldluiAniamnaaniy

4.2 HAN1TN ﬂﬂ’ﬂULLﬂtﬂﬂ‘J’aLﬂi"]‘&:ﬁlNﬂQ’\ﬂLLUU'&’]ﬂﬂﬂﬂﬁﬂﬂtﬁﬁlﬁ’]ﬂﬁl‘;

421 nslFguiiauluidednuauiduladiugalnasanniaseing aaanig
AN519N 4.1 anuuiduladiuaeffesnisludsnistdnilasuuy DIP waslAgating 5N_7L

WwauduuuunlddnistnilastassdaelnadBuramandnnnaluamingu 1 (n) netd VWP

(1) N3 WP
Protection Schemes (VWP with demand = 1)
v No 1[())%;) DJPS - | DJPS - II DJPP
30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 13 23 19 21 23 16 17 19 23 23 23
2 7 12 12 12 12 10 11 12 12 12 12
3 5 10 9 10 10 8 8 10 10 10 10
4 5 9 7 9 9 6 7 7 9 9 9
5 5 7 5 5 7 5 6 6 7 7 7
6 4 8 7 7 7 6 7 7 8 8 8
7 4 6 5 6 6 6 6 6 6 6 6
8 4 6 6 6 6 5 5 6 6 6 6
(n)
Protection Schemes (WP with demand = 1
M DJP DJPS - | DJIPS - Il DJPP
No
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 13 23 19 21 23 16 17 19 23 23 23
2 7 14 11 13 14 10 11 12 14 14 14
3 5 10 9 10 10 8 9 10 10 10 10
4 5 9 7 8 8 7 8 8 9 9 9
5 5 8 6 7 7 7 7 7 8 8 8
6 4 9 7 8 8 6 7 7 9 9 9
7 4 8 6 7 8 6 6 6 8 8 8
8 4 6 6 6 6 5 5 6 6 6 6
(1)
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A5 4.2 anunuduladinasnaasnisluasnisdntlasuuy DIP waelagating 5N_7L

wauiuuuunldiinistnilasiassdnalnadiFunumawidnnnaluamiagu 2 (n) netd VWP

(1) N7 WP
Protection Schemes (VWP with demand = 2)
M DJP DJPS - | DJPS - I DJPP
No
100% | 30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 26 46 38 42 46 32 33 37 36 36 46
2 13 23 19 21 23 16 17 19 19 19 23
3 7 15 11 15 15 10 11 12 12 12 15
4 7 14 11 13 14 10 11 12 12 12 14
5 6 11 10 i 11 9 10 10 10 10 11
6 5 10 9 10 10 8 9 10 10 10 10
7 5 10 9 10 10 8 8 10 10 10 10
8 5 10 9 10 10 8 9 10 10 10 10
(n)
Protection Schemes (WP with demand = 2)
M DJP DJPS - | DJPS - I DJPP
No
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 26 46 38 42 46 32 33 37 36 36 46
2 13 23 19 21 >4 16 17 19 20 20 23
3 9 17 13 17 17 12 13 14 14 14 17
4 7 14 11 12 12 10 11 12 12 12 12
5 6 11 10 11 11 9 10 11 11 11 11
6 5 10 9 10 10 8 9 10 10 10 10
7 5 10 9 10 10 7 8 10 9 9 10
8 5 10 8 9 9 8 9 9 9 9 9

(2)
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A5 4.3 aunuduladinasnfasnisluasnisdntlasuuy DIP waelagating 5N_7L

wauduuuunldiinistnilasiassdnalaadiFunumawidnynaluamingu 3 (n) netd VWP

(1) N7 WP
Protection Schemes (VWP with demand = 3)
M DJP DJPS - | DJPS - I DJPP
No
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 39 69 57 63 69 48 50 56 49 59 69
2 20 35 30 33 35 26 27 29 27 32 35
3 13 23 19 21 23 16 17 19 18 22 23
4 11 20 17 19 20 14 15 16 16 16 20
5 9 17 13 16 17 15, 13 14 14 15 17
6 7 14 11 13 14 10 7k 12 12 12 14
7 7 13 10 12 12 10 10 11 11 11 12
8 6 11 10 11 11 9 10 11 11 11 11

(n)

Protection Schemes (WP with demand = 3)
M DJP DJPS - | DJPS - I DJPP
No
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%

1 39 69 57 63 69 48 50 56 49 59 69
2 20 37 30 34 37 26 27 29 27 30 37
3 13 23 19 21 22 16 18 19 18 22 22
4 11 20 17 19 20 14 15 17 16 17 20
5 9 17 13 15 16 12 13 14 14 15 16
6 7 14 11 12 12 10 12 12 12 12 12
7 7 13 10 12 12 10 11 12 11 12 12
8 6 11 10 11 11 8 10 10 10 11 11

(2)
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A5 4.4 aunuduladinasnaasnisluasnisdntlasuuy DIP waelagating 5N_7L

wauiuuuunladinistnilasiassdnalnadiFunumawidnynaluaminiu 4 (n) netd VWP

(1) N7 WP
Protection Schemes (VWP with demand = 4)
M DJP DJPS - | DJPS - II DJPP
No

100% | 30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 52 112 96 104 | 112 84 86 94 82 92 102
2 26 46 38 42 46 32 33 37 32 36 42
3 18 31 27 30 31 23 25 27 23 26 28
4 13 24 21 23 24 16 18 20 18 19 23
5 11 20 17 19 20 14 15 16 16 16 18
6 9 18 15 16 16 12 13 14 14 14 16
7 9 18 15 16 16 12 13 14 12 14 15
8 7 12 11 11 12 9 11 12 12 12 14

(n)

Protection Schemes (WP with demand = 4)
M DJP DJPS - | DJPS - I DJPP
No

100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 52 | 112 | 96 | 104 | 112 | 84 86 94 82 92 102
2 26 46 38 42 46 32 33 37 33 36 43
3 18 31 27 30 31 23 25 27 23 25 29
4 13 24 21 23 24 16 18 20 18 20 22
5 11 20 17 19 20 14 15 16 16 16 20
6 9 18 15 16 16 12 13 14 14 15 16
7 9 18 15 16 16 12 13 14 13 14 14
8 7 12 11 11 12 9 11 12 11 11 12

(2)

nll 3 dl o a ] o dl 1
AINAITNN 4.1 D4 4.4 1 1NaN1n1sNanTeina U nd wlanaslngsannlasatne
5N_7L Aaan13AlAaInnI12AI%e AR L L LA AN INAMAAIGAS A2e3 5n191 nTla 1L
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wuuanNaLazuuuniagedneluinisdntlas wudn anundulatinuaslaasnilaseineg

v = o P X = | @ LA o
ABNNITNAIAAANLNE M HANQIUY TpgazilANanatae1999a159 TUTNNATAINE1I AR

1 1 A
a = @ oA

A9AAANTIRE ) LAZATENNAIAITIHEAIAINENIAAUEIAARAININNE  arweiitiluasinell

1 ! ¥ v 1 ¥
=X ¥

A JRpy A X o o \ e ' [y ° ® & A
eI NNI1TnAN M LWNmuuuqqurJum’ﬂ\iﬁﬁyﬁqusluLLm@zL@uslﬂu’]LL@Qﬂ@ZNﬂ'RWNTu@QH

Ao | o o a PN daf d’j o X o ~
nananuudasdy s ludulaiinasi Aivunnnauiazin o e dulainuasn
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¥ o a oA, O @ = = X = o & g :
FaInNIaRnFINAIanad ueat19lafimnn e M HANINIuaulsyAuniaudanudn
o ¥ o ] v dl 1 ) | 1 = 4
unudulathuasacliannmanasldon uazilauianisiarsaneaniduusaznal azls
41 nerinnstnilasuuuuneg et anaeed 4.1 azlddndadinisintleslaseinasiuou
70 % wuud | siadszion VWP uaz WP luynipanuanaaaudaulugjazliainnman
Wulethuselpasnniassinadasnisidiianinisnilasgiunanuau 7 4lus azinglsfinng
dl = o 1 o d‘ o 9 °
WamesuiunisUnileslassdnadnuou 70 % wuudi il azatuisnanauaudulatinuas
Tnasouasldmiuduiiiiosannguiuainldninisnilesluwuun 11 Suiidunnaaeniag
linanisdnileailudunisndundnlungualvaluwoun | uredunng dsiuasilannan

A 9 dl ?:/ dl dl o = o % 9 dl A ¥
nanalunaziaanidun1anduinanazninisdnilas asni i unieniaangunsn

9 a

1 k4

, o pRp | @ = o Iy VY A o
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A a

Wulainuae uazidanansnnnisdnileslansadneaanuau 30 % AT 50 % YNUUUN | WAy
dl [3 = % ] :;'ll ] 1 dl ZJ/ al o [~
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¥

15199 4.5 anuruduleninuaansaanisludsnisdnilasuuy DIP aaglmseaing 7N_13L

WwauiuuuunldinistnilasiassinalaadifFunumawidnnnaluamiagu 1 (n) netd VWP

(1) N3 WP
Protection Schemes (VWP with demand = 1)
M DJP DJPS — | DJPS - I DJPP
No
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 29 42 37 40 40 36 38 39 42 42 42
2 15 22 22 22 22 20 21 21 22 22 22
3 11 18 17 7 18 16 17 17 18 18 18
4 9 16 16 16 16 14 14 15 16 16 16
5 8 14 12 13 13 12 13 13 13 13 13
6 7 13 13 13 13 11 12 12 13 13 13
7 7 14 11 13 13 12 13 13 14 14 14
8 7 11 10 11 11 10 10 10 11 11 11

(M)

Protection Schemes (WP with demand = 1

M No | DIP DJPS - | DJPS - I| DJPP

100% | 30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 29 42 37 40 40 36 38 39 42 42 42
2 15 22 22 22 22 21 21 21 22 22 22
3 11 18 18 18 18 16 16 17 18 18 18
4 9 16 16 16 16 13 15 15 16 16 16
5 8 14 12 12 13 11 11 12 14 14 14
6 7 14 13 13 i) 12 13 13 14 14 14
7 7 14 13 13 14 11 12 12 14 14 14
8 7 11 11 11 11 10 10 11 11 11 11

(1)
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A5 4.6 auuduleninnasnsaansluaanisdnilesuuy DIP aaglmpseding 7N_13L

WwauiuuuunladiinistnilasiassdnalnadiFunumawidnnnaluamiagu 2 (n) netd VWP

(1) N7 WP
Protection Schemes (VWP with demand = 2)
M DJP DJPS - | DJPS - I DJPP
No

100% | 309 | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 58 82 74 78 79 72 76 77 71 71 82
2 29 41 37 39 40 36 38 38 37 37 41
3 20 29 28 28 28 25 27 28 27 27 29
4 15 23 22 22 22 20 21 21 22 22 23
5 13 20 20 20 20 18 19 19 19 19 20
6 11 18 18 18 18 16 27 17 18 18 18
7 10 17 16 16 16 15 16 16 17 17 17
8 9 16 15 15 15 14 15 15 16 16 16

(n)
Protection Schemes (WP with demand = 2)

M No | DIP DJPS - | DJPS - i DJPP

100% | 309 | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 58 82 74 78 79 72 76 77 71 71 82
2 29 41 37 40 40 36 37 37 37 37 41
3 20 30 28 28 28 27 27 28 27 27 30
4 15 23 22 22 22 20 21 21 22 22 22
5 13 20 19 19 19 18 19 19 19 19 20
6 11 18 18 18 18 16 17 17 18 18 18
7 10 17 17 17 17 15 16 16 17 17 17
8 9 16 16 16 16 14 15 15 16 16 16
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A5 4.7 anuruduleninnaansaanisludanisdnilesuuy DIP aaglmpseding 7N_13L

wauiuuuunldiinistnilasiassdnalaadFunumawidnnnaluamiau 3 (n) netd VWP

(1) N7 WP
Protection Schemes (VWP with demand = 3)
M DJP DJPS - | DJPS - I DJPP
No

100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 87 133 | 120 | 127 | 129 | 118 | 124 | 125 | 110 | 121 | 133
2 44 62 56 60 60 55 59 59 52 57 62
3 29 41 37 39 40 36 38 38 36 39 41
4 22 32 30 32 32 29 30 30 29 31 32
5 18 26 25 25 25 24 25 25 25 25 26
6 15 22 22 22 22 21 29 22 22 22 22
7 14 21 20 20 21 19 20 20 19 21 21
8 12 19 19 19 19 17 18 18 19 19 19

(n)
Protection Schemes (WP with demand = 3)

M No | DIP DJPS - | DJPS - I DJPP

100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 87 133 | 120 | 127 | 129 | 118 | 124 | 125 | 110 | 121 | 133
2 44 62 56 60 60 56 59 59 51 56 62
3 29 41 38 41 41 36 37 38 34 40 41
4 22 32 30 31 31 29 30 30 29 31 32
5 18 28 25 25 25 25 26 26 25 25 28
6 15 23 22 23 23 20 21 21 22 22 23
7 14 21 21 21 21 19 20 20 20 21 21
8 12 19 18 e, 19 7 18 18 18 18 19

(1)
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A5 4.8 anuruduleninuasnsaanisluaanisdnilesuuy DIP aaglmaseding 7N_13L

WwauduuuunladinistnilasiassdnalaadiFunumawidnnnaluamintu 4 (n) netd VWP

(1) N7 WP
Protection Schemes (VWP with demand = 4)
M DJP DJPS - | DJPS - II DJPP
No

100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 116 | 214 | 197 | 205 | 208 | 194 | 202 | 203 | 179 | 190 | 202
2 58 82 73 78 79 72 76 76 66 70 78
3 39 55 51 54 55 50 51 52 46 49 52
4 29 41 37 39 40 36 38 38 36 37 41
5 24 35 32 33 34 e 32 33 31 31 34
6 20 29 28 29 29 o 28 28 27 27 29
7 17 27 25 25 26 24 24 24 24 24 25
8 15 23 22 23 23 20 21 21 22 22 23

(n)

Protection Schemes (WP with demand = 4)

M No | DIP DJPS - | DJPS - I DJPP

100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 116 | 214 | 197 | 205 | 208 | 194 | 202 | 203 | 179 | 190 | 202
2 58 82 73 78 79 72 74 74 66 70 78
3 39 55 52 54 54 50 51 52 46 48 52
4 29 41 39 40 40 36 37 37 36 37 39
5 24 35 32 33 33 31 33 34 31 31 33
6 20 30 28 28 29 28 28 28 27 27 28
7 17 27 24 24 24 24 24 25 24 24 25
8 15 23 22 22 22 20 22 22 22 22 22

(1)
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A15199 4.9 aunuduladnasnfasnigluaanisdnilasuuy SLB aaalmaseding 5N_7L

WwauduuuunladinistnilasiassdnalaadfEunumawWidnnnalusmiaiu 1 (n) netd VWP

(1) N3l WP
Protection Schemes (VWP with demand = 1)
M SLB SLBS - | SLBS - I| SLBP
No
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 13 21 17 20 21 16 17 19 21 21 21
2 7 11 11 11 11 10 11 11 11 11 11
3 5 10 8 9 9 6 7 8 10 10 10
4 5 7 6 7 7 6 6 7 7 7 7
5 5 7 5 5 7 5 6 6 7 7 7
6 4 6 5 6 6 5 5 6 6 6 6
7 4 6 5 6 6 6 6 6 6 6 6
8 4 6 6 6 6 5 5 6 6 6 6
(n)
Protection Schemes (WP with demand = 1
M No | SLB SLBS - | SLBS - II SLBP
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 13 21 17 20 21 16 17 19 21 21 21
2 7 11 10 11 5 10 11 11 11 11 11
3 5 10 8 9 9 6 7 8 10 10 10
4 5 7 6 6 7 5 7 7 7 7 7
5 5 7 6 6 7 6 6 6 7 7 7
6 4 6 5 6 5 5 5 5 6 6 6
7 4 6 5 5 5 5 5 5 6 6 6
8 4 6 6 6 6 5 5 6 6 6 6
(1)
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A15199 4.10 AurudulatinnasnsasnisludsnisUnilasuuy SLB aaalmgaaing 5N_7L

wauiuuuunldinistnilasdassdnalaadiBunumawinnnalusminu 2 (n) netd VWP

(1) N7l WP
Protection Schemes (VWP with demand = 2)
M SLB SLBS - | SLBS - I| SLBP
No
100% | 30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 26 42 34 39 42 32 33 37 33 33 42
2 13 21 17 20 21 16 17 19 17 17 21
3 7 13 11 13 13 10 11 11 11 11 13
4 7 11 10 11 11 10 11 11 11 11 11
5 6 11 10 10 11 7 9 10 10 10 11
6 5 10 8 9 9 6 7 8 7 7 10
7 5 9 8 9 9 6 7 7 7 7 9
8 5 8 6 7 7 6 7 7 6 6 8
(n)
Protection Schemes (WP with demand = 2)
M No | SLB SLBS - | SLBS - II SLBP
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%

1 26 42 34 39 42 32 33 37 33 33 42
2 13 21 19 21 21 16 17 19 18 18 21
3 9 15 13 15 15 12 13 13 13 13 15
4 7 12 11 11 11 8 10 11 12 12 12
5 6 11 10 10 11 8 8 10 10 10 11
6 5 10 8 9 9 6 7 8 8 8 10
7 5 9 7 9 10 6 7 8 7 7 9
8 5 8 6 7 7 6 7 7 7 7 7

(2)
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A5 4.1 aurwdulatinnasnsasnisldsnisnilasuuy SLB aaalmagaaing 5N_7L

wauiuwuunldinistnilasdassdnalaediBunumaninnnalusminiu 3 (n) netd VWP

(1) N7l WP
Protection Schemes (VWP with demand = 3)
M SLB SLBS - | SLBS - Il SLBP
No
100% | 30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 39 63 51 59 63 48 50 56 46 54 63
2 20 32 28 30 32 26 26 28 24 30 32
3 13 21 17 20 21 16 17 19 17 20 21
4 11 17 15 15 17 14 15 16 14 16 17
5 9 15 12 13 15 1 13 13 12 14 15
6 7 11 10 1 11 10 11 11 11 11 11
7 7 11 10 11 11 10 10 10 10 11 11
8 6 11 10 11 11 9 10 10 9 11 11

(n)

Protection Schemes (WP with demand = 3)
M No SLB SLBS - | SLBS - Il SLBP
100% | 30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%

1 39 63 51 59 63 48 50 56 46 54 63
2 20 33 29 32 32 24 26 28 25 26 33
3 13 21 19 21 21 16 18 19 18 21 21
4 11 18 16 18 18 14 15 16 15 17 18
5 9 15 13 14 15 12 12 13 12 14 15
6 7 11 11 11 11 8 10 11 11 11 11
7 7 12 11 11 12 10 10 11 10 12 12
8 6 11 10 10 11 8 9 10 9 11 11

(2)
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A5 4.12 Aurudulatinnasnsasnisludsnisnilasuuy SLB aaalmagaaing 5N_7L

WwauiuwuunldinistnilasdassdnalaadiBunmumawinnnalusviniu 4 (n) netd VWP

(1) N7l WP
Protection Schemes (VWP with demand = 4)
M SLB SLBS - | SLBS - Il SLBP
No
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 52 104 88 98 104 84 86 94 79 86 95
2 26 42 38 42 42 32 34 37 30 34 38
3 18 31 27 31 31 22 24 26 23 25 27
4 13 23 21 23 23 16 18 20 17 17 20
5 11 20 17 19 20 14 15 16 15 15 18
6 9 16 14 15 15 12 13 14 13 14 15
7 9 16 13 15 16 11 13 14 11 12 13
8 7 13 11 11 11 9 11 12 11 11 12

(n)

Protection Schemes (WP with demand = 4)
M No | SLB SLBS - | SLBS - Il SLBP
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%

1 52 | 104 | 88 98 | 104 | 84 86 94 79 86 95
2 26 42 38 42 42 32 34 37 31 34 39
3 18 31 27 31 31 22 24 26 22 25 28
4 13 23 21 23 23 16 18 20 18 19 21
5 11 20 17 19 20 14 15 16 14 16 17
6 9 16 14 15 15 12 13 14 13 14 16
7 9 16 13 15 16 11 13 14 12 13 14
8 7 13 11 11 11 9 11 12 11 11 11

(2)
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A15199 4.13 auuidulatinugaifaanisluianisdntlasuuy SLB aaelasetineg 7N_13L

WwauduuuunldiinistnilasiassdnalaadfEunmawidnnnaluamiagu 1 (n) netd VWP

(1) N3 WP
Protection Schemes (VWP with demand = 1)
M SLB SLBS - | SLBS - Il SLBP
No
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 29 40 36 38 39 36 37 38 40 40 40
2 15 22 20 21 22 20 20 21 22 22 22
3 11 17 15 16 16 14 15 16 17 17 17
4 9 12 12 12 12 12 12 12 12 12 12
5 8 12 11 = 12 11 € 11 12 12 12
6 7 10 9 10 10 9 10 10 10 10 10
7 7 10 9 9 10 9 9 9 10 10 10
8 7 10 9 9 9 9 9 10 10 10 10

(n)

Protection Schemes (WP with demand = 1

M No | SLB SLBS - | SLBS - Il SLBP

100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 29 40 36 38 39 36 37 38 40 40 40
2 15 22 20 20 21 20 21 21 21 21 21
3 11 17 15 17 = 14 16 16 17 17 17
4 9 14 14 14 14 12 13 13 14 14 14
5 8 12 11 11 11 10 11 11 12 12 12
6 7 11 11 11 11 10 11 11 11 11 11
7 7 10 10 10 10 10 10 10 10 10 10
8 7 10 10 10 10 9 9 9 10 10 10

(2)
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A15199 4.14 auuidulainugaifaanisluianisdntlasuuy SLB aaelasetineg 7N_13L

WwauiuuuunladiinistnilasiassdnalaadfEunumawidnnnaluamiagu 2 (n) netd VWP

(1) N3 WP
Protection Schemes (VWP with demand = 2)
M SLB SLBS - | SLBS - I| SLBP
No

100% | 30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 58 80 71 75 77 71 74 76 69 69 80
2 29 41 37 39 39 36 38 38 36 36 41
3 20 28 26 27 27 25 27 27 27 26 28
4 15 22 20 21 22 20 21 21 21 21 22
5 13 19 18 18 19 18 18 18 19 18 19
6 11 18 16 16 17 15 16 17 17 16 18
7 10 15 13 13 14 14 14 15 14 13 15
8 9 14 12 14 14 12 14 14 15 14 14

(n)
Protection Schemes (WP with demand = 2)

M No | SLB SLBS - | SLBS - II SLBP

100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 58 80 71 75 77 71 74 76 69 69 80
2 29 41 36 38 38 36 37 37 36 36 40
3 20 28 26 27 27 26 27 27 26 26 28
4 15 22 21 21 21 20 21 21 21 21 21
5 13 19 18 18 18 17 18 19 19 19 19
6 11 18 15 16 17 15 16 17 16 16 17
7 10 15 14 15 15 14 14 14 14 14 15
8 9 15 13 14 14 13 13 14 14 14 15

(2)
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A15199 4.15 auuidulainugaifaanisluianisdntlasuuy SLB aaelasetineg 7N_13L

WwauduuuunladinistnilasiassdnalaadfEunumawidnnnaluamiaiu 3 (n) netd VWP

(1) N3 WP
Protection Schemes (VWP with demand = 3)
M SLB SLBS - | SLBS - I| SLBP
No

100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 87 129 | 117 | 122 | 126 | 117 | 121 | 124 | 108 | 119 | 129
2 44 60 55 58 58 55 58 58 51 56 60
3 29 41 37 39 39 36 38 38 36 38 41
4 22 31 28 30 30 29 29 29 29 29 31
5 18 26 24 25 25 24 25 25 24 24 26
6 15 21 24 21 21 19 71, 21 21 21 21
7 14 20 18 19 20 18 19 19 18 19 20
8 12 19 17 18 18 17 17 18 18 18 19

(n)
Protection Schemes (WP with demand = 3)

M No | SLB SLBS - | SLBS - II SLBP

100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 87 129 | 117 | 122 | 126 | 117 | 121 | 124 | 108 | 119 | 129
2 44 60 55 58 59 55 57 57 51 56 59
3 29 41 37 39 40 36 37 38 36 38 40
4 22 31 29 30 30 29 29 30 29 30 31
5 18 27 24 24 25 24 25 26 24 25 27
6 15 22 21 22 22 20 21 21 21 22 22
7 14 21 19 19 20 19 19 20 19 20 21
8 12 18 17 vy 18 7 18 18 17 18 18

(1)
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A15199 4.16 auuidulainugaifaanisluianisdntlasuuy SLB aaelasetineg 7N_13L

WwauduuuunldinistnilasiassdinalaadFunamawidnnnaluamiaiu 4 (n) netd VWP

(1) N3 WP
Protection Schemes (VWP with demand = 4)
M SLB SLBS - | SLBS - Il SLBP
No

100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 116 | 209 | 192 | 199 | 204 | 192 | 198 | 202 | 177 | 188 | 198
2 58 81 72 77 78 72 76 76 65 70 76
3 39 53 50 51 52 49 50 50 45 47 50
4 29 41 37 39 39 36 38 38 36 36 40
5 24 34 32 32 32 e 31 32 30 31 33
6 20 29 26 28 28 o 5% 27 26 26 28
7 17 24 24 24 27 23 24 24 23 23 24
8 15 22 20 21 21 20 20 21 21 21 22

(n)

Protection Schemes (WP with demand = 4)

M No | SLB SLBS - | SLBS - Il SLBP

100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 116 | 209 | 192 | 199 | 204 | 192 | 198 | 202 | 177 | 188 | 198
2 58 81 71 76 76 72 74 74 65 69 75
3 39 53 50 52 52 49 50 50 45 47 52
4 29 41 38 39 40 36 37 39 35 36 38
5 24 34 31 32 32 31 32 32 30 30 32
6 20 29 27 27 27 27 27 28 26 27 28
7 17 24 23 23 23 23 24 24 23 23 24
8 15 22 20 20 22 20 21 21 21 21 22

(1)
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A5 4.17 31w uladnasnaasnisludsnistnilasuuy MC aaalasating 5N_7L

wauiuuuunldiinistnilasiassdnalnadiBunumawidnnnaluamiaiu 1 (n) netd VWP

(1) N7 WP
Protection Schemes (VWP with demand = 1)
M MC MCS - | MCS - Il MCP
No
100% | 30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 13 21 13 16 18 13 13 14 21 21 21
2 7 11 8 8 9 7 7 7 11 11 11
3 5 9 5 8 8 5 5 7 9 9 9
4 5 6 5 5 6 5 5 6 6 6 6
5 5 6 5 5 6 5 5 5 6 6 6
6 4 5 5 5 5 5 5 5 5 5 5
7 4 5 5 5 5 5 5 5 5 5 5
8 4 5 5 5 5 5 5 5 5 5 5
(n)
Protection Schemes (WP with demand = 1
M MC MCS - | MCS - I MCP
No
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 13 21 13 16 18 13 13 14 21 21 21
2 7 11 8 8 9 % 7 7 11 11 11
3 5 9 5 8 8 5 5 7 9 9 9
4 5 6 5 5 6 5 5 6 6 6 6
5 5 6 5 5 6 5 5 5 6 6 6
6 4 5 5 5 5 5 5 5 5 5 5
7 4 5 5 5 5 5 5 5 5 5 5
8 4 5 5 5 5 5 5 5 5 5 5
(
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A9 4.18 [unwdulednasnaasni1sluasnistnilasuuy MC aaalmasating 5N_7L

WwauiuuuunladiinistnilasiassdnalnadiFunumawidnnnaluamiagu 2 (n) netd VWP

(1) N7 WP
Protection Schemes (VWP with demand = 2)
M MC MCS - | MCS - Il MCP
No
100% | 30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 26 42 26 31 36 26 26 28 26 26 42
2 13 21 13 16 18 13 13 14 13 13 21
3 7 15 9 12 14 9 9 11 9 9 15
4 7 11 8 8 9 7 7 7 7 7 11
5 6 11 8 8 9 6 2 7 6 6 11
6 5 9 5 8 8 5 5 7 5 5 9
7 5 9 5 8 8 5 5 7 5 5 9
8 5 6 5 5 6 5 5 6 5 5 6
(n)
Protection Schemes (WP with demand = 2)
M MC MCS - | MCS - I MCP
No
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 26 42 26 31 36 26 26 28 26 26 42
2 13 21 13 16 18 13 13 14 13 13 21
3 9 15 9 12 14 9 9 11 9 9 15
4 7 11 8 8 9 Z 7 7 7 7 11
5 6 11 8 8 9 6 7 7 6 6 11
6 5 9 5 8 8 5 5 7 5 9 9
7 5 9 5 8 8 5 5 7 5 9 9
8 5 6 5 5 6 5 5 6 5 5 6
(
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A9 4.19 31w uladnasnaasnslasnistnilasuuy MC aaalmasating 5N_7L

wauiuuuunldiinistnilasiassdnalaadFunumawidnnnaluamiau 3 (n) netd VWP

(1) N7 WP
Protection Schemes (VWP with demand = 3)
M MC MCS - | MCS - Il MCP
No
100% | 30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 39 63 39 47 54 39 39 42 39 42 63
2 20 32 21 24 27 20 20 21 20 21 32
3 13 21 13 16 18 13 13 14 11 15 21
4 11 17 12 13 15 11 11 12 11 11 17
5 9 15 9 ‘v 14 9 9 11 9 11 15
6 7 11 8 8 9 7 7 7 7 9 11
7 7 11 8 8 9 7 7 7 7 9 11
8 6 11 8 8 9 6 7 7 6 6 11
(n)
Protection Schemes (WP with demand = 3)
M MC MCS - | MCS - I MCP
No
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 39 63 39 47 54 39 39 42 39 42 63
2 20 32 21 24 27 20 20 21 20 21 32
3 13 21 13 16 18 13 13 14 13 15 21
4 11 17 12 13 15 11 11 12 11 11 17
5 9 15 9 12 14 9 9 11 9 11 15
6 7 11 8 8 9 7 7 7 7 9 11
7 7 11 8 8 9 7 7 7 7 5 11
8 6 11 8 8 9 6 7 7 6 6 11
(
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A9 4.20 AU lednasnfaasnslasnistnilasuuy MC aaalasating 5N_7L

WwauduuuunladinistnilasiassdnalaadiFunumawidnnnaluamintu 4 (n) netd VWP

(1) N7 WP
Protection Schemes (VWP with demand = 4)
M MC MCS - | MCS - Il MCP
No
100% | 30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 52 84 52 62 72 52 52 56 52 52 63
2 26 42 26 31 36 26 26 28 26 26 32
3 18 30 18 23 26 18 18 21 18 18 21
4 13 21 13 16 18 13 13 14 13 13 17
5 11 20 13 16 17 T 12 14 11 11 15
6 9 15 9 12 14 9 9 11 9 9 11
7 9 15 9 12 14 9 9 11 9 9 11
8 7 15 8 8 9 7 7 7 7 7 11
(n)
Protection Schemes (WP with demand = 4)
M MC MCS - | MCS - I MCP
No
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 52 84 52 62 72 52 52 56 52 52 63
2 26 42 26 31 36 26 26 28 26 26 32
3 18 30 18 23 26 18 18 21 18 18 21
4 13 21 13 16 18 13 13 14 13 13 17
5 11 20 13 16 17 11 12 14 11 11 15
6 9 15 9 12 14 9 9 11 9 9 11
7 9 15 9 12 14 9 9 11 9 9 11
8 7 15 8 8 9 7 7 7 7 7 11

(2)
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A9 4.21 anunuduleninuaansaanisludsnistnilasuuy MC aaslaseaing 7N_13L

WwauduuuunldinistnilasiassdinalaadifEunumawinnnaluamiagu 1 (n) netd VWP

(1) N3 WP
Protection Schemes (VWP with demand = 1)
M MC MCS - | MCS - Il MCP
No
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 29 38 29 29 30 29 29 29 38 38 38
2 15 19 15 15 16 15 15 15 19 19 19
3 11 15 11 g, 12 11 11 11 15 15 15
4 9 11 9 9 10 9 9 9 11 11 11
5 8 11 8 9 9 8 8 8 11 11 11
6 7 9 7 7 9 7 8 8 9 9 9
7 7 9 7 7 8 7 8 8 9 9 9
8 7 9 7 7 8 7 8 8 9 9 9
(M)
Protection Schemes (WP with demand = 1
M MC MCS - | MCS - Il MCP
No
100% | 30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 29 38 29 29 30 29 29 30 38 38 38
2 15 19 15 15 18 15 15 19 19 19 19
3 11 15 11 11 12 19 11 13 15 15 15
4 9 11 9 9 10 9 9 9 11 11 11
5 8 11 8 9 10 8 8 9 11 11 11
6 7 9 7 7 9 7 8 8 9 9 9
7 7 9 7 7 8 7 8 8 9 9 9
8 7 9 7 7 8 7 8 8 9 9 9
(
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A9 4.22 anunuduleninugansaangludsnistnilasuuy MC aaslaseaing 7N_13L

WwauiuuuunladiinistnilasiassdnalaadfEunumawidnnnaluamiagu 2 (n) netd VWP

(1) N3 WP
Protection Schemes (VWP with demand = 2)
M MC MCS - | MCS - II MCP
No
100% | 30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 58 74 58 58 59 58 58 58 58 58 74
2 29 37 29 29 30 29 29 29 29 29 37
3 20 28 20 21 21 20 20 20 20 20 28
4 15 19 15 15 16 15 15 15 15 15 19
5 13 17 14 14 15 13 13 13 13 13 17
6 11 15 11 11 12 11 11 11 11 11 15
7 10 13 10 10 10 10 10 10 10 10 13
8 9 11 9 9 10 9 9 9 9 9 11
(n)
Protection Schemes (WP with demand = 2)
M MC MCS - | MCS - Il MCP
No
100% | 309 | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 58 74 58 58 59 58 58 58 58 58 74
2 29 37 29 29 30 29 29 29 29 29 37
3 20 28 20 21 21 20 21 22 20 20 28
4 15 19 15 15 16 15 15 17 15 15 19
5 13 17 14 14 15 13 13 15 14 14 17
6 11 15 11 11 12 11 12 11 11 11 15
7 10 13 10 10 12 10 10 10 11 11 13
8 9 11 9 9 10 9 9 9 9 9 11

(2)
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A9 4.23 anunuduleninuasnsaanigludsnistnilasuuy MC aaslaseaing 7N_13L

WwauduuuunladinistnilasiassdnalaadfEunumawidnnnaluamiaiu 3 (n) netd VWP

(1) N3 WP
Protection Schemes (VWP with demand = 3)
M MC MCS - | MCS - II MCP
No

100% | 30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 87 | 110 | 87 87 89 87 87 87 87 87 110
2 44 55 44 44 45 44 44 44 44 44 55
3 29 37 29 29 30 29 29 29 29 29 37
4 22 30 23 23 24 22 22 22 22 22 30
5 18 24 19 19 20 18 18 18 18 19 24
6 15 19 15 15 16 15 15 15 15 15 19
7 14 19 15 15 16 14 14 14 14 15 17
8 12 17 18 14 14 12 12 12 12 12 17

(n)
Protection Schemes (WP with demand = 3)
M MC MCS - | MCS - II MCP
No

100% | 309 | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 87 | 110 | 87 87 89 87 87 88 87 87 110
2 44 55 44 44 45 44 44 44 44 44 55
3 29 37 29 29 30 29 29 31 29 29 37
4 22 30 23 24 24 22 22 22 22 22 30
5 18 24 19 20 22 19 19 18 18 19 24
6 15 20 15 15 16 15 15 15 15 17 19
7 14 19 15 15 16 14 14 14 14 15 17
8 12 17 13 14 14 12 12 12 12 12 17

(1)




58

A9 4.24 anunuduleninugansaanisludsnistnilacuuy MC aaslaseaing 7N_13L

WwauduuuunldinistnilasiassdinalaadFunamawidnnnaluamiaiu 4 (n) netd VWP

(1) N3 WP
Protection Schemes (VWP with demand = 4)
M MC MCS - | MCS - Il MCP
No
100% | 30% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 116 | 148 | 116 | 116 | 118 | 116 | 116 | 116 | 116 | 116 | 116
2 58 74 58 58 59 58 58 58 58 58 58
3 39 51 39 40 40 39 39 39 39 39 39
4 29 37 29 29 30 29 29 29 29 29 30
5 24 31 24 24 28 24 24 24 24 24 24
6 20 26 20 20 20 20 20 20 20 20 20
7 17 22 18 18 18 17 17 17 17 17 17
8 15 19 15 15 16 15 15 15 15 15 17
(n)
Protection Schemes (WP with demand = 4)
M MC MCS - | MCS - I MCP
No
100% | 309% | 50% | 70% | 30% | 50% | 70% | 25% | 50% | 75%
1 116 | 148 | 116 | 116 | 118 | 116 | 116 | 116 | 116 | 116 | 116
2 58 74 58 58 59 58 58 58 58 58 58
3 39 54 39 40 40 39 39 40 39 39 39
4 29 37 29 29 30 29 29 29 29 29 30
5 24 31 24 25 28 24 24 25 24 24 24
6 20 28 20 21 20 20 21 22 20 21 20
7 17 22 18 19 19 17 20 21 18 17 17
8 15 19 15 15 17 15 15 17 15 16 18

(2)
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120 120 4
- O DJP100% O SLB100%
100 [ B DJPS70% 100 JML m SLBS70%
0O DJPS50% O SLBS50%
80 1 O DJIPS30% 80 1 O SLBS30%
g 60 | m No Protect g 60 | m No Protect
2 2
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0 4 o O
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Numberof wavelengths per fiber Numberof wavelengths per fiber
(n) (1)
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5% 4.2 Srwswdulatauaslngsanzealasetng SN_7L wuu WP ifinsawiniviniy 4 lu
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120 120
_ @ DJP100% @ SLB100%
100 1 m DIPP75% 100 | B SLBP75%
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AN519% 4.25 A7 M NNIMIRANIINARALUBILULAN AN NATIAAI@AS 1R an17UnTleduwuy DIP we9imsatng 5N_7L ARUFNauns i nwingy 4 (n)

Nl VWP (11) N9t WP

Protection Schemes (VWP with demand = 4)

M No DJP DJPS - | DJPS - 1l DJPP
100% 30% 50% 70% 30% 50% 70% 25% 50% 75%

1 0 0 0 0 0 0 0 0 0 0 0

2 0 0.02 sec 0 0 0.02 sec 0 0.02 sec 0.01 sec 0.02 sec 0.02 sec 0.02 sec
3 0 0 0 0 0 0 0 0.02 sec 0 0 0

4 0 0.02 sec 0 0 0.02 sec 0 0.01 sec 0.02 sec 0.02 sec 0.01 sec 0.02 sec
5 0.03 sec 0.02 sec 0 0.02 sec 0 0 0.02 sec 0.02 sec 0 0 0

6 0 0.01 sec 0 0 0 0.01 sec 0.01 sec 0.02 sec 0 0 0.02 sec
7 0.02 sec 0.02 sec 0 0.01 sec 0 0 0.02 sec 0.01 sec 0.01 sec 0.01 sec 0.01 sec
8 0 0.02 sec 0.02 sec 0.02 sec 0.01 sec 0.02 sec 0.01 sec 0.02 sec 0.01 sec 0.01 sec 0.01 sec

(n)
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Protection Schemes (WP with demand = 4)

M DJP DJPS - | DJPS - I DJPS - Il
No
100% 30% 50% 70% 30% 50% 70% 25% 50% 75%

1 0 0.02 sec 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0.02 sec 0.02 sec 0 0.02 sec
3 0.02 sec 0.06 sec 0.02 sec 0.02 sec 0.03 sec 0.02 sec 0.06 sec 0.11 sec 0.06 sec 0.05 sec 0.08 sec
4 0.06 sec 0.08 sec 0.02 sec 0.02 sec 0.05 sec 0 0.11 sec 0.06 sec 0.07 sec 0.05 sec 0.13 sec
5 0.19 sec 0.25 sec 0.05 sec 0.05 sec 0.20 sec 0.02 sec 0.27 sec 0.25 sec 0.48 sec 0.33 sec 0.28 sec
6 0.05 sec 0.33 sec 0.11 sec 0.16 sec 0.42 sec 0.03 sec 0.36 sec 0.36 sec 0.56 sec 0.64 sec 0.41 sec
7 0.73 sec 0.97 sec 0.19 sec 0.31 sec 0.58 sec 0.28 sec 0.97 sec 1 sec 0.77 sec 0.89 sec 0.84 sec
8 0.02 sec 0.83 sec 0.11 sec 0.28 sec 0.63 sec 0.08 sec 0.81 sec 1.22 sec 1.17 sec 0.7 sec 1.38 sec
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AN5197 4.26 AN M MNNIMIRANIINARDLLDILULAN AN AR AIEAS 1R 5N nTledusy SLB we9imsatng 5N_7L AREFNauns i nwingy 4 (n)

Nl VWP (11) N9t WP

Protection Schemes (VWP with demand = 4)
M No SLB SLBS - | SLBS - |l SLBP
100% 30% 50% 70% 30% 50% 70% 25% 50% 75%

1 0 0 0 0 0 0 0 0 0 0 0

2 0 0 0.02 sec 0 0 0 0.02 sec 0 0.02 sec 0 0

3 0 0 0 0 0 0.01 sec 0 0 0.02 sec 0 0

4 0 0 0 0.02 sec 0 0 0 0.02 sec 0.02 sec 0 0.02 sec
5 0.03 sec 0.02 sec 0 0 0 0 0 0 0.02 sec 0.02 sec 0

6 0 0 0 0 0.01 sec 0 0.02 sec 0.02 sec 0.02 sec 0.02 sec 0.02 sec
7 0.02 sec 0.02 sec 0.01 sec 0 0 0 0.01 sec 0.02 sec 0 0.02 sec 0.02 sec
8 0 0 0 0.02 sec 0.02 sec 0 0.02 sec 0.01 sec 0 0.02 sec 0.02 sec

(n)
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Protection Schemes (WP with demand = 4)

M No SLB SLBS - | SLBS - |l SLBP

100% 30% 50% 70% 30% 50% 70% 25% 50% 75%
1 0 0.02 sec 0 0 0.02 sec 0 0 0 0 0 0
2 0 0.02 sec 0 0 0 0 0 0.02 sec 0.01 sec 0.02 sec 0.03 sec
3 0.02 sec 0.06 sec 0.02 sec 0 0.08 sec 0.01 sec 0.06 sec 0.13 sec 0.06 sec 0.06 sec 0.08 sec
4 0.06 sec 0.08 sec 0.05 sec 0.03 sec 0.03 sec 0.01 sec 0.11 sec 0.14 sec 0.22 sec 0.06 sec 0.14 sec
5 0.19 sec 0.3 sec 0.03 sec 0.09 sec 0.3 sec 0.02 sec 0.25 sec 0.28 sec 0.34 sec 0.27 sec 0.31 sec
6 0.05 sec 0.48 sec 0.06 sec 0.09 sec 0.2 sec 0.03 sec 0.42 sec 0.83 sec 0.41 sec 0.48 sec 0.95 sec
7 0.73 sec 0.56 sec 0.08 sec 0.16 sec 0.89 sec 0.20 sec 1.11 sec 1.28 sec 0.59 sec 0.88 sec 1 sec
8 0.02 sec 2.02 sec 0.19 sec 0.28 sec 0.75 sec 0.06 sec 0.64 sec 1.17 sec 1.08 sec 0.98 sec 2.3 sec
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AN5199 4.27 1AM M IUN1IMINANINAFBLIBILLLANABINNAIAAIEAT11ATN3UnTaauuy MC 1e4ims9tne 5N_7L ARUFNauns AW nwingy 4 (n)

N3l VWP (1) N3t WP

Protection Schemes (VWP with demand = 4)
M No MC 100% MCS - | MCS - lI MCP
30% 50% 70% 30% 50% 70% 25% 50% 75%

1 0 0 0 0 0 0 0 0 0 0 0.06 sec
2 0 0 0 0 0 0 0 0 0 0 0

3 0 0 0.01 sec 0.02 sec 0.02 sec 0.02 sec 0.03 sec 0.03 sec 0.01 sec 0.05 sec 0.11 sec
4 0 0 0 0.02 sec 0 0 0 0 0 0.01 sec 0.03 sec
5 0.03 sec 0.06 sec 0.02 sec 0.02 sec 0.02 sec 0.02 sec 0.05 sec 0.05 sec 0.05 sec 0.16 sec 0.01 sec
6 0 0.02 sec 0.02 sec 0.02 sec 0.02 sec 0.01 sec 0.02 sec 0.05 sec 0.01 sec 0.02 sec 0.03 sec
7 0.02 sec 0.02 sec 0.02 sec 0.03 sec 0.06 sec 0.08 sec 0.09 sec 0.26 sec 0.03 sec 0.02 sec 0.16 sec
8 0 0.02 sec 0 0.01 sec 0.02 sec 0 0.02 sec 0 0.02 sec 0.02 sec 0.05 sec

(n)
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Protection Schemes (WP with demand = 4)

M No MC 100% MCS - | MCS - lI MCP
30% 50% 70% 30% 50% 70% 25% 50% 75%

1 0 0 0 0 0 0 0 0 0.02 sec 0 0.06 sec
2 0 0.02 sec 0.02 sec 0.02 sec 0.02 sec 0 0 0.03 sec 0.02 sec 0 0.11 sec
3 0.02 sec 0.11 sec 0.11 sec 0.3 sec 0.13 sec 0.14 sec 0.08 sec 0.23 sec 0.19 sec 0.67 sec 0.44 sec
4 0.06 sec 0.38 sec 0.06 sec 0.13 sec 0.28 sec 0.02 sec 0.08 sec 0.09 sec 0.14 sec 0.36 sec 1.05 sec
5 0.19 sec 2.06 sec 0.86 sec 1.08 sec 0.44 sec 0.15 sec 0.4 sec 0.8 sec 0.91 sec 7.61 sec 2.14 sec
6 0.05 sec 2.05 sec 0.16 sec 0.7 sec 0.59 sec 0.77 sec 1.88 sec 3.38 sec 0.64 sec 2.41 sec 2.34 sec
7 0.73 sec 5 sec 1.05sec | 42.03sec | 1.83sec | 30.31sec | 16.38 min | 3.88 sec 1 min 8.95 sec 4.44 sec
8 0.02 sec 4.86 sec 1.25 sec 0.81 sec 1.14 sec 0.3 sec 0.7 sec 1.83 sec 0.48 sec 5.48 sec 7.94 sec

(2)
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A15197 4.28 1A% 1 11N1IUNHAN1INAZDLABILLLANAAINIAAAIART 11T 19U ntlaguuy DIP wa9lagatng 7N_13L ARUFu s wRNnwmngy 4

(N) N3E VWP () n3e WP

Protection Schemes (VWP with demand = 4)
M No DJP DJPS - | DJPS - Il DJPP
100% 30% 50% 70% 30% 50% 70% 25% 50% 75%

1 0 0.13 sec 0.02 sec 0.05 sec 0.03 sec 0.03 sec 0.05 sec 0.03 sec 0.84 sec 0.42 sec 0.45 sec
2 0 0.14 sec 0.02 sec 0.02 sec 0.02 sec 0 0.02 sec 0.01 sec 0.5 sec 0.17 sec 1.17 sec
3 0.16sec | 21.72sec | 0.16 sec 0.63 sec 0.84 sec 0.38 sec 0.34 sec 4.2 sec 1.25 sec 0.64 sec 1.69 sec
4 0 0.16 sec 0.03 sec 0.02 sec 0.14 sec 0.05 sec 0.05 sec 0.05 sec 1.27 sec 0.63 sec 1.23 sec
5 0.03 sec 2.48 sec 0.14 sec 0.7 sec 1.45 sec 0.11 sec 0.5 sec 0.66 sec 1.19 sec 0.45 sec 1.33 sec
6 0.06 sec 1.16 sec 0.2 sec 0.94 sec 0.97 sec 0.13 sec 0.34 sec 0.5 sec 1.91 sec 1.39 sec 1.14 sec
7 0.33 sec 1.38 sec 0.31 sec 0.61 sec 1.17 sec 0.56 sec 0.44 sec 0.53 sec 1.69 sec 0.98 sec 1.11 sec
8 0.03 sec 0.56 sec 0.28 sec 0.59 sec 0.59 sec 0.19 sec 0.59 sec 0.39 sec 1.42 sec 0.81 sec 2.09 sec




Protection Schemes (WP with demand = 4)

M No DJP DJPS - | DJPS - Il DJPP

100% 30% 50% 70% 30% 50% 70% 25% 50% 75%
1 0.01 sec 0.13 sec 0.02 sec 0.05 sec 0.03 sec 0.03 sec 0.05 sec 0.03 sec 0.92 sec 0.47 sec 0.47 sec
2 0.02 sec 0.19 sec 0.02 sec 0.03 sec 0.3 sec 0.14 sec 0.03 sec 0.03 sec 4.69 sec 0.31 sec 3.19 sec
3 0.61 sec 2.18 min 444 sec | 1253 sec | 22.8 sec 2.48sec | 25.27sec | 52.48 sec | 12.77 sec | 44.95sec | 3.62 min
4 0.33sec | 25.63sec | 19.48 sec | 26.72min | 13.84 sec | 2.41 sec 9.41 sec 6.66 sec 24.3sec | 22.34 sec 1 min
5 19.11 sec 3.5 min 15.36sec | 3.98 min | 11.17 min | 13.02 sec | 22.42 sec | 22.39 min 1 min 2.46 min 1.39 min
6 3.64 sec 7.99 min | 26.84 sec > 3hrs 1.5 min 12.27 sec | 47.13 sec | 59.2 sec 1.5 min 4.33 min | 16.94 min
7 8.53sec | 20.92 min | 11.44 sec 1 min 42.19 sec | 56.03 sec | 5.89 min 1.26 min 1.5 hrs 6.04 min 8.19 min
8 2.39sec | 29.89sec | 2.43 min 2.9 min 28.06 sec | 9.28 sec 6.13 min 9.57 min 2.5 hrs 2 hrs 15.95 min
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A15197 4.29 19A17 1 11N1IUNHAN1INAZDLAAILLLANAAINIAAAIART 11T 19U nTlaguuy SLB wa9lagang 7N_13L ARFu s wAnwmngy 4

(N) N3E VWP () n3e WP

Protection Schemes (VWP with demand = 4)
M No SLB SLBS - | SLBS - |l SLBP
100% 30% 50% 70% 30% 50% 70% 25% 50% 75%

1 0 0.09 sec 0.02 sec 0.03 sec 0.05 sec 0 0 0.02 sec 0.22 sec 0.42 sec 0.16 sec
2 0 0.11 sec 0.02 sec 0.03 sec 0.06 sec 0 0.05 sec 0.03 sec 0.58 sec 0.19 sec 0.20 sec
3 0.16 sec 1.28 sec 0.3 sec 0.59 sec 0.59 sec 0.3 sec 0.3 sec 0.27 0.66 sec 0.91 sec 0.72 sec
4 0 0.14 sec 0.02 sec 0.05 sec 0.08 sec 0.03 sec 0.08 sec 0.03 sec 1.36 sec 0.50 sec 1.42 sec
5 0.03 sec 1.14 sec 0.3 sec 0.38 sec 0.97 sec 0.09 sec 0.33 sec 0.83 sec 1.41 sec 1.11 sec 3.95 sec
6 0.06 sec 1 sec 0.17 sec 0.67 sec 0.53 sec 0.13 sec 0.28 sec 0.48 sec 1.28 sec 1.28 sec 2.74 sec
7 0.33 sec 0.78 sec 0.41 sec 0.8 sec 0.02 sec 0.25 sec 0.53 sec 1.89 sec 1.74 sec 1.74 sec 2.24 sec
8 0.03 sec 0.19 sec 0.2 sec 0.28 sec 0.52 sec 0.22 sec 0.86 sec 0.41 sec 1.2 sec 0.49 sec 1.28 sec




Protection Schemes (WP with demand = 4)

M No SLB SLBS - | SLBS - |l SLBP
100% 30% 50% 70% 30% 50% 70% 25% 50% 75%

1 0.01 sec 0.09 sec 0.05 sec 0.03 sec 0.05 sec 0.02 sec 0 0.02 sec 0.58 sec 0.47 sec 0.19 sec
2 0.02 sec 0.42 sec 0.02 sec 0.06 sec 0.03 sec 0.14 sec 0.16 sec 0.31 sec 4.36 sec 1.74 sec 2.59 sec
3 0.61 sec 8.25 sec 255sec | 13.64sec | 5.25 sec 4.52 sec 4.92 sec 2.06sec | 10.47sec | 9.64sec | 32.13 sec
4 0.33sec | 56.92sec | 3.08 sec 5.75sec #1527 sec | 1.39 sec 5.94 sec | 44.88 sec | 24.24 sec | 27.44 sec | 20.84 sec
5 19.11 sec | 48.39 sec | 50.69 sec 2 min 20.91 sec | 10.38 sec | 47.50sec | 12.98 min | 36.64 sec | 34.86 sec > 3 hrs
6 3.64 sec 2.93 min 8.89 sec 15.2sec | 34.16 sec | 19.97 sec | 9.76 sec 7.08 min 2 hrs 2 hrs 2.5 hrs
7 8.53 sec 3.48 min 8.92sec | 36.33sec | 30.03sec | 22.34sec | 3.97 min | 41.95min | 3.54 min 1.97 min 3.57 min
8 2.39 sec 1.11 min 4.38 sec 7.08 sec | 32.67 sec | 25.52sec | 1.14 min 1.5 min 1hr 2 hrs 26.47 min
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A1519% 4.30 AN M INNTUMIRANINARDLLBILLLANABIN AR AIEAT 1A EN13Un Uy MC aa9lasaaing 7N_13L AN N WAnwindy 4 (n)

n36W VWP () n3e WP

Protection Schemes (VWP with demand = 4)

M No MC 100% MCS - | MCS - Il MCP
30% 50% 70% 30% 50% 70% 25% 50% 75%

1 0 39.39sec | 0.05sec 0.22 sec 9 sec 0.03 sec 0.06 sec 0.19 sec 0.08 sec 0.06 sec | 21.34 sec
2 0 1.84 sec 0.06 sec 0.59 sec 0.23 sec 0.02 sec 0.09 sec 0.47 sec 0.17 sec 0.06 sec 2.91 sec
3 0.16 sec 9.66 min 3.34sec | 29.56 sec | 43.95sec | 1.02 sec 2.3 sec 6.16 sec 3.5 sec 13.28 sec | 36.8 sec
4 0 2.28 sec 0.13 sec 0.45 sec 4.45 sec 0.03 sec 0.03 sec 0.58 sec 0.41 sec 0.78 sec 8.59 sec
5 0.03sec | 11.06 min | 2.78 sec | 19.41 sec | 9.61 min 0.59 sec 3.81 sec 3.41 sec 1.52 sec 6.38 sec 2 min

6 0.06 sec 3.09 sec 0.36 sec 1.99 sec 1.13 sec 0.22 sec 0.33 sec 4 sec 0.59 sec 0.97 sec 9.38 sec
7 0.33sec | 29.84 sec 1.8 sec 14.64 sec 45 sec 1.36 sec 1.88 sec 1.25 sec 1.64 sec | 13.89 sec > 3 hrs
8 0.03 sec 4.2 sec 0.31 sec 0.61 sec 7.02 sec 0.05 sec 0.36 sec 1.19 sec 0.49 sec 0.42 sec | 20.14 sec

(n)



Protection Schemes (WP with demand = 4)

M No MC 100% MCS - | MCS - lI MCP

30% 50% 70% 30% 50% 70% 25% 50% 75%
1 0.01sec | 39.58 sec | 0.05 sec 0.22 sec 9.06 sec 0.11 sec 0.94 sec 1.31 sec 0.08 sec 0.06 sec | 20.41 sec
2 0.02sec | 16.03sec | 0.20 sec 555sec | 24.92sec | 0.45 sec 4,47 sec | 21.06 sec | 0.34 sec 0.52 sec 1 min
3 0.61 sec 1.5 hrs 5.91 sec 1.44 min 7.85 min 1.91 min 1.91 min | 34.33 min | 13.41 sec 2 min 6 min
4 0.33 sec 259 min | 28.72sec | 2.38 min 242 min | 37.11 sec 2 min 30 sec 3.44 sec 3 min 3 min
5 19.11 sec 1 hrs 1.66 min | 23.42min | 42.37 min | 13.11 min | 5.18 min | 22.21 min | 2.56 min | 11.14 min 1 hrs
6 3.64 sec 2 hrs 6.11 min | 29.95min | 11.99 min | 3.69 min [ 26.59 min 1hr 4 min 1.5 hrs 16.93 min
7 8.53 sec >3 hrs 1 hr 39.56 min 1.5 hrs 16.61 min 1.5 hrs 2.5 hrs > 3 hrs 10.62 min > 3 hrs
8 2.39sec | 26.55min | 3.32min | 14.89 min 2 hrs 7.71 min 8.91 min 1.5 hrs 2 min 1 hrs 2 hrs

(2)
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Abstract

This paper studies about protection service. grades for three
optical path restoration approaches against all single link failures: for
wavelength division multiplexed (WDM) mesh network. Two types of
protection service grades are considered, namely, the protection of some
nodes in network and the protection of some part in network. Numerical
results show that total number of fiber required for both types of
protection service grades decrease. Moreover, in this paper, the
influence of wavelength conversion and the number of wavelengths in
total number of fiber required on the system designs are also analyzed.
The mathemathical model based on integer linear programming (ILP)
are used as a solution technique for obtaining total number of fiber

required of every approach.

Keywords: WDM, fibers, wavelength converters, protection, QoP
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