f‘lﬁlﬁﬂﬂ’)ﬂllﬁﬂu ms%’m&’umq LLZWﬂ']ﬁfﬁjﬂﬁ'iiﬂ’)nlfl'l’)ﬂauslUTﬂiﬁslhﬂLL‘U‘UﬂﬁWEJﬂ?ﬂiJEJ'I’Jﬂau

td'd v 1 1 tﬂl d! =
‘VlllfnﬁﬂfNﬂUTﬂ5\1GU'lEJ‘fﬂﬂ‘lIT(’JLGI)"E)iJIfNWHQLﬁEJﬁ'IEJ

UIYNTFY TUIANAINT

a a Y I 1 % [ a a Y] a
Inorinustiiludiunisvesmsanyiaunangasiiygimnssumaasurimiaga
Iy su Wi madraaanssu i
AMZARINTTUANAAT PAINTAIUMIANAY

= =1
1MsANYT 2544
ISBN 974-03-0669-1

a a J a @
ﬁﬂlﬁ'ﬂ‘ﬁﬂl'ﬁ]\iﬂw'lﬁ\‘lﬂimuﬁ’nﬂﬂ’lﬁﬂ



RING SELECTION ROUTING AND WAVELENGTH ALLOCATION IN MULTIWAVELENGTH
NETWORK WITH SINGLE LINK FAILURE PROTECTION

Mzr. Pornchai Thanakomsakorn

A Thesis Submitted in Partial Fulfillment-of the Requirements
for the Degree of Master of Engineering in Electrical Engineering
Department of Electrical Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2001

ISBN 974-03-0669-1



% a a

4 Iy 1] 4 ]
1R IMNUNUT  MIADNIUHIU MITAFUN tazmMIsaasinnuendululasevisnuuvaiy
tﬂ' d‘d o ] 1 tﬂ' d! =
ANveInauNIMItlosnuIasevrenniiewon Teaniiudenie
Tag WINTF FUINNAIAT
GURRE R Jeanssu vl

s (R [ aa A a
21150NUSnE WAL AT.AYNNT YJAANDNANI

v A a

a 4 a @ 2 @ 91:,‘ v :
AUZARINTTUAAAT YWNaINTINMIANOEE oyTA i uInetdwusaiuiidludunilsues

msAnpIwrangasUsyauiuma

................................................... AUUANUZIAINTTUATAS

4
a o

o [
(AE91519158 AT.AUANA ﬂmmmﬁ";)

9 9

a a 4
AUSHTTUNTADUINITIUNUTD

........................................................... 1J5L5IUNTTUNS
o a o 4
(393MAATINTY AT.AUFIY INSWUTNA)
S (=R

........................................................... 219158N1U5n11

] L4 o AaAa A a
(E{ﬂmﬂmﬁm"miﬂ AT.ANNNT JAANTNANI)
........................................................... NSIUNIT

4 a
(399FAN T8 AT.01NH L‘]Jiyﬁ]Wﬂf]‘ﬁ)



N3%8 BUIANEIAT :  MFIADAIINIU MITAFUNI tazmsdaassanueaanlulasevisuuurale
ANveMAaUNINMItloatu Tassineanieien Teaniladerie (RING SELECTION ROUTING AND
WAVELENGTH ALLOCATION IN MULTIWAVELENGTH NETWORK WITH SINGLE LINK FAILURE

PROTECTION) 0. #1131 : iAt. a3.dqynn3 J@iansnana, 100 w1, ISBN 974-03-0669-1

E4 '
Ienfinusmiviiuauenuuiiassnuadiamans i 1¥dmiumsdaass I §un1 LazAwe
A ' A Ao 4 A Y ' @
aaululasanisnnunalsndue1Inaund Ins @3 1D ULH I a18uNe 11 15 918a111505095UA Y
9 a 4 g/’ Y a A a a ] A = @
daoamansilnIdnaluannzmsldaulnduazannzilionannudonisainiiosen Toan e n139ad5399
4 ] o a J
uvau dume wazanuenauluTasaienuuwrura1eaee 1uuusesnendiamans i Integer Lincar
Programming (ILP) tie 1% lumsmidunuveslassiiesiianniwiudulondnivasiesigaildsesiuaiy
b4 '
doamsnsnlilnveslnseine Tasaudsetimislnssiienuanamiunaisieeeniiu 2 uuumMudnyuz Y09 TN 19
Tumssessunswiln nuuusnnslilnuaaznslilnszuaneg luadesdaninTuadunia lUda Tualarenialaeld
e ufer dausunigesnidilnudaznsdilnszndieg luadwisadeninTuadunialddaTua
dareneTagldraumaumnnnimiiess gamneanuhmsilneggndeinuannismunite ldddnraumauniian
a o 9
agaanula

]
@

@ s a a (dya a A (= ~ 9 a9 Yo ax ]
mqﬂszmﬂmmmmuwuﬁu A0 Ans1eHazfTeuneuAUNUNAeaas T 1NN UIEMseenuuy InsIvIe

o § o a /R a a o o
UUURNLHEIUNAINNN 2 LU GdﬁﬂqluﬂiﬁTJ'J‘Hfﬂﬁf]6ﬂLl‘]J‘iJvlg]}‘ﬂ"Iﬂ"li’)Lﬂ5’]3‘1’75\1ﬂ“l/l‘ﬁ‘WﬂélJﬂQQﬂﬂimLLﬂﬁQNUﬂ’ﬂﬂﬂTJ
A o A A A o a S0 Y Y Y o A ' %
AU Llﬁgi]11!’Juﬂ'311lfJTJﬂauiJ”lﬂqu@“ﬂﬁ”lﬂJ15011ﬁGILWﬁﬂ%qﬂiulﬁuiﬂllﬂﬁuﬂ,&ﬁ\‘] ™) 3mwaa&m"lammmqu
Y
b\

] dya a J A v
159918 WoNINHINGIHNUT U

@

4 d' =~ = 9 1 ] @
Fogisgasnmonlsoumendunuszyia1asuIgn UK INKI89NY
Tasaneuuumy nmsnaaen lagnsdiaoaniudis1asaied1oe1anu 33mseenuuy TTIU180ULIWHIY
naennuuiaeslidunuidiniuuusn uaverosveuUNaes Ao InuFudeuninnii uazilodnyidmg

o o A ' Ay o~ A o s @ A g
vosgUnsaiuasduanuennay wud luannzndosimsmwenuyd1509 gilnsainasdiuanuenaauiy

P o & 1 ' — s | ' ' ' Ve
gUnsaininududuae 1ATINEHDUILHIURAIBNTIHI VAT M VNAUNINY dIUAIY09 M 92 HanDT 1LY
1Y} Y o o Ao Yo Vo oAa A P Yo 1Y} Y o
WulouAniuaaagiuiuumunInass nu Inseineaeine Woa1 M siuvuasnalnsuwdu loun e

Ea
pazd A uenantiu MinmslSeusudunuinlassnumwenui luannzlnadunuues
Y ' 1

TAT990UUDIWHINKA19290 9 2 LpDTaAafouiy Tassienuumy ualuanizidesdimaiionuydises

A 1

v '
W‘JJ’ﬂIﬂi\i51]1EJLL“]J’1J’J\1LL1/T’JH14EHEI’NTT\1 2 u‘u1JimJmqqmwé’fu‘v;uﬁ”l?ffu1nmsEmmmﬂﬂiwmmumﬂmnu 19 %
' I~} ' S A 1 ad Ao o = Y <
’EJEJNMl‘iﬂGI”IlJ TﬂiQell”IfJL!,‘]J‘]J’NLm’JuWa”IfJ’Nﬂﬂﬂﬂ@”ﬂlﬂu?ﬁfﬂ‘iﬁlﬂﬂLHJ‘]J‘ﬂ1Jﬂ1519_1'8Qﬂuﬂ’ﬂmﬁﬂﬁ”lﬂulﬂﬂfﬂﬁ?mi’J

= a a Y t4 A vo 9 Y < 1 an ] A
!Lﬁzm_]i$ﬁ1ﬂﬁﬂW‘lTﬂﬂclflfqﬂﬂiﬂ!“l’lN!.lﬁQ‘Vl]lll%UG]i@u waad g A mseontuuy InFneuU U IUHA189N

rueeuninii1 lihlszgad 19 lumal§ia dedsiidszansam



# # 4270440221 : MAJOR ELECTRICAL ENGINEERING
KEY WORD : RING SELECTION, ROUTING AND WAVELENGTH ALLOCATION / MULTI-WAVELENGTH
RING NETWORKS / WAVELENGTH CONVERSION
PORNCHAI THANAKOMSAKORN : RING SELECTION ROUTING AND WAVELENGTH
ALLOCATION IN MULTIWAVELENGTH NETWORK WITH SINGLE LINK FAILURE PROTECTION.
THESIS ADVISOR : LUNCHAKORN WUTTISITTIKULKIJ, Ph.D. 100 pp. ISBN 974-03-0669-1.

This thesis presents mathematical models for ring selection, routing and wavelength allocation in multi-
wavelength multi-ring networks to support traffic demand both in case of normal operation and all single link failure
scenarios. For ring selection, routing and wavelength allocation in multi-ring networks, mathematical model
formulations based on the Integer Linear Programming (ILP) are used to determine the network costs which are
measured in terms of the optimal number of fibers required for supporting a given traffic demand. In this research, multi-
ring networks can be classified into two techniques according to the way in which traffic demands are supported. In the
first, any traffic between any node pair must be restricted to transmit from a source node to a destination node over only
one ring. In the second technique, any traffic between any node pair can be transmitted from a source node into a

destination node using more than one ring, i.e. traffic may be transmitted through a number of adjacent rings.

The main objective of this thesis is to analyze and compare the network costs between two multi-ring design
techniques. In the design process, various salient design aspects are identified and comprehensively addressed. These
include the influence of wavelength conversion and the number of wavelengths multiplexed in a fiber (M) on the system
design and performance. Moreover, the cost of the multi-ring and mesh design approaches are compared. In the study,
based on our simulation on some sample networks, it is shown that the second technique of multi-ring design can
achieve the lower cost than the first one, but its shortcomings lie in the complexity. From the wavelength-converter-
effect evaluation, it is revealed that under the failure scenario, the wavelength converter is a necessary device in multi-
ring networks for only some values of M. The values of M have effect on the number of fibers and the number of rings
which are allocated to networks, i.e. if M value increases, it will make number of fibers and number of rings decreased.
In addition, comparing the design costs between. the multi-ring and mesh. design approaches, it is found that under
normal operation, the cost difference is not substantial. On the contrary, under the failure scenario, it appears that multi-
ring networks require less than 19 % additional costs in comparison to the mesh network design. However, the multi-ring
network is a design approach that offers fast and effective restoration against link failures using relatively simple optical
equipment as opposed to the mesh design counterpart. Consequently, the multi-ring network design is considered

suitable and effective for practical applications.

Department of Electrical Engineering Student’s SIgNAtUIE. .....o.vveititiitiitiiteiianaaaanns
Field of study Electrical Engineering AdVISOIr’s SIgNAtUre. .......ovvvivininiiiinineneneeaae,
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il m=12,.,M; i=12,.,D; 1,21,2,...,nj; ji=12..,C (3.14)
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3.2.2 Jointly optimized working and spare fiber assignment
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M
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(v
Protection schemes for WC case
M
PSW JPSW PSF JPSF LSW JLSW LSF JLSF
1 17 (70%) 15 20 (100%) 20 20 (100%) 17 20 (100%) 20
2 11 (57.2%) 8 14 (100%) 12 11(57.2%) 10 14 (100%) 14
4 4 (0%) 4 8 (100%) 8 8 (100%) / 8 (100%) 8
8 4 (0%) 4 8 (100%) 8 4(0%) 4 8 (100%) 8
(M)
Protection schemes for NWC case
M
PSW JPSW PSF JPSF LSW JLSW LSF JLSF
1 17 (70%) 15 20 (100%) 20 20 (100%) 17 20 (100%) 20
2 11 (57.2%) 8 14 (100%) 14 14 (100%) 11 14 (100%) 14
4 8 (100%) 7 8 (100%) 8 8 (100%) 8 8 (100%) 8
8 4 (0%) 4 8 (100%) 8 8 (100%) 8 8 (100%) 8
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@319N 3.5 $1UIY  comstraint (N¢) #az31uudnls (Nv)  Alsluuuusiasania
a o ] S (= [ [ .
Adamansveelagavig 4N 3R (n) n3dl WitinsileeanuInTau1e (No protection) (V) tag

(@) nsdiimsileaiulassinennieiyen Teaniadomedmsulngaineg WC uag NWC

AUAIAL
(M)
No protection
M wC NwWC

Nc Nv Nc Nv

1 28 39 28 34

2 28 39 38 63

4 28 39 58 Talsll

8 28 39 98 207
()

Protection schemes (WC)

PSW JPSW PSF JPSF LSW JLSW LSF JLSF

Nc | Nv | Ne | Nv | Ne | Nv | Nc [ Nv | Nc | Nv | Ne | Nv [ Nc | Nv | Nc | Nv

66 | 45 | 94 | 84 | 66 | 45 | 94 | 84 | 66 | 45 | 94 | 84 | 66 | 45 | 94 | &4

66 | 45 | 94 | 84 | 66 | 45 | 94 | 84 | 66 | 45 | 94 | 84 | 66 | 45 | 94 | 84

66 | 45 | 94 | 84 | 66 | 45 | 94 | 84 | 66 | 45 | 94 | 84 | 66 | 45 | 94 | B4

66 | 45 | 94 | 84 | 66 | 45 | 94 | 84 | 66 | 45 | 94 | 84 | 66 | 45 | 94 | 84

G

Protection schemes (NWC)

PSW JPSW PSF JPSF LSW JLSW LSF JLSF

Nc | Nv | Nc | Nv | Nc | Nv | Nc | Nv | Nc | Nv | Nc | Nv | Nc | Nv | Nc | Nv

66 | 45 | 94 | 84 | 66 | 45 [ 94 | 84 | 66 | 45 | 94 | -84 | 66 | 45 | 94 | 84

132 | 87 | 170|150 | 132 | 87 | 170 | 150 | 132 | 87 | 170 | 150 | 132 | &7 | 170 | 150

264 | 171 | 322 | 282 | 264 | 171 | 322 | 282 | 264 | 171 | 322 | 282 | 264 | 171 | 322 | 282

528 | 339 | 626 | 546 | 528 | 339 | 626 | 546 | 528 | 339 | 626 | 546 | 528 | 339 | 626 | 546




37

a

M9 3.6 a1 lFlumsmuiarHamas (Run time) ¥93ULUUTIA0INIABAMTAS
v0e1A33918 4N 3R (1) n3al litinsileaduInsev1e (No protection) (V) waz (A) Naid

mytleanuInssnenniiayen TearilademedmsuTaganieg WC taz NWC ansie

Q)
Run time of No protection (sec)
M WwC NwC
1 0.02 0.02
2 0.02 0.06
4 0.02 0.11
8 0.02 0.24

(V)

Run time of Protection schemes for WC case(sec)

PSW | JPSW | PSF JPSF | LSW | JLSW | LSF | JLSF

1 0.01 0.02 0.05 0.04 0.01 0.03 0.01 0.03

2 0.01 0.02 0.05 0.05 0.01 0.03 0.01 0.03

4 0.01 0.02 0.01 0.03 0.01 0.03 0.01 0.03

8 0.01 0.02 0.01 0.02 0.01 0.06 0.06 0.02

Q)

Run time of Protection schemes for NWC case(sec)

PSW | JPSW | PSFE JPSF | LSW | JLSW | LSF | JLSF

1 0.01 0.02 0.11 0.04 0.01 0.02 0.01 0.03

2 0.01 0.22 0.11 0.27 0.01 0.19 0.01 0.1

4 0.01 1.19 0.04 0.83 0.03 0.36 0.01 0.15

8 0.01 12.93 0.25 2.19 0.01 1.58 0.01 0.76
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Tn59918 (No protection) (V) uaz (A) AsMIMIToeTuIaTaeInvIeweN Teaniludee

#1150 1A59918 WC 1tag NWC auaia

(n
No protection
M WC | NWC
122 122
62 62
3% 32
17 17
(v
Protection schemes for WC case
M
PSW JPSW PSF JPSF LSW JLSW LSF JLSF
1 244 (100%) 243 244 (100%) 244 244 (100%) 244 244 (100%) 244
2 124 (100%) 122 124 (100%) 124 124 (100%) 122 124 (100%) 124
4 64 (100%) 62 64 (100%) 64 64 (100%) 62 64 (100%) 64
8 34 (100%) 32 34 (100%) 34 34 (100%) 32 34 (100%) 34
Q)
Protection schemes for NWC case
M
PSW JPSW PSF JPSF LSW JLSW LSF JLSF
1 244 (100%) 243 244 (100%) 244 244 (100%) 244 244 (100%) 244
2 124 (100%) 123 124 (100%) 124 124 (100%) 124 124 (100%) 124
4 64 (100%) 63 64 (100%) 64 64 (100%) 64 64 (100%) 64
8 34 (100%) 34 34 (100%) 34 34 (100%) 34 34 (100%) 34

: P o v A o
HNBITHN mgﬂaimumﬁagwmwamaﬂmmm% Optimized spare fiber assignment UU

= 73 o o 9, Y o s Ay YA a v o Y Y o
wmﬂmrﬂaswummmmumuﬂlﬂumummmsmmm%mamﬂuﬂummmﬁul&umm

waransdin ludimsileaduInssneluasian 3.7 (n)
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~ o X o o Hq v o A P
M3199 3.8 311U constraint (Ne) agd1uIua1s (Nv) 114 luusuudiasanenalamans

v941A79918 7N_7R () n3dl WitimstleanuIngevie (No protection) (V) 1az (A) N3aINM3

tloatuTassinennuieden TeaniludeedmsuIngaine WC taz NWC audiey

(m

No protection

M wC NWC

Nc Nv Nc Nv

1 137 240 137 240

2 137 240 173 400

4 137 240 245 720

8 = 240 389 1360

(V)

Protection schemes (WC)
M PSW JPSW PSF JPSF LSW JLSW LSF JLSF
Ne | Nv | Nc | Nv | Nc [ Nv | Ne | Nv | Nc | Nv | Ne | Nv | Nc | Nv | Nc | Nv

1 | 620 | 467 | 757 | 174 | 620 | 467 | 757 | 174 | 620 | 467 | 757 | 174 | 620 | 467 | 757 | 174

2 620 | 467 | 757 | 174 | 620 | 467 | 757 | 174 | 620 | 467 | 757 | 174 | 620 | 467 | 757 | 174

4 | 620 | 467 | 757 | 174 | 620 | 467 | 757 | 174 | 620 | 467 | 757 | 174 | 620 | 467 | 757 | 174

8 620 | 467 | 757 | 174 | 620 | 467 | 757 |-174 | 620 | 467 | 757 | 174 | 620 | 467 | 757 | 174

Q)
Protection schemes (NWC)

PSW JPSW PSF JPSF LSW JLSW LSF JLSF
Nc Nv | Nc Nv Nc Nv Nc Nv Nc Nv Nv Nc Nv | Nc | Nv
620 | 467 | 757 | 714 | 620 | 467 757 | 714 | 620 | 467 | 757 | 714 | 620 | 467 | 757 | 714
1240 | 927 | 1413 | 1334 | 1240 | 927 | 1413 | 1334 | 1240 | 927 | 1413 | 1334 | 1240 | 927 | 1413 | 1334
2480 | 1847 | 2725 | 2574. | 2480 | 1847 | 2725 | 2574 | 2480 | 1847 | 2725 | 2574 | 2480-| 1847 | 2725 | 2574
4960 | 3687 | 5349 | 5054 | 4960 | 3687 | 5349 | 5054 | 4960 | 3687 | 5349 | 5054 | 4960 | 3687 | 5349 | 5054
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3131 3.9 a1 lFlumsfuaiHamas (Run time) VoWV IADINNANARITAS VDI
Tns9v18 7N 7R (n) n3di liTmstlesiulnsane (No protection) (V) 1Az (A) ATMIMNSI

floatuTassvnenniiaFen TearilaudenedmsuIngauig WC taz NWC augie

(n
Run time of No protection (sec)
M WwC NWC
1 0.04 0.1
2 0.36 2.58
4 0.32 6.55
8 0.32 75.56
(v

Run time of Protection schemes for WC case (sec)

PSW | JPSW | PSF JPSF | LSW | JLSW | LSF | JLSF

1 0.01 12 0.01 0.3 0.01 0.2 0.01 0.17

2 0.01 0.35 0.01 1.25 0.02 0.26 0.01 0.44

4 0.01 27.62 0.01 2.18 0.01 0.57 0.01 0.47

8 0.01 1.51 0.01 0.88 0.01 0.92 0.03 0.44

Q)

Run time of Protection schemes for NWC case (sec)

PSW | JPSW | PSFE JPSF | LSW | JLSW | LSF | JLSF

1 0.01 0.63 0.01 0.3 0.01 0.19 0.01 0.16

2 0.04 2.44 0.01 29.58 0.04 9.32 0.02 11.73

mins

4 0.06 1.17 0:05 13.64 0.07 15.8 0.05 6.605

hours mins mins mins

8 0.3 16.24 0.1 14.66 0.13 7.42 0.1 242

hours hours hours mins
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