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ABSTRACT

This research studies the methodology of WDM networks logical design, by using TOT
backbone network for connecting between sub-networks. Bellman-Ford and Dijkstra’s Algorithms
are used for computing and simulation for optimal design of WDM network. There are three main
parameters are considered in this study including minimum cost, shortest-path and re-computing
of minimum cost in case of link failure or unavailable for finds out the final shortest path.
Furthermore, we have compared the results from Bellman-Ford and Dijkstra’s algorithm in logical
and physical computation weighted on wavelength assignment in each section. Existing backbone
optical network and traffic require of TOT are used as raw data for this study. Simulation results

can be obtained the shortest path routing in 32 channels WDM system.
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Method Typical channel bandwidth
Interface filters 5 nm
Fabry-Perot filter 0.1-10 nm
Tuned semiconder amplifier 1-10 GHz
Heterodyne 1-10 GHz

2. Fabiy-Perot resonator filter ADAINTOIYNA bandpass filter 1AL TIHIUAINYI
i y 2 5 4 a X 4
ADULAD 9 HAZASNOUANNLIAAUDY  ANUD TUMINTOIVDA filter IIAAYUNYA  o/2L
| =4 1 J (] i a
e ¢ Aennus e lueINe uag L ADIeL119581319 mirror Y84 resonator FIUIAINAA
9 ]
M3 AHIUHITIND free spectral rang (FSR) UD4 interferometer AUAYBIANUNIUBY filter
1 ] Y t:;. d&‘ A A
bandpass A1 3 dB (.8, ANUMUILUNANATUVOWEINATINTIVDIYAYIGA) D A LAY

finnuduiusny FSR A20m511a1910a71 F 494 filter 1ao
Af=FSR/F (2.5)

WO F = TCJE/(I—R) 1Az R AoAINISaZNOULLAIUDA resonator mirror (ﬁmﬁ'h
¥ ¥ ]
mirror YI97199919U04 resonator filter ijouiuiaaoIdIM) Arvamsddigasenigagga

Ao (TT/2F )

] [
= o '

3. Semiconductor amplifier filter uares laToanims pump NAIN1A threshold
uazdSuuAImsvBIUNATER I IILUALAY 9 Anuduinaimuadisdiulszne
maﬁaﬂﬁ"l%’ﬁumma{ M35 19 distributed-feedback reflector (DFR) 1130 distributed-feedback

o a d { & a
reflector (DFR) taiainuvate q dianInsa waaslugdi 27 ) dedusonldanse
Usuusamsvensanueiaduld  lunuw DFR (31 2.7 v) aszua 1, szwsdumusaenm
3/ Y ¥ @ A s
msagnouveudaulound wasulsHumINAINEMIAAUGUINAIVDINITYOIY)  ATZIA
Afuraveamsvee uaz I, A2uANMa39U NS pump H308ATINITUY

. . a Ag g
4. Coherent detector with electronic filter coherent detection sﬁumﬂuﬂﬁh

]
o =)

) . . = d 1 da  d a a yw [
UHaINUHANY linewidth MANNIMUUAIANUDIT YYD L“ﬂuﬂllﬂﬂﬁﬁmufy1mﬂggﬂﬂﬁﬂﬂﬂ

Y a

ey ue19ventauimaon 1191nAu (frequency-shifted reference  signal) 7¥1910

ar 4 T o a i 1 ) 3

(frequency-locked local laser) M3sHaudyaINUNTIWAGUALIZAWTARINANIUANAIIA LAY
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(158N intermediate frequency) nuzmwawmﬁﬂgtymmwuﬂﬁ"zmmumﬂmmﬁmufgm
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111/’1\/11111111111///11 12 — Phase
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(V) .
gﬂ‘ﬁ 2.7 (n) distributed-feedback (DFB) amplifier (V) distributed- reflector (DFR) amplifier

2.4.1 LED (Light Emitting Diode)
TasUn@An13h  Bandwidth ¥83 LED ndazdodndudeide ilesnnaveanis
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uwsnszaeveuduloudivasdioiunarulasnisIiaundevesaaasuvog
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Type Typical spectral width Typical spectral w;dth
LED 50-100 nm (or more) | 5000-10000 GHz
Fabry-Perot laser 3-6 nm : 300-600 GHz
DFB laser <0.01 nm 10-100 MHz
External cavity laser <1 MHz

2.4.2 Fabry-perot Diode Laser
Fabry-perot (FP) tawo3 1ag112 113 6-8 351un15 oscillating #205202 19521914

] o { g 1 "
vosdayanoniiu ¢ /2L Hz (Tavi ¢ Aonnuduaalueinia uaz L foszozri1e52119 mirror
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o (Y 4 U ::iy a = A
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2.4.3 DFB Diode Laser
Distributed-Feedback (DFB) laser (1]1 diode laser NHin13H1911i)usiia Tnuaiden
(single-mode) aziinnu Taegungidlszua 0.08 nm /°C) Tassia lanunemilansy
o A =< P 3/ c!yd 1 v @
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o o o k) A d " E . = a o
(FMTVIATIvOYAT) HIBIANNIAMIWYIIAAY “chirp” (MIWasuuasluanudvesnadng
s 4 A = a o . . oa A o A
HEIUDUALYDT FUAADINAIINANNDLT THUUURYDY  optical cavity imstaeu ]y sudwy
é’l - P ) o & [l 9 @
ennnamanlasuudasvesnszuaifowd lUluawes) Fagndaunnwiouiu output vos
I A ; g @ vy ¥ .
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o 1 e = o
wave (CW) laisosiifuunassuidauaz 19015 modulator 91NA8UBAING modulator Hoya
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2.4.4 Frequency-Locked Laser:

103 11115011914 I4R 28 Automatic Resonance tazdavguigiiuasnsudaigy
flounduannsafili 14 inewidth 1@n 9 Uszim s MHz lTafBasivmnaidn o o3l
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nsdifimsataamandimed liannsoilddegansee (filter) 7 I a1w13 00 S04 18 0A
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mIngaufuaUeIniuve A uiTausi oy frequency-locked A I 115092 H135
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b4 1
TuuniszaFuediediaves Inssioi ldmaiianisdedyaiauny Broadband tag

Wavelength-Selective

s d
2.5.1 Mg YYIUITVUVUTDAUUUA (Broadband Transmission System)
¥
Gluiﬂiw‘l“lﬂtlmjﬂ Broadcast L18% Select network (ﬁwnﬂmmwmw broadband

network) uaaaluglit 2.4b gy igndsoonTulazinndfmiveuuazdanszag
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PDL (Polarization Dependent Loss) 0.3dB
PMD (Polarization Mode Dispersion) 0.5dB
Amplifier gain tilt (Dute to nonflat gain 3.0dB
spectra)
Receiver sensitivity tilt (wavelength 0.5dB
dependence of PMD)
Transmission chirp 0.5dB
AWG cross-talk 0.2 dB
Fiber connectors 0.5dB
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Section Station Distance Fiber Loss Loss (dB)
No. A i B (km) (dB/km)

1 CMI2 |- MSU 142.70 0.2525 36.0318
(161) MSU - PHA 95.40 0.2525 24,0885
PHA CMN 134.28 0.2525 33.9057
CMN - SAA 95.81 0.2525 24.1920
2 SAA = PRE 95.40 0.2525 24.0885
(161) PRE - UTI 85.00 0.2525 21.4625
UTI - STI 109.72 0.2525 27.7043
STI -| PLKR 61.92 0.2525 15.6348
3 PLKR |- HHL 77.25 0.2525 19.5056
(16A) HHL - PBN 91.52 0.2525 23.1088
PBN - PUK 83.47 0.2525 21.0762
PUK - CPE 71.26 0.2525 17.9932
CPE ol KKN 84.56 0.2525 21.3514
4 KKN |- PHN 79.68 0.2525 20.1192
(16A) PHN |- NMA 119.96 0.2525 30.2899
5 AYA E SRI 97.20 0.2525 24.5430
(322) SRI - PCG 66.30 0.2525 16.7408
G |- NMA 87.50 0.2525 22.0938
6 (16A) AYA |- LKS 62.11 0:2525 15.6828
7 LKS - SRI 93.40 0.2525 23.5835
(32A) SRI - PCG 66.30 0.2525 16.7408
PCG G NMA 87.50 0.2525 22.0938
8 NMA - HTL 71.73 0.2525 18.1118
(32M0) HTL - NRG 120.05 0.2525 30.3126
NRG s TPY 03.13 0.2525 23:5153
TPY = SKE 102.59 0.2525 25.9040
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M1INN 3.1 (9D)

Section Station Distance Fiber Loss Loss (dB)
No. A , B (km) (dB/km)

9 SKE - PNR 117.13 0.2525 29.5753
(3230) PNR |- KLG 108.66 0.2525 27.4367
KLG |- MTP 66.55 0.2525 16.8039
MTP |- LBG 89.6 0.2525 22.6240
LBG CBIT 34.72 0.2525 8.7668
10 AYA |- SBR 82.85 0.2525 20.9196
(16A) SBR |- CNT 58.31 0.2525 14.7233
CNT |- NSN 103.13 0.2525 26.0403
NSN |- KKG 78.00 0.2525 19.6950
KKG |- TAK 116.86 0.2525 29.5072
TAK |- MPK 75.93 0.2525 19.1723
MPK | - LPG 117.97 0.2525 29.7874
LPG -| CMIII 112.34 0.2525 28.3659
11 PBIT |- NPT 105.12 0.2525 26.5428
32)0) NPT |- UTG 133.89 0.2525 33.8072
uUTG |- AYA 96.43 0.2525 24.3486
12 (32A) CBIT |- PKG 77.05 0.2525 19.4551
13 (32M) PKG |- LTY 20.80 0.2525 5.2520
14 (32M) LTY |- PBIT 137.85 0.2525 34.8071
15 PBIT |- HHN 67.69 0.2525 17.0917
(16A) HHN | - PKN 96.75 0.2525 24,4294
PKN |- BSP 88.35 0.2525 22.3084
BSP B KTK 72.00 0.2525 18.1800
KTK |- LSN 127.27 0.2525 32.1357
LSN - PPN 111.74 0.2525 28.2144
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A15197 3.1 uaaITazdsam ey Teavoaudaz aau (Section) (A19)

Section Station Distance Fiber Loss Loss (dB)
No. x |:] = (km) (dB/km)

16 PPN |- SCN 87.31 0.2525 22.0458
(161) SCN |- RPB 106.19 0.2525 26.8130
RPB : PLG 76.56 0.2525 19.3314
PLG |- HYIT 102.21 0.2525 25.8080
17 HYIT STN 101.62 0.2525 25.6591
(161) STN |- PLN 110.68 0.2525 27.9467
PLN |- WWS 106.98 0.2525 27.0125
WwWSs | - KBI 86.14 0.2525 21.7504
KBI : PNAT 94.30 0.2525 23.8108
PNAT | - TKP 63.55 0.2525 16.0464
TKP |- KAB 56.66 0.2525 14.3067
18 KAB |- RNG 116.9 0.2525 295173
(161) RNG |- CPN 123.12 0.2525 31.0878
CPN |- BSP 116.53 0.2525 29.4238
BSP 2 PKN 89.96 0.2525 22.7149
PKN |- HHN 95.65 0.2525 24.1516
HHN |- PBIT 67.24 0.2525 16.9781

d A s d d'l
3.2 Qﬂﬂ‘imﬂ'l‘iuﬁﬂlﬂﬂﬂ‘ﬂﬂﬁﬂ?‘mﬂ'nﬂfl‘i—!

2 A . ar A a ﬂ da o .
mMsou Toalunilaaiu (section) Han ¢ U IUNLUNDIUUD (Terminal: LT) A
da o = z 5 da o
NOIUUD (Terminal: LT) B 148 In-line amplifier (ILA) Tumesinia A w5e B 1zilszneuda
d w 9 1 @ A a 4 o . H o oa =4 o d R o
ginssinan q lAun Tadmandiaes (Multiplexers) ANaAnANGIa03 (Demultiplexers) 19N
o . o o = a s 5 ' ¢ w
UWUFU (Expansion) 1jNia03 (Booster) aziSuailanarooas (Preamplifier) d3191nsaindn
1 o 1 4 a d
q TuILA 1AuA ILA E-W uag ILA W-E $142U%24 (Span) N 499m15t50u 10984A (Link) 92
v @ do o a w = s Y EY a A .
duNusNUIIUINveIendAnaueulaataeesnAanen1s 19 1uaen laaluniia in-line
3
amplifier 92111900E1U 2 span AaTUiWIUVBIVR BN ANAWIZIVINAY N+ = 1 booster (at

transmitter ) + N-1 in-line amplifier + 1 preamplifier (ﬁﬁ1u§u) qﬂﬁﬁﬂiuﬂmﬁnﬁwﬁaﬁﬂu
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) s = 1 s 1 s dl = 15’
Foadaanuvoseulanatei 1y fiver span TduAnsvenedyanusUnIURRaTUD
= g/ . T o o
nnsssuaveudulouia (Amplified Spontaneous Emission: ASE) YULUUHAIANVDS
of ﬂé 1 o o s
dyaa Suduaungliguanuesmsdidaanmanns (Degrading transmission) 1ag $11ia

' v ¥
Nuanvesuenlanarsiaenuuuutuy la (cascade) TutdumasonToa [11]

¢ A o J
3.2.1 gunseisiafmdna (MUX) sazfsiafwana (DMUX)

7 o ¥ o & Y ¢ = :
Huginseifivimihilunssuuazusnanueaiulas1dgunsaliia passive

Wi ; oA o ¥ A A A g o w
wavelength sensitive device 1iugUnsaifiugulumsimihidenanueraduiildlunssu

o 9 A ] A A - A 4 o @
wazdadyana wazimihilumsuaenanueaduiendnidsanssuniudaiuias i

@

Tavgunsal MUX/DMUX #ldlumsnageuszilunuy 16 uaz 32 Fesdayay 1ot (channel) Ine

s 1

gunselmusaiimssaimdndanueiniuld 16 uaz 32 desdaa mten (ibutaries)
Tug9AMuB1IA AU UFIA (red band) uAZ16 LA 32 Foadaausoslugisnmeanay
taFhEy (blue band) ﬁmﬁﬂﬂu;ﬂﬁ 3.2 ¥099Unsaivila 32 Y09 daynm | Feadyq
‘éﬁﬂ‘ﬂ‘J'$ﬂ0ﬂﬁ?ﬂ°ﬁﬂﬂﬁi§i§1mdﬂﬂﬁﬂﬁMﬂﬂjﬁl\‘i‘lf{& red band g blue band 92T MR
expansion unit I,Lﬁﬂ‘uff‘mffii::ﬁ'lﬂ’liclﬁ'ﬂ’:]‘li.lU1’Jﬂéﬂﬁﬁ1ﬂﬁ1ﬁ1ﬂﬂﬁﬂ’)ﬂﬂﬂﬂ’J"Ill’c’l’uﬂﬂizﬁ‘u
MAWUVDINA 9 AUL1IABY (30071 saturation wavelength 191115211914 red band 1Ay
blue band ﬁﬁﬂﬂ1ﬂ§uﬁmm1mﬁﬂﬂﬂﬂ1ﬂ expansion unit ’ﬂ]s@uﬂﬁﬂﬂ‘ﬁ booster amplitier Lﬁﬂﬁi
ﬂﬁ“lﬁ'ﬁ'tgtwmﬁi%’“luﬂﬁmuan (Optical Supervision Channel: OSC) #tag N3 ve 10Ty R 10
Tumsdseon lsaaiidaemainnduloudniuaaaz luirmendusudyamzgady
vimdulondnimassin preamplifier #102191¢ expansion unit 9921180 red band 1A blue

band 88NINAUUAda 11T DMUX evmsusnesniluusazyesdyanaudosdely [11]

3.2.2 gUnseilSunlasunnueinam (Wavelength Adaptation: WLA)

s 3 4 A
dugdnsalivimihnlumsidfouanueiniunnuaunue1Iniy 1310 nm
30 1550 nm (black and white) TiiluaNNEMIAAUME 9 muTidesnsluaalnduve s
& o v & ¥
AMUNIATTIU ITU-T G.692 Fuilunmsuuziiimsle colored aggregate 15901514 wavelength
adaptation (transponders) 181528211952 NINAVE1IAAY (wavelength spacing) 111111 100
o a o o = A g =) o w a v a a o
GHz fwiuginsaiduiagidy ¥1ia 32 channel uaz 200 GHz dm5ugnsainsiaamandy
NNAWOIINAY ¥91IA 16 channel A1319013.2 1 UM sHAAIAIANVEIIAAY  ANVDIAY
' 1 A saiq i £ '3
ITUTUNIENINANUENAANYeIRUnTain Islumsnaaey Taslumsnaaeuiiaz ldgilnsal
WLA TS16 1 (short-haul receive interface WDM transmit interface) {Ltas WLA RS16 1
(WDM receive interface  short-haul transmit interface) nFouiien 180y S-16.1 interface M
o P o (] 1 . . "
Anua13lu ITU-T G957 Taofinnuslumsda 2.5 Gbits uaziii chromatic dispersion
111 12800 ps/nm



3U7 3.2 91358l WDM MUX AND DMUX

@15197 3.2 Channel and wavelength spacing

channel lambda(nm) frequency(THz) channel lambda(nm) Frequency(THz)

1 1559.79 192.2 2 1558.98 192.3
3 1558.71 192.4 4 1557.36 1925
5 1556.55 192.6 6 1555.75 192.7
q 1554.94 192.8 8 1554.13 192.9
9 1553.33 193.0 10 1552.52 193.1
11 1551.72 193.2 12 1550.92 193.3
13 1550.12 193.4 14 1549.32 193:5
15 1548.51 193.6 16 1547.72 193.7
17 1542.94 194.3 18 1542.14 194.4
19 1541.35 194.5 20 1540.56 194.6
21 1539.77 194.7 22 1538.98 194.8
23 1538.61 194.9 24 1537.40 195.0
25 1536.61 195.1 26 1535.82 1952
27 1535.04 195.3 28 1534.25 195.4
29 1533.47 195.5 30 1532.68 195.6
31 1531.90 195.7 32 1531.12 195.8




36

3.2.3 Optical amplifier In-line/ Pre-amplifier/ Booster
Wugunseleatadauoudanamenos il lumsdedagyialaelidesldnisniu

]

Teyey19un19 1 (Electrical regeneration) Tumisdadayana lumduloufafisiszaznialna
o 3 = v @ 9/ s dw
Tavgilnsaina 3 uuufianuuanaresiulunis 1danudad
] { g ar
a). Booster 92 15 1udunihunesiiia
1 { o w
b). Pre-amplifier 3¢ 19 luduntlumesiiia
¢). In-line amplifier 92 15 ludrnuiduaariinudayaio
e a dlq ciy = . .
saddraueu/anaruens N g lumsnadeviisziluiia Ebium Doped Fiber Amplifier
v b
(EDFA) 1111 Double-stage optical amplifier ﬁﬂmﬁ'ﬂymzﬁﬁ 1NYAIU
1. Double-stage optical amplifier with mid-stage access utisoendlu 2 dauluauusn
= 1 Y £y ~ o Vet s =
[56nN first-stage gRoaAUYV AT NvOeFyy o TasTRTimsvoedyaausuniy (oise)
I¥iesiigalaeiins pump Anu1IAAY 980-nm @w13015U159R 1904 first-stage noise
wvad ' P - 1 Vet = A
figure 1A%Y 2 dB Tudaunaeeionit Second-stage ponUUD AN pump ANWEIAAY
Eé g o ar 0 o 1 L)
1489-nm Ganannmsvetetildansotansoumdsdeeenludiuein +14 dBm f9+20
dBm @79 noise figure N198n31 5 dB
o [ = o 1 ] o = P
o IMsveTyauveeulanmeeesuewaaz Fo Ty innuien T
C: L} T Qs 1 r ‘é ﬂ' = | L3 s
Ahihdunnesdyana Fannuainaueyos EDFA passband viiiugaingaiididaves
) o 4 A Aq w - A 1w q’a‘ as
TTUUMSUAAMANFNIIANNEInaUR IFIeNlanaeees naenuuuuTuTula (cascaded
= { = @ " ) @
amplifier) M3nfasunlaadnifeslumsvnedyanasynhasosdaanalumavannsody
aumgimldinamsaouudasediannvesmdsuiuandsfuseniegesdyaiud

o '

o 1 ' i @ U v or
1IMNNUDIGA 19 (chain) AIvE10rU Mmsilasunasesdasimsuneszningesdayain

] 1’ 1
1T A A = T

Y ] Y] o ! 1 =) d  a T
wenganuyesdyaunangalaumnu 1 dB Mudazienlavatsessnasvindiulal 10

P

cyl q

¥ [

VU 1A (cascades) axvilianulAsuinlasszningesdyaaszunnaiede 10 dB &
b

]
1 =

=] o Y o = U < S Ao A a = o
aungizivyesdyyranuifgaiinivesToeaduss nawnniienlsoufsuiy

a
Ed ¥
w e a L4

¥
T [ At a a =1 o A @ 1
‘maﬁmﬂpmﬂﬂmqﬂ #13 uuiﬂﬂ"l'iﬂﬂﬂ~1§$ﬂjﬂﬂ1‘illﬁﬂ!Wﬂﬂ‘HﬂW\ﬁﬂ'J’lMU'l'Jﬂﬁu MIUsvuag

v ow

7q v ' Y o o o = o 9 o =
gunsailviiardulsais q Indifes aduauedumnigaszi Imsiaueesssund

] = [ 1 d; =) Cg‘
‘1_]‘58ﬁ“ﬂ'ﬁﬂ’lWlLﬁ&’?Jﬂ']'!iJu'll‘]ﬁJﬂﬂlﬂﬂilu [11]



a7

| insertcn
OSC

Fitar

line shelf

g‘ljﬁ 3.3 1n59a519U94 Double — stage amplifier

2.9

9

UANYULNIUNATUAYDY In-line amplifier / preamplifier / booster YBI3EVU N3
o

o o =1 A A B, A o -:f
VAANANTNIANUEINAUN 1T lumsnaaeulaatl

2.1 noulanmoieosn14iduriia EDFA (Erbium — Doped Fiber Amplifier)

2.2 M99 v100n (Output power) YoIYUATEiN1Finarwsedufe +14 dBm
L o a 1 ] s 3 L% o T f ﬂ:
+17 dBm Wag +20 dBm lasmmasnuasyesdygisvuegnusuivvesresdya iunly
2.3 uanu1InaunlFfe 1530 — 1560 nm

2.4 A1Y04 Polarization Mode Dispersion (PMD): 0.5 dB

2.5 Y94 Polarization Dependent Loss (PDL): 0.5 dB

2.6 61UMAI9IUY U (Input power range): 24 04 -4 dBm TvFunenanaie
13 ¥iln Double-stage

2.7 71994 Bandwidth flatness = 1.5 dBm

2.8 1994 Noise figure: 6 dB F1M5uieNlaHa 101005 %1iA Double-stage

2.9 A1YDI Max accommodated loss (Gluﬂiﬂﬁ‘l‘ff’qﬂﬂiﬁf‘ﬁﬁﬂ Double-stage): 9 dB

2.10 wiiavesginsalifouns (connector) N4 1dUA FC/PC Liag SC
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Tumsilinsdadyaraveestasasemlaaeess fianusueuainaue
18 Taems19ma Ty Tadnateunnlunaiforsu lae3imsesnuuufitans auues Erdium
doped fiber THooiARAUEUA DT A uNTRvsanlndu 1M sidenuudidoond 1.5
dB AUIMUIZANYDINITOOANUY double-stage design HAZAITODALULTIMUIZTUVD
passive optical filtering HENYIMTUAIE IS5 IUYD booster amplifier 1W1TDTNBITLAL

dyanaldinnunii1d1ae7501514 saturation  wavelength  Tunisaduauuazsuulaoy

o

o o @ Y @ o o 3/ ::. d'cv e 1o £ =2
'53m_lmmmuﬁm&ﬁmmmiwmmnmmammuamn booster ﬂﬂﬂﬂﬂjuﬂﬂiﬂﬂquﬂ'lu\%ﬂﬂ

o o

=

Suvesresdyanangnladunluszoy

ar = = 4 :3 ar
3. Saturation wavelength Audnvazvevolafauenlanarsoesorvzyvey Ny

G

@ 1o 2 3 . J 1w
HASINYDIDATINITAITN (bit rate) AUHAILBINIVINHATINYOY power optical TYUBYA
Puuresdy I lumsds  @A2907133Y f1a391U1900 (output  power) Y94 multiplexing

= dl. s o s z iﬂ'ﬂﬂ d'l \ s
stage In131)Asunlasvesszdudidanu 3 dB yaasentiimauvesanueaauiumiag
[ : Y o w v . aw = o= ::{ o
AIUNIMAINUV A (input power) VosooUAfaueudameasimslasunlasonsinig

or o & o a J ¥ s - s a 4
Yeodya e li gain flatess tarMdinuaeresdya MR IMWNYoLaW B0

A 4 dy 3 K o T =W =
Iimsudoudie Tasmsu/aeunlasiisziuegivesnlszneudig q veseeAdaueulanais
& o o - e a = % o o W
wosdmsvesdaraueuilaarumeshl¥msnaugunisvene (gain-controller) HuMGIY
' Fd v ' 9
ponvesuaNlanmeueesiuTumuiuINYBosdyaaNNI ULz d sy oeidAda

o ot o w 1 s

wowaviarswesnlFn1sarunuiaeauds (output power control) 8913INI5VILITYNAAD
4 o 1 o I A 4 o o o v ' as g/ =
esnnduinesresdyananmuiuuazhlddidsnuderesdygyiunansdlesadune
1 ¥ o " w Y] 3 @ a = o
martomezi Idquamlumsdsdyaaanadld dAuiuszuumsiaamansmiennuen
A o 9 =} 9) d =) a a t:\i P
aausuiluvzdvaiinsnaunums ¥gdnseiodradilsz@nsnmawnsonruguasulaoy
, { A d . 3
494 optical power Ne1uAAVLMAT 1A 1314 saturation wavelength 1135 m3 lumsaugu
W Y - . 9/ A'l. s d'l
wazdan15AuMsasunlasun optical power Tuid@UMIBFOU oA UILIDINIINNTSG
= o A o . == wa o
nasundaesdiuauanueInay GNYUINNIZYOA saturation  wavelength AADAUTUUATN
= ' . = 1 P o _ @ dl. as
(38N71 optical tank F9FIWFAENN ) Nisasuuasvesdiaanuiulsduaiunnued
4 a9y o ' or =t A J 1 Qs 1 @ A o o w
aau lTunsdidriuresdyanaiimamviuiunidledsiuinulasidinuasenves

. 4 o o @ = 5 E {
saturation wavelength 3¢a@03 3 dB MosnYIRIAIIUVIDNUBY multiplexing stage 1vinen
[ 3 o = w =y o = PP Y1 o
UM uvIvenyeseslanatondanaiseeiazinnandwINIIUIUYBINNVYID

4 A oy . . = = & o o 4
AU INLAL operating point VLINITFBULIAT 1HIDIWIINMTAILANMTINUVIDDNGS

9 a = P g 1 ] w ar s st 3/

wiluwalimsvensdenslinnafinag optical power AdY¥BITyaIRUTIRITAININDNAIE N5
v . ° 9 ° = & o 4 = oA A
14 saturation wavelength 3¢ 1M siauiinnuazainiu saas@unazinnuduyene lu

i Y] d’:i} 9 o Sh:; dc: da w [
113 upgrade VOITWYUIY IﬂUﬂﬂi"H\?‘lUﬁ"ﬂlﬂﬁﬂﬂ’NWHqﬂﬂ’ﬁﬂTuﬂl'ﬂulﬂ@'ﬂJuﬂuﬂziﬁ
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yoadyaulnilasysianinyn o aungn ldsuniunsiilniiiegnoundn (saturation

wavelength) 31119118 NGANVYIINTY 1545 nm

& "

sead
cescreetaTlie g
e g o

51 3.4 gilnsaimsdfadmandniennuernaudanuna Ju 1686WM ¥iia 32 A1UL1IAAY

= o 9/ v . . .
3.3 AEmsmvuadumalulnsavie (Routing Algorithm in Network)
a o Y A o A v a A Y ¥ a
HUIANUAANANYDINTS 1990 5Iadl oUNNDADINITHANIAYINITAUN UTUNIUAY
£ o o 1 < < ar 3 3 [ ) a ] ot
Yoyalunn q afandwinine aniudwaaswsuaunmsaade Tlsunsuluguniugu
A 1 ¥ o o 3/ a o o @ v 9 9 1 @ o J Y
InTeNIIzABITAN S MM UAdUMSAUd T UM Su-dadoyanindds Tudads vauunIdau
Sy - ' 9 1 v Yo Y & ' 4 &
nmindeyanuaszgnasnnda lldadsu Tasldiduniinaeayiavesms dems ionis
a 1 ny 4 = o a o ;
Aaneduganudumsiizgnenidn mssmuadumadudeyaiuiumsfmuadiumidam
ﬂ ) & o ° = v w ad g 3 @ d o '
WumMssns FINanyaeMsINULUREINUAUITMS N 1T Iuseuy Insdn druiisonn
" ¥ ¥ v td ]
Fhudumaadioutiufiiesnnindumedemsdins i ludmssmuaiufiudueon ms
9 v
fmuadumadudeyaudazasde litinsSudseiuiadudumaduimeldluns

a o 4 w
AANDATINLAIUN
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3.3.1 danesnudmiuMenmaAuteya (Routing Algorithms)
Y A o 3 =l ] | [ T < =3 2 3} 1 o A 9 ar
HINNMANY0IFUAIUAMIAT BV IARMI TAdwininvInmT B ad e I dusoadsy

Gl A ' ' " = =~ 3 = 9/ i J 5 3 1 =2
HIZVUINTDVIBYBIAIUUINUNNINATSADIRN “TULAITIAD (hop)” ¥1ANYATININVLD

Y : & 1 =q 3 L = 13/
ﬂﬂ‘l’illWﬂﬂ’]U‘n’N HﬂL'Juﬁfuﬂ’JUﬂﬁJLﬂﬁﬂMWUﬁli‘Nizﬂﬂﬂiﬂfﬂﬁﬁﬂﬁlﬂy‘mlﬂﬂﬂizi!'IU‘thJﬂﬂﬂ

ar y 19 o a -3 T o T 1 1 [
amsianmiil uandanuiailgmiaulaniddwazdsudoyalilaoglunietio@oanu

QU U

a5 as Y g A o Y A A 3 a g = ﬂ ' w
ﬂquuﬂaﬂﬂi7111Elﬁ$Tﬂ'5'3ﬁ51\1‘1]911?“‘1‘n’lﬂu’n’ﬂﬁaﬂlﬁuﬂ’]ﬂﬂumﬂuﬁﬂ%ﬁl uﬁ?u‘l_ligﬂ'l’]ﬂ'ﬁaﬂ

U

£
lumsesnuuusuaILAUAT YUY
[ as o = a o Y S a 9 ' 4 o Ao Vv
ganesnudmsuidenmadudeyaimindadulali lnuaduinmansudun
Voo g o_a 1 H ' 3 EY !
arsvzdene T Tuuada lalludrdude i) Aunsedrsdesldaidunsulunsdadoya

nelunds msanaslvvowaas nuadalatludgiduse 'l dunsovredosldardunsudi

] ]
Ao A

Tniidwmsizmatenianga (@msvdatemady) ervldsunilaslduds duaSediwdes

9/ =1 [ | 9/ = n’: =) ] =) J = 3 =
lysasiaioulumsdadeyanisi@endumuaunaaiunisvisazinayungens uay)
' [ g T A = d A o w w 1 @ A g =3
Tugemstensyiedems uinnandanluddundasgndellds Tnuaiuininausn 9 ga
g ! > ' u‘l ‘gz
delihave IFmadendumuanuuuHu1aTUTon I IwaFUITIAY  (session  routing)”
di 3 = = 1 4 c;e ag
oI UNILANIZAIRNAABAT AT B AT NAHUATY
L 3) [ 9 Yo o d%, 3 w =y =
TiTdumamsdesinudeyasz ldsumssimuatiumndlsdansinula q Aauais
vavdiinmanyugnnlizns Ae A NYRRDA (correctness) AW (simplicity) AIUAINY
(robustness) AMULUUDY (stability) ﬂ':l'llllﬂu‘ﬁi‘iu (fairness) WALANUINWIZHY (optimality)
9y 1 wnd’.’ c{ o o 9 d' [ =R 9/ =
[15] anugndvanazanuhoidluguauidaiuguidnyassdousniinndanesivizdesd
o aa a Y A A 1A A Yo o o ]
ANUAINUYBIDANDT HuMNIToNT IdninmsnmTete lninma ldsunmsdadsuuun 14
1 = Y r.*: Y a T ] Y s = 1 U
Nudoniinnudsamsniduimansey laslilszavilymanudummadluszdumions ua
3/ d A 1 del a cg 3 o @
anudumalvesglnsainie Tusunsuunsdilumanisaiifnaiu ldaasanmdmign
' { ] L4 y = = 4 o
szuu4 waz liausovnanaes1d 1wy Teaa Inua wazaedemsernfamadoviodiolan
94 9/ 9 ar 1 1 A o Y | 1
lagavzansldsumsveunanegigus 50159 1A590519UUATOU1Y (network topology)
P=% - Y 1 [ o Y- o w A a Y [ 9 Y =)
ovvziimsulasundadldisuiu Sanosiudmsmdenmaududoyaduiluszdoaud lanie
o s o i 4 qy 4 = .5‘ a1
aunsalfua Iidduanmilgmazmandsuuaavaril 1 Weonailymau Teaddu

Tngjrzavamuisniauae 1148 Tae lideudriidiuswlumsudlansedamsnuilymin

o
¥

a N8
INAvY
1 =1 T o o [l w Y] = 2R o A = ¥ o
mmuuuBuﬂﬁ‘]umuﬁmfgmﬂwuﬂu ANBINUTTHIVIADNNUAUVDYDVTIUIU

"y ci [] w Y A ] 9 = Y o 9
lifesi liawsadans InSethedhgaauzanuauaalunisnsznedfmadeya il

QU

v
=

" A - 1 1 4 Y @ e ‘i‘_] a Y
sguveg luanziinanny luudueulunsdemsdoyaluszavgeguifuden ludeens



41

ﬂ??ﬂlﬁuﬁiiﬂ uazmmmmzﬁmﬂuﬁa Fgci ﬂﬂ‘uiu‘ﬂﬂﬁ ‘Ul!ﬁ@*'lﬂ"l'i‘é]ﬂ’lﬂlhlﬂﬂﬁﬂﬁﬁﬂ ie

]

1 o ' = a wa =

Tidngihedilsnawlumalfidesdesdidgn lildsuanuilusssuegiha
i o
anumnzaulsemanilsfinnszuudomsio msaanasonosTasmasveaudin
< =i a  w o a &4 o a A 4
Wialuvaigimanusandugning  (hroughpun vosszumaiotiofifudeiifelsaad

"o o gy 2 o v A v g <

Uiy AnudesmsnsaesdelidaudediiuuazMuiiosninmaiudasidugninavesszuy
Y Y 3 & 9 ' ¥ o & Yo A '
apams IHuRninadeyasensseylu Tnualdnnigaiess lasnmanudeiiodlumsds
' s T o & w6 t ' =]
Yoyaldegluszdugenasanal uamsiauiindui ldnaisenss lnumdsusausazuiin

[

g3 4 4 v oy 1 A vly o - ytﬂ
NAGITY paanNuTaudfInani e onaiesz v lansewaas v Tnuan iy
» v <4 A S 3 g g ol
aanareas il unfiga Mallsgi Iinarsenssvesuininaaaasluvaz Adoiusas
(7 m" = g
dugninavesszuy 1a lunanfeny
s a o o ] a g/ L] A A o ow by
danesiudmsudenmududeyamitesniiluassdsznnie wanfilsuda 14
(adaptive algorithms) uaznIny ludnsUsuda (nonadaptive algorithms) wanh liiimsydiuda
v lthanzveunIete wu USuadeyaluszuy wie guuvyIaseadranseviodun 1y
=) a a 3 [N 1
Tumswnsuudenmedudeya mududeyanniduniszinsnaumu PBasmiduazdads
-:?I 3 ar o 3 =) 1 2 a a o . .
urudl 1190 Tnuanad luszun veasaGend msdeonmuAuUDUARAS (static routing
algorithms)
=1 a = o s a @ a d; Y o
msenmuanuuuinisdivalrezasundasmsaadulune iz auny
Y a [ o o R dy 1 s A 9
anMzuInasuYeTrUL luvnz vz dedoyn danesnuilszsinnilazunna1anunsedsms 14
v &L v A A a Y addg Y [ 1
lanasdoyalefinsasuduniaaznssuisnldlunsiaanumuizauvssuday

o
IFUNS V1RSSR MIBOAMUAUIUUNATAS (Dynamic routing algorithms)

3.3.2 HanmsHudUMIHINzauNga
o r; B = 4:{ . . . . ~ ng 1
HANNIRUTIUVOINTHUFUNWNMUIZAUNYA (Optimality principle) 11340y

o g/ =1 (] U vy A 1 £ o
vlnssainvesszuuniotouuulananidiInuanie @a B) sgumduniesimmngay

h.

b4 v "
gaszninedds @a A) uazdsudoya (9a O ud idumaiuziudumeiminsauiga

a

B4 9
szndelnuaiu 3a B) Audiudoya (aa ©) dae deanuiimunsoigailalasldndnns

QU
o A agq ¥ A g Ao A ' o Y A
ATINAIAANTTITUAIRND ﬁi.liqlﬂclﬁ rl, 2 ﬂalﬂu1ﬂ1ﬁﬂﬂﬂq¢]§$ﬂ’31\1ﬂﬂ A ﬂ‘]Jil‘ﬂ G D1l AO

) o P 1 W ¥ ¥ 'ﬂ % o ¥ =
Lﬁuﬂ'n‘ﬂlﬂﬁ']gﬂﬂﬂqﬂigﬂ"]'laﬂﬂ A ﬂ‘]ﬁ!ﬂ B a1 (1?1 21 UL'ETUTTNSZ‘H'J'N?‘?] B nuaa C 91y

3/ A A 1 9 =] o yﬂ 3/ At A "
WWUNNOUNHAUIZTUNIUTUN 12 ﬂﬂ?5%$u1ll'l(1‘ﬂfl UAUNTNINANYATEZHINDA A ﬂﬂ?‘ﬂ &
=S

3
Y

& o o a oy et it
FadanudoauyAguini o, 2 Audumaiahiga duiuduna 2 Sweuiuduniiaiga
b4

¥N71999 B 11azn C Ay



42

L T
r
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andouToalundazyraTaed Tnuadis 9 1w Tnuaniduyaienia (Terminal) voanisisouso
e L] Q‘ L} - é o 4 1 L} ar
fulnsevietestulundazgiinig dafliszoeme nazdnuanuenaauluudazaied

uaraalugi 4.2
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Backbone - WDM

gunsal wom

WDM Regenerator
[e=] SDH Multiplexer

A ' w o a d o A = ) o
310 4.1 Tasavendnszsuumsiafmangniennueniuees TOT Mlszneudlsginsel

WDM, Regenerator tquﬂﬂi 91 SDH Multiplexer

VoA ' 2 Y a o Y = s A

AurouToaszn e Inuadl lddosen 3 wisilimes Usyneudlswisiiimes nnila
o 4 (=) d’l 1 A
NUIMYBIANNEIAAY (N,) Wisuimesnaesmmsgadsluais (Total Losses : L) ¥4 1ay
Unimsgadunasnraisesnlsyneudieiuie msaaneusidenuludulondniuag

(Optical fiber attenuation: 0.2525 dB/km) A1M13 @ﬂﬁ?ﬁﬁﬁﬂmﬁuiauf’faﬁmm (Optical fiber



) don dunmn
absorption: a) 1A a =a,e'*’ tiio a_1umsnsifinuiid 4x10" dBkm 1 A funiw
k)

L=

g1IAtuAIi @8 um) way A unnueeduiild dinsgiduiliiasingade (Connection
Loss : 0.5 dB/1 connection point) ANITNTLVIOUD LAY (Dispersion) A1n13 ludinsnaes
Aryamuuas (Optical crosstalk)  mn1sgapdednodenilsfomsgadosufianinms 1dse
youduloudniuas Fiber bend loss) 1oanMs IRz ldiRamsgadomidany
3EMIN core AU cladding ﬁ"%’ﬂfhuﬁﬁ‘luunuuaz’;’ﬁaﬁﬁ]u‘ifuuaﬂﬁﬁ'ﬂmammuwuﬁ'uiﬂ
wAniuas winfinesfiaufoszeems (@ seninlvua TaoddsmsmandonToalugd

¥ .
YDIHATIVUDING 3 W15 1905 FIgqumsn (4.1)

P 1o A WA B PLKR
468.19 km | o | 356.3 km
|WDMI WDM wDM
— —
18 A
c 408.06 km
E
§ Backbone - WDM
2 IWDM KEKN
=
e
16 A
203.58 km
AYA L. 32 A, 251 km o
E = lWDI‘«"I NMA
! o 3ZA 32 A
- 62.11 km WDM 263.2 km 387.5 km
E
z LKS
-3 WD
<
o~
- 32 A
416.66 km
DL 373§5A K 6 ki 33:5Ak
137. m 20.8 k 78. m
[wom] WomL22k™ [Wowm] [Wom
I | Boliin st | | ssblasiin |
LTY PEG s
E
= 16 A, 560 km
g I'WDM I PPN
<
= 16 A, 372.27 km
WDM WwWDM
= 18 A, 818.51 km ——

1 " @ @ A g 4 o
Eﬂﬁ 4.2 Iﬂ'5\1“[]101’7flﬂ'iS‘U'Uﬂ']ﬁNﬁ‘F]L‘WE’Iﬂ"’]ﬁ'l'Nﬂ'ﬂllEﬂ')ﬂﬁullﬂﬂﬂizt]z%‘muﬂxﬂ’lu U

d’l 4::. Y l ]
ANVEINAUN 19 1 ULABZ A

Link Cost= A + B + C (4.1)
Tagh A=(Q/N, Y*w, (4.22)
B=d*w, (4.2b)

C=L*w, (4.2¢)
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UNUAEUNT (4.22)-(4.2¢) Tuaunsh 4.1) 9214
Link Cost=((I/ N, J* w)+(d*w,) + (L *w,) (4.3)

Ao uIuaMNENINAY

- ' : = 9 3 o

L demmsgadeludnloudniuas
Aoszazn e luuAazyIg

¥ 1
w, aAemnlnimiinlumey A Gruauanuenaiu)

=) ! ' oy @
w, femalaimiinlumen B (szagn1)
¥
w, fomalniminlumen C (A1 Losses)
Ty W, w,+w, = 1 (4.4)

Tavfimew A fludulsvesdadaunniuvessauanuenady  mew B W
wilsvessimsgaydonse Losses iAannmsqadoludulondaniues uazmey ¢ fiud
wilsvesszozneszndisgaiiion Tosgnsalmstafimdndnianiueady  Taolu
ﬁmum'snff‘:ﬁmmwhﬂﬁqmusﬁaiuﬁwiﬂﬂsm (Total Losses) 1au191nn1saaneumdeay
Twidnloudniuea (Optical fiber attenuation: 0.2525 dB/km) —mmsgandefiiasinyade
(Connection Loss : 0.5 dB/1 connection point) HagLINABALSY (Margin) A1M5DAIMsgRyLde
B SR 4 dBjsection waziio 1 1&rudon Tosidloouasmmnzaniigas e ldRnsani
maanhminfiuandiefy

411 nsdildmernimiiaiimomii

VINAUMST (4.4) HOTWVOL w, W, 118 w, DAurhdunil Sadmualdianiany

uAIAUARIMINY 1/3 Tufle w=1/3, w, = 1/3, w, = 1/3 ilounua luaumsi (4.3) ansn

o 1A ) P [ siy
ﬂ1u3ﬂl1‘i1ﬂ1lﬁf@&lTﬂx‘lvlﬂﬁ’mﬂ']ﬁ'm‘n 4.1 U

¥ 1 ¥
M3199 4.1 g51emsmanden loalassmuaniolruimiinminu

A | Uae | szoznn Weight
sec Loss | N, A B c Cost
N N9 (nu) w, | w, | w
1 2 3
1 LTY | PKG 20.80 | 10.25 32 [03]03]03]0010(| 693 | 3.42 10.36
2 | AYA | LKS 62.11 | 20.68 16 [03]03]03]0021| 2070 | 6.89 27.62
3 PKG | CBIT 78.75 | 24.88 32 [03]03]03]|0010] 2625 | 8.29 34.56
4 | PBIT | LTY 137.85 | 39.81 32 [03]03]03] 0010 4595 | 13.27 59.23
5 | KKN | NMA 199.64 | 55.41 16 [03]03]03]|0021 | 6655 | 18.47 85.04




a "
N1919N 4.1 (989)

ﬁ"u Uaw FTUSNN Weight
sec Loss N,z A B C Cosl
| NN (M) w, | ow, | ow,
6 NMA [ AYA 251.00 | 68.38 32 03]103]03]| 0010 | 8367 | 2279 106.47
7 LKS | NMA 263.20 | 71.46 32 031]03]03]|0.010| 87.73 | 23.82 111.5¢6
8 PBIT | AYA 33544 | 89.70 32 03]03]03]0.010 | I11.81 | 29.90 141.72
9 SAA | PLKR 352.04 | 93.89 16 03103030021 11735 | 31.30 148.66
10 PPN HYIT 372.27 | 99.00 16 03]03]03]0.021 | 124,09 | 33.00 157:1%
11 | NMA SKE 387.50 | 102.84 32 03 (03]03] 0.010 | 129.17 | 34.28 163.46
12 | PLKR | KKN 408.06 | 108.04 16 03103]03](0.021 | 136.02 | 36.01 172.05
13 SKE CBI 416.66 | 110.21 32 03 103]03 | 0.010 | 138.89 | 36.74 175.63
14 | CMI2 | SAA 468.19 | 123.22 16 03 (03] 03] 0.021 | 156.06 | 41.07 197.16
15 | PBIT | PPN 563.80 | 14736 | 16 |03 ] 0303|0021 | 18793 | 49.12 237.07
16 | KAB PBIT 609.40 | 158.87 16 03103]03] 0.021 | 203.13 | 52.96 256.11
17 | HYIT | KAB 619.93 | 161.53 16 031]03]03] 0.021 | 206.64 | 53.84 260.51
18 | AYA | CMI2 760.99 | 197.15 16 0310303 ]| 0.021 | 253.66 | 65.72 319.40

1 ¥
s ° =)

4.1.2 pIlHMEIR hMININHNIIHIUANNEIIAAY
v ' '
Amualimasnhmindian w=05, w, =02, w, = 0.3 Weunumluaunisi (4.3)
o 1 -51 9 d’ s dy
ausofumanrey Teeldaunsian 4.2 aail

o

" ¥ ¥ ' v
ﬂ'l‘SN‘fdl 4.2 Wlﬁ'Nﬂ']i’H'IfﬂL‘?@MIUQIﬂUﬁ'IHHﬂﬂ'IQ’NﬂTHuﬂiﬂﬂﬁiﬂﬂ')ﬂﬂ’.]']iJfJ'I'Jﬂﬁu

Au | daw | szozna Weight
sec Loss N,{ A B 8 Cost
| NN (hw) wo|wy | w,
1 LTY PKG 20.80 | 10.25 32 [05]102]03 (0016 4.16 3.08 7.25
2 AYA LKS 62.11 20.68 16 05102]03] 0.031 12.42 6.20 18.66
3 PKG | CBIT 78.75 | 24.88 32 |05(02]03)0016]| 1575 | 747 23.23
4 PBIT LTY 137.85 | 39.81 32 05]102]03]00l6| 27.57 11.94 39.53
5 KKN | NMA 199.64 | 55.41 16 [05(02]03]0031] 3993 | 16.62 56.58
6 NMA | AYA 251.00 | 68.38 32 05102]03]0016 | 5020 | 20.51 70.73
7 LKS | NMA 26320 | 7146 32 105]02)03|0016| 5264 | 21.44 74.09
8 PBIT | AYA 335.44 | 89.70 32 [ 05]02(03]0.0l6] 67.09 | 2691 94.01
9 SAA | PLKR 352.04 | 93.89 16 05102030031 7041 | 28.17 98.61
10 PPN HYIT 37227 | 99.00 16 05 (02103 0.031 | 7445 | 29.70 104.18
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d.. 1
ATNN 4.2 (A1D)

| Yarw | szezma Weight
sec Loss | N, A B C Cost

114 NN (ny) w, | w, | w

1 2 3

11 | NMA | SKE 387.50 | 102.84 | 32 |05 ] 0203|0016 | 77.50 | 30.85 108.37
12 | PLKR | KKN 408.06 | 108.04 | 16 | 0.5 | 0.2 | 03| 0.031 | 81.61 | 32.41 114.05
13 | SKE | CBI 416.66 | 11021 | 32 | 05|02 |03 |0.016 | 8333 | 33.06 116.41
14 | CMI2 | SAA 468.19 | 12322 | 16 | 05|02 |03 | 0.031 | 93.64 | 36.97 130.63
15 | PBIT PPN 563.80 | 147.36 16 | 05]02|03]0.031 | 112.76 | 44.21 157.00
16 | KAB | PBIT 609.40 | 158.87 | 16 | 0.5 | 0.2 | 0.3 | 0.031 | 121.88 | 47.66 169.57
17 | HYIT | KAB 619.93 | 161.53 16 [05]02]03](0.031 | 123.99 | 48.46 172.48
18 | AYA | CMI2 760.99 | 197.15 | 16 | 05|02 |03 | 0.031 | 152.20 | 59.14 211.37

YT J : o d' ¥
4.1.3 asdilmarnimilninaiszezmaszunalnua
fmualdmnlraimindal w=02, w, = 0.5, w, = 0.3 tounumluaunsh 4.3)

[3 A Iy ~ [ t:ly
ﬁ’]lﬂﬁQﬂ']u'm!‘l’i']ﬂ']t‘]iﬂuiﬂﬂllﬁﬂ'lﬂﬂﬁ']ﬁﬂ 4.3 U

v ] ¥ ]
ﬂ'l‘i'ldﬁ 4.3 msemsmandon leslagimuamo19iminuInNsseeN19TerNe Inua

fu | daw | szorma Weight
sec Loss N i A B c Cost
N9 NN (ny) w e b ow
I 2 3
1 | LTY | PKG 20.80 | 1025 | 32 [02]05 |03 |0.006| 1040 | 3.08 13.48
2 | AYA | LKS 62.11 | 2068 | 16 |02 0503|0013 | 31.06 | 6.20 37.27
3 | PKG | CBIT 7875 | 2488 | 32 02|05 03| 0.006 | 39.38 | 7.47 46.85
4 | PBIT | LTY 137.85 | 39.81 | 32 |02]05]|03]0.006 | 6893 | 11.94 80.87
5 | KKN | NMA 199.64 | 5541 | 16 |02 (05|03 0013 ] 99.82 | 16.62 116.46
6 | NMA | AYA 251.00 | 6838 | 32 |02 05|03 |0.006 | 12550 | 20.51 146.02

7 LKS | NMA 263.20 | 71.46 32 102]05]03] 0006 (131.60 | 21.44 153.04

8 | PBIT | AYA 335.44 | 89.70 32 1020503 0.006 | 167.72 | 2691 194.64

9 SAA | PLKR 352.04 | 93.89 16 |102]05]03]0.013]176.02 | 28.17 204.20

10 | PPN | HYIT 372.27 | 99.00 16 | 02]05|03]0.013 | 186.14 | 29.70 215.85

11 | NMA | SKE 387.50 | 102.84 | 32 | 02 | 05|03 [ 0.006 | 193.75 | 30.85 224.61
12 | PLKR | KKN 408.06 | 108.04 16 [02]05(03]0.013 |204.03 | 3241 23645
13 | SKE CBI 416.66 | 110.21 32 102050310006 | 208.33 | 33.06 241.40
14 | CMI2Z | SAA 468.19 | 123.22 16 |02 05 03] 0013 | 234.10 | 36.97 271.07

15 | PBIT | PPN 563.80 | 147.36 16 | 0205 03] 0013 |281.90 | 44.2] 326.12




M151390 4.3 (90)

au | daw | sseznn Weight
sec Loss N i A B B Cost
NN NN (A1) Wl w, [ w,

16 | KAB | PBIT 609.40 | 15887 | 16 |02 | 0.5 |03 | 0.013 | 304.70 | 47.66 352.37

17 | HYIT | KAB 619.93 | 161.53 16 |02]05|03](0.013] 30997 | 48.46 358.44

18 | AYA | CMI2 760.99 | 197.15 16 |02 ]05]|03]|0.013 | 380.50 | 59.14 439.65

4.1.4 psaildimarnimininaficimsgayds (Losses)
¥ M ]
fmualdmoaaiminiii w=02, w, = 0.3, w, = 0.5 eunus luaunsi 4.3)

3
~

o T d'l s/ e LY
ﬁ’lll']'iﬂﬂ']u')fu'ﬂ'Iﬂ'!!.‘]imJIvalﬂﬂ’liJﬁ’l‘i’Nﬂ 4.4 a3

i ] 3 ]
M3 4.4 MsumImaugenTeslastmuamininiminuafisimsgauie (Losses)

fu | Yaw | szerma Weight )
sec Loss | N 1 A 3 Cc ABEN
| NN (nw) wo |l w, | w,
1 | LTY | PKG 2080 | 1025 | 32 |02]03]05]|0.006| 624 | 513 11.37
2 | AYA | LKS 62.11 | 2068 | 16 |02 ]03]05]0.013| 18.63 | 10.34 28.99
3 PKG | CBIT 78.75 | 24.88 32 102103050006 | 23.63 | 12.44 36.07
4 | PBIT | LTY 137.85 | 39.81 32 102103(05] 0006 | 41.36 | 19.90 61.26
5 | KKN | NMA 199.64 | 5541 | 16 |02 |03 |05]0.013 | 59.89 | 27.70 87.61
6 | NMA | AYA 251.00 | 68.38 | 32 |02 |03 |05]|0.006| 7530 | 34.19 109.50
7 LKS | NMA 263.20 | 71.46 32 (0203050006 | 7896 | 35.73 114.70
8 | PBIT | AYA 33544 | 89.70 | 32 |02 | 03|05 0.006 | 100.63 | 44.85 145.49
9 SAA | PLKR 352.04 | 93.89 16 [02]03]05]0.013 | 105.61 | 46.95 152.57
10 | PPN | HYIT 37227 | 99.00 | 16 |02 |03 |05 |0.013 | 111.68 | 49.50 161.19
11 | NMA | SKE 387.50 | 102.84 | 32 |02 03] 05]0.006 | 116.25 | 51.42 167.68
12 | PLKR | KKN 408.06 | 108.04 | 16 |02 |03 [ 05| 0.013 | 122.42 | 54.02 176.45
13 | SKE | CBI 416.66 | 110.21 | 32 | 0.2 | 0.3 | 0.5 | 0.006 | 125.00 | 55.10 180.11
14 | CMI2 | SAA 468.19 | 12322 | 16 | 02|03 [ 05| 0.013 | 14046 | 61.61 202.08
15 | PBIT | PPN 563.80 | 147.36 | 16 | 0.2 | 03 | 05| 0.013 | 169.14 | 73.68 242.83
16 | KAB | PBIT 609.40 | 158.87 | 16 | 0.2 |03 |05 | 0.013 | 182.82 | 79.44 262.27
17 | HYIT | KAB 619.93 | 161.53 | 16 | 0.2 | 0.3 | 0.5 | 0.013 | 18598 | 80.77 266.76
18 | AYA | CMI2 760.99 | 197.15 | 16 | 0.2 | 0.3 | 0.5 | 0.013 | 228.30 | 98.57 326.88
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a 1A o ~ ° ~ ~ Yo =
il’lﬂﬂ']ﬁwf!]']im-lﬂngﬁﬂuiﬂﬂcﬂq 4 ﬂ5ﬂlﬁ1ﬂ1iﬂu1“11LﬁﬂQlﬂﬁﬂﬂlﬂUU1ﬂﬂQ'§ﬂﬂ 4.3

@

TavvzuaasnuiouToaluusaznstias seoz NS o sudaz YIS vamud s uszozmaly
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=

1 ' 9 Y = YA - o oA sy Y
uanza99ntes lun smuldidndon Toedidiigarzidluausenlosi 1dninnis

o S B S 4o S S | 4. & o 4
MruanInmEnNIANIILINANVEINAY tasududon Tesfiaraimiinuing
1 = A kY o LU 1 2’ o A 1w J 03 3 ;l ~ )
TTOLNN MNMTFYLTY 1IN0 Iaarahminimnuluuaazdunls Haiian'ld
9 o o L 1 :is} [ A 1
aeandesnyinglszmn lumsvenuuy Iassiieidesmsifuiinuazanniiugves Tasay
A A = o P o 2 & ¥ ¥
Wiesnaanuenatuiumsniinessemunsoagimaiunsoan 14 Inuaduniauay
Ymoniela  luvagiaansaldduloudnihuaadn Tunnedeszesmanagmmsgapie
i pd 4 T 4 - 2
v hindsuuas uadusen Tessziuegiuiuauvesanusmadudundn Famniy
o A i o ¥ A i g 1 g o
Tuanueaaulugla sz ldandeuToslugraiuiisniosas mazezaninsasessy

v A 2 &
mmﬂﬂmumﬂwumm

AN aufiaua link cost Tuasauua weight anvqfiu
cost
| 800.00 i

70000 4+ — - SRR /

| 80000 f— = — - ]
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/’ i—-——weightlosses
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lﬂ' | = " d‘. [ 1 1 cy ol r ar
31U 43 AsmlfSeunsuanion Teslumsimuasarnimingraii

¥ ¥ ¥
v [

aw = o 1 ' g 9 :’ o oo
muu“lum‘mﬂvmaiﬁfd"lsé’fmﬂu%uiﬂwslﬂﬂm’mmwuﬂmﬂmmaummm's
'-‘; g ~ = o 1 A'i 5 . . 9/ -:5 0’: a
AAUAIZURM 4.4 AnsaAuIamangon Toad1ga (Minimum cost) UASITUNNNTUNYR

Q

(shortest-path)
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16 A 16 A
CMI2 468.19 km WSA 356.3 km PLKR
C=130.63 [t C=98.61
|WDM I WDM WDM
e | pli] | I
16 A
2 408.08 km
E C=114.05
o5
P Backbone - WDM
85 [WoMm] cxcx
L
w0
= 16 A
203.58 km
C=56.58
AYA 32 A, 251 km, C=70.73 e
EVDM ll { WoM ! NMA
16 A 32A 32A
» 62.11 km 263.2 km 387.5km
E C=18.66 WDM C=74.09 C=108.37
I35 LKS
iy
cgn i |WDM SKE
- (&)
S 32A
416.66 km
32 A 32 A 32 A C=116.41
PBIT 137.85 km 20.8 km 78.55 km
C=39.53 C=7.25 C=23.23
WDM | [wom] [wom| [wbMm
E J et Rl |
LTY PKG CBI
£,
< wn
@ o 16 A, 560 km,
2 % Co157 IWDM PPN
ke 16 A, 372.27 km,
b2 C=104.18
WDM WDM
16 A, 618.51 km,
KAB C=172.48 HYIT

i i o v a a d 4 N : i o
31 4.4 Tasevendnszuumafadmandgnisnuenaduuaasauion Tosfid o 14

lunsazeia

o
¥4

4.2 ﬂﬁf‘hmmmsﬁumeﬁﬂuﬁqm (Shortest-path calculation)
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v 1 ] v
s laaugey Toanmuzaudy Inssnondannazanymdrvuaouae lvziunis
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= - | o

oA o i s S o A e W a R o
mausou losmgaienazii lddmsnudunendungalasordodanesinluniasimua

s o el oA ar =1 o a a R a o
UMY 2 90NDINUAD @ﬁﬂﬂﬁﬂﬂﬂlﬂuﬂal!uuﬂﬂiﬂlmgﬂﬁﬂﬂiﬂﬂﬁ]ﬂﬁﬂ%ﬂﬁﬂSW

(9 [l
u

o ¥ ci = Yas a8 é
4.2.1 m‘:mnmmm‘umwim‘nqﬂiﬂﬂiﬁaanainummmmmu vlosn (Bellman-

Ford Algorithm)
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WumandungalydsTnua z Wuduniala Tnua A Avzausadaduludonidumaidy

& A [ o 9 ¥ ~ Y 2 3
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ngadiedes Tasmssnuauyen loanioszezna ldalvua z s Inuadrafosves
Tnua z Tagldmindesnige Tasdrwumsiauueslysunsy Matlab 115 lumsfinsanm
VoA ° a v g 3 o a o . = o A P
Auvouloaiga GuduAeMsad1IneaNUATAT (cost matrix) HuNEBaM TN Toai
T L} L=y { o ar o A
Tannuaazsranahaiumesed  laezunsulugin 4.4 dusdumshaudmuse

Ysulasususnu InuanSednvauzaes lassienuanaiedu 14

a v
( ITUAY )

‘ HousmuInualulassine

\ 4

4513 N x N uasne

Y

flous cost Tunsiay Tvun

/ #1599A71 N /
/ F1309A1 cost AT N /

y

AUNTYINTU

y = o o 3/ d a d .
JUN 4.5 vaenlaezunsudmsumsadmeaRiuasng (cost matrix)

A o o s a_ J . 1% 4 v A

HoMINIMHUANDANINATAY (cost matrix) a7 Usunsuvzinudeyarou Toely

= o A Qs J 9 o ) ~
gﬂmmmmmﬁ mmzsammiwuﬂﬁumauﬂzﬂa’mmﬂumsﬂixmawammmmmumw

g 4 o o ' = o w = [ 3 o
duigalavidridunisiinulunsadneaiiuaindaagli 4.5 ndaniusziims
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E
Y o

YszwanamauyonToad1qa (minimum cost) ivenuiludumeiduiigadlsdanosiuves

¢ w 4
wanuuneIARIaNNITN (4.5)-(4.9)
a o = [ ) 4 s
Azisudy (M Inuadatonie d fuszozmaiiugudnndue)
D, =0 laon i=d (4.5)

D, =0 (4.6)

T

Ed Y .
MIonAn (Mamszezndunga lldslaemeiuIvuadiufios) lagh [ #d
3 ] 1 s
D, = min{C, + D, | Tagiamua j Ly i 4.7)

o A3 . o = LA o T .
DI.J. L‘ﬂl&ﬂTﬂﬂﬁIﬂﬂ1ﬂI'ﬁuﬂ 1 nl‘]J?.lQ‘lJﬂ']U‘HNT!I‘Huﬂ‘] WANINITONAN lvuai eIz

vnaes {D,,D,,, D,,.... I Inuadrafvavesiy
. =0 (4.8)
D, = min(C, + D,g) MY k #i (4.9)

° - =3 | <
VINANNITTRANTINITaIMWeudlsTUsunsuuunual (Matlab) Hfudenlaezunsy
o [ gt :i 3 ~ @ d'
AMTUMINUTUNNNTUNGA (shortest path) A431/1 4.6
[] @ o I~ 4 4 a oA o w
Tulaseadsveslnsavionsafmananinnuenauvesusnilofisina
¥ b v
wmy A lahinmsinsandwiiugduuoyesTasesond InTu Taduuuiaumay (Ring
a a A ' o 9 w
topology)  Tagin@Asz iy IuYes SDH tAR1nma¥en Toa Tnuadia o ihdreduily
W 1 ] . 1 v
AaNYULINYA (Closed loop) Anz IMUANAD add-drop multiplexer (ADM) Taauaaz41915o
¥
VIeRFen MY (span) Wnvziianuylumsdadyanamidoudu @edrusy orwiy
a = T oW 3 4 1
STM-1 STM-4 ¥38 STM-16) g1ln3al ADM AvsvzaNsoAaaenuns iR aruaiioguy
1 FY s a d a o 3 s . 1 Y A <
aoaa 1 uaztiainduasnd (non-blocking switch matrix) agm&“lu HUINHANUDY ADM A
fio MamuazAIresdyaudosnd 1M1 STM-N
A ] 1 =) a L= . g -
AUV INLL MY 2 UszinnAouuuRANINRe (uni-directional)
a . . . dy @ a a a 9 ﬂ
HAZHUUADINANI (bi-directional) YUAUNANIINITIVDINI WA Tun1zUnd duiluae
=Y ¢ =y [ oa: s v 1 [~
UHINLUURANI@I nHa gz dasevrnan luianafeuiniy @eg1urudy
— QII Cﬂ.u/ 1 T 1 A QI 1 1
winY) Hufie niAniunazdesznie Inuagniia 1z3eegauaz Ay IR
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ATUINAT minimum cost
Di=min(Cij+Dj)
Dij=min(Cik+Dkj)
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| wo

111 shortest path T1/&a Tnuadunis
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/ fseedoya
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3UN 4.6 vaenlaezunsudmsumsnudumendungadvsanesnuvesuauuunesa

¥ 1 v

I5mstlesiu (Protection) Luud1e 9 wne dgarrueiuniomiuauaT0
Tums1daunsessesdygrald 35msdessunionldiuuin 2 35 uszuvlnaufons
Hosfuiiszdu9slFau (path protection: SNCP) azmistlosdussdumsioude (Bi-

. . ; s i Y =t ~ @ A 0 dg oy a0

directional Self-Healing Ring protection: BSHR) s1apafsvuinsununiovienldgininido
] ] 3 o y = '
FIL995087 9gnuIms Ienamiuzainudl #uduns wiln 1852 aruqudis uazada

w3098 ldedndae [16]
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Provincial Ring Frevincial Rinu

| 1_,l I' 2 Il L—s_‘,

ARATTES Backbone - WDM

Eg

S "}12 — 11 10 M 9}

-;’ Provincial Ring

B - [ -

Provincial Ring

n:i [ A ] ) v a =1 o 2
31N 4.7 dnuazmsdonToaTnsainenanmsTaAnandn1anue1INAY backbone

Ao Tasavienesnu

Taslasevive5e1dlinswen T Ingauenesdy (Local network) H50 (Provincial
Y w 1 @ a g A 1 d o a g o .
Loop) 111V Insednsmstiafmangnisnnuennau laerugilnssidia@mand (Multiplexer)
3 y =Y 1 Ny g ] [] ar 4 @ o =~ o
efnsaanngenTos Tunsaeslassiouanaeduiitesnnluszyumsiammananian
A ot o a d o A Ao A oy
saauduszuunimsadmananisnnueaau lasiisiuuveannuenaudiundy
a ¢ o - [ a [ ar =1
Wis1imesvan Juvazhlasesvienesdueidoszuy SDH luseauniuisi 2.5 GHz (STM-
16) lumsisouTloslnsavre

Y] a d
4.2.1.1 wamsanulagl¥danasnuveuvauuy Weosa

v ¥
- o = '

TAgna91NN1591809 MInudUMIndungasenalnua 1 (CM2: Foalny) 11

L]

dalnuai 14 EYIT: malna) waznin Tnua 2 (SAA: 1) TdaTnuai 14 fs3109 4.8(n) fisn

1
=

T v ) 1 v ¥
wou Teadgamiiy 566.56 ttaz 695.16 AwaIy uaziinusowTosdrgaludunaiduiga
Y o & = o [ a ] @ -
I TnuadumalddaTnua 14 daremae saudedmausefiiuluudas path faa1s1ai 4.5
é a 1 3} ci T d'l 9 ;:i = Y t:'d.o 1 d [] '
FofoduTudumasii 1dauvonTes voonga e luung path iiSaugredidiumnnh
3 ar g 1 . . a [ 1 ar
DMUVAIUNSIFOUABNIINEAIN (physical connection) AIDE1NHU 1FUN9IN THua 2 11/
A o 9/ - 3 P 3 ] o
Trun 14 Faf idumsiiduiiga iy 2-3-4-5-6-12-13-14 59091913 7 hop 1A THNIIMEN WA
o ) & [ 1 1 g
ansofmuadunaEu Inua 2-1-6-12-13-14 #9923812U hop Hosna1Ae 5 hop M1y

J ot VA 9 = ¥ oA = 4
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3197 4.5 mi1mﬁmwaﬁwﬁmmzf’f’uwNﬁﬁuﬁtjﬂmaﬂwuﬂﬂawmqﬁ 14
Node N to Node 14 Routing Table Logical Link Cost Hop count
1to 14 I 612 13 14 566.56 4
2to 14 2345 61213 14 695.16 7
3to 14 3456121314 596.55 6
4to 14 4 5 61213 14 482.50 5
5to 14 561213 14 425.92 4
6to 14 6 12 13 14 355.19 3
7 to 14 7 61213 14 373.85 -
8to 14 8 910 11 12 13 14 447.60 6
91to 14 910 11 12 13 14 331.19 5
10 to 14 10 11 12 13 14 307.96 4
11 to 14 11 12 13 14 300.71 3
12to 14 1213 14 261.18 2
13to 14 13 14 104.18 1
15to 14 15 14 172.48 1

| 1.cmiz |

(M

|8~aKEI
A

l124=-arr |<—| 11-|.TY]<—| 10.pxa l | 9cai |

A A
| 15«a8 I 141wt

(V)

1 v Y [
U7 4.8 idumahiduiiqe (Bellman-Ford algorithm) (1) 911n Tnuale 9 11 Tvue 14

@) 1nTvuala 2% Tvua 5
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v ¥ " ]
dmsudumenduiigasenineinue 12 TdsTvuei s g 48wy e
iwouTosdganwiy 164.74  uazlinuiou Tusmgavesimauaanmuluudaziduniags
P
M15197 4.6

¥
o

i w d { i =
M3 4.6 Ms1uanImadHIveudunaiduiigavosTnuatateniai s

Node N to Node 5 Routing Table Logical Link Cost Hop count
1to5 165 282.10 2
2t05 2345 269.24 3
3t05 345 170.63 2
4t05 45 56.58 1
6to5 65 70.73 1
Tto5 785 74.09 1
8to 5 85 108.37 1
9to 5 589 224.78 2
10to 5 10 11 12 6 5 211.52 4
11to5 11 12 6 5 204.27 3
12t0 5 12 6 5 164.74 2
13t05 1312 6 5 321.74 3
14to 5 14 1312 6 5 425.92 4
15t0 5 1512 6 5 334.3] 3

] ' v ¥ v k4
lagwanmsiaeamiauson Tosdrganindunisiduiigalundazdumaiu
af 1 é ' 4 1 L) { 1
mnsagl1ddemse 4.7 FazilumsaandeduionTosuazageiidiu Tasluunu
¥ 1 1
wveunazunziiudiavsey Tnuaaie 4 msiduyesswluySouumumasy
F v oA v 3 o o '
AudheeziiuausonTesszniraInualuunumndandadu nualunnuuuiuey dau
& 4 < VoA ' ¢ u W
Nunamdsuyuyziiuaigefirusenie nua luunundandadu Tnua luunu
=1 Yo A 1 A v w = "o d
wwanou wmru ldhauyen Teanazyreidiunin nuadanfue sz iiaumfugud dalu

M3199 4.7 Tunuamue sy

€e

o ]

= =1 U ' E) =
INAN1TNN 4.7 ilzmu'lﬁ’mnmu‘ma (span) ﬁg'ﬂ'JNT'HNﬂ G1'1.«!]’]1'5‘}’]1 LTUNNINTU

b

' ' v ¥ £ 1

e Aunfgaeziing 7 hopluvagniautisianuavesInssoniinsanie 15 ¥ 23 44
Y FL ﬂ 9 = 3 A 3 % A 1 a o o

v ldiuthudumeddulifiansiud  (looping) wieliinaanuduaulunsdmua

THUNI
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4
1 3 o

a 1A v ~ ~ ~Ay Y o aR
139N 4.7 ﬂ‘]s‘N!.Lﬁﬂ\iﬂqlﬂf@NIUﬂllﬂxﬁf?QﬂWTﬂ’UﬂﬁEﬁuﬂ‘lﬁﬂﬂuﬂqﬂﬂqﬂﬂ’]ﬂ@ﬁﬂf]s‘ﬂil

vowauuuresa

Hop Count: Bellman-Ford Algerithm

Nede] 1 | 2 | 3| 4| s |6 28| 9o |w|u]2|lz]|ia]is
1 ol 1] 2| 3| 2 1] 2 3| s| 4 3 2| 3| 4 3
2 11306] o 1| 2| 3| 4 4 4 s 1| e s 6 3 s
3 |2202] 9s6] o 1] 2| 3| 3| 3| 4 e s 4 s| 6 s
a4 |3387|2127|n1a1| o 1| 2| 2| 2| 3| s| 4 3] 4 3| 2
s l282.1]269.2]170.6] s66] o 1| 1| 1] 2| 4 3| 2| 3| 4 3
6 [211.4|3400(2a1.41223| 709] of 1| 2| 4 3| 2| 1 2 3 2
7 12300[3433[2447]1307] 7a1| 183] of 2| s| 4 3| 2 3| 4 3
8 |3905|377.6|279.0[ 1650 108.4[ 179.1[1225] o 1| 2| 3| 4 s| 6 s
9 [375.4{ 4940 395.4| 281.4] 224.8] 1640[ 1227 116.4] o 1| 2| 3| 4 s| 4
10 [352.2] 430.8] 382.2 268.1| 211.5] 140.8[ 159.5| 1396 232] o 1| 2| 3| 4 3
11 |3449] 473.5|3749] 2609] 204.3[ 133.5| 152.2| 1469] 30.5] 73] o 1| 2| 3| =
12 |305.4] 4340(335.4| 221.3[ 164.7] 940 1127|186.4] 70.0] 468] 395] of 1] 2|
13 | 462.4] 591.0| 492.4] 372.3[ 321.7[ 251.0 269.7| 343.4] 227.0{ 203.8 196.5[ 1570] o] 1| 2
14 |566.6] 695.2 596.6| 482.5| 425.9| 355.2 373.9] 447.6] 331.2| 308.0[ 300.7[ 261 2| 1042] o 1
15 [ 475.0] 603.6| 504.9] 390.9] 334.3| 263.6| 282.2] 356.0{ 239.6| 216.4| 200.1[ 169.6[ 276.7[ 1725] 0

Link cost : Bellman-Ford Algorithm

° k74 o = as a g a ¢
4.2.2 ﬂ'l‘i‘i]]ﬂﬂ\iﬁ“ﬂ“‘ﬂNﬂﬁHﬂQﬁiﬂﬂiﬁﬂﬁﬂﬂ‘i‘ﬂ‘ﬂ‘ﬂﬂﬂﬂ‘i}ﬂﬂ'ﬂ‘i'l
(Dijkstra’s Algorithm)

o w ° {q 9 = ' g o
TasdraunsmiaueesTdsunsy Matlab flglumsiansanmangouToadiga

o

Y . ' o =] P & s e
IBUAUAIYNTIINT I cost matrix ﬂﬂuﬂﬂﬂﬁﬂﬂqﬂﬂguﬂﬁuiugﬂﬂ 4.4 “ﬂx‘iﬁTﬂJﬁﬂﬂi‘ULﬂﬁﬂu
a 9 o =1 Y 1 4d‘ 1 [ 3 r r a o
IJJG’I5ﬂulﬂﬂ'm%']u'luIHUﬂﬁﬁﬁ]ﬁﬂ‘Hm&’ﬂi'Elx‘iiﬂix‘!‘ll'lﬂﬂlhﬂﬂﬂ"lﬁﬂuhlﬂ TﬂUE)'lﬁUT‘iﬁﬂﬂ’lﬁ]ﬂx‘lﬂ“l]ﬂ

AATIDANDINUAIAUNITN (4.6)-(4.10)

AzisudY
N = {S} (4.6)
D, =C, lawyn j#s 4.7)
D, =0 (4.8)

=)

msm Inuadalinlndnga Taom Ivuan i = N

D= in,. . D (4.9)

jeN
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vy Tvua 97 T lua N

b4
duwa N fiasunn Tnua fendugansaiulm
[ VoA o' [ s A o8 o o i
mydmananyeu lvsdiganasnniiny nua i i luma N dwmsulnvua j= N
D, =min{D,,D, +C, | (4.10)

NAUMIN (4.6)-(4.10) enansadswdluvden laezunsud sy TUsunsy Matlab

o o 1 9 d’. 3 = 9 a  d [ a8 o e‘
‘n'l%'iumsmu’ammm lﬁ‘u‘ﬂ’lﬂ‘flﬁu‘ﬂ’q@ﬂ?ﬂﬂ%ﬂﬁﬂi?ﬂﬁﬂﬂiﬂuﬂﬁgﬂﬂ 4.10

5uduUB

‘ Tnandoyamaing

p

' @
‘]BjﬂNﬂ'TIHNﬂﬂuTI'N&LﬁzTJﬂTU‘H‘N

l

AU AT minimum cost

!

ﬂ%’m.l';aﬁ'u minimum cost
210 Tvuatdaonia Tl Tvuadhafios

>
- >

ATUIWAT cost 910 Tnuatanonia
Cost = Cij + Dj

|

Uivlge (N, Di)
*Tao Di = min(Dj,Cost)

Yes

The last (N, Di ) of each node is changed?

No

W7 shortest path lU&a Tnuadaionia

2,

WTAIWT ;

#1seadoya
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¥
s 9 ar

] 2 = a 9 H H a a d
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o v a a o s: 1 i a oA
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4
=

¢ T o A2 4 9o
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{ 1 ar v a < L4 4
31N 4.10 (M TnsesvienanszuumsTadmandnieanueiaau

v Y ]
(V) iumaniduigasznineTvua 2 e 14

The shortest path from node 9 to node 7

UM 411 dumasndu

()

E
s

Ngaszn e (n) Tnua 7699

The Transmission Network The shortest path from node 2 to node 14
cMi2 SAA PLKR cMiz SAA PLKR
E =2 513 o FE————- k113
] 4KKN [T] 4 KKN
AYA[LLG H] 5NMA AYA[Z-& £ 5 NMA
LKS LKS
L o7
SKE SKE
msa s
LY PKG LTY PKG
PBIT (R4 [ g9 PBIT[9.12 [ i O o I 1] )
CBIT cBIT
r 13pPN 13peN
14 015 14
KAB HYIT KAB HYIT
(m (v)

The shortest path from node 11 to node 3

cMmi2 sAA PLKR cMi2 Sk PLKR
o1 o2 o3 =) =y 3
I 14 KKN 4 KKN
AYA 15 NMA AYA[Z-6 5 NMA
LKS
o7
SKE SKE
8 o8
LTY PKG
PBIT £19 pRIT(H——£1 11 (10 i
carr CBIT
O 13PPN l:l 13 PPN
015 O a5 14
KAB HYIT KAB HYIT

(V)

() Tvua 11 943
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o a o Y a 1 [
nnransSassRAnaasIdanasiulunn q Tnuauaznn 9519 1AHAANTAS
=1 P = VoA ‘; & s o [ a1 1 3/ ~
A15°99 4.6 Nuaraafan1don 1oad1ga (minimum cost) taz$ 1My N ludazidumen
5 3
dunga
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M3199 4.8 M3nuaasnuyen loauazsnimuvsadunenduigen lavindanasiy

YDIAIRANT
Hop Count: Dijkstra's Algorithm
Node| 1 2 3 4 5 6 7 g 9 10 | 11 12 | 13 14 | 15

1 0 1 2 2 1 2 3 5 4 3 2 3 4 3
2 13046 0 1 2 3 4 B 4 5 7 6 3 6 7 6
3 1229.2] 98.6 0 1 2 3 3 3 4 6 8 4 5 6 5
4 §338.71212.7] 114.1 0 1 2 2 2 3 5 4 3 4 5 3
5 [§282.11269.2]170.6| 56.6 0 1 1 1 2 4 3 2 3 4 3
6 ||211.4]340.0} 241.4/127.3] 70.7 0 1 2 K 3 2 1 2 3 2
7 [1230.0]343.3|1244.7|130.7} 741} 187 ] 2 5 4 3 2 3 4 3
8 }390.5/377.6]279.0| 165.0{ 108.4| 179.1] 1825 ] 1 2 3 4 5 6 5
9 [1375.4| 494.0| 395.4| 281.4| 224.8] 164.0| 182.7| 116.4 0 1 2 3 4 5 4
10 |352.2| 480.8| 382.2) 268.1| 211.5] 140.8| 159.5| 139.6] 23.2 0 1 2 3 4 3
11 [344.9|473.5|374.9| 260.9| 204.3| 133.5] 152.2| 146.9| 30.5| 7.3 ] 1 2 3 2
12 [305.4] 434.0{ 335.4] 221,3| 164,7| 94.0{112.7]186.4] 70.0| 46.8 395 0 1 2 1
13 §462.4|591.0] 492.4| 378.3| 321.7| 251.0| 269.7| 343.4| 227.0| 203.8]| 196.5] 157.0 0 1 2
14 [ 566.6| 695.2] 596.6] 482.5| 425.9| 355,2| 373.9| 447.6| 331.2| 308.0| 300,7] 261.2} 104.2 0 1
15 [ 475.0| 603.6] 504.9| 390.9| 334.3| 263.6| 282.21 356.0| 239.6| 216.4| 209.1] 169.6] 276.7| 172.5 0

Link cest : Dijkstra's Algerithm
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Dijkstra’s Algerithm

2

:

4

10

11 12 | 13

14

15

—

130.6

229.2) 338.7

282.11211.41230.0

390.5|375.4|352.2

344.9|305.4] 462.4

566.6

475.0

130.6 0

98.6| 2127

269.2] 340.0] 343.3

377.6| 494.0| 480.8

473.5] 434.0{591.0

695.2

603.6

229.2] 98.6

0j114.1

170.6| 241.4| 244.7

279.0| 395.4| 382.2

374.91335.4{492.4

596.6

5049

338.71212.7

114.1 0

56.6|127.3] 130.7

165.0] 281.4} 268.1

260.9]221.3{378.3

482.5

3%0.9

282.11269.2

170.6] 56.6

70,71 74.1

108.4] 224.83| 211.5

2043} 164.7|321.7

4259

3343

211.4|340.0

241.41127.3

70.7 18.7

179.1} 164.0{ 140.8

133.5] 94.0{251.0

3552

263.6

230.0{343.3

244,71 130.7

741] 187

1825 182.7| 159.5

15221 1127} 269.7

3739

232.2

390.5|377.6

279.0] 165.0

108.4{179.1| 1825

116.4]139.6

146,91 186.4{ 343.4

447.6

356.0

WOl 0] x| ] W] & W] M

375.41494.0

395.4/281.4

224.8| 164.0] 1327

116.4 232

30.5] 70.01227.0

331.2

239.6

—
(=3

352.2] 480.8

382.2) 268.1

211.5|140.8] 159.5

139.6] 23.2

7.3] 46.8|203.8

308.0

216.4

Fe—
—

344.9| 4735

374.91260.9

204.3]133.5]152.2

146.9] 30.5f 1.3

39.5{196.5

300.7

209.1

o
o

305.4| 434.0

335.4) 2213

164,72 94.0/1127

186.4) 70.0] 46.8

395 157.0

2612

169.6

—
w

462.4|591.0

492.4|378.3

321,7|251.0) 269.7

343.4| 227.0| 203.8

196.5|157.0 0

1042

276.7

—
.-

566.6] 695.2

596.6] 482.5

425,91 355.2] 373.9

447.6)331.2| 308.0

300.71261.2| 104.2

1725

15 | 475.0|603.6

504.9| 390.9

3343/ 263.6{ 282.2

356.0|239.6| 216.4

209.11169.6{276.7

172.5

0

Bellman-Ford Algerithm
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4.2.4 msdmeamidumanauiigalagiinisanamaviln

a wa T [ o 9 L] ]
TumalfiiaTasstondnszimsfmualdauiseseg lasluudazidunizil

amsAnntesuanaiadiu Tasamidilnlundazidumaszuanansasian 4.10

M 4.10 mNaaassTinamsmdnve e sgumenduna Insswenan

AumMa darems | YSuanees | misldau M3 1dau Aunay
(Exchange) (Route) (WRKB) (BTC) (%’auaz)
CMIS2 B7PLKA 390 62.39 16.00
PKGS2 B7LTYB 90 14.72 16.36
LTYS2 B7PKGB 90 14.73 16.37
PLKS2 B7CMIB 390 64.35 16.50 20.78
CMIS2 BTAYAA 120 28.62 23.85
AYAS2 B7CMIB 120 32.52 27.10
NMAS?2 B7AYAA 210 61.63 29.35
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Auna danema | USumaees | msldau 3 ldau AundY
(Exchange) (Route) (WRKB) (BTC) (Fovaz)
PBIS2 BTAYAA 240 111.89 46.62
PKGS2 B7CBIA 300 149.59 49.86
PBIS2 B7LTYA 180 89.93 49.96
HYIS2 B7PPNB 300 153 51.00
PPNS2 B7THYIA 300 157.13 52.38 56
LTYS2 B7CBIA 240 142.65 59.44
CBIS2 B7PKGC 270 168.73 62.49
NMAS2 B7KKNA 480 300.14 62.53
KKNS2 B7NMAB 450 313.41 69.65
PPNS2 B7PBIB 60 45.04 75.07 |
AYAS2 B7PBIB 240 182.93 7622 |
LTYS2 B7PBIA 180 147.09 8172 [
HYIS2 B7PBIB 60| 53.9 $9.83 [
KKNS2 B7PLKB 150 136.55 91.03
PLKS2 B7CBIA 120 117.96 98.30 |
CBIS2 B7NMAA 240 238.56 99.40 |
NMAS2 B7LKSB 510 507.07 99.43 |
NMAS2 B7CBIB 240 239.01 99.59 [

Az AN 199 4.10 szgausiseenilu 3 nqulng A nquiliamswlilnley

nsmnihunataaznsmidndunemuddy Tasluudaznguazihnmaunfomenansan

AngouTeelulnsaiie Tasfisundessemudrdunnagunswilndes linn Aadiuievas

20.78, 65, uag 90 muddy 1nams AN 1A Tdwna Tagnsihamsin ldgauie
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* The Transmission Network

The shortest path from node 10 to node 5
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Abstract- This paper studies the methodology of WDM
Networks logical design, by using TOT (Telephone Organization
of Thailand) backbone network for connecting between sub-
networks. Bellman-Ford’s algorithm is used for computing and
simulation for optimal logical design of WDM network. There
are three main parameters consider in this paper. Including
minimum cost, shortest-path routing and re-computing of
minimum cost to find out final shortest path. Furthermore, we
have compared the result from logical computation with physical
topology. Existing backbone optical network and traffic require
of TOT are used as raw data for this study.

L INTRODUCTION

Design of WDM Backbone Network for connecting
between Sub-networks is important. Not only considering
about traffic of sub-networks all around Thailand but also the
operating cost and losses in fiber optic also. Backbone
network logical design is chosen for study how to make an
optimal and efficiency routing in carrying increasing amounts
of commercial traffic. Reliability and steady performances
have become critical factors when designing and managing
those networks. Large network today offer Service Level
Agreements (SLAs) covering delay, port availability and
losses across their network which must be maintained even if
the network experiences congestion or failure. This provides
strong incentives for designing conditions, i.e., fluctuating
traffic patterns and intensities or topological changes caused
by link and node failures [1].

In this paper, our focus is on logical design of TOT
Backbone Network by considering three main parameters,
Minimum Cost, Shortest-Path Routing and Re-computing of
Minimum Cost in case of major category of failures,

1. ROUTING ALGORITHM

A.  Bellman Ford Algorithm

Bellman-Ford Algorithm makes each node periodically
broadcast its routing tables to all its neighbors. . This
algorithm have to maintain the distance tables (which is a one-
dimension array—"a vector™), which tell the distances and
shortest path to sending packelts to each node in the network.
The information in the distance table is always updated by
exchanging information with the neighboring nodes [2]. The
number of data in the table equals to that of all nodes in

networks (excluded itself). Each data contains the path for
sending packets to each destination in the network and
distance/ or time to transmit on that path (we call this as
“cost”). The measurements in this algorithm are the number of
hops, latency, the number of outgoing packets, etc.

\4

1 3

Figure 1. Sample Network with link cost

In Fig.1 if we would like to find the shortest-path between
Node 2 to Node 6, from Node 2 that Node 1, 4 and 5 are
neighbors and we can expect that the shortest link cost form
Node 1, 4 and 5 to Node 6 are 3, 3 and 2 consequently. If we
route through Node 1, the total cost is 3+3 which is equal to 6,
on the other hand if we route through Node 4, the total cost is
143 which is equal to 4 and if we route through Node 5, the
total cost is 4+2 which is equal to 6. Thus the shortest-path
between Node 2 to Node 6 is routed through Node 4.

The starting assumption for distance-vector routing is
each node knows the cost of the link of each of its directly
connected neighbors. Next, every node sends a configured
message to its directly connected neighbors containing its own
distance table. Now, every node can learn and update its
distance table with cost and next hops for all nodes network.
Repeat exchanging until no more information between the
neighbors.

Consider a node 2 to the destination node 6, the minimum
cost can be found form

D, =min{C,, +D,,C,, + D,,C,, + D}
=min{3+3,1+3,4+2}
=min{6,4,6}
=4

(1
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Where Cj; is link cost between node i to node j, for example
C;3=C3,=2 and C;;=0. So the minimum cost from node 2 to
node 6 is equal 4. Thus, we can calculate the other routing as
follow: From node 1 to node 6

D, =min{C,, + D,,C,y + D;,C, + D) (2)

While form node 4 to node 6

D, =min{C,, +D,,C,,+D,,C s+ D;} 3)
For d, the distance to destination, we can consider
Bellman-Ford Algorithm as follow:

1. Initial state
D =

i Where i #d 4)
D, =0 (5)

2. Update state (to find out the shortest-path to destination
via neighbors) where = «

D, =min{C, +D, } Bor 0 ®

This equation suggests that the form of neighbor-to-
neighbor communication that will take place in the Distance-
vector (DV) routing [3] - each node must know the cost of
each of its neighbors’ minimum-cost path to each destination.
Hence, whenever a node computes a new minimum cost to
some destination, it must inform its neighbors of this new
minimum cost.

D, =0 @)
D, =min(C, +D, (8)

Djj is the minimum cost from node i to destination node j.
When update state node i will distribute vector
{D” D Dﬂ,...} to its neighbors.

B.  Link Cost Calculation

In this paper, we calculate the link cost from 3 factors: the
number of wavelength in each physical link 5, , Total losses

(L), and Distance (d) between nodes. The formula can be
represented as

Link Cost =A+ B+ C ()]

Where A= (UUN, *w (10a)
B =L*w, (10b)

C=d*w, (10¢)

Replace A, B, Cin (9) with (10a)-(10c), Thus
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Link Cost =((I/N, )* wi)+(d *w2 )+( L *w3) (11)

where  n, is Number of wavelength

A
d isdistance (km)

L s Losses

w, is weight factor in term of number of wavelength
w, is weight factor in term of distance

wj is weight factor in term of losses

The total losses are from Fiber loss (0.2525 dB/km),
Connection losses (0.5 dB/1 connection point) and Margin (4
dB/section). The weight setting are w+wy+wi=1 and w,=0.5,
w; =0.3, wy =0.2. The major factor of this study is on number
of wavelength because it provides the minimum link cost and
it is the main parameter in expansion/reduction of WDM
capacity while the physical distance is not changed.

cost
O b i iy

Figure 2, Link cost calculation in different weight setting

From (11) we will get backbone network with link cost as
inFig. 3
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Figure 3, TOT Backbone Network with link cost
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C. Mininum Cost Calculation

For all node i, the assign value are (n,D;) where n is the
shortest next hop and D; is the minimum cost from node i to
node j as (6). In case of none specific destination we have to
assign n equal -1 for the first time calculation. The starting
assumption for distance-vector routing is each node knows the
cost of the link of each of its directly connected neighbors.
Next, every node sends a configured message to its directly
connected neighbors containing its own distance table. Now,
every node can learn and update its distance table with cost
and next hops for all nodes network. Repeat exchanging until
no more information between the neighbors.

D. Shortest Path Routing

From section C, after exchanging cost until no more
information between the neighbors, we will get shortest-path
routing. In this paper we consider the condition from equation
(7) and (8) and use Matlab to calculate Minimum Cost and
Shortest-path.

158
| Z.wBA |—>{ 2.pkr |

15€ 02

| 1.omz |

28: 73
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F W %

Figure 4. The shortest-path routing to destination Node 5

Fig. 3 show the example of calculate result to route a path
connection between other nodes to destination node 5 with the
shortest-path and minimum cost.

E.  Minimum Cost Re-computation

It is beneficial to discuss the concept of critical links and
our approach for finding them. Our goal is to compute a
routing solution that protects the network performance against
the failure of links that impact the network most on failure. In
case of physical link failure, we have to re-routing path to the
other route. We can follow up the process of section D by
generate the link cost of failure to infinity and re-start
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calculate shortest-path and update its distance table with cost
and next hops for all nodes network.

Fig. 4 shows the new shortest-path routing to destination Node
5 when the link failure occur between node § and node 5. The
new path will be routed to avoid the broken link but the re-
calculation is still being base on Bellman-Ford algorithm with
the minimum link cost.

2873

y Link Fail
AYA

m
Bl > @

11° 25

077

13€ 57

22759

Figure 5. The new shortest-path routing to destination Node 5 with link failure

I[II. NUMERICAL RESULTS

In this section, we present the curves to compare the
results of Physical distance and Logical Link Cost and
between Logical and Physical Hop count. The parameters of
node source to destination node, we have chosen node 5 and
node 14 as destination nodes. Fig. 6 shows the comparison
between Physical and Logical link cost of node i to node 5 and
node 14 and Logical and Physical hop count. The same hop
count on both techniques shows that the algorithm will
provide the optimize path that match to the real network. Fig.
7 shows the Cost of distance and hop count in link failure
between node 11 and node 12 that sorted by physical distance
in each section. Fig. 8 shows the Cost of distance and hop
count in link failure between node 5 and node § that sorted by
physical distance in each section as shown.
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Figure 7. The new shortest-path routing to destination Node 5 with link failure
IV. CONCLUSIONS

Shortest-Path routing is introduced into design logical
network for connecting between Sub-networks. Bellman-
Ford’s Algorithm is used for computing and simulation for
optimal logical design of WDM network by considering in the
link cost that can be calculated in term of number of
wavelength in majority. Three main parameters consider in this
paper including Minimum Cost, Shortest-Path Routing and Re-
computing of Minimum Cost to find out final shortest path.
Furthermore, the expansion or reduction of WDM network
capacity can be changed by number of wavelength that updated
link cost and new shortest-path.
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Figure 8. The new shortest-path routing to destination Node 5 with link failure
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