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MBlA &80 w2 B E MEIAE SlLe 5F
M3tk oloje 2t Sof | W | ono) 223t
EEMez EEX (ISDN2| EZ} BISDN 22 X5}

FAENSIIA NS | el [ 5714 M5

2t X|(TM, ADM )8 8% :
S= S : S —) 2.5Gbps, 10Gb
5Mbps, 90Mbps, 565Mbps [ 622Mbps. 2 5Gbps i

x—{r_H El.%x—{ ?—A‘i
oA A = ==
—- (add-drop, crossconnect)
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o A & T (Survivability, 2+ Ad)
HEUoAM Foj 7t Yl st{etE ME|AE CHY MO 2 HIE = U
ey
[ |
e 24
-UHEs¥ Y ZDEMS
- Optical fiber cable =& % TH=35tE S412)
- ZOHAL M2 = AW d| & &Ao| 2o
- Redundancy 2t H| & 2| trade-offS 22{3H of &
KAIST Al AR 2| X210 A & St EAMEAULH T L aaa 4 0f 25
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Layer Node o & Hx gl o

- Drop existing calls
- Alternatively route new calls

- Circuit switch

ervi - Pac itch .
Service Packet s.wm‘ - Resend packets on alternative
- Cell switch
routes
Logical(cross {- Wideband DCS - Rerouting existing connections
-connect) - Broadband DCS over spare channel

- Protection switching to
dedicated protection paths
- Protection switching using SHR

Transmission |- SDH(SONET) TM
System - SDH(SONET) ADM

- Manual re-wiring
- Splicing
- Geographical diversity

- Fiber splice points

Physical - Distribution Frames

KAIST Al AR 2| M 3101 4l & B EM S LU T2 202 50f 25

2H 9 H&Y

o THEEMO] AESILD A= dlLte] Aake| 249 =
- Cluster -H X123 2} : [:N APS ?E(N 51> SHR
- Cluster 81 =2 & 2} backbone 2 : DCS network

® GatewayE= 7t2| backbone ZH(DCS network)® E&5HH 3|2

O : hub
B : Gateway
Cluster
KAIST Al AR M 21174 & SR &L E LY T2 aaa 6of25
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& (Self-healing Ring) E}g|¥ L=

Dedicated protection ring (USHR, UPSR)
3-1 1-3 3-1

V =3 Protection
3113 O ADM 3-1
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Two-fiber shared protection ring(BSHR/2, BLSR/2)
1-3 3-1 3-1

- Working
i m—p  Protection
1-3 3-1 > ADM 3-1
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] g Elelg TEAH)

Four-fiber shared protection ring(BSHR/4, BLSR/4)
3-11-3 153

= Working
== Protection \d
ADM 1-3
KAIST A|AGJ £ Z{ S0l Al 8 BHE KA E AT A aan 10 of 25



1:N APS *+=2} SHR}2| U]

HoE o2
S| IIN/DP =
ol M SHRZ 2|

L

w28
P ofbj
Attributes I:N/DP (1N APS with SHR
diverse protection)
upgradability easy difficult/expensive
fiber counts more fewer
terminal count more fewer
terminal speed lower higher
fiber cable 100% (N = 1), 100%
survivability <100% (N> 1) °
KAIST A| AR £ X 310N & BB Al S A2 22 aaa 11 0f 25
dro .
Xl 22| Target Configuration
2 1 (USHR): hub, 3, 4(A), 1, 2(A) & 1 (USHR): hub 1, 6(A), 7(A), 8, 9(A), hub 2
& 2 (BSHR/2): hub, 8(A), 9(A), 10 2 2 (BSHR/2): hub 1, 3(A), 4, 5, hub 2
2 3 (BSHR/4): hub, 5(A), 6(A), 7(A), 8 3 3 (BSHR/4): hub 1, 1(A), 2(A), 4, 5, hub 2
(a) One-hub case (b) Two-hub case
KAIST Al AR XX 51017 4 & SHRBAMEMYA T A aaa 12 of 25



1. TR AL
= Clustertf 2122 (St} &= F 742l 312 &3(C0), B2)
- HEE A2 8
- 2132 ADMS| H|E
2. =X
FON DEFRE 22 BE2R AFEA 7= &2 T B(USHR,
BSHR)& 7Bt

3. Assumptions

-pEZRIHE Bt (& =2oll= DCS7F A X&)

-Zh ct=ol &= & + I ADM(BSHR/4~I B 2707 Mxi=Eod o] ADM2
StLtel Zlofigh £8he)

- Ho| BFC 2 ChE MIEX| rateB 12 8IC}H: STM-1, STM-4, STM-16

- o

- Blulel BEE ME 2 28 2l 27E = Ak

KAIST Al 2B 2 M sl & SFREMEM YU T S aaa 13 0f 25

Has 2y

e X -E Master Problem 2} Subproblem 2 2 #3li 5t0{ L& 5}
Stolo| ZE oz D¥sele A STETC Y Y2 HHolM MER 3.

® Master Problem

- SEJESEE B HAHIBLRIE FRE UESIE HES MY EX
- e REel Z2to| W s E A2 Letd,

e Subproblem

- Master Problem®il 223t L& F5t= 2H.

- Ring routing™} ADM node selection ZHE & Z 88t US.
KAIST Al AR 2| X 310474 & B2 B BAUYA T L ana 14 of 25



FE-Q 3} : Master Problem(Two-hub case)'

M

® %57 & ¥ (Integer Programming) 2 &

1. Notations
R ZEJISSHHEL I
c, & rolH|Z@FIABIE ADME|E), reR

=
V, ©=so HE (TREIJXE =82 HE

by S EHE

2. Decision Variables
X .2 0l Mefglod ) OFX] P2

KAIST A| AR Z[ M 310174 & SH A S A S04 ama

15 of 25

1 28 3l . Master Problem(Al%)

]

3. Formulation

Min 26X
reR

st.  xa,x, =1 forall ieV,\{h,h},

reR

for all
’

x- €{0, 1} eR’
where
1, if ring r contains node 7 which has an ADM
air =
0, otherwise

KAIST A| AR £|Z{ Bl 4 & SIS E AL T2 202
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e 12H O|X| (b) Two-hub casel o

FrLE23320 Frlzcle F88 D85l 0lUE0l 2
Jhgsc 31, 3 2, 339 u| 88 25 100/

- 2l 4 ([ 82 8):hub I, 6(A), 7(A), 8,9, hub 2

-3 5MHBB28) :hubl,6,7, 8 9(A), hub2

st golet

1o
rin

0

EIEENER g 2 g 3 g 4 g s 2 8
Minimize 10x1 - 10x2 + 10x3 + 8x4 + 8x5

subject to

ch= x3 = !
ch= 2 x3 = i
ch= o3 x2 = 1
= 6 x1 + x4 = 1
= 7 x1 + x4 = !
o= 9 x1 x5 = 1

He =24 x1,x2,x3, x4, x5 € {0, 1}

KAIST Al B £ H EHoI el & SHREL S YAY P L aaa 17 of 25

E7| ¥ 7He| ¥(7tsE @)E 7HX 12 Master Problem 2
M & & 2H|(Linear Program)& 2t4 8110 EC}

Master Problems ¥ Z o 7| & 2t ch=&2| 71X &
O| &5t 7|2 Ho| B 23X ZALBHCHSubproblem).

Master Problem®l| & &
F7450 ChA] EC}

of

‘ o 2

X| 8hH ¥ (Branch-and-bound) 8 &3l & Z8&l 2(&H)E
AU BLR FOT =REE UEAF|= 2 8 MBI}

()

o HI
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Subproblem

e Formulation2] 7

- HeAEEoR 2§
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A& 42| Reduced cost)

FiberS0| 22T H0lAM AO[ 22 O ECf
Z =]

i
folBtel =28 BHEA|F| & ADMO| R[5 ==
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o] 44

2709 o | 279 E o
FHE L yoe | Wy o= o
USHR 0 0

2 AMol2a =7t
BSHR 0 X FO{ME i BSHR/2,
BSHR/4 & &gl

o ZV|E Y 1Y

- S EE KL= b5 9] ALO] 2 & node-disjoint path & 12| S8 Ol E3510{ 44

- 2tZte| Alo| 2o thsl| ADMO| MX| 5= T EES M (2 E =& 1ad)
- FO{T Ato| 23} == T el sl USHR, BSHRE| 2ot H| 22 78
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// \
Cluster ! ;

Hub2 Hub 1

KAIST A{ AR A MBI P4 & SHE B M B MU TP D ana 21 of 25
1 .
& 2} : Solutions
Solution for the cluster 1 (Two-hub case)
P N
Hub 2 ; ! ) \c\.c’;:c S Tl

STM-4 USHR STM-4 USHR

Hub 1 f:;s;' /n;';‘il:

Cluster |
STM-1 BSHR/4

STM-4 BSHR/2
22 0f 25

2= aaa

KAIST Al 28 2|2 2loi 74l & R B A S8l
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& I} : Solutions(Hl %)

Solution for the cluster 5 (Two-hub case)

Hub 2

STM-4 BSHR/2 STM-1 BSHR/4
Cluster 5

STM-1 BSHR/2 STM-4 U

%]
jas]
~

STM-4 USHR

KAIST Al AR H2Id T4 & S EAU S YN T2 aaa

23 of 25

L 2 3} ; Statistics for the two-hub case

b

Cluster  Net. size 7] E ForE EHAHE Sec.
No. (FVaUE) 745 < 7% off?
1 19/10/23 122 0 ESpS 17.545
2 26/9/32 197 0 ESES 25.406
3 29/8/30 48 0 ESES 7.93
4 29/8/33 64 0 SRS 9.504
5 25/12/29 280 11 A EEH 61.668

2 BSHR 2 Master Problemolf =J|51X| ooz A
ot
b pentium 166MHz o 4] =8}

ofofolf A &=l

KAIST Al AU M5t 1l & SR EAU ST 4 ana
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1. SHR# O| 88t x| U 4 A ¢2|E
- BHte] clusterE HAICZ H{EE XLIHM 222U ECRE 2 &
FREQEAF =042 e & M

= Column generation and branch-and-bound algoerithm

2. 12| E W8 Yot
~ &7 MEe HE A HA 2edDeEoR #8
-Ch2|2F ET7|A M&S REAE Al sub-module 2 EE

KAIST Al 2B &K 2H0I 24 & SR A S L YA 2 aaa 25 of 25
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