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Abstract

This paper deals with the routing and wavelength assignment problem (RWAP) that decides the best
lightpaths for multiple packet demands for (s,¢) in optical communication and assigns the minimum number
of wavelengths to given lightpaths. There has been unknown of polynomial-time algorithm to obtain the
optimal solution for RWAP. Hence, the RWAP is classified as NP-complete problem and one can obtain the
approximate solution in polynomial-time. This paper decides the shortest main and alternate lightpath with
same hop count for all (s,¢) for given network in advance. When the actual demands of communication for
particular multiple packet for (s,t), we decrease the maximum utilized edge into b utilized number using
these dual-paths. Then, we put these (s,t) into b—wavelength bins without duplicated edge. This algorithm

can be get the optimal solution within O(kn)computational complexity. For two experimental data, the
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proposed algorithm shows that can be obtain the known optimal solution.

» Keywords : Lightpath routing, Wavelength assignment, Dual-path, Independent set, Bin packing
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Fig. 1. Wavelength-routed WDM network with lightpaths
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Fig. 2. A NV, network with eight routed lightpaths
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1. N, Zofl CHst ISBPAQ| mfzh 4
Table 1. Number of wavelengths of ISBPA for /V, network
(s,t) [{1,2)]{1,3}]{2,3)]{2,4}|{3,5}|{4,5}|{4,6}|{5,6}| Main path | Alternate path

@Dl 1 4-2-1

6.1 1 1 5-3-1

2.3 1 2-3

(6.2) 1 1 6-4-2

(2,6) 1 1 2-3-5 2-4-5
(1.5 1 1 1-3-6

3.4 111 3-5-4 3-2-4
(5.6) 1 5-6

(s,t) |{1,2){1,3)]{2,3}]{2,4}]{3,5}|{4,5}]i4.6}|{5.6})| Main path | Alternate path

@an]a 1 4-2-1
6.1 1 1 5-3-1
(2,3) 1 2-3
(6.2) 1 1 6-4-2
(2,6) 1 1 2-3-5 2-4-5
(1.5) 1 1 1-3-56
3.4 111 3-5-4 3-2-4
(5.6) 1 5-6

T [ (s, [(1.20] (1.3)[(2.3)[(2.4)[(3.5) [ (4.5) | (4.6) | (5.6} | Path
I LI 1 421
) 1 1 531

5 6.2 1 1 642
Ve [(3,4) 711 354
P ) 1 1 245
(1,5 1 1 135

2.3 1 2-3

i [0 1] 56
T8 [ (5.0 [(1.2]01.3]12.3)(2.4](3.5](4.6](4.6](5.6] Path [ 241 = | & =
@] 1 1 w2 2 | 3

wl [B.1) 1 1 531 2 | 3
2.3 1 23| 1 2

6.2 T 1 642 2 | 3

w2 [3.4 11 354 2 | 3
(5.6) 1]56] 1 2
3125 T T 245 2 | 3
(1,5) 1 1 135 2 | 3

7 11211332111 14 | 22
Step 1014 8709 (s,t) el 3t FH=Z9} AF =S +
sl AR el (6,5) =15 FAIZ A3 {3,5) 3 &5
43] ARk AFE Al o] Mg ol&sle (51

(2,5), (1.5)¢k (3.4) FolA Al =7t EAske (2,5)

(3,4) ZlA (2,5)¢] 2-3-5 BEE 2-4-5 AZ2 WA
A% (24 (3,5) 749l 0183147k Bom 2L 4+ 9]
o e, 809 (s.0) 8 SHHTER FHE 34 33
ARl e 4 o Haz Bew o g S see
AT 5+ 98% L 5 Uk Step 204 o] §857} A
B9 (2.415) (3,5) K9] (5,0) 5% 370 37 wy w0,
A7 Ui we AR w =41, G w=
((6.2).3.4)), w,=((2,5),(15)}eIn, B (s.0)&
237 (5.6)% ALt theow, (23)% . (5.6
w,o] o] FmelFo] FRHAYCH, 2 PAdE Do) A%
(o1& 557k 2% 12 31 A8 29 4 5 9w
B, w =141).61.23), w,=(62.34.66),

wy; ={(2,5),(1.5)} 2 o] wigele] 3¢ = 308
Jang et al.(1]9] A & ¢uE|S T 275 AUA
U E = 237 22702 71/\}\] s=5

Aok ISBPAE (s,t) 5 k, W9 2 5 nolg} &
AF Olkn) 78 HAER HA 88 A F A= 48 %
19t & NP-goz BF75o] tgaprzt duelge] &
S A 242 RWAPd thall thakrlzt gdaelso] &A1t
< B9tk

& Folde 27 49 N, el 15719 Falo] 24 73
of ozl Zﬂ?}% ISBPAE Z-43l] 2t} N, ¥ Siregar et
al.(7)ellA] Q1-8=]3ULt.

GO={14). (1.7). (1.8). (2.3). 2.6). 2.7). B.4). B.9).
(4.5). @.7).(.6). 5.7). 6.8). 6.7). 6.8)}

agl4. N, T
Fig. 4. N, network
Siregar et al.[7)& ¥elxl LFFPY MNHS A-435t3, Al
2 WHOR LFAPS HPLDE ARKsIich A9 2w A& 72
2347 Y 5/F S & 20 AW 3

¥ 2. N, Zoll chst LFFP, MNH, LFAP2H HPLD Z1}
Table 2. Result of LFFP, MNH, LFAP and HPLD for A,

network

(s.4) lightpaths

’ LFFP M\H
(1,4 1-2-4 1-2-4
(1,7) 1-37 1-37
(1,8) 1-2-4-8 1-3-7-8
(2,3) 2-1-3 2-4-3
(2,6) 2156 2-1-56
(2,7) 2-1-3-7 2-1-37
(3,4) 34
(3,8) -8 3-4-8
(4,5) 4-2-1-5 42-15
(4,7) 43 437
(5,6) 56 56
(5,7) 57 57
(5,8) 57-8 5-7-8
(6,7) 67 67
(6,8) 6—7—8 6-7-8

wa (45, {45\ (17,38} ) (123

wa (18,01, )} 1014.4.7.,68.,6,7) 7) 6(1,4)‘\2

W3 (2,6‘,‘(3‘8} (58 5‘ % 2 (45, 1?,(38‘ 63)
wa [(27) (@ (M‘ (23) (18,68, /]
ws  [i(14)

we_ [I23) - - -
T 45 45 47 49
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LFFPE 6/45, MNH2 4/45, LFAPE 4/47, HPLDE o [(s.0](1.2](1,3](1.5]2.4](3.4] (3. 7)[4.8](5.6](5.7]6.7]7.8]_Path
LA 1 1 T4
4/492, Ak LFAPS} HPLDE 712l &edzl MNHel | W1 a7 7 1 137
; 261 T T 7756
3 L I = QAT F G +29)F H4Z Hop w2 (1'g) ] i 111378
(] 1 7137
AANE A3t w3 ekl 1 743
251 1 4715
a9 49] N, ol ISBPAE 488 A= 3 39 A W4 @) 11 437
Q) G4) 1 34
ol sleh. (3.8) 1 1 3-4-8
(5.6) T 56
- ~ = ol [(5.7) 1 57
3. N, Yol chist ISBPAS| mbat 4= (5.8) 1 1[5-78
Table 3. Number of wavelengths of ISBPA for A, network Eg ;; } : 66778
1,21, 3}{1,5}24H3. 43, 7} 4.8} {5,657} 6, 7}(7,8}| Main Path | Al h —
59 LALIICABHEIAIEIHOMONTE, Man Path Alermare pt T [0 [(1.2] L3161 2.4]3.4]13.7]14.8]15.6]15.7]16.7]7.8]_Path
(1:7) 1 1 137 (1,4)] 1 1 1-2-4
a1 1 1 1248 | 1378 wl (1.7 1 1 1-3-7
@3y 1] 1 213 243 3.8 1 1 348
26 | 1 1 2-1-5-6 (2,6)] 1 1 1 2-1-5-6
@nl 1l 1 1 2137 | 2487 w2 [(1,8) 1 1 1 1378
G4 1 34 3.4) 1 34
(38 1 1 34-8 3-7-8 2.7 1 1 1 2137
@45 1 1] 1 4-2-1-5 4-3-1-5 w3 [2,3) 1 1 2-4-3
(4512) 1] 1 5 4;?%7 4-8-7 (5.6) 1 56
) : 2 5] 1 T 1215
( 5'3) 1 1l 578 wé |(4,7) 111 437
67) 1 67 (5,7) 1 5-7
63) 1] 1] 678
A [ 6] 3] 1] 3] 3[ 3] 2] 2] 2] 2] 2 5.8 1 115678
0O|H] -
(5.0 [(1.901.9(1.912.413.413.1/4.9(5.615. 116, ](7.4 Main path | Alternate path I 22;; 1 - 6‘_37?8
4] 1 1 124 | 1-3-4 :
.7 1 1 37 9 [ (012030524343 @ 8]E6]6. 6.8 Path | &=
gg; 1 = 1 1 1£3;7:;8 (1.4] 1 1 124 3
1 L ( o
2.6 1 T 1 2156 wl (;; ! 1 ! ; ;i; g
e[ 11 1 2137 | 2-4-8-7 oo : T T3
(3.4) 1 34 :
&) 1 1 SiE 2.6] 1 1 1 2156 | 4
@5 1 11 4-2-15 | 4-3-16 we 0.8 1 1 11378 4
@.7) 11 437 (34 1 34 2
(5,6 1 56 (6.7 1 67 2
(5,7) 1 5-7 @7 1] 1 1 2-1-3-7 4
(5.8) 1 1] 578 s 23 1 743 | 3
6.7 1 67 5.6 1 56 2
(6.8 11 1] 678 68 1 1] 678 | 3
A | 4] 3] 2] 3| 4] 4] 1] 2] 2] 2 @5] 1 T 1 4215 | 4
5 [(s,0](1,2)1,3)(1.5](2.4](3,4)(3,7}14.8](5.6](5.7](6.7[(7.8] Path wh 147 11 437 3
i ) 1 124 6.1 1 57 2
W2 _[(2.6) 1 1 7156 A 4] 3] 2] 3 4] 4] 1 2] 2] 2] 3 5
w3 [2.7) 1 T 2137
wa [(4.5) 111 42-15 R W2 15709 (s.0)o] et FAzE FAS AT
o 1 2l (12 % *Ol 63 ALgEo} (1.8)3 (2,3)S AR W
2 4 245 78] (1,2}, (3.4}¢} (3.7)0] 48] AHeHES Sttt w
EH‘ Ei?; ] . L ijg‘j? 2pA] o FJroﬂ el 4709 B Al A& 5 ATk
Fps T 56 Hh M FE 48 9 £ dn ® 38 M) A
EZ?; 1 - 1 5;;8 wywy,wyw, o ZE A (s,6) 5] G ZHdo] FHEA] ¢
(6.8) 1]1]678 T Ale 23E BojFy v ARHeR 3 = 4,

& T 4565 43t
= =l Aed 2709 A3 7 ElelHdl el RWAP
o] A& Hlwg A= F 49 AAFHe 3l

4 LIRE dsdm
Table 4. Comparison of algorithm performance
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HT o0 H—

2702 A& tolE W 2 %?ﬂ ﬁﬂr ISBPA 7lf~éoﬂ
g7 HA dlE BF S IS BTk ugA, £ =
o NP-¢hd oz 27" RWAP tis] tiatazte g H4
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2

o
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