Multicast Routing Algorithms for Sparse
Splitting Optical Networks!

Presenter: Anliang Cai
PhD candidate, Department of Electronic Engineering,
City University of Hong Kong, Hong Kong SAR
Email: caianliang@outlook.com

Group Meeting, Friday, October 21, 2016

1. C. K. Constantinou, K. Manousakis, G. Ellinas, “Multicast routing algorithms for
sparse splitting optical networks,” Comput. Commun.,vol. 77, pp. 100-113, Mar. 2016.



Outline

1

2

3

4

5

. Background

. Problem Statement

. Existing and proposed heuristics
. Numerical results

. Conclusions




Background

e One-to-many multicast applications - data
transmission from one source to multiple
destinations

Telepresence, online teaching, ultra-high-
definition TV delivery, video conferencing, etc.
e Optical multicasting is more spectrally
efficient than IP multicasting”

e Current networks may not have full multicast
capability — sparse splitting

A L. H. Sahasrabuddhe and B. Mukherjee, “Light-trees: optical multicasting for improved
performance in wavelength routed networks,” IEEE Commun. Mag., vol. 37, no. 2, pp. 67-73, 1999.
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Node Multicast Capabilities

e Multicast-capable (MC) node — an input signal
going through it can be dropped locally and/or
switched to one, many, or all of its output ports

e Multicast-incapable (Ml) node

Drop-or-continue (DoC) — an input signal can be
either dropped locally or switched to an output port

Drop-and-continue (DaC) — enhanced over DoC
with extra capability that an input signal can be
split into two copies, one dropped locally and the
other switched to an output port




MC Node Architecture
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Fig. 1. MC node architecture utilized in the current work (adopted from [5]) (WC
wavelength converters, TF: tunable filters, W wavelengths per link, node degree N).

[5]. X.Zhang,J. Y. Wei and C. Qiao, “Constrained multicast routing in WDM networks with sparse
light splitting,” J. Lightw. Technol., vol. 18,no. 12, pp. 1917-1927, 2000.
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DoC Node Architecture
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Fig.2. MI(DoC) node architecture utilized in the current work (adopted from [5]) (WC:
wavelength converters, W wavelengths per link, node degree N).
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DaC Node Architecture
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Fig. 3. MI (DaC) node architecture utilized in the current work (WC: wavelength con-
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Example of Multicast Session

e Routing Subgraph for a multicast session




Problem Statement
e |nput

Network graph: ¢=(V;,A¢)

Full wavelength conversion in each node

c;j: the cost of arc [i, j] in Ag

Number of wavelengths on each network fiber
(arc): W

Set of MC nodes: M.t

Multicast session consisting of a source and
k destinations: S,S = {s,D} = {s,d,d5, ..., d}}

e Output — routing subgraph RSG = (Vrse, Arsc)
with the minimum cost
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Existing Heuristics

e DaC networks — DaC and MC nodes
e Member-only (MO)
No cycles permitted -> high cost
e DoC networks — DoC and MC nodes
e On-tree MC node first (OTMCF) [21]

Connect Ml destinations to the closest MC nodes
Connect source to the MC nodes and MC destinations

o Nearest MC node first (NMCF) [21] — reversed
procedure to OTMCF

e Multicasting using splitters (MUS) [22]
Improvement over NMCF

[21]. C.Y.Hsieh and W. Liao, “All-optical multicast routing in sparse splitting WDM networks,” IEEE J.

Sel. Areas Commun.,vol. 25, no. 6, pp. 51-62, 2007.
[22]. S. Cho,T.J. Lee, M. Chung, and H.Choo, “Minimum cost multicast ro uting based on high utilization

MC nodes suited to sparse-splitting optical networks,” in Proc. ICCSA,2006.
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Proposed Heuristics

e MPH™ - based on minimum path heuristic
(MPH)

e Sparse-splitting multicast routing heuristic
(SSMRH)

11




MPH"*

. RSG = (Vgsg, Agrsg) = (1s}.9), X ={s},Y =D, c=0
Vl,] S VG: Wij =0
. YV e D,v" € V;: Calculate P,,» — Derive P,,,, by reversing the
arcs of P,
. While (Y # 9)
(a) Find Py, ueX,veY:cp, <cp, .. Vu* e X, v* €Y
(b) Vv e Vp :If (V' € MCser) X < X U {V'}
(c) If (DaC=1)
(1) X <X uU{v}
(2) If (u g MCser) X < X[{u}
(d) RSG <~ RSGU Py
(e) c < c+cp,
(f) V[Ul, U”] € APuv: Wij o Wij + 1
(8) Y < Y/{v}
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DoC Network Example of MPH*

X ={s},Y ={dy,dy},c =0 Network

Pd15=d1—>b—>a—>s,cpd15=12

PdZS:dl —)S,deZS: 15

Select Pyy ,c =c+ CPgq, = 12
X=1{s,b}Y=1{d,},c =12

PdZS:dl —)S,deZS: 15

szb =d2 _)a_>b,de2b =11
Select Pyy,,c =c+ CPpa, = 23
X={sb},Y=0,c=23
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Other Examples

e MPH* as well as the existing algorithms have improved performance if
specific MC nodes are added in the destination set

RSG for D={d,,d,,b}

(iv) A

Fig. 8. Improving the performance of MPH* by adding an MC node in the destination
serL.
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SSMRH

1. X=D
2. Apply base heuristic for destination set X: — RSG, ¢, w;; Vi, j € V;
3. Yu e MCser and u & Vg
(a) X < Xu{u}
(b) Apply base heuristic for destination set X: — RSG{u}, c{u},
Wij{U} Vl,] € VG
(c) X < X[{u}
4.
(a) Find v € MCser and v ¢ Vysi: c{v} < c{v*}, Y* € MCser and v* ¢
VrsG
(b) If c{v} > c, Stop. Else Continue
5. RSG = RSG{U}, C = C{U}, Wij = Wij{U} Vl,] e Vi
6. X <~ XUuU{v}
7. Return to Step 3
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Test Conditions
e [est networks: USNET, NSFNET, and 18
randomly created networks

e Link cost varies from 1 to 1000

e Different k, the number of destinations and
different z, the number of MC nodes which are
placed at the nodes that have the largest degree”

e 500 multicast sessions

e MO and MUS were modified to support both
networks while OTMCF and NMCF were applied
without any changes

'S, W. Wang, “Allocation of light splitters in all-optical WDM networks with sparse light
splitting capabilities,” Telecommun. Syst., vol. 52, no. 1, pp. 261-270, 2013.
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Performance Metrics
Cg = WH.’SC,“ - 1 Y
H Z ij U H_TZCE 1i=1,...,1

1,j]€A
1.1 RSGS,

I = 100 x S Cort
Copt
number of suboptimal RSG s

500

50y = 100 x

e [ is the extra average cost of heuristic H
compared to the optimum

e SOy is the percentage of the cases where
heuristic H fails to find the optimal solution
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Numerical Results

Evaluation on the USNET graph.

z k Copt CmMus CsSMRH Ivus Issmpt SOmus  SOssmru

e SSMRH performs the 4 3 72046 74523 72053 344 0,01 264 04
6 124542 129029 124620 360 006 444 32

best for all cases and 9 16972,7 174662 169856 291 008 514 6,0
Close to Optimum 12 21408,8 21881 21422 220 0,06 56,4 3,6

8 3 6477,1 66792 64834 312 010 356 20

e SSMRH performs the 6 102272 106140 102446 378 017 532 62
) DoC 9 131780 136075 131975 326 0,15 62,2 10,8

best in terms of the 12 159086 16360 15924 283 009 706 92

: 12 3 6182,0 63785 61840 318 003 378 16

percentage of the derived 6 92053 96823 93107 416 017 584 58

' ' 9 116802 122064 116921 451 010 7072 58
Optlmal solutions 12 137735 14334 13784 407 007 678 52

Avg 12063,5 12463,7 12074,6 3,42 0,09 52,87 4,98

- 3 6205,5 6340,2 6211,6 2,17 0,10 234 2,2
6 9303,9 9804.,6 93834 538 0,85 574 18,8
9 11484,2 12286,0 11686,9 6,98 1,77 79,0 454
12 13397,2 14505 13749 8,27 2,63 90,0 63,6
8 3 61277 6317,7 61294 3,10 0,03 35,6 14
6 9113,5 9622,5 91443 5,59 0,34 67,6 10,6
DaC 9 11183,2 12002,4 11273,4 733 0,81 85,6 29,6
12 13011,2 14168 13161 8,89 1,15 95,0 46,6
12 3 6043,7 6214,7 6044,2 2,83 0,01 372 0,6
6 89211 9276,1 89279 3,98 0,08 66,8 3,2
9 10927,3 114416 109409 471 0,12 79,2 6,8
12 12681,8 13271 12700 4,65 0,14 834 12,2

Avg  9866,7 10437,5 9946,0 53 0,7 66,7 20,1

T




Numerical Results (Cont.)

Table 2
Evaluation on the NSFNET graph.
z k Copt Cexisting CsSMRH lexisting ~ IssmrH ~ SOexisting ~ SOssmru
3 2 34992 3595,8 (MUS) 34992 2,76 0,00 11,60 0,00
4 59499 6388,2 (MUS) 59499 7,37 0,00 34,20 0,00
6 80448 8674,5 (MUS) 8046,0 7,83 0,01 38,60 0,40
8 9837,0 10516,5 (MUS) 9838,2 6,91 0,01 31,20 0,20
6 2 33354 3408,6 (MUS) 33354 2,19 0,00 11,60 0,00
4 5386,2 5655,3 (OTMCF) 5388,0 5,00 0,03 37,20 0,40
DoC 6 6884,7 7044,6 (OTMCEF) 68874 232 0,04 34,40 1,00
8 8094,6 82374 (OTMCEF) 8096,4 1,76 0,02 33,40 0,40
Avg 6379, 0 6690, 1 6380, 1 4 52 0,01 17,04 0,30
3 2 32025 3286,5 (MUS) 3202,5 2,62 0.00 14,60 0,00
4 47769 5123,7 (MUS) 4789,8 7,26 0,27 42 80 440
6 5904,0 6508,8 (MO) 59373 10,24 0,56 63,60 11,20
8 67671 7584,6 (MO) 6837,0 12,08 1,03 73,20 20,60
6 2 31854 3285,3 (MUS) 31854 3,14 0.00 19,00 0,00
4 47322 5115,3 (MUS) 47376 8,10 0,11 53,40 2,00
DaC 6 5828,7 6266,7 (MO) 5841,0 751 0,21 62,00 5,00
8 6636,9 7174,2 (MO) 6675,6 8,10 0,58 70,60 15,40
Avg 5129, 2 55431 5150.8 7.38 0,35 49 .90 7.33
v




Performance Metrics (Cont.)

o1 ¢l [1] — SLevron[i] . n 2n 3n
IJ S 100 H ' SSMRH _
H= 3 Z( T ) 10010710

e 7 gives the average value of the % relative
increase of the average cost compared to
SSMRH for heuristic H and network j

e Jy is the average value of Z; over all
randomly created networks
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Numerical Results (Cont.)

Table 3
Evaluation on the randomly created networks.

P SSMRH perfOrmS best 4 Jmo Iver Jommcr Inmcr Imwus
C DoC Act.cost L 7212 1425 626 3364 9,60

e For the base heuristics 5 a1 063 677 2364 687
of DoC case, OTMCF 37227 866 658 1571 556
and MUS have the Avg 7360 1118 654 2433 7,34
best performance W.usage L 3933 1514 847 2510 11,06

2 4103 11,54 897 19,57 8,02

e For the base heuristics 3096 88 1059 1403 625
of DaC case, MPH* Avg 4011 11,86 934 1957 844

. DaC Act. cost 10 17,45 3,11 28,91 61,81 4,56
gives results C_Ioser to x 1322 354 2037 3924 587
the ones obtained by I 997 346 1629 2620 597
SSMRH Avg 1355 337 2186 4242 547

W. usage T 8,16 2,70 40,80 61,67 5,75
2n 6,81 3,41 27,88 40,22 7,52
= 6,29 3,62 23,75 27,59 7,59
Avg 7,09 3,24 30,81 43,16 6,96
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Conclusions

e |nvestigated the problem of multicast routing
for DaC and DoC networks with sparse-

splitting capabilities

e Proposed ILP formulation and heuristics
The proposed algorithms achieve an important

decrease of the average cost of t
solutions, compared to existing a

ne derived
gorithms

The proposed algorithms obtain t

ne optimal

solution for the majority of the investigated cases
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