Performance Evaluation of a Survivable Ship Backbone Network Exploiting
k-Shortest Disjoint Paths
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ABSTRACT

The concept of k-shortest disjoint paths is considered important because the establishment of primary and backup forwarding paths
exploiting shorter distance and faster propagation time is a dominant consideration for the design of a survivable backbone network. Therefore,
we need to evaluate how well the concept of k-shortest disjoint paths is exploited for the design of a survivable ship backbone network
considering the international standard related to ship backbone networks, the IEC61162-410 standard specifying how to manage redundant
message transmissions among ship devices. Performance evaluations are conducted in terms of following objective goals: link capacity, hop
and distance of primary and backup paths, even distribution of traffic flows, restoration time of backup forwarding paths, and physical network
topology connectivity.
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Fig. 2 Redundant communication architecture in the
IEC61162-410 standard
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END AF Y [5]
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Fig. 3 EMP procedure
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WA 07} 1AFo] 9] A= g R
27 e 12 ARHAT A2
o FHY 2 42 JAE T
KPATH & A8 3810] s == 5o} 524
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G, < Physical topology
NewG, < G, A 1]
|Tabu| < k(G,) - 1
iteration <— |Tabu|

Select Link,,, with Max(Flow,,,)
{Tabu} < {Tabu} U {Link,,}

‘ E(NewG,) < E(NewG,) - { Linkp} ‘ Aty 3]
‘ iteration < iteration - 1 | ALY [4]

( END > A [6]

2 4 EOP Z2AIH
Fig. 4 EOP procedure
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£ AT EOP ZEA A (Tabul 2 A H 4 W
5 31 iterationTH WHE A3 @t} (A8 A 2145 H
[517FAD).

EMP Z2ZX % ¢} EOP Z2 A A& 28] AAE A}
£ PN fste] AEH OB = o dF S A
43 OAP ZEAAE 717 504 Hol )

G, < Physical topology As D 1)
{AnnealedFP} <— @ ==
v
Rate < 0.9, T < 0.5, iteration < 10000
Randomly select fp,y € {FP} < As b [2]
(FP} < (FP} = (fou)
v

Newfpsa < fpsa
Segmentya < Randomly select a path
segment beginning node m and end node n
that fpsqtraverses
Newfpsa < Newfpsa - Segmentymisa

NewSegmenty,.a < Randomly find a new
path segment form node m to node n f— Als b [4]
Newfpsq < Newfpsq O NewSegmentyysa

Performance with Newfpsq
better than
Performance with fps;? Yes

R < min(1,
exp([{ Performance Result with
Newfpyq - { Performance Result with

Jpsay 1 T1)?

No

{4 ledFP} < {4 ledFP} U {fp.4} ‘ Alsl o [11]

e B RLETE
Yes

C END ) A% B [13]

T2 5 OAP ZZA|H
Fig. 5 OAP procedure
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23 A ey WbE 31 reration> 1000022 A A 51S)
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Aoz Add ol T s ol e A (2 A
BIFE A& 3 [12]7HA). 1A AEd AR s
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AE A IHE Segmentiumas DD 8HA Aeal A7)
S Fof| |28 A2 M 1HE NewSegmentimmsis
BLA A e E L Newfpooll ESAIZITH (A8 34 [3
[4]). NewfpsaSt foai= POl A 7] =3 M ES A *é% Sl
Aol o) &) ] 1L ¥ W Newfpwul 450l foaldth $-53)
A, fpsa= Newfpa™ A Se (23 24 [5]). NewfpsaS]
50| fpuB th S8k B A9 A #A [6]
A gk R A8 g [719] BN ojd e 270

RhEE, A A (41914 B E Newfpas 5165t
3 fpe= Newfpsa ™ T A SHTE[16]. A &) 744 [7]01 A Al
A Bmutolde] 218 Qo] Y g2 &gk
& W glolth 13 A d A (8ol A A F
2AZEH ] sl Y = 5 3= FES DA A

ﬂl}i

a7l Hie A 34 Il A A S S ol IR B
3= {AnnealedFP) ol A7 T (A3 #43 [11]). 18
_]__,__41:] 7:]; 7161— FP-/]ﬁi‘é—%ET ua]b—L

o =

W 7}2] OAP ZZAAE AL ihg Fagit} (d9 7}
2 [12]).

Y 62 EMPS’Jr EOP, 18] 31 QAP Z2AAZ T4

ili2

¥ OSDF & 18] ZS Vet WA Folx B BEE
24 GrE G}Oﬂ B3, (FP}Sh {FPospr}, 18] 1
{KPATH,} 5 Z7181ach (A3 A [1]). TRuarn® T
A 2 T g9l AR T g7he] Egle) o
TR A & ET o3& Heldt & Fop Z2A|
AE At Eop ZEAA S YES A Y=
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G, < Physical topology
{FP} < @, {FPospr} < @, G, < Gy, {KPATH 43} < @ Ad o 1]

v
Select TRy € TRyanrix A (TR * D)
TRy TRy — 1 7 A 34 2]
G," < EOP procedure (G,)
{KPATH,y;} < k-shortest paths (G,", TRy Alsl 2Py 3]
v
o EMP procedure {KPATH4:})
PrimaryPaths < fpsa Als DL [4)

{FP} < {FP} L {PrimaryPath}

Links or nodes of PrimaryPath,, are excluded in G, under LD or ND
constraint

G)" < EOP procedure (G,)
{KPATH,4;} < k-shortest paths (G,", TRy)

i
fpsa < EMP procedure ({KPATH,4:})
BackupPathyg < fpsa Als DhE
J =] 7
(FP} — (FP} U {BackupPath} BE
i
‘ G, < Gy ‘ A% B (3]

TRyarc D7

‘ {FPospr} < OAP procedure (G, {FP}) ‘ A8 2HH [10]

i
< END > Alg 2 [11]

a2l 6. OSDF &1zl &
Fig. 6 OSDF algorithm

AR RERA GpRIH 22 w59 BAA wE
A AMASE A A E VA E e A2 k) A4
o] {KPATH}oll A7k} (=) 4 [3]). 28] 2L ot
T AA FE WS ALESHE EMP ZEA A E A5}
o] A8 7hs3t Kl o] BE Fol A shhe] AR E 27
I 7 & PrimaryPathg= 2173 31o] {FP}ol| A7ggit) (A
Y34 [4]). W 2 28] (LD: Link Disjoint) & == 22
(ND: Node Disjoint) A| &F 271 ol W2} PrimaryPaths,©
g0l gl g 5L e g AT (A [3)).
AR (6] A AA (72 A E 7 TR.S M B =
BackupPathy s 2733t 374 ot} wpA| 2O 2 04P =
BEANAE F ARG MY P2t A G {FPYE 8 & o]
dajste] A 2AY A2 ST (FPosor) S A
‘g gheh (A A [10)).

QL

G, < Physical topology A o (1
{FPoppr} < @
v
Randomly select TRy € TRyurs A (TR * D)
TRy« TRy —1
FPjy— D, FPpyy < FPyy Uss, FIFO < FPp, Ald 3Hy 2]
I
‘ Py« FIFO }— A B )
v
{FPyu} < Create new solutions by extending FPy to all the
neighbors of the terminal node in FPy,y, Al 3Py [4]
| (P} = FPod - (FPg) | NEERD
{FP, } < min{FP, }
{FPpew}t < {FPyow} = {FPeommon-segment} 5
{FP, {FPuew’} = {FPeommon-segment Ag 24 [6]
P} = {FPaon} O {FPrcsscommon-sment} =TT
i
‘ FIFO < {FPyen} ‘ g oty [7)
i
Sort FIFO according /; ﬁi\-ein;/;;gk performance factors A% B [5)
first
w R
No
Core Module|
l Yes

PrimaryPathy; < FPpy
{FPoppr} < {FPoppr} O {PrimaryPath, }

'

FIFO < @, FPjyry < @, FPiy < FPyryy Us, A o (1]
FIFO < Fpyisy, Gp < G,

I

Links or nodes of PrimaryPath are excluded in Gp ~ under A% 2 [12]
LD or ND constraint

A% 2P [10]

!

‘ Execute Core Module

l

BackupPath,y < FPjyy Alsd Dby
3 14
(FPopi}  {FPopon}  {BackupPatha} 2R A0
‘ FIFO <~ @ ‘ )

A8 2H [16)

TRyars # @?

( END ) A DA [17)
O&l 7. OPDF &¢1z2l&
Fig. 7 OPDF algorithm
G 2T A2 g el 4-8-€ OSDF ¢ 59 A
58 19 70| A A A3 OPDF ¢ 18] & A5 3} vl
S 7 OPDF 4ale] 52 A 9 9e] 27171 Al
299 o A4 e YT 5 Qe B B9
(Branch and Bound) ¥ &4 219 7d-& 483}
Ak WA FolA B2 EERXA] Gp R {FPoppr} S 27|
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