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ABSTRACT

A path protection mechanism based on dispersity routing is proposed and analyzed on MPLS (Multiprotocol
Label Switching) networks that are emerging as next generation IP networks. The target service of this
mechanism is a real time transmission that requires bandwidth goaranteed from an entrance to an exit of the
network. This mechanism utilizes a set of CR-LSP (ConstRaint-based Label Switched Path) for working paths as
well as protection paths. This mechanism is formalized as Mechanism 0. Meanwhile the previous mechanisms,
that utilize working paths separated from protection paths, are formalized as Mechanism k. Mechanism k includes
all the mapping relationship of one-to-one, one-to-many, many-to-one, and many-to-many from the number of
working paths to the number of protection paths. Mechanism 0 and Mechanism k are analyzed in terms of
service availability and resource utilization. This analysis shows the effect of dispersity routing in path protection.
In addition, this analysis gives a plan to decide the amount of resource based on the customer’s request for the
service availability. In result, the proposed path protection mechanism is superior to the previous mechanisms that
utilize working paths separated from protection paths in terms of service availability and resource utilization.
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/* given reserved bandwidth R
S=set of disjoint paths for two given nodes;

n= cardinality of S,

B~ bandwidth of each path in §;

U= R/n;

Assign the reserved bandwidth U to each path in
S,

5’=§; /* normal paths in §

While (true) do { ‘

If (any path in S° is failed or any path in S-§8°

is recovered) {

$°= set of normal paths;

n’=cardinality of §’;

U= Rfn’;

if (U’ > B) {

output error message non restorable;

exit; }

Assign the reserved bandwidth U to each path in
8%}

Transfer unit of traffic flow through §’; }}
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/* given reserved bandwidth R

8= set of disjoint paths for two given nodes;
n= cardinality of S;

B= bandwidth of each path in S;

W=set of working paths in S;

P=S-W; /* set of protection paths in S

U= R/(n-k);

W=W; /* normal working paths
P’=P; /* normal protection paths

Agsign the reserved bandwidth U to each path in
w;

While(true) do §

If (any path in W’ UP’ is failed or

any path in (W-W*)U(P-P*) is recovered) {

W’= set of normal paths in W;

w'=cardinality of W";

P’= set of normal paths in P;

p’=cardinality of P;

U= Un-k-w’) /p’;

if (U > B) {

output error message non restorable ;

exit; }

Assign the reserved bandwidth U’ to each path in
P

Assign the reserved bandwidth U to each path in
W}

Transfer unit of traffic flow through P’ UW’; }}
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- p 7} CR-LSP2] w8, 0< p<l

- x: d|of tjodE Re) AR cidF Bell didt v
€ R/B

-y BEE, & oo oidE Re F oi9F 1B
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- QAL 1P

dAUE 09 749 & € HGF Re] FA
ql CR-LSP(®)® HHE & zZspH AH]2r}
FEck WAVE k] Al A B3 AR
(DY A d9F o] AN BE ARE)Y
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o] 7% 1949} zro] MPLSeA 5 LER 7k
Al 78] CR-LSP a¢} be} c7} gleka sk 2
CR-LSP= 64M9} ]&-& A)3la Q)i & LER
Zroll 875 oo HHEL 60Me} B 1EiH
wWAUZ 0ellide 3708 CR-LSPel 27| 20MH
gl ¥, 3h4e] CR-LSP a7} B35 7 Ro|w
5 7§9] CR-LSP b} ¢7} 54 A= dAUE k
o= & 7He) CR-LSP be} coll Z47] 30ME %
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n 7§¢] CR-LSP % i 7§2] CR-LSP7} m%e]o]
A Al ar) e 854 PO &Ak =™ P
£ o&w Zek

P=3 Pl
2:, 0] o
o)A PG)E FalEAL n 7H9) CR-LSP 3 i 719
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if e is true,

Ber= {:)’ else 3
o Pl vhst 2k
P@) = f(p,n.)) C, B(R > B(n—1)) @
;ﬂﬂ AU 08 Al 5 BBE e
Zl.

p=3(r(p,ni) C" B > Bn-1) "

619

www.dbpia.co.kr



FFEA1 813 =F 7] 014 Vol.26 NodA

- Log( 1. Q)200
100

a8 6. W x9) n2t 7REA Qo] @Al ( p=107)

A71A AElA FEt B P W4 RI} H4 B
7} Wikl me} Wt 3pARE W4 R} M4 Bt
7Ht §< e 7RIS RB go] FoAd Py o
A e 7RI W RBE He x2 Aug
7 AUtk WEPA O<x<=nd] o AH]x FE HE P
= O Aol Al 74x|4 53" M n, g xol
23 2Ac:

P=3(r(p.n0C:B0x>(n-1) ©

oA HAUE 02] Ap|s Fd &E PEYE 7}
4 QE ohet 7o) ez Wil 4 glek

0 =1-P=1-ﬁ(f(p,n,i)cj/3(x>(n—i))) o

7HA Qe Aula F=t BEF Po AR
A 7kAel 5HE He 0, poxoll Ssd AAR
c} 7F8A Q= CR-LSPY 8 pr} 571kl
el ksl wlE x7t 1Rkl w=l Zhagich
AF 5o WE 1072 23] gle o A
4= x2} n9} QY A 13 59 2k 33 590
A 12EE WP xE, ARSE WS g, Tl
-Log.(1-Q)& viepdichk wHwige Z71X7)7] $8}
of Fol= 7H Q7F ohde} -Loge(1-Q)& e
o}

olA 3%ellA dFRF Hlel o] FMEAY FE
wje} CR-LSP2] <& Be} CR-LSPY 74 ng
ARY & e & = ek & dE nF W
B <¢f 92 R, 42 2AE g 7HAY SR
ol Foia o 4] 2, 3, 7& o3l ¢ &
ek

620

oA HAUZ 09 i~ 2% HE PR¥E )
849 Qs} B4 yol WAE thesh 3] Salem
9H 4 Qlch @ O<y<=1o]c}

0=1-3 (1m0 CI B> @-dim)

7HA Qe Al JHRe E]iE W n, p, xoll
o HAEd e B 5 A EHE He
g, yol Qs ARG E 2 5= glck

2. HAHUF kel Aula 7Mool Cigh X1 &
25| 2|

o] HeMe #HAE ko] A¥|& F5t $F PE
Tgozs 7184 Q) FEE yo] WAE o
2 yghalck 74 R>(n-k)Belwl P=13} Q=022 A
2J3ie}. ®ZF Re=00]d P=03%} Q=12 Ae|gic} o]
Axe Aslsle Aulx F5 3E Po} 7184 QE
e thdF Re] W7} 0<R<=(n-kBY wo|ch

24}l CR-LSPY & W4 i2 Jehial z4
4l CR-LSPE] 4= i7} B AR2] 7l kelslelq]
ik BT shssiel debd Aula S g A
Aksl7] $18ke] i krlolA n7A] 3R} mé
23] % A= £F Jeplle ARt sk =
4 ime Al BE F2E vepdch m ikY
& min(i, n-k}7}2] &g 5 glek ¥R kY B

542 3 199 imAhE Tehd A9 He
k

C., = kIG-mlk=i+m)) ojc}. wab nkAe
T AR 2 2] g FER B3 e
C:k=(n—k)!/(m!(n-k~m)!)¢]q__ 3 g w
B 728 v kitmolch wiehd Al 7 BF
A2 R/@K)ymik-i+tm)e] o s Y
Hlolop B 7hgdlct & oAzelAd e={(R/(n-k)
*mj(k-i+m) > B}7} ZFo]d Au]Ar} SFo]. w=)
A wAUE k) Apla F e o gT) e

P-3 [fcp,n, i)mi"ﬁ'”(cf_mc:‘”ﬁw)ﬂ o

i=k+1 m=i-k

7] W R} Wi By} Zbzh < g 71K
& x=R/B ko] FoiA Pv 443 & 7RI
wEkt] O<x<=n-kd W] AH]A ST &F PE o
i o] o] kA EjiEl Harn, g x, kel s
A A7k

www.dbpia.co.kr



=B MPLSTHeA] AN 7 A4 AH) A5 435 CRLSP 74 71 Wsha

[

P=Y, [f(p,n,i)

1=k+l

min{i,n—k} (

Cf_mc:"*me))}

m=i—k

where
e=(xm>n-k)k-i+m) (10)

olAl WIFIE ko MulA 9 &8 PEAEH 7}
24 Qst TEE yo| WAE thewt o] )0
9 4 9ok @ O<y<=@-kyn otk

0=1- i(f(p,n,i)

i=k+1

min{i,n—k} (

cf_,..cf,.‘*me))J

m=i—

where
e=(ym>((n—k)k—i+m)/n)) (11)

7H- Qe vl ZHAY] E58I9 g0, pox k
o fj#iy ARt B 5 UAL FHE W
n, gy, kel X ZAHGIE & 4 Qick &
o, MAUE kS A= wFAUE 09 792 vzt
7R 71844¢] S50 Wiz} CR-LSPS ¥+ B
¢} CR-LSP2] 7B ng ZAE 4 qlck

3. F oHYEe| vl 24

AAUZE 02] 7184 A A9 FPA A A9
W n, p yE ZlAlch @9 wAUE ko SHeA
2 W n, g ye HEe] WS kE MG ¥)a
E 84 ¥4 nd 2, 4, 82 ALY 4 Qlck
skslml oubalel MPLSZoll4] CR-LSP REE
A3 2, 4, 8702] CR-LSPES ¥ -F02 43}
7] G} W ki 1, 02, nl2 AL 4
ek il APkA] ghem aAAAR, 52 4
28} BT AH=2e) #A7) -, oo, o-dl-
d, £ chofoel 7)&e AR BE wAUSE
25 F3g 4 7] wiEelch Byt opjE) A} 7}
A olele] k Froll ¥ FHBAE FE3] da2g 4
7] dEelck

g po] T o, JHA Qe #aE yo
WAe 2™ 59 =gl vehd giek 2¥ S5
9] oz EM lREL FEE y o)u AREE
Log(1-Q)olc}. HEAS Fol7] Si5l Az
7HA Q7 ohie} -Log(1-Q)E Jehick #AY
& 0= AdeE fAUE k&= 7} 1, 02), @)
o o Z2t Jhe A, 2R, F A4deE e
v qlck

a9 54 B 4 URe] TEE yRe] FoA

o WAUE 08 wIAUE kech Z2AG 3L sHE-
4 Q #& /Ml WAYE 0= SE= y7) 77
(o-k-D)/n<y<=(n-kyne] 9} oi3t 7184 Q¢ &
oA wFAUE k&) 2z A Flellde 453
S-Alsch g 7HeAde] sdl ghe] FoiA W =A
Uz 08 WAHYS ki) 2 2L $4x y 3
4 71} weby wFAUE 0 WAVE kad &
£5 &47 7HA A0l AlE

W ko) Hghel whE wWFAUE ke fExe A}
44 7k A=k 7L 2), -1 WE HlR
Fozy o 4 ok 23 AR £ k) Fo) §
o o} HAUE kE ALY 4 v LT yo
F7re FolRlck oiA EHA HAUS k& yo)b
(nkyn o3kl wwt Hg sl Fol4 Y4
yel disiA 7S kg 43 & o girkd B
5 729 4 kvl Ml ek A Qo AA
t}.

VI, B 37

MPLS®elle] AR BE dlZ)Solt ¥3) &
Alol] ofgt ¥FE2= IETFE F4lo2 28w g)
t}. MPLSZ|Ae] A2 B3 wAuEEe] 7wt
F2& AR el =X EdME AR RS
AAUEFEE ookt 7|Ee 2 2Fsle AxE A
2)sitl®. =3t LDP9} CR-LDPo| A 7hi 7]
e bhe AQA”, =ay 234 oig 2%
M EHESS 282 715E AHuldhe 2
= Az Qo o9 Ha) il 9%
v WAVEES o dAWEESE AR JMkeR
Aelshe WAIEe] AAE 97, OSPF} IS-IS
¢} zh& IGP(Interior Gateway Protocol)®] 2hihg
Fagto gy vee Z2g daske daElEs
A=z gL,

MPLS™}ol| A4 755t 31 241 wale] ot
w23 FAHE EAc}l ddb eeEeld HHs
o8] N ohE FoZ vre] By #sle 34
715-& ol g3k ubfol] WY sl #MAY,
Y 55 Y HSE ek AT A
2 33 AEEE v Bk a7l 2
o s g

ol4t 2982 #g-A ¥ (adaptive routing)
2] wiglelz} W We] ¥ A ke sA Al
AP, B7] Ala(physical layer)elx]e] o)4b B}§-
g2 slede]eay Q=g v)mge 8 WA

621

www.dbpia.co.kr



541G 3 =F 4] ‘014 Vol26 NodA

. ,.0,_.#

a) p=0.1,n=8

-Log( 1-Q)

«Log{ 1-Q)

350‘
L
200 [ =. \_l_‘;
150

j ..............

O Sl A\ e o,s—! Y

d p=10%,n=8

-Logt Lo

175

150
[ ]
)

& 125
100 :
75 ®
50 L]
P { ]
.— -8 v
.6 (3¢ 1 0.2 T 04T 0.6 0.8 1
e) p=10"%, n=4
Legl 1- Q) -Log( 1-Q)
i 50
3l 80
!
2 a0
1 20
T 0.4 [ [ 1 0.2 6.4 0.8 Bt 7
c) p=0.1,n=2 f) p=10" n=2

33 6. AR BEE yel HiE Aula 7R O

A Af A7ke el ¥t 4o EZIE Wick
oled H3pe wAR|ge] EelE (Poisson)EER
ZAgichs 7 sl AR LR EAEH

T3 34 w3 % (circuit switched network)el|
A el 2heES A A AT wA B3hst
of fg B9 $4ol Apshe AF7H ARek .
3714 Ade] ey A CSMA/CDelA 9] WA
#oHls® A eBA Azl B A7) SR
oz 2=l

o]} t]-E©] ATM(Asynchronous Transfer Mode)
ol olab pelst Arde Ay HLS T W
Ao g ¥R A AP o] A7
Ale AEE BEEAACM B 7R HpE 7

622

BAE BgAen Ao 2a okt A )
sk

o714 g 7} W2t x]e)akthroughput®, &
ARE THFY 5 de Y BB 49, A9 AT
& B8 AdE AR Gt YT A= g £
otk mZ 3714 Aol Eejy] 5F o Ao
Agrt WAAE AN B @] FulA)R]
(sub-message)®] 45 AA s Hhglolch

g 4y slolu R e Bl ARH 84
A A AFE 95k olal heHle est
E d7E ERP o] ATelxE stel w4
A ofg] N HAMLOZ WEe] BE Q& A
¢ B BeEs A7 F4e AlEge o

www.dbpia.co.kr



=2 MPLS A AXZE A Au|2F 4T CRLSP 34 ) AAUE

£ Hlake ANk BARRY Aget HiAx] &
Ao W Bl47lol trade-off7} &S ¥, o
2|3 trade-off & FH3}= wRbE AAFL F w4
s} sloln RN AEHeIdS B8 o Wt
EgAe Bgrk

£ EFe| 7ol ws3 ZAel|4] Banerjea %
A 3 AR eloke sEske A sk B4
Tolla] AN A% Aulzg g8 o5t 29
S 728 AN HARE o2 Az 2
o] s} FAlo) Wz AR o] A Fo
= RdiE o4t =heHel s FERE 4

(dispersity), FE*XJ(redundancy), #]A43(disjoint-
neSS) =9 WergEa Aysoh o7y B4

JJF& EF 3 3 AR ool FREE E
aﬂ&] 2 o} o AAM HE=(Ermor correction
codeH ’o‘ & 913 A 29 Ao, AL &
Ba3g FHE 5 U Hd AR ok o7]A
el B Fze Pshd] zAE BSR4
A" Agelct o4t ehe-8e s FEE AANF
I BEe] B4k, S84, SRS WsE |
5 ofE 5AL 17-x= AJPE Pellx] AlEHelA
< B9 wlx BMgck B4 As 34 3
Fa) )t ALg 487k trade-off7} 3lgo] W ZE
B oople} AHEY oAt o] ZAAelI F
A4 gle WAL s AEA|ezlch

Banerjea ¢ 7]& «7sl £ 74 WEAH A0
A & shhe 24 ) Tt @ AN S9)] of
T Hxe vk 2 Fe] $5 HEE ¢] 7]
& oA dlg] AHA Z=(Error correction
code)ol] W AR AFekel FEAOE M vbd

2 AFelAe Aze] TAgl Tk FHgHoE

B} w3k i AR geke] HEE o] 7|E AT
Ae 84 el 4 5 U =90 28
MpE B i 2 dvelde dhie] Edge
A AHgshe W ARgeE it

V. dE&

£ EEoli MPLSHel AR A Al
£ g w3 7 dAIEE Ak B4
o & ﬂlma4 Al a9 AU B8
&0 FAE Ao uhkE|m )& AR BE W
?N—-—:.T meaﬂc A k ek s B

=T e

A R wpale)mg CRnLSP _'E'.7:J' Alel] “.!H -E‘r

F& 4 g3 B Fo QA =] o3l
dlef WjedEe] fAjErh= AR Ak € HF
Uae A7 g 8 7 o) o]’ AHE
482 gk ohe H4EE H4E F st

B A7 g3 Q7 HAE & AAYUES AA
Tol| Hgahod] Yo AL FF Aotk £ =
ol e d9EL 7K CRLSPENE ¥
£3che 7FE dsivdl, AA PelAs o o
HZg 7MAE CR-LSPES 4o} s Aol
wpgste g, ol iyt Al Wesich =ik &
ERAAE ¥8 B o5 et Bk ¥
# oleka sk, FER Rk B4 st
of Aeldt Aole} IP HBEE A3 £Reke W
obw FF o FAje|ct

#1EH

[1] R. Callon, et al, A Framework for
Multiprotocol Label Switching,
progress, IETF Internet Draft <draft-ietf-mpls-
framework-05.txt>, September 1999

[2] E. C. Rosen, et al, Multiprotocol Label
Switching Architecture, work in progress,
IETF Internet Draft < draft-ietf-mpls-arch-
07.txt>, July 2000

[3] V. Sharma, et al, “Framework for MPLS
Based Recovery®, work in progress, IETF

work in

Intemet Draft < draft-ietf-mpls-recovery-
frmwrk-00.txt>, September 2000.

[4] W. D. Grover, The self healing network: A
fast distributed restoration technique for
networks using digital cross connect machines,
in Proc. IEEE GL.OBECOM’87, ppl090-1095,
1987.

[5] C. -H. E Chow, et al, A fast distributed
network restoration algorithm,” in Proc. 12th
Int. Phoenix Conf. Computers Communications,
Phoenix, AZ, 1993,

[6] R. Kawamura, et al, Self-healing ATM
networks based on virtual path concept, IEEE
J. select. Areas Commun., Vol. 12, pp.120-127,
Jan., 1994,

[7] Y. Xiong and L. G. Mason,
strategies and spare capacity requirements in
self-healing ATM Networks, IEEE/ACM Trans-

Restoration

623

www.dbpia.co.kr



54182 =E 7] 014 Vol26 NodA

(8]

9

[10]

[11]

[12]

{13]

[14]

[13]

[16]

[17]

624

actions on Nerworking, Vol. 7, No.l, pp.
98-110, Feb. 1999,

A. Banerjea, Fault recovery for guaranteed
performance  communications  connections,
IEEE/ACM Transactions on Networking, Vol.
7, No. 5, pp. 653 668, Oct. 1999,

S. Han and K.G. Shin, Efficient spare-resource
allocation for fast restoration of real-time
channels from network component failures, in
Proc. The 18th IEEE Real-Time Systems
Symposium, Los Alamitos, CA, USA, pp.
99-108,1997.

R. Kawamura and S. Ohta, Self healing ATM
network architecture: Implementation results
from NTT’s nationwide test bed ATM network,
in Proc. NETWORKS'96, Sydney, Australia,
pp. 717-722, 1996.

C. Dovrolis and P. Ramanathan, Resource
aggregation for fault tolerance in integrated
networks, ACM  SIGCOMM:
Computer Communication Review, Vol 28,
No. 2, April 1998.

S. Han and K. G. Shin, Fast restoration of
real-time

services

communication  service  from
component failures in multi-hop networks,
ACM SIGCOMM: Computer Communication
Review, Vol.27, No.4, pp.77-88, Oct. 1997,
N.F. Maxemchuk, Dispersity routing,
INFOCOM '93. in Proc. ICC*75, Sanfrancisco,
California, pp. 41.10-41.13 Jun. 1975.

N.F. Maxemchuk, Dispersity routing in high
speed networks, Computer Networks and ISDN
Systems, Vol. 25,No. 6, pp. 645-661, Jan, 1993,
P. Ramanathan and K. G. Shin,
time-critical messages using a multiple copy
approach,
Systems, Vol. 10, No. 2, pp. 144
1992,

A. Banerjea, Simulation study of the capacity

Delivery of

ACM Transactions on Computer
166, May.

effects of dispersity routing for fault tolerant
real-time channels, ACM SIGCOMM: Compu-
ter Communication Review, Vol. 26, No. 4, pp.
194-205, Oct. 1996.

N.F. Maxemchuk , Dispersity routing on ATM
networks, IEEE INFOCOM® 93, The Confer-

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

ence on Computer Communications Proceed-
ings, 12th Annual Joint Conference of the
IEEE Computer and Communications Societies.
Networking: Foundation for the Future, Vol.1.
Los Almitos, CA, USA, pp. 347-357,1993.
B. Jamoussi, et al., “Constraint-based LSP
Setup Using LDP”, work in progtess, IETF
Internet Draft < drafi-ietf-mpls-cr-ldp-04.txt>,
July 2000,

G. Ash, et al, “LSP Modification using
CR-LDP,” work in progress, IETF Internet
Draft < draft-ietf-mpls-crlsp-modify-02.txt >,
October 2000.

D. O. Awduche, et al., “ RSVP-TE: Extensions
to RSVP for LSP Tunnels,” work in progress,
IETF Internet Draft < draft-ietf-mpls-rsvp-lsp-
tunnel-07.txt>, August 2000,

C., Hopps, “Analysis of Equal-cost Multi-path
Algorithm”, RFC 2992, November 2000,

C. Villamizar, “MPLS Optimized OMP”, work
in progress, IETF Internet Draft < drafi-ietf-
mpls-omp-00.txt>, available at http://www,
fictitious. org, August 1999,

A. Farrel, et al., “Fault Tolerance for LDP and
CR-LDP”, work in progress, IETF Internet
Draft < draft-ietf-mpls-ldp-ft-00.txt>, October
2000.

D. Awduche, et al., “Requirements for Traffic
Engineering Over MPLS”, RFC2702, Septem-
ber 1999,

S.Wright, et al., “Traffic Engineering of Load
Distribution”, work in progress, IETF Intemet
Draft < draft-wright-load-distribution-00,txt>,
July 2000.

S. -Y. Kim, et al., “Comparison and Analysis
of Path Protection Mechanisms in Communi-
cation Networks allowing transmission of a
Traffic Flow split, Conference of Korean
Institute of Communication

1016-1019, November 2000.

Science, pp.

www.dbpia.co.kr



=% MPLS A AAZE A MulaE 3 CRLSP 24 2 AAYE

24 % 2(Sook-Yeon Kim) 5l

19910d 24 : A4 &S
AAksystal sfal

1993'd 24 : KAIST A4ks}s)
AA}

1998+ 24 : KAIST A4k}t
AL

19984 399~1999'd 1% : ETRI
A AT Ale AR e AT
o
199913 2% &) : ETRI A4
<34 Fol e, MPLS 7]&, A39d%, &

i =

A ol ¢Min Young Chung) &Y
199014 24 : gharasl el

7] o AR AL
1994'3 24 : KAIST

7] 4 AAZHH A
19993 24 : KAIST

A7) 9@ AAZE= gt

19901 39~19921d 240 : KAIST #7] & A=pzs}
¥ f2grd

1998+ 29~1998%] 124 : ETRI ATM A& 9=
A

19991 19 ~3A)]: ETRI WEY=37|&ed-F4 A9
G|

<FPA Hob AW, AEH, olEE4l%, MPLS

w Ae 9 AlgAd 2y

Y 44 S|(Sunhee Yang) gl
1996. 11. Vol. 21. No.11 =

0| & Z(Yoo-Kyoung Lee) Az
19783 24 : =R e
Azt ghaL
1980+ 24 : Ak HE)
A MAp
1980 99 ~1984v] 34 : 2T
24N ARt
ot
19951 59~1996\d 49 :NTT EAlged7r AY
74 .
198411 49 ~¥A]: ETRI W E87]&d7d el
7|ed7rat
<F Lo viEY = AAH, g9€], MPLS7|Z,
qledl

625

www.dbpia.co.kr



