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ABSTRACT

In this paper, new on-line routing algorithms with a bandwidth constraint are proposed. The proposed
algorithms may be used for a dynamic LSP sctup in MPLS network. We extend the WSP algorithm, the SWP
algoritim and a utilization-based routing algotithm into the proposed algorithms by slightly modified K-shortest
loopless path algorithms. The performances such as accepted bandwidth, accepted request number and average
path length of the proposed and -the previous algorithms are evaluated through extensive simulations. All
simulations are conducted under the condition that any node can be an ingress or egress node for a LSP sewp.
The simulation results show that the proposed algorithms have the good perfonmances in most cases in
comparison to the previous algorithms. Under the heavy load condition, the algorithms based on the minimum
hop path perform better than any other algorithms.
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Fig 1. basic concept of the MIRA algorithm
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1. KShortestPath Algorithm (K-shortest loopless

path Algorithm)

Input: G(N,L), source node s, destination node d,
link weight W, K

OQutput: shortest path£2] list KShortestPaths

Algorithm:

try to find the first shorest path pi(sd) by

DIKSTRA algorithm. If there is no path, set

KShortestPaths = pull and return

set ShortestPathLength = L1(pi(s,d})

insert the pi(s,d) into the oprority queue

CandidatePaths

set PathLevel = 1

set k = |

while( the CandidatePaths is not empty )

{ .

Remove the first path element p(s,d} from the

CandidatePaths and set py(s,d} = p(s.d)

if( L1(pk(s,d)) > ShortestPathLength )

[/} the current path has a greater path length

/{ than the previcus ome

set ShortestPathLength = L1{py(s,d))
increment PathLevel by 1
if( PathLevel > K)
return // we found all the K¢h shortest
/! loopless paths
}
insert the pu(s,d) into the output list
K ShortestPaths
all nodes in subpsa(s,d(p-1) are removed
temporarily
temove arcs starting in d(py) which belong to
the other shortest paths already determined
for( all nodes n* in subpkea(d(py),d-1) )
{ remove arc (n,n%.)
try to find a shortest path p(nki,d) by
DIJKSTRA algorithm
if( found no shortest path ) continue with
next n* in for loop
/i we found another shortest path
set ps,d) = subpa(sn®) + p(n'id)
insert the p(s,d) into the CandidatePaths
remove n;
}
testore all the removed nodes and edges
setk =k + 1

2. KWidestPath Algorithm (K-Widest loopless

path Algorithm)

Input: G(N,L), source node s, destination node d,
link residual capacity R, K

Output: widest pathS-2] list
KWidestPathsAlgorithm:

K-Widest loopless path d72]&-& 77 2ol A4k

£ link residual capacity ;2 AMESF boitlensck

path length L2(m(sd) 2 3 F k= Alo]e] 3

28 7Y W widest path Y472|3g AHATE

A $Jolli= K-shortest loopless path Udwe2Zd E

A3l

ol}e] & dwelF

& 71E2s Y B Eeliie

Widest K-Min-Hop(WKMH)  path, Shortest
K-Widest(SKW) path, Min Utilization
K-Min-Hop(MUKMH) path, Random

K-Min-Utilization-Hop(RKMUH) pathzl=  47}%]
EEFE ARk
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1. WidestKMinHopPaths Algorithm (WKMH path

Algorithm)

Input: G(N,L), soutce node s, destination node d,
link weight W, link residual capacity R, K,
requested bandwidth B

Output: Be]AF2] path bandwidthE ZF= selA

d7lx2] path

Algorithm:

remove all links (ij) if r; < B

set wyj = 1, Y({ij)eL

get a shortest path list by KShortestPath algorithm

with the parameter K

find a path which has a maximum path

bandwidth in the shortest path list

restore the removed links

if a path is found, update the link residual

capacity along the path

WKMH path dxre}gola] link weight ¢hg ==
9] delay= dAskd H4 F ooidel 3
end-to-end delayE Z= HIZE FolM 1 HZ2 o
H¥e] 74 H AL AA Bk 27 A2 o9
N = Aeele oz Adesitt WKMH path
dwe]Ee. 7|Ee WSP 4uelEe AR e
2 K¥id 3719 D AEF FoME HFE AR
£ Adeighe @y local search® 2§ w3 - #A
Adefelldrs AAelA|at wiEle] Aoy 194
Hap Rale AL SEr] 3 ek a2,
S5 heuristic W] Fe]7] w-Ee] ¥4 WKMH
path UziE)Zo] WSP otma]|Sel Hlsfa] Adse)
Folrle AL olirt ik, heuristic &4 4 7}
Rl ANEE & Aelet

2. ShortestKWidestPaths Algorithm (SKW path

Algorithm)

Input: G(N.L), source node s, destination node d,
link weight W, link residual capacity R, K,
requested bandwidth B

Output: BolA4te] path bandwidthE zh= sel)4]

d74#]2] path

Algorithm:

remove all links (i,j) if r; < B

get a widest path list by KWidestPath algorithm

with the parameter K

set wy = 1, V(jEL

976

find a path which has a minimum hop in the
widest path list with respect to wy

restore the removed links

if a path is found, update the link residual
capacity along the path

SKW path 438]Z&2 SWP dx2]Z&E SA4k47)
AL 71 AFL WKMH path <twe}ss) §4}
3},

3 MinUtilizationK MinHopPaths

(MUKMH path Algorithm)

Input: G(N,L), source node s, destination node d,
link weight W, link residual capacity R,
link capacity C, K, requested bandwidth

BQuiput: BolAk2} path bandwidth® z}e= sellA]

d7}%|2] path

Algorithm:

remove all links (1,j) if 1 < B

set wy = 1, V({ij)EL

get a shortest path list by KShortestPath algorithm

with the parameter K

find a path which has a minimum path utilization

in the shortest path list

restore the removed links

if a path is found, update the link residual

capacity along the path

Algorithm

MUKMH path 4ze]d2 KHA7iAle] 3l A=
F 394 path utilization Fre] 7} 2 28 A
Wahe wlilea AR psd)e] path utilization
Ulp(s,d) & vHET) 3de] Aolzicth

Ulpu(sd)) =Zf(cy - mfeyl, VA SAPsd)

4.  RandomKMinUtilizationHopPaths  Algorithm

(RKMUH path Algorithm)

Input: G(N,L}, source node s, destination node d,
link weight W, link residual capacity R,
link capacity C, K, requested bandwidth B

Output: Bo]442] path bandwidth& Z+ selfl4]
- d7=]2] path

Algorithm:

remove all links (i,j) if ;3 < B

set wy = (g - ey .V, )EL
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get a shortest path list by KShortestPath algorithm
with the parameter K

randomly choose a path from the shortest path
list

restore the removed links

if a path is found, update the link residual
capacity along the path

RKMUH path ¢v2E]&e 732 ZdelE link
utilization?] ¥2.2 A= 7oen ZE P52
utilizationo] FQelld RKMUH path ¢1z|3-
At F HEF P 7o) Hck REMUH path ¢
TElSL heuristic ] F 57 A2HAE link
utilizatione] =& Y=E2 PHE= H2E Al
B leldh

m. A% A7

ol AollM= 7|ES WHF v dye|EE
2 =EelA A" H9F g dne]EEe] 4
& AlEHelAE oA wAsE Al dsA
Avigic}
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£3lgcl 23 22| vi=slaelE MIRA YuE|E
2 M bl AH8E LR 7 Hae dAEe
F A2 AR O Wi 2 H¥ag Jshid
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28] WEYZAHAE k= 571 15elmE A
ingress-egress 2] 7N 15x14 = 210707} Ho
a9 37} 42] vlEYdFdE eE 47} 160]BE
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ilad

AEHe)dE FAq Ediy e mEsglon
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LSP setup 877} =33tz sFslgdck LSP
setup 87-2] egress ki 8771 S92 k=g
A opE XTF FoIM FUW BEE i)
AlREc). 878 LSP setupd] thHEL 1,2,3 Fof

2% 2. AEde|del A =g 1
Fig, 2. Test Network 1

A AR gEgE2 Ad-9"e). ofpsled] Ag3t LSP
sepe] WES = o]FE A7t - LSP holding
time2- H{gke] 1udd AFEES Zevhn 7Hs
gon] (i) gHe 100004 490714 10 ©SI= o
FAlF|EA Al Bl g afusich

AlgHeld 4] 28 29 vEYIedMe Uit
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L 48 JIelslen ¥ 33 49 ulEHE.
e 2E gas fake 482 7Rdlgc) olxe
A 2= 438 el AL <a LSP
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ki3
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Fig. 3. Test Network 2
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1% 4, Agee]del A8H WEH2 3
Fig. 4. Test Network 3
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off 7%+ LSP J¥E ®r} 2k2 link residual
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Aokl dnEFEd K 2 13 281 F At
+ ZEglen 43S ofF Hd K1, K2g &
4 Zel 49E TR AF So,
WKMHK1 & K - 13 WKMH 3e|&S et
Wick K gto] 18] A9l it 3H H=E A
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978

LSPEe| di9EE ofit 3e el accepted
request number+= HEElel] AFF) £ LSP 7|5E
slA|Te 2 average path hop2 el9e)el] AIRg
BE LSPES] B hop % A4
FE 18 37 29 WEdz 1M viEfla Aa)
() Fte] 10004 490712 W4 of 7 gz
W= accepted bandwidth® RFc)h ¥ 164 &
22E] WAL g5t el Fepd BA S
WK1 = WKMHKI|, WK2 = WKMHK2, RK1 =
RKMUHK1, RK2 = RKMUHK2, SK1 = SKWK1,
SK2 -~ SKWK2, MKl = MUKMHKI, MK2 =
MUKMHK2, DR = -DORA, WMR =
WSUMMIRA, LMR = LEXMIRA, PSM =
MIPASMIRA, BSM = MIBLASMIRA. %3HE x
202 accepted bandwidth® y202 #l4= =
2 HeZ ARE FAlshs o] UukFl upale]
AR £ =R & 16709 dm=lSEs 2
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ol £ 134 o] AaE Ao
E 19 Auelld H A4 e §E ey
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el #3571 1009 e AxE By WKMHKI
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MIPASMIRA , SKWK1 , MIBLASMIRA ,
RKMUHK2 %23 accepted bandwidth zte] 3
adhs AL ¢ 4§ 9k
E 12 B delld oSg Aixy 2E e
e Alde]  Bag MRA O Al
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Wl are] wapeld A dydsse sl
Sathe dee ANk sk

E 1. 88 100 - 4900 St Accepted bandwidth - test
network 1

Table 1. Accepted bandwidth between load 100 and 490 -
test metwork 1

108 116 120 130 140
WKI | 37259 | WK1 | 34890 | WK1 | 32440 | MK1 [30339 [ RK1 | 28693
WSP | 37189 | MK | 34658 | WSP (32392 | RK1 | 30252 | WSP | 28613
RK1 |37178| SP |34553 | MK2 [ 31384 | WSP | 30227 | WK | 28537
SK2 | 37456 | WSP | 34549 | MK1 [ 32303 | SK2 |30220( SK2 | 28530
MKI (37623 | SK2 | 34841 | SK2 | 32288 | MK2 | 30091 | MK2 | 28357
MK1 | 37800 | MK2 | 34302 [ SP [32210] WK2 | 29974 WK2 | 28329
SP | 36968 | RKI | 3434 | RK1 | 32101 ; WK1 | 29968 | MK1 | 28306
WK2 | 35799 | WK2 | 34289 | SK1 {31648 'WMR{29923| SP 28279
SWP [ 36632 ; WMR | 33871 | WMR | 31642 | SP |29841 | WMER ;28270
DR {16451 DR |33709 | SWP | 31608 | 5Kt |298a81| SK1 |28147
WMR] 36304 | SWP | 33788 | WEK2 31536 | DR [29760| DR [27%88
LMR|36234{ SK1 |33718| DR |31%21 | LMR [29617| LMR 27911
PSM | 36044 | LMR [ 33515 | LMR | 31235 | SWP [29528 | SWP | 27482
SK1 | 36042 | PSM | 33440 | PEM | 31204 | BSM | 29213 | PSM | 27447
BSM | 35839 | BSM | 33161 | BSM | 31141 | PSM |29120| BSM | 27404
RK2 | 32533 | RK2 | 30366 | RK2 | 28754 | RK2 |26634| RK2 | 2534t
36886 34341 32116 30036 28486
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E 1. 53} 100 - 4909} %t Accepted bandwidth - test
network 1 (7<)
Table 1. Accepted bandwidth between load 100 and 490 -

test network 1 (continued)

150 160 170 180 199
MKI1 |Z7ZZ1 | MKI1 | 25769 | RK1 | 24857 | SKI [23399| SP | 21567
SK2 |27190 | WSF | 25755 | SK2I | 24680 MK2Z {23374 W8P | 22538
WK1 |27000 | SK2 | 25657 | SP | 24498 | WK1 |23335 | MK | 22497
WSF | 26944 | RK1 | 25600 | WK2 | 24447 | WSP |23312] SK2 | 22438
SP | 26913 | MK2 | 25547 | WSF | 24419 SP |23295| MK2 | 22439
MK2 | 26912 | WK2 {25479 | MK1 | 24368 | RK1 23220 WK1 | 22386
W2 | 26904 | WK1 | 25463 | MK2 | 24321 | MK1 | 23158 SK1 | 21279
RKI | 26901 | SP 25413 WK1 (24291 | SK1 [23132| RK1 | 22269
WMR| 26731 | SWP | 25420 | WMR | 24242 | WMR | 23089 | WK | 22145
SWP | 26579 | WMR [ 25298 | DR | 24085 | WK2 (23050| DR 221037
SK1 [26305| SK1 [25060 | SKI | 24038 | SWP |23022 | SWP | 22008
DR | 26411 | pgp | 25053 | SWP [ 23930 | LMR 22835 | LMR [ 21974
LMR [26208| DR 25052 | PSM | 23857 DR |22758 | WNMR| 21930
PSM | 26091 | LMR | 24844 | LMR | 23778 | BSM | 22709 | BSM | 21885
BSM | 25934 | PSM | 24669 | BSM | 23732 | PSM | 22498 | PSM | 21798
RK1 | 24147 | RK2 | 23109 | pa | 22015 | RK2 | 20905| RKI | 19997
26949 255811 24608 23165 231
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T 1. 3} 100 - 490 cH3l Accepted bandwidth - test
network 1 (A<
Table 1. Accepted bandwidth between load 100 and 450 -

test network 1 (continued)

200 210 20 130 240
WK1 217203 WK1 {20929 | SK2 | 20233 | SK2 | 19413 | MK2 ) 18884
MK1 | 21710 | WSP | 20859 | WK1 | 20076 | WSF | 19391 | SK2 } 18778
MK2 21458 | RP [2080%[ SP 20026 | MK1 | 19371 | WSP ; 18712
RK1 | 2628 [ MK1 | 20711 | MK2 | 20007 | SP 19278 | WK2 | 18633
SP | 21491 | MK2 | 20703 | RK{ | 20000 | MK2 | 19223 | MK1 | 13610
SK2 | 21468 | RK1 | 20672 [ WK?2 | 19988 | WMR | 19195 | RK1 | 18579
WEP | 21464 | SK2 | 20579 | MK | 19955 | WK1 |19167] SP | I8S78
SWP | 21315 | DR |20513{ WSP | 19779 | WK2 | 19164 | SWP | 18543
LMR 21138 | SKI | 20812 | SK1 [ 19734 | SKi | 19134 | WK1 | 18432
DR {21137 |WMR/| 208506 (| DR | 19711 | RK1 | 19112 | WMR | 13390
SKIL'}21127| WK2 | 20426 | LMR | 19668 | SWP | 10107 | SK1 | 18371
WMR| 21059 | LMR | 20404 | SWP | 10586 DR | 18901 | DR | 18287
WEK2 | 21022 | SWP |20376 |WMR| 19534 | LMR | 18832 | LMR | 18200
PSM | 20916 | PSM | 20189 | BSM | 19451 ;| BSM | 18783 | PSM | 18877
BSM | 20798 | BSM | 20135 | PAM | 19447 ; PSM | 18618 | BSM | 18011
REK2 [ 19461 | gy | 18747 | RK2 | 18062 | RK2 | 17547 | RK2 (16928
21503 ‘20720 20031 19219 18695
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HF 1. %3} 100 - 4904 olg} Accepted bandwidith - test
network 1 (A4
Table 1. Accepted bandwidth between load 100 and 490 -

test network 1 (continued)

250 264 F1) 180 19
WMR| 18215 | WK1 | 7800 | MK1 | 17280 | MK2 | 16711 | WSP | 16130
WSP ! 18183 | WSP | 17736 | MK2 | 16999 | WK1 | 16638 | WK1 | 16101
SK2 | 18128 | MK1 {17612 | RK1 [ 16935 SK2 16380 SP | 16066
MK1 | 18074 | MK2 | 17478 | WSP (16977 SP | 16575 | MK | 15972

SP I8Md1 | SK2 | 17438 SP | 16963 | WSP | 16469 | SK1 | 15868
MK2 17973} SK1 | 17385 WK2 | 16956 | MK1 | 16420 | RK1 | 15864
WK1 | 17%62 | RK1 [ 17313} SK2 {1694t | RK1 | 16404 | MK2 | 15822
WK?2 | 17954 | WK2 | 17300 | WK1 | 16784} SK1 [ 16397 | WK2 | 15793
LMR | 17952 | wMR | 17286 | WMR | 16720 | SWP | 16360 | SK2 |15780
RK1 | 17910 | SWP |17245| DR [14616| DR |16320| DR |1%697
SK1 [ 17839 | PSM [17229 | SKI | 16594 [WMR/| 16315 | LMR | 15670
SWP | 1780t | SP [17202| SWP | 16387 | LMR | 16208 | PSM | 18648
DR [17705| DR |17092 | LMR | 16565 | WK2 | 16189 | SWP | 15649
BSM | 17708 | LMR | 17051 | BSM | 16430 | BSM | 16100 { WMR | 18617
PSM | 17889 | BSM | 168%6 | PSM | 16172 | PSM | 16027 | BSM | 15582
RK2Z | 16277 RK2 16014 | RKI | 15541 | RK2 | 13148 | RK2 | 14811
18033 17622 17107 16544 15969
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E 1. ¥3 100 - 4900) tHgt Accepted bandwidth - test
network 1 (A4

Table 1. Accepted bandwidih between load 100 and 49) -
test network 1 (continued)

B 1. %3} 100 - 490¢] R Accepted bandwidth - test
network 1 (A&

Table 1. Accepted bandwidth between load 100 and 490 -
test network 1 {continued)

00 310 320 330 340 400 410 420 410 440
WL 1567 | WP |15267] SP | 15113] WK1 {1401 ] SP | 1442 WK1 (12519 | SK2 123852 WK | 12078 | WK1 | 11847| WK1 [ 11629
MK | 15647 | WMR | 15224 | War | 14962 | WSP | 14684 | MK1 | 14380 SK2 | 12509 | MK1 | 12271 WK2 | 12032 { WSP [ 11762 wikz | 11683
WP | 15646 | MK2 {15206 WK1 | 1493 WK3 | 14639 | WK1 [14253 MKI | 12490 | WSP [12210] MK1 [12012( SP [11741| RK1 [ 11593
Wikl 15608 | RKC1 {15194 | MK1 | 14880 RK1 | 14624 | RK1 | 14197 SK1 [12438] sp |1189| sk2 [11977] K2 (11737 MK2 11511
SK2 | 15594, W2 i 15199 ] MK1 | 14816 | SP- |14348] WSP | 14150 SP [12389] BSM | 12181 RKI | 11858 | MKY |11724] SK2 {11508
RKT { 15581 | MK1 [15189 811 114863 | WMR | 14532 ] SK1 | 14128 WMR| 123859 SK1 |12160| WSP [ 11848 [ swr-[11695| sP {11496
SP f158521 | SK1 [15119 | WMR] 14784 | SK2 [14825 | MK2 | 24119 SWP {12357 PSM. [ 12119 MKz | 11828 | RK1 [11686] SWP | 11488
WMR| 15511 | WK1 [ 15117 | SK2 | 14738 | MK1 [ 14449 | SWP [ 14114 MIZ [ 12348 | SWP [12116{ SP 11809 |WMR]11647] MK2 | 11453
M1} 15489 |- SWP 15089 | RK1 [14734 DR {14399 DR |14p37 WH2 | 12329 | WKL [ 12102 [ WMR | 11792 | WK2 {11638| PSM | 1134
SWP (15484 | sP [15064] DR | 14706 MK2 | 14306 | WK2 | 14022 WSP {12324 | MK2 [ 12084 | SWP [ 11798 | DR {11619 WSP | 11378
SK1 15483 ] 5K [ 15083 WK2 | 14664 | BSM | 14244 | SK2 | 12085 RK1 |12289 | RK1{12033 | SKi ;11772 | BSM [11544| DR |1137
DR | 13442 | LMR | 15044 | PSM | 14598 | LMR | 14224 | WMR | 13804 PSM | 12275 | LMR {12631 | DR [11748| PSM | 11548 | LMR | 11372
LMR {15487 DR .} 15836 BSM | 14879 | SWP | 14171 PSM | 13779 DR {12268 | wict {12018 | BSM | 11669 | LMR | 13525 [ wMR [ 11363
BSM | 15237} PSM | 15069 | SWP | 14577 PSM | 14104 | LMR | 13749 BSM | 12232 | WMR{ 11968 | LMR | 11652 | MX2 | 11521 | SK1 | 11247
PEM.{ 14978 | BSM | (4769 [ LMR ; 14484} SK1 | 14022 BSM [ 13100 LMR|12030{ DR 111928 PSM (11593 | SK1 |1149%| BSM | 11231
RK2 | 14247] RK2 | 14042 | RK2 [ 13691 ] RK2 | 13475 | R&2 | 13018 RK2 | 11425 | RK2 [ 11584 | RK2 | 10974 | RK2 |10956 | RKZ | 10618

15819 15114 14962 14554 14278 12354 121281 11957 U1 11513
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HF 1. 4381 100 - 4909 oyl Accepted bandwidth - test
network 1 (A<D

Teble 1. Accepted bandwidth between load 100 and 490 -
test network 1 (continued)

350 k) 370 380 390
WSF | 14036 | WSP [ 13691 | Muca | 13345 | wia [ 13050 wse | 1280
DR [13917| sP [13601] sz [13019] sP |13018| sKz | 12809
WKE | 13885 | WK1 | 13893 | WSP | 13297] MK1 | 13000 | RK1 [ 12790
MK1 [ 13799 | Mz | 13462 | sWP | 13264] WP (12960 sP [12%7
RK1 [13793] SK2 [13454 RK1 | 13230 RK1 | 12933 | ME1 | 12696
SWP (13779 RK1 113439 { LMR | 13215/ WMR | 12922 | Mx3 [ 12677
SK2 [ 137781 LMR | 13416 | WK1 | 13187} WK1 | 12901 | wikz | 12608
8K1 | 13770 | MK1 [ 13410 8P |13137] K3 [12860 | WK1 [128%6
SP {137t sWB [ 13398 | wK2 [ 13081 | Mic2 | 12844 | 5K [12024
wic2 {13786 | DR 13396 M1 |13044] SwP [ 12692 DR 11281

M2 {13785 [ SKI | 13292 [ meM | 13842 | LMA | 12682 | BSM | 12506
LMR | 12708 | WKa 13388 DR [13034] DR | 12666 | LMR [12804
BSM | 13616 | WMR | 13334 8K | 12966 | sK1 [ 12684 [ whR ] 12482
‘WMR| 13611 | 8M [ 12228 | PeM [ 12940 ] BEM | 12608 | SWF ] 12017
PSM | 13540 | PRAT | 13118 |WAN | 12048 | PSM | 12875 | PEME | 12408
RKC2 [ 12711 [ K2 | 12483 | RS [12368| RKO {11967 | B2 | 11700

13806 13854 | 13212 12920 12703
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E 1. 38 100 - 490 A% Accepted bandwidth - test
network 1 (A&

Table 1. Accepted bandwidth betwesn load 100 and 490 -
test network 1 (continued)

450 460 470 480 450

WK1 | 11331 | SWP | 11172 | WK1 ; 11086 | MK | 180955 | RK] [ 10702

MKI {11374 | SP (11140} MK} | 10955 | WSP | 10878 | WK1 | 10683

SP | 11371 [ MK1 | 11136 ; MK2 | 18920 DR |10827| MK1 | 10644

SK2 | 11357 | WKI | 11118 | WMR] 10913 | WMR [ 10810 | WSP | 10640

MK2 [ 1147 | MK2 [ 11114 | SK1 | 10908 | WK1 |10787| 5P |10614

SWE (11257 | WSP [ 11986 [ SP | 10899 | WK2 | 10756 | WMR| 10613

WK2|11250] DR ;11059] SK2 | 10898 | SP |10732| SKZ | 10606

WMR|) 11215 | WK2 | 11033 | RK1 | 10879 | BSM | 10701 | MK2 | 10604

WSP {11209 | SK1 [ 11919 | WK2 | 10842 | SKZ | 10689 | SWP | 10602

RKI1 | 11208 | WMR/| 11916 | SWP | 10813 | MK2 [ 10689 | WK2 | 10574

BSM |11199 | 5K2 [ 10994 | PSM | 10791 | SWP [10629 | LMR | 10507

SK1 111197 | PSM (10930 | DR {10784 | SK1 | 10600 | SK1 | 10502

LMR: 11196 | BSM | 10927 | wsP {10782 | BK1 {10560 | DR | 10485

DR | 11165 | RK1 | 10901 | LMR | 10667 | LMK | 16525 | PSM [ 10474
PSM | 11130 | LMR | 10774 | BSM | 10618 | PSM | 10486 | BSM | 10423
RK2 [ 10895 | RE2 | 10274 | RK2 | 10251 | RKZ | 10000 | RK2 | 9953

11267 11060 10975 10845 10598
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=i/K-Shartest Path ¢ 2e]l &< 7% H2f d9F 13 g5 dagF

Woka # 4= gk

H 2. 34 A5} 8]4- - test network 1
Table 2. Best results ratio - test network 1

Algorithen | ***P™ | a1y orithm| Avg. path hop |Algarithen Avospted

BW req, num,
WSP 6.66 | WSP 078 WK1 0.74
WK1 8.63 WK1 0.76 WSP 4,73
SK2 05 | MKI 0.73 MK1 0.66
MKI1 .59 RK1 .63 DR 0.63
sp .51 SP 0,63 sK2 0.89
RKI ) 8K2 063 M2 0.56
MK2 w3 | MK2 [ RK1 0.51
W2 17 WG 024 SP 0.51
WMR | 12 SK1 9.7 WK2 0.44
SWP +.07 SWE 007 SWP 0.2
SK1 s05 | WMR 0.07 WMR 012
DR .02 DR 0.02 SKi 0.27
LMR 02 | LMR .00 BSM 0.07
BSM o0 | BSM .00 LMR 0.07
PSM 00 PSM 0.00 PSM 0.08
RK2 .00 RK2 0.00 RK2 0.0

o71H HHe 3 skl ohjel e 1% o
9] & 7B Z {1 AL AFEed 2AE 2
2 ZAOE 1% o9 7lgo] A4d 4 e A
olth. o7& 3 A2 1%E 2Ll Zelch

E 3 3z 43} ¥]-& - test network 2
Table 3. Best results ratio - test network 2

Accepted Acoepied
Algorithm Algorithm | Avg. path bop |Algorithm

BW Teq. mum.
MK2 0.80 MK2 0.5 MK2 0.B8
| wki |08 | wki 0.78 RK1 0.83
MK 0.66 WSP 0.78 MK1 0.76
RK1 0.83 RK1 0.76 WK1 0.76
5P 0.61 . 5P 0.76 WSP 0.73
SK2 0.59 MK 0.73 SK2 Q.71
WSP (.59 5K2 0 66 WK2 0.58
WK2 .39 WK2 044 5P 0.54
WMR | €.02 SK1 0.02 DR 0.a1
SK1 000 | gwp 002 WMRA 0:15
RK2 .00 DR 0.02 SKi 0.10
SWP ¢.00 WMR 0.02 SWP 0.07
DR 0.00 | Rxk2 0.00 LMR 0.02
LMR 0.00 LMR 0.00 RK2 040
PSM 0.00 P5M 0.00 PSM 0.00
BSM 0.00 BSM 0.00 BSM 0.00

45 Boid E 1o Hs7h 1009 A$E e
X7 A ke WKMHK1 78]&e] 3725907
2 Y 1% ol sl uE|EEe
37259x(1-0.01) = 3688641 B} &2 zhg zh= o
FE]EE 2 WKMHK], WSP, RKMUHKI,

SKWK2, MUKMHK?2, MUKMHK1, SP i
Bl 3} 100e)4 32 HAE e ¢dzEFEe)
gick ol9} e AL %8} 110, ., 490744) Wb
By 23w 2 E HalEe] diF HH Aal ¢gw
] FES T givk 3 Fol| LE Gun]SEel
taia 2z ghwelEde olA s8] 1005€) 4907
2 A3 Aup dzelFel ok £ IH4E Tl
A K5 A 402 R ® 29 2 AdE
a8 4= 9ok

¥ 4. HA A=l 6lE - test network 3
Table 4. Best results ratio - test network 3

Algoriibm Avcepricd Algorithm| Avg. path hop |Adgorith Accepted req.

BW _ pm.
WEP 0.76 WSP 0.85 RK1 0.83
RAK1 0.68 RK1 .80 WSP 0.76
WK1 0.66 MK2 Q.78 MK2 0.73
WK2 .66 MK1 0.78 MK1 0.73
MK2 0.61 WK1 0.76 SK2 0.68
MK1 0.61 WK2 0.76 WK1 0.61
SK2 0.54 SK2 0.73 WKz 0.61
SP 0.44 3P 0.54 DR 0.56
WMR 0.06 SWP 0.05 SP 0.24
SKi 0,05 WMR 0.05 S5K1 0.24
DR 0.02 DR 0.02 WME o912
RK2 0.00 SKi 0.00 sSwp 0.07
SWP 0.00 RK2 0.00 PSM 0.05
LMR 0.00 LMR .00 LMA 0.02
PSM ©.00 PSM 0.00 BEM 0.02
BSM 0.00 BSM 0.00 RK2 0.00

E 29 A=z 27 28] ¥EY= 1o iRk AE
told ZHaollr] FE 10 24l accepted bandwidth
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hope] wi¥t H& A= w]§E& Helw 9ok w714,
average path hopg} Afolle o8 F e ¢
g 71 AR g 2 el 1% olel == ke
7o Al Zlelch

F 22| accepted bandwidthel] th3} ZH3-E xw
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IR E 264 average path hopol| Uigt AFAE
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bandwidth®] A3}el X A AE & F 9l
t} & average path hope] AL RFRE Awzl=
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982

A v FolA7] gEe|th

E714 v} AL DORA ¢xe]&ez gy |
9l LSP setup Q7 wid A5e] <15 F7] W&
| accepted bamdwidth A5l ®|#H  accepted
request number Aol vh§ EA Lkt ZolElm
AYY 4 3vk WSUMMIRA ¢re]@e] 735
% theZ0] AL LSP setup 870l v of
Ae ZI] 98-S & 5 ok 2hd, 2 AR
HAes was 2E olg Fe AF %] 2
olv7} gickare wdE)A) el

E 32 137 34 oEsa 26 iy xgHe)d
Aslols]  A4IR accepted  bandwidth, accepted
request numberS} average ‘path: hopoll HY #A
A3} )& ol ik E 29 Fsjs} oyl
2 MUKMH, WKMH ¢z2}&s} o] Hix §F 73
2o 729 da=lEES] A%l Fhe 7;\*% &
+ 3ok
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 =8/K-Shortest Path ¥TaFo) 2% 42g 395 u3 ey ¥2dF

3], WKMHK! <obzel@e] A 7S 254
accepted bandwidth Z7Hs]v} accepted request
number FAolld & 7180 glo] I UA £
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