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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 setup in MPLS network. We extend the WSP algorithm, the SWP
algorithm and a utilization-based routing algorithm 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 setup.
The simulation results show that the proposed algorithms have the good performances 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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A 2 Aes AEHe S Sl Hrlsl 2
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End-to-end delay, jitter 22 loss 5-2} Iapdei=
gz g Fof ulsiA Aget s It H
7] @&l 7 QoS AF AL T HIE
(equivalent bandwidth)2 2 Wi dEZ Bz}
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- Widest Shortest Path(WSP)[2]: &} 7 Z(shortest
pathyEo] & oA EAE H$ AR dYE(path
bandwidth)(A2S A3l 8359  residual
capacity FollA 7} A2 ghe] 7 & A& A
H3l= WA 2 DIKSTRA <ae|Z8]S 4]
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a2 F Hx ARE e ARE Adsle ez
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Fig 1. basic concept of the MIRA algorithm
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2 FolAl K-shortest loopless path ¢irelZ
(71l 71Z23F 4714 HHF BA 2o daEES
AR} B =Folla ARgEl K-shortest loopless
path Uar2|&2 7|&9] WAe] K7H9] shortest
pathE-& 3kt ®lsly £ =Felxe KA
path costs Zy ZE AHA2EL T3I=E A3
t}. =3}, K-shortest loopless path UT&]&S 4
3} K-widest loopless path &we]Z&S A AMg3t
1=

WA, gdwe]E Al AM8E 7|3EE AolsH
o237 2k GINL)E MEYAE Yeplie direct
grapho]s N = [m,..nu}& 2= A L = (1,
LLVIE B3 Ageld M3} ve 47 ke S
3 5 Jehdck k= idX k= j2e gHas
1) & 2% FAEP Ao ® 1y = I R
i} 7zt 2=9) residual capacity 33e]li C
{eyle ZF A9 capacity A golvk W = {wyl=
7zt 839 weight AT 2 wie = ;2] weight
ZEe vehly 2 g =9 delay Zto|v} utilization
goz dAd 4 stk 53, RE "H3sdd dst
o] wy = 12 3}H minimum hop loopless pathE
A =k k= sola)l = d29] shortest
loopless path+ p(s,d)2 ZHse dae]E 5300
melbd kA AL AL pds,d)et 7ol FAIRM
M(pis,d)E ps,dell 238 2E ==89 A
£ Yehie Nps,d)+ ps.d)oll 23 28 *
=59 A%, Apsd)e pdsdell 3 ZE F
aEe] A A7 JEpdck Path ps.d)ell= o
+3 & F 7P WA e® 72 Zol(path length)
5 3t

Li(p(s,d) = Twi ,V(G,j)EAp(s,d) : additive
path length
L2(pk(s,d)) = min{wy} V(i) EA(pks.d)

bottleneck path length

H]58hA path pus,d)el A2 HGSE Bps,d)E
o}e3} o] Aeljhel,

B(px(s,d)) = min{ry} ,V(i,j)EA(Ps,d)



AR pus,d)e) deviation kT d(p(s,d)E ZHE
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p(s,d) = p(s,a) + p(a,d)

ol AE ps,a)2 "HA|T kt(node a)} HE
pad)e] AR xE(node ayt UG A2
p(s,a) + plad) = ps,a)2] AlE k= sl plad)
o wuiRet ke d71x]9] A2E HZ ps,d)7) kS
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= d7AAE AR pade A FARGg= Ae
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rei nNE BARk)

ol FlEE AsAN At duEs 49
ahal ohest Rk

1. KShortestPath Algorithm (K-shortest loopless
path Algorithm)
Input: G(N,L), source node s, destination node d,
link weight W, K
Output: shortest path=2] list KShortestPaths
Algorithm:
try to find the first shortest path pi(s,d) by
DIIKSTRA algorithm. If there is no path, set
KShortestPaths = null and return
set ShortestPathLength = L1(pi(s,d))
insert the pi(s,d) into the priority queue
CandidatePaths
set PathLevel = 1
set k = 1
while( the CandidatePaths is not empty )
{
Remove the first path element p(s,d) from the
CandidatePaths and set pi(s,d) = p(s,d)
if( L1(pk(s,d)) > ShortestPathLength )
{/{ the current path has a greater path length
// than the previous one

=2/K-Shortest Path &g Fo] 7128 A2 d9%F 24 &ed davs

set ShortestPathLength = L1(pi(s,d))
increment PathLevel by 1
if( PathLevel > K)
return // we found all the Kth shortest
/| loopless paths
}
insert the pi(s,d) into the output list
KShortestPaths
all nodes in subgksa(s,d(py)-1) are removed
temporarily
remove arcs starting in d(px) which belong to
the other shortest paths already determined
for( all nodes n* in subpea(d(py),d-1) )
{ remove arc (nki,nk;+1)
try to find a shortest path p(n,d) by
DIKSTRA algorithm
if( found no shortest path ) continue with
next n in for loop
J/ we found another shortest path
set p(s,d) = subpk(s,d)(s,nki) + p(nki,d)
insert the p(s,d) into the CandidatePaths
remove n%
}
restore all the removed nodes and edges
set k =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 path5-2] list
KWidestPathsAlgorithm:

K-Widest loopless path Jwz|Ze A= Zo] At

& link residual capacity ryE ARE3F bottleneck

path length L2(p(s,d)) & &}3L F == Ajole] A

2E 7% d= widest path du2]ZEe AHg3c=

A 9lol= K-shortest loopless path ¢yel&3} &

s}t

olie] T dze]EE VIR A B =Eelxe

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

K-Min-Utilization-Hop(RKMUH)  pathgl=  47}#)
dae]EL Ayl
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1. WidestKMinHopPaths Algorithm (WKMH path

Algorithm)

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

Output: Bo]Ake] path bandwidthE zt& soil4]

d74x]9] path

Algorithm:

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

set wi = 1, V(i,j)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 ¢372]ZdllA link weight 3+ 3
2] delay® A 2 F diAldl Ha
end-to-end delayE Zh= AEE FollA 1 HAZ o
HZFo] 71 & S ZAA At a3 AR 48
A e ASelE o)z A-=Elct, WKMH path
dare]Ee 71E2] WSP due|Eg A Al
2 KA =719 At ARE FoAM= HE AR
£ Aduigteo 2 local search® QI b - A
Aelels Aol mlEje) AHlde 2%
2] sl A& FE3P] A4 Aol e,
B heuristic @x2}Fol7] Wi 34 WKMH
path A31e]Fo] WSP Udze|Fell ujsia A5l
FolAle AL ofctk ohil, heuristic 34 1™ 7}
Aol AANEE § Aojch

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: Bo]#t2] path bandwidthE ZF= sof|A]

d7}x])2] path

Algorithm:

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

get a widest path list by KWidestPath algorithm

with the parameter K

set wi; = 1, V(i,j)EL

976

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

restore the removed links

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

- SKW path ¢3e2]5-2 SWP Ud32|Ee A7

ALZ 718 /dS WKMH path ¢vel&Es {4}
sjc}.

3. MinUtilizationKMinHopPaths

(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

BOutput: Bo]Are] path bandwidth& z}= sol|4

d7}#]2] path

Algorithm:

remove all links (,j) if ryj < B

set wiy = 1, V(i,j)EL

get a shortest path list by KShortestPath algorithm

with the parameter K

Algorithm

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

MUKMH path ¢438]&2 KHA7Ae] g 742
£ %ol path utilization Ztel 7B 22 A& Al
3t wpalog AR ps,d)2] path utilization
Upu(s,d) e thest o] Aejgict

Up(s,d)) =2 (e - mfeil, V(L)EAPK(sd)

4. RandomKMinUltilizationHopPaths  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]A}k2] path bandwidthE zk= sol|A]
d7}x)2] path

Algorithm:

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

set wi = (¢ - mlcy , V(i,j)EL



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 472lE2 AR Aol link
utilization®] o2 AXllE 7loZ RE g3E9]
utilizatione] FUslchd RKMUH path ¢v2jE2
& ¥ A2E 2= A] k. RKMUH path &
oA link
utilizationo] 22 HaEZ FAEE A2E A3
sz o]tk

m. 45 97t
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v dlet.
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Fig. 2. Test Network 1
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Fig. 3. Test Network 2
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I 4. AEHe|de Abed viEH= 3
Fig. 4. Test Network 3
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¥ 1. 85} 100 - 4900] cHBt Accepted bandwidth - test
network 1

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

100 110 120 130 140
WK1 | 37259 | WK1 | 34890 | WK1 | 32440 | MK1 | 30339 | RK1 | 28693
WSP {37189 | MK1 | 34658 | WSP | 32392 | RK1 | 30252 | WSP | 28613
RK1 (37170 | SP |[34553| MK2 | 32354 | WSP | 30227 | WK1 | 28537
SK2 37056 | WSP {34549 | MK1 (32303 | SK2 | 30220 SK2 | 28530
MK2 {37023 | SK2 | 34541 | SK2 |32288 | MK2 | 30091 | MK2 | 28357
MKI1 {37000 | MK2 34393 | SP |32210 | WK2 | 29974 | WK2 | 28329
SP 36968 | RK1 |34364 | RK1 | 32191 | WK1 | 29968 | MK1 | 28309
WK2 | 36799 | WK2 | 34249 | SK1 | 31648 | WMR|29923| SP |28279
SWP | 36632 |WMR | 33871 | WMR | 31642 | SP ;29841 | WMR| 28270
DR |36461 | DR |33799 | SWP {31608 | SK1 |29801 | SKI1 |28147
WMR| 36304 | SWP | 33785| WK2 | 31536 | DR |29760| DR |27958
LMR | 36234 | SK1 {33718| DR |[31521| LMR {29617 | LMR {27911
PSM | 36044 | LMR (33515 | LMR | 31225 | SWP | 29528 | SWP | 27882
SK1 |36042 | PSM | 33440 | PSM | 31204 | BSM | 29213 | PSM | 27407
BSM | 35859 | BSM | 33261 | BSM | 31141 | PSM | 29120 | BSM | 27404
RK2 | 32533 | RK2 |30366 | RK2 | 28754 | RK2 | 26634 { RK2 | 25361
36886 34541 32116 30036 28406
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F 1. ¥3} 100 - 4909 ¥} Accepted bandwidth - test
network 1 (149

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

150 160 170 180 190
MK1 | 27221 | MK1 | 25769 | RK1 | 24857 | SK2 |23399| SP |22567
SK2 |27190 | WSP |25755| SK2 |24680 | MK2 {23374 | WSP | 22538
WK1 (27000 SK2 ]25657| SP |24498 ) WK1 |23335) MK1 | 22497
WSP | 26944 | RK1 |25600 | WK2 | 24447 | WSP (23312 | SK2 | 22485
SP 26913 | MK2 | 25547 | WSP |24419 | SP |23295| MK2 | 22439
MK2 | 26912 | WK2 | 25479 | MK1 | 24368 | RK1 | 23220 | WK1 | 22386
WK2|26904 | WK1 | 25463 | MK2 | 24322 | MK1 | 23158 | SK1 | 22279
RK1 {26901 | SP |[25422| WK1 | 24291 | SK1 (23132 | RK1 |22269
WMR| 26731 | SWP | 25420 | WMR {24242 | WMR | 23089 | WK2 | 22145
SWP | 26579 | WMR | 25298 | DR |24085 | WK2 |23050| DR |22037
SK1 |26505| SK1 {25060 | SK1 |24038 | SWP | 23022 | SWP | 22005
DR |26411 | psng | 25053 | SWP 23930 | LMR ) 22835 | LMR | 21974
LMR|26208| DR |25052| PSM |23857| DR |[22758 | WMR|21930
PSM (26091 | LMR | 24844 | LMR | 23778 | BSM | 22709 | BSM | 21885
BSM | 25934 | PSM | 24669 | BSM | 23732 | PSM {22498 | PSM {21798
RK2 | 24147 | RK2 (23109 | RrK2 | 22015 | RK2 | 20905 | RK2 | 19997
26949 25511 24608 23165 22341
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F 1. 33} 100 - 4909 o3} Accepted bandwidth - test
network 1 (Al%)

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

200 210 220 230 240
WK1 {21720 | WK1 20929 | SK2 |20233| SK2 | 19413 | MK2 | 18884
MKI1 (21710 | WSP (20859 | WK1 {20076 | WSP | 19391 | SK2 | 18778
MK2 |21655| SP 120809 SP |20026 | MK1 [ 19371 WSP | 18712
RK1 | 21625 | MK1 | 20711 | MK2 20007 | SP |19278 | WK2 | 18653
SP [21491| MK2 |20703 | RK1 | 20000 | MK2 | 19223 | MK1 | 18610
SK2 | 21468 | RK1 |20672 | WK2 | 19988 | WMR {19195 RK1 | 18579
WSP | 21464 | SK2 (20579 | MK1 [ 19955 | WK1 |19167| SP |18575
SWP {21315 DR [20513| WSP {19779 | WK2 | 19164 | SWP | 18543
LMR (211387 SK1 {20512} SK1 | 19734 | SK1 | 19134 | WK1 | 18432
DR |21137| WMR|20500{ DR |19711 | RK1 | 19112 | WMR| 18390
SK1 21127 | WK2 {20426 | LMR {19665 | SWP | 19107 | SK1 {18371
WMR| 21059 | LMR | 20404 | SWP | 19586 | DR |18901| DR |18287
WK2 | 21022 | SWP | 20376 |[ WMR | 19584 | LMR {18832 | LMR | 18200
PSM (20916 | PSM | 20189 | BSM | 19481 | BSM | 18783 | PSM | 18077
BSM | 20798 | BSM | 20135 | PSM | 19447 | PSM | 18618 | BSM | 18011
RK2 | 19461 RK2 | 18747 RK2 [ 18062 | RK2 | 17547 | RK2 | 16928
21503 20720 20031 19219 18695
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E 1. %3} 100 - 490 v¥t Accepted bandwidth - test

network 1 (A4
Table 1. Accepted bandwidth between load 100 and 490 -
test network 1 (continued)

250 260 270 280 290
'WMR|18215] WK1 {17800} MK1 | 17280 | MK2 | 16711 | WSP | 16130
WSP | 18183 | WSP | 17736 | MK2 | 16999 | WK1 | 16638 | WK1 | 16101
SK2 | 18128 | MK1 | 17622 | RK1 | 16985 | SK2 [16580{ SP | 16066
MK1 | 18074 MK2 | 17478 | WSP |16977| SP |16575| MKI1 | 15972

SP {18041 SK2 | 17438 SP {16963 | WSP | 16469 | SK1 | 15868
MK2 | 17973 | SK1 |17385] WK2 | 16956 | MK1 [ 16420 | RK1 | 15864
WK1|17963 | RK1 | 17313 | SK2 | 16941 | RK1 | 16404 | MK2 | 15822
WK2| 17954 | WK2 | 17300 | WK1 16784 | SK1 | 16397 | WK2 | 15793
LMR 17952 |WMR 17256 | WMR | 16720, SWP | 16369 | SK2 | 15780
RK1 | 17910 | SWP 117245} DR 116626 DR ]16320} DR |15697
SK1 | 17839 | PSM | 17229 | SK1 | 16594 | WMR | 16315 | LMR | 15670
SWP | 17801} SP |17202 | SWP | 16587 | LMR | 16208 | PSM | 15665
DR {17705 DR |17092| LMR | 16505 | WK2 | 16189 | SWP | 15649
BSM | 17705 | LMR | 17051 | BSM | 16450 | BSM | 16109 | WMR} 15617
PSM | 17589 | BSM | 16896 | PSM | 16172 | PSM | 16027 | BSM | 15582
RK2 {16277 | RK2 | 16014 | RK2 | 15541 | RK2 |15145| RK2 | 14811
18033 17622 17107 16544 15969
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E 1. %3} 100 - 4909 ohg} Accepted bandwidth - test
network 1 (A%
Table 1. Accepted bandwidth between load 100 and 490 -

test network 1 (continued)

300 310 320 330 340
WK1 | 15676 | WSP | 15267| SP | 15113 | WK1 | 14701 | SP | 14422
MK1 | 15647 | WMR | 15224 | WSP | 14962 | WSP | 14684 | MK1 | 14359
WSP | 15646 | MK2 | 15206 | WK1 | 14930 | WK2 | 14639 | WK1 | 14253
WK2 | 15609 | RK1 | 15194 | MK1 | 14888 | RK1 | 14624 | RK1 | 14197
SK2 | 15594 | WK2 | 15190 | MK2 | 14816 | SP | 14548 | WSP | 14150
RK1 | 15581 | MK1 | 15189 | SK1 | 14803 | WMR|14532| SK1 | 14128
SP [15521| SK1 | 15119 | WMR/| 14786 | SK2 |14525| MK2 | 14119
WMR| 15511 WK1 | 15117 | SK2 | 14738 | MK | 14449 | SWP | 14114
MK2 | 15489 | SWP {15089 { RK1 |14734| DR |14399| DR | 14037
SWP | 15484 SP [15064| DR | 14706 | MK2 | 14396 | WK2 | 14022
SK1 [ 15483 | SK2 [ 15053 | WK2 | 14664 | BSM | 14244 | SK2 | 13985
DR |15442 | LMR {15044 | PSM | 14598 | LMR | 14224 | WMR | 13894
LMR|15407| DR |15036| BSM {14579 | SWP | 14171 | PSM | 13779
BSM {15237 | PSM | 15009 | SWP | 14577 | PSM | 14104 | LMR | 13749
PSM | 14978 | BSM | 14769 | LMR | 14484 | SK1 | 14022 | BSM | 13700
RK2 | 14247 RK2 | 14042 | RK2 {13691 | RK2 |13475| RK2 | 13016
15519 15114 14962 14554 14278

sjob & o) ALEE T AER S G A
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¥ 1. B3} 100 - 4909 thil Accepted bandwidth - test
network 1 (A%
Table 1. Accepted bandwidth between load 100 and 490 -

test network 1 (continued)

350 360 370 380 390
WSP | 14036 | WSP | 13691 | MK2 | 13345 | WK2 | 13050 | WSP | 12831
DR |13917| SP |13601| SK2 113319| SP {13015| SK2 | 12809
WK1 | 13855 | WK1 | 13593 | WSP | 13297 | MK1 | 13000 | RK1 | 12790
MKI1 [ 13799 | MK2 [ 13462 | SWP | 13264 | WSP | 12960 | SP | 12767
RK1 {13793 SK2 {13454 RK1 13230 | RK1 |12933) MK1 | 12696
SWP 113779 | RK1 | 13439 | LMR | 13215 | WMR | 12922 { MK2 | 12677
SK2 [ 13775 LMR | 13416 | WK1 | 13187 | WK1 | 12901 | WK2 | 12608
SK1 13770 | MK1 [13410| SP {13137 SK2 | 12860 { WK1 | 12556
SP {13757 SWP | 13398 | WK2 [ 13081 | MK2 | 12844 | SK1 | 12524
WK2(13756| DR |13396 | MKI1 | 13044 | SWP [12692| DR |12521
MK2 | 13751 | SK1 |13392| BSM {13042 | LMR | 12682 | BSM | 12506
LMR 13708 | WK2 | 13355] DR |13034| DR |12666| LMR | 12501
BSM | 13616 | WMR | 13334 | SK1 | 12966 | SK1 |12654 | WMR| 12453
WMR| 13611 | BSM | 13225 | PSM | 12949 | BSM | 12603 | SWP | 12417
PSM | 13540 | PSM | 13115 | WMR{ 12949 | PSM | 12578 | PSM | 12405
RK2 | 12711 | RK2 | 12453 | RK2 [12365 | RK2 | 11967 | RK2 | 11790
13896 13554 13212 12920 12703

HA Zk Fapiz HAe) AHE V)EeE 1 3
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¥ 1. %3} 100 - 490¢] oig} Accepted bandwidth - test
network 1 (A<
Table 1. Accepted bandwidth between load 100 and 490 -

test network 1 (continued)

400 410 420 430 440
WK1 | 12519} SK2 | 12352 | WK1 | 12078 | WK1 | 11847 | WK1 | 11629
SK2 | 12509 | MK1 | 12271 | WK2 | 12032 | WSP | 11762 | WK2 | 11603
MK1 | 12490 | WSP | 12210 | MK1 {12012 SP |11741| RK1 | 11593
SK1 | 12438 SP 12189 SK2 (11977 | SK2 {11737 | MK1 | 11511

SP 1123591 BSM {12181 | RKt | 11858} MK1 {11724} SK2 | 11508
WMR| 12359 | SK1 | 12160 | WSP | 11840 | SWP [11695| SP |11496
SWP 112357| PSM [ 12119 | MK2 | 11825 | RK1 | 11686 | SWP | 11485
MK2 | 12340 | SWP [ 12116 SP |[11809 |WMRI 11647 | MK2 | 11453
WK2| 12329 § WK1 | 12102 ;WMR | 11792 | WK2 | 11630 | PSM | 11384
WSP | 12324 | MK2 [ 12054 | SWP | 11790 DR {11619 WSP | 11378
RK1 | 12289 { RK1 | 12033 | SK1 [11772| BSM | 11544 DR [11376
PSM [12275| LMR {12031 | DR |11740 | PSM | 11540 | LMR | 11372
DR [12265| WK2 | 12018 | BSM | 11669 | LMR | 11525  WMR| 11363
BSM {12232 |WMR 11960 | LMR | 11652 | MK2 | 11521 | SK1 |11247
LMR|12020| DR |11928 | PSM | 11593 | SK1 | 11499 BSM | 11231
RK2 [11425| RK2 | 11534 | RK2 | 10974 | RK2 | 10956 | RK2 | 10618
12394 12228 11957 11729 11513
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E 1. %3} 100 - 490¢)] e§¥} Accepted bandwidth - test
network 1 (A<

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

450 460 470 480 490
WK1 | 11381 | SWP | 11172 | WK1 [ 11086 | MK1 | 10955 | RK1 | 10702
MKI1 (11374 SP |11140 | MK1 | 10955 | WSP | 10878 | WK1 | 10683

SP | 11371 MK1 | 11136 | MK2 {10920 | DR 10827 { MK1 | 10644
SK2 | 11357 | WK1 {11118 | WMR| 10913 | WMR| 10810 | WSP | 10640
MK2 | 11347 | MK2 | 11114 | SK1 [ 10908 | WK1 | 10787 SP | 10614
SWP | 11257 | WSP | 11086 SP | 10899 | WK2 | 10756 | WMR | 10613
WK2|11250] DR |11059| SK2 10890 | SP |10732] SK2 | 10606
WMR| 11215 | WK2 {11033 | RK1 | 10879 | BSM | 10701 | MK2 | 10604
WSP | 11209 | SK1 | 11019 | WK2 | 10842 | SK2 | 10659 | SWP | 10602
RK1 {11208 {WMR [ 11016} SWP | 10813 | MK2 | 10659 | WK1 | 10574
BSM | 11199 SK2 | 10994 | PSM | 10791 | SWP | 10629 | LMR | 16507
SK1 (11197} PSM |10930| DR [10784 | SK1 | 10600 | SK1 | 10503
LMR | 11196 | BSM | 10927 | WSP (10782 | RK1 (10560 | DR {10485
DR |11165| RK1 | 10901 | LMR {10667 | LMR | 10525 | PSM | 10474
PSM | 11130 | LMR {10774 | BSM | 10618 | PSM | 10486 | BSM | 10423
RK2 [10595| RK2 | 10274 | RK2 | 10251 | RK2 | 10000 | RK2 | 9953
11267 11060 10975 10845 10595
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E 2. 34 A3} u]§ - test network 1
Table 2. Best results ratio - test network 1

. Accepted . i Accepted
Algorithm Algorithm| Avg. path hop |Algorithm

BW req. num.
WSP 0.66 WSP 0.78 WK1 0.78
WK1 0.63 WK1 0.76 WSP 0.73
SK2 0.59 MK1 0.73 MK1 0.66
MK1 0.59 RK1 0.63 DR 0.63
SP 0.51 Sp 0.63 SK2 0.59
RK1 0.39 SK2 0.63 MK2 0.56
MK2 0.39 MK2 0.49 RK1 0.51
WK2 0.17 WK2 0.24 SP 0.51
WMR 0.12 SK1 0.17 WK2 0.44
Swp 0.07 Swp 0.07 SWP 0,32
SK1 0.05 WMR 0.07 WMR 0.32
DR 0.02 DR 0.02 SK1 0.27
LMR 0.02 LMR 0.00 BSM 0.07
BSM 0.00 BSM 0.00 LMR 0.07
PSM 0.00 PSM 0.00 PSM 0.05
RK2 0.60 RK2 0.00 RK2 0.00

A7 HHel gt shirh ohieh B 1% o)

2 FEE VIELE & AL AEdHd 2AF 1

23t Z22 1% ol99] 7igo] A8 5 & A

olet. o7 |AE & <2 1%E 83 Aol

¥ 3. ¥4 A3t v]$ - test network 2

Table 3. Best results ratio - test network 2

Accepted Accepted
Algorithm Algorithm| Avg. path hop |Algorithm
BW req. num.,

MK2 0.80 MK2 0.85 MK2 0.88
WK1 0.68 | WKI1 0.76 RK1 0.83
MK1 0.66 WSP 0.76 MK1 0.76
RK1 0.63 RK1 0.76 WK1 0.76
SP 0.61 SP 0.76 wsP 0.73
SK2 0.59 MK1 0.73 SK2 0.71
WSP 0.59 SK2 0.66 wK2 0.56
WK2 0.39 WK2 0.44 SP 0.54
WMR 0.02 SK1 0.02 DR 0.41
SKt 0.00 SWP 0.02 WMR 0.15
RK2 0.00 DR 0.02 SK1 0.10
SWP 0.00 | wMmR 0.02 SWP 0.07
DR 0.00 RK2 0.00 LMR 0.02
LMR 0.00 LMR 0.00 RK2 0.00
PSM 0.00 PSM 0.00 PSM 0.00
BSM 0.00 BSM 0.00 BSM 0.00

oAlE EolA F 194 37} 1009 A-E Ab
Bzl #A ke WKMHK1 ge]29] 372590 1w
2 el 1% olle]l  sle  dmE|EEL
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F 4. 3 23} v]$ - test network 3
Table 4. Best results ratio - test network 3

Algorithm | 2°°P'8 |\ orithm| Ave. path hop |Algorithm| " ccP'ed 769

BW num,
WSP | 0.76 | WSP 0.85 RKA 0.83
RKi | 068 | RKI 0.80 WSP 0.76
WK1 | 0.66 | MK2 0.78 MK2 0.73
WK2 | 0.66 | MKI 0.78 MK1 0.73
MK2 | 061 | WKi 0.76 SK2 0.68
MKT | 0.61 | wKk2 0.76 WK1 0.61
SK2 | 054 | SK2 0.73 WK2 0.61
sP 0.44 | SP 0.54 DR 0.56
WMR | 0.05 | SwP 0.05 SP 0.24
SK1 | 0.05 | WMR 0.05 SKi 024
DR | 002 | DR 0.02 WMR 012
RK2 | 0.00 | SKi 0.00 SWP 0.07
SWP | 0.00 | RK2 0.00 PSM 0.05
LMR | 0.00 | LMR 0.00 LMR 0.02
PSM | 0.00 | PSM 0.00 BSM 0.02
BSM | 0.00 | BSM 0.00 RK2 0.00
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