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Abstract

This paper suggests a unified packet telecommunication network, which is designed by applying
network design algorithm and distribution network design algorithm. Proposed local network
design algorithm is based on MST topology, and it can satisfy the limited capacity and get a
distribution effect of communication flow. With the result of the comparison with Kruskal and
Esau-Willams algorithm, an increase of 2.7% in cost and a decrease of 44.8% in average delay time
are shown. Starting with MST topology, proposed distribution network design algorithm gradually
increases its reliability, and proposes a conclusive algorithm to determine a topology with minimum
cost. In compared with Cut-Saturation algorithm in the aspect of end-to-end delay time and
communication flow restricted condition, this proposed algorithm results in 1/7 cost down and
about 2.5 times increases in Throughput.
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a. 7t kol A& 9z SUBTRI : set of nodes and links in subtree which
Aol &8 3=z L (Cp) contains link 15
e. 7t A oA uL(Cij) TERMNI : set of end terminal nodes in SUBTRI
(24 wge 2835 Rog 7x) PATHij : path set which run through i from 1 to j
d A ez e S i, j€ SURTR;, j€ TERMNi
e. 7t Hluoldel §9) EAl (A} PATHij{m] : mth node number of PATHjj
olg{gh 7} st Lalr} Fale e Ha H) & n - numbers of node in PATHjj
& o AFEAL 27 P A = Tipgj= }3 As, I€EPATHij, 1=pathu[n], p=path[1]
7o)t} : PATH;ij traffic between node p and q,
#4 w)gol EXaz) o & p—PATHilm—1}, q=PATHi[ml
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b, u]& Z7bo] A48 LA FAl] nEsld ATiE Az s oA
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BAA ek Ashe A vlge e FeAsd ST 2ade dake A vgs 2 A9z
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2 485 s Akel Adp kielse obest ek,
Lipq 2 HE, 1:31F7 W3
ki i gz [Step 1] Given Cp, Cij, Ai, find MST
Cp AW &L gage index the links in increasing order by cost
Csum: % 917 u]g ly =l Cij<Cpq
Cii :i-j @z 7 g [Step 2] Start by selecting link 1ij, min (Cij) for the
Ai TxEio) 89 Egy spanning tree add link 1, if 1,, does not
Sij ! set of nodes and links in form a circuit

subtrees which contain overflowed link 1, [Step3] Continue to consider links if successively

Sij SUBTRi-Sij:complementary set of Sij higher indices, selecting a link whenever it

SO unoverflowed subtree does not form a circuit with the previously
selected links, and rejecting it otherwise.

[Step4] Find paths from I to j» Pij, list all paths

lov  : set of overflowed links
PLij : Sij-lov:unoverflowed link set

ATovii=Tij-Cp : overflowed traffic, lij € lov from j to 1 with summing traffice of all

ATij=Tij-ATovpq : link deletion parameter, its link toward 1, Tallipg, if overflowed paths

lij€ PLij, lpq€lov are found, then go to Step 5, otherwise Stop
LC=ATij—0.65Cp : time delay reducing parameter [Step 5] Find overflowed subtree SUBTRI, overflo-
S— SO+ sl] wed link lov, calculate A Tovij

ACik=Cik—Cij, if kES if i, j€ Spq, Ipg€Elov first consider minimum & Tovij,
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if allATij<0(i. e. ATovij>Cp)then go to
Step 6
ifATij >0 then delete lij, find find Sij, S
if LC>0 then update ATij=0.5Cp
calculate ACik, ADik
go to Step 7
[Step 6] Calculate all ADik whenATij=Tij
first choose minimum ADik, reassignito k
if satisfies constraints, then update
ATovi, ATij
if lov=0 then Stop
otherwise go on next ADik
[Step.7] Choose ADik from its minimum value,
reassign i to k
if recovered from overflow states and
satisfies constraints,
then update ATovij, ATij
other wise go on next ADik
if lov=0 then Stop,
otherwise go to Step 5.
[Step 8] Choose minimum Csum, and determine the
topology
[Step 9] Stop
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Table 1. Cost and traffic matrix for perpormance

comparision.
(a) Cost matrix,
(b) Traffic matrix.

2

1 2 3 4 5 6 7 8
- 2 55 13 45 15 58 59
2 - 52 14 43 16 48 62
5 52 - 60 8 34 37 60
13 15 60 - 50 18 72 50
45 43 65 50 -~ 59 81 95
15 16 34 18
58 48 37 72 81 55 - 78
59 62 60 50 95 41

O =1 DD U B WD e

(a)

node 1 2 3 4 5 6 7 8
traffic[30 14 12 13 6 7 6 6

(b)

a2 4. MST ¢xes
Fig. 4. MST algorithm result.

Esau-~Williams configuration
u)-8-=207
HEA A4 7k=1, 5570E-02

18] 5. Esau- williams 43z 8&
Fig. 5. Esau-williams algorithm result.
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Kruskal configuration
#l& =215
HE A A A 7k=1. 5570E-02

32l 6. Kruskal 4xzlE
Fig. 6. Kruskal algorithm result.
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Proposed configuration
4| 8- =206
%7t A 4 4] 7k =8. 5933E-03

a7, At dndE
Fig. 7. Proposed algorithm result.
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Table 2. Mean data of 20th local network.

First Cost | Total Cost | Ave. Delay | Cost. Delay | Throughput
E.-W. [8380E+01) 1.958E+02) 1.000E—02 | 1.958E+00 | 2. 066E—01
Kruskal |8 245E+01{ 1.956E-+02 10.00E—03 | 1,956E+00 | 2,092E—01
MST 6.315E+01 | 1.733E-+02 | 10.00E—03 | 1.733E+00 | 2.817E—01
Proposed | 7,990E+01 | 1.936E+02 | 10.00E—03 | 1.936E+00 | 2. 052E—~01
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Table 3. Cost and traffic matrix for simulation.

1{0]38[20]23[14]37|39]43
2 0l38f19]2136]41]13
3 0]29|12|46|10] 2
—

Jﬂ o|11(46|49] 10
| 5] 0]19]|21]28
sz' 0]19]48
7 0l 4
-

8 0

(a) v] & &

(b) 5

2
ol

ke



total cont

0 0.2

0.4 0.6 0.8
allowed delay (Tmax, sec/massage)
(a)
1
P
0.9 /A;F:;:"
o
0.8 //
= 0.74
2
£ ool
£
0.5 4
0.4
0.3
0.2 T T v v v — T
0 0.2 0.4 0.6 0.8

4 allowed delay (Tmax, sec/massage)

[0 HSAUWILLIAMS + KRUSKAL < MST & PROPOSED

(b)
J8 8. Ady AA dauzlgel A gaeld
Az wla
(a) x|det v]g wlm
(b) Throughput ®] 3
Fig. 8. Simulation result comparision of local
network design algorithm.
(a) Local network cost comparision,
{b) Throughput comprision.
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[ Step 1] Giver cost, traffic matrix,end-to-end delay,
Find MST topology
[Step 2] Determine the connectivity number CNNi
of node i, Yi
Connect i to j i., min(CNNi), j=i
Find shortest path routes and assign link
capacity with(2)
Calculate the topology cost NetCoij, i., min
(CNNi), ¥j
1 Choose the minimum NetCoij and its topology
if NetCoij <Previous NetCoij or 3>min
(CNNi) Yi then go to Step 2
[ Step 4] Determine the final topology
Stop
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B 4. HAu AAE 93 ve gy EAlE ofwll a=10[ bits/packet], M=64[ packets/message]
(a) v #3 £ 7Hdskd 2 AR AA S5 wiAgd HE o=
Table 4. Cost and traffic matrix for distributed %2k 104. 506 [ messages/secloll tha] A Lako]
network  design. _ ' 1042. 695 [messages/sec], 2= u]go| o} 7350, 527
(a) Cost- matrix, (b) Traffic matrix, soich o) AL ola L% WAL Ba HF o)A
213[¢|5]6 L | 233]4/5/6 &% (Discrete Capacity) 9 #-2 8.639 E+07 [bps]
110 )29)%0 %6523 110 13.44)3.7012.77|1.65)1.86 2 o] uj WEga A %H]%% 7739, 992 ’5}"3‘53
A 0 (10|18 u2|48 _Z_ 0 14.5715.89[2.07|1.27 oAt
3 0 217 1] 88 & 0 (4.08]2.36]1.32 ~” .o u lote] 5 Ee A x o
T ol ®les 4 0 [3.99]1.47 Z‘“ \l’g_ AL J“’] “oi‘ LJ“——"'J—?‘ X] Ll ]Z}'C 2.35
=1 ——Tofm15] o (L[ E-02[sec/message], AA EE(ZLEFH/FHE
B o] [s 0 7.741E-02 A = %}
(a) (b) 9]¢l A7 ENE Cut-Saturation L3 eEol
A wEaksd g 2ol AzE F 49 Fo] sbH
a8)E9l Cut-Saturation dnglEg 83tz = sta BAS AAG Axe 27109 2ew o4t
ARE vlmatgict g2}o] §lo] 3 51E+08[bps]E ol WMES I &
Cut-Saturation 432534 A v 5L F ¥] -2 55260 ] 2 o},
o zAstlA wmdty] Y8 Tkt A AT CSe| HF VEHZ xadA7H& 1.881E-03 [sec
g dn /message], A A WE 29 T5L 3.124E-022 #

a2
2712 0.1 [sec/message] & 7FA St Alqtk
gl Eoll A Ha v gl Fabte A

a =10°[ bits/packet]
M =64 [packets/message]

g9, Ak Ay T2
Fig. 9. Proposed distributed network structure.

HE 5. A" HAle &3
Table 5. Proposed distributed network capacity.
1 2 3 4 5 6
0 7.4E+06 0 0 0 7.6E+05
! 0 9,6E+06 0 0 0 1. 2E+06
2 7.4E+-06 0 4.0E+06 |9.0E+06 | 4. IE+06 | 4. 0E+06
9.6E+06 0 6.0E+06 |9.6E+06 | 6.0E+06 | 6.0E+06
3 0 4,.8E+06 0 9,0E+05 { 7.9E+05 | 7. 2E+05
0 6.0E+06 0 1.2E+06 | 1.2E+06 | 1. 2E4+06
' 0 9.0E+06 | 9. 0E+05 0 9. 0E+05
0 9.6E+06 | 1. 2E+06 0 1.2E+06 0
0 4,1E406 | 7.9E+05 | 9.0E+05 0 0
5 0 6.0E+06 | 1.2E406 | 1. 2E+06 0 0
7.6E405 | 4.0E4-06 | 7.2E+05 0 0 0
6 1.2E+06 | 6.0E+06 { 1.2E+06 Q i 0
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Table 6. Cut-saturation capacity.
1 2 3 4 5 6
) 0 2.2E4+07 0 0 0 L4E+O?
0 3.4E+07 [ 0 0 3 4E+07
? 2.6E4+07 0 3.2E+07 Q 0 [\
3. 4E407 0 3. 4E+07 0 0 0
3 0 3.7E+07 0 0 2. 2E407 0
0 4.5E407 0 0 3.4E+07 0
. 0 0 4} i} 2.0E+07 0
0 0 0 0 3. 4E+07 0
5 [\) 0 2.6E+07 | 2. 0E-4+07 0 i}
0 0 3.4E+07 | 3.4E+07 0 0
6 LOE+07 0 0 0 0 0
3. 4E+07 0 0 0 0 0
B ¢
1
810, B4 AA AF

Fig. 10. Distributed network design result.
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Table 7. Performance comparision of distributed
network design algorithm.

First Cost | Dis. Cost Dis, Delay | Dis, Throu.

CS 1. 131E+04 | 1.576E+04 | 1.869E+00 | 4.370E—02

New globel | 5.661E+03 | L M6E+04 | 2. 34E+00 | 6. 337E—02
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Distributed network analysis.

(a) Cost analysis, (b) Throughput analysis,
(¢) Total discrete capacity analysis,
(d) Total optimal capacity analysis.
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