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ABSTRACT

In order to sufficiently utilize the potential effectiveness of ATM networks, systematic and effective
network management and control systems must be employed. In addition to network design, planning, and
call routing techniques used in traditional circuit-switched networks, ATM networks can provide logical
VP(Virtual Path) reconfiguration capabilities which can adapt to changes in the network environment. With
a proper application of the VP reconfiguration technique, ATM networks can reduce the overhead of
frequent network redesign and the overhead of call routing processing. However, ATM VP reconfiguration
is a very complex and difficult problem which consists of many facets of optimization subproblems such as
VP routing, VP sizing, VP terminating point location and VC routing. Most of previous research on the
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ATM logical network reconfiguration problem dealt with the subset of the problem This paper

mathematically formulates the ATM network reconfiguration problem completely  considering  all

subproblems.

Since it s very difficult to derive the optimal solution of the formulated problem, we develop a heuristic
method based on a Max: min bandwidth allocation principle. We show the feasibility of the proposed

heunistic method with a simple example.

Keywords : Virtual Path, VP reconfiguration, Max-min heuristic method, Logical network management and control.
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SlolA Amis vish o] B wmRol M o) 44
Aol 2} elol] el HDE g v QY
o) o)F wheoEd 9 AP M G, & 015
o] Betow gd” & Aok

Creeom=a* Cyct 8 - Cyptr- Cy

A7N @, B, i 2 ulgael digk 7k Aol
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efmict 2 (- il walz) 2alx) 4rre] B
Ho- 5w Alojoll dgE Holw shiel sh iy
BEE B3 wmAl Zefor §HE 91‘3]5*5}

BoptolA FAElks AT Al dg A
Hlep o] 88 B2 & SHES ) AYE ;@49} zt
hetmoljaie) A} Fgte] Folehs awRE AHdd) =
a7l B9l HAR QA4S FHsER i
o] = HAolrh W kg Alof| ojg &HE o
4uo) vhEAE Fol kg A1)y ojp] <l53Ek
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B AoV pde AMgEct Hul-AHA BF Ao
M BE EffHo] et § Al o8t eF
243t & Aol Jdise 7 g sy zq,tg x}
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AA 7hs7t w2 %H ¥ Ads *F%?J ')f U
oo Ag wiEFgoRR Z 35 ko IS ¥
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5ol FolAA 3 T S48 YopR|A "t 1y
v == A 9} BollA M Ad wEEA] GE VA,
VP, VP2l 371 == A%} BolA m@so] mgy)
Hlgo] Z7lsh= A s "ok B =RoM
AARE 4738 daEFe A7y thge] =He A
#Hag AHshe MY AEE 238k WYL 9A3)
ZARl A3 HFH S Agse PHE AMES
t}.

SollM Bt 7P Az 43 Wy 7t AE YA
oA 7 HZE A7 whHE B 4Hy ¢
1EEE 2 £ Ao #AF duEFE MiEm
(pseudo—code) 2 71&3HH Algorithm 13 Zth

i

Algorithm 1

procedure VP_Recorfiguration
begin
@A 1 Get_Inital VP _Corfiguration.
A 2 ¢ Allocate_VP_Bandwidth,
@4 3 1 Do_VP_Recorfiguration:
return .
end.
procedure Get_Inital VP_Configuration
begin
Find the shortest path between the troffic
source-destination pairs based on the hop
counter over the physical network,
Assign each physical path to a corresponding
end-to-end VP!
refum,
end.
procedure_Allocate_VP_Bandwidth
var
VodEg gwR] ok s AR 'k
L: &3 29 33 I
Vet BaH %o Ha ¢ & Avs M
2 3%k
C,: Bej4 ge] g3 7o &=k
X, 7HE A= ve] dg9E
At 7HE AR v AFE EdY Rk
KC a) @ &% C AZRI} a8 AXHe
Erlang B &<

A A e il 94 11 Voll19 Noll

begin
Calcudate the each link blocking, E(Ca), of the
physical network with C= C;, a= Z A,

while (V* §) do
Choose the link, <1, with the highest link
blocking:
Find the V1
For dl v = V), diloaate X such that E( X,
Av), =EXy Aoy €V,

and 2 Xv=1C,,

g,

G~ G X, k€L {1}, where vEV) crossing

T

procedure Do_VP_Reconfiguration

var

L e e o= e

IR b e IR B A AT g

I kel o) ela e W gk

' Chieey - 8 A7 8182

V, g3 ¢ Ak b A2 H3k

Xt 7 AR v B

A 7P AR vl Al By Bek

ECa %% ¢ AFRst a2z A=

Erlang B &=
begin
k=LL =1
S = P

" = Crey = MaxCost .

(dlculate the each link blocking, E(Ca), o

the physicd network with ¢ = (, a=
2 v A

= o5y .
AL

Choose the link, (€15, with the highest link
blodking +
S = Sull)s
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Find the V, .

" = ExhaustiveSearch (V), 1),

L= -

k = k+1

if (€ = Croont) then Creont = C
else return ©

fi

if (§ # L) then goto §3% .
else retum ;
end.
function ExhaustiveSearchl V', .[)

TYE e bR b BE A A

?:}-
roonga cdNe s A A
(instance);
VooEm g oMe v AR A o ol &
sk 7h) A=el vk
Lo = FL ¢ oh¥e] EAe} T AR 1A
Lyvwme - #AZo] W Qo4 W8-S k= wla

¢ oljAje) A A

L Gy 8 At w8
hegin

fopima = 17 Creeny 7 MaxCost ~

while (T 0) do_

¢eurrent f
Transform the VP configuration into new VP
configuration, t, such that

21~ , X, = 24 \ X/.

2o A= 2, 0 A

Calculate 7
if (€7 Cuaont) then begin
Crocm = 77
Lpvirt = dovrens
fi
T =Tt}
od
retun Creary. With the configuration o a link | as
the lopina <
end.
2209

Algorithm 12 X193 ARl 7oz HAH
Ql AAsE Falaal sHE Greedy WAYE #Hali
otk 9% HHsh= T ExhaustiveSearcholl ] A
9 PAAN 7Vse 7 AL Al o 2
HA @ AFY NEe HAxs s MY AR P
ARG 7hEs VM AR PAoldE HAas XM-‘:
7he) 7Y AR W) olE v AR dRES H
ol g AEE 7 AR S & 31001 ESty

| 233 gz ol 7MY ABRE K < k < 7l
o] AEE Mt ARZ AT 5 ATk E oE 74
og2e nlF YdREY M H2E der 3o &

el ES 7 AEE YA 5= ik
Algorithm 10] AHafol THBR: 2& Greedy %
2AWe Helow JEElgiria & 4 ok Algori-

thm 19] A7t Bate s gore] A ulo)] Za)shs: &
A e} BE Yol el 24 ExhaustiveSearch&
Fafsor 3ty 2H ExhaustiveSearche] A|7F BFL
= BlvE A non polynomia)AZE BEE 7L 3l
o} wibA Algorithm 12) AR BxmE vokars) A
P EARE ha okal B o, ol wel W
9] =77} 2‘—7}8}"«1 HAMow %3 Z2a A7
7|7} olFr} oleidt WojlA] B o) B =Eoa] #A
3k dag]Ee F x1 g},_?:l,q 2 AA7F 228 W3l
H-&3t7]e ofyot £ =ttelA AjAlg daelEe W
el dEAM Fridor HA % PAS sk
o|& o} MurelE BIAAIZIAHQ W Aol HFa}
c}.

_E)\
A% daelEe] 44 HE o
ol A et E8)H vl
3t A 19 Gl ou et sled, el el B
B9 ] 2hala] g Ajele) By il BRE i
2oh g Bl wrAR]-2H %] g Alele) BE & 2}
SE2 AX(fixed) BHEE AMSEL B 9FE 9
& 2} 7t AR FEEAA IR vhe O 7P
Az e Hio duiigt & S48 e E A
geict 2t 7 AzolMe & H4ge M AR
edZs  Fvp g7she eEoz  AXHE
MM -mme] Edang B&-5 838kt &3 4 7}
F BRANM & 4ol BYAHoE WAtk sHEt
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Fig 5. An ATM network example
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Table 3. Virtual Path set
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Table 4. Call bl(kag pr()hdblhtv on each link

‘(1/

7) %8) l (49) ) r((?%) (78) [(R9)
f""j 1 \ !
I i
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3 $£480 7MY B2 YAE Fo) o] PAE A
© Z 7P AR BYF & £488 HEIEE O
dZ 2 Rt ol Bol, "A| & &40
QA (895 A= 7V HE (VP VP, VP,
VP:, VPo, VPn, VPu, VPg}E°] B8t & &488
ZE 2 gogEg ol oy AYg wHEsi 4
A 7] 7 A2 dYE  olE] & SHER
X 59 ok v 19 9A 28 B8 B2l wollA

=
o
3L

B 5 2V 7 A2 &% AT ¥ 3 & &de

A 27 =ed g wEr] 9 3 &4 e
H8-& C=4962501H, ol Pofre] H) & £HEE
#Ae M AEE VPOEM, B 2482 02490tk
SA 3o 7 BAe 3 EHESE AR v
¥ 3 EH8S Holv HAE AW AY Sl
FAZIG daalE 8 2706 "3 SE G 9Nl
goh #3 @ 900M 7 Ade gtk B oA
AN E adre shsd AT 2He) ALE ¥=2

Table 5. Bandwidth, offerred traffic, and call blocking probahiling on : nitiall VP
THAAHE 1 2 3 l 4 5 6 7 8
g 15 3 7 3 2 2 4 5
A3 12 ) 7 2 1 ] 3 4
3 &AdE 0.086 ‘ 0.211 0.249 0.211 0.200 0.206 0.206 0.199
7HIA R 9 10 11 12 13 14 15
£ 1(; B 7 10 7 KAS ‘ 5 5
A|gHat 10 6 10 4 20 : 4 4
i 3 &ds 0.215 0.185 0.215 0.063 0.086 0.19 0.19
/Py =(VP2,VP3,VP4,VPS) ws o VP4
- \8
11HRL- vea
|~ veis

VPy =(VP2,VP3,VP4,VPS,
VPR

. ATMﬁ.ﬂﬂ

3

=(VP3,VP3,VP14,VP15}

VP11

8l 6 2Ad duelEs A8 ATM %9 o (=01, 8=007, r=04)
Fig 6. An ATM network example 1 after applying the henrcstic algorithm (d+0.1, 8+0.075, v _04)
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Table 6. call biocking probabiility on VP after apslying
the heurisfic alggorithm
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Fig 7. An ATM wetwork example 2 after applving the heunistic algorithm ed <01, 3005, ¥ ~0.4)
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