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An Optimal Routing for Point-to-Multipoint Connection Traffics in
ATM Networks

Sung-Jin Chung' + Sung-Pil Hong’ - Hoo-Sang Chung' - Ji-Ho Kim'

In this paper, we consider an optimal routing problem when point-to-point and point-to-multipoint
connection traffics are offered in an ATM network. We propose a mathematical model for
cost-minimizing configuration of a logical network for a given ATM-based BISDN. Our model is
essentially identical to the previous one proposed by Kim(Kim, 1996) which finds a virtual-path
configuration where the relevant gains obtainable from the ATM technology such as the statistical
multiplexing gain and the switching/control cost-saving gain are optimally traded-off. Unlike the Kim's
model, however, ours explicitly considers the VP's QoS(Quality of Service) for more efficient utilization of
bandwidth. The problem is a large-scale, nonlinear, and mixed-integer problem. The proposed algorithm
is based on the local linearization of equivalent-capacity functions and the relaxation of link capacity
constraints. As a result, the problem can be decomposed into moderate-sized shortest path problems,
Steiner arborescence problems, and LPs. This fact renders our algorithm a lot faster than the previous
nonlinear programming algorithm while the solution quality is maintained, hence application to

large-scale network problems.
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S MU~ FEE 2o QoS TFO U EFY S YT F No. 5.0 5.5 6.0 6.5
22| VPCE %3l 32 gl ¢jn]olr] wl &, MCAPS UsA 1 573757 | 567339 | 567015 | 567158*
2o [ E a % _E_ an X ol ©&o E :6}7-] a]tg- 2 565634 561036 557038 558746%
1ol 24 ng? o= _:rLE% } ° l] 1549 34 3 567956 || 567189 | 564031 || 560932
Y 2 7FE Qosoll tiste] # At 24 A ok H ] 4 572228 || 565582 | 563825 | 561504

m VPCO] 552 Mul2dke EHY F 71 & QosE & F
e AR FYF Ao FojAol gt}

E& Kim9] 3\-& "3 7HIH 2 Qus7HA] 1L 3HA
g+ Ao, B A7 sia Kimd] sy ko] 8 o]
AEFo] F AT | B Aol THE, t] B AL ARt
S 4288 0T diss 29 22 WL "R ols
Ao

63 4% a3

22808 0) vs VC ZEH &( Q)
Ay €34 A%

oo e AP <19 2->2 USA AL Fol thaleo] 5
Patqiet.

<®3>% <F 4> BRo| £ 7} AXY WA AHEE
veCe| |57t Zasta, vz £ 7} ol E AMgEE
VPCY| 47} S7Hch mebd £ A7 29 2 Fe] F
B2k tradeoffE 2HIE HHYECE AL & 4 it

X4 VCREH L QH(Q=1)

2 3.L2H]R o 1 2 3 4 5
Iteration 6 8 6 4 6
CPU time(sec) 804 | 1093 | 901 700 | 901
A8H A Aj| 201 | 196 | 192 | 187 | 169
vpc [ QoS 1| 136 130 123 123 118
A2 Qos 2| s0 47 51 47 37
QoS 3 15 19 18 17 14

Y3 8o 4 XY wis}

- 3% 2] 7144 (Robustness)
<¥ 5>9 <1¥ 3> YA L7 Ul dE BAYFY
o] ¥3E Yepdoh(<1d 3>2 2 %) A WA instanced]] U]
3 Sl w2 EAggte] HEE TA 1Y) A
2 B39 §%o] F71E-E Aol hA 2 24

P EECCEETENESE R et
24 Y4gko] 2312 378 2
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1; 18420 ’
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5 18390 } .
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18360
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Capacity ‘;
S — — e .
(a) 282t
T T  lataNetwerk 11]
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: 67200
| 2 66400 lv——
i % 85600
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. 64000 — |
i 1 2 3 a !
Capacity ‘
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- - UsA Network |
576000 ‘
. B72000 |
3 568000 |
! 8 seac00 - -
| 560000 |
556000 i
1 2 3 a4 |
Capacity
(c) USAZH
= = Z} A~ =
393 2 &F S e ke Wk

T <HE 5>00A xE A E B2 o], YA 80| 7}
o5 BTt SArgtol 2318 F71 A= AN
o ITA A5 dojue AL oA, o] T %4
of MEYIALE A% o3 € #tagA] s Ao
A}8-¥ subgradient optimization®] $HA|of 2]3F Ao 2 o AAL)
& Steiner arborescence FA|E & v AFEH = HWAE e
2glo] HF #yo] olyzhes AME o= Ak FEE 77
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3 6. MCAP 28 3}e] n| A E

Kim®] ¢32]& 2 43 daeE
No. |CPU dime| & ABE| CPU | g (AHEE
0. (SCC) ":} A Zk VPC tume g _,r_ gk VPC
TR AE | e A
1 ] 905531 157385 | 26 | 1687 |156109| 20
2 | 35416.32 | 20198.2 | 63 1550 |19867.0| 26
3 | 30586.46 | 16088.6| 60 1389 | 153157 24
4 | 9042.65 |21367.6| 63 | 2787 |20479.1| 30
s | 34402.08 | 23437.91 30 1241 |233702| 22
Ao 2 FAHr}
MCAP 2 379 H| 24y

Kim®] MCAP 2.8 3}9] | B A HL <19 2> 23|
A 331t} o] MCAPO] vl A1¥ Al H 3§14 <] Zoutendik 2]
7FeEE AMEET QlolA F - dE oM e AUAA
0o A A Q3] W Folt)
Aol AFEH instance’= TN 87} EH 8 FHE HIA
A 57 A & ALY on, HnAY e <E 6> 2T

<X 6>oA B0 CPU Az}, &S, AHG-E VPCY
M5 ZE Aol A B A7 #y o] Kime] s ETt A&F
Yol YFH AUt

T3 Kim¢] 832 instanced]] W} CPU A17L AHE-E VPCE)
A So] 373 HEsted vls), B I79 -2 instance

= T8 vlwd ¢RAQ 24E Bk 53] CPU Al
AN AL QAo o2 HE B AT YL
Z - d¥gAMT AP A & ANE F US AR
ZlhEk 12 fof g ZfolE oA EHFF AN
o] Ar o sjAo] o]FojH e, ol Yl 9§ Aozt
7] Bk ATMY Ao SlojA 73 H 29 QusE BAF L
2 a5 Ao vl g E1 A&HYE YF3he Aol

7. 80 F3%k

e ¢

No. | imeer | 2 %ﬁ‘%k %lgg_r?'%?
1 || 2314 |182107 ] 183848 | 096
e 2 | 1723 [15512.6 | 15667.7 1.00
3 14.87 | 17804.5 | 17947.3 0.80
4 | 17.02 |18141.2| 182345 051
1 | 4897 | 656242 66365.7 1.13
2 I 4381 |65123.2 | 66497.8 2.11
LATAT 3 | 49.96 |66131.0| 66807.7 1.02
4 | 4292 |63848.9 | 65029.4 1.85
1 | 2166.83 | 552141 | 567015 2.69
USA 2 | 1980.89 | 546915 | 557038 1.85
ARG 3 | 196495 | 552601 | 564031 2.07
4 1 256371 | 552281 | 563825 2.09

* B 242 8] 8% =(5-H &4 2k-3Fehy31g X 100

2} st

4| 744 34 g(Duality Gap Estimate)

UM AGFEC] B A7 232 9 =¥ Heo 7
A2)g ¥ ¥ g uAY TRAFAY FAEE, §
ol o3 s}k F31717} vl oot wEkA £ A7)
Me g3te BAlY ERES 3o s, AAE 3
7} ZA A A8 local optimum)ol] Heh} 2R UEA Lolr
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I EATSEE AT o2 AT o HT wetA
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B Aot A4 58 2Yoje 7Y
« G=(N,A): ATM Ed 3 7)7}4).
« N[ AY: B2 A T =[HE 3 aye] 1
- N{A}: JPEAE FANVCO] mEo] dojus 27}
373 2A42VPO1e] A
P, : kA VPC.
* s d (D)1 FAREE, FAIR 2 E9] T
- D YU AE % 5,0 9 FF
- L:EHAY {3 &
Q : QoS &Y . &, «;olH, QoS> Qos;.
* q(R) kA VPCY QS 1, o(hell, -, Q).
s IGHrTGY - 2E G E FHoERHR) dhe
a(p<t A VPC £ 9 ¥t
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Aot @AoA, P AMEEETH] E AA S

© v EHERYO] jol1, pE AhE VCCY

© oy A HEF, Ghoab).

- xp 0 POl @R B

sz} wlx 1 WE,

ZF, y= (s, keA) [x=(x, ks A}

© dAyexn: P BTG,

« s, di Ol als, Dij, 01 - AL ITH FAFEAA, &
A% s B2% (D1, ENFRY j, QsFY
veee EdY 87

c ¢ EYA YR G BF

- B, = ;9 By |3

- op(w  EBA A () 9 AHEEFO] Y W TS
= S

© 4G ol SRR WH A7 Y o MEEl SR

coww) P EF0) ol W FHE AT ks T
A3hE A ofH] &<,

- 2w lo)l : EFFYe]l Y w, polx s
VC[VP} 1 8HH]-8-.

« m;{ R, 05 b EdY FE ;9 BN ES{HUHIES,
8 S(utilization), on-717F FHY HFAF A Hburst
lengthy}zt W1&g7t Aol 84, oi(w, £ (),
wi(w) © T+ 2ol gt
0;(u) = o5u, Ex(X)=1Cxx,
wi(2) = Quu+(| Pyl —Dwzu,

o | Pl = P AYUE P2 A

BEA) 1p,(3,%)

Min ke;y:';)m cHyw, x0) + keﬁ“.;_;)% XCN)

st 3 s D= Py, K8 5D

s, a5, D, if i=s
=[—r(s,d:j,t), if i=d,
0, otherwise

Vs, ds+deN, j=1,-,L, t=1,,€Q

ke;ﬂohk(s,D;d,J. H— ke;;i;,)hk(s,D;d.J. D)

1, if i=s
=[-1, if i=d,
0, otherwise

VdeD, (s,D)€D, j=1,,L, t=1,,Q
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s,deNt=
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'ﬂ', (D,,= Z 0,‘,'+ Wy v kejﬁl_

(i, N'EAP))
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Ty m=(keA: &;(vp ) > ¢z ()}

BEA LP.(5.7%)
Min ref y‘;)¢ké\/(}”;,xk)+ %kak

s. t. x, = B, VIEW
k(3

cHAyma) = C;, Vi DeA
e GTIORGD 7(3h 58) i VT

®, 0= (i.f)§1<f’.>o‘f+w’“’ vVkeA
K3, 0 ={k€d: (3 xp) < (VD))
I3, 0 ={k€A (3 xx) > o {I0)}

C"i= Cij— =Xy, xﬂP(ii)E;(-i’;)’ V(i»]') eA
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