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An Interconnection Model of ISP Networks

Eunjeong Choi* - Dong-Wan Tcha**

—l Abstract m—

For Internet service providers (ISPs), there are three common types of interconnection agreements : private peering,
public peering and transit. One of the most important problems for a single ISP is to determine which other 1SPs
to interconnect with, and under which agreements. The problem can be then to find a set of private peering providers,
transit providers and Internet exchanges (IXs) when the following input data are assumed to be given : a set of BGP
addresses with traffic demands, and a set of potential service providers (private peering/transit providers and IXs)
with routing information, cost functions and capacities. The objective is to minimize the total interconnection cost.
We show that the problem is NP-hard, give a mixed-integer programming model, and propose a heuristic algorithm.
Computational experience with a set of test instances shows the remarkable performance of the proposed algorithm
of rapidly generating near-optimal solutions.

Keyword : Internet Economics, Internet Interconnection, Transit, Private/Public Peering, Quality
of Service (QoS)
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A3 fEle ZF SEF|u Yok 2o d&
A H\d-EFA(continuous knapsack problem)E
INo /| Eolob &t 12} A& vl &A=
&4 vfd(greedy knapsack) &Lzl 5ol 2sj4 F
A © 2 (optimally) E2}H, o= +EEAE Fi= 2
A gl w3 #43 wao

6. 48743 9 24

e AR Felay gugEd 4 4Y
871 A 8 AU e TSI 4 Ay
2 HE2 0709 FAE AT B =EolA A
He 24 AvRles 239 dAES (404 A4
o dolHE $ele) TAY 9A H4ds 5
Astel AFHH [49] dlolEe 2719 FAR
ISPE(REDNET3+ DFN)#9] JH7E Tsi4 &
o4 ZeE, A4HQ WA 7o s givk

FAEES AU s ERAFE Au
L #E erEESS AU el et dekA o
= 9 gArESE Gt Avele 39 s
HEHES 4 27)(=E )9 B89 Fepies
FaAE9 (D)), peering AFAES] IPM
transit AZAES F(1THE £} 312, transit
AZAe] &9 Beul(eDE T3y Yk
HES AU 3 EPEES A9E vy
A SHEE TFE AvEe # g
BEd gu stetieE gt Ex uslEe 44
GE >3 <E 2> YdHo] glom, W7t Fo
A FHEE 189 RelM a9 Adac 2
AHSE SR gold 8 HA T, Pt We 1
Seve] 7t 242} transit A1 34}, peering A4 2
Xo 29 AYe vehdnh g&e Avkget]
HEel 44 2ol waja At
e WA 7 Muls Algast ddAol
2AEY A/(D)S B A Do F3t
FoAEE DolA A" AQHEY, 1 FaxE

TUDD= Mul2 Agate) F57l wet b=
A FoAZ M daA dd g dukgez

A

O

o

i

transit A &A= IR ISPEA] BE F4A9 O
3 AR AR(F, d29E 7 k. ey o
M E transit AFAY FAAL A2do|7} L
AobE w58 o 15 e AFA ol otz 7
33 Qlth IHER transit AFA S i3 F4A]
9 $(|pThE |DiRT Z& 4 9ok Peering Al
FARD Aoz, Ale] @ el gle FAA S
o AR S AT gEA, FLAEY (DY)
o g A A vk £ XA A5o=
Ae ISPEY] T il FAXEAW d24S AFst
7] W&ol [DY|ol dg Aghg zten

CE 1) AlL2|e 2 miEtnle s

AuEle

A% B4 & ID| Pl |T] g7
1 30 400 200 10 (10, 400
2 300 400 20 10 [20, 80
3 30 400 200 2 [10, 40)
4 30 400 200 20 [20 80]
5 30 50 B0 10 {10, 400
6 30 50 20 10 [20 80
7 0 500 B N (10, 40
8 0 500 2B 20 [0 80

(& 2) gt HPEPUIHE

e sErEY g £ ¥y
d; [50, 1000]
| D7 |DI2] [80%, 100%]
BT > d,9] [50%, 100%]
: jeD]
T [1000, 5000]
D% (DI [19%, 10%]
% S ;9] [80%, 100%]
: Dt
124 [300, 600]
g 4
W 8
[DY| |D1¢] [50%, 70%]
(S, 8
S
b ST 2%
7 [2500, 6000] + gdg

 4l=0, 4% [900, 1800]4 A AY XA,
44=0.8x4""1 [=3,-,]S,].
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(E 3) HoHE Fe|aBe| A8 23

AuEs. £ A4 =27 Gap(%) ~ Time(%) CPLEX Time(%)
A5 - (INL,IDIED min mean max min mean max min mean max
1 30 (274, 400;2347533) 042 087 116 945 2293 8042 117655 473348  8096.38
2 30 (274, 400;2336707) 026 063 099 691 1959 7263 105629 467371 732338
3 30 (284, 400;26973.73) 000 074 113 1038 3192 7422 117377 43%426 6939.80
4 30 (284, 400;26973.73) 000 054 099 669 3462 8992 101955 495797 875364
5 30 (324, 500 ; 304105) 000 031 083 981 4346 7494 112828 566093 981725
6 30 (324, 500 ;3041050 000 038 100 930 3H78 9859 102615 721524 1681520
7 30 (334, 500;3503533) 000 044 093 981 4660 7389 109113 840484 1563388
8 30 (334,500;3503533) 000 031 083 981 4346 7494 103847 711726 1388838

F)INI={PI+ITI+IWI*IS),
|El: 5 (edge) 5 B3,

Gap(%) : {(FA 29 3 F-FAsNzh)/H 2 3l gh)+100,

Time(Z) : F2| 28 3 A3,
CPLEX Time(%) : CPLEX 43 Alzt.

Transit AFAS] $H(61)& A3} AAH o]
S F2AE AR 29 W T 4)l o

i AAHE, U (DE FAZ H9 HelA
A gol F == ATt Peering
AgA &3 p0)F AV (FD)E transit AT
o} n&aA AREAE, 49 WEhl(ehHE RE
peering AFAF stk HFE $Ev X
vl &3] @A (1S,)7F BE Xl disiA @
datttz 7hgstar, 2k gAd £3(p)S A &
2 l_Ez:DWd,-PJ VIS8 5Y3A F7HA1z70ch wkd

e
25 2

1y

7 @) 8 wA(F)E B 104§ B4
2 zto] IS A4 F w7} geR4E 1
AW gs=fi— 7Y s=2,,18,)0] RANES
ARy,

Atd Fel2g FnEL C dojz TAHIY
o, ¢uE Al AHEE AF A AEY
IV 26 GHz, ¥l=2] 523MB ZFEolth 2 =&
Ne Aa FozEe 458 W) gad,
Foad soh IH AN 2d IPE Fo] o

o]

HAHE Hlastg=d, oled HHHE

off

o
L
4

7]

3] CPLEX 66[101% AH&3tact

Z 240719 Ao hF AR FEl2Ee AP
Ade <E 3> AHA Arh <F 3> AAH
A3 Aotd FEago] WE At Qho AL F
e A2 ¥AFa Yok AFA ] Gape
A 116%°]H, FFHo2E 053%4ch ol# %
Felzg g d&H A7HE Ho) 9859% %
on] HEHoaE Us%/ A =F Alug
o Wz o FAF A HolA A vz 4
g w3y girh vbE, CPLEX 38 A7 4
tf 1681523 (% 47A7H7 2850w, HEH O
2= 5304712(¢ 16877 28U 53
A a7t AZFE F43] ZdojAx o, ¢
CPLEXS} 22 434 #7147 &= AIzE W
o IPY HAsHE AFsted doAM FAE 7HA
I UYLS HAFT gk
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e
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B =RdAE shte ISPRRIAN nHE &
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A5HE& 44 FHE, private/public peering™
transitS 2% 2l £ AIEEE el
Aol vl g2l S@sut oz}, Hi AS F &
BRNX Y AR Aol AYS Fo2HA HT F8A
A= Y= QSE A gt

WA, 229 Al A5HE EAd B MIP
29 IPE Al$-3, 2 2471 NP-hard9& 43
o IPE 7]&9) & ¢eiz CFLPS 1 FE7t vf
< FAE, IPE E7] Y% o s CFLP ¢a¥
= a1 E F ook 13z 98+ CFLP
55 FdA4 9esiME 2459 ADD
g ALA S TP 9A &-ga15dtt,

Atd FE|2g dagEe 45 B 9
A, A AANA AHEEE dolHE 7|Nte R

&3 AvEleE FASY R, FElad e P

Al AHE BAE A A FRE ]
o] u) Azt AZA Tt FeEtT 9
ojty, EF F5PE u L ISP7L £33
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