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Abstract

Peging dedsions between Internet Service Providers contain substantial non-measurable aspeds
requiring trust and informal cooperation among peaing partners. We study whether spatia
agglomeration is observed between Internet pegs. Our empiricd analysis of the bilateral peering
dedsions at the Milan Internet Exchange @nfirms that these dedsions are significantly influenced by:
travel time between |SPs healquarters- a proxy for distance, bandwidth- a proxy for size, and European
connedivity. Proximity still plays arole in reducing the transaction costs of monitoring and punishing
deviant behavior within an industry were @-operation is esential for efficient traffic exchanges
required by the Internet universal connedivity.
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1. Introduction

Does geographicad space plays a role in sustaining cooperation among Internet
companies? While there is a growing literature on hav Information and
Communicaion Techndogies (ICT) affed inter-firm relations, lessattention hes been
paid ontheir effeds on Internet Service Providers (ISFs), the firms which provide the
interface between fina users and the Internet. In this paper we investigate the
posshility that geographicad agglomeration of ISPs affeds their propensity to pee at
the Milan Internet Exchange (MIX). We start by considering the wider issue of the
effeds of ICT on geographicd agglomeration forces and, in particular, on Industria
districts and we discuss how their governance requirements explain the significance
of geographicd proximity in the spedfic case study analyzed. We explore how ICT
exert two oppaite dfeds on agglomeration: a wegkening d the centrifugal forces,
due to the lesening d the isolation market power, and the redesigning d the
barycenter of the centripetal forces, focussng agglomeration aroundvirtual locations.
This last posshility requires establishing conventions to fadlit ate the eanergence of
trust in cyber-mediated exchanges.

Our empiricd analysis of the bilateral peeing dedsions of the ISPs conreded with
the MIX in Milan, confirms that these ae significantly influenced by several
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explanatory variables. travel time between I1SPs headquarters, bandwidth, and
conredivity at other European Internet Exchange Points (IXP). Most importantly, we
find that self-seleded hilateral peeing is significantly affeded by geographicd
proximity. We believe this finding is linked to the role that proximity still plays in
reducing the transadion costs of monitoring and punshing deviant behavior within an
induwstry were a-operation is esentia for efficient traffic exchanges required by the
Internet universal conredivity.

1.1 Agglomeration

Spatial asymmetries, geographicd aggomeration, induwstrial districts and their
morphdogicd changes in time are owmmanding a growing empiricd and theoreticd
interest amongst emnamists. In ore of the ealiest contributions of this, renewed,
debate Krugman (1991)" identifies concentration as "the most striking feaure of the
geography d ewmnamic adivity". More receitly Fujita and Thise (2002 describe
agglomeration as the interplay between two forces: localised pasitive exernalities,
that have a cetripetal effed, and transport costs, that ad as centrifugal forcé€.

The Industrial Organization approach to space ad agglomeration hes been pioneaed
with Hotdling's "Principle of minimum differentiation” (192). Asauming
oligopdistic behavior, he agued that with linea transportation costs firms tend to
locae & the center of alinea city and suppy identicd products. Agglomeration is the
immediate result. D’ Aspremont et a. (1979 assumed quedratic transport costs and
reversed Hotdlling's conclusion showing that firms tend to locae & far apart as
paossble from ead aher. This property has been cdled, the "Principle of maximum
differentiation’™,

Irmen and Thisse (1998 however extended this modeling framework by considering
firms locaion dedsion in a multidimensiond characteristic product space They
foundthat, in equilibrium, there is maximum diff erentiation along the most relevant

charaderistic and agglomeration along all others. Urban and econamic history can be
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! For a criticad assesament, from an economic geographer point of view, on  how mainstream
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2 Other centrifugal forces consist in local diseconomies such as congestion, land rents and commuting
costs, or occur whenever factors of production areimmohil e,
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re-read aong similar lines. before the industria revolution hHgh transport costs
outweighed the comparably low fixed costs of production, hence production was
fragmented into many small units. After the industrial revolution transport costs
deaeased dramaticdly, thus providing an incentive to agglomerate & few spatia
locations' and focus on product differentiation to retain market power. Krugman
(1991 explained these dynamics of geographicad agglomeration as the interplay of
increasing returns, labour migration and transport costs’. Since Marshall (1920,
agglomeration hes been attributed to three forces: a poded labour market, greaer
provison d non traded inpus, and knowledge spillovers. Glaeser, Kalla,
Scheinkman and Schleifer (1992 stressed the importance of geographic proximity in
defining the extent of knowledge spill overs within firms of a given industry to explain
the ayglomeration in cities’. Proximity matters snce abasic inpu for firms adivities,
tacit knonedge, is assumed to be only transferable throughfaceto faceinteradion:
“the transfer of information through modern transmisson devices requires its
organizaion acwording to some pre-spedfied patterns, and ony formal information
can be wdified in this way” (Fujita and Thisse, 2002 p. 172). This assumption is
often accepted withou criticism, but how tenable is it? We think it has been
overemphasized; images on a web-cam are transmitted through a adified protocol,
not necessarily understood bythe viewers, but norethelessthey convey tadt messages
to them. Every image, sound and written text, can be transmitted and readed uponin
red time: watching the Gioconda's smile on the Internet’ does transmit, through a
codified sequence of binary numbers, tadt ideas. Following the widespread use of the
Internet, geographicd proximity may matter less than conredivity or languege
affinity. Hence, proximity, in geographicd space shoud be considered as a parameter
refleding the degree of transmisshility of the knowledge relevant to the spedfic

* Note that this development hinges on the fact that there aeincreasing returnsto scale. Otherwise
there would be no incentive to agglomerate unlessexternalities play arole.

® Krugman and Venables (1995) find an emerging "U-shaped pattern of global ecnomic change, of
divergencefoll owed by convergence' by linking the changing petterns of the cre-periphery relation to
different stages of a processof gradudly dedining transportation and communication costs. Puga
(1999 and Giovannetti (2000) also oltained a non-monotonic relation between transport costs and
agglomeration.

® Localized knowledge spill overs within endogenous growth models are sufficient to generate different
growth rates between geographically separated locations. In this framework, asymmetry is not driven
by aggomeration of production in space but by quality differentiation across a fixed geographicd
Stting.

" Leonardo DaVinci (1503-1505 La Gioconda, Oil on wood, 77 x 53 cm (30 x 20 7/8 in); Museedu
Louvre, Paris Seethe WebMuseum (2002):
http://www.ibibli 0.org/wm/paint/auth/vinci/joconde/joconde.jpg



adivity under study. This will differ acossindustries, acarding to their productive
and aganizaion feaures, and will reflea the evolution of the new techndogies and

their human-madine interface

1.2 Our Paper

The paper is organized as follows. sedion 2 introduces the debate on the dfeds of
ICT on the relevant notion d distance ether related to geographicd or virtua
dimensions. Sedion 3 dscusses the role of trust and reputation in Stuations
charaderized by repeaed incomplete cntrads, as it happens in industrial districts.
Sedion 4 povides a brief description d the main forms of interconnedion in the
Internet, while sedion 5 focuses on the nature of peeing agreaments. Sedion 6
discusses the rationale for observing agglomeration in the peeing dedsion and
Sedion 7 pesents the eonametric analysis of the Milan Internet Exchange peeaing
matrix. Finaly sedion 8 contains the anclusions.

2. Proximity in Cyberspace Death of the Distance?

In some sedors, in particular for digital goods, new techndogies reduce transport
costs to amost zero, hence reducing the profitability for locd market power and
thereby wedening centrifugal forces. This leads to clams of “death o distance “
whereby instantaneous communicaion made possble by the Internet leals to a
collapse in spacetime boundries. Mitchell® (1998) defines this as the eonamy of
presence rather than proximity, and analyzes the implicaions on the comparative
advantages of diff erent locations which, more than on proximity, will be based onthe
ideaof conredivity’.

Criticd viewers of the spacelesseconamy often stressthe unique relevance of faceto
facerelations, dired human interadion, which independently onthe non dred human
communicaion speed and cost charaderizes the ideaof place as diff erent from space
Following this view a place has “insderness’, i.e. it provides identificaion for the
individuals belongng to it (Relph 1976 Place and Placeness from Dodge and

Kitchin, 2000. Insiderness reintroduces distance between places which might have

8 Asreported in Dodge and Kitchin (2000.

® Kitchin (1998 argues that geography instead of becoming irrdevant is transformed, in particular
sincethereis unequal spatial distribution of bandwidth and the underlying physical network topologies,
so that the analysis of the geographic distribution of the information infrastructure becomes essential to
understand the agglomeration forces.



distance-lesscommunicaion costs. However this does nat necessarily link a placeto
a spedfic geographicd locaion: insderness of an online cmmunity will in fad
define borders but these ae not drawn in geographic space”.

The trade-off between centripetal and centrifugal forces, defining agglomeration and
districts boundhries, is therefore not only affeded by the impad of new techndogies
on the mstsrelevance of distance but also depends on whether these fadlit ate the
emergence of cyber-places charaderized by locd externditi es only reading pees.
Summing o, techndogy might then have two oppaite dfeds on the agglomeration
process one wedening the centrifugal forces, due to lower transport costs, and the
other fadlit ating agglomeration aroundvirtual locations.

Usualy the nature and range of locd externdlities is closaly linked to the language
and protocol used for communicaing. Online communities” generated their own
language protocols and expressons that are delimiting borders of traditional
langueges for redprocd understanding. Fluency in this format is however only very
loosely conreded to geographicd locaion. To replace geographicdly defined
digtricts, these virtual districts have to develop the adility to establish, maintain and
verify reputation and trust. This posshility is itself linked to the evolution and
diffusion d both: a) Public Key Infrastructure encryption techndogies?, such as
Digital Signature and Certificae and b) the power of enforcement of legally binding
cyber-agreaments®. However, athoudh being recessry condtions, encryption
tecdhndogies and a dea legal enforcement framework do rot provide a sufficient
condtion for the establishing d trust in cyber-mediated relations becaise, at least, of
contrad incompleteness The inability of drafting complete cntrads is often dedt
through the amergence of conventions both in geographicd and cyber space
interadions. Hence the relevant issue in understanding the possble emergence of
virtua districts becomes. “do rew techndogies provide the means for the energence

of conventions necessary to fadlit ate trust in cyber mediated exchanges?”

19 Places in cyberspace ae formed by a common interest affinity and language more than geographical
proximity. It has been argued that moral commitment and social cohesion are primary identifiers of
places in cyberspace and that places emerge as a consequence of the relationships that the subjeds
participating into them establi sh among themselves.

1 Relevant examples are provided by Weblogs which often allow visitors to leave public comments,
which can lead to a mmunity of readers centered around the Blog. The totality of weblogs or blog-
related websitesis usually call ed the Blogosphere.(Wikipedia)

12 SeeMaeda (2002.

13 Which is of course linked to evolution of the transnational legal agreements concerning the
eledronic communication sedor.



Online places have been historicdly charaderized by behavioral codes also cdled
netiquette, the bre&king d which has often disruptive @nsequences on the deviant’s
reputation within the community. If there is competition between geographicd and
virtual districts, their relative mmpetitive advantage will depend an whether the
monitoring of these @des is easier through geographicd proximity or via online
interadion, and if the ensuing recessty of a aedible retaiation of a deviant’s
behavior is more easily implemented within an orline cnreded community or in a
geographicdly clustered ore.

These dements taken together shoud drive the agglomeratior/ polarizaion dynamics
in the spedfic industry under study, defining the shape and torders, if existing, of the
geographicd or cybergeographicd distribution of the industry.

3. “Relational Governance’ asa centripetal force for districts

The isaue of the survival of geographicd agglomeration when ICT becomes an
efficient substitute of faceto-facededings has been addressed by Santarelli (2004). In
a panel data analysis of the long term evolution of Emilia Romagna's industria
districts, he fourd that spatial concentration is no longer the most crucia fador in
agglomeration and the term “multi-located”™ district describes recent forms of
indwstrial agglomeration in a better way.

A crucia feaure of indwstria districts is their microstructure: small firms; verticaly
disintegrated prodiction (verticd spedadizaion); a flexible system of verticd and
horizontal subcontrading. These feaures were dready noticed by Marshall (1890,
and have been stressed more receantly by Brusco (1982 and Becdtini (1989). What
hasn’'t perhaps been sufficiently stressed is that a verticdly fragmented industry
relying onfrequent verticd and horizontal subcontrading implies a large number of
transadions which are likely to require agood goernance system, which may require
a cetain degreeof spatia concentration. Willi amson (199%) distingushes threemain
forms of gowvernance for inter-firm (verticd and haizontal) transadions. explicit
contrads, assts posted as hostages, and relational (or implicit) contrads. Assts
posted as hostages are seldom observed and “complete” explicit contradingis sldom
afeasble option for firmsin adistrict becaise murt enforcement involves fixed costs
and is not eoonamic for smal transadions between smal firms. Therefore

transadions within dstricts must be mainly governed by longterm relations, where

4 For the origin of theterm see 4so Santarelli (1988.



reputation forces can ensure @mpliance with exchange areaments (preventing
“hold-up’; see Blonski and Spagndo, 2002. Brusco and Beccdtini stress that
interadion within adistrict involves forms of inter-firm cooperation. Recent observers
focused on “cooperative information sharing” among competing firms in R&D-
intensive industrial digtricts. For example Saxenian (1994 discusses how informal,
cooperative socia relations play a aucia role in enforcing knawvledge exchanges
within the computer-industry district in Silicon Valley. For the biotechndogy
indwstry, Powell (1996 and Powell et a. (1996 argue that forma arrangements
merely represent the tip of the iceberg, "beneah which lies a sea of informal
relations’, and pant out that the "development of cooperative routines goes beyond
smply leaning hav to maintain a large number of ties'. But information sharing
apart, all transactions between small firms in a digtrict (any verticd and horizontal
subcontrading) require a form of cooperation, of “relationa gowvernance” and

sufficiently strongreputation forces.

However the dfediveness of reputation forces may be enhanced by having
transadions embedded in a community, in a social network, since this may fadlit ate
information transmisson (Kandari, 1992. A district embedded in a community
network, with its tissue of socia relations, may also rely on social sanctions - besides
usual emnamic ones — as additional threas to discipline and gowern inter-firm
transadions (Spagndo 1999 200Q Annen 200]). Retaliation against deviants can
take placein bah social and businesslife, increasing incentives to behave. This form
of “socia cgpital governance” is common in many dstricts around the world, and
may constitute a substantial comparative alvantage for agglomerated, embedded
districts.

Recant experiments on “cheg talk” in coordination and repeaed games provide an
additional groundto believe that the need for effedive relational governance may
congtitute a significant, as yet disregarded centripetal force for districts. Pre-play
communicaion in game-theoretic experiments, “cheg-talk”, can be seen as a spedal
form of “faceto face” interadion®. However, the value of this kind of faceto face
communicaion daesnat liein amore dired and redse transmisson d information —

as usualy argued in the agglomeration literature — since eperiments are expresdy

5 Brosig et al. (2008) test experimentally in a standard public good gamethe dfed of different
communication media on cooperation. They find that cogperation is the highest and the most stable
when participants were allowed to communicate bath verbally and visually. Obvioudly, it is crucial for



designed so that cheap talk conveys no information whatsoeve (see Crawford, 1998).
Rather, this form of face to face interadion hes been shown to have vaue in
fadlitating agents coordination and the credion and maintenance of trust, an
esentia ingredient of the long-term cooperative relations necessary to gowern at low
cost a complex, flexible system of subcontrading.

To wrap up, this edion identified a novel patential centripetal force based on the
governance nedals of fragmented industrial districts. Reputation forces are important
for the cost-effedive governance of small transadions and flexible informal
subcontrading. Agglomeration may or may nat help in terms of better information
flows snce as argued in previous ®dions, ICTs may soon effedively substitute for
faceto face ad community-managed information transmisson. But geographicd
closeness may help the reputational governance of districts subcontrading systems
by alowing for community embeddednes — hence for socia sanctioning paver to
enforce exchanges — and for better trust building thanks to personal, faceto face
interadion.

Note that thisforcewill be important where explicit contrads and the court system are
relatively expensive, but also when crucial aspeds of inter-firm transadions are not
easly monitorable and \erifiable, in which case formal contrading isimpossble even
where the @urt system is efficient. Robust experimental evidence indicates that the
presence of important noncontradible apeds in a transadion immediately leal to
abandoring spot markets and establi shing long-term cooperative relations (Fehr et al.
2007). Asdiscussd below, in the peeiing dedsion between | SPs there ae substantial
aspeds of the transadion that are imposshle to measure or monitor, so that the
peaing dedsion may require substantial trust and informal cooperation between
peeaing partners. This may adivate the centripetal force discussed above: faceto face
medings and socia connedions may fadlit ate the governance of peaing agreements,

and the former may benefit from geographicd proximity.

4 TheInternet
The Internet is composed of many independent networks of very different sizes,
locaed around the globe, al diredly or indiredly interconneded with ead aher.

This last fedure guarantees the Internet’'s most important property: universa

the establi shment of trust to see ad olserve your counterparts. Whether this face-to-face



exchange of traffic between al end users (universal conredivity). The industry is gill
rather unregulated, and retworks are left completely free to dedade where, how and
with whom to interconred. Ladking a redly dominant network, competitive forces
and paitive network externalities have been sufficient until now to keep al the
networks interconreced™.

Small Internet Service Providers (ISPs) rely on conredions to larger networks for the
delivery of their customers' data padkets to their destinations outside the range of the
ISP s own subscribers. The largest networks are cdled Badkbonres. These own o
lease national or international high-speeal fiber optic networks and deliver padkets
aroundthe world for the many smaller networks conneded to them. Badkbones may
also reat businesses and consumers diredly by operating own verticaly integrated”
ISPs.

4.1 Interconnedion Agreements.

Two simple types of interconredion agreaments have anerged to regulate traffic a
exchange points between networks: trangit agreements and peaing agreaments.

In atransit agreament, a large network — the transit provider - offers accessto the
entire Internet to a smaller customer network against the payment of a fee often
related to the capadty of the conredion link™,

Under apeaing ageament two networks exchange the traffic direded to eat other’s
end wsers only. Monetary settlements between peaing partners used to be excluded,
although recently some networks have started charging for peaing (Miller 2002.
Peaing can be seen as a redprocd, non-monetary exchange relationship that often
implies various forms of cooperation. Peaing also implies establishing dred
exchange points between the two networks, and the @sts of creaing and maintaining
the exchange points are typicdly shared evenly. Peeing agreements may aso be
multil ateral, and traffic exchanges may take place & organized exchange points such
as Network Access Points (NAP) and Internet Exchange Points (IXP), spedalized

fadliti es where |SPs can conred to ead ather to exchange Internet traffic. To pee at

communication took placein oneroom or via video-conferencedid not seem to matter.

18 Werearedly dominant network were to emerge, network externalities may become a problem, and
the dominant network could then have interest to refuse interconnedion to aher networksin order to
drive them out of the market. Thiswould destroy universal connedivity, a potential event sometimes
referred to asthe ” balkanization” of the Internet that would require regulatory intervention (Kende
2000.

" For an Analysis of the Incentives towards vertical integration for Internet backbones, seeGiovannetti
(200%).



a NAP/IXP an ISP usualy has to establish a wnnedion and pay a membership feg
after which it can use the drcuit to cary the aygregate traffic to al of the other
members of the NAP/IXP with whom the ISP agreeto pee. This makes peaing at a
NAP/IXP cheger than establishing a dired bilateral peeing exchange point which
would require installing adired conredion and many commercia deds.

Being a member of a NAP/IXP off ers further advantages li ke sharing information and

afreemutual technicd help forum.

4.2 Technological aspeds.

Three important techndogicd fedures of the Internet frame the subsequent
discusson: first, only the amourt of traffic exchanged between two networks can be
measured, and nd the paths foll owed by ead padket within the network.

The secondfeaure is the “Hot Potato Routing”: when two networks are @nneded at
several exchange points, ead network routes al traffic as son as possble into the
other network. This individually optimized routing principle is inefficient since the
traffic does not necessarily foll ow shorter or uncongested paths.

The third fedure is that the speed o the conredion ketween two end wsersis crucialy
determined by the degree of congestion in the various networks the traffic cosses.
The most congested network on the path determines most of the delay.

5. The Peering Dedsion

Earlier work has identified several fadors and problems that may affed networks

dedsion whether and with whom to pee™. A first, rather obviousfador is sze

5.1 Peering and Size

Peaing requires establishing hlatera traffic exchange points, or peaing paints,
which entall fixed and variable techndogicd costs. It follows that a sufficiently
intense traffic flow between the end users of the two networks is a necessry
precondtion for peeing to be econamicadly viable. The larger two networks are, the
more intense will be the traffic between their end users, and therefore networks size
isadeterminant of the peeiing dedsion.

18 For an analysis of the competiti venessof the transit market seeGiovannetti and Ristucda (2005b).
19 SeeHuston 1999; Bagke and Wichmann 1999, Kende 200Q and Filstrup 2001.

10



In fad, dmost al large backbore networks pee with eat aher, the traffic being
exchanged at severa interconredion pants homogeneoudy distributed on the
relevant geographicd areas. Somewhat smaller networks also pee with networks of
comparable size, but typicdly have to suppement their interconredion with transit
agreements with badkbone networks.

5.2 Peering and Symmetry

Sincethe wsts of setting Y and maintaining peaing pints are usualy shared equally
by peeing retworks, unbalanced traffic implies an unkalanced distribution of gains
from peeaing againgt a balanced dstribution of costs, a rather unfair settlement. Such
unbalanced Stuations have developed in some caes, and have led to the

discontinuation o the peaing arrangement and to its replacement with a transit one™.
5.3 Avoiding Free Riding

When two networks are peaing and ore of them is congested, the perceved speed of
conredion would na improve were the non congested network to upgrade its
infrastructure. And if the cmngested network chooses not to upgrade its infrastructure,
it enjoys the full cost savings while it shares the reduced performance with all the
networks it is peeing with. This problem may of course induce caition in networks
dedsion whether and with whom to pee. Avoiding the raceto the bottom this free
rider problem may induce can require adive operation o the side of peeing
networks.

6. Aggomeration in Peeling?

Little is known abou the potential effeds of ISPS geographicd locaion a their
peaing dedsion, the focus of our empiricd analysis. Shoud we eped the
geographicd location o different ISPsto influencetheir dedsion whether to pee? Of
course, if two ISPs are very far away bulding a conredion from scratch would be

very costly; hence one would exped that very far ISPs would na peea. However,

“Recently, large networks garted pblishing gudelines for peering partners. WorldCom, in particular,
published four criteriato agreeto peeing with a network, two o which being that the peering network
has a geographic scope of at least 50% of its own; and that the traffic flow at peaing points does not
exceed 1:1.5. Asymmetric flows and geographicd extension, together with the “hot potato routing’’
would paceon thelarger network ardatively larger burden in terms of traffic carried andrelatively
smaller gains. Thelack of monitoring technol ogy makes monetary compensation for these asymmetries
hard to agreeupon. The other two conditi ons required by WorldCom from peeaing partners are that the
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consider a situation where thereis an IXP where peging is cheger, and that there is a
number of ISPs al of which are conneded to this IXP. Shoud we then exped the
geographicd locdion d these ISPs to matter in their choice of peaing partners?
Shoud agglomeration patterns be observed in the peeing dedasion?

The ceitrifugal force discused before, softening competition through locd
differentiation, would nat be adivein this case, sncethededsionto peea at the IXPis
independent from the locaion choice of the | SPs with resped to end users™.

Some centripetal forces considered in the literature, such as knowledge spill overs
obtained through interadions with peas, may be moderately adive; and transport
costs would be represented by the mile-cost of interconredion and the st of
reading pees for joint adivities and face to face interadion. Though since we
consider a popuation d ISPs all of whom are already conreded to a given IXP,
mile-cost of interconnedion daes not matter.

As discussed above, many fedures of a peeaing agreement are nat diredly
monitorable, not to say verifiable/contradible. Hence peeing agreements may require
a gred ded of trust and informal cooperation, in which case “faceto face” ca be
important.

In the next sedion we perform an empiricd analysis of the fadors affeding the
likelihood d bilateral peeing for the population d ISPs conreded at the Milan
Internet Exchange, to evaluate the strength of agglomerating forces on the peeing
dedson.

7. Empirical analysis

Italy has three mgjor pulic Internet Exchange Points. two locaed in the Northwest:
the MIX in Milan and the TOPIX in Piedmont and ore in central Italy: the Namex
locaed in Rome. While the MIX (67 members) and the NAMEX, (16 Members) have
acalemic origins the TOPIX, (15 members) has been launched, in 20®, by a
consortium of network-operators. Our empirica investigation focuses on the MIX?,
whose statutory aim is to fadlit ate the cooperation and communicaion ketween 1SPs
in Italy. Accessto the MIX is open to any operator uponacceptance of the condtions

volume of traffic exchanged at peeaing pointsis sufficiently large (>150 Mbps), a size aiteriawhose
rational was discussed above; and that that most of the peaing network has a capacity of 622 Mbps.
L |tisindeed a dedsion for the upstream connedivity, and not about downstream retail market.

22 The MIX Sr.l. (Ltd) was founded in January 200Q
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included in its Memorandum of Understandng” and these refled elements of non
profit, co-operative, behavioral patterns whose relevance to the peaing dedsion hes
been dscussed abowve. In particular bilateral peeing agreements established within
MIX premises must be freeof charge and ead member must ensure that its usage of
the MIX resourcesis not detrimental to the usage by ather members.

On the other side the MIX s.r.l. will adhere to the cmmmitments to puldish and update,
to the sole benefit of the members. the peaing matrix; the bandwidth for the reference
period; the traffic statistics for the reference period; the quality of the offered service
for the reference period and to provide suppat to the members in the set-up

procedures of their equipment™.

7.1 The Data.

The data ae taken from the MIX peaing matrix, which provides detail s of the adual
choiceof binary peeaing among its members and their nominal bandwidth at the MIX.
We measured geographicd distance based on the driving time between the
headquarters of ead ISP using the Driving Diredions of the Yahod Maps web site.
We finally searched for eaty member of the MIX whether it was participating at other
European Internet Exchange Points, by looking at their peaing matrices. The number
of additional IXP s any ISP was a member of has been used as a proxy for its level of

European conredivity.

7.2 Descriptive Analysis of the MIX Peering Matrix

To explore the possbility of peaing status asymmetries among the ISPs composing
the MIX membership, we start by looking at the @solute distribution d peeaing
agreements. This allows us to explore whether there is multi-modality, patentially
expressng clustering.

A smple look at Figure 1 below, displaying the absolute frequencies of existing
peaing agreanents sows that the modal peeaing frequency, at the MIX is very high,

23 Seethe web page & http://www.mix-it.net/Documenti/regolamento-en.htm

%4 Each ISPjoining the Exchange will pay : 7746,85 Euro “unatantum”, representing the joining
fee for 10 years; this cost will represent the penalty fee in case of digoining from the MIX Sr.L.
before the end of the 10 years and an annual membership feebased on the nomina value of the
bandwidth (the bandwidth the ISP uses on the MIX LAN) that each ISPhas dedared. These fees
arenot including: the sts for conneding the ISPs steto their equipment within the MIX and the
configuration of 1SPs equipment within the MIX. Source: MIX Sr.l. MoU.
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just abowve 50, displaying alarge mgjority of well conneded ISPs, with a small subset

of 1SPs having very few agreaments only.

Peering agreements MIX
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o
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=
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o\

0 10 20 30 40 50 60

Peering agreements

h

o

Figure 1. Absolutedistribution of peering ageementsat M1X

By looking at the peeing conredivity index i.e. the ratio of effedive peeaing
agreements over potential number (N x N-1) of them, we can see how well the
exchange resources are utili zed by its members’®. The index value of 0.67, obtained
from the peeiing matrix, shows that the MIX reated high conredivity.

7.3 The Probit Models

Information about global conredivity and inequality within an I XP can be dso drawn
by looking dredly at patterns emerging from the peeing matrix.

?® This index expresses how meshed the MIX network is.
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peering agreements

peering agreements
Figure 2: MIX Peering matrix sorted by number of peering agreements

In particular Figure 2 abowve gives the peaing matrix of the Milan IXP as of 11/20Q2.
We sorted the ISPs acarding to their number of existing peaing agreements’®. Two
thirds of all pairs have signed peaing agreements, as e in the mnredivity index
before; thisis mirrored in the dominant dark color of the patterns of Figure 2.

In the following we introduce an econametric model with the aim to charaderize the
determinants of the peaing dedsions of ISFs a the MIX. As the nature of peeaing
dedsions is binary, we introduced a Probit model, in which explanatory variables
define the likelihood of a peeing agreement being signed. In particular, we
considered four regressors. Travel time between headquerters (A), Maximum travel
time towards MIX (B), Maximum bandwidth (C) and total number of connedions at
other European IXPs (D).

The genera expressonfor the model is given by

q)_l(pi):Bo"'BuA + B, B +B4C + B,;D, i=1..n
where @ istheinverse standard namal cumulative function.

We etimated three models, considering dfferent subsets of explanatory variables.
Table 1, below gives the estimated coefficients and confidence interval's obtained.

5 A dark cdl indicaes a peaing agreament between the two | SPsindividuated by the cél’srow and
column.

%" To facil itate the interpretation of the results all distances and bandwidths have been normalized such
that their maximum value is one. The similar size of all coefficients indicatesthat all explanatory
variables represent a significant effed.
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VARIABLES VARIAB|COEFFICIE |COEFFICIE| COEFFICIENTS
LESRA NTS NTS (MODEL WITH
NGE (MODEL (MODEL INDIVIDUAL
WITH WITH VARIABLEYS)
THREE THREE
VARIABLE [VARIABLE
S: AB,D) S: A,C,D)
A Travel time between HQ [0,1] -1.20+0.13 -1.59+0.13
B: Max travel timeto XP [0,1] -1.28+0.14 -1.63+0.13
C: Maximum bandwidth [0,1] 0.89+0.12 092+0.12 061+0.11
D: Tota number of| [0,17] -0.15+0.01 | -0.15+0.01 -0.17+£0.10
conredions at other
European I XPs

Table 1: Value of coefficients corre sponding to explanatory variableswith
standard error.

7.4 Discusson

The negative®™ coefficient for travel time between the healquarters of the ISP
companies, variable (A) indicaes, that the cmmpanies are less likely to pee, the
larger the distance between the healquarters. On the other hand, companies are more
likely to pee, the bigger the bandwidth of the larger company, as expressed by the
positive wefficient of variable (C), showing that the more traffic they have the more
judtified is the dfort required to sign a peaing agreement. Finally, companies are less
likely to pee the more other IXPs in Europe they are members of, as expressd by
the negative sign in front of variable (D). This is becaise ISPs can presumably
exchange traffic & other locaions. Finally in order to compare the diff erent models
we nsider the incresse in predictive power they produce under different

combinations of explanatory variables. Figure 3 below shows the log-likelihood of
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the observed peeing kehavior. The highest predictive power of our model is achieved
with the combination (A,C,D). The relative increase in log-likelihoad over the other

variable cmbinations is represented by alower negative log-li kelihoad™ value.

Lo
Explanatory Value of Likelir?ood Explanatory Value of
individual Variables joint Variables
-850 |~ ACD
™ A,B.D
«~——AD
Total # connections at other XPs A —» -900
e B,D
Travel time between HQ B ~ =930 «—CpD
Max travel time to XP C—
-1000
Maximum bandwidth D —,
-1050

No explanatory variable 0 —>

Figure 3 Relevant Explanatory Variables (Probit Estimation)

The hit rateisaheuristicillustration d the total predictive power of the model. Given
that 66% of | SP pairs do pee at the MIX, an unnformed personjudgng o the basis
of the conredivity index only, would predict for ead pair to pee and therefore
predict successully in 68% of the cases. By using additional information, on travel
distance and conredivity, as incorporated in the model using the three explanatory
variables A,B,D, ore is ableto improve on this peeing prediction and succeeals in
76% of the caes, having articulated the prediction not on the basis of randam

guessng, but oninformed elements charaderizing the pair of ISP under scrutiny.

%8 |t isreasauring that the value wefficientsif only one explanatory variableis used in the estimation do
not change when additiona explanatory variables are added. Otherwise we might asaume eg. a
(negative) correlation between the 'explanatory' variable and thereal, causal effed.

29 In the estimation we first used the travel time between the headquarters of the ISP, and could identify
asignificant effed. The doser the headquarters are together, the more likely they will sign a peering
agreanent. However, in a semnd approach, we run aregresson with the maximum travel time of either
ISPto the Milan IXP and obtain similar results. Thisis becuse both explanatory variables are highly
correlated (Correlation 0.982). The estimation does therefore not allow to judge, whether vicinity of
headquartersisthe dedsive dement, or whether vicinity of all parties to the IXP is more important for
the signing o a peeing agreement.
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8 Conclusions

In this paper we investigated the posshility of geographicd agglomeration in the
bilateral peeing dedsions of Internet Service Providers participating to the Milan
Internet Exchange Point. We wnsidered the wider issue of the dfeds of the
Information and Communicaion Techndogies on geographicd agglomeration forces
and, in particular, on Indwstria districts and we fourd that their gowvernance
requirements explain the significance of geographicd proximity in the spedfic case
study analyzed.

We discussed haw ICT exertstwo oppdaite dfeds onthe agglomeration: a wegening
of the centrifugal forces, and aredesigning d the barycenter of the centripetal ones,
focussng agglomeration around virtua locaions. Peaing dedsions between ISPs
contain substantial nornrmeasurable agpeds requiring trust and informal cooperation
between peeing partners. Our empirica analysis of the bilateral peeing dedsion o
the ISPs conreded with the MIX in Milan, confirms that the peaing dedsion is
significantly influenced by several explanatory variables. travel time between ISPs
headquarters, bandwidth, and European IXP conredivity. IXPs are ill playing a
crucia role in fostering the amergence of virtual 1SPs communities, self-seleded
bilatera peeing is sgnificantly affeded by geographicd proximity, drawing
physicd borders aadossthe oyber-placeprovided by the IXP. We believe that thisis
due to the role that proximity ll plays in reducing the transadion costs of
monitoring and punishing deviant behavior within an industry were c-operation is
essential for efficient traffic exchanges required bythe Internet universal conredivity.
This consideration is due to a new effed, diff erent from those previoudy identified in
the literature, agglomerated districts $houd have better governance — i.e. lower
transadion costs -- than more dispersed ores. Therefore agglomeration fadlit ates

cooperationthat is not covered by contradua arrangements.
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