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Agreatchallenge for telecommunications providers is to translate revolu­
tionary advances inswitching, transmission, and signaling technologies into
advanced network services, failure transparency, high transmission quality,
and affordable prices. Thecompanies and government agencies thatpro­
vide international telecommunications services face diverse expectations
from theircustomers, differences inregulatory environments, and a multi­
tude ofequipment choices. Hence, a service provider's globalization strat­
egy will become a key to itsoverall success. Substantial disparities exist
among providers in the development oftheirnational telecommunications
infrastructures and intheirpolitical, economic, and regulatory environ­
ments. Therefore, distinct network-evolution strategies will emerge for each
such service provider. This paper surveys avariety ofpossible evolution
strategies for an international network and theireffect onnetwork design.
Introduction

Today, the private or government
entities that provide international switched
andprivate-line services are faced with rapidly
changing technologies, diverse customer
expectations around the world, different regu­
latory environments, and many equipment
choices. The challenge forthese carriers,
then, is to translate advances in switching,
transmission, andsignaling into advanced net­
work services, transparency to network fail­
ures,high-quality transmission, andafford­
ableprices. Clearly, a globalization strategy
is one keyto a carrier'soverall success.

Because national telecommunications
infrastructures develop at different rates and
becauselocal political, economic, andregula­
toryenvironments also influence this develop­
ment, eachtelecommunications network may
requirea distinct evolution strategy. (The
infrastructure includes such thingsas copper
andfiber-optic cables, analog and digital
switches andcross-connects, as well as other
network elements. The operations support
systemsthat control these elements might
also be included.) Thispaperwill examine
several possible evolution schemesfordevel­
oping an international network andthe effect

ofthese schemeson network design.
Wecharacterize the design ofan

international network in termsoffive funda­
mental dimensions: partnering, service, data
collection, routing, andfacilities. The partner­
ing dimension reflects who is responsible for
allnetwork-design decisions. Thisdimension
is unique to the international network and
governs the entirenetwork-design process.
The services dimension provides the building
blocks to offer various international telecom­
munications services. The data-collection
dimension estimates the sizeofthe demand
in the network, while the routing dimension
assigns the demand to logical routesbetween
switches. Thefacilities dimension provides
the physical capacity to carrythe demand on
cable andsatellite facilities between interna­
tional carriers. (Logical route refersto the
trunkgroupbetween a pairofgateway
switches in the two countries involved in an
international call. Usually, international calls
forallcountries are routed throughthe origi­
nating country's national network to a small
numberofthe network's switches, called gate­
ways, andthen through an international net­
workto the foreign country's gateway.)

This paperdiscusses the possible
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Panel1. Abbreviations, Acronyms, and Terms

busyhour- the hour ofthe daywhena telecommuni­
cations switch carriesthe mosttraffic

busyday- the dayofthe week (ormonth) when a
telecommunications switch carriesthe mosttraffic

CCITT - International Telegraph andTelephone Con­
sultative Committee

data-eollection dimension - estimates the sizeofthe
demand in the network

DCME - digital circuit multiplication equipment
DXC - digital cross-eonnect
facilities dimension - provides the physical capacity

to carry the demand oncableandsatellite facilities
between international carriers

final-trunk group- fora hierarchical network, the
lastchoice oftrunkgroupfora call to reachits
destination

gateway - oneofseveral domestic-network switches
whereallinternational circuits terminate

gateway approach - the country is partitioned into
several regions, and all traffic from a region in that
country to a foreign country is first routedto a
specified gateway

global routing - routesare chosenwherever theyare
available, as if allrouteswereunderthe control of
a single organization

GMT- Greenwich meantime
hierarchical routing - progressive call control (con­

trolmoves from switch to switch) anda routing
discipline that specifies a fixed order oftrunk­
groupselection at eachswitch anddoes notallow
mutual overflow

high-usage groups- trunkgroupssubtending to the
final-trunk group. The final-trunk groupis the

evolutionary strategies for the carriers, emphasizing
network design forswitched services. Network design
spansthe partnering, data-eollection, routing, andfacili­
ties dimensions. First, wedescribe eachdimension and
presentpossible variations forit.Then,from this menu
ofchoices foreachdimension, wedefine sets oflikely
design strategies that have been underdiscussion in the
recent telecommunications literature. Foreachevolution
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alternate choice ofmany high-usage groups.
IEICE - Institute ofElectronics, Information andCom­

munication Engineers
IEEE - Institute ofElectrical and Electronics

Engineers
ISDN - Integrated Services Digital Network
ITC- International Teletraffic Congress
noncoincidence - the event when the heaviest load

(eitherbusyhour or busyseason, or both) occurs
at a different timeondifferent facilities

nonhierarchical routing - routing thatviolates the
requirements forhierarchical routing, usually by
retaining call control at the originating switch, by
allowing the routing to vary basedon time ofday
or dayofweek, or byallowing mutual overflow
between trunkgroups

ORSA - Operations Research Society ofAmerica
partnering dimension - reflects who is responsible for

allnetwork-design decisions. Thisdimension is
unique to international networks andgoverns the
entirenetwork-design process.

routing dimension - assigns the demand to logical
routesbetween switches

services dimension - provides the building blocks
to offer various international telecommunica­
tionsservices

SIG - special interestgroup
SIRCIT - System for International Routing ofCircuits

Integrated Tool
TA - telecommunications administration
transitrouting - somecalls are routed throughfacili­

ties that belong to a thirdcarrieranda transitfee
is paid to that carrier

strategy, the paperdescribes the organizational and
technical requirements, andthe network performance
benefits. (panel! defines acronyms andtermsusedin
this paper.)

Dimensions of the Nelwork-Deslgn Process
This section describes the fundamental dimen­

sionsthat are relevant to network design. Foreach



dimension, we present the possible variations and their
effect on the network-design and planning processes.

Partnerl.... Partnering represents the administra­
tive processbywhich decisions are madefornetwork
design and evolution. Typically, overseas cableand satel­
litecapacity is owned and managed jointly byat leasttwo
carriers. Therefore, the totalinternational network is a
union ofthe many bilateral and multilateral subnetworks,
whereeach decision requires the collaboration ofat least
two carriers.

BIlateral partnerlnl. The smallestand mostcom­
mon partnering arrangement is a carrierpair. In this
arrangement, eachcarrier in the pairownsa portion of
the overseas cable capacity; i.e., a carrierowns the capac­
ityfrom its cablelanding pointto mid-ocean. The same
half-eircuit concept applies to satellite circuits.

Eachcarrier pairmakesplanning and operations
decisions for its own bandwidth. Therefore, the interna­
tional network's equipment, interfaces, and operations
procedures are generally diverse and compatible only
within a given carrier pair.

Multilateral partnerlng. The multilateral partnering
arrangements include the participation ofthree or more
carriers in the decision-making processfor designofthe
international network. This type ofarrangement allows
interworking amongseveral carriers' networks to sup­
portjointtelecommunications services or capabilities.

Because several, possibly diverse networks may
be involved, this approach implies morecomplex plan­
ningand operations than are present with bilateral part­
nering. But if the planning canbe done, the international
network can evolve toward a single multilateral network
with a common evolution planand increased flexibility
andefficiency.

The alternatives fora multilateral partnering
arrangement are to form either a coalition or a company.
Aside from the legaldistinctions, ownership ofthe cable
capacity is the principal difference between these two
options. Acompany mightown allthe capacity, whereas a
coalition would plan for the multilateral use ofbilaterally
owned capacity.

For both alternatives, the planning and operation
ofthe network are for the mutual benefit of the partners.
However, it canbe challenging to maintain the stability
ofthe partnerships under changing political andeconom­
ical conditions, as well as determine the "fair" attribution
ofcostsand benefits.

D8t8 Collection. The first step in the network­
design processis the collection ofdata to be used to esti­
matethe traffic load offered to the network. For this
dimension, the primary concerns are:
- Whatdatais to be collected and sharedbythe partners
- How to integrate statistical information with macro-

economic modeling and businessjudgment to predict
future demands.

Restricted trunk group data. Currentdata-eollection
practices focus on estimating the loadand blocking on
the trunkgroupsbetween gateways, usually on a trunk­
groupbasis. Typically, this loadandoccupancy datais
treatedas proprietary and is not available immediately,
evenamong "strategic partners." Because ofthis, each
carrier'snetwork manager is unable to identify the
amount ofidlecapacity in the networks ofothersat the
timeofunexpected demand or failure conditions. More­
over, the network-design and routing-assignment pro­
cesses cannottakefull advantage ofexpected noncoin­
cidence in traffic demand. (Noncoincidence meansthe
heaviest load-either busyhour or busyseason, or
both-occurs at a different timeon different facilities.)

Shared node-to-node data. When the network-design
processexpands from a bilateral to a multilateral partner­
ship, one mustconsiderthe changesin the typesofdata
collected and shared among the carriers.

Ifweuse experience with national networks as
a guide, then the focus forthe datashould be on estimat­
ing node-to-node load, becausethese estimates allow us
to predictcaller-perceived network performance. 1

(Node-to-node load refersto the loadbetween gateway
switches, without regardforthe actual trunkgroups
used.) Furthermore, the idle-eapacity andblocking data
shouldbe shared among carriers, because the sharingof
status information in real timeallows quick response to
surges indemand or to failure conditions.

Routlnc. Routing is the set ofrulesbywhich a
logical path is selected between the originating and ter­
minating switches. Avariety ofhierarchical andnonhier­
archical routing options have been implemented or pro­
posedbyvarious carriersaround the world.2- 5

Hierarchical. Hierarchical routing is typically the
choice fornetworks with progressive call control (i.e.,
control ofthe callmoves from switch to switch). This
routing option is characterized bya routing discipline
that specifies a fixed order oftrunk-group selection at
each switch, and does notallow formutual overflow.
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Rgure 1. Routing options In a network that uses
the gateway approach. The country Is partitioned
Into several regions, and all traffic from a region
to a foreign country Is first routed to a specified
gateway. Because hierarchical routing selects
trunk groups In a fixed order, traffic between a
country's gateways can go In only one direction.
Thus, If a call enters the network at Region 1's
gateway and all circuits from that gateway are
bUSY, the call can be routed through Region 2's
gateway. However, a call that enters at
Region 2's gateway cannot be routed on circuits
from Region 1's gateway. Nonhlerarchlcal routing
also provides a path from Region 1's gateway to
Region 2's gateway, but might also add a path In
the opposite direction. Because traffic between
the gateways can go In both directions, this
scheme provides more alternate routes and uses
the network more efficiently.

In hierarchical networks, trunkgroupsfit into
two categories:
- Final-trunk group - the last trunkgroupto be

selected in the pathfor the call to reachits destination.
If all circuits in thisgroupare busy, the call is blocked.

- High-usage groups - the subtending trunkgroups.
(lntennediate high-usage groupscarryoverflow.) If
the circuits in the high-usage groupsare allbusy, then
the call looks foran alternate path. The final-trunk
groupcould be the alternate choice ofmany high­
usagegroups. (Thetrunkgroupsare "highusage" in
the sense that theyare busya muchhigherpercentof
the timethan the final-trunk group. Here, weuse "the
call looks" in the sense that a switch does the looking
on behalfofthe call.)

The final-trunk groupis engineered to provide a chosen
service level, while the high-usage groupsare designed
to minimize network costs.

Because ofits operational simplicity andthe
minimal requirements that it imposes on network switch­
ingandsignaling technology, hierarchical routing contin­
ues to be the choice ofmany national and international
network providers.

The routing ofinternational calls is typically
basedon thegateway approach. When a network uses a

gateway approach (Figure I), the country is partitioned
intoseveral regions, andall traffic from a region in that
country to a foreign country is firstrouted to a specified
gateway. Forexample, in Figure 1,region 1calls are
routedto switch AI.

The dialed digits are analyzed to determine the
initial destination switch. Fora call from switch Al to
switch Bl, the directtrunksfrom Al to Bl are tested. If
none are idle, then a trunk to the othergateway ofcoun­
try B,i.e., gateway B2, is selected. If nocircuits are idle
to that gateway, then a circuit to the othergateway of
country A, i.e., gateway A2, is selected. Atthe second
gateway, the overflow traffic is combined with traffic
from the second gateway's regions. In this example, the
A2-B2 trunk is the final destination. If there is no idle
capacity on this trunk,the call is blocked.

The hierarchical-routing schememeansthat
calls enteringthe network at gateway A2 do nothave the
opportunity to be routed on circuits from the Al gateway,
even ifcapacity is available. Theycanonly use the final­
trunkgroup, A2-B2.

Clearly, different traffic streamsexperience dif­
ferentblocking. Thosethat enter the network at a low
level receive better service thanthose thatenter at a
higherlevel.
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Panel 2. Multlcountry Noncolncldence

o 3 6 9 12 15 18 21
Hour (GMT)

A. Load betw..n countrl •• A and •

12

8

4

o
o 3 6 9 12 15 18 21

Hour (GMT)

•. Load between countrl••• and C

12

8

4

o~I.Q..WJJ;la.~aIjIt
o 3 6 9 12 15 18 21

Hour (GMT)

C. Load betw..n countrl•• A and C

The graphs use a common timescaleto pre­
sent the daily traffic loadbetween two ofthree coun­
tries around the world. Eachgraph showsthe percen­
tage ofthe daily loadthat occursduringeach hour of
the day. The percentages representdatacollected by
the CCITT (Blue Book Recommendation E.523) 20 and
are basedon the numberofhours that separatethe
two countries. To provide a common base,wegive the
timeofdayin Greenwich meantime (GMT).

Graph A shows the loadprofile for two coun­
tries that are separated by 9 hours.The busyhour
(i.e., 1000 GMT) indicates that one country is in Eur­
opeand the other is in the Pacific. The profile in

Nonhlerarchlcal. Routing is nonhierarchical when­
everanyofthe constraints ofhierarchical routing are
violated. This could occur, for example, by:
- Retaining call control at the originating switch
- Allowing mutual overflow between trunkgroups
- Permitting the order oftrunk selection in alternate

routes to vary.
Byremoving such constraints, nonhierarchical routing
canincrease the network's efficiency and improve the
network's ability to respond to unexpected loads, fore­
cast errors, and nodeandcircuit failures. This routing
schemewasfirst studied and introduced in a variety of
national networks.2- 5

Whenapplied to an international network
between gateways, nonhierarchical routing remains bilat­
eral. Butfor eachcallfrom each region, the routing disci­
pline might examine a sequenceofpathsthat contains all
possible directcircuits to the destination carrier. For the
network in Figure 1,with nonhierarchical routing, traffic

Graph B is also forcountries that are separated by
9 hours,but its busyhour (Le., 0000 GMT) indicates that
onecountry is in the Pacific and the other is in the
Americas. Graph C shows a loadprofile forcountries
that are separated by 6 hours.Onecountry is in the
Americas, and the other is in Europe.

Notice that if wechoosecountries that are
separated in this way, then the busyhour ofone traffic
streamoccursduringthe off-peak hours ofthe other
two streams. Bycapitalizing on this noncoincidence,
circuits canbe used to carrymorethan onetraffic
stream, resulting ingreaterefficiency andeconomy
in the network.

between the gateways would be able to go inbothdirec­
tions. However, the gateway switches mustknow that
theyare not to routea call to an alternate gateway if the
call has already tested the alternate. The sequence of
paths may depend on the timeofthe day or the stateof
the network.

Transit. In the transitmethod ofrouting, some
calls are planned to be routed throughfacilities that
belong to a third carrier. In return forthis usage, a tran­
sit fee is paid to the third carrier.

Bycomparing the costofan additional direct
circuit and the transitfeesassociated with the load this
circuit is expected to carryovera year, a carriercan
decide if the installation ofthe circuit is justified eco­
nomically. Thus, the network design will be basednot
only on the busyseason's busy-hour load andthe cost
ofa directcircuit, but also on the load profile between
the two original carriers, the transitfee, and the season­
ality ofthe load.
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Table I. Comparison of Design Alternatives for an International Network

Network-design Basis for Organizational Design
strategy* network design impact Benefits requirements

Typical international Peakload Two carriers Simple design -
network Circuit costs
(bilateral, hierarchical,
fixed. restricted)

Automatic safety net- Robustness Data sharin~ mechanism
work Switch modification to
(bilateral. hierarchical, automate datause
fixed. shared)

Bilateral nonhierarchical Improved throughput New routing features on
(bilateral. nonhierarchical, andblocking switch
fixed. restricted)

Planned transit Daily load profile Threecarriers Network costsavings Resolve tandem DCME
(bilateral, transit, fixed, Circuit costs problem
restricted) Transitfee

Mutual planned transit Atleastthree carriers
(multilateral. transit. (partnerchoice is
fixed, shared) critical.)

Collective routing Daily load profiles Network costsavings Operations-support-
desitm Global historic traffic Bettertraffic perfor- system development
(mu tilateral, global, data mance Methods forfaircost
fixed, shared) Global network topology andbenefit division

Collective facilities Daily load flrofiles Network costsavings Operations-support-
desitm Global faci itiesnetwork Common transport net- system develo~ment
(mu tilateral, global. to/ililogy work evolution Complex networ man-
flexible. shared) Faci itiescosts agement

Financial methods

• The design-dimension variations appear in parentheses. Refer to the textdiscussion fordetails abouteachstrategy.

Global. The global approach assumes that the
capacity available in an international network is usedas
efficiently as possible. This meansthat routesare chosen
wherever theyare available, as if theywereallunderthe
control ofa single carrier.

The design process is carriedout the sameway
that a national network design would be executed. This
implies, forexample, that inexpensive alternate paths
may be expanded greatly to carrytraffic between gate­
ways whose directconnections are veryexpensive, and
that the noncoincidence described in Panel 2 is exploited
in thosealternate paths.

Facilities. The facilities dimension provides the
physical capacity to carrythe demand oncable andsatel­
litefacilities between carriers. Thisdimension is imple­
mented bythe capacity-allocation andcapacity-expansion
processes.

Capacity allocation is typically a one-year
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planning process. The objective ofthe process is to
assign the switched andprivate-line demand onto exist­
ingcable andsatellite routes. The allocation ofcapacity
is constrained by:6
- Availability ofcapacity on the facilities.
- Possible constraints oncable or satellite loading.
- Ratio ofthe demand on the digital andanalog facilities.
- Digital-eompression levels.
- Compatibility ofdigital circuit multiplication equip-

ment (DCME).
- Route diversity requirements. (Here, diversity means

that the physical pathsavailable forthe calls mustbe
sufficiently disjointed that the pathsprotect the traffic
against failure ofa particular piece ofequipment or of
a particular cable.)

Capacity expansion is a planning process that
determines the optimal locations, sizes, andtypes ofnew
facilities for5 to 15years. The current international



practice is to design a single cable fora particular region
suchas the Pacific, Atlantic, or Mediterranean." The pro­
cess might evolve toward a global approach that consid­
ers multiple facilities in allregions.8

Rxed capacity expansion and allocation. Ina fixed
process, the assignment ofcapacity fora given planning
cycle cannot be changed until the nextcycle even if the
demand farexceeds capacity on certain routes. Most
international carrierscurrently use this approach.

The capacity (which is spreadacrossseveral
facilities) is owned bycarrierpairs. Typically, eachcar­
rier in a pairindividually determines with the other car­
rier how theywill use their capacity andthen negotiates
bilaterally with the othercarriers to reachagreement.

Westress that, in currentpractices, a capacity
segment on a facility is dedicated to a certain carrierpair
andanothercarrierpaircannotuse that segment, except
byusingrouting features available in the switch.

Rexlble capacity expansion and allocation. Ina flexible
process, the assignment ofcapacity is basedon demand
andvaries with time. Forexample, routeassignments are
basedonthe timeofdayor the dayofthe month.

In this approach, the noncoincidence ofbusy
hours (discussed in Panel 2) is exploited by network ele­
mentsthat determine how the call is assigned to a facil­
ity. (In the transit- andglobal-routing variations already
discussed, the switch uses this noncoincidence when it
determines how the call is logically routed.) Here,this
exploitation requiresreconfiguration ofcapacity among
carriersthroughdigital cross-connect (DXC) equipment,
rather than the use ofrouting schemesat the gateways.
Thisfacility reconfiguration capability could be used to
reducethe total capacity required to carrythe demand
and/or improve the network's performance underover­
load or failure conditions.

Network-Deal", StnIt.....
In this section, weanalyze somecommon combi­

nations ofthe network-design dimensions, outlining the
advantages andrequirements ofeach.The strategies will
be characterized byonevariation selected from each
dimension ofthe network-design process:
- Bilateral or multilateral partnering
- Restricted or shareddata
- Hierarchical, nonhierarchical, or global routing
- Fixed or flexible capacity expansion andallocation.
Table I compares the various design strategies.

1'ypIcII1intenudlonlli Network. The mostcommon
configuration today is bilateral partnering, hierarchical
routing, fixed capacity expansion andcapacity allocation,
and restricted trunk-group data. Eachcarrierpair'snet­
work is owned, designed, andoperated independently.
The routing rulesare hierarchical, andthe facility assign­
mentsare fixed. Data is notshared.

This is the simplest configuration to own and
operate. In Figure 2,the size ofpath1 is basedon the
load dataduringthe busyseason's busyhourandaddi­
tional routes, suchas path2,are added manually to han­
dleemergencies.

AutomatIc s.rety Network. Thisnetwork configu­
ration is similar to the previous one (i.e., bilateral part­
nering, hierarchical routing, andfixed capacity expan­
sion andallocation) but now datais shared.

The addition ofreal-time data, sharedamong
multiple carriers, permits automatic identification ofidle
capacity inthe network andautomatic distribution ofthe
appropriate information aboutalternate routesto the
gateway switches. If the switches are ableto use this
information to implement alternate-routing lists, then
the routing changescanalso be automatic.

Typically, the carrierscollect information that
indicates wherethe idlecapacity is,but no method is
provided fordistributing the dataautomatically. Forthis
reason, this design strategy also requires a distribution
mechanism anda way forthe switches to use the data
theycurrently do notreceive.

Therefore, at leastonedevelopment-the data­
sharingsystem-is required to implement thisconfigura­
tion. Inaddition, a switch modification may be needed to
enable the switches to use the dataautomatically.

In Figure 2,the size ofpath1 is again basedon
the load duringthe busyhour ofthe busyseason. How­
ever, path-2 routesare now added automatically, provid­
inga "safety net"foran unexpected load or failure. This
step is a possible precursor to widespread alternate rout­
ingin the international network because almost all forms
offlexible routing use somedistribution ofstatusinfor­
mation or load history.9.10

.11et....1Nonhlererchlcal. Thisnetwork-design
strategy is also similar to the firststrategy presented
(i.e., bilateral partnering, fixed capacity expansion and
capacity allocation, andrestricted trunk-group data) but
uses nonhierarchical routing instead.

If nonhierarchical routing is introduced into the
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Figure 2. Cali-routing paths. Path 1 represents the direct
network between countries A and B. In a typical bilateral
network, path 11s owned exclusively by countries A and B,
and Its size Is based on the load during the busy season's
busy hour; additional routes with different owners (such as
path 3) are added manually for emergencies. In a network
with global routing, path 1's size Is based on the best size
for the network as a whole; and the use of a particular alter­
nate route (e.g., path 3) depends on the overall network
conditions. For both these schemes, the switches select the
alternate routes. In a network with flexible facility alloo.
tlon, the path 1 connections between countries A and Bare
stili direct circuits, but access to additional capacity that
has other owners Is now done by the digital cross-connect
(DXC) In country A. At various times during the day, the
cross-connects In the network may rearrange the circuits
to be used for traffic with the heaviest load.

directnetwork between two carriers,as illustrated in
Figure 1,performance and cost improvements canbe
achieved without the need to resort to capacity that is
owned byother carriers.

Nonhierarchical routing provides only marginal
gainsin network throughput in cases ofperfect loadfore­
casts.Butstudieshave shown 11 that, in practice (because
ofconditions such as errors in the forecast ofgateway-to­
gateway load, focused overload, andfacility failure), non­
hierarchical routing an improve throughputbyseveral
percentcompared to hierarchical routing, while equaliz­
ingthe blocking experienced by alltraffic streams. This
level ofperformance canbe achieved in the hierarchical
network environment only at significant expense (i.e., by
adding 5 to 10percentmoretrunks).

If this schemeis to be implemented, the mini­
mumrequirement is that the gateway switches be capa­
bleofrouting callsbasedon the dialed numberandthe
identity ofthe incoming trunk.However, bothcarriersof
a carrierpairneed not introduce the nonhierarchical
approach simultaneously, because trunk reservation can
be used to protectthe level ofblocking in the final-trunk
groupofthe carrier that doesnot use the approach. 12

Plenned Trenslt. This network-design strategy
uses bilateral partnering, fixed capacity expansion and
allocation, restricted trunk-group data, andtransitrout­
ing (instead ofthe other routing variations).

The introduction oftransitas an option in the
bilateral design processis the planned use ofa third car­
rier to reducethe sizeofthe directbilateral network. In
Figure 2, the numberofdirectcircuits between coun­
triesAand B is basedonthe daily traffic-load profile and
seasonal profile, as well as on the transitfee ofcountry C
and the costofthe directcircuits. In the A-to-B profile
shown in Panel 2, the base load would be carried on
directcircuits, while the peakload duringhours 10, 11,
and 12would be carriedthroughcountry C. Studies have
indicated that savings of20percentare often possible
whenthis approach in used; in unusual situations, 40­
percentsavings canbe achieved. 13

The transitcarrier is usually chosenfrom among
carrierswhose busyhourwith eachofthe two network
carriersdiffers from the busyhour in the directnetwork,
as described in Panel 2.The transmission delay and
setuptimemustnotbe excessive, and the degradation
that may be associated with tandem use ofcircuit multi­
plication equipment (i.e., DCME) mustbe avoided. (Some
technologies may eliminate this concern.) The advantage
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ofthis approach is that the technology requiredto imple­
ment it is already widespread; for example, transit rout­
ing is used currently whennetwork failures occur. How­
ever, the current planning processdoes not take advan­
tage ofthe presenceofthis capability by reducing the
sizeofthe directnetwork and routinely routing some
peakhour loadthrough the transitcarrier. Instead, the
directnetwork's sizeis based on the busy-hour load and
the given blocking objectives, typically 1percent.

Mutue' Plenned Trenslt. This is the first multi­
lateral network configuration and occurswhenat least
three carriersagree mutually to implement the planned­
transitstrategy (i.e., the bilateral, transit.fixed, shared
strategy). This multilateral approach works best when
the carriersagree to reducethe transitfees to each other
enough that substantial amounts oftraffic will be routed
throughthe transitcarrier. In this arrangement, the
peaksofeach loadprofile in Panel 2 are carriedin the
off-peak hours ofthe other two profiles.

This approach has the mostbenefitforcarriers
located inwidely separated timezones. Asthe feesgo
down, efficiencies are gained and the total network costs
are reduced. However, the benefits that accrueto differ­
ent carriersmay fluctuate as the feechanges. This fact
representsa possible sourceofinstability as the coalition
grows andas competition or technology allow for reduc­
tionsin the transitfee. Asecondaspectofthis approach
is the ability to expand the coalition. The addition ofa
newcarriercanbe beneficial to someofthe existing car­
riers,yet detrimental to others.Bothofthese points illus­
trate the importance ofcorrectly selecting and, if condi­
tionsrequire, changing partners.

The technology requiredto implement this strat­
egyis already in place in many switches, as notedprevi­
ously forthe planned-transit case.

CoilectlYe Routl", DesI.... This network design­
the second ofthe multilateral partnering strategiesto be
analyzed-uses global routing, fixed capacity expansion
andallocation, and restricted trunk-group data.

If the design objectives for the international net­
work is to minimize total network costs,then one could
use existing methods in national networks to implement
this strategy. (However, an operations supportsystemto
control such a network mayhaveto be developed.)

The participating carriersdesignthe networks
between them simultaneously, and assigntraffic to
routes ina way that maximizes network throughput. In

particular, routesare deployed basedon costand load­
profile characteristics, while the selection ofalternate
routes in real timeis basedon the location ofspare
capacity at that time.

According to the literature, 14-17 a network
designed in thisway will be moreefficient andwill have
superiorperformance characteristics underfailure or
overload conditions. This is true fortwo reasons:
- The sizeofpath 1 in Figure 2 is basedon the best size

for the network as a whole.
- The use ofa particular alternate route, suchas path2,

is basedon the overall conditions in the network.
The "fair" division ofbenefits andcostsis the

mostdifficult issue in this approach.
Collective Fecllnle. De...... Ourfinal approach­

multilateral partnering, global routing, flexible capacity
expansion andallocation, andshareddata-is substan­
tially different from the previous design strategies. The
dynamic allocation ofcapacity among carriersnow
occurswhennetwork elements, such as digital cross­
connects, rearrangelargeunitsofcapacity, instead of
whenthe switches reroute individual calls. Networks
that operatethis way are examples of"fully shared"
networks. 18,19

Asbefore, the path 1connections between
countries Aand B are directcircuits in Figure 2.But
now, the digital cross-connect incountry Aprovides
accessto additional capacity between countries Aand B
byadding capacity that is owned bycountries Band C
(i.e., path2).This eliminates the need togo throughthe
switch incountry Cto accessthis capacity. These cir­
cuits (i.e., paths 1and2) may be rearranged at various
timesduringthe dayto be used forthe traffic with the
highest load. Forexample, in hour 10, theycould be
usedfor the traffic between countries AandBand in
hour 0 fortraffic between countries B and C.

However, capacity allocations controlled by net­
workelements are not designed for rapid rearrange­
ment. Therefore, with this approach, the network will be
"slowly varying" in the sense ofhourly changesin capac­
ityallocation, as opposed to per-eall changes. Routing
refinements canbe addedtogainadditional reliability
andversatility in network operations.

Several important advantages accrue underthis
approach:
- The efficiency advantages that accrue from capitaliz­

ingon the noncoincidence ofbusyhours remain, as in
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the strategies that are basedon callrouting.
- The cross-eonnect at country Acanbe reconfigured

duringthe off-peak hours ofthe loadbetween
countries B and Cto carrypeaktraffic between
countries Aand B.Asan example, if a callmadein the
United Statesis destined forEngland, AT&T need not
routethe call throughJapanto accesscapacity that
England andJapanown in the Atlantic Ocean.

- Transmission quality degradation, which resultsfrom
multiple passes throughthe compression equipment
(i.e., path3 in Figure 2), is alsoavoided.

- New network services (suchas the fastprovisioning of
private lines) are also supported by the reconfigura­
tion capabilities ofthe cross-eonnects.

- Ona strategic level, the planning requiredforcoordi­
natedrearrangements ofthe network permits a com­
mon view oftransport-network evolution among many
carriers.

The drawbacks ofthis approach are the additional coor­
dination andcooperation neededto manage the network.
Also, capacity rearrangements andfinancial arrange­
ments requirea potentially complex control structure.

Conclusion
In this paper, we illustrated various concepts and

partnership arrangements that canbe used to alter the
design ofan international network. The alternatives
rangefrom changeswithin a simple bilateral network to
completely newapproaches that involve jointplanning by
many carriersto develop flexible routing with dynamic
capacity allocation.

AsTableI shows, this movement-from the
mostsimple bilateral networks to multilateral networks
and,finally, to global networks-requires increased orga­
nizational, financial, and technological complexities. On
the other hand,the multilateral network solutions would
bringmany network-design benefits, such as:
- Reduced network cost
- Improved blocking and throughput
- The ability to respond to network failure and unex-

pected demand conditions
- Efficient andflexible use ofnetwork resources.
Also, the requirements imposed byjointnetwork plan­
ningincrease the chancesthat a common infrastructure
will evolve forthe global network. This may facilitate
rapid introduction ofnewservices and capabilities on a
global scale.
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Thus, our analysis demonstrates that interna­
tional carriershave something to gainby moving away
from the traditional methods ofstatic, bilateral, network
designand toward a moreflexible approach. Because of
these advantages, webelieve increasing numbersofcar­
riers will use these approaches in the future.
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