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The purpose of this paper ish@hlight ways inwhicii st at e research and eduaadti on ne
community anchor institutions, particulagybliclibraries, can collaborate fmovide highquality broadband

connectiondgor users in theommunitieghey serveOriginally developed to connect campus research centers with high
capacity internet and computing services, Research and Education networks have expanded over tigjmapofferin
commercial services to-K2 education, libraries and other community institutions. Fortified with additional funding

from Federal stimulus investments, these networks and other nonprofit networks are poised to reach more buildings and
serve more userThis study considers the valog and impediments to, expanding R&E network sertickbraries

State R&E networks have grown organicallyer the lastwo decadesThese networks havevariety of missions,
governance structures, service strategies, business nalisetworlarchitecturesin many instances, R&E networks
canprovidehigh-speedhigh-quality connectivityto public librariesat alow costwith valueadded servicesuch as such
as videoconferencing, digitized content, librggnerated conteaind learning management systeffisese nonprofit
networks often operate with a membership model creating opportunities for member institusivar® tbest practices,
content, and progranasd to collaborate on network planning

State R&E networks are like the state highwaythet nt er net , provi ding high capacit)
connections to major locations within a state, relying on national networks fodistagce connectin s and | oc al
mil ed connections to reach smal |l er In@easadmiddle mile Risdinand b ui |

provided by federal stimulus funds, through the Broadband Technology Opportunities Prognaises to accelerate
expansiorof R&E networks bringing high capacity internet connectionsrtorecommunities across Americas a

result in the coming monthshousands of additional community anchor institutions, including public libraries, will have
new opportunitieso benefit flom increased bandwidth and additional vahdeled servicethrough R&E networks.

R&E networks have an important role in helping to achiedee g o a | in the National Broad
American community should have affordable access to at leagaligper second broadband service to anchor
institutions such as school s, hospitals and government

This papeioutlinesthe potential benefits and challengeslibbraries and other community anchor institutions
consideringconnecting tan R&E network

METHODOLOGY

This research project was executed by CSMG, a Bdsdsed telecommunications strategy consulting firm. The study

|l everages CSMGO6s deep n ettensive dedomdgry reseatalorsgivith findirgs fromim-i e n ¢ e
depthinterviewswith many library and network leade@ver the course of several weeKSMG interviewed 43

individuals from 28 unique organizatiomeluding 19 state research education network leaders and 24 leaders of state
and local librariesThe indingswere validated through repeated reviews with a select group of network |€Bloers
U.S.LibrariesProgram at th&ill & Melinda Gates Foundation collaborated with CSMG on the discussion of findings
presented in this report.

The Bill & Melinda Gates Foudation and CSMG would like to acknowledge the important contributions of the
members of the advisory group of network leaders including: Gachila Robert BocherJim Dolgonas Joe
Freddoso,Jen Leasurgseorgel oftus David ReeseMarijke Visser,Donald Welch James Werland John Windhausen

! SeeSec. 6001 Broadband Technology Opportunities Prograkmierican Recovery and Reinvestment Act of 20398 available at
frwebgate.access.gpo.gov/dgn/getdoc.cgi?dbname=111_cong_bills&docid=f:h1lenr.pdf




Glossary of Key Terms

Busy Hour: Thehourduring which the maximum
traffic load occurs in a given 24 hour period

Cloud Computing /Services:locatiorrindependent
computing, whereby shared servers provisources,
software, and data to computers and other devices or
demand. Cloud computing is a natural evolution of the
widespread adoption of virtualization, serviméented
architecture and utility computing

Commercial Service Provider (CSP)An organizabn
that provideservice (e.g., telecommunications, Interne
IT or consulting services) in return for payments
intended to produce a profit

Commodity or Commercial Internet: the partof the
Internetoperated by commercial service providers

Community Anchor Institution (CAIl): institutions
that contribute to commurésdeducation, healthor
public safety; examplesiven by the NTIAinclude
schools, public librariegommunity collegeshospitals,
clinics, and public safetfacilities

Contention (ratio): Ratio of potential maximum
bandwidth to actual bandwidth; a higher ratio indicate
that more users are utilizing a designated amount of
bandwidth, thereby reducing the effective bandwidth
offered(see als@versubscription ratio)

Cross-Subsidization The practice of using higher rate:
or greaterevenue generated lmpecustomerto
subsidizeserviceto another customer

Intranet: A network that can be used bgnnectorgo
transferdatabetween each other without tralirel over
another networkR&E netvorks function as Intranets
within many states

Last Mile (alsotail or lateral circuit) : The segment of
the network that is the final leg over which broadband
connectivity is delivered; it connects the endpoint
location(e.g. library to the nearestetwork service
provider point of presence (e.g., existing fiber splice
point, network hub, or central office)

Member: denotes aiser of, or connector to, an R&E
networkMembers often participate in network
governance, user forumendselforganize to sare
content, etc.

Middle Mile : The segment of the network that links ¢
net wor k operatoros
local network plantor last mile). This differs from
NTIA use of the term that sometimes includes (last
mile) connections to ancharstitutions

core

Network Effect: The effect that one user oaodor
servicehas on thevalueof that product to other
people. When network effect is present, the value of
an internetbased application or serviggreases as
more people use it

Oversubscription Ratio: (see als@ontention ratio) it
is calculated by adding the potential bandwidth
requirements of a particular path and dividing the tot
by the actual bandwidth of the path

Postalization The establishment of a uniform pricing
structure(for exampleby dividing total costs by the
number of R&E network membgrshis practice helps
enable more geographically remote R&E network
members to costffectively connect

Regional R&E Network: A physical networland
relatednon-profit organizatiordedicated research and
educatiorapplicationghat spans multiple states and
connects state R&E networks and institutions acros:
states (Noteregional networks sometimes refer to
localized networks in a sufegion within a state, but
for the purposes ohis paper a regional network is on
that covers multiple states)

State R&E Network: A physical networkand related
non-profit organizatiordedicated to research and
educatiorapplicationghat exists mostly within a
single stat@nd seeks toonnect instiitions across as
much of the state as possible




While a handful of research and education networks trace their roots to the 1960s, contemponaewiR&ES began to

form in the mid1980s. In 1984, the National Science Foundation (NSF) launched a supercomputing program to provide
researchers from around the country with access to high performance computers. As part of this prograrspbedchigh
network, NSFNET, was created to connect research and academic networks.

Once NSFNET was launched in 1986, there was a flurry of activdtate legislatures and tine higher education

community to get colleges and universities connected tntemetand to each other. In 1985, NYSERNet was

established by a consortium of New York universities and corporations to create a statewide network that would connect
members to each other, to the supercomputing centers at Cornell and Princeton, and to the NIS®NgRBrs later,

the Ohio Board of Regents followed suit with the creation of OARNet. Similar initiatives were seen in a number of other
states through the early and rii€l90s.

As the Internet took hold in the mitB90s, state and federal governing bedicognized the Internet as a useful tool for
the broader educational communitihis awareness, along with funding efforts at the state and federal levels, helped
existing R&E networks in some states to expand service1@ Kchools and community collegy

Sincethe advent of the Internet amdtial NSF funding in the 90s, R&E networks have gradually evolwatiexpanded
This expansiori from founding universities to community colleges and X' R&E networkshasremained primarily
focused on the K0 community. Recent events, however, will result in a second wave of rapid expansion.

In 2010, $3.5 billion was awarded to state agencies, commercial entitiegrafite, and R&E networks as part of the

Broadband Technology Opportunities Progr&amQP) Conprehensive Community Infrastructure (CCl) progra®ne

of the defined purposes of the CCl programwastoexpand middié e f i ber capacity and fcor
institutionsoé such as school s, ITheprogram aecslerateb thesdpploymemts , a |
of broadband capacity by enabling award recipiemtsuild out networks in areas that previoublyd a shortage of fiber.

Of the 111 CClI projects focused on broadb&dl,commit to serve a total of 2,381 public éiies. The remaining 50

may also connect libraries, but do not disaggregate a number of libraries from the number of planned connections to
community anchor institutions.

Just as state highwagennectcommunitiesacross a state to each other and tonterstate highway systermiddle
mile fiber projects stand to expand high capacity Internet connections for community anchor institutions across America.
Thesebuild-outs will at least indirectly facilitateigh-speed library Internetonnectiosbydecrasi ng | i br ari es

2 The Launch of NSFNETavalable at http://www.nsf.gov/about/history/nsf0050/internet/launch.htm
®Seefi 1 9B&gi nningso i n Havalable atytp:/tvivw. iySer@eE RRdthestory.php

* The American Recovery and Reinvestment Act of 2009, the economic stimulus pdekigred for recession recovery, allocated a total of $4.7
billion to the National Telecommunications and Information Administration (NTIA) for the purposes of investing in andgngaheadeployment
and usage of broadband infrastructure and publiqoten centersThe NTIA administrates these efforts through the Broadband Technology
Opportunities Program (BTOP), which includes three initiatives: comprehensive community infrastructure (CCI), public cemjeusefPCC), and
sustainable broadband adiop.

5 SeeSec. 6001 Broadband Technology Opportunities Prograkmierican Recovery and Reinvestment Act of 20898 available at
frwebgate.access.gpo.gov/dgn/getdoc.cgi?dbname=111_cong_bills&docid=f:h1lenr.pdf

5 Excludes projects in Puerto Rid®uam, and the U.S. Virgin Islands and projects related to public safety mobile broadband networks.




from fiber (and therefore the cost to build lateral circuits) and by increasing the amount of bandwidth available in remote
areas (regardless of whether libraries ultimately connect via commercial service provider or via R&E)n&tveoe

are 38 active state R&E networks in the U.S. todéyhich 22 serve libraries (s&xhibit 1below).BTOP

infrastructureprojects will lead directly to the connection of at lessten percertdf all public libraries in the U.S. by

facilitating the launch of three new R&E netwofksn d by expanding seven R&EWenet wor |
estimate thatclosetmet hi rd of the United Statesd approximately 17
fiber networks upon completiorf announced BTORrojects However, @en if all these planare fully executegda

significant amount of work remaiis order toeffectively connect albublic libraries to highspeed, highguality

Internet.

The current network expansion creates an opportunity for public libraries and other anchor institutions toR&gsider
networksas a source of affordable higpeed broadband and relatedueaddedservicesThis papepresentseven

dimensions t@onsicer when working with an R&E network partnerh e scope of the networ kds
of services, geographic reach, history and origin, governance, business model, and network fg&lowtworks

oftenemploy a membership modethere participnts activelycollaboratén network and service decisions.

Understanding the nature thfe R&N network andts organization willhelplibraries determine whether a particular

R&E networkis a good fit for their network and service needs.

The first dimen®ns thatlibrariesmay wish to consider are the two that impact them most directly:

f  Scope ofMembershipandService DepthThese two factors will largely determine whether, and to what extent,
a librarycan benefit from its stalR&E network

The otheffive dimensionsre importanas well
1 Governancadrives the extent to which librarymay influenceanR&E networld s manage men't
1 Origin impactsR&E network® capabil i ties and focus.

1 Network Topologympacts whethea librarymay be connected directly R&E networkfiber or through a
leased circuit from a commercial provider.

1 Business Modelsfluence the cost to join dR&E networka s  we | | as an R&E net wor kos

Geographic Reacls an indicator of the breléh of R&E network coveragéiddle mile networks operate

within a state or mulstate region. National networks span the country and usually have international gateway
connectionskor reference we have included a table at the end of the appendistth#idi thirtyeight active
stateR&E networksand which types of anchor institutions they appear to serve tdtiasjis a dynamic
environmentsolibrarieslooking for broadband services would be wsdkved to speak with their stdR&E
networkto confrm its scope and breadth of service.

" R&E networkslaunching with BTOP funding include: New Hampshire, Pennsylvania (KINBER/PennREN), and West VirginieRE&Eese
networkswill serve 234, TBDand 176 respectively. New HampshiseeState Review of NTIA Applications, submitted April 30, 20&0ailable at
www?2.ntia.doc.gov/files/BTOP_Recommendation_NH.Mfest Virginia:seeWest Virginia Statewide Broadband Infrastructure Project Factsheet
available atwww?2.ntia.doc.gov/files/grantees/WV_ExecOfcWestVA_FINAL.pdf

8 The sixR&E networksexpanding their coverage to libraries are 1) EAG\# of Colorado will expand its missiawith plans to connect 26
libraries, 2) MCNC/NCREN plans to connect 235 libraries, 3) Wiscetlans to connect 385 libraries, 4) Utah Education Netwagalans to
connect 35 libraries, 5) lowa Communications Netwioptans to connect 50 libraries, Blerit i plans to connect 4 libraries, and 7) Hawaii
Education and Research Netwdrklans to connect 50 libraries. Note that fifty other CCI projects plan to connect anchor institutions but did not
specifically designate libraries as beneficiaries.

R&Enet wor ks often use the term fimembero to refer to ksoffeiatdiffaent t hat cc
model than a typical eustomedcwi phoai dert ahat s prewaks tiffereheimemteens & rarigeof pr i c e
community driven benefits that we will explore in detail in the value proposition section. Members often participateringmtgroance, user

forums, selorganize to share content, etc. Many anchor institufiodshese opportunities to engage valuable but they are under no obligation and

may instead choose to simply connect membeb pay rfedrersdroviaca.selrn otf hi ©rp
network.



http://www2.ntia.doc.gov/files/BTOP_Recommendation_NH.pdf

Exhibit 1: State R&E Network Coverage in the U.S. *°
Active and proposed R&E Networks will cover nearly every state.
States without R&E networks are served by range of other networks.

eQ

Ona

|:| State R&E Network Present
® State R&E Network Serves Librari
[I]]] Proposed State R&E Network

- State R&E Network not Present

10 state coverage mappresents research and education networks that exist mostly within a single state and whose general objective is to connect
institutions across as much of the state as possible. Coverage map excludswtaukigional networks, and networks that aemnised to serve just
a portion of a statéNote also thatitere are a host of other important networks of various typearhait included in the map but tkégther do, or
potentially could, serve public libraries. These include state agency networks, municipal networks, networks foundqaLtiiiopghate
partnerships, university LANs and WANSs, and library system WANs, among otessBroadband 123 in s&rn Massachusetts and Vermont
FiberConnect are examples of significant networks planning to connect libraries which are not included in Ametimapexampl¢hat fallsoutside
our definition of R&E networks is the Education Networks of America (ENAA is a commercial entity that providesindled services faschool
systems, libraries, and municipalities.




In many instances, R&E networks providigh-speedhigh-quality connectiviy, valueadded serviceand a érum for
collaborationBecause public libraries, and many otbemmunityanchorinstitutions,are castconstrainedcost is often
the primaryconcernwhentheychoosea broadband providét However comparing offers basemh advertised
bandwidth alone may noéflectthe actual valueof a networkservice There are many facets RRE networkservice
that differentiatehemfrom basic broadband serviaed that came advantageous faommunityanchor institution

R&E network valuecan beconsidered itwo coreareasbasic valugnetwork speed, quality, and cost) adted value
(valueadded services, community of users).

Exhibit 2: The Key Elements of the R&E Network Value Proposition

Network Speed and Quality Low Cost )
. wConnections up to 1Gbpsenable wBuUlk circuit purchasing
BaSIC advanced applications wLow cost of network
Value wReliable wLower overhead
wLow latency wCrosssubsidization to assist neediest
CAls
)
Value-Added Services (VAS) Community
wR&E networks provide many services | wConnecting people and institutions
Ad d ed beyond broadband connectivity with similar interests
wUsers share best practices and
Val ue content

wUsers often involved in governance

1) BASIC VALUE

Whenchoosing broadband serviddrariesmust often prioritize price over speed and other factdosvever, as

illustrated inExhibit 3below, new library services and ender applications demand greater interactivity and higher
bandwidth. As a result, libraries will need to consider not only speed and price, bothalsperformance measures

such adatency contentiorandburstabiliyy. Sections 1a and 1b below define these requirements in more detail and lay
out characteristics and practices of R&E networks that enable them to deliver premium connectivity at favoralfe prices.

UThis is also driven by the fact that thedfe program requires cost to be the primary factor in selecting a provider.

2 premium connectivity refits (such as ledatency reduced contention atmiirstability) accrue when an anchor institution is connected directly to
an R&E network on a circuit that it contrdlsdeally R&E network owned and operated fiber.




Exhibit 3: Quality of Service and Speed Requirements of Example Applications

High
1 VolP Cloud HD /Room

Computing / Videoconferencing
Virtual Desktop

Desktop Video chat . . .
pvi Zonesdenote increasing importance o

premium connectivity:
e RealTime Simulation/ o Basic connectivity is sufficient
Education e Premium connectivity is helpful

e Premium connectivity is critical

Quality of Service
Requirements

e Database/

Content Access

Web Streaming Video
Browsing
Email File Sharing/
Transfer
e Instant
Messaging
Low
Basic » High Speed

Speed Requirements

1a) Network Speed and Quality

Increasingly, library patronssetechnologies and applicatiotisat require highguality Internet bandwidtlsuch as high

definition videoconferencing, desktop video chat (e.g. Skype), online leammihgsaessment, streaming video, and

Voice over Internet Protocol (VoIP). As shownERhibit 3 many of these applications require some combination of

high bandwidth (speed) amigh Quality of Service (QoSRuality of Servicgparameterinclude measuseof latency
(transmission delgyandijitter (v ar i abi | i ty i n t hd Anbthemdonsigeratoh forprargy kreetgmdg ar r i
applications is the need feymmetrical bandwidthwhich refergo the ability to transmit (upload) and receive

(download)data at the same rate.

R&E networkshave been designed to meet the needs of some of the most demanding Internet users in the country:
scientists, academics and r esear c hrhernstworksarecengineerecito i on o s |
suppat these demanding users with higinality services thaire consistenmegardless of the number of users on the

network and that flexibly adapt to new experiments or projectpthaenew demanslonthe network.In other words,
networks as designédpr ovi de fAfrictionless supporto for the work
itself is never a constraint to the work at hantrariesthat connect teR&E networksmay be thainintended

beneficiaries othis design principle. The netrk speed, quality anitexibility offered by R&E networksan provide

libraries a high level of service, and one that adepsilyto use demand.

To ensure their ability to support the most demanding research applic&&Bsetworkshave engineereandbuilt
low latency un-contendedhetworks that they operater-throttled( al | owi ng bursting and witho
throughput) Each of these important quality requirements is discussed below.

Low Latency

Latency is the amount of time required for a data packet to get from point A to point B (usually measured in terms of
roundtripd el ay or fiping rateo in mill i s e c-timeédpplicationd sushas at ency
videoconferencingnd cloud computing. As users in schools and libraries more actively participate in distance learning,
remote job interviews, and remote training over kigfinition videoconferencing, latency will become increasingly
important A high latency connectigrone which delays or drops packets will make-teaé communications look and

sound jittery distorted, or garbled. Voice and videsmmunicationdbecome choppy and unsynchronized. Video frame

rates may drop




R&E networkarchitecturesreoptimized and pvisioned with more than adequate capacity (referred to as headimom)
minimize latencyMostR&E networkt r af f i ¢ stays within the networ k®which
This more direct routing eliminates delays caused by congest®rxof e s si ve fihops o0 Farexanple,e pub
traffic traver s iNatgak€smh average af dnlsthdpAtGreaeh its endpoint. Similarly, according

to John Gil | i MORENet traffic onMis sesvorkitakes@lsout 10 nséiconds to reach an Internet

gateway which easily meets the requirements of demandingmeaservices such as VolP, videoconferencing, and

cloud services.

R&E networksare typically built and maintained to such standards that traditional approachssriog service quality

are unnecessary (i.e., they do not require the use of Quality of Service protocols to prioritineertalffic over less

time sensitive traffic). WR&metworkordraversesfrom afR&E natworlits e | s wi |
another, the packets consistently arrive without noticeable delays because the networks are uncongested (have
headroom) and direct routes are available that do not introduce delays due to extra hops.

Low Contention

Contention refers toonflictsoverresources in a shared netwotlontentiorh a ppens when more t han
packets are trying to use the same network capacitgnlbccur at any point within a network where there is the

potential for more traffic to be aggregated thantteweo r k 6 s ¢ a p a Sinde got evdryorte hsest netpooki n t .
resources at the same time and in the same way, most networks plan for some level of contention, or oversobscription
the aggregate network capacity.a contended network during the busiesh our (s), the net wor kos
fioversubscribedo at a'An6twotk withlow 4obtenfion miesmay plah fordousy hoart i o .
subscription at a rate or 1:1 faontended) or 2:1 (low contention).

Exhibit 4 : Differences in Inter net Throughput During Busy Hour, By Network Type

10 Mbps 10 Mbps 10 Mbps 10 Mbps

iNominal Speed

0.25 B Actual Throughput
Mbps
P ——
DSL / Cable Modem DSL / Cable Modem R&E Network @2:1 R&E Network @1:1
@40:1 @20:1
ContentionRatio

As illustrated irExhibit4, in a 20:1 contended network when multiplédscribergonnect to the Internet through a

common network el ement and attempt ¥noayeashendtuhgetiing asflitiliel | a
as one twentieth (5%) of the advertised speed to which they subsé&ibetivork is made up of a series of shared
net work elements or segments. However, from anlyasust omer

strong as the weakest link in the network chain, typically the last mile or middle mile connédtiere segments are
highly contened, the usewill experiencanuch lesghroughput than the maximum or advertised speed.

2 The number of hops is the numbercohnection points between networks that must be made for a data packet to reach its final destination.
4 This ratio of total nominal/advertised throughput to total capacity is also known @getiseibscription ratio




In fact, an oversubscription ratio of 20:1 is a standard engineering guifteliceble modem (Hybrid Fiber
Coax/DOCSIS) and DShased networks? Internet backbone traffic also tends to be highly aggregated.
Oversubscribing enables service providersrtvigle service to large numbers of subscribers at affordable R&&s.
networks as illustrated ifexhibit 4, typically limit oversubscrption yielding an effective throughput equl, or very
near,the nominal speed purchased.

Differing contention rabs of various types of connections are importantifwariesto consider when comparing

service offerings. Depending on the technology and network architestilnsgribersnayneed tgpurchase significantly

larger connectiosto consistently achieve cesired level operformancelnformation TechnologylT) buyers at

librariesshould seek detailed information from potential service providers about the type of connection and its

contention ratio. Busines®rvices from commercial service providers susEtnernet and MPL!&tend to be less

congested than consumer services such as DSL and cable modems. For some premium over a basic connection, it may
also be possible to purchase a dedicated circuit with a committed information rate.

Public libraries and dercommunity anchor institutiomay not be fully aware of differences in effective bheyr

throughput when they are selecting a service provider butateased budyourperformancewill i mpact t heir u
experience considerablj simple and effettve way forlibrariesto gauge the actual throughput (and latency) of their

existing connection is by using a free test site at various times of the day antl {fidiekary computelusers notica

decrease in performance at different times of the day, such as right after school lets out, this may be indicativé that actua
network performance iseing reducedy oversubscription in a contended network.

BurstableNetwork Capacity

R&E networksare dsigned to handle research applicationsdhatlrive sudden spikes imternet traffic R&E

networkst ypi cally do not cap or throttle subscribersd throli
Aburstso of dat a tawhich theorgahiamtiomassulbscribed. Fer pxanepkd, ifl@arganization

subscribes to 10Mbps connection but occasionally uses 20Mbps or 3R&Ipsietworkstypically accommodate these

bursts of demand without charging mosemeR&E networks have actilg moved away from charging based on usage

or throughput so as not to discourage usage of advanced appli¢ations.

R&E networksgenerally engineer and operate their networks to maintain ample headroom and offer practically

unlimited capacity. Fromanends er 6 s per spective, the headroom to accom
quality of service because it prevents spikes in demand from causing delays and other service issues that result when
networks approach their capacity. Additionatgmmurity anchor institutios with occasional need for greater

throughput are accommodated without having to pay for a higher speed connection.

1b) Low Cost

An important benefit an R&E network provides to members is low costs/pricinB&&nhnetworlés ability to hold

down costs for members is a function of three main things: 1) its role as demand aggregator, 2) low network costs and
crosssubsidization, and 3) its neprofit status and missioxhibit 5illustrates howR&E networksdrive costs down at

each netwrk segment.

®Haran, Onn, and Sheffer, Ami.The | mportance of Dynami c BanBMGSekirallanA2D08:dz ati on i n GPC
16 MPLS refers to Multiprotocol Label Switching, a networking approach used to efficiently deliver data across large IP.networks

7 hitp://www.speedtest.net/

18 Although it should be noted that flat rate pricing may havethennt ended consequence of plevelipricingaboseo me R&E
the reach of smaller community anchors.



http://www.speedtest.net/

Exhibit 5: Ways R&E Networks Lower Costs for Community Anchor Institution  Users at Each Segment
of the Network

a 3,__’[ Last Mile | Middle Mile ) Network Backbone ]Z

%)
= wLow-cost owner economics wOwner economics wMaximize Onnet
= wBulk purchasing of tail circuits wNon-profit wBandwidth aggregation
[ -
2 wWholesale pricing
<
AWe do a good job AOnce the backbonle AEnd users also have the
our size to obtain good pricing [on will be better in all regions of purchasing commodity internet
tail circuits].o Mi chi gan. o access in aggregation, which
= 8 Jim Dolgonas, CEO of CENIC & Don Welch, CEO of Merit makes it cheaper .o
o iwedl | negotiate | w AWe dondt strive [fg 8 Joe Freddoso, CEO of MCNC
g' reduce costs to libraries in a large growth each yearéwe AWe have peering|connecti
0 way éweol | say we dr| reduce rates for members every Google and Internet2, which allows
circuits to you in/ year.o traffic to skip the commaodity
8 Dennis Sampson, UEN 8 George Loftus, CEO of OSHEAN internet. o

& Don Welch, CEO of Merit

In the networkbackbone, where traffic is consolidated for long distance trR&H, networks paypermegabittransit

chargedor traffic that conneattothe commercial Internei nce R&E net wor ks purchase ba
they are able to get excellent pricing in this highly competitive segment of the network seraiket In the middle

mile, R&E networks drive grater cost savings by keeping as much data as possible on their owned regional fiber

networks offering very low marginal cost per bithe greategbotentialcostsavings s of t en associ at ed
connections, t he A tsgedific buitding te thei nétwodConneécany a lwitdingndeectly inta the

R&E network with owned fiber effects the greatest savings but R&E networks can also provide significant savings to
anchors through bulk purchasing of t@ilcuits

DemandAggregation

Typically, an R&E network only owns and operates a portion of the asduatenetwork.Additional circuits are
purchased directly from other service provid®#hen purchasing netwodervices demand aggregation is a key lever
by whichR&E networksprovide value taheir membersFor exampleMCNC™ of North Carolina has hundreds of
connecting participants. By pooling all of these entities, MCNC creates what looks like a very large enterprise to a
commercial service provider. MCNC can thewdiageits purchasing power to negotiate rates that are more favorable
than those that an individual entity could procure for itself. Moreover, by working with commercial service providers
(CSPs) on a regular basis MCNC has accumulated the knowledgdatimhships necessary to work out cheaper, more
flexible deals with commercial providers.

In most statesR&E providersoperate middle mile netwoskbut may not have last mile circuttsconnect members.

R&E networkstypically require that libraries arathercommunity anchomstitutiors payfor their last mile circuit
Whenthe R&E provider aggregates the needs of a number of libraries or community anchor institutions to ftochase
example) 30 tail circuitghey are often able to procure thesevices at attractive prices. Thidlise to a number of
factors:

1 By acting as a single point of aggregation, R&E networkr e duc es t h e -f&iBdcosss, sach assabem& r
marketing, billing, network support, and customer care, enabling tRet@frofitably sell the R&E network circuits
with lower wholesale pricing.

1 As networking industry veteranR&E networkshave tremendous depth of knowledge and longstanding relationships
with a variety of CSPs that allow them to negotiate much moretiefgc(by bringing in additional competitors and
by asking the right questions)

1 By purchasing the circuits in bulk it increases its negotiating power and gets a quantity discount

®The operator oNCRENhitps:/Iwwwracnoootgiabout. itml




1 R&E networksaggregate traffic going out to the commaodityernetand ae able to negotiate better pricing with
Internet service providers (ISPs) through a competitive bidding process. IR&&ehetworksare particularly
desirable customers for ISPs that specialize in commbdiynetservice because they often aggregal@rge number
of entities and fAeyeball sd that enable the | SPs to peece
at a lower cost’

Lower Network Costand CrossSubsidization

Practically speaking, capital costs are approximatelganee for similar types of networks; however the-poufit
business model affords FRnetworkspricing options that might not be available to commercial provider& R&
networks generally have no marketing expense, limited administrative costs, and ssnog@rational expenses are
reduced by employing students to provide a portion of the network support.

The BTOP Comprehensive Community Infrastructure Grants lower the capital costs for grant recipients and for
providers who purchase wholesale servicesiftbose providers, thereby lowering network costs and capital recovery
requirements for many potential custom&#hen arR&E networkhas built middle mile infrastructure into the vicinity
of i or potentially directly t& acommunity anchor institutigrservicecan be provideavithout having to incorporaténe
full capital expenditure cost recovery into the service charge. Leaders of libraries araotimemity anchor
institutionsshould look for such opportunities because once the last mile is in Bl&Eenetworksare often able to

offer service at very attractive monthly rates. Whether the R&E network manages the last mile build or the anchor
institution doestheinstitution isonly charged for the incremental cost. In some cases it will be worthfanih
community anchor institutioto finance its own last mile connection to an R&E network in order to gain access to direct
service with a lower monthly cost of service that justifies the cost of the-dwiil&-rate funds can also be used to help
support the cost of bringing fiber to libraries andlR schoolsAn FCC Erate Order, released in September 2011, also
allows any entity to provide fiber, not just a common carrier. This enablateEupport for R&E networks provisioning
fiber tolibraries.

SomeR&E networksalso employ forms of crossubsidization among their members. R&E networkmay charge a

postalized or uniform price to all members for connectivity regardless of the cost to connect a given member. Under
postalization, connéars who are closer to the middle mile network that are easier and cheaper to reach with a fiber
lateral may pay more than their actual costs, which subsidizes connections for more remote members. Another common
form of crosssubsidization thaR&E networks apply is to charge larger members enough to generate a small surplus that
helps the R&E network to affordably service smaller institutions. However, in either form ofsctosidization, the

closer or larger subsidizing entities ultimately benefit ag members pick up a share of other fixed costs and help drive
economies of scal€onversely, postalization can be disadvantageous to libraries if the flat rate dhahgaes

services thathe librarydoes not need

Nonprofit Mission

Finally, becaus®&E networksare norprofit, cost savings or operating surpluses are used to reduce user costs or make
network upgrades. OR&E networkreported that it has reduced rates Ey98 every year and proactively upgraded a
library system from 10Mbps to 30Mbpsrai cost. OtheR&E networls charge for higher margin services such as cloud
services, network consulting, or hosting to bring in extra revenue to help keep connectivity prices low instead of
maintaining a profit margifi:

2) ADDED VALUE

State librarians gort that cost was the number one isthey focused on whepurchasingoroadband connectivitipr

the library R&E network services, at any given location, may or may not be competitive based on cost and service
quality. However, some institutional purdeas, including libraries, are finding that the suitealfieaddedservices

offered by R&E networkserit a closer look. For example, when one state librarian was presented with the full range of

2 peering occurs when two networks exchange traffic between each other's customers freely, and for mutual benefit. Satldr, metorks are
typically required to pay fietworksnsi t chargeso to connect with Tier 1

ZConversely, it should be noted, that many R&E net wdasikcmembershipthatr t ha
covers services that a typical library does not need. Depending on the structurmefrtbership fee this can result in membership pricing that less
attractive to libraries.




valueadded services (VAS) sonR&E networksoffer, he ponted out that the potential cost savings and value derived
from the bundle of VAS could offset the higher cost of
pricing appearedhigher than that of a commercial alternatie).

Whenindividual libraries or library systems consider commercial and nonprofit broadband connections, they should look
closely at the suite ofalueaddedservices offered by each provider and consider the relevance of each offering to their
institutional needsAs library systems expand their use of broadband as a transformational eilethent business and
service plans, and build from trials and initial pil ot :
addedo services t oeldamdanlpatneaskip wittsashertcdmenunityiatichoapanners. i

We anticipate thaR&E networks dalueto librarieswill grow and broadeasl i b r eapabilgiespeeds, and practices
evolve.Broadbaneenabledservicesare evolvingrom narrowly focusedipoint solutions to broader integrated solutions
with the potentialultimately, to transform the wajibrariesoperateLibrariesareleveragingR&E networkbased
communities to explore a wide rangeti@nsformationaldeassuch asentralizing library rmnagement services using
hosted open source solutions, better integrating libraries as outletgdeemmentenhancing and coordinating

I i br @lein gerimd@ry and continuing education.

2a) Value-Added Services (VAS)

As noted above, and illustratedExhibit 3 high-performanceR&E networksenable a range of advanced applications
that in aggregatehave the potential to change the way libraries deliver patron ser@igels applications include
videoconferencing, digitized content, library genestatentent, andentralized open sourdibrary management
systems. Some of these applications exist today but are used in a basic form. With ihpyadbdnd connectivity
they can provide value in ways that may not yet have beesidered.

Videoconferencing

With improvements in videoconferencing technology dredinflux of BTOP funding to the library field, many library
systems are expanding their use of video conferenklisgprically, library-based video services habeen limited based
on concerns aboubst, performance, space and privadye most commonuwrentuses are interal staff meetings and
trainingandlimited distance learning® However, adibrariesinstall moresophisticated conferenciregjuipment and
middle and last mileiccuits are upgradednarrayof uses arepossible Potential uses for videoconferenciatglibraries
include:

1 Working with elementary and K2 schools to offecurriculum enrichment; supplemental education; virtual
book chatsandvirtual field trips toother parts of the country or even the world

1  Working with state agencies to enable job skills training and job interviews via videoconferearaihg

Working with community partners such as health organizations to offer telehealth and telemedicingieapabi
from the library premises to those with hearing disabilities or those needing counseling from specialists.

Particularly in rural communities, librafyased video conferencing services meet bimssbd community needs
Alaskafor examplevideo conferencingrom libraries across the statill be used tgrovide training and support to
remote firefightes. Libraries thathave thus far been unable to implemédeoconferencingnay benefit fronmspealing
to theirR&E networksand other service providers to understand what they offer and how they can facilitate cost
effective videoconferencing.

In Oklahoma, for example, OneNghe R&E network)plans tohost, manage and administer centralized

videoconferencing equipment includi the bridge, call management systems and session recorders/servers. These assets,
along with highquality network connectivity from OneNet wéhabledozens opublic librariesto experience seamless
high-quality videoconferencingith minimal equipmenéxpense and centralized technical support.

2 However, only certain VAS are-Ete eligible so service providers should consider packaging their services to maximieekgibility.

Z Tight library and statbudgets that limit travel also foster videoconferencing adoption. Videoconferencing is an important, and increasingly
effective, substitute for travel.




Digitized Content

Although tereis significant interest among library leadershizluding many library directors and boarisdigitizing
content for broader availability and easier consumption, implememtadis been limitetf Library eforts to digitize
contenthave focused on digitizingooks for online retrieval and consumptialigitizing video contentand making
already digitized materials more widely available to patrons across. gthtesigh it hasheen a source of controversy,
some libraries feel thaligitization of noncopyrighted materiadanease contergharingacross libraries thereby
increasinghebreadth of content available to patroBate librarieseport theyare placing first priorit on digitizing

and sharing content to which they already have the rights.

Today the sharingnd consumption of contentaftenlimited by available bandwidth. Increased bandwidth mayide
an impetus to digitizand compileaudio, video, and book conteirt. most cases, R&E networks provide unmetered
intranet access to content they host or that resides on servers of other connected anchor instipubead. user
experiencghrough greater bandwidth on higlerformance imanetsmay increase useilemand for digitized¢ontent.
Other key obstacles to leveraging digitized contentdiggtal rights and digital rights management challenges, lack of
resources for digitization efforts, and technical challenges stemming fradivéhsity of library system$R&E

network®& r ol e i n enabl i ng tlibrariesehateish fopursuesinitiatines in tis spdcgshauld at e s ©
reach out to theiR&E networksto determine how they can collaborate. CollectivBI&E networksare in a position to
help with technical expertise, advanced networking, hosting of coataitendor evaluatiorMany R&E networksalso
provide access to national and international contenughconnections with neighboring R&E networks and
membershipn Internet3°.

Library Generated Content

Another form of digitized content th&&E networksand library leaders are beginning to focus on is the content that
branches themselves can generate. Libraries séere as central venues for cultural event sisdlance performances,
local artshows,oral historiesand author readings. Howevérthe experience is limited to those that can be physically
present at the time of the live performance then the audience and isfiaded. By capturing the pgramming
throughdigital video and photography can bemade available tibraries throughout theommunity and stage or even
more broadly, throughout tfeuntry, or the worldR&E networkscan play critical roles in helping libraries develop
these capalifies, hosting content servers, providing the bandwidth required, etc.

Library Management Systems

Library management systertwhich handle the full spectrum of libraday-to-dayoperationsncludingbut not limited

to acquisition, checkout, fines, andenlibrary lendinglaretodaytypically purchased from commercial solution
providers. Even open source solutionsgererally operated at the locaunty or system level with a hidgwvel of
customizationthat is typically done by specialized, for profit, systems integraBush customization, while sometimes
useful,oftenaddscomplexity and fragmentation.

By enabling acentralized statelevel, cloudbased library management systdmgh-performance site R&E networks
and hosting services coulawer costs and improve services lilararies. This could improveervicequality and
streamline operations by enablibgtter coordination, service centralization, and remote managenteogtetl instanese
of individual branctsystems®

2b) Community
When talking about R&E networks, both the libraries anchétevorkleaders describR&E networksin similar ways:
Atrusted advisor, o0 figlue that hol ds [Jdames\Wed ohimterbet2isasd, t 0 g e |

2 Access to locally produced digitized content remained flat at 43.6% from 2008 to 2009. Babiiw:ibrary Data Service 2009 Report. Chicago,
Public Library Association,200@ s ci ted on page 21 of the American Library Associatic

% Internet2 providesccess tprograms and conteatross states as walh acces® global research and educational contieriiugh connections with
internationaR&E networks

% |t may also make sense eventually to repladévidual stat® epen source LMS development efforts with a national effort that eliminates
duplicatian of effort In doing so, it would be important to ensure that the shared system inekidadive configuration/customization options to
accommodate local operating differences.




AEqually or more important than the technical net wor k |
able to share ideas and visions to understand whatés p¢

Today there is often a knowledgedaresource gap betweB&E networks which offer advanced services and are
accustomed to working with members wieve thetechnicalskills and staff tause them, and libraries, which may be
unaware of the various applicatiohe networks providd-or examplesomelibraries lack the ITsupportto setup and
operate a videgonferencing engboint andto remain ugto-date on the evolvingariety of live, interactive video
programming that is available from a global network of content provittepart to adress this gap, mam&E
networksfacilitateand encouragthe formation and interaction of strong user communities. By bringing users with
similar interests and issues togetherR&E networkenables users to help each other with tactical issues shohwas
use theR&E networlds services, operate a local area network, troubleshoot a router, and appiRdte.E

In addition to the exchange of best practices among users, there is also an information flow that occurs between network
leaders and usershis two-way exchange of information arideasprovides usersisibility into thefinancesand

operatiors of R&E networls andgivesnetwork leaders direct feedback from the users of the netWera.result, R&E

networks tend to have a democraj@ernance process where input from users helps network leaders manage the R&E
network in a way that makes it most useful to its members.

The communities also drive beneficfmetwork effecté between anchor institutions and their users who both generate
and consume conterfA. network effecis the effect that one user ofjaodor servicehas on theralueof that product to

other people. For Internélased services and applications, network effects increase as more people and institutions
utilize the netwrk. For example, a library branch may purchase videoconferencing equipment, but without a network of
users, instructors, and others with whom to communicate, the videoconferencing may not be utilized to its fullest
potential.In this respect, R&E networkzovide access to a broader community of people with educational int&ests.
tapping into this larger community, R&E network users are able to learn from a host of educational programs and
materials from around tretate country or world that otherwisgould be inaccessible.

More than Bandwidth: Value Added Services Make a Difference in Missouri

The Missouri Research and Education Network MOREnet) is part of the University of
Missouri and is @ood example athe type oforganization ansetworkthatprovidesa broad
set ofvalueaddedservices tacommunity anchoinstitution. In addition to providindhigh-
speednternetconnectivity ataffordablerates MOREnetprovidesits membergincluding
schools, libraries, public safety, healthcare, etccess to Internet2, technical support,
videoconferencing serviceaining and a communityn exchange, members pay annual
fees for network connectivity (to cover network expenses) and a membership fee (to co
VAS and community related costs)

In addition to the premium, uncontendddternet servicethere is tremendous value in the
fi o steps h o p p i MOREndtphoaides. WithoutMOREne6 s bundl ed of
community anchor institutionsould have tdind, select, and managevenor more
individual vendosi the effort required and expense to assemble and acquire a similar bi
of services exceeds thimited IT andmanagement capabilities of m@stmmunity anchor
institutions particularly those of most libraries.

Videoconferencing

In addition to providing a scure, reliable Ifbased network for poirtb-point and multipoint
videoconferencing activitie8/OREnNetVideo Services providds members support with
scheduling, room design, troubleshooting, product support and evaluations of haaddare
software. Commercial alternatives to enable-addervicesequire purchasingiedia

bridges blades port licenses, content servengining,and device and service support. The
componentsre oftertoo expensivandtoo complicated to satp forthe community anchor
institution As a resultjnstitutionsmay either be discouraged from attempting




videoconferencing or they may purchase only the endpoint equipment and have a poor
experience due to missing functionality and sup@ytproviding the entralized solution
elements and suppoMOREnetgreatlysimplifiesvideoconferencindor its membersOnce
members have purchased the necessary endpoint equipi@REnettakes care of the rest
and ensures laigh-quality user experience.

E-Rate Assistance

MOREnetprovides a number of classroestyle live and recorded online training sessions
members. These trainings are hgddirround, available to all members at no additional
charge, and explain the intricacies of ExRateapplication proess. The commercial
alternative for such a service would require hiring an external consultarary staff and
budgets are already stretched #mel ERateprocess is complex. Witkervices such as
videoconferencing includeid the applicationthe E-Rae process may be even more
complicatedR&E networksare able to centralize the expertise to understand and drive tt
Rate process and leverage that expertise acrossinsitytions

Online Resources

K-20 and librarie®erefit from MOREnebt aggregation oflatabasg@urchasing and
managemerft’ All institutionalconnectorsanaccess theatabase to whichMOREnet
subscribes (including Gale Cengage, LearningExpress Library, and NewsBaok)
resources greatly expand th@lue ofanchor institition broadband and computing resources

Consulting and Technical Support

MORERet like many otheR&E networks offersfree support and consultation services suc
asvendor evaluatiometwork design, analysis, and troubleshooting. They also providerrc
installation and management; network security and incident response services. The ser
are extremely valuable tdOREnetmembers especially if they do not have atause IT
specialist. Hiring amnternal IT manager or aexternal IT consultant tprovide ongoing
support would be prohibitively expensive.

Community

MOREnetbrings together likenindedinstitutions When a new member joins the
community, there are already hundreds of users and dozens of institutions that are part
network. Such a community enables expertise sharing throyggréon and web seminars,
user forms, and sharing of technical agfctelevant to the community. The involvement of
variety ofinstitutionswith different backgrounds and expertise provides useful opportunit
for cooperation and crogmllination between members. There is no commercial alternatiy
to these communitieshichi by enablingnstitutions toshare ideas, solutions, pool
resources, and plan togetfiehelp transform the way th#tey serve the communigndcan
enrich thér useasdbexperience

2 Databases amnline collections of educational, carekealth, and othénformation.




There are severéikey factors that enable R&E networks to brirmjueto libraries

The foremost of thesiactorsis having themissionto servecommunity anchor institution$lost R&E networksareable

to serve libraries, meaning there isstatutory limitation on serving therdlowever,R&E network® gover ning bo
(driven by founding members, often from higher education) may be hesitant to expand service dupeanctyion

thatserving librarieswill dilute their focus omesearch.

In fact, this type of response to adding a new class of members has been a common theme over the course of the
evolution and history oR&E networks Jim Dolgonas ofhe California R&E networkCENIC,s ai d, A When we s
looking at serving K12, we heardhat it will drag down the support you provide to research universities, and it was the
same story when we br o Tgléytkldand conomamty aoliedey notmmy hapeily @existo

with research universities, but are welcome additioteega@ommunityLibraries, at their core, are extensions of the

educational process, so serving them is highly aligned with R@&tnetworks 6 cor e educati onal mi s
anR&E networld s communi ty of wuser s i ncR&Eaaveokthroughénetwakleffieets @ f b el
that is the value to the larger network or community gained by expanding the network or community of participants
Moreover, as pointed out by Joe FreddosthefNorth Carolina R&E networlfCNC, and echoed by sevémather

R&E networkleaders, adding more endpoints to the network provides a broader, more stable source of revenue and
lowers the cost of membership for all, as fixed operating costs are spread across more coim&aorfiaving the

ability and desir¢o serve libraries has real and measurable benefR&Enetworksand their existing members.

The mission and authority to serve libraries is hecessanphitdéelf does noensuregood services fdibraries When

there isanorganizing and coordinaiy body presenthat brings together individual libraries to coordinate library

demand and act as the intermediary betweeR&f networkand the public library communityhat coordinating body

can serve as a major facilitator in providing service tatiles For exampleMichigandb s r esear ch and eduq
network Merit, has amission to connect all educational institutions, including libraries; however, the libraries

throughout the state ahéghly decentralizedit can be difficult to serve a small library in a remote part of the state that

may not have a technical support staff to work with and understand the benefiR&Earetwork To counter this

issue, many libraries in Michigan have formedogeerativeshat can include hundreds of library branches, and Merit

finds it much easier to work with these-ops.R&E networksin California and North Carolina (CENIC and MCNC)

have pointed to the community college system as an example that libraries canThe@R&E networkssuccessfully

serve community colleges in the state, because communi
through a central organizing entifyor libraries, a potential organizing and coordinating entity may be thdiktary

agency which alreadyhas relationships with all library branches throughout the state.

R&E networls that systematically reach outlitorariesto build awareness of their capabilities are typically able to drive
greater uptake of their servic&ffective autreach carvenprovide a compelling impetus for libraries to organize and
coordinate effortsThis has been successful in Missouri, wHd@REnetproactively reaches out to libraries that are not
currently participating iMOREnetand to curent members to make sure they are aware of the host of services that are

% Most states have regional cooperatives of some type. But how they are funded and what their responsibilities are varT grbagydocumented
these variations and theenefits ofregional cooperatveS ee it s repor CofRegabnakslLabdathe Future of
http://lwww.ala.org/ala/aboutala/offices/oitp/publications/issuebriefs/rlc.pdf




available As a result, 13% of the 15° public libraries in Missouri are membersMDREnet One of the more creative
ways of generating awareness and encouraging usage of seragcbeard from Network NebrasKehis R&E network
provides videoconferencing services, which are used for distance learning throughout N@loraskaurage usage, the
state uses lottery funds to provide schools an incentive of $1,000 per semestererdorseseived, plus a bonus of
$1,000 if the course reaches a sparsely populatedAdtkaugh this program is specific to-K2, it is an example of how
R&E networks libraries and state governments can work together to promote adoption of broaddadlanced
services enabled lR&E networks

Finally, the ability ofR&E networksto cost effectively serve libraries often depends critically on the reach of their
middle mile infrastructurandthe ability tobuild fiber lateralghat directly connedtbraries to R&E networksMany of

the recently awarded BTOP infrastructure grants are endRBftynetworksand commercial operators to work together
to expand their middle mile fiber networks into previously underserved &nezddition, some of thedands have been
allocated to building last mile connections directly to libraridsese funding efforts have:

1. Increased the number of libraries that directly connect R&ia network Based on current commitmen61
projects will serve a total of,281 public libraries.

2. HelpedR&E networksexpand their missions to include librari€@rexampleCo | or a d o éNstwiE AGL E
connect 26 libraries

3. Enabled partnershipmmong commercial and nonprofit providéssconnectommunity anchomnstitutionto
the R&E networkmiddle mile backboneOne case in point is the partnership betwégyo Bandwidth and-1
Light to create last mile connectioimsindiana.

4. Added backbone and middle mile capacity across the country that will lower cost structures for providers
sening rural and remote areas of the country.

Other Requisites

While the critical factorshat enablesuccessfuR&E networldlibrary collaborations, success also hinges on the
availability of technical staff resources, levels eRBEte utilization, and lastite circuit cost levelsR&E networks

cannot solve these issues alo8tate library associations, library consortia, library systems, individual libraries, their
communitiesand others have roles to play.

1. Technical resources

Many libraries, especially smaller libraries, do not have sufficient technical staff to support installation and ongoing
maintenance of networking equipment or to manage technologies that take advantage of advanced service offerings that
R&E networksprovide

Libraries andR&E networksthat tackle this problem from multiple angles seem to have the best rate of sR&dess.
networksmay look to scale support capabilities (e.g., more staff and better remote management and support capabilities)
and conduct fanal training for library staff to better enable them to interface R&f& networksfor installs, support,

and troubleshooting. Some also make it a point to integrate training into their responses to support needs (teaching the
library staff how to preverdr address the problem in the future). SaR&E networksare also thinking about hote

simplify and package their services to make them moreftisadly (easier to deploy and manage) for less technically
sophisticatedommunity anchor institutics This need can also be addressed in the library field where library leaders

such as state library authorities provide centralized or regional staff to support technology assessments and planning.

2. E-Rate utilization

TheE-Rateprogram isdesignedo make boadband connectivity more affordaliée schools and librariebut the
applicationprocessandburden of applying, on staff at these institutions,beneiess thatpreventsomelibrariesfrom
realiang the benefis of Erate In addition, ERateweb conéntfiltering requirementpose conflicts for some public
librarianswho may be philosophically opposed to censorshiple others find the requirement cumbersome to

2 REAL Program Participants Ligbitp://www.more.net/contenéalprogramparticipants

%0 public Libraries in the United Statelmistitute of Museum and Library Services, June 2009.
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implement and managl many statedewer than half of all librariestilize E-Rate,ard therefore dmot benefit from a
potentiallysignificantsource ofundingfor Internet connectivity

Recent changdas E-Rateprogram ruleshouldease restrictions and redube administrativeburden of applying for
funding However,R&E networks andibrary leadership castill play a role in broadening public library participation in
the ERate programThe degree of explicit cooperation that is permissible under-fRat& program is somewhat open
to interpretationHowever, h some casesbrariesandR&E networkshave successfully collaborateddoordinate their
E-Rateprocessn ways thaenableR&E networksto submit consorti&-Rate applications on behalf of several public
library systemsR&E networkscan also helfibrariesby providing filtering advice and services enabling tieariesto
meet program requirements.

3. Last mile circuit costs

Tail circuits can be quite expensive, especially in geographically isolated &&Bsnetworksthat have been most
successful in servingpmmunity anbior institutiors and libraries have identified a number of avenues that help address
circuit costs. The most direct approach involkesding and operatingnore last mile circuitsWhere that is not feasihle
R&E networksoftenaggregate circuit purchasttem commercial service providers and cultivate competitive bidding
for last mile circuits by identifying and recruiting alternative providers in an area.

Some libraries and otheommunity anchor institutiamhave also reduced last mdecuit costs through creative

solutions such as developing hub and spoke architectures (enabling a single outside connection to feed a local area with
multiple community anchor institutics) or by opportunistically pigg§packing connectivity from a neartentity with a

robust connectioft:

%1 Finding these opportunities can be difficult for libraries. Some R&E networks may have the tools and expertise to ppovide thigarea.




We are in the midst af period ofrapidbroadband servicexpansion in th&Jnited StatesThis exciting changes
occurring as a result of technological innovationrkaaforces, the efforts of network operators of all types,federal
stimulus fundingLibrarieshave a range diroadbandervice choices available to thegflom commercial and
government networks to R&E networks. These networks provide widely vaagishgontinually evolving menus of
service offerings to community anchors.

At the same time that broadband connectivity is becoming more available to libieiaseds dfbrariesare
expanding a$ibrary users require increasing opportunity onlinehat library Library leadership is actively adapting
services to better meet community needs for information and collaborative leantimgy As public librariesexpand
the range of broadband related applications and services that théyeysare becoing increasingly sophisticated
buyers of network servicésmoving beyond simglassessing thgrice andspeedf their provideroptionsto
consideing the quality of the connection and the accompanyalge-addedservicesa provider offers

Thisis acritical point in time for libraries to consider a broader rapigeonnectivity strategies and provider types. To
that end we have sought to provide insight into the key consideréboaréescould explorewhenconsidering
connections fronR&E networks and other nonprofit networks.

R&E networkscan often be a good option for libraries seeking a new Internet provideroffbeg formidable set of
benefitsincluding high-quality Internet servicendfor the provision ofvalueaddedservicesandusercommunities that

can help libraries learn aboogstpracticesn video conferencing, cloud computing, and enriched digital servidese

i mportantly, the association with other intensive net w
Internet trends and services.

However, there arehallenges for libraries that wiato partner withan R&E networkLibrariesmay be too far from their
state R&E networko connect with the network efficiently, or at;aey may not be eligible for membaig within the
network or they may lack the fiscal or technical resources to establish and maintain a connigietiba networkR&E
networks are makingfferts to address thesdallengesbut still, R&E networksmay not ultimatelybe the best solution
for everylibrary oranchor institutior??

Ensuring efficient, effective, and continuously improvingernetservice to alpublic libraries and other anchor
institutionswill require the resources and unique capabilities of all types of public and private netvilorésy leaders
need taunderstand the variety of Internet service options available to theshantt continue teahoose their providers
based on thoughtfuonsideratiorof library needs, resources, aadticipatedchanges in user demand.

%2 R&E networks and the library community are making efforts to address these challenges to help reach the goal in tigrdéatiaral Plan that
fiEvery American community should have affordable access to at least 1 gigabit per second bemadizani anchor institutions such as schools,
hospitals and government buildings. For exampl e, since the Pland6s release in March 201C
with the American Libr ary TPeshaaogyiPalityi(QiTi)asd stk lfbiarg &genties to workidn waysi@dorinecin
libraries to R&E networks. This is being done in the framework of the National Broadband plan recommendation 8.22 ticasréferimternet2
proposal to create a coordinateght i ty, the AUnified Community Anchor Network, o (UCAN)
utilizing broadband connectivity. R&E networks may not ultimately be the best solution for every library or anchor mbtitutiie UCAN willbe
one important model for fostering library connectivity to R&E networks.




In the preceding examinatiai R&E networls we alluded to their range of capabilities and limitations. In this appendix,
we systematically deconstruct thesedelsand examine thenplications of thesdifferencesBetter understanding the
characteristics of a specific network and organizatemhelp anchor institutions make more informed service decisions
aboutmembershi@ndservice This reviewmayalso help R&E network leaders considgtions as they evolve.

As illustrated inExhibit § R&E networksexhibit variations along at least seven dimensitha.the body of this paper,
we discussed scope of membership and service depth as gating indicators, but the other dimensions also shape the
organization and network. These are geographic reach, origin, govertaisiness model and network topology.

Using this section as a reference, libraries and attramunity anchor institutisconsidering connection to &&E
networkcan reach out to their sta®&E networkand determine whether they are eligible to benectecandwhat
options they have in terms of the services to be includ&& networksdo not always publish the full extent of
availableservices so it is important feommunity anchor institutioto ask questions.

Exhibit 6: The Seven Dimensions that Define R&E Networks

Scope of . .. Community Public Health .. .

Membership Universities Colleges K-12 & Safety Libraries ﬁ
Critical Dimensiong
Area of Focus

Service Depth PremiumConnectivity Advanced Services
Geographic State Regional National

Reach

Origin Universitybased Statebased Other

Governance ~ Stategoverned Membergovemed ~ © artcipant
governed
Significant
Business Model  Government  Diversified Funding “cmPer Fee
. dependent
Funding
Network CSRNetwork CSRast Mile REN Engio-End
Topology Bridge Network

There are a host of other important networks that exhibit many of the characteristics described in this paper. Many of
them do, or could, support libraries and community anchor institutions. These include statenag@odys, municipal
networks, networks founded through publrivate partnerships, university LANs and WANSs, and library system

WANSs. Some commercial service providers such as Education Networks of America (ENA) also offer value
propositions similar téhose provided by nonprofit R&E networks.

%3 This is but one approach to describe and classify R&E networks. These seven dimensions captured the aspects mosiureiaaysit




SCOPE OF MEMBERSHIP
Types: Universities, +Community Colleges,-1R, +Public Health & Safety, +Libraries

As discussed in thiistory and Origin of Research and Education Netwadtion above, most of the eaR&E
networksbegan with anarrow scope of membership, serving mainly colleges and universities. Over time R&&ny
networksviewed K-12 and community colleges as a logical extension of the education focus of their charter, and
therefore expanded their mbsarships to serve all &§-20. Recently, there has been additional movement toward
broadeningthis membership further to include community anchor institutions (including public libragdspit 9in

this appendix, as a current snapshot of active stke fetworks and the types of community anchor institutions each
serves, illustrates the scope of membership concept.

Networks that have begun to include a broader setrmfmunity anchor institutiom their membership such as Merit,
MOREnet and UEN pointo important benefits such as:

9 Broader, more stabland sustainable bases of revenue

1 Economies of scale (adding more connectors lowers the per connector cost associdé&dEwidtworkmembership)

1 Increased network effec&&rosscommunity anchor ingtitionto enhancendbetter utilizethe value oR&E network
community and content (adding more content creators and programming audiences)

1 Creatingeducational opportunities beyond schdmysconnecting libraries

SERVICE DEPTH
Types: Premium Connectivjphdvanced Services

The services offered BR&E networksvary widely, but they can be divided into two categories: those that offer
advanced services in addition to premium connectivity and those that dreémmiumconnectivityenables network
connectorgo rapidly transmit large amounts of data amglementapplications that require low latency amdh-
qualtyof servi ce. For connectors who just need a Afat
cost ofR&E networkmembershp, R&E networksoffering only premium connectivity may be preferable.

R&E networksmay also offeadvanced servicebat provide additional value to their connectors. Examples of these
include videoconferencing, service centralization/cloud computingedlmnline resources-Rate assistance, technical
support, and network consultingffering these services may not only enhance the value propositiorR&E&n

pi

network but may al so r educ e -rplatadtoste The benefits di piding adeepédr,imorb r o ad b a

comprehensive set of services are detailed ivdiee Propositiorsection.

GEOGRAPHIC REACH

Types: State, Regional, National

For the most part, R&E networks exist in a geographic hierarchy with three levels: state, regiondlpaall na

For the purposes of this paper, a sR&E networkis a network whose fiber assets exist predominantly within a single

state and whose general objective is to connect institutions across as much of the state as possible (even if there are parts

of the state not reached by the network). SR&& networksprovideintrastateconnectivity to and between institutions
within a given state and connect nationally and to the Internet through n®Ri&Batetworksand commercial ISPs.

They also provide an array eflueaddedservices and community related benefits. There are currently 38 active state

R&E networksand three proposatewR&E networks(NH, PA, and W\V).

RegionalR&E networkstend to connect multipleaate R&E networksor institutions across a few states in a given
region. The approximately 15 regioR&E networksalso help connect staR&E networksto the nationaR&E
networks The result is a patchwork of networks that enables institutions to ddooalty, regionally, and nationally.

At the national level, the two major R&E networks are Internet2 and National LambdaH&ihibit 7, Internet2 is
represented by the black line, which spans the country and has points of interconnection witheggorahand state
networks. Historically, the main purpose of natioR&E networkshas been to operate higpeed, higiperformance IP




backbones that providaterstateconnectivity between institutions across the country. They also directly conmegt ma
major government and university research facilities and connect with major international research and education

networks.

Today Internet2 provides value by offering higbrformance videoconference bridging services, shared programs and
content (e.g.courses for K20), a national user community, testiagivanced technical capabilities amational
advocacylnternet2 also provides connectivity global R&E networks, as well as a global community of users and

global research and educational content.

Exhibit 7: A Map lllustrating the Relative Reach of Select Regional and National

R&E Networks
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universities are often major drivers so the distinction between a university origin and a state origin is subtle. University
originatedR&E networkswere typically founded through consortia of universities to connect reseaashemmeas of
expanding and supporting research collaboratateoriginatedR&E networkswere typically created by a legislative

statute or through a commi

ttee

created by the state go)

were formed by a combined effort of research universities, state government, and/or corpeatidiisFERNet).

The line has blurred as solR&E networksoriginally formed by universities have taken on greater state involvement,
but understanding aR&E networlés roots is important, because why and howR&E networkwas formed shapes its

mission andbjectives.




GOVERNANCE
Types: Staté&soverned, MembeGoverned, ParticipanGoverned

R&E networkgovernance models exist on a spectrum of representation. On one end is the model \stergtherns
the R&E network which is most likely irR&E networlsthat have a stateased originMemberandparticipant

governance are characterized by more direct representation of conftatérsne mber 6 is typically o
founding entities or major institutions that belong tdR&E network, A p ar ttiocippaayns dues/ fees (w
applicable), and uses tR&E networld s ser vi ces, but tends to be a smaller

The participantgovernednodel is most representative, as each constituent geogpuniversities, KL2 school
districts, public librariesandcommunity collegeshasvoting representatives that help guide R&E network

BUSINESS MODEL
Types: Significant Government Funding, Diversified Funding, MembeDiependent

R&E networkssustain operations using three main variants of business modalk, rahge from a reliance on

government (usually state) funding to reliance on fees paid by members. It is important to note that these business
models represent the primary source(s) of funding operations arfdrilaig sourcesften overlap. For exampl&&E
networksusing thegovernment fundinghodel fund asignificantportion of their operating budgets through state and/or
federal appropriations, but also collect member fees. Likewige&ihnetworkwhose continuing operatirgkpenses

are mostly funded by network connection fees and/or membership dues paid by members and affiliates may also receive
minimal or occasional state or federal fundingdiRersified fundingnodel is one where funding contributions by

government and amber fees are relatively balanced.

Though there is not necessarily an optimal business model, there is evidence thalianer on state funding can lead

to disruption if the state funding is cut in an economic downturn. Consequently, moving towseddarship fee

model may have favorable ramifications for operational stability and sustainalitisy.R&E networks have also made

effective use ofrants as an occasional source of pregpecific funding Gr ant s can | mprove an R
sustainabiity by enabling it to add connectors and scale without incurring the full capital expense of extending its reach.

NETWORK TOPOLOGY
Types: CSP Network, CSP Last Mile Bridge, fmEnd R&E Network

The three main types of network topologies are @pmmecial Service ProviderGSP operates all network segments,
2) theR&E networkhas middle mile network assets, but relies on the CSP to bridge the last mile, and &t the
networkruns an endo-end networklIn thethird topology where the R&Eetwork opeates the endto-end network, the
provider has the greatest contoblprice and service quality. This sometintesmfers cost savings via ownership
economics to thR&E networkand its members.

Exhibit 8: The Various Types of R&E Network Topologies ~ *°

CSP Operates Entire Network| CSP Bridges Last Mile REN Runs Efd-End Network

Internet -
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Internet

Library / State Peering and Internet Peering
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Other RENs h
Interconnect Other RENs

34 Note that there is no standardizatifrthe terms member and participant aciR&E networksso it is important for community anchor institutions
to make sure that they understand the role and rights of various levels of members within thietEStadévork

% Key to Exhibit 8 Acronyms: CB=Commercial Service Provider, REN=Research and Education Network, FDH=Fiber Distribution Hub, CAl=
Community Anchor Institution, POI=Point of Interconnect




