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EXECUTIVE SUMMARY

This case deals with the experience of aschool district in the design and implementation of a
wide area network. The problems faced by the school district that made the WAN a necessity are
enumerated. The choice of hardware and the softwareis explained within the context of the needs of
the school district. Finally the benefits accruing to the school district areidentified, and the cost of
the overall system isdetermined.

BACKGROUND

Theorganizationisareasonably small school district withabout 2,700 students, inatown named
X that iscomprised of four villages (A, B, Cand D). Therearefive schoolsin thedistrict, the Board
of Education that oversees those schools; and the Bus Garage. The buildingsthat house these seven
entities are spread over the four villages, and the distance between locations is more than ten miles
in some cases. While the school district isnot exceedingly wesalthy, it does have accessto state and
federal grantsfor bringing schoolsonline. What isn’t covered by the grants has been funded out of
themunicipal budget, withvirtually no oppositionfromtheBoard of Finance, setting astagewhereby
the town maintains an aggressive approach to deploying technology in its schools.

SETTING THE STAGE

The Town of X needed to connect the computers and systems at the seven locationsin order
to shareinformation and resources. Thedistrict isspread out over thefour villages that make up the
town (A. B, C and D) and its seven locations within that areaare separated by as much asten miles.
Thefaculty, staff and studentswithin the school district needed the ability to communicate with each
other and with the rest of the world viaelectronic mail. Accessing information viathe World Wide
Web was needed to keep up with the changing world, both for the faculty and the students. They
needed to share files without printing and distributing hard copies. There was a distinct need for
getting accesstothelnternet into theclassroom. Theschoolsintheschool district had computer |abs,
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and computer-based education was a priority, but the computers could not connect to the Internet.
The students, teachers and administrators in the school district needed to run collaboration
applications like groupware and various administrative applications that required connectivity to a
central database. Giventhegeographical distancesinvolved, awidearea network seemedtobeagood
solution, that would take care of most of the needs of the school district.

An example of this need for connectivity and bandwidth is the Phoenix database, a school
administration package used in the school district for town X and many other districts. Phoenix isa
largeand complex databasewrittenfor Microsoft Access2.0. Itisclunky and painful todeploy inmany
respects, and it does not run on the newer versions of Access. So Access 2.0 must be installed for
the database to run, but package serves its purpose and is popular. Phoenix has modules for
mai ntai ning student records (attendance, grades, discipline, etc.), classand busschedul es, payroll for
faculty and staff, cost accounting and anumber of other functionsneeded to runaschool district. The
ability torunthissoftware product across anetwork isindispensablein thisenvironment, asit allows
each school tohandleitsown administrativetasksindependently. Inorder to enabl etheproper running
of the Phoenix software over the network, agood bandwidth is a requirement.

Whentheproject wasenvisioned, direct fiber over thedistancesinvolved wasnot aviableoption
(the distances between two consecutive schools could run to more than ten miles). ‘A wide area
network, using some form of leased transmission lines was considered the most efficient way to
connect the school district and create acohesive enterprise. Such an enterprise could communicate
efficiently and act in concert, providing connectivity and servicesto the faculty, staff, students and
even the citizens of the Town X school district.

CASE DESCRIPTION

A Look at the Network
TheTown X wideareanetwork isdescribed from two perspectives. Thefirst perspectivegives
anoverview of thenetwork andtheservicesthat it delivers. Thisview primarily describesthesoftware.
The second perspective explains how these services are delivered. This perspective provides a
discussion of the hardware and the network protocols used in the wide area network deployed.

Network Services

Just asadesktop computer requiresan operating system (OS) to run, anetwork needsanetwork
operating system (NOS). For thetown X school district, the NOS chosen was Microsoft’ sWindows
NT Server 4.0. Therewereanumber of reasonsfor choosing WindowsNT 4.0, but theoverriding reason
wasthefact that the network administrator wasfamiliar withthesoftware. TheNOSresidesonasingle
computer knownasaPrimary Domain Controller (PDC). Theschool district network isconfiguredas
asingleNT domain network—that is, auser needsto log on only onceto the network in order to reach
all resourceshe/sheisallowed accessto. TheNT Server OS can a so be configured to run asastand-
aloneserverto host other servicesonthenetwork. Theremay beanumber of such serversinadomain.
Inthe case of the Town X school district WAS, there aretwo other NT serversthat serve ashostsfor
additional services.

The Role of Domain Controller(s)

While the PDC, of which there can be only-one, hosts the Security Accounts Management
(SAM) Database, it is the Backup Domain Controllers (BDC) who maintain a copy of this SAM
Database and actually perform the authentication of loginsto the Domain. So when auser turnson
a client machine and enters a user name and password, the “request” is directed not to the PDC but
toaBDC, providedthereisBDC present. For the Town X school district, each location hasaBDC.
At login the user name is compared against the SAM Database, and those privileges and accesses
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that were assigned to that user’ sgroup or groups are granted to that user. (A user may belong to one
or more groups). Some of the pre-defined groups in the NT domain include “domain users’,
“administrators’, “ print operators’ or any of awidevariety of others. InaLAN runningWindowsNT,
normally accessisgranted by group membership and not onanindividual basis. Thispracticemakes
management of thedomain alot easier. In addition auser may be assigned ahome directory on the
server, access to which is normally restricted to the user only.

The process of creating accounts in the NT domain occurs on the PDC and thenis copied to
theBDCsby replication. TheBDC aso mirrorsmost of the other functionsof the PDC, sothat inthe
event the PDC fails, aBDC must be “ promoted” to PDC status until the primary machineisfixed or
replaced. This redundancy enables fault tolerance and is an essential part of smooth network
operation.

I nternet and Proxy Service

AttheTown X High School, theBDC a so hoststwo other critical packages, namely Microsoft’s
Internet Information Server (11S) and the Proxy Server. ThislIS connectsboth to the Internet and to
theinternal network. It aso hoststhe Web site for the Town X school district. In order to limit the
number of | P addresses needed, the network in the Town X school system usesprivate | P addresses.
What that meansisthat theseinternal 1P numbers cannot be routed to the Internet. Sothe 1S server
needs to have two network cards, one with a private addressto connect to the internal network, and
one with a public address to connect to the Internet. In case the |1S server had only the public IP
address, the way for the computers on the internal network to reach the Internet server would have
been to go out to the Internet via the proxy server and reach it via the public |P address.

Proxy serviceallowsthe administration and monitoring of I nternet usage aswell aslogging of
inbound and outbound traffic. Also, more importantly the Proxy server allows the filtering out of
obj ectionablematerial sfromtheofficeor academicenvironment. Theschool district wassoconcerned
withthisissueof restricting accessto objectionablematerial that they augmented thefilteringfunction
by the addition of athird-party product called Web Sense. Web Sense is a subscriber service that
downloads, onadaily basis, anupdatedlist of URL sfromwhichtheobjectionablematerial sissue. Web
Sense then works closely with Proxy Server to block accessto these URLS.

Oncethe Proxy Server hasbeeninstalled on the network, the client machinesare configured to
“point” at it for their accesstothe Internet. The server cachesaconfigurable amount of content (100
MB —-200MB iscommon) asitisaccessed fromthe Web and comparesitscached material totheremote
material periodically, keeping it updated. Thisway the frequently accessed material iskept readily
availablelocally, speeding up Internet accessfor the user, and freeing up bandwidth for other more
desirable uses.

DHCP and WINS

TheTown X school district network usesDHCP and WINSto locate computersonthe network.
Dynamic Host Configuration Protocol (DHCP) isadynamic TCP/IP addressing method that assigns
eachmachineaTCP/IPaddresswhenit getsontothenetwork. Windows|nternet Name Server (WINS)
provides a NetBIOS host name address resolution for WINS clients.  WINS increases network
efficiency by reducing the number of network broadcasts needed to resolveaNetBIOS host nameto
an|Paddress. A NetBIOS nameisaunique computer namethat isenteredintheidentificationtabin
the network control panel of acomputer. Thisisthe name of the computer that would show upinthe
Network Neighborhood. Namesaregenerally mnemonic, and soidentify either the primary user of that
computer (smith, librarian) or thel ocation of thecomputer (Library12, L ab3), etc. OnaTCP/IPnetwork,
however, the DHCPserver assignsan | Paddress (whichisanumber) tothecomputers. A WINSserver
maintai nsadatabasethat isupdated periodically which matchestheNetBI OSnamewiththel Paddress
for each computer on the network.
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Mail Services

Thee-mail serviceinthe Town X domainisprovided by adual-server M SExchange5.5 approach,
whilethe e-mail client software used isM S Outlook 98, a 32-hit Windows application.

The two-server configuration was chosen to enable greater security by separating student
and administrative accountswhileproviding fault-tol erancethoughinformation storereplication.
So in case one e-mail server goes down, the second can take over till such time the first server
comes back up.

The protocols standardized for the students, teachers and administrators to send and
receive electronic mail are SMTP and POP3 respectively. SMTP is the de-facto standard for
sending mail, while POP3 was chosen as the e-mail client protocol as it limits the amount of
incoming mail that stays on the e-mail server. One of the reasonsfor choosing MS Exchange as
the e-mail server was the ease of use and management tools available. Aswith other Microsoft
products(like MSProxy Server) which are part of Microsoft’ sBack Officesuiteof products, MS
Exchange provides a number of toolsfor tracking usage and monitoring performance. Since e-
mail tendsto become indispensablein an enterprise, keeping it online requires proper allocation
of resources, and monitoring is critical to this process.

Server and Desktop Management
The network management software chosen for the Town X school district wasthe M S Systems
Management Server (SMS), yet another member of theBack Officefamily. Thesoftwareispowerful
enough that with the client portion of the software installed on the workstations, the network
administrators can remotely control and manage desktops and serversaswell astroubleshoot. SMS
can be used to inventory and collect data, distribute software and upgrades, and monitor server and
network traffic, all from remote management stations.

Desktop Configuration

A conscious decision was made to configure each desktop in the domain in astandard fashion
to present aconsi stent look and feel throughout. A standard computer hasthe M S Office Professional
suite, aWorld Wide Web browser and M'S Outlook 98 for e-mail and group scheduling tools. Other
software as needed for the individual usersisinstalled on a case-by-case basis.

Allthenetwork clientsareconfiguredtouse DHCPand WINSserversaswell asM SProxy server.
Finally each machineisconfigured tolog ontothe NT domain and access appropriate |logon scripts,
user profiles, home directoriesif applicable, shared applications and other network resources.

THE DESIGN OF THE WIDE AREA NETWORK

The Town X domain involves servers and desktop computers spread over seven buildings at
fivesiteswithinthetown. TheBoard of Education (BOE) and Town X High School, whichareadjacent
toeach other, areconnected by afiber optic backboneallowingtransfer of dataat 100 Mbps. TheMain
Distribution Frame (MDF) at Town X High School is the network core. The remaining sites are
connected by means of awide areanetwork implemented over framerelay connectionsat T-1 speed
(1.54Mbps). Another framerelay connection at T-1 speedlinksthenetwork toalocal | nternet Service
Provider (1SP) which thenlinksit to the Internet.

Frame Relay vs. Point-to-Point
A considerable amount of thinking went into the decisionto use Frame Relay asthe connection
technology for thisWAN. Traditionally, WANswere created using point-to-point technol ogies. The
difference between Frame Relay and point-to-point is that point-to-point is implemented over a
dedicated copper linefrom onesiteto aphonecompany digital switchandfromthat switchtoasecond
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site. Inorder to connect theentire Town X school district network inthisfashion, each siteon thenetwork
would need to havefive such connections, oneto each of theother sites. Since point-to-point connections
areleased on aper-mile monthly fee (about $40 per milein this case), the costs add up pretty quickly.

Framerelay, ontheother hand, requiresonly oneconnection per site. That connectionisleased
at asetfeeandgoestowhatiscalleda“framerelay cloud,” agroup of digital switcheswhichonrequest
forms a connection to another such cloud where the object of that request (the machine that is being
accessed by your network) is connected. So the T-1 speed in the case of the Town X school district
WAN isactually “burstableto T-1" speed. If there are simultaneous connections to more than one
other siteontheschool district network, the bandwidthisthen splitamong them. Inspiteof that, frame
relay wasfound to bethe more cost-effective and efficient way to connect at thetimethe network was
designed. Thiswas true even when compared to some of the lower cost technologieslike ISDN or
modems. The problem with ISDN or simple modem technologies was that neither of these was
sufficiently robust to carry thekind of traffic generated by the school district. At onetimeinthepast,
the school district network was actually connected by 56kbs frame relay, but the administrative
database program, Phoenix, which is extensively used, required a much higher bandwidth so the
connection was increased to a T-1.

The Main Distribution Frames

Attheheart of each of the Town X school district WAN'"sschool isan MDF built around 3Com’ s
Corebuilder 3500 Layer 3switch. The Layer 3" referstothefact that the Corebuilder providesfor not
only 100 Mbps port switching but also routing at “wire speed.” (The backplane of the Corebuilder
routespacketsasquickly asthenetwork el ectronicscan deliver them. Cisco’ srouter did not havethis
capacity; asit could only route at the speed of its processor). The Corebuilder design isalso fully
scal able by means of plug-in “blades,” each with fiber or Ethernet ports. So thisdesign also allows
for expandability using technology not even available yet.

The servers at each site connect to the network through the TX (Ethernet) blades, while the
Ethernet Switches, both at the M DF and thevarious| DFs(intermediatedistribution frames), connect
by fiber to the fiber blades.

An added feature of the 3Com Layer 3 product is that its routing capacity allows for the
creation of Virtual LANs(VLANS), by segmentation of aLAN into | P subnets. Sinceroutingis
amanaged activity, thisfeatureisused to provideextrasecurity onthe network by blocking traffic
(viaaprocessknown as“ packet filtering”), between the student and administrative subnets. For
each LAN, three VLANswere set up so that students and administrators could be denied access
to each other’s areas, without denying them access to common resources such as the servers
themselves. In the absence of Layer 3 switching this packet filtering can also be done at the
routers, but would slow down the network.

Switched Port Hubs

TheTown X schoal district network computers connect to their respective distribution frames
(DFs) via3Com'’ sSuperstack 3300 24-port Ethernet Switch. IntheHigh School alone, thereare 15 of
these. (Appendix A hasfull detailson hardware, software, |abor and costsfor theentire project). The
reason switched hubs were chosen for this implementation is the speed. One advantage of using
switched port hubsisthat the bandwidth is not shared, unlike in ordinary hubs. A second advantage
of aswitched port hub is that packets are delivered to the port the destination computer is attached
to, instead of being broadcast to every computer connected to the hub.

Connecting to the WAN
The Town X High School LAN connects to the WAN through a Cisco 2500 Router and a
MotorolaCSU/DSU. A router passes data packetsfrom one | P subnet to another, and the CSU/DSU
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actssomewhat likeamodem. Ittranslatesframerelay protocol fromthetel coloop (tel ephonecompany
line) into TCP/IP (Transmission Control Protocol/Internet Protocol). In this case there are two
connectionsthrough therouter to two separate CSU/DSUs. One connection comesfromthelnternet
server and routes agenuine Internet P addressto the ISP. Another comesfrom the TX blade onthe
Corebuilder and routes a private or internal 1P addressto the other LANsinthe Domain. Thereitis
picked up by theLAN’ srespective CSU/DSUsand routed totheir respective Corebuilders. Theretoo
the | P addresses are private and are not routed to the outside world.

TCP/IP Addressing in the Town X Domain

The IP addresses of machines directly connected to the Internet never start with a 10 as that
number isreserved for private networks. All the machines at the Middle school have an IP address
starting with 10.0.10. At the High School and BOE the addressesare 192.168.* .*. Thesearealso IP
addresses reserved for private networks. At the Mem school they are 10.0.9.*, and so on.

Theroutersmeanwhile have addressesof 10.0.11.*, 10.0.8.* and soon. They useaconvention
wherethe.lisonthe WAN sideandthe.2isonthe LAN side. It helpsthe network engineersto keep
track when they are configuring the network.

Theonly actual real-world | P addressin the whole domain isthe one that gets routed from the
I1Sservertothel SP. Thel SPhasactually giventhe Town X school district network aquarter of aclass
Caddress:. inthiscasethel Paddresses209.R.S.128through 209.R.S.191 withthe.128 and . 191 being
thenetwork and broadcast addressesrespectively. Thenumber of |Paddressesavail abletotheschool
district wasnot sufficient, thereby making theuseof private| Paddressesfor computersontheinternal
networks a necessity.

Problems in Implementation

Problems.in the implementation of an IT solution can comein many forms, all the way from
technical/technological, tofinancial and political.

Thewideareanetwork wasdesigned and implemented for the school district of asmall town.
The cost of networking theindividual locations averaged about 125,000 (for atotal cost of about
750,000). WhiletheWAN had afixedinitial cost, it had arecurring monthly cost. TheWAN cabling
was done by the local telephone company who brought the frame relay connections to the
individual locations at a cost of $1,200 each. There was also amonthly line charge of $400 per
location. Aswe said, Town X has six such-connections. For a small municipality that was a
considerablefinancial burden.

Oneof thethingsthat hel pedin Town X wasaprogram of state-sponsoredinfrastructuregrants,
aprogram established specifically for the purpose of bringing schoolsonline. Therewasalso federa
grant money available for these purposes. The Town X school district spent alot of time and effort
to make surethat they made avery good casefor getting the state and federal funds. Approximately
90 percent of the cost of implementing the WAN was covered by the State and Federal grants. What
wasn't covered by grantswas funded out of the municipal budget, with virtually no opposition even
fromtheBoard of Finance. Eventhoughtheremaining 10 percent of thecost wasasi gnificant amount
of money for asmall town, the Board of Education kept the Board of Financeinvolved and informed
at al pointsin time. So in spite of the ever-present danger of financial problems, the WAN
implementation managed to get through the implementation stage without any major hiccups. This
was primarily dueto alot of work up front by the BOE memberswho made surethat everyoneon the
town council was committed to the project.

The WAN project was overseen by an implementation team, which included arepresentative
fromtheBoard of Finance, thedistrict technol ogy coordinator and aSuperintendent’ srepresentative,
who was also the grant writer for the Board of Education. These three spent a lot of time with
representatives of the contractor to set up the implementation plan. Good planning ensured that the
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contractor was aware of the school schedules, and had the appropriate resources available when
needed during the implementation. The implementation team, along with representatives from
contractor, both administrative and technical, met regularly to coordinate their efforts and keep the
project ontrack. The meetingswere morefrequent during those phases of theimplementation when
therewas alot of activity, and less frequent during the slower phases. The meetings helped ensure
that all the partiesinvol ved were aware of the situation at all pointsintime, and any deviationsfrom
the plan were discussed and then agreed upon. Thisapproach worked quite well and the project was
completed pretty much on its schedule, roughly two monthsfor the cabling of the various |locations
and configuring the network electronics. Most of the work was donein the summer or after school
hourswith the school custodians providing the cablers and technicians accessto the buildings, often
until 11:00 at night. On the administrative side the major headaches were in the accounting and
coordinating of the grant and municipal funding and the allocation of costs to each budget as
appropriate. Thecontractor had prior experienceworking with school districts, and on projectsbased
on similar state and federal grants. So the contractor’s representatives were able to provide inputs
into the process that helped properly administer the grants.

There was one unexpected snag when asbestos was discovered in one of the wings of the
High School. The work at the High School had to be halted while the ashestos was removed.
However, due to the existence of a comprehensive implementation plan, resources could be
shifted to other school sites while the asbestos abatement took place. The fact that the affected
areain the High School didn’t include any of the wiring closets helped, asit did not impede the
phased completion of the project significantly.

Benefits to the District

Someof thebenefitsinthiscaseareimmediately apparent. Running administrativeapplications
likePhoenixfromacentral locationisnot just aconvenience. Itrepresentssignificant savingsin man-
hours, and therefore money, to thetown. The fact that each school can now provide inputsinto the
scheduling system, maintain student records and other administrative tasks, without having to send
over hard copiesof datatothe BOE, isasignificantimprovementin efficiency. Packet filtering at the
routersand Layer 3 switchesrestrictsaccessto the administrative side of the network whileallowing
for the use of less sensitive services by others, thereby increasing the overall utility of the project.

Another part of thisbenefit iscentralized | nternet access. Having thisaccessthrough acentral
point gives the network administrator the ability to establish an Internet use policy and enforce it
without having to do so on alocation-by-location basis. Asmentioned before, athird-party product
called Web Senseisused toimplement URL filtering of potentially offensivematerial s(theuseof this
filtering isapolitically chargedissue, butit iscommonin anumber of school districts).

Theuseof thelnternet in the classroomisbecoming more prevalent. Thestudentsand teachers
usethelnternettoresearch current topics, and get accesstoinformation that wasnot readily available
before the WAN was set up.

With Internet accessthe district isbeginning to make many servicesavail ableto thecitizensin
thecommunity at large. School schedules, lunchmenusand library card cataloguesareall posted for
access through the Internet. Students and faculty can retrieve their internal and/or external email,
through the Web, whether on or off site. Eventually other services, such as distance learning, may
beimplementedin Town X.

CURRENT CHALLENGES/ PROBLEMS FACING THE
ORGANIZATION

TheTown X schoal district is considering expanding the scope of thewide areanetwork. One
of the locations in the school district, the Bus Garage, was not connected to the WAN dueto lack of
planned funding. This has resulted in perpetuating some of the inefficiencies that the WAN was
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supposed to eliminate. Sincethe garageisnot networked, the bus availability and the bus schedules
have to be transported manually from the garage to the BOE offices and back.

A number of classroomsin the schools are still not connected to the network. So it generates
a feeling of inequity among the teachers and students who are assigned the non-networked
classrooms.

While the connectivity is good in most locations, the high school seems to hog most of the
available bandwidth onthe WAN. Theability to accessinformation from the Internet seemsto slow
downduring thetimetheHigh School isinsession. Thereseemtobesomeproblemswiththefiltering
service, asthere are cases of objectionable material being found on some of the computersinthehigh
school labs. Some of thelab computershave been used to serveup copyrighted material, whileothers
run bandwidth-intensive applications that bog down the network.
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APPENDIX A: PROJECT COSTS

High School and Board Of Education (BOE)

Cabling Qty Each Total Purpose
Classroom Drops (4 data/1 voice) 450 28800 Connect classrooms toeach other and the
64 internet

Office Drops (2 data/1 voice) 30 400 12000 Connect offices to each other and the
internet

6 strand fiber between MDF and 5 IDFs 5 5200 26000 Connect all wings of the school together

Cabling Total 66800

Network Electronics Qty Each Total

3-Com Superstack 3300 24-port Ethernet 15 2,20 33000 Connect serversto classrooms and offices

Switch

3-Com Corebuider 3500 Layer3 Switch 3 8000 24000 Layer3 switch to connect fiber and add
network security

3-Com Corebuider 3500 6 Port Fiber Blade 7 4800 33600 Connect all wingsto servers

3-Com Corebuider 3500 6 Port TX Blade 6 3000 18000 Connect al serversto the network

Network Electronics Total 108600

Additional Network Hardware

4 foot Category 5 patch cables 316 3 948 Patch rooms to network electronics

15 foot Category 5 line cord 316 4 1264 Patch computers to network

APC 1000 Net UPS Rack Mount 6 829 4974 Protect servers from faulty power and
power outages

Fiber Patch Cables 36 62 2232 Connect fiber to network electronics

Additional Network Hardware Total 9418

Network Servers Qty Each Total

LAN & WAN File Servers 2 8500 17000 NT server/primary DNS, mail server,

backup domain/web server
Built-IN POP & SMTP Mall
Built-IN DNS service
Built-IN WWW server
Built-IN Appleshare File & Print Services

Network Software Qty Each Total

MS BackOffice 3 1400 4200 Server operating system - NT, Mail, Web,
Management

Windows Backoffice Client License 300 60 18000 License for clients to access servers

Network Software Total 22200

Labor - Hardware & Software Installation, Training & Preparation

Cabling Included

Network hardware & hub installation 30 100 3000 Installation and configuration

Network server install & configuration 60 100 6000 Installation and configuration

Desktop configuration 316 75 23700 Installation and configuration

Training 40 75 3000 Administration of network

Total - Labor 35700

High School and BOE Total 259718
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APPENDIX A CONTINUED

Middle School

Cabling Qty
Classroom Drops (2 data) 68
Cabling Total

Network Electronics Qty
3-Com Superstack 3300 24-port Ethernet 6
Switch

3-Com Corebuider 3500 Layer3 Switch 1
3-Com Corebuider 3500 6 Port TX Blade 2
Network Electronics Total

Additional Network Hardware

4 foot Category 5 patch cables 136
15 foot Category 5 line cord 136
APC 1000 Net UPS Rack Mount 3
Additional Network Hardware Total

Network Servers Qty

LAN & WAN File Server 3
Built-IN POP & SMTP Mail
Built-IN DNS service
Built-IN WWW server
Built-IN Appleshare File & Print

Srvices

Network Software Qty
MS BackOffice 3
Windows Backoffice Client License 136

Network Software Total

Each
$200

Each
1,450

$8,000

$4,800

$3
$4
$829

Each
$8,500

Each
$1,400

60

Total Purpose

$13,600 Connect classrooms to each other and the
internet

$13,600

Total
$8,700 Connect servers to classrooms and
offices
$8,000 Layer3 switch to connect fiber and add
network security
$9,600 Connect all servers to the network
$26,300

$408 Patch rooms to network electronics
$544 Patch computers to network
$2,487 Protect servers from faulty power and
power outages
$3,439

Total
$25,500

Total
$4,200 Server operating system - NT, Mail,
Web, Management
$8,160 License for clientsto access servers
$12,360

Labor - Hardware & Softwar e Installation, Training & Preparation

Cabling Inclu

ded

10

Network server install & configuration 60

Desktop configuration 136

Training 30
Total - Labor

Middle School Total

$100
$100
$75
$75

$1,000 Installation and configuration
$6,000 Installation and configuration
$10,200 Installation and configuration
$2,250 Administration of network
$19,450
$100,649
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APPENDIX A CONTINUED

Mem School

Cabling Qty Each Total Purpose

Classroom Drops (4 data/1 voice) 27 $450 $12,150 Connect classrooms to each other and
theinternet

Office Drops (2 data/1 voice) 15 $400 $6,000 Connect offices to each other and the
internet

6 strand fiber between MDF and 2 IDF's 2 $5,200 $10,400 Connect all wings of the school together

Cabling Total $28,550

Network Electronics Qty Each Total

3-Com Superstack 3300 24-port Ethernet 5 2,200 $11,000 Connect servers to classrooms and

Switch offices

3-Com Corebuider 3500 Layer3 Switch 1 $8,000 $8,000 Layer3 switch to connect fiber and add
network security

3-Com Corebuider 3500 6 Port Fiber Blade 1 $4,800 $4,800 Connect al wings to servers

3-Com Corebuider 3500 6 Port TX Blade 1 $3,000 $3,000 Connect all servers to the network

Network Electronics Total $26,800

Additional Network Hardware

4 foot Category 5 patch cables 138 $3 $414 Patch rooms to network electronics
15 foot Category 5 line cord 138 $4 $552 Patch computers to network
APC 1000 Net UPS Rack Mount 3 $829 $2,487 Protect servers from faulty power and
power outages
Fiber Patch Cables 4 $62 $248 Connect fiber to network electronics
Additional Network Hardware Total $3,701
Network Servers Qty Each Total
LAN & WAN File Servers 3 $8500 $25,500 NT server/primary DNS, mail server,
backup domain/web server
Built-IN POP & SMTP Mail
Built-IN DNS service
Built-IN WWW server
Built-IN Appleshare File & Print Services
Network Software Qty Each Total
MS BackOffice 3 $1,400 $4,200 Server operating system - NT, Mail,
Web, Management
Windows Backoffice Client License 108 60 $6,480 License for clients to access servers
Network Software Total $10,680
Labor - Hardware & Software Installation, Training & Preparation
Cabling Inclu
ded
Network hardware & hub installation 20 $100 $2,000 Installation and configuration
Network server install & configuration 60 $100 $6,000 Installation and configuration
Desktop configuration 138 $75 $10,350 Installation and configuration
Training 40 $75 $3,000 Administration of network
Total - Labor $21,350
Mem School Total $116,581

Cen School
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Cen School
Cabling Qty
Classroom Drops (4 data/1 voice) 34
Office Drops (2 data/1 voice) 15
6 strand fiber between MDF and 2 IDF's 2
Cabling Total
Network Electronics Qty
3-Com Superstack 3300 24-port Ethernet 7
Switch
3-Com Corebuider 3500 Layer3 Switch 1
3-Com Corebuider 3500 6 Port Fiber Blade 2
3-Com Corebuider 3500 6 Port TX Blade 2
Network Electronics Total
Additional Network Hardware
4 foot Category 5 patch cables 166
15 foot Category 5 line cord 166
APC 1000 Net UPS Rack Mount 3
Fiber Patch Cables 4
Additional Network Hardware Total
Network Servers Qty
LAN & WAN File Servers 3

Built-IN POP & SMTP Mail

Built-IN DNS service

Built-IN WWW server

Built-IN Appleshare File & Print
Services
Network Software Qty
MS BackOffice 3
Windows Backoffice Client License 136

Network Software Total

Each

Each
2,200

$8,000

$4,800
$3,000

$829

$62

Each
$8,500

Each
$1,400

60

Total Purpose

$15,300 Connect classrooms to each other and the
internet
$6,000 Connect officesto each other and the internet

$10,400 Connect all wings of the school together
$31,700

Total
$15,400 Connect serversto classrooms and offices

$8,000 Layer3 switch to connect fiber and add
network security
$9,600 Connect al wings to servers

$6,000 Connect all servers to the network
$39,000

$498 Patch rooms to network electronics
$664 Patch computers to network

$2,487 Protect servers from faulty power and power
outages
$248 Connect fiber to network electronics

$3,897

Total
$25,500 NT server/primary DNS, mail server, backup
domain/web server
Total
$4,200 Server operating system - NT, Mail, Web,
Management

$8,160 License for clients to access servers
$12,360

Labor - Hardware & Software Installation, Training & Preparation

Cabling Included
Network hardware & hub installation 20
Network server install & configuration 60
Desktop configuration 166
Training 40
Total - Labor

Cen School Total

$100
$100
$75
$75

$2,000 Installation and configuration
$6,000 Installation and configuration
$12,450 Installation and configuration
$3,000 Administration of network
$23,450
$135,907



APPENDIX A CONTINUE
Cen School

Cabling Qty
Classroom Drops (4 data/1 voice) 34
Office Drops (2 data/1 voice) 15
6 strand fiber between MDF and 2 IDF's 2
Cabling Total

Network Electronics Qty
3-Com Superstack 3300 24-port Ethernet 7
Switch

3-Com Corebuider 3500 Layer3 Switch 1

3-Com Corebuider 3500 6 Port Fiber Blade 2
3-Com Corebuider 3500 6 Port TX Blade 2
Network Electronics Total

Additional Network Hardware

4 foot Category 5 patch cables 166
15 foot Category 5 line cord 166
APC 1000 Net UPS Rack Mount 3
Fiber Patch Cables 4
Additional Network Hardware Total
Network Servers Qty
LAN & WAN File Servers 3

Built-IN POP & SMTP Mail

Built-IN DNS service

Built-IN WWW server

Built-IN Appleshare File & Print
Services
Network Software Qty
MS BackOffice 3
Windows Backoffice Client License 136

Network Software Total
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D

Each
$450
$400

$5,200

Each
2,200

$8,000

$4,800
$3,000

8

$829
$62

Each
$8,500

Each
$1,400

60

Total  Purpose

$15,300 Connect classrooms to each other and the internet
$6,000 Connect officesto each other and the internet

$10,400 Connect all wings of the school together

$31,700

Total
$15,400 Connect serversto classrooms and offices

$8,000 Layer3 switch to connect fiber and add network
security
$9,600 Connect all wings to servers
$6,000 Connect all servers to the network
$39,000

$498 Patch rooms to network electronics
$664 Patch computers to network

$2,487 Protect servers from faulty power and power
outages
$248 Connect fiber to network electronics
$3,897

Total

$25,500 NT server/primary DNS, mail server, backup
domain/web server

Total

$4,200 Server operating system - NT, Mail, Web,
Management
$8,160 License for clientsto access servers

$12,360

Labor - Hardware & Software Installation, Training & Preparation

Cabling Inclu

ded
Network hardware & hub installation 20
Network server install & configuration 60
Desktop configuration 166
Training 40
Total - Labor

Cen School Total

$100
$100
$75
$75

$2,000 Installation and configuration
$6,000 Installation and configuration
$12,450 Installation and configuration
$3,000 Administration of network
$23,450
$135,907



