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1 Introduction

This project is in the form of a RFP (Request for Proposatsnfthe Elbonian Government. The government is seeking to
build a new country-wide high-speed data network. It is s&gtenders (in the form of an RFP) from network operators to
build this network.

The tenders will be considered, and the superior tendebeitldopted. The choice will be made both on the basis of cost,
ability to satisfy Elbonian requirements for reliabilitp@performance, and the ability to convince the Elboniaregoment
of your organization’s ability to deliver the network “ondiget”.

The method you use to create your network design is entigetg you. | suggest you do a search of the relevant literature
to go beyond what you have learnt in class.

2 Formalities

e The projectis to be done in teams of two. You will form teamsy imdividuals who cannot find a team will be assigned
a team. Teams must be formed (and named) by April 8th. Oncéagee informed me of your group by email, 1 will
assign you a Group ID (GID), which you will use when handinghie assignment.

e The project is due before the last CND lecture of the semesteFhursday 4th June. The competitive nature of
assessment (see below) means that late assignments canoohdidered. In the real world, late tenders are not
accepted! (However, | will negotiate extensions, for goeakons, if the problem is discussed in advance).

e The project will be handed up in two parts:

1. A electronic form of your network design. See below foradlstof the required format. Proposals in an incorrect
format will not be considered and will receive zero.
2. A report detailing your design strategy and the resuitgniough detail to convince the Elbonian government of
your competence to complete the network on budget.
e Marks will be assigned on the following basis

— 50% will be based on the quality of your solution, i.e., itsttand how well it satisfies the required constraints.
Approximate marking scheme

Mark | Description
0 | network is not submitted in the required format
10 | network fails to satisfy several required conditions
20 | network fails to satisfy one required conditions
25-50 | network satisfies all required conditions, score dependsh

This project is a competition. The marks for network qual(figr networks that satisfy required conditions)
will be based on how good your network is in comparison to athe other networks. Assuminyy network
designs all pass the constraints, | will place the netwosdigtes in order of their cost;, so thate; > ¢; 1, where
1=0,..., N — 1. I will assign the markn; for theith best network design to be

(3

i =254+25 .
m + N1
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The best network design will get 50 marks, and the worst nétdesign, including my own example design will
receive 25 marks. If there are ties, | will assign equal mé&sksoth groups.

— 50% of your mark will be based on the quality of your reportueeport (your “tender”) must be well written.
In order that you present your material well | have providewhs hints.

x There are numerous articles on report writing on the Intefoeinstance, see:
http://ww. wi ki how. conf Wite-a-Report
http://ww. nonash. edu. au/l I s/11online/quickrefs/15-report-witing.xn
* Two books | find useful are
- “The Elements of Style”, Strunk and White, Allyn and Baco@0g.
- “Handbook of Writing for the Mathematical Sciences”, N.ijkam, SIAM, 1995.

x |f you use third party code in your solution, make sure younaskedge this, and also ensure that you display
your understanding of this code, rather than just treatiag a black box.

The report need not be long, but please remember that yoortrequst contain enough information for the
“Elbonian” government to properly assess your results. ustnshow you understood the RFP; describe the
method you use to design your network in enough detail foo ibe believed to be a good design, including
references to the design method; and show the details ofrthledigsign and how it will carry the network load.

The following table is intended to help guide you as to howksavill be allocated.

Criteria Fail (0-25) Pass (25-32) C (33-37) D (38-42) HD (43-50)
Structure failure to include | standard report clear structure, natural and easy
standard structural structure terms defined to follow
components: title, before use
authors,
introduction,
conclusion, etc.
Diagrams illegible graphs diagrams legible | diagrams clear diagrams enhance
and useful, axes | reading of report
labelled, captions
provide clear
explanation of
diagrams
Presentation . . a pleasure to read
common spelling logical arguments,
and grammatical few mistakes
mistakes
References plagiarism, references aren’t | references provide references used tdg
ambiguous significant, but are| correct attribution | support most
references, accurate of ideas and arguments
inaccurate motivations.
references
LEJ\rIIISSrns(;ZnO(Iing common ideas.are logical _ use of examples tq new ideas, new
Inaccuracies explained, but explanations, illustrate insights, new
only by demonstrated advantages and | examples
paraphrasing understanding of | disadvantages
existing works assumptions and
limitations
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3 Request for Proposals

1. The Elbonian Government requests that network operptesent designs for the new Elbonian High-Speed Backbone

Network (EHSBN).

For more details of the history and culture of Elbonia plesese
http://uncycl opedi a. wi ki a. conf wi ki / El boni a
http://en.w ki pedi a. org/ wi ki / El boni a

2. Specified coverage of the EHSBN
The EHSBN must connect all 18 major Elbonian cities: Aastdipuddle, Aeheney, Baueghourst, Bodmin, Clonmult,
Didling, Farduckmanton, Glinsk, Hrapple, Obwestry, PéagtScethrog, Snitter, Thrupp, Ullock, Vrntnrr, and Wike,

shown in the map below.
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3. Network requirements:

(&) The EHSBN must provide enough capacity for the expecteatinty peak traffic demands (see Table 2), plus a
10% overhead to account for possible variations in the traffi

(b) Elbonia has historical and geographic problems thatmtleat network links are likely to be unreliable. As a
consequence, the network design is required to be restlieany single link failures, i.e., the network must
remain connected if any single link fails. The network musbaemain connected if a single router fails. In
this case it is acceptable that customers of that PoP loasgectvity, but the rest of the network must remain

functional.

(c) In order to maintain a simple design, the network will bdlttusing a limited number of types of links, namely,
0OC48 and OC192 links. For the purpose of design we shall appede the capacities of these links as 2.5 and
10 Gbps.

(d) Links must be bi-directional and symmetric, that isrémust be equal capacity in both directions.

(e) The Elbonian government wish that the network providedgoerformance to all customers, and so require that
the network routing follow “Shortest-Paths” where pathg#mis determined by geography. In addition they
require that the longest (uncongested) round-trip timéénrtetwork be< 10 ms.
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4. Additional conditions

The Elbonian Governmentrequires that all contractorsatpeg in Elbonia use Elbonian vendors for equipment (where
available). There is one Elbonian network equipment ventidre Elbonian Rebadging Company”. The costs of
equipment from this vendor are given in Table 1.

Equipment

Cost

Description

Router
Line card 1
Line card 2

$100
$110
$230

1 Tbps router, 30 line card slof
One port OC48, 2.5 Gbps
One port 0C192, 10 Gbps

Table 1: Elbonian Rebadging Company Pricelist

(%)

The unusual terrain in Elbonian (consisting mainly of muatjuires that all works must be conducted by the Elbonian
State Digging corporation who charge a set rate for layirtgcapfiber at $4 per km. Distances between locations can
be calculated from their locations assuming that fiber isimunstraight line.

The difficult terrain requires that routers can only be pthicepopulation centers.

Source

~
&

Aaslea
Affpuddle
Aeheney
Baueghourst
Bodmin
Clonmult
Didling
Farduckmanton
Glinsk
Hrapple
Obwestry
Peaebleg
Scethrog
Snitter
Thrupp
Ullock
Vrntnrr
Wike

0.01
0.03
0.02
0.11
0.03
0.02
0.07
0.06
0.05
0.02
0.01
0.03
0.05
0.05
0.01
0.07
0.04
0.04

0.01
0.02
0.01
0.07
0.02
0.01
0.04
0.04
0.03
0.01
0.01
0.02
0.03
0.03
0.01
0.04
0.03
0.03

0.01 0.04 0.04 0.04
0.01 0.09 0.10 0.09
0.01 0.07 0.07 0.06
0.02 0.41 0.46 0.40
0.01 0.11 0.12 0.10
0.01 0.04 0.05 0.04
0.02 0.25 0.28 0.24
0.02 0.23 0.25 0.22
0.01 0.19 0.21 0.18
0.01 0.07 0.08 0.07
0.01 0.01 0.01 0.01
0.01 0.11 0.12 0.11
0.01 0.19 0.21 0.18
0.01 0.19 0.21 0.18
0.01 0.01 0.01 0.01
0.02 0.25 0.28 0.24
0.01 0.16 0.17 0.15
0.01 0.14 0.16 0.14

0.20 0.21 0.01 0.11 0.01
0.14 0.15 0.01 0.08 0.01
0.92 1.00 0.01 0.50 0.02
0.23 0.25 0.01 0.13 0.01
0.09 0.10 0.01 0.05 0.01
0.55 0.60 0.01 0.30 0.02
0.50 0.55 0.01 0.27 0.01
0.42 0.45 0.01 0.23 0.01
0.15 0.16 0.01 0.08 0.01
0.02 0.02 0.01 0.01 0.01
0.24 0.26 0.01 0.13 0.01
0.41 0.45 0.01 0.22 0.01
0.42 0.46 0.01 0.23 0.01
0.02 0.02 0.01 0.01 0.01
0.56 0.61 0.01 0.30 0.02
0.35 0.38 0.01 0.19 0.01
0.31 0.34 0.01 0.17 0.01

0.1®
0.08
0.24
0.23
0.18
0.0%4
0.01
0.1B5
0.1®
0.19
0.01
0.2%
0.19
0.18

@as3
(OTOR)
@59
@as
Qo6
@B5
@B2
Qr7
@ao
Qo1
@ae6
@16
Qr7
Qo1
@186
Q@2
@20

0.01
0.01
0.01
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

0.38
0.10
0.04
0.23
0.21
0.17
0.06
0.01
0.10
0.17
0.18
0.01
0.23
0.14
0.13

0.07
0.17
0.12
0.80
0.20
0.08
0.48
0.44
0.36
0.13
0.02
0.21
0.36
0.37
0.02
0.49
0.30
0.27

o
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Table 2: Elbonian peak traffic demands (Gbps). Note thaithia is available directly inl boni an_traffic. dat.
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4 Data and formats

All materials for this project may be foundlat t p: / / ww. mat hs. adel ai de. edu. au/ mat t hew. r oughan/ Lecture_
not es/ Comm Net Desi gn/ 06proj ect. htni

4.1 Input formats

This section details the available data files, and theiripesoput format.

Elbonia does not acknowledge imperialist western longitehd latitudes, or the ludicrous theory that the Earthuedo
The Earth is self-evidently flat, and Elbonia measures in &lative the the location of the “Elbowspont”, which used & b
part of Elbonia but was annexed by Kneebonia in the 14th cgniilne file

el boni an_city_| ocati ons. dat

gives the locations of the major Elbonian population centatrwhich the network must have a PoP. The file starts witkva fe
lines of comments, each of which starts with tHg s5ymbol. This is followed by one line for each city, e.g.,

1| Aasl ea| 73. 24| 112. 40
2| Af f puddl e| 109. 68| 119. 77

Each line has four field, separated by thesymbol. The fields are
1. the city number
2. the city name
3. thex location of the city (in km)
4. they location of the city (in km)

The map of Elbonia (that also appears in this document) isadola at the server asl boni an_nmap. eps.

The second important fileel boni an_traf fi c. dat, contains Elbonia’s expected peak traffic demands. Again th
file starts with comments, but then presents a matrix of waldée rows correspond to source (cities) and the columns to
destinations. The ordering is the same as the ordek boni an_city_| ocati ons. dat.

There is one additional filegl boni an_bor der . dat , which gives points along the border or Elbonia suitable for
drawing a map of the country.

Note that on the web page associated with this project | heweiged Matlab scripts that will read the input files (see
below for details).

4.2 Outputs

This section explains theequired format for files that are to be handed up for assessment. Ratal files will assessed by
computer without any manual intervention. Files which asein this format, and hence cannot be read, will result in &ma
of zero.

Your network design will appear in one file named

net wor k_G D. dat

where GID is your Group ID number which | will assignh once yavé given me your group members. The file will begin
with comments of the following form:

group ID=d4dD
group nmenmbers = NAMES
date = DATE
networ k cost = COST
cost breakdown
router cost = ROUTER COST
fiber cost = FIBER COST
line card cost = LI NE CARD COST

HHHHHHHHR
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where the fields on the RHS of the equalities should be reglagéhe correctinformation. You may round off your calcetht
costs to the nearest dollar.

Once you have entered your comments, you will enter the n&td@sign by inputing a list of links, one per row, in the
following format

PoPl| PoP2| t ype| n| capacity
As you can see, there are 5 fields, again separated by #yeribol. In more detail the fields are

1. PoP1:The PoP at one end of the link. Give the number frnbboni an_ci ty_| ocati ons. dat . Do not give the
name.

2. PoP2:The PoP at the other end.

3. type: this indicates whether the link uses OC48 (type=1) or OCHg#E?2) links.
4. n: the number of links.

5. capacity: the capacity of the group of links.

Note that because links are symmetric, you only need todish déink once (not twice giving each direction separatelyg.

will also assume that only one router is used per PoP, so weradd to give the links, not the routers, and the cost of the
routers is fixed, but should still be included in your totatmark costs. An example fileel boni an_exanpl e_net . dat

is provided. It is reprinted here in full:

# group ID = 2009_00
# group nmenbers = Matthew Roughan
# date = 10 March, 2009

# network cost = 16333

# cost breakdown

# router cost = 1800

# fibre cost = 5853

# line card cost = 8680
112 1]1]2.5

1116/ 1] 1] 2.5

2| 16| 1| 2] 5.0

2| 4] 1]2]5.0

2] 10]1]2]5.0

3|5/ 1]1]2.5

3113/ 1] 1| 2.5
4] 17| 2| 1] 10.0
4] 15| 2| 1] 10.0
5/13| 1] 1| 2.5
5/7] 1] 2| 5.0
6/ 15/ 1| 1| 2.5
6/ 17| 1] 1| 2.5
7118/ 1] 2| 5.0
7115/ 1] 2| 5.0
8/ 9] 2| 1] 10.0
8| 14| 2| 1| 10.0
8| 15| 1] 2| 5.0
9/10| 1] 2| 5.0
10|12 1| 1] 2.5
11] 18| 1| 2| 5.0
11] 13| 1| 2| 5.0
11| 14| 2| 1] 10. 0
12| 16| 1| 1| 2.5
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5 Hints and help

A few things to note in the above problem:

e Routers have been specifically designed so that they shibblga limitation, and given the reliability requirements
your solution should only need one router in each PoP.

e Link capacities are limited to a finite range, but there ishim to stop you from having two or more links between
two nodes if you need additional capacity. However, due ¢éonthy SPF load balancing works (with equal loads on alll
alternative paths), all of the links between one pair of sogteould have the same capacity (either they should all be
OC48s or all 0C192s).

e We assume that WDM is used so that a single optical fiber caly caany wavelengths, and hence many links (at
least at the OC48 and OC192 speeds). Hence, only one fibezdeddetween any two locations, and so the distance
component of costs is independent of the required capacity.

There are many approaches you might adopt to solving thisigm

e You could adapt one of the simple heuristics discussed tuies: a greedy algorithm, a star, or tree-like network, a
genetic algorithm, relaxation to a LP, or branch and boundcedch of these cases you will have to work out how to
map the specifics of this problem onto the appropriate alyori

e You are free to search the research literature. You migattbkcheck out journals such HSEE/ACM Transactions on
Networking, Networks, SIAM J. of Computing, Transportation Research, Mathematical Programming, J. of Algorithms
for inspiration.

There are approximately0®° 18-node biconnected graphs, so a complete search will take §me. The problem is NP-
hard, so there are no obvious short-cuts. It may be in youribtsest to try several different methods and compare the
solutions.

| have provided on my web page a number of Matlab scripts tlzgtinelp you:

e read_| i nks. mwill read a network description file in the same format as yeadto hand up. You should use this
to test that the format of your file is correct.

e read_ci ti es. mwill read the list of Elbonian cities in the given file formdathis is included as an example of how
to easily read in formated text files into Matlab.

e el boni an_net wor k_map. mdraws a picture of Elbonia, and a prospective network. lesaks input a network
description file in the same format as you need to handoutitaigb uses the following two data files:

el boni an_city_| ocati ons. dat
el boni an_bor der . dat

which must be in the same directory.

e conput e_I| i nk_cost. mcomputes the cost of links so that we are all in agreementtah@ucost. You need to
understand this function though, don't just use it blindly.

e di st ance2del ay. mconvert distances (in km) into approximate propagatioayte(in seconds).

e el boni an_exanpl e_net . dat is an example network, showing the data format requiredhieissignment. The
network is illustrated irel boni an_exanpl e_net . eps.

You may also wish to use your Dijkstra code from earlier in¢barse, but there are also many useful resources on the Inter
net, for instance, you may use code from the MatlabBGP kbhnart p: / / www. mat hwor ks. com nat | abcentral /
fil eexchange/ 10922.

However, your reporMUST reference any third party code you have used, describe haasitused, and exhibit your
understanding of what the code does. That's easy for DgKstssuming you got full marks for your assignment), but ton’
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take random chunks of code from the Internet and use thenalikack box. Show me that at the very least, you understand
their assumptions, limitations, and advantages.

Your expected workload for this project is 70 hours per persobviously this will vary between groups, the figure is
included only as a guideline, and to ensure that you spreadititkload out across the semester (do not attempt to do this
project in the last week).
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