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T
e Ti cival aBepaidoTnTa?

e MovTteAoTroiwvTag Tnv aBepaidTnTa

e AvdaAuon EuvaioBnoiag

e AvdaAuon Kivouvwyv

e MovTteAotroinon o€ TePIBAAAOV TTPOCOUOIWGCNG
- Monte Carlo oto Crystal Ball
- MNapadeiypata

e AtloAGynon
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H avdAuon kivduvwyv oTn govreAoTtroinon tng
avaAuong emevduoewv

SCENARIO DESCRIPTION

Regulation, Service,
Competition, Technology
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AvdAuon Evaio®noiag
<

e TioupPaivel €qv...;

e MéBodog
— OIGAEEE TIG TTOIO KPIOIYEG TTAPAPETPOUG
- Béoe opia yia Tnv mBavr| paraBAnToTnTa Toug (e 95%

1

eutmoTooulvn)
e AtroteAéopaTta
- emidpacon otnv NPV

e cUpog TIywV TG NPV
e BaBudg evaioBnaoiag: T6co n NPV petadAetar (kAion amrd mn

Baaikn Tiun)

e £Upog Tipwv IRR

- emidpacon otnv IRR
e (aBudg euaiobnaoiag: Mooo n IRR petaBdaAeTal (kKAion atté N

Baaikr Tiun, x1 TTAVTA YPOUUIKO)
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AvdAuon EvaioBnoiag
NPV o¢ oxéon pe Tn Baoikn mepimTwon

NPV sensitivity ranges (single parameter change)

T

Low value

High value

T
UMTS tariff |
multiplier

GSM penetration
ir‘m 2000

Market Share in
‘2009

Market Share in
2000

UMTS voice fee |

UMTS licence fee

1

T T

-6.000 -4.000

-2.000 0

2.000 4.000 6.000

Change in NPV in MEURO (compared to base case :4'961 MEURO)
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AvdAuon EvaioBnoiag

NPV o¢ oxéon pe Tn Baoikn mepimTwon

5.000 ~

4.000

3.000

2.000

-J

1.000 ~

-1.000

-2.000

-3.000 ~

-4.000 ~

-5.000
UMTS tariff
multiplier |

Market
Share in
2009 |

UMTS BTS
cost
multiplier |

umTS
licence fee |

Market
Share in
2009 G

UMTS BTS
cost
multiplier G

UMTS
licence fee G

UMTS tariff
multiplier G

‘lLowvaIue -4.277

-3.425 200 857

-3.188 -3.866 204 911

|OHighvalue | 4121

1.142 -2.961 -857

3.035 1.188 -3.301 -911
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7R AvdaAuon Kivouvwy

e ABefBaidTnTa OTIG TTAPANETPOUG TNG AYOPAS
- Méyebog ayopdg
- Mepidio ayopdg
- XapaKTnEIoTIK& UTTNPECIWV
e ABeBaidTNTa OTIC TTAPAPETPOUG KOOTOUG
- KoaoTog ayopdg
- E&ENEN k6OTOUG
- E&ENEN TexvoAoyiag
- XapaKTnpIoTIKA TTEPIOXAG
e [lapayoueva atToTEAECUATA:
e YTTOAOYIOUOG TNG TBAVOTNTAG VA £XOUME UEIWMEVES
NPV, IRR KATT...
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What is uncertainty (modelling)?
e ]

It's Essential to distinguish between variation, "true”
uncertainty and decision/strategic variables
Variation:

- Variation depends on the details of gathered data e.g.
geographic and demographic characteristics, existing market
figures, ...

True uncertainty:

- Future penetration, market share evolution, cost evolution,

technology development, ...
Decision variables:

- Variables that are under some control of the company e.g.
coverage, timing of investment, service mix and time of launch,
pricing variables, ...
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“ﬁ: Modelling uncertainty
T EEEEEEEEEE———

e Define probability density functions (pdf) given a set of
parameters e.g. expected value, confidence interval,
maximum and minimum values

- Choice of pdf can be difficult to justify when no historical value
is available

- Confidence interval or percentiles are more intuitive metrics
than the standard deviation

EKITA - Tijpo [TAnpogopiknig & Tihemkovovioy
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o Uncertainity and Risk
e |
Forecast: C7
2.000 Trials Frequency Chart 1.970 Displayed
. 1026
e Project A
1020
e Mean 11,58 2 ]
S5 o1 2
e 0=9,06 H g
& 0074 2
,000-.
. Forecast: F7
[ ] PrOJeCt B 2.000 Trials Frequency Chart 1.979 Displayed
1032 - 63
e Mean 45,36
° 0:15,98 2 024 47,25 -
TR
= =2
& 008 15,75 @
T T,
4,38 24,60 44,82 65,04 85,26
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“g: Uncertainity and Risk
T EEEEEEEEEE———

. . Forecast: C7
[ P rOJ eCt A ( R|S k) 2.000 Trials Frequency Chart 1.970 Displayed
,026 - 52
e Mean 11,58
10201 - 39
e 0=9,06 £ g
S ony L2 =
e 9,2% perc<=0 £ 2
&£ 0074 1B @
,000-—+ g o <« 0
-10,55 087 12,30 23,73 35,15
Certainty is 90,80% from 0,00 to +Infinity
e Project B (uncertain) E—
° Mean 45 36 2.000 Trials Frequency Chart 1.979 Displayed
El 032 |- 63
[ ] 0:1 5798 = 1024 47,25 -
[ ] 50/0 perc=22 % 016 315 g
o 95% perc =75 AR el
oo AR ..,
4,38 24,60 4482 65,04 85,26
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};; Possible -> Probable
]

e What is Possible?
e What is Probable?
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?f@; Alternative parameter sets

e Mean and standard deviation
e Percentiles

e Mode (most expected value)and lower/higher
percentile
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Probability distributions (pdf)

e Continuous distributions:
- Normal
- Lognormal
- Beta
- Gamma
- Uniform
- Exponential

e Discrete distrubutions
- Binomial
- Hypergeometric
- Poisson
- Geometric
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?f:; Beta distribution — characteristics

Definition:

B(X) = — w1 =x), Blaw)= ZW0) o)

B(u,v) T(u+v)
Most expected value
(mode), X,
Mzosz )(M :/17_1
dx u+v-1

=(b-a) Lol L,
H+v—1
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=0 walCuiating pardirieters o1 d pul.
R Beta

Example — 90% confidence interval defined:

r”""" p(x)dx = _[ = p(x)dx J'X " p(x)dx

Xeont,1
§( Vs Xcoan) (/u’v’xconf.L)
E( con[H) ( 79(/‘)7Xcon1;L):0~90

where w(l=X,, )+2X%,, -1 w(Yy, —a)+2Y,, —(b+a)
V:g(u): X =
v Y, -a

1 and thereby also v are found by using Solver
Cumulative Beta-distribution is a built-in function in Excel

Ref. Elnegaard N. K., et al. “Analysing the Impact of Forecast Uncertainties in Broadband Access Rollouts by
the Use of Risk Analysis” Telektronikk(100) no 4, 2004, pp 157-167
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Transformation of a random variable

Given a random variable with mode, minimum, maximum
and confidence interval:

Y . <Y

min conf, L

Vi <o < Vo

Find the parameters of the Beta-distributed variable X :

Y= (Ymax Yo )X Yo &
— Y- Ymin
Ymax - Ymin
EKTIA - Tpjpa Iinpopopuais & TnAemucovmvidy Ap. A. Karowivng Tegvooixovopukiy Avidvon Aitiov

Beta distribution: =3, v=3

Xy =0.5

e / N\
1 / \
08 / \

0A4 N\
0:2 / AN
0 q( %

0 0.1 02 03 04 05 06 07 08 09 1
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Beta distribution: u =2, V:XS= 02

3

25

EKIIA - Tpipoe ITkinpogopikiig & Tniemkovavidv

Ap. A. Kazoung Tegvootkovopuxii Avidwon Aoy

Beta distribution: =6, v=3
Xy =5/7~0.714

-
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Beta distribution: 4=1, v=1

1.2

1

0.8

0.6

0.4

0.2 {

0

0 0.1 02 03 04 05 06 07 08 09 1

e Definition:

1 Xp{— (In(x)- s, f }

X)=
p(x) mamgxe 207

Log

e Most expected value (mode), X, :

de:03 XM :exp{ﬂLug _Gzog}

dx
e Mean and variance:

H= exp{ﬂ]_ug + o-gog}, 0-2 = exp{z/u]-ug + Gfog }[exp{o-zog }_ 1]

EKIIA - Tuipe [Inpopopikig & ThAETKowovidy Ap. A, Kaorivne Tegvoorovopii) Avidon Atciov
i Lognormal distribution — characteristics
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Method

Project setting

L for every decision vector

i
perform simulation

l

risk profile store result

v
compare results*

l

make decision

EKITIA - Tunua [inpopopikng & Tniemiovovidy
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Monte Carlo Simulation in Crystal Ball
.|

e A number of uncertainty variables are selected and
defined by probability distributions

e Forecast functions are defined such as NPV
- IRR generally not recommended (!)

e A predefined number of runs in the simulation is
carried out — in each run a new random number is
picked from each distribution

e Complete statistics on forecast functions are generated

e Ranking of uncertainty variables with respect to rank
correlation with forecasts

EKITIA - Tunua [inpopopikng & Tniemiovovidy
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Risk Analysis

Component Price

X NPV _
10 000 Trials Frequency Chart 52 Outliers
,027 269
£ 020 201,7 3
068 074 08 08 092 5’ e
< 013 L 134,5 §
. . 3
Service Penetration T 007 | 67,252
ﬁ"g’ 000 0
¢ -3000 1000 1000 3000 5000
KE

e Statistical Variation of the input
parameters

Using Monte Carlo Simulation

Results: probability distribution,
risk profile of the business case

= . ° Ext(_an_ded basis for investment
decisions

1,09 1,54 2,00 2,46

Revenue per customer

EKITIA - Tunua [inpopopikng & Tniemiovovidy
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Risk Analysis (probable)

Forecast: NPV
1.000 Trials Frequency Chart 988 Displayed
,0381 - 38
,029 A 28,5
2 A
E o1 ) ; 2
= o 192
£ - [z}
= =
& 0104 -95 2
,000- T °
-317.277.492  -86.334.971  144.607.551  375550.072  606.492.594
Certainty is 82,10% from 0 to +Infinity
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Risk Analysis - NPV

Forecast: NPV

1.000 Trials Frequency Chart 988 Displayed
,038 - 38
029 A 285
-
- — —
= 2
4 019 19
" ” =
< S
=
@ 010 95 &
,000-— -0
-317.277.492  -86.334.971 144.607.551 375.550.072 606.492.594
Certainty is 82,10% from 0 to +Infinity
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[= B9t Wiew Insert rormat Iools Data wWirdow el Run CBloos Delp Tomc =1
S © 5[ 4 T E E| U g SR |as i FEID =G e (B e« [@uwE 056
5@‘@|n-m-}:f.|ﬂ|_mo%v@_JArial -10-|31g| ‘$€%,753;°,3‘ Bo-A
23 - =
A B | ¢ [ D [ E [ F [ & [ W [ 1 [ J [ K [ L [ ™ [ N | 0
Uncertainty parameters:
.
Minirum  LowConf | Default  HighConf Maximum o i
1. Tatal broadband penetration, 2008 40 % 45 % 55 % B0 % B5 % 4.49 333
2, CATY operator market share, 2006 B0 % B5 % 85 % 88 % 90 % 8.35 2.47
3. WDSL shara of xDSL, 2006 5% 45 % 75 % 95%  100% | 428 475
DSyt EEr LA RS
b5 % 0%  125% 15% 187 294
Vel FoEsE WY BO%  100% 120% 150% | 383 | 572
MarketS hareCATY B4 [ | H =] [0% 15 % 20 % 25 % 4.94 4.94
& alosCosts e i ' 5% 7% 0% | 12% | a6 451
TotalPenetration EA] : - 3% 5t B % % | 233 | 332
ContentCostevDSL 2 | : 4% 5% 0% 15% | 286 | 932
T aiifffteduction _'23 : - : 5 % 20 % 40 % a0 % 2.78 6.34
Frovisioning - - 5 % 20 % 25 % 30 % 194 4.94
PriceE wolutionE quipment_xDSL 20 - !
WDSLADSL 17 H | H
Netwark Mperations .15 : | :
MaintenanceCosts -14 : | :
ContentCostsADSL .09 ! ] ! T4
LLUBADSL 03 1 1 1 —
E 3 E =] |shares
Al 05 0 05 1
Measured by Rank Correlation 2002 2003 2004 2005 2006 | hlin Low conf,
Help ns A Mainlnput £ Architecture /£ Market Shares £ | 4] |




[= B9t Wiew Insert rormat Iools Data wWirdow el Run CBloos Delp Tomc =1

S © 5[ 4 T E E| U g SR |as i FEID =G e (B e« [@uwE 056

| arial

SR <o = Ala e -3, B €%, W
23 >

A | B | FomuaBar[p E | F] = [ H ] | [ J TR L [ wm [ N [ ©

Uncertainty parameters:

Minirum  LowConf | Default  HighConf Maximum o i
1. Tatal broadband penetration, 2008 40 % 45 % 55 % B0 % B5 % 4.49 333
2, CATY operator market share, 2006 B0 % B5 % 85 % 88 % 90 % 8.35 2.47
3. WDSL share of xDSL, 2006 25 % 45 % 75 % 95 % 100 % 4.28 4.78
Chart [0 % 50 % B0 % 70 % 4.54 4.94
P.5 % 10 % 125 % 15 % 487 284
Venig= A== (P B0%  100% 120% 150% | 383 | &72
MarketS hareCATY 6% i H =] [0% 15 % 20 % 25 % 484 4.94
SalesCosts 151% i 1 H 5% 7% 10 % 12 % 381 451
TotalPenetration 0% : : : 3% 5t B % % | 233 | 332
ContertCostvDEL 108% ; 1 ; 4% 5% D% 15% | 286 | 942
T ariffFieduction 503 ! ! ! 15 % 20% 40 % 50 % 278 6.34
- ' ! ' 15 % 20 % 25 % 30 % 4.84 4.94
Provisioning 4.4% ' | '
PriceE volutionE quipment_xDSL 427 ' i '
YDSLADSL 29% i . ' H
Network(perations 23 I : ; :
MaintenanceCosts 19z |l ! ' !
ContertCostsADSL 07% : ! : A2
LLUBDSL 0% —
| ! | =] |shares
0% 25% 0% 7H% 100%
Measured by Contibution to Yariance 2002 2003 2004 2005 2006 | Min | Low conf,

Help ns A Mainlnpat J Architecture # Market Shares /|4 |

Penetration-Forecast

Example — asymmetric S-curve:

( _ M
- (1+exp(a + )y
Given: penetration at T, and T,, M and y. Find g and

(24
Ex.: uncertainty defined as the uncertainty in S (T,)

vV

M

_ v s(m)

S A Y
M
s(T)

EKITA - Tijpo [TAnpogopiknig & Tihemkovovioy
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”‘g‘; Evaluation of the MC methodology -1

e Low-cost and easy-to-use commercial software e.g.
Crystal Ball®

e All well-known as well as customized probability
distributions for modelling uncertainty variables
available in the menue

e Some software packages distinguish between
uncertainty variables and decision variables e.g.
Crystal Ball®

e Automised sensitivity analysis of many variables which
change simultaneously

e Correlation can be taken into account

e Probability of events can be measured as e.g
P(NPV>0)

EKITIA - Tunua [inpopopikng & Tniemiovovidy

=

: Evaluation of the MC methodology - 2
e

o

=

= o In practical life, suitable distributions may be very difficult to
justify — particularly if no historical data is available

e Flexibility is not catered for as in option pricing and decision
tree methodologies

e Correlations between variables difficult to justify

e Should be used with care: two many variables increases
calculation time and the model may become too complex to
understand and explain

EKITIA - Tunua [inpopopikng & Tniemiovovidy

16



e Literature Reviews

e Broadband Access Networks Introduction strategies and techno-
economic evaluation Edited by L.A. IMS Published within the
Telecommunications Technology And Applications Series by
Chapman & Hall 1998 ISBN 0 412 82820 0
http://www.decisioneering.com
http://www.portfolioriskanalysis.com/

Elnegaard N. K., et al. “Analysing the Impact of Forecast
Uncertainties in Broadband Access Rollouts by the Use of Risk
Analysis” Telektronikk(100) no 4, 2004, pp 157-167
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