Introduction to Simulation:
Modeling and Monte Carlo Simulation

Tomi Seppala

Department of Information
and Service Management
Aalto University School of Business
Simulation (30E00400)
Lecture 1, Fall 2022



Example: Overbooking

How many flight reservations should an airline
company take if they know that an uncertain
number of passengers will not arrive to the flight

Airline company wants to optimize their
economic gain

Every ticket not sold is an opportunity loss

Every overbooking is costly since compensation
needs to paid to those who do not fit to the plane

Can simulate but need a mathematical model
iInvolving probabilities of the demand, showups



Example: Food Safety

Food Safety Organization is interested in the effects of
harmful content in certain foods

Harmful content X in foods

— The amount varies per unit

People eat various kinds and amounts of food
How much is harmful varies from person to person
Question: How much is too much?

We are interested in

— Intakes

— Health effects

— Economic effects



Quantification

All of the above need quantitative
measures

They are very rarely constant, but vary
Lots of uncertainty
Need probabilistic models



Probabilistic modelling

Statistical Variability

Uncertainty

Quantitative models
Probabilistic (stochastic) models
Randomness

Random variable

Probability distribution




Statistical Variability

* Variation in a system or process that is
affected by chance

 Examples
— QOutcome when tossing a coin: heads or tails
— Number of passengers show up on a flight
— Weight of an egg
— Measures in production process
— Food intake
— Stock price eftc....



Uncertainty

* Degree of beliefs that something is true

 Examples

— Belief of the probability of "heads” when
tossing a coin

— Probabillity that it will rain tomorrow

— Probability that Finland will qualify for the next
World cup in football

— Average content X in certain food



Quantitative Probabilistic

model model

A modelis a logical * Quantitative model
description of a where probabilities
phenomenon or how are used
a system performs « Used to model

* Quantitative model is variability and
a mathematical or uncertainty as
numerical randomness

representation of a
phenomenon or a
system



Randomness and Random
Variables

« Randomness is described through random variables
« Random variables assign probabilities to possible events

 Examples
— result from tossing a coin: heads/tails
— sum of two dice
— number of goals in a soccer game
— weight of an egg
— income
— stock price
— unemployment rate
— etc. etc.



Probability distribution

 Random variables and their corresponding
probabilities can be described through
probability distributions

 Examples
— Binomial distribution
— Uniform distribution
— Normal distribution
— Exponential distribution
— Poisson distribution
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Binomial distribution Bin(n,p)

Number of occurrences when
n="number of trials’
p="probability of success’

An example of a discrete probability distribution
n and p are parameters
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Uniform distribution U(a,b)

An example of a continuous probability distribution

f(x) probability density function f(x)
bl—a I . "
a b X

Parameters a and b; how do interpret them in this case?
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http://upload.wikimedia.org/wikipedia/commons/9/9c/Uniform_distribution_PDF.png

Normal distribution N(u,c2)

u='average’ c='standard deviation’
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http://upload.wikimedia.org/wikipedia/commons/7/74/Normal_Distribution_PDF.svg

Exponential distribution Exp(2.)

Typically: Waiting time when
A="average number of occurrences per time unit
only one parameter A

)

>
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ho
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http://upload.wikimedia.org/wikipedia/commons/b/b1/Exponential_distribution_pdf.png

Poisson distribution Poisson(})

Number of occurrences when

A="average number of occurrences per time unit’
only one parameter A
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Monte Carlo Simulation

« Simulation is a method that is used to
give new knowledge of the system of
interest by imitating a system of interest
artificially, often with the help of a
computer.

* Monte Carlo Simulation is a simulation
technique that uses random numbers and
probability to solve problems involving
variability and uncertainty but it can also
be used to deterministic problems
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Examples

Testing cars and airplanes
Practice of astronauts

Traffic engineering and disaster response
planning

Production and inventory simulation
Business Games

Finance: e.g. simulation of stock prices
Risk and reliability

Population growth

How does corona virus spread?
Optimization

Approximating intractable integrals
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How to study a system

Experiment
with the
actud system

Experiment
with a mode
of the system

Physica
model

Mathematica

o

Andytica
solution

Simulation
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Some History of Monte Carlo

Simulation

 Monte Carlo Sampling was a code name for
the Manhattan Project at Los Alamos for the
atom bomb during the second world war.

* In this project von Neumann and Ulam used
simulation for the probabilistic problems
concerned with random neutron diffusion in
fissile material

 However, already in the second half of the
nineteenth century simulation experiments were
performed by throwing needles randomly on the
table to approximate the value of Pl (Buffon's
needle problem)
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Buffon’'s needle problem

https://en.wikipedia.org/wiki/Buffon%27s needle problem
https://www.youtube.com/watch?v=sJVivijuMfWA
Drop a needle randomly on floor with parallel lines with equal
distance to each other. What is the probability p that the needle
will lie across a line?
L=the length of a needle
T=distance between two lines

It turns out that that if L<T, the probability p = %

If this is simulated enough times, we get a numerical

estimate of p, and can calculate an estimate of & 20


https://en.wikipedia.org/wiki/Buffon%27s_needle_problem
https://www.youtube.com/watch?v=sJVivjuMfWA

Simulation modeling

« Simulation is based on a model, that is an
abstraction, or simplification of the real
system, but includes all the relevant
aspects of the system. The model is a
proxy to the real system.
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Goals of Simulation

Give an overview of the real system using
statistics (e.g. mean, standard deviation or
probability distribution)

Estimating profit or cost
Forecasting

Estimating probabilities of events (e.q.
risks)

Testing a model
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Advantages of studying the
system vs. a model

System
* No concerns about validity

« May be impractical or impossible (system may
not exist)

Model
* Must be concerned with validity
« Generally much easier to work with

« Can “exercise” it for many more situations than
system
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Simulation as input-output -model

4

SIMULATION OUTPUT>
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Types of
Systems

(and Models)

Deterministic
(Scenarios)

Stochastic
(Monte Carlo)

No randomness
Inputs are exact, no
uncertainty

One model needs only
one run

Random inputs—uncertain
Inputs are from “known”
probability distributions
One model needs more
than one run

Deterministic forecasting
over time

Dynamic macroeconomic
models

Static No time Financial scenarios Classical “Monte Carlo”
element Cash flows simulation
Can use regression Estimate intractable sums
models dependent vs. or integrals (e.g. average)
independent variable Get empirical distribution of
combinations a new test statistic for some
null hypothesis
One period asset pricing
Dynamic | Passage | Cash flows with Queueing models
of time is | discounting representing service,
important | Differential-equation manufacturing, computer, or
part of models of population communications systems
model growth and decay Inventory models

Multi-period asset pricing
Option pricing
Forecasting

Compute “exactly” desired
output quantities; but no
information on their
accuracy or uncertainty!

Can only estimate desired
output quantities but can
consider their accuracy and
uncertainty of inputs and
outputs!
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Example (deterministic model):

Intake of harmful content in food

Amount of harmful content: p=0,150 %
How much eat (kg): X=2

Intake of harmful content (g): Y=pX=3
How much is critical (g)? C=4

Is it harmful (Y>C)?
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Monte Carlo Simulation model
Intake of harmful content

The model includes stochastic elements

Amount of harmful content:
P~N(0.15%,(0.03%)?)

How much eat (kg): X~Beta(1,2,1,4)
Intake of harmful content (g): Y=pX
How much is critical? C~N(4, 0.82)
Is it harmful (Y>C)? OUTPUT
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Results of simulation

min

max

average
median
st.dev

st.error of avg

(estimates)

E = 3 %
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p X Y=p*X c YES/NO
0.059 % 1.001 0.790 1.830 0
0.237 % 3.850 7.827 7.116 1
0.151 % 1.986 3.006 3.990 0.250
0.152 % 1.830 2.719 4.004 0
0.030 % 0.708 1.263 0.793 0.433
0.001 % 0.022 0.040 0.025 0.014
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Simulation

		Example: Harmful content

								Parameters

		Amount of harmful content:		p=		0.110 %		0.150 %		0.030 %

		How much eat (kg):		X=		2.307		1		2		1		4

		Intake (g)		Y=p*X=		2.543		1.5

		How much is critical (g)?		c=		3.563		4		0.8

		Is it too much (Y>c)?				NO		NO

						1

						2

				0.150 %		1		1.5		4

				0.030 %		4				0.8		NO

				Amount of harmful content:		How much eat (kg):		Intake (g)		How much is critical (g)?		Is it too much (Y>c)?						Amount of harmful content:		How much eat (kg):		Intake (g)		How much is critical (g)?		Is it harmful (Y>c)?

				p		X		Y=p*X		c		YES=1						p		X		Y=p*X		c		YES/NO

				0.190 %		1.6017482664		3.0506369299		4.5899388727		0				min		0.059 %		1.000		0.907		1.446		0

				0.167 %		2.4285031153		4.0610095778		4.2731054382		0				max		0.268 %		3.926		7.661		6.292		1

				0.088 %		1.0334545636		0.9074083759		3.514654492		0				average		0.151 %		1.998		3.029		3.974		0.242

				0.167 %		2.1961571886		3.6637867992		3.9462031676		0				median		0.153 %		1.881		2.816		3.951		0

				0.122 %		3.7421529907		4.5525793061		5.6337191349		0				st.dev		0.030 %		0.695		1.225		0.777		0.429

				0.127 %		1.0373768329		1.3135170933		4.7626956678		0				st.error of avg		0.001 %		0.022		0.039		0.025		0.014

				0.135 %		1.2671013215		1.7107761556		4.4757774969		0

				0.163 %		1.3971079379		2.281476693		4.6787114753		0								Class								Cumulative

				0.215 %		1.455940158		3.1283161766		3.0523531454		1								Lower		Upper		Freq.		Percent		Percent

				0.160 %		1.6038203264		2.5730718089		3.1758504335		0								0		0.5		0		0.0 %		0.0 %

				0.198 %		2.1260437512		4.2009958254		3.2393308193		1								0.5		1		4		0.4 %		0.4 %

				0.154 %		3.0036104195		4.6163656578		3.9907779507		1								1		1.5		58		5.8 %		6.2 %

				0.122 %		1.6291910818		1.9826764282		4.3164786268		0								1.5		2		174		17.4 %		23.6 %

				0.148 %		1.3350213285		1.9697112176		3.6082845652		0								2		2.5		150		15.0 %		38.6 %

				0.137 %		1.4648162381		2.0034894282		4.6250733449		0								2.5		3		174		17.4 %		56.0 %

				0.193 %		1.1950850583		2.3031494137		3.9979819741		0								3		3.5		123		12.3 %		68.3 %

				0.170 %		2.7682487582		4.699518941		4.0344870856		1								3.5		4		117		11.7 %		80.0 %

				0.152 %		1.0084383404		1.5371047184		2.69889111		0								4		4.5		71		7.1 %		87.1 %

				0.166 %		1.7147748666		2.8481276895		2.249175702		1								4.5		5		48		4.8 %		91.9 %

				0.103 %		1.3320474345		1.3741029248		3.9584376754		0								5		5.5		40		4.0 %		95.9 %

				0.158 %		1.2425616081		1.9676746921		4.6332162795		0								5.5		6		20		2.0 %		97.9 %

				0.158 %		1.2470010637		1.9708473657		3.0093267605		0								6		6.5		13		1.3 %		99.2 %

				0.131 %		2.8106688921		3.6956682927		3.5631497317		1								6.5		7		5		0.5 %		99.7 %

				0.160 %		1.9462246901		3.1064850306		2.2940492871		1								7		7.5		2		0.2 %		99.9 %

				0.143 %		1.3159404915		1.8786743596		2.6827301288		0								7.5		8		1		0.1 %		100.0 %

				0.108 %		3.0509384683		3.2852017018		5.0708431295		0								8		8.5		0		0.0 %		100.0 %

				0.095 %		1.1531829846		1.098726665		3.4489610531		0								8.5		9		0		0.0 %		100.0 %

				0.138 %		1.3747049645		1.89343835		3.7296114239		0								9		9.5		0		0.0 %		100.0 %

				0.160 %		1.0391810647		1.6659242339		4.1877375264		0								9.5		10		0		0.0 %		100.0 %

				0.135 %		1.4251599975		1.9216571329		3.9485582407		0										Sum		1000

				0.151 %		1.0093003579		1.5243105657		4.2091014442		0

				0.193 %		2.6137040451		5.0426341186		2.4497094906		1

				0.170 %		2.2819906924		3.8712488104		4.0498785451		0

				0.212 %		2.4339752039		5.1626873519		3.6003904494		1

				0.096 %		1.814611226		1.7388073005		4.9128918016		0

				0.071 %		2.2538865229		1.597960479		2.8456209109		0

				0.160 %		3.1741990572		5.0847859905		5.0363010025		1

				0.132 %		2.542686409		3.3552124279		5.3149069481		0

				0.158 %		2.751449227		4.3421473		3.937617207		1

				0.161 %		2.4612336616		3.9619981755		3.1327138679		1

				0.165 %		1.2066079155		1.9853837189		3.8132403596		0

				0.075 %		1.292018335		0.9654823042		2.9858754927		0

				0.112 %		3.3881463391		3.7793496792		4.2576182092		0

				0.158 %		1.386270351		2.1872204467		3.4608435492		0

				0.121 %		2.7806760793		3.3627433114		3.6649131068		0

				0.122 %		2.1801820027		2.6600227344		4.2296811854		0

				0.159 %		2.5277299592		4.0101268122		4.7748684278		0

				0.155 %		2.2093144351		3.4313009196		3.5186347433		0

				0.199 %		2.806083501		5.5711948821		3.9581226144		1

				0.083 %		1.8416160773		1.5267621333		4.9508902053		0

				0.119 %		1.3864537663		1.6444295902		3.7976636191		0

				0.169 %		1.0284987797		1.7420494092		1.4461399589		1

				0.144 %		3.3876384289		4.8943798528		3.1096734284		1

				0.149 %		1.5172049928		2.2655962317		4.318721839		0

				0.129 %		1.5387056698		1.9782139485		3.9518209544		0

				0.171 %		1.7889937078		3.0507296785		4.4516825774		0

				0.127 %		1.5850038897		2.0195096813		3.1873451723		0

				0.184 %		1.8702612888		3.4342568808		3.0771578725		1

				0.174 %		1.855098288		3.2359223566		3.8774068687		0

				0.135 %		2.9502223408		3.9873413933		2.8509076189		1

				0.160 %		1.7422098924		2.7864762488		3.3920733483		0

				0.168 %		2.8111042097		4.711373374		3.8670461469		1

				0.143 %		2.9089742435		4.1634997365		4.9578750374		0

				0.114 %		1.9060333009		2.1679254674		5.071762396		0

				0.181 %		1.746701124		3.1543023591		4.7047037311		0

				0.160 %		3.1790480224		5.09928441		3.6518009047		1

				0.183 %		2.1469105319		3.9347760355		3.0517736601		1

				0.184 %		2.5668351788		4.7350921231		4.694950174		1

				0.159 %		2.7639103421		4.3960307058		3.4296867825		1

				0.141 %		1.9070887963		2.6808387372		2.1325232029		1

				0.160 %		1.0785388353		1.7291030464		3.843786142		0

				0.159 %		1.2897600654		2.0536751206		3.9968549345		0

				0.189 %		2.3234890356		4.4004385524		3.7873744516		1

				0.225 %		2.8665331388		6.4496535412		4.8517925584		1

				0.168 %		1.8365955612		3.0856182511		3.4827090948		0

				0.148 %		1.4362846423		2.1189640089		4.4810289542		0

				0.214 %		1.7336828007		3.7170388925		3.1042739021		1

				0.148 %		2.4984504128		3.7065603248		4.7568334582		0

				0.120 %		3.2029077679		3.8377352964		5.0476393598		0

				0.158 %		2.1260638687		3.3574449752		4.5596249142		0

				0.114 %		3.2746605068		3.7444321521		2.5336150864		1

				0.154 %		2.4708750796		3.8059295945		4.5007297675		0

				0.168 %		1.2771675865		2.1456036915		5.2780342375		0

				0.120 %		1.6530143468		1.9770034129		3.5112811004		0

				0.161 %		3.0863699954		4.9735815249		4.2201017624		1

				0.173 %		1.5079590288		2.6012699878		4.2699168185		0

				0.207 %		2.4231651405		5.0121396921		4.2749868977		1

				0.177 %		1.5413576294		2.7323777724		3.1280451065		0

				0.163 %		1.7637124942		2.8827879492		3.3995715702		0

				0.152 %		1.1106801607		1.6878669249		4.1145722149		0

				0.182 %		1.3373069085		2.4272937397		4.3065542821		0

				0.145 %		1.0795826588		1.5641430133		3.7206539638		0

				0.171 %		3.1356016844		5.3555034958		5.2342591958		1

				0.145 %		1.8049285712		2.6090442081		4.6963673582		0

				0.127 %		1.2155966756		1.5396660097		4.5796560884		0

				0.136 %		1.7230724192		2.3365849965		3.7769500877		0

				0.158 %		1.1361371422		1.7992377839		4.438732435		0

				0.118 %		3.5393560047		4.181719122		3.1093411966		1

				0.131 %		1.1708676476		1.5312224182		4.2151094274		0

				0.175 %		1.1152404207		1.9492756343		4.3377857919		0

				0.152 %		1.3126374708		1.9897265474		3.8972292926		0

				0.127 %		2.8987863094		3.6794048996		5.5224494983		0

				0.176 %		3.6625616093		6.4358467571		3.6876571296		1

				0.143 %		1.2161586298		1.7445472843		3.3545988721		0

				0.108 %		1.8383200432		1.9833699655		5.1003388099		0

				0.160 %		1.7521367891		2.7990001156		4.1833485307		0

				0.185 %		1.4893273847		2.758840042		4.1553929752		0

				0.227 %		1.8642624959		4.2333274643		3.4093764534		1

				0.137 %		2.3724283211		3.2534020219		3.5241052927		0

				0.199 %		2.1186697541		4.2103303733		3.7733321855		1

				0.204 %		1.733236284		3.5428608315		3.4006301203		1

				0.169 %		2.2005475014		3.7090601233		5.1438669689		0

				0.166 %		1.6195067409		2.6814220657		4.1482714378		0

				0.171 %		1.9833613199		3.4001876889		5.6994431834		0

				0.139 %		1.9097728545		2.6568376182		3.8937553533		0

				0.137 %		1.5967248192		2.1800259335		1.8869272324		1

				0.195 %		1.7429330653		3.406023974		4.6582739586		0

				0.129 %		1.2873196987		1.6549812088		4.0388740778		0

				0.126 %		1.3780835912		1.7331363623		3.7103504231		0

				0.168 %		2.4162415871		4.0596915666		4.4455804145		0

				0.133 %		1.1328921078		1.5048260739		4.9938429191		0

				0.173 %		2.4969131274		4.3168889916		4.1875603334		1

				0.137 %		2.5976994296		3.5688012162		5.3411205819		0

				0.125 %		2.8299452029		3.5362625998		3.3060677692		1

				0.146 %		2.4360298865		3.5487712988		3.9490346521		0

				0.114 %		1.6245856491		1.856796435		3.6334160194		0

				0.165 %		1.5723759099		2.5988061179		2.8524602263		0

				0.210 %		3.0736348415		6.4571912204		4.8080717697		1

				0.123 %		2.0635023223		2.5351282332		3.3050543398		0

				0.131 %		1.6160083847		2.1119868796		3.570185454		0

				0.158 %		1.2149148869		1.9238191521		3.3492104617		0

				0.110 %		2.4656556369		2.7041799358		3.5653424728		0

				0.184 %		1.0127823594		1.8646027756		5.2596099378		0

				0.181 %		2.8984572488		5.2523170449		3.2686741916		1

				0.153 %		1.0719369319		1.6374269838		2.2691075463		0

				0.115 %		1.0012556405		1.1486001662		5.2867173164		0

				0.171 %		1.1685793557		1.9933754776		4.7747062856		0

				0.131 %		1.00385482		1.3194473938		4.5094496474		0

				0.125 %		1.0036259474		1.2588107997		4.0474076255		0

				0.119 %		2.819976967		3.3536223898		5.1408125319		0

				0.149 %		1.334028474		1.9875375554		3.7007627263		0

				0.171 %		2.0064967442		3.4278239236		3.7855782418		0

				0.160 %		3.523870501		5.6249715214		3.7850464801		1

				0.133 %		2.3607193415		3.1444663094		2.2241255164		1

				0.176 %		1.0134805633		1.7810053127		3.8289003841		0

				0.134 %		3.2187774924		4.3075320384		4.6017248067		0

				0.124 %		1.2800598331		1.5898233434		4.0234518373		0

				0.136 %		1.1167158622		1.5154436908		3.6904642784		0

				0.123 %		1.837090891		2.2662162681		4.5193534498		0

				0.143 %		3.7149787156		5.3223442347		4.6240983702		1

				0.161 %		1.2606865419		2.0350253857		3.7383832623		0

				0.137 %		1.5433527266		2.1067775136		4.4872336441		0

				0.128 %		1.5951022536		2.0394672648		4.5847978622		0

				0.186 %		2.0541165811		3.8262011336		4.7263721588		0

				0.123 %		2.6889913604		3.3078398668		4.8193132426		0

				0.197 %		2.7697474215		5.4462929825		3.4485239112		1

				0.161 %		2.0441241869		3.3009920369		3.6476066646		0

				0.171 %		2.3106167934		3.958897272		5.3537691035		0

				0.140 %		1.0072430121		1.4106806781		3.3471768082		0

				0.124 %		1.5519350031		1.9205399174		3.3654693001		0

				0.157 %		1.6593758864		2.6027251611		3.4470263405		0

				0.147 %		1.2581336		1.8461015309		3.652238502		0

				0.102 %		2.155151717		2.1922089566		3.4675022182		0

				0.116 %		1.8227363244		2.1080007414		3.633884085		0

				0.132 %		1.9689142264		2.6061976307		3.5446368826		0

				0.135 %		1.6172020291		2.1845358265		4.672098348		0

				0.130 %		1.9858629023		2.5774849526		3.5857056797		0

				0.192 %		1.8501938081		3.5498405529		4.3522429386		0

				0.153 %		1.9418529681		2.9743682793		4.6727063798		0

				0.181 %		1.9476075693		3.5306015963		3.8064930227		0

				0.106 %		1.8715651784		1.9756416113		5.910106767		0

				0.102 %		1.167596819		1.1902338082		3.6200487763		0

				0.128 %		2.344834636		3.0011880286		3.53039273		0

				0.152 %		1.1867749551		1.8019040367		3.9118302509		0

				0.186 %		1.3978122749		2.6012399934		4.5268753143		0

				0.202 %		1.2206397559		2.4694818415		3.8816682437		0

				0.148 %		1.0003184126		1.4832486484		4.6599887095		0

				0.147 %		2.6937798072		3.9545036328		3.7089855963		1

				0.181 %		2.946260635		5.33904771		4.1413314184		1

				0.169 %		3.2775900388		5.5490914751		2.727280568		1

				0.125 %		2.625822768		3.2740073345		4.7753674846		0

				0.138 %		3.6367513201		5.0237031731		4.0422415831		1

				0.133 %		1.4067980017		1.8778011411		4.3146664799		0

				0.164 %		2.2456998201		3.6886827209		5.5061716512		0

				0.076 %		1.5784597758		1.2067498635		4.3670202221		0

				0.118 %		3.4794198067		4.107902761		3.8089847983		1

				0.155 %		1.3104145352		2.0340691672		4.183896586		0

				0.123 %		1.7896688172		2.2055365127		4.0620276453		0

				0.210 %		2.2690176254		4.7732301753		2.9669217497		1

				0.177 %		2.2875351975		4.0501545228		4.4920216975		0

				0.198 %		1.6065983075		3.1848123151		3.9445097741		0

				0.143 %		1.0218895166		1.4574413154		3.4057248887		0

				0.203 %		2.2780762852		4.6338615729		4.6161931818		1

				0.132 %		2.9552524975		3.9088611234		2.7063499385		1

				0.130 %		2.0867105238		2.7154333921		4.8948770465		0

				0.172 %		1.3540468654		2.3352222604		4.7437315457		0

				0.162 %		2.3343277296		3.7772636874		4.2869227808		0

				0.157 %		1.7324590156		2.7226938661		4.202920673		0

				0.145 %		1.7847106379		2.595737363		3.8088925868		0

				0.164 %		1.4760312693		2.4159843765		4.2926528421		0

				0.173 %		1.5143424774		2.6245920709		4.6155094315		0

				0.150 %		1.9406494669		2.9118263874		4.0241546417		0

				0.167 %		1.526966989		2.5457145631		3.4864302109		0

				0.162 %		2.3062755539		3.7413836792		3.6759953749		1

				0.158 %		3.2477607208		5.1363444993		4.3173957453		1

				0.142 %		3.261905145		4.6315200165		3.4023705943		1

				0.129 %		1.6101383485		2.0705340215		5.0867165088		0

				0.196 %		1.6539480091		3.2471855616		3.0542530861		1

				0.106 %		2.4232241911		2.5624980006		4.0482432475		0

				0.061 %		3.1722424896		1.9443334987		4.0225059989		0

				0.173 %		1.5904701126		2.75053782		3.1776778282		0

				0.167 %		2.3532298724		3.9226492412		4.3909239742		0

				0.179 %		1.6205707796		2.9031104431		3.9452315915		0

				0.131 %		2.5010384507		3.2808018948		2.3740723194		1

				0.206 %		1.7980963959		3.7065784227		3.7148580535		0

				0.165 %		1.4653435782		2.4249834666		3.5581428809		0

				0.147 %		3.229292458		4.7373108124		4.7531464773		0

				0.136 %		1.2204900887		1.6655458224		5.1070224553		0

				0.139 %		2.7831008194		3.8674759381		4.4253364096		0

				0.174 %		1.3246840455		2.3031483868		4.2653160318		0

				0.117 %		2.2178366246		2.5905027606		3.4734246706		0

				0.170 %		1.333463817		2.2650909582		4.2619882891		0

				0.127 %		2.4283852631		3.074581835		4.01611969		0

				0.167 %		1.970209188		3.2911873033		3.7142760394		0

				0.141 %		3.4398649164		4.8583304047		3.657474659		1

				0.153 %		1.2481885248		1.9132158273		4.2008635313		0

				0.177 %		1.6811982435		2.9723642025		5.3713346007		0

				0.120 %		1.4542339373		1.7414423349		3.101572995		0

				0.186 %		1.6210712298		3.0171480179		4.6630944004		0

				0.165 %		2.2509496425		3.7107993674		3.7335699422		0

				0.146 %		1.5287450195		2.2274599306		3.2299045586		0

				0.118 %		2.0619091326		2.4239263818		4.3222918996		0

				0.175 %		1.5764970551		2.7523275637		3.3119955874		0

				0.157 %		1.1008763242		1.7335968921		4.1858213087		0

				0.163 %		3.6188500666		5.8950032225		5.0480124248		1

				0.153 %		1.372125924		2.0929407261		3.7612854891		0

				0.172 %		2.6478815237		4.5606741625		4.8381786339		0

				0.134 %		1.0665220961		1.4302839514		3.6777140289		0

				0.159 %		1.8809163333		2.9860441077		3.6278590832		0

				0.162 %		1.5102559321		2.4464373776		3.653860288		0

				0.099 %		1.6732855349		1.6508648325		2.8893351995		0

				0.128 %		3.3965857395		4.3563589273		3.2926293133		1

				0.101 %		1.7966943338		1.8074612199		1.8772350625		0

				0.119 %		2.6215072056		3.1236123032		3.8382921582		0

				0.124 %		1.5334727951		1.90771074		4.2969579441		0

				0.152 %		1.2319035389		1.8716661934		4.3493509291		0

				0.204 %		2.9472543916		6.0154632741		4.0172389022		1

				0.123 %		1.6543277501		2.0364293322		2.882906114		0

				0.189 %		1.0896294659		2.0571916721		4.8474323551		0

				0.168 %		1.3008241497		2.1883297519		3.5806933229		0

				0.190 %		2.3103705031		4.397418758		3.5798386007		1

				0.155 %		1.9184551822		2.9642366764		2.1823654989		1

				0.153 %		1.9162386926		2.9364440852		5.1210685164		0

				0.136 %		1.9918568662		2.7171845254		3.6533257658		0

				0.104 %		2.0257456102		2.1144854832		4.9191159694		0

				0.197 %		1.8673664398		3.6747863919		2.0128882356		1

				0.185 %		1.4852937463		2.7431955519		4.3606805564		0

				0.177 %		1.4329783121		2.5324958085		4.5145788504		0

				0.185 %		2.3804977464		4.4093912064		3.0273328106		1

				0.179 %		3.3583245828		5.9951297008		4.8241600959		1

				0.174 %		3.6755599631		6.4011072358		5.800631809		1

				0.160 %		1.242037367		1.9829022606		3.1984520212		0

				0.124 %		2.8275613293		3.506976176		4.9954440558		0

				0.170 %		2.2632985675		3.8452877122		4.1617735305		0

				0.203 %		2.2607876693		4.5919788624		3.1755750803		1

				0.207 %		1.3091443109		2.7119934032		5.311137596		0

				0.154 %		1.138879366		1.7520881829		3.7932497493		0

				0.133 %		1.1247960096		1.4968496415		4.3728048307		0

				0.140 %		1.2953574782		1.8198036294		2.5340296105		0

				0.162 %		2.1222748652		3.4302668015		3.7266932989		0

				0.153 %		1.9453820349		2.9759582822		4.0807256724		0

				0.169 %		1.0185012767		1.7199977653		3.3341113536		0

				0.110 %		3.9251298418		4.3092357693		3.4166646426		1

				0.188 %		2.5638107257		4.8252226769		4.1457403667		1

				0.260 %		1.5246101232		3.9702082437		4.111889399		0

				0.141 %		2.8527132952		4.0125842987		4.3203810584		0

				0.133 %		1.8806512749		2.5052699156		4.9998650574		0

				0.121 %		1.4994091896		1.8163308571		4.5059155424		0

				0.164 %		3.9255403229		6.4465137502		3.4913481147		1

				0.178 %		2.6569243777		4.7406334865		4.5537692201		1

				0.107 %		1.218179705		1.300799235		3.5479467221		0

				0.186 %		1.3356653393		2.4808106522		3.7106375881		0

				0.139 %		1.7075614673		2.3727541021		3.5273069366		0

				0.143 %		2.8593124044		4.1014949428		3.0556437665		1

				0.136 %		1.7196037617		2.3449418739		4.791213721		0

				0.156 %		1.7101508029		2.6729317398		3.7707890709		0

				0.173 %		1.0671689739		1.8494374767		4.1613546004		0

				0.169 %		3.5450847528		5.9865656851		3.701192988		1

				0.128 %		1.5773141101		2.0228577602		4.6993436418		0

				0.097 %		2.8748456575		2.8011541574		4.4112218393		0

				0.112 %		1.1675216165		1.3123439514		3.7001425998		0

				0.134 %		1.8507809261		2.475907115		4.3584577464		0

				0.138 %		1.3953553653		1.9272463844		4.6693928604		0

				0.141 %		1.7877667534		2.5191318695		2.6070784474		0

				0.205 %		1.6232984259		3.331693317		3.9846560137		0

				0.182 %		2.6121049123		4.7462466736		4.9815316024		0

				0.141 %		1.6742327061		2.3638992311		3.8683393192		0

				0.209 %		2.0092996061		4.1894384956		5.4614331243		0

				0.143 %		2.6401689623		3.7646579758		4.315583661		0

				0.123 %		1.2475801912		1.5310596799		3.4366907066		0

				0.129 %		3.7013751566		4.7636294881		2.4563088248		1

				0.182 %		1.5094479652		2.7540836522		4.5897709139		0

				0.092 %		2.8064087338		2.5845901118		3.0083677186		0

				0.148 %		1.7712859695		2.6200594369		3.7163078864		0

				0.145 %		1.3217138089		1.9122586161		3.5780342692		0

				0.117 %		1.114043814		1.3070798019		4.2653931898		0

				0.119 %		1.6196241511		1.9258822747		3.164496421		0

				0.162 %		1.650644274		2.669796236		4.4635471036		0

				0.138 %		2.2977765993		3.1787050459		4.6641920801		0

				0.149 %		1.2306624882		1.8363611926		4.8473148821		0

				0.163 %		3.6037083378		5.8729965795		4.6523519774		1

				0.128 %		1.491399831		1.9141087022		3.8273244239		0

				0.136 %		2.4285563204		3.3121835331		4.6511566095		0

				0.095 %		1.3190387698		1.2472234067		1.6376366671		0

				0.121 %		1.1800115166		1.4231332003		3.3127684837		0

				0.173 %		1.404209293		2.4307382021		2.9370180569		0

				0.157 %		3.8125606582		5.9815095216		3.4271284549		1

				0.204 %		1.1998225422		2.4473698457		4.781644709		0

				0.208 %		2.4901122903		5.1858522048		4.2663596123		1

				0.164 %		2.2523160848		3.7034922373		4.1702010068		0

				0.156 %		1.9292663174		3.0145051791		3.0934968612		0

				0.140 %		2.1535676921		3.0190332143		4.335783404		0

				0.178 %		3.034139078		5.410903452		4.347049131		1

				0.161 %		1.115877766		1.7967001183		3.8030144968		0

				0.165 %		1.6492970185		2.7171112065		3.7211939976		0

				0.186 %		2.3852481281		4.4412753821		3.8716768076		1

				0.148 %		1.3945705929		2.0700676211		4.5262859846		0

				0.162 %		1.000317077		1.6223744764		5.2330420946		0

				0.121 %		2.0904114663		2.5236500412		4.6887010528		0

				0.197 %		1.2711474789		2.5015870454		3.7223968197		0

				0.168 %		1.1742072547		1.9690075035		3.1184066054		0

				0.155 %		1.997454332		3.0911389489		4.2465989681		0

				0.134 %		1.0487676957		1.4056698788		3.5071196443		0

				0.145 %		1.1964444281		1.7342401692		3.9810067059		0

				0.137 %		2.9963205429		4.0933610804		3.6431594664		1

				0.156 %		1.0035197605		1.569470391		3.3028707514		0

				0.141 %		2.2777192441		3.2116367054		3.8973972717		0

				0.110 %		2.6524444392		2.9232594361		3.871252672		0

				0.226 %		1.9989738337		4.5173717474		3.1709047705		1

				0.152 %		3.4584267785		5.2499060515		3.6817130822		1

				0.155 %		2.9465994416		4.5647007537		3.7040959101		1

				0.145 %		2.0045049779		2.8993674528		3.6783406474		0

				0.171 %		1.8420724855		3.1439786619		3.3507260405		0

				0.154 %		1.8297275671		2.8120950336		4.2345422268		0

				0.144 %		2.3562093568		3.3887052872		3.9095969036		0

				0.139 %		2.6014056436		3.6125727515		4.2925568529		0

				0.136 %		1.5407607888		2.0925821997		3.6810449915		0

				0.082 %		1.6001635072		1.3165346543		4.5894530074		0

				0.125 %		2.0811418692		2.6035485561		5.1569437192		0

				0.133 %		1.3270431896		1.7625845717		4.4837860284		0

				0.169 %		2.86824616		4.8570382307		5.0070773326		0

				0.133 %		2.1719722899		2.8983911219		4.1374778322		0

				0.166 %		1.7275488862		2.8614451773		3.989638988		0

				0.148 %		1.8833700185		2.7802156952		4.47393858		0

				0.100 %		2.731550619		2.7199574457		3.8649118692		0

				0.153 %		1.8735456516		2.8717738789		3.3574998958		0

				0.156 %		1.7247942936		2.6835939185		4.4517262747		0

				0.145 %		1.2142357626		1.7638584799		3.320195255		0

				0.097 %		1.5968786591		1.5469568416		4.6037873549		0

				0.152 %		2.231239403		3.3869071504		4.2059257366		0

				0.116 %		1.3533481428		1.5729639625		4.3921910679		0

				0.126 %		1.7517128862		2.2123987625		6.1567206971		0

				0.135 %		2.3890659048		3.2331601024		3.0858608971		1

				0.150 %		1.1246155337		1.6830866084		2.5568374912		0

				0.197 %		2.6993902849		5.3113337971		4.4293187464		1

				0.151 %		1.2118630709		1.8289208671		4.1968706218		0

				0.167 %		2.247570334		3.7590606278		4.3285446098		0

				0.151 %		2.4318742966		3.674876597		3.2898169544		1

				0.161 %		3.1375990293		5.0386715354		4.1559028025		1

				0.148 %		1.2948093076		1.9215964425		5.0983115341		0

				0.123 %		1.1993338165		1.472818021		2.9746591488		0

				0.159 %		1.0054806776		1.5992368542		3.2545431645		0

				0.145 %		2.1183729146		3.0636766644		2.974787211		1

				0.148 %		2.1690496548		3.2180674336		4.523744228		0

				0.171 %		1.0326688338		1.769202711		4.1412737015		0

				0.163 %		2.219401079		3.6276198861		5.1205069986		0

				0.174 %		2.5630489838		4.4693003474		4.9456531499		0

				0.121 %		1.3236045395		1.6048871495		4.5163294769		0

				0.170 %		1.4738024561		2.5107120917		5.4046955263		0

				0.123 %		1.6915083596		2.0760764839		2.9964316881		0

				0.165 %		1.7175133878		2.8318518253		4.4566764296		0

				0.153 %		1.5296198993		2.34714877		5.1981494382		0

				0.177 %		1.6733136095		2.9598622565		3.3023692858		0

				0.162 %		3.1144812821		5.0473174781		4.3139368418		1

				0.165 %		1.6928066991		2.7993267549		4.839323888		0

				0.169 %		1.3633043676		2.3035661123		4.5090074067		0

				0.202 %		1.2921139392		2.6128054634		3.1418932173		0

				0.156 %		3.1044488186		4.8487751915		4.9416100463		0

				0.128 %		2.8719569342		3.6662468273		4.0949241809		0

				0.224 %		1.5797136618		3.5443865891		3.3934188741		1

				0.121 %		1.8803638021		2.2688559983		4.4564916688		0

				0.132 %		2.7447198056		3.6233685827		3.0887559924		1

				0.074 %		1.4804480442		1.0999714989		3.6818202973		0

				0.157 %		1.7054911554		2.6790784426		3.7021081902		0

				0.153 %		1.6003176092		2.4415264272		3.7329364751		0

				0.159 %		1.707581638		2.7099238223		4.1363302855		0

				0.129 %		2.1201306291		2.7311603422		3.4861451169		0

				0.155 %		2.7382961062		4.2402468969		5.8128113163		0

				0.157 %		1.1078101509		1.7371113469		2.80257731		0

				0.141 %		2.1423107356		3.0142317061		2.7845720307		1

				0.140 %		1.2052410278		1.6876526675		2.8827195294		0

				0.131 %		1.5623799115		2.0461532076		4.1880804602		0

				0.148 %		1.0074601618		1.4875425015		2.9182475401		0

				0.206 %		2.8390525438		5.8597462764		4.9932897931		1

				0.127 %		1.3746864481		1.7499621797		3.5168296585		0

				0.125 %		2.4357278853		3.041748016		3.4831728411		0

				0.113 %		1.0470304655		1.1873992588		5.4247480745		0

				0.143 %		2.0675985225		2.950868676		3.6621682644		0

				0.122 %		1.2490193004		1.5198956159		3.6236619553		0

				0.166 %		1.1411352504		1.8887441491		2.9435460753		0

				0.109 %		1.3118609071		1.4273714413		4.3676588784		0

				0.126 %		1.7560511997		2.2122695832		4.8729888544		0

				0.090 %		1.7043162237		1.5422458912		3.6720090107		0

				0.177 %		1.7790717644		3.1518475387		2.1210078477		1

				0.191 %		2.2890895696		4.3722775648		4.3662822733		1

				0.154 %		2.4616484572		3.7847781148		4.1272101219		0

				0.129 %		2.4573870672		3.1765355		4.3001259501		0

				0.154 %		1.1298225716		1.7446256723		5.1119503281		0

				0.167 %		1.2574430796		2.1027461195		3.5050447264		0

				0.124 %		2.4916193565		3.0964911758		3.4373969637		0

				0.149 %		1.7756406716		2.6475810331		4.0460233005		0

				0.157 %		2.7623186387		4.341107197		3.2986581585		1

				0.148 %		3.2871196965		4.8667716219		3.3033030725		1

				0.189 %		3.1015486143		5.8657715035		4.0178748895		1

				0.161 %		2.8045163347		4.5100871422		3.9426270418		1

				0.115 %		2.1526840097		2.4691266816		3.8305157888		0

				0.099 %		1.5740932086		1.5558234888		3.9120254876		0

				0.150 %		3.7710360842		5.6647309696		3.6075416109		1

				0.120 %		1.1243588047		1.3485529759		4.0606349124		0

				0.169 %		1.0288835895		1.735060981		4.4620096234		0

				0.139 %		1.9540525177		2.7249110177		3.5627215075		0

				0.168 %		2.949190316		4.9414693827		3.4925439912		1

				0.125 %		1.0987257167		1.3702925997		3.7817625075		0

				0.148 %		2.2479110855		3.3319358407		4.2320932448		0

				0.171 %		2.4439993648		4.1871176825		3.8552534071		1

				0.143 %		2.0482932446		2.9302803011		3.5871596986		0

				0.124 %		1.702946538		2.1085492432		4.6495329331		0

				0.105 %		3.6042144417		3.7977356845		5.2061554047		0

				0.160 %		2.192137973		3.4993699718		4.619532148		0

				0.135 %		1.0118652392		1.3647812474		3.5070665576		0

				0.150 %		1.5164455757		2.2800652969		3.0835035546		0

				0.109 %		1.6921374578		1.8425965782		3.8737627365		0

				0.175 %		3.0204319985		5.2772218698		3.6502662075		1

				0.105 %		2.3445656507		2.4672046679		4.0127578515		0

				0.131 %		1.5640762441		2.0458663138		3.6900526449		0

				0.108 %		1.0103497158		1.0899675385		4.7932377219		0

				0.116 %		2.5375013125		2.9402122369		4.3746810173		0

				0.139 %		1.6992105449		2.3700394721		3.9161508896		0

				0.156 %		1.0264647859		1.5979335105		4.0866944395		0

				0.157 %		1.697376981		2.6676992733		4.7214960022		0

				0.133 %		1.3682841243		1.8191892344		4.3982590254		0

				0.149 %		1.9310715097		2.8771910145		2.2746931857		1

				0.163 %		1.7897710768		2.9160799099		3.5278596682		0

				0.210 %		1.7623668404		3.7029437786		3.7612016377		0

				0.169 %		2.2380860375		3.7878310169		3.8836244851		0

				0.196 %		1.2220721739		2.3893816953		4.7653687782		0

				0.169 %		2.1652342627		3.6655106255		3.939625269		0

				0.179 %		3.1086233852		5.5635450533		3.8322399862		1

				0.208 %		1.7234390243		3.5849595067		4.5495186021		0

				0.188 %		1.5145749786		2.8535274679		4.8689883649		0

				0.136 %		1.9062703289		2.5930507457		4.3623414626		0

				0.175 %		3.0604234849		5.3513956066		3.4460868783		1

				0.204 %		2.1328429323		4.3525066989		4.344261473		1

				0.163 %		1.4989330349		2.4394288268		4.1200277535		0

				0.178 %		2.9598463751		5.2611234147		3.8170766593		1

				0.179 %		1.8695827355		3.3445962809		4.2395315096		0

				0.159 %		1.1294713311		1.7967871526		5.4865410404		0

				0.131 %		2.5947547989		3.3979879565		3.32732339		1

				0.144 %		2.5713327163		3.7151696973		4.5528498746		0

				0.127 %		2.9634319939		3.7706490831		3.6813781476		1

				0.209 %		1.4515664411		3.0333946869		5.1848901314		0

				0.139 %		1.1871998601		1.6536561883		4.9673726677		0

				0.102 %		2.8960825078		2.9614976257		3.3041152032		0

				0.152 %		1.9172938887		2.9118043701		2.9726876229		0

				0.168 %		2.2002496828		3.7026965237		4.1142024261		0

				0.189 %		1.3787904433		2.6083854825		4.333463111		0

				0.140 %		1.3029892011		1.8278748247		6.088924844		0

				0.139 %		1.0660574791		1.4769418918		3.3672688992		0

				0.177 %		2.5804547679		4.5787868681		3.1432119337		1

				0.143 %		3.5378006259		5.0624247215		4.4153385349		1

				0.107 %		1.000031699		1.0744752075		3.9540027312		0

				0.133 %		1.5141229519		2.0156564274		4.5115692807		0

				0.116 %		3.117935643		3.6046354053		1.7350849597		1

				0.142 %		1.7735803119		2.5232866587		2.7408216099		0

				0.127 %		1.7333245621		2.1956589973		2.9829099875		0

				0.200 %		2.7479210078		5.4844082678		4.2241395136		1

				0.138 %		1.1476535287		1.5825107706		3.8626698345		0

				0.155 %		3.2754943497		5.0751852079		4.1757639027		1

				0.159 %		1.5934666773		2.5348220527		5.7000972497		0

				0.135 %		2.6156278944		3.5247980258		4.0553487006		0

				0.092 %		2.1228855901		1.9520788894		3.9494864347		0

				0.170 %		2.9726588435		5.0676461007		2.8697130032		1

				0.112 %		1.5824789583		1.7767646814		4.0103740547		0

				0.144 %		1.273116548		1.8289903958		3.8200539516		0

				0.079 %		1.712058423		1.3513451193		4.2510637728		0

				0.180 %		3.5746093426		6.4211636354		3.6215574497		1

				0.159 %		1.8291137777		2.902418799		4.486440103		0

				0.128 %		1.0742066006		1.377650439		2.9404505382		0

				0.178 %		2.8051720624		5.0030597098		3.246023014		1

				0.100 %		2.8068856289		2.8143336224		3.7460260096		0

				0.082 %		2.7018994942		2.2072849861		3.1943900419		0

				0.145 %		1.1650436144		1.6917147128		4.3388660528		0

				0.116 %		2.6762554609		3.0916599696		3.4874385349		0

				0.179 %		2.7923481013		5.0008675971		4.8113435853		1

				0.156 %		2.3657320407		3.6816671796		2.535347404		1

				0.147 %		2.2248855062		3.2757520508		4.1659742587		0

				0.124 %		1.7057246665		2.1110231817		3.3238300047		0

				0.150 %		2.4734390006		3.7023028117		4.5478729412		0

				0.170 %		1.4198990401		2.417201005		3.2823773069		0

				0.123 %		2.1777486408		2.6702095561		5.4343883626		0

				0.142 %		2.4197077197		3.4425095994		4.9294036632		0

				0.147 %		2.3992583569		3.5302865729		3.7178240958		0

				0.120 %		2.6858317909		3.2292660437		4.2575615875		0

				0.152 %		2.4418994998		3.7137795351		4.1107510475		0

				0.166 %		1.1233072612		1.8625826603		3.6297942158		0

				0.216 %		1.5263615817		3.2999119852		3.4195147569		0

				0.160 %		1.8493816154		2.9681428054		2.866793133		1

				0.150 %		2.2898410525		3.4367749611		2.8230952005		1

				0.111 %		3.4267963714		3.7996657417		4.3969547025		0

				0.081 %		2.7705833215		2.2524599915		3.5958253335		0

				0.182 %		2.5777275838		4.6844892825		4.7693889661		0

				0.165 %		2.4751091051		4.0835975376		3.4055902319		1

				0.113 %		2.2065697291		2.4926556284		3.4790612156		0

				0.196 %		3.6534817982		7.1741341288		2.4527900106		1

				0.182 %		2.4520858611		4.4556701528		3.4224164964		1

				0.098 %		1.9651997719		1.934089227		3.8466601512		0

				0.164 %		1.6471497413		2.6981083098		3.5585808834		0

				0.159 %		1.7707437269		2.8224950482		4.7786251086		0

				0.097 %		1.3257415405		1.2799088583		4.1801157682		0

				0.140 %		1.2460879481		1.7504870103		4.9079475804		0

				0.167 %		2.1285553428		3.5455910108		2.4736719271		1

				0.171 %		2.8341669767		4.8351039999		4.1276085492		1

				0.119 %		2.4679008504		2.9307781738		4.2742879792		0

				0.154 %		1.0943582392		1.6829790115		3.3204363417		0

				0.184 %		1.1746803213		2.1615350654		5.8368051973		0

				0.158 %		2.2714354815		3.5803165932		3.9699042434		0

				0.116 %		2.4974110644		2.8991585074		4.8011273151		0

				0.161 %		1.841455932		2.973093339		5.2633760237		0

				0.126 %		1.16972323		1.477557761		4.6151604404		0

				0.189 %		2.8323994118		5.3594858884		4.2501983637		1

				0.162 %		1.510269135		2.4508439819		4.4288979392		0

				0.178 %		3.1435613553		5.5957928538		4.2506764376		1

				0.118 %		1.1489260538		1.3607224432		5.2123888739		0

				0.152 %		2.9228200998		4.435285316		3.4806732726		1

				0.183 %		2.1548693836		3.9329807072		4.6728359807		0

				0.107 %		1.4008014945		1.4963654133		4.2664608638		0

				0.121 %		1.9731022628		2.3895210637		4.7116809463		0

				0.165 %		1.9720222231		3.2571100922		3.8562947052		0

				0.153 %		1.6590747728		2.5464831897		4.7980528931		0

				0.157 %		1.7024400398		2.6709532496		5.1475134464		0

				0.130 %		1.2550160828		1.6355919598		4.9193344403		0

				0.138 %		2.851463139		3.9260815326		3.5432816683		1

				0.136 %		2.3985603441		3.25467685		4.1541237468		0

				0.184 %		2.3709214036		4.3520701559		3.9180910358		1

				0.145 %		2.4767235722		3.5939747448		4.1903050295		0

				0.153 %		1.5005259742		2.2943526659		3.5985308358		0

				0.131 %		2.2368568835		2.9206451331		4.0947029252		0

				0.126 %		1.4149809094		1.7880032937		3.5454887262		0

				0.138 %		1.1554525323		1.5923977484		3.8368605663		0

				0.186 %		1.9620168893		3.6407617426		3.1645038172		1

				0.158 %		2.7060896764		4.2826750157		4.2104120787		1

				0.120 %		1.7692895401		2.1281081409		4.8290526617		0

				0.157 %		1.4470820547		2.2703792883		4.4089550534		0

				0.249 %		1.4305827972		3.5661771046		3.9972171		0

				0.116 %		2.6823916778		3.1111980444		2.8520385751		1

				0.158 %		1.4551461146		2.306002647		4.0342716603		0

				0.157 %		1.6387362433		2.5665396521		4.7001212746		0

				0.195 %		3.4212773559		6.6566653425		5.2254439876		1

				0.126 %		1.5361295986		1.9372225155		4.6972667787		0

				0.145 %		2.0716867017		3.0066817681		4.5389904492		0

				0.174 %		1.1837688702		2.0642699628		3.8296003967		0

				0.192 %		1.9502401982		3.7454130638		3.1437323917		1

				0.114 %		1.1721499361		1.3358005381		3.3350015462		0

				0.164 %		1.2250360185		2.0070954897		4.1430090908		0

				0.144 %		1.3125679233		1.8862901468		3.024810652		0

				0.174 %		1.3736625848		2.3879361024		2.4289635809		0

				0.142 %		2.4641383022		3.4878017653		3.2954776499		1

				0.209 %		1.3032930487		2.729357885		4.0688032525		0

				0.156 %		2.4365270559		3.7933909585		3.6924996409		1

				0.155 %		1.466250748		2.2692916247		3.475977916		0

				0.133 %		2.0677358563		2.7535857623		4.9043538118		0

				0.156 %		1.4927480011		2.3260223256		4.4794492052		0

				0.124 %		2.9597929019		3.6734713503		4.6192400313		0

				0.138 %		3.0020198908		4.1450996688		1.8779106816		1

				0.196 %		3.2784042754		6.4379403545		5.3419841056		1

				0.216 %		1.8208100984		3.9277089129		2.0971551589		1

				0.059 %		1.5693728093		0.9327987663		5.8717039929		0

				0.164 %		1.5197238867		2.4951075459		3.5082171683		0

				0.152 %		1.5456685627		2.3566347797		3.378104276		0

				0.148 %		1.0684911324		1.5765699662		4.3819515784		0

				0.151 %		2.4354585977		3.6724418304		5.3479032988		0

				0.194 %		2.2122412627		4.2916366765		4.1114587681		1

				0.191 %		3.6475877783		6.9569681666		4.1961433709		1

				0.143 %		1.7188683901		2.4507759193		3.2419814378		0

				0.132 %		1.0984037798		1.4447930238		4.3882801423		0

				0.149 %		1.291464378		1.9293009146		4.2985041839		0

				0.163 %		3.1289970197		5.0962941639		3.5708972623		1

				0.152 %		2.18879779		3.3327230536		4.4877929264		0

				0.143 %		1.0866252198		1.5570819821		4.7693718482		0

				0.166 %		1.6611413513		2.751167406		2.6372396497		1

				0.140 %		2.102739845		2.9491925101		4.264236691		0

				0.109 %		2.3240612959		2.523008169		3.9022099727		0

				0.194 %		1.9755361276		3.8402245486		3.7048943163		1

				0.174 %		2.0366629062		3.5488736655		4.5093243352		0

				0.140 %		2.4769664004		3.4700305291		5.7125608261		0

				0.164 %		1.6223756075		2.658487562		4.245621036		0

				0.185 %		3.3584222836		6.2226525038		3.9097533542		1

				0.139 %		3.0258458133		4.210797692		4.2508462095		0

				0.084 %		1.1161989322		0.9425013523		3.2734854116		0

				0.110 %		2.387364559		2.6376786748		3.6914378141		0

				0.146 %		2.6567298512		3.8688895247		3.1133236611		1

				0.150 %		1.3356061831		2.006297746		2.5434519328		0

				0.168 %		2.7249690511		4.5743268288		4.6457410224		0

				0.131 %		3.0332080282		3.9661120963		3.7437398866		1

				0.163 %		1.9860596348		3.2312989396		4.4051271918		0

				0.186 %		1.7783084205		3.311596085		4.4686151329		0

				0.204 %		2.3343105849		4.7619197938		3.060542776		1

				0.180 %		1.2797614201		2.3000953184		5.322821247		0

				0.144 %		1.4250467514		2.0506380401		5.2563471895		0

				0.156 %		1.1893583551		1.8567846042		4.0390676921		0

				0.148 %		2.48818224		3.691752823		3.8445135787		0

				0.208 %		1.2141545622		2.5256418546		3.5941122712		0

				0.124 %		2.0938421856		2.59771669		3.2511198051		0

				0.128 %		2.1589497249		2.7637238307		3.7138572618		0

				0.167 %		1.725915994		2.8873463324		4.6837725999		0

				0.110 %		2.9215526717		3.2060179505		4.7232945336		0

				0.099 %		1.0183237312		1.0044366027		4.7047048856		0

				0.158 %		2.9156273356		4.6013162291		4.6236873587		0

				0.119 %		2.4360341931		2.9063649605		4.5421849358		0

				0.112 %		1.7235978878		1.925431447		3.2521025763		0

				0.209 %		1.5515132159		3.2349641031		3.8147688383		0

				0.154 %		1.685809783		2.5962982124		3.6825820872		0

				0.191 %		1.7666992485		3.3770703448		6.2915034069		0

				0.117 %		2.1885017802		2.5662148986		4.6556334495		0

				0.137 %		2.8100391052		3.8598613983		3.6669816178		1

				0.169 %		2.2047204068		3.7364951204		4.1963213949		0

				0.084 %		1.217711736		1.019822639		4.5659229858		0

				0.140 %		1.8920311415		2.6469124609		3.4978393123		0

				0.106 %		3.238582446		3.4174541915		3.6454109702		0

				0.152 %		1.0333145252		1.5677608992		3.4138091361		0

				0.149 %		1.4157081541		2.1114456545		6.0048254493		0

				0.137 %		2.7074773816		3.7005232954		3.4143253598		1

				0.127 %		1.7230670534		2.1806604287		5.0065187229		0

				0.138 %		1.9129665614		2.6333418696		3.749499627		0

				0.133 %		3.1388471446		4.1708858278		3.7521016753		1

				0.199 %		1.6619937733		3.3156540287		1.6319929462		1

				0.143 %		1.1418305308		1.6311987381		3.7045723249		0

				0.122 %		1.8491493052		2.2539978121		3.5394160607		0

				0.140 %		1.955846106		2.7288733965		3.9384669498		0

				0.162 %		1.8814714892		3.0467417524		4.795414434		0

				0.137 %		1.9195523722		2.633819343		4.769607768		0

				0.188 %		2.20126804		4.1319995281		4.1585640392		0

				0.154 %		2.0981581808		3.2324808131		3.9252915468		0

				0.175 %		2.9802394268		5.2196659381		3.5441497987		1

				0.161 %		1.4804765307		2.3855826392		3.1353502458		0

				0.165 %		2.0947733488		3.4618713141		5.0607713656		0

				0.140 %		2.3673025935		3.3181031872		4.1490268099		0

				0.210 %		1.3033138107		2.737581181		3.1786449945		0

				0.145 %		1.1363279196		1.6476569101		4.5174338343		0

				0.218 %		2.9292847135		6.3955889259		3.0457774612		1

				0.190 %		2.4014503457		4.5710885271		3.9846672756		1

				0.167 %		1.5875321035		2.6434403309		3.4280319741		0

				0.187 %		1.9877129965		3.7245713659		3.8374917557		0

				0.144 %		2.4298336744		3.5076342247		4.1420586844		0

				0.149 %		1.2020702522		1.7933668561		3.4540667961		0

				0.156 %		1.3385583777		2.0944879843		4.2195487083		0

				0.123 %		2.4499941348		3.006349167		3.8455493		0

				0.137 %		2.1613014305		2.9606742888		3.9310281422		0

				0.146 %		1.937123044		2.8295021195		5.0215212183		0

				0.172 %		2.238058965		3.8420208661		4.1112253564		0

				0.144 %		2.1221002367		3.0479505097		3.0662407184		0

				0.176 %		3.0776844581		5.4225901857		3.6794076092		1

				0.133 %		2.6444003481		3.5155017611		3.1310182853		1

				0.166 %		1.393123488		2.3077986713		3.5221801267		0

				0.181 %		3.4218545161		6.2017761661		3.3934366448		1

				0.119 %		2.7695100064		3.2944253957		5.1506976326		0

				0.154 %		2.6876778742		4.1266735542		4.1640630513		0

				0.160 %		2.8173016509		4.4968781736		3.460385598		1

				0.162 %		2.1350658007		3.4487117436		3.4532651288		0

				0.095 %		2.4826715939		2.3499622607		4.1915914043		0

				0.087 %		1.6142879542		1.4054544287		4.0023802711		0

				0.116 %		2.3190201142		2.6922414018		3.4404611412		0

				0.245 %		2.694637294		6.6021431489		3.389956158		1

				0.132 %		2.2659735984		3.0004934628		5.67623256		0

				0.150 %		1.6819677935		2.515208175		5.1146058839		0

				0.174 %		3.3363479206		5.8178762937		4.0799112751		1

				0.116 %		1.2455560599		1.4477798438		2.9664648008		0

				0.157 %		3.5165955628		5.5170250585		4.7708728406		1

				0.138 %		2.8304280455		3.9091343633		3.4456627886		1

				0.109 %		1.7605839232		1.9213043961		4.4750671878		0

				0.199 %		2.0848195007		4.1391151999		4.4433830793		0

				0.118 %		1.9998603889		2.3600691526		3.1250973863		0

				0.104 %		2.0895444171		2.1710668935		4.3388911187		0

				0.148 %		1.5163672132		2.2396905341		4.4753745932		0

				0.160 %		3.4440058545		5.5226988014		5.0535252312		1

				0.178 %		3.1152212598		5.5372639341		6.0686205684		0

				0.167 %		1.2405438537		2.0744386305		3.4391527802		0

				0.158 %		1.1227848526		1.7731978873		4.4533830108		0

				0.102 %		1.1266119495		1.1441189482		4.3263943657		0

				0.121 %		2.3759684618		2.8784232219		3.7615783825		0

				0.122 %		1.7748837384		2.172971244		3.925079983		0

				0.158 %		2.0555450924		3.2574730123		3.5620821919		0

				0.157 %		1.1843005575		1.8548523571		4.4221950661		0

				0.169 %		2.5384473937		4.3009924712		4.431231755		0

				0.194 %		1.0504986046		2.0407637466		3.7268580563		0

				0.104 %		1.4854818223		1.5485427228		3.0557983367		0

				0.155 %		1.851303393		2.8742273157		4.6405969002		0

				0.177 %		2.7346472961		4.8335762605		2.9966985399		1

				0.183 %		2.2838299059		4.1776614639		4.0784650084		1

				0.136 %		1.7252090101		2.3459429387		5.206909038		0

				0.141 %		1.6461837403		2.3230332556		2.8220410265		0

				0.176 %		2.3363564302		4.1038880604		4.0037611773		1

				0.156 %		2.0293218588		3.1719875445		2.7917005987		1

				0.237 %		2.9618502604		7.0278538513		5.0276171023		1

				0.177 %		1.1924705772		2.1148241496		2.6815852488		0

				0.156 %		2.2028190294		3.4449829507		5.4254685986		0

				0.126 %		1.117563866		1.4066805453		5.1169045392		0

				0.153 %		2.2218710184		3.3948549664		4.5647733657		0

				0.146 %		1.1304521759		1.6488307761		4.301559763		0

				0.175 %		1.4142619194		2.4760215924		4.3345617007		0

				0.161 %		1.3788742574		2.2235029243		4.7549648043		0

				0.173 %		1.4325917873		2.4809799979		2.9800047994		0

				0.193 %		2.6888289339		5.1891435483		3.7925972617		1

				0.184 %		1.1558993797		2.124366556		4.5443745839		0

				0.165 %		1.7548160097		2.8908462145		4.1486828997		0

				0.157 %		2.4096792709		3.7785754786		4.871196726		0

				0.130 %		2.2342839417		2.8960026082		3.9688154376		0

				0.197 %		2.2570708636		4.4459106673		4.9352643942		0

				0.112 %		3.209215753		3.5824323962		3.507488756		1

				0.147 %		2.4989878688		3.6686318722		3.7462712795		0

				0.159 %		1.3194497169		2.1045152316		5.0287054501		0

				0.171 %		1.2567939316		2.1489620671		4.2015895224		0

				0.151 %		2.6298041647		3.9684969788		3.429512124		1

				0.125 %		1.2774387922		1.5954608573		4.6096984459		0

				0.142 %		1.7217953241		2.4389204238		2.7414336843		0

				0.175 %		3.8968888951		6.8379564574		3.9944728107		1

				0.118 %		1.5937556025		1.8810534559		3.1680202029		0

				0.152 %		2.1351740392		3.23566882		4.8244225306		0

				0.143 %		1.4392317984		2.0639747542		2.825967094		0

				0.085 %		2.0968399193		1.7788871434		4.4074949047		0

				0.134 %		1.0487054464		1.4056178437		4.272872681		0

				0.130 %		2.131386406		2.7736893784		1.7555362293		1

				0.135 %		2.8785606983		3.8769439307		3.6530333335		1

				0.155 %		2.6770061732		4.1507524822		5.2867671201		0

				0.163 %		2.594156179		4.2366241231		3.4238908053		1

				0.115 %		2.8012519186		3.2178086099		5.1567498879		0

				0.157 %		1.8343551857		2.8845995572		2.2874046964		1

				0.110 %		1.3103773391		1.4477013052		4.0048880466		0

				0.180 %		2.7373681572		4.9197547922		2.9085114305		1

				0.185 %		1.3234800928		2.4426558959		2.7751990843		0

				0.158 %		2.5216594147		3.9933486004		3.1716055869		1

				0.142 %		3.5103323774		4.9785358117		4.2792658881		1

				0.165 %		1.6648417676		2.7430291632		3.4958346348		0

				0.160 %		2.5699687795		4.1025185416		2.4081491853		1

				0.132 %		2.2039709348		2.89966527		3.8112550951		0

				0.179 %		2.8690128939		5.1395481209		2.8977047919		1

				0.158 %		1.0373664159		1.6356692017		4.62488797		0

				0.164 %		1.722724324		2.8254565014		4.6087408129		0

				0.169 %		1.617257374		2.7380469109		3.6832472832		0

				0.130 %		1.7221524116		2.243095032		3.8171739055		0

				0.136 %		1.8099176624		2.4551202263		4.8998222044		0

				0.151 %		1.9516648079		2.9561358045		5.0559284635		0

				0.122 %		1.3600611373		1.6659782419		3.1421202908		0

				0.140 %		2.8345607596		3.9692295516		5.0277221088		0

				0.178 %		1.4400264759		2.5631922816		2.9795718696		0

				0.116 %		1.4289900292		1.65917413		5.0298239152		0

				0.099 %		2.9989947144		2.9690886771		3.523760413		0

				0.135 %		2.7465273437		3.7178536685		4.3277400896		0

				0.164 %		2.1474167697		3.5305348349		4.1542350038		0

				0.184 %		1.237779611		2.2770489739		3.207888508		0

				0.158 %		2.6336049615		4.1713329115		4.7219829156		0

				0.124 %		1.9854460465		2.4542678416		3.9450570869		0

				0.156 %		1.9376482282		3.0232506443		3.8168419298		0

				0.136 %		1.1660176185		1.5820830289		3.4136855614		0

				0.158 %		2.0757802049		3.2797126695		3.6591428341		0

				0.149 %		3.8852174889		5.7841907813		3.2515844119		1

				0.159 %		2.0445094838		3.249000738		3.519106492		0

				0.150 %		1.2984662628		1.9458727883		3.6209797033		0

				0.127 %		2.0751889185		2.6368080247		3.4619872367		0

				0.184 %		1.8721773386		3.4474255901		4.4166594195		0

				0.147 %		2.2652233245		3.3301716007		3.8847543303		0

				0.114 %		2.3811108498		2.7202948929		2.8283829202		0

				0.203 %		2.3666839348		4.8050038762		3.5053570153		1

				0.142 %		1.5906369401		2.2566521154		3.5145706171		0

				0.144 %		1.3171693392		1.8968016468		4.3034289355		0

				0.125 %		2.005463823		2.5119057852		4.5161408467		0

				0.153 %		2.6364040788		4.0429443539		4.3112316764		0

				0.232 %		2.2847871904		5.2930460614		3.3817709655		1

				0.101 %		1.2884971698		1.3002641193		4.3996305526		0

				0.125 %		2.6687948051		3.3426110911		3.3591858563		0

				0.155 %		2.3370290318		3.6144841907		2.5055202191		1

				0.122 %		2.745800378		3.3400417616		4.1428285778		0

				0.146 %		2.6096916291		3.8182584812		3.8386683828		0

				0.161 %		1.3297330184		2.1452299178		2.5105247709		0

				0.195 %		1.3150130646		2.56855279		4.9529323988		0

				0.126 %		3.302945702		4.1565663132		3.1455304447		1

				0.186 %		2.3052140763		4.280069528		2.0455218167		1

				0.076 %		2.5432971621		1.9404552061		3.1203257781		0

				0.147 %		2.6082509551		3.8452949897		3.1744572932		1

				0.119 %		1.0844739107		1.2957748132		3.9469252755		0

				0.195 %		2.5299347363		4.9231861029		5.077256857		0

				0.139 %		2.6265868936		3.663291809		3.9726944432		0

				0.153 %		1.7402512428		2.6572652906		3.6391612321		0

				0.141 %		2.5955478148		3.6568076014		3.9850158674		0

				0.160 %		2.7793682097		4.4360924636		5.3152853559		0

				0.150 %		2.9607732721		4.4330305173		4.4039697275		1

				0.137 %		2.3690448679		3.2454834831		3.6438630985		0

				0.160 %		1.1017953282		1.75776923		4.6246229548		0

				0.170 %		1.1140822466		1.8888184552		4.4027853727		0

				0.123 %		2.438487283		2.9954988177		4.0413146885		0

				0.188 %		2.613255839		4.9123268046		2.6315781076		1

				0.141 %		2.4620378892		3.4823617602		4.3051724275		0

				0.101 %		2.0704513752		2.0962225359		3.9357307398		0

				0.135 %		1.1837484248		1.6018562875		4.3612094292		0

				0.129 %		1.4668249233		1.8897938465		3.5061222056		0

				0.140 %		3.8718417275		5.4211246575		3.4563245429		1

				0.173 %		1.4412344328		2.5004490405		4.604221998		0

				0.208 %		1.6211345911		3.3654549602		4.5782966232		0

				0.134 %		3.2235098291		4.3236577297		4.4095409597		0

				0.110 %		2.9681026091		3.2511039853		4.4530818602		0

				0.179 %		1.5342544838		2.7520305562		4.6141564934		0

				0.192 %		2.1598797089		4.1383549963		4.5652195873		0

				0.111 %		1.4339134607		1.5884253669		5.4899422866		0

				0.121 %		1.1989210793		1.4498214632		3.552799065		0

				0.181 %		1.5407640663		2.7836608424		2.722089072		1

				0.149 %		1.1180591451		1.6649948466		4.4834519867		0

				0.156 %		1.1629732136		1.811672747		4.927910058		0

				0.163 %		1.188766164		1.9334807255		5.9083772345		0

				0.183 %		1.2996634861		2.3816114663		5.3043713166		0

				0.155 %		3.0932813601		4.7846112066		3.3701159288		1

				0.192 %		1.8742625532		3.5993254568		3.4781477156		1

				0.268 %		1.8226773921		4.8840150812		4.60404474		1

				0.144 %		3.5266116209		5.0773157344		3.2472142831		1

				0.176 %		1.9860062344		3.4965332957		3.5669045236		0

				0.143 %		1.5524414456		2.2175302443		5.5829444794		0

				0.143 %		2.2321526435		3.1945830014		5.3534766857		0

				0.101 %		3.5153028432		3.5488573014		4.5922955381		0

				0.158 %		2.609800833		4.1227638045		2.8306870703		1

				0.109 %		1.8622004557		2.0389404932		3.7818021324		0

				0.150 %		1.973650267		2.965052169		4.1861591598		0

				0.096 %		1.2984555168		1.2514154463		4.034648723		0

				0.092 %		3.2082721311		2.9654354724		5.0245368317		0

				0.224 %		1.5678778123		3.5042560645		4.1221974817		0

				0.163 %		2.9765839153		4.8536184097		3.6833123166		1

				0.164 %		1.1417263732		1.8745844597		4.007408014		0

				0.117 %		1.6050147153		1.8760347893		3.6825990736		0

				0.124 %		2.7490654297		3.4191448758		3.9529393786		0

				0.172 %		1.7487187951		3.010906984		3.5345349023		0

				0.173 %		1.1700682862		2.0223187781		5.7576094885		0

				0.201 %		1.3910446979		2.8018923691		3.6274698651		0

				0.182 %		2.0768701277		3.7708098787		3.8970227062		0

				0.159 %		2.3457359269		3.7401860789		3.2748908895		1

				0.111 %		2.3585634731		2.6176386498		4.1220226123		0

				0.189 %		2.9054181856		5.4947507296		3.5000734001		1

				0.137 %		2.4352398624		3.325492638		3.5096543762		0

				0.153 %		3.1526105344		4.8274140876		3.4463441636		1

				0.216 %		2.2788585173		4.9274750463		3.61138448		1

				0.141 %		1.9224026322		2.7024287828		4.0512418048		0

				0.183 %		1.6042893796		2.9437144223		3.4040236427		0

				0.162 %		1.7565522963		2.8497528425		3.3284975687		0

				0.139 %		1.172027181		1.6280151216		4.2659160592		0

				0.160 %		1.8115727016		2.8922729338		3.8423794987		0

				0.194 %		1.3891888071		2.701392934		3.7853469934		0

				0.159 %		2.843448893		4.5098524457		4.4024174093		1

				0.163 %		1.6944613495		2.7611074507		3.278881064		0

				0.166 %		3.3158366195		5.5143226166		3.8256624256		1

				0.201 %		1.4196394902		2.8559147868		3.7110606722		0

				0.181 %		1.7155335064		3.102220006		3.9189838528		0

				0.203 %		3.2382332699		6.5734299798		4.8827497715		1

				0.101 %		2.5978877009		2.6366683209		2.3400447716		1

				0.199 %		1.023399558		2.0339234974		4.4185408578		0

				0.126 %		1.4014148301		1.7677265331		5.3358731816		0

				0.176 %		1.343193688		2.3653390535		3.0741691844		0

				0.236 %		1.7471691686		4.1156571909		4.8359869847		0

				0.190 %		1.0632079285		2.0181470481		4.5931250021		0

				0.163 %		1.4185014944		2.3154282286		3.1258330577		0

				0.153 %		1.1327234325		1.7280240361		4.0210951024		0

				0.172 %		1.6287738402		2.807370264		4.7809310652		0

				0.167 %		1.2071592177		2.0114932548		4.0305307123		0

				0.204 %		2.7628138034		5.6284125198		3.9668062461		1

				0.177 %		2.770805753		4.9009571042		3.6706535346		1

				0.166 %		2.591554326		4.3114482091		4.5147735877		0

				0.169 %		2.6802087037		4.5305916827		3.5992188792		1

				0.166 %		1.6063484026		2.6601930017		4.3368285116		0

				0.162 %		1.9411950884		3.1356495196		2.6040346865		1

				0.157 %		1.1357387481		1.7825830638		4.0186562007		0

				0.148 %		2.0860084112		3.0856366882		3.0150122377		1

				0.183 %		2.1974548147		4.0108942424		3.5854397973		1

				0.160 %		1.0260662038		1.6432705267		4.876769351		0

				0.136 %		2.0682840547		2.8150836295		3.8187144951		0

				0.159 %		1.4679362541		2.3400583378		4.3910236306		0

				0.132 %		1.8550724466		2.442164597		3.6787094326		0

				0.179 %		1.2825729526		2.2925773816		3.5616214292		0

				0.161 %		1.7692288061		2.8544151994		3.5850749427		0

				0.170 %		1.500085574		2.5467836523		3.8914658419		0

				0.155 %		1.2752711		1.9789150661		3.2969602017		0

				0.167 %		2.3084885141		3.8522298169		2.9999915815		1

				0.155 %		2.1769993946		3.3849360264		4.6050667959		0

				0.165 %		2.9648664037		4.9004325182		4.0640576602		1

				0.128 %		1.8457931406		2.3540781703		4.1933697009		0

				0.135 %		1.4304566207		1.9308788508		3.619721728		0

				0.138 %		1.0127958397		1.3993064672		3.4407765754		0

				0.135 %		3.8019964705		5.1463960555		3.7095618637		1

				0.162 %		1.264572127		2.0472610186		3.7230467712		0

				0.133 %		1.3484601427		1.7966394379		2.9164566592		0

				0.139 %		1.2447905846		1.7364286158		3.712973488		0

				0.155 %		2.3144467167		3.5901420695		3.9144951688		0

				0.132 %		2.1143904232		2.7933242833		2.7907558515		1

				0.135 %		2.502550694		3.3735787562		3.9348255638		0

				0.134 %		1.0906550092		1.4623504394		4.065746155		0

				0.167 %		1.4130326855		2.3578889832		4.4468781491		0

				0.135 %		1.1171615841		1.5084108651		4.4227972698		0

				0.170 %		1.5848363452		2.6988111654		5.9293231904		0

				0.185 %		2.0321140063		3.7544298261		5.0830581262		0

				0.164 %		1.0966109854		1.7991799555		5.2754660766		0

				0.195 %		1.8683216957		3.6480182186		3.0618435252		1

				0.166 %		1.6743898453		2.7822865135		4.5722364763		0

				0.139 %		2.1858152024		3.0452372966		4.4622608302		0

				0.149 %		2.5330393414		3.7700160346		3.5977448221		1

				0.149 %		2.2856167013		3.4091739288		5.5508993688		0

				0.103 %		1.8508019759		1.9020573481		5.164949492		0

				0.167 %		2.056900114		3.4398809279		3.5165797204		0

				0.125 %		1.7074299588		2.1358615867		4.7685887993		0

				0.134 %		1.5224000084		2.0413938679		2.9796249116		0

				0.203 %		3.1122090754		6.3330233276		3.9768808681		1

				0.157 %		2.5111107533		3.9369333662		3.6709954963		1

				0.180 %		1.7121427542		3.0799931016		2.4140887688		1

				0.165 %		1.7257361184		2.8393672105		2.8128070448		1

				0.161 %		1.1252346286		1.8136966482		4.349709618		0

				0.119 %		2.3508895018		2.7910834492		4.2943318061		0

				0.176 %		1.1613512326		2.0477173348		3.872846347		0

				0.221 %		3.4707337574		7.6614561722		2.1801003092		1

				0.127 %		1.8246712119		2.3133899326		3.4740844477		0

				0.180 %		1.371515584		2.4739062383		4.5920823435		0

				0.152 %		2.4768010317		3.7761643866		4.3125633335		0

				0.192 %		1.5755814792		3.0293829704		5.0441856015		0

				0.148 %		2.4787340195		3.6731307214		3.1198668551		1

				0.126 %		2.5711020168		3.239269035		4.2313384287		0

				0.188 %		2.8150871748		5.2864834655		4.8730306431		1

				0.100 %		1.0119635635		1.0139545375		4.7905864921		0

				0.209 %		2.1330716162		4.452791139		3.2514055604		1

				0.173 %		2.5575361113		4.4316726694		3.4103326095		1

				0.125 %		1.2959909568		1.6256578098		4.0315069839		0

				0.142 %		1.3800463292		1.9650385948		3.3177379533		0

				0.094 %		2.3180639762		2.1833770268		5.5318198257		0

				0.139 %		1.6657345573		2.3071355038		3.2534106402		0

				0.166 %		1.2524724424		2.0836439037		4.7444094891		0

				0.168 %		1.1784753706		1.9790218228		2.3718748551		0

				0.200 %		1.6588107856		3.3109793908		3.6264230998		0

				0.134 %		1.1352258864		1.5214311735		3.4488822684		0

				0.162 %		2.663086606		4.3099155705		3.3125845334		1

				0.173 %		1.9924856232		3.4421235989		3.6133835443		0

				0.164 %		3.84414494		6.3043719269		3.2217766516		1

				0.168 %		1.257902238		2.1118551717		3.6489468182		0

				0.121 %		2.6651358805		3.2296354851		4.5929879973		0

				0.157 %		3.2486114571		5.1156375674		2.0689936928		1

				0.121 %		1.1322309359		1.3679733898		3.7764454729		0

				0.144 %		2.392281874		3.4456350949		4.0748932081		0

				0.100 %		3.5072890145		3.5059331118		1.8309100777		1

				0.147 %		1.0952702203		1.6131408565		4.2265615899		0

				0.169 %		2.6004779518		4.4035266426		5.1664514042		0

				0.183 %		1.4859841052		2.7260286972		3.9482376899		0

				0.194 %		1.2594962014		2.4379032361		3.8239172048		0

				0.201 %		2.0909817042		4.2105333962		4.7736893766		0

				0.134 %		1.9021756592		2.5533816893		3.6660990283		0

				0.155 %		1.9247130146		2.9816763893		3.585023599		0

				0.180 %		2.7600462246		4.9602008731		4.6167085991		1

				0.122 %		2.3014794474		2.8174743368		3.4854571649		0

				0.126 %		2.730638352		3.44995621		4.6072625197		0

				0.132 %		1.5617584827		2.0588374075		2.9758166178		0

				0.166 %		2.3566024352		3.9105690884		3.9329123175		0

				0.162 %		1.1537636302		1.8683823232		4.1642940881		0

				0.141 %		2.0326412806		2.8707770756		4.9727718465		0

				0.165 %		1.1324599363		1.8642798554		4.7762184867		0

				0.105 %		1.7477960433		1.8309899543		3.1762798761		0

				0.167 %		1.1933438628		1.9954884477		4.6213228287		0

				0.120 %		1.2219620215		1.4664308647		2.116409341		0

				0.161 %		1.2176460745		1.9579645196		4.6965652833		0

				0.137 %		1.2959514488		1.7765197517		4.8733094614		0

				0.157 %		1.0821047535		1.7005364746		3.4751553426		0

				0.140 %		2.1189263437		2.9649644863		3.6938725579		0

				0.152 %		1.1541605934		1.7522840238		4.7379138108		0

				0.158 %		2.6058323932		4.1125899471		4.1629018979		0

				0.161 %		1.9570685095		3.1499852426		4.9874569684		0

				0.172 %		1.1375191663		1.9549558168		3.7778375473		0

				0.172 %		2.1623237992		3.714834954		3.651703459		1

				0.127 %		1.9527248094		2.4707826719		5.3446957319		0

				0.126 %		1.1708781028		1.4700460045		2.4994048467		0

				0.117 %		3.6800003071		4.3153581211		3.9443734385		1

				0.112 %		2.3709607496		2.6442961686		3.89857972		0

				0.135 %		2.7247029576		3.6857227329		4.6775544192		0

				0.134 %		1.3585372169		1.8222474485		4.2732112153		0

				0.083 %		1.2414424801		1.026328306		3.1021269608		0

				0.134 %		2.6320621895		3.5327834935		4.3483195207		0

				0.098 %		2.3804626673		2.3420350145		4.0419507453		0

				0.139 %		2.9822553396		4.1540298946		3.4660320627		1

				0.191 %		2.2954367629		4.3809144002		3.5920737176		1

				0.156 %		1.1734648909		1.8297436122		3.268325885		0

				0.123 %		2.5472050934		3.1295698375		4.1047463767		0

				0.119 %		2.4043088949		2.8656370261		2.3138972324		1
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Cumulative Distribution of amount of harmful content eaten (g):



		Example: Intake of harmful content

		Amount of harmful content:		p=		0.150 %

		How much eat (kg):		X=		2

		Amount of harmful content eaten (g):		Y=p*X=		3

		How much is critical?		c=		4

		Is it too much (Y>c)?				NO
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Things to consider when
building a simulation model

1. Structural factors of the model
» Physical/logical relationships among components
— Variables of the model
— “Rules” of the model
— Possible decisions and their consequences
— Feedback
2. Quantitative factors of the model
» Specific numerical assumptions of the variables
— Possible values
— Probability distributions used
— Statistical dependencies between the variables (e.g. correlation)

Elements of both structural and quantitative components can become
variables (or factors) in the design of simulation experiments
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Advantages and Disadvantages

of Simulation

Compared to experimenting with the actual
system:

+ Often the only possibility, because the actual
system cannot be studied - or it does not even
exist

+ Much more flexibility to try things out before
building the actual system

+ Flexibility to control for different variables
+ Helps to understand the actual system

- Simulation never corresponds fully to the actual
system: validity and uncertainty
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Advantages and Disadvantages
of Monte Carlo Simulation

Compared to the exact analytical or mathematical model:

+ Makes it possible to study more complicated models,
which do not have an analytical solution (or solution is
difficult)

Don’t have to make as many simplifying assumptions—
get more flexible models that can be more valid

Can include randomness in a controlled way
Correlations and other inter-depencies can be included
Changes to the model are quite easy and quick to do

Don’t get simple formulas, which could help to
understand the system

- Don't get exact answers—only estimates, which Include
uncertainty - that can and should also be estimated

+ + + o+
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Building “good” simulation

models

Verification—Code is correct (in whatever
programming language or program)
Validation—Model (as expressed in the verified
code) faithfully mimics the system to study; can

use model/code as surrogate for system to make
decisions

Statistical reliability—Accuracy. How much is the
error due to random variation?

Credibility—The valid model is accepted by
decision makers; critical for implementation
success

35



“Machine” View of What a

Simulation Does:

|nputs —
Structurd
Quantitative

Modd
and
code

Outputs -
Performance
measures
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What i1s needed to be able to
simulate?

In simulation you need a model, which represents reality with a
reasonable accuracy

You need to know the relationships between different parts of the
model

Many of the relationships are given with mathematical formulas or
functions; they often include randomness

You need to know which parts (and relationships) of the model are
assumed random (stochastic) and which are assumed fixed; this
may be a choice of the modeller/decision maker

You need the numerical values of the parameters appearing in the
model

You need the probability distributions of the random parts of the
model as well as their parameters

Often in simulation several models are combined to represent a
more complicated system or process



-

When simulation is not appropriate
(Banks & Gibson 1997)

Simulation should not be used when the problem can be solved by common
sense.

Simulation is not appropriate if the problem can be solved
analytically.

Simulation is not reasonable when the real-world experiment is more easily
(or less costly etc.) done than using simulation.

Simulation is not appropriate if the cost exceeds savings when using
simulation.

There should also be resources available, and if there is not, simulation is
not appropriate.

Simulation is not useful if there is not enough time to use the simulation
results.

For simulating, there needs to be enough data, and if there is not, another
way than simulation should be used.

Simulation should not be used if the simulation model can’t be verified or
validated.

Simulation is not appropriate if the project expectations cannot be met.

. Simulation is not appropriate if the system to be investigated is too complex

to be simulated.
38



When simulation is useful (Banks 2005)

S T

/.
8.

Q.

. Simulation enables the study of, and experimentation with, the internal

interactions of complex system.

Informational, organizational, and environmental changes can be simulated,
and the effect of these can be observed.

The knowledge developed when designing the simulation model can be
used for improving the system under investigation.

Changing simulation inputs and observing the outputs can produce valuable
insight of determining the interaction of the variables.

Simulation can be used as a pedagogical device to reinforce analytical
solution methodologies.

Simulation can be used to experiment with new designs or policies before
implementation, so as to prepare for what might happen.

Simulation can be used to verify analytical solutions.

Simulating different capabilities for a machine can help to determine the
requirements on it.

Simulation models designed to training can ease the learning process with
less cost and disruption.

10.Simulation can be used to visualize the behaviour of the system.
11.The modern system is so complex that its internal interactions can only be

treated through simulation.
39



Some related concepts

Virtual reality

* Related to the interactive senso-motoric experience in
a simulated environment

Augmented reality
« Adds digital components to the real world
Simulated reality

* Related to the philosophical argument or hypothesis
claiming that true reality can be artificially exactly
simulated

These concepts, although clearly of utmost interest,
are not part of this course


https://en.wikipedia.org/wiki/Virtual_reality
https://en.wikipedia.org/wiki/Augmented_reality
https://en.wikipedia.org/wiki/Simulated_reality
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"Virtuality" redirects here. For other uses, see Virtuality (disambiguation)

Not fo be confused with Simulated reality.
Virtual reality (VR) is an interactive computer-generated experience taking place within a simulated environment, that incorporates mainly auditory and visual, but also other types of
R sensory feedback like haptic. This immersive environment can be similar to the real world or it can be fantastical, creating an experience that is not possible in ordinary physical reality
Augmented reality systems may also be considered a form of VR that layers virtual information over a live camera feed info a headset or through a smartphone or tablet device giving the
user the ability to view three-dimensional images.
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Recent changes Current VR technology most commonly uses virtual reality headsets or multi-projected environments, sometimes in combination with physical environments or props, to generate realistic
Contact page images, sounds and other sensations that simulate a user's physical presence in a virtual or imaginary environment. A person using virtual reality equipment is able to "look around"” the
artificial world, move around in it, and interact with virtual features or items. The effect is commonly created by VR headsets consisting of a head-mounted display with a small screen in front
of the eyes, but can also be created through specially designed rooms with multiple large screens
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From Wikipedia, the free encyclopedia

Not fo be confused with Virtual reality.

Augmented Reality (AR) is an inferactive experience of a real-world environment whereby the objects that reside in the real-world are "augmented” by computer-generated perceptual
information, sometimes across multiple sensory modalities, including visual, auditory, haptic, somatosensory, and olfactory I"! The overlaid sensory information can be constructive (i.e
additive to the natural environment) or destructive (i.e. masking of the natural environment) and is seamlessly interwoven with the physical world such that it is perceived as an immersive
aspect of the real environment 2 In this way, augmented reality alters one’s ongoing perception of a real world environment, whereas virtual reality completely replaces the user’s real world

environment with a simulated one ¥ Augmented reality is related to two largely synonymous terms: mixed reality and computer-mediated reality

The primary value of augmented reality is that it brings components of the digital world into a person's perception of the real world, and does so not as a simple display of data, but through e ey sys‘tem‘ &
the integration of immersive sensations that are perceived as natural parts of an environment. The first functional AR systems that provided immersive mixed reality experiences for users 1992, U.S. Air Force, WPAFB

were invented in the early 1990s, starfing with the Virtual Fixtures system developed at the U.S. Air Force's Armstrong Laboratory in 1992 2151607l The first commercial augmented reality

experiences were used largely in the entertainment and gaming businesses, but now other industries are also getting interested about AR's possibilities for example in knowledge sharing,

educating, managing the information flood and organizing distant meetings. Augmented reality is also transforming the world of education, where content may be accessed by scanning or viewing an image with a mobile device
Ancther example is an AR helmet for construction workers which display information about the construction sites.

Augmented reality is used to enhance natural environments or situations and offer perceptually enriched experiences. With the help of advanced AR technologies (e g adding computer vision and object recognition) the information
about the surrounding real world of the user becomes interactive and digitally manipulable. Information about the environment and its objects is overlaid on the real world. This information can be virtuall*1" 120304 or reg) g g
seeing other real sensed or measured information such as electromagnetic radio waves overlaid in exact alignment with where they actually are in space !"*F'®I'" Augmented reality also has a lot of potential in the gathering and
sharing of tacit knowledge. Augmentation techniques are typically performed in real time and in semantic context with environmental elements. Immersive perceptual information is sometimes combined with supplemental
information like scores over a live video feed of a sporting event. This combines the benefits of both augmented reality technology and heads up display technology (HUD)
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About Wikipedia Simulated reality is the hypothesis that reality could be simulated—for example by quantum computer simulation—to a degree indistinguishable from "true” reality. It could contain conscious minds which may or may not be fully
Community portal aware that they are living inside a simulation. This is quite different from the current, technologically achievable concept of virtual reality. Virtual reality is easily distinguished from the experience of actuality; participants are never in
Recent changes doubt about the nature of what they experience. Simulated reality, by contrast, would be hard or impossible to separate from "true” reality. There has been much debate over this topic, ranging from philosophical discourse to
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