


Topics
« Textbooks:

» Introduction to Process Control Analysis, Mathematical Modeling,

Control and Optimization by Skormin, Victor A.
» Production Systems Engineering by Jingshan Li, Semyon M. Meerkov
» Useful Material
» Machine Learning | Coursera by Andrew Ng

> http://ai.berkeley.edu/lecture_videos.html

e Grading:
Tests (3 times) 30%
Homework 30%

Project+presentation 40%



Topics
Intro to OCTAVE

What Is Mathematical Modeling?

Random Event.

Bayes’Theorem.

Random Variables.

Probability Density Function (PDF) and Normal Distribution.
Systems of Random Variables

Random Processes

Essence of Linear Algebra by 3bluelbrown (Youtube.com)

http://cs231n.github.io/python-numpy-tutorial/



What Is Mathematical Modeling?

« Mathematical modeling is the art of translating problems from

an application area into tractable mathematical formulations.

|t provides insight, answers, and guidance useful for the

originating problem.
« Usually composed of relationships and variables.

» Relationships can be described by operators, such as algebraic

operators, functions, differential operators, etc.

« Variables are abstractions of system parameters of interest.



Random Events

A random event iIs an event that may or may not

occur as the result of a trial.

Probability of a random event A, P[A], Is 0<P[A]<1.

A
NF N is the total number of trials, and N4 is the

number of trials where event A has occurred

A
P[A] = lim —

N— o0



Random Events

 |f two events A and B occur, the conditional frequency of

AB
event A subject to event B Is the ratio A]'V—B NB is total

number of trials that occurrence of event B, and N8 s

the number of trials that occurrence of both A and B.

 Conditional probability of event A subject to event B is

AB
defined as P[A/B]| = lim N—B N — oo leads to N* — oo,
N

N—o00

NB - oo, and NAB - oo, however N4B < N4 NAB < NB



Random Events

« Event C, defined as a simultaneous occurrence of event
A and event B, Is called the product of two events
C=A-B

 The probability of event C or, P[C] = P[A/B] X P[B]

NAB NB NAB

e P[A/B] X P|B] = &ﬂoﬁxl\%ﬂoﬁz 1\111—{130_:

P[AB] = P[C]
 Similarly,P[C] = P[B/A] X P[A]



Bayes’Theorem

e P[A/B] x P[B] = P[B/A] X P[A]

P[B/A]xP[A]
P[B]

e P|A/B]= >Bayes'theorem

THE AM IS TO
FIND
P(data | model)

NO No! WE ARE
BETTER OFF
WITH
P(model | data)



Bayes’Theorem

« Example 1.1 Tssunaadudiusasud inudeyanisuandiuau 5,500 Tayadefisnuau
879 ATIVIANNUUNNIDIVIYUAIUTAYUAYNLAAIALL:

136 A3 LinN nIzualniann
177 A3 1nan Ingaulilanmnw

7%
(%4

a = [y} o a < [V
83 M54 LNNAIN LATBIVNSVNTURANAINLANLDY
= ¢ a & v v a cou A
ﬂiuafausaﬂumwgnwammm’ﬂmmmwmumqmim 94
36 A4 LA nseialniign
81 A34 1inan Ingaulilanmuaw
63 AS4 LANAN LASDIINTNINTUAANAALANTDY

91AMNUNLITUVDINITHNARTUEIUTaIUALAAAAMUUNNTDY andanszudlnnian ta1 10

AM, uagsiaamniuingaulilananin 1aan 2 PM



Bayes’Theorem

ARl wian1sal A Aeamniwunnsas, wansal A, Reaanind , wanisal B fafianszualnien,
wiansal C Aaiadngaulidldnanin

ﬁqﬁu P[Al] + P[Az] — 1

arnainanduvestudauamuniwunnsas P[A] = % = 0.16
amnutazuvestudiunanwi P[A,] = (3500-879) _ 0.84
! 5500
NBA1
P[B/A,] = NAL — 879 0.155
NBA2 36
P[B/A,] = = 0.008

N4z 5500 — 879
Liﬂﬁ']ll']iﬂﬁ’]‘l&’Jm‘iﬂ']ﬂ"]ﬂ’J']&I‘Li']Q%L‘ﬂuﬂlaﬂﬂ"lilﬁﬂﬂ’JﬂNUﬂWSII’NcL‘IJﬂ"IiNaﬁ%ﬂﬁ’)ﬂiﬂﬂuﬁ Watianszualniinniian 10
AM

_ P[B/A;] - P[A,] _ P[B/A;] - P[A,]
PlA/Bl = = BT = PIB/ALT- PIA] + PIB/A;] - PIA,]
0.155 x 0.16 — 0.79

~ 0.155 x 0.16 + 0.008 x 0.84



Bayes’Theorem

ARl wian1sal A Aeamniwunnsas, wansal A, Reaanind , wanisal B fafianszualnien,
wiansal C Aaiadngaulidldnanin
daju P[A{] + P[A,] =1
879

anutiazfuvestudiuquawuanses P[A; ]| = = 0.16

, v . 5500—-879
AL UVDITU IUANING P[A,] = ( ) — 0.84

5500
NCA1
P[C/A,] = = = 0.2014
N CA2 81
NAz 5500 — 879

EunsaAuIMmAIaatiaziluvemsiiaauunnsasdluntsnantudiusasud Wadngaulildnaninan 2PM

P[C/A,] = = 0.0175

_ P[C/A4] - P[A,] _ P[C/A1] - P[A,]
Pl = = G = PIC/ALT- PIA] + PIC/AL] - PIA,]
0.2014 x 0.16
= (0.687

= 0.2014 X 0.16 + 0.0175 x 0.84



Bayes’Theorem

e Examplel1l.2i3 Iﬁqmu‘?’iwamqﬂnm‘i‘f/’iﬁqﬂaﬂmstﬂuﬁwhszuwia‘laLﬁasnﬂuﬁ T5991u
Haunineneuinuanautivasgunsaifenanludas 2000 Falusvasnisieugdisan
inazidy 0.83 (5e01uiD), 0.87 (5euii2), 0.92 (5s01uii3) Hgunsaliwiadendsan
vi191ulU 1500 F2lus uaz gunsalfafisaadendeainiineuly 1800 Flus Taeitlinsiudn

Juvaddssnula asmanuinazilunigunsalasnairaziluveddssnui 3

. Sol: ilesanliinsuindulssewla . P[M;] = P[M,] = P[M;] = 0.3

suyAlvinansal A unuwansaifigunsalifendsanniineuly 2000 Hala fti
P[A/M;] =1 —0.83 = 0.17; P[A/M,] = 1 — 0.87 = 0.13; P[A/Ms] = 1 — 0.92 = 0.08

Usailiuaunanduves My, My, M3 d1gunsaldaitt e mdsan vineruld 1500 2l ) fetiu
P[A/M,] - P[M,]

P[M,/A] =
/A= BIA/MLT- PIM,T + P[A/M,] - P[M,] + P[A/Ms] - P[M;]
0.17 x 0.3 0.056
= . - - = - = 0.447
0.17x0.3+0.13x0.34+0.08x0.3 0.126
0.13x 0.3 0.043
P[M,/A] = . ; = = 0.342
0.17x0.3+0.13x0.3+0.08%x0.3 0.126
0.08 x0.3 0.026
= = 0.211

0.17%x0.34+0.13%x0.34+0.08x0.3 0.126



Bayes’Theorem

Uszliuanuunaziluves My, My, M3 fhaunsalfan2 e (vdsansineuly 1800 w3lus )aauu

P[A/M;] =1-0.83 =0.17;P[A/M,] =1—0.87 = 0.13;P[A/M3] =1 —0.92 = 0.08
P[A/Ml] ) P[M1]

P[M,/A] =

1/Al = BTA/M,T- PIMy] + P[A/M,] - P[M,] + P[A/Ms] - P[My]
_ 0.17 X 0.447 ~0.07599 0553
~ 0.17 X 0.447 + 0.13 X 0.342 +0.08 x 0.211  0.13733

P[M, /4] = 0.13 x 0.342 _ 0.04446 0324

2/ = 017 % 0447 + 013 x 0.342 +0.08 x 0.211 0.13733
0.08 x 0.211 0.01688
P[M,/A] = = = 0.123

0.17 x 0.447 + 0.13 x 0.342 +0.08 x 0.211  0.13733



Bayes’Theorem

Example 1.3 m'ﬁJszLﬁuwammé’ﬂL‘%amamsﬁ'awmﬁnﬁﬂmmnﬁz’l’agaﬁnﬁnmﬁg\mm
1200 A fiasi5eud v Math Modeling fieedl 225 A (A), 511 au (B), 406 au (C), 32 AY
(D), 26 Au (F) LLazﬁﬂﬁﬂwﬂuﬂduﬁﬁw B 2%1 Signals&Systems s TuBen Math Modeling
lansa 67(A), 211(B), 108(C), 4(D), wuaz 3 (F) A&y as13inuneugula B ludyn
Signals&Systems (Hint:iansal BS®) ssmanuunazduiivey azld A, B, C ludvn Math

Modeling

Uszliuanuirasiluiindneazlanse d1eqludvn Math Modeling

5
P[A] = ST 0.1875,
P[B] = >11 = 0.4258 P[C] = 406 = 0.3383 P[D] = 52 = 0.0267, P[F] = 26 = 0.0217
1200 ’ 1200 ’ 1200 ’ 1200

Uizlﬁummmaslﬁmwuﬁlﬁlau‘lm (Conditional Probabilities)

67 211 108
P[BSS/A] = 275 = 0298, P[BSS/B| = =1 = 0413, P[BSS/C| = 206 = 0-266,

4
P[BSS/D] = 37 = 0125, P[BSS/F] = 23—6 = 0.115



Bayes’Theorem

autnazufiueu 31d A Tudwr Math Modeling iald B 391 Signals&Systems - P[A/BSS]
P[BSS/A] - P[A]
p[BSS]

P[A/BSS] =

P[BSS/A] - P[A]

~ P[BSS/A] - P[A] + P[BSS/B] - P[B] + P[BSS/C] - P[C] + P[BSS/D] - P[D] + P[BSS/F] - P[F]
0.298 x 0.1875 0.05588

- 8%3513 x 0.1875 + 0.413 x 0.4258 + 0.266 X 0.3383 + 0.125 x 0.0267 + 0.0217 x 0.115 _ 0.32755

auinaziliuiiuey 9218 B 391 Math Modeling iiald B 31 Signals&Systems = P[B/BSS]

P[BSS/B| - P[B] _ 0.413 x 0.4258

SS] — —
BB/B=] = P[BSS] 0.32755

= 0.537

autnaziduiiuey 2218 C Tu3v1 Math Modeling 1ialé B 391 Signals&Systems - P[C/BSS]
P[BSS/C]-P[C] _ 0.266 X 0.3383

P|C/B%%| = = = 0.275
[c/B%] P[B53] 0.32755
P[A] = 225 _ 01875 P[B] = 1L _ 4258 P[C] = 196 _ 3383 P[D] = 2 _ 00267 P[F] = 26 _ .0217
a 1200 - - 12(2)(1)1_ S B 12001;8 T 1200 _4 T ~ 1200 3'
SS _ — SS — — SS — — SS - SS — - _
P[BSS/A] = 5oz = 0.298, P[BSS/B] =17 = 0413, P[BSS/C] 205 = 0266, P[BSS/D] 35 = 0125, P[BSS/F] o = 0115




Bayes’Theorem

Thomas Bayes (18th century English clergyman)

If events A, A,, A; constitute a complete group of mutually exclusive
events, i.e. P[A;] + P[A,] + P[A;] = 1, and event B is related to

A4, A,, A5 via conditional probabilities P[B/A,], P[B/A,], P[B/

A,], then P|B] = P[B/A;] - P[A,] + P[B/A,] - P[A,] + P[B/A;]
P[As3]

P[B/A;] - P[A;] + P[B/A;] - P[A;] + P[B/A3] - P[A3] =

NBA1 NA1 NBAZ NAZ NBA3 NA3 NBA1 +NBA2 +NBA3 NB

NA1T N ' NAz N ' NA3 N N ~ ~ PlB]




Bayes’Theorem

* P[B/A;] X P[A{] = P[A;/B] X P[B]

*P[B] = P[B/A] - P[A1] + P[B/A;] - P[Az] + P[B/A3] - P[A;]

B/A1]-P[A{]

P|
* P[A;/B] = P[B]




Random Events
P[A/B] X P[B] = P[B/A] X P[A]
Events A and B are independent events if P[A/B] = P[A]

Multiplication of Probabilities: If A & B are independent,

P[A/B] = P[A] then the probability of the simultaneous
occurrence of events A & B is P[AB] = P[A] - P[B]

Addition of Probabilities : If A & B belong to a complete
group of independent events, P[A] + P[B] + P[C] + --- =
1, then P[A or B] = P[A] + P[B]




Random Variables

A random variable can have any numerical value, x(k), at

each trial, k=1,2,. . . Is the trial (realization) index.

Detect min and max values of the variable within the array,
Xmin aNd Xa«.-Divide interval [Xin, Xmax] 1Nt0 M divs.

Define step D, = ~max-—min

Compute the number of realizations within each interval,
I.e. number of realizations n; such that

Xmin + (] — 1)DX < X(k) < Xmin + ]DX ,j — 1,2, ey M

Compute frequencies f; = %] =12,..,M



Random Variables

- Build a histogram showing f; vs x(k) values like the one

shown below In Fig. 1.1 (it is said that a histogram relates

values of a random variable to the frequency of occurrence

of these values)

fs
f, f
N Mo o0 il

[ Dx

« Histogram turns into a continuous line that represents the
distribution law of the random variable x(k), this is called

the probability density P(x).



Random Variables
« The probability density function(pdf) P(x) can be used to

define the probability of random variable x(k) which

satisfies the condition x; < x(k) < x, as follows:

Plx; < x(k) <x,]| = f P(x)dx = j P(X)dx—f P(x)dx
X1 0 0

One can realize that,

+ oo + 0o — 00

P[—o0 < x(k) < +o0] = f P(x)dx = f P(x)dx —f P(x)dx

—00 0 0
+ 00 0

=f P(x)dx + fP(X)dx= 1

0 — 00



Random Variables

* There are several “typical” distribution laws, however, the most
common is called normal distribution, which provides the best

description of most random phenomena observed in real life.

« Normal Distribution has the following probability density:

e(_(XZ_GL;)Z) = P(x, 4, 0)

PR = o

where u = mean value , ¢ = standard deviation

X = [—5:0.1: 5]; u = 0; sigma = 2;

P = 1/sig/sqrt(2 * pi) * exp(—(x —u).*2/(2 * sig"2));
plot(x, P)




Random Variables

Normal distribution law reflects fundamental properties of
nature. In manufacturing, the o of any variable characterizing

the product represents effects of “forces of nature™.

On a manufacturing process, and the mean value (u) represents

effects of operators’ efforts and adjustment of equipment.

The following is the definition of the probability of a normally
distributed random variable x(k), satisfying the condition

X1 < X(k) < X9

Plx; < x(K) < x] = [ P(x, p,0)dx = @(z) — @ (21)



Random Variables

Plx; < x(k) <x,] = J P(x, u,o)dx

X2 X1

=j P(x, u, a)dx—J P(x,u,0)dx = ®(z;) — P(z1)

X1

Where, 0
O 1 c ' Z o
7o) =— | e Z, Z1) =—F—1| €
? \/2110 ! \/Zno
Z_
D(o0) = f 2 dz = 0.5
o

function y = f(x); y=1/sqrt(2*p )*exp(-x.’\2/2), endfunction
Int= quadcc("f", O, inf, 1.0e-6)




Random Variables

« Example 1.4 vszidiumanisuiudseluszuusnlusia:

Iseaudnludesndnnaauuszana 371u9u 300,000 Ju AldIedaBuwiniu 15 um AN
gausulavainasulsEafadadszndng 0.194 fis 0.204 111 Wialdiasasiianilaginnisinlaglamn
duligauuNInggIU Og1q WinNu 0.003 173 a13zU5uUseszuuanludfvlianunueadeazinlula

AU UUNINTTIY Oy ey MU 0.00133 119 TagazdiAnlyanglunisusudseaseilvingu

Y
=

350,000 UM AeMazANAMIe linazUSuUesEuLluAsall

Sol: awInAMNEIvaInaaulstaisausulaegszndng 0.194 09 0.204 U7 LAZABINER WY
300,000 %y

dld 1 (%

. ANRfYveIANYINaRUYsTANAWINY L =
® O-Old = 0003 149

. wmanuiaziduvesanueinasulszaiiegludiasisensuld Px; < x(k) < x,]| =

X1+Xp; _ 0.194+0.204
2 2

= 0.199 i

X2 L a
fX P(x, u, 0)dx lagandndunisuanuasuuudni@ (normal distribution):
1



Random Variables

* Plx; =x(k) <x;] = Lsz e(_%) dz = ®(zz) — P(z1)

V2T YZq
—u 0.194-0.199 —u 0.204-0.199
7, = 2 = = —1.67,2, = 2+ = = 1.67
o 0.003 o 0.003

1.67 1.67

1 _z? 2 (_ﬁ
Plx; < x(k) < x,] = — f e\ 2 dz=—j e\ 2/dz
V2T V2T
—1.67 0
= 0.905
nualaansn Lﬁaﬁazwamnaauﬂiz@ﬁﬁﬁﬂmu 300,000 U ABINAANAIUUTTAVIVIUA
.~ 300000 2 v o 2 . 2 A
wirfiu === = 331,491%u ... Aeendauindu 37u7u 31,491 FJuduky

31,491x15uwm = 472,365 uwm



Random Variables

o MUSuUseTEUUsRLLR liauiuadeazinlilaadudewuunnnsgiu windu 0.00133 s

) dz = w2 — ()

e Plx; <x(k) <x
[ ( ) 2 \/—f
i 0.194-0.199 i 0.204-0.199
7, = 2F = = —3.76,2, = 2+ = = 3.76
5 0.00133 G 0.00133
3.76 3.76
1 (-Z_ 2 <_z_)
Plx; < x(k) < x,| = — f e\ 2 dzz—f e\ 2/dz
V2T V2T
—3.76 0
= 0.99983
AT LanIIn Lwamvwamnaauﬂﬁ 8119 300,000 Ju ADINAANABUUITLANINNA
. o 300000 2 5 e A 2 o 4
Wity ————— = 300,051%u .. deandaunndu 37uu 51 Ju 1 UKkU 51X15=765 U

Uszndanu = 472365-765-350000=121600 Auen



Areas Under the One-Tailed Standard Normal Curve

This table provides the area between

the mean and some Z score.

Forexample, whenZ score = 1.45

the area = 0.4265.

z p=0 145

—> 0.4525*2=0.905

—> 0.4999*2=0.9998

Fi 0.00 0.1 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.0 0.0000 | 0.0040 | 0.0080 | 0.0120 ([ 0.0060 | 0.0159 | 0.035 ﬂ.Uh?B 0.0319 | 0.0339
0.1 0.0398 | 0.0438 | 0.0478 | 0.0517 | 0.0557 | 0.0596 | 0.0§36 EI.DF?S 0.0714 | 0.0753
0.2 0.0793 | 0.0832 | 0.0871 | 0.0910 | 0.0948 | 0.0987 | 0.1926 ﬂ.1|l54 0.1103 | 0.1141
0.3 0.1179 | 0.1217 | 0.1255 | 0.1253 | 0.1331 | 0.1368 | 0.1406 ﬂ.ll-43 0.1480 | 0.1517
0.4 0.1554 | 0.1591 | 0.1628 | 0.1664 | 0.1700 | 0.1736 | 0.1}72 | 0.1pos | 0.1844 | 0.1879
0.5 0.1915 | 0.1950 [ 0.1985 | 0.2019 [ 0.2054 | 0.2088 | 0.2323 | 0.2457 | 0.2190 | 0.2224
0.6 0.2257 | 0.2291 | 0.2324 | 0.2357 | 0.23895 [ 0.2422 | 0.2954 | 0.2836 | 0.2517 | 0.2549
0.7 0.2580 | 0.2611 | 0.2642 | 0.2673 | 0.2704 | 0.2734 | 0.2)64 ﬂ.2|'94 0.2823 | 0.2852
0.8 0.2881 | 0.2910 | 0.2935 | 0.2967 | 0.29595 | 0.3023 | 0.3¢51 U.BIW'B 0.3106 | 0.3133
0.9 0.3159 | 0.3186 | 0.3212 | 0.3238 | 0.3264 | 0.3239 | 0.3315 Q,EIMCI 0.3365 | 0.3389
1.0 0.3413 | 0.3438 | 0.3461 | 0.3485 [ 0.3508 | 0.3531 | 0.3354 0.35?'? 0.3599 | 0.3621
11 0.3643 | 0.3665 | 0.3680 | 0.3708 | 0.3729 | 0.374% | 0.3770 U.SI'SU 0.3810 | 0.3830
1.2 0.3849 | 0.3865 | 0.3888 | 0.3907 | 0.3925 | 0.3944 | 0.3962 | 0.3p80 | 0.3997 | 0.4015
13 0.4032 | 0.4045 | 040660 | 0.4082 | 0.4099 | 0.4115 | 0.4331 | 04047 | 0.4162 | 0.4177
1.4 0.4192 | 0.4207 | 04232 [ 0.4236 | 0.4251 [ 04265 | 0.4)79 | 0.4p592 | 0.4306 | 0.4319
1.5 0.4332 | 0.4345 | 0.4357 | 0.4370 | 0.4382 | 0.4394 | 0.4906 U-ME 0.4429 | 0.4441
16 [REA S B i~ o e s B o e e e 0.4525 = —
1.7 0.4554 | 0.4564 | 0.4573 | 0.4582 | 0.4551 | 0.4599 | 0.4¢08 | 0.4616 | 0.4625 | 0.4633
1.8 0.4641 | 0.4649 | 0.4656 | 0.4664 | 0.4671 | 0.4673 | 0.4886 | 0.4693 | 0.4699 | 0.4706
1.9 04713 | 04719 | 04726 [ 04732 | 0.4738 | 04744 | 0.4]50 | 0.4756 | 0.4761 | 0.4767
2.0 04772 | 04778 | 0.4783 | 04788 | 0.4793 | 0.4798 | 0.4%03 | 0.4308 | 0.4812 | 0.4817
2.1 0.4821 | 0.4826 | 0.4830 | 0.4834 | 0.48358 | 0.4842 | 0.4§46 | 0.4350 | 0.4854 | 0.4857
2.2 0.4861 | 0.4864 | 0.4868 | 0.4871 | 0.4875 | 0.487% | 0.4%81 | 0.4334 | 0.4887 | 0.4830
23 0.4893 | 04896 | 0.4898 | 0.4901 | 0.4504 | 0.4906 | 0.4%059 | 0.4511 | 0.4%13 | 0.45916
2.4 0.4918 | 0.4920 | 0.4922 | 0.4925 | 0.4927 | 0.4529 | 0.4931 | 0.4532 | 0.4934 | 0.4936
2.5 0.4938 | 0.4940 | 0.4941 | 0.4943 | 0.4945 | 0.4946 | 0.4948 | 0.4%49 | 0.4951 | 0.4852
2.6 0.4953 | 0.4955 | 0.4956 | 0.4957 | 0.45959 | 0.4960 | 0.4961 | 0.4962 | 0.4563 | 0.4564
2.7 0.4965 | 0.4966 | 0.4967 | 0.4568 | 0.4965 | 0.4570 | 0.4%71 | 0.4572 | 0.4573 | 0.4574
2.8 0.4974 | 04975 | 04976 [ 04977 | 04977 [ 04973 | 0.4979 | 0.45979 | 0.4980 | 0.4981
2.9 0.4981 | 0.4982 | 0.4932 | 0.4933 | 0.4934 | 0.4534 | 0.4985 | 0.459385 | 0.4586 | 0.4986
3.0 0.4987 | 0.4987 | 0.4987 | 0.498%8 | 0.4988 | 0.4939 | 0.4989 | 0.4939 | 0.4990 | 0.4990
3.1 0.4990 | 0.4991 | 0.4991 | 0.4991 | 0.4992 | 0.4992 | 0.4992 | 0.49392 | 0.4993 | 0.4933
3.2 0.4993 | 0.4953 | 0.4934 | 04554 | 0.45954 | 0.4554 | 0.4954 | 0.45355 | 0.4535 | 0.4535
3.3 0.4995 | 04995 | 0.4995 [ 0.49%6 | 0.4996 [ 0.4996 | 0.49%6 | 0.4996 | 0.4926 | 0.4397
3.4 0.4997 | 0.4997 | 0.4997 | 0.4937 | 0.4997 | 0.4557 | 0.4957 | 0.4597 | 0.4997 | 0.4598
1.5 0.4998 | 0.4998 | 0.4998 | 0.4998 | 0.4998 | 0.499% | 0.499E | 0.4998 | 0.4998 | 0.4938
3.6 04998 | 0.4998 | 04995 | 0.4939 | 0.4939 | 0.4939 | 0.M9AE59 | 0.4939 | 0.4539 | 0.4399
3.7 o Bt I e ik mcami s mconis | DI EEE T s B B
3.8 0.4999 | 0.499% | 0.4999 [ 0.499% | 0.4999 [ 0.4999 | 0.49%9 | 0.4999 | 0.4999 | 0.4999
3.9 0.5000 | 0.5000 | 0.5000 | 0.5000 | 0.5000 | 0.5000 | 0.5000 | 0.5000 | 0.5000 | 0.5000




