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Death rates across ages
National data from the United States between 2018 and 2021.

Annual death rate, per 100,000 people (log scale)

10,000 All deaths
Diseases
1,000
__ Deathrates are much higher
¥~ inthe first years of life
\<,z — - External causes
i . b €ath rates rise exponentially L+ suchas accidents, falls,
-crfr:itladrrlzlsls i?ccolings ” ~ inadulthood due to .7 violence, overdoses,
/ g R deaths from diseases L7 poisonings, suicide,
100 o T emmmm- e mmm- - of and other injuries
,I

? ¥
? e
S - . .
Yo AN Death rates rise suddenly in
« adolescence, largely due to deaths
from external causes

\ 4

0 20 40 60 80
Age

Note: Period death rates using ICD-10 categories. ‘Diseases’ includes all categories except ‘external causes’ and ‘signs, symptoms and abnormal findings’.
Source: United States Centers for Disease Control and Prevention, via CDC Wonder database

OurWorldinData.org — Research and data to make progress against the world’s largest problems.

Licensed under CC-BY by the author Saloni Dattani

https://ourworldindata.org/how-do-the-risks-of-death-change-as-people-age




Death rates have declined across the lifespan Our World

Cohort data from Sweden where long-term data is available. Annual death rates at age O are shown as dots.

in Data

Death rate (log scale)

100%

Birth cohort

1800s
1810s
1820s
1830s
1840s
1850s
1860s
1870s
1880s
1890s
1900s
1910s
1920s
1930s
1940s
1950s
1960s
1970s
1980s

10%

Infants bornin 1800 had
a thirty-six times higher
death rate than those

bornin 1980

1%

Fifty year olds bornin
1800 had an eleven
times higher death rate

0.1% than those born in 1970

Ten year olds born in 1800 had a
fifty times higher death rate
than those born in 1980

0.01%

0 20 40 60 80
Age
Note: Lines begin for age groups who were included in the dataset, once data collection began. Lines end for those who have not yet reached a given age.
Death rates above age 95 are not shown due to uncertainties.

Source: Human Mortality Database. Max Planck Institute for Demographic Research (Germany), University of California, Berkeley (USA), and
French Institute for Demographic Studies (France).

OurWorldinData.org — Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the author Saloni Dattani




Survivorship curve: surviving fraction vs age

U.S. Survivorship (Ix) — Semi-Log Plot (SSA Period Life Table, 2022)
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Erlang Distribution

The Erlang distribution is a generalization of
the exponential distribution.

The exponential distribution models the time
interval to the 1°t event, while the

Erlang distribution models the time
interval to the k" event, i.e., a sum of
k exponentially distributed variables.

The exponential, as well as Erlang
distributions, is based on the constant rate

(or Poisson) process.
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Erlang Distribution

Generalizes the Exponential Distribution:
waiting time between event 0 and event k

(constant rate process with rate=r)
k—1

P(X > x) = z A ) ST

m!

m=0

Differentiating F (x) we find that all terms in the sum

except the last one cancel each other:

k k-1 —
rext e

f(x)z forx>0 and k=1,2,3,...

(k—1)!




Gamma Distribution

The random variable X with a probability density
function:

ko k-1 —
rext e

f(x)— F(k) , for x>0

has a gamma random distribution
with parametersr>0and k> 0. If
k is a positive integer, then X has
an Erlang distribution.

Sec 4-9 Erlang & Gamma Distributions



k k-1 —
rext e

f(x)= 0N for x>0

+00

j f(x)dx =1, Hence

F(k) = j r x e dx :j y*edy
0 0
Comparing with Erlang distribution

for integer k one gets
[ (k) =(k-1)!



Gamma Function

The gamma function is the generalization of the
factorial function for r > 0, not just non-negative
Integers.

co

I'k) = f yk=le=vdy, forr >0 (4—17)
0
Properties of the gamma function
r1) =1
I'(k) = (k—1)I'(k — 1) recursive property
I'k)=(~(k-1)! factorial function

1 1 1 . .
I > =n2 =177 = —5 ! interesting fact
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Mean & Variance of the
Erlang and Gamma

e |f Xis an Erlang (or more generally Gamma)
distributed random variable with
parameters r and K,

w=E(X)=k/r and 0?=V(X)=k/r? (4-19)

* Generalization of exponential results:
u=EX)=1/r ando?=V(X)=1/r> or
Negative binomial results:
u=E(X)=k/p ando?=V(X)=k(1-p)/ p*



Matlab exercise:

* Generate a sample of 100,000 variables
with “Harry Potter” Gamma distribution with
r =0.1 and k=9 % (9.75)

* Calculate mean and compare it to k/r
(Gamma)

* Calculate standard deviation and compare it
to sqrt(k)/r (Gamma)

* Plot semilog-y plots of PDFs and CCDFs.

* Hint: read the help page (better yet
documentation webpage) for

random(‘Gamma’...): one of their parameters
is different than r




Matlab exercise: Gamma

Stats=100000; r=0.1; k=9.75;

r2=random('Gamma’, k,1./r, Stats,1);

disp([mean(r2),k./r]);

disp([std(r2),sqrt(k)./r]);

step=0.1; [a,b]=hist(r2,0:step:max(r2));

pdf _g=a./sum(a)./step;

figure;

subplot(1,2,1); semilogy(b,pdf g,'ko-'); hold on;

x=0:0.01:max(r2); clear cdf g;

for m=1:length(x);
cdf_g(m)=sum(r2>x(m))./Stats;

end;

subplot(1,2,2); semilogy(x,cdf g,'rd-');
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Continuous Probability
Distributions

Normal or Gaussian
Distribution






Normal or Gaussian Distribution

—(x—ét)2

20

f(x)z\/%o_e

~ 0 < X < 00
1s a normal random variable
with mean g,

and standard dewviation o

sometimes denoted as

N(u,o)

Carl Friedrich Gauss (1777 —1855)
German mathematician



Normal Distribution

* The location and spread of the normal are
independently determined by mean ()
and standard deviation (o)

—(x—ﬂ)2

f(x)= \/70

A VAN

= .19
Figure 4-10 Normal probability den5|ty functions

Sec 4-6 Normal Distribution

2

21



Matlab exercise:
plot PDF of the Gaussian distribution
with mu=3; sigma=2
calculate mean, standard deviation
and variance,
Linear-y and Semilog-y plots of PDF
Hint:

Generate Standard normal
distribution using
randn(Stats,1) then
multiply and add using sigma, mu



Matlab exercise solution

Stats=100000;

mu=3; sigma=2;

rl=sigma.*randn(Stats,1)+mu;

step=0.1];
[a,b]=hist(rl,(mu-10.*sigma):step:(mu+10.*sigma));
pdf _n=a./sum(a)./step;

figure; subplot(1,2,1); plot(b,pdf n,'ko-');
subplot(1,2,2); semilogy(b,pdf _n,'ko-');



Gaussian (Normal) distribution is very
important because any sum of
many independent random variables
can be approximated with a Gaussian




Standard Normal Distribution

* A normal (Gaussian) random variable with
u=0and o’ =1
is called a standard normal random variable and
is denoted as Z.

e Thed cumulative distribution function of a
standard normal random variable is denoted as:

D(z) = P(Z< 2)

* Values are found in Appendix A Table Il
to Montgomery and Runger textbook

Sec 4-6 Normal Distribution
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Standardizing

If Xis a normal random variable with £(X) = w and M(X) = o, the random variable

Z = (4-10)

1s a normal random variable with £(Z) = 0 and V(Z) = 1. That 1s, Z 1s a standard
normal random variable.

Suppose X 1s a normal random variable with mean x

and variance o,

Then,P(XSx):P(X_ﬂSx_’uj:P(Zﬁz) (4-11)
o) o)

where Z 1s a standard normal random variable, and

(x=#)
o
The probability is obtained by using Appendix Table III

z= is the z-value obtainedby standardizing x.

Sec 4-6 Normal Distribution
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P(X < 1 - o) =P(X > 1 + o) = (1-0.68)/2=0.16=16%
P(X < W - 20) =P(X > 1 + 20) =(1- 0.95)/2=0.023=2.3%
P(X < u - 30) =P(X > u + 30) =(1- 0.997)/2=0.0013=0.13%

f(x)

w—30c U-20 w-o L w+o pw+20 u+ 30 x
l«— 68% —>
- 95% -
< 99.7% >
Figure 4-12 Probabilities associated with a normal distribution —
well worth remembering to quickly estimate probabilities.

Sec 4-6 Normal Distribution 27
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Standard Normal Distribution Tables

Assume Z is a standard normal random variable.
Find P(Z<1.50). Answer: 0.93319

P(Z <1.5) =d(1.5)

= shaded area © 0.00 0.01 0.02 0.03

O | 0.50000 0.50399 0.50398 0.51197

1.6 | 0.93319 0.93448 0.93574 0.93699

0 1.5 z

Figure 4-13 Standard normal PDF Table Il from,
Appendix A in

Find P(Z < 1.53). Answer: 0.93699 g";’;tngg"e’:‘ery
Find P(Z <0.02). Answer: 0.50398
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Standard Normal Exercises

P(Z>1.26) =1- P(Z < 1.26) =1-0.8962= /\
=0.1038 =
P(Z <-0.86) = P(Z >0.86)=1- P(Z<0.86)= «

)
1-0.815=0.195 /\

P(Z >-1.37) =P(2<1.37)= 0.915

P(-1.25< Z2<0.37)=P(Z2<0.37)- P(Z<-1.25) /\

=P(Z < 0.37)- P(2>1.25) = P(Z < 0.37)-

(1-P(2<1.25))= 0.6443-(1-0.8944)=0.5387 /\
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Range The expected fraction of Approximate expected The approximate frequency for daily

population inside the range frequency outside the event
range
u*0.50 0.382924922548026 2 in 3 Four or five times a week
nutlo 0.682689492137086 1in 3 Twice a week
utl50 0.866385597462284 1in 7 Weekly
nt20 0.954499736103642 1in 22 Every three weeks
ut2.50 0.987580669348448 1in 81 Quarterly
Lt 30 0.997300203936740 1in 370 Yearly
nt3.50 0.999534741841929 1in 2149 Every six years
utdo 0.999936657516334 1in 15787 Every 43 years (twice in a lifetime)
nt4.50 0.999993204653751 1in 147160 Every 403 years (once in the modern era)
MLx50 0.999999426696856 1in 1744278 Every 4776 years (once in recorded
history)
nLt5.50 0.999999962020875 1in 26330254 Every 72090 years (thrice in history of
modern humankind)
ut 60 0.999999998026825 1in 506797346 Every 1.38 million years (twice in history
of humankind)
ut6.50 0.999999999919680 1in 12450197393 Every 34 million years (twice since the
extinction of dinosaurs)
nLt70 0.999999999997440 1in 390682215445 Every 1.07 billion years (four times in
history of Earth)
Source: Wikipedia DATA SCIENCE Human Impact of Probabilities

DISCOVERY

STAT 107: Data Science Discovery



Business buzzword: Six Sigma
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WIKIPEDIA SIX Sigma
The Free Encyclopedia o )
From Wikipedia, the free encyclopedia
Main page For other uses, see Sigma 6.
Contents
Eeatured content Six Sigma is a set of techniques and tools for process improvement. It was introduced by engineer Bill Smith while working
Current events at Motorola in 1986.[1112] Jack Welch made it central to his business strategy at General Electric in 1995.13] Today, it is used

Random article in many industrial sectors.[4]

Business literature defined six sigma
as no more than 3.4 defective products
per million



Appendix Table Il is no good for 6-sigma
How to calculate in Matlab?

e Matlab has a built-in function normcdf

* 1-normcdf(z) is the Prob[X-u>z-0]

* | expected: P(Z>6)= 3.4e-6

 Matlab says 1-normcdf(6)~ 1e-9

e Six sigma is not 60 at all !!!

e Let’s find out how many simas are in six sigma
 Matlab says: invhorm(3.4e-6)=4.5

* Six sigma should be called 4.50

* Does not have the same buzz



What’s wrong with Six Sigma?

 Motorola has determined, through years of process
and data collection, that processes vary and drift over
time — what they call the Long-Term Dynamic Mean
Variation. This variation typically falls between 1.4
and 1.6. They shifted their
sigma down by 1.5.

 The statistician Donald J. Wheeler has dismissed the
1.5 sigma shift as "goofy" because of its arbitrary
nature.

* A Fortune article stated that "of 58 large companies
that have announced Six Sigma programs, 91 percent
have trailed (performed below) the S&P 500 index
since"




* Freeman Dyson (a famous theoretical physicist) once
sat on a committee reviewing Department of Energy
Joint Genomics Institute (DOE JGI)

* Motorola sent their six-sigma preacher
Freeman Dyson asked him:
e D:Canyou explain me what is six—sigma?

e P: Mumbling something about it being
the gold standard of reliability

e D:Canyou at least define one-sigma?

e P:Silence Born:

. : December 15, 1923,
e Six-sigma was never implemented Crowthorne. UK

at JGlI Died:

February 28, 2020
Princeton, NJ USA



Dyson’s legacy

Seminal contributions to quantum mechanics

The Origin of Life:
Cells 2 Enzymes = DNA/RNA later
First proposed by Alexander Oparin in 1922

Dyson sphere:
Completely
captures light from a star

Dyson tree:
genetically engineered
tree growing inside a
comet




