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Born

Tim Cook

Cook in September 2021

Timothy Donald Cook
November 1, 1960 {age 61)
Mobile, Alabama, U.S.

Citizenship  American

Education Auburn University (BSc)

Duke University (MBA)

Occupation CEO of Apple Inc.

Parents

Website

Donald Cook (father)
Geraldine Cook (mother)

Apple Leadership Profile B¢

Signature

?@g”@@z

Early life and education

Cook was born in Mobile, Alabama, United States.''1['2] He was baptized in a
Baptist church™®! and grew up in nearby Robertsdale. His father, Donald, was a

shipyard worker, and his mother, Geraldine, worked at a pharmacy.l' 1[4l

Cook graduated from Robertsdale High School in 1978.1"%] He earned a
Bachelor of Science in industrial engineering from Auburn University in

1982,['¢] and his Master of Business Administration (MBA) from Duke

University's Fuqua School of Business in 1988.1'7]

https://en.wikipedia.org/wiki/Tim Cook
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Probability and Statistics

Probability and
Statistics for Engineers

and Scientists
Fourth Edition




Probability

- BA) sdE & ¢ Hd 0 Ho{= ot ¢ ATO| L= &
- Empirical Probability: 1002HH S 2tES A AHSHCE

number of successes

Probability = 1000000

= 0.7485

» Theoretical Probability
- 2= 3
. 2
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Probability

IT — — =/ =
« 100tH EAHA 0| 708 O L= &3 L1 ACHH?
« Empirical 2t Theoretical AIO[O||A O{TH &0 O =S77}?

Theoretical Probability 230 22|0|AH S A2
(At event) 2= MAHSZE F/d5}

Ab
O
A
=T=(random variable))
o=z

sSltE290 d HS A O]
.%I-EE —|—0:| I:I-E_l_lvlk:
(=3
=

« A E 0 ZHE AE MAS
d

L (probability distribution))

{ Modern Probability}

E ROote s2E TR0l TRt (0.



Statistics

* Only God knows:*-



Statistics

« 4|0|E{E £got= UH¥O0| ERst, O|l== & 29fcl= td0| 5Tt
» Statistics

Collection and analysis of data with inference as objective

« =7 (Estimation)
- HOIHERH 227l EE= T oot HEE XL AR (true)Oi| 7HZ A &%
ot= A

» Bayesian vs Non-Bayesian
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H|0| =& 2| (Bayes Theorem)

- 4¢ 2= (Joint Probability): AP X2t Y7t SA|0]| Edieh =
P(X,Y)
« XHE == (Conditional Probability): At X7

:
P(X,Y) ~ P(X,Y)
PX) , P(X]Y) = )

P(Y|X) =

P(X|Y)P(Y)

P(Y|X) = 59
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P(X|Y1)P(Y1)
P(X|Y1)P(Y1) + P(X|Y2)P(Y2)

P(X)

P(X|Y1)P(Y1)

P(Y1|X) =



H|0|ZX &5
(Bayesian Classification)
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- AXr =a1, Xo =29,..., Xp =2} O] ZLO| L} 2012 0]ZI0]
©)

EZZ7t? OfLH FSTOIM L7 WE2E7t?” (5, 2F L7 SFL

FOIM LY

P(Y|X1, Xa,...,X,) =

——
>
o

|
8
<
>

v}

e

|
8

i)

e e
il
0=
rot



H|0| & &5 (Bayesian Classification)

- Of2fl A0f 2[Ch7t =l= Yk(class) 22 &F ottt

« Of2f AlO] Z|CH7} == Yk (class) 22 E55= Zdnp 2t
P(X1,Xo,..., X, |Y)P(Y)

- O] 2ES HIO|E| 22| HA5t2{B? (AT ZTEHES AMSHE 20| 27 %4S)
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Z| &2} (Optimization)
243} FA| (Optimization Problem)

Given x = (x1,22,... ,xn)T — Decision variable

minimize f(x) — Objective function

subject to 91 (x) <ay
< as —~ A set of constraints

2

) argminy = x

=x2
Yy=x

£ arg min := arguments of the minima

(o RN



Z| A2} (Optimization)
QT B4 (Salesman Travelling Problem)
J

HE2Y0ll= g, O, Ui, ZE
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z| A3} (Optimization)
Q=+ EA| (Salesman Travelling Problem)

S 1, if path goes from city ¢ to city j
710, otherwise

n n
minimize E E dij Lij

i=1 j=1,j#i

n
subject to Z zi; =1, g=12,...,n
i=1,i#]

n
E CCijzl, i:1,2,...,’ﬁ,
j=Lg71

U,i—Uj—I—’I’LZEZ'jS?’L—]., 2§’L7£j§n

0<uy; <n—1, 2<1<n



Z| A2} (Optimization)

Q=+ EA (Salesman Travelling Problem)

. BX|S T WS of2Hel 20| 02 7ER| (132, Wikipedia)
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100

(Branch and Bound Algorithm)

(Nearest Neighbor Algorithm)



tion)
Il (Salesman Travelling Problem)

A

Imiza

I (Opt

z|AMs

o4l

Distance: 686,558 miles
Temperature: 2,500
Iterations: 0

(A-EKX. http://toddwschneider.com/page/6/)
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Z| A2} (Optimization)

. =] 1 H =
A9t A9 B+
* Continuous Optimization vs Discrete Optimization

* Linear Programming, Nonlinear Programming

* Integer Programming, Mixed Integer Programming

* Unconstrained Optimization vs Constrained Optimization
* None (feasibility), One, or Many (Conflicting) Objectives

* Deterministic Optimization vs Stochastic Optimization



k-Means Clustering
Clustering (or Unsupervised Learning)
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k-Means Clustering
Clustering (or Unsupervised Learning)
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-2
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k-Means Clustering

Optimization formulation
. e 1, if object 7 belongs to cluster j
« k-means clustering 2 z[&2t 24 a;; = 0. otherwise
n k
minimize Z Z d(Xz’; Cj)aij
i=1 j=1

subject to c¢; =
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k-Means Clustering

» HI2 oA (k=5)

-1
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k-Means Clustering
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k-Means Clustering
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k-Means Clustering
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k-Means Clustering

o H} &2
k= 3
o
oy — o
"o
Oooo @OEOO
c;""@”ocnc%O o?
o — OOO QJOQ
g oY o
= o]
OQ%O%OOOS o
o
- - °% & o
& @0
o
ool o
= 2 7 (@ o
&0
& B
o
— o
! ]
oo
(o] OOO s o 0 o
o o
o
o ° o O%08 é)oOo o
o O&O Ood} =
o o
o % cg' o Oo o
o @O o 2 a
? w Y
o o -
o
I I I I I I
-1 0 1 2 4 5




k-Means Clustering
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k-Means Clustering
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Why Clustering?

Green

Red Blue




Why Clustering?
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(Method of Least Squares)

ly; — (Bo + Brzi)| - £=21A2
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1 e R

n * 1R R
* (20)) minimize Q = [y; — (o + frz:))? i
i=1 S

S_BQOZ_ZE(%_/@O—&%):O m

—  Normal equations

3_221 = -2 ;(yz — 60 — 61331);(;7} — () _’

e (CF " ~ B N o
=) 8y = D im1 (@i — Zn) (Yi — Yn) _ Y i1 TiYi — NTnn
Zn 1(37’!3 - Q_Cn)2 Z?:l 5133 — ?’LE%

1=

BO Yn — /813_371
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Bo = —0.786, B = 0.685 = y = —0.786 + 0.685



[} 517 24

o« X 742740 AR0l=?  y = Bo + Srx + Bawo

minimize () = Z[yZ — (Bo + Prx1i + 52582@:)]2
i=1

o O|Z|227} 37001 OI2|u2 Al

H O O M

n 1L n
/- /- , /- , P
Bon+ B 3w+ Bod T = Dy,
i=1 i=1 i=1 .
n n n n £

/ , / 2 / , , _ , 2 7T
Bo D+ B D0 + B ) 0T = DTy, v\ B

i=1 i=1 i=1 i=1 :

s
i
T

n n n n
/ , / o / 2 Z ¢
JDZ T;o T 512 T T 522 Lo — LY,

i=1 i=1 i=1 i=1 ;






Y1 I z11 - xp, Bo €1

Yo I z12 -+ Tp2 b1 €2

Yn 1 Lin Lpn /Bp €n



LS =2l =4

o O|H| A7|7} ChA TR =

— Il —

minimize Q =Y., [yi — (Bo + Six1i + Bowai + - + Bpaypi)]?

= (y - X8)"(y - XB)
=y'y-y' XB-8'X"y+8'XTX3

=y'y-28'X"y+8'XTXg3

0Q

L - X'y +2X'XB=0
95 y + B

1
X' X)B=X"y = B=X"X)"'XTy

(Normal equation)
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M

« X E=mx(p+1) marix. — XX = ((p+1) % (p+ 1)) symmetric matrix.
« Vectors {1, X1y, ,Xp} are linearly independent. (Z]-27}4)

» Therefore, rank(X) = p + 1 (full column rank)

+ Therefore, X " X is a positive definite matrix.

» Therefore, ’ra,nk(XTX) =p+ 1 (tull rank)

« Therefore, (XTX)_I o| BFE A] Z)|gHC},



+ 20121 G0[E| Z, &S I3+ B 0|E{ 7} Of2Het 2k Bhed

Dy = (z11, 712, .-, T1d, t11, t12, -+ tim) (011,012, ...,01m)
Dy = (x21, 22, . .., %2d, t21,t22, ..., toam) (021, 022,...,02m)

Dy = (N1, ZN2y -+ N, N1, IN2y -« s tNm)  (ON1,0N2, -+, ONm)

J \ J \ J
Y Y Y

N
S e 4 (inputs) BE B 4L (targets) O Z 4 (outputs)




MZAY (Neural Networks)
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o AAMStY® (Gradient Descent Method)

M& £ A3 2X|(nonlinear optimization problem)E sl Z23ste 7t& 7|25 Q
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f(z) of(z)
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MZAY (Neural Networks)

« BAtoHA (Gradient Descent Method)
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23 A|S (Artificial Intelligence)

:®: AlphaGo

Hey, what’s up? I’'m Poncho. |
send fun, personalized weather
forecasts every morning to make
sure you wake up with a smile.




DHUZEA] 2017u 22 172 28 Case Study

WP (World Premium) & Z9Q A=A}

AT Bl glEA S ;
— il DS 2 S22 BA AlA 80001 7 4
= = Al S Th2H 2027120 AN 2 918
EE ElL. A\T&Q HAEE 150 7|4gS ag sle 1
— b = O 2 AZo|ch, ZATE= AUa) oF 90Tt
= 9] AsA JEe ®ujsto A AlA A
AUESHA #H4 =7} 2] 10% 2 BT

Aoz 5 AT FS 39 0]5HH

ATIEWED By 7E 52 E5 47}

AolEEo) B2 AEs7] 98 £H)

= sigtt of7|o] Yntie) EdoR

u Al0] AlZk0) 0] 20] FEHA A e

HEloTE HAIT 24 o2 A F2HoR ggd| B
1 Fokgitt

_ - AT 715A79S KU 62 £2

JN8-Mall | SEHAES 3Z16AE JH <AFE> AFTMZHH (HEZE 2 SHEEEZE@ 32 16AE JIdl <AFE> AF —]_%]:% 7()"_311;1_ %Q 7“ ﬁ EO-]: Iﬂ01 K}%i}oﬂ Eﬂﬁ‘_} L]E% %}%6‘_} :'5_.
e s B A | = XY, FH|, EIC(A7] ¥ 4H] Fof) &
s — U7 A E0AL oy wnzne ozg +siol v
HELAE AZRs--=U H AZAs AHHEL oLz Zole Ho|5 & £A3L. 01F HjojH njo]d

U 20170314 (19:26) | =T 2017.0314(19:33) | @ 800 FA7 b B = | ‘Eg = = ﬂ]_ mﬂa LC'J _E_O]; E_E_jl.ol_] 0]%_,5_—] ,g_E
ErEr o AR FGZ e w40l A

-— s L2 0&52Y g s 7fjue

0127 sttfjafl ST Ol D4k 2A3 A

goe Solo =3350) T2t ojalg
HME  dEeR =3z ZzIdg A
s
AUis) 7RE 49T 71l =
27g0| ABH: 0f7)0] 223 7]
A7A0| £ =512 Py AT
H L EQEA BE Ao & 2y
S ol A0Y7I6E S0 9 e X
2T 27N ‘9IRS TP e
A0} 758 S240) SYHTE

] . W
AR OB HEA

01:35 Xt o) *




23 A|S (Artificial Intelligence)

oz x| 4 [ mmE

* Deep Neural Networks « Reinforcement Learning

* Neural Networks * Simplex Method

* Linear Regression * Gradient Descent Method

» Support Vector Machines  Stochastic Gradient Descent
 Decision Tree * Newton Method

« Random Forests * Trust Region Method

* Bayesian Methods » Tabu Search Algorithm

* Bagging * Genetic Algorithm

* Boosting (AdaBoost, XGBoost) * Particle Swarm Optimization

« K-Nearest Neighbors * Nested Partitions Method



l-'-|7~ &l E2| (Digital Twin)
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OI1Zka25t ALRA}AE (Ergonomics, UX)
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(Technology Management)
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