Formula 1: Sum of sets
When A ={a; a;a;,cy,¢5, ¢u} and B ={by, by, by, ¢1, 5, Cny 3,
D=AUB={aja;a; by, by by, c1,Cz Cpn}
Formula 2: Product set
When A ={a;a; - a;c1,¢ ¢y} and B = {by, by, by, cq, €5, Cpy }
C=AnB={c,cy " Cp}
Formula 3: Probability of sum of sets
P(AU B) = P(A4) + P(B)
Formula 4: Probability of product set
P(ANn B) = P(A)P(B)
Formula 5: Probability of sequential phenomena
In the case A gives no effect to P(B)
P(B|4) = P(A)P(|4) = P(A)P(B)
Formula 6: Binominal coefficient
_n-(n—l)----(n—(n—k))_ n!
ner k-(k—1)---1 k!'(n—k)!

!
(0= =

Formula 7: Binomial probability
p(k) = Cep (1 —p)"7"

p(k) = (i) p" (1 - p)*

Formula 8: Expansion of binomial
n

P+)"= Z (%) p ¥

k=0
Formula 9: Expectation value
E(f(x)) = X% f(x) v
Where
f(x;): obtainable value by event 7
p(i): possibility of event 1
E(f(x)): expectation value

Formula 10: average

n

n
_ Zi:lxi _
X=——n= XiDi

n .
i=1



X average of x
p;: probability of i

Formula 11: Sum of square of the distance of data from average (SS).

n
SS=§}m—fY
i=1

X: average of data
n: number of data
Formula 12: Logarithm of binomial coefficient
logW(x) = log(n!) —log(x!) —log(n — x)! + k log(p) + (n — x) log(q)
Formula 13: Simplified calculation of variance
Ve = E(x?) — E(x)?
V,: variance of x

Formula 14: Quadratic moment of sample average around average of parent population

0.2
E(M—w?) = -

Formula 15: Standard error

S.B=EQOP) = =

Formula 16: Poisson distribution

Nee=2

PX=1) ="

Formula 17: Normal distribution

P() 1 e
x) = e o
Nors
Formula 18: T function
I'(z) =f t? letdt
0

z: complex number, z > 0 on complex plane
Formula 19: Nature of T' function
'n+1)=n!
ra=1



Formula 20: y? distribution

X
P(r2,) = —2——e
Y

¢: degree of freedom

¥ = Z (fi _eiei)z

f: observed value, e:expectation value

Formula 21: y? value

Formula 22: B function

_T(Irq)
Formula 23: Student’s t distribution
1

S(t) =

V7 (3.2) G+ 2

Formula 24: Student’s t value

Formula 25: F distribution
non LS

n;2n,?2 F2
P(F) =

ni+n,

B(ny,ny) . (n,F +n,) 2

Formula 26: Definition of derivation

fGx+h)—f(®)
h

f'(x) : derivate of f(x)

f'(x) = lim
h-0

Formula 27: Law of mean

%:f’@, (a<c<bh)

Formula 28: Expansion of law of mean

f) = f(a) + (x —a)f'(c1)

Formula 29: Secondary expansion of law of mean

x-a)? ,

fe)=f(@+x-af(@+——Ff@

Formula 30: Taylor expansion (1)



() = f(@ +Z( e
Formula31: Taylor expansion (2)

@ =f@+E2r@+ EL @+ E2 @)+ +ELp0(g)

Formula 32: differentiation of multiplicated function

{g@f )} = gf' () + g' () f ()

Formula 33: Partial integration

| ¢ @r@dx = gfe - [ georwax

Formula 34: Napier’s constant (1)

1 n
e = lim <1 + —)
n—-oo n
Formula 35: Differentiation of logarithm

dlog,x 1

dx x
Formula 36: Differentiation of exponential
ar(x) _
o =)

Formula 37: Napier’s constant (2)
n

1+11 Z

k=1
Formula 38: Structure of data

=M+e¢g
M:mean

e;: deviation from mean

Formula 39: total SS
SSsotal = NSS, + mSSy
Formula 40: Variance sum of two different sample populations (combined variance)
(m —1)agy% + (n— 1)og?
m+n-—2

Op+B~ =

Formula 41: Variance of difference (combined variance)

(m—1)03%2+ (n—1)03?
m+n-—2

2 _
O4-B~ =

Formula 42: Paired t value



Formula 43: Unpaired t value

Formula 44: Contribution ration
2 _ 2xy
§5,SS,,

r2: contribution ratio

Formula 45: Coefficient of correlation
SSyy

\SSx+/SSy
Formula 46: Cauchy-Schwarz inequation

Jar+ B2 +y2 /2 +e2+ 2> ab+Pe+y(

Formula 47: Observed y? value

4= Z (fi —eiei)z

fi+ observed data in sub sample population i
e;: expectation value of f;

Formula 48: Sum of matrixes

a1 Qi Y Qin byy by y
Qz1 Az az; aop by1 by b,
| | .
Col+
ai; a;j QAin biy b;;
Gn1  Qzn Anj Ann bpy byn 0 by

a;; +byy a, + by,
= ( : a;+b; : )
Ay t+byy +a,, + b,,
Formula 49: multiplication of scalar to matrix
ayp e a, ady e aa,
O(< Py : > = < : aq; : )
- tay, aa,; .. Qa,,

Formula 50: Product of matrixes



a;n a7 M G\ /by by by, bin
@21 Q22 azj Azn | ba1 b b, byn
ai a;;j Ain b b;j bin)
Any Qzn 0 Qnj = Qpp bpy by bnf byn
ay1byy + o aybyy o Fag, by . ayibyy + o Aybyy, o @by,
= : ailblj + aikbkj +ambnj :
anlbll + - ankbkl +annbn1 anlbln + - ankbkn +annbnn

Formula 51: Order of matrix calculation
AB # BA

(AB)C = A(BC)

Formula 52: Cofactor matrix (3 X 3)

When
a b c
A=<k l m)
s t u
T REEEEL
R I O A [ el
Ve et
Formula 53: Inverse matrix
at- A
4|
Formula 54: inverse matrix (3 x 3)
When
a b c
A=<k l m)
s t u
RN
- i a c a cii
Al:ﬁ"h Zl| |s u| _|k m||
klm\'k l| _|ab| |ab|/
s t u s t s t k 1
Formula 55: Cofactor expansion
n a1 Q12
Zaijaij =a,;a" +ayja¥ + -+ aya = a:21 a?z
an1  Qn2

i=1



Formula 56: Cramer’s rule

When

a1 Aaq2

a1 Qz2
A=| :

An1 Qpz

and

Ain
Qzn

|4;]
Xi =

Here, definition of A; is as follow.

a1

azi
Ai = .
an1

Formula 57: Eigen Formula

by
b,

aqi-1
azi-1

an,i—l bn

Formula 58: Products of partial matrixes

| Ap+11
ani
/ b4
p=| la
bgi11
\ bnl
Aqq A12) (Bn
AB = (
A1 A/ \Bz

Aqq
A= (
A1

alq

Apq
Ap+11

QAng

Bq4
B=(
B34

bip

bqn
bg+1p

bnp

B12)
B,

Al

A1i+1
azi+1

an,i+1

A12)
Az

A1g+1

Apg+1
Ap+1q+1

Ang+1

BIZ)
B3,

bip+1

bgp+1
bg+1p+1

bn p+1

_ (A11B11 + A12B31
Az1B11 + A22B2q

Ai1n
Aan

an,n

Ain

\

Apn
Ap+1q+1 |

Ann  /
bin

\

leTl /

bgn
bgi1n

A11B12 + A12B>;
Az1B12 + A22B>;

)



A{1B11 + A12B31:p X p square matrix
A;1Bq; + A33B5;: (n —p) X (n — p) square matrix

Formula 59: Similarity of matrixes

c=P1ppP
Formula 60: Diagonalization
A0 0
0 4, - 0
_1C =D= 2 .
Q'cQ 0o 0
00 0 4

Formula 61: Spectral decomposition
A= Nee” +ee," + -+ Apepe,”

or
14
A= Z /’{l’eieiT
i=1

e;: unit vector of eigenvector,
e; Ll e
Formula 62: Power method of matrix
A™ = pAmp-1
Formula 63: Maximum and minimum in quadratic form
When symmetric matrix A is positive definite

xTAx
max
x20 xTx

=M

Similarly,

- xTAx
min
x=0 xTx

,11 0 - 0
0 A, - 0

p

A= .
0 0 vee /'{p
/112122"'ZAP>0

Formula 64: Cauchy Schwarz’s inequation

(a1b1 + azbz + tee + apbp)z S (a12 + a22 + A + apz)(blz + b22 + A + bpz)

Formula 65: Expansion of Cauchy Schwarz’s inequation
(a"Ba)(B"B™'B) = (' B)?
When
Bia = cB :BE ,



(a"Ba)(B"B™'B) = (' B)?
Formula 66 Method of Lagrange multiplier

oL(x, 1)
Ea
LA _| o1z |
ox4) I 0xy I
\aL(x,){)

ER

Lx,A) = f(x) —Ag(x)

()

Formula 67: Variance and covariance matrix

n
Z C1kCik

n n
Z C1kC2k Z C1kCpk
k=1 k=1 k=1
n n n 011 O12 "t O1p
1
- CokC1k CokCak CokCpk | — [ P21 D22 O2p
ni k=1 k=1 k=1 P " :
: : Op1  Op2 o Op2
n n n
Z CpkCik Z CpkC2k Z CpkCpk
k=1 k=1 k=1

Formula 68: Correlation matrix

011 012 _ 9
V011V011  V011V022 VO114/ GPP\
021 022 . O2p

P =| VO22v011 V022V022 . V 022,/ Opp

G.zn 0;02 Gp;u
vV OppV911  +/OppVO22 v Opp+/ 9pp
1 piz 7 Pw
_| P 1T P2
Pp1  Pp2 e 1

Formula 69: Relation among variance covariance matrix (Z), correlation matrix (p)

and variance matrix (V).

1 1
V2pV2 =X
1 1

V 2XV 2 = P

Formula 70: Mahalanobis’ Distance



Da-p =/(@— b)"Z*(a— b)

(X: variance covariance matrix)

Formula 71: Pseudo-inverse matrix

X# — (XTX)_IXT

Formula 72: Singular value decomposition

M=UxVT
whenp <n
Y1 0 ... 0 0 - 0
0 Yy = 0 0 - 0
=1, 0 o
0o 0 - ¥
when p >n

Formula 73: multiple linear regression

V1 1 x4
Y= : , X+1 = : :
Yn

Y = X+1A+1 + E
Ay =X1"Y

Xnp

Formula 74: Partial correlation

pxn

do

xlp al 61
: ) A+1 = : ) E = :
eTl
dp

SSyySSss = SSys® 55,288, — SSuySSss  SSxySSys — SS.zSSy,

/ SSyySSzz V553\/55:xSS,, \/Fxx 58,255y \I

gt = L | 5502550 = 5555, 5S:58Sxx=SSs"  SSuySSzx = 58,2SSkx |

IRI|  /55,,y/55:x5S. 58,28 xx N SSZZSSxx J
SSxySSyz = S5%2SSyy  SSuySSsx — SSy2SSxx  SSxxSSyy

SS2x+/SS5725S,y S5, 5/SS72S S ex

PXX XY XZ
=|(,yx vy vz
rZX VI pZZ

NN

Tyy/z =

SSy SS



Tijjrest == = 7
J/ [T
Formula 75: Linear discrimination analysis

m m m

k=1 k=1 k=1
m m m

Z ng Hk12 Z NeUgilr2 Z Nk Ui1Hk2
M = Z Ny Uk2Mk1 Z Nlio” Z Nk Ui2Hkp

k=1 k=1 k=1
m ) m ) ' m
2
Z Ny Ukplia Z NgUrpli2 Z Nk Ukp
k=1 k=1 k=1
m Nk m Nk m Nk
Syt 3 Y 3
k=1i=1 k=1i=1 k=1i=1
m Nk m Nk m Nk
2
V= Z Myi2Mgiq Z Z Myi2 Z Z Myi2Mkip
k=1i=1 k=1i=1 k=1i=1
m Nk m Nk Nk
Z Z MpipMy Z Z MicipMyci2 Mgip
k=1i=1 k=1i=1 k=1i=1
T
f(A) _ (Sssubpopulatoi ) _ A"MA
= — =—
DheqSSk ATVA
df(4) 0
dA

Formula 76: Centralizing matrix

[
N~~~
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[
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[En
|
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S|
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SImk3|e
|

S|k 3=

S

Formula 77: Multidimensional scaling method
T

1 1 1
-3 G,D*G, = PAZ (PAZ)
1
Y = PAZ

Formula 78: Jensen’s inequality,

f(Ex(x)) > Ex(f(x))




Formula 79 : Orthomax standard

Ai Ap
A= :
Am1 Amp mxp
m p m 2
1)
Qor = z:z:%‘k4 - z:ﬂjk2
=1 k=1 k=1 \j=1
w: weight
Formula 80 : Oblimin standard
Ai Ap
A= :
Am1 Amp mxp
14 m m m
1)
Qop = Z Zﬂjkz Ajlz - z:ﬂjk2 2/1]'12
k<i=1 \j=1 =1 =1

w: weight



