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NAIVE BAYES

P(cla).P(a)

P(alc) = 20

BAYES OPTIMAL CLASSIFIER

arg maxz P(x|T).P(T|D)

NAIVE BAYES CLASSIFIER

arg max P(Spo|Tot). 1_[ P(Soc|Spo)

BAYES MAP (maximum a posteriori)

hyap = argmax P(c|a). P(a)

MAXIMUM LIKELIHOOD

hy, = argmax P(c|a)

TOTAL PROBABILITY

TotalP(B) = P(B|A).P(A)

MIXTURE MODELS

P(B) = P(B|A).P(4)

MIXTURE OF GAUSSIANS
ANOMALY DETECTION

P(x|%) =

= o5 (5)

N,Cs + NC,
Zes = TN IN
A B

P(Z.) - 0.50

EM ALGORITHM

P(). P(x|%)

E step P(x|x) = NIONIG)

M step P(x") = w

E step P(x|x) = Assign value

M step P(x") =P(B=1]A=1,C =0)



df) _ ff()gl) +f(x).9'(x)

LAPLACE ESTIMATE (small samples)

dx g(x) g(x)?
A+0.5 d d
PO =B+t —2f() =2 f(x)
BAYESIAN NETWORKS

d d d
S T390 = f) +-g(x)
tuples— fory=0Ay=1
d d d
LIMITS 2 f ) +2900) = f)+2-—g(x)

I f(x+h)—f(x)
e h CHAIN RULE

h=Ax=x"—x

d !
I®)) =g (- f'(x)

solve f(x) apply in g’(x)

DERIVATIVES
d
VY (R n-1
FPi n.x
VARIANCE
g _ d0y" oy
ax” = dy "0x X(x —x)?
Var = ————
-1
PRODUCT RULE
d , , STANDARD DEVIATION
2/ 0.9 = f(0)g (o) + f(x). g'(x)

VVariance



2

COVARIANCE

x—%).(y—¥)
n—1

Cov =

CONFIDENCE INTERVAL
o
x+1.96—

Vn

CHI SQUARED

_ OG-y _ &

R

Chi

R SQUARED

nyxy—Xx.2ny

- 0. sy - (D

LOSS

Loss = Bias? + Variance? + Noise

SUM OF SQUARED ERRORS

_Z@ -y

E|w| >

COST FUNCTION

2O -y)?

](91') = Hj—r]_ 2

NUMBER OF EXAMPLES

1
_ Tog(Ny) + log ()

MARKOV CHAINS

PHI(X =x) = Z PL.(X =x).T(x - x)



K NEAREST NEIGHBOR

joo - 2162

DE(x3) = (5 = )" + 0 = 3

WEIGHTED NEAREST NEIGHBOR

N _S® :
[0 =) Sy 2, D)

PRINCIPAL COMPONENTS ANALYSIS
X =x—X

Eigenvalue = [A] — Al
Eigenvector = Engenvalue. [A]

f(x) = Eigenvector”. [x;;...Xjp]

t-SNE

[|; —xj||2
exp | ————7 —

xX; — Xi||?
ZeXp <_|| Lzo_zk” >

[y —}’j||2
exp | ———_3

L 2
ZeXp <_ ”ylzo-Zk” >

Condit. Prob =

Condit. Prob =

PerplexityPd = 2H P

where:

H(P) = —iju log, P
Jj

LINEAR REGRESSION

m _Zx%ley—leszxzy
' g Xxg — (T xyxz)?

b == }_/_ml.fl - mzfz



f(x) =imixi+b

b
bh=——
mx + 1—p
A=XT.X)LXTY
mx +b
P =
(ale) mx+b+1
where 4 = [b]
m
DECISION TREES
1
LOGISTIC REGRESSION Entropy = Z _P.log (P)
v=0

P
Odds Ratio = log <—> =mx+b .
1-pP InfoGain = P,. [—PH. log(Py¢) — Py(t—1)—-log (P+(t_1))]

< P > — emx+b
1-p RULE INDUCTION

Gain = P.[(—P;_;.log (P)) — (—P;.log (P))]
Xy.log(@)+ (A —y).log(1-7)
n RULE VOTE

1
1+ emx+b

J(6) = -

where y = Weight=accuracy . coverage

—0 Ay=1
fory y ENTROPY

—2LL -0

H(A) = — Z P(A).logP(A)



SIMILARITY

JOINT ENTROPY
2k Rix —R).(Rj — R)
Wij =
. — R)2 L —R)2
H(A,B) = —ZP(A,B).logP(A,B) \/Zk(sz Ri)?. (Rje = R)
CONDITIONAL ENTROPY

CONTENT-BASED RECOMMENDATION
H(AIB) = —ZP(A,B).IOQP(A'B) class m

Rating = Z inyj

i=1 j=1
MUTUAL INFORMATION

COLLABORATIVE FILTERING
1(4,B) = H(A) — H(A|B)

ﬁlk = Ri + «a
EIGENVECTOR CENTRALITY = PAGE RANK . Y. (R —R).(Rix —R)
D | = ) A=
PR(A) = 1-d_ d<PR(B) + PR(n) > \/Zk(Rix —R)2 (Rjx — R)?
n Out(B) Out(n)
where d=1 few connections
RATING BATCH GRADIENT DESCENT

R=FR+a) w.(Ry —F) TG - y)x
n

](9]-) = jSn' 2



STOCHASTIC GRADIENT DESCENT

J(6;) =6, £n.(9 —»)*.x

NEURAL NETWORKS

n
O =0=wy+ ) wix
i=1

LOGIT

log(odds) = wx + b = log <1P+p>

SOFTMAX NORMALIZATION

wx+b

S(f(x) = S gwath

CROSS ENTROPY

HES(F),F00) = = ) F(0).logS (£ ()

LOSS

_SHEEG), ()

L
0SS N

L2 REGULARIZATION

( /1.w2>
wew—(n.6.x + >

SIGMOID

1
1 + e—(wx+b)

RADIAL BASIS FUNCTION

h(x) = e(_(xr_—?)

PERCEPTRON

n
i=1

f(x) = sign




PERCEPTRON TRAINING
W; < W; + AWi

Aw; =n.(t —0).x

ERROR FOR A SIGMOID

€ =Z(t—o).o. (1-o0).x

AVOID OVERFIT NEURAL NETWORKS L2

t —o0)?
ZW _ ZdeD Zkeg( ) +F-Zwi2j

where F=penalty

BACKPROPAGATION
6k == Ok' (1 - Ok)' (t - Ok)

5h = Op,. (1 - Oh).z ij6k

Wij < Wij + Ny Op. Xy

AWU(n) = n.6k.xij + MAWU(TL - 1)

where M=momentum

NEURAL NETWORKS COST FUNCTION

1 T Zhey telog(o) + (1 = log (1= 0) | AR XL, X)L 6
9 N 2N

MOMENTUM Y

0 =06—(yve-1 +1n.VJ(0))

NESTEROV
0=0—(yve—1 +n.V](0 —yv_q))
ADAGRAD

h=0-——"___ vjo)
/SSGaiag + €



ADADELTA

RMS[AB],,
~ RMSVJ(6)

RMS[AB] = \JE[AB?] + €

RMSprop
0=0——"1__ vj6)
g*l+e
ADAM
6=0- \/5"+ .

pime_q + (1 —B1).V](6)

A=
1-5

Bave—1 + (1= B2).V](8)?

P =
1-5;

RESTRICTED BOLTZMANN MACHINES

E(v, h) = - Z vithij
where v = binary state visible

h = binary state hidden

e—E(v,h)

PR = rw

Zh e—E(v,h)
p(v) = Zug e—Ew.9)

d
mlogp(v) =<v; by >0'—<v; b >

0
Aw;; =1. o, logp(v)

AWij =n. (< V; hj >0—< V; h] >1)

SUPPORT VECTOR MACHINES

f(x) = sign[/l.y.l((xi -xj)]



\/(xi - xj)2 + i —y))*

K(xi -xj) =exp|—

A->VL=0
y=1Ay=-1
DotProduct = Xx;.cos0

cos?0 + sen?6 =1

\/(xi - xj)2 + (Yxi - yxj)z

X3

senf =

X2 + y,?

(x1-x3) = \[(xlz + y:2). (1 . (p —x2)%2 + (1 — ¥,)?

SUPPORT VECTOR REGRESSION

?:W<xlx]>+b
y—w.<x;-x;>+b)<c¢

w.<x;x;>+b—y<e

)

RIDGE REGRESSION - REGULARIZATION

X0 -»)? Am
N N

A
y—/l.mx+b—ﬁ

LASSO REGRESSION - REGULARIZATION

5@ —y)*  Ab
A e

m-0

A
y—mx+A.b+N

SKEWNESS

Skewness < 1

KOLMOGOROV SMIRNOV

Normal sig >.005



NON PARAMETRIC
T test = Normal

Test U Mann Whitney sig < .05

CRONBACH

>.60.70

MEDIAN
Max — Min
2

t TEST

(1 — x2) — (g — U2)
(x1 — x7)

t =

Difference significant sig <.05

t TEST 2 SAMPLES

Levene Variancia

ANOVA + 3

Variance between groups

Variancia inside group
Sig <.05

TOLERANCE

Tolerance > .1

1
Tol =—
olerance = 7

VARIANCE INFLATION FACTOR

VIF <10

ENTER METHOD

+ 15 cases / Variable

STEPWISE METHOD

+ 50 cases / Variable

VARIABLE SELECTION

F Test =47 sig < .05

MISSING DATA

Delete if > 15%



DISCRIMINANT ANALYSIS

Box M sig < .05 reject HO

Wilk’s Lambda sig < .05

= =7

x1~f2 ¢f1’~x2

P(x|x) =
2102

 NuCp + NGy

VA —
¢s N, + Np

ERROR MARGIN

1.96 =
VN

ACCURACY

Confidence Interval ~ P value

HYPOTHESES TESTING

P value < .05

l 1/x—x
.exp —§<

TRANSFORMATION OK
X
—<4
o

MULTICOLLINEARITY
Correlation > .90
VIF <10

Tolerance > .1

SUM OF SQUARES (explain)

Fo = SSregression . (N — COef)
ratio (coef — 1) -SSreSidualS

STANDARD ERROR ESTIMATE (SEE)

n—2

SEE - /M
n—2

SumSquaredErrors
SEE =



MAHALANOBIS DISTANCE
same variable

X, — Xq1)2
wo [
o
MANHATTAN DISTANCE L

Manh = |x; — x;| + [y1 — Y2

NET PRESENT VALUE
Pt == P(). gt

PO = Pt' H_t
capital

N
NPV = investment + Z (
=1

NPV=0 (IRR)

MARKOV DECISION PROCESS

U =R, +6 maxz T(s,a,s").U(s")
a
S

Ty = argmaxz T(s,a,s").U(s")
a
S

1+ rate)t

Qsq = Rs + 6 max E T(s,a,s").maxQ(s’,a")
S/ a’
S

Qsa <y R+ 8 maxQ(s', a")

ARIMA ~ NPV
B"Y, = Y,_,, (Backward Shift Operator)
B%Y = B(BY,) = B(Y;_1) = Y;_,
ARIMA(1,1,1):

AR = number autoregressive terms
B=number non-seasonal needed for stationary
MA=number lagged errors
(1-¢:8)(1-B)Y, = (1—06,B)e;
where (1 — ¢, B)=AR (Autoregression)
and (1 — 6,B) =MA (Mean Average)
and e=noise

PROBABILITY (coins)

P(a) =

P(4)



FREQUENTIST MARGINAL PROBABILITY

P(A=a)
lim <™ = sucessos B eventos P(a) = Y P(A)
nbe  n todas possibilidades ~ espago amostral
AXIOMATIC
PROBABILITY A and B
P(A) =0
P(AeB) P(ANB)
eB) =———+—
ZP(A,B, 0)=1 P(B)
PROBABILITY THEOREMS CONDITIONAL PROBABILITY
JOIN=AorB

p (AlB)INDEPENDENTS =P (A)
P(AUB)EXCLUDENT = P(A) + P(B)

BAYES (52 cards, cancer
P(AUB)nor excLupent = P(A) + P(B) — P(AN B) ( )

P(AnB) P(B|A).P(A)

P(AUBUC)nor excLupENT P(A|B) =
= P(A) +P(B)+P(C)—P(ANB)—P(ANC)—P(B P(B) P(B)
NC)—P(ANBNC)
COMPLEMENTARY EVENT BINOMIAL DISTRIBUTION (0,1 success)
Y — 1 _ (sample space s 1 _ N—S
P(R) =1-P(A) P(D) = (P € SPACE) p(s)s. (1 - P(s))

l s NN
P(D) = (S¥P € SPACEY p(s)s. (P(5)"VS



|
P(D) = mP(a)“ (1 - P(a))c‘“

TOTAL PROBABILITY (jars)

P(B) = Z P(ANB) = Z P(4). P(B|A)

PROBABILITY k SUCCESS in n TRIALS

P(kinn) = (Z) pk.(1—p)nk

INTEGRALS

b
f F(b) — F(a)

a

PRODUCT RULE

fc.f’(x).dx = cff’(x).dx

CHAIN RULE

ff(x)+g(x).dx=ff(x).dx+fg(x).d(x)

INTEGRATION
1 Ax =0
Z f'(x).Ax N - oo
DIFFERENTIATION

I f(a+ Ax) — f(a)
im

n—co Ax

LINEAR ALGEBRA
ADDITION

[12

22_[24
4 3

+ [5 30Tl 6
SCALAR MULTIPLY

3*[5 g :[165 8

MATRIX VECTOR MULTIPLICATION



Rows x Columns IMPORTANT

x Vetor: Column A = Rows B A3 = 2arow x 3a column
Ajj*Bj; = Cy;
1 0 0 1 2 1
0 3 1 6 [—310*[381]=
[1 3]*[2=H o o 1l lo 4 1
2 4 9
A1,1 A1,2 A1,3 1 2 1
=421 A2z Az =[O 2 —2]
[1 . H ﬂ Asy Az Agz] lo 4 1
1 4 5(=*[2]=]9
0 3 2 0 6
OR
1 2 3 1 1 2 3 5
[1 4 5]*[2]:1* 1| +2*|41+0= 5]:[9] PERMUTATION
0 3 2 0 0 3 2 6

LEFT=exchange rows

x Matrix: Column A = Rows B [0 17, [a b] _ [c d
Rows A = Column B 1 0! Llc d a b

Ay, = 2nd row x 1a column RIGHT=exchange columns

@ b [0 1_[b a)

0 3] x -
[123*[13:[8 24 c dl"lt ol7ld ¢
0o 4 sl°) ¢| L4 37

1 2 3 IDENTITY
[120]*1;5538:[12300] Lo o
' 01 0

00 1




DIAGONAL DETERMINANT

2 0 0
02 0 1 3]0 s
00 o [4 o] =12-34=-10
1 4 711 4
2 5 8|2 5=159+483+726—753—186—429
3 6 913 6
TRANSPOSE
1 4 DEMAND ELASTICITY
a=fy 2 Jar-lz g
3 6 _(Q1—Q0) (P, + P)

P =0+ Qo) P —Py)
PROPERTIES

Not commutative
AxB #Bx*xA

Associative
AxBxC=Ax(B*C()

Inverse (only squared)



