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1 Formulas

Perceptron activation function: a; = LT e +b=0)

Perceptron update rule: w = w — « (a; —y;) x; and b =b — a (a; — y;)
e Logistic regression cost function: - Z (yilog (f (%)) + (1 —ys)log (1 — f (x;)))
i=1
1
1+ exp(—wTz; — b)

Logistic regression activation function: a; =

n n
e Logistic regression update rule: w = w — « 2 (a; —y;)w;and b=b— « 2 (a; — y;)

i=1 i=1

e Eigenvalues: Av = \v

e Gradients for 2 layer neural network with logistic activation and squared error cost:
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wj/] =1 N . ' i=1
and % = Z (a; —yi)a; (1 — ay) agjl-) and ag) = Z (a; —yi)a; (1 —a;)
awj i=1 ob i=1

e Gradients for general neural network with logistic activation and squared error cost: given 51@) =

(D)
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(as =y (1 =a) and 57 = 37 5" Vulaf] (1-af) .t = 1,2,...L = 1 update 7 =
= i
s (1=1) C s
Zéijai_j’ ,1—1,2,...,LandW—Zdij;l_laQa“'aL
i=1 j =1
e Neural network update rule: for [ = 1,2, ..., L, update wj(g — wj(g —a—p 7' =1,2, ....,m(l_l)’j =
w:, -
3’3
1,2,....,m® and b;l) — b;l) — O[LC;’], =1,2,...,m"
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e [ regularized cost for neural network: Z (a; —y:)* + A (Z |w;| + |b|>

i=1

e [, regularized cost for neural network: Z (a; — yi)2 + A (Z w? + 62>

i=1



e SVM cost function: mln ;\w w+ — Z max {O 1—(2y; — 1) (w z; + b)}
=1

e Gradient for soft margin SVM:

6wC 3 \w — Z (2:[/Z — 1) $i]]-{(2yi71)(szi+b)>1} and 61,0 3 — Z (2y1 — 1))]].{(2yi,1)(wai+b)>1}
i=1 i=1
e Subgradient: df (z) = {v: f fx)+0T (' —z) Va'}

e SVM kernel matrix: K;; = ¢ (xl)T o (zir)

K
e Entropy formula: H (V) = — 2 Py logs (py)
y=1
Ky
e Conditional entropy formula: H (Y|X = x) Z Pyl 1082 (py‘x) and H (Y|X) = Z p.H (VX =1z)
y=1
e Information gain: I (Y|X)=H(Y)— H (Y|X)

1

e L, norm: p(z,z’ =<Z |x]_z]|p>

e One dimensional convolution: a = (a1, as, ..., am) = & * w with a; = Z Wexj—,j = 1,2,...,m
t=—k

ko k
e Two dimensional convolution: A = X + W with A; ; = Z Z Wi Xj—ej—e, 3, =1,2,...,m
t=—kt'=—Fk

\Y
e Image gradient: magnitude G = ,/V2 + Vfl and direction © = arctan (Vy>
x

e N gram assumption: P{z¢|z; 1, 2¢-2,...} = P{zt|zt-1,2t-2,.., 2t-N11}

CZt—N+17Zt—N+2 ,,,,, Zt

e N gram MLE estimate: without smoothing P {z;|z¢—1,2¢t—2, ..., 2t—N+1} =
th—N+1th—N+2;-~~7Zt—1

czt—N+1 yRE—N+2y--+,2¢

with Laplace smoothing P {2t|zt-1,2t—2, s 2t_N11} =
CZt—N+1,Zt—N+2,--~7Zt,—1 +m
e Marginal distribution: P{X; = z;} = Z P{X; =z;, X =z}
z€X
P{X) =), Xy = 2y}

e Conditional distribution: P{X; = ;| X, = 21} = F{X }
j= Ty

m
e Joint probability in a Bayesian network: P{X; = x1, Xo = 22, ..., X;, = Ty} = H P{X,; = z;|lp(X;) =p(z;)}

i=1
. Co .
e Conditional probability table MLE estimate: without smoothing P{z;|p(X;)} = T3 p(X5)
Cp(X;)
ing I Cayp(x;) T1
Laplace smoothing P {x;|p (X;)} = EiPARG)
faylp (0,)) = 220

and with



