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1 Formulas

• Perceptron activation function: ai � 1twT xi�b¥0u

• Perceptron update rule: w � w � α pai � yiqxi and b � b� α pai � yiq

• Logistic regression cost function: -
ņ
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pyi log pf pxiqq � p1 � yiq log p1 � f pxiqqq

• Logistic regression activation function: ai �
1

1 � exp p�wTxi � bq

• Logistic regression update rule: w � w � α
ņ

i�1

pai � yiqxi and b � b� α
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pai � yiq

• Eigenvalues: Av � λv

• Gradients for 2 layer neural network with logistic activation and squared error cost:
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• Gradients for general neural network with logistic activation and squared error cost: given δ
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, l � 1, 2, ..., L � 1 update
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• Neural network update rule: for l � 1, 2, ..., L, update w
plq
j1j Ð w
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• L1 regularized cost for neural network:
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• L2 regularized cost for neural network:
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• SVM cost function: min
w

λ
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• Gradient for soft margin SVM:

BwC Q λw �
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i�1

p2yi � 1qxi1tp2yi�1qpwT xi�bq¥1u and BbC Q �
ņ
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p2yi � 1qq1tp2yi�1qpwT xi�bq¥1u

• Subgradient: Bf pxq �
 
v : f px1q ¥ f pxq � vT px1 � xq @ x1

(
• SVM kernel matrix: Kii1 � φ pxiq
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• Entropy formula: H pY q � �
Ķ
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py log2 ppyq

• Conditional entropy formula: H pY |X � xq � �
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• Information gain: I pY |Xq � H pY q �H pY |Xq

• Lp norm: ρ px, x1q �
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• One dimensional convolution: a � pa1, a2, ..., amq � x � w with aj �
ķ

t��k

wtxj�t, j � 1, 2, ...,m

• Two dimensional convolution: A � X �W with Aj,j1 �
ķ

t��k

ķ

t1��k

Wt,t1Xj�t,j1�t1 , j, j
1 � 1, 2, ...,m

• Image gradient: magnitude G �
b
∇2

x �∇2
y and direction Θ � arctan
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• N gram assumption: P tzt|zt�1, zt�2, ...u � P tzt|zt�1, zt�2, ..., zt�N�1u

• N gram MLE estimate: without smoothing P̂ tzt|zt�1, zt�2, ..., zt�N�1u �
czt�N�1,zt�N�2,...,zt

czt�N�1,zt�N�2,...,zt�1

and

with Laplace smoothing P̂ tzt|zt�1, zt�2, ..., zt�N�1u �
czt�N�1,zt�N�2,...,zt � 1

czt�N�1,zt�N�2,...,zt�1
�m

• Marginal distribution: P tXj � xju �
¸

xPXj1

P tXj � xj , Xj1 � xu

• Conditional distribution: P tXj � xj |Xj1 � xj1u �
P tXj � xj , Xj1 � xj1u

P tXj1 � xj1u

• Joint probability in a Bayesian network: P tX1 � x1, X2 � x2, ..., Xm � xmu �
m¹
j�1

P tXj � xj |p pXjq � p pxjqu

• Conditional probability table MLE estimate: without smoothing P̂ txj |p pXjqu �
cxj ,ppXjq

cppXjq
and with

Laplace smoothing P̂ txj |p pXjqu �
cxj ,ppXjq � 1

cppXjq � |Xj |
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