
Formula Sheet, CS 440/ECE 448 Exam 1 
Probability 

𝑃(𝑋 = 𝑥) = Pr(𝑋 = 𝑥)			… or …			𝑃(𝑋 = 𝑥) =
𝑑
𝑑𝑥 Pr

(𝑋 ≤ 𝑥) 
𝑃(𝑋, 𝑌) = 𝑃(𝑋|𝑌)𝑃(𝑌) 

𝐸[𝑓(𝑋, 𝑌)] =5𝑓(𝑥, 𝑦)𝑃(𝑋 = 𝑥, 𝑌 = 𝑦)
!,#

 

Decision Theory 

𝑓(𝑥) = argmax
#

𝑃(𝑌 = 𝑦|𝑋 = 𝑥), 			Bayes	Error	Rate =5𝑃(𝑋 = 𝑥)min
#
𝑃(𝑌 ≠ 𝑦|𝑋 = 𝑥)

!

 

Precision = 𝑃(𝑌 = 1|𝑓(𝑋) = 1) =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃 

		Recall = Sensitivity = 𝑃(𝑓(𝑋) = 1|𝑌 = 1) =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁 

		Selectivity = 𝑃(𝑓(𝑋) = 0|𝑌 = 0) =
𝑇𝑁

𝑇𝑁 + 𝐹𝑃 

Naïve Bayes 

𝑓(𝑥) ≈ argmax# Plog 𝑃(𝑌 = 𝑦) +5log𝑃(𝑊 = 𝑤$|𝑌 = 𝑦)
%

$&'

S 

𝑃(𝑊 = 𝑤$|𝑌 = 𝑦) =
𝑘 + Count(𝑤$ , 𝑦)	

𝑘 + ∑ (𝑘 + Count(𝑣, 𝑦))(∈*
	

Hidden Markov Model 
𝑣'(𝑗) = 𝜋(𝑗)𝑏+(𝒙,) 

𝑣,(𝑗) = max
$
𝑣,-'(𝑖) 𝑎$,+𝑏+(𝒙,), 𝜓,(𝑗) = argmax

$
𝑣,-'(𝑖) 𝑎$,+𝑏+(𝒙,) 

𝑦∗(𝑇) = argmax
$

𝑣/(𝑖) , 𝑦∗(𝑡) = 𝜓,0'a𝑦∗(𝑡 + 1)b 

Fairness 
• Demographic Parity: 𝑃(𝑓(𝑋)|𝐴 = 1) = 𝑃(𝑓(𝑋)|𝐴 = 0) 
• Equal Odds: 𝑃(𝑓(𝑋)|𝑌, 𝐴 = 1) = 𝑃(𝑓(𝑋)|𝑌, 𝐴 = 0) 
• Predictive Parity: 𝑃(𝑌|𝑓(𝑋), 𝐴 = 1) = 𝑃(𝑌|𝑓(𝑋), 𝐴 = 0) 

Learning 
ℛ = E[ℓ(𝑌, 𝑓(𝑋))] 

ℛ123 =
1
𝑛5ℓ(𝑦$ , 𝑓(𝑥$))

%

$&'

 

Linear Regression 
𝑓(𝒙) = 𝒘/𝒙 + 𝑏 

ℒ =
1
𝑛5ℒ$

%

$&'

, 			ℒ$ =
1
2 𝜖$

4, 			𝜖$ = 𝑓(𝒙$) − 𝑦$  

𝒘 ← 𝒘− 𝜂
𝜕ℒ
𝜕𝒘 , 			

𝜕ℒ
𝜕𝒘 =

1
𝑛5𝜖$𝒙$

%

$&'

 

Perceptron 



𝑓(𝒙) = argmax𝑾𝒙 + 𝒃 

𝒘5 ← q
𝒘5 − 𝜂𝒙 𝑐 = argmax𝑾𝒙 + 𝒃
𝒘5 + 𝜂𝒙 𝑐 = 𝑦
𝒘5 otherwise

 

SoNmax & Sigmoid 

𝑓5(𝒙) =
exp(𝒘5

/𝒙 + 𝑏5)
∑ exp(𝒘6

/𝒙 + 𝑏6)(
6&'

≈ Pr(𝑌 = 𝑐|𝒙) 

𝜎(𝒘/𝒙 + 𝑏) =
1

1 + 𝑒-(𝒘!𝒙0:)
≈ Pr(𝑌 = 1|𝒙) 

ℒ = − ln 𝑓#(𝒙) , 				
𝜕ℒ

𝜕𝑓5(𝒙)
= q−

1
𝑓5(𝒙)

𝑐 = 𝑦	

0 otherwise
 

𝒘5 ← 𝒘5 − 𝜂
𝜕ℒ
𝜕𝒘5

= 𝒘5 − 𝜂𝜖5𝒙, 					𝜖5 = x𝑓5
(𝑥$) − 1 𝑐 = 𝑦

𝑓5(𝑥$) − 0 otherwise 

MulP-Layer 

𝑓6 = softmax
6

𝒛(4) , 𝑧6
(4) = 𝑏6

(4) +5𝑤6,+
(4)ℎ+

%

+&'

, ℎ+ = ReLUP𝑏+
(') +5𝑤+,$

(')𝑥$

<

$&'

S 

𝜕ℒ
𝜕𝑤+,$

(') 
=5P

𝜕ℒ
𝜕𝑧6

(4)SP
𝜕𝑧6

(4)

𝜕ℎ+  
SP

𝜕ℎ+
𝜕𝑤+,$

(')S
(

6&'

=5a𝑓6 − 1#&6b𝑤6,+
(4)1=">?𝑥$  

(

6&'

 

 
Image FormaPon & Processing 

𝑥′
𝑓 = −

𝑥
𝑧 , 		

𝑦@

𝑓 = −
𝑦
𝑧 

ℎ!′(𝑥’, 𝑦’) =
(ℎ(𝑥’ + 1, 𝑦’) − ℎ(𝑥’ − 1, 𝑦’))

2 , ℎ#′(𝑥’, 𝑦’) =
(ℎ(𝑥’, 𝑦’ + 1) − ℎ(𝑥’, 𝑦’ − 1))

2 	
 
ConvNets 

𝑦[𝑘, 𝑙] =55𝑥[𝑘 − 𝑖, 𝑙 − 𝑗]ℎ[𝑖, 𝑗]
+$

,
𝑑ℒ

𝑑ℎ[𝑖, 𝑗] = 55
𝑑ℒ

𝑑𝑦[𝑘, 𝑙]
𝑑𝑦[𝑘, 𝑙]
𝑑ℎ[𝑖, 𝑗]

A6

 

𝑧[𝑚, 𝑛] = max
(B-')C0'D6DBC,
(%-')C0'DAD%C

𝑦[𝑘, 𝑙],    
𝑑ℒ

𝑑𝑦[𝑘, 𝑙] = �
𝑑ℒ

𝑑𝑧[𝑚, 𝑛] if	𝑦[𝑘, 𝑙] = max
(B-')C0'D$DBC,
(%-')C0'D+D%C

𝑦[𝑖, 𝑗] 

0 otherwise

 

 


