
Problem Set: Artificial Neural Networks 

1. In the process of finding 𝛻𝐸(𝒘), we saw that 𝜕𝐸𝑛(𝒘)
𝜕𝑤𝑗𝑖

= 𝛿𝑗𝑧𝑖, where 𝛿𝑗 ≡
𝜕𝐸𝑛(𝒘)
𝜕𝑎𝑗

.   

Claim: If 𝑗 is an output unit 𝑘, then 𝛿𝑘 = 𝑓𝑘(𝑥𝑛) − 𝑡𝑛𝑘 . 
 

a) Show the above claim holds for 𝐸𝑛(𝒘) = 1
2
∑ (𝑓𝑘(𝑥𝑛)− 𝑡𝑛𝑘)2𝐾
𝑘=1 , corresponding to the sum-

of-squares error function, where 𝑓𝑘(𝑥𝑛) = 𝑏𝑘 (the activation for unit 𝑘). 
 

b) Show that the claim holds for 
𝐸𝑛(𝒘) = −∑ [𝑡𝑛𝑘 log𝑓𝑘(𝑥𝑛) + (1 − 𝑡𝑛𝑘) log(1 − 𝑓𝑘(𝑥𝑛))]𝐾

𝑘=1 , corresponding to the cross-

entropy error function, where 𝑓𝑘(𝑥𝑛) = 𝜎(𝑏𝑘) with 𝜎(𝑢) = 1
1+𝑒−𝑢

. 

 
c) Show that the claim holds for 𝐸𝑛(𝒘) = −∑ 𝑡𝑛𝑘 log𝑓𝑘(𝑥𝑛)𝐾

𝑘=1 , corresponding to the 

multiclass cross-entropy error function, where 𝑓𝑘(𝑥𝑛) = 𝑒𝑏𝑘
∑ 𝑒𝑏𝑖𝐾
𝑖=1

. 

2. Consider a neural network with a single hidden layer used to solve a regression problem.  

Suppose the hidden unit activation function ℎ is the logistic sigmoid function ℎ(𝑢) = 1
1+𝑒−𝑢

 and 

the output unit activation function 𝑔𝑘 is given by 𝑔𝑘(𝑏1, … , 𝑏𝐾) = 𝑏𝑘 so that 𝑌𝑘 = 𝑏𝑘. 

Let the error function 𝐸(𝒘) be the sum-of-squares error function 𝐸(𝒘) = ∑ 𝐸𝑛(𝒘)𝑁
𝑛=1 , where 

𝐸𝑛(𝒘) = ∑ (𝑓𝑘(𝑥𝑛)− 𝑡𝑛𝑘)2𝐾
𝑘=1 . 

a) Calculate 𝛿𝑗 ≡
𝜕𝐸𝑛(𝒘)
𝜕𝑎𝑗

  for the case when 𝑗 is an output unit and for the case when 𝑗 is a 

hidden unit. 
 

b) Then calculate 𝜕𝐸𝑛(𝒘)
𝜕𝑤𝑗𝑖

 where 𝑤𝑗𝑖 is a weight for a connection going from the input layer to 

the hidden layer. 
 

c) Calculate 𝜕𝐸𝑛(𝒘)
𝜕𝑤𝑘𝑗

  where 𝑤𝑘𝑗 is a weight for a connection going from the hidden layer to the 

output layer. 


