
Numerical Integration of Initial Value Problems IVP’s  
Linear Multistep Methods 

General form of IVP’s:   

𝑑𝑑𝑦𝑦

𝑑𝑑𝑑𝑑
= 𝑓𝑓 �𝑦𝑦� Subject to initial condition 𝑡𝑡 = 0,    𝑦𝑦 = 𝑦𝑦0 

 
Explicit Methods: 

Euler Method (First order): 

𝑦𝑦𝑛𝑛+1−𝑦𝑦𝑛𝑛

ℎ
= 𝑓𝑓 �𝑦𝑦𝑛𝑛� = 𝑓𝑓𝑛𝑛    

Rearranging  ⟹ 𝑦𝑦𝑛𝑛+1 = 𝑦𝑦𝑛𝑛 + ℎ 𝑓𝑓𝑛𝑛  

Adams-Bashford (Second order): 

𝑦𝑦𝑛𝑛+1−𝑦𝑦𝑛𝑛

ℎ
= 3

2
𝑓𝑓𝑛𝑛 − 1

2
𝑓𝑓𝑛𝑛−1    

Rearranging  ⟹ 𝑦𝑦𝑛𝑛+1 = 𝑦𝑦𝑛𝑛 + ℎ �3
2
𝑓𝑓𝑛𝑛 − 1

2
𝑓𝑓𝑛𝑛−1� 

Adams-Bashford (fourth order): 

𝑦𝑦𝑛𝑛+1−𝑦𝑦𝑛𝑛

ℎ
= 1

24
�55𝑓𝑓𝑛𝑛 − 59𝑓𝑓𝑛𝑛−1 + 37𝑓𝑓𝑛𝑛−2 − 9𝑓𝑓𝑛𝑛−3�    

Rearranging  ⟹ 𝑦𝑦𝑛𝑛+1 = 𝑦𝑦𝑛𝑛 + ℎ
24
�55𝑓𝑓𝑛𝑛 − 59𝑓𝑓𝑛𝑛−1 + 37𝑓𝑓𝑛𝑛−2 − 9𝑓𝑓𝑛𝑛−3� 

 
Implicit Methods: 

Backward Euler Method (First order): 

𝑦𝑦𝑛𝑛+1−𝑦𝑦𝑛𝑛

ℎ
= 𝑓𝑓 �𝑦𝑦𝑛𝑛+1� = 𝑓𝑓𝑛𝑛+1   



Rearranging  ⟹ 𝑦𝑦𝑛𝑛+1 − ℎ 𝑓𝑓𝑛𝑛+1 = 𝑦𝑦𝑛𝑛  

Adams-Moulton (Second order): 

𝑦𝑦𝑛𝑛+1−𝑦𝑦𝑛𝑛

ℎ
=

𝑓𝑓𝑛𝑛+1+𝑓𝑓𝑛𝑛

2
    

Rearranging  ⟹ 𝑦𝑦𝑛𝑛+1 − ℎ
2

 𝑓𝑓𝑛𝑛+1 = 𝑦𝑦𝑛𝑛 + ℎ
2

 𝑓𝑓𝑛𝑛  

Adams-Moulton (fourth order): 

𝑦𝑦𝑛𝑛+1−𝑦𝑦𝑛𝑛

ℎ
= 1

24
�9𝑓𝑓𝑛𝑛+1 + 19𝑓𝑓𝑛𝑛 − 5𝑓𝑓𝑛𝑛−1 + 𝑓𝑓𝑛𝑛−2�    

Rearranging  ⟹ 𝑦𝑦𝑛𝑛+1 − 9 ℎ
24
𝑓𝑓𝑛𝑛+1 = 𝑦𝑦𝑛𝑛 + ℎ

24
�19𝑓𝑓𝑛𝑛 − 5𝑓𝑓𝑛𝑛−1 + 𝑓𝑓𝑛𝑛−2� 

 
Predictor Corrector Methods: 

First Order Predictor Corrector: 

Predictor:  𝑦𝑦�𝑛𝑛+1 = 𝑦𝑦𝑛𝑛 + ℎ 𝑓𝑓 �𝑦𝑦𝑛𝑛� 

Corrector:  𝑦𝑦𝑛𝑛+1 = 𝑦𝑦𝑛𝑛 + ℎ𝑓𝑓 �𝑦𝑦�𝑛𝑛+1�  

Second Order Predictor Corrector: 

Predictor:  𝑦𝑦�𝑛𝑛+1 = 𝑦𝑦𝑛𝑛 + ℎ �3
2
𝑓𝑓𝑛𝑛 − 1

2
𝑓𝑓𝑛𝑛−1� 

Corrector:  𝑦𝑦𝑛𝑛+1 = 𝑦𝑦𝑛𝑛 + ℎ
𝑓𝑓�𝑦𝑦�𝑛𝑛+1�+𝑓𝑓�𝑦𝑦𝑛𝑛�
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