
File S1. The method to consider variable recombination rates within windows 

Given 𝜌̂1, 𝜌̂2 and 𝜌̂3 (Figure S1), the following pseudocode describes the solving procedure 

for considering the variable recombination rates within windows. 

If (𝜌̂2 ≥ (𝜌̂1 + 𝜌̂3)) { 

#According to the constraint condition (2) 

𝑥1 = 0, 𝑥2 =
(𝜌̂2−𝜌̂1−𝜌̂3)

3
+ 𝜌̂1, 𝑥3 =

(𝜌̂2−𝜌̂1−𝜌̂3)

3
+ 𝜌̂3, 𝑥4 = 0. 

} else { 

#According to the constraint condition (3) 

Let 𝐶2 = 𝜌̂1, 𝐶3 = 𝜌̂2 − 𝜌̂1, 𝐶4 = 𝜌̂3 − 𝜌̂2 + 𝜌̂1, then 𝑥2 = 𝐶2 − 𝑥1, 𝑥3 = 𝐶3 + 𝑥1, 𝑥4 = 𝐶4 −

𝑥1. And 

𝑓2 = 𝑥1𝑥2𝑥3𝑥4 = 𝑥1(𝐶2 − 𝑥1)(𝐶3 + 𝑥1)(𝐶4 − 𝑥1)

= 𝑥1
4 + (𝐶3 − 𝐶2 − 𝐶4)𝑥1

3 + (𝐶2𝐶4 − 𝐶3𝐶4 − 𝐶3𝐶2)𝑥1
2 + 𝐶2𝐶3𝐶4𝑥1

Let 𝑓2
′ be the derivative of 𝑓2, then

𝑓2
′ = 4𝑥1

3 + 3(𝐶3 − 𝐶2 − 𝐶4)𝑥1
2 + 2(𝐶2𝐶4 − 𝐶3𝐶4 − 𝐶3𝐶2)𝑥1 + 𝐶2𝐶3𝐶4

According to the constraint condition (1), let 𝐿 = max⁡{0, −𝐶3} and 𝑈 = min⁡{𝐶2, 𝐶4}. We 

define 𝐵 = {𝐿, 𝑈, all⁡real⁡roots⁡of⁡𝑓2
′} , ∀𝑏 ∈ 𝐵 , 𝑏∗ = 𝑚𝑎𝑥𝑖𝑚𝑖𝑧𝑒⁡𝑓2(𝑏) . Let 𝑥1 = 𝑏∗ , then

𝑥2 = 𝐶2 − 𝑏∗, 𝑥3 = 𝐶3 + 𝑏∗ and 𝑥4 = 𝐶4 − 𝑏∗.

} 


