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Introduction
This annex deals with the addition of the estimated coefficients generated by empirical work (as well as
estimates on the value of changes in mortality) into the Internal Rate of Return of education analysis.
Pradhan and others (2016) estimated the effect of one additional year of education on under-5 mortality
(𝐶5 ), on the adult female mortality (𝐶𝐹 ), and on adult male mortality (𝐶𝑀 ). The techniques most
appropriate differ between under-five and adult mortality, but in both cases they involve assigning to
different women's ages four separate numbers with having one additional year of education: value of
changed earnings, value of changed under-five mortality rates, value of change adult female and male
mortality rates. This section describes our approach to valuation of changes in mortality rates.

I. Example of health valuation of an additional year of schooling
Value of Changes in the Under-5 Mortality Rate
Here we consider a cohort of 1000 females receiving one additional year of schooling in a country
(province) where the income per capita is 𝑦, the TFR is 𝑓 and the under-5 mortality is 𝑞5 . We also need
the value of an under-five death averted.
Following the (current) methods used by the Lancet Commission on investing in health, we value an
under-five death averted at 50% of an adult death averted and we value adult deaths averted (the so called
𝑉𝑆𝐿) as 80𝑦 𝑡𝑜 180𝑦 𝑎𝑠 𝑎 𝑟𝑎𝑛𝑔𝑒.
Over the lifetime of these 1,000 women if current fertility rates prevail, they will have 1000𝑓 children,
out of whom 1000 ⋅ 𝑓 ⋅ 𝑞5 will die before their 5th birthday. As an example, if 𝑓 = 3 and 𝑞5 = 0.05 (50
in a thousand), there will be 3000 children born of whom 150 will die. The reduction in the number of
under-5 deaths would be, if all the women had 1 additional year of education, 1000 ⋅ 𝑓 ⋅ 𝑞5 = 150𝑐5. If
in turn 𝑐5 = 0.04, then the reduction in number of deaths will be 6. The value of this reduction will be:
0.5 ⋅ 𝑉𝑆𝐿 ⋅ 6.
Continuing with the example, if the country is lower middle income, with a 𝐺𝐷𝑃𝑝𝑐 of $2,000 per year, the
𝑉𝑆𝐿, 𝑢𝑠𝑖𝑛𝑔 𝑉𝑆𝐿 𝑚𝑢𝑙𝑡𝑖𝑝𝑙𝑖𝑒𝑟 𝑜𝑓 100, is $200,000, and the 𝑉𝑆𝐿𝐶ℎ𝑖𝑙𝑑 =$100,000. The value of averting the
6 child deaths is $600,000, or $600 per woman. It is reasonable (if somewhat arbitrary) to divide this
evenly across the 20 years following the completion of the year of schooling, say at the age of 15. Let the
value of changed under-five mortality rates at the woman's age 𝑎 denoted by 𝑉𝐶𝐶𝑀(𝑎). In this example:
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30 for 15 < 𝑎 ≤ 35
𝑉𝐶𝐶𝑀(𝑎) = {
0 for 𝑎 > 35
Value of Changes in the Adult Mortality Rate
The coefficients 𝐶𝐹 and 𝐶𝑀 of female education on adult female and adult male mortality rates differ from
each but the methods for calculating value is the same. This annex therefore discusses only changes in
adult mortality rates. By ‘Adult Mortality Rate’ we mean 45𝑞15, i.e., the probability that a person age 15
will die in the 45 years after their 15th birthday, i.e. when they are 60. We also use the notation 𝐴𝐹𝑀 for
45𝑞15 for females and 𝐴𝑀𝑀 for males.
𝐴𝐹𝑀 ⋅ 𝐶𝑓 will be the reduction in the number of deaths associated with one year of education. Again,
if 𝐴𝐹𝑀 starts at 100 per thousand and if 𝐶𝐹 = 0.02 the there would be a reduction of 2 in the number of
deaths in the cohort over 45 years. Analogously to how we assessed the value of reduction in under-five
mortality rates we could first value that reduction (using the same country context as before):
𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 2 𝑑𝑒𝑎𝑡ℎ𝑠 𝑎𝑣𝑒𝑟𝑡𝑒𝑑 = 2 ⋅ $200,000
= $400,000 ⇒

$400
𝑤𝑜𝑚𝑒𝑛

Spreading this uniformly over 45 years gives $9 per woman per year. This is
𝑉𝐶𝐴𝐹𝑀(𝑎) = $9, 15 < 𝑎 ≤ 60
This procedure, however, would bias the estimated IRR upward since most of the reduction in mortality
rates will occur in older years where the absolute levels of mortality are higher. We can use either an
approximate or an exact mechanism to adjust.
The more exact approach requires changing the death rates at each age based on the country's life table
and initial value of 𝐴𝐹𝑀. Let 𝑚(𝑎) be the age specific mortality rate at age in the country life table. 𝑠(𝑎),
the survival rate, is defined as s(a)=1-m(a) (𝑚(𝑎) = 1𝑞𝑎 ).
Now if we start with 100 people age 15, there will be 1000 ⋅ 𝑠(15) at age 16, and 1000 ⋅ 𝑠(15) ⋅ 𝑠(16)
left at age 17, etc. The number of surviving at age 60 will be 𝑆 = 1000 ⋅ ∏59
𝑎=15 𝑠(𝑎) . In this sense,
1000 − 𝑆 is the number who died which equals 𝐴𝐹𝑀 expressed per 1000. Let Δ 𝐴𝐹𝑀 equal the change
in 𝐴𝐹𝑀 from a year of female education. This is, 𝛥 𝐴𝐹𝑀 = 𝐶𝑓 𝐴𝐹𝑀. Then, 𝛥 𝑆 = −𝛥 𝐴𝐹𝑀. Assume
we reduce mortality rates at all ages by multiplying by 𝛼, 0 < 𝛼 < 1. This will give us a new value of 𝑆,
𝑆(𝛼), where 𝑆(𝛼) > 𝑆.
59

𝑆(𝛼) = ∏ 1 − 𝛼 ⋅ 𝑚(𝑖)
𝑖=15

Now we have to choose 𝛼 ∗ such that
𝑆(𝛼 ∗ ) − 𝑆 = −𝛥 𝐴𝐹𝑀
We now have values for 𝛥 𝑚(𝑎)
𝛥 𝑚(𝑎) = 𝑚(𝑎)– 𝛼 𝑚(𝑎)
= 𝑚(𝑎)(1 − 𝛼)
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Where 𝛼 is probably on the order of 10−3
Then, instead of equation (3) we have
𝑉𝐶𝐴𝐹𝑀(𝑎) = 𝑚(𝑎)(1 − 𝛼)𝑉𝑆𝐿
for when 15 < 𝑎 ≤ 60.
For example, let 𝑚(𝑎) ≈ 10−2 , then
𝑉𝐶𝐴𝐹𝑀(𝑎) ≈ 10−2 ⋅ 10−3 ⋅ 2 ⋅ 105 ≈ 2
Mechanical Solution for 𝜶∗
To solve mechanically for 𝛼 ∗ we proceed to use a simple maximization tool. Following the formula
above, we choose a value for 𝛼 close to the value of 𝛼 ∗ and then minimize the difference between the two
sides of the equation. On one side, we use data from the World Population Prospects, 2015, to determine
the probability to die at age 𝑡, 5𝑞𝑡 , for 𝑡 = 15, 20, 25, 30, 35, 40, 45, 50, 55). We then multiply for this
value by our target (1 − 𝛼) and subtract that from 1. The product of all these values across 𝑡 is the right
hand side of the solution.
The left hand side is 1 − (1 − 𝛽) ⋅ 𝑀, where 𝛽 is the estimated coefficient from the empirical research,
and 𝑀 is the probability of a 15-year-old surviving up to age 60 conditional on survival until age 15.

II. Calculating Health-inclusive Internal Rate of Return and Benefit Cost Ratio
The following section lays out the exact method used for calculating health-inclusive internal rate of
return and Benefit Cost Ratio. We first consider the health benefits, followed by the earnings benefits,
then the direct and opportunity costs of schooling. The health-inclusive social rate of return and benefit
cost ratio consider all these benefit and cost streams whereas the standard social rate of return / earningsonly benefit cost ratio consider both direct and opportunity costs of schooling but only the earnings
benefits.
Under-five Mortality Benefit
𝑏2 (𝑎) = 𝐵𝑒𝑛𝑒𝑓𝑖𝑡 𝑜𝑓 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒𝑑 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔 𝑜𝑛 𝑢𝑛𝑑𝑒𝑟 𝑓𝑖𝑣𝑒 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑎𝑡 𝑎𝑔𝑒 (𝑎)
𝑔𝑟 ∗ 𝑇𝐹𝑅 ∗ 𝑈5𝑀𝑅 ∗ 𝛽𝑈5𝑀𝑅 ∗ 𝑉𝑆𝐿𝑚 ∗ 𝐺𝐷𝑃 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎
𝑏2 (𝑎) =
2 ∗ (40 − 20 + 1) ∗ 1000
Where,
𝑔𝑟 = 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑔𝑖𝑟𝑙𝑠 𝑡𝑜 𝑏𝑜𝑦𝑠 𝑎𝑡𝑡𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛𝑒 𝑚𝑜𝑟𝑒 𝑦𝑒𝑎𝑟 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙
𝑇𝐹𝑅 = 𝑇𝑜𝑡𝑎𝑙 𝐹𝑒𝑟𝑡𝑖𝑙𝑖𝑡𝑦 𝑅𝑎𝑡𝑒 𝑎𝑡 𝑏𝑎𝑠𝑒 𝑦𝑒𝑎𝑟
𝑈5𝑀𝑅 = 𝑈𝑛𝑑𝑒𝑟 𝑓𝑖𝑣𝑒 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑟𝑎𝑡𝑒 𝑎𝑡 𝑏𝑎𝑠𝑒 𝑦𝑒𝑎𝑟
𝛽𝑈5𝑀𝑅 = Proportion reduction in U5MR because of one additional year of female schooling
VSLm = VSL multiplier = [80,180]
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40

𝑏2 = ∑ 𝑏2 (𝑎)
𝑎=20

Our methodology above approximates the benefit from reduction in under-five mortality by uniformly
distributing the benefit given total fertility over the reproductive rage of 20-40 years of age. A next step in
analysis would incorporate age specific fertility patterns rather than the uniform approximation applied
here.
Adult Male Mortality Benefit
𝑏3 (𝑎) = 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑜𝑓 𝑖𝑛𝑐𝑟𝑒𝑎𝑒𝑑 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔 𝑜𝑛 𝑎𝑑𝑢𝑙𝑡 𝑚𝑎𝑙𝑒 (𝑚) 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑎𝑡 𝑎𝑔𝑒 (𝑎)
𝑔𝑟 ∗ 5𝑞𝑎,𝑚 ∗ 𝛽𝑚 ∗ 𝑉𝑆𝐿𝑚 ∗ 𝐺𝐷𝑃 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎
𝑏3 (𝑎) =
5 ∗ 1000
Where,
𝑔𝑟 = 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑔𝑖𝑟𝑙𝑠 𝑡𝑜 𝑏𝑜𝑦𝑠 𝑎𝑡𝑡𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛𝑒 𝑚𝑜𝑟𝑒 𝑦𝑒𝑎𝑟 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙
5𝑞𝑎,𝑚 = 𝑀𝑎𝑙𝑒 𝑎𝑔𝑒 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑎𝑑𝑢𝑙𝑡 𝑚𝑜𝑟𝑡𝑙𝑎𝑙𝑖𝑡𝑦 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑎𝑔𝑒 (𝑎, 𝑎 + 5)
𝛽𝑚 = 𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 5𝑞𝑎,𝑚 𝑏𝑒𝑐𝑎𝑢𝑠𝑒 𝑜𝑓 𝑜𝑛𝑒 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑦𝑒𝑎𝑟 𝑜𝑓 𝑓𝑒𝑚𝑎𝑙𝑒 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔
VSLm = VSL multiplier = [80,180]
60

𝑏3 = ∑ 𝑏3 (𝑎)
𝑎=15

Adult Female Mortality Benefit
𝑏4 (𝑎) = 𝑠𝑜𝑐𝑖𝑎𝑙 𝑏𝑒𝑛𝑒𝑓𝑖𝑡 𝑜𝑓 𝑖𝑛𝑐𝑟𝑒𝑎𝑒𝑑 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔 𝑜𝑛 𝑎𝑑𝑢𝑙𝑡 𝑓𝑒𝑚𝑎𝑙𝑒 ( 𝑓) 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑎𝑡 𝑎𝑔𝑒 (𝑎)
𝑔𝑟 ∗ 5𝑞𝑎,𝑓 ∗ 𝛽𝑓 ∗ 𝑉𝑆𝐿𝑚 ∗ 𝐺𝐷𝑃 𝑝𝑒𝑟 𝑐𝑎𝑝𝑖𝑡𝑎
𝑏4 (𝑎) =
5 ∗ 1000
Where,
𝑔𝑟 = 𝑅𝑎𝑡𝑖𝑜 𝑜𝑓 𝑔𝑖𝑟𝑙𝑠 𝑡𝑜 𝑏𝑜𝑦𝑠 𝑎𝑡𝑡𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛𝑒 𝑚𝑜𝑟𝑒 𝑦𝑒𝑎𝑟 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙
5𝑞𝑎,𝑓 = 𝐹𝑒𝑚𝑎𝑙𝑒 𝑎𝑔𝑒 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑎𝑑𝑢𝑙𝑡 𝑚𝑜𝑟𝑡𝑙𝑎𝑙𝑖𝑡𝑦 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑎𝑔𝑒 (𝑎, 𝑎 + 5)
𝛽𝑓 = 𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 5𝑞𝑎,𝑓 𝑏𝑒𝑐𝑎𝑢𝑠𝑒 𝑜𝑓 𝑜𝑛𝑒 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑦𝑒𝑎𝑟 𝑜𝑓 𝑓𝑒𝑚𝑎𝑙𝑒 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔
VSLm = VSL multiplier = [80,180]
60

𝑏4 = ∑ 𝑏4 (𝑎)
𝑎=15
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Earnings Benefit
𝒃𝟓 = 𝒆𝒂𝒓𝒏𝒊𝒏𝒈𝒔 𝒃𝒆𝒏𝒆𝒇𝒊𝒕 𝒐𝒇 𝒊𝒏𝒄𝒓𝒆𝒂𝒔𝒆𝒅 𝒔𝒄𝒉𝒐𝒐𝒍𝒊𝒏𝒈 𝒂𝒕 𝒂𝒈𝒆 (𝒂)
𝒘𝒔(𝒂) − 𝒘𝒑(𝒂)
𝒃𝟓 (𝒂) =
# 𝒐𝒇 𝒚𝒆𝒂𝒓𝒔 𝒐𝒇 𝒔𝒆𝒄𝒐𝒏𝒅𝒂𝒓𝒚 𝒔𝒄𝒉𝒐𝒐𝒍𝒊𝒏𝒈
𝑤ℎ𝑒𝑟𝑒,
𝑤𝑠(𝑎) = 𝐸𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑜𝑓 𝑎 𝑠𝑒𝑐𝑜𝑛𝑑𝑎𝑟𝑦 𝑠𝑐ℎ𝑜𝑜𝑙 𝑔𝑟𝑎𝑑𝑢𝑎𝑡𝑒 𝑎𝑡 𝑎𝑔𝑒 (𝑎)
𝑤𝑝(𝑎) = 𝐸𝑎𝑟𝑛𝑖𝑛𝑔𝑠 𝑜𝑓 𝑎 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑠𝑐ℎ𝑜𝑜𝑙 𝑔𝑟𝑎𝑑𝑢𝑎𝑡𝑒 𝑎𝑡 𝑎𝑔𝑒 (𝑎)

Direct Cost
𝑐1 = 𝐷𝑖𝑟𝑒𝑐𝑡 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑜𝑛𝑒 𝑦𝑒𝑎𝑟 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔
𝑖𝑓 𝑎𝑝 = 𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑎𝑔𝑒 𝑜𝑓 𝑠𝑡𝑎𝑟𝑡 𝑜𝑓 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔, 𝑎𝑛𝑑 𝑠
= 𝑀𝑒𝑎𝑛 𝑦𝑒𝑎𝑟𝑠 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔 𝑎𝑡 𝑏𝑎𝑠𝑒 𝑦𝑒𝑎𝑟,
𝐴 = 𝐴𝑔𝑒 𝑜𝑓 𝑎𝑡𝑡𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛𝑒 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑦𝑒𝑎𝑟 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙 = 𝑠 + 𝑎𝑝 + 1
𝑐1 (𝑎) =

𝑐1
0

𝑖𝑓 𝑎 = 𝐴
𝑙𝑠𝑒𝑤ℎ𝑒𝑟𝑒

Opportunity Cost
𝑐2 = 𝑂𝑝𝑝𝑜𝑟𝑡𝑢𝑛𝑖𝑡𝑦 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑎𝑡𝑡𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛𝑒 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑦𝑒𝑎𝑟 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔.
𝑖𝑓 𝑎𝑝 = 𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑎𝑔𝑒 𝑜𝑓 𝑠𝑡𝑎𝑟𝑡 𝑜𝑓 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔, 𝑎𝑛𝑑 𝑠
= 𝑀𝑒𝑎𝑛 𝑦𝑒𝑎𝑟𝑠 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙𝑖𝑛𝑔 𝑎𝑡 𝑏𝑎𝑠𝑒 𝑦𝑒𝑎𝑟,
𝐴 = 𝐴𝑔𝑒 𝑜𝑓 𝑎𝑡𝑡𝑒𝑛𝑑𝑖𝑛𝑔 𝑜𝑛𝑒 𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑦𝑒𝑎𝑟 𝑜𝑓 𝑠𝑐ℎ𝑜𝑜𝑙 = 𝑠 + 𝑎𝑝 + 1
𝑐2 (𝑎) =

𝑐2
0

𝑖𝑓 𝑎 = 𝐴
𝑒𝑙𝑠𝑒𝑤ℎ𝑒𝑟𝑒

INTERNAL RATE OF RETURN (r):
The health-inclusive RoR (𝑟ℎ ), hRoR is simply that value of 𝑟ℎ such that ℎ𝑃𝑉𝑁𝑅(𝑟ℎ )= 0.
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ℎ𝑃𝑉𝑁𝑅(𝑟ℎ ) = ∑
𝑎=𝐴

𝑤𝑣(𝑎) + ℎ𝑣(𝑎) − 𝑐1 (𝑎) − 𝑐2 (𝑎)
(1 + 𝑟ℎ )𝑎−𝐴

𝐻𝑒𝑟𝑒, ℎ𝑣(𝑎) = 𝑏2 (𝑎) + 𝑏3 (𝑎) + 𝑏4 (𝑎),
𝑤𝑣(𝑎) = 𝑏5 (𝑎)
Hence, the health-inclusive rate of return is the value of 𝑟ℎ such that equation below holds
true.

5

INCORPORATING EDUCATION’S EFFECT ON MORTALITY TO IRRS

65

0 = ∑ (∑
𝑎=𝐴

5

2

𝑏𝑖 (𝑎) − ∑

𝑖=1

𝑗=1

𝑐𝑗 (𝑎)) ∗ (1 + 𝑟ℎ )−𝑎

BENEFIT COST RATIO:
The health-inclusive benefit cost ratio is the ratio of costs and benefits discounted at an annual discount
rate r. Hence, for each r (which in our estimation ranges from 1% to 5%), BCRhe(r) is estimated as
follows:
BCR he (r) =

𝑖−𝐴
∑5𝑗=2 ∑64
𝑖=𝐴 𝑏𝑗 (𝑖) ∗ (1 − 𝑟)
𝑖−𝐴
∑2𝑗=1 ∑64
𝑖=𝐴 𝑐𝑗 (𝑖) ∗ (1 − 𝑟)

And, the earnings only BCR is simply:
BCR e (r) =

6

𝑖−𝐴
∑64
𝑖=𝐴 𝑏5 (𝑖) ∗ (1 − 𝑟)
𝑖−𝐴
∑2𝑗=1 ∑64
𝑖=𝐴 𝑐𝑗 (𝑖) ∗ (1 − 𝑟)
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