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Determining Parameter Functions ξ(D), µ(D) and ω(D)

To determine how the flow rate parameters switch with the employed strategy, we make use of
the sigmoid function1 to determine the switching threshold. There are two sigmoid switching
functions defined as follows:

Su(x) =
1

1 + exp(−x−ησ )
,

Sd(x) =
1

1 + exp(x−ησ )
.

η is the switching threshold where Su(η) = 1/2 and Sd(η) = 1/2 for some x = η. σ is a tolerance
parameter that controls the sharpness of switching. That is, the smaller the σ, the steeper the
sigmoid function in the region of tolerance, thus affecting the tendency of switching from one
strategy to another.

The standard sigmoid function has a domain [0, 1]. However, the parameters used in our model
do not necessarily fall in this range. Thus, the sigmoid function is translated and scaled in such a
way that,

Su(x, η, σ, a, b) =
b

1 + exp(−x−ησ )
+ a, (1)

Sd(x, η, σ, a, b) =
b

1 + exp(x−ησ )
+ a, (2)

where a is the lower bound of the function, and b is the range such that the upper bound is given
by a + b. Figure 1 shows the two switching functions. In our proposed population model, the
parameter functions will take the form of one of these modified sigmoid switching functions.
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Figure 1: The diagrams of Su(x, η, σ, a, b) and Sd(x, η, σ, a, b)

Cost Function Setting

Our cost function is designed to include the hospitalization cost FH(t), individual opportunity
cost due to isolation FI(t), human capital investment FC(t) and the cost of risky behavior FR(t).
They are discussed below:

(a) Hospitalization cost consists of two parts, severe cases and standard cases cost, i.e.

FH(t) = CT (1− χ)D(t) + CSχD(t), (3)

where χ is the severe disease rate, taken to be 0.1, according to a report by WHO2. Ct and
Cs are the hospitalization cost of each standard case and severe case per day, respectively. We
take Ct = 2000 and Cs = 20000, respectively3.

(b) Individual opportunity cost due to isolation takes into account opportunity loss due to the
individual under lockdown, i.e.

FI(t) =

I(t)× θ × CI ×
(
t−tstart

TI

)
, if t− tstart > TI

I(t)× θ × CI , if t− tstart < TI
(4)

where θ is the proportion of affected people, CI is the cost per individual in I per day, tstart
is the time that the lockdown begins, TI is the duration of the lockdown that causes FI(t) to
change drastically. In this paper, θ is taken to be 0.4, because some industries are still op-
erating despite the COVID-19 situation. For example, medical enterprises, high-technology
enterprises, and certain industries are less affected by COVID-19, as are companies that can
implement telecommuting arrangement successfully. CI = 50 is taken from4 and TI = 20.

(c) Human capital investment is the cost due to human capital removed from the workforce as
a result of individuals in the hospital or have died, that is, D and E. A reduction in human
capital has an overall effect on the economic output of the population in S, so

FC(t) = CDD(t) + CEE(t), (5)
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where CD and CE are the human capital investment by D and E, respectively. FC(t) caused
by individuals in D and E will affect all population, so it is reasonable for them to be borne
by everyone in the population. For illustrative purpose, we take CD = 20000 and CE = 25000.
Although these values are large for an individual, it is small when distributed across the entire
population.

(d) Cost of risky behavior is determined by the number of individuals in A, i.e.

FR(t) = CRA(t), (6)

where CR is the cost per individual in A per day, and set to be 500 in this paper. The cost here
refers to the spread of disease due to an individual who is still in the community despite being
a carrier of the disease.

The cumulative cost F(t) is considered together with the “cost” per day, to show the effective-
ness of the different strategies. An effective strategy will avoid a rapid increase in F(t). Due to the
variable step integrator in ode23 differential equation solver, the cost function F (t) in a day should
be divided across an equal number of time intervals first, that is,

F̄ (i) =

∑
t∈Xi

F (t)

|Xi|
, (7)

where i is the ith time interval, and one time interval equals to 10−3 in this paper. |Xi| is the
number of data points in the ith time interval, and F̄ (i) represents the average cost in the ith time
interval. Consequently, the cumulative cost F(t) at time t is defined as follows:

F(t) =

t∑
i=1

F̄ (i). (8)
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