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Problem: Given Ny flightlines to be covered in Q days. Assume
on any given day that any flightline is “flyable".with
probability p (independent of all other flightlines). How~
ever, due to limited resources, at most N, flightlines can
be covered in a day.

What is the expected number of flightlines covered in

Q days?

Solution: Let
Fz = random variable designating the number of flightlines
covered by the end of day %. Fz can take on values
o H T IR N, except that it can never exceed sz.'
T2 = random variable designating the number of flightlines
covered on day %. Tz can take on values 0, 1, 2,..., N

We have the following recursive relation:

PO = 0

By e 2 F R, 4= 200, 8 (1)
We can write:
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= 0 otherwise (2)

Note that:
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The right hand side represents all mutually exclusive ways of
realizing the event on the left hand side. In terms of conditional

probabilities, this can be written as:
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D = x = min [Nl’ Nzk} {3)

0 otherwise

(note that P(T, = i|F, ; = x = i) = 0 for i > N,).
Equation (3) can be used recursively to obtain the distribution
of FL for an arbitrary day. To do this we need the distribution
of Fy and the conditional distribution of T, given F, ;,
£ =1, 2,..., Q. The distribution of F, is:
PAE, = x = i) =1 %83 (4)
= 0 otherwise
To get the conditional distribution of TQ given Flul’ let A(L,3)
be a random variable designating the number of flightlines flyable

on day %, given that j flightlines have already been flown prior

to day & (i.e. F = 3). A(2,3) is binomially distributed:

-1
£ o
NS ) DA : :
BiAGS, 1) =2 1) = i ‘/p.(lmp) .20, 1,...N1-3
= 0 otherwise

(note Nl-j is the number of flightlines remaining to be flown)

since A(2,j) is essentially the number of successes in a sequence
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of Nl-j Bernoulli trials. The number of flightlines flown will
: >
be equal to A(%,j) if A(2,3) € N, and equal to N, if A(2,3) = Nz.

Therefore Tz has the distribution:

for Nl—j < N, 3 X
: AT g Hyeded ;
BT, = §1F, 5 = 33 =\ JO(lep) i=20,1,...N4-]
= 0 otherwise
. 2
for N1~3 = N2 :
P(Tl = ilFﬁ-l = j) = i p (1-p) 3 = 051s23'°'3N2‘1
e Ny=3-k i=N,
i 1 B (1-p)
k=N, N
= 0 otherwise

Now we have all that is needed to use equation (3) to obtain the
distribution of Fo for any day 2. Then the expected number of

flightlines flown by the end of day Q is given by:
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For example, if

=
"

36 flightlines to be flown

=
1

2 9 flightlines can be flown in a day

e
i

14 days to fly the flightlines

p = 0.3 probability of a flightline "flyable" any given day
then the expected number of flightlines covered in 1% days is
35.72. Furthermore, 36 flightlines can be covered with probability

.76, at least 35 flightlines with probability .97.




Discussion: The model is somewhat simplified. For example, it

assumes a time-invariant probability that a flightline is flyable
on any day. Also, it assumes that given any distribution of
flyable flightlines, up to Hg of them can always be flown. A
more realistic situation would be to make N, a function of the
spatial distribution of the flightlines.

In any case, this model gives something of the flavor of
the aivcraft;data—acquisitian problem, in which weather causes

the "flyability" of a flightline to be a probabilistic matter.




