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Problem assumptions

@ A finite planning horizon is considered with a set of time periods

@ A consumable non-perishable relief item with recurring demand is
distributed

@ Demand nodes are temporary settlements for disaster-victims

@ Supply nodes are potential sites for mobile points of distribution
(POD)

@ Demand and supply are known
@ Only demand nodes can store items
@ Number of open depots is limited



Sets

t € T: Time periods
j € J: Demand nodes
i € I: Possible depot locations



Parameters

j € ]: Demand nodes
@ di: Demand of nodej in period t
@ ;. Weight associated with demand node j




Parameters

i € I: Possible depot locations
@ s¢: Supply amount in period t
@ ¢;: Capacity of depot i
@ p;: Maximum number of depots that can be opened in period t




Parameters

@ /;: Distance between of demand node j and possible depot location i
@ 7. Coverage radius for demand nodes

N 1, |f€,‘j <y
10, Otherwise




Decision Variables

o ve — 1, If depot iis opened in period t
/it = O, Otherwise
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Decision Variables

@ xj: = Amount assigned to demand node j from depot i in period t

e =
@

A nO
A O A




Decision Variables

@ v;; = Inventory at demand node j at the end of period t
® u; = Shortage at demand node j at the end of period t
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Deprivation cost

Aims to increase equity among a set of entities

@ A method to quantify human suffering
@ Deprived amounts and deprivation times

@ The deprivation cost at a demand node is equal to the aggregation of
individual costs



Deprivation cost

Periods 1 2 3 4 5 6 7
Shortage (ujn) 1T 1 1 L O 1
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Deprivation cost

Periods 1 2 3 4 5 6 7
Shortage (ujn) T 1 1 | O 1
Deprivation Cost (zj;) 1 1+1 1+1+1 1+1+141 O 1 1+
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Decision Variables

1, If Ui > O
® Wi = J
’ O, Otherwise

® z; = Deprivation cost at demand node j at the end of period t
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How to calculate deprivation cost?

Periods 1 2 3 4
Shortage 15 30 10 O
(th)
Deprivation | 15 15+30 15+30+10 O
Cost (z;t)
) Zje + Ujt, if Wit = 1, _
“t = {O, otherwise chtel




How to calculate deprivation cost?

Zjt > Zjz 1+ Ui — M(1—wj)

Periods 1 2 3 4
Shortage 15 30 10 O
(th)
Deprivation | 15 15+30 15+30+10 | O
Cost (z;)
2 = {ZiH P TWEL e et
0, otherwise




Objective function

minimize

max
IS

o ) Zj

teT
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Minimize the maximum
deprivation cost among
the shelter sites




Mathematical model

subject to:

budget

depot capacity

supply

coverage radius

flow balance

relate w and shortage

relate w and inventory

Zyit S Pt,
i€l
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J€l
) Xt =st,
jel i€l

Xjit < CiQjjYit,

teT (4)
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teT (6)
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Vigr+ Y Xjg—dp =V —UpjE€ ) teT (8)
i€l
Uit < thdjn jel,teT (9)
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Mathematical model

deprivation cost| Zzj;_1+Ujt — tz: di(1—wp) <zpje), teT (12)

T=1

min-max objective

linearizat:on £2 athZszt’ J€] (13)
initial inventory| vjo =0, j€] (14)
initial deprivation cost| zjo = O, je€] (15)
domain| y; € {0,1}, iel,teT (16)
wit € {0,1}, jel, teT (17)
Xijit > 0O, iclje/,teT (18)

ujt7 Vjt7zjt > 07 I EI: teT (19)



A case study: Kartal district of Istanbul
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Value of mobilization

10% decrease in the
objective function value

Static PoDs vs. dynamic PoDs




Conclusion

A sophisticated method to encourage equity during humanitarian
operations I

Amount distributed & timing of distributions '
Mobile supply units '



