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ABSTRACT

One of the main activities of humanitarian logistics is to provide relief items for survivors in case of a
disaster. To facilitate the procurement operation, this paper proposes a bidding framework for supplier
selection and optimal allocation of relief items. The proposed auction process is divided into the
announcement construction, bid construction and bid evaluation phases. In the announcement phase,
the bidder (purchaser or relief organization) invites certain suppliers to the auction. Next, the
construction phase is formulated as a bi-objective fuzzy model from the perspective of suppliers. This
phase provides the bidder with several suggestions, each of which containing the amount, price, and
lead time of the delivery of relief items. Then, in the evaluation phase, the bidder determines the
winners and optimally assigns orders by a multi-objective fuzzy model. Each of the fuzzy
mathematical models in the paper is formulated under the uncertainty of parameters and is then solved
by a two-stage fuzzy approach. Finally, to illustrate the validity and applicability of the proposed

model, a numerical example is provided and its result is analyzed.

doi: 10.5829/ije.2018.31.12c.11

1. INTRODUCTION

In recent years, many areas around the world have been
affected by natural disasters. Disasters can be natural
(such as earthquake, famine, tsunami, cyclone,
hurricane, flood, etc.), manmade (such as terrorism,
war, civil disorder, etc.), disease-related (like HIV/aids
or malaria) or extreme poverty situations [1]. After a
disaster, demand of the people in the affected areas is
satisfied through pre-positioned items, donations, and
instance procurement. Post-disaster procurement is one
of the main components of humanitarian supply chain
which can make relief operations faster and more
efficient. The uncertain nature of disaster makes post-
disaster procurement a highly challenging process [2].
Location, time, magnitude, and number of affected
people are among the factors that make the procurement
operations a highly exhaustive task [3]. Estimations
show that 65% of the total budget of relief chain is
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devoted to the procurement of relief items [4].
Therefore, it is of high importance to develop a model
for purchasing relief item operations in order to
optimize and quicken the relief operations.

The main purpose of this paper is to propose a
model to coordinate purchaser and suppliers in the
humanitarian supply chain. Accordingly, as a
coordination mechanism, we consider multi-attribute
reverse auction with bid construction and bid evaluation
phases. Construction phase is formulated from the
perspective of suppliers as a bi-objective fuzzy mixed
integer model (MIP) under the disruption risk of
supplier centers. Solving this formulation reveals the
best suggested package from the suppliers to the
purchaser (i.e. relief organization). Each package
contains the details of quantities, price, and delivery
time of relief items. In the evaluation phase, we develop
a multi-objective mathematical model from the
perspective of purchaser, which when solved, chooses
the supplier, assigns orders, and determines winner(s) of
the bid.
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The remainder of the paper is organized as follows:
Section 2 provides a literature review. In section 3, the
mathematical model is elaborated. Coping with
uncertainty and solution methodology for the multi-
objective model is explained in section 4. In section 5, a
numerical example is presented and results of the
proposed model are discussed. Eventually, we make
conclusions and provide some future directions.

2. LITERATURE REVIEW

Although the purchase operation is critical in
humanitarian logistics, only few papers have evaluated
purchase problem from both purchaser and supplier
perspectives.

Trestrail el al. [5] considered purchase operation
from the bidder perspective and developed a
mathematical model for bidding in agriculture sector of
the United States. Bagchi et al. [6] suggested a model to
improve bidding mechanism in food procurement and
transportation service. In their model, the coordination
among suppliers and relief item shippers not only
increases supplier participation, but also increases the
amount of dispatched items to the affected areas. Ertem
et al. [7] proposed a bidding strategy to relief item
purchase. The authors suggested two mathematical
models; the first one determined optimal suggested
quantities from the supplier perspective, while the
second model evaluated the suggested package by an
MIP model. Results of implementing these models
revealed that using this bidding model under different
scenarios could streamline the procurement of relief
items by relief organizations. In the same research,
Ertem and Buyurgan [8] developed the bidding strategy
by assuming that demand data were given to suppliers
by the relief organization. In 2012 and 2013, Ertem et
al. [9, 10] evaluated bid construction phase from the
perspective of supplier. Results showed that considering
substitution and partial procurement could improve
inventory utilization of suppliers. Shokr and Torabi [11]
developed reverse auction for post-disaster item
procurement. In order to cope with the uncertainty of
parameters, they proposed two possibilistic models for
the construction and evaluation of the bid. The model
for the construction phase had a single objective from
the perspective of supplier and showed profit obtained
from selling relief items. The model for the evaluation
phase, on the other hand, aimed to reduce purchase
costs and delivery time of relief items and resulted in
supplier selection and order assignment.

As the literature review suggests, most of the bid-
based models only focus on cost objectives in the
construction phase, which does not suffice to cover all
the objectives of the suppliers. Furthermore, in case of
disasters, warehouses of suppliers and distribution
centers lose a portion of their capacity and, thus, inflict

the relief operations with disruption risks. Omitting
disruption risk is another gap in the previous papers.
Moreover, most researchers have evaluated the bid by
only one objective (cost reduction) and overlooked one
of the main objectives of the relief operation, which is
to reduce time of relief item delivery when evaluating
suppliers.

According to the literature review, the main
contributions of this paper can be summarized as
follows:

1. Improving the construction phase of bid from the
perspective of supplier to purchase relief items. This
improvement is done through a mathematical non-linear
fuzzy formulation with two objectives;

2. Considering disruption risk in supply and distribution
centers and considering uncertainty in both construction
and evaluation phases of the bid;

3. Formulating evaluation phase of the bid as a three-
objective fuzzy mathematical model; and

4. Implementing augmented e-constrained method to
solve multi-objective models.

3. PROBLEM DESCRIPTION

Although relief organizations pre-position relief items in
warehouses and distribution centers, it is likely that,
after the disaster, the demand surges and they are no
longer able to provide vital items. If this is the case, the
required items are purchased from available suppliers.
In this paper, procurement operation is modeled as a
reverse auction.

The bid consists of a purchaser and a number of
suppliers. Reverse auction begins with a bid
announcement. After the disaster, the relief organization
collects data for necessary items estimates demand, and
then invites the available suppliers to the bid. In the
second step, the suppliers compare demand for items
with their inventory level and, then, construct the bid. In
this phase, package of suppliers is offered to the relief
organization with full details about quantities, price, and
optimal delivery time. Eventually, in the third phase, the
relief organization evaluates packages and determines
winner(s) and assigns orders; then, relief items are
transported to the affected areas. The structure of the bid
is illustrated in Figure 1.

3. 1. Bid Construction

3. 1. 1. Multi-Objective Formulation for Bid
Construction Phase
Sets/indices:

Set of suppliers | €1

Set of local distribution centers J €9
Set of affected areas kK € K

Set of relief items ¢ €C

Set of transportation modes M € M

T OX o.T—
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Comparizon of demand with mrventory level by suppliers

Mathematical modeling of bid construction phaza

Solve multi-objective model

Deatermimne the bast package

[:______________________I________________________I

Phase 3: bid evaluation

Mathematical modeling of bid evaluation phaze

Solve multi-objective model

Supplier zelection (winner determination) and

Order allocation

Figure 1. Structure of the proposed bid

Deterministic Parameters:
Capacity of local distribution center j for relief

cap.,
P item C
I Minimum acceptable price for relief item C for
e supplier |
|ic3 Inventory level of supplier | for relief item C
P Probability of disruption in supplier [
a. - Portion of relief item C for supplier I lost by
€ disruption
/- Probability of disruption in local distribution
i center j
. Portion of supply capacity of local distribution
By center j for relief item C lost by disruption
0 if supplier has enough inventory to cover [
(A minimum required amount of relief item C ; 1
otherwise
S5 1 if the partial procurement is allowed for relief
c’ item C ; O otherwise

Fuzzy Parameters:
Lead time of relief item C by supplier I with

timcj : transportation mode m to local distribution
center j
Transportation cost of relief item C from supplier
Cimcj : I to local distribution center j by transportation

mode m

Estimation of other suppliers for the maximum

Ui - proposed price of supplier I for the relief item C

[Sck . Demand of relief item C in affected area k

B : Auvailable budget to purchase relief items

Decision variables:

P - Proposed price of supplier | for relief item C
Amount of relief item C proposed by supplier

Xing * | in order to be transported to local distribution
center J with transportation mode m

7 - 1 if supplier I uses transportation mode M to

el carry relief item C to local distribution center j

Mathematical formulation:

min le :Zzzt:mcjzimcj (1)
m c j

max le :Zpiczzximcj
c moj

¢ )

_zz ZX imcjcimcj z imcj

m oc j
St: _
szimq’ < (L-pal, vi,C 3)
jom
szimq’ > D, Vi,c,k (4)
jom
piczj:;xijc <B vi,c ©)
ﬂ-ic < pic Su~ic VI C (6)
zzximcj Z5<:Iic Vi ,C

e (7)

_M (1_a)ic)
;lecj S(:I'_[jﬁjc)ca'pjc Vi ,j,C (8)
2w e ©
Xing M2 vi,m,c, j (10)
zZ imcj e {O,l} Vi ,m,C,j (11)
Pic+ Ximg =0 vi,me, j (12)

Objective function (1) minimizes lead time while
objective function (2) maximizes profit of each supplier
from selling relief items. Constraint (3) restricts the
proposed amounts of suppliers to less than their
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inventory levels. Constraint (4) states that the amount
proposed by suppliers should be greater than the
demand of the organization. The fact that maximum
revenue of suppliers is smaller or equal to the budget of
the organization is specified in Constraint (5). Price
proposed by a supplier should be greater than the
minimum acceptable price and less than that of the
rivals. This estimation of the rival prices increases the
probability of winning for the supplier. This argument is
guaranteed by Constraint (6). Constraint (7) allows
every supplier to participate in the bid, regardless of
their inventory level. Constraint (8) stipulates the
capacity of local distribution center for pre-positioning.
Constraint (9) states that every supplier should at least
select one of aerial or land transportation modes.
Constraint (10) asserts that relief items are shipped to
distribution centers if one of the transportation modes is
selected by the supplier. Constraints (11) and (12)
determine types of the variables.

3. 1. 2. Linearization of Multi-Objective Fuzzy
Model for Bid Construction Phase The
formulation proposed in 3.1.1 is non-linear due to the

multiplication of two continuous variables p, and x

imcj

as well as binary variable Z. .in continuous variable

imcj
X We follow Vidal and Goetschalckx [12] to
linearize the multiplication of two continuous variables

by defining a new variable I as:

imej

pic szimcj = r‘ic Vi ,C (13)
m o j
Therefore, after multiplying x. . by Constraint
XS

(6), we have:

e 2 76 2 2 Xing Vi,c (14)
moj

Fe Sl‘Tic szimcj Vi C (]_5)
moj

Also, to linearize the other non-linear term, we consider
Glover’s [13] paper and replace X. .Z W so the

following constraints need to be added to the
formulation:

imcj = imcj = imgj !

Wimcj < Mzimcj v' 1 m ’C’ -l (16)
Wimcj SXimcj vi,m.c, ] (17)
Wimcj inmcj +M (Zimcj _1) vi ,M,C, J (18)

Therefore, the non-linear model can be reformulated as

a linear model:
max le :Zpiczzximcj
c m j
- (19)
_Z Z Zcimcjw imcj
m o c j
2% <B vi 20)

After solving a multi-objective linear model for bid
construction phase, two parameters W ;. and TJ.C along
with the proposed price and quantity are determined.

T jc = z Zﬂmcj z imcj vj,c (21)

22w,
I T 22

imoc j

vic (22)

These parameters are used as input parameters of the
evaluation phase.

3. 2.Bid Evaluation

3. 2. 1. Multi-objective Formulation for Bid
Evaluation Phase

Sets/indices:

Set of suppliers i el

Set of local distribution centers j <J

Set of affected areas k € K

Set of relief items ¢ eC

: Set of transportation modes m e M
Deterministic Parameters:

Pe - Proposed price of supplier | for relief item C
Amount of relief item C proposed by supplier

TOx o

Ximgj - | in order to be transported to local distribution
center j with transportation mode m
. Fixed cost of purchasing relief items from supplier
g |
W, : Score of supplier I with regard to relief item C
cap. : Capacity of local distribution center j for relief
T jtem C
. Shortage unit cost for relief item C in affected
Ve - area K
A - Pre-positioned amount of relief item K in local
Je” distribution center
P Probability of disruption in supplier |
/. Probabil_ity of disruption in local distribution
i center j

Fuzzy Parameters:
I Optimal and proposed lead time of relief item C to
kB local distribution center j
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Transportation cost of relief item C from Local
distribution center j to affected area K by

C

jmek *

transportation mode m
Lead time of relief item C from local distribution
thmck : center j to affected area K by transportation
mode m
D, : Demand of relief item C in affected area K
B : Available budget to purchase relief items

Decision variables:
Ordered amount of relief item C to supplier

0Q : . .

e | which is stored in local distribution center j
Amount of relief item C which is transported from

0 - local distribution center j by transportation mode
M to affected area K

Dy - Shortage of relief item C in affected area k

v, 1 if supplier I is selected to provide relief item C ;

1€ 0 otherwise

1 if the relief organization uses transportation

Z ek mode M to ship relief item C from local

distribution center j to affected area k

Mathematical formulation:

max 23 = IZ;W icl//ic (23)

min Z6=Y 3 Y 3 (s +T s (24)

i j m ¢ k

min 25 :izgi cZ‘//ic +|Z; picjzoqicj +

3 (25)
ZZyckqock +Zzzzojmckcjmckzjmck
¢k iomoc k
) 0Q;; Sinmcj Vvi,c, j (26)
st: m
ZZOqicj SZ(l_fjlgjc)c"’lpic vj (27)

kZZOJ-mck = Zoqicj Ve, j (28)

Zzojmck (l_gjﬂjc)‘l'(ock +
jom

ZAJ.C (1-4,)=D,

]

ve,k (29)

.z; Pic JZOQicj <B (30)

00y <M *y, vi,c, ] (31)

22l ve 32)
22 o 21 ve, j,k (33)
0jmck Sszmck Vc,j,k,m (34)
v, and i, €{0,1} Vi,c (35)

00,0y » P 20 vi,c,j.k (36)
Objective function (23) has a selective nature and
selects the supplier with the highest score. Objective
function (24) minimizes lead time of relief items from
supply point to affected areas. The total purchase cost is
minimized in objective function (25). Constraint (26)
states the amount allocated to each supplier is less than
the proposed amount. Constraint (27) deals with the
capacity of local warehouses. Constraint (28) is a
balance equation of items for distribution centers and
ensures that total inflow and outflow of items from a
distribution center is equal. Constraint (29) specifies the
relation between relief items dispatched to affected
areas, demand, pre-positioned level, and shortage in
affected areas. Limitation of purchase for the relief
organization to its budget is captured by Constraint (30).
Constrain (31) ensures that items are provided from a
selected supplier. Constraint (32) states that, for every
relief item, there should at least be one supplier.
Constraint (33) ensures that at least one transportation
mode is selected to ship relief items. Constraint (34)
ensures the shipment of items to affected areas if the
right transportation mode is selected. Finally, types of
the variables are stipulated in Constraints (35) and (36).

3. 2. 2. Linearization of Multi-Objective Fuzzy
Model for Bid Evaluation Phase The
formulation proposed in 3-2-1 is non-linear due to the
multiplication of binary variable in the continuous
variable. Hence, by adding a new variable

ek Z jmek =V the following linear model is

obtained:

min 25 :Zgizll/ic +Zzpiczoqicj +
i ¢ I ]

jmek ?

. (37)
Zzyck(pck +zzzzcjmckv jmek
¢ k jomoc k
SUlv, <Mz, ve, j,k,m (38)
V imek Sojmck ve,j,k,m (39)
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ijck 20jmck -

M (1_ijmc) ve,j,k,m (40)

4.SOLUTION METHODOLOGY

We use a two-step fuzzy approach to solve each of the
multi-objective models. In the first step, deterministic
equivalent of each model is obtained by Jiménez [14].
Then, augmented e-constrained method is implemented
to solve multi-objective models and obtain Pareto
solutions.

4. 1. Step 1: Determinist Equivalent of Fuzzy
Models In this section, we utilize Jiménez et al.’s
[14] method to obtain deterministic equivalent of the
fuzzy models. This method wuses mathematical
expectation and expected value of fuzzy numbers to
defuzzify a possibilistic model. We defuzzify objective
functions and constraints based on Equations (41)-(43).

El ©) =[ES, Es]=

O (41)
[E(C +cC )'E(C +c°%)]

EV(C)Z Eic;Ezc _ c’ +22m+C0 (42)
[(1-)E} +aE} |x 20E} +(1-a)E} 43)

where ¢ =(c”,c",c°) is a triangle fuzzy number and P,
m, and O are the most pessimistic value, most
possible value, and most optimistic value for the
imprecise parameter, respectively, and EI () and
EV (¢) are expectation interval and expected values of

fuzzy number C, respectively. o is minimum
satisfaction level for possibility constraints.

Following the steps of Jiménez et al.’s method,
deterministic equivalent of Equations (1), (2), (4), (15),
and 20 is reformulated as Equations (44) to (48).

p m 0
to 2% L e
A imcj imcj " imcj
minZy =>3>3> 2 Zimcj (44)
mc j
max Z7 =3 P DD Xing —
c m
cP. +2*c” . +cC . (45)
Z Z Z X imcj imcj imcj z
imcj 4 imcj
m c j
pP +pM DM +DY
K ck Kk k
Z%Ximcj >(1-a)(—C& > Y+a(—E > CKy (46)

m_.p p_ . m
e S(a(UIc ;rU|c )+(17a)(U|C ;U|C ))sziij (47)
m j
BP+B" B™"+B°
Dohe S6¥(T)+(1—0!)( ) (48)

Similarly, deterministic equivalent of Equations (24),
(29), (30), and (37) for bid evaluation model is:

min ZZ:

tP oM 40
ZZZZZH jmck jmek jmck}r

i jmck 4

P _osrm_ -0
ch+2 ch +ch (49)
4 jmek

min 23:i29i %Wic +IZ§ Pic 2-00jcj +§E}’ck Pek

P xe M o
ct +2*C; +C5
mck jmck jmck
+22220jmck{ ) }jmck (50)

jmck 4

st :

?onmck (14]- )*%k *JZAjc (1471- )z

m 51
() DR +D& () o5 D& | 1)
2 2 2 2 ck
220 jmok [ e [t )<
52
(173) D +D% +(g) DY +D£( p (52)
2 2 2 2 ck
22 Pjc 200jgj =
ic j
BP+gM B™M+BO° (53)
0((72 )+(1—a)(72 )

4. 2. Step 2: Solution Approach to Solve Multi-
Objective Models Subsequent to the fuzzy
method, we consider augmented e-constrained method
to solve multi-objective models and obtain efficient
solutions. This method was first proposed by Mavrotas
in 2009 [15] and can be summarized as follows:

Step 1: Create payoff table

Step 2: Calculate lower bound of the objective functions

Step 3: Determine boundaries of the Kk th objective
function (1, ):
rk — fkmax _ fkmin K=2,..., p (54)

Step 4: Divide the boundary of each objective function
into g, equal intervals and determine the value of €, :
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i hoxi _
g = f"+-— i =01...9, (55)

Ok

Step 5: Convert multi-objective deterministic model into
a single objective one.

Interested readers can refer to Mavrotas [15] for
more details.

5.COMPUTATIONAL RESULTS

In this section, we provide a numerical example to
validate our model. In this example, there are 4 relief
items and 5 potential suppliers. The relief supply chain
consists of 5 supply points, 3 distribution centers, and 4
affected areas. Table 1 shows the value of input
parameters.

2074

organization. Then, winner suppliers are determined and
optimal orders are assigned.

Since disaster causes an emergency situation, the
main objective function is to minimize lead time of
relief items to affected areas (Z*). As for the previous
phase, first, a payoff table is created by lexicographic
method; then, the boundaries of objective functions z°
and Z° are divided into 5 intervals. Table 3 presents the
results of single objective bid evaluation model.

This table presents bid winners and optimal purchase
from each of them. Due to multi-sourcing policy of the
purchaser, there are several suppliers selected to provide
a single item. For instance, inventory level of suppliers
for item 1 is not enough and they are all selected to
provide that item.

TABLE 1. The value of the parameters

5. 1. Results of Construction Phase As stated, Parameters Values Parameters Values
the construction phase is managed by the suppliers. In L [1Uniform(500,2000) By [1Uniform(900,1200)
this phase, each supplier tries to offer the best tender to s
the purchaser in order to increase their chance. After Tic 7Uniform(20,30) } U”if"fm(z*lo 30|
obtaining the deterministic equivalent of the model, the ‘ . :
Lo . cap jo [1Uniform(800,1000) Cimek [1Uniform(20,50)
upper and lower bounds of each objective function z,
and 7, are calculated by augmented e-constrained L
method. Afterwards, objective function z, is selected as “0j ‘¢ OUniform(0.1,03) jmek Uniform(0.5,2)
the primary objective and Z, is added to the model Fie
constraints. Quantities, price, and lead time are main timej [Uniform(0.5,2) gj [Uniform(50,100)
varlable_s of the (_:onstruct_lon _phase whlch_are ot_)tal_n_ed Cimg 1 Uniform(10,40) - 1 Uniform(500,1000)
by solving the single objective model with reliability
level o=0.5 and are shown in Table 2. Tic OUniform(25,110) Ajc 0Uniform(200,500)
5. 2. Results of Evaluation Phase In this section,
the suggestions of suppliers are evaluated by the relief
TABLE 1. Proposed package of suppliers
(quantity, price) ) .
delivery time
Item 1 Item 2 Item 3 Item 4
Supplier 1 (492,42.8) (1473,53.5) (1479,64.2) (442,48,2) 2.14
Supplier 2 (582, 37.5) (1455,58.9) (1468,69.6) (486,53.5) 2.56
Supplier 3 (679,1076) (1076,56.7) (1479,71.7) (587,46.08) 2.16
Supplier 4 (486,39.6) (1153,61.09) (1479,58.9) (676,58.9) 1.7
Supplier 5 (572,53.5) (1000,64.2) (1383,72.8) (779,60) 1.7
TABLE 3. Bid winners and purchase amounts
Winners of action Purchase amount
- - - - - Distribution Distribution Distribution
Supplier 1 Supplier 2 Supplier 3 Supplier 4 Supplier 5 Center 1 Center 2 Center 3
Item 1 v v v v v 1659 572 582
Item 2 v v % 508 1488 681
Item 3 v v v - 771 1324
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Item 4 v v v

v 1031 368 486

Furthermore, suppliers 1 and 2 are the winners due to
their better suggestions for all the items. Table 3, also,
presents the amount of relief items purchased from bid
winners; these items are pre-positioned to be shipped to
affected areas.

Table 4 shows the amount of relief items shipped
from every distribution centers to affected areas. For
example, 968 means that item 4 is shipped to affected
area 1 from distribution center 1. Moreover, due to the
importance of time interval between distribution centers
and affected areas, items are shipped to the nearest
affected areas to accelerate the relief operations. For
instance, in Table 4, distribution center 3 serves the
nearest affected areas 3 and 4.

5. 3. Sensitivity Analysis This section conducts
sensitivity analysis on disruption parameters and
budget. In Figure 2, the result of change in disruption
percentage on the proposed amount of each supplier is
illustrated. As demonstrated, increase in disruption
percentage decreases inventory levels at suppliers and,
as a result, they propose lesser amounts. Furthermore,
supplier 1 has the highest sensitivity to disruption
percentage and supplier 4 has the lowest.

Figure 3 shows results of sensitivity of profit of the
suppliers and total costs of relief organization with
regard to budget. As purchasing power (budget) of the
organization increases, each of the suppliers offer higher
prices and, as a result, earn more profit. On the other
hand, with more budget, the organization purchases
more items which itself decreases shortage costs and,
eventually, decreases total costs. Profit change for the
suppliers and total cost of the organization with respect
to budget are illustrated in Figure 3.

6. CONCLUSION

In this paper, a bidding framework is presented for
modeling the purchase of relief items. The main focus
of the paper was to construct and evaluate the phases of
a bid.

TABLE 2. Amount of items shipped from distribution centers
to affected areas

item 3, item 4)
item 3, item 4)
item 3, item 4)
item 3, item 4)

affected area 1
(item 1, item 2
affected area 2
(item 1, item 2,
affected area 3
(item 1, item 2,
affected area 4
(item 1, item 2,

Distribution (872,508, -
Center 1 ,968)

Distribution
Center 2

/-\
-
o

o N
L

(572,871,

771368 (616:)

Distribution (582,256, (-,425,

Center 3 775,486) 550,-)
4400
4200
4000
3800
h3600
33400
3200
3000
0 0.1 0.2 0.3 0.4 0.5
Percentage of disruption in the supply points
supplier 1 supplier 2 supplier 3

Figure 2. Result of disruption percentage on the proposed
amount of suppliers

X 10000
)
v
=
£
S
0

[
o

2
10/3 &
g
10/2 =

The profil of the suppliers ($)
= =
SEERT
=
s 8
=
Total cost of the buyer ($)

9/9
5
9/8
0 9/7
Yol %Y. . %Y. 90~
Percentage of budget changes ($)
supplier 1 supplier 2 supplier 3
supplier 4 === supplier 5 buyer

Figure 3. Impact of budget on supplier profit and total cost of
the organization

In particular, this paper dealt with determining bid
winners and assigning orders in the process of
procurement. In the bid construction phase, a bi-
objective fuzzy model was formulated from the
perspective of supplier. In this formulation, each
supplier solved the model from its own perspective and
offered the best suggestions based on its inventory level
and required items of relief organization. Each
suggestion contained the amount, price, and lead time of
relief items to distribution centers. In the bid evaluation
phase, bid winners were determined and optimal
assignments were made. The objectives of this phase
were to select the best suggestions, minimize lead time,
and minimize total costs. Due to the uncertain nature of
disasters, some parameters such as demand, budget,
transportation cost, lead time, and price offered by rival
suppliers were considered as non-deterministic.
Furthermore, the paper considered disruption risk in
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distribution centers and suppliers due to the damaged
post-disaster environment. Finally, we solved the
proposed bidding framework by a numerical example
and provided sensitivity analysis.

At the end, there are various recommendations for
further research: 1) considering supplier discount in the
bid construction phase; 2) implementing the proposed
model on a real case study; and 3) adapting
metaheuristic algorithms to solve large-scale problems.
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