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Introduction
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Problem description

The fruit supply chain:

Seasonable production (harvesting vs non-harvesting season)
Quality variations

Special storage conditions

Short delivery time to preserve freshness

Packing demands

Interaction of different agents

Storage Distribution v
: SC PP
Production > (5C) > (PP) — Retailer
Transport Transport Transport
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Problem description: Case study
s

1 Real Case from a Driying processing plant

Processing Plant
Gol‘a oe #1 ) . > Storage #K>

e -
— -
t = G‘rora 2e #2 ) t

Producer #2

Producer #1 ———— ————— Producer #IN

1 Obijectives:
Contract all the product to be processed for a year
Stock apples in cold chambers until processed
Deliver steadily apples to the plant

Buy additional raw material if needed



Formulation of the model
I

1 Sets:

Set of avallable producers.

Set of different uncertain scenarios.

Set of different apples varieties.

Set of different type of apples.

Set of cold storage’s inside a Warehouse.
Set of warehouses.

Set of trucks.
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Formulation of the model
A

-1 Parameters:

Cqut Cost for purchasing in the first stage.

CCp,,;  Cost for purchasing in the second stage under scenario w.

C'M, Cost to maintain a producer p.

C'T, Cost to transport from a producer p.

CFT, Cost for using truck [.

CTAy. Cost for transportation.

CEq  Cost for storing using a cold tech mmside warehouse ¢ using the cold storage n.
CF. Cost for using a specific chamber inside warehouse ¢ using the cold storage n.
Dy, Amount of demand for variety ¢ and type t under scenario w.

qt
Opgt Amount of raw material from variety ¢ and type t produced by producer p.




Formulation of the model

1 Obijective Function:

/ Purchase of producer/variety /time

min Yy Y Y CCP . XPY,

peP g teT

+wal

(lcw

Y (CM,+CT,)Zp+> > > C

peP

Selection of producer

.

peP qeQ teT

Number of trips

(1b)

CouX Py +> D[ > CFTY,

el pgP g

Selection of cold chamber

Quantity of apples

Selection of s'rorc{ge provider
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Formulation of the model
K

1 Constraints:

st.: MZY>Y "> (XPy,+XPy,), YweQ, Vpe P (1f)
ge) teT

XPp|T| > XDy, VpeP, qgeQ, teT (1g)
t'eT

XP2|T| > ZXP;qt,, VpeP, qeQ. teT (1h)

t'eT

XP), +XPs, <1, VpeP, qeQ, teT., we (1i)

pgt —



Formulation of the model
T

1 Constraints:

> pnt>ZD VgeQ, wel (1j)

pel t€T IeL teT

Z Pqﬂ<(X pqt+XP;a?qt)Oqu Vge @, pe P, teTl Ywe)

lel

(1k)
Z pqti < QMH:EE qu Vq € Qa P e P; le L (11)

teT

> X& <WC, ME

cngt
leL

YVwuel) VeeC, neNteT, qe@
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SISTS MELu, <=|ClAY VweQ, YeeC (1n)

nelN teT ge@

> > Xi. < QMaxYCp, VweQ, YeeC, neNIlelL

ge@ teT

(1lo)



Formulation of the model

1 Constraints:

ZZX;NE_}ZW;@E VweQ, VgeQ, teT, l€L (1p)

ceC’ neN peEP
Y > MEZ, <1, VweQ, YeeC, ne N (1q)
teT g

MEZ, . =0, Ve VYVgqe@, ceC, neN, teT:t<TFE,,
(1r)



Formulation of the model
T

11 Objective Function:

min Yy Y Y CCP . XPY, (1a)

peP g teT

—I—Zw“[ (1b)

Qcw

Z(C‘Mp +CT,)Z+> Y Y cce xp2, +> Y Y CFTY,

pe P peP g teT leL peP q=Q
(1c)

F XY Y3 (CT A+ O ) X + X 40 A2 | (10)
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Formulation of the model

N
11 Obijective Function (2):

min Y Y Y CCpXPy, +> [Z (CM, + CT,)Z*p (2a)

peP ge@ teT lew peF
D 2 D COmXPa+d > Gm;;:g] (2b)
pel gel teT leL peP qeq
2220, (C'Tﬂqm + OEm)thm; +3 +cA4, | (2
qeQ teT ceC neN IeL ceC

Y S SN HOFMEy +> ) ) CFTY (2d)

ceC neN ge@ teT el eeC neN




Formulation of the model

L =,
11 Obijective Function (3):

min Y Y Y COuXPptd > Y > ClaME, (3a)

pel? qe) teT ce’ neN qeQ teT

+Y 3NN (cmqm + CEm) Xt + Y [ (3b)

qe@) teT ceC neN lell New
Y (OCM, +CT)zp+ > Y Y CCu,XPe, (3c)
pelP pelP ge) LteT
+> 3> crnyg, (3d)

lel peP qeQ

FE S S S (T A+ Cln ) X+ Y (3¢)

qe) teT ceC' neN lel. el

+ZZZZ+OFmME::m+ZZZCFﬂY%]: (36)

ceC' neN ge el el ecC' neN




Application of the model
B

1 Dimensions:

Instance | P Q T N C L Q

Case 1 506 3 10 11 3 13
Case 2 |1272 6 3 10 11 3 13




Application of the model
o

1 Scenarios:

Quality

113 1114 115 1116

Optimistic Pessimistic



Application of the model

1 Scenarios:

Q 7w Quality | CC° % cw

1 1% 1:6 12500 $ 16% || 14500 $
2 1% 1:7 12500 $ 19% || 14875 $
3 1% 1:8 12500 8 22% || 15250 $
4 5% 1:9 12500 § 25% || 15625 $
5 13% 1:10 12500 $ 27% || 15875 $
6 23% 1:11 12500 $  30% || 16250 $
7 23% 1:12 12500 $ 33% || 16625 $
8 15% 1:13 12500 $ 35% || 16875 $
0 10% 1:14 12500 $  38% || 17250 $
10 5% 1:15 12500 $ 40% || 17500 $
11 1% 1:16 12500 8 35% || 17875 $
12 1% 1:17 12500 $ 38% || 18125 $
13 1% 1:18 12500 $ 40% || 18500 $




Results and discusion

Implemented with ILOG OPL and solved with Cplex
v12.6

Pentium 2.10GHz. / 4Gb RAM

SS 48.136.250,53 $
Time (min) 10
GAP 0.21%




Results and discusion

-1 By scenario:

Quality

EVIP | -80.856,45$ |

%

0.16%

Q

1 1:6 23.551.400,00 $
2 1:7 28.523.536,00 $
3 1:8 31.519.698,00 $
4 1:9 36.109.420,00 $
5 1:10 40.130.498,00 $
6 1:11 44.375.572,00 $
7 1:12 48.772.750,00 $
8 1:13 52.686.322,00 $
9 1:14 57.039.850,00 $
10 1:15 60.969.608,00 $
11 1:16 65.908.666,00 $
12 1:17 70.501.160,00 $
13 1:18 75.338.598,00 $




Results and discusion

I
- VSS:

VSS =SS — EQS = 48.136.250, 53 — 48.163.901, 31,6 = —27.650, 78$ (6)



Future work & conclusions

The deterministic model is enough under present
formulation

A revision of the stochastic model could be
advisable (scenario generation).

There is few advantage in using recourse action

First stage decisions are the most important



Thanks for your attention



