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Abstract

In this work we consider the supply chain management in olive oil industry. We construct the mixed-integer
programming model connecting the optimization of olives harvesting and storage and olive oil production.
The goal is to maximize the olive oil producer profit consisting of revenue, production cost and storage cost.
In the same time, we have to take into the consideration the farmers’ (suppliers’) utility too. Namely, the
suppliers want to maintain the harvest delay and delivery cost as minimal as possible. In the case of single
criterion optimization problem we suppose that the producer is taking care of all five goals, so the objective
function consists of the producer’s revenue, storage cost, production cost, harvest delay and delivery cost
with the appropriate sign. Due to the big dimension of the problem two heuristics are proposed for solving it.

Some simulations are performed and the results show good heuristics behavior.

Key words: agri-food supply chain, olive oil industry, single criterion problem optimization, heuristics,

decision support system

1. INTRODUCTION

1.1. Agri-food supply chains

Supply chain management (SCM) models of agricultural fresh products are more complicated than the SCM
models of the usual industrial products with no deterioration, because the amount of harvestable fresh
products depends on the growing process of the related plants on farmland, and because the deteriorating
process of the fresh products starts immediately after harvested (Widodo, Nagasawa, Morizawa, Ota, 2006).
In general, the supply chain of agri-foods, as any other supply chain, is a network of organizations working
together in different processes and activities in order to bring products and services to the market, with the
purpose of satisfying customers’ demands (Christofer, 2005). What differentiates agri-food supply chains
from other supply chains is the importance played by factors such as food quality and safety, and weather
related variability (Salin, 1998). As mentioned above, very important factor making agri-food supply chain

harder to manage is the limited shelf life of the products. Because of all these issues, in the context of agri-
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food supply chain, in this paper, we identify three main functional areas: harvesting, storage and production.
Also, the paper will consider highly perishable commodities such as fresh fruits and vegetables and illustrate
the model for olives. Decisions made in harvesting include the timing for collecting fruits and their
appropriate quantities. Storage-related decisions include the inventory control of the fruits before the
production, namely, to store the fruits in the cold storage or leave the fruits waiting for the production, but

not more than some days. The third function is production which includes the machine scheduling.

1.2. Decision support systems in agri-food supply chain

The structure of agri-food market is currently under great changes and transformations, especially in the
framework of globalization. In the past, the main players were small family based firms, the market was very
fragmented and locally oriented. Today, in the circumstances of expansion, the agri-food supply chains need
more coordination. Only in that way they will be more efficient, competitive and be able to adjust rapidly to
changing conditions. But, to have more coordination in the supply chain one needs to have good planning
models. Moreover, the supply chain participants need to create very specific planning models that
incorporate many functional areas, such as mentioned above (that is, for example, harvesting, storage and
production). The agri-food sector is facing global challenges that can only be met with support of
information technologies (IT), (Schiefer, 2004). IT opportunities are key tools in the agri-food supply chain
activities and contribute to the optimization and to an efficient decision making process. The decision
support systems involve the storage and processing of collected information, methods and techniques giving
the new information useful for efficient decision making and in this way make the planning process more
structural and promising. The most famous decision support systems are Enterprise Resource Planning
(ERP) and Supply Chain Analitics (SCA), or Advanced Planning Systems (APS). The problem with all these
systems is that they are not sufficiently generic. In a specific situation other procedures need to be added and

implemented using the specific characteristics of the considered problem.

1.3. Olive oil industry

In the case of agri-food supply chains one deals with the perishable agricultural commodities where the
processing time is very limited. The factors such as food quality and safety, limited shelf life and demand
and price variability are very important and should be taken into the consideration while optimizing the
supply chain. In order to illustrate the problems that could arise and be solved in an efficient way using the
appropriate decision support system, in this work we will consider the case of olive oil industry. The problem
is inspired by a small olive farm and a small olive oil producer, but we extend it to the case of a large olive
oil industry. The production of a small firm is characterized by high production costs and low profit level. In
order to be more competitive the small firms should integrate in a larger system and take part on the market

as an industry. In this work we will consider small farms grooving and harvesting olives which will
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participate in the supply chain as suppliers. On the other hand we will have olive oil producers being small
firms in the present situation and propose the decision support system how to integrate them and develop

their partnership in order to be more efficient and competitive on the global market.

1.4. Organization of the paper

In the next section (Section 2) we present the description of the problem, while in the Section 3 we give the
mathematical formulation of it. The heuristics are described and computational results presented in the

Section 4. In the Section 5, the future work is given, while the conclusions are listed in the Section 6.

2. PROBLEM DESCRIPTION
2.1. Agri-food supply chain players: suppliers and cluster of producers

As was mentioned above the big problem of an agri-food market is the fragmentation of the suppliers, but
also of the producers. In this work, we will consider small suppliers of the olives and small producers of the
olive oil, but integrate the small producers in one big company in order to be more competitive and efficient.
In a certain region, the suppliers will harvest their olives and supply the olive oil producers according to the
schedule obtained as the optimal solution of the problem. The point is that the optimal production scheduling
will be obtained for all the producers simultaneously and in this way they will deal with the production as
one single, big company with many machines of different capacities. Acting as one big company, the cluster
of small producers will be more efficient and more competitive at the global market from two points of view:
they will be more able to maximize suppliers’ utility (suppliers want to supply in the preferred period) and,
also, they will use their machines at the full capacity as much as possible. Thus, from one side there are small
suppliers and from the other side there are producers acting as one big company or cluster. Both of this

players in described supply chain have their conditions and requests as follows.

2.2. Suppliers

There is a considerable number of olive suppliers that have a preferred period of supplying the olives which
depends on the time intervals they consider the best for harvesting in order to get the oil of desired properties
and quality. Moreover, some of the olive suppliers are also the buyers of the final product, i.e. olive oil. On
one hand, among them there are those who want their oil to be produced exclusively from their olives. Also,
it might be the case that they want to buy only one portion of the oil produced from their olives, while the
rest of the olive they supply is sold to the producer who then sells the olive oil to other buyers, e.g.
consumers that are not olive suppliers. On the other hand, some of the suppliers allow their olives to be
mixed with others’ when producing olive oil. Finally, there are suppliers who only sell the olives to the olive
oil producers and do not buy the olive oil. However, even in such cases where suppliers are not interested in

whether their olives will be mixed with others or not, there are some rules stating which olive types can be
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mixed. Then, it is the olive oil producers’ concern since the quality of the olive oil they will sell in the
market highly depends on the mixtures. Therefore, olives from some suppliers are not allowed to mix with
others’ at all, and some are allowed to be mixed with some other types of olives. Thus, the olive oil type is

defined by the olive types that it is produced from.

2.2. Cluster of producers

The harvesting of olives is made over days in a time horizon of about two months. However, the processing
of oil on machines is to be scheduled over hours, since the processing time on any machine is one hour. The
machines can differ in their capacities, but it only means that they can be loaded with a certain maximum
amount of olives, measured in kg’s of weight. However, the processing time of the olives on a machine does
not depend on the amount of olives it is loaded with. Thus, the model considers that the planning horizon is
divided into T macro-periods (days) and to obtain the production sequence, each macro-period is divided
into a number of micro-periods (hours). Another issue has to be addressed when taking into account the fact
that the olives are perishable goods. Namely, the quality of the olive oil rapidly decreases when olives are
not processed immediately after they are harvested, i.e., after a day or two. This is avoided if the oil producer
stores them in a cold storage until the olives undergo processing. However, due to the very high costs of
using the cold storage, the producer desires a good synchronization between harvesting the olives from the
side of suppliers and processing the olives from the side of the producers, which would minimize the use of

the cold storage.

2.3. Objectives

In the next section, we construct the mixed-integer programming model connecting the optimization of
olives harvesting and storage and olive oil production. The goal is to maximize the olive oil producer profit
consisting of revenue, production cost and storage cost. In the same time, we have to take into the
consideration the farmers’ (suppliers’) utility too. Namely, the suppliers want to maintain the harvest delay
and delivery cost as minimal as possible. In the case of single criterion optimization problem we suppose that
the producer is taking care of all five goals, so the objective function consists of the producer’s revenue,

storage cost, production cost, harvest delay and delivery cost with the appropriate sign.

3. MATHEMATICAL FORMULATION OF THE PROBLEM
3.1. Sets and indices

e 2 —set of olive suppliers (j=1,...,P);
e 7/ —set of olive oil types (u=1,...,U);
e J,—set of olives that olive oil of type u is made from, i.e., suppliers whose olives can be mixed with

each other to produce the olive oil of type u (V,, = P);
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T — macro-periods, i.e. working days (z=1,...7);
M — number of machine (m=1,...,M).

3.2. Parameters

A; - total supply of olives from supplier j;

D « - upper bound on supply of olives from supplier j in day ¢,

G_ j+ - lower bound on supply of olives from supplierj in day ¢,

N, - micro-periods in a macro period, i.e., working hours in a day (r=1,..., N,);
C,, - capacity of machine m;

H — capacity of the cold storage;

P, - the unit revenue obtained from the olives from V,;

e, - the cost for producing (processing olives) a full or partial batch in day ¢ on machine m;
f, - the unit storage cost in day ¢ (the same for all olive types);

w. - the unit cost of supplying in not preffered periods (the unit oversupply cost of olives j in

Jt
period ?);
bjt - the setup cost of supplying olives j in period ¢.

3.3. Decision variables

Iut
1,,=0,forall u;

O, - the quantity of olives processed for olive oil of type u on machine m in day ¢

- the storage quantity of olives that olive oil of type u is made from at the end of day ¢, with

S j¢ - the quantity of olives j supplied at the beginning of day ¢,
R

Y.« €Z. -the number of hours in day ¢ in which olive oil of type u is processed on machine m (the

¢ - oversupply of olives j in day #;

number of batches);
B {1, if the olives j are supplied at the beginning of day ¢

) _
/ 0, otherwise.

3.4. Objective

The objective is to maximize the profit described as stated in Section 2.3. Hence, the objective can be

formulated as follows:
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3.5. Constraints

There are three types of constraints: the constraints related to the raw materials in the cold storage
(constraints (1)-(2)); those related to machine processing (constraints (3)-(4)); and finally the constraints

concerning the supply of olives (constraints (5)-(8)). The constraints (9) define the variables domain.

M
Ly=TLon+ 2.8:=> O u=L.,U,1=1...T (1)
jeVy m=1
U
dYI1,<H, t=1..T @)
u=l
Ot <C Y0 u=1,.U, m=1,.M, t=1,..,T 3)
U
Y Yy SN, m=1..M, t=1,.,T 4)
u=l
T
>S§,<4,, j=L.P (5)
t=1
Sy<AX,, j=1.P, t=1..T (6)
Sy<D,+R;, j=1.P, t=1..T (7)
S;2Gy X, j=1.P, t=1..T (8)
1,20,0,,>0,8,>0,R;, >0,Y,, €Z, X, {0l 9)

The constraints (1) represent the cold storage balancing constraints for each item, i.e., olives from each
supplier, in each period. The constraints (2) refer to the cold storage capacity. The variables Y are defined by
the constraints (3), which also guarantee that the total quantity of olive oil of type u produced on machine m
in period ¢ is less than the machine capacity. The constraints (4) ensure that the upper bounds on daily
number of batches are respected. The set of constraints (5) guarantee that the total supply of olives does not
exceed the given upper bounds, while the set of constraints (6) define the binary variables X (supply set up
variables). The oversupply variables R are defined by constraints (7). Also, the same set of constraints
impose that the daily supply of olives is less than the given upper bound in the case of no oversupply.

Finally, the constraints (8) ensure that the lower bounds on daily supply of olives j are respected.
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4. HEURISTICS
4.1. Relax-and-Fix

This heuristic supposes that the 0-1 variables can be partitioned into a certain number of disjoint sets of

decreasing importance. The criteria of constructing this partition can vary. In this work we propose two
partitions. The first one consists of disjoint sets Al,...,AT where A’ = {Xlt,th,...,XPt }, t=1,.,T.

T

The second one consists of disjoint sets Bl,...,BLJ, where B! Z{XII,XZI,...,XPI}, r=1...5,
T

B ={X,,, Xy X p, }, t:6,...,10,...,BLJ:{XI,,X%,...,XP,}, t:EJ—4,...,EJ.

The last set in the second partition includes 0-1 variables having the remaining time indices. After
constructing the partition, we solve sequentially an appropriate number of mixed-integer programming

problems. With the first partition, we solve T problems where the first problem supposes the integrality of 0-
1 variables from the set A , while the other 0-1 variables are relaxed. Then we fix the variables from the set
A" at their optimal values and proceed with assuming the integrality of the 0-1 variables from A? , while

relaxing all the other variables from A yeees A", And so on till assuming the integrality of the 0-1 variables

from the set A7 . With the second partition we work in the analogous way with fewer number of steps. The
heuristic using the first partition is called RF_1t, while the second heuristic using the second partition is

called RF_5t.

4.2. Exchange (Fixed-and-Optimize)

In general, exchange is an improvement version of the relax-and-fix heuristic. We keep the same
decomposition of 0-1 variables . At each step, all the 0-1 variables are fixed at their value in the best solution
found so far, except the variables in the chosen set from the current step which are restricted to take 0 or 1.
The heuristic using the first partition is called FO_It-1run, while the second heuristic using the second
partition is called FO_5t-1run. Also, these heuristics are passing through every set of the partition just ones
(because of this fact, they have the term “l-run” in their names). In this work, with these two heuristics, we
do not improve the solution obtained by the relax-and-fix heuristic, but use the fixed-and-optimize heuristic
for improvement of the first feasible solution found by Cplex 12.1. The heuristic improving the solution

obtained by the relax-and-fix heuristic is called RF_5t FO 1t.

4.3. Data
For each of four heuristics RF_1t, RF _5t, FO_1t-1run and FO_5t-1run, we perform the simulations with 30
instances of input data. We also propose two combinations of given heuristics, RF 5t cplex and

RF_5t FO_1t and perform the same number of simulations. The data for the known parameters are chosen
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according to the real ones. We consider the period of 60 days with 80 types of olives (e.g., 80 suppliers) and

50 olive oil types. The cold storage capacity is randomly chosen from the set {0,1 000,2000,3000}, machine
number from the set {1,2,3}, machine capacities from the set {150,300,600}, working hours in a day from

the set {5,...,10} and the suppliers’ olive quantities from the set {5,...,40}-100 kg . The simulations are
performed at FUJITSU SIEMENS AMILO PRO V8010 Intel Celeron M 1.6 MHz 512 RAM, while the

programming cod is written in language c#.

4.4. Computational results

The results of the simulations are summarized in Table 1. In the white part of the Table 1, we compare four
heuristics mentioned and described above. We can notice that the first partition gives better results regarding

the objective function value, but the computational time does not behave in the same way.

Table 1: Computational results.

RF_It RF 5t FO_t-lrun FO_5t-Inm Cplex | RF 5t cplex [ RF 5t FO t
Time Time Time Time
Instance | Obj. value | {s) Obj. value | (3) Obj. valoe | () Obj. valoe | (5) (Obj. value after 300 5)

23548966 | 271,30 [ 236133,67 | 237,83 | 21911575 | 121,80 | 22774633 | 243,30 | 23595921 236133,67 23615767
19094067 | 216,52 [ 19125849 | 224 48 | 17599556 | 12577 | 18436846 | 231,81 | 19141254 19125849 19141049
25216102 | 20972 [ 25323962 | 188,83 | 24207330 | 15459 | 244464 15 | 342.06 | 25273422 153582 35 25237546
30153837 [ 14545 [ 30195642 | 236,48 | 27855407 | 9161 | I87854.48 | 274.03 | 30268027 302154.03 30212865
3915703 | 5466 | 3917478 | 3120 | 3815455 | 4952 | 3835829 3867 | 3925535 3925535 3917478
32936156 | 100,16 | 330203,19 | 172.20 | 50909654 | 11284 | 32199581 | 217.67 | 330701 60 33063624 331087.12
27326106 | 29217 [ 274589 43 | 171 78 | 256007 73 | 166,52 | 264197 91 | 242 44 | 274344 69 274661 61 27459093
27328237 [ 126,59 | 274000.50 | 19984 [ 25462234 [ B6.08 | 26325838 | 230,16 | 27414214 27400020 274058.11
9 26314542 [ 17644 | 26416187 | 214.05 | 24076339 | 12378 | 248976.00 | 277.66 | 26426920 264308.23 264294 .42
10 17774238 [ 131,70 | 17847282 | 221.94 | 172516,09 [ 117,59 | 176234.1% | 302,58 | 17830592 178472.82 178517.51
11 22349244 [ 174,59 [ 224565,49 | 250,91 | 20901208 | 9233 | 217137.12 | 226,17 | 224477 82 22456349 22476449
12 135249.17 | 218.05 [ 13593843 | 270,63 | 13318124 | 95,17 | 134831.56 | 272,83 | 135871 55 135938 .43 136017 85
13 158926,76 | 7133 [ 15910052 | 102,64 | 15671257 | 75,75 | 15821259 | 14942 | 159178.20 159162,49 15915407
14 26172961 | 19892 | 26221437 | 260,08 | 246678.63 | 12445 | 256258.17 | 299 58 | 262588 86 26226477 262381 45
15 25173333 | 160,25 [ 252862,70 | 234,83 | 23982736 | 8348 | 24473974 | 274 80 | 25326666 25322753 253053,11
16 114597920 [ 112,02 [ 115084,82 | 146,14 | 113087,78 | 110,55 | 11393152 | 151,98 | 11517591 11517236 115184.82
17 25873407 [ 201,16 [ 25544433 | 24100 | 245391186 | 11741 | 25402858 | 298,17 | 26026178 26037693 26054622
18 11767943 | 3623 [ 11794184 | 57,14 | 11623878 | 4827 | 11671406 | 64.61 | 11789103 117941 84 11794314
19 11084314 [ 10397 [ 11137209 | 241 45 | 10996016 | 5352 | 11080251 | 18656 | 11135447 11137235 11137235
20 260871.19 [ 15825 [ 261936.55 | 220,70 | 251462596 | 91.34 | 35699232 | 288.73 | 26174442 26193695 262038.24
21 25974849 | 14223 | 26115107 | 14253 | 24266871 | 11917 | 249738 65 | 209,50 | 261272 50 261551,30 26173207
22 19841154 [ 202,13 [ 19522626 | 251 38 | 18394067 | 10930 | 196636.89 | 286.52 | 199581 21 199226 26 15952626
3 191986,83 | 21055 [ 19186452 | 347,94 | 179387053 | 11642 | 181630,17 | 286,50 | 19185332 19186492 191986.83
24 31733470 [ 177.16 | 31802424 | 216,28 [ 20512051 [ 8523 | 308666.97 | 252,59 | 31884320 31818525 31827682
25 179153.53 [ 284.05 | 175714.10 | 286,47 | 17614515 [ 91.84 | 17733445 | 251.88 | 18006285 1759714.10 17972110
26 25532594 [ 177,53 [ 255714,11 | 172,13 | 24258166 | 117,55 | 25020375 | 234,48 | 25614987 156258.34 255911,19
27 225533,14 [ 23981 [ 225951,72 | 229,88 | 210395,16 | 121,36 | 22007159 | 272,91 | 22663270 225951,72 226194.16
28 24242784 | 14964 [ 243345,78 | 231,80 | 22607172 | 9028 | 23246442 | 261.63 | 243593 68 243297.09 24415528
28 35746503 | 9580 [ 35904488 | 18597 | 32223334 | 86,97 | 34893169 | 24227 | 359133 49 359044 88 359236,88
30 12263141 | 7609 [ 12379129 | 202,39 | 12036833 | 5234 | 119367.06 | 203.89 | 12298871 123858 21 123001.33

== I ] =0 I e e e

mean 21934522 | 163,82 [ 21998268 | 206,36 | 206903,15 | 101,09 | 213538.99 | 237,18 | 22012094 22011243 22019290
stdew 7360936 | 6588 [ T3E6B.19 | 6446 | 6636515 | 2849 | TOTVIOIT| 6635 | TI0E4ET 73939.82 1397739
median | 238958,75 | 167,42 | 23974023 | 221,32 [ 22259374 | 102,23 | 230105,38 | 247,59 | 23977645 239715,38 24015848

Source: the authors.

The general impression is that the heuristic RF 5t is behaving in the most acceptable way. Also, both
heuristics relax-and-fix are giving sufficiently good objective function value in a relatively short period.

They can be used as a part of another heuristic when we want to have a good solution in a short time. If we
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compare fix-and-optimize heuristics we can notice that the first one, FO_t-1run, is much faster giving
relatively good objective function value. In order to choose a heuristic, we then fix the time period of 300 sec
and compare two heuristics constructed as a combination of previous four. The first one constructs the initial
solution using RF 5t and then improves it using Cplex 12.1. The second heuristic constructs the initial
solution using RF 5t and improve it using FO_1t. Since the time is limited, the heuristic FO_1t does not
have defined the run numbers in advance. The results are presented in the grey part of the Table 1. These two
heuristics are compared to Cplex 12.1 too. The general impression is that the heuristic RF_5t FO 1t is

giving the best objective function value.

5. FUTURE WORK

Our intention is to consider the described problem as a bicriteria programming problem where we will divide
the objective function. The first objective function will consist of the producer’s goals, while the second one
will consist of the suppliers’ goals. All the mentioned heuristics will be used as a part of a new heuristic
solving bicriteria programming problem. In order to obtain as many efficient solutions as possible in a short
time the fastest heuristic can be used even if the objective function value is not so good. But we feel that the
trade off between optimality gap and processing time will go towards time. The second way of expanding the
research is in constructing the reformulation of the mathematical model which will help the heuristics to be

more efficient. We intend to follow the work done by Anily, Tzur and Wolsey, (2009).

6. CONCLUSIONS

In this work we consider an agri-food supply chain constructing the decision support system for its
optimization. The problem with this kind of supply chain is the fact that it deals with the perishable
agricultural commodities where the processing time is very limited. We construct the mixed-integer
programming model connecting the optimization of olives harvesting and storage and olive oil production.
The goal is to maximize the olive oil producer profit consisting of revenue, production cost and storage cost.
In the same time, we have to take into the consideration the farmers’ (suppliers’) utility too.

The decision support system can be applied to many similar problems from the agri-food industry. For
example, we can consider the grape harvesting, delivering and processing in order to produce wine. The
problem of mixing olives is the same as the problem of mixing grapes. Or we can optimize the supply chain
in the fruit industry and take into the consideration that the fruit can be distributed at the market as a fresh
fruit or can be processed into certain fruit product such as juice, jam, brandy or something else. The same
problem can be formulated with fresh vegetables, while the problems including grains is little bit more

simple because of non limited shelf life of the commodities.
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We propose a certain number of heuristics and compare them. But, we think that the real application will be
more realistic if we define the problem as a multicriteria programming problem what we intend to do in the

future.

REFERENCES

Ahumada, O., Villalobos, J. R., (2009), “Application of planning models in the agri-food supply chain: A
review”, European Journal of Operational Research, Vol. 195, pp. 1-20

Anily, S., Tzur, M., Wolsey, L.A., (2009), “Multi-item lot-sizing with joint set-up costs”, Math. Program.,
Ser. 4, Vol. 119, pp. 79-94

Christofer, M., (2005), Logistic and Supply Chain Management, Prentice Hall, London
Pochet, Y., Wolsey, A., (2006), Production Planning by Mixed Integer Programming, Springer, New York

Salin, V., (1998), “Information technology in agri-food supply chains”, International Food and Agribusiness
Management Review, Vol. 1, Issue 3, pp. 329-334

Schiefer, G., (2004), “New technologies and their impact on the agri-food sector: an economists view”,
Computers and electronics in agriculture, Vol. 43, pp. 163-172

Widodo, K. H., Nagasawa, H., Morizawa, K., Ota, M., (2006), “A periodical flowering-harvesting model for
delivering agricultural fresh products”, European Journal of Operational Research, Vol. 170, pp. 24-43

http://www.ampl.com/BOOKLETS/amplcplex12luserguide.pdf

147



