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Abstract

Modeling and Optimization of Meat Supply Chain Transportation Network

Walaa Awad Ali

In this thesis, a comprehensive meat supply chain (MSC) planning problem is studied.
We consider live animals, chilled and frozen meat products as it is in the real case in
most meat supply chain industries. A literature review is presented, and optimization-
based method has been proposed in food supply industries. Two mathematical models are
proposed considering comprehensive meat supply chain problems. The considered meat
supply chain problem was decomposed into two optimization sub-problems. The approach
is to use two separate mathematical models for solving each sub-problem. The developed
mathematical models are examined on a practical system in a meat supply chain company
based in United Arab Emirates. The heuristic solution approach is introduced to solve the
comprehensive meat supply chain optimization model developed. It can generate a good

solution for all tested example problems with much reduced computational time.
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Chapter 1

Introduction

This chapter introduces the meat supply chain (MSC). The challenges of this problem
in real life are presented. A summary of the main contributions of this thesis is discussed

in the next section.

1.1 Background

Food industry is one of the main important industries in many countries and regions.
In recent decades, rapid population growth has led to a significant increase in food demand.
It was estimated that by 2050 the world must feed about 9 billion people. Such increase
in the population density will increase the food consumption, not less than 60% than it is
today. Moreover, the world supply chain has been changed and affected all sectors such as
agriculture, health, and industry due to COVID pandemic. Nowadays most of countries is
considering having a food security with a sustainable supply chain especially for the main

products to avoid any shortage.

1.2 Meat supply chain

While the supply chain processes for specific meat and poultry commodities vary greatly
from country to country, the primary activities of meat supply chain process are similar. It

usually begins with the birth of the animal, followed by growth, slaughtering, butchering,



processing, distributing, and distribution to store retailer. The meat and poultry supply

chain usually includes:

e Farms

e Abattoirs

e Reproduction plants

e Dead stock collection points
e Border ports

e Quarantine stations

e Warehouses

e Distribution centers

e Cold storage facilities

o Retail grocery stores

e Food service operator restaurants

The meat supply chain is complex supply chain activities, involving crop farms, live-
stock farms, feedlots, transporters, abattoirs, retailers and consumers. As shown in the
Figure 1.1 of stream map process, the information flows from the downstream process (re-
tailers) to upstream process (sources of livestock), while the meat and meat products move
downstream from sources of livestock to retailers. The production of livestock is typically
central integrated industry where most supply chain activities are integrated and owned by
one wholesaler.

Tactical meat supply chain planning problem considered in this thesis is one of the
comprehensive models that considers all supply chain activities. It includes such decisions as
raw material selections from various sources of origins, transportation, production planning,
inventory management decisions and deliveries to end customers to satisfy the demand of
each planning horizon. The periods in the model are typically of intermediate duration such

as few weeks, month in a year. Meat product process is either joining or splitting process.



In the former processes, products are defined through their bill of materials, while the latter
processes extracted the final products through decomposition of the main commodity. The
model maximizes the total profit minus the total cost from different supply chain activities
such as contractual charges, replenishment , and meat waste costs. The customer demands
might not be satisfied due to complex nature of problem studied in this thesis and will be
consider as lost sale through back-orders penalty. The inventory cost at retailer is explicitly
considered, assuming no inventory is being hold through abattoir centres. We also consider
the capacity and lead time requirements for the upstream process. The price of the meat and
meat products is considered as function of production time. The tactical meat supply chain
planning problem is treated as master planning including transportation and scheduling
decisions. The model is solved to optimality using a mixed-integer programming (MIP)
solver. Even through real case instances may be largely due to the process of large number
of time slots, the solution times using CPLEX solver are typically modest. Optimizing
mathematically the meat supply chain planning process will be more beneficial when the
tactical plan problem considers routing and scheduling decision of the livestock from sources
of origin. In such cases, the meat wholesaler also needs to decide (a) sea vessel services
and trip plan of freights, (b) airline services, (c) quantity of livestock to be shipped, and
(d) schedule of each freight in order to reduce the meat waste while satisfying operational
constraints. Following a well-defined freight operation plan may not only helpful in reducing

the operation costs but also may reduce the meat waste from deterioration.
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Figure 1.1: Stream map process
1.3 Challenges and motivation

Food supply chains including meat supply are crucial for every society’s development,
survival, and security. The demand rate of meat continues to grow in markets. The meat
supply chain process is of a complex nature since the logistic of meat and its products’
have special requirements such as limited shelf-life cycle, product deterioration, demand
fluctuations, environmental impacts compared to other supply chain activities, and vul-
nerability to inclement weather (Tendall et al. (2015)). The health pandemic due to the
COVID-19 virus showed the vulnerability of the meat supply chain. Most of large meat
companies learned from this experience and started to plan for food security, supply chain,
risk assessment and business continuity management system (ISO 22301) to secure their
businesses. The prices of meat and its products grew sharply mainly due to less production
and a sharp increase in demand rate from panic behaviour of consumer buying. In early
2020, meat processing factories started to shut down due to the increase in the COVID-19
cases among associates and COVID restriction measures, such as the percentage of allowed

employee in each department and new distances measures. Furthermore, meat supply chain



partners including farms and abattoirs faced difficulty in harvesting and shipping products
due to lock-down situations, decreases in the labor force, restrictions in movement of ani-
mals within and across the country, and changes in the legislation and health protocols of
local and international meat export market. These conditions negatively affected the meat
industry, and it is suggested that the integration among all the meat industry partners is
quite crucial for the sustainability of the meat supply chain processes.

In a summary, the rapidly growing nature of the COVID-19 virus creates many prob-
lems for the meat supply chain industry. The scarcity of animals’ exportation, logistics
limitations, the closing of abattoirs, accelerate the growth of meat prices which significantly
affected all activities of the meat supply chain. Farmers were unable to ship or sell their
live animals to the market. The abattoir capacity was reduced due to the closure of the
processing plants. The shortage of livestock and meat products for the retailers due to
manufacturing facility closures causes price fluctuations of meat and its products.

Despite the acknowledgement of the importance of continuity of the meat supply chain
process, the integration of planning of meat supply chain practices remains mostly limited
and under explored as indicated in the literature (Gholami-Zanjani, Jabalameli, and Pish-
vaee (2021), among others). Integrated planning of the meat supply chain can be defined
as managing the logistics of all activities starting from source of livestock to the retailer.
The ability to manage all activities of the meat process will lead to absorbing instabilities
and protecting basic functionality against disruptions.

The meat supply chain generally consists of main-three activities: breeding centres/farms,
abattoirs/slaughterhouses, and retailers used and customer points. At abattoirs, several
products can be obtained such as feathers, bones, and fats. At the tactical level, the meat
supply chain planning gives the allocation decisions, inventory management, and replenish-
ment decisions. In this thesis, we assume a central decision to manage the whole logistics.
The allocation decisions studies in this thesis are considered as contractual agreements with
upstream providers.

The meat supply chain problem discussed in this thesis focuses on finding the optimal

allocation decisions, replenishment of retailer, and routing and scheduling decisions in a



four-echelon network of sources of livestock, farming centres, abattoirs, and retailers. Both
sources of livestock and farming are considered sources of raw materials and livestock in
the meat supply chain. However, the main difference is that the sources of livestock have
abundant sources of livestock, i.e., Australia, Brazil, Canada. Abattoirs are usually in
the same area of farming centres, in which various meat parts will be extracted from the
livestock. Abattoirs typically do not hold any inventory and are treated as conversion
points in the meat supply chain. The final layer in the meat supply chain is the retailers,
which consider as sale points. The retailers are considered as cold warehouses that deals
with hundreds or thousands of consumers, i.e., Walmart, Costco. The consumer includes
supermarkets, meat stores, or restaurants. We assume central decision-maker manages the
whole supply chain actives including transportation of the livestock from sources of origin
using their own sea vessels. In addition, the wholesaler typically arranges airline services
to ship urgent meat products.

Following the literature in the food supply chain, we explicitly consider the time-
dependent properties of the price of meat products by adopting an exponential function
as in Gholami-Zanjani et al. (2021), Juneja and Marks (2006) and Mochizuki and Hattori
(1987). The price of meat products declines as a function of time reflecting the age/freshness
of the meat product. In meat industries, the retailers usually adopt the first expired, first-
out declines. In cold chain logistics, the retailers dispose of the product which lifetime
has expired. It is also common that retailers decide to convert the meat into other meat
products to increase its lifetime. For simplicity, the last approach will not be explored. The
main objective of the proposed model is deciding the allocation, inventory management,
routing, and scheduling decisions. It is also not obligatory to satisfy all meat demands due
to the nature of the problem. The model proposed in a multi-period planning time horizon
with discrete time, integrating network design, inventory management, and routing and

scheduling decisions.



1.4 Contribution

This research proposes two mathematical models for comprehensive meat supply chain,
we integrated routing and scheduling of meat supply chain; inventory management; and
network design of meat supply chain decisions. In this study, we considered a central
decision maker, wholesaler distributor manages integrated meat supply chain including
transportation and inventory decisions at retailer and upstream process. We also assume
that there is no competition between supply chain entities. The decision maker aims at
finding the optimal allocation decisions and replenishment of retailers and product flows in
a four-echelon network of farms, abattoirs, and retailers. As well as the shipment itinerary
from sources supply as source of materials to ports, in which live animals are shipped
to farms. For the chilled and frozen meat it is sent directly to retailers or intermediate
warehouse. In this thesis, the interdependencies between the meat supply chain stages
are considered and optimized. We assume that the abattoirs are intermediate facility in
the meat supply chain network and do not hold inventory. Customers or retailer could be
supermarket, meat stores or restaurants. Following the previous studies, we consider the
price of meat product as function of freshness. It is not obligatory to satisfy all demands
due to the difficulty of the problem and the unmet demands are consider as lost. The main

contributions of this thesis.

(1) A comprehensive mixed integer programming model is developed for determining si-
multaneously the allocation, inventory management, and freight transportation deci-

sions. The existing research in this area is limited as shown in literature.

(2) Live animals, chilled and frozen meat products are explicitly considered in developing

the optimization models.

(3) The developed models are solved to find optimal or near optimal solutions of the

model with reduced computation for adequate and effective applications in practice.

(4) Realistic problem instances based on real problem data and information were solved

and tested to demonstrate the validity of the developed model and efficiency of the



heuristic solution approach.

1.5 Thesis outline

In the next chapter, the relevant literature’s on routing and scheduling of agricultural
products, inventory management and network design problem of food supply chain problem
are reviewed. In chapter 3, we present real case study for meat supply chain (MSC) and
then problem statement is introduced and two mathematical models are developed with two
phases. The following chapter we presented the result for both models of the case study,
A sensitivity analysis is conducted, and a heuristic approach is introduced to explain the
methodology of solving this problem. Finally, chapter 5 presents the conclusion and the

future research work of the thesis.



Chapter 2

Literature Review

In this chapter, we review the related studied on meat and poultry supply chain opti-

mization.

2.1 Related literature

As the proposed investigation related to multiple sub-areas within meat supply chain
optimization domain, we organize the literature review into three major groups: (a) routing
and scheduling; (b) inventory management; and (c) network design of food supply chain
problem to better situate this research within the existing literature. Comprehensive litera-
ture reviews on environmental supply chain network design and logistics related aspects are
outlined in Soto-Silva, Nadal-Roig, Gonzalez-Araya, and Pla-Aragones (2016), Ahumada
and Villalobos (2009), Resat and Turkay (2019), Brandenburg and Rebs (2015), Dekker,
Bloemhof, and Mallidis (2012) ,Demir, Bektas, and Laporte (2014) and Eskandarpour, De-

jax, Miemczyk, and Péton (2015).

2.1.1 Routing and scheduling of agricultural products

The supply chain of agricultural products such as meat and poultry products has re-
ceived a great attention lately due to issues related to COVID-19. In the routing and

scheduling of agricultural products, the work focuses on transportation decisions from



farmer to the abattoirs and from the abattoirs to the retailer. The main objective of their
models is to determine the assignment of meat commodities to a set of vehicles assuming
the centroid of customer clusters (set of retailer stores), and the location the farmer and
the abattoirs in such a way that total logistics costs are minimized. One of the key aspects
of transportation of agricultural products is their limited shelf life, their demand and price
variability, which makes the underlying supply chain more complex and harder to manage
compared to other supply chains. Agri-food supply chains have primary two types; the
first one is the supply chain of fresh agri-foods, and the second one is the supply chain
for non-perishable agri-foods. The former supply chain includes highly perishable products
with very short life cycle such as milk, fresh meat, fruits and vegetables whose useful life
can be evaluated in days or weeks; non-perishable products are those that can be stored for
longer periods of time such as grains. Several research works investigate different aspect of
the agri-food supply chain optimization. Garcia-Flores, Higgins, Prestwidge, and McFallan
(2014) investigated the meat supply in Northern Australia and proposed a mathematical
model to obtain the optimal quantity of products to be transported in multiple echelons of
the network. Mohammed, Wang, and Li (2015) developed a multi-objective mathematical
model with the aim of maximizing the integrity of meat, minimizing the whole investment
spending, and maximizing the return of investments. Mohammed and Wang (n.d.) ex-
tended their work to deal with four objectives simultaneously: minimizing total cost, and

maximizing profits, freshness, and customers satisfaction.

2.1.2 Inventory management

The inventory planning determines how to stock the commodity and when to replenish.
There are several inventory planning strategies, such as (s, 5), (R, Q), (s,Q) and (R, S), in
which s, S, R and @) are defined as reorder point, up-to-level point, inventory review periods,
and order quantity, respectively. One of the most common inventory policies for fast-moving
consumer goods (FMCG) is the (s,S) replenishment policy. In the (s, S) replenishment
policy, if the amount of inventory falls below the reorder point s, an order is placed to

increase the inventory position level up to point S after lead time period. Martel (2003)

10



studied rolling planning horizon policies to manage material flows in multi-echelon supply
distribution networks with stochastic demand processes and procurement, transportation,
inventory, and shortage cost structures. A two-product inventory model with limited storage
capacity and constant demand rates was explored by Beemsterboer, Teunter, and Riezebos
(2016). Mogale, Kumar, Kumar, and Tiwari (2018) proposed integrated multi-objective,
multi-modal and multi-period mathematical model for grain silo location-allocation problem
with dwell time. Duan and Liao (2013) showed that centralized control over the whole
supply chain supports in reducing the expected outdated rate for highly perishable product.

Vertical cooperation between all entities in the meat supply chain can reduce meat
deterioration by reducing production/transportation lead times or optimizing production.
In the Canadian’s food industry, some meat industries choose to control downstream sellers.
This type of integration is called known as forward integration. After procuring meat
products from upstream sources suppliers, they hold the products in their refrigerated
warehouses after process at abattoirs and deliver the food products to its own sales stores.
Such approach helps to the wholesaler to control the price in the market and to response
quickly to change in demand rates. It also helps the wholesaler to response quickly under
supply disruption. Alternative approach known as “backward integration” strategy where
the collaboration between upstream producers or raw material suppliers and vendors. The
central meat industries signs agreements with the downstream retailers. The latter approach
has better control the production process and quality of the meat products compared to
the former approach. Huang, He, and Li (2018) proposed a stackelberg gaming model for
a three-level food supply chain consisting of one retailer, one vendor and one supplier with

production disruption.

2.1.3 Network design of food supply chain problem

In the network design of food supply chain problem aims at designing and configuring a
multi-period, multi-product, multi-echelon green meat supply chain network. The network
design planning model determines the optimal number of products to be transported in

each echelon of the network, and the optimal number and allocation of farms, abattoirs,

11



and retailers. For instance, Mohebalizadehgashti, Zolfagharinia, and Amin (2020) devel-
oped a multi-objective mixed-integer linear programming formulation to optimize three
objectives: (1) minimization of the total cost, (2) minimization of the total CO2 emissions
released from transportation, and (3) maximization of the total capacity utilization of facil-
ities. The model was applied to a green meat supply chain network for Southern Ontario,
Canada. Jain, Groenevelt, and Rudi (2011) developed a conceptual model to estimate
the parameters of the (s, S) policy to optimize the performance of the network. Under a
periodic review inventory management, they proposed a heuristic method to find bound
solution to estimate the (s,S) parameters. Cunha, Raupp, and Oliveira (2017) proposed
a mixed integer programming model to optimize replenishment policy for a single-product
single echelon network with variable order quantities. A multi-sourcing strategy to deal
with non-stationary demand was introduced by Amiri-Aref, Klibi, and Babai (2018). Aca-
demic works on inventory management in a multi-echelon meat supply chain network with
multiple facilities in each echelon are limited. Some studies simultaneously incorporate
resilience and greenness perspectives. Tendall et al. (2015) developed concept framework
for food system resilience and considered how this could be implemented through stake-
holder participation. The avian flu pandemic of 2006 interrupted the entire poultry supply
chain in several countries, such as in France Vo and Thiel (2011). Although meat supply
chain management has been widely investigated, the focus was on a single meat industry.
Gholami-Zanjani et al. (2021) developed bi-objective stochastic model to cover specific char-
acteristics of meat inventory planning in a three-echelon network. Two resiliency strategies
are adapted in their model to protect against the disruptions. Sample average approxi-
mation and Lexicographic Weighted Tchebycheff methods were proposed. They concluded
that resilient solutions could recover the network performance by 6%. Workie, Mackolil,
Nyika, and Ramadas (2020) conducted a comprehensive assessment of the effect of COVID-
19 on food security and culture suggested coping and mitigation mechanisms that can be
implemented to maintain livelihoods. Food supply chain resiliency can be defined as the
capability to handle instabilities and protect against any disruptions in the supply chain.

Rahbari, Hajiagha, Mahdiraji, Dorcheh, and Garza-Reyes (2021) developed two-stage model
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consisting of a single-echelon and a three-echelon many-to-many network with static and
deterministic demand. Banasik, Kanellopoulos, Claassen, Bloemhof-Ruwaard, and van der
Vorst (2017) considered alternative production options in food supply chain to deal with
food waste. The objective of their model is to develop a mathematical model that can be
used for such a quantitative assessment of alternative production deal with waste in food
supply chains, i.e., recycling, and disposal of food waste. Golini, Moretto, Caniato, Caridi,
and Kalchschmidt (2017) studied of the Italian meat industry considers the SC as a whole,
considering critical points for each echelon in terms of economic, environmental and social
sustainability. The necessity of multiple time periods, integration of the whole supply chain
including allocating, transportation and storage decisions, environmental considerations and
their conflicting nature are defined in the research works. As can be seen from those studies
on food supply chain, the routing and scheduling of food supply chain; inventory manage-
ment; and network design of meat supply chain decisions are highly interrelated. Limited
studies have considered the integrated meat supply chain problem from their sources supply
to retailers. Due to the complex nature of food supply chains, few studies on meat supply
chain network explore multi-echelon supply chain. The planning of integrated optimiza-
tion models typically generates more profit than the planning from decentralize planning
decisions, i.e., O. Abuobidalla, Chen, and Chauhan (2019); O. A. Abuobidalla, Chen, and
Chauhan (2021). In this thesis, we attempt to integrate routing and scheduling of food
supply chain; inventory management; and network design of meat supply chain decisions.
In this study, we assume a central decision maker, Wholesale meat distributor, manages
the transportation and inventory at retailer and upstream process of meat products. We
also assume that there is no competition between supply chain entities. The decision maker
aims at finding the optimal allocation decisions and replenishment of retailers and product
flows in a three-echelon network of breeding centres, abattoirs, and retailers as well as the
shipment itinerary from sources supply as source of materials to ports in which live animals
are shipped to farms and chilled and frozen meat products sent directly to retailers or inter-
mediate warehouses. In this thesis, the interdependencies between the meat supply chain

stages are considered and optimized. We assume that the abattoirs are intermediate facility
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in the meat supply chain network and do not hold inventory. Customers or retailer could
be supermarket, meat stores or restaurants. Following the previous studies, we consider the
price of meat product as function of freshness. It is not obligatory to satisfy all demands
due to the difficulty of the problem and the unmet demands are consider as lost.

In next chapter, two mathematical models are developed to decide simultaneously al-
location, inventory management, and freight transportation decisions in the presence of
live animals (sheep and cattle), chilled, and frozen meat freights. The considered proposed
problem captures most of features of the operational planning level of real-world meat
supply chain problems. The proposed thesis has the following contributions. First, a com-
prehensive mixed integer programming models is proposed for determining simultaneously
the allocation, inventory management, and freight transportation decisions. Second, the
live animal, chilled and frozen meat products were explicitly planned together. Finally,
we tackled several realistic-size problem instances by decomposing the problem into two

optimization problems progressively solved.
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Chapter 3

Problem Statement and

Mathematical Formulation

3.1 Introduction

In this chapter, a real case study of integrated planning for meat supply chain (MSC)
is studied; considering all activities of the MSC starting from the origin source of the
meat livestock till it reaches to the consumers. Two mathematical models are developed,
objective function of the first model is to minimize the transportation costs from serving
each commodity using a combination of three modes, while the second model aims to get
the optimal allocation decision from farms to abattoirs and from abattoirs to retailers,
and replenishment of inventory in retailers and amount of meat products shipped in the
three-echelon network. In the second model of the meat chain optimization, a planning
and inventory management approach is adapted similar to that in Gholami-Zanjani et al.
(2021). However, the main differences between the integrated meat supply chain (MSC),
the planning and inventory management problem studied in Gholami-Zanjani et al. (2021)

are the following aspects:

e Solving the multi-time period meat supply chain planning problem is to consider

freight transportation to deliver different types of commodities to sets of farms and
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retailers using variety transportation modes via truck, airplane, and vessel. The ap-
proach of this model is to minimize the total cost in addition to the costs of transport-
ing the commodities, as well booking cost associated with fulfilling all demands. The
result of the model is to determine for each demand the itinerary that must follow

from it is original sources to destination ports such as (airport or seaport).

In this thesis, we assume a central decision maker manages the whole meat supply
chain planning problem including transportation, allocation, and inventory decisions

regrading the amount to be shipped to each activity at different periods.

The whole supply chain optimization problem was divided into two phases optimiza-
tion planning models. In the first phase, the model aims to find the optimal decisions
regarding allocation farm to abattoir and finally to retailer and inventory manage-
ment decisions for the retailers. The second phase of the model is to find the optimal
planning decisions to transport the commodities from the source of origins to the port

of destinations. A summary of the MSC problem is given in Figure 3.1.

Phase 2 Phase 1

=
it

Type of Commodity : !
- Live Animal ~ 1EX !_I\'
Type of Transportation: L, .
-By Sea — | |- cnilled Meat m T
- By Land —
- By Airplane  — - Frozen Meat e 3T

Figure 3.1: Integrated planning for meat supply chain (MSC)
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3.2 Objective of models

The objective of these two models is to solve a comprehensive meat supply chain (MSC)

planning problems from farms to retailers as a real-world situation.

3.3 Definitions

3.3.1 Allocation cost

The common practice in meat supply chain companies is to handle a list of farms and
abattoirs in the territory of the service covered if it was not owned or managed by their
end. By signing a legal agreement, the whole seller will be charged annual fees able to use
any abattoir services. This fee is the allocation cost and it varies from each abattoir to
another, but it is usually fixed amount. Moreover, these agreements are very helpful in
case of worldwide livestock trade and to ensure food security and traceability in case of any

crises.

3.3.2 Handling cost

All abattoirs have a fee for handling the livestock and this fee depends on each livestock
type i.e., sheep or cattle as well the weight of each animal, slaughtering cattle weighted less
than 250 kg is cheaper than slaughtering cattle above 250 kg. This handling cost is the cost
of butcher one head of livestock (sheep or cattle) and may include other services such as
special cuts, cleaning and packing final product as per the client and quality requirements.
In the field of livestock business, there is a cost for feeding each animal per day. This cost is
very important factor to reflect the handling/feeding cost in each farm to feed the livestock

until it has been processed in the abattoir.

3.3.3 Holding cost

Most of fast-moving consumer goods (FMCG) companies store products to accommo-

date customers demand which fluctuates over time. Therefore, there is a cost to hold the
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item at the retailers reflecting the cost of storing under the required specifications for each

product to keep it fresh, counting and dispatching etc.

3.3.4 Waste cost

The waste of product is considered as main cost in meat trading. The input product
is live animal but during the different activities in the supply chain, the output is changed
to meet with different types of meat cuts. In abattoir after slaughtering the animals, for
example if cattle are weighted 450 kg; the total amount of meat ready for sale will be around
285 kg, with an average of 63% in cattle. Figure 3.2 below depicts the location of the four
primary cuts (chuck, rib, loin, and round) on the beef carcass, as well as the remaining sub-
primal cuts (shank, brisket, plate, and flank). The four beef primal cuts make-up greater

than 75% of the entire weight of the carcass.

(S
{ Plate AN

Figure 3.2: Beef carcass primal and sub-primal cuts

(source from http://www.omafra.gov.on.ca/english/livestock/beef/news/vbn0712a4.htm)

3.3.5 Inventory (s,S) policy

The inventory (s,S) policy is one of the common methods used to prevent shortage
of inventory. As shown in Figure 3.3 s is the reorder point and the S is the order-up to
level. The difference between the two levels is defined by the fixed cost associated with the
transportation, order and the process. When the meat is running out of inventory level and

it drops below the reorder point s we place an order to increase the inventory up to level S.

18



The reorder point is a function of the lead time , average and variability of demand. There
is another common inventory strategy in MSC is to ship a constant amount of livestock

with yearly contract.

Inventory Level

4

: Lead Time

Time

Figure 3.3: Inventory (s,.S) policy

3.4 Assumptions
In this thesis, we made the following assumptions:

e The demand is deterministic and static.
e Waste management cost is explicitly considered.
e The capacity for inventory is limited.

e We assume a central decision maker for deciding the transportation allocation and

inventory at the retailer’s decision for the whole supply chain.

e We assume that there is no central warehouse between abattoirs and retailers. The
common practice is to rent a shelf or butcher section at retailers, direct sale point to

customers with semi annual or yearly contract.
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e We assume no competitive between different supply chain entities. Such assumption
is realistic since usually the FMCG is highly cooperative environment where all supply
chain players share their logistic planning information. The meat market shares for
any company for specific period from livestock is typically known and each company

should have margin of it.

e We assume no flow between commodities in the same level of supply chain for example

no exchange of commodities between farms or products between retailers.

A summary of the features of the considered meat supply chain problem is given in Table
??. The information of the demand rates stems from retailers and flows to the upstream
activities, i.e., abattoirs to sources of livestock. The solutions of model 2 will be fed into
model 1 with information of meat and its products to be delivered to farms and/or retailers

within the time windows requirements.
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Table 3.1: A summary of the considered meat supply chain problem

Main features Routing and scheduling | Three echelon meat networks
- Model 1 Model 2
Tactical decisions
Allocation from farms to abattoirs X
Allocation from abattoirs to retailors X
Order decisions X
Operation decisions

Inventory replenishment X
Itinerary planning X

Livestock procurement X
Holding costs X

Objective

Maximizing sale X
Shipping cost X X
Ordering cost/fixed cost X X
Meat deterioration cost X
Lost sale X
Capacity of MSC activities X
Capacity of Vehicles (vessels, air) X X
Routing and scheduling decisions X X
Production planning X
Upstream of Information flow X
Upstream of Material flow X

Multi-mode X X

3.5 Mathematical model

The two mathematical models are presented in this section, decision variables and ob-

jective function are described, and all constraints are being explained in details.

3.5.1 Model 1

Sets:
N -Set of vertices represent sources or ports (airport or seaport); indexed by n € N.
O -Set of source vertices represent supply of meat products; indexed by o€ O where O C N.
P -Set of port vertices; indexed by p € P where P C N.
C -Set of commodities, live animal, chilled meat , frozen Meat; indexed by ¢ € C.
S -Set of transportation schedule services either via land, sea, or air; indexed by s € S.
S -Set of transportation schedule services emanating from source n.

S, -Set of transportation schedule services terminating at port n.
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D -Set of demands; indexed by d € D.

Parameters:
Oy - Origin of demand D (sources), where Og4 € O
dg - Destination of demand D (ports), where dg € P
Os - Origin of service s (sources), where Oy € O
ds - Destination of service s (ports), where ds € P
Csc - Capacity of service s per meat product ¢ in kilogram
W, - Average weight of commodity c in kilogram
7¢T - Cut-off time for service s from Oy
7R _ Schedule arrival for service s at d;
Tj‘L - Ready time of demand D
TchU - Due date for demand D of meat product c
F; - Fixed booking cost to reserve space on service s
dge - Number of meat product ¢ for demand D
T.s - Cost to ship meat product ¢ on service s in $ per kilogram

14 f commodity c can be ship via service s,
)\cs =

0 otherwise

Decision variables :

ag"fn - Arrival time of demand D for commodity ¢ at node n.

1if demand D of commodity c ship via service s,
des —

0 otherwise
1if service s is booked,

Y, =
0 otherwise

Mathematical Model 1
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The mathematical model 1 is presented in this section, showing the objective function

and all the constrains:

Fixed service Shipping costs
(P) Min Zy =Y Fox Yo+ 3 > Y Tug x Xges % dae (1)
ses deD ceC sesS

dge Vd,c,n,:n € Oy

Z Acs X dge X Xges — Z Aes X dge X Xges = —dg. Vd,c,n,:n € dy (2)
sES s€S,

0 Vd,c,n,:n & Oq or dg

SO Wexdge X Xaos < Cse Vs€S (3)
deD ceC
Z)\CSXTSCTXXdcng‘SL Vd,c:de D,ceC (4)
seS
D e x M X Xgos <75V Vd,c:d e D,ceC (5)
ses
afll — 7T 4 M(Xges —1) <0 Vd,c,5,n:n € O (6)
CLZ?CIZ—TSAR—}—M(Xdcs—l)SO Vd,c,s,n:n € d, (7)
Xiges:Ys€0,1 Vd,e,s:deD,ceC,se€S (8)
agen >0 Vde D,ce C,ne N (9)

The objective function, as in Z; is to minimize the total costs including fixed cost
of booking services and transportation cost of shipping the commodities. Constraints in
Eq (2) guarantee the commodities are shipped to their destination ports/farms based on
the solutions of model 2. Constraints in Eq (3) are capacities constraints of the services.
Constraints in Eq (4-7) ensure the commodities to be ready before cut-off time of the
services and also guarantee that the commodities is delivered before the due date based on
the result obtained from model 2. Finally, constraints in Eq (8-9) are binary requirements

and continuous variable definitions.
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3.5.2 Model 2

Sets:
I - Set of farms; indexed by 7 € 1
J - Set of abattoirs; indexed by j € J
K - Set of retailers; indexed by k € K
T - Set of time periods; indexed by t,r, and e € T

C - Set of commodities; indexed by ¢ € C

Parameters:
F;; -Fixed allocation cost of farm i to abattoir j
Gk, -Fixed allocation cost of retailer & to abattoir j
TL;; -Unit truck transportation cost from farm ¢ to abattoir j
TCj, -Unit truck transportation cost from abattoir j to retailer &
UC¢; -Unit feeding cost per commodity c at farm
HL; -Unit handling cost for abattoir j at each time period
H_;, -Unit holding cost of commodity c¢ for retailer k£ at each time period
L -Unit lost-sale cost for unmet demands
P, -Price of commodity c in period t, for commodity produced in period r
E -Unit waste cost of commodities
B, -Fraction of commodity ¢, produced at time period r that is wasted at the end of period
t
M -A very big number
s -A very small number
FO -Fixed ordering cost
LT -Lead time between order placement by retailers and the time order is received
Y, -Expected commodity ¢ extraction ratio from a slaughtered livestock in abattoir

dery -Demand of commodity c in retailer k at time period ¢
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Cit -Maximum throughput of farm ¢ at time period ¢

Q¢ -Maximum throughput capacity of abattoir j at time period ¢

Decision variables :
S L., - Reorder point for commodity ¢ in the retailer &k
SU.i -Order-up-to level for commodity c¢ in the retailer k
dlepre ~-Amount of commodity ¢ delivered to retailer k£ at time period ¢, which is produced
in time period r
Wijet -Number of commodities ¢ transported to abattoir j from farm 4 at time period ¢
Xe¢jkt -Amount of commodity ¢ transported to retailer £ from abattoir j at time period ¢
Ib.ir+ -Retailer k’s on-hand inventory of commodity ¢ at the beginning of time period ¢,
produced in time period r
Ie it -Retailer k’s on-hand inventory of commodity ¢ at the end of time period ¢, produced
in time period r

lkegt -Lost-sale quantity of commodity ¢ for demand in time period ¢ and retailer k.

1if abattoir jis allocated to farm i,
Oij =

0 otherwise

\

1if retailer k is allocated to abattoir j,
Zjk =

0 otherwise

1if retailer k makes an order for commodity c at the beginning of time period t,
Yert =

0 otherwise

1 when the onhand inventory in retailer k's site for c is above zero at end ofperiod t,
Uckt =

0 otherwise

In this model, four binary variables are used O;; , Z; , Yo and uer, The first two
binary variables are designing the network of the meat supply chain (MSC) by allocating

the farm ¢ to abattoir j and from abattoir j to retailer k£ in the three-echelon network.
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In the real-life business of meat and livestock, any disruption may affect the full supply
chain such as change in health protocols between cities, diseases in animals in farms or
closure of abattoirs at certain times. For those reasons, the retailers typically use multiple
approved abattoirs and deal with different farmers to avoid any shortage and to satisfy the
demand of the consumer. These two logical binary variables Y ;s and uc; are introduced
to reflect the commodity ¢ orders made by retailer k£ and the on-hand inventory in retailer
k at the end of the period t. The continuous variables Ib.,;+ and Ie .+ are introduced
to measure the inventory at the beginning and the ending inventory at each period. SL.
and SUg variables help to maintain inventory stock level of commodities with respect to
demand for each retailer. Three decision variables dlcgr¢ , Wijre ;and X, ji; are introduced
to determined amount and number of commodity c¢ transported through the three-echelon
network to clients in retailer k£ at each time period t , and the last decision lk.; reflect the
lost in sale for each commodity c at retailer k in period time ¢ respectively. The details of
the model is given below.
Mathematical Model 2
The mathematical model 2 is presented in this section, showing the objective function and

all the constrains:
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Total income

(PQ) Max Z2 = (Z Z Z ZPm«t X dlckrt)

ceC KeK reT:r<tteT

Allocation costs

Q) EyxO5+Y Y Gik x Zj)

el jedJ jeJ KeK
Feeding costs Transportation costs
—( g E g E UCei X Wijer) — ( E g E g TLij x Wijer)
i€l jeJ ceCrel i€l jeJ ceCrel
Transportation costs Handling costs
—( E E E E TC]k X chkr) — ( E E E E HLJ X chkr)
i€l jeJ keK reT ceC jeJ keK reT

Holding costs

_(Z Z Z ZHck X (1 - Bcrt) X Iec,k,r,t)

ceC KeEK reT:r<t teT

‘Waste costs

_(Z Z Z ZE X Bcrt X Ieck'rt)

ceC KeK reT:r<tteT

Lost-sale costs Fixed ordering costs
O3S Ltk - OO0 Y. ST FO X Vi) (10)
ceC KeK teT ceC KeK teT
s.t.

Y 0ij=1 VjelJ (11)

el
Y Zip=1 VkeK (12)

jeJ
Ibgre =0 VYeeCike Kir&teT |r=t (13)
Teart =Y Xejpr — dlogre Vec€C ke K r&teT |r=t (14)

jedJ
Teart=Y  Xejer— Y dlokre— Y Bere X IeapreVe € Ck € K&t € T |1 < t
jeJ e=ret e=ret—1

(15)
Iberi=>  Xejir— > dlegre— Y Bere X IeggpeVc € Cok € Kor&kt € T |1 < t

jeJ e=ret—1 e=ret—1

(16)
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> diggytt ekt =depVe € C,k € K.t €T (17)

reT|r<t
Z Ibojert + Z Z Xejre +M X Yoy > SLey, —sVc€ Cok e Kt €T (18)
reT|r<t jeJ e=tet+LT—1
> Tbeket+ >, Y. Xejge —Mx (1= Yoy) < SLep — s¥c € Ok € K,t € T (19)
reT|r<t j€J e=tet+LT—1
XC,j,k‘,(t-i—LT) SMX }/th Ve e C,] € J,k S K,t eT (20)
Z chk(t—i—LT) +M(1 - Y::Ict) > SUek *( Z Ibckrt+z Z chke)vca k,t (21)
jeJ reT|r<t jeJ e=tet+LT—1
> Xenrrry S SUsk — (Y Therm+ Y, > Xejge)Vee C ke K teT (22)
Jje€J reT|r<t j€J e=tet+LT—1
Z Z X< QuVje JiteT (23)
ceC keK
X< Mx ZypVeeC,je JKckteT (24)
Y Wija<MxOyviel,jeJteT (25)
ceC
$X Uckt < Y Teqrri < MX uge¥Vi € I,j € Jt €T (26)
r<T
ey < Mx (1 —ug)Vee O K €kt eT (27)
> Wija< > Yex Xeju¥ee CojeJteT (28)
i€l keK
DY Wiya<CuVieLteT (29)
jeJ ceC
Oijs Zji; Yert; ueke; € 0,1 Viel,je Jce C,K €k, teT (30)

SLek; SUck; dlert; Wijct; chkt; Ibegrss Teckre; lhere > OVi € 1,j € J,ce Cok € K r,e&t €T

(31)

Objective function Zs maximizes the total profit as the total revenue minus the total
cost. The objective function includes the total income, allocation cost, feeding cost, trans-
portation cost, handling cost, holding cost, waste cost, lost-sale cost and finally the fixed
ordering cost. Constraints in Eq (11) and Eq (12) are used to determine the allocation
decisions for the upstream supply chain processes. Constraints in Eq (13), Eq (14), Eq(15)

and Eq (16) reflect the inventory balance for each time period. First constraints in Eq (13)
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enforce the on-hand inventory at the beginning of time period ¢ of the commodity which is
produced in period r to equal zero. Eq (14) shows the on-hand inventory at the end of the
first period when the meat is produced at » = t is equal to the total amount of commodities
received from all abattoirs minus the total amount of meat sold to the customers. Third
inventory constraints for Eq (15) guarantee that the amount of the ending inventory (r < t)
is equivalent to all the amounts delivered to the abattoirs minus the demand requested
by time ¢ minus the amount of waste from the ending product up to ¢t — 1. Similarly, Eq
(16) ensures that the amount of the commodity at the beginning of inventory (r < t) is
equivalent to all the amounts delivered from the abattoirs minus the demand requested up
to time ¢t — 1 minus the amount of waste from the ending product up to ¢t — 1. Constraints
in Eq (17) are the demand satisfaction constraints. The constraints in Eq (18) and Eq (19)
guarantee that an order is being made when the inventory level reaches the reorder point,
which means that Y, ;; = 1 otherwise no order should be placed. Constraint Eq (20) makes
sure the order to delivered at time (¢4 LT") which has been ordered at time ¢. Constraints in
Eq (21) and Eq (22) guarantee the amount of the product to be delivered at each retailer to
be less than the order-up-to level SU.; . Constraints in Eq (23) reflect the capacity of the
abattoirs. Constraints in Eq (24) and Eq (25) are the relationship between the flow and the
allocation variables. Constraints shown in Eq (26) and Eq (27) ensure that the customer is
being served when there is on-hand inventory. Constraints in Eq (28) make sure that the
outflow of product at abattoirs is equal to the inflow of the commodity delivered from the
farm. Constraints in Eq (29) guarantee the amount of product delivered from the farms are
less than its capacity. Finally, constraints in Eq (30) and Eq (31) are binary requirements

and continuous variable definitions.
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In solving the meat supply chain planning problems, we first solved the mathematical
model 2 and then the solution of the second model will be input for the first model. The

connection between the two models are giving below:-

ZWijthdcthEC,,tET,ieT (32)
jeJ
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3.6 Heuristic Solution Approach

In this section, we introduce a heuristic solution approach to solve the comprehensive
meat supply chain optimization model developed in the previous subsection. The supply
chain optimization model studied was decomposed into two independent optimization prob-
lems. The former optimization model aims at finding (a) the allocation decisions between
farms to abattoirs and from abattoirs to retailers, (b) the quantity of commodities to be
shipped between farms to abattoirs and from abattoirs to retailers and (c) inventory deci-
sions at retailers including the reorder level, order up to level for each meat product. The
latter optimization model aims at finding the itinerary for each commodity from source
origin to the ports (port, airport, and seaport) by trucks, airplanes, and vessels, given the
allocation and inventory decisions of the second model. Solution of such problem can be
found in less computational time if the two problems are solved together as the size of
the decompose problems has fewer number of decisions variables. Details of the proposed

solution method are given below in the Figure 3.4.

Comprehensive optimization problem

<

Max Revenue - Cost Min Cost
Phase I: Phase I1:
Model parameters Solving optimization Solving optimization
Including demands at problem 2. Finding’s problem 1. Finding’s
. .- llocation decisions iti
retailers, capacities at allocation ecgs.lons, 1tinerary .o‘fthe ‘
) flow commodities and commodities using trucks,
farms, abattoirs etc. . .. .
inventory decisions. airplanes, and vessels.
-Max revenue sale -Min cost of shipping commodities
while meeting capacity limitations of

-Min lost sale .
trucks, airplanes, and vessels

-Min meat waste

-Min contractual cost while
meeting capacity limitations

Figure 3.4: Flow chart of heuristic solution approach
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3.7 Summary

In this chapter, a mixed integer programming models are proposed to solve the con-
sidered meat supply chain problem. The supply chain optimization model studied was
decomposed into two independent optimization problems. The heuristic solution approach
can solve the problem with less computational time. In the next chapter, we will present a
real case study and several numerical example problems to demonstrate the two developed
models and solution method. Sensitivity analysis has been conducted on some parameters

for each model.
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Chapter 4

Computational Results

4.1 Introduction

In this section a real case study of meat supply chain located in United Arab Emirates
is investigated using the proposed mathematical models developed for meat supply chain
as depicted in Figure 4.1. In the first Phase the solution consists of allocation of livestock
from farms to abattoirs and the quantity to be shipped to retailers, while in the second
Phase we used the results of the first Phase to generate the routing and scheduling decision
from source of origin of the meat to the required destinations. Generally, the computational
complexity of a model depends on the size of the problem. Most of the instances are solved
in few minutes and able to find optimum solution. Although we solved real case study in
United Arab Emirates, the proposed method can be adopted to solve meat supply chain

problems in North America such as Canada or United States of America.
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Figure 4.1: Planning horizon of the problem
4.2 Case Study

As shown in Figure 4.2 and in Figure 4.3 , we considered for Phase 1 only two farms,
three abattoirs and seven retailers in United Arab Emirates. The time horizon is 7 time
periods (7 days).The mode of transportation for Phase 1 is land transportation using set of
vehicles. Two types of the vehicles are considered in our model. Non-refrigerator vehicles
are used to transport live sheep from farm to abattoir, while refrigerator vehicles are being
used to transport processed meat from abattoir to retailer to maintain the quality and have

the maximum shelf life. The temperature of the refrigerator vehicles is setup between 0-5

°C for chilled/fresh meat and up to -18 °C for frozen meat.
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Case Study — Phase 1 _ Y

‘_/\ United Arab Emirates
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Figure 4.2: Instance of the case study — Phase 1

Case Study- Phase 1

Q@ Farm Mo

@ Farm No.2

Q Abattoir No.1
Q@ Abattoir No.2
Q Abattoir No.3
Q Aetailer Mo, 1
Q Retailer No.2
Q Retailer No.3
Q Retailer Mo.4
Q Aetailer Mo.5
Q@ Retailer No.6
Q Retailer No.7

Figure 4.3: Coordination of farms, abattoirs and retailers for case study — Phase 1
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For the second Phase we considered four demand regions in Australia, United Arab
Emirates, Kuwait, and Qatar. Australia is the main source of live, chilled or frozen meat,
to supply the three other countries with six types of commodities: live sheep, chilled lamb or
mutton, frozen lamb or mutton, live cattle, chilled beef, and frozen beef. We designed nine
schedule services: three schedule vessels services for sea transportation and six shipments
via airplane to satisfy total of five orders as illustrated in Figure 4.4 and Figure 4.5. The
plan period of this phase is 23 days considering transportation and quarantine period of

live animal before transporting them to abattoirs after shipping via sea service.

Case Study — Phase 2

&

w

United Arab Emirates

4

‘*ﬂ Australia
\J
s1

1- Live Sheep
2- Chilled Lamb or Mutton |, -
3- Frozen Lamb or Mutton

[ A

4- Live Cattle ©* * ﬁ
Qatar 5- Chilled Beef
6-Frozen Beef n
Type of Transportation:

- By Sea —_—
- By Airplane  —s

Q Kuwait Type of Commodity : ﬁ

Figure 4.4: Instance of the case study — Phase 2
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Case Study- Phase 2

Q Australia

° United Arab Emirates
0 Qatar

0 Kuwait

Figure 4.5: Coordination of countries for case study — Phase 2

To implement the second Phase, we need the total amount of commodity delivered to
retailer at time period ¢ as input for the first model to know how much quantity to ship

from country of origin and when to ship to satisfy the total demand needed.

4.3 Experimental results

In this section, the result of Phase 1 and Phase 2 are presented for the case study. A
sensitivity analysis is presented with two different scenarios for some of the parameters to
compare the objective function of the two models results.

For phase 1

e The time horizon for the Phase 1 model is 7 days

e The objective function of the Phase 1 model is to maximizes the total profit as the

total revenue minus the total cost

e The competition time for the results of most of instants are few seconds to several

seconds depend on the data.

The result of the case study for retailer 1 is presented in the Table 4.1. Each time is
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Table 4.1: The result of retailer 1

Retailer 1
t-Days 1 2 3 4 5 6 7
Daily sale/demand 120 | 100 | 80 | 100 | 80 | 120 | 80
Stock at day 0 0

Amount delivered 120 | 160 | 120 | O | 180 | 100 | O
Inventory at beginning | 0 0 60 | 100 | O | 100 | 80
Inventory at end 0 60 | 100 | O | 101 | 80 0
Reorder point 180 | 180 | 180 | 180 | 180 | 180 | 180
Order up to level 280 | 280 | 280 | 280 | 280 | 280 | 280

considered as one day and the lead-time between retailers’ ordering time and the meat’s
delivery time is assumed equal to one time slot. For presentation purposes, one retailer
is chosen to discuss the result. Figures 4.6-4.12 present the obtained results for retailers
1-7. In Fig. 4.6 with Table 4.1 , the inventory on hand, amount of delivered, the reorder
point and order up to level are shown. A total of 680 live sheep have been delivered to
each retailer. In this case, the reorder and order-up-to-level points are 180 and 280 units,

respectively, and five orders are placed one day before delivery at periods 0,1,2,4 and 5,

respectively.
RETAILER NO.1
300
« 250
o
200
E’ i o o a
g 150
-
S 100
=
50
0 * *
0 1 2 3 4 5 6 7
DAYS

Figure 4.6: Result of retailer 1
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Figure 4.7: Result of retailer 2
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Figure 4.8: Result of retailer 3
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INVENTORY STOCK
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Figure 4.9: Result of retailer 4
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Figure 4.10: Result of retailer 5
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INVENTORY STOCK
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Figure 4.11: Result of retailer 6
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Figure 4.12: Result of retailer 7
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The result of allocation decisions is illustrated in Figure 4.13. We imposed that each
downstream process deals with only one upstream process to control the quality of meat

process as inspired by the current practice of meat supply chain.

Case Study- Phase 1

/=

N

Figure 4.13: Result of the allocation decision of case study — Phase 1

Type of Commodity :
- Sheep 7

Time period:
- 1lweek

In this part we will present the results of the sensitivity analysis for the phase 1 model
by changing one parameter at a time: (1) unit handling cost for abattoir; (2) lost-sale cost;
(3) price of commodity; (4) fixed ordering Cost; (5) lead Time; (6) demand of commodity;
(7) maximum throughput of farm; and (8) - maximum throughput capacity of abattoir.
Table 4.2 with Figures 4.14 - 4.17 summarizes the result of the sensitivity analysis. As
shown below, the most significant parameters are demand of commodity, price of commodity,
fixed ordering cost, and maximum throughput of farm. The computational time increase
significantly when the capacity of farms increases by 20%. An examination of all the
instances suggests that, as high-level throughput capacity of farms increases the total profit
increases by 7% as the meat supply chain able to process more meats and its products to
satisfy more demands. It means that the model tends to minimize the lost sale cost and

increase demand satisfaction as the capacity of the farms increase.
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Table 4.2: Sensitivity analysis of Phase 1

Sensitivity Analysis for Phase 1

Parameters

Objective Function

Time in Second

150000

100000

50000

Base | Scenario No.1l | Scenario No.2 | Base | Scenario No.1 | Scenario No.2
(1) HL; 391742 389928 393102 3707 8017 2902
(2) L 391742 390720 392201 3707 3570 3364
(8) Pert 391742 325448 81982 3707 1800 783
(4) FO 391742 356311 455123 3707 547 804
(5) LT 391742 369791 369791 3707 2252 2259
(6) dexs 391742 469282 311775 3707 4351 400
(7) Cau 391742 422421 216732 3707 14 88774
(8) Qjt 391742 391742 390764 3707 3963 5915
Sensitivity Analysis of case study- Phase 1
500000
450000
400000
= 350000
=
E 300000
=
E:, 250000 ® Base
g 200000 = Scenario No.1
g = Scenario No.2

0

Pec,r,t

LT dck,t

Parameters

Cit Qjt

Figure 4.14: Result of sensitivity analysis of case study — Phase 1
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Sensitivity Analysis for Phase 1 (Objective Function)

MAXIMUM THROUGHPUT OF ABATTOIR

391.742
MAXIMUM THROUGHPUT OF FARM
DEMAND OF COMMODITY

369.791 LEAD TIME

FIXED ORDERING COST
S PRICE OF COMMODITY

LOST-SALE COST

UNIT HANDLING COST

0 50 100 150 200 250 300 350 400 450 500
Thousands

m Scenario No.1 ™ Scenario No.2

Figure 4.15: Objective function values — Phase 1

Sensitivity Analysis for Phase 1 (Computational Time)

MAXIMUM THROUGHPUT OF ABATTOIR
88.774 MAXIMUM THROUGHPUT OF FARM

DEMAND OF COMMODITY

LEAD TIME

FIXED ORDERING COST

PRICE OF COMMODITY

LOST-SALE COST

UNIT HANDLING COST

100
Thousands

m Scenario No.1 ™ Scenario No.2

Figure 4.16: Computational time values — Phase 1
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Figure 4.17: Spider diagram of sensitivity analysis — Phase 1

For Phase 2

In this section, we aim at finding the shipment planning by solving the multi-commodity
service network design problems. We fed the set of possible sea vessels and airline services
into the second model. The decision maker owns a set of sea vessels, where routing and
scheduling plan is decided at strategic level and they are not subject of decision. The airline

services can be used to ship urgent demands but at higher shipping rates.

e The time horizon for the Phase 2 is 23 days

e The objective function of the Phase 2 is to minimize the total costs including fixed

cost of booking services and transportation cost

e The computational time for the results of instants is few seconds.

Table 4.3 and Figure 4.18 present the result of phase 2 including the itinerary of each
shipment. For example, the live sheep demands required for UAE have been shipped via
service 1 of sea vessel, while the second commodity (chilled lamb) for UAE was shipped by

air using service no. 6.
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Table 4.3: Result of transportation decision of case study — Phase 2

Case Study - Phase 2 results

Demand | Commodity | Service | Origin | Destination | Type of transportation
1 1 1 AUS UAE Vessel-by Sea
2 1 1 AUS UAE Vessel-by Sea
3 1 1 AUS UAE Vessel-by Sea
3 1 2 UAE KUW Vessel-by Sea
4 1 1 AUS UAE Vessel-by Sea
4 1 2 UAE KUW Vessel-by Sea
5 1 1 AUS UAE Vessel-by Sea
5 1 2 UAE KUW Vessel-by Sea
5 1 3 KUW QAT Vessel-by Sea
1 2 6 AUS UAE Airplane - by air
2 2 6 AUS UAE Airplane - by air
1 3 1 AUS UAE Vessel-by Sea
2 3 1 AUS UAE Vessel-by Sea
3 3 1 AUS UAE Vessel-by Sea
3 3 2 UAE KUW Vessel-by Sea
4 3 1 AUS UAE Vessel-by Sea
4 3 2 UAE KUW Vessel-by Sea
5 3 1 AUS UAE Vessel-by Sea
5 3 2 UAE KUW Vessel-by Sea
5 3 3 KUW QAT Vessel-by Sea
1 4 1 AUS UAE Vessel-by Sea
2 4 1 AUS UAE Vessel-by Sea
3 4 1 AUS UAE Vessel-by Sea
3 4 2 UAE KUW Vessel-by Sea
4 4 1 AUS UAE Vessel-by Sea
4 4 2 UAE KUW Vessel-by Sea
5 4 1 AUS UAE Vessel-by Sea
5 4 2 UAE KUW Vessel-by Sea
5 4 3 KUW QAT Vessel-by Sea
1 5 6 AUS UAE Airplane - by air
2 5 6 AUS UAE Airplane - by air
1 6 1 AUS UAE Vessel-by Sea
2 6 1 AUS UAE Vessel-by Sea
3 6 1 AUS UAE Vessel-by Sea
3 6 2 UAE KUW Vessel-by Sea
4 6 1 AUS UAE Vessel-by Sea
4 6 2 UAE KUW Vessel-by Sea
5 6 1 AUS UAE Vessel-by Sea
5 6 2 UAE KUW Vessel-by Sea
5 6 3 KUW QAT Vessel-by Sea
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Case Study — Phase 2

P

X . - United Arab Emirates

Type of Commodity : |
—_ Kuwait 7 ﬁ
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5- Chilled Beef
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Figure 4.18: Transportation decision of case study — Phase 2

The time horizon of meat supply chain process is given in Figure 4.19. It is very obvious
that the planning of livestock should plan at least 30 days; 15 days for sea transportation, 8
days inspection at port, distribution and quarantine of livestock and finally 7 days for meat
activities processing including distribution to retailers. We fed the amount of livestock to
be delivered for each farm using the result of Phase 1. Other meat and its products like

frozen meat were also integrated in the planning model.

4
“frnm Australia Wiy United Arab Emirates

Sea Transportation Port of arrival Distribution Channel Farms Abattoirs Consumer

o, B B ogmow =

P

15 days | 8days |

Figure 4.19: Time horizon of Phase 1 and 2

47



Table 4.4: Sensitivity analysis of Phase 2

Sensitivity Analysis for Phase 2 Model
Parameters Objective Function Time in Seconds
Base | Scenario No.1 | Scenario No.2 | Base | Scenario No.1 | Scenario No.2
(1) Cs 271100 271100 271100 0.2 0.05 0.03
(2) Fs 271100 381100 206100 0.2 0.05 0.16
(8) da, 271100 371143 471189 0.2 0.03 0.05

In this part we will present the results of the sensitivity analysis for Phase 2 by changing
one parameter at a time: (1) capacity of the service; (2) fixed booking cost; and (3) demand
of commodity. Table 4.4 with Figure 4.20 - 4.23 summarize the result of the sensitivity
analysis. As shown below, the most significant parameters are demand of commodity and
fixed booking cost. The computational time decreases significantly when the capacity of
transportation service decreases by 76%. An examination of all the instances suggests that,
the fixed booking cost of services and demand of commodities are the most significant

factors in determining the routing and scheduling plan of shipments.

Sensitivity Analysis for Phase 2

500000
450000
400000
350000
300000

250000 u Base
< 200000 u Scenario No.1
= 150000 i Scenario No.2
100000
50000
0
C_sc Fs d_dc

Parameters

10N

Objective Funct

Figure 4.20: Sensitivity analysis of case study — Phase 2
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Sensitivity analysis (Objective Function)
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Figure 4.21: Objective function values — Phase 2

Sensitivity analysis (Computational Time)
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Figure 4.22: Computational time values — Phase 2
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Figure 4.23: Spider diagram of sensitivity analysis — Phase 2
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4.4 Summary

In this chapter, we investigated a real case study of meat supply chain using the devel-
oped mathematical models for a company located in United Arab Emirates. The proposed
mathematical models include two Phases. In the first Phase, we got the optimal allocation
of commodity from farms to abattoirs and the quantity required for each retailer. In the
second Phase we used the result of the first Phase to develop the routing decisions from
the country of origin to the port of destination for each commodity. The computational
complexity of the models depends on the size of the problem. All the instances were able
to find optimal solution. The computational time for the results of most of the instants are
few seconds to several seconds. Finally, sensitivity analysis is performed to investigate the

impact of change of some parameters to the objective function and the computational time.
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Chapter 5

Conclusion and Future Work

In this study, a comprehensive meat supply chain problem was investigated. Two math-
ematical models were introduced in Chapter 3. Some considerations were investigated to
the planning problem to make it more practical and realistic, i.e., live animal, chilled and
frozen meat product were planned together. (s,S) inventory policy was considered and
implemented at retailers as most of meat supply chain industries adopt it. In Chapter
3 we introduced a heuristic approach to solve the problem. Using off-shelf optimization
for solving the model takes a long time for realistic instances and it cannot be applied on
large and practical cases. The heuristic approach uses two phases to reach a sub-optimal
solution with minimum computational time. The approach uses two mathematical models.
The first Phase uses mixed integer programming model to find (a) the allocation decisions
between farms to abattoir and from abattoirs to retailers, (b) the quantity of commodities
to be shipped between farms to abattoirs and from abattoirs to retailers and (c) inventory
decisions at retailers including the reorder level, order up to level for each meat product.
The latter optimization model aims at finding the itinerary for each commodity from source
origin to the ports (airport and seaport) by airplanes and ships. The proposed model was
used to test a realistic number of example instances, and the results are analyzed. The two
phases are solved with Concert Technology in CPLEX. In the end, the proposed heuristic
approach is applied to a real case problem based on a meat supply chain problem for a com-

pany located in United Arab Emirates. Although the developed heuristic requires much less
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computing effort, the two optimization problems solved are still NP-Hard. A new method
to tackle this problem can be developed in the future. We plan to improve the developed
heuristic method in solving large size practical problems for meat supply chain with bet-
ter performance. Another interesting investigation would be considering one/several cold

warehouses as direct upstream activity to the retailer between abattoirs and retailers.
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Appendix A

Al

Phase 1 data:

Table A.1: Phase 1 - instance size

Case study instance size

Farm

Abattoir

Retailers

Time period in days

Commodity

O | | F. |
=W N

Table A.2: Fixed allocation cost from i to j

F;, Abattoir
Farm | j1 | 52 | ;43
al 500 | 400 | 550
12 600 | 500 | 600

Table A.3: Fixed allocation cost from j to k

Gk Retailer

Abattoir | k1 | k2 | k3 | k4 | kb | k6 | k7
jl 500 | 500 | 500 | 500 | 500 | 500 | 500
j2 500 | 500 | 500 | 500 | 500 | 500 | 500
73 500 | 500 | 500 | 500 | 500 | 500 | 500
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Table A.4: Unit truck transportation cost from farm to abattoir

TL;j Abattoir

Farm j1 72 33
11l 0.6915 | 0.054 | 0.72
12 0.609 | 0.057 | 0.705

Table A.5: Unit truck transportation cost from abattoir to retailer

TCjy Retailer
Abattoir k1 k2 k3 k4 k5 k6 k7
j1 0.186 | 0.1635 | 0.0705 | 0.009 | 0.0705 | 0.1095 | 0.1155
j2 0.591 | 0.825 | 0.6825 | 0.657 | 0.666 | 0.7275 | 0.678
j3 0.6315 | 0.795 | 0.747 | 0.81 0.75 0.78 0.72

Table A.6: Unit feeding cost per commodity

vcCy Farm
Commodity | i1 | i2
cl 35| 35

Table A.7: Unit handling cost

HL;
Abattoir | Handling Cost
il 0.5
j2 0.5
J3 0.5

Table A.8: Unit holding cost of commodity ¢ for retailer k£ at each time period

Lead time
Expected commodity extraction ratio 0.9

Hg Retailer
Commodity | ki1 k2 k3 k4 k5 k6 k7
cl 0.75 1 0.75 | 0.75 | 0.75 | 0.75 | 0.75 | 0.75
L | Unit lost-sale cost )
E | Unit deterioration cost of commodity 4
M | Very large number 100000
s Very small number 0.005
FO | Fixed order cost 3500
LT 1
Yc
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Table A.9: Price of commodity in period ¢ ,which is produced in period r
c r t | Price
cl | rl | tl 250
cl | rl |t2 240
cl | rl |t3 240
cl | rl | t4 215
cl | rl | t5 200
cl | rl |t6 180
cl | rl | t7 150
cl | r2 | t2 260
cl | r2 | t3 250
cl | r2 | t4 250
cl | r2 | t5 210
cl | r2 | t6 200
cl | r2 | t7 180
cl | r8 | t3 240
cl | r8 | t4 240
cl | r8 | td 220
cl | r8 | t6 200
cl | r8 | t7 170
cl | r4 | t4 230
cl | r4 | t5 230
cl |4 | t6 215
cl | r4 | t7 200
cl | rd |t 260
cl | r5 | tb 260
cl | r5 | t7 250
cl | r6 | t6 250
cl | r6 | t7 240
cl | r7 | t7 240
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Table A.10: Fraction of commodity produced at period ¢ ,that is deteriorated at the end of
period 7

c r t | Fraction
cl | rl | t1 0.01
cl | rl | t2 0.01
cl | rl | t3 0.1
cl | rl | t4 0.15
cl | rl | td 0.2
cl | rl | t6 0.25
cl | rl | t7 0.5
cl | r2 | t2 0.01
cl | r2 | t8 0.1
cl | r2 | t4 0.15
cl | r2 | td 0.2
cl | r2 | t6 0.25
cl | r2 | t7 0.5
cl | r3 | t3 0.1
cl | r8 | t4 0.15
cl | r8 |t 0.2
cl | r8 | t6 0.25
cl | r8 | t7 0.5
cl | r4 | t4 0.15
cl | r4 | td 0.2
cl | r4 | t6 0.25
cl | r4 | t7 0.5
cl | rd | td 0.2
cl | r5 | tb 0.25
cl | rd5 | t7 0.5
cl | r6 | t6 0.25
cl | r6 | t7 0.5
cl | r7 | t7 0.5

Table A.11: Demand of commodity c¢ in retailer k at time ¢

degt Time

Commodity Retailer t1 t2 | t3 | t4 th | t6 | t7
cl k1 120 | 100 | 80 | 100 | 80 | 120 | 80

cl k2 120 | 100 | 80 | 100 | 80 | 120 | 80

cl k3 120 | 100 | 80 | 100 | 80 | 120 | 80

cl k4 120 | 100 | 80 | 100 | 80 | 120 | 80

cl k5 120 | 100 | 80 | 100 | 80 | 120 | 80

cl k6 120 | 100 | 80 | 100 | 80 | 120 | 80

cl k7 120 | 100 | 80 | 100 | 80 | 120 | 80
Total Demand | 840 | 700 | 560 | 700 | 560 | 840 | 560
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Table A.12: Maximum throughput of farm ¢ at time ¢
C; Time

Farm | t1 t2 ts t4 td 149) t7
i1 500 | 500 | 500 | 500 | 500 | 500 | 500
2 500 | 500 | 500 | 500 | 500 | 500 | 500

Table A.13: Maximum throughput capacity of abattoir j at time ¢

Qjt Time

Abattoir | t1 t2 t3 t t5 t6 t7
j1 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000
72 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000
73 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000

A.2 Phase 2 data: -

Table A.14: Phase 2- Instance size
Instance size

Node
Commodity

Transportation Service

O Q=
| o o

Demand
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Table A.15: Origin and destination of demand

Sr.No Od dd
1 1 ]2
2 1 ]2
3 113
4 1]3
5 1|4

Table A.16: Capacity of each service s

CSC

4300000

4300000

4300000

27000

27000

27000

27000

27000

27000

Table A.17: if commodity ¢ can be ship via service s

Aes Service

Commodity | S1 | S 2| 5354|5556 |S5S7|58|59
C1 1 1 1 0 0 0 0 0 0
C 2 0 0 0 1 1 1 1 1 1
C 3 1 1 1 1 1 1 1 1 1
C 4 1 1 1 0 0 0 0 0 0
cs5 0 0 0 1 1 1 1 1 1
Cc 6 1 1 1 1 1 1 1 1 1

Table A.18: Origin and destination of service

}—‘}—‘H)—\}—‘i—‘ww}—‘mo
mwwwww‘ﬂkwmm&
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Table A.19: Cut-off time and schedt

Table A.20: Due date for demand D of meat product ¢

Taus | Targ
1 15
17 19
20 23
0 0.7
7.0 7.7
14 14.7
21 21.7
28 28.7
35 35.7

1le arrival for service s

Tdug,. Commodity
Demand |C1 |C2 |C3 | C4 | C5 | C6
d1 16 | 16 | 16 | 16 | 16 | 16
d2 19 | 19 | 19 | 19 | 19 2
d3 20 | 20 | 20 | 20 | 20 | 20
d4 23 | 23 | 23 | 23 | 23 | 23
ds 25 | 25 | 25 | 25 | 25 | 25

Table A.21: Average weight of commodity ¢ in kilogram

Commodity We
C1 30 kg per head
C 2 15 kg per head
c 3 20 kg per carton
C 4 250 kg per head
(O] 150 kg per head
Cé 25 kg per carton
Table A.22: Fixed booking cost
F
50000
50000
50000
100000
100000
100000
100000
100000
100000
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Table A.23: Cost to ship meat product ¢ on service s in dollar per kilogram

Tes Service

Commodity | S 1| S 2 S8 |S4 | S5 56 | S7T| 58|59
C 1 154 | 161.7 | 169.79 | 231 | 323.4 | 200.2 | 184.8 | 184.8 | 161.7
C 2 154 | 161.7 | 169.79 | 231 | 323.4 | 200.2 | 184.8 | 184.8 | 161.7
c 3 154 | 161.7 | 169.79 | 231 | 323.4 | 200.2 | 184.8 | 184.8 | 161.7
C 4 870 | 913.5 | 959.18 | 1305 | 1218 | 1131 | 1044 | 957 | 913.5
cs5 870 | 913.5 | 959.18 | 1305 | 1218 | 1131 | 1044 957 | 913.5
C 6 870 | 913.5 | 959.18 | 1305 | 1218 | 1131 | 1044 957 | 913.5

Table A.24: Number of meat product ¢ for demand d

dge Commodity

Demand |C 1 |C2|C3|C4|C5|C6
d1 1000 | 50 50 50 50 50
d2 1000 | 50 50 50 50 50
d3 1000 0 50 50 0 50
d4 880 0 50 50 0 50
ds 880 0 50 50 0 50
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Appendix B

B.1 Sensitivity analysis data - Phase 1

Table B.1: Handling cost at abaittor for scenario 1 & 2

HL; - handling cost at abaittor j
Abaittor j | Base | Scenario No.1 | Scenario No.2
J1 0.5 0.9 0.2
j2 0.5 0.9 0.2
73 0.5 0.9 0.2

Table B.2: Unit lost-sale cost for unmet demands for scenario 1 & 2

L - Unit lost-sale cost for unmet demands
Base | Scenario No.1 Scenario No.2
5 10 3

62



Table B.3: Price of commodity for scenario 1 & 2

P..+ - Price of commodity c in period t, for commodity produced in period r

c | r | t | Base | Scenario No.1 Scenario No.2
cl |rl |tl]| 250 288 200
cl | rl |t2]| 240 276 192
cl |rl |t3| 240 276 192
cl |rl |t4d]| 215 247 172
cl [rl [t5 | 200 230 160
cl [rl |t6| 180 207 144
cl [ rl [ t7 | 150 173 120
cl [r2 | t2 | 260 299 208
cl | r2 | t3| 250 288 200
cl | r2 | t4| 250 288 200
cl | r2 |th| 210 242 168
cl |r2 |t6| 200 230 160
cl [r2 | t7 | 180 207 144
cl [r3 | t3 | 240 276 192
cl | r3 | t4d| 240 276 192
cl [ 3 |th | 220 253 176
cl |r3 |t6| 200 230 160
cl | r3 |t7 | 170 196 136
cl |rd | t4| 230 265 184
cl |rd | th | 230 265 184
cl |rd | t6 | 215 247 172
cl [ r4 | t7 | 200 230 160
cl [ | t5h | 260 299 208
cl [ | t6 | 260 299 208
cl [ 5 | t7 | 250 288 200
cl | r6 | t6 | 250 288 200
cl | r6 | t7 | 240 276 192
cl | r7 | t7 | 240 276 192

Table B.4: Fixed ordering cost for scenario 1 & 2

FO - Fized ordering cost

Base

Scenario No.1

Scenario No.2

3500

6000

1000

Table B.5: Lead Time for for scenario 1 & 2

LT - Lead Time

Base

Scenario No.1

Scenario No.2

1.0

0.9

0.5
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Table B.6: Demand of commodity c in retailer k at time period t for scenario 1 & 2

det - Demand of commodity c in retailer k at time period t

Retailer/Period | t1 | t2 | t3 | t4 | t5 | t6 | t7

k1 120 | 100 | 80 | 100 | 80 | 120 | 80

k2 120 | 100 | 80 | 100 | 80 | 120 | 80

k3 120 | 100 | 80 | 100 | 80 | 120 | 80

Base

k4 120 | 100 | 80 | 100 | 80 | 120 | 80

k5 120 | 100 | 80 | 100 | 80 | 120 | 80

k6 120 | 100 | 80 | 100 | 80 | 120 | 80

k7 120 | 100 | 80 | 100 | 80 | 120 | 80

k1 144 | 120 | 96 | 120 | 96 | 144 | 96

k2 144 1 120 | 96 | 120 | 96 | 144 | 96

k3 144 | 120 | 96 | 120 | 96 | 144 | 96

Scenario No.2 k4 144 | 120 | 96 | 120 | 96 | 144 | 96
k5 144 1 120 | 96 | 120 | 96 | 144 | 96

k6 144 1 120 | 96 | 120 | 96 | 144 | 96

k7 144 1 120 | 96 | 120 | 96 | 144 | 96

k1 96 | 80 |64 | 80 | 64| 96 | 64

k2 96 | 80 |64 | 80 | 64| 96 | 64

k3 96 | 80 |64 | 80 | 64| 96 | 64

Scenario No.3 k4 96 | 80 |64 | 80 | 64| 96 | 64
k5 96 | 80 |64 | 80 | 64| 96 | 64

k6 96 | 80 |64 | 80 | 64| 96 | 64

k7 96 | 80 |64 | 80 | 64| 96 | 64

Table B.7: Maximum throughput of farm for scenario 1 & 2

Cit- Maximum throughput of farm i at time period t

Farm/Time | t1 t2 t3 t4 ty to t7

Base i1 500 | 500 | 500 | 500 | 500 | 500 | 500

i2 500 | 500 | 500 | 500 | 500 | 500 | 500

Scenario No.1 il 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
W2 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000

Scenario No.2 il 200 | 200 | 200 | 200 | 200 | 200 | 200
i2 200 | 200 | 200 | 200 | 200 | 200 | 200
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Table B.8: Maximum throughput capacity of abattoir for scenario 1 & 2

Qjt - Mazimum throughput capacity of abattoir j at time period t

Abattoir/Time | t1 t2 t3 t4 th t6 t7

j1 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000

Base 72 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000

j3 2000 | 2000 | 2000 | 2000 | 2000 | 2000 | 2000

j1 5000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5000

Scenario No.1 72 5000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5000
j3 5000 | 5000 | 5000 | 5000 | 5000 | 5000 | 5000

j1 500 | 500 | 500 | 500 | 500 | 500 | 500

Scenario No.2 72 500 | 500 | 500 | 500 | 500 | 500 | 500
j3 500 | 500 | 500 | 500 | 500 | 500 | 500
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B.2 Sensitivity analysis data - Phase 2

Table B.9: Capacity of service per meat product in kilogram for scenario 1 & 2

Cse - Capacity of service s per meat product c in kilogram
Service S Base | Scenario No.1 Scenario No.2
S1 4300000 1000000 6000000
S2 4300000 1000000 6000000
S3 4300000 1000000 6000000
S4 27000 25000 60000
S5 27000 25000 60000
S6 27000 25000 60000
S7 27000 25000 60000
S8 27000 25000 60000
S9 27000 25000 60000

Table B.10: Fixed booking cost to reserve space on service for scenario 1 & 2

F's - Fixzed booking cost to reserve space on service s
Service S | Base | Scenario No.1 Scenario No.2
S1 50000 70000 35000
S2 50000 70000 35000
S3 50000 70000 35000
S4 100000 150000 80000
S5 100000 150000 80000
S6 100000 150000 80000
ST 100000 150000 80000
S8 100000 150000 80000
S9 100000 150000 80000
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Table B.11: Number of meat product for demand for scenario 1 & 2

dg. - Number of meat product ¢ for demand d

Demand/Commodity | C1 | C2 | C3 | C4 | C5 | C6

dl1 1000 | 50 | 50 | 50 | 50 | 50

Base a2 1000 | 50 | 50 | 50 | 50 | 50

ds3 1000 | O 50 | 50 0 50

d/ 880 0 50 | 50 0 50

d5 880 0 50 | 50 0 50

d1 2000 | 100 | 100 | 100 | 100 | 100

d2 2000 | 100 | 100 | 100 | 100 | 100

Scenario No.1 d3 2000 | O | 100 | 100 | O | 100
d/ 1760 | O | 100 | 100 | O | 100

ds 1760 | O | 100 | 100 | O | 100

d1 1700 | 170 | 170 | 170 | 170 | 170

d2 1700 | 170 | 170 | 170 | 170 | 170

Scenario No.2 d3 1700 | 0 | 170|170 | O | 170
d/ 1190 | 0 | 170 | 170 | O | 170

ds 1105 0 | 170 | 170 | O | 170
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Appendix C

C.1 Phase 1 model code in Concert Technology in CPLEX:

#include < ilcplex [ilocplex.h >
ILOSTLBEGIN
#include < vector >
#include < fstream >
#include < tostream >
#include < iostream >

#include < fstream >

int % create_int_vector(intdim);
longdouble x create

double

vector(intdim);

template < typenameT >

T x * % Allocate Dynamic3D ArrayCSTY LE(intnRows, intnCols, intnDep);

template < typenameT >
voidFree Dynamic3D ArrayCSTY LE(T * % x dArray, intn Rows, intnCols, intnDep);
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template < typenamel >

T  Allocate Dynamicl D ArrayCSTY LE(intnRows);

template < typenamel >

voidFree Dynamicl D ArrayCSTY LE(T x dArray, intn Rows);

template < typenamel >

T x xAllocate Dynamic2D ArrayC STY LE (intnRows, intnCols);

template < typenamel >

voidFree Dynamic2D ArrayC STY LE(T x xdArray, intn Rows, intnCols);

//WriteaM I P Model forthein formationgivenbelow

//SetsandIndicesB > 2—Farms, A > 2— Abattoirs, I > 2—Retailers, T > TimePeriod(lweek), P >
2 — Products(Sheep&Clattle)

int x B = newint(2);
int x A = newint(2);
int x I = newint(2);
int x T = newint(3);

int x P = newint(2);

//Parameters

double x xF,b; / | Fizedallocationcosto fabattoirsato farmscenterb
double x xG1; | | Fizedallocationcosto fretaileritoabattoira
doublexxT Lya; | /Unittrucktransportationcosto flivestockassociatedwithgoing from farmcenterbtoabatto

doublexxT Cyi; |/ |Unittrucktransportationcostassociatedwithgoing fromabattoiratoretaileri
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double x U Cpb; / /Unitlivestockbreeding/ feedingcostperproductpat farmcenterb

double x H Lg; / /Unitlivestockhandlingcost f orabattoiraateachtimeperiod

double x xH,i; / /Unitholdingcosto fproductp forretailer /warehouseiateachtimeperiod
double * L; / /Unitlost — salecost forunmetdemands

double * x x Wyrt; / / Priceo fproductpinperiodt, whichisproducedinperiodr

double * E; | /Unitdeteriorationcosto fproducts

doublexxxByrt; / | Fractiono f productp, producedattimeperiodrthatisdeterioratedattheendo f periodt
double x M; | | Averybignumber

double * c; | | Averysmallnumber

double x* FO; /| Fizedorderingcost

double x LT'; | / Lead — timebetweenorderplacementbyretailersandthetimeorderisreceived
double x Yy,; | | Expectedproductpextractionratio fromaslaughteredlivestockinabattoirs
int * * * dyit; /| / Demando f productpinretaileriattimeperiodt

int * xCpt; / /M aximumthroughputof farm/breedingcenterbattimeperiodt

int x xQqt; |/ Mazximumthroughputcapacityo f abattoiraattimeperiodt
voidreadDatal();

voidfreeData();

voidCallpptimizaer();

of streamoutput(” Result.txt”);

intmain(intarge, char * xargv)

readData();

Callpptimizaer();
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freeData();

return0;

voidreadData(){

int * b = newint(0);
int x a = newint(0);

int x i = newint(0);
int x t = newint(0);
int x r = newint(0);
int x e = newint(0);
int x p = newint(0);

Fob = Allocate Dynamic2D ArrayCSTY LE < double > (%A, *B);
Gqi = Allocate Dynamic2D ArrayCSTY LE < double > (xA, *I);
T Lya = Allocate Dynamic2D ArrayCSTY LE < double > (xB, *A);
TCyi = Allocate Dynamic2D ArrayCSTY LE < double > (xA,*1);
UCpb = Allocate Dynamic2D ArrayCSTY LE < double > (xP,xB);
HL, = Allocate Dynamicl1 D ArrayCSTY LE < double > (xA);
H,i = AllocateDynamic2D ArrayCSTY LE < double > (%P, *I);
Wyrt = Allocate Dynamic3D ArrayCSTY LE < double > (xP, T, T');
Byrt = Allocate Dynamic3D ArrayCSTY LE < double > (P, T, *T);
Y, = AllocateDynamiclDArrayCSTY LE < double > (xP);
dyit = Allocate Dynamic3DArrayCSTY LE < int > (xP,*1,*T);
Cpt = Allocate Dynamic2D ArrayCSTY LE < int > (xP,*T);

Qqt = Allocate Dynamic2D ArrayCSTY LE < int > (xA,*T);
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L = newdouble(0);
E = newdouble(0);
M = newdouble(0);
¢ = newdouble(0);
FO = newdouble(0);
LT = newdouble(0);

/ * readdata * /

ifstreamin(” DataSet1.tat”);

in >> xB;
n >> xA;
in >> *l;
mn >> T

in >> xP;

cout << "ISNTANCE :7 <<77 << #B << << A << << << <<

T << 7”7 << xP << endl;

for(xb = 0;xb < *B;xb = xb+ 1){
for(xa = 0;xa < xA;xa = *a + 1){
in >> F,b[xal[*b];

}
}

//for(xb=0;xb < xB;*b=xb+ 1){
/] for(xa = 0;%a < xA;*a = *xa + 1){
//cout << F,blxa][xb] << "”;

//}

72



//cout << endl;

/*}

Pt/
for(xa = 0;xa < xA;xa = xa + 1){
for(xi = 0;%i < *I;%i = xi + 1){
in >> Ggi[xal[xi];
}
}

/] for(xa = 0;xa < xA;xa = xa + 1){ for(xi = 0;xi < *I;*i = i + 1){

[/ for(xi = 0;%i < *I;%i = *i + 1){cout << Gqil*a|[*i] <<””;

//cout << Ggil*a][xi] <<”7;}
// }eout << endl;

//cout << endl; }

//}

for(xb = 0;xb < *xB; b = xb + 1){
for(xa = 0;xa < xA;xa = xa + 1){
in >> T Lya[xb][*a];

}
}

[ * for(xb=0;xb < xB;xb = xb+ 1){
for(xa = 0;xa < *A;xa = *xa + 1){
cout << T Lypa[b][*a] << 77;

}

cout << endl;

b/
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for(xa = 0;xa < xA; xa = xa + 1){
for(xi = 0;%1 < xI;%i = xi + 1){
in >> T'Cgi[*a][*i];
}
}

/ * for(xa = 0;xa < xA;*xa = xa + 1){
for(xi = 0;%i < *I;%i = i+ 1){
cout << TCyil*a][*i] << ”;
}

cout << endl;

b/

for(xp = 0;%p < *P;*p = xp + 1){
for(xb=0;xb < xB;*xb = xb+ 1){
in >> UCyb[*p|[+b];
}
}

[/ for(ep = 0;%p < xP;xp = #p + 1){for(sb = 0;xb < +B; b = xb + 1){
/[ for(sb = 0;%b < B b = b+ D){cout << UCyblsp][8] << ™"
/[eout << UCyblxpl[xb] <<™7;}
//}eout << endl;

//cout << endl,

//}

for(xa = 0;xa < xA; xa = xa + 1){
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in >> HLg[*al;

/ * for(xa = 0;*a < xA;*a = *xa + 1){

cout << HLg[xa] << 7;

}

cout << endl;

b/

for(xp = 0;%p < *P;*p = *p + 1){
for(xi = 0;%i < *[;%i = xi + 1){
in >> Hpyi[*p|[*i];
}
}

[/ for(xp =0;%p < *P;xp = *p + 1){for(xi = 0;%i < *I; i = xi + 1){
[/ for(xi = 0;%i < *I;xi = *i + 1){cout << Hpi[*p][*i] << "”;
/[cout << Hyilxp][xi] <<”7;}
// }eout << endl;

//cout << endl,

//}

n >> L

//cout << xL << endl;

for(xp = 0;xp < *P;*p = xp + 1){

for(xr = 0;%r < T %r = sr + 1){
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for(xt = 0;xt < xT;*t = *t + 1){
in >> Wyrt[xp|[*r|[xt];

}

}

}

[ x for(xp = 0;xp < xP;xp = *p + 1){
for(xr = 0;xr < «T;*r = *r + 1){
for(xt = 0;%t < *T;*t = *xt + 1){
cout << Wyrt[xp|[«r][xt] << 77;
}
cout << endl;
}
}
*/

mn >> *xF;

//cout << xE << endl;

for(xp = 0;%p < *P;*p = xp + 1){
for(xr = 0;xr < *T';xr = xr + 1){
for(xt = 0;%t < «T';xt = xt + 1){
in >> (Bprt[xp][*r][*t]);
Bprt[xp][xr][xt] = Bprt[*p][xr][*t]/100;
}

}
}

[ * for(xp = 0;%p < *P;xp = xp + 1){
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for(xr = 0;%r < «T;%r = *r 4+ 1){
for(xt = 0;%t < «T';xt = *xt + 1){
cout << Bprt[«p|[*r][xt] << "7,

}

cout << endl;

}
b/

in >> xM;

//cout << *M << endl;

mn >> xc;

//cout << xc << endl;

in >> *F0;

/Jcout << xFO << endl;

in >> *xLT;

//cout << xLT << endl,

for(xp = 0;%p < *P;*p = xp + 1){

in >> Yp[#p};

//for(xp = 0;xp < xP;xp = xp + 1){
//

//cout << Yylxp] << 77

/13
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//cout << endl;

for(xp = 0;xp < xP;*p = *p + 1){
for(xi = 0;%i < x[;*i = xi + 1){
for(xt = 0;xt < «T';xt = xt + 1){
in >> dyit[xp][*i][*t];

}
}
}

[ x for(sp = 0;xp < +Pysp = xp + 1){
for(xi = 0;%1 < *I;%i = xi + 1){
for(xt = 0;xt < «T;xt = *t + 1){
cout << dpit[*p|[*i][xt] << 77;
}
cout << endl;
}
b/

for(sp = 055p < +Psxp = xp + 1){
for(xt = 0;%t < *T;*t = *xt + 1){

in >> Cpt[xp][*t];

[ * for(xp = 0;%p < «xP;%p = *p + 1){
for(xt = 0;%t < *T;*t = *xt + 1){
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cout << Cpt[xp][xt] << 77;
}

cout << endl;

}

*/

for(xa = 0;xa < *xA;xa = xa + 1){
for(xt = 0;xt < «T';xt = *xt + 1){

in >> Qqt[xa|[xt];

[/ for(xa = 0;xa < xA;xa = *xa + 1){ for(xt = 0;xt < «T;*t = xt + 1){
[/ for(xt = 0;xt < «T;xt = «t + 1){
//cout << Qqt[*xal[xt] << 77
//cout << Qqt[*a][xt] << 77;}
// }eout << endl;

//cout << endl; }

//}
//
//
}

voidCallpptimizaer(){

IloEnvenu;
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/ * [loNumstartTime; */

try{

longdouble x max ErrDe fault = newlongdouble(le — 6);

)

timeystart, end,
start = clock();
IloModel MODEL1(env);

int * b = newint(0);
int x a = newint(0);

int x i = newint(0)
int x t = newint(0)

(
(0);
int x r = newint(0);

(0)
int x e = newint(0);
(0)

int x p = newint(0);
double * totalyime = newdouble(0);
charvar Name[100];
TIloArray < IloBoolV arArray > O(env, *B);
for(xb = 0;xb < *B;*b = xb+ 1){

O[*b] = IloBoolV ar Array(env, xA);

}

for(xb = 0;xb < xB;*b = xb + 1){
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for(xa = 0;xa < *A;*a = *a + 1){
sprint f (var Name,” Ob%da%d” , «b + 1, xa + 1);
O[xb][*a].set Name(var N ame);

}

}

IloArray < IloBoolVarArray > Z(env, xA);

for(xa = 0;xa < *xA;xa = xa + 1){
Z[xa| = IloBoolV ar Array(env, *I);
}

for(xa = 0;xa < *A;*xa = *a + 1){
for(xi = 0;%i < xI;xi = xi + 1){
sprint f(var Name,” Za%di%d” , xa + 1, i + 1);
Z[xa][xi].set Name(var Name);
}
}

THloArray < IloArray < IloBoolVarArray >> Y (env, *P);

for(xp = 0;%p < *P;%p = *p+ 1){
Y [*p] = IloArray < IloBoolVarArray > (env,*I);
for(xi = 0;%i < *I;%i = xi + 1){
Y [*p|[*t] = IloBoolV ar Array(env, *T');
}
}

for(xp = 0;%p < *P;*p = xp + 1){
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for(xi = 0;%1 < xI;xi = xi + 1){
for(xt = 0;xt < «T';xt = *t + 1){
sprint f(var Name,”Y p%di%dt%d”, xp + 1, i + 1, t + 1);

Y [xp][*i][xt].set Name(var Name);

—— e

IloArray < IloArray < IloBoolVarArray >> U(env, xP);

for(xp = 0;xp < *P;*p = xp + 1){
Ulxp] = IloArray < IloBoolVarArray > (env, *I);
for(xi = 0;%i < *I;xi = =i + 1){
Ulxpl[*i] = IloBoolV ar Array(env, *T);
}
}

for(xp = 0;%p < *P;*p = xp + 1){
for(xi = 0;%i < xI;xi = xi + 1){
for(xt = 0;xt < «T';xt = *xt + 1){
sprint f (var Name,” Up%di%dt%d” , xp + 1, i + 1, xt + 1);
U [*p][*i][*t].set N ame(var Name);
}
}
}

IloArray < IloNumVarArray > SL(env, *P);

for(xp = 0;%p < *P;*p = xp + 1){
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SL[xp|] = IloNumVarArray(env,*I,0, INFINITY,ILOFLOAT);
}

for(xp = 0;%p < *P;*p = xp + 1){
For(xi = 0;%i < +I;%i = *i + 1){
sprint f(var Name,” S Lp%di%d” , «p + 1, *i + 1);
S L[xp|[+i].set Name(var Name);
}
}

IloArray < IloNumVarArray > SU (env, *P);

for(xp = 0;xp < xP;*p = *p + 1){
SU[xp| = IloNumV arArray(env,*I,0, INFINITY, ILOFLOAT);
}

for(xp = 0;%p < *P;*p = xp + 1){
for(xi = 0;%1 < xI;%i = xi + 1){
sprint f(var Name,” SUp%di%d” , «p + 1, *i + 1);
SU [xp][«i].set Name(var Name);
}
}

TIloArray < IloArray < IloArray < IloNumVarArray >>> dl(env, *P);
for(xp = 0;%p < xP;*p = *xp + 1){
dl[xp] = IloArray < IloArray < IloNumVarArray >> (env,*I);
for(xi = 0;%i < ;%1 = i+ 1){
dl[*p][xi] = IloArray < IloNumVarArray > (env,*T);

for(xr = 0;%r < «T;xr = xr + 1){
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dl[*p][xi][*r] = IloNumV ar Array(env,«T,0, INFINITY,ILOFLOAT);

}

}

}

for(xp = 0;%p < xP;*xp = *xp + 1){

for(xi = 0;%i < xI;%i = xi + 1){

for(xr = 0;%r < «T;xr = xr + 1){

for(xt = 0;xt < *T;*t = *xt + 1){

sprint f (var Name,” dlp%di%dr %dt%d” , «p + 1,%i + 1, %r + 1, %t + 1);

dl[xp][i][*r][*t].set Name(var Name);

N A =

IloArray < IloArray < IloArray < [loNumVarArray >>> W (env, *B);
for(xb=0;xb < *B;*b = xb+ 1){
Wxb] = IloArray < IloArray < IloNumVarArray >> (env,*A);
for(xa = 0;xa < xA;xa = xa + 1){
Wxb][*a] = IloArray < IloNumVarArray > (env, *P);
for(xp = 0;%p < *P;*xp = *p + 1){
W [xb][*a][*p] = [loNumV ar Array(env,*T,0, INFINITY,ILOFLOAT);
}
}
}

for(xb = 0;xb < xB; b = xb + 1){
for(xa = 0;xa < xA;xa = xa + 1){

Jor(xp = 0;%p < *P;*p = #p + 1){
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for(xt = 0;%t < «T;xt = *t 4+ 1){
sprint f (var Name,” Wb%da%dp%dt%d” , «b + 1,xa + 1,%p + 1, %t + 1);

W [xb][*a][*p][*t].set Name(var Name);

}

}

}

}

IloArray < IloArray < IloArray < IloNumVarArray >>> X (env, *P);
for(xp =0;%p < *P;*xp = *p + 1){

X[xp] = IloArray < IloArray < IloNumVarArray >> (env, xA);
for(xa = 0;xa < xA;xa = xa + 1){

X[xp][*a] = IloArray < IloNumVarArray > (env,*I);

for(xi = 0;%i < x[;%i = xi + 1){

X [#pl|[*a][xi] = IloNumVarArray(env,«T,0, INFINITY,ILOFLOAT);
}

}

}

for(xp =0;%p < *P;xp = *p + 1){

for(xa = 0;xa < xA;xa = xa + 1){

for(xi = 0;%1 < *xI[;%i = xi + 1){

for(xt = 0;%t < *T;*t = *xt + 1){

sprint f(var Name,” X p%da%di%dt%d” , «p + 1, xa + 1, %i + 1, %t + 1);

X [xp][*a][i][xt].set Name(var Name);

— e e

THoArray < IloArray < IloArray < IloNumVarArray >>> Ib(env, *P);
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for(xp =0;%p < *P;xp = *p + 1){

Ib[xp] = IloArray < IloArray < IloNumVarArray >> (env,*I);
for(xi = 0;%i < xI; i = xi + 1){

Ib[xp|[xi] = IloArray < IloNumVarArray > (env, xT);

for(xr = 0;%r < «T;xr = xr + 1){

Ib[*p|[xi][*r] = [loNumVarArray(env,«T,0, INFINITY,ILOFLOAT);
}

}

}

for(xp =0;%p < *P;xp = *p + 1){

for(xi = 0;%i < xI;xi = xi + 1){

for(xr = 0;*r < «T;xr = xr + 1){

for(xt = 0;xt < «T;xt = *t + 1){

sprint f (var Name,” Ibp%di%dr%dt%d” , xp + 1, %i + 1, xr + 1, %t + 1);

Ib[«p][*i][*r][*t].set Name(var Name);

— e

IloArray < IloArray < IloArray < IloNumVarArray >>> Ie(env, *P);
for(xp = 0;%p < *P;*p = xp + 1){
Ie[xp] = IloArray < IloArray < IloNumVarArray >> (env, xI);
for(xi = 0;%i < ;%1 = i+ 1){
Te[xp][*i] = IloArray < IloNumVarArray > (env,*T);
for(xr = 0;%r < «T;xr = xr + 1){
Ie[*p|[xi][xr] = IloNumV ar Array(env,«T,0, INFINITY,ILOF LOAT);
}
}
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}

for(xp = 0;%p < *xP;*p = *xp + 1){

for(xi = 0;%1 < xI;%i = xi + 1){

for(xr = 0;%r < «T;xr = xr + 1){

for(xt = 0;xt < *T;*t = *xt + 1){

sprint f (var Name,” Iep%di%dr%dt%d” , «p + 1, i + 1, %r + 1, xt + 1);

Te[xpl[*i][*r]|[«t].set Name(var Name);

— N e

IloArray < IloArray < IloNumVar Array >> Lk(env, *P);

for(xp = 0;%p < *P;*p = *p + 1){
Lk[xp] = IloArray < IloNumVarArray > (env,*I);
for(xi = 0;%i < xI;xi = xi + 1){
LE[xp][xi] = IloNumV ar Array(env,*T,0, INFINITY,ILOF LOAT);

for(xp = 0;xp < *P;xp = xp + 1){
for(xi = 0;%i < ;%1 = i+ 1){
for(xt = 0;xt < *T;*t = xt + 1){
sprint f (var Name,” Lkp%di%dt%d” , «p + 1, xi + 1, %t + 1);
LE[xp][«i][«t].set Name(var Name);
}
}
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HoExprOBJ(env);

for(xp = 0;xp < xP;xp = *p + 1){
for(xi = 0;xi < #I; % = xi + 1){
for(xr = 0;%r < «T;xr = xr + 1){
for(st = 0;xt < *T; %t = xt + 1){
if (xr <= xt){
OBJ+ = 1000 % Wyt [p| 7] [+t] * dl[p] ] [#r] [#¢];
}

}
}
}
}

For(xb = 0;xb < xB;xb = xb + 1){
for(xa = 0;xa < xA;xa = xa + 1){
OB.J— = F,b[xa][*b] * O[xb][xa];

}
}

for(xa = 0;xa < *A;xa = *a + 1){
for(xi = 0;%1 < *I;%i = xi + 1){
OBJ— = Ggi[*al[*i] * Z[*a][*i];
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For(sp = 0;xp < *P;xp = xp + 1){
for(xb = 0;%b < xB;*b = xb+ 1){
for(xa = 0;%a < *A; xa = *a + 1){
for(xr = 0;xr < T xr = xr + 1){
OBJ— = UC,b[p|[xb] * W [xb] [xa][+p][*r];
1
}
¥
t
for(xp =0;%p < *P;xp = xp + 1){
for(xb=0;xb < *B;*b = xb+ 1){
for(xa = 0;%a < *A; xa = *a + 1){
for(xr = 0;%r < «T;%r = r + 1){
OBJ— = T Lyal*b][xa] * W [xb][xa] [*p] [*r];
t
}

}

}
for(xp = 0;%p < xP;*xp = *xp + 1){
for(xa = 0;xa < xA;xa = xa + 1){
for(xi = 0;%i < xI;xi = xi + 1){

for(xr = 0;%r < «T;xr = xr + 1){

OBJ~ = TCyilralfsi] » X [sp]ra]ilr];
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for(xp =0;%p < *P;xp = *p + 1){
for(xa = 0;xa < xA;xa = xa + 1){
for(xi = 0;%1 < xI;%i = xi + 1){
for(xr = 0;%r < «T;xr = xr + 1){
OBJ— = HLg[xa] * X [*p][*a][xi][*r];
}

}
}
}

for(xp = 0;%p < *P;*p = *xp + 1){
for(xi = 0;%i < *I;%i = xi + 1){
for(xr = 0;xr < «T;xr = xr + 1){
for(xt = 0;xt < «T;xt = *xt + 1){
if (xr <= xt){
OBJ— = Hyi[*p|[xi] * (1 — Bprt[xp][xr|[xt]) * Te[*p][xi][*r][xt];
}

}
}
}
}

for(xp = 0;%p < *P;*p = *xp + 1){
for(xi = 0;%1 < *I; i = xi + 1){
for(xr = 0;%r < «T;*r = *r + 1){
for(xt = 0;xt < «T;xt = *xt + 1){
if (xr <= xt){
OBJ— = *E = Byrt[«p][«r][xt] x Ie[xp][xi][xr][xt];

}
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—— e

for(xp = 0;%p < *P;*p = xp + 1){
for(xi = 0;%i < xI;xi = xi + 1){
for(xt = 0;xt < «T';xt = *xt + 1){

OBJ— = xL = Lk[xp][*i][*t];

for(xp = 0;%p < *P;*p = xp + 1){
for(xi = 0;%i < *[;%i = xi + 1){
for(xt = 0;xt < «T';xt = *xt + 1){

OBJ— = xFO x Y [xp|[i][+t];

MODEL1.add(IloMazimize(env, OBJ));

IoExzprCl(env);

for(xa = 0;xa < xA;xa = xa + 1){
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for(xb = 0;xb < *B;xb = xb + 1){
Cl+ = O[xb|[xa];
}
sprint f(varName,” C1.a%d”, xa + 1);
C1l.setName(varName);
IloConstraintc(C1 == 1);
c.setName(var Name);
MODEL1.add(c);
Cl.end();
C1 = IloExpr(env);

}
IloExprC2(env);
for(xi = 0;xi < xI;%i =i+ 1){
for(xa = 0;xa < *A;*a = *a + 1){
C2+ = Z[*a][*];
}

sprint f (var Name,” C2.i%d” , i + 1);
C2.set Name(var Name);
IloConstraintc(C2 == 1);

c.set Name(var Name);
MODEL1.add(c);

C2.end();

C2 = IloExpr(env);

}

THoExzprC3(env);
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for(xp =0;%p < *P;xp = *p + 1){
for(xi = 0;%i < xI;xi = xi + 1){
for(xr = 0;%r < «T;xr = xr + 1){
for(xt = 0;xt < «T;xt = *t + 1){

if (xr == xt){

C3 = Ib[xp][*i][*r][xt];

sprint f(var Name,” C3.p%di%dr%dt%d” , «p + 1, i + 1, xr + 1, %t + 1);
C3.setName(var Name);

IloConstraintc(C3 == 0);

c.setName(var Name);

MODEL1.add(c);

C3.end();

C3 = IloExpr(env);

}
}
}
}
}

TIoExzprC4(env);

for(xp = 0;%p < xP;*xp = *xp + 1){

for(xi = 0;%1 < *I;%i = xi + 1){

for(xr = 0;%r < «T;xr = xr + 1){

for(xt = 0;xt < «T;xt = *xt + 1){

if (xr == xt){

for(xa = 0;xa < xA;xa = xa + 1){

[/cout << TP’ << xp <<V K< << << K< << << << <<
<< <<7A” << xa << endl;

Ciet = Xopl ] sl o]:

}
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Cd— = dllxp][i] [«r][+t];

sprint f (var Name,” C4.p%di%dr%dt%d” , «p + 1, %i + 1, %r + 1, %t + 1);
C4.setName(var Name);

IloConstraintc(C4 == Ie[xp|[xi][xr|[xt]);

c.set Name(var Name);

MODEL1.add(c);

C4.end();

C4 = IloExpr(env);

— e e

IloExprC5(env);
for(xp =0;xp < *P;xp = *p + 1){
for(xi = 0;%i < xI;xi = xi + 1){
for(xr = 0;%r < «T;xr = xr + 1){
(

for(xt = 0;%t < «T';xt = xt + 1){

for(xa = 0;xa < %A;*a = xa + 1){
Cb+ = X [*p|[xa][*i][*r];
}
for(xe = xr;*xe <= xt;*xe = xe + 1){
C5— = dl[*p][*i][«r][xe];
}
for(xe = xr;xe < *t;xe = xe + 1){

C5— = Byrt[*p|[r][xe] = Ie[xp][*i][+r][xe];
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sprint f (var Name,” C5.p%di%dr %dt%d” , «p + 1, xi + 1, xr + 1, %t + 1);
C5.setName(var Name);
IloConstraintc(Ch == Ie[xp|[*i][*r|[xt]);
c.setName(var Name);
MODEL1.add(c);
C5.end();
C5 = lloExpr(env);

e e

TIloExprC6(env);
for(xp = 0;%p < *Pj*p = xp + 1){
for(xi = 0;%i < ;%1 = i+ 1){
for(xr = 0;xr < «T;*r = *r + 1){
For(xt = 0; %t < +T' 5t = st + 1){
if (xr < #t){
for(xa = 0;xa < xA;xa = xa + 1){
C6+ = X [xp|[xa][*i][*r];
}
for(xe = xr;xe < *t; xe = xe + 1){
C6— = (di[sp][xi][xr][xe] + Bprt[xp]|[xr][xe] x Te[xp][xi][xr][xe]);
}
sprint f (var Name,” C6.p%di%dr%dt%d” , «p + 1, %i + 1, %r + 1, %t + 1);

C6.setName(var Name);
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IloConstraintc(C6 == Ib[xp|[xi][*r][*t]);
c.set Name(var Name);
MODEL1.add(c);

C6.end();

C6 = lloExpr(env);

— N e

IloExprCT(env);
for(xp = 0;%p < xP;*xp = *p + 1){
for(xi = 0;%i < ;%1 = i+ 1){
for(xt = 0;%t < «T;xt = *t + 1){
for(xr = 0;%r <= xt;*r = *r + 1){
C7+ = (dl[*p][*i][*r][*t]);
}
CT+ = Lk[xp][xi] [*t];
sprint f(varName,” CT.p%di%dt%d” , «p + 1, i + 1, %t + 1);
C7.setName(var N ame);
IloConstraintc(CT == dyit[p][*i][xt]);
c.setName(var Name);
MODEL1.add(c);
C'7.end();
C7 = lloExpr(env);
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IloExprC8(env);
for(xp = 0;%p < xP;*p = *xp + 1){
for(xi = 0;%1 < *I;%i = xi + 1){
for(xt = 0;xt < «T;xt = *t + 1){
for(xr = 0;%r <= xt;*r = *xr + 1){

C8+ = Ib[*p][xi][xr][xt];

}

for(xa = 0;xa < *A;xa = *xa + 1){

for(xe = xt;xe <= xt + «LT — 1;%e = xe + 1){
C8+ = X[sp] [«a][xi][xe];

}

}

C8— = «M * (1 — Y [xp]|[*i][t]);
sprint f (var Name,” C8.p%di%dt%d” , xp + 1, xi + 1, xt + 1);
C8.set Name(var Name);

IloConstraintc(C8 <= (SL[xp][*i] — *c));
c.setName(var Name);

MODELI1.add(c);

C8.end();

C8 = IloExpr(env);

}

}

}

IloExprC9(env);

for(xp =0;%p < *P;*p = *p + 1){
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for(xi = 0;%1 < xI;xi = xi + 1){
For(xt = 0y#t < «Ty#t = #t + 1){
for(xr = 0;*r <= xt;xr = *r + 1){
C9+ = Ib[*p][*i][xr][xt];

}

for(xa = 0;xa < xA;xa = xa + 1){

for(xe = «xt;xe <= xt + LT — 1;xe = xe + 1){

C9+ = X [xp|[*a][*i][xe];
}
}
C9+ = «M * Y [xp|[xi][t];
sprint f (var Name,” C9.p%di%dt%d” , xp + 1, *i + 1, %t + 1);
C9.set Name(var N ame);
IloConstraintc(C9 >= (SL[*p|[*i] — *c));
c.setName(var Name);
MODEL1.add(c);
C9.end();
C9 = lloExpr(env);
}
}
}

IloExprC10(env);
for(xp = 0;%p < *xP;*p = *p + 1){
for(xa = 0;xa < *A;xa = xa + 1){
for(xi = 0;%i < xI;%i = xi + 1){
for(xt = 0;xt < «T — 1;xt = «t + 1){//checkwithwalaa

C10 = X [*p|[*a][*i][xt + *LT7;
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sprint f (var Name,” C10.p%da%di%dt%d” , xp + 1, xa + 1, %i + 1, %t + 1);
C10.set Name(var Name);

IloConstraintc(C10 <= *xM * Y [xp][*i][t]);

c.setName(var Name);

MODEL1.add(c);

C10.end();

C10 = lloExpr(env);

}
}
}
}

IloExprC11(env);
for(xp = 0;%p < xP;*xp = *xp + 1){
for(xi = 0;%i < ;%1 = i+ 1){
for(xt = 0;xt < «T — 1;xt = *t + 1){//checkwithwalaa
for(xa = 0;xa < *A;*a = *a + 1){
C11+ = X [*p|[xa][*i][xt + *LT7;
}
C114 = «M * (1 — Y [xp|[xi][*t]);
for(xr = 0;%r <= xt;xr = *r + 1){
C11+ = Ib[*p][*i][xr][xt];
}
for(xa = 0;xa < xA;xa = xa + 1){
for(xe = xt;xe <= xt + LT — 1;%e = xe + 1){
C11+4+ = X [xp|[*a][*i][xe];
}
}

sprint f(var Name,” C11.p%di%dt%d” , xp + 1, *i + 1, *t + 1);
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C1l.setName(var Name);
IloConstraintc(C11 >= SU [xp][*i]);
c.set Name(var Name);
MODEL1.add(c);

C1ll.end();

C11 = IloExpr(env);

}
}
}
THoExprC12(env);
for

(kp = 05 %p < *P;xp = +p + 1){
for(xi = 0;%i < x[;%i = xi + 1){
for(xt = 0;%t < «T — 1;xt = *t + 1){
for(xa = 0;xa < xA;xa = xa + 1){
C12+ = X [xp|[xa][*i][xt + «LT);
}
for(xr = 0;%r <= xt;xr = *r + 1){
C12+ = Ib[xp][xi][*r][*t];
}
for(xa = 0;xa < xA;xa = xa + 1){
for(xe = xt;xe <= xt + «LT — 1;%e = xe + 1){
C12+ = X [xp|[*a][*1][*e];
}
}
sprint f(var Name,” C12.p%di%dt%d” , xp + 1,*i + 1, *t + 1);
C12.set Name(varName);
IloConstraintc(C12 <= SU [xp|[«i]);

c.set Name(var Name);
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MODEL1.add(c);
C12.end();

C12 = TloExpr(env);
}

}

}

IloExprC13(env);
for(xa = 0;xa < xA;xa = xa + 1){

for(xt = 0;xt < «T;*t = xt + 1){

for(xp = 0;xp < xP;xp = #p + 1){
for(xi = 0;%i < x[;%i = xi + 1){
C13+ = X[xp|[*a] [*d][x];

}

}

sprint f (var Name,” C13.a%dt%d” , xa + 1, xt + 1);
C13.set Name(var Name);
IloConstraintc(C13 <= Qqt[*a][*t]);
c.setName(var Name);
MODELI1.add(c);

C13.end();

C13 = IloExpr(env);

}

}

IloExprC14(env);
for(xp = 0;xp < xP;xp = *p + 1){

for(xa = 0;xa < xA;xa = xa + 1){
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for(xi = 0;%1 < xI;xi = xi + 1){

for(st = 0; %t < T+t = xt + 1){

C14 = X [*p][xa][*i][*t];

sprint f (var Name,” C14.p%da%di%dt%d” , xp + 1, xa + 1, xi + 1, xt + 1);
C14.set Name(var Name);

IloConstraintc(C14 <= xM x Z[*a][*i]);

c.setName(var Name);

MODEL1.add(c);

Cl4.end();

C14 = lloExpr(env);

}
}
}
}

IloExprC15(env);
for(xb=0;xb < *B;*b = xb+ 1){
for(xa = 0;xa < xA;xa = xa + 1){
for(xt = 0;%t < «T';xt =t + 1){
for(xp = 0;%p < xP;*xp = *xp + 1){
C15 = W [xb][*a][*p][*t];
}
sprint f (var Name,” C15.6%da%dt%d” , «b + 1, xa + 1, *t + 1);
C15.set Name(var Name);
IloConstraintc(C15 <= *xM * O[xb][*xa]);
c.set Name(var Name);
MODELI1.add(c);
C15.end();
C15 = IloExpr(env);
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IloExprC16(env);

for(xp =0;%p < *P;*xp = *p + 1){

for(xi = 0;%i < x[;%i = xi + 1){

for(xt = 0;xt < «T';xt = *xt + 1){

for(xr = xt;xr <= *t;*r = xr + 1){

C16+ = Ie[xp][*i][*r][t];

}

sprint f(var Name,” C16.p%di%dt%d” , xp + 1, *i + 1, *t + 1);
C16.set Name(var Name);
IloConstraintc(C16 <= xM * U[xp][*i][*t]);
c.setName(var Name);

MODEL1.add(c);

C16.end();

C16 = IloExpr(env);

}
}
}
HoExprC17(env);
for

(xp = 05p < #P;#p = #p + 1){
for(xi = 0;%i < xI;xi = xi + 1){
for(xt = 0;%t < *T;*t = *xt + 1){
for(xr = xt;xr <= st;*r = xr + 1){
C17+ = Ie[xp|[xi|[«r][*t];

}
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sprint f (var Name,” C17.p%di%dt%d” , «p + 1,*i + 1, xt + 1);
C17.set Name(var Name);

IloConstraintc(C17 >= xc x Ul[xp][*i][*t]);

c.setName(var Name);

MODEL1.add(c);

C17.end();

C17 = lloExpr(env);

}

}

}

IloExprC18(env);
for(xp =0;%p < *P;xp = *p+ 1){
For(xi = 0;%i < *I;%i = i + 1){
for(xt = 0;%t < «T;xt = *t 4+ 1){
C18+ = Lk[*p][xi][xt];
sprint f(var Name,” C18.p%di%dt%d” , xp + 1, i + 1, *t + 1);
C18.set Name(var Name);
TIloConstraintc(C18 <= xM * (1 — U[*p][*i][xt]));
c.setName(var Name);
MODELI1.add(c);
C18.end();
C18 = IloExpr(env);

}
¥
}

IloExprC19(env);

Jor(xp = 0;%p < *P;*p = #p + 1){
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for(xa = 0;xa < xA;xa = xa + 1){
for(xt = 0;%t < «T';xt = *xt + 1){

for(xb = 0;xb < *B;xb = xb+ 1){
C194 = Wxb][xa] [+p][xt];
}

For(xi = 0;%i < *I;%i = %i + 1){
/ * cout << Yy, [xp] << endl;*/
C19— = Y, [up] + X[l [val i)
}
sprint f (var Name,” C19.p%da%dt%d” , «p + 1,*a + 1, %t + 1);
C19.setName(var Name);
IloConstraintc(C19 == 0);
c.setName(var Name);
MODEL1.add(c);
C19.end();
C19 = [loExpr(env);
}
}
}

IoExprC20(env);
for(xb = 0;xb < *B;xb = xb+ 1){
for(xt = 0; %t < «T; 5t = *t + 1){
for(xa = 0;xa < xA;xa = xa + 1){
for(xp = 0y#p < *Pixp = #p + 1){
C20+ = W [xb][xa][*p][xt];
}
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}

C20— = Cyt[*b][xt];
sprint f (var Name,” C20.0%d
t%d”, xb+ 1, xt + 1);
C20.setName(var Name);
IloConstraintc(C20 <= 0);
c.setName(var Name);
MODEL1.add(c);
C20.end();

C20 = IloExpr(env);

}

}

IloExprC21(env);
for(sp = 055p < +Pixp = xp + 1){
for(xi = 0;%1 < *xI;%i = xi + 1){
For(xt = 0; %t < +T' 5t = st + 1){
if(xt <==*LT){
for(xa = 0;xa < xA;xa = xa + 1){
C21+ = X [xp|[*xa][*1][*t];
}
sprint f (var Name,” C21.p%di%dt%d” , xp + 1,*i + 1, xt + 1);
C21.set Name(var Name);
IloConstraintc(C21 == Ib[xp][*i][0][*t]);
c.set Name(var Name);
/* MODEL1.add(c); %/
C21.end();
C21 = IloExpr(env);
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IloCplexcplex(MODEL1);

/ * cplex.set Param(IloCplex :: TiLim,60); */

/ * cplex.setOut(env.get NullStream()); x/
cplex.extract(MODELL);
/ * eplex.export Model(" MODELL.alp”); %/
/ x cplex.exportModel(" MODELL.RLP”); x/
eplex.exportModel(” MODELL.lp");
/ * eplex.export Model("” MODELL.sav”); x/

cplex.set Param(IloCplex :: Param :: Emphasis :: MIP,4);
/ * cplex.set Param(IloCplex :: Param :: MIP :: Limits :: Nodes, 5000); %/

cplex.solve();

//Createafilestreamobjectandcheckthatitopenedcorrectly
of streamoutFile(” Result.csv”);
if(loutFile.isopen())

{

std :: cerr << 7 Failedtoopenoutput file” << std :: endl,;

}

float x val = new float(0);
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outFile << cplex.getObjValue() << endl;

end = clock();

outFile << = lifabattoir /slaughterhouseaisallocatedtobreeding/ farmcenterb, otherwise()’ <<

endl;

for(xb = 0;xb < *xB;*b = xb + 1){
for(xa = 0;xa < *A;*xa = *a + 1){
xval = cplex.getValue(O[*b][*a]);
outFile << 70" <<V << xb+1 <<’ <<7a” << *xa+1<<7”,)” << *xval << endl;
}
}

outFile << endl;

outFile << 7 = lifretailer /warehouseiisallocatedtoabattoir | slaughterhousea, otherwise0” <<

endl;

for(xa = 0;xa < *xA;xa = xa + 1){
for(xi = 0;%i < xI;xi = xi + 1){
xval = cplex.getV alue(Z[xa][*i]);
outFile << 777 <<7a” << *a+1 << << <<+ 1 << 77 << wval << endl;

¥
}

outFile << endl;

outFile << 7 Amounto fproductptransportedtoretaileri fromabattoiraattimeperiodt” <<
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endl;

for(xp = 0;%p < *P;*p = xp + 1){
for(xa = 0;xa < *A;*a = *a + 1){
for(xi = 0;%i < xI;xi = xi + 1){
for(xt = 0;%t < *T;*t = *xt + 1){
xval = cplex.getV alue( X [*p][xa][*i][*t]);
outFile <<7 X7 << 7p” << xp+1 << << 70" << xa+1 << << << i1 <<

VT LT <<kt 1 << << xwal << endl;

}
}
}
}
outFile << endl;
outFile << 7 = lifretailer /warehouseimakesanorder f orproductpatthebeginningo ftimeperiodt, otherw
endl;

for(xp = 0;xp < xP;xp = xp + 1){
for(xi = 0;%1 < *xI[;%i = xi + 1){
for(xt = 0;%t < *T;*t = *xt + 1){
xval = cplex.getV alue(Y [*p|[i][xt]);
outFile <<7Y” << 7"p" << xp4+1 << << << w41 << << <<+ 1 <<
77 << xval << endl;
}
}
}

outFile << endl;
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outFile << 7 = lwhentheon—handinventoryinretailer /warehousei ssite f orproductpisabovezeroattl

endl;

for(xp = 0;%p < *P;*p = xp + 1){
for(xi = 0;%1 < *I;%i = xi + 1){
for(xt = 0;xt < «T;xt = *t + 1){
xval = cplex.getValue(U [*p][*i][*t]);
outFile << 7U” <<7"p” << #p+1 << <<V << H 1 << <Y <<kt 1 <<
77 << xval << endl;
}
}
}

outFile << endl;

outFile << ” Reorderpoint forproductpintheretailer /warehousei” << endl;

for(xp = 0;%p < *P;*p = *p + 1){
for(xi = 0;%i < xI;xi = xi + 1){
xval = cplex.getV alue(SL[xp|[xi]);
outFlile << 7SL” <<7"p" << *xp+1 << << << xi+ 1 << << xval << endl;
}
}

outFile << endl;

outFile << ”Order — up — tolevel forproductpintheretailer /warehousei” << endl;

for(xp = 0;xp < *P;*p = xp+ 1){

for(xi = 0;%i < *I;%i = xi + 1){
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xval = cplex.getV alue(SU [xp][xi]);

outFile <<7SU” <<7"p” << ap+1 << << << i+ 1 << 7,7 << xval << endl;
}

}

outFile << endl;
outFile << ” Amounto fproductpdeliveredtocustomersinretailer /warehousesiteiattimeperiodt, whichisyp

endl;

for(xp = 0;%p < *P;*p = xp + 1){
for(xi = 0;%i < xI;xi = xi + 1){
for(xr = 0;*r < «T;xr = xr + 1){
for(xt = 0;xt < «T;xt = *t + 1){
if (xr <= xt){
sval = cplex.getV alue(dl[p][*i][+r][xt]);
outFile << 7dl” <<7p” << xp+1 << << << HH1 << << << Hr 41 <<

TP <<t 4+ 1 << 77 << wval << endl;

— e e

outFile << endl;
outF'ile << ” Numbero flivestocktransportedtoabattoira frombreedingcenterbattimeperiodt” <<

endl;

for(xb = 0;xb < *B;*b = xb+ 1){

for(xa = 0;xa < xA;xa = xa + 1){
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for(xp = 0;%p < *P;*p = xp + 1){

for(xt = 0;xt < *T;*t = *xt + 1){

xval = cplex.getV alue(W [xb][*a][*p][*t]);

outFile << 7?W” << 7’ << #b+1 << << 7a” << *xa+1 << << 7p” <<

w4+ 1 << << << x4+ 1 << << xval << endl,

}
}
}
}

outFile << endl;

outFile << ” Retaileri’ son—handinventoryo fproductpatthebeginningo ftimeperiodt, producedintimepers

endl;

for(xp = 0;xp < xP;*p = *p + 1){
for(xi = 0;%i < x[;%i = xi + 1){
for(xr = 0;*r < «T;%r = *r + 1){
for(xt = 0;%t < *T;*t = *xt + 1){
if (xr <= *t){
xval = cplex.getV alue(Ib[xp][xi|[xr][xt]);
outFlile << IV <<7p” << #p+1 <<7”7 << << xi+H1 << << << xr 41 <<

T LT << x4+ 1 << << wval << endl;

— e e

outFile << endl;
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outFile << ” Retaileri' son—handinventoryo fproductpattheendo ftimeperiodt, producedintimeperiodr” <

endl;

for(xp = 0;%p < *P;*p = xp + 1){
for(xi = 0;%i < xI;xi = xi + 1){
for(xr = 0;%r < «T;xr = *r + 1){
for(xt = 0;xt < «T;xt = *t + 1){
if (xr <= *t){
sval = cplex.getV alue(Ielxp|[xi][xr]|[xt]);
outFile << 7Ie” <<7p” << *xp+1 <77 << << K1 << << << xr 1 <<

TP <<t 4+ 1 << )7 << wval << endl;

— e e

outFile << endl;

outF'ile << 7 Lost — salequantityo fproductp fordemandintimeperiodtandretaileri.” <<

endl;

for(xp = 0;xp < xP;*p = #p + 1){
for(xi = 0;%1 < *xI[;%i = xi + 1){
for(xt = 0;%t < «T;xt = *t 4+ 1){
xval = cplex.getV alue( Lk[xp][*i][*t]);
outFile << "LK” << 7P’ << #p+1 << << 77 <<+ 1 << << <<
w41 << << sxval << endl;
}
}
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//closethe file

outFile.close();

}

catch(IloException&ex){

cerr << Error:” << ex << endl;

}
catch(...){

cerr << Error’ << endl;

}

voidfreeData(){

template < typenamel >

T x xAllocate Dynamic2D ArrayCSTY LE (intnRows, intnCols){

int x m = newint(0);

T * xdynamicArray;

dynamicArray = (T * x)calloc(nRows, sizeof (T'x));
for(xm = 0;%xm < nRows; *m = xm + 1)

{

dynamicArray[xm] = (Tx)calloc(nCols, sizeof(T));

}
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return(dynamicArray);

free(m);

template < typenamel >

voidFreeDynamic2D ArrayCSTY LE (T * xdArray, intnRows, intnCols){

int * m = newint(0);

for(xm = 0;*m < nRows;*m = xm + 1)

{
free(dArray[+m));

}
free(dArray);

free(m);

int % create;ntyector(intdim)

{

int x ptr;

if ((ptr = (intx)calloc(dim, sizeof (int))) == NULL){
print f(” Error : Memoriainsuficiente”);

exit(8);

}

returnptr;

free(ptr);
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longdouble * creategouble,ector(intdim)

{

longdouble * ptr;

if((ptr = (longdoublex)calloc(dim, sizeof (longdouble))) == NULL){
printf(” : Memoriainsuficiente”);

exit(8);

}

returnptr;

free(ptr);

template < typenamel >

T * % % Allocate Dynamic3D ArrayC STY LE(intnRows, intnCols, intnDep){

int x m = newint(0);

int x i = newint(0);

T * * * dynamicArray;

dynamicArray = (T * xx)calloc(nRows, sizeof (T * *));
for(xm = 0;*m < nRows;*m = xm + 1)
{
dynamicArray[xm| = (T * x)calloc(nCols, sizeof (Tx));
for(xi = 0;%i < nCols;*i = *i + 1)
{

dynamicArray[sm|[xi] = (Tx)calloc(nDep, sizeof(T));
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}
}

return(dynamicArray);

free(m);
free(i);
}

template < typenamel >

voidFreeDynamic3D ArrayCSTY LE(T * x x dArray, intnRows, intnCols, intnDep){

int * m = newint(0);

int x i = newint(0);

for(xm = 0;*m < nRows;*m = xm + 1)
{
for(xi = 0;%i < nCols;*i = xi + 1)
{
free(dArray[+m]|[xi]);

}
free(dArray[+m));

}
free(dArray);

free(m);
free(i);
}

template < typenamel >
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T * Allocate Dynamicl D ArrayCSTY LE (intnRows){

T x dynamicArray;

dynamicArray = (Tx)calloc(nRows, sizeof(T));

return(dynamicArray);

template < typenamel >

voidFreeDynamicl D ArrayCSTY LE(T * dArray, intn Rows){
free(dArray);

}
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Appendix D

D.1 Phase 2 model code in Concert Technology in CPLEX:

#include < ilcplex [ilocplex.h >

ILOSTLBEGIN

#include < vector >
#include < fstream >

#include < iostream >

int % create;ntyector(intdim);

longdouble * creategoubleyector(intdim);

template < typenameT >
T x * % Allocate Dynamic3D ArrayCSTY LE(intnRows, intnCols, intnDep);
template < typenamel >
voidFree Dynamic3D ArrayCSTY LE(T x * x dArray, intn Rows, intnCols, intnDep);
template < typenamel >
T x Allocate Dynamicl D ArrayCSTY LE(intnRows);
template < typenamel >
voidFree Dynamicl D ArrayCSTY LE(T x dArray, intn Rows);

template < typenamel >
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T * xAllocate Dynamic2D ArrayCSTY LE (intnRows, intnCols);
template < typenamel >
voidFree Dynamic2D ArrayC STY LE(T  xdArray, intn Rows, intnCols);

//WriteaM I P Model forthein formationgivenbelow

int x N = newint(4);
int x C' = newint(6);
int x S = newint(9);

int x K = newint(5);

int x O;
int x Dy;
int * C;
int x We;
int x *x Lamda,s;
int * Og;
int x Dg;
double x Taug;
double x Targ;
double x xTduyc;
double *x Fy;
double x xT_s;

int * xdyc;

int x Bigyum = newint(100000);
voidreadDatal();
voidfreeData();

voidCallpptimizaer();

120



of streamoutput(” Result.csv”);

intmain(intarge, char x xargov)

readDatal();

Callpptimizaer();

freeData();

return0;

voidCallpptimizaer(){

IloEnvenu;

/ * IloNumstartTime; x/

try{

longdouble x maz ErrDe fault = newlongdouble(le — 6);

timeystart, end,

start = clock();

IloModel MODEL(env);

int x i = newint(0);
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int * j = newint(0);
int x m = newint(0);

int x z = newint(0);

double x totalime = newdouble(0);

charvarName[100];

TIoArray < IloArray < IloBoolVarArray >> X (env,*xK);

for(xi = 0;xi < *K;%i = xi + 1){
X|[xi] = IloArray < IloBoolVarArray > (env, *C);
for(xj =0;%j < xC;xj =*j + 1){
X [xi][*j] = I[loBoolV ar Array(env, *S);
}
}

for(xi = 0;xi < xK;xi =i+ 1){
for(xj = 0;xj < *Cixj =x*j + 1){
for(xm = 0;%xm < xS;xm = xm + 1){
sprint f (var Name,” X k%dc%ds%d” , «i + 1,%j + 1,%m + 1);
X [xi][xj][*m].set Name(var N ame);
}
}
}

IloBoolVarArrayY (env, xS);

for(xi = 0;%i < xS;*i = *i 4+ 1){
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sprintf(varName,”Y s%d”, *i + 1);

Y [xi].set Name(var N ame);

}

IloExprOBJ(env);

For(si = 0y i < *K; i = %i + 1){
for(xj = 0;%j < *C; xj = #j + 1){
for(xm = 0;xm < %S;%m = xm + 1){
OBJ+ = Tes[xj][+m] + X[xi] [+][+m];
}

}
}

for(xi = 0;xi < xS;*i = *i + 1){
OBJ+ = Fy[xi] % Y[xi];
}

MODEL.add(IloMinimize(env, OBJ));

IloExprC1y(env);
for(xi = 0;%i < xK;xi = xi + 1){
for(xj = 0;xj < *Cixj = *j + 1){
for(xm = 0;xm < xN;*xm = sxm + 1){

if (xm + 1 == O[*i]){

for(xz = 0;%z < *S; %z = xz + 1){
$£(Oy#2] == wm + 1){

Oyt = dellng) * Lamdacslef][ez] » X[l ef][2]
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}

if (Ds[xz] == +m + 1){

C1li— = dyc|[xi][*j] * Lamdac.s[*j][xz] * X [*i][*]][*z];
}

}
sprint f(var Name,” C11.k%dc%dn%d” , i + 1,xj + 1, xm + 1);

C1,.set Name(var Name);

IloConstraintc(C1ly == 1 * dyc[*i][xj]);
c.setName(var Name);

MODEL.add(c); for(xi = 0;%i < «I;%i = i + 1){
C1ly.end(); cout << Ggil*a][*i] << ”7;

C1y = IloExpr(env); }

H
}
}
}
IloExprCla(env);

for(xi = 0;%i < *K;*i = i+ 1){
for(xj = 0;%j < *C;xj =5+ 1){
for(xm = 0;%xm < *xN;*xm = xm + 1){

if (x*m 4+ 1 == Dg[*i]){

for(xz = 0;%z < xSz = %z + 1){
if(Oy[2] == xm + 1){
Clot = dyel*i][+j] * Lamdacs[*j][*z] + X [«i][x5][+2];
}
if (Dy[#2] == *m + 1){
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Clo— = dyc[xi][xj] * Lamdac.s[*j][xz] * X [*i][*]][*z];
}
}

sprint f (var Name,” Cla.k%dc%dn%d” , xi + 1, x5 + 1, %xm + 1);
C1ly.set Name(var Name);

IloConstrainte(Cle == —1 * dic[*i|[*j]);

c.setName(var Name);

MODEL.add(c);

Cla.end();

C1ly = IloExpr(env);

}
}
}
}
IoExprCls(env);

for(xi = 0;%1 < xK;xi = xi + 1){
Jor(xj = 0;5%) <*Cixj = =j+ 1){
for(xm = 0;%m < *N;*m = xm + 1){

if(xm + 1! = Dy [*i]&& * m + 1! = Oy [*i]){

for(xz = 0;%z < xS; %2 = %z + 1){cout << UC,b[*p][+b] << ";
if(Os[*xz] == *m + 1){}
Cls+ = dyc[i][«]] * Lamdacs[«j][x2] * X [«i][x]][*z]; cout << endl;
}
if (Ds[x2] == #m + 1){
Cla— = dye[i][%]] * Lamda,s[+j][2] * X [xi][+]][*2];

}
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}

sprint f(var Name,” Cl3.k%dc%dn%d” , i + 1,%j + 1, *m + 1);
C1ly.set Name(var Name);

IloConstraintc(Cls == 0);

c.set Name(var Name);

MODEL.add(c);

Cly.end();

Cly = IloExpr(env);

}
}
}
}
IloExprC2(env);

for(xi = 0;xi < xS;%i = *i + 1){

for(xj = 0;%) < *K;%j = *j + 1){
for(xm = 0;%xm < xC;*m = *m + 1){
O+ = Wefs] » dicliej]im] » X [if]srm] 1]

}

C2.setName(var Name); cout << Hpi[p][*i] << 7”;
IloConstraintc(C2 <= Cs[*i] * Y[*i]); }
c.set Name(var Name); cout << endl;
MODEL.add(c);
C2.end();
C2 = lloExpr(env);
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THoExzprC3(env);
for(xi = 0;%i < *xK;*i = xi + 1){
for(xj = 0;xj < *C;xj = xj+ 1){
for(xm = 0;*m < xN;*xm = sxm + 1){

if(xm+ 1 == Og[*i]){

for(xz = 0;%z < %S; %z = xz + 1){
if (Os[z] == #m + 1){
O3+ = Tau,[*z] * Lamdacs[xj][x2] * X [xi][x]] [+2];
1
}

sprint f(var Name,” C3.k%dc%dn%d” , xi + 1,%j + 1,%*m + 1);
C3.set Name(var Name);

IloConstraintc(C3 >= 0);

c.setName(var Name);

MODEL.add(c);

C3.end();

C3 = IloExpr(env);

IloExprC4(env);
for(xi = 0;%1 < *xK;%i = %1 + 1){

for(xj = 0;%j < *C;xj =*j + 1){
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for(xm = 0;%m < *N;*m = xm + 1){

if (sm + 1 == Dg[xil){

for(xz = 0;%2 < xS;xz = x2 + 1){
if(Dsl[*2] == *m + 1){
C3+ = Tars[xz] * Lamdacs[*j][xz] * X [*i][xj][*z];
}
}

sprint f(var Name,” C4.k%dc%dn%d” , xi + 1,%j + 1,%xm + 1);
C4.setName(var Name);

IloConstraintc(C4 <= Tdugc|*i][*j]);

c.setName(var Name);

MODEL.add(c);

C4.end();

C4 = lloExpr(env);

IloCplexcplex(MODEL);

/ * cplex.set Param(IloCplex :: TiLim, 60); x/

/ * eplex.setOut(env.get NullStream()); /
cplex.extract(MODEL);
/ * cplex.exportModel(" MODELL.alp”); */
/ * cplex.exportModel(" MODELL.RLP”);x/
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eplex.exportModel(” MODELL.lp”);
/ * cplex.exportModel(" MODELL.sav”); */

cplex.set Param(IloCplex :: Param :: Emphasis :: MIP,4);
/ * cplex.set Param(IloCplex :: Param :: MIP :: Limits :: Nodes, 5000); /

cplex.solve();
output << cplex.getObjValue() << endl;
end = clock();

for(xi = 0;xi < xK;xi = i + 1){
for(xj = 0;%j < xC;xj =*j + 1){
for(xm = 0;xm < xS;*m = xm + 1){
if(cplex.getValue(X [xi][xj][*m]) == 1){
output << *i + 1 <<7” << #j+1 << << xm 41 << << << endl

}
}
}
}
output << endl;

for(xi = 0;%i < %S5 %1 = *i + 1){
if (eplex.getValue(Y [xi]) == 1){
output << *xi + 1 << endl;
}
}
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output << endl;

for(xi = 0;xi < xK;%i =i + 1){
for(xj = 0;xj < *Csxj = xj+ 1){
for(xm = 0;%xm < xS;xm = xm + 1){

if(cplex.getValue(X [xi][xj][*m]) == 1){

output << xi + 1 << endl;

env.end();

free(i);
free(s);

free(m);

catch(IloException&ex){

cerr << Error:” << ex << endl;

}
catch(...){

cerr << Error” << endl;

}

Ffor(xa = 0;%a < xA;xa = *a + 1){

voidreadData(){cout << Qgt[xa][xt] << 77,

130



int x i = newint(0); }
int x j = newint(0);

int x k = newint(0);

Oy = Allocate DynamiclD ArrayCSTY LE < int > (xK);
Dy, = AllocateDynamicl DArrayCSTY LE < int > (xK);

Cs = Allocate Dynamicl D ArrayCSTY LE < int > (xS);
W, = Allocate DynamiclD ArrayCSTY LE < int > (xC);

Lamda.s = Allocate Dynamic2D ArrayCSTY LE < int > (xC, xS);

Os = Allocate Dynamicl D ArrayCSTY LE < int > (x5);
D, = Allocate Dynamicl D ArrayCSTY LE < int > (xS);

Taus = Allocate Dynamicl D ArrayCSTY LE < double > (xS);
Tars = Allocate DynamiclD ArrayCSTY LE < double > (xS);

Tdugc = Allocate Dynamic2D ArrayCSTY LE < double > (xK,*C');

Fs = Allocate Dynamicl D ArrayCSTY LE < double > (x5);

T.s = Allocate Dynamic2D ArrayCSTY LE < double > (xC, S);
drc = Allocate Dynamic2D ArrayCSTY LE < int > (xK, *(C);

/ * readdata * /

ifstreamin(” Dataget.txt”);
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n >> *xN;
in >> xC}
mn >> x5

in >> xK;

cout << PVISNTANCE :7 << 77 << N <<77 << #C << << #8 << <<

* K << endl;

for(xi = 0;xi < xK;%i = i + 1){
in >> Og[*i] >> Dy[xi];

}

[ * for(xi = 0; %1 < K ;*i = xi + 1){
cout << Og*i] << << Dy[*i] << endl;

b/

for(xi = 0;%i < %S;%i = *i + 1){
in >> Cy[*1];

}

[ * for(xi = 0;%i < %S;xi = xi + 1){
cout << Cy[xi] << endl;
}
y
for(xi = 0; %1 < *xC;*i = i + 1){
in >> W,[*i];
}
[ * for(xi = 0;%i < %C;xi = *i + 1){

cout << We[xi] << endl;
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b/

for(xi = 0;xi < xC;*i = *i 4+ 1){
for(xj = 0;%j < *xS;xj = x5 + 1){
in >> Lamda.s[*i][*]];

}
}

[ * for(xi = 0;%i < xC;*i = *i 4+ 1){

fOT(*j = 0;*j < *S;*j = *] + 1){
cout << Lamda,s[xi|[xj] <<77;

}

cout << endl;*/

for(xi = 0;xi < xS;*i = *i + 1){
in >> Og[xi| >> Dg[xi;
}
[ * for(xi = 0;%i < *S;%i = *i + 1){
cout << Og[*i] << << Dg|*il;

cout << endl,;

b/

for(xi = 0;xi < %S5 %1 = *i + 1){
in >> Taug[xt] >> Targ[xil;
}
/% for(xi = 0;%i < %S;%i = *i + 1){
cout << Taug[xi] << 7" << Targ[*i];

cout << endl;

b/
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for(xi = 0;xi < xK;xi =i + 1){
for(xj =055 < #Cixj = xj + 1){
in >> T'dugc[*i][*j];

}

}

[ for(xi = 0;%i < xK;*i = xi + 1){
for(xj = 0;%j < xC;xj = xj + 1){
cout << Tdugc[xi][xj] << "”;

}

cout << endl;

b/

for(xi = 0;xi < xS;*i = *i + 1){
in >> Fy[i];
}
[ * for(xi = 0;%i < *S;%i = xi + 1){
cout << Fs[xi] << endl;

b/

for(xi = 0;xi < xC;*i = *i + 1){
for(xj = 0;%j < xS;%j = *j + 1){
in >> Tes[xi][*j];

}
}

[ * for(xi = 0;%i < *C;*i = *i + 1){
for(xj = 0;x) < *S;xj = xj + 1){

cout << Tes[xi][xj] << 77;
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}

cout << endl;

b/

for(xi = 0;xi < *K;%i = xi + 1){
for(xj =0;%j < *C5xj =*j + 1){
in >> dyc[xt][*j];

}
}

[ * for(xi = 0;%i < xK;*i = *i + 1){
for(xj =0;%j < *C;xj =5+ 1){
cout << dye[xi][xj] << 7;
}
cout << endl;
b/
}

voidfreeData(){

FreeDynamicl D ArrayCSTY LE(Oy, xK);
FreeDynamicl1DArrayCSTY LE(Dy, +*K);
FreeDynamicl D ArrayCSTY LE(Cs, xS);
FreeDynamiclDArrayCSTY LE(W,, *C);
FreeDynamic2D ArrayCSTY LE(Lamda.s, *C, *S);
FreeDynamiclDArrayCSTY LE(Og, xS);
FreeDynamiclDArrayCSTY LE(Dg, %S);
FreeDynamiclDArrayCSTY LE(Taus, *S);

(

FreeDynamiclDArrayCSTY LE(Targ, xS);
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FreeDynamic2D ArrayCSTY LE(Tduyc, K, xC);

(
FreeDynamiclDArrayCSTY LE(Fs, xS);

FreeDynamic2D ArrayCSTY LE(T.s, «xC, xS);
FreeDynamic2D ArrayCSTY LE(dgc, xK, xC');

template < typenameT >
T x x Allocate Dynamic2D ArrayC STY LE (intnRows, intnCols){

int * m = newint(0);
T *x xdynamicArray;
dynamicArray = (T * x)calloc(nRows, sizeof (T*));

for(xm = 0;*m < nRows;*m = xm + 1)

{

dynamicArray[«m] = (T*)calloc(nCols, sizeof(T));

}

return(dynamicArray);

free(m);

template < typenameT >

voidFree Dynamic2D ArrayCSTY LE(T x xdArray, intn Rows, intnCols){

int x m = newint(0);
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for(xm = 0;*m < nRows; *m = sm + 1)

{
free(dArray[+m));

}
free(dArray);

free(m);

int % create;ntyector(intdim)

{

int % ptr;

if ((ptr = (intx)calloc(dim, sizeof (int))) == NULL){
printf(” : Memoriainsuficiente”);

exit(8);

}

returnptr;

free(ptr);

longdouble * creategouble,ector(intdim)

{

longdouble * ptr;

if ((ptr = (longdoublex)calloc(dim, sizeof (longdouble))) == NULL){
printf(” : Memoriainsuficiente”);

exit(8);

}

returnptr;
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free(ptr);

template < typenameT >
T x % x Allocate Dynamic3D ArrayC STY LE(intnRows, intnCols, intnDep){

int x m = newint(0);

int x i = newint(0);

T * * * dynamicArray;

dynamicArray = (T * xx)calloc(nRows, sizeof (T * x));
for(xm = 0;%xm < nRows; *m = xm + 1)
{
dynamicArray[xm| = (T x x)calloc(nCols, sizeof (Tx));
for(xi = 0;%i < nCols;*i = *i + 1)
{
dynamicArray[xm][xi| = (Tx)calloc(nDep, sizeof(T'));
}
}

return(dynamicArray);

free(m);
free(d);
}

template < typenameT >
voidFreeDynamic3D ArrayCSTY LE(T * x x dArray, intnRows, intnCols, intnDep){
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int x m = newint(0);

int x i = newint(0);

for(xm = 0;*m < nRows;*m = xm + 1)
{
for(xi = 0;%i < nCols;*i = *i + 1)
{
free(dArray[+m][xi]);

}
free(dArray[+m));

}
free(dArray);

free(m);
free(d);
}

template < typenameT >

T x Allocate Dynamicl D ArrayCSTY LE(intnRows){

T x dynamicArray;

dynamicArray = (Tx)calloc(nRows, sizeof(T));

return(dynamicArray);

template < typenameT >

voidFreeDynamicl D ArrayCSTY LE(T * dArray, intn Rows){
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free(dArray);
}

OBJ— = Gil*a)[*i] * Z[xa][*i];

for(xp = 0;%p < xP;*p = xp + 1){
for(xb=0;xb < xB;*xb = xb+ 1){
for(xa = 0;xa < *A;xa = xa + 1){
for(xr = 0;xr < *T';xr = xr 4+ 1){
OBJ— = UC,b[*p][xb] * W [*b][xa] [xp][*r];
}

}

}

}

for(xp = 0;xp < *P;*p = xp + 1){
for(xb = 0;xb < *B;*b = %b+ 1){
for(xa = 0;xa < *A;xa = xa + 1){
for(xr = 0;xr < *T';xr = xr + 1){
OBJ— = T Lyal*b][xa] x W [xb|[xa] [*p] [*r];
}

}

}

}
for(xp = 0;%p < *P;*p = #p + 1){

for(xa = 0;xa < xA;xa = xa + 1){
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for(xi = 0;%1 < xI;xi = xi + 1){
for(xr = 0;%r < «T;xr = xr + 1){
OBJ— = TCyi[xa|[xi] * X [xp][*a][*i][*r];

}

}

}

for(sp = 05 5p < +Pixp = xp + 1){
for(xa = 0;xa < xA;xa = xa + 1){
For(xi = 0; i < I;%i = xi + 1){
for(sr = 0yxr < #T 1 = s + 1){
OB.J— = HLy[#a] * X [#p][#a][#]["]:
}

}
}
}

for(xp = 0;xp < xP;xp = xp + 1){
for(xi = 0;xi < #I;%i = i + 1){
for(sr = 0yxr < #T 51 = 51 + 1){
for(xt = 0;xt < Tt = xt + 1){
if (xr <= xt){
OBJ— = Hyilsp|[¥i] * (1 — Byrt[p][sr][t]) * Te[xp][xi] [#r][xt];
}

}
}
}
}
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for(xp = 0;%p < *P;*p = xp + 1){
for(xi = 0;%i < *I;%i = xi + 1){
for(xr = 0;%r < «T;xr = xr + 1){
For(xt = 0y#t < «Ty#t = #t + 1){
if (xr <= xt){
OBJ— = «E x Byrt[xp|[xr][xt] x Te[xp][*i][xr][xt];
}

}
}
}
}

for(xp = 0;%p < *P;*p = *xp + 1){
for(xi = 0;%1 < *I;%i = xi + 1){
for(xt = 0;xt < «T;xt = xt + 1){

OBJ— = xL x Lk[xp][*i][*t];

for(xp = 0;%p < *xP;*p = *xp + 1){
for(xi = 0;%1 < xI;%i = xi + 1){

for(xt = 0;%t < «T';xt = *t + 1){

OBJ— = «FO % Y [xp][*i][+t];
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MODEL1.add(IloMazximize(env, OBJ));

IloExprC1l(env);

for(xa = 0;xa < *xA;xa = xa + 1){

for(xb = 0;xb < *xB; b = xb + 1){
Cl+ = O[«b][*al;
}
sprint f (var Name,” C1.a%d” , xa + 1);
C1l.setName(varName);
IloConstraintc(C1l == 1);
c.setName(var Name);
MODEL1.add(c);
Cl.end();
C1 = lloExpr(env);

}
IloExprC2(env);
for(xi = 0;xi < *I;*i = i + 1){
for(xa = 0;xa < xA;*xa = xa + 1){
C2+ = Z[*a][*i;
}

sprint f (var Name,” C2.i%d” | i + 1);

C2.setName(var Name);
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IloConstraintc(C2 == 1);
c.set Name(var Name);
MODEL1.add(c);
C2.end();

C2 = IloExpr(env);

}

TIoExzprC3(env);
(xp = 0;%p < *P;*xp = #p + 1){

for(xi = 0;%i < xI;xi = xi + 1){

for(xr = 0;xr < «T;*r = xr + 1){

for(xt = 0;%t < *T;*t = *xt + 1){

if (xr == xt){

C3 = Ib[*p|[*i][+r][*t];

sprint f (var Name,” C3.p%diC3.setName(varName);
IloConstraint ¢(C3 == 0);

c.setName(varName);

MODELL1.add(c);

C3.end();

C3 = ToExpr(env);
}
}
}
}
}

IloExpr C4(env);
for (*p = 0; *p | *P; *p = *p + 1){
for (i = 0; % | *I; ¥ = i + 1){

for (*r = 0; *r | *T; *r = *r 4+ 1){
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for (*t = 0; *t | *T; *t = *t + 1){

if (*r == *t){

for (*a = 0; *a | *A; *a = *a + 1){

Ao T T Ol T T O R T e T R TR TR TR R I
C4 += X[*p|[*a][*]][*r];

}

C4 -= d[*p] [*i][*r][*t];

sprintf(varName, ”C4.pC4.set Name(var Name);
IloConstraintc(C4 == Ie[*p|[xi][*r|[xt]);
c.setName(var Name);

MODEL1.add(c);

C4.end();

C4 = lloExpr(env);

}
}
}
}
}
IloBExprC5(env);
for

(xp = 03xp < xPyxp = xp + 1){

for(xi = 0;%i < xI;xi = xi + 1){

for(xr = 0;%r < «T;xr = xr + 1){
(

for(xt = 0;%t < «T;xt = *t 4+ 1){

for(xa = 0;xa < *xA;xa = xa + 1){
O+ = X [sp] [ [] ]

}
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for(xe = *r;xe <= *t;xe = xe + 1){
C5— = dl[sp|[xi][*r][*e];

1

for(xe = *r;xe < xt;xe = xe + 1){

Cb— = Byrt[xp|[xr][xe] x Te[xp][xi]|[r][xe];

}

sprint f (var Name,” C5.p%di%dr %dt%d” , «p + 1, xi + 1, xr + 1, %t + 1);
C5.set Name(var N ame);
IloConstraintc(C5 == Ie[xp][xi][xr]|[xt]);
c.setName(var Name);
MODEL1.add(c);
Cb.end();
C5 = lloExpr(env);

— e e

TIloExprC6(env);
for(xp = 0;%p < xP;*p = *p + 1){
for(xi = 0;%i < *xI[;%i = xi + 1){
for(xr = 0;%r < «T;xr = xr + 1){
(

for(xt = 0;%t < «T';xt = xt + 1){

for(xa = 0;xa < xA;xa = xa + 1){
C6+ = X [« ][] ]

}
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for(xe = xr;xe < xt;xe = xe 4+ 1){

C6— = (dl[sp][xi][xr][xe] + Bprt[xp]|[xr|[xe]  Te[xp][xi][xr][xe]);

}

sprint f (var Name,” C6.p%di%dr%dt%d” , «p + 1, xi + 1, *r + 1, %t + 1);
C6.set Name(var N ame);

IloConstraintc(C6 == Ib[xp][*i][xr][*t]);

c.setName(var Name);

MODEL1.add(c);

C6.end();

C6 = lloExpr(env);

—— e e

IloExprCT(env);
for(xp = 0;%p < xP;*p = *xp + 1){
for(xi = 0;%1 < *xI;%i = xi + 1){
for(xt = 0;%t < *T;*t = *xt + 1){
for(xr = 0;%r <= xt;*r = *r + 1){
CT+ = (dl[xp][xi][*r][xt]);
}
CT+4 = Lk[xp][xi][«t];
sprint f(var Name,” CT.p%di%dt%d” , xp + 1, i + 1, xt + 1);
C'7.set Name(var N ame);
IloConstraintc(CT == dyit[p][*i][*t]);

c.set Name(var Name);
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MODEL1.add(c);
CT7.end();
C7 = IloExpr(env);

TIloExprC8(env);
for(xp =0;%p < *P;xp = xp + 1){
for(xi = 0;%1 < *x[;%i = xi + 1){
for(xt = 0;%t < *T;*t = *xt + 1){
for(xr = 0;%r <= xt;xr = xr + 1){
C8+ = Ib[xp][xi][*r][*t];
}
for(xa = 0;xa < *A;xa = *a + 1){
for(xe = xt;xe <= xt + «LT — 1;%e = xe + 1){
C8+ = X [xp|[*xa][*i][xe];
}
}
C8— = «M = (1 — Y [xp|[*i][*t]);
sprint f (var Name,” C8.p%di%dt%d” , xp + 1, %i + 1, xt + 1);
C8.setName(var Name);
IloConstraintc(C8 <= (SL[*p|[xi] — xc));
c.set Name(var Name);
MODEL1.add(c);
C8.end();
C8 = lloExpr(env);

}
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IloExprC9(env);
for(xp = 0;%p < xP;*p = *xp + 1){
for(xi = 0;%1 < *I;%i = xi + 1){
for(xt = 0;xt < «T;xt = *t + 1){
for(xr = 0;%r <= xt;*r = *xr + 1){
C9+ = Ib[*p][xi][xr][*t];
}
for(xa = 0;xa < xA;xa = xa + 1){

for(xe = xt;xe <= *t + «LT — 1;%e = xe + 1){

C9+ = X[xp][xa] [xi][*e];
}
}
C9+ = M * Y [xp][*i][+t];
sprint f(varName,” C9.p%di%dt%d” , «p + 1, i + 1, %t + 1);
C9.set Name(var N ame);
IloConstraintc(C9 >= (SL[xp][*i] — *c));
c.setName(var Name);
MODEL1.add(c);
C9.end();
C9 = lloExpr(env);
}
}
}

IoExzprC10(env);
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for(xp = 0;%p < xP;xp = *p + 1){
for(xa = 0;xa < xA;xa = xa + 1){
for(xi = 0;%1 < xI;%i = xi + 1){

for(xt = 0;xt < «T — 1;xt = *t + 1){//checkwithwalaa

C10 = X [*p][xa][*i][xt + = LT];

sprint f(var Name,” C10.p%da%di%dt%d” , «p + 1, xa + 1, %i + 1, %t + 1);
C10.set Name(var Name);

IloConstraintc(C10 <= *xM * Y [xp][*i][t]);

c.setName(var Name);

MODEL1.add(c);

C10.end();

C10 = IloExpr(env);

}
}
}
}

IloExprC11(env);
for(xp = 0;%p < xP;*p = *p + 1){
For(xi = 0;%i < +I;%i = %i + 1){
for(xt = 0;xt < «T — 1;xt = *t + 1){//checkwithwalaa
for(xa = 0;xa < xA;xa = xa + 1){
C11+ = X [xp]|[*a][i][*t + *LT];
}
C11+4+ = *M = (1 — Y [xp][*7][*t]);
for(xr = 0;%r <= xt;*r = *xr + 1){
C11+4 = Ib[*p][*i][*r][xt];
}

for(xa = 0;xa < xA;xa = xa + 1){

150



for(xe = xt;xe <= xt ++LT — 1;xe = xe + 1){
C11+ = X [xp]|[*a][*i][*e];

}

}

sprint f (var Name,” C11.p%di%dt%d” , «p + 1,*i + 1, xt + 1);
C1l.setName(var Name);
IloConstraintc(C11 >= SU|[xp][*1]);

c.set Name(var Name);

MODEL1.add(c);

C1l.end();

C11 = lloExpr(env);

}
}
}

HloExprC12(env);
for(xp = 0;%p < xP;*xp = *xp + 1){
for(xi = 0;%1 < *I;%i = xi + 1){
for(xt = 0;%t < T — 1;xt = xt + 1){
for(xa = 0;xa < *A;xa = xa + 1){
C12+ = X [xp|[xa][«i][xt + *LT7;
}
for(xr = 0;%xr <= xt;*r = *r + 1){
C12+ = Ib[*p][*i][*r][xt];
}
for(xa = 0;xa < *A;xa = xa + 1){
for(xe = xt;xe <= xt + «LT — 1;%e = xe + 1){
C12+ = X [xp|[*xa][*i][xe];

}
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}

sprint f (var Name,” C12.p%di%dt%d” , xp + 1,*i + 1, xt + 1);
C12.setName(var Name);

IloConstraintc(C12 <= SU [xp][*i]);

c.set Name(var Name);

MODEL1.add(c);

C12.end();

C12 = [loExpr(env);

}

}

}

IloExprC13(env);
for(xa = 0;xa < *A;xa = xa + 1){

for(xt = 0;%t < *T;*t = *xt + 1){

for(xp = 0;%p < +P; ¥p = %p + 1){
for(xi = 0;%1 < *I;%i = xi + 1){
C13+ = XTxp][xa] [*i][*t];

}
}

sprint f (var Name,” C13.a%dt%d” , xa + 1, %t + 1);
C13.setName(var Name);

IloConstraintc(C13 <= Qqt[*a][*t]);

c.set Name(var Name);

MODEL1.add(c);

C13.end();

C13 = lloExpr(env);

}
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HoExprCl4(env);
for(xp = 0;%p < *P;*p = xp + 1){
for(xa = 0;xa < xA;xa = xa + 1){
for(xi = 0;%1 < *I;%i = xi + 1){
for(xt = 0;xt < «T;xt = *t + 1){
C14 = X [*p][xa][*1][*t];
sprint f(var Name,” C14.p%da%di%dt%d” , «p + 1, xa + 1, %i + 1, %t + 1);
C14.set Name(var Name);
IloConstraintc(C14 <= xM * Z[*a][*i]);
c.setName(var Name);
MODEL1.add(c);
Cl4.end();
C14 = [loExpr(env);

}
}
}
}

IloExprC15(env);
for(xb = 0;xb < *B;*b = xb+ 1){
for(xa = 0;xa < *A;xa = xa + 1){
for(xt = 0;%t < «T;xt = *t 4+ 1){
for(xp = 0;%p < xP;*p = *xp + 1){
C15 = W xb|[xa][*p] [xt];
}
sprint f (var Name,” C15.6%da%dt%d” , «b + 1, xa + 1, %t + 1);

C15.setName(var Name);
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IloConstraintc(C15 <= «M * O[xb][xa));
c.setName(var Name);
MODEL1.add(c);

C15.end();

C15 = IloExpr(env);

}

}

}

IloExprC16(env);
for(xp = 0;%p < xP;*xp = *xp + 1){
for(xi = 0;%1 < xI;%i = xi + 1){
for(xt = 0;xt < «T;xt = *t + 1){
for(xr = xt;xr <= xt;*xr = *r + 1){
C16+ = Ie[xp][*i][*r][t];
}
sprint f(var Name,” C16.p%di%dt%d” , xp + 1, i + 1, *t + 1);
C16.set Name(var Name);
IloConstraintc(C16 <= xM = U [xp][*i][xt]);
c.setName(var Name);
MODELI1.add(c);
C16.end();
C16 = IloExpr(env);
}
}
}

IloExprC17(env);

Jor(xp = 0;%p < *P;*p = #p + 1){
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for(xi = 0;%1 < xI;xi = xi + 1){

for(st = 0; %t < T+t = xt + 1){

for(xr = xt;xr <= *t;*r = xr + 1){

C17+ = Ie[xp][*i][*r][t];

}

sprint f(var Name,” C17.p%di%dt%d” , xp + 1, *i + 1, *t + 1);
C17.set Name(var Name);
IloConstraintc(C17 >= xc x U[*p|[*i][*t]);
c.setName(var Name);

MODEL1.add(c);

C17.end();

C17 = IloExpr(env);

}

}

}

IoExprC18(env);
for(sp = 05 5p < +Pixp = xp + 1){
for(xi = 0;%1 < *[;%i = xi + 1){
For(xt = 0; %t < +T' 5t = st + 1){
C18+ = Lk[*p][*t][*t];
sprint f (var Name,” C18.p%di%dt%d” , xp + 1,*i + 1, xt + 1);
C18.setName(var Name);
IloConstraintc(C18 <= *M x (1 — U [xp][*i][*t]));
c.setName(var Name);
MODEL1.add(c);
C18.end();
C18 = IloExpr(env);

}
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IloExprC19(env);
for(xp = 0yxp < xP;xp = #p + 1){
for(xa = 0;xa < xA;xa = xa + 1){

for(xt = 0;xt < «T;*t = xt + 1){

for(xb = 0;xb < *xB; b = xb + 1){
C19+ = W [xb][xa][*p][xt];
}

for(xi = 0;xi < *I;xi =i+ 1){
/ * cout << Yy,[*p] << endl; /
C19— = Yp[xp] = X [xp][xa][xi][xt];
}
sprint f (var Name,” C19.p%da%dt%d” , «p + 1, *a + 1, %t + 1);
C19.set Name(var Name);
IloConstraintc(C19 == 0);
c.setName(var Name);
MODEL1.add(c);
C19.end();
C19 = IloExpr(env);

}
¥
¥

IloExprC20(env);
for(xb = 0;xb < xB;*b = %b+ 1){
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for(xt = 0;xt < *T;*t = *xt + 1){
for(xa = 0;xa < xA;*xa = *a + 1){
for(xp = 0;%p < *P;*p = *p + 1){
C20+ = W [xb][xa] [+p][];

}

}

C20— = Cpt[«b][xt];
sprint f (var Name,” C20.0%dt%d”, b + 1, xt + 1);
C20.setName(var Name);
IloConstraintc(C20 <= 0);
c.setName(var Name);
MODEL1.add(c);

C20.end();

C20 = IloExpr(env);

}
}

IloExprC21(env);
for(xp = 0;%p < xP;*p = *p + 1){
For(xi = 0; i < #I;%i = %i + 1){
for(xt = 0;%t < *T;*t = *xt + 1){
if (+t <= +LT){
for(xa = 0;xa < *A;xa = *xa + 1){
C21+ = X [xp|[xa][*i][*t];
}
sprint f(var Name,” C21.p%di%dt%d” , xp + 1,*i + 1, *t + 1);
C21.set Name(varName);
IloConstraintc(C21 == Ib[xp][*i][0][*t]);

c.set Name(var Name);
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/ * MODELI1.add(c); */
C21.end();
C21 = IloExpr(env);

IloCplexcplex(MODEL);

/ * cplex.set Param(IloCplex :: TiLim, 60); x/

/ * eplex.setOut(env.get Null Stream()); /
cplex.extract(MODEL1);
/ x cplex.exportModel("” MODELL.alp”); */
/ * eplex.export Model(" MODELL.RLP”); */
eplex.exportModel(” MODELL.lp");
/ * eplex.exportModel(" MODELL.sav”); x/

eplex.setParam(IloCplex :: Param :: Emphasis :: MIP,4);
/ * cplex.set Param(IloCplex :: Param :: MIP :: Limits :: Nodes, 5000); /

cplex.solve();

//Createafilestreamobjectandcheckthatitopenedcorrectly
of streamoutFile(” Result.csv”);

if(loutFile.isopen())

{
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std :: cerr << Failedtoopenoutput file” << std :: endl;

}

float x val = new float(0);

outFile << cplex.getObjValue() << endl;

end = clock();

outFile << 7 = lifabattoir /slaughterhouseaisallocatedtobreeding/ f armcenterb, otherwise()” <<
endl;

for(xb = 0;xb < xB; b = xb + 1){
for(xa = 0;xa < *A;xa = xa + 1){
xval = cplex.getValue(O[*b][*a]);

outFile << 70”7 << << xb+1 << <<7a” << *xa+1 <<, << xval << endl;

}
}

outFile << endl;

outFile << = lifretailer /warehouseiisallocatedtoabattoir [ slaughterhousea, otherwise()’ <<
endl;

for(xa = 0;xa < %A;*xa = xa + 1){
for(xi = 0;%i < *x[;%i = xi + 1){
xval = cplex.getV alue(Z[xa][xi]);
outFlile << 77" <<7a” << *xa+1<<7” << << xi+ 1 << << xwval << endl;

}
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}

outF'ile << endl,;

outFile << ” Amounto fproductptransportedtoretaileri fromabattoiraattimeperiodt” <<

endl;

for(xp = 0;%p < *P;*p = xp + 1){
for(xa = 0;xa < xA;xa = xa + 1){
for(xi = 0;%1 < xI;%i = xi + 1){
for(xt = 0;xt < «T;xt = *t + 1){
xval = cplex.getV alue( X [xp]|[*a][*i][*t]);
outFile << 7 X7 << 7p” << xp+1 <<77 << 7 << xa+1 << << << i1 <<

LT << x4+ 1 << << wval << endl;

}
}
}
}
outFile << endl;
outFile << = lifretailer /warehouseimakesanorder f orproductpatthebeginningo ftimeperiodt, otherw
endl;

for(xp = 03xp < «Psxp = #p + 1){
for(xi = 0;%i < ;%1 = i+ 1){
for(xt = 0;xt < *T;*t = xt + 1){
xval = cplex.getValue(Y [xp][*i][*t]);
outFile <<7Y7 <<7p” << xp+1 << << << i1 << KT <<kt 1 <<

77 << sval << endl;

}
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}

outFile << endl;

outFile << 7 = lwhentheon—handinventoryinretailer /warehousei ssite f orproductpisabovezeroattl
endl;

for(xp = 0;xp < xP;*p = *p + 1){
for(xi = 0;%i < x[;%i = xi + 1){
for(xt = 0;xt < *«T;*t = *xt + 1){
xval = cplex.getValue(U [*p][*t][*t]);
outFile <<7U” << 7P’ << #p+1 << <<V <<+ 1 << KT <<kt 1 <<
77 << xval << endl;
}

}
}

outFile << endl;

outFile << ” Reorderpoint forproductpintheretailer /warehousei” << endl;

for(xp = 0;xp < xP;*p = *p + 1){
for(xi = 0;%1 < *xI[;%i = xi + 1){
xval = cplex.getValue(SL[xp|[xi]);
outFile <<7SL” <<7p” <<xp+1 << << <<+ 1 <<7)7 << xval << endl;
}
}

outFile << endl;
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outFile << ”Order — up — tolevel forproductpintheretailer /warehousei” << endl;

for(xp = 0;%p < *P;*p = xp + 1){
for(xi = 0;%i < xI;%i = xi + 1){
xval = cplex.getV alue(SU [xp][xi]);

outFile << 7SU” << 7P << xp+1 << << << i+ 1 <<, << xval << endl;

}
}

outFile << endl;
outFile << ” Amounto fproductpdeliveredtocustomersinretailer /warehousesiteiattimeperiodt, whichisp

endl;

for(xp = 0;%p < *xP;*p = *xp + 1){
for(xi = 0;%i < ;%1 = i+ 1){
for(xr = 0;%r < «T;xr = xr + 1){
for(xt = 0;xt < «T';xt = *xt + 1){
if (xr <= xt){
xval = cplex.getV alue(dl[xp][*i][*r][*t]);
outFile << 7dl” <<7p” << ap+1 << << << i1 << << <<ar 41 <<

VT LT <<kt 1 << << wwal << endl;

N o

outFile << endl;

outFile << ” Numbero flivestocktransportedtoabattoira frombreedingcenterbattimeperiodt” <<
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endl;

for(xb = 0;xb < *xB; b = xb + 1){
for(xa = 0;xa < xA;xa = xa + 1){
for(xp = 0;%p < xP;*xp = *xp + 1){
for(xt = 0;%t < *T;*t = *xt + 1){
xval = cplex.getV alue(W [xb][xa] [*p][*t]);
outFile << "W7 << 70 << #b+1 << 77 << 70" << ka4 1 << << TP <<

xp+ 1 << << <<kt 41 <<, << xwal << endl;

}
}
}
}

outFile << endl;

outFile << 7 Retaileri son—handinventoryo fproductpatthebeginningo ftimeperiodt, producedintimeper:

endl;

for(xp = 0;xp < xP;xp = xp + 1){
for(xi = 0;%1 < *xI[;%i = xi + 1){
for(xr = 0;*r < «T;xr = xr + 1){
for(xt = 0;xt < *T;*t = xt + 1){
if (xr <= xt){
sval = cplex.getV alue(Ib[xp][*i][*r][*t]);
outFile << 70 << 7p" << #p+1 << << << Hi41 <7 KT << xr£1 <<

TV <<kt 41 << 77 << xwal << endl;

}
}
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outFile << endl;
outFile << ” Retaileri son—handinventoryo fproductpattheendo ftimeperiodt, producedintimeperiodr” <

endl;

for(xp = 0;%p < *P;*p = xp + 1){
for(xi = 0;%1 < *I;%i = xi + 1){
for(xr = 0;%r < «T;xr = xr + 1){
for(xt = 0;xt < *T;*t = *xt + 1){
if (xr <= xt){
sval = cplex.getV alue(Ie[xp|[xi][xr]|[xt]);
outFile << 7Ie” << 7p” << #p+1 << << << i1 << << << xr 41 <<

VT LT <<kt 1 << << wwal << endl;

[ A 2 VI )

outFile << endl;
outFile << ”Lost — salequantityo fproductp fordemandintimeperiodtandretaileri.” <<

endl;

for(xp = 0;%p < *P;*p = *p + 1){
for(xi = 0;%i < xI;%i = xi + 1){
for(xt = 0;xt < «T;xt = *xt + 1){

xval = cplex.getV alue( Lk[xp][*i][t]);
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outFile << "LK” << 7"p” << #p+1 <<77 << 7" << x4+ 1 << << <<

xt+1 << << xval << endl;

}
}
}

//closethefile

outFile.close();

}

catch(IloException&ex){

cerr <<V FError .7 << ex << endl;

}
catch(...){

cerr << 7 Error” << endl,

}

voidfreeData(){

template < typenameT >

T x xAllocate Dynamic2D ArrayC STY LE(intnRows, intnCols){

int x m = newint(0);

T *x xdynamicArray;

dynamicArray = (T * x)calloc(nRows, sizeof (T'*));
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for(xm = 0;*m < nRows; *m = xm + 1)

{

dynamicArray[«m] = (T*)calloc(nCols, sizeof(T));

}

return(dynamicArray);

free(m);

template < typenamel >

voidFree Dynamic2D ArrayCSTY LE(T x xdArray, intn Rows, intnCols){

int x m = newint(0);

for(xm = 0;*m < nRows;*m = xm + 1)

{
free(dArray[+m));

}
free(dArray);

free(m);

int * create;ntyector(intdim)

{

int * ptr;

if ((ptr = (int*)calloc(dim, sizeof (int))) == NULL){
printf(” : Memoriainsuficiente”);

exit(8);
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}

returnptr;

free(ptr);

longdouble * creategouble,ector(intdim)

{

longdouble * ptr;

if ((ptr = (longdoublex)calloc(dim, sizeof (longdouble))) == NULL){
print f(: Memoriainsuficiente”);

exit(8);

}

returnptr;

free(ptr);

template < typenameT >

T x % x Allocate Dynamic3D ArrayC STY LE(intnRows, intnCols, intnDep){

int x m = newint(0);

int x i = newint(0);

T * * * dynamicArray;

dynamicArray = (T * xx)calloc(nRows, sizeof (T x x));
for(xm = 0;%xm < nRows; *m = xm + 1)

{
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dynamicArray[xm| = (T x x)calloc(nCols, sizeof (Tx));
for(xi = 0;%i < nCols;*i = xi + 1)

{

dynamicArray[xm|[xi] = (Tx)calloc(nDep, sizeof (T));
}

}

return(dynamicArray);

free(m);
free(d);
}

template < typenamel >

voidFree Dynamic3D ArrayCSTY LE(T x * x dArray, intn Rows, intnCols, intnDep){

int x m = newint(0);

int x i = newint(0);

for(xm = 0;*m < nRows;*m = xm + 1)

{

for(xi = 0;%i < nCols;*i = *i + 1)
{

free(dArray[+m]|[xi]);

}
free(dArray[+m]);

}
free(dArray);

free(m);
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free(i);

template < typenamel >

T x Allocate Dynamicl D ArrayC STY LE(intnRows){

T x dynamicArray;

dynamicArray = (T)calloc(nRows, sizeof (T));

return(dynamicArray);

template < typenameT >
voidFreeDynamicl D ArrayCSTY LE(T % dArray, intn Rows){
free(dArray);

}
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