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Supply Chain – With and without Mathematical 

Optimization

Summary

This paper will cover the usage of mathematical optimization in
the field of Supply Chain, including its’ evolution and the impact it
has on the world of Supply Chain and Logistics. The paper is
showing fields of mathematical modeling implementation within
the Supply Chain optimization, with the goal to imagine how
would the world look like without it. You will learn what are the
most common Supply Chain optimization issues that are being
resolved with mathematical modeling, with an explanation of
basic models, along with their objective functions and
constraints.

Introduction

The engine that is moving the world in so many fields is the
incredible force of Mathematical Optimization. At the very
beginning of its usage, scientists took a lot of time to get to the
optimal solution and verify it. Today, with smart optimization tools,
not only that you can achieve optimal results in a matter of
seconds or minutes, but you can also compare different scenarios
and spread out the scope of your analysis.

Mathematical optimization has its’ part in all modern industries,
but it has significantly marked the Supply Chain and Logistics. We
are used to getting what we want, where and when we want it.
Empty shelves in the stores would look like a serious issue or a
crisis, but when everything is functioning properly, we aren’t even
wondering how. That’s one of the biggest benefits of mathematical
optimization in the Supply Chain – customers being carefree,
satisfied, and well-supplied. So, what would the world look like
without mathematical optimization? You wouldn’t be able to get
your deliveries on your door the same day you ordered them, or
even in a few days; the number of delayed shipments would
increase so much it wouldn’t even be countable, and customers
and demand data would be unstructured and hard to handle. So
mathematical optimization is kind of required to achieve effective
results. But what would the world look like without it, and where to
start with its implementation?
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Mathematics can 
instruct us on 
how to optimize. 
But what to 
optimize—that 
remains a 
question for 
humans.

“
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The evolution of Mathematical Optimization

If you tried to use mathematical optimization in the way it was first used, you would
get optimal results eventually, but you wouldn’t be able to keep up with the modern
world. The changes of mathematical optimization can be presented through a
timeline, but they are completely exponential.

At the beginning of the third millennium, so called NP Problems (nondeterministic
polynomial) needed enormous amount of time to be resolved. For example, some
problems related to Supply Chan would take 55 years to be resolved back then. This
means that you could start resolving a typical NP problem in the year 2000 by hand,
and in the meantime the technology would develop so much that the solution you'd
get might not be relevant anymore. If you started resolving the same problem in the
year 2022, using smart optimization software, it would take only 1 minute to get the
solution, so by the year 2055, you could resolve an outstanding number of 17.344.800
problems of the same type. Visual representation of Mathematical Optimization
evolution is shown in Figure 1.

To appreciate this kind of force, we should try and imagine what the world would look
like without it. If you simply start with your everyday needs, you’d realize you’re used
to getting your orders and packages right in front of your door with express
shipments. Not only consumers but also retailers are benefiting from modern
software based on mathematical optimization, creating optimal transportation plans
and routes with just a few clicks. This software is almost doing the entire job for you,
with predefined rules or concepts supporting your decision-making process from the
backend. Without it, you’d be stuck in the cycle of constantly revising your route
plans, while market changes and shipment delays are increasing.

Figure 1. Evolution of Mathematical Optimization
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Usage of Mathematical Optimization in Route
Planning

Mathematical optimization is resolving transportation problems through the
optimization of distribution networks, having in mind belonging suppliers and
customers. Some of the additional goals and constraints are considering minimizing
the costs, CO2 emission, and fuel consumption, as well as optimal routes and
schedules, with the constraints on resource capacities and service levels that must be
achieved. Having it all in mind, the objective function of the transportation problem
which minimizes the total cost of transportation between suppliers and customers
would be as shown in Formula 1.

In the formula, cij is representing the transportation cost from the ith supplier to the jth

recipient, and xij is the number of units to be transported from the ith supplier to the jth

recipient.

Other multicriteria decision-making
transportation problems are related to
choosing a transportation mode, the
vehicle that will be driving a particular
route, or even the order of stops within a
route. William Rowan Hamilton once said
“On earth there is nothing great but man…
in man, there is nothing great but mind.”
And he has indeed proven it, with
Hamiltonian Cycle – the basis of one of
the world’s most useful optimization tools
– The Travelling Salesman algorithm. The
algorithm was first created as a
recreational puzzle game, so called
Icosian game. The algorithm resolving the
Travelling Salesman Problem is answering
the question "Given a list of cities and the
distances between each pair of cities,
what is the shortest possible route that
visits each city exactly once and returns
to the origin city?". An example of the
Hamiltonian Cycle is shown in Figure 2.

f(x,c)=σ𝑖=1
𝑚 σ𝑗=1

𝑛 𝑐𝑖𝑗𝑥𝑖𝑗

The possible number of routes for n locations in the Travelling Salesman Problems is
𝑛−1 !

2
. The first thing that must be done is to consider the constraints, such as vehicle

capacities, weights that must be shipped, delivery time windows, and so on. On the other
hand, what if the number of stops gets bigger? The time needed to resolve the problem,
as well as the possible number of routes, will increase exponentially. If a driver makes 25
deliveries in a day, there are as many different routes as there are stars in the universe.
With constraints added to the model, the number of routes can be reduced, but it would
still require a smart mathematical optimization tool.

Formula 1. Route planning objective function

Figure 2. Hamiltonian Cycle
Source: Supply Chain Apps – Last Mile

https://log-hub.com/project/last-mile/
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Usage of Mathematical Optimization in Network
Design

Mathematical optimization has made Network Planning a lot easier and faster with
Mixed-integer Linear Programming. One of the basic and most common problems is the
Facility Location problem, where it is assumed, there are n facilities (new and existing)
and m customers. The decision that’s to be made is how to satisfy customer demand,
how many new facilities to build, and how much to produce and ship. The same principle
goes for choosing the warehouse you will add to your network. Warehouse location
determining is a typical discrete optimization problem, possible to resolve with MILP.
Basic mathematical model for classic MILP problems is shown in the Figure 3.

Objective of these kind of problems is to
minimize the costs. Constraints are related
to shipments, where the total amount of
shipped goods must be bigger or equal to
customer demand. On the other hand, the
amount of shipped goods couldn’t be bigger
than facility’s capacity. Binary variable,
which is common for mixed integer linear
programming, is in this case related to the
warehouse, that is whether it is chosen or

not. If the variable Xi = 1, it means that ith

warehouse has been added to the network,
and if not, the variable will take the value 0.

More realistic constraints that can be
included in this kind of problem is that there
are production costs, transportation set-up
costs, and transportation capacity. Also, the
problem can be solved over multiple
planning periods, for multiple products.
Figure 4 is showing network design,
optimized with Mathematical Optimization. Figure 4. Optimized Network Design

Source: Supply Chain Apps – Network Design

min z = σFiXi+σCijYij

σYij ≥ dj
σYij ≤  aiXi
Xi = 0,1

ai – capacity of facility, depending on the cost function;
Fi – cost of setting up facility i;

cij – cost of shipping material from i to j;
dj – customer demand;

Xi – binary variable;
Yij – amount shipped from i to j.

Figure 3. Basic mathematical model for MILP problems

https://log-hub.com/project/network-design/


Excel Solver VS Supply Chain Apps

As the modern world is constantly giving supply chain planners obstacles and
challenges, many of them are using Excel Solver in the decision-making process, and
optimization of the Supply Chain. It does make sense to use Excel, as it has become a
common environment in the business world. Still, using Excel Solver requires a lot of
work if you are dealing with large data sets. To do the calculation with Excel Solver, you
need to discover what data is suitable for your mathematical model. It sure seems
simple with small data sets, but this is a time-consuming process when it comes to real
use-cases. So, if your network is getting more complex, you should consider switching
to smart optimization software.

Supply Chain Apps can be the right choice for you! Not only it will optimize your Supply
Chain in a matter of seconds, but it will also allow you to continue working in Excel, as it
is its add-in. With Supply Chain Apps, you will be provided with sample data, where you
can discover which data needs to be included. On the other hand, all the constraints and
objective functions are already defined in the backend of each app, while in Excel solver
you need to model the entire problem yourself. You may find it interesting that in Excel
Solver you can choose between a few optimization methods. Does it sound easier to
have the optimization methods already defined for more than 30 Supply Chain
problems? Because that’s the case with Supply Chain Apps!

Getting a wide range of output when working with Excel Solver, means modelling
complex problems which can require a lot of time. But when working with Supply Chain
Apps, you’ll always get a wide range of powerful insights in each of the apps. The time
needed for the optimization in Supply Chain Apps is no longer than the time you need to
provide your input data!

Last but not least, one of the greatest benefits of Supply Chain Apps is the smart and
powerful visualization of your optimized data. With MS Excel Solver, you can create the
graphs by yourself. But with Supply Chain Apps, you’ll get not only amazing dashboards
with great insights, but also the visualization of your network on powerful, customizable,
and sharable maps!

So, what are you waiting for? Now is your turn to become a leader in Supply Chain
Optimization. Download Supply Chain Apps for free, and enjoy the world optimized in no
time!
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