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Mathematical models can be of great benefit in management decision-
making and planning on both an operational, tactical, and strategic level.
They can be utilized in various applications i.e. forecasting, facility planning,
production planning, and transport planning.
In this article, a case example is presented showing how a mathematical
model can be used to optimize tactical production and transport planning.

01FREJA 4PL Services

All businesses operate on three levels,
operational, tactical, and strategic level.
Depending on who is asked and what
industry is looked at, the time horizon
can vary, but in general operational
level deals with the day to day running
of the business carried out by front line
managers and characterized by
disaggregate planning. An example of
an operational task is production
planning of individual products.
Tactical planning is the mid-term
horizon planning often carried out by
middle management and dealing with
aggregated planning.

This could i.e. be capacity planning of
the production. Strategic planning is
the long-term planning carried out by
top management. This could i.e. be
facility planning. 
If there are multiple production
facilities, maybe in different countries,
and several customers distributed
across different regions, the tactical
production planning optimizing
production and distribution costs can
become complex. Therefore,
mathematical models can be a great
asset in the decision-making helping to
make both better and faster decisions.
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with a maximum capacity. It is possible
to transport goods from all production
facilities to all customers, and the
distribution centers can also receive
goods from all production facilities and
send to all customers.
 
Graphically it can be drawn as seen in
Figure 1. The transport of units
between production sites and
customers varies. The prices are given
in Table 1.

PROBLEM OVERVIEW
To illustrate how a mathematical model
can be formulated and what benefits it
can bring, a simple case is set up and
solved. Let us suppose the company in
the case have three production
facilities with a max production
capability and no minimum production
requirement. The production facilities
must serve six different customers with
a given demand. Further, the company
has access to two warehouse facilities
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Figure 1. Graph representing
the production and transport
network in the case. The bold

numbers represent
production capacity, DC
capacity, and customer

demand.
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Table 1. Transport costs between elements in the network.

The figure and the table might at first glance look overwhelming, but let us try to
determine how much to produce at each production facility and how to send it to
the customers in such way their demand is satisfied. First, let us try to do it
manually.
 
 
 - The sum of production capacity for all production sites: 75 units.
 - The sum of demand for all customers: 54 units.
 
Thereby there is no problem satisfying all customer demands with the available
production capacity.

STEP 1 - HOW DOES DEMAND MATCH PRODUCTION CAPABILITIES?
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Different strategies can be used for this. In this case we choose to do it by
investigating each customer one by one and trying to satisfy their demand in the
cheapest way possible.
 
Customer 1 (demand 5)
Looking in the first column, we see that the cheapest way to satisfy customer 1’s
demand of 5 is by shipping all units from production 3 with the total cost of 15.
 
Customer 2 (demand 10)
Looking in the second column, we see that the cheapest way to satisfy customer 2’s
demand of 10 is by shipping all units from production 2 with the total cost of 30.
 
Customer 3 (demand 7)
Looking in the third column, we see that the cheapest way to satisfy customer 3’s
demand of 7 is by shipping all units from either production 1 or 2 with the total cost
of 28. We randomly chose production site 2 to satisfy the demand.
 
Customer 4 (demand 12)
Looking in the fourth column, we see that the cheapest way to satisfy customer 4’s
demand of 12 is by shipping 10 units from production 3 with a cost of 30. However,
after shipping those ten units the capacity of production 3 is reached. Therefore, the
remaining 2 units are cheapest shipped from production 1 using DC 1 at a cost of 8.
That results in a total cost of 38.

STEP 2 - ASSIGN HOW DEMAND IS SATISFIED FOR EACH CUSTOMER
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Customer 5 (demand 3)
Looking in the fifth column, we see that the cheapest way to satisfy customer 5’s
demand of 3 is by shipping all units from production 1 with the total cost of 6.
 
Customer 6 (demand 17)
Looking in the sixth column, we see that the cheapest way to satisfy customer 6’s
demand of 17 is by shipping all units from production 3. However, the production
capacity of production 3 is still reached, therefore the demand must instead be
satisfied by production 2 with the total cost of 51.
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STEP 3 - EVALUATE AND ADJUST SOLUTION

From step 2 we have found the following solution:
 
Production
   -   P1: 5
   -   P2: 10+7+17 = 34
   -   P3: 5+10=15
 
DC
   -   DC1: 2
   -   DC2: 0
 
Customer demand satisfied
   -   C1: 5
   -   C2: 10
   -   C3: 7
   -   C4: 12
   -   C5: 3
   -   C6: 17
 
Total cost: 15+30+28+36+38+6+51 = 168
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Can the solution be improved? Can you spot any ways to improve the solution? If you
try you will probably quickly notice that it is quite hard and inefficient to do manually.
Then just imagine doing it in a situation with 50 customers. But the situation can quite
easily be solved by algorithms and computer power.
 
It is beyond the scope of this article to look deep into the algorithms and the
mathematical models, instead a brief description is given:
 
The model is in words very simple - minimize the total costs, while ensuring that all
customer demands are met.
 
This can be formulated as a linear programming problem, which can be solved by linear
programming algorithms. 
 
For the presented problem, linear programming finds the optimal solution resulting in a
total cost of 158. That is a 5,9% decrease compared to the manual solution. The
optimal solution is given as:
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Production
   -   P1: 22
   -   P2: 17
   -   P3: 15
 
DC
   -   DC1: 12
   -   DC2: 0
 
Customer demand satisfied
   -   C1: 5
   -   C2: 10
   -   C3: 7
   -   C4: 12
   -   C5: 3
   -   C6: 17
 
Total cost: 158
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In this article, a tactical production and transport problem has been examined. Even
though the problem was relatively small, finding a good solution manually proved to be
quite challenging. Instead it was shown how mathematical models and algorithms could
easily solve the problem to optimality. So, can you think of a problem in your business
where this can be applied? Probably not - because the case problem is such a simplified
problem of real-world problems that it does not have any real-world value. 
 
But what if you were allowed to add further constraints to your model, such as
minimum production, volume dependent prices, fixed costs, and maybe a penalty for
not hitting a target production? Then mathematical models and linear programming can
become a very valuable tool, that in many cases can help reduce costs significantly,
while also simplifying the decision-making process and thereby allowing you to focus on
the key aspects of it.

WRAP-UP

Are you interested in a dialogue about how mathematical models
support your business? Then contact Head of Digital & Innovation,
Kenneth Sandgaard, on ksa@freja.com or on +45 9670 5360.


