
NETWORK FLOWS 
with  

EXCEL SOLVER



The Bavarian Motor Company (BMC) manufactures 
expensive luxury cars in Hamburg, Germany, and exports 
cars to sell in the United States. The exported cars are shipped 
from Hamburg to ports in Newark, New Jersey and 
Jacksonville, Florida. From these ports, the cars are 
transported by rail or truck to distributors located in Boston, 
Massachusetts; Columbus, Ohio; Atlanta, Georgia; 
Richmond, Virginia; and Mobile, Alabama.

The Bavarian Motor Company Problem 





These are called “Nodes”.  
To each node we assign a name but also 
a number: 1 = Newark, 2 = Boston, etc.



This is an “Arc”. It indicates the 
allowed direction for car transportation 
and the cost to move one car from the 
starting node to the arrival node. 



There is a shipping route from Boston 
to Columbus with a cost of $50 per car.  
There is no shipping route available 
from Columbus to Boston. 



Indicates that the nodes “Newark” 
and “Jacksonville” have a supply 
of 200 and 300 cars, respectively.



Indicates that the 
node “Boston” has a 
demand of 100 cars.



Currently, 200 cars are available at the port in 
Newark, and 300 are available in Jacksonville. 
The numbers of cars needed by the distributors 
in Boston, Columbus, Atlanta, Richmond, and 
Mobile are 100, 60, 170, 80, and 70, 
respectively. 

BMC wants to determine the least costly way 
of transporting cars from the ports in Newark 
and Jacksonville to the cities where they are 
needed.



Prepare the template



Newark (node number 1) can ship only to Boston (node 2) and 
Richmond (node 4) at the cost of $30 and $40, respectively



The cells from B4 to B14 contain the decision variables: how 
many cars to ship from the starting node to the arrival node. 







Etc.. etc..





Report here, for each node, the supply/demand as provided by 
the problem.



To solve the problem, we also have to compute, for each 
choice of the decision variables, the net flow in each node!



How to compute net flows and how to relate them to the constraints? 



How to compute net flows and how to relate them to the constraints? 

This is the present case. Supply = 500 cars. Demand = 480 cars.



How to compute net flows and how to relate them to the constraints? 

In this case, you are not going to satisfy the demand, obviously!
You are going to determine the least costly way of distributing 
the available supply, knowing that it is impossible to satisfy all 
the demand.



How to compute net flows: an example.

<latexit sha1_base64="02o8eKOiAD8ggnDgmgiqMjaBwds=">AAAB9HicbVDLSgMxFM34rPVVdekmWARXZUZ8LYtuXFawD2iHkklv29hMZprcKZSh3+HGhSJu/Rh3/o1pOwttPRA4nHMP9+YEsRQGXffbWVldW9/YzG3lt3d29/YLB4c1EyWaQ5VHMtKNgBmQQkEVBUpoxBpYGEioB4O7qV8fgTYiUo84jsEPWU+JruAMreQ32ql4mtBWJ0IYtgtFt+TOQJeJl5EiyVBpF75skCchKOSSGdP03Bj9lGkUXMIk30oMxIwPWA+alioWgvHT2dETemqVDu1G2j6FdKb+TqQsNGYcBnYyZNg3i95U/M9rJti98VOh4gRB8fmibiIpRnTaAO0IDRzl2BLGtbC3Ut5nmnG0PeVtCd7il5dJ7bzkXZUuHy6K5dusjhw5JifkjHjkmpTJPamQKuFkSJ7JK3lzRs6L8+58zEdXnCxzRP7A+fwBymWSIQ==</latexit>

Xij
.
= the number of items shipped (or flowing) 

from node i to node j

1

<latexit sha1_base64="I6cf76waHhp+Lbd+a2S+5I6JpBI=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqp2e5l5/6kV654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjxTf09kJDZmHIeuMyZ2aBa9qfif10ltdB1kXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPqv5l9eL+vFK7yeMowhEcwyn4cAU1uIM6NIDCIzzDK7whhV7QO/qYtxZQPnMIf4A+fwAX647U</latexit>

X41

<latexit sha1_base64="LVNzEV/3kcv/XyTZa5DmnO94M9w=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV3R6rHoxWMF+wHtUrJpto3NJkuSFcrS/+DFgyJe/T/e/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3UbPeyqj/plcpexZsBLxM/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNit3UsITQERmwjqOSxMwE2ezaCT51Sh9HSruSFs/U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqsFV4+jruc82oFWNHCNXc3YrpkGhCrQuo6ELwF19eJs3zil+tXN5flGs3eRwFOIYTOAMfrqAGd1CHBlB4hGd4hTek0At6Rx/z1hWUzxzBH6DPHxr3jtY=</latexit>

X61

<latexit sha1_base64="Y3WAgWv6pJKUprUsXfgVpvv0jnA=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUZcb0EvHiOYBZIh9HR6kja9DN09QhjyD148KOLV//Hm39hJ5qCJDwoe71VRVS9KODPW97+9peWV1bX1wkZxc2t7Z7e0t98wKtWE1oniSrcibChnktYts5y2Ek2xiDhtRsPbid98otowJR/sKKGhwH3JYkawdVKj1c2ug3G3VPYr/hRokQQ5KUOOWrf01ekpkgoqLeHYmHbgJzbMsLaMcDoudlJDE0yGuE/bjkosqAmz6bVjdOyUHoqVdiUtmqq/JzIsjBmJyHUKbAdm3puI/3nt1MZXYcZkkloqyWxRnHJkFZq8jnpMU2L5yBFMNHO3IjLAGhPrAiq6EIL5lxdJ47QSXFTO78/K1Zs8jgIcwhGcQACXUIU7qEEdCDzCM7zCm6e8F+/d+5i1Lnn5zAH8gff5Ax+Jjtk=</latexit>

X91

<latexit sha1_base64="wP9OQFkgRC9MaFcuhrbLtOv1oEI=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykzxtSy6cVnBPqAdSibNtLGZZEgyQhn6D25cKOLW/3Hn35i2s9DWAxcO59zLvfeEieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3UbPcyvzrplcpexZsBLxM/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNit3UsITQERmwjqOSxMwE2ezaCT51Sh9HSruSFs/U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqsFV4+jruc82oFWNHCNXc3YrpkGhCrQuo6ELwF19eJs1qxb+sXNyfl2s3eRwFOIYTOAMfrqAGd1CHBlB4hGd4hTek0At6Rx/z1hWUzxzBH6DPHxTejtI=</latexit>

X12

<latexit sha1_base64="YXS8YEDesgzGPcJMRkc1XNSzShw=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYcb9GPTiMYJZIBlCT6cnadPL0N0jhCH/4MWDIl79H2/+jZ1kDpr4oODxXhVV9aKEM2N9/9tbWl5ZXVsvbBQ3t7Z3dkt7+w2jUk1onSiudCvChnImad0yy2kr0RSLiNNmNLyd+M0nqg1T8sGOEhoK3JcsZgRbJzVa3Sw4G3dLZb/iT4EWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp+NiJzU0wWSI+7TtqMSCmjCbXjtGx07poVhpV9Kiqfp7IsPCmJGIXKfAdmDmvYn4n9dObXwdZkwmqaWSzBbFKUdWocnrqMc0JZaPHMFEM3crIgOsMbEuoKILIZh/eZE0TivBZeXi/rxcvcnjKMAhHMEJBHAFVbiDGtSBwCM8wyu8ecp78d69j1nrkpfPHMAfeJ8/FmOO0w==</latexit>

X13

-150



How to compute net flows: an example.

<latexit sha1_base64="02o8eKOiAD8ggnDgmgiqMjaBwds=">AAAB9HicbVDLSgMxFM34rPVVdekmWARXZUZ8LYtuXFawD2iHkklv29hMZprcKZSh3+HGhSJu/Rh3/o1pOwttPRA4nHMP9+YEsRQGXffbWVldW9/YzG3lt3d29/YLB4c1EyWaQ5VHMtKNgBmQQkEVBUpoxBpYGEioB4O7qV8fgTYiUo84jsEPWU+JruAMreQ32ql4mtBWJ0IYtgtFt+TOQJeJl5EiyVBpF75skCchKOSSGdP03Bj9lGkUXMIk30oMxIwPWA+alioWgvHT2dETemqVDu1G2j6FdKb+TqQsNGYcBnYyZNg3i95U/M9rJti98VOh4gRB8fmibiIpRnTaAO0IDRzl2BLGtbC3Ut5nmnG0PeVtCd7il5dJ7bzkXZUuHy6K5dusjhw5JifkjHjkmpTJPamQKuFkSJ7JK3lzRs6L8+58zEdXnCxzRP7A+fwBymWSIQ==</latexit>

Xij
.
= the number of items shipped (or flowing) 

from node i to node j

1

<latexit sha1_base64="I6cf76waHhp+Lbd+a2S+5I6JpBI=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqp2e5l5/6kV654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjxTf09kJDZmHIeuMyZ2aBa9qfif10ltdB1kXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPqv5l9eL+vFK7yeMowhEcwyn4cAU1uIM6NIDCIzzDK7whhV7QO/qYtxZQPnMIf4A+fwAX647U</latexit>

X41

<latexit sha1_base64="LVNzEV/3kcv/XyTZa5DmnO94M9w=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV3R6rHoxWMF+wHtUrJpto3NJkuSFcrS/+DFgyJe/T/e/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3UbPeyqj/plcpexZsBLxM/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNit3UsITQERmwjqOSxMwE2ezaCT51Sh9HSruSFs/U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqsFV4+jruc82oFWNHCNXc3YrpkGhCrQuo6ELwF19eJs3zil+tXN5flGs3eRwFOIYTOAMfrqAGd1CHBlB4hGd4hTek0At6Rx/z1hWUzxzBH6DPHxr3jtY=</latexit>

X61

<latexit sha1_base64="Y3WAgWv6pJKUprUsXfgVpvv0jnA=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUZcb0EvHiOYBZIh9HR6kja9DN09QhjyD148KOLV//Hm39hJ5qCJDwoe71VRVS9KODPW97+9peWV1bX1wkZxc2t7Z7e0t98wKtWE1oniSrcibChnktYts5y2Ek2xiDhtRsPbid98otowJR/sKKGhwH3JYkawdVKj1c2ug3G3VPYr/hRokQQ5KUOOWrf01ekpkgoqLeHYmHbgJzbMsLaMcDoudlJDE0yGuE/bjkosqAmz6bVjdOyUHoqVdiUtmqq/JzIsjBmJyHUKbAdm3puI/3nt1MZXYcZkkloqyWxRnHJkFZq8jnpMU2L5yBFMNHO3IjLAGhPrAiq6EIL5lxdJ47QSXFTO78/K1Zs8jgIcwhGcQACXUIU7qEEdCDzCM7zCm6e8F+/d+5i1Lnn5zAH8gff5Ax+Jjtk=</latexit>

X91

<latexit sha1_base64="wP9OQFkgRC9MaFcuhrbLtOv1oEI=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykzxtSy6cVnBPqAdSibNtLGZZEgyQhn6D25cKOLW/3Hn35i2s9DWAxcO59zLvfeEieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3UbPcyvzrplcpexZsBLxM/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNit3UsITQERmwjqOSxMwE2ezaCT51Sh9HSruSFs/U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqsFV4+jruc82oFWNHCNXc3YrpkGhCrQuo6ELwF19eJs1qxb+sXNyfl2s3eRwFOIYTOAMfrqAGd1CHBlB4hGd4hTek0At6Rx/z1hWUzxzBH6DPHxTejtI=</latexit>

X12

<latexit sha1_base64="YXS8YEDesgzGPcJMRkc1XNSzShw=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYcb9GPTiMYJZIBlCT6cnadPL0N0jhCH/4MWDIl79H2/+jZ1kDpr4oODxXhVV9aKEM2N9/9tbWl5ZXVsvbBQ3t7Z3dkt7+w2jUk1onSiudCvChnImad0yy2kr0RSLiNNmNLyd+M0nqg1T8sGOEhoK3JcsZgRbJzVa3Sw4G3dLZb/iT4EWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp+NiJzU0wWSI+7TtqMSCmjCbXjtGx07poVhpV9Kiqfp7IsPCmJGIXKfAdmDmvYn4n9dObXwdZkwmqaWSzBbFKUdWocnrqMc0JZaPHMFEM3crIgOsMbEuoKILIZh/eZE0TivBZeXi/rxcvcnjKMAhHMEJBHAFVbiDGtSBwCM8wyu8ecp78d69j1nrkpfPHMAfeJ8/FmOO0w==</latexit>

X13

-150

The node number 1 has, in this 
example, a supply of -150 units.



How to compute net flows: an example.

<latexit sha1_base64="02o8eKOiAD8ggnDgmgiqMjaBwds=">AAAB9HicbVDLSgMxFM34rPVVdekmWARXZUZ8LYtuXFawD2iHkklv29hMZprcKZSh3+HGhSJu/Rh3/o1pOwttPRA4nHMP9+YEsRQGXffbWVldW9/YzG3lt3d29/YLB4c1EyWaQ5VHMtKNgBmQQkEVBUpoxBpYGEioB4O7qV8fgTYiUo84jsEPWU+JruAMreQ32ql4mtBWJ0IYtgtFt+TOQJeJl5EiyVBpF75skCchKOSSGdP03Bj9lGkUXMIk30oMxIwPWA+alioWgvHT2dETemqVDu1G2j6FdKb+TqQsNGYcBnYyZNg3i95U/M9rJti98VOh4gRB8fmibiIpRnTaAO0IDRzl2BLGtbC3Ut5nmnG0PeVtCd7il5dJ7bzkXZUuHy6K5dusjhw5JifkjHjkmpTJPamQKuFkSJ7JK3lzRs6L8+58zEdXnCxzRP7A+fwBymWSIQ==</latexit>

Xij
.
= the number of items shipped (or flowing) 

from node i to node j

1

<latexit sha1_base64="I6cf76waHhp+Lbd+a2S+5I6JpBI=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqp2e5l5/6kV654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjxTf09kJDZmHIeuMyZ2aBa9qfif10ltdB1kXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPqv5l9eL+vFK7yeMowhEcwyn4cAU1uIM6NIDCIzzDK7whhV7QO/qYtxZQPnMIf4A+fwAX647U</latexit>

X41

<latexit sha1_base64="LVNzEV/3kcv/XyTZa5DmnO94M9w=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV3R6rHoxWMF+wHtUrJpto3NJkuSFcrS/+DFgyJe/T/e/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3UbPeyqj/plcpexZsBLxM/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNit3UsITQERmwjqOSxMwE2ezaCT51Sh9HSruSFs/U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqsFV4+jruc82oFWNHCNXc3YrpkGhCrQuo6ELwF19eJs3zil+tXN5flGs3eRwFOIYTOAMfrqAGd1CHBlB4hGd4hTek0At6Rx/z1hWUzxzBH6DPHxr3jtY=</latexit>

X61

<latexit sha1_base64="Y3WAgWv6pJKUprUsXfgVpvv0jnA=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUZcb0EvHiOYBZIh9HR6kja9DN09QhjyD148KOLV//Hm39hJ5qCJDwoe71VRVS9KODPW97+9peWV1bX1wkZxc2t7Z7e0t98wKtWE1oniSrcibChnktYts5y2Ek2xiDhtRsPbid98otowJR/sKKGhwH3JYkawdVKj1c2ug3G3VPYr/hRokQQ5KUOOWrf01ekpkgoqLeHYmHbgJzbMsLaMcDoudlJDE0yGuE/bjkosqAmz6bVjdOyUHoqVdiUtmqq/JzIsjBmJyHUKbAdm3puI/3nt1MZXYcZkkloqyWxRnHJkFZq8jnpMU2L5yBFMNHO3IjLAGhPrAiq6EIL5lxdJ47QSXFTO78/K1Zs8jgIcwhGcQACXUIU7qEEdCDzCM7zCm6e8F+/d+5i1Lnn5zAH8gff5Ax+Jjtk=</latexit>

X91

<latexit sha1_base64="wP9OQFkgRC9MaFcuhrbLtOv1oEI=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykzxtSy6cVnBPqAdSibNtLGZZEgyQhn6D25cKOLW/3Hn35i2s9DWAxcO59zLvfeEieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3UbPcyvzrplcpexZsBLxM/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNit3UsITQERmwjqOSxMwE2ezaCT51Sh9HSruSFs/U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqsFV4+jruc82oFWNHCNXc3YrpkGhCrQuo6ELwF19eJs1qxb+sXNyfl2s3eRwFOIYTOAMfrqAGd1CHBlB4hGd4hTek0At6Rx/z1hWUzxzBH6DPHxTejtI=</latexit>

X12

<latexit sha1_base64="YXS8YEDesgzGPcJMRkc1XNSzShw=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYcb9GPTiMYJZIBlCT6cnadPL0N0jhCH/4MWDIl79H2/+jZ1kDpr4oODxXhVV9aKEM2N9/9tbWl5ZXVsvbBQ3t7Z3dkt7+w2jUk1onSiudCvChnImad0yy2kr0RSLiNNmNLyd+M0nqg1T8sGOEhoK3JcsZgRbJzVa3Sw4G3dLZb/iT4EWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp+NiJzU0wWSI+7TtqMSCmjCbXjtGx07poVhpV9Kiqfp7IsPCmJGIXKfAdmDmvYn4n9dObXwdZkwmqaWSzBbFKUdWocnrqMc0JZaPHMFEM3crIgOsMbEuoKILIZh/eZE0TivBZeXi/rxcvcnjKMAhHMEJBHAFVbiDGtSBwCM8wyu8ecp78d69j1nrkpfPHMAfeJ8/FmOO0w==</latexit>

X13

-150



How to compute net flows: an example.

<latexit sha1_base64="02o8eKOiAD8ggnDgmgiqMjaBwds=">AAAB9HicbVDLSgMxFM34rPVVdekmWARXZUZ8LYtuXFawD2iHkklv29hMZprcKZSh3+HGhSJu/Rh3/o1pOwttPRA4nHMP9+YEsRQGXffbWVldW9/YzG3lt3d29/YLB4c1EyWaQ5VHMtKNgBmQQkEVBUpoxBpYGEioB4O7qV8fgTYiUo84jsEPWU+JruAMreQ32ql4mtBWJ0IYtgtFt+TOQJeJl5EiyVBpF75skCchKOSSGdP03Bj9lGkUXMIk30oMxIwPWA+alioWgvHT2dETemqVDu1G2j6FdKb+TqQsNGYcBnYyZNg3i95U/M9rJti98VOh4gRB8fmibiIpRnTaAO0IDRzl2BLGtbC3Ut5nmnG0PeVtCd7il5dJ7bzkXZUuHy6K5dusjhw5JifkjHjkmpTJPamQKuFkSJ7JK3lzRs6L8+58zEdXnCxzRP7A+fwBymWSIQ==</latexit>

Xij
.
= the number of items shipped (or flowing) 

from node i to node j

1

<latexit sha1_base64="I6cf76waHhp+Lbd+a2S+5I6JpBI=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqp2e5l5/6kV654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjxTf09kJDZmHIeuMyZ2aBa9qfif10ltdB1kXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPqv5l9eL+vFK7yeMowhEcwyn4cAU1uIM6NIDCIzzDK7whhV7QO/qYtxZQPnMIf4A+fwAX647U</latexit>

X41

<latexit sha1_base64="LVNzEV/3kcv/XyTZa5DmnO94M9w=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV3R6rHoxWMF+wHtUrJpto3NJkuSFcrS/+DFgyJe/T/e/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3UbPeyqj/plcpexZsBLxM/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNit3UsITQERmwjqOSxMwE2ezaCT51Sh9HSruSFs/U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqsFV4+jruc82oFWNHCNXc3YrpkGhCrQuo6ELwF19eJs3zil+tXN5flGs3eRwFOIYTOAMfrqAGd1CHBlB4hGd4hTek0At6Rx/z1hWUzxzBH6DPHxr3jtY=</latexit>

X61

<latexit sha1_base64="Y3WAgWv6pJKUprUsXfgVpvv0jnA=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUZcb0EvHiOYBZIh9HR6kja9DN09QhjyD148KOLV//Hm39hJ5qCJDwoe71VRVS9KODPW97+9peWV1bX1wkZxc2t7Z7e0t98wKtWE1oniSrcibChnktYts5y2Ek2xiDhtRsPbid98otowJR/sKKGhwH3JYkawdVKj1c2ug3G3VPYr/hRokQQ5KUOOWrf01ekpkgoqLeHYmHbgJzbMsLaMcDoudlJDE0yGuE/bjkosqAmz6bVjdOyUHoqVdiUtmqq/JzIsjBmJyHUKbAdm3puI/3nt1MZXYcZkkloqyWxRnHJkFZq8jnpMU2L5yBFMNHO3IjLAGhPrAiq6EIL5lxdJ47QSXFTO78/K1Zs8jgIcwhGcQACXUIU7qEEdCDzCM7zCm6e8F+/d+5i1Lnn5zAH8gff5Ax+Jjtk=</latexit>

X91

<latexit sha1_base64="wP9OQFkgRC9MaFcuhrbLtOv1oEI=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykzxtSy6cVnBPqAdSibNtLGZZEgyQhn6D25cKOLW/3Hn35i2s9DWAxcO59zLvfeEieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3UbPcyvzrplcpexZsBLxM/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNit3UsITQERmwjqOSxMwE2ezaCT51Sh9HSruSFs/U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqsFV4+jruc82oFWNHCNXc3YrpkGhCrQuo6ELwF19eJs1qxb+sXNyfl2s3eRwFOIYTOAMfrqAGd1CHBlB4hGd4hTek0At6Rx/z1hWUzxzBH6DPHxTejtI=</latexit>

X12

<latexit sha1_base64="YXS8YEDesgzGPcJMRkc1XNSzShw=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYcb9GPTiMYJZIBlCT6cnadPL0N0jhCH/4MWDIl79H2/+jZ1kDpr4oODxXhVV9aKEM2N9/9tbWl5ZXVsvbBQ3t7Z3dkt7+w2jUk1onSiudCvChnImad0yy2kr0RSLiNNmNLyd+M0nqg1T8sGOEhoK3JcsZgRbJzVa3Sw4G3dLZb/iT4EWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp+NiJzU0wWSI+7TtqMSCmjCbXjtGx07poVhpV9Kiqfp7IsPCmJGIXKfAdmDmvYn4n9dObXwdZkwmqaWSzBbFKUdWocnrqMc0JZaPHMFEM3crIgOsMbEuoKILIZh/eZE0TivBZeXi/rxcvcnjKMAhHMEJBHAFVbiDGtSBwCM8wyu8ecp78d69j1nrkpfPHMAfeJ8/FmOO0w==</latexit>

X13

-150



How to compute net flows: an example.

<latexit sha1_base64="02o8eKOiAD8ggnDgmgiqMjaBwds=">AAAB9HicbVDLSgMxFM34rPVVdekmWARXZUZ8LYtuXFawD2iHkklv29hMZprcKZSh3+HGhSJu/Rh3/o1pOwttPRA4nHMP9+YEsRQGXffbWVldW9/YzG3lt3d29/YLB4c1EyWaQ5VHMtKNgBmQQkEVBUpoxBpYGEioB4O7qV8fgTYiUo84jsEPWU+JruAMreQ32ql4mtBWJ0IYtgtFt+TOQJeJl5EiyVBpF75skCchKOSSGdP03Bj9lGkUXMIk30oMxIwPWA+alioWgvHT2dETemqVDu1G2j6FdKb+TqQsNGYcBnYyZNg3i95U/M9rJti98VOh4gRB8fmibiIpRnTaAO0IDRzl2BLGtbC3Ut5nmnG0PeVtCd7il5dJ7bzkXZUuHy6K5dusjhw5JifkjHjkmpTJPamQKuFkSJ7JK3lzRs6L8+58zEdXnCxzRP7A+fwBymWSIQ==</latexit>

Xij
.
= the number of items shipped (or flowing) 

from node i to node j

1

<latexit sha1_base64="I6cf76waHhp+Lbd+a2S+5I6JpBI=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqp2e5l5/6kV654VW8GvEz8nFQgR71X/ur2FU1jJi0VxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo5KEjMTZLNrJ/jEKX0cKe1KWjxTf09kJDZmHIeuMyZ2aBa9qfif10ltdB1kXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gkgvBX3x5mTTPqv5l9eL+vFK7yeMowhEcwyn4cAU1uIM6NIDCIzzDK7whhV7QO/qYtxZQPnMIf4A+fwAX647U</latexit>

X41

<latexit sha1_base64="LVNzEV/3kcv/XyTZa5DmnO94M9w=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV3R6rHoxWMF+wHtUrJpto3NJkuSFcrS/+DFgyJe/T/e/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3UbPeyqj/plcpexZsBLxM/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNit3UsITQERmwjqOSxMwE2ezaCT51Sh9HSruSFs/U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqsFV4+jruc82oFWNHCNXc3YrpkGhCrQuo6ELwF19eJs3zil+tXN5flGs3eRwFOIYTOAMfrqAGd1CHBlB4hGd4hTek0At6Rx/z1hWUzxzBH6DPHxr3jtY=</latexit>

X61

<latexit sha1_base64="Y3WAgWv6pJKUprUsXfgVpvv0jnA=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYUZcb0EvHiOYBZIh9HR6kja9DN09QhjyD148KOLV//Hm39hJ5qCJDwoe71VRVS9KODPW97+9peWV1bX1wkZxc2t7Z7e0t98wKtWE1oniSrcibChnktYts5y2Ek2xiDhtRsPbid98otowJR/sKKGhwH3JYkawdVKj1c2ug3G3VPYr/hRokQQ5KUOOWrf01ekpkgoqLeHYmHbgJzbMsLaMcDoudlJDE0yGuE/bjkosqAmz6bVjdOyUHoqVdiUtmqq/JzIsjBmJyHUKbAdm3puI/3nt1MZXYcZkkloqyWxRnHJkFZq8jnpMU2L5yBFMNHO3IjLAGhPrAiq6EIL5lxdJ47QSXFTO78/K1Zs8jgIcwhGcQACXUIU7qEEdCDzCM7zCm6e8F+/d+5i1Lnn5zAH8gff5Ax+Jjtk=</latexit>

X91

<latexit sha1_base64="wP9OQFkgRC9MaFcuhrbLtOv1oEI=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykzxtSy6cVnBPqAdSibNtLGZZEgyQhn6D25cKOLW/3Hn35i2s9DWAxcO59zLvfeEieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3UbPcyvzrplcpexZsBLxM/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNit3UsITQERmwjqOSxMwE2ezaCT51Sh9HSruSFs/U3xMZiY0Zx6HrjIkdmkVvKv7ndVIbXQcZl0lqmaTzRVEqsFV4+jruc82oFWNHCNXc3YrpkGhCrQuo6ELwF19eJs1qxb+sXNyfl2s3eRwFOIYTOAMfrqAGd1CHBlB4hGd4hTek0At6Rx/z1hWUzxzBH6DPHxTejtI=</latexit>

X12

<latexit sha1_base64="YXS8YEDesgzGPcJMRkc1XNSzShw=">AAAB7XicbVDJSgNBEK1xjXGLevTSGARPYcb9GPTiMYJZIBlCT6cnadPL0N0jhCH/4MWDIl79H2/+jZ1kDpr4oODxXhVV9aKEM2N9/9tbWl5ZXVsvbBQ3t7Z3dkt7+w2jUk1onSiudCvChnImad0yy2kr0RSLiNNmNLyd+M0nqg1T8sGOEhoK3JcsZgRbJzVa3Sw4G3dLZb/iT4EWSZCTMuSodUtfnZ4iqaDSEo6NaQd+YsMMa8sIp+NiJzU0wWSI+7TtqMSCmjCbXjtGx07poVhpV9Kiqfp7IsPCmJGIXKfAdmDmvYn4n9dObXwdZkwmqaWSzBbFKUdWocnrqMc0JZaPHMFEM3crIgOsMbEuoKILIZh/eZE0TivBZeXi/rxcvcnjKMAhHMEJBHAFVbiDGtSBwCM8wyu8ecp78d69j1nrkpfPHMAfeJ8/FmOO0w==</latexit>

X13

-150

Depending on total 
demand vs. total supply.

<latexit sha1_base64="EGMwUgbiO/rSt58IiOH+uwLCoIU=">AAACGnicbVDLSgMxFM34rPU16tJNsAiCtExqW3VXdOOygn1AW0omvW1DMw+TjFCG+Q43/oobF4q4Ezf+jeljoa0Xwjmccy8397ih4Eo7zre1tLyyurae2khvbm3v7Np7+zUVRJJBlQUikA2XKhDch6rmWkAjlEA9V0DdHV6P/foDSMUD/06PQmh7tO/zHmdUG6ljk0YnLpDk1EBpCpckyRog+SmcJS0BSsF9X0ucJUWnY2ecnDMpvEjIjGTQrCod+7PVDVjkga+ZoEo1iRPqdkyl5kxAkm5FCkLKhrQPTUN96oFqx5PTEnxslC7uBdI8X+OJ+nsipp5SI881nR7VAzXvjcX/vGakexftmPthpMFn00W9SGAd4HFOuMslMC1GhlAmufkrZgMqKdMmzbQJgcyfvEhq+Rwp5Yq3hUz5ahZHCh2iI3SCCDpHZXSDKqiKGHpEz+gVvVlP1ov1bn1MW5es2cwB+lPW1w+2DZ7Q</latexit>

X41 +X61 +X91 �X12 �X13 Q �150



Let’s start with cell K4. 
We combine both relative and absolute cell reference. 



=SUMIF($E$4:$E$14,I4,$B$4:$B$14)-SUMIF($C$4:$C$14,I4,$B$4:$B$14)



=SUMIF($E$4:$E$14,I4,$B$4:$B$14)-SUMIF($C$4:$C$14,I4,$B$4:$B$14)

Run from the cell E4 to E14 (absolute reference). 



=SUMIF($E$4:$E$14,I4,$B$4:$B$14)-SUMIF($C$4:$C$14,I4,$B$4:$B$14)

If a match with the cell I4 (relative reference) is found …



=SUMIF($E$4:$E$14,I4,$B$4:$B$14)-SUMIF($C$4:$C$14,I4,$B$4:$B$14)

… sum up all the corresponding cells from B4 to B14 (absolute reference).



=SUMIF($E$4:$E$14,I4,$B$4:$B$14)-SUMIF($C$4:$C$14,I4,$B$4:$B$14)

This is just the sum of the INFLOWS.



=SUMIF($E$4:$E$14,I4,$B$4:$B$14)-SUMIF($C$4:$C$14,I4,$B$4:$B$14)

For the same reason, this is the sum of the outflows.



Hand-fill! Thanks to relative and absolute reference we can safely use the 
hand-fill feature (and save time!)













The optimal solution.



The optimal solution.



The Satellite Navigation Problem

A navigation company offers drivers two kinds 
of services. To get from one point to another 
on the map drivers are allowed to choose 
between:  
1) the route with minimal travel time; 
2) the most scenic route. 





Starting point: 
equivalent to a network flow 
with a supply of 1 unit and a 
demand of 0 units. 



Intermediate points: 
equivalent to a network flow 
with a supply of 0 units and 
a demand of 0 units.



Ending point: 
equivalent to a network flow with a 
supply of 0 units and a demand of 
1 unit.



Arc: determines the allowed routes. 
Each arc features the number of 
hours to cross it and the number of 
points received on the system for 
rating the scenic quality.



Determine: 
1) the fastest route. 
2) The most scenic route. 

The satellite navigation problem


