




SET COVERING
TSP: TRAVEL SALESMAN PROBLEM

Choose the optimal 
sequence that 

minimizes the costs of 
visiting all the nodes 
that make up a path, 

starting from a default 
source .
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SET COVERING
TSP: TRAVEL SALESMAN PROBLEM
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Min Si Sj cij xij

subjet to

Sj xij = 1    "i

Sj xji = 1    "i

xij  {0,1}

xii = 0
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Output balance equation

cij cost of going from i to j
xij decision of going from i to j



VRP: VEHICLE ROUTING PROBLEM
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The problem is to 
determine the nodes that 

must integrate the 
different routes that 
minimize the costs of 

visiting all the nodes of 
a distribution/recollection 

system, starting from a 
default source      , using a 

fleet of homogenous 
vehicles.
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1. You must select the set 
of nodes that make up 

the route/path

2. You must select the 
sequence of nodes within 

the route 

(TSP) 
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dv Cost activate route v
cijv Cost of going from i to j using the 

route v 
yv Decision to activate the route v
xijrv Decision to go from i to j using route v

VRP: VEHICLE ROUTING PROBLEM

Min Si Sj cij xijv + Sv dv yv

Subjet to  

Sj Sv xijv = 1   "i ≠1

Sj xjiv = Sj xjiv "i  "v

Si Sj xijv  yv "v

yv {0,1}, xijv {0,1}

xiiv = 0
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hijv Travel time from i to j on route v (hr) 
vi Weight associated with the order in i (kg)
pi Volume associated with the order in i (m3) 
dv Cost activate route v
cijv Cost of going from i to j using the route v 
yv Decision to activate the route v
xijrv Decision to go from i to j using route v

VRP: VEHICLE ROUTING PROBLEM
WITH RESOURCES CONSTRAINTS

1

2

Min Si Sj cij xijv + Sv dv yv

Subjet to  

Sj Sv xijv = 1   "i ≠1

Sj xjiv = Sj xjiv "i  "v

Si Sj xijv  yv "v

yv {0,1}, xijv {0,1}

xiiv = 0

Si Sj hijv xijr  Timev "v

Si Sj vi xijr  Volumenv "v

Si Sj pi xijr  Weigthv "v



1

3

2

4

5

6

hijv Travel time from i to j on route v (hr) 
vi Weight associated with the order in i (kg)
pi Volume associated with the order in i (m3) 
dv Cost activate route v
cijv Cost of going from i to j using the route v 
yv Decision to activate the route v
xijrv Decision to go from i to j using route v

VRP: VEHICLE ROUTING PROBLEM
WITH RESOURCES CONSTRAINTS

Min Si Sj cij xijv + Sv dv yv

Subjet to  

Sj Sv xijv = 1   "i ≠1

Sj xjiv = Sj xjiv "i  "v

Si Sj xijv  yv "v

yv {0,1}, xijv {0,1}

xiiv = 0

Si Sj hijv xijr  Timev "v

Si Sj vi xijr  Volumenv "v

Si Sj pi xijr  Weigthv "v

p2 - v2

p6-v6

p4-v4

p5-v5

p3-v3



MATHEMATICAL ELEMENTS/OBJECTS

INDEX

SET

PARAMETER

VARIABLE

CONSTRAINT

OBJECTIVE FUNCTION

PROBLEM

VRP: VEHICLE ROUTING PROBLEM WITH RESOURCES CONSTRAINTS

SYSTEM INFORMATION APPROACH 

Min Si Sj cij xijv + Sv dv yv
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MATHEMATICAL ELEMENTS/OBJECTS

INDEXES:

i Node/Client
j Node/Client
v Route/Path/Vehicle

VRP: VEHICLE ROUTING PROBLEM WITH RESOURCES CONSTRAINTS

SYSTEM INFORMATION APPROACH 
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MATHEMATICAL ELEMENTS/OBJECTS

SETS:

IMPLICIT:
i All Nodes/Clients
j All Nodes /Clients
v All Routes/Paths/Vehicles

EXPLICIT:
" i All Nodes/Clients
" j All Nodes /Clients
" v All Routes/Paths/Vehicles

"i ≠1 All nodes except de “default node” 
warehouse

VRP: VEHICLE ROUTING PROBLEM WITH RESOURCES CONSTRAINTS

SYSTEM INFORMATION APPROACH 

Min Si Sj cij xijv + Sv dv yv

Subjet to  

Sj Sv xijv = 1   "i ≠1
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MATHEMATICAL ELEMENTS/OBJECTS

PARAMETERS:

hijv Travel time from i to j on route v (hr) 
vi Weight associated with the order in i

(kg)
pi Volume associated with the order in 

i (m3) 
dv Cost activate route v ($)
cijv Cost of going from i to j using the 

route v ($) 

Timev Time available for route v
Volumenv Volume capacity of route v
Weigthv Weight capacity of route v

VRP: VEHICLE ROUTING PROBLEM WITH RESOURCES CONSTRAINTS

SYSTEM INFORMATION APPROACH 

Min Si Sj cij xijv + Sv dv yv

Subjet to  

Sj Sv xijv = 1   "i ≠1

Sj xjiv = Sj xjiv "i  "v

Si Sj xijv  yv "v

yv {0,1}, xijv {0,1}

xiiv = 0

Si Sj hijv xijr  Timev "v

Si Sj vi xijr  Volumenv "v

Si Sj pi xijr  Weigthv "v



MATHEMATICAL ELEMENTS/OBJECTS

VARIABLES:

yv Decision to activate the route v 
(binary)

xijrv Decision to go from i to j using route 
v (binary)

The variables are restricted by its type and 
its existence conditions

VRP: VEHICLE ROUTING PROBLEM WITH RESOURCES CONSTRAINTS

SYSTEM INFORMATION APPROACH 

Min Si Sj cij xijv + Sv dv yv

Subjet to  

Sj Sv xijv = 1   "i ≠1

Sj xjiv = Sj xjiv "i  "v
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MATHEMATICAL ELEMENTS/OBJECTS

CONSTRAINTS:

CO1i All nodes must visit once
CO2iv If one route arrive to the node i

must leave from this node. 
CO3v Only if the route is activated can 

visit a node
TIMv The sum of the travel times must 

be less than permitted time for the 
route (hr)

VOLv The sum of the volumes 
transported must be less than the 
volume capacity of the route (m3)

WEIv The sum of the weights 
transported must be less than the 
weight capacity of the route (Kg)

The constraint must satisfies its existence 
conditions

VRP: VEHICLE ROUTING PROBLEM WITH RESOURCES CONSTRAINTS

SYSTEM INFORMATION APPROACH 

Min Si Sj cij xijv + Sv dv yv

Subjet to  

Sj Sv xijv = 1   "i ≠1

Sj xjiv = Sj xjiv "i  "v

Si Sj xijv  yv "v

yv {0,1}, xijv {0,1}
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TIMv

VOLv

WEIv



MATHEMATICAL ELEMENTS/OBJECTS

OBJETIVE FUNCTION:

cfv Sum of fixed and variables cost ($)

VRP: VEHICLE ROUTING PROBLEM WITH RESOURCES CONSTRAINTS

SYSTEM INFORMATION APPROACH 

Min  cfv = Si Sj cij xijv + Sv dv yv

Subjet to  

Sj Sv xijv = 1   "i ≠1

Sj xjiv = Sj xjiv "i  "v

Si Sj xijv  yv "v

yv {0,1}, xijv {0,1}

xiiv = 0

Si Sj hijv xijr  Timev "v

Si Sj vi xijr  Volumenv "v

Si Sj pi xijr  Weigthv "v



MATHEMATICAL ELEMENTS/OBJECTS

PROBLEM:

VRPTVW Vehicle Routing problem with 
constraint of time, volume and 
weight.

VRP: VEHICLE ROUTING PROBLEM WITH RESOURCES CONSTRAINTS

SYSTEM INFORMATION APPROACH 

VRPTVW:= { 

Min  cfv = Si Sj cij xijv + Sv dv yv

Subjet to  

Sj Sv xijv = 1   "i ≠1

Sj xjiv = Sj xjiv "i  "v

Si Sj xijv  yv "v

yv {0,1}, xijv {0,1}

xiiv = 0

Si Sj hijv xijr  Timev "v

Si Sj vi xijr  Volumenv "v

Si Sj pi xijr  Weigthv "v

}



http://www.doanalytics.net/Documents/An-Inventory-Routing-Problem.pdf

http://www.doanalytics.net/Documents/An-Inventory-Routing-Problem.pdf






















xt
r   {0,1}



Lt
i  Sr RR(i) S1st ds

i,r  Ut
i

xt
r   {0,1}





Lt
i= max ( 0 , S1st u

s
i - I0

i ) Ut
i= S1st u

s
i + Ci - I0

i





dt
i  qt

i

qt
i cantidad de producto que puede recibir el cliente i en día t

















"the computer-based mathematical 
modeling is the greatest invention 
of all times“

Herbert Simon
First Winner of Nobel Prize in Economics (1978)

"for his pioneering research into the decision-making process within economic 
organizations" 


