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Chapter 7

Production and Maintenance Model

In this chapter you will enter all the model identifiers that are related to the  This chapter
mathematical model described in Chapter ??. As with most realistic models,

the number of identifiers is quite large, and it pays to refine the model tree by

declaring several additional declaration sections.

7.1 Model structure

Please add the following declaration subsections to the section named Produc-  Adding to the
tion and Maintenance Model: model tree

Location Declarations

Scenario Declarations

Production Declarations

Supply and Demand Declarations
Maintenance and Vacation Declarations
Cost Declarations

Mathematical Program Declarations

The resulting section in the model tree is shown in Figure 7.1.
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Figure 7.1: Seven declaration sections to increase model structure



Chapter 7. Production and Maintenance Model

Most of the declarations in this chapter are provided in a compact textual
format that closely corresponds to the attribute format presented in previous
chapters. Instead of providing detailed instructions, you are asked to complete
the attribute forms on the basis of what you have learned so far.

As explained in Chapter ??, you can avoid entering some, or all, of the decla-
rations in this chapter by importing the model section ‘Production and Main-
tenance Model.amb’ into the Production and Maintenance Model section in the
model tree. You are advised to at least examine the declarations listed in the
remainder of this chapter if you choose the import file option.

7.2 Topology

In Chapter ?? you already declared the set of locations and their corresponding
x- and y-coordinates. You should now move these existing identifiers to their
new position in the model tree by performing the following actions:

» open the declaration section Declaration at the end of the model tree,

» select all three identifiers using the Shift key in combination with the
left-mouse button,

» press the Cut button %l on the toolbar,

» select and open the section named Location Declarations, and

» press the Paste button 8| on the toolbar.

As an alternative, you could have dragged the three identifiers to their new

position.

In the Location Declarations section you can now declare the sets Factories
and Centers as subsets of the set of all locations.

SET:
identifier Factories
subset of Locations
index : f

SET:
identifier Centers
subset of Locations
index N

7.3 Demand scenarios

The following two identifiers need to be added to the section Scenario Dec-
larations, and are used to set up the demand scenarios. Note that when a
particular set has a fixed number of known elements, you can enter these ele-
ments as data in the Definition attribute (see the set Scenarios below).
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Chapter 7. Production and Maintenance Model

SET:
identifier : Scenarios
index HS
definition : data { pessimistic, expected, optimistic }

PARAMETER:
identifier ScenarioProbability
index domain : s
definition data { pessimistic : 0.25, expected : 0.50, optimistic : 0.25 }

7.4 Production

An interesting feature of AIMMS is that you can specify a global index domain
condition as illustrated in the last three declarations below. In these examples,
AiMMS will only consider the (f, p) combinations that exist. All other combi-
nations will be ignored throughout the application. Note that the ‘|’ operator
is to be interpreted as the ‘such that’ operator, and that the Ord(p) operator
returns the ordinal position of the corresponding element p within its domain
set ProductionLines.

Please open the Production Declarations subsection, and enter the following
declarations after having read the previous paragraph.

SET:
identifier ProductionLines
index p
definition data { line-01 .. Tine-04 }
PARAMETER:
identifier NumberOfProductionLines
index domain : f
SET:
identifier : FactoryProductionLines
index domain : f
subset of ProductionLines
definition { p | Ord(p) <= NumberOfProductionLines(f) }
PARAMETER:
identifier DeteriorationlLevel

index domain :

PARAMETER:
identifier

index domain :

PARAMETER:
identifier

index domain :

(f,p) | p in FactoryProductionLines(f)

DeteriorationLevelAtStartOfCalendar
(f,p) | p in FactoryProductionLines(f)

MaximumDeteriorationLevel
(f,p) | p in FactoryProductionLines(f)
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Chapter 7. Production and Maintenance Model

The Unit wizard can only complete the Unit attribute for you once either the
desired unit or the unit expression has been entered. Therefore, when declar-
ing the first of the two parameters below, you should enter the Unit attribute
[hl/day] manually. When declaring the second parameter, you can use the Unit
wizard and select the ‘Implicit Quantities’ entry.

PARAMETER:
identifier : ProductionLinelLevelAtStartOfCalendar
index domain : (f,p) | p in FactoryProductionLines(f)
unit : h1/day

PARAMETER:
identifier : MaximumProductionLinelevel
index domain : (f,p) | p in FactoryProductionLines(f)
unit : h1/day

Once you have entered the declaration listed below, AIMMS still cannot compile
the definition of the parameter PotentialProduction. This definition contains
a reference to the three identifiers LineInMaintenance, DropDueToVacation and
IsVacationPeriod, which have not yet been declared. In such a situation, you
should use the Commit and close button &l instead of the Check, commit and
close button , and AimMMs will not complain (though the identifier names
will be colored red). Instructing AIMMS to compile the model will result in
errors reporting missing identifiers. The three identifiers will be declared at a
later stage.

PARAMETER
identifier : PotentialProduction
index domain : (f,p,t) | p in FactoryProductionLines(f)
unit : hl
definition : ActualNumberOfDaysInPeriod(t) *

(1 - LineInMaintenance(f,p,t) ) *
(1 - DropDueToVacation * IsVacationPeriod(f,t) ) *
MaximumProductionLineLevel(f,p)

An overview of all the declarations entered by you so far is shown in Figure 7.2.
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Figure 7.2: All location, scenario and production declarations
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E—] Location Declarations
-[§] Locations

-[F] XCoordinate(l)
-[P] YCoordinate(l)
-[§] Factories

[—}-- Scenario Declarations

-[G] Scenarios

-[F] ScenarioProbability(s)

|:-]--- Production Declarations

------ [S] ProductionLines

------ [P] MumberOfProductionLines(f)

------ [S] FactoryProductionLines(f)

------ [P] DeteriorationLevel(fp)

------ [P] DeteriorationLevelAtStatOfCalendar(f,p)
------ [P] MaximumDeteriorationLevel(f,p)

------ [P] MaximumProductionLinelevel(fp)
------ [P] PotentialProduction(f,p.t)

]--- Supply and Demand Declarations
}-- Maintenance and Vacation Declarations
- =) Cost Declarations

}-- Mathematical Program Declarations

[ e B e B

------ |E| ProductionLineLevelAtStanOfCalendar(f,p)

4. Model Explorer: Softdrink Planning.amb =] |
=-{l Production and Maintenance Model -]

|

PARAMETER :
identifier

index domain :

unit

PARAMETER :
identifier

index domain :

unit

PARAMETER:
identifier

index domain :

unit

7.5 Supply and demand

Demand
(c,t,9)
h1

MinimumStock
1
h1

MaximumStock
1
h1

Use the Unit wizard, the Range wizard, and the name completion functional-
ity to enter the following supply and demand declarations in the appropriate
declaration section of your model tree.
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PARAMETER:
identifier StockAtStartOfCalendar
index domain : 1
unit : hl

PARAMETER:
identifier : MaximumTransportCapacity
index domain : f
unit : TL

7.6 Maintenance and vacations

As was already mentioned in Chapter ??, most of the computations needed for
maintenance planning can be placed outside the mathematical program. All
you need to declare at this point is when a particular production line is un-
dergoing maintenance. Please use the Maintenance and Vacation Declarations
declaration section in your model tree.

PARAMETER:
identifier LineInMaintenance
index domain : (f,p,t)
range binary

The management of each factory knows the particular weeks in which a rel-
atively large portion of its personnel will be on leave. During these weeks,
production typically drops by 40% of the maximum production capacity. The
following two parameters need to be declared.

SET:
identifier VacationWeeks
index domain : f
subset of Weeks
PARAMETER:
identifier DropDueToVacation
initial data : 0.4
PARAMETER:
identifier : IsVacationPeriod
index domain : (f,t)
range binary
definition if ( WeekInPeriod(t) in VacationWeeks(f) )
then 1
else 0

endif

Maintenance
declaration

Entering
vacation
declarations
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Chapter 7. Production and Maintenance Model

At this point you should be able to compile the entire model, because the
three identifiers missing in section 7.4 have now been declared. To compile
the entire model you should execute the Compile All command from the Run
menu. Alternatively, you could simply press the F5 key. Please ignore any
warnings concerning data initialization.

7.7 Costs

The total scenario cost is divided into four components, each of which has
its own unit cost declaration. The total cost is the weighted sum of the total
scenario cost over all scenarios. You should enter the following declarations
in the Cost Declarations section in your model tree.

PARAMETER:
identifier : UnitTransportCost
index domain : (f,c)
unit /1L
PARAMETER:
identifier : FixedCostDueTolLevelChange
unit )

initial data : 25000

PARAMETER:
identifier : UnitStockCost
index domain : 1
unit 1 §/hl

PARAMETER:
identifier : UnitProductionCost
index domain : f
unit : $/hl

An overview of all supply and demand, maintenance and vacation, and cost
declarations entered is shown in Figure 7.3.
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=101x|
[T @& Poduction Declaraons  ~|
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Figure 7.3: All supply, demand, maintenance, vacation, and cost declarations

7.8 Optimization model

There are seven variables in the formulation of the mathematical program in
this tutorial. These should be entered in the declaration section Mathematical
Program Declarations in your model tree.

VARIABLE:
identifier : ProductionLineInUse
index domain : (f,p,t) | p in FactoryProductionLines(f)
range 1 binary
VARIABLE:
identifier : Production
index domain : (f,t)
range : nonnegative
unit : hl
definition : sum[ p, PotentialProduction(f,p,t) *
ProductionLineInUse(f,p,t) ]
VARIABLE:
identifier : ProductionLinelLevelChange
index domain : (f,p,t) | p in FactoryProductionLines(f)
range ¢ [0, 1]
VARIABLE:
identifier : Transport
index domain : (f,c,t,s) | UnitTransportCost(f,c)
range : [0, MaximumStock(c)]
unit : TL
VARIABLE:
identifier : Stock

index domain : (1,t,s)

Variables
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range
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VARIABLE:
identifier

index domain :

unit
definition

VARIABLE:
identifier
unit
definition

Chapter 7. Production and Maintenance Model

[MinimumStock (1), MaximumStock(1)]

h1

Stock(1,t-1,s) + Production(1,t) +

sum[ f, Transport(f,1,t,s) ] -

sum[ c, Transport(1l,c,t,s) ] - Demand(1,t,s)

TotalScenarioCost

s

$

sum[ (f,p,t), FixedCostDueToLevelChange *
ProductionLineLevelChange(f,p,t) ] +

sum[ (f,t), UnitProductionCost(f) *
Production(f,t) ] +
sum[ (1,t), UnitStockCost(1) *
Stock(1,t,s) ] ¥
sum[ (f,c,t), UnitTransportCost(f,c) *
Transport(f,c,t,s) ]
TotalCost
$

sum[ s, ScenarioProbability(s) * TotalScenarioCost(s) ]

Note that four of the variables have their own definitions. AiMMs will treat
these definitions as constraints when generating the corresponding mathemat-
ical program.

The remaining three constraints in the formulation of the mathematical pro-
gram are listed below.

CONSTRAINT:
identifier ChangeWhenIncrease
index domain : (f,p,t) | p in FactoryProductionLines(f)
definition ProductionLineLevelChange(f,p,t) >=
ProductionLineInUse(f,p,t) - ProductionLineInUse(f,p,t-1)
CONSTRAINT:
identifier ChangeWhenDecrease
index domain : (f,p,t) | p in FactoryProductionLines(f)
definition ProductionLineLevelChange(f,p,t) >=
ProductionLineInUse(f,p,t-1) - ProductionLineInUse(f,p,t)
CONSTRAINT:
identifier RestrictTransportCapacity
index domain : (f,t,s)
unit TL
definition sum[ c, Transport(f,c,t,s) ] <= MaximumTransportCapacity(f)

A mathematical program in AiMMS specifies the set of variables and con-
straints together with the objective, optimization direction and model type
that are needed by AiMMS to generate the model. If you do not specify a vari-
able set or a constraint set, AIMMS will assume that all model variables and
all model constraints are included in the mathematical program. Please use

Defined
variables

Constraints

Mathematical
program
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the Objective, the Direction and the Type wizard to declare the mathematical
program LeastCostPTan as shown in Figure 7.4.

~iBix

Type IHathemat,ical Progrj ﬁl fl ‘l *El v | I D’l @"l
| Identifier ﬁLeastCostPlan

Objective ﬁTotalCost

Direction ﬁmin imize

Constraints ﬂ

Yanables ﬁ

Text

Type ﬁ Ip

¥iolation penalty ’M

Comment |

Figure 7.4: Attribute form of the mathematical program

All variables and constraints that are declared in the Mathematical Program  Model tree
Declarations are shown in Figure 7.5.
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Figure 7.5: The model tree to date
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