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Chapter 9

Functions and Procedures

In the previous chapter you were introduced to database procedures. In this
chapter you will develop several AIMMS procedures to read data and to control
the entire rolling horizon process. In addition, you will work with an external
procedure that is called from within AIMMS.

The procedures in this chapter have all been kept small for ease of under-
standing. The underlying rolling horizon algorithm, however, is not trivial,
and results in a multitude of procedures. The chapter is therefore both a tu-
torial in the use of procedures and a tutorial in the application of a rolling
horizon.

9.1 Reading from a database

Reading all the data at once from a database table is quite easy in AIMMS. Con-
sider, for instance, the database table LocationTable declared in the previous
chapter. The following statement

read from table LocationTable;

is an instruction to AIMMS to read all identifiers that have been specified in the
Mapping attribute of the corresponding database table.

It is also possible to read a selection of all identifiers specified in the Mapping
attribute of a database table. For instance, the following statement

read XCoordinate, YCoordinate from table LocationTable;

only reads data of XCoordinate and YCoordinate.

At this point, you are asked to create a single procedure named ReadFrom-
Database to be placed between the Database Declarations node and the Num-
berOfProductionLinesQuery node in the model tree in the following manner:

» select the Database Link section of the model tree,
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Chapter 9. Functions and Procedures

» if open, close this section by clicking on the minus sign [=lin front of the
icon,

» press the New Procedure button Bl button on the toolbar,

enter ‘ReadFromDatabase’ as the name of the procedure, and

» press the Enter key to register this name.

v

Open the attribute form of the procedure ReadFromDatabase by double-clicking
on its name, and complete the Body attribute as shown in Figure 9.1. Note
that the two database procedures NumberOfProductionLinesQuery and TotalDe-
mandQuery both result in temporary tables inside the database, and that AIMMS
acts as if the name of each procedure is the same as the name of the temporary
table.

é ReadFromDatabase _ 1Ol x|
3| 2[8[E v @06
| Procedure  FeadFromDatabase
Algumenlsﬁ
Property ﬂ
Body read from table LocationTable;
read from table FactoryTable:
read from table NumberOfProductionlinesOuery:
read from table ProductionlineTable:
read from table &llCentersluery:
read from table TotalDemandQuery:
Comment |

Figure 9.1: The procedure ‘ReadFromDatabase’

After you have completed the Body attribute of the procedure ReadFromData-
base, close the attribute form using the Check, commit and close button B
You can now run the procedure by performing the following steps:

» select the procedure ReadFromDatabase in the model tree, and
» select the Run Procedure command using the right-mouse pop-up menu
(see Figure 9.2).

Cub

Copy

X W s

Delete

Insert...
EE attributes. .

Rename

Open Wwith...

| Run Procedure [}|

Figure 9.2: The right-mouse menu of the procedure ‘ReadFromDatabase’
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Chapter 9. Functions and Procedures

After you have executed the procedure ReadFromDatabase you may want to look
at the contents of, for instance, the parameter MaximumProductionLineLevel. Be-
fore you are able to view its data, you need to locate this parameter in the
model tree. You can find it in the following manner:

» press the Find button 8 on the toolbar,

» enter ‘MaximumProductionLineLevel’ using the name completion facility
(see Figure 9.3), and

» press the Declaration. .. button.

Find | Model Specific |
Eind'what:
|MaximumProductionLineLeveI j
[ Beplace with:

I Search from Begin [ Case Sensitive

I Backwards v wiords Orily

Declaration... |
Find I Cancel |

Figure 9.3: The Find & Replace dialog box

Next, open the data page for the parameter MaximumProductionlLineLevel by per-
forming the following two steps:

» press the right-mouse button to activate the pop-up menu, and
» select the Data... command.

The data page on your computer should now look like the one shown in Fig-
ure 9.4.

é [Data Page] MaximumProductionLineLevel O] x|

Cloze |

3] E
I -0 line-02 line-03 line-04
f

=] Eindhoven 430 530
B Haarlem 430 500 350 600
Zwole 450 550 =S| E

@2

Figure 9.4: The data page for MaximumProductionLineLevel
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Chapter 9. Functions and Procedures

9.2 External DLL functions

In this section, you will link an external Dynamic Link Library (DLL) named ‘Ex-
ternal Routines.d11’ to your AiMMS model. Inside this DLL, there is a function
named DLLUnitTransportCost, that determines the unit transport cost on the
basis of the distance between a particular factory and a particular distribution
center. Writing your own DLLs is beyond the scope of this tutorial. Chap-
ters 11 and 32 of The Language Reference, however, elaborate further on the
use of DLLs and the related AiMMS Programming Interface. The source code
of ‘External Routines.d11’ has already been copied to the ‘DLL’ subdirectory of
your project.

The DLL ‘External Routines.d11’ exports the following function.

double DLLUnitTransportCost( char *from_name, char *to_name )

The two input arguments of the function are strings representing the names
of the two locations for which the unit transport cost is calculated.

For each external DLL function used in an AIMMS application, you must de-
clare a corresponding external function in AIMMS. In this tutorial, the external
function is named ExternalUnitTransportCost, and has the same number of ar-
guments as its external counterpart.

To declare the external function you should perform the following tasks:

» open the DLL Link model section,

» press the Other... Elbutton on the toolbar,

» select the external function [Ed from the Select Type of Node dialog box
(see Figure 9.5),

» specify ‘ExternalUnitTransportCost(factory,center)’ as the name of the
function, and

» press the Enter key to register its name.
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Select Type of Node ﬂll
@ section oK I
. rodule
declaration section Cancel |
EE' procedure

[Py external procedure
databaze procedure

[EJ Function

E external function

Figure 9.5: The Select Node Type dialog box

Next, AIMMS will automatically open the Arguments wizard as shown in Fig- The Arguments

ure 9.6. wizard
Argument Property ] I
[P] NEE Input
[P] center Iriput Cancel |

|+
[+

1=
o
=

Delete
Type: PFroperty
Iparametet j & |mput
Unit: € Dutput
I— ) [t
" Optional

Figure 9.6: The Arguments wizard

To complete the Arguments wizard, execute the following steps:

» change the type of the currently selected argument factory to ‘element
parameter’,

select Factories as its Range attribute,

then click on the second argument center,

change its type to ‘element parameter’,

select Centers as its Range attribute, and

press the OK button.

vVvyVvyyvyy

After completing the Arguments wizard, AIMMS will have declared the two
input arguments as local element parameters. You may verify that AiMMS has
indeed placed these local parameters in a new declaration section underneath
the ExternalUnitTransportCost node in the model tree (see Figure 9.7).
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=10l x|

Y

Figure 9.7: The completed DLL section of the model tree

Using wizards it is now straightforward to complete the DIl name and Return
type attributes of the external function as shown in Figure 9.8.

é ExternalUnitTransportCost

[Tk
ale|8E v]m o] s

| External function ﬁtExte rnalUnitTransportCost

Arguments ﬂ [factory,center)

Index domain ﬁ

Range ﬂ

Unit Ed

Property ﬁ

DIl name ﬂ "DLL\\External Routines.dll"

Return type ﬁdouhle

Body call ﬂ DLLUnitTransportCost|
scalar string : factory,
acalar atring : cCenter

)
Derivative call ﬂ
Comment

Figure 9.8: The attribute form of the external function ExternalUnitTransport-

Cost

The Body call attribute specifies the actual link between the arguments of the
function in AiMMs and in the DLL. There is an extensive Body call wizard, as
shown in Figure 9.9, which supports several choices in establishing the link. In
the Body call wizard (see Figure 9.9) you should perform the following actions:

» select ‘Scalar’ translation type

» press the wizard button #l to select the element parameter factory as

the actual argument,
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set the external datatype to ‘String’,

press the Add button,

select ‘Scalar’ translation type

press the wizard button #l 1o select the element parameter center as the
actual argument,

set the external datatype to ‘String’,

press the Add button, and

» press the OK button.

vvyyvyy

vy

Body Call Wizard 21l
Function Marne Fran DLL: I DLLURiETransportCast j fo'd I

| Argument | Translation type | External datat... | Translatior Cancel |

El Factory scalar skring
s 2

E| center scalar skring
<| | _;I Delete |
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 Card
 Array | center d add
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= work " Integer [ ordinal Murnber np_plyl
" Literal £ Double [ Element Mumber

' string I~ Indicator,

" Integerd I~ Retain Specials

" Integerl6 I™ | Grdered

| GE

Figure 9.9: The Body call wizard

9.3 Specifying the rolling horizon

In this section, you will specify all the procedures that are necessary to de-
scribe the rolling horizon process. Once you have implemented the single step
contained in this process, it becomes straightforward to describe the overall
process. After proper data initialization you are then ready to run the com-
pleted set of rolling horizon procedures.

This section is divided into four subsections, as shown in Figure 9.10. You
should add these subsections to your own model tree.
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=lalx|

Figure 9.10: The structure of the Ro11ing Horizon Procedures section

ELEMENT PARAMETER:
identifier
range

SET:
identifier
subset of
definition

ELEMENT PARAMETER:
identifier
range
definition

ELEMENT PARAMETER:
identifier
range
definition

9.3.1 Rolling horizon declarations

There are several identifiers that play a role in the rolling horizon process.
Their names are mostly self-explanatory, and their contents are specified be-
low. As you will see in the next subsection, these identifiers are used in the
formation of timetables, which link the abstract periods in the rolling horizon
model to the specific days and weeks in the two calendars.

At this stage, you should enter the following declarations in Ro11ing Horizon
Declarations.

FirstDayInPlanningInterval

Days

WeeksInPlanningInterval

Weeks
union[ t, WeekInPeriod(t) ]

FirstWeekInPlanningInterval
Weeks
DayToWeek (FirstDayInPlanningInterval)

LastWeekInPlanningInterval
Weeks
Tast(WeeksInPlanningInterval)

Horizon

identifiers ...

... and their
declarations
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PARAMETER:
identifier LengthDominatesNotActive
index domain : t

The identifier named LengthDominatesNotActive is a required input for the pro-
cedure CreateTimeTabTle discussed in the next subsection. Whenever this iden-
tifier assumes its default value of zero, then the desired length of any period
may not be achieved due to a delimiter slot being encountered in that period.
In the example in this tutorial, this parameter is indeed zero. As a result, the
timetable DaysInPeriod will make sure that each period starts on a Monday (the
delimiter slot). Even though the desired length of each period has been set to
seven days, its actual length is shortened due to weekends and the official
holidays (the so-called inactive days).

In addition to the five horizon identifiers, you need to enter two registration
identifiers. These two identifiers are used to store the overall maintenance
and line usage planning. Add the following two parameters at the end of the
Ro1Ting Horizon Declarations section:

PARAMETER:
identifier
index domain :

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

PARAMETER:
identifier
index domain :

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

4 Model Explorer: Softdrink Planning.amb i ] B4
(&) The Model a]

@ Cuantities and Units

@ Time

Q Production and Maintenance Model

@ Databasze Link

- @ DLL Link

EII,E| Raolling Harizon Procedures

E} Ralling Horizon Declarations

-|E| FirstDaylnPlanninglnterval

@ WeaeksInPlanninglnterval

-|E| FirstfeekinPlanninglnterval

E| LastWeekinPlanninglnterval b
-|E| LengthDominateskotactivedt)

E OverallMaintenancePlanning(f,pw

-|E| COwerallLinelsagePlanningif,pw

----- Q Single Step Pracedures

----- @ Rolling Procedures

----- Q Initialization Procedures

----- @ The User Inteface |

Figure 9.11: The Ro11ing Horizon Declarations section of the model tree
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9.3.2 Single step procedures

A single step in the rolling horizon decision process can be divided into several
procedures, as shown in Figure 9.12. The implementation of each procedure
will be discussed later on in this subsection. Complete your model tree accord-
ingly, but please follow the instructions in the next paragraph when entering
the procedure RegisterInOverallPlanning with its two arguments named iw and
ip.

/9 Model Explorer: Softdrink Planning.amb o =] |
- @ Database Link -

: @ DLL Link

E||.E| Ralling Harizon Procedures
Rolling Horizon Declarations

[:_} I.@ Single Step Pracedures

------ [PJ LinkHarizanTaCalendar

------ [ﬂ ReadDemandDataFromDatabase

------ [ﬂ Determinemaintenance

------ [P] SolveLeastCostPlan

EI@ RegisterinCwerallPlanning(iv,ip)

E| Declaration

2L
------ [P PrepareDataF arMextRall

----- @ Rolling Procedures

----- Q Initialization Procedures

----- @ The User Inteface

..... Declaration

..... [FJ Maininitialization =l

Figure 9.12: The procedures needed to specify a single step

Once you enter the procedure RegisterInOverallPlanning(iw,ip) with its two
arguments, AIMMS will automatically open a wizard. To complete this Argu-
ment wizard for both iw (referring to a week) and ip (referring to a period),
you should execute the following actions:

» change the type of the currently selected argument iw to ‘element param-
eter’,

select Weeks as its Range attribute,

select ‘Input’ as its Property attribute,

then click on the second argument ip to change the target,

change its type to ‘element parameter’,

select Periods as its Range attribute, and

select ‘Input’ as its Property attribute.

vVvyvyVvyYyvyy

At this point, the Argument wizard should be the same as the one shown in
Figure Figure 9.13.
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Arguments for RegisterInOverallPlanning Alx|
| Argument | Froperty | oK I
B iw Input
2] e Input Cancel |
‘Jl Ol
Mew
Delete |
Type: Property
Ielement parameter j ' |nput
Range: " Dutput
IPeriods d T InOut
" Optional

Figure 9.13: Argument wizard

A timetable is either an indexed set or an indexed element parameter, repre-
senting the mapping between the periods in the horizon and the timeslots in
the calendar. It is an indexed set when the period can contain several time
slots as for instance in the timetable DaysInPeriod. It can be an indexed ele-
ment parameter when there is a one-to-one mapping between each period and
each time slot as for instance in the timetable WeekInPeriod.

The quick info tip window of the predefined procedure CreateTimeTable are
shown in Figure 9.14.

CreateTimeTablef
[Cutput] TimeTable A5 Sef,
[Input] CurrentTimeslot AS Semant Farameatar,
[Input] CurrentPeriod A5 Skement Parameter,
[Input] PeriodLength A5 Farameater,
[Input] LengthDominates A5 Farameater,
[Input] InactiveTimesSlots AS Saf,
[Input] Delimiterslots A5 Sef

Figure 9.14: Quick info tip window of the function CreateTimeTable
Through the arguments you have considerable control over the contents of the

timetable. For detailed information see Section 29.4 of The Language Refer-
ence manual.

Describing a
timetable

Creating a
timetable . ..
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Go to the Body attribute of the procedure LinkHorizonToCalendar, and enter the
following statements:

CreateTimeTable(
TimeTable : DaysInPeriod,
CurrentTimeSTot : FirstDayInPlanningInterval,
CurrentPeriod : FirstPeriodInPlanningInterval,
PeriodLength : DesiredNumberOfDaysInPeriod,
LengthDominates  : LengthDominatesNotActive,
InactiveTimeSTots : InactiveDays,
DelimiterSlots : Mondays );

ActualNumberOfDaysInPeriod(t) := (card(DaysInPeriod(t))) [day];

CreateTimeTable(
TimeTable : WeekInPeriod,
CurrentTimeSTot  : FirstWeekInPlanningInterval,
CurrentPeriod : FirstPeriodInPlanningInterval,
PeriodLength : DesiredNumberOfWeeksInPeriod,
LengthDominates  : LengthDominatesNotActive,
InactiveTimeSlots : InactiveWeeks,
DelimiterSlots . Weeks );

Note that when calling CreateTimeTable, the arguments are preceeded by their
argument names as displayed in Figure 9.14. The use of argument names in
function calls is optional in AIMMS. In the above Body attribute, the argument
names are used to increase the readability.

In order to enforce unit consistency in the above assignment statement, the
unitless expression card(DaysInPeriod(t)) is assigned the unit [day]. Such unit
casting requires the entire expression to be enclosed between parentheses.

You can use the Maximize button B on the toolbar to temporarily enlarge
the size of the Body attribute (or any other multi-line attribute) to ease entry.
When you have completed the attribute, simply press the Maximize button
again to restore the original size.

The timetable DaysInPeriod contains the working days in a week, and explicitly
excludes the inactive days such as the weekends and the official holidays. The
sole reason why this timetable is created, is to determine the parameter Actu-
aTNumberOfDaysInPeriod needed to establish the correct level of production.

To view the contents of the DaysInPeriod timetable, you should first initialize
the element parameter FirstDayInPTanningInterval. All other input arguments
have already been initialized. Execute the following steps:

» select the procedure LinkHorizonToCalendar in the model tree,
» press the Enter key to open its attribute form,
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v

position the text cursor somewhere within the string ‘FirstDayInPlan-
ninglnterval’ in the Body attribute,

press the right-mouse button to activate the pop-up menu,

select the Data. .. command,

click on the empty right-hand side of the equal sign in the Data page,
specify ‘03/07/2000’ (without the quotes) as the value on the data page,
and

» press the Close button.

vvyyvyy

You may re-open the page to verify that AiMmMs has accepted your input value.
If the input format you entered was incorrect, AiMmms will replace your input
with the default empty string.

At this point, you can view the contents of the timetable DaysInPeriod by run-
ning the procedure and looking at the appropriate data page:

» position the text cursor somewhere within the string ‘LinkHorizonToCal-
endar’ in the Procedure attribute,

» press the right-mouse button to activate the pop-up menu, and

» select the Run Procedure command.

You can ignore all the initialization warnings since the existing default values
suffice at this point in the tutorial. Please close the Errors/Warnings window
and continue.

Next construct the data page corresponding to the timetable DaysInPeriod as
shown in Figure 9.15 by executing the following steps:

» position the text cursor somewhere within the string ‘DaysInPeriod’ in
the Body attribute,

» press the right-mouse button to activate the pop-up menu again, and

» select the Data... command.

Note that each period covers exactly five days due to the fact that the week-
ends are excluded. The default format of this data page requires you to scroll
horizontally. You may select a different view by pressing the Change view
button il, and choosing, for instance, ‘Sparse List’ as the Type of Object.
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&) [Data Page] DaysInPeriod _[O] x]
= =6 Close
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Figure 9.15: The data page of the day-based timetable

The weekly calendar in this tutorial spans a period of roughly one year. The
planning horizon in a single step of the overall rolling horizon procedure, how-
ever, is just a small subset of weeks. That is why the procedure ReadDemand-
DataFromDatabase is introduced to limit the total amount of demand data that
is loaded into memory at any given time.

Prior to each subsequent step of the rolling horizon process, it is recom-
mended that you first emptie the weekly demand data associated with the
old planning interval, and then read the demand data for the weeks in the
new planning interval. This can be accomplished by entering the following
statements in the Body attribute of the procedure ReadDemandDataFromDatabase.

empty WeeklyDemand;
read WeeklyDemand(c,w,s) from table CenterTable

filtering w in WeeksInPlanningInterval;
Demand(c,t,s) := WeeklyDemand(c,WeekInPeriod(t),s);

Note that the weekly demand is read for only those weeks that are in the cur-
rent planning interval. Using the timetable WeekInPeriod, the weekly demand
is then assigned to period demand as required by the mathematical program
to be solved.

The parameter DeteriorationLevel registers, for each combination of factory
and production line, the amount of time that has elapsed since that line was
maintained. Assuming that all lines will be in use for the entire planning in-
terval, it is a straightforward calculation to estimate when a production line
should be under maintenance.

Now comes the slightly tricky requirement: in each factory no more than one
production line can be maintained in the first period. If there is more than
one candidate, you should maintain just one line, and delay the maintenance
of the other candidate(s) to the next period. The final result is then stored
in the parameter LineInMaintenance declared for each factory, production line
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and period. This parameter is one of the determinants of the production level
of a line when in use (see the definition of the parameter PotentialProduction).

Before specifying the Body attribute of the procedure DetermineMaintenance,
you need to declare the following two local identifiers in a new declaration
section within the procedure node DetermineMaintenance.

ELEMENT PARAMETER:

identifier : EstimatedMaintenancePeriod
index domain : (f,p)
range : Periods

SET:
identifier : LinesInMaintenanceInFirstPeriod
index domain : f
subset of : ProductionLines

Figure 9.16 shows the local declaration section of the procedure Determine-
Maintenance.

é Model Explorer: Softdrink Planning.amb - 10l 1
=48 Single Step Procedures AI

[B) LinkHaorizanTaCalendar
-[P] ReadDemandDataFramDatabase

|E| EstirnatediaintenanceP eriod{f,p) J
|5| LinesintaintenancelnFirstPeriodif

-[P] SolveleastCostPlan

[ﬂ RegisterinOverallPlanningdivw,ip)

-.[B] PrepareDataF orNexRaoll hd|

Figure 9.16: The local declaration of the procedure DetermineMaintenance

The following statements in AIMMS have been discussed in the previous para-
graph. Please enter them in the Body attribute of the procedure Determine-
Maintenance.

EstimatedMaintenancePeriod(f,p) :=
Element( Periods, max( MaximumDeteriorationLevel(f,p) -
Floor(DeteriorationLevel(f,p)) + 2, 2 ) );

LinesInMaintenanceInFirstPeriod(f) :=
{ p | EstimatedMaintenancePeriod(f,p) = FirstPeriodInPlanningInterval };

EstimatedMaintenancePeriod( (f,p) |
Ord(p,LinesInMaintenanceInFirstPeriod(f)) >= 2 ) += 1;

empty LineInMaintenance;
LineInMaintenance((f,p,EstimatedMaintenancePeriod(f,p)) |
EstimatedMaintenancePeriod(f,p) in Periods.Planning ) := 1;

Entering local
declarations

Entering
maintenance
calculations
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Having completed the first three single step procedures, you are now ready to
enter the procedure in which the single step mathematical program is solved.
Please enter the following statements in the Body attribute of the procedure
SolvelLeastCostPlan.

solve LeastCostPlan;
halt with "Least cost mathematical program is not optimal.\nCheck "
+ "input data for infeasibilities."
when ( LeastCostPlan.ProgramStatus <> ’Optimal’ );

Note that the second statement illustrates the use of the halt statement in
A1MMS. Once the program halts, it will provide a two-line message as indicated
by the special character ‘\n’. By using the + notation in the Body attribute,
you may divide a single quoted string into several pieces. In the conditional
when part of the halt statement, there is a reference to a property of the math-
ematical program, namely the program status, using the ‘dot’ notation (see
Section 15.2 in The Language Reference).

Following the solution of the single step mathematical program, the results
associated with just the first period are kept as ‘definite’. In this tutorial, only
the overall planning of maintenance and the overall planning of production
line usage are kept. The overall planning is registered in terms of calendar
weeks, which implies that period data must be translated into week data. Such
translation is achieved with the following two statements, to be added to the
Body attribute of the procedure RegisterInOverallPlanning:

OverallMaintenancePlanning(f,p,iw)
OveralllLineUsagePlanning(f,p,iw)

LineInMaintenance(f,p,1p);
ProductionLineInUse(f,p,1p);

Once the overall planning has been registered, all that remains is to prepare
several data items for the next step. First of all, the first day in the planning
interval must be moved forward seven days to the next Monday. Then the
current first-period stock and production solution data must become historic
data. Finally, the deterioration level of all the production lines must be prop-
erly adjusted upwards or downwards. All these assignments are captured in
the following Body attribute of the procedure PrepareDataForNextRoTT.

FirstDayInPlanningInterval += 7;

Stock(1, ’past’,s) :=
Stock(T,FirstPeriodInPlanningInterval,s);

ProductionLineInUse(f,p, past’) :=
ProductionLineInUse(f,p,FirstPeriodInPlanningInterval);

DeteriorationLevel(f,p) +=
0.75 * ProductionLineInUse(f,p,FirstPeriodInPlanningInterval) + 0.25;
DeteriorationLevel( (f,p) |
LineInMaintenance(f,p,FirstPeriodInPlanningInterval) ) := 0;
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Note that the deterioration level of a productive line is updated by 1 reflecting
that the line was in use during the first period in the planning interval. Oth-
erwise, the deterioration level is increased by only 0.25 to reflect that the line
remained idle for that week. Of course, if a line is under maintenance during
the first period, its deterioration level is reset to zero.

9.3.3 Rolling Procedures

Two rolling horizon procedures can be considered. One of them captures all
the procedures needed to execute a single step in the rolling horizon pro-
cess. You may execute this procedure sequentially by using the corresponding
right-mouse action, and examine the results as they are found. The second
procedure executes all the remaining single steps in one go. Please update the
section Rol1ling Procedures in your tree structure as shown in Figure 9.17.

4 Model Explorer: Softdrink Planning.amb i =] ]

B I.E] Rolling Harizon Procedures
Rolling Horizon Declarations
Q Single Step Procedures
=BIE] Folling Procedures
“-[P] RollHorizonOnce
-[P] RollHarizonTaEnd
Q Initialization Procedures
----- @ The User Inteface

..... Declaration =

Figure 9.17: The structure of the Rol1ing Procedures section

The following sequence of statements carries out a single step in the rolling
horizon process. Please enter them in the Body attribute of the procedure
RoTTHorizonOnce. Note that each of the statements is a call to a procedure that
was developed in the previous subsection.

LinkHorizonToCalendar;

ReadDemandDatafromDatabase;

DetermineMaintenance;

SolvelLeastCostPlan;
RegisterInOverallPlanning(FirstWeekInPTlanningInterval,FirstPeriodInPlanningInterval);
PrepareDataForNextRol11;

The following procedure completes the rolling horizon process starting from
the current point in the calendar as determined by the element parameter
FirstWeekInPlanningInterval. In the next subsection, you will encounter a pro-
cedure that will allow you to start the rolling horizon process from the be-
ginning of the calendar. Please enter the following statements in the Body
attribute of the procedure Rol1HorizonToEnd.
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while ( LastWeekInPlanningInterval < LastWeekInCalendar ) do
Ro1THorizonOnce;
endwhile;

for (t | t > FirstPeriodInPlanningInterval) do
RegisterInOveralTPlanning(WeekInPeriod(t),t);
endfor;

Note that the maintenance and line usage planning of the final planning inter-
val is not only registered for the first period through the procedure Rol1Hor1i-
zonOnce, but also for the remaining periods through the execution of the for
statement.

9.3.4 Initialization procedures

There are three initialization procedures to be considered. One of them is the
system-supplied procedure MainInitialization that is executed every time a
project is started. The other two initialization procedures have been embed-
ded in MainInitialization, but can also be called separately. Please update
your tree structure as shown in Figure 9.18. Be sure not to create a MainIni-
tialization procedure, because one is already present in your model. Simply
move it from the end of the model tree to its desired position (using either the
cut-and-paste or the drag-and-drop facility in AIMMS).

4 Model Explorer: Softdrink Planning.amb i =] B4

Rolling Harizon Procedures

Rolling Horizon Declarations

Q Single Step Procedures

(- @ Rolling Procedures

E Initialization Procedures

[El InitializeLengthOfFlanning Interval

|:E| MovePlanninglnterval ToStatOfCalendar

------- [BJ Maininitialization

----- @ The User Inteface =l

Figure 9.18: The structure of the Initialization Procedures section

In the procedure InitializelLengthOfPT1anningInterval, two crucial parameters
in the rolling horizon are set. Their values determine the amount of time
considered in a single step of the rolling horizon process. You may change
these values if you want to consider different planning intervals. Please enter
the following statements into the Body attribute.

NumberOfPeriods
NumberOfPeriodsInPlanningInterval :

10;
8;
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The procedure MovePTanningIntervalToStartOfCalendar first empties any exist-
ing overall maintenance and line usage planning, and then assigns all starting
values known at the beginning of the calendar to the appropriate variables and
parameters. This procedure can be called at any time, causing any activated
rolling horizon procedures to start at the beginning of the calendar. Please
enter the following statements into the Body attribute.

empty OverallMaintenancePlanning, OveralllLineUsagePlanning;

Stock (1, ’past’,s) := StockAtStartOfCalendar(1);
ProductionLineInUse(f,p,’past’) := 1 onlyif ProductionLinelLevelAtStartOfCalendar(f,p);
DeteriorationLevel(f,p) := DeteriorationLevelAtStartOfCalendar(f,p);
FirstDayInPlanningInterval = first( Mondays );

WeekInPeriod(t) Element( Weeks, Ord(t) );

The procedure MainInitialization, executed by AiMMS at the start of each run,
is a natural starting point for reading data, initializing various parameters and
starting other procedures that also initialize your model data. In this tutorial,
the procedure MainInitialization reads essentially all the problem data from
the database tables. The only exception is the demand data, which are read
one section at a time for the current planning horizon from within the proce-
dure RolTHorizonOnce. Following this, the unit transport costs are obtained by
calling the external function developed in Section 9.2. Finally, the data initial-
ization required for the rolling horizon procedures is completed by calling the
two procedures described above. Please replace the content of the MainIni-
tialization procedure by the following statements.

ReadFromDatabase;

UnitTransportCost(f,c) := (ExternalUnitTransportCost(f,c)) [$/TL];
InitializeLengthOfPlanningInterval;
MovePlanningIntervalToStartOfCalendar;

empty LengthDominatesNotActive, InactiveWeeks;

Note that the unit [$/TL] is attributed to the output of the external function.
This requires you to place the parentheses around the function call as illus-
trated above.

9.4 Running the model

As indicated previously, the statements that you entered in the MainInitial-
ization procedure are executed when the project is opened. Even though you
could run this procedure directly using the right-mouse Run Procedure com-
mand, you may as well try out the default action by first closing the project
and then re-opening it. To do so, execute the following steps to close your
project:

98

Starting at the
beginning

MainInitiali-
zation

FormatString
and unit casting

Closing your
project



» select the Close Project command from the Aimms File menu,
» answer ‘No’ when being asked to compile your model before closing the

project,

» answer ‘No’ in the dialog box that asks whether you want to save your

data (see Figure 9.19),
» answer 'Yes’ to save the changed project.

Opening a project that you have just closed, is straightforward. AiMmMs keeps
track of the last five projects opened. Just select the ‘Softdrink Planning’
project from project list displayed in the AiMMs Start Page. Alternatively, you
can select the recent project from the File menu (see Figure 9.20).

You are now ready to test the rolling horizon process starting from the be-
ginning of the calendar. To run the procedure RolTHorizonOnce you should

Chapter 9. Functions and Procedures

B x|

P | Thecurrent data has changed.
\{/ Save changes in a case?

Mo

| Cancel |

Figure 9.19: The Save Changes dialog box

File | Settings Tools ‘Window Hel

P

[ Mew Project...

"y

[= Open Project Chrl+O

| Recent Projecks

']

Backups

B* Exit

4

1 Softdrink Planning. prj QJ
2 Portfolio Selection.pri
3 Transport.prj

4 Cutting Stack.prj

S traveling. pri

Figure 9.20: The File menu of AIMMS

perform the following actions:

» select the procedure Rol1HorizonOnce in the model tree, and
» in the right-mouse menu select the Run Procedure command (see Fig-

ure 9.21).
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Cub

Copy

X W s

Delete
Insert...
EE attributes. .
Rename

Open Wwith...

| Run Procedure [}|

Figure 9.21: The right-mouse menu of the procedure Rol1HorizonOnce

The Progress window lets you to monitor the progress made by AiMMs and
the solver during the generation and solution of a mathematical program. By
pressing the Ctrl-P key combination, the Progress window as shown in Fig-
ure 9.22 will appear. Once the solution has been found, AiMmms will again dis-
play warnings about data not yet initialized. These warnings can be ignored at
this stage of the tutorial.

=R
READY
AIMKMS : Softdrink Planning.amb
Executing : SolveleastCostPlan
Line number -1 [body]
WMath.Program : LeastCosztPlan
# Constraints 1828
# Variables 11596 (54 integer)
# Nonzeros 15883
WModel Type T MIP
Direction : minimize
SOLVER (CPLEX12.4
Phaze : Postsolving
terations 13167
Nodes 10 (Left: O)
Best LP Bound :213030.1853 (Gap: 0.00%)

Best Solution
Solving Time:
Program Status
Solver Status

1 213030.1853
(109 sec

: Optimal

: Normal completion

(Post: 213030.1953)
(Peak Mem: 6.4 Mb)

Total Time c1.22 sec

Memory Used 1507 Mb

Memory Free $1210.4 Mb
Figure 9.22: The Progress window

Once the procedure Rol1HorizonOnce has finished, you can view the results. For
instance, you could open the data page associated with the variable TotalCost,
and compare its value to the one in the Progress window in Figure 9.22. Sim-
ilarly, you can inspect the value of any of the decision variables. For example,
the optimal values for the variable Production are displayed in Figure 9.23
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4. [Data Page] Production _ 3l x|
Level & Close
T

[=1E
period-02 | period-03| period-04 | period-05 | period-06 | period-07 | period-08

=] 3000 3000 3000 3000 3000 3000 3000 3000 Undo

[ Haarlem 7750 7750 1750 4850 3150 4650 4650 4850
Zwolle 2750 2750 1650 1850 1850 1650 1650 1850

i

Figure 9.23: The data page of the variable Production

By default AimMs will display non-scalar data in a pivot table. For variables
and constraints, additional information (e.g. marginal values, basic status) will
also be shown in the pivot table when available. Notice that in the data page
of the variable Production the basic status is displayed.

At this point in the tutorial, you have reached a major milestone in that the
complete model description of a rolling horizon application has been com-
pleted. In the next part of this tutorial, you will concentrate on building a
graphical user interface for the end-user of this application.
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