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The objective of this study is to provide an ov@wof an advanced planning and scheduling
system's (APS) implementation and operationalimagimocess for elaborating a production
schedule in a production environment similar to twhs found in reality. The main
characteristics and restrictions of a real prodwctienvironment were thus considered, such
as multi-level structure products, production rautgith sequential, parallel and alternative
operations, more than one resource per operatiod ahiernative resources. In order to
ensure the proposed objective’s applicability, ofecommercial APS systems available for
industries was considered. A Brazilian APS systers elhosen because it had an interesting
alternative for application in developing countriés terms of results, this study provides an
overview of the main steps involved in the implgateEm and operationalization process of
an APS system in an industry, providing an impdrtadicator for choosing and using this

sort of system.
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1. Introduction

The rapid changes which the world industry haveegibimough in the last few years —
mainly regarding the competitive demands for adangariety of products and the reduction
in production time and costs, forcing it to dealhngonflicting production requirements, such
as the increasing diversity of manufacturing prasluceduced production lots and compact
manufacturing systems — have led the industrialirensnent to employ sophisticated

computing tools for production planning and schauiul

Due to the general use of these tools and operadisgparch tools, this area of study
has been commonly treated as advanced product@miply and scheduling, and intends to
employ sophisticated planning and mathematical au=tho coordinate and optimize the use
of all supply chain resources, including materiafgoduction, labor, facilities and
transportation, by means of optimization and deaisiupporting systems (BOWERSOX,

2006).

Despite the wide applicability and competitive ps¢ential of advanced planning and
scheduling systems, only recently this type of eysbecame feasible to be applicable to the
industrial production areas, mainly due to the e@ased development of the personal
computers, making the computer power availablenttustries, necessary to execute the

planning and optimization methods.

This study intends to provide an overview of theplementation and operation
processes of advanced planning and schedulingnsgs(aPS), in order to elaborate the
production scheduling in a productive environmentilar to the one found in industries,

taking into account the main characteristics astrigtions of a real production environment,



such as multi-level structure products, productimute with sequential, parallel and

alternative operations, more than one resourcepenation and also alternative resources.

In order to guarantee a greater applicability, thiisdy considered for use in this
example the commercial APS systems, applicabldé¢oiridustries. It was chosen an APS
system nationally developed, intending to guarardegreater applicability of national
application of the proposed study. The exampleesystias developed by employing national
technology with the main proposal of a significaatuction in costs and the difficulties
regarding the implementation and operation. Thig,lais study provides an overview of the
main steps involved with the implementation andrapen processes of an APS system in a
specific industry, making an important indicatoa#able to choose and use a system of this

kind.

2. Advanced Planning and Scheduling Systems

In an industry, the production planning intendsteate a disaggregated plan, which
reflects the medium term plans, as well as theiggearders and predictions, determining the
amount and when each product will be produced (EFP& BULFIN, 1997). The production
scheduling is responsible for allocating all neaegsmanufacturing activities in order to
accomplish the defined planning to the productiesources available across the time,
following all the characteristics and restraintscwoting in the production environment

(GUPTA, 2002).

Traditional systems perform the planning and tHeedaling in a sequential way, by
means of a hierarchical procedure, from the mogteagated to the most detailed point. This
way, the intrinsic relations between these plans @aot considered, compromising its
applicability to an actual environment. The traahtl procedure composes the vast majority

of managament systems (ERP) implemented in masteofompanies nowadays. Most of the



companies remain at the margin of effective mednglanning and, especially, production

scheduling.

On the other hand, in the last decades, a greab@umf studies has presented
elaborated planning and scheduling methods (ALLAIRZE et al, 2006) (GUPTA, 2002).
Paradoxally, the application of the same to indestis still incipient, mainly because real
problems are not considered or because the priagticeof a specific production environment

is not realized (MACCARTHY & LIU, 1993).

The APS systems allow for integrating the intepralduction activities of an industry
or even all the activities involved in the prodoatimanagement, and contributing as an
effective tool to the Supply Chain Management (STAER, 2005) (ECK, 2003)

(SHAPIRO, 1999) (BALLOU, 1999).

A formal definition to an APS system can be foundhe APICS dictionary (COX &
BLACKSTONE, 2002), which states that APS systeme #rose using sophisticated
mathematical methods to optimize or simulate systemduction scheduling involving finite
resources. To this end, a great number of sped#trictions and characteristics of the
productive environment is considered, thus accahplg the planning and the scheduling in
real time, supporting the decision in the productgcheduling and the determination of

feasible delivery terms.

The Institute of Operations Managem¢BNGLAND, 2002) complements that APS
systems comprise a large variety of technologiektanhniques, thus rapidly analyzing the
implications of alternative decisions, highlightingnsequences and problems. It enables the
generation of optimal or near optimal plannings aodedulings. According to the institute,

one can classify as an APS system all systems which

» Consider simultaneously the material and the plesaurces;



» Use optimization algorithms which incorporate thstrictions and the business goals;

* Are capable to provide real-time planning and sohed, with fast regeneration
following new changes and with capacity of simulgtiseveral situations in few

minutes, by means of the resident memory;
* Help in real-time support decisions; and,
» Perform real-time available-to-promise scheduling.

According to ZATTAR (2004) the APS systems — in iidd to considering the
productive environment restrictions — also consitlez restrictions from the necessary
materials, thus planning further deliveries of ramaterial component production, in
conformity with the needs to perform the productamders. Also according to CHEN & Ji
(2007) the APS systems represent an evolution etrédditional systems for the production
planning and scheduling available into the curt&RP systems. According to the authors, an
APS system has more application potential to cormpleduction environments, mainly

those presenting one or more of the following atlgpec
* Insertion in highly competitive markets, where tiedivery time is critical;
» Complex itineraries — not repetitive — such as “ghlop” or “flow-shop”;
» Discreet products with a simplified material list;
» Possession of setupatrices;
* Need for overlapping and split;

» Complex resource allocation problems, such asrdifteresource combinations to the

production of a same service.

According to ECK (2003) APS systems represent a agvrevolutionary step in the

business and inter-business planning. It is relariatry due to the technology employed as



well as to the production planning and schedulexhhiques, which consider a large variety
of productive environment restrictions, allowing fbe production of an optimized planning.
Among the possible expected benefits by adopting ARS system in a productive

environment passible of implementation, one caresta

. Balanced use of resources;

. Increase in the resource worktime;

. Reduction in the resource setup time by means oé mifficient scheduling;

. Reduction in the waiting time;

. Reduction in the lines before the resources;

. Reduction in delays and advancements;

. Reduction in the cycle time for production and daty;

. Reduction in the need to employ overtime or outsiogr,

. Increase in the performance of the productive emvirent;

. Determination of the actual material and distribntrequirements in terms of dates;

. Reduction in the production costs.

The current advancement in information technologsg writical to make APS system

development feasible, making possible:

e To avoid the combinatory problem through the cormaputmplementation of

mathematical methods of optimization or efficieppeximation methods;

* To keep all the necessary information to elaboptdaning and scheduling, resident in

memory, by multiplying the calculation speed;

* To carry out, in a fast way, regenerations of tkisteng plannings;



* To make available intuitive graphic interfaces,stHacilitating the visualization of the

plannings;

* To allow for the support to the decision, this dmgpthe analysis and comparison of

situations and simulation;
« To make available real dates for deliveries; and,
* To cope with productive environments by using paration and personalization.

There are currently few scientific studies on thgpligation of APS systems to
national companies. PACHECO and SANTORO (2001)goeréd a study in six Brazilian
companies, trying to detect deficiencies in theed@le processes for APS systems. The
selected companies presented characteristics Vidncined the use of these types of systems,
mainly because they were inserted in highly contipetienvironments and demanding
delivery trustability, reduction in the deadlinesdain the inventories. AGUILAR (2004)
addressed the functionalities in the APS systents the potential gains obtained by the
companies with the implementation of these apptioat Therefore, the author has
considered an international APS system, APO sy$tgi@erman SAP, applying to her study
a semi-structured questionnaire in two companieagugt, describing the factors which
caused such companies to search for a APS soluti@aldition to the changes occurred with

the adoption of the tool and the achieved gains.

3. Implementation of an APS system in an example dlustry

In order to show the example of implementation agsé of an APS system, it will be
used — among several APS system suppliers — theXARS&ional system available in
PLANNION (2008). The selected system had, as a mmaitivator, its easy access to national

companies and the use of national technology idetelopment.



In order to elaborate the advanced planning anédsdimg in a company, it is
necessary to create a model for the productionremvient of said company, so that the
planning and scheduling consider all the chareatiesi and restrictions of the studied
production environment. This modeling is accom@lonly once and will remain the same,
while there is no change in the production envirent Following that, this modelling is

registered in the APS system and will be availéblmake further planning and scheduling.

Many companies already have most information neddedreate a model for its
productive process registered in its managemeresy$ERP) such as: the structure of the
manufactured products, production time, preceddistdor the production operations, and
others. In case the company already has the alailflormation, the same can be imported

by the APS system. Otherwise, it will be necessanggister them in the APS system.

In order to have an overview of the modelling stép@ productive environment to the
implementation of an APS system, a hypotheticalatr@echanic industry will be taken as a
example. It manufactures replacement pieces fotyp#s of machines. Also, this company
wishes to use the APS system to perform the plgnamd scheduling to a specific piece,

known in this situation as “Replacement Piece”.

The first piece of information necessary to be embd is the structure to the
production (list of materials) of the said pieceheTigure 1 presents the structure to the
product “Replacement Piece”. It is noticed thatpider to produce the “Replacement Piece”
it is necessary to count on a unit from the “Pddofnponent, as well as on a unit from

the“Part 2" component.



Replacement Piece

Part 1 Part 2
Base Top
Amount: 1 piece Amount: 1 piece

FIGURE 1 — “Replacement Piece” Product Structure.

Following that, it is necessary to know the necessand available production
resources to produce the piece, and also the waldndar that rules the production shift of
this hypothetical company. Consider that this indubas a single Monday-through-Friday
shift, starting work at 07 a.m., lunchtime at 14 dack to work at 1 p.m., finalizing the shift
at 5 p.m. Consider that all production resourcelBuman resources (labor) and also the

physical resources (machines), adhere to thisesinglk shift.

This example industry organizes its productive ueses in five groups or types of

different resources:

e Cutting and sanding operators: those apt to perform metal cutting tasks, either
manually or in presses, and sanding on metalliasas, as well as welding;

» Welding operators: those apt to perform tasks involving metal welgling

* Vise operators:those apt to perform tasks involving pieces im@aventional vise;

» Cutting press: press-type machines which can be employed to penfeetal cutting;

* CNC vises: those are programmable CNC-type, which can be @redl to perform

piece vising.

All production resources in this example companystrhe part of only one of the
resource groups presented. Currently, this exannpdieistry counts on six production

resources, described in thable 1



Identifier Specific Abilities Resource Group
Resource
Alex Silva Piece cutting and / or sanding Cuttingnda sanding
operator
José Luiz Piece cutting and / or sanding Cutting d arsanding
operator
Ernandes Galba Metal welding Welding Operator
Jodao Lins Vising in a conventional vise Vise Operat
Cutting Press Piece cutting Cutting Press
CNC Vise Piece vising (programmable vise) CNC Vise

TABLE 1 — Production resources available.

The detailed analysis on how these resources wotka example industry showed
that the “Cutting Press” machine does not havedacdeed operator. Therefore, whenever a
task is allocated to the “Cutting Press” machin&Catting and Sanding” operator must also
be allocated to operate the “Cutting Press” machiihe “CNC Vise” resource has already a
dedicated worker, so it is not necessary to aleaty operator. Regarding the productive

process, the product “Replacement Piece” follovesgitoduction route according figure 2

Base cutting by circular machine
Setup: 20 minutes
Unitary execution time: 10 minutes

'y Base sanding
Setup: 15 minutes

Alternative operations Unitary execution time: 06 minutes \
v Base welding at the top

Base cut by cutting press Setup: 10 mingtes_ )
Setup: 90 mingtesv i Production Route Unitary execution time: 15 minutes
Unitary execution time: 04 minutes Component: Part 1

A 4

Welding sanding
Setup: 15 minutes
Unitary execution time: 04 minutes

Top manual vising
Setup: 30 minutes
Unitary execution time: 20 minutes

A Production Route
Alternative operations Final Product:
A 4 Replacement

Top vising by CNC vise
Setup: 60 minutes
Unitary execution time: 10 minutes

Production
Route
Component:

FIGURE 2 — "Replacement Piece" production route.

In figure 2 each rectangle represents a productive operaifibe.dotted rectangles
represent all the productive operations necessapydduce a part or component of the final

product. The arrows between the operations représersequence among these operations,



that is, the route the product follows to be praucThe operations interconnected by
double-tipped arrows are alternative operatiors, i)y only one of the alternative operations
must be used. Also, the setup and the unitary exectime for each productive operation

composing the route of the product to be manufacoitere also informed.

It is necessary to further inform which types afaerces will be necessary to perform
each one of the productive operations. Intdide 2it is specified which type of resources are

necessary in each production operation.

Ident. of the production Main resource group Secondary resource group
operation
Base cut with circular Cutting and sanding operatorNone
machine
Base cut by cutting press | Cutting and sanding operator Cutting Press
Base sanding Cutting and sanding operator None
Manual top vising Vise operator None
Top vising by CNC vise CNC vise None
Base welding at the top Welding operator None
Welding sanding Cutting and sanding operator None

TABLE 2 - “Replacement Piece” Product Structure.

These are all the necessary information to stat dlaboration of the advanced
planning and scheduling in an industry. With thessces of information, it is possible to
create a model of the productive environment in dldeanced planning and scheduling
system. Once the information is obtained, the s&ep is to transfer them to the APS system
to create the productive environment model frons #ample industry. In thiggure 3it is

possible to visualize the interface with the udehe example APS system.



Tooolbar “Schedule” Toolbar “View" Toolbar “Product Structure” Toolbar “Production Route”

Toolbar “Control” Toolbar “Window”

Toolbar “Desktop”
Toolbar “File” P
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Status bar
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FIGURE 3 —APS system user interface.

All the necessary information registers to impletntre example APS system are
performed on the menu “Data”. The first action éodwmne in the APS system is to register the
product “Replacement Piece” and the two metallitgpeomposing it. After, it is necessary to
register the work calendar of the resources, atogrd the example company’s work shift.
Then the necessary resource groups must be registeorder to produce the “Replacement

Piece” in the simulated industry.

Still regarding the production environment registethe production resources
available in each resource group must now be exgidt The next step is to register the
productive operations which will be necessary todpce each part of the manufactured
products. After the registration of the productofgerations to each product, it is necessaary
to inform the secondary resources, which will beassary in each registered operation. By
doing it, all the necessary data on the produatiovironment are already informed, that is, a
model of the productive environment was createtthénAPS system to the manufacture of the

product “Replacement Piece” to this example ingusthis model can be stored in a data file



which can be appropriately saved, and its usdasvatl whenever a production scheduling is
wished. In the example APS system, it is possibltetie registered data from the production
environment to remain stored in a database, erallieater security and trustability in the

system operation.

Once all the information on the production envir@miis registered, the structure of
the product to be scheduled must be defined. Tmelehe product structure is part of the
definition process of the productive environmentdelo In order to facilitate this step, the
example APS system makes a graphic interface @ljlavhich allows for a better
visualization of the product structure being crdat€his interface is the specific desktop
“Product Structure”, which allows for the managemeh the structure of the products

registered in the APS system.

In figure 4 it is possible to view the desktop “Product Stowet with the product
structure “Replacement Piece” defined. In additionthe structure, it is also part of the
definition process of the productive environmerd tefinition of the production route of the
products. Therefore, the example APS system makaitable a specific desktop, in which
one can view and edit graphically the productionteoof a product. Ifigure 4 it is also
possible to view the desktop “Production Route™witie route to the product “Replacement

Piece” defined.

FIGURE 4 — Desktops “Product Structure” and “PrdaucRoute”.



4. Operation of the APS system in the example indtrg

The operation of an APS system involves its routise to the elaboration of planning
and scheduling. The starting point to perform adpotion scheduling is to view which are the
orders to be scheduled. This is done in the exarABl® system in the specific desktop
“Orders to be Scheduled”, and it is possible towand select the production orders which

will be scheduled, as well as to alter informatimm these orders.

In order to illustrate the operation of the exampRS system, ten production orders
to the product “Replacement Piece” were scheduled. production order registers are also
performed from the data menu.flgure 5it is possible to view the specific desktop ofensl
to be scheduled. In this desktop, it is possiblsei@ct the production orders which will be

scheduled, in addition to check the details ofeéh@slers.

The production scheduling will allocate, in the i#adale resources, all the necessary
operations to perform the selected production ardeespecting all the productive
environment restrictions, thus providing a schedulon a minute-to-minute basis to all
resources composing the industry’s production emwirent. As an example, it was selected
the first production order registered (marked inedl Then it was performed the scheduling
of the selected order, as showrfigure 5 After the production scheduling is done, the APS

system informs the real delivery date scheduled.



FIGURE 5 — Desktop “Orders to be Scheduled” with dinders to be scheduled and the

delivery date of a scheduled order.

In order to operate the production scheduling i@ ginoductive environment, it is
important to view the scheduling of the operatiofhshe selected orders based on the work
calendar for each production resource, following product structure and its production
route. Therefore, the example APS system makedablaithe desktop “Scheduling” in
which it is possible to view the “Gantt Graph” teetscheduling generated, as showfigare
6. Infigure 6it is also possible to view the same interfacewalk orders to be scheduled are

selected and the simultaneous scheduling of adctsd orders is performed.
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FIGURE 6 — Desktop “Scheduling” showing the schadubf a selected order and the

scheduling of all the selected orders.

The way in which all the production operations éaich order will be scheduled will
depend on the chosen scheduling rule. The schedullas are logical rules which determine
the priority in which the operations will be alldéed to the resources. Depending on the
chosen rule the scheduling will be altered, anteber worse schedulings can be generated,

depending on the situation of use.

For example, when the scheduling rule “Less opamatime” is employed, a higher
priority is given, in order to schedule the prodoctoperations which may have less time,
then scheduling the operations with more time, egpecting, of course, the precedence
restrictions among the operations. As for the f@edering”, it prioritizes the scheduling of
the operations according to the ordering of thelpetion orders in the desktop “Orders to be
Scheduled”. There are many scheduling rules aveiltdb be used with the example APS
system. The choice for the better rule may varymating to the situation of the productive
environment and theix of products to be produced, so that it will beeresting that many

rules be evaluated during the scheduling procesthéoproduction.

In the example APS system, it is also possiblentpley mathematical optimization
techniques in order to perform the production salied. When this option is selected, the
APS system evaluates thousands of combinationpdssible scheduling for the productive
operations, searching for a scheduling which besttsna defined optimization objective. In
the example system, the number of evaluated sokitwill depend on the time made
available to the optimization and also the perfaroeaof processing of the computer in which
the system is installed. In the system used ingtudy, there are many possible objectives to

be applied, in order to perform the scheduling sashminimize the delay in the delivery of



all selected orders, minimize the total schedutinge of all selected orders, minimize the

inventories in process or balance the use of thdymtion resources.

In order to compare the several liberation ruletherselected optimization objectives
in the generated schedulings, it is interesting@ualuate the performance of the production
scheduling elaborated. Therefore, the example AR&® has a tool which allows for the
evaluation of several scheduling parameters fraenptioductive environment. This way, one
can quickly analyze the performance of severatditien rules or optimization objectives, and

choose the one which best meets the specific abgscin your industry, as shownfigure 7.

(Tatal) (%)
Adiantadas: Atrasadas: Adiantadas: Atrasadas:

Total: [10 10 o [100 o

Resumo da programag3o

Ordem de produgo: [Todos as ordens programadas |

[Dias) [Horas) [Minutos)
Tempo total da programacgo: [25,29 507,05 [36423
Tempo total de adiantamento: [20.48 [a91.57 [29494

Tempo total de atraso: [0 o [o

= |
[Dias) (Horas) [Minutos] | (% tumo trabalho) | (% todo periodo)

Tempo total itil: [38 [312.09 [5a725.2 [100 |25.04
Tempo total de wabalho: 247 | [59275  [asses | [e498 | [i627

Tempo total em programa es: [0 o o o o

Tempo total ocioso: [12,94 [310.67 [18640.2 EX T - I

Tempo total de preparo (setup): [0,36 [8.67 [520 0,95 [o24
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FIGURE 7 — Interface to evaluate the performancanoélaborated scheduling.

The scheduling method employed by the APS systdaesstb meet all the restrictions
to schedule the production of a production ordethsd one can guarantee that the scheduling
generated is executable and can be applied in b@ugption environment. However, it is
common the presence of informal restrictions orneyersonal considerations on the
production process which one wishes to occasiomalhsider in the production scheduling to

be elaborated.

In the example APS system, it is possible to attanually the generated schedule.

One can alter the beginning, the end, the duratiba, resource used as well as other



scheduling parameters for each production operatbeduled, directly in the “Gantt Graph”

bars, or by using specific interfaces to this end.

When manual alterations are made in the schedgkmgrated by the APS system, it
is common for these alterations to disrespectébgictions from the productive environment.
It is even possible to make the scheduling of tleelpction unfeasible, mainly when it creates
conflicts on the use of resources or disregards piteeedence restrictions between the
previous and following operations. Therefore, txamsple APS system makes available a
scheduling regeneration method which corrects tbeflicts without disregarding the

alterations made.

Once a scheduling is arranged, it is importantaieehmeans to aid the information and
control of this scheduling in the production enmmeent to the resources involved with this
scheduling. The example APS system has severalrtsegspecially developed to this
purpose, enabling an online view of the producterevironment and allowing for the
production tracking. Th&gure 8 shows an example of a managerial report from #tailed

scheduling for the production orders.

BE®@ ««>» 1 S8 EF

Ordens de Produgéo Firmes Detalhadas

FIGURE 8 — Managerial report of the detail scheayfor a production order.



The evaluated APS system makes available sevdral @inctionalities, in order to
facilitate the operation of an elaborated productszheduling, mainly intending a better
interactivity with the decision maker, in order ¢ibtain production plans with a better

application potential to a specific production eéamiment.

5. Final Considerations

This study intended to create an applicable exanfptethe implementation and
operation of a commercial APS system, thus illustga— and even demystifying — this
process. Threfore, a general example was basedarsiim the possible industrial realities,
employing a national APS system, mainly due to application feasibility to national

industries, in terms of costs and easy application.

The example created allowed for the evaluation haf tore steps involved in the
implementation process of a hypotethical mono-pcoty company. In a real company, it
was possible to evaluate that the difficulties Wil proportional, regarding deployment time,

observing the real industry proportion in relattorthe example employed.

As for the operation, it was verified, based on shkeduling generated to the example
industry, that the APS system significantly empower elaborated schedulings, concerning
the scheduling performances — especially when opdition is used — and concerning the
possibility of interaction with the production maea, allowing for the insertion of specific
characteristics of the productive environment ia ¢faborated scheduling, making possible a

greater application feasibility for the schedulintp a real production environment.

It was possible to evaluate that the APS systenthéndaily elaboration process and
control of the production scheduling, may be simgnhel intuitive, making possible for the
production managers to work with scheduling havibetter efficacy, feasibility and

trustability potential for the arranged deliverytea It was also noticed that the detailed and



quick information that an APS system provides friti@ production scheduling allows for a
better control and quick responses for the vaiigdslinvolved with the production, enabling
the production managers to act pro-actively, fatirgunexpected events from the productive

environment, instead of reacting to these eventxwthere are no alternatives to be taken.
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