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Abstract: The operational practice is undergoing funda-

mental changes due to the increasing complexity and new

technological possibilities often summarized with the buzz-

word ‘Industrie 4.0’. Besides others, these trends will have

major impacts on the way production is planned. This

paper shows findings of a simulation-based evaluation of

production planning and control methods regarding these

challenges. Based on these fundamental insights, a frame-

work for an optimal configuration in production planning

and control is presented.
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systems, Pull systems, Discrete event simulation, Industry
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Optimale Konfiguration in der Produktionsplanung und
-steuerung—Erkenntnisse aus einer simulationsbasierten
Evaluierungsstudie

Zusammenfassung: Die betriebliche Praxis erfährt zurzeit

grundlegende Veränderungen aufgrund der zunehmenden

Komplexität und neuen technischen Möglichkeiten – oft un-

ter dem Schlagwort „Industrie 4.0“ zusammengefasst. Die-

se Trends werden unter Anderem erhebliche Auswirkun-

gen auf die Art undWeise, wie die Produktion geplant wird,

haben. Dieser Artikel zeigt Erkenntnisse aus einer simula-

tionsbasierten Evaluierungsstudie von Methoden der Pro-

duktionsplanung und -steuerung in Bezug auf diese Her-

ausforderungen. Basierend auf den gefundenen Erkennt-

nissen,wird ein Framework für eine optimaleKonfiguration

in der Produktionsplanung und -steuerung vorgestellt.
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1. Introduction

Today industry is dealing with challenges that have con-

stantly arisen and intensified over the last twenty years –

amassive increase in product variety, a shortening of prod-

uct life cycles, highly volatile demands [1]. Furthermore,

Industry 4.0 with its enabling technologies often referred

to as the Internet of Things (IoT) and Cyber-Physical Sys-

tems (CPS) is going to change the domain of production

in a sustained manner. Needless to say that in this sit-

uation strongly linked functions like production planning

and production control (PPC) have to be adapted and en-

hanced for their part. But the above mentioned newly of-

feredpossibilities especially in information technology also

offer new promising opportunities – dramatically increased

data quality, constant status updates from the shop floor,

and the tracking of activities and objects in real time [2].

With that said, the need for a review and an evaluation of

existing planning and control strategies as well as of con-

figurations in production is evident. Therefore a detailed

understanding of the production relationships and the ex-

isting concepts and methods of production planning and

control is needed.

In this paper a simulation model-based approach is pre-

sented that enables a performance evaluation of a variety

of PPC concepts appliedunder different production settings

(see Fig. 1). One of the advantages of using a simulation-

based approach is the possibility to even address produc-

tionsettingsandstrategiesperhapsnot usedat themoment

for different reasons and investigate their potentials for fu-

ture application. The great challenge in production plan-

ning and control which can be seen as the process of deter-

mining the best economic use of the available production

factors to fulfill the customer orders is to set improvements
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Fig. 1: Motivations for theevaluation

in many different target dimensions at the same time. This

means one has to deal with contradictory objectives all the

time. As an example Gutenberg describes the conflict be-

tween the utilization of production resources, the inven-

tory and delivery reliability as the dilemma of scheduling

[3]. This phenomenon lead to the development of hun-

dreds of different planning strategies and methods such as

lean concepts (e.g. JIT), material requirements planning

(MRP), or even complex linear programming optimization

approaches.

2. Simulation-based Evaluation Study

The goal of the presented evaluation study is to analyze

various PPC methods with respect to their flexibility (abil-

ity) to respond to external changes and the impacts of the

informatization in manufacturing. Based on different hier-

archical types of flexibility, the product flexibility and the

volume flexibility of Sethi & Sethi [4] and respectively the

mix flexibilityand volume flexibilityof Koste&Malhotra [5]

were identifiedas themajor sourcesofflexibility that areas-
sociated with production planning activities. The impacts

of informatization are modeled with different availabilities

and qualities (deviations) of the transactional data needed

for planning. Furthermore, the investigation is taking vari-

ability and lead time effects into consideration. Tab. 1 gives

an overview of the different evaluation dimensions ana-

lyzed in the study. The data sets used in the evaluation

study were captured during several industrial projects and

represent different practical scenarios.

The general structure of the evaluation model consists

of three main parts (see Fig. 2):

Manufacturing model

Customer model

Methods of production planning & control

TABLE 1:

Evaluation dimensions of the simulation study
Characteristic

Type Internal (Supply) External (De-
mand)

Flexibility
& Variability

Setup time
Supply variability
(MTTR)

Part variety
Demand mix

Data Quality
& Availability

Inventory devia-
tion
Planning cycle

Forecast changes
Forecast update
frequency

Others Lead time

Fig. 2: General structureof theevaluationmodel

Fig. 3: Selected resultsof thesimulation study (basedon [6])

In the show case, the manufacturing model represents

a flow-shop production with disconnected flow lines and

the customer model is based on the logistic principles of

automotive supply industry. These two model compo-

nents are implemented in a discrete event simulation-type

model (DES). In addition, the evaluation model contains

various PPC methods which are either linked via program-

ming interfaces to the DES or directly implemented in the

simulation program.

With this model various standard parameter scenarios

are analyzedover a simulation timeof several daysdepend-

ing on the problem. The scenarios include evaluations of

the impact of forecast changes, data availability, data qual-

ity, demand variability, and supply variability1. Represent-

ing the different analyzed scenarios, Fig. 3 shows selected

results of the simulation study in required setups over work

in progress (WIP) plots.

This chart shows the high influence of the product vari-

ety on the required number of setups. While, with a low ex-

ternal variability, the difference between the pull-type PPC

system (e.g. Kanban) and the push-type system (e.g. MRP)

is only minor (solid lines) at a high external variability, the

push type system can demonstrate its superiority (dotted

lines).

1 A more detailed explanation of the simulation model, the scenarios,
andtheresultscanbefoundin[6,8].
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3. Findings

The research using the simulation-based evaluation study

showed to be a valuable approach to better understand the

influencing factors in PPC. A brief description of the find-

ings with respect to the following domains will be given

[6]:

PPC model accuracy

Data availability

Data quality

Product flexibility

Models are always only a limited representation of reality.

In the process of model building, delimitation, reduction,

decomposition, aggregation, and abstraction are used to

capture the major elements and influencing factors of the

complex reality. Several different PPC models with differ-

ent accuracies regarding their representation of time, the

used mechanisms for lot sizing, the capacity consideration

etc. exist. The simulations showed that data availability

and PPC modeling accuracy are related to each other. Fur-

thermore, the ongoing informatization will dramatically in-

crease data availability on the shop floor and in the sup-

ply chains. In PPC, mainly the inventory and demand data

availability will be influenced. The prior insight regarding

the PPCmodel accuracy already pointed out that this avail-

ability increase must go hand in hand with more detailed

planning models. Otherwise no significant efficiency ben-

efit can be achieved from this trend. The evaluation study,

moreover, showed that real time availability of data is only

partly necessary, especially when only a part of the data

(e.g. inventory data) is available in real time, while other

data which is relevant for planning (e.g. demand data) is

only updated every day. In such a case, no real perfor-

mance gain was measured in the simulation results. Apart

from the availability of data, the quality of the data, mea-

sured in the evaluation by the inventory inaccuracy, will

also increase through the informatization. Deviations be-

tween the data in information systems and the real invento-

ries on the shop floor have to be buffered using additional

safety inventory. The simulations using different inventory

inaccuracies showed that in-detail PPC models are more

sensitive to deviations in the stock levels than simple plan-

Fig. 4: SuggestedPPCconfigurationbestpracticeapproach (basedon [6]

ning models. This effect is mainly attributable to the al-

ready higher inventory levels of the simple PPC models in

comparison with themore sophisticated models which can

run with the same settings at a lower stock level. Conse-

quentially, in-detail PPCmodelsneedmoresafety inventory

to protect against the inventory inaccuracies than simple

models. Apart from the aspects of informatization, also the

product flexibility demanded by the customer is a major

concern in PPC. The evaluations showed that the range of

products has a high influence on the performance of the

planning system. Especially the Kanban system showed

only limited applicability when high product flexibility is

needed. Only with a range of two different products, the

Kanban system delivered a performance which was close

to the performance of more advanced MRP systems.

4. Configuration Framework for Production
Planning and Control

The selection of an optimal PPC configuration is a diffi-

cult task which depends on several factors and needs to be

taken more and more frequently, especially in the rapidly

changing economic environment. An interesting approach

for theselectionof the right PPCstrategycanbe found in the

information/control/buffer (I/C/B) portfolio by Schwarz [7].

This framework analyzes different PPC strategies in the di-

mensions information system, control system, and buffer

system. According to Schwarz [7], an operation must se-

lect the PPC strategy based on the total costs of these three

components. His framework provides an elegant solution

for the PPC configuration problem by combining the dif-

ferent dimensions on the common measure costs. How-

ever, the evaluation study showed that the I/C/B portfolio

needs to be updated in some of the dimensions to fulfill

present needs. The main drawback of the I/C/B framework

is the missing consideration of the requisite flexibility of

the manufacturing system based on the customer require-

ments. The simulations showed that the product flexibility

has a major impact on the performance of a PPC system.

Furthermore, the evaluation study showed a relationship

between data availability and PPC model accuracy. Based

on that, the I/C/B decision framework was adapted and ex-

tended (see Fig. 4).
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The new framework presented in Fig. 4 is grounded on

three basic systems: the production system, the informa-

tion system, and the PPC system. Furthermore, indirect

factors that cover e.g. knowledge impacts are introduced

additionally. The system performance results out of the

design and the interactions between these factors.

The production system is mainly characterized by its

supply variability and the requisite flexibility. The supply
variability includes effects originating from set-up activi-

ties, breakdowns, and quality defects. The requisite flexi-
bility originates from the customer requirements in terms

of product variations and delivery time expectations. The

evaluation study shows that the aforementioned factors

have a major impact on the overall performance of all PPC

approaches. Despite the best practices in PPC configura-

tion, standard measures using lean tools and complexity

management approaches have to be taken to gain control

over these highly influencing factors. The joint configura-

tion of the information system and the PPC system is the

major challenge in the selection process. Due to the inter-

action between the information systemand thePPC system

that was shown in the evaluation study, an approach differ-

ent to the I/C/B portfolio was followed (joint consideration

of the two systems). The quality and availability of exter-

nal (customer) and internal (supply) data have remarkable

influences on the selection of a fitting PPC model. Next to

the direct factors of the production, information and PPC

system, indirect factors also have an influence on the sys-

tems performance. These indirect factors can be mainly

attributed to the required skill and knowledge level for the

different PPC methods. Especially pull-type PPC systems

require a certain discipline and responsibility on the shop

floor to operate properly. Overall it can be said that these

factors result in a performance of the system with a cer-

tain use of the different buffering systems (inventory, ca-

pacity, and time) to match the demand. As the evaluation

study showed, simulation is a key technique to reveal the

performance. The decision on the optimal PPC configura-

tion should be based on the overall system costs for the

information system, the PPC system, the resulting system

performance and the costs for the indirect factors [6].

As a consequence of the previously described facts and

circumstances, simple planning methods could surpris-

ingly return a solution at the overall cost optimum when

inventory keeping is cheap. That does not necessarily

mean that an investment in PPC systems using in-detail

models and high quality data are not worth the effort –

amongst others it strongly depends on the cost factors. To

conclude, this generally means that an enterprise has to

first calculate the potential benefits and the return of an

investment in the informatization of the production and

then set up an aligned and cost optimal configuration for

its operations.
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