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ABSTRACT

AN ENHANCED REQUIREMENTS EXTRACTION APPLICATION FOR
ADVANCED PLANNING SYSTEMS: A CASE STUDY FOR PLASTIC INJECTION
FACTORY PLANNING

ERKUT, MITHAT ENGIN

M.Sc. in Industrial Engineering

Graduate School

Supervisor: Asst. Prof. Dr. Kamil Erkan KABAK
SEPTEMBER 2019, 125 pages

This study proposes a generic approach to reduce execution time of an integrated
material requirements planning system for a plastic injection production factory that has
a high mix of product variety, different product structures and varying customer demands.
First, a survey study is conducted on sixty-four production companies located in Aegean
Region of Turkey with regard to their planning methodologies. Then, together with a
through literature review on the topic, an integrated method is proposed to reduce the
execution time of requirement extraction process. This method is applied to a plastic
injection company and tested under real production conditions. The test results indicate
an increased performance on several managerial criteria. In addition, a full factorial
experimental design that includes four factors with two levels is generated for the
proposed method. It is analyzed by the ANOVA method. Results indicate that maximum
number of levels in a bill of materials and average number of components in a bill of

materials have significant impact on the calculation time.

Keywords: production planning, plastic injection production, requirement

extraction, industrial survey.
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ILERI PLANLAMA SISTEMLERI iCIN GELiSMi$ BiR IHTIYACLAR ELDE ETME
UYGULAMASI: PLASTIK ENJEKSTYON FABRIKASI PLANLAMASI iCIiN BiR
VAKA CALISMASI

ERKUT, MITHAT ENGIN

Endiistri Miihendisligi Yiiksek Lisans Programi

Lisansiistii Egitim Enstitiisti

Tez Danigsmani: Yard. Dog¢. Dr. Kamil Erkan KABAK
EYLUL 2019, 125 sayfa

Bu ¢alisma, degisen miisteri taleplerine, yiiksek iirlin ¢esitliligine ve degisik iirlin
yapilarina sahip bir plastik enjeksiyon fabrikasinin entegre olarak planlanmasina yonelik
gereksinim planlama islemleri icin gereken siireyi azaltmaya yonelik bir yaklagim
onermektedir. Caligmada Tiirkiye’nin Ege Bolgesinde bulunan 64 firmanin planlama
metodolojileri  incelenmistir. Incelemeden edinilen bilgiler, yapilan literatiir
arastirmasindan edinilen sonuglar ile birlestirilerek gereksinim ¢ikarma siirecini
kisaltmaya ve kolaylastirmaya yonelik entegre bir yaklasim nermektedir. Sonrasinda bu
yaklasim bir plastik enjeksiyon firmasinda uygulanip gergek ortamda test etmektedir. Test
sonuglari, yonetimsel kriterlerde performans artisi gostermektedir. Bunlarla birlikte,
metodun dort ana faktoriine gore iki seviyeli tam faktoryel deney tasarimi yapilip ANOVA
metoduyla analiz edilmistir. Sonuglara gore bu faktorlerden olan maksimum iiriin agaci
seviyesi ve ortalama iirlin agaci birleseni sayisi, hesaplama siirelerinde en biiyiik etkiye

sahiptir.

Anahtar Kelimeler: iiretim planlama, plastik enjeksiyon iiretimi, gereksinim

cikarma.
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CHAPTER 1: INTRODUCTION

1.1 Introduction

This chapter starts with the research motivation of this thesis in Section 1.2 and
continues with introduction of traditional Manufacturing Planning and Control (MPC)
systems in Section 1.3. Then, major components of such systems are presented in Section
1.4. In Section 1.5, Advanced Planning System (APS) is introduced as an alternative to
MPC. The problem definition of the thesis is provided in Section 1.6. Section 1.7 ends

with a general overview of this study.

1.2 Research Motivation

Generally, planning plays a major role in the success and profitability of a
company. By the advancement of the business intelligence technologies, the planning
systems in companies evolved from simple, limited and manual shop floor schedules into
more advanced automated systems that include resource, demand, production and even
shipment considerations (Tyagi et al., 2013). Although these planning topics are
commonly researched in industrial engineering literature, applications of these studies are
limited in the real life (Tyagi et al., 2013). Most researchers limit and test their planning
models for less than 10 machines and 40 jobs for complexity considerations (Chapter 2).
However, real-life applications have greater sets of machines and jobs. Also, in the
industry, number of companies ranging from small workshops to large manufacturing
plants has difficulties to adopt planning systems into their daily manufacturing processes
due to considerable computation times, excess needs of parameter inputs for initialization,
varying characteristics of demand and production parameters (Tyagi et al., 2013). Even
for the companies that are able to adopt a manufacturing planning system,
implementations are limited and unable to provide users with a full scope and vision of

decision parameters of whole company (Tyagi et al., 2013).



Research motivation of this thesis is originated from ineffective and frequent
executions of Materials Requirements Planning (MRP) runs in medium-volume
manufacturers based around the cities of [zmir, Manisa, Istanbul and Aydin in Turkey. A
survey that is conducted for these manufacturers, totally 64, for this thesis study reports
the related issues in MRP runs, particularly under varying demand characteristics (Chapter
3). Such demand variations could be both in demand order sizes and numbers during a
planning horizon (Kabak and Ornek, 2005). These changes propagate at higher levels in
BOMs so that they could lead to additional stock carriages or lower service levels due to
inability of meeting orders from inventories. This situation is described as MRP

Nervousness (Kabak and Ornek, 2005).

Also, the survey results from the companies report that an MRP run takes about
20 to 65 minutes. To overcome such issues in industry, this study aims to develop a faster
MRP running module that would allow frequent and flexible runs of MRP system as well

as increase the overall performance of planning.

The following sections provide a through overview of the traditional
manufacturing systems, processes that form the basis of these systems, and new methods
of advanced planning systems that provide both alternatives and complements for these

traditional systems.

1.3 Traditional Manufacturing Planning and Control (MPC) Systems

Vollmann et al. (1997) state that main function of a Manufacturing Planning and
Control System (MPC) is to support managers to make decisions and manage operations
by providing information on flow of materials, utilization of capacity (for workers and
equipment), coordination of internal activities with suppliers and communication with
customers about market requirements (Vollmann et al., 1997; p.2). In order to carry out
these activities, Vollmann et al. (1997) frame three main modules (or phases) for MPC
with different levels of detail and focus. These modules are directly connected to strategic
game plan of the company that implements the MPC. Figure 1 gives a detailed framework

of these modules including the capacity management and information requirements.



Front end phase sets the objectives for the MPC including Demand Management,
Production Planning, Master Production Scheduling (MPS) and Resource Planning and
Rough-Cut Capacity Planning (RCCP) activities. These activities provide an overall

manufacturing plan for a company and creates long-term and mid-term plans.
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Figure 1. MPC Framework with Integrated Capacity Elements (Source: Vollmann et al.,

1997; p.15, 122).



Second phase, Engine, includes the systems for obtaining the detailed material and
capacity plans. These systems cover Detailed Material Planning (Time-phased Material
Requirements Planning (MRP) records) that uses bills of material information and
inventory status data together with Detailed Capacity Planning (Capacity Requirements
Planning (CRP) records) that contains the routing information. These activities provide

short-term plans for manufacturing (Vollmann et al. 1997; p.14, 121).

The last phase, Back End, depicts the execution systems that include Finite
Capacity Loading, Scheduling and Control of Shop-Floor and Vendors Systems and also
Input/Output analyses of these systems for evaluation and improvements. Similar to the
Engine module, Back End focuses on aspects of short-term planning. All of these modules
require a synchronized and integrated information flow in order to fulfill each task of the

traditional manufacturing planning systems (Vollmann et al., 1997; p.6).

1.4 Major Components of Traditional Planning Systems

In the traditional planning systems, there are three main components and capacity
counterparts that frame the manufacturing planning processes in each phase. In Front End,
MPS together with RCCP provides mid-term objectives of a company. In the Engine,
detailed Material and Capacity Planning derives customer orders into time phased
requirement plans. Finally, in the Back End, Shop Floor Scheduling together with Finite
Capacity Loading covers the executions of the higher-level plans in the shop floor

(Vollmann et al. 1997; p.123).

1.4.1 Master Production Scheduling (MPS)

MPS links the customer demands with the factory planning through the general
planning of the end products. It is considered as an anticipated build schedule for
production of these end products (Vollmann et al., 1997; p.206). Together with RCCP,
the planner manages to visualize the potential capacity bottlenecks and other production
constraints for a certain demand structure. MPS takes into consideration of end products.

For this reason, the output of this component does not completely detail both material and
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capacity requirements of the actual production system. In general, an altered version of
the bill of materials (i.e. Planning Bill of Materials) that focuses only to the end products
is used in the construction of the MPS in order to simplify the process further (Vollmann

etal., 1997; p.227).

As a mid-term planning process, MPS takes weekly or monthly time buckets
(Vollmann et al. 1997; p.236). Customer orders and forecasts are main inputs of MPS. In
mid-term planning, MPS supports the planner to realize the bottlenecks and even provides
Available to Promise (ATP) data to provide an insight for the demand management
(Vollmann et al., 1997; p.236). In the short-term planning, MPS provides the input data
for detailed material and capacity requirements planning, therefore accuracy of MPS
yields more effective short-term planning of the production. However, since the time
buckets are considered as weeks and months in MPS, the reaction of MPS to daily demand

changes is rather ineffective (Vollmann et al., 1997; p.247).

1.4.2 Material Requirements Planning (MRP)

MREP refers to main set of techniques to convert MPS records into detailed time-
based requirement records that can be used to schedule the production and to procure the
required materials for the production. There are three main inputs for MRP according to

Vollmann et al. (1997; p. 14):

1- Time-phased set of MPS records: The MPS output that contains the due

dates, quantities and required end products.

2- Bill of Materials: In order to explode the given set of records, bill of
materials (BOM) is needed for each end product and its components.
BOM is the set of data that consists of the required direct components in

order to produce the product.

3- Inventory Status: In order to calculate the actual production or
procurement requirement of a component, the quantity of that component

in stock should be known.



In addition to these main inputs, Nahmias (2013) provides two more required
inputs, these are defined as lead times of procured items and lot sizing decisions of the
products. These two inputs increase the accuracy of the detailed material requirements.
The former one creates an offset of production plans according to lead times of the
procured items, and the latter one creates a set of rules in order to standardize the

production lot sizes to be used in explosion (Nahmias, 2013; p.382).

After these inputs are obtained, explosion calculations are executed. These
calculations translate the planned orders obtained from MPS into detailed component
requirements using single level BOMs for each BOM level of the end product. In order to
reach the Net Requirement of the component, data from inventory level of respective
component is subtracted from Gross Requirements of the component. By the lot sizing
decisions, these Net Requirements are transformed into planned order releases, and lead
time offsetting determines the planned order release timing for these requirements

according to lead time of the components.

Figure 2 gives the pseudocode for the general explosion algorithm used in MRP
(Kabak and Ornek, 2005). This process is repeated at each level of the BOM. The final
MRP data provides the planned orders that can be directly scheduled. Also, these planned
orders together with routing files can be inserted into detailed capacity planning procedure
(or Capacity Requirements Planning (CRP)) to control the capacity required for the
production. Combined with MRP, the term used for this kind of requirement planning
module is MRPII. Vollmann et al. (1997) state that the term is not used to indicate Material

Resource Planning but Manufacturing Resource Planning.

Although it is highlighted by Vollmann et al. (1997), capacity planning cannot be
excluded in planning process. Therefore, MRPII is proved more viable for the

practitioners in making daily decisions (Tyagi et al., 2013).
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Figure 2. Pseudocode for MRP Explosion Algorithm (Source: Kabak and Ornek, 2005).

1.4.3 Shop Floor Scheduling (Factory Planning)

In general, Shop Floor Scheduling translates planned order releases into a set of
tasks and due dates associated with those tasks (Nahmias, 2013; p.422). Shop floor
scheduling is frequently updated since the planned order releases are constantly revised

according to demand changes. Nahmias states 7 main objectives for the shop management:
1- Meeting the due dates.

2- Minimizing the average flow time through the system



3- Minimizing work-in-process inventory

4- Providing high machine/worker utilization

5- Providing accurate job status information.

6- Reducing setup times.

7- Minimizing the production and worker costs (Nahmias, 2013; p.422).

Nahmias (2013) states that optimizing all these objectives is impossible because
of the contradictions present among them. These objectives can be grouped into a high-
level customer service aim (1-2) and high-level production efficiency (3-7) (Nahmias,
2013; p.423). In order to compare each objective, the company has to evaluate these

objectives in quality and cost basis.

Vollmann et al. (1997; p.528) group scheduling research into two main
approaches. The first approach, static scheduling, consists of fixed set of jobs to be
scheduled until they are completed, and the second one, dynamic scheduling, deals with
ongoing process in which new jobs are being added over time. Each approach can be

handled with deterministic or stochastic models.

Static scheduling approach can be dealt with optimization models since optimal
model requires deterministic data inputs. However, these models can only be applied to
relatively small-scale problems because of the NP hardness of the problem (Tyagi et al.
2013). In the case of larger problems, several heuristic models are used. The classical
approach consists of using Dispatching Rules (DR) (or Sequencing Rules (SR)) to
sequence jobs for a given number of machines according to these rules. Pinedo (2008)
summarizes these elementary rules as given in Table 1. These dispatching rules can be
used in both static and dynamic approaches and form the basis of both optimal and

heuristic models of scheduling algorithms.

In most cases, using single dispatching rule is not adequate for scheduling of large
problems. Therefore, Composite Dispatching Rules (CDR) that combine these elementary
rules with scalar coefficients are introduced as a ranking expression. (Pinedo, 2008;

p-373). In CDR, elementary rules are the functions of the attributes that are static or time
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dependent. These attributes are associated with either a machine or a job, and their effects
on the overall ranking expression are determined by the rule that uses it in conjunction
with the scaling parameter of that rule. It is determined either by experience of the builder

or through statistical analysis.

Table 1. List of Common DRs (Source: Pinedo, 2008, p.373)

SIRO Service in Random Order

ERD Earliest Release Date First (First Come First Served)
EDD Earliest Due Date First

MS Minimum Slack First

SPT Shortest Processing Time First

WSPT Weighted Shortest Processing Time First
LPT Longest Processing Time First

SPT-LPT |First Subset SPT, second subset LPT

CP Critical Path (Highest Level First)

LNS Largest Number of Successors First

SST Shortest Setup Time First

LFJ Least Flexible First

LAPT Longest Alternate Processing Time First
SQ Shortest Queue First

SQNO Shortest Queue at the Next Operation First

Both DR and CDR are constructive heuristics that initialize with no schedule at all
and construct the schedule themselves. On the other hand, improvement heuristics
initialize with a complete schedule and try to obtain a better schedule by manipulation of
the current schedule. Examples of these types of heuristics are simulated annealing, tabu-
search, genetic algorithms, and ant colony optimization. Gen et al. (2013) draw the
evolution of improvement type heuristics in his survey. In addition, Pinedo (2008) defines
five more advanced general-purpose procedures for scheduling. These are beam-search
that aims to eliminate branches in branch-and-bound procedure, decomposition methods
that decompose large scheduling problems into smaller sub-problems and propose a
feasible solution. Constraint programming aims to provide a feasible solution that satisties
all the constraints defined in the procedure, market-based and agent-based procedures that

utilize the demand and supply mechanism between the machines, operations and initially



resources. Multi-objective procedures that propose a pareto-optimal solution and combine

previous methods (Pinedo, 2008, p. 373).

1.5 Advanced Planning and Scheduling Systems (APS)

Unlike traditional planning systems, Advanced Planning and Scheduling Systems
(APS) tries to integrate the long-term, mid-term and short-term planning levels and
decisions with computer aided systems. Stadtler et al. (2004) state that APS is not
replacement of Enterprise Resource Planning (ERP) but on the contrary, it contains
supporting blocks for efficient ERP systems. Lupeikiene et al. (2014) take the point one
step further and declare that ERP systems are auxiliaries for APS. Mainly, APS tries to
computerize the planning processes by visualizing information, reducing planning time
and allowing easier application of optimization methods (Stadtler et al., 2004; p.86). All
these advantages support the planner as for decision making and require human

interference for data entry and programming.

In addition, Fleischmann et al. (2003; p.458) state that the concept is introduced
by software providers to define a new type of modular planning software that is although
not particularly advanced in planning concept nor in algorithms used in modules, but
advanced in the implementation of these concepts into standard software that enables the

utilization of them.

Further, Fleishmann et al. (2003; p.480) define that Hierarchical Planning Concept
is the underlying structure of APS that divides the overall structure of the supply chain
hierarchically and applies different optimization models in different levels of the hierarchy

(i.e., different planning tasks.)

Rohde et al. (2004) classify the planning tasks of a company in two dimensions:
planning horizon (namely long-term, mid-term, short-term) and supply chain processes
(namely procurement, production, distribution, sales). These tasks are then placed in the
Supply Chain Planning (SCP) Matrix, and they provide the basic framework of APS
modules (Figure 3).
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Figure 3. SCP Matrix (Source: Stadtler, 2004, p.87)

As an extension to traditional Manufacturing Planning and Control Systems
(MPC) that leave both strategic planning and supply chain planning out of the scope, APS
offers extended approach to these topics both within the company and in between the other
supply chain companies. Figure 4 shows the collaborated APS modules of supply chain
companies (Stadtler et al., 2004; p.113). This approach creates an integrated supplier-
customer cooperation decreasing the information exchange delays in between the
companies to milliseconds. Another advantage of such collaborated APS is that each
company in the supply chain is able to calibrate its mid-term planning according to master
plans of its customers and able to relay the changes to its suppliers automatically (Stadtler

etal., 2004; p.113).
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Figure 4. Collaboration between APS.

Finally, the integration between long-term, mid-term and short-term plans within
the APS provides each task to be compatible with the strategic decisions of the higher
management. Thus, leading to more efficient and strategic oriented mid-term and short-

term processes that can be managed and controlled more easily.

1.6 Planning Levels in Production Companies

Even though previous sections provide traditional and advanced planning concepts
on resource-based perspective, there is another dimension, that is dimension of time. The

dimension of time provides planning levels in planning methodology.

Researchers define four main levels of production planning to be observed both
separately and inter-connectedly in order to include time dimension and other managerial
aspects of the planning (see Kung and Chern, 2008; Tyagi et al., 2013; Ozturk and Ornek,
2016). Time horizons and demand trends provide a wider understanding of real conditions
in a production company. Both Vollmann et al. (1997) and Stadler et al. (2004) point out
similar perspectives of time and the planning phases interconnected with these levels.
Table 2 provides an interpretation of planning levels for planning processes defined in

Vollmann et al. (1997) and Stadtler et al. (2004).
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Table 2. Terminologies of Vollmann et al. (1997) and Stadtler et al. (2004).

Planning Planning Process Vollmann et al. | Stadtler et al.
Levels (1997) (2004)

Terminology Terminology

Strategic Level | Marketing Planning Management Long-term

Top Management Game Plan

Financial Planning

Demand Level | Resource Planning Front End

Production Planning

Demand Management Mid-term

Master Level | Master Production Scheduling

Rough-Cut Capacity Planning

Capacity Requirements Planning Engine
Detailed Material Planning (MRP)

Factory Level | Finite Loading Back End Short-term
Input/Output

Shop-Floor Systems

Vendor Systems

1.6.1 Strategic Level

In strategic level, main purpose is to configure the supply chain network and define
the right service areas and right partners for the production (Kung et al., 2009). This level
can further be expanded to include human resources and investment policies of the factory
since workers and investments are one of the main long-term resources for capacity. Real
production environment provides a scope of these capacity constraints with long-term
forecasts and market dynamics. With a combination of past years’ data and yearly
forecasts, capacity bottlenecks can be observed and decisions can be made in order to

prevent any shortages prior to occurrence.
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1.6.2 Demand Level

Highly interconnected with strategic level, demand level mainly focuses on
predicting the structure of future demands in years. Although this module is mainly
researched on creating forecasts to help decision making process of inferior levels, it is
based on demand structure of customers and their changes in annual horizon in order to

provide insight for inventory decision making process (Kung et al., 2009).

Each customer has different trends throughout the year. The structure of demands
has a main role on resource and capacity allocation of the production system. Planning
horizon decision and lot sizing decisions for each customer can be implemented in this
phase. By providing these parameters, changes during planning horizon and already-in-
stock compensations of the orders can be managed. Instead of considering overall policies
like make-to-order or make-to-stock in production, these decisions can create a generic

policy for each customer at a given time.

1.6.3 Master Level

Until this level, previous levels can be considered as policy setting levels that
provide parameters and metrics for the following levels. Master level focuses on satisfying

demands efficiently according to capacity and resource constraints (Kung et al., 2009).

The problems for these levels are commonly based on sorting algorithms (Kung et
al., 2009). However, in reality, changing customer demand sizes and due dates require to
retrieve and use these sorting algorithms. Thus, simple sorting methods become incapable
to react to these changes efficiently (Kung et al., 2009). In general use, MPS procedures
are applied in this level and they provide the basis for the following level decision making

Processes.

1.6.4 Factory Level

The main research topic area for factory level is scheduling. Most of the planning
research in the literature are in this level. Mainly, this level consists of dispatching orders
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of the master plan for the job floor and allocates capacity and resources accordingly
considering the preceding constraints (Kung et al., 2009). Among all the modules, factory

planning is the most important module due to its practical connections to the shop floor.

There are different approaches to this scheduling problem. Mixed Integer Linear
Programming (MILP) is one of the most researched methodologies in the literature
(Chapter 2). However, implementing and solving this problem is very difficult and time
consuming for real life conditions due to its NP-Hard nature. On the other hand, several
heuristics methods are employed to overcome this difficulty. These methods vary from
generic algorithms to evolutionary approaches, and each method tries to obtain sub-

optimal solutions (Chapter 2).

When scheduling the work orders in the job floor, one of the most important
objectives is to limit or even eliminate the changeover times. These changeover times
occur in two different types, mold setups and raw material setups. These changeover times
can be foreseen during scheduling, and they change the completion time of a work order

considerably.

1.7 Problem Definition

This thesis aims to provide an automated and integrated method that minimizes
the time of building production schedules in a production environment that uses concepts
of APS together with integration of top management decisions and strategies for daily

planning processes.

The main approach to this problem is to develop an easier method for extracting
the requirements for both material and operational resources. Therefore, the planning
system requires significantly less computation time compared to traditional MRPs
together with an automated scheduling system that provides a draft schedule according to
capacity requirements and reflects top management decisions such as inventory and

human resources policies.
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1.8 Thesis Summary

The remainder of the thesis is organized as follows.

Chapter 2 introduces the literature review. Recent studies with regard to

applications of both MPC and APS are thoroughly reviewed in this chapter.

Chapter 3 describes a general survey among 64 companies located mainly in the

Aegean Region of Turkey together with varying sizes and production types.

Chapter 4 presents the problem definition of the thesis and discusses the issues in
traditional planning systems together with comparing the execution times of popular

commercial planning software in the market.

Chapter 5 introduces the proposed approach for requirement extraction and

explains its steps.

Chapter 6 presents the case study, application of the proposed approach into the
company of the interest and evaluation of the approach with regard to company

performance.

Chapter 7 describes the experimental design conducted to test the proposed
approach by defining main factors. Then, it represents the results of analysis of variance

(ANOVA) and regression model.

Finally, Chapter 8 covers the main conclusions obtained from the thesis study and

presents possible future research directions.
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CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

This chapter presents a literature review to provide APS models applied in
different industries and scheduling methods for the production facilities. The related
literature is briefly reviewed according to objectives, methodologies, data types used, job
sizes, size of machine sets and machine types together with setup time handling.
Accordingly, summary table categorizing the surveyed literature is presented in Section

2.2. At the end of the chapter, concluding remarks are presented in the Section 2.3.

2.2 Literature Research

In this study, literature survey in planning systems is categorized under three
groups. In the first and second groups, main research topic is on the factory level planning
and scheduling. The first group of studies consists of optimization-based models is given
in Subsection 2.2.1. The second group of studies includes heuristic-based models that are
explained in Subsection 2.2.2. The third and final groups consist of studies on APS and
consider not only factory level but also demand and master level planning in Subsection

2.2.3.

2.2.1 Optimization-Based Studies

Under advanced planning and scheduling, there is an extensive research on factory
planning and scheduling together with optimization models. These studies mainly focus
on mixed-integer programming (MILP) and constraint programming (CP) approaches. To
illustrate, Berber et al. (2007) aim to provide a MATLAB program that automatically
creates the optimization model and add a new horizon constraint in order to simplify the
problem minimizing the process time. They find an improved solution in reasonable time
for single stage multi-purpose lines. However, the data sets are limited even though they
observe and apply the model in a real-life factory. Chen et al. (2014) present a new model
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for short-term scheduling of multi-purpose batch plants in order to maximize the profits.
The proposed model has less continuous variables and constraints that increase the

efficiency of solutions.

Another approach is constraint programming-based models. These models
increase the efficiency of the solution even higher, however, in the meanwhile they
decrease the required computation time. Ozturk et al. (2015) present a new constraint
programming model for balancing and cyclic scheduling in order to lower production lead
times in mixed model assembly lines. Also, Ozturk and Ornek (2016) also combine two-
phased heuristics to balance the workload of the resources on the planning level and
schedule them based on constraint programming model that targets to minimize the

makespan.

Gaudreault et al. (2011) focus on the real problem of scheduling in lumber
industry. Their study compares two models (CP model and MILP model) with the
objective of minimum tardiness. They simulate a relatively large production environment
that consists of 166 product types, 12 machines with 3 different types and 525 different
operations with real data of orders (from 200,000 to 900,000 units) within a 60-day

horizon.

2.2.2 Heuristics-Based Studies

In order to avoid the complexity of the mathematical problems, most researchers
approach the problem by using heuristics. Most heuristics are limited to factory level
scheduling parameters and designed to cover specific cases and areas. Gen and Lin (2014)
survey that makespan and workload variance are the main objectives of scheduling
problems, and utilization of heuristics algorithms proves to be efficient in order to
overcome the complex future of the scheduling problems. Cheng et al. (2011) propose two
heuristics to include machine failures into a cost minimizing model to estimate machine
failures while addressing optimal production and inventory allocation of a single-product,
assemble-to-order system with multiple demand classes and lost sales. Eliiyi and Azizoglu
(2011) propose a heuristic to balance and schedule fixed jobs with working and spread

time constraints while maximizing the job-weight of the machines. The new heuristic
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method proves as successful with low computation time and adoptable to larger systems
when it is compared to greedy heuristic methods, but slightly inefficient when it is
compared to generic algorithms. Zhang et al. (2006) propose a multi-stage operation-
based genetic algorithm to provide an optimal schedule in a 6 machine and multiple plant
company by minimizing makespan of 4 orders with predefined sizes. Both the data and

problem are hypothetical.

Although setup times are very important in scheduling, they increase the
complexity of the problem and they are usually neglected by most researchers. Kerkhove
and Vanhoucke (2014) consider multi-plant parallel machine scheduling problem with an
emphasis on changeover times and limited technician capacities. They propose a hybrid
meta-heuristic method that minimizes the weighted combination of job lateness and
tardiness. Gokce et al. (2017) present ten sub-level heuristics that include specific single
objectives and find optimal job schedules for each machine. Later they are combined to
present an overall optimal solution for multi-level capacitated lot sizing problem with

setups and linked lot sizes.

In real production environment, scheduling of job-floor depends on multiple
objectives. Most of the cases, minimizing makespan, minimizing delay, minimizing
production costs and balancing the workloads of the machines are the main objectives. To
illustrate, Kung and Chen (2009) present a heuristic factory level planning algorithm that
schedules jobs by using three tier machine-order assignment in order to minimize the
delay time of orders, makespan of the products and advance time of production. Nguyen
et al. (2014) propose an automatic decision-making process to assign scheduling policies
by using evolutionary algorithms for multi-objective job shop scheduling problem that
minimizes makespan, weighted tardiness and percentage error. Luo (2018) presents a
multi-objective problem to use in production industries by using evolutionary algorithms

and also minimizing makespan, delivery delay and product flow.

2.2.3 APS-Based Studies

Although most of the proposed models takes into factory level scheduling account,

the connection between the other levels and factory level is researched scarcely. The
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researched methodologies are mainly applied to real production environments with case
studies and proved as successful with regard to their objectives. To illustrate, Genin et al.
(2007) focus on the effects of multi-level (namely Strategic-Level, Demand-Level and
Master-Level) decisions with planning horizon on the robustness of the production plans.

The indicator for robustness considered is the cost of production.

Johnsson et al. (2007) present three case studies by using specific commercial
APS, and they solve sales and distribution problems. The importance of these cases is
defined as the APS’s ability to integrate different levels of planning. On another study,
David et al. (2007) study the implementation of APS in aluminum conversion industry.
The bill of material specifications (existence of up-stream BOMs and down-stream
BOMs) of this industry creates difficulties for planners to effectively plan the production
and procurement in the companies. Therefore, David et al. (2007) compare the use of APS

in this industry with ERP systems that are already in use by the industry.

Zoryk-Schalla et al. (2003) discuss a case study for the implementation of a
specific commercial APS system in a multi-plant company in a duration of 2 years. After
the implementation, the results of APS generated plans are observed according to criteria
defined by the implementation team. However, it is found to be unsatisfactory due to
restrictions and inflexibility of the implemented model. Zhong et al. (2015) propose an
RFID real time scheduling model that includes both job floor scheduling and order
planning. Weights are assigned for orders and they are scheduled according to these
weights to minimize tardiness. A novel approach to order-shop floor scheduling
combination is researched by He et al. (2014). The model is based on minimizing cost of
production, and production of each order is planned for each time by a bidding mechanism

between resource agents and part (order) agents.

2.3 Concluding Remarks

The overall summary of the reviewed literature research is given in Table 3. The
table reports whether or not a study includes a case study or survey, objectives, research

methodology and parameters are reported for each study in the literature.
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Table 3. Literature Review Summary.

Authors Case or Objectives Methodology Parameters
Survey

Case | Survey | MS | T | WL | C/P | E | MILP | CP | Heuristics Setup Max. | Max. No.
Study Handling Job of

Size | Machines

Berber et al. X - X - - - - X - - SD 13 4
(2006)

Chen et al. - - - - - X - X - - - 11 6
(2013)

Cheng et al. - - - - - X - - - GA - 1 N/A
(2011)

David et al. X - - - - - - - - - - - _
(2006)

Eliiyi and - - - - X - - - - PTH - 500 10
Azizoglu (2011)

Gaudreault et al. X - - X - - - X X - - 525 12
(2011)

Gen and Lin = X - - = - S - = EA - 18 5
(2013)

Genin et al. - = - = - > - - - - - - _
(2007)

Gokce et al. - - - - - - - - - GA SI 8858 12
(2017)

He et al. (2007) X - - - - X - - - BA SD 16 20

Jonsson et al. X - £ - - = - - - - - - _
(2007)

Kerkhove and X - - X = - = - = GA SD 750 75
Vanhoucke
(2013)

Kung and Chen - - X | X - - - - - GA SI 7 5
(2008)

Luo (2018) X - X [X]| - - - - EA - 30 4

Lupeikiene et - X - - - - - - - - - - _
al. (2014)

Nguyen et al. - - X | X - - X - - GPHH - 200 20
(2014)

Ozturk and X - X - - - - - X CPBH - 39 6
Ornek (2016)

Ozturk et al. - - X | - - - - - X R _ 7 3
(2015)

Tyagi et al. - X - - - - - - - - - - _
(2013).

Zhang and Gen - - X - - - - - - GA SD 16 6
(2006)

Zhong et al. X - - X - - - - - GA SD 309 191
(2015)

Zoryk-Schalla X - - - - - - - - - - - R
et al. (2004)

Objective Abbreviations: MS: Minimize Makespan, T: Minimize Tardiness or Lateness, WL: Maximize
Workload, C/P: Minimize Production Cost or Maximize Profit, E: Minimize Error.

Methodology Abbreviations: MILP: Mixed Integer Linear Programming, CP: Constraint Programming
Heuristics Abbreviations: GPHH: Genetic programming-based hyperheuristic, PTH: Polynomial Time
Heuristics, EA: Evolutionary Algorithms, GA: Generic Algorithms, CPBH: Constraint Programming Based
Heuristics, BA: Bidding Algorithm

Setup Handling Abbreviations: SD: Sequence Dependent, SI: Sequence Independent
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With regard to the case study and survey, only four studies include a survey study,
however, most studies present a case study. Thus, in this thesis study, both a general

survey analysis is given and also a case study for a plastic injection company is presented.

With regard to the objectives, there are many studies that takes makespan (MS)
and lateness or tardiness (T) as objectives. On the other hand, there are only few studies
that consider the other production system related objectives such as maximizing the
workload (WL), minimizing the production cost or maximizing the profit (C/P) and
minimizing the error (E). In this study, the MRP running efficiency is discussed with the

production system related parameters through the analysis of the case study.

With regard to the research methodology, most studies apply heuristic approaches
since the problems are examined as NP-hard problems. Only few studies consider
optimization approaches such as mixed-integer programming (MILP) or constraint

programming (CP).

In each study of the optimization-based group, the NP-Hardness of the problem is
considered. In order to decrease complexity of the problem, small sets of machines (1-5)
and relatively small size of orders (except Gaudreault et al., 2011) are chosen. In addition,
the computation time required to solve these problems is in hours. On the other hand,
heuristic-based group requires less computation time even with relatively larger machine

and operation sizes.

With regard to the parameters, the literature is evaluated according to the setup
handling and maximum number of job size. It is observed that only two studies consider
sequence-independent (SI) setups, and five studies consider setup dependent setups, and
most studies do not consider any setup constraints or parameters. Also, most of the studies
report the maximum level of job sizes and it varies significantly, from the minimum of 1
job to maximum of 8858 jobs. Therefore, most of the studies provide solutions to highly
complex and highly specific problems, however, they often neglect the most of real
production conditions. Most of the studies considers very small number of machines and
operations. It can be concluded that most studies discard the changeover loses and work

on relatively small size problems.
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APS based studies mainly focus on the application of APS models and their
performances in several different industries. The main purpose of these studies is to
promote or demote the application of the APS in different situations. Since the APS
defined in these studies are commercial APS, the base algorithms are not defined, and
there is no information about the interconnection of their modules, therefore, they are not

informative to the problem defined in this thesis.
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CHAPTER 3: SURVEY ON PRODUCTION COMPANIES

3.1 Introduction

This chapter starts with the presentation of a survey conducted on production
companies and their planning methodologies in Section 3.2. It focuses on general
characteristics of the companies with regard to planning processes. Then, concluding

remarks that summarized main results are given in the following Section 3.3.

3.2 Survey on Production Companies

In order to interpret the real applications of planning methodologies, a survey
is conducted among 64 real production companies located in the cities of Izmir,
Manisa, Istanbul and Aydin in Turkey. The number of companies is chosen in order to
cover different industries and different company sizes to represent a broader view on
the topic. Following subsections provide the information about the characteristics of

companies and survey queries.

3.2.1 Categorization of The Survey Population

The companies are chosen from the customer database of a Manufacturing
Execution System (MES) software development company that is related to the
company chosen for the case study in this thesis. Each company is visited during a
specific timeline. The timeline includes last 3 years information and each visit to a
company takes on average 2 hours. After obtaining the information from each
production company, they are categorized according to their production sizes, main

production processes, served industries and production types.

The size of the company is determined by the number of operational and
separate stations in its production facilities. Small companies include up to 50 stations,

medium companies contain up to 100 stations and large companies have more than
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100 stations. Among the surveyed companies, the categorization according to

company sizes is given in Table 4.

Table 4. Size Distribution of Surveyed Companies

Size of the # of Surveyed
Company Companies
Large (>100 st.) 24
Medium (>50 st.) 27
Small (<50 st.) 13
Total 64

Main production processes are generalized according to raw materials used in
the production. Figure 5 depicts the distribution of companies according to their main
production processes. Accordingly, the two most common production processes are
metal processing that covers 27 companies and plastic injection that includes 13
companies in the survey. The rest of processes are wood and rubber processing. Each
of them has 3 companies in the survey, this follows metal casting, textile processing,
spices processing, assembly and chemical processing with 2 companies. Others

include leather, meat, spirit, fodder and glass production.

Textile ~ Metal Casting; 2 Electrical Products; 2
Processing; 2

Spices Processing; 2
Assembly; 2

Chemical
Processing; 2

Wood Metal Processing;

Processing; 3 » 27

Rubber
Processing;

Plastic Injection;
13

Figure 5. Main Process Distribution of Surveyed Companies



The industry categorization defines the main industry of a company that is
served according to its end products. The list of main industries of these companies is
given in Table 5. According to Table 5, household appliances industry has the
maximum number of companies in this survey with 12 companies. This is followed by
the general sub-parts and machine production industries with 8 and 7 companies. Then,
automotive and food industries follow them with 6 and 4 companies. The rest of the
industries includes 21 different other industries and almost half of the number of

companies in the survey.

Table 5. Summary of Main Industries in the Survey

Industry # of Companies | Industry # of Companies

Household Appliances 12 Cloth and Yarn Production 1

General Sub-Parts 8 Cabling 1
Machine Production 7 Sports Textiles 1
Automotive 6 Processed Leather 1
Food 4 Dairy 1
Medical 2 Palette 1
Furniture 2 Chemical 1
Packaging 2 Food and Fodder 1
Electronics 2 Poultry 1
Motor 2 Sports Equipment 1
Window Accessories 2 Air Conditioning 1
Dye 1 Wiring 1
Bicycle Production 1 Glass 1
Total 64

Production type is categorized by job type and machine utilization of each job.
In a flow shop, each job is processed through machines in a sequential order. On the
other hand, in a job shop, there are multiple routings exist in the shop apart from
functional layouts. In this type of a shop, not all jobs require the same number of
operations and sequences, while some jobs may be operated on the same machine
multiple times (Nahmias, 2013; p.423). Continuous production refers to non-discrete
production that raw material continuously flows into the process and it is spoiled or
scrapped if not properly processed. Figure 6 gives the distribution of companies

according to production types in the survey. In Figure 6, it is observed that slightly
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more than half of the companies (33 companies) has a flow-shop type of production,
and majority of remainder companies has job-shop type of production. Only 8

companies have continuous type of production.

Job Shop; 23

Flow Shop;
33

Figure 6. Production Type Distribution of the Surveyed Companies

3.2.2 Queries of the Survey

The questions of the survey intend to understand the utilization of planning
systems in companies to draw conclusions. The outcomes of each question are given

in the following titles.

3.2.2.1 Does the company invest in an ERP system?

All of the companies invest in an ERP system in order to comply with the
accounting and financial regulations of Turkey such as the requirement to produce
Shipment Documents with the shipment process and to convert them into /nvoices
within a week. Main ERP systems owned by the companies are mainly the ERP
products of Netsis/Logo and SAP. Out of 64 companies, 47 of them have Netsis/Logo,
and 12 of them have SAP.

3.2.2.2 Does the company use MRP? If yes, what is the frequency?

Only 20 of companies use an MRP module of the system. The main reason
behind this is that companies do not have complicated production plans since they do
not involve long levels of BOMs and high product varieties and they do not actively

create new BOMs and recipes. Thus, they prefer simpler spreadsheet applications to
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obtain their production plans. In addition, for those companies that have complex
products or processes and do not use MRP, although the execution of MRP is required
for planning, they are not able to control BOMs and stock codes to produce an accurate

MREP report.

3.2.2.3 How often do the customers place orders, and if they change them in

process?

14 of companies that use an MRP module state that the orders are received
weekly and customers do not change their orders that are in progress. Only five of
companies utilizes MRP daily, however they state that they have to stop all their
inventory and shipment transactions when MRP module is running. All of these

companies are assembly companies with high variety of raw materials.

3.2.2.4 Does the company invest for an Advanced Planning System? If yes,

does the company use it actively?

APSs are not widely invested due to their high initialization costs. Only nine
companies invest on such systems but five of them had to abandon due to high
reprogramming and maintenance requirements. Figure 7 gives visual information of

the data.

Not
Utilizing; 5

Not Invested; Invested; 9
55

Utilizing; 4

Figure 7. Investment on Advanced Planning System and Actual Utilization
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3.2.2.5 Are the company inventories reliable? (Are there any inventory

errors?)

41 companies state that their inventories are reliable. The rest of the companies
observes inventory errors weekly hindering further the MRP utilization. All of the

companies that utilize MRP modules state that their inventories are reliable.

3.2.2.6 What is the method or program that is used for planning?

Every company state that their production planning is formed by using
spreadsheets application. General opinion among the companies is that it is easy to use
and easy to formulate without dealing much with data entries and parameter settings.
Although, most the companies highly apply integrated planning approach similar to
APS, all outputs are carried on spreadsheets, and production planning and scheduling
are conducted using these spreadsheets. This increases the human interaction of the

processes, increasing the errors and disinformation due to lack of integration.

Apart from than these survey queries, the planning methodologies of these
companies are observed. A common planning pattern is detected with regards to the
planning phases and planning layers of job shop companies. This pattern coincides
with the company of interest in the case study and described in Chapter 6 to provide a

basis for the proposed approach in this thesis.

3.3 Concluding Remarks

In this chapter, the outcomes of the survey conducted on real-life companies

are presented in order to present a better view of actual life applications of planning.

Also, the survey on production companies reveals that planning and scheduling
of the production is highly dependent on the human interaction due to constant
changing orders and production parameters (such as machine breakdowns and
inventory errors). Just like expediters mainly used in 1950°s and 1960’s (Tyagi et al.
2013), there is a job distribution between these individuals according to production
categories and/or customers. According to the most of the companies observed, they

use an ERP system in order to comply with financial and accounting regulation
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however, their utilization of MRP, MPS and/or MRP-II is very low. The main reason
for lack of utilization of these systems is the high parameter setting requirements and

lack of automatic control mechanisms presented within the ERP systems.

The companies mainly create their own spreadsheets in order to follow the
orders, dig out the material and production requirements, schedule the production and
procure the required materials for production. These spreadsheets are usually not
integrated to each other leaving the overall planning highly prone to human errors and

unable to adopt to changes rapidly.
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CHAPTER 4: PROBLEM DEFINITION

4.1 Introduction

This chapter starts with the issues in traditional MPC systems given in Section
4.2. Following with this section, the problem definition of this study is presented in
Section 4.3. The defined problem is explained and discussed further in three
subsections. In Section 4.3.1, requirement extraction methodology is explained.
Section 4.3.2 introduces indicators and parameters of higher planning levels that
provide the foundations for the sorting algorithm to be used in scheduling

methodology.

4.2 Issues in Traditional Manufacturing Planning and Control (MPC)

Systems

Although traditional MPCs are widely used in industry since 1980’s, there are
some issues for the utilization of these systems. According to Vollmann et al. (1997),
main issues of these systems are contained in the process of MRP. Since MRP is one
of the main processes in MPC, these issues directly affect the overall planning

efficiency of the company.

Vollmann et al. (1997) indicate that processing frequency contains two main
issues that affect the accuracy of requirement plans. First one is the decision of the
coverage of the records to be processed. In regeneration, all the orders are processed
in each run, therefore it covers a larger scope for demands in the expanse of higher
computation time. On the other hand, net changes handle only the changed orders by
excluding the unchanged orders that decrease both the computation time and accuracy
of the material plans. Second decision is how frequent the MRP is to run. Each MRP
run costs computation time according to the amount of orders to be processed and
complexity of the BOM of the products. Vollmann et al. (1997) point out that each run
costs 8-24 hours of computation which causes a motivation for less frequent MRP

runs. Although by the advancement of the technology, the computation time of MRP
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runs are decreased to 1-2 hours, a company ceases every inventory and production
transaction during these runs. This creates uncertainty in work in process (WIP)

inventories leading inaccurate material requirements (Vollmann et al., 1997).

Processing frequency issue is also pointed out by Nahmias (2013). It is stated
that MRP uses deterministic and static demand for a certain period of time, however,
in reality, the demand changes overtime and the MRP re-runs to compensate these

changes into the actual production plans.

Another main issue pointed out is the /ot size and lead time dependencies.
Although lot sizing can be standardized in Make-to-Stock (MTS) systems which
decrease the level of complexity of MRP runs, it is inapplicable in Make-to-Order
(MTO) or Assemble-to-Order (ATO) systems because of the changes in lot sizes for
orders. Also, the lead times regarding the lot sizes are usually not linear, thus, they

create another level of uncertainty for the MRP (Nahmias, 2013).

In addition, Tyagi et al. (2013) summarize main issues in traditional MPC

systems in their survey. The following points hinder the utilization of MPC in industry:

1- The MPCs currently in use, are designed for specific industry or
manufacturing environment, therefore, a more generic MPC that is

applicable to every industry is required.

2- The models proposed by academics are not understood and utilized

by the practitioners.

3- The proposed MPC model should be interactive and act as a Decision

Support System.

4- Lead times of both production and procurement processes are not
addressed correctly in current MPCs. Therefore, in MPC without a
strong shop floor control system is unable to provide viable

information about WIP, available capacity, and uncertainty.

5- The current MPC design lacks the ability to adopt to production and

demand changes, and they are designed for static environments.
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6- Most of the existing MPC systems fails to develop detailed shop floor

schedules that are feasible with the production plans.

The main requirement for a planning system in the industry is that it works fast
and does not require much maintenance and/or human interaction (Chapter 3). For an
industrial practitioner, such generic planning and scheduling model has to be adaptable
to changes and uncertainties in both shop floor level and order level. Daily changes in
orders and resources should be considered, and updated schedule should reflect these

changes dynamically.

On the other hand, utilization of scheduling models proposed by researchers
are usually very low due to the complexity of the problem and need of certain

requirements to be fulfilled before use (Tyagi et al., 2013).

In order to provide an efficient production plan, another purpose is to minimize
the changeover loses. The changeover loses are due to uncertainties in the orders and
causes as much as 5 machine-month worth production time per month in the real-

production company of interest in this thesis.

4.3 Problem Definition

This study aims to provide an integrated approach on planning phases of a
production company in order to decrease the computation time required for resource
extraction (an alternative to MRP explosion ), to eliminate the “sleeping time” by
carrying out the extraction process offline, and to provide users with decision support

information for different levels in planning.

This problem is discussed with three main parts. These are the explosion
methodology of the commercial MRP systems, decision support information and the

need of human interaction level.

4.3.1 Explosion Methodology

MRP systems that are currently in use have several deficiencies. Two of the

commonly used MRP systems in Turkey (Netsis/Logo and SAP) are considered, and

33



both of the systems use similar algorithms to produce requirement lists causing
significant execution time without taking the work in process (WIP) inventories (Tyagi
et al., 2013). Both of the mentioned MRP systems have ability to bypass the inventory

checks, however, they still require a reference point and sleeping time to operate.

The reason for these problems is that in both of the MRP systems each customer
order is handled from top to bottom expanding the item at each level and searching for
the inventory to prepare the requirement. More detailed algorithm flow is given in

Figure 8.

Accordingly, based on the order information given in the order list, a
commercial software first checks the inventory using the inventory database and if
there is no sufficient amount, it calculates the net requirements or required quantity. If
the order for the required quantity is not for an end item, it inputs the required quantity
into the purchase table, otherwise, it finds the order recipe by using the recipe database
and calculates the component amounts using the BOM information and adds them into

a work-order table.

In general, the MRP methodology used by these brands is the computerized
version of the generic methodology pointed out by Vollmann et. al (1997). These MRP
systems have more calculations (increasing logarithmically) once the level on the
BOM of the products gets higher. Besides, controlling the inventory at this stage adds

more calculation time to the MRP operation.

Additionally, the number of orders in the system affects the computation time
required for the MRP positively. Since each order is processed separately without

considering the previous explosions, the number of explosions increases.

Also, since each BOM level is exploded at each level, average number of

components in the BOM is another affecting factor of computation time.
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Figure 8. Basic Work Flow of Commercial MRPs
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In order to test exact computation time requirements of these commercial
MRPs, the same test databases are entered both in SAP and LOGO/NETSIS databases
and same daily orders (that have same characteristics that are given in Table 10) are
fed to the system. Table 6 compares the calculation times of these MRP systems with
and without inventory checks. All other parameters (such as check minimum
inventory, cumulative output orders and register inventory) are turned off in order to

operate MRPs faster.

Table 6. Calculation Time of Commercial MRPs

No Inventory Check Inventory Check
Netsis/Logo 75 min. 94 min.
SAP 63 min. 67 min.

Both the computation time required for MRP and sleeping time requirement
decrease the rate of utilization of MRP in the companies that are considered in the
survey analysis (Chapter 3). In the companies that use MRP, the amount of orders to
be processed are limited by time filters in order to decrease the time required for MRP,
thus, they decrease the requirements and increase the changeover times in the factory

level.

4.3.2 Decision Support Information

In the literature review (Chapter 2), most of the researchers focus solely on the
Factory Level indicators and parameters. However, in order to simplify and increase
the efficiency of the planning, Higher Planning Level information can be used. This
information does not only affect the Factory Scheduling Level but also other planning
phases. Information about these parameters can either be obtained from the systems
with MRP, MPS, CRP, MRP-II or can be obtained intuitively with past demand,

seasonal or forecasted data.
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In traditional systems, obtaining this information requires the execution of the
mentioned systems separately, therefore it causes more computation time. Besides, in
practice, collecting all these parameters and applying them in daily decisions is a
difficult task for the planners and managers. These decision support parameters can be
grouped by considering the planning levels of the company, and these parameters are
further discussed in Appendices (Section A-4). The impact of the proposed approach
that is introduced in the next Chapter is discussed on these decision support

information in Chapter 6.

4.3.3 Human Interaction on the System

As Tyagi et al. (2013) points out that human interaction required both during
implementation and daily utilization is one of the problems using APS in the industry.
There are two direct effects of this element. First, as the human interaction increases,
data errors increase, and this affects the accuracy of planning systems. Second, as the
human interaction increases, more planning time is required, this increases the

personnel requirement for the tasks.

In addition, due to complexity of information to be processed, an automated
planning system can increase the efficiency of overall production of the company.
Heuristic methods employed according to preset policies, can decrease changeover
losses in production (via scheduling task), increase the inventory efficiency (via
demand planning tasks), and increase the overall customer satisfaction (via shipment

planning tasks).

4.4 Concluding Remarks

This study focuses on the problem defined in Section 4.3 by considering the
issues observed in literature review in Chapter 2 and in survey analyses given in
Chapter 3. The approach proposed in the next Chapter is explained in order to decrease
computation time for MRP explosion, to increase the integrity in between planning
levels together with management level and to decrease the human interaction in

conducting these planning tasks.
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CHAPTER 5: PROPOSED APPROACH OF ENHANCED

REQUIREMENTS EXTRACTION

5.1 Introduction

This chapter starts with introducing main concepts in constructing the
requirement extraction approach and their exploitation in Section 5.2. The construction
of the approach (i.e., Requirements Extraction) that is composed of EBOM
construction procedure, EBOM table procedure for operation requirements and
extraction procedure from an order table and their outputs are described in Section 5.3.
Finally, obtaining the information from extracted resources, the scheduling

methodology are presented in Section 5.4 and Section 5.5.

5.2 Main Components of the Approach

This part explains the main input resources for the proposed model. Each input

resource is explained in the following subsections.

5.2.1 Bill of Materials (BOM)

Vollmann et al. (1997) state that each BOM is created from the single level
BOM that contains only the components of the intended product. Each subcomponent
of the product may have further subcomponents creating a tree of materials when all
are exploded. Therefore, BOM is the main data that MRP systems use in order to

extract the required materials from a given product.

Vollmann et al. (1997) also define different types of BOM as intended BOM
and planning BOM. Intended BOM expands the single level BOM and displays all the
subcomponents of the product level by level. This increases the number of parts
processed by any production procedure, however, it also decreases the complexity of

the explosion methodology.
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On the other hand, Planning BOM is used solely for MPS purposes in order to
categorize the production limitations in the given orders by defining bottlenecks and/or

critical production paths.

5.2.2 Routing File

Used for capacity requirement calculations, each BOM has at least one
operation that combines the sub-components together. For example, in an assembly
line, two or more components are assembled together to form a single product through

the assembly operation.

Commercial MRP systems use routing files in MRP-II in order to calculate
capacity of work stations. The main component of these routing files are operations

that combine the subcomponents in the BOM together to form a product.

5.2.3 Operations and Products

The operations generally contain more than one resource. For example, for
plastic injection, operation resources are plastic injection mold, plastic injection
machine and operator. Each of these resources has specific parameters that affect the
duration of the operation (i.e. cycle time). Since each product has its own mold in
plastic injection, and each mold can be operated in specific machines, each product

operation has its own machine allocation.

One of the main top-management level decisions is integrated in this point. The
operation offset is defined as the slack time required for the product of the operation
to be ready for next level of process. The reason behind this parameter is the time
requirements for quality checks and other logical issues. For example, a subcontracting
part may require 2 days to complete prior the start of the next operation. This

information can be entered into the system through ERP or as a manual table.
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5.3 Requirements Extraction Approach

In this part, the proposed approach and its components for requirement
extraction in planning systems are described by highlighting main differences when it

is compared to traditional planning systems.

In order to create a more efficient and faster extraction methodology, a
cumulated expansion table is created (Enhanced BOM) in the model. This table
expands all the products that are defined in the system and keeps them ready for
extraction process. By this way, the extraction algorithm does not consume calculation
time to expand each level and directly displays the completely expanded list in one
operation unit. Figure 9 displays the flow of processes in the proposed approach and
their connections to outer database tables. Following sections explain the algorithms

used under the operations defined in this figure.

<StockC0des<> < Operations O <BillofMaterials<> Customer_Orders < Inventory O < Shipment O

, , }

EBOM
Construction EBOM Table RequirementExtraction Reports
Table

Figure 9. Flow Chart of the Proposed Approach

The proposed approach is constructed using Microsoft Power Query and outer
tables are stored in Microsoft SQL Database. The approach can be adapted to any other
database table by using respective queries of the applied database. The decision for
using Microsoft Power Query is solely for visualization issues, and does not affect
neither the computation parameters nor any other functional parameters in the

approach.
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5.3.1 Enhanced BOM Methodology

The requirement extraction model presented in this thesis uses an Enhanced
Bill of Materials (EBOM) table that combines the components of both BOM and
routing file. The idea behind this enhancement is to provide a simplified database table
for extraction to decrease the computation time of MRP. It supports extracting not only
the material requirements but also the operational requirements. EBOM table is a
database table that consists of multi-level material and operation information of a given
product. Extracting operational requirements together with material requirements

enables capacity planning without need of an additional application.
5.3.2 Construction of EBOM

Construction of EBOM database table requires the single level bill of materials
together with stock codes and routing files from the ERP system or any spreadsheet
containing the required contents. BOM table contains the single level BOM of a given
product, stock code tables contain the category, cycle time (or lead time for
procurement materials), and final operation (or supplier) of each material. The routing

file contains the operation required for the product, duration of the operation,

Figure 10 gives the attributes of the tables required to construct the EBOM
table.

Bill_of Materials Operations_File EBOM

Stock_ID ’PK Stock_ID Stock_ID
SubComponent_ID Operation_ID Last_SemiProduct_ID
SubComponent_Amount Operation_Output_Amount Last_Operation_ID
SubComponent_Unit Operation_Duration Last_Operation_Duration
Operation_Station Last_Operation_Offset
Operation_Offset RawMaterial_ID

Custo merfOrders Calculated_Rawmaterial_ Amount

Stock_ID RawMaterial_Unit

Customer Stock_Codes

Order_Amount 'PK Stock_ID
Order_Date Category
Shipment_Date Supplier
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Figure 10. Tables of EBOM Procedures

5.3.3 Construction Methodology

In constructing the EBOM table, the main methodology is to create a three-
level BOM that contains the product code, semi-product code and the raw material
code together with the operation combining the raw materials into semi-products and

their required amounts calculated from top to bottom.

The construction procedure uses iterative joint procedures to list each
subcomponent of a product, operation that subcomponent is produced and the raw
materials consumed during the operation. The iterative join procedures are used for
each level (or each semi-product) in the BOM of the product, and each bottom-level
operation is carried to the next step. By this way, the final table consists of all the
operations used in the product and the raw materials required for each semi-product.
Figure 11 depicts the flowchart of the construction methodology that presents each
steps of the methodology. The steps of the methodology are explained in the following

subsection.
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SubComponent_Amount
SubComponent_Unit

Bill_of Materials

v
Step 10 Rename the added columns by adding n as suffix.

fs Operation_ID[n]
null?

Step 11
Add Columns where Add Columns where
Last_Operation_ID[n] = Last_Operation_ID[n-1], Last_Operation_ID[n] = Operation_ID[n],
Last_Operation_Duration[n] = Last_Operation_Duration[n-1], Last_Operation_Duration[n] = Operation_Duration[n],
Last_Operation_Station[n] = Last_Operation_Station[n-1], Last_Operation_Station[n] = Operation_Station[n],
Last_Operation_Output_Amount[n] Last_Operation_Output_Amount[n] = Operation_Output_Amount[n],
Last_Operation_Output_Amount[n-1], Last_Operation_OffSet[n] = Last_Operation_OffSet[n] = Last_Operation_OffSet[n-1]
Last_Operation_OffSet[n-1] +OperationOffSet[n]
Step 12 §—Ve SubComponent_ID[n] No—
9

Add Columns where null? Add Columns where

Last_SemiProduct_ID[n] = ; e

Last_SemiProduct_1D[n-1] Last_SemiProduct_ID[n] = SubComponent_ID[n-1],

La{Rameenal?ID[ni g Last_RawMaterial ID[n] = SubComponent_ID[n],

Lot RawMateral ID[n.1] Last_RawMaterial_ Amount[n] =

Last_RawMaterial Amount(n] - Last_RawMaterial Amount[n-1]

*
Last_RawMaterial Amount[n-1] RawMaterial_Amount[n]
[ I
Step 13
n=n+l

Step 14

Figure 11. Flow Chart of EBOM Construction Procedure
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5.3.4 Steps of the EBOM Construction Procedure

The steps of the EBOM construction procedure can be categorized into two

parts. The first part consists of only the single level of the BOM and its stock codes.

The related steps, step 1 to step 7, construct the first part given in the following.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Prepare the Stock Codes, Bill of Materials and Operation Table
tables.

Join Stock Codes table with Operation Table table on Stock ID.
(Left-outer Join) and expand the Operation_Table.

Join the output of Step 2 with Bill of Materials Table on Stock ID.
(Left-outer Join) and expand the Bill Of Materials table.

Carry the Operation ID to Last Operation ID1, Operation Duration
to Last Operation Durationl, Operation_Station to
Last Operation Stationl, Operation_Output Amount to
Last Operation Outl, Operation Offset to Last Operation OffSet
Stock ID to Last SemiProduct ID, SubComponent Amount into
Calculated LastRM_Amountl.

Check if SubComponent ID is null, if not carry the SubComponent ID
to RawMaterial D1, else carry the Stock Code to the field.

Declare n=2

Since only single level of the BOM of the stock codes is considered up to this

point, the following steps initiate a while loop and check whether these are

subcomponents in the n level in whole table and iterate the joint procedures

accordingly.

Step 7.

Join the output table of previous step with Operation File on

SubComponent ID1 (Left-outer Join) and expand.
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Step 8.

Step 9.

Step 10.

Step 11.

Step 12.

Rename the added columns by adding suffix n (where n>1) at the end

of each attribute indicating the level of explosion.

Join the output table of previous step with Bill of Materials table on

SubComponent ID1 (Left-outer Join) and expand.

Rename the added columns by adding suffix n (where n>1) at the end

of each attribute indicating the level of explosion.
Check if Operation_ID[n] is null, if true, carry

Last Operation ID[n-1] to Last Operation ID[n]

Last Operation Duration[n-1] to Last Operation Duration[n],
Last Operation_Station[n-1] to Last Operation Station[n],
Last Operation_Output[n-1] to Last Operation_Output[n],
Last Operation OffSet[n-1] to Last Operation OffSet[n],

else carry

Operation_ID[n] to Last Operation ID[n],
Operation_Duration[n] to Last Operation_Duration[n],
Operation_Station[n] to Last Operation_Station[n],
Operation_Output Amount[n] to Last Operation_Out[n],
sum(Operation_OffSet[n], Last Operation OffSet[n-1]) to
Last Operation OffSet[n]

Check if SubComponent ID[n] is null, if true, carry
Last SemiProduct ID[n-1] to Last SemiPorduct ID[n],
Last RawMaterial ID[n-1] to Last RawMaterial ID[n],

Last RawMaterial Amount[n-1] to Last RawMaterial Amount[n]
else carry

SubComponent ID[n-1] to Last SemiProduct ID[n],
SubComponent ID[n] to Last RawMaterial ID[n],
mult(LastRawMaterial Amount[n-1], SubComponent Amount[n]) to

Last RawMaterial Amount[n]
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Step 13. Check if all of SubComponent ID[n] consist of null, if true, terminate
the procedure else, repeat Steps 7-13.

The above procedure can be applied in any databases by using database specific
logic and jargon. The output of the EBOM construction table consists of Product ID
(Stock ID), Last SemiProduct ID, Last Operation ID and Last RawMaterial ID
together with Last Operation Duration, Last Operation_Station,

Last Operation_Output, Last Operation OffSet, and Last RawMaterial Amount.

It is important to note that there are two calculated attributes in the final output.
Last Operation OffSet accumulates all the previous operation offsets in order to
prevent starvation of any following operations. In addition, the single-level BOM
consists of only the raw material amounts of the relative level. However, the lower
levels of the BOM do not carry the upper level amounts. Therefore, this amount is
multiplied in each level with the previous level to indicate the real requirement in the

product.

5.3.5 EBOM Table

Since the construction of the EBOM_Construction table is a functional table,
each time a new inventory code is created or an existing one is updated, the
EBOM_Construction table updates itself, and it is ready for the extraction process.
Even though EBOM_Construction table could be used in extraction process, it is more

effective to create a summary table which is the EBOM table.

EBOM table displays each inventory code for semi products and raw materials
together with operation information for producing the related semi products. Since the
construction algorithm searches each level in the BOM of a product, each level is

displayed as a semi product in the table together with its operation and raw material.

In addition to information obtained from EBOM _Construction Table, EBOM
contains functional information obtained from Stock Codes table that displays the
category and supplier of the inventory codes. Also, for simplification, EBOM table

contains the count of sub-components of each operation in order to provide a correct
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calculation of operation requirements. The flow chart of the procedure is given in

Figure 12.
Start
v
Get Stock_Codes table with columns
Step 1 Stock_ID Stock_Codes
Category
T
v
Join EBOM_Construction (on Stock_ID) with
columns
S tep 2 Last_Operation_ID8

Last_Operation_Duration8
LastOperation_Station8
Last_Operation_Output_Amount8
Last_Operation_OffSet8
Last_SemiProduct_ID8
Last_RawMaterial ID8
Last_RawMaterial_Amount8

I
v

Count by

Last_SemiProduct_IDg,
Last_Operation_IDS,
Last_Operation_Duration8,
Last_Operation_Station8,
Last_Operation_Output_ Amount8,

Step 3 Last Operation_OffSet8,

Add rowcount into SubComponent_Count.
Carry out Last RawMaterial ID,
Last_RawMaterial_Amount.

Step 4 Replace all nulls in Last Operation_Offset to 0.
I
v
Step 5 Replace all nulls in Last_Operation_Output_Amount to 1

A
Terminate )

Figure 12. Flow Chart for EBOM Table.

5.3.6 Steps of the EBOM table

Step 1. Prepare the Stock Codes and EBOM_ Construction tables.

Step 2. Join Stock Codes table with EBOM_Construction table on Stock ID.
(Left-outer Join) and expand the EBOM Construction table

considering only the final carried columns.

Step 3. Count the number of rows that have same Stock ID, Stock Definition,
Category, Last SemiProduct ID, Last Operation ID,
Last Operation_Duration, Last Operation_Station,
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Last Operation_Output, Last Operation Offset values and place it in
SubComponent Count column. This step is provided in order to

prevent duplicate operation duration calculations in the future

procedures.
Step 4. Change all nulls in Last Operation_OffSet column to 0.
Step 5. Change all nulls in Last Operation_Output column to 1.

The important point in the procedure is that there may be more than one raw
material in a single semi-product that is combined with the same operation in order to
produce that semi-product, the operation duration. Therefore, the capacity requirement
duplicates itself. By counting the raw materials in the operation, this duplicity is

discarded in the future calculations.

5.3.7 Extraction from Order Table

Order table contains the customer orders with the Product ID, Order Amount
Shipment Date and Customer Code of the respective orders. This table is then joined
to EBOM table to provide a bulky table that contains every raw material and operations
required to fulfill the demands. The output table then can be transformed into reports
containing information each respective material and operation. The flow chart of the

procedure is given in Figure 13 and its steps are described in the following subsection.

5.3.8 Steps for Extraction from Order Table

Step 1. Prepare the Stock Codes, Order Table and EBOM_Table tables.

Step 2. Join Order Table with EBOM Table on Stock ID. (Left-outer Join)
and expand the EBOM_Table.

Step 3. Join Order Table with Stock Codes table on Last SemiProduct ID.
(Left-outer Join) and expand the Stock Codes table.

Step 4. Join Order Table with Stock Codes table on Last RawMaterial ID.
(Left-outer Join) and expand the Stock Codes table.
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>

Get Order_Table table with columns
Stock_ID,

Order_ID

Order_Date

Order_Amount

Shipment_Date

Step 1 Order_Table

v
Join EBOM_Table (on Stock_ID) with columns
Last_Operation_ID
Last_Operation_Duration
Last_Operation_Station
Last_Operation_Output_Amount EBOM_Table
Last_Operation_OffSet
Last_SemiProduct_ID
Last_RawMaterial_ID

Last_RawMaterial Amount
T

v

Join Stock_Codes (on Last_SemiProduct_ID =
Stock_ID) with columns
SemiProduct_Definition
SemiProduct_Category

Step 2

Step 3
Stock_Codes

Join Stock_Codes (on Last RawMaterial_ID =
Stock ID) with columns

Step 4 SemiProduct_Definition
SemiProduct_Category

Stock_Codes

Add Column where
Step 5 Total Raw_Material Amount =
Last_RawMaterial Amount * Order_Amount

oo

Ye Last_Operation_Duration ID

null?

Step 6

Add Column where Total Operation_Duration = (Order_Amount *

Add Column where Total Operation_Duration =0 Last_Operation_Duration)/(Last_Operation_Output_Amount*3600)

v

Add Column where Operation_DueDate =

Step 7 Shipment Date - Last_Operation_OffSet
I
Figure 13. Flow Chart for Extraction Procedure
Step 5. Multiply the Last RawMaterial Amount with Order Amount for each

row and carry it to Total RawMaterial Amount.
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Step 6. Check if the Last Operation Duration is null, if true, place 0, else
multiply the Last Operation Duration with Order Amount, divide the
result by  multiplication of Last Operation Output and
SubComponent Count. Divide the overall result by 3600 to transform
it into operation hours. Place this calculation into

Total Operation Duration.

Step 7. Subtract Last Operation_OffSet from the Shipment Date and carry it

into Operation_DueDate.

The output table contains information of each raw material and operation
together with the categories and supplier information for raw materials and operation
stations for operations. This table concludes the requirement extraction process.
Evaluation and parameters effecting the computation time for this process is described

in Chapter 7.

5.4 Obtaining Information from Extracted Requirements

RequirementExtraction table contains the data of both material and capacity
requirements. However, in this state, the table is raw and it has to be transformed into
reports to display viable planning information. The reports are separated into two main
groups. The first one, resource group, deals with material side of the requirements. The

second one, operation group, deals with capacity requirements.

General reporting format depends on the pivoting of the information in the
RequirementExtraction table. This pivoting can be applied through databases creating
different pivot views from the table or as used in this thesis. Microsoft Power Pivot
tool enables the user to join information from different tables while pivoting an
existing table. Also, Microsoft Excel Pivot can be used to pivot data only using

requirement extraction table.

In Resource Group, pivoting based on the raw materials. Using filters on
RawMaterial Category is important to view only the respective categories in the pivot
table. In order to view daily requirements, the pivot columns are set to already offset

Operation_DueDate, and this date data can be further be grouped to view backlogged,
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weekly, or even monthly requirements of that material. The supplier information can

also be used to group required materials into supplier depended categories.

Since the table contains information for which semi-product and product that
raw material is to be used, combination of an inventory table upon these inventory

codes and raw material displays the actual need of the raw material.

Similarly, in operation group, the pivot can be based on
Last Operation_Station and Operation DueDate. By this way, daily capacity
requirements of a certain station (or station group) can be viewed and managerial
parameters such as overtime shift can be decided. Operation Reports are further

exploited in the scheduling model.

5.5 Scheduling Methodology

The scheduling methodology is a derivation of operation related reports
according to the dispatching rules given in Table 1. With the operation requirements
extracted from the customer orders, the planner can filter each operation or operation
station from the operational pivot reports in order to schedule the operation station. By
using predefined sorts among these reports, it reveals alternative schedules according
to DRs. Each DR may require different attribute and these attributes can be calculated
by using simple GROUP BY queries or if statements. Add column requirement for

some of DRs is given in Table 7.

As an example, when the planner tries to plan 90 Ton injection machines, he
needs to filter 90 as the last operation station and filter Mold as the last raw material
from the extraction table. From this state, the planner can choose to use EDD and SPT
as DR. For these DRs, the extraction table needs to be grouped by
Last RawMaterial ID, and adding columns Earliest DueDate = min

(Operation_DueDate) and Shortest Process Time = min(Total Operation Duration).
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Table 7. Add Column Requirements for DRs.

DR Group By Add Column Requirement
SIRO | None RandomNumber = Number.Random
All but Raw Material Related and | Earsliest Release Date = min(Order Date)
ERD Order Related.
All but Raw Material Related and | Earliest Due Date = min(Operation DueDate)
EDD Order Related.
All but Raw Material Related and | Minimum_Slack = (Operation DueDate-
MS Order Related. Total Operation Duration-Date.date)
All but Raw Material Related and | Shortest Processing Time =
SPT Order Related. min(Operation Duration)
All but Raw Material Related and | WShortest Processing Time =
WSPT | Order Related. min(Total Operation Duration)*Operation Weight*
All but Raw Material Related and | Longest Processing Time =
LPT Order Related. max(Operation Duration)
All but Raw Material Related and | Least Flexible = min (Shipment Date-
LFJ Order Related. Operation DueDate-Total Operation Duration)

The sorting query requires sort by Earliest DueDate (from earliest to latest)
then sort by Shortest Process Time (from smallest to biggest) and then sort by
Last RawMaterial ID. This sort query gives the planner the sorted list of all semi-
product requirements with its last operation station as 90 tons and with earliest due
date and shortest process time on the top. From this list, the planner picks the
requirements to be satisfied and allocates them in the schedule. The output table of the

report is given in the Table 8.

Up to this point inventories are not mentioned; however, it is a very important
aspect in the planning of the production batches. Joining an inventory table together
with the extraction table where Stock ID, Last SemiProduct ID and RawMaterial 1D
with inventory_id (from the inventory table) provides information about the inventory
amounts of the related stock code. Since the planner is able to see the inventory
amounts of the product, semi-product and raw material, during scheduling, he will be
able to define production batches more accurately. Besides, in planning of the
assembly processes, the planner will be able to realize the readiness of the raw
materials and build the schedule accordingly. Table 9 gives an example to an assembly
operation report with inventory amounts for semi product and raw material added from

the plastic injection company chosen for the case study.
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Table 8. Output of Scheduling Example

Shortest

Last_RawMa Total_RawMat Total Operation_Dura Process

ORDERNO ORDERCODE [+]orpzrarounT [+ |ORDERDATE v | SHIPMENTDATE v |Last_RawMaterial [v|Last_RawMaterial Des [v]terial_cdv]|erial_amou{~|tion |~ |operation DueDat|~v|zarliest_DueDate.l| Time |IT
B25051742154513  VBZ42154513 3€000 17.09.2019 17.05.2015 VBZ95€099€3 HAR.RAF/DUBELI KALIBI MOLD 4500 18,75 1€.03.2013 1€.05.201% 3,12
B23052142154513  VBZ42154513 5000 17.09.201% 21.05.2019 VBZS9€09963 HAR.RAF/DUBELI KALIBI MOLD 1125 4,69 20.05.201% 16.09.201% 3,12
B29092542154513  VBZ42154513 12000 17.05.201% 25.09.2015 VBZ99€055€3 HAR.RAF/DUBELI KALIBI MOLD 1500 €,25 24.09.2019 1€.05.201% 3,12
B25052842154513  VBZ42154513 21000 17.09.201% 28.05.201% VBZ93€099€3 HAR.RAF/DUBELI KALIBI MOLD 2625 10,34 27.09.2015 16.05.2013 3,12
B25100242154513  VBZ42154513 48000 17.05.201% 2.10.2015 VBZ99€05563 HAR.RAF/DUBELI KALIBI MOLD €000 25 1.10.201% 1€.05.201% 3,12
B25100542154513  VBZ42154513 30000 17.09.201% 5.10.2019 VBZ93€099€3 HAR.RAF/DUBELI KALIBI MOLD 3750 15,62 4.10.2019 1€.09.2019 3,12
B25101042154513  VBZ42154513 24000 17.09.201% 10.10.2015 VBZ93€099€3 HAR.RAF/DUBELI KALIBI MOLD 3000 12,5 5.10.201% 1€.05.2013 3,12
B25101442154513  VBZ42154513 24000 17.09.201% 14.10.2015 VBZ95€099€3 HAR.RAF/DUBELI KALIBI MOLD 3000 12,5 13.10.201% 16.05.201% 3,12
B25101342154513  VBZ42154513 €000 17.09.201% 15.10.2015 VBZ93€099€3 HAR.RAF/DUBELI KALIBI MOLD 750 3,12 18.10.201% 1€.05.2013 3,12
B15051842163050  VBZ42163050 2000 17.09.201% 18.05.201% VBZ99€00737 DOD AYAK ANKASTRE KALIBI MOLD 500 2,08 17.05.201% 17.05.201% 2,08
B15052342163050  VBZ42163050 2000 17.05.2018 23.09.2015 VBZ99€00737 DOD AYAK ANKASTRE KALIBI MOLD 500 2,08 22.03.201% 17.05.201% 2,08
B15052742163050  VBZ42163050 2000 17.05.2018 27.09.201% VBZ99€00737 DOD AYAK ANKASTRE KALIBI MOLD 500 2,08 26.05.201% 17.05.201% 2,08
B15100442163050  VBZ42163050 2000 17.09.201% 4.10.2015 VBZ99€00737 DOD AYAK ANKASTRE KALIBI MOLD 500 2,08 3.10.201% 17.05.201% 2,08
B15101042163050  VEZ42163050 2000 17.05.201% 10.10.201% VBZ93€00737 DOD AYAK ANKASTRE KALIBI MOLD s00 2,08 5.10.201% 17.05.201% 2,08
B15101€421€3050 VBZ421€3050 2000 17.05.201% 16.10.201% VBZ99€00737 DOD AYAK ANKASTRE KALIBI MOLD 500 2,08 15.10.201% 17.05.201% 2,08
B15102442163050  VBZ42163050 2000 17.05.201% 24.10.201% VBZ99€00737 DOD AYAK ANKASTRE KALIBI MOLD s00 2,08 23.10.201% 17.05.201% 2,08
B25051842033244  VBZ42033244 45000 17.05.201% 18.05.201% VBZ99€00341 SOG.HAVA KANAL TAPASI/€40 KALIBI MOLD 2812,5 3,51 17.05.201% 17.05.201% 3,47
B25052342033244  VBZ42033244 40000 17.05.201% 23.09.2015 VBZ99€00341 SOG.HAVA KANAL TAPASI/€40 KALIBI MOLD 2500 3,47 .05.2015 17.05.201% 3,47
B25093042033244  VBZ42033244 75000 17.09.201% 30.05.201% VBZ93€00341 SOG.HAVA KANAL TAPASI/€40 KALIBI MOLD 4€87,5 €,51 25.09.201% 17.05.201% 3,47
B25100742033244  VBZ42033244 70000 17.05.201% 7.10.201% VBZS9€00341 SOG.HAVA KANAL TAPASI/€40 KALIBI MOLD 437s| e,oa_l €.10.2019 17.05.201% 3,47
B25101442033244  VBZ42033244 €0000 17.05.201% 14.10.201% VBZ93€00341 SOG.HAVA KANAL TAPASI/€40 KALIBI MOLD 3750 5,21 13.10.201% 17.05.201% 3,47
MTS0520SQ25N025  MTSSQ2SNO25GOL 1250 17.09.201% 20.05.2015 MISKSQ2SNO2SK V_SHAFT_T_FIX493T KALIBI MOLD e2s 1,74 15.05.201% 15.05.201% 0,62
MT909235Q25N025  MTSSQ25N025GOL 1500 17.09.201% 23.09.2019 MTSKSQ25N025K V_SHAFT_T_FIX453T KALIEI MOLD 550 2,64 22.05.201% 15.09.201% 0,62
MT30530SQ25N025  MTSSQ2SN025GOL 2100 17.09.2018 30.09.201% MTSKSQ25NO2SK V_SHAFT_T_FIX453T KALIBI MOLD 1080 2,92 25.05.201% 15.05.201% 0,62
MT91010SQ25N025  MTSSQ2SNO25GOL 2400 17.09.201% 10.10.201% MTSKSQ2SNO2SK V_SHAFT_T_FIX453T KALIEI MOLD 1200 3,33 5.10.201% 15.09.2019 0,62
MTS1011SQ25N025  MTSSQ2SN025GOL 450 17.05.2018 11.10.201% MTSKSQ25NO25K V_SHAFT_T_FIX453T KALIBI MOLD 225 0,62 10.10.201% 15.05.201% 0,62
MTS1017SQ25N025  MTSSQ2SNO25GOL 2400 17.09.2018 17.10.201% MTSKSQ2SNO2SK V_SHAFT_T_FIX453T KALIBI MOLD 1200 3,33 16.10.201% 15.05.201% 0,62
MT510185Q25N025  MTSSQ2SN025GOL 2400 17.05.2018 18.10.201% MTSKSQ2SNO25K V_SHAFT_T_FIX433T KALI2I MOLD 1200 3,33 17.10.201% 15.05.2013 0,62
00000SN1000€564  VBZ42195530 S000 17.05.2018 20.09.2015 VBZ99€13438 KAPI KOLU VMOVE PLS ENJ ITICI DIL KALIBMOLD 1250 4,34 15.05.201% 15.05.201% 4,34
00000EN10007082  VBZ42135530 5000 17.05.201% 20.09.2015 VBZ99€13433 KAPI KOLU VMOVE PLS ENJ ITICI DIL KALIBMOLD 1250 4,34 15.09.201% 15.09.201% 4,34
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Table 9. Assembly Operations Report with Inventory Added

Yam Op (Birden Cok Oge ¥ VBZ VKF veMm | MTS vBM VEH VK VFR

Siparis 0 Edl 285511 285559 | 28sse1 | 285589 | 285579 | 285545 | 285543 | 285402

siptir (Birden Cok Oge ¥

Toplam Ham Top Mik TarihGrup E

Fab |~ | stok Kodu |~ | stok Adt |~ | Yam Kodu [~ Yam Adi |~ |Ham Kodu |~ |Ham Adi ~ | Backiog 23.09.2019 24.09.2019 25.09.2019 26.09.2019 27.09.2019 28.09.2019 >30.09.2019.
VBM 5VBMA42052033  =UST SEPET TEKER GR-2-RAL 7046 ©VBMA42052033 = UST SEPET TEKER GR-2-RAL 7046 =/VBMA42021072 UST SEPET TEKERLEKLERI-RAL 7046 36000 36000 36000 36000 36000  3¢27.09.2019 (TarihGrup)
VBM VBMA42052033 UST SEPET TEKER GR-2-RAL 7046 VBM42052033 UST SEPET TEKER GR-2-RAL 7046 =VBMA42051585 SEPET TEKER TUT.PARGA-2-RAL 7046 36000 36000 36000 36000 36000  3¢Sutun: 27.09.2019
VBM 5VBMA42052035  ALT SEPET TEKER GR-2-RAL 7046 ©VBMA42052035 = ALT SEPET TEKER GR-2-RAL 7046 =/VBMA42051585 SEPET TEKER TUT.PARGA-2-RAL 7046 72000 24000 24000 48000 48000 24000 48000
VBM VBM42052035 ALT SEPET TEKER GR-2-RAL 7046 VBM42052035 ALT SEPET TEKER GR-2-RAL 7046 =VBMA42021029 ALT SEPET TEKERLEKLERI-RAL 7046 72000 24000 24000 48000 48000 24000 48000
VBM ©VBMA42053228 = ALT SEPET TEKER GR/45 RAL-7046 ©VBMA42053228 = ALT SEPET TEKER GR/45 RAL-7046 =VBMA2051585 SEPET TEKER TUT.PARCA-2-RAL 7046 19000 7000
VBM VBMA2053228 ALT SEPET TEKER GR/45 RAL-7046 VBMA42053228 ALT SEPET TEKER GR/45 RAL-7046 5VBMA2053229 ALT SEPET TEKERLEKLERI/45 RAL 7046 19000 7000
VBM =VBMA42121379 = KPG SRGF/GRAM/CT11(DS 6401-60) 2VBM42121378 = KP SRGF/GRAM/CT11(DS 6401-60) =VBM42058763 GSV-1/CLAROS 324
VBM VBM42121379 KPG SRGF/GRAM/CT11(DS 6401-60) VBMA42121378 KP SRGF/GRAM/CT11(DS 6401-60) ©VBMA42058778 1SIK TASIVICI-2(YIKAMA AD.)/CLAROS 324
VBM VBM42121379 KPG SRGF/GRAM/CT11(DS 6401-60) VBM42121378 KP SRGF/GRAM/CT11(DS 6401-60) =VBMA42062961 1SIK TASIVICI-1/2(PROGRAM)/CLAROS 648
VBM VBM42121379 KPG SRGF/GRAM/CT11(DS 6401-60) VBM42121378 KP SRGF/GRAM/CT11(DS 6401-60) VBM42063701 LED PERDESI-1/CLAROS 648
VBM VBM42121379 KPG SRGF/GRAM/CT11(DS 6401-60) VBMA42121378 KP SRGF/GRAM/CT11(DS 6401-60) = VBMA2063702 LED PERDESI-2/CLAROS 324
VBM VBM42121379 KPG SRGF/GRAM/CT11(DS 6401-60) VBMA42121378 KP SRGF/GRAM/CT11(DS 6401-60) ©VBMA47010820 AL FOLYO-24 324
VBM VBMA42121379 KPG SRGF/GRAM/CT11(DS 6401-60) VBM42121378 KP SRGF/GRAM/CT11(DS 6401-60) =VBM47011423 YENI AL FOLYO-7 648
VBM VBMA42121379 KPG SRGF/GRAM/CT11(DS 6401-60) VBMA42121378 KP SRGF/GRAM/CT11(DS 6401-60) =VBM42119866 ON/OFF BUTONU/CLAROS/SRGF(GRAM) 324
VBM VBM42121379 KPG SRGF/GRAM/CT11(DS 6401-60) VBMA42121378 KP SRGF/GRAM/CT11(DS 6401-60) =VBMA42123194 KP BSK/GRAM/CT11(DS 6401-60) 324
VBM VBM42121379 KPG SRGF/GRAM/CT11(DS 6401-60) ©VBMA42121379  ©KPG SRGF/GRAM/CT11(DS 6401-60) VBM42058762 TUTAMAK/CLAROS 324
VBM VBMA42121379 KPG SRGF/GRAM/CT11(DS 6401-60) VBMA42121379 KPG SRGF/GRAM/CT11(DS 6401-60) =VBMA2058775 BUTON SHAFTI(SEFFAF)/CLAROS 324
VBM VBM42121379 KPG SRGF/GRAM/CT11(DS 6401-60) VBMA42121379 KPG SRGF/GRAM/CT11(DS 6401-60) =VBM42058776 BUTON SHAFTI(BASLA-BEKLE)/CLAROS 324
VBM VBMA42121379 KPG SRGF/GRAM/CT11(DS 6401-60) VBM42121379 KPG SRGF/GRAM/CT11(DS 6401-60) =VBMA42174472 PROGRAM KART KUTUSU/YH-T SERISI 324
VBM VBM42121379 KPG SRGF/GRAM/CT11(DS 6401-60) VBMA42121379 KPG SRGF/GRAM/CT11(DS 6401-60) ©VBM42121378 KP SRGF/GRAM/CT11(DS 6401-60) 324
VBM VBMA42121379 KPG SRGF/GRAM/CT11(DS 6401-60) VBMA42121379 KPG SRGF/GRAM/CT11(DS 6401-60) =/VBM42121380 PROGRAM BUTON-1/CLAROS/SRGF(GRAM) 324
VBM 9VBMA42188715  ©KPG SRGF/FRANKE/CTI3(FDWF 612 XS A++) ©VBMA42188714  =KP SRGF/FRANKE/CT13(FDWF 612 XS A++ =VBIMA42058778 ISIK TASIYICI-2(YIKAMA AD.)/CLAROS 162
VBM VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A++)  VBMA42188714 KP SRGF/FRANKE/CT13(FDWF 612 XS A++ = VBMA42058780 DISPLAY CAMI-1/CLAROS 162
VBM VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A++)  VBMA42188714 KP SRGF/FRANKE/CT13(FDWF 612 XS A++ =VBMA42062961 ISIK TASIYICI-1/2(PROGRAM)/CLAROS 486
VBM VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A++)  VBM42188714 KP SRGF/FRANKE/CT13(FDWF 612 XS A++ = VBMA42063701 LED PERDESI-1/CLAROS 486
VBM VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A++)  VBMA42188714 KP SRGF/FRANKE/CT13(FDWF 612 XS A++ VBMA42063702 LED PERDESI-2/CLAROS 162
VBM VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A++)  VBMA42188714 KP SRGF/FRANKE/CT13(FDWF 612 XS A++ = VBMA42065981 ON/OFF BUTONU/CLAROS/DS BYL 162
VBM VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A++)  VBMA42188714 KP SRGF/FRANKE/CT13(FDWF 612 XS A++ & VBM47010820 AL FOLYO-24 162
VBM VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A++)  VBMA42188714 KP SRGF/FRANKE/CT13(FDWF 612 XS A++ = VBMA47011423 YENI AL FOLYO-7 328
VBM VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A++)  VBMA42188714 KP SRGF/FRANKE/CT13(FDWF 612 XS A++ @ VBMA42065779 GSV-2/CLAROS/DS BYL 162
VBM VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A++)  VBM42188714 KP SRGF/FRANKE/CT13(FDWF 612 XS A++ = VBMA42188712 KP BSK/FRANKE/CT13(FDWF 612 XS A++) 162
VBM VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A++) =VBMA42188715  =KPG SRGF/FRANKE/CT13(FDWF 612 XS A+ =VBM42058775 BUTON SHAFTI(SEFFAF)/CLAROS 486
VBM VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A++)  VBMA42188715 KPG SRGF/FRANKE/CT13({FDWF 612 XS A+ = VBM42058776 BUTON SHAFTI(BASLA-BEKLE)/CLAROS 162
VBM VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A++)  VBMA42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A+ & VBM42082734 PROGRAM BUTON-1/CLAROS/DS BYL 162
VBM VBM42188715 KPG SRGF/FRANKE/CT13(FOWF 612 XS A++)  VBMA42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A+ = VBM42084215 TUTAMAK/CLAROS/SIYAH 162
VBM VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A++)  VBMA42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A+ = VBMA42174472 PROGRAM KART KUTUSU/YH-T SERISI 162
VBM VBMA42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A++)  VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A+ = VBMA42065976 OPSIYON BUTON-1/CLAROS/DS BYL 162
VBM VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A++)  VBM42188715 KPG SRGF/FRANKE/CT13(FDWF 612 XS A+ = VBM42188714 KP SRGF/FRANKE/CT13(FDWF 612 XS A++) 162
VBM 2VBMA42151296  =KPG SRGF/HELKAMA/SLX13(HAP4504) 2VBMA42151296  =KPG SRGF/HELKAMA/SLX13(HAP4504)  =VBM32004312 ROTARY SWITCH 72
VBM VBM42151296 KPG SRGF/HELKAMA/SLX13(HAP4504) VBM42151296 KPG SRGF/HELKAMA/SLX13(HAP4504) @ VBM37006201 VIDA PT3,5X9YSB(F.LI VE T.LI) 216
VBM VBM42151296 KPG SRGF/HELKAMA/SLX13(HAP4504) VBM42151296 KPG SRGF/HELKAMA/SLX13(HAP4504) = VBM42143326 PCB KUTUSU-CIX GOVDE 3 LEDLI 72
VBM VBM42151296 KPG SRGF/HELKAMA/SLX13(HAP4504) VBM42151296 KPG SRGF/HELKAMA/SLX13(HAP4504) & VBMA42021304 ELEKTRONIK BUTON SHAFTI-1/SILVA 72
VBM VBM42151296 KPG SRGF/HELKAMA/SLX13(HAP4504) VBM42151296 KPG SRGF/HELKAMA/SLX13(HAP4504) = VBMA42021305 ELEKTRONIK BUTON SHAFTI-2/SILVA 72
VBM VBM42151296 KPG SRGF/HELKAMA/SLX13(HAP4504) VBMA42151296 KPG SRGF/HELKAMA/SLX13(HAP4504) @ VBMA42021306 ISIK TASIYICI-1/SILVA 72

54

StockRaw Stock Semi

216000
216000
312000
312000
94000
94000

OO0 OO O0OOO0OOOOONOOOOOOOOOOOOOOOOOOOOOO O O



5.6 Concluding Remarks

This chapter explains the proposed requirement extraction methodology to have
an enhanced MRP execution module. It consists of EBOM construction procedure and
extraction information procedure from the order table. Also, obtaining information from
extraction resources is explained at length and the proposed module is integrated with the
scheduling methodology. By using the pivoting abilities of MS Excel, and MS Power
Pivot, the information obtained from the requirement extraction table can be reported in
different alternative ways. Next chapter describes the application of the proposed
approach on the plastic injection company that is selected as a representative flexible jo-
shop company to have high mix product portfolios, varying BOM structures and demand

profiles.

55



CHAPTER 6: A CASE STUDY ON PLASTIC INJECTION

FACTORY PLANNING

6.1 Introduction

The production plant taken as a case study for this study is a plastic injection
production plant that is a one of the largest plastic part subcontractors of global household
appliances and electronics companies in Manisa, Turkey. The customers have different
product groups and process requirements together with different ordering habits and

ordering frequencies.

This chapters starts by introducing the production processes of the company in
Section 6.2 and the demand characteristics of the customers of the company are given in
Section 6.3. Section 6.4 provides information about the planning processes conducted
within the company. After introducing these processes, the application of the proposed
approach in the company is explained in Section 6.5. The results of this application are
represented in Section 6.6. Concluding remarks and managerial evaluation of the

application are given in Section 6.7.

6.2 Production Processes

The case study company has 63 injection machines with different clamping forces,
5 silk printing lines, 2 hot-stamp stations, 1 stamp print machine, 3 assembly lines, 8
assembly cells, and 1 manual painting line that is utilized in the production processes of
different types of products. Factory is operated with over 500 workers in three-eight hours
shifts and is operational 6 days a week throughout the year. It can be categorized as a
middle-sized company with flexible job-shop production type (Pinedo, 2008, p.15). The
following subsections provide detailed information about production processes and

customer demand characteristics of the company.
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There are four main processes in this production environment. These are: plastic
injection process, painting process, printing process and assembly process. These
processes are defined and required by the type of the product produced. Each of these
processes is commonly interconnected with each other and they need to be planned

separately for different work stations.

6.2.1 Plastic Injection Process

Even though the most basic of all processes is plastic injection, it is complicated
by the number of machines and molds. The input of this process is granulized plastic raw
material that is procured from the suppliers. This raw material is then injected into plastic
injection molds within the plastic injection machine, and it produces plastic part that is

either shipped directly to the customers or stocked for further processes.

Main loses of the factory occur in this process. The quality of the products directly
affects the succeeding processes. In addition, the company uses over 800 different molds,
allocates them on 63 machines, and different types and colors of raw materials (6 different
types and 16 different colors total) cause one to eight hours of setup times during

changeovers.

The process requires one operator for each machine during production, but during
changeovers, a group consisting of four technicians is needed (one raw material technician
to prepare and provides raw material for the next production, one mold technician to
change the mold, one master technician to apply different machine setups and one quality

technician to check the setup and approve the eligibility of the part produced).

The interconnections among machines, molds, raw materials and workers are
predefined. Each mold has some predefined parameters that allocate specific machine

group and raw materials.
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6.2.2 Painting Process

After the injection, some parts are needed to be painted in order to be ready for the
shipment or further process. This process is commonly subcontracted to other companies,
or can be carried out with the company’s manual painting line, or subcontracted to other
companies. The painted parts are either shipped to customers or stocked for further

process. The painting line of the company is processed with three operators.

6.2.3 Printing Process

The main customization of the products occurs in this process. Printing operation
is done using either silk printing lines (for products that require more than one print on
them), hot-stamp stations or stamp print machine. Although hot-stamp stations and stamp
print machine requires one operator each, silk print lines require at least three operators
up to eight operators according to the complexity of the printing process. Between the

production runs of different products, a setup is required but it can be neglected.

This process can be applied on a plain plastic injection part, painted part or even
printed plastics. Since it is the main customization future of the products, most of the time

the process is defined directly by orders, and no extra inventory is intended to be created.

6.2.4 Assembly Process

The final process of the product is assembly process. The inputs may be injected
parts, painted parts, printed parts, pre-assembled parts and procured parts, and these inputs
are assembled through different subprocesses. The complexity of this process is due to the
amount of inputs, and readiness of these inputs mainly defines the ability to initialize the

production run. The changeover losses are negligible during this process.

While the operator requirement for most of the assembly cells is only one, the
assembly lines require minimum of five operators up to nine operators to function. Since

this process uses mostly customized parts, and the output products are further customized
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during process, they are shipped directly to the customer and no extra stock is intended to

be created.

Overall, the main flow of the processes is given in the Figure 14. From this flow
chart, it is easy to see that plastic injection process is the fundamental production of the

company and other processes need the products of plastic injection in order to process.

. Final
.I ‘ IrMuCt

Figure 14. Process Flow Chart of Example Company

Plastic
Injection

6.3 Customer Demands

Each customer demand has different types of products from the subcontractor. In
addition, their order acceptance policies are different. There are two types of order

acceptance policies among the customers: Kanban (KNB) and Direct Shipment (DS).

As the name implies, Kanban (KNB) acceptance requires subcontractor to follow
the customer’s production lines and ships the products according to their customer line
entry times. Therefore, any delays or line entry changes in the customer production lines
define the quantity and delivery date of the products. These entry dates could be accepted
as orders and entered into subcontractor’s planning system. However, the changes in the
customer’s own production plans should be observed closely not to cause starvation of the
lines. Most of the customers only accepts products within two days of line entry time. Late

products are accepted with penalties because of the loses in the customer’s lines.
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On the other hand, Direct Shipment (DS) orders are defined by the customers.
Their quantity and/or delivery dates are again changeable according to customer’s plans.
In this method, subcontractor receives a daily order list from the customers and allowed
to ship products within two days of the actual order due date. More detailed information
about customers’ demands of the company of interest is given in the Table 10. The
company receives over 2,500-part orders daily, for 750 products on scope of seven days

to a month, and these orders can be changed according to production plans.

In Table 10, ‘order horizon’ refers to the days between the latest visible order date
and the current date. For example, as for the refrigerator factory, product ordered for the
following month can be visible, whereas, with regard to the washing machine factory,
only the orders within a week are visible. ‘Number of orders in the order list’ refers to
number of orders with different products and different dates. Therefore, for example,
when a product is ordered for five consecutive dates, it is considered as five different
orders. ‘Average order quantity’ is the average lot size for every order in the order list.
‘Number of different products in the list’ refers to the number of different products
(regardless of date) in the order list. For example, drying machine factory places orders
for 15 different products and these products are planned to be used in 95 different

production in the following 7 days.

Therefore, in overall, the company of interest has to process more than 3500 orders
daily for more than 750 products. The company has an ERP system that is used for
financial and accounting matters, however, did not utilize MRP. Most of the planning and
scheduling work is performed through spreadsheets and almost completely dependent on
human interaction. Having with 5 planners and 4 more expeditors, the company has a
crisis, spending from 1 to 3 percent of its monthly revenue on penalties inserted by the
customer leads only 83% on-time shipment rate. The company did not invest on an APS
and is not able to define neither each BOM nor each operation recipe of the demanded

products into the system.
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Table 10. Customer Demand Details

Shipment Final Operation of Ordered Order | # of Orders Average # of Different
Acceptance Product List in the Order Order Products in the
Customer Policy Horizon List Quantity List
KNB DS PI | PA PR AS (days) #) #) #)
Refrigerator Factory X X X X X 45 2300 850 450
Washing Machine Factory X X X 7 450 250 160
Air Conditioner Factory X X X X 15 75 800 15
Dishwasher Factory X X X X 30 150 4000 80
Drying Machine Factory X X X X X 7 95 180 15
Oven Factory X X 30 9 600 1
Electronics Factory X X 30 30 1600 6
Air Conditioner (2) Factory X X X 30 600 2500 26

KNB: Kanban Orders

DS: Direct Shipment Orders
PI: Plastic Injection Part
PA: Painted Part

PR: Printed Part

AS: Assembled Part
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6.4 Planning System Phases in The Case Study Company

Similar to other flexible job shop companies, the case study company follows
similar phases to plan its production. Although each phase is executed separately, they are

crucially interconnected and have to be handled together with other parts.

Main flow of planning phases is given in Figure 15. Although these phases can
ideally all be automatically processed with an integrated planning system, company of
interest depends solely on the daily routines of its employees based on spreadsheets. Each

planning phase is explained in the following subsections.

Collection of Extraction of Scheduling the Fulfilling the
Orders 1 Requirements Production ' Orders
Procurement of
Materials

Figure 15. Planning System Phases

6.4.1 Collection of Orders

Customer orders or demands are the main inputs for this phase. Although it may
seem simple, most of the planning systems requires a reference point to further process
the orders. In reality, these orders can be collected in different times and with uncertainties

of due dates and order sizes require a more complex handling for the system.

This phase requires the knowledge of customer, product, quantity and due date.
Ideally, this data should be inserted into the system each time the order is received. In
addition, the customers do not always provide a reference order number, so the system

should define a reference number in order to follow the order in further stages.
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In most of the MRP based production planning systems, these orders are directly
fed to the system in particular time. The chosen time is usually weekends or ‘sleeping
hours’ when the company transactions are at the minimum. In addition, last-minute or late
orders cannot be included in the system and are processed until the next initialization of
MRP. Since the company does not execute MRP, the orders are collected by the planners
or expeditors, and further processes are carried out in separate spreadsheets without any

integration.

Simple workflow of this phase is given in Figure 16. Although it is a simple
process, customers tend to send their orders in different formats and their ordering times
may be different. To progress these orders, similar to most of the companies, the company

of interest use MS Excel macros to convert them into standard format.

Process of
Customer Order—»  standardizing the |——
orders

Standardized and
Sorted Order List

Figure 16. Collection of Orders Flow

6.4.2 Extraction of Requirements

As the orders are fed to the system, the requirement extraction process begins. The
utilization of MRP systems starts here. The orders are transformed into procurement
orders and work orders by using BOM and operation recipes. This transformation takes
several hours according to levels of the BOM and during this time, MRP system does not
allow any stock, production and order transactions into the system. This is the reason why
companies using MRP choose to utilize it during ‘sleeping hours’. If the company does
not use MRP, it is a very complex and confusing process and most of the errors are done

in this phase. Because the companies are unable to extract full lists of requirements, they
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are unable to see the accumulation of the requirements in wide range, and they are prone

to inefficiencies in the scheduling phase.

Levels in the BOMs or operation recipes are very important in this section.
Because most of the companies uses multi-level BOMs and/or operation recipes,
alternating this level through manual calculations is very hard. The companies that do not
use MRP systems usually spend hundreds of hours each month in this phase in order to

extract their required material lists.

Lists of procurement orders and work orders are the outputs of this phase. After
these lists are prepared, they are passed on to the next phase in order to be processed and
scheduled. Another important input here is the inventory of procurement items and
produced subcomponents. MRP systems tend to evaluate these inventories according to
due date of the orders, however because the system is blind to work in process items, it is

unable to produce correct requirements. The process flow of this phase is given in Figure

17.

The company subject to this case study does not utilize MRP. Instead, the BOMs
are carried in between the spreadsheets and planners manually try to define both the
material and operation requirements of the gathered orders. With the amount of customer
orders, this particular process takes at least 5 hours daily for a single customer. Since each
planner handles one to two customers, overtime becomes obvious. In addition, the process
is carried out completely and manually, and it increases the human faults. This results in
inaccurate requirement calculations and increasing shipment costs due to emergency

situations.
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Figure 17. Extraction of Requirement Flow

6.4.3 Procurement of Materials

Once the required materials for production is listed, they can be directly ordered
from the suppliers. Knowledge of minimum inventory levels and order sizes are required
to manage the inventory costs efficiently. The changes in customer orders needs to be
applied to procurement order changes rapidly in order not to starve the production. Most
of the MRP systems directs the output to the suppliers automatically, but due to the reasons

mentioned above on WIP materials, human interaction is also required in this phase.

Some of the MRP systems provide a reservation system which causes more
problems with rapidly changing of orders. When a new order arrives, and the required
materials are already reserved for previous orders, the system does not recognize that the
actual requirement can be satisfied with materials in stock. Therefore, the system suggests

that order could not be satisfied due to lack of materials although they are in stock.

This phase is also interconnected with scheduling phase because most of the
operations require raw materials, that are procured prior to start of the process. Most of
the ERP systems provide lead time parameter checks and MRP systems control the lead
times of each purchase order before letting the operation to start. Figure 18 displays the

flow chart of the phase.
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Procured Items Readiness information
orders.

Figure 18. Procurement Process Flow.

In the company, since MRP is not executed and the requirement calculations are
completely done by manual spreadsheets, the inventory costs are very high and there is a
12% of unused procured items in the inventory. When investigated further, the main
reason is revealed for this loses as lack of time for inventory checks and inefficient
procurement planning in the company. Quantity check for incoming orders is not
conducted distinctly, therefore excessive amount of procurement items can be accepted

and due to lack of procurement order system.

6.4.4 Scheduling the Production

After the work order lists are created, they are needed to be allocated on the
workstations on the job floor. This is the most complex phase of the overall planning due
to massive number of parameters including workstation types, process times, changeover

times, capacity parameters and tooling parameters.

If it is done manually, an individual is unable to process each of these parameters
and is bound to make mistakes or inefficient schedules. For simplicity, the companies that
are not using advanced scheduling systems tend to narrow down the work orders into
shorter lists according to their due dates excluding each work order that is due after few
days. Such method prevents the individual to see a wider planning horizon, thus, it creates
more changeover and inability to adopt to order changes quickly. Most of the capacity and

material loses occur in this stage.

As in the company, expeditors are used to follow production schedules for certain

customers. Lack of information in between them usually results in excessive production
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for one customer while not being able to meet other customers orders. In addition, because
the planners are not aware of other customer orders, they are not able to work in harmony
for creating an integrated shop floor schedule. This results in starvations at high levels of

production which ends up as a penalty or an ‘emergency’ situation.

On the other hand, if the scheduling is performed automatically by the utilization
of an advanced scheduling system, human interaction with the scheduling is minimized.
However, such systems are currently beyond the affordable investment limits of the
companies, and the parameters needed to be set for such systems are very complex.
Among the reviewed companies, only five of them did investment for such a system
however, they are unable to use the system due to its complexity and returned to manual

planning.

CRP, MPS and MRP-II create an alternative hybrid way for the problems in this
phase, but as stated before, the capabilities of these methods are limited to advisory level,

and again human interaction and focus is required for efficient scheduling.

General process flow of the production scheduling phase is given in Figure 19.
Scheduling of the production highly depends on the procurement of materials phase and
information from the shop floor, because without procured materials, the production
cannot start, and any delays or shortages in the production are collected to reschedule the

production.
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Figure 19. Scheduling the Production Flow.

6.4.5 Fulfilling the Orders

By the previous phases, the orders are received, processed and final products are
prepared for shipment. In an integrated system, this phase requires minimal attention
because together with work orders and procurement orders, shipment orders are created
and processed. One of the main issues of this phase is that although the shipment orders
are bound to due dates of the customer orders, there are constraints on how these orders
are shipped. Customer can set acceptance dates which defines the slack between the actual
shipment date and order due date. Another application is shipment appointments. The
customer defines a time for the shipment and orders to be shipped, offsetting the due dates

of the orders. The simple process flow of this phase is given in Figure 20.

The company has a trouble in this phase. Since there is a short time in between the
completion of the product and shipment, the quality checks cannot be executed properly
which results in customer returns for defects and/or late shipment which results in

penalties.
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Figure 20. Fulfilling the Orders Flow

6.5 Application of the Proposed Approach in the Case Study Company

Overall flow of the planning processes in the company is given in Figure 21 where
the interconnections between the phases are visible. This process flow is similar to
framework given by Vollmann et al. (1997) that is introduced in Figure 1. However, in all
of the processes, the company completely depends on the manual work, and uses
unintegrated spreadsheets. In addition, with the disintegration of expeditor type follow
ups, each planner is unaware of other customer demands and productions. This kind of
production planning proves inefficient and time consuming. Without any backup plans or
backup staff, the company is unable to adopt changes in customer orders and in-company

dynamics.

The application of the model in the case study begins in January 2018. With the
problems mentioned in the previous chapter, the management embraced a more

standardized and scientific methodology for the planning processes. By the end of July
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2018, the company fully implements the new model and starts to plan all material and

operational requirements with the new methodology.

The application project starts with standardizing the inventory cards BOM. Each
inventory card is supplied with respective category (product, raw material, or procured
item etc.) and the BOMs of each respective inventory code are revised to reflect correct
properties together with Production and Quality departments. In addition, operations of

each product type inventory card are revised and standardized.

Second step of the project is to prepare a standardization procedure for the
customer orders. As of May 2018, all the orders transferred into ERP system and shipment
orders starts to be issued. Also, procurement order system is improved and order
acceptance policies are implemented to check each incoming procurement order both for
quality and quantity. No forward orders are accepted, and every accepted order is labeled

and entered into ERP system.

For the planning crew, distribution of work is revised to impose an integrated
system. Expeditors are discarded, and each planner is given a process instead of
controlling each process related to a customer. In other words, instead of planning
procurement, production, and shipment of a single customer, the planner becomes
explicitly responsible from either procurement requirements of all customers, injection
production of all customers or assembly lines for all customers. All of the planners are
educated for all aspects of the planning, increasing the interchangeability and decreasing

the dependency on a single person for a process to be controlled.

After managerial reconstruction is completed, the model is applied. The output
reports are grouped into processes and integrated with inventory and shipment tables
obtained from the ERP databases. Since the model is a fully integrated system, each of the
reports are given as separate pivot tables in single spreadsheet file for compatibility
considerations. In the beginning, in order to simplify the reports, all overdue orders are
grouped as “Backlog Orders” and all orders due after ten days of the execution of the
model is considered as “Long Orders”. These reports are prepared to be automatic and

takes less than five minutes to prepare. In addition, some derivative reports are prepared
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for management. All the prepared reports are given with explanations in the following

sections.

Common point in these reports is the ‘Last Shipment ID’ table. This table shows a
reference point for each customer that their order lists prepared after this ID. Therefore,
the shipments that are have higher number than these IDs can be decreased from the

orders.

Another common point is that the inventory table is connected to these tables to
display the inventory quantities of each referred to as stock code. Therefore, these
quantities can be decreased from the requirements when planning the work orders or

purchasing orders.

6.5.1 Injection Requirement Reports

In Injection Requirement Reports, the data is grouped into type of the required
machine, mold, injection stock code (or Semi-Product in most of the cases), and finally
the Product Code (i.e. Final Product). By this way, cumulative requirements can be
obtained by using the feature of the pivot table, and instead of managing each final

product, common semi-product can be planned.

The planner is able to observe cumulative requirement of each mold, thus in
scheduling phase she or he is able to adapt to changes in the customer orders more easily

and decrease the mold changes on a machine to increase the efficiency of the production.

There are two types of reports for injection requirement reports, the first one is the
quantitative and the second one is the time relative report. By this way, the planner is able
to automatically see the cumulative and exclusive capacities of both molds and machines,

therefore, is able to schedule the work orders according to due dates.

Figure 22 and Figure 23 give screenshots for these reports from the application.
The columns of the report consist of dates (with a horizon of 10 days including Backlog

Orders plus the Long Orders).
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[ mer. Face. | A/C Face. (1) [ #.M Face | A/C Face. (2) | Dishw. Fact | Elect. Face. | Dry. M. Facesr. | Oven Face. |
Lase Shipment ID| 285511 | 285555 | 285551 | 285589 | 285575 | 2essas | zessaz | z2essoz |
Shigment Gey.
Semi-Produce  Pimal Froduce (Frem Last

2 s Gy (] Invensery Inventozry  Shipment)
Op. Statd ¥ |Mold Code [+ ro1d Name [+] semi-Product Code |v]Semi-Product Name [+ ]Firal Product Code [v]Firal Product Name [+ ] Backrog 23.09.2019  24.09.2019 25.09.2019  26.09.2019 27.09.2019 28.09.2019 Long Otders.

% SVE39600341 5506.EAVA KONAL TAPASI/E40 RALIBI  Cvesezoiiaed 5506, EAVA KANAL TAPASI/G40 (AR B) Ves4203:244 '506.EAVA KANAL TAPASI/ €40 (10R B72) 15000 200000

% SVBLs9600737 910D AYAK ANKASTRE FALIBI ©VBE42163050 SI0D AYAK / ANK(RR) RVL ©VBe42163050 DOD AYAK / ANK(KAR) RVL 2000

% Svesseo26s2 SAKLAMA FABT RAY DUBELI/46S KALIBI SVES42040259 S SAKLNMOM FABI RAY DUBELI/4€S  GVES4211107 SEBZ. GR.510-SAG(SEE, WE-GRI) 12 ese 226 1056

%0 VBzs9602652 SAKLAMA KOBI RAY DUBELI/4€S KALIBI | VB242040295 SAKLAMA KOBI RAY DUBELI/4ES  SVES42111075 SEBZ. GR.510-S0L(SEE-4E-GRI) 280 ese 22¢ 1056

50 VBzs9602692 SAKLAMA KABT RAY DUBELI/46S KALIBI  VBS42040299 SAINO KT RAY DURELI/4ES  ©VES42127401 R 1736

% VBz39602692 SAKLAMA BT RAY DUBELI/4€S KALIBI | VES42040295 SALMG. KABI RAY DUBELI/4ES  SVES42080255 SAKLAMA KABI RAY DUBELL/4€S 7

% Svess960a13s SKAPI ICI 12D SORET KUT.SMG-SOLS10 K SVES42073865 SKAPT ICT 1ED SOKET KUTU-510-0L GIVE£42073865 KAPT ICT 12D SOKET KUTU-510-SOL MILKY 122 n 244 202 ess

% VBE9604135 KAPT ICT 12D SOKET KUT.SAG-SOLS10 K V8242073853 SFAPT ICT 12D SOKET KUTU-510-SAG| ©VE£42073893 KAPT ICT 12D SOKET KUTO-510-SAG(MILKY) 122 26 244 202 ess

% SVEL39604509 SBURC 245 CZ IT KALIED ©vBs42000926 R/ 245C (AT) VB242117773 A/K KEPT A.GR/€40GK (3G, BI208) RVL/STR s 12

% VB£39604509 BURC 245 CZ 1T KALIBD VB242000926 BURC/245CE (KAT) VB£42117785 A/K KEPI A.GR/640GK(OR BY2)RVL/ST? 108

% VBL39604509 BURC 245 2 II KALIBT VB242000926 BURC/245CE (NAT) 242000526 BURC/245CE (NAT) 10000

% VB£39604509 BRC 245 C2 11 LIBD V8242000926 BURC/245CE (SAT) Svasy024361 ASTOPER TESTER SACI GR. (KLASIK) SERVIS 10

% VB£99604505 BORC 245 CZ IT KALIEI VB£42000926 BURC/245CE (KAT) Sves3ro2e362 ASTOPER DESTEK SACT GR. (K) SERVIS 2

%0 VB£39604509 BURC 245 2 IT ALIB ©vess2001533 9 BURC/24SCE (@RI Sveza2180180 A/K KEPI A.GR/640GK VSG RVL/STR z 152

% VB£39604509 BRC 245 C2 11 ALIEX VBz42001533 BURC/245CE (GRI) Svesaz001533 BURC/245CE (GRI) 10000

50 VB£39604509 BRC 245 C2 11 ALIED VB242001533 BURC/245CE (GRI) Sves42057895 AA/K KEPT A.GR/S40P(GRI) TENT RV1 1

% VBS99604509 BORC 245 2 IT KALIBT Svezazors6n1 = BURC/ 245CE (LXG) Svezazorsenl BURC/245CE (LXG) 5000 20465

%0 SVEEs960963 ©HIR.RAF/DUBELT KALIBD SER.RAF DUEELT Bvesa2154513 HR.RAF DOEELT 21000 15000 27000 123000 12450,

% Svexsse1sise SISIK TASITICT F1-E2 KE0/S0 (RM) SISIK TASIVICT FI/RRO-SO(RM)  SVexa2156747 KON.PAN.GR.AYA OFLA (ASLCPRE) 126 °

) Vex99615338 ISIK TASIYICT F1-£2 K20/50 () © ISIK TASIYICI E2/KE0-50(R4) VEk2153486 KON PAN.GR.AKAI UEZA (ASC 23 V) 1550 am o

% Veks9615338 ISIK TASIVICI F1-F2 K20/50 (M) ISIK TASIVICI E2/KE0-50(RM)  SVEXaz195416 KON PN, GR.DIFCH OF2A (DKIRE) 165 azm o

% Vexe9e15338 ISIK TASIYICT F1-E2 KE0/S0 () ISIK TASIYICT P2/KEO-S0(RM) | GVE¥42206715 KON, PAX.GR. ELECTRA OFZA (TIX21128) 156 azm o

% Ves9615338 ISIR TASIYICI E1-F2 K20/S0 (M) vexa2175868 ISIR TASIVICE B2/KE0-S0(R)  SVewaz212365 KON.PAN.GR.AKAI UE2A (ASC 85 GV) 50 azm o

%0 VEx99615338 ISIK TASIVICT F1-E2 KE0/50 (R) vexs2175868 ISIK TASIYICT F2/K80-50 () vexs2212384 KON PAN.GR.AKAI UP23 (ASC 84 PU) 1250 a2 °

120 5 7R0G.AY. DG E ©7R.ATAR DUG.KAPAK/KE0-BYZ Svauz1s1347 FON. PN GR. KUNET GELA (AM2425) 224 7536 o

120 FR0G. AY. DTG, vou2082604 FR.ATAR DUG.KAPAK/KEC-BYZ Svou2151344 KON PAN.GR. KUNET GELA(KaM1721) ss 7536 o

120 PROG.AY. DOG. PR.ATAR DUG.KAPAR/KEO-BYZ Ovau1s2231 KON, PAN.GR.OCEAN OF23(WEO 1061 L FP) s 7526 °

120 vars960s8ez PROG.AY. DOG. KAPAK/KEO/KL var2082608 PR.ATAR DUG.KAPAR/KEO-BYZ VEK42195416 KON PAX.GR.DIROM OF2A (DKIRE) 165 7526 o

120 vorsseosss F306. AY. DUG. KAPAR/KEO/KL vouz082608 FR.ATAR DUG.KAPAK/KEC-BYZ Svauzoe2604 FR.ATAR DTG, KAPAK/KEC-BYZ 28 7536

120 vass60s8sz FROG. AY. DOG. KAPAK/K20/KL vauz082608 FR.ATAR DTG, KAPAK/KEC-BYZ vou2163577 KON 7AN.GR. REGAL UP4B (FRESTIJ 8101 TT) 1 7536

120 FR0G.AY. D0G. PR.ATIR DG, B 18 AT, _BY2-R.BTZ-PEA 2 7536

120 varsse0sssz FROG. AY. DUG. KAPAR/KEO/KL var2082604 PR.ATAR DUG.KAPAR/KEO-BYZ Svau2140035 KON.7AN GR.REGAL UP4 (FRATICA 711 T) 1 7536

120 Varsseosssz FROG.AY. DUG. KAPAK/KBO/KL Varz082608 PR.ATAR DUG.KAPAR/KEO-BYZ Svanz213661 KON 2A¥.GR.VESTEL, GELB(4-DO150) 1 7526

120 varss60sssz F20G.AY. D0G. KAPAR/KEO/KL vo2082604 PR.AYAR DUG.KAPAR/KEO-BYZ Vex42212288 KON. 7A.GR.OCEAN OF4A(OCD 202 ED Z Ae+) i 7526

120 FR0G. AY. DTG, 7R.AYAR DOUG. KAPAK/KEO-CLS M.BATC /VE¥42214531 KON, 7A¥.GR. UNIVERSAL PLUS OP4A(URLL70S) 120 5100

120 . P u2122012 FPR.AYAR DUG.KAPAR/KEO-CLS M.BATC VCK42214535 KON, PAX.GR. UNIVERSAL PLUS OP4A(UPL280S) 224 s100

120 varseosssz FROG.AY. D0G. KAPAK/KEO/KL Svau123219 S PR.ATAR DUG.KAPAK/K20-MTIGH M.B) SIVC42189862 KON, 7AN.GR . REGAL UGB (EROJET 10122 TT) 200 1572

120 varsseosssz FR0G.AY. D0G. KAPAR/KEO/KL vou2123219 PR.ATAR DUG.KAPAR/KEO-MTRGM M.BJ SVCN42163571 KON.PAN.GR.REGAL UF4 (FRESTIJ 10121 TT) 150 1572

120 Vorsseosssz FR0G. AY. DUG. KAPAK/KEO/KL vouz123218 FR.ATAR DUG.KAPAK/KEC-MTIGH M.BJ \E¥42205272 KON 7N, GR. FAVORIT XEZA(MSU 2002) -3V 158 1573

120 2 206, 37.076. vouz123219 FR.ATAR DUG.KAPAR/KEO-MTIGH M.BJ V42209124 KON, PAX.GR.BERG OPAE (AWB-07108) ss 1572

120 PROG.AY. DOG. Gvau11276 SPR.ATAR DUG.KAPAK/KEO-STH (78) 5VCa2137556 KON PAN.GR. ELECTRA OFZA (¥1245CE28) 1 1624

120 Vas9605842 FR0G. AY. DUG. KAPAR/KEO/KL V2123217 9 FR.AYAR DUG. KAPAK/K20-KAPLAMALI} G1VE¥42107975 PR.ATAR DUG. KAPAR/KEO-KROM 1476 5000 s120

120 Fvarseossss S ISIK TASITICI EL/R20-SO/KL Svau2082609 < ISIK TASTYICT E1/KE0-50 Svauz162365 KON 2N, GR. EIGE ONE. OF1A (AMEOSAHVET) 1500 10010

120 vaseossas ISIK TASIYICI P1/K80-50/KL vou2082609 ISIK TASIYICT EL/KE0-50 @vau2193008 KON PAN.GR.ATA OFIA(LFE102) 1464 10010

Figure 22. Quantitative Injection Requirement Report
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Category: Mold | Res. Face. | A/C Fact. (1) | mMrEaee | A/C Fact. (2) |pish w. Face|Elece. Face.|Dry. M. Facer.|oven Face. |

Last 5 PLOP000L Last Shipment 13‘ 285511 | 285559 | 285551 | 285585 | zess7s [ 2essas | 285542 | zessoz |

. Date_Group|

Op. Station |~ |Mold Code [~ Mord Name Semi-Prd. Codd ™ |Semi-Prd. Name [~]Final Prd. Cod ~|Firal Prd. Name Backlog 23.09.2019  24.09.2019 25.09.2019  26.09.2019 27.09.2019 28.09.2019 Long Orders
50 ©VB599600341 ©/S0G.HAVA KANAL TAPASI/€40 FALIBI  5VBS42033244  /SOG.HAVA KANAL TAPASI/€40(KAR BYZ) =VES42033244  SOG.HAVA KANAL TAPASI/€40 (KAR BYZ) 15,63 €s,44
50 VBZ99600737 9DOD AYAR ANKASTRE FALIEI 542163050 DOD AYAK / ANK(KAR) RV1 VES42163050  DOD AYAK / ANK(KAR) RV1 25,00
50 OVBE99602692 ©SAKLAMA FABI RAY DUBELI/4€S KALIBI EABI RAY ©VBS42111078  SEBZ. GR.910-SAG(SEF,WH-GRI) 0,07 0,37 0,28 0,18 1,78
50 VBE99602692 SAKLAMA FABI RAY DUBELI/4€S KALIBI  VES42040299 SAKLAMA KABI RAY DUBELI/4€S ©VB242111079  SEBZ. GR.$10-SOL(SEF-WH-GRI) 0,13 0,37 0,28 0,15 1,78
%0 VB299602692 SAKLAMA KABI RAY DUBELI/4€S KALIBI  VES42040295 SAKLAMA KABI RAY DUBELI/4€S ©VES42127401  CHI.RA.GR/3702 (SEF-NAT) 0,75
50 VB299602692 SAKLAMA FABI RAY DUBELI/4€S FALIBI  VBS42040259 SAKLAMA KABI RAY DUBELI/4€S ©VBE4204029 SARLAMA FABI RAY DUBELI/4€S 0,00
50 9VBE99604135 SRAPI ICI LED SOKET KUT.SAG-SOLS10 F 5VBS42073865 KAPI ICI LED SOKET KUTU-910-SOL MILK ©VBS42073865  KAPI ICI LED SOKET KUTU-$10-SOL MILKY 0,32 0,07 0,€4 0,64 1,74
50 VBE99604135 FAPI ICI LED SOKET KUT.SAG-SOLS10 F ©VES42073893  GKAPI ICI LED SOKET KUTU-$10-SAG(MILK ©VES42073893  KAPI ICI LED SORET KUTU-$10-SAG(MILKY) 0,32 0,07 0,64 0,64 1,74
%0 ©VB299604509 JBURC 245 CE II KALIBI ©VES42000926  ©BURC/245CE (NAT) ©VES42117773  A/K KEPI A.GR/€40GK (G, HJ20S)RV1/STP 0,01 0,08
50 VBE99604509 BURC 245 CE II RALIBI VB242000926 BURC/24SCE (NAT) ©vE242117785  A/K KEPI A.GR/€40GK(KAR BYZ)RV1/STP 0,04
50 VBE99604509 BURC 345 CE II RALIBI VB£42000926 BURC/345CE (NAT) 9VB242000926  BURC/345CE (NAT)
50 VBE99604509 BURC 245 CE II FALIBI VBE£42000926 BURC/345CE (NAT) ©vB237024361  *STOPER DESTER SACI GR. (KLASIK)SERVIS 0,00
50 VB299604509 BURC 245 CE II RALIBI VB242000926 BURC/245CE (NAT) ©VBS37024362  ASTOPER DESTEK SACI GR. (GK)SERVIS 0,01
50 VB299604509 BURC 245 CE II FALIBI VEZ42001533 | ©BURC/24SCE(GRI) ©VES42180180  A/K KEPI A.GR/€40GK VSG RV1/STP 0,01 0,0€
%0 VB£99604509 BURC 245 CE II KALIBI VB542001533 BURC/245CE (GRI) ©VES42001533  BURC/345CE (GRI) 3,02
50 VB299604509 BURC 245 CE II KALIBI VBZ42001533 BURC/245CE (GRI) ©VES42097895  *A/K KEPI A.GR/S40P (GRI) YENI RV1 0,00
%0 VBE99604509 BURC 245 CE II RALIBI ©VES42014611  ©BURC/245CE(LXG) ©VBS42014611  BURC/345CE(LXG) 1,9
50 9vBE99609963 SHAR.RAF/DUBELI FALIBI ©VB242154513  SHAR.RAF DUBELI ©VES42154513  HAR.RAF DUBELI 21,88 1s, €2 28,12 126,13
50 OVCK99615338 ©ISIK TASIVICI F1-F2 K80/SO (KM)  (©VCK42179867 @ ISIK TASIYICI F1/K80-50 (RM) ©VCK42198747  KON.PAN.GR.AYA OF1A(ASLCPPE) 0,57
50 VCK99615338 ISIR TASIYICI F1-F2 K80/50 (RM) X42179868 | @ISIK TASIYICI F2/K80-50 (RM) ©VCK42193486  KON.PAN.GR.AKAI UF2A (ASC 83 V) 8,13
%0 VCK99615338 ISIK TASIYICI F1-F2 K80/50 (RM) VCK42179868 ISIK TASIYICI F2/K80-50 (RM) ©VCK42195416  KON.PAN.GR.DIKOM OF2A (DKDRS) 0,68
50 VCK99615338 ISIR TASIYICI F1-F2 K80/S0 (RM) VCK42179868 ISIK TASIYICI F2/K80-50 (RM) ©VCK42206715  KON.PAN.GR.ELECTRA OF2A (TDC8112B) 0,5
50 VCK99615338 ISIK TASIYICI F1-F2 K80/50 (RM) VCK42179868 ISIK TASIYICI F2/K80-50 (RM) ©VCK42212389  KON.PAN.GR.AKAI UF2A (ASC 85 GV) 2,71
50 VCK99615338 ISIK TASIYICI F1-F2 K80/90 (RM) VCK42179868 ISIK TASIYICI F2/K80-50 (RM¥) CK42212384  KON.PAN.GR.ARAI UF2A (ASC 84 PV) s, €2
120 @vaseosss2  PROG. AY. DUG. KAPAK/K80/K1 o S PR.AYAR DUG. 942151347 FON.PAN.GR.KUNET GE1A (KNM2485) 0,54
120 Vo996 PROG.AY.DUG 1 vor PR.AYAR DUG ¥z ©VC42151344  RON.PAN.GR.KUNET GF1A(KNM1721) 1,08
120 va199605842 PROG.AY.DUG. KAPAK/K80/K1 PR.AYAR DUG ©VC42152231  KON.PAN.GR.OCEAN OF2B(WFO 1061 L FP) 0,01
120 vo99605842 PROG.AY.DUG. KAPAK/K80/K1 vor 6 PR.AYAR DUG vz ©VCK42195416  KON.PAN.GR.DIKOM OF2A (DKDRS) 0,40
120 PROG.AY. DUG. PR.AYAR DUG. PR.AYAR DUG 1,04
120 VQ199605842 PROG.AY.DUG. KAPAK/K80/K1 VC142082604 PR.AYAR DUG.KAPAK/KS0-EYZ 97vC42163577  KON.PAN.GR.REGAL UF4B(PRESTIJ 8101 TY¥) 0,00
120 PROG.AY.DUG PR.AYAR DUG ©VC42103118  PR.AY.GR/K10-80-F/G.BYZ-K.BYZ-PEA 0,00
120 VO99605842 PROG.AY.DUG. vo s PR.AYAR DUG.FAPAR/K80-BYZ ©v42140039  EON.PAN GR.REGAL UF4 (PRATICA 711 T) 0,00
120 va99605842 PROG.AY.DUG.KAPAR/KS0/K1 PR.AYAR DUG. vz 942213661 KON.PAN.GR.VESTEL GF1B (N-D0150) 0,00
120 Voo PROG.AY. DUG. 1 voM42082604 PR.AYAR DUG.KAPAK/KE0-BYZ FON.PAN.GR.OCEAN OF4A(OCD 802 ED Z A++) 0,13
120 V199605842 PROG.AY.DUG. KAPAK/K80/K1 4212201 PR.AYAR DUS M.BATCH  ©VCK42214531  KON.PAN.GR.UNIVERSAL PLUS OF4A(UP11703) 0,44
120 6 PROG.AY. DUG. 1 vo42122012 PR.AYAR DUG.KAPAK/K80-CLS M.BATCH | ©VCK42214535  KON.PAN.GR.UNIVERSAL PLUS OF4A(UP1280S) 0,78
120 vo99605842 PROG.AY.DUG. KAPAK/K80/K1 ©ve42123219  DPR.AYAR DUG M.BATCH & KON. PAN.GR.REGAL UFGB (EKOJET 101223 T¥) 0,48
120 V199605842 PROG.AY.DUG.KAPAR/KS0/K1 va2123219 PR.AYAR DUG.KAPAR/KSO-MTRRM M.BATCH ©VCM4216357:  KON.PAN.GR.REGAL UF4 (PRESTIJ 10121 T¥) 0,46
120 PROG.AY.DUG vau2123219 PR.AYAR DUG. M.BATCH KON. PAN.GR. FAVORIT XF2A(MSU 8002)-REV 0,38
120 V99605842 PROG.AY.DUG. KAPAR/K80/K1 vau2123219 PR.AYAR DUG. M.BATCH V042209124  RON.PAN.GR.BERG OF4E(ANE-O710B) 0,12
120 V99605842 PROG.AY.DUG. KAPAK/K80/K1 ©9vCM42112761  DPR.AYAR DUG.KAPAK/K80-SYH (PB) ©VC42137556  KON.PAN.GR.ELECTRA OF2A (W124SCF2B) 0,00
120 V99605842 PROG.AY.DUG. KAPAR/K80/K1 ©v142123217 | SPR.AYAR DUG.KAPAK/KSO-KAPLAMALIK | ©VCM42107375  PR.AYAR DUG.KAPAK/K80-KROM 2,58 12,18
120 2vQ99605845 ©ISIK TASIVICI F1/K80-S0/K1 Ov42082609 ISIK TASIYICI F1/K80-50 9VC42162365  FON.PAN.GR.EIGH ONE OF1A (RM8OSA++KVET) €35
120 V99605845 ISIK TASIYICI F1/R80-S0/K1 V142082609 ISIK TASIYICI F1/K80-50 ©VvC42193008 KON PAN.GR.AYA OF1A(LF€102) 2,02

Figure 23. Time Related Injection Requirement Report
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6.5.1 Assembly Requirement Reports

Similar to the injection requirement reports, assembly reports are considered both
quantitively, and relative to worker time. However, in assembly reports, it is easier to
handle requirements top to bottom instead of bottom up unlike the reports on Injection
Requirements. The reason for this change is that in assembly, each component shall be
prepared prior to assembly, therefore, inventories of both the completed product and its
components are visible to planner for the quantitative report. An example report for the

quantitative assembly requirement is given in Figure 25.

In the time related report for the assembly requirements, the components are
hidden from the planners in order to visualize the real capacity requirements for the
production. The data is grouped by the operation code given related to assembly line or
cells and the total capacity requirements can be gathered accordingly. Figure 24 gives an
example to this kind of report. Similar reports can be obtained for painting and printing

operations.

Date_Group | ~
Last Operation [¥|Final Prd. Code |~ |Final Prd. Name [~ ]Backiog 23.09.2015  24.09.2019 25.09.2019 26.09.2019 27.09.2015 28.09.2019 Long Orders

PLOPO004 U/K/A KEP GR/473DUZYENI-MAND (KAR) 24,87 13,15 3,18 55,72
PLOPO00S @ U/K/A KEP GR/473DUZYENI-MAND (CLS) s,€s 1,72 1,7€ 1,70 48,45
PLOPO004 @ U/K/A KEP GR/473DUZYENI-MAND (HJ20S) 8,72 0,87 0,50
PLOPO00OS @ U/K PANO GR/472M(SYH) 0,48 13,20
PLOPO004 @ A/K/U KEP GR/140K-P-KLT-ALT-L (FAR) 7,40
PLOPO004 E A/R/U KE? GR/245V-S (KAR) 0,85
PLOPO004 ® A/K/A-U/K/A KE® GR/140K-P (HG,HJ 20S) 0,67
PLOPO004 @ A/R/U-U/K/U KEP GR/140K-P (HG,KJ 208) 1,88
PLOPO0OS c U/K/A KEP GR/3EEV-MAND (CLS) 1,58
PLOPO00O4 ° A/E/U KEP GR/24SDM-P (CL3) 1,01
PLOPO004 @ A/K/U KEP GR/345V-P (CLS) 1,98
PLOPO00S 10,88
PLOPO004 as,€2 17,08
PLOPO00S 5,54 24,25 4,68 1,38 20,2¢
PLOPO004 1,18
PLOPO00S 0,80
PLOPO00S 0, €€
PLOPO00A 7,44
PLOPO004 2 U/K KEPI A.GR/4SSE(KAR EYZ) 8,72
PLOPO0O4 @ A/K/U KEP GR/473ERA-P (HG, KJ205) 0,16 0,48
PLOPO004 c U/K/A KEP GR/21SGE- 5,48 3,24 21,79
PLOPO0OS @ A/K/U KEP GR/315 5,42 2,63 17,68
PLOPO004 @ U/K/A KE? GR/21SGK-FLN-STF-P (CLS) 2,80 0,74 5,74
PLOPO00S E a 2 (CL9) 2,27 0, €0 4,54
PLOPO004 STE-P (KAR)RV1 1,44 12,46 19,14 27,56 s.€7 41,35
PLOPO004 B (RAR) RV 7,28 12, €€ 27,23 5,72 29,74
PLOPO0OS c U/K/A KEP GR/31SGR-F-STF-P(CLS) 1,32
PLOPO004 e A/E/U KE? GR/ - 1,08
PLOPO004 c A/K/U KEP GR/130V-P (KAR) 25,94 13,61 12,44 5,74 0,48 4,7¢ 4,12
PLOPO0O4 ® T/K PANO GR/4 15
PLOPO004 c A/K/A KEP GR/130K-STP-P (VSG) 0,4€ s, €8 €55 7,0¢ 24,71 12,52 45,44
PLOPO00S 9 A/K/U-U/K/U KE? GR/130K-P(CLS) 0,18 2,52 10,38 1,78 20,03 €51 5,72
PLOPO004 c A/K/U KEP GR/130V-P(CLS) 0,57 1,78 0,97 1,46 5,24
PLOPO004 ® A/K/A-U/K/A KEP GR/130K-P(CLS) 0,08 0,52 i, ez 8,71
PLOPO0OS c A/K/A-U/K/A KEP GR/120K-P (VSG) 1,6 1,87 1,56
PLOPO004 ® / 473ERA-P (SYH) 0,32 12,82
PLOPO004 STOPER DESTEK SAC: (KLASIK) SERVIS 0,06
PLOPO00S @ U/K/A KEP GR/473DUZYENI-MAND (RTRKIRE} 12,35
PLOPO004 @ A/E/U KEP GR/24SDM-P (HJ20S) 2,58
PLOPO004 ® A/K KEPI U.GR/E40GK (LXG) RVL 0,02
PLOPO00S B #STOPER DESTER SACI GR. (GK)SERVIS 0,11
PLOPO004 E T/K PANO GR/24SV-P-BOMBELI (HJ20S) 2,57
PLOPO004 ® “A/K KEPI A.GR/S408 (GRI)YENI RV1 0,04
PLOPO004 @ A/K/U-U/K/U KEP GR/120K-P-SOL(CLS) 0, €€
PLOPO004 2 A/K/A-U/K/A KEP GR/130K-P (VSG)SOL 0,€0

= PLOPO0OS E FAPI GR(0-C) 0,51

Figure 24. Time Related Assembly Requirements Report
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Last Operavion:  (Mulsiple Objects) Ref. Fact. A/C Face. (1) WM Face | ac Face. (2) | Dish W. Face | Elec. Face. [Dry. M. Facer.| Oven Face. |
Ozdex Code 0 288511 288555 288551 2esses | 285579 | 205545 285543 285402
nt

. Date_Group| ™| Inv.

Cust.Code | v|Last Operation |-¥|Firal Product Code | ¥ Fimal Product Neme [+ ] composent Code [+ ] comporert Name | v|Backlog 23.09.2019 24.09.2019 25.09.2019 26.09.2019 27.09.2019 28.09.2019
Ve PLOP0004 VBz42185100 U/K/A KEP GR/473DUSYEN1-Y00D (138) ©VB237025272 VIDA, P, RYSB, 30x20, F, ST, A3B,0 861 €e3 110 10000
Ve PLOP0004 vB242185100 U/K/A KEP GR/473DUSVENT-Y0D (138) ©VB237025273 VIDA,P,RYSB, 30x10,C, ST, A3B 3€1 €€3 110 0
Ve PLOP0004 VBZ42185100 U/K/A KEP GR/473DUSVEN]-Y0D (138) 5VB242130570 KAPI MANDALI 473 (NAT) 861 €e3 110 1000
e PLOP0004 VBZ42185100 U/K/A KEP GR/473DUSYEN]-Y00D (108) ©VB242185111 U/K/A KEPI/473DUZYENI (KAR) 861 €€3 110 1517
e PLOP0004 VBZ42185100 U/K/A K2R BANT SUNGER(1SMM*6*R YPS)TESA 50523/0! 77 €0 10 765
Ve PLOP0004 vBz42185100 U/K/A KEP GR/47 D (KAR) B} 77 BANT HAVA(2SMM*R) 5225/00 BN10O 0 0 0 2
Ve PLOP0004 VBZ42185100 U/K/A KEP GR/473DUSVEN]-Y0D (128) 5VB247010€€8 BANT SUNGER(10*TS*R) (PU) 112 86 14 3840
ves PLOP0004 SvEza2185112 ©U/K/A KEP GR/473DUSYEN]-Y0ND (CLS) ©VB237024182 KAPI MANDAL STOPERI /473 334 €0 €1 59 €500
e PLOP0004 vBzaz185112 U/K/A KEP GR/473DUSYEN]-Y0D (CLS) ©VB237025272 VIDA, P, RYSB, 30x20, F, ST, A3B,0 334 €0 €1 s9 10000
e PLOP0004 vBzaz185112 U/K/A KEP GR/473DUEYENT-Y0D (CLS) 5VB237025273 VIDA,P,RYSB, 30x10,C, ST, A3B 334 €0 €1 59 0
Ve PLOP0004 vBzaz185112 U/K/A KEP GR/473DUSYEN]-YRD (CLS) 5VB242139437 KAPI MANDALI 473 (GRI) 334 €0 €1 s 5000
Ve PLOP0004 vBz42185112 U/K/A KEP GR/473DUSYENI-YND (CLS) ©VB242185113 U/K/A KEPI/473DUZYENI (CLS) 334 €0 €1 59 4951
Ve PLOP0004 vEz42185112 U/K/A KEP GR/AT: BANT SUNGER(1SMM*€*R YPS)TESA 50523/0! 30 s s s 765
e PLOP0004 vBz42185112 U/K/A KEP GR/473DUSYEN]-Y0MD (CLS) ©VB245000577 BANT HAVA(2SMM*R) 5225/00 BN10O 0 0 0 0 2
ves PLOP0004 VBZ42185112 U/K/A KEP GR/473DUSYENI-YAND (CLS) ©VBZ47010€€8 BANT SUNGER(10*TS*R) (PU) 43 8 8 8 3840
Ve PLOP0004 Svezaz1esLls SU/K/A KEP GR/473DUEYEN]-Y0D (43205) ©VB237024182 KAPI MANDAL STOPERI /473 302 30 €500
Ve PLOP0004 vBZA2185115 U/K/A KEP GR/473DVSYEN]-YSD (3205) ©VB237025272 VIDA, P, RYSB, 30x20, F, ST, A3B,0 302 30 10000
e PLOP0004 vBz42185115 U/K/A KEP GR/473DUSYENT-10MD (43205) ©VB237025273 VIDA, P,RYSB, 30x10,C, ST, A3B 302 30 0
e PLOP0004 vBzaz185118 U/K/A KEP GR/473DUEVENT-1ND (23205) ©VB242130570 KAPI MANDALI 473 (NAT) 302 30 1000
Ve PLOP0004 vBz42185115 U/K/A KEP GR/473DUSVENT-YAND (43205) 5VB24218511€ U/K/A KEPI/473DUZYENI (HJ20S) 302 30 367
Ve PLOP0004 vBza2185115 /KA KR BANT SUNGER(1SMM*€*R YPS)TESA 50523/0! 27 3 7€s
ves PLOP0004 vBz42185115 U/K/A KEP GR/A7: B 77 BANT HAVA(2SMM*R) $225/00 BN10O 0 0 2
e PLOP0004 vBziz1Ee1LS U/K/A KEP GR/473DUEVENT-MAND (3205) ©VB247010€€8 BANT SUNGER(10*TS*R) (PU) 39 4 3840
e PLOP0004 vBzaz1s257 SU/K PAYD GR/473M(STH) ©VB242014€08 BURC/S40CE (LXG) €0 $100
Ve PLOP0004 vBza2152978 U/K PAD GR/47IM(STH) 5VBZ421€4478 U/K PANO/473M(SIYAH) 30 435
Ve PLOP0004 vBz4215278 U/K PASD GR/ATI(STH) ©VB245000577 BANT HAVA(2SMM*R) $225/00 BN10O 0 2
e PLOP0004 vBz4215278 U/K PAND GR/ATRUSTE) 2VBZ47010€€8 BANT SUNGER(10*TS*R) (PU) 4 3840
e PLOP0004 SVB242021371 SA/K/U KEP GR/140K-P-KLT- ©VB242031583 BURC/$40CE (KAR) 30000
Ve PLOP0004 SvBz42004200 SN/K/U KEP GR/34SV-P(CLS) ©VB242128087 BURC/345P (GRI) RVL 15000
Ve PLOP0004 VB242004200 AK/U KEP GR/USV-P(CLS) ©VB2421822€5 BURC TAPASI CENTIKLI (CLS) 37260
Ve PLOP0004 VB242004800 NE/U KR R 77 BANT HAVA(2SMM*R) 5225/00 BN10O 2
e PLOP0004 VB242004800 NK/U KEP GR/ASV-P(CLS) ©VB242112582 A/K/U KEP/34SV(CLS) 203€
e PLOP0004 vBz42027885 SU/K/A KEP GR/260V-P (STYAK) ©VB242128088 BURC/345P(LXG) RVL 7500
ez PLOP0004 vB242027255 U/K/A KEP GR/260V-P(STYAN) 5VB245000577 BANT HAVA(2SMM*R) 5225/00 BN1O 2
Ve PLOP0004 VBZ42027855 U/K/A KEP GR/260V-P (STYAN) VB242070993 KAPI KEPI/2€0V(SIYAH) 184
ez PLOP0004 VBZ42185055 DU/K/A KR R TYENI-D-MKGeR) | 9VB237024182 KAPI MANDAL STOPERI /473 1034 €500
Ve PLOP0004 VBZ42185085 U/K/A KEP GR/ASZOUSVENI-MRD-MIK(GR)  ©VB237025272 VIDA, P, RYSB, 30x20, F, ST, A3B,0 1034 10000
Ve PLOP0004 vBZ42185055 U/K/A KEP GR/492DVSVENI-YRD-MIKGAR) | ©VB237025273 VIDA, P, RYSB, 30x10,C, ST, A3B 1034
ves PLOPO004 'VBZ42185085 U/K/A KEP GR/492DUSYENI-AMD-MIK(KAR)  ©VBZ42130570 KAPI MANDALI 473 (NAT) 1034 1000
Ve PLOP0004 vBZ42185085 U/K/A KEP GR/492DVEVENI-YND-MIK(AR) | OVB242189111 U/K/A KEPI/473DUZYENT (KAR) 1034 1517
Ve PLOP0004 VBz42185085 /KA =P BANT SUNGER(1SMM*€*R YPS)TESA 50523/0! 93 7€s
Ve PLOP0004 VBZ42185085 U/K/A KEP GR/4S2DVEVENI-MRD-MIK(AR) | ©VB245000577 BANT HAVA(2SMM*R) 5225/00 BN10O 0 2
e PLOP0004 VBz42185085 U/K/A KEP GR/4S2DUEVENI-YND-MIK(OR)  ©VB2Z47016698 BANT SUNGER(T2*10%10) EPDM SN 14 1034 4800
Ve PLOP0004 vBZ42185085 U/K/A KEP GR/492DUEVENT-YND-MIK(AR) | ©VB242185385 MIKNATIS KAPAK 70CM(KAR) 1034 0
ves PLOPO004 VBZ4218508S U/K/A KEP GR/492DUSYENI-MAD-MIK(AR) SVB247010€€8 BANT SUNGER(10*TS*R) (PU) 134 3840
Ve PLOP0004 vBZ42185085 U/K/A KEP GR/492DVEVENI-YND-MIK(AR) | ©VB247017049 MIKNATIS/SS0 (Y35, 40X1SX10101) /P 2068 1134

Figure 25. Quantitative Assembly Requirement Report
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6.5.2 Procurement and Subcontract Requirement Reports

Similar to previous reports, all raw materials can be reported and tracked through
procurement reports. In the case study, these reports are divided into subcategories such
as injection raw materials, which are further grouped by the raw material types, sub-parts,
which are grouped by the supplier and subcontracted parts which requires inventory
information in three levels (Component — Subcontracted Semi-product and Final Product)

in order to increase the traceability in the planning.

6.5.3 Executive Reports

In addition to reports for planning staff, every execution of the extraction system
provides executive reports that supports decision making on worker management and

subcontracting decisions.

For example, Figure 26 displays the accumulated assembly capacity requirements
and Figure 27 displays the cumulative injection capacity requirements for the customer
orders. These tables are obtained from the time related reports and repivoted to display
daily machine and personnel requirements respectively. In the short-term planning (for 10
days) the management can decide on the extended shifts and/or personnel replacement in
between the lines and machines. These reports provide managers and planners the

bottlenecks or excess capacities prior to occurrence and gives flexibility in decision

making.

Ref. Assy. 34 13 17 9 14 16 12 114 19 16 86%
Air Cond. Assy. 10 2 4 2 10 13 9 51 15 7 49%
Drying M. P. Assy. 39 13 7 15 14 22 13 122 18 17 97%
D.W. Panel Assy. 16 9 g 10 10 g € €7 g 10 119%
W.M. Door Assy. 36 €6 37 74 73 56 S0 393 22 56 255%
W.M. Panel Assy. 29 30 42 17 25 €4 52 265 4€ 38 82%
Air Cond. 2 Assy. 0 1 0 6 S 0 0 12 4 2 43%
Sub Total 164 134 120 132 151 179 143 1024 132 14€ 111%

Figure 26. Cumulative Capacity Report for Assembly Lines
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S0 1 0 2 0 0 2 1Y 7 2 1 48%
120 3 3 2 1 1 1 1 12 3 2 55%
1€0 € € 2 3 3 4 2 27 3 4 127%
200 1 1 1] 1 1 1 1 S 3 1 24%
280 3 2 2 2 2 2 3 1€ 1 2 234%
320 1 1 1 2 1 2 1 11 € 2 2€%
380 € € € S 5 3 4 34 11 S 44%
470 15 12 10 14 13 1€ 14 100 1€ 14 89%
€00 7 € 4 € 5 7 i 42 10 € €0%
700 8 3 4 1 p X 2 1 20 4 3 73%
S00 3 1 1 1 2 2 1 12 2 2 8¢%

1200 0 0 0 0 0 0 0 0 1 0 5%
1400 0 0 0 0 0 0 0 0 1 0 0%
Sub Total 54 41 35 38 40 41 37 28€ €3 41 €5%

Figure 27. Cumulative Capacity Report for Injection Machines

In addition, the application of the model provided the company to have direct
control over the job floor scheduling, prepared by the planners, by displaying number of
critical machines, the number of machines that work for over inventory, and the overall
capacity of the company. By connecting the inventory database and machine schedule
spreadsheet to the model, the managers are able to understand the dynamics even better
and manage the employees, inventory and the budget easily. Figure 29 displays the

machine schedule evaluation obtained by the model.

Overall, in each execution of the extraction model, an executive summary is also
provided. This summary contains crucial information about the backlog machine
requirements, the number of critical machines, most dense production days, and capacity
fulfillment of the relative department. The summary also gives insight about the inventory
status of the planned work orders. Figure 28 displays an example to this executive

summary.

Backlog Machine Requirement 54
Backlog Critical Machines 38
S Days Critical Machines 50
Injection Capacity Fullfilment 65%
Most Dense Production Day 23.09.2019

Backlog Assy Hour Requirement 164
Assy. Average Capacity Fullfilment 111%

Planned Production Inventories | Count W/O

No Requirement 3
15 Days Inventory 27
10 Days Inventory 24
5 Days Inventory 35
2 Days Inventory 36
InSuff. Inventory 103
Total 228

Figure 28. Executive Summary Report
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'WORK ORDER @ MACHINE NAME [a CODE [a PART NAME

IE1500000008393 AO1470BROBOT  VBZ42164174 DOND.ORTA SEPET ARKA/276(KAR BYZ)
1E1900000008025  A02 4708 VBZ42130573 U/K PANO/473M(KAR)
IE1900000008470  A02 4708 VBZ42130573 U/K PANO/473M(KAR)
1E1900000008604  AO3 470B ROBOT VBZ42121571 SEBZ./1001(SEF-NAT)
IE1900000008457 A03470BROBOT  VBZ42127865 AROMA KUTU(SEF-NATUREL)
1E1900000008458  AO3 4708 ROBOT VBZ42127944 SISELIK/1400 ANK(SEF-NAT)

5 ISEEMAV)
1E1900000008550  AO3 4708 ROBOT VBZ42024710 SISELIK/1400 ANK(SEF-WH.GRI)

G 3 NAT)
1E1900000008471  AO4 4708 ROBOT VBZ42125031 SISELIK/1001(SEF WH GRI)

A04 HAR. (SEF )
1E1900000008515  AO4 470B ROBOT VBZ42024764 HAR.RAF/345(SEF-WH GRI)
IE1900000008516 404 470BROBOT  VBZ42127647 HARRAF/345(SEF-NAT)
1E1900000008098  AOS 600A 'VBZ42164174 DOND.ORTA SEPET ARKA/276(KAR BYZ)
IE1900000008472  AOS 600A VBZ42164174 DOND.ORTA SEPET ARKA/276(KAR BYZ)
1E1900000008603  AO6 600B ROBOT 'VBZ42128542 SOG.SEBZ. ON 270(SEF-NAT)

WH GRI)
1E1900000008521  AO6 600B ROBOT 'VBZ42128537 ORTASEPET KAPAGI/272(SEF-NAT)
1 AOGE00BROBOT  VBZ42128472 DOND.KAPI RAF/4651
1E1900000008252  AO7 7008 ROBOT 'VBZ42177566 DOND.ORTA SEPET KAP./252(SEF NAT)
IE1900000008253 AO8700BROBOT  VBZ42164144 FLAP.KAPAK/252 (SEF-WHGRI)
1E1900000008449  AS 6008 ROBOT 'VBZ42128392 SISELIK/456FW-ARC(NAT)
IE1900000008450 A3 6008 ROBOT ¢/
1E1900000008451  AS 6008 ROBOT 'VBZ42047512 SISELIK/456FW-ARC(MAVI)

A10 | ALT SEPET KAP/252(SEF WH GRI)
1E1900000008445  A10 700A ROBOT 'VBZ42177554 DOND.ALT SEPET KAP/252(SEF MAVI)
IE1900000008370 A10700AROBOT  VBZ42177564 DOND.ALTSEPET KAP/252(SEF NAT)
1E1900000008446  A11 4708 ROBOT 'VBZ42121572 P/T RAF/1001(SEF-NATUREL)
IE1900000008560 A11470BROBOT  VBZ42128573 DOND.KA /1451(SEF-NAT)
1E1900000008559  A11 470B ROBOT VBZ42111086 KAPI RAF/910(SEF-WH-GRI)

1 8013808 AJKJUKEPI/ GRI)
1E1900000008076  BO1 3808 VBZ42164480 A/K/U KEPI/473ERA(SIYAH)
IE1900000008355 802 3808 VBZ42205351 KAPI KEPI/130K(NAT GRI)
1E1900000008447  BO2 3808 'VBZ42205361 KAPI KEPI/130K(VSG)
IE1900000008551 8023808 VBZ42080637 KAPI KEFI/260V(KAR)
1E1900000008405  BO3 3808 'VBZ42161622 SEBZELIK RAY SAG/373 RV1
IE1900000008406 803 3808 VBZ42161623 SEBZELIK RAYSOL/373RV1
1E1900000008609  BO3 3808 'VBZ42161622 SEBZELIK RAY SAG/373 RV1
IE1900000008610 803 3808 VBZ42161623 SEBZELIK RAYSOL/373 RV
1E1900000008226  BO4 600A ROBOT VBZ42145609 DOND.HAVA KAN.I 373(KAR)
IE1900000008057 BOS 600AROBOT  VFR42148147 LCINDUCTION PLASTIK KAIDE
1E1900000008082  BOS 600A ROBOT VBZ42038312 SOG.CAM RAF PRF-ON/1700(KAR BYZ)
10 5177
1E1900000008465  BO7 S00A ROBOT VBZ42214659 SOG.HAVA KANALI/373(KAR BYZ) VR1 HIPS

807 HAVAKANAL s
1E1900000008596  BO7 S00A ROBOT VCK42214035 ISTIF APARAT CEKMECESI-SYH
IE1900000008557 B07 S00AROBOT  VCK42214032 ISTIF APARAT CEKMECESI-CLX MB
1E1900000008453  BO8 S00A ROBOT VBZ42192083 U/TABLA 143 (KAR) HIPS (SARP PLS)

U/TABLA 143 (NAT GRI)
IE1900000008302 BO9 1400BROBOT  VBZ42163961 DOND.ALT SEPET ARKA/252(KAR BYZ)

PROD. CATEME w/oaQry. E LABELED
ASSY. 10000 1160
ASSY. 15000 14312
ASSY. 10000

MIX 1000 648
ASSY. 1000 )
MIX 8500

MIX 1000

MIX 1200

SHIPMENT 10000 9312
Mix 2500

MIX 900

Mix 100

MIX 2000

ASSY. 10000 6875
ASSY. 10000

MiX 850 480
MIX 50 o
MIX 750

MIX 6000

MIX 20000 1412
MIX 5500 900
Mix 5500 3424
MIX 200

MIX 1500

ASSY. 6000 2256
ASSY. 2000

MIX 10000

Mix 5000 1344
MIX 50

MiX 5000

PAINT 15000 7112
PAINT 500

PAINT 5000 1800
ASSY. 5000

ASSY. 15000

SHIPMENT 10000 1600
SHIPMENT 10000 o
SHIPMENT 10000

SHIPMENT 10000

ASSY. 10000 2150
SHIPMENT 8000 450
SHIPMENT 10000

SHIPMENT 20000 7872
ASSY. 5000 550
ASSY. 2000

ASSY. 50 o
PAINT 50 o
SHIPMENT 11500 4270
PAINT 2200

ASSY. 20000 1000

Figure 29. Machine Schedule Evaluation Report
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6.6 Application Results

After the application of the proposed approach in the company of interest, the
company is able to obtain its requirements for its customer orders daily and able to plan it
production accordingly. Overall execution time for extraction of requirements together
with the preparation of reports mentioned in the previous section, takes only fifteen
minutes and only 1 person to execute. Compared to the previous average of 5 hours for 5
full time planners working on the extraction daily, the impact of the approach is
significant. In addition, because the approach is integrated and automated, human
interaction requirement for the process is very limited, decreasing the errors due to human

faults.

For decision support contribution of the system, top management of the company
defines five major criteria. These are, (a) Customer Returns, (b) Penalties, (c) Overall
Personnel Costs, (d) Planning Personnel Costs, and (e) On-Time Shipment Success. In
addition to these, implementation of the scheduling methodology derivatively affects the
following performance criteria of the production departments: (f) Number of Mold/Raw
Material Changes, (g) Amount of Raw Material Scraps due to Setup, (h) Loses due to

Inefficient Material Planning. All of these criteria are discussed in the following sections.

The information about these criteria is directly gathered from real data of the case
study company. This real data covers a period between January 2017 to June 2019 and
divided into two parts to reflect changes in the performance of the company (separated by
August 2018). In order to normalize the changes in prices, Revenue Percentage of the

financial data is taken into consideration instead of financial outputs.

6.6.1 Customer Returns

There are two main reasons for customer returns. First of all, quality depended
returns, that are caused by the insufficient quality of the shipped product. The planning
department’s effect on this kind of customer return is due to time left for the Quality

Department to check and control the product prior to shipment. When adequate time is

80



allocated, quality check is adequately executed and any faulty results will be reworked

prior to shipment decreasing the customer returns.

Second reason for the customer returns is directly corelated with on-time shipment
success. As discussed previously, shipments are bound for certain dates and any shipment
that is early or too late is considered as a return. This type of return is usually due to
inability of the planning department to follow the customers own production plans and

giving shipment orders of the products prior to its actual usage in the customers’ plant.

The implementation of the extraction and scheduling model helps the planning
department in two folds. First, the operation offset lets the planner to schedule any
operation regardless of time required for the quality checks. The order becomes ready
prior to shipment date and the sufficient slack time is provided for quality checks and
rework processes. Secondly, every day changes are reflected to requirement lists and
planners are more aware of these changes. Therefore, the shipment orders change

simultaneously, preventing early order shipments.

When observed on the real data, the application of the model decreases the
customer returns by forty-four percent on monthly average. This corresponds to 0,6

percent change of the average monthly revenue.

6.6.2 Penalties

Similar to customer returns, penalties are inflicted by the customers on planning
and quality reasons. When the shipment occurs overdue, the customer reflects its loses
due to starvation on the supplier. Also, when a quality problem is observed during the

customer’s production, the rework loses are directly inflicted to the supplier.

Another indicator on penalties for planning success is the distribution of quality
and planning penalties. While quality penalties are indirectly reasoned by the planning,
the planning penalties are directly affected by the planning department. The real data
reveals that after the implementation, the penalties are decreased by forty-one percent on

monthly average, corresponding to 0,4 percent change on the average monthly revenue.

81



Also, the distribution of the penalties for direct planning reasons are dropped drastically

by 67%.

6.6.3 Overall Personnel Costs

The success of planning department directly and/or indirectly affects the Overall
Personnel costs of the company by decreasing the changeovers and increasing the
flexibility to adopt customer demand changes. Implementation of the model increased the
ability of planners to visualize a wider scope of customer demands and ability to change
inventory models according to mid and long-term demands. Therefore, the overall

personnel requirements are decreased, effecting one of the largest costs of the company.

Real data reveals that after the implementation of the model, the personnel costs

are decreased by six percent, corresponding to 0,9% on average monthly revenue.

6.6.4 Planning Personnel Costs

Another criterion for planning department is the time required for the planning
processes of the company. This is reflected by the Planning Personnel costs. By
standardizing the planning process and discarding the expeditor type of processes, the time
required for planning decreased dramatically. As discussed previously, the time-
consuming requirement extraction processes on spreadsheets are ceased, leaving more

time for actual planning and scheduling processes for the planners.

On the real data, time requirement decrease is reflected by 30% decrease of
planning personnel costs corresponding to 0,4% on the average monthly revenue. In
addition, the Production Improvement division is merged into the planning department

without need of extra personnel.
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6.6.5 On-Time Shipment Success

As discussed previously on Customer Returns and Penalties, on-time shipment
success of the company is affected directly by the planning department. This criterion also

affects the Customer Satisfaction level.

The implementation of the model increased the on-time shipment success of the
company from %83 to %96, carrying the company to becoming one of the preferred

suppliers of the customers.

6.6.6 Number of Mold/Raw Material Changes

By providing the planners with larger scope on customer demands and increasing
the effective time required for scheduling, the planners are able to define production lot
sizes more efficiently, decreasing the overall model changes and increasing the inventory

management success.

This criterion directly effects the number of mold and raw material changes both
in each section of the production, decreasing the setup related costs. By the
implementation of the model, daily mold changes are decreased by 56% and daily raw
material changes decreased by 32%. This change, freed 5% of the total injection machine

capacity and decreased change related mold failures by 45%.

6.6.7 Amount of Raw Material Scraps due to Setup

Another implication of the decrease in daily changeovers is the setup related scrap
of raw material. As mentioned in the previous sub-section, implementation decreased the

overall model changes and the setup related scrap amount decreased by %64 percent.

6.6.8 Loses due to Inefficient Material Planning

Similar to previous sub-sections, ability to realize daily changes in customer

orders, increased the accuracy of scheduling of the operations by the planning department.
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Together with more accurate operation schedules, the planning of the procured items, and
production of product sub-components become more efficient. This efficiency is reflected
to both personnel times loses due to scarcity of the raw material (starvation) and inventory

costs for the procured items.

Both of the criteria decreased positively after the implementation of the model.
The personnel time loses due to planning are decreased by 23% and inventory costs of

procured materials are decreased by 36%.

6.7 Concluding Remarks

In the case study company, although the preparation for the application lasts for
six months, the complete implementation of the model takes only one month. This
duration may increase or decrease in other companies according to neatness of the bill of
materials and operation connections of the stock IDs. Table 11 summaries these
improvements in one table. When observed through the management point of view, the
implementation doubled the EBITDA (Earnings Before Interest, Taxation, Depreciation
and Amortization) of the company, making it more efficient. All the real observations are

given in Appendix A.2 — Company Data (January 2017 — July 2019).

Table 11. Performance Comparison of the Case Study Company

Average Average
(01/17-07/18) (08/18-07/19) Change
Revenue (avg/month) 6.926.716,78 b 9.101.895,87 b 31,4%
Customer Returns Cost 1,2% 0,6% -44.0%
Penalties Cost 0,6% 0,4% -41,1%
Penalty Distribution (Planning/Total) 65,3% 21,4% -67,2%
Overall Personnel Cost 14,7% 13,8% -6,0%
Planning Personnel Cost 0,22% 0,15% -30,4%
% of On-Time-Shipment 83% 96% 15,7%
Daily Mold Change (daily avg.) 55,40 24,30 -56,1%
Daily Raw Material change (daily avg.) 43,50 29,70 -31,7%
Amount of Raw Material Scraps Due to
Setup (kg. per month) 14842,00 5344,00 -64%
Lost Personnel Hours (avg. per month) 2596,00 1993,00 -23%
| EBITDA ‘ 2,75% 8,95% 325,45%
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CHAPTER 7: RESULTS OF DESIGN OF EXPERIMENTS AND

TEST SCENARIOS

7.1 Introduction

In this chapter, the factors that affect the computation time for Consctuction EBOM
table, EBOM Table and Requirement Extraction tables and preparing the
Requirement Extraction output are explained in Section 7.2. In Section 7.3, the
experimental design using these factors are explained and results of Analysis of Variance
(ANOVA) are presented. In Section 7.4, the regression model based on the experimental

design is introduced and explained according to the performance measure.

7.2 Description of Factors That Affect The Calculation Time

Four factors are defined to have impact on the calculation time of the proposed
Requirements Extraction Methodology explained in previous chapters (Chapter 5 and 6).

They are described in the following subsections.

7.2.1 Maximum Bill of Materials Depth (maxBMD)

The Maximum Bill of Materials Depth (maxBM D) refers to the maximum number
of operations a raw material takes until it is ready for shipment (i.e. becomes a Final

Product).

This parameter affects the number of loops in the EBOM construction procedure
and since the loop can only be terminated when all the final sub-components in the table
are null, the procedure continues to join aforementioned tables for each row in the

Construction EBOM table.
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7.2.2 Average Number of Components in Bill of Materials (avgBCC)

Average Number of Components in BOM (avgBCC) refers to the overall average

number of single level components that stock codes have in their BOM.

After each insertion of relative stock codes with their BOM tables, the number of

rows in the Construction EBOM table multiplies with this average number.

7.2.3 Number of Different Stock Codes (countSID)

Since the Stock Codes table is the main table the Construction EBOM table is
constructed upon, the Number of Different Stock Codes (countSID) increases the number
of insertions with BOM table at the beginning, directly increases the number of loops in

the procedure.

7.2.4 Count of Customer Orders (countCO)

Since the Requirement Extraction procedure takes the Customer Order table as
base table, similar to countSID, Count of Customer Orders (countCO) affects the

computation time required for resource extraction.

7.3 Experimental Design and Results of the ANOVA

The experimental design applied for testing the proposed approach is the full-
factorial experimental design based on four factors, and each factor has two levels. It is
defined as a 2* full-factorial experimental design. Accordingly, there are total 16 different
scenarios. The experimental design that shows each factor and its levels is given in Table
10. Accordingly, maxBMD has two levels with 4 and 8 operations, avgBCC has on average
4 and 12 number of single level components, countSID contains 15000 and 25000 number

of different stock codes, and countCO has 3500 and 7000 customer orders.
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Table 12. Factor Levels of the Experiment

Factors Levels of Factors
maxBMD | 4 8
avgBCC |4 12
countSID | 15000 |25000
countCO | 3500 7000

By using these factor levels, Minitab Statistics Software version 16 is used to

conduct Analysis of Variance (ANOVA) based on the experimental design that is given

in Table 13. The factors selected are then applied to the procedures proposed by adding

new stock codes, new orders, and adding new components and deleting the codes with

higher BOM levels in order to reach the values for these factors. Each experiment run with

separate executions, and the results of Calculation Time (CalcTime), that is the response

parameter, are given in Table 13. All experiments run on a computer with Intel Core 17 @

2.80Ghz with 16GB RAM that runs Windows 10.

Table 13. The Experimental Design and Calculation Time Results

StdOrder | RunOrder | CenterPt | Blocks | maxBMD | avgBCC | countSID | countCO | CalcTime
8 1 1 1 8 12 25000 3500 8.46
5 2 1 1 4 4 25000 3500 2.77
6 3 1 1 8 4 25000 3500 6.07
9 4 1 1 4 4 15000 7000 2.15
11 5 1 1 4 12 15000 7000 3.89
14 6 1 1 8 4 25000 7000 6.24
7 7 1 1 4 12 25000 3500 4.64
3 8 1 1 4 12 15000 3500 3.78
10 9 1 1 8 4 15000 7000 5.64
4 10 1 1 8 12 15000 3500 6.49
13 11 1 1 4 4 25000 7000 2.96
1 12 1 1 4 4 15000 3500 2.11
16 13 1 1 8 12 25000 7000 8.93
15 14 1 1 4 12 25000 7000 4.72
12 15 1 1 8 12 15000 7000 6.87
2 16 1 1 8 4 15000 3500 5.59
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According to the experimental design, ANOVA is applied to analyze the main
effects of predefined factors and effects of their interactions. The statistical results of

ANOVA are given in Table 14.

Table 14. Results of ANOVA

Source DF Seq SS Adj SS AdjMS | F P
Main Effects 4 635.830 | 635.830 | 158.958 | * *
maxBMD 1 464.783 | 464.783 | 464.783 | * *
avgBCC 1 126914 | 126914 | 126914 | * *
countSID 1 42.746 42.746 42.746 * *
countCO 1 0.1388 0.1388 0.1388 * *
2-Way Interactions 6 0.9225 0.9225 0.1537 * *
maxBMD*avgBCC 1 0.0018 0.0018 0.0018 * *
maxBMD*countSID 1 0.2377 0.2377 0.2377 * *
maxBMD*countCO 1 0.0264 0.0264 0.0264 * *
avgBCC*countSID 1 0.6281 0.6281 0.6281 * *
avgBCC*countCO 1 0.0218 0.0218 0.0218 * *
countSID *countCO 1 0.0068 0.0068 0.0068 4 *
3-Way Interactions 4 0.4971 0.4971 0.1243 * *
maxBMD*avgBCC*countSID 1 0.4658 0.4658 0.4658 * *
maxBMD*avgBCC*countCO 1 0.0281 0.0281 0.0281 * *
maxBMD *countSID *countCO 1 0.0005 0.0005 0.0005 * *
avgBCC*countSID *countCO 1 0.0028 0.0028 0.0028 * *
4-Way Interactions 1 0.0014 0.0014 0.0014 * *
maxBMD*avgBCC*countSID *countCO | 1 0.0014 0.0014 0.0014 * *
Residual Error 0 * * *
Total 15 650.040

According to the results of ANOVA, the plot of main effects on calculation time
response is given in Figure 30. Accordingly, the maxBMD factor has the highest direct
proportional effect on the CalcTime with the increase of the levels from 4 to 8, this is
followed by the avgBCC. CalcTime increases when the levels are increased from 4 to 12.

However, the increase on CalcTime is less for the countSID factor, it increases when the
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levels are increased from 15000 to 25000. On the other hand, the increase is not significant

for the factor by the countCO when levels are increased from 3500 to 7000.

Main Effects of Factors

maxBMD avgBCC
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e —

c 3- T T T T
8 4 8 4 12
= 2 countSID countCO
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5 // — —
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Figure 30. Main Effects of the Factors

According to the interactions plot given in Figure 31, interactions effects of the
factors maxBMD and avgBCC are the highest, this is followed by the interactions impact
of factors maxBMD and countSID, and then it is found as the impact of the factors between
avgBCC and countSID. The interaction impact between the parameters of countSID and

countCO are found as the lowest.

Further, the ANOVA results are given in a cube plot format with the means of
CalcTime in Figure 32. Two cubic designs are represented by the two levels of countCO

parameters, that is for 3500 and 7000.

89



maxBMD

12

avgBCC

Interaction Effects of Factors

‘t 1|2 15(IJOO 25(|)00 35?0 7(J|00
-8
_ - _ maxBMD
- - - Lo |—® 4
—i— 8
/ 0/ ° B
8
avgBCC
_ - - —— —a Le |—O®— 4
avgBCC - 12
] -—" -— o L.
8
countSID
o kel 15000
- —n— 25000
countSID *——o
-4
countCO
Figure 31. Interaction Effects of Factors
Cube Plot (data means) for CalcTime
[6;

~
NN
|

maxBMD

2

7
25000

countSID

15000

3500

countCO

»

7000

24

Figure 32. Cube plots of ANOVA results for CalcTime response.
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7.4 Regression Model Based on Experimental Design

Further, the experimental design is used to calculate the regression model for the given
factors. It represents the mathematical equation of the factors (maxBMD, avgBCC,
countSID and countCO) selected for the experimental design for the response parameter
of CalcTime. The calculated regression model is given in the following formula by using

the Minitab Statistics Software.

CalcTime = - 4,16 + 0,852 maxBMD + 0,223 avgBCC + 0,000103 countSID
+0,000053 countCO

Also, the results of the regression analysis is given in the following table.

Table 15. Regression Analysis: CalcTime versus maxBMD, avgBCC, countSID,

countCO
Predictor Coef SE Coef T P VIF
Constant -41.594 0.5611 -7.41 0
maxBMD 0.85219 0.04493 18.97 0 1.000
avgBCC 0.22266 0.02246 9.91 0 1.000
countSID 0.000103 1.8E-05 5.75 0 1.000
countCO 5.32E-05 5.14E-05 1.04 0.322 1.000
S =0.359 421 R-Sq= |97.8% R-S q(adj) = 97.00%

From the regression analysis, R-sq value is obtained as 97.8%. It represents
significant fit for the regression model. According to the results, it is observed that
maxBMD has the highest effect on the computation time. This is attributed to the loop
used in the construction table. However, the coefficients for countSID and countCO are

obtained as very small and insignificant.
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7.5 Overall Evaluation of the Proposed Approach

When compared to commercial MRP programs (see Table 6 and Figure 8), the
performance of the model proves to be efficient and less time consuming. Since
commercial MRP programs explode each customer order separately, repetitive orders of
the same inventory utilize the explosion repetitively. However, in the EBOM, each branch

of the BOM is already exploded and stored in the EBOM table.

The model aims to minimize the overall time requirement of building production
schedules by integrating top management decisions to daily planning processes. One of
the main problems in inefficient planning is the time required for requirement extraction,
where the commercial MRP systems impose a sleeping time that ceases every inventory
and demand transaction for the duration of the process that the most of companies in the
survey is unable to spare. This problem is solved by the EBOM methodology that decrease
the computation time for requirement extraction and avoids sleeping time due to view
logic of the databases. On the other hand, in order to handle operation requirements (or
capacity requirements) MRP-II has to be executed, so it increases the duration of the
sleeping hours. EBOM methodology extracts the operation requirements together with the
material requirements in the same computation, therefore, all the information of both

material and capacity is revealed by a single run of computation.

Referring to Vollmann et al. (1997), the accuracy of the MRP depends on the
frequency of MRP runs. As the survey remarks, the frequency of the MRP runs depends
on the sub-periodic changes in the customer orders. Although, most of the companies
(including the case study company) has daily changing demand, they are unable to utilize
MRP due to consideration of sleeping hours. With the EBOM methodology, the extraction
can be run by in shorter time without need of ceasing daily operations in daily, hourly or
even quarter-hourly frequency. Therefore, the schedules can be based on more accurate

material and operation requirements.

Another problem in implementing the tradition MRP systems is the complexity
and time requirement for inputs. With the proposed model, the complexity is discarded.

Only the vital information of stock codes, bill-of-materials and operation information are
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required as the input for the system. In EBOM methodology, this information can be
obtained either from a database, or even from another spreadsheet. In addition, the
accuracy of the inventory does not affect the overall system performance. Besides, EBOM
methodology can be implemented generally regardless of the industry that the company
works as long as the aforementioned vital information is supplied. The EBOM
methodology also provides an integration of higher-level decision parameters and
indicators to the daily plans. With ability to detect periodic bottlenecks and capacity
surpluses, the planner is able to feed management with better human-resources
requirements and investment-based information. In addition, daily changes reflect
simultaneously to the material requirements. The lot sizing is not preset in EBOM
methodology, therefore, the planners can schedule production with more batches. The
plan