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ABSTRACT

The subject of this MS thesis is to analyze and understand Optimized Production
Technology (OPT) which is a different way of looking at a production plant. In this
study, we introduce the core differences between OPT and well known shop floor
scheduling techniques-Materials Requirement Plahning (MRP) and Just-in-Time (JIT).
The thesis also covers an example study that implements the rules and aspects of OPT
and a simulation study that analyze the differences between OPT, MRP and JIT.

Since the origination of OPT from a secret scheduling algorithm, lots of
researchers and studies were completed to position OPT. One of the most important
results of this study is that OPT is superior at low buffer sizes although it suffers
from high work-in-process and inventory carrying cost at higher buffer sizes. This
means that it can not convert inventory into throughput as efficiently as it does at low
buffer sizes. When compared to MRP and JIT, OPT is very successful at low buffer
sizes as a scheduling tool.

As a result, it can be thought that OPT is a very good enhancement to MRP, but
it can not replace JIT. Any system such as JIT which focuses on decreasing variability
and statistical fluctuations has a great advantage on others, since the real production
environment is nothing else, but only dependency and statistical fluctuation.

As a further work, it is also worthwhile to model OPT as a multiple objective
optimization problem by considering maximization of throughput and minimization of
inventory and operating expenses at the same time. New optimization techniques such

as Genetic Algorithms may work well to model OPT problem.



OZET

Bu tezin konusu, iretim problemlerine farkh bir bakis acist getiren En Iyi Uretim
Teknolojisini (OPT) arastirmak ve anlamaktir. Bu ¢aligmada, OPT ve ¢ok iyi bilinen
cizelgeleme metodlar - Malzeme Ihtiyag Planlama (MRP) ve Tam Zamaninda Uretim
(JIT) teknikleri arasindaki temel farklar ortaya konmaktadir. Tez aym zamanda
OPT’nin temel kurallanm igeren bir 6rnek ve OPT, MRP ve JIT arasindaki farklarin
aragtirildig1 bir benzetim ¢aliymasi igermektedir.

OPT’nin temeli gizli kalmug bir ¢izelgeleme algoritmasina dayandigindan, OPT’yi
dogru yorumlamak i¢in bu konuda pek ¢ok arastirma ve galiyma yapilmigtir. Bu
¢aligmann en énemli sonuglarindan bir tanesi, OPT’nin yiiksek stok tutulmasina izin
verilen sistemlerde, stok seviyeleri ve tagima maliyetlerinden dolay1 bagarili
olamamasina ragmen, diigiik stok seviyeli sistemlerde ¢ok basanh olmasidir. Bu
OPT’nin, stogu, disik stok seviyeli sistemlerde oldugu kadar verimli bir gekilde
Uretime doniigtiremedigini gostermektedir. MRP ve JIT ile karsilagtirildiginda, OPT
dugtik stok seviyeli sistemlerde, bir gizelgeleme araci olarak ¢ok baganhdir.

Sonug olarak, OPT’nin Malzeme Ihtiya¢g Planlamasmmn ileri bir uygulamasi
oldugu, fakat Tam Zamamnda Uretim (JIT) tekniginin yerini alamayacag sonucuna
varilmigtir. Gergek iiretim ortami birbirine bagimhihk ve istatistiksel dagilimlardan
olustugu igin JIT gibi istatistiksel dalgalanma ve de@iskenligi azaltmaya yonelik
sistemlerin digerleri tizerinde biyiik avantajlar1 vardir.

Tleri bir ¢aligma olarak, En iyi Uretim Teknolojisini, goklu amag optimizasyonunu
hedefleyerek -aym anda uretim giktisim artirirken, stok ve igletim maliyetlerini
azaltarak- modellemek faydali olacaktir. Genetik algoritma gibi yeni optimizasyon

teknikleri OPT probleminin modellenmesinde basarili sonuglar verebilir.
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1. INTRODUCTION

The subject of this MS thesis is to analyze and understand Optimized Production
Technology (OPT) which is a different way of looking at a production plant. Thesis will
state the core differences between OPT and well known shop floor scheduling techniques-
Materials Requirement Planning (MRP) and Just-in-Time (JIT). The thesis will also cover
an example study that implements the rules and aspects of OPT.

In this chapter we introduce the background of The Theory of Constraints (TOC) and
the relation between TOC and OPT and also give the literature reviewed. The outline of the

study is also given.

1.1. Background of TOC and OPT

The roots of The Theory of Constraints go back to a finite scheduling program based
on a proprietary algorithm called OPT, which originally stood for Optimized Production
Timetables and then was changed to Optimized Production Technology. It was developed
by Dr. Eli Goldratt and three Israeli partners who brought it to the US in late 1979 and
formed a company called Creative Output, Inc. Over the next seven years while the
software system was evolving, another side of OPT was developed -the OPT management
philosophy and rules. The rights to the OPT software were sold to an English firm called
Scheduling Technologies Group (STG) [1]. In late 1986, the Goldratt Institute, [2] was

founded and evolved over a period of ten years what is known today as Theory of

Constraints (TOC).



The principles of the OPT software and philosophy are the roots of TOC. The history
of TOC and its OPT ancestor is a checkered one, strewn with much controversy and
confusion. The confusion started with OPT. If it was a software system or a management
philosophy. The answer is: it is both.

Growing from its OPT roots, TOC evolved first as a manufacturing management
philosophy. The Goal and The Race were the first two books to describe it, and generated
wide-spread interest among readers, also enthusiasm among successful implementers. What
most people understood as a way of managing manufacturing and dealing with bottlenecks,
subsequently evolved into a more robust management approach dealing with generating
throughput rather than saving costs, and eventually covered all functions [3,4,5].

TOC today is, like its ancestor OPT, a two headed creature - a Throughput oriented
management philosophy and a series of Thinking Tools. It is, however, a well organized
collection of tools and techniques for doing so and for changing the culture of an
organization from a Cost World to a Throughput World focus.

The need for scheduling arises in industry, especially in manufacturing of goods,
transportation, construction projects, and so on. However, different manufacturing
environments necessitate different scheduling algorithms to handle the complexities of the

particular case.

1.2. Outline of the Study

The aim of this study is to analyze and understand Optimized Production Technology
(OPT) which is a different way of looking at a production plant. Thesis will also state the
core differences between OPT and well known shop floor scheduling techniques- MRP and
JIT. Thesis will also contain a case study that implements the rules and aspects of OPT:

Chapter One introduces the study, gives the background of the problem, literature-
reviewed and the outline of the study.

In Chapter Two, the fundamentals of OPT is studied and analyzed in details.



In Chapter Three, the scheduling development and related techniques in a TOC
environment will be studied with a case study. Chapter Four gives the core differences
between MRP, JIT and OPT. The simulation model which simulates the differences of
MRP, JIT and OPT is described in Chapter Five. Conclusions and further work are given in
Chapter Six.

1.3. Literature Review

TOC, being a popular management philosophy since the beginning of 1980’s, has
originated many commercial and academic efforts. OPT, has been studied so much as a new
approach to material flow and inventory control.

Schonberger [6], defines Just-in-Time production as replacing complexity with
simplicity in manufacturing management. One of the advantages of JIT according to
Schonberger is that, it is not so vital to use computer systems in JIT environment. A
contradiction to this point comes from Jacobs [7] and he stated that kanban requires
considerable material planning to ensure that raw material will be available and an MRP
system is often used by Japanese manufacturers for this purpose. Also The discussion
mainly comes from advantages and disadvantages of both systems, MRP and JIT.

Bose and Rao [8], discuss a MRP/JIT hybrid system which will better utilize the
advantages of two systems, pull advantage of JIT and planning advantage of MRP. A
similar study of Flapper, Miltenburg and Wijngaard [9] states how companies can embed
JIT into MRP.

Olhager and Rapp [10], studies the impact of set-up reduction and lot sizing decisions
on the inventory turnover rate. Different decision rules for lot sizing are studied and their

approach well corresponds with JIT and OPT principles.



1.3.1. Commercial And Educational Side of TOC

As a marketable tool TOC is a more popular subject in commercial environment than
in academic environment. The thinking process and TOC are highly studied and thought.
Thru-Put Technologies [11] was founded in 1993 to provide Drum Buffer Rope (DBR)
solutions for manufacturers and organizations doing complex manufacturing. The main idea
is that in a manufacturing facility, the resource with the greatest load, relative to its
capacity, constrains the performance of the others. When work is properly scheduled to get
the maximum, uninterrupted performance at the most constrained resources, and
material release is controlled and properly buffered to sustain that
performance without building unneeded queues of work at the less constrained
resources, a factory will achieve optimal overall performance. Thru-put Technologies tries
to achieve this goal. Theory of Constraint Scotland Ltd. [12], and The TOC Center [13] are
two companies which give managerial support to solve manufacturing problems in the
scope of TOC.

TOC is an exclusive master course at University of Vancouver [14]. Today OPT is

realized as an enhancement to MRPII and TOC as managerial aspect to OPT.

1.4. Problem Statement

As most of production scheduling problems, finite capacity scheduling problems can
be modeled using linear and non-linear optimization and the problem can be solved with
optimization techniques such as dynamic programming or branch-and-bound. In such
approaches, a typical setting is the minimization of particular scheduling criteria such that a
set of constraints representing the technological limits on operations and on availability of
resources.

Since the finite capacity scheduling problems have-extremely combinatorial nature,
finding the optimal solution using any one of the optimization techniques, even for

moderately sized problems, can take too long with most advanced computers. Heuristic



algorithms can provide sub-optimal but sufficiently effective solutions for these problems.
However, research results indicate that the success of such heuristic procedures are highly
scheduling problem dependent, and it is almost impossible to predict their performance
given a particular problem. Therefore, for a scheduling system to be applicable to a wide
range of production systems, it must incorporate a wide range of different solution
techniques within its body, or have capabilities to plug in customized algorithms.

The main objective of this study is to analyze the basics of OPT and generate a
simulation model to demonstrate it. The simulation study with Promodel 4.0 [15], will also
state the differences between MRP, JIT and OPT. The statistical output of the simulation

model will be analyzed and the outcomes will be checked according to OPT rules.



2. FUNDAMENTALS OF OPT

Quality is increasingly a necessary condition for success in business to compete in the
arena. But product or service quality alone, and its resulting cost saving, will not ensure
success.

If quality is a necessary condition, then what is the goal? For most companies in the
commercial sector, the goal is to make money. Or more precisely, in consonance with the
concept of ongoing improvement, the goal should probably be to continuously make more
money. While cost reduction should undoubtedly be an integral part of a company's efforts
to make more money, there are two logical reasons why a cost reduction focus might be
counterproductive.

First, it becomes very easy to carry cost cutting too far. At some point, reducing costs
any further will degrade a company's capability to do its job of selling products or services.
Second, besides this practical limit, there is a theoretical limit to how far costs can be cut
that limit is zero. Even if it were possible to produce a product or service at no cost, it
doesn't get any better than that. Does this mean that quality improvement efforts stop at that

point?

2.1. Throughput, Inventory, and Operating Expense

On the other hand, a continuous improvement philosophy which centers on increasing
~ the money made from the exchange of products or services offers other options for realizing
the goal besides cost reduction. A relatively recent approach for doing this is called the
Theory of Constraints (TOC). Conceived by Dr. Eliyahu M. Goldratt, TOC places the
highest premium on increasing Throughput, which Goldratt defines as the rate at which the



system generates money through sales [16]. Not forgetting that "you have to spend money
to make money," Goldratt links increases in Throughput to decreases in Inventory and
operating Expenses.

Goldratt's concept of Inventory and Operating Expense constitute a significant
departure from traditional management accounting thought. He considers Inventory to be
all the money the systems invests in, including facilities and equipment, which are likely to
be sold off as scrap after beyond their useful lives. And he defines Operating Expense as all
the money the system spends to turn Inventory into Throughput. In other words, if it isn't
Throughput (money coming in) or Inventory (money tied up within the system), it's
Operating Expense (money going out).

Goldratt contends that a change, positive or negative, in any one of these three
dimensions will automatically result in a proportional change in at least one, maybe both, of
the other two. For example, if actions are taken to reduce Inventory, related reduction in
carrying costs (Operating Expense) can be expected.

With this three-dimensional dynamic underlying the system's operation, Goldratt
maintains that ongoing improvement requires efforts to increase Throughput, decrease
Inventory, and decrease Operating Expense. Management traditionally emphasizes
reduction of Operating Expense first, followed by increasing Throughput and, finally,
Inventory reduction. But according to Goldratt the biggest gain is to be realized by first
increasing Throughput, then by reducing Inventory. Operating Expense reduction should be
the third priority. Goldratt's rationale for this order of priorities involves the law of
diminishing returns: both Operating Expense and Inventory have a theoretical lower limit of
zero (and a practical limit considerably higher), but theoretically there is no upper limit to

the increase of Throughput.



2.2. Importance of Throughput

The concept that the fastest way to profitability is by generating more throughput
(selling more) is hardly a new one. Yet most manufacturing companies in the western world
are deeply mired in a different paradigm. Their path to profitability today is by saving
money through approaches like downsizing (the real name for re-engineering) and
outsourcing. While there is certainly more than one avenue to improve an organization, our
deeply seated belief is that the Throughput channel provides by far the longest lever [5].

In attempting to support this position, it is helpful to more precisely define three terms,
since their meanings can be construed in more than one way. The terms are:

Throughput - is the selling price of a product, less the truly totally variable costs. Raw
materials and purchased materials typically comprise the great majority of these costs. Note
that we do not usually consider labor a truly totally variable cost. Throughput can be
thought of as the value a company adds to the materials it purchases from others.

Inventory - (or more precisely, investment), is the spending of a company to purchase
items that do not have to be immediately expensed. Fixed assets are an example - the cost of
equipment is typically expensed over several years. Inventory is another. Here, the money
spent is typically expensed when a product is produced (even partially) or sold, not when
the raw materials are procured.

Operating Expense - is essentially all the other monetary expenses a company spends.
These are usually expensed in the time period when they occur, although accounting
conventions regarding inventory can create some distortions.

The below example shown displays the importance of throughput with respect to
operating expense.



Current Case-I Case-11
Sales 100 100 125 (25% inc.)
Raw material -40 -40 -50 (25% inc.)
Throughput 60 60 75
Direct labor -12 -9 (25%dec.) -12
Overhead -38 -38 -38
Net Profit 10 13 25
Percent Increase 30% 150%

Figure 2.1 Throughput vs. Operating Expense

In Case-I as the effort is spend to decrease direct labor cost as 25%, the effect of this
decrease is only a 30% increase in overall.. In case-II although there is a 25% increase in
raw material cost the effect of 25% increase in throughput is surprisingly 150% increase in
overall performance. As this simple numeric example states for the first focusing point in a

manufacturing system is increasing throughput.

2.3. The Nine OPT rules

The rules of OPT are summarized below and these rules will be strictly explained and

followed throughout the study [17].

1-Balance flow, not capacity : For a long time manufacturing has tried to balance
capacity and then to maintain flow. Maintaining flow in a unbalanced plant takes the form of
keeping men and machines busy at all the times. The result of this effort is “make work for
everybody” and caused plenty of inventory. In contracts, the Japanese rule “If you don’t
need, don’t produce” yields a new manufacturing technique which is so called-JIT. A similar
way of managing capacity is done through the DBR heuristic in OPT.

2-Constraints determine non-Capacity Constraint Resource (CCR) utilization :

Bottlenecks or critical resources pace production for the entire system. The level of
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utilization of a non-critical resource is determined by the critical ones. Maximizing
utilization of non-CCR resources is not a goal, since throughput is not affected, inventory
goes up, and operating cost goes up. The only place to keep machines working at 100%
capacity is at the bottleneck, since the bottleneck directly governs throughput.

3-Activation is not always equal to utilization : In other words, to activate a
resource, when the output cannot go through the CCR is wasteful in the form of excessive
inventory. No throughput is added for the additional inventory. It is a similar behavior as
keepingv every men and machine busy all the times although there is no use.

4-An hour lost at a CCR is an hour lost for the entire system : The CCR
determines the factory capacity. To lose time here loses throughput. If we have a true
bottleneck that is being utilized to its full potential, an hour lost at that bottleneck can never
be made up and this loss directly effects the throughput of entire system.

5-An hour saved at a non-CCR is a mirage. By definition, a non-bottleneck
resource is made up of three time elements: run time, setup time, and idle time. A new
investment that saves an hour of setup time and converts it to process time at a non-critical
resource will scrap the company’s money as this additional outcome can not be converted
into throughput by the bottleneck.

6-Bottlenecks govern throughput and inventory : A scarce resource governs the
other resources and thus the output of the system. It is obvious that there is a large queue of
inventory in front of bottleneck resources while other operations are running with no or
little inventory. This is in contrast with MRP, where orders govern inventory and
throughput. The orders are the drum. If you do not let the drum govern, there is no
synchronization.

7-Transfer batch should not always equal a process batch. Lot size is an
important variable to be controlled on the shop floor. It is a crucial variable that is closely
linked to the inventory and throughput of the entire system. By examining an assembly line
to determine lot size, we come up that there are two answers. Traditionally, the lot size is
frequently thought as one, where one item is moved from one assembly station to another.
On the other hand, the lot size can be considered as infinite since the products on a
assembly line are rarely changed. Therefore, from the OPT perspective, there are at least

two lot sizes.
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1- The transfer batch : the lot size from the parts point of view.
2- The process batch : the lot size from the resource point of view.
8-Process batches should be variable, not fixed. This implies that the process batch
size at different work centers should not be same. Traditional manufacturing techniques
suggest that the batch size should be fixed, both over time and from operation to operation.
However, in the OPT approach, process batches are a function of the schedule and vary
from operation to operation. In addition some operations can be bottlenecks and may
require large process batches, while non-bottlenecks may require small process batches in
order to reduce lead time and the resulting inventory.
9-Set the schedule by examining all the constraints simultaneously. In Materials
Resource Planning (MRP II) approach, first the batch size is determined and afterwards by
assigning fixed lead times, the schedule of upstream operations are set. Only running this
kind of scheduling can’t recognize the capacity constraints. The above OPT rules should be
followed simultaneously in order to set correct schedules. Because the sum of local optima

should not be equal to optimum of the whole system.
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3. SCHEDULING DEVELOPMENT IN A TOC ENVIRONMENT

TOC focuses on the system’s constraints, their exploitation according to the goal of
the organization, and the implications of exploiting these constraints on the rest of the
system. The focus of OPT is the identification of bottlenecks in the manufacturing process,
with the objective of basing the scheduling efforts on these bottlenecks. The main five steps
of this process can be explained as follows.

Step 1. Identify the system constraints.

Step 2. Decide how to exploit the constraints..

Step 3. Subordinate everything else to the above decision.
Step 4. Elevate the system constraints.

Step S. If in the previous step, a constraint has been broken, go back to Step 1.

3.1. Drum-Buffer-Rope Scheduling

The “drum” is a system constraint or other critical resource that sets the pace of
production and it is also called as CCR. The “ropes” are schedules or other signaling
methods that tie the release of raw materials dates to the production at the drum. The
“buffers” are extra materials on the shop floor. In general, very little Work-in-Process
(WIP) is held in a DBR system. However small buffer inventories are held to compensate
for unavoidable variations in flow time. DBR uses three types of buffers [18].

Constraint buffer : protects the throughput of drum. It provides insurance that the
drum in rarely idle due to lack of material.

Assembly buffer: provides insurance that parts which have completed processing on
the drum are not delayed at assembly by shortages of matching parts.

Shipping buffer: protects the integrity of customer promise dates.
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The important idea of DBR is that all shop floor production will be paced by drum and

work-in-process inventory levels will be kept very low.

Constraint buffer

Rope / Shipping

Assembly buffer

Figure 3.1 Drum-Buffer-Rope

Scheduling in DBR has three basic step as follows [19].

Step 1 : Schedule the constraints. In order to schedule the drum, also Master
Production Schedule (MPS) must be scheduled.

Step 2 : Determine the buffer sizes

Step 3 : Derive the materials release schedule according to steps 1 and 2.

The task is now to develop a finite schedule for the bottleneck. Using the actual
production rate of the bottleneck is a convenient way to develop the overall bottleneck
load and the schedule that results from fitting the shop order to that load. Once the finite
schedule has been create and an agreeable plan for catching up has been made, the next step
is creation of master schedule. End items which contain components that are routed across
the bottleneck must appear in the master schedule in a manner that is consistent with the
quantities and the timing of plans for production expected from the bottleneck operation. It
must be emphasized that the function the master schedule performs is the guarantee that a
flow of material is created to support the final production.

The next step is creating buffers. Under synchronous manufacturing, inventory is
viewed as a strategic weapon that will occur in any dependent system. The only way to

avoid this statistical fluctuation is to eliminate variability in all elements of the
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manufacturing. Under JIT, considerable effort is given to this elimination. If all of this
variability can be eliminated, JIT will outperform any other system. The first DBR buffer is
placed in the shipping area. This is an offset from promised ship date to the due date from
the final assembly. The next buffer to be created is an assembly buffer. Assembly buffers
are time buffers created to ensure delivery of purchased components do not interrupt the
final assembly schedule. The last buffer to be implemented is at the bottleneck operation.
This is a time buffer also. These buffers are placed so as to compensate the statistical
fluctuations that will occur in a production environment.

The last step is the creation of the rope. The function that the rope performs is the
assurance that the release of material into plant is always sufficient to support the bottleneck
operation. This is done by communicating the finite production schedule at the bottleneck
back to the first operation supporting that bottleneck. The object under TOC environment is
not to provide a schedule for each machine center but to execute the finite schedule for the
bottleneck.

Material flows through the shops as required to support the bottleneck buffer and the

material is drawn from that buffer to support the bottleneck..

3.2. A TOC Master Production Scheduling Problem

Under TOC, Master Production Schedule is used to plan the bottleneck operations.
By focusing the key points of TOC the following numerical example will guide the steps of
TOC MPS.

Assembly

Drill Polish

Figure 3.2 Layout of Work Centers



There are totally three work centers namely, Drill, Polish and Assembly.

routings and product-process structure are as follows.
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The BOM,

Products
Selling prices 40 60 30
Q P R
M1 M1 M2 M2
Raw material cost 10 10 10 10
Raw Materials
Figure 3.3 BOM
|
Demand: 70
Q Selling R
Demand:50 Price:60 Demand: 50
Selling Selling
Price:40 Price: 30
rice Assembly
25 min
Setup:180 min
Drill Polish
28 min 12 min
Setup:240 min Setup:360 min
Drill
6 min
Setup:360 min
Polish
10 min
Setup:120 min
Ml M2
Raw Material Raw Material
Price: 10 Price:10

Figure 3.4 Product-Process Structure
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Operation
Part Qperation # Work Center time(min)
M1 10 Drill 28
M2 20 Polish 10
30 Drill 6
40 Polish 12
M1+M2 50 Assembly 25
Table 3.1 Routings

3.2.1 Scheduling The Constraint

Under the highlight of DBR’s basic three steps, the MPS can be derived. The first step

is to scheduling the constraint. By assuming two weeks (4800 working minutes) of market

demand of 50 units of Q, 70 Units of P, 50 units of R and two equally separated batches

of shipments, the capacity analysis is shown in Figure 3.2

(in minutes) Polish

Q
50 units

P 22
70 units 1540

R 22
50 units 1100
Setups 960

Total Min. 3600
Min/Capacity 75%

Drill
28
1400
34
2380
6

300
1200
5280
110%

Assembly

25
1750

180
1930
40.2%

Table 3.2 Capacity Analysis

As it is realized, Drill is the capacity constraint work center in the production

environment. So all the effort should be diverted to this constraint and it should be utilized

in the best way. The best utilization of Drill (in terms of making money) operating time will

give the best MPS of Drill and so as the rest of the system. In order to find a feasible
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solution to the product-mix problem of above example, the best machine operating

utilization-which is so called the throughput contribution of one minute of constraint’s

operating time is calculated as shown in Table 3.3

(in units) Q P
Selling 40 60

Price

Raw Material

Price 10 20
Profit 30 40
Bottleneck Op.

Time(min) 28 34
Contribution 30/28=1.07 40/34=1.17
Priority 3 2

w
o

10
20

6
20/6=3.33
1

Table 3.3 Contribution Analysis

As it is realized, the operating time of Drill should first be used for production of R

and then for P and finally for Q. Assuming that shipping will be done in two shipments, the

best utilization of Drill is as follows.

Unit Setup Required

Operation Product Op. time Time  Production Time

30 R 6 360 25 510

30 P 6 35 210

10 P 28 240 35 1220

10 Q 28 25 700

30 R 6 360 25 510

30 P 6 35 210

10 P 28 240 35 1220

10 Q 28 7 196

Cumulative
Time

510

720

1940

2640

3150

3360

4580

4776

Table 3.4 Utilization of bottleneck-Drill

The above Table 3.4 also gives us the Drum schedule as follows.
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Projected
Operation uanti Start Hr
30 60 0
10 60 12
30 60 44
10 42 56

Table 3.5 The Drum Schedule

3.2.2 Determination of Buffer Sizes

The most important issue is now to be sure that the right quantity of material will be
available from preceding operations to support the constraint’s planned production. This is
actually the rope component of DBR. As an hour lost at bottleneck is an hour lost for the
entire system, it is highly important to support the bottleneck operations on time. The idea
is to backward schedule the constraint so that a constraint time buffer will be created for the
release of raw materials. The MPS should provide a time buffer between material release
and the constraint. This is accomplished by scheduling from the MPS at the constraint to
the first operation where material is released. By subtracting a time buffer from the
constraint schedule, material release at the first operation is determined. The time buffer
should be much larger than the sum of the processing times at all operations between
release and the constraint, it should be large enough to allow some operations to work on
other components first, and should be large enough to absorb the unplanned disruptions that
are common in a production environment.

A rule of thumb in TOC is to start with a buffer that is five times the sum of the setup
and processing times of operations between material release and the constraint. The time
buffer is an additional amount of lead time in the development of the material release

schedule.
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3.2.3 Material Release and Shipping Schedules

Unlike MRP there is no need to calculate the start and due dates of all other operations.
The rule is that if material is available, it is produced. An end item that does not have any

components which are routed across the constraint can be thought of as free good.

Release 45

N

Release 33
Release 1 € ‘

]
| 60 L60 | 60 l 42 l

0 12 44 56 80

Figure 3.5 The Release schedule-Constraint Buffer

The shipping buffer allows a safety to absorb any kind of instability in the production
environment. Similarly a time buffer is added to the above calculated constraint time to
determine the shipment date. Also it is possible to determine an assembly buffer that can be

derived from the constraint buffer.

Shipment 15.5

v

Shipment 19.5 R
Shipment 39.3 ] R
Shipment 51 ’
25 | 35 35 25 g5 Shipment 59.5
>
L1 | | | | * | 12|
0 85 12 323 44 52.5 56 76.3 179.6

Figure 3.6 The Shipping Schedule
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The MPS under TOC contains only components routed across the constraint; however
MPS counts for all end items in the shipping schedule. There is only one MPS-which is for
constraint but it derives a series of subgroup schedules such as raw material release, final
assembly and shipping schedule. A summary of Master Production Scheduling under TOC
with the use of Drum-Buffer-Rope technique can be summarized as follows.

Step 1 : Determine the constraint using capacity analysis

Step 2 : Determine which components are routed across the constraint

Step 3 : Use profit margin per constraint minute to find priorities

Step 4 :Use priorities to construct the MPS so that the constraint is fully
utilized.

Step 5 :Schedule any end items that do not contain components routed across
the constraint. (free goods)

Step 6 :Develop a material release schedule by back scheduling from the
constraint and create the constraint buffer.

Step 7 :Develop the shipping schedule by forward scheduling from the

constraint and create the shipping buffer.

3.3. Linear Programming (LP) Solution of the Problem

It is highly interesting and worthwhile to study the product-mix problem of the MPS
under TOC by using linear programming [20]. By using TOC rules and the optimum
product mix came out to be 32 units of Q, 70 units of P and 50 units of R. It is extremely
an important decision to decide what to produce and how many to produce under a
production environment with different routings, setup and processing times. The main
criteria to solve this problem under TOC is profit margin per constraint minute. This
measurement dictates the priorities which helps for finding the sequence and quantity of

product-mix problem.



The problem can be formulated as follows;
Max Z= 30Q+40P+20R
Subject to :
22P+22R <3840 (Capacity constraint of Polish)
28Q+34P+6R <3600 (Capacity constraint of Drill)
25P <4620 (Capacity constraint of Assembly)
0 < P <70 (Demand constraint of Product P)
0 < R < 50 (Demand constraint of Product R)
0 < Q <50 (Demand constraint of Product Q)
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One should realize that the objective function is derived using the TOC concept that

optimizes throughput (sales revenue minus raw materials cost). Processing this formulation

gives the following result.

OBJECTIVE FUNCTION VALUE
1) 4785.7140

VARIABLE VALUE REDUCED COST

Q 32 0
P 70 0
R 50 0
SLACK OR
ROW SURPLUS DUAL PRICES
3) 0 1.071429 (Capacity constraint of Drill)
5) 0 3.571429 (Demand constraint of P)
6) 0 13.571430 (Demand constraint of R)

Table 3.6 The LP Solution
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The definition of dual price is the worth of a resource and gives us the rate of
improvement in optimum value of objective function-which is Z [21].

The above solution states that the maximum dual price stands for demand
constraint of R which has the highest throughput per minutes of capacity constraint
resource. This outcome is inline with the TOC understanding and explains us where the
throughput philosophy is originated from. The final LINDO output can be seen at Table 3.7.

The REDUCED COST portion of LINDO output gives us information about how
changing the objective function coefficient for a nonbasic variable will change the LP’s
optimal solution. For any nonbasic variable xi, the reduced cost for xi is the amount by
which the objective function coefficient of xi must be improved before the LP will have an
optimal solution in which xi is a basic variable. If the objective function coefficient of a
nonbasic variable xi is improved by its reduced cost, then the LP will have alternative
optimal solutions-at least one in which xi is a basic variable. The basic variables associated
with the optimal solution are Q, P, R, sl (the slack for capacity constraint of polish), s3
(the slack for capacity constraint of assembly), s6 (the slack for demand constraint of
product Q). Since Q, P and R are all basic variables in the optimal solution, their associated
reduced costs are all zero. There is no nonbasic variable to improve the objective function

coefficient to have an alternative optimum solution.



LP OPTIMUM FOUND AT STEP

3

OBJECTIVE FUNCTION VALUE

1)

VARIABLE

Q
P

R

ROW

478

5.7140

VALUE

32.857140
70.000000
50.000000

SLACK OR SURPLUS

1200.000000

28

NO. ITERATIONS=

.000000
70.000000
.000000
.000000
17.142860

3

REDUCED COST
.000000
.000000
.000000

PRICES
.000000
1.071429

.000000
3.571429
.571430
.000000

RANGES IN WHICH THE BASIS IS UNCHANGED:

VARIABLE

Q
P

R

ROW

SO s W

30
40
20

3840.
3600.
4620.
70.
50.
50.

CURRENT
COEF
.000000
.000000
.000000

CURRENT
RHS
000000
000000
000000
000000
000000
000000

Tab

OBJ COEFFICIENT RANGES

ALLOWABLE ALLOWABLE
INCREASE DECREASE
2.941176 30.000000
INFINITY 3.571429
INFINITY 13.571430
RIGHTHAND SIDE RANGES
ALLOWABLE ALLOWABLE
INCREASE DECREASE
INFINITY 1200.000000
480.000000 920.000000
INFINITY 2870.000000
27.058820 14.117650
54.545460 50.000000
INFINITY 17.142860

le 3.7 The LP Output
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4. MRP, JIT And OPT

The complexities of production planning have challenged managers to seek innovative
solutions. In the early 1970s this meant the implementation of Materials Requirements
Planning (MRP) systems in many companies. While there was an overall increase in
productivity, some of the benefits used to justify MRP did not extent that was expected. In
1980s the competition of Japanese firms led some new techniques called as just-in-time
(JIT) production techniques. Again, it was realized that JIT required some structural
changes which need considerable time and effort in management philosophies. TOC first
became known in the U.S. through a shop floor planning and control program known as
OPT, sold by Creative Output beginning in 1979. The program was developed by Eli
Goldratt, who later expanded its principles into the Theory of Constraints, as explained in

his books, The Goal, The Race, The Haystack Syndrome, and The Theory of Constraints.

4.1 Materials Requirement Planning

MRP is a computer-based information system designed to handle ordering and
scheduling of dependent demand inventories. A production plan for a specified number of
finished products is translated into requirements for component parts, working backward,
using lead time information to determine when and how much to order. MRP begins with a
schedule for finished goods that is converted into a schedule of requirements for the
subassemblies, component parts and raw materials needed to produce the finished items in
the specified time frame. Thus, MRP is designed to answer three questions: what is needed,

how much is needed, and when is it needed.
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The primary inputs of MRP are bill of materials, which tells what a finished product is
composed of, a master schedule, which tells how much finished product is desired and
when; and an inventory records file, which tells how much inventory is on hand or on order.
This information is processed using various computer programs to determine the net
requirements for each period of the planning horizon. OQutputs from the process include
planned-order schedules, order releases, changes, performance-control reports and planning
reports.

At the planning level MRP may be considered as a pull system, since all requirement
computations are based on a master production schedule which in turn is derived from
forecasts or orders. At first sight the MRP logic perfectly coincides with the just-in-time
idea of having the right part at the right place and at the right time. In an ideal process with
sufficient capacity and without unexpected disturbances, the items will indeed flow through
the production process according to plan.

At practice, however, this doesn’t happen. On the operational level many production
environment experience with high level of inventories, queues and longer than planned lead
times. Each work center pushes the batches to the next stations. MRP is still a push system

at the operational level.

4.2 Just-In-Time Manufacturing

The term just-in-time is used to refer to a repetitive production system in which both
the movement of goods during production and deliveries from suppliers are carefully timed
so that at each step of the process the next batch arrives for processing just as the preceding
batch is completed. The result is a system in which there are neither idle times waiting to be
processed, nor idle workers and machines waiting for items to process. The just-in-time is a
characteristic which pertains the timing of the flow of parts and material through the system,
and the timing of services. The key elements of the system are production smoothing, low

inventories, small lot sizes, low setup and a pull system of moving goods.
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In the Japanese pull environment, materials are not fed into the production cycle until
the finished product is actually required. Product requirements trigger the production, not
the forecasts. This is easier to do so in Japan because of much shorter lead times which is

the cause of few and reliable suppliers.

4.3 Optimized Production Technology

A key insight of OPT is that only a few work centers within the factory control the
output of the entire factory for each product line. Managing these Capacity Constraining
Resources (CCRs) or bottlenecks optimizes the output of the factory. Knowledge of the
plant's CCRs also provides guidance for future plant investment. Because MRP II arrived
before OPT, OPT has generally been installed with an MRP II system already in place.
Reviewing the literature, OPT is generally viewed as complementary to MRP, supplying
finite shop floor scheduling while MRP generates the overall demand. This section focuses
on the distinctive aspects of OPT compared with MRP and JIT and how to implement it
successfully under an MRP 11 system.

In OPT, production is not scheduled with either a push or pull technique, but on a
bottleneck basis.. The bottleneck areas in a facility are analyzed and then evaluated.
Production is planned so that the bottleneck work centers will be utilized to the maximum
and all other departments which are not bottlenecks will be planned to keep the bottleneck
departments working at full capacity production at all the times.

TOC, which is a management philosophy, with the goal of making money, in both the
present and future. This goal is accomplished by 1) maximizing throughput (rate of sales);
2) by minimizing inventory. (material cost of goods not yet sold); and 3) by minimizing
operating expenses, all money spent to turn inventory into throughput. This includes direct
labor, overhead, and all capital goods. Finally, production results from several
implementations of OPT are documented. The conclusion is that OPT offers manufacturers
in job shop and repetitive environments a significant improvement in shop floor

productivity, on time delivery, and predictability.
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4.4 Key Differences Between MRP, JIT and OPT

The key differences between MRP, JIT and OPT will be classified in terms of some

basic aspects of production environment. The understanding and evaluation of each

philosophy for each aspect is studied [22,23,24].

Production Capacity : MRP ignores capacity constraints to a large extent, which can
cause unprealistic results. The use of rough-cut capacity planning is a good approach to
capacity check at the planning stage, but in many cases it is not enough. A capacity check
which ignores lot sizing come up with unfeasible solutions. JIT and OPT schedule the
production by considering that the capacity is limited. In JIT, the Kanban card is used to
control capacity, and in OPT the bottleneck is used.

OPT includes rough cut capacity planning, which when combined with the machine
resource data can estimate the capacity required at each work center. The average loads on
machine centers are sorted in descending order and the most heavily loaded- CCRs are

studied.

Scheduling Method : In OPT, plant work centers other than constraints are not
scheduled. The work rule may be: "work if you have materials; do not work if you do not
have materials". These non-constraiﬁing resources have no inventory buffers. These
resources protect against shortages through excess or safety capacity, since, by definition,
these are not CCRs.

As MRP is a infinite scheduler, OPT creates finite schedules for only the CCR
operations. The downstream operations are finite forward loaded based upon the capacity
of the CCR resource. The upstream operations are back scheduled from the CCR using
MRP logic. This procedure greatly simpliﬁ:es finite scheduling. The net effect of the finite
scheduling and a key contribution of OPT is an achievable master production schedule
which is not a case for MRP at all times. There can be some conflict issues between the

MRP schedule and the finite loading at only a few work centers.
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OPT is a push system downstream from the CCR and a pull system upstream from the
CCR. Obviously, if the market is the CCR, then the whole factory is a pull system, as it is
for JIT. But OPT is flexible, and the CCR may be located anywhere in the factory. MRP
treats all resources as infinite in capacity, and follows the drum of orders only, pushing
material through the factory.

The time offset between scheduling the CCR and the release of raw materials is known
as the rope. This time is computed by adding the processing times of all the resources
upstream from the CCR. The combination of the Drum-Buffer-Rope constitutes OPT shop
floor scheduling. This is in contrast with JIT which pulls material through physical signals,
and MRP, which releases material constrained only by the rough cut capacity planning
system.

The production schedule is driven not by orders, nor by the MPS, but by the Drum,
the pace of the factory CCR. When the market is the constraint, orders act as the drum, and

material is pulled through the factory.

Buffers : A time buffer and safety stock are established in front of the CCR and any
critical operations that feed the CCR. This is to protect the CCR from statistical
fluctuations which would stop this critical process. Another buffer is established before the
final assembly line. A safety stock of CCR parts is kept here. Shipping is also buffered
from variability in the assembly line.

This selective buffering of OPT is in contrast to JIT, which puts inventory (in
Kanbans) throughout the plant, and MRP, which puts inventory throughout the plant by

launching orders in excess of the factory's CCR capacity.

Data Requirement and Accuracy : OPT builds on MRP data requirements, but does
not require extreme data accuracy except at points feeding the CCR resource. The Pareto
rule used to determine CCRs, and consequently which data needs to be accurate for
decision making. The CCR and its feeder data must be accurate, or OPT won't work. The
identification of CCRs also shows where setup reductions and process improvement efforts

should be focused.
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Lead Time: MRP assumes that lead, setup, move, and processing times are
deterministic. OPT assumes nothing is deterministic. Any rules based on average time fails
because of statistical fluctuations. In MRP dependent events combined with statistical
fluctuations natural to the factory environment reduce throughput and increase WIP. This
produces waves of inventory in a factory, and the month end rush symptoms.

Lead times are the result of a OPT schedule and cannot be predetermined. In practice,
this means lead times are variable, unlike MRP. As a start-up heuristic, OPT sets lead times

to be five times processing time. OPT also uses operation overlapping as much as possible.

Batch Size : In OPT, the transfer batch should be optimized to maximize throughput,
not automatically set to the process batch size, as is done in MRP. The process batch itself
should be variable, a function of the schedule, potentially varying by operation and
overtime. Both lot sizes vary, with the goal of maximizing production across the CCR.

OPT is designed to split orders on the shop floor. However, rather than splitting the
orders on the CCR or back logged machine, as is normally done, the orders are split on the
non- CCR machines, where more setups are done. OPT creates larger lot sizes on the CCR
machines and smaller lot sizes on non-CCR machines. The transfer batches are usually
smaller than the process batches, since OPT uses overlapping schedules to maximize
production and reduce lead time.

An interesting illustration of the difference between OPT and MRP is the case when
there are no factory constraints, that is, if the market is the constraint. Like MRP, OPT will
back schedule the factory from the market demand. However, OPT will reduce the batch

sizes until some resources almost become CCRs. In JIT, batch sizes are assumed to be one.

Accounting Approach : In OPT, all accounting burden is put on the Capacity
Constraint Resources. The CCR utilization is used to determine which products maximize
throughput. A "good" product is one that has a high contribution and uses little of the CCR
resource. Unlike standafd cost accounting, factory effectiveness under OPT is not measured
by machine efficiency. Efficiency or utilization is made up of two components: breakdowns
or absenteeism and lack of work. The ideal utilization of the first is 100%. The ideal

utilization of the second is 0%.
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Sensitiveness to Change : Like JIT, OPT assumes a stable environment. When the
factory is unstable, non-CCRs can become CCRs. In such a variable environment, one
begins by saving time on CCR resources, and then proceeding to resources with next
highest utilization, for it may become the next CCR. OPT is actually less sensitive to
changes in the production plan than JIT. Production plan changes are analyzed in terms of
their impact upon the CCR, which highlights any problems. Simulation of the factory can
also be carried out in the scheduling process. Capacity changes in the CCRs can also be
simulated. This permits the plannér to anticipate impact of changes in demand, schedules or

work center capacities.

4.5 The Weakness of MRP Compared To Other Techniques-JIT And OPT

MRP uses a backward infinite strategy in order to set release dates for work and
ignores finite or real availability of materials and capacity.

In performing a backward scheduling process a lead time of manufacture has to be
predicted or calculated for each stage in the Bill of Material. This has to be applied to
calculate the starting date of each planned production activity As manufacturing times will
obviously fluctuate as demands change over time causing constant mix variations on the
shop floor, this is clearly an approximation. Many if not all such users will need to build in
some slack or queue time to allow for such lack of finesse. The end result of this process
will be to tend to over launch materials into production and increase actual lead times.

Fixed batch size rules set against particular stages will distort the scheduling process
still further, as these will be disconnected from the true short term requirements or orders.
In fact many advanced users try and eliminate such batch quantities if possible from these
calculations.

A further problem in calculating a start time for each operation based upon a backward
sweep from due date is that true contention cannot be considgred, nor can real constraints
or bottlenecks be taken into account. The end result of this process is to be inaccurate in

the prediction of such start dates.
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The lack of any real focus will result in lack of attention to the relationship between
resources and will ignore the fluctuations in actual performance that might occur in the

activation of a resource.

4.6 A Guide to Implementation OPT As An Enhancement to MRP

As discussed at many platforms, OPT is accepted as an enhancement to MRP [25]. In
this section, the implementation steps of such an enhancement is studied. This
implementation helps us to better understand the similarities and differences between MRP
and OPT.

Implementation requires perfect data accuracy at CCR operations, and less accuracy at
non-CCR areas. Since this is less data accuracy than what is needed for the existing MRP

system, most implementations will be satisfied by double checking data for the CCRs.

Identifying bottleneck operations in the shop : It can be done through MRP reports
on work force and machine loads, or by the simply walking through the shop and observing
where inventory has piled up. Note that MRP often under- reports loads because setup
time is not considered in the load. The shop floor personnel and Master Schedulef are also
good sources for insight on the shop's bottlenecks. There may also be a list of machines that
are candidates for capacity improvement. The initial set of bottlenecks will change as TOC
is implemented, so perfect accuracy is not necessary.

The pareto rule is used to determine CCRs, and explore candidates for setup
improvement. The 20% most heavily loaded work areas are assessed as CCRs.
Generally companies don't know their capacity or CCRs. The pos§ibilities of extending CCR
capacity within short time horizons through overtime or outsourcing should be taken into
account when identifying the CCR. TOC implicitly assumes a stable system in determining

CCRs. A plant should have a stable order mix and given resources before implementing.
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Controlling MPS by CCR : The pace of the factory will be set by the cycle time of
the CCR. The Master Scheduler will accept no more requirements beyond that which can be
produced at the bottleneck during a time period. The master schedule for the CCR is used

to derive the schedule for the MRP system.

Developing the Master Schedule : The Master Scheduler develops a finite schedule
for the CCR. This can be done through the OPT software package, another finite scheduling
package, or manually. A simple technique is to start from the shop flow orders for the CCR
as prepared originally by the MRP system.

Past due and current orders will likely cause an overload at the CCR. This overload can
be handled through expediting, overtime, or working down existing WIP and finished goods
inventory. Regardless of the technique, an achievable plan needs to be made. Once the CCR
plan exists, preceding operations can be back scheduled to deliver the proper parts to the

CCR at the proper times.

Creating Buffers : First create a buffer before shipping area, to protect the shipping
schedule from variability in the final assembly area. In most MRP systems, this buffer
already exists and can be used as is. Through buffer management, this buffer and the others
will be continually reduced in size as variability is reduced.

Next, create a buffer before the assembly area, to protect the assembly line from
variability in delivery purchased and manufactured components needed by the line. This
buffer is usually already established through a lead time parameter in MRP. This lead time
buffer should only contain items that are needed for final assembly, not for all parts
throughout the plant. The routing file should be reviewed to determine which parts need to
be buffered.

Finally, a time buffer is created before the CCR operation. This is done by adjusting the
lead time in the MRP part master for the parts routed across the CCR.

In all cases, the initial bﬁﬁ'er size can be determined by the heuristic that the buffer
should be five times the total cycle time, including setup time. Very often the existing WIP
buffer will be larger than this, and the MRP lead time will ilave to be reduced. Through
buffer management, these buffers are adjusted in size until 90% of the parts can be

processed without expediting.
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Creating the Rope : The rope assures that the release of material into the plant is
sufficient to support the bottleneck operation. The finite production schedule at the
bottleneck is communicated to the first operation by eliminating all lead time from the CCR
to the first operation. The first operation will always appear past due. The elimination of
lead time reduces the WIP in an MRP system. Realize there will be no schedules for non-
CCR operations.

Execution : The CCR schedule must be rigidly followed. The CCR schedule is
controlled through the buffer management system discussed earlier. The final assembly
schedule is created to support the actual ship dates. Purchasing continues to execute
purchase orders developed in the MRP system.

The software system changes are the easy part of the implementation. The critical part

is the need for complete understanding among all members of the factory management team.
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3. A SIMULATION COMPARISON OF MRP, JIT AND OPT

MANUFACTURING SYSTEMS

Job shop scheduling in the multi-product, multi machine environment is one of the most
difficult combinatorial optimization problems (NP-complete). In the problem, each end
product goes through a sequence of different operations whose order must be preserved.
Also each of these end products may have to meet a delivery date. The problem has
sequencing and delivery date constraints. As researchers have long been working on this
problem, it is difficult to say that optimal solutions generated from static models do not
represent real world situations. So a simulation mode] can be a tool to investigate the
behavior of the manufacturing system [26,27,28].

Simulation must be treated as a statistical experiment and are developed to analyze the
behavior of systems as a function of time. From that standpoint, there are two types of
simulation:

1. Discrete simulation
2. Continuous simulation

In discrete simulation, the simulated system is looked at only at selected points in time,
where as in continuos simulations the system is monitored at every point in time. Thus, we
will use discrete simulation to analyze the basic differences and consequent outcomes of
three main manufacturing philosophies. It is important to note that in discrete simulation the
concept is to collect statistics at the occurrence of key events. For example, in a job shop
manufacturing model, statistics are collected when a part arrives to work station and when
an operation is completed and the part routed to an other work station.

We will use Promodel 4.0 as a simulation tool to analyze the systems and report the
outputs. The output of a simulation model is presented in terms of selected measures that
reflect the performance of the system. Thus we determined throughput, work-in-process,
inventory carrying cost, flow time and cycle time as performance measures to analyze and

compare the three approaches.
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5.1 The Problem Definition

It is realized that there are three main areas that differ among the manufacturing
systems. These areas are balanced or unbalanced plant, batch sizes and the level of
inventory in the system. Thus, the simulation model is designed to stress these points and
analyze the consequent outcomes.

The previous TOC MPS example is based on a product-mix problem which yields
finding an optimal quantities of each products. Thus, in order to discard the effect of
product-mix problem and setups, the case is converted to a more simple situation- a parallel

assembly line as below.

Raw
Material

X - Buffer

‘ Machine Machine B
— A B

Product
Machine
F >
Raw
Mal{znal : Buffor :
Machine Machine D Machine

—_— C D E

Figure 5.1 Parallel Assembly Line-Simulation Model

5.2 The Performance Measures and Run Time of the Simulation

The three basic indicators of a manufacturing system in terms of OPT approach are
throughput, inventory and operating expenses. Thus our simulation model will control and
measure these three indicators together with flow time and cycle time. Briefly the

performance measures are as follows :
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Throughput : Number of entities which leave the system in a given time interval.

WIP : The sum of average work-in-process at all of the locations (buffers
and machines) of the system

Inventory-carrying-cost : Total cost of carrying inventory at all locations of the
system during the entire run time.

Flow Time : Average lead time (time between arrival and departure) of all
entities which leaves the system during the simulation run.

Cycle Time : Average time between departures of each entity which leaves the

system during simulation run.

Simulation being a statistical experiment, exhibits variations in output. These variations
occur as a function of time. As the behavior of simulation output can be separated in two
regions, namely transient state and steady state, we will collect statistics at the steady state
which the simulation output is considered to be independent of time. Thus we have to make
very long simulation runs to improve the chances of reaching steady state. Each observation
represents 1666 factory hours as the transient block size is set to 5000 factory hours to

reach the steady state with a replication of ten.

5.3 The Characteristics of Manufacturing Systems

There are some major areas between each system. For example, JIT requires a
balanced plant. That is, each resource has the same output capacity and the statistical
fluctuation at operating times of each machine is so minimized that there is no need to
create buffers between resources to absorb the fluctuation. On the other hand, OPT lets the
system to stay at unbalanced that one resource may have less capability than others. This is
the constraint resource. The dependency is tried to be broken by placing buffer in front of
this resource. The two system have the same perspective that additional inventory is useless
and wasteful since it will increase work-in-process and decrease throughput. MRP can be

considered a traditional system since it allows inventory at each level of production.
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An other important issue of the systems is batch size. In MRP, only one size is
considered which is the process batch size. Similarly JIT considers only one kind of batch
size and tries to minimize it to one by Kanban system. On the other hand, OPT uses
different-sized transfer and process batches. At bottleneck resources the batches are bigger
as at non-bottleneck resources the batches are assumed to be smaller.

In MRP simulation system, an inventory buffer exist between each machine. These
buffers are Buffer B and Buffer D. The buffer inventory levels are set to four, eight, 12 and
16 units for each buffer. As MRP does not consider a balanced plant, the operating machine
times are set to 15, 20 and 25 minutes with equal probability.

In JIT system, again all two buffers are set. The buffer levels are set to four, eight, 12
and 16 which gives us a chance to make a comparison between MRP and JIT. The main
difference between MRP and JIT is the machine operations time distribution. As both
system assume a discrete probability, JIT system uses lower processing time variation-which
is 10% probability that the processing time would be 15 minutes, an 80% probability that
the processing time would be 20 minutes, and a 10% probability that it would be 25
minutes. The main power of JIT is originated from balanced plant perspective. The
statistical fluctuations and dependency are two vital factors of real life production
environments. A system which can better cope with these two aspect can reach the goal of
more throughput and less inventory.

In OPT, it is essential to reduce the fluctuations at the constraint stations rather than at
the entire system. Thus, compared to JIT, OPT only focuses on the constraint resource
which directly controls the throughput of the system. As the constraint resource is the
hearth of the system, it is called to be Drum. In order to control the production environment
and keep the constraint resource running all the time, the ropes-which are signals and time
buffers are needed. In OPT simulation system, Buffer B as assembly buffer and Buffer D as
constraint buffer are set assuming Machine E as the drum. The rope is the inventory level of
constraint buffer D. If inventory level at this buffer is at one-third of its capacity, then the
process time of non-bottleneck resources will be 15 minutes. if the inventory level is
between one-third and two-third of its capacity, then there is an equal probability that the
processing time will be 15 or 20 minutes. If the inventory level is more than two-third of its

capacity than the non-bottlenecks have the process time variation of 15, 20 or 25 minutes
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with equal probability. Since OPT only tries to minimize the fluctuations at the constraint

resources, the processing time of the drum is the same as in JIT system.

5.4 The Results of Simulation Model

The results of parallel simulation system are compared at each performance measure

category. The final outputs of each manufacturing system can be found at Appendix A

through Appendix C. Also it is vital to construct a statistical analysis to ensure that it is

convenient to compare the results with each other.

5.4.1 The Throughput

Buffer Size MRP JIT OPT
4 4101,2 4590,9 4770,3
8 41041 4595,8 4766,2
12 4109,2 4598,7 4761,3
16 41141 4600,7 4772,5

Table 5.1. Average Throughput

Average Throughtput
4800 & X X %
4700 1
4600 — A A—o
3 4500
£
S 4400
(=}
£ 4300
F 4200
4100 —O0 : —O0— —O0—MRP
4000 - : : —— — |
4 8 12 18] _x—opr
Buffer Size

Figure S5.2. Average Throughput
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The two-way Analysis of Variance (ANOVA) of simulation shows that there are
significant and main effects between manufacturing systems. OPT manufacturing system is
the favorite in terms of throughput performance almost at every buffer size. As throughput
is the most important indicator of OPT system together with WIP and operating expenses,
it shows great performance. It is possible to indicate that MRP system has no advantage
over both JIT and OPT. Only at high buffer sizes MRP tries to reach the throughput level of
others’. As it is important to produce more with less inventory, OPT even outperforms JIT.
Also one-way ANOVA at each buffer size states that there are explained variances by
treatments. This claims that the null hypothesis-which states that the mean of sample groups
are equal- is rejected at each buffer size. The detailed ANOVA study of throughput is given

in Appendix D.
5.4.2 The WIP
Buffer Size MRP JIT OPT
4 8,519 9,109 11,760
8 10,960 11,568 18,898
12 12,653 12,950 | 25,852
16 15,019 16,136 | 31,717

Table 5.2. Average Work-in-Process

35

Average WIP

30

Buffer Size

16

25
A O —~X—OPT
10 % 6

Figure 5.3. WIP




40

The two-way ANOVA of work-in-process performance measurement also states that

work-in-process is significant in this study both at buffer sizes and at manufacturing system

levels. As in our simulation model, JIT has the same inventory levels with MRP, it indicates

also similar inventory levels. Although the inventory levels are low compared to OPT, the

two systems can not generate necessary output to over perform OPT. This is because of

wasteful inventory that does not turn into throughput. This proves that a system with less

inventory level is more sensitive to process time variability and can produce more output

with the same variability. The detailed ANOVA study of work-in-process is given in

Appendix E.
5.4.3 Flow Time
Buffer Size = MRP JIT OPT
4 103,1 88,1 99,1
8 148,3 127,5 162,9
12 157,2 126,6 228,1
16 216,1 172,3 266,7
Table 5.3 Average Flow Time
Average Flow Time
300
250 4
200

Flow Time
g8 8
K—t +
\\x

Buffer Size

—0—MRP
—A—JIT
—X—OPT

Figure 5.4. Flow Time
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As OPT does not have a good performance in WIP relatively to throughput, it also has
a longer flow time with respect to JIT and MRP at high buffer sizes. This outcome is
expected, since in OPT approach, only drum controls the pace of production and the non-
bottleneck resources even do not run and make small batches of production that these
actions increase the flow time of parts through the entire system. In a less complex system-
such as serial assembly line model, OPT performs better. But as the capacity of buffer
increases, the performance gap between OPT and other systems get closer to each other
which means that OPT has a better performance at low buffer capacities.

It is worth to state that only at buffer size of four and 12, there is a main significance

between samples. The detailed ANOVA study of flow time is given in Appendix F.

5.4.4 Cycle Time
Buffer Size MRP JIT OPT
' 4 24,071 21,772 20,953
8 24,353 21,748 20,972
12 24,324 21,732 20,993
16 24,294 21,726 20,943
Table 5.4 Average Cycle Time
Average Cycle Time
24,8
24,4 0 o 1

§23.2 —0—MRP

8
%,4 —AJIT
@20 . . v
1.6 A A X — OPT
21,2
20,8 X X
20,4
20,0 — —+ -

4 8 12 16
Buffer Size

Figure 5.5 Cycle Time
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Cycle Time is a very important indicator that directly shows the throughput of the
system. OPT and JIT have a great advantage over MRP. MRP tries to catch OPT and JIT at
higher buffer sizes which means higher work-in-process inventory. Also one-way ANOVA
shows that cycle time is significant between manufacturing systems at each buffer size. This
outcome is also supported by two-way ANOVA. The detailed ANOVA study of cycle time
is given in Appendix G.

5.4.5 Inventory Carrying Cost

Buffer Size MRP JIT OPT
4 3446,0 3517,5 4456 .4
8 5451,7 4928,3 8325,8
12 6181,7 6169,7 | 12001,5
16 7133,7 8210,1 13361,6

Table 5.5 Average Inventory Carrying Cost

Average Inventory Carrying Cost
14000 -+ /*
12000 X
10000 /
§ 8000 X
O 6000
4000
2000
04 ; , { |—O—MRP
4 8 12 16 |—a—JIT
Buffer Size —X—OPT
L

Figure 5.6 Inventory Carrying Cost

The inventory carrying cost is directly related with the time that a part spends idle at

the buffers. This elapsed unit incurs a cost to the part since the part is carried from one
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period to another without any value added operation. In a balanced plant, as work-in-
process is low, this non-value added time incurred to each part is low too. Since JIT is a
representative example of balanced plant and the inventory-carrying-cost of this system is
expected to be low, JIT has a better performance than MRP and OPT at low buffer sizes.
Also one-way ANOVA at each buffer sizes states that inventory carrying cost is significant
at all buffer sizes. The detailed ANOVA study of inventory carrying cost is given in
Appendix H.
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6. CONCLUSION

Three main manufacturing approaches- MRP, JIT and OPT have distinct differences
from each other. It is impossible to state that only one of the approaches is valid at all the
times and succeed at every production environment. Actually, they represent the
specifications of their originator countries, U.S.A for MRP and Japan for JIT. Since the
origination of OPT from a secret scheduling algorithm, lots of researchers and studies were
completed to position OPT, somewhere in the production techniques. It is very clear that
MRP is a straight forward technique that it does not consider any intelligence and
optimization approach in scheduling. Besides, JIT -being a manual system compared to
MRP, is very flexible and consequently successful in terms of performance measures.
What’s the main difference between these two systems so that the outcome is so different?
The answer lies behind the balanced plant and statistical fluctuation perspectives.

In MRP, it is assumed that every variable of the system is deterministic and known in
advance. However, in JIT, an invisible hand which is the market demand triggers the
system. Thus, the system tries to handle the fluctuations of this demand and reacts as if it is
a unique entity. The system needs to be balanced and it should eliminate all the statistical
fluctuations between its parts. One answer to this question is inventory which absorbs the
fluctuations as it increases work-in-process and decreases throughput. JIT has another
answer to this question that it focuses on decreasing the variability of process times of the
entire system. The result is dramatic and it is a great success for JIT. But it requires a total
improvement and synchronized manufacturing at all levels of production. It is a total
change.

In OPT, the weakness of MRP is studied and the capacity constraint resource which
controls the entire system is given a role. This role is being the scheduler of the system and
controlling the other resources. It is interesting to realize that if the market demand is the
capacity constraint resource in the system, then OPT system behaves as if MRP system and

backward schedule the non-bottlenecks. It is clear that OPT has many advantages on MRP
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and it is successful at a number of performance measures. But the requirements of OPT
such as- routing tables, bill of material, capacity analysis, scheduling the non-bottlenecks
etc. are really time consuming and needs computerization.

One of the most important results of this study is that OPT is superior at low buffer
sizes although it suffers from high work-in-process and inventory carrying cost at higher
buffer sizes. This means that it can not convert inventory into throughput as efficiently as it
does at low buffer sizes. When compared to MRP and JIT, OPT is very successful at low
buffer sizes as a scheduling tool.

As a result, it can be thought that OPT is a very good enhancement to MRP, but it can
not replace JIT. Any system which focuses on decreasing variability and statistical
fluctuations has a great advantage on others, since the real production environment is

nothing else, but only dependency and statistical fluctuation.
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7. FURTHER WORK

OPT is based on mainly three criteria; maximization of throughput and minimization
of inventory and operating expenses at the same time. Many practical applications are
modeled as optimization problems, which are NP-complete: to reach an optimal solution, a
huge amount of computation is required. There are many research areas and different
techniques that have developed to solve optimization problems : Approximately Simulated
Annealing, Genetic Algorithms etc.

As a further work, it is also worthwhile to model OPT based on Drum-Buffer-Rope
technique as a multiple objective optimization problem by considering maximization of
throughput and minimization of inventory and operating expenses at the same time.

Genetic Programming is the extension of the genetic model of learning into the space of
programs. That is, the objects that constitute the population are not fixed-length
character strings that encode possible solutions to the problem at hand, they are
programs that, when executed are the candidate solutions to the problem.

The secret algorithm of OPT can be a good challenge to study by genetic

programming, if the multi-criteria objective model of OPT can be derived.
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APPENDIX A

MRP
SIMULATION MODEL
And
OUTPUT OF

BUFFER SIZE FOUR
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~ £ 4
* Formatted Listing of Model: *
* C:\METE\MASTER\ SIMULA~2\MRP\MRP.MOD *
* L 3

P % e de ke e g e b ok e e de de b sk e de e de e e g ok 3k e e sk e de g ke Sk ok ok Je ok de de de ok e ok de ok S ok e ok ok Sk s ok e de ke ok ke ok e ok e de de e de e e e ke e ok e Sk e Sk e e e

Time Units: Minutes
Distance Units: Meters

S g e gk sk P e e ke ke e e e ke ke o ke 3k ok sk ke ok de ok de ke e e e ke ke Sk e ke T ke g gk e g ok e e sk e sk Sk gk ok ol sk sk ok de sk e de s e s vl aie e Sk Sk die de Sk o ok Y ok ok Sk e S ok

* Locations *
e e Y K v e de e e ek ke T g o e e e e ke ke S o kR g ok 9k Sk ok e 3k dr ok Sk e e S ok e T e e dke e e e T e e Sk de e b e Sk ke ke sk ok ok Sk e e g e Tk e v e Sk ke sk ok ok ok o

Name Cap Units Stats Rules Cost

Machine A 1 1 Time Series Oldest, ,

Machine B 1 1 Time Series Oldest, , Inventory carrying_cost/hr
Machine C 1 1 Time Series Oldest, ,

Machine D 1 1 Time Series Oldest, , Inventory carrying_cost/hr
Machine E 1 1 Time Series Oldest, , Inventory carrying_cost/hr
Machine F 1 1 Time Series Oldest, , Inventory carrying_cost/hr
Buffer D 16 1 Time Series Oldest, FIFO, Inventory carrying cost/hr
Buffer B 16 1 Time Series Oldest, FIFO, Inventory carrying cost/hr

'********@***********************************************************************

* Entities *

S e e ek Y e o ke e ke ke g e ke de e ok de ok e de Sk e Sk e ok K ek 3k o Sk 5k ok Sk ok e e e e o e ok e ok Tk ok ok ok die ok e e e e e sk Sk ok Sk e Sk e e ok e e ke 3k ke ke ok e ok e ke

Name Speed (mpm) Stats Cost
Raw_Material -X 50 Time Series
Raw_Material_Y 50 Time Series
Product 50 Time Series

B ek b e b ek e ok ke e ok e ok Y ke g oo sk g ok e g e Sk e e ok e e ok ok ok e et ke e 3k S e ke ok Sk e e e ok e e ke S ok g Sk e g ok ok ok e e ok S ok e S ke e e ke ke

* Processing *
KrREF P LI P TRk T F PRk KR kk Rk sk e ke e ok ok e sk e sk ok Sk ke e e e e e gk e e ok ok ok sk ok e ke ok e e o Sk e e e ok e de ke e e e ke ke ok ke e R b

Process Routing

Entity Location Operation Blk Output Destination Rule

Move Logic

Raw_Material % Machine A enter_time_x=CLOCK(min)
INC WIP
INT tpp
tpp = Distl()
Wait tpp

1 Raw_Material_X Machine B FIRST 1

Raw_Material ¥ Machine B INT tpp
tpp = Distl{()
Wait tpp

1 Raw_Material X Buffer B FIRST 1

Raw_Material Y Machine C enter_time_y=CLOCK{min)
INC WIP
INT tpp
tpp = Distl ()
Wait tpp

1 Raw_Material Y Machine D  FIRST 1

Raw_Material Y Machine_D INT tpp
tpp = Distl()
Wait tpp

1 Raw_Material Y Buffer D FIRST 1

Raw_Material Y Buffer D WIP_Time=Clock({hr)

1 Raw_Material Y Machine E  FIRST 1
Raw_Material Y Machine E INCLOCCOST (CLOCK(HR} - WIP_Time) * Inventory carrying cost

INT tpp
tpp = Distl{()
Wait tpp

1 Raw_Material Y Machine F  FIRST 1

Raw _Material X Buffer B WIP_Time=Clock(hr)
enter time x

Raw_Material Y Machine F Join 1 Raw_Material_X
Log "Cycle Time Y", enter_time_y

INCLOCCOST (CLOCK(HR) - WIP Time) * Inventory carrying cost

INT tpp
tpp = Distl()
Wait tpp

1 Product EXIT FIRST 1

kb d bbbk kb bk bk kk kg e e et e e e de e e s etk e e Sk ok sk sk ok e ke ok e ok Sk gk de ke e sk e ke e e ok Sk ok ke ok ke ok Sk ok ke ok e S ke ok ok e ek

*
Arrivals %
g de g e e S e e ke e e ok e e e o e e e sk Sk e ok S e e sl e S de e de e de T gk ke de de de e e de e e e de ok e S e ke e gk e d sk gk ke Sk ke gk ok sk sk ok e e e e de d e de ok

Entity Location Qty each First Time Occurrences Frequency Logic

1 Raw_Material X Machine F JOIN 1

Raw Material X Machine A 1 0 infinite 10

Log "Cycle Time X",

INC OUTPUT
DEC WIP, 2



Raw_Material_Y Machine C 1 0 infinite 10

s P de b e N ke sk b de e Sk e e e e e e e B ok e B e e sk e sk e ok e ol e e e e e e e e o ok S Tk S de g e o ok e ke S e e sk g de o o e e e o I o e e e S ke e e e o e ok
* Attributes *

Fe e b de ke e bk ke e e b e e e e e e e e sk e e ok ke s sk ok ke o s e o Sk e e ol ok S e sk ok e e ok s 3k e de Sk e e e de e ok ke de T e Tk e e ok e Sk Sk S e e e ke de

iD Type Classification
enter_time x Real Entity
enter_time_y Real Entity
WIP_Time Real Entity

Pr e ke g e F e ok e ok e de K ek de g e ke g e ok e ke o e Sk ok e sk e e e Sk de Sk e e Tk ok e e ol Sk ok de S ol e ok e de o e Tk e ke ok dle e e 3 e Sk e oo dk dde e ok e e e e e ok e

- Variables (global) *

Hed g dedddeodkohokd kbbb bk g ok ok e ok ke e de de e de de g ke de ok e e dk sk e e de e e de Sk e ok e ok Sk ok de e die ke ok e e g ke e Tk e gk ok e Sk e Sk e e ke e ok e

ID Type Initial value Stats
Output Integer 0 Time Series
WIP Integer 0 Time Series

ek Pk b b e e b b bbbk b de b ok e e e ok ke e o e ok e S 3k e sk e Sk ke e S e e e ke e ok sk e v e Y ok de e 6 ke Sk Sk e ke e de Tk e o Sk I e ke ok de

* Macros *
S b e b e e o e sk sk e e b e e e e sk e e e e ke S e Tk o Y de e e e e etk de ol de ke S e Sk o e ok ke ok ke de ok g e e e e e o g ok ok Sk e ke e ke e e de gk e ok ke ok

ID Text

Inventory carrying cost 0.1

e Jo e de Je Fe e de e i e e Kk e e ke e de s e de o S e e ke S ke ke g Tk T e oo e e e de e e e e e e g Tk ok ok ok e sk ok de g s Tk Sk ke e ke e g ok ok ok e e dke die ke e ok e Sk de o de e Sk

> User Distributions *

Fede ke ok kb b bk ok ke kb b ke de ek b ok ok de sk e ek e ke ke ke e gk ke sk ok ok sk g e ok sk e ok ke dde e 3k ke ke ok ke ok ke vk e ke gk e ok S e ok ok e ok ok e ke e sk ok e ke

1D Type Cumulative Percentage Value
Distl Discrete No 33 15
33 20

34 25



General Rep

ort

Output from C:\METE\MASTER\SIMULA~2\MRP\MRP.MOD [MRP-Model]
Time: 07:35:38 AM

Date: Jun/2

7/1998

Scenario : Normal Run

Replication ¢ All

Period : Final Report (5000 hr to 6666 hr Elapsed: 1666 hr)

Warmup Time 5000 hr (Std. Dev. 0 sec)

Simulation Time : 6666 hr

LOCATIONS

Average

Location Scheduled Total Minutes Average Maximum Current

Name Hours Capacity Entries Per Entry Contents Contents Contents % Util
Machine A 1666 1 4124 21.239088 0.876251 1 1 87.63
Machine A 1666 1 4095 21.389499 0.876251 1 1 87.63
Machine A 1666 1 4094 21.373%62 0.8754 1 1 87.54
Machine A 1666 1 4093 21.375519 0.87525 1 1 87.53
Machine A 1666 1 4102 21.348123 0.87605 1 1 87.61
Machine A 1666 1 4103 21.312454 0.8748 1 1 87.48
Machine A 1666 1 4104 21.366959 0.877251 1 1 87.73
Machine A 1666 1 4087 21.441155 0.876651 1 1 87.67
Machine A 1666 1 4100 21.345122 0.8755 1 1 87.55
Machine A 1666 1 4124 21.276673 0.877801 1 1 87.78
Machine A 1666 1 4102.6 21.346855 0.87612 1 1 87.61
Machine A 0 0 12.4383 0.058117 0.000932575 0 0 0.09
Machine A 1666 1 4087 21.239088 0.8748 1 1 87.48
Machine A 1666 1 4124 21.441155 0.877801 1 1 87.78
Machine A o] 0 0.718662 -0.341468 0.34162 0 0 0.34
Machine A 1666 1 4095.39 21.313168 0.87558 1 1 87.56
Machine A 1666 1 4109.81 21.380543 0.876661 1 1 87.67
Machine A 1666 1 4093.7 21.305284 0.875453 1 1 87.55
Machine A 1666 1 4111.5 21.388427 0.876788 1 1 87.68
Machine A 1666 1 4089.82 21.287126 0.875162 1 1 87.52
Machine A 1666 1 4115.38 21.406585 0.877079 1 1 87.71
Machine B 1666 1 4124 20.063046 0.827731 1 1 82.77
Machine B 1666 1 4095 20.225885 0.828581 1 1 82.86
Machine B 1666 1 4094 20.142892 0.82498 1 1 82.50
Machine B 1666 1 4093 20.367701 0.833984 1 1 83.40
Machine B 1666 1 4102 20.153584 0.827031 1 1 82.70
Machine B 1666 1 4103 20.169388 0.827881 1 0 82.79
Machine B 1666 1 4104 20.102339 0.82533 1 1 82.53
Machine B 1666 1 4086 20.440529 0.835534 1 1 83.55
Machine B 1666 1 4100 20.023171 0.821279 1 1 82.13
Machine B 1666 1 4124 20.127304 0.830382 1 1 83.04
Machine B 1666 1 4102.5 20.181584 0.828271 1 0.9 82.83
Machine B 0 0 12.5808 0.131003 0.00422028 0 0.316228 0.42
Machine B 1666 1 4086 20.023171 0.821279 1 0 82.13
Machine B 1666 1 4124 20.440529 0.835534 1 1 83.55
Machine B ] 0 0.676905 0.779123 0.231193 o] -2.27684 0.23
Machine B 1666 1 4095.21 20.105648 0.825825 1 0.7167 82.58
Machine B 1666 1 4109.79 20.257519 0.830718 1 1.0833 83.07
Machine B 1666 1 4093.5 20.087876 0.825253 1 0.6738 82.53
Machine B 1666 1 4111.5 20.275291 0.83129 1 1.1262 83.13
Machine B 1666 1 4089.57 20.046947 0.823934 1 0.575 82.39
Machine B 1666 1 4115.43 20.316221 0.832609 1 1.225 83.26
Machine C 1666 1 4119 21.206604 0.87385 1 1 87.38
Machine C 1666 1 4092 21.372190 0.8749 1 1 87.49
Machine C 1666 1 4092 21.345308 0.8738 1 1 87.38
Machine C 1666 1 4094 21.405716 0.876701 1 1 87.67
Machine C 1666 1 4094 21.444797 0.878301 1 1 87.83
Machine € 1666 1 4105 21.370280 0.877601 1 1 87.76
sMachine C 1666 1 4107 21.341612 0.876851 1 1 87.69
Machine C 1666 1 4087 21.521899 0.879952 1 1 88.00
Machine C 1666 1 4099 21.343010 0.8752 1 i 87.52
Machine C 1666 1 4118 21,305245 0.877701 1 1 87.77
,Machine C 1666 1 4100.7 21.365666 0.876486 1 1 87.65
Machine C o] o] 11.1759 0.083530 06.00201507 0 0 0.20
Machine C 1666 1 4087 21,206604 0.8738 1 1 87.38
Machine C 1666 1 4119 21.521899 0.879952 1 1 88.00
Machine C 0 0 0.511579 0.016224 0.0864266 o] 0 0.09
Machine C 1666 1 4094.22 21.317248 0.875318 1 1 87.53
Machine C 1666 1 4107.18 21.414084 0.877654 1 1 87.77
Machine C 1666 1 4092.71 21.305916 0.875044 1 1 87.50
Machine C 1666 1 4108.69 21.425416 0.877927 1 1 87.79
Machine C 1666 1 4089.21 21,279818 0.874415 1 1 87.44
Machine C 1666 1 4112.19 21.451514 0.878557 1 1 87.86
Machine D 1666 1 4119 20.091042 0.827881 1 0 82.79
Machine D 1666 1 4092 20.327468 0.832133 1 1 83.21
Machine D 1666 1 4091 20.158885 0.82503 1 1 82.50
Machine D 1666 1 4094 20.379824 0.834684 1 1 83.47
Machine D 1666 1 4094 20.455545 0.837785 1 1 83.78
Machine D 1666 1 4105 20.449452 0.839786 1 1 83.98
Machine D 1666 1 4107 20.372535 0.837035 1 1 83.70
Machine D 1666 1 4087 20.475899 0.837185 1 1 83.72
Machine D 1666 1 4099 20.403757 0.836685 1 1 83.67
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{Skewness)

(90%
(90%
{95%
{95%
(99%
(99%

{Rep
{Rep
(Rep
(Rep
(Rep
(Rep
(Rep
{Rep
(Rep
(Rep

C.I.

10}

(Average)
(Std. Dev.)

{Min)
{Max)

{Skewness)

{90%
(90%
(95%
{95%
{99%
(99%

(Rep
(Rep
(Rep
{Rep
{Rep
{Rep
{Rep
(Rep
{Rep
{Rep

10)

{Average)
{Std. Dev.)

{Min)
(Max)

(Skewness)

(90%
(90%
(95%
(95%
(99%
{99%

(Rep
(Rep
(Rep
(Rep
(Rep
(Rep
{Rep
{Rep
(Rep

c.I.
c.I.
C.I.
cC.I.
c.I.
C.I.

1)
2)
3)
4)
5)
6)
7)
8)
9)

Low)
High)
Low)}
High)
. Low)
High)

Low)
High)
Low)
High)
Low)
High)

Low)
High}
Low)
High)
Low)
High)
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Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
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Machine
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Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
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Buffer
Buffer
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1666

1666
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1666
1666
1666
1666
1666
1666

1666
1666
1666
1666
1666
1666
1666
1666
1666
1666
1666

1666
1666

1666
1666
1666
1666
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4118
4100.6
11.2665
4087
4119
0.505529
4094.07
4107.13
4092.54
4108.66
4089.02
4112.18

4114.04

4122
4094
4094
4094
4098
4106
4104
4087
4098
4122
4102
11.8415
4087
4122
0.666688
4095.14
4108.86
4093.583
4110.47
4089.83
4114.17

4121
4093
4094
4093
4097
4104
4106
4086
4101
4121
4101.6
11.7776
4086
4121
0.556824
4094.77
4108.43
4093.18
4110.02
4089.5
4113.7

4123
4095
4093
4095
4101
4107
4103
4088
4099
4123
4102.7
11.9634
4088
4123
0.686391

20.126275
20.324068

0.144756
20.091042
20.475899
-0.539408
20.240161
20.407975
20.220523
20.427613
20.175297
20.472840

23.047065
23.363459
23.235222
23.177821
24.060517
23.166870
23.349172
22.826034
23.716760
23.105288
23.304821

0.353029
22.826034
24.060517

0.822579
23.100189
23.509453
23.052296
23.557345
22.941998
23.667643

21.499272
21.850269
21.774548
21.513190
22.582967
21.557477
21.853070
21.323709
22.163942
21.507763
21.762621

0.377312
21.323709
22.582967

0.883530
21.543913
21.981328
21.492727
22.032515
21.374842
22.150400

29.719728
41.748107
26.770884
37.503054
52.647059
39.640585
36.056990
29.454234
40.853450
29.223489
36.361759

7.897366
26.770884
52.647059

0.555093
31.784087
40.939431
30.712716
42.010802
28.245318
44.478200

23.564152
23.466422
20.802590
29.095238

7.781029
31.682493
17.698026
30.916096
15.781898
29.132913
22.992086

7.673965

7.781029
31.682493
-0.539946

0.829132
0.833733
0.00493525
0.82503
0.839786
-0.473697
0.830873
0.836594
0.830203
0.837264
0.828661
0.838806

0.95038
0.956883
0.951631

0.94928
0.986395
0.951381
0.958633
0.933273
0.972538
0.952781
0.956318

0.0143299
0.933273
0.986395
0.626213
0.948011
0.964624
0.946067
0.966568

0.94159
0.971045

0.886555
0.894908
0.891807
0.881102
0.92582
0.885504
0.897209
0.871849
0.908864
0.886905
0.893052
0.0151855
0.871849
0.92582
0.772126
0.88425
0.901854
0.88219
0.903914
0.877445
0.908659

1.22524
1.70943
1.09644
1.53561
2.15781
1.6275
1.48109
1.20398
1.67607
1.20478
1.4918
0.322822
1.09644
2.15781
0.553927
1.30467
1.67892
1.26088
1.72271
1.16002
1.82357

0.971939
0.961335
0.851791
1.19193
0.319228
1.30172
0.726441
1.26436
0.647159
1.20163
0.943753
0.315137
0.319228
1.30172
-0.541362
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0.9
0.316228
0

1
-2.27684
0.7167
1.0833
0.6738
1.1262
0.575
1.225
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0.316

-2.27684
0.71867
1.0833
0.6738
1.1262

0.575
1.225

0
1
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1.25

1.11987
-0.0255223
1.42552
-0.195325
1.59833
-0.586387
1.98639

jury
.
[
[0
O e
SO NINEFENONBNONN

0.138561

82.91
83.37

0.49
82.50
83.98
-0.47
83.09
83.66
83.02
83.73
82.87
83.88

95.04
95.69
95.16
94.93

95.86
93.33

{Rep 10)
(Average)

(Std. Dev.)
(Min)

{Max)
(Skewness)

{90% C.I. Low)
(90% C.I. High)
{95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
{99% C.I. High)

(Rep 1)

{Rep 2)

(Rep 3}

{Rep 4)

(Rep 5)

(Rep 6)

(Rep 7)

{Rep 8)

{Rep 9)

(Rep 10)
{Average)

{Std. Dev.)
{Min)

(Max)
{Skewness)

{90% C.I. Low)
(90% C.I. High)
{95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
{99% C.I. High)

(Rep 1)

{Rep 2)

(Rep 3)

(Rep 4)

(Rep 5)

{Rep 6)

{Rep 7)

{Rep 8)

{Rep 9)

{(Rep 10)
(Average)

(Std. Dev.)
{Min)

{Max)
{Skewness)

{90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
{99% C.I. High)

{Rep 1)

(Rep 2)

(Rep 3)

(Rep 4)

(Rep 5)

(Rep 6)

(Rep 7)

(Rep 8)

(Rep 9)

{Rep 10)
(Average)

(std. Dev.)
{Min)

(Max)
{Skewness)

{90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
{99% C.I. Low)
{99% C.I. High)

(Rep 1)
(Rep 2)
{Rep 3}
(Rep 4)
{Rep 5)
{(Rep 6)
(Rep 7}
(Rep 8)
(Rep 9)
(Rep 10)
{Average)
{Std. Dev.)
{Min)
{Max)
{Skewness)



Buffer B 1666 4 4095.77 18.543907 0.761085 4 1.0279 19.03 (90% C.I. Low)
Buffer B 1666 4 4109.63 27.440265 1.12642 4 2.3721 28.16 (90% C.I. High)
Buffer B 1666 4 4094.14 17.502843 0.718333 4 0.8706 17.96 (95% C.I. Low)
Buffer B 1666 4q 4111.26 28.481328 1.16917 4 2.5294 29.23 (95% C.I. High)
Buffer B 1666 4 4090.4 15.105243 0.619873 4 0.508333 15.50 (99% C.I. Low)
Buffer B 1666 4 4115 30.878928 1.26763 4 2.89167 31.69 (929% C.I. High)
LOCATION STATES BY PERCENTAGE (Multiple Capacity)
% |

Location Scheduled % Partially % 1 %

Name Hours Empty Occupied Full | Down

_________________ l

Buffer D 1666 40.82 51.49 7.70 { 0.00 (Rep 1)

Buffer D 1666 33.59 49.07 17.33 | 0.00 (Rep 2)

Buffer D 1666 42.22 52.62 5.16 | 0.00 {Rep 3)

Buffer D 1666 40.31 42.94 16.75 | 0.00 (Rep 4}

Buffer D 1666 12.76 69.70 17.54 | 0.00 (Rep 5)

Buffer D 1666 39.77 40.72 19.51 | 0.00 ({Rep 6)

Buffer D 1666 36.17 50.18 13.65 | 0.00 (Rep 7)

Buffer D 1666 50.98 35.43 13.59 | 0.00 (Rep 8)

Buffer D 1666 26.26 61.15 12.60 | 0.00 (Rep 9)

Buffer D 1666 43.24 49.02 7.73 | 0.00 (Rep 10}

Buffer D - 1666 36.61 50.23 13.15 | 0.00 (Average)

Buffer D 0 10.59 9.84 4.87 | 0.00 (Std. Dev.)

Buffer D 1666 12.76 35.43 5.16 | 0.00 (Min)

Buffer D 1666 50.98 69.70 19.51 ] 0.00 (Max)

Buffer D 0 -0.94 0.44 -0.32 | 0.00 ({Skewness)

Buffer D 1666 30.48 44.53 10.33 | 0.00 ({30% C.I. Low)

Buffer D 1666 42.75 55.94 15.98 | 0.00 (90% C.I. High}

Buffer D 1666 29.04 43.20 9.67 | 0.00 {95% C.I. Low)

Buffer D 1666 44.18 57.27 16.64 | 0.00 (95% C.I. High)

Buffer D 1666 25.73 40.12 8.14 | 0.00 (99% C.I. Low)

Buffer D 1666 47.49 60.34 18.16 | 0.00 {99% C.I. High)

Buffer B 1666 52.22 40.98 6.80 | 0.00 (Rep 1}

Buffer B 1666 57.29 33.95 8.75 | 0.00 (Rep 2)

Buffer B 1666 57.36 36.15 6.48 | 0.00 (Rep 3)

Euffer B 1666 49.10 39.37 11.53 | 0.00 (Rep 4)

Buffer B 1666 78.67 19.68 1.66 | 0.00 (Rep 5)

Buffer B 1666 47.06 40.37 12.57 | 0.00 (Rep 6}

Buffer B 1666 59.18 37.05 3.77 | 0.00 (Rep 7)

Buffer B 1666 45.51 43.83 10.65 | 0.00 (Rep 8)

Buffer B 1666 65.54 29.74 4.73 | 0.00 (Rep 9)

Buffer B 1666 48.00 41.68 10.31 | 0.00 (Rep 10)

Buffer B 1666 55.99 36.28 7.73 | 0.00 (Average)

Buffer B 0 10.19 7.14 3.62 | 0.00 (Std. Dev.)

Buffer B 1666 45.51 19.68 1.66 | 0.00 ({Min})

Buffer B 1666 78.67 43.83 12.57 | 0.00 (Max)

Buffer B 0 0.93 -1.12 ~0.22 | 0.00 (Skewness)

Ruffer B 1666 50.09 32.14 5.63 | 0.00 (90% C.I. Low)

Euffer B 1666 61.90 40.42 9.83 | 0.00 (90% C.I. High)

Euffer B 1666 48.71 31.17 5.13 | 0.00 ({95% C.I. Low}

Buffer B 1666 63.28 41.39 10.32 | 0.00 (95% C.I. High)

Buffer E 1666 45.52 28.94 4.00 | 0.00 (992% C.I. Low)

Buffer E 1666 66.46 43.62 11.45 | 0.00 (99% C.I. High)

LOCATION STATES BY PERCENTAGE (Single Capacity/Tanks)

Location Scheduled % % % % % %

Name Hours Operation Setup Idle Waiting Blocked Down

Machine A 1666 82.61 0.00 12.37 0.00 5.01 0.00 (Rep 1)

Machine A 1666 82.36 0.00 12.37 0.00 5.27 0.00 (Rep 2)

Machine A 1666 82.63 0.00 12.46 0.00 4.91 0.00 (Rep 3)

Machine A 1666 82.02 0.00 12.47 0.00 5.50 0.00 (Rep 4)

Machine A 1666 82.55 0.00 12.39 0.00 5.05 0.00 (Rep 5)

Machine A 1666 82.33 0.00 12.52 0.00 5.15 0.00 (Rep 6)

Machine A 1666 82.22 0.00 12.27 0.00 5.50 0.00 (Rep 7}
. Machine A 1666 82.14 0.00 12.33 0.00 5.52 0.00 (Rep 8)

Machine A 1666 82.68 0.00 12.45 0.00 4.87 0.00 {Rep 9)

Machine A 1666 82.65 0.00 12.22 0.00 5.13 0.00 (Rep 10)
Machine A 1666 82.42 0.00 12.39 0.00 5.19 0.00 (Average)
Machine A 0 0.24 0.00 0.09 0.00 0.25 0.00 (std. Dev.)
Machine A 1666 82.02 0.00 12.22 0.00 4.87 0.00 (Min)

Machine A 1666 82.68 0.00 12.52 0.00 5.52 0.00 (Max)

Machine A 0 -0.34 0.00 -0.34 0.17 0.22 0.00 (Skewness)
Machine A 1666 82.28 0.00 12.33 0.00 5.05 0.00 (90% C.I. Low)
Machine A 1666 82.56 0.00 12.44 0.00 5.33 0.00 (90% C.I. High)
Machine A 1666 82.25 0.00 12.32 0.00 5.01 0.00 (95% C.I. Low)
Machine A 1666 82.59 0.00 12.45 0.00 5.37 0.00 (95% C.I. High)
Machine A 1666 82.18 0.00 12.29 0.00 4.94 0.00 (99% C.I. Low)
Machine A 1666 82.66 0.00 12.48 0.00 5.44 0.00 (99% C.I. High)
Machine B 1666 82.25 0.00 17.23 0.00 0.53 0.00 (Rep 1)

Machine B 1666 82.19 0.00 17.14 0.00 0.67 0.00 (Rep 2)

Machine B 1666 82.00 0.00 17.50 0.00 0.50 0.00 (Rep 3}

Machine B 1666 82.24 0.00 16.60 0.00 1.16 0.00 ({(Rep 4)

Machine B 1666 82.54 0.00 17.30 0.00 0.16 0.00 (Rep 5)

Machine B 1666 81.81 0.00 17.21 0.00 0.98 0.00 (Rep 6)
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1666
1666
1666

1666
1666
1666
1666
1666
1666
1666
1666
1666
1666
1666

0

1666
1666

1666
1666
1666
1666
1666
1666

1666
1666
1666
1666
1666
1666
1666
1666
1666
1666
1666

0

82.00
82.30
82.33
82.11
82.24
82.18
82.00
81.99
81.86
82.56
82.16

0.21
81.86
82.56

0.39
82.04
82.28
82.01
82.30
81.94
82.37

82.28
81.72
82.12
81.77
82.37
82.19
82.46
82.37
82.29

0.00

O 00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00

0 00

0.00
0.00

0 00
0.00

0.00

0 00

0.00

0 00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

4.96

4.84
5.07

6.67
2.75

5.39
5.84

11.34
10.51
10.82
11.89

7.42
11.45
10.28
12.82

9.11
11.31
10.69

1.52

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.51
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
1.78
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.30
0.00
0.00
0.00
6.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
06.00
0.97
0.00

0.00
0.00

0 00

0.32
1.06
0.26
0.69
0.63
0.35
0.16
1.16
0.18
0.43
0.83
0.38
0.88
0.28
0.99

5.38
5.19
5.05
5.56
5.59

5.69
6.01
5.66
5.21
5.49
0.28
5.05
6.01
0.06
5.33
5.66

5.79

0 83
0.38
1.79
-0.49
0.86

0.79
1.54
0.63
1.71

12.46
13.56
13.19
12.60
16.68
12.61
13.75
11.50
15.03
12.24
13.36

1.52
11.50
16.68

0.91
12.48
14.24
12.28
14.45
11.80
14.92

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
6.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
06.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
06.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

(Rep 7)

(Rep 8)

(Rep 9)

{Rep 10)
{Average)

{Std. Dev.)
{Min)

{Max)
{Skewness)

{90% C.I. Low)
{90% C.I. High)})
(95% C.I. Low)
(95% C.I. High}
{99% C.I. Low)
(99% C.I. High)

(Rep 1)

(Rep 2)

{Rep 3)

(Rep 4)

{Rep 5)

(Rep 6)

(Rep 7)

(Rep 8)

(Rep 9)

{Rep 10)
{Average)

(Std. Dev.)
(Min)

{Max)
(Skewness)

(90% C.I. Low)
(90% C.I. High)
{95% C.I. Low)
{95% C.I. High}
{99% C.I. Low)
{99% C.I. High)

(Rep 1)

(Rep 2)

(Rep 3)

(Rep 4)

(Rep 5)

(Rep 6)

(Rep 7)

(Rep 8)

(Rep 9)

{Rep 10}
{(Average)

(Std. Dev.}
{Min)

(Max)
(Skewness)

(90% C.I. Low)
{90% C.I. High)
(95% C.I. Low}
(95% C.I. High)
(99% C.I. Low)
({99% C.I. High)

(Rep 1)

(Rep 2)

(Rep 3)

(Rep 4)

{Rep 5)

{Rep 6)

(Rep 7)

(Rep 8)

{Rep 9)

(Rep 10)
(Average)

{Std. Dev.)
{Min)

{Max)
(Skewness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
{95% C.I. High)
{99% C.I. Low)
{99% C.I. High)

{Rep 1)
(Rep 2)
{Rep 3)
{Rep 4)
(Rep 5)
(Rep 6)
(Rep 7)
(Rep 8)
(Rep 9)
(Rep 10)
(Average)
{Std. Dev.)
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FAILED ARRIVALS

Entity
Name

Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material

Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material

ENTITY ACTIVITY

Entity
Name

Raw Material
Raw Material
Raw Material
Raw Material

Raw Material .

Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material

Raw Material
Raw Material

DD D DG D DA DA DA DG D DE DS D D D D DG X X

A R e o A

fE i R S R R e R R R

>

o=

1865 81.75 0.00 7.42 5.35 0.00 0.00 (Min)
1666 82.87 0.00 12.82 10.30 0.00 0.00 (Max)
0 0.74 0.00 ~-0.77 0.85 0.00 0.00 (Skewness)
1666 81.98 0.00 9.81 6.29 0.00 0.00 (90% C.I. Low)
1666 82.35 0.00 11.57 7.99 0.00 0.00 (90% C.I. High)
1666 81.94 0.00 9.61 6.10 0.00 0.00 (95% C.I. Low)
1666 82.39 0.00 11.78 8.18 0.00 0.00 ({95% C.I. High)
1666 81.84 0.00 9.13 5.64 0.00 0.00 ({99% C.I. Low)
1666 82.49 0.00 12.26 8.64 0.00 0.00 (99% C.I. High)
Location Total
Name Failed
Machine A 5873 (Rep 1)
Machine A 5902 (Rep 2)
Machine A 5904 (Rep 3)
Machine A 5905 (Rep 4)
Machine A 5895 (Rep 5)
Machine A 5894 (Rep 6)
Machine A 5894 (Rep 7)
Machine A 53911 ({Rep 8}
Machine A 5898 (Rep 9)
Machine A 5874 (Rep 10)
Machine A 5895 (Average)
Machine A 12.5698 (Std. Dev.)
Machine A 5873 (Min)
Machine A 5911 (Max)
Machine A -0.690624 (Skewness)
Machine A 5887.71 (90% C.I. Low)
Machine A 5902.29 (90% C.I. High)
Machine A 5886.01 (95% C.I. Low)
Machine A 5903.99 (95% C.I. High)
Machine A 5882.08 (99% C.I. Low)
Machine A 5907.92 (99% C.I. High)
Machine C 5879 (Rep 1)
Machine C 5905 (Rep 2)
Machine C 5906 (Rep 3)
Machine C 5903 (Rep 4)
Machine C 5904 (Rep 5)
Machine C 5892 (Rep 6)
Machine C 5891 (Rep 7)
Machine C 5910 (Rep 8)
Machine C 5898 (Rep 9)
Machine C 5880 (Rep 10)
Machine C 5886.8 (Average)
Machine C 10.9219 {Std. Dev.)
Machine C 5879 (Min})
Machine C 5910 (Max)
Machine C ~-0.494583 (Skewness)
Machine C 5890.47 (90% C.I. Low)
Machine C 5903.13 (90% C.I. High)
Machine C 5888.99 (95% C.I. Low)
Machine C 5904.61 {95% C.I. High)
Machine C 5885.58 (99% C.I. Low)
Machine C 5908.02 (99% C.I. High)
Average Average Average Average Average
Current Minutes Minutes Minutes Minutes Minutes
Total Quantity In In Move Wait For In
Exits 1In System System Logic Res, etc. Operation Blocked
4121 4 64.866537 0.000000 11.971609 39.964814 12.930114
4093 4 65.091620 0.000000 13.041779 40.173467 11.876374
4093 2 62.332030 0.000000 10.389690 40.208893 11.733447
4093 4 70.896653 0.000000 16.706572 40.131933 14.058148
4097 6 49.238467 0.000000 2.536002 40.236759 6.465707
4105 3 73.225335 0.000000 18.841657 39.989038 14.394641
4103 2 59.187180 0.000000 7.752864 40.070680 11.363636
4086 4 72.832844 0.000000 17.606461 40.285120 14.941263
4098 3 57.159590 0.000000 7.377989 40.129331 9.652269
4121 4 70.554477 0.000000 16.523902 40.006066 14.024509
4101 3.6 64.538473 0.000000 12.274852 40.119610 12.144011
11.8415 1.17379 7.769837 0.000000 5.299375 0.109814 2.582187
4086 2 49.238467 0.000000 2.536002 39.964814 6.465707
4121 6 73.225335 0.000000 18.841657 40.285120 14.241263
0.666688 0.341327 -0.521503 0.000000 -0.363758 -0.038055 -0.881002
4094.14 2.91962 60.034722 0.000000 9.203094 40.055957 10.647258
4107.86 4.28038 69.042224 0.000000 15.346611 40.183264 13.640764
4092.53 2.76038 58.980653 0.000000 8.484171 40.041059 10.296954
4109.47 4.43962 70.096294 0.000000 16.065533 40.198161 13.991068
4088.83 2.39365 56.553099 0.000000 6.828472 40.006749 9.490194
4113.17 4.80635 72.523848 0.000000 17.721233 40.232471 14.797828
0 3 - - - - -
0 4 - - - - -

{Rep
(Rep
(Rep
(Rep
(Rep
{Rep
{Rep
{Rep
(Rep
(Rep

10)

{Average)
(8td. Dev.)

{Min})
{Max)

{Skewness)

{90%
{90%
(95%
(95%
(99%
(99%

(Rep
{Rep

c.I.
C.I.
Cc.I.
cC.I.
C.I.
C.I.

1)
2)

Low}
High)}
Low)
High)
Low)
High)



Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material

Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw

HH KKK R K

Eroduct
Product
Product
Product
Product
Product
Product
Product
Product
Product
Product
Product
Product
Product
Product
Product
Froduct
Product
Froduct
Product
Product

[=jeNoleloleoNoNoNoNoRe NoNaoRaoNeoNoNoNe Ne

4089.25
4113.15

1.56

0.80147

w
W
o
—
o

5.2083
3.179
5.420

2.6895

5.9104
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Entity
Name

Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material

S e R T LT

+
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Product
Preduct
Product
Product
Product
Product
Product
Product
Product
Product
Product
Product
Product
Froduct
Product
Product
Product
Product
Product
Product
Product

%
In Move
Logic

%
Wait For
Res, etc.

20.25
15.66
20.73
14.55
21.84

DN
O .
WNWS JwIws wo

7
5

@D

2
1
9
1
9

(ellejeBoloNololoNoNeNoNoNoNoNoRoRoNoNeRo o

115.624848
128.720987
113.375275
123.989985
141.335123
126.185140
122.988058
115.616589
128.520010
115.389469
123.174548

8.625935
113.375275
141.335123

0.633472
118.174564
128.174533
117.004355
129.344742
114.309328
132.039769

%
In Operation

58.18
67.96
57.04
69.10
54.40
71.74

€69.04
62.29
70.76
64.59
56.80
63.52
65.16
69.41
62.35
69.61
65.35

4.38
56.80
70.76
-0.40
62.81
67.89
62.22
68.49
60.85
69.86

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

%
Blocked

14.36
19.17

15.65
17.25
15.47
17.43
15.04
17.86

16.966756 79.827712
27.363792 80.177132
14.499145 80.223552
24.472399 80.090376
33.966317 80.281914
26.501827 80.153471
22.272727 80.134048
18.766822 80.245902
25.018302 80.130551

16.930357 80.325164
22.675844 80.158982
5.969461 0.137715
14.499145% 79.827712

33.966317 80.325164
0.298382 -1.123205

19.215673 80.079156

26.136015 80.238808

18.405846 80.060473

26.945843 80.257491

16.540789 80.017447

28.810899 80.300518
{Rep 1}

{Rep 2)

{Rep 3)

{Rep 4)

{Rep 5)

(Rep 6)

{Rep 7)

{Rep 8)

{Rep 9)

{Rep 10)

(Average)

(std. Dev.)

(Min)

(Max)

{Skewness)

{20% C.I. Low)

{90% C.I. High)

{95% C.I. Low)

(95% C.I. High)

(99% C.I. Low)

{99% C.I. High)

(Rep 1)

{Rep 2)

(Rep 3)

{Rep '4)

(Rep 5)

{Rep 6)

{Rep 7)

(Rep 8)

{Rep 9)

{Rep 10)

{Average}

{Std. Dev.)

{Min)

{Max)

{Skewness)

(90% C.I. Low)

{90% C.I. High}

{95% C.I. Low)

(95% C.I. High)

{99% C.I. Low)

(99% C.I. High)

18.830381
21.180064
18.652578
19.427211
27.086893
19.529842
20.581282
16.603866
23.371157
18.133948
20.339722

2.998400
16.603866
27.086893

0.976456
18.601713
22.077731
18.194945
22.484499
17.258145
23.421298

(Rep 3)
{Rep 4)
(Rep 5)
(Rep 6)
(Rep 7)
{Rep 8)
(Rep 9)
{Rep 10)
(Average)
(Std. Dev.)
(Min)
{Max)
(Skewness)
(90% C.I.
{(90% C.I.
(95% C.I.
(95% C.I.
(99% C.I.
(99% C.I.

Low)
High)
Low)
High)
Low)
High)

(Rep
(Rep
(Rep
(Rep
(Rep
{Rep
{Rep
(Rep
{Rep
(Rep 10)
(Average)

(Std. Dev.)
(Min)

{Max)
(Skewness)

(%0% C.I. Low)}
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)



VARIABLES

Average
Variable Total Minutes Minimum Maximum Current Average
Name Changes Per Change Value Value Value Value
Output 4121 24.256248 12326 16447 16447 14387.5 (Rep 1}
Output 4093 24.417298 12321 16414 16414 14365.4 (Rep 2)
Output 4093 24.419741 12295 16388 16388 14342.7 (Rep 3)
Cutput 4094 24.416219 12275 16369 16369 14322.1 (Rep 4)
Output 4097 24.394679 12315 16412 16412 14364.1 (Rep 5)
Output 4105 24.347138 12288 16393 16393 14336 (Rep 6)
Output 4103 24.360224 12325 16428 16428 14380.4 (Rep 7)
Output 4087 24.458038 12326 16413 16413 14367.1 (Rep 8)
Output 4098 24.387506 12310 16408 16408 14357.1 (Rep 9)
Output 4121 24.255035 12297 16418 16418 14357.7 (Rep 10)
Output 4101.2 24.371213 12307.8 16409 16409 14358 (Average)
Output 11.6314 0.068535 18.0665 21.6897 21.6897 19.8807 (Std. Dev.)
Output 4087 24.255035 12275 16369 16369 14322.1 (Min)
Output 4121 24.458038 12326 16447 16447 14387.5 ({Max)
Output 0.707892 -0.660953 -0.450699 -0.143887 -0.143887 -0.282852 ({Skewness)
Output 4094.46 24.331487 12297.3 16396.4 16396.4 14346.5 (90% C.I. Low)
Output 4107.94 24.410939 12318.3 16421.6 16421.6 14369.5 {90% C.I. High)
Output 4092.88 24.322189 12294.9 16393.5 16393.5 14343.8 {95% C.I. Low)
Output 4109.52 24.420236 12320.7 16424.5 16424.5 14372.2 ({95% C.I. High)
Output 4089.25 24.300776 12289.2 16386.7 16386.7 14337.6  (99% C.I. Low)
Output 4113.15 24.441649 12326.4 16431.3 16431.3 14378.5 {99% C.I. High)
WIP 12363 8.08541¢6 3 12 8 8.261 (Rep 1)
WIP 12280 8.140065 3 13 9 8.7551 (Rep 2)
WIP 12277 8.142054 3 12 8 8.0103 (Rep 3)
WIP 12280 8.140065 4 12 7 8.79602 (Rep 4)
WIP 12292 8.132118 4 12 11 8.63125 (Rep 5)
WIP 12313 8.117437 3 13 7 9.0085 (Rep 6)
WIP 12312 8.118908 3 13 10 8.30382 (Rep 7)
WIP 12260 8.153344 3 12 7 8.52111 (Rep 8)
WIP 12296 8.128660 3 14 11 8.43497 (Rep 9)
WIP 12361 8.086724 3 12 9 8.4898 (Rep 10)
WIP 12303.4 8.124479 3.2 12.5 8.7 8.52119 (Average)
WIP 34.7953 0.022939 0.421637 0.707107 1.56702 0.291396 (Std. Dev.)
WIP 12260 8.085416 3 12 7 8.0103 (Min)
WIP 12363 8.153344 4 14 11 9.0085 (Max)
WIP 0.656761 -0.632772 1.28072 0.848528 0.290028 -0.0455961 (Skewness)
WIP 12283.2 8.111183 2.9556 12.0901 7.79168 8.35228 (90% C.I. Low)
WIP 12323.6 8.137776 3.4444 12.9099 9.60832 8.69009 (90% C.I. High)
WIP 12278.5 8.108071 2.8984 11.9942 7.5791 8.31275 (95% C.I. Low)
WIP 12328.3 8.140888 3.5016 13.0058 9.8209 8.72963 (95% C.I. High)
WIP 12267.6 8.100904 2.76667 11.7733 7.08951 8.22171 (99% C.I. Low)
WIP 12339.2 8.148054 3.63333 13.2267 10.3105 8.82067 (99% C.I. High)
LOGS
Log Number Of Minimum Maximum Average
Name Observations Value Value Value
Cycle Time X 4121 30.000000 170.000000 64.866537 (Rep 1)
Cycle Time X 4093 30.000000 160.000000 65.091620 (Rep 2)
Cycle Time X 4093 30.000000 175.000000 62.332030 (Rep 3)
Cycle Time X 4093 30.000000 175.000000 70.896653 (Rep 4)
Cycle Time X 4097 30.000000 160.000000 49.238467 (Rep 5)
Cycle Time X 4105 30.000000 170.000000 73.225335 (Rep 6)
Cycle Time X 4103 30.000000 165.000000 59.187180 (Rep 7)
Cycle Time X 4086 30.000000 170.000000 72.832844 (Rep 8)
Cycle Time X 4098 30.000000 160.000000 57.159590 (Rep 9)
Cycle Time X% 4121 30.000000 165.000000 70.554477 (Rep 10)
Cycle Time X 4101 30.000000 167.0060000 64.538473 {Average)
Cycle Time X 11.8415 0.000000 5.868939 7.769837 (Std. Dev.}
Cycle Time X 4086 30.000000 160.000000 49.238467 (Min)
Cycle Time X 4121 30.000000 175.000000 73.225335 (Max)
Cycle Time X 0.666688 0.000000 0.029681 ~-0.521503 (Skewness)
Cycle Time X 4094.14 30.000000 163.598096 60.034722 (90% C.I. Low)
Cycle Time X 4107.86 30.000000 170.401904 69.042224 (90% C.I. High)
Cycle Time X 40982.53 30.000000 162.801906 58.980653 (95% C.I. Low)
Cycle Time X 4109.47 30.000000 171.198094 70.096294 (95% C.I. High)
Cycle Time X 4088.83 30.000000 160.968255 56.553098 (99% C.I. Low)
Cycle Time X 4113.17 30.000000 173.031745 72.523848 {99% C.I. High)
Cycle Time Y 4121 45.000000 200.000000 95.689153 (Rep 1)
Cycle Time Y 4093 45.000000 200.000000 108.666015 (Rep 2)
Cycle Time Y 4093 45.000000 205.000000 93.348400 ({Rep 3)
Cycle Time Y 4093 45.000000 205.000000 104.033716 ({Rep 4)
Cycle Time Y 4097 50.000000 200.000000 121.232609 {Rep 5)
Cycle Time Y 4105 45.000000 200.000000 106.160780 (Rep 6)
Cycle Time Y 4103 45.000000 205.000000 102.923471 (Rep 7)
Cycle Time Y 4086 50.000000 200.000000 95.603279 (Rep 8)
Cycle Time Y 4098 45.000000 200.000000 108.482186 (Rep 9)
Cycle Time Y 4121 45.000000 190.000000 95.26449% (Rep 10}
Cycle Time Y 4101 46.000000 200.500000 103.140411 (Average)
Cycle Time Y 11.8415 2.108185 4.377975 8.606233 ({Std. Dev.)
Cycle Time Y 4086 45.000000 190.000000 93.348400 (Min)



Cycle Time Y 4121 50.000000 205.000000 121.232609 (Max)
Cycle Time Y 0.666688 1.280722 -1.054686 0.627849 (Skewness)
Cycle Time Y 4094.14 44.778000 197.962326 98.151846 (90% C.I. Low)
Cycle Time Y 4107.86 47.222000 203.037674 108.128975 (90% C.I. High)
Cycle Time Y 4092.53 44.492000 197.368403 96.984310 (95% C.I. Low)
Cycle Time Y 4109.47 47.508000 203.631597 109.296512 (95% C.I. High)
Cycle Time Y 4088.83 43.833333 196.000579 94.295439 (99% C.I. Low)
Cycle Time Y 4113.17 48.166667 204.999421 111.985383 (99% C.I. High)
LOCATIONS COSTING

$ % $ % $ %
Location Operation Operation Resource Resource Total Total
Name Cost Cost Cost Cost Cost Cost
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machirne A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine A 0.000000 0.00 0.000000 - 0.000000 0.00
Machine B 5486804.475000 49.99 0.000000 - 5486804.475000 49.99
Machine B 5472186.991667 49.99 0.000000 - 5472186.991667 49.99
Machine B 5464721.358333 49.98 0.000000 - 5464721.358333 49.98
Machine B 5457886.300000 49.99 0.000000 - 5457896.300000 49.99
Machine B 5473255.675000 50.00 0.000000 - 5473255.675000 50.00
Machine B 5468490.058333 49.99 0.000000 - 5468490.058333 49.99
Machine B 5470660.841667 49.98 0.000000 = 5470660.841667 49.98
Machine B 5466873.958333 49.99 0.000000 = 5466873.958333 49.99
Machine B 5467633.158333 49.98 0.000000 - 5467633.158333 49.98
Machine B 5477759.525000 49.99 0.000000 - 5477759.525000 49.99
Machine B 5470628.234167 49.99 0.000000 - 5470628.234167 49.99
Machine B 7792.378769 0.01 0.000000 - 7792.378769 0.01
Machine B 5457896.300000 49.98 0.000000 = 5457896.300000 49.98
Machine B 5486804.475000 50.00 0.000000 = 5486804.475000 50.00
Machine B 0.477196 -0.60 0.000000 - 0.47719%6 -0.60
Machine B 5466111.416917 49.98 0.000000 - 5466111.416917 49.98
Machine B 5475145.051416 49.99 0.000000 - 5475145.051416 49.99
Machine B 5465054.289476 49.98 0.000000 - 5465054.289476 49.98
Machine B 5476202.178857 49.99 0.000000 - 5476202.178857 49.99
Machine B 5462619.692944 49.98 0.000000 - 5462619.692944 49.98
Machine B 5478636.775389 50.00 0.000000 - 5478636.775389 50.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
‘Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 - 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machiine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine C 0.000000 0.00 0.000000 - 0.000000 0.00
Machine D 5484912.108333 49.98 0.000000 - 5484912.108333 49.98
Machine D 5470835.866667 49.98 0.000000 - 5470835.866667 49,98
Machine D 5465278.075000 49.99% 0.000000 - 5465278.075000 49.99
Machine D 5456408.7381667 49.98 0.000000 - 5456408.791667 49.98
Machine D 5470342.883333 49.97 0.000000 - 5470342.883333 49.97
Machine D 5467422.941667 49.98 0.000000 - 5467422.941667 49.98
Machine D 5472591.766667 49.99 0.000000 - 5472591.766667 49.99
Machine D 5465370.791667 49.98 0.000000 - 5465370.791667 49.98
Machine D 5468457.500000 49.99 0.000000 - 5468457.500000 49.99
Machine D 5476438.625000 49.98 0.000000 - 5476438.625000 49.98
Machine D 5469805.935000 49.98 0.000000 - 5469805.935000 49.98

(Rep 1)
{Rep 2)
(Rep 3)
{Rep 4)
(Rep 5)
(Rep 6)
(Rep 7)
(Rep 8)
(Rep 9)
(Rep 10)
(Average)
(Std. Dev.)
(Min)
{Max)
{Skewness)
(90% C.I.
(90% C.I.
(95% C.I.
(95% C.I.
(99% C.I.
(99% C.I.
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High)
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High)
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High)

{Rep 1)
{Rep 2)
{Rep 3)
{Rep 4)
{Rep 5)
(Rep 6)
(Rep 7)
(Rep 8)
(Rep 9)
{Rep 10)
(Average)
(Std. Dev.)
{Min)
{Max)
(Skewness)
(90% C.I.
(90% C.I.
(95% C.I.
(95% C.I.
(99% C.I.
(99% C.I.
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High)
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High)
Low)
High)

{Rep 1)
(Rep 2)
{Rep 3)
(Rep 4)
{Rep 5)
(Rep 6)
(Rep 7)
(Rep 8}
{Rep 9)
(Rep 10)
(Average)
{Std. Dev.)
{Min)
{Max)
{Skewness)
(90% C.I.
(90% C.I.
{95% C.I.
(95% C.I.
(99% C.I.
{99% C.I.
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High)
Low)
High)
Low)
High)

(Rep 1)
{Rep 2)
{Rep 3}
{Rep 4)
(Rep 5)
{Rep 6)
(Rep 7)
{Rep 8)
(Rep 9)
(Rep
(Average)



z

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
BEuffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer

lwislvivivivivivivivivivivivlvivivivielvEv]

Buffer
Buffer
Euffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer

TOWOWUWOWIWoDWoODmWomm

CoUoogouoouooo

o s B o I e B o O B B o O B e o e Bt B I B

Lo I B B B B B B B B B B B B T I B B B B |

7516.288804
5456408.791667
5484912.108333

0.273465
5465449.152055
5474162.717945
5464429.479451
5475182.390549
5462081.142544
5477530.727456

1242.608333
1350.3683333
1388.366667
1440.900000
1475.300000
1261.466667
1350.366667
1415.541667
1640.125000
1312.083333
1387.714167
115.704902
1242.608333
1640.125000
0.730857
1320.646341
1454.781992
1304.949616
1470.478717
1268.799583
1506.628750

1907.091667
2018.075000
2061.016667
2112.050000
2154.250000
1913.291667
2021.816667
2089.100000
2326.116667
12€1.000000
2058.380833
123.645074
1907.091667
2326.116667
0.696290
1986.710523
2130.051143
1969.936621
2146.825046
1931.305816
2185.455851

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.02

6.00

6.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

7516.288804
5456408.791667
5484912.108333

0.273465
5465449.152055
5474162.717945
5464429.479451
5475182.390549
5462081.142544
54775630.727456

1242.608333
1350.383333
1388.366667
1440.900000
1475.300000
1261.466667
1350.366667
1415.541667
1640.125000
1312.083333
1387.714167
115.704902
1242.608333
1640.125000
0.730857
1320.646341
1454.781992
1304.949616
1470.478717
1268.799583
1506.628750

1907.091667
2018.075000
2061.016667
2112.050000
2154.250000
1913.291667
2021.816667
2089.100000
2326.116667
1981.000000
2058.380833
123.645074
1907.091667
2326.116667
0.696290
1986.710523
2130.051143
1969.936621
2146.825046
1931.305816
2185.455851

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.01
49.97
49.99

0.46
49.98
49.98
49.98
49.99
49.97
49.99

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.01
0.71
0.01
0.01

0.01
0.01
0.01

0.02
0.02
0.02
0.02

0.02
0.02

0.02-

0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

(Std. Dev.)
(Min)

(Max)
(Skewness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

(Rep 1)

(Rep 2)

(Rep 3)

(Rep 4)

{Rep 5)

(Rep 6)

{(Rep 7)

{Rep 8)

(Rep 9)

(Rep 10)
(Average)

(Std. Dev.)
{Min)

(Max)
({Skewness)

{90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
{95% C.I. High)
{99% C.I. Low)
(99% C.I. High)

(Rep 1)

{Rep 2)

(Rep 3)

(Rep 4)

(Rep 5)

(Rep 6)

(Rep 7)

(Rep 8)

(Rep 9)

(Rep 10)
{Average)

(Std. Dev.)
(Min)

(Max)
(Skewness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
{95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

{(Rep 1)

(Rep 2)

(Rep 3)

{Rep 4)

{Rep 5)

{Rep 6)

{Rep 7)

{Rep 8)

(Rep 9)

(Rep 10)
(Average)

(Std. Dev.)
{Min)

(Max)
(Skewness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
{99% C.I. High)
{(Rep 1)

(Rep 2)

(Rep 3)

(Rep 4)

(Rep 5)

(Rep 6)

(Rep 7)

(Rep 8)

{Rep 9)

{Rep 10)
(Average)

(Std. Dev.)
{Min)

(Max)
(Skewness)

(90% C.I. Low)
(90% C.I. High)



Buffer B 6.000000 0.00 0.000000 - 0.000000
Buffer B 0.000000 0.00 0.000000 - 0.000000
Buffer B 0.000000 0.00 0.000000 - 0.000000
Buffer B 0.000000 0.00 0.000000 - 0.000000
SUM 10974866.283333 100.00 0©.000000 0.00 10974866.283333
SUM 10946391.316667 100.00 0.000000 0.00 10946391.316667
SUM 10933448.816667 100.00 0©.000000 0.00 10933448.816667
SUM 10917858.041667 100.00 0.000600 0.00 10917858.041667
SUM 10947228.108333 100.00 0.000000 ° 0.00 10947228.108333
SUM 10939087.758333 100.00 0.000000 0.00 10939087.758333
SUM 10946624.791667 100.00 0.000000 0.00 10946624.791667
SUM 10935749.391667 100.00 0.000000 0.00 10935749.391667
SUM 10940056.900000 100.00 0.000000 0.00 108240056.900000
SUM 10957491.233333 100.00 0.000000 0.00 10957491.233333
SUM 10943880.264167 100.00 ©0.000000 0.00 10943880.264167
SUM 15129.464322 0.006 0.000000 0.00 15129.464322
SUM 10917858.041667 100.00 0.000000 0.00 10917858.041667
SUM 10974866.283333 100.00 0.000000 0.00 10974866.283333
SUM 0.372106 0.00 0.000000 0.00 0.372106
SUM 10935110.538329 100.00 0.000000 0.00 10935110.538329
SUM 10952649.990004 100.00 0.000000 0.00 10952649.9%0004
SUM 10933058.049303 100.00 0.000000 0.00 10933058.049303
SUM 10954702.479030 100.00 0.000000 0.00 10954702.479030
SUM 10928331.104880 100.00 0.000000 0.00 10928331.104880
SUM 10959429.423453 100.00 0.000000 0.00 10959429.423453
ENTITY ACTIVITY COSTING
$ %
Entity Explicit Total Total
Name Exits Cost Cost
Raw Material X 0 0.000000 0.00 (Rep 1)
Raw Material X 0 0.000000 0.00 (Rep 2)
Raw Material X 0 0.000000 0.00 (Rep 3)
Raw Material X 0 0.000000 0.00 (Rep 4)
Raw Material X 0 0.000000 0.00 (Rep 5)
Raw Material X 0 0.000000 0.00 (Rep 6)
Raw Material X 0 0.000000 0.00 (Rep 7}
Raw Material X o] 0.000000 0.00 (Rep 8}
Raw Material X o] 0.000000 0.00 (Rep 9)
Raw Material X 0 0.000000 0.00 (Rep 10)
Raw Material X 0 0.000000 0.00 (Average)
Raw Material X 0 0.000000 0.00 (Std. Dev.)
Raw Material X 0 0.000000 0.00 (Min)
Raw Material X 0 0.000000 0.00 (Max)
Raw Material X o] 0.000000 0.00 (Skewness)
Raw Material X 6] 0.000000 0.00 (90% C.I. Low)
Raw Material X o] 0.000000 0.06 {90% C.I. High)
Raw Material X 0 0.000000 0.00 {95% C.I. Low)
Raw Material X 0 0.000000 0.00 (95% C.I. High)
Raw Material X 0 0.000000 0.00 (99% C.I. Low)
Raw Material X 0 0.000000 0.00 (99% C.I. High)
Raw Material Y 0 - - (Rep 1)
Raw Material Y 0 - - (Rep 2}
Raw Material Y 0 - - ({Rep 3}
Raw Material Y 0 - - (Rep 4)
Raw Material Y 0 - - (Rep 5)
Raw Material Y 0 - - (Rep 6)
Raw Material Y 0 - - (Rep 7)
Raw Material Y 0 - - (Rep 8)
Raw Material Y 0 - - (Rep 9)
Raw Material Y 0 - - {Rep 10)
Raw Material Y o] - - {Average}
Raw Material Y 0 - - (Std. Dev.)
Raw Material Y 0 - - (Min)
Raw Material Y 0 - - (Max)
Raw Material Y 0 - -~ {Skewness)
Raw Material Y 0 - ~ (90% C.I. Low)
Raw Material Y 0 - - (90% C.I. High)
Raw Material Y Q - - (95% C.I. Low)
Raw Material Y 0 - - {95% C.I. High}
Raw Material Y 0 - - {99% C.I. Low}
Raw Material Y 0 - - {99% C.I. High)
Product 4121 548.500000 100.00 (Rep 1)
Product 4093 546.666667 100.00 (Rep 2)
Product 4093 546.600000 100.00 (Rep 3)
Product 4094 546.733333 100.00 (Rep 4)
FProduct 4097 548.383333 100.00 (Rep 5)
Product 4105 547.825000 100.00 (Rep 6)
Product 4103 548.441667 100.00 (Rep 7)
Product 4087 547.475000 100.00 ({(Rep 8)
Product 4098 547.308333 100.00 (Rep 9)
Product 4121 551.191667 100.00 (Rep 10)
Product 4101.2 547.912500 100.00 (Average)
Product 11.6314 1.367441 0.00 (Std. Dev.)
Product 4087 546.600000 100.00 (Min)
Product 4121 551.191667 100.00 ({Max)
Product 0.70789%92 1.156714 0.00 (Skewness)

6.00

{95% C.I.
(95% C.I.
(99% C.I.
(99% C.1I.

Low)
High)
Low)
High)
(Rep 1)

(Rep 2)

(Rep 3)

{Rep 4)

(Rep 5)

{Rep 6)

(Rep 7)

(Rep 8)

{Rep 9)

(Rep 10)
{Average)

(Std. Dev.)
{Min)

(Max)
(Skewness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
{95% C.I. High)
(99% C.I. Low)
(99% C.I. High)



Product
Product
Product
Product
Product
Product

4094.46
4107.94
4092.88
4109.52
4089.25
4113.15

547.119869
548.705131
546.934359
548.890641
546.507126
549.317874

548.500000
546.666667
546.600000
546.733333
548.383333
547.825000
548.441667
547.475000
547.308333
551.191667
547.912500

1.367441
546.600000
551.181667

1.156714
547.119869
548.705131
546.934359
548.890641
546.507126
549.317874

{90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
{99% C.I. Low)
(99% C.I. High)
(Rep 1)

(Rep 2)

{(Rep 3)

(Rep 4)

{Rep 5)

{Rep 6)

{Rep 7}

{Rep 8)

(Rep 9)

(Rep 10)
(Average)

(Std. Dev.)
{Min)

(Max)
{Skewness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)}
(99% C.I. High)
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******+*************************************************************************

s

+

*

-

N *
Formatted Listing of Model: *

C:\METE\MASTER\ SIMULA~2\JIT\JIT.MOD *

%*
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Time Units:

Distance Units:

Minutes
Meters

e de e de e ke e b ok ke de ke s I e e ke ok e Sk sk de de e ke e e ke o ke de 3 ok ok ok ol e Sk ol Sk e g ok e e ke e S e e e ok e e e e Sk o e T e e e T e s ok ok Sk e e o ok o S o

s

Locations *
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Name Cap Units Stats Rules Cost

Machine A
Machine B
Machine C
Machine_D
Machine E
Machine_F
Buffer D

Buffer B

N

[l et SO S Sy Sy P

Time Series Oldest,
Time Series Oldest,
Time Series Oldest,
Time Series Oldest,
Time Series Oldest,
Time Series Oldest, ,
Time Series Oldest, FIFO, Inventory carrying cost/hr
Time Series Oldest, FIFO, Inventory carrying_cost/hr

Inventory carrying_cost/hr

Inventory carrying_cost/hr
Inventory_carrying_cost/hr
Inventory_carrying_cost/hr

. N % owo~

e de e Gk b b gk sk e e e Je gk e e ok e e o e de S e ke e e e de de e Y ok e ke ok e o Sk S g ke e e ke Sk e e e e e e e ok e e e e de ok g e Sk de e S Tk ke e e v e e e

*

Entities *
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Speed (mpm) Stats Cost

Raw_Material X 50
Raw_Material Y 50

Product

50

Time Series
Time Series
Time Series

ok dk bbbk dokd bk kok b gk ke ke sk ek de sk g ek de ke g o ok e sk g ok o 3 s ke ok o s ok o e g ok ok e ok Sk otk e sk g ke v e ok ok Tk ok e o e e e ke ok ok ok

Ld

Processing *

Rk b kb kR d bbb bkt kdokok Rk ok ok ke Rk Kk e ek e R e e ok ok e o e R Tk e ek Tk Sk R ok e e ok ok ok ol e e R e e R e e Sk e o e ke ok o

Entity

Location

Raw_Material X

Raw_Material X

Raw_Material ¥

Raw_Material Y

Raw_Material Y

Raw_Material Y

Raw_Material X

enter_time x

Raw_Material Y

Machine A

Machine_B

Machine C

Machine_D

Buffer D

Machine E

Buffer B

Machine_F

Process Routing

Operation Blk Output Destination Rule

Move Logic

enter_ time_x=CLOCK (min}
INC WIP
INT tpp
tpp = Distl{()
Wait tpp
1 Raw Material X Machine B  FIRST 1
INCLOCCOST (CLOCK(HR) - WIP Time) * Inventory carrying cost

INT tpp
tpp = Distl({()
Wait tpp

1 Raw_Material X Buffer B FIRST 1
enter_time y=CLOCK{min)
INC WIP
INT tpp
tpp = Distl{)
Wait tpp

1 Raw Material Y Machine D  FIRST 1
INCLOCCOST (CLOCK(HR) - WIP_Time) * Inventory carrying_ cost

INT tpp
tpp = Distl()
Wait tpp

1 Raw_Material Y Buffer D FIRST 1
WIP_Time=Clock(hr)

1 Raw_Material Y Machine E FIRST 1
INCLOCCOST (CLOCK(HR) - WIP Time) * Inventory carrying cost

INT tpp
tpp = Distl()
Wait tpp

1 Raw_Material Y Machine F FIRST 1
WIP_ Time=Clock{hr) L
' 1 Raw_Material_ X Machine F  JOIN 1

Join 1 Raw Material X
Log "Cycle Time Y", enter_time_y
INCLOCCOST (CLOCK(HR) - WIP_Time) * Inventory carrying cost

Log "Cycle Time X",

INT tpp
tpp = Distl()
Wait tpp
1 Product EXIT FIRST 1 INC OUTPUT
DEC WIP, 2

S e g 3 de 2 ke e s e ok ok e sk 2 e e e e e ke ok ok sk ke ke ke s o o e ok o e e e ke sk S ok S e Sk e ke dk e ke sk ok i sk ke o e e de e ok o ok de ke Tk S e d e ok e ok S g e 3k e ok

¥+

Arrivals *

dek e b ek B ok kg b b bk e sk e ok ke e ke e Sk e ok ok e sk o e ok ok sk o e s ke e ok ke e Sk Sk S 3 e ke ke ke ok Sk S 5 e o ok e sk e S sk ok ok e ok o o e e e e e e



Entity Location Qty each First Time Occurrences Frequency Logic

Raw_Material X Machine A 1 0 infinite 10
Raw_Material Y Machine C 1 0 infinite 10

o e e dr ok e de de ek de ke e 2 e sk Sk ek de e ek sk e ke Tk e W de e de e e Tk Sk ke e sk e ok g ok o e ok sk ok o ok e ok e e S e e e ok Sk Sk S T e e Sk e Sk ok de ok e o I e e e k.

* Attributes *
$ g Rtk g ok ok ke e e e o o o e e Tk g S ke ke e e sk etk e e ke e e e e ke ok e e e Sk e e SR ok ok ok S ok S 9k ok e Sk S ol e e e o o e e S S o ok e e o o e g e e e e ok e e ke

ID Type Classification
enter_time_x Real Entity
enter_time_y Real Entity
WIP_Time Real Entity

Fdb kel F I F Pk b heok kb W gk ke ok ke ke kR K e de e vk ke kT ke ke ok ok g e sk e e ok e e Sk ok e sk e S e e e ke o ok ok ok e ok o ke g gk e e e S o e e e ok

- Variables {global) *

dedede ok e ek de ke e e b K g ke bk e ket e e ek o ok ke ok e sk e e e e Sk e e e e o S Ok Sk ke ke ke ok e ok e ok Sk e e gk e e e ok ok e ok gk e sk g S ok e ok e Sk Sk de e e e ok

ID Type Initial value Stats
Output Integer o] Time Series
WIP Integer 0 Time Series

**************************************************************@*****************

* Macros *
gk e ek R e sk e B sk Sk sk g 9 T e e ke o ke sk ke gk e ke e ol ke e e ke e e ke e e e ok e o ke e e e e e e ke ke ke e ke e e ok e e e Y e e e e de g e ke e de e e e e ok

D Text

Inventory carrying cost 0.1

S e g ok ke e e ok o de e e vk ok ok e sk ok gk e ok e ke sk e o ok e ke e ke e e e g e e Y ok e sk e S S e o e e e sk e e s ok de e T de ke Sk e e ke g e v de ke ok ok sk o ke e

* User Distributions *
e e ke e o de ke R e ke o o e ok e o ok R e e e Tk T ke e e Sk ok e s e Sk ok R ke Sk e ke e e e Sk o Sk o ok T de e e ok e e o e ok ke ke e e e ke de ok e e ok e ok o R S o e ok e

D Type Cumulative Percentage Value
Distl Discrete No 10 15
80 20

10 25



General Rep

ort

Output from C:\METE\MASTER\SIMULA~2\JIT\JIT.MOD [JIT-Model]
Date: Jun/27/1998 Time: 11:22:31 AM

Scenario : Normal Run
Replication : All
Period : Final Report (5000 hr to 6666 hr Elapsed: 1666 hr)
Warmup Time : 5000 hr (Std. Dev. 0 sec)
Simulation Time : 6666 hr
LOCATIONS

Average
Location Scheduled Total Minutes Average Maximum Current
Name Hours Capacity Entries Per Entry Contents Contents Contents % Util
Machine A 1666 1 4583 20.785512 0.952981 1 1 95.30
Machine A 1666 1 4589 20.779037 0.953932 1 1 95.39
Machine A 1666 1 4580 20.782135 0.954282 1 1 95.43
Machine A 1666 1 4589 20.750708 0.952631 1 1 95.26
Machine A 1666 1 4594 20.756421 0.9853932 1 1 95.39
Machine A 1666 1 4601 20.729189 0.954132 1 1 95.41
Machine A 1666 1 4583 20.775693 0.952531 1 1 95.25
Machine A 1666 1 4598 20.745977 0.954282 1 1 95.43
Machine A 1666 1 4607 20.734751 0.955632 1 1 95.56
Machine A 1666 1 4595 20.746464 0.953681 1 1 95.37
Machine A 1666 1 4592.9 20.758589 0.953802 1 1 95.38
Machine A 0 0 7.68042 0.020536 0.000920574 0 0 0.09
Machine A 1666 1 4583 20.729189 0.952531 1 1 95.25
Machine A 1666 1 4607 20.785512 0.955632 1 1 95.56
Machine A 0 0 0.307748 0.033258 0.280658 0 [¢] 0.28
Machine A 1666 1 4588.45 20.746685 0.953268 1 1 95.33
Machine A 1666 1 4597.35 20.770492 0.954335 1 1 95.43
Machine A 1666 1 4587.41 20.743899 0.953143 1 1 95.31
Machine A 1666 1 4598.39 20.773278 0.95446 1 1 95.45
Machine A 1666 1 4585.01 20.737483 0.952855 1 1 95.29
Machine A 1666 1 4600.79 20.779694 0.954748 1 1 95.47
Machine B 1666 1 4582 20.019642 0.917667 1 1 91.77
Machine B 1666 1 4589 20.079538 0.921819 1 1 92.18
Machine B 1666 1 4580 20.106754 0.923269 1 1 92.33
Machine B 1666 1 4589 19.997821 0.918067 1 1 91.81
Machine B 1666 1 4594 20.058772 0.921869 1 1 92.19
Machine B 1666 1 4601 20.034775 0.922169 1 0 92.22
Machine B 1666 1 4583 20.189832 0.92567 1 1 92.57
Machine B 1666 1 4598 20.144628 0.926621 1 1 92.66
Machine R 1666 1 4607 20.069460 0.92497 1 1 92.50
Machine B 1666 1 4595 20.102285 0.92407 1 1 92.41
Machine B 1666 1 4592.8 20.080351 0.922619 1 0.9 92.26
Machine B o] 0 7.82872 0.058171 0.00298187 0 0.316228 0.30
Machine B 1666 1 4582 19.997821 0.917667 1 0 91.77
Machine B 1666 1 4607 20.189832 0.926621 1 1 92.66
Machine B 0 0 0.2574 0.363190 -0.407206 0 -2.27684 -0.41
Machine B 15666 1 4588.26 20.046632 0.920891 1 0.7167 92.09
Machine B 1666 1 4597.34 20.114069 0.924347 1 1.0833 92.43
Machine B 1666 1 4587.2 20.038741 0.920486 1 0.6738 92.05
Machine B 1666 1 4598.4 20.121961 0.924752 1 1.1262 92.48
Machine B 1666 1 4584.75 20.020566 0.919554 1 0.575 91.96
Machine B 1666 1 4600.85 20.140135 0.925684 1 1.225 92.57
Machine C 1666 1 4583 20.785512 0.952981 1 1 95.30
Machine C 1666 1 4583 20.772420 0.952381 1 1 95.24
Machine C 1666 1 4585 20.781897 0.953231 1 1 95.32
Machine C 1666 1 4586 20.786088 0.953631 1 1 95.36
Machine C 1666 1 4593 20.746789 0.953281 1 1 95.33
Machine C 1666 1 4602 20.734463 0.954582 1 1 95.46
Machine C 1666 1 4578 20.774356 0.951431 1 1 95.14
Machine C 1666 1 4598 20.735102 0.953782 1 1 95.38
Machine C 1666 1 4602 20.746415 0.955132 1 1 95.51
Machine C 1666 1 4592 20.753484 0.953381 1 1 95.34
Machine C 1666 1 4590.2 20.761653 0.953381 1 1 95.34
Machine C 0 0 8.48266 0.020595 0.00103965 0 0 0.10
Machine C 1666 1 4578 20.734463 0.951431 1 1 95.14
Machine C 1666 1 4602 20.786088 0.955132 1 1 95.51
Machine C o] 0 0.165695 -0.073432 -0.117274 [o] 0 -0.12
Machine C 1666 1 4585.28 20.749715 0.95277% 1 1 95.28
Machine C 1666 1 4595.12 20.773591 0.953984 1 1 95.40
Machine C 1666 1 4584.13 20.746921 0.952638 1 1 95.26
Machine C 1666 1 4596.27 20.776385 0.954125 1 1 95.41
Machine C 1666 1 4581.48 20.740486 0.952313 1 1 95.23
Machine C 1666 1 4598.92 20.782819 0.95445 1 1 95.44
Machine D 1666 1 4583 20.137465 0.923269 1 1 92.33
Machine D 1666 1 4582 20.049105 0.919018 1 1 91.90
Machine D 1666 1 4585 20.071974 0.920668 1 1 92.07
Machine D 1666 1 4586 20.103576 0.922319 1 1 92.23
Machine D 1666 1 4593 20.071848 0.922269 1 1 92.23
Machine D 1666 1 4602 20.007605 0.921118 1 1 92.11
Machine D 1666 1 4578 20.117955 0.921369 1 1 92.14
Machine D 1666 1 4598 20.004350 0.920168 1 1 92.02
Machine D 1666 1 4602 19.946762 0.918317 1 1 91.83

.(Rep

{Rep
{Rep
(Rep
(Rep
(Rep
(Rep
(Rep
{Rep
(Rep

10

)

(Average)
{Std. Dev.)

{Min)
{Max)

(Skewness)

(90%
(90%
{95%
{95%
(99%
(99%

(Rep
(Rep
(Rep
(Rep
(Rep
(Rep
(Rep
(Rep
{Rep
{Rep

C.I. Low)
C.I.
C.I.
C.I.
C.I.
C.I.

9)
10

)

(Average)
(Std. Dev.)

{Min}
{Max)

{Skewness)

High)
Low)
High}
Low)
High)

(90% C.I. Low)
C.I.
C.I.
C.I.
C.I.
cC.I.

(90%
{95%
(95%
(99%
(99%

{Rep
{Rep
(Rep
(Rep
(Rep
(Rep
{Rep
{Rep
(Rep
(Rep

{Min}
{Max)

{Skewness)

(90%
(S0%
{95%
(95%
(99%
(29%

(Rep
{Rep
(Rep
{Rep
(Rep
(Rep
(Rep
{Rep
(Rep

10)
(Average)
{Std. Dev.)

High}
Low)
High)
Low)
High)



Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Euffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
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Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
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4592
45%0.1
8.58228
4578
4602
0.163276
4585.13
4595.07
4583.96
4596.24
4581.28
4598.92

4581
4586
4588
4589
4594
4601
4581
4597
4605
4595
4591.7
8.09732
4581
4605
0.122121
4587.01
4596.39
4585.91
4597.49
4583.38
4600.02

4581
4586
4588
4589
4584
4601
4581
4597
4605
4595
4591.7
8.09732
4581
4605
0.122121
4587.01
45%96.39
4585.91
4597.49
4583.38
4600.02

4584
4585
4588
4588
4593
4603
4580
4597
4604
4594
4591.6
8.04432
4580
4604
0.226972
4586.94
4596.26
4585.85
4597.35
4583.33
4599.87

4581
4588
4590
4588
4593
4601
4582
4598
4606
4594
4592.1
7.99236
4581
4606
0.207336

20.033754
20.054440

0.058410
19.946762
20.137465
-0.264961
20.020582
20.088297
20.012658
20.096221
19.994409
20.114470

21.485484
21.098997
21.117044
21.609283
21.368089
21.245381
21.028160
20.962584
21.091205
21.137106
21.214333

0.209773
20.962584
21.609283

0.628493
21.092739
21.335927
21.064281
21.364386
20.998741
21.429926

20.701812
20.336895
20.355275
20.878187
20.672616
20.441208
20.263043
20.150098
20.298588
20.355822
20.445354

0.229644
20.150098
20.878187

0.594591
20.312242
20.578467
20.281088
20.609620
20.209340
20.681369

41.504145
21.834242
20.774847
42.136007
29.663619
23.203346
20.033843
13.604525
22.428323
20.120810
25.530371

9.434025
13.604525
42.136007

0.774674
20.061981
30.998761
18.782145
32.278597
15.834644
35.226098

19.314560
33.011116
34.190632

9.375545
20.953625
31.868072
38.474465
42.804480
31.463309
34.214192
29.567000
10.029394

9.375545
42.804480
~0.660480

0.920318
0.920883
0.00152414
0.918317
0.923269
-0.130453
0.92
0.921767
0.919783
0.921974
0.919317
0.92245

0.984644
0.967987
0.969238
0.992047
0.982043
0.977891
0.963685
0.964036
0.971639
0.971639
0.974485
0.00938155
0.963685
0.992047
0.493041
0.969047
0.979923
0.967774
0.981195
0.964843
0.984127

0.948729
0.933023
0.934274
0.958483
0.95008
0.940876
0.928621
0.926671
0.935124
0.935724
0.939161
0.0102406
0.926671
0.958483
0.542329
0.833225
0.945097
0.931835
0.946486
0.928636
0.949685

1.90331
1.0015
0.953531
1.93397
1.363
1.06848
0.917917
0.62565
1.03301
0.92472
1.17251
0.432426
0.62565
1.93397
0.771864
0.921855
1.42316
0.863191
1.48183
0.728087
1.61693

0.885154
1.51516
1.56998

0.430322

0.962785
1.46684
1.76361
1.96894
1.44978
1.57243

1.3585

0.461158

0.430322
1.96894

-0.661316
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0.421

-1.28072
0.5556
1.0444
0.4984
1.101e

0.366667

1.23333

OOrHrOWOOR O

0.9
1.44914

0

4

1.13959
0.0600139
1.73999
-0.136579
1.93658
-0.589337
2.38934

g
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1
1.173

0.0296806

82.03
82.09

0.15
91.83
92.33
-0.13
92.00
92.18
91.98
92.20
91.93
92.24

98.46
96.80
96.92
99.20
98.20
97.79
96.37
96.40
97.16
97.16
97.45

0.94
96.37
89.20

0.49
96.90
97.99
96.78
98.12
96.48
98.41

94.87
93.30
93.43
95.85
85.01
94.09
92.86
92.67
93.51
93.57
93.92

92.67
95.85

0.54
93.32
94.51
93.18
94.65
92.86
94.97

47.58
25.04
23.84
48.35
34.07
26.71
22.95
15.64
25.83
23.12
29.31
10.81
15.64
48.35

0.77
23.05
35.58
21.58
37.05
18.20
40.42

22.13
37.88
39.25
10.76
24.07
36.67
44.09
49.22
36.24
39.31
33.96
11.83
10.76
49.22
-0.66

(Rep 10}
(Average)

(Std. Dev.)
(Min)

(Max)
{Skevwness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

(Rep 1)

(Rep 2)

(Rep 3)

(Rep 4}

(Rep 5)

{Rep 6)

(Rep 7)

(Rep 8)

{Rep 9)

(Rep 10)
(Average)

{Std. Dev.)
{Min)

(Max)
(Skewness)

(90% C.I. Low)
{(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
{99% C.I. Low)
(99% C.I. High)

{(Rep 1)
(Rep 2}
{Rep 3)
(Rep 4)
{Rep 5)
{Rep 6)
(Rep 7)
{Rep 8)
(Rep 9)
(Rep 10)
(Average)
(Std. Dev.)
{Min)

(Max}
(Skewness)
(90% C.I. Low)
{90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
{99% C.I. Low)
(99% C.I. High)

(Rep 1)
{Rep 2)
{Rep 3)
{(Rep 4)
(Rep 5)
(Rep 6)
(Rep 7)
(Rep 8)
{Rep 9)
{Rep 10)
(Average)
{Std. Dewv.)
{Min)

(Max)
(Skewness)
(90%
{90%
(95%

C. Low)

C.

C.
(95% C.

C.

C.

. High)
. Low)
. High)
. Low)
. High)

(99%
(99%

HHHHHH

(Rep 1)
(Rep 2)
(Rep 3)
(Rep 4)
{(Rep 5)
(Rep 6)
(Rep 7)
(Rep 8)
{(Rep 9)
(Rep 10}
(Average)
(Std. Dev.)
(Min)
{Max}
(Skewness)



-

Buffer B 1666 4 4587.47 23.753507 1.09119
Buffer B 1666 4 4596.73 35.380493 1.62581
Buffer B 1666 4 4586.38 22.392%02 1.02863
Buffer B 1666 4 4597.82 36.741097 1.68837
Buffer B 1666 4 4583.89 19.259388 0.884547
Buffer B 1666 4 4600.31 39.874611 1.83245
LOCATION STATES BY PERCENTAGE (Multiple Capacity)
% ]

Location Scheduled % Partially % | %
Name Hours Empty Occupied Full | Down

- I [p—
Buffer D 1666 27.76 52.43 19.81 | 0.00 (Rep 1)
Buffer D 1666 51.28 41.59 7.13 | 0.00 ({Rep 2)
Buffer D 1666 52.21 41.53 6.26 | 0.00 (Rep 3)
Buffer D 1666 19.01 67.26 13.74 | 0.00 ({Rep 4)
Buffer D 1666 36.94 51.54 11.51 { 0.00 (Rep 5)
Buffer D 1666 43.64 49.83 6.53 | 0.00 (Rep 6}
Buffer D 1666 56.30 35.36 8.34 | 0.00 (Rep 7)
Puffer D 1666 62.95 34.31 2.74 | 0.00 (Rep 8)
Buffer D 1666 47.48 47.34 5.18 | 0.00 (Rep 9)
Buffer D 1666 50.65 44,94 4.41 | 0.00 (Rep 10)
Buffer D 1666 44.82 46.61 8.57 | 0.00 (Average)
Buffer D 0 13.41 9.59 5.12 | 0.00 (Std. Dev.)
Buffer D 1666 19.01 34.31 2.74 | 0.00 (Min})
Ruffer D 1666 62.95 67.26 19.81 | 0.00 (Max)
Buffer D 0 -0.59 0.64 0.93 | 0.00 (Skewness)
Buffer D 1666 37.05 41.06 5.60 | 0.00 (90% C.I. Low)
Buffer D 1666 52.59 52.17 11.53 [ 0.00 ({90% C.I. High)
Buffer D 1666 35.23 39.76 4.90 | 0.00 (95% C.I. Low}
Buffer D 1666 54.41 53.47 12.23 | 0.00 (95% C.I. High)
Buffer D 1666 31.04 36.76 3.30 | 0.00 (99% C.I. Lowj}
Buffer D 1666 58.60 56.47 13.83 | 0.00 ({9%9% C.I. High)
Puffer B 1666 55.63 38.21 6.17 | 0.00 (Rep 1}
Buffer B 1666 32.91 55.74 11.35 | 0.00 ({Rep 2)
Puffer B 1666 35.23 50.97 13.81 | 0.00 (Rep 3)
Buffer B 1666 69.90 29.28 0.83 ] 0.00 (Rep 4)
Buffer B 1666 51.71 41.75 6.54 | 0.00 (Rep 5)
Buffer B 1666 38.28 50.18 11.54 | 0.00 (Rep 6)
Buffer B 1666 30.27 52.12 17.61 | 0.00 (Rep 7)
Buffer B 1666 18.84 63.56 17.60 | 0.00 (Rep 8)
Puffer B 1666 32.98 57.45 9.57 | 0.00 (Rep 9)
Buffer B 1666 33.15 52.33 14.52 | 0.00 (Rep 10)
Buffer B 1666 39.89 49.16 10.95 | 0.00 (Average)
Buffer B 0 14.87 10.07 5.34 | 0.00 (Std. Dev.)
Buffer B 1666 18.84 29.28 0.83 | 0.00 (Min)
Buffer B 1666 69.90 63.56 17.61 | 0.00 (Max)
Buffer B 0 0.65 -0.56 ~0.38 | 0.00 ({Skewness)
Buffer B 1666 31.27 43.32 7.86 | 0.00 (80% C.I. Low)
Buffer B 1666 48.51 54.93 14.05 | 0.00 (90% C.I. High}
Buffer B 1666 29.25 41.95 7.13 | 0.060 ({95% C.I. Low}
Buffer B 1666 50.53 56.36 14.77 | 0.00 (95% C.I. High)
Buffer B 1666 24.61 38.81 5.46 | 0.00 (99% C.I. Lowj
Buffer B 1666 55.17 59.51 16.44 | 0.00 ({99% C.I. High}
LOCATION STATES BY FERCENTAGE (Single Capacity/Tanks)
Location Scheduled % % % % % %
Name Hours Operation Setup Idle Waiting Blocked Down
Machine A 1666 91.83 0.00 4.70 0.00 3.47 0.00
Machine A 1666 91.99 0.00 4.61 0.00 3.40 0.00
Machine A 1666 91.77 0.00 4.57 0.00 3.66 0.00
Machine A 1666 91.98 0.00 4.74 0.00 3.28 0.00
Machine A 1666 91.90 0.00 4.61 0.00 3.49 0.00
Machine A 1666 91.76 0.00 4.59 0.00 3.66 0.00
Machine A 1666 91.54 0.00 4.75 0.00 3.71 0.00
Machine A 1666 91.70 0.00 4.57 0.00 3.73 0.00
Machine A 1666 92.06 0.00 4.44 0.00 3.50 0.00
Machine A 1666 91.82 0.00 4.63 0.00 3.55 0.00
Machine A 1666 91.84 0.00 4.62 0.00 3.54 0.00
Machine A 0 0.16 0.00 .09 0.00 0.14 0.00
Machine A 1666 91.54 0.00 4.44 0.00 3.28 0.00
Machine A 1666 92.06 0.00 4.75 0.00 3.73 0.00
Machine A o] -0.26 0.00 -0.28 1.06 -0.29 0.00
Machine A 1666 91.75 0.00 4.57 0.00 3.46 0.00
Machine A 1666 91.93 0.00 4.67 0.00 3.63 0.00
Machine A 1666 91.72 0.00 4.55 0.00 3.44 0.00
Machine A 1666 91.95 0.00 4.69 0.00 3.65 0.00
Machine A 1666 91.68 0.00 4.53 0.00 3.40 0.00
Machine A 1666 91.99 0.00 4.71 0.00 3.69 0.00
Machine B 1666 91.57 0.00 8.23 0.00 0.20 0.00
Machine B 1666 91.74 0.00 7.82 0.00 0.45 0.00
Machine B 1666 91.82 0.00 7.67 0.00 0.51 0.00
Machine B 1666 91.77 0.00 8.19 0.00 0.04 0.00
Machine B 1666 91.98 .00 7.81 0.00 6.21 0.00
Machine B 1666 91.91 0.00 7.78 0.00 0.31 0.00

[N A N

(Rep
(Rep
(Rep
(Rep
(Rep
{Rep
{Rep
{Rep
{Rep
{Rep

0.719619
2.08038
0.560381
2.23962
0.193651
2.60635

10)

(Average)
Dev.)

(Std.
({Min)
(Max)

(Skewness)

(90%
(90%
(95%
(95%
(99%
(99%

(Rep
(Rep
{Rep
(Rep
(Rep
{Rep

C.I.
C.I.
C.I.
C.I.
C.I.
C.I.

1)
2)
3)
4)
5)
6)

Low)
High)
Low)
High)
Low)
High)

27.28
40.65
25.72
42.21
22.11
45.81

(90%
(90%
(95%
(95%
(99%
(99%

Low)
High)
Low)
High)
Low)
High)



Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
<Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
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91.57
91.63
91.62
91.72
92.03
91.88
91.30
91.94
91.86
92.07
91.76

0.24

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00

7.43
7.34
7.50
7.59
7.74
0.30
7.34
8.23
0.41
7.57
7.91
7.52
7.95
7.43
8.04

4.70
4.76
4.68
4.64
4.67
4.54
4.86
4.62
4.49
4.66
4.66
0.10
4.49
4.86
0.12
4.60
4.72
4.59
4.74
4.56
4.77

7.67
8.10
7.93
7.77
7.77
7.89
7.86
7.98
8.17
7.97
7.91

7.67
8.17
0.13
7.82
8.00
7.80
8.02
7.76
8.07

1.54
3.20
3.08
0.80
1.80
2.21
3.63
3.60
2.84
2.84
2.55
0.94
0.80
3.63
0.49
2.01
3.10
1.88
3.22
1.59
3.52

5.13
6.70
6.57
4.15
4.99
5.91
7.14
7.33
6.49
6.43
6.08
1.02

0.00

0.00

0.00

0.00
0.00

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.29

0.00

0.00
0.00
0.00
0.00
0.00

3.30
1.67
1.81
4.13
2.98
2.21
1.57
0.73
1.65
1.51
2.15
1.02

0.57
0.25
0.61
0.18
0.69

3.83
3.25
3.60
3.54
3.52
3.36
3.54
3.33
3.30

3.46
0.17
3.25
3.83
0.61
3.36
3.56
3.34
3.59
3.28
3.64

0.81
0.34
0.18
0.52
0.49
0.35
0.32
0.11
0.20
0.20
0.35
0.21
0.11
0.81
0.86
0.23
0.47
0.20
0.50
0.14
0.57

6.90
4.85
5.30
7.38
6.47
5.61
4.87
4.19
4.77
5.17
5.55
1.03
4.19
7.38
0.50
4.95
'6.15
4.81
6.29
4.49
6.61

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

(Rep 7)

(Rep 8)

{Rep 9)

{(Rep 10)
(Average)

(Std. Dev.)
(Min)

(Max)
(Skewness)

{90% C.I. Low)
{90% C.I. High)
(95% C.I. Low)
{95% C.I. High)
(99% C.I. Low)
{99% C.I. High)
(Rep 1)

(Rep 2)

{Rep 3)

(Rep 4)

{Rep 5)

(Rep 6)

{Rep 7)

(Rep 8)

(Rep 9)

(Rep 10}
(Average)

(Std. Dev.)
{Min)

(Max)
(Skewness)

{90% C.I. Low}
{90% C.I. High)
{35% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

(Rep 1)

(Rep 2)

(Rep 3)

{Rep 4}

{Rep 5}

(Rep 6)

(Rep 7)

(Rep 8)

(Rep 9)

{Rep 10)
{Average)

{Std. Dev.)
(Min)

(Max)
(Skewness)

{90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
{99% C.I. Low)
{99% C.I. High)

(Rep 1)

{Rep 2)

{Rep 3)

(Rep 4)

(Rep 5)

(Rep 6)

(Rep 7)

(Rep 8)

{Rep 9}

(Rep 10}
(Average)

{Std. Dev.)
{Min)

{Max)
(Skewness)

(90% C.I. Low)
{90% C.I. High)
{95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

{(Rep 1)
{Rep 2}
{Rep 3)
{Rep 4}
(Rep 5)
(Rep 6)
{Rep 7)
{Rep 8)
(Rep 9)
(Rep 10)
{Average)
(Std. Dev.)



Machine F 1666 91.30 0.00 4.15 0.73 0.00 0.00 (Min)
Machine F 1666 92.07 0.00 7.33 4.13 0.00 0.00 (Max)
Machine F 0 -0.41 0.00 =-0.54 0.58 0.00 0.00 (Skewness)
Machine F 1666 91.62 0.00 5.49 1.57 0.00 0.00 (90% C.I. Low)
Machine F 1666 91.90 0.00 6.68 2.74 0.00 0.00 (90% C.I. High)
Machine F 1666 91.59 0.00 5.35 1.43 0.00 0.00 (95% C.I. Low)
Machine F 1666 91.93 0.00 6.82 2.88 0.00 0.00 {95% C.I. High)
Machine F 1666 91.52 0.00 5.03 1.11 0.00 0.00 (99% C.I. Low)
Machine F 1666 92.01 0.00 7.14 3.20 0.00 0.00 ({99% C.I. High)
FAILED ARRIVALS
Entity Location Total
Name Name Failed
Raw Material X Machine A 5415 (Rep 1)
Raw Material X Machine A 5408 (Rep 2)
Raw Material ¥ Machine A 5407 (Rep 3)
Raw Material X Machine A 5409 (Rep 4)
Raw Material X Machine A 5404 (Rep 5)
Raw Material X Machine A 5397 (Rep 6)
Raw Material X Machine A 5415 {Rep 7)
Raw Material X Machine A 5400 ({Rep 8)
Raw Material X Machine A 5391 {(Rep 9)
Raw Material X. Machine A 5403 {Rep 10)
Raw Material X Machine A 5404.9 (Average)
Raw Material X Machine A 7.59313 (Std. Dev.)
Raw Material X Machine A 5391 (Min)
Raw Material X Machine A 5415 (Max)
Raw Material X Machine A -0.259332 (Skewness)
Raw Material X Machine A 5400.5 (90% C.I. Low)
Raw Material X Machine A 5409.3 (90% C.I. High}
Raw Material X Machine A 5399.47 (95% C.I. Low)
Raw Material X Machine A 5410.33 (95% C.I. High)
Raw Material X Machine A 5397.1 (99% C.I. Low)
Raw Material ¥ Machine A 5412.7 (99% C.I. High)
Raw Material Y Machine C 5415 {Rep 1}
Raw Material Y Machine C 5415 (Rep 2)
Raw Material Y Machine C 5413 (Rep 3}
Raw Material Y Machine C 5412 (Rep 4}
Raw Material Y Machine C 5405 (Rep 5)
Raw Material Y Machine C 5396 (Rep 6)
Raw Material Y Machine C 5420 (Rep 7)
Raw Material Y Machine C 5400 (Rep 8)
Raw Material Y Machine C 5396 (Rep 9)
Raw Material Y Machine C 5406 (Rep 10)
Raw Material Y Machine C 5407.8 (Average)
Raw Material Y Machine C 8.48266 (Std. Dev.)
Raw Material Y Machine C 5396 (Min)
Raw Material Y Machine C 5420 (Max)
Raw Material Y Machine C -0.165695 (Skewness)
Raw Material Y Machine C 5402.88 (90% C.I. Low)
Raw Material Y Machine C 5412.72 (90% C.I. High)
Raw Material Y Machine C 5401.73 (95% C.I. Low)
Raw Material Y Machine C 5413.87 (95% C.I. High)
Raw Material Y Machine C 5399.08 (99% C.I. Low)
Raw Material Y Machine C 5416.52 (99% C.I. High)
ENTITY ACTIVITY
Average Average Average Average Average

Current Minutes Minutes Minutes Minutes Minutes
Entity Total Quantity In In Move Wait For In
Name Exits 1In System System Logic Res, etc. Operation Blocked
Raw Material X 4580 3 60.137555 0.000000 9.634279 40.018559 10.484716
Raw Material X 4585 5 73.885496 0.000000 18.390403 40.030534 15.464558
Raw Material X 4587 5 75.089383 0.000000 20.079573 39.990190 15.019621
Raw Material X 4588 2 50.141674 0.000000 2.817132 40.043592 7.280950
Raw Material X 4593 2 61.788591 0.000000 10.444154 40.028304 11.316133
Raw Material X 4600 2 72.647826 0.000000. 18.463043 39.911957 14.272826
Raw Material X 4580. 4 79.457424 . 0.000000 23.263100 39.995633 16.198690
Raw Material X 4596 4 83.722802 0.000000 25.166449 39.935814 18.620540
Raw Material X 4604 4 72.286056 0.000000 16.917887 39.965248 15.402911
Raw Material X 4594 2 75.071833 0.000000 18.66%134 39.937963 15.464737
Raw Material X 4590.7 3.3 70.422864 0.000000 16.484517 39.985779 13.952568
Raw Material X §.09732 1.25167 10.077354 0.000000 6.850266 0.045946 3.303865
Raw Material X 4580 2 50.141674 0.000000 2.817132 39.911957 7.280950
Raw Material X 4604 5 83.722802 0.000000 25.166449 40.043592 18.620540
Raw Material X 0.122121 0.104032 ~0.656918 0.000000 -0.633206 -0.256731 -0.645327
Raw Material X 4586.01 2.57448 64.581571 0.000000 12.513791 392.959147 12.037498
Raw Material X 4595.39 4.02552 - 76.264157 0.000000 20.455242 40.012411 15.867639
Raw Material X 4584.91 2.40467 63.214460 0.000000 11.584472 39.952914 11.58%290
Raw Material X 4596.49 4.19533 77.631268 0.000000 21.384561 40.018645 16.315847
Raw Material X 4582.38 2.01361 60.065961 0.000000 9.444223 39.938559 10.557053
Raw Material X 4599.02 4.58639 80.779766 0.000000 23.524811 40.033000 17.348083
Raw Material Y 0 7 - - - - -
Raw Material Y 0 4 - -~ - - -

(Rep 1)
(Rep 2)
{Rep 3)
(Rep 4)
(Rep 5)
{Rep 6)
{Rep 7)
(Rep 8)
(Rep 9)
(Rep 10)
(Average}
{Std. Dev.)
(Min)
(Max)
(Skewness)
(90% C.I.
(90% C.I.
{95% C.I.
(95% C.I.
(99% C.I.
{99% C.I.

Low)
High)
Low)
High)
Low)
High)

{Rep 1}
(Rep 2)



Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material

Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw
Raw

R R R L L

Froduct
Product
Product
Product
Product
Preduct
Product
Product
Product
Product
Product
Product
Product
Product
Froduct
Product
Product
Product
Product
Preduct
Product

[eleReNoNoRolaoNoNoNoNoNoNoNoNoNoRoReNol

4581
4585
4588
4588
4593
4600
4580
4596
4604
4594
4590.9
7.9085
4580
4604
0.132195
4586.32
4595.48
4585.24
4596.56
4582.77
4599.03

[l Y
o) *
R I B R LI - TN NN

1.25

1.11987
3.97448
5.42552
3.804867
5.59533
3.41361
5.98639

[eNeoRoNoReNoRoNoNoNoRoNoNoNoRoNoNoNoNeNo el

ENTITY STATES BY PERCENTAGE

Entity

Name

Material X
Material X
Material X
Material X
Material X
Material X
Material X
Material X
Material X
Material X
Material X
Material X
Material X
Material X
Material X
Material X
Material X
Material X
Material ¥
Material %
Material X

Product
FProduct
Product
Product
Product
Product
Product
Product
Product
Product
Product
Product
Froduct
Product
Product
Product
Product
Product
Product
Product
Product

%
In Move
Logic

0.00

0.00
0.00
0.00
0.00
0.00

%
Wait For
Res, etc.

14.74

10.65

12.58

15.36

16.01
7.64
17.51

124.642000 0.000000
104.187568 0.000000
103.198561 0.000000
125.583043 0.000000
112.562595 0.000000
105.623913 0.000000
102.317686 0.000000
95.475413 0.000000
104.596003 0.000000
102.483674 0.000000
108.067046 0.000000
9.895550 0.000000
95.475413 0.000000
125.583043 0.000000
0.766559 0.000000
102.331135 0.000000
113.802956 0.000000
100.988688 0.000000
115.145404 0.000000
97.896991 0.000000
118.237100 0.000000
% %

In Operation Blocked
66.55 17.43

54.18 20.93

53.26 20.00

79.86 14.52

64.78 18.31

54.94 19.65

50.34 20.39

47.70 22.24

55.29 21.31

53.20 20.60

58.01 19.54

9.65 2.25

47.70 14.52

78.86 22.24

1.06 -0.95

52.41 18.23

63.60 20.84

51.10 17.93

64.91 21.15

48.09 17.23

67.93 21.85

64.09 14.67

76.86 11.97

77.49 12.02

63.72 16.04

71.04 14.22

75.68 13.51

78.15 11.20

83.85 10.17

76.44 12.63

78.14 12.35

74.55 12.88

6.41 1.75

63.72 10.17

83.85 16.04

-0.57 0.26

70.83 11.86

78.26 13.89

69.96 11.63

79.13 14.13

67.95 11.08

81.14 14.67

26.471294
11.636859
10.823888
25.416303
16.589375
11.416304
10.896288
5.707137
11.430278
9.752938
14.014067
6.814700
5.707137
26.471294
0.844002
10.063956
17.964177
9.13%9462
18.888671
7.010325
21.017808

{Rep 1)
{Rep
{Rep 3)
(Rep 4)
(Rep
(Rep 6)
(Rep 7)
(Rep 8)
(Rep 9)
(Rep 10)
{Average)

(Std. Dev.

(Min}
{Max}

{Skewness)

c.I.
C.I.
c.I.
C.I.
C.I.
C.I.

(90%
{90%
(95%
(95%
(99%
{99%

(Rep
{Rep
{Rep
(Rep 4)
(Rep 5)°
(Rep 6)
{Rep
(Rep 8)

{Rep 9)

{Rep 10)
{Average)

1)
2)

{Std. Dev.

{Min)
(Max)

{Skewness)

C.I.
C.I.
C.I.
C.I.
C.I.
C.I.

{90%
(90%
(95%
(95%
(99%
(99%

79.886488
80.076336
79.971665
80.017437
79.961899
79.939130
79.966157
80.056571
79.955474
80.078363
79.990952

0.063793
792.886488
80.078363

0.085024
79.953974
80.027929
79.945320
80.036584
79.925389
80.056515

)

Low)}
High)
Low)
High)
Low)
High)

)

Low}
High)
Low)
High}
Low)
High)

18.284217
12.474373
12.403008
20.149303
16.011322
14.268478
11.4585240

©9.711706

13.210252
12.652373
14.062027

3.204692

9.711706
20.149303

0.596175
12.204442
15.919612
11.769688
16.354366
10.768436
17.355618

(Rep 3)
{Rep 4)
{Rep 5)
{Rep 6)
{Rep
(Rep
(Rep 9)
{Rep 10)
(Average)
(Std. Dev.)
{Min)
(Max)
({Skewness)
(90% C.I.
(90% C.I.
(95% C.I.
(95% C.I.
(99% C.I.
{99% C.I.

Low)
High}
Low)
High)
Low)
High)

1)
2)
3)

{Rep
(Rep
(Rep
(Rep
(Rep
(Rep
{Rep
{Rep 8)

(Rep 9)

(Rep 10)
(Average)

(Std. Dev.)
(Min)

(Max)
{Skewness)

(90% C.I. Low)
{90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
{99% C.I. Low)
(89% C.I. High)



VARIABLES

Average
Variable Total Minutes Minimum Maximum Current Average
Name Changes Per Change Value Value Value Value
Output 4581 21.820563 13775 18356 18356 16064.2 (Rep 1)
Output 4585 21.800436 13740 18325 18325 16034.6 (Rep 2)
Output 4588 21.787271 13762 18350 18350 16058.7 (Rep 3)
Cutput 4588 21.787271 13746 18334 18334 16043.3 (Rep 4)
Output 4593 21.763553 13750 18343 18343 16045.6 (Rep 5)
Output 4600 21.727174 13753 18353 18353 16056.9 (Rep 6)
Output 4580 21.825328 13785 18365 18365 1607%.9 (Rep 7)
Output 4596 21.746084 13757 18353 18353 16051.2 (Rep 8)
Output 4604 21.709383 13743 18347 18347 16044.6 (Rep 9)
Output 4594 21.756639 13780 18374 18374 16080.1 (Rep 10)
Output 45%80.9 21.772370 13759.1 18350 18350 16055.9 (Average)
Output 7.9085 0.038565 15.9475 14.1185 14.1185 15.2972 (Std. Dev.)
output 4580 21.709383 13740 18325 18325 16034.6 (Min)
Cutput 4604 21.825328 13785 18374 18374 16080.1 (Max)
Output 0.132195 -0.132133 0.398647 -0.0931671 ~0.0931671 0.395724 (Skewness)
Output 4586.32 21.750016 13749.9 18341.8 18341.8 16047.1 (90% C.I. Low)
Output 4595.48 21.794724 13768.3 18358.2 18358.2 16064.8 (90% C.I. High)
Output 4585.24 21.744785 13747.7 18339.9 18339.9 16045 (95% C.I. Low)
Output 4596.56 21.799956 13770.5 18360.1 18360.1 16066.9 (95% C.I. High)
Output 4582.77 21.732736 13742.7 18335.5 18335.5 16040.2 (99% C.I. Low)
Output 4599.03 21.812005 13775.5 18364.5 18364.5 16071.6 (99% C.I. High)
WIP 13745 7.272463 4 13 10 9.38445 (Rep 1)
WIP 13756 7.266647 4 13 10 9.08113 (Rep 2}
WIP 13762 7.263479 4 13 9 9.09464 (Rep 3)
WIP 13761 7.264007 4 13 7 8.978692 (Rep 4)
WIP 13778 7.255044 4 14 7 8.92957 (Rep 5)
WIP 13801 7.242229 4 13 10 9.12485 (Rep 6)
WIP 13739 7.275639 4 13 9 9.2378 (Rep 7)
WIP 13790 7.248006 4 14 10 9.15956 (Rep 8)
WIP 13811 7.236985 4 14 9 9.06222 (Rep 9)
WIP 13779 7.254518 4 15 7 9.07663 (Rep 10)
WIpP 13772.2 7.257%02 4 13.5 8.8 9.11296 {Average}
WIP 23.7243 0.012790 0 0.707107 1.31656 0.128456 (Std. Dev.}
WIP 13738 7.236985 4 13 7 8.92957 (Min)
WIP 13811 7.275639 4 15 10 9.38445 ({Max)
WIP 0.187316 -0.205283 0 0.848528 -0.462744 0.625432 (Skewness)
WIP 13758.4 7.250488 4 13.0901 8.03686 9.0385 (90% C.I. Low)
WIP 13786 7.265315 4 13.9099 9.56314 9.18741 (90% C.I. High)
WIP 13755.2 7.248753 4 12.9942 7.85825 9.02107 (95% C.I. Low)
WIP 13789.2 7.267050 4 14.0058 9.74175 9.20484 (95% C.I. High)
WIP 13747.8 7.244757 4 12.7733 7.44692 8.98094 (929% C.I. Low)
WIP 13796.6 7.271046 4 14.2267 10.1531 9.24497 (99% C.I. High)
LOGS
Log Number Of Minimum Maximum Average
Name Observations Value Value Value
Cycle Time X 4580 30.000000 145.000000 60.137555 (Rep 1)
Cycle Time X 4585 35.000000 150.000000 73.885496 (Rep 2)
Cycle Time X 4587 35.000000 150.000000 75.089383 ({Rep 3)
Cycle Time X 4588 35.000000 145.000000 50.141674 (Rep 4)
Cycle Time X 4593 35.000000 150.000000 61.788591 (Rep 5)
Cycle Time X 4600 35.000000 155.000000 72.647826 (Rep 6)
Cycle Time X 4580 35.000000 160.000000 79.457424 (Rep 7)
Cycle Time X 4596 35.000000 155.000000 83.722802 (Rep 8)
Cycle Time X 4604 35.000000 155.000000 72.286056 (Rep 9)
Cycle Time X 4594 35.000000 155.000000 75.071833 (Rep 10)
Cycle Time X 4590.7 34.500000 152.000000 70.422864 (Average)
Cycle Time X 8.09732 1.581139 4.830459 10.077354 (Std. Dev.)
Cycle Time X 4580 30.000000 145.000000 50.141674 (Min)
Cycle Time X 4604 35.000000 160.000000 83.722802 (Max)
Cycle Time X 0.122121 =~2.276840 ~0.079850 ~-0.656918 (Skewness)
Cycle Time X - 4586.01 33.583500 149.200046 64.581571 (90% C.I. Low)
Cycle Time X 4595.39 35.416500 154.799954 76.264157 (90% C.I. High)
Cycle Time X 4584.91 33.369000 148.544738 63.214460 (95% C.I. Low)
Cycle Time X 4596.49 35.631000 155.455262 77.631268 (95% C.I. High)
Cycle Time X 4582.38 32.875000 147.035543 60.065961 (99% C.I. Low)
Cycle Time X 4599.02 36.125000 156.964457 80.779766 (99% C.I. High)
Cycle Time Y 4580 50.000000 175.000000 104.657205 (Rep 1)
Cycle Time Y 4585 55.000000 180.000000 84.180840 (Rep 2)
Cycle Time Y 4587 55.000000 170.000000 83.221060 ({Rep 3)
Cycle Time Y 4588 55,000000 180.000000. 105.586312 (Rep 4)
Cycle Time Y 4593 50.000000 175.000000 92.528848 (Rep 5)
Cycle Time Y 4600 55.000000 180.000000 85.667391 {Rep 6)
Cycle Time Y 4580 50.000000 180.000000 82.370087 (Rep 7}
Cycle Time Y 4596 50.000000 165.000000 75.480853 (Rep 8)
Cycle Time Y 4604 50.000000 180.000000 84.634014 (Rep 9)
Cycle Time Y 4594 50.000000 170.000000 82.435786 (Rep 10)
Cycle Time Y 4590.7 52.000000 175.500000 88.077240 (Average)
Cycle Time Y 8.09732 2.581989 5.502525 9.892174 (Std. Dev.}
Cycle Time Y 4580 50.000000 1865.000000 75.480853 ({Min)



Cycle Time Y 4604
Cycle Time Y 0.122121
Cycle Time Y 4586.01
Cycle Time Y 4595.39
Cycle Time Y 4584.91
Cycle Time Y 4596.49
Cycle Time Y 4582.38
Cycle Time Y 4599.02
LOCATIONS COSTING

$
Location Operation
Name Cost
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine A 0.000000
Machine B 6120255.366666
Machine B 6107070.233333
Machine B 6116186.608333
Machine B 6116568.116666
Machine B 6119144.275000
Machine B 6123812.791666
Machine B 6118461.650000
Machine B 6121689.966666
Machine B 6120855.525000
Machine B 6126281.791666
Machine B 6119032.632500
Machine B 5216.329508
Machine B 6107070.233333
Machine B 6126281.791666
Machine B -0.868831
Machine B 6116009.010599
Machine B 6122056.254400
Machine B 6115301.354410
Machine B 6122763.910589
Machine B 6113671.600762
Machine B 6124393.664237
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine C 0.000000
Machine D 6121884.175000
Machine D 6105151.041666
Machine D 6115070.800000
Machine D 6115662.491666
Machine D 6119128.958333
Machine D 6126419.383333
Machine D 6117208.750000
Machine D 6121262.116666
Machine D 6119785.583333
Machine D 6126691.758333
Machine D 6118826.505833

55.000000 180.000000 105.586312 (Max)

0.348569 -0.621233 0.766690 (Skewness)
50.503362 172.310486 82.343285 (90% C.I. Low)
53.496638 178.689514 93.811194 (90% C.I. High)
50.153085 171.564004 81.001296 (95% C.I. Low)
53.846915 179.435996 95.153183 (95% C.I. High)
49.346386 169.844834 77.910654 (99% C.I. Low)
54.653614 181.155166 98.243825 (99% C.I. High)

% s % $ %
Operation Resource. Resource Total Total
Cost Cost Cost Cost Cost
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
49.98 0.000000 - 6120255.366666 49.98
49.99 0.000000 = 6107070.233333 49.99
49.99 0.000000 = 6116186.608333 49.99
49.99 0.000000 = 6116568.116666 49.99
49.99 0.000000 o 6119144.275000 49.99
49.98 0.000000 = 6123812.791666 49.98
49.99 0.000000 = 6118461.650000 49.99
49.99 0.000000 - 6121689.966666 49.99
49.99 0.000000 = 6120855.525000 49.99
49.99 0.000000 = 6126281.791666 49.99
49.99 0.000000 - 6119032.632500 49.99
0.01 0.000000 - 5216.329508 0.01
49.98 0.000000 = 6107070.233333 49.98
49.99 0.000000 = 6126281.791666 49.99
-0.53 0.000000 - -0.868831 -0.53
49.98 0.000000 = 6116009.010599 49.98
49.99 0.000000 - 6122056.254400 49.99
49.98 0.000000 - 6115301.354410 49.98
49.99 0.000000 - 6122763.910589 49.99
49.98 0.000000 - 6113671.600762 49.98
48.99 0.000000 - 6124393.664237 49.99
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
06.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
0.00 0.000000 - 0.000000 0.00
49.99 0.000000 - 6121884.175000 49.99
49.98 0.000000 - 6105151.041666 49.98
49.98 0.000000 - 6115070.800000 49.98
49.98 0.000000 - 6115662.491666 49.98
49.99 0.000000 - 6119128.958333 49.99
50.00 0.000000 - 6126419.383333 50.00
49.98 0.000000 - 6117208.750000 49.98
49.98 0.000000 - 6121262.116666 49.98
49.98 0.000000 - 6119785.583333 49.98
49.99 0.000000 - 6126691.758333 49.99
49.98 ©0.000000 - 6118826.505833 49.98

{(Rep 1)
(Rep 2)
(Rep 3)
(Rep 4)
(Rep 5)
(Rep 6)
{Rep 7)
(Rep 8)
(Rep 9)
(Rep 10}
{Average)
{Std. Dev.)
{Min)
(Max)
{Skewness)
{90% C.I.
{90% C.I.
(95% C.I.
(95% C.I.
(99% C.I.
(99% C.I.

Low)
High)
Low)
High)
Low)
High)

(Rep 1)
(Rep 2)
{Rep 3)
{Rep 4)
(Rep 5)
(Rep 6)
{(Rep 7)
(Rep 8)
(Rep 9)
{Rep 10)
{Average)
{Std. Dev.}
{Min)
(Max)
({Skewness)
{90% C.I.
(90% C.I.
(95% C.I.
(95% C.I.
(99% C.I.
{99% C.I.

Low)
High)
Low)
High)
Low)
High)

(Rep 1)

(Rep 2)

(Rep 3)

(Rep 4)

(Rep 5)

(Rep 6}

(Rep 7}

{Rep 8)

(Rep 9)

(Rep 10)
(Average)

(Std. Dev.)
{Min)

{Max)
{Skewness])

(90% C.I. Low)
(90% C.I. High}
(95% C.I. Low)}
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

(Rep 1)
(Rep 2)
(Rep 3)
(Rep 4)
{Rep 5)
{Rep 6)
(Rep 7)
(Rep 8)
(Rep 9)
(Rep 10)
(Average)



Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine.
Machine
Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Buffer
Buffer
Euffer
EBuffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Euffer
Buffer
Buffer
Euffer
Buffer
Buffer
Euffer
Buffer
Buffer
Buffer
Buffer

isBeRslvivEsivEvivivEvRvRvivivivivivivEvie]

Buffer
Euffer
Buffer
EBuffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer

DT oorowwEowm oo w

Doououbuoououoygy

mEOEmmDEnENEIE@DEA@OEmmmem

Lo B e SR B B s B B e Bt B B B e ML B ML B e B

6232.1620098
6105151.041666
6126691.758333

-0.693308
6115214.061148
6122438.950518
6114368.595371
6123284.416295
6112421.462066
6125231.549600

1625.483333
1396.308333
1391.825000
1923.975000
1457.716667
1162.733333
1414.866667
1364.808333
1306.008333
1225.516667
1426.924167
215.661491
1162.733333
1923.975000
1.016588
1301.916955
1551.931378
1272.659948
1581.188385
1205.280174
1648.568159

2297.300000
2059.291667
2054.641667
2606.366667
2126.725000
1817.683333
2078.241667
2025.133333
1966.100000
1884.766667
2091.625000
223.382482
1817.683333
2606.366667
1.016992
1962.142351
2221.107649
1931.837901
2251.412099
1862.045835
2321.204165

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.01

0.00

0.00

0.00

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.0600000
0.000000
0.000000
6.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

6232.162098
6105151.041666
6126691.758333

-0.693308
6115214.061148
6122438.950518
6114368.595371
6123284.416295
6112421.462066
6125231.549600

1625.483333
1396.308333
1391.825000
1923.975000
1457.716667
1162.733333
1414.866667
1364.808333
1306.008333
1225.516667
1426.924167
215.661491
1162.733333
1923.975000
1.016588
1301.916955
1551.931378
1272.659948
1581.188385
1205.280174
1648.568159

2297.300000
2059.291667
2054.641667
2606.366667
2126.725000
1817.683333
2078.241667
2025.133333
1966.100000
1884.766667
2091.625000
223.382482
1817.683333
2606.366667
1.016992
1962.142351
2221.107649
1931.837901
2251.412089
1862.045835
2321.204165

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000.

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.01
49.98
50.00

0.78
49.98
49.99
49.98
49.99
49.98
49.99

0.01
0.01
0.01
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
0.01
0.02
1.01
0.01
0.01
0.01
0.01
0.01
0.01

0.02
0.02
0.02
0.02
0.02
0.01
0.02
0.02
0.02
0.02
0.02
0.00
0.01

1.01
0.02

0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

(Std. Dev.)
(Min)

(Max)
{Skewness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(%9% C.I. High)

{Rep 1)

(Rep 2)

{Rep 3)

(Rep 4)

(Rep 5)

(Rep 6)

{Rep 7)

(Rep 8)

(Rep 9)

(Rep 10)
{Average)

{Std. Dev.)
{Min)

{Max)
{Skewness)

(90% C.I. Low)
(90% C.I. High)
{95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)
(Rep 1)

(Rep 2)

(Rep 3)

(Rep 4)

(Rep 5)

{Rep 6)

(Rep 7)

(Rep 8)

{Rep 9)

{Rep 10}
{Average)

{Std. Dev.)
{Min)

(Max)
(Skewness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
{95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

(Rep 1}

(Rep 2)

(Rep 3)

(Rep 4)

{Rep 5)

(Rep 6)

(Rep 7)

{Rep 8)

(Rep 9)

{Rep 10}
(Average)

(Std. Dev.)
(Min)

{Max)
{Skewness)

{90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
{99% C.I. Low)
(99% C.I. High)

{Rep 1)

{(Rep 2)

{Rep 3)

(Rep 4)

{Rep 5)

(Rep 6)

(Rep 7)

{Rep 8}

{Rep 9)

{Rep 10)
(Average)
(Std. Dev.)
{Min)

{Max)
{Skewness)
(90% C.I. Low)
{90% C.I. High)



Buffer B 0.000000 0.00 0.000000 - 0.000000
Buffer B 0.000000 0.00 0.000000 - 0.000000
Euffer B 0.000000 0.00 0.000000 - 0.000000
Buffer B 0.000000 0.00 0.000000 - 0.000000
SUM 12246062.324999 100.00 0.000000 0.00 12246062.324999
SUM 12215676.874999 100.00 0.000000 0.00 12215676.874999
SUM 12234703.874999 100.00 0.000000 0.00 12234703.874999
SUM 12236760.949999 100.00 0.000000 0.00 12236760.949999
SUM 12241857.674999 100.00 0.000000 0.00 12241857.674999
SUM 12253212.591666 100.00 0.000000 0.00 12253212.591666
SUM 12239163.508332 100.00 0.000000 0.00 12239163.508332
SUM 12246342.024999 100.00 0.000000 0.00 12246342.024999
SUM 12243913.216666 100.00 0.000000 0.00 12243913.216666
SUM 12256083.833333 100.00 0.000000 0.00 12256083.833333
SUM 12241377.687499 100.00 0.000000 0.00 12241377.687499
SUM 11258.941357 0.00 0.000000 0.00 11258.941357
SUM 12215676.874999 100.00 0.000000 0.00 12215676.874999
SUM 12256083.833333 100.00 0.000000 0.00 12256083.833333
SUM -0.862021 0.00 ©.000000 0.00 ~-0.862021
SUM 12234851.492862 100.00 0.000000 0.00 12234851.492862
SUM 12247903.882137 100.00 0.000000 0.00 12247903.882137
SUM 12233324.085606 100.00 0.000000 0.00 12233324.085606
SUM 12249431.289392 100.00 0.000000 0.00 12249431.289392
SUM 12229806.420412 100.00 0.000000 0.00 12229806.420412
SUM 12252948.954587 100.00 0.000000 0.00 12252948.954587
ENTITY ACTIVITY COSTING
$ %
Entity Explicit Total Total
Name Exits Cost Cost
Raw Material X 0 0.000000 0.00 (Rep 1)
Raw Material X 0 0.000000 0.00 (Rep 2)
Raw Material X 0 0.000000 0.00 (Rep 3)
Raw Material X o] 0.000000 0.00 ({Rep 4)
Raw Material X 0 0.000000 0.00 (Rep 5)
Raw Material X 0 0.000000 0.00 (Rep 6)
Raw Material X 0 0.000000 0.00 (Rep 7)
Raw Material X o] 0.000000 0.00 (Rep 8)
Raw Material X o] 0.000000 0.00 (Rep 9}
Raw Material X 0 0.000000 0.00 (Rep 10)
Raw Material X 0 0.000000 0.00 (Average)
Raw Material X 0 0.000000 0.00 {Std. Dev.)
Raw Material X 0 0.000000 0.00 {Min)
Raw Material X 0 0.000000 0.00 {Max)
Raw Material X 0 0.000000 0.00 (Skewness)
Kaw Material X 0 0.000000 0.00 (90% C.I. Low)
Raw Material X 0 0.000000 0.00 (90% C.I. High)
Raw Material X o] 0.000000 0.00 (95% C.I. Low)
Raw Material X o] 0.000000 0.00 (95% C.I. High)
Raw Material X 0 0.000000 0.00 ({99%9% C.I. Low)
Raw Material X 0 0.000000 0.00 (99% C.I. High)
Raw Material Y 0 - - {Rep 1)
Raw Material Y 0 - - (Rep 2}
Raw Material Y 0 - - (Rep 3)
Raw Material Y 0 - - (Rep 4)
Raw Material Y 0 - - (Rep 5)
Raw Material Y 0 - - {Rep 6}
Raw Material Y ¢} - - {Rep 7)
Raw Material Y 0 - - (Rep 8}
Raw Material Y 0 - - (Rep 9)
Raw Material Y 0 - - (Rep 10}
Raw Material Y 0 - - {Average)
Raw Material Y o] - - {Std. Dev.}
Raw Material Y 0 - - {Min)
Raw Material Y 0 - - (Max)
Raw Material Y 0 - -~ (Skewness)
Raw Material Y 0 - - {90% C.I. Low)
Raw Material Y o] - - {(90% C.I. High)
Raw Material Y 0 - - (95% C.I. Low)
Raw Material 'Y 0 ~ - {95% C.I. High)
Raw Material Y 0 - - (99% C.I. Low)
Raw Material Y 0 - - (99% C.I. High)
Product 4581 610.125000 100.00 (Rep 1)
Product 4585 611.283333 100.00 (Rep 2)
Product 4588 611.508333 100.00 (Rep 3)
Product 4588 611.708333 100.00 ({Rep 4)
Product 4593 612.383333 100.00 (Rep 5)
Product 4600 612.608333 100.00 (Rep 6)
Product 4580 610.491667 100.00 (Rep 7)
Product 4596 613.041667 100.00 (Rep 8)
Product 4604 613.125000 100.00 (Rep 9)
Product 4594 612.641667 100.00 (Rep 10)
Product 4590.9 611.891667 100.00 (Average)
Product 7.9085 1.043136 0.00 (Std. Dev.)
Product 4580 610.125000 100.00 ({Min)
Product 4604 613.125000 100.00 (Max}
Product 0.132185 -0.373532 0.00 (Skewness)

(95%
(95%
(99%
(99%

C.I.
C.T.
C.I.
C.I.

Low)
High)
Low)
High)

{Rep
(Rep
{Rep
{Rep
{Rep
(Rep
(Rep
(Rep
(Rep 9}

{Rep 10)
(Average)

(Std. Dev.)
{Min)

{Max)
{Skewness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)}
(29% C.I. Low)
(99% C.I. High)



Product
Product
Product
Product
Product
Product

SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SuM
SUM
SUM
SUM

4586.32
4595.48
4585.24
4596.56
4582.77
4599.03

611.287018
612.496316
611.145504
612.637829
610.819594
612.963740

610.125000
611.283333
611.508333
611.708333
612.383333
612.608333
610.491667
613.041667
613.125000
612.6416867
611.891667
1.043136
610.125000
613.125000
-0.373532
611.287018
612.496316
611.145504
612.637829
610.819594
612.963740

{90% C.I. Low)
{90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

(Rep 1)

(Rep 2)

(Rep 3)

(Rep 4)

{Rep 5)

(Rep 6)

(Rep 7)

(Rep 8)

(Rep 9)

(Rep 10)
{Average)

(Std. Dev.)
(Min)

(Max)
{Skewness)

{90% C.I. Low)
{90% C.I. High}
(95% C.I. Low)
{95% C.I. High)
{99% C.I. Low)
{99% C.I. High)
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* *
* Formatted Listing of Model: *
* C:\OPT\OPT~-PA~1.MOD *
* Y
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Time Units: Minutes
Distance Units: Meters
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* Locations . *
Y de ok de ke de b g T ok e ek ke kg ke ek e e ok e ok ke e ke T e Sk e e e o Sk e ok e ok S e ok e g sk ke ke ok Sk ok de e g W e e ok ek ok ok ke Yk e e ke e ke e e ke ok v ok Sk o o e

Name Cap Units Stats Rules Cost

Machine_A 1 1 Time Series Oldest, ,

Machine B 1 1 Time Series Oldest, ,

Machine C 1 1 Time Series Oldest, ,

Machine D 1 1 Time Series Oldest, ,

Machine E 1 1 Time Series Oldest, , Inventory carrying_cost/hr
Machine_F 1 1 Time Series Oldest, , Inventory carrying cost/hr
Buffer D 4 1 Time Series Oldest, FIFO,

Buffer E 4 1 Time Series Oldest, FIFO,

********;***********************************************************************

* Entities *
Sk gk Rk R d kb ke e ek e e ke ke kR e sk ek ke v e ok sk e S R Sk sk e Tk e T e g S e de ke Tk e W ke e Y o Sk S e Sk ok gk sk e e o ke ke e e e e ke e e e e e e e ke e

Name Speed (mpm) Stats Cost
Raw_Material X 50 Time Series
Raw_Material Y 50 Time Series
Product 50 Time Series

ThFlrkdk bbb ddodok bbbk dodok dokoRk de ok ke kok ok sk ok de ke ke ks ke sk ok e e v g e sk de e v ok o ke Sk ok sk o ok ke e e e ke ok e e e e ok e e e o

* Processing *
e de ke b b e b e b ek b e e g e I ke g e ke e e ke e e e sk e e v dle e e e Y e ke Sk S sk e e e e e e e e e e e e Sk gk g ok e Sk g S e e e de e e e sk de e ok de o ok

Process Routing
Entity Location Operation Blk Output Destination Rule Move Logic
Raw _Material X Machine_ A enter_ time x=CLOCK{min)
INC WIP
INT tpp
IF Contents(Buffer D) <= Cap{Buffer D)*{1/3) THEN
BEGIN
tpp = Distl{()
END

ELSE IF Contents(Buffer D) > Cap(Buffer D)*{1/3) AND Contents(Buffer D) <=
Cap(Puffer D)*(2/3) THEN
BEGIN
tpp= Dist2 ()
END
ELSE
BEGIN
tpp=Dist3 ()
END
Wait tpp
1 Raw Material X Machine B FIRST 1
Raw_Material X Machine B INT tpp
IF Contents(Buffer_D) <= Cap{Buffer D)*(1/3) THEN
BEGIN
tpp = Distl({()
END
. ELSE IF Contents(Buffer D) > Cap(Buffer_D)*(1/3) AND Contents(Buffer D) <=
Cap(Buffer D)*(2/3) THEN
BEGIN
tpp= Dist2 {)
END
ELSE
BEGIN
tpp=Dist3 ()
END
Wait tpp
1 Raw_Material X Buffer B FIRST 1
Raw_Material Y Machine_C enter_time_y=CLOCK(min)
INC WIP
INT tpp
IF Contents(Buffer D) <= Cap(Buffer D)*(1/3) THEN
BEGIN
tpp = Distl{}
END
ELSE IF Contents(Buffer_D) > Cap(Buffer_D)*(1/3) AND Contents(Buffer D) <=
Cap(Buffer D)*(2/3) THEN -
BEGIN
tpp= Dist2 ()
END
ELSE
BEGIN



tpp=Dist3 ()
END
Wait tpp

1 Raw_Material Y Machine D  FIRST 1

Raw_Material Y Machine_D INT tpp
IF Contents{Buffer_D) <= Cap(Buffer_D}*{(1/3) THEN
BEGIN
tpp = Distl{()
END

ELSE IF Contents(Buffer D) > Cap(Buffer D)*(1/3) AND Contents(Buffer_D) <=

Cap(Buffer_D)*(2/3) THEN
BEGIN
tpp= Dist2 ()
END
ELSE
BEGIN
tpp=Dist3 ()
END
Wait tpp

1 Raw Material Y Buffer D FIRST 1

Raw_Material_ Y Buffer D WIP_Time=Clock{hr)

1 Raw_Material Y Machine E  FIRST 1
Raw_Material Y Machine E INCLOCCOST (CLOCK(HR) - WIP_ Time) * Inventory carrying cost

INT tpp
tpp = Distd4 ()
Wait tpp

1 Raw_Material_Y Machine F  FIRST 1

Raw_Material X Buffer B WIP_Time=Clock(hr)

1 Raw_Material_X Machine F  JOIN 1

enter_time x

Raw Material Y Machine_ F Join 1 Raw_Material X
Log "Flow Time Y", enter_time y

INCLOCCCST (CLOCK({HR) —~ WIP Time) * Inventory_carrying cost

INT tpp
IF Contents(Buffer D) <= Cap(Buffer_D)*(1/3) THEN
BEGIN
tpp = Distl()
END

Log "Flow Time X",

ELSE IF Contents(Buffer D) > Cap(Buffer D)*(1/3) AND Contents(Buffer D) <=

Cap{Buffer D)*(Z/3) THEN
BEGIN
tpp= Dist2 ()
END
ELSE
BEGIN
tpp=Dist3 (}
END
Wait tpp
1 Product EXIT
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> Arrivals *
W e b o e o e e b b o e e e e e sk e e ke ok o e o de e e e e ok R sk e e ok e e Sk ok R S e ok ok S e e o e vk e e Sk ok sk o e ok ok Sk ok ok e S Sk ok dke o e e e ke e

Entity Location Qty each First Time Occurrences Frequency Logic
Raw_Material_ X Machine A 1 0 infinite 10
Raw_Material Y Machine C 1 0 infinite 10
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> Attributes *
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ID Type Classification
enter_time_x Real Entity
enter time_y Real Entity
WIP Time Real Entity

Gt e b e e bbb b b ek e sk ok e ok ok ke e ok ok ke e T g S ke de ke de e ok de e ok e e o S ok ok ke S ok e o ke e ok o sk ok g e e ok e ke Sk e ke

v Variables (global) *
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ID Type Initial value Stats
Qutput Integer o] Time Series
WIP Integer o] Time Series

ok e ke s sk de e o e e o e e e s o b ok sk sk s e e ok o ok Sk ok g e e sk e e e e e e e e ok e ok 3 sk sk e de e Tk e e Sk e 3k dk Sk e ok i e sk dk ok e ok ke ok e e o de ke sk

¥ Macros *
e e o e 3 e ke s b e ok B o ok ok e ke e e s ok e d e o S ok ok e e e ke e ke s ke 9 e o Sk e 3k e o d e ke ok e ok e e de Sk e ok ok Sk e e e ke o ke sk e ke sk de e e e

Inventory carrying_cost 0.1

FIRST 1 INC QUTPUT

DEC WIP, 2
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User Distributions
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*

Type Cumulative Percentage Value
Discrete No 100 15
Discrete No 50 15

50 20
Discrete No 33 15

33 20

34 25
Discrete No 10 15

80 20

10 25

*
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-Machine

General Report

Output from C:\OPT\OPT-PA~1.MOD [OPT-Model]

Date: May/23/19
Scenaric
Replication
Period

Warmup Time
Simulation Time

LOCATIONS

Location Sche:

Name
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

PEHIPPPIEIPIPIPRPIIIIPPIY

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
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Time: 08:25:27 AM

Normal Run

: All
: Final Report (5000 hr to 6666 hr Elapsed: 1666 hr)
: 5000 hr (Std. Dev. 0 sec)
: 6666 hr
Average
duled Total Minutes Average Maximum Current
Hours Capacity Entries Per Entry Contents Contents Contents % Util
1666 1 4796 18.653044 0.894958 1 1 89.50
1666 1 4770 18.786164 0.896459 1 1 89.65
1666 1 4792 18.436978 0.883854 1 1 88.39
1666 1 4740 19.112869 0.906313 1 1 90.63
1666 1 4780 18.700837 0.894258 1 1 89.43
1666 1 4772 18.689229 0.892207 1 1 89.22
1666 1 4797 18.470919 0.886405 1 1 88.64
1666 1 4747 18.575943 0.882153 1 1 88.22
1666 1 4743 19.126081 0.907513 1 1 90.75
1666 1 4770 18.685535 0.891657 1 1 89.17
1666 1 4770.7 18.723760 0.893577 1 1 89.36
0 ] 21.4634 0.234133 0.00849278 0 0 0.85
1666 1 4740 18.436978 0.882153 1l 1 88.22
1666 1 4797 19.126081 0.907513 1 1 90.75
o] 0 ~0.18857 0.629813 0.328014 0 0 0.33
1666 1 4758.26 18.588046 0.888655 1 1 88.87
1666 1 4783.14 18.859474 0.8985 1 1 89.85
1666 1 4755.35 18.556283 0.887502 1 1 88.75
1666 1 4786.05 18.8%1237 0.899652 1 1 89.97
1666 1 4748.64 18.483132 0.884849 1 1 88.48
1666 1 4792.76 18.964388 0.902306 1 1 90.23
1666 1 4796 18.479983 0.886655 1 1 88.67
1666 1 4770 18.709644 0.892807 1 1 89.28
1666 1 4792 18.425501 0.883303 1 1 88.33
1666 1 4740 19.111814 0.906263 1 1 90.63
1666 1 4780 18.631799 0.890956 1 o] 89.10
1666 1 4771 18.533850 0.884604 1 1 88.46
1666 1 4797 18.347926 0.880502 1 1 88.05
1666 1 4747 18.477986 0.877501 1 1 87.75
1666 1 4743 19.122918 0.907363 1 1 90.74
1666 1 4769 18.618159 0.888255 1 1 88.83
1666 1 4770.5 18.645958 0.889821 1 0.9 88.98
0 0 21.4644 0.269835 0.0100501 o] 0.316228 1.01
1666 Bl 4740 18.347926 0.877501 1 0 87.75
1666 1 4797 19.122918 0.907363 1 1 90.74
o] o] ~0.163452 0.824212 0.663682 o] -2.27684 0.66
1666 1 4758.06 18.489550 0.883995 1 0.7167 88.40
1666 1 4782.94 18.802367 0.895646 1 1.0833 89.56
1666 1 4755.15 18.452943 0.882632 1 0.6738 88.26
1666 1 4785.85 18.838973 0.8%9701 1 1.1262 89.70
1666 1 4748.44 18.368638 0.879492 1 0.575 87.95
1666 1 4792.56 18.923278 0.90015 1 1.225 90.01
1666 1 4797 18.720033 0.898359 1 1 89.84
1666 1 4771 18.722490 0.893607 1 1 89.36
1666 1 4792 18.555927 0.889556 1 1 88.96
1666 1 4743 18.997470 0.901411 1 1 90.14
1666 1 4780 18.518828 0.885554 1 1 88.56
1666 1 4770 18.778826 0.896108 1 1 89.61
1666 1 4798 18.351396 0.880852 1 1 88.09
1666 1 4747 18.686539 0.887405 1 1 88.74
1666 1 4743 18.969007 0.90006 1 1 90.01
1666 1 4771 18.653322 0.890306 1 1 89.03
1666 1 4771.2 18.695384 0.892322 1 1 89.23
0 0 21.2697 0.195853 0.00673438 ‘0 0 0.67
1666 1 4743 18.351396 0.880852 1 1 88.09
1666 1 4798 18.997470 0.901411 1 1 90.14
0 0 -0.134301 -0.004325 -0.156007 0 0 -0.16
1666 1 4758.87 18.581859 0.888418 1 1 88.84
1666 1 4783.53 18.808909 0.896225 1 1 89.62
1666 1 4755.99 18.555289 0.887505 1 1 88.75
1666 1 4786.41 18.835479 0.897139 1 1 89.71
1666 1 4749.34 18.494098 0.885401 1 1 88.54
1666 1 4793.06 18.896670 0.899243 1 1 89.92
1666 1 4797 18.063373 0.866847 1 1 86.68
1666 1 4771 18.220499 0.869648 1 1 86.96
1666 1 4792 17.951795 0.860594 1 1 86.06
1666 1 4743 18.427156 0.87435 1 1 87.43
1666 1 4780 18.084728 0.864796 1 1 86.48
1666 1 4770 18.147799 0.865996 1 0 86.60
1666 1 4798 17.989787 0.863495 1 1 86.35
1666 1 4747 18.176743 0.863195 1 1 86.32
1666 1 4742 18.402573 0.872999 1 1 87.30

(Rep 1)
(Rep 2}
(Rep 3)
(Rep 4)
{(Rep 5}
(Rep 6)
(Rep 7)
(Rep 8)
(Rep 9)
(Rep 10)
{Average)
{Std. Dev.)
{Min)

{Max)
{Skewness)
(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
{95% C.I. High)
{29% C.I. Low)
(99% C.I. High)

{(Rep 1)
(Rep 2)
{Rep 3)
{Rep 4)
(Rep 5)
{Rep 6)
{Rep 7)
(Rep 8)
(Rep 9)
(Rep 10)
{Average)
(Std. Dev.)
(Min)

{Max)
(Skewness)
(90%
(90%
{95% C
{95% C
(99% C.
(99% C

Low)
High}
. Low)
High)
. Low)
. High)

{Rep 1)
{Rep 2)
(Rep 3)
(Rep 4)
(Rep 5)
{Rep 6}
{Rep 7)
(Rep 8)
(Rep 9)
(Rep 10)
(Average)
(Std. Dev.)
{Min)

{Max)
(Skewness)
(90%
(90%

Low)
High)
({95% Low)
{95% C.I. High}
(99% C.I. Low)
(99% C.I. High)

(Rep 1)
{Rep 2)
(Rep 3}
{Rep 4)
(Rep 5)
(Rep 6)
(Rep 7)
(Rep 8)
(Rep 8}
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1666

1666
1666

1666
1666
1666
1666
1666
1666

1666

1666
1666
1666
1666
1666
1666
1666
1666
1666
1666
1666

1666
1666
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4771
4771.1
21.4188
4742
4798
-0.14406
4758.68
4783.52
4755.78
4786.42
4749.09
4793.11

4797
4769
4793
4744
4779
4770
4798
4748
4743
4772
4771.3
21.0821
4743
4798
-0.0959584
4759.08
4783.52
4756.22
4786.38
4749.63
4792.97

4787
4769
4793
4744
4779
4770
4798
4748
4743
4772
4771.3
21.0821
4743

. 4798
~-0.0959584
4759.08
4783.52
4756.22
4786.38
4749.63
4792.97

4798
4770
4793
4744
4780
4772
4799
4749
4744
4772
4772.1
21.1106
4744
4799
-0.108982
4759.86
4784.34
4757
4787.2
4750.4
4793.8

47998
4771
4795
4743
4782
4773
4800
4750
4746
4772
4773.1
21.4292
4743
4800
-0.116486

18.147139
18.161159

0.156978
17.951795
18.427156

0.452555
18.070167
18.252151
18.048871
18.273447
17.999826
18.322492

20.829685
20.956175
20.843938
21.070826
20.907094
20.955975
20.826386
21.044650
21.075269
20.946144
20.945614

0.095448
20.826386
21.075269

0.086834
20.890289
21.000940
20.877340
21.013889
20.847519
21.043710

18.351053
18.457748
18.318381
18.772133
18.420172
18.611111
18.380575
18.510952
18.736032
18.410520
18.496868

0.159071
18.318381
18.772133

0.809110
18.404663
18.589073
18.383083
18.610652
18.333384
18.660351

40.481451
41.038784
39.284373
43.594013
40.830544
42.162615
39.403001
41.080227
43.466484
40.791073
41.213257

1.473934
39.284373
43.594013

0.379432
40.358898
42.067616
40.158941
42.267572
39.698436
42.728077

72.410919
70.657095
72.778936
77.887413
71.704308
70.892520
71.178125
69.0639474
78.174252
75.625524
73.037857

3.132489
69.069474
78.174252

0.559451

0.866146
0.866807
0.00435961
0.860594
0.87435
0.43138
0.86428
0.869334
0.863688
0.869925
0.862326
0.871287

0.999%6
0.9998
0.99945
1
0.99955
1
0.99965
0.9996

1
0.99995
0.99976
0.000214562
0.99945
1
~0.00182447
0.999636
0.999884
0.999606
0.999913
0.999539
0.99998

0.880652
0.880602
0.878351
0.890906
0.880652
0.888105
0.882253
0.879252
0.889006
0.878302
0.882868
0.00464585
0.878351
0.890906
0.656801
0.880175
0.885561
0.879545
0.886191
0.878093
0.887643

1.84308
1.95833
1.88365
2.06893
1.95248
2.01281
1.89171
1.95168
2.06288
1.94733
1.96729
0.0630468
1.88365
2.06893
0.387509
1.93074
2.00383
1.92219
2.01238
1.90249
2.03208

3.47639
3.3724
3.49115
3.69568
3.43027
3.38505
3.41792
3.28211
3.71163
3.61029
3.48729
0.14253
3.28211
3.71163
0.361212
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0.632

0.0948683
1.4334
2.1666
1.3476
2.2524

1.15
2.45

2
6

o
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1.31

-0.988589

86.61
86.68

0.44
86.06
87.43

0.43
86.43
86.93
86.37
86.99
86.23
87.13

99.96
99.98
99.94
100.00
99.95
100.00
99.96
99.96
100.00
99.99
99.98
0.02
99.94
100.00
0.00
99.96
99.99
99.96
99.99
99.95
100.00

88.07
88.06
87.84

50.32
47.29
48.79
51.57
48.68
49.18

1.58
47.09
51.72

48.27
50.10
48.05
50.31
47.56
50.80

86.91
84.31
87.28
92.39
85.76
84.63
85.45
82.05
92.79
90.26
87.18

3.56
82.05
92.79

0.36

(Rep 10)
{Average)

(Std. Dev.)
{Min)

{Max)
{Skewness)

{90% C.I. Low)
(90% C.I. High)
{95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

{Rep 1)

{(Rep 2)

{Rep 3)

{Rep 4)

{Rep 5)

(Rep 6)

(Rep 7)

{(Rep 8)

{Rep 9)

{Rep 10)
(Average)

(Std. Dev.)
{Min)

{Max)
(Skewness)

(90% C.I. Low)
(90% C.I. High}
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

(Rep 1)

(Rep 2)

(Rep 3)

(Rep 4)

{Rep 5)

(Rep 6)

(Rep 7)

{Rep 8)

(Rep 9)

(Rep 10)
{Average)

{Std. Dev.)
{Min)

(Max)
{Skewness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low}
(99% C.I. High)

{Rep 1)

(Rep 2)

(Rep 3)

(Rep 4)

(Rep 5)

{Rep 6)

(Rep 7)

(Rep 8)

(Rep 9)

(Rep 10)
(Average)

(Std. Dev.)
(Min)

(Max)
{Skewness)

{90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
{99% C.I. High)

(Rep 1)
(Rep 2)
{(Rep 3)
(Rep 4)
{Rep 5)
(Rep 6)
{Rep 7)
{Rep 8)
(Rep 9)
(Rep 10)
(Average)
(Std. Dev.)
{Min)
{Max)
(Skewness)
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Location
Name
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1666 4 4760.68 71.222124 3.40467
1666 4 4785.52 74.853590 3.56991
1666 4 4757.77 70.797165 3.38534
1666 4 4788.43 75.278548 3.58924
1666 4 4751.08 69.818472 3.34081
1666 4 4795.12 76.257241 3.63377
STATES BY PERCENTAGE (Multiple Capacity)
] |
Scheduled % Partially % %
Hours Empty Occupied Full | Down
______________ | -
1666 3.37 96.56 0.07 | 0.00 (Rep 1)
1666 2.33 97.37 0.30 | 0.00 (Rep 2)
1666 4.96 94.63 0.41 | 0.00 (Rep 3)
1666 0.00 99.717 0.23 | 0.00 (Rep 4)
1666 2.46 97.42 0.12 | 0.00 (Rep 5)
1666 0.22 99.53 0.25 | 0.00 (Rep 6)
1666 2.28 97.52 0.20 | 0.00 (Rep 7)
1666 5.91 92.43 1.67 | 0.00 (Rep 8)
1666 0.17 99.66 0.17 | 0.00 (Rep 9)
1666 2.07 97.66 0.27 | 0.006 (Rep 10}
1666 2.37 87.26 0.37 | 0.00 (Average)
0 1.98 2.32 0.47 | 0.00 (Std. Dev.)
1666 0.00 92.43 0.07 | 0.00 (Min)
1666 5.91 99.77 1.67 | 0.00 (Max)
0 0.36 -0.72 2.10 | 0.00 (Skewness)
1666 1.23 95.91 0.10 | 0.00 (90% C.I. Low)
1666 3.52 98.60 0.64 | 0.00 (90% C.I. High)
1666 0.96 95.60 0.04 | 0.00 (95% C.I. Low)
1666 3.79 98.91 0.70 | 0.00 (95% C.I. High)
1666 0.34 94.88 -0.11 | 0.00 (99% C.I. Low)
1666 4.41 99.64 0.85 | 0.00 (99% C.I. High)
1666 .00 43.94 56.06 | 0.00 (Rep 1)
1666 1.30 39.79 58.91 | 0.00 (Rep 2)
1666 0.00 41.97 58.03 | 0.00 (Rep 3)
1666 0.11 27.97 71.92 | 0.00 {Rep 4}
1666 0.87 37.78 61.35 | 0.00 (Rep 5}
1666 0.01 45.96 54.03 | 0.00 (Rep 6)
1666 0.00 44.89 55.11 | 0.00 (Rep 7)
1666 2.63 45.59 51.78 | 0.00 (Rep 8)
1666 0.00 26.61 73.39 | 0.00 (Rep 9)
1666 0.00 35.25 64.75 | 0.00 (Rep 10)
1666 0.49 38.97 60.53 | 0.00 (Average)
0 0.88 7.08 7.38 | 0.00 (Std. Dev.)
1666 0.00 26.61 51.78 | 0.00 (Min)
1666 2.63 45.96 73.39 | 0.00 (Max)
0 1.41 -0.65 0.61 | 0.00 (Skewness)
1666 =0.02 34.87 56.25 | 0.00 (90% C.I. Low)
1666 1.00 43.08 64.81 | 0.00 (90% C.I. High)
1666 -0.14 33.91 55.25 | 0.00 (95% C.I. Low)
1666 1.12 44.04 65.81 | 0.00 (95% C.I. High)
1666 =-0.41 31.70 52.95 | 0.00 (99% C.I. Low)
1666 1.39 46.25 68.12 | 0.00 (99% C.I. High)
STATES BY PERCENTAGE (Single Capacity/Tanks)
Scheduled % % (3 % % %
Hours Operation Setup Idle Waiting Blocked Down
1666 82.96 0.00 10.50 0.00 6.54 0.00
1666 82.82 0.00 10.35 0.00 6.83 0.00
1666 82.41 0.00 11.61 0.00 5.97 0.00
1666 83.11 0.00 9.37 0.00 7.52 0.00
1666 82.88 0.00 10.57 0.00 6.54 0.00
1666 83.09 0.00 10.78 0.00 6.13 0.00
1666 82.56 0.00 11.36 0.00 6.08 0.00
1666 82.07 0.00 11.78 0.00 6.14 0.00
1666 82.95 0.00 9.25 0.00 7.80 0.00
1666 82.48 0.00 - 10.83 0.00 6.69 0.00
1666 82.73 0.00° 10.64 0.00 6.62 0.00
0 0.34 0.00 0.85 0.00 0.62 0.00
1666 82.07 0.00 9.25 0.00 5.97 0.00
1666 83.11 0.00 11.78 0.00 7.80 0.00
o] -0.56 0.00 -0.33 2.28 0.71 0.00
1666 82.54 0.00 10.15 0.00 6.26 0.00
1666 82.93 .00 11.13 0.00 6.98 0.00
1666 82.49 0.00 10.03 0.00 6.18 0.00
1666 82.98 0.00 .11.25 0.00 7.07 0.00
1666 82.39 0.00 9.77 0.00 5.99 0.00
1666 83.08 0.00 11.52 0.00 7.26 0.00
1666 83.79 0.00 11.33 0.00 4.87 0.00
1666 83.23 0.00 10.72 0.00 6.05 0.00
1666 83.14 0.00 11.67 0.00 5.19 0.00
1666 83.59 0.00 9.37 0.00 7.03 0.00
1666 83.42 0.00 10.90 0.00 5.68 0.00
1666 83.48 0.00 11.54 0.00 4.98 0.00

4 2.03686
4 3.56314
4 1.85825
4 3.74175
4 1.44692
4 4.15308

(Rep 1}

(Rep 2)

(Rep 3)

(Rep 4)

{Rep 5)

(Rep 6)

(Rep 7)

(Rep 8)

(Rep 9}

(Rep 10)

(Average)

(Std. Dev.)

(Min)

{Max}

{Skewness)

{90% C.I. Low)

(90% C.I. High)

{95% C.I. Low)

(95% C.I. High)

(99% C.I. Low)

(99% C.I. High)

(Rep 1)

(Rep 2)

(Rep 3)

{Rep 4)

{Rep 5)

{Rep

85.12
89.25
84.63
89.73
83.52
90.84

(90%
(90%
(95%
(95%
(99%
(99%

Low}
High)
Low)
High)
Low)
High)
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1666
1666
1666
1666
1666

1666
1666

1666
1666
1666
1666
1666
1666

1666
1666
1666
1666
1666
1666
1666
1666
1666
1666
1666

1666
1666

1666
1666
1666
1666
1666
1666

83.33
82.94
83.80
82.79

95.95

95.72
95.09
95.33
95.35
95.97
95.13
95.03
95.68

95.03
95.97

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00

11.95
12.25

9.26
11.17
11.02

1.01

9.26
12.25
-0.66
10.44
11.60
10.30
11.74

12.05

10.16
10.64
11.04

9.86
11.44
10.39

11.91

11.26

9.99
10.97
10.77

0.67

9.86
11.91

0.16
10.38
11.16
10.29
11.25
10.08
11.46

13.32
13.04
13.94
12.57
13.52
13.40
13.65
13.68
12.70

0.04
0.04
0.00
0.01
0.02
0.02
0.00
0.06
0.00
0.01I
0.04
0.01
0.04
0.00
0.05

0.00

0.00

0.00
0.00

0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.30
0.00
0.00
0.03
0.09

4.72
4.81
6.93
6.03
5.63
0.86
4.72
7.03
0.47
5.13
6.13
5.01
6.25
4.74
6.52

4.67
4.87
4.43
5.19
4.32
4.87
4.45
4.78
4.64
4.69
4.69
0.26
4.32
5.18
0.32
4.54
4.84
4.51
4.87
4.43
4.95

0.00
0.00
0.01
0.00
0.00
0.00

0.08
0.00
0.00
0.01
0.03
0.00
0.08
2.21
0.00
0.02
-0.01
0.03
-0.02
0.04

4.01
4.41

4.86

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

(Rep 7)

{(Rep 8)

(Rep 9)

(Rep 10}
(Average)

(Std. Dev.)
(Min}

(Max}
({Skewness)

(90% C.I. Low}
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

(Rep 1)

(Rep 2)

{Rep 3)

(Rep 4)

(Rep 5)

(Rep 6)

(Rep 7)

(Rep 8)

(Rep 9)

(Rep 10)
(Average)

(Std. Dev.)
{Min)

{Max)
{Skewness)

{90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(29% C.I. Low)
(99% C.I. High)

(Rep 1)

{Rep 2)

{Rep 3}

(Rep 4}

(Rep 5}

{Rep 6)

{(Rep 7)

(Rep 8)

(Rep 9)

{Rep 10)
(Average)

(Std. Dev.)
{Min)

{Max)
({Skewness}

{90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

(Rep 1)

{Rep 2}

{(Rep 3}

{Rep 4)

(Rep 5)

(Rep 6)

(Rep 7)

{Rep 8)

{Rep 9)

(Rep 10)
(Average)

(Std. Dev.)
{Min)

{Max)
{Skewness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low}
(99% C.I. High)

{(Rep 1)
(Rep 2)
{Rep 3)
(Rep 4)
(Rep 5)
(Rep 6)
(Rep 7)
(Rep 8)
{Rep 9)
(Rep 10)
(Average)
(Std. Dev.)



Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
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FAILED ARRIVALS

Entity
Name

Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material

PEDE DDA DA DG DA DA X DDA DDA B B B D K

Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material

MHEHKEKEEEHK KRR KKK KKK

ENTITY ACTIVITY

Entity
Name

Material X
Material X
Material X
Material X
Material ¥
Material X
Material X%
v Material X
Material X
Material X
Material X
Material
Material
Material
Material
Material
Material
Material
Material
Material
Material

B R

Material
Material

<o

1666
1666

1666
1666
1666
1666
1666
1666

Location
Name

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

PEHIPFPFPIPIPI PP BB D DYDY

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

[oNeNoNoNoNo RN NN NN NN N RO N NoNo N o N Q)

4791.97

87.63 0.00 10.91 0.00 0.00 0.00 ({Min)
89.09 0.00 12.16 0.30 0.00 0.00 (Max)
0.50 0.00 -0.66 2.28 0.00 0.00 (Skewness)
87.97 0.00 11.44 -0.02 0.00 0.00 (90% C.I. Low)
88.55 0.00 11.98 0.08 0.00 0.00 (90% C.I. High}
87.90 0.00 11.38 -0.04 0.00 0.00 (95% C.I. Low}
88.61 0.00 12.05 0.10 0.00 0.00 (95% C.I. High)
87.75 0.00 11.24 -0.07 0.00 0.00 (99% C.I. Low)
88.77 0.00 12.19 0.13 0.00 0.00 (99% C.I. High)
Total
Failed
5202 ({Rep 1)
5227 (Rep 2)
5205 (Rep 3)
5257 {Rep 4}
5217 ({Rep 5)
5226 (Rep 6)
5201 (Rep 7)
5251 (Rep 8)
5255 (Rep 9)
5228 (Rep 10)
5226.9 (Average)
21.4655 (Std. Dev.)
5201 ({Min}
5257 {Max)
0.193832 (Skewness)
5214.46 (90% C.I. Low)
5239.34 (90% C.I. High)
5211.55 (95% C.I. Low)
5242.25 (95% C.I. High)
5204.84 (99% C.I. Low)
5248.96 (99% C.I. High)
5201 {(Rep 1)
5227 {Rep 2}
5206 ({Rep 3)
5255 (Rep 4}
5218 (Rep 5)
5228 (Rep 6}
5200 (Rep 7)
5250 (Rep 8)
5255 (Rep 9)
5226 (Rep 10)
5226.6 {Average)
21.1461 ({Std. Dev.)
5200 {Min)
5255 (Max)
0.14438 (Skewness)
5214.34 (90% C.I. Low)
5238.86 (90% C.I. High)
5211.47 (95% C.I. Low)
5241.73 (95% C.I. High)
5204.87 (99% C.I. Low)
5248.33 (99% C.I. High)
Average Average Average Average Average
Current Minutes Minutes Minutes Minutes Minutes
Quantity In In Move Wait For In
In System Systenm Logic Res, etc. Operation Blocked
5 109.612177 0.000000 51.625313 34.762302 23.224562
5 108.181628 0.000000 49.994757 34.794463 23.392408
5 109.709933 0.000000 51.975167 34.544032 23.190735
2 116.142737 0.000000 56.863799 35.158128 24.120810
5 109.081206 ©0.000000 51.010883 34.777103 23.293219
6 108.154749 0.000000 49.971692 34.904592 23.278465
5 108.049823 0.000000 50.392954 34.570565 23.086304
5 106.202865 0.000000 48.628608 34.758795 22.815462
6 116.516238 0.000000 57.167862 35.154998 24.193378
3 112.983651 0.000000 54.713896 34.648921 23.620834
4.7 110.463501 0.000000 52.234493 34.807390 23.421618
1.25167 3.542755 0.000000 2.988533 0.213263 0.438938
2 106.202865 0.000000 48.628608 34.544032 22.815462
6 116.516238 0.000000 57.167862 35.158128 24.193378
-1.02196 0.678389 0.000000 0.586296 0.518612 0.619542
3.97448 108.409959 0.000000 50.502203 34.683773 23.167189
5.42552 112.517042 0.000000 53.966783 34.931007 23.676046
3.80467 107.829343 0.000000 50.096774 34.654841 23.107642
5.59533 112.997653 0.000000 54.372212 34.959939 23.735593
3.41361 106.822469 0.000000 49.163057 34.588210 22.%870503
5.98639 114.104532 0.000000 55.305929 35.026569 23.872732
6 - - - - -
6 - - - - -

(Rep
(Rep
(Rep
(Rep
(Rep
(Rep
(Rep
(Rep
(Rep
(Rep 10)
(Average)
{Std. Dev.)
(Min)
{Max)
{Skewness)
(90%
{(90%
(95% C
{95% C.
C
o]

Low)
High}
. Low)
. High}
. Low)
. High)

{99%
{99%

(Rep
(Rep



Raw Material Y o] 5 -
Raw Material Y 0 5 -
Raw Material Y 0 [ -
Raw Material Y 0 6 -
Raw Material Y 0 6 -
Raw Material Y 0 6 -
Raw Material Y o] 6 -
Raw Material Y o] 5 -
Raw Material Y o] 5.7 -
Raw Material Y 0 0.483046 -
Raw Material Y o] 5 -
Raw Material Y 0 6 -
Raw Material Y 0 -0.745271 -
Raw Material Y 0 5.42 -
Raw Material Y 0 5.98 -
Raw Material Y ¢] 5.35447 -
Raw Material Y 0 6.04553 -
Raw Material Y 0 5.20355 -
Raw Material Y 0 6.19645 -
Product 4796 0 116.490826
Froduct 4768 0 117.394086
Eroduct 4792 0 115.004174
Product 4743 0 120.902382
Froduct 4778 0 116.791545
Product 4769 0 118.684211
Product 4797 0 114.962477
Product 4747 0 117.550032
Product 4742 0 120.707507
Product 4771 0 116.985957
Product 4770.3 0 117.547319
Product 21.0821 0 2.046969
Product 4742 0 114.962477
Product 4797 0 120.902382
Product ~0.0959584 0 0.411402
Product 4758.08 0 116.360803
Product 4782.52 0 118.733836
Product 4755.22 0 116.083108
Froduct 4785.38 0 119.011531
Product 4748.63 0 115.443567
Product 4791.97 0 119.651072
ENTITY STATES RY PERCENTAGE
% ]
Entity in Move Wait For %
Name Logic Res, etc. In Operation
Raw Material % 0.00 47.10 31.71
Raw Material X 0.00 46.21 32.16
Raw Material X ¢.00 47.38 31.49
Raw Material ¥ 0.00 48.96 30.27
Raw Material X 0,00 46.76 31.88
Raw Material X% 0.00 46.20 32.27
Raw Material ¥ 0.00 46.64 32.00
Raw Material X ¢.00 45.79 32.73
Raw Material X 0.00 49.06 30.17
Raw Material X 0.00 48.43 30.67
Raw Material X 0.00 47.25 31.54
Raw Material X% 0.00 1.18 0.88
Raw Material X 0.00 45.79 30.17
Raw Material X 0.00 49.06 32.73
Raw Material X 0.00 0.41 -0.40
Raw Material X 0.00 46.57 31.03
Raw Material X 0.00 47.94 32.04
Raw Material % 0.00 46.41 30.91
Raw Material ¥ 0.00 48.10 32.16
Raw Material X 0.00 46.04 30.63
Raw Material X 0.00 48.47 32.44
Product 0.00 17.48 63.68
. Product 0.00 17.51 63.40
Product 0.00 16.94 64.24
Froduct 0.00 18.64 62.16
Product 0.00 17.49 63.43
Product 0.00 17.92 62.78
Preduct 0.00 16.56 64.19
Froduct 0.00 18.17 63.23
Froduct 0.00 18.60 62.28
Product 0.00 17.35 63.50
Product 0.00 17.67 63.29
Froduct 0.00 0.67 0.71
Froduct 0.00 16.56 62.16
Product 0.00 18.64 64.24
Froduct 0.00 0.04 -0.26
Product 0.00 17.28 62.88
Froduct 0.00 18.06 63.70
Product 0.00 17.19 62.79
Product 0.00 18.15 63.80
Product 0.00 16.98 62.56
Product 0.00 18.36 64.02

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

%
Blocked

19.04

19.30
-0.71
18.91
19.17
18.88
19.20
18.81
19.27

20.359675 74.181610
20.557886 74.427433
19.486644 73.882513
22.536369 75.158128
20.430096 74.083298
21.265464 74.510380
19.042110 73.798207
21.361913 74.330103
22.454660 75.178195
20.294488 74.289457
20.778931 74.383932
1.142162 0.469722
19.042110 73.798207
22.536369 75.178195
0.188520 0.582539
20.116882 74.111660
21.440980 74.656204
19.961934 74.047937
21.595927 74.719928
19.605085 73.901180
21.952776 74.866684

(Rep 1)

{Rep 2)

(Rep 3)

(Rep 4)

(Rep 5)

(Rep 6)

(Rep 7)

(Rep 8)

(Rep 9}

(Rep 10)

(Average)

{Std. Dev.)

{Min)

(Max)

(Skewness)

(90% C.I. Low)

(90% C.I. High}

{95% C.I. Low)

{95% C.I. High)

(99% C.I. Low)

(99% C.I. High)

(Rep 1)

{(Rep 2)

{Rep 3)

{Rep 4)

{Rep 5)

(Rep 6)

(Rep 7)

{(Rep 8)

{Rep 9)

(Rep 10)

(Average)

(Std. Dev.)

{Min)

{Max)

(Skewness)

(90% C.I. Low)

(90% C.I. High)

{95% C.I. Low]

(95% C.I. High)

(99% C.I. Low)

(99% C.I. High)

21.949541
22.408767
21.635017
23.207885
22.278150
22.908367
22.122160
21.858016
23.074652
22.402012
22.384457

0.531020
21.635017
23.207885

0.242146
22.076653
22.692260
22.004614
22.764299
21.838706
22.930207

{Rep 3)
{Rep 4}
{Rep 5)
{Rep 6)
(Rep 7)
{Rep 8)
(Rep 9)
(Rep 10)
(Average)
(Std. Dev.)
{Min)
(Max}
(Skewness)
(90% C.I.
(90% C.I.
(95% C.I.
(95% C.I.
(99% C.I.
(99% C.I.

Low)
High)
Low)
High}
Low)
High)

{Rep
(Rep
(Rep
(Rep
{Rep
(Rep
(Rep
(Rep
(Rep 9)
{Rep 10)
{Average}
(Std. Dev.)
{Min)
(Max}
(Skewness)
(90% C.I.
(90% C.I.
(95% C.I.
(95% C.I.
(99% C.I.
(99% C.I.

Low)
High)
Low)
High)
Low)
High)



VARIABLES

Average
Variable Total Minutes Minimum  Maximum Current Average
Name Changes Per Change Value Value Value Value
Output 4796 20.842369% 14326 19122 18122 16720.8
Output 4768 20.963716 14347 19115 19115 16729.3
Qutput 4792 20.858723 14366 19158 19158 16759
Output 4743 21.073160 14386 19129 19129 16754.5
Output 4778 20.920887 14274 19052 19052 16667.8
Output 4769 20.956175 14383 19152 19152 16766.3
Output 4797 20.834897 14434 19231 19231 16834.8
Output 4747 21.055403 14347 19094 19094 16712.3
Output 4742 21.077604 14278 19020 19020 16645.8
Output 4771 20.951582 14340 19111 19111 16730.5
Output 4770.3 20.953452 14348.1 19118.4 19118.4 16732.1
Output 21.0821 0.092306 48.6654 57.9793 57.9793 52.7639
Output 4742 20.834897 14274 19020 19020 16645.8
Output 4797 21.077604 14434 19231 19231 16834.8
Output ~-0.0959584 0.097687 -0.0226848 0.137714 0.137714 0.16113
Output 4758.08 20.899947 14319.9 19084.8 19084.8 16701.5
Output 4782.52 21.006956 14376.3 19152 19152 16762.7
Output 4755.22 20.887425 14313.3 19076.9 19076.9 16694.4
Output 4785. 38 21.019479 14382.9 19159.9 19159.9 16769.9
Output 4748.63 20.858585 14298.1 19058.8 19058.8 16677.9
Output 4791.97 21.048318 14398.1 19178 19178 16786.3
WIP 14387 6.947939 5 15 12 11.7272
WIP 14308 6.985952 5 15 12 11.6443
WIP 14375 6.953391 5 15 11 11.6483
WIP 14225 7.026362 6 15 8 12.1348
WIP 14337 6.972170 4 14 12 11.6782
WIP 14309 6.985114 7 15 13 11.713
WIP 14390 6.945448 5 15 12 11.585
WIiP 14240 7.018961 5 15 12 11.4992
WIP 14226 7.026571 7 15 13 12.1405
WIP 14311 6.984837 5 15 9 11.8517
WIP 14310.8 6.984675 5.4 14.9 11.4 11.7623
WIP 63.6515 0.031080 0.966092 0.316228 1.64655 0.218043
WIP 14225 6.945448 4 14 8 11.4992
WIP 14390 7.026571 7 15 13 12.1405
WIP -0.145225 0.145867 0.58557 -2.27684 ~-0.983878 0.760211
WIP 14273.9 6.966659 4.84001 14.7167 10.4456 11.6359
WIP 14347.7 7.002690 5.95999 15.0833 12.3544 11.8887
WIP 14265.3 6.962443 4.70895 14.6738 10.2222 11.6063
WIP 14356.3 7.006906 6.09105 15.1262 12.5778 11.9183
WIP 14245.4 6.952732 4.40711 14.575 9.70778 11.5382
WIP 14376.2 7.016617 6.39289 15.225 13.0922 11.9864
LOGS
Log Number Of Minimum Maximum Average
Name Observations Value Value Value
Flow Time X 4796 65.000000 150.000000 109.612177 (Rep 1)
Flow Time X 4768 35.000000 150.000000 108.181628 (Rep 2)
Flow Time X 4792 65.000000 150.000000 109.709933 (Rep 3}
Flow Time X 4743 45.000000 150.000000 116.142737 (Rep 4)
Flow Time X 4778 35.000000 150.000000 109.081206 (Rep 5)
Flow Time X 4769 55.000000 150.000000 108.154749 (Rep 6)
Flow Time X 4797 55.000000 150.000000 108.049823 (Rep 7)
Flow Time X 4747 30.000000 150.000000 106.202865 (Rep 8)
Flow Time X 4742 70.000000 150.000000 116.516238 (Rep 9)
Flow Time X 4771 60.000000 150.000000 112.983651 (Rep 10)
yFlow Time X 4770.3 51.500000 150.000000 110.463501 (Average)
Flow Time X% 21.0821 14.346893 0.000000 3.542755 (Std. Dev.)
Flow Time X 4742 30.000000 150.000000 106.202865 (Min)
Flow Time X 4797 70.000000 150.000000 116.516238 (Max)
Flow Time X -0,0959584 -~0.245338 0.000000 0.678389 (Skewness)
Flow Time X 4758.08 43.183888 150.000000 108.409959 (90% C.I. Low)
Flow Time X 4782.52 59.816112 150.000000 112.517042 (90% C.I. High)
Flow Time X 4755.22 41.237564 150.000000 107.929343 (95% C.I. Low}
Flow Time X 47£5.38 61.762436 150.000000 112.997659 (95% C.I. High)
Flow Time X 4748.63 36.755121 150.000000 106.822469 {99% C.I. Low)
Flow Time X 4791.97 66.244879 150.000000 114.104532 (99% C.I. High)
Flow Time Y 4796 45.000000 135.000000 98.133862 (Rep 1)
Flow Time Y 4768 45.000000 155.000000 98.942953 (Rep 2)
Flow Time Y 4792 45.000000 150.000000 96.675710 (Rep 3)
Flow Time Y 4743 75.000000 140.000000 102.122075 ({(Rep 4)
Flow Time Y 4778 45.000000 140.000000 98.369611 (Rep 5)
Flow Time Y 4769 60.000000 140.000000° 100.073391 (Rep 6)
Flow Time Y 4797 45.000000 155.000000 96.584324 (Rep 7)
Flow Time Y 4747 45.000000 180.000000 99.093111 (Rep 8)
Flow Time Y 4742 60.000000 145.000000 101.961198 (Rep 9)
Flow Time Y 4771 45.000000 150.000000 98.567386 (Rep 10)
Flow Time Y 4770.3 51.000000 149.000000 99.052362 (Average)
Flow Time Y 21.0821 10.488088 12.866839 1.892244 (Std. Dev.)
Flow Time Y 4742 45.000000 135.000000 96.584324 (Min)

{Rep
{Rep
(Rep
(Rep
(Rep
(Rep
(Rep
{Rep
(Rep
(Rep

1)
2)
3)
4)

9)
10}

{Average}
(Std. Dev.)

(Min)
(Max)

(Skewness)

(90%
(90%
{95%
(95%
(99%
(99%

{Rep
{Rep
{Rep
{Rep
{Rep
{Rep
{Rep
(Rep
{Rep
(Rep

C.I.
C.I.
C.I.
C.I.
c.I.
C.I.

9)
10)

(Average)
(Std. Dev.)

{Min}
{Max)

(Skewness)

(90%
(90%
(95%
(95%
(99%
(99%

c.I.
C.I.
C.I.
C.I.
C.I.
C.I.

Low)
High)
Low)
High}
Low)
High)

Low)
High)
Low)
High)
Low}
High)



r

Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow

Time
Time
Time
Time
Time
Time
Time
Time

LOCATIONS

Location

Name

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
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Y 4797 75.000000 180.000000 102.122075 (Max)
Y -0.0959584 1.193562 1.184409 0.368056 (Skewness)
Y 4758.08 44.920627 141.541795 97.955531 {90% C.I. Low)
Y 4782.52 57.079373 156.458205 100.149192 (90% C.I. High)
Y 4755.22 43.497795 139.796257 97.698826 {95% C.I. Low)
Y 4785.38 58.502205 158.203743 100.405887 (95% C.I. High)
Y 4748.63 40.220969 135.776231 97.107627 (99% C.I. Low)
Y 4791.97 61.779031 162.223769 100.997087 (99% C.I. High)
COSTING
$ % $ % S %
Operation Operation Resource Resource Total Total
Cost Cost Cost Cost Cost Cost
0.000000 06.00 0.000000 - 0.000000 0.00 (Rep 1)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 2)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 3)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 4)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 5)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 6)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 7)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 8)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 9)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 10)
0.000000 0.00 0.000000 - 0.000000 0.00 (Average)
0.000000 0.00 0.000000 - 0.000000 0.00 (Std. Dev.)
0.000000 0.00 0.000000 - 0.000000 0.00 (Min)
0.000000 0.00 0.000000 - 0.000000 ,0.00 (Max)
0.000000 0.00 0.000000 - 0.000000 0.00 (Skewness)
0.000000 0.00 0.000000 - 0.000000 0.00 (90% C.I. Low)
0.000000 0.00 0.000000 - 0.000000 0.00 (90% C.I. High)
0.000000 0.00 0.000000 - 0.000000 0.00 (95% C.I. Low)
0.000000 0.00 0.000000 - 0.000000 0.00 (95% C.I. High)
0.000000 0.00 0.000000 - 0.000000 0.00 (99% C.I. Low)
0.000000 0.00 0.000000 - 0.000000 0.00 (99% C.I. High)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 1)
0.000000 0.00 0.000000 = 0.000000 0.00 (Rep 2)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 3)
0.000000 0.00 0.000000 = 0.000000 0.00 (Rep 4)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 5)
0.000000 0.00 0.000000 = 0.000000 0.00 (Rep 6)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 7)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 8)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 9)
0.000000 0.00 0.000000 = 0.000000 0.00 (Rep 10)
0.000000 0.00 0.000000 = 0.000000 0.00 (Average)
0.000000 0.00 0.000000 = 0.000000 0.00 (Std. Dev.)
0.000000 0.00 ©.000000 - 0.000000 0.00 (Min)
0.000000 0.00 0.000000 - 0.000000 0.00 (Max)
0.000000 0.00 0.000000 = 0.000000 0.00 (Skewness}
0.000000 0.00 0.000000 = 0.000000 0.00 (90% C.I. Low)
0.000000 0.00 0.000000 = 0.000000 0.00 ({920% C.I. High)
0.000000 0.00 0.000000 - 0.000000 0.00 ({95% C.I. Low)
0.000000 0.00 0.000000 - 0.000000 0.00 (95% C.I. High)
0.000000 0.00 0.000000 - 0.000000 0.00 ({99% C.I. Low)
0.000000 0.00 0.000000 - 0.000000 0.00 (99% C.I. High)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 1)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 2)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 3)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 4)
0.000000 0.00 0.000000 - 0.000000 0.00 {Rep 5)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 6)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 7}
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 8)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 9)
0.000000 0.00 0.000000 - 0.000000 0.00 ({Rep 10)
0.000000 0.00 0.000000 - 0.000000 0.00 ({Average)
0.000000 0.00 0.000000 - 0.000000 0.00 ({Std. Dev.)
0.000000 0.00 0.000000 - 0.000000 0.00 ({Min)
0.000000 0.00 0.000000 - 0.000000 0.00 ({Max)
0.000000 0.00 0.000000 - 0.000000 0.00 (Skewness)
0.000000 0.00 0.000000 - 0.000000 0.00 (90% C.I. Low)
0.000000 0.00 0.000000 - 0.000000 0.00 (90% C.I. High)
0.000000 0.00 0.000000 - 0.000000 0.00 (95% C.I. Low)
0.000000 0.00 0.000000 - 0.000000 0.00 ({95% C.I. High)
0.000000 0.00 0.000000 - 0.000000 0.00 (99% C.I. Low)
0.000000 0.00 0.000000 - 0.000000 0.00 (99% C.I. High)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 1}
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 2}
0.000000 0.00 0.000000 - 0.000000 0.00 {Rep 3)
6.000000 0.00 0.000000 - 0.000000 0.00 (Rep 4)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 5)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 6)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 7}
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 8)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 9)
0.000000 0.00 0.000000 - 0.000000 0.00 (Rep 10)
0.000000 0.00 0.000000 - 0.000000 0.00 (Average)



Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine
Machine

Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Ruffer
Buffer
Buffer
Buffer
Buffer
Buffer
wBuffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer

Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
Buffer
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0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

1925.916667
1931.316667
1906.733333
1902.675000
1947.791667
1937.541667
1881.233333
1908.708333
1968.116667
1894.225000
1920.425833
26.515044
1881.233333
1968.116667
0.254686
1905.056508
1935.795159
1801.459432
1839.392235
1893.175256
1947.676411

2541.441667
2548.208333
2522.816667
2515.850000
2568.816667
2554.866667
2493.058333
2521.691667
2589.9200000
2507.175000
2536.382500
29.767069
2493.058333
2589.500000
0.284126
2519.128153
2553.636847
2515.082901
2557.675099
2505.789686
2566.975314

0.000000
2.000000
3.000000
0.000000
0.000000
1. 000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
). 000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0. 000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0. 000000
1.000000

0.00
0.00
06.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

43.11
43.11
43.05
43.06
43.13
43.13
43.01
43.08
43.18
43.04
43.09

0.05
43.01
43.18

0.04
43.06
43.12
43.05
43.13
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0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
.000000
.000000
.000000
.000000
. 000000
.000000
0.000000
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0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

1925.916667
1931.316667
1806.733333
1%02.675000
1947.791667
1937.541667
1881.233333
1908.708333
1968.116667
1894.225000
1920.425833
26.515044
1881.233333
1968.116667
0.254686
1905.056508
1935.795159
1901.459432
1939.392235
1893.175256
1947.676411

2541.441667
2548.208333
2522.816667
2515.850000
2568.816667
2554.866667
2493.058333
2521.691667
2589.900000
2507.175000
2536.382500
29.767069
2493.058333
2589.900000
0.284126
2519.128153
2553.636847
2515.089901
2557.675099
2505.789686
2566.975314

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

43.11
43.11
43.05
43.06
43.13
43.13
43.01
43.08
43.18
43.04
43.09

0.05
43.01
43.18

0.04
43.06
43.12
43.05
43.13
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0 oo
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
06.00
0.00

(Std. Dev.)
{Min)

(Max)
(Skewness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

(Rep 1)

(Rep 2)

{Rep 3)

(Rep 4)

(Rep 5)

(Rep 6)

{Rep 7)

{Rep 8)

(Rep 9)

{(Rep 10}
(Average)

(Std. Dev.)
{Min})

(Max}
(Skewness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low}
{99% C.I. High)

(Rep 1)

{Rep 2)

(Rep 3)

(Rep 4)

(Rep 5)

(Rep 6)

{Rep 7}

{Rep 8)

(Rep 9)

(Rep 10)
(Average)

(Std. Dev.)
(Min)

(Max)
{Skewness)

(90% C.I. Low)
(90% C.I. High)
{95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

(Rep 1)

{(Rep 2)

{Rep 3)

{Rep 4)

{Rep 5)

{Rep 6}

(Rep 7)

{Rep 8)

{Rep 9)

{Rep 10}
(Average)

(Std. Dev.}
(Min)

{Max)
{Skewness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

(Rep 1)

{Rep 2)

(Rep 3)

(Rep 4)

{Rep 5)

{Rep 6)

{Rep 7)

(Rep 8)

(Rep 9)

{Rep 10)
{Average)
(Std. Dev.)
{Min)

(Max)
(Skewness)
(90% C.I. Low)
{90% C.I. High)



Buffer B 0.000000
Buffer B 0.000000
Buffer B 0.000000
Buffer B 0.000000
SUM 4467.358333
SUM 4479.525000
SUM 4429.550000
SUM 4418.525000
SUM 4516.608333
SUM 4492.408333
SUM 4374.291667
SUM 4430.400000
SUM 4558.016667
SUM 4401.400000
SUM 4456.808333
SUM 56.272147
SUM 4374.291667
SUM 4558.016667
SUM 0.270392
SUM 4424.120437
SUM 4489.426230
SUM 4416.556461
SUM 4497.060205
SUM 4398.975184
SUM 4514.641483

ENTITY ACTIVITY COSTING

Entity
Name

Explicit
Exits

Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material

Raw Material 3
Raw Material X%

Raw Material
Raw Material

Raw Material 7

Raw Material
Raw Material
Raw Material

Raw Material ¥
Material 7

Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
Raw Material
sRaw Material
Material
Raw Material
Raw Material
Raw Material
Material
Raw Material
Raw Material
Raw Material

2
leeRolojeloRoloRololoNoNoRoNoNoNoNoReNoNo!
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Product 4796
Product 4768
Product 4792
Product 4743
Product 4778
Product 4769
Product 4797
Product 4747
Product 4742
Product 4771
Product 4770.3
Product 21.0821
Product 4742
Product 4797
Product -0.0959584

0.00
0.00
0.00
0.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00

0.000000
0.000000
0.000000
0.0000600

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

$ %

Total
Cost
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
¢.000000
0.000000
0.000000
0.000000

306.625000
305.966667
305.808333
306.850000
305.558333
306.816667
306.875000
304.516667
306.433333
305.858333
306.130833
0.746515
304.516667
306.875000
-0.768373

0.00
0.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

0.00
100.00
100.00

0.00

- 0.000000
- 0.000000
- 0.000000
- 0.000000
0.00 4467.358333
0.00 4479.525000
0.00 4429.550000
0.00 4418.525000
0.00 4516.608333
0,00 4492.408333
0.00 4374.291667
0.00 4430.400000
0.00 4558.016667
0.00 4401.400000
0.00 4456.808333
0.00 56.272147
0.00 4374.291667
0.00 4558.016667
0.00 0.270392
0.00 4424.190437
0.00 4489.426230
0.00 4416.556461
0.00 4497.060205
0.00 4398.975184
0.00 4514.641483
{Rep 1)
{Rep 2)
(Rep 3)
{Rep 4)
{Rep 5}
(Rep 6)
{(Rep 7)
(Rep 8)
{Rep 9)
(Rep 10)
{Average)
(Std. Dev.)
{Min)
(Max)
{Skewness)
{90% C.I. Low)
{90% C.I. High)
(95% C.I. Low}
(95% C.I. High}
{99% C.I. Low)
{89% C.I. High)
(Rep 1)
(Rep 2)
(Rep 3}
(Rep 4)
(Rep 5)
(Rep 6)
(Rep 7)
{Rep 8)
(Rep 9)
(Rep 10}
(Average)
(Std. Dev.)
(Min)
{Max)
(Skewness)
{90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
{(99% C.I. High)
(Rep 1)
{Rep 2)
{Rep 3)
{Rep 4)
(Rep 5)
(Rep 6)
(Rep 7)
(Rep 8)
(Rep 9)
(Rep 10)
(Average)
(Std. Dev.)
{Min}
(Max)
(Skewness)

0.00
0.00
0.00
0.00

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

0.00
100.00
100.00

0.00
100.00
100.00
100.00
100.00
100.00
100.00

{95%
(95%
(99%
(99%

C.I. Low)
C.I. High)
C.I. Low}
C.I. High)

(Rep 1)
(Rep 2)
(Rep 3)
(Rep 4)
(Rep 5)
(Rep 6)
{Rep 7)
(Rep 8)
{Rep 9}
(Rep 10)
(Average)
(Std. Dev.)
{Min)
(Max)
(Skewness)
(90% C.1I.
(90% C.I.
{95% C.I.
(95% C.I.
(99% C.I.
{99% C.I.

Low)
High)
Low}
High)
Low)
High}



Product
Product
Product
Product
Product
Product

SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM
SUM

4758.08
4782.52
4755.22
4785.38
4748.63
4791.97

305.698119
306.563547
305.596846
306.664821
305.363610
306.898057

306.625000
305.966667
305.808333
306.850000
305.558333
306.816667
306.875000
304.516667
306.433333
305.858333
306.130833
0.746515
304.516667
306.875000
~0.768373
305.698119
306.563547
305.596846
306.664821
305.363610
306.898057

100.00
100.00
100.00
100.00
100.00

100.00
100.00

100.00
100.00
100.00
100.00
100.00
100.00

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High)
(99% C.I. Low)
(99% C.I. High)

{Rep 1)

{(Rep 2)

(Rep 3)

(Rep 4)

(Rep 5)

{Rep 6)

{Rep 7)

{Rep 8)

{(Rep 9)

(Rep 10}
{Average)

(Std. Dev.)
(Min)

(Max)
(Skewness)

(90% C.I. Low)
(90% C.I. High)
(95% C.I. Low)
(95% C.I. High}
(99% C.I. Low)
{99% C.I. High)
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Buffer Size=4

Buffer Size=8

Buffer Size=12

Buffer Size=16

Table D.1 Throughput Data - Number of units produced per iteration

MRP JIT OPT
4121 4581 4796
4093 4585 4768
4093 4588 4792
4094 4588 4743
4097 4593 4778
4105 4600 4769
4103 4580 4797
4087 4596 4747
4098 4604 4742
4121 4594 4771
4124 4597 4809
4104 4583 4775
4099 4587 4763
4094 4586 4754
40099 4603 4758
4103 4593 4743
4105 4596 4787
4103 4613 4744
4095 4606 4754
4115 4594 4775
4124 4601 4762
4103 4579 4772
4105 4604 4788
4098 4587 4753
4104 4604 4758
4107 4602 4776
4114 4585 4747
4106 4603 4747
4114 4606 4757
4117 4606 4753
4125 4603 4763
4108 4606 4772
4108 4585 4789
4109 4587 4752
4109 4598 4759
4111 4599 4815
4119 4598 4803
4119 4611 4749
4114 4612 4759
4119 4608 4764

o1



Anova: Two-Factor With Replication

SUMMARY ~ MRP JIT OPT Total
Buffer Size=4
Count 10 10 10 30
Sum 41012 45909 47703 134624
Average 4101,2 4590,9 4770,3 4487,467
Variance 135,2889 62,54444 444 4556 82921,77
Buffer Size=8
Count 10 10 10 30
Sum 41041 45958 47662 134661
Average 41041 4595,8 4766,2 4488,7
Variance 83,87778 89,06667 425,0667 81700,7
Buffer Size=12
Count 10 10 10 30
Sum 41092 45987 47613 134692
Average 4109,2 4598,7 4761,3 4489,733
Variance 61,06667 81,78889 180,0111 79558,06
Buffer Size=16
Count 10 10 10 30
sum 41141 46007 47725 134873
Average 4114 1 4600,7 4772,5 4495,767
Variance 36,32222 85,78889 500,9444 80628,46
Total
Count 40 40 40
Sum 164286 183861 190703
Average 410715 4596,525 4767,575
Variance 97,97692 87,5891 376,5071
ANOVA
Source of Variation SS df MS F P-value F crit
Sample 1222,167 3 407,3889 2,236125 0,08817 2,688694
Columns 9398762 2 4699381 25794,53 1,9E-145 3,080388
Interaction 1022,683 6 170,4472 0,935571 0,472713 2,183654
Within 19676 108 182,1852
Total 9420683 119

Table D.2 Throughput Anova



MRP JIT OPT
Buffer Size=4 4121 4581 4796
4093 4585 4768
4093 4588 4792
4094 4588 4743
4097 4593 4778
4105 4600 4769
4103 4580 4797
4087 4596 4747
4098 4604 4742
4121 4594 4771
Anova: Single Factor
SUMMARY
Groups Count Sum __ Average Variance
MRP 10 41012 4101,2 135,2889
JiT 10 45909 4590,9 62,54444
OPT 10 47703 4770,3 444,4556
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 2398951 2 1199475 5602,504 4,39E-36 3,354131
Within Groups 5780,6 27 214,0963
Total 2404731 29

Table D.3 Throughput One-Way Anova- Buffer Size 4
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MRP JIT OPT
Buffer Size=8 4124 4597 4809
4104 4583 4775
4099 4587 4763
4094 4586 4754
4099 4603 4758
4103 4593 4743
4105 4596 4787
4103 4613 4744
4095 4606 4754
4115 4594 4775
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
MRP 10 41041 41041 83,87778
JIT 10 45958 45958 89,06667
OPT 10 47662 4766,2 425,0667
ANOVA
Source of Variation SS df MS F - P-value F crit
Between Groups 2363938 2 1181969 5929,501 2,04E-36 3,354131
Within Groups 5382,1 27 199,337
Total 2369320 29

Table D.4 Throughput One-Way Anova- Buffer Size 8
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MRP JIT OPT
Buffer Size=12 4124 4601 4762
4103 4579 4772
4105 4604 4788
4098 4587 4753
4104 4604 4758
4107 | 4602 4776
4114 4595 4747
4106 4603 4747
4114 4606 4757
4117 4606 4753

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
MRP 10 41092 4109,2 61,06667
JT 10 45987 4508,7 81,78889
OPT 10 47613 4761,3 180,0111
ANOVA
Source of Variation SS df MS F P-value F crit

Between Groups 2304278 2 1152139 10705,4 7,12E-40 3,354131
Within Groups 2905,8 27 107,6222

Total 2307184 29

Table D.5 Throughput One-Way Anova- Buffer Size 12



MRP JIT OPT
Buffer Size=16 4125 4603 4763
4108 4606 4772
4108 4585 4789
4109 4587 4752
4109 4598 4759
4111 4599 4815
4119 4598 4803
4119 4611 4749
4114 4612 4759
4119 4608 4764
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
MRP 10 41141 41141 36,32222
JIT 10 46007 4600,7 85,78889
OPT 10 47725 4772,5 500,9444
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 2332618 2 1166309 5615,754 4,25E-36 3,354131
Within Groups 5607,5 27 207,6852
Total 2338225 29

Table D.6 Throughput One-Way Anova- Buffer Size 16
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APPENDIX E

WORK-IN-PROCESS

ANALYSIS

o7



MRP JIT OPT
Buffer Size=4 8,26 9,38 11,73
8,75 9,08 11,64
8,01 9,09 11,64
8,79 8,97 12,13
8,63 8,92 11,68
9,01 9,12 11,71
8,3 9,24 11,59
8,52 9,16 11,49
8,43 9,06 12,14
8,49 9,07 11,85
Buffer Size=8 10,15 10,89 18,72
10,36 12,24 18,74
10,71 12,96 18,95
11,59 12,15 18,97
11,72 10,21 18,87
11,58 11,39 18,95
10,04 11,7 18,69
11,42 11,15 19,05
11,47 11,75 19,09
10,56 11,24 18,95
Buffer Size=12| 10,08 12,58 25,81
13,24 16,37 25,75
10,86 11,65 25,48
13,17 15,37 25,98
14,6 11,07 25,87
15,74 12,37 25,7
11,33 14,85 25,98
13,25 13,56 25,99
12,71 11,75 26,08
11,55 9,93 25,88
Buffer Size=16| 12,89 14,355 31,81
16,03 15,923 31,75
17,8 18,647 31,48
14,42 19,339 31,99
15,49 14,726 31,97
15,03 16,499 31,27
16,67 14,306 31,26
12,78 16,066 31,81
14,46 14,493 31,98
14,62 17,004 31,85

Table E.1 Work-in-Process - Average number of work in process per iteration
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Anova: Two-Factor With Replication

SUMMARY MRP JIT OPT Total
Buffer Size=4
Count 10 10 10 30
Sum 85,19 91,09 117,6 293,88
Average 8,519 9,109 11,76 9,796
Variance 0,084788 0,017054 0,047756 2,101597
Buffer Size=8
Count 10 10 10 30
Sum 109,6 115,68 188,98 414,26
Average 10,96 11,568 18,898 13,80867
Variance 0,435067 0,599596 0,019329 13,78807
Buffer Size=12
Count 10 10 10 30
Sum 126,53 129,5 258,52 514,55
Average 12,653 12,95 25,852 17,15167
Variance 3,010446 4,199222 0,030951 41,4153
Buffer Size=16
Count 10 10 10 30
Sum 150,19 161,358 317,17 628,718
Average 15,019 16,1358 31,717 20,95727
Variance 2,453343 3,1898 0,078734 61,87279
Total
Count 40 40 40
Sum 471,51 497,628 882,27
Average 11,78775 12,4407 22,05675
Variance 7,165336 8,456432 57,40621
ANOVA
Source of Variation SS df MS F P-value F crit
Sample 2036,564 3 678,8548 575,0535 3,17E-66 2,688694
Columns 2644,628 2 1322,314 1120,124 6,09E-73 3,080388
Interaction 684,0318 6 114,0053 96,57316 4,33E-41 2,183654
Within 127,4948 108 1,180507
Total 5492,719 119

Table E.2 Work-in-Process Anova



MRP JIT OPT
Buffer Size=4 8,26 9,38 11,73
8,75 9,08 11,64
8,01 9,09 11,64
8,79 8,97 12,13
8,63 8,92 11,68
9,01 9,12 11,71
8,3 9,24 11,59
8,52 9,16 11,49
8,43 9,06 12,14
8,49 9,07 11,85
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
MRP 10 85,19 8,519 0,084788
JIT 10 91,09 9,109 0,017054
OPT 10 117,6 11,76  0,047756
ANOVA
Source of Variation SS o/ MS F P-value F crit
Between Groups  59,59994 2 29,79997 597,6019 4,44E-23 3,354131
Within Groups 1,34638 27 0,049866
Total 60,94632 29

Table E.3 Work-in-Process One-Way Anova- Buffer Size 4

100



MRP JIT OPT
Buffer Size=8 10,15 10,89 18,72
10,36 12,24 18,74
10,71 12,96 18,95
11,59 12,15 18,97
11,72 10,21 18,87
11,58 11,39 18,95
10,04 11,7 18,69
11,42 11,156 19,05
11,47 11,75 19,09
10,56 11,24 18,95
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
MRP 10 109,6 10,96  0,435067
JIT 10 115,68 11,568 0,599596
OPT 10 188,98 18,898 0,019329
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 390,368 2 195,184 555,5569 1,16E-22 3,354131
Within Groups 9,48592 27 0,35133
Total 399,8539 29

Table E.4 Work-in-Process One-Way Anova- Buffer Size 8
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MRP JIT OPT
Buffer Size=12 10,08 12,58 25,81
13,24 16,37 25,75
10,86 11,65 25,48
13,17 15,37 25,98
14,6 11,07 25,87
15,74 12,37 25,7
11,33 14,85 25,98
13,25 13,56 25,99
12,71 11,75 26,08
11,55 9,93 25,88
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
MRP 10 126,53 12,653 3,010446
JIT 10 129,5 12,95 4,199222
OPT 10 258,52 25,852 0,030951
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 1135,878 2 567,939 235,3137 8,23E-18 3,354131
Within Groups  65,16557 27 2,41354
Total 1201,044 29

Table E.5 Work-in-Process One-Way Anova- Buffer Size 12
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MRP JIT OPT

Buffer Size=16 12,89 14,355 31,81

16,03 15,923 31,75

17,8 18,647 31,48

14,42 19,339 31,99

15,49 14,726 31,97

15,03 16,499 31,27

16,67 14,306 31,26

12,78 16,066 31,81

14,46 14,493 31,98

14,62 17,004 31,85

Anova: Single Factor

SUMMARY
Groups Count Sum _ Average Variance
MRP 10 150,19 15,019 2,453343
JIT 10 161,358 16,1358  3,1898
OPT 10 317,17 31,717 0,078734
ANOVA
Source of Variation  SS af MS F P-value  Fcrit
Between Groups  1742,814 2 871,4071 456,8817 1,52E-21 3,354131
Within Groups 51,4969 27 1,907293
Total 1794,311 29

Table E.6 Work-in-Process One-Way Anova- Buffer Size 16
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APPENDIX F

FLOW TIME

ANALYSIS



Buffer Size=4

Buffer Size=8

Buffer Size=12

Buffer Size=16

Table F.1 Flow Time Data - Average minutes per part per iteration

MRP JIT OPT
95,69 104,66 98,13
108,66 84,19 98,94
93,35 83,22 96,67
104,03 105,59 | 102,12
121,23 92,53 98,37
106,16 85,67 100,07
102,92 82,37 96,58
95,6 75,48 99,09
108,48 84,63 101,96
95,26 82,44 98,57
133,99 143,22 | 159,45
166,36 68,62 162,12
132,22 | 196,97 162,99
129,46 178,74 | 163,41

200,29 88,17 164

189,6 161,5 165
156,44 71,33 160,22
154 95,99 164,81
150,81 168,04 164,31
70,12 102,58 162,53
71,33 183,61 227,26
237,32 66,74 225,09
152,41 79,05 220,12
113,92 | 249,57 | 22741
270,14 96,92 22717
290,64 68,91 224,28
150,14 110,99 | 227,41
143,36 | 205,66 | 227,61
69,84 105,29 | 227,24
72,95 98,91 226,98
70,09 223,78 | 269,23
303,35 | 259,56 | 266,96
346,27 66,58 261,85
252,51 336,15 | 268,84
67,342 165,92 | 269,24
249,98 67,92 262,04
318,69 178,83 | 261,74
223,19 | 260,82 | 270,05
70,72 95,82 268,75
258,63 68,05 268,28
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Anova: Two-Factor With Replication

SUMMARY MRP JIT OPT Total
Buffer Size=4
Count 10 10 10 30
Sum 1031,38 880,78 990,5 2902,66
Average 103,138 88,078 99,05 96,75533
Variance 74,05417 97,88166 3,583511 96,29912
Buffer Size=8

Count 10 10 10 30
Sum 1483,29 1275,16 1628,84 4387,29
Average 148,329 127,516 162,884 146,243
Variance 1307,806 2253,432 3,48356 1324,215

Buffer Size=12
Count 10 10 10 30
Sum 1572,05 126565 2260,57 5098,27
Average 157,205 126,565 226,057 169,9423
Variance 6802,43 4015,557 5,594579 5149,625

Buffer Size=16
Count 10 10 10 30
Sum 2160,772 1723,43 2666,98 6551,182
Average 216,0772 172,343 266,698 218,3727
Variance 11555,26 9313,288 11,69564 8017,777
Count 40 40 40
Sum 6247,492 5145,02 7546,89
Average 156,1873 128,6255 188,6723
Variance 6212,669 4531,523 4155,062
ANOVA
Source of Variation SS df MS F P-value F crit
Sample 230295,1 3 76765,05 25,9897 9,85E-13 2,688694
Columns 72273,83 2 36136,91 12,23457 1,62E-05 3,080388
Interaction 31779,18 6 5206,53 1,793202 0,107168 2,183654
Within 318996,6 108 2953,672
Total 653344,7 119

Table F.2 Flow Time Anova



MRP JIT OPT
Buffer Size=4 95,69 104,66 98,13
108,66 84,19 98,94
93,35 83,22 96,67
104,03 105,59 102,12
121,23 92,53 98,37
106,16 85,67 100,07
102,92 82,37 96,58
95,6 75,48 99,09
108,48 84,63 101,96
95,26 82,44 08,57
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
MRP 10 1031,38 103,138 74,05417
JIT 10 880,78 88,078 97,88166
OPT 10 990,5 99.05 3,583511
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 1213 2 606,5002 10,36638 0,000456 3,354131
Within Groups  1579,674 27 58,50645
Total 2792,675 29

Table F.3 Flow Time One-Way Anova- Buffer Size 4
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MRP JIT OPT
Buffer Size=8 133,99 143,22 159,45
166,36 68,62 162,12
132,22 196,97 162,99
129,46 178,74 163,41
200,29 88,17 164
189,6 161,5 165
156,44 71,33 160,22
154 95,99 164,81
150,81 168,04 164,31
70,12 102,58 162,53
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
MRP 10 1483,29 148,329 1307,806
JIT 10 1275,16 127,516 2253,432
OPT 10 1628,84 162,884 3,48356
ANOVA
Source of Variation SS dr MS F P-value F crit
Between Groups 6319,748 2 3159,874 2,659288 0,088269 3,354131
Within Groups 32082.4¢ 27 1188,24
Total 38402,24 29

Table F.4 Flow Time One-Way Anova- Buffer Size 8
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MRP JIT OPT

Buffer Size=12 71,33 183,61 227,26

237,32 66,74 225,09

152,41 79,05 220,12

113,92 | 249,57 | 227,41

270,14 96,92 227,17

290,64 68,91 224,28

150,14 | 110,99 | 227,41

143,36 | 205,66 | 227,61

69,84 105,29 | 227,24

72,95 98,91 226,98

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
MRP 10 1572,05 157,205 6802,43
JIT 10 1265,65 126,565 4015,557
OPT 10 2260,57 226,057 5,594579
ANOVA
Source of Variation SS df MS F P-value F crit

Between Groups 51926,89 2 25963,44
Within Groups 97412,24 27 3607,861

Total 149339,1 29

7,196354 0,003126 3,354131

Table F.5 Flow Time One-Way Anova- Buffer Size 12
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MRP JIT OPT

Buffer Size=16 70,09 223,78 | 269,23
303,35 | 259,56 | 266,96
346,27 66,58- | 261,85
252,51 336,15 | 268,84
67,342 165,92 | 269,24
249,98 67,92 262,04
318,69 178,83 | 261,74
223,19 | 260,82 | 270,05

70,72 95,82 268,75
258,63 68,05 268,28

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
MRP 10 2160,772 216,0772 11555,26
JIT 10 1723,43 172,343 9313,288
OPT 10 2666,98 266,698 11,69564
ANOVA
Source of Variation SS df MS F P-value F crit

Between Groups 44593,37 2 22296,69 3,20351
Within Groups  187922,2 27 6960,08

Total 232515,5 29

0,056442 3,354131

Table F.6 Flow Time One-Way Anova- Buffer Size 16
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APPENDIX G
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Buffer Size=4

Buffer Size=8

Buffer Size=12

Buffer Size=16

Table G.1 Cycle Time Data - Average cycle time per product per iteration

MRP JIT OPT
24,256 | 21,821 20,842
21,417 21,8 20,963
24,419 | 21,787 | 20,858
24416 | 21,787 | 21,073
24,395 | 21,764 | 20,921
24,347 | 21,727 | 20,956

24,36 21,825 | 20,835
24,458 | 21,746 | 21,055
24,387 | 21,709 | 21,077

124,255 | 21,756 | 20,952
24,237 | 21,745 | 20,782
24,354 | 21,809 | 20,934
24,385 | 21,788 | 20,985
24,415 | 21,796 | 21,026

24,38 21,716 | 21,006
24,361 21,761 21,074
24,349 | 21,748 | 20,882
24,361 21,667 [ 21,069
24,405 | 21,698 | 21,025
24,287 | 21,756 | 20,934
24,235 | 21,726 | 20,989
24,363 | 21,828 | 20,945
24,351 21,716 | 20,877
24,387 | 21,789 | 21,029
24,357 | 21,716 | 21,007
24,339 [ 21,721 20,929
24,293 | 21,752 | 21,055
24,339 | 21,668 | 21,056
24,295 | 21,701 21,013
24,276 | 21,698 | 21,027

24,23 21,713 | 20,987
24,327 | 21,701 20,944
24,332 | 21,798 | 20,871
24,323 | 21,798 | 21,034
24,323 | 21,738 | 21,003
24314 | 21,733 | 20,756
24,267 | 21,739 | 20,809
24,268 | 21,678 | 21,043
24,295 | 21,669 | 21,001
24,265 | 21,688 | 20,982
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Anova: Two-Factor With Replication

SUMMARY MRP JIT OPT Total
Buffer Size=4
Count 10 10 10 30
Sum 240,71 217,722 209,532 667,964
Average 24,071 21,7722 20,9532 22,26547
Variance 0,874025 0,001493 0,008509 2,076183
Buffer Size=8
Count 10 10 10 30
Sum 243,534 217,484 209,717 670,735
Average 24,3534 21,7484 20,9717 22,35783
Variance 0,002917 0,001994 0,008217 2,167888
Buffer Size=12
Count 10 10 10 30
Sum 243,235 217,315 209,927 670,477
Average 24,3235 21,7315 20,9927 22,34923
Variance 0,002198 0,002194 0,003415 2,112597
Buffer Size=16
Count 10 10 10 30
Sum 242,944 217,255 209,43 669,629
Average 24,2944 21,7255 20,943 22,32097
Variance 0,001217 0,002058 0,009646 2,123945
Total
Count 40 40 40
Sum 970,423 869,776 838,606
Average 24,26058 21,7444 20,96515
Variance 0,215893 0,002122 0,007242
ANOVA
Source of Variation SS df MS F P-value F crit
Sample 0,156456 3 0,052152 0,681813 0,565042 2,688694
Columns 237,3092 2 118,6546 1551,239 2,82E-80 3,080388
Interaction 0,36761 6 0,061268 0,800996 0,571232 2,183654
Within 8,260944 108 0,07649
Total 246,0943 119

Table G.2 Cycle Time Anova



MRP JIT OPT

Buffer Size=4 24,256 | 21,821 20,842

21,417 21,8 20,963

24,419 | 21,787 | 20,858

24,416 | 21,787 | 21,073

24,395 | 21,764 | 20,921

24,347 | 21,727 | 20,956

24,36 21,825 | 20,835

24,458 | 21,746 | 21,055

24,387 | 21,709 | 21,077

24,255 | 21,756 | 20,952

Anova: Single Factor

SUMMARY
Groups Count Sum Average Variance
MRP 10 240,71 24,071  0,874025
JIT 10 217,722 21,7722 0,001493
OPT 10 209,532 20,9532 0,008509
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups  52,25306 2 26,12653 88,66201 1,36E-12 3,354131
Within Groups 7,956241 27 0,294676
Total 60,20931 29

Table G.3 Cycle Time One-Way Anova- Buffer Size 4
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MRP JIT OPT

Buffer Size=8 24,237 21,745 20,782

24,354 21,809 20,934

24,385 21,788 20,985

24,415 21,796 21,026

24,38 21,716 21,006

24,361 21,761 21,074

24,349 21,748 20,882

24,361 21,667 21,069

24 405 21,698 21,025

24,287 21,756 20,934

Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
MRP 10 243,534 24,3534 0,002917
JIT 10 217,484 21,7484 0,001994
OPT 10 209,717 20,9717 0,008217
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 62,75061 2 31,3753 7169,562 1,58E-37 3,354131
Within Groups 0,118157 27 0,004376
Total 62,86877 29

Table G.4 Cycle Time One-Way Anova- Buffer Size 8
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MRP JIT OPT

Buffer Size=12 24,235 21,726 20,989

24,363 21,828 20,945

24,351 21,716 20,877

24,387 21,789 21,029

24,357 21,716 21,007

24,339 21,721 20,929

24,293 21,752 21,055

24,339 21,668 21,056

24,295 21,701 21,013

24,276 21,698 21,027

Anova: Single Factor
SUMMARY
Groups Count Sum ___Average Variance
MRP 10 243,235 24,3235 0,002198
JIT 10 217,315 21,7315 0,002194
OPT 10 209,927 20,9927 0,003415
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 61,19506 2 30,59753 11758,38 2,01E-40 3,354131
Within Groups 0,070259 27 0,002602
Total 61,26532 29

Table G.5 Cycle Time One-Way Anova- Buffer Size 12
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MRP JIT OPT

Buffer Size=16 24,23 21,713 20,987

24,327 21,701 20,944

24,332 21,798 20,871

24,323 21,798 21,034

24,323 21,738 21,003

24,314 21,733 20,756

24,267 21,739 20,809

24,268 21,678 21,043

24,295 21,669 21,001

24,265 21,688 20,982

Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
MRP 10 242,944 24,2944 0,001217
JIT 10 217,255 21,7255 0,002058
OPT 10 209,43 20,943 0,009646
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 61,47812 2 30,73906 7137,129 1,68E-37 3,354131
Within Groups  0,116287 27 0,004307
Total 61,5944 29

Table G.6 Cycle Time One-Way Anova- Buffer Size 16

117



118

APPENDIX H

COST

ANALYSIS



MRP JIT OPT
Buffer Size=4 3150 3922 4467
3368 3455 4479
3449 3445 4429
3553 4529 4418
3630 3583 4516
3175 2979 4492
3372 3492 4374
3504 3389 4430
3966 3272 4558
3293 3109 4401
Buffer Size=8 4760 5797 8505
5035 4434 8366
6200 6194 8129
5403 7560 7995
6452 4398 8463
5805 4126 8411
5584 4194 8142
4307 3640 8513
6188 5014 8490
4783 3926 8244
Buffer Size=12| 4911 7876 12345
5729 5585 12223
7816 5685 11868
4653 13270 10643
8443 3974 11941
8013 2224 12192
6522 4534 12019
7525 6226 12377
5793 4698 12384
2412 7625 12023
Buffer Size=16| 6543 11310 14916
8093 10728 14795
5939 3084 13232
6122 18515 12047
2040 6478 14411
7636 2256 11215
12467 5980 12789
10024 8146 11104
6275 7474 14488
6198 8130 14619

Table H.1 Total Cost Data - Total inventory carrying cost per iteration
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Anova: Two-Factor With Replication

SUMMARY MRP JIT OPT Total
Buffer Size=4
Count 10 10 10 30
Sum 34460 35175 44564 114199
Average 3446 3517,5 4456,4 3806,633
Variance 57233,78 1927214 3171,822 297815,7
Buffer Size=8
Count 10 10 10 30
Sum 54517 49283 83258 187058
Average 5451,7 4928,3 8325,8 6235,267
Variance 517441,3 1518064 344944 2950162
Buffer Size=12
Count 10 10 10 30
Sum 61817 61697 120015 243529
Average 6181,7 6169,7 12001,5 8117,633
Variance 3508511 9028295 262047,2 11774369
Buffer Size=16
Count 10 10 10 30
Sum 71337 82101 133616 287054
Average 7133,7 8210,1 13361,6 9568,467
Variance 7592104 21377140 2244373 17328746
Total
Count 40 40 40
Sum 222131 228256 381453
Average 5553,275 5706,4 9536,325
Variance 4577269 10457560 12889873
ANOVA
Source of Variation SS df MS F P-value F crit
Sample 5,58E+08 3 1,86E+08 48,1963 7,55E-20 2,688694
Columns 4,07E+08 2 2,04E+08 52,75678 1,04E-16 3,080388
Interaction 1,14E+08 6 18956974 4,90948 0,000178 2,183654
Within 4,17E+08 108 3861300
Total 1,5E+09 119

Table H.2 Cost Anova



MRP JIT OPT

Buffer Size=4 3150 3922 4467

3368 3455 4479

3449 3445 4429

3553 4529 4418

3630 3583 4516

3175 2979 4492

3372 3492 4374

3504 3389 4430

3966 3272 4558

3293 3109 4401

Anova; Single Factor
SUMMARY
Groups Count Sum Average Variance
MRP 10 34460 3446  57233,78
JIT 10 35175 3517,5 192721,4
OPT 10 44564 4456,4 3171,822
ANOVA
Source of Variation SS daf MS F P-value F crit
Between Groups 6358512 2 3179256 37,67978 1,54E-08 3,354131
Within Groups 2278143 27 84375,66
Total 8636655 29

Table H.3 Inventory Carrying Cost One-Way Anova- Buffer Size 4
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MRP JIT OPT
Buffer Size=8 4760 5797 8505
5035 4434 8366
6200 6194 8129
5403 7560 7995
6452 4398 8463
5805 4126 8411
5584 4194 8142
4307 3640 8513
6188 5014 8490
4783 3926 8244
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
MRP 10 54517 5451,7 5174413
JIT 10 49283 4928,3 1518064
OPT 10 83258 83258 344944
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 66924682 2 33462341 48,49614 1,16E-09 3,354131
Within Groups 18630002 27 690000,1
Total 85554684 29

Table H.4 Inventory Carrying Cost One-Way Anova- Buffer Size 8
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MRP JIT OPT
Buffer Size=12 4911 7876 12345
5729 5585 12223
7816 5685 11868
4653 13270 10643
8443 3974 11941
8013 2224 12192
6522 4534 12019
7525 6226 12377
5793 4698 12384
2412 7625 12023
Anova: Single Factor
SUMMARY
Groups Count Sum Average Variance
MRP 10 61817 6181,7 3508511
JIT 10 61697 6169,7 9028295
OPT 10 120015 12001,5 262047,2
ANOVA
Source of Variation SS df MS F P-value F crit

Between Groups 226267024 2 1,13E+08 26,51804 4,26E-07 3,354131
Within Groups 115189681 27 4266284

Total 341456705 29

Table H.5 Inventory Carrying Cost One-Way Anova- Buffer Size 12















