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In today’s global economy the need for an efficient and optimised supply chain is

increasing. Recent studies showed that supply chain management is one of the areas

that have a great impact on the financial well being of an organization as well as A
customer satisfaction. The recognition of the importance of efficient and optimised
supply chains has led to increasing investments in supply chain planning and execution
systems. In order to compete in the global market piace organizations want to deveiop

systems that enable fast and effective on time delivery of products to customers.

Therefore generating the necessary customer satisfaction.

Today there are APS (Advanced Planning & Scheduling) systems available to help
“manage” the supply chains. These tools were specifically designed to have the ability
to rapidly and simultaneously plan and schedule customer demand while considering
material and capacity constraints. Not only does these systems provide the ability to
increase revenues, but it can also increase the customer service and cut costs by
synchronized management of the complete supply chain. Although these systems help
to improve the system, it is restricted to the static part and it does not incorporate the
dynamic part. The result therefore is that a lot of “noise” still exists within the system
once the results are achieved. This opened the way for solfutions that can provide insight
to the uncertainty and interdependency of processes and customer demand within the
supply chain. One way of gaining insight into the system variation and
interdependencies is through the use of simulation technology. This type of technology
allows organizations to predict future behaviour and test future designs or do redesigns
of their current supply chains.

The scope of this dissertation is to develop a supply chain planning methodology, which
will help to improve the understanding of the uncertainty and interdependency of
processes within the supply chain.

To design this methodology different steps are taken in order to introduce the final
solution. Therefore, four main methods were used; literature research, market research,
supply chain planning methodology development and a case study.

The literature research brought to light the reasons for the inefficiencies and variations in
supply chain planning and why the need for change exists. During the supply chain
market research several supply chain planning and execution systems were under study.




From this it was quite clear that the only way that organisations can ensure one optimal
answer is when the demand is canstant and there is a zero percent chance that it could
change. In real world systems it is virtually impossible to accurately predict future
demand 100 percent of the time, and therefore variability and randomness cannot be
excluded from a supply chain solution. This paved the way for the introduction of
simulation technology as a possible solution for this variability and randomness. The
market research was concluded with the analyses of the current simulation solutions in
the market.

The next step in the design phase was the introduction of the new supply chain planning
methodology. The main purpose of this new methodology is to use the power of
modelling and simulation to improve the initial supply chain performance. This
methodology focuses on initial supply chain design, analyses and optimisation. By
introducing this methodology organisations are now able to compare current supply
chains with an unlimited realm of possible future configurations.... and without disrupting
the initial day-to-day operations of an actual supply chain. The methodology is also -
designed to help predict the supply chain performance in terms of throughput, T
tardiness, utilisation, profitability, and other key performance indicators...

In order to experience real-life supply chain problems a case study has been done. :
This case study is about the automotive industry, which will include the ordering of parts
assembly of vehicles, warehousing and distribution of vehicles. Different problems and
difficulties were experienced. In conclusion, this case study provided a better insight into
the behaviour of a supply chain. The case study was used to evaluate the use of this
new methodology and as a result certain inefficiencies were recognized. As a result of
the evaluation certain improvements need to be made to the supply chain methodology
in order to make it more suitable for the market. These improvements would focus on
inventory planning, supply chain analysis as well as database integration.

The result of the case study also showed that the supply chain planning methodology 1S
now set to develop a supply chain solution on the lowest level. There is however a need
to be able to grow this supply chain methodology from a low level to a relatively high
level. These functions are among others higher-level planning modules, which focus on
transportation, production, demand and distribution and performance measurements.
The focus will be to introduce these functions as objects. Every object will have the
ability to design a supply chain solution on a high level or low level depending on the
detail and requirements.

% . | also befieve that the one who adapts his policy to the times prospers, and
likewise that the one whose policy clashes with the demands of the times does —
not.” Niccolo Machiavelli, 1525
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in vandag se globale ekonomie is daar 'n toenemende behoefte vir 'n doeitreffende en

meer effektiewe voorsieningsketting. Oor die afgelope jare het verskeie studies :
aangetoon dat die bestuur van voorsieningskettings 'n groot invioed het op die finansiéle ——
resultate van 'n organisasie so wel as op die gebied van kliénte tevredenheid. As gevolg

van die toenemende belangstelling in die doeltreffende en effektiewe bestuur van
voorsieningskettings het organisasies groot investerings aangegaan op die gebied van
voorsieningsketting beplanning- en voorsieningsketting beheer stelsels. Om in die (—
globale ekonomie te kan kompetteer wil organisasies self stelsels ontwikkel wat in staat —
is om produkte vinnig en optyd aan klante kan besorg. Daardeur kan die nodige kliénte
tevredenheid gehandhaaf word.

Vandag bestaan daar sogenaamde gevorderde beplanning en skeduiering stelsels wat
kan help om voorsieningskettings te bestuur. Hierdie stelsels was ontwikkel om baie
vinnig en gelyktydig te beplan en te skeduleer om sodoende aan die vraag van kiiénte te
voldoen deur te kyk na kapasiteit en materiaal beperkings. Hierdie stelsels besit nie
alleen die vermoé om inkomste te verhoog nie maar dit kan ook kliénte tevredenheid
sowel as koste besparings teweeg bring deur gesinkroniseerde bestuur van die totale
voorsieningsketting. Hierdie stelsels besit die vermoé& om 'n voorsieningsketting te
verbeter maar dit is beperk tot die statiese deel en dit kyk gfad nie na die dinamiese
deel. Die gevolg hiervan is dat daar nog aansienlike “lawaai” binne die sisteem bestaan
by aantoon van die resultate. Dit het die weg gebaan vir oplossings wat insig kan
verskaf in die onsekerheid en interafhanklikheid van prosesse en kli€nte vraag. Een
manier om insig te verkry in die variasie en interafhanklikhede binne die sisteem is deur
gebruik te maak van simulasie tegnologie. Hierdie tipe tegnologie help organisasies om
gedrag van toekomstige sisteme te voorspel en om toekomstige ontwerpe te toets of :
met die herontwerp van bestaande voorsieningsketting. —

Die doel van hierdie verhandeling is om ‘n nuwe beplannings metodologie vir
voorsieningskettings te ontwikkel, wat sal help om the om onsekerheid en
interafhanlikheid van prosesse in die voorsieningsketting beter te verstaan.

Om hierdie metodologie te ontwerp is ‘n aantal stappe gevolg om die finale oplossing
aan te bied. in hierdie proses is vier stappe gevolg; literatuur studie, mark navorsing,
ontwikkeling van die voorsieningsketting beplannings metodologie en 'n gevallestudie.

Die literatuur studie het die redes vir ondoeltreffenhede en variasie in
voorsieningsketting beplanning aangedui sowel asdie redes vir verandering. Tydens die
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mark analise van voorsieningskettings is daar na 'n aantal voorsieningsketting
beplanning- en voorsieningsketting beheer stelsels gekyk. Aan die hand van die mark
analise was dit duidelik dat die enigste manier waardeur organisasies 'n optimale
antwoord kan kry is wanneer die vraag konstant is en wanneer daar geen kans bestaan
vir verandering. In die hedendaagse wéreld is dit omtrent onmoontlik om toekomstige
vraag na produkte honderd persent akkuraat te voorspel. Hierdeur is dit duidelik dat
veranderlikheid en ewekansigheid nie buite rekening gelaat kan word by 'n
voorsieningsketting opiossing nie.

Dit het dus die weg gebaan vir die introdusering van simulasie tegnologie as 'n
moontlike oplossing vir veranderlikheid en ewekansigheid. Die mark analise was
afgerond met 'n mark oversig van die bestaande simulasie oplossings in die mark.

Die volgende stap in die ontwikkelings fase was die bekendstelling van die nuwe
voorsieningsketting beplannings metodologie. Die algehele doel van die nuwe
beplannings metodologie is om gebruik te maak van modelering en simulasie sterk
punte om sodoende die prestasie van voorsieningsketting te verbeter. Hierdie
metodologie fokus op die aanvanklike ontwerp, analise en optimisering van'n
voorsieningsketting. Indien organisasies van hierdie metodologie gebruikmaak dan is dit
moontlik om bestaande voorsieningsketting te vergelyk met onbeperkte aantal
toekomstige konfigurasies... en dit sonder om die dag tot dag bewerkings van 'n
voorsieningsketting te verhinder. -

Hierdie metodologie is ook ontwikkel om die prestasie van voorsieningsketting te
voorspel in terme van; deurset, traagheid, benutting, winsgewendheid, en ander
prestasie aanwysers...

Om hedendaagse voorsieningsketting probleme te ervaar is daar 'n gevallestudie
gedoen. Hierdie gevallestudie is gerig op die motorvoertuig industrie, en dit siuit in die
besteiling van parte, vervaardiging van voertuie, berging en distribusie van voertuie.
Verskillende probleme en moeilikhede was ervaar tydens die ontwikkeling van die
gevallestudie. Die gevallestudie het wel beter insig verskaf om die gedrag van die
voorraad ketting te verstaan. Die gevallestudie was ook gebruik om die toepassing van
die nuwe metodologie te evalueer en as gevolg daarvan is daar 'n aantal
ondoeltreffenhede bemerk. Na aanleiding van die evaluering moet daar 'n aantal
verbeterings aangebring word om die metodologie meer aanvaarbaar te maak vir die
mark. Hierdie verbeterings sal fokus op voorraad beplanning, voorsieningsketting analise
en databasis integrasie.

Die resultate van die gevallestudie het aangetoon dat die nuwe metodologie vir
voorsieningsketting beplanning geskik is om 'n voorsieningsketting op die laagste vlak te
ontwikkel. Daar is egter 'n behoefte om om die voorsieningsketting metodologie te kan
groei van 'n laer viak na 'n hoér viak. Hierdie groei moet kan gebeur deur sogenaamde
hoér viak beplannings modules wat fokus op, vervoer, produksie, vraag en distribusie
asook prestaties aanwysers. Die fokus sal wees om hierdie funksies as objekte voor te
stel wat tegelykertyd op 'n hoé vlak as 'n lae vlak kan funksioneer afhangend van die
detail en verwagtinge.

“...Ek glo daaraan dat die een wat sy strategie voortdurend aanpas vooruitgaan,
en die wie se strategie teenstrydig is met die vraag van die tye nie.” Niccolo
Machiavelli, 1525
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1 Introduction

Supply Chain Management can be defined as the process which enables the flow
of goods all the way from raw material, to distributors and transporters, to
retailers and finally to end customers. In essence jt therefore manages the flow of
materials and products from source to users.

Although it sounds simple it is quite a complex task due to all the interdependencies
within a supply chain. It is not just about make and deliver, it also includes aspects of
purchasing, manufacturing, planning, distribution system planning, transportation
systems, warehousing and inventory systems, demand input from sales and marketing
activities.

All of this can be the result of a single product line or production plant to a complex web
or chain that includes multiple demand sources, suppliers, distribution means or
factories. Clearly one can understand the complexity of managing such an operation...

Today there are APS (Advanced Planning & Scheduling) systems available to heip
“manage’ the supply chains. These tools were specifically designed to have the ability
to rapidly and simultaneously plan and schedule customer demand while considering
material and capacity constraints. Not only does these systems provide the ability to
increase revenues, but it can also increase the customer service and cut costs by
synchronised management of the complete supply chain.

it is clear that core methodologies exist and that it can focus on specific problem areas
within the supply chain. These methodologies are known as “solver technologies”
which include: heuristics, constraint management, linear programming, mixed-integer
programming and network programming. All of this can provide the results or outputs for
the APS tools. Unfortunately there is one draw back of supply chain management at this
stage and that is the understanding of variability within the supply chain. Although
supply chain management helps to improve the system, it is restricted to the static part
and it does not incorporate the dynamic part. The resuit therefore is that a ot of “noise”
still exists within the system once the resuits are achieved.

The scope of this dissertation is to develop a supply chain planning methodology, which
will help to improve the understanding of the variability and dynamics within the supply
chain. By doing this, supply chain analysts will be able to define the system clearly and
therefore minimise multiple (mis) interpretations as to the complexity and variability of
the processes.

The methodology will help analysts to design the supply chain much better and do what
if scenarios and it can further provide them with the necessary visibility, a 85%
confidence interval, certainty, minimise the thinking process and help them with the
analyses of the best rules before implementing the supply chain solution.




2 Dissertation Goal

The goal of the dissertation is to link supply chain concepts with simulation. By doing
this a methodology will be designed which will allow one to design a total supply chain in
a fairly short period of time.

This supply chain methodology will then be able to address the following issues:

Randomness and variation in a supply chain.

What-If scenarios before the final supply chain is developed.

Modelling of the corporate dynamics throughout the supply chain.

Reliably predict the effect of multiple changes in the supply chain.

Visibility on the performance of the supply chain.

Minimise multiple misinterpretations as to the complexity and variability of the
processes.
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o Phase One: Research

Phase 1 is concerned with the identification and definition of supply chain management
used to define the framework for the supply chain design methodology.

o Phase Two: Evaluation
Phase 2 uses this framework to evaluate current supply chain strategies in order to
establish a strategy for the development of the supply chain methodology.

¢+ Phase Three: Development

In Phase 3, the concepts of simulation will be introduced in order to establish the
framework for the prototype methodology.

e Pbhase Four: Case Study

in phase four the methodology will be applied to a case study in order to demonstrate
the capability of the methodology and this will conclude the development of the supply
chain methodology.

3.1 Phase One: Establish the supply chain methcdology

Before a problem can be solved an analyst first needs to understand the dynamics of the
problem. During phase 1, a number of theories and methodologies will be researched in
order to identify and define the process characteristics that will assist the analyst in
understanding the problem. Ali of these process characteristics will be used to define
the framework and guidelines for supply chain management.

3.2 Phase Two: Establish methods and techniques for supply chain
management

While phase 1 produced certain guidelines that will assist the analyst in understanding
the problem, phase 2 is used to produce solution methods and techniques to model the
oroblem.
in this phase four companies are evaluated in order to develop a strategy framework for

the supply chain planning methodology. This strategy addresses the issue of using

~ existing methodologies. The methodologies that will be evaiuated are: —

» 12 Technologies
» SAP

» BAAN

» Manugistics

These four companies are at the forefront of technology and each one has a different
solution for supply chain management.




3.3 Phase Three: Establish methods and techniques for supply chain
management and simulation.

in this phase the appropriate supply chain solution is mapped to the appropriate
simulation solution.

During this phase different simulation solutions will also be evaluated.

The framework and methodology of the supply chain planning methodology will be
shaped according to the supply chain and simulation solutions.

Different links between the solutions will also be investigated.

3.4 Phase Four: Apply supply chain methodology to a specific case study.

In this phase, the supply chain planning methodology will be applied to an industry
specific case study. R

This case study is about the automotive industry, which will include the ordering of parts
assembly of vehicles, warehousing and distribution of vehicles.







that flow between multiple cells within an organisation and throughout that organisation’s
trading partners.

For an organisation that wants to move toward total integrated planning and scheduling,
it is necessary to breakdown functional stovepipes and unites non-collaborative
partnerships. This synchronous approach does not only enhances an enterprise’s ability
to meet customer demand, but it also enables the company to better understand change
management and supply chain issues which need to be addressed. As early as 1525
Niccolo Machiavelli expressed his concern with the foliowing statement,

“ .1 also believe that the one who adapts his policy to the times prospers, and
likewise that the one whose policy clashes with the demands of the times does
not.”

4.2 Logistics and Competitive Strategy

Throughout the history of mankind a lot of wars have been won and lost through
logistics strengths and capabilities. The commanders of these wars clearly new that in
order to succeed logistics should be well planned and coordinated. Only over the last
decade organisations started to recognise the vital impact logistics management can
have on the achievement of a competitive advantage. The lack of recognition can
partiy be biamed on the iow level of understanding of how integrated logistics shouid
function.

in 1915 Arch Shaw wrote the foilowing:

“ The relations between the activities of demand creation and physical supply...
illustrate the existence of the two principles of interdependence and balance.
Failure to co-ordinate any one of these activities with its group-fellows and also
with those in the other group, or undue emphasis or outlay put upon any one of
these activities, is certain to upset the equilibrium of forces which means :
efficient distribution.

... The physical distribution of the goods is a problem distinct from the creation
of demand... Not a few worthy failures in distribution campaigns have been due
to such a lack of co-ordination between demand creation and physical supply...
Instead of being a subsequent problem, this question of supply must be met and
answered before the work of distribution begins.”

The basic principles of Logistics Management took a further 70 or so years to be S
clearly defined. According to Martin Christopher there are many ways to define :
logistics but he defined it as follows:

“Logistics is the process of strategically managing the procurement, movement
and storage of materials, parts and finished inventory (and related information
flows} through the crganisation and its marketing channels in such a way that
current and future profitability are maximised through the cost-effective
fulfilment of orders.”

AW, Shaw, Some Problems in Market Distribution, Harvard University Press, 1915 _3
M. Christopher, Logistics and Supply Chain Management, Pittan Publishing, 1992 E—












4.3 Reengineering the Planning Process

4.31 The Traditionai divided Process

“ |We trained hard, but it seemed every time we were becoming tc form teams we
would be re-organised. [ was to learn later in life that we tend to meet every
situation by re-organising and a wonderful method it can be for creating the
illusion of progress, while producing inefficiency, and demoralisation.” Gaius
Petronius Arbiter C AD 65.

Traditionally the planning process was divided a couple of times and there was no
integration. During these traditiona! years simple software tools were created to help
solve the different pieces of the pianning problem. One of the first was material
requirements planning (MRP), which computes time-phased material requirements.
Other tools were then created around this tool, which addresses different issues of
different levels of detail.

Because of these software tools, organisations followed a fragmented breakdown
approach to problem soiving. This in fact caused the creation of the composite
arrangement of people around functions, processes, geography and classes. These
arrangements have strangulated organisational efforts to adequately satisfy market
needs. Traditionally a few exceptions did occur, where organisation’s plants evolved by
placing machines and equipment in location where space was available. The
information systems were developed, as “islands’ breaking down into accounting,
inventory, purchasing, etc., with no overall plan to guide their interaction.

The people were structured and shuffled around classes: walls separated elite
executives, middle management and hourly iabour. These walls refer to the way
planning occurred. Management wanted certain goals, and then every process was
handled on its own, total visibility of the “big picture” was not known... or brought into the
open.

QOrganisations tried to manage all of these changes by means of MRP, automation,
algorithm, quality circles, cells group technology, TQM and CIM, and organisations only
achieved limited results. It is no wonder that organisations experienced difficulty in
getting products out the door!

So, by now the “big picture is beginning to show”.... questions arise such as, why didn’t
it work, where do organisations suffer the mast and many more....

Accarding to 2 technologies the traditional process was divided into two maijor levels of
detail: master planning and execution planning. The following paragraph will focus
on the evolution of the traditional planning process as was defined by 12 Technologies.
Figure 4.5 illustrates the traditional divisions in the planning.

" Rhythm® Supply Chain Planner Concept Manual, ©® 1996 i2 technologies, Inc. Proprietary Information
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Since the design of the traditional planning process (and the software tools that
embodied them) the assumptions that were made changed dramatically. Not oniy did
computer power advanced tremendously but also the basic understanding of the
manufacturing process underwent a “major overhaul”.

Globalisation and a reengineered market place forced the planning problems to move.
The changes in the assumptions called for a total rethinking of the traditional planning
process and introduced some questions.

« What was the focus point of the rethinking?
e Where did organisations suffer the most?
« What is needed to solve this problem?

The first focus area was about the segmentation of the software, organisations tend to
focus on only a part of the problem and this does not provide a total integrated solution,
and secondly there is no visibility throughout the system.

Organisations suffered mostly in time and money. Organisations maintained long lead
times in order capture and processing, engineering, purchasing, production planning etc.
The resuits from the above were lost sales, higher inventory cost and excessive
overheads.

The road ahead is steep, and to be able to compete in the global market place, which is
extremely competitive, there is no place for a bronze or silver medal. You either win or
you joose, This performance and ability do not simply happen, it requires years of
commitment, conditioning, and a vision of a gold medal.

In conclusion the traditional planning process have to change and for that one need to
have a vision, endurance, agility and speed.

4.5 The Innovative Approach: An Overview

i2 Technologies also saw that the traditional approach needed some reengineering and
this translated or evolved into a new innovative approach to planning. This innovative
approach was the direct result of the inability of the traditionai planning process to
address the new market demands and globalisation of organisations.

12 Technologies further defined five main areas for improving the inefficiencies of the
traditional planning process. These five areas are:

Concurrent Planning

Global Optimisation

Speed

Constrained Based Planning
Bi-directional change propagation

This planning approach is better illustrated by figure 4.13.
















be integrated into one single funnel with the detail varying over a combined planning
horizon.

it is clear that one question is still left unanswered and that question is: how do one get
to a solution to be able to provide all of this..?
4.6 Truly integrated Planning

4.6.1 The Opportunity

According to the following statement from Richard G. Ligus it is clear that organisations
need to change their way of thinking in order to stay competitive within a global market
place.

“Becoming agile means competing and leading in the next century. Companies
require an overhaul of their infrastructures to be able to introduce and build new
products quickly and accurately, but also need an acculturation process fuelled by
heavy involvement. It takes time to enact changes of major proportions.... and
careful planning.”®

Only the truly integrated planning process will be able to steer organisations to this
objective. Truly Integrated Planning is the only process that directly addresses the planning
problem as a whole. The opportunity to solve the needs of being able to truly integrate
organisations processes is NOw emerging.

This opportunity will no longer allow; excess inventory, unused capacity, missed due dates
or even un-synchronised distribution plans. it will even sort out conflicting objectives
between manufacturing, sales, and distribution functions. This opportunity is not a “quick
and dirty” solution. This opportunity is called effective Supply Chain Management®’, and
businesses that can squeeze additional revenue from their supply chains will have a
powerful competitive edge.

“Any cost savings through improved supply chain management... can go directly to
the bottom line. In 1995, American Companies spent an estimated $670 Billion on
logistics alone... equal to over 10 percent of the Gross Domestic Product.””

It can be concluded that the need exist to find a way to exploit this opportunity and start to
manage the billions of dollars of revenue, which lie trapped in all the inefficient supply
chains. if organisations can start to exploit this opportunity to their own advantage, it will
provide them with increased market share, cash flows and profits.

All of these measures - market share, cash flow and profits - will form part of the paved
road on the way to become a truly integrated and competitive organisation.

% Richard G. Ligus. President of Rockford Consulting Group itd.
21 Supply Chain Management - Managing the flow of materials and products from source to user.
%2 The Yankee Group.
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4.6.2 The Challenge

Exploiting this opportunity is a challenge above imagination, but it is a challenge
organisations dare not even to think of not accepting.

Managing an organisation’s supply chain is not an easy task. It is quite complex.
Organisations need to move and rearrange all the assets in such a way so that the
“stakehoiders” - customers, shareholders, employees, unions and regulators are satisfied.

During the years businesses have tried a lot to deal with the problem, by breaking it down
into pieces, rigging up walls between different segments of the chain, which fragmented the
responsibilities in different segments in the chain. In order to be abie to cope with these
pieces businesses used different tools, to track these data as illustrated in paragraph 5.1.

Because of this fragmentation there is no integration and organisations do not have the
ability to see the “big picture” of what the effect of different decisions and actions is on the
total supply chain and the bottom line.

This inability of no visibility makes decision making a slow and arduous task.

in today’s highly competitive market organisations need to have the ability to make informal
decisions rapidly, so responsiveness is the key measurement. The faster organisations can
respond to their customer’s needs the better, because the longer the delay the greater the
cost of satisfying that need.

In other words organisations need something more than just a localised view, they need to
be able to have visibility on a global scale. This means that traditional business systems
are not the solution any more, because the assumptions have changed. Organisations no
longer can afford to only view parts of the business puzzie, they need to see the whole
puzzle....

4.6.3 What is needed to follow a Truly Integrated Supply Chain Solution?

» Develop a vision that is based on strategic objectives that will make one agile and take
one to world-class status in terms of quality, delivery, cost and speed of new product
introduction. This vision needs to be introduced throughout the entire organisation by
developing tactical objectives and action plans for ail the supporters of this vision.

» All the realities and constraints in terms of physical resources, capacities, human
resources, resistance to change, etc., which prevents one from being where one wants
to be, need to be considered. Cne needs {o determine what it will take to overcome
them.

» A master plan has to be devised which will fit the organisation’s capability to progress.
All the bases such as strategy, processes, structure, staffing/skills, organisational reward
systems and culture have to be covered in this master plan.

> Reorganise the business to satisfy the supply chain - physically and logically. The
physical operations need to be streamlined; the processes integrated and there must be
a striving for velocity within the entire chain.
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» Information Systems must be streamlined all the parts of the supply chain must be linked
electronically for fast communication and processing of transactions.

» Functional barriers need to be smashed by restructuring each part of the organisation to
complete business cycles quickly. Manage change.

“In conclusion, those that successfully emerge from this radical transformation will be the
winners and leaders: quick and resourcefui enterprises.”

4.7 What is the solution and new framework for Supply Chain Management

The question that keeps on appearing is; How in the world are organisations going to
manage their supply chain differently or more efficient than traditionally...?

The solution is not simple! Businesses need the ability to instantly make intelligent
decisions, which will provide them with the necessary knowledge to be abie to understand
the global consequences of each business option in order to solve complex real-world
probiems such as:

» Are materials and capacity being allocated among key customers and channels
in the most effective manner?

Which resources would be impacted most by revised forecast?

What products are truly available-to-promise? On what date?

How will a late supplier, plant, or distribution delivery impact customer orders,
inventories, and transportation loads- as well as profitability

Y VY

Only by having global visibility into total operations - from source to user - on a real-time
basis one will have this ability and knowledge of solving the complex problems in time. The
solution must consider real-world constraints as well as limitations. It also must provide
management with the ability to make million dollar decisions quickly and swiftly, with a high
level of confidence.

A tool that can do all of the above can help managers to transform their current supply
chain into a swift, accurate and effective supply chain, which will most definitely provide
them with a powerful competitive edge....

fn conclusion organisations must be market-driven, with more product research and short
development and introduction cycles. The focus must lie on quickly satisfying the supply
chain, the chain from customer inquiry through complete customer satisfaction. Thus the
solution must have the following characteristics:

» It must be able to address the problem as a single holistic®® problem. Thus the
ability to view the whole business puzzle as a whole and not only specific parts,
therefore an integrated solution.

» Ability to make changes and thinks at an unparalleled speed.

2 System as a whole not only the components.
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> Speed of response requires a highly intelligent system, which is able to predict,
plan, change capacities, do “what-if’ analyses and provide managers with
informed options in minutes not in weeks.

» Enough speed to be abie to make more of the right product at the right time,
without wasting time on the shelf or in WIP queues, thus providing value added
time.

» Co-ordinate all the phases of demand/fulfiiment cycle concurrently at a high
speed in order to make sure that the transportation and distribution is
synchronised with production.

> Built-in intelligence to weigh thousands of variables and recommend “globally
good” solutions for each component of the chain.

> To be able to consider real-world problems or constraints such as, capacity and
material shortages, unexpected breakdowns, sudden shifts in distribution ——
channels etc.

> Ability to do all of the above within context of the company’s primary goals
namely, making money and satisfying customers now and in the future. S

By reviewing the above paragraphs it is clear that to have a tool is essential, but what is
more essential is the fact of having the right tool which need to have the above
characteristics. Only by having that tool with the predefined characteristics, one will be
able to exploit the opportunity into a powerful competitive edge....

4.8 Detail description of the solution

During the past few decades, the rules of business have changed due to the increased
needs of customers.

This is why today success depends upon responsiveness. Responsiveness can be
defined as follows: an organisation’s ability to react quickly to customers’ needs by
delivering the highest quality product on time, at the lowest cost. o

Today, more and more companies start to realise that the new key to responsiveness
is effective supply chain management. To be able to ensure good product quality,
meet aggressive due dates, and keep prices low, businesses need to understand the
opportunities and challenges within their supply chains, as well as the constantly
changing dynamics at their markets.

Organisations need global visibility throughout the entire supply chain. The
functionality of giobal visibility allows the planners to view all the constraints in the
supply chain - as well as their impact on all the supply chain resources. Planners can
then use this functionality to formulate plans that are inherently feasible.

The goal of supply chain management as the solution is to achieve maximum
customer responsiveness at the least cost. Traditional planning solutions fragmented
the problem and solved it sequentially, resulting in unresponsive supply chains.










forward, the plans are refined narrowing how much they vary from what actually occurs.
In the end the plans reach the neck of the funnel where they are made in great detail. By
this time it is hoped that the plans accurately reflect what happens.

4.9.1 Supply Chain Management Characteristics.

Transportation Planning
Encompass the tactical, operational and execution needs for the supply chain.
Enables you to:
Derive a demand-driven, feasible plan for transportation resources

Advanced Scheduling
Bring all production operations into detailed synchronisation to meet customer goals
and optimise resources. Enables you to:
Determine the optimal sequence of jobs, taking into account a wide variety of
highly realistic and defailed constraints.

Manufacturing Planning
Takes a global approach to intelligently optimise the performance of a manufacturing
operation. Enables you to meet;
Customer delivery requirements and business objectives by simultaneously
manage multiple and dynamic constraints

Demand Planning
Reduce forecasting error; increase planning accuracy and link planning process
directly to strategic goals. Enables you to combine:
Intelligent forecasting techniques and multi-dimensional data manipulation

Distribution Planning
Enables logistics managers to:
Create an operating plan that meets the global objective of the Supply Chain

Demand Fulfilment
improves customer service levels. Enables you to make:
Delivery promises to your customer by providing visibility into complete I
demand/fulfiiment cycle from sourcing through manufacturing, transportation . ——
and distribution

Master Planning
Creates a master plan for the entire supply chain. Enables you tc determine;
The quantity to produce, purchase, ship and store to meet customer demand. A
balance between financial goals and customer service level against operational
constraints

Strategic Business Planning
Helps to design most optimal Supply Chain. Enables you to determine:
Where should we locate factories and DC's?
What modes of fransport should we use?
How much Capacity is required?




4.10 Conclusion on the evolution of supply chain management

It can be concluded that a new direction is emerging for supply chain management, that
direction is Truly Integrated Planning (TiP). Only by having a truly integrated system in
place organisations will have global visibility of all the effects. TIP addresses the whole
planning process directly, which provides the flexibility organisations need to really
support on-going dynamic planning. TIP also integrates the whole planning process
across several dimensions and therefore facilitates major leaps in planning capability.

Organisations can have a lot of planning tools in place but if there are no integration
involved to allow for global visibility organisations will still be far from reaching business-
engineering objectives.

The only way for organisations to get on the right track is to understand their supply
chain and manage that supply chain to its optimum. In a supply chain there are five
major activities which take place: buy, make, move, store and sell. it doesn't matter
whether all of this occurs within a single enterprise or multiple enterprises; the same
activities encompass the entire supply chain with planning data being seamlessly
exchanged among them.

In order to have an effective supply chain in place organisations need to have an
integrated plan with specific decision support capabilities. These capabilities will help
organisations to determine when, where and what quantity to buy, make, move, store
and sell in order to meet their customers requirements.

Supply Chain Management represents a breakthrough solution which focus on the

improvement of operational measures such as customer service levels, cycle times,
inventory leveis and asset utilisation rates which directly influence return on assets
(ROA) and profit contribution for the enterprise.

In the next phase the focus will be on producing solution methods and techniques to
mode! the problem. in this phase different solutions will be evaluated in order to develop
a strategy framework for the supply chain planning methodology. This strategy will be
constructed from existing methodologies.




5 Phase Two: Establish Methods and Techniques for Supply Chain
Management

5.1 Outlined introduction of phase two

The supply chain management market is exploding and there are a iot of Supply Chain
Solution providers that have tools in piace with the ability to rapidly and simuitaneousty
plan and schedule customer demand while considering materials and capacity
constraints. They also provide the ability to increase revenues, improve customer service
and cut costs by synchronised management of the complete supply chain.

Today there is a typical core methodology for each type of problem within the supply

chain, which are better known as “solver technologies”. It is clear that constant

changes and variability, at ever-increasing rates of speed define businesses, faster and

faster. These systems although powerful are still working with static data and therefore

do not take the randomness and dynamic variability of the entire supply chain in fromee
account.

it can be argued that these systems are in need of a tool, which will be able, to model or
generate the required randomness and variability, thus providing dynamic capabilities to
the planning function....

The technology that is able o provide this randomness and variabiiity is dynamic
discrete-event simulation. According to Ted Matwijec simulation (discrete event) can be
defined as follows: “creating a computer model of a real or proposed system and
conducting experiments on the model to describe cbhserved behaviour and/or
predict future behaviour before investing any time or money. Because
experimenting on a real system could be costly and/or impractical, simulation has
become an extremely important tool for designing and analysing complex
systems; it is a cost-effective way of testing proposed systems, plans, or policies
before incurring the expense of prototypes, filed tests, or actual explanations.””

Simulation however is not a “solver technology” it is a methodology to evaluate
detailed solutions and alternatives in the supply chain.

Simulation can certainly compliiment and enhance the pianning and performance of a
supply chain. In order to be able to provide a simulation solution for supply chain
management a sirategy is needed to develop the simulation solution.

While Phase One produced certain guideiines that will assist the analyst in o
understanding the problem, Phase Two is used to produce solution methods and '
techniques to model the problem. Figure 5.1 will provide an outline of phase two.

il Using Simulation in Supply Chain Management, Ted Matwijec, VP International Operations, Systems
Modeling Corporation, 1999.
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According to i2 technologies it is essential to have the right planning engine that is
intelligent which can help to determine the best course of action in any situation.
Whether it is to plan the introduction of a new product or need to consider the effect on
existing customer, products and margins or a customer is inquiring about product
availability.

5.3 Role Players in the Supply Chain Planning market

The following section is an overview of what happened in the Supply Chain Planning
market.

According to reports from the Gartner Group many of the consumer-oriented SCP
vendors, such as Manugistics, Logility and Numetrix, have suffered falling growth rates
and financial difficuities due to a combination of internal execution problems and outside
market conditions. Even the ERP vendors have seen growth rates tumbles for their
transactionat functtonailty and now many are looking to SCP as an important future
revenue stream.*

5.3.1 The Magic Quadrant Update

The updated Magic Quadrant from the Gartner Group, reflects the continuing execution
challenges facing most vendors, but also, more encouragingly, an increase in visionary
SCP products aimed at specific market segments.

Figure 5.5. The SCP Magic Quadrant™
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Supply Chain Planning Magic Quadrant Update, Gartner Group, April 1988
Supply Chain Planning Magic Quadrant Update, Gartner Group, April 1999
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5.3.2 The Magic Quadrant Process

According to the Gartner Group, to be included in the SCP Magic Quadrant it is
required that there is a (believable) vision for a multi- product SCP suite (e.g. Products
that may include network planning, capacity planning, demand planning,
manufacturing planning and scheduling, distribution and deployment planning or
transportation planning) with an effective distribution channel.

The Magic Quadrant is a graphical representation of a vendors performance in a
market segment.

There are four major areas around which the analysis is focused:

» Viability

» Service/support

¥ Feature/functionality
» Technology
The ability-to-execute axis is providing a Gartner Group view of how well a vendor

performs today. The vision axis provides a Gartner Group view of how well a vendor _

will do in the future according to the Gartner Group’s view on where a market is I
headed. ‘

In essence the Magic Quadrant is a means to understand vendor positioning and to
set performance expectations for vendors,

The Magic Quadrant is just showing that recommended vendors might be found in ali
quadrants, not necessarily in the leader’s quadrant, and that vendors may be
appropriate for only specific markets.

The Magic Quadrant Sectors can be defined as described in the foliowing figure.







|2's sweet spot still remains discrete manufacturers especially high tech and electronics.
12 is also making a lot of progress in helping apparel and automotive customers address
some SCP issues.

2. The Visionaries Quadrant

Overall maturity of product direction and business models in the SCP market is reflected
through the movement of many vendors to this quadrant. New entrants include
AspenTech/Chesapeake, SCT/Fygir and SAP. Chesapeake and Fygir's have enhanced
their ability to compete in their process-manufacturing target markets due to their sell out
to larger and more-financially viable vendors.

Aspen/Chesapeake has differentiated itself for process manufacturers through its deep
domain expertise, its comprehensive toolkit of planning applications, and its vision for
closed-loop interaction with process control systems. SCT/Fygir on the other hand has
been gaining momentum with its object-based process manufacturing, scheduling,
planning and distribution software.

The reason for SAP’s upliftment into the visionaries’ quadrant is because of its clear
commitment to SCP, its disciplined product delivery, organisation and functionality like
supply chain cockpit. Nevertheless, SAP remains a SCP novice.

It is believed that its depth of functionality, scalability and performance, impiementation
methodology and training for APO remains immature, therefore degrading its time-to-
value proposition.

Thru-Put, which specialises in solving complex manufacturing issues, especially

ETO/MTQ, has moved onto the visionary/niche dividing line due to its broader product
suite and innovative customer support initiatives.

3. The Niche Quadrant

WebPlan has made the most progress, because of its innovative collaborative SCP
Strategy orientated towards electronics, aerospace and industrial manufacturers.
Numetrix has moved up a bit in its ability to execute.

Baan'’s supply chain group rose slightly in its execution ability with the acquisition of
Caps Logistics, but is still constrained because of its financial position and integration
issues.

The Magic Quadrant perspective is a Gartner Group initiative and their viewpoints are

highiy regarded. According to the Gartner Group the SCP market will continue its chaotic

ways in 1999 and one can expect more acquisition activity as the ERP vendors jump-
start their SCP capabilities.
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5.5 Ewvaluation of Supply Chain Solutions

In this section the focus will be on the different solutions currently available in the market
today. From Gartner Group’s Magic Quadrant update (par 5.2.1) it is quite clear that
there are quite a lot of new players in the Supply Chain Arena. it was decided to analyse
4 of the major role players in the Supply Chain market. Two of the companies are
traditional ERP solutions experts while the other two are traditional SCM solutions
experts.

The purpose of this part is just to highlight the different solutions and to show how these
solutions operate. It will appear that the solutions are very similar in their approach as
well as what they sell. Although it seems as if these solutions are the same the opposite
is true.

The expianation of these solutions will pave the way for the strategy for the Supply
Chain Template.

The companies which solutions will be evaluated are:

» 12 Technologies
¥ Manugistics

» SAP

» BAAN

5.5.1 [2 Technologies

5.5.1.1 About I2 Technologies

{2 was founded in 1988 and is a leading provider of intelligent decision support and
execution software for managing the giobal supply chain.

5.5.1.2 12’s Solution for Intelligent Decision-Making across the Enterprise

According to i2 technologies today’s business landscape has become extremely variable
and complex. It is believed that this has been the result of several major trends such as; ——
globalisation, corporate consolidations and an explosion in Internet usage. In addition,

there is an increased focus on a customer-centric business mode! with mass-

customisation, customer-driven supply chains, and complete customer relationship
management.® -

12 believe that the variability and complexity of businesses will increase with a factor 10
over the next couple of years.

In order to address this rapidly changing environment, i2 Technologies has
pioneered a new category of software called: electronic Business Process Optimisation
(eBPO).

So what is eBPO and how does it work?

“ eBPO Whitepaper, i2 Technologies, February 1999.
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Product Lifecycle Management
Supply Chain Management
Customer Management
InterProcess Planning
Strategic Planning

YVVVY

eBPO addresses each of these processes with both an internal focus on integration,
and an external focus on electronic business (eBusiness) activities with customers,
suppliers and trading partners.

According to i2 Technologies eBPO enables maximum velocity by optimising the
core business processes that make up an enterprise. It is believed that this
integrated

and optimised approach across multi-enterprise business processes is

what differentiates the eBPO solutions from previous generations of enterprise
software.

5.5.1.3 eBPO Business Processes

» Supply Chain Management I
|2 Technoiogies defines supply chain management as follows:

“The process of anticipating market demand, positioning enterprise
resources to meet demand and fulfilling demand as it is realized.”*

According to 12 Supply Chain Management is composed out of three sub-
processes: Demand planning for the effective anticipation of the market
demand and trends, Supply planning for the optimal positioning of enterprise
resources to meet the demand and Demand fulfilment for efficient fulfiiment of
demand as it is realised.

> Product Life Cycle Management

[2 Technologies defines product life cycle management as follows: -

“The process of managing products from concept, design and test, to
phase-out and replacement.”™

> Customer Management

{2 Technologies defines customer management as follows:

“The process of maximising customer satisfaction and optimising
return on sales, marketing and customer service investments’*

Dan Keelan, 12 Technologies, Executive Conference, 19 May 1999.
Dan Keelan, I2 Technologies, Executive Conference, 19 May 1999.
“ Dan Keelan, 12 Technologies, Executive Conference, 19 May 1999.
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> inter Process Planning

i2 Technologies defines inter process planning as follows:

“Process that balances resource requirements among processes to
achieve enterprise-wide efficiency and responsiveness.”*

> Strategic Planning

I2 Technologies defines strategic planning as follows:

“Process by which senior executives perform competitive analysis, set
company objectives and make long-term financial, product portfolio and
supply chain decisions.”*

Figure 5.12. Customer-To-Supplier Integration with eBPO*

Dan Keelan, 12 Technologies, Executive Conference, 19 May 1998.
Dan Keelan, {2 Technologies, Executive Conference, 19 May 1999,
* eBPO Whitepaper, i2 Technologies, February 1999.
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5.5.2.3 The ONEview™ Solution.

> The Five Keys

Manugistics believe that the following keys are essential requirements for
delivering Customer-Centric Supply Chain Optimisation:

Integrate

Collaborate

Optimise

Real Time ATP

Profitable Mass Customisation

YVVVVYY

According to Manugistics in order to deliver on the promise of the customer-
centric approach a fundamentally different kind of solution is required, a
solution that leverages the end-to-end Supply Chain from the perspective of
the customer. Without the five keys intact an optimised Customer —Centric
Supply Chain cannot be enabled.

» Business Processes

Manugistics’ ONEview™ business processes are uniquely focused on
managing decisions, events and plans with the customer as the key focus.
With ONEview™’s business processes efficient organisational deployment of
Customer-Centric Supply chain Optimisation is ensured.

» Applications

To be results driven, it is important that best practice processes are enabled
with applications. Manugistics believe that specific applications are needed to
optimise each one of the key supply chain business process areas, design,
buy, make, move, store, sell, collaborate, monitor and measure.

» Architecture
The Manugistics Supply Chain Architecture is the backbone that brings
together all the necessary components in order to allow a business to focus

on the needs of their customers.

The following figure is an outline of what Manugistics believes is their solution
for truly customer centric supply chain optimisation.
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5.6 Conclusion on Supply Chain Solutions

From the above mentioned paragraphs it is clear that the supply chain solution providers
have tools in place with the ability to rapidly and simultaneously plan and schedule
customer demand while considering materials and capacity constraints. They also
provide the ability to increase revenues, improve customer service and cut costs by
synchronised management of the complete supply chain.

Today there is a typical core methodology for each type of problem within the supply
chain, which are better known as "solver technologies”. Examples of the solver
technologies that provide the resuits or outputs of the advanced planning and scheduling
tools are:

Heuristics

Constraint Management
Linear Programming

Mixed Integer Programming
Network Programming

YV VYVYY

Over the years it was proved that companies which followed a classical approach to
logistics was more vulnerable to change than the ones that didn't.

The only real method of demonstrating this vulnerability to poor management of change
is through models in which the techniques of systems dynamics are applied to the
industrial environment.

Companies generally increase their vulnerability themselves by inducing unreal business
cycles and even further amplify them by localised protective policies. According to John
B. Houlihan, A company's vulnerabiiity can be considered in a dual context - the context
of its external placement in a global supply chain and the context of its internal supply
systems. In the case of the placement within the giobal supply chain, the further a
company is from its end users of its products the greater are the demand swings.

The effects experienced by this company are the cumuiative resuits of time delays,
planning distortions and inventory shake-ups in preceding links of the chain.

Constant changes and variability, at ever-increasing rates of speed define businesses,
faster and faster. The Supply Chain Solution tool's function is to find the
interdependency of the system constraints that minimises cost and maximises profit.

Within these tools there exist a "Critical Path" and a "Shortest Path", that achieve the
min/max idea while looking at the variability behind production aliocation, expansion,
consolidation and resource planning. But the question that organisations can ask now is
whether there exists only one answer to the problems...? The only way that one can
ensure one optimal answer is when the demand is constant and there is a zero percent
change that it could change.

In real world systems it is virtually impossible to accurately predict future demand 100
percent of the time, and therefore variability and randomness cannot be excluded from a
supply chain solution. Say for instance that demand is set to be a constant value and it
ends up being too high, unnecessary costs would've been added to the systemandthe ]
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ever lurking possibility of higher inventory levels will leave one with no place to put the
final product. On the other hand if demand ends up being too low, there will most
certainly be dissatisfied customers and therefore stock prices will go down, earnings will
be overestimated, and there can even be a loss in market share.

These systems although powerful are still working with static data and therefore do not
take the randomness and dynamic variability of the entire supply chain in account.
Experimentation is performed on the live business therefore increasing an organisation’s
vulnerability. With a Supply chain planning system in place it is relatively easy to change
global inventory settings, but what to...?

Visibility is still limited in some key issues, which lead to companies treating the effect
not the cause, wasting limited resources and therefore only achieving incremental
improvements, and investing inappropriately.

So when considering a supply chain solution the solution needs to include randomness
and variability, which will provide the dynamic capabilities to the planning function.... T
The technology that is able to provide this randomness and variability is dynamic

discrete-event simulation. Simulation (discrete event) can be defined as follows: ;
“creating a computer model of a real or proposed system and conducting e
experiments on the model fo describe observed behaviour and/or predict future e
behaviour before investing any time or money. Becaiise experimenting on a real
system could be costly and/or impractical, simulation has become an extremely
important tool for designing and analysing complex systems; it is a cost-effective
way of testing proposed systems, plans, or policies before incurring the expense
of prototypes, filed tests, or actual explanations.”

Simulation however is not a “solver technology” it is a methodology to evaluate
detailed solutions and alternatives in the supply chain.

5.7 Why Use Simulation?

it has been proven that those companies that do not want to change to improve — ;
eventuaily did go out of business or lost some market share in some way. Simulation can ...
certainly be an insurance policy in change management and can capture the e
randomness of systems. Meaning that simuiation can model the corporate dynamics in
the complete supply chain, from source to the user in throughout the Plan, Source,
Make, and Deliver process. So how can simulation capture variability... ?

Variability is mainly a function of the statistical nature of simulation toois. The output from
a simulation model is not oniy statistical data but it also consists out of performance
animation through which the system dynamics can be viewed. Simulation can reliably
capture and predict the effect of muitipie changes in corporate systems.

Simulation gives companies a visual presentation of their systems performance and
provides the ability to “test drive” the system before it is implemented.

* Ted Matwijec, VP International Operations, Systems Modeling Corporation.Using Simulation in Supply
Chain Management, 1999
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Supply Chain Management is difficuit and the key to any supply chain performance is to
understand the variability of the processes of the system. All the items mentioned above
(refer to par. 5.6) clearly affect the efficiency with which a supply chain functions.
Simulation can help companies to gain knowledge of the system dynamics by making
better evaluations test-drive or perform what-if analyses of the supply chain in order to
improve the performance. When conducting a simulation project it forces companies to
re-evaluate their way of thinking, and their understanding of system operations and thus
defines the system clearly and therefore minimises muitipie (mis) interpretations as to
the complexity and variability of the processes. it can be argued that by understanding
the supply chain dynamics and variability behaviour, better performance can be
expected from the supply chain (e.g. lower inventories, better customer service).

5.7.1 Examples of System randomness and variability

From the above paragraphs it is clear that there is much change in the business
environment today. The Decision making process is becoming more and more
complex due to the fast changing information that are put before management. The
next couple of points highlight some of the probiems that are critical in supply chain
planning.

» Manufacturing: -

- Stock out situations.

— Parts not arriving on time for subassembly operations.
— Machines breaking and disrupting production.

— Labour problems

—~ Machine set up/retooling.

— New product line introductions.

» Warehousing/Distribution:

}

Automated material handling systems broken.
Trucking/Shipping/Air/Rail systems deliver late.
Labour problems.

Spacing constraints.

|

» Information Technology:

— Changing business processes due to mergers/acquisitions ——
— Constantly changing business computer systems

» Market Conditions:

— Customer changing demand.
-~ Economic conditions.
— Currency conditions.




5.7.2 What can Simulation do to improve Supply Chain performance?

When managing a supply chain there are a ot of areas to consider where simulation can
be introduced to enhance the performance of the supply chain.

According to Ted Matwijec, VP International Operations, Systems Modeling Corporation
one of the first view points to consider is a key question in supply chain management
that ask the following: “What are the tradeoffs to achieve high customer service
levels vs. associated costs (and related profits) to provide this service?” He further
states that a high-level simuiation model consisting out of many parameters in the
various supply chain links with appropriate statistical data will provide valuable insight
into this question.®® By means of this simutation mode! companies will be able to “test-
drive” their policies of distribution/transportation rules, manufacturing rates, inventory
levels, etc. to see the effect on the complete system.

Secondly, the typical key components of a supply chain comprise of the following®":

> Forecasting — predicting the levels of activity that will effect product demand.

» Advanced Planning — sets production over time horizons of months and years
using constraint models that treat both material and capacity.

» Dynamic scheduling - deals with the daily and weekly planning of production,
take information from ERP, APS systems and generate a detail schedule for the
shop floor.

> Demand/Distribution planning — determines optimal quantities of each product
to make at each plant to be distributed to each warehouse so that manufacturing
and distribution costs are minimised and customer demand is met.

» Transportation management — optimises assignments from plants to
distribution centres then to retail centres.

» Warehouse and Inventory management — integrates work performed
evaluating the stocking levels.

It is evident that in each one of these areas there exist an opportunity where a simuiation
model can be used to test different scenarios and consider multiple solutions quickly for
purposes of resource capacity planning, bottieneck analysis, cycle-time reduction
process (cost cutting), etc.

The final consideration is the one of benchmarking. When implementing supply chain
management there exits a tendency to benchmark the system. So what better way to
indicate performance of a supply chain than by building a benchmark simulation model
and using the model operationaily to compare the performance over a period of time...?

In essence simulation can certainly compliment and enhance the supply chain
management department’s ability to improve the planning and efficiency of the supply
chain.

* Ted Matwijec, VP International Operations, Systems Modeling Corporation.Using Simulation in Supply
Chain Management, 1999

*! Ted Matwijec, VP International Operations, Systems Modeling Corporation.Using Simulation in Supply
Chain Management, 1999
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6 Phase 3: Establish methods and fechniques for Supply Chain
Management and Simulation.

6.7 Outlined Introduction of phase three.

The improved supply chain planning methodology lets organisations bring the power of
modelling and simulation to improve the initial supply chain perfformance.
This methodology will allow supply chain analysts to compare current supply chains with

an unlimited realm of possible future configurations.... and without disrupting the initial
day-to-day operations of an actual supply chain. The methodology is designed to predict

the supply chain performance in terms of throughput, tardiness, utilisation,

profitability, and other key performance indicators...

Supply Chain analyst can now quickly evaluate the impact of proposed changes, such ;

as adding additional buffers, increasing or decreasing inventory, changing the — -
product mix, or incorporating supply chain policies/strategies... Another advantage
of using this methodology is that it will help to remove the initial “noise’ and provide a

more accurate input to the supply chain soiver technology.

All the information regarding the supply chain is stored within a central supply chain
database. This database makes it possible to directly share supply chain data between
different supply chain solver technologies. For example you can design a supply chain
by using the supply chain tempiate and export the data to the supply chain database and
then use the data to interface with other supply chain technologies.

The methodology will further help a supply chain analyst to understand how to make
fundamental changes to a supply chain in order to improve your input accuracy to the
supply chain solver technology over the tong term. In the following chapter it will be
iustrated that this supply chain methodology can also be used to help with short-term
tactical questions, such as predicting the impact of change in the product supply and
demand mix. By adding this methodology to an organisation’s supply chain planning
toolbox more accurate decisions can be achieved both on the short term and long term
for improving the supply chain performance.

In this phase the appropriate supply chain soiution is mapped to the appropriate
simulation solution.

During this phase different simulation solutions wiil also be evaluated.

The framework and methodology of the supply chain planning methodology will be
shaped according to the supply chain and simulation solutions.

Different links between the solutions will also be investigated.
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> Continuous vs. Discrete

Continuous models are defined as continuous because the state of the system can
change continuously over time; an example would be the level of a lake as water flows in
and out, and as precipitation and evaporation occur. In discrete models on the other
hand, change can occur only at separated points in time, such as a manufacturing
systems with parts arriving and leaving at specific times, machines going down and
coming back up at specific times, and breaks for workers. A system can consist out of
elements with continuous-, and discrete change within the same model and can then be
referred to as mixed continuous-discrete models; for example a refinery with
continuously changing pressure inside vessels and shutdowns which occur at specific
points in time.

» Deterministic vs. Stochastic

Deterministic models are modeis that have no random input; an operation with fixed
service times would be a good example. Stochastic models operate on random inputs —
like a bank with randomiy arriving customers in a bank that require varying service times.
In a simulation model there can be both deterministic and stochastic data inputs.

6.2.1 Deciding on how to carry out the Simulation. I—

When it is decided to simulate it is important to know what the different methods and
techniques of simulations are. In this section the focus will be on specific options for
running a simulation as well typical simulation software.

» Simulating by Hand

The following example is an example of an experiment that was done in the 17" century
by a person named George Louis Leclerg (who was later referred to as Le Compte de
Buffon). This experiment is an early example of simulation and is better known as the
Buffon Needle Problem. If you toss a needie of length / onto a table painted with parallel
lines spaced d apart {(d must be > 1), it turns out that the needle will cross a line with
probability p = 2#/(rd).>® So figure 18.2 represents a simulation experiment to
explanation to estimate.

¥ W. David Kelton, et al, Simulation with Arena 1998. —
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This approach provided the analyst with customisation and flexibility, but it was also
painfully tedious and error-prone since models had to be coded almost from scratch
every time.

» Simulation Languages

Analysts started to develop special-purpose simulation ianguages like GPSS,
SIMSCRIPT, SLAM and SIMAN, which provided a much better framework for their
typical simulations. And, in order to understand any one of these languages a Iot of time
had to be spent on learning the features and functions, and it aii depended on the user
interface provided.

6.3 Role Players in the Discrete Event Simulation World

Currently there are as many as 30 different Software Companies with products based on
discrete event simulation technology sold into a wide variety of different industries. Some
of the industries are listed below:

Automotive
Electronics e
Government R
Aerospace
Machinery

Food and Beverage
Pharmaceuticals
Chemicais

Banking and Finance

VVVVVVYVYV¥Y

The traditional hotbed of simulation software and services activity has been in
manufacturing applications. Since most of the vendors evolved to serve the
manufacturing market, competition in the manufacturing space is extremely intense with
a large number of competitors with very little feature differentiation vying with each other
to win business.

In recent years simulation solutions have been widely accepted and experienced rapid
growth in markets associated with delivering service - either directly to customers, or to
businesses. (Health care, business processes, supply chain/logistics systems, and call
centers).

According to Vivek Bapat the Product Manager of Rockwell Software’s Arena Simulation

Suite of products, these new emerging markets have been the launching pad for many

new entrants thereby introducing new competition to the older players. Some of the

newer entrants have a technology advantage and consequently are faster and nimbler in
reacting to market requirements. Both long-term vendors, as weli as newer entrants '

have developed viable products for new and emerging markets.

According to a 1998 Automation Research Corporation (ARC) report on the Giobal
Outiook for Market Analysis and Forecast for Discrete Event Simulation Product, the
cumulative average growth rate (CAGR) for total revenues (software and services) for
simulation applications is approximately 14 % in North America (58% of the total market
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Many of the products available today, are technically sound and have adequate features
required for typical modelling problems. Given the current depth of programming
technology, and the knowledge and skill required to make product enhancements, it is
becoming increasingly difficuit for vendors, especially in the general purpose modelling
area to differentiate on the basis of “feature-functionality”, in contrast to conditions a few
years ago.

According to recent surveys done by AMR Research The SCM market will pick up this
year after having slowed down the past two, having only ex?erienced 20% revenue
growth in 1999. The market will grow 42% in 2000 to $4.5B™.

All of this bodes very well for simulation technology in the supply chain market. Until
now, most of the buzz around supply chain planning has been about “optimisation”
technologies. The inherent weakness in these analysis methods is that they fail to
include randomness and variability in their methodology. Although, this major weakness
in analysis has been identified by a very small percentage of the market, it is a gap that
can be widely exploited. Some major SCP and SCE players have announced
partnerships with simulation vendors in some niche markets ( 12 —Auto Simulations in the
Wafer Fabrication and Semi Conductor Market), but in general most of the significant
vendors SCP vendors have held simulation vendors at bay.

There are only a few competitive products in this space from the simuiation perspective.
E-SCOR, and Supply Chain Guru are two players at the higher end of the market. The
market for simulation-based tools in this area is up for grabs since both these products
are fairly new and not yet proven. The low-end space is wide open.

6.4 Evaluation of Simulation Solutions

In this section the focus will be on three of the most prominent simulation software
packages in South Africa available today. The names of the packages are:

¢ Arena® |, developed by Systems Modeling in the United States
¢« Simple++ , developed by AESOP in Germany
e (2 , developed by Gensym.

Rockwell Automation, a business of Rockwell (NYSE:ROK), has acquired the assets of
Systems Modeling Corp. in April 2000. The transaction gives customers additional
flexibility in integrating information throughout the enterprise and provides additional
products and expertise for the Rockwell Automation Manufacturing Business Ware
initiative.

6.4.1 Overview of Arena®

The following explanation is an abstract of the following articie: The Arena Product
Family: Enterprise Modeling Solutions, by Vivek Bapat, Glenn Drake and Deborah
Sedowski of Systems Modeling. The Proceedings of the 1998 Winter Simulation
Conference

** Source AMR research, 1999
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6.4.2 Overview of Simple++

The following expianation is an abstract of the information available on the World Wide
Web®®, SIMPLE++ provides a set of tools to design, simulate, visualize and optimise
production systems and processes. The software helps you to develop optimal systems
and processes for different ievels of engineering: giobal production network, local plants,
lines, and shops. It is a tool, which is built around an object-orientated environment that
uses a lot of programming.

SIMPLE++'s hierarchical and scalable enterprise models and simulation capabilities
enable you to evaluate different scenarios of global production networks and make fast
and reliable decisions on relocation or closure of a plants and warehouses. Thus,
SIMPLE++ supports supply chain planning of giobal production networks.

One level below, SIMPLE++ enables you to optimise the layout, capacity and
performance of a single plant. The software's object-oriented technology enables you to
create weli-structured hierarchical plant modeis and re-usable line objects taking into
account the external and internal supply chain, production resources and all related
production and business processes.

Further down the hierarchical, simultaneous engineering process, SIMPLE++ supports
the optimisation of production lines. As a result of simulation, charts and graphs help you
to analyse the utilization of buffers, machines, containers, transportation systems and
workers, to identify bottlenecks. By removing bottlenecks and harmonizing the utilization
of resources, you will get flexibly designed and high performance lines and shops.

Some of Simple++ functionalities are as follows:

s Hierarchical and scalable factory model.

¢ Application Object Libraries for modelling assembly lines, body-in-white
shops, paint shops, and job shops.

e Re-use of objects (Application Objects) for designing lines, robot cells, and
assembly stations, thereby supporting standardisation of systems and
manufacturing processes.

« Object-oriented user environment to efficiently build, update and maintain
models in an iterative engineering process.

e Built-in Dialog Manager to design and customize easy-to-use and easy-to-

learn user interfaces

s Multiple visualisation facilities to meet different user requirements: Model
Browser, 2D Schematic, 2D/3D CAD, and true 3D. All are fully integrated
to provide animation online to simulation.

» Real time communication and integration to CAD, ERP, and database
systems.

Simple++ developed a strategic business evaluator for the complete supply chain and
can be used to investigate different scenarios of possible future structures, facility
portfolios and situations. This evaluator links directly with other data systems in order to
extract current data to effectively evaluate possibilities and plans.

% www.technomatix.com
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The Strategic Business Evaluator is developed to assist an analyst with the following:

« Evaluation of production, transportation and warehousing options.

¢ Evaluation of Make or Buy as well as Site Shutdown or Opening ldeas.

« Evaluation of the optimisation of resource utilisation, performance and
inventory control.

The evaluator will therefore assist the analyst to optimise the current allocation of
resources based on fulfilling customer demand.

6.4.3 Overview of G2

The following explanation is an abstract of the information available on the World Wide
Web*. G2 is a comprehensive, object-oriented environment for building and deploying
mission-critical, intelligent applications that dramatically improve complex business
operations.

G2's proven technology provides a competitive advantage by helping analyst to:

Optimise operating efficiencies

improve asset and service availability

Better manage complex, time-critical operations

Build and deploy operations management applications dramaticaliy faster
Minimise the costs of maintaining operations management applications
Preserve, enhance, and leverage operations knowledge

With G2, analysts can apply knowledge to operational data to reach conclusions, provide
advice, and execute decisions - all in real time.

G2 is a knowledge-based system and enables developers to represent knowledge as
objects, rules, methods, and procedures using graphics and structural natural language.
This allows applications to be readily understood, tested, and modified.

G2 is a highly interactive and visual development environment that simplifies and speeds
the prototyping, development, and on-line deployment of intelligent systems. The object-
oriented environment of G2 is divided into different objects that are powerful and can

intuitively represent the physical and abstract aspects of applications. These objects are
organised in a hierarchical class structure, and G2 provides the flexibility of multiple —
inheritance so that an object inherits properties and behaviours from multiple object " -
classes. Once an object - or class of objects - is defined, the work is immediately

reusable. Any object or group of objects can be cloned repeatedly, and each cloned

copy will inherit all the properties and behaviours of the original object. Objects, rules,

and procedures can then be grouped into library modules that are shared by all G2

applications, allowing streamlined development of new applications.

G2's graphics represent much more than pictures - they represent the properties and
behaviours of objects and the relationships among them. Developers can quickly model :
an application by graphically representing and connecting objects. These connections T

*7 www.gensym.com
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can be dynamicalily created, modified, and deleted even while G2 is on line. Connected
objects form powerful models that visually represent application processes - such as
material flows, industrial processes, communication networks, transportation and
logistics networks, information routings, and even logic flows.

G2 graphics also include built-in dialogs, graphs, charts, dials, tables, sliders, bitmaps,
and meters to speed up the development of user interfaces.

Expert knowledge is expressed using G2 ruies, which work in real time and can mimic
the human ability to focus on specific problems while maintaining a general awareness.
These rules capture an expert’s knowledge of how to reason about and respond to a
given set of conditions.

G2 rules reason about real-time data and histories for time-critical analysis and action.
They can be event-driven (through forward chaining) to automatically respond whenever
new data arrives. These rules can also be data-driven (through backward chaining) to
automatically invoke other rules, procedures, or formulas. And G2 can automatically
monitor situations by reguiarly invoking rules that scan for possible circumstances and
then take actions when defined thresholds are reached.

G2's procedures work in real time and can be scheduled to the millisecond for non-stop ——-
execution. Procedures, rules, and models execute concurrently based on priorities. The
G2 procedures can also be linked to object classes as methods to help developers

effectively represent object behaviours. Wait states and parallel execution threads can

be specified in any procedure.

As a result, organisations can build powerful reai-time applications that are far more
robust than those built with traditional programming tools. G2 has the ability to execute
procedures that can link with other G2 applications throughout an enterprise or for
creating interfaces to other real-time systems, databases, or applications.

G2 can also work efficiently and reliably in real time so that operational decisions and
responses can be made quickly. G2 applications can process thousands of rules per
second and concurrently execute rules, procedures, and models based on defined
priorities. Variables are time-stamped for storing histories of data and events and for
reasoning about behaviour over time.

For real-time execution in response to unexpected disruptions such as power failures,
G2 saves snapshots of the status of a production application and "warm boots" to the
latest saved condition.
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The three software packages were evaluated against the following factors on a scale of
1 to 5, were the higher the value the more capable the simutation solution. The
evaluation criteria are as foliows:

Visio Integration

Price

Technical Support

Reporting Capability

Animation

Level of Programming
Modeling Capability

Data Integration

Modeling Flexibility

Distribution

Business Reporting

Industry leading technology
Scalability & Extensibility

Ease of Use — Model| Validation
Ease of Use — Modeling Methodology
Execution Speed

VYV VVVVVVVYVVVYVYVVVY

From the previous paragraphs it is quite clear that one will be able to model any type of
situation or process with different levels of complexity. All of these packages are good
packages, but one tend to stand out, that is the Arena® product for its easy to use flow
chart concept. A low level of programming (building blocks) is needed and it is a look
and feel environment that provides the user with a comfortable feeling when it is used.
The other two packages do have their strong points but one still needs to do a lot of
programming in certain natural computer languages such as C++ or visual basic.

It is very difficult to compare software packages (G2) with simulation ability with an
actual simulation software package (Arena®). G2 is an expert system, which main
purpose is to be used as a process control system, but it can also do a lot of other
intelligent functions, but only by means of programming and it can take a lot of
programming code to construct a simple model. Simple++ is also programming code,
and it can also be a lot of work for a simple model, but once the objects are defined a
model can be developed without a lot of effort.

Based on the points achieved on evaluation criteria and the current knowledge of the

software a decision was made to use Arena as the simulation design tool for the new

supply chain planning methodology. Overall Arena® seems to be suitable for various

types of environments but still lack the ability to be fully object orientated. This factorwas @
seen as an initial qualifier but the overall scorecard showed that Arena® passed with :
more than 70%.
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Table 6.

» Step 2: Supply Chain Simulation Models

The next step of the supply chain design-planning cornerstone is to develop the supply
chain simulation model. By using a custom designed supply chain template a simulation
model can be developed. This template was developed with the Arena® Professional
Edition. If the flowchart was used to develop the initial supply chain process the process
simulation macro will import the flowchart into the Arena® environment.

The supply chain planner can now start to configure the detailed supply chain simulation
model by using the supply chain template. The template consist out of the following
building modules:

Jtems .
Location
Moving Vehicle
‘Operation
Resources
Supply Chain Analyses
- Supply Plan '
- Transportation . .

It is clear that there are more building modules available within the template than in the
flowchart stencii. The reason for this is that the simulation environment is the heart of the
planning process. The functionality’s of the supply chain template helps the supply chain
planner to configure a specific supply chain in as much detail as possible. The supply
chain template and simulation model is not there to replace the supply chain solver
technology it is there to aid in the initial design of the supply chain.

Once the supply chain planner is satisfied that the supply chain model is valid and rigid
the Information link can be passed to the next cornerstone, the supply chain design
analyses cornerstone. Refer to Appendix B for explanation of supply chain template
modules.

6.6.2 Supply Chain Design Analyses

The supply chain design analyses cornerstone is the second cornerstone in the
methodology. In this phase the supply chain planner will validate and test various
scenarios of the supply chain process. Figure 6.9 illustrates the various steps within the
analyses phase and will be followed by an explanation of the different steps.
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A strategy can be defined as a centain set of values for the controls. In other words a
strategy includes a scenario and solution. Note that “solution” refers to the control values
(inputs to the supply chain simulation model), not to the resulting values of the
performance measures (responses, or outputs from the Supply Chain Simulation Model).

The controls can be variables or resources in the supply chain model. After the definition
of the controls in the supply chain simulation model, a selection can be made of which
controls to optimise in OptQuest®. The values of these controls will change with each
simulation until OptQuest® finds values that yield the best objective. For some analyses,
it might be better to fix the values of certain controls and optimise the rest,

» Step 2: Supply Chain Constraints

The next step is to define the supply chain constraints. These constraints restrict the
controls by defining relationships among them. For example, if the total budget for
scanners ($20,000 each) and printers ($10,000 each) is $50,000, you can define this as:

20000*scanners + 10000*printers <= 50000
Supply Chain constraints can narrow the search for the optimal solution, thus improving

OptQuest’s performance. Solutions that violate a constraint are constraint-infeasible:
OptQuesi® does not send them to Arena® for evaluation.

> Step 3: Supply Chain Objective Requirements

The next step is to define the suppiy chain objective and requirements. The following
paragraphs explain the meaning of an objective and requirement.

An objective can be defined as a response in the Arena model that represents the
model's objective function.

Requirements are restrictions on the values of responses. These differ from constraints,
since constraints restrict controls. When an analyst defines a requirement, the analyst
also needs to give it an upper bound, a lower bound, or both (a range). Like constraints,
requirements must be satisfied for a solution to be considered feasible.

A feasible solution is one that satisfies all constraints and requirements. Each time

OptQuest® generates a new set of values for the supply chain controis, it tests the

solution for supply chain constraint feasibility. Only constraint-feasible solutions are sent |

to Arena® for evaluation. OptQuest® then uses the responses from Arena®to
determine if an evaluated solution is requirement-feasibie.

After solving an optimisation probiem with OptQuest® the supply chain planner will run a
sensitivity analysis to determine the robustness of the resuits. The sensitivity analysis is
a report that assesses the sensitivity of the objective function vaiue to changes in the
values of the controls. it does this by compiling solutions that are within a specified
percentage of the best solution and then calculating statistics for the control values of
those solutions.
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7.2.1 Background of New Cars

The car that NewCar manufactures is assembled in 30 minutes at an Assembly location
by putting together a chassis, an engine and four doors.

It takes one day to set-up the Assembly operation and one assembler to perform the
operation. The NewCar manufacturing site regards all of the items (chassis, engine, and
doors) as raw material and their inventory is managed via a reorder point.

Upon completion, the finished car is taken to a delivery location where it is stored untit it
is time to ship to the distribution site. it takes one week to ship cars to the distribution
site. No resource is needed for this operation.

The finished goods stocking point requires a minimum of 100 units on-hand but cannot
exceed 200 units total. Additionaily, the stocking point requires 7 days of cover. The
NewCars Supply chain produces two fypes of cars: Non Air-conditioned and Air-
conditioned. The NewCars manufacturing site however, only produces a generic “bare
bones” car that lacks any Air-condition functionality.

The distribution site processes the generic car sent from NewCars manufacturing into

either a Non Air-conditioned or Air-conditioned car based on demand. NewCars e
distribution consists of a storage area for new cars, a processing area where the cars
are organised into a Non Air-conditioned and Air-conditioned car operations, and end

item buffers for delivery. in more detail, the receiving operation at Newcars distribution

takes one day. After a car is received from the NewCars manufacturing site, it is taken to

an Air-condition installation location where it is stored until it is time to install, if

necessary, the Air-conditioned unit.

The Air-conditioned stocking point requires a minimum of 100 units on-hand but not to
exceed 200 units in total. It also requires 7 days of cover. If the car does not require an
Air-conditioned unit, it goes through an operation where a faceplate is installed to cover
where the Air-conditioned unit goes. The installation of the faceplate takes one day. Ifa
car requires an Air-conditioned unit it goes to an Air-condition installation procedure that
takes two days.

Once the car goes through the Air-condition installation it goes to a delivery location
where it waits until it is time to deliver it to the customer. The finished goods stocking
point requires a minimum of 100 units on hand but not more than 200 units in total. It
also requires 7 days of cover. It takes one day to deliver cars to customers and no
resource is needed for this operation.

NewCars supplier builds the engines using three parts (one of each) kept in an Engine
Assembly location: a piston, cylinder and a cylinder head. A main assembly operation
builds the engines. The process includes assembly, greasing, and inspection sub
operations. In this assembly, there are no restrictions on the supply of components that
constitute the engine. Furthermore, each of the individual operations is independent of
the lot sizes.

To clarify, the time taken to complete the process remains the same regardless of the
number of units being processed. The main assembly operation uses an assembler to
perform the assembly and greasing sub operations. The assembler and the inspector
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are skilled resources with 100% availability. Also the assembler can handle a load from
either the assembly or greasing sub operations, and the inspector can only handle a
load from the inspection sub operation.

Once NewCars supplier assembles the engine it stores them in a shipping location until
it is time to deliver them to NewCars manufacturing. The stocking point requires a :
minimum of 100 units on hand but not more than 200 units in total. It also requires 7 W
days of cover. Although NewCars supplier can produce many engines there is a

constraint on the delivery trucks that deliver the engines to NewCars manufacturing.

Assume that one truck can deliver no more than one engine, and you have 50 trucks on

any given day.

7.2.2 Designing the Supply Chain of New Cars

7.2.2.1 Application of the Supply Chain Design Planning Comerstone

The first cornerstone in the new supply chain planning methodology is the Supply Chain

Design Planning cornerstone. This cornerstone focuses on the entire process design of

the supply chain. The first step in this cornerstone is to map out the new cars supply e
chain by means of the Supply Chain Stencil. e

> Step 1: New Cars Supply Chain Flowchart

During the design of New Cars supply chain it was found that some logic wasn't
captured in the supply chain template, therefore two stencils were used to design the
entire supply chain process. One of the stencils the supply chain stencil was designed
and the other, the process simulation stencil is a standard stencil supplied by Rockwell
Software. it will also be possible to only use one of these stencils and then do all the
other additions within the modetlling environment of Arena®. For the case study the
entire process was illustrated in Visio®. The New Cars flowchart consist of the following
ilustrations:

Piston Site

Cylinder Site

Head Site

Engine Site

Door Site

Chassis Site

Car Site

Car Distribution Site
Customer Sites
Customer Orders
Financial Calculations

YV VYV VVVVVVYY

There are six supplier sites that supply products to the car site. Each cne of these sites
is represented on a separate page within Visio®. Figure 7.3 will illustrate the detail flow
chart of one of the sites within the supply chain. For further detail on this flowchart refer
to the compact disc attached at the end of this document.
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8 Epilogue

This chapter will focus on what was proposed and actually delivered with this
dissertation. The main idea behind this was to bring all the elements into perspective
and finalise all outstanding thoughts.

8.1 Introduction

The scope of this dissertation was to develop a supply chain planning methodology,
which will help to improve the understanding of the uncertainty and interdependency of
processes within the supply chain.

To design this methodology different steps were taken in order to introduce the final
solution. The following steps were followed:

Research S
Evaluation N
Development

Case Study

YV VY

8.2 Research phase revisited

The idea behind the research phase was to explain why a new way of thinking was
unavoidable in supply chain planning. During this phase the focus was entirely on
traditional planning methods and what problems or inefficiencies organisations
experienced. It became evident that traditional planning had to change in order to be
able to compete in the global market piace.

This change brought about the introduction of a new planning solution, now widely
accepted by organisations. It was believed that this new planning solution would solve all
the problems of traditional planning and more. The research phase alsc focused on the
characteristics of this new planning solution better known as supply chain management.

The research phase was concluded with some new thoughts on how supply chain
management need to be integrated. These new thought showed that truly integrated
supply chain planning is the answer for global visibility.

The conclusion of the initial research phase is that it did provide sufficient background on
the topic of supply chain evolution. —

8.3 Evaluation phase revisited

The reason for the evaluation phase was that based on the research phase a new
planning solution was introduced. This planning solution had to be evaluated for
strengths and weaknesses. During this phase the focus was first to provide an overview
of the supply chain market and secondly on the role players.

The overview of the supply chain market focused on how the supply chain planning and
execution market evolved over the years. [t aiso showed that there are two types of ’
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players in the supply chain market. The one is called supply chain execution and the
other supply chain planning. A brief description highlighted the differences between
these two. At this point the evaluation phase made a turn towards the supply chain
planning role players. A detail analysis followed on what these solutions consisted of.

During this evaluation of it was found that all these applications lacked the basic ability to
understand the variability within the supply chain. Although these soiutions can help to
improve the system, it is restricted to the static part and it does not incorporate the
dynamic part. The result therefore is that a lot of “noise” still exists within the system
once the results are achieved. This opened the way for solutions that can provide insight
to the uncertainty and interdependency of processes and customer demand within the
supply chain. Simulation technology was introduced as a solution of gaining insight into
the system variation and interdependencies.

This phase was concluded with the expianation on why simulation technology can help
to improve supply chain planning and this generated the initial strategy for the new
supply chain planning methodoiogy.

The conclusion of this evaluation phase was that it did provide insight into the
inefficiencies of the current supply chain solution providers and how it can be solved.

8.4 Development phase revisited """ e

The development phase main focus was to introduce the details of the new supply chain
planning methodology. Before the development could start an evaluation of the
simuiation solution providers was done. This was done to provide more insight into the
new proposed solution for understanding the uncertainty and interdependency of
processes and customer demand within the supply chain.

The simulation solutions were evaluated against certain criteria. Based on this a solution
was selected to for the development of the new supply chain pianning methodology.

The main focus of this methodology was to provide a new framework for supply chain
planning build around the following cornerstones:

» Supply Chain Design Planning ............................
» Supply Chain Design Analyses é
» Supply Chain Design Optimisation
» Supply Chain Operational Optimisation

This phase produced a new methodology, which makes use of different tools. These
tools were developed with available software.

The initial design planning phase focused on the actual design of a supply chain based
on some building blocks in Visio®. These building blocks were designed to incorporate
the basic building blocks and functions of a supply chain. There is a need to have a set
of some high-level building blocks that will make use of the lower leve! building blocks if
needed. For a market solution some development needs to be done on the expansion of
the Visio® building blocks.
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» Transportation Planning

Extend the functionality of the current transportation module. This building block can
either be used as a stand-alone process or as a sub model. If it is used as a sub model it
will then make use of lower level modules such as transportation, moving vehicle,
conveyor and distribution paths. If it is used as a stand-alone then it should be abie to
make use of different transportation policies for the different types of products such as
stock products, MTO products, and ETO products. This will then fit into the initial delivery
module of the SCOR model.

» Demand Planning

Extend the functionality of the current demand-planning module by introducing different
demand type products such as, stock products, MTO products, ETO products and
infrastructure demand. This building block can either be used as a stand-alone process
or as a sub model. If it is used as a sub model it will then make use of lower level
moedules such as buffer and operations.

From the case study it is quite clear that some development is still needed in some areas

of the new supply chain planning methodology. The case study however showed thatit

is possible to improve the initial supply chain design with simulation. it aiso helped to o
understand what is needed in a supply chain planning methodology.
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1 Appendix A: Overview of Flowchart Shapes

Microsoft Visio® was used to develop the flowchart modules. Arena uses an active map
file when a new model is created from a Visio drawing. This map file decides which
Arena module to place for each Visio shape. A map file is simply a list of Visio shapes
and Arena modules, along with a detailed mapping from one to the other, including the
mapping of Visio shape custom properties to Arena module operand values.

The default map file used by Arena is called Arena Basic. map. This pre-defined map file
links Visio shapes in the Process Simulation stencil (provided by Rockwell Software) to
Arena modules in the Basic Process template. Thus, one can use the Process

Simulation stencil to map and define business processes in Visio drawing files, and then

easily export these drawings to Rockwell Software's Arena software for dynamic
simulation.

In addition to the Arena Basic map file, one can create other map files to serve as
blueprints for the transfer of shapes and data from other Visio stencils (e.g., the Basic
Flowchart stencil). Itwas decided that the initial design of the Supply Chain would be
done by means of a flowchart. The map file links the Supply Chain shapes within the
flowchart with the Supply Chain Modules within the Supply Chain Template.

1.2 Basic Flowchart Shapes
1.2.1 Batch Shape

1.2.1.1 Batch Shape Description

This shape is used to group items into a lot or split items from an existing lot. The only
option available is to specify the batching process. All the other detail regarding the
batching process will be defined within the Supply Chain template.

Batchng Process:  ISplit Lot
r-Ma-—-ke-|l —ot——-——————————

Prompt

This module is used to group nems into a lot or split ltems from a current lot.

The Batching Process can either be specified as Make Lot or Split Lot. When Make Lot

is selected it means that items will be grouped together. If Split Lot is specified it means
that Items from an existing batch will be split up lungrouped.












This prompt allows the Supply Chain Analyst to specify what sort of role the Operation
will play. It can be Transfer, Production or Customer Driven.

1.2.6 Supply Plan Shape

1.2.6.1 Supply Plan Shape Description

This module is used to specify the hourly demand of an item. By using different Planning

Horizons the Supply Chain Analyst can specify the supply plan of an item on a hourly
bases.

Item Name: ll

Item Number:

Supply PlenType: lSuoolv——PIa-n—Dis-tr-ibu-tion ———————— 3-

Supply PlanNumber: |

Supply PlanNeme:

This prompt is used to specify the name of the Item, which will be linked to this specific
supply plan.

There are two types of supply plans, supply plan distribution or a Specified Planning
Horizon. If the Supply Plan Distribution is selected the supply of an Item will be based
upon a specified Statistical distribution or expression. Ifthe Supply Plan Horizon is

selected it means that the supply of an item will be based on a predefined planning
horizon.












» Batch Quantity
This operand allows one to specify the number of entities to be batched.
¥ Match ltems
The match item check box allows makes it possible to synchronizes the advance of two

or more entities. When operand Match Attribute is specified, the Match ltem operand
synchronizes the advance of entities with matching values of Match Criteria.

» Match Criteria

Match Criteria specify what attribute should be used to match entities. When the Batch

Module has one or more entities (based on Batch Quantity) with the same match code,

these entities are released to the next module. It further signifies that the values of the

specified attribute must match for entities to be grouped. For example, if Match Criteria is

Colour, all entities must have the same Colour value to be grouped. Otherwise, they will ———
wait at the moduie for additional incoming entities.

» Batch Type

The Batch Type allows one to specify what method to use when batching entities — :
together. The Type can either be permanent or temporary. If the batch is defined as :
permanent, the representative entity permanently replaces the members of the batch. If
the Batch is defined as temporary, the representative entity temporarily replaces the
members of the batch.

» Batch Queue Type

The Batch Queue Type allows one to specify whether the queue is constrained or
unconstrained. When it is specified as unconstrained it means that there is no limit in the
amount of entities that can wait in this queue. If constrained is specified is means that
there can only be a limited amount of entities waiting in the queue.

» Batch Queue Name

This specifies the name of the queue each Batch queue has its own unique name.
» Batch Queue Capacity
if Queue is specified to be constrained the maximum capacity for this queue shouldbe
specified. This means that if a queue can only hold 5 units the Batch Queue Capacity
should be set to 5.
» Ranking Rule
Ranking Rule specifies the order for a single queue and can be one of the following:
FIFO: First in, First Out. The entities are ranked based on their time of insertion in the

queue. SIMAN inserts each arriving entity as the last entity in the queue until the next
arrival.




LIFO: Last In, First Out. The entities are ranked based on their time of insertion in
the queue. Each arriving entity is inserted as the first entity in the queue.

LVF (Rule expression): Low Value First of Rule expression. The entities are ranked in
the queue low value first, based on the value of the specified expression.

HVF {Rule expression). High Value First of Rule expression. The entities are ranked in
the queue high value first, based on the value of the specified expression.

» Dispose Balked items
If this modifier is specified all the balked entities in this queue will be disposed.
» Send Balked Iitems To
This label specifies to which label the balked entity is sent.
» Queue Qutput Statistics
If this modifier is selected it will allow the Supply Chain Analyst to select various statistics

associated with the queue. There are two types of statistics Time in Queue Statistics and
Number in Queue Statistics.

» Time In Queue Statistics

This modifier allows the Supply Chain Analyst to select various statistics associated with
the how much time an entity spends in a queue.

¥ Number In Queue Statistics

This modifier allows the Supply Chain Analyst to select various statistics associated with
the how much entities are in the queue during the Simulation Run.

»  Minimum Time In Queue
If this modifier is selected the Minimum Time spent in the Queue will be recorded in the

Report Database as well as in the Reports Generator, which is an Excel Spreadsheet
Interface.

» Average Time In Queue e

If this modifier is selected the Average Time spent in the Queue will be recorded in the
Report Database as well as in the Reports Generator, which is an Excel Spreadsheet
Interface.

> Maximum Time In Queue
If this modifier is selected the Maximum Time spent in the Queue will be recorded in the

Report Database as well as in the Reports Generator, which is an Excel Spreadsheet
Interface.
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» Transfer Buffer Name

This Operand specifies the name of Transfer Buffer, if the transfer option is selected
under the Buffer Role Policy.

> Production Buffer Name

This Operand specifies the name of Production Buffer, if the transfer option is selected
under the Buffer Role Policy.

» Customer Driven Buffer Name

This Operand specifies the name of Customer Driven Buffer, if the transfer option is
selected under the Buffer Role Policy.

» Buffer Flow Policy
There are two types of flow policies, Unconstrained and Constrained. If Unconstrained is
selected it means that the Buffer can hold an infinite number of items. If constrained is
selected it means that for some reason there are certain constraints within this Buffer.

> Buffer Constrained Type

This operand allows the Supply Chain Planner to specify what sort of flow policy should
be used. For the time being there are only one type of policy called Basic Flow.

» Buffer Number

This operand only allows for a unique number for a Buffer.

» Min On Hand

This operand specifies what the minimum amount of items should be within the Buffer.
For instance if the Min On Hand is 5 it means that the “safety stock” within this Buffer
can never be less than 5 units.

» Excess On Hand
This operand specifies what the maximum amount of items should be within the Buffer.
For instance if the Excess On Hand is 15 it means that the capacity of the Buffer can
never be more than 15 units.

» Buffer Wait Time

This operand specifies what the minimum time an item has to wait in a Buffer before it
can move to the next process.
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> Qutput Buffer Statistics
If this modifier is selected it will aliow the Supply Chain Analyst to select various statistics
associated with the Buffer. There are two types of statistics Time in Buffer Statistics and
Number in Buffer Statistics.

> Time Spent In Buffer

If this modifier is seiected the Supply Chain Analyst will be able to select various
statistics about the amount of time an item spends in the Buffer.

» ltems Into Buffer

If this modifier is selected the Supply Chain Analyst will be able to select various
statistics about the amount of items that entered into the Buffer.

» Htems Out of Buffer -

If this modifier is selected the Supply Chain Analyst will be able to select various
statistics about the amount of items that exited out of the Buffer.

» WIP In Buffer

If this modifier is selected the Supply Chain Analyst will be able to select various
statistics about the Work In Process of items in the Buffer.

»  Minimum Time Spent In Buffer
If this modifier is selected the Minimum Time spent in the Buffer will be recorded in the
Report Database as well as in the Reports Generator, which is an Excel Spreadsheet
Interface.

» Average Time Spent In Buffer
If this modifier is selected the Average Time spent in the Buffer will be recorded in the

Report Database as well as in the Reports Generator, which is an Excel Spreadsheet
Interface.

»  Maximum Time Spent In Buffer

If this modifier is selected the Maximum Time spent in the Buffer will be recorded in the
Report Database as well as in the Reports Generator, which is an Excel Spreadsheet
Interface.

» Hems Into Buffer Per Hour
[f this modifier is selected the Total Number of ltems per hour that entered the Buffer will

be recorded in the Report Database as well as in the Reports Generator, which is an
Excel Spreadsheet Interface.
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» Total tems Into Buffer

if this modifier is selected the Total Number of items that entered the Buffer will be
recorded in the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet interface.

> ltems Qut Of Buffer Per Hour

if this modifier is selected the Total Number of Items per hour that exited the Buffer will
be recorded in the Report Database as well as in the Reports Generator, which is an
Excel Spreadsheet Interface.

» Total items Qut Of Buffer
if this modifier is selected the Total Number of items that exited the Buffer will be
recorded in the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet Interface.

> WIP In Buffer Per Hour
If this modifier is selected the Work In Process in the Buffer per hour will be recorded in
the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet Interface.

¥ Wip At End Of Simulation.
if this modifier is selected the Total Work in Process in the Buffer will be recorded in the
Report Database as well as in the Reports Generator, which is an Excel Spreadsheet
Interface.

¥ Strategy Number
This operand only allows for a unique number for the Demand Strategy.

> ltem Name

This operand allows the Supply Chain Analyst to specify which Item should be used in
this Demand Strategy.

> ltem Number
This operand only ailows for a unique number for the item.

» Demand Strategy Types
This operand only allows the Supply Chain Analyst to select between three types of
Demand Strategies, Push System, Pull System or Reorder System. If the Push
System is selected all the items within the Buffer will be pushed forward into the next

processes. If Pull System is selected a specific control logic will be used to allow the
items in the Buffer to advance to the next processes. If Reorder Sysfem is selected a




specific control logic will be used to allow the items in the Buffer to advance to the next
processes.

» Types Of Pull Systems

There are three types of Pull Systems, Transfer Kanban, Production Kanban, and
Customer Driven.

Transfer Kanban System means that the item will wait in a separate hoiding area next
to the Buffer for a signal of the Downstream Buffer. Once the signal is received the item
can be transferred to the Downstream Buffer. The transfer option allows for other items
to enter the Buffer, because the item in transfer released some capacity.

Production Kanban System means that the item will wait in the Buffer for a signal of

the Downstream Buffer. Once the signal is received the item can be transferred to the
Downstream Buffer. The production option does not allow for other items to enter the

Buffer, because the item in cannot transfer until the signal from the Downstream Buffer -~ -
has been received. All incoming items will have to wait in front of the Buffer for available
capacity.

Customer Driven System means that the item will wait in a separate holding area next _
to the Buffer for a signal of the upstream Buffer based on a specified Customer driven
Signal. The Signal is send on a time bases and not by a downstream buffer. The
Customer Driven option allows for other items to enter the Buffer, because the item in
transfer released some capacity.
» Transfer Signal Type
This Operand allows the user to specify what sort of Signal type should be used at this

Buffer. The Buffer can either Wait for a Signal from a Downstream Buffer, Send a Signal
to an Upstream Buffer or Wait and Send a Signal at the same time.

» Buffer Name

This operand specifies the name of the Downstream Buffer that needs to send the signal
to this Buffer.

» Buffer Number

This operand specifies the unique number of the Downstream Buffer that needs to send ——
the signal to this Buffer. —

» Buffer Wait Signal Number

This operand specifies the unique number of the Signal the Downstream Buffer needs to
send to this Buffer.

> Upstream Buffer

This operand specifies the name of the Upstream Buffer that waits for the Signal from
this Buffer.

16



» Buffer Send Signal Number

This operand specifies the unique number of the Signal that this Buffer needs to send, in
order to release items in an Upstream Buffer.

#» Production Buffer Signal Type
This Operand allows the user to specify what sort of Signal type should be used at this
Buffer. The Buffer can either Wait for a Signal from a Downstream Buffer, Send a Signal
to an Upstream Buffer or Wait and Send a Signal at the same time.

¥ Production Buffer

This operand specifies the name of the Downstream Buffer that needs to send the signal
to this Buffer.

» Production Buffer Number

This operand specifies the unique number of the Downstream Buffer that needs to send
the signal to this Buffer.

> ProdBuffer Wait Signal Number

This operand specifies the unique number of the Signal the Downstream Buffer needs to
send to this Buffer.

»  Upstream Production Buffer

This operand specifies the name of the Upstream Buffer that waits for the Signal from
this Buffer.

» Buffer SendSignal Number

This operand specifies the unique number of the Signal that this Buffer needs to send, in
order to release items in an Upstream Buffer.

» Customer Driven Data

This operand specifies what type of Customer Data will be used to compiete this
demand strategy.

» Time Between Buffers
This operand specifies what the item release frequency from this Buffer wili be.
» Downstream Customer Buffer

This operand specifies the name of the Downstream Buffer that needs to send the signal
to this Buffer.
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» Cust_Buffer WaitSignal Number

This operand specifies the unique number of the Signal the Downstream Buffer needs to
send to this Buffer.

» Cust_Buffer SendSignal Number

This operand specifies the unique number of the Signal that this Buffer needs to send, in
order to release items in an Upstream Buffer.

» Reorder Signal Type

This Operand allows the user to specify what sort of Signal type should be used at this
Buffer. The Buffer can only Wait and Send a Signal at the same time.

> Reorder Buffer Name

This operand specifies the name of the Downstream Buffer that needs to send the signal
to this Buffer.

» Reorder Buffer Number o

This operand specifies the unique number of the Downstream Buffer that needs to send
the signal to this Buffer.

» Reorder Buffer Level

If the Buffer Level drops below the Reorder Buffer Level a Signal wiil be sent to an
Upstream Buffer from which items for this Buffer are replenished.

> Reorder Buffer Quantity
This Operand specifies what the reorder quantity shouid be. If the Reorder Quantity is

specified as 5 units every time the Buffer Level drops below the Reorder Level the Buffer
level will be replenished with 5 units.

> ReorderB WaitSignal Number

This operand specifies the unique number of the Signal the Downstream Buffer needs to
send to this Buffer.

» Upstream Reorder Buffer

This operand specifies the name of the Upstream Buffer that needs to wait for the
Replenishment signal to this Buffer.

> ReorderB SendSignal Number

This operand specifies the unique number of the Signal that this Buffer needs to send, in
order to release items in an Upstream Buffer.
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» Operation Process Time

This operand appears if the Operation action is set to Unconstrained. it is further used to
specify the amount of time the item need to spent within the operation.

» Operation Setup Time

This operand appears if the Operation action is set to Unconstrained. It is further used to
specify the amount of time the item need to spent before entering the operation.
Typically this will be a set-up time used to make sure that all the necessary preparations
has been completed before the actual operation starts.

[

» Operation Constrained Type

This operand appears as soon as the Operation Action is specified as constrained. Only
onhe option is available at this time, the option of fixed time. Fixed time means that there
are specific times for finishing the operation. "

» Operation_Name
This operand is used to specify the name of the operation. S
» Fixed Process Time

This operand is used to specify the amount of time the item need to spent within the
operation.

» Fixed Setup Time

This operand is used to specify the amount of time the item need to spent before the
operation starts.

» Finish Time

This operand is used to specify the amount of time the item need to spent after the
operation has finished.

» Operation Queue Type

This operand specifies what type of queue wili be associated with the operation. There ——
are two types of queues Unconstrained and Constrained. If Unconstrained is selected it
means that the queue does not have any constraints and that the capacity is uniimited. If
Constrained is selected it means that for some reason there are a constraining factor
within the queue.

» Operation Queue Name

This operand is used to specify the name of the Queue.
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» Queue Capacity
if Queue is specified to be constrained the maximum capacity for this queue should be
specified. This means that if a queue can only hoid 5 units the Operation Queue
Capacity should be set to 5.

¥ Ranking Rule T
Ranking Rule specifies the order for a single queue and can be one of the following: |
FIFO: First In, First Out. The entities are ranked based on their time of insertion in the
queue. SIMAN inserts each arriving entity as the last entity in the queue until the next

arrival.

LIFO: Last In, First Qut. The entities are ranked based on their time of insertion in
the queue. Each arriving entity is inserted as the first entity in the queue.

LVF (Rule expression). Low Value First of Rule expression. The entities are ranked in
the queue low value first, based on the value of the specified expression.

HVF (Rule expression). High Value First of Rule expression. The entities are ranked in ———
the queue high value first, based on the value of the specified expression. .

» Dispose Balked ltems
If this modifier is specified all the balked entities in this queue will be disposed.

» Queue Output Statistics
If this modifier is selected it will allow the Supply Chain Analyst to select various statistics
associated with the queue. There are two types of statistics Time in Queue Statistics and

Number In Queue Statistics.

» Time in Queue Statistics

This modifier allows the Supply Chain Analyst to select various statistics associated with
the how much time an entity spends in a queue.

» Number In Queue Statistics

This modifier allows the Supply Chain Analyst to seiect various statistics associated with
the how much entities are in the queue during the Simulation Run.

» Minimum Time In Queue
If this modifier is selected the Minimum Time spent in the Queue wiil be recorded in the

Report Database as weli as in the Reports Generator, which is an Excel Spreadsheet
Interface.
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» Average Time In Queue

if this modifier is selected the Average Time spent in the Queue will be recorded in the
Report Database as well as in the Reports Generator, which is an Excel Spreadsheet
Interface.

> Maximum Time In Queue
If this modifier is selected the Maximum Time spent in the Queue will be recorded in the

Report Database as well as in the Reports Generator, which is an Excel Spreadsheet
Interface.

»  Minimum Number In Queue
if this modifier is selected the Minimum Number in the Queue will be recorded in the
Report Database as well as in the Reports Generator, which is an Excel Spreadsheet
Interface. —
> Average Number In Queue
if this modifier is selected the Average Number in the Queue will be recorded in the I
Report Database as well as in the Reports Generator, which is an Excel Spreadsheet '
interface.
» Maximum Number In Queue
If this modifier is selected the Maximum Number in the Queue will be recorded in the
Report Database as well as in the Reports Generator, which is an Excel Spreadsheet
Interface.
¥ Operation Output Statistics
If this modifier is selected it will allow the Supply Chain Analyst to select various statistics
associated with the Operation. There are two types of statistics Time in Operation
Statistics and Number In Operation Statistics.

» Time Spent In Operation

if this modifier is selected the Supply Chain Analyst will be able to select various
statistics about the amount of time an item spends in the Operation. .

» Number Into Operation

If this modifier is selected the Supply Chain Analyst will be able to select various
statistics about the amount of items that entered into the Operation.

» Number Out Of Operation

If this modifier is selected the Supply Chain Analyst will be able to select various
statistics about the amount of items that exited out of the Operation.
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» WIP In Operation

if this modifier is selected the Supply Chain Analyst will be able to select various
statistics about the Work In Process of items in the Operation.

» Min Time Spent In Operation —

If this modifier is selected the Minimum Time spent in the Operation will be recorded in
the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet Interface.

» Avg Time Spent In Operation
If this modifier is selected the Average Time spent in the Operation will be recorded in

the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet Interface.

> Max Time Spent In Operation
If this modifier is selected the Maximum Time spent in the Operation will be recorded in
the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet Interface.

» ltems Into Operation Per Hour
If this modifier is selected the Total Number of ltems per hour that entered the Operation
will be recorded in the Report Database as well as in the Reports Generator, which is an
Excel Spreadsheet Interface.

¥ Total ltems into Operation
If this modifier is selected the Total Number of items that entered the Operation will be
recorded in the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet Interface.

» Hems OutOf Operation Per Hour

if this modifier is selected the Total Number of items per hour that exited the Operation
will be recorded in the Report Database as well as in the Reports Generator, which is an
Excel Spreadsheet Interface. —

» Total ltems Out Of Operation
if this modifier is selected the Total Number of Items that exited the Operation will be

recorded in the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet Interface.




» WIP In Operation Per Hour
If this modifier is selected the Work In Process in the Operation per hour will be recorded
in the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet interface.

» WIP At End Of Simuiation
if this modifier is selected the Total Work In Process in the Operation will be recorded in
the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet Interface.

» Strategy No
This operand only allows for a unique number for the Demand Strategy.

> ltem Name m ------------------

This operand allows the Supply Chain Analyst to specify which ltem should be used in
this Demand Strategy.

» Hem Number
This operand only allows for a unique number for the ltem.

» Demand Strategy Types

This operand only allows the Supply Chain Analyst to select between two types of
Demand Strategies, Push System and Pull System. If the Push System is selected all
the items within the Buffer will be pushed forward into the next processes. If Pulf
System is selected a specific control logic will be used to allow the items in the
Operation to advance to the next processes.

» Types of Pull Systems

There are three types of Pull Systems, Transfer Kanban, Production Kanban, and
Customer Driven.

Transfer Kanban System means that the item will wait in a separate holding area next
to the Buffer for a signai of the Downstream Buffer. Once the signal is received the item ———

can be transferred to the Downstream Buffer. The transfer option allows for other items
to enter the Buffer, because the item in transfer released some capacity.

Production Kanban System means that the item will wait in the Buffer for a signal of
the Downstream Buffer. Once the signal is received the item can be transferred to the
Downstream Buffer. The production option does not allow for other items to enter the
Buffer, because the item in cannot transfer until the signal from the Downstream Buffer
has been received. All incoming items will have to wait in front of the Buffer for availabie
capacity.
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Customer Driven System means that the item will wait in a separate holding area next
to the Buffer for a signal of the upstream Buffer based on a specified Customer driven
Signal. The Signal is send on a time bases and not by a downstream buffer. The
Customer Driven option allows for other items to enter the Buffer, because the item in
transfer released some capacity.

» Operation Name

This operand specifies the name of the Downstream Operation that needs to send the
signal to this Operation.

»  QOperation Number

This operand specifies the unique number of the Downstream Operation that needs to
send the signal to this Operation.

» Operation Wait Number
This operand specifies the unique number of the signal for which the Operation waits.
» Upstream: Operation

This operand specifies the name of the Upstream Operation that sends a signal to
another operation.

¥ QOperation Send Signal Number

This operand specifies the unique number of the signal that will be sent from this
operation.

» Transfer Signal Type
This Operand allows the user to specify what sort of Signal type should be used at this
Operation. The Operation can either Wait for a Signal from a Downstream Operation,
Send a Signal to an Upstream Operation or Wait and Send a Signal at the same time.
» Production Signal Type
This Operand allows the user to specify what sort of Signal type should be used at this
Operation. The Operation can either Wait for a Signal from a Downstream Operation,
Send a Signal to an Upstream Operation or Wait and Send a Signal at the same time.

» Production Operation Name

This operand specifies the name of the Downstream Operation needs to send the signal
to this Operation.

> Production Operation Number

This operand specifies the unique number of the Downstream Operation that needs to
send the signal to this Operation.
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» ProdOper Wait Signat Number
This operand specifies the unigue number of the signal for which the Operation waits.
» Upstream Production Operation

This operand specifies the name of the Upstream Operation that sends a signal to -
another operation. :

» Operation SendSignal Number

This operand specifies the unique number of the signal that will be sent from this
operation.

» Customer Driven Data

This operand specifies what type of Customer Data will be used to compiete this
demand strategy.

» Time Between Orders
This operand specifies what the item release frequency from this Operation will be.
» Downstream. Customer Operation

This operand specifies the name of the Downstream Operation that needs to send the
signai to this Operation.

» Cust_Oper WaitSignal Number

This operand specifies the unique number of the Signal the Downstream Operation
needs to send to this Operation.

» Cust_Oper SendSignal Number

This operand specifies the unique number of the Signal that this Operation needs to
send, in order to release items in an Upstream Operation.

2.2.1.6 Site Module
2.2.1.6.1 Site Modufe Description

The Site defines all those assets of the Supply Chain used in manufacturing, and
distribution that are controlied by one team of decision makers. The Site can correspond
to a plan, to a portion of a plant, to distribution centres, warehouses, or stores. The Site
should not be viewed as a physical division at a particular location. Within a Site there
will be multiple locations.
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¥ First Creation

This operand is used to specify the simulation time at which the first batch creation
shouid occur (in base time units).

» Time Between

This operand is used to specify the Time between batch creations in base time units.
» Maximum Batch Size
This operand is used to specify the maximum number of batches to be created.

»  Entry Time Attribute

This operand is used to mark the entity when it enters the system for the first time.
¥ Supply Plan Name

This operand is used to name the Supply plan.
» Supply Plan Number

This operand is used to uniguely identify the Supply Plan.
» Specify Planning Horizon

This operand is used to specify what planning horizon should be used. There are four
types of Planning Horizons, Daily, Weekly, Monthly and Yearly.

» Time Slot
This operand is used to specify what the time slot of supply shouid be; at this moment

there are two types of time slots 60 minutes and 30 minutes. When the time slot is
selected the entire day will be divided into the equal timeslots for the entire day.

» Scale Factor

This operand is used to specify what the increase of the supply should be based on. If

the scale factor is specified as 1.0 and the supply in the timeslot from 08:00 to 09:00, 50 —
then the supply will be 50. If the scale factor increase then the supply wili also increase ——
by that factor.

2.2.1.8 Transportation Module

2.2.1.8.1 Transportation Module Description

The transportation module is used to specify what type of transportation is needed

between different locations. At this point the transportation can either be constrained or
unconstrained. Constrained means that the transportation between two different
locations is dependent on some sort of material haling equipment or material operator.







> Transportation Time
This operand is visible when the transporting device is specified as an Operator. If
Operator is selected then transportation time is the time associated with the time it will
take an operator to take the item from on location to another.

¥ Rotte Time , ...... e
This operand is visible when the transportation type is specified as unconstrained. The
Route time is the time associated with the time it will take an item to go from on location
to another.

» Transporting Device

This operand will be visible if the transportation type is specified as constrained. There
are three types of transporting devices, moving vehicle, conveyor and an operator.

» Loading Time

This operand is used to specify what the loading time will be if loading needs to be
performed before transportation. oo

» Moving Vehicle Name

If the Transporting Device is specified as a Moving Vehicle one will need to specify the
name of the Moving Vehicle that will be used.

» Conveyor Name

if the Transporting Device is specified as a Conveyor one will need to specify the name
of the Conveyor that will be used.

» Operator Name

if the Transporting Device is specified as a Operator one will need to specify the name of
the Conveyor that will be used.

» Transportation Number

This operand is used to uniquely identify the Transportation. oo
» Transportation Speed

This operand is visible if the transporting device is either a Moving Vehicle or a

Conveyor. It is further used to specify at what speed the Transporting device shoulid

transport the item.

> Quiput Transport Stafistics

If this modifier is selected it will allow the Supply Chain Analyst to select various statistics
associated with the Conveyor. There are different types of Statistics if the Transportation
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Type is specified as constrained, so for one will have statistics for conveyors, moving
vehicles and operators.

» Conveyor

This modifier is highlighted if the Transporting Device is specified as a Conveyor. If the
Transporting Device is specified as a Conveyor there are two types of statistics that can -
be recorded, average number of items waiting in front of the Conveyor and average time =
an item wait in front of a Conveyor.

» QOperator

This modifier is highlighted if the Transporting Device is specified as an Operator. If the
Transporting Device is specified as an Operator there are two types of statistics that can
be recorded, average number of items waiting for the Operator and average time an
item wait for an Operator.

» Moving Vehicle

This modifier is highlighted if the Transporting Device is specified as a Moving Vehicle. if
the Transporting Device is specified as a Moving Vehicie there are two types of statistics
that can be recorded, average number of items waiting for the Moving Vehicle and
average time an ltem wait in front of a Moving Vehicle.

¥ [Hems Waiting For Conveyor
If this modifier is selected the Average Number of items waiting in front of the conveyor
will be recorded in the Report Database as well as in the Reports Generator, which is an
Excel Spreadsheet Interface.

» Time Waiting For Conveyor
If this modifier is selected the Average Time that ltems wait in front of the conveyor will
be recorded in the Report Database as well as in the Reports Generator, which is an
Excel Spreadsheet Interface.

¥ ltems Waiting For Vehicle
If this modifier is selected the Average Number of items waiting for a Moving Vehicle will

be recorded in the Report Database as well as in the Reports Generator, which is an —
Excel Spreadsheet interface. —

» Time Waiting For Vehicle

if this modifier is selected the Average Time that ltems wait for a Moving Vehicle will be
recorded in the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet Interface.










> Qutput Conveyor Statistics

If this modifier is selected it will allow the Supply Chain Analyst to select various statistics
associated with the Conveyor. There are different types of Statistics for the two types of
Conveyors.

¥ Accumulating Conveyor

Accumulating conveyors always move - loading or unloading of an item creates local
blockages only. items not affected by the local blockages continue to move on the
conveyor.

» Non-Accumulating Conveyor
Non-accumulating conveyors completely stop to allow an item to get on or off the
conveyor. These stops cause each item on the conveyor to stop until the conveyor starts
again.

¥ Number Conveying
If this modifier is selected the Total Number of tems conveying on the conveyor the e
Report Database as well as in the Reports Generator, which is an Excel Spreadsheet e

Interface.

¥ Number Accumulated

This applies only to accumulating conveyors and returns the totali number of entities that
are accumulated at all accumulation points on the conveyor. If this modifier is selected
the Total Number of items accumulated on the conveyor will be recorded in the Report
Database as well as in the Reports Generator, which is an Exce! Spreadsheet Interface.

> Length Accumulated

This applies only to accumulating conveyors and provides the total length occupied by
accumulated entities at all accumulation points on the conveyor. if this modifier is
selected the total iength occupied by accumulated items on the conveyor will be
recorded in the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet Interface.

» Length Conveying 7

Provides the iength of celis occupied by ali items that are in a conveying state. it does
not include accumulated entities. If this modifier is selected the total ilength occupied by
all the items conveying on the conveyor will be recorded in the Report Database as well
as in the Reports Generator, which is an Excel Spreadsheet Interface.

» Utilization

If this modifier is selected the utilization of the conveyor will be recorded in the Report
Database as well as in the Reports Generator, which is an Excel Spreadsheet interface.
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» Segment Length
This operand is used to specify the distance from the previous location.
» Operator Start Location

This operand is used specify the start location from where the item will be routed if the
transporting device is set to Operator.

» Operator End Location

This operand is used specify the end location to where the item wiil be routed if the
transporting device is set to Operator.

¥ Vehicle Start Location

This operand is used specify the start location from where the item will be transported by
the Moving Vehicle if the transporting device is set to Moving Vehicle.

> \ehicle End Location

This operand is used specify the start location to where the item will be transported by
the Moving Vehicle if the transporting device is set to Moving Vehicle.

» Distance Name
The Distance module defines the distance between two locations in the distance set of a
free-path Moving Vehicle device. The beginning location, ending location, and distance
are used to create the appropriate distance set, which is used during the simulation run
by the Moving Vehicle moving between the specified locations.

» Distance Length

This field specifies the travel distance between the Beginning location and Ending
focation. This distance should be specified in length units consistent with the length units
used in the transporters velocity.

2.2.2.4 Inventory System

2 2.2 4.1 Inventory Modtle Description

This module is used to provide the organisational structure and the operating policies for
maintaining and controlling goods to be stocked. It further provides a guideline to the
Supply Chain Analyst on what the order quantity and reorder point should be. There are
two types of inventory systems: fixed order quantity modeis and fixed time period
modeis.
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» Inventory System Type

This operand allows the Supply Chain Analyser to specify what type of inventory System
will be used. There are two types of inventory systems: fixed order quantity models and
fixed time period models. Fixed Order Quantity Models attempt to determine the specific
point at which an order will be placed and what the size of that order should be. The _ _
inventory system was designed based on work done by Chase and Aquilano on S
inventory systems.’ '

» Fixed Order Quantity Models

Fixed Order Quantity Models attempt to determine the specific point at which an order

will be placed and what the size of that order should be. In this application the focus will

be on three different types of Fixed Order Quantity Models; Basic Fixed, Fixed Order

Quantity with Usage and Fixed Order Quantity with Service Level. According to Chase

and Aguilano, the following assumptions are made when looking at fixed order quantity

models: —

Demand Constant

Lead Time

Price Per Unit of product is constant

Inventory Holding cost is based or average inventory

Ordering or setup costs are constant

All demands for the products will be satisfied. (No backorders are allowed)

Basic Fixed is used where it is expected that all the quantity ordered will be received
within one lot and this is frequently not the case.

Fixed Order Quantity with Usage is used where it is assumed that the lot sizes are not
fixed and that the order will be deliver based on a predefined production rate.

¥ Fixed Time Period Models

» Calculate Total Annual Cost

if this module is selected by default and it wiil calcuiate the Total Annual Cost and record
it in Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet Interface.

» Cost Per Unit
This operand specifies the total cost per unit of product.

» Setup Cost

This operand specifies the Set-up Cost or the cost to place an order.

" Production And Operations Management: Manufacturing Services 7™ edition, Richard B. Chase and
Nicholas J. Aquilano, 1995.
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» Holding Cost

This operand specifies the Annual holding cost and storage cost per unit of average
inventory.

» Lead Time
This operand specifies the average lead-time per product in days.
» Annual Demand

This operand specifies the annual demand of a product.

» Average Demand

This operand specifies the average daily demand per product.
¥ Daily Production

This operand specifies the daily production rate per product. Not visible if Basic fixed
model is selected. |

» Safety Stock

This operand specifies the safety stock per product. Not visible if Basic fixed model is
selected.

» WIP

This operand specifies the current inventory on hand per product. The operand wili only
be visible for fixed time period models.

¥ Caleulate Reorder Point

If this module is selected by default and it will calculate the Reorder Point and record it in
Report Database as well as in the Reports Generator, which is an Excel Spreadsheet
Interface.

» Calculate Economic Order Qty
If this module is selected by default and it will calculate the Economic Order Quantity
and record it in Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet interface.

» Std Avg Demand

This operand is used to specify the standard deviation of demand over lead-time if the
demand is not constant.
















» Moving Vehicle Unit

This operand allows the Supply Chain Analyst to specify what unit's statistics will be
recorded.

» Moving Vehicle Idie

If this operand is selected it will provide statistics regarding the idle state of the Moving
Vehicle.

» Moving Vehicle Utilization
If this modifier is selected the utilization of the Moving Vehicle will be recorded in the
Report Database as well as in the Reports Generator, which is an Excel Spreadsheet
Interface.

» Moving Vehicie Inactive

If this operand is selected it will provide statistics regarding the inactive state of the
moving vehicle,

> Select Moving Vehicle Failure
This operand specifies the name of the Moving Vehicle Failure.
» Specify Moving Vehicle
This operand specifies the name of the moving Vehicle that wil! fail.

» Time Between Vehicle Failures

This operand specifies the time between Moving Vehicle failures, also called the uptime,

» Moving Vehicte Downtime

This operand specifies the time to repair a Moving Vehicle failure, also called the repair
time.

¥ Vehicle Downtime Location

This operand specifies the Location were the Vehicle would be repaired.
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» Resource Number
This operand is used for the unique identification of a Resource.
> Resource Capacity Type

This operand specifies the method for determining the capacity for a resource. Fixed
Capacity will not change during the simulation run. Based on Schedule signifies that a
Schedule module is used to specify the capacity and duration information for the
resgurce.

» Resource Capacity

Number of resource units of a given name that are avaitable to the system for
processing. Applies only when Resource Capacity Type is Fixed Capacity.

¥ Schedule

Based on Schedule signifies that a Schedule is used to specify the capacity and duration
information for the resource.

#» Rule

This Operand dictates when the actual capacity change is to occur when a decrease in
capacity is required for a busy resource unit. Applies only when Resource Capacity Type
is Schedule. There are three types of ruies: ighore, Wait and Pre-empt.

IGNORE the scheduie/failure ignores the entity controlling a busy resource. The value
of the resource capacity (scheduie) or the state (failure) will change at the scheduled
time, but the resource itseif will not actually change capacity or become failed until after
the current entity finishes processing and releases the resource. The time duration of the
schedule/failure begins immediately as scheduied, but the actual downtime may be
reduced.

WAIT the scheduleffailure waits until the entity controlling a busy resource releases
the resource. At the time of release, the value of the resource’s capacity is changed or
the failure begins for the duration of the schedule/ failure. This ensures a full duration
(but possibly postpaned) downtime.

PREEMPT the scheduleffailure pre-empts the controliing entity of a busy resource.
The timing and duration of the schedule/failure occurs as scheduled unless the
controliing entity is unable to be pre-empted, in which case the WAIT rule is used.

> Capacity

Number of resource units of a given name that are available to the system for
processing. Applies only when Resource Capacity Type is based on Schedule.

53




» Capacity Duration
This operand specifies the time duration for which a specified capacity will be valid.
> Resource Qutput Statistics

If this modifier is selected it will allow the Supply Chain Analyst to select various statistics -
associated with the Resource. St

% Number Of Resources Available

If this modifier is selected the total amount avaiiable of the specified Resource will be
recorded in the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet interface.

» Number Of Resources Busy

If this modifier is selected the busy state of the specified Resource will be recorded in
the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet Interface.

> Resource Utilization b ._
If this modifier is selected the utilization of the specified Resource wili be recorded in the

Report Database as well as in the Reports Generator, which is an Excel Spreadsheet
Iinterface.

» Resource inactive

if this modifier is selected the inactive state of the specified Resource will be recorded in
the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet Interface.

» Select Resource Failure
This operand aliows the Supply Chain Analyst to add a failure to a Resource.

» Resource Faifure

This operand is used to name the failure associated with one or more resources. R —

» Failure Based On
This operand determines if the failure is time-based or count-based.
» Failure Rule
This operand allows the Supply Chain Analyst to select how the failure operates if the

resource is busy at the time the failure is initiated. There are three types of rules: Ignore,
Wait and Pre-empt.

o4



IGNORE the scheduleffailure ignores the entity controiling a busy resource. The value
of the resource capacity (schedule) or the state (failure) will change at the scheduled
time, but the resource itself will not actually change capacity or become failed until after
the current entity finishes processing and releases the resource. The time duration of the
schedule/failure begins immediately as scheduled, but the actual downtime may be
reduced.

WAIT the scheduleffailure waits until the entity controlling a busy resource releases
the resource. At the time of release, the vaiue of the resource’s capacity is changed or

the failure begins for the duration of the schedule/ failure. This ensures a full duration
(but possibly postponed) downtime.

FREEMPT the scheduleffailure pre-empts the controlling entity of a busy resource.
The timing and duration of the schedule/failure occurs as scheduled unless the
controlling entity is unable to be pre-empted, in which case the WAIT rule is used.

» Time Between Failures
This operand defines the time between failures for time-based failures.

» Count

This operand defines the number of resource releases for count-based failures. Valid
when the Type is Count.

» Time To Repair

This operand defines the duration of the failure.

2.2.2.8 Supply Chain Analyses
2.2 2 8.1 Supply Chain Analyses Module Description

This module is used to select the variables for Supply Chain Analyses that will be
recorded in the Report Database as well as in the Reports Generator, which is an Exce!
Spreadsheet Interface. These variables are based upon the current inventory, cost and
revenue generated within the Supply Chain.







.

» Reorder Quantity

If this operand is selected the reorder guantity of the item recorded in the Report will be
recorded in the Report Database as well as in the Reports Generator, which is an Excel
Spreadsheet Interface.

» Production Lead-Time

if this operand is selected the production lead time for an Item generated by the
Simulation Mode! will be recorded in the Report Database as well as in the Reports
Generator, which is an Excel Spreadsheet Interface.

» Production Rate

if this operand is selected the production rate for an item generated by the Simulation
Model will be recorded in the Report Database as well as in the Reports Generator,
which is an Excel Spreadsheet Interface.

» Current Inventory
if this operand is selected the work in process for an ltem generated by the Simulation e

Mode! will be recorded in the Report Database as well as in the Reports Generator,
which is an Excel Spreadsheet Interface.

» Batch Quantity

» Total Demand
If this operand is selected the Total Demand for an ltem generated by the Simulation
Model will be recorded in the Report Database as well as in the Reports Generator,
which is an Excel Spreadshest Interface.

» Totat Sales
if this operand is selected the Total Sales for an [tem generated by the Simulation Model
will be recorded in the Report Database as well as in the Reports Generator, which is an

Excel Spreadsheet interface.

¥ Total Production

if this operand is selected the Total Production for an ltem generated by the Simutation
Model will be recorded in the Report Database as well as in the Reports Generator,
which is an Excel Spreadsheet interface.

» Average Inventory
i this operand is selected the Average Inventory for an item generated by the Simulation

Model will be recorded in the Report Database as well as in the Reports Generator,
which is an Excel Spreadsheet Interface.
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> Min inventory

If this operand is selected the Minimum Inventory for an item generated by the
Simulation Model will be recorded in the Report Database as well as in the Reports
Generator, which is an Excel Spreadsheet Interface.

¥ Max Inventory
if this operand is selected the Maximum inventory for an item generated by the
Simulation Mode! will be recorded in the Report Database as well as in the Reports
Generator, which is an Excel Spreadsheet Interface.

> Total Stock outs
Iif this operand is selected the Total Stock outs for an item generated by the Simuiation

Model will be recorded in the Report Database as well as in the Reports Generator,
which is an Excel Spreadsheet Interface.

» Service Level
If this operand is selected the Service for an ltem generated by the Simuiation Mode! will
be recorded in the Report Database as well as in the Reports Generator, which is an
Excel Spreadsheet Interface.

» Inventory Cost
If this operand is selected the Inventory Cost of an ltem generated by the Simuiation
Model based on the Inventory Plan will be recorded in the Report Database as well as in
the Reports Generator, which is an Excel Spreadsheet Interface.

» Stock out Cost
If this operand is selected the Stock out Cost of an ltem generated by the Simulation
Model based on the Inventary Plan will be recorded in the Report Database as well as in
the Reports Generator, which is an Excel Spreadsheet Interface.

» lost Sales Costs
If this operand is selected the Lost Saies Cost of an ltem generated by the Simuiation
Model based on the number of Products Lost will be recorded in the Report Database as
well as in the Reports Generator, which is an Excel Spreadsheet Interface.

» Transportation Costs
If this operand is selected the Transportation Cost of an item generated by the

Simulation Model based on the Transportation will be recorded in the Report Database
as well as in the Reports Generator, which is an Exce! Spreadsheet interface.
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» Total Cost

If this operand is selected the Total Cost of an item generated by the Simulation Model
based on the Total Cost will be recorded in the Report Database as well as in the
Reports Generater, which is an Excel Spreadsheet interface.
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3 Appendix C: Overview of the Supply Chain Mapping File

3.1 Introduction

When the Supply Chain Tempiate within Arena creates a new model from a Visi
drawing, it uses the Supply Chain map file to decide which Arena Supply Chain module
to place for each Visio Supply Chain shape. A map file is simply a list of Visic Supply
Chain shapes and Arena Supply Chain modules, along with a detailed mapping from
one to the other, inciuding the mapping of Visic Supply Chain shapes custom propertics
to Arena Supply Chain module operand values.

The Shape Map file (with the extension ". map") is used to configure the mapping
between Arena Supply Chain modules and Visic Supply Chain shapes, and belween
moduie operands and shape custom properties.

3.2 Description of the Supply Chain Map File

3.2.1 Shape Map Editor View

[} Batching

E: Buffer

[# Conuesor

F: Custemer
#i Decision

! Desmvand Plan

SCF FebZ8 3
SCF Fehh 3
SCF Feh2b 3
SEF Feh?B 3
SCP_Feb26_3
SCP Febb 3
SEP Febob 3
SCF Feh?b 3
[ Foht 2
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3.2.2 Shape Map Definition Tables

3.2.2.1 Shape Mapping of the Batching Process

Batch_ing Batching

Operand Name
Batching Process

. Operand Name
- Batching Process

3.2.2.2 Shape Mapping of the Buffer Process

Buffer Buffer
Operand Name Operand Name
Buffer Flow Policy Buffer. Flow Policy
Buffer Name = Buffer Name
Buffer Number Buffer Number
Buffer Role Buffer Role
3.2.2.3 Shape Mapping of the Decision Process
' Decision  Decision
Operand Name Operand Name
:Dét_:is’ian Type D_ec-is_idn Type

3.2.2.4 Shape Mapping of the Location Process

| L’;EE!.L?.!! Locatlon |

'Og_éi'a'nd Name

Location Name |_ocation Name

Operand Name

:Lo_'cation Number Location Number

3.2,2.5 Shape Mapping of the Site Process

Site Site
Operand Name Operand Name
Site name Site Name
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» Buffer

The Buffer object is used to store information regarding the Buffers within the Supply
Chain. The Buffer is linked to a specific Site and Location and it is also Ifem specific.
The Buffer allows the Supply Chain Analyst to specify the Buffer Flow Policy as well as
what sort of role the Buffer will piay. The following information will be stored: Buffer
Number, Buffer Name, ltem Name, Location Name, Buffer Flow Policy, Buffer Flow
Parameters and Buffer Flow Parameter Values.

» QOperation

The Operation object is used to store information regarding the Operations within the
Supply Chain. The Operation is linked to a Location and it needs a Resource to
complete the Operation. The Operation allows the Supply Chain Analyst to specify the
Operation Process Policy as well as all the parameters associated with the Process
Policy. The following information will be stored: Operation Number, Operation Name,
Location Name, Operation Process Policy, Resource Name, Operation Process Policy
Parameter and Process Policy Parameter Values.

» ltem

The item object is used to store some information about the ltems within the Supply
Chain. The following information will be stored: Item Name, Priority, Location, Site and
Buffer.

¥ Resource

The Resource object is used to store information about the Resources within the Supply
Chain. The following Information will be stored: Resource Name, Operation Name,
Resource Efficiency, Resource Variability, Resource Capacity and Resource Load
Policy.

» Location

The Location object is used to store information of all the Locations. The Location is
linked to a Site and all the Buffers and Operations linked to a Location will be shown.
The following Information will be stored: Location Name, Site Name, List of Buffers, and
List of Operations.

» Site *

The Site object is used to store information of all the Sites. The Site is linked to the
Supply Chain and all the Locations linked to a Site will be shown. The following
Information will be stored: Site Number, Site Name, Site Role, Supply Chain Name and
List of Locations.

4.3 List of Supply Chain Database Tables

» Buffer
¥ Buffer Flow Parameters
» Buffer Fiow Par Value
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5 Appendix E: Overview of Supply Chain Reports Generator

5.1 Introduction

The supply chain planner needs to have customised reports in order to speed up the
analyses phase and therefore Microsoft® Excel is used as the supply chain reports
generator. This generator will use the outputs of the Simulation Model and generate
customised charts and tables. The reports generator is divided into two sections
production and financials. For more information on the Reports generator refer to the
Output_Interface.xis spreadsheet on the compact disc at the end of this document.

5.2 Production Data In Reports Generator

Production Throughput
Prodcution Inventory
Prodcution WiP —
Suppiy Chain W]P ......................
Regional Demand _
Regional Delivery

Orders Profile

Northern Region Demand vs Inventory
Narthern Supply

Northern Region Totals

Southern Region Demand vs [nventory
Southern Supply

Southern Region Totals

Production Lead Times

Total Production Lead Times

WIP in Buffers

WIP in Operations

Time in Buffers

Total Buffer Times

Time In Operations

Total Operation Times

Utilisation Profile Buffers

Total Buffer Utilisation

Utilisation Profile Operations

Total Operation Utilisation

YYVYVVVVYVYVVVVVVVVVVVVYVYYYY

68












7 Compact Disc Contents

7.1 Introduction

Attached to this document is a compact disc, which features all the necessary
documentation. in order to avoid any problems with macros the following directory
should be on the destination hard drive: C:\My Documents\NewCars\NewCars_Sce_2

All the data should be copied to this directory. Do not make separate directories on the
hard drive. Copy everything to same directory on the hard drive.

7.2 List of Contents

Supply Chain Stencil
Supply Chain Flowchart
Supily Chain Template P
Supply Chain Mode! I
Supply Chain Map File 5
Supply Chain Output Files

Supply Chain Manual

Supply Chain Qutput Database
Supply Chain Solver Database
Supply Chain Report Spreadsheets
Supply Chain Optimisation Log File
Supply Chain Optimisation File
Supply Chain Sensitivity Analyses

VY VVVVVVVVYYY
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