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ABSTRACT

APPLICATION OF OBJECT-ORIENTED DATABASE

FOR MATERIAL REQUIREMENT PLANNING

NAEL NAIM SHABARO

SUPERVISED BY

DR. BASSAM TALHOUNI

This dissertation applies the object-oriented database technology to inventory data
management. The purpose of this research is to provide a framework for the analysis
when implemented on a commercial object-oriented database language, can promise

optimized performance for both hardware and sofiware requirements.

A generic material requirement planning (MRP) system and the object modeling
technique (OMT) were chosen to be the domain and the application methodology,
respectively. The MRP system was thoroughly investigated. The static, dynamic, and
behavior aspects of the system were modeled using the object, dynamic, and functional
models. The result was a clear real-world representation of the system enriched with

evolving semantics to determine what implementation must do.
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CHAPTER ONE

INTRODUCTION & LITERATURE REVIEW

The order processing cycle has been a challenging problem for a long time. The great
number of product variety, the complexity of processes that produc:cs have to go
through, the large quantities of parts and machines used, and the dramatic number of
changing parameters, gave the order processing problem its complexity.

Knowing this fact about the order processing problem, makes it a challenging problem
that is difficult to handle with efficiency. On the other hand, practitioners have always
tried to find a suitable solution that is capable of utilizing their resources efficiently and
reducing the overall cost which can lead their industry to profits and good reputation
when implementing this solution.

In this chapter, an overview of the different processes an order has to go through, before
it is shipped to the customer will be given. Among these processes, the MRP process will
be chosen to be the focus of our work. Requirements for these processes will also, be
illustrated. Previous work of others who have been trying to satisfy these requirements
will be described and evatuated and the needs for a new solution will be disclosed. The
characteristics of the needed solution will also, be discussed. Different approaches to

meet these requirements will be evaluated. Among them, the object-oriented approach
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will be chosen and the reasons behind this choice will be stated. After that, different

steps that will be carried throughout this project will be overviewed.

[1.1] ORDER PROCESSING LIFE CYCLE

In any manufacturing system, there are three sources of demand:

e Independent demand coming directly from the customers.

o Forecast demand coming from the sales department.

¢ Externally originating demand, which is interplant demand.

These three sources of demand represent the total orders for the products. In order to
satisfy these orders, the orders handling process must go through the following stages :
e Master Production Scheduling.

s Material Requirements Planning.

e Capacity Requirements Planning.

e Loading and sequencing of feasible plans.

These steps are illustrated in Figure 1.1.
[1.1.1] MASTER PRODUCT SCHEDULING

The Master Product Scheduling (MPS) is found at the front end of any industry. An
effective MPS provides the basis for making customer delivery promises, utilizing plant
capacity effectively, attaining the firm’s strategic objectives as reflected in the production

plan, and resolving the trade-offs between manufacturing and marketing.
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Figure 1.1 Closed loop order process cycle
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[1.1.2] MATERIAL REQUIREMENTS PLANNING (MRP)

This is the second step that comes after the master scheduling process. The master
scheduling plan assigns due-dates for customer orders, but does not take into account
the availability of materials on the required time to satisfy the order. It is the role of the
MRP process to determine the exact quantities of materials and when to order them. In
the MRP process, different products are required and through the process of
requirements explosion, all the necessary parts required to produce these products are
calculated and ordered to be available when they are needed to satisfy the due-date for

the different products assigned by the MPS.

It is the core of this research to investigate the MRP problem and try to design a

deciston-support system for this purpose.

[1.1.3] CAPACITY REQUIREMENTS PLANNING (CRP)

Like MRP, capacity availability has to be investigated before a schedule plan is said to be
feasible. Capacity has different items such as machines, labor, floor space, energy,...etc.
If these items are not available at the time they are required by the schedule plan, then
this plan cannot be executed. It is beyond the scope of this research to investigate this

problem, so we will not discuss this issue any further.
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1.1.4] LoApING & SEquencing

This process is concerned with the assigning of different products on different machines
in a certain sequence of time. The process of scheduling is a very complicated task and
takes a long time to generate the scheduling plan using conventional approaches to
information systems. This complexity results from the huge variety of products,
machines, planning factors, and production parameters found in any industry. These

parameters struggle to attain optimal values in order to get the maximum from the same

available resources.

In a recent research done by Ajlouni, M. {1], the scheduling problem was investigated on
a hypothetical situation. The result of the research showed that the overall performance,
in terms of rescheduling cost of the industrial system, improved dramatically with the

increase of the frequency of rescheduling. This result is illustrated in Figure 1.2.

It is worth noting that the results indicate that if we were to reduce the scheduling period
to a very short time; i.e. hours, a tremendous improvement happens to the system in

terms of overall cost.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



rescheduling cost

10

0 I i ] I | | t
0 5 10 15 20 25 30 35 40

scheduling period (hours)

Figure 1.2 Rescheduling cost versus the scheduling period {Reprinted with a permission from [1]).
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(1.2] FOCUS ON THE APPLICATION

In the last section, the order brocess cycle was shown. From this cycle, the MRP process
is chosen to be the area of our research. Because of the importance of this process, it is
the crucial step in the order cycle and an efficient solution should be presented for this
problem. An efficient solution, means an MRP system capable of processing the required

decisions with satisfying frequency.

The appropriate frequency for processing the MRP time phased records depends on the
firm, its products, and its operations. The most common practice is weekly processing
regeneration. But some firms regenerate every two weeks or even monthly, while others
regenerate all the MRP time phased records twice per week or even more often.

The prime motivation for less frequent processing is the computational cost. This can be
espef.:ia.lly high with regeneration of all MRP records, since a new record is created for
every active part in the product structure file at each processing. But computational time

required varies considerably from company to company depending on :

» The software environment present.
e The hardware equipment available.
* The complexity of product structure.

¢ The complexity of operations involved and other factors.

For companies using regeneration, typically 8 to 24 hours of Central Processing Unit

(CPU) time is required [2]. For example, at one time, at the Hill Rom Company in
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Batesville, Indiana, regeneration for approximately 13,000 active part numbers was done
over each weekend, requiring approximately 16 hours on an IBM 370-145 computer [2].
(The IBM 370-145 is an obsolete technology which is replaced by the IBM ES-9000,

which is 3-4 times more powerful than the older one [31).

4552786

The problem with processing less frequency is that the portrayal of component status and

needs expressed in the records becomes increasingly out of date and inaccurate. This
decrease in accuracy has both anticipated and unanticipated causes. As the anticipated
scheduled receipts are received and requirements satisfied, the inventory balances
change. As unanticipated scrap, requirement changes, stock corrections, or other such
transactions occur, they cause inac::uracies if not reflected in all the time-phased records
influenced by the transactions. Changes in one record are linked to othe;.r lower level
components. Thus, some change transactions may cascade throughout the product
structure. If these transactions are not reflected in the time-phased records early enough,

the results can be poor planning.

A logical response to the pressure for more frequent processing is to reduce the required
amount of calculation by processing only the records affected by the change. This “net
change” approach only creates a new part number record when a transaction makes the
present component plan inaccurate. Although this can be done as the transaction occurs,

typically all transactions are pooled daily and then processed overnight.

The argument for a net change approach is that it can reduce computer time enough to
make daily or even more frequent processing possible. Companies where this can be

done have the added advantage of smoothing the computational requirements over the
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week. On the other hand, daily processing of part of the records eould lead to even
greater overall computation cost than weekly regeneration. Since only some of the
_record are reviewed at each processing, there is a need for very accurate computer
records and for an accurate transaction processing procedure. Even if this happens, the
results will never reach the same optimality as processing the whole plan, because you
are trying to append to an existing feasible plan. However, some net change users do an
occasional regeneration to clean up all records. The state of the art in hardware and
software technology now supports on-line systems with a daily updating cycle. The area

of research for this project is to support this idea.

[1.3] LITERATURE REVIEW

During the past period, different efforts have been made to tackle the problem of MRP.
Only veryl few production planning proposals tackle with consistency and concurrency
problems in data management. First, file processing was implemented. File processing
was completely unsuitable for this purpose, because its processing efficiency was-coupled
with a complete lack of data independence. After that Database Management Systems
(DBMS) were used as logical devices that provide storage and retrieval functions for
data and planning procedures. Different approaches like the hierarchical, network or
relational were used. Unfortunately, these approaches were unable to perform
satisfactorily, especially in cases where huge amounts of data represented in complex
data structures and sophisticated planning procedures were implemented. The reason for

that misperformance was the complications resulted from trying to simulate order
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feasibility on the full evel of dtails of the planning factors found in the shop floor, The

situation is illustrated in Figure 1.3

Decision »

"
i

Change Decision

Infeasible . Feasible

Execute

Figure 1.3 Conventional approaches to order processing problem. _
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Trying to find better solutions, recent researches have tricd to utilize database

management systems in an active manner. Active database utilization was built around
the concept of transforming the planning / control procedure into a relational data
structure to be implemented by relational database management systems. This
transformation aims at integrating database applications to production planning and
control, so that the design and the implementation be both general and theoretically 7
consistent. In doing so, a noticeable change occurred, but problems of impedance

mismatch as well as problems of shared objects remained unsolved.

Following, we try to review some of the past experiences that, researchers as well as

companies have gained through their search for an appropriate solution:

Baid, and Nagarur [4] integrated the decision support systems for the flexible
manufaéttm'ng systems using intelligent simulation. In their work an integrated decision
support system for a manufacturing system, considering the three-level interdependent
planning hierarchy; which is part-subassembly-product was presented. Decision making
processes were identified for all the management planning levels. Master production
schedule, bill of materials, and inventory records generated the material requirements
plan, and in turn the schedule of arrival of the parts in the shop. The decision support
system was designed to support various kinds of decisions at all levels using simulation
as the main technique. A generic simulation model was developed for the flexible
manufacturing system. Simulation was designed to be of an intelligent type for proper

integration.
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Muller, Jackman, and Fitzwater [5] simulated the work order release mechanism for a
flexible manufacturing system. A simulation model and real-time interface module for an
operational flexible manufacturing system (FMS) were developed to evaluate work order
release sequences on real-time basis. Unlike most simulation studies, the evaluation is
based on the transient behavior of the system and not steady-state performance. The time
window in which a work order is predicted to be completed is considered in order to
determine if a particular work order sequence meets due-date requirements set forth by
the MRP system. In addition, results of the simulation can be used to schedule the
building of fixtures and the loading of raw material. The model was successfully
interfaced with a real-time control database so that the initial conditions could be

determined. The results gave better work order release decisions.

Mori, Masatoshi, and Sennosuke {6], described an improvement to the MRP which is
integrated into Computer Integréted Manufacturing (CIM). Latest sales information and
production plan information are reflected by CIM in the production control system, in
order to realize timely production. The production control system considered was able to

respond to prompt changes in the market of the manufacturing industry.

Luk, and Albert [7], described a MRP package called DBSI. This package was
implemented via the Fujikama 486-33C model running under SCQ UNIX System V.3.2,
The integrated package covered all aspects of manufacturing, inventory, sales,
accounting, shipping, receiving, purchasing, cost of materials, pricing, and billing of
materials. With a UNIX network file system and remote file system support, the system

design was able to log on and run applications from a terminal to more than one server.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



13

Li, Rong-Kwei, Yu-Tang, and sadashiv [8], described a heuristic rescheduling algorithm
for computer-based production scheduling systems. In their work, a new rescheduling
algorithm to address the need for rescheduling resulting from the changes that take place
on the factory shop-floor was proposed. The algorithm was based on the construction of
a scheduling binary tree and the net change concept was adopted from the MRP system.
It revises schedules by rescheduling only those operations that need to be revised. This

approach was embedded in an existing simulation-based scheduling system to improve its

effectiveness.

Nakashima, Youei, Noriaki, and Satoru [9], integrated an expert system with object-
oriented database management system. In their work Artificial Intelligence (AI)
techniques were used to develop and integrate a scheduling domain shell with an object-
oriented database management system for applications to the field of planning in
production contrbl. This system realized a model based on the actual production
structure in the database and dynamic scheduling in order to have closed control of
information in production. In addition meta-information descriptions and constraints
processing mechanisms related to constraints in object-oriented DBMS were developed.

By doing this, a knowledge and database can be constructed and integrated with AL

techniques.

Chung, Fischer, and Gary [10], illustrated the manipulation of object-oriented databases
for the structure of a bill of materials. In their work, the basic concepts of applying an
object-oriented database (OODB) system, called ORION, to the management of a bill of

material was addressed. This illustration attempted to demonstrate the linkages between
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the different manufacturing environments and the production planning environment with

specific reference to the MRP system. The structure of a composite object made up of
objects is the major consideration of the object-oriented BOM (OOBOM). The
concentration is on composite objects in the OOBOM schema evolution, their
propagation of changing object instances, and the unique object identity of each
manufacturing part. The proposed OOBOM is rudimentary, and may be imbedded by

using the Itasca TM system, which is a commercial OODB whose prototype is ORION.

Sayed Kamal [11], presented an evaluation of several generic software systems such as
spreadsheets and databases. Symphony and Smart were used to develop viable and useful
systems for manufacturing planning and control. Both systems offer an easy entry point
for managers yet have considerable power in the hands of ‘experts’. Symphony was used
to create a MRP system with the potential for use in small manufacturing companies.
Smart was used to develop a sophistiéated interactive production management system
which has been successfully implemented. Both systems showed good results for small

compantes, but for the purpose of large companies, alternative approaches have to be

found out.

Chung, Fischer, and Gary [12], described a conceptual data model that integrated
elements of semantic relationships with object-orientation concepts to develop a data
model for a Bill of Materials (BOM). The semantic relationships included Referencing,
Owns and Composed-of, as well as the their reversed relationships Referenced-By,
Owned-By, and Part-Of. The object orientation concepts contained features of object-

oriented programming such as data abstraction and inheritance. A BOM system is one of
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the major inputs to the planning and control of the manufactured produets. A product
has many part subassemblies, which have further subassemblies, and so on. Raw
materials are represented by ‘leaves’ of the BOM system. A structure of the BOM can be
regarded as an abstraction hierarchy of an object-oriented data model., and from this

point of view, the proposed conceptual BOM data model, named OOBOM system was

demonstrated from a sample product.

Hatfield [13], applied the Artificial Intelligence (AI) tools in chemical process planning,.
The process equipment and raw material requirements for a batch chemical process were
obtained through batch process modeling. Object-oriented classes were developed and
used to model chemicals, chemical mixtures, process equipment, and basic production
facilities. These object-based models were interconnected through relational data
structures to form an efficient composite modeling network. A natural language interface
was developed integral to the process simulator and was used for implementing process
recipe instructions during a process simulation session. A composite object schema was
used for modeling data and information regarding the existing production facility at
different levels of abstraction. The factory data structure was made to consist of
production equipment modules which in turn were designed containing functional
equipment groups such as tanks, condensers, and pumps. Equipment groups were further
divided into individual equipment items. Other data modeling objects were created for
providing import links to equipment specific vendor databases. The complete factory
model was constructed, and was used in identifying new equipment requirements
through composite modeling by modifying its internal structure as needed to

accommodate the equipment requirements for a new chemical process. A planner was

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



16

developed, in conjunction with a graph search technique, for generating different

equipment allocation plans using an objective function based on the new equipment cost

and the material requirements plans.

Winter [14], investigated the utilization of an active integrated database for the vertical
integration of production planning was investigated. In this work. it was shown that |
abstraction and planning procedures can be transformed into derived relations. Based on
abstraction hierarchies that consist of derived relations, a search procedure was
presented that enable the planner to generate feasible plans with minimal backtracking.
Feasibility analysis was supported by a reusable analysis pattern that can be applied for
many different planning and control tasks at an arbitrary level of detail. It was shown
also, that all abstraction and many disaggregation procedures could be implemented by
means of relational data structures. Consistency issues and the role of set-oriented

processing were also discussed.

[1.4] CHARACTERISTICS OF THE NEEDED SOLUTION

To be more specific about this dilemma, the problems of using conventional approaches
to combine both, the planning problem and the decision support systems can be

summarized as follows;

¢ Order feasibility cannot be simulated on-line, because of the unacceptable response

time for order entry decisions found in most existing systems.
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* Plans generated by the planning system may turn out to be infeasible. Evenin
cases, where the sources of infeasibilty can be identified, the entire planning process

has to be repeated at full level of details, because of the lack of abstraction

capabilities.

In my opinion, the MRP problem should be viewed as part of production planning and
control problem. Planning and control tasks can be interpreted as a complex
manipulation of huge amounts of data in complex data structures. Therefore, design and
implementation of planning / control systems should focus on a solution to the data
management problem instead of focusing on dedicated solutions to some special

subproblem.

In order to overcome these problems, the proposed solution should have the following

features:

¢ It can handle huge amount of data represented in complex data structures.

¢ Response time for changes as well as execution time is minimal.

¢ The availability of built-in abstraction procedures.

¢ The ability to closely associate data with the planning procedures to avoid
inconsistency and interface mismatch

Trying to look for such a system, one can think about appending the abstraction

capabilities suggested by the artificial intelligence to the existing powerful relational

database management system. In doing so, it is true that part of the problem can be

- FoasE AW auwEGE ALY, T T T . T T

The second rule is an obvious limitation of a hierarchical data structures. Although

this problem could be solved, redundancy and a lot of processing overhead is still
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required. Today, the hierarchical data model is used exclusively with hierarchical

data base management system and such systems have been phased out.

[1.5.2] NETWORK DATA MODEL

It was stated in the hierarchical data model that the single-parent rule forces
redundant and excessive data and structure. When this rule can be violated, we can
create a network data model and further eliminate redundancy. The network model
permits as much or as little structure as desired. We can create a hierarchy (a special
case of network) if that is needed. As with the hierarchical data model, if a certain
relationship is not explicitly included in the database definition, then it cannot be used
by a DBMS in processing the data. Examples of the network DBMS are : IDMS,

PRIME DBMS, DBMS-170, DBMS 11, IDS I AND DBMS-1100 [16].

[1.5.3] EXTENDED ENTITY-RELATIONSHIP DATA MODEL (EER)

The data models used in modern database management systems, hierarchical and
network models have proved to be effective schemes for organizing data for
convenient and efficient processing. With few limitations (especially for hierarchical),
data and a wide variety of relationships can easily be modeled using these
architectures. This means that at the internal data model level, we can build databases
to support data processing efficiently for a wide range of data, as well as to support
query and maintenance processing. On the other hand, for enterprise, external, and

conceptual data models, it is better to use description notations and conventions that
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are independent of the particular DBMS. In this way, a database designer can specify

comprehensive database requirements without bias toward the use of a particular
DBMS.

Today, the data model that is most commonly used for enterprise, external, and logic
data analysis is the entity-relationship data model. Many Computer-Assisted
Software Engineering (CASE) tools and database analysis aids include this model
conventior, and much attention has been given to it, with many extensions proposed
since the original version in 1976 such as the Extended Entity-Relationship (EER)
model. The EER model concentrates on conceptual modeﬁng and provides a

convenient diagrammatic technique for representing data models.

[1.5.4] RELATIONAL DATA MODEL

The relational data model was conceived by Codd in Z.i series of papérs published in
the early 1970s [15]. The model has a sound theoretical foundation, based on the
mathematical theory of relations and first order logic, but presents the user with a
simple view of the data in the form of a two-dimensional table. The column of the
tabular relation represents attributes. Each attribute has a distinct name, and is always
referenced by that name, never by its position. The relation notion of a domain is
closely related to the concept of a data type in programming languages. Attribute
values in a relation must be single, non-decomposable data items. Each row of a
tabular relation must be distinct. Thus no two rows may agree on all their attribute
values. The relational data model is different from other models not only in

architecture, but also in the following ways:
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[1.5.5] RELATIONAL DATA MODEL RM/T

The relational data model offered a significant step forward in data modeling,
moving, as it did, away from the machine-oriented , pointer based techniques which

symbolizes the older network and hierarchical models. At the same time it offered a

realistic framework for efficient implementation as evidenced by the large number of

successful relational database management system now in the marketplace. However,
inadequacies in the relational model quickly became apparent when it was applied to
complex, highly structured application domains. Within the simple framework offered
by the model it was impossible to represent and maintain control over situations
involving large numbers of interrelated, complex entities. The problem lies in the fact
that the relational model is incapable of representing much of the semantic

information in real-world applications [15].

Recognizing the inadequacies of the relational model, Ted Codd, the founder of the
relational model defined a new semantic data model called RM/T. InRM/T a
database is considered to consist of a set of entities that represent the objects and
concepts, and their interrelationships, present in the real world situation. That is,
relationships are modeled as entities (unlike the EER model, in which relationships
are a separate concept). Each entity has a set of associated properties, and entities
may be manipulated by a set of operations consisting of create, update and delete
entities. Also, zll entity types are classified as either associative, characteristic, kernel

or designative.
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Although, the RM/T model provides an additional semantic at the conceptual level,
as in the case with the EER model, RM/T maps easily to the pure relational model at
a lower level of abstraction. This of course has many practical advantages
considering the extensive availability of efficient relational database management
system. It is important to say that, the RM/T model extends the conventional
relational model to capture more of the semantics of real-world applications. It
retains the simple, tabular representation format of the relational model but provides
enhanced facilities for representing entities and relationships. In many respects RM/T
can be viewed as combination of the relational model and the entity-relationship
model. Further more the RM/T model incorporates some of the features of the

object-oriented approach to data modeling.

[1.5.6] FUNCTIONAL DATA MODEL

The functional data model defines entities by means of the functions which may be
applied to them {15]. The relationship betweeri an entity set and an attribute is a
function that maps the entities in that set into the domain of the attributes. The
representation of the entity is left to the implementor and is defined at a lower level
of abstraction. The functional description of the system may be schematically
represented in a diagram which is similar to the entity-relationship diagram. The
difference between them is that relationships among entities or between entities and
their attributes, are represented by single-valued and muiti-vatued functions. The

functional data model is characterized by inherent simplicity, but incorporates a high
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level of semantic integrity. This can have a signiﬁcant advantage for representing

complex relationships among entities.
[1.5.7] OBJECT-ORIENTED DATA MODEL

The object-oriented data model, like the relational model, is not a diagrammatic model
but a definitional one. The purpose of the object-oriented model is to capture all
meanings of data and to embed this as integrity and structural clauses in the database
definitions. The main characteristics of that model is its ability to handle such concepts
like class-subclass, aggregation, dynamic properties and structure, and handling objects
of different types (images, voice prints, as well as text and data). A major goal of the
object-oriented data model is to model the behavior, not just the structure of data.
Objects interact by understanding certain messages, which are passed between objects. A
message, together with any arguments in the message, activates a procedure. The obj ect
reacts to the message by executing the appropriate procedure and returning a message in

response [16]. This scenario is depicted in Figure 1.4.

Message A
Message B
Method 1
Message C Method 5
L |
One Object Anocther object

Figure 1.4 The object-oriented environment for objects, methods, and data.
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[1.6] CHOOSING A DATA MODEL

The diversity of data models presented previously makes it difficult to select an
appropriate data model. No single choice is best in all situations; in fact, evidence

suggests that the best choice is to use several data models, each for different purposes.

For MRP, this system is characterized by huge amounts of data with complex objects
present in the system, a great product variety, and large quantities of parts and machines
involved. Also, there is a need for abstraction capabilities so that orders feasibility can be
simulated on-line. For these factors and for the following reasons, the object-oriented

data model stands best to satisfy these requirements:

1. It tackles more challenging problem domains. Object-Oriented Analysis (OOA)
brings extra emphasis to the understanding of the problem domain. |

2. It improves analyst and problem domain expert interaction. OOA organizes analysis
and specification using the methods of organization which pervade people’s thinking.

3. Itincreases the internal consistency of analysis results. OOA reduces the bandwidth
between analysis activities, by treating Attributes and Activities as an intrinsic whole.

4. Tt explicitly represents commonality. QOA uses inheritance to identify and capitalize
on commonality of Attributes and Services.

5. It builds specifications resilient to change. OOA packages volatility within problem-
domain constructs, providing stability over changing requirements and similar

systems.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



26

0. It reuses analysis results, accommodating both families of systems and practical
tradeoffs within a system. OOA organizes results based upon problem domain
constructs, for present reuse and for future reuse.

7. It provides a consistent underlying representation for analysis (what is to be built)
and design (how is to be built this time). OOA establishes a continuum of
representation, for systematically expanding analysis results into a specific design.

For this, the object-oriented data model will be chosen for analysis and design.

[1.7] THE OBJECT-ORIENTED APPROACH

In this project, the order processing problem is tackled from a different perspective,
which is the object-oriented approach. This approach is built around objects, which is a
real-world simulation. As opposed to the relational or any other schema, the object-
oriented approach tries to bring the computer utilities to the concepts of the real-world,
while the other conventional approaches try to transfer the existing real-world system to
the world of computer. In the latter case, much of the significant requirements are
sacrificed. Benefiting from these advantages, we can look at the system as if it were
composed of individual objects encapsulating all the data they require inside the
boundaries of this castle; which is the object. Performing all the necessary operations
inside this castle, and inheriting all the shared genetic curricula from their ancestors. In
this way, one can get a system that is flexible, easy to maintain, extendible and having a
3-4 times better speed performance than any other existing system using the relational

database concept.
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In this approach, the order process problem will be viewed as a sequence of the

following steps:

1. Set the level of abstraction to a maximum.

2. Take a decision.

3. Simulate decision feasibility on the maximum level of abstraction.

4. If decision is feasible, reduce the level of abstraction to a minimum and execute the
decision.

5. If decision is infeasible, modify decision and repeat step 3.

These steps are illustrated in Figure 1.5

In this project, The levels of abstractions will be controlled through the object-oriented
abstraction hierarchies. The decision will be regarding material requirements planning. In
order to carry out these steps, the object modeling technique (OMT) [17] will be used

for system analysis and design.
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Abstraction

Figure 1.5 Proposed solution.
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[1.8] OBJECT MODELING TECHNIQUE (OMT)

According to the Object Modeling Technique, the system development life cycle consists
of the following stages:

o System analysis.

e System design.

o Object design.

e Implementation.

These steps are illustrated in Figure 1.6.. After these steps are completed, the steps of
testing and maintenance follow. It is the scope of this project, to carry out the first three
stages; which are system analysis, system design, and object design. After carrying these
steps out, the system will be ready for implementation using any commercial object-
oriented database language such as : Gemstone V4.0, Smalltalk, or Paradox. Notations

used in this technique are illustrated in appendix b.

Object Modeling Technique (OMT)

Figure 1.6 System development life cycle.
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[1.9] ASSUMPTIONS

e A Master Production Schedule (MPS) exists and can be stated in Bill of Material
(BOM) terms.

o All inventory items are uniquely identified.

e A BOM exist at planning time.

e Inventory records containing data on the status of every item are available.

o Integrity of file data.

» Individual item lead times are known.

¢ Individual item lot-size is known.

e Individual item safety stock is known.

¢ Every inventory item goes in and out of stock.

¢ All of the components of an subassembly are needed at the time of the subassembly
order release.

¢ Discrete disbursement and usage of component materials.

e Process independence of manufactured items.

e Materials found in any industry can be classified into : parts, subassemblies, and

products.
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[1.10] CASE STUDY

In order to bring more emphasis to the concepts illustrated in this project, examples from
real-world industry will accompany our discussion. All examples are taken from
Whiterose Food Company. Whiterose is a private company producing mainly :
chocolate, biscuits, wafers, toffee, gum, snakes and candies. These groups of products
have many product brands, sizes, shapes, tastes, and colors. In producing these products,
different raw materials, machines, and processes are required. Sources of demand for
different products can be classified to customers, forecasts, and external orders. Raw
materials go through different processes to become subassemblies and subassemblies
require further processing before they are products. Same materials may be used to
produce different products. Machine lines are found to produce certain product groups
and in some cases cross interfaces among different groups are possible.

It is obvious from the above description that, problems found in this industry are typical
manufacturing problems that require effective solutions. In the next sections, examples
from this industry related to the analysis and design procedures will be provided as
necessarily. Among the different product groups existing in this company, the snacks line
will be the focus of our discussion. This line produces different products of extruded and
fried Flips such as Cheese Extruded Flips (Cheese E.), Tomato Extruded Flips (Tomato
E.), Paprika Extruded Flips (Paprika E.), Pizza Extruded Flips (Pizza E.), Chicken
Extruded Flips (Chicken E.), Falafil Extruded Flips (Falafil E.), and Onion Extruded
Flips (Onion E.).

To facilitate referring to these examples, the following sign will be piaced on the top of

each example WHITEROSE | C ssE EXAMPLE.
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CHAPTER TWO

ANALYSIS

The goal of analysis is to develop a model of what the system will do. The model is
expressed in terms of objects and relationships, dynamic control flow, and functional
transformations. The process of capturing requirements and consulting with requester

should continue throughout analysis.

[2.1] ANALYSIS METHODOLOGY {17]

1. Write or obtain an initial description of the problem (Problem statement).

2. Build an object model ‘

o Identify object classes.

e Build a data dictionary containing the descriptions of classes, attributes, and
associations.

¢ Add associations between classes.

s Add attributes for objects and links.

e Organize and simplify object classes using inheritance.

e Test access paths using scenarios and iterate the above steps as necessary

e Group classes into modules, based on close coupling and related functions.
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=> Object Model = Object Model Diagram + Data Dictionary.

. Develop a Dynamic Model

Prepare scenarios of typical interaction sequences.

Identify events between objects and prepare an event trace for each scenario.
Prepare an event flow diagram for the system.

Develop a state diagram for each class that has important dynamic behavior.

Check for consistency and completeness of events shared among the state diagrams.

=> Dynamic Model = State Diagrams + Global Event Flow Diagram.

. Construct a Functional Model

Identify input and output values.

Use data flow diagram as needed to show functional dependencies.
Describe what each function does.

Identify constraints.

Specify optimization criteria.

=> Functional Model = data flow diagrams + constraints.

Verify, iterate, and refine the three models
Add key operations that were discovered during preparation of the functional model
to the object model. Do not show all operations during analysis as this would clutter

the object model; just show the most important operations.
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e Venfy that the classes, associations, attributes, and the operations are consistent and
complete at the chosen level of abstraction. Compare the three models with the
problem statement and relevant domain knowledge, and test the models using
scenarios.

¢ Develop more detailed scenarios (including error conditions) as variations on the
basic scenarios. Use these “What-if 7" scenarios to further verify the three models.

¢ Iterate the above steps as needed to complete the analysis.

=> Analysis Document = Problem Statement + Object Model + Dynamic Model +

Functional Model.

[2.2] PROBLEM STATEMENT

The Material Requirements Planning (MRP) system consists of logically related
procedures, decision rules, and records designed to translate a Master Production
Schedule (MPS) into time phased net requirements and the planned éoverage of such
requirements for each component inventory item needed to implement this schedule. An
MRP system replans net requirements and coverage as a result of changes in etther the

MPS, or inventory status or product composition [18].

[2.2.1] SYSTEM INPUT

The MRP system receives inputs from the following sources:
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1. The Master Production Schedule (MPS).

2. Orders from components originating from sources external to the plant using the
system.

3 Forecasts for items subject to independent demand.

4. The inventory record (item master) file.

5. Bill of material (product-structure) file.

Independent Master production External orders for
demand forcast schedule components
| or .
Yy Y
Inventory Product file
record file MRP structure
A\
Outputs

Figure 2.1 MRP inputs and outputs.
[2.2.1.1] THE MASTER PRODUCTION SCHEDULE (MPS)

The MPS expresses the overall plan of production. It is stated in terms of end items,

which may be either (shippable) products ot highest-level assemblies from which these

products are eventually built in various configurations, according to a final subassembly

schedule.
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WHITEROSE | Cssg EXAMPLE
Period: L Ll [ 203000 455518 g g g
Cheese E. | 500 | 120 |- 500 200 |- 300 |50 |-
Onion E. - 250 {220 |[100 {150
Paprika E. |200 |230 {230 |200 |- 300 |- - -
Pea-nut E. {100 {400 |330 {300 |150 |100 |245 |100 | 100
Tomato E. |- 120 (200 |- 200 400 |200 [240 }200

Figure 2.2 Master production scheduling case example.

(2.2.1.2] EXTERNALLY ORIGINATED ORDERS

36

These orders are for components include service-part orders, interplant orders, original

equipment manufacturer (OEM) orders by other manufacturers who uses these

components in their products, and any other special-purpose orders not related to the

regular production plan. Components may be ordered for purposes of experimentation,

destructive testing, promotion, equi

pment maintenance, etc. The MRP treats orders of

this category as additions to the gross requirements for the respective component items.

WHITEROSE

| CASE EXAMPLE

Period R IE R e e ST T 8T PR
Cheese E. 5 5 5 5 5 5 5 5 5
Onion E. 2 2 2 2 2 2 2 2 2
PaprikaE. |4 4 4 4 4 4 4 4 4
Pea-nutE. |3 3 3 3 3 3 3 3 3
TomatoE. |2 2 2 2 2 2 2 2 2

Figure 2.3 Externally originating order case example.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



37

[2.2.1.3] FORECASTS OF INDEPENDENT DEMAND

MRP system can be programmed to perform this type of demand. By means of applying
some statistical forecasting techniques, quantities for future demand can be estimated and

treated as item gross requirements by the MRP system.

WHITEROSE | CAsE EXAMPLE

Period’ =+ V1 - i RAREL B S I P SRSl I Patiel BY', Sauteg B ol gl igals
Cheese E. 200 {220 |[200 |30 20 - 30 50 -
Onion E. 100 | 200 |120 |100 |[150 |200 |300 |200 |20
Paprika E. 100 200 |130 200 |200 |300 |200 |100 100
Pea-nutE. | 140 | 450 {230 {300 |150 | 100 |245 100 | 100
Tomato E. | 20 - 500 | 100 |120 |200 [300 |250 {190
Figure 2.4 Forecast of independent demand case example.

[2.2.1.4] THE INVENTORY RECORD FILE

The inventory rer,;ord file, also called master item file, compromises the individual item
records containing the status data required for the determination of net requirements.
The file is kept up to date by the posting of inventory transactions which reflects the
various inventory events taking place. Each transaction ( stock receipt, disbursement,
scrap, etc.) changes the status of the respective inventory item. The reporting of
transactions therefore constitutes an indirect input to the MRP system. Transactions
update items status, which is then consulted and modified in the course computing

requirements.
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In addition to the status data, the inventory records also contain so-called planning

factors used principally for the determination of the size and timing of planned orders.
Planning factors include item lead time, safety stock (if any), scrap allowances, lot sizing
algorithms, etc. Planning factor values are subject to change at the system user’s

discretion. A change in one or more planning factors normally changes inventory status.

‘ WHITEROSE | -y g EXAMPLE

Ttem:: | Status: | Lead time~ | Safety stock - | Lot-size="
Cheese E. | 130 2 200 250
Onion E. | 200 2 100 250
Paprika E. | 300 2 100 250
Pea-mut E. | 120 2 50 250
Tomato E. | 200 2 50 250

Figure 2.5 Inventory record file case example.

[2.2.1.5] TBE BILL OF MATERIAL FILE

The bill of material file, also known as the product structure file, contains information on
the relationships of components and subassemblies, which are essential to the correct
development of gross and net requirements. The bill of material plays a passive role in

the requirements computation.

In our system the end item is seen as muiti-level product structure and each level
contains information on the required parts and their quantities. The following diagram

shows the hierarchy of bills of materials:
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evel 0 A

Level 1 |

qi q2
q3 g4 qs r B | q7
Level 2 D F H
q8
Level 3
q9

Level 4

Figure 2.6 Bill of material form.
WHITEROSE | (5 s EXAMPLE
Level O
Extruded Snack
| h 4
Level 1 v v v v
Colouring Flavour Mixture Packing
Levet 2
Y A v
Water Qil Corn Grits Salt

Figure 2.7 Bill of material case example.
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[2.2.2] PROCESSING LOGIC

In order to utilize the MRP in the proper way, the system procedures must analyze and

answer the following items thoroughly:

¢ What do we have?
¢ What do we need?

e What do we do?

The first question can be analyzed and answered from the Inventory Record File. This

~ file contains information about the status of each item. Any transaction such as stock
receipt, disbursement, etc. are shown in this file.

As for the second question, it is necessary to investigate the Master Production
Schedule, Externally Originated Orders and Forecasts For Independent Demand Items.
These sources of demand sums up the total requirements of each item.

Now it is the time to explaih the procedure required to satisfy demand. This procedure is

called the MMRP Record Processing. Following is an illustration of this procedure:

Time Phasing: Is the first step to be taken in order to control the system in an
increments of periods. This is done through dividing the Planning Horizon into periods.
These periods could be days, weeks, months, quarters or even years. It is the scope of
this project to design the system with as short periods as possible like days, so as to
obtain maximum response to expected changes, as will be seen later. The following table

illustrates the idea of time phasing:
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Planning Horizon
period | period | period | period | period | ..ccocoet | e period
1 2 3 4 5 n

Figure 2.8 Planning Horizon.

Quantity on hand: Is the inventory status for the required item. This value is taken

from the inventory record file and is either O or positive.

Quantity on order: Is the scheduled quantities to be placed in stock in the future. It is
either under manufacturing or under delivery.

Gross requirements: Is the quantity of the item that will be disbursed, i.e., issued to
support a parent order (or orders), rather than the total quantity that will be consumed by
the end product. These two quantities may or may not be identical.

There may be multiple sburces of demand, and therefore of gross requirements, for a

given component item. An item demand may be subject to:

1. Dependent demand from several parent items that use it in common.
2. Independent demand from externally originated orders.

3. Forecasts of independent demand.

These gross requirements for the item are combined and summarized period by period in

the following way:
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Perio
oasiBem (A) b lars a3 o 4| Sos g | 70 18 9
dependent demand +
external orders +
forecasts =
Gross Requirements
Figure 2.9 Gross requirements form.
WHITEROSE | (Asg EXAMPLE
Periods
-+ #iCheese B oa bini b 20w 43 40 P SE 16N T |8 O
dependent demand + {500 | 120 |- 50 200 | - 300 (50 |-
external orders + 5 5 5 5 5 5 5 5 5
forecasts = 200 {220 |200 |500 |200 |- 300 [50 |-
Gross Requirements | 705 | 345 [205 [ 1005 | 705 (5 605 {105 |5

Figure 2.10 Gross requirements case example,

Net Requirements: The logic of the net requirements computation is simple:

Gross requirements

minus Scheduled receipts
minus On hand
equal Net requirements

The net requirements are calculated on periodical base. At the beginning of the period,
all sources of demand are added. Quantities of items scheduled to be received at the

beginning of this period and the available inventory on hand at the beginning of the
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period i.e., at the end of the previous period, are all subtracted from the summed

demand.

From this formulas, it is understood that if the result is a negative value, i.¢., if the sum
of quantities on hand and on order exceeds the gross requirement, the net requirement is
zero. While a positive result means that an action has to be taken in order to compensate

this shortage.

[2.2.3] COVERAGE OF NET REQUIREMENTS

In the last section, it was explained that an action has to be taken only when the net
requirements are negative. In MRP systems, this action should be the Planned Orders.
Planned orders are new orders scheduled for release in the future. The convention

followed in our system 1s as follows:

Periods
1 2 3 4 S n
Gross requirements G
Scheduled receipt R
On hand fH] |H
Net requirements N
P

Planned-order release
Figure 2.11 Coverage of net requirements form.

N=G-R-H
If N = zero or negative, P = zero

else P should have a value equal or greater than N according to the following factors:
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e Offset Lead Time.
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* Lot Sizing.
WHITEROSE | (ssg EXAMPLE
Periods
1 2 3 4 5 6 7 8 9

Gross requirements | 705 | 345 | 205 [ 1005 | 705 5 605 605 605
Scheduled receipt 100 1200 |- 300 500 500 800 500 500
On hand [1300] 1695 550 345 |[-360 |-565 =70 125 20 -85
Net requirements - - - 360 565 70 - - 85
Planned-order - - - 360 565 70 - - 85
release

Figure 2.12 Coverage of net requirements case example.

[2.2.4] SAFETY STOCK

Safety stock or reverse stock serves primarily to compensate for, or to absorb,

fluctuation in demand. For purposes of the MRP calculation, the quantity of safety stock

is either subtracted from the on-hand quantity or added to the gross requirement. Either

alternative produces the same effect, namely increasing net requirements as follows:

N=G+S-R-H
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N=G-R-(H-S) =G+S-R-H

I[ WHITEROSE| 5 sE EXAMPLE

Safety stock = 100
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Periods

1 2 3 4 5 6 7 8 9
Gross requirements | 705 | 345 | 205 [ 1005 [ 705 5 605 605 605
Scheduled receipt 100 | 200 |- 300 500 500 800 500 500
On handf{1300 -100] | 595 | 450 | 245 | -460 {-665 -170 25 -80 -185
Net requirements - - - 460 | 665 170 - 80 185
Planned-order - - - 460 665 170 - 80 85
release

Figure 2.13 Safety stock of 100 kg. case example.

[2.2.5] OFFSET LEAD TIME

Planned, or normal, lead times must be used by the MRP system for purposes of planning

to determine order release dates. The lead time of a manufacturing item is made up of a

number of elements, such as: Queuing time, processing time, setup time, transportation

time, inspection time and others. Lead time is stated in periods and it affects MRP

processing in the following way:

Lead time value ( in periods ) is subtracted from the order completion date, so the order

release will be behind the order completion date by the value of the lead time.

Ex. If in period 5 a quantity Q is required and the lead time for this item is 2, so the order

release should be in period 3.
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Periods

Gross requirements

Scheduled receipt

On hand [H]

Net requirements

Planned-order release

TlZ T[]

Figure 2.14 Offset lead-time.

I[ WWHITEROSE

CASE EXAMPLE

IJ

Lead-time =2

Safety stock =100

Periods

2

Gross requirements

705

345

205

1005

7035

605

605

605

Scheduled receipt

100

200

300

500

500

800

500

500

On hand[1300 -100]

595

450

245

-460

-665

-170

25

-80

-185

Net requirements

460

665

170

80

185

Planned-order
release

460

665

170

80

85

Figure 2.15 Lead-time of two periods case example.
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[2.2.6] LOT SIZING

In lot sizing, the ordering of inventory items must be quantized in standard quantities.
These quantities might be equal or greater than the net requirements, for reasons of
economy Or convenience.

There are many lot sizing techniques such as: fixed order quantity, economic order
quantity (EOQ), lot for lot, Fixed period requirements and period order quantity. It is
beyond the scope of this project to study these techniques and the lot size will be viewed
as a controlled parameter of the system. As for record processing, it will be shown as

follows:

Lot size=2Z

Periods

Gross requirements
Scheduled receipt
On hand [H}
Net requirements

Planned-order release
Fig 2.16 Lot-size for a certain product.

T(ZIRR |01
-] =

If P<=Z,thenP=2
IfP>Z, then P = {Ceiling(P/Z) * Z}

( Ceiling is the command which returns the nearest integer higher than or equal to Z ).
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Lot-size = 100
Periods

1 2 3 4 5 6 7 8 9
Gross requirements | 705 |345 | 205 11005 | 705 5 605 605 605
Scheduled receipt 100 | 200 |- 300 500 500 800 500 500
On hand[1300-100] {595 | 450 [245 {-460 |-665 |-170 |25 -80 -185
Net requirements - - - 460 665 170 - 80 185
Planned-order - 500 {700 | 100 - 1000 | 200 - -
release

Figure 2.17 Lot size of 100 kg. case example.

[2.2.7] SYSTEM OUTPUTS

The primary outputs of an MRP system are the following:

e Order-Release notices, calling for the placement of planned orders.

¢ Rescheduling notices, calling for changes in open orders due dates.

e Cancellation notices, calling for cancellation or suspension of open orders.
e Item status analysis backup data.

e Planned orders scheduled for release in the future.
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[2.3] DATA MODELING

In the previous sections, the MRP system was clearly defined and described. From this

description, we can now move to the next step, which is data modeling.

A data model is an abstract representation (a description) of data concerning entities,
events, activities and their association within an organization [17]. More liberally a data
model represents (describes) an organization itself. The purpose of data modeling is two
folds: First, to represent data and second, to make the data understandable. Thus the data

model can develop a global design for the database with the ultimate objective of

achieving an efficient implementation which satisfies the requirements.

Different approaches to data modeling were described in the introduction and the choice

was made on the object-oriented data model, because it was found best in satisfying our

needs.

The object-oriented data model is a combination of three models:

1. Object model.
2. Dynamic model.

3. Functional model.
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[2.4] OBJECT MODEL

An object model captures the static structure of a system by showing the objects in the
system, relationships among the objects, and the attributes and operations that
characterize each class of objects. In order to build the model, we will follow the Object

Modeling Technique (OMT) notation and methodology throughout our work.

[2.4.1] OBJECTS

>

An Object is simply something that makes sense in an application context. For the OMT
an object is defined as a concépt abstraction, or thing with crisp boundaries and meaning
for the problem at hand. All objects have identity and are distinguishable. Identity means

that objects are distinguished by their inherent existence and not by descriptive properties

that they may have.

Regarding the MRP system, the following objects are of concern:

Parts Subassemblies Products
Processes Machines Time periods
Customers Forecasting External demand

Figure 2.18 The MRP objects.
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[2.4.2] CLASSES

An object class describes a group of objects with similar properties (attributes), common

behavior (operations), common relationships to other objects, and common semantics.

As for the MRP objects defined above, it is possible to derive the following classes:

Part class Subassembly class Product class
Process class Machine class Time period class
Customer class Forecasting class ' External demand class

' Figure 2.19 The MRP classes.

[2.4.3] OBJECT DIAGRAMS

Object diagrams provide a graphic format notation for modeling objects, classes and their
relationships. There are two types of object diagrams used in our analysis: a class

diagram and an instance diagram.
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[2.4.3.1] CLASS DIAGRAM
which is a schema, pattern, or template for describing many possible instances of data. A

class diagram describes object classes. The OMT symbol for a class is box with class

name in boldface. For the MRP system, the class diagram shown below.

Part Subassembly Product
Part class Subassembily class Product class
Process Machine Time period

Process class

Machine class Time period class
Customer Forecasting External demand
Customer class Forecasting class External demand class

Figure 2.20 A class diagram for the MRP classes.

[2.4.3.2] AN INSTANCE DIAGRAM

It describes how a particular set objects relate to each other. An instance diagram
describes object instances. A given class diagram corresponds to an infinite set of
instance diagrams. The OMT symbol for an instance diagram is a round box. The class
name in parentheses is at the top of the object box in boldface. The object name is listed

in a regular typeface.
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WHITEROSE

CASE EXAMPLE I

{ Part) ( Part) ( Part)
Flavour Corn Grits Qil

Object instances Flavour, Corn Grits, and Oil for part class.

{Subassembly) {Subassembly ) {Subassembly )
Coating Mixture

Object instances Coating, Midure, and unextruded for subassembly class.

{ Product) ( Product) { Product)
Cheese E. Tomato E. Paprika E.

Object instances Cheese, Tomatoe, and Paprika for product class.

( Pl'O'CESS ) ( Process } ( Process}
Mbdng Backing Extruding

Obiject instances Midng, Backing, and Extruding for process class.

, (Machine) ( Machine ) { Machine )
Mixer Extruder Automizer

Object instances Mixer, Extruder, and Automizer for machine class.

{ Customer) ( Customer) { Customer)
Cheese Onion Paprika

Object instances FCheese, Onion, and Paprika customer class.

{ Forecasting ) ( Forecasting ) ' ( Forecasting )
Cheese E. ) Pea-nut E. Chicken E.

Object instances Cheese, Pea-nut, and Chickenfor forecasting class.

( Ext. Demand ) { Ext. Demand ) { Ext. Demand )
Pizza E. Fiafil E. Paprika

Object instances Pizza, Flafil, and Paprika Exernal demand class.

Figure 2.21 An MRP instance diagram casc example.
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[2.4.4] ATTRIBUTES

An attribute is a data value held by the objects in a class. Each attribute has a value for
each object instance. Attributes are listed in the second part of the class box. Each
attribute name may be followed by optional details such as type and default value. The
type is proceeded by a colon, while the default value is proceeded by an equal sign. Class
boxes have a line drawn between the class name and its attributes. Object boxes do not
have this line to further differentiate them from class boxes.

From our study of the MRP system, the most important attributes were collected and

represented in Figure 2,22,

[2.4.5] OPERATIONS AND METHODS

An IOperation is a function or transformation that may be applied to or by objectsin a
class. Each operation has a target object as an implicit argument. The behavior of the
operation depends on the class of its target . A method is an implementatidn of the an
operation for a class. Operations are listed in the lower third of the class box. Each
operation name may be followed by optional details, such as argument list and result
type. An argument list is written in parentheses following the name. The result type is

proceeded by a colon.

For the above defined classes in the MRP system, relative operations appended to the

class diagram are shown in Figure 2.23.
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Part

Subassembly

part-code : integer
title ; string
lead-time ; integer
safety stock : integer
lot-size : integer

subassembly-code :
integer

title - string
lead-time : integer
safety stock : integer
lot-size : integer

Product

product-code : integer
title : string

lead-time : integer
safety stock : integer
lot-size : integer

Part class and it related

attributes

Subassembly class and its

related attributes

Process

Machine

process-code : integer
title ; string

part-code : integer
machine-code : integer
process-time : integer
value added : integer

machine-code : integer
title : string
process-code : integer
part-code : integer
process-time : integer

Process class and its

related attributes

Customer

customer-code : integer
name : string
address : string

customer class and its

related attributes

machine class and its

related attributes

Forecasting

product class and its

related attributes

Time period

period-code : integer
part-code : integer
quantity : integer
order date: date

~ |due date : date

time-period class and its

related attributes

External demand

product-code : integer
quantity : integer
forecast-period : date

forecasting class and its

related attributes

quantity : integer
order-period : date

product-code : integer

external demand class

and its attributes
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Part

Subassembly

Product

part-code : integer
title : string
lead-time : integer
safety stock : integer
lot-size : integer

subassembly-code :
integer

title : string
lead-time : integer
safety stock : integer
lot-size : integer

product-code : integer
title : string

lead-time : integer
safety stock : integer
lot-size : integer

create (record)
modify (record)
delete (record)

create (record)
modify (record)
delete (record)

create (record)
modify (record)
delete (record)

Part class and its

attributes and functions

Subassembly class and its
attributes and functions

Product class and its
attributes and functions

Process

Machine

Time period

title : string
part-code : integer

process-code : integer

machine-code : integer
process-time : integer
value added : integer

machine-code : integer
title : string
process-code : integer
part-code : integer
process-time : integer

period-code : integer
part-code : integer
quantity : integer

order date: date
due date : date

create (record)

create (record)

create (record)

modify (record) modify (record) modify (record)
delete (record) delete (record) delete (record)
Process class and its Machine class and its time-period class and its

attributes and functions attributes and functions

Customer

customer-code : integer
name : string
address : string

create (record)
modify (record)
delete (record)

customer class and its
attributes and functions

attributes and functions

Forecasting

product-code : integer
quantity : integer
forecast-period : date

External demand

product-code : integer
quantity : integer
order-period : date

create (record)

modify (record)
delete (record)

create (record)
modify (record)
delete (record)

forecasting class and its
attributes and functions

external demand class and
attributes and functions

Figure 2.23 The MRP classes with their operations.
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Flavor

Mixture

Cheese E.

part-code : 5100

title : Flavor
lead-time : 2 periods
safety stock : 100 kg.
lot-size : 100 kg.

subassembly-code :
6100

title : Mixture
lead-time : 3 periods
safety stock : 50 kg.
lot-size : 50 kg.

product-code : 7100
title : Cheese E.
lead-time : 4 periods
safety stock : 100 kg.
lot-size : 100 kg.

create (record)
modify (record)
delete (record)

Part class and its

attributes and functions

Backing

create (record)
modify (record)
delete (record)

Subassembly class and its
attributes and functions

create (record)
modify (record)
delete (record)

Product class and its
attributes and functions

Mixer

Period 1

process-code : 101
title : baking
part-code : 5200
machine-code ;: 3100
process-time : 10 min.
value added : 30%.

create (record)

machine-code ; 3200
title : Mixer
process-code : 102
part-code : 5300
process-time : 30 min.

create (record)

period-code : 1
product-code : 7100
quantity : 100 kg.
order date: 05/08/95
due date : 10/08/95

create (record)

modify (record) modify (record) modify (record)
delete (record) delete (record) delete (record)
Process class and its Machine class and its time-pertod class and its
attributes and functions  attributes and functions attributes and functions
Ahmad Ali Paprika E. Onion E.

customer-code : 33
name ; Ahmad Ali
address : Amman

product-code : 7100
quantity : 100 kg.
forecast-period :
10/08/95

create (record)
modify (record)
delete (record)

customer ciass and its
attributes and functions

create (record)
modify (record)
delete (record)

product-code : 7500
quantity : 200 kg.
order-pertod : 12/08/95

create (record)
modify (record)
delete (record)

forecasting class and its
attributes and functions

external demand class and
attributes and functions

Figure 2.24 MRP classes with their operations case example.
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[2.4.6] DATA DICTIONARY

The data dictionary is a precise description of all the classes. The scope of the class
within the MRP problem is described including any assumptions or restrictions on its
membership use. The data dictionary describes associations, attributes, and operations.

Figure 2.25 shows the complete data dictionary of the MRP system.

[2.4.7] LINKS AND ASSOCIATIONS

A link is a physical or conceptual connection between object instances. Mathematically, a
link is defined as a tuple, that is, an ordered list of object iﬁstances. A link is an instance
of association. An association describes a group of links with common structure and
common semantics. All the links in an assoctation connect objects from the same class.
An association describes a set of potential links in the same way that a class describes a
set of potential objects. The OMT notation for an association is a line between classes. A
link is drawn as a line between objects. Association name are italicized. It is good to
arrange the classes to read from lefi-to-right, if possible. If the association is one, then a
straight line is just drawn. If the association is many, then a line with solid bails at its
ends is drawn. It is important to note that the term association here, is synonymous with
the term relation used in RDBMS. Typical associations among MRP classes are shown in

Figure 2.26.
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Part : This is the raw material used in different processes to produce different
subassemblies and products. It is not a result of any manufacturing process. Every
part has a value, lead-time, safety stock, and a lot size. This value is necessary to
compute the ABC-classification of inventory. The lead-time is necessary to phase the
requirements in the different time periods. The safety stocks and the lot size are
planning factors required to minimize the total cost. The quantity of each part should
be known. Each part could participate in building different products and the same

products can use the different parts.

Subassembly : This is the semi-finished product or, as it is called, the work-in-

process (W.LP.) found in the intermediate stages of the factory. It results from some -

manufacturing processes done on the parts (raw material), but it cannot be sold
directly to customers. For every'subassembly there is a lead time, safety stock, and a
lot size. The subassembly could have one or many parts and it could be used to

produce one or many products.

Product : This is the finished product ready for shipment to the customers. No
further operations is needed and it can be sold directly to customers. Customer
orders are expressed in the terms of products. For this product, lead-time, safety
stock, and lot size should be kept in its records. A single order may have single or

multiple products and a single product may be ordered by single or multiple orders.
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Process : This 15 the manufacturing procass which is done on parts or subassemblies
to convert them to assemblies or finished products. Each process adds a value to the
part being processed. The process has a time which is added to the lead time. Each
process may have one or many parts/subassemblies and each part/subassembly may

require one or several processes.

Machine : This is the tool required to perform the manufacturing processes on parts

or subassemblies.
Time-period : This is the time in which different products are ordered

Customer : This is the source of demand for end products. The customer may place

an order for a single product or for multiple products.

Forecasting : This is the source of demand generated from the sales department.
This plan determines the expected demand for different products in certain time-

periods.

External demand : This includes service-part orders, interplant orders, original
equipment manufacturer (OEM) orders by other manufacturers who use these
components in their products, components may be ordered for purposes of
experimentation, destructive testing, promotion, equipment maintenance or other

special-purpose orders not related to the regular production plan.

Figure 2.25 Data dictionary for the MRP system.
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Part |. is-part-of * Subassembly

Component part is-part-of the subassembly. Different parts can be used to construct
one subassembly and different subassemblies can use the same part, so the

association between part and subassembly is marny-to-many.

Subassembly }. is-part-of .I Product

Subassembly is-part-of the product. Different subassemblies can be used to construct
one product and different products can use the same subassembly, so the association

between subassembly and product is many-to-many.

Machine |. is-part-of Machine Group

Machine is-part-of the machine group. Different machines can be used to form one
machine group, but no more than one machine group can utilize the same machine,

so the association between machine group and machine is one-to-many.

Machine Group I. is-part-of Machine Line

Machine group is-part-of the machine line. Different machine groups can be used to
form one machine line, but no more than one machine line can utilize the same
machine group, so the association between machine line and machine group is one-

fo-many.
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Customer

orders

\/

* Product

quantity

date

Customer makes an order for one or different products and the product can be

ordered from one or different customers, so the relation between the customer and

the product is marny-fo-many

orders

Forecasting l.

\J

quantity

date

.| Product

Forecasting puts an order for one or different products and the product can be

ordered from only one forecasting module, so the relation between the forecasting

and the product is one-to-marny

orders

External demand}

\J

i Product

quantity

date

External demand makes an order for one or different products and the product can be

ordered from one or different external demand sources, so the relation between the

external demand and the product is many-to-many

Figure 2.26 Linkages among MRP classes.
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[#47:1] MODELING ASSOCIATION AS A CLASS

It is useful to model an association as a class when links can participate in

associations with other objects or when links are subject to operations. For the
association order found between each of customer, forecasting, and external demand
and product, it is necessary to add attributes to this association and to model it as a

class. The order class, then should be represented as follows:

Order

quantity : integer
date : date

new order
change order
delete order

Figure 2.27 Order class with its related attributes and functions
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[2.4.8] OBJECT-ORIENTED ABSTRACTIONS

Abstraction is defined as the ability to focus on the most important considerations in the
problem. In ail approaches to hierarchical planning, abstraction is the crucial step in the
design of the model. The purpose of abstraction in programming is to separate behavior
from implementation. This makes the large software projects more intellectually
manageable since it allows for separate and independent development of different parts
of the system.

For the scope of our work, five abstraction concepts will be implemented in the design
of our object-oriented data model. These concepts are:

o Identification.

e Aggregation.

. Generalization/ specialization.

e Selection.
[2.4.8.1] IDENTIFICATION

Each object class and object instance in an object-oriented database should have a unique
identity that is external to the data values stored within the object. Thus, there is no
concept of primary key used as a unique identifier, as in other database models. Instead,
the object-oriented database management system (OODBMS) maintains an external
identifier for each object that is not accessible to and cannot be modified by any other
object or application. As a result, the identity of an object does not change, spite the fact

that the values of any of its attributes may change.
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Regarding the MRP system, the following identifications are given for the classes and

their objects:

Class Identification Object Identification
Part Part-code
Subassembly Subassembly-code
Product Product-code
Process Process-code
Machine Machine-code
Period Period-number
Customer Customer-code
Forecasting Forecasting-code
External demand External demand-code

Figure 2.28 Identification for the MRP classes.

[2.4.8.2] AGGREGATION

In the object-oriented model, aggregation is a powerful concept in that, it permits the
combination of objects that are related via some particular relationship into a higher level
which is the aggregate object. Usually a meaningful name is assigned to this aggregate
type and one may use this name without reference to the underlying properties of the
type. This concept is particularly useful if the aggregate object has additional properties
or is itself to be related to another object.

For MRP, the following aggregations can be found:
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Subassembly

<

is-part-of is-part-of is-part-of

Part Part Part

Figure 2.29 Aggregation of parts into subassembly.

Raw material parts can be found in huge numbers and diversity, but only certain parts
can be used to produce subassemblies. The parts which constitute the subassembly are

aggregated by that subassembly.

WHITEROSE | (ASE EXAMPLE

Mixture
<>
is-part-of is-part-of is-part-of
Salt Water Com Grits

Figure 2.30 Aggregation of salt, water, and corn grits into mixture case example.
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<>
is-part-of is-part-of is-part-ot
Subassembly Subassembly Subassembly

Figure 2,31 Aggregation of subassemblies into product.

Subassemblies which take part to form the product are aggregated by that product.

WHITEROSE | ) sE EXAMPLE

Extruded
<>
is-part-of Is-part-of is-part-of
Mixture Coating Unbacked

Figure 2.32 Aggregation of mixture, coating, and unbaked into extruded case example,
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<>

is-part-ot is-part-ol is-part-ol

Product Product Product

Figure 2.33 Aggregation of products into product family.

Products that belong to the same product family are aggregated by that family

WHITEROSE| CasE EXAMPLE

Snacks
<>
fs-part-of is-part-of is-part-ot
Extruded Expanded Fried

Figure 2.34 Aggregation of extruded, expanded, and fried product into snacks family.
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Product Group

<>

{s-part-ol

Product Family

is-part-of

Product Family

fs-part-ol

Product Family

Figure 2.35 Aggregation of product families into product group.

Product families which take part to form product group can be aggregated by the

product group.

- CASE EXAMPLE

Bakery
<>
is-part-ot is-part-ot is-part-ol
Snacks Wafers Biscuits

Figure 2.36 Aggregation of snacks, wafers, and biscuits into bakery product group.
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Work cell
<>
fs-part-ot is-part-ot is-part-ot
Machine Machine Machine

Figure 2.37 Aggregation of machines into work cetl.

Machines which take part in a work cell are grouped by that work cell.

AWHITEROSE | (5 5p EXAMPLE
Expander
<>
is-part-of is-part-ot is-part-of
Extruder Dryer Atomizer

Figure 2.38 Aggregation of the Extruder, Dryer, and Atomizer into the Expander work cell.
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Machine Line

<

is-part-ol

Work Cell

is-part-ot

Work Cell

is-part-ol

Work Cell

Figure 2.39 Aggregation of work cells into machine line.

Work cells which take part in machine lines are grouped by machine line.

WHITEROSE| (5 sE EXAMPLE
—————T
Bakery Line
<>
fs-part-of is-part-of is-part-of
\ Expander 1 Dryer Automizer

Figure 2.40 Aggregation of the Expander, Dryer, and Atomizer into the Bakery line.
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[2.4.8.3] GENERALIZATION/SPECIALIZATION

Generalization is an abstraction in which the common properties and functions of a
group of similar object types are grouped together to form a new generic object type.
Whereas, specialization permits subtypes of a given object type to be defined using
predicates to constraint the values of attributes.

Regarding the MRP system, Figure 2.41 shows the possible generalization.
[2.4.8.4] SELECTION

Selection is the dimension of abstraction that is based on different criticalities assigned to
different objects. Based on any set of elementary objects, only these objects whose value
of one or more attributes exceeds certain threshold values are selected. The selected

objects are treated as an abstract set of objects.

It is a design problem to select the criticality parameters of the subset and this task needs
lot of experience and knowledge of the system. It is also, a situation dependent process

which needs to be customized according to the problem.
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Material
superclass
generalj?ttributes
subclass subclass subclass
Part Assembly Product
spec:'ﬁclatmbutes specific laﬂn'butes specific|attributes
Part Part Part
Assembly Assembly Assembly
/j
Product Product Product

Figure 2.41 Generalization / Specialization of MRP objects
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WHITEROSE | CASE EXAMPLE

14

superclass

Material

general lattributes

subclass

Flavour

speciﬁclattrfbutes

subclass

Mixture

specific Eatm'butes

subclass

Extruded

Pea-nut Tomato

Onion

Water

Salt

Color

specificiatinbutes

Cheese E.

Pizza E.

Falafil E.

Figure 2.42 Generalization /Specialization of MRP objects case example.
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Followings are some of the selection issues related to MRP system:

75

o Parts lead time: The lead time for all parts are knowr, and only parts with lead time

exceeding a certain value are selected to be critical parts.

parts

non-critical B
parts critical parts
Figure 2.43 Selection based on critical lead-time,
WHITEROSE| (-5 sp EXAMPLE
Sait, Water, Qil,
Flavour, Grits,
Color
T
Salt, Water, Oil Grits, color,
Flavour

Figure 2.44 Selection based on critical lead-time case example.
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o Part value: The value of each part is known, and only parts with values exceeding a

certain value are selected to be critical parts.

parts

non-critical no yes

parts critical parts

Figure 2.45 Selection based on critical value.

WHITEROSE| (-, sp EXAMPLE

Water, Salt,
Flavour, Color,
Grits, Oil

no yes Flavour, Color,

Water, Salt, Qil Grits

Figure 2.46 Selection based on parts value casc example.
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lead time and value: parts with both lead time and value exceeding a certain value

slected to be critical.

parts

critical

="

is lead time and

critical parts
value > x, y

_

Selection based on both parts value and lead-time,

HITEROSE
; CASE EXAMPLE

Salt, Oil, Water,
Grits, Flavour,
Color

is lead time and
value > x, y

no
alt,

]

Fiavour, Color,

"

-time and part value case example.

ection based on both critical lead
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[43/1] EYENTS

An event is something that happens at a point in time, but has no duration; i.e. an event is
an occurrence that is fast compared to the granuality of the time scale of a given
abstractions. One event may logically proceed or follow another, or the two may be
unrelated. An event is a one-way transmission of information from one object to another.
An object sending an event to another object may expect a reply, but the reply is a
separate event under the control of the second object, which may or may not choose to
send it.

Every event is a unique occurrence, but we group them into event classes and give each
event class a name to indicate common structure and behavior. Some events are simple
signals, but most event classes have attributes indicating the information they convey.
The time at which the event occurs is an implicit attribute of all events. Attributes are

shown in parentheses after the event class name.

For the MRP system, the following event élasses may occur:

e Customer makes an order for certain products.

¢ Forecasting places an order for certain products.

e External demand makes an order for certain products.

» Customer changes order quantity for certain products.

e Forecasting changes order quantity for certain products.

¢ External demand changes order quantity for certain products.
e Customer changes order due-date for certain products.

» Forecasting changes order due-date for certain products.
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External demand changes order due-date for certain products
Scheduled receipt quantity is changed.

Scheduled receipt date for a certain item is changed.
Projected available balance is changed.

Product lead time is changed.

Product lot size is changed.

Product safety-stock quantity is changed.

Product structure is changed.

[2.5.2] SCENARIOS AND EVENT TRACES

A scenario is a sequence of events that occur during one particular execution of a

include only those events impinging on or generated by certain objects in the system.

R0

system. The scope of a scenario varies; it may include all events in the system, or it may

The following diagram shows a certain scenario in the MRP system, which is the for the

order class:

Customer makes an order for certain products.

Orders are scheduled in different time periods.

Orders are exploded using the B.O.M. structures.

Requirements are generated for orders using MRP record processing.

Orders are released.

Figure 2.49 Normal order scenario.
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This scenario is the normal order processing cycle, but suppose that the customer
determines to change, for example, the ordered quantity, or the ordered product-code, or
the ordered due-date. The way to handle these changes is to delete the old order and to

renter his order as a new one with the same scenario as the above one.

Customer changes the ordered quantity, or the ordered product-code,
or the ordered due-date.

e Old order is deleted from orders.

e New customer order with the new parameters is entered.

¢ Orders are scheduled in different time-periods.

¢ Orders are exploded using the B.O.M. structures.

¢ Requirements are generated for orders using MRP record processing.

e QOrders are released.

Figure 2.50 Changes of order parameters scenario.
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Customer Order Time-period Machine Part Subassembly Product

Ecustomer

i makes a

i request for
-  scheduling ini
{ different

: check for ;
. the capacity
{ of ?
: check for the
: availability
i of

—_—

. produces

i produces :
—

Figure 2.51 Event trace for an order.
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[2.5.3] STATES

A state is an abstraction of the attribute values and links of an object. Sets of values are
grouped together into a state according to properties that affect the gross behavior of the
object. A state specifies the response of the object to input events. The response to an
event received by an object may vary quantitatively depending on the exact values of its
attributes, but the response is qualitatively the same for all values within the same state,
and may be qualitatively different for values in different states. The response of an object
to an event may include an action or a change in state by the object. A state corresponds
to the interval between two events received by an object. Events represents points in
time; states represents intervals of time. Events and states are dual of one another; an

event separates two states, and a state separates two events.

AI state is often associated with the value of an object satisfying some conditions. In the
simplest case, each enumerated value of an attribute defines a separate state. The OMT
represents the state by a suggestive name and a natural-language description of its
purpose. Then the event sequence that leads to a state and a declarative condition for the
state given in terms of parameters are stated. Finally, a stimulus-response table shows the

effect of events, the action that occur, and the next state.

Following we show the characterizing of an order release state.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



8

State: Order release

Description : An order for speciﬁc_ products is issued in order to satisfy the net

requirements.

Event sequences that produce the state:

¢ Customers orders products or the customer changes the order quantity or the
customer changes the order product code or the customer changes the order due-
date.

¢ A schedule plan is issued for different products in different time-periods after
checking the available capacity.

e The MRP system checks the quantity required against the available stock and the

expected to arrive stock.

Conditions that characterizes the states:

Gross requirements > [available stock + scheduled receipts].

Required capacity < available capacity

Events accepted in the state:

event action next state
order is completed feedback data system is waiting for next order
order is not completed feedback data system is regenerating MRP plan

Figure 2.53 Various characterization of the order refease state.
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makes a request for anew scheduled in
Order -
Customer Time-period
shipped / to requires \ capacity of
Product Machine
constitutes process
constitutes
Subassembly
Part

Figure 2.54 Life cycle of order release.

makes changes to due date delete old order

makes changes to quantity Order ters the new order

makes changes to product code W&)rders in different

Customer Time-period
shippec/ to requires cap%ity of
Product Machine
constitut Procéss
Subassembly Part
constitutes

v
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[2.5.4] STATE DIAGRAMS

A state diagram relates events and states. When an event is received, the next state
depends on the current state as well as on the event; change of state caused by event is
called a transition. A state diagram is a graph whose nodes are states and whose directed
arcs are transitions labeled by event names. A state is drawn as a rounded box containing
an optional name. A transition is drawn as an arrow from the receiving state to the target
state; the label on the arrow is the name of the event causing the transition. All the
transitions leaving the state must correspond to different events.

The state diagram describes the behavior of a single class of objects. Since all instances
of a class have the same behavior (by definition), they all share the same state diagram, as
they all share the same class features. But as each object has its own attribute values, so
accordingly each object has its own state, which is the result of the unique event that it
has received. The state diagram specifies the étate sequencé caused by an event
sequence. If an object is in a state and an event labeling one of its transitions occurs, the
object enters the state on the target end of the transition. The transition is said to fire. If
more than one transition leaves a state, then the first event to occur causes the
corresponding transition to fire. If an event occurs that has no transition leaving the
current state, then the event is ignored. A sequence of events corresponds to a path

through the graph.

Following we show the state diagram for the order class.
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Stand by = Normal
change in order quantity
change in product code
change in order due-date’
Delete old order
do : delete new order
new order
Add new record
do : append
enter order dala
Capturing data
do : data entry
record date
Assign order-date
do : assign date
order entry complete
Y
Order entry confirmed
< do : confirmation
1 next order

Wait for next order
do : next record

Figure 2.56 State diagram for the order class.
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Stand by = Normal

independent | customer] orders

forecasting
demand

Y h 4 4

Aggregation of orders
do : aggregate

time phasing

Phasmg of orders
according to due-date
do : data entry

tatal requirements

Gross requirement
generation
do : gross requirement

finished generation

A 4
Wait for next period >

Figure 2.57 State diagram for the time-period class.
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[2.5.5] CONDITIONS

A condition is a Boolean function of object values and is valid over an interval of time.
It is important to distinguish condition from event, which has no time duration. A state
can be defined in terms of a condition; conversely, being in a state is a condition.

Conditions can be used as guards on transitions. A guard transition fires when its event

occurs, but only if the guard condition is true.

[2.5.6] OPERATIONS

State diagrams would be of little use if they just described patterns of events. A

behavioral description of an object must specify what the objects does in response to

events. Operations attached to states or transition are performed in response to the

corresponding states or events.

Operations can be classified into two classes:

e An activity, which is an operation that takes time to complete and is associated with
a state. Activities include continuos operations

e An action, which is an instantaneous operation and is associated with an event. An
action represents an operation whose duration is insignificant compared to the
resolution of the state diagram.

An activity represented by the notation “ do : A” within a state box indicates that activity

A starts on entry to the state and stops on exit. The notation for an action on transition is

a slash “/” and the name (or description) of the action, follows the name of the event that

causes it.
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*(Stand by=Norma

order demand

Capturing da
do : data entry

scheduling in time-periods

Scheduled
orders

do : scheduling

not enough B.OM structuring
materials

Order reject xploded orde

do : order reject

do : exploston

‘l requirement planning

Order release

do ; order release

F 3

Figure 2.58 State diagram for the order class with activities.
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tand by = Normal

change inorder quantity
change in product code
change in order due-date

Delete old order
do : delete

new order

new order

A

(

Capturing data
do : data entry

not enough capacity

scheduling in time-periods

< Scheduled orders
do : scheduling

Scheduled orders
do : scheduling

not enough material’

B.O.M structuring

Exploded orders
do : explosion

re quirement planning

Scheduled orders
do : scheduling

Order release
do : order release

Figure 2.59 State diagram for the change in order class with activities.
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[2.6] FUNCTIONAL MODEL

The functional model describes computations within the system. The functional model is
the third leg of the modeling tripod, in addition to the object model and the dynamic
model. The functional model specifies what happens, the dynamic model species when it
happens, and the object model specifies what it happens to. The functional model
specifies the results of a computation without specifying how or when they are
computed. The functional model specifies the meaning of the operations in the object

model and the actions in the dynamic model, as well as any constraints in the object

model.

For the scope of our work, we will continue using the OMT methodology. The OMT

methodology for the functional model is:

e Identify input and output values.

e Usedata ﬂ;ow diagram as needed to show functional dependencies.
¢ Describe what each function does.

e Identify constraints.

» Specify optimization criteria.

=> Functional Model = data flow diagrams + constraints.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



94

[2.6.1] IDENTIFYING INPUT AND QUTPUT VALUES

Input and output values are parameters of events between the system and the outside
world. Following we illustrate the main input / output values in the MRP system.

INPUTS

e Customer code

e Order code

o QOrder date

¢ Product code

¢ Order quantity

e Order date

s  Order due-date

¢ Bill of matenial (B.O.M).

e Part-code

¢ Subassembly code
OUTPUTS

s Order release notes.

» Change in schedule for open orders.
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[2.6.2] DATA FLOW DIAGRAMS

A data flow diagram (DFD) shows the functional relationships of the values computed by
a system, including input values, output values, and internal data stores. A data flow
diagram shows the data values from their sources in objects through processes th;':lt
transforms them to their destinations in other objects. A data flow diagram contains the

followings:

¢ Processes that transform data and are implemented as methods of operations on
object classes. A process is drawn as an ellipse containing the process name.

e Data flows that move data; i.e. connects the output of an object process to the input
of another object or process. It is drawn as an arrow between the producer and the
consumer of the data value. The arrow is labeled with a description of the data,
usually its name or type.

e Actor objects that drives the data flow diagram by producing or consuming data
values. An actor is dr-awn as a rectangle to show that it is an object. Arrows between
the actor and the diagram are inputs and outputs to the diagram.

¢ Data store objects that store data passively. Unlike an actor, a data store does not
generate any operati;)n on its own but merely responds to requests to store and
access data. A data store is drawn as a pair of parallel lines containing the name of
the store.

Figure 2.60 shows data flow in the MRP system.
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product-code
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customer-code
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Order
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Inventory
status
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Figure 2.60 Data flow diagram for the MRP system

[2.6.3] SPECIFYING OPERATIONS

Processes in the data flow diagram must eventually be implemented as operations on
objects. Specification of operation includes a signature and a transformation. The
signature defines the interface to the operation; i.e., the arguments it requires and the
values it returns. The transformation defines the effect of an operation; i.e., the output

value as a function of in the input values and the side effects of the operation on its

96
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operand objects. Each operation may be specified in various ways, including the
foilowings :

e Mathematical functions, such as trigonometric functions.

e Table of input and output values (enumeration) for smail finite sets.

» Equations specifying output in terms of input.

e Pre- and post-conditions.

¢ Decisions tables.

e Pseudo code.

e Natural language.

" As for simplicity, we will choose the natural language (English type) approach to

describe each function.

¢ The order entry function

Open new order record .
Enter customer code.

Show all customer details.
Enter requested product code.
Locate for product code.
Show all product details.

Enter requested product quantity.

o7
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The scheduling process

Assign due date for each order.
Add all orders for all products at the end of period.
Choose scheduling criteria such as (shortest processing time, tardiness.....)
Check for capacity availability in each scheduled period.
if capacity available schedule is feasible and continue

else schedule is infeasible and a reschedule is required.

The MRP process

Different orders for each product in each time period are added (gross
requirements).

For every product in demand, the available quantity at the beginning of the
periods is calculated.

For every product in demand, the expected quantities to arrive in different time
periods are calculated (scheduled receipts).

For every product, the product lead time is calculated.

For every product, the product lot-size is calculated.

For every product, the product safety stock is calculated.

For every time-period, the net requirement is calculated as follows:

net requirement = gross requirement + safety stock - available stock -
scheduled receipts.

Repeat those steps for other products
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o Order release process

Planned order is released for every product in every time-period if net

requirement > 0

if planned order released for certain product < lot size, then

planned order release for the product = lot size for that product.

else

planned order release = any positive integer > lot size.
For every net requirement in the time period, the actual order release
time period is calculated as follows:
order release period = net requirement period - lead time for this product.
After orders are released for the product in different time periods, the gross
requirements of the parts constituting that product are generated as follows:
gross requirement for the part = order release quantity for the product * the
required quantity from this part in different time periods.

Repeat the order release steps that were followed for other products

99
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[2.6.4] SPECIFYING CONSTRAINTS BETWEEN OBJECTS

A constraint shows the relationship between two objects at the same time, or between
different values of the same object at different times. Functional constraints specify
restrictions on operations. Constraints on functions could be preconditions that the input
value must satisfy, or postconditions that the output values are guaranteed to hold. For

the MRP system the following constraints exist:

[2.6.4.1] PRECONDITIONS

The product ordered by the customer must exist in the production plan.
The order due-date can not be before the current date.

The order due-date can not be less than the current date + the product lead
time.

Order quantity should be positive integer.

[2.6.4.2] POSTCONDITIONS

Order release quantity should be greater than or equal the economical lot-size.

Available stock for any part should not be less than the safety stock.
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CHAPTER T

s

SYSTEM DESIGN

During analysis, the focus is on what needs to be done, independent of the Aow it is done.
During design, decisions are made about how the problem will be solved, first at a high
level, then at increasingly detailed levels. System design includes decisions about the
organization of the system into subsystems, the allocation of subsystems to hardware and
‘software components, and major conceptual and policy decisions that form the

framework for detailed design.

The objective of this chapter is to obtain a system design document which consists of the
structure of the basic architecture of the system as well as high level strategy decision. In

the following sections, we will try to satisfy this objective.

[3.1] BREAKING THE SYSTEM INTO SUBSYSTEMS

The first step in system design is to divide the system into a small number of
components. Each major component of the system is called a subsystem. Each subsystem
encompasses aspects of the system that share some common property-similar
functionality, the same physical location, or execution on the same kind of hardware. A

subsystem is not an object nor a function but a package of classes, associations,
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operations, events, and constraints that are interrelated and the have a reasonable well-
defined and small interface with other subsystems and to the rest of the system. The
interface specifies the form of all interactions and the information flow across subsystem
boundaries but does not specify how the subsystem is implemented internally. Each
subsystem can then be designed independently without affecting the others.

Subsystems should be designed so that most interactions are within subsystems, rather
than across subsystem boundaries, in order to reduce the dependencies among
subsystems. The relationship between two subsystems can be client-supplier or peer-to-
peer. In a client-supplier relationship, the client calls the supplier, which performs some
service and replies with a result. The client must know the interface of the supplier, but
the supplier does not have to know the interfaces to its clients, because all interactions
are initiated by the clients using the supplier’s interface. In peer-to-peer relationship,
each of the subsystems may call on the others. A communication from one subsystem to
another is not necessarily followed by an immediate response. All subsystems found in

our system should be of the client-supplier form.

The MRP system can be defined in terms of the following subsystems:

e The MRP record processing subsystem. In this subsystem, the core of calculations
are performed. Taking its input from several subsystems.

e The Bill of material. In this subsystem, the product structure is known and the needs
of each product from different parts are calculated.

e The lot-sizing subsystem. In this subsystem, the economical lot-size for each product

is calculated.
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e The lead-time subsystem. In this subsystem, the lead-time for each product is

calculated.

o The safety stock subsystem. In this subsystem, the safety stock for each product is

calculated.

¢ The MPS. In this subsystem, different sources of demand for products are scheduled

in the different time periods available in the planning horizon.

[3.2] ORGANIZATION OF SUBSYSTEMS

The above defined subsystems may be organized as a combination of both horizontat

Partions and vertical Layers.

[3.2.1] VERTICAL LAYERS

A layered system is an ordered set of a virtual world, each is built in terms of the ones
below it and providing the basis of implementation for the ones above it. The following

layered subsystem can be found in the MRP system:

¢ MPS subsystem.
o Bill of material subsystem.

e MRP subsystem,
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[3.2.2] HORIZONTAL PARTIONS

Partions vertically divide the system into several independent subsystems, each providing

one kind of service. The following partitions are found in the MRP system:

¢ Lead-time subsystem.
o Lot-size subsystem.

o Safety stock subsystem.

The following diagram illustrates the different form of subsystems organization:

MRP subsystem

Lead-time | Lot-sizing Safety-stock
subsystem subsystem subsystem

Bill of Material subsystem

Master production scheduling
subsystem

Operating system

Computer hardware

Figure 3.1 Organization of typical MRP subsystems.
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[3.3] SYSTEM TOPOLOGY

In the last section, the top-level subsystems were identified. Now, it is the time to show
the information flow among subsystems using a data flow diagram. The following

diagram shows the data flow among different MRP subsystems.

In this diagram we followed the star arrangement for the different subsystems. This
design was adopted because the MRP subsystem is the central subsystem which controls

the activities of all other subsystems.

BOM
subsystem

Lead-time

Safety stock
subsystem

subsystem

MRP subsystem

MPS
subsystem

Lot-sizing | __—W

subsystem

Figure 3.2 Data flow diagram for MRP subsystems
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3.4] ESTIMATING HARDWARE & OPERATING SYSTEM

REQUIREMENTS

1t is difficult to estimate the exact hardware requirements needed to execute the MRP
process. This is due to the differences in the amount of data manipulated and the
processing power needed from one industry to another. However we can offer
guidelines for the required specifications to be customized according to every

industry’s needs.

For the operating system, the choice should take into consideration the portability
and multi-tasking problems. By portability, we mean that the operating system can be
used by all ranges of computers starting from the microcomputers through the min
to the mainframes. By multi-tasking, we mean that the processor is capable of
performing concurrent transactions.

In looking for such an operating system, UNIX stands the best to satisfy these

requirements.

As for the hardware, the following guidelines can help in determining the hardware
requirements:

For small companies encompassing little amount of data, it is recommended to have a
PC to run the MRP systemn.

For medium to large size companies, it is recommended to go for the distributed data

approach, which is the client-server approach. The client-server approach was
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advent as a result of the revolution in data communication and software technology.
In this approach, the clients could be PC-workstations and the server to be a mini or
mainframe according the capabilities needed. The server is to be located in the
planning department, while the work stations are to be located according to their

need in the different manufacturing departments.
[3.5] MANAGING OF DATA STORES

The internal and external data stores in a system provide clean separation points between

subsystems with well-defined interfaces. Data stores may be files or databases . As for

our system we will- choose databases managed by DBMS to be the form of data stores.

The reasons for that choice are :

e Databases are powerful and make applications easier to port to different hardware
and software platforms.

e Databases provide many infrastructure featu_res; such as crash recovery, sharing
between multiple users, data integrity, extensibility, and data distribution.

¢ Databases provide common interfaces for all application.

[3.6] SYSTEM ARCHITECTURE

As for the system architecture, the transaction manager architecture is chosen. There are
many other architecture systems such as, batch transformation, continuous

transformation, interactive interface, dynamic simulation, and real-time systems.
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The transaction manager is a database system whose main function is to store and access
information. The information comes from the application domain. Most transaction
managers deal with multiple users and concurrency. A transaction must be handled as a
single atomic entity without interface from other transactions. The transaction manager is

the most suitable solution for the inventory problem.

[3.7] HARDWARE TRADE-OFF PRIORITIES

In our choice and design of the hardware system, we must set priorities that will be used
to guide trade-offs during the rest of the design. Setting trade off priorities is at best
vague, because priorities are rarely absolute. According to our philosophy in designing

this system, the following priorities must be satisfied:

e Performance in terms of integer point processing.
¢ Memory
o Disk storage

e Cost

All these parameters should be combined in an optimization process in order to obtain

the desired performance.
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CHAPTER FOUR

RESULTS, DISCUSSION, & RECOMMENDATION

[4.1] RESULTS

After carrying out the processes of analysis, system design and object design, we can
now get a system that is integrated in such a manner that it is ready for implementation
with not much effort. All the necessary objects were formulated and modeled including
the static and dynamié structures. The different states of objects were also obtained and
the operations done on the object were also stated. The resulting design of the system

allows the implementor to code every operation using the code he prefers.
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{4.2] DISCUSSION

This project was intended to cover the order processing problem found in most
industries. From the analysis, it was discovered that, the complete order processing cycle
is a very complicated and huge problem to be handled in a single project. Actually, only a
team of experts can do the whole thing. As for the scope of this project, only one stage
was chosen and was extensively investigated this stage was the MRP stage. The choice
of the MRP was made for its importance in every industry and if handled successfully,
this solution will provide a strong infrastructure for other stages to be implemented using

the same approach.

In the introduction, the MRP system was introduced and the problems facing its
execution were highlighted. It is worth noting that these kind of problems become
evident, especially if the MRP system has to implemented in'a CIM environment. In such
a case, the processing of the MRP becomes a real nightmare and the manufacturing
system resources will not be utiliz;:d efficiently. As a solution to these problem, the
theme of this project was originated. The philosophy behind attacking these problems
was to approach the MRP system from another perspective; which is the object oriented
approach. This decision was made after careful evaluation of the possible solutions.
Although the decision is made in a time where the relational databases are the de facto,
but all trends are now moving towards the object-oriented approach. The object-oriented
paradigm is rising very fast and it will be the commercially dominating solution in the

following years to come.
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From the object-oriented approach, the object modeling technique (OMT) was chosen.
This technique was first introduced in the early 90°s and since that time, it has gained a
great amount of attention and is widely used in the object-oriented world.
Using this technique, it was possible to model the MRP system as consisting of objects.
Each object having a unique existence and interacting with other objects via messages.
All necessary data and operations needed for that object are encapsulated inside it.
Opposing to the relational approach, which tries to scatter the data and operations
through relations. This approach makes the object self dependent having aifl what it needs
inside it. In the object model the static structures of the objects were formulated. These
structures came from real-world existence. After that attributes and operations were
appended to objects. The behavior of the objects were stated in the dynamic model in
order to identify the events and triggers, so that objects could perform actions. The

functions required by the system were shown in the functional model.

In modeling the system in such a manner, the powerful features of the object-oriented
approach were enjoyed. The feature of inheritance facilitated defining subclasses such as
parts, subassemblies, and products in term of the superclasses; which were the materials.
In this manner much of the common attributes will be inherited from the superclass to the
subclasses and only especial attributes of the subclasses were in need to define them. This
feature will be valuable when time comes to implement the code, where common
attributes has to be coded only once. In this way, much of effort needed to write codes

for every object can be saved.
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The Encapsulation features represented in the objects made the problem of inconsistency
not existent. All the necessary data and operations are defined inside the walls of the
objects. This feature frees the implementor from enforcing external checking for

constraints, because checking is done implicitly.

The extensibility feature which is presented in the object-oriented approach makes it easy
for upgrading and maintain the system after being implemented. This feature is highly

appreciated especially in the cases of large projects, such the MRP system.

Following, a brief comparison between the OODBMS and the RDBMS will be

introduced.

[4.2.1] DATA TYPES

In RDBMS there is only one generic type for data structuring, namely the relational type.

By definition, attributes of normalized relations are non-decompo'sable and in practice
they tend to have relatively simple data types (integer, real, string, date, etc.).Operations
on relations are restricted to retrieving and updating tuples identified by attribute values.
Efforts have been made to extend the typing capabilities of relational systems and also to
relax the requirement that attributes must be non-decomposable.

An object-oriented database stores class definitions and instantiations of these classes.
Class definitions are the analogue of schemes in other database systems. but with the
important additional feature that classes encapsulate the behavior of the object by

packaging operations with the data structure. There is a class definition associated with

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



113

each object type and the operations that can be applied to instances of that class may be
customized to the object. The properties of classes need not be simple data types but can
be refel_'ences to other classes of arbitrary complexity. Object-oriented systems typically
provide a range of classes implementing frequently used data types. Users can tailor
these to the needs of their own application using the facilities afforded by genericity and

inheritance.

[4.2.2] DATA INTEGRITY

The normalization process required by the relational systems represents a tedious job to
be done. Moreover, normalization tries to scatter data among different tables and
relations in order to enforce referential constraints. Often this burden is placed on the
application developer. Some systems do offer facilities for the explicit specification of
reférential integfity constraints, but even in these cases it is the responsibility of the
database implementor to ensure that all such constraints are included. The system then
assumes responsibility for enforcing the constraints at run-time, but this can be a
significant overhead.

The relational mode! is incapable of expressing integrity constraints with greater semantic
content than straightforward referential integrity. For example it is not possible to
express the fact that a relationship is one-to-one or one-to-many. Such constraints must
be built into the application code that manipulates the relational database. Since such
code is not generally shared among all applications it is difficult to ensure that data will
be updated consistently at all times. By contrast, in the object-oriented model a class

defines a data abstraction and this abstraction includes a specification of the operations
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(methods) that can be applied to instances of the class. By defining the database in terms
of such abstractions a high degree of data independence is achieved. That is, it is possible
to alter the way in which a class is implemented without affecting other classes or
transactions that make use of the abstraction. Also, a user can derive new classes from
existing classes by supplying a specification, and an implementation for any new
properties or operations. These properties and operations are implemented by means of
general-purpose programming language and so any feasible user-defied operation can be
constructed and stored in the database. An operation on an object can take the place of
many database operations and every transaction which invokes the operation uses exactly
the same code - the procedure stored with the class definition. This has significant benefit
for data integrity since consistency checks may be inc.orporated in the procedures. Also,
by storing operations as part of the database a large part of the application code is under
the control of the database administrator and can be managed by all of the usual database
management utilities (i.e. facilities for concurrency control, recovery, version control and
security).
Entity integrity is also handled rather differently in object-oriented systems. All objects
(class instantiations) have a unique identity and other objects can refer to that identity.
An object retains its identity through arbitrary changes to its own states. This is in
contrast to the relational model where the properties of an entity must be sufficient to
distinguish it from all other entities. That is, there must be an attribute or attributes
whose values uniquely and immutably identify that entity. The properties of uniqueness
and immutability are not always present in the real world and it is often necessary in

relational databases to introduce artificial identifiers for entities.
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[4.2.3] SCHEMA EVOLUTION

Database systems are characterized by their trend to evolve around a number of
fundamental object types which form the kernel of the system. As the system evolves,
new views of the data are added by restricting or extending existing object descriptions,
and new applications on these views are generated using existing code modules as a
basis. RDBMS tend to offer very limited facilities for the expansion or modification of
existing data structures. For example, commercial relational systems typically allow the
dynamic creation and deletion of relations and the addition of new columns to a relation.
Changes to domain types will usually involve the rewriting of the relations involved and
changes to the applications that use them. This is largely due to the fact that the data
structures compromising the database schema and the application programs are very
loosely coupled. The tight coupling between applications and data in the object-oriented
model oﬁ'érs considerab.ly more scope for schema evolution through the extension and
refinement of existing data structures and the effective reuse of application code. The
richness of the model permits the semantics of schema evolution to be rigidly defined and

validated.

Finally, it should be stated that the object-oriented approach was able to meet the
requirements of an efficient solution for the MRP system from its analysis and design
features, but a powerful commercial object-oriented database language is still in need to

fully utilize the wonderful features of the object-oriented analysis and design.
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[4.3] RECOMMENDATION FOR FUTURE WORK

- In our analysis of the MRP system, care was taken in regard to the integration of this
module to other modules of the order processing life cycle. In the design phase, the
concepts of extensibility and modularity made the system flexible for any change or
upgrade. As for the scope of this project, only one part of the order processing cycle
was fully investigated; which is the MRP. It is recommended that the followings be done

in order to get a complete system that effectively handles the order processing problem:

e The analysis and design document presented in this project should be implemented
using a commercial object-oriented database language and performance evaluation

should be done to ensure that analysis and design meet their objectives.

¢ Other modules of the order processing life cycle should be also analyzed, designed,
and implemented using the same techniques used in this project. After all modules are

available, they should be integrated in one system.
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GLOSSARY

e MRP

¢« OMT

e 00A

e« 0OODBMS

« RDBM

e BOM

« OEM

e OOBOM

+» RM

e MPS

e CPU

* DFA

: Material Reqﬁirements Planning.

: Object Modeling Technique.

: Object Oriented Analysis.

: Object Oriented Database Management System.
: Relational Database Management System.
: Bill Of Material.

: Original Equipment Manufacturer

: Object-Oriented Bill Of Material.

: Relational model.

: Master Production Scheduling

: Central Pfocessing Units

: Data Flow Diagram

{11

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



122

115008 SIS8Y L JO JBIeD - Ueplor JO AISIBAIUN JO ARld!T - PoASSaY SIUDIY |1V

APPENDIX (B)




124

Object Model Notation
Advanced Concepts

Abstract Operation:

Superciass

ooerancn {abstract)

Cperation is abstract
in the superclass.

’_A—\

Class-1

Association as Class:

Generalization Properties:

Subelass-1 Subclass-2 .
Subclasses must
- : provide concrete
operanon operation implementations

of operation.

Superclass
! l
More subclasses
Subclass-1 Subclass-2 ess  ayist.

Multiple Inheritance:

Superclass-1

Superclass-2

A

A

Class Attributes and Class Operations:

|| |

Subclass -

Class Name

Sattribute

Soperatien

Propagation of Operations:

Class-1

Class-2

operation

—

operation
operation ©

Caonstraints on Objects:

Class-1

annp-1
attrib-2

{

attrib-120)

Class-2

\J

Association Name

link attribute

- link operation

Superclass

Subclasses have
overlapping {nondisjoint)

membership.

Subclass-1 Subclass-2
Discriminator is an atiribute
Superciass|  whose value difierentates

discriminator/L

. between subciasses.

1

Subclass-1

Subclass-2

Derived Attribute:

Class Name

Jfannbute

Derived Class:

4 Class Name

Class-1

Detived Association:

L Class-2

7

Constraint between Associations:

Al

Class-1

i Class-2
! {subset}

SOURCE: OBJECT-QRIENTED MODELING AND DESIGN, [15]

A2
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Dynamic Model Notation

Event causes Transition between States: Event with Attribute:
. event (attribute)
( State-1 } event -;( State-2 ) { State-1 } »{ State-2

Initial and Final States:

Action on a Transition:

initial Intermediate State-1 event/ action
® "( Slate}’( State >—’© ate- . > State-2

result
Guarded Transition: Qutput Event on a Transition:
event [guara] event! ! event2 O
{ State-1 } »{ State-2 ) State-1 »{ State-2
Actions and Activity while in a State: Sending an event to another object:
event?
State Name State-1 - »{ State-2
enlry / entry-action :
co: activity-A * event2
evenr-1/acuon-1
‘ ' Class-3
exit{ exit-action
State Generalization (Nesting): Concurrent Subdiagrams:
/' Superstate

Superstate
event?

i
(i

Substate-2) ; Substate-4

l eventd event2
Y

| event2
Y

Splitting of controi: Synchronization of controt:

eventt
Substate-1 -

Substate-3
eventld

everi?

Substate-2 - eventd

Substate-4

SOURCE: OBJECT-QRIENTED MAODELING AND DESIGN. [15]

evertt

Substate-1 Substate-3) [+
Substate-1 Substate-2 i .
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Functional Model Notation

Process:

process
name

Data Store or File Object:

Name of
data store

Actor Objects (as Source or Sink of Data):

d1 a2
Actor-1 ——.—> Actor-2

Access of Data Store Value:

Data store

dil

Y

Access and Update of Data Store Value:

Data store

Im

Duplication of Data Value:

e

Data Flow between Processes:

data name

process-2

Data Flow that Results in a Data Store:
Name of
‘————“{> data store

Control Flow:

Update of Data Stare Value:

Data store

A
s3]

Composition of Data Vaiue:

d1
composite

g2

Decomposition of Data Value:

d1
compesite <
a2

SOURCE: OBJECT-ORIENTED MODELING AND DESIGN. J15]
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Customet

Forecast

Extemnal Orders

Time-Period

Master
Scheduling

Product Group |

<>
is-part-of

is-a

Product Family

<>
is-part-of ’

Order 4{ Product

is-a

<
is-part-of I

Subassembly

\Schedule for

Process

requires

is-a

<>

is-part-of

Part

is-part-of

Machine

Material

is-part-of

4:% Work Cell

e

Machine Line

Figure C.1 Complete MRP schema
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