
“Advanced mechanics of materials”.

In Section 1 of this course you will cover these topics:
Introduction To Materials Management

Production Planning System

Master Scheduling

Material Requirements Planning

Topic : Introduction To Materials Management

Topic Objective:

At the end of this topic student would be able to:

 Learn the concept of Quality Assurance

 Learn the concept of Materials Management

 Learn the concept of Supply chain

Definition/Overview:

Materials management: Material Management is the branch of logistics that deals with the

tangible components of a supply chain. Specifically, this covers the acquisition of spare parts and

replacements, quality control of purchasing and ordering such parts, and the standards involved

in ordering, shipping, and warehousing the said parts. Materials management is just managing all

types of materials in an organization.
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Key Points:

1. Quality Assurance

Materials management also ensures that parts and materials used in the supply chain meet

minimum requirements by performing quality assurance (QA). While most of the writing and

discussion about materials management is on acquisition and standards, much of the day to day

work conducted in materials management deals with QA issues. Parts and material are tested,

both before purchase orders are placed and during use, to ensure there are no short or long term

issues that would disrupt the supply chain. Material management is most important for industrial

point of view.

2. Standards

The final component of materials management is standards compliance. There are standards that

are followed in supply chain management that are critical to a supply chain's function. For

example, a supply chain that uses just-in-time or lean replenishment requires absolute perfection

in the shipping of parts and material from purchasing agent to warehouse to place of destination.

Systems reliant on vendor-managed inventories must have up-to-date computerized inventories

and robust ordering systems for outlying vendors to place orders on. Materials management

typically insures that the warehousing and shipping of such components as are needed follows

the standards required to avoid problems. This component of materials management is the fastest

changing part, due to recent innovations in SCM and in logistics in general, including outsourced

management of warehousing, mobile computing, and real-time logistical inventories.
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3. Materials Management Week

Each year, an entire week is dedicated to celebrating resource and materials management

professionals for their outstanding contributions to healthcare and the overall success of the

supply chain. Sponsored by the Association for Healthcare Resource & Materials Management

(AHRMM), National Healthcare Resource & Materials Management Week (MM Week)

provides an opportunity to recognize the integral role materials management professionals play

in delivering high-quality patient care throughout the health care industry. In 2009 Material

Management Week is October 4-10 October.

4. Supply chain

A supply chain or logistics network is the system of organizations, people, technology, activities,

information and resources involved in moving a product or service from supplier to customer.

Supply chain activities transform natural resources, raw materials and components into a finished

product that is delivered to the end customer. In sophisticated supply chain systems, used

products may re-enter the supply chain at any point where residual value is recyclable. Supply

chains link value chains.

A typical supply chain begins with ecological and biological regulation of natural resources,

followed by the human extraction of raw material, and includes several production links (e.g.,

component construction, assembly, and merging) before moving on to several layers of storage

facilities of ever-decreasing size and ever more remote geographical locations, and finally

reaching the consumer.

Many of the exchanges encountered in the supply chain will therefore be between different

companies that will seek to maximize their revenue within their sphere of interest, but may have

little or no knowledge or interest in the remaining players in the supply chain. More recently, the

loosely coupled, self-organizing network of businesses that cooperates to provide product and

service offerings has been called the Extended Enterprise.
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5. Models and standards

ISO 17025 is an international standard that specifies the general requirements for the competence

to carry out tests and or calibrations. There are 15 management requirements and 10 technical

requirements. These requirements outline what a laboratory must do to become accredited.

Management system refers to the organization's structure for managing its processes or activities

that transform inputs of resources into a product or service which meets the organization's

objectives, such as satisfying the customer's quality requirements, complying with regulations, or

meeting environmental objectives.

The CMMI (Capability Maturity Model Integration) model is widely used to implement Quality

Assurance (PPQA) in an organization. The CMMI maturity levels can be divided in to 5 steps,

which a company can achieve by performing specific activities within the organization.

6. Company quality

During the 1980s, the concept of company quality with the focus on management and people

came to the fore. It was realized that, if all departments approached quality with an open mind,

success was possible if the management led the quality improvement process.

The company-wide quality approach places an emphasis on four aspects :-

Elements such as controls, job management, adequate processes, performance and integrity

criteria and identification of records

Competence such as knowledge, skills, experience, qualifications

Soft elements, such as personnel integrity, confidence, organizational culture, motivation, team

spirit and quality relationships.

Infrastructure (as it enhances or limits functionality)

The quality of the outputs is at risk if any of these aspects is deficient in any way.
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The approach to quality management given here is therefore not limited to the manufacturing

theatre only but can be applied to any business or non-business activity:

 Design work

 Administrative services

 Consulting

 Banking

 Insurance

 Computer software

 Retailing

 Transportation

 open source development

 education

It comprises a quality improvement process, which is generic in the sense it can be applied to any

of these activities and it establishes a behaviour pattern, which supports the achievement of

quality.

This in turn is supported by quality management practices which can include a number of

business systems and which are usually specific to the activities of the business unit concerned.

In manufacturing and construction activities, these business practices can be equated to the

models for quality assurance defined by the International Standards contained in the ISO 9000

series and the specified Specifications for quality systems.

Still, in the system of Company Quality, the work being carried out was shop floor inspection

which did not reveal the major quality problems. This led to quality assurance or total quality

control, which has come into being recently
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Topic : Production Planning System

Topic Objective:

At the end of this topic student would be able to:

 Learn the concept of Production Planning System

 Learn the concept of the scope of MRP in manufacturing

Definition/Overview:

Production Planning System: Manufacturing planning and control entails the acquisition and

allocation of limited resources to production activities so as to satisfy customer demand over a

specified time horizon. As such, planning and control problems are inherently optimization

problems, where the objective is to develop a plan that meets demand at minimum cost or that

fills the demand that maximizes profit. The underlying optimization problem will vary due to

differences in the manufacturing and market context. Manufacturing planning and control

address decisions on the acquisition, utilization and allocation of production resources to satisfy

customer requirements in the most efficient and effective way. Typical decisions include work

force level, production lot sizes, assignment of overtime and sequencing of production runs.

Optimization models are widely applicable for providing decision support in this context.
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Key Points:

1. Frame Work

Any planning problem starts with a specification of customer demand that is to be met by the

production plan. In most contexts, future demand is at best only partially known, and often is not

known at all. Consequently, one relies on a forecast for the future demand. To the extent that any

forecast is inevitably inaccurate, one must decide how to account for or react to this demand

uncertainty. The optimization models described in this article treat demand as being known; as

such they must be periodically revised and rerun to account for forecast updates. A key choice is

what planning decisions to include in the model. By definition, production-planning models

include decisions on production and inventory quantities. But in addition, there might be

resource acquisition and allocation decision, such as adding to the work force and upgrading the

training of the current work force. In many planning contexts, an important construct is to set a

planning hierarchy. Namely, one structures the planning process in a hierarchical way by

ordering the decisions according to their relative importance. The notion of hierarchical

production planning and provide a specific framework for this, whereby there is an optimization

model with each level of the hierarchy. Each optimization model imposes a constraint on the

model at the next level of the hierarchy. The identification of the relevant costs is also an

important issue. For production planning, one typically needs to determine the variable

production costs, including setup-related costs, inventory holding costs, and any relevant

resource acquisition costs. There might also be costs associated with imperfect customer service,

such as when demand is backordered. A planning problem exists because there are limited

production resources that cannot be stored from period to period. Choices must be made as to

which resources to include and how to model their capacity and behavior, and their costs. Also,

there may be uncertainty associated with the production function, such as uncertain yields or lead

times. One might only include the most critical or limiting resource in the planning problem, e.

g., a bottleneck. Alternatively, when there is not a dominant resource, then one must model there

sources that could limit production. We describe in this article two types of production functions.

The first assumes a linear relationship between the production quantity and there source

consumption. The second assumes that there is a required fixed charge or set upto initiate

production and then a linear relationship between the production quantity and resource usage.
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Related to these choices is the selection of the time period and planning horizon. The planning

literature distinguishes between big bucket and small bucket time periods. A time period is a big

bucket if multiple items are typically produced within a time period; a small bucket is such that

at most one item would be produced in the time period. For big bucket models, one has to worry

about how to schedule or sequence the production runs assigned to any time period. The choice

of planning horizon is dictated by the lead times to enact production and resource-related

decisions, as well as the quality of knowledge about future demand. Planning is typically done in

a rolling horizon fashion. A plan is created for the planning horizon, but only the decisions in the

first few periods are implemented before a revised plan is issued. Indeed, as noted above, the

plan must be periodically revised due to the uncertainties in the demand forecasts and

production. For instance a firm might plan for the next 26 weeks, but then revise this once a

month to incorporate new information on demand and production. Production planning is usually

done at an aggregate level, for both products and resources. Distinct but similar products are

combined into aggregate product families that can be planned together so as to reduce planning

complexity. Similarly production resources, such as distinct machines or labor pools, are

aggregated into an aggregate machine or labor resource. Care is required when specifying these

aggregates to assure that the resulting aggregate plan can be reasonably disaggregated into

feasible production schedules. Finally for complex products, one must decide the level and

extent of the product structure to include in the planning process. For instance, in some contexts

it is sufficient to just plan the production of end items; the production plan for components and

subassemblies is subservient to the master production schedule for end items. In other contexts,

planning just the end items is sub-optimal, as there are critical resource constraints applicable to

multiple levels of the product structure. In this instance, a multi- stage planning model allows for

the simultaneous planning of end items and components or subassemblies. Of course, this

produces a much larger model.
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2. The scope of MRP in manufacturing

Manufacturing organizations, whatever their products, face the same daily practical problem -

that customers want products to be available in a shorter time than it takes to make them. This

means that some level of planning is required.

Companies need to control the types and quantities of materials they purchase, plan which

products are to be produced and in what quantities and ensure that they are able to meet current

and future customer demand, all at the lowest possible cost. Making a bad decision in any of

these areas will make the company lose money. A few examples are given below:

If a company purchases insufficient quantities of an item used in manufacturing, or the wrong

item, they may be unable to meet contracts to supply products by the agreed date.

If a company purchases excessive quantities of an item, money is being wasted - the excess

quantity ties up cash while it remains as stock and may never even be used at all. However, some

purchased items will have a minimum quantity that must be met, therefore, purchasing excess is

necessary.

Beginning production of an order at the wrong time can cause customer deadlines to be missed.

MRP is a tool to deal with these problems. It provides answers for several questions:

 What items are required?

 How many are required?

 When are they required?

MRP can be applied both to items that are purchased from outside suppliers and to sub-

assemblies, produced internally, that are components of more complex items.

The data that must be considered include:

 The end item (or items) being created. This is sometimes called Independent Demand or

Level 0 on BOM (Bill of materials).
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 How much is required at a time.

 When the quantities are required to meet demand.

 Shelf life of stored materials.

 Inventory status records. Records of net materials available for use already in stock (on

hand) and materials on order from suppliers.

 Bills of materials. Details of the materials, components and subassemblies required to

make each product.

 Planning Data. This includes all the restraints and directions to produce the end items.

This includes such items as: Routings, Labor and Machine Standards, Quality and

Testing Standards, Pull/Work Cell and Push commands, Lot sizing techniques (i.e. Fixed

Lot Size, Lot-For-Lot, and Economic Order Quantity), Scrap Percentages, and other

inputs.

Topic : Master Scheduling

Topic Objective:

At the end of this topic student would be able to:

 Learn the concept of Scheduling

 Learn the concept of Master Production Schedule

 Learn the concept of Genetic algorithm scheduling
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Definition/Overview:

Master Scheduling: The Master Scheduling application provides management with the visibility

of future load, inventory investment, production, and delivery commitments. It drives Material

Requirements Planning with independent demand requirements coming from either a forecast,

customer demand, or a combination of both.

A forecast can be entered for any item in the inventory master file within the Master Scheduling

application. In addition, when the Master Scheduling application is interfaced to the Order Entry

application, actual customer demand will net against forecast resulting in an available-to-promise

calculation.

Key Points:

1. Scheduling

Scheduling is an important tool for manufacturing and engineering, where it can have a major

impact on the productivity of a process. In manufacturing, the purpose of scheduling is to

minimize the production time and costs, by telling a production facility what to make, when,

with which staff, and on which equipment. Production scheduling aims to maximize the

efficiency of the operation and reduce costs.

Production scheduling tools greatly outperform older manual scheduling methods. These provide

the production scheduler with powerful graphical interfaces which can be used to visually

optimize real-time work loads in various stages of production, and pattern recognition allows the

software to automatically create scheduling opportunities which might not be apparent without

this view into the data. For example, an airline might wish to minimize the number of airport

gates required for its aircraft, in order to reduce costs, and scheduling software can allow the

planners to see how this can be done, by analyzing time tables, aircraft usage, or the flow of

passengers.
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Companies use backward and forward scheduling to allocate plant and machinery resources, plan

human resources, plan production processes and purchase materials.

Forward scheduling is planning the tasks from the date resources become available to determine

the shipping date or the due date.

Backward scheduling is planning the tasks from the due date or required-by date to determine the

start date and/or any changes in capacity required.

The benefits of production scheduling include:

 Process change-over reduction

 Inventory reduction, leveling

 Reduced scheduling effort

 Increased production efficiency

 Labor load leveling

 Accurate delivery date quotes

 Real time information

2. Master Production Schedule

A Master Production Schedule (MPS) is a manufacturing plan that quantifies significant

processes, parts, and other resources in order to optimize production, to identify bottlenecks, and

to anticipate needs and completed goods. Since an MPS drives much factory activity, its quality

dramatically affects a factory's profitability. Typical MPS's are created by software with

significant user input and tweaking.

Due to software limitations, but especially the intense work required by the "Master Production

Schedulers", schedules do not include every possible aspect of production, but only key elements

that have proven their control effectivity, such as working hours, machines, available storage,

and parts supply. The choice of what to model vary between companies and even between
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factories. The MPS is a statement of what the company expects to produce and purchase

expressed in selected items, specific quantities and dates.

The MPS translates the business plan, including forecast demand, into a production plan using

planned orders in a true multi-level optional component scheduling environment. Using MPS

helps avoid shortages, costly expediting, last minute scheduling, and inefficient allocation of

resources. Working with MPS allows businesses to consolidate planned parts, produce master

schedules and forecasts for any level of the Bill of Material (BOM) for any type of part.

3. How the MPS Works

By using several variables as inputs the MPS will generate a set of outputs used for decision

making. Inputs may include forecast demand, production costs, inventory costs, customer orders,

inventory levels, supply, lot size, production lead time, and capacity. Inputs may be

automatically generated by an ERP system that links a sales department with a production

department. For instance, when the sales department records a sale, the forecast demand may be

automatically shifted to meet the new demand. Inputs may also be inputted manually from

forecasts that have also been calculated manually. Outputs may include amounts to be produced,

staffing levels, quantity available to promise, and projected available balance. Outputs may also

be used to create a Materials Requirement Planning (MRP) schedule.

The Master Production Schedule has become a necessary tool for many organisations to

synchronize their operations and become more efficient. An effective MPS ultimately will:

 Give management the information to control the manufacturing operation

 Tie overall business planning and forecasting to detail operations

 Enable marketing to make legitimate delivery commitments to warehouses and customers

 Greatly increase the efficiency and accuracy of a company's manufacturing

Different issues in MPS:

 Width of the time bucket.
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 Planning Horizon

 Rolling Plan

 Time fensing/ Schedule freezing.

4. Genetic algorithm scheduling

To be competitive, corporations must minimize inefficiencies and maximize productivity. In

manufacturing, productivity is inherently linked to how well you can optimize the resources you

have, reduce waste and increase efficiency. Finding the best way to maximize efficiency in a

manufacturing process can be extremely complex. Even on simple projects, there are multiple

inputs, multiple steps, many constraints and limited resources. A typical factory floor setting is a

good example of this where scheduling which jobs needs to be completed on which machines, by

which employees in what order and at what time. In very complex problems such as scheduling

there is no known way to get to a final answer, so we resort to searching for it trying to find a

good answer. Scheduling problems most often use heuristic algorithms to search for the optimal

solution. Heuristic search methods suffer as the inputs become more complex and varied. This

type of problem is known in computer science as an NP-Hard problem. This means that there are

no known algorithms for finding an optimal solution in polynomial time.

Genetic algorithms are well suited to solving production scheduling problems, because unlike

heuristic methods genetic algorithms operate on a population of solutions rather than a single

solution. In production scheduling this population of solutions consists of many answers that

may have different sometimes conflicting objectives. For example, in one solution we may be

optimizing a production process to be completed in a minimal amount of time. In another

solution we may be optimizing for a minimal amount of defects. By cranking up the speed at

which we produce we may run into an increase in defects in our final product.

As we increase the number of objectives we are trying to achieve we also increase the number of

constraints on the problem and similarly increase the complexity. Genetic algorithms are ideal
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for these types of problems where the search space is large and the number of feasible solutions

is small.

To apply a genetic algorithm to a scheduling problem we must first represent it as a genome. One

way to represent a scheduling genome is to define a sequence of tasks and the start times of those

tasks relative to one another. Each task and its corresponding start time represent a gene.

A specific sequence of tasks and start times (genes) represents one genome in our population. To

make sure that our genome is a feasible solution we must take care that it obeys our precedence

constraints. We generate an initial population using random start times within the precedence

constraints. With genetic algorithms we then take this initial population and cross it combining

genomes with a small amount of randomness (mutation). The offspring of this combination is

selected based on a fitness function that includes one or many of our constraints, such

minimizing time and minimizing defects. We let this process continue either for a pre-allotted

time or until we find a solution that fits our minimum criteria. Overall each successive generation

will have a greater average fitness i.e. taking less time with higher quality than the proceeding

generations. In scheduling problems, as with other genetic algorithm solutions, we must make

sure that we do not select offspring that are infeasible, such as offspring that violate our

precedence constraint. We of course may have to add further fitness values such as minimizing

costs however each constraint that we add greatly increases the search space and lowers the

number of solutions that are good matches.

Topic : Material Requirements Planning

Topic Objective:

At the end of this topic student would be able to:

 Learn the concept of Material Requirements Planning

 Learn the concept of Problems with MRP systems
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Definition/Overview:

Material requirements planning (MRP) is a production planning and inventory control system

used to manage manufacturing processes. Most MRP systems are software-based, while it is

possible to conduct MRP by hand as well.

An MRP system is intended to simultaneously meet three objectives:

Ensure materials are available for production and products are available for delivery to

customers.

Maintain the lowest possible material and product levels in store

Plan manufacturing activities, delivery schedules and purchasing activities.

Key Points:

Prior to MRP, and before computers dominated industry, reorder-point/reorder-quantity

(ROP/ROQ) type methods like EOQ had been used in manufacturing and inventory

management. In the 1960s, Joseph Orlicky studied the TOYOTA Manufacturing Program and

developed Material Requirements Planning (MRP), and Oliver Wight and George Plossl then

developed MRP into manufacturing resource planning (MRP II). Orlicky's book is entitled The

New Way of Life in Production and Inventory Management (1975). By 1975, MRP was

implemented in 150 companies. This number had grown to about 8,000 by 1981. In the 1980s,

Joe Orlicky's MRP evolved into Oliver Wight's manufacturing resource planning (MRP II)

which brings master scheduling, rough-cut capacity planning, capacity requirements planning

and other concepts to classical MRP. By 1989, about one third of the software industry was MRP

II software sold to American industry.
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Problems with MRP systems

The major problem with MRP systems is the integrity of the data. If there are any errors in the

inventory data, the bill of materials (commonly referred to as 'BOM') data, or the master

production schedule, then the outputted data will also be incorrect. Most vendors of this type of

system recommend at least 99% data integrity for the system to give useful results.

Another major problem with MRP systems is the requirement that the user specify how long it

will take a factory to make a product from its component parts (assuming they are all available).

Additionally, the system design also assumes that this "lead time" in manufacturing will be the

same each time the item is made, without regard to quantity being made, or other items being

made simultaneously in the factory.

A manufacturer may have factories in different cities or even countries. It is no good for an MRP

system to say that we do not need to order some material because we have plenty thousands of

miles away. The overall ERP system needs to be able to organize inventory and needs by

individual factory, and intercommunicate needs in order to enable each factory to redistribute

components in order to serve the overall enterprise.

This means that other systems in the enterprise need to work properly both before implementing

an MRP system, and into the future. For example systems like variety reduction and engineering

which makes sure that product comes out right first time (without defects) must be in place.

Production may be in progress for some part, whose design gets changed, with customer orders

in the system for both the old design, and the new one, concurrently. The overall ERP system

needs to have a system of coding parts such that the MRP will correctly calculate needs and

tracking for both versions. Parts must be booked into and out of stores more regularly than the

MRP calculations take place. Note, these other systems can well be manual systems, but must

interface to the MRP. For example, a 'walk around' stock take done just prior to the MRP

calculations can be a practical solution for a small inventory (especially if it is an "open store").
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The other major drawback of MRP is that takes no account of capacity in its calculations. This

means it will give results that are impossible to implement due to manpower or machine or

supplier capacity constraints. However this is largely dealt with by MRP II.

Generally, MRP II refers to a system with integrated financials. An MRP II system can include

finite / infinite capacity planning. But, to be considered a true MRP II system must also include

financials.

In the MRP II (or MRP2) concept, fluctuations in forecast data are taken into account by

including simulation of the master production schedule, thus creating a long-term control. A

more general feature of MRP2 is its extension to purchasing, to marketing and to finance

(integration of all the function of the company), ERP has been the next step.

In Section 2 of this course you will cover these topics:
Capacity Management

Production Activity Control

Purchasing

Topic : Capacity Management

Topic Objective:

At the end of this topic student would be able to:

 Learn the concept of Capacity Management

 Learn the concept of Performance Analysis

 Learn the concept of Statistical profilers

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

18
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



 Learn the concept of Capacity planning

 Learn the concept of Performance Engineering

 Learn the concept of Service Level Management

Definition/Overview:

Capacity Management: Capacity Management is a process used to manage information

technology (IT). Its primary goal is to ensure that IT capacity meets current and future business

requirements in a cost-effective manner. One common interpretation of Capacity Management is

described in the ITIL framework. ITIL version 3 views capacity management as comprising

three sub-processes: business capacity management, service capacity management, and

component capacity management (known as resource capacity management in ITIL version 2).

As the usage of IT Services change and functionality evolves, the amount of processing power,

memory etc also changes. If it is possible to understand the demands being made currently, and

how they will change over time, this approach proposes that planning for IT Service growth

becomes easier and less reactive. If there are spikes in, for example, processing power at a

particular time of the day, it proposes analyzing what is happening at that time and make changes

to maximize the existing infrastructure, for example, tune the application, or move a batch cycle

to a quieter period.
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Key Points:

1. Performance Analysis

In software engineering, performance analysis, more commonly today known as profiling, is the

investigation of a program's behavior using information gathered as the program executes (i.e. it

is a form of dynamic program analysis, as opposed to static code analysis). The usual goal of

performance analysis is to determine which sections of a program to optimize usually either to

increase its speed or decrease its memory requirement (or sometimes both).

A profiler is a performance analysis tool that measures the behavior of a program as it executes

particularly the frequency and duration of function calls. (An instruction set simulator which is

also by necessity a profiler, can measure the totality of a program's behavior from invocation to

termination.) The output may be a stream of recorded events (a trace) or a statistical summary of

the events observed (a profile) or an ongoing interaction with the hypervisor. Profilers use a wide

variety of techniques to collect data, including hardware interrupts, code instrumentation,

instruction set simulation, operating system hooks, and performance counters. The usage of

profilers is 'called out' in the performance engineering process.

As the summation in a profile often is done related to the source code positions where the events

happen, the size of measurement data is linear to the code size of the program. In contrast, the

size of a (full) trace is linear to the program's execution time, making it somewhat impractical.

For sequential programs, a profile is usually enough, but performance problems in parallel

programs (waiting for messages or synchronization issues) often depend on the time relationship

of events, thus requiring the full trace to get an understanding of the problem.

2. Statistical profilers

Some profilers operate by sampling. A sampling profiler probes the target program's program

counter at regular intervals using operating system interrupts. Sampling profiles are typically less

numerically accurate and specific, but allow the target program to run at near full speed.
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The resulting data are not exact, but a statistical approximation. The actual amount of error is

usually more than one sampling period. In fact, if a value is n times the sampling period, the

expected error in it is the square-root of n sampling periods.

In practice, sampling profilers can often provide a more accurate picture of the target program's

execution than other approaches, as they are not as intrusive to the target program, and thus don't

have as much side effects (such as on memory caches or instruction decoding pipelines). Also

since they don't affect the execution speed as much, they can spot issues that would otherwise be

hidden. They are also relatively immune to over-evaluating the cost of small, often called

routines or tight loops. Another key advantage is that they can pinpoint bottlenecks down to the

CPU instruction level.[dubious discuss]

Some of the most commonly used statistical profilers are AMD CodeAnalyst, Apple Inc. Shark,

and Intel VTune.

3. Capacity planning

Capacity planning is the process of determining the production capacity needed by an

organization to meet changing demands for its products. In the context of capacity planning,

"capacity" is the maximum amount of work that an organization is capable of completing in a

given period of time.

A discrepancy between the capacity of an organization and the demands of its customers results

in inefficiency, either in under-utilized resources or unfulfilled customers. The goal of capacity

planning is to minimize this discrepancy. Demand for an organization's capacity varies based on

changes in production output, such as increasing or decreasing the production quantity of an

existing product, or producing new products. Better utilization of existing capacity can be

accomplished through improvements in overall equipment effectiveness (OEE). Capacity can be

increased through introducing new techniques, equipment and materials, increasing the number

of workers or machines, increasing the number of shifts, or acquiring additional production

facilities.
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Capacity is calculated: (number of machines or workers) (number of shifts) (utilization)

(efficiency).

The broad classes of capacity planning are lead strategy, lag strategy, and match strategy.

 Lead strategy is adding capacity in anticipation of an increase in demand. Lead strategy is

an aggressive strategy with the goal of luring customers away from the company's

competitors. The possible disadvantage to this strategy is that it often results in excess

inventory, which is costly and often wasteful.

 Lag strategy refers to adding capacity only after the organization is running at full

capacity or beyond due to increase in demand. This is a more conservative strategy. It

decreases the risk of waste, but it may result in the loss of possible customers.

 Match strategy is adding capacity in small amounts in response to changing demand in

the market. This is a more moderate strategy.

In the context of systems engineering, capacity planning is used during system design and

system performance monitoring.

4. Performance Engineering

Within systems engineering, performance engineering encompasses the set of roles, skills,

activities, practices, tools, and deliverables applied at every phase of the Systems Development

Lifecycle which ensures that a solution will be designed, implemented, and operationally

supported to meet the non-functional requirements defined for the solution. It may be

alternatively referred to as software performance engineering within software engineering;

however since performance engineering encompasses more than just the software, the term

performance engineering is preferable. Adherence to the non-functional requirements is

validated by monitoring the production systems. This is part of IT service management.
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Performance engineering has become a separate discipline at a number of large corporations, and

may be affiliated with the enterprise architecture group. It is pervasive, involving people from

multiple organizational units; but predominantly within the information technology organization.

5. Service Level Management

In the service level management area, performance engineering is concerned with service level

agreements and the associated systems monitoring that serves to validate service level

compliance, detect problems, and identify trends. For example, when real user monitoring is

deployed it is possible to ensure that user transactions are being executed in conformance with

specified non-functional requirements. Transaction response time is logged in a database such

that queries and reports can be run against the data. This permits trend analysis that can be useful

for capacity management. When user transactions fall out of band, the events should generate

alerts so that attention may be applied to the situation.

6. Capacity Management

For capacity management, performance engineering focuses on ensuring that the systems will

remain within performance compliance. This means executing trend analysis on historical

monitoring generated data, such that the future time of non compliance is predictable. For

example, if a system is showing a trend of slowing transaction processing (which might be due to

growing data set sizes, or increasing numbers of concurrent users, or other factors) then at some

point the system will no longer meet the criteria specified within the service level agreements.

Capacity management is charged with ensuring that additional capacity is added in advance of

that point (additional CPUs, more memory, new database indexing, et cetera) so that the trend

lines are reset and the system will remain within the specified performance range.
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7. Problem Management

Within the problem management domain, the performance engineering practices are focused on

resolving the root cause of performance related problems. These typically involve system tuning,

changing operating system or device parameters, or even refactoring the application software to

resolve poor performance due to poor design or bad coding practices.

Topic : Production Activity Control

Topic Objective:

At the end of this topic student would be able to:

 Learn the concept of Production Activity Control

 Learn the concept of Scheduling In Manufacturing Environments

 Learn the concept of Scheduling for Batch Flow Lines

 Learn the concept of Job Shop Scheduling

 Learn the concept of Priority Control

Definition/Overview:

Production Activity Control: PAC, Production Activity Control, is concerned with converting

plans into action, reporting the results achieved, and revising plans and actions as required

achieving desired results. Thus, PAC converts plans into action by providing the required
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direction. This requires the appropriate prior master planning of orders, work force personnel,

materials, and capacity requirements.

While there are better methods available via JIT and other strategies, PAC is an essential system

for managing in relation to specific orders that must be properly launched, when material and

labor resources, and equipment are properly timed to be delivered or allocated for the completion

of those orders. There is no such thing as a late or past due order. There is only correct planning

and poor planning. The date of an order that cannot be completed simply has the wrong

completion date. At this level, errors are due more to improper long-range and mid-range

planning. The availability of resources in the short-range is only possible via proper management

of the tasks prior to starting the job.

Order release, dispatching, and progress reporting are the three primary functions of PAC.

Dispatching is the activation of orders per original plans. Dispatching decisions are affected by

queue management, I/O control, and priority control principles and techniques that are

intertwined and mutually supportive. They are useful in the management of lead-time, queue

length, work center idle time, and scheduled order completion. Reports on the status of orders,

materials, queues, tooling, and work center utilization are essential for control. Many report

types with various information are possible. Examining a given situation will reveal which

reports and information are required.

Key Points:

1. Scheduling In Manufacturing Environments

The Master Scheduling Section described different types of production environments: continuous

and repetitive flow lines, batch flow lines, manufacturing cells, job shop, and project (fixed site)

processes. Each environment is distinctive. Scheduling continuous and repetitive flow lines is

discussed in the Section on JIT: Just-In-Time & TQC: Total Quality Control.
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2. Scheduling for Batch Flow Lines

Batch flow lines exist in beverage companies, ice cream manufacturers, soap powder packaging

facilities, and pharmaceutical plants. Typically, a group of similar items is manufactured on the

batch line. A family of items may be produced in batch quantities on the same line with some

changes in the setup, a cleaning of the equipment, and changes in incoming materials. (If no time

is required for switching from one item in the family to another, then the different items can be

mixed in the same run and a mixed model line exists.) Thus, a primary production management

objective is to reduce and eventually eliminate the time required for changing between items in a

group. The smaller the changeover time, the greater the scheduling flexibility and the smaller

will be the scheduling problem.

The quantity of an item produced depends on that item's production rate and the length of time it

is run. Deciding the item to be run next and the quantity to be run depends on the following

factors:

A. The on-hand (available) quantity of each item

B. The demand rate of each item

C. The times required to change between different items

D. The production rate of each item

F. The sequence, if any, in which items should be run

When the setup (changeover) times are relatively small and independent of the sequence in

which the items arc produced, the decision is relatively simple: the item with the smallest run-out

time is run first.

Run-out time is the period existing inventory will last given forecast usage. For example, if a

company uses (or sells) 20 printed circuits each day and has 80 of them in stock, the runo-ut time

of Part. No.101 is four days. Runout time (R) is calculated as follows:

R =

Units in

Inventory

Demand (Usage)

Rate

If the setup times for the items in a group are relatively short and the production lot quantities are

small due to relatively low demand rates and low setup costs, there is no problem. Sufficient time

usually will exist to manufacture all items on schedule.
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Let's look at another example. Assume we have a table of run out times for three machined parts

made on the same machine, a traditional machine tool with a larger setup time and corresponding

larger production quantities.

The company has a problem. Items A, B, and C should be run immediately. Some of these items

should have been manufactured last week. The purpose of this example is to point out that:

A. Manufacturing engineering should reduce the setup times and, thus, improve the production

run quantities and time. A computer numerically controlled, (CNC), machine that can shift from

one part to another with little or no setup time may be appropriate.

B. Proper timing of order releases is as important as the quantity decision,

In addition, the appropriateness of a model depends on the situation. Order quantity and order

release decisions are more complicated when more than one group is run on the same equipment,

when capacity is limited, or when items in a group must be run in a particular sequence to

achieve minimum changeover times (for example first Item A, then B, C, and so on).

When sufficient inventory is available, personnel may be used for preventive maintenance,

methods analysis, and setup time reduction to reduce lead time and improve quality rather than to

produce unneeded parts. (These topics are discussed further in Section on JIT: Just-In-Time &

TQC: Total Quality Control as part of Just-in-Time concepts.)

3. Job Shop Scheduling

The physical layout of a job shop usually groups equipment performing similar functions in the

same area. Typically, there are many different orders being processed in the plant at the same

time and relatively few have the same routing (the department-by-department path through the

plant). Scheduling is the assigning of starting and completion times to orders (jobs) and

frequently includes the times when orders are to arrive and leave each department. Sequencing is

the assigning of the sequence in which orders are to be processed, for example, do Order C first,

then B, followed by D, and so on. However, in practice and in the literature, scheduling

frequently refers to both the time schedule and the sequence of orders or jobs. The selection of a

scheduling system, approach, or technique depends on the objectives of the schedule and the

criteria by which its results will be measured.

Management policies and objectives are the basis for scheduling decisions, However, production

management may define multiple and conflicting scheduling objectives in different ways, such
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as: minimize average lateness of orders, minimize maximum lateness, minimize manufacturing

lead time (minimum average flow time), minimize work in process, and maximize utilization of

bottleneck work centers. Fortunately, many of the objectives are mutually supportive. For

example, reducing manufacturing lead time reduces work in process and increases the

probability of meeting due dates.

Achievement of these scheduling objectives depends on the flexibility of the manufacturing

equipment and personnel. The importance of achieving flexibility through methods

improvement, facility layout, setup reduction, worker cross training, and the development of

manufacturing cells cannot be overemphasized.

4. Priority Control

Many methods (sometimes called priority rules) exist for establishing the priority of orders. The

priority, often expressed numerically, is used to determine the sequence in which the orders

should be processed. The rules described in the following pages are probably the most common,

but many variations and combinations of these methods exist. The list of Common Decision

Priority Rules below, provides a good overview of the basic rules and their objectives.

To show how these rules are used to determine the priority of orders, let's consider a specific

example. Say we have shown data concerning four orders in a manufacturing plant in central

Illinois. All orders were in the same department, which we call Department 7. The simplest

priority rule to implement is earliest due date. For this example, the manufacturing sequence

would be A, B, C, D. These jobs have due dates of 130, 132, 136, and 133, respectively. We now

discuss the computation of slack and critical ratio rules.

Slack time (ST) is found by subtracting the present date and the total operation time remaining

from the due date. That is,

ST = Due Date Present Date - Total Operation Time Remaining

For Order A,

ST = 130 - 125 - 3.0 = 2.0

The critical ratio (CR) equals the difference between the due date and the present date divided by

the manufacturing lead time remaining:

CR = Due Date - Present
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Date

Manufacturing Lead

Time Remaining

5. Commodity Priority Decision Rules

Rule Objective

FCFS--First

Come, First

Served:

Run the orders in the sequence in which they arrive at the work

center. This ''fairness'' rule is especially appropriate in service

organizations where most customers often either need or desire

the completion of the service as soon as possible

SPT, SOT--

Shortest

Processing

(Operation) Time:

Run the orders in the inverse order of the time required to

process them (smallest time first) in the department. This rule

usually results in the lowest work in process, the lowest

average job completion (manufacturing lead time), and average

job lateness. Unless this rule is combined with a due date or

slack time rule, jobs (orders) with long processing times can be

extremely late.

STPT-- Shortest

Total Processing

Time Remaining:

Run the orders in the inverse order of the total processing time

remaining. The rationale of this rule is similar to the preceding

one. It accomplishes similar objectives when most jobs follow

a common process.

EDD--Earliest

Due Date:

Run orders with the earliest due date first. This rule works well

when processing times are approximately the same.

FO -- Fewest

Operations:

Run first the orders with the fewest operations remaining. The

logic of this rule is that fewer operations involve less queue

time and, as a result, the rule reduces average work in process,

manufacturing lead time, and average lateness. However, jobs

with a relatively large number of operations can take
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excessively long if another rule is not combined with this one.

ST -- Slack Time: Run first the order with the smallest slack time and continue

the sequence in the ascending order of their slack times. Slack

time equals the due date minus the remaining processing time

(setup plus run time). This rule supports the achievement of

due date objectives. The slack time remaining per operation is

a variation of this rule.

CR --Critical

Ratio:

For orders not already late (overdue), run first those orders

with the lowest critical ratio. The critical ratio equals the due

date minus the present date divided by the normal

manufacturing lead time remaining.

[Table 1: Decision Rule]

CR

=

138 - 125

9.0
=1.44

A CR of 1.0 indicates that the order is right on schedule; a CR greater than 1.0 indicates that the

order is ahead of schedule; and a CR smaller than 1.0 indicates that the order is behind schedule.

The smaller the CR, the higher is the priority of the order. The CR index---as most priority

criteria---should be used in conjunction with one or more other criteria. For example, Order X

has 2 days left to delivery and 1 day of manufacturing lead time remaining; thus, its CR is 2.0(2

+ 1). Suppose Order Y has a 1.11 CR: it has 10 days left until its due date and 9 days of

manufacturing lead time remaining. On the basis of CR's, Order Y has the higher priority. Both

have the same slack time, one day. However, the nearer due date of Order X argues strongly for

giving it first priority

In addition, the CR is not a good priority index for orders whose due date has passed. Priority

indices for orders whose due dates have passed are described shortly.
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Although applying priority rules to any four orders at a given time in a specific department will

produce different results, the above results are not unusual. Different rules produce different

sequences, but certain patterns tend to appear in most. For example, Orders A and B are

scheduled first or second by most rules. One factor that also should be considered is the status of

the work center to which each order goes next. There would be little point in scheduling Order A

first if its next operation was in a work center overloaded with higher priority orders

An advantage of the SOT rule is that the data required to use it is readily available to the

immediate supervisor, as should be the due date data. Operation and order due dates are very

popular for establishing order priorities because of their simplicity, ease of understanding, and

direct relationship to a primary objective of management-on time delivery. The other rules

require calculations and considerably more data. Thus, they usually require a computerized shop

floor control system that performs all calculations and prepares daily lists showing job priority.

Planning (determining) the priorities of orders are a prerequisite to effective production activity

control. Priorities must reflect actual needs and be consistent among items going into the same

assembly. Changing order priorities frequently will destroy their credibility.

6. Overdue Orders and Priority Indices

Overdue orders are of special interest because management is interested in minimizing the cost

of late orders. Special priority indices are often used to manage overdue orders because, among

other reasons, the CR technique gives confusing information when applied to overdue orders.

The data illustrate the failure of CR in an overdue situation. Orders B and C both have a CR of

0.0 indicating identical priorities: but B is 10 days behind schedule and C is 8 days behind

schedule. Clearly their priorities should not be the same. Order D has a CR of -2.5 which would

indicate that it is in a poorer condition than Order E which has a CR of -1.25. This is not the

case; Order F is further behind schedule than Order D.

The concept of slack time, the time ahead of or behind schedule, can be used to aid in

determining priority for overdue orders. Slack time may be computed by different methods;

manufacturing lead-time and processing time remaining are the two most widely used. Managers

may wish to minimize the number of late orders and decide to have one job very late. In this

case, jobs that can be delivered on time are not delayed to process a job that already is late.
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The manufacturing lead-time remaining (MLTR) method of computing slack time computes the

number of days ahead of or behind schedule by subtracting the manufacturing lead time from the

actual lead time remaining. The priority is then computed based on the number of days behind or

ahead of schedule. For example, Order E has highest priority because it is the farthest behind

schedule on the basis of this method.

The processing time remaining (PTR) method of computing slack time computes the number of

days behind or ahead of schedule by subtracting the processing time remaining from the actual

time remaining. The days behind schedule when computed using manufacturing lead-time

remaining indicate that Order B is further behind schedule than Order C and thus has a higher

priority. However, a ranking based on processing time remaining rather than total manufacturing

lead-time gives Order C a higher priority. When queue and move time are a Large but variable

portion of manufacturing lead-time, and the queue and move time can be compressed by priority

sequencing, ranking is improved using days overdue plus processing time remaining rather than

total lead-time remaining.

Thus, for overdue orders, two priority rules are:

1. Run those orders first that have the greatest total of days behind schedule plus manufacturing

lead time remaining.

2. Run those orders first that have the greatest total of days behind schedule plus processing time

remaining.

Orders for safety stock and made-to-stock items should have lower priority than items being

manufactured to fill a customer order with the same due date. This is in keeping with the

philosophy that the customer always comes first. In addition, safety stock and finished goods

stock are manufactured to meet probable but uncertain demands, while an actual order is a

certainty.

7. Queue Length Management

Queues consist of those items waiting to be processed at a work center; they usually are

measured in hours of work required in the work center, that is, the length or size of the queue.

The lengths of queues directly affect the value of work-in-process inventory and manufacturing

lead times. In an ideal situation there arc no queues and also no idle time: an item arrives exactly

at the time scheduled for its processing and the work center has just become available to perform
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the operation. However, ideal conditions rarely exist in job shops and queues are planned to

compensate for the uneven flow of incoming work and the variations in work center processing

times. The section on JIT: Just-In-Time & TQC: Total Quality Control describes how Just-in-

Time concepts can reduce queues substantially. This section describes the management of

queues prior to achieving the benefits of JIT.

The objective of queue length management is to control lead time and work in process and to

obtain full utilization of bottleneck work centers. Material queues of only an hour's work or so

may be planned in a flow line process to avoid downtime. In a job shop environment,

determining the nature of queues at the critical work centers should be the first step. Meaningful

queue length goals then can be established. First, we will examine queue length distributions.

Then, we will investigate operation overlapping and operation splitting, two methods of

managing queues and lead times.

8. Typical Queue Distributions

Briefly, there are four different queue situations: (1) a controlled queue, (2) an excessive queue

length, (3) an uncontrolled queue, and (4) substantial idle time due to a short queue.

Consider an example that illustrates a situation where the average queue length is 30 hours, the

maximum length is 55 hours, and the work center is never idle because of lack of work and is

seldom overloaded. On the other hand, the data could exemplify a queue whose length is never

less than 45 hours. It is obvious that the length of this queue can be reduced by 45 hours without

affecting idle time. This reduction can be accomplished by releasing work to the work center

(controlling the input) at a reduced rate until the queue reduces.

Queue length also can be measured statistically with planned average lengths based on the

probability of a stockout, a zero length queue. This approach calculates the planned average

queue length by multiplying the standard deviation of the queue length observations by the

number of standard deviations required to obtain the desired coverage. It assumes a queue length

distribution on the basis of historical data and counts the item being machined as part of the

queue. (Zero queue length corresponds to machine downtime.)

Suppose a queue has a normal distribution with a 70-hour average length and a standard

deviation of 9.7 hours. If management's objective is to have a material shortage less than 1

percent of the time (a 99 percent service level), the planned average queue length should be
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approximately 22.6 (2.33 x 9.7) standard hours. (The approximate number of standard deviations

corresponding to 49 percent of the high side area under the normal curve is 2.33.)

The first approach to the queue in our second example indicates that the average queue length

can be reduced by up to 45 standard hours, and the statistical approach suggests that an average

queue length of 22.6 standard hours (a reduction of 47.4 hours in the average queue length) will

meet idle time objectives. Neither approach is exact and both should be applied with caution.

Queue length distributions seldom are perfectly normal and shortening the length of a queue will,

in itself, affect the distribution. In most cases, however, both approaches clearly indicate when a

queue can be shortened. In most cases the change should be made gradually to minimize shop

adjustment problems. A sudden decrease in queue length can cause supervisors and operators to

drag out available jobs. It should be made clear to shop personnel that the backlog still exists, but

it has been moved from the plant to production planning and control.

Reductions in queue length at a gateway work center, the first work center at which work is

performed, are achieved through input/output control at that center. Selection of appropriate

orders for processing in earlier work centers will result in the desired adjustments in downstream

work centers used later in the process.

The conditions represented by substantial idle time, are typical of a work center with excess

available capacity. Jobs at overloaded work centers should be moved to work centers with excess

capacity when possible (when the under-loaded work center is a feasible route).

Our third example illustrates a stickier situation, an uncontrolled queue. It is more likely to be

found in work centers in which two or more preceding operations have been completed in other

work centers. In this situation, the arrival of jobs is often very erratic. A detailed analysis

revealing the major source and processing patterns of incoming loads should provide clues for

possible remedies. Analysis of order sequencing alternatives also may reveal options available

for reducing the unusually long queues in this type of situation. Finite scheduling techniques that

have simulation capability often can be used to anticipate and avoid such situations.

9. Operation Overlapping (Transfer Batches)

Operation overlapping, is a technique used to reduce the total lead time of a production order by

dividing the lot into two or more batches and linking at least two successive operations directly
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(one is performed immediately after the other). Operation overlapping is a common practice in

manufacturing cells when setup is required.

Reduction of total manufacturing lead time by the reduction of the throughput time for

Operations A and B is the benefit of operation over-Lapping, as illustrated in Figure 5. The

disadvantages are the added cost of increased planning and control required by doubling the

number of batches and material movements, plus the requirements that the first batch be moved

immediately upon completion and that capacity be available at Work Center B when the first

batch arrives. Time lost by not meeting these latter two requirements decreases the savings in

lead time.

The manufacturing lead time (MLT) without overlapping and no queue equals the total time for

Operation A (setup and run) plus transit time plus the total time for Operation B (setup and run).

Thus,

MLT = 80 + 100 x 10 + 30 + 40 + 100 x 5 = 1,650 minutes

The MLT with overlapping and prior setup of Operation B equals the time for Operation

A on Batch 1 (setup and run) plus transit time from Operation A to Operation B plus the total

time for Operation 13 (run only) on Batches 1 and 2, Batch 2 completes Operation A and is

moved to Operation 13 while Batch I is being processed in B. Thus,

MLT = 80 + 67 x 10 + 30 + 100 x 5 = 1,280 minutes

The difference between the two conditions in lead times is 370 minutes (1,650- 1,280),

approximately a 22 percent reduction. The actual savings depend on whether parts are required

to set up the machine as well as the normal time an order would wait between processes. Usually

the major savings from overlapping come from the elimination of queue time---frequently

several times greater than total processing time-between operations.

When the processing time of Operation B is greater than that of Operation A, similar calculations

can be performed to determine the batch sizes required to maximize lead time savings under the

constraint of only one additional movement (dividing the lot into no more than two batches). The

section on JIT, examines operation overlapping further, including multiple transfer lots and the

reduction of transit time. Since operation, setup, and transit times are rarely constants, simulation

of these activities, is highly advisable.
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10. Operation Splitting

Operation splitting, reduces total lead time by reducing the run time component. A production lot

is divided into two or more batches and the same operation is then performed simultaneously on

each of these sub-lots. Operation splitting reduces the processing (run time) component of

manufacturing lead time at the cost of an additional setup. Conditions conducive to lot splitting

include a relatively high ratio of total run time to setup time, idle duplicate equipment or work

force personnel, and the feasibility of an operator running more than one machine. These

conditions frequently exist. For example, in the cutting of large diameter ring gears, the setup

time is small in comparison with the run time of a lot of 20 or more.

Lots also may be split in a "setup offset" manner. After the first machine is set up and running,

the operator sets up the second machine. For this approach to be feasible, the time required to

unload one part and load the following part must be shorter than the run time per part. In

addition, shop practices (and the labor contract) must allow an individual to run more than one

machine. This approach reduces lead time and increases labor productivity. The appropriate mix

of parts to equalize run-out or to meet cycle assembly requirements is committed as a group.

Both overlapping and lot splitting are normal procedures in manufacturing cells.

11. Input/Output Control

Input/output (I/O) planning and control is an integrated process that includes (1) planning the

acceptable input and output performance ranges per time period in each work center, (2)

measuring and reporting actual inputs and outputs (feedback), and (3) correcting out-of-contro1

situations.

Input/output control is an effective technique for controlling queues, work in process, and

manufacturing lead time (the time from the release of an order to its completion). This section

analyses actual inputs, outputs, and work in process. Input/output control enables the planner to

determine what action is necessary to achieve the desired output, work in process, and

manufacturing lead time objectives. We will examine the case of a single processing center and

then the more complicated case of multiple work centers and many orders with different

routings.
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12. Single Work Center Processes

Some manufacturing processes have only one work center; others have a dominant (bottleneck)

work center that is the focal point for controlling input and output to the entire process. In

addition, gateway work centers, continuous and repetitive batch lines, and a uniform routing

through a group of work centers frequently may be treated as a single processing work center for

input/output analysis purposes.

Input/output is a short-range control technique; it usually is performed using daily rather than

weekly time buckets. Input/output analysis compares the scheduled order (or task) inputs to the

process and the scheduled outputs to the actual inputs and the actual outputs. This information

comes from production schedules and reports of actual order releases, arrivals of orders in a

work center, and completions of orders in a work center. The basic concept of I/O planning and

control is that ending work in process equals beginning work in process plus input minus output,

as illustrated by Figure 7. Further computations can provide the cumulative input deviation, the

cumulative output deviation, and the planned and actual work in process (WIP).

Lead Time =
Work in Process

Output Rate

Management must develop various measures of process performances, including an acceptable

level of input and output deviation-and the acceptable level of WIP. The following examples

illustrate three different situations:

(1) a process in control, (2) the use of input/output to control and reduce work in process and

lead time, and (3) input/output controls under out-of-control conditions.

In the first example the situation is under control. Actual input and actual output differ little from

the plan; the work in process is never more than 5 hours different from the plan. Typically,

management will establish an acceptable cumulative deviation, perhaps 20 hours of work in

process in this case for example, as acceptable due to random events. Planned WIP is usually

three to four times the standard deviation of the ending WIP, resulting in virtually no time due to

lack of work. Acceptable deviation is about twice the standard deviation; beyond this, action is

attempted to correct the deviation.

Because planned WIP is excessive, a reduction in input beginning in Day 26 and constant output

are planned to reduce work in process from 32 standard hours to 20 standard hours and to reduce
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lead time from two days (16-hour days, i.e., each day has two shifts and utilization and efficiency

equal 100 percent) to two and a half shifts. Lead time equals the work in process (the hours of

work in the queue plus those being processed) divided by the production rate. At the beginning

of Day 26, the lead-time equals 2.0 days (32 hours + 16 hours per day). After five days, actual

results approximate the plan; the WIP is 21 hours and the lead-time is 1.31 days (21 + 16). This

reduction is reasonable only if 20 hours of work in process will sustain the production through

normal variations in incoming work and output. Once the desired level of work in process has

been reached, the input must be returned to the output level.

13. Typical out-of-control situations, possible causes, and corrective actions include the

following:

Equipment failure and inefficient processing are manufacturing engineering problems.

Inadequate, excessive, or the wrong inputs are I/O problems that should be rectified by

dispatching. I/O control is essential at critical (bottleneck) work centers whether they are

gateway, intermediate, or the final work centers.

It illustrates an application of input/output control in an unanticipated situation. An equipment

problem that began during Day 30 has decreased output and the work in process did not decrease

as planned. The plan was to work 2 hours overtime in Days 31 and 32 to increase output by 25

percent to 20 hours, to bold input constant at 16 hours, and to reduce the work in process to 24

hours. However, the equipment performed erratically during Days 31 and 32 and output fell

short. Solving the equipment problem is the first step in rectifying this situation. In the

meantime, planned input and output should be reduced. Maintaining the present input level will

only maintain the high work in process and hinder production. Planned output should be based

on the actual capacity of approximately 16 standard hours per day. Excess work in process

exists; so planned input for Day 33 is reduced to 12 hours to achieve planned work in process.

Even if the work center performance returns to the normal 20 hours of output, sufficient work in

process will be available with the planned input.

12 hours of input are planned for Day 33 along with 16 hours of output, while working 2 hours

overtime. If the equipment operates properly and produces 20 standard hours per day, sufficient

work in process exists to prevent machine downtime due to lack of work.
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This can result in late deliveries, poor customer service, poor profits in the short run, and the

possibility of losing future orders. Measures should be taken to increase the actual input in Week

30; otherwise the work center will experience idle time. A work center that feeds this work

center is probably causing this problem. The cause of the reduced input must be identified and

corrected.

Topic : Purchasing

Topic Objective:

At the end of this topic student would be able to:

 Learn the concept of Acquisition Process

 Learn the concept of Selection of Bidders

 Learn the concept of Bidding Process

 Learn the concept of Technical Evaluation

 Learn the concept of Commercial Evaluation

 Learn the concept of Negotiating

 Learn the concept of Post-Award Administration

Definition/Overview:

Purchasing refers to a business or organization attempting to acquire goods or services to

accomplish the goals of the enterprise. Though there are several organizations that attempt to set

standards in the purchasing process, processes can vary greatly between organizations. Typically

the word purchasing is not used interchangeably with the word procurement, since procurement
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typically includes Expediting, Supplier Quality, and Traffic and Logistics (T&L) in addition to

Purchasing.

Purchasing managers/directors, and procurement managers/directors guide the organizations

acquisition procedures and standards. Most organizations use a three-way check as the

foundation of their purchasing programs. This involves three departments in the organization

completing separate parts of the acquisition process. The three departments do not all report to

the same senior manager to prevent unethical practices and lend credibility to the process. These

departments can be purchasing, receiving; and accounts payable or engineering, purchasing and

accounts payable; or a plant manager, purchasing and accounts payable. Combinations can vary

significantly, but a purchasing department and accounts payable are usually two of the three

departments involved.

Key Points:

1. Acquisition Process

The revised acquisition process for major systems in industry and defense is shown in the next

figure. The process is defined by a series of phases during which technology is defined and

matured into viable concepts, which are subsequently developed and readied for production, after

which the systems produced are supported in the field.

The process allows for a given system to enter the process at any of the development phases. For

example, a system using unproven technology would enter at the beginning stages of the process

and would proceed through a lengthy period of technology maturation, while a system based on

mature and proven technologies might enter directly into engineering development or,

conceivably, even production. The process itself includes four phases of development:

 Concept and Technology Development: is intended to explore alternative concepts based

on assessments of operational needs, technology readiness, risk, and affordability.
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 Concept and Technology Development phase begins with concept exploration. During

this stage, concept studies are undertaken to define alternative concepts and to provide

information about capability and risk that would permit an objective comparison of

competing concepts.

 System Development and Demonstration phase. This phase could be entered directly as a

result of a technological opportunity and urgent user need, as well as having come

through concept and technology development.

 The last, and longest, phase is the Sustainment and Disposal phase of the program.

During this phase all necessary activities are accomplished to maintain and sustain the

system in the field in the most cost-effective manner possible.

2. Selection of Bidders

This is the process where the organization identifies potential suppliers for specified supplies,

services or equipment. These suppliers' credentials (qualifications) and history are analyzed,

together with the products or services they offer. The bidder selection process varies from

organization to organization, but can include running credit reports, interviewing management,

testing products, and touring facilities. This process is not always done in order of importance,

but rather in order of expense. Often purchasing managers research potential bidders obtaining

information on the organizations and products from media sources and their own industry

contacts. Additionally, purchasing might send Request for Information (RFI) to potential

suppliers to help gather information. Engineering would also inspect sample products to

determine if the company can produce products they need. If the bidder passes both of these

stages engineering may decide to do some testing on the materials to further verify quality

standards. These tests can be expensive and involve significant time of multiple technicians and

engineers. Engineering management must make this decision based on the cost of the products

they are likely to procure, the importance of the bidders product to production, and other factors.

Credit checks, interviewing management, touring plants as well as other steps could all be

utilized if engineering, manufacturing, and supply chain managers decide they could help their

decision and the cost is justifiable.
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Other organizations might have minority procurement goals to consider in selection of bidders.

Organizations identify goals in the use of companies owned and operated by certain ethnicities or

women owned business enterprises. Significant utilizing of minority suppliers may qualify the

firm as a potential bidder for a contract with a company or governmental entity looking to

increase their minority supplier programs.

This selection process can include or exclude international suppliers depending on organizational

goals and criteria. Companies looking to increase their pacific rim supplier base may exclude

suppliers from the Americas, Europe, and Australia. Other organizations may be looking to

purchase domestically to ensure a quicker response to orders as well as easier collaboration on

design and production.

Organizational goals will dictate the criteria for the selection process of bidders. It is also

possible that the product or service being procured is so specialized that the number of bidders

are limited and the criteria must be very wide to permit competition. If only one firm can meet

the specifications for the product then the purchasing managers must consider utilizing a Sole

Source option or work with engineering to broaden the specifications if the project will permit

alteration in the specifications. The sole source option is the part of the selection of bidders that

acknowledges there is sometimes only one reasonable supplier for some services or products.

This can be because of the limited applications for the product cannot support more than one

manufacturer, proximity of the service provided, or the products are newly designed or invented

and competition is not yet available.

3. Bidding Process

This is the process an organization utilizes to procure goods, services or equipment. Processes

vary significantly from the stringent to the very informal. Large corporations and governmental

entities are most likely to have stringent and formal processes. These processes can utilize

specialized bid forms that require specific procedures and detail. The very stringent procedures

require bids to be open by several staff from various departments to ensure fairness and

impartiality. Responses are usually very detailed. Bidders not responding exactly as specified

and following the published procedures can be disqualified. Smaller private businesses are more

likely to have less formal procedures. Bids can be in the form of an email to all of the bidders
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specifying products or services. Responses by bidders can be detailed or just the proposed dollar

amount.

Most bid processes are multi-tiered. Acquisitions under a specified dollar amount can be user

discretion permitting the requestor to choose who ever they want. This level can be as low as

$100 or as high as $10,000 depending on the organization. The rationale is the savings realized

by processing these request the same as expensive items is minimal and does not justify the time

and expense. Purchasing departments watch for abuses of the user discretion privilege.

Acquisitions in a mid range can be processed with a slightly more formal process. This process

may involve the user providing quotes from three separate suppliers. Purchasing may be asked or

required to obtain the quotes. The formal bid process starts as low as $10,000 or as high as

$100,000 depending on the organization. The bid usually involves a specific form the bidder fills

out and must be returned by a specified deadline. Depending of the commodity being purchased

and the organization the bid may specify a weighted evaluation criterion. Other bids would be

evaluated at the discretion of purchasing or the end users. Some bids could be evaluated by a

cross-functional committee. Other bids may be evaluated by the end user or the buyer in

Purchasing. Especially in small, private firms the bidders could be evaluated on criteria or factors

that have little if anything to do with the actual bid. Examples of these factors are history of the

bidder with the company, history of the bidder with the companys senior management at other

firms, and bidders breadth of products.

4. Technical Evaluation

Technical Evaluations, evaluations of the technical suitability of the quoted goods or services, if

required, are normally performed prior to the Commercial Evaluation. During this phase of the

procurement process, a technical representative of the company (usually an engineer) will review

the proposal and designate each bidder as either technically acceptable or technically

unacceptable.

5. Commercial Evaluation

Cost of Money - Cost of Money is calculated by multiplying the applicable currency interest rate

multiplied by the amount of money paid prior to the receipt of GOODS. If the money were to
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have remained in the Buyer's account, interest would be drawn. That interest is essentially an

additional cost associated with such Progress or Milestone payments.

Manufacturing Location - The manufacturing location is taken into consideration during the

evaluation stage primarily to calculate freight costs and regional issues which may be considered.

For instance, in Europe it is common for factories to close during the month of August for

summer holiday. Labor agreements may also be taken into consideration and may be drawn into

the evaluation if the particular region is known to frequent labor unions.

Manufacturing Lead-Time - the manufacturing lead-time is the time from the placement of the

order (or time final drawings are submitted by the Buyer to the Seller) until the goods are

manufactured and prepared for delivery. Lead-times vary by commodity and can range from

several days to years.

Transportation Time - Transportation time is evaluated while comparing the delivery of goods to

the Buyer's required use-date. If Goods are shipped from a remote port, with infrequent vessel

transportation, the transportation time could exceed the schedule adjustments would need to be

made.

Delivery Charges - the charge for the Goods to be delivered to a stated point. Bid Validity

Packing Bid Adjustments Terms and Conditions Seller's Services Standards Organizations

Financial Review Payment Currency Risk Analysis - market volatility, financial stress within the

bidders testing

6. Negotiating

Negotiating is a key skill-set in the Purchasing field. One of the goals of Purchasing Agents is to

acquire goods per the most advantageous terms of the buying entity (or simply, the "Buyer").

Purchasing Agents typically attempt to decrease costs while meeting the Buyer's other

requirements such as an on-time delivery, compliance to the commercial terms and conditions

(including the warranty, the transfer of risk, assignment, auditing rights, confidentiality,

remedies, etc).

Good negotiators, those with high levels of documented "cost savings", receive a premium

within the industry relative to their compensation. Depending on the employment agreement

between the Purchasing Agent (Buyer) and the employer, Buyer's cost savings can result in the
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creation of value to the business, and may result in a flat-rate bonus, or a percentage payout to

the Purchasing Agent of the documented cost savings.

Purchasing Departments, while they can be considered as a support function of the key business,

are actually revenue generating departments. For example, if the company needs to buy $30

million USD of widgets and the Purchasing Department secures the widgets for $25M USD, the

Purchasing Department would have saved the company $5M USD. That savings could exceed

the annual budget of the department, which in effect would pay the department's overhead - the

employee's salaries, computers, office space, etc.

7. Post-Award Administration

Post-award administration typically consists of making minor changes, additions or subtractions

that in some way change the terms of the agreement or the Seller's Scope of Supply. Such

changes are often minor, but for auditing purposes must be documented into the existing

agreement. Examples include increasing the quantity of a Line Item or changing the metallurgy

of a particular component.

In Section 3 of this course you will cover these topics:
Forecasting

Inventory

Order Quantities

Topic : Forecasting

Topic Objective:

At the end of this topic student would be able to:
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 Learn the concept of Forecasting

 Learn the concept of Forecasting accuracy

 Learn the concept of Prior moving average

 Learn the concept of Central moving average

 Learn the concept of Cumulative moving average

 Learn the concept of Exponential moving average

Definition/Overview:

Forecasting: Forecasting is the process of estimation in unknown situations. Prediction is a

similar, but more general term. Both can refer to estimation of time series, cross-sectional or

longitudinal data. Usage can differ between areas of application: for example in hydrology, the

terms "forecast" and "forecasting" are sometimes reserved for estimates of values at certain

specific future times, while the term "prediction" is used for more general estimates, such as the

number of times floods will occur over a long period. Risk and uncertainty are central to

forecasting and prediction. Forecasting is used in the practice of Customer Demand Planning in

every day business forecasting for manufacturing companies. The discipline of demand planning,

also sometimes referred to as supply chain forecasting, embraces both statistical forecasting and

a consensus process. Forecasting is commonly used in discussion of time-series data.

Key Points:

1. Forecasting accuracy

The forecast error is the difference between the actual value and the forecast value for the

corresponding period.
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Where E is the forecast error at period t, Y is the actual value at period t, and F is the forecast for

period t.

Measures of aggregate error:

Mean Absolute Error (MAE)

Mean Absolute Percentage Error (MAPE)

Percent Mean Absolute Deviation (PMAD)

Mean squared error (MSE)

Root Mean squared error (RMSE)

Forecast skill (SS)

[Table 1: Forecasting]

Please note that business forecasters and practitioners sometimes use different terminology in the

industry. They refer to the PMAD as the MAPE, although they compute this volume weighted

MAPE.

2. Prior moving average

A simple moving average (SMA) is the un-weighted mean of the previous n data points. For

example, a 10-day simple moving average of closing price is the mean of the previous 10 days'

closing prices. If those prices are then the formula is

When calculating successive values, a new value comes into the sum and an old value drops out,

meaning a full summation each time is unnecessary,
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In technical analysis there are various popular values for n, like 10 days, 40 days, or 200 days.

The period selected depends on the kind of movement one is concentrating on, such as short,

intermediate, or long term. In any case moving average levels are interpreted as support in a

rising market, or resistance in a falling market.

In all cases a moving average lags behind the latest data point, simply from the nature of its

smoothing. An SMA can lag to an undesirable extent, and can be disproportionately influenced

by old data points dropping out of the average. This is addressed by giving extra weight to more

recent data points, as in the weighted and exponential moving averages.

One characteristic of the SMA is that if the data have a periodic fluctuation, then applying an

SMA of that period will eliminate that variation (the average always containing one complete

cycle). But a perfectly regular cycle is rarely encountered in economics or finance.

3. Central moving average

For a number of applications it is advantageous to avoid the shifting induced by using only 'past'

data. Hence a central moving average can be computed, using both 'past' and 'future' data. The

'future' data in this case are not predictions, but merely data obtained after the time at which the

average is to be computed.

Weighted and exponential moving averages can also be computed centrally.

4. Cumulative moving average

The cumulative moving average is also frequently called a running average or a long running

average although the term running average is also used as synonym for a moving average. This

article uses the term cumulative moving average or simply cumulative average since this term is

more descriptive and unambiguous.

In some data acquisition systems, the data arrives in an ordered data stream and the statistician

would like to get the average of all of the data up until the current data point. For example, an

investor may want the average price of all of the stock transactions for a particular stock up until

the current time. As each new transaction occurs, the average price at the time of the transaction

can be calculated for all of the transactions up to that point using the cumulative average. This is
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the cumulative average, which is typically an un-weighted average of the sequence of i values

x1, ..., xi up to the current time:

The brute force method to calculate this would be to store all of the data and calculate the sum

and divide by the number of data points every time a new data point arrived. However, it is

possible to simply update cumulative average as a new value xi+1 becomes available, using the

formula:

Where CA0 can be taken to be equal to 0.

Thus the current cumulative average for a new data point is equal to the previous cumulative

average plus the difference between the latest data point and the previous average divided by the

number of points received so far. When all of the data points arrive (i = N), the cumulative

average will equal the final average.

The derivation of the cumulative average formula is straightforward. Using

and similarly for i + 1, it is seen that

Solving this equation for CAi+1 results in:

5. Exponential moving average

An exponential moving average (EMA), sometimes also called an exponentially weighted

moving average (EWMA), applies weighting factors which decrease exponentially. The

weighting for each older data point decreases exponentially, giving much more importance to

recent observations while still not discarding older observations entirely. The graph at right

shows an example of the weight decrease.
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The degree of weighing decrease is expressed as a constant smoothing factor α, a number

between 0 and 1. α may be expressed as a percentage, so a smoothing factor of 10% is equivalent

to α = 0.1. Alternatively, α may be expressed in terms of N time periods, where .

For example, N=19 is equivalent to α = 0.1. The half-life of the weights (the interval over which

the weights decrease by a factor of two) is approximately (within 1% if N>5).

The observation at a time period t is designated Yt, and the value of the EMA at any time period

t is designated St. S1 is undefined. S2 may be initialized in a number of different ways, most

commonly by setting S2 to Y1, though other techniques exist, such as setting S2 to an average of

the first 4 or 5 observations. The prominence of the S2 initialization's effect on the resultant

moving average depends on α; smaller α values make the choice of S2 relatively more important

than larger α values, since a higher α discounts older observations faster.

The formula for calculating the EMA at time periods t > 2 is

This formulation is according to Hunter (1986). The weights will obey α(1 − α)xYt − (x + 1). An

alternate approach by Roberts (1959) uses Yt in lieu of Yt−1:

This formula can also be expressed in technical analysis terms as follows, showing how the

EMA steps towards the latest data point, but only by a proportion of the difference (each time):

Expanding out EMA yesterday each time results in the following power series, showing how the

weighting factor on each data point p1, p2, etc, decrease exponentially:

I

n theory this is an infinite sum, but because 1 − α is less than 1, the terms become smaller and

smaller, and can be ignored once small enough. The denominator approaches 1/α, and that value
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can be used instead of adding up the powers, provided one is using enough terms that the omitted

portion is negligible.

The N periods in an N-day EMA only specify the α factor. N is not a stopping point for the

calculation in the way it is in an SMA or WMA. The first N data points in an EMA represent

about 86% of the total weight in the calculation.

The power formula above gives a starting value for a particular day, after which the successive

days formula shown first can be applied.

The question of how far back to go for an initial value depends, in the worst case, on the data. If

there are huge p price values in old data then they'll have an effect on the total even if their

weighting is very small. If one assumes prices don't vary too wildly then just the weighting can

be considered. The weight omitted by stopping after k terms is

Which is:

I.e. a fraction

Out of the total weight.

For example, to have 99.9% of the weight,

Terms should be used. Since approaches

as N increases, this simplifies to approximately

k = 3.45(N + 1)

for this example (99.9% weight).

Application of exponential moving average to OS performance metrics

Some computer performance metrics use a form of exponential moving average, for example, the

average process queue length, or the average CPU utilization.
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Here α is defined as a function of time between two readings. An example of a coefficient giving

bigger weight to the current reading, and smaller weight to the older readings is

Where time for readings tn is expressed in seconds, and W is the period of time in minutes over

which the reading is said to be averaged (the mean lifetime of each reading in the average).

Given the above definition of α, the moving average can be expressed as

For example, a 15-minute average L of a process queue length Q, measured every 5 seconds

(time difference is 5 seconds), is computed as

Topic : Inventory

Topic Objective:

At the end of this topic student would be able to:

 Learn the concept of Inventory

 Learn the reasons for keeping stock

 Learn the concept of Special terms used in dealing with inventory

 Learn the concept of Typology

 Learn the concept of Inventory examples

 Learn the concept of Manufacturing
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Definition/Overview:

Inventory: Inventory is a list for goods and materials, or those goods and materials themselves,

held available in stock by a business. It is also used for a list of the contents of a household and

for a list for testamentary purposes of the possessions of someone who has died. In accounting

inventory is considered an asset.

Key Points:

1. The reasons for keeping stock

There are three basic reasons for keeping an inventory:

Time - The time lags present in the supply chain, from supplier to user at every stage, requires

that you maintain certain amount of inventory to use in this "lead time"

Uncertainty - Inventories are maintained as buffers to meet uncertainties in demand, supply and

movements of goods.

Economies of scale - Ideal condition of "one unit at a time at a place where user needs it, when

he needs it" principle tends to incur lots of costs in terms of logistics. So bulk buying, movement

and storing brings in economies of scale, thus inventory.

All these stock reasons can apply to any owner or product stage.

Buffer stock is held in individual workstations against the possibility that the upstream

workstation may be a little delayed in long setup or change-over time. This stock is then used

while that change-over is happening. This stock can be eliminated by tools like SMED.

These classifications apply along the whole Supply chain not just within a facility or plant.

Where these stocks contain the same or similar items it is often the work practice to hold all

these stocks mixed together before or after the sub-process to which they relate. This 'reduces'

costs. Because they are mixed-up together there is no visual reminder to operators of the adjacent

sub-processes or line management of the stock which is due to a particular cause and should be a

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

53
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



particular individual's responsibility with inevitable consequences. Some plants have centralized

stock holding across sub-processes which makes the situation even more acute.

2. Special terms used in dealing with inventory

Stock Keeping Unit (SKU) is a unique combination of all the components that are assembled

into the purchasable item. Therefore any change in the packaging or product is a new SKU. This

level of detailed specification assists in managing inventory.

Stockout means running out of the inventory of an SKU.

"New old stock" (sometimes abbreviated NOS) is a term used in business to refer to merchandise

being offered for sale which was manufactured long ago but that has never been used. Such

merchandise may not be produced any more, and the new old stock may represent the only

market source of a particular item at the present time.

3. Typology

Cycle stock (Used in batch processes, it is the available inventory excluding buffer stock)

De-coupling (Buffer stock that is held by both the supplier and the user)

Anticipation stock (building up extra stock for periods of increased demand - e.g. ice cream for

summer)

Pipeline stock (goods still in transit or in the process of distribution - have left the factory but not

arrived at the customer yet)

4. Inventory examples

While accountants often discuss inventory in terms of goods for sale, organizations -

manufacturers, service-providers and not-for-profits - also have inventories (fixtures, furniture,

supplies,) that they do not intend to sell. Manufacturers', distributors', and wholesalers' inventory

tends to cluster in warehouses. Retailers' inventory may exist in a warehouse or in a shop or store

accessible to customers. Inventories not intended for sale to customers or to clients may be held

in any premises an organization uses. Stock ties up cash and if uncontrolled it will be impossible

to know the actual level of stocks and therefore impossible to control them.

Whilst the reasons for holding stock are covered earlier, most manufacturing organizations

usually divide their "goods for sale" inventory into:
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 Raw materials - materials and components scheduled for use in making a product.

 Work in process, WIP - materials and components that have begun their transformation to

finished goods.

 Finished goods - goods ready for sale to customers.

 Goods for resale - returned goods that are salable.

 Spare parts

5. Manufacturing

A canned food manufacturer's materials inventory includes the ingredients to form the foods to

be canned, empty cans and their lids (or coils of steel or aluminum for constructing those

components), labels, and anything else (solder, glue,) that will form part of a finished can. The

firm's work in process includes those materials from the time of release to the work floor until

they become complete and ready for sale to wholesale or retail customers. This may be vats of

prepared food, filled cans not yet labelled or sub-assemblies of food components. It may also

include finished cans that are not yet packaged into cartons or pallets. Its finished good inventory

consists of all the filled and labelled cans of food in its warehouse that it has manufactured and

wishes to sell to food distributors (wholesalers), to grocery stores (retailers), and even perhaps to

consumers through arrangements like factory stores and outlet centers.

6. Logistics or distribution

The logistics chain includes the owners (wholesalers and retailers), manufacturers' agents, and

transportation channels that an item passes through between initial manufacture and final

purchase by a consumer. At each stage, goods belong (as assets) to the seller until the buyer

accepts them. Distribution includes four components:

Manufacturers' agents: Distributors who hold and transport a consignment of finished goods for

manufacturers without ever owning it. Accountants refer to manufacturers' agents' inventory as

"matriel" in order to differentiate it from goods for sale.

Transportation: The movement of goods between owners, or between locations of a given owner.

The seller owns goods in transit until the buyer accepts them. Sellers or buyers may transport

goods but most transportation providers act as the agent of the owner of the goods.
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Wholesaling: Distributors who buy goods from manufacturers and other suppliers (farmers,

fishermen, etc.) for re-sale work in the wholesale industry. A wholesaler's inventory consists of

all the products in its warehouse that it has purchased from manufacturers or other suppliers. A

produce-wholesaler (or distributor) may buy from distributors in other parts of the world or from

local farmers. Food distributors wish to sell their inventory to grocery stores, other distributors,

or possibly to consumers.

Retailing: A retailer's inventory of goods for sale consists of all the products on its shelves that it

has purchased from manufacturers or wholesalers. The store attempts to sell its inventory (soup,

bolts, sweaters, or other goods) to consumers.

It is a key observation in "Lean Manufacturing" that it is often the case that more than 90% of a

product's life prior to end user sale is spent in distribution of one form or another. On the

assumption that the time is not itself valuable to the customer this adds enormously to the

working capital tied up in the business as well as the complexity of the supply chain. Reduction

and elimination of these inventory 'wait' states is a key concept in Lean.

7. High level inventory management

It seems that around about 1880 there was a change in manufacturing practice from companies

with relatively homogeneous lines of products to vertically integrated companies with

unprecedented diversity in processes and products. Those companies (especially in

metalworking) attempted to achieve success through economies of scope - the gains of jointly

producing two or more products in one facility. The managers now needed information on the

effect of product mix decisions on overall profits and therefore needed accurate product cost

information. A variety of attempts to achieve this were unsuccessful due to the huge overhead of

the information processing of the time. However, the burgeoning need for financial reporting

after 1900 created unavoidable pressure for financial accounting of stock and the management

need to cost manage products became overshadowed. In particular it was the need for audited

accounts that sealed the fate of managerial cost accounting. The dominance of financial reporting

accounting over management accounting remains to this day with few exceptions and the

financial reporting definitions of 'cost' have distorted effective management 'cost' accounting

since that time. This is particularly true of inventory.
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Hence high level financial inventory has these two basic formulas which relate to the accounting

period:

Cost of Beginning Inventory at the start of the period + inventory purchases within the period +

cost of production within the period = cost of goods

Cost of goods − cost of ending inventory at the end of the period = cost of goods sold

The benefit of these formulae is that the first absorbs all overheads of production and raw

material costs in to a value of inventory for reporting. The second formula then creates the new

start point for the next period and gives a figure to be subtracted from sales price to determine

some form of sales margin figure.

Manufacturing management is more interested in inventory turnover ratio or average days to sell

inventory since it tells them something about relative inventory levels.

Inventory turn over ratio (also known as inventory turns) = cost of goods sold / Average

Inventory = Cost of Goods Sold / ((Beginning Inventory + Ending Inventory) / 2) and its

inverse

Average Days to Sell Inventory = Number of Days a Year / Inventory Turn Over Ratio =

365 days a year / Inventory Turn Over Ratio

This ratio estimates how many times the inventory turns over a year. This number tells us how

much cash/goods are tied up waiting for the process and is a critical measure of process

reliability and effectiveness. So a factory with two inventory turns has six months stock on hand

which generally not a good figure (depending upon industry) whereas a factory that moves from

six turns to twelve turns has probably improved effectiveness by 100%. This improvement will

have some negative results in the financial reporting since the 'value' now stored in the factory as

inventory is reduced.

Whilst the simplicity of these accounting measures of inventory are very useful they are in the

end fraught with the danger of their own assumptions. There are in fact so many things which

can vary hidden under this appearance of simplicity that a variety of 'adjusting' assumptions may

be used. These include:

 Specific Identification

 Weighted Average Cost

 Moving-Average Cost
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 FIFO and LIFO.

Inventory Turn is a financial accounting tool for evaluating inventory and it is not necessarily a

management tool. Inventory management should be forward looking. The methodology applied

is based on historical cost of goods sold. The ratio may not be able to reflect the usability of

future production demand as well as customer demand.

Business models including Just in Time (JIT) Inventory, Vendor Managed Inventory (VMI) and

Customer Managed Inventory (CMI) attempt to minimize on-hand inventory and increase

inventory turns. VMI and CMI have gained considerable attention due to the success of third

party vendors who offer added expertise and knowledge that organizations may not possess.

8. Accounting perspectives

Inventory needs to be accounted where it is held across accounting period boundaries since

generally expenses should be matched against the results of that expense within the same period.

When processes were simple and short then inventories were small but with more complex

processes then inventories became larger and significant valued items on the balance sheet. This

need to value unsold and incomplete goods has driven many new behaviors into management

practice. Perhaps most significant of these are the complexities of fixed cost recovery, transfer

pricing, and the separation of direct from indirect costs. This, supposedly, precluded

"anticipating income" or "declaring dividends out of capital". It is one of the intangible benefits

of Lean and the TPS that process times shorten and stock levels decline to the point where the

importance of this activity is hugely reduced and therefore effort, especially managerial, to

achieve it can be minimized.

9. Accounting for Inventory

Each country has its own rules about accounting for inventory that fit with their financial

reporting rules.

So for example, organizations in the U.S. define inventory to suit their needs within US

Generally Accepted Accounting Practices (GAAP), the rules defined by the Financial

Accounting Standards Board (FASB) (and others) and enforced by the U.S. Securities and
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Exchange Commission (SEC) and other federal and state agencies. Other countries often have

similar arrangements but with their own GAAP and national agencies instead.

It is intentional that financial accounting uses standards that allow the public to compare firms'

performance, cost accounting functions internally to an organization and potentially with much

greater flexibility. A discussion of inventory from standard and Theory of Constraints-based

(throughput) cost accounting perspective follows some examples and a discussion of inventory

from a financial accounting perspective.

The internal costing/valuation of inventory can be complex. Whereas in the past most enterprises

ran simple one process factories, this is quite probably in the minority in the 21st century. Where

'one process' factories exist then there is a market for the goods created which establishes an

independent market value for the good. Today with multi-stage process companies there is much

inventory that would once have been finished goods which is now held as 'work-in-process'

(WIP). This needs to be valued in the accounts but the valuation is a management decision since

there is no market for the partially finished product. This somewhat arbitrary 'valuation' of WIP

combined with the allocation of overheads to it has led to some unintended and undesirable

results.

10. Financial accounting

An organization's inventory can appear a mixed blessing, since it counts as an asset on the

balance sheet, but it also ties up money that could serve for other purposes and requires

additional expense for its protection. Inventory may also cause significant tax expenses,

depending on particular countries' laws regarding depreciation of inventory, as in Thor Power

Tool Company v. Commissioner.

Inventory appears as a current asset on an organization's balance sheet because the organization

can, in principle, turn it into cash by selling it. Some organizations hold larger inventories than

their operations require in order to inflate their apparent asset value and their perceived

profitability.

In addition to the money tied up by acquiring inventory, inventory also brings associated costs

for warehouse space, for utilities, and for insurance to cover staff to handle and protect it, fire

and other disasters, obsolescence, shrinkage (theft and errors), and others. Such holding costs can

mount up: between a third and a half of its acquisition value per year.
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Businesses that stock too little inventory cannot take advantage of large orders from customers if

they cannot deliver. The conflicting objectives of cost control and customer service often pit an

organization's financial and operating managers against its sales and marketing departments.

Sales people, in particular, often receive sales commission payments, so unavailable goods may

reduce their potential personal income. This conflict can be minimized by reducing production

time to being near or less than customer expected delivery time. This effort, known as "Lean

production" will significantly reduce working capital tied up in inventory and reduce

manufacturing costs.

11. The role of a cost accountant on the 21st-century in a manufacturing organization

By helping the organization to make better decisions, the accountants can help the public sector

to change in a very positive way that delivers increased value for the taxpayers investment. It can

also help to incentivize progress and to ensure that reforms are sustainable and effective in the

long term, by ensuring that success is appropriately recognized in both the formal and informal

reward systems of the organization.

To say that they have a key role to play is an understatement. Finance is connected to most, if not

all, of the key business processes within the organization. It should be steering the stewardship

and accountability systems that ensure that the organization is conducting its business in an

appropriate, ethical manner. It is critical that these foundations are firmly laid. So often they are

the litmus test by which public confidence in the institution is either won or lost.

Finance should also be providing the information, analysis and advice to enable the organizations

service managers to operate effectively. This goes beyond the traditional preoccupation with

budgets how much have we spent so far, how much have we left to spend? It is about helping the

organization to better understand its own performance. That means making the connections and

understanding the relationships between given inputs the resources brought to bear and the

outputs and outcomes that they achieve. It is also about understanding and actively managing

risks within the organization and its activities.

When a dealer sells goods from inventory, the value of the inventory is reduced by the cost of

goods sold (CoG sold). This is simple where the CoG has not varied across those held in stock;

but where it has, then an agreed method must be derived to evaluate it. For commodity items that

one cannot track individually, accountants must choose a method that fits the nature of the sale.
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Two popular methods which normally exist are: FIFO and LIFO accounting (first in - first out,

last in - first out). FIFO regards the first unit that arrived in inventory as the first one sold. LIFO

considers the last unit arriving in inventory as the first one sold. Which method an accountant

selects can have a significant effect on net income and book value and, in turn, on taxation.

Using LIFO accounting for inventory, a company generally reports lower net income and lower

book value, due to the effects of inflation. This generally results in lower taxation. Due to LIFO's

potential to skew inventory value, UK GAAP and IAS have effectively banned LIFO inventory

accounting.

12. Standard cost accounting

Standard cost accounting uses ratios called efficiencies that compare the labor and materials

actually used to produce a good with those that the same goods would have required under

"standard" conditions. As long as similar actual and standard conditions obtain, few problems

arise. Unfortunately, standard cost accounting methods developed about 100 years ago, when

labor comprised the most important cost in manufactured goods. Standard methods continue to

emphasize labor efficiency even though that resource now constitutes a (very) small part of cost

in most cases.

Standard cost accounting can hurt managers, workers, and firms in several ways. For example, a

policy decision to increase inventory can harm a manufacturing managers' performance

evaluation. Increasing inventory requires increased production, which means that processes must

operate at higher rates. When (not if) something goes wrong, the process takes longer and uses

more than the standard labor time. The manager appears responsible for the excess, even though

s/he has no control over the production requirement or the problem.

In adverse economic times, firms use the same efficiencies to downsize, rightsize, or otherwise

reduce their labor force. Workers laid off under those circumstances have even less control over

excess inventory and cost efficiencies than their managers.

Many financial and cost accountants have agreed for many years on the desirability of replacing

standard cost accounting. They have not, however, found a successor.
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13. Theory of Constraints cost accounting

Eliyahu M. Goldratt developed the Theory of Constraints in part to address the cost-accounting

problems in what he calls the "cost world". He offers a substitute, called throughput accounting,

that uses throughput (money for goods sold to customers) in place of output (goods produced

that may sell or may boost inventory) and considers labor as a fixed rather than as a variable

cost. He defines inventory simply as everything the organization owns that it plans to sell,

including buildings, machinery, and many other things in addition to the categories listed here.

Throughput accounting recognizes only one class of variable costs: the truly variable costs like

materials and components that vary directly with the quantity produced.

Finished goods inventories remain balance-sheet assets, but labor efficiency ratios no longer

evaluate managers and workers. Instead of an incentive to reduce labor cost, throughput

accounting focuses attention on the relationships between throughput (revenue or income) on one

hand and controllable operating expenses and changes in inventory on the other. Those

relationships direct attention to the constraints or bottlenecks that prevent the system from

producing more throughput, rather than to people - who have little or no control over their

situations.

Inventories also play an important role in national accounts and the analysis of the business

cycle. Some short-term macroeconomic fluctuations are attributed to the inventory cycle.

14. Inventory credit

Inventory credit refers to the use of stock or, inventory, as collateral to raise finance. Where

banks may be reluctant to accept traditional collateral, for example in developing countries

where land title may be lacking, inventory credit is a potentially important way of overcoming

financing constraints. This is not a new concept; archaeological evidence suggests that it was

practiced in Ancient Rome. Obtaining finance against stocks of a wide range of products held in

a bonded warehouse is common in much of the world. It is, for example, used with parmesan

cheese in Italy. Inventory credit on the basis of stored agricultural produce is widely used in

Latin American countries and in some Asian countries. A precondition for such credit is that

banks must be confident that the stored product will be available if they need to call on the

collateral; this implies the existence of a reliable network of certified warehouses. Banks also

face problems in valuing the inventory. The possibility of sudden falls in commodity prices
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means that they are usually reluctant to lend more than about 60% of the value of the inventory

at the time of the loan.

Topic : Order Quantities

Topic Objective:

At the end of this topic student would be able to:

 Learn the concept of Economic order quantity

 Learn the concept of The Total Cost function

 Learn the concept of Economic Lot Scheduling Problem

 Learn the concept of Model Formulation

Definition/Overview:

Economic order quantity is the level of inventory that minimizes the total inventory holding

costs and ordering costs. The framework used to determine this order quantity is also known as

Wilson EOQ Model. The model was developed by F. W. Harris in 1913. But still R. H. Wilson

is given credit for his early in-depth analysis of the model.
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Key Points:

1. The Total Cost function

The single-item EOQ formula finds the minimum point of the following cost function: EOQ is

the level of the inventory where ordering cost and carrying cost remains equal.

Total Cost = purchase cost + ordering cost + holding cost

 Purchase cost: This is the variable cost of goods: purchase unit price annual demand

quantity. This is PD

 Ordering cost: This is the cost of placing orders: each order has a fixed cost C, and we

need to order D/Q times per year. This is C D/Q

 Holding cost: the average quantity in stock (between fully replenished and empty) is Q/2,

so this cost is H Q/2

.

In order to determine the minimum point of the total cost curve, set its derivative equal to zero:

.

The result of this derivation is:

.

Solving for Q gives Q* (the optimal order quantity):

Therefore: .

Note that interestingly, Q* is independent of P, it is a function of only C, D, H.
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2. Economic Lot Scheduling Problem

The Economic Lot Scheduling Problem (ELSP) is a problem in Operations management that has

been studied by a large number of researchers for over 50 years. The term was first used in 1958

by professor Jack Rogers of Berkeley, who extended the economic order quantity model to the

case where there are several products to be produced on the same machine, so that one most

decide both the lot size for each product and when each lot should be produced. The ELSP is a

mathematical model of a common issue for almost any company or industry: planning what to

manufacture, when to manufacture and how much to manufacture.

3. Model Formulation

The classic ELSP is concerned with scheduling the production of several products on a single

machine in order to minimize the total costs incurred (which include: setup costs, inventory

holding costs and production costs).

We assume a known, non-varying demand for the N products (for example, there might be N=3

products and we need to make 7 items a day or Product 1, 5 items a day of Product 2 and 2 items

a day of Product 3).

A single machine is available which can make all the products, but not in a perfectly

interchangeable way. Instead the machine needs to be set-up to produce one product, incurring a

set-up cost, after which it will produce this product at a known rate. When it is desired to

produce a different product, the machine is stopped and another costly set up is required to begin

producing the next product.

In addition, an inventory cost is charged based on average inventory level.

(To give a very concrete example, the machine might be a bottling machine and the products

could be cases of bottled apple juice, orange juice and milk. The set up corresponds to the
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process of stopping the machine, cleaning it out and loading the tank of the machine with the

desired fluid. This product switching must not be done too often or the setup costs will be large,

but equally too long a production run of apple juice would be undesirable because it would lead

to a large inventory cost for unsold cases of apple juice and perhaps stock-outs in orange juice

and milk. The ELSP seeks the optimal tradeoff between these two extremes.)

4. Problem Status

The problem is well known in the Operations Research community, and a large body of

academic research work has created to improve the model and to create new variations that solve

specific issues.

The model is known as a NP hard problem since it is not currently possible to find the optimal

solution without checking nearly every possibility. What has been done follows two approaches:

restricting the solution to be of a specific type (which makes it possible to find the optimal

solution for the narrower problem), or approximate solution of the full problem using heuristics,

or genetic algorithms.

In Section 4 of this course you will cover these topics:
Production Planning System

Physical Inventory And Warehouse Management

Production Planning System

Topic : Production Planning System

Topic Objective:

At the end of this topic student would be able to:
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 Learn the concept of Production Planning System

 Learn the concept of Continuous Review System

 Learn the concept of System Review

 Learn the concept of Manufacturing resource planning

 Learn the concept of Safety Stocks

Definition/Overview:

Lead Time : Lead Time is the time between recognition of a need for an order and the receipt of

the goods

Order Point: Order Point is a set inventory level where, if the stock on hand plus on-order falls

to or below that point, action is taken to replenish the stock.

Safety Stock: Stock Safety is in general, a quantity of stock planned to be in inventory to

protect against fluctuations in demand and/or supply

Service Level: Service Level is the percentage of orders filled from stock

Key Points:

1. Continuous Review System

The reorder point for replenishment of stock occurs when the level of inventory drops down to

zero. In view of instantaneous replenishment of stock the level of inventory jumps to the original

level from zero level.

In real life situations one never encounters a zero lead time. There is always a time lag from the

date of placing an order for material and the date on which materials are received. As a result the
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reorder point is always higher than zero, and if the firm places the order when the inventory

reaches the reorder point, the new goods will arrive before the firm runs out of goods to sell. The

decision on how much stock to hold is generally referred to as the order point problem, that is,

how low should the inventory be depleted before it is reordered.

The two factors that determine the appropriate order point are the delivery time stock which is

the Inventory needed during the lead time (i.e., the difference between the order date and the

receipt of the inventory ordered) and the safety stock which is the minimum level of inventory

that is held as a protection against shortages due to fluctuations in demand.

Therefore:

Reorder Point = Normal consumption during lead-time + Safety Stock.

Several factors determine how much delivery time stock and safety stock should be held. In

summary, the efficiency of a replenishment system affects how much delivery time is needed.

Since the delivery time stock is the expected inventory usage between ordering and receiving

inventory, efficient replenishment of inventory would reduce the need for delivery time stock.

And the determination of level of safety stock involves a basic trade-off between the risk of

stock-out, resulting in possible customer dissatisfaction and lost sales, and the increased costs

associated with carrying additional inventory.

Another method of calculating reorder level involves the calculation of usage rate per day, lead

time which is the amount of time between placing an order and receiving the goods and the

safety stock level expressed in terms of several days' sales.

Reorder level = Average daily usage rate x lead-time in days.

From the above formula it can be easily deduced that an order for replenishment of materials be

made when the level of inventory is just adequate to meet the needs of production during lead-

time.

2. System Review

A system review includes a study and evaluation of the firm's quality control policies and

procedures in effect for its accounting and auditing practice during the year. The objective of a
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system review is to provide the reviewer with a reasonable basis for expressing an opinion on

whether the firm's system of quality control for its accounting and auditing practice meets the

objectives of quality control standards established by the AICPA, and whether the system is

being complied with, in order to provide the firm with reasonable assurance of conforming with

professional standards. A system review is required for all firms that perform audits, other

engagements under the SASs, and engagements under the Government Auditing Standards

(Yellow Book) or examinations of prospective financial statements under the SSAEs.

A report with a rating of pass will be issued when the peer reviewer concludes that the firm's

system of quality control is appropriately designed and being complied with in all material

respects. If the reviewer determines that the firm's system of quality control is appropriately

designed and being complied with in all material respects, except in certain situations that

explained in detail in the report, a rating of pass with deficiencies will be issued. If the reviewer

determines that the system of qualify control is not suitably designed or being complied with, a

rating of fail will be issued and the reasons why will be explained in detail in the report. If the

reviewer issues a report with a rating of pass with deficiencies or fail, the firm is required to

prepare and submit a letter of response. View sample letters of response here.

Once all required documentation is received by the VSCPA, the review will undergo

administrative and technical review before it is presented to the VSCPA Peer Review

Committee. The Committee will accept the review, accept the review if the firm agrees to

perform certain corrective actions or defer the review until their next meeting in order to resolve

any outstanding questions. The firm will receive a letter explaining the action the Committee

takes on the review within 10 working days of the action. Once the Committee accepts the

review, an acceptance letter will be issued. At this time, the firm may wish to publicize the

results of its review to clients. Firms should remember that the results of a peer review should

not be published until accepted by the VSCPA Peer Review Committee.

3. Manufacturing resource planning

Manufacturing Resource Planning (MRP II) is defined by APICS as a method for the effective

planning of all resources of a manufacturing company. Ideally, it addresses operational planning
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in units, financial planning in dollars, and has a simulation capability to answer "what-if"

questions and extension of closed-loop MRP.

This is not exclusively a software function, but a marriage of people skills, dedication to data

base accuracy, and computer resources. It is a total company management concept for using

4. Safety Stocks

Safety stock is a term used to describe a level of stock that is maintained below the cycle stock to

buffer against stockouts. Safety Stock or Buffer Stock exists to counter uncertainties in supply

and demand. Safety stock is defined as extra units of inventory carried as protection against

possible stockouts. By having an adequate amount of safety stock on hand, a company can meet

a sales demand which exceeds their sales forecast without altering their production plan. It is

held when an organization cannot accurately predict demand and/or lead time for the product.

For example, if a manufacturing company were to continually run out of inventory, they would

need to keep some extra inventory on hand so they could attempt to meet demand while they

were producing more inventory.

Safety stock can be utilized as a tool for a new company to judge how accurate their forecast is

in the first few years, especially when used strategically with a materials requirements planning

worksheet. With material requirements planning (MRP) worksheet a company can judge how

much they will need to produce to meet their forecasted sales demand without relying on safety

stock. However, a common strategy is to try and reduce the level of safety stock to help keep

inventory costs low. This can be extremely important for companies with a smaller financial

cushion or those trying to run on lean manufacturing, which is aimed towards eliminating wastes

throughout the production process.

The amount of safety stock an organization chooses to keep on hand can dramatically affect their

business. Too much safety stock can result in high holding costs of inventory. In addition,

products which are stored for too long a time can spoil, expire, or break during the warehousing

process. Too little safety stock can result in lost sales and, thus, a higher rate of customer

turnover. As a result, finding the right balance between too much and too little safety stock is

essential.
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Topic : Physical Inventory And Warehouse Management

Topic Objective:

At the end of this topic student would be able to:

 Learn the concept of Warehouse Management

 Learn the concept of Primary Purpose of Warehouse Management

 Learn the concept of Shipping list

 Learn the concept of Pick and pack

 Learn the concept of Radio-frequency identification

 Learn the concept of Enterprise resource planning

 Learn the concept of Process preparation

Definition/Overview:

Warehouse Management: A warehouse management system, or WMS, is a key part of the

supply chain and primarily aims to control the movement and storage of materials within a

warehouse and process the associated transactions, including shipping, receiving, putaway and

picking. The systems also direct and optimize stock putaway based on real-time information

about the status of bin utilization.

Warehouse management systems often utilize Auto ID Data Capture (AIDC) technology, such as

barcode scanners, mobile computers, wireless LANs and potentially Radio-frequency

identification (RFID) to efficiently monitor the flow of products. Once data has been collected,

there is either a batch synchronization with, or a real-time wireless transmission to a central
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database. The database can then provide useful reports about the status of goods in the

warehouse.

The objective of a warehouse management system is to provide a set of computerized procedures

to handle the receipt of stock and returns into a warehouse facility, model and manage the logical

representation of the physical storage facilities (e.g. racking etc), manage the stock within the

facility and enable a seamless link to order processing and logistics management in order to pick,

pack and ship product out of the facility.

Warehouse management systems can be stand alone systems or modules of an ERP system or

supply chain execution suite.

Key Points:

1. Primary Purpose of Warehouse Management

The primary purpose of a WMS is to control the movement and storage of materials within a

warehouse you might even describe it as the legs at the end-of-the line which automates the

store, traffic and shipping management.

In its simplest form, the WMS can data track products during the production process and act as

an interpreter and message buffer between existing ERP and WMS systems. Warehouse

Management is not just managing within the boundaries of a warehouse today; it is much wider

and goes beyond the physical boundaries. Inventory management, inventory planning, cost

management, IT applications & communication technology to be used are all related to

warehouse management. The container storage, loading and unloading are also covered by

warehouse management today. Warehouse management today is part of SCM and demand

management. Even production management is to a great extent dependent on warehouse

management. Efficient warehouse management gives a cutting edge to a retail chain distribution

company. Warehouse management does not just start with receipt of material but it actually

starts with actual initial planning when container design is made for a product. Warehouse design

is also part of warehouse management. Warehouse management is part of Logistics and SCM.
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Warehouse Management monitors the progress of products through the warehouse. It involves

the physical warehouse infrastructure, tracking systems, and communication between product

stations.

Warehouse management deals with receipt, storage and movement of goods, normally finished

goods, to intermediate storage locations or to final customer. In the multi-echelon model for

distribution, there are levels of warehouses, starting with the Central Warehouse(s), regional

warehouses services by the central warehouses and retail warehouses at the third level services

by the regional warehouses and so on. The objective of warehousing management is to help in

optimal cost of timely order fulfillment by managing the resources economically. Warehouse

management = "Management of storage of products and services rendered on the products within

the four wall of a warehouse"

2. Shipping list

A shipping list, packing list, packing slip (also known as a bill of parcel, unpacking note,

packaging slip, (delivery) docket, delivery list, or customer receipt), is a shipping document that

accompanies delivery packages, usually inside an attached shipping pouch or inside the package

itself. It commonly includes an itemized detail of the package contents and may or may not

include customer pricing. It serves to inform all parties, including transport agencies,

government authorities, and customers, about the contents of the package. It helps them deal

with the package accordingly.

3. Pick and pack

Pick and pack is a part of a complete supply chain management focused on the needs of small

retailers. It entails processing small to large quantities of product, often truck or train loads and

disassembling them, picking the relevant product for each destination and re-packaging with

shipping label affixed and invoice included. Usual service includes obtaining a fair rate of

shipping from common as well as expediting truck carriers.

Case picking is the gathering of full cartons or boxes of product. This is often done on a pallet. In

the consumer products industry, case picking large quantities of cartons is often an entry level

employee's task. There is, however, significant skill required to make a good pallet load of
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product. Key requirements are that cartons not be damaged; they make good use of the available

cube (space) and be quick to assemble. Warehouse management system products create pick

paths to minimize the travel distance of an order selector, but often neglect the need to maximize

the use of cube, segregating product that should not touch or minimize damage.

4. Radio-frequency identification (RFID)

An RFID tag is an object that can be applied to or incorporated into a product, animal, or person

for the purpose of identification and tracking using radio waves. Some tags can be read from

several meters away and beyond the line of sight of the reader.

Most RFID tags contain at least two parts. One is an integrated circuit for storing and processing

information, modulating and demodulating a radio-frequency (RF) signal, and other specialized

functions. The second is an antenna for receiving and transmitting the signal.

There are generally two types of RFID tags: active RFID tags, which contain a battery, and

passive RFID tags, which have no battery.

Today, RFID is used in enterprise supply chain management to improve the efficiency of

inventory tracking and management.

5. Enterprise resource planning (ERP)

Enterprise resource planning (ERP) is an enterprise-wide information system designed to

coordinate all the resources, information, and activities needed to complete business processes

such as order fulfillment or billing.

An ERP solution is characterized by supporting a variety of business functions such as

manufacturing, supply chain management, financials, projects, human resources and customer

relationship management from a shared data store.

An ERP system is based on a common database and a modular software design. The common

database can allow every department of a business to store and retrieve information in real-time.

The information should be reliable, accessible, and easily shared. The modular software design

should mean a business can select the modules they need, mix and match modules from different

vendors, and add new modules of their own to improve business performance.
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Ideally, the data for the various business functions are integrated. In practice the ERP system

may comprise a set of discrete applications, each maintaining a discrete data store within one

physical database.

6. Process preparation

ERP vendors have designed their systems around standard business processes, based upon best

business practices. Different vendor(s) have different types of processes but they are all of a

standard, modular nature. Firms that want to implement ERP systems are consequently forced to

adapt their organizations to standardized processes as opposed to adapting the ERP package to

the existing processes. Neglecting to map current business processes prior to starting ERP

implementation is a main reason for failure of ERP projects. It is therefore crucial that

organizations perform a thorough business process analysis before selecting an ERP vendor and

setting off on the implementation track. This analysis should map out all present operational

processes, enabling selection of an ERP vendor whose standard modules are most closely aligned

with the established organization. Redesign can then be implemented to achieve further process

congruence. Research indicates that the risk of business process mismatch is decreased by:

 Linking each current organizational process to the organization's strategy;

 Analyzing the effectiveness of each process in light of its current related business

capability;

 Understanding the automated solutions currently implemented.

ERP implementation is considerably more difficult (and politically charged) in organizations

structured into nearly independent business units, each responsible for their own profit and loss,

because they will each have different processes, business rules, data semantics, authorization

hierarchies and decision centers. Solutions include requirements coordination negotiated by local

change management professionals or, if this is not possible, federated implementation using

loosely integrated instances (e.g. linked via Master Data Management) specifically configured

and/or customized to meet local needs.

A disadvantage usually attributed to ERP is that business process redesign to fit the standardized

ERP modules can lead to a loss of competitive advantage. While documented cases exist where
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this has indeed materialized, other cases show that following thorough process preparation ERP

systems can actually increase sustainable competitive advantage

Topic : Production Planning System

Topic Objective:

At the end of this topic student would be able to:

 Learn the concept of Physical distribution

 Learn the concept of Customer Service

 Learn the concept of Transportation

 Learn the concept of Warehousing

 Learn the concept of Inventory Control

 Learn the concept of Order Processing

Definition/Overview:

Physical distribution is the set of activities concerned with efficient movement of finished goods

from the end of the production operation to the consumer. Physical distribution takes place

within numerous wholesaling and retailing distribution channels, and includes such important

decision areas as customer service, inventory control, materials handling, protective packaging,

order procession, transportation, warehouse site selection, and warehousing. Physical distribution

is part of a larger process called "distribution," which includes wholesale and retail marketing, as

well the physical movement of products.

Physical distribution activities have recently received increasing attention from business

managers, including small business owners. This is due in large part to the fact that these
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functions often represent almost half of the total marketing costs of a product. In fact, research

studies indicate that physical distribution costs nationally amount to approximately 20 percent of

the country's total gross national product (GNP). These findings have led many small businesses

to expand their cost-cutting efforts beyond their historical focus on production to encompass

physical distribution activities. The importance of physical distribution is also based on its

relevance to customer satisfaction. By storing goods in convenient locations for shipment to

wholesalers and retailers, and by creating fast, reliable means of moving the goods, small

business owners can help assure continued success in a rapidly changing, competitive global

market.

Key Points:

1. A System Approach

Physical distribution can be viewed as a system of components linked together for the efficient

movement of products. Small business owners can ask the following questions in addressing

these components:

Customer servicewhat level of customer service should be provided?

Transportationhow will the products be shipped?

Warehousingwhere will the goods be located? How many warehouses should be

utilized?

Order processinghow should the orders be handled?

Inventory controlhow much inventory should be maintained at each location?

Protective packaging and materials handlinghow can efficient methods be developed

for handling goods in the factory, warehouse, and transport terminals?

These components are interrelated: decisions made in one area affect the relative efficiency of

others. For example, a small business that provides customized personal computers may

transport finished products by air rather than by truck, as faster delivery times may allow lower

inventory costs, which would more than offset the higher cost of air transport. Viewing physical
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distribution from a systems perspective can be the key to providing a defined level of customer

service at the lowest possible cost.

2. Customer Service

Customer service is a precisely-defined standard of customer satisfaction which a small business

owner intends to provide for its customers. For example, a customer service standard for the

above-mentioned provider of customized computers might be that 60 percent of all PCS reach

the customer within 48 hours of ordering. It might further set a standard of delivering 90 percent

of all of its units within 72 hours, and all 100 percent of its units within 96 hours. A physical

distribution system is then set up to reach this goal at the lowest possible cost. In today's fast-

paced, technologically advanced business environment, such systems often involve the use of

specialized software that allows the owner to track inventory while simultaneously analyzing all

the routes and transportation modes available to determine the fastest, most cost-effective way to

delivery goods on time.

3. Transportation

The United States' transportation system has long been a government-regulated industry, much

like its telephone and electrical utilities. But in 1977 the deregulation of transportation began

with the removal of federal regulations for cargo air carriers not engaged in passenger

transportation. The deregulation movement has since expanded in ways that have fundamentally

altered the transportation landscape for small business owners, large conglomerates and,

ultimately, the consumer.

Transportation costs are largely based on the rates charged by carriers. There are two basic types

of transportation rates: class and commodity. The class rate, which is the higher of the two rates,

is the standard rate for every commodity moving between any two destinations. The commodity

rate is sometimes called a special rate, since it is given by carriers to shippers as a reward for

either regular use or large-quantity shipments. Unfortunately, many small business owners do not

have the volume of shipping needed to take advantage of commodity rates. However, small

businesses are increasingly utilizing a third type of rate that has emerged in recent years. This

rate is known as a negotiated or contract rate. Popularized in the 1980s following transportation

deregulation, contract rates allow a shipper and carrier to negotiate a rate for a particular service,
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with the terms of the rate, service, and other variables finalized in a contract between the two

parties. Transportation costs vary by mode of shipping, as discussed below.

The shipping method most favored by small business (and many large enterprises as well) is

trucking. Carrying primarily manufactured products (as opposed to bulk materials), trucks offer

fast, frequent, and economic delivery to more destinations in the country than any other mode.

Trucks are particularly useful for short-distance shipments, and they offer relatively fast,

consistent service for both large and small shipments.

Because of the relatively high cost of air transport, small businesses typically use air only for the

movement of valuable or highly-perishable products. However, goods that qualify for this

treatment do represent a significant share of the small business market. Owners can sometimes

offset the high cost of air transportation with reduced inventory-holding costs and the increased

business that may accompany faster customer service.

There are two basic types of water carriers: inland or barge lines, and oceangoing deep-water

ships. Barge lines are efficient transporters of bulky, low-unit-value commodities such as grain,

gravel, lumber, sand, and steel. Barge lines typically do not serve small businesses. Oceangoing

ships, on the other hand, operate in the Great Lakes, transporting goods among port cities, and in

international commerce. Sea shipments are an important part of foreign trade, and thus are of

vital importance to small businesses seeking an international market share.

Railroads continue to present an efficient mode for the movement of bulky commodities over

long distances. These commodities include coal, chemicals, grain, non-metallic minerals, and

lumber and wood products.

Pipelines are utilized to efficiently transport natural gas and oil products from mining sites to

refineries and other destinations. In addition, so-called slurry pipelines transport products such as

coal, which is ground to a powder, mixed with water, and moved as a suspension through the

pipes.

Small business owners often take advantage of multi-mode deals offered by shipping companies.

Under these arrangements, business owners can utilize a given transportation mode in the section

of the trip in which it is most cost efficient, and use other modes for other segments of the

transport. Overall costs are often significantly lower under this arrangement than with single-

mode transport.
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Of vital importance to small businesses are transporters specializing in small shipments. These

include bus freight services, United Parcel Service, Federal Express, DHL International, the

United States Postal Service, and others. Since small businesses can be virtually paralyzed by

transportation strikes or other disruptions in small shipment service, many owners choose to

diversify to include numerous shippers, thus maintaining an established relationship with an

alternate shipper should disruptions occur. Additionally, small businesses often rely on freight

forwarders who act as transportation intermediaries: these firms consolidate shipments from

numerous customers to provide lower rates than are available without consolidation. Freight

forwarding not only provides cost savings to small businesses, it provides entrepreneurial

opportunities for start-up businesses as well.

4. Warehousing

Small business owners who require warehousing facilities must decide whether to maintain their

own strategically located depot(s), or resort to holding their goods in public warehouses. And

those entrepreneurs who go with non-public warehousing must further decide between storage or

distribution facilities. A storage warehouse holds products for moderate to long-term periods in

an attempt to balance supply and demand for producers and purchasers. They are most often used

by small businesses whose products' supply and demand are seasonal. On the other hand, a

distribution warehouse assembles and redistributes products quickly, keeping them on the move

as much as possible. Many distribution warehouses physically store goods for fewer than 24

hours before shipping them on to customers.

In contrast to the older, multi-story structures that dot cities around the country, modern

warehouses are long; one-story buildings located in suburban and semi-rural settings where land

costs are substantially less. These facilities are often located so that their users have easy access

to major highways or other transportation options. Single-story construction eliminates the need

for installing and maintaining freight elevators, and for accommodating floor load limits.

Furthermore, the internal flow of stock runs a straight course rather than up and down multiple

levels. The efficient movement of goods involves entry on one side of the building, central

storage, and departure out the other end.

Computer technology for automating warehouses is dropping in price, and thus is increasingly

available for small business applications. Sophisticated software translates orders into bar codes
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and determines the most efficient inventory picking sequence. Order information is keyboarded

only once, while labels, bills, and shipping documents are generated automatically. Information

reaches hand-held scanners, which warehouse staff members use to fill orders. The advantages of

automation include low inventory error rates and high processing speeds.

5. Inventory Control

Inventory control can be a major component of a small business physical distribution system.

Costs include funds invested in inventory, depreciation, and possible obsolescence of the goods.

Experts agree that small business inventory costs have dropped dramatically due to deregulation

of the transportation industry.

Inventory control analysts have developed a number of techniques which can help small

businesses control inventory effectively. The most basic is the Economic Order Quantity (EOQ)

model. This involves a trade-off between the two fundamental components of an inventory

control cost: inventory-carrying cost (which increases with the addition of more inventory), and

order-processing cost (which decreases as the quantity ordered increases). These two cost items

are traded off in determining the optimal warehouse inventory quantity to maintain for each

product. The EOQ point is the one at which total cost is minimized. By maintaining product

inventories as close to the EOQ point as possible, small business owners can minimize their

inventory costs.

6. Order Processing

The small business owner is concerned with order processinganother physical distribution

functionsbecause it directly affects the ability to meet the customer service standards defined by

the owner. If the order processing system is efficient, the owner can avoid the costs of premium

transportation or high inventory levels. Order processing varies by industry, but often consists of

four major activities: a credit check; recording of the sale, such as crediting a sales

representative's commission account; making the appropriate accounting entries; and locating the

item, shipping, and adjusting inventory records.

Technological innovations, such as increased use of the Universal Product Code, are contributing

to greater efficiency in order processing. Bar code systems give small businesses the ability to

route customer orders efficiently and reduce the need for manual handling. The coded
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information includes all the data necessary to generate customer invoices, thus eliminating the

need for repeated keypunching.

Another technological innovation affecting order processing is Electronic Data Interchange. EDI

allows computers at two different locations to exchange business documents in machine-readable

format, employing strictly-defined industry standards. Purchase orders, invoices, remittance

slips, and the like are exchanged electronically, thereby eliminating duplication of data entry,

dramatic reductions in data entry errors, and increased speed in procurement cycles.

7. Protective Packaging and Materials Handling

Another important component of a small business physical distribution system is material

handling. This comprises all of the activities associated with moving products within a

production facility, warehouse, and transportation terminals. One important innovation is known

as unitizingcombining as many packages as possible into one load, preferably on a pallet.

Unitizing is accomplished with steel bands or shrinks wrapping to hold the unit in place.

Advantages of this material handling methodology include reduced labor, rapid movement, and

minimized damage and pilferage.

A second innovation is containerizationthe combining of several unitized loads into one box.

Containers that are presented in this manner are often unloaded in fewer than 24 hours, whereas

the task could otherwise take days or weeks. This speed allows small export businesses adequate

delivery schedules in competitive international markets. In-transit damage is also reduced

because individual packages are not handled en route to the purchaser.

In Section 5 of this course you will cover these topics:
Products And Processes

Just-In-Time Manufacturing And Lean Production

Total Quality Management
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Topic : Products And Processes

Topic Objective:

At the end of this topic student would be able to:

 Learn the concept of Equivalent or interchangeable product

 Learn the concept of Lots or batches

 Learn the concept of Categories

 Learn the concept of Sizes and colors

 Learn the concept of Product line

 Learn the concept of Business Process Mapping

Definition/Overview:

Product: A product is anything that can be offered to a market that might satisfy a want or need.

In retailing, products are called merchandise. In manufacturing, products are purchased as raw

materials and sold as finished goods. Commodities are usually raw materials such as metals and

agricultural products, but a commodity can also be anything widely available in the open market.

Process: Process theory is a commonly used form of scientific research study in which events or

occurrences are said to be the result of certain input states leading to a certain outcome (output)

state, following a set process.

Process theory holds that if an outcome is to be duplicated, so too must the process which

originally created it, and that there are certain constant necessary conditions for the outcome to

be reached. When the phrase is used in connection with human motivation, process theory

attempts to explain the mechanism by which human needs changes. Some of the theories that fall

in this category are expectancy theory, equity theory, and goal setting
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Key Points:

1. Equivalent or interchangeable product

The specific meaning of generic product names varies over time and location. Some products

such as bread, milk, and salt have been bartered or sold for centuries, but the meaning of "bread"

or "milk" as a product varies. The technologies were not available for pasteurization and

homogenization of milk until the 20th century, and these food processing technologies are not

used worldwide. Bread varies by type of grain, specific recipe, and size of loaf. In 1924, Morton

Salt introduced iodized table salt, a product previously unavailable. Since 1961, pork bellies have

traded on the Chicago Mercantile Exchange, but due to selective breeding and changes in hog

feed, today's pork belly is not exactly equivalent to a 1960s pork belly. Certain products may be

considered equivalent or interchangeable for the purposes of trade, record-keeping, and

reporting, despite gradual changes in the product or variations among geographical locations.

The distinction between a new product and a minor modification to an existing product is not

always clear. Certain products have a product life cycle in which the supply and demand for the

product increases then decreases over time. The demand for certain food products such as bread

will tend to increase with population, but the supply and demand for a specific brand of bread

may decline over time. In the United States, a patent for a product is recognition that the product

is new in a legal sense. "Utility patents may be granted to anyone who invents or discovers any

new and useful process, machine, article of manufacture, or composition of matter, or any new

and useful improvement thereof; design patents may be granted to anyone who invents a new,

original, and ornamental design for an article of manufacture; and, plant patents may be granted

to anyone who invents or discovers and asexually reproduces any distinct and new variety of

plant." In business an equivalent, interchangeable or fungible product is defined by a company

and its customers. A company's inventory is a set of physical products, or goods, that are usually

recorded as counts of equivalent unique products, such as 50 8-oz cans of salsa. The equivalent

unique products may be assigned a product code or item code, such that "50 8-oz cans of salsa"

is recorded as "50 17766443" on the company's records. If the company carries two brands of 8-

oz salsa, it may assign separate item codes to the brands, or it may use a single item code for

both brands.

www.bsscommunitycollege.in   www.bssnewgeneration.in  www.bsslifeskillscollege.in

84
www.onlineeducation.bharatsevaksamaj.net        www.bssskillmission.in

WWW.BSSVE.IN



Product numbers in many businesses clearly identify the product by linking to a full description.

Product identification codes such as Universal Product Code, Global Trade Item Number and

International Standard Book Number allow multiple businesses to use a single product

identification code to indicate one unit of a mass-produced product.

2. Lots or batches

Lot numbers, batch numbers or control numbers are used in manufacturing to sub-divide

equivalent product by its manufacturing batch or run. The publishing page of a book lists the

printing run that produced that unique book. Industries such as pharmaceuticals, food processing,

and petroleum use some form of control number to sub-divide equivalent product for product

testing or expiration dating. Two separate lots may vary slightly, but they are not assigned

separate product identification codes because the variation does not give them significantly

different features or uses as products.

Barcode labels on vaccines in the UK contain a product code but do not currently contain the

batch number or expiry date. Inventory records of controlled substances in the United States

must include a "batch number or other appropriate identifying number".

3. Categories

In its online product catalogue, retailer Sears, Roebuck and Company divides its products into

departments, and then presents products to shoppers according to (1) function or (2) brand. Each

product has a Searss item number and a manufacturer's model number. The departments and

product groupings that Searss uses are intended to help customers browse products by function

or brand within a traditional department store structure.

4. Sizes and colors

A catalog number, especially for clothing, may group sizes and colors. When ordering the

product, the customer specifies size, color and other variables. example: you walk into a store
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and see a group of shoes and in that group are sections of different colors of that type of shoe and

sizes for that shoe to satisfy your need.

5. Product line

A product line is "a group of products that are closely related, either because they function in a

similar manner, are sold to the same customer groups, are marketed through the same types of

outlets, or fall within given price ranges."

Many businesses offer a range of product lines which may be unique to a single organization or

may be common across the business's industry. In 2002 the US Census compiled revenue figures

for the finance and insurance industry by various product lines such as "accident, health and

medical insurance premiums" and "income from secured consumer loans". Within the insurance

industry, product lines are indicated by the type of risk coverage, such as auto insurance,

commercial insurance and life insurance.

6. Business Process Mapping

Business Process Mapping refers to activities involved in defining exactly what a business entity

does, who is responsible, to what standard a process should be completed and how the success of

a business process can be determined. Once this is done, there can be no uncertainty as to the

requirements of every internal business process. A business process illustration is produced. The

first step in gaining control over an organization is to know and understand the basic processes.

ISO 9001 requires a business entity to follow a process approach when managing its business,

and to this end creating business process maps will assist. The entity can then work towards

ensuring its processes are effective (the right process is followed the first time), and efficient

(continually improved to ensure processes use the least amount of resources).
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Topic : Just-In-Time Manufacturing And Lean Production

Topic Objective:

At the end of this topic student would be able to:

 Learn the concept of Just-in-time

 Learn the concept of Lean manufacturing

 Learn the concept of Stocks

 Learn the concept of Vendor Managed Inventory

Definition/Overview:

Just-in-time (JIT): Just in Time is an inventory strategy implemented to improve the return on

investment of a business by reducing in-process inventory and its associated carrying costs. In

order to achieve JIT the process must have signals of what is going on elsewhere within the

process. This means that the process is often driven by a series of signals, which can be Kanban

(看板 ,Kanban?), that tell production processes when to make the next part. Kanban are usually

'tickets' but can be simple visual signals, such as the presence or absence of a part on a shelf.

When implemented correctly, JIT can lead to dramatic improvements in a manufacturing

organization's return on investment, quality, and efficiency.

Quick communication of the consumption of old stock which triggers new stock to be ordered is

key to JIT and inventory reduction. This saves warehouse space and costs. However since stock

levels are determined by historical demand, any sudden demand rises above the historical

average demand, the firm will deplete inventory faster than usual and cause customer service

issues. Some have suggested that recycling Kanban faster can also help flex the system by as

much as 10-30%. In recent years manufacturers have touted a trailing 13 week average as a

better predictor for JIT planning than most forecastors could provide.
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Lean manufacturing: Lean manufacturing or lean production, which is often known simply as

"Lean", is a production practice that considers the expenditure of resources for any goal other

than the creation of value for the end customer to be wasteful, and thus a target for elimination.

In a more basic term, more value with less work. Lean manufacturing is a generic process

management philosophy derived mostly from the Toyota Production System (TPS) (hence the

term Toyotism is also prevalent) and identified as "Lean" only in the 1990s. It is renowned for its

focus on reduction of the original Toyota seven wastes in order to improve overall customer

value, but there are varying perspectives on how this is best achieved. The steady growth of

Toyota, from a small company to the world's largest automaker, has focused attention on how it

has achieved this.

Key Points:

1. Philosophy of JIT

The philosophy of JIT is simple - inventory is defined to be waste. JIT inventory systems expose

the hidden causes of inventory keeping and are therefore not a simple solution a company can

adopt; there is a whole new way of working the company must follow in order to manage its

consequences. The ideas in this way of working come from many different disciplines including

statistics, industrial engineering, production management and behavioral science. In the JIT

inventory philosophy there are views with respect to how inventory is looked upon, what it says

about the management within the company, and the main principle behind JIT.

Inventory is seen as incurring costs, or waste, instead of adding and storing value, contrary to

traditional accounting. This does not mean to say JIT is implemented without awareness that

removing inventory exposes pre-existing manufacturing issues. With this way of working,

businesses are encouraged to eliminate inventory that does not compensate for manufacturing

process issues, and then to constantly improve those processes so that less inventory can be kept.

Secondly, allowing any stock habituates the management to stock keeping and it can then be a

bit like a narcotic. Management is then tempted to keep stock there to hide problems within the
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production system. These problems include backups at work centers, machine reliability, and

process variability, lack of flexibility of employees and equipment, and inadequate capacity

among other things.

In short, the just-in-time inventory system is all about having the right material, at the right time,

at the right place, and in the exact amount, without the safety net of inventory. The JIT system

has implications of which are broad for the implementors.

2. Stocks

JIT emphasizes inventory as one of the seven wastes (overproduction, waiting time,

transportation, inventory, processing, motion and product defect), and as such its practice

involves the philosophical aim of reducing input buffer inventory to zero. Zero buffer inventories

means that production is not protected from exogenous (external) shocks. As a result, exogenous

shocks reducing the supply of input can easily slow or stop production with significant negative

consequences. For example, Toyota suffered a major supplier failure as a result of the 1997 Aisin

fire which rendered one of its suppliers incapable of fulfilling Toyota's orders. In the U.S., the

1992 railway strikes resulted in General Motors having to idle a 75,000-worker plant because

they had no supplies coming in.

4. Problems within a JIT system

The major problem with just-in-time operation is that it leaves the supplier and downstream

consumers open to supply stocks and large supply or demand changes. For internal reasons, this

was seen as a feature rather than a bug by Ohno, who used the analogy of lowering the level of

water in a river in order to expose the rocks to explain how removing inventory showed where

flow of production was interrupted. Once the barriers were exposed, they could be removed;

since one of the main barriers was rework, lowering inventory forced each shop to improve its

own quality or cause a holdup in the next downstream area. One of the other key tools to manage

this weakness is production leveling to remove these variations. Just-in-time is a means to

improving performance of the system, not an end.

With very low stock levels meaning that there are shipments of the same part coming in

sometimes several times per day, Toyota is especially susceptible to an interruption in the flow.

For that reason, Toyota is careful to use two suppliers for most assemblies. As noted in Liker
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(2003), there was an exception to this rule that put the entire company at risk by the 1997 Aisin

fire. However, since Toyota also makes a point of maintaining high quality relations with its

entire supplier network, several other suppliers immediately took up production of the Aisin-

built parts by using existing capability and documentation. Thus, a strong, long-term relationship

with a few suppliers is preferred to short-term, price-based relationships with competing

suppliers. This long-term relationship has also been used by Toyota to send Toyota staff into

their suppliers to improve their suppliers' processes. These interventions have now been going on

for twenty years and result in improved margins for Toyota and the supplier as well as lower

final customer costs and a more reliable supply chain. Toyota encourages their suppliers to

duplicate this work with their own suppliers.

5. Vendor Managed Inventory

Vendor Managed Inventory (VMI) employs the same principles as those of JIT inventory

however the responsibilities of managing inventory is placed with the vendor in a

vendor/customer relationship. Whether its a manufacturer who is managing inventory for a

distributor, or a distributor managing inventory for their customers; the role of managing

inventory is given to the vendor.

The primary advantage of this business model is that the vendor has industry experience and

expertise which enables them to better anticipate demand and inventory needs. The inventory

planning and controlling is facilitated by the use of applications that allow vendors to have

access to the inventory picture of its customer.

Third party applications offer vendors the benefit afforded by a quick implementation time.

Further, such companies hold valuable inventory management knowledge and expertise that

helps organizations immensely.

6. Toyota develops TPS

Toyota's development of ideas that later became Lean may have started at the turn of the 20th

century with Sakichi Toyoda, in a textile factory with looms that stopped themselves when a

thread broke, this became the seed of autonomation and Jidoka. Toyota's journey with JIT may

have started back in 1934 when it moved from textiles to produce its first car. Kiichiro Toyoda,

founder of Toyota, directed the engine casting work and discovered many problems in their
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manufacture. He decided he must stop the repairing of poor quality by intense study of each

stage of the process. In 1936, when Toyota won its first truck contract with the Japanese

government, his processes hit new problems and he developed the "Kaizen" improvement teams.

Levels of demand in the Post War economy of Japan were low and the focus of mass production

on lowest cost per item via economies of scale therefore had little application. Having visited and

seen supermarkets in the USA, Taiichi Ohno recognized the scheduling of work should not be

driven by sales or production targets but by actual sales. Given the financial situation during this

period over-production had to be avoided and thus the notion of Pull (build to order rather than

target driven Push) came to underpin production scheduling.

It was with Taiichi Ohno at Toyota that these themes came together. He built on the already

existing internal schools of thought and spread their breadth and use into what has now become

the Toyota Production System (TPS).

7. Lean implementation develops from TPS

The discipline required to implement Lean and the disciplines it seems to require are so often

counter-cultural that they have made successful implementation of Lean a major challenge.

Some would say that it was a major challenge in its manufacturing 'heartland' as well.

Implementations under the Lean label are numerous and whether they are Lean and whether any

success or failure can be laid at Lean's door is often debatable. Individual examples of success

and failure exist in almost all spheres of business and activity and therefore cannot be taken as

indications of whether Lean is particularly applicable to a specific sector of activity. It seems

clear from the "successes" that no sector is immune from beneficial possibility.

8. System engineering

Lean is about more than just cutting costs in the factory. One crucial insight is that most costs are

assigned when a product is designed. Often an engineer will specify familiar, safe materials and

processes rather than inexpensive, efficient ones. This reduces project risk, that is, the cost to the

engineer, while increasing financial risks, and decreasing profits. Good organizations develop

and review checklists to review product designs.

Companies must often look beyond the shop-floor to find opportunities for improving overall

company cost and performance. At the system engineering level, requirements are reviewed with
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marketing and customer representatives to eliminate those requirements which are costly. Shared

modules may be developed, such as multipurpose power supplies or shared mechanical

components or fasteners. Requirements are assigned to the cheapest discipline. For example,

adjustments may be moved into software and measurements away from a mechanical solution to

an electronic solution. Another approach is to choose connection or power-transport methods

that are cheap or that used standardized components that become available in a competitive

market.

9. Lean leadership

The role of the leaders within the organization is the fundamental element of sustaining the

progress of lean thinking. Experienced kaizen members at Toyota, for example, often bring up

the concepts of Senpai, Kohai, and Sensei, because they strongly feel that transferring of Toyota

culture down and across the Toyota can only happen when more experienced Toyota Sensei

continuously coach and guide the less experienced lean champions. Unfortunately, most lean

practitioners in North America focus on the tools and methodologies of lean, versus the

philosophy and culture of lean. Some exceptions include Shingijitsu Consulting out of Japan,

which is made up of ex-Toyota managers, and Lean Sensei International based in North

America, which coaches lean through Toyota-style cultural experience.

One of the dislocative effects of Lean is in the area of key performance indicators (KPI). The

KPIs by which a plant/facility is judged will often be driving behavior, because the KPIs

themselves assume a particular approach to the work being done. This can be an issue where, for

example a truly Lean, Fixed Repeating Schedule (FRS) and JIT approach is adopted, because

these KPIs will no longer reflect performance, as the assumptions on which they are based

become invalid. It is a key leadership challenge to manage the impact of this KPI chaos within

the organization. A set of performance metrics which is considered to fit well in a Lean

environment is Overall Equipment Effectiveness, or OEE.

Similarly, commonly used accounting systems developed to support mass production are no

longer appropriate for companies pursuing Lean. Lean Accounting provides truly Lean

approaches to business management and financial reporting.
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10. Lean services

Lean services are the application of the lean manufacturing concept to service operations. It is

distinct in that Lean services are not concerned with the making of hard products.

To date, Lean principles of Continuous Improvement and Respect for People have been applied

to call center services, health care, higher education, software development, and public and

professional services. Conceptually, these implementations follow very similar routes to those in

manufacturing settings, and very often make use of the same tools and techniques.

Lean Service has its origin in the Toyota Production System. Lean in the Service sector is

subject itself to continuous improvement, and as such there are an increasing number of concepts

that may or may not be included as part of Lean Service.

The service wastes

The original seven wastes (Muda (Japanese term)) were defined by Taiichi Ohno, the father of

the Toyota Production System. These wastes have been often been redefined to better fit new

organisations, industries, or external pressures.

One redefinition of these wastes for service operations by Bicheno and Holweg (2009) is as

follows:

1. Delay on the part of customers waiting for service, for delivery, in queues, for response, not

arriving as promised. The customers time may seem free to the provider, but when she takes

custom elsewhere the pain begins.

2. Duplication. Having to re-enter data, repeat details on forms, copy information across, answer

queries from several sources within the same organization.

3. Unnecessary Movement. Queuing several times, lack of one-stop, poor ergonomics in the

service encounter.
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4. Unclear communication, and the wastes of seeking clarification, confusion over product or

service use, wasting time finding a location that may result in misuse or duplication.

5. Incorrect inventory. Being out-of-stock, unable to get exactly what was required, substitute

products or services.

6. An opportunity lost to retain or win customers, a failure to establish rapport, ignoring

customers, unfriendliness, and rudeness.

7. Errors in the service transaction, product defects in the product-service bundle, lost or

damaged goods.

Topic : Total Quality Management

Topic Objective:

At the end of this topic student would be able to:

 Learn the concept of Total Quality Management

 Learn the concept of Kaizen

 Learn the concept of Implementation

 Learn the concept of Quality assurance

 Learn the concept of Failure testing

 Learn the concept of Statistical control

 Learn the concept of Company quality
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Definition/Overview:

Total Quality Management: Total Quality Management (TQM) is a business management

strategy aimed at embedding awareness of quality in all organizational processes. TQM has been

widely used in manufacturing, education, call centers, government, and service industries, as

well as NASA space and science programs. TQM is a management approach for an organization,

centered on quality, based on the participation of all its members and aiming at long-term

success through customer satisfaction, and benefits to all members of the organization and to

society." ISO 8402:1994. Total Quality Management continues to evolve in the form of the

Criteria for Performance Excellence which was first published in 1988. The criteria provide the

basis for the Baldrige National Quality Program (BNQP) that is administered by the National

Institute of Standards and Technology (NIST). Organizations benchmark against the criteria to

assess how well their actions are aligned with their strategies. Results are examined to determine

the effectiveness of their approaches and deployment of these strategies. Dr. Juran once stated

that the Criteria for Performance Excellence is the embodiment of those philospophies and

practices we call TQM.

Key Points:

1. TQM and contingency-based research

Total Quality Management has not been independent of its environment. In the context of

management accounting systems (MCSs), Sim and Killough (1998) show that incentive pay

enhanced the positive effects of TQM on customer and quality performance. Ittner and Larcker

(1995) demonstrated that product focused TQM was linked to timely problem solving

information and flexible revisions to reward systems. Chendall (2003) summarizes the findings

from contingency-based research concerning management control systems and TQM by noting

that TQM is associated with broadly based MCSs including timely, flexible, externally focused

information; close interactions between advanced technologies and strategy; and non-financial

performance measurement.
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A discussion of TQM and pay is not complete without considering the work of Dr. W. Edward

Deming. Deming's 14 points include 11. Eliminate Numerical Quotas and 12. Remove Barriers

to Pride of Workmanship. It can be argued that incentive compensation, goals, and quotas are

extrinsic motivators that interfere with pride of workmanship and are not consistent with the

basic philosophy of TQM. Alfie Kohn's book, Punished by Rewards, discusses the effects of

these extrinsic motivators and how they displace intrinsic motivation.

2. Kaizen

Kaizen is a Japanese philosophy that focuses on continuous improvement throughout all aspects

of life. When applied to the workplace, Kaizen activities continually improve all functions of a

business, from manufacturing to management and from the CEO to the assembly line workers.

By improving standardized activities and processes, Kaizen aims to eliminate waste. Kaizen was

first implemented in several Japanese businesses during the country's recovery after World War

II, including Toyota, and has since spread to businesses throughout the world.

3. Implementation

The Toyota Production System is known for kaizen, where all line personnel are expected to stop

their moving production line in case of any abnormality and, along with their supervisor, suggest

an improvement to resolve the abnormality which may initiate a kaizen.

The cycle of kaizen activity can be defined as:

 standardize an operation →

 measure the standardized operation (find cycle time and amount of in-process inventory)

→

 gauge measurements against requirements →

 innovate to meet requirements and increase productivity →

 standardize the new, improved operations →

 Continue cycle ad infinitum.
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This is also known as the Shewhart cycle, Deming cycle, or PDCA.

Masaaki Imai made the term famous in his book, Kaizen: The Key to Japan's Competitive

Success.

Apart from business applications of the method, both Anthony Robbins and Robert Maurer have

popularized the kaizen principles into personal development principles. The basis of Robbins'

CANI (Constant and Never-Ending Improvement) method in kaizen is discussed in his Lessons

in Mastery series.

In their book The Toyota Way Fieldbook, Brijesh Rawat, Jeffrey Liker, and David Meier discuss

the Kaizen Blitz and Kaizen Burst (also called a Kaizen Event) approaches to continuous

improvement. A Kaizen Blitz, or rapid improvement, is a focused activity on a particular process

or activity. The basic concept is to identify and quickly remove waste. Another approach is that

of Kaizen Burst, a specific Kaizen activity on a particular process in the value stream.

4. Quality assurance

Quality assurance covers all activities from design, development, production, installation,

servicing and documentation. This introduced the rules: "fit for purpose" and "do it right the first

time". It includes the regulation of the quality of raw materials, assemblies, products and

components; services related to production; and management, production, and inspection

processes.

One of the most widely used paradigms for QA management is the PDCA (Plan-Do-Check-Act)

approach, also known as the Shewhart cycle.

5. Failure testing

A valuable process to perform on a whole consumer product is failure testing (also known as

stress testing), the operation of a product until it fails, often under stresses such as increasing

vibration, temperature and humidity. This exposes many unanticipated weaknesses in a product,

and the data is used to drive engineering and manufacturing process improvements. Often quite

simple changes can dramatically improve product service, such as changing to mold-resistant

paint or adding lock washer placement to the training for new assembly personnel. Failure

testing or destructive testing is a valuable tool of earthquake engineering.
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6. Statistical control

Many organizations use statistical process control to bring the organization to Six Sigma levels

of quality, in other words, so that the likelihood of an unexpected failure is confined to six

standard deviations on the normal distribution. This probability is less than four one-millionths.

Items controlled often include clerical tasks such as order-entry as well as conventional

manufacturing tasks.

Traditional statistical process controls in manufacturing operations usually proceed by randomly

sampling and testing a fraction of the output. Variances of critical tolerances are continuously

tracked, and manufacturing processes are corrected before bad parts can be produced.

7. Company quality

During the 1980s, the concept of company quality with the focus on management and people

came to the fore. It was realized that, if all departments approached quality with an open mind,

success was possible if the management led the quality improvement process.

The company-wide quality approach places an emphasis on three aspects:-

 Elements such as controls, job management, adequate processes, performance and

integrity criteria and identification of records

 Competence such as knowledge, skills, experience, qualifications

 Soft elements, such as personnel integrity, confidence, organizational culture, motivation,

team spirit and quality relationships.

The quality of the outputs is at risk if any of these three aspects is deficient in any way.

The approach to quality management given here is therefore not limited to the manufacturing

theatre only but can be applied to any business activity:

 Design work

 Administrative services

 Consulting

 Banking

 Insurance
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 Computer software

 Retailing

 Transportation

It comprises a quality improvement process, which is generic in the sense it can be applied to any

of these activities and it establishes a behavior pattern, which supports the achievement of

quality.

This in turn is supported by quality management practices which can include a number of

business systems and which are usually specific to the activities of the business unit concerned.

In manufacturing and construction activities, these business practices can be equated to the

models for quality assurance defined by the International Standards contained in the ISO 9000

series and the specified Specifications for quality systems.

Still, in the system of Company Quality, the work being carried out was shop floor inspection

which did not control the major quality problems. This led to quality assurance or total quality

control, which has come into being recently.

8. Total quality control

Total Quality Control is the most necessary inspection control of all in cases where, despite

statistical quality control techniques or quality improvements implemented, sales decrease.

The major problem which leads to a decrease in sales was that the specifications did not include

the most important factor, What the customer required.

The major characteristics, ignored during the search to improve manufacture and overall

business performance were:

 Reliability

 Maintainability

 Safety

As the most important factor had been ignored, a few refinements had to be introduced:

 Marketing had to carry out their work properly and define the customers specifications.

 Specifications had to be defined to conform to these requirements.
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 Conformance to specifications i.e. drawings, standards and other relevant documents,

were introduced during manufacturing, planning and control.

 Management had to confirm all operators are equal to the work imposed on them and

holidays, celebrations and disputes did not affect any of the quality levels.

 Inspections and tests were carried out, and all components and materials, bought in or

otherwise, conformed to the specifications, and the measuring equipment was accurate,

this is the responsibility of the QA/QC department.

 Any complaints received from the customers were satisfactorily dealt with in a timely

manner.

 Feedback from the user/customer is used to review designs.

 Consistent data recording and assessment and documentation integrity.

 Product and/or process change management and notification.

If the original specification does not reflect the correct quality requirements, quality cannot be

inspected or manufactured into the product.

For instance, all parameters for a pressure vessel should include not only the material and

dimensions but operating, environmental, safety, reliability and maintainability requirements.

To conclude, the above forms the basis from which the philosophy of quality assurance has

evolved, and the achievement of quality or the fitness-for-purpose is Quality Awareness

throughout the company.
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