Operations Management
Fundamentals



Part1

Introduction to Operations
Management
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Operations Management .

e What is operations?
e The part of a business organization that is responsible
for producing goods or services
e How can we define operations management?

e The management of systems or processes that create
goods and/or provide services
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Good or Service?

Goods are physical items that include raw materials, parts,
subassemblies, and final products.

«Automobile

Computer

*Oven

*Shampoo

Services are activities that provide some combination of time, location,
form or psychological value.

Air travel

*Education

*Haircut

*Legal counsel
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Supply Chain 2z

Supply Chain — a sequence of activities and
organizations involved in producing and delivering
a good or service

st Direct Producer | Distributor AEL

suppliers suppliers Customers
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Supply Chain for Bread

$0.25

$1.29
||| .
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Basic Functions of the Business Organization
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The Transformation Process
Value-Added

Inputs Transformation/ Outputs

"Land Conversion *Goods
-Labqr Process *Services
«Capital
e|nformation

I Measurement I
| and Feedback I
‘ Measurement I

[
| Measurement

Feedback = measurements taken at various points in the transformation process

Control = The comparison of feedback against previously established
standards to determine if corrective action is needed.
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Manufacturing vs. Service

Degree of customer contact
Uniformity of input
Labor content of jobs
Uniformity of output
Measurement of productivity
Production and delivery
Quality assurance
Amount of inventory
Evaluation of work

. Ability to patent design

=
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Process Management

Process - one or more actions that transform inputs into outputs

Three Categories of Business Processes:

Upper-management processes J These govern the operation of the entire
organization.

Operational processes These are core processes that make up the
value stream.

Supporting processes l These support the core processes.
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Supply & Demand

S ST

Wasteful
Costly

’ Opportunity Loss
Customer

Dissatisfaction
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Process Variation

Four Sources of Variation:

Variety of goods or services being The greater the variety of goods and services
offered offered, the greater the variation in production or

service requirements.

Structural variation in demand These are generally predictable. They are important
for capacity planning.

Random variation Natural variation that is present in all processes.
Generally, it cannot be influenced by managers.

Assignable variation Variation that has identifiable sources. This type of
variation can be reduced, or eliminated, by analysis
and corrective action.

Variations can be disruptive to operations and supply chain processes.
They may result in additional costs, delays and shortages, poor
guality, and inefficient work systems.
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Scope of Operations Management -

The scope of operations management ranges across

'l the organization.

The operations function includes many interrelated
activities such as:

e Forecasting

e (Capacity planning

e Facilities and layout

e Scheduling

e Managing inventories

e Assuring quality

e Motivating employees

e Deciding where to locate facilities

e And more. ..
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Role of the Operations Manager -

The Operations Function consists of all activities
directly related to producing goods or providing
services.

A primary function of the operations manager is to
guide the system by decision making.

e System Design Decisions
e System Operation Decisions
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System Design Decisions

e System Design
— Capacity
— Facility location
— Facility layout
— Product and service planning
— Acquisition and placement of equipment
* These are typically strategic decisions that
 usually require long-term commitment of resources
» determine parameters of system operation
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Decision Making

e Most operations decisions involve many alternatives that can
have quite different impacts on costs or profits

e Typical operations decisions include:

What: What resources are needed, and in what amounts?

When: When will each resource be needed? When should the work be

scheduled? When should materials and other supplies be ordered?
Where: Where will the work be done?

How: How will he product or service be designed? How will the work be

done? How will resources be allocated?

Who: Who will do the work?
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Ethical Issues in Operations

e Ethical issues arise in
many aspects of operations
management:

Hamed.Ali.Mohamed2@gmail.com

Financial statements
Worker safety

Product safety

Quality

The environment

The community

Hiring and firing workers
Closing facilities
Workers rights

11/16/2022
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The Need for Supply Chain Management .

e In the past, organizations did little to manage the
supply chain beyond their own operations and
immediate suppliers which led to numerous problems:

e Oscillating inventory levels
e Inventory stockouts

e Late deliveries

¢ Quality problems
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Supply Chain Issues

1. The need to improve operations
Increasing levels of outsourcing

N

Increasing transportation costs
Competitive pressures

Increasing globalization

Increasing importance of e-business
The complexity of supply chains

® N v oW

The need to manage inventories
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Elements of Supply Chain Management

e Customers - what products/services do customers want
e Forecasting - predicting timing and volume of customer demand

e Design - incorporating customer wants, manufacturability, and time to
market

e Capacity planning - matching supply and demand
e Processing - controlling quality, scheduling work

e Inventory - meeting demand requirements while managing costs

e Purchasing - evaluating potential suppliers, supporting the needs of
operations on purchased goods and services

e Suppliers - monitoring supplier quality, on-time delivery, and flexibility;
maintaining supplier relations

e Location - determining the location of facilities

e Logistics - deciding how to best move information and materials

Hamed.Ali.Mohamed2@gmail.com 11/16/2022 12P0



Part 2

Competitiveness, Strategy,
and Productivity
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Competitiveness -

e Competitiveness:
e How effectively an organization meets the wants and

needs of customers relative to others that offer similar
goods or services

e Organizations compete through some combination of
their marketing and operations functions

« What do customers want?
« How can these customer needs be best satisfied?
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Businesses Compete Using
Operations

1. Product and service design
Cost

Location

Quality

Quick response

Flexibility

Inventory management

b

Supply chain management

. Service g ~
10. Managers and workers
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Strategic Planning & Management -

Mission & Vision

Business Goals and Objectives

Organizational Strategies

Functional Strategies

ré | Strategy formulation (roadmap)
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Developing Operations Strategy .

Corporate Mission

Assessment Distinctive
of Global " Competencies
Business Business Strategy or

Conditions Weakqesses

Product/Service Plans

Competitive Priorities

Operations Strategy
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Corporate Mission -

| A corporate mission is a set of long-range goals
and including statements about:
| the kind of business the company wants to be in
who its customers are

|
| its basic beliefs about business
| its goals of survival, growth, and profitability
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Business Strategy -

| Business strategy is a long-range game plan of an
organization and provides a road map of how to
achieve the corporate mission.

| Inputs to the business strategy are

| Assessment of global business conditions - social,
economic, political, technological, competitive

| Distinctive competencies or weaknesses - workers, sales
force, R&D, technology, management
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SWOT Analysis

e Strengths

e Weaknesses

e Opportunities
e Threats




Core Competencies -

e Core Competencies
The special attributes or abilities that give an

organization a competitive edge

 To be effective, core competencies and strategies need to be
aligned
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Strategy Formulation -

o Effective strategy formulation requires taking into
account(SWOT analysis):
e Core competencies
e Environmental scanning

e Successful strategy formulation also requires taking
into account:

e Order qualifiers (minimum requirements for a
potential purchase)

e Order winners (characteristics that win over the
customer)
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Operations Strategy

e Operations strategy

e The approach, consistent with organization strategy, that is used to guide
the operations function.

Decision Area

Product and service design

Capacity

Process selection and
layout

Work design
Location
Quiality
Inventory
Maintenance
Scheduling
Supply chains
Projects
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What the Decisions Affect

Costs, quality, liability, and environmental issues
Cost, structure, flexibility

Costs, flexibility, skill level needed, capacity

Quiality of work life, employee safety, productivity

Costs, visibility

Ability to meet or exceed customer expectations

Costs, shortages

Costs, equipment reliability, productivity

Flexibility, efficiency

Costs, quality, agility, shortages, vendor relations

Costs, new products, services, or operating systems
11/16/2022



Competitive Edges and Priorities -

Cost
2. Quality
Response time

4. Customer service
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Competitive Priorities

| Low Production Costs

| Definition

product/service
| Some Ways of Creating

Redesign of product/service
New technology

Increase in production rates
Reduction of scrap/waste
Reduction of inventory
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Competitive Priorities

| Delivery Performance

| Definition
a) Fast delivery b) On-time delivery

| Some Ways of Creating
a) larger finished-goods inventory
a) faster production rates
a) quicker shipping methods
b) more-realistic promises
b) better control of production of orders
b) better information systems
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Competitive Priorities -

| High-Quality Products/Services
| Definition

Customers’ perception of degree of excellence
exhibited by products/services

| Some Ways of Creating
Improve product/service’s
| Appearance
| Performance and function
| 'Wear, endurance ability
| After-sales service
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Competitive Priorities .

| Customer Service and Flexibility
| Definition

Ability to quickly change production to other
products/services. Customer responsiveness.
| Some Ways of Creating
| Change in type of processes used
| Use of advanced technologies
| Reduction in WIP through lean manufacturing
| Increase in capacity
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Operations Strategy .

| Operations strategy is a long-range game plan for
the production of a company’s products/services,
and provides a road map for the production
function in helping to achieve the business

strategy.
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Elements of Operations Strategy .

| Positioning the production system

| Product/service plans

| Outsourcing plans

| Process and technology plans

| Strategic allocation of resources

| Facility plans: capacity, location, and layout
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Positioning the Production System -

| Select the type of product design
| Standard
| Custom

| Select the type of production processing system
| Product focused
| Process focused

| Select the type of finished-goods inventory policy
| Produce-to-stock
| Produce-to-order
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Product/Service Plans -

As a product Is designed, all the detailed
characteristics of the product are established.

Each product characteristic directly
affects how the product can be made.

How the product is made determines
the design of the production system.
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Stages in a Product’s Life Cycle .

" Introduction- Sales begin, production and marketing
are developing, profits are negative.

" Growth - sales grow dramatically, marketing efforts
intensify, capacity is expanded, profits begin.

" Maturity - production focuses on high-volume,
efficiency, low costs; marketing focuses on
competitive sales promotion; profits are at peak.

" Decline - declining sales and profit; product might be
dropped or replaced.
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Stages of a Product’s Life Cycle -

Automobile o

. Dot-Matrix
Fax Machine © Printer
Cell Phone o O O
Video Recorder
O O O
Internet Radio : Color Copier : CD Player B&W TV
Introduction  Growth Maturity Decline
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Outsourcing Plans .

" Outsourcing refers to hiring out or subcontracting
some of the work that a company needs to do.

1 This strategy is being used more and more as
companies strive to operate more efficiently.

" Outsourcing has many advantages and
disadvantages.

" Companies try to determine the best level of out-
sourcing to achieve their operations & business
goals.

" More outsourcing requires a company to have less
equipment, fewer employees, and a smaller facility.
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Outsourcing Plans -

I A company might outsource any of the following
manufacturing related functions:
1 Designing the product
1 Purchasing the basic raw materials

1 Processing the subcomponents, subassemblies, major
assemblies, and finished product

[ Distributing the product

Hamed.Ali.Mohamed2@gmail.com 11/16/2022 44



Outsourcing Plans -

" Many companies even outsource some service
functions such as:
1 Payroll
1 Billing
1 Order processing
1 Developing/maintaining a website

7 Employee recruitment
1 Facility maintenance
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Process and Technology Plans .

"I An essential part of operations strategy is the
determination of how products/services will be
produced.

" The range of technologies available to produce
products/services is great and is continually
changing.
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Strategic Allocation of Resources .

I For most companies, the vast majority of the firm’s
resources are used in production/operations.

‘1 Some or all of these resources are limited.

" The resources must be allocated to products, services,
projects, or profit opportunities in ways that
maximize the achievement of the operations
objectives.
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Facility Plans .

" How to provide the long-range capacity to
produce the firm’s products/services is a critical
strategic decision.

"I The location of a new facility may need to be

decided.

' The internal arrangement (layout) of workers,
equipment, and functional areas within a facility
affects the ability to provide the desired volume,
quality, and cost of products/services.
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Characteristics of Services .
and Manufactured Products

Services Products
Output Intangible  Tangible
Output Inventoried No Yes
Customer Contact Extensive Little
Lead Time Short Long
Intensity Labor Capital

Quality Subjective Objective
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Competitive Priorities for Services -

" The competitive priorities listed earlier for
manufacturers apply to service firms as well
1 Low production costs
1 Fast and on-time delivery
1 High-quality products/services
1 Customer service and flexibility

" Providing all the priorities simultaneously to
customers is seldom possible.
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Forming Operations Strategies .

" Support the product plans and competitive
priorities defined in the business strategy.

" Adjust to the evolving positioning strategies.
7 Link to the marketing strategies.
7 Look at alternative operations strategies.
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Evolution of Positioning Strategies .

"I The characteristics of production systems tend to
evolve as products move through their product life
cycles.

" Operations strategies must include plan for
modifying production systems to a changing set of
competitive priorities as products mature.

"I The capital and production technology required to
support these changes must be provided.
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Evolution of Positioning Strategies .

Life Early Late :
Stage Inifo. Growth | Growth Maturlty
Slightly Highly

Product | Custom Standard Standard Standard
Very : Very

Volume L ow Low High High
Prod mode, Process | Process | Product | Product
Inventory.| To-Order | To-Order | To-Stock | To-Stock
Batch Very Very
Size Small Small Large Large
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Linking Operations and Marketing

Strategies

" Operations Strategy
| Product-focused
I Make-to-stock
1 Standardized products
I High volume

" Marketing Strategy
I Low production cost
"1 Fast delivery of products
7 Quality

| Example: TV sets

Hamed.Ali.Mohamed2@gmail.com
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Linking Operations and Marketing
Strategies

" Operations Strategy
| Product-focused
I Make-to-order
1 Standardized products
7 Low volume

" Marketing Strategy
I Low production cost
I Keeping delivery promises
7 Quality

" Example: School buses
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Linking Operations and Marketing

Strategies

" Operations Strategy
| Process-focused
I Make-to-stock
1 Custom products
I High volume

" Marketing Strategy
1 Flexibility
1 Quality
"1 Fast delivery of products

| Example: Medical instruments

Hamed.Ali.Mohamed2@gmail.com
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Linking Operations and Marketing
Strategies

" Operations Strategy
| Process-focused
I Make-to-order
1 Custom products
7 Low volume

" Marketing Strategy
I Keeping delivery promises
1 Quality
1 Flexibility

" Example: Large supercomputers
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No Single Best Strategy -

" Start-up and Small Manufacturers

Usually prefer positioning strategies with:
1 Custom products

1 Process-focused production

1 Produce-to-order policies

These systems are more flexible and require less
capital.
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No Single Best Strategy

7 Start-up and Small Services

Successfully compete with large corporations by:

1 Carving out a specialty niche

" Emphasizing close, personal customer service
1 Developing a loyal customer base

Hamed.Ali.Mohamed2@gmail.com 11/16/2022

59



No Single Best Strategy -

" Technology-Intensive Business

"1 Production systems must be capable of producing new
products and services in high volume soon after
introduction

1 Such companies must have two key strengths:

1 Highly capable technical people
7 Sufficient capital
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Wrap-Up: World-Class Practice .

I Put customers first
I Get new products/services to market faster
1 Are high quality producers

" Have high labor productivity & low production
costs

7 Carry little excess inventory
...more
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Wrap-Up: World-Class Practice .

" Think more globally in purchasing and selling
1 Quickly adopt and develop new technologies
~ Trim organizations to be lean and flexible

1 Are less resistant to strategic alliances/joint
ventures

" Consider relevant social issues when setting
strategies
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Productivity -

e Productivity
e A measure of the effective use of resources, usually
expressed as the ratio of output to input
e Productivity measures are useful for
e Tracking an operating unit’s performance over time

e Judging the performance of an entire industry or
country
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Factors Affecting Productivity

Process &
Methods

Capital

Technology
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Product Design

Management
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Productivity Measures
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Improving Productivity (TQM and Bl.

1. Develop productivity measures for all operations
2. Determine critical (bottleneck) operations
3. Develop methods for productivity improvements

4. Establish reasonable goals

5. Make it clear that management supports and encourages productivity
improvement

6. Measure and publicize improvements

Don’t confuse productivity with efficiency
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Part 3

Inventory Management
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Inventory F

vl One of the most expensive assets of
many companies representing as
much as 50% of total invested capital

vl Operations managers must balance
iInventory investment and customer
service
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Functions of Inventory i

1. To decouple or separate various parts of the
production process

2. To decouple the firm from fluctuations in
demand and provide a stock of goods that
will provide a selection for customers

3. To take advantage of quantity discounts
4. To hedge against inflation
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Types of Inventory i

M Raw material
M Purchased but not processed

M Work-in-process
M Undergone some change but not completed
M A function of cycle time for a product

M Maintenance/repair/operating (MRO)

M Necessary to keep machinery and processes
productive

M Finished goods
M Completed product awaiting shipment
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The Material Flow Cycle

Input Wait for Wait to Move Waitin queue Setup Run Output
=) nspection be moved time foroperator time time —

Figure 12.1
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Inventory Management

vl How inventory items can be classified

vl How accurate inventory records can
be maintained
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ABC Analysis i

vl Divides inventory into three classes based
on annual dollar volume

M C
M C
M C

ass A - high annual dollar volume
ass B - medium annual dollar volume
ass C - low annual dollar volume

V] Used to establish policies that focus on the
few critical parts and not the many trivial

ones
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ABC Analysis

Percent of Percent of
ltem Number of Annual Annual Annual
Stock ltems Volume Unit Dollar Dollar
Number Stocked (units) x Cost = Volume Volume Class
#10286 20% 1,000 $ 90.00 $ 90,000 38.8% 72% A
#11526 500 154.00 77,000 33.2% A
#12760 1,550 17.00 26,350 11.3% B
#10867 30% 350 42.86 15,001 6.4% 23% B
#10500 1,000 12.50 12,500 5.4% B
11/16/2022
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ABC Analysis

=3

vl Other criteria than annual dollar
volume may be used

M Anticipated engineering changes

M Delivery problems
M Quality problems
M High unit cost
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ABC Analysis P

V] Policies employed may include

M More emphasis on supplier development
for A items

M Tighter physical inventory control for A
items

M More care in forecasting A items
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Record Accuracy i

M Accurate records are a critical ingredient in
production and inventory systems

V] Allows organization to focus on what is needed

vl Necessary to make precise decisions about
ordering, scheduling, and shipping

M Incoming and outgoing record keeping must be
accurate

M Stockrooms should be secure
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Cycle Counting i

M Items are counted and records updated on a
periodic basis

vl Often used with ABC analysis to determine cycle

vl Has several advantages
M Eliminates shutdowns and interruptions

M Eliminates annual inventory adjustment

M Trained personnel audit inventory accuracy

M Allows causes of errors to be identified and corrected
M Maintains accurate inventory records
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Cycle Counting Example

5,000 items in inventory, 500 A items, 1,750 B items, 2,750 C items

Policy is to count A items every month (20 working days), B items every
guarter (60 days), and C items every six months (120 days)

ltem Number of Items
Class Quantity Cycle Counting Policy Counted per Day
A 500 Each month 500/20 = 25/day
B 1,750 Each quarter 1,750/60 = 29/day
C 2,750  Every 6 months 2,750/120 = 23/day
77/day
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Control of Service Inventories i

vl Can be a critical component of profitability
vl Losses may come from shrinkage or pilferage

vl Applicable techniques include
1. Good personnel selection, training, and discipline
2. Tight control on incoming shipments
3. Effective control on all goods leaving facility
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Independent Versus, Dependent Demand

vl Independent demand - the demand for item
IS Independent of the demand for any other
item In Inventory

vl Dependent demand - the demand for item
IS dependent upon the demand for some
other item In the inventory
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Holding, Ordering, and Setup Costs F

vl Holding costs - the costs of holding or
“carrying” inventory over time

vl Ordering costs - the costs of placing an
order and receiving goods

vl Setup costs - cost to prepare a machine
or process for manufacturing an order
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Holding Costs

Cost (and Range)
as a Percent of

Category Inventory Value
Housing costs (including rent or 6% (3-10%)
depreciation, operating costs, taxes,
Insurance)
Material handling costs (equipment lease or 3% (1-3.5%)
depreciation, power, operating cost)
Labor cost 3% (3 -5%)
Investment costs (borrowing costs, taxes, 11% (6 - 24%)
and insurance on inventory)
Pilferage, space, and obsolescence 3% (2 -5%)
Overall carrying cost 26%
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Inventory Models for Independent Demand

Need to determine when and how much to
order

v] Basic economic order quantity

vl Production order quantity

vl Quantity discount model
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Basic EOQ) Model i

Important assumptions

1. Demand is known, constant, and independent
2. Lead time I1s known and constant

3. Receipt of inventory Is instantaneous and
complete

4. Quantity discounts are not possible
5. Only variable costs are setup and holding
6. Stockouts can be completely avoided

Hamed.Ali.Mohamed2@gmail.com 11/16/2022 85



Inventory Usage Over Time

Usage rate  Average

Order inventory
/ on hand

guantity = Q
(maximum
inventory
level)

Inventory level

Minimum
inventory

N

Time

Figure 12.3
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Minimizing Costs

Objective is to minimize total costs

Curve for total
cost of holding
and setup

Minimum | %
total cost .
% : A
7 . Holding cost
8 - curve
©
=
E t

Setup (or order)
cost curve

Optimal Order quantity

Table 11.
Hameg'.bAlﬁMoha%wedZ@gmail.com orde_r 11/16/2022
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The EOQ MOdel Annual setup cost = % S

Q = Number of pieces per order
Q* = Optimal number of pieces per order (EOQ)

D = Annual demand in units for the Inventory item
S = Setup or ordering cost for each order

H = Holding or carrying cost per unit per year

Annual setup cost = (Number of orders placed per year)
X (Setup or order cost per order)

3 Annual demand Setup or order
~ | Number of units in each order cost per order

(g
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The EOQ M()del Annual setup cost = %S

Annual holding cost = % H

Q = Number of pieces per order

Q* = Optimal number of pieces per order (EOQ)
D = Annual demand in units for the Inventory item
S = Setup or ordering cost for each order
H = Holding or carrying cost per unit per year

Annual holding cost = (Average inventory level)
X (Holding cost per unit per year)

B [Order quantity

2
(3
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The EOQ M()del Annual setup cost-—-% S

Annual holding cost = % H

Q = Number of pieces per order
Q* = Optimal number of pieces per order (EOQ)

D = Annual demand in units for the Inventory item
S = Setup or ordering cost for each order

H = Holding or carrying cost per unit per year

Optimal order quantity is found when annual setup cost
equals annual holding cost

Ds_ Q
0 S = > H

Solving for Q* 2DS = Q2H
Q2 = 2DS/H

Q*= fwu_
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Reorder Points F

vl EOQ answers the “how much” question

vl The reorder point (ROP) tells when to
order

— [DemandJ[ Lead time for a J

per day J| new order in days

=dxL

D
d=—|mmm'g'day§nm—
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Q* EEEEEEEEEEER

)

f=

=)

D :
> Slope = units/day =d
[}

2 -~

=

c

o

E ROP EEEEEEEEER

— (units)

—— Time (days)

Figure 12.5 ‘ =
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Reorder Point Example

Demand = 8,000 DVDs per year
250 working day year
Lead time for orders is 3 working days

D
d= T f o | .

= 8,000/250 = 32 units

ROP=dxL

= 32 units per day x 3 days = 96 units

Hamed.Ali.Mohamed2@gmail.com 11/16/2022
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Production Order Quantity Model i

vl Used when inventory builds up over a
period of time after an order Is placed

vl Used when units are produced and
sold simultaneously
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Production Order (

Part of inventory cycle during
which production (and usage) is
taking place

Demand part of cycle
with no production

Maximum
inventory /

Inventory level

|‘_t_’| Time

Figure 12.6
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Production Order Quantity Model

Q = Number of pieces per order p = Daily production rate
H = Holding cost per unit per year d = Daily demand/usage rate
t = Length of the production run in days

[ Annual inventory

Holding cost
holding cost

] = (Average inventory level) x [per unit per year

[ Annual inventory

level ] = (Maximum inventory level)/2

Maximum _ [Total produced during thgg [ Total used during the
inventory level J production run production run

= pt — dt
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Production Order Quantity Model

Q = Number of pieces per order p = Daily production rate
H = Holding cost per unit per year d = Daily demand/usage rate
t = Length of the production run in days

Maximum _ [Total produced during thgl [ Total used during the
inventory level J production run production run

= pt — dt
However, Q = total produced = pt ; thus t = Q/p

Maximum d
[ inventory level ] =P [%] —-d [%]= Q [1— ?]

Holding cost = Maximum in;/entory level (H) = %[_ [%]}
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Quantity Discount Models

M Reduced prices are often available when
larger quantities are purchased

M Trade-off is between reduced product cost and
Increased holding cost

Total cost = Setup cost + Holding cost + Product cost
D H
TC = -6-+

Hamed.Ali.Mohamed2@gmail.com 11/16/2022
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Quantity Discount Models

A typical quantity discount schedule

Discount Discount
Number Discount Quantity Discount (%) Price (P)
1 0 to 999 no discount $5.00
2 1,000 to 1,999 4 $4.80
3 2,000 and over 5 $4.75
Table 12.2
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Quantity Discount Models

Steps In analyzing a quantity discount

1. For each discount, calculate Q*

2. If Q* for a discount doesn’t qualify, choose
the smallest possible order size to get the
discount

3. Compute the total cost for each Q* or
adjusted value from Step 2

4. Select the Q* that gives the lowest total
cost
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Quantity Discount Models

I ' Total cost curve for discount 2
Total cost | |
curve for /

discount 1 '

\ Total cost curve for discount 3

Total cost $
.

Q* for discount 2 is below the allowable range at point a and
I must be adjusted upward to 1,000 units at point b

| |

1st price 1 2nd price |

break . | break \|
0 1,000 2,000

Figure 12.7
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Quantity Discount Example

Calculate Q* for every discount Q* = 2DS
P

= 700 cars order

0. = \/2(5’000)(49)
1 N7 (2)(5.00)

= 714 cars order

0% = \/2(5’000)(49)
2 A\ (2)(4.80)

= 718 cars order

0. = \/2(5’000)(49)
3 AT (2)(4.75)
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Quantity Discount Example

Calculate Q* for every discount Q* = 2DS
P

= 700 cars order

0. = \/2(5’000)(49)
1 N7 (2)(5.00)

Qy* = J 2(5.000)(49) 704 cars order
(:2)(4.80) 1,000 — adjusted

Q3" = J 2(5 OOO)(49) 28 cars order
(:2)(4.73) 2 000 — adjusted
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Quantity Discount Example

Annual Annual Annual
Discount Unit Order Product Ordering Holding
Number Price Quantity Cost Cost Cost Total
1 $5.00 700 $25,000 $350 $350 $25,700
2 $4.80 1,000 $24,000 $245 $480 | $24,725
3 $4.75 2,000 $23.750 $122.50 $950 $24,822.50

Table 12.3

Choose the price and quantity that gives the lowest total

cost

Buy 1,000 units at $4.80 per unit

Hamed.Ali.Mohamed2@gmail.com
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Probabilistic Models and Safety Stock

M Used when demand is not constant or
certain

M Use safety stock to achieve a desired
service level and avoid stockouts

ROP=dxL+ss

Annual stockout costs = the sum of the units short x the probability x the
stockout cost/unit
X the number of orders per year
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Probabilistic Demand

Minimum demand during lead time
Maximum demand during lead time
Mean demand during lead time

ROP = 350 + safety stock of 16.5 = 366.5

ROP 9 lllllllllllllllll

Inventory level

Normal distribution probability of
# demand during lead time
k /Expected demand during lead time (350 kits)

Safety stock 16.5 units

Time

Figure 12.8 Place Receive
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Probabilistic Demand

Risk of a stockout
(5% of area of
normal curve)

Probability of
no stockout
95% of the time

Mean ROP = ? kits Quantity
demand
350
‘_ Safety _‘
stock
0 3 Number of

standard deviations
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Probabilistic Demand

Use prescribed service levels to set safety
stock when the cost of stockouts cannot be
determined

ROP = demand during lead time + Zo

where Z = number of standard deviations

o4 — Standard deviation of demand
during lead time

Hamed.Ali.Mohamed2@gmail.com 11/16/2022
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Probabilistic Example

Average demand = p = 350 kits
Standard deviation of demand during lead time = o, = 10 kits
5% stockout policy (service level = 95%)

Using Appendix |, for an area under the curve of 95%, the Z =
1.65

Safety stock = Zo,, = 1.65(10) = 16.5 kits

Reorder point expected demand during lead time +

safety stock
350 kits + 16.5 kits of safety stock
366.5 or 367 kits

Hamed.Ali.Mohamed2@gmail.com 11/16/2022
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Other Probabilistic Models I

When data on demand during lead time is not
available, there are other models available

1. When demand is variable and lead time
IS constant

2. When lead time is variable and demand
IS constant

3. When both demand and lead time are
variable
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Other Probabilistic Models I

Demand iIs variable and lead time Is constant

ROP = (average daily demand
X lead time in days) + Zoy

where o4 = standard deviation of demand per day

G4 = O4 ¥ lead time
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Fixed-Period (P) Systems i

M Orders placed at the end of a fixed period
M Inventory counted only at end of period

M Order brings inventory up to target level

M Only relevant costs are ordering and holding
M Lead times are known and constant
M Items are independent from one another
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Target maximum (T)

Pﬁ

©

I

On-hand inventory
-

Time :
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Fixed-Period (P) Example i

3 jackets are back ordered No jackets are in stock
It is time to place an order Target value = 50

Order amount (Q) = Target (T) - On-hand
iInventory - Earlier orders not yet received
+ Back orders

Q=50-0-0+ 3 =53 )ackets
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—3

vl Inventory is only counted at each review period

Fixed-Period Systems

vl May be scheduled at convenient times
vl Appropriate in routine situations
vl May result in stockouts between periods

vl May require increased safety stock
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Part 4
Operations Management

& Role of operations
Manager
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Operations Management

< Operations function consists of all activities directly related to
producing goods or providing services.

a4 N

Organization

N J
- N N N
Finance Produc_tlon/ Marketing
Operations
\_ NS NS /
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Business Operations Overlap -

Production/
Operations
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Examples of operations:

Operations Examples

Goods Production = Farming, Mining, Construction,
Manufacturing, Power Generation

Warehousing, Trucking, Mail
Service, Moving, Taxis, Buses,
Hotels, Airlines

Storage / Transportation

’ = Retailing, Wholesaling, Banking,
Exghange Renting, Leasing, Library, Loans
h = Films, Radio, Television, Concerts,
= Entertainment Recordings
. = Newspapers, Radio and Television,
» Communication Newscasts, Telephone, Satellites
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Value added

The difference between the cost of inputs and the

value or price of outputs

Inputs

Material
Labor
Capital

A

Hamed.Ali.Mohamed2@gmail.com

Outputs
Goods
Services

Value added
Transformation /
— 5 Conversion -
Process
A |
| i Feedback
! v
----------------------------- Control |* 77777
Feedback Feedback
11/16/2022
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The Importance of Operations
Management

e Synergies must exist with other functional areas of
the organization

e Operations account for 60-80% of the direct
expenses that burden a firm’s profit.
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Three Major Phases -

Craft manufacturing

e Craft manufacturing describes the process by
which skilled craftspeople produce goods in low
volume, with a high degree of variety, to meet the
requirements of their individual customers.
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Mass production as

e In many industries, craft manufacturing began to
be replaced by mass production in the 19th
century. Mass production involves producing
goods in high volume with low variety - the
opposite of craft manufacturing.
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Mass Production(Innovations 1) .

e Standardization:

e An important innovation in operations that made
mass production possible was the system of
standardised and interchangeable parts known as
the ‘American system of manufacture’, which
developed in the United States and spread to the
United Kingdom and other countries.
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Mass production(Innovations 2) .

Scientific Management:

e A second innovation was the development by
Frederick Taylor (1911) of the system of 'scientific
management, which sought to redesign jobs
using similar principles to those used in
designing machines.
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Mass Production(Innovations 3) .

Moving Assembly Line:

e A third innovation was the development of the
moving assembly line by Henry Ford. Instead of
workers bringing all the parts and tools to a fixed
location where one car was put together at a time,
the assembly line brought the cars to the workers.
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Mass Production (in nut shell) .

* A system through which large
volumes of standardized
products could be assembled by

unskilled workers at constantly
decreasing costs .
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Modern Period(Different Approaches-

e Flexible specialization
e Lean production
e Mass customization

e Agile manufacturing
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Modern Period(in a nutshell) .

These approaches all seek to
combine the high volume
and low cost associated with
mass production with the
craft production.
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The transformation model -

Random
Disturbances
‘ > 'Tmnsfnnnatinn | ‘ }
Inpufs — Outputs
‘ Feedback ‘
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inpu <

Some inputs are used up in the process of creating
goods or services; others play a part in the creation
process but are not used up. To distinguish between
these, input resources are usually classified as:

e Transformed Resources
e Transforming Resources

Hamed.Ali.Mohamed2@gmail.com 11/16/2022 131



2z

Three types of resource that may be transformed in
operations are:

e Materials
e Information
e Customers

The two types of transforming resource are:
o staff

e facilities
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Output ‘

e The principal outputs of a doctor's surgery are
cured patients; the outputs of a nuclear
reprocessing plant include reprocessed fuel and
nuclear waste. Many transformation processes
produce both goods and services. For example, a
restaurant provides a service, but also produces
goods such as food and drinks.

e Transformation processes may result in some
undesirable outputs (such as nuclear waste)
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Transformation Process:- -
A transformation process Is defined as a USEr 0
resources to transform inputs into some desired

outputs

Transformations

e Physical--manufacturing
e Locational--transportation
e Exchange--retailing

e Storage--warehousing

e Physiological--health care
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Transformation Process ’

One useful way of categorizing different type
transformation is into:

e manufacture

e transport

e supply
* service

Feedback

Feedback information is used to control the operations
system, by adjusting the inputs and transformation
processes that are used to achieve desired outputs.
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Random Disturbances -

e It is unplanned or uncontrollable environmental
influences.

e It causes planned and actual output to differ.
Examples:-

Weather

Inflation
Equipment breakdown

Government controls
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Goods & Services -

e Services Intangible tasks that satisty the needs of
consumer and business users.

e Goods Tangible products that customers can see, hear,
smell, taste, or touch.
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Products & Services .

e Purely Manufacturing organizations do not just
sell a product but provides services also.

e Pure service industries such as banks , hospitals,
education and consultancies also often provides a
product.
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Product & Services .

e In manufacturing we get a tangible or identifiable
product, which is obtained as a series of
transformation process.

e In service industry end product is often intangible.
Here it is the customer that has been processed.

e In services it is often the process that are bought
rather than the product.

e Some organizations may be considered as hybrid.
Example :Restaurant
Flying in an aeroplane.
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The Goods-Services
Continuum

Pure Service

Dinner in an
Car Exclusive Dentist
Restaurant
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Human resource management .

The people employed by an organization either
work directly to create a good or service or provide

support to those who do. People and the way they
are managed are a key resource of all
organizations.
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Asset management -

e An organization's buildings, facilities, equipment
and stock are directly involved in or support the
operations function
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Break Even Analysis .

Break Even Analysis is the concept that links
capacity to cost.It explains the significance of
having greater productive capacity to lower cost
and maximize profit or contribution.

Breakeven point is that at which the contribution
margin is able to cover total fixed cost.
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Break Even Analysis .

Let:

F-Fixed cost of production

v-variable cost of production per unit.
p-selling price of per unit of the product.

c-contribution of one unit of product towards fixed
cost.

S-sales volume required to achieve break even.
Contibution margin c=p-v
BEP S=F/c
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Cost management .

Most of the costs of producing goods or services are
directly related to the costs of acquiring resources,
transforming them or delivering them to customers
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Decision making .

Decisions need to be made in:

*designing the operations system

emanaging the operations system

eimproving the operations
system.
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Decision making .

The five main kinds of decision in each of these
relate to:

e the processes by which goods and services are
produced

e the quality of goods or services

e the quantity of goods or services (the capacity of
operations)

e the stock of materials (inventory) needed to
produce goods or services

e the management of human resources.
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Product Design -

e Product design must support product
manufacturability (the ease with which a product
can be made)

e Product design defines a product’s characteristics
of;
* appearance,
e materials,
e dimensions,
e tolerances, and

e performance standards
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Design of Services versus Goods -

* Service design is unique in that the service
and entire service concept are being designed

e must define both the service and concept

- Physical elements, aesthetic & psychological
benefits

e.g. promptness, friendliness, ambiance

Hamed.Ali.Mohamed2@gmail.com 11/16/2022 149



The four “C’s of Design -

e Creativity
e Requires creation of something that has not existed
or not existed in the proposed state.

e Complexity
e Requires decisions on many variables & parameters

e Choice
e Requires making choices between many possible
solutions at all levels, from basic concept to small
details.
e Compromise
e Requires balancing multiple and sometimes
conflicting requirements.
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Factors Influencing Process
Choices

Volume: Average quantity of the products produced in a
manufacturing system
Low volume: Turnkey project management firms such as L&T and BHEL

High volume: Consumer non-durable and FMCG sector firms,
Automobile, Chemical Processing

Mid-volume: Consumer durables, white goods and several industrial
products

Variety: Number of alternative products and variants of each
product that is offered by a manufacturing system
Variety of product offerings is likely to introduce variety at various

processes in the system; alternative production resources, materials,
and skill of workers

Flow: Flow indicates the nature and intensity of activities
involved in conversion of components and material from raw

material stage to finished goods stage
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Relationship between
volume and variety

<3

Volume

Variety

Mass Mid volume Project
Production Mid variety Organisations
Petrochemicals, Motor Manufacturing Turnkey Project
Automobile Pharmaceuticals Execution
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Processes & Operations

Systems
Available Alternatives

Two broad process classifications include

Intermittent operations — produce a variety of
products in lower volumes

Repetitive operations — produce one or a few
standardized products in high volume
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Process Selection -

e Process selection is based on five considerations

e Type of process; range from intermittent to
continuous

e Degree of vertical integration

e Flexibility of resources

e Mix between capital & human resources
e Degree of customer contact
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Process Selection -

e Process types can be:

e Project process /Job Shop- make a one-at-a-time
product exactly to customer specifications

e Batch process — small quantities of product in groups
or batches based on customer orders or specifications
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Process Selection -

- Line process - large quantities of a
standard product

- Continuous process — very high volumes
of a fully standard product
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Underlying Process Relationship Between
and Standardization Continuum

Low 1. Project Process
(Custom job shop;
Customer tailoring; INTERMITTENT
Construction) OPERATIONS
c
.% 2. Batch Process
% (Education classes;
3 Bakery; Printing shop)
IS
@)
‘g 3. Line Processes
‘8 (Assembly lines;
- Cafeteria) REPETITIVE
OPERATIONS
4. Continuous Processes
(Oil Refinery;
Water treatment
plant)
High
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Differences between Intermitten

Repetitive Operations

roduct variety Great

egree of standardization Low

rganization of resources Grouped by Function

ath of products Varied, depends on product

Factor driving production  Customer orders

ritical resource Labor

ype of equipment General purpose
egree of automation Low
hroughput time Longer

orkdnapriacessdmyentory  More 11/16/2022

Small
High

Line flow

Line flow

Forecast of demand

Capital
Specialized
High
Shorter

Less
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Designing Processes -

e Process design tools include
e Process flow analysis
e Process flowchart (Also used to evaluate and improve
processes.)
e Design considerations include
e Make-to-stock strategy
e Assemble-to-order strategy
e Make-to-order strategy
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Types of Processes
Single-stage Process -
[ oo |

Multi-stage Process

- |

Other Process Terminology

Blocking
Occurs when the activities in a stage must stop because there is no place to
deposit the item just completed
Starving
If an employee is waiting at a work station and no work is coming to the

employee to process.
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Other Process Terminology -
e Bottleneck

e If an employee works too slow in a multi-stage process, work will
begin to pile up in front of that employee. In this is case the
employee represents the limited capacity causing the bottleneck.

e Pacing
e Refers to the fixed timing of the movement of items through the
process

A buffer refers to a storage area between stages where the
output of a stage is placed prior to being used in a
downstream stage

e Make-to-order

e Only activated in response to an actual order

e Make-to-stock

e Customer orders are served from target stocking level
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Process Design Tools

No Yes
Lost Sale <€<—— —

Begin

-

Customer Enters and
Waits to Place Order

.

Possible
e P roblem

No Yes

Area

No

Customer Places
Order

I}

WWaits for Order

4

Possible
e Problem

Lost Sale <—— ~

Area

No

Order Arrives

No\ No Possible
Lost Sale <€<—— —~€ Problem
Area
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Process Performance Metrics .

e Operation time = Setup time + Run time

e Throughput time = Average time for a unit to move through
the system

e Velocity= Throughput time
Value-added time

e Cycle time = Average time between completion of units

e Throughputrate=__ 1.
Cycle time
e Efficiency=  Actual output

Standard Output
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Process Performance Metrics

Measure

1. Throughput time

2 tocess elocity = — uaNpuL Oie
| S e i
Output
3. Productivity = ol
Input

Time a resource used

4, Utilization = — ,
Time a resource available

5 Eff ciency = Actual output
I—I.amed.AIi.MohaXedZ@étaalﬁdard output

Average amount of time product
takes to move through the
system.

Definition

A measure of wasted time in the
system.

A measure of how well a company
uses 1ts resources.

The proportion of time a resource
1s actually used.

Measures performance relative to a
11/416/2022 164
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Part 5

Operations Management
& Productivity
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Organizing to Produce Goods and -

Services

e Essential functions:

1.

2.

3.

Marketing - generates demand
Production/operations - creates the product
Finance/accounting - tracks how well the
organization is doing, pays bills, collects the money
Human Resources - provides labor, employs,
assigns and gives training.
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Options for Increasing Contribution

TABLE 1.1
FINANCE
MARKETING /ACCOUNTING
OPTION OPTION OM OPTION
INCREASE REDUCE REDUCE
SALES FINANCE PRODUCTION
CURRENT REVENUE 50% COSTS 50% COSTS 20%
Sales $100,000 $150,000 $100,000 $100,000
Cost of goods -80,000 -120,000 -80,000 —64,000
Gross margin 20,000 30,000 20,000 36,000
Finance costs —6,000 —6,000 -3,000 —6,000
Subtotal 14,000 24,000 17,000 30,000
Taxes at 25% -3,500 —6,000 -4,200 -7,500
Contribution $ 10,500 $ 18,000 $ 12,750 $ 22,500
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Ten Strategic Decisions

TABLE 1.2

1. Design of goods and services 5, Supplement 5
2. Managing quality 6, Supplement 6
3. Process and capacity design 7, Supplement 7
4. Location strategy 8

5. Layout strategy 9

6. Human resources and job design 10

7. Supply-chain management 11, Supplement 11
8. Inventory management 12, 14, 16

9. Scheduling 13, 15

10. Maintenance 17
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The Strategic Decisions -

1.  Design of goods and services
e Defines what is required of operations
e Product design determines quality, sustainability
and human resources
2.  Managing quality
e Determine the customer’s quality expectations

e Establish policies and procedures to identify and
achieve that quality

Table 1.2 (cont.)
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The Strategic Decisions -

3. Process and capacity design
» How is a good or service produced?

»  Commits management  to specific

technology, quality, resources, and
Investment.

4. Location strategy

» Nearness to customers, suppliers, and
talent.

» Considering costs, Infrastructure, logistics,

and government.
Table 1.2 (cont.)
Hamed.Ali.Mohamed2@gmail.com 11/16/2022 170



The Strategic Decisions -

5. Layout strategy

» Integrate capacity needs, personnel levels,
technology, and inventory

» Determine the efficient flow of materials,
people, and information.

6. Human resources and job design

» Recruit, motivate, and retain personnel with
the required talent and skills.

» Integral and expensive part of the total
system design.

Table 1.2 (cont.)
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The Strategic Decisions -

7. Supply-chain management
» Integrate supply chain into the firm’s strategy.

» Determine what is to be purchased, from
whom, and under what conditions.

8. Inventory management

> Inventory ordering and holding decisions.

» Optimize considering customer satisfaction,
supplier capability, and production schedules.

Table 1.2 (cont.)
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The Strategic Decisions -

9. Scheduling

» Determine and implement intermediate-
and short-term schedules.

» Utillize personnel and facilities while
meeting customer demands.

10. Maintenance

» Consider facility capacity, production
demands, and personnel.

» Maintain a reliable and stable process.

Table 1.2 (cont.)
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Differences Between Goods and Servi(‘

TABLE 1.3

Intangible: Ride in an airline seat

Produced and consumed simultaneously:
Beauty salon produces a haircut that is
consumed as it is produced

Unique: Your investments and medical care are
unique

High customer interaction: Often what the
customer is paying for (consulting, education)

Inconsistent product definition: Auto Insurance
changes with age and type of car

Often knowledge based: Legal, education, and
medical services are hard to automate

Services dispersed: Service may occur at retail
store, local office, house call, or via internet.

Quality may be hard to evaluate: Consulting,
education, and medical services

I—%ﬁsgc}kﬁ}ﬁl is élnlllelb%l@& M %%1rﬁal concert or medical

Tangible: The seat itself

Product can usually be kept in inventory (beauty
care products)

Similar products produced (iPods)

Limited customer involvement in production
Product standardized (iPhone)

Standard tangible product tends to make
automation feasible

Product typically produced at a fixed facility
Many aspects of quality for tangible products are

easy to evaluate (strength of a bolt)

Product often has some residual value 174




Productivity Challenge .

Productivity Is the ratio of outputs (goods and
services) divided by the inputs (resources
such as labor and capital)

The objective Is to improve productivity!

Important Note!
Production is a measure of output only
and not a measure of efficiency
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The Economic System

Inputs Transformation Outputs
Labor, Examples of Goods
capital, Transsformation are: and
management Storage services
Transportation
Machining
Feedback loop
Figure 1.6
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Productivity .

Units produced

Productivity = nput used

> Measure of process improvement
> Represents output relative to input

> Only through productivity increases
can our standard of living improve
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Productivity Calculations

Labor Productivity

Units produced

j roductvits Labor-hours used
= s = 4 units/labor-h
= e units/labor-hour

One resource input = single-factor productivity
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Multi-Factor Productivity .

Output

Labor + Material + Energy +
Capital + Miscellaneous

Productivity =

» Also known as total factor productivity

» Output and inputs are often expressed In
dollars

Multiple resource inputs = multi-factor productivity
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Productivity Variables

1. Labor - contributes
about 10% of the
annual increase

2. Capital - contributes
about 38% of the
annual increase

3. Management -
contributes about 52%
of the annual increase
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Part 6

Service Operations
Management
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Product and Service Design .

Examples
Product Design

Plumbing
MP3-player
Pool Pump
Hot Tub / Spa

Service Design:

Gas stations
Retail checkout / cashiers
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Product and Service Design-

e Major factors in design strategy
e Cost
e Quality
e Time-to-market
e Customer satisfaction
e Competitive advantage

Product and service design — or redesign — should be
closely tied to an organization’s strategy
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Product or Service Design Activities .

1.

N o s Wb

Translate customer wants and needs into
product and service requirements

Refine existing products and services
Develop new products and services
Formulate quality goals

Formulate cost targets

Construct and test prototypes
Document specifications
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Reasons for Product or Service Desi'

e Economic

e Social and demographic

e Political, liability, or legal
e Competitive

e Cost or availability

e Technological
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Objectives of Product and Servic

Design

e Main focus
e Customer satisfaction
e Understand what the customer wants

e Secondary focus
e Function of product/service
e Cost/profit
e Quality
e Appearance
e Ease of production/assembly
e Ease of maintenance/service
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Other Issues in Product and Se
Design . >

e Product/service life cycles

e How much standardization
e Mass customization

e Product/service reliability
e Robust design

 Degree of newness

¢ Cultural differences
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Life Cycles of Products or Service.

Figure 4.1

Saturation

Decline

Time —
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Advantages of Standardization .

* Fewer parts to deal with in inventory &
manufacturing

e Design costs are generally lower
e Reduced training costs and time

e More routine purchasing, handling, and
inspection procedures

e Quality is more consistent
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Advantages of Standardization ((.

e Orders fillable from inventory

e Opportunities for long production runs and
automation

* Need for fewer parts justifies increased
expenditures on perfecting designs and
improving quality control procedures.

See “paring parts to pump profits”
article
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Disadvantages of Standardizatic.

e Designs may be frozen with too many
imperfections remaining.

e High cost of design changes increases resistance
to improvements.

* Decreased variety results in less consumer
appeal.
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Mass Customization -

- Mass customization:

e A strategy of producing standardized goods or services,
but incorporating some degree degree of customization

e Delayed differentiation
e Modular design

Delayed Differentiation

- Delayed differentiation is a postponement tactic

e Producing but not quite completing a product or service
until customer preferences or specifications are known
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Modular Design -

Modular design is a form of standardization in
which component parts are subdivided into
modules that are easily replaced or inte