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Using Operations to Compete


[bookmark: _GoBack]Operations Management – refers to the systematic design, direction, and control of processes that transforms inputs into services and products for internal, as well as external customers.
Process – any activity or group of activities that takes one or more inputs, transforms them, and provides one or more outputs for its customers.
Operation – group of resources performing all or part of one or more processes.
Supply Chain – processes can be linked together to form a supply chain, which is an interrelated series of processes within and across firms that produces a service or product to the satisfaction of customers.
Supply Chain Management – the synchronization of a firm’s processes with those of its suppliers and customers to match the flow of materials, services, and information with customer demand.

Operations and SCM across the Organization

· Operations and SCM underlie all department and functions in a business
· Operations manager are responsible for key decisions that affect the success of the organization

Three mainline functions in any business:
1. Operations
· Transforms the material and service inputs from finance into product and service outputs
2. Marketing
· Responsible for producing sales revenue of the outputs, which become returns to investors and capital for supporting operations
3. Finance
· Generates resources, capital, and funds from investors and sales of its g&s in the market.
· Based on business strategy, finance and operations decides how to invest these resources and convert them into physical assets and material inputs.

3 Landmark Events from the 20th Century Define the History of Operations & SCM

· Invention of the assembly line for the Model T car by Henry Ford in 1909
· Alfred Sloan in the 1930s introduced the idea of strategic planning for achieving product proliferation and variety.
· With the publication of the Toyota Production System in 1978, Taiichi Ohno laid the groundwork for removing wasteful activities from an organization (lean systems).
A Process View

· A view of the firm that provides a much more relevant picture of the way firms actually work.
· A process can have its own set of objectives, including a work flow that cuts across departmental boundaries, and require resources from several departments.

How Processes Work (Figure 1.2, pg 4)

· Any process has inputs and outputs
· Inputs include a combination of HR (workers & managers), capital (equipment & facilities), purchased materials and services, land, and energy.
· Processes provide outputs to customers.  Outputs may often be services or tangible products.
· External Customers – a customer who is either an end user or an intermediary (e.g., manufacturers, financial institutions, or retailers) buying the firm’s finished services or products.
· Internal Customers  - one or more employees or processes that rely on inputs from other employees or processes in order to perform their work.
· Every process and every person in an organization relies on suppliers.
· External Suppliers – The businesses or individuals who provide the resources, services, products, and materials for the firm’s short-term and long-term needs.
· Internal Suppliers – the employees or processes that supply important information or materials to a firm’s processes.

Two Special types of Inputs

1. Participation by Customers: occur not only when they receive outputs, but also when they take an active part in the processes, such as when students participate in a class discussion.
2. Information on Performance: includes internal reports on customer service or inventory levels and external information from market research, government reports, or telephone calls from suppliers.

Nested Processes

· The concept of a process within a process. Some inception type shit.
· Processes can be broken down into subprocesses, which in turn can be broken down further into more subprocesses.

Service and Manufacturing Processes

· Two major types of processes are service and manufacturing.
Differences between Manufacturing & Service Process

	Manufacturing Process
	Service Process

	· Physical, durable output
· Output can be inventoried
· Low customer contact
· Long response time
· Capital intensive
· Quality easily measured
	· Intangible, perishable output
· Output cannot be inventoried
· High customer contact
· Short response time
· Labor intensive
· Quality not easily measured




· The two key differences are the nature of their output and the degree of customer contact.
· The transformation processes change the materials on one or more of the following dimensions: physical properties, shape, size, surface finish, & joining parts and materials.
· If a process does not change the properties of materials on at least one of these five dimensions, it is considered a service process.
· Outputs from manufacturing processes can be produced, stored, and transported in anticipation of future demand.
· Outputs of service processes typically cannot be held in a finished goods inventory to insulate the process from erratic customer demands.

The Supply Chain View

· Focuses attention on the two main types of processes in the supply chain, namely (1) core processes and (2) support processes.
· The linkage between the firm’s external customers and their external suppliers.
· Page 6 for a great chart.

Core Processes

· A set of activities that delivers value to external customers.
· Managers of these processes and their employees interact with external customers and build relationships with them, develop new services and products, interact with external suppliers, and produce the service or product for the external customer.

Four Core Processes Include:

1. Supplier Relationship Process – a process that selects the suppliers of services, materials, and information and facilitates the timely and efficient flow of these items into the firm.  Ex: negotiating fair prices, scheduling on-time deliveries, and gaining ideas and insights from capital suppliers.
2. New Service/Product Development Process – a process that designs and develops new services or products from inputs received from external customer specifications or from the market in general through the customer relationship process.
3. Order Fulfillment Process – includes the activities required to produce and deliver the service or product to the external customer.
4. Customer Relationship Process – a process that identifies, attracts, and builds relationships with external customers, and facilitates the placement of orders by customers, sometimes referred to as CRM.

Support Processes

· Provides vital resources and inputs to the core processes and therefore is essential to the management of the business.
· Ex: budgeting, recruiting, and scheduling.
· Provide key resources, capabilities, or other inputs that allow the core processes to function.
· HR function provides many support functions.
· Support processes from different functional areas like accounting, engineering, HR, and IS are therefore vital to the execution of core processes.

Operations Strategy

· Specifies the means by which operations implements corporate strategy and helps to build a customer-driven firm.
· Links long-term and short-term operations decisions to corporate strategy and develops the capabilities the firm needs to be competitive.
· The heart of managing processes and supply chains.
· The linchpin that brings the internal processes together to form supply chains that extend beyond the walls of the firm, encompassing suppliers as well as customers.
· Customers constantly desire change, an operations strategy must be driven by the needs of its customers.
· Developing a customer-driven operations strategy begins with corporate strategy, which coordinates the firm’s overall goals with its core processes.
· Based on corporate strategy, a market analysis categorizes the firm’s customers, identifies their needs, and assesses competitors’ strengths.  This info is used to develop competitive priorities.

Corporate Strategy

· Provides an overall direction that serves as the work for carrying out all the organization’s functions.
· Specifies the business or businesses the company will pursue, isolates new opportunities and threats in the environment, and identifies growth objectives.
· Involves four considerations:

1. Monitoring and adjusting to changes in the business environment
2. Identifying and developing the firm’s core competencies
3. Developing the firm’s core processes
4. Developing the firm’s global strategies

Environmental Scanning

· Process by which managers monitor trends in the environment (industry, marketplace, society) for potential opportunities or threats.
· Used to stay ahead of the competition.
· Also monitor economic trends, technological changes, political conditions, social changes, and the availability of vital resources.

Developing Core Competencies

Core Competencies – the unique resources and strengths that an organization’s management considers when formulating strategy.  Reflect the collective learning of the organization.
These competencies include the following:

1. Workforce 
2. Facilities
3. Market and financial know-how
4. Systems and technology

Developing Core Processes

· A firm’s core competencies should drive its core processes; customer relationship, new service/product development, order fulfillment, and supplier relations.

Global Strategies

· May include buying foreign services or parts, combating threats from foreign competitors, or planning ways to enter markets beyond traditional national boundaries.
· Two effective global strategies: strategic alliances and locating abroad
· Strategic Alliance – agreement with another firm that may take one of three forms.  Collaborative effort, arises when one firm has core competencies the other needs but is unwilling to duplicate.  Joint Venture, which two firms agree to produce a service or product jointly.  Technology Licensing, one company licenses its service or production methods to another.
· Locate Abroad – locate operations in a foreign country.

Market Analysis

· Understand what the customer wants and how to provide it
· First divides the firm’s customers into market segments and then identifies the needs of each segment.
· Concepts of market segmentation and needs assessment

Market Segmentation

· The process of identifying groups of customers with enough in common to warrant the design and provision of services or products that the group wants and needs.
· Determine the characteristics that clearly differentiate each segment.

Needs Assessment

· Second step in market analysis
· Identifies the needs of each segment and assesses how competitors are addressing those needs.
· Each market segment can be related to the service or product and its supply chain.
· Market Needs may be grouped as follows:
· Service or Product Needs
· Delivery System Needs
· Volume Needs
· Other Needs

Competitive Priorities and Capabilities

Competitive Priorities – the critical dimensions that a process or supply chain must possess to satisfy its internal or external customers, both now and in the future. Focus on what operations can do to help a firm be more competitive, and are in response to what the market wants.  Ex: delivery speed and development speed for their processes.
Competitive Capabilities – the cost, quality, time, and flexibility dimensions that a process or supply chain actually possesses and is able to deliver.
Time-Based Competition – a strategy that focuses on the competitive priorities of deliver speed and development speed.

Chart on page 12 focuses on nine broad competitive priorities that fall into the four capability groups of cost, quality, time, and flexibility.
To link a corporate strategy, management assigns selected competitive priorities to each process that are consistent with the needs of external as well as internal customers.

Order Winners and Qualifiers

Another way to be successful in the marketplace is to identify the order winners and qualifiers.

Order Winners – a criterion that customers use to differentiate the services or products of one firm from those of another.  Can include price and other dimensions of quality, time, and flexibility.  Also include after-sale support, tech support, and reputation.
Order Qualifier – minimal level required from a set of criteria for a firm to do business in a particular market segment.  Will not ensure success, will only position the firm to compete in the market.  If a minimum threshold level is not met for an order-qualifying dimension (consistent quality) it would get disqualified from being even considered further by its customers.

Operations Strategy as a Pattern of Decisions

Developing capabilities and closing gaps is the thrust of operations strategy.  Once managers determine the competitive priorities for a process, it is necessary to assess the competitive capabilities of the process.  Any gap between the priority and capability to achieve that priority must be closed by an effective operations strategy.
Table 1.3 on page 15 is a great example of operations strategy to close the gap on competitive priorities and competitive capabilities.

Trends in Operations Management 

· Productivity improvement
· Global competition
· Ethical workforce diversity
· Environmental issues

Productivity Improvement

· Productivity is a basic measure of performance for economies, industries, firms, and processes.
· Productivity – the value of outputs produced (produces and services) divided by the values of input resources (wages, cost of equipment, hours etc)

Productivity = output/input

Labour Productivity – an index of output per person or per hour worked.
Machine Productivity – the denominator is the number of machines.
Multifactor Productivity – the value of the output divided by more than one of the resources in production; it may be the value of the output divided by the sum of labour, materials, and overhead costs.

Ex: Calculate the productivity for the following operations:

a.
3 employees process 600 insurance policies in a week.  They work 8 hours per day, 5 days per week.

Labour Productivity = Policies Processed / Employee Hours

600/(3 employees * 40 hours)
=5 policies per hour

b. 
a team of workers makes 400 units of a product, which is sold in the market for $10 each.  The accounting dep reports that for this job the actual costs are $400 for labour, $1000 for materials, and $300 for overhead.

Multifactor Productivity = Value/Inputs

(400 units * $10 per units)/($400+$1000+$300)
$4000/$1700
= $2.35
Therefore, for every dollar of cost, you are getting a $2.35 return.  The higher the number is, the better.

Global Competition

· Firms must view customers, suppliers, facility locations, and competitors in global terms.
· Globalization allows firms to balance cash flows from other regions of the world when economic conditions are less robust in the home country
· There are comparative cost advantages to working in other countries, such as lower taxes or cheaper workforces.
· Disadvantages also exist such as political tension, technological risks and bad service levels/quality awareness.

Ethical, Workforce Diversity, and Environmental Issues

· You are facing more ethical quandaries than ever before in this age of new technology increased be globalization and technological change.
· Ethical dilemmas arise when other businesses acquired in different countries have different rules and cultural values.
· Managers should consider integrity, respect for the individual, and customer satisfaction along with the more conventional performance measures such as productivity, quality, cost, and profit.


Each part of an organization, not just the operations function, must design and operate processes that are part of a supply chain and deal with quality, technology, and staffing issues.

Each function of an organization has its own identity and yet is connected with operations through shared processes.

Tactical decisions are needed to support operations decisions, these include processes improvement and performance measurement, managing and planning projects, generating production and staffing plans, managing inventories, and scheduling resources.

Addressing the Challenges in Operations Management

· Recognize challenges as opportunities to improve existing processes and supply chains, or to create new, innovative ones.

1. Creating value through operations management
2. Managing processes
3. Managing supply chains
4. Adding value with process innovation in supply chains


Process Strategy

Process Strategy – the pattern of decisions made in managing processes so that they will achieve their competitive priorities.

4 Basic Process Decisions:

1. Process structure (including layout)
2. Customer involvement
3. Resource flexibility
4. Capital intensity

The two basic change strategies for analyzing and modifying processes are process reengineering and process improvement.

Three principles concerning process strategy:

1. Key to successful process decisions is to match key processes characteristics and make sure they have a close strategic fit.
2. The cumulative effect on customer satisfaction and competitive advantage is huge.
3. There is a need for cross-functional coordination.  Interfaces between processes must be paid attention to by management.

Process Strategy across the Organization

Supply chains have processes and processes are found throughout the whole organization, not just in operations.

Supply Chains Have Processes

· Supply chain processes – business processes that have external customers or suppliers.

Some Supply Chain Processes:
· Outsourcing – exploring available suppliers for the best options to perform processes in terms of price, quality, delivery time, environmental issues
· Warehousing – receiving shipments from suppliers, verifying quality, placing in inventory, and reporting receipt for inventory records
· Sourcing – selecting, certifying and evaluating suppliers and managing supplier contracts
· Customer Service – providing information to answer questions/resolve problems using automated information services as well as voice-to-voice contact with customers
· Logistics – selecting transportation mode scheduling both inbound and outbound shipments, and providing intermediate inventory storage
· Cross-Docking – packing of products of incoming shipments so they can be easily sorted more economically at intermediate warehouses for outgoing shipments to their final destination

Processes Are Not Just in Operations

· Processes are found in accounting, finance, HR, management IS, and marketing.

Business Processes outside of Operations:
· Activity based costing
· Asset management
· Billing budget
· Complaint handling
· Credit management
· Customer satisfaction
· Employee benefits/compensation/development/recruiting/training
· Engineering
· Environment
· External communications
· Finance
· Security management
· Payroll
· Records management
· R&D
· Sales
· Help desks
· Disaster recovery
· Waste management
· Warranty

Process Strategy Decisions

· A process involves the use of an organization’s resources to provide something of value
· Process decisions directly effect the process itself and indirectly the services/products it provides


Four Common Process Decisions (Page 92 for great chart)

Process Structure – determines the process type relative to the kinds of resources needed, how resources are partitioned between them, and their key characteristics.  A layout, which is the physical arrangement of operations created from the various processes, puts these decisions into tangible form.

Customer Involvement – reflects the ways in which customers become part of the process and the extent of their participation.

Resource Flexibility – is the ease with which employees and equipment can handle a wide variety of products, output levels, duties, and functions.

Capital Intensity – the mix of equipment and human skills in a process.  The greater the relative cost of equipment, the greater is the capital intensity,

Process Structure in Services

Nature of Service Processes: Customer Contact

· A good process strategy for a service process depends first and foremost on the type and amount of customer contact.
· Customer Contact – the extent to which the customer is present, is actively involved, and receives personal attention during the service process.

	Dimension
	High Contact
	Low Contact

	Physical Presence
	Present
	Absent

	What is processed
	People
	Possessions or information

	Contact intensity
	Active, visible
	Passive, out of sight

	Personal attention
	Personal
	Impersonal

	Method of delivery
	Face-to-face
	Regular mail/e-mail



Customer-Contact Matrix

· Customer Contact and Customization – the horizontal dimension of the matrix represents the service provided to the customer in terms of customer contact and competitive priorities.  Positions on the left side represent high customer contact and highly customized services.  Positions on the right side represent low customer contact, passive involvement, less personalized attention, and a process out of the customer’s sight.
· Process Divergence and Flow – the vertical dimension of customer contact matrix deals with two characteristics of the process itself: Process divergence and flow.  
· Process Divergence – the extent to which the process is highly customized with considerable latitude as to how its tasks are performed.  If the process changes with each customer, virtually every performance of the service is unique.  
· How the customer, object, or info being processed flows through the service facility.  Work progresses through the sequence of steps in a process, which could range from highly diverse to linear.  When divergence is considerable. The workflow tends to be more flexible.  Flexible Flow – the customers, materials, or info move in diverse ways, with the path of one customer or job often crisscrossing the path that the next one takes.  Line Flow – the customers, materials, or info move linearly from one operation to the next, according to a fixed sequence.
· Front Office – high interaction with customers, highly customized service and flexible flows with individualized processes.  Tailored to each customer. Ex: consulting, law, and architecture.
· Hybrid Office – Some interaction with customers, standard services with some options, and flexible flows with some dominant paths, with some exceptions as to how work performed
· Back Office – low interaction with customers, standardized services, and line flows, routine work performed the same with all customers. Ex: hotel services, telephone services, and preparing monthly financial forms.
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Process Structure in Manufacturing

Product-Process Matrix (Page 95 for chart)

· This matrix brings together three elements: volume, product customization, and process characteristics.
· The more right you go in the chart the less customization and higher volume of products there are.
· The more down you go in the chart the less divergence, and more line flows there are.
· Process Choice – a way of structuring the process by organizing resources around the process or organizing them around the products.  Organizing around the process means, ex, that all milling machines are grouped together and process all products or parts needing that kind of transformation.  Organizing around the product means bringing together all the human resources and equipment needed for a specific product and dedicating them to producing just that product.
· Manager has 4 process choices: job process, batch process, line process and continuous-flow process.

Job Process

· A process with the flexibility needed to produce a wide variety of products in significant quantities, with considerable divergence in the steps performed.
· Customization is high and volume for any one product is low.  
· The workforce and equipment are flexible to handle considerable task divergence.
· Typically companies that use this process make products to order and do not produce them ahead of time.
· Each order is handled as a single unit – a job.

Batch Process

· Differs from the job process with respect to volume, variety, and quantity.  The primary difference is that volumes are higher because the same or similar products or parts going into them are produced repeatedly.
· Some of the components going into the final product are produced in advance
· A batch of one product is processed, and then production is switched to the next product.  Eventually, the first product is produced again.
· Has average or moderate volumes, but process divergence is still to great to warrant dedicating a separate process to each product.  Process flow is flexible


Line Process 

· Lies between batch and continuous processes.
· Volumes are high and products are standardized, which allows resources to be organized around particular products.
· Divergence is minimal in the process or line flows, and little inventory is held between the processing steps.
· Each step performs the same process over and over, with little variability in the products manufactured.
· Products created by a line process include, assembly or computers, automobiles, appliances, and toys.

Continuous Flow Process

· The extreme end of high-volume standardizing production, with rigid line flows.
· Process divergence is negligible, and its name derives from the way materials move through the process.
· Production not starting and stopping for large time intervals.
· The difference with line is that the materials flow through the process without stopping until the whole batch is finished.
· Ex: chemical processes, making steel, and petroleum refining.

Production and Inventory Strategies

Make-to-Order Strategy

· A strategy used by manufacturers that make products to customer specifications in low volumes.
· Coupling it with job or small batch processes.
· Provides a high degree of customization and the processes have high divergence.
· Medical equipment, castings, and expensive homes are examples.

Assemble-to-Order Strategy

· A strategy for producing a wide variety of products from relatively few subassemblies and components after the customer orders are received. 
· Involves a line process for assembly and a batch process for construction
· Stocking finished products would be economically prohibitive because the numerous possible options make forecasting relatively inaccurate.
· Postponement – the strategy of delaying final activities in the provision of a product until the orders are received.
· Mass Customization – the strategy that uses highly divergent processes to generate a wide variety of customized products at reasonably low costs.
Make-to-Stock Strategy 

· A strategy that involves holding items in stock for immediate delivery, thereby minimizing customer delivery times.
· Ex: garden tools, sot drinks, and electronic components.
· Mass Production – a term sometimes used in the popular press for a line process that uses the make to stock strategy.
· Low divergence and workers repeating narrowly defined tasks.

Layout

· Selecting process structures for the processes housed in a facility is a strategic decision, but must be followed by a more tactical decision – creating a layout
· Layout – the physical arrangement of operations (or departments) created from the various processes and puts them in tangible form.
· Operation – a group of human and capital resources performing all or part one or more processes,
· Three steps when approaching a layout design, and they are, (1) gather information, (2) develop a block plan, and (3) design a detailed layout.

Gather Information

· Three types of information are needed to begin designing the revised layout for a company: (1) space requirements by center, (2) available space, and (3) closeness factors.
· Block Plan – a plan that allocates the space and indicates the placement of each operation.
· Closeness Matrix – a table that gives a measure of the relative importance of each pair of operations being located close together.

Develop a Block Plan

· Develop a block plan that best satisfies performance criteria and area requirements.
· Trial and error
· Apply the weighted distance method

Applying the Weighted-Distance Method

· A mathematical model used to evaluate layouts based on closeness factors.
· The objective is to select a layout that minimizes the total weighted distances.
· The distance between two points is expressed by assigning the points to grid coordinates on a block diagram or map.
· All that is needed is either a Euclidean or rectilinear distance measure

Euclidean Distance – the straight-line distance, or shortest possible path, between two points.  To calculate this distance, we create a graph.  The distance between two points, say, points A and B, is:

Check page 99

Rectilinear Distance – measures the distance between two points with a series of 90-degree turns, as along city blocks.

Check page 99 for equation and example

Design a Detailed Layout

· After finding a satisfactory block plan, the final step is to turn it into a detailed representation, showing the exact size and shape of each center; the arrangement of elements; and the location of aisles, stairways, and other service space.
· Can be two or three dimensional drawings/models, or computer graphics

Customer Involvement

· Customer involvement is the second major decision after process structure decisions
· Reflects the ways in which customers become part of the process and the extent of their participation

Possible Disadvantages

· Customer involvement is not always a good idea
· Sometimes more involvement in a service process will just be disruptive, making the process less efficient.
· Customer involvement makes service providers jobs need interpersonal skills

Possible Advantages

· A more customer-focused process might increase the net value of the customer
· Can mean better quality, faster delivery, greater flexibility, and even lower cost
· Self-service is the choice of many retailers
· Manufacturers of products (toys, bikes, furniture) may also prefer to let the customer do the final assembly, because the product, shipping and inventory are lower
· Can also help supply chain, active customers create value and help forecast future demand

Resource Flexibility

· Managers must account for customer contact when making customer involvement decisions, and they must also account for process divergence and diverse process flows when making resource flexibility decisions.
· High task divergence and flexible process flows require more flexibility of the process’s resources – it’s employees, facilities, and equipment.
· Employees need to perform a broad range of duties, and equipment must be general purpose otherwise resource utilization will be too low for operations

Workforce

· Managers must decide whether to have a flexible workforce.
· This means employees can do more tasks
· This comes at a cost, requiring greater skills and thus more training and education
· Benefits can be large: reliable customer service and alleviate capacity bottlenecks.
· Have to know when to have full-time employees (steady output) or when to have part-time and some full-time (demand varies)

Equipment

· Low volumes mean that process designers should select flexible, general-purpose equipment
· When volumes are low (because customization is high), process 1 (refer to page 102) is the better choice.
· General purpose (flexible) equipment is better when there is high customization and low volume
· Process two is better when customization is low and volume is high because the advantage is a lower variable cost, as reflected in the flatter cost line (pg 102)
· The disadvantage of this is high fixed cost, but if you create enough units in the end you will save money through variable costs
· The break even quantity in figure 3.7 is the quantity at which the total costs for the two alternatives are equal



Capital Intensity

· The mix of equipment and human skills in the process; the greater the relative cost of equipment, the greater is the capital intensity.
· Automation – a system, process, or place of equipment that is self-acting and self-regulating

Automating Manufacturing Processes

· Substituting labor-saving capital equipment and technology for labor has been a classic way of improving productivity and quality consistency in manufacturing processes.
· If investment costs are large, automation works best when volume is high, because more customization typically means reduced volume.
· One big disadvantage of capital intensity can be the probative investment cost for low-volume operations
· Generally they must have high utilization to be justifiable
· Automation does not always align with a company’s competitive priorities.  If a firm offers a high quality product or service, competitive priorities may indicate the need for hand labor and individual attention rather than new tech
· Producing razor cartriges to stock using highly automated processes, and then packaging them in customized fashion at remote locations on demand, is a good example of the principle of postponement.
· Two types of automation for manufacturers: fixed and flexible

Fixed Automation

· Appropriate for line and continuous-flow choices
· Produces one type of part of product in a fixed sequence of simple operations
· Good when demand volumes are high, product designs are stable, and product life cycles are long
· Drawbacks: large initial investment cost and relative inflexibility
· Maximizes efficiency and yields the lowest variable cost per unit if volumes are high

Flexible Automation

· Can be changed easily to handle various products
· Ability to reprogram machines is useful for both low customization and high customization processes
· In the case of high customization, a machine that makes a variety of products in small batches can be programmed to alternate between products
· When a machine has been dedicated to a particular product or family of products, like low customization and line flow, the machine can simply be reprogrammed with a new sequence of tasks for a new product
· Industrial Robot – a versatile, computer-controlled machine programmed to perform various tasks.  The robots hand does the work
· Hand can be changed to perform different tasks

Automating Service Processes

· Using capital inputs as a labor saving device is also possible for service processes
· Ex: educational services, long distance learning technology can now supplement or even replace the traditional classroom experience by using books, computers, web sites, and videos as facilitating goods that go with the service.
· Tech in the future will make possible even a greater degree of customization and variety in services that currently only human providers can now deliver

Economies of Scope

· If capital intensity is high, resource flexibility usually is low
· In manufacturing operations, such as machining and assembly, automation breaks this inverse relationship, making both high capital and high resource flexibility, creating economies of scope
· Economies of Scope – economies that reflect the ability to product multiple products more cheaply in combination than separately.
· Also applies to service processes
· A flexible technology that handles many services together can be less expensive than handling each one separately

Strategic Fit

· 4 decisions, process structure, customer involvement, resource flexibility, and capital intensity

Manufacturing Firm

Top quality, on-time delivery, and flexibility -> Job process or small batch process

Low-cost operations, consistent quality, and delivery speed -> large batch, line, or continuous-flow process

Production/Inventory Strategy

Top quality, on-time delivery, and flexibility -> make-to-order

Delivery speed and variety -> Assemble to order

Low-Cost operation and delivery speed -> make-to-stock

Plants within Plants (PWPs) – different operations within a facility with individualized competitive priorities, processes, and workforces under the same roof

Focused Factories – the result of a firm’s splitting large plants that produced all the company’s products into several specialized smaller plants

Reengineering – the fundamental rethinking and radical redesign of processes to improve performance dramatically in terms of cost, quality, service, and speed.

Key elements of reengineering on page 108

Process Improvement – the systematic study of the activities and flows of each process to improve it.

Process Analysis

Within the filed of operations management, many important innovations over the past several decades include:

· Work-simplification or better-methods programs
· Statistical process control
· Flexible automation
· Lean manufacturing
· Total quality management
· Reengineering
· Materials requirements planning
· Statistical forecasting techniques
· Optimization techniques
· E-commerce
· Six sigma programs
· ERP

These are not cure-alls; rather they are part of a total system for the effective management of work processes.

In this chapter it talks about a systematic approach for analyzing a process that identifies opportunities for improvement, documents the current process, evaluates the process to spot performance gaps, redesigns the process to eliminate the gaps, and implements the desired changes.  The goal is for continual improvement.

Four Supporting Techniques:

1. Flowcharts
2. Service blueprints
3. Work measurement techniques
4. Process charts

Data analysis tools such as checklists, bar charts, Pareto charts, and cause-and-effect diagrams will allow the analyst to go from problem symptoms to root causes.

Process analysis focuses on how work is actually done, and helps find bottlenecks and inefficiencies.

A Systematic Approach to Process Analysis

Process Analysis – the documentation and detailed understanding of how work is performed and how it can be redesigned in a more efficient and effective way.  It begins with identifying a new opportunity for improvement and ends with implementing a redesigned process.

Systematic Approach has 6 Steps:

· Identify opportunities
· Define scope
· Document process
· Evaluate performance
· Redesign process
· Implement changes

Step 1: Identify Opportunities

In order to identify opportunities, managers must pay attention to the four core processes: supplier relationship, new service/product development, order fulfillment, and the customer relationship.

Customer satisfaction must be monitored periodically, either with a formal measurement system or with informal checks or studies.  Are external customers happy with the service and satisfied? What about internal customers?

Another way to identify opportunities is by looking at the strategic issues.  Do gaps exist between a process’s competitive priorities and its current competitive capabilities?

Do multiple measures of cost, top quality, quality consistency, delivery speed, and on-time deliveries meet or exceed expectations?

 Is there a good strategic fit in the process?  How does the degree of customer contact match up with process structure, customer involvement, resource flexibility, and capital intensity?

Manufacturing should ask about the strategic fit between process choice, volume, and product customization.

Employees who actually perform the processes should be encouraged to bring forward their ideas, even through a suggestion system.  A suggestion system is a voluntary system by which employees submit their ideas on process improvements.

Step 2:  Define the Scope

Establish the boundaries of the process to be analyzed.  Is it a broad process that stretches across the whole organization, involving many steps and employees, or a more narrowly bracketed nested subprocess that is just a part of one person’s job?
A process that is too broad to be analyzed is known as “trying to boil the ocean”.

The resources that management assigns to improving or reengineering a process should match the scope of the process.

Design Team – consists of knowledgeable, team-oriented individuals who work at one or more steps in the process, conduct the process analysis, and make the necessary changes.

Other resources might be full-time specialists called internal or external facilitators.

A steering tea is used if the process analysis cuts across several departmental lines, it is composed of several managers from across various departments.  Headed by a project manager.

Step 3: Document the Process

Documentation includes making a list of the process’s inputs, suppliers (internal or external), outputs, and customers (internal or external).  Can be shown with a diagram and more detailed in a chart.

Next part of documentation is understanding the different steps performed in the process, using one or more diagrams, tables, and charts.  When breaking down the process into steps, the analyst notes degrees and types of customer contact and process divergence.

Step 4: Evaluate Performance

Integral to have good performance measures to evaluate a process for clues on how to improve it.  Metrics are performance measures for the process and the steps within it. 

A good place to start is with competitive priorities, but they need to be specific.  Once the metrics are identified, it is time to collect the information on how the process is currently performing on each one.

Step 5: Redesign the Process

A careful analysis of the process and its performance on the selected metrics should uncover disconnects, or gaps, between actual and desired performance.

Performance gaps can be caused by illogical, missing, or extraneous steps.  Can also be caused the silo mentality of individual departments working for themselves.

Using creative thinking, the design team generates a long list of ideas for improvements.  These ideas are then sifted and analyzed.  Ideas that are justifiable, where benefits outweigh costs, are reflected in a new process design.  The new design should be documented “as proposed”.

The new documentation should make clear how the revised process will work and the performance expected for the various metrics.

Step 6: Implement Changes

Widespread participation in process analysis is essential because people are so hesitant and resistant to change.  Implementation brings to life the steps needed to bring the redesigned process online.

Documenting the Process

Five techniques are effective for documenting and evaluating processes:

1. Flow charts
2. Swim lane flow charts
3. Service blueprints
4. Work measurement techniques
5. Process charts

With these, you can see how an organization does its work, how a process operates, at any level of detail, and how well it is performing.

Flowcharts

· Traces the flow of information, customers, equipment, or materials through the various steps of a process
· Also known as flow diagrams, process maps, relationship maps, or blueprints
· No real format and are usually drawn with boxes and with lines and arrows to show sequencing
· Other shapes or coloring can show different types of steps 
· Divergence is communicated when an outgoing arrow from a step splits into two or more arrows that lead to different boxes.
· Nested processes can also be created, as shown on page 124 figure 4.3 with the example of, “Is proposal complete?”

Swim Lane Flowcharts

· A visual representation that groups functional areas responsible for different sub-processes into lanes
· Most appropriate when the business process spans several department boundaries, and where each department or functional area is separated by parallel lines similar to lanes in a swimming pool
· Swim lanes are labeled according to the functional groups they represent and can be arranged horizontally or vertically
· The approach on page 125 figure 4.4 shows the handoffs from one department to another when the outgoing arrow from a step goes to another
· Special dotted-line arrows are one way to show handoffs.
· Handoffs are points where cross-functional coordination is at particular risk due to the silo mentality.  Misunderstandings, backlogs, and errors are more likely at this point.
· Flowcharts allow the process analyst to look at the horizontal organization rather than the vertical organization and departmental boundaries implied by a typical organizational chart
· Show how organizations produce their outputs through cross-functional work processes, and allow the design team to see all the critical interfaces between functions and departments

Service Blueprints

· A special flowchart of a service process that shows which steps have high customer contact
· Uses a line of visibility to identify which steps are visible to the customer (thus, more of a front-office process) and those that are not (back office process)
· Another approach to create a service blueprint is to create three levels
· The levels clarify how much control the customer has over each step
· Ex: customer driving into fast lube shop to have car serviced.  Level 1 would be when the customer is in control, such as driving in for service or paying the bill at the end.  Level 2 is when the customer interacts with the service provider.  Level 3 is when the actual service is being done, the customer is not involved.
· A service blueprint can use colors, shading, or box shapes instead of lines of visibility, to show the extent and type of customer contact.
· Another approach to service blueprinting is to attach each step with a number, and then have an accompanying table that describes in detail the customer contact for each numbered step.

Work Measurement Techniques

This is the estimate of the average time each step in the process would take.  Time estimates are not only needed for process improvement efforts, but for capacity planning, constraint management, performance appraisal, and scheduling.

Here are some formal techniques that are used:
· Time study method
· Elemental standard data approach
· Predetermined data approach
· Work sampling
· Learning curve analysis

Time Study

· Uses a trained analyst to perform four basic steps in setting a time standard for a job or process: (1) selecting the work elements within the process to be studied, (2) timing the elements, (3) determining the sample size, and (4) setting the final standard.
· Essentially the average time observed, adjusted for normal effort and making an allowance for breaks, unavoidable delays, and the like.
· Analyst records the time spent on each element of the process being studied using a stopwatch, and records the time spend on each element for several repetitions.
· Analyst assigns a performance rating for each element to adjust for normal effort

Elemental Standard Data Approach

· Another approach is needed when products or services are highly customized, job processes prevail, and process divergence is great.
· Elemental Standard Data is a database of standards compiled by a firm’s analysts for basic elements that they can draw on later to estimate the time required for a particular job, which is most appropriate when products or services are highly customized, job processes prevail, and process divergence is great.

Predetermined Data Approach

· A database approach that divides each work element into a series of micromotions that makes up the element.  The analyst then consults a published database that contains the normal times for the full array of possible micromotions.
· A process’s normal time can then be calculated as the sum of the times given in the database for the elements performed in the process.
· Makes sense for highly repetitive processes with little process divergence and line flows.

Work Sampling Method

· Work Sampling estimates the proportion of time spent by people or machines on different activities, based on observations randomized over time.
· Such data can then be used to assess a process’s productivity, estimate the allowances needed to set standards for other work measurement methods, and spot areas for process improvement.
· Best used when the processes are highly divergent with flexible flows

Learning Curve Analysis

· The other time estimation techniques assume that the process is stable
· Learning curve analysis takes into account that learning takes place on an ongoing basis, such as when new products or services are introduced frequently
· With instruction and repetition, workers learn to perform jobs more efficiently, process improvements are identified, and better administration methods are created.
· These learning affects can be anticipated with a learning curve
· Learning curve is a line that displays the relationship between processing time and the cumulative quantity of a product or service produced.  
· The time required to produce a unit or create a service decreases as more units and customers are processed
· Learning curve for a process depends on the rate of learning and the actual or estimated time for the first unit processed
· Look at example and read description on page 129 for better information

Process Charts

· An organized way of documenting all the activities performed by a person or group of people at a workstation, with a customer, or working with certain materials
· Analyzes a process using a table, and provides information about each step in the process and it requires time estimates
· Often used to drill down to the job level for an individual person, a team, or a focused nested process
· Can have many formats and here we group the activities for a typical process into five categories:
· Operation.  Changes, creates, or adds something.  Drilling a hole or serving a customer are examples of operations.
· Transportation.  Moves the study’s object from one place to another (materials handling).  Subject can be a person, tool, material, or piece of equipment.
· Inspection.  Checks or verifies something but does not change it.
· Delay.  Occurs when the subject is held up awaiting further action.  
· Storage.  Occurs when something is put away until a later time
· The analyst can add new categories based on the process, and after that is done, they must identify each step performed.  The analyst then records the distance traveled and the time taken to perform each step.
· After recording everything, the analyst summarizes the steps, times, and distances data.
· After a process is charted, the analyst sometimes estimates the total annual cost of the entire process.  
· Annual labor cost can be estimated by finding the product of (1) time in hours to perform the process each time, (2) variable costs per hour, and (3) number of times the process is performed each year, or
· Annual Labor Cost = (time to perform the process in hours)*(Variable costs per hour)*(Number of times process performed per year)

Evaluating Performance

When the number of metrics gets unwieldy, another approach is to create a supporting table for the chart.  Its rows are steps in the flowchart, swim lane, service blueprint, or process chart.  The columns are the current performance, goals, and performance gaps for various metrics.

The metrics chosen by analysts depend on the process and the competitive priorities of the company.

Good starting points are the per-unit processing time and cost at each step, and the time elapsed from beginning to end of the process.

Capacity utilization, environmental issues, and customer (or job) waiting times reveal where in the process delays are most likely to occur.

Customer satisfaction measures, error rates, and scrap rates identify possible quality problems.

Figure 4.9 on page 131 has great examples of metrics that can be used.

Data Analysis Tools

Metrics may reveal a performance gap.  Various tools are available to help one understand the causes of the problem.  Here are six tools (Page 132 for examples of each):
· Checklists
· Histograms and bar charts
· Pareto charts
· Scatter diagrams
· Cause-and-effect diagrams
· Graphs
Checklists

· A form used to record the frequency of occurrence of certain process failures
· Process Failure: any performance shortfall, such as error, delay, environmental waste, rework, and the like.
· Characteristics may be measurable on a continuous scale or on a yes-no basis

Histograms/Bar Charts

· Data from a checklist can usually be represented through histograms and bar charts
· Histogram summarizes data measured on a continuous scale, showing the frequency distribution of some process failure.  Often the mean of the data is located on the histogram. ASK QUESTION ON THIS
· Bar Chart is a series of bars representing the frequency of occurrence of data characteristics measured on a yes-or-no basis.  The bar height indicates the number of times a particular process failure was observed.

Pareto Chart

· A bar chart on which factors are plotted along the horizontal axis in decreasing order of frequency
· The chart has two vertical axes, the one on the left showing the frequency and the one on the right showing 
· 80% of the activity is caused by 20% of the factors
· Thus by concentrating on 20% of the factors managers can attack 80% of the process failure problems

Scatter Diagrams

· A plot of two variables showing whether they are related, can be used to verify or negate suspicion that a certain factor is causing a particular process failure
· Each point on the scatter diagram represents one data observation

Cause-and-Effect Diagrams

· One way to identify a design problem
· A diagram that relates a key performance problem to its potential causes
· Processes that have no bearing on a particular problem are not shown on the diagram
· The fishbone diagram
· The main performance gap is labeled, the fish head, the major categories of potential causes as structural bones, and the likely specific causes as ribs
· Major categories for a problem might be personnel, machines, materials, and processes
· Under personnel might be listed, lack of training, poor communication, or tardy

Graphs

· Represent data in a variety of pictorial formats, such as line and pie charts
· Line charts represent data sequentially with data points connected by line segments to highlight trends in the data
· Pie Charts represent process factors as slices of a pie; the size of each slice is in proportion to the number of occurrences of the factor.
· Pie charts are useful for showing data from a group of factors that can be represented as percentages totaling 100 percent

Simulation

· The act of reproducing the behaviour of a process, using a model that describes each step
· Shows how the process dynamically changes over time

Redesigning the Process

After a process is documented, metrics data collected, and disconnects identified, the process analyst or design team puts together a set of changes that will make the process better.

Generating Ideas: Questioning and Brainstorming

Ideas can be uncovered by asking six questions about each step in the process:

1. What is being done?
2. When is it being done?
3. Who is doing it?
4. Where is it being done?
5. How is it being done?
6. How well does it do on the various metrics of importance?

· Creativity also stimulated by brainstorming, which is letting a group of people, knowledgeable about the process, propose ideas for change by saying whatever comes to mind.
· Do not stunt progress by evaluating ideas, let them all flow and review them all later
· After the brainstorming is over, the design team moves into the ‘get real’ phase: they evaluate the different ideas.
· Team identifies the changes that give the best payoffs for process redesign
· Expected payoffs are carefully estimated, along with risks

Benchmarking

· A systematic procedure that measures a firm’s processes, services, and products against those of industry leaders
· Better understand how outstanding companies do things so that they can improve their own processes
· Focuses on setting quantitative goals for improvement
· Functional Benchmarking compares areas such as administration, customer service, and sales operations with those of the outstanding firms in the industry
· Internal Benchmarking involves using an organizational unit with superior performance as the benchmark for other units.  This form of benchmarking can be advantageous for firms that have several business units or divisions.
· Typical measures used in benchmarking include cost per unit, service upsets per customer, processing time per unit, customer retention rates, revenue per unit, return on investment, and customer satisfaction levels.

Step 1: planning.  Identify the process, service, or product to be benchmarked and the firms to be used for comparison; determine the performance metrics for analysis; collect the data.

Step 2:  analysis.  Determine the gap between the firm’s current performance and that of the benchmark firms.  Identify the causes of significant performance gaps.

Step 3: Integration.  Establish goals and obtain the support of managers who must provide the resources for accomplishing the goals.

Step 4: Action.  Develop cross-functional teams of those most affected by the changes; develop action plans and team assignments; implement the plans; monitor progress; recalibrate benchmarks as improvements are made.

Functional benchmarking data usually collected by consulting or outside firms

Managing and Implementing Processes

Avoid the seven following mistakes when managing processes (page 138):

1. Not connecting with strategic issues.
2. Not involving the right people in the right way
3. Not giving the design teams and process analysts a clear charter, and then holding them accountable
4. Not being satisfied unless fundamental “reengineering” changes are made
5. Not considering the impact on people
6. Not giving attention to implementation
7. Not creating an infrastructure for continuous process improvement


Capacity Planning

Capacity – the maximum rate of output of a process or a system.  Managers are responsible for ensuring that the firm has the capacity to meet current and future demand.

Planning Capacity across the Organization

· Accounting needs to provide the cost information needed to evaluate capacity expansion decisions
· Finance performs the financial analysis of proposed capacity expansion investments and raises funds to support them
· Marketing provides demand forecasts needed to identify capacity gaps
· Management IS designs the electronic infrastructure needed to make data such as cost information, financial performance measures, demand forecasts, and work standards available to those needing it to analyze capacity options.
· Operations is involved in the selection of capacity strategies that can be implemented to effectively meet future demand
· Purchasing facilitates acquisition of outside capacity from suppliers
· HR focuses on hiring and training employees needed to support internal capacity plans

Planning Long-Term Capacity

· Long term capacity plans deal with investments in new facilities and equipment at the organizational level, and require top management participation and approval because they are not easily reversed
· Cover at least two years into the future
· When choosing a capacity strategy, managers must consider: How much of a cushion is needed to handle variable, or uncertain, demand?  Should we expand capacity ahead of demand, or wait until demand is more certain?

Measures of Capacity and Utilization

· Capacity can be expressed in one of two ways: in terms of output measures or input measures

Output Measures of Capacity

· Best utilized when applied to individual processes within the firm, or when the firm provides a relatively small number or standardized services and products
· High volume processes, such as a car manufacturing plant, are a good example.
· In this case, capacity would be measured in terms of the number of cars produced per day
· However, as the amount of customization and variety increases, output-based capacity measures become less useful

Input Measures of Capacity

· Generally used for low volume, flexible processes, such as those associated with a custom furniture maker
· In this case, the furniture maker might measure capacity in terms of inputs such as number of workstations or number of workers
· Problem with input measures is that demand is invariable expressed as an output rate, so if the maker wants to keep up with demand, he must convert the business’s annual demand for furniture into labor hours and number of employees required to fulfill those hours

Utilization

· The degree to which a resource such as equipment, space, or the workforce is currently being used, and is measured as the ratio of average output rate to maximum capacity (expressed as a percentage).

Utilization = average output rate/maximum capacity *100%

· Maximum capacity is the greatest level of output that a process can reasonably sustain for a longer period, using realistic employee schedules and the equipment currently in place


Economies of Scale

· A concept that states that the average unit cost of a service or good can be reduced by increasing its output rate

Four principle reasons explain why economies of scale can drive costs down when output increases:

Spreading fixed costs
· In the short term, certain costs do not vary with changes in the output rate
· These fixed costs include depreciation, salary, overhead, and other fixed expenses
· When the average output rate- and, therefore, the facility’s utilization rate – increases, the average unit cost drops because fixed costs are spread over more units

Reducing Construction Costs
· Certain activities and expenses are required to build small and large facilities alike: building permits, architects’ fees, and rental of building equipment. 
· Doubling the size of the facility usually does not double construction costs

Cutting Costs of Purchased Materials

· Higher volumes can reduce the costs of purchased materials and services
· They give the purchaser a better bargaining position and the opportunity to take advantage of quantity discounts
· Costco buy and sell huge volumes of each item to keep costs down

Finding Process Advantages
· High volume production provides many opportunities for cost reduction
· At a higher output rate, the process shifts toward a line process, with resources dedicated to individual products
· Firms may be able to justify the expense of more efficient tech or more specialized equipment
· Benefits of dedicating resources to individual products or services: speeding up the learning effect, lowering inventory, improving process and job designs, and reducing the number of changeovers

Diseconomies of Scale

· Bigger is not always better
· Occurs when the average cost per unit increases as the facility’s size increases
· The reason is that excessive size can bring complexity, loss of focus, and inefficiencies that raise the average unit cost

Page 205 for hospital bed example of economies of scale

Capacity Timing and Sizing Strategies

Operations managers must examine three dimensions of capacity strategy before making capacity decisions:
· Sizing capacity cushions
· Timing and sizing expansion
· Linking process capacity and other operating decisions


Sizing Capacity Cushions

· Capacity Cushion – the amount of reserve capacity a process uses to handle sudden increases in demand or temporary losses of production capacity; it measures the amount by which the average utilization (in terms of total capacity) falls below 100%
· Average utilization rates for any resources should not get close to 100% over the long term, might occur once in a while but cannot be sustained

Capacity Cushion = 100% - Average Utilization Rate (%)

· The more capital intensive (like the paper making industry or cruise ship industry) prefers smaller cushions of around 5%, while the less labor intensive industries prefer larger cushions, sometimes of around 40%
· Large cushions appropriate when demand varies
· Large cushions also needed when future demand is uncertain, and particularly if resource flexibility is low
· Firms also need to build in excess capacity to allow for employee absenteeism, vacations, holidays, and any other delays
· The argument in favor of small cushions: unused capacity costs money

Timing and Sizing Expansion

· The second issue of capacity strategy concerns when to adjust capacity levels and by how much
· Figure 6.2 details two extreme strategies for expanding capacity: the expansionist strategy and the wait-and-see strategy
· Expansionist Strategy – involves large, infrequent jumps in capacity
· Wait-and-See Strategy – involves smaller, more frequent jumps in capacity
· The timing and sizing of expansion are related; that is, if demand is increasing and the time between increments increases, the size of the increments must also increase.
· The wait and see strategy lags behind demand.  To meet any shortfalls, it relies on short-term operations, such as use of overtime, temporary workers, subcontractors, stock outs, and the postponement of preventive maintenance on equipment.

Several Strategies Favor the Expansionist Strategy
· Expansion can result in economies of scale and a faster rate of learning, thus helping a firm reduce its costs and compete on price
· Can also grab market share from the competition and really help the company



Conservative Wait-and-See Strategy

· To expand in smaller increments, such as by renovating existing facilities rather than building new ones
· It follows demand, and reduces the risks of overexpansion based on overly optimistic demand forecasts, obsolete technology, or inaccurate assumptions regarding the competition.
· This strategy has its own risks, such as being preempted by a competitor or being unable to respond if demand is unexpectedly high
· Fits the short term outlook but can erode market share over the long run

Other Strategies

· With strategies in the more moderate middle, firms can expand more frequently (on a smaller scale) than they can with the expansionist strategy without lagging behind demand as with the wait-and-see strategy
· One strategy can be follow the leader, expanding when others do
· Doesn’t really get anyone anywhere and basically everyone shares the benefits and cons of this strategy, as they are all just copying the leader

Linking Capacity and Other Decisions

· Capacity decisions should be closely linked to processes and supply chains throughout the organization
· When managers make decisions about designing processes, determining degree of resource flexibility and inventory, and locating facilities, they must consider its impact on capacity cushions
· Capacity cushions in the long run buffer the organization against uncertainty, as do resource flexibility, inventory, and longer customer lead times

A Systematic Approach to Long-Term Capacity Decisions 

1. Estimate future capacity requirements
2. Identify gaps by comparing requirements with available capacity
3. Develop alternative plans for reducing the gaps
4. Evaluate each alternative, both qualitatively and quantitatively, and make a final choice

Step 1: Estimate Capacity Requirements

· Capacity Requirement – what a process’s capacity should be for some future time period to meet the demand of customers (external/internal), given the firm’s desired capacity cushion
· Capacity requirements can be expressed in one of two ways: with an output measure or with an input measure
· The foundation for the estimate is forecasts of demand, productivity, competition, and technological change
· These forecasts normally need to be made for several time periods in a planning horizon – which is the set of consecutive time periods considered for planning purposes

Using Output Measures

· Output measures are appropriate for high-volume processes with little product variety or process divergence 
· Demand forecasts for future years are used as a basis for generalizing capacity requirements into the future.
· If demand is expected to double in the next 5 years, then the capacity requirements also double

Ex: if a process’s current demand is 50 customers per day, then the demand in 5 years would be 100 customers per day.  If the desired capacity cushion is 20 percent, management should plan for enough capacity to serve 125 customers in 5 years [100/(1-0.2)]

Using Input Measures

Output measures may be insufficient in the following situations:
· Product variety and process divergence is high
· The product or service mix is changing
· Productivity rates are expected to change
· Significant learning effects are expected
 
Input Measures – number of employees, machines, computers, or trucks

Using an input measure for the capacity requirement brings together demand forecasts, process time estimates, and the desired capacity cushion.

When just one service or product is processed at an operation and the time period is a particular year, the capacity requirement, M, is

Capacity Requirement = processing hours required for years demand/hours available from a single capacity unit (such as an employee/machine) per year, after deducting desired cushion

M= Dp/N[1 – (C/100)]

Where:

D = demand forecast for the year (number of customers served or units produced)
p = processing time (in hours per customer served or unit produced)
N = total number of hours per year during which the process operates
C = desired capacity cushion (expressed as a percent)

M is the number of input units required and should be calculated for each year in the time horizon.
The processing time, p, depends on the process and methods selected to do the work. 
The denominator is the total number of hours, N, available for the year from one unit of capacity (employee/machine), multiplied by the proportion that accounts for the desired capacity cushion, C.  The proportion is simply 1.0 – C/100, where C is converted from a percent to a proportion by dividing by 100.

Setups may be involved if multiple products are being manufactured.
Setup Time – is the time required to change a process or an operation from making one service or product to making another.
Total setup time is found by dividing the number of units forecast per year, D, by the number of units made in each lot, Q, (number of units processed between setups), which gives the number of setups per year, and then multiplying by the time per setup, s.

Ex: If the annual demand is 1200 units and the average lot size is 100, there are 1200/100 = 12 setups per year.

Capacity requirement = Processing and setup hours required for year’s demand, summed over all services or products/hours available from a single capacity unit per year, after deducting desired cushion

M= [Dp+(D/Q)s)product 1 + [Dp+(D/Q)s)product 2 + … [Dp+(D/Q)s)product n/ N [1-(C/100)]

Where:

Q = number of units in each lot
s = setup time (hours) per lot

Step 2: Identify Gaps

· Capacity Gap – any difference (positive or negative) between projected capacity requirements (M) and current capacity

Step 3: Develop Alternatives

· Develop alternative plans to cope with projected gaps.
· One alternative is the base case, which is the act of doing nothing and losing orders from any demand that exceeds current capacity, or incurs costs because capacity is too large.
· Other alternatives include using the expansionist or wait and see strategies, or by planning some over time or short term fixes to the capacity situations

Step 4: Evaluate the Alternatives

In this step, the manager evaluates each alternative, both qualitatively and quantitatively.

Qualitative Concerns

· Manager looks at how each alternative fits the overall capacity strategy and other aspects of the business not covered by the financial analysis
· Uncertainty about demand, competitive reaction, technological change, and cost estimates

Quantitative Concerns

· The manager estimates the change in cash flows for each alternative over the forecast time horizon compared to the base case
· Cash Flow – the difference between the flows of funds into and out of an organization over a period of time, including revenues, costs, and changes in assets and liabilities.
· Page 211 for great cash flows example

Tools For Capacity Planning

· Waiting-line models
· Simulation
· Decision trees


Constraint Management 

Constraint – any factor that limits the performance of a system and restricts its output, while capacity is the maximum rate of output of a process or a system.

When constraints exist in any step capacity can become imbalanced – too high in some departments and too low in others.  Therefore, with constraints, the overall performance of the system falters.

Three Types of Constraints:

Physical – Usually machine, labor or workstation capacity or material shortages, but could be space or quality

Market – demand is less than capacity

Managerial – policy, metrics, or mind-sets that create constraints that impede the work flow

Bottleneck – a special type of a constraint that relates to the capacity shortage of a process, and is defined as any resource whose available capacity limits the organization’s ability to meet the service or product volume, product mix, or fluctuating requirements demanded by the marketplace.

Managing Constraints Across the Organization

· Firms must make appropriate capacity choices at the individual-process level, as well as at the organization level, which involves inter-functional cooperation
· A bottleneck could be the sales department not getting enough sales or the loan department not processing loans fast enough
· Constraint can be a lack of capital or equipment, or bad planning and scheduling

The Theory of Constraints

TOC – a systematic management approach that focuses on actively managing those constraints that impede a firm’s progress toward its goal of maximizing profits and effectively using its resources.
· Outlines a deliberate process for identifying and overcoming constraints
· Focuses not just on the efficiency of individual processes, but also on the bottlenecks that constrain the system as a whole
· Increases the firms profits by more effectively focusing on making materials flow rapidly through the entire system

How the Firm’s Operational Measures Relate to its Financial Measures


	Operational Measures
	TOC View
	Relationship to Financial Measures

	Inventory (I)
	All the money invested in a system in purchasing things that it intends to sell
	A decrease in I leads to an increase in net profit, ROI, and cash flow

	Throughput (T)
	Rate at which a system generates money through sales
	An increase in T leads to an increase in net profit, ROI, and cash flows

	Operating Expense (OE)
	All the money a system spends to turn inventory into throughput
	A decrease in OE leads to an increase in net profit, ROI, and cash flows

	Utilization (U)
	The degree to which equipment, space, or workforce is currently being used, and is measured as the ratio of average output rate to maximum capacity, expressed as a percentage
	An increase in U at the bottleneck leads to an increase in net profit, ROI, and cash flows.



Key Principles of the TOC

· The main concept behind the TOC is that the bottlenecks should be scheduled to maximize their throughput of services or products while adhering to promised completion dates

Seven key principles of the TOC that revolve around the efficient use and scheduling of bottlenecks and improving flow and throughput are summarized on page 246.

Practical Application of the TOC in 5 Steps:

1. Identify the System Bottlenecks
· Find out where the bottleneck in the system is located.  For the rake example on page 246, it is in the welding station.
2. Exploit the Bottlenecks
· Now create schedules that maximize the throughput of the bottleneck(s).  Ex: for the rake, schedule the welding station to maximize its utilization while meeting the shipping commitments to the best extent possible. Make sure high quality parts are passed through the bottleneck.
3. Subordinate all other decisions to step 2
· Nonbottleneck resources should be scheduled to support the schedule of the bottleneck and not produce more than the bottleneck can handle.
4. Elevate the bottleneck(s)
· After steps 1-3 and the bottleneck is still a constraint to throughput, management should consider increasing the bottlenecks capacity.
5. Do not let intertia set in
· Always keep improving, even after steps 1-4 there will be a new set of constraints that pop up so start to work on those, even if everything is okay with the old bottleneck.

Identification and Management of Bottlenecks

· Bottlenecks can be both internal or external to the firm, and usually represent a process, step, or workstation with the lowest capacity.
· Throughput Time – total elapsed time from the start to the finish of a job or a customer being processed at one or more workcenters

A workstation in a process is a bottleneck if:
1. it has the highest total time per unit processed
	or
2. it has the highest average utilization and total workload

Managing Bottlenecks in Service Processes

· Front-office processes with high customer interaction and divergence do not enjoy simple line processes, and thus it is a bit harder to identify bottlenecks
· One way to do it is by computing the average utilization of each operation
· Floating bottlenecks – where each week in a service process, a new operation may be identified as a bottleneck because of all of the changes

Managing Bottlenecks in Manufacturing Processes

· Can exist in all types of manufacturing processes, including job, batch, line, and the continuous process
· There are different ways of managing bottlenecks in every one of these processes, and the first type tackled are in job or batch processes (page 249)

Identifying Bottlenecks

· Setup times are usually large where processes have to handle a lot of different products, and management tries to reduce setup times because they represent unproductive time for workers or machines and thereby allow for smaller, more economic, batches.
· One way to identify a bottleneck operation is by its utilization (pg 249)
· Gets harder to identify the bottlenecks when setup times are longer and divergence is much more, but when setup time is large, usually the operation with the highest total time per unit processed would typically tend to be the bottleneck

Relieving Bottlenecks

· The key to preserving bottleneck capacity is to carefully monitor short term schedules and keep bottleneck resources as busy as is practical
· Make sure the bottleneck is always busy, and managers should minimize any idle time at the bottlenecks
· Try to maximize the number of units per setup, so there are less setups throughout the year
· Long-term capacity of bottleneck operations can be expanded in various ways.  
· Investments can be made in new equipment and in brick-and-mortar facility expansions, or can also be expanded by operating it more hours per week (i.e., overtime or more employees)
· Managers can also reengineer the process or perform process improvement

Product Mix Decisions

· Managers might be tempted to produce the products with the highest contribution margins or unit sales
· Contribution Margin – the amount each product contributes to profits and overhead; no fixed costs are considered.
· By focusing solely on the contribution margin of the products, this is known as the traditional method. 
· The problem with this approach is that the firm’s actual throughput and overall profitability depend more upon the CM generated at the bottleneck than by the CM of each individual product produced.  This approach is called the bottleneck method
· Do the practice question (7.3) on page 251-252 for good practice

Drum-Buffer-Rope Systems

· A planning and control system that regulates the flow of work-in-process materials at the bottleneck or the capacity constrained resource (CCR) in a productive system
· The bottleneck schedule is the drum because it sets the beat or the production rate for the entire plant and is linked to the market demand
· The buffer is a time buffer that plans early flows to the bottleneck and thus protects it from disruption.  Also ensures the bottleneck is never starved for work
· The rope represents the tying of material release to the drum beat, which is the rate at which the bottleneck controls the throughput of the entire plant.  Basically, a communication device to ensure that raw material is not introduced into the system at a faster rate than what the bottleneck can handle
· Buffer Management constantly monitors the execution of incoming bottleneck work
· When all working together, the DDBR system can help managers create a production schedule that reduces lead times and inventories while simultaneously increasing throughput and on-time delivery
· DBR strives to improve throughput by utilizing the bottleneck resource and protecting it from disruption through the time buffer and protective buffer capacity elsewhere
· Transfer batches (page 253)

Managing Constraints in a Line Process

· While the product mix and demand volumes do not change as rapidly for line processes as for job or batch processes, the load can shift between work centers in a line as the end product being assembled is changed or the total output rate of the line is altered

Line Balancing

· Line Balancing – the assignment of work to stations in a line process so as to achieve the desired output rate with the smallest number of workstations
· The line that produces at the desired pace with the fewest number of workers is the most efficient
· Line balancing takes a new approach, which is it creates workstations with workloads as evenly balanced as possible
· Seeks to create workstations so that the capacity utilization for the bottleneck is not much higher than for the other workstations in the line
· Line balancing must be performed when a line is set up initially, when a line is rebalanced to change its hourly output rate, or when a product or service changes

The analyst begins by separating the work into work elements – which are the smallest units of work that can be performed independently.  The analyst then obtains the time standard for each element and identifies the work elements, called immediate predecessors (work elements that must be done before the next element begins).

Precedence Diagram

· A diagram that allows one to visualize immediate predecessors better, work elements are denoted by circles, with the time required to perform the work shown below each circle
· Example on page 255

Desired Output Rate

· The goal of line balancing is to match the output rate to the staffing or production plan
· Ex: if the plan calls for 4800 units per week and the line operates at 80 hrs per week, the desired output rate ideally would be 60 units per hour (4800/80)

Cycle Time

· The maximum time allowed for work on a unit at each station. 
· If the time required for work elements at a station exceeds the line’s cycle time, the station will be a bottleneck, preventing the line from reaching its desired output rate
· Basically the cycle time is how long it takes to produce one unit of something

The target cycle time is the reciprocal of the desired hourly output rate:

C=1/r
Where 
C= cycle time in hours per unit
R = desired output rate in units per hour

Ex: if the line’s desired output rate is 60 units per hour, the cycle time is c=1/60 hour per unit, or 1 minute.

Theoretical Minimum

· A benchmark for the smallest number of stations possible, where the total time required to assemble each unit (the sum of all work-element standard times) is divided by the cycle time

TM = t/c

Where
T = total time required to assemble each unit (the sum of all work-element standard times)
C = cycle time

Ex: if the sum of the work-element times is 15 mins and the cycle time is 1 minute, TM = 15/1 or 15 stations.  Any fractional values obtained for TM are rounded up because fraction stations are impossible.

Idle Time, Efficiency, and Balance Delay

· Minimizing n (number of stations) automatically ensures (1) minimal idle time, (2) maximum efficiency, and (3) minimal balance delay
· Idle time is the total unproductive time for all stations in the assembly of each unit

Idle Time = nc – t

Where
N=number of stations
C = cycle time
T = total standard time required to assemble each unit

Efficiency is the ratio of productive time to total time, expressed as a percent

Efficiency (%) = t/nc(100)

Balance Delay is the amount by which efficiency falls short of 100%

Balance Delay (%) = 100 – efficiency

As long as c is fixed, we can optimize all three goals by minimizing n.
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