H1 Introduction to operations management
Operations management (OM) is the business function responsible for planning, coordinating and controlling the resources needed to produce a company’s goods and services.

The role of operations management is to transform organizational inputs into outputs.

Value added is the net increase created during the transformation of inputs into final outputs.

Efficiency is performing activities at the lowest possible cost.

Manufacturing organizations produce primarily a tangible product and typically have low customer contact.

Service organizations produce primarily an intangible product and typically have high customer contact.

Strategic decisions set the direction for the entire company; they are broad in scope and long term in nature.
Tactical decisions are specific and short term in nature and are bound by strategic decisions.

Lean system is a concept that takes a total system approach to creating efficient operations (JIT, TQM, SCM).
Enterprise resource planning (ERP) are large, sophisticated software systems used for identifying and planning the enterprise-wide resources needed to coordinate all activities involved in producing and delivering products.

Customer relationship management (CRM) are software solutions that enable the firm to collect customer-specific data.

Cross functional decision making is the coordinated interaction and decision making that occurs between the different functions of the organization.

H2 Operations strategy and competitiveness
Business strategy defines long-range plan for company. It will be draw up on the basis of the company’s mission, environmental scanning and the company’s core competencies. Developing a business strategy:
Mission is a statement defining what business an organization is in, who its customers are, and how its core beliefs shape its business.
Environmental scanning is monitoring the external environment for changes en trends to determinate business opportunities and threats.

Core competencies are the unique strengths of a business.

Operations strategy develops a plan for the operations function to support the business strategy. When a business strategy is designed, a company can develop an operations strategy:

Competitive priorities are capabilities that the operations function can develop in order to give a company a competitive advantage in its market.

1. Cost

2. Quality

a. High performance design (Swatch)

b. Goods and services consistency (McDonald’s)

3. Time

a. Rapid delivery (how quickly an order is received)
b. On-time delivery (number of times an order is made on time)
4. Flexibility

a. Product flexibility

b. Volume flexibility
Trade-off is the need to focus more on one competitive priority than on others.

Order qualifiers are competitive priorities that must be met for a company to qualify as a competitor in the marketplace (standards).

Order winners are competitive priorities that win orders in the marketplace (exclusivity).

The structure and the infrastructure will determine the nature of the company’s operations function. Once the competitive priorities have been identified, a plan is developed to support those priorities.
1. Structure are operations decisions related to the design of the production process, such as facilities, technology and the flow of goods and services through the facility.

2. Infrastructure are operations decisions related to the planning and control systems of the operation, such as organization of operations, the skills and pey of workers and quality measures.

Types of technologies (technology is a tool for competitive advantage)

1. Product technology

2. Process technology

3. Information technology

Measuring productivity
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Other ratio’s that could be calculated are partial productivity and multifactor productivity (page 43).


H3 Product design and process selection
Manufacturability is the ease with which a product can be made.
Product design is the process of defining all of the product’s characteristics.

The product design process

Idea development Ideas could acquired from customers, competitors and suppliers

Benchmarking is the process of studying the practices of companies considered “best in class” and comparing your company’s performance against theirs.

Reverse engineering is the process of disassembling a product to analyze its design features/
Early supplier involvement (ESI) Involving suppliers in the early stages of product design.

Product screening on operations, marketing and finance.
Break-even analysis is a technique used to compute the amount of goods a company would need to sell to cover its costs.

Fixed costs are costs a company incurs regardless of how much it produces.

Variable costs are costs that vary directly with the amount of units produced.

Preliminary design & testing

Final design
Factors impacting product design

Design for manufacture (DFM) are a series of guidelines to follow in order to produce a product easily and proftably. It focuses on two isues:

1. Design simplification

2. Design standardization, the use of interchangeable parts

Product life cycle is a series of stages that product pass through in their lifetime, characterized by changing product demands over time. The cycle consists of four stages: introduction, growth, maturity (rijpheid) and decline.

Concurrent (in samenwerking) engineering is an approach that brings together multifunction teams in the early phase of product design in order to simultaneously design the product and the process. Advantages with regard to the “over-the-wall” approach: it is more efficient and less costly, it takes less time and it creates team-building.

Remanufacturing is the concept of using components of old products in the production of new ones.

Process selection
Intermittent (bij tussenpozen werkende) operations are processes used to produce a variety of products with different processing requirements in lower volumes.
1. Project processes is a type of process used to make a one-at-a-time product exactly to customer specifications.
2. Batch processes is a type of process used to produce a small quantity of products in groups or batches based on customer orders or specifications.
Repetitive operations are processes used to produce one or a few standardized products in high volume.

1. Line processes is a type of process used to produce a large volume of a standardized product.
2. Continuous processes is a type of process that operates continually to produce a high volume of a fully standardized product.

Designing processes
Process flow analysis is a technique used for evaluating a process in terms of the sequence of steps from inputs to outputs with the goal of improving its design.

Process flowchart is a chart showing the sequence of steps in producing the product or service.

Bottleneck is the longest task in the process.

Make-to-stock strategy produces standard products and services for intermediate sale or delivery.
Assemble-to-order strategy produces standard components that can be combined to customer specifications. (figure 3-8 and 3-11)
Make-to-order strategy produces products to customer specifications after an order has been received.
Process performance metrics are measurements of different process characteristics that tell how a process is performing. Examples:

Throughput time is the average amount of time it takes a product to move through the system.

Process velocity is the ratio of throughput time to value-added time. 
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Productivity is the ratio of outputs over inputs.
Utilization (benutten) is the ratio of time a resource is used to time it is available for use.
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Efficiency is the ratio of actual output to standard output.
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Technology decisions
Information technology (IT) is the technology that enables storage, processing and communication of information within and between firms.

1. Internet.

2. ERP.

3. Wireless communication technologies.

4. Global positioning system (GPS) is a type of wireless technology that uses satellite transmission to communicate exact locations.
5. Radio frequency identification (RFID) is a wireless technology that uses memory chips equipped with radio antennas attached to objects used to transmit streams of data.
Automation is using machinery to perform work without human operators. Disadvantages are the costprice and its inflexibility.

1. Automated material handling

a. automated guided vehicle (AGV)

b. automated storage and retrieval systems (AS/RSs)

2. Flexible manufacturing system (FMS) is a type of automated system that provides the flexibility of intermittent operations with the efficiency of continuous operations.

3. Robotics

a. Numerically controlled (NC) machine is a machine controlled by a computer that can perform a variety of tasks.

e-Manufacturing
1. Computer-aided design (CAD) is a system that uses computer graphics to design new products.

2. Computer-integrated manufacturing (CIM) is a term used to describe the integration of product design process planning, and manufacturing using an integrated computer system.
Service design is the process of establishing all the characteristics of the service, including physical, sensual and psychological benefits.

Service package is a grouping of physical, sensual and psychological benefits that are purchased together as part of the service.

Differing service designs
1. Substitute technology for people (McDonald’s)

2. Get the customer involved (self-serve areas)

3. High customer attention approach


H4 E-commerce and supply chain management

E-commerce is the use of the internet to transact business.

1. B2B (is the largest).

2. B2C.

3. C2C.

4. P2P.

5. Mobile commerce.

Supply chain is a network of all the activities involved in delivering a finished product to the customer.
Supply chain management coordinates and manages all the activities of the supply chain.

1. Coordinating the movement of goods through the supply chain from suppliers to manufacturers to distributors.

2. Sharing relevant information such as sales forecasts, sales data, and promotional campaigns among members of the chain.

External suppliers

1. Tier (rij) one supplier supplies materials or services directly to the processing facility.
2. Tier two supplier directly supplies materials or services to a tier one supplier in the supply chain. 
3. Tier three supplier directly suppliers materials or services to a tier two supplier in the supply chain.
External distributors

Logistics are activities involved in obtaining, producing and distributing materials and products in the proper place and in proper quantities.
1. Traffic management is responsible for arranging the method of shipment (vracht) for both incoming and outgoing products or materials.
2. Distribution management is responsible for movement of material from the manufacturer to the customer.
Bullwhip effect is the inaccurate or distorted demand information created in the supply chain. Causes:
1. Demand forecast updating.
2. Order batching.
3. Price fluctuations.
4. Rationing and shortage gaming.
Counteracting (tegenwerken) the bullwhip effect.
1. Making forecast information available to all levels of the supply chain.
2. Eliminate order batching.

3. Stabilize prices.

4. Eliminate gaming.

Intranets are networks that are internal to an organization.

Extranets are intranets that are linked to the internet so that suppliers and customers can be included in the system.

Vertical integration is a measure of how much of the supply chain is actually owned or operated by the manufacturing company.
Insource are the processes or activities that are completed in-house.

Outsource are the processes or activities that are complete by suppliers.

Backward integration is owning or controlling sources of raw materials and components.

Forward integration is owning or controlling the channels of distribution.

Warehouses have three roles within the supply chain:
1. Transportation consolidation.

a. truckload quantities (TL)

b. less-than-truckload quantities (LTL)

2. Product mixing or blending.

3. Service.

General warehouse is used for long-term storage.

Distribution warehouse is used for short-term storage, consolidation and product mixing.

Crossdocking eliminates the storage and order-picking functions of a distribution warehouse. Advantages:

1. Reducing inventory.
2. Consolidate shipments to achieve TL’s and so reducing costs.

Types of crossdocking:

1. Manufacturing crossdocking is the receiving and consolidating of inbound suppliers and materials to support just-in-time manufacturing.
2. Distributor crossdocking is the receiving and consolidating of inbound products from different vendors (verkopers) into a multi-SKU pallet.
3. Transportation crossdocking is the consolidation of LTL shipments to gain economies of scale.
4. Retail crossdocking is sorting product from multiple vendors onto outbound trucks headed for specific stores.

H5 Total quality management (TQM)

Total quality management (TQM) is an integrated effort designed to improve quality performance at every level of the organization.
Defining Quality
Conformance to specifications measures how well a product or service meets the targets and tolerances determined by its designers.
Fitness for use is a definition of quality that evaluates how well the product performs for its intended use.
Value for price paid is the quality defined in terms of product or service usefulness for the price paid.
Support services is the quality defined in terms of the support provided after the product or service is purchased.
Psychological criteria is a way of defining quality that focuses on judgmental evaluations of what constitutes product or service excellence.

Common quality definitions in manufacturing are: conformance, performance, reliability (betrouwbaarheid), features, durability, and serviceability.
Common quality definitions in service companies are: courtesy (hoffelijkheid), friendliness, promptness, atmosphere, time and consistency (consequentie).

Cost of quality

Quality control costs:

Prevention costs are costs incurred in the process of preventing poor quality from occurring.
Appraisal costs are costs incurred in the process of uncovering defects.
Quality failure costs:
Internal failure costs are costs associated with discovering poor product quality before the product reaches the customer (rework or scrap).
External failure costs are costs associated with quality problems that occur at the customer site.
Genichi Taguchi
Robust design is a design that results in a product that can perform over a wide range of conditions.

Taguchi loss function says that the costs of quality increase as a quadratic function as conformance values move away from the target.


The philosophy of TQM

Customer focus, the goal is to identify and meet customer needs.

Continuous improvement (kaizen) is a philosophy of never-ending improvement.

Plan-do-study-act (PDSA) cycle is a diagram that describes the activities that need to be performed to incorporate continuous improvement into the operation.

Benchmarking is studying the business practises of other companies for purposes of comparison.
Employee empowerment, Employees are expected to seek out, identify, and correct quality problems.
Internal customers.
External customers.
Quality circle is a team of volunteer production employees and their supervisors who meet regularly to solve quality problems.
Use of quality tools, ongoing employee training in the use of quality tools (figure 5-7 and 5-8).
Cause-and-effect diagram (fishbone diagram) is a chart that identifies potential causes of particular quality problems.
Flowchart is a schematic of the sequence of steps involved in an operation or process.

Checklists are lists of common defects and the number of observed occurrences of these defects.

Control charts are charts used to evaluate whether a process is operating within set expectations.

Upper control limit (UCL).

Lower control limit (LCL).
Scatter diagrams are graphs that show how two variables are related to each other.

Pareto analysis is a technique used to identify quality problems based on their degree of importance.

Histogram is a chart that shows the frequency distribution of observed values of a variable.
Product design, products need to be designed to meet customer expectations.
Quality function deployment (QFD) is a tool used to translate the preferences of the customer into specific technical requirements.

Process management

Managing supplier quality

H7 Just-in-time and lean systems
Just-in-time (JIT) philosophy is getting the right quantity of goods at the right place at the right time. The core beliefs are:
Eliminate waste, anything that does not add value.

1. Material

2. Energy

3. Time

4. Space

Everyone should have a broad view of organisation, tasks and procedures are important only if they meet the company’s overall goals.
Simplicity says the simpler a solution, the better it is.
Continuous improvement (kaizen) is a philosophy of never ending improvement.
Visibility is that problems must be visible to be identified and solved.
Flexibility a company can quickly adapt to the changing needs of its customers.

A JIT-system consists of:
Just-in-time manufacturing is the element of JIT that focuses on the production system to achieve value-added manufacturing.
Pull system, JIT is based on a pull system rather than a push system.
Kanban card is a card that specifies the exact quantity of product that needs to be produced.

Production card is a kanban card that authorizes production of material.

Withdrawal card is a kanban card that authorizes withdrawal of material.
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N = total numbers of kanbans or containers.

D = demand rate at a using workstation.

T = the time it takes to receive an order from the previous workstation (lead time).

C = size of container.

S = safety stock to protect against variability or uncertainty in the system.

Variations of kanban production: kanban square, signal kanban and supplier kanban.

Small lot sizes and quick setups.
Small-lot production is the ability to produce small quantities of products.

Setup cost is the cost incurred when setting up equipment for a production run.
Internal setup requires the machine to be stopped in order to be performed.

External setup can be performed while the machine is still running.
Uniform plant loading is a constant production plan for a facility with a given planning horizon (table 7-1). Master production schedule
Flexible resources

Multifunction workers are capable of performing more than one job.

Facility layout

Cell manufacturing is the placement of dissimilar machines and equipment together to produce a family of products with similar processing requirements (figure 7-6).


Total quality management (TQM)

Quality at the source is uncovering the root cause of a quality problem. Sources could be:
1. Product design.

2. Process design.

3. Suppliers.

Jidoka gives authority to workers to stop the production line if a quality problem is detected.

Poka-yoke are foolproof devices or mechanisms that prevent defects from occurring.

Preventive maintenance.

Work environment.
Respect for people is an element of JIT that considers human resources as an essential part of the JIT philosophy.
The role of production employees.

Cross-functional worker skills.

Bottom-round management consensus management by committees or teams.

Quality circles are small teams of employees that volunteer to solve quality problems.
Lifetime employment.

The role of management

Supplier Relationships

Single-source suppliers are suppliers that supply an entire family of parts for one manufacturer.

Implementing JIT
1. Make quality improvements.

2. Reorganize workplace.

3. Reduce setup times.

4. Reduce lot sizes and lead times.

5. Implement layout changes.

6. Switch to pull production.

7. Develop relationship with suppliers.


H8 Forecasting
1. Forecasts are rarely perfect.
2. Forecasts are more accurate for groups or families of items rather than for individual items.

3. Forecasts are more accurate for shorter than longer time horizons.

Steps in the forecasting process:
1. Decide what to forecast.

2. Evaluate and analyze appropriate data.

3. Select and test the forecasting model.

4. Generate the forecast.

5. Monitor forecast accurancy.

Qualitative forecasting methods are methods in which forecast is made subjectively by the forecaster.
1. Executive opinion is a forecasting method in which a group of managers collectively develop a forecast.
2. Market research is an approach to forecasting that relies on surveys and interviews to determine customer preferences.

3. Delphi method is an approach to forecasting in which a forecast is the product of a consensus among a group of experts.
Quantitative forecasting methods are methods in which forecast is based on mathematical modelling.

1. Time series models are based on the assumption that a forecast can be generated from the information contained in a time series of data.
a. Level or horizontal pattern is a pattern in which data values fluctuate around a constant mean.
i. The naïve method is a forecasting method that assumes next period’s forecast is equal to the current period’s actual value.
ii. Simple mean or average is the average of a set of data.
iii. Simple moving average (SMA) is a forecasting method in which only n of the most recent observations are averaged.
iv. Weighted moving average is a forecasting method in which n of the most recent observations are averaged and past observations may be weighted differently. 
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v. Exponential smoothing uses a sophisticated weighting average procedure to generate a forecast. 
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b. Trend is a pattern in which data exhibit increasing or decreasing values over time.
i. Trend-adjusted exponential smoothing
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A = Actual demand.
St = exponentially smoothed average of the time series in period t.
Tt = exponentially smoothed trend of the time series in period t.
FIDt+1 = forecast including trend for next period t + 1.
ii. Linear trend line.
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Compute parameter b: 
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Compute parameter a: 
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Generate the linear trend line and generate a forecast (Y) on time (X).
c. 
Seasonality is any pattern that regularity repeats itself and is constant in length.
Seasonal index is the percentage amount by which data for each season are above or below the mean.
i. Calculate the average demand for each season.
ii. Compute a seasonal index for every season.
iii. Calculate the average seasonal index for each season.
iv. Calculate the average demand per season for next year.
v. Multiply next year;s average seasonal demand by each seasonal index.
d. Cycles are data patterns created by economic fluctuations.
Random variation is the unexplained variation that cannot be predicted.
2. Casual models are based on the assumption that the variable being forecast is related to other variables in the environment.
Forecast error is the difference between forecast and actual value for a given period.

Mean absolute deviation (MAD) is a measure of forecast error that computes error as the average of the sum of the absolute errors.
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Mean squared error (MSE) is a measure of forecast error that computes error as the average of the squared error.
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Forecast bias (vooroordeel) is a persistent tendency for a forecast to be over or under the actual value of the data.

Tracking signal is a tool used to monitor the quality of a forecast.
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Selecting the right forecasting model:

1. Amount and type of available data.

2. Degree of accuracy required.

3. Length of forecast horizon.

4. Data patterns present.


H9 Capacity planning and facility location
Capacity is the maximum output rate that can be achieved by a facility.
Capacity planning is the process of establishing the output rate that can be achieved by a facility.

Measuring available capacity.

Design capacity is the maximum output rate that can be achieved by a facility under ideal conditions.

Effective capacity is the maximum output rate that can be sustained under normal conditions.

Measuring effectiveness of capacity use.

Capacity utilization is the percentage measure of how well available capacity is being used.

Capacity considerations (figure 9-1)
Best operating level is the volume of output that results in the lowest average unit cost.

Economies of scale is a condition in which the average cost of a unit produced is reduced as the amount of output is increased.

Diseconomies of scale is a condition in which the cost of each additional unit made increases.

Focused factories are facilities that are small, specialized and focused on a narrow set of objectives.

Capacity cushion is additional capacity added to regular capacity requirements to provide greater flexibility.

Decision tree is a modelling tool used to evaluate independent decisions that must be made in sequence. It contains the following information: decision points, decision alternatives, chance events and outcomes.
Expected value (EV) is a weighted average of chance events, where each chance event is given a probability of occurrence.

Location analyses are techniques for determining location decisions.
Factor rating is a procedure that can be used to evaluate multiple alternative locations based on a number of selected factors (example 9.3).
Load-distance model is a procedure for evaluating location alternatives based on distance (example 9.4).
Center of gravity approach (example 9.5)

Break-even analyses is the technique used to compute the amount of goods that must be sold just to cover costs (example 9.6).
Rectilinear distance is the shortest distance between two points measured by using only north – south and east – west movements.

Globalisation is the process of locating facilities around the world.


H10 Facility layout
Layout planning is deciding on the best physical arrangement of all resources that consume space within a facility.
Process layouts are layouts that group resources based on similar processes or functions (intermittent process systems).

1. Gather information.
a. Identify space needed.
b. Identify space available.
Block plan schematic showing the placement of resources in a facility.

c. Identify closeness measures
From-to matrix is a table that gives the number of trips or units of product moved between any pair of departments (table 10-2).
REL chart is a table that reflects opinions of managers with regard to the importance of having any two departments closed together (table 10-3).

2. Develop a block plan or schematic of the layout.
a. Using trial and error.
Load-distance model (table 10-5).
b. Using decision support tools.
3. Develop a detailed layout.
Warehouse layouts (example 10.3).
Office layouts.
Product layouts are layouts that arrange resources in sequence to allow for an efficient build-up of the product (repetitive processing systems).

Line balancing is the process of assigning tasks to workstations in a product layout in order to achieve a desired output and balance the workload among stations.
1. Identify tasks and their immediate predecessors (voorgangers).
Immediate predecessor is a task that must be performed immediately before another task.

2. Determine output rate, the number of units we wish to produce over a specific period of time.
3. Determine cycle time, the maximum amount of time each workstation has to complete its assigned tasks.
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4. Compute the theoretical minimum number of stations.
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5. Assign tasks to workstations (balance the line).
6. Compute efficiency, Idle time, and balance delay.
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Paced line is a system in which the product being worked on is physically attached to the line and automatically moved to the next station when the cycle time has elapsed.

Hybrid layouts are layouts that combine characteristics of process and product layout.

Group technology (GT) or cell layout is a hybrid layout that creates groups of products based on similar processing requirements.
Fixed position layout is a layout in which the product cannot be moved due to its size and all the resources have to come to the production site.

H11 Work system design
Job design specifies the contents of the job.

Technical feasibility (uitvoerbaarheid) the job must be physically and mentally doable.
Economic feasibility cost of the job should be less than the value it adds.
Behavioural feasibility degree to which the job is intrinsically satisfying to the employee.
Specialization is the breadth of the job design.

Eliminating employee boredom.

1. Job enlargement a horizontal expansion of the job through increasing the scope of the work assigned.
2. Job enrichment a vertical expansion of the job through increased worker responsibility.
3. Job rotation workers shift to different jobs to increase understanding of the total process.
Team approaches

Problem-solving teams small groups of employees and supervisors trained in problem-solving techniques who meet to identify, analyze and propose solutions to workplace problems.
Special-purpose teams highly focused, short-term teams addressing issues important to management and labor.
Self-directed or self-managed teams integrated teams empowered to control portions of their process.
Methods analyses is a process concerned with the detailed process for doing a particular job.

Work measurement determines how long it should take to do a job.

Standard time is the length of time it should take a qualified worker using appropriate process and tools to complete a specific job allowing time for personal, fatigue and unavoidable delays.

Time study is a technique for developing a standard time based on actual observations of the operator.

Performance rating factor is a subjective estimate of a worker’s pace (tempo) relative to a normal work pace.
Frequency of occurrence is how often a work element must be done each cycle.

Normal time is the mean observed time multiplied by the performance rating factor by the frequency of occurrence.

Allowance factor is the amount of time the analyst allows for personal, fatigue and unavoidable delays (table 11-6 and example 11.4).

Work sampling is a technique for estimating the proportion of time a worker spends on a particular activity.

Compensation

Time-based compensation systems pay the worker based on the number of hours worked (R&D).

Output-based (incentive) systems pay the worker based on the number of units completed.

Group incentive plans

Profit sharing.
Gain sharing.
Learning curve (example 11.6).
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H12 Independent demand inventory management
Types of inventory:
Raw materials are purchased items or extracted materials transformed into components or products.

Components are parts of subassemblies used in final product.

Work-in-process (WIP) are items in process throughout the plant.

Finished goods are products sold to customers.

Distribution inventory are finished goods in the distribution system.

Maintenance, repair and operational (MRO) are supplies that are used in manufacturing but do not become part of the finished product.

How companies use their inventory

Anticipation or seasonal inventory is inventory built in anticipation of future demand.
Fluctuation inventory or safety stock provides a cushion against unexpected demand.

Lost-size inventory or cycle stock is a result of the quantity ordered or produced.

Transportation or pipeline inventory is inventory in movement between locations.
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 (example 12.1)

Speculative or hedge inventory is used to protect against some future event.

MRO are items used in support of manufacturing and maintenance.
Customer service is the ability to satisfy customer requirements.

Percentage of orders shipped on schedule is a customer service measure appropriate for use when orders have similar value.
Percentage of line items shipped on schedule is a customer service measure appropriate when customer orders vary in number of line items ordered.

Percentage of dollar volume shipped on schedule is a customer service measure appropriate when customer orders vary in value.

Inventory turnover is a measure of inventory policy effectiveness.
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Weeks (or days, or hours) of supply is a measure of inventory policy effectiveness.
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Relevant inventory costs

Item cost includes price paid for the item plus other direct costs associated with the purchase.

Holding costs include the variable expenses incurred by the plant related to the volume of inventory held.

Capital cost is the higher of the cost of capital or the opportunity cost for the company.

Storage costs include the average expenses for space, workers and equipment related to the colume of inventory held.

Risk costs include obsolescence, damage or deterioration, theft, insurance and taxes associate with the volume of inventory held.

Ordering costs are the fixed costs associated with either placing an order with a supplier or setup costs incurred for in-house productions.

Shortage costs incurred when demand exceeds supply.

Back order is delaying delivery to the customer until the item becomes available.

Lost sale occurs when the customer is not willing to wait for delivery.

Determining order quantities. A stock-keeping unit (SKU) is an item in a particular geographic location.

Lot-for-lot is when the company orders exactly what needed.

Fixed-order quantity is ordering a predetermined amount each time an order is placed.

Min-max system is when on-hand inventory falls below a predetermined minimum level, order a quantity that will take the inventory back up to its predetermined maximum level.

Order n periods is ordering enough to satisfy demand for the next n periods.


Economic order quantity model (EOQ) is an optimizing method used for determining order quantity and reorder points.
Lead time is the amount of time it takes from order placement until the item is received.
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(example 12.6)

Economic production quantity (EPQ) is a model that allows for incremental product delivery.


[image: image30.wmf]÷

ø

ö

ç

è

æ

+

÷

ø

ö

ç

è

æ

=

H

2

I

S

Q

D

TC

MAX




[image: image31.wmf]÷

ø

ö

ç

è

æ

-

=

P

d

1

Q

I

MAX


(example 12.7)
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(example 12.9)
Perpetual inventory record provides an up-to-date inventory balance.

Two-bin system splits replenishment orders into tow-bins, placing one bin in reserve. When the initial bin is empty, the contents of the second bin are used and a replenishment order is placed.`
Quantity discount model modifies the EOQ process to consider cases where quantity discounts are available.
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(example 12.10, 12.11)

Safety stock
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Order-cycle service level is the probability that demand during lead time will not exceed on-hand inventory.
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(example 12.12)

Periodic review system requires periodic reviews of the on-hand quantity to determine the size of the replenishment order.

Target inventory level (TI) use in determining order quantity in the periodic review system. Target inventory less on-hand inventory equals order quantity.
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(example 12.13)

Pareto’s law implies that about 20% of the inventory items will account for about 80% of the inventory value.

ABC classification is a method for determining level of control and frequency of review of inventory items (example 12.15).

H13 Aggregate planning

Aggregate plan includes the budgeted levels of finished products, inventory, backlogs, workforce size, and aggregate production rate needed to support the marketing plan.
Level aggregate plan is a planning approach that produces the same quantity each time period. Inventory and back orders are used to absorb demand fluctuations.

Chase aggregate plan is a planning approach that varies production to meet demand each period.
Hybrid aggregate plan is a planning approach that uses a combination of level and chase approaches while developing the aggregate plan.

Aggregate planning options:
Demand-based options is a group of options that respond to demand fluctuations through the use of inventory or back orders, or by shifting the demand pattern.

Reactive options (inventories and back orders).

Proactive options (shift demand patterns).
Capacity-based options is a group of options that allow the firm to change its current operating capacity.
Overtime, undertime, subcontracting, hiring and firing.

Evaluating the current situation

Point of departure is the percentage of normal capacity the company is currently using.
Magnitude of the change is the relative size of the change needed.

Duration of the change is the expected length of time the different capacity level is needed.
Developing the aggregate plan (example 13.4 / 13.10)
1. Choose the aggregate plan (level, chase or hybrid).

2. Determine the aggregate production rate.

3. Calculate the size of the workforce.
4. Test the plan.

5. Evaluate the plan’s performance in terms of cost, customer service, human resources and operations.

Master production schedule (MPS) is the anticipated build schedule. (
Material requirements planning (MRP) is a technique using the master production schedule, bill of material data and inventory records to calculate requirements for materials.
Rough-cut capacity planning (RCCP) is the process of converting the master production schedule into requirements for key resources such as direct labor and machine time.
Capacity planning using overall planning factors (CPOPF) is a rough-cut capacity planning technique. MPS items are multiplied by historically determined planning factors for key resources.

1. Determine the planning factors.

2. Calculate the workload generated by this schedule.

3. Calculate the total capacity needs for each resource for each time period.

4. Calculate individual workcenter capacity needs based on historical percentage allocation.

Order promising is the process of making order delivery commitments.

Available-to-promise (ATP) is the uncommitted portion of a company’s inventory and planned production, maintained in the MPS to support order promising (example 13.13).


H14 Resource planning
Material planning systems
Closed/loop MRP is an MRP system that includes production planning, master production scheduling and capacity requirements.

Manufacturing resource planning (MRP II) is a method for effective planning and integration of all internal resources.

An overview of MRP

Material requirements planning (MRP) is a system that uses the MRP, inventory record data and BOM to calculate material requirements.

Capacity requirements planning (CRP) determines the labor and machine resources needed to fill the open and planned orders generated by the MRP.
Bill of material (BOM) lists all the subassemblies, component parts and raw materials that go into an end item and shows usage quantity of each required.
Types of demand
Independent demand is as the demand for an item is unrelated to the demand for other items.

Dependent demand is as the demand for component parts is based on the number of end items being produced.

Gross requirements is the total-period demand for an item.

Inputs of an MRP system:

1. Authorized MPS.

2. BOM.

3. Individual item inventory records.


H15 Scheduling
High-volume operations
Flow operations are processes designed to handle high/volume, standard products.

Routing provides information about the operations to be performed, their sequence, the workcenters and the time standards.

Low-volume operations

Gantt chart is a planning and controlling chart designed to graphically show workloads or to monitor job progress.

Load chart is a chart that visually shows the workload relative to the capacity at a resource.
Progress chart is a chart that visually shows the planned schedule compared to actual performance.
Scheduling work
Infinite loading is scheduling that calculates the capacity needed at workcenters in the time period needed without regard to the capacity available to do the work.
Finite loading is scheduling that loads workcenters up to a predetermined amount of capacity.
Forward scheduling is a scheduling that determines the earliest possible completion date for a job.
Due date is the time when the job is supposed to be finished.
Backward scheduling is a scheduling method that determines when the job must be started to be done on the due date.

Slack is the amount of time a job can be delayed and still be finished by its due date.
Input/output control is a technique for monitoring the flow of jobs between workcenters (example 15.1).
Measuring performance (example 15.6, 15.7)
Job flow time is the measurement of the time a job spends in the shop before it is finished.
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Average number of jobs in the system measures work-in-process inventory.
Makespan is the amount of time it takes to finish a batch of jobs.
Job lateness measures whether the job is done ahead of, on, or behind schedule.
Job tardiness measures how long after the due date the job is completed.
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