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Pink Floyd to Go
     As the plane approached the Phoenix airport, I marveled at the monstrous stage being constructed for a Pink Floyd concert in Arizona State's football stadium.  A night in a hotel adjacent to the stadium provided an unsolicited secondary experience with the spectacle of the show.  Kaleidoscopic lights and laser beams lit the sky above the stage's 130-foot, McDonalds’-like arch.  My windows pulsed with quadraphonic sounds from 300 speakers that spread the music far beyond the boundaries of the stadium.  The British rock group gave fans a truly ear-pleasing, eye-popping experience.

     The next morning, crews began to dismantle the stage that they had built only days earlier.  They had used it for a single night's performance.  The band was scheduled to play next in El Paso on Tuesday and then moved on to Dallas for a Thursday-Friday night gig.  How could the crew tear down the entire set and have it ready for another show in two days?

     It turns out that they don't.  The 700-ton Phoenix set was just one of three that hopscotch the country for the band’s 22-show tour.  Each of the three sets has a setup crew of 200 that is responsible for getting everything ready for the next show.  Besides preparing the stage, this team had to hire people and service firms to perform all of the other business processes that a successful rock concert requires.  These included: printing, selling, and taking tickets; providing security for the set and the audience; hiring food and beverage vendors; and cleaning up post-concert litter. The tour's operations managers even hired a group of traveling doctors to administer to fans overcome by the excitement of the day.

     This band relies on successful execution of its operations planning process.  Each concert represents a sub-project within the larger 22-show tour.  To ensure success for these projects, managers must secure the necessary resources to efficiently and effectively complete the tasks of each key business process. Based on the crew’s work, each concert customer will form an opinion of the total concert experience.  Did the band still have it?  Did the food and drink meet expectations?  Were the portable personal relief facilities ample in number and acceptably clean?  In short, was the show fun and worth the hassle?

     The ultimate performance metric is the fan, but each performance also strives to have its backers, the community, and suppliers all saying, "See you next year."  This achievement hinges on effective planning and being capable of executing the necessary activities.  The technical aspects of the sound and light systems should leave fans amazed.   News reports should focus on the fulfillment of promised experience rather than the antics of beer-stained rowdies. Good operations management is essential if Pink Floyd's organization is to accomplish its fan satisfaction goal.
Source: "Pink Floyd's Retrogressive Progress," USA Today, April 25, 1994, p. 1D.

INTRODUCTION

     The fans leaving the stadium after the Pink Floyd concert probably understood little of the integral role its operations planning process played in creating their delightful product experiences.   OM processes should remain in the background.  Pink Floyd’s fans did not come to the show to witness the OM function, but to be entertained.  If the entertainment had failed to satisfy them, no amount of OM skill could have saved the day.  

     Effective planning is the unseen hero of most successful business endeavors.  Customers deserve effective implementation of realistic operations plans.  When all does not go well, problems result.  We often call these problems, but in actuality, they are usually asymptoms of an inaccurate short-term demand forecast, poor operations planning, or ineffective execution of operations plans.  In the entertainment world, one only needs to revisit Woodstock to understand what happens when the necessary operations planning infrastructure fails. 

     When discussing operations planning, it is useful to recognize its hierarchical nature.  Within the OM, practitioners categorize planning processes as being either: operational, tactical, or strategic.

Exhibit 1

The Operations Planning Hierarchy
Level
Customer

Business Activity ________

Strategic 
Corporate/Senior OM Executives    

Marketing Strategy




Product Innovation



Supply Chain Structuring


             Capital Budget Process

Tactical
Regional/Plant Level

Intermediate Term Planning



    
Plant Utilization Strategy




Capacity Budgeting 



   
Organizational Control

Operational
Operations level

CRM






Materials Management




Scheduling Work




Managing Human Resources

As one moves from strategic planning to operational planning, three distinct trends occur:

· The time horizon for the planning process becomes shorter.  Strategic planning's time horizon requires planners to think in terms of years.  Operational planning involves time horizons in weeks or less.

· The level of detail used in the planning processes becomes more detailed as one approaches operational planning.   Strategic planning often is done on an aggregated basis, i.e., in financial terms, or aggregated physical terms, such as tons of steel. Operations level personnel need more detailed numbers so that they can schedule actual production.  A fast food restaurant manager needs to know the projected volume of Chicken McNuggets sales so that the right amount will be on hand.

· The planning interval becomes more repetitive as one moves toward operations, planning often is done daily or as needed.  One wag once said, “We don’t do planning.  We do re-planning, all of the time!”  But such are the needs of operations managers striving to do the best job in an uncertain environment.

Planners normally are not operations-level decision makers.  The planner’s job is to collect relevant data, analyze it to find meaning, and then make recommendations to line management.  In small businesses, line management performs these activities because staff often doesn't exist.  In large organizations, some planners confuse ownership of data with organizational power.

     In this shell, we focus mostly on operational planning processes that enable rock stars and others to give world-class performances.  Recall that effective system design requires the firm to develop a fundamental understanding of what customers value.  This is transformed into a set of capability specifications that define what business processes must do to meet the needs and expectations of customers.  To be a success, management must then develop business processes with these value-delivering capabilities.  Finally, a performance measurement system should be in place to assess the organization’s effectiveness. 

     Most of the decisions needed to create these capabilities involve strategic commitments, i.e., the siting and sizing of facilities, the acquisition of equipment and information systems, and the creation of an organization with a culture that serves the corporate strategy well.  The shells in Bucket Two described how firms should make the strategic long-term resource commitments that will enable its operations function to achieve its corporate objectives.  There are a number of operational decisions that also must be made in the short to intermediate time horizon to ensure that the operations function has the resources needed to its job.   

                 Exhibit 2

                      The Operations Planning Process
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The inputs to the short-term operations planning process come from the following four sources:

· A clear statement of the organization's mission along with an identification of who the targeted customers are and a profile of each customer family's values.  At the extreme, these are families of one.

· Operations systems with clearly understood capability specifications.  Each capability specified should have matching performance metrics

· Information that describes market conditions, e.g., orders received and the demand forecast.  Information inputs often are a mix of detailed actual orders and aggregate demand forecasts.  In some instances, knowing the planned marketing programs and promotions of both the firm and its major competitors provide useful inputs.

· Current system status, including information pertaining to the availability of the factors of production needed to carry out a plan.  These include labor, raw materials, and transportation.  Planners need to know the factors of production on hand, i.e., the current work force, current levels of work in progress, and known commitments from suppliers.

The first two inputs specify the general expectations the firm has for its operations function, i.e., what it must do, for whom, and how the firm plans to win satisfaction from these targeted customer families.  The last two inputs provide the operations planning function with the situation's specifics, i.e., what specific customers want or are likely to want and what factors of production operations must have to accomplish the expected. 

SHORT-TERM DEMAND INPUTS

     In Shell 6, we discussed how the firm should go about designing its demand information system (DIS).  This involved identifying the attributes of the demand inputs that would be feasible and most useful to the business processes requiring these inputs.  Understanding where the most useful market/demand information could be found was also discussed at the design phase of business infrastructure planning.

     At the operations planning level, understanding what is happening in the marketplace is the most important input.   Operational planning serves two types of internal customers.  The first wants to know “How are we doing?” and “Has anything significant happened that may cause me to rethink the business plan?”  The second internal customer wants to know “How much production should my area be prepared for?” and “Exactly what will it be expected to make?”   While both types are asking for detail, the nature of the detail is different.  The first wants information that will be useful to a business plan reevaluation process.  The second wants details that will help them to make the right stuff.  Neither likes surprises.  

     Aggregate demand inputs to the short term planning process can either be actual customer demand, customer intentions, or market indicators.  When the number of products is small, such as the sale of jet aircraft engines, short-term demand can be a census of all incoming orders.  If on the other hand, you are selling light bulbs, it makes sense to use sample data to gain a sense of the market.  Jack Welch, GE’s former CEO, tracked the average number of light bulbs purchased by individuals since he had learned that when times are good, consumers buy them by the dozen.  When consumers are less confident, they buy light bulbs one at a time. 

     A second way to gain a sense of short-term market conditions is to look at market indices that have in the past been good indicators of what will be happening in your market place.  Within the electronics industry, the semi-conductor bill-to-book ratio indicates whether or not the industry is receiving orders at a faster rate than it is shipping them.    A national survey of purchasing managers provides a broad sense as to whether or not the business outlook is looking up or down.   The key to making this information useful is to be able to link this exogenous data to how well your firm is doing.  Ideally, finding a leading indicator for your sales provides you with timely inputs to your operations planning process.*

     One increasingly important method to gain a better sense of the market demand is to simply ask customers what they plan to purchase.  Supply chain collaboration has been called “close encounters of the best kind.”  Getting close customers is not always possible, but the CPFR initiatives should be explore before one expends too much time trying to go it alone.

     A third way to gain a sense of how well the company is doing is to look at factory load and the backlog of work in the order file.  Comparing this aggregate measure against plan and prior year’s data givens a broad sense of the firm’s demand. 

___

*   Early in 2001, Seibel Systems read the market better than most and quickly put a cost-cutting program in action fast   that enabled it to weather the tech meltdown.  (See “Silicon SEER,” Business Week, August 27, 2001, p. 112)

Dealing with Out of the Box Data

     Another way to gain a firmer sense of marketplace doings is to record and highlight out-of-the-ordinary phenomena.  Here, subjective reporting works best.   These events may be viewed as aberrations in time series–-data points that you wish weren’t there because they mess up your model.   But management needs to know the unusual in part because it does not like being blindsided.  It also foments management curiosity, a key input to the corporate learning process.

Disaggregating Demand Data 

     Detail is a necessary attribute to the operational planning process.   Detail provides operations with demand/usage information that the system needs if it is to make the right quantities of the right items at the right time.   Detail is needed both for end products and the parts needed to make end products.  Since each end product requires a mix of parts, preparing forecasts for each part’s usage pattern often is a monumental task.  Let’s see how this can be done at each level.

     The nature of the end-product demand input is a function of the market orientation that the firm is using.  In make-to-stock environments, the firm must base its short-term production plans on forecasts of what it anticipates it will sell.  At the selling end of the supply chain, the firm must place resource bets on what items customers will want.  Bad bets result in unsold items, slower inventory turnover,  or stock outs.   As one moves up the supply chain, operations planning often experiences demand when reorders occur.  Because reorders are done periodically and often in lots, a demand pattern that is a smooth flow of end-product sales is transformed into lumpy, intermittent demand pattern upstream.   In this situation, a firm’s operations planning process suffers since it does not know first hand what is selling and what is not.  In an IT driven world, this need not be the case, but it requires cooperation from the players at the retail level.

     With the MTO, ATO, and ETO market orientations, operations planning uses actual orders to plan production activities.   If market demand exceeds the plant’s demonstrated capacity, then the planning system needs to inform sales and top management in time to make timely actions.  Ideally, the plant’s capacity can be augmented with additional resources.   If this is not the case, marketing must be advised so as not to make promises that the firm cannot meet.  If demand is less than planned, resource levels must be reduced.

Translating end product demand into part demand requires the planning process to know three things.  

· It needs to know what is needed to make each product.  In OM lingo, this is called a bill of material.  

· Since some parts are used to make more than one end product, planning needs to consolidate these parts requirements to determine how much is needed to support all demand.  

· It needs to know when parts need to be made in order to be available for the next stage of production.  This can be difficult task because planners do not always know how operations will actually produce each order for an item.  

To solve this problem, the operations manager has a choice.  If parts demand is largely driven by a small number of end products, it is possible to develop a computer-assisted process to translate end product demand into part demand estimates.  This can be and is done by firms using an approach called materials requirements planning.  This topic is covered in the Shell 13  (Managing the Flow of Materials).

Demand Tracking  

      The other choice is to track demand rather than forecasting it.  This often makes sense when there are too many items to forecast or when management lacks the wherewithal to provide meaningful inputs to the forecasting process.  If you had to forecast the usage or demand for 10,000 parts, could you?   The problem often is that the people who have the best read on what is happening in the marketplace are too busy doing their other activities to devote sufficient time to make detailed forecasts.  And the employees that have the time often lack the market contacts needed to have a good read on what is happening.   

     Tracking demand simply reports what has happened in a systematic way.   The demand tracking system systematically collects and consolidates data, translating into information for operations planning that is reasonably accurate and timely.  It uses management by exception to highlight those items whose demand seem to be varying from their normal demand pattern.   Part usage that fits the anticipated pattern need not be reviewed.   Parts exhibiting unexpected usage patterns are forwarded to management for corrective action.

     Tracking systems should do three things: identify changing demand, not be fooled by noise, and be simple to use and understand.  These goals can be in conflict with one another.  For example, yesterday’s usage of a part was ten times what usually happens.  Should we base plans on this new phenomena, or should we rely on the typical usage rate?  Not using this information may result in our missing a change in demand, but using it as a new usage rate may mean that we have reacted to noise.  Management may not have the time or the inclination to respond to every blip.

     One common noise-suppressant is to use averages to track demand.   Plans can be based on the average parts usage in five-day intervals.   This will smooth out blips, but if they continue to occur, the average will eventually build in the higher usage rates in the average.  

Exponential Smoothing

      Keeping track of a daily usage for a large number of items was a problem for early computer systems.  Extended time series were often needed to capture cyclic trends—such as seasonal factors.  But extended time series averaging posed a problem for early computer systems since the data storage and computation time requirements taxed computer capacity.  This problem was solved by R. G. Brown who created exponential smoothing--a technique that greatly reduced the need to store data and perform arithmetic computations.  

      Exponential smoothing assumes that the demand or usage for the next period will be a linear combination of the last period’s actual and the last period’s forecast.   Mathematically, this can be expressed as:

                                                           Ft+1 = α dt + (1 – α) Ft
 α) Ft                                                           (1)

where         Ft+1  is the forecast for the next period


Ft  was the forecast we had for the current period


d t is the actual demand or usage we experienced in the current period


α  is the smoothing coefficient (some call this a fudge factor)

If a smoothing coefficient of 0.10 is used, this says that we will give 10% weight to the last period’s demand experience and the remainder to the last period’s forecast.  If the actual demand was 110 in a period in which the demand was forecasted to be 100, then the forecast for the next period would be.

Ft+1  = (0.10) x (110) = (1 - .0.10) x (100) = 11 + 90 = 101

Note that 10% of the forecast error, i.e., 110 – 100, was factored into the new forecast.  If a firm wanted to make tracking more sensitive to current events, it only needs to increase the smoothing coefficient.

     This rather simple method has worked well in industry.  It met the need for reduced data storage and reduced computational speed.  It is easy to explain since it uses common sense to weigh the current and the past.  And it may even impress your peers within the firm since it sounds sophisticated.
Ft+1
     But best of all, it works and it can be easily modified to meet special needs.  If some items have more erratic demand, just increase the exponential smoothing for these items.  If trends or seasonality is present, the models can easily be expanded to include these factors.  Cumulative forecast errors can be tracked to identify the items for which the current model is not working.  Management intervention can then occur..



Other Inputs to the Short-Term Planning Process

      The second input to the operations planning box involves resource gathering.  Here, the operations planners' task is to figure out what, when, and how much of each factors of production is needed to support an anticipated level of activity.  This business process provides inputs that result in purchase and work orders.    

      When MTS firms act on incorrect demand assumptions, this results in either: unwanted inventory, unmet customer demand, or wasteful expediting.   Firms with the other three do-to-order  market orientations, i.e., MTO, ATO, and ETO, may bet wrong by securing an incorrect amount of capacity.   Insufficient resources result in either wasteful expediting or customer dissatisfaction.  Too much results in underutilized productive resources.  The strategic planning process must provide planners with guidelines as to how much reserve capacity is needed to support the time-to-product goals of the firm.

        The third OM planning activity involves supporting operations, i.e., helping operations performing the tasks needed to satisfy customers.  Execution is the province of line management.  It involves the organizing and directing facet of the management process.  The operations function is the internal customers of the operations planning process.   If short term planning is done well, operations will do it job well.  If it is flawed  either by wrong forecasts or poor resource planning, the folks in operations are the victims.   They must face both the unsatisfied customers and dissatisfied top management who just can't quite understand why their 

___

*     To better understand why this method is called exponential smoothing, expand equation 1 by placing the formula used to forecast today’s demand.  Repeat this process and you will see that a mathematical expression occurs in which the weight given each period’s demand as we go back into the past to get:

                 Ft+1 = αdt + α (1 – α) dt-1 + α (1 – α)2dt-2 + α (1 – α)3dt-3 + α (1 – α)4dt-4 + α (1 – α)5dt-5 +  .  .  .  .   

So when α=0.10, we reduce the weight given each period as we go back through history by (1 – α) raised to a higher power.  In mathematics, this is called a negative exponential function, but Brown dropped the term “negative” because it had negative connotations.
plans never seem to be executed.  So a fundamental understanding of the needs and capabilities of the operations is an essential input to operational planning processes.

    Operations planners may be responsible for another key task—they use their distant-sighted lens to serve as scouts for the firm’s strategic planning process.  They should be looking for emerging threats, opportunities, and ways to enhance effectiveness.  If they are closest to the customer, they are likely to be the first to experience phenomena not anticipated by strategic planners.  Whether or not a firm wants its front line players to be the eyes and ears in the marketplace is an organization design issue.

     For example, a fast food chain with highly standardized products and product delivery systems might not want its key front line players being creative.  A McDonalds manager might have said, "Dammit, just get the Big Macs out according to Oak Park's specifications."   Such an approach risks not seeing an emerging trend.

OPERATIONS PLANNING IN SERVICES

     Recall that most services consist of a product bundle of tangible goods and intangible services.  As such, OM’s planning goal for services consists both of assuring that operations has sufficient human resources to perform at the expected level of service and that the right amounts of personnel and the other stuff needed to satisfy anticipated demand.  This task is made more difficult by the inherent nature of services, namely:

· The intangible component of the product bundle occurs when it is rendered.  

· The demand arrival pattern of services is a source of uncertainty.

· The amount of capacity that is demanded by service-seeking customers often is difficult to predict, even after they have arrived.

Against this backdrop, operational planners are given a specific set of marching orders in the form of capability specifications, i.e., 95% of all arriving customers will be served within 3 minutes.  The challenge of the operations planners is to secure and provide the short-term resources needed to achieve the service goals as outlined in the capability specifications.  This challenge is often made more difficult because the customer may judge the service transaction in terms of the total product experience.  A customer’s service experience often is a sequence of events.  Failure to achieve customer satisfaction in any one of activities, such as the credit approval process, may mean that the organization's entire performance will be downgraded.  

     Also included in this challenge is the task of measuring how well the system performed given the actual level of resources.  The tradeoffs are simple.  Too many resources may result in superior service but at a higher cost.  Too little resources will result in sub-par service quality, some of which may go undetected because dissatisfied potential customers quietly slip away undetected.  Worse yet, they may share their bad service experiences with their friends.

     There are a number of ways planners can take to achieve stated service quality objectives.  These are:

· Straight resource placement.  This method accepts the demand pattern as it is believed to be and the existing business processes as a given.  The task is to place humans and other needed resources in the right locations and hope that these resources are sufficient to achieve the organizations goals.  If the goal demands a high level of service performance, then sufficient levels of reserve capacity will be needed.  If the organization is cost oriented, then the famous "let them wait" service stance is appropriate.

· Demand management/modification.  This method attempts to "influence" customers to demand services at times that are mutually satisfactory to both parties.  These efforts often require customers to schedule appointments, as is routinely done in beauty salons.  In effect the customer buys the service on an as available basis.  Others seek to influence demand patterns through the use of information and economic incentives.  Supermarkets and fitness gyms inform customers as to when they are busiest.  Airlines and resorts use yield management to assure that their "perishable capacity" is not lost, i.e., they sell units of capacity at lower prices if the prospect of the unit of capacity being sold at regular prices is dim.

· Resource flexibility.  This approach seeks to respond to demand and demand service uncertainty by having flexible service resources.  Service flexibility can be achieved by:

· Having resources, people, and suppliers that can be made available quickly.  Banks use retired workers to work during peak demand periods.  Firms use quick response suppliers and premium shipping services to help achieve these ends.

· Having resources that are capable of doing more than one task.  Cross training employees attempts to achieve this end.  In some cases, higher-grade raw materials are substituted for out-of-stock lower grade materials.  

Each of these provides additional degrees of freedom to the operations planner, but the planner still has the task of finding that mix of short-term resources to get the job done.

       Lastly, one goal of operations planning that often isn't stated.  This is that the operational planning process should foster within the employees at the operations level, a sense that they are working for a well-run, people-caring firm.  While responsibility for employee motivation and training lies elsewhere in the management process, a firm's ability to succeed in this area can easily be undermined by an operational planning process that leaves employees without the necessary resources to do their job well.  

Service Planning Tools

     There are a number of tools that operations planners use to make their recommendations.  The tool selected is often a function of the complexity of the objectives, the degrees of uncertainty present, and the skills of the planners.  They range from simple trial-and-error to complex mathematical models.

· Trial-and-error: This is the oldest and most common method used to plan services.  It says, based on what we have experienced in the past.  It uses this to determine the “best” resource profile for future periods?  It is at its weakest when management does not strive to learn from past experience.  Symptoms of this state are lack of records of past performance and a basic lack of curiosity.  Survival is their goal and the consequence of success is complacency.  

At the other extreme are the active learners. They constantly ask: "How are we doing?" and  "What could we do better?"  They use metrics to assess how many units of demand key resources can support.  In short, they are always using their far-sighted lens in search of the better way.  Active learners often use analytical tools to help to become more effective, such as:

· The Deming Wheel: Experimentation is a root cause of learning.  OM planners can design experiments to assess the effectiveness of alternate resource profiles.  This is an especially potent tool in service organizations that are able to measure performance accurately at their multiple outlets.

· Process flow analysis: Since a key to effective planning is to know what one might expect from a process or a set of processes, it is important to develop a keener understanding of capacity and to identify bottleneck situations.  This has the added benefit of getting planners away from their desks and closer to reality.  Knowing how things get done at the shop floor level is a key trait of effective planners.

· Mathematical Models:  Operations planners have long used certain mathematical models to assist in developing plans.  One issue that must often be addressed in service businesses is determining the right number of servers within the system, i.e., determining how many bank tellers do we need to successfully serve an assumed demand pattern.  If one can assume that demand arrives with a Poisson distribution and service times can be approximated by a negative exponential distribution, then queuing models can be used to determine a system's performance.    If the conditions required by queuing theory cannot be met, then computer simulation application packages often permit server level problems to be simulated using the appropriate distributions for arrival rates, service times, and customer routing protocols.

· Supply Chain Collaboration: Many of the advances in planning are the result of enhanced information technology capabilities and the emerging willingness of firms to engage in inter-company collaboration.  While many operations problems cannot be solved optimally, it has become apparent that an increasingly large number of them can be resolved with the use of better, up-to-date information and cooperation.  In the product innovation area, we decried the "over-the-wall" approach as being wasteful.  So too is it in operational planning.  An analogy on the home front might be: "Gee, if I knew that you were bringing seven of your friends home for dinner, I would have planned our evening meal differently.”
OPERATIONS PLANNING IN MANUFACTURING

     The operations planning challenge for manufacturing activities also is shaped by the values of the targeted customers that in turn define their system's performance metrics.  Manufacturers of products with a high tangible component will require greater emphasis on getting the right amounts of raw materials and supplies than might normally occur in services.  But goods often must be accompanied with intangibles, such as post-sale support, warrantees and customer service.  Since a customer's total product experience with a product involves all facets of the product bundle, operations planning must assure that operations has the resources to deliver both the tangibles and the intangibles that customers expect.

Operations Planning in Cost-Focused Environments

        If a product is a commodity, then the focus of the operations function is to make products that meet market standards at the lowest possible cost.  Firms often achieve this goal by one or more of the following:

· Tactic 1: To secure the factors of production, i.e., raw materials, components, and labor, at the lowest possible price.

· Tactic 2: To operate the factory in the most efficient manner, i.e., the amounts of inputs needed to produce a given level of output are minimized.
· Tactic 3: To produce a mix of goods with the greatest combined market value for a given set of inputs.
Each of these tactics has a system design (D) and an operations (O) component.  For example, the location of a factory is a system design issue that should take into account both the acquisition costs of each factor of production and the subsequent downstream product distribution costs.  Once sited, the operations planning task is to secure each factor of production at the lowest possible cost.  To distinguish between system design and operational tactics, we refer to these tactics as Tactic 1D and Tactic 1O in the sections that follow.

      Tactic 1O is usually the responsibility of purchasing for goods and human resource management for labor.  Operations planning's supporting role is to provide these functions with information that will help them make correct and timely decisions.  Purchasing needs to know when and how much of each good is likely to be needed over the planning horizon.  In addition, it needs to know how operations will actually be executed.  In some instances, the inputs to the production planning process may be so uncertain as to make it risky to actually purchase goods.  It may be prudent to wait until actual orders are received.  In other instances, long procurement lead-times force purchasing to order goods in anticipation of emerging demand.

     Operations and human resources use operations plans to support their workforce adjustment activities.  If persons with the needed skills are hard to hire, then the importance of workforce planning is greater.  If the skills are plentiful or easy to create via training, then these hiring can be made on an ongoing basis. 

Operations Planning in Time-Focused Environments

     When customers demand that goods be readily and/or quickly available, the focus of operations and its planning functions is materially affected.  In MTS environments, operations planners must help operations make the right inventory stocking decisions.  Here too, there are systems design and an operational facet of the planning process.  Placing retail stores, distribution centers, and inventory stocking points close to the customer is a system design issue.  So too is the design of the information processing system since efficient, timely feedback from the market is a key input to the inventory placement decision-making process.  Operations planning's task is to collect and analyze this data and then provide the firm with meaningful information to support operation's inventory stocking decisions.

     When the market orientation of the production process calls for operations to initiate assembly, manufacturing, and/or engineering only after receiving an actual order, the challenge of operations planning is to provide the system with sufficient resources to fully utilize the quick  response capabilities that the system was designed to achieve.  If the system doesn’t have quick response capabilities, this is a strategic system design failure.  Planners should not be expected to make a PT Cruiser respond like a full sized van.

     With do-to-order market orientations, the operational planning task is to stock the system with the right amount of resources at the right locations once the system design phase has provided it with the factory’s capability specifications.  A beneficial consequence is that it may relieve factory management from the onus of feeling that they have to operate the plant in the most efficient manner.  A certain amount of reserve capacity often is necessary to assure that a system is capable of responding in a timely manner.   Well-designed performance metrics have accomplished this.

     The tactics operations planners use to achieve objectives in a time-focused environment are:

· Tactic 4: To place product or product factors of production at those points of the supply chain that enable operations to respond within the time frame demanded by targeted customers.

· Tactic 5: To deploy factors of production with quick response capabilities.  These can be either equipment with minimum setup requirements or highly adaptive humans.

· Tactic 6: To configure production resources into quick response systems, i.e., using manufacturing cells rather than job shops, mixed mode assembly lines rather than batch assembly lines, etc.

· Tactic 7: To free productive resources to respond to time-sensitive orders by reducing the amount of non-time-sensitive orders in the system.

Each of these tactics has a system design facet and an operational planning facet.  For example, how one configures plant equipment clearly is a system design issue, but the resulting system may offer operations the option of diverting some resources into quick response teams when market demands warrant.  The latter would be an operations planning issue.

Operations Planning in Product-Flexibility Focused Environment

     When customers demand high degrees of product variety, operation's challenge is to achieve the best tradeoffs between providing customers with the demanded variety in a timely manner and keeping the productive resources effectively deployed.  This challenge is similar to that discussed in the time-focused manufacturing environment.  The difference is that here, one often is trying to postpone making products and product placement decisions until the latest possible moment.  

     In a make-to-stock environment, operations tries to satisfy its customers' product needs by placing a sufficiently wide variety of goods at locations convenient to the customer.  Two questions need to be addressed: which items will the customers want, and how many of each should be stocked at each location.  Both require us to forecast customer demand.  But the correct answer to the second question can be influenced by the ability of the supply chain to quickly respond to a replenishment order.  For example, when the supply chain can refill an order within two days, this allows a store to stock a wider variety of product in smaller quantities while still achieving the same customer-fill rate performance metric.

      With the MTO, ATO, and ETO market orientations, operations can enhance its product variety capabilities by using some of the same tactics that are used in fast-to-product environments.  Tactics 4 thru 7 can be used to satisfy a customer’s need for variety provided that the manufacturing lead time does not exceed the time a customer is willing to wait.  There are two tactics that are used to support product variety requirements:

· Tactic 8: To place within the system key components and subassemblies which are likely to be used by subsequent orders.  Assemble-to-order systems extensively use this tactic.

· Tactic 9: To initiate production of "generic" finished goods that can be customized at a latter stage with the options and features that a specific customer orders.  

This last tactic illustrates how some of these tactics can be used to support the goals of other tactics.  While the goal of producing generic finished goods may be to enhance product variety capabilities, it also allows a system to achieve production efficiency goals by allowing a MTO plant to work when actual orders may not be sufficient to keep the plant adequately loaded. 

Production Planning Tools

       Over the years, the following tools have been developed to help achieve operations planning goals: 

Resource Allocation Models: Resource allocation models are used either to produce a desired product mix at the lowest possible cost or to achieve the maximum amount of profit from a given mix of resources.  Examples of cost minimization problems are:

· Producing animal feed with specific nutrition attributes at the lowest possible cost.

· Selecting the least cost mix of productive resources to achieve a projected load of work.

Examples of profit maximizing problems are commonly found in material flow companies, such as:

· Slaughtering animals into the highest value of meat and meat by-products.

· Refining crude oil into highest value flows oil and chemical products.

· Transforming logs into the highest value mix of forest product.

Resource allocation models are most appropriate in commodity-like settings.  The solutions often result in solutions that some customers might object to.  For example, if the goal is to maximize the number of persons a server can handle in a given period, an allocation model would select only those with the smallest service times and forgo serving customers needing more time consuming service.  In animal feed problems, the solution will be the least cost solution but only a non-voting animal would eat it.  As a test, you might want to try giving your family pet the least costly food.  But most family pets have the voting power of  a spouse.

Input/Output Control: After developing an estimate of the demonstrated capacity of a process, operations managers often seek to control the flow of work, either throughout the factory or to selected workstations, to avoid overwhelming or wasting available capacity.  Input/output control manages work flow to match the demonstrated capacity of this process.  This method adjusts the valves at each end of the pool of work in Exhibit 3 to maintain stable relationships among inputs, outputs, and load on the process. 

Exhibit 3

Input Rate, Load, and Demonstrated Capacity






Operations management system often use the term, load to define the volume of work that remains for a process to complete at any time.  Load depends on the input rate of a process, its capacity, and perhaps lags in processing activities.  Generally, an input rate that exceeds demonstrated capacity increases load; an input rate less than demonstrated capacity decreases load.   We have experienced the service equivalent of input/output control whenever the restaurant hostess asks us to have a seat in the bar until your table is ready.  Restaurants have long understood that its service image suffers whenever its customers have to wait for an overworked food server to initiate service.  It doesn’t hurt that the bar is a high profit center.  

     In manufacturing, shop-floor managers need to manage shop load to ensure that work can be arranged in efficient groups or efficient sequences.  Certain machines or key employees perform some tasks more effectively than others.  The “right” load allows operations managers to route jobs in a way that maximizes these benefits while still completing orders by their due dates.   Too high a shop load causes stress and congestion.  Too low a shop load may starve the system thereby creating inefficiencies as machines and workers wait for their next assignment. 

     Input/output control prevents these problems by applying the classic management saying: you plan your work and then work your plan.  It sets a production plan that indicates the amount of work that should flow in and out of the system for each period in the planning horizon.  It defines the planned rates and then compares it with the actual rates.  Deviations from plan indicate that something unexpected is happening which in turn may indicate a need for managerial action.

      Input/output control is an aggregate workflow-planning tool.  As such, some general need to define workflow and shop load is needed.   Weyerhaeuser measures the flow of work through its processes in cubic feet of wood.   Others might measure the dollar value or standard hours associated with orders received, orders in process, and orders shipped.

     Another benefit of managing a shop’s load is that it makes scheduling easier.  Many of you have been in a line at Disneyland and seen a sign saying, “If you are in line here, you can expect a wait of 42 minutes.”   This information helps you plan the day or manage your frustrations better.   Production planners also benefit if they know how long it takes for a job to flow through shop.  When shop load is maintained at a stable level, it is possible to make better estimates as to an order’s expected stay within the shop.  This helps in two ways.  First it provides the planners with a basis for setting priorities when releasing work to the shop.  If there are twenty jobs waiting to be introduced, each of which has a promised ship date, then these can be released to the shop based on this priority.

       Second, understanding how long work is likely to take within the shop helps operations quote better customer due dates.   If realistic customer due dates indicate that the firm is at risk of losing a competitive advantage, then the firm needs to either do something to discourage “less-than-desirable” demand or increase the factors of production available to the shop.  This can be done by: hiring more workers, scheduling overtime, or farming out some of the work to other plants or contract some of the work out to other firms.  

     When we get to the scheduling shell, we will see that timing when work is done often is critical.   This  is needed for two basic reasons.  The supply chain folks need to know when the needed components must be on hand.  This is particularly true when the elapsed time between the start of work on an order and its completion date is long.   For assembly lines, this is less of a problem because the order flow time is usually less than one day.   But if we are assembling F16 fighter aircraft, a job’s stay in the factory may be as long as a year.   If we are planning the work for a multi-stage production order, planners need to know when each stage is likely to be done.   Actually, the planners do not know this because while they know the sequence in which parts will be processes, they don’t know how long an order will wait in line before men or machines perform the next needed task.   Perhaps if they had a huge mathematical model that would result in a detailed production schedule of the appropriate planning horizon, they would be able to do this—provided no changes took place.  But these models are usually too unwieldy, or even impossible to solve, and change is the norm at the shop floor level.  So detailed scheduling usually is not a feasible option.

     But production schedulers are like bumble bees in that neither knows that what they must do is impossible—so they just go ahead and do it.  Since the problem cannot be solved, production schedulers resolve the problem by either restructuring the processes or by breaking the problem down into do-able sub-problems.   As we saw earlier, a firm’s market orientation impacts the production lead times.  We also noted that cellular manufacturing can reduce the amount of time orders wait to be processed.  Thirdly, we could dissolve the problem by transferring much of the work to suppliers or contract manufacturers with quick response capabilities.   Attacking the problem in this matter is a system design issue that should be addressed before it becomes a short-term operations planning problem.

Time-Phased Production Planning

     The second approach production planners use to know when parts and people will be needed is to recognize that at each stage, an order is either: waiting to be processes, being processed, or waiting to be transported to the next work station.    Consider a problem in which an order requires the processing times shown in the left most columns of Exhibit 4.

Exhibit 4

Two Sample Production Planning Plans

Operation  Processing       A Zero-Wait Schedule           A Production Plan with Four Hour Waits Before Each Operation

Number     Time

   1              1 hour           X                                             WWWWX

   2              4 hours            XXXX                                                    WWWWXXXX

   3              2 hours                       XX                                                                         WWWWXX

   4              7 hours                            XXXXXXX



             WWWWXXXXXXX

   5              2 hours                                                XX






 WWWWXX     
               Total   Elapse Time   0                                           16    0                                                           19
                                  40 

Key:  W’s indicate waiting and the X’s indicate work measured in hours
With the left-most plan, no waiting occurs before each operation and the order can be completed in 16 hours.  If we were scheduling the flow of parts needed to support the fourth operation, we know that these would be required at the start of the seventh hour.  This would only be a feasible plan if there were no other jobs in the shop or this order was given the highest priority—so high that all other jobs would be cleared off the next workstation so that the job in question would not have to wait.

     But most jobs do not have the shop solely to themselves.  They must compete with other jobs for the shop’s scarce production resources.  So operations planners devise simple rules to provide a means to deal with this conflict.  The plan shown in the right-most part of Exhibit 4 uses a simple four-hour waiting period as a means to allow each workstation to deal with uneven flows of work to its station.   If this is a workable heuristic, then the operations planner can then use this assumption and tell the suppliers of the components needed to support the fourth operation to have all items there at the start of  the 19th  hour, as is indicated by the W.   Why not four hours later?  Because this method of scheduling tells the fourth work station operator that it can do this job anytime between the start of the 19th hour and the start of the 23rd hour.  Starting it early might mean that the parts are not available.  Starting it after the 23rd hour will result in the job falling behind schedule.  This would place the fifth workstation operator at a disadvantage.

     Another simple planning heuristic is to assign operations to time buckets—usually one operation per time bucket.  In our example, let us assume that a time bucket is one day in a one shift factory.  Then this job would be scheduled as shown in Exhibit 5.

Exhi   bit 5

A Production Planning Plan Using One Day Time Buckets

           Operation       Processing                    

           Number              Time



A Production Plan with One Day Time Buckets


                                           Day 1                      Day 2                       Day 3                      Day 4                     Day 5       

       1                     1 hour                                 X          

       2                     4 hours                                                       XXXX                                                                  

       3                     2 hours                                                                                            XX

       4                     7 hours                                                                                                              XXXXXXX

       5                     2 hours                                             






           XX

                                          Total  16 hours
This simplification extends the production lead-time to forty hours, i.e., sixteen hours of work will be completed in forty hours.  In the so-called real world, it is common to find firms that are using the job shop process choice to have orders spend 95% of their time waiting.  If this is unacceptable, then one must change the process. 

      These examples are used to illustrate how production planners use time-phased planning to manage their task.  While they are not actually scheduling work, they are creating plans that enable others within the supply chain to manage their jobs better.  Purchasing has a better idea as to when it should schedule the flow of work to the plant.  Production has an idea as to the flow of work and shop load conditions that it should anticipate.  If they see a problem, then they can then initiate actions that will either get the appropriate production resources on hand or to forewarn marketing that some of the promised deliveries might not be possible.

Aggregate Production Planning

       The aggregate production plan specifies planned rates of production, inventory levels, and employee staffing rates and policies.  Aggregate planners transform the following inputs into planned production rates. 

Exhibit 6

Aggregate Production Plan Inputs



The assumptions that underlie an organization's budget often become inputs to the aggregate planning process.   If business conditions materially change during the course of a fiscal year, however, updates should incorporate recognized deviations.  Planners should communicate any such change to the key individuals in sales, marketing, and finance since major shifts in an aggregate plan significantly affect their operations.   Exhibit 6 describes the inputs to the aggregate production plan.

       The level of detail for an aggregate production plan often covers a single product family.  For example, Ford's truck plant needs an aggregate plan for its pickup models rather than separate plans for individual combinations of features.  This plan might direct the process to make 4,350 F150 pickup trucks rather than 872  red F150 pickup trucks with specific options and other trucks with different packages of features.

     The capabilities of the plant, supplier, and the distribution network are defined along part family lines. Since these are constraints, the production planning process may elect to focus more heavily on those that are likely to limit the options of the planners.  Why waste management’s time focusing on inactive constraints?

     The goal of aggregate production planning centers on defining the combination of production rates, employee staffing levels, and inventory patterns that satisfies the needs of the firm.  This statement emphasizes the search for a satisfactory plan rather than an ideal one; planners should not waste resources in a futile search for optimal arrangements for every resource in an environment subject to change.  Others argue that the goal of minimizing costs should guide aggregate planning.  This can improve a plan as long as it does not jeopardize the other elements of the value equation: quality, flexibility, and time.

Mathematical Formulas for Aggregate Production Planning: To understand production tradeoffs better, it is useful to express the aggregate production-planning problem in mathematical terms.  To simplify the model, we assume that a plant produces only one product family.  We also focus the analysis on cost minimization, although it could pursue some other objective.  With this background, the problem amounts to this: 

Given Dt, the demand forecast for Period t in the T-period time horizon, determine the feasible production rate, Pt, for each corresponding Period t that will result in the lowest possible cost.  The aggregate production plan usually includes several relevant costs.
· Basic Production Costs: This category covers both fixed cost and variable costs to manufacture the product. Since this planning process deals with aggregate product information, it takes an aggregated unit cost, V, and a period cost, F. The basic production cost incurred in Period t is:




PRODt = F + VPt  for t = 1, 2, 3, 4, ..., T

· Costs of Changes in the Production Rate: Certain production processes may experience costs when their rate of operation changes. These costs normally result from hiring and firing workers. Aggregate production planning usually assumes that the number of workers needed to produce one unit of equivalent product changes in a linear way. The number of workers needed in Period t is:

Wt = aPt
         Then the number of people hired in Period t is:

HIREt = Wt - Wt-1         if Wt > Wt-1       0 otherwise

Likewise, the number of people fired in Period t is:

FIREt = Wt-1 - Wt       if Wt-1 > Wt       0 otherwise

If the firm incurs a cost of Ch to hire one employee and a cost of Cf to fire one, then the cost of changing the rate of production is:

CHANGEt = Ch(HIREt) + Cf(FIREt)

· Inventory Holding Costs:  The firm also incurs costs to hold and maintain inventory, also frequently assumed to vary in a linear relationship with the production rate. A conservation of mass equation can give the amount of inventory at the end of Period t:

It = It-1 + Pt -  Ft
This states nothing more than beginning inventory plus the amount that the process will produce minus what forecasts indicate that the firm will sell.  If Ci is the unit inventory holding cost, the inventory cost is for period  t is:

INVCOSTt = CiIt
Planners can restate the aggregate production-planning problem as:

Minimize z = ∑ (PRODt + CHANGEt + INVCOSTt + BACKCOSTt) for t= 1,2,3,…T

Subject to:

It = It-1 + Pt - Ft  for t = 1, 2, 3, …, T      (Conservation of mass constraints)

Pt < PMAX
Production capacity constraints

It < IMAX
Warehouse capacity constraints

HIREt < HIREMAX

FIREt <  FIREMAX
Human resource policy constraints

Clearly this model could become more complex. It might include additional variables to reflect the costs and capacity of overtime production. It might add some lower limit on inventory to minimize the chances of a stockout and expediting. This relatively simple model should suffice, however, to illustrate the tradeoffs of aggregate production planning.

Aggregate Production Planning with Variance: Such a formal statement of costs and their relationships may tend to oversimplify aggregate production planning.  System variance quickly scatters these neatly aligned numbers into a confusing jumble. If planners can easily and accurately forecast the patterns of demand without any significant seasonal variations to disrupt the data, then they face a relatively simple problem.  (Of course, this statement also assumes that they find factors of production readily available throughout the planning horizon.) Without complications, the production plan can mirror the demand pattern.

     Some difficulty may cloud the picture if planners cannot rely on the availability of a major factor of production, such as labor or a raw material, throughout the planning horizon.  The production plan must then reflect the effect of this fact.  For example, planners for a winery clearly must schedule crushing operations to follow grape harvesting patterns.

     If planners question the accuracy of their demand forecasts, they may face more complex problems.  The firm may want to keep investments in inventory low to avoid significant risk of holding more than it needs.  In general, production planners should accumulate inventory to help level production rates only if the expected cost savings from smoother production exceed the expected costs of holding the stock.  Estimates of inventory costs should include:

· Excess product cost, i.e., the costs of making more than customers want

· Product obsolescence cost, i.e., the costs of holding old stock after product designs or fashions change

· Product deterioration costs, i.e., the costs of reductions in quality of stock before the firm can sell it

The firm can smooth production by accumulating inventory most effectively when it incurs minimal losses due to these costs. Unfortunately, planners cannot know most of these costs. Accounting data may provide a good starting point for calculating the cost of inventory, but this function collects data for reasons other than planning. Planners must expect to massage accounting numbers considerably to translate them into meaningful aggregate cost coefficients.

     Along with resource availability and inventory levels, demand seasonality contributes to system variance.  Operations managers like to produce at level rates, but customers lack the training to see the benefits of steady demand. They arrive when they want the firm’s product.  While demand management might solve this problem completely in some dream world, planners for real markets will need to devise strategies to accommodate seasonal variations in demand patterns.

Production Planning Strategies:  Resource managers develop individual solutions to planning problems caused by system variance.  These firm-specific arrangements generally represent one of three pure strategies for accommodating mismatches between demand and production capabilities:

· Chase strategy: This strategy sets the production rate equal to the demand rate.  It then increases and decreases the firm's pool of human resources as needed, usually through hiring or firing permanent staff, perhaps supplemented by temporary workers.

· Level-production strategy: This strategy sets the production rate equal to the average demand rate.  It then accumulates inventory during slack demand and distributes goods from inventory during peak demand periods. Human resources remain at a constant level.   

· Variable-hours strategy: This strategy sets the production rate equal to the demand rate and keeps staffing levels stable. It compensates for demand variations by adjusting the number of hours that individuals work to make capacity match.  Clearly, the success of this strategy depends on the extent of demand variability and the willingness of workers to accept uncertainty in their incomes.

Individual firms devise infinite combinations of these three pure strategies to suit their own circumstances.

     Each of these pure strategies has its strengths and weaknesses.  The chase strategy minimizes the costs of holding inventory, including the risk of investing scarce resources to accumulate the wrong products.  The firm gains this benefit at the cost of potentially alienating employees.  They may well return the firm's weak commitment to them, leading to low morale, high absenteeism, and uncaring attitudes.

     Some firms succeed using this strategy by selecting employees who care little about employment uncertainty; any warm body will do.  To reduce the risk of poor quality with such casual employees, they may automate their production processes to eliminate virtually any possibility of a mistake as McDonald's has done in designing its French-fry cookers.  Firms may also try to vary the flow of work to match demand by adjusting orders from subcontractors.  This merely downloads the problem to suppliers, but they may handle the variance by filling gaps with orders from other customers.

     The level-production strategy is an operations manager's dream. It ignores the priorities of JIT manufacturing, however, and invests in inventory as a buffer.  This may not create unduly high risk if a significant percentage of the firm's work load comes from mature products for which resource managers can easily forecast demand.  They must answer a key question to judge the suitability of this strategy: will the benefits of a stable work force more than offset inventory holding costs?  These benefits depend, of course, on the firm's ability to hire skilled employees or to economically train new employees in needed skills.

     The variable-hours strategy tries to achieve the best of both worlds.  It seeks to keep its key human skills while avoiding the costs and risks of holding large inventories.  Lincoln Electric, the manufacturer of welding rods and equipment, uses a variation of this strategy.  It guarantees 4 days of work per week to permanent workers, even during slow periods.  To make this strategy work, the firm builds some inventory during slow periods and it hires temporary workers to meet peak demand without any guarantees of work hours.

     The trend among American manufacturers to rely increasingly heavily on temporary workers reflects in part the attraction of a modified variable-hour strategy with its combination of volume flexibility and stable core of skilled, committed employees.  If anyone doubts this phenomenon, note that Manpower, the temporary employment agency, had over 742,000 individual placements in 1994 in the United States alone.

     A cynic might state a simple rule of thumb for balancing permanent and temporary workers: If a firm can easily find workers and the work does not require highly polished skills, it should hire temps; if good workers are scarce and the work demands strong skills, it should hire permanent employees.  A quantitative problem might make this decision rule more concrete.
MASTER PRODUCTION PLANNING

       Resource management moves from general, aggregate plans for entire plants or large sub-processes to detailed specifications for near-term production.  The master production schedule (MPS) transforms inputs from marketing and operations management into a document that defines the goods that specific shops will produce in definite quantities at definite times over a 6-week to 8-week planning horizon.  The master production schedule represents the most important plan in the resource-management system because it becomes an agreement between marketing and manufacturing that defines the execution activities of the OM system over the short term.  This agreement is particularly important in make-to-order systems since it reflects the firm’s commitment to deliver products by the dates promised to customers.

     The master production scheduling process deals with more detailed information than aggregate planning in part because operations managers need precise information about what the firm expects of them.  To generate the necessary detail, planners disaggregate higher-level production plans to transform them into master production schedules.  This disaggregating process is illustrated in Exhibit 8

Exhibit 8

Disaggregating Demand




 Exhibit 8 shows that the aggregate production plan anticipates making 1,200, 800, and 600 2-liter bottles of soda over the 3-month planning horizon.  Shop-floor workers need a more detailed plan to achieve this goal.  To plan their work, they need a week-by-week schedule that specifies what flavors to make and when.  

The master production schedule shown in the bottom half of the exhibit provides this information.  It tells workers on the shop floor how much of each flavor to make in each period, or time bucket.

     In the real world, the master production scheduling process becomes more complicated.  A manufacturing system with only a fair degree of complexity might process components through seven or eight manufacturing stages, including fabrication operations and assembling steps that join numerous parts into subassemblies.  The process probably integrates parts purchased from outside vendors.  It culminates in a final-assembly plan that combines numerous internally manufactured components, purchased components, and subassemblies into end products that delight customers.

     After deciding which production-planning strategy best suits their firm, planners can then determine its resource needs over the planning horizon.  These projections help the procurement process to forge cost-effective supplier relationships. Suppliers appreciate reasonably accurate estimates of a customer's future needs, so sharing this information can enhance these ties.

     Aggregate figures for individual periods over the planning horizon often fail to provide enough specific information to support production planning.  Operations managers need to know specific demands like the dimensions of lumber to buy, the option packages to install on pickup trucks, the types of beer and container sizes to make in a brewery, and so forth.  The master production schedule provides this information.

SUMMARY

     In this shell, we have focused on short-term production operations planning.  These are the resource management planning activities that are done after the long-term capacity and capability planning decisions have been made. Here we work with tactics, i.e., those more detailed activities that are designed to help the firm achieve its long-term strategic initiatives.

     Operational planning, like any business process, is driven by the needs of its customer.  In Exhibit 1, we differentiated three levels of operations planning and indicated the customers and customer needs often found with tactical and operational planning activities.  In Exhibit 2, we noted the inputs, activities, and outputs of short term operations planning.  We noted the difference in the OM planning activities in service and manufacturing firms.  The nature of these activities is influenced by the structure of the product delivery systems.

     Two production planning tools were introduced—input/output analysis and aggregate production planning.  The uses and limitations of each were discussed.  Lastly, we introduced master production scheduling and some of the time-phased concepts that help operations managers deal with the timing of the production and purchasing decision-making. 

     Finally, let us reiterate that there is a distinct difference between operations planning activities and operations-level execution activities.  It is the role of the operations planner to help both marketing and operations understand what is doable and within the realm of the existing factors of production.  As the Pink Floyd introductory piece indicates, operations-planning, if done well, is invisible.  This is a good thing. 
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