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Shaking Up the Culture of an Old Chrysler Plant

     Windsor, Ontario: Dan Hillock was flabbergasted when he heard James Bonini had been named manager of Chrysler’s big van plant here.  At 33, Mr. Bonini came off as an “academic nerd,” with degrees from fancy universities but with limited manufacturing experience.   Mr. Hillock, a 29 year Chrysler veteran, had hoped to be named manager. He figured that Bonini would barge in, make some superficial changes to impress his bosses and then get moved out to a better job.  Hillock was both right and wrong.  He was right in that Bonini was promoted out of the plant last November (1996), a year after arriving in Windsor. Yet, he was wrong about the changes that Bonini introduced.  Mr. Bonini had completely changed the factory’s culture by changing the way workers and managers perceived their roles on the shop floor and within the entire factory.  He achieved this sweeping change by introducing “process thinking” -- a new way of looking at activities and at the way to approach work.

      To understand this impact, you have to understand the plant that Mr. Bonini took over.   The Pillette Road Plant was an 891,000 square foot plant.  It was one of the least automated assembly plants, with few robots and hundreds of manual jobs.  It built the full-sized Dodge van – a design that was over 15 years old.  When Bonini arrived, the sales were stagnant.  The most pressing task facing Mr. Bonini was that of preparing for the late 1997 launch of a new van.

      However, since taking over, Mr. Bonini and his process thinking brought about a significant change.  Sales have crept up for the first time in years.  Customer satisfaction indicators have improved 22%.  Warranty claims have also declined.  Bonini brought about these changes by changing the way people looked at the way that work was done. To improve operations, everyone had to identify the underlying processes and document them. Take the operation of adding the vans’ exterior trim for example. Workers had been wasting time walking to supply bins to fetch armloads of parts, some of which inevitably fell to the floor.  Now, new parts racks stand near the production lines and workers can simply reach for what they need.  As a result of these and other changes, the plant became cleaner and more efficient.  More importantly, the work force became revved up.  By the time Mr. Bonini left, about 70% of the plant’s 285 assembly operations had been revised to improve ergonomics, cost and quality.

Source: Steven A. Melnyk, an unpublished material from a stillborn second edition, 1999
___
*    On March 4, 2002, Daimlier Chrysler announced that they will be introducing a convertible PT Cruiser in the 2004 model year.  

INTRODUCTON

     If a firm wants to enhance its value delivery capabilities, it must either find more appreciative customers or change the processes used to create and deliver the product.  Process thinking is a value enhancing analytical approach that is used to achieve this end.  As the lead story indicates, process is an integral part of the way effective operations managers go about improving their realm.  It is not about hitting home runs.  

     When a firm seeks a competitive advantage, it does so by using a value delivery system superior to that used by the competition.  One does this by asking strategic questions, such as:

· What are the unmet needs of customers?

· How many of the customers that you want share these values?

· What is the profile of the value chain the competitors are using?

If customers are exhibiting a preference for a competitor’s product, they clearly place a higher value on its product.  Before changing your value delivery system, a firm needs to understand who these customers are.  If they are cheapskates, you may not want them as customers.  But purposefully walking away from customers places the firm at risk.  American car companies initially minimized the loss of “those customers buying those cheap little Japanese cars.”  A firm must also consider the possibility that if it changes its value delivery system, a significant number of current customers will not welcome the change.  In 2002, Harley Davidson Ford faced the wrath of its traditional customers when it introduced its V-Rod motorcycle—a product intended for younger customers who currently are buying European and Japanese high performance bikes. *

      The challenge facing most firms today is that markets continue to fragment into smaller segments.  People are less willing to accept mass manufacturing’s product offerings.  One size no longer fits all.  In the 1990s, just about every brick and mortar retailer was trying to extend its business to protect themselves from the emerging B2C competitors.  The question they faced was: “Do you create a parallel value delivery system to serve e-commerce oriented customers or do you change your existing set of business processes to serve all customers?”  This is a strategic decision, but it is one in which the operations management function must be deeply involved.

     Early in 2001, some began to question the rush to e-commerce.  Many B2C firms folded and some bricks and mortar retailers have begun to succeed in the e-commerce arena.  Realism comes with maturity.  For example, most auto firms are beginning to realize that consumers primarily use the Internet to gather information about their products before they buy in a face-to-face transaction.  The same auto firms have come to realize that a large segment of the buying public will never use the Internet.  No one knows for sure but it is fair to say that B2C won’t replace brick and mortar operations--nor will e-commerce go away.  It is prudent to think of e-commerce as a disruptive technology, i.e., a technology that can’t quite launch a competitive frontal assault but quite capable of attracting customers around the fringe.**    
____

*     See “Love Into Money,” in the Forbes, January 7, 2002 issue for a nice story in which this magazine names this venerable bike producer is “Company of the Year.”  

**   For an excellent perspective on the e-commerce revolution, read “Dot-Coms: What Have We Learned?” Fortune, October 30, 2000.

Business Processes

     Let us start with some definitions.  

· A process is an ordered collection of activities that accomplishes a purpose.  

· A business process is an ordered collection of activities that are designed to offer value to the customer by transforming inputs into outputs.   

· The value chain is the set of business processes that add value.

· Process thinking is a structured approach that views a firm as a set of underlying processes that are designed and managed to obtain desired results.  

 Business processes that create value directly are on the value chain.  Other business processes support value-adding business processes.  For example, when you walk into Denny’s for breakfast, a server offers you a menu with a range of choices and takes your order for a Grand Slam with a muffin on the side. The order goes to the kitchen, where your pancakes are made, your eggs cooked, and your muffin toasted.  The prepared food is transferred to plates, which the server brings to your table with a smile and the question:  “Will that be all?” Sounds simple, huh?  Each of these steps directly adds value.  On the other hand, Denny’s advertising business process is a value-supporting business process in that it, if done effectively, will increase the flow of customers to Denny’s restaurants.  So too will the business process used to clean rest rooms.

     Process thinking is results oriented.  If you don’t like the results, change the business processes until the desired end has been achieved.   Process thinking brings together a number of key elements.  These are:

· Activities: These are the means through which things get done.

· Process: A collection of activities that transform inputs into outputs.

· Structure: This refers to the way activities are configured to create processes or the way in which processes are configured to create larger systems, such as a supply chain.

· Resources: The factors of production, e.g., people, inventory, equipment, and information that are used by processes to create outputs of greater value.  

· Customers:  The users of the outputs of a process.  The customer might be the next process in line.  Or the customer could be the final consumer.  

· Metrics:  The measurements used to quantify the performance of each activity and process.

· Organizational Structure:  The infrastructure, including the business structure that determines how we manage processes.

The creators of OM systems use capacity and capability specifications to acquire and configure these key elements to give the system’s operators a good chance of achieving the firm’s strategic objectives.  The managers of these systems manage these resources with that intent.  Their efforts are evaluated through the use of capability-based performance metrics.

Business Processes in the Firm

     There are many business processes within a firm, but we will focus on three groups: 

1. Marketing/Customer Relations: These are the set of activities that strive to locate, listen to, and analyze data from the marketplace which is then translated into information that can be used in the following two business process groups.

2. Product Innovation: These are the set of activities that transform information from the marketplace and from emerging technologies into goods and services capable of meeting the perceived needs of target customers.

3. Supply Chain Management:  These are the set of activities that manage the flow of information and materials throughout the supply chain.  It manages the flow of raw materials, components, and service support in a way that hopefully will achieve the firm’s strategic objectives.

Each of these business process groups interact with activities that range far beyond even our broad definition of operations management.  In the interest of economy, we will only discuss those that have a significant impact on the operations function—but this is not a license to engage in stove-pipe thinking.

Market/Customer Relations Business Processes

      When I was a pup, we were taught the 4Ps of Marketing, i.e., product, price, place, and promotion. 1   It made sense and marketing classes today still cite McCarthy’s marketing framework.   As marketing evolved, it started to distinguish between consumer and industrial products marketing.  While both should be customer-centric, the number of players that we are trying to understand is markedly different.  Selling to consumers involves large numbers so market research often samples target populations to glean information that will give them insights of their customers: wants, needs, and the extent to which current product offerings are satisfying them.   Focus groups enabled marketers to delve in greater detail on the preferences of current or potential customers.

      Industrial products marketing evolved along different lines.  Business-to-business marketing often was the stepchild of marketing at business schools since instructors and their students focused on more topical consumer products.  Both knew what a Big Mac was but few could relate to the marketing of a hydraulic flow meter.  But as often happens, this stepchild has shined as it developed what became known as relationship marketing.   Because it did not sell to as many customers, industrial marketing took the lead in the application of information technology to enhance marketing’s effectiveness.  Broadly speaking, industrial marketing can be categorized as being either involved with the marketing of commodities, or involved with products that require a significant service component.    Commodity-oriented industrial marketing has been fertile ground for evolving marketplace-oriented B2B systems.  Since exact product specifications exist, price and product availability are the most important factors.  Little is gained by promoting a commodity—at least to industrial buyers.  

     The other wing of industrial marketing engaged in relationship management since a competitive edge could be gained by getting closer to key business buyers.   Initially it was called relationship marketing since the communication links were primarily between the selling and buying players in their respective businesses.   But service-centric approaches invariably lead to expanding the number of players.  If the seller wants to enhance its firm’s delivery performance, knowing the availability and location of goods and the status of existing customer orders means that information about these is needed.  This often involves the firm’s materials management system.  As firms’ manufacturing systems became flatter, this information need often involved the suppliers of your firm’s operations.   Being service-centric involves closer collaboration between the product innovation processes of the buying and selling firms.   This meant that B2B applications must become involved with product and process designers within these firms.  Hence the term relationship marketing has evolved into the term relationship management.

     Early attempts to develop relationship management were frustrated by the inadequacies of information technology.  A number of needed pieces had been developed, such as bar coding and uniform product part numbers.  These facilitated inter-company identification of goods.  Digital technologies made possible the transfer of pictures and engineering drawings between remote locations.   Shippers, such as FedEx, developed information systems capable of knowing when a part was likely to be delivered.  But most important, the development of the internet and intranets meant that many of the pieces could then be crafted into a system that had the potential to meet the information needs of those trying to develop relationship management systems.   These became the building blocks of what is known today as customer relationship management (CRM).

Product Innovation Business Processes

     The purpose of a product innovation process is to generate new products and/or new product models.  Its activities include: to identifying ideas for new products, describing appropriate product concepts, and  developing product designs.  The development includes three sub-processes: 
· Product design involves the design of the product itself,

· Process design involves the design of processes capable of making and delivering product bundles; and 

· System design involves designing value-supporting systems, such as the new shop floor control system to enhance manufacturing management capabilities. 

The appropriate performance standards for each of these sub-processes depends on the pace of the industry and the way its business strategy defines how it wants to serve customers. 

Supply Chain Management Business Processes  

     The purpose of the supply chain management process is to transform the firm’s factors of production into goods and services in an effective manner.  We measure effectiveness as being the extent to which the firm’s business strategy is accomplished.  Supply chains consist of the following major business processes:

· Customer service---interfaces with customers, especially with external customers. With the make-to-stock market orientation, much of this process may fall within marketing jurisdiction, except for that part involving orders or reorders from the retail or distributor.   This process can involve such activities as: accepting customer orders, tracking orders, customizing orders, managing engineering changes, and resolving customer complaints.  This process has four primary sub-processes: 

· Order entry and processing—accepting orders and generating order due dates 

· Forecasting—predicting what customers will demand

· Demand management—influencing customer demands better match up with capacity

· Product customization—creating customized products to match customer needs

· Operations planning--combines the outputs of the strategic management process and the customer service process to determine the resource needs (capacity, labor, tools, and materials).  Sub-processes of this process are: 

· Long term resource planning—estimating what capacity and capabilities the firm will need to successfully achieve its strategic objectives     

· Operational Planning—transforming short-term forecasts into estimates of resource requirements needed to successfully satisfy demand in a manner that is consistent with the firm’s strategic objectives.  When gaps between what is needed and what is on hand are identified, these are relayed to the purchasing/procurement process.  If the gap indicates excess resources, then this information is fed back to marketing to see if additional sales can be generated or if operational resources needs to be “right-size”.   This latter action involves the personnel function.

· Purchasing/procurement--this consists of two sub-processes:

· Vendor selection—once it is known what is needed, this sub-process evaluates the capabilities and the value of the products offered by potential vendors.  This may also involve selection of a contract manufacturer to perform all or most of the activities previously done by operations.

· Acquisition—the process that orders the resources to meet planned activity rates.

· Operations—this set of activities actually transforms inputs into outputs of value.  While we normally might think this relates to manufacturing, it also includes services—many of which involve transforming data into useful information.  Operations includes the following activities:
· Scheduling—setting priorities on orders and assigning resources to orders 

· Execution—implementing the decisions identified in the other processes by releasing orders and working on them to provide the needed goods and services

· Performance measurement-- determines appropriate measures for the firm’s processes and assesses their performance as discussed in Shell 2.  Metrics communicate to everyone what it is they, as sell as the processes, must do well for the firm to deliver value. 

The above profiles the role of processes within a firm but a firm may have other major business processes.  

PROCESS THINKING

     The first step in process thinking is to provide a profile of the business processes active in your firm, including how they relate to each other.  In reviewing these processes, observe that each of these processes consists of smaller and more focused sub-processes.  One of the objectives of process thinking is to eliminate any gaps between what management believes the process is and what it actually is doing.  It is management’s job to coordinate the activities of the smaller sub-processes, and their interfaces.  Interfaces that cross department boundaries create a process thinking challenge.  Fortunately, advances in telecommunications technologies now enable system designers to provide information to support this goal.  The challenge then becomes  “What is the best information flow structure for managing across the white space of the organization chart?”  This is an organization design issue that should not be left strictly in the hands of MIS practitioners.

Process Analysis

      Once a fundamental understanding of the parts of an operations system has been gained, the manager can proceed to the process analysis.  The purposes of process analysis can be categorized as:

· Process documentation:  Here the user is seeking to record how a business or part of a business is functioning.  This may be at variance with what the firm’s formal organization chart might indicate.  These variances may indicate an undocumented process improvement or a dysfunctional organization.

· Process monitoring:  As an integral part of the management process, it is necessary to monitor how the system is working.  Often this is done with a narrow focus, such as tracking the rate of new orders or the number of quality defects experienced.  Process monitoring uses a management by exception approach, i.e., it does not call for management intervention until events trigger a need for corrective action.

· Process improvement:  The need to improve either the efficiency or effectiveness of business processes is an ongoing challenge.  Process improvement often is a three-stage process.  The first seeks to identify the areas with the greatest need or potential for process improvement.  This is often called the discovery stage.  The second stage seeks to identify alternate ways to perform the business tasks.  This stage may be inward oriented or it may involve looking outside the organization to study how others do similar tasks.  When done with an outward orientation, this is called benchmarking.  The third stage seeks to implement a process improvement in order to evaluate how well the “improvement” is performing.

· New system design:  A process-oriented approach allows systems designers to take a holistic approach when building entirely new systems.  It allows them to include all of the key factors of production, i.e., people, raw materials, information, and organization structure into their business innovation process.

As is the case with clothing, one size does not fit all—at least not well.   In the following paragraphs, we introduce a number of tools that are used by OM practitioners.  It is not necessary to use any of these tools exactly as we have presented.  They are templates that can be modified to meet your specific needs. 

      Let us now revisit each of these sub-processes in greater detail.

Process Documentation

    This activity seeks to answer the question: “What do firms do?” In the simplest terms, it performs value-adding activities for customers.  There are many ways to document what you observe, but operations managers have found it useful to explain what they have observed by using a symbolic language.  In Exhibit 1 the most common process documentation language is shown.

Exhibit 1

Activity Classification Symbols
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Operations activities change stuff—they transform inputs into outputs.  Operations include changes in tangible inputs such as raw materials and components. Denny’s cooks, for example, perform an operation when they fry bacon, and Chrysler’s line workers perform an operation when they add the trim to the Durango’s exterior. 

Transportation activities move stuff—they relocate inputs and outputs without transforming their characteristics.  When Chrysler loads finished vans on trucks and ships them to local dealers, it’s transporting them; and when workers use carts to convey trim parts from the stock room to shop-floor storage bins. 


Inspection activities check stuff—they make sure that the results of another activity meet standards. 

Delays hold up stuff—they make work wait under uncontrolled conditions. If, for example, a Denny’s server doesn’t bring your coffee for 20 minutes because he’s dealing with the party of 17 in the back room, you’re experiencing a delay. Or if the Chrysler trim line stops because the parts bins are empty, this is also a delay.

Storage activities hold stuff on purpose—they keep or safeguard items for later use. The key here is control.  Stored items are counted and tracked.  Access is limited to authorized users. The location of storage activities varies.  Items can be in stockrooms located on the shop floor, warehouses on or off site, or holding/receiving areas.

Exhibit 2 gives examples of these different kinds of activities in several industries. 

Exhibit 2

Examples of Activities in Bicycle Manufacturing

Classification
Activity
Performance Metric


Operation
Bend steel and assemble   
Capacity in bends per shift



Conformances to standard  


Part flow lead-time

Transportation
Transfer parts within plant
Avg. inter station move times


work stations
Total distance traveled


Inspection
Inspect parts 
Inspection accuracy



Cost of inspection


Delay
Assembly units waits for
Number of delays recorded


transportation
Length of delays

Storage
Finished goods stored
Cost of inventory stored



Number of dusty units

Once the activities have been identified and categorized, the next step is to document how they are linked together.  Links provide the ordering of activities, i.e., which activities must be done before others are started.  The order in which some activities are done may be subject to choices.  Whether we put on our wristwatch before or after putting on our shoes does not really matter.  The order in which one puts on his shoes and socks matters.

    When one activity must be complete before another one can begin, it is called a precedent activity.   In addition to order, our description of the process’s structure is also defined by stating how the activities are linked together.  Once again, there are a number of ways to do this.  One way is to define the spatial links, i.e., the distance between two activities, measured in feet, meters, inches, or similar units.  If you look at a Rand McNally map, cities and major highways are drawn to scale.  Many roadmaps also indicate the spatial distance and time difference between major cities.

      Within the OM function, blueprints typically define the spatial links of a factory or service operation.  In many situations, having certain activities closer to each other may influence the behavior of the individuals involved.  Locating related activities closer to one another can enhance the value-adding capabilities of the system because travel and interplant lead times are reduced.  In other situations, the noise or noxious fumes may dictate that certain processes be isolated  from the others.

     A second way to define process links is to define the physical links between related activities.  Physical links often involve mechanical means to transfer things from one workstation to the next. For example, in an assembly line, conveyors often create physical links between workstations.  This may be a mixed blessing.  While a close physical link reduces manufacturing lead-time, it can also limit flexibility.  If a new product requires activities to occur in a different sequence, this may necessitate tearing up existing production lines and build new ones. This consumes considerable time and money.

     Informational links are a third way to define the interconnectedness of business processes.  The advent of telecommunication networks now allows systems designers to bring individuals who are separated by considerable distance much closer.  This often allows firms to relocate people-intensive work to locations far removed from the customer.  Microsoft just opened a customer service center in Coos Bay, Oregon—a town far from both corporate headquarters and MSN’s customers.   

     Finally, it is important to understand the organizational links used to manage the system.  This is especially useful since it forces system designers to ensure that the performance metrics used to evaluate the sub-systems are internally consistent.  Dysfunction will occur if one business process within the supply chain is being managed to minimize cost while another’s goal is to achieve high on-time delivery metrics.

      The purpose of process documentation will dictate which other attributes need to be recorded.  If the focus is to better understand the capacity of the business process, then the capacity of each activity needs to be determined.  Once this is done, there are analytical tools that can determine where the bottlenecks are in the system.  A bottleneck is an activity that constrains system throughput, i.e., if the capacity of that activity could be increased, the capacity of the entire system could be increased. 

     If the purpose of the documentation is to focus on the speed at which a business process can get something done, then we are interested in the lead-times each activity requires.  Once these are known, then procedures exist to determine which activities actively limit the speed at which the entire business process could be done.  One might call them time-bottlenecks.  These activities are said to lie along the critical path.  As is the case with bottlenecks, a decrease in how long it takes to perform an activity on the critical path decreases the time it takes to complete the entire business process.

     In order to distinguish between these two orientations, we will refer to the first as capacity-focused.  The second orientation will be referred to as time-focused.  When time-focused, the goal is to determine the set of linked activities that limit the speed at which a business can perform a given task.  The activities along this path must be managed closer since any slippage will cause the entire process to slow down.  Time-focused analysis often refers to these bottleneck activities as critical activities and the connected set of activities that limit a process’ time performance is call the critical path set of activities.   

     In either case, when management encounters a bottleneck, some actions need to be taken to relieve these constraints.  In most instances, management must either: change the structure of the process, assign more resources to the constraining activities, or relieve some of the demands being placed on the system.  
process-Thinking Tool

     Process flow analysis (PFA) is a technique for documenting activities in a detailed, compact, and graphic form to help the manager to understand the process and highlight potential improvements. It is used to generate the information that an analyst needs to understand the process.   PFA consists of six steps: 

1. Identify and bound the process of interest

2. Identify and categorize the process activities

3. Document the process 

4. Analyze the process and identify opportunities for improvement

5. Recommend appropriate changes to the process

6. Implement the changes

This shell examines the first 3 steps in detail.  It gives a general overview of the last 3 steps.  

Step 1. Identify and bound the process: The first step is to identify that portion or specific part of a process that you are interested in studying and documenting. It may not make sense for us to study the entire process of filling an order from the receipt of the order to the shipment of the order if we think that the problem lies in the process of recording the orders received from our customers.  It is more efficient and effective to focus on the order entry process.  If we do not bound the process or identify what specific portion of the process we will study then we may find ourselves faced with a task that keeps growing without bounds, until we find ourselves studying the entire process under all possible conditions.  By bounding the process, we ensure the task is feasible and that the people involved have a clear focus on what it is that they are to do.

     This step determines whether or not we are going to examine those processes that deal with exceptions and unique conditions.  Every special condition that requires different handling identifies a possible need for a different process.   One good starting point is to look at either the best case or the worst-case scenario for the operation of the process.  A common starting point is to examine the process for a “typical” order.

     A useful technique is to create a Level 1 Process Flow Graph as shown in Exhibit 3.  This is much like viewing a process from 50,000 feet up.  It captures only the macro activities and not the detail.  The analyst uses it to identify which portion of the process to investigate in greater detail.

Exhibit 3

A Level 1 Process Flow Chart for Stocking Supermarket Shelves 

            Labor                                                                                                                      
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 Food

Analysts use a Level 1 diagram to determine that the best spot to focus on in order to improve the process of unloading the truck.  This identified process boundaries, as well as the inputs and outputs of the process.  

      Detail is provided by a Level 2 Process Flow Graph.  This takes one of the boxes from the Level 1 flow graph and provides the internal detail for that process as shown in Exhibit 4.

Exhibit 4

Level 2 Process Flow Graph of Transporting Food to Shelves


If our goal was to improve the productivity of the process, we might suspect that activity 2.1, the sorting of the packages, could be done more effectively.  We would then obtain more information about activity 2.1 and prepare a more detailed Level 3 process flow graph.  Note that we have quickly and clearly set our boundaries and we can communicate that with these process flow graphs.  This provides documentation to track the work in order to not repeat work we have already done.

Step 2: Identify and Categorize Process Activities:  Here we classify each activity as being one of the five categories shown in Exhibit 1.  This is not always easy since crafty system designers may have activities that do two tasks.  For example, a bagel firm may have the bagel slugs rising while being transported to the bagel shops for finishing and sale.  Two transformation steps are occurring at once.  Likewise, wine fermenting in barrels may appear to be a storage activity but is actually an operation.  The point is, think twice before classifying. 
Step 3. Document the Process :  To document a process the analyst traces the activities, identifies the type of each, and assigns the proper symbol to each, placing the symbols in the order in which the activities occur. PFA uses five different but interrelated charts to document and describe a process:

· Flow Diagram

· General process chart

· Process flow chart

· Process diagram

· Assembly process chart

All of the charts are not used in each process flow analysis, but they are all part of a manager’s tool kit.  Each chart focuses attention on a different aspect of the process, but all describe the process in terms of the same set of attributes:  

· Number of steps (broken down by category)

· Distance covered (both vertically and horizontally)

· Time required (minimum, maximum, average, variance)

· Value orientation of the activities (value-adding or not)

· Number of departmental boundaries cross

· Number of departments involved in each activity

· Number of people who touch or come into contact with the order or process.

Each measure relates to the four components of value: lead time, cost, quality, and flexibility. For example, a long distance may increase expected lead time and reduces the flexibility of the process.

Many templates have developed over the years.  While there is no reason to do your analysis strictly in these forms, doing so has the advantage of communicating to other practitioners with a familiar document.  

A Process Flow Chart is a tool that categorizes each activity and provides operation details to further our understanding of the process.  Generally, the operations are summarized in sequence so that the pattern of operations can be observed.  If no pattern exists, i.e., the sequence of activities varies from one job to the next, then that too provides useful information to the operations analysis.  It tells the analyst that the operations being observed are too complex to be summarized strictly through the use of this tool.  The information provided in a typical process flow chart is shown in Exhibit 5.  Note that more space is provided to enable the analyst to provide a more detailed description of the nature of each operation.

Exhibit 5

Sample Process Flow Chart






     A Process Flow Diagram is a tool that emphasizes spatial relationships. Most processes move something tangible from one activity to another activity. So physical layouts determine the distance that each activity must cover and its lead-time.  This can be a useful transition into an examination of the detail of a process.  It allows the analyst to focus in greater detail on specific activities.  In many organizations, orders traveled through a maze of departments, consuming time and increasing the potential for errors at every step. You may have experienced something like this when you matriculated at a large university.  On the shop floor of large organizations, similar confusion may exist as production orders move from workstation to workstation. 

     The process flow diagram offers a tool for this kind of analysis by presenting a picture of a plant layout on which the analyst draws movements of orders from one activity or area to another. The resulting diagram measures process performance in units of time and distance. This fairly straightforward analysis must take care to measure all distances over which activities move work, both horizontally and vertically when activities occupy different floors or levels of a facility.  Labels on the process flow diagram indicate areas or activities that correspond to the list on the process flow chart, creating a strong, complementary relationship between these tools. The process flow chart details the nature of process activities while the process flow diagram maps out their physical flows.

Exhibit 6
A Sample Process Flow Diagram for a Whole Blood Drawing Operations 





The black arrows depict the path of the individual drawing blood.  The location of the employees and equipment are not shown.  The dotted arrow was added to show the flow of the drawn units of blood.  

     A blood bank practitioner can now look at this diagram and ask, “Are any inefficiencies evident?”  One might ask whether or not it is necessary to have three waiting rooms?  Do you want post-drawing customers waiting next to anxious incoming donors?   The path of a donor in this simple operation seems quite good.  But in larger organizations, process flow diagrams often reveal instances of waste.

       An Assembly Process Chart is another way to incorporate operations level information into one diagram.  It provides a schematic overview of multiple streams of activities in a way that enables the analyst to see how the activities relate. It is called an assembly chart because it is often used to depict how and when fabricated parts are combined to create another part.  Consider the diagram shown in Exhibit 7.  Note that each activity is denoted with an operations code, i.e., a circle is used to denote an operation, a triangle to denote storage, etc..  Also notice that the locations of the circles and triangles on the diagram indicate the order of the activities but not necessarily the physical relation of each relative to each other.

Exhibit 7

Sample Assembly Process Chart

    Module 1 

Module 2


Module 3


Module 4

   Assembly

Assembly


Assembly


Assembly













      Other types of process flow charts are used and you might even invent one of your own if your particular problem needs to be documented and highlighted differently.  The performance metric for process flow tools is “Does it help your or your client understand better the process being studied?”

USING PROCESS THINKING TO SOLVE PROBLEMS

     How one proceeds with a process flow analysis depends on the purpose of the study.  In the following sections, we have classified the use of process flow analysis by end-goal.

The Capacity Maximization Problem:  Here you try to get the most product out of an operation. 

Exhibit 8

A Maximum Flow Production Problem



Where is the bottleneck?  Or put another way, which of the three activities that use the resource time requires the most time per unit.  Clearly Operation B can produce only six units a minute which is slower than the other two. The bottleneck is B and the maximum capacity within this plant is six units an hour.  

     If the firm had the opportunity to sell more of this item, then one could add an additional workstation B.

Exhibit 9

Same Diagram with Dual Operation B




Now the maximum amount that can flow from this system is:

Minimum {60/5, 60/8, 60/(10/2)} = min{ 12, 7.5, 12} = 7.5 units per hour

Even though operations A and the two Bs can produce twelve units an hour, the system is limited by its new bottleneck operation—inspection.

      In the above example, the addition of a second operation B arranged in parallel enabled this system to double capacity for that stage of the process.  We could place a circle around the two operation B circles and replace it with an equivalent process with a capacity of 12 units an hour.  The use of equivalent units is a useful means for simplifying networks.  

     If we can find a part of the network with only one line going into it and one line going out of it, then we can determine the capacity of that subset of activities and then replace them with an equivalent node with a capacity that equal to that of the subset.  If we need the detail, we always have the original diagram to refer to.

    In other situations, parallel activities are interpreted differently.  Consider the following network.
Exhibit 10

Maximum Flow Problem with Unlike Parallel Operations


In this case, the capacity across the parallel units is the lesser of the two since operation D requires one unit each of what operations B and C make.  Operation B can make 20 units an hour but operation C can only make 10.  So the most that operation D can make is ten units. Operation C is the bottleneck activity.

The Elapsed Time Minimization Problem:  Here the goal is to complete all activities in a certain network in the shortest possible time.  Problems with this form are common.  An equipment operator must do a number of tasks during a machine setup.  The sooner setup is done, the sooner the machine is used.  This is an elapsed time minimization problem.  One often finds larger problems with this trait.  Product innovation processes strive to complete all product development tasks in the shortest possible time.  Manufacturing seeks to complete each job in the shortest possible part flow time because the longer a job is being worked on, the higher the work-in-progress inventory.   When building a ship or a new plant, we usually benefit if the project is done quickly, or at least on time.  All are elapsed time minimization problems, differing mostly in scale.

     Elapsed time minimization problems consist of a network of tasks, each of which requires time, and a amount of resources.  Most tasks have predecessor activities, i.e., one must pour a foundation before starting the walls.  One major difference is that many OM practitioners prefer to designate the activities as lines and the completion date of an activity being a node.  Consider the network:

Exhibit 11

An Elapsed Time Problem




The data for this problem is provided in Exhibit 12.

Exhibit 12

Elapsed Time Sample Problem Data

Activity       Predecessor Events     Time Required       Earliest Start          Earliest Completion

A-B            None
10 days
Day 1 *
Day 10 **

A-C
None
  8 days
Day 1

Day 8

B-D
A-B
  5 days

Day 11

Day 15


C-E

A-C
12 days

Day 9


Day 20

C-G
A-C
  8 days
Day 9

Day 16


D-F

B-D
  6 days
Day 16


Day 21

D-G
B-D
  7 days

Day 16


Day 23

E-F

C-D
  8 days
Day 20

Day 28


F-H
  
D-F and E-F
  9 days
Day 21
Day 37

G-H
C-G and D-G
 12 days
Day 22

Day 34

*  denotes the start of day            ** denotes the end of day


One way to solve this problem would be to calculate the length of each path from A to H and then select the longest one.  How many paths are there?  Four.  The critical path is:


             Maximum Path Length {ABDFH=30, ABDGH=34, ACEFH=37,ACGH=28} = 34 days

The activities on the critical path are AB, BD, DF and FH.  The dark line denotes the critical path.

The Shortest Route Problem:  If you had a network with the structure shown in Exhibit 10, but the task was to travel across the network in the shortest time.   Starting from the left node, you ask, “What is the shortest route from all incoming arrows.  For node B, this is simply how long it takes to go from A to B.  For node F, this would be the shorter of two times: The time it takes to get to node D plus the time to go from D to F and the time it takes to get to node E plus the time it takes to get from E to F.  Select the shortest path and record this route.  Use this logic to proceed across the network.  The calculations are as follows:   

Exhibit 13

The Shortest Route Problem

Activity                  Predecessor Events         Time Required        Node         Shortest Time       

A-B
None                     10 days
      A                     ---


A-C
None
 8 days
   
B          A-B           10 

B-D
A-B
 5 days
      C          A-C            8 


C-E

A-C
12 days

D
      Min B +BD=10 + 5 = 15 

C-G
A-C
  8 days
     
E
      Min C + AC = 8 + 12 =20

D-F

B-D
  6 days


F
     Min{Min D+DF,Min E+EF} 







             Min(15+6, 20+8}=21

D-G
B-D
  7 days


G        
  Min{Min D+DG,Min C+CG}

E-F

C-D
  8 days

               Min{15+7,8+8}= 16

F-H

D-F and E-F
  9 days

 H           Min{Min F+FH,Min G+GH}
G-H
C-G and D-G
 12 days

              Min{21+9, 16+12}= 28 

When done, we see that the shortest path requires 28 days.  Working backwards, we see that the minimum time past is from H to G to C to A.  Let’s check.  8 + 8 + 12 = 28 days.  The shortest route is ACGH.*

______

*      In real life situations,  the time that it takes to go from one point on a map to another is longer than the distance a crow would fly.  Fortunately, geographic information systems (GIS) exist that are capable of giving you relatively accurate distances and travel times from any two points on the make.

SUMMARY

     Note the process that we are using.  We first tried to diagram the structure of the processes and the nature of the linkages between them.  We then sought to develop a tool that would aid in our attempt to enhance one or more of the elements of value.  We then tinkered with some logic to find some means for estimating the performance of the network as we have modeled it.  Up to this point, we have improved nothing except possibly our understanding of the processes.

     In the next shell, we will spend more time on the methodologies used above.  The point that we wanted to make here is that process analysis can be adjusted to meet the needs of the organization.  In the first case, we focused on getting the most product out from a given network.  Once we understand which activity is the bottleneck, we then have a basis for deciding which activity warrants increased management attention.  This approach is useful when we are trying to maximize the value produced from a given amount of resources.  

     The elapsed time minimization problem is most useful when we are trying to get something done quickly, such as a setup or a project.  We learn from it which set of activities are limiting the speed at which all activities can be completed.  Working to reduce the time of activities not on the critical path will not reduce the project’s duration.  This means that management should be directed at those activities on the critical path.

     We might note that the length of the critical path functions like a predictive metric.  It tells management that this is the likely outcome of the endeavor if no further actions are made.  This is useful information both in the operations scheduling and the project management areas.  More of this will be covered in the next shell.

     The above tools also serve as a foundation for learning.  Each is a model of what we see happening within the operations of interest. There are many ways to learn, but we suggest the following:

1. Analyze the process and identify opportunities for improvement.

2. Develop alternative ways of running the process.  Consider the merits of securing additional resources or changing the structure of the processes.

3. Use either the model or even the plant to explore avenues of potential improvement.

4. Recommend appropriate changes to the process.

5. Evaluate the effectiveness of the implemented changes.

6. Go to step 1—you are never done!

In the next shell, we will introduce a number of tools that operations managers use to solve these and other problems.  They are important but they will be useless if you lack the framework for studying them.  That is what process thinking is about.

End Notes

1. McCarthy, R., Marketing Management, Irwin, Homewood IL, 1962.
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Sort packages from truck onto pallets, based on shelf location
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Return hydraulic lift to loading dock
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Use hydraulic lift to move pallet to middle aisle to be stocked
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