	Client Packet:  Project Managment
	Tony Polito



What is PERT / CPM?

PERT (Program Evaluation and Review Technique) is a logical method for organizing the "on-time, on‑budget" completion of projects that was originally developed by the Navy in 1958 to manage the Polaris missile project. CPM (Critical Path Method) is a very similar technique that was developed by the RAND Corporation
 in 1957 (and likely 'borrowed' by the Navy).  There is not really any major logical difference between PERT and CPM, and most people today consider them to be the same technique. [However, some academics still refer to them as two different techniques since they do have some minor technical differences.]  PERT is also logically similar to certain other planning techniques, ie, Gantt Charts and Material Requirements Planning (MRP) as well; the similarity that is easiest to observe is that, in a sense, all three techniques count backwards from the desired finish time to plan task start times.

Basically, PERT / CPM analysis is used for:

1)
drawing a diagram that shows the order in which the different tasks will be done,

2)
determining the minimum project finish time, and

3)
determining the critical path, the sequence of tasks that will make the entire project late if one of the tasks longer than planned.

Constructing A PERT / CPM Diagram
Paradise Resort management has hired the Windward Pool Company to install an Olympic-sized pool on their grounds. From past experience, both Paradise Resort and Windward management knows what the major tasks are that must be completed during the project, as well as how long each task takes.

	Task
	Duration
	Prerequisite Tasks*

	A)  Obtain building permits
	2 days
	None

	B)  Build concrete forms
	3 days
	A

	C)  Excavate pool area
	4 days
	A

	D)  Pour and cure concrete
	6 days
	B and C

	E)  Install above-ground filter pump
	2 days
	None

	F)  Install electrical systems
	8 days
	E


[ *Prerequisite tasks means "can't pour concrete until we excavate," "can't excavate until we get  permits," etc.  To remember this, think of the "prerequisite coursework" required to sign up for a particular course. ]

On behalf of Paradise Resort management, you will use PERT / CPM analysis to manage the Windward project, based on the information contained in the table. To start constructing the PERT / CPM diagram, draw a "Start" point at left. Next, find the tasks that have no prerequisites; ie, the first things to be done. Windward can start to obtain building permits (Task A), and start to install the above‑ground filter pump (Task E), right away. All the other tasks require that something else must be done first. Attach Task A and Task E each directly to the "Start" point. Place the task duration (number of days) next to the Task letter; it will be used later.


[image: image1.wmf] 

A:2

 

E:2

 

start

 


Next, find the tasks that can be done after obtaining the building permits (Task A) is done. Both building the concrete forms (Task B) and excavating the pool area (Task C) can be done after the building permits are obtained (Task A). Another way to find these tasks is to look down the "Prerequisite Tasks" column in the table for all the 'A's. Attach Task B and Task C each directly to Task A.
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Keep working to the right to add on the rest of the tasks. Find the tasks that can be done after building the concrete forms (Task B) is done. The "Prerequisite Tasks" column in the table only mentions Task B once, in the row for Task D. Pouring and curing the concrete (Task D) can be done only after BOTH the concrete forms are built (Task B) AND the pool area is excavated (Task C). Attach Task D to BOTH Task B and Task C; this shows that Task D cannot start until they are both completed.
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There is only one task left, installing the electrical systems (Task F), and it can be done after the above‑ground filter pump is installed (Task E).  Attach Task F directly to Task E. The Windward pool project is done when BOTH the concrete is poured and cured (Task D) AND the electrical systems are installed (Task F), so add a "Finish" point and attach it to BOTH Task D and Task F to show that the project is finished when they are both completed.
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"Forward" Calculating the Minimum Project Finish Time 

The diagram can now be used to determine the minimum amount of time the project should take to complete by doing the forward calculation, ie, counting up the days required from left to right along the various paths. The results of this "forward counting" is usually noted along "the tops" of the tasks. Place a zero in the upper left‑hand corner and a 2 in the upper-right hand corner of Task A. This shows that, if Task A starts right away, then it will be finished on Day 2. Do the same for Task E, since it also takes two days to complete.
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Continue the forward calculation for Task B and C. Place a 2 in the upper left-hand corner and a 5 in the upper-right hand corner of Task B. This shows that Task B can start as soon as Task A is done (which will be Day 2) and it will be done 3 days later, on Day 5. Likewise, Place a 2 in the upper left‑hand corner and a 6 in the upper-right hand corner of Task C. This shows that Task C can start as soon as Task A is done (which will be Day 2) and will be done 4 days later, on Day 6.
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Continue the forward calculation for Task D. Even though the concrete foundation will be done (Task B) on Day 5, the pouring and curing of concrete (Task D) cannot start until Day 6, when the excavation of the pool area (Task C) is complete. [ On Day 6, Windward can then place the forms into the excavated area and begin the pouring of concrete. ]  Place a 6 in the upper left-hand corner and a 12 in the upper-right hand corner of Task D. This shows that Task D can start as soon as BOTH Task B AND Task C are done (which will be Day 6) and it will be done 6 days later, on Day 12. Whenever a task that is 'touched by more than one arrowhead'  is encountered while completing a forward calculation, the start day for that task has to be the latest finish day among the preceding tasks. 

Continue the calculation for Task E and Task F. Place a zero in the upper left-hand corner and a 2 in the upper-right hand corner of Task E. This shows that Task E can start right away, and it will be done 2 days later, on Day 2. Likewise, Place a 2 in the upper left-hand corner and a 10 in the upper-right hand corner of Task F. This shows that Task F can start as soon as Task E is done (which will be Day 2) and be done 8 days later, on Day 10.
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All that remains in the forward calculation is to determine the project completion time. Notice the two arrowheads entering the "Finish point?"  Even though the electrical system will be installed (Task F) on Day 10, the pouring and curing of concrete (Task D) will not be done until Day 12. Only when BOTH are done will the project be complete. Place a 12 in the "Finish" circle; this shows that the project can be completed on Day 12 (or '"it's a project that takes at least 12 days").
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"Backward" Calculating the Critical Path 

So far, Paradise Resort has a easy-to-read diagram that shows the order in which the tasks will be done, as well as the minimum project finish time (12 days). Not every task has to stay "on schedule," however, in order for Windward to finish the entire pool project on Day 12. For example, look at Task F. It is supposed to start on Day 2, but it's easy to see that if, for some reason, it started as late as Day 4, the entire pool project would still finish "on schedule" on Day 12. Of greater concern is which tasks do NOT have "extra time;" ie, must start and finish as scheduled in order for the entire pool project to finish "on schedule."  These tasks can be identified by completing a backward calculation, ie, counting up the days required from right to left along the various paths. The results of this "backward counting" is usually noted along "the bottoms" of the tasks. The forward calculation determined a schedule based on every task starting "as soon as possible;" eg, Task F can start as early as Day 2 (if all goes well with Task E). The backward calculation, however, will determine a schedule based on every task finishing "just-in-time" (or "at the last minute);" eg, Task F could start as late as Day 4 without making the entire pool project late. Start by placing a 12 the lower right‑hand corners of Task D and Task F; if Task D OR Task F finish any later than that, the entire pool project will be late. 
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If Task D cannot finish any later than Day 12, it must start no later than Day 6. Place a 6 in the lower left‑hand corner of Task D. Likewise, If Task F cannot finish any later than Day 12, it must start no later than Day 4. Place a 4 in the lower left-hand corner of Task F. 
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Continue the calculation for Task B and Task C. If the pouring and curing of concrete (Task D) must start no later than Day 6, then the concrete forms (Task B) must be finished no later than Day 6. Place a 6 in the lower right-hand corner of Task B. Further, if Task B must be finished no later than Day 6, and it takes 3 days to complete, then it must start no later than Day 3. Place a 3 in the lower left‑hand corner of Task B.

If the pouring and curing of concrete (Task D) must start no later than Day 6, then the excavation (Task C) must be finished no later than Day 6. Place a 6 in the lower right-hand corner of Task C. Further, if Task C must be finished no later than Day 6, and it takes 4 days to complete, then it must start no later than Day 2. Place a 2 in the lower left‑hand corner of Task C.
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Continue the backward calculation for Task A. The building of the concrete forms (Task B) can start as late as Day 3. However, if the obtaining of the building permits (Task A) finishes on Day 3, it will be too late for the excavation of the pool area (Task C) to start on Day 2. [ ... and if excavation (Task C) starts late on Day 3, it will cause every task that follows -- and the entire pool project -- to finish one day late as well. ]  The diagram shows that Task C must start no later than Day 2, and so Task A must finish no later than Day 2. Place a 2 in the lower right-hand corner of Task A. Whenever a task that is 'touched by more than one arrowtail'  is encountered while completing a backward calculation, the finish day for that task has to be the earliest start day among the tasks that come directly after it.
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Complete the backwards calculation for Task A and Task E to obtain the diagram below:
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The diagram above shows tasks that have "extra time."  For example, Task F has a 2 in the upper-left corner and a 4 in the lower-left corner;  this shows that Task F can start as early as day 2 or as late as Day 4 in order for the entire pool project to finish on Day 12. We say that Task F is a slack task (or "Task F has 2 days of slack"). The diagram also shows tasks that do NOT have "extra time."  For example, Task C has a 2 in the upper-left corner and a 2 in the lower-left corner;  this shows that Task C must start on Day 2 in order for the entire pool project to finish on Day 12. We say that  Task C is a critical task (or "Task C has no slack"). It is easy to 'spot' a critical task:  'the tops and the bottoms match.'  The critical tasks for the Windward pool project are A, C, and D. Every one of these tasks must start and finish on the days given, or the entire pool project will be late. Said another way, the reason the project cannot be finished in less than 12 days is because of these three tasks:  2 days (Task A) + 4 days (Task C) + 6 days (Task D) = 12 days (total project completion time). We say that A-C-D is the critical path for the project and is shown in the diagram with darker arrows:
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There are special terms for the 'corner numbers' as well. The upper left-hand number is called the early start (ES) number, the number upper right-hand number called the early finish (EF) number, the lower left-hand number called the late start (LS) number, and the lower right-hand number is called the late finish (LF) number.
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By the way, PERT / CPM analysis does NOT require alphabetical order. The critical path is supposed to be expressed in "path" order. The alphabetical order in the Windward project is 'purely coincidental' (and you may later 'see' some 'non-alphabetical' problems!).

Time / Cost Trade-Offs (or Project Crashing)

Paradise Resort management now knows that the Windward Pool project takes no less than 12 days. Unfortunately, Paradise Resort advertised that their new pool would be available during the "in‑season," just 11 days away. The Windward project can be started right away, but Paradise would be willing to pay extra to speed up ("crash") the project by one day, if possible. Windward quickly puts together the following table of information:

	Task
	Total 

Crash

 Cost
	Total 

Crash 

Days
	Crash

Cost

Per Day

	
	
	
	

	A
	150
	1.5
	100

	B
	100
	2.0
	50

	C
	134
	2.0
	67

	D
	320
	2.0
	160

	E
	60
	1.5
	40

	F
	200
	2.5
	80


Windward explains the table to Paradise Resort management. Task D, for example, can be 'crashed' up to a maximum of 2 days at a cost of $320. It can be 'crashed' for a shorter period of time for proportionally less cost; ie, 1 day for $160, 1/2 day for $80, or 1/4 day for $40.  Paradise Resort management knows that crashing slack tasks will not shorten the total project completion time. [  Look again at the PERT diagram. If Tasks E and F together only take 10 days, what good would it do to speed them up? ]  Only by crashing a task on the critical path by one day will the total project completion time be shortened by one day. Of these, Task C should be crashed, since it has the cheapest daily crash cost (ie, $67). Paradise Resort management agrees to pay Windward for the crashing. Before Paradise and Windward can use the PERT / CPM diagram again, however, the forward and backward calculations must be redone, since "C:4" has now changed to "C:3," and this will affect some of the 'corner' numbers. 
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When the calculations are redone, there is a new critical path:  A-B/C-D. The former critical path, A‑C‑D, that used to take 12 days, now takes only 11 days, since Task C was crashed. The A-B-D sequence, that used to take 11 days plus 1 day slack, still takes 11 days (since it has nothing to do with the crashing of Task C), but has now become part of the critical path, since the total project completion now takes only 11 days. The E‑F sequence, that used to take 10 days plus 2 days slack, still takes 10 days (since it has nothing to do with the crashing of Task C), but only has 1 day of slack left, since the total project completion takes one day less than it used to. If Paradise Resort management wanted to crash the project one more day (ie, to make the project complete in 10 days) they would have to crash either Task A, Task D, or Tasks B & C together, to do so. [ ... and if they did every path would take 10 days, and so the entire diagram would be one, big critical path! ].

For larger projects, this iterative (repetitive and cyclical) approach  (ie, selecting the lowest daily cost on the critical path, crashing, calculating the new critical path, then repeating the process over and over), does NOT guarantee a total least-cost crash solution  [  This is hard to see or explain, but I'll try with an analogy. Suppose you had a big pocket-full of coins, and you decided to 'totally' get rid of as many coins as possible. Your plan is to use as many coins as possible to pay for whatever you buy every time you stop at a convenience store. You stop at the first convenience store, and unload the most change you can, including your last penny -- good job. At the next convenience store, however, your purchase is 11 cents and you have no pennies, and so you have to have to use a dime and a nickel and take four pennies instead -- whoops, now you have more coins than when you went into the store!  At the third store, you don't have anywhere near the right combination of change to pay for your purchase, so you use dollar bills, and end up taking on more change!  It seems like minimizing the total number of coins at each opportunity is NOT the best solution for minimizing the total number of coins altogether ! ]. In fact, the total least-cost crash solution for larger projects must be found using mathematical optimization techniques such as linear programming.
 Here is another, perhaps easier-to-understand example: The shortest way from Greenville to Raleigh PLUS the shortest way from Raleigh to Washington DC DOES NOT ADD UP to the shortest way from Greenville to Washington DC. 
Current Application of PERT / CPM Techniques

From the time of its initial development until the 1970's, PERT / CPM analysis was used mostly in the construction and software industries; both industries experience very large projects with many tasks and very complex 'prerequisites.'  For example, many of the mainframe financial and manufacturing software projects at the time involved hundreds of thousands of man-hours of coding and lots of 'dependencies'   ["Hey, I can't finish writing the order sorting subroutine until you finish designing the order entry database!"]. Not infrequently, PERT / CPM analyses were maintained 'by hand' and so, with smaller projects, the costs involved in keeping these analyses up-to-date during the projects (where tasks don't usually 'go' as planned and tasks are suddenly added) greatly outweighed the benefits of managerial control.

Today, the use of PERT / CPM analysis is much more common, due in large part to the rise of personal computing. There are three categories of PC software that can be used for PERT / CPM analysis. The basic "tradeoff" between the three categories is that the more flexible the software is, the more difficult is it to use. Software designed specifically for linear programming (eg, LINDO) can be used; such software is the most difficult type to use, but it is highly flexible. Spreadsheets (eg, the Solver module within Microsoft Excel) can also be used; they provide a medium degree of flexibility and ease of use. Project management software, written specifically to do such analysis (eg, Microsoft Project), is the least flexible, but is very easy to use. With packages like Microsoft Project, managers need only enter the information contained in the 'table' (to perform the initial analysis) and the actual performance during the project to receive reports as to which critical tasks are jeopardizing project completion. The ease of use and low cost of these software packages has increased the use of PERT-style management. A Paradise marketing manager, perhaps, could view their new marketing campaign as a set of tasks (eg,  agency selection, creation of TV ads, brochure development, billboard raisings, etc.) and use a software package such as MS Project to ensure its on-time completion.

PERT / CPM analysis can also be used to try manage labor and capital resources, as well. For example, assume the costs associated with Windward project Task A is $600 per day and the costs associated with Windward project Task E is $800 per day. Since these are the only two tasks during Day 1, the total cash flow for Windward on Day 1 will be -$1,400 (assuming Windward 'pays as they go'). Therefore, PERT / CPM analysis can be used to try to ensure 'on-budget,' as well as 'on-time,' project completion. Labor requirements can be managed in similar fashion. If the Windward project Task A requires 1 person and Windward project Task E requires 3 people, then the total labor 'on the payroll' on Day 1 should be 4 people. Packages such as Microsoft Project facilitate the management of labor and capital in this manner.

Criticisms of PERT / CPM Analysis

Recently, some weaknesses in PERT / CPM analysis have been pointed out; two are mentioned here. First, PERT / CPM analysis, as described here, does not consider common variation. For example, Windward project Task A is planned at 2 days duration, and this estimate is likely based on the average of past experiences. Basic statistics tells us that (if the task completion time is normally distributed) 50% of the time, common variation will cause the task to take more than 2 days—and PERT / CPM tells us that when it does it will make the entire Windward project late (unless 'covered' by the variance of other critical tasks)!  More sophisticated PERT / CPM  models do, in fact, consider common variation. One simple way this is done is to ask for estimates of the 'best' and 'worst' expected completion times, then to use this range to estimate the variance of the task and include it in the calculation process. Second, human nature causes the concept of slack to fail in practice; ie, 'work will expand to absorb the available time.'  Since Windward Task A is critical, labor and management will focus on its timely completion. Windward Task E, however, has 2 days of slack, and so labor and management may well be less earnest regarding its timely completion—until the 2 days of slack is consumed! Unchecked, this behavior would essentially force every task to 'go critical' early in the project. The obvious solution is for project managers to hold firm expectations for all (not just critical) tasks as scheduled.

Gantt Charts

Gantt charting is sometimes used to schedule in the project environment, but more often job/batch environment. Here is a simple example of a Gantt chart being used to manage and schedule a pizza to timely delivery:

9:18 pm
Start dough tossing operation

9:20 pm
Start sauce spreading operation

9:22 pm
Start cheese & topping operation

9:25 pm
Start baking operation

9:35 pm
Start slicing operation

9:37 pm
Start boxing operation

9:40 pm
Start delivery operation

The information above, when entered into a Gantt chart, looks similar to the chart below:
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Each row in the Gantt chart represents a process (eg, tossing, spreading, baking) and each column represents a unit of time. Here the measure of time is five minutes, but in other Gantt charts it could be an hour, a day or a week. The arrow at the top of the chart indicates the current time (9:32 pm). The entire outlined bar reflects the time required to complete that single process according to the schedule. The shaded, inside portion of the bars reflect the actual portion of the process completed and also reflects what time that portion was completed. This Gantt chart shows that tossing, spreading and topping processes are now completed and that they were completed on time. The baking process, however, is behind schedule. Baking is only about 25% complete; looking straight down from the arrow indicates it should be closer to 60% to 70% complete. By looking at this Gantt chart, the store owner would know right away that the baking process needs his attention and that the pizza could possibly be late unless something is done about it. Gantt charts may look different from MRP-based schedules, but actually the logic is very similar. For instance, both MRP and Gantt charts “count backwards” from the desired finish time to determine the appropriate start time. Gantt charts are also similar in nature to PERT/CPM diagrams.

This example also easily illustrates one of the problems often encountered using MRP in a job/batch environment. When you are making different kinds of items and they are not running down a production line one after the other, you cannot just “count backwards” from the time you want the product to finish to determine when the product should start. What if the oven is not empty at 9:25 pm, but instead is filled with baking calzones? What if the delivery person is not available at 9:40 pm because he is delivering some hero sandwiches that came out of the oven at 9:23 pm? When you have a lot of different items routed this way and that through various processes, it becomes increasingly difficult to avoid these kinds of scheduling conflicts.
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� 	For more about the RAND Corporation, the reader may see � HYPERLINK "http://www.rand.org/history/" ��http://www.rand.org/history/�





� 	The reader may examine another analogy at pages 85-86 within The Death of Economics, Paul Ormerod, 1994.
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