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This prefacing discussion is more or less what I might lecture as an introduction to this part of the course:
I would be remiss if I did not introduce you to at least some aspect of the “quant” side of this discipline. The fact is that many universities, many professors, instruct this topic almost entirely as a mathematical sport. In the 1980s, a textbook on this topic would look far more like a calculus book than not. 
Lest someone say I am “remiss,” I herein present to you below five of the topics most commonly taught in such an approach. Often texts and professors delve into them far, far deeper than what you will see here (These are very trimmed-down, plain-vanilla versions of the topics).
By this point in the course, I am sure you realize from the readings that I do not agree with the perspective that number‑juggling represents the correct approach to my discipline … or operating an organization well. Most of the quantitative models in my discipline—and for that matter in several business disciplines—simply do not work correctly most of the time. They work well only under the most limited of circumstance. In many cases, they have a myriad of hidden, underlying assumptions that are rarely going to be true. 
For instance, you will encounter in this lecture note something called an EOQ calculation. However, the EOQ formula (subtly) assumes product demand is at a constant and steady rate. Now just exactly what product would that be?
 In fact the “diamond ring” example in this lecture note does NOT yield the best (numerical) answer for just that reason. One‑third of all diamond rings are bought in the three weeks before Christmas. Knowing that, you can quickly scratch out a better (numerical) answer (than what the formula yields) without using the formula at all. Yet a lot of textbooks still give EOQ 10-15 pages of coverage. 
Here’s a couple of other examples:
Profit = Revenue - Costs. First formula of business school. No way you can get a business diploma  without knowing this. Assets-Liabilities=Owner’s Equity. Whatever. What you take in, less what you spend out, is what you have left. The basis of finance and accounting, more or less. Simple math. What could be wrong with that? OK. So if you choose to leave revenue unchanged and choose to reduce costs, then profit goes up, right? Again, simple math. Here’s the problem. I go down to Outback and tell the manager if he reduces costs by buying $2 per pound meat instead of $10 per pound meat, he’ll reduce cost and make more profit. Only one hitch. The expensive meat is red and the cheap meat is green. See the problem? Cheap green meat ain’t gonna raise profit, it’s going to run off customers and ruin valuable word-of-mouth. The issue here is that “cost” is an abstract concept, and it is a concept poorly represented merely by “price paid.” But price is what’s carried on financial and accounting statements … it is assumed that cost=price … when in fact it does not. On the other hand, word‑of-mouth cannot be quantified and, having no “cash value,” cannot be posted to a ledger.
The future value of money. To calculate it, you need only know the present value of money and the interest rate in the future. Taught to every business student in every finance class. Problem?  Who the heck knows the future interest rate? Not I. And I am pretty durn sure that the future interest rate will not be a constant number, it’s going to move around. A lot. Any assumption about a constant future interest rate will be wrong. So the one thing I DO know for sure about FV is that whatever answer comes out of a FV calculation is absolutely wrong. Yet all the monies on Wall Street turn and move on such calculations.
And you’ve seen in the readings by now a number of other ways that “number‑pushing” is actually a force that drives incorrect operational actions and decisions right down into the system.
The mathematical minds that develop these kinds of formulas have a “horse-blinder” mentality. When confronted with TGWs (“things gone wrong”), they modify the model/formula, making them more complex. Then they think “all is right with the world again.” Which is why, in some books, these models have become so complex that you can devote a chapter to just one of them. The last topic, PERT/CPM, can fill an entire textbook, be offered as an entire course. But assuredly, tomorrow will just bring something else along that was not in the model. And on it goes. Funny, the mathematicians never see their formulas as wrong, but merely in need of (eternal) fine-tuning.
These mathematical types are also sort of self-brainwashed. They can’t believe that what is so clear to them in theory does not actually work in practice.
 I understand how they feel. I used to think just like them early in my career. I have a Math&Stats undergrad degree, you know. What would we have thought if someone had told us at the end of our High School Geometry course that the proofs were all wrong? Why, we just spent a year carefully and exactly proving all that! Not a chance in the world we’d believe it. (But it’s true.
) This is the way the quant jocks think. In their minds, they’ve logically proved it, so it’s true … and to heck with the mountains of real-world evidence. It all reminds me of the tale of how the Ptolemaic system was eventually replaced by the Copernican solar system.
 
To be “fair and balanced” (and to keep somewhat out of trouble), I really sort of have to teach some of this stuff. But that doesn’t mean I think it is useful or that it works well. EOQ is, essentially, useless. I could list dozens of things that are not only not accounted for in the EOQ formula … but couldn’t even possibly be quantified at all. Under the right conditions, the quant perspective can work and yield nice results. However, these conditions are much more the exception than the rule. Nevertheless, the world is now filled with armies of MBAs that will throw such formulas at a problem at the drop of a hat. And force the incorrect results upon their organizations.
And, of course, Dr. Smartypants at BigShot University will swear these models are pure gold. Otherwise Dr. Smartypants would be admitting he was totally wrong … and totally wrong for a very long time. And Dr. Smartypants would be admitting someone else knew more. How long can you claim to be Dr. Smartypants if that’s true?
 And little “neat” precise problems are much, much easier to “research” than big, messy inexact problems. And, just like those self-brainwashed Ptolemaic scientists, Dr. Smartypants probably just can’t see it any other way.
In any case, for the test, you need not worry yourself of all that. You need only know how to do the five calculations correctly. 
TOPIC ONE: Economic Order Quantity (EOQ) Calculation

If you were buying steering wheels for an automobile manufacturing company, how many would you order “at a time?” 

If you order a large quantity each time you order, you’ll end up holding some steering wheels in inventory for a longer time … than if you had ordered a smaller quantity. With a higher quantity, inventory cost goes high.

If you order a small quantity, you’ll end up paying any setup and/or fixed costs more frequently. For example, the driver of the truck delivering the steering wheels is paid the same, whether the truck is loaded with 500 steering wheels or 5 steering wheels. If you order only 5 steering wheels at a time, you’ll have to pay the driver 100 times more … than if you had ordered 500 steering wheels at a time. With a smaller quantity, setup and/or fixed cost goes high.

Since a higher quantity is not best … and a lower quantity is not best … there must be some “middle” quantity where the total cost (inventory cost PLUS setup and/or fixed cost) is least expensive. Below is a chart that illustrates the relationship:
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The point of lowest total cost can be seen to be at the “very bottom” of the Total Cost curve. The quantity associated with that point just also happens to be the same quantity at which the two other lines intersect. To calculate the quantity at that point, use the formula below:


   _______________________________________

EOQ  =  ( [ 2 (Demand) (Setup Cost) ]   /   (Inventory Cost)

(That formula results from using calculus to take the derivative of the Total Cost function at zero … just in case you were wondering.)

When this formula is used to calculate how many to MAKE at a time (instead of how many to BUY at a time), it is sometimes called the Economic Manufacturing Quantity … or EMQ.

1)  Manatee Computers  

Manatee uses EOQ logic to determine the order quantity for its various computer components and is planning its Avatar chip orders. Forecasted annual demand is 10,000 Avatar chips. The setup costs associated with placing and receiving each Avatar chip order is $9.25. It is estimated that the cost to carry an Avatar chip in inventory for a year is $5.00. Manatee calculates the order quantity as follows:


   _______________________________________

EOQ  =  ( [ 2 (Demand) (Setup Cost) ]   /   (Inventory Cost)


   ______________________

EOQ  =  ( [ 2 (10,000) (9.25) ]   /   (5)


   _____________

EOQ  =  ( [ 185,000 ]  /  5


   _______

EOQ  =  (  37,000      =    192.35

Answer:  
The economic order quantity is 192.35 Avatar chips. 






2)  Daytona Jewelry  

Daytona uses EOQ logic to determine the order quantity for its retail stock and is planning its annual  diamond ring orders. Forecasted annual demand is for 16,900 diamond rings. The setup costs associated with placing and receiving each diamond ring order is $312.50. It is estimated that the cost to carry a diamond ring in inventory for a year is $100.00. Calculate the diamond ring EOQ for Daytona.

Answer:   












In order to receive full credit, your answer must fully show your mathematical work, it must be in the form of a complete sentence and it must reference the correct unit of measure.

3)  Marina Flags 

Marina uses EOQ logic to determine the order quantity for the nylon fabric its uses in the manufacturing of its flags. Forecasted annual demand for nylon fabric is for 100,000 yards. The setup costs associated with placing and receiving each nylon fabric order is $50.00. It is estimated that the cost to carry a yard of nylon fabric in inventory for a year is $10.00. Calculate the nylon fabric EOQ for Daytona.

Answer:  
The economic order quantity is 1,000 yards. 






When you are administered this quiz, you will NOT be provided with the formula.
The EOQ formula was first developed around 1915. Unfortunately, as the latter half of the 20th Century progressed, operations professionals found that the formula simply has too many underlying, impractical assumptions to actually be useful in practice. Here are just a VERY FEW of those assumptions:

· Demand is known

· Full inventory cost, full setup costs are known

· “Steady” (level, non-seasonal) demand

· Steady inventory cost

· Steady setup cost

· No quantity discounts

· No stockouts, shortages or backorders

· Discrete (versus continuous) receiving

· Quantity ordered has no effect on quality, delivery, operations, processes or competitive position

· Local optimizing of each order quantity leads to global optimizing of ALL order quantities

Over the years, mathematical-types have devoted a lot of effort toward “modifying” the EOQ formula to account for such things, but, in the end, there really isn’t any way to anticipate, include or “mathematicize” all the factors that would be important in such a decision.

To make matters worse, Western accountants historically underestimated inventory cost quite a bit, basing their estimate upon only those costs in inventory-related accounts (ie, cost to “carry”/finance inventory) … and overlooking other costs that were caused by inventory …but not posted in inventory accounts (ie, cost if excess inventory turns obsolete, cost to receive/track/count inventory). As a result, the EOQ the formula would usually yield a quantity that was much, much too high.

In other words, it’s pretty well known that the EOQ formula just doesn’t work at all. Nevertheless … and unfortunately … most textbooks still usually contain it (often 5 to 10 pages worth of it) … and most students are still usually expected to learn it.

© 1994, 2003, 2006.  All rights reserved.

TOPIC TWO: Process Capability Index.  
The concept (and calculation) of a process capability index is pretty easy. For example, if the process (eg, filling, welding, nailing, etc.) is twice as accurate as the customer needs it to be, then the process capability index will calculate to be 2.00. 

Less than 1.00 is “bad,” and the lower it is, the worse the situation. An index of 1.00 is “just good enough.” Greater than 1.00 is “good,” and the higher the better. In many companies, the minimally acceptable process capability index is set at 1.33. 

All that is required to calculate the process capability index (in very simple situations) is a single division. For more complex situations (where 
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 ( the customer’s mean specification), the calculation is a bit more involved, however you won’t be asked to perform such a calcuation.

1)  Buxton Bakery
The temperature of the baking process at Buxton Bakery is stastically sampled during baking. A recent sampling of the temperatures yielded 
[image: image2.wmf]X

, the average temperature, as 375( and was bounded by a 3
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 confidence interval of ± 5(. The customer’s specification for proper baking temperature is 375( ± 15(. What is the process capability index (Cp) for Buxton Bakery’s baking temperature?

Since 
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, 375( = the customer’s mean specification, 375(
Cp = 15 / 5 = 3.00

Answer:  
The process capability index for baking temperature is 3.00.





2)  Swan Quarter Spa

The pedicure station preparation process at Swan Quarter Spa is stastically sampled during preparation. A recent sampling of the preparations yielded 
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, the average preparation time, as 4 minutes and was bounded by a 3
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 confidence interval of ± 3 minutes. Research reveals that the customer expectation for preparation time is 4 minutes ± 2 minutes. What is the process capability index (Cp) for Swan Quarter Spa’s pedicure station preparation time?

Answer:  













In order to receive full credit, your answer must fully show your mathematical work and it must be in the form of a complete sentence.
3)  Rodanthe Razors

Rodanthe Razors manufactures high-quality double-edge safety razors and double-edge safety razor blades for the discriminating male customer. The final step in manufacturing a DE safety razor blade is to Teflon-coat its edges. Teflon reduces the amount of friction/drag/snag between the blade edge and the skin. The Teflon coating process at Rodanthe Razors is stastically sampled during coating. A recent sampling of the coatings yielded 
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, the average Teflon coating thickness, as 300 angstroms and was bounded by a 3
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 confidence interval of ± 60 angstroms. The customer specification for Teflon coating thickness is 300 angstroms ± 90 angstroms. What is the process capability index (Cp) for Rodanthe Razors’ Teflon coating thickness?

Answer:  
The process capability index for Teflon coating thickness is 1.50.
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TOPIC THREE: Exponential Smoothing

Exponential Smoothing is a forecasting technique that first gained favor in the 1970s and 1980s. All  exponential smoothing does is to: 1) find the forecast error (actual demand minus the forecasted demand) then 2) add a percentage of that error, as an adjustment, back to the last forecast. The result is the new forecast. By 'adding back' some of the forecast error, the new forecast will be closer to recent historical demand than the last forecast was. The technique ensures that the new forecast never 'runs away from' historical demand.

1)  Windjammer Car Rental

Windjammer uses the simple exponential smoothing method for its monthly forecast of demand for mid‑size cars. In April, demand for mid-size cars was 5,000; the April forecast was 3,000 cars. Windjammer uses a smoothing constant of  0.10 for its forecasting models. Windjammer calculated the May forecast for mid‑size car demand as follows:

	1)  Subtract, actual – forecast, to find the forecast error.
	5,000 – 3,000 = 2,000 cars

	2) Multiply by the percentage ( to find the adjustment. 
	2,000 x .10 = 200 cars

	3)  Add the adjustment to the last forecast. The result
      is the new forecast.
	200 + 3,000 = 3,200 cars


Answer:
The May forecast for mid-size car demand is 3,200 cars.






The two most common mistakes a student makes with these problems are:

· In Step 1, he/she subtracts “larger – smaller.” You should always subtract “actual – forecast,” even if that results in a negative number. The sign does have meaning; specifically, whether the adjustment will be “up” or “down.” Be sure to carry any negative numbers correctly through the entire problem.

· In Step 3, he/she adds the adjustment to the last “actual” instead of the last “forecast.” You should always add the adjustment to the last forecast. You are trying to adjust the last forecast to bring it closer to the actual demand … NOT to adjust the actual demand to bring it close to the forecast (that was in error.)

2)  Anchor Temporary Services

Anchor uses the simple exponential smoothing method for its monthly forecast of demand for temporary services. This month, demand for temporary services was 3,000 labor-hours; the forecast for this month was 4,000 labor-hours. Anchor uses a smoothing constant of 0.08 for its forecasting model. Calculate next month's forecast for temporary services demand at Anchor.

	1)  Subtract, actual – forecast, to find the forecast error.
	

	2) Multiply by the percentage ( to find the adjustment. 
	

	3)  Add the adjustment to the last forecast. The result
      is the new forecast.
	


Answer:













In order to receive full credit, your answer must fully show your mathematical work, it must be in the form of a complete sentence and it must reference the correct unit of measure.

3)  Topsail Car Wash

Topsail uses the simple exponential smoothing method for its monthly forecast of demand for car washes. This month, demand was 1,000 car washes; the forecast for this month was 850 car washes. Topsail uses a smoothing constant of 0.30 for its forecasting model. Calculate next month's forecast for car wash demand at Topsail.

	1)  Subtract, actual – forecast, to find the forecast error.
	

	2) Multiply by the percentage ( to find the adjustment. 
	

	3)  Add the adjustment to the last forecast. The result
      is the new forecast.
	


Answer:
The car wash forecast for next month is 895 car washes.






When you are administered this quiz, you will NOT be provided with the numbered instructions.
Unless the pattern of actual demand jumps up and down in 'sawtooth' fashion, an exponential forecast will always do a pretty good job of 'chasing just behind' the actual demand. When you use exponential smoothing, the forecast and actual demand cannot "run off forever" in opposite directions. That's good. 

But exponential smoothing does nothing to predict the future (as opposed to, say, seasonal indexes); it just makes sure that the forecast is not too 'out of line' with the past. If the company was going to have a big sale in the future, say 80% off, there is nothing in the exponential smoothing technique that would adjust forecasted demand to take that sale into account. So really, exponential smoothing is much better at preventing bad forecasts than it is at giving good forecasts.

Where does the percentage, called , come from?  If actual demand moves up and down a lot, then you need your percentage to be higher, so it will "catch up quicker." Setting  is a 'judgment call' by the forecaster, made by examining past demand patterns. (And you thought these formulas were an 'exact science!')

Exponential smoothing is only one of a number of forecasting tools & techniques used by practicing forecasters. One of the most difficult tasks which such practitioners face is the determination of which techniques are most appropriate in a given situation; such selection is "part art, part science."
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TOPIC FOUR: Material Requirements Planning (MRP) Calculation

1)  Florida Truck Manufacturing. Florida Truck uses MRP logic to calculate the timing and quantity of windshield wiper blade orders from the supplier. Windshield wiper blades are installed one day before the truck is finished. Two windshield wiper blades are installed on every truck. No safety stock is planned. It takes one day for the order to be delivered once it is placed with the windshield wiper blade supplier. Orders are always placed for the exact quantity of wiper blades required. Deliveries should be “just-in-time”—they should arrive on the same day they are to be installed. Row 1 is given; the days and quantities that the trucks will be finished are drawn from the MPS (Master Production Schedule).

Step 1:  Complete Row 2. To complete Row 2, you only look at Row 1. Each of the 40 trucks to be finished on Tuesday each will need to have two wiper blades installed one day earlier as the trucks come down the production line … so enter 80 in Row 2, Monday. Repeat this process for every day with a quantity in Row 1. You can now ignore Row 1 while working the rest of the problem.

Step 2:  Complete Rows 3 and 4 together. On Monday, there are 140 wiper blades left over from Sunday, and 80 wiper blades are to be installed. Since there are ENOUGH wiper blades, none will have to be delivered from the supplier, so leave Row 3, Monday blank (or enter a zero). The inventory left over at the end of the day will be 60 (140 - 80), so place 60 in Row 4, Monday. Tuesday is calculated the same way. Wednesday, however, is different. There is a inventory of 60 wiper blades left over from the day before, but 100 wiper blades are to be installed. Since there are NOT ENOUGH wiper blades, 40 (100 - 60) will have to be delivered from the supplier, so place 40 in Row 3, Wednesday. The inventory left over at the end of the day will be zero (100 to be installed minus 40 delivered = the 60 left over in inventory from the day before), so leave Row 4, Wednesday blank (or enter a zero). The rest of the days are calculated the same way.

Step 3:  Complete Row 5. To complete Row 5, you only look at Row 3. On Wednesday, 40 wiper blades must be delivered. We know that orders must be placed with the supplier one day before the day delivery is required. So place 40 in Row 5, Tuesday. Repeat this process for every quantity in Row 3. When finished, Row 5 gives the timing and quantity information for orders from the wiper blade supplier.

	
	Sun
	Mon
	Tue
	Wed
	Thu
	Fri
	Sat
	Sun
	Mon

	(Row 1)

Trucks Finished
	
	
	40
	
	50
	
	40
	
	50

	(Row 2)

Wiper Blades Installed
	
	80


	
	100
	
	80
	
	100
	

	(Row 3)

Wiper Blades to be Delivered
	
	
	
	40


	
	80
	
	100
	

	(Row 4)

Wiper Blades 

in Inventory
	140


	60
	60
	
	
	
	
	
	

	(Row 5)

Wiper Blades to be Ordered From Supplier
	
	
	40
	
	80
	
	100
	
	


2)  Ocracoke Hammocks

Ocracoke Hammocks uses MRP logic to calculate the timing and quantity of fabric orders released to its supplier. Fabric is required for cutting one day before the hammock is finished. Five yards of fabric is required for every hammock. No safety stock is planned. It takes one day for the order to be delivered once it is placed with the fabric supplier. Orders are always placed for the exact quantity of fabric required. Deliveries should be “just‑in-time”—fabric should arrive on the same day it is to be cut. Correctly complete the entire table below to determine the planned fabric orders from the supplier.

	
	Sun
	Mon
	Tue
	Wed
	Thu
	Fri
	Sat
	Sun
	Mon

	Hammocks 

Finished
	
	
	20
	20
	20
	20
	25
	20
	21

	Amount of Fabric to be cut
	
	
	
	
	
	
	
	
	

	Amount of Fabric to be Delivered
	
	
	
	
	
	
	
	
	

	Fabric in 

Inventory
	250


	
	
	
	
	
	
	
	

	Fabric to be Ordered From Supplier
	
	
	
	
	
	
	
	
	


In order to receive full credit, you must complete each box appropriately; you do not have to show any zeroes. One-fourth credit is subtracted for each incorrect ROW.

3)   Pelican Sailboats

Pelican, a manufacturer of sailboats, uses MRP logic to calculate the timing and quantity of clear lacquer orders released to its supplier. Clear lacquer is required for coating one day before the sailboat is finished. Three gallons of clear lacquer is required for every sailboat. No safety stock is planned. It takes one day for the order to be delivered once it is placed with the lacquer supplier. Orders are always placed for the exact quantity required. Deliveries should be “just-in-time”—lacquer should arrive on the same day is it required for coating. Correctly complete the entire table below to determine the planned clear lacquer orders from the supplier.

	
	Sun
	Mon
	Tue
	Wed
	Thu
	Fri
	Sat
	Sun
	Mon

	Sailboats 

Finished
	
	
	16
	22
	18
	15
	20
	15
	20

	Amount of Lacquer Required for Coating
	
	
	
	
	
	
	
	
	

	Amount of Lacquer to be Delivered
	
	
	
	
	
	
	
	
	

	Lacquer in Inventory
	75


	
	
	
	
	
	
	
	

	Lacquer to be Ordered from Supplier
	
	39
	54
	45
	60


	45
	60


	
	


In order to receive full credit, you must complete each box appropriately; you do not have to show any zeroes. One-fourth credit is subtracted for each incorrect ROW.

This same logic can be used "inside" the plant. Instead of planning for orders from a wiper blade supplier, this could be used for planning a work schedule at the factory's wiper blade assembly area. MRP calculations are actually much more complex that this. For instance, suppliers may not allow orders with "exact" quantities or companies may want to order safety (extra, just-in-case) stock. Many manufacturing companies, led by the large automotive manufacturers, installed computerized MRP systems during the 1970s and 1980s in order to establish a logical material planning process and floor scheduling procedure.
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TOPIC FIVE: PERT/CPM Analysis
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.

What follows is a rather long and detailed example of how to complete a basic PERT/CPM analysis. Much of the length is due to the detail diagrams provided “at every step of the way” to help you see how it is done. The example is followed, as with the other topics, by a completed example, then two practice problems.

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, 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: image9.wmf] 
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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. 
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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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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.' 
1)  Harbor Breeze Corporation  

Harbor Breeze management intends to use PERT / CPM analysis to monitor the progress of its new office complex using the following information:

	Task
	Duration
	Prerequisite Tasks

	A)  Site selection
	3 months
	None

	B)  Architectural design
	4 months
	None

	C)  Closing of old office
	3 months
	A

	D)  Construction of new complex
	5 months
	A, B

	E)  Move into new complex 
	2 months
	C, D


Construct the Harbor Breeze PERT / CPM diagram, determine the minimum project finish time, and identify the critical path.

Solution:

Following the instructions as given above yields the following diagram.
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Answer:  
The minimum project finish time is 11 months and the critical path is B-D-E.



2)  Pamlico Software

Pamlico management will use PERT / CPM analysis to control the development of its new software product, code named "Sea Spray." The following table contains Sea Spray task information:

	Task
	Duration
	Prerequisite Tasks

	A)  Develop program specifications
	3 months
	None

	B)  Create program documentation
	3 months
	A

	C)  Implement marketing plan
	2 months
	B

	D)  Design program logic
	4 months
	None

	E)  Code and translate program
	5 months
	A, D

	F)  Test and debug program
	3 months
	E


Construct the PERT / CPM diagram for the Sea Spray project, determine the minimum project finish time, and identify the critical path.
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Answer:  
The minimum project finish time is 12 months and the critical path is D-E-F.



Three points will be deducted for each of the following items incorrect:

· Diagram construction & labeling. ALL arrows must be present, including those connected to the Start and Finish circles.

· Forward Calculation & Minimum Project Finish Time. The time must be stated in both the Finish circle AND the answer sentence.

· Backward Calculation & Critical Path. ALL Critical Path arrows must be darkened in.  The Critical Path must be stated in correct order within the answer sentence.

3)  Emerald Isle Picnic Area & Grounds

The town of Emerald Isle is constructing a new picnic shelter and recreational grounds on a pristine site, and plans to use PERT / CPM analysis to manage the project based on the task information tabled below:

	Task
	Duration
	Prerequisite Tasks

	A)  Clear grounds
	5 days
	None

	B)  Construct road to shelter area
	3 days
	None

	C)  Reclaim topsoil from grounds
	2 days
	A

	D)  Build shelter complex
	7 days
	B

	E)  Landscape shelter area & grounds
	4 days
	C, D

	F)  Paint and wire shelter complex
	3 days
	D


Construct the PERT / CPM diagram for the Emerald Isle project, determine the minimum project finish time, and identify the critical path.
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Answer:  
The minimum project finish time is 14 days and the critical path is B-D-E.



Three points will be deducted for each of the following items incorrect:

· Diagram construction & labeling. ALL arrows must be present, including those connected to the Start and Finish circles.

· Forward Calculation & Minimum Project Finish Time. The time must be stated in both the Finish circle AND the answer sentence.

· Backward Calculation & Critical Path. ALL Critical Path arrows must be darkened in.  The Critical Path must be stated in correct order within the answer sentence.
�	The only product I can think of for which that might be true is toilet paper, that notion once suggested to me by one of my undergraduates. If you have a product in mind, please let me know.


�	"In theory, theory and practice are the same. In practice, they are not.”—Albert Einstein





�	But the fact is High School Geometry DOES have some erroneous underlying assumptions. All through my High School Geometry course I was absolutely sure the sum of the angles of a triangle equaled 180.  Weren’t you?  Poppycock. Take an orange. Draw a line from its “North Pole” to its “equator.” Do it again somewhere else on the orange. Now draw a line on the equator that connects the ends of the other two lines. Aha! A triangle with TWO right angles and the sum of the angles greater than 180. See the topic of Non-Euclidian Geometry for more information. These erroneous assumptions went unnoticed by the vast majority of “proofing” Geometry students and teachers for centuries.





�	The Ptolemaic system was the theory that the Earth was at the center of our planetary system … and the Sun revolved around it. As the centuries passed, the movement of objects in the night sky increasingly could NOT be explained by the Ptolemaic system (such as why planets sometimes appear to move “backwards”). First the scientists said “each object is mounted on the surface of an invisible spinning globe.” After a while, that didn’t explain things any more, so then they said “well the invisible globes are also mounted on the surfaces of other, larger invisible spinning globes.” In the end, they had a complex model filled with invisible globes … that didn’t explain much at all. Eventually, Copernicus proposed a simpler solution … that the Sun was at the center of the solar system … and that explained everything quite neatly. Centuries of scientists had all persuaded their own minds that the Ptolemaic theory had to be correct … when it was not.





�	I’ve confronted a number of Dr. Smartypantses with these arguments in professional meetings over the years, backing them into a corner until they have to say out loud that their formula/model is wrong. Believe me, it makes them really, really mad … and they don’t invite me to any of their parties.
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