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Introduction
In this assignment,  we will begin to study the “Engineering Economic Analysis” the content of this are really centers around a concept referred to as the time value of money and the time value of money really has to do with payments and interest rates and time periods, and how the value of money changes. As time passes. You really need to wrap your head around this concept of the time value of money. It's very common for architect students, in business, to learn the time value of money usually, in an introductory finance course. But for us as architect students, we're really learning the time value of money concepts for another reason. And we're learning that for decision-making and for decision-making, as it relates to something, we call engineering economics. How this assignment relates to the more technical part of architecture really occurs in two ways. The first way is the approach that we use to solve problems that are really of a financial nature. But we take a somewhat of an architectural engineering approach to these. And by that I mean, we look at the real world as heard of a complicated thing. We construct a simplified model of the world that is a model in engineering economics. Usually takes the form of something. We call a cash flow diagram, which we will learn today how to construct to study and learn in this assignment, but much like we do in architecture, we can have a very complicated situation with a complicated structure. We create a simplified model that we can then write equations. We can do some calculations and take the conclusions that we make as a result of those calculations back into the complicated real world. In engineering economics, the assumptions in the simplifications that we make are all generally financial. Some of them are business-related. Some of them are related to guessing and value for interest rates, things like that. And Architecture, the things that we might guess might be the material properties of a particular metal or if we don't have any actual test that gives us the exact number. So some of our assumptions in the use of a model to represent. The real world is very similar to the way we approach problems in the technical parts of architectural engineering. The other way that really engineering economics is connected to the technical part of architectural engineering, is in the application of the results. And the conclusions we draw from the calculations in the model. So a lot of what we can calculate in engineering economics, relates to should we invest in a particular construction project. Should we buy or lease a certain type of equipment for our architectural engineering purposes? Should a company replace a large piece of equipment with a new piece of equipment? These are all situations where the conclusions have a very strong effect on the practice of architecture in engineering. Also, when we do the calculations in engineering economics, using the skills that we learn related to the time value of money. We don't only use that information to make decisions. So not really relates to the management portion of architecture practice. So there may be other factors such as human factors. Environmental factors that play into the actual decision that we make and the ensuing economic analysis, really just become one piece of all of the piece of pieces of information that we use to make a final decision in architecture. The last point I'd like to make just as a, as a way of introduction is that many of the skills that will learn in this assignment. I find them are really more valuable to us as a student in our personal life than they will be in our architecture careers. So, it may be many years before you are doing financial analysis in the workplace, as a practicing architect, but everyone has loans and mortgages. Everyone tries to buy Investments and the tools that we learned in this assignment, really are quite valuable for that part of our life. So anyway, let’s get started studying.
Engineering Economic Analysis
In the Cash Flow Diagram, in architecture, we use models quite frequently to represent more complicated aspects of real life. So, in engineering, we use a lot of computer models, sometimes small physical models, sometimes mathematical models, but in the world of finance, the model that we use is something we call a cash flow diagram and it allows us to visualize the size of payments and the timing of payments in particular engineering, economics problem. So keep that in mind. Read the problem carefully. 
“A company is considering buying a machine that will cost them Php1Million. After 7-years its salvage value will be Php100,000.00. An overhaul costing Php250,000.00 will be needed in Year 4. Costs will be Php125,000.00 per year. Draw the cash flow diagram associated with the purchase of this machine.”
This problem contains a lot of information and we need to try to take that information and convert it into a cash flow diagram. So, the first thing I do I start by drawing. Align and the cash flow diagram is really nothing more complicated than a line. The most important point on the line is Time “T” equal 0 that's now and that is when our payments were usually referred to as a “P” or Present value of curve a timetable 0 on the cash flow in this problem. We can see that the total time that we need to model is 7 years. What I do is I draw a line that has 7 years on it and we just draw it like this put numbers One, two, three, four, five, six, and seven. And we see from the problem with this company would like to purchase a piece of equipment for Php1Million. If we purchase something for Php1Million that is a cost for that is money that comes out of our pocket and in the cash flow, diagram model money that we have to pay. We draw as down arrows. So, the purchase of equipment would occur at Time “T” equal to 0 that is now, the cost would be Php1Million. What do I do on the cash flow diagram? I draw a down arrow and I draw the Php1Million amount. The problem also tells something a bit strange. They say that this equipment that I buy for Php1Million, has a salvage value of Php100,000.00. What does that mean? Well, think of it, in terms of something like a car, you could buy a car for Php500,000.00 and use it for 10 years in the end. You resell it and the reselling of that used piece of equipment. We sometimes call the salvage value. So, in this particular problem, the salvage value occurs at the end of the useful life of the equipment. So that is, at the end of seven years with the salvage value, in itself is money that we receive rental when you sell your used car. It's money that you can put back in your pocket. So in this particular problem will draw and up Arrow. With a value of Php100,000.00. The next part becomes very important in terms of the future types of problems that you encounter in this assignment. So this is quite a long word problem. It seems to contain a lot of information and converting that information into the cash flow model is very important. The problem says something about a major rebuild a retrofit that has to occur on this piece of equipment in year four and that could be a bit complicated because I have these discrete points in time. It doesn't tell me exactly. When in the year for this extra cost is going to occur if that's what the refit is. A cost that has to be spent on this piece of equipment. Maybe just to keep it updated or keep it running properly. So we know it's going to be a down arrow. It occurs in your for well. Put that right at 4 or does it occur where it could occur anywhere in here? This is your one and so you can say this is Your 1-year or 2-year 3-year and year-4, that cost occurs sometime in here in the cash flow diagram modeling world. If a cash flow occurs in year-4, I place that at a time to equal 4. And we'll see you later on in the course about why that is. But if the time value of money calculations is done with years, as the discrete compounding intervals, it actually doesn't matter where in year-4 that cash flow occurs. I can just put it at the end of the time. And the time value of money, calculations end up being the same anyway, so I'll put that Php250,000.00 cost that I have to spend at year 4. The problem also talks about a yearly expense. That sounds like operating and maintenance costs of operating and maintenance costs occur every year. And again, because there are costs, they would be a down arrow on our cash flow diagram. So, if the cost occurs within each year, I place the cost at the end of that time. So, at the end of each of my time periods, including your 4, I have to sneak it down here. End of each of my time periods. Including the last time period. I have this Php125,000.00 cost just for completeness. I need some locations later on in the course will learn that these types of recurring costs. Are called an annuity? And will learn some shorthand shortcuts for how we should draw. Annuities. After you've drawn this cash flow diagram. We're now at the point where we can apply the time value of money calculation rules, but although this problem may seem very, very simple. It's important for you to [image: ]practice reading the problem, and converting it to a proper cash flow diagram.Solution:

The Nominal and Effective Interest Rates. This is one of the most important Concepts. You need to learn early on in engineering economics, or Finance. So, please take a moment to read the problem. 
“Suppose a savings account pays 6% interest compounded quarterly. In this case, how much money would be in the account at the end of 3-years, assuming that Php500 was deposited now?”
[image: C:\Users\art\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Nominal Interest Rate Computation.png][image: C:\Users\art\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Nominal Interest Rate Computation.png]As you can see this problem, it's more or less the same problem. We saw last time with an investment of Php500 and interest earned at 6%. However, if you read the problem carefully, you'll notice that it says something a little bit different after the 6%. It has the term 6% compounded quarterly. What does this mean? Does this mean that we calculate 6% every quarter? No, it doesn't. It's a very commonly made mistake. This is a terminology that's very specific to finance that you need to learn in this assignment. 6% compounded quarterly actually means we take 6% we divided by 4. Don't make it any more complicated than that. For the moment. Try not to worry too much about exactly why we do it this way. Just focus on this as a procedure. If we have different compounding. So compounded monthly. If it was compounded, monthly, we divided by 12. It was compounded daily. We divided it into 365. The important thing to realize is that the 6% is something very specific and referred to as the Nominal Interest Rate. And the nominal interest rate is really just the starting point for where we develop the numbers that we need to do the time value of money calculations. It's not the number that will use in the calculations themselves. The other important thing to realize about a nominal interest rate is that ninety-nine times out of a hundred when we talked about an interest rate, we're talking about a period of a year. So even when you listen, listen to the radio, you hear the announcer, talk about something like the inflation rate, you'll say something like the inflation rate last month was 1.5%. It actually doesn't mean it was 1.5% for that month. It's talking about a 1.5% equivalent yearly rate. And when we talk about interest rates in finance and engineering economics were almost always talk about a yearly rate. The nominal interest rate refers to the sort of interest rate were quoting for that year. And the number of compounding periods is how we'll actually do the calculations. So, if we look at this example, will say a 6% compounded yearly will take 6% divided by 4 actually will give us a value of 0.015, or [image: C:\Users\art\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Nominal Interest Rate Computation.png]1.5%. You might say well now, what do we do with this 1.5%? If we'd like to [image: C:\Users\art\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Nominal Interest Rate Computation.png]go back to the problem and solve the value of the future value of this investment. So, recall previously, our “P” was Php500 or “i” was 6% therein was 3 in the regular 6% compounded annually version of this problem, but now because we know something about nominal interest rates. We know we have to convert the “i” to equal 1.5%. If the i was 1.5%. That means we also [image: C:\Users\art\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Nominal Interest Rate Computation.png]have to convert the “N”. We have to convert the “N” not to years but now to quarters because the interest rate we're going to use in the calculation is a quarterly interest rate. So, it's converted 3 years into quarters, will [image: C:\Users\art\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Nominal Interest Rate Computation.png]just multiply by 4 so now our “N” is equal to 12. The amount of the original investment doesn't change, it is still 500. But now if I write this problem, I'll write it like this. “F” Is equal to “P” * 1 + “I” to the N or in this case 500 * 1 + 0.015 power of 12. I could also write this in that special notation that we talked about, where I can refer to the P multiply some compound interest Factor will call this the F given P does F. What we're looking for P what we're given I, N and in this type of notation, I would write it like 500 times given P 0.015 or you can write 1.5% there and 12. And if you work out what this equals you can do it either by the formula or either you're using the compound interest table, and you should end up with a value of Php597.81. That's if I use the formula if I use the compound interest table because it doesn't have as many places after the decimal as I'll get from the formula itself. Actually, end up with Php598, but close enough for our purposes recall that when we did the problem with 6% compounded yearly that value was Php595.5. So, you can see the effect of compounding more frequently. We actually get a higher future value of the investment. If I go back for a second to this concept of a quarterly rate as calculated from my nominal yearly rate and I've noticed that my new value of Php595.81 is larger than the Php595.5 that I got when I did the problem, just with a 6% compounded yearly, then I should realize that there's a concept here. Related to something we call an effective interest rate. And if I want to calculate the effective yearly rate of a 6% nominal compounded quarterly. I can go back to my quarterly interest rate and I can say well 1 + i in this case. My quarterly rate raised to the power of 4 because [image: C:\Users\art\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Nominal Interest Rate Computation.png]there are four quarters minus 1 to get rid of the one that we added initially. So that we could do the compounding. This will actually give us the effective interest rate and if you do this math, you'll see that the effective interest rate for a 6% nominal rate compounded quarterly is actually more than 6% it’s 6.136%. Note that “6.136% is the effective interest rate” and “6% is the nominal interest rate”. Please make sure that you understand the difference between the two. If I move over here for a second, I'd like to introduce the formulas that we use when we do interest rate calculations, especially when we do. A lot of calculations relate to different compounding, interest rates, [image: C:\Users\art\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Nominal Interest Rate Computation.png]and different types of nominal rates. If I write the formula for the effective interest rate, I can write it like this and in general terms, I can say that the effective interest rate is equal to 1 + r/m divided by the number of compounding periods in the problem. So, this particular problem, compounded, quarterly, we divided by 4 for compounding periods in the yearly nominal interest rate. And then I raised it to the power of “m” when I did this calculation in order to calculate the effective interest rate and then I subtracted one to turn it into this number of actually working backward of using the example first to illustrate the idea. And then if we go back and construct, what the formula would look like, we end up with something like this. What is important in this formula is that you remember that the “r” in the formula is the nominal rate and the “m” in the formula is the number of compounding periods in the year. This becomes an important formula and we use this quite a lot.


[image: C:\Users\art\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Nominal Interest Rate Computation.png]Solution:



Conclusion
To complete this assignment, I'd like to go over a basic problem-solving strategy that will hopefully be useful to you throughout many of the problems that are presented within. This assignment. I find many times students will read engineering economics problems, and really struggle because they don't know where to start and many of the problems have a lot of information. And I just like to give you some tips and if you are stuck on a problem. It should help you in ultimately getting to a solution for the problem of this Problem-Solving strategy. The first step in solving engineering economics problems is really about reading, so read the problem and don't just read it once, read the problem many times because the problems in engineering economics are very densely packed with information. So it's rare to take out all of the information you need in the first read of a problem. Step 1, read the problem. Don't worry too much about what you're going to do. Just try to take in some of the information. The next thing that I like to do after I've read the problem a couple of times is to attempt a cash flow diagram. I'm talking about these types of diagrams. If you remember from the introduction of this assignment, the assignment really is about making a model, a simplified model of what's happening in the engineering economic problems. So, a cash flow diagram or trying to draw a cash flow diagram, and comes out of your interpretation of the question, so that's the second step. The third step, I'd recommend is to try to write it down. Write the variables that you can identify. For instance, a “P” value occurs in the present “F”, “A”, and “i”. What is the interest rate? “i” what is the number of compounding. How many periods are there in the problem? Is there a different compounding period two the number of periods that the payments occur will try to write down any of these types of variables as you understand them now in engineering economics so you can extract them from the castle diagram and from your tarot reading of the problem? The next thing I would suggest you do is to identify any formulas. Formulas or tables that you needed to solve. For whatever the variable is you're looking for. So it may be that in the problem. We're giving us an “A” and we'd like to find a “P”. So we need to identify the formulas for the tables where we can find the variable that we're looking for. The next thing I tell you in engineering economics is double check that the value of “n” or sometimes its capital “N”, that's the number or frequency of the periods. A number of months, number of years, and number of days are checked in lowercase or uppercase. And all quotes here “matches” the “I”. Whatever interest rate you're using, make sure that the interest rate is a monthly interest rate. If it is measured in months, make sure that I am at a yearly rate if “n” is measured in years. So at this point, it is really a really good idea to double-check that and if they don't match, then you have to use some of the skills that we learned. In this assignment, you convert the “i” that you're given in the problem into an “i” that matches the number of periods that you would like to analyze. The next thing is really doing the calculations. After you've identified, all of these do the “calc’s” or calculations. And at this point, you can say well if I've got an “i” that is a nice round number and up. Maybe I can use tables. If I don't, I may have to use formulas. But at this point in the process really, just try and do the calculations after you do the calculations. Ask yourself a question. Does the answer make sense? so, look at the question. Look at what they're asking. And then ask yourself, does the answer I've come up with? Does it actually make sense? And then the last thing, and this is something that's often forgotten is right down your conclusion. So, if the problem asks you should someone invest in option “A” or invest in option “B” the last step of solving a problem is actually right down. Actually, let's just say, answer the question and it comes up with an answer. I will generally write a statement like there for the company should buy a machine “B”. This is an important part of the problem. This is just a general outline to give you an approach to solving engineering economics problems. That’s it. So that's all I can share about what I learned in Engineering Economic Analysis.
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