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Definitions

• P - Principal or Present Value (of an investment); 투자시점 가치


• Fn - Future Value (of an investment); 미래가치


• n - Years (or other time units) between P and F


• i - Interest Rate (based on time interval of n) per annum
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Basic premise: Money when invested earns money

$1 today is worth more than $1 in the future
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Interest

• Simple Interest - Annual Basis


- Interest paid in any year = Pis 

‣ Pis  - Fraction of investment paid as interest per year


- After n years, total interest paid = Pisn 

- Total investment is worth = P + Pisn 

- Total investment after 1 year (n = 1) = P(1 + is)


- What is the drawback of simple interest?


• We can earn interest on earned interest
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Compound Interest 

• At time 0, we have P


• At the end of Year 1, we have F1 = P(1 + i)


• At the end of Year 2, we have F2 = P(1 + i)2


• … … …


• At the end of Year n, we have Fn = P(1 + i)n or P = Fn/(1 + i)n

4
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Fn = P
nY

j=1

(1 + ij) = P (1 + i1)(1 + i2) · · · (1 + in)
<latexit sha1_base64="uc1DM7d2VE/JRa6sxlDr/V5DRPk="></latexit>

Example-01
How much would I need to invest at 8% p.a. to yield $5,000 in 10 years?

Solution-01

i = 0.08, n = 10, F10 = 5, 000
<latexit sha1_base64="bKht1ZpCuw+IS0Dip27rvTLXfX8=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2ARXJSSqYrdCAVBXFawF2iHIZNm2tBMZkgyQhnapRtfxY0LRdz6Bu58G9N2Ftp6IPDl/88hOb8fc6Y0Qt9WbmV1bX0jv1nY2t7Z3bP3D5oqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8ofXU7/1QKVikbjXo5i6Ie4LFjCCtZE8GzJ4BVEZVUsTYchBpcmNlzpobC4XJYSQZxeNPSu4DE4GRZBV3bO/ur2IJCEVmnCsVMdBsXZTLDUjnI4L3UTRGJMh7tOOQYFDqtx0tskYnhilB4NImiM0nKm/J1IcKjUKfdMZYj1Qi95U/M/rJDqouikTcaKpIPOHgoRDHcFpLLDHJCWajwxgIpn5KyQDLDHRJryCCcFZXHkZmpWyc1au3J0Xa7Usjjw4AsfgFDjgEtTALaiDBiDgETyDV/BmPVkv1rv1MW/NWdnMIfhT1ucPUuuVpQ==</latexit>

What if interest rate changes with time? 
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Different Time Basis for Interest Calculations

• Relates to statement “Your loan is 6% p.a., compounded 
monthly”


• Define actual interest rate per compounding period as r


- inom = Nominal annual interest rate (명목이율)


- m = Number of compounding periods per year (일년에 몇 번 이
자 계산을 하는가. 월별 12, 분기별 4)
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Different Time Basis for Interest Calculations

• ieff = effective annual interest rate 
 
 

• Look at condition after 1 year  
 
 
 

7

r =
inom
m

<latexit sha1_base64="qXWs8Vyrv8kcww/xX1V4Hq6qn28=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyWpgm6EohuXFewD2hAm00k7dB5hZiKUEPBX3LhQxK3f4c6/cdpmoa0HLhzOuZd774kSRrXxvG+ntLK6tr5R3qxsbe/s7rn7B20tU4VJC0smVTdCmjAqSMtQw0g3UQTxiJFONL6d+p1HojSV4sFMEhJwNBQ0phgZK4XukYLXsB8rhDMaZkLyPM94HrpVr+bNAJeJX5AqKNAM3a/+QOKUE2EwQ1r3fC8xQYaUoZiRvNJPNUkQHqMh6VkqECc6yGbn5/DUKgMYS2VLGDhTf09kiGs94ZHt5MiM9KI3Ff/zeqmJr4KMiiQ1ROD5ojhl0Eg4zQIOqCLYsIklCCtqb4V4hGwWxiZWsSH4iy8vk3a95p/X6vcX1cZNEUcZHIMTcAZ8cAka4A40QQtgkIFn8ArenCfnxXl3PuatJaeYOQR/4Hz+AG7glc8=</latexit>

F1 = P (1 + ieff ) = P

✓
1 +

inom
m

◆m

<latexit sha1_base64="3OQeUNvTVJq1RjEbP59Sg8NLqqA="></latexit>

ieff =

✓
1 +

inom
m

◆m

� 1
<latexit sha1_base64="u9dGQyLtgiNiOhIW6G4d6rICtuw="></latexit>

EFFECT(inom%,m)
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Example-02

I invest $1,000 at 10% p.a. compounded monthly. How much 
do I have in 1 year, 10 years?



Eng. Economic Analysis08

Example 2 Cont.

• As m increases ieff increases

• Is there a limit as m goes to infinity


- Yes. Continuously compounded interest


- Derivation: pp. 265-266


- ieff (continuous) =

9

einom � 1
<latexit sha1_base64="QKmFCOI8sqHn7rE5hUSaAM59NhE=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwY0mqoAsXBTcuK9gHtDFMppN26DzCzESoIV/ixoUibv0Ud/6N0zYLbT1w4XDOvdx7T5Qwqo3nfTsrq2vrG5ulrfL2zu5exd0/aGuZKkxaWDKpuhHShFFBWoYaRrqJIohHjHSi8c3U7zwSpakU92aSkICjoaAxxchYKXQr5CGjYSYkz3N4Bv3QrXo1bwa4TPyCVEGBZuh+9QcSp5wIgxnSuud7iQkypAzFjOTlfqpJgvAYDUnPUoE40UE2OzyHJ1YZwFgqW8LAmfp7IkNc6wmPbCdHZqQXvan4n9dLTXwVZFQkqSECzxfFKYNGwmkKcEAVwYZNLEFYUXsrxCOkEDY2q7INwV98eZm06zX/vFa/u6g2ros4SuAIHINT4INL0AC3oAlaAIMUPINX8OY8OS/Ou/Mxb11xiplD8AfO5w8CT5Ki</latexit>
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Cash Flow Diagram (CFD)

• Represent timings and approximate magnitude of investment 
on a cad


- x-axis is time and y-axis is magnitude


- both positive and negative investments are possible


• In order to determine direction (sign) of cash flows, we must 
define what system is being considered. 


• Disbursements = Outflow of money, “—”


• Receipts = Inflow of money, “+”


• Beginning of the first year: Traditionally defined as “Time 0”

10
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Consider a Discrete Cash Flow Diagram

• Discrete refers to individual CFDs that are plotted 


• Example


- I borrow $20K for a car and repay as a $400 monthly payment 
for 5 years.

11

For Bank For Me

$20,000

$400

1 2 3 60

$20,000

$400

1 2 3 60

Mirror Image
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Cumulative CFD
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Equivalence 
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Translating cash-flows over time into common units;

1. Present values of future payments

2. Future value of present payments

3. Present value of continuous uniform payments

4. Continuous payments equivalent to present payment

Eng. Economic Analysis08

Interests, Type and Interconversion

• Simple Interest vs. Compounding Interest

• Single Payment Factor (F/P and P/F)

• Standard Factor Notation (F/P, i, n)


- 이자율이 i이고 기간이 n일 때 P를 F로 바꿈. 


• Excel Functions, FV(i%,n,,P), PV(i%,n,,F) 

• Uniform Series (Annuity): P/A, A/P

14
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Annuities (연금)
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1 2 3 n

Uniform series of equally spaced, equal value cash flows

Note: The first payment is at the beginning of year 1 not at t = 0

Eng. Economic Analysis08

Annuities
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What is future value Fn?

Fn = A(1 + i)n�1 +A(1 + i)n�2 + · · ·+A
<latexit sha1_base64="pSGL5ysLh+VQGwY9Weom9+LtTDU=">AAACG3icbZDLSsNAFIYn9VbrLerSzWARKmJJoqAboSKIywr2Am0Mk8m0HTqZhJmJUELfw42v4saFIq4EF76NkzaLWj0w8PH/53Dm/H7MqFSW9W0UFhaXlleKq6W19Y3NLXN7pymjRGDSwBGLRNtHkjDKSUNRxUg7FgSFPiMtf3iV+a0HIiSN+J0axcQNUZ/THsVIackznWuPwwt4WbHhEaSH9yk/tscaZwUnE7o4iJTMHM8sW1VrUvAv2DmUQV51z/zsBhFOQsIVZkjKjm3Fyk2RUBQzMi51E0lihIeoTzoaOQqJdNPJbWN4oJUA9iKhH1dwos5OpCiUchT6ujNEaiDnvUz8z+skqnfuppTHiSIcTxf1EgZVBLOgYEAFwYqNNCAsqP4rxAMkEFY6zpIOwZ4/+S80nap9UnVuT8u1Wh5HEeyBfVABNjgDNXAD6qABMHgEz+AVvBlPxovxbnxMWwtGPrMLfpXx9QOrvJuf</latexit>

Geometric progression

Fn = Sn = A


(1 + i)n � 1

i

�

<latexit sha1_base64="MsUBxxg6noD1MMKVNoz3YMwiNQU=">AAACHHicbVBNS8NAEN34bf2qevSyWARFLIkKehEqgnhUtLWQxLLZbtqlm03YnQgl5Id48a948aCIFw+C/8Ztm4NWH8zweG+G3XlBIrgG2/6yJianpmdm5+ZLC4tLyyvl1bWGjlNFWZ3GIlbNgGgmuGR14CBYM1GMRIFgt0HvbODf3jOleSxvoJ8wPyIdyUNOCRipVT44b0l8gq+H/RR7goXgeqEiNNt28C7mO3cS72Enz3iOPcU7XfBb5YpdtYfAf4lTkAoqcNkqf3jtmKYRk0AF0dp17AT8jCjgVLC85KWaJYT2SIe5hkoSMe1nw+NyvGWUNg5jZUoCHqo/NzISad2PAjMZEejqcW8g/ue5KYTHfsZlkgKTdPRQmAoMMR4khdtcMQqibwihipu/YtolJhkweZZMCM74yX9JY7/qHFT3rw4rtVoRxxzaQJtoGznoCNXQBbpEdUTRA3pCL+jVerSerTfrfTQ6YRU76+gXrM9vnQ6eow==</latexit>
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Discount Factors (P/A)
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Just a shorthand symbol for a formula in i and n

P =
F

(1 + i)n
)

✓
P

F
, i, n

◆
=

1

(1 + i)n
<latexit sha1_base64="rp5iIricfuM3uoHqwB+kXB7pzj8="></latexit>

P = F

✓
P

F
, i, n

◆
= F

✓
1

(1 + i)n

◆

<latexit sha1_base64="eYzMu/VALIYdUmmAbgxLwr8iyfU="></latexit>

See Table 9.1

) A ! P )
✓
P

A
, i, n

◆
=

(1 + i)n � 1

i(1 + i)n
<latexit sha1_base64="sKWJR8jO6xClNu58RYNGkCHIIQk="></latexit>
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Discount Factors

18

✓
F

A
, i, n

◆
=

(1 + i)n � 1

i
<latexit sha1_base64="+AaPZKAItMOjuyk16XWrCcDdfpk="></latexit>

✓
P

F
, i, n

◆
=

1

(1 + i)n
<latexit sha1_base64="T6H4dd4X/Bhs1435Z/ew1Cx6kyM=">AAACHnicbVBNS8NAEN34WetX1aOXxSJUlJJURS9CQRCPFWwrNLFstpt26WYTdidCCfklXvwrXjwoInjSf+O2zcGvBwOP92aYmefHgmuw7U9rZnZufmGxsFRcXlldWy9tbLZ0lCjKmjQSkbrxiWaCS9YEDoLdxIqR0Bes7Q/Px377jinNI3kNo5h5IelLHnBKwEjd0rErWAAVN1CEpo0svcgOMD/AEruK9wewh8/w1HOytOLgfcz3bmXWLZXtqj0B/kucnJRRjka39O72IpqETAIVROuOY8fgpUQBp4JlRTfRLCZ0SPqsY6gkIdNeOnkvw7tG6eEgUqYk4In6fSIlodaj0DedIYGB/u2Nxf+8TgLBqZdyGSfAJJ0uChKBIcLjrHCPK0ZBjAwhVHFzK6YDYtIAk2jRhOD8fvkvadWqzmG1dnVUrtfzOApoG+2gCnLQCaqjS9RATUTRPXpEz+jFerCerFfrbdo6Y+UzW+gHrI8vvjWgVg==</latexit>

therefore

✓
P

A
, i, n

◆
=

(1 + i)n � 1

i(1 + i)n
<latexit sha1_base64="ds3LTyEpV2+1/44eghjck7Jehmo="></latexit>

Table 9.1 has six versions 
of these

Three are reciprocals of 
the other three

P/A = F/A⇥ P/F
<latexit sha1_base64="TyI/ITaYwYOuGy2BIDPYnIo43+c=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCq3amCroRqkJxOYJ9QDuUTJppQzMPkjtCHYq/4saFIm79D3f+jWk7C209kHA4517uvceLBVdgWd9Gbml5ZXUtv17Y2Nza3jF39xoqSiRldRqJSLY8opjgIasDB8FasWQk8ARresObid98YFLxKLyHUczcgPRD7nNKQEtd88ApX+FLXNN/B3jAFHbKta5ZtErWFHiR2BkpogxO1/zq9CKaBCwEKohSbduKwU2JBE4FGxc6iWIxoUPSZ21NQ6IHuel0+zE+1koP+5HULwQ8VX93pCRQahR4ujIgMFDz3kT8z2sn4F+4KQ/jBFhIZ4P8RGCI8CQK3OOSURAjTQiVXO+K6YBIQkEHVtAh2PMnL5JGpWSflip3Z8XqdRZHHh2iI3SCbHSOqugWOaiOKHpEz+gVvRlPxovxbnzMSnNG1rOP/sD4/AHfopLt</latexit>
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Commonly Used Factors for Cash Flow Diagram 
Calculations

19

Conversion Symbol Common Name Formula

P to F (F/P, i, n) Single Payment Compound Amount 
Factor

F to P (P/F, i, n) Single Payment Present Worth Factor

A to F (F/A, i, n) Uniform Series Compound Amount 
Factor, Future Worth of Annuity

F to A (A/F, i, n) Sinking Fund Factor

P to A (A/P, i, n) Capital Recovery Factor (CRF)

A to P (P/A, i, n) Uniform Series Present Worth Factor, 
Present Worth of Annuity

(1 + i)n
<latexit sha1_base64="Pl9D/S2wpJISKeIOjJE/UiVlSmc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahIpTdVtBjwYvHCvZD2rVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC2LOtHHdbye3tr6xuZXfLuzs7u0fFA+PWjpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H45uZ336iSrNI3ptJTH2Bh5KFjGBjpYeyhy4QO3+U/WLJrbhzoFXiZaQEGRr94ldvEJFEUGkIx1p3PTc2foqVYYTTaaGXaBpjMsZD2rVUYkG1n84PnqIzqwxQGClb0qC5+nsixULriQhsp8BmpJe9mfif101MeO2nTMaJoZIsFoUJRyZCs+/RgClKDJ9Ygoli9lZERlhhYmxGBRuCt/zyKmlVK16tUr27LNXrWRx5OIFTKIMHV1CHW2hAEwgIeIZXeHOU8+K8Ox+L1pyTzRzDHzifP5rCjvg=</latexit>

(1 + i)n � 1

i
<latexit sha1_base64="75aqSYxaCGFfIVAb03PfD1zm54k=">AAACAHicbVDLSsNAFL2pr1pfURcu3AwWoSKWpAq6cFFw47KCfUAby2Q6aYdOJmFmIpSQjb/ixoUibv0Md/6N08dCWw9cOJxzL/fe48ecKe0431ZuaXlldS2/XtjY3NresXf3GipKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0hzdjv/lIpWKRuNejmHoh7gsWMIK1kbr2QSeQmKQlF50idvIg0Blys5RlXbvolJ0J0CJxZ6QIM9S69lenF5EkpEITjpVqu06svRRLzQinWaGTKBpjMsR92jZU4JAqL508kKFjo/RQEElTQqOJ+nsixaFSo9A3nSHWAzXvjcX/vHaigysvZSJONBVkuihIONIRGqeBekxSovnIEEwkM7ciMsAmEW0yK5gQ3PmXF0mjUnbPy5W7i2L1ehZHHg7hCErgwiVU4RZqUAcCGTzDK7xZT9aL9W59TFtz1mxmH/7A+vwB2dWUoA==</latexit>

1

(1 + i)n
<latexit sha1_base64="cNOy7fJGJ4+KJRbANoWPxJ+QjFM=">AAAB/HicbVBNS8NAEJ34WetXtEcvi0WoCCWpgh48FLx4rGA/oI1ls920SzebsLsRQqh/xYsHRbz6Q7z5b9y2OWjrg4HHezPMzPNjzpR2nG9rZXVtfWOzsFXc3tnd27cPDlsqSiShTRLxSHZ8rChngjY105x2Yklx6HPa9sc3U7/9SKVikbjXaUy9EA8FCxjB2kh9u9QLJCaZO8kqLjpD7PRBTPp22ak6M6Bl4uakDDkaffurN4hIElKhCcdKdV0n1l6GpWaE00mxlygaYzLGQ9o1VOCQKi+bHT9BJ0YZoCCSpoRGM/X3RIZDpdLQN50h1iO16E3F/7xuooMrL2MiTjQVZL4oSDjSEZomgQZMUqJ5aggmkplbERlhk4Y2eRVNCO7iy8ukVau659Xa3UW5fp3HUYAjOIYKuHAJdbiFBjSBQArP8Apv1pP1Yr1bH/PWFSufKcEfWJ8/7k6Tog==</latexit>

i

(1 + i)n � 1
<latexit sha1_base64="KcBXeU7voBbQhJAiQD+ZS4TCUPc=">AAAB/3icbVBNS8NAEJ3Ur1q/ooIXL4tFqIglqYIePBS8eKxgP6CtZbPd1KWbTdjdCCXm4F/x4kERr/4Nb/4bt20O2vpg4PHeDDPzvIgzpR3n28otLC4tr+RXC2vrG5tb9vZOQ4WxJLROQh7KlocV5UzQumaa01YkKQ48Tpve8GrsNx+oVCwUt3oU0W6AB4L5jGBtpJ691/ElJglLk5KLjhE7uhPoxE17dtEpOxOgeeJmpAgZaj37q9MPSRxQoQnHSrVdJ9LdBEvNCKdpoRMrGmEyxAPaNlTggKpuMrk/RYdG6SM/lKaERhP190SCA6VGgWc6A6zv1aw3Fv/z2rH2L7oJE1GsqSDTRX7MkQ7ROAzUZ5ISzUeGYCKZuRWRe2wC0SayggnBnX15njQqZfe0XLk5K1YvszjysA8HUAIXzqEK11CDOhB4hGd4hTfryXqx3q2PaWvOymZ24Q+szx+HLJR2</latexit>

i(1 + i)n

(1 + i)n � 1
<latexit sha1_base64="lF6eaEMu2hR1S5929CxicixprpY=">AAACB3icbZDLSsNAFIZP6q3WW9WlIINFqIglqYIuXBTcuKxgL9DGMplO6tDJJMxMhBK6c+OruHGhiFtfwZ1v46TNQlt/GPj4zzmcOb8Xcaa0bX9buYXFpeWV/GphbX1jc6u4vdNUYSwJbZCQh7LtYUU5E7Shmea0HUmKA4/Tlje8SuutByoVC8WtHkXUDfBAMJ8RrI3VK+53fYlJwsoOOmZHd2KcpIRSRCfOuFcs2RV7IjQPTgYlyFTvFb+6/ZDEARWacKxUx7Ej7SZYakY4HRe6saIRJkM8oB2DAgdUucnkjjE6NE4f+aE0T2g0cX9PJDhQahR4pjPA+l7N1lLzv1on1v6FmzARxZoKMl3kxxzpEKWhoD6TlGg+MoCJZOaviNxjE4w20RVMCM7syfPQrFac00r15qxUu8ziyMMeHEAZHDiHGlxDHRpA4BGe4RXerCfrxXq3PqatOSub2YU/sj5/APaDlsg=</latexit>

(1 + i)n � 1

i(1 + i)n
<latexit sha1_base64="+w0JGBtr87Cdcof1WPMRZXVSH9E=">AAACCHicbVC7SgNBFL0bXzG+opYWDgYhIobdKGhhEbCxjGAekKxhdjIbh8zOLjOzQlhS2vgrNhaK2PoJdv6Ns8kWmnhg4Nxz7uXOPV7EmdK2/W3lFhaXllfyq4W19Y3NreL2TlOFsSS0QUIeyraHFeVM0IZmmtN2JCkOPE5b3vAq9VsPVCoWils9iqgb4IFgPiNYG6lX3O/6EpOk7KBjdnQn0AlyxglLS5TW416xZFfsCdA8cTJSggz1XvGr2w9JHFChCcdKdRw70m6CpWaE03GhGysaYTLEA9oxVOCAKjeZHDJGh0bpIz+U5gmNJurviQQHSo0Cz3QGWN+rWS8V//M6sfYv3ISJKNZUkOkiP+ZIhyhNBfWZpETzkSGYSGb+isg9Nslok13BhODMnjxPmtWKc1qp3pyVapdZHHnYgwMogwPnUINrqEMDCDzCM7zCm/VkvVjv1se0NWdlM7vwB9bnD00QlvI=</latexit>
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Calculations with Cash Flow Diagrams
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0 1 3
4 7

$5,000

$1,000
$2,000

$3,000

• Invest 5K, 1K, 2K at end of Years 0, 1, 3 and take 3K at end of 
Year 4


• Note that annuity payments are all at the end of the year
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Example-03

How much in account at end of Year 7 if i = 8% p.a.?

Solution-03

F7 = $9, 097.84
<latexit sha1_base64="a30QrddFGRhF89d+c3zHvAGLoE4=">AAAB+nicbVDLSsNAFJ3UV62vVJduBqvgQkJSC20XQkEQlxXsA9oQJtNJO3QyCTMTpcR+ihsXirj1S9z5N07bLLT1wIXDOfdy7z1+zKhUtv1t5NbWNza38tuFnd29/QOzeNiWUSIwaeGIRaLrI0kY5aSlqGKkGwuCQp+Rjj++nvmdByIkjfi9msTEDdGQ04BipLTkmcUbrwqvYP8U1i/setWqVTyzZFv2HHCVOBkpgQxNz/zqDyKchIQrzJCUPceOlZsioShmZFroJ5LECI/RkPQ05Sgk0k3np0/hmVYGMIiELq7gXP09kaJQykno684QqZFc9mbif14vUUHNTSmPE0U4XiwKEgZVBGc5wAEVBCs20QRhQfWtEI+QQFjptAo6BGf55VXSLlvOpVW+q5QajSyOPDgGJ+AcOKAKGuAWNEELYPAInsEreDOejBfj3fhYtOaMbOYI/IHx+QOJV5Dv</latexit>

Example-04

What would investment be at Year 0 to get this amount at Year 7?

Solution-04

Eng. Economic Analysis08
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Example-05

What should my annual monthly car payment be if interest rate is 
8% p.a. compounded monthly? Compare at n = 60

$20,000

A



Eng. Economic Analysis08

23

Solution-05

A = $405.53
<latexit sha1_base64="kwWzuajbnCOFK6oeRMu0Tz0lSFQ=">AAAB83icbVDLSsNAFL3xWeur6tLNYBVchaQPdCNU3LisYB/QhDKZTtqhk0mYmQgl9DfcuFDErT/jzr9x2mahrQcuHM65l3vvCRLOlHacb2ttfWNza7uwU9zd2z84LB0dt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjO9mfueJSsVi8agnCfUjPBQsZARrI3m36AZ55zWnbter/VLZsZ050Cpxc1KGHM1+6csbxCSNqNCEY6V6rpNoP8NSM8LptOiliiaYjPGQ9gwVOKLKz+Y3T9GFUQYojKUpodFc/T2R4UipSRSYzgjrkVr2ZuJ/Xi/V4bWfMZGkmgqyWBSmHOkYzQJAAyYp0XxiCCaSmVsRGWGJiTYxFU0I7vLLq6Rdsd2qXXmolRuNPI4CnMIZXIILV9CAe2hCCwgk8Ayv8Gal1ov1bn0sWtesfOYE/sD6/AGCRo9h</latexit>

Interest paid = $4,331.80

PMT(i%,m,P)

Eng. Economic Analysis08
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Example-06

You buy a house where you finance $200K at 6% p.a. interest, 
compounded monthly. What is your monthly payment, and how 
much interest do you pay over the lifetime of the loan for a 15-
year and a 30-year mortgage in current dollars?

Solution-06

For a 15-year mortgage

For a 30-year mortgage

$1687.71/month, total of $303,788 paid, $103,788 interest

$1199.10/month, total of $431,676 paid, $231,676 interest
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Example-07

You invest $5,000/year (the maximum, for now) in a Roth IRA, 
starting at age 25 for 40 years. Assuming a return of 8% p.a., 
how much will you have at age 65 in future dollars?

Example-08

Repeat the previous calculation, assuming that you do not start 
investing until age 35 or age 45.

Eng. Economic Analysis08

Depreciation
• Total Capital Investment = Fixed Capital + Working Capital


- Fixed Capital: All costs associated with new construction, but land 
cannot be depreciated


- Working Capital: Float of material to start operations cannot depreciate


• Definitions


- Salvage Value, S

‣ Value of FCIL at end of project


‣ Often = 0


- Life of Equipment

‣ n: set by IRS


‣ Not related to actual equipment life


- Total Capital for Depreciation

‣ FCIL - S

26

S는 공장의 수명이 다한 후 (예, 30
년)의 잔존가치가 아닌 회계 처리 
규정 (미국 IRS)에 의한 장부상의 
잔존가치(book value)이다.


FCIL = TIC - WC - Land



Eng. Economic Analysis08

4 Basic Methods for Depreciation

• Straight Line

• Sum of Years Digits (SOYD)

• Double Declining Balance (DDB)

• Modified Accelerated Cost Recovery System 

(MACRS)

27
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Straight Line1

n = # of years over which depreciation is takendSL
k =

FCIL � S

n
<latexit sha1_base64="7ndDMGz7L8dH1icQ5oh8fyjNGdc=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBHcWJIq6EYoFEShi0rtA9oYJtNJO3QyCTMToYTs3Pgrblwo4tZfcOffOG2z0NYDFw7n3Mu993gRo1JZ1rexsLi0vLKaW8uvb2xubZs7u00ZxgKTBg5ZKNoekoRRThqKKkbakSAo8BhpecPK2G89ECFpyO/UKCJOgPqc+hQjpSXXPOi5w/ukXk3hJez6AuHkqnLjVuEJrKcJT12zYBWtCeA8sTNSABlqrvnV7YU4DghXmCEpO7YVKSdBQlHMSJrvxpJECA9Rn3Q05Sgg0kkmf6TwSCs96IdCF1dwov6eSFAg5SjwdGeA1EDOemPxP68TK//CSSiPYkU4ni7yYwZVCMehwB4VBCs20gRhQfWtEA+QTkPp6PI6BHv25XnSLBXt02Lp9qxQLmdx5MA+OATHwAbnoAyuQQ00AAaP4Bm8gjfjyXgx3o2PaeuCkc3sgT8wPn8A5t6YDA==</latexit>

Sum of Years Digits (SOYD)2

dSOYD

k
=

[(n+ 1� k)(FCIL � S)]
1
2n(n+ 1)

<latexit sha1_base64="+UL5j+ANq7cSjptrPCVe2KSEaDE="></latexit> SOYD
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Double Declining Balance (DDB)3

dDDB
k =

2

n

2

4FCIL �
k�1X

j=0

dj

3

5

<latexit sha1_base64="yKRNGexoz2o84bgHxRqwXnrFu+8="></latexit>

MACRS4

Current IRS-approved method

Year Depreciation Percentage

1 20.00

2 32.00

3 19.20

4 11.52

5 11.52

6 5.76

See Chapter 9 
Based on combination 
of DDB and SL

Book Value at k-1

Eng. Economic Analysis08
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Example-09

The fixed capital investment (excluding the cost of land) of a new 
project is estimated to be $150.0 million, and the salvage value of 
the plant is $10.0 million. Assuming a seven-year equipment life, 
estimate the yearly depreciation allowances.

FCIL = $150⇥ 106
<latexit sha1_base64="oYQjuyfpgY8Nj2fb+zS5aYUEVY4=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gFVyWpz41QKIiCiwr2AU0Mk+mkHTqZhJmJUEJx46+4caGIW7/CnX/jtM1CWw9cOJxzL/fe48eMSmVZ30Zubn5hcSm/XFhZXVvfMDe3GjJKBCZ1HLFItHwkCaOc1BVVjLRiQVDoM9L0+9WR33wgQtKI36lBTNwQdTkNKEZKS565c1m99m7gBXT27RMLOoqGRELbuj/1zKJVssaAs8TOSBFkqHnml9OJcBISrjBDUrZtK1ZuioSimJFhwUkkiRHuoy5pa8qR3uSm4xeG8EArHRhEQhdXcKz+nkhRKOUg9HVniFRPTnsj8T+vnajg3E0pjxNFOJ4sChIGVQRHecAOFQQrNtAEYUH1rRD3kEBY6dQKOgR7+uVZ0iiX7KNS+fa4WKlkceTBLtgDh8AGZ6ACrkAN1AEGj+AZvII348l4Md6Nj0lrzshmtsEfGJ8/sHaUag==</latexit>

S = $10.0⇥ 106
<latexit sha1_base64="K/dU2/n9Xys3rYeGdyobi/xl3Og=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tV8FSSKupFKHjxWNF+QBPLZrttl242YXcilNiDf8WLB0W8+je8+W/ctjlo64OBx3szzMwLYsE1OM63lVtYXFpeya8W1tY3Nrfs7Z26jhJFWY1GIlLNgGgmuGQ14CBYM1aMhIFgjWBwNfYbD0xpHsk7GMbMD0lP8i6nBIzUtvdu8SX2Dl2n5GAPeMg0dp37s7ZdNMoEeJ64GSmiDNW2/eV1IpqETAIVROuW68Tgp0QBp4KNCl6iWUzogPRYy1BJzCY/ndw/wkdG6eBupExJwBP190RKQq2HYWA6QwJ9PeuNxf+8VgLdCz/lMk6ASTpd1E0EhgiPw8AdrhgFMTSEUMXNrZj2iSIUTGQFE4I7+/I8qZdL7kmpfHNarFSyOPJoHx2gY+Sic1RB16iKaoiiR/SMXtGb9WS9WO/Wx7Q1Z2Uzu+gPrM8fpPOTSw==</latexit>

n = 7
<latexit sha1_base64="nSJM2+7HZ1lNCxZGepV/b+xIE0Y=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexWoV6EghePFWwttEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZFyaCG+t536iwtr6xuVXcLu3s7u0flA+P2kalmrIWVULpTkgME1yyluVWsE6iGYlDwR7C8c3Mf3hi2nAl7+0kYUFMhpJHnBLrpLbE17iO++WKV/XmwKvEz0kFcjT75a/eQNE0ZtJSQYzp+l5ig4xoy6lg01IvNSwhdEyGrOuoJDEzQTa/dorPnDLAkdKupMVz9fdERmJjJnHoOmNiR2bZm4n/ed3URldBxmWSWibpYlGUCmwVnr2OB1wzasXEEUI1d7diOiKaUOsCKrkQ/OWXV0m7VvUvqrW7y0qjkcdRhBM4hXPwoQ4NuIUmtIDCIzzDK7whhV7QO/pYtBZQPnMMf4A+fwDVj436</latexit>

Solution-05

dSL
2 = ($150⇥ 106 � $10⇥ 106)/7 = $20⇥ 106

<latexit sha1_base64="5C65O01+2xXkAbSJnLqv27K8ns4="></latexit>

year 2

dSOYD

2 = (7 + 1� 2)($150⇥ 106 � $10⇥ 106)/28 = $30⇥ 106
<latexit sha1_base64="1emErwRTipHKjpSRtMeu9UYxgeg="></latexit>

dDDB
2 = (2/7)($150⇥ 106 � $42.86⇥ 106) = $30.6⇥ 106

<latexit sha1_base64="iRc6AxUB8+XWBkO0M4NxMLnMfXA="></latexit>
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Year (k) Book Value 

0 (15 - 0) = 15

1 (15 - 4.29) = 10.71

2 (10.71 - 3.06) = 7.65

3 (7.65 - 2.19) = 5.46

4 (5.46 - 1.56) = 3.90

5 (3.90 - 1.11) = 2.79

6 (2.79 - 0.80) = 1.99

7 1.99 - 1.0 = 0.99 (1.99 - 0.99) = 1.00

Total 14.0 14.0 14.0 1.0 = S

dSL
k

<latexit sha1_base64="5AdoMz72K9c9WHceZABJG3YM5JU=">AAAB73icbVA9SwNBEJ31M8avqKXNYhCswl0MaBmwsbCIaD4gOcPe3l6yZG/v3N0TwpE/YWOhiK1/x85/4ya5QhMfDDzem2Fmnp8Iro3jfKOV1bX1jc3CVnF7Z3dvv3Rw2NJxqihr0ljEquMTzQSXrGm4EayTKEYiX7C2P7qa+u0npjSP5b0ZJ8yLyEDykFNirNQJ+qOH7O5m0i+VnYozA14mbk7KkKPRL331gpimEZOGCqJ113US42VEGU4FmxR7qWYJoSMyYF1LJYmY9rLZvRN8apUAh7GyJQ2eqb8nMhJpPY582xkRM9SL3lT8z+umJrz0Mi6T1DBJ54vCVGAT4+nzOOCKUSPGlhCquL0V0yFRhBobUdGG4C6+vExa1Yp7Xqne1sr1Wh5HAY7hBM7AhQuowzU0oAkUBDzDK7yhR/SC3tHHvHUF5TNH8Afo8wf8Fo/j</latexit>

dSOYD

k
<latexit sha1_base64="2F7GctHHENqrYjPyCtGyYtkQWmI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqoR4LevBmRfuhbSybzaZdutmE3Y1QQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZ58WcKW3b31ZuZXVtfSO/Wdja3tndK+4ftFSUSEKbJOKR7HhYUc4EbWqmOe3EkuLQ47TtjS6mfvuJSsUicafHMXVDPBAsYARrIz34/dFjent9fznpF0t22Z4BLRMnIyXI0OgXv3p+RJKQCk04Vqrr2LF2Uyw1I5xOCr1E0RiTER7QrqECh1S56eziCToxio+CSJoSGs3U3xMpDpUah57pDLEeqkVvKv7ndRMdnLspE3GiqSDzRUHCkY7Q9H3kM0mJ5mNDMJHM3IrIEEtMtAmpYEJwFl9eJq1K2TkrV26qpXo1iyMPR3AMp+BADepwBQ1oAgEBz/AKb5ayXqx362PemrOymUP4A+vzBz7lkJc=</latexit>

dDDB
k

<latexit sha1_base64="pNSHc1lrj1xsDn4eII3W17P6p+c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtBT0W7cFjBfsh7Vqy2bQNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8kGjGBjpYewP35M6/Xrab9YcsvuHGiVeBkpQYZGv/jVCyOSCCoN4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWSiyo9tP5wVN0ZpUQDSJlSxo0V39PpFhoPRGB7RTYjPSyNxP/87qJGVz5KZNxYqgki0WDhCMTodn3KGSKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpalbJ3Ua7cVUu1ahZHHk7gFM7Bg0uowS00oAkEBDzDK7w5ynlx3p2PRWvOyWaO4Q+czx9k7pAY</latexit> FCIL � SdDDB
k

<latexit sha1_base64="M0Sn2uv1hRVC0YwieZ3oGTIQvoI=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCF0tSC3ostoiCh4q2FtoYNpttu3SzCbsbsYT8FS8eFPHqH/Hmv3Hb5qCtDwYe780wM8+LGJXKsr6N3NLyyupafr2wsbm1vWPuFtsyjAUmLRyyUHQ8JAmjnLQUVYx0IkFQ4DFy743qE//+kQhJQ36nxhFxAjTgtE8xUlpyzeJF/cq9hsfw1ndHD0mjcZ66ZskqW1PARWJnpAQyNF3zq+eHOA4IV5ghKbu2FSknQUJRzEha6MWSRAiP0IB0NeUoINJJpren8FArPuyHQhdXcKr+nkhQIOU48HRngNRQznsT8T+vG6v+mZNQHsWKcDxb1I8ZVCGcBAF9KghWbKwJwoLqWyEeIoGw0nEVdAj2/MuLpF0p2yflyk21VKtmceTBPjgAR8AGp6AGLkETtAAGT+AZvII3IzVejHfjY9aaM7KZPfAHxucPrGCS4A==</latexit>

Table E9.21

(15� 1)

7
= 2

<latexit sha1_base64="qyNKdbAmN7lL4dZbXtb9CEGKftk=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAYhHgwzMRIvQsCLxwhmgWQIPZ2epEnPQnePEIfBX/HiQRGv/oc3/8ZOMgdNfFDweK+KqnpuxJlUlvVt5FZW19Y38puFre2d3T1z/6Alw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+74Zuq3H6iQLAzu1SSijo+HAfMYwUpLffOo5wlMkpJ9eW6fpUktRdeo0jeLVtmaAS0TOyNFyNDom1+9QUhinwaKcCxl17Yi5SRYKEY4TQu9WNIIkzEe0q6mAfapdJLZ9Sk61coAeaHQFSg0U39PJNiXcuK7utPHaiQXvan4n9eNlXflJCyIYkUDMl/kxRypEE2jQAMmKFF8ogkmgulbERlhHYfSgRV0CPbiy8ukVSnbF+XKXbVYr2Zx5OEYTqAENtSgDrfQgCYQeIRneIU348l4Md6Nj3lrzshmDuEPjM8fjpiTTA==</latexit>

(15� 1)

7
= 2

<latexit sha1_base64="qyNKdbAmN7lL4dZbXtb9CEGKftk=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAYhHgwzMRIvQsCLxwhmgWQIPZ2epEnPQnePEIfBX/HiQRGv/oc3/8ZOMgdNfFDweK+KqnpuxJlUlvVt5FZW19Y38puFre2d3T1z/6Alw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+74Zuq3H6iQLAzu1SSijo+HAfMYwUpLffOo5wlMkpJ9eW6fpUktRdeo0jeLVtmaAS0TOyNFyNDom1+9QUhinwaKcCxl17Yi5SRYKEY4TQu9WNIIkzEe0q6mAfapdJLZ9Sk61coAeaHQFSg0U39PJNiXcuK7utPHaiQXvan4n9eNlXflJCyIYkUDMl/kxRypEE2jQAMmKFF8ogkmgulbERlhHYfSgRV0CPbiy8ukVSnbF+XKXbVYr2Zx5OEYTqAENtSgDrfQgCYQeIRneIU348l4Md6Nj3lrzshmDuEPjM8fjpiTTA==</latexit>

(15� 1)

7
= 2

<latexit sha1_base64="qyNKdbAmN7lL4dZbXtb9CEGKftk=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAYhHgwzMRIvQsCLxwhmgWQIPZ2epEnPQnePEIfBX/HiQRGv/oc3/8ZOMgdNfFDweK+KqnpuxJlUlvVt5FZW19Y38puFre2d3T1z/6Alw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+74Zuq3H6iQLAzu1SSijo+HAfMYwUpLffOo5wlMkpJ9eW6fpUktRdeo0jeLVtmaAS0TOyNFyNDom1+9QUhinwaKcCxl17Yi5SRYKEY4TQu9WNIIkzEe0q6mAfapdJLZ9Sk61coAeaHQFSg0U39PJNiXcuK7utPHaiQXvan4n9eNlXflJCyIYkUDMl/kxRypEE2jQAMmKFF8ogkmgulbERlhHYfSgRV0CPbiy8ukVSnbF+XKXbVYr2Zx5OEYTqAENtSgDrfQgCYQeIRneIU348l4Md6Nj3lrzshmDuEPjM8fjpiTTA==</latexit>

(15� 1)

7
= 2

<latexit sha1_base64="qyNKdbAmN7lL4dZbXtb9CEGKftk=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAYhHgwzMRIvQsCLxwhmgWQIPZ2epEnPQnePEIfBX/HiQRGv/oc3/8ZOMgdNfFDweK+KqnpuxJlUlvVt5FZW19Y38puFre2d3T1z/6Alw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+74Zuq3H6iQLAzu1SSijo+HAfMYwUpLffOo5wlMkpJ9eW6fpUktRdeo0jeLVtmaAS0TOyNFyNDom1+9QUhinwaKcCxl17Yi5SRYKEY4TQu9WNIIkzEe0q6mAfapdJLZ9Sk61coAeaHQFSg0U39PJNiXcuK7utPHaiQXvan4n9eNlXflJCyIYkUDMl/kxRypEE2jQAMmKFF8ogkmgulbERlhHYfSgRV0CPbiy8ukVSnbF+XKXbVYr2Zx5OEYTqAENtSgDrfQgCYQeIRneIU348l4Md6Nj3lrzshmDuEPjM8fjpiTTA==</latexit>

(15� 1)

7
= 2

<latexit sha1_base64="qyNKdbAmN7lL4dZbXtb9CEGKftk=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAYhHgwzMRIvQsCLxwhmgWQIPZ2epEnPQnePEIfBX/HiQRGv/oc3/8ZOMgdNfFDweK+KqnpuxJlUlvVt5FZW19Y38puFre2d3T1z/6Alw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+74Zuq3H6iQLAzu1SSijo+HAfMYwUpLffOo5wlMkpJ9eW6fpUktRdeo0jeLVtmaAS0TOyNFyNDom1+9QUhinwaKcCxl17Yi5SRYKEY4TQu9WNIIkzEe0q6mAfapdJLZ9Sk61coAeaHQFSg0U39PJNiXcuK7utPHaiQXvan4n9eNlXflJCyIYkUDMl/kxRypEE2jQAMmKFF8ogkmgulbERlhHYfSgRV0CPbiy8ukVSnbF+XKXbVYr2Zx5OEYTqAENtSgDrfQgCYQeIRneIU348l4Md6Nj3lrzshmDuEPjM8fjpiTTA==</latexit>

(15� 1)

7
= 2

<latexit sha1_base64="qyNKdbAmN7lL4dZbXtb9CEGKftk=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAYhHgwzMRIvQsCLxwhmgWQIPZ2epEnPQnePEIfBX/HiQRGv/oc3/8ZOMgdNfFDweK+KqnpuxJlUlvVt5FZW19Y38puFre2d3T1z/6Alw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+74Zuq3H6iQLAzu1SSijo+HAfMYwUpLffOo5wlMkpJ9eW6fpUktRdeo0jeLVtmaAS0TOyNFyNDom1+9QUhinwaKcCxl17Yi5SRYKEY4TQu9WNIIkzEe0q6mAfapdJLZ9Sk61coAeaHQFSg0U39PJNiXcuK7utPHaiQXvan4n9eNlXflJCyIYkUDMl/kxRypEE2jQAMmKFF8ogkmgulbERlhHYfSgRV0CPbiy8ukVSnbF+XKXbVYr2Zx5OEYTqAENtSgDrfQgCYQeIRneIU348l4Md6Nj3lrzshmDuEPjM8fjpiTTA==</latexit>

(15� 1)

7
= 2

<latexit sha1_base64="qyNKdbAmN7lL4dZbXtb9CEGKftk=">AAAB/XicbVDJSgNBEK2JW4zbuNy8NAYhHgwzMRIvQsCLxwhmgWQIPZ2epEnPQnePEIfBX/HiQRGv/oc3/8ZOMgdNfFDweK+KqnpuxJlUlvVt5FZW19Y38puFre2d3T1z/6Alw1gQ2iQhD0XHxZJyFtCmYorTTiQo9l1O2+74Zuq3H6iQLAzu1SSijo+HAfMYwUpLffOo5wlMkpJ9eW6fpUktRdeo0jeLVtmaAS0TOyNFyNDom1+9QUhinwaKcCxl17Yi5SRYKEY4TQu9WNIIkzEe0q6mAfapdJLZ9Sk61coAeaHQFSg0U39PJNiXcuK7utPHaiQXvan4n9eNlXflJCyIYkUDMl/kxRypEE2jQAMmKFF8ogkmgulbERlhHYfSgRV0CPbiy8ukVSnbF+XKXbVYr2Zx5OEYTqAENtSgDrfQgCYQeIRneIU348l4Md6Nj3lrzshmDuEPjM8fjpiTTA==</latexit>

(7 + 1� 1)(15� 1)

28
= 3.5

<latexit sha1_base64="Uam9QP8S3P45giY01mmeLqVdFjU=">AAACB3icbVDLSgMxFM3UV62vUZeCBItQEctMH7QboeDGZQX7gHYomTTThmYyQ5IRyjA7N/6KGxeKuPUX3Pk3pu0stPXAvRzOuZfkHjdkVCrL+jYya+sbm1vZ7dzO7t7+gXl41JZBJDBp4YAFousiSRjlpKWoYqQbCoJ8l5GOO7mZ+Z0HIiQN+L2ahsTx0YhTj2KktDQwT/ueQDgu1C7tK/uiYFd1T+JSPYHXsFysDsy8VbTmgKvETkkepGgOzK/+MMCRT7jCDEnZs61QOTESimJGklw/kiREeIJGpKcpRz6RTjy/I4HnWhlCLxC6uIJz9fdGjHwpp76rJ32kxnLZm4n/eb1IeXUnpjyMFOF48ZAXMagCOAsFDqkgWLGpJggLqv8K8RjpYJSOLqdDsJdPXiXtUtEuF0t3lXyjksaRBSfgDBSADWqgAW5BE7QABo/gGbyCN+PJeDHejY/FaMZId47BHxifPwwclYk=</latexit>

(7 + 1� 2)(15� 1)

28
= 3.0

<latexit sha1_base64="6odROsEV6GGOs0SexVXZW/ec+JU=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFapCFJK+1GKLhxWcE+oA1lMp20QycPZiZCCdm58VfcuFDErb/gzr9x2mahrQcuHM65l3vvcSNGhTTNb21tfWNzazu3k9/d2z841I+O2yKMOSYtHLKQd10kCKMBaUkqGelGnCDfZaTjTm5mfueBcEHD4F5OI+L4aBRQj2IklTTQz/oeRzgp1i6tsl0qWldlq5Qmdj2F17BimAO9YBrmHHCVWBkpgAzNgf7VH4Y49kkgMUNC9Cwzkk6CuKSYkTTfjwWJEJ6gEekpGiCfCCeZ/5HCC6UMoRdyVYGEc/X3RIJ8Iaa+qzp9JMdi2ZuJ/3m9WHp1J6FBFEsS4MUiL2ZQhnAWChxSTrBkU0UQ5lTdCvEYqWCkii6vQrCWX14lbduwKoZ9Vy00qlkcOXAKzkERWKAGGuAWNEELYPAInsEreNOetBftXftYtK5p2cwJ+APt8wcGHpWF</latexit>

(7 + 1� 3)(15� 1)

28
= 2.5

<latexit sha1_base64="TpiDWqG4t8NDcQx4XOakrl7CSEg=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQIi1J2tJuhIIblxXsA9pQJtNJO3TyYGYilJCdG3/FjQtF3PoL7vwbp20W2nrgwuGce7n3HidkVEjD+NYyG5tb2zvZ3dze/sHhkX580hFBxDFp44AFvOcgQRj1SVtSyUgv5AR5DiNdZ3oz97sPhAsa+PdyFhLbQ2OfuhQjqaShfj5wOcJxoX5llirFglkrmcUkthoJvIZWuTbU80bZWACuEzMleZCiNdS/BqMARx7xJWZIiL5phNKOEZcUM5LkBpEgIcJTNCZ9RX3kEWHHiz8SeKmUEXQDrsqXcKH+noiRJ8TMc1Snh+RErHpz8T+vH0m3YcfUDyNJfLxc5EYMygDOQ4EjygmWbKYIwpyqWyGeIBWMVNHlVAjm6svrpGOVzUrZuqvmm9U0jiw4AxegAExQB01wC1qgDTB4BM/gFbxpT9qL9q59LFszWjpzCv5A+/wBDcKVig==</latexit>

(7 + 1� 4)(15� 1)

28
= 2.0

<latexit sha1_base64="ICZ1QfYpix4nW7bJec2dq+6/JVQ=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQIg1JrLQboeDGZQX7gDaUyXTSDp08mJkIJWTnxl9x40IRt/6CO//GaZuFth64cDjnXu69x40YFdI0v7Xc2vrG5lZ+u7Czu7d/oB8etUUYc0xaOGQh77pIEEYD0pJUMtKNOEG+y0jHndzM/M4D4YKGwb2cRsTx0SigHsVIKmmgn/Y9jnBSql1YlWq5ZF1VrHKa2PUUXkPbMAd60TTMOeAqsTJSBBmaA/2rPwxx7JNAYoaE6FlmJJ0EcUkxI2mhHwsSITxBI9JTNEA+EU4y/yOF50oZQi/kqgIJ5+rviQT5Qkx9V3X6SI7FsjcT//N6sfTqTkKDKJYkwItFXsygDOEsFDiknGDJpoogzKm6FeIxUsFIFV1BhWAtv7xK2rZhXRr2XbXYqGZx5MEJOAMlYIEaaIBb0AQtgMEjeAav4E170l60d+1j0ZrTsplj8Afa5w8HxJWG</latexit>

(7 + 1� 5)(15� 1)

28
= 1.5

<latexit sha1_base64="s9PVglr0ZP7DpZQfXwsNVvEylw0=">AAACB3icbVDLSgMxFM34rPU16lKQYBFapGVSW9qNUHDjsoJ9QDuUTJppQzMPkoxQhtm58VfcuFDErb/gzr8xbWehrQcuHM65l3vvcULOpLKsb2NtfWNzazuzk93d2z84NI+O2zKIBKEtEvBAdB0sKWc+bSmmOO2GgmLP4bTjTG5mfueBCskC/15NQ2p7eOQzlxGstDQwz/quwCTO1y5RsVrIo2oRFZK4XE/gNUSl6sDMWSVrDrhKUEpyIEVzYH71hwGJPOorwrGUPWSFyo6xUIxwmmT7kaQhJhM8oj1NfexRacfzPxJ4oZUhdAOhy1dwrv6eiLEn5dRzdKeH1VguezPxP68XKbdux8wPI0V9sljkRhyqAM5CgUMmKFF8qgkmgulbIRljHYzS0WV1CGj55VXSLpfQVal8V8k1KmkcGXAKzkEeIFADDXALmqAFCHgEz+AVvBlPxovxbnwsWteMdOYE/IHx+QMPaJWL</latexit>

(7 + 1� 6)(15� 1)

28
= 1.0

<latexit sha1_base64="UWzxuUWudZ6ipDuZLLMlikA43K8=">AAACB3icbVDLSgMxFM34rPU16lKQYBFapGVSq+1GKLhxWcE+oB1KJs20oZkHSUYow+zc+CtuXCji1l9w59+YtrPQ1gMXDufcy733OCFnUlnWt7Gyura+sZnZym7v7O7tmweHLRlEgtAmCXggOg6WlDOfNhVTnHZCQbHncNp2xjdTv/1AhWSBf68mIbU9PPSZywhWWuqbJz1XYBLnq+eoeFXIo8siKiRxuZbAa4hKVt/MWSVrBrhMUEpyIEWjb371BgGJPOorwrGUXWSFyo6xUIxwmmR7kaQhJmM8pF1NfexRacezPxJ4ppUBdAOhy1dwpv6eiLEn5cRzdKeH1UguelPxP68bKbdmx8wPI0V9Ml/kRhyqAE5DgQMmKFF8ogkmgulbIRlhHYzS0WV1CGjx5WXSKpfQRal8V8nVK2kcGXAMTkEeIFAFdXALGqAJCHgEz+AVvBlPxovxbnzMW1eMdOYI/IHx+QMJapWH</latexit>

(7 + 1� 7)(15� 1)

28
= 0.5

<latexit sha1_base64="6B842s5+LALlDn15UxtxzxH/i4Q=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFapCWpLe1GKLhxWcE+oA1lMp20QyeTMDMRSsjOjb/ixoUibv0Fd/6N0zYLbT1w4XDOvdx7jxsyKpVlfRtr6xubW9uZnezu3v7BoXl03JZBJDBp4YAFousiSRjlpKWoYqQbCoJ8l5GOO7mZ+Z0HIiQN+L2ahsTx0YhTj2KktDQwz/qeQDjO1y7tYq2Qt6tFu5DE5XoCr6FVqg7MnFWy5oCrxE5JDqRoDsyv/jDAkU+4wgxJ2bOtUDkxEopiRpJsP5IkRHiCRqSnKUc+kU48/yOBF1oZQi8QuriCc/X3RIx8Kae+qzt9pMZy2ZuJ/3m9SHl1J6Y8jBTheLHIixhUAZyFAodUEKzYVBOEBdW3QjxGOhilo8vqEOzll1dJu1yyr0rlu0quUUnjyIBTcA7ywAY10AC3oAlaAINH8AxewZvxZLwY78bHonXNSGdOwB8Ynz8RDpWM</latexit>

(2)(15)

7
= 4.29

<latexit sha1_base64="hRx+mEyJLYZMQIrWGZx8RLR3Qa4=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tFaC8hiZXqQSh48VjBtkIbyma7aZduNmF3I5QQL/4VLx4U8eq/8Oa/cdvmoK0PBh7vzTAzz48Zlcq2v43Cyura+kZxs7S1vbO7Z+4ftGWUCExaOGKRuPeRJIxy0lJUMXIfC4JCn5GOP76e+p0HIiSN+J2axMQL0ZDTgGKktNQ3j3qBQDituNWKc17N0noGr2DNci/7Ztm27BngMnFyUgY5mn3zqzeIcBISrjBDUnYdO1ZeioSimJGs1EskiREeoyHpaspRSKSXzj7I4KlWBjCIhC6u4Ez9PZGiUMpJ6OvOEKmRXPSm4n9eN1HBhZdSHieKcDxfFCQMqghO44ADKghWbKIJwoLqWyEeIR2J0qGVdAjO4svLpO1azpnl3tbKjVoeRxEcgxNQAQ6ogwa4AU3QAhg8gmfwCt6MJ+PFeDc+5q0FI585BH9gfP4AXZSUNA==</latexit>

(2)(10.71)

7
= 3.06

<latexit sha1_base64="MoHJTfW6Pfcd9VCNjhND7Xv7chY=">AAACBHicbVC7SgNBFL3rM8bXqmWawSAkzbKbBGMjBGwsI5gHJEuYncwmQ2YfzMwKYUlh46/YWChi60fY+TdOki008cCFwzn3cu89XsyZVLb9bWxsbm3v7Ob28vsHh0fH5slpW0aJILRFIh6Jrocl5SykLcUUp91YUBx4nHa8yc3c7zxQIVkU3qtpTN0Aj0LmM4KVlgZmoe8LTNJSpVxybKvulGdpfYauUdWyLwdm0bbsBdA6cTJShAzNgfnVH0YkCWioCMdS9hw7Vm6KhWKE01m+n0gaYzLBI9rTNMQBlW66eGKGLrQyRH4kdIUKLdTfEykOpJwGnu4MsBrLVW8u/uf1EuVfuSkL40TRkCwX+QlHKkLzRNCQCUoUn2qCiWD6VkTGWKeidG55HYKz+vI6aVcsp2pV7mrFRi2LIwcFOIcSOFCHBtxCE1pA4BGe4RXejCfjxXg3PpatG0Y2cwZ/YHz+ALG/lN0=</latexit>

(2)(7.65)

7
= 2.19

<latexit sha1_base64="L6Aw621caVD4MuhWAf+oLeXTZMY=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFaDchqdXqQii4cVnBXqANZTKdtEMnkzAzEUoIuPFV3LhQxK0v4c63cdpmoa0/DPz85xzOnM+LGJXKtr+N3Mrq2vpGfrOwtb2zu2fuH7RkGAtMmjhkoeh4SBJGOWkqqhjpRIKgwGOk7Y1vpvX2AxGShvxeTSLiBmjIqU8xUjrqm0c9XyCclCrlUs26OC+nSS2F17BiOVd9s2hb9kxw2TiZKYJMjb751RuEOA4IV5ghKbuOHSk3QUJRzEha6MWSRAiP0ZB0teUoINJNZjek8FQnA+iHQj+u4Cz9PZGgQMpJ4OnOAKmRXKxNw/9q3Vj5l25CeRQrwvF8kR8zqEI4BQIHVBCs2EQbhAXVf4V4hDQUpbEVNARn8eRl09K8zqzKXbVYr2Y48uAYnIAScEAN1MEtaIAmwOARPINX8GY8GS/Gu/Exb80Z2cwh+CPj8wdQVpSv</latexit>

(2)(5.46)

7
= 1.56

<latexit sha1_base64="7xaRO8VEnaKkI8UUrDk5ALT1UCU=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBah3YSk9uFGKLhxWcG2QhvKZDpph04mYWYilBBw46+4caGIW3/CnX/jtM1CWw9cOJxzL/fe40WMSmXb30ZubX1jcyu/XdjZ3ds/MA+POjKMBSZtHLJQ3HtIEkY5aSuqGLmPBEGBx0jXm1zP/O4DEZKG/E5NI+IGaMSpTzFSWhqYJ31fIJyUKuVSzarWy2nSSOEVdKxafWAWbcueA64SJyNFkKE1ML/6wxDHAeEKMyRlz7Ej5SZIKIoZSQv9WJII4QkakZ6mHAVEusn8hxSea2UI/VDo4grO1d8TCQqknAae7gyQGstlbyb+5/Vi5V+6CeVRrAjHi0V+zKAK4SwQOKSCYMWmmiAsqL4V4jHSoSgdW0GH4Cy/vEo6Fcu5sCq31WKzmsWRB6fgDJSAAxqgCW5AC7QBBo/gGbyCN+PJeDHejY9Fa87IZo7BHxifP0uflKw=</latexit>

(2)(3.90)

7
= 1.11

<latexit sha1_base64="d9jeCh27xJFSLF9rzLrrKtWzHRQ=">AAACA3icbVBNSwMxEM3Wr1q/Vr3pJViE9rJs2kL1IBS8eKxgW6FdSjbNtqHZ7JJkhbIUvPhXvHhQxKt/wpv/xrTdg7Y+GHi8N8PMPD/mTGnX/bZya+sbm1v57cLO7t7+gX141FZRIgltkYhH8t7HinImaEszzel9LCkOfU47/vh65nceqFQsEnd6ElMvxEPBAkawNlLfPukFEpO0VCmXqs6lW56m9Sm8gshBqG8XXcedA64SlJEiyNDs21+9QUSSkApNOFaqi9xYeymWmhFOp4VeomiMyRgPaddQgUOqvHT+wxSeG2UAg0iaEhrO1d8TKQ6VmoS+6QyxHqllbyb+53UTHVx4KRNxoqkgi0VBwqGO4CwQOGCSEs0nhmAimbkVkhE2oWgTW8GEgJZfXiXtioOqTuW2VmzUsjjy4BScgRJAoA4a4AY0QQsQ8AiewSt4s56sF+vd+li05qxs5hj8gfX5AzlGlKA=</latexit>

(2)(2.79)

7
= 0.80

<latexit sha1_base64="qeyDVW1unTIw784u1vyDKoA8lek=">AAACA3icbVBNS8NAEN3Ur1q/ot70sliE9hKSWGg9CAUvHivYVmhD2Ww37dLNJuxuhBICXvwrXjwo4tU/4c1/47bNQVsfDDzem2Fmnh8zKpVtfxuFtfWNza3idmlnd2//wDw86sgoEZi0ccQice8jSRjlpK2oYuQ+FgSFPiNdf3I987sPREga8Ts1jYkXohGnAcVIaWlgnvQDgXBacasV16pfVrO0nsEraFsNe2CWbcueA64SJydlkKM1ML/6wwgnIeEKMyRlz7Fj5aVIKIoZyUr9RJIY4QkakZ6mHIVEeun8hwyea2UIg0jo4grO1d8TKQqlnIa+7gyRGstlbyb+5/USFTS8lPI4UYTjxaIgYVBFcBYIHFJBsGJTTRAWVN8K8RjpUJSOraRDcJZfXiUd13IuLPe2Vm7W8jiK4BScgQpwQB00wQ1ogTbA4BE8g1fwZjwZL8a78bFoLRj5zDH4A+PzB0o5lKs=</latexit>

The depreciation allowance in the final year of the DDB method is adjusted to give a final book value 

equal to the salvage value

Eng. Economic Analysis08

MACRS

• uses a double declining balance method and


• switches to a straight-line method when the straight line 
method yields a greater depreciation allowance for that year, 
then using a half-a year convention


• In the first year, the depreciation is only half of that for full 
year. Likewise, in the last year of depreciation, the 
depreciation is again for one-half-year convention 

32



Eng. Economic Analysis08

MACRS: Basic Methods

33

k dk (DDB) dk (SL)

1 0.4(100)(0.5) = 20

2 0.4(100-20) = 32 (100-20)/4.5 = 17.78

3 0.4(100-52) = 19.2 (100-52)/3.5 = 13.71

4 0.4(100-71.2) = 11.52 (100-71.2)/2.5 = 11.52

5 0.4(100-82.72) = 6.91 (100-82.72)/1.5 = 11.52

6 (0.5)(100-94.24)/0.5 = 5.76

time remaining

Eng. Economic Analysis08

Taxation, Cash Flow, and Profit
• Tables 9.3 - 9.4


• Sales Revenue = R


• Expenses = COMd + dk


• Income Tax = (R - COMd - dk)t


• After Tax (net) Profit = (R - COMd - dk)(1 - t); 세후수익 (감가상각
은 세금 대상이 아님)


• After Tax Cash Flow = After-Tax Profit + Depreciation =  
(R - COMd - dk)(1 - t) + dk (회계상 감가상각은 세금 낸 후 돌아옴)


• Cash Flow at the end of project life = Above + Recovery of 
WC + Salvage Value (Working Capital은 운영하기 위한 초기 비용
이므로 회수)

34
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Inflation

35

$ Net Worth Now vs. $ Next Year

CEPCI(j + n) = (1 + f)nCEPCI(j)
<latexit sha1_base64="imGChNLopmcufveMyjdkhaOdtns=">AAACG3icbVDLSgMxFM34rPU16tJNsAgtQpmpgm6EQhF0V8E+oK0lk2ba2ExmSO6IZeh/uPFX3LhQxJXgwr8xfSy09UDgcM653NzjRYJrcJxva2FxaXllNbWWXt/Y3Nq2d3arOowVZRUailDVPaKZ4JJVgINg9UgxEniC1bx+aeTX7pnSPJQ3MIhYKyBdyX1OCRipbReawB4gKV2US1dDnL3DR1jm8DnOYtdQP3cr8Uwi17YzTt4ZA88Td0oyaIpy2/5sdkIaB0wCFUTrhutE0EqIAk4FG6absWYRoX3SZQ1DJQmYbiXj24b40Cgd7IfKPAl4rP6eSEig9SDwTDIg0NOz3kj8z2vE4J+1Ei6jGJikk0V+LDCEeFQU7nDFKIiBIYQqbv6KaY8oQsHUmTYluLMnz5NqIe8e5wvXJ5licVpHCu2jA5RFLjpFRXSJyqiCKHpEz+gVvVlP1ov1bn1MogvWdGYP/YH19QMAgp0G</latexit>

f
<latexit sha1_base64="eUW2JdtoDz8xiVnQwI5Kye2XhGo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jpp16reVbXWvK7U63kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBy6WM7A==</latexit>

= average inflation rate between years j and n

Example

CEPCI (1993) = 359 CEPCI (2003) = 402

(1 + f)10 =
402

359
<latexit sha1_base64="QOwgdbPjgjnVmFGY1rjxk0OF0CQ=">AAACCHicbVDLSgNBEOyNrxhfqx49OBiEiBB2k4h6EAJePEYwD0himJ3MJkNmH8zMCmHZoxd/xYsHRbz6Cd78GyfJHjSxoKGo6qa7ywk5k8qyvo3M0vLK6lp2PbexubW9Y+7uNWQQCULrJOCBaDlYUs58WldMcdoKBcWew2nTGV1P/OYDFZIF/p0ah7Tr4YHPXEaw0lLPPCwgG50i9+Q+tq0EXaGOKzCJK1Ypictnl0nPzFtFawq0SOyU5CFFrWd+dfoBiTzqK8KxlG3bClU3xkIxwmmS60SShpiM8IC2NfWxR2U3nj6SoGOt9JEbCF2+QlP190SMPSnHnqM7PayGct6biP957Ui5F92Y+WGkqE9mi9yIIxWgSSqozwQlio81wUQwfSsiQ6yTUDq7nA7Bnn95kTRKRbtcLN1W8tVqGkcWDuAICmDDOVThBmpQBwKP8Ayv8GY8GS/Gu/Exa80Y6cw+/IHx+QPDh5ap</latexit>

f =

✓
402

359

◆0.1

� 1 = 0.0114 or 1.14%
<latexit sha1_base64="kJ4fCEs7KLzAQXPgXytEHqPHavQ="></latexit>

Eng. Economic Analysis08

Inflation
• Effect of inflation on interest rate 

f affects the purchasing power of the $


• Look at the purchasing power of future worth, then 
 

• If this future worth was obtained by investing at a rate i, then 
the inflation adjusted interest rate, i’ is given by  
 
 
 
 
 

36

F 0 =
F

(1 + f)n
<latexit sha1_base64="yy+/6mz22kviwz3zo3MykKJWkWY=">AAACAXicbVBNS8NAEJ3Ur1q/ql4EL4tFrAglqYJehIJQPFawH9DGstlu2qWbTdjdCCXUi3/FiwdFvPovvPlv3LY5aPXBwOO9GWbmeRFnStv2l5VZWFxaXsmu5tbWNza38ts7DRXGktA6CXkoWx5WlDNB65ppTluRpDjwOG16w6uJ37ynUrFQ3OpRRN0A9wXzGcHaSN38XvUIXaKOLzFJquOk6KAT5B/fiXE3X7BL9hToL3FSUoAUtW7+s9MLSRxQoQnHSrUdO9JugqVmhNNxrhMrGmEyxH3aNlTggCo3mX4wRodG6SE/lKaERlP150SCA6VGgWc6A6wHat6biP957Vj7F27CRBRrKshskR9zpEM0iQP1mKRE85EhmEhmbkVkgE0a2oSWMyE48y//JY1yyTktlW/OCpVKGkcW9uEAiuDAOVTgGmpQBwIP8AQv8Go9Ws/Wm/U+a81Y6cwu/IL18Q07zpTU</latexit>

F 0 =
F

(1 + f)n
= P

(1 + i)n

(1 + f)n
= P

✓
1 + i

1 + f

◆n

= P (1 + i0)n

<latexit sha1_base64="Oov6VLSVDcZhH1XYY7kWJprOGzc="></latexit>

i0 =
1 + i

1 + f
� 1 ⇡ i� f

<latexit sha1_base64="+C0VeqI1hPeaAzfe+EyrCL9BkaY=">AAACD3icbVDLSgMxFM3UV62vUZdugsUHiGWmCroRCm5cVrAP6Awlk2ba0EwmJBmxDPMHbvwVNy4UcevWnX9j2s5CWw8knJxzLzf3BIJRpR3n2yosLC4trxRXS2vrG5tb9vZOU8WJxKSBYxbLdoAUYZSThqaakbaQBEUBI61geD32W/dEKhrzOz0SxI9Qn9OQYqSN1LUP6RG8gl4oEU7dE5qZK8zgKXShh4SQ8QOk5hV27bJTcSaA88TNSRnkqHftL68X4yQiXGOGlOq4jtB+iqSmmJGs5CWKCISHqE86hnIUEeWnk30yeGCUHgxjaQ7XcKL+7khRpNQoCkxlhPRAzXpj8T+vk+jw0k8pF4kmHE8HhQmDOobjcGCPSoI1GxmCsKTmrxAPkMlGmwhLJgR3duV50qxW3LNK9fa8XKvlcRTBHtgHx8AFF6AGbkAdNAAGj+AZvII368l6sd6tj2lpwcp7dsEfWJ8/XY2ZtQ==</latexit>


