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Traditionally, dvhen you define return you refer to a bank savings ~~count (risk

free) plus a risky portfolio of ~1S ~~ocks. Today, investors have access to a variety

of asset classes and financial engineered investments

• ~'he Book "The Quants" by Scott Peterson —financial engineering —achieving the

ALPHA.

_ rice — rice + v l e rice

Example:
Current Price = ~ 100, expected price to increase to $110 in a year. V+Iithin the year you

are expected to receive ~4 dividend, therefore the I-~PR=(110-100+4)/$100 = 14%
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Measuring Return over a multiple periods

~£ . ~., s ~• ~ 4;~~ ~ ̀  ~'

Q I 2 3 4

HPR % 1 fl 25 -2d 25

t~~°~thrrietic:

geometric•
(1+0.10) ~` (1+0.25) * (1-0.20) * (1+0.25) _ (l+r)"4

r = [(1+Oe10) " (1+0.25) * {1-0.20) ~` (1+0.25)] ̂1/4 — 1

(l.l~`1.25*.801.25)^1/4— 1 =

1.375 ̂ 1/4 — 1 = 8.29%
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-1 -0~1 - .5 Ooh 1.0

1 = + (-0.1 / (1 +IRR) + (-0.5 / (1 + IRR) ̂2 + (0.8 / (1 + IRR) ̂3 + (1.0 / (1 +IRR) ̂4)

~~~~o

- f~~ o ~ z ~ 4
4.17%0 -1 -0.1 -0.5 0.8 1

=IRR {initial investment, cash flows)

= 4.17%
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Con~~nt~ons for Quoting iZates of Return: Return on Assets with Regular Cash Flow

(Mortgage, bonds —semi-annual coupon)

~ r F , ~ ' ~ ' ~ ~ ~ - « r F ~~~

BAR Effective Annual Rats)

APR = (1 + E1~.R) ̂  1 /n -1 ~` n

For continuous compounding, 1+E1~R=e^APR or 1~PR=1n (1+EAIZ)

~' f~~ _ (~~'~~~' ~3~~°l0~ 
~~~~~~number periods

~ l ,.

Suppose we buy T-ills maturing in one month for $9,900 (on maturity you collect the

Face ~Ialue $10,000).

HPR = (Cash Income +Price change) /Initial Price

APB = 1.01% ~' 12 (annualized) _ 12.12%

EAIZ ~ 1 +EAR = (1.0101) "l2 = 1.122
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Scenarios Analvsis end 1'robability Distributions

~~@ll~t'60S ~~'~~~~31~1$~ ~~~

vu~~ap~
~j3C0~7~~339I!$~*~~~}

Boom Growth 1 0.25 44% 11.00%

Normal Growth 2 0.5 14% 7.00%

Recession Growth 3 0.25 -16% -4.00%
14.00%

~~~

To summarize risk with a single number we find V~1 ~~iCE, the expected value of

the squared 1?~viation for the mean, first. (I.e. the expected value of the squared

"surprise"; across scenarios.)

Var.(r)= 6^2=~p(s)[r(s)—E(r))^2

. ~ ~ ..

The Ilcz~iance (which is the sgi~~c~re of the standard deviation, ie: a~) is defined as:

Iiz other tivords, follow these steps:

1. York o~~t the ~c~n (the simple average of~the numbers)

2. Now,.for each nunzbe~ s~ubt~act the Mean c~nd then squaNe the result (the squared diffeYence).

3. Then ~~o~k out the average ofthose squared cliffe~ences.

Squaring each cliffe~ence snakes them all positive numbers (to avoid negatives rec~z~cing the Ila~iance)

A~ccl it also Ynakes the bigger differences stand oLct. For example 100'=10,000 is ca lot biggeY than

50~=2,500.

- But squaring then Ynakes the final answer really big, cznd so zin-squaring the ItaNic~nee (by tcaking the

square soot) n2cakes the Stanclarc~ Deviation a ~niaeh Yno~'e zasefi~l number.

Vca~icznce = SgLcared Sigmcz

,S'7'~111rDAl~ DET~IATIO~ I)EFII~ITI~~I< The Standard D~viativn (a) as a measure of hodv

spreads gut nunal~ers ire. (Note: Deviation just means how far from the normal). So, using the
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Standard Deviation we have a "standard" way of knowing what is normal, and what is extra large or

extra small.

~a~F'°~ ~aflc~6lC~ ~}3!'CD~3~k39~1~~1'~{~~~-

~C~ti~C1AS ~Cd9~3~~?9~!$~1 {'~~~ ~p1'f)~3ar3I~9$~*~~~ SLIi1'4 0'~ ~/~~"$~f~~h~~

Boom Growth 1 0.25 44% 11.00% 225.00

Normal
Growth 2 0.5 14% 7.00°/a 0.00

Recession
Growth 3 0.25 -16% -4.00% 225.Q0

'~4,(j(j ~p 4~U.UU

St. Dev = 21.21 °lo

SI~(r)=6=~Var(r)

E (r) _ (0.25 ~ 44%) + (0.50 't` 14%) + (0.25"-16%) =14%

Sigma ̂ 2 = 0.25 (44 - 14) ̂2 + 0.50 (14 - 14) ̂2 + 0.25 (-16-14)^2 = 450

And so the SIB sigma =X450 = 21.21%

I ~_ ►~ ' , ~

Current Price= 23.50

~
~ :~ce~araos ; ~'r~ba~"s6it~~~~

_ end ~~ a!r
~'ri~e ~I, i~ivic~er~ei~ ~~~ 3~~'~ % ~~~

~,
G'~~9~~'~ i/a~ia~~~

Nigh Growth 1 0.35 $ 35.00 $ 4.40 67.66 23.68 591.41

Normal Growth 2 0.30 $ 27.00 $ 4.00 31.91 9.57 8.62

No Growth 3 0.35 $ 15.00 $ 4.00 (19.15) (6.70} 731.04

E (r) = 26.55 1,331.07

HPR = (End of the year Price -Current Price +Div } / (Current Price)

StDev = 3.48

Standard Deviation = Sq Rt of V

Variance = 0.35 * (67.66 - 26.55) ̂ 2 + .30 *(31.91 - 26.55) ̂ 2 + .35 * (-19.5 - 26.55) ̂ 2
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14%-6%=8%

i ~ ' ' '' ̀  t

Sharpe Ratio:

Risk Premium over the Standard Deviation of portfolio excess return

(E(rp)—rf)/6

8% / 20% = Q.4x. A higher Sharpe ratio indicates a better reward per unit of volatility,

in other words, a more efficient portfolio

Sharpe FZatio is more useful for ranking portfolios - it is not valid for individual assets —

is useful across Asset Classes°

~IISTO CAI. ~O OF TtJIZI~TS — ~~v~ s.3 —Panel

To calculate average returns and standard deviations from historical data, let's compute

these statistics for the returns on the 5~P 500 portfolio using five years ~f data from the

table (5.4)

Example 5.4
Deviation
from

Average Deviation From Avg

Year ROR Return return Squared ("2)

1 16.90% 0.22% 0.05

2 31.30% 14.62% 213.74

3 -3.20% -19.88% 395.21

4 30.70% 14.02% 196.56

5 7.70% -8.98% 80.64

83.40% 886.21
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observations (n) = 5

Average ROR = 16.68% = 83.40 / 5

Var = 886.21 / (5-1) = 221.552 = 886.21 / (5-1)

Standard deviation= 14.88°/a = SQRT 221.552

~ ~ . ~ ~ ~ ~ 1

I~lominal lZate of Return (I~} _ 10%

Inflation {i) = 6.0%

r=K—i

Real Rate of return (r) (Approximation) = 4.0%

Real Rate of :Return (Exact) _ ~ {I~-i) / (l+i)

Example
Invest in one-year CD for 8.0%. Inflation is 5.0%. Find the approximate and exact Real

Rate of Return:

Approximate r = 8.00% - 5.00% = 3.00%

Exact r = (8.00% - 5.00%)/(1+5.00%) = 2.85%

:Fisher Equation ......... R = r + E (i) .........Nominal rate ought to increase one for one

dvith increase of expected inflation

.' . • . t

22



A~eIJC ~ LLECaE - DEPaRz~~Er~T o~ EcoNo~lcs & FIr~aNCE
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To~ai Portfolio = 300,000

ash °I~

ticks 1
Total

tucks ~t l rtfc~~i t~ tai c~~

Index 113,4 ~/0 v

Fidelity Invest 96,6 32.200% 46.0

210,00 7.00% 100.000%

ash 90,00
11 111 1t 11`
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+ ~ptilnal risky Portfolio (P)

+ Proportion of the Investment budget (Y) to be allocated to it.

+ The remaining portion {1-Y) is to be invested is the Risk-free Asset {rf~

+ Actual risk rate of return by rp an P by E(rp) anc~ Standard Deviation ~p

+ The rate on risk-free asset is denoted a rf

+ The portfolio return is E(rc)

E(rp} = 15%

~ = 22%

Rf = 7%

E(rp)-rf = ~%

L,et`s start s~flth ~o ~xtrerrae cases

1. If y=1 (all of the portfolio in the risk asset)

E(ip) = 15%

6p= 22%

2. If y=0 (none of the portfolio in the risk asset)

rf= 7%

~p= 0%

E(rc) = 11%
rf = 7.0%

6p= 22%

E(re) - rf = Y~E~rP) - ~`f1

6c= y6p

al atlocatioa~ line

p)-rf=8%
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The Ca~aital Allocation Line (CAL

Different values of Z' (risky portfs~lio)

The dope (s) ~f the SAL equals the increase in expected return that an investor can

obtain per unit of additional standard d~vzation.

~xp. return ~llisk Premium Standard I~~v, Sharpe Ratio

Portfolio P. 15% 8% 22% x/22 = 0.36

Portfolio C. 11 % 4% 11 % 4/ 11 = 0.3 6

Plot on CAL the Sharpe Ratio is the same

CAL Line

Rf = 7% .... If the investor can borrow at (risk free) rate o~rf=7.0%, then he/she can

construct a complete portfolio that plot on the CAL line to the right of P where y> 1

Example:

This is a levered. position in risky assets

y = 420,fl00 / 300,000 = 1.4x and 1-y= - 0.4, reflecting a short position in the risk-free

asses — a borrowing position = 7.0%

The portfolio rate of return is

E(rc)=7+{1.4`8)=18.2%
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Four income = $63,000 (15% of $420,000) and pay $8,400 (7% of 120,000) interest

'►~ iii 'X11 ~ .1l

Sharpe Ratio:

• ~ '!

S={~~ri)—rf~/C.~i=(1~.2-7.0)/30.x= 11.2/30. =0.36


