Financial Assets _
Time Value of Money, Annuities, Stocks, Bonds
and the Efficient Market Hypo
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The Time Value of Money
Assume that

* You will be paid €10,000 for a job.
 When do you prefer to get the money?

o Now

o 1vyear from now
* The value of money is different over time
e Why?
 Growth potential of money
* Inflation considerations

i=1mT+7r
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Present Value = Future Value “ll:,Al

 Deposit an amount PV = present value
* 2 cases:

e No compounding
e |nterest is not re-invested

FV = PV(1+ix*t)

With compounding FV = PV(l + i)t

* Interest is re-invested at
interest rate |
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Future Value Comparison

No compounding Compounding k ‘

Year Deposit Interest NoComp Year Deposit Interest Comp

1 100 9 105 1 100 5 105

2 100 5 110 2 105 5.25 110.25 Deposit €100
3 100 5 115 3 110.25 5.51 115.76  Years 10
4 100 5 120 4 115.76 5.79 121.55 Interest rate 5%
5 100 5 125 5 121.55 6.08 127.63

6 100 5 130 6 127.63 6.38 134.01

7 100 5 135 7 134.01 6.70 140.71

8 100 5 140 8 140.71 7.04 147.75

9 100 5 145 9 147.75 7.39 155.13

10 100 5 150 10 155.13 7.76 162.89

Finat 100 50 150 Ffinat 155.13 62.89 162.89

130
120
110
100

emN\o Comp esmComp
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The power of compounding

Exponential growth
Simple vs. Compound Interest

e Simple Interest == Compound Interest

Principal + Interest
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Power of Compounding Frequency

Calculation for 25 years

ilﬂv.i,-ﬁ:-l_::tment | € | 10000 J Future investment value Interest rate (yearly)
, \ 108.347,06 €
Interest rate: ‘ 10 %} ‘ annual -~ ‘ Total interest earned All-time rate of return (RoR)
— - 98.347,06 € )
frequency: {Yearly L) Vl Initial balance : Investment doubled after
Years: - Months: _ 10.000,00 € Calg
Cale |25 [0 |
B B ) : Broaldmum crhnica Toabkla | Tk [ Coimamamms
Il - BEE ) Calculation for 25 years
ilnai.-'t:easltment: | € | 10000 ] Future investment value Yearly rate — Compounded rate
- \ 120.569,45 € 10.47%
Interest rate: | 10 %] ‘ B s | Total interest earned All-time rate of return (RoR)
S | 110.569,45 € o
frequency: { SRR % | Initial balance Investment doubled after
Years: Months: 10.000 00 € Calg
- EE e |

Rraakdman rhoicra Takla [ Mhart | Summans

https://www.thecalculatorsite.com/finance/calculators/compoundinterestcalculator.php



https://www.thecalculatorsite.com/finance/calculators/compoundinterestcalculator.php

Future Value = Present Value “llJAl

Evoc mAovoloc Bsioc/a oac ooc
KAVEL SWPO £V ATTO TA TIAPOLKATW:
1. ZApepa €10,000
2. 2 5 xpovia €15,000
TL Ba eTIAEYQATE Qv TOL ETILTOKLA ELVALL
8%:;
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Present Value
Future Value = Present Value VIDA
* [Tapouoa afla piog LeAAOVTLKAG MANPWHAG

FV

PV =
(1+i)t

e Where:

o FV = future cash flow
o I =Interest rate
o t=number of periods ahead

MeplkAng MNkoykag — KaBnyntng AMNe




Present Value

Present Value
* Mapovoa aéla mMoAAwWV LEANOVTIKWY TTANPWHWV

— Cq l
PV = 1+ (1+)2  (A+)3 T (a+)n

9

n
PV = E e
— —
t=1(1+1)
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More than 1 payments = Periodic Payments
VIDA

What is the PV of a 3-year schedule of
constant payments of $400 for r = 5%"?

~

Inuepwvn afia kabe 1 2 3
TOKTIKAG Katafolng | r= 5%
|

| |
| |

1,400 400 400
|

380.95 =
362.8]1 «
345.04 <
1,089.30 = PVA;

- /

(1.05)2 X

12
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What is an Annuity? \/
* Fixed periodic payment
 For a given number of periods
* Agiven interest rate

e Compounded

What is the value of an annuity?
e At the start — Present Value
e At the end - Future Value

Examples of uses:
 Future Value of annuity
Kid: $500, for 18 years, at 8%, compound — future value?
 Present Value of annuity
Lottery: nominal win $1.8 billion over 30 years, S60 million
per year, 5% - present value?
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Ordinary Annuity — Future Value

Ordinary Annuity VIDA
* Amount is deposited at the end of each period with i=5%
* |In Excel =FV(Rate,Periods,Amount,0,0), O is for end of

period and is the default value.
0 1 2 3 4 5

et

$1000 $1000 $1000 81000  $1000

| l——) =$1000%(1.05)° = $1000.00

> =$1000*(1.05)" = $1050.00
> =$1000*(1.05)2 = $1102.50
> =$1000*(1.05)% = $1157.63

=$1000*(1.05)4=$1215.51
+

Future Value of an Ordinary Annuity = $5525.64
(14i)" — 1}

FVDrdinar}' Annmity — C X |: ;
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Ordinary Annuity — Present Value
Excel: PV(rate, nper, pmt, [fv], [type]) = type=0 ||'|=YA

0o 1 2 3 4 5

S S SRR AN TRE

$1000 $1000 $1000 $1000 $1000

1000
il o5 = $952.38 e
$1000
(105 =~ $907.03 <
$1000
(Los) ~ $863.84 <
$1000
(Los)s — $822.70 <
$1000
(105): ~$783.53 <
5432 48_PresentValue of an
icirisisia i Ordinary Annuity
U 1 — (1 + 1} “
Pv{]rdinar s Annmty — . :
¥ ¥ i
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Annuity Due - Future Value

* Amountis deposited at the start of each period
* |n Excel = FV(Rate,Periods,Amount,0,1), 1 is for start of period.

0 1 2 3 4

5

I SR T i R

$1000 $1000 $1000 $1000 $1000

S
I
S
7
N
7
N
7

=$1000*(1.05)2 =
=$1000*(1.05)3 =
=$1000*(1.05)% =
=$1000*(1.05)5 =

VIE

‘ L 5 - $1000*(1.05)" = $1050.00

$1102.50
$1157.63
$1215.51
$1276.28

Future Value of an Annuity Due = $5801.92

(1+i)" —1

Fvﬁnnuity Due — C x |:

1
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Annuity Due — Present Value
Excel: PV(rate, nper, pmt, [fv], [type]) 2 type=1 [\Y]

$1000
(1.05)°

$1000
(1.05)"
$1000
(1.05)2

$1000
(1.05)3

$1000
(1.05)4

Pvﬁrmuit}' Due — C x [

0 ¥ 2 3 4 5
11—t 1—
$1000 $1000 $1000 $1000 $1000
=$1000.00 -
= $952.38 ¢
= $907.03 €
= $863.84 ¢
= $822.70 ¢

Present Value of
an Annuity Due

1—(1+1

1

$4545.95 =

) ﬂ] X (141)
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Annuity Due — Present Value

Examples using the templates

Future Value
Kid
Amount 1,000
Periods 18
Interest Rate 8%
Ordinary 37,450.24
Due 40,446.26

MeplkAng MNkoykag — KaBnyntng AMNe




Annuity Due — Present Value

Examples using the templates

Future Value Present Value
Kid Lottery
Amount 1,000 60,000,000
Periods 18 30
Interest Rate 8% 5%
Ordinary 37,450.24 922,347,061.61
Due 40,446.26 968,464,414.69

MeplkAng MNkoykag — KaBnyntng AMNe




3. Perpetual Annuity
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Perpetual Annuity
C C ' ' k ‘

PV —
A+

where:

E+ e =

(1+7) (1+7r)? r

PV = present value
C' = cash flow

r = discount rate

Sequence — akoAouBia

What is the Future Value?

Grant, scholarship of €5,000 per year? How much do |
pay?

PV =5,000/0,07 = 71,428.57
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Annuity Due — Present Value

Examples using the templates

Examples
Future Value Present Value
Kid Lottery Scholarship

Amount 1,000 60,000,000 5,000

Periods 18 30 100

Interest Rate 8% 5% 1%

Ordinary 37,450.24 922,347,061.61 71,346.25 A: Annuity
71,428.57 B:formula

Due 40,446.26 968,464,414.69

MeplkAng MNkoykag — KaBnyntng AMNe
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Stock Valuation

Valuation of assets = pricing — how are assets priced? k ‘
 Whatis the value of a company stock?

 What are the cash inflows we expect from holding a stock?
D, D, D

o0

P =
Ty aery T A (1)
 But what if you want to sell at period 1 is this still relevant?
* Your value is: PV of dividends + PV of selling price

D, P

= - 1 __ — (2)
1+ " a+mt
D> D3 Do
P, _ (1+1)1 (1+71)2 n L (141
(1+7r)1 (1+r)1  (1+4r)? (1+7r)1
P, _ D D3 | Do
(1+1r)1  (1+1)2 T (1+1)3 LI, (1+1)%° )
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Stock Valuation

* Thus, stock value D, D Doo -
. K= i =t
from (2) and (3) is: (1+7) (1+7) (1+7)*

* If constant dividend, D, =D, = ..., then

= 1 1 D D Reminds
R}=D]><Z ,=D|X_=_l S 0=—l you of
o (1+7) ror r something?

* If we have constant dividend growth g:

D, x(1+g) D x(l+g)2+ +D0><(1+g)°°
0 (1+7)" (1+7)’ T (+r)”

< /1 “ 1 D
P{,=D-Z( —I_g) =D- T9 but D (1+g) =D, P{]: ]
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Stock Valuation

V
Variability of dividends =2
Discounted Cash Flow Model — DCF
(the first one that we saw = more general
CF; C F5 C'F; CF,
DCF = + | + .-
(14+r)t (A+7r)p? (Q+7r) (L+7)"

where:

CF,, = Cash flows in period n

MeplkAng MNkoykag — KaBnyntng AMNe



Common Stock Valuation

Cliff Inc., a drone company, paid the
following per share dividends:
What is the valuation of its stock?
2022 = Interest: 8%, Growth? 5%

p =2

= o
1.41 / (0.08-0.05) = $47

Approximate with variable returns -
Calculate average growth

MeplkAng MNkoykag — KaBnyntng AMNe

Dividen

d Growth

2016 S1.00

2017 S$1.05 0.05
2018 S1.10 0.05
2019 S1.16 0.05
2020 S1.22 0.05
2021 S1.28 0.05
2022 S1.34 0.05
2023 S1.41

2016 $1.00

2017 $1.07 7.00%
2018 S1.12 4.67%
2019 S1.16 3.57%
2020 $1.22 5.17%
2021 $1.28 4.92%
2022 S1.34 4.69%
2023 $1.41 5.00%




The
Efficient Market Hypothesis

All information,
public and private

All public
information

All historical
prices and returns
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Efficient Market Hypothesis

D, D, D

o0

 Current stock price at t:

* We estimated D, based on I, .
 We used all available information at t.
* When will the price of the stock change?

* When we have changes in I, = new information, news on the firm.

* News are by definition random.
 Thus, stock price changes are random.

| take the market-efficiency
hypothesis to be the simple
statement that security prices fully
reflect all available information.

MeplkAng MNkoykag — KaBnyntng AMNe
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Efficient Market Hypothesis

LLMs and trading

$14 000 —
&
%,

$12 000 —

$10 000

$8 000 —
@
+

$6 000 —

I 1 1 1 1 I 1
Oct 18 01:00 Oct 18 10:06 Oct 18 19:11 Oct 19 04:17 Oct 19 13:23 Oct 19 22:29 Oct 20 07:35 Oct 20 16:41
@ GPT 5 3 CLAUDE SONNET 4.5 4 GEMINI 2.5 PRO & GROK 4 ¥ DEEPSEEK CHAT V3.1 57 QWEN3 MAX & BTC BUY&HOLD
$7,250.78 $12,430.37 $6,811.90 $13,323.71 $13,740.29 $10,862.76 $10,365.12
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Efficient Market Hypothesis

LEADING MODELS

$13,801 $13,394 $12,464  $10,897 $7,278 $6,841

DEEPS..  GROK 4 . _EN3.  GPT 5  GEMIN.
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