HA #HXE A stock, Equity Return and Volatility AEFX 5 Commodity &% Fixed Income Z DAt
00 00000000000000000 000000000000 000000000000 00 00000000 o

Takeaways
0o

MDODEEREEI TR

Christopher Ting

Hiroshima University

B®2: cting@hiroshima-u.ac.jp
©: https://cting.neocities.org/
a®: +81 082-424-6451

9: AR 131-1

Christopher Ting F—IRBEIF— April 8, 2026 Version 1.0 1/59


mailto:cting@hiroshima-u.ac.jp
https://cting.neocities.org/

A A E A stock, Equity Return and Volatility AE FX 5k Commodity &2 Fixed Income Z D Takeaways
0 00000000000000000 000000000000 000000000000 00 00000000 o 0o

Table of Contents

EC N

ML E K stock, Equity
Return and Volatility

B AE FX

4 &h Commodity

A &% Fixed Income

B ZODf

B Takeaways

Christopher Ting T—IREEIF— April 8, 2026 Version 1.0  2/59



A X E A Stock, Equity Return and Volatility AEFX P& & Commodity {&Z5 Fixed Income Z DAt Takeaways
o 00000000000000000 000000000000 000000000000 00 00000000 o 00

4D DEEREFE Y T R in Quantitative Finance

N = B i 5 ]

2% e - (1% 5 ]

Christopher Ting F—IREEIF— April 8, 2026 Version 1.0 3/59



A #HXLE A& Stock, Equity Return and Volatility AE FX &8 Commodity {&Z5 Fixed Income ZDfth Takeaways
00 ©0000000000000000 000000000000 000000000000 00 00000000 o 0o

MANEARNDERNLREZ A
2%t companyDFfA: RABFIFRETIN private equity versus 2252k public equity
FRANDEE =2t~ DHE

MBS L OYNEE earnings(ZX T 5 F5 KM — BL 2 dividend etc

EO

#

BRE T limited liability: 2HMEFEL TH, HERMEAEEEZES Z LI bE
52 NTED, — FKil, stock price P2 B 2 EEARIALE, TRTOERHIB W
<

P, > 0.

Lotk
s 52IE Htransferability: secondary market IZEWTEE T 5 A TE S, — cash
flow; SR BN liquidity

Christopher Ting T—IREEIF— April 8, 2026 Version 1.0  4/59



gA #HAE A Stock, Equity Return and Volatility AEFX 5 Commodity {&Z5 Fixed Income Z DAt Takeaways
00 08000000000000000 000000000000 000000000000 00 00000000 o 00

Stock Certificate: GE

FuwpAD sHaRes, COMMION|STIEK, of 8100 esc)
é-@ﬁwmmw/

100

> ,/,///;// ’ium EMUMDERIEND = /,// Yy foiid sen cssesserl .
////%//// Y /////// /////

Source NYSE

Christopher Ting F—IRBEIF— April 8, 2026 Version 1.0  5/59



gA #HAE A Stock, Equity Return and Volatility AEFX 5 Commodity &% Fixed Income Z DAt Takeaways
00 00800000000000000 000000000000 000000000000 00 00000000 o 00

Stock Certificate: Walt Disney Company
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Stock Certificate: Sony
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Stock Certificate: Lehman Brothers

R

LEHMAN BROTHERS

Source: http://ww1.prweb.com/prfiles/2014/10/07/12369710/lehman-brothers-holdings-inc-12.jpg
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Mollweide Projection

2"0—/N)L 15 Global Markets (1/2)
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MSCI Classification Map
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Return and Volatility
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MSCI Classification Table

AE FX
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Developed Markets Emerging Markets —

Canada Austria
USsA Belgium
Denmark

Finland

France
Germany.

Ireland

Israel
Italy

Netherlands

Switzerland
UK

Christopher Ting

APA
Australia Brazil Czech China
Hong Kong Chile Republic India
Japan Colombia Egypt Indonesia
New Zealand Mexico Greece Korea
Singapore Peru Hungary Malaysia
Kuwait Philippines
Poland Taiwan
Qatar Thailand
Saudi Arabia
South Africa
Turkey
UAE

Standal Markets'

FgRELIF—

D EES BT G GEE G

Bahrain Bangladesh
Benin® Pakistan
Burkina Faso* Sri Lanka
Croatia Vietnam
Guinea-Bissau®
Iceland
Ivory Coast*
Jordan
Kazakhstan

Mauritius
Morocco

Serbia

Advanced Frontier Markets

Estonia
Latvia
Lithuania
Romania
Slovenia

Americas EMEA? APAC?
Argentina Bosnia and =
Jamaica Herzegovina
Panama Bulgaria

Trinidad and Lebanon
Tobago Malta

Nigeria
Palestine
Ukraine
Zimbabwe
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o
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Yahoo! Finance Stock Reference 1

Argentina 7 V¥ >~ F >~ BA Australia & —A K 71U 7 .AX, XA

Brazil 7% V)L .SA New Zealand =2 —3Y— 7~ K NZ
Canada 777 & .TO Japan HA T, .S, .F
Chile ¥ .SN South Korea ##[E .KS .KQ
Mexico A ¥ > 3 MX China 1 [E .SS, .52

Venezuela 7' = % AT 7 .CR Taiwan &% .TW, .TWO

COE T
O - <

United States 7 A U 771 & % [E Hong Kong &% .HK
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Yahoo! Finance Stock Reference 2

Indonesia 1 >~ K% 7 JK Egypt T 7 b .CA

Malaysia ¥ L — > 7 KL Israel 1 A7 )L TA
Singapore ¥ > /iR — )L S| Kuwait 7 7 = — b KW
Thailand X 1 .BK Qatar 77 X —J) .QA

India -7 > K NS, .BO Saudi Arabia V7 V7 ¥ 7 SR

EE S - - -
EOEE S T - S <

SriLanka AV 7 >~ 71 .CM Turkey L3 IS
% South Africa ’F§ 7 7 Y 77 .JO
United Kingdom - & 1) A L
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Yahoo! Finance Stock Reference 3

# Austria & —A MU 7 VI # lceland 71 A7~ K IC
% Belgium X)L ¥ — BR # ltaly 1 XV 7 Ml

% Switzerland A1 A .SW % Lithuania YV b7 =7 AT
# Czechia 7 = I .PR # Latvia 7 b E7 .RG

% Denmark 7 >~ ~¥—72 .CO s Netherlands 4 7 > & .AS
% Estonia TA =7 .TL # Norway / JV'7 = — .OL

% Spain A1~ MC % Poland "—7 ~ K WA

% Finland 7 1 7 ~ K HE % Portugal RV N AL LS
% Greece ¥ ') ¥ ¥ AT % Sweden AV z—F > ST
% Hungary /N> 77V — .BD % France 7 7 » A .PA

# Ireland 71V 7 > K IR % Germany K- .DE, .F, .SG, .HM, .MU,

.DU
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World Stock Markets: $67.2 Trillion (2016)

Americas

Asia Pacific

Data source: WFE’s Statistics Portal
Europe, Middle East, and Africa
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World Stock Markets: $101.2 Trillion (2022)

2022 Annual Statistics Guide

Americas
44 .21%

Europe
Middle East
Africa
23.60%

Asia-Pacific
32.18%
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https://www.world-exchanges.org/our-work/articles/2022-annual-statistics-guide

#HXE A& Stock, Equity

000000000000 00e00

World Stock Markets: $151.6 Trillion (2025)

Americas
49.98%

Europe
Middle East
Africa
16.01%

Asia-Pacific
34.00%
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Asia-Pacific Stock Markets: $24.3 Trillion (2016)

IDX HKEX

KRX

NSE

Data source: WFE’s Annual Statistics

SSE
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Asia-Pacific Stock Markets: $51.5 Trillion (2025)

[ CcNY
O MYR
O AuD
[ vND
[J HKD
[ DR
O Jry
[ THB
[ KrRw
[ INR
O seb
O Twb
[ Others
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Price and Return

# |s there a good model for the prices P;, t = 0,1,2,...,T of a given stock?

# Think about the 1-period return instead:

S P — P
$ o> ——05
Py
# Define a price change A}, over a time interval h as
Ap = Pp— B

# So the h-period return is written as
Ap

Tt+h:?-
t
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Model A of Stock Price: X752 and Log Price

% Return is the X253 rate of return  times the time interval h:

Tt+h = ?t = IU/]’L

# Ash — 0, h — dt,and A;, — dP;. So we have

% Integrate from time 0 to time T". Applying your high-school math, we obtain

T T
/ pdt = uT  and / L dP, = n(Py) — In(Ry).
0 o b

Christopher Ting T—IREEIF—
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Model A of Stock Price: Exponential Function of Time

# Since In(Pr) — In(Py) = In(Pr/P), we have

Pr
In (L) = ur

Pr = Pyexp (uT).

which is

% Check for #&F JE% consistency: Does this model satisfy /5 R & {E limited liability?
% Answer: Yes, because e*T > 0 even if ;1 is negative. So P, > 0.

*% Conclusion: Model A suggests that stock price is an e exponential function.
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Examples: Two Amazing Stock Prices

Amazon.com Tencent
1000 1 300 A
250 4
800 -
200 4
600 -
150 A
400 4
100 A
200 4
00 04
04 04
1998 2002 2006 2010 2014 2018 2005 2007 2009 2011 2013 2015 2017
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Examples: Two Amazing Stock Returns
Amazon.com Tencent
03 | 0.20
0.2 o || 0.15
S T |
0.1
0.054 %) s - :
0.0
0.00 -
-0.14 —0.05 -
-0.2 ! | -0.10 | f l I
T T _015 T T T
1998 2002 2006 2010 2014 2018 2005 2007 2009 2011 2013 2015 2017
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p= 5 - -
%TIT\I Arithmetic versus %%ﬁ[ Geometric Returns
The end-of-year S&P 500 levels for 2004 till 2016:

Year 2004 2005 2006  [2007 2008 2009 [2010 2011 2012 2013 2014 2015 2016

Levell,211.92/1,248.29/1,418.30[1,468.36/903.25 |1,115.10/1,257.641,257.60/1,426.191,848.362,058.9012,043.9412,238.83

1 3.00% [13.62% [3.53% |-38.49%23.45% [12.78% [0.00% [13.41% [29.60%
% There are 12 ZEJR ') 4 — > annual returns 1

% AT ) 4 — > Arithmetic average return is the summation of these 12 annual
returns divided by 12, which is 6.76%.

11.39% [0.73% [9.54%

% M) ¥ — > Geometric average return r, is the result of solving the equation

(1 + 72005) (1 + 72006) * - - (1 4+ 7r2016) = (1 4 1¢) 2.
# The resultis ry = 5.25%.
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92-L0-666T
12-£0-866T
9T-L0-L66T

21-£0-966T
T1-£0-566T

20-£0-€66T
0£-90-66T
£2°90-T66T

52-90-066T
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(e]e]

12:90-6861
£1-90-8861
4 91-90-£86T
21-90-9861

£0-90-586T
50-90-v86T
20-90-€86T
10-90-286T

82-50-1861
22-50-086T
12-50-6L6T
L1-50-8L6T

£0-50-0L6T

000000000000

A FX

T0-S0-€L6T
YTH0-2L6T
TT-50-1L6T
TZ-50-0L6T

9T-40-696T
T0-€0-896T
$2-20-L96T
81-20-996T

Stock Prices of GE

91-20-596T
21-20496T
90-20-€96T
TE-10-296T

R AU P S N oy

ST-10-T96T
82-20-Tv6T

ST-TI-€26T

OT-T0-€26T
60-€0-2Z6T
OE-¥0-0T6T

Return and Volatility
00000000000

8T-v0-£06T
02-20-206T
82-T0-T06T
TT-T1-668T
0Z-01-868T

9Z-TT-L68T
91-60-968T
62-80-568T
6T-0T-¥68T

6T-Z1-€68T
€1-20-€68T
T2-60-T68T
L1-50-688T

000000000000 00000
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Sample period: 1889-05-17 to 2016-04-22

—gREt

5

Data source: Global Financial Data

Christopher Ting


https://www.globalfinancialdata.com/

BA PRV E K stock, Equity Return and Volatility AE FX [ Commodity {&Z5 Fixed Income ZDfth Takeaways
00 00000000000000000 0000000@0000 000000000000 [e)e} 00000000 o 00

£ 5 ¥ Fluctuations

# HS 2, HADOETVARARTHTH D, RERNTH Y. Mik&HIKR2HE S 2T
EBHDT

% Model B: HEZtDIE 5 X fluctuation!d. FEFRZ ] random variable X, D EIR
realization T®H %,

P, =P, exp(ut) X exp (aXt) = P, = Pyexp (,ut == aXt).

% ETIIBOEELRE: LT > X L
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Model B: Geometric Brownian Motion

# BEZHIR LT, 2, 2ERER L T2, Z MBI D F standard normal
distribution DR Z# (15 mean 0 and 435X variance 1),

% Model B: 3280 7' 5 7 & Ef) Geometric Brownian Motion(GBM)
oX; :=Vot Z,

ie., Xt = \/;Zt

# A VYVE#MTIE, GBMEHKMOY I aL—vavicRBEIhTHET, INESR
rate of return(¥; C. Z 3K rate of volatilitylZo TH 3,

% W o2t FBEEMICIZE o LARRBREDEN, REMTESMEIRT T4 ) T4
AUR YN 1 & S AN
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A Simulation of Geometric Brownian Motion

# Py =50

# 0=20
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All Models Are Wrong!

All models are wrong
but some are useful.

TARTDETIVIZEE> TWSB D,
WL DDNIZIT LD,

George Box

Picture source: Wikipedia
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Limitations

“In both social and natural sciences, ...
there is no way to have a
self-contained closed system or to
avoid interaction between the observer
and the observed. The Gddel theorem
in mathematics, the Heisenberg
uncertainty principle in physics, the
self-fulfilling or self-defeating prophecy
in the social sciences all exemplify Picture source: G250

these limitations.” Milton Friedman
Inflation and Unemployment (1976), Page 348.
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REBEDEFRNLBEZA

¥ BERT: br@EEZEV, JlO@EEE5; 07 - 23— N3] long-short
trading!

% Long: &S Short: 7%
* BREGI LR U: Biezi U T2 BATEZ L,
% $3%EZE quote-deriven DA E & 15
Base Currency/Quote Currency i@ & /fHG B E

% EENBEE 1R LT, BB EESHAL Fl 1K KL =1.28367> v A HE—IL -
Kov
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FXD I FX Example

¥ BN UHR—NVOEEREE LET, HAEBRY VY HR—IL RLIZHLTEH
X IpBeEZTWLEELET,

* 1005 M D HAM % A, FH551%100M =S$1.4500

% SGDTWK HHWVETH?
EZ: (e.g., S$1.2345)

* WhiE, 100MHBAT1IAEEEZE S 2 E U,
* 1x HB. AL — biX1.5200 KL =100H,
¥ HAMEDPY Y HR=IVELIZHLUTELBED T U 1FAL? 5%°
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Market Practice

* WHET TR UTOMEEZRE, HICKkNVAEEBEE L T 5,
m Euro: EUR
m British Pound: GBP
m Australian Dollar: AUD
m New Zealand Dollar: NZD

¥ BREWZ 2L, To—T7—@FIhon@Er=—vy I 73x—LTHEILTWVWS, 21—
I |XFiber, > FNliXSterling. %% NIlViXAussie. NZDIZKiwi& FEIXN S, K N7
=NV I ERFINY I, AL AT ITVEFAA Y= FHFXPVEFIL—=—L o
7-BE&5TH 5,
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F EBE X7 Major Currency Pairs

Description Symbol Nickname
Euro/U.S. Dollar EUR/USD Euro
Great British Pound/US Dollar GBP/USD CABLE
Australian Dollar/U.S. Dollar AUD/USD AUSSIE
New Zealand Dollar/U.S. Dollar NzZD/USD KIWI

U.S. Dollar/Japanese Yen USD/JPY YEN

U.S. Dollar/Swiss Franc USD/CHF SWISSY
U.S. Dollar/Canadian Dollar USD/CAD LOONIE

Christopher Ting T—IREEIF— April 8, 2026 Version 1.0 36/59
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ERMICHBITEVVTIVHIADODEELER

% 382% Profit and Loss(P&L)D &
e ETEEA

P&L := cash flow in — cash flow out = ## x P,, — ## x P,

AY a—£4

= Ml = (Fefii — EAiff)
¥ RITE D (g > to)h BITTD(ty < to) IZERD L £H A,
% —EHfEoY 2—VR

__cash flow in — cash flow out
B cash flow out

R:

gl = ] (1)
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Proof of Return Formula

Tcash flow in

lcash flow out

Proof:

* NWOEHEEZBATZ72DIH TV F ¥y a7 u—IEN x P, TH 5,
N x P, BREIIHELBESTY, ZOERSVLVE, BEL TSR,
NEWDOEEZTCHUBIZA>TL5F vy Y270 —IIN x P, TH 5,
PALEHZ R DL, VUR—VIEH ITEARIINTHEDTH 2,
Lad>T, SRONEZFONIHEINT, RAN)DBESND,
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22 Tutorial 3.1

AT 4 R34 TFXDH]] OfiE T, FETLHAHZEHLUZEGE, P&LIZE 57250

¥1,000,000 x (0.0152 — 0.0145) = S$700.00.

Bz s S E, 17 AR TERLEZY 2 — 132
0.0152 — 0.0145

=482 .
0.0145 Pde
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725 V) Short Selling

T Slock Equny Return and Volanllly A FX ﬁnﬁu“u Commodity {&%5% Fixed Income ZDfth Takeaways
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%k ZZ55 V) shortselling® ld. HAODNEERi> TWRWEFEEESZ L TY, MilEI%
KB ZICHVWRTEWVWIERT, > TVWAVWEER2TESILTY,

¥ MR D IFFEETIZRVD (WAWARERIP A MRHB28), FXIFETDH
g VALY 71;0

* Hi
TRV BV VARV U TTETSEFPRLAELEY, HAFRR

VREROTWERTAN, AV I74 VFXEEIOENSEERIZER Y R22E7%0 35
TEMTEET,
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—"?—"EEE Tutorial 3.2
1R RA32.0500 Y HAR—=IV KL TRoNTWSAE LET, 10,000 KZ22E5ED
L. 20,500 Y HAR—IVRKILZEFIZANIZELET,
17 HB, FERY RH1.9900 V HAE— IV RILiZhoke T35, HiidZolr—k
THERAVFZEVWEL X,

ZOHBITIE, 7EMHIZ1/1.9900> Y H AR —IV KL RIL, EfHIZ1/2.0500> > HHE— )L
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— iR DEE Treasury Coupon Bond in General
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In Omaha, the U.S. is still triple
A. In fact, if there were a
quadruple-A rating, I'd give the
U.S. that.

Picture source: USA loday
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Takeaways
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Takeaways
% Long versus Short
% Absolute versus Relative
P&L = Units x (selling price — buying price)

__selling price — buying price

Return , .
buying price

% Arithmetic versus Geometric
% Capital Market versus Money Market
% Yield to Maturity versus Bond Price

% Defaultable versus Risk-Free
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cash flow, 4

model, 21

price change, 21

return, 21

secondary market, 4

time interval, 21

27— L — | coupon rate, 49
RI7T71V5 1,29

vy - ¥ a— NLE] long-short
trading, 33

24t company, 4

{21 credit, 47

fi%: fixed income securities, 47
%W, 45

AN 5EFE public equity, 4

/3 HX variance, 29

IX4% earnings, 4

253K rate of return, 22, 29

Christopher Ting

B 5 %& volume, 42

P it commodity, 45

SLiifim s, 33, 35

B3 rate of volatility, 29

FF realization, 28

SV mean, 29

AEYRY & — > annual returns, 26
AR 75 7 VB Geometric
Brownian Motion, 29

A fa[SEE ) X — > Geometric average
return, 26

Fe B HK exponential function, 23
$% 5 & fluctuation, 28

675 Profit and Loss, 37

A BRFEAT: limited liability, 4, 23
HARR expiration, 47

KRBk private equity, 4

FEA, 28, 29

FkA, stock price, 4

FgRELIF—
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FEUE [} 43 4 standard normal
distribution, 29

VRENME liquidity, 4

T maturity, 47

i E TOFIE D yield to maturity, 48
7 J5 1 consistency, 23

BIAEANfE present value, 48

FH3%E 2 quote-deriven, 33

HHZmE, 33

TR IS HL, 29

TSR Z5 %) random variable, 28

725 1 short selling, 40

FARE ) R — > Arithmetic average
return, 26

PRI, 4

i, 33

fi*4 dividend, 4

TEE L M54 supply and demand, 45
HIf face value, 52
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