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Table 2.1 Approximation of m by Monte Carlo simulation

No. throw Buffon Problem Inscribed Circle
500 3.194888 3.128000
1500 3.099174 3.136000
2500 3.126954 3.148800
3500 3.144654 3.163429
4500 3.122831 3.158222
5500 3.133903 3.156364
6500 3.080569 3.144000
7500 3.113971 3.139733
8500 3.174603 3.140235
9500 3.154050 3.164211
10500 3.142772 3.116190
11500 3.157172 3.154783
7T by Buffon Problem 7T by Inscribed Circle
= P
zc;oo 6000 1oc‘)oo zc;oo 6000 10&00
No of throws No of throws
g - : g - ——
T — o s —

error error

Figure 2.1 Approximation of m by Buffon needle problem and inscribed circle
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max{Wt_l, Wt} = ,80 —+ ﬁl min{Wt_l, Wt} —+ €t, (t = 1, ey ]\/')7 (21)

A7|A e ZFPAI WAzt e g = A7 S N(0,0°)S WEth A3 g 7R 3
AASE 19 2R f L TS AAS Zhe

MLMT as N — oo. (2.2)
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APAA L FAE HAASY FHE 1ghe TANTIE 2 AP LS LA Table 225 227k
N(0,0%)Q FERFAHLS FHI7)S Doty 10003 WHEAFe ] ALE 7o) FHAFES 29k
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Table 2.2 Summary statistics for estimates of 7 from random walk with 1000 repetition

n mean median st.dev
102 3.2358276 3.1494283 0.54492
102 3.1425746 3.1283245 0.14646
o=0.1 104 3.1418837 3.1402456 0.04539
10° 3.1417369 3.1413647 0.01496
106 3.1416738 3.1418890 0.00463
102 3.2605742 3.1600267 0.56532
10 3.1561365 3.1506746 0.15239
o =0.25 10* 3.1443292 3.1437143 0.04710
10° 3.1417715 3.1424187 0.01470
106 3.1416441 3.1415825 0.00456
102 3.2665222 3.1353566 0.67335
10 3.1480999 3.1305404 0.15158
o =0.5 10* 3.1439939 3.1406842 0.04527
10° 3.1410831 3.1415556 0.01436
10° 3.1416974 3.1417600 0.00461
102 3.2544398 3.1401363 0.58313
10 3.1522445 3.1444086 0.14516
oc=1.0 10* 3.1405318 3.1424860 0.04607
10° 3.1414463 3.1416241 0.01490
10° 3.1415321 3.1415169 0.00468

3. AAARe) AL
3.1. BFFSAAAAE
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A7 A thate] AR oz R8T AL +59E (net return)ol2}t 3F1 R, 2 B7|3TH F, &4
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R, = = — 1. 3.1
’ Py P (3-1)
T3l A& E 2] (continuously compounded return)S 2 u|3= 23498 (log return) ry=
che3} o) Aot
re = log(l + R¢) = log Py — log Pi_1. (3.2)

ol wj A7 E P,7} 715HEEH 3 (geometric random walk)E WEW 2I59E = AR
SEHA 0L FUT FEH 24 2 AFEEE W2t (Ruppert (2004) A|37%). =
A A 2agke QAR Aoz v 2asEe] TRAIE HAGSE S mEA Y A}
A7 2agke SEHYAAYE w2 oy mebi F8AMIHE Y 2agtew ?“*51 A A L2t
F2REH IS 7L o] ARAALE BY (2.1)0] 85 @S AL 5 Ak

2 o] YEA F7HAS (stock index) 2l KOSPIPJ 2007dHE 2016974 22 107k
9y E7AEE o] &3ty 73S FABIYTE Figure 3.1 Z 717t 2R KOSPIAIR S| theF
S AAGIEERZA, AR, 2aWRAE, dd5+dE, 1? o 59 AIAEAE I AHE
(time plot)& WEPW I Qltt.
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Figure 3.1 Plots of KOSPI from 2007 till 2016
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24800 em AAE 7ZH2 3.765093, N = 10014 N = 248072 A AAE 79 FAHEY 4
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Figure 3.2 Plots of # by KOSPI

Table 3.1 The estimates of m using KOSPI from 2007 till 2016

year N (year) cum (N) @ cum (mean) cum (std.dev)
2007 246 246 3.928372 3.542716 0.6195643
2008 248 494 3.772088 3.662417 0.4581667
2009 253 747 3.856937 3.713511 0.3795783
2010 251 998 3.94015 3.758788 0.3376543
2011 248 1246 3.649743 3.781361 0.3093839
2012 248 1494 3.699522 3.771387 0.2835037
2013 247 1741 3.698847 3.762685 0.2635536
2014 245 1986 3.775512 3.758946 0.2471260
2015 248 2234 3.749238 3.761207 0.2331139
2016 246 2480 3.765093 3.759616 0.2213169

022 §Au =LA NICERZMA BT A7, uj& (71d ARAR 7%, 37150 ()
H AFAE 71E) T 37 84E Ve Z AT Ul 10t) 719 F 2007 dFE 2016\ d7HA] H 2
1097+ F7715287 de 67] 7198 W22 ngs
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2 A7t A857] AAMe 2aREE A5 AFGEERP RS mEthe AAlxdo] ARE o
oF &}7] wiFol| RSt k5o thete] W2 AT A8 ARES AASAT AA AALR
729 992 AAL e o A7 AW (Lee, 2015 Ha &, 2015) 171X+ 992 A3
Wog ADF (Augmented Dickey-Fuller) 43S AASHT AFEREZE ©2=x] H7] Ysjr= B
(Jarque-Bera) 473} 712421 o} =& Axtetgltt. A4 183t 67) 71 & POSCOE Al
et 570 719 EAHBE Sk FAFE 5%0A FERIAA L 2ok & ¢ ok 2HY A
TEARY A IBREAAY A 64 7Y BF AE2E oErn & £ glglon o HEFe] &
Aoz Hol me|fio] i FARE] IS APHQ FFAS Fxo 7|57 Rz
X oIt} (Table 3.2 #x).

Figure 3.3 3|3 717+ < Alzto] +AE wjuit; ALE 78 2G5S FE7d FHxEEA
2 2o E UERd Zlojth o] 2 8oA yEhERo| ZloR A AlYe e VHES @l E
FHEE S Btk 2 FoANE ARAATL ngkell 7MY Vb e g £EEE HoRa gl
T} 2007 dFE 2016d7H4] 10052t HE3Y] et 246970901 PAEE BT o]&3te] A4t
H 17k 7ol AEaF 1o AL 4.10136 2.2 7Y LA 7F 2n, A AAFEAES] AS 3.16134E
A wo} 71 7k o ® AlakE ot

Table 3.2 Estimates of 7 using stock prices from 2007 to 2016

Firm N T ADF (p-val) JB (p-val) Skew. Kurt.
Hyundai Mobis 2469 3.70220 0.90911 0.00000 -0.27125 6.82484
Kia Motors 2469 4.10136 0.97579 0.00000 -0.34365 8.69082
LG chemical 2469 3.37558 0.57203 0.00000 0.74765 15.17750
POSCO 2469 3.54282 0.02269 0.00000 -0.04949 7.74902
SAMSUNG 2469 3.16134 0.39361 0.00000 0.03192 6.02774
SK Hynix 2469 3.58406 0.37185 0.00000 -0.05568 7.64065
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Figure 3.3 Plots of # for major Korean firms
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3.2. FAFGEAALEAE

2 HoA= sle] Fo=9 tiEAA T} BES e R ngd FAsATh g 8
=29 YuHQ FAASTEE dFHAdZAAHNLY FTSE, T2 HANGSENG, 1= NASDAQ,
Yo NIKKEI, thgke] TSEC Go|th. siEA42] 2007 dRE 201674 109524 A A EAS
£ |83l Table 3.30= ZF vehd F7HA52] 539 5, 79 43k, S22 4 % 494
p-7%, AR AHE p-7 2 A= H= Fol AAFHAU

Fo]R BAo| o)atd =] thEF F71A49 NASDAQALR S o]&3ke] 0]z Axjo] o3 A4t

9 1o Z2Azgko] AgtezHEl9] @27t 71 Ao, tiuke] TSECAE ] o8] AAE 7o) FAgko]
Aol 7P A FA%S AT 92 A7 A3 vilvete] 2 e B 2anss

7 AERYAAE G T 5 QYA T B7)9e) s vhas 2 AR o o R

A Bolzso] AAAY FAASS o8l 249 ks A R 277} FAR4E Ao
Sy SR FolEx P4S Holm gtk Tt Fu) 227199 FAAS 2ol Fagol

7o} ok7h Hojuhs o2 ekt

Table 3.3 The estimates of 7 using stock index from 2007 to 2016

Index N T ADF (p-val) JB (p-val) Skew. Kurt.
FTSE 2507 4.62612 0.37815 0.00000 -0.12585 10.02140
HANGSENG 2451 4.38690 0.25070 0.00000 0.04637 11.16177
NASDAQ 2506 5.46775 0.43623 0.00000 -0.26832 9.94108
NIKKEI 2434 4.91068 0.57308 0.00000 -0.48922 10.33090
TSEC 2449 3.74439 0.41018 0.00000 -0.37736 6.52802
FTSE HANGSENG NASDAQ
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Figure 3.4 Plots of 7 for major global stock index
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w3 v 4 Aty Asle] FEARE o)§ete] ngke 4 A= Table 3.4} Fig-
ure 3.5 AA= o] ot F yte] A BF FEHIYAHS wEvt & 5 JARE Aste] ok o
31e] AR E o]&sto] FolgtE FATES wl 227 H AA ALk At

Table 3.4 The estimates of m using foreign exchange rates from 2007 till 2016

country N T ADF (p-val) JBb(p-val) Skew. Kurt.
USD 1235 5.02573 0.81042 0.00000 -0.72192 35.13516
JPY 1235 4.57118 0.81314 0.00000 0.04176 18.66176
UsD JPY
— — 7t
Cum_mean(fy) o Cum_mean(fy)
o _| = 7
o~
Lo
S
S
\,\—/\’—\ ] L\k’\_/v—/\/ﬁ—_
© A,

ol : " #,/JT
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Figure 3.5 Plots of 7 for Korean won exchange rate to US dollar and Japan yen
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£ 49 Rglth Buffon®] nhs) A9 s A2 SEAPIA Monte Carloi 2 58 =
JUPoR 7o) G F4T A% WYAS Bokdrkm A F4gte] WA B AsA FHHA
taee g4 g
T3 i FERATAL g2t DAIANAGNRE olgald HALGL A4stn 248 A4
58 Bl ANE 79 ANFHFS B AWL Sale] HolT A BEL AVLF 2@l &
W SRS & 5 ATk 018 AA FEAASAEN YRS ) 2IA8D 487 FERY
HAe w2t HaAw Ahel 2R Lxe] SAHY meliLo] THE g APoEH
AFEES AVTE B 5 Yotk TG AR stolge BB/ A whet SPstgon
ARZAR G4 FATES & 5 Ak ol 5L T L AAFEAR BF A5 ek ¢
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golgich. At FUFLIGARE FARS AL 670 /195 571 7140] 7ol SHTHE BES
£ Eol gk AYTAE BF r2RE Rl o

H A, f‘ﬂﬂl—zr&-—?/l F7RAG ZARE Aol
= Sgest. T o 2 YR BEARE 48RS ol Askohil A5 AR ol o A7
Sasqr

2 =wolA 12d FEAAGARE o8t ngS TSNS W THAEE thFsHA YT
St Fo1 HAA%E Tol RO £ AL 710 Zafolfo] FERANAS BE
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Abstract

The irrational number 7 is defined as the ratio of circumference of a circle to its
radius and always becomes constant. This article does Monte Carlo approximation of
its value using the famous Buffon’s needle experiment and shows that its convergence
is not always proportional to the sample size. We also do Monte Carlo simulations
to see the convergence of the computed 7w values from the random walk series with
independent normal increment. Finally we apply the theoretical derivation to various
financial time series data such as KOSPI, stock prices of Korean big firms, global
stock indices and major foreign exchange rates. The historical data shows that log
transformed data random walk process but most of their first lagged data don’t follow
a normal distribution. More importantly the computed value from the ratio of the
regression coefficient 7 tend to converge a constant, unfortunately not w. Using this
result we could doubt on the efficient market hypothesis, and relate the degree of the

hypothesis with the amount of deviation of the estimated 7 values.
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