i T
B
%6, A2A (2017, 3) BH~43

i

7.

4o
K
S WO
o X <
*® roﬂ,v_loﬂoﬁfmlﬂllju
$ T A]1A11E
NN . zo;meafﬂAéﬁoov.
K0 ﬂr;ﬂo1,8wné %ﬂ..iag i~
o o o E Yo © I B e W™ T B e o
}oﬁ%oﬂsy ﬂﬂeﬂM0+dﬂym.ﬂl&oﬂ%ﬁuﬁmoq
mﬂﬂﬂ%%ﬂﬂﬂi ﬁmo %%%Mﬁam
X U3 ,onmovaeﬂ;‘aﬁﬁ_%‘n_% W i\
drauﬂﬂi$nu__uA;uugU a«ﬂeﬂﬂ]sot7$
TN~ ol ﬂhPﬂHiuslﬂ%%L
AJﬂ'SWJdr.SAGmu_/ _7x§no,%
Moo L11W§€1¢ﬂﬂrﬂn%ﬂv@%
Mumwooﬂawm%VOE;T%7%ﬂm%@alemﬂﬁa
%yaﬂeﬂuoﬂMEV q_@l]ﬂm%qa/ b
Lﬂﬂﬂo.mo}E1ﬂa T % oo
.ELmLLﬁ ™ Bfo yWr ]i&oﬂoov _IH_‘AID‘*
m1VEmMﬂLﬂA+%OE_%Evl&}ﬁl
H X T zn o TCAorR J.W]é.ﬁ_lﬂ
.m/ﬂ&m\lyljﬂAT ﬂﬂ;lMB; ~n ‘mﬂ:/ﬁ_;o_lqﬂﬂo,u__/loﬁnﬂ
quwwg%@@SszER@%;%ﬂﬂ
ﬂme]H:wlﬁoﬂ‘&MASynﬂu%ipﬂhﬂmﬂ‘ao:uiaﬁ
@i%:,mazﬁ;%mm L B o X
,Q]S.L.Ll ‘I‘_llyloﬂ o.mﬁHM,WOE]mE&oEﬂ
wy o Pl il N - TR e W o
o} 41rEmourﬁLJ7xBﬂnuﬂﬂi io;uoﬂo
11M7E.Aoﬂi V@aamo oﬂqf hﬁa%
ﬂiﬁ.]o Eo]‘_t._t - oFﬂnMnﬂr. ﬁ_uﬂ.‘_
_@E%%gﬁ = W ioi%s%z.},
T o ﬂoﬁioﬁﬂlo# o} B N E
eria]r%E%%%ﬂ#ﬂﬁﬂ%%ﬂmﬁg
e oF au]ﬂﬂﬁwriﬂ mu?ﬁrmM
%mi_gou#ﬂmﬁmmf1ﬁ@ﬂ@dnﬂoé,
ﬁm7@ﬂ%%%%é%ﬂrPﬂﬁa%t_ﬁomﬂ?
movl;gwo%zugﬁilzmﬂ_/ﬂﬂrﬁdrqxﬁae
o I Lﬂmﬂ?iﬂRﬂ%l%ﬁow
R W oE T 5 o & gy of M
Hﬁ?%7ﬁ]ﬁ7oga1|oLoxMﬁ@EATLo.ﬁ
= wRﬂﬁqLowLA} = o O M T T
o © ﬂ%@ovﬁiﬂAEq 4£L§A
ﬂ]quloo Lo;uiozouTwrdrza i 3
mawllof%z o bR o oo b
T N R J,.@;éurmwrmoﬂw%ﬁ@%d
ST ngﬂafv o W T T L
1¢E_om|mzl%ﬂ%gﬂ@%ﬂ@ﬂ
oo#EMMﬂQQﬂﬂ_ﬂTman_ﬁ‘aimWﬂ
T T Ho e o w5 o
T
< T o

21]1Z1x]_
Al - [ 2823
A, e %oﬁ;i%% A7 csh
cigne B gl E_ng.fnicepni@o.kr)
“(jbaek@hufs
.ac.kr)

*



26 GRITERESHE A24 (2017, 3)

I.A &

| .

Hlold] A% A e EAA Aojd

3] Sl Filo] wolAla Ut} dAl dlolH
A Folol| A s}o] (Python)¥} R

&
Aoz A H0e ol A2 B2 A

I

B
HEd & ATHE 715 714 (contributed package) S 7| Eo.2 FAZ Tz
W AAARD 28-S FustA AT & Atk el 7] wiEelth R #HFH
AofolwlA FAlo] BARAMF g g vk H7IAES] Ajoledt & 5 3
ok RE veFg AIEA0] Jhesty o= AHS VA e, eELAR
FFE7] WEd 2E AS FRE AREE 5 ok o= SPSS, SAS, STATA &
02 BAZEafe] fruoln BASIIAERE sHEate|7t glov, HluA urtEhs

AwHow TrATEddldn Y4, 5PF ol WAS Aol 44F &
AAA BE ofe] ALgAEC] AAle] RololA 5714

=
=
2 glel FEZRadel FAA FE BHL ol§F & UES n ok £, R

o 3o
>
l-flj
= i
rlo
2

rlo
r (%]
o,
S,

o
re
iih)
=
%0,

= A SURRS
ATt o= HT AAE T e AR A} AME A
< 5 & Itk =3 tigh|A] gAEe] RE it AF]e] oy
Sl RS Al A 4 7] wlEel BAMINA &89 A%

)

=

(@)
=e}
=
Z
(@
=o]
=
Z
=
g
=
8.
)
Q
o
—
©
o
oft 1l
o,
RuiE
o2
ot
>
>
it
2
o
o,
2
o4
oy Mt ox
rir
Of

S| B8t RS AN A%
Abgol FatEm glow, F83e Fof AIREECA HHAoR AR ¢m gl
A FHAALE BAE 93 BATIINZ Bol #EHE A2 SAS, STATA,
EVIEWS7} g &&¥a Ja, 5838 g AFdol=Z= VBA, MATLAB,

[e)
Cr+o] F= AREE I AUThD AA FE2FA EFA Ao s o efxlF e

—d

1) 2 9EZ A~ PYTHONY 8% w3t Ax} Zvlsta Qe Aot Mzl Aol Ale] 817



El

& A% RA7IAl 28 27

Aol g GPUSE @ Edlofd
< o7 7t doje] kel moklve

Ae RZ209 Al 28, 3835 Zdd dAeh RoA7IA ),
gk Re| &8 dia] nza By gt

[I. RZZaHe] 49 &8 T

1. Re| #x[2 7|25 AISH

< oy A=, 2Ea Azl 2E-ein
ZRIaged AE AT ZRa ¥

ARt ek we-IRt Sk vl mabAolm wiERE 77 Sle dolde € 5
ot Re] 7P & AAe A H71A(Package) BEAE

32 e = A Hold ojie 7L UdH F
A RS AestA A8 & e % AT &7 &< RStudios AH&ste] 4
sta gtk RAX(www.r-projectorg) ¥ RStudiog#o]A]elA RStudios €A F&
2 Z2OS gRewol AXE 4 gk [29 1] Lavastom Inc.olA] 201310
Linkedin 7/ 7HE 25< ez AE2Ae AR2 AT & 4o %=
7MY B $ES wda, 1 FHE Rol 353%, SAS 34.1%, SPSS 228%% 1 HE

%3 9lo] HolHEA A R A4S & 5 3

%< 4T PYTHONZZ WS 83t o] aabdolw, Hol ey ) B
QET F7118 42s) 2 W R FHo] ¥hn ¥ & ek BiolAE REze
o) Fgwge] dele a2 g



28 BRTEREERTE, A24 (2017, 3)

Excel I 75.6%
R I 35.3%
sas I 34.1%
MS Access _ 27.5%
spss I > 5%
Tableau NG 17 .5%
Sql N 16.3%
Python NN 14.6%
Business Objects I 11.5%
StatSoft/STATISTICA [N ©.8%
sap [ s.5%
Matlab [ 7.6%
Qlikview [IN7.0%
Microstrategy M 5.3%
Cognos I 4.6%
Teradata M 4.1%
Lavastorm [ 3.4%
Toad WM 32%
Microsoft BI [l 2.9%
Rapid Miner [l 2.7%
TIBCO Spotfire M 2.5%
act W 15%
Hive I 1.0%
Birt | 0.2%
Logix | 0.2%

Other NN 15.6%

[O3 1] HIolE] EMETF AEol|l CHsh Lavastomel Z=A}

AL S & W 71 A (package) & AHE-FHE A2 RS SASH SPSS9F
0e AZzady PEGFE 83 Jold F shjeln & vk o5 B
T2aRe YT ENE e ZEadd AgE WS Algstd "ok o
A5k Relld e BAS falde H71A (package)ghs A& A}%fsﬂok gty sf7]A =
ALY T 54T 54 faA A £ e v Farek HEo], HolH
g9 Aozt & F Stk F RAA BATHE 7] SlEiME Ale dete §
ARAE 7FssHA dlFe A7IAE dgstel dAsta, 2 d71AE B2l S o
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oeA oA ATHe FrEd Fedd FRS H7IAEC] EART RS AA
3 7|EH o R AFete Fa A7 AXHu 1 vhe] BAEM WHES ok
g 71459 gHE EER AFHh olHd 7]A= CRANe] AIAE 3 RStudio

oAA A AAsta duelES = A Hrh
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2.2. 28382 28t R mi7|X|(package) 274
3| 7] A (package)= R zfelBelglE onlgith. 7] &AQ1 3j7|x]= ASFH AR
& d=s Zradl 7lF A 2HEd d%= AR Al library(package) S S E3
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<E 2> 3832 IR WIX &2F

T & 3 71 #] (package) °]&
FgdlelH flmport, quantmod, XML, XBRL, pdfetch, fExtremes
IEZF QL portfolio, PortRisk, MarkowitzR, portfolioSim, FRAPO
FeEdy quantmod, mdfe, fMultivar, fAsset, SMFI5, moments
Egold ftradong, backtest

9 A RQuantlib, fOptions, fAsianOptions, fExoticOptions,

AmericanCallOpt, LSMonteCarlo, opefimor
o|A&7|17FFZ termstre, YieldCuve
Al AR A G2 TAQMNGR, PIN, FinAsym

71k F5E4 financial, timeSeries, Financiallnstrument
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sigmal=.12

HRPLI2

r2 =11

sigmaZl=.22

rho =19

covar =rho*sigmal+*sigmaZ

p =¢(0,.1,2,.3.4.5.6.7,.8.91) #x}{H 9 #HHE
HERFRH O] HHE TFFE4] 9/ Fo) FEZZQ
variance=p 2#sigmal 2+(1-p) 2*sigmal 2+2%p*(1 —p) *covar
sigma=sqrt(variance)
porthlio_return=rl*p+r2+(1-p)

chind(p, sigma, return)

plot(sigma,portiolio_return, type="0")
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2. SM J1HAWS 98t R WHE

SANAANE Y E Rmetricsolld AEd #7220l &dlo] FAAA LS
& 4 Uth3) RmetricsellAl AFsta e F4AALHE 7]+ fOptions, fAsianOptions,
fE xoticOptions= &3l fFHE ¥4, oMt F4, o4 F4 7H4A L o] 7hsslt. o
9]ol %= OptionPricing, RQuantLib, AmericanCallOpt< Ed|X% 7}e3dltl. dutzoz
Aol EAlete Aol REYS Ba ZEadugh 54 AN @3 flellA Awg o
7IME &g ALEe o 7HAASe] Jhesith ol RAIHEE 2aTHEES]

F7F Algdeldd F3A HAALE A% RAEIHES HoFa gt

3) Rmetrics AA] 3)7]1A (package) S AR el dHELS 1S 259 Aevt 9lom % HAXHT)
> source("http://www.rmetics.org/Rmetrics.R")
> install. Rmetrics( )
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Time

[O23] 2a87=x% F7t Aol

#2742 Z (lognormal) &7 A &2 o] &
days <- 250 #9¢9 ¥

n <- 10 #77F 42 +

S0=30 # FH =77}

dt<-1/days

r<-.06

sigma<-.12

S <- matrix((r-0.5*sigma 2)*dt+sigma*sqrt(dt) *rnorm(days+n),
ncol=days, nrow=n)

S <- SO*exp(apply(S,1, cumsum))
ts.plot(S)

#E5H TP A

C=6187974 #3 7}7

X=25 #P+}714

C_t=pmax(S/200,]-X,0)

exp(—r+200+dt) xmean(C_t)-C




S =30 #HAT7]

X =25 #YAL}

r =06 #F9 3 o] X &
dt =8 FEFE ] (1 ZF)

sigma =12 #T7MHEY, ZTHR

dl =(log(S/X)+(r+0.5+sigma’2)+dt)/ (sigma+*sqrt(dt))
d2 =dI-sigma*sqrt(dt)

C =S#pnorm(dl)-X+exp(-r+dt)*pnorm(d2)

Pl =C-S+X+exp(-r*dt) #&-F Z2]E] o]&

P2 =X*exp(-r+dt)*pnorm(-d2)-S*pnorm(-d1)

L9 WAHEAL(implied volatility) S 49 &&7)7¢

= Rhgeitth ol #A dAVIY] FES ol&dt
A2 A oEE AW EA (historical volatility)@ x}e]7} T} ol
= AT dAHE, TS, JE g FHIF Folxs o
wA7FA o] FolAH mA|RQl WEA TetnlE, S Al HEdS Altet
°

oW
o,

=]
ok
ox,

o

= el o
2 o
U ol
2o R S

> lom N e

o g

o%

FRE-E= YAy ANE

S =30 # 5 T}

X =25 FYALTLE

r =06 #RE9 g o] x}&
dt =8 FRE T (1 7F)
C =619 F54 7}F

sigma =seq(0,.2,.02)

dl =(log(S/X)+(r+0.5*sigma’2)*dt)/ (sigma=sqrt(dt))

d2 =dI-sigma*sqrt(dt)

Error = pnorm(dl) - X/S*exp(-r+dt)*pnorm(d2) - C/S
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chind(sigma,Error)

c(~.0025,.004))

" yilim=

=0

plot(sigma, Error, type

abline (h

=0)
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G 9EslE AW ESE “HAlR dsEnd dve] £40] s
BETh BSE T/ B AAEAe] £ARES XA WEs] 5
A

7TdE4E Yepdth okl VaRel ESoll tig A=z 2 R oA

#Valk 7k
alpha <- c(0.95, 0.99)
gnorm(alpha, mean=-0.03, sd=0.15) * 20000

#Expected shortfall ZJ¢F
(-0.03 + 0.15 * dnorm(qnorm(alpha)) /' (1 - alpha)) * 20000

#E7] AR O T oF AJZ}S) Tz iz

x <- 5eq(0.9,0.999, length=100)

yVaR <- (=003 + 015 * gqnorm(x)) * 20000

yES <- (=003 + 015 * dnorm(qnorm(x))/ (1 — x)) * 20000

plot(x, yValk, type="1", ylim=range(yVaR, yES),
xlab=expression(alpha), ylab="")

lines(x, yES, Ity=2, col=2)

legend("topleft”, legend=c(”"VaR”,"ES”),col=1:2, Ity=1:2)

— VaR

8000
|

5000 8000 7000 8000

4000

3000

090 092 094 0.96 098 1.00

[22! 5] VaR®} Expected Shortfall H] 1l



38 ERITERESHE A2A (2017, 3)

~IHYEZS HolF1 9t}

install packages(“quantmod”) # quantmod Z7] =] &3]

library(quantmod) # quantmod 77X =Y

getSymbols(” KS11”, src="yahoo”) # oAl KOSPIX5= Hjo]E 7}x]© 7]
plotxts(KS11) # KOSPI E§771% 7 Y} ENY

2200
|

2000
|

W W’W N

1800

1200 1400 1600

1000

102 2007 7012009 1022012 7012014

[719 6] KOSPI F&F7HAF AE A
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[e]

R

K3t Quandle®} Datamarket
3 712 (package) S &2 &
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b 71472 % (asset pricing)¥} 1% 2] (risk management)
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MRO(Microsoft R Open)
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Abstract

A Study on the Usefulness of Statistical Package R for
Financial Engineering Education

Changsoo Hong* and Jae-Seung Baek*

R is a powerful open source functional programming language that provides
high level graphics and interfaces to other languages. Its strength lies in data
analysis, graphics, visualization, and data manipulation. R is becoming a widely
used modeling tool in finance, science and engineering.

R program is also supported by a large international team of volunteers who
maintain versions of R for multiple platforms. In particular, there are dozens of
package for solving problems in finance. This research introduces financial
package that is financial engineering education using R statistic calculation and
graphics. R provides a wide variety of financial package (timeseries, finance,
risk management, data management) and graphical technique, and is highly
extensible. In the long run, it seems likely that R and oter open source
packages will survive and prosper. Because of their higher growth rate, they
will eventually provide almost all of the features of commercial products. When
that point will be reached is unknown. In the classroom, where the focus is on
learning and adaptability, the free R program is rapidly displacing other

alternatives.

Key Words : Financial Engineering, Package, Portfolio, Option model, risk

management
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