HERFZFETILEEHRINETIL

Random Walk Model [ZTDULNT

KEIZHITS HhizzRFT (B BAT) OHEFE (JFRFIE unadjusted original series)
* B8, RALEIEKERERIE repeated LGNS (COISBBERIL KO/ NF—2 TRYIRS

N5IRAM LT ENE ZEHIRZ E) seasonal variationEFESY) , REIMICEFL TS,
(Fr—kIL NewYorkTimes BFRRMSEI ;IS 7EIEEHT I chart ELVSENLVANEETY)

N QULLIO 1V 1YUVY IVWLOUL ILLIVILID
2.4 million guns sold

By GREGOR AISCH and JOSH KELLER UPDATED JAN. 4, 2016 December 2015

1.9 million guns sold
In the January after Obama’s
re-election and the shooting
at Sandy Hook Elementary
18 School
Unadjusted data shows that sales follow a
strong seasonal pattern, with peaks in

2.0 million guns sold per month

1.6 December and lows in June and July. 1.3 million guns
sold
14 Month of Obama’s
election
1.2
824,000 guns sold
Month of Sept. 11 Estimated gun sales
1.0 attacks per month
0.8
0.6

2000 2001 2002V 2003™ 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
SEASONALLY ADJUSTED  UNADJUSTED

[Source] 'Gun Sales Soar After Obama: Calls for New Restrictions', By GREGOR AISCH and JOSH KELLER UPDATED JAN. 4, 2016,
in New York Times, http://www.nytimes.com/interactive/2015/12/10/us/gun-sales-terrorism-obama-restrictions.htm|? 2



KEIZH TS Fh550R5E (B BAT) DHEFE (ZE1EFZEF{E seasonally adjusted series)
* RRIMEN S ZEEENIER D Z AT R (FE R L) ITK>THRYRLV-RSIT,
rUR (R EEIRIEESY) & temporary LIER A -BRMENLLGLRIIERLGIND,

Yo RRFMAFRVERRIBN T, HRINDEEL
(DRABBES (FLUF, P REAMNTEIRIKS), SEHMIEE) &
(2)temporaryZZ IEIRAIK) - BRALE, [CHBINDEER, BTN ITHONSL,

By GREGOR AISCH and JOSH KELLER UPDATED JAN. 4, 2016

2.0 million guns sold per month 2 million guns sold
In the January after Obama’s
18 re-election and the shooting

at Sandy Hook Elementary

School

1.6 million guns sold
December 2015

1.6 Red: éﬁﬁ%@jgjg%;ﬁﬁg

seasonally adjusted values

1.4
1.2 1.1 million guns sold
Month of Obama'’s election

1.0

754,000 guns sold

Month of Sept. 11
0.8 attacks

Estimated gun sales
= . D -~

e per month ﬁ%}i (NP b 2 W2

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

SEASONALLY ADJUSTED

[Source] 'Gun Sales Soar After Obama: Calls for New Restrictions', By GREGOR AISCH and JOSH KELLER UPDATED JAN. 4, 2016,
in New York Times, http://www.nytimes.com/interactive/2015/12/10/us/gun-sales-terrorism-obama-restrictions.html?

FLURZA2 (& yama_Ta AYEIILT=, ’

ZleR-LBR-EMRIGFR-RUR-RRR-BEROHEARELEVADIE

ZILHIDEE A, TILEDEE A' T35, 8MH T A'-A=2ATHS.
(DEEEER &£ X DR,
- BALEEF, BEBROE A DELHOE A O AIEORESIT-=-AERIHIRE GRES
NAOEIFEEDE A') . BEEFRTIHRAHLL IEVIIHE, ShERTHEASL,
- BAEEE, BMAHDEIADEELN, ENHVDEIE GBEIZ%) THoT-MERTIE
B EHESNAEX BNS A'-A=04 ),
O IFEBIE MR T75%E ML, MEMALLoTz, | CORBIE TR EME) &R KRR,
[ L& (& AT D75% T, dBATH o1, ITNIFELE R ENER) 2 RTRR.
- BT, REXBERMNTEOT, BABORKICE, +5EBLELLD.
- BAEERERBERT HETOLIUFIEHORKIHIOT,

A’ REHRAT D CIER ST B EE T > CEL REHET S
TieEE = — ZERB, T, HEETILRTE MMTHA THESE
A
ERRT B 2<HBOT, BELTHEL,
N A —A A Az
Tlex = 2 :X—l log(X)=logA’—logA

10ZEEEL-EAMBEMTIIRXTROEIZRY
EiNfER = 1010gA'—1og A

Q) ZIEROFATIZETRER = 1(Q'oeA oA _q

- B (ZLRIOE) A €0 OBIZIE, HETEAL, S
- SERH(EILRTIOME) A YA FRADOBIZIE, BIRTEELGRELLEDIDTIE,

INZICET BEICIE, YA FRPEODHIENELEFTNEID T, Exce OHEHRETY IMNIETHET
BBEEICIE, BITEET D, IFelse BXEFE-T, #BAEOOIASFTRIZEZIGEICIIFHELTIC
RIBHE (ExcelDIFEICIEZER " 8E) ICTIRELNDH D,

B, COUTOERSHERTELN(FDOIILABITERELTEELEL) 4



% R CEILRZHET D47 diff ERZEES

(4512

* DATAD AN E—REDREE (CRIE m+1 IDEMNSHTE mIEDEZSILVE) DFE

>x=c(10,20,25,40,60); diffx=diff(x); x; diffx
[1]1 1020254060
[1110 51520
- S EELEAHEDHE
> x[1:length(x)-1]
[1]1102025 40
- EEEOHE
> diffx/x[1:length(x)-1]
[1] 1.00 0.25 0.60 0.50

- BEANBERCELEE ETLEEHETS
> logdiffx=diff(log10(x)); logdiffx

[1] 0.30103000 0.09691001 0.20411998 0.17609126
- BARBOEETOEIZRYT
> 10" logdiffx # ZELfEE

[1] 2.00 1.25 1.60 1.50
> 10Mogdiffx -1 #1 Z#5ILNTELEEHE

[1] 1.00 0.25 0.60 0.50
- FMETH e FRETDHEARATHDIZEITTE
> diff(log(x))

[1] 0.6931472 0.2231436 0.4700036 0.4054651
> exp(diff(log(x)))

[1]12.001.251.60 1.50
> exp(diff(log(x)))-1

[1] 1.00 0.25 0.60 0.50

Y if else X THBENIAFTADT—REFENLBRET BIC
[ETEDELSIZTB(RDIGZEIZIL, RIBIEmissig datald NA
Y—JTEY  Excel DIHAITFEBRIL " (2T D)

> x=c(10,20,-5,40,60); diffx=diff(x); x; diffx
[1]11020-54060
[1] 10-25 45 20

> x[1:length(x)-1]

[1] 10 20 -5 40

> ifelse(x[1:length(x)-1]>0,diff(x)/x[1:length(x)-1],NA)

[1] 1.00-1.25 NA 0.50

- BAXEK log naturalld Ln( ), In() EEBESNDIEZENZLY; exp (X exponet R

EURO STOXX50 (1 —OE FEs0%t O Fi9tkifite 1992 &M SEEET) D73 AT
"stock2015.xIsx" @ "EuroStoxx50" worksheetMDATAZIE —L RIZERAIAL,

> euro=read.delim("clipboard")
> price=euro$price; date=euroSdate
> summary(price)

# Mac 5 & IEread.delim(pipe("pbpaste"))

> plot(price, type="1", lwd=2,ylim=c(0,6000),main="Euro STOXX50:y1992-y2015", xlab="date")
# XEIDEZIREL THELDT, BEIMIZEND 1, 2,3, DHENKASNhD; EE plot(date, price,

type="1") THRELN(XElH date R RIZHE D)

Y XI5 HEEDEEE Volatility DETEET 571t

- ERAFICHAS, PROWNRY, mENREVUTNESIEN DD REDEE LT SFZA IZIER

éj\

MEYLRONEA, BEMICKECETH T D (RUBID) CEEZTRLTND, FAGRHFABHEL TS

EIFZEFE IEFRE normalization 352 &1,

> vola=diff(price)/price[1:length(price)-1]; plot(vola,type="1",col="red",,ylim=c(-0.12,0.12),

xlab="date",ylab="Volatality"); summary(vola)

> abline(h=0); title(main="Volatality: Euro STOXX50, y1992-y2015")
> hist(vola,breaks=50,xlim=c(-0.12,0.12), main="Volatality: EURO STOXX50, y1992-y2015")

Yo X EE D FETHRER (Volatility) E5HE T HE

> difflogvola=diff(log10(price)); vola2=10"difflogvola -1; summary(vola2)

Min. 1stQu. Median Mean 3rd Qu. Max.

-0.0788000 -0.0062470 0.0005319 0.0002904 0.0071450 0.1100000

Y BEEE (Volatility) DIEZE 12#L (ZROTEH)T5H

> zvola=(vola-mean(vola))/sd(vola); summary(zvola); hist(zvola,breaks=50,xlim=c(-7,7),col="red",
main="Standardized Value (Z score) of Volatility \n EUROSTOXX50")




Euro STOXX50:y1992-y2015
EURO STOXX50 INDEXD HEF%

o
o
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T T T T T T
0 1000 2000 3000 4000 5000 6000
> plot(price, type="I", lwd=2,ylim=c(0,6000),main="Euro STOXX50:y1992-y2015", xlab="date")
time

Volatality: Euro STOXX50, y1992-y2015
oz 4

s Bl AL L

Volatality
-0.10 -0.05 0.00 0.05 0.10
|

T T T T T T

0 1000 2000 3000 4000 5000 6000
time
> vola=diff(price)/price[1:length(price)-1]; plot(vola,type="I",col="red", ylim=c(-0.12,0.12), xlab="date",ylab="Volatality")
> abline(h=0); title(main="Volatality: Euro STOXX50, y1992-y2015") 7

- ERSTICHES, PROWARY, AENRBUTNEIEN DD D, RIBDEE LS FAIZERD L
YELEOMNED, BRMICTKECEH T D (RUBD) CEERLTND, — IS, EEAEDEE IR
57, RHFGERNRLND, HRAGHIERRFHNBEL TSI LFIEHZIERIE normalization §5Z& (F
MEQEELLBDIERS ML) THAA, H, RERDBETORITBZOFREL (EBATKETKE
WEERTDOEEAEZD) . T, oW ERODEDOKRFEE>TLES. Btz

Volatality: EURO STOXXS50, y1992-y2015 Standardized Value (Z score) of Volatility
EUROSTOXX50
g °
) 3
g 5 g
g A £
. .y P )
I T T T
-0.10 -0.05 0.00 0.05 0.10
vola f T !
5 0 5
Normal Q-Q Plot
zvola
o 20 > zvola=(vola-mean(vola))/sd(vola); summary(zvola);
S & hist(zvola,breaks=50,xlim=c(-7,7),col="red", main="Standardized
é g | Value (Z score) of Volatility \n EUROSTOXX50")
g © Min.  1stQu. Median Mean 3rdQu. Max.
g 3 | -5.70600 -0.47160 0.01743 0.00000 0.49450 7.91600
E ° ERPFDIGEE, ZRAOTED |4 EBAILEEFEFERIRE
® g ETLSE 105K, 90&YXK)
' od®
‘ ! w w w RE Kurtosis Ab— = : 8.083239
4 2 0 2 4 ERSPTOBEICIE, COEI, XX 3 121425,
Theoretical Quantiles Excel® kurt() AT ETHL, ZOIEHMD 3 #5(LVz

EMIREND (COERICITERSFDIZED kurtfE(,
FIFE0), 48, RIZIE, kurtosisE it E T AT IEH,
SNTOEVDGEM Y —SDBEANBE), 3

> hist(vola,breaks=50,xlim=c(-0.12,0.12), main="Volatality: EURO STOXX50,
y1992-y2015")
> ggnorm(vola)



Volks Wagen #t 0 ¥kl #EF2 D 73 #7

Y DATAD E A A : "stock.xIsx" @ worksheet"volksWgen" M DATAZOE —LRIZEREHIAL,

> wagen=read.delim(pipe("pbpaste"))
> wprice=wagenSprice; wdate=wagenSdate
> plot(wdate,wprice,type="1",Iwd=3, main="VolksWgen: Stock Price, y1986-y2015")

Y volatility B R DEEETST1E

> wvolatility = diff(wprice)/wprice[1:length(wprice)-1]
# S ER AR T E T 5E wvola=107(diff(log10(wprice)))-1; summary(wvola)
> summary(wvolatility)

Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.1982000 -0.0107800 0.0000000 0.0004993 0.0119500 0.1969000

> plot(wvolatility, type="1", col="red",ylim=c(-0.2,0.2), xlab="date",main="Volks
Wagen Stock Volatility \n y1986-y2015"); abline(h=0)

> hist(wvolatility,breaks=80, xlim=c(-0.2,0.2), col="green")
> qgnorm(wvolatility)

Y volatility DENIZEHEL (ZROTEH#) £5 571k

wprice

> zwvolatility=(wvolatility-mean(wvolatility))/sd(wvolatility)

> summary(zwvolatility)
Min. 1st Qu. Median Mean 3rdQu. Max.
-8.69500 -0.49340 -0.02185 0.00000 0.50130 8.59400

> hist(zwvolatility,breaks=80, xlim=c(-9,9), col="red")

VolksWgen: Stock Price, y1986-y2015

f l Volks Wagen ¥t @ #k{fi D #EF%
32000 34000 36000 38000 40000 42000
wdate
ksWa_g_l_n Volatitity
N Volks Wagen *i@*%ﬁﬁ@ PRIl ttﬁ%géﬁ—* Volatility D HEFS

0 2000 4000 6000

time 10



Frequency

Volks Wagen #t D#{E D Volatility B&Z R D 5%

Histogram of wvolatility

o
o
o
Histogram of zwvolatility
8 | o
© 8 —
T o
o
o o
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>
o s
T T 1 ;’.) S
-0.2 -0.1 0.0 0.1 0.2 ¥
o
g -
Normal Q-Q Plot
o
9 T |
-5 0 5
@{ﬁ
E S - zwvolatility
§
3 2 4 > zwvolatility=(wvolatility-mean(wvolatility))/sd(wvolatility)
2 > summary(zwvolatility)
SR Min. 1stQu. Median Mean 3rdQu. Max.
w < -8.69500 -0.49340 -0.02185 0.00000 0.50130 8.59400
N 63,59 > hist(zwvolatility,breaks=80, xlim=c(-9,9), col="red")
o [¢]
J I I | I |
4 2 0 2 4 Kurtosis ~ 10.01296
Theoretical Quantiles 11

REMAFHRRINETIV & FERFFHRRINETIL DENDONT

* BERAFEHRRIIETILOEZLS:

(D BFRIINZEENT RAMEEEIERBNM GRELE) BB SIEREINDS,

- RRINOESH=RAMEE +IERAIIEH)
- HRAMESEMMIES (B LRBRMESICR 2 1TEhbd,
- RRMZES (=RBIMBLHORE) (TR, P, B8, FHM, , 2SN,

Q)BRANMEINEEET, TNITK>TRIE (= FH) SNGZEWEENLTZZE residuals JELTD
EETHY, temporal I (ZDIFBYDOHMDEID) RERIZLLIEEITH D,

B)ETILVATIL BIRMLLIE T TEEZ5NS temporalZERIZEIBRWESIL, B
1R current situation 3T TlE, 2T D E X FK 755 (conjuncture 73 4T) o
# conjuncture: a combination of events

(4)RRF%E O, FLUREHZE T, ERERE C, EEEHE S LT 1IK, 0=1(T,C,S1) ELVSE
TILDTED, BRI 0 A5 HEHRITRIREET S ERDEBHZERET WIS AL FHRIIE
seasonally adjusted seriesh\ G5, ZEHMERICEZEINGVTRFE (IR X AEERTEE) OBEEHT
TES, EBIT, TE I DERIZKSEEBEREINEEREHOL TN TES,

[SEIMEETIL: O=T+C+S+| FEETIL: 0=T*C*S*|
K A EREFNBRINETILOEZS FTERFENET ILOEHH

(1) FEFRA-RENEE THELE ITHEIEEZD,

QRRIIDEENT EMETEZTEREL, TNICHBLTHRAIMES I BIRHWEREL
TEMEN-EBTHEIEEZA D, EMEEE S (XM FEZFRREIE ITIELL, TRAMIEH DN
AEBETHIEMGS AT LNAMGER | PTHEBTORBIZEIEOTHY, HRIONFHLES,

(3)M#RBNIMZEE) 1L, B 2 4HRE autocorrelation* % 51|48 serial correlation EL TLEEIN S,

BIZIE, ZEHHMEHEART—205E, 125 AROES" BEHEE"$5EEZX 5, ChE1sARIDRE
memory ZHFDEE S, —HIRTDIE (HAHWEHTO KD TFHIE) B BT NI FLUFELRD,




Random Walk Model & "E2iEZEH DR 572DV T

* BB DFRFIFZE BT Random Walk $HET LS, (EREICIE HBOINGEER, LHEENSOLBHR-EER, A
RTF—=ZTHNIEAFBEEESHE HrandomWALKT % ; — &I volatility E55)

(1) randomWALK &IEEESIALND T B & drunkard's Walk Z#= L 7= R IR TEro#LLY drunken person & (21727
EI2fTo1zYETIYLIEZYA B I FEo=YLEAS " FRIRA " HHFRETRT,

QBEMNSIRE, KREAEHBL—ARICEDHRIIOZEICIE, BT IYPIBLEFYIEEZZDLEHLTN
DT, Drunkerd[FFFIFLIEASER (L TF)MELEDFRIZED EEZ S,
(EBEDFRNDESIEEERET IDEIILLY, —RICSEER DoV E, BEOBICITEEZE L IFANSERIEHRA T
EEZFT  BROREE—EDOERTHEOHHBRERNICERET I RUMITRINET ; HDevent&ERDeventDfE %
—HB{IFEEEZET event DVBVNEFTYDEREPoKYLETRN, eventDZWNEE DRMEILEGED 20 DEEND—F
BIXe0mDEFTYD=ZFEMULICHET S METIIHKHET BN B Ecritical phase” EFFE LD E"ERF IR critical
phenomenon”, BRFIREELIES)

(3) BEEIL, TiRNh, EIRNWENSZEE- A2k eventZ randomlZH#EYRLEHNDS, B < DIEFEIL event
DREBELTEONBENSRE - REALEEAMICEATITELIBRICETVTEESNLION
randomWALK Model T 5.

(4) ZZTrandomé&ld, BIZXLAMNEIZALZDE, "/ BT TIEAHZINTRAHZ 10 ERER, &<
randomfZEWVSZETH D, RNEINENHINDERILREFSTLT, RMNILTHRIFICHMBELST,
RIZENEDIEEASTEDIDTTIEHRN(CNE—EBE—RDIAET DT eventlTMIILTLVDESES;
eventfll DI EREEE D) o

(5) FlIZIE, —ED"AAVHRIF" A+ _EIFEIOFEREZRELTHEY, + _ERIOFERERETIHEEN(+2E
ATDFEREDAERERERZRD) IEBICHLMEES, SOOI ERITORIIEEKRMIZrandomTHSH ERIEEZH-
TWARI(EEHEBEZET R EED Bl SHMEBHER ORI,

,,,,,,, e
o

Start
o~ : IS Vet o A S Goal
IR G s ;-5 ) SRS S g

Drunkard's Walk (RandomWalk) @A A—0 (MathstudioTHi ALI-#ER)

Random Walk Model ($xZ)

Y FIZIE, FFEZREEDIC ROXYEELEZREITHLEL, ROFBEEZRET D,
* start Line M{IEX (0, 0),
- 1EFRA B (1STEP) C &I XEAA A1 BT, STEP(X) | m |Y8AEDEE I m

*m % YEAAWIZ mE&ED (+ (T EAM, - (XTAR) 1 1 1
ETnid, 2 -1 0

n STEPED B DHIE(L (n, 2(m)) 4B, 3 -1 -1
* VWVE EH mDEE 4 -1 -2
- FE)ARIZALDEE -1, 5 1 -1

- E(E)ARIZALEEE +1 ET0IE, &t | -1
BIZIX, ARODISILFEREZES,

Y SN K57 simulationZRZE{FE ST 1000STEPEITL, F52127AYRLEOMNTEED
Fr—bTT, ECOTRECEDRHALILTFEREZLTLEEAD,

Random Walk
y=sample(c(-1,1),n,replace=T)

20 40

cumy
0

40 -20

T T T T
0 200 400 600 800 1000

X
>n=1000; x=c(1:n); y=sample(c(-1,1),n,replace=T); cumy=cumsum(y); plot(x,cumy, type="1", col="red", lwd=3,
ylim=c(-n/20,n/20)); abline(h=0); title(main="Random Walk \n y=sample(c(-1,1),n,replace=T)") 14



Random Walk Simulation

CITlE TAE)IZEDE -1, L(E)ICHEDE +1, FodCHELFOERETNIL;

Y LEEDIRBITn HBEATZEE, TOSITOEBIESGDHM ?
>n=500; x=c(1:n); y=sample(c(-1,0,1),n,replace=T); cumy=cumsum(y); plot(x,cumy,
type="1", col="red", lwd=3, ylim=c(-n/2,n/2)); abline(h=0); title(main="Random Walk");
data=cbind(x,y,cumy); data=as.data.frame(data) ;data[0:5,]
# sample(c(-1,0,1),n,replace=T) [&(-1,0,1)M5 n fE®D sampleZE Tt THREMS,
plot( ) commandR M col="red" lineDBIETE, Iwd=2 ILlineDIEDAKE Q2IETFT IAILMED2EDKE), ylim=c(-
n/2,n/2)) IYEDF/IMBEER KIEDIEE

Y U2alb—23 % RYIRL, randomWALKD#ERZ ETERLTIZY S5 T12EBM % (L XEIF—%
FENWERATURZEFUHL, ARELHD (FEDESD)EHZEL, plotaA<Y U R%E pointsa<T R
[CEEH]AD)
>n=500; x=c(1:n); y=sample(c(-1,0,1),n,replace=T); cumy=cumsum(y);
points(x,cumy, type="1", col="red", lwd=3)

* EXRHF—%#L LRI REMENEFTLTHS,

* ETHERBLET—20OEEHLIE, > write.csv(data,"randomwalk2.csv",row.names=F)

O HE, EMcommand® @D y=sample(c(-1,0,1),n,replace=T) % y=sample(c(-1,0,1,1),n,replace=T) &9
NI randomWALKDEVER LA TR LEHYERICH S,

[Flm&NE&%] sample() commandIZ2LNT
& FETHE
> sample(c(-1,0,1),1) #[1]1
>sample(c(-1,0,1),5)

sample.int(length(x), size, replace, prob) TLZ—:

&gt
>sample(c(-1,0,1),5, replace=TRUE) #[1] 0-1 1 0-1

'replace = FALSE' G T, BEAU LD KESDERIFESIENTEEEA 15
Random Walk Simulation Random Walk
y=sample(c(-1,0,1),n,replace=T)
o
8
o _|
[Te)
>
g y=sample(c(-1,0,1),n,replace=T)
' c(-1,0,1)ED TTRNELIRNAD
8 B CHEE TS
) [ | | | | |
0 100 200 300 400 500
X
Random Walk
y=sample(c(-1,0,1,1),n,replace=T)
%1 y=sample(c(-1,0,1,1),n,replace=T)
€1 L0, )ENTLIERANTIRNIYKREVERTESED

T T T T
0 100 200 300 400 500

16



RandomWalk O3 —)Lith 5 D9 %

Y randomWALK D n STEPZ D Goalith g (YDIE) DR flk ES5755Hh?
- B Z L, sample(c(-1,1),n,replace=T) M randomWALKTHMNIE, EIRNETIRN N ERER (=
1/2) TAEZE AWM T n STEPE D Goalith S X O £ (Y=0) IZBLEFHE5S, HEERBIIICE
EINIE, Goalth R DEAFEIL, n*E(Y) = n*2(y*Pr(y;)) = n*{(-1)*(1/2)+(1)*(1/2)} = 0 &%5%,
F 1=, sample(c(-1,1,1),n,replace=T) THNIEL, TIRN DR (1/3), LIRNDEEERH (2/3)
DT, onestepl EIZ(1/3)EIT EAIZHBEL TUKIEMNRIZIN 155,
N*E(Y) = n*{(=1)*(1/3)+(1)*(2/3)} =n*(1/3) &% A5,
- BIREIL, Goalth At CDEAFFGoalth REFINZED KSR T HMNELITETH D,
Y n STEPT& D Goallth 52 0D 53 i Msimulation: 113 £ (), -1 T (&), OlEE~ESES (Eilt) &7 5.
% T RZE{E>T STEP(n = 1000) MrandomWALKZ5000[E]14T5 simulationZ3E4TL, Goalith &
DRHERTHED (RRASAIKSE), TERDKIGEDATAZE KL T, simulationZ4TD,
THERIZ4EID simulationfERBETOVRLI-HR),

51T trial
$% | vl V2 V3 V4 V5 V6 VI V8 V9 VI0 -
1 0 0 0 -1 - 0 1 0 -1 1 yreemeleErL o isee)
2 -1 1 0 1 0o 1 10 |i
3 4 1 -1 -1 0 -1 -1 1 1 0
4 1 0 0 o o -1 -1 1 0
5 o 1 -1 0 -1 -1 -1 0 1 1 “”
SREAE| VI V2 V3 V4 V5 V6 VI V8 V9 VIO
BER [ 4 o -1 -2 -2 -1 -2 1 3 2
FERDME (HFEALEFELCO, —2(XHAMIZ2, 3XEAMRIZIEEKT ) 17

RandomWalk M3 —)L#h =MD %% (Simulation)

>n=1000; m=5000;
ranwalk=as.data.frame(matrix(sample(c(-1,0,1),n*m,replace=T),ncol=m));
ranwalk[0:3,0:5]; goal=colSums(ranwalk); goal[1:5]; hist(goal,breaks=50,
xlim=c(-100,100),col="red",main="Histgram of Goal \n sample(c(-1,0,1)");

mean(goal); sd(goal)

VIV2V3VAV5  #ranwalk DT —2DER GITSHIEITERT), 232l —av JEICIDERERT S,
111 1-1-1
21011 -1

3100-1 1
V1V2V3V4V5 #Goalltt mDRH(LDRDIIEEHED GoaltthmLiid)

-41-28 -6-22 21
[1] 0.1202 [1] 26.22389

> qqnorm(goal,col="red",cex=0.8); qqline(goal,lwd=3); abline(h=0, col="blue");
abline(v=0, col="blue")

> plot(cumsum(ranwalk$V1),type="1",col="red",Iwd=4,ylim=c(-50,50),main="Random Walk \n
y=sample(c(-1,0,1), n*m, replace=T)"); abline(h=0)

> points(cumsum(ranwalkSV2),type="1",col="blue",lwd=4)

> points(cumsum(ranwalkSV3),type="I",col="green",Ilwd= H;Z'.?.LTL'EZTS’?: Homal GG e
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"Random Walks in Stock Market Prices", by Eugene F. Fama,

in Financial Analysts Journal Vol. 21, No.5, 1965, p.56

An "efficient" market is defined as a market where there are large numbers of rational, profit-maximizers actively competing,
with each trying to predict future market values of individual securities, and where important current information is almost
freely available to all participants. In an efficient market, competition among the many intelligent participants leads to a
situation where, at any point in time, actual prices of individual securities already reflect the effects of information based
both on events that have already occurred and on events which, as of now, the market expects to take place in the future. In
other words, in an efficient market at any point in time the actual price of a security will be a good estimate of its intrinsic
value.

Now in an uncertain world the intrinsic value of a security can never be determined exactly. Thus there is always room for
disagreement among market participants concerning just what the intrinsic value of an individual security is, and such
disagreement will give rise to discrepancies between actual prices and intrinsic values. In an efficient market, however, the
actions of the many competing participants should cause the actual price of a security to wander randomly about its intrinsic
value. If the discrepancies between actual prices and intrinsic values are systematic rather than random in nature, then
knowledge of this should help intelligent market participants to better predict the path by which actual prices will move
towards intrinsic values. When the many intelligent traders attempt to take advantage of this knowledge, however, they will
tend to neutralize such systematic behavior in price series. Although uncertainty concerning intrinsic values will remain,
actual prices of securities will wander randomly about their intrinsic values. (to be continued)
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