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ĥeƴƘƞǋƉŲ_ŔnȈK�ȑĈ�	ȉƶ´ęȈNĦ7&Ɖunadjusted	original	seriesȉ	
ƍƉã�ȋXƤǈƖƳé�ǏR�	repeatedƣƳƚǉȈƠƶǈƖƳã�XƤǈƖƳǰǥȆȃưĮǊšƢ

ǌǋŃ<ĉoCǏwģĉoC	seasonal	variationƱ\ƻȉȋųÌĉƴoCƣƯƕǋƐ	
ȈǧǺȆǫƷƉNewYorkTimes	Żuùƙǉ�ăȒǚǿǲƱƷņǎƦƴ	chart	ƱƕƖņƕ¿ƚÆťưƥȉ�

[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?� 2�



ĥeƴƘƞǋƉŲ_ŔnȈK�ȑĈ�	ȉƶ´ęȈwģŐ½í&Ɖseasonally	adjusted	seriesȉ	
ƍƉNĦ7&ƙǉwģĉoCŬ5ǏĪŇĉº�ȈwģŐ½ƱƕƖȉƴǈƬƯTǊŷƕƩĦ7ưȋ	
ǫȁȃǬȈ�ųÌĉŘEȉƱ	temporaryƉƳŽŃ<ĉȅ(ĆĉoCƙǉƳǋĦ7ƱłƳƢǌǋƐ	

ƍƉĨíĪŇxĉƳÅĦ7ŅÐưƷȋNĦ7ƶoCƷ	
Ȉ1ȉŃ<ĉƳŬ5ȈǫȁȃǬȋ�ųÌĉ�āéCȋwģĉoCȉƱ	
Ȉ2ȉtemporaryƳŽŃ<ĉȅ(ĆĉoCȋƴ5ŅƢǌǋƱıƗȋŅÐƚļǎǌǋƐ	

[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?	
ǫȁȃǬǿǓȃƷ	yama_Ta	ƚţAƣƩƐ�

Red:	wģoCŐ½í&		
seasonally	adjusted	values�

żĬ:	ǫȁȃǬȅǿǓȃ�
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oFþƉƎƉȓ�

ƉoF=ƶ&ǏƉAȋoF�ƶ&ǏƉA'ƉƱƥǋƐmA5ƷƉA'	–	A	=	ΔAưƔǋƐ	
Ȉ1ȉoF%þƉƱƉoFþƉƶG9Ɛ	
ȅƉoF%þƷȋoF�ƶ&ƉA'	ƚoF=ƶ&ƉA	ƶƉ�%ƶrƛƢƴƳƬƩƙǏïǋ±ÖȈŉ"Ƣ
ǌǋ&ƷoF�ƶ&ƉA'ƉȉƐĨ^±Öưƒ�=ÌäƓƱƕƖlWȋƠǌǏ±ƥlWƚqƕƐ	
ȅƉoFþƷȋmA5ƚoF=ƶ&ƱäƽȋƲǌƜǉƕƶ?WȈť�Ʒ�%ȉưƔƬƩƙǏĕƥ±
ÖȈŉ"Ƣǌǋ&ƷƉmA5ƉA'	–	A	=	ΔA�ȉƐ	

ƌƉƒn�ƇƷƉ�=Ìäư75ȇmAƣȋ4+2ƱƳƬƩƐƓƉƠƶľÿƷƉoFþȈmAþȉǏĕƥľÿƐ	
ƎƎƒn�ƇƷƉ�=Ìäƶ75ȇưȋ4+2ưƔƬƩƐƓƠǌƷoF%þȈmA%þȉǏĕƥľÿƐ	
ȅƉÅ¬ȋoƳ¾ğǏłƙƞǋƶưȋÁÎŋƶľÿƴƷȋH5ê£ƣǀƣǇƖƐ	

Ȉ2ȉƉoFþƶ:ăưê£ƥƽƛô	
ȅƉ5âȈoF=ƶ&ȉƚƉǣȂƉƶÅƴƷȋŇġưƛƳƕȋ	
ȅƉ5âȈoF=ƶ&ȉƚƉǵǓǭǠƶÅƴƷȋŅů�ĴƳ¼&ƱƳǋƶưê£ȋ	
S»ƴŵƥǋ&ƴƷȋǵǓǭǠǅǣȂƶ¼&ƚqƜZǀǌǋƶưȋExcelǅĪŇŅÐǤǲǫƳƲưŇġƥ
ǋlWƴƷȋûƴê£ƥǋƐ	IF	else	Ô¾Ǐ ƬƯȋ5âƚǣȂǅǵǓǭǠƴƳǋlWƴƷŇġƧƦƴƉ
Ú·&ȈExcelƶlWƴƷĜćƉ""	±zȉƴƥǋ�ŁƚƔǋƐ	
ƳƘȋǣȂ��ƶ&Ʒ�¼oµưƛƳƕȈƨƶǈƖƳ�¼ƷzİƱƣƯvgƣƳƕȉ	

log ′A
A

⎛
⎝⎜

⎞
⎠⎟ = log ′A − logA

ȅƉoF%þƷ�¼oµƥǋƱ�ƶǈƖƳ�ƛġƶ�ƴƳǋƶưȋ
ĪŇŅÐǤǲǫưƷ�¼oµº�ǏļƬƯoFþǏŇġƥǋ
ƠƱƚqƕƐǀƩȋŇŰǹǪȀ�ưǄƉ�¼oµ�ưäþŇġ
ǏňŢƥǋƠƱǄqƜƔǋƶưȋą£ƣƯƘƜƠƱƐ�

10log ′A −logA

10log ′A −logA −1

10Ǐ�ƱƣƩ�ă�¼oµưƷÛ�ư-ƶ&ƴ§ƥ	
	
ƎƎƎƎƎƎƎƎƎƎƎmA%þƉȓ	
Ǝ	
ƎƎƎƎƎƎƎƎƎƎƎmAþƎƉƉȓ	

4�



ƍ	RƉưoFþǏŇġƥǋ�¿ȑdiff	ŵ¼Ǐ Ɩ	
ȕ!ƂȖ	
ȅƉDATAƶ.@Ʊ�ŸƶŸ�ȈÛƀ	m+1	ƀƶ&ƙǉ=ƀƉmƀƶ&Ǐ�ƕƩ&ȉƶŇġ	
>	x=c(10,20,25,40,60);	diffx=diff(x);	x;	diffx	
[1]	10	20	25	40	60	
[1]	10		5	15	20	
ȅƉ5âƱƳǋ&ƶ¯4	
>	x[1:length(x)-1]	
[1]	10	20	25	40	
ȅƉoFþƶŇġ	
>	diffx/x[1:length(x)-1]	
[1]	1.00	0.25	0.60	0.50	
	
ȅƉ�ă�¼oµưoF%þȅoFþǏŇġƥǋ	
>	logdiffx=diff(log10(x));	logdiffx	
[1]	0.30103000	0.09691001	0.20411998	0.17609126	
ȅƉ�ă�¼ƶ&Ǐ-ƶ&ƴ§ƥ	
>	10^logdiffx		#	oF%þ	
[1]	2.00	1.25	1.60	1.50	
>	10^logdiffx	-1Ǝ#	1ƉǏ�ƕƯoFþǏŇġ	
[1]	1.00	0.25	0.60	0.50	
ȅƉǮǓǱǒ¼Ɖe	Ǐ�ƱƥǋĶö�¼ƶlWƷ�ň	
>	diff(log(x))	
[1]	0.6931472	0.2231436	0.4700036	0.4054651	
>	exp(diff(log(x)))	
[1]	2.00	1.25	1.60	1.50	
>	exp(diff(log(x)))-1	
[1]	1.00	0.25	0.60	0.50	
ȅƉĶö�¼	log	naturalƷƉLn(	)ȋln(	)	ƱňƢǌǋlWƚqƕȒexp	ƷƉexponet	Ǐĕƥ	

ƍ	if	else	Ô¾ư5âƚǵǓǭǠƶǛȆǠǏŇġƙǉŷOƥǋƴ
Ʒ�ňƶǈƖƴƥǋȈRƶlWƴƷȋÚ·&missig	dataƷƉNA
ǵȆǙưňƥȒExcelƶlWƴƷĜćǢȀ	""Ɖƴƥǋȉ	
>	x=c(10,20,-5,40,60);	diffx=diff(x);	x;	diffx	
[1]	10	20	-5	40	60	
[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�
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EURO	STOXX50	ȈǼȆȂf
Ł50Ėƶ�iÒ"±¼1992�ƙǉčŠǀưȉƶ5Ð	
"stock2015.xlsx"	ƶƉ"EuroStoxx50"	worksheetƶDATAǏǜǱȆƣƉRƴŎǁşǂƐ	
>	euro=read.delim("clipboard")					#	MacƶlWƷread.delim(pipe("pbpaste"))	
>	price=euro$price;	date=euro$date	
>	summary(price)	
>	plot(price,	type="l",	lwd=2,ylim=c(0,6000),main="Euro	STOXX50:y1992-y2015",	xlab="date")	
	#	Xŝƶ&Ǐ±zƣƯƳƕƶưȋĶCĉƴ�ƙǉ	1,	2,	3,,,ƶ¼&ƚ�.ƢǌǋȒƳƘƉplot(date,	price,	
type="l")	ưǄĸƕȈXŝƚdateľĕƴƳǋȉ	

ƍƉ�=ÁäƶƆĻþƉVolatilityƉƶŇġƱǚǿǲF	
ȅƉÝŃ5�ƴäƽȋ�tƶ�ƚ�Ǌȋ�ŀƚųƜ�ƹƯƕǋƠƱƚ5ƙǋƐÒ"ƶoCƷƒƺƪǐƓƷÝŃ5
�ǈǊǄěǅƙƪƚȋĝĆĉƴrƛƜoCƥǋȈƅƹśƵǋȉƠƱǏĕƣƯƕǋƐÕƑƳŃ;ƚČ±ƣƯƕǋƠ
ƱƷoCǏÝŃF	normalization	ƥǋƠƱƪƐ	

>	vola=diff(price)/price[1:length(price)-1];		plot(vola,type="l",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")	

ƍƉ�¼oµƶ¨èưƆĻþȈVolatilityȉǏŇġƥǋƱ	
>	difflogvola=diff(log10(price));	vola2=10^difflogvola	-1;	summary(vola2)	
						Min.				1st	Qu.					Median							Mean				3rd	Qu.							Max.		
-0.0788000	-0.0062470		0.0005319		0.0002904		0.0071450		0.1100000	

ƍƉƆĻþȈVolatilityȉƶ&ǏƉÖñFȈZǠǜǒoµȉƥǋ	
>	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")	
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>	vola=diff(price)/price[1:length(price)-1];		plot(vola,type="l",col="red",,ylim=c(-0.12,0.12),	xlab="date",ylab="Volatality")	
>	abline(h=0);	title(main="Volatality:	Euro	STOXX50,	y1992-y2015")	

EURO	STOXX50	INDEXƶƉ�=ÁäƆĻþ	VolatilityƉƶ´ę�

>	plot(price,	type="l",	lwd=2,ylim=c(0,6000),main="Euro	STOXX50:y1992-y2015",	xlab="date")�

EURO	STOXX50	INDEXƶ´ę�

7�

>	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")	

			Min.							1st	Qu.				Median					Mean				3rd	Qu.						Max.		
-5.70600	-0.47160		0.01743		0.00000			0.49450			7.91600		
ÝŃ5�ƶlWȋZǠǜǒ&ƚƉ|ȏ|ƉǏŗƗǋƠƱƷƾƿĊõȈ'�
&ưƕƖƱƉȍȌÍðȋȐȌǈǊrȉ	

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

��ƉKurtosis	ǗǫȆǞǠȑ	8.083239	
ÝŃ5�ƶlWƴƷȋƠƶ&ƷȋƾƿƉȎƉƴƳǋƐ	
Excelƶ	kurt(	)	ŵ¼ưŇġƥǋƱȋƠƶ&ƙǉƉȎƉǏ�ƕƩ
&ƚšƢǌǋȈƠƶlWƴƷÝŃ5�ƶlWƶ	kurt&Ʒȋ
ƾƿǣȂȉƐƳƘȋRƉƴƷȋkurtosisǏŇġƥǋŵ¼Ʒ¸Ş
ƢǌƯƕƳƕȈţAǰǨǛȆǟƶ�.ƚ�ŁȉƐ�

ȅƉÝŃ5�ƴäƽȋ�tƶ�ƚ�Ǌȋ�ŀƚųƜ�ƹƯƕǋƠƱƚ5ƙǋƐÒ"ƶoCƷƒƺƪǐƓƷÝŃ5�ǈ

ǊǄěǅƙƪƚȋĝĆĉƴrƛƜoCƥǋȈƅƹśƵǋȉƠƱǏĕƣƯƕǋƐ�ķĉƴȋĨíŰƶoCƷÒ"ƴŶ

ǉƦȋXÕƳ*YƚłǉǌǋƐÕƑƳ;�ĉŃ;ƚČ±ƣƯƕǋƠƱƷoCǏÝŃF	normalization	ƥǋƠƱȈ�
i&ƶĢĀƱoCƶÝŃ5�FȉưƔǋƚȋŤƴȋ«Ù|ƶČ±ƥƶƷ�lƶ�yzFȈoCƚ�yzưrƛ

ƕƾƲ,ƞƶÙ�ƚmƗǋȉƐưȋ�ǉƚ
Ąƶ�ƶrJǏ¶ƬƯƣǀƬƩƐcƬƩƐ	
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Volks	Wagen	ĖƶÒ"´ęƶ5Ð	
ƍ	DATAƶŎǁşǁȑ	"stock.xlsx"	ƶ	worksheet"volksWgen"ƶDATAǏǜǱȆƣRƴŎǁşǂƐ	
>	wagen=read.delim(pipe("pbpaste"))	
>	wprice=wagen$price;	wdate=wagen$date	
>	plot(wdate,wprice,type="l",lwd=3,	main="VolksWgen:	Stock	Price,	y1986-y2015")	
ƍ	volatilityƆĻþƶŇġƱǚǿǲF	
>	wvolatility	=	diff(wprice)/wprice[1:length(wprice)-1]	
#	�¼oµ¿�ưŇġƥǋƱƉwvola=10^(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="l",	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")	
>	qqnorm(wvolatility)	

ƍ	volatilityƶ&ƶÖñFȈZǠǜǒoµȉƱǚǿǲF	
>	zwvolatility=(wvolatility-mean(wvolatility))/sd(wvolatility)	
>	summary(zwvolatility)	
	ƎMin.							1st	Qu.					Median					Mean					3rd	Qu.					Max.		
-8.69500		-0.49340		-0.02185		0.00000		0.50130		8.59400		

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

Volks	Wagen	ĖƶÒ"ƶƉ�=ÁäƆĻþ	VolatilityƉƶ´ę�

Volks	Wagen	ĖƶƉÒ"Ɖƶ´ę�
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>	zwvolatility=(wvolatility-mean(wvolatility))/sd(wvolatility)	
>	summary(zwvolatility)	
				Min.								1st	Qu.			Median					Mean				3rd	Qu.					Max.		
-8.69500	-0.49340	-0.02185		0.00000		0.50130		8.59400		
>	hist(zwvolatility,breaks=80,	xlim=c(-9,9),	col="red")	
	
Kurtosis							10.01296�

Volks	Wagen	ĖƶÒ"ƶƉVolatilityƉƆĻþƶ5�	
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ĨíĪŇxĉÅĦ7ǹǪȀƉƱƉŇŰĨíxĉÅĦ7ǹǪȀƉƶŪƕƴƭƕƯ�

ƍ	ĨíĪŇxĉÅĦ7ǹǪȀƶıƗ¿ȑ	
Ȉ1ȉÅĦ7ĉoCƷƉŃ<ĉoCƱŽŃ<ĉȈ¹�ĉȉoCƙǉÔ¦ƢǌǋƐ	
ȅƉNĦ7ƶoCȓŃ<ĉoCȊŽŃ<ĉoC	
ȅƉŃ<ĉoCƷ*YĉoCȈŘEȉƱ�āĉoCƴG5ƞƢǌǋƐ	
ȅƉ�āĉoCȈȓŃ<ĉ[ÌƶéCȉƷųÌȋ�ÌȋĒÌȋwģĉȋȋƴ5ŅƢǌǋƐ	
Ȉ2ȉŃ<ĉoCƚ
oCưȋƨǌƴǈƬƯæzȈ≈ƉōÂȉƢǌƳƕoCƷƒà�	residualsƓƱƣƯƶ
oCưƔǊȋ	temporal	ƳȈƨƶlŶǊƶƭƙƶŴƶȉŃzaƴǈǋoCưƔǋƐ	

Ȉ3ȉǹǪȀ1ưƷƉ>ÛĉƳ�į�ƞǏ	Ɨǉǌǋ	temporalƳŁaƴjƮƜ(ĆĉoCƷȋ�žȅ
ÿç	current	situation5ÐưƷȋ5Ðƶ
�œƱƳǋȈconjuncture5ÐȉƐ	
#	conjuncture:	a	combination	of	events	
Ȉ4ȉNĦ7ǏƉOȋǫȁȃǬoCǏ	T	ȋÇå�āǏƉCȋwģoCǏƉSƉƱƥǌƸȋO	=	f(T,	C,	S,IȉƉƱƕƖǹ
ǪȀƚưƛǋƐNĦ7ƉOƉƙǉƉĪŇªĽĉƳº�ưƉS	ŁaƶoCǏŷOƥǌƸwģŐ½íǁĦ7&	
seasonally	adjusted	seriesƚ�ǉǌȋwģĉŁaƴ�ſƢǌƳƕưĨíŰȈ!ƗƸÊƃŔnƃȉƶCƛǏ5Ð
ưƛǋƐƢǉƴȋTƉƱƉI	ƶŁaƴǈǋoCǏŷOƥǌƸÇåoCƶ5ÐƚưƛǋƐ					
ƎȕPıȖAèǹǪȀȑ	O	=	T	+	C	+	S	+	I	ƎƎƎ�èǹǪȀȑ	O	=	T*C*S*I	

ƍ	ŇŰĨíxĉÅĦ7ǹǪȀƶıƗ¿ȑŇŰĨíxĉǹǪȀƶû�	
Ȉ1ȉƉŽŃ<ĉȅ¹�ĉoCƷƉƒĔþoCƓưƔǋƱıƗǋƐ	

Ȉ2ȉNĦ7ƶoCƷƉĔþĉoCǏ
ŁaƱƣȋƨǌƴ�ŹƣƯƒŃ<ĉoCƓƚ>ÛĉŁaƱƣ
ƯţAƢǌƩoCưƔǋƱıƗǋƐĔþĉoCŬ5ƷƒĔþŌ�ƀƓưƷƳƕƐƒŃ<ĉƓƱǁǉǌ
ǋoCƷƒ;�ĉƳǞǠǩǷpĉƳŁaƓǅƒªĽƶÍøƓƴǈǋǄƶưƔǊȋƒ³ŷƓƶ�œƱƳǋƐ	
Ȉ3ȉƒŃ<ĉoCƓƷȋĶ�Ďŵ	autocorrelationȅĦ7Ďŵ	serial	correlation	ƱƣƯ3ĀƢǌǋƐ	
!ƗƸȋwģĉoCƷÊÛǪȆǥƶlWȋ12ȄÊ=ƶ&ƱƊĶ�ĎŵƊƥǋƱıƗǋƐƠǌǏ12ȄÊ=ƶň¥	
memory	Ǐ°ƭƱņƖƐ�Ì=ƶ&ȈƔǋƕƷ=ƶ¼Ìƶ�i&ȉƱĶ�ĎŵƥǌƸƉǫȁȃǬƱƳǋƐ	
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ƍƉÒ"ƶÅĦ7ĉoCƷ	Random	Walk	ƥǋƱņǎǌǋƐȈÝĔƴƷƉÒ"ƶSċþȋ�8"ÓƙǉƶoCþȅƆĻþȋÁ
ÛǪȆǥưƔǌƸ�=ÁäoCþƉƚrandomWALKƥǋȒ�ķƴƉvolatilityƉƱņƖȉ	

Ȉ1ȉrandomWALKƉƱƷŮƬ©ƕƶIƈř	drunkard's	Walk	Ǐ×ƣƩľÿưŮƬ©ƕ	drunken	personƚVƴļƬƩǊ
�ƴļƬƩǊ�ƦƢǊƣƩǊĞƫÜǀƬƩǊƣƳƚǉƊ�Ń<ƴƊÞƜÕǏĕƥƐ	

Ȉ2ȉũOƙǉÿgȋÍÏƼƱÅŴƚ�¿YƴŨǂÅĦ7ƶlWƴƷȋ�ƦƢǊǅĞƫÜǀǊƷıƗǋ�ŁƚƳƕ
ƶưȋDrunkerdƷǾǥǾǥƣƳƚǉ�VȈ��ȉƙčŨƶ¿YƴŨǂƱıƗǋƐ	
ȈÅŴƶëǌǋŦƢƷĠŦǏ�zƥǋ�ŁƷƳƕȒ�ķƴť�ÅƷǆƬƩǊƱȋMÙƶÅƴƷŦ�Ǐ�ƟƳƚǉÅŴƷëǌƯƕ
ƜƱıƗǀƥȒÅŴƶŦ�Ʒ�zƶĠŦưŨǂÅŇĉÅŴ1ƴĂŖƥǋǓǴȃǫ¼ưľƢǌǀƥȒƔǋeventƱÛƶeventƶŴǏ
�K�ÅŴƱıƗǀƥȒevent	ƶ�Ƴƕ�~ǊƶÅŴƷǆƬƜǊƱëǌȋeventƶqƕĺĲƶÅŴƷŦƜŨǂȒ20ßƶĺĲƶ��
ŴƷ60ßƶ�~Ǌƶ��Ŵ��ƴĎ�ƥǋȒúĀưƷĖ�ĘxưƊMÙĉ�žcritical	phaseƊƱ\ƻǄƶǏƊĵĄÿœ	critical	

phenomenonƊȋĵĄü¤Ʊ\ƻȉƐ	

Ȉ3ȉƉĨíŰƷȋ�²ǌȋ�²ǌƱƕƬƩoCȅǓǴȃǫƉeventǏƉrandomƴĮǊšƣƳƚǉȋ$Ƒƶ(ĆĉƳƉevent
ƶħĚƱƣƯ�ǉǌũOƙǉÿgȅÍÏƼƱčŨ¿YƴŨǐưļƜƱƕƖıƗƴjƮƕƯÔĤƢǌǋƶƚƉ

randomWALK	ModelưƔǋƐ	

Ȉ4ȉƉƠƠưƉrandomƱƷȋVƴǡȁǋƙ�ƴǡȁǋƙƷȋƊǜǓȃ«ƟƊưƒĿƚ4ǋƓƙƒľƚ4ǋƓƙƱXÕȋ/ƜƉ
randomƪƱƕƖƠƱưƔǋƐľƚ4ǋƙĿƚ4ǋƙƶĔþƷæǀƬƯƕƯȋľƚĞƯīƞƴ4ƩƙǉƱƕƬƯȋ
ÛƴĿƚ4ǋĔþƚƇǀǋǎƞưƷƳƕȈƠǌǏ�`�`ƶǜǓȃ«ƟƶŊļ	eventƷýĞƣƯƕǋƱņƖȒƉ
eventŴƶýĞ¡�zƱņƖȉƐ	

Ȉ5ȉƉ!ƗƸȋ�ŧƶƊǜǓȃ«ƟƊƚH�`=ƶĩÑǏň¥ƣƯƘǊȋH�`=ƶĩÑǏR�ƥǋĔþƚȈH�`
=ƶĩÑƱƶĎŵŵ#ƚȉŽ�ƴƇƕlWȋƠƶǜǓȃ«ƟƶĦ7ƷjÎĉƴrandomưƔǋƚƉň¥Ǐ°Ƭ
ƯƕǋĦ7ȈĶ�ĎŵǏZǂĦ7ȉƱņƖȈ!ȑwģĉoCǏ°ƭĦ7ȉƐ	

Random	Walk	Model	ƱƉƊň¥Ǐ°ƭĦ7ƊƴƭƕƯ�

13�Ũļ¿Y�

Start� Goal�
Drunkard's	Walk	(RandomWalk)	ƶǓǸȆǟƉȈMathStudioư4@ƣƩĩÑȉ�

>	n=1000;Ǝx=c(1:n);	y=sample(c(-1,1),n,replace=T);	cumy=cumsum(y);	plot(x,cumy,	type="l",	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)")�

Random	Walk	Model	Ȉīƛȉ�

ƍƉ!ƗƸȋÅŴĨũƱƱǄƴƉôƚX-Y�Ö�ǏęCƥǋƱƣȋÛƶ�ƀǏ�zƥǋȋ	
ȅƉstart	LineƉƶ�įǏȈ0ȋ0ȉȋ	
ȅƉȍÅŴK�ȈȍSTEPȉơƱƴƉXŝ¿YƴȍK�Ũǂȋ	
ȅƉmƉǏƉYŝ¿YƴƉmŨǂȈ+ƉƷ�¿Yȋ–	Ʒ�¿Yȉ	
ƎƉƱƥǌƸȋ	
n	STEP�ƶôƶ�įƷƉȈn,	Σ(m)ȉƱƳǋƐ	

ƍƉƕǀȋo¼Ɖmƶ&Ǐ	
ȅƉ�ȈVȉ¿YƴǡȁǋƱƛƉ–	1ȋ	
ȅƉ�Ȉ�ȉ¿YƴǡȁǋƱƛƉ+	1	ƱƥǌƸȋ	
!ƗƸȋVľƶǈƖƳĩÑǏ�ǋƐ	

ƍƉƠƶǈƖƳƉsimulationǏRǏ ƬƯƉ1000STEP{ļƣȋǚǿǲƴǳȂǨǫƣƩƶƚ�ňƶ
ǧǺȆǫưƥƐƲƠƙưłƩƠƱƚƔǋǈƖƳé�ǏƣƯƕǀƧǐƙƐ	
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Random	Walk	Simulation	
ƠƠưƷȋ�ȈVȉƴŨǂǏƉ–ȍȋ�Ȉ�ȉƴŨǂǏƉ+ȍȋǀƬƥƝŨǂǏȌǣȂƱƥǌƸȒ	

ƍƉ�ňƶŃ<ưn	ÞŨǐƪƱƛȋƨƶÞļƶŜŚƷƲƖƳǋƙȔ	
>	n=500;Ǝx=c(1:n);	y=sample(c(-1,0,1),n,replace=T);	cumy=cumsum(y);	plot(x,cumy,	
type="l",	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)ƉƷ(-1,0,1)ƙǉƉnƉ$ƶƉsampleǏ�-¯4ư­ƛTǋƐ	
plot(	)	command1ƶƉcol="red"	lineƶĹ±zȋlwd=2	ƷlineƶĬƶsƢȈ2ƷǪǲǖȀǫ&ƶ2%ƶsƢȉȋ	ylim=c(-
n/2,n/2))	ƷYŝƶÉ�&ƱÉr&ƶ±z�

ƍƉǞǶǻȁȆǞǽȃǏĮǊšƣȋrandomWALKƶĩÑǏ�ư�¦ƣƩǚǿǲƴţAƥǋȈ�ĐLǘȆǏ
 ƕ�ňǜǵȃǬǏ\ƹ4ƣȋ��ŁƳŬ5ȈżĹƶŬ5ȉǏìOƣȋplotǜǵȃǬǏƉpointsǜǵȃǬ
ƴÈƛµƗǋȉ	
>	n=500;Ǝx=c(1:n);	y=sample(c(-1,0,1),n,replace=T);	cumy=cumsum(y);	
points(x,cumy,	type="l",	col="red",	lwd=3)�

ƍƉ�ĐLǘȆǏ®ƣ�ňǜǵȃǬǏ�`ƙ{ļƣƯǁǋƐ	

ƍƉ�ư�¦ƣƩǪȆǥƶÈƛ4ƣƷȋƎ>	write.csv(data,"randomwalk2.csv",row.names=F)	

ƌƉƳƘȋ�ƶcommand�ƶƉy=sample(c(-1,0,1),n,replace=T)ƉǏƉy=sample(c(-1,0,1,1),n,replace=T)	Ʊƥ
ǌƸƉrandomWALKƶŜŚƷVĳ�ƚǊjŐƴƳǋƐƉ�

ȕ�)đŒȖƎsample(	)	commandƴƭƕƯ�
ƋŽ�-¯4�
>	sample(c(-1,0,1),1)		ƎƎƎ#	[1]	1�
>	sample(c(-1,0,1),5)�
ƎƉsample.int(length(x),	size,	replace,	prob)	ưǕǿȆ:		
	'replace	=	FALSE'	ƳƶưƏâźb��ƶrƛƢƶÖÎƷTǋƠƱƚưƛǀƧǐ�

Ƌ�-¯4�
>	sample(c(-1,0,1),5,	replace=TRUE)			Ǝ#	[1]		0	-1		1		0	-1	�

15�

y=sample(c(-1,0,1,1),n,replace=T)	
c(-1,0,1,1)Ƴƶư�²ǌƚ�²ǌǈǊrƛƕĔþưŖƛǋ�

y=sample(c(-1,0,1),n,replace=T)	
c(-1,0,1)Ƴƶư�²ǌƱ�²ǌƚ
同じĔþưŖƠǋ�

16�

Random	Walk	Simulation	



RandomWalkƉƶǝȆȀhôƶ5�Ɖ�

ƍ	randomWALKƉƶƉn	STEP�ƶƉGoalhôȈYƶ&ȉƶ5�ƷƉƲƖƳǋƙȔ	
ȅƉ!ƗƸȋsample(c(-1,1),n,replace=T)ƉƶƉrandomWALKưƔǌƸȋ�²ǌƱ�²ǌƚĠĔþȈ=	
1/2ȉưŖƛǋƶưƉn	STEP�ƶ	GoalhôƷǣȂhôȈY=0ȉƴqƜźǀǋƪǍƖƐĔþőĉƴŇ
ġƥǌƸȋGoalhôƶÌ�&Ʒȋn*E(Y)	=	n*Σ(yi*Pr(yi))	=	n*{(–1)*(1/2)+(1)*(1/2)}	=	0ƉƱƳǋƐ
ǀƩȋsample(c(-1,1,1),n,replace=T)	ưƔǌƸȋ�²ǌƶĔþƚ	(1/3)ȋ�²ǌƶĔþƚ	(2/3)	
Ƴƶưȋone	stepơƱƴ(1/3)ƪƞ�¿ƴęCƣƯƕƜƠƱƚÌ�ƢǌǋƪǍƖƐ	
	n*E(Y)	=	n*{(–1)*(1/3)+(1)*(2/3)}	=n*(1/3)	ƱƳǍƖƐ	
ȅƉ]ƂƷȋGoalhôƚƉƠƶÌ�GoalhôǏ��ƴƲƶǈƖƴ5�ƥǋƙƱƕƖƠƱưƔǋƐ	

ƍ	n	STEP�ƶƉGoalhôƶ5�ƶsimulationȑȍƷ�Ȉ�ȉȋ–ȍƷ�ȈVȉȋ0ƷØƼďƬčƝȈčŨȉƱƥǋƐ	
ƨƠưƉRǏ ƬƯƉSTEPȈn	=	1000ȉƶrandomWALKǏ5000`ļƖƉsimulationǏ{ļƣȋGoalhô
ƶ5�ǏłƯǁǈƖȈÛǠǿǓǬP÷ȉƐ��ľƶǈƖƳDATAǏĂ¦ƣƯȋsimulationǏļƖƐ	
�VdƷȏ`ƶƉsimulationĩÑǏǳȂǨǫƣƩĩÑȉƐ	

�
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>	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)	
			V1	V2	V3	V4	V5ƎƎ	#	ranwalk	ƶǪȆǥƶĂ¦Ȉ3ļ57ƪƞǏľĕȉƐǞǶǻȁȆǞǽȃơƱƴƠƶ&ƷoFƥǋƐ	
1			1			1				1		-1			-1	
2			1			0				1			1			-1	
3			1			0				0		-1				1	
	V1		V2		V3		V4		V5ƎƎƎ#	Goalhôƶ5�Ȉ�ƶľƶ7WŇ&ƚƉGoalhôƱƳǋȉ		
-41	-28		-6	-22		21		
[1]	0.1202ƎƎƎƎ[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="l",col="red",lwd=4,ylim=c(-50,50),main="Random	Walk	\n	
y=sample(c(-1,0,1),	n*m,	replace=T)");	abline(h=0)	

>	points(cumsum(ranwalk$V2),type="l",col="blue",lwd=4)	
>	points(cumsum(ranwalk$V3),type="l",col="green",lwd=4)	

18�

RandomWalkƉƶǝȆȀhôƶ5�ȈSimulationȉƉ�

ƌƉVƶƉhistogramƉQƹ	normalQ-Q	Plot		
ƴłǉǌǋǈƖƴȋÌ�GoalhôǏ��ƴ	
ÝŃ5�ƉƣƯƕǋƠƱƚǎƙǋƐ	

ȅƉnormalQ-Q	Plot:	ÝŃ5�ƶlWȋ�ńĬ�ƴ
ôƚ5�ƥǋ	

ƍƉÿ{ƶĨíoCƷȋEuroSTOXX50ƶ5�ưłƩǈƖƴ	
ÆáƷǈǊěǅƙƴȋƣƙƣÅ¬ƉòƣƜoCƥǋƠƱƚđǉ
ǌƯƕǀƥƐưȋƲƖƥǋƙȔ�



ǿȃǦǷǔǖȆǙƉRandom	WALKƉƱƉBþĉ�l�ō�

ƍƉBþĉ�l�ōƉefficient	market	hypothesis;	l'hypothèse	d'efficacité	informationnelle	d'un	
marchéȈǀƩƷWĀĉ�l�ōȉƴǈǌƸȋƒƔǋÅôƴƘƞǋÒ"ȈŕűǏZǃƩǹǯƶ"ÓȉƷƉ
ƨƶÒ�ȈǹǯȉƴŵŧƥǋƥƽƯƶ¢kǏƉ�ƴÀƴƉĭǊşǐưæǃǉǌƯƕǋƓƱƥǋ�ōưȋ
Ơƶ�ōƚƒďƓƪƱƥǌƸȋÒ"Ʒ�ƴÀƴū6Ƴ"ÓƴæǃǉǌƯƘǊȋ�lPAĲƶŏǄ
ƚƒWĀĉƴƓ�ïUĴƳǄƶưƔǋƐƣƙƣƨƖƪƱƥǌƸȋȋȋȋƐ	
�ňƶǲǑȆǵƶň ēĉƳő¾ǏP÷Ȉŭ�ǲǖȀǦȆƴŻuùǏSǃƯǀƥȒ1}ƷóƕƞƲŎǁ
ǅƥƕƶưȋÄŽȋÃ�ǁ�ƴŎǐưǁƯƜƪƢƕȉƐ�

19�

"Random	Walks	in	Stock	Market	Prices",	by	Eugene	F.	Fama,	
ƎƎƎin	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)�


