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Abstract In the stock market, some popular technical analysis indicators (e.g. Bollinger Bands, RSI,
ROC, ...) are widely used by traders. They use the daily (hourly, weekly, ...) stock prices as samples
of certain statistics and use the observed relative frequency to show the validity of those well-known
indicators. However, those samples are not independent, so the classical sample survey theory does not
apply. In earlier research, we discussed the law of large numbers related to those observations when
one assumes Black—Scholes’ stock price model. In this paper, we extend the above results to the more

popular stochastic volatility model.

Keywords Stochastic volatility model, asymptotic stationary process, law of large numbers, conver-

gence rate, technical analysis indicators
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1 Introduction

Liu et al. discussed in [1] the Bollinger bands for the Black—Scholes model. The following
observation is interesting: Black—Scholes stock price model has Markov property — given the
present, the future is independent of the past, while the formulation of the Bollinger bands
largely depends on the past. So at the first glance, it looks that Bollinger bands property
was unthinkable to us. However, Liu et al. proved in [1] that Black—Scholes model really
possesses the Bollinger bands property of practical stock market. Under Black—Scholes model,
we introduced the statistics {Ut(n)} calculated according to the formulation of the Bollinger
bands, which is stationary and {U S(:),m}k=1727“_ are mutually independent for each fixed s > 0.
Zhu [2] extended our result to another indicator RSI.

It has been noticed in [3] that “technical analysis has been a part of financial practice for
many decades, but this discipline has not received the same level of academic scrutiny and

acceptance as more traditional approaches such as fundamental analysis” and “a simulated

Received August 25, 2009, accepted April 2, 2010

Partially supported by National Natural Science Foundation of China (Grant No. 10971068), National Basic
Research Program of China (973 Program) (Grant No. 2007CB814904) and Key Subject Construction Project
of Shanghai Education Commission (Grant No. J51601)



1284 Liu W. and Zheng W. A.

sample is only one realization of geometric Brownian motion, so it is difficult to draw general
conclusions about the relative frequencies”. However, we show here that if we recognize the
current popular stock price models, then we can do statistics based on relative frequency of
occurrence for some technical analysis indicators.

In this paper we extend our above result to the stochastic volatility model, which is only
implicitly Markovian and has no independent logarithm increment property [4]. Let us introduce
the definitions of Bollinger bands, RSI and ROC, which are popular technical analysis indicators
in the stock market. Denote by S; the observed stock price.

1) Bollinger Bands Definition:

Middle Bollinger Band = 12-day weighted moving average.

Upper Bollinger Band = Middle Bollinger Band +2 x 12-day standard deviation.

Lower Bollinger Band = Middle Bollinger Band —2 x 12-day standard deviation.

If we denote

11 11
N 1 1
Sl2 = 78 ;(12 —1)S;—; (weighted mean), 522 = 1 ; Si¢—i (simple mean)
and
11 L
1 12,92
o[ s
then the curve 7, = S}2 — 20y is called the lower Bollinger band and ;" = S}2 + 20, is

called the upper Bollinger band. Closer the price moves to the upper band, more overbought
the market and closer to the opposite direction on behalf of oversold. So when stock price
fluctuates between upper band and lower band we say the price changes within a normal scope,

_al12 .
i.e. the process {St Utst } changes in a normal scope.
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Figure 1 S&P500 annual Bollinger Bands until 7-Mar-2007
2) RSI (Relative Strength Indicator) Definition:

Mean value of rising = mean value of the stock price’s rising in 14 days.
Mean value of dropping = mean value of the stock price’s dropping in 14 days.
RSI = 100 x Mean value of rising / (Mean value of rising + Mean value of dropping).

If we denote

ASH = (Si41—S) VO, AS; = (S — Si+1) VO,
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14-day RSI is defined as
14
Y ASE,
YL ASE L+ AS

RSI takes its values in [0,100]. In general, RSI value maintains above 50 for a strong trend

RST™M™ =100 x . Vit 14,

market and below 50 for a weak trend one. 14-day RSI above 80 may be regarded as ultra-buy
area, and below 20 may be regarded as ultra-sell area. When RSI fluctuates between [20, 80],

we say RSI changes within a normal scope.
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Figure 2 S&P500 annual RSI until 7-Mar-2007

3) ROC (Rate of Change Indicator) Definition:

ROC =100 x (closing price - closing price of 12-day before) / closing price of 12-day before.

That is, 12-day ROC is defined as

ROC!? =100 x S = St‘”, Vi > 12.
Si—12

ROC has three pairs of indefinite antennas and groundings to show the ultra-buy and ultra-
sell area, which are defined by the historical prices of previous year. When ROC undulates in
“normal scope”, it is time to sell out stock while ROC rises to the first antenna and to buy in
when ROC drops to the first grounding. For example, in Figure 3, the first antenna is 5 and
the first grounding is —5. When ROC fluctuates between [—5, 5] we say ROC changes within a

normal scope.
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150 | T

-10 | i | I | |
Copyright 2007 Yahoo! Inc. http://Finance .yahoo.com/

Figure 3 S&P500 annual ROC until 7-Mar-2007
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We traced 13 years of the SPY daily closing prices. Our result in the following table shows
that in every year more than 94% of daily closing price are between the Bollinger bands (B-B)
and more than 77% of daily RSI are between [20, 80]. Just as introduced above, ROC has three
antennas and grounds. In every year more than 74% of daily ROC are between [—5, 5], more
than 95% between [—10,10] and 100% between [—20, 20].

Year Pricee B-B  RSIe€ [20,80] ROCe [-5,5] ROCe [-10,10] ROCe [—20,20]

1993 95.90% 93.90% 100% 100% 100%
1994 94.21% 85.66% 100% 100% 100%
1995 97.54% 79.67% 98.35% 100% 100%
1996 96.30% 77.96% 95.45% 100% 100%
1997 98.76% 87.70% 92.53% 99.59% 100%
1998 95.85% 87.24% 80.83% 98.33% 100%
1999 97.93% 86.89% 87.97% 100% 100%
2000 97.93% 92.62% 83.40% 98.76% 100%
2001 97.90% 87.08% 85.65% 97.05 100%
2002 99.17% 87.30% 74.27% 95.44 100%
2003 97.93% 89.75% 97.10% 100% 100%
2004 97.49% 88.38% 99.16% 100% 100%
2005 97.51% 88.89% 100% 100% 100%

Table 1 Ratio of SPY 13 years historical price

In the original Black—Scholes model,

2
Sy = So exp{UWt + (u - "2 >t} (1.1)

the risk is quantified by a constant volatility parameter. It has been proposed by many authors
that the volatility should be modeled by a stochastic process to obtain a more practical model.

In this paper, we consider the model given by

dS; = pS.dt + ¥t S, dW,

dYy = a(b—Y;)dt + odBy,

Yo =¢, (1.2)
where Y; is an O-U process beginning with an arbitrary status ¢, W; and B; are independent

Brownian motions, a, b, c and o are arbitrary constants and a > 0, b > 0. For more discussion

about stochastic volatility model, see [5-8]. The corresponding S; is derived as

t 1 t
S; = Spexp {/ (u — 2e2YS>ds +/ eYSdWS}, (1.3)
0 0

where the joint process (Y;,S;) has Markov property: given the present (Y;,S:), the future
is independent of the past. However, the formulations of the Bollinger bands, RSI and ROC

largely depend on the past. We prove that under the stochastic volatility model some statistics
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drawing from these indicators have asymptotic stationary property. If we set an assumption
that the process Y; starts with the initial condition Yj, which is a random variable independent
of (Bi, Wt) >0y and having the stationary distribution, we can get strictly stationary property.
However, this assumption is not very practical in application, on which we’ll say more in
Remark 2.2.

2 Asymptotic Stationary Property
Let S; be the stock price generated by the stochastic volatility model (1.3). We have the
following:
Theorem 2.1 Let f, g be measurable functions: R — R, satisfying
(1) flax) =af(x),Va >0, z = (x;;0<1i,j<n)e R"2;
(2) glax) = ag(z),Va >0,z = (z;,,0<4i,j<n)€ R" .
Then {U;}i>n = {At/Bi}e>n is an asymptotic stationary process, where Ay = f(S;—;—Si—;,0 <
i,j <n),By=g(Si—i — Si—;,0 <1i,j <n).
Proof For0<i,j<n—1,t>n,

f(Stfi — Stfj) = f(axl-,j, 0< i,j < n) = af(xm-, 0< i,j < n),

9(Si—i — Si—j) = glaz; ;,0 < i,j <n) =ag(x;;,0 < 1,5 <n),

where
t—n+1 t—n+1
1
a= S exp{/ <u— 262Y5>d8+/ eYSdWS},
0 0
t—i 1 t—i
x;; = exp { / (,u — 2€2YS)dS +/ eYSdWS}
t—n+1 t—n—+1
— ex - ar T oaw,
p o’ 2e S + e s (-
t—n—+1 t—n—+1
So

{Ut}isn = {At/Bt}isn = {f(St—i = St—j)/9(St—i — St—j) }i>n

is just a function of {z; ;,0 <1i,j < n}, i.e., a function of (Y, Ws);—nt1<s<¢. In the stochastic
volatility model, W; is independent of By, so it is also independent of Y;. For {Y;} is O-U
process, it is an asymptotic stationary process. Without loss of generality, we can assume that
it starts from its stationary distribution. For simplifying our notation, we denote X (=)Y if two
random vectors X and Y have the same distribution. From the fact that (Y, Wy)s>t—ny1 is a

two-dimensional stationary process, we have for fixed a > 0,

{Ut}th(:){UtJra}tzn-
However, {Y;} is an asymptotic stationary process, so we get the conclusion that {U;};> is
asymptotic stationary. O

Remark 2.2 Assume the process {Y;} starts with Yp, a random having stationary distribu-

tion, we can come to a conclusion that under the stochastic volatility model, those statistics
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drawn from technical indicators are strictly stationary. However, it has been noticed by the
applied financial statisticians that, when we use the stochastic volatility model to describe the
fluctuation of stock price, we are not sure whether the process has been stationary which is
the premise the statistical analysis bases on. So it is important to decide how long it will take
the process to become stationary, i.e., how many historical data one should have in order to
have statistical significance. This is why we just suppose that the process {Y;} starts with an
arbitrary stat c. We will come back to this issue in Remark 3.5.

By Theorem 2.1, we can draw a series of asymptotic stationary processes from the stochastic

volatility model. This fact can be applied to the technical analysis indicators which we have

introduced before. Asymptotic properties are listed in the following corollaries.

Corollary 2.3 Let S; be stock price generated by the stochastic volatility model (1.3). Denote
for each n > 2 and t > n that

n—1 n—1
(n) 1 a(n) 1 .
S = E St—ﬁ S = n . E (n - Z)St—i
¢ n o ! K Zi:l 1 =0
and
(n) 1 (n)
n) __ L n)\o
Tt T\l E_O(Stﬂ Sy )2
The process
_ &(n)
L,E”)_St S yisa
o™
t

18 asymptotic stationary.
Corollary 2.4 Let S; be the stock price generated by the stochastic volatility model (1.3). For
1<i<n,t>n, denote

ASTH = (Sty1—Se) VO, AS; =(S¢— S¢1) VO

Then

15 asymptotic stationary.

Vit>n

Corollary 2.5 Let S; be stock price generated by the stochastic volatility model (1.3). Using
a similar method we can get
St — St—n

R = S

, Vt>n

15 asymptotic stationary.
In the above section, we use Sy, which is stock price generated by the stochastic volatility
model (1.3), and get the asymptotic stationary processes {Lgn)}th, {It(n)}t>n and {RYE”)}DR.

When t is sufficiently large, we can just consider the process as stationary without loss of
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generality. Therefore by Birkhofl’s ergodic theorem (see [9, p.296]) (it is easy to see the

invariance of o-field) we get that for any bounded measurable function f,

N
1 n)\ a.s. n
N g 2SI S B, N = oo,
=0

N

LSO ™) 25 ), N — o,
1=0

and

1 K, ), as.
N 2B B[R], N = o,
=0

where we used L(()g), Iég) and Rg.f) to denote the random variables with the corresponding

stationary distributions.

3 Rate of Convergence

In general, to obtain the rate of convergence in Birkhofl’s ergodic theorem may be a little
complicated. But in the special case of this article, we can obtain the answer. Let S; be a
stock price given by the stochastic volatility model (1.3) and let {U,};>, be the asymptotic
stationary process satisfying Theorem 2.1.

Let F} be the natural o-algebra generated by (S, Y;). Denote for i > n, K/(\Z) =1

(LARIE2NE
Then E[K")] = P[|U{"| > A. Let
N
m _ 1 (n)
VN,)\ - N+1 P K)\,TLJFi
which is the observed frequency of the events [|U7(ﬁr)l| > A (i=0,1,...,N).
Lemma 3.1 The following inequlity holds:
(n) RS (n) _om
o > ]l < . 1
PRy DRIz A < (5.)

Proof We have

i LSt (n) ?
- E{N+ 1 ;[K)\mﬂ' = PllU 51 = >‘|FiH} -

N

(n) 1 (n) .

E‘VM - w1 2 PIUR 2 A
Denote for each fixed j,

_ (n) (n)
Xi= > By~ PIUG s = AlFenss]).
{k;0<kn+j<N}

Then,
(n) 1 N (n) 2 1 n—1 2
n) n) > ) _
EVNA = n o1 ;PHUHM >ANF]| =E NH;OXJ
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Let

Zp; =K Pt

A (k4 1)t e Dyt = Al Fkna5];

then

E(NLXJ')Q B (NJlr1)2E< D Z’W‘>2

{k;0<kn+j<N}

1 2
= (N1 2. B
{k;0<kn+j<N}

where we used the orthogonality of {Zj ;}. It is easy to see that E[Z}, ;] < P[U((:j_l)nﬂ > <1

and we get the conclusion. O

On the other hand, UT(l +)Z is a function of

n—+i— 2Y5 n+i—j Y,
el g sk [T T AW g < j < 1,

thus
PIIU™ > N F)] = PIUM, | > AV

where {Y;} is the O-U process in (1.2). Let

Bo[|UM™| > A = E(P[[UY,| > AY; is stationary)),

which is just the occurrence probability of the events | n+1| > A (@ =0,1,2,...) when the
process {Ut(n)}t>n becomes stationary. Before obtaining the conclusion, we need the following

lemma firstly.

Lemma 3.2 {Y:} is a stochastic process, f(-) is a measurable function and |f(-)] < 1. For
i, NEZ*,0<i<j<Nandany0<a<1,if|Ef(Y:)f(Y;)] < Ce PU~) when j—i > N,

where C, D are positive constants, then

1 N
N W

Wzthout losmg generality, we can choose N > Ny = 1nf{m, cop <m < 7CD 7m €7, 7CD <

2 5

< yima T 7Ce™ PN, (3.2)

m' < Vm!' >m,m' € Z*}, then the following inequality holds:

N 2
1 7eCD\ P 1 5 log N
<1
E’N+lzi_0f(y —Og( )

5 N D N
Proof For f(-) is a measurable function and |f(-)| < 1, we have

1 N 2
E‘]\H_l;f(yz) =

7CD ’

(3.3)

N
(NJlr 1)2 SCEf(Y) + (Ni )2 > EfY)F(Y)
=0

0<i<j<N,
0<j—i<N™

2
vy 2 BIOOA)

- 1 +2N1+0‘—2N—N2a+3N0‘—
“N+1 (N +1)2
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N? —2N'e 4 3N + N2* — 3N 4 2
Ef(Y)f(Y;
(N +1)2 OS?B};M Y f(Y5)

N&<;i<N

5 o
< 7 Ce~PU=)
— Nl-o * 0§§BJI;N, ¢
N&<;G<N
5 —-DN®
< Nl + 7Ce .
For N > Ny, we have
inf g +7Ce™PN" L — g + 7Ce= DN
0<a<1 | Nl-« Ni-& ’
where o = logy log( 7N5CD)5 and 0 < o < 1. Thus we get the conclusion. O

Lemma 3.3 The following inequality holds:
2

N
n . ) _UN®
PO Z AR = RO 2 X)) < TN (3.4)
=0

1
E
v
where

a
2a(b+1)2e” 2

2a(b + 1)2e (-e=20) lof(ee? +1—e)

1.3
+o+o(l—e) 73 4

= 02(1 —e 24)\/1 —e2a 2 8 Var(l—e-a)
2
a a
= A 3.5
YT 2" 42 (8:5)

and « € (0,1) is an arbitrary constant.

Proof Denote

PIU > N F] = R[lUM| > A = PIUT| > AY;] = Po[JUM| > A] = f(Y3),

where f(-) is a bounded deterministic function not depending on ¢ and |f(-)| < 1. Then

2

N
E‘N—i- 1 ;P[|Un+i‘ > MNE] = Rl|U | > A

2 ;N
- B Y;
D
{Y}} is the O-U process in (1.2), it can be derived that

(1- >) ,

o2

Y — Yily, ~ N(e_“(t_s)(Ys —b)+0b, 9
a

o2
Yilvy ~ N(e_“S(YO —b)+ 0, 9g

(1- e_2a(t_s)))7 0<s<t

and the stationary distribution of {Y;} is N (b, ‘2’2) Denote by p(x), p(y|x), p(z,y) and po(z)
the probability density of Yi|y;, Y; — Ys|v., (Y3, Ys) and N(b ‘72) respectively. From the markov
property of {Y;}, it is clear that p(z,y) = p(z)p(y|z) and [ f(z)po(z) = 0.

) 2a
So

Ef(Y)f(Y)) = / / @) F@)p(@)p(ylz) — poly))dady.

For any « in (0, 1), we use N* to denote the integral part of N¢ for simplicity, which doesn’t
change the convergence rate. Let Ny = inf{m;e®™"/* > 2b + 2|c| + 2, m € ZT}, and without
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loss of generality we can choose the observed time N > Ny. Denote M = e®7—9/4 G(z,y) =

f(@)f(y)p(x)[p(ylz) — po(x)]. Then

M 7M
Ef / / (z y)d:cdy+/ / (z,y dzdy+/ / (z,y)dzdy
+/ / xyd:z:der/ / G(z,y)dzdy.

When j —¢ > N, it can be calculated that

/ / Glx, y)dzdy
/ / [p(s12) — po(y)]dady

/ / |: 1 200~ =) (Mr4)2
e o20-e720G=y 1| dxdy
V1 — e—2ali—0)

2a(e—aN /2 yope—3aN®/4 2, —aN>)

2(1 L72a) _ 1
\/1 _ e—2aN”
1 2a(b+1)2e—aNY/2
< e o2(-e"2a)  _ ]
- \/1 _ e—2aN”
1 2a(b41)2e—aN¥/2 1
= e o2(1-e2a) _ 1] +
\/1 _ e—2aN°‘ \/1 _ e—2aNC¥
2a(b+1)207(2L o a
2a(b+ 1)%e c2a-e20) o 20N 3e—4alN
2N -
= 52 —2 —24© 2a)3
02(1 —e=2a)y/1 —e—2a 2 8(1 —e—2a)2

( )2 2a(b+1)2e’%
2(1 b + 1 e o2(1—e=2a) ]. 3 _92q\— 2 _a N«

+ + (1—e™*)7z2]|e 2" | 3.6
{02(1—63—2“)\/1—6—2“ 2 8( ) (3.6)
For —-M < xz,y <M and M = ei(i=9 > eZNa, we have the second and the third inequalities.
By using the facts e*—1 < ze” (z > 0) and \/11_93 1= ;(1—33)_3 |gv:0—|-39862 (1—5)_g lo<e<w<e—2a,
we get the fifth inequality.

Moreover,

/M /_M G(z,y)dzdy
/ / p(y|x)dzdy

- 1 _ly=temaUmD ()2
S/ / p(x) e 28,0279 dndy
—MJ— \/QWUQ (1-— e—2a(j—i))
2a

\/1272 (1 _ e—2a(j—i)) _ [M+b;e_"'(j_7")((‘M.4;b)]2
< a N e 292 (1-c—2a(i—1)
T V27r[M + b — e ali=) (M +b)]
< o — 4 (eiNT_g)
~ 2y/ar(l —e™®)

|0|e§3 _ a2 ya

(3.7)
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where y — b —e U™ (2 —b) <y —b+e U)(M +b) <0 with —M < z <Mandy<-M
_ (M+b)?

_ (=
in the first inequality. The third one is by using the fact that f Mo~ 20? dx < Mere 202
when —M < b. Moreover, with M =10~ > eiN" > 2b 4 2|c| + 2, we have

M+b—e U= )(M4+b)>1—e®
and
[M 4+b—e U= (M 4+ b))% > (M +b)3(1 — 2e70=D) > M(M + 2b)(1 — 2 20U=0/4)
> M(1—2e20=0/4) 5 iN _ 9

by which we get the fourth inequality.

Similarly, we have

e oo .
iy = A 3.8
/_M/M (2, y)dzdy < 2\/a7r(1—e—a)e ! (3.8)
We can also calculate that
—M oo —M 1 _[wfbfe;a(jﬂ)(cib)]Q
/ / G(x,y)drdy S/ e 252 (1—e=2ai) g
—co —0oo — 00 \/27T(272 (1 — e—2ai)
\/gz (1 — e—2ai) _ [1u+b2+67ai(c—b)]2
< ¢ X e 2‘5&(176—2@)
- \/QW[M—F b+e—az(c_ b)]
| | _ a aN“/4
<
- 2\/a7r
= 2|wlwe e (3.9)

In fact, when M =30~ > eiN" > 2b 4 2|c| + 2, we have M +b+e % (c—b) > (M +b) A
(M+c) >1and [M+b+e % (c—b)]? > (M+b)2A(M+c)? > [M(M+2b)]A[M(M+2c)] > M,
by which we get the third inequality.

Similarly, we have

a2 [e3
/ / (z,y)dzdy < 2\;,0,7'('6_ w2 N7, (3.10)
Therefore, if j—i > N, by (3.6)—(3.10), we can get Ef(Y;) f(Y;) < pe™N". Thus by Lemma 3.2
we get the conclusion. O

Then we get by Chebyshev’s inequalities that
Theorem 3.4 We have for each k > 0, that

PIVY3 = BollUS™| = N > x] < e 2BIVA = RollUS™] 2 AP
5
_ Tepr\v| 1 5log N
< k2 n :
<k {log{e< 5 >]N+V N}’ (3.11)
where u, v are given by (3.5).

Proof From (3.1) and (3.4), we have

n 5 _uN®
B[V = Ro[JU{™] = A < N1 T Nioa T THe N (3.12)
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where for p, v see also (3.5), and € (0,1) is an arbitrary constant. And without loss of

generality we can choose N > Ny in (3.12), where

5(2b 2 2 dv/a 5e¥ 5e™mV 5e¥ 5 m'v
Ny =inf {m;m > (26 +2le| +2) , C cm< ™ , Cem <
Ty Tuv Tuy o Tuv Tuv

)
vYm' >m, m,m’ € Z+}.

1
N
a plogn los( v

v/a

For any N > Ny, N > 5(2b+2|7ﬂj2)4 , it can be derived that e > 2b+2|c| + 2.
Denote o = logy log(7N5‘“’)11/. By using the fact ?ZV <N < 576::, we can get 0 < o/ < 1. Let
a be equal to o in (3.12), we get

(n) _ (n) 2 n 5 7VNO/
E|VN,)\ POHUn | Z )\H S N+]_ + lea/ +7Me
n ) _uNe
< N + Nl-of + Tue

By Lemma 3.2,

5

. 5 N 5 _Ne Teprv\ v 1 5log N

f vIN _ vN® _ 1 .
0da<1 {Nla + The } Ni-ar TTHe Og( 5 ) NTuv N

Thus we get the conclusion. O

Remark 3.5 It was noticed that one can also apply the existing results under the “strong
mixing” condition to get some similar conclusions. However, our error estimate is more explicit
in a way such that there is no unknown constants, which is important in statistical applications.

From the above theorem, it is reasonable to use the observed frequency Vji,"))\ to calculate the

)

asymptotic stationary distribution of Ut(n and we can give the accurate error between them.

We can apply this conclusion to Lg"), It(") and Rg"). All of the three processes change between a

normal scope just as we have introduced in the beginning. Out of this normal scope, investors

may buy or sell stocks, which can make the values of L™, I'™ and R{™ come back into

the normal scope. For example, the normal scope of LE") is [—2,2]. And It(")

always changes
between 20 and 80. Rg") also has indefinite antennas and grounds. Those applications are

illustrated in the following corollaries.

Corollary 3.6 Denote fori > n, Hz.(”) =1 . Then E[Hz.(")] = P[|L§n)| > 2|. Let

[1L{]>2]
(n) 1 )
1=0

which is the observed frequency of the events HLSL)J >2] (i=0,1,...,N), i.e. the frequency
of the stock falling out of the Bollinger Bands. Let Py(-) denote the stationary distribution
of the asymptotic stationary process {Lin)}tzn. Then we have the same conclusion as (3.11)
if we substitute J](\;L) for Vjs,nz\ and replace U,S’” with L;"), u, v, N satisfy the conditions in
Theorem 3.4.

Corollary 3.7 Denote for i > n, HZ-(n) = I[Ifmgzo or 10V>80] = I[If”)er]’ where T' = [0,20] U
[80,100]. Then E[Hi(")] = P[Ii(n) € I']. Define JJ(\?) as (3.13) which is the observed frequency
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of the events [Ii(n) <20 or IZ-(n) >80] (i =0,1,...,N), i.e. the frequency of the RSI breaking
through 20 or 80. Let Py(-) denote the stationary distribution of the asymptotic stationary
process {It(n)}th. Then we have the same conclusion as (3.11) if we substitute J](\;L) for Vjs,n;

and replace UT(Ln) with I,(L"). w, v, N satisfy the conditions in Theorem 3.4.

Corollary 3.8 Denote fori > n, Hi(n) = I[RE")Se or RM>e] = I[RE")EA]’ where A = [—o0, €U
[e, o] and (e, €) is the indefinite antenna and ground of ROC. Then E[Hz(n)] = P[ROCEH) € Al.
Define JJ(\?) as (3.13) which is the observed frequency of the events [RZ(”) <eor RE") >e] (i =
0,1,...,N), i.e. the frequency of the ROC breaking through € or €. Let Py(-) denote the
stationary distribution of the asymptotic stationary process {R,E")}Qn, Then we have the same
conclusion as (3.11) if we substitute J](\;L) for V]E,il) and replace Uy(ln) with R%”W u, v, N satisfy

the conditions in Theorem 3.4.

4 Conclusion

This paper proves the asymptotic stationary and convergent properties of some most popular
technical analysis indicators of the stocks (i.e. Bollinger Bands, RSI, ROC) based on stochastic
volatility model. Also we apply a technique to the sample surveys in which samples are not
independent.

It is interesting to work between the stock price model and the real stock market. For
example, we shall use the technical indicators’ VaR (Value at Risk) to get more profitable
investments. As a popular technology, VaR has been widely used in the field of risk control,
masses of which is calculated based on asset price model. Now we have known that the technical
indicators are stationary or asymptotic stationary process based on Black—Scholes model and
stochastic volatility model. If we work out the VaR of some technical indicator, we shall reduce
the risk of the investment guided by technical analysis.

As mentioned earlier, we found many useful properties of the indicators, which can success-
fully explain the rationality of technical analysis and could be widely used in financial area.
However, we may also do some research in another perspect. For example, we may use the his-
toric data of technical indicators to check the validity of some existing stock price model. There
are many stock price models and technical indicators, the related questions both in financial

investment tactics and theoretical research should be worthy for further study.
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