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Abstract, It is discovered that the CUSUM techniques often used in the manufacturing industry can
be adapted to yield a trading strategy in the financial market. The familiar filter trading strategy in
finance is found to be a particular case of CUSUM procedures. A ore general form of the CUSUM
techniques will yield new trading stategies which have intuitive appeals. Trading characteristics of
such strategies will be investigated using CUSUM techniques.
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1. Introduction

Control chart techniques were first developed in the 1930’s. Since then it has become
an indispensable tool in the manufacturing industry used heavily in monitoring the
quality of the manufactured products. Some commonly used control charts are the
Shewhart charts by Shewhart (1939), the cumulative-sum control charts by Page
(1954a,b), the moving average control charts and the geometric moving average
control charts by Roberts (1959) ete.

On the other hand, technical charts are very popnlar among people in the
financial market. A sizable proportion of traders in financial market are chartists
who base their trading strategies on price charts of the financial product. Despite
the fact that the financial analysts and quality controllers both rely on charts, they
are treated as two different groups of people using completely different techniques
for their works. However, it will not take long to see that there is a great similarity
between the two charting approaches. People in quality control are concerned with
the quality of a product and wish to sound an early alarm when the quality is out
of control. When the quality is above (below) a target value, the control chart will
generate an upward (downward) shift warning. Upon the generation of a warning
signal, the production process has to be stopped and readjusted. For traders in the
financial market. what is important is the detection of an upward or downward
price trend. Technical charts are used to detect such trends. Whenever an upward
(downward) trend is detected, the trader will take long (short) position in the market.

Despite these similarities, linkages between the two have not heen discnssed in
both the quality control and financial literature. This paper will offer a first attempt
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to link up the (wo ficlds of investigation. In particular, we will focus our attention
to one popular trading rule in the finance literature, which is the filter trading rule
proposed by Alexander (1961). We will show that the filter rule is equivalent to
the CUSUM techniques in quality control. In more general terms, any principle
adopted 1n detecting a shift in product quality can also be applied to detect upward
or downward shift in prices in the financial market.

In Section 2, we will briefly review the CUSUM techniques and filter trading
rule. Then, we will show that the two approaches are equivalent. Along the line that
a quality control technique can he adopted to a trading rule in the financial market,
we constder, in Section 3, the trading rule corresponding to the general CUSUM
procedure and its trading performance. Empirical evidence presented in Section 4
shows that the general CUSUM techniques also work well in the financial market
and offers an improvement over the classical filter trading rule.

The performance characteristic of a quality control technique can be described
by the average run length of the production process. The average run fength has
been tabulated by Chiu (1974) for various parameter values. In Section 3, we
compute the means and variances of the run length to supplement some existing
tables on the control charts literature. When control chart techniques are applied to
form a trading rule, the average run length becomes important as it will be tied up
with the trading profit. Given that the market is in an upward trend, the longer is
the average run length before the generation of a sell signal, the larger is the profit,
The variance of the run length will then control the variability of the derived profit.
In Section 6, the formnlae derived in Section 5 are used to obtain the mean and
variance of the profit of a trading strategy. The actual profit obtained empirically
can then be used to test whether the obtained profit is statistically significant or
not. This could have implications on market efficiency which is a central topic of
research in the field of finance. The paper ends with Section 7 which contains a
summary and discussion.

2. CUSUM Techniques and Filter Trading Rule
2.1. CUSUM TECHNIQUES

CUSUM techniques were developed in the fifties, see for example Page (19544a,b),
Kemp (1961, 1967a,b) and the book by Van Dobben De Bruyn (1968), etc. The
CUSUM procedure is designed to detect a shift in the mean vatue of a measured
quantity from a target value. Consider independent observations ¥, 42, . .., Yn, - - -
arising from a manufacturing process with mean level ;. Assume that we are
mnterested in detecting an upward shift in the mean level of the production process.
A CUSUM procedure with parameters (&, k) that can signal a warning of an
upward shift can be described as follows. Fix a parameter & called the reference
value and a parameter h called the threshold value. Take observations yy, 4, . ..
and let 2; = g, — k. Quite often, k is set to be  but, in general, k can be set at any
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level, The cumulative sum is Sy, — @) -+ x2 -+ w3+ - -+ + wy. Deline S;, recursively
as follows

}

S5 =0,

, , (D
Sy, = max(S],_| + z,,0).

Note that 8§ = 0 whenever S, < Ogng S;. The CUSUM procedure would
Len
recommend an action at the first n satisfying S}, > h. The CUSUM techniques
which can signal warning of a downward shift in mean value can be defined in a
similar fashion.

2.2. THE FILTER TRADING RULE

The filter trading rule was one of the most investigated trading rules in the finance
literature. In the sixties, Alexander (1961, 1964), Fama and Blume (1966) and
Dryden (1969) considered a trading rule called the filter rule and empirically
showed that after taking transaction costs into account, the filter trading rule cannot
outperform the buy-and-hold strategy which simply buys the stock and hold it
throughout the time period under consideration. These findings lend considerable
support to the market efficiency theory which forms the basis of a wide range of
research in the field of finance.

The filter rule is a mechanical trading rule which generates a sequence of buy
signals and sell signals alternately according to the following rule. If the daily
closing price of a particular stock moves up at least & percent from a low, a buy
signal is generated. We then buy and hold the stock until the closing price moves
down at least = percent from a subsequent high, at which time a sell signal 1s
generated and we simultaneously sell and go short. Repeat the process so that at
the next buy signal we will cover up the short position and go long, etc, Note that
price movement of less than z percent (from a low or high) does not generate a
stgnal, « 1s called the filter size for the trading rule.

2.3. FILTER RULE TREATED AS A CUSUM PROCEDURE

In this subseciion, we will show that the filter rule is simply equivalent to the
CUSUM procedure. Let p; denote the closing price of a stock at day #(t =
0,1,2,...). Suppose a sell signal has just been generated at time 0 and the filter
trading rule is to generate the next buy signal. For each n, let r,, denote how much
the price at day n rises from its historical low from time 0 to n. Mathematically,

fn =ty — min p n=12,....
Og2<n

The filter rule will generate a buy signal at the first . satisfying

Lk
—_— 2.
min p;
O<ign
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Here, x 1s called the filter size of the trading rule.

We will establish below that such a buy-signal generating mechanism can be
treated as a CUSUM procedure. Let ¢; = logp, be the logarithm of the closing
prices and let y; = g; — q¢—1,t = 1,2,. .. be the continuously compounded daily
return that can be derived from investing in the stock. Consider the CUSUM
procedure given in Section 2.1 with parameters & = 0 and h = log(1 + «). Using
the notation in Section 2.1,

T
S.=) %i=a¢un—qo and
i=1

s 6 — 0,
{ Sy, = max(S),_; + yn, 0).

Note that the graph Sy, versus n is simply a plot of the time series of log-prices
with g as a reference value. S, then measures how much the current log-price
rises from a historical low of log-prices, i.e.

8! =g, — min g;.
" n O<ign

In the CUSUM procedure, a signal is triggered at the first n satisfying S’, > h.
Since

8;1 2 h & logp, — min logp; > h

0<ign

o —Pn_ ok
min
0<ign
— min
Pn Ogignpz N
& —————2z¢ —1
min p;
Ogignpt
n
< min p; 2%
(<ign ¢
the filter rule generates a buy signal when and only when the CUSUM procedure

recommends an action, i.e.,

. n
Su=3
t=I1
¢ 8p =0,
S;t = max(S;_l + U, 0),

| take action at first n satisfying S, > log(1 + z).
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After tnggering a buy signal, say at time ¢ = (), the filter rule will generate the
next sell signal at the first n satisfying

dp

max p;
ogignp“

zm

where d, = max p; — pn.
0ign
Similar argument can easily show that this corresponds to the following CUSUM

procedure designed to detect a downward drift in mean level with z; = 1,

n
Sn = tha
=1
S(’) — O,
Sy, =min(S, _, + z,,0),

’

take action at first n satisfying S;, < — log(l + z).

3. Generalizing the Filter Trading Rule
3.1. A GENERALIZED FILTER TRADING RULE

The CUSUM procedure defined in Section 2.1 is characterized by two parameters
(k,h), where k is the reference value and 4 is the threshold value. In Section 2.,
wc see that there is a one to one correspondence between a CUSUM procedure
with parameters (0, ) and a filter trading rule with filter size z = e* — 1. Note
that z =~ i when & and z are close to zero. Obviously, there is no reason why we
should restrict ourselves to CUSUM procedure with £ = 0. We consider a general
CUSUM procedure with £ # 0 and A > 0. Such CUSUM procedures then give rise
to a class of trading rules which is more general than the classical filter trading rule.
As far as the authors are aware, such trading rules have not appeared in literature
in financial research. The question remains as to whether such generalized filter
trading rules make enough investment sciise o not.

3.2. RATIONALE BEHIND THE TRADING RULE

The ordinary filter rule is based on a trend following strategy. As Alexander (1961)
put it, “if the stock has moved up 2% (or move down y%), it is likely to move up
more than z % further (or move down more than y% further) before it moves down
by % (or moves up by y%)’. This forms the basis for using the filter rule as a
practical trading rule in timing the trading of a stock. To interpret the parameter &
involved in a general filter rule, consider first the case A = 0 and &£ > 0. It is easy
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Lo see that such a general filter rule will jssue a buy signal whenever the one day
return exceeds k. In other words, we will buy a stock at the end of day ¢ whenever

yr = logpy — logpy-t > k,
or equivalently,

Pt — Pi—1 L

> et —1.
YU

Similarly, this general filter rule will generate a sell signal if

((pe = pre1)/pe 1) <e ¥ =1

This rule will be a sensible investiment strategy if we believe that a rising uend in
the market usually starts with a large single day rise and a downward trend usually
starts with a large single day drop.

3.3. SPEED FILTERING AS WELL AS SIZE FILTERING

One drawback of the general filter rule with A = 0 and & > 0 is that there is no
stop-loss mechanism built into the trading rule. Once a sell signal is on, the buy
signal will not appear if the market rises gradually for many days, but in each of
the days, it rises by not more than 100*{¢* — 1)%. Under such circumstances, the
investor will sutfer a huge loss. If we ailow the parameter A to be non-zero, trading
loss is not allowed to accumnlate indefinitely. Tet 22 = 2* — 1 and 2/ = &% — 1.
We can interpret z as the filter size in magnitude and z’ as the filter size in speed.
A general filter rule with filter sizes (2, z) has the following property. After a sell
signad at day 0, a buy signal at day ¢ will be generated if the percentage change in
prices at day t over a span of 4 days exceeds iz’ + z for some ¢ satisfying 1 < ¢ < ¢,
l.e.,

logpy —logp—y 2 h+ ki forsome 1l <i < ¢,
or equivalently if

Pe — Pr—i

= exp(h + ki) — 1
Pr—i

= (1+z)(1 + ) —1
= (L+z)(1 +iz") — 1

~ oA
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It is now vbvious that ' is a (ilter for the average daily return and  is a filter
for the whole period return.

Similarly, once a buy signal is generated at day 0, a sell signal at day ¢ will be
gencrated 1t the percentage change in prices at day ¢ over a span of ¢ days is less
than or equal —iz' — x for some 4 satisfying 1 < ¢ < ¢, i.e.,

L < exp(—h — ki) — 1
Di—i

= (I+zy 't +a")7 =1
~ (1 —z){l —d2’) — 1

= —(x+iz") forsome | < i < ¢

4. Empirical Results

In this section, we apply the standard and the generalized filter trading rule to the
Hong Kong stock market data using the closing Hang Seng Index as a proxy for
prices of a portfolio of stocks. The data used in the analysis cover the period from
24 November 1969 to 6 January 1993, Filter trading rules corresponding to the
various parameter values of i and k& are tried and the average trading profit per
cycle are reported in Table 1 below. Note that a trade can either start with a buy and
ends up with a sell (a long cycle) or starts with a scll and then a buy (a short cycle),
and profit is measured in percentage changes in prices within a cycle. The mean
profit per cycle reported in Table 1 are not directly comparable because each cycle
may have different lengihs. Together with the mean profit per cycle, Table 1 also
reports the daily profit for various parameters values of & and k. The daily profit
for each strategy can be compared directly. The higher the daily profit, the better
is the trading strategy.

Notice that the profits derived from general filter trading rules are comparable
with those from the classical filter trading rule with parameter & equal to zero.
For small filter size (h < 4%), the general filter trading rules with positive k
offer an improvement over the classical rule. As is well-known, when the filter
size is small, the filter frading rule may overreact to noises. The introduction of
the filter £ may help to eliminate some of the unsuccessful buy-sell signals. On
the other hand, when the filter size increases, the sensitivity for detecting a small
upward or downward trend will decrcase. In this situation, the trading systent
may not be sensifive enough for gradual increases or decreases. The introduction
of a negative filter & into the process can also help overcome this shortcoming.
Therefore, for large filter (5% < h < 8%), the general filter trading rules with
negative parameter k& perform better than the classical filter trading rule. For very
large filter size (h > 8%), the general filter trading strategy cannot outperform the
classicul one.
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5. Run Length
5.1. AVERAGE RUN LENGTH

In general, we can give an initial value for S} in (1) as S} = z. Under this more
general setting, let L, denote the run length which is the number of observations
until an action will be taken when the true mean is p. Denote the average run length
(ARL) corresponding to an initial value z by {(z), i.e., {(z) = E(L,). It can be
shown, see Page (19544), that [ satisfies the integral equation

(z) =14+ {0)F(—2) + '/Olhl(m) dF(z — z), (2)

where £ is the ¢.d.f. of z;. Note that [(0) is the ARL when S starts at 0. Integral
equation (2) can be solved numerically, sce, for example, Chapter 3 of the book
Von Dobben De Bruyn (1968) and Goel and Wi (1971).

5.2. VARIANCE OF RUN LENGTH

Crowder (1987) presented a numerical procedure using integral equations for the
tabulation of moments of run lengths of exponential weighted moving average
charte. Using similar techniques, we can calculate the variance of run length of
CUSUM procedure. Notice that, in order to compute the variance of run length, it
is sufficient to find the second moment of the run length distribution. Let g(z) =
E(L2). We have

00 h—2z
o) = [ sy [ B L) dy

*/m E((1 + Lo)]f (y) dy.

Simplifying and note thatl(z) = E(L, ), we can show that g(z) satisfies the integral
equation

o) = A+ [ fle—2lgla)da ¢ g(O)F (=), 3

where A(z) is given by
Ao =1+2 [ i niwa2 [ 105w

-z

To solve for (3), let gy () and g2 (z) be the solutions of the following two integral
equations

h
01(2) = A(z) + /0 (@ — 2)o(s) dz @)
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h
0() = F(=2) + [ f(z = 2)oa(a) do. )
It can be casily shown that g(z) = g1(2) | g(0}g2(z). Hence,
_ 2(0)
900 == g:(0)’ ©)

Since the variance of Lg 1s given by
Var(Lo) = ¢(0) — [1(0)}?,

it can be computed by (2) and (6).

5.3. TABULATED MEAN AND VARIANCE OF RUN LENGTH

In the economic design of CUSUM control charts, one of the major difficulties is
to evaluate the mean and variance of run length. We consider the following general
situation. Samples of size nare taken from a normal distribution with mean . and
variance o2 with values given by 31,%3,...,4n. Consider a CUSUM procedure
with a reference value k and a threshold value h. Let 2; = y; — k and define S,
as in (1). Let I denote the first n to satisfy S, > k. The mean and variance of run
length L is then a function of the process deviate 6 defined by

e}
and the standardized decision interval H defined by
[T h\/ﬁ.

(22

According to Chiu (1974), the economic design often requires evaluations of
F(L) for |#| in the range (2.0, 3.0) and H in the range (0.2, 2.0). He had constructed
a table which has practical importance in the economic approach to the design of
CUSUM control charts for the average run length. However, the variance of run
fength (VRL) was not given in Chiu’s table. We now extend Chiu’s table to include
the variance of run length for the same range (Table 2a and b).

6. Operating Characteristics of a Filter Trading Rule
6.1. DURATION OF LONG POSITION AND THE DURATION OF A SHORT POSITION

We can now borrow the standard CUSUM theory to compute the operating char-
acteristics of a filter trading rule. Let B be the number of days in a run of buy
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Table la. Mean and Variance of run length for H = 0.02(0.2)1.0and 8 = 4.0, 3.0(0.2)3.0,4.0

H 0.20 0.40 0.60 0.80 1.00
6 B(L) Va(L) E(L) Var(L) FE(L) Var(r) F(T) Var(L) E(L) Var(L)

400 74930 > 16 > 10° >10° > 10° 100 S 100 108 > 1050 > 107
~3.00 1455 > 10° 2965 > 10° 6273 > 10° 13779 > 100 31429 > 10°
—2.80 /405 > 10° 0 1453 > 107 2958 > 10° 6251 > 107 13709 > 10°
~2.60 3911 > 10° 7387 > 10° 1447 > 10° 2941 > 10° 6198 > 10F
~240 2143 45700 3897 > 10° 7343 > 10° 1434 10 2001 > W)°
—~Z20 1218 14709 2132 45230 3%6.1 > 107 7237 > 10° 1404 > 107
—2.00 7175 5076 1209 14485 2103 43996 37% > 108 702 > 10°
—1.80 4381 1875 71 4968  118.6 13932 2041 41431 3621 > 10°
—1.60 27.71 739.9 43.2 18521 6v.2 4714 1139 12847 192.6 36877
~1.40 1815 3109 2722 7126 41.81 1701 65.74 42437 1058 11049
—1.20 123 1388 1776 2967 2615 6545 3926 14929 60.01 3520
—1.00 &.62 03.62 12 131.2 1095 261/.8 24.3 5549 4 3529 1195
—(L80 6.25 3271 8388 6138 1139 1164 15.62 2235 2159 4335
—(60 4679 1713 607 3032 7941 5368 1045 9515 1379 1687
—0.40 3,615 9388 4544  15.76 5.744 26,19 7.28 43,18 9221 055
—0.20 2878 5359 3515 8583 431 1349 5287 2086 6466 31.72
0.00 2339 3172 2806 4881 335 7317 3997 1071 475 1532
.20 1.987 1.938 2.308 2.883 2.691 416 3.138 3324 3.644 7932
040 1718 1212 1952 1765 223 247 255 3341 2008 438
060 152 0778 1694 1,112 19 1.524 2137 2013 2401 2.57
0.80 1,374 (.500 1.5304 0717 1.66 0,972 1.84 1.206 2042 1.59
1.0 1.266 0333 1364 047 1483 0.636  1.622 0825 178 103
1.20 1,187 0219 1261 0312 1351 0424 146 0553 1.585 0.692
140 1.129 0144 1,184 0.207 1.253 0.287 1.337 03738 1.437 0478
1.60 1.087  0.094 1,127 0138 1179 0.194 1245 0261 1324 0.336
1.80 1.058 0061 1086 0091 1.125 0131 1175 0181  1.238 0.238
2.00 1.037 {.038 1.057 0.059 1.085  0.088 1.123 0,124 1.171  0.169
220 1.023 0024 1.037 0038 1.057 0.057 1.084 008 1121 0118
240 1.014 0014 1.023 0023  L037 0037 1056 0056 1083 0.0814
2.60  1.008 0.008 1.014 0,014 1.023 0023 1.037  0.036 1.05¢6  0.055
2,80 1005 0004 1.008 0.008 1014 0014 1.023 0023 1036 0.036
3.00 1003 0003 1.005 0005 1.008 0008 1.014 0014 1023 0023
400 1000 107° 1.000 10717 1.000 10~¢ .00l 107% 1,001 ©.001

E(L) = Average Run Length; Var(L) = Variance of run Length.

signals and S be the number of days in a run of sell signals. From Section 2,
b = Ii(3) = [(0) where [(z) satisfies the integral equation (1) with /'(e) being the
cdt of yy = logp: — logp..;. Similarly, s = E(S) = [{0) with /(z) satisfying
Equation (1) and F'(e) s the c.d.f. of —y; = —logp; + logp;_ . Note that if the
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return of the stock has a symmetrical distribution about 0, 13 and 5 have 1dentical
distributions and hence share the same operating characteristics, However, 0 is
usually not the point of symmetry for the stock’s return, as it is commonly accepted
that in the long run, the price of a stock will usually rise. Thus, most likely, 5 and
S have different operating characteristics.

The variance of B can alsn he computed hy solving the integral equations (4)
and (3) with F and [ being the c¢.d.f. and p.d.f. of y; respectively. Then

Var{B) = 1o 31;220) — b

Replacing F and f by the c¢.d.f. and p.d.f. of —y;, we can get the variance of .5
as

Var{§) = 1—% — 52

6.2. PROPORTION OF TIME IN HOLDING THE STOCK

Let f represent the fraction of days when the filter rule is going long. Mathemati-
cally,

/o)

wherc I3 = Lg is the run length for a buy and 5 is the run length for a sell and they
are independent random variables.
We are going to compute f by using the approximation formula.

L[ 8
0B

Elg(B,5)] = g(E(B}, BE(S)) + 5

2
) Var(B)
E(B),E(S)

|
2E(B) 1 EG)P

E(S)])’ Var(B) + Var(9)}.
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Table ITh, Mean and Variance of run length for H = 0.02(0.2)1.0 and 8 = —4.0, —3.0{0.2)3.0,
4.0

H 1.20 1.40 1.60 1.80 2.00
8 E(LYy Var(L) E(L) Var(L) E(L) Var(L) E(L) Vvar(L) E(L) Var(L)

—4.00 > 10 >10° >100 >10° >0 >100 >10° >10° > 108 > 10°
—3.00 74446 > 100 >10° >10° > 10° »>10° > 10 > 10° > 10° > 10°
—2.80 31210 S 100 7347 100 S 100 100 > 107 > 100 > 100 > 10°
—2.60 135350 > 10° 30724 > 100 72228 > 107 > 10° > 100 > 100 > 10°
~240 6083 > 10° 13215 > 10° 29820 > 108 69133 > 100 > 10° > 10°
—220 2819  >10° 5834 > 10° 12557 >10° 27790 > 10° 63313 > 10°
—2.00 1364 > 10° 2664 > 100 35432 > 10° 11386 > 10° 24471 = 10°
—1.80 661.6 > 10° 1244 =105 2399 > 100 4740 > 10° 9556 > 10°
—1.60 3344 >10° 5947 >10° 1081 > 10° 2003 > 10° 3768 = 10°
—1.40 1739 29991 291.6 84580 4976 > 10 8609 > 10° 1305 > 10°
—1.20 9329 855¢ 1472 21397 235 34736 3786 > 10° 6138 > 107
—1.00 5184 2602 7686 5761 1148 12914 1721 29177 2587 66160
—0.80 3002 8483 419 1669 5859 13292 8196 6490  [14.5 12749
—0.60 1822 2986 2404 5264 3166 9223 4154 1603 5427 27609
—0.40 1165 1141 1464 1823 183 2876 2272 4477 28.02 6875
—0.20 7.866 4742 9502 69.66 1139 1006 1353 1428 15.94 1994
0.00 5609 2145 6569 204 7626 3949 8772 5208 10 67.52
020 4206 1053 4816 13.66 35466 1735 6149 21.62 6859 2649
040 3.299 5588 3716 6951 4152 8462 4603 1011 5063 11.89
060 2.688 3184 2992 3843 3308 4.538 3.632 5262 396 6011
0.80 2261 1934 2495 2289 2738 2647 2987 3006 3238 3365
1.00 1954 1242 214 1454 2335 1.661 2535 1861 2738 2.054
1200 1.725  0.835 1877 0976 2.038 1.109 2206 1.233 2376 1.348
140 1.551 0582 1678 0684 1.814 0779 1956 0866 2103 00942
160 1.417 0416  1.523 0496 1.638 05377 1762 0.637 1891 0.694
1.80 1313 0302 1401 0367 1499 043 1.606 0487 172 0534
200 1.231 022 1303 0275 1387 033 148 0381 1581 0.424
220 1168 0159 1226 0205 1296 0254  1.376 0301 1465 0.343
240 1119 0114 1163 0152 1.222 0194  1.29 0238 1367 (.28
260 1.083  0.079 1118 0109 1.163 0.146 1.219 0.18 1285 0227
2,80 1.056 0.054 1082 0.078 L1117 0107 1162 0042 1217 0.18
.00 130 0.035 105y 0.053 1.082 0.U076 1.116 0,105 1.161 0139
400 1,003  0.003  1.005 0005 1008 0008 1.014 0.137 1.023 0022

E{L) = Average Run Length: Var{L) = Variance of mn Length.

If we specify the exact distribution of the rewrn series, we can compute the
mean and variance of run length and we have

B b 1 2
f:E(B+S> ~ T s +2[b+s]2[3 Var(B) + Var(5}].
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6.3. PROFIT DERIVED IN A TRADING CYCLE

To an investor, the most important operating characteristic of a trading rule is how
much he or she can profit from the trading, Let L and 5P denote respectively the
random variables which are continuously compounded return during a long cycle
or a short cycle. If the y’s are independently and identically distributed, then we
can easily express L+ and S/ in terms of y, B and 5 as follows

LP =y +yp+---+uys
SP=-y1—p——¥ys

Note that both LF and 5F involve the sum of a random number of variables. If
the y’s are independent, by Wald’s equation, the mean of LP and SP can be given
by the following formulae

E(LP)=b*E(y) and E(SP) = —s*E(y).

6.4. DURATION AND PROFIT FOR FILTER TRADING RULE UNDER NORMAL
ASSUMPTION

In the previous section, we have derived the mean of LP and SP. If we now assume
that y follows a normal distribution with mean 4 and variance o, we can compute
the mean of P and SP. We assume ¢ = 1%. Table 3 reports the run length and
the variance of run length for buy signal and sell signal. Furthermore, the mean of
L1’ and S are also reported.

7. Conclusion and Discussion

In this paper, we find that there is a close relationship between the filter trading rule
and the CUSUM procedures used in the construction of industrial control charts.
Applying CUSTUM techniques, we derive the mean and variance of the duration of
a long position and short position under filter trading rule. Furthermore, operating
characteristics of the filter trading profits have been constructed.

[Towever, the ordinary filter trading rule is just the simplest case of CUSUM
techniques. Obviously, we can consider a general filter trading rule using the general
version of CUSUM procedures. The generalized filter trading rule is compared with
the ordinary filter trading rule. Empirically, we find that the generalized filter trading
rules have satisfactory performance. This opens up the possibility of applying QC
techniques to derive technical trading rules in the financial market. The empirical
results of applying the generalized CUSUM techniques to technical trading are
encouraging and further research along this direction is suggested.
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