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ABSTRACT

The focal 1;<>im ol this agady . (f:('.‘l’n\'('.‘,ti;‘ﬁ;x[‘]’t)n of the
weal ] clticient Markeg }hr\"l)(,‘(}l(‘,‘il’."-. This stady alao Projposes to
Cxamine the gjarp ABRKOC Tt o] wWith the Investren: éltr‘ih.‘x"i(-f, SESTENES:
considerat jon,

b
¥
O
sy,
In order (o Feach conclogions Toncer i these two Toals
it ig necessarv to analvee (he daily closing 5 . series fop twent v
. 13 P N N . .
COMRON stocks Tisted and traded oy the Torog, ~tock Exchiange,

The study eXamines {he Profitability of the "najye” 'filtt'rin};,
fi]t‘orin;z around an average long

N

Position and the buv-and=hno1d policy,

The treatmens of Various parts of the thesis g brief ]y
outlined in the int‘roduc:m‘y cha
'

pler where the Stquence of the
C)(u/ptors Is also indicated,
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CHAPTER 1

INTRODUCT T Ox

Purpose ang Scope of ot he Study

Y,

This thesis deals with the analvsis of ¢y, weaklv efficjeng
' o1 : .
market hypothvﬂl¢ vhere the hvpothesis postutates thag current
Security prices "fully veflece” Informat fon on vconomic b rig g

implicg by historical Price sequences.

Lately, empirical studijes of the efriciont market hvpothesis
have emploved direct testing of various trading rules. This involves
the measurement of profit which provides . a meaningful vardst ick to
gauge the performances of varioug trading rules and the buy-and-~hnld
. . : 2
policy. One such study is the work of Fama and BLumc - Their filter
testq tcovered DVldGnCO of'porsistont positive dependence in‘ﬂ series
, - , 3

of common stocA brice changes . Ihosc Systematic Londﬁnc1es may or

N . Y 3 . - .
May not be consistent .with Lho weak submartingale efficient market

‘hypothesis. ,

A

Financial analysts -and Fconomists share divergent views

_ ‘ ‘ ’\,‘,. .

1 Note: we are concernod with the 3110cationa efficiency of the stock
market. ' '
E.F. Fama'and M.E. Blume, “Filﬁef”Rulos an,'SCQCR Market Trading"
Journal of Business vOl. 39, No. 17 (Janug ¥, 1966), p. 226-241.
_____~__,N_._ﬂ_~_%h _

J Ibld.,p.' 238, .



regarding the possibility of floor traglers profitahi] 1w Cabiing
. -/l ’
advantaye of (heoo svetematic dependone jos, <Seme repard these .
. ,
. .
- N - r . N ' \ )
dependencics oy ceonomicagl ]y meaningles™ 0 Othors arguae the

OPposite point of view. [y this respect ) Fama and Blume "¢ findings

Las been Tnconclusive. The Wealnessen of thedir analve o aAre as ol lowa s
‘,.l

(1) their analveis assumes that) traders fol]ow the filter

- |
m’lr: te compare

g
«

rule ]vl'lvl‘;xli‘,',

and (2) their analvs i the riskineds of returng

gencerated by the trading rules with the risi of the buv-and-holy policev.

2

This raises an fmportant quection o to vhether thege

~dependencies are cconomically meaningful. That is, can floor . traders
4 - .

el —

operate simple or multi—iwmi’nl trading strategv based on short-

term price chanpog that may on the average ottperfog- the - inmple PUV=—

and-hold policyv?

The purpose of this thesis is to analyze the possihble

-

economic significance of positive price dependencies i common stk

prices. Briefly outlined, the directions of this investigation are:

¢

(1) to present a discussion of the weak efficient markot hypothesis

of security price behavior,

o .

- S. Smidt, "A New Look at: ‘the Random W

alk Hypothesis™, Journal of
Financial and Quantitntiyc,Analysis,
Lina wl PIEAYS IS

Vol. 3, No. 3 (September, 1968),

p. 245-249 T T
"Meéninglesé” dependggcios imply th
series of price changes .are not g
tradérs to increase expected g
of ‘price behavior.

at the nonrandom elements ip the
ufficiently large enough for
ains on the basis of past knowledge



(?) to use the theoricos of . the etfficiont mgrhet nodel (o explain the

dyvoamic beligvior of common stock prices

- N u

(3)  toe review recent Literature on the weak efficient nArkicg
N ,

hypothesia, and
—
. /

: - /

(4)  to present enpirical evidence of the actual Price beliaviog of
, el .

\ < ’
twenty individuad securitics Tisted and traded on (the Torono
“ \‘ et s . : . -
Stock Pxchange.  Thig tecessitates considerat jon of the pertor -
mance of several different investment Stratepics; nanelv, the hay-
and-hold, the "najve" filtering technique and o stratopy of filtering

around an average long position. ~

. “»
The comparative results of thig research support the conclus on
"4
hat price behaviorin nAjor stock exchanges conforms to the weak forin

of the efficient market hypothesis. Since the investigation degls only

- N

with past  daily closing price series, the result of this work bears no

relevaice to the semi-strong and strong form of the efficient marker

hypothesis,
AV

An exposition of the efficient warkert hypothesis is presented .
in Chapter 17, whichAfllso revicws the m;ertingalo,”thc submartingale
and .le random walk IAnodol:;.' Chz;ptcr 11T prosm.n"s_ a survey of recent -
literature on the weal efficiont markot hypothesis.

) )
In Chapter IV, topics relating to data and mq,thodolo;:y are
discussed. The empirical results are reported and analyzed in Chapter

Voand conclusions and implications of the findings are drawn. Finally,

Chapter VI presents "a summary of the study.
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SOME THEORE

Wav o the boas i coneept of the of

Py
v

In thig chaptor oy HEempt b omade o clucidace g, dounif g

HAVTER 1)

Iieal BACKCHOUND BRP

)

ficicnt nar ket %'puthw.i:;. This

‘.

NCCessitar o consideration of Soeveral differeny mathemat oy moge] .,

.
.

This chapt ey Jacludes

. \
e .
and charieg Crization of (e eff

desceript fon Oty the

.

mo

el # ent o market mode Isi.

a

LWoomajor pargy - (1) a discussion

Icient mark et h\'puth;*f;is;, and (2) 4
- ‘u.-x\ :

-

The. I;‘fﬁ(‘icnp Market Hypothesis vg Technical Analysis

4 . °
In recent years, g hypothesis called

random walk" (later

P o . . .
re broadly known as the theory of efficient‘markcts) has arisen that

Ly

[
challenges the concepts of trad

ef

in

se

se

us

a

th

itional'socurity analysis., 7The weak

ficient market thoorisgs,contend that current prices "fully reflece”
Ty ) .

*

formation on the economic bonefits implied by histordcal price

quences. Thig sugpests . that historical price and volume data ‘for

curities comftain no pertinent
P

@ . -
ed to ecarn- g arading profit j

.

naive buy—and‘hold investment

In contrast with thig

at past patterns of price beh

information which can be invariably

bove that which could be achieved with

Strategy.

.

: e
viewpointy technical analysts allege

avior in individual Securities tend to

+



e

Becur in o the fature.  The .o Patterns ol Tow predict fon of I”'“I’-’q)‘i" pPrige
trendss oo fnsipht into the Patterns ot price {rends mavoassist in

realizing superiog carnings, In statdsgical I.!n)(u\uy-, technieal

analyvsts maintain (hay Sucvensive price Rhanges g Individual secupities

are dependent , oaad hese dependencices are coonenically meaning gl

i
\.

Market Mechanicm  and e Fifficient Markot Hypothesis

-1
Incorder™ to provide o further comparison of the ¢fficicnt
) < N
market hvpothesis wigh technieal analveais, it g ecessary to\relate
v ‘ | y
them to the functioning of Capigal markets and to i’dunjfy thel manner

N

in vhich these theories diffeor.
L]
4

¢

Supporters of the efficient markeot hypothesis contend that
major stock exchanges such as (he New York Stock Pxchange and the
Toronto Stock Exchange are good examples of efficient markets. They

argue that in these exchanges the forces of free competition ‘among,
: v
. . R . . . sy . .
the many\ratxonal:uullntolllgcnt participants lead to equilibrium
k]

where actual prices of individual securities incorporate information

8 h .
about events that have occurred in the past and events which the

: \ ‘ e
v . . - .
market anticipates in the future. If the Toronto Siock Exchange is,

) ' . . '
in fact, &h efficient market, then at any. poifft* in time, the actual

Price of a secruity is a good estimate of its intrinsic value. v
. . N

\
*

- . J
. . ), . . . .
The difficulties involved in measuring the intrinsic valuo

of a Security under conditions of uncertainty create a situation where,
. < ’ .

-

more often than not, market participants cannot agree on the true value

7 cr

.

N



of 4 Tecurity, o T (ii::.n‘le'«'w;’n‘nr Pesale. iy host o «1i:.<")'(-[».1;1<-i<-:;
betwean Tetual oy oy and ntrin.g,. Vil Proponeny . of the P iciong
t t
mar ket hvpothe iy, Insiag Chat e FCTTons of gy CUEPeting pagy Feipang .
»
S‘hkmld, ot e AVOTape Docanga the aeiug] ST ice of 4 BCUTHi by

«

fluctunar,. ! value, oy
. 5

“ndomlv hoge Its intripei,

.

Lechnicgg

Sralve s congeny that the difterengiog Petveen aciyn] Pricesy
~~

and g, Values g BVSLemat feally toduced, Thus 4 I»;;m\f]mi;w of

price dependencien should ey Stock traders gy het oy Predicring

* he path o Which actungg

10 irx['x'in:;iv

Prices wigg mOve tovard g} values,

'

§
l‘fvidvntly the intrinsgc value of 4 Secruity Itse] fll not
‘.‘ . N H - .
Tixed, by Can varvowigy, time

as g rvsul(wnf Hew economic political

informgg Tou., |
v
force, o thvw

fovever g ancefficient market competition wigj again

averaee | the funl effocts of new and brofitahle informg-
9

- . .
tion on g intrinr:ic"val,uus to be refiectog "l'nst;mt:mt*ouslv".

& . N :

. ;

L]

It may be ;11){)1"(7])1"1';1[(* at this poing. to make g fey remarks
about the Implications of the term "inst:mtanvous adjustment ™, Accor-
ding to the Proponents of the efficient markot hypothosié "fnstantanoous
adjnTtmont” 6f autdal Prices to pew information implies thar the

frequency of actual prices overadjusting to changes 1ip intrinsic values
should Cqued, on the average, the frequoncy of those underadjusting.
A second implicatio is that evep with the existence of Significant
. L. ) . . . c - ~
time lags ip the adjustment of actual Prices to new 1nAormaLJon, Such
Systematic dependencijes are not large enough for well~informeq traders
to earn g competitive return by using their Superior knowledge. In
4 .
accordance wity

»

this intorprotution, SUrprising to

it shoulq not be



A

- ‘I
find some SvStemat i dependenci,, oprice Changen ™ e
<
»
/
\
» {

, The Ffficiong Marleg Mode 1

Several of [ Fent markog model s hyve boen useyg bv CCOnomis g
and financiagg aalvsts for analveinge (g, behavior of Stock pricey. In
the f{o] Towing goog ltons, a number of cfficiong market mode]y will be

bresented and some PIOPCT LT 05500 ot o with them wil) be indicateq.
»

In a porfeey Iy compet it jve market vhere there are no
transaction cosgy and information if freely ;Jygn‘lahl(‘ to all investore
atl the same time, serics of price changes should be p(’l‘f&("tjy inde-
pendent . This, however, does not prevail ip rba]ity. Indeed, i 4
real wor\ld Situation it jg logical Lo CXpect price dependencies that
may rvefsu]t from d(‘p(\nd(wu‘y on the tnderlving Informat ion generat jon
and disseminat joy Process or on the bPresence of costs of transactiong
These costs not only relate to acquisition ang Processing df information,

but also to the "immediate" o delaved execution’ of tenders that may

make efforts to eliminate dependencies uneconomical.

Basically, thig interpretation of the efficient market

hypothesis Suggests that the profits thar can be realized by taking

—\—‘\a\_\\ _

1 For a detailed discussion on stock PNce behavior and traﬁsaction
Costs see: R. West and S. .Tinic, The onomics of the Stock Market
(Pracger Publishers, 1971), »p. 170-186, :

2 ' |

Ibid., p. 176.



advantapge of the svaCemat ic dependencios in price changes should be
at wost those needed, to attract and madhitain capital resources in the
o “ o] S . .
process of eliminat iug them. smidt contends that it is o violat ion
of this requirement {hat contradicts the efficient markot hvpothesis

]\

S A
rather than the mere Presence of statistical dependenceic. Theretore

>
any observed dependencies should be critically appraisced in the

direction of the above discussion.

Expected Return Models

/Most empirical tests of the weakly efficient morket
hypothesis have dealt solely with a series of past price changes.
These tests are based on two assumptions: firgtly, that the condition
of market cquilibrium can be depicted in terms of expected returns;

and secondly, that meaning ful O(jOI)Of.li(‘ information is immediately

"

used in the establishment of equilibrium expected returns. ‘Togethor

these assumptions imply the impossibility of trading techniques
A}

utilizing past price information to secure expected profits or returns

above those of the equilibrium expected returns.

&y

O

S. Smidt, "A New Look at the Random Walk Hypothesis",

¢



The pencral formula for a1l ouch expected return models mav

: 1
be mathematicallvy cxpressed as o
PG DA Gy (1) :
E(P i = b+ B(r™ e P 2.
Pty = (rogpleor, (2.1)
vhere E - Expectation Operator,
Pt(]) - Price of sccurity Joat time
(; o
P R Price of security joat time t+1
t+1 ) '
¢r = Symbol for vhatever sot of infﬁrmation is considered to
" . - . .- s o ,(])
be "fully refiected"” -in price }t s
pG) () -
~(j t+1 t . : ’
(3) = —Teesh - One period percentage return, and
t+1 P(J) N
£
-

w0

~ - tildes indicates a random variable.

~

It should be pointed out that the term E(rfiil@t) implies that

profitable economic information, @t » s fully used in the deter-

L6

1 as the

mination of the equilibrium expected returns. | Using

difference between the observed price and the %xpected value of
security, j , the assumptions underlying the gxpected return model
assert that ‘the expected value of Zsii with respect to the appropriate

.. . : : 2 C,
economic information set, @t ,. must be equal to zero. That is:

.

]'E.F. Fama, "Efficient Capital Markets: ‘A Review of Theory and Empirical
Work", Journal of Finance, Vol. 25, No. 2 (May, 1970), p. 383-417.



“(l)‘

. f i - (
'(/n+1' )0
where
(i) (i) (1)
VAS = p F(p ’ &
/t+1 t+1 ( t+1"' 1)

and Zt(-:‘) denotes the exccus market value of Security

]

t+1

Having presented a brief discussion on' the expected

¥

at

time

régu

model, it mav be in order at this point to consider the mart ingale

and random valk models. These are special cases of the cxpected

return model.

A Simple Martingale Formuation for Stock Price Behavior
I £

Today a favourite academic model of Security price behgv

™m

‘n

ior

in competitive and efficient markets is the martingale formulation,

In equation 2.1, the martingale model assumes that for all

information ‘I>t y

Sy ()
E(}t+1,qt) =P

where E - Expectation Operator,

P(J) = Stock price for security j  at time
t+1 ;o ‘
[
G) _ Lo . : .
Pt+l Stock. price for security j  at time

—\\\\\\\~ ~ tildes indicating a random variable, and
4

“t

Ct+l

>

3

“t

and



,

11

Q)t = symbol for the Felevant set of information considered

to be "fully reflected” in price 1’(})

- A X

: 1
Or equivalently ,

(
! =0 .
(Hll ) (2.4)
) Gy . Lo ‘ . o L
and rt+] 15, by dqflnltlon, the one-period Percentage roturn.

Equation 2.3 states that the price sequence for security i follows ‘

a martingale with respect te information ?t, if the exnected valué of

the next reriod's price {for security j | as evaluated .op tha basis
I y

of the information ¢t , is equal - to the current price.

Three forms of thé martingale mode] may be distinguishod:
(1) the weak form; (2) the éemistrong form; and (3) the strong form.
The Qeak form of the martingale model asserts that current pricos
fully reflect information Of/oconomic values as implied by the h1€t01lca1

Sequence of prices. In other words investors cannot hopo to enhance

their stock selecting abllltles by knowing the history of successive

Price changes and the rosults of tradlng rules based on this form of

information.

'Finally, the weak martingale ‘model man be defined @sﬁ
(J)!r(J) (i)

L 1,..;,r£i3)/%;2£j) | | \82.5)

“f—‘———~——————~———-*--———f-; . » : i
1

Ibid., p. 385-388.



and ) ~

i))

-n

L) (D
¢ . (It ’]t—],

(
- s e, I(
Equation 2.5 stares that for security  j | the price serics
follove a wodl m.'xrtjngé;ilv I the expected value of the (:h;m;rvo in the
price of g security, one-period ahead, pro:j('rt('d on the ln‘x::jf;‘of‘ past
‘ .
NENIN SO I 6D (3)

rice changes . equals r .
: I AT I EREE : t

3

If the inequality of cquation 2.3 holds, then the price
scquomces of security  j conforms (o a weak submartingale, Symboli-

~cally, the submartingale can be written as

NCOENGH (i) ,(5) ’
[P Pl ) > (2.6)

g () o
t-n

t+1' ¢
Equation 2.6 jg another form of the fundamental dynamic ecquation for
.stock price behavior in an efficient market and indicates that the
submartingale model does not require the strict independence and

invariant distribution of Successive price changes.

Since the submartingale has been. reviewed bricfly above,

a few words may be said about its empirical implications, The positive

ey

- . .
conditional expectation of the submartingale as expressed in equation 3

256 implies that anv simple or complex mechanical trading rule
| y l }

strategies based on information of Past price scquences. cammot on the
2 .

“y

1972), p. 565-566.

Jack C. Francis ]n_\io.".ggtj_r_)t Ar\g_l_y;;if; and Ii’_”_”ﬁﬁrﬂf.‘lg (M(r(lrm‘h]lill,

s

.



!

average outperforny naive buv-and-ho1 policy ip terms. of preager

expected returns or risk-adjusted retuarnes,

~

N

The submart ingale model jg intorosking because 1t g found
) )

1 ?
to describe “Mplrical data wel] For example, Fama and p me have

, |
. . s o . [ . .
illustrated that filter rules or any modified flltcr/tcchnjquvs will
not profitable evey jr narket prices follow a submartingale Sequence,
However, whije the precise degree of pPositive dependencies which

bl
would constityte d contradiction to the Submartjngalv mode] iy difficule
to evaluate, it has never been subjected to "close" scrutinv.  In the
absence of ;4 detailed examination, it ig almost impossgblo to make
generalizations op the economjc importanco, if any, of the positive
dependencies ip price changes such as those which appeared in Fapg
1] . . . . 3 . . .

and Blume's emplirical studies-”, This aspect of the problenm is

Scrutinized in thig Study.

A Randon Walk Formulation for Stock Price Behavior

Another widely studied hypothesis of Security price behavior
. : ) 4 .
1n speculative market 1s the random walk model ', 71t jg commonly

~ . .
1

See B. Mandelbrot, "Forecasts of Future Prices, Unbiased Market and
Martingale Models", Journal of Business, Vol. 39 (January, 1966)
———2= 91 Business

2 See E.F. Fama and M.[, Blume, "Filter Rujes ang Stock Marker Trading? -
p. 226. ‘ A

3
Ibid., p. 232,

4

E.F. Fama, "Efficient Capital Markets: A Review of Theory and
Empirical Work", p, 388-1390.

13



expressed as:

(1) (1>
I (IL+] x | | @7

where rt+1 - the One period pPercentage return,

C)t = Symbol for the relevant informatjon set,

T 7 tildes indicates g random variable,

and: f(rt+]/©() is, by definition, the conditionar diétribgf]on of
an independent random variable, and f(r(l;) dOflnDS the marginal

probability distribution of

an independent randOm’variable.

Equation 2.7 indicatos that the. random wa]k mechanism
basically assumes that returns (or Price changos) are random. Variablgq

and they are indqpondontly

and 1denL1cal]y dqurlbutec

Alternatlvely the random walk hypOLh0519.stétes that’prices'

of stock in perlod t+i (denoted byv‘ (J))

(denoted by PEJ))

5,
Plus white noige (Ut+l) Mathematlcally 5‘{ 7?”?
- ‘ l i s, 2 =
,(5) S R RN
0 =3 + . . . . 2.
[

inéequation 2.8,»the series of stock prico, »Pt’,~is a strict
random walk if ut and y

ten® 0 F 0, are ihdependent. If the
condition for Strict random walk is satisfied and in addition,'thé
u_  are 1dent1cally and normal ly dlstrlbuted then - Pt is a Wiener’
/

AY

)

equal pr1st in %éTlod £~



-

1 : U : )
process o Finally, if u and i oy n /0, are JuSt uncorrelated,

-

a second order mart ingale oceurs,

.

Economic imp]icu{iun§ of the random walk hvpothesis run
counter to Hu‘.fir;:ummu 5 0f t(-(‘hnica‘al analysts for the model implics
that past wva 111(’5; of absolute stock market prices conta in o pertinent
ixlf(>rnu1ri(g1 as a guide for predicting future prices.  The random walk
model(hus bvgn supported by statistical studies. For‘examp]o, Fama
demonstrates that someirommbn s£ock log price relatives aro'éorinl]y

= [
uncorrelated.  Despite s empirical success, the random walk mode]
has been partly discredited on a theoret ical basis due to its excess
Co : 3 . o
restriction by Mandelbrot » who has .illustrated that mechanceial
’ .

rules vild not be profitnb%o even if market prices follow onlv a

submartingale sequence.

¥,
In the next chaptery a survey of recent literature on  the
‘weak form efficient market hypothesis is presented. o ’
. 1 ; . .
Id ’ !
3 <
M 7 .
1 4
A Weiner process is a stochastic process which is used to describe «
the highly irregular motion of microscopic particles suspended in
a liquid. ‘
2 . .
Ibid., p:. 39¢.
3

B. @ahdélbrot, "Forecasts of Futuro Prices, Unbiased Markot and
Martingale Hodels", p. 242-255,

L]
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T A CHAPTER 111

SURVEY OF LITERATURY - -

Introduction '

: o
Before presenting the methodoloey and the resulps of this

© i

study, some results obtained by other investipators will be briefly

cited. The intent here is hot to provide a comprehensjve review or ‘

discussion of all available literature, but to sketch a framework in

which the present study can be put in perspective.

Empfrical testing of the weak submartingale hypothesis has

v

involved twdfapproachos. The ecarliest and once predominant method

involves the testing of the independence of stock price changes over
A ‘ N N

-
-

v Y

.1 ' ' . ' .
time . The second and more popular method involves the direct

: . RN . 2 ' . o
.evaluation of various trading rules”., A detailed description of

.these tests follows;

Extensive results on the wealk foPm tests come from the random walk
literature,. Tn,early literature, discussion of the efficient market
hyppthesis was commonly labelled the random walk hypothesis., Seo

E.F. Fama, "The Behavior of Stock Market Prices", Journal of Business,
Vol. 38 (January,;l965).

See $. Sidney A]éxander, "Price Movements in Speculative Markots:
Trends or Randem Walks, No. 2", Industrial Maragement Review, Vol. Vv
No. 2 (Spring, 1964), p. 26=46. :

[ 23
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Serial Correlat Ton Tents

sSome of the carlicat SLAtisticll studics og security prijce

behavior were carried oul by Fama .  In his comprehensive study Fama @
© ‘a '.
observed thay Price change: in Securitics tend (o cccur independent 1y,
[ 4
He cited the Presence of superior AAIVSTS in the spock mArket as the
)

MAIn reason for poark..: cfficicney™,  Fama determined the autocorrelat jon

coc g idnts for Lhirty sccuritics of the Dow Jonegs Indusitrial Average.,

Fssentially, autocorretlation coefficients Provide a measare
of the Tlincar relationship between the security price, in gime ¢

and its value 1 periods carlier.  The autocorrelst jon cocificient ig

computed according to the formula
Cov (u ,u ) ’
r = ' . (3.1)
t 2 :
o (u) .
where ug - value of a rapdom variable in time ¢ .
Uo_¢ value of a random variable in time -1 s andS\

2 ) .
o (ut) T varlance of random variable (”t) .

i

1 E.F. Fama, "The Behavior of Stock Market Prices", p. 68-84.
Ibid., p. 68-73. o

3 ‘ '

Ibid., p. 6N73.

17



. ] . : - ' - o
In Fama's Studies \1[ s defined as (he chanpe  in Toy price

of o piven e Oy trom the ond of the dav -1 the end ot (he
day t . The standard crroy of the aut oroerrelat ion ool ficient is
approximated by -

- 1
) U(U{)’ []/(n~]]' . ' (3.2)
@
Fama's rosuly Are presented in Table 1. Examination of the autocorre-

.
. st
Tation tivures in Table | imm«‘*(lin[vly reveal e

caocffidionts are Not statisgg Feally different from zero. However, a..-
L3

“closer examinat fon of Table shows that for daily returns, eleven of
the seriag correlations are more than twice theijr estimated orror Fama

remarked that this slipght deviation from a perfect correlation condition

should not be considered a contradiction of the weak form of the -

o

efficiont market hypot hesig, ﬁl‘( contended that with g large sample
size of 1,200 to 1,700 observagjons per stock, one shoyld not be

. . 3 . ' . . LA . R " s . .
particularly concerned with finding significant deviations from Zero

covariance, P . "y

.

Table 1 also discloses anp inrcrosting feature concerning the

signs of the serial correlations. 0Of the thirty..cor'rolation coefficients

for the daily diffcrences, twenty-three ar ‘positive, q)while for the

. 0

four- and nine-day difforencos, twenty-one amd twonty—four,\respoctively,
are negative. Again, Famg argued that agreement in sign among the

coefficients for the different securities is pot necessarily evidence

i that most of the est imated

5
>

£y

18
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. ~
TABLE
Fitet-0rder Seqiai Cortelation Coog ITE fents fog
One-, Four, Nne=ooand Sixteen-Dav Thanyes in l.\\;p(. Price
§
Difierencing Interval (Do)
;(u« l\ Y .. Om Four S Nine Sixteen
TA1 T ied (IN'M\HH .017 * L0y ~.09] -.118 ’
Aloca . L118% L0u5 -. 112, =044
American Cag ‘ -.087* - 1044 -.060 . 03] !
AT &, ~.039 —-.010 ~.009 -.003
American Tobaceo BIOE —.170% Yoo 3 L0077
Anaconda < : o067 -.068 ~.105 L2002
Bethlchem Steel: 013 - -1 C g S
Chrvslor o L0120 L0600 - 006 - 040 |
Du Pont . . % 013 - L0609 v ~0.43 -.055 ]
f}i;u:tm.‘m Kodiak - 025, . —-006 =053 -.023
General Electrie, 011 s, 2000 7 - <004 . 060
Ceneral Foods L0015 =005 - 140 . < 09
JGeneral Motors “-.004 - -l 10gx .009 NI
”’(:omiy{ ar : @ - 123% -001 ~.037 TL0133
.Int(]nllm.n] Harvester " -.017 =068 < o44% RN
Internationa] Nickel L0965 .038 124 .041
/Intcrnat tonal Paper P46 060 -. 004 -.010
Johns Manville . 000 -.068 -.002 . Q0?2
Ovens 11linois -.021  =.006 .003 -.02?
}}’ro(‘t(‘r & Gamble .099= ~-. 006 , —-008 076
Scars .097% -.070 =113 K041
Standard 011 (Calif.) .025 -.1473%* -. 0406 . . 040
Standdrd 071 (.J.) .008 ~.109 -. 082 -.121]
Swift & Co. -. 004 -.072 18 -.197
Texaco .09&?‘: -.053 . ) -.178
Union Carbide L1075 w049 —.,)?'01 L1240
United Aircraft : .014 -.190% ~.192% ~.040
U.S. Steel . 040 -.006 =056 L236%
West inglouse -.027 ~-.097 -.137 . .067
Woolworth ' .028 ~.033 -.112 . 040
Y -/
5 ) * . <

L ) ) . T :
* Coefficient is twice its computed gstandard error,

Source: %LC.F. Fama, "Efficient C”pl(dl Markets: A' Revicw of
fheor) and fmplrl(‘dl Work" rm)rmtod in' fl(m ents of
»Inv( stment: Selecte d Re adm;*s by MK, W and Alan . Zakon

P. ]7() Table-7.1.

. G lmow



o consingong Patterns ol dependonee because price chanpoes fo; difter-
CNL cecurities are relatod Lo the behavior of o ”i.l.l;lx‘t‘l" component
common to gl osocurit e,

.
Runs Tevats ot by Ner e )

While the serial correlation teats appearto support the
weak cfficient market hvpothesis, correlation coefficionts have an
undesirabl. propertvs that s, thev mavobe doninated by a few obsoer-
vations,  In order (o avoid this weakness, Fama applied the runs tests
to observe the g ipns rather than the sjres of successive Price chanyes

)

to examine if (he runs tended to persist ™,

A run is defined as
/

sign.  For example, a positive run of length

consecutive positive price changes succeedded

or nepative changes.

runs should be less, and the average lenpgth of

in a random serics,

Table 2 shows:Fama's

nunbers of runs for ecach stock

price chagges.  An examination of Table 2
Ibid.,  p. 74-80.
Ibid., p. 81-85.

v "
for one-, four<

a'sequence of price changes

t.
1

with the same
is a sequence of

by cither zero

I a price tread exists, the total number of

a run longer, than those

estimated total expected and actual

» nine—-, and sixteen~-day

immediately indicates that,

20
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in general > the actual numbey of rung are comparable (o (he numbery
— . . v
CXpected, This Ilndln;ﬁ SULPests that Price changeg tend to oceur

randomly,

Table 3 summarises Fama'g estimation of runs by sipng.
The empirica) results Cbﬂ[ell’ned in Table 3 indicate hay the
diffvrcﬁvgs between the actuag and the expected number of runs by
‘signs are all quite small and of no statictical significance, Further-~

more, there is no evidence of important atterns in the signs of the
b 1 bl

difforoncos.

The above results Prompted Fama to Concludo.that "there is
litele evidence, either from the serial correlationg or from the
various rung tests, of any degree of dependence in the daily, four-

. . . "l f‘/
day, Nine~-day, and Sixteen-day price chidngos"™,  put di ferently,
Fama's findings strongly support the'weak form efficient market

hypothesis,

Cheng and Deetg! Rebalancing Testg
~Neng a ————>-2raancing Tests

3 , . .
Cheng and Deets used a differeft approach in the Investi-

gation of price dependencies, Spécifiéally, they compared the
——-**—*‘~—-——-—f—-—~———“—*~“*‘— ;
1 E.F. Fama, "Behavior of Stock-Market Prices", p. 79, Table 14,

? Ibid,, p.80
Cheng, P.L. and Deets, M.K. "Portfolio Returns and the Random
Walks Theory", Journal of Finance, Vol. 26 (March, 1970), p. 11-30,

23
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erformance of buying-and-holdin Va portfolio te a Stratepy of
F ) BY

rebalancing a portfolio,

Theidr strategy requires an investor to rebalance the port-
folio at the end of each period by selling of f some Portion of those
securitics that have in the past ¢Xpericenced ro]atiVely supcerior
returns. These are replaced with sccurities Lhat have experienced
felativoly inferior returns. This dintricate rule Serves to maintain
an cqual proportion of funds invested in cach security at the end éf

cach rebalancing period.

The expected geometric return totals under the buy-and-hold

strategy for a portfolio of securities ig":

T g ' |
E[GT(BI)] = g ) 1+R. )] (3.3)
. —q m 1]

where E - the expectation operator, and
LJ

R, = the rate of return for security., 1 .
o

i
1
Also W, ==
it m
where v is, by definition, the weights of .the initial PSrportion

. . .th . ] . .
of funds invested in the i securn\?. For Cheng and Deetry! rebalancing

, 2
strategy, ‘the expected return is™: -

Ibid., p. 12,

Ibid., p. 13




. no, n ‘
E(GTRB)] = B[ 1 ¢ ) (14x. )] . (3.4)
. m o4 ij
j=1 i=] ;
Letting E(I+Rij) = ug wvhere 4 = 1,2,3,....n , and
j =1,2,3,...,n , the expected return under the buy-and-hold strategy
.1
is™:
: T I ¥ n ' :
E[G(BH)] = = § S (3.5)
‘ m jop 1 :

3 cTepy] - (&) 5.6
_,-/\‘ - m . '1U1. . (_)- ))
1:.~ .

In the same article, Cheng andl)octs proved that the “

-‘;s//ér'o ity of the buy and hold over the rebalancing Dollcy may be

. . 2
represeltod by3: . . -
m m ) -
: g =4 no_d n | '
), Spmw Ll vl - ]y 6.7y
-i=1 , i=1 i
or:
n_ .- —.n
S, = (u'] - [v] (3.8)

! Ibid., p. 12
2 Ibid.

3 Ibid., p. 15



where:

=

and:

<
]
[

u, ] . . A
Sy ]
Equation 3.8 implies that if the weak submart ingale model is a good

approximation of stock price behavior, then we should expect:

s> 0 , (3.9)
o
and:; . .
+
gntl , gn (3.10)
m — m °

. . . n
where equation 3,10 implies that Sm grows larger as the frequency

of rebalancing increases.

v " Cheng and Deets' results are summarized in Table 4. An (
examination of Table 4 shows -that their findings AO not lend support
. to-either of the above asiipptions underlying the weak martingale
'mbdel. ‘For purposes of illustration, in Table 4? for n = 1625,
aé equal dol%}} amount invested among thifty stocké at the Beginning'
of 1937 would have increased in value to $9.51 by 1969. However,
the same.d%%ﬂar distributed among the thirty stocks under weekly
rebalancing (h = 1, n = 1625) would have increased by more than
twice its original amount yielding é value of $22.76.‘ Furthermore,
Cheng and Deets obscrved that the returns from the rebalancing stfategy
are an increasing, rather than a hecreasiné, function of the rebalancing

frequency., i



TABLE 4
Return to Buy-and-Hold and Rebalancing Strategics Under Varying
Frequencies of Rebalancing (), for m=6 and m=105 with Decision
Horizon H = 1625 Weoks*
H = n-h m= 6 m = 30 I

po— e T —_——— ————— —

h .
o :
© (weeks) Gl(BmM# G (RB)+ s’(’ o sy s ¢Trpy+ S0
bl »

1625 1 °9.514  $19.036 -9.522 $9.514 $22.756 -13.242 |
812 2 9.873 13.419  -3.546  9.873 14.488 - 4.615
541 3 9,872 14.640 -4.768 9.872 15.249 - 5.377 |
406 4 9.8 12.580 -2.707 9.873 13.399 -~ 3,526
325 5 9.514 10.803 -1.289  9.514 10.686 - 1.166
270 6 9.619 11.437 -1.818  9.619 11.966 - 2.347 f
232 7 9.873 11.312 -1.439  9.873 11.727 - 1.854
203 8 9.873 11.862 -1.989 9.873 12.488 - 2.615 ’

- 180 9 9.619 12.774  -3.155  9.619 12,414 - 2,795

162 10 9.619 10.561 =~ .942  9.619 10.305 - 686 T
108 15. 9.619 10.164 ~ .545  9.619 9.892 - .273

81 20 9.619 10.437 - ,818 9.610 10.166 - . .547
54 30 9.619 10.283 -~ .664 9.619 9.922 - .303
40 40 9.310 9.340 - .630 9.310 9.436 - .126
27 60 9.619 10.590 - .971 -9.619 10.156 -~ .537
18 90 9.619 9.753 - .134 9.619 9.356 + .263

* It is possible that for ébme combinations of n and h » the pro-
duct does not result in exactly H=31 vyears or 1625 weeks. TFor
example, for n=54 apd h=30, 1. is 1620 weeks.

# GT(BH) under m=6 and m=30 are identical, since the former
represent the arithmetic averages of” 5 portfolio returns each consis-
ting of six diffcrent securities randomly grouped from the thirty
Dow-Jones Industrials.

T Yhen GT(RB) is given for portfolios of sizes less than the full 30
Securities, it represents the arithmetic averate of the smaller port-
folio returns. Hence, when m=6, ,T(RB) is the average of five 6"
stock portfolios. :

Source: Chgpg, P.L. and Deets, M.K. "Portfolio Returns and the Random
Walk Theory{'. Journal of Finance Vol, 26 (march, 1970), p.20.

f




!

These find i-ﬁng',:;' Led Cheny and Deets to affirm tha:

. the assumption that security price relatives can
can be characterizcod as being 1‘1(!{11:1]]}" stochas—
tically independent random variables is not »
supported by empirical I’OSU](S].

~

<

which may be construcd to mean that the weak form efficient marker

hypothesis is a suspect.

. s
In their later article, West and Tinic comment that

* when the economic version of the random wall
hypothesis is considered the fact that the signs
of serial correlations depend on the lTength of

g\w the differencing interval should not be regarded
as particylarly disturbing; nor should the

? 1L 1S negative serial correlation for

[ 2ncing intervals be especially

West and Tinid that the negative serial dependencies in

Cheng and Deets Ries appear to confirm the reversal tendengys-

't

uncovered by SmidlE and Niederhoffer and OsborneA. West and Tinic

pointed out that Jile costs (e.g., transaction costs, etc.) involved

in purchasing th@iservices of market makers encourage the presence of

Ibid., p. 26.

2 R.R. West and S.M:;Tinic, "Portfolio Returns and the Random Walk
Theory: Comment", Yhe Journal of Finance, Vol. 28, No. 3 (June, 1973),
P. 733-741. o

S. Smidt, "A New Look at theRandom Walk Hypothesis'". e
V. Niederhoffer and M.F. Osborne, "Market-Making and Reversal on the’

Stock Exchapge", Jowgnal of the American Statistical Association
(December, 1966), 97-916.
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s

(¢
small price dependencieca.  Mare Importantlv, the presence of trinsact ion

cost induces the formiation of price reversals,  Henee negative serial

dependencics tend to exagperate the profitability of rebalancing
’

strategy, especially with the assumpt ion that transact ion costs do not

-

have to be incurred.

In addition, Cheng and Deets' conclusion that the superiority
of rebalancing improves with increasing rebalancing frequency is also
discounted by West and Tinie. They disclosed that such a rebalancing

strategy is in fact impossible because the "market-maker is not

ordinarily willing to trade on the terms specified by the previous
.ol . P Co
transaction’ . Besides, Cheng ard Deets failed to take into account

the fact that investors cperating a rebalancing strategy would be

b

working with higher direct and indirect costs.

Modified results of the Cheng and Deets study are réported

in Table 5. Examination of the differential return figures in Table 5

-

immediately reveals that when the added costs of the rebalancing stra-

tegy were substracted from the incremental returns as indicated in

column 6, the buy-and-hold strategy outperformed the rebalancing

frequencies in the six-stock portfolio. Similarly, for the thirty

stock portfolio, the superiority of the rebalancing strategy dis-

appeared except for one rebalancing frequency.

'

3

Thus, West and Tinic's findings acknowledge the fact that

-

1 R.R. West and Seha M. Tinic, "Portfolio Returns and the Random Walk

Theory: Comment", p. 736.



TABLE 5

12

(6)

" (4)4(5)

|
f

.N0066
00072
.0N038
00054
.00000
-.N00035
+ 00082
. 00048
-.00016
.00100
.00140
.00110
-001590
.00170

.00080 -

.00550

f
|

. 00056
.00062
.00068
. 00044
. 00100
. 00N56
. 00062

.00028 .

-.00146
.00110

.00160 "
.00159
- .00220

.00310
.00240
.00460

,;&

of stocks in portfolio.

Geometric Mean Returns®
}((-tllrrljtrr<>i Return-trom  Bil-— RB Incremental Bl - (}{B——IQT)I
n BH RB (4) Costs of RB
(1) () . () (2)-(%) (%)
1625 0014 L0018 ~. 0004 00106
812 L0028 L0032 -.0004 .00112
541 .ON4? .0050 -.0008 L0018
406 L0056 L0063 ~.N0007 00124
25 L0070 . 0083 -.0013 .00130
270 L0084 .0091 ~-.0017 .C01136
232 \ . 0099 .0105 -.0006 .00142
203 L0113 L0123 -.0010 .00148
o 180 .0127 L0144 -.0017 00154
, 162 L0141 L0147 %- 0006 .00160
e 108 L0212 .0217 -. 0005 .00190
81 L0283 .0294 -.0011 .00220
54 L0428 L0441 ~.0013 .00280
40 L0574 .0591 -.0017 .00340
27 .0875 .0913 ~.0038 .00460
18 . 1340 .1349 -.0009 .00640
1625 .0014 .0019 -.0005 .00106
812 .0028 * \ .0033 ~.00N5 .00112
541 0042 W, . 0051 -.0009 .00118
406 .0056 ~~, 0064 -. 0008 .20124
325 .0070 L0073 \__~+B8Q03 .00130
270 . 0084 .0092 ~.0008 . 00136
232 . 0099 .0107 -.0008 00142
203 L0113 .0125- -.0012 00148
2 180 .0127 .0157 -.0030 .00154
y 162 0141 . 0146 -.0005 . 00160
g 108 .0212 .0215 -.0003 .00190
81 .0283 .0290 -.0007 .00220
“ 54 .0428 L0434 -.0006 . .00280
40 . 0534 .0577 -.0003 ° | 100340
27 .0875 .0897 -.0022 1400450
18 1340 - .1322 +.0018 = 00640
% (0= no’ of rebalancing intervals; m = po.
BY = Buy and Hold; RB = Rebalancing.
Source: R.R. West and Seha M. Tinic,

Random Walk Theory: Comment"

"Portfolio Returns and the
» The Journal of Finance, Vol. 28,

No. 3 (June, 1973), p. 737.

a

/



the cconomic version of (he weak martingale otficieng market hvpothesis

Is a pood approximition of sccurity price behaivor, .

Qriticism ot St _‘l;(‘i;.‘i_[_i (‘;1‘17 _'1}‘»:;;{ 5

4
Despite the nassive arrayv of statistical resulig indicat ing

little evidence of important dependencics, technical analvste view
‘ 1 >

€.

.5‘..

these results with skepticism,

Noting that most of the Titerature on stock price theory
assumes a linear dependence, ‘to(‘hnical analysts are quick to point
Gut that a linear statistical approach f@ils to grasp the fundamentals
of charting or filgering techniques. They contend that the complex
non-lincar dopcudencios upon which their investment guidelines are

1

developed are much too subtle to be detected by linear statistical
@ ¢

‘tests. BegSides, statistical studies have uncovered persistent positive

. . e £
and negative correlations and it is difficult to evaluarc,thq;ﬂagrco

&)

of serial correlation that would imply the existence of trading rules

with substantial ﬁ}pected profits. 1In an effort to challenge these
- ; i 1

Critdicisms- levelled against the statistical approach, Alexander™, and

. ‘2 . . o .
later Fama and Blume » directly tested the profitability of various

tr?Qing rules. , ‘ \ k\ f

Si ) Ty

"
-

———— <

S.S. Alexander, "Price Movomont»in Speculative Markets: Trends or
Random Walks'", No. 2, p. 26-46.

E.¥. Fama and M.E. Blume, " Filter Rules and the Stock-Market Trading",

P. 226-241.
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1 . . .
Alexander devised the | Tter technique to measure. the

. . . .
performances of various trading rx»l('s - He soupht to conforp or ‘reject

the technical analvats' hvpothesic, which postulates the existence of

Y -

meaningful price trends in security price changes, by comparing the

returns of a gimple buyv-and-hold Stratepy to those of the filter rules.

Alexander's- filter technique is a trading rule which
cattempts 3to use more sophisticated guidelines in the didentification

of price movements., Esseatially, Alexander developed the filter

N

technique to test ihe wvidely-held belict that prices of security adjust

stadually to new injormation.

. L . 2
An  x percent filter is defined as follpws”©. .

I{ the daily closing n&ice of a particular security

moves up at least x  percent buy-and-held the

security until its Price moveg down at least x

percent from a subsequent high, at which timét

simultaneously sell and £0 short.. The short

position is maintained unti] the daily closing

price rises at least x percent above a sub-

sequent low at which time one covers and buvs. .
Moves less than X percent in either direction

are ignored.

——— e e

0

Alexander, "Price Movement in Speculative Markets: Trend or Random
Walks'", p. 7-26.

E.F. Fama and M.E. Blume, "Filter Rules and the Stock-Market Trading",
p. 229, :
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)
In his carlicer article, Alexandgs reported the results of
the filter technique and the buy-and-hold policy for filters ranging

in sizes from 5 to 50 percent.  The tests covered different time

periods from 1897 to 1959 and involved closing "prices" for two
indexes: the Dow-Jones Imdustrials from 1897 to 1929 and the Standard
and Poor's Industrials fronm 1929 to 1959. Alexander's findings as
presented in Table b réadily show that, on the average, filters of
different sizes realize substantial profits. In fact; these profits
are significantly greater than those of the simple buy-and-hold policy.,
This instigated Alexander to suspect that trends in speculative stock.
markets are created once a "move" in Price. change is initiated. That
is, if the stock market price level has moved up X percent, it is

likely to move up more than X percent further before it moves dawn

by x percent. “‘ ’

While Alexander's results appear to refute the weak efficient
market hypothesis, Mandelbrot2 pointed out that the profitability
of the filter-rules reported by Alexander has been grossly exaggerated

LY
due to biases incorporated in Alexander's computations, . For instance,

in each filter transaction, Alexander assumed,that his hypoth

.

ical
trader could alwayss buy at a price exactly equal to the low plus

percent andrsell at the high minus x percent. Mandelbrot argued

/ » . .

S.5. Alexander, "Price Moveiients in Speculative Markets: Trend or

Random Walks", vol. 1T (May, 1961), p. 7-26.

B. Mandelbrot, "Forecasts of Future Prices, Unbiased Markets and
"Martingale' Models'. ‘ o
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that due to marketability costs involved, the purchase price will
often be somewhat higher than the low plus  x  perceat, while the

sale price will frequently be below the hish minus™ »  percent.

In his ]ntof.artic]o, Alcxandvr] revised his earlier
results ta take into account this source of bias. These figures are
shown in Table 7. An examination of Table 7 immediately iIlugLrates
that while the profitability of the filter technique is‘drnsticnlly

W ‘

reduced, the filter rule returns dre still superior in comparison with

those of the buy-and-hold policy. . 3

2 . S

Fama and Blume® were not in agreement with Alexander's

latest results. In particular they argued that in using price indexes,
Alexander failed to capture the effects of dividends. Their argument

is supported by a thorough invostigation.into the effect of dividends3

A

-

Fama and Blume's Filter Tests’

Basically, Fama and Blume applied Alexander's filter

technique to serieg of daily closing prices for each of the thirty

'industrial securities of the Dov-Jones Industrial Average. . A

3

’ -

n

S.S5. Alexander, "Price Movements in Speculative Markets: Trends or

Random Walks, No. 2", p. 26-46.

E.F. Fama and M.E. Blume, "Filter Rules and Stock-Market Trading",
P. 226-241.

3 Ibid., p. 228-242.
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comparison of columns (1) and (6) in Table 8 clearly demonstrates
that, even ignoring transaction costs, most of the returns from the
buy-and-hold policy are comparatively larger than the returns from

the filter technique.

Fama- and Blume also pointed out that Alexander's latest
'computations incorporated two biases]. Firstly, under the biv-and-
hold policy, the total profit should be the price change for the time
period plus any dividends that have been paid. Secondly, in a short
sale, borrowers of the securities are required to reimburse the lender
for any dividends that are paid while ‘the short position is active,.

It is clear that the adjustment fo% dividends should reduce the return
of the filter technique relative to the buy~and-hold strategy. This

was clearly demonstrated in their filter tests.

Fama and Blume‘also estimated”the average return per security
earned by each of the different filters. These figures ére‘reported
in Table 9. An examination of the average returns for each filter in
Table 9 clearly illustrates that when. brokerage fees are included, none
of the filters consistently produce larger returns than those of the
buy*and—hOld policy. While filters between 12 and 25 peréent yield
positive avérage retufns«per séCUrity after commissions, these are
small when compared to .0986 (the average return for all secu;itieé"

under a buy-and-hold policy).
l‘.

However, a closer examination of Fama and Blume's .estimated

b rbid., p. 228.
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ons in column (3) of Table 9 indicates

3

the presence Nificant" amount o of positive dependence
in price chang E Ciswly, for three filter sizes, 0.5, 1.0

age returus per securitv on long Position

Priage return from buy-and-hold (.0980).
These red suggest that for any price changes (x) grea-

ter than or equal ¢t -5 percent, when the price level of a sccurity

‘moves up X percent [ creater, the conditional probabilicy that it

will move up x perci b further before it moves down - pcont g

N

greater than the uncond: vional probability. Mathematically:

POt e oL

where Pt ~ Price of a ®oecurity at time ¢t

Pt+1'~ Price of a security at time t+] » -and

* - Symbol indicating an upward price movément.

Whether or not these dependencies are economicatly 'meaning—

? .
B

. 1
ful’ undoubtedly depends upon the capability of floor traders”™ to
profitably exploit these dependencies in ordér to increase Substantially
the expected returns for the filter techniﬁue. Fama and‘Blume.analyzed

two possible methods. The first method involveg the floor trader's

1 A floor trader is one who owns a seat in the Exchange and trades
for his own account, Therefore, he ig not required to pay any
brokg{age fees. :

1
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v long and

<& ’ ' 4
short posit tons whenever such actions are Lrigeerod by the filte

Operation of a4 0.5 percent filter, opening and closing

.

rule. A sccond possible method requirdys his investment on the long

pPosition for a 0.5 percent filter, i

While the above mentioncd filter strategies vield posit jve

/ -
returns, the average returns for cach of the modificed Strategices minug

N

the clearinghouse foes are found to be less thin those for the buv—

and-hold policy. 1In addition, Fama and Blume maintained that fonds

«

~ .
would be idle for a very large proportion of the time when operatine

- ~

a mechanical rule. h

On the basis of the Tovepoing analvsiv, Fanmg and S1ume

conclude that these dependencies are of no economic value to floor
traders, However, this issde, i.e., the economic aspects of the
N Al

positive dependencics rémains a vexing problen.

quama.and Blume's approach has been criticised for the
extreme degpree of rigidity incorporated in their studies, Evident 1y,
one such criticism concerns the assunmpt ion that the hvoothetical traders
follow the filter rule literally, Obviously, this assumption is
inadequdate and nisleading. For purposes of illustration, supposc that |
a floor trader wishes to take advantage of the filter rule. He could

. " o
- L]

"trade around" the average long position for a 0.5 percent filter.
When the filter rule signals a long pogition, he would invest his
funds in the stock. However, when the filter signals a short position,

he would decrease his p¢sition Yo zero shares. While the "zero" posi-

A4 : ’
tion is active, the floor trader could -invest his funds in short-term
«



. : ! N

money marhets o I, in addition, the hvpothetical trader wishes to
take advantapce of the buv-and-hold policyv, he would commit half of
his funds by buving-and-holding a particular scecurity.  Hereafter,
this multi-investment stratepy will be referved to as the average

Jony position stratoepy.

In addition to the above criticism, S. Smidt also pointed
oul that a conpari{son between two investment policiés must consider

the risks involved.  smidt speculated that there is likely to be less

iy

variation in retarns from a policy of trading around an average

lonp position than from a buv—gnd-hold volicy, although returns {rom o
~

the former strateey will probably be less than those for the buv-
oy ] ) )

and-hold strategyv., This reasoning stems from the fact that when a
i )
*

floor trader operates\an average long position strategy, the returns
I \ (&) ]

"
arc realized from different sources . On the other hand, the retutiw

from a4 buy-and-hold policy is entirely from one source and is likely

to be quite variable. Smidt's proposal is retained in this investi-— - &,

gation. .

it

' I

S. Smidt, "A New Look at the Random Walk lHypothesis", p. 251-253.

"sources" here represents returns from the long. position in stock,i -
the short-term moncy market, and the filter trading rule.

o



‘ CHAPTER 1V

METHODOLOGY

Introduction

Before proceeding with the comparison of the various

investment strategices in Chapter V it is instructive to lool first
Ly ? .

at the methods involved in the calculation of the respective annual

$ - . s . oys
geometric mean returns on which comparisons will be based. This

>

chapter discusses thesmethodology. It begins by reviewing the basic
data and proceeds to discuss the technical aspects of approximately the

geometric average returns.

Description of Data

.

In order to test the research hypothesis, daily closing price

séries for twenty stocks listed and traded on the Toronto Stock

Exchange were studied. - The daily closing price series are quoted

o1
from the Globe and Mail . When there was no trading in a particular

stock ‘for any of the trading days, either the average of the bid and
L

ask price or the bid or ask price was used.

.

1 . . . . . .
"The Toronto Stock Exchange: Daily Closing Price Quotation", Globe

and Mail,]1970—71.
"*‘“:;~

—



Initially, thirty sceuritics were selected, but in the process
of data collection, several of the issucs weroe dropped because of

Incomplete data.  This reduced the sam le sizb to twenty securitices.
)

The study covers the pertod from the beginning of January,
1970 to the end of December, 1971, This randomly sclected period

. . . Sos ]
happens to include a bearish and a bullish market condition .

«
.

Each sccurity has 253% observations for 1970 and 254
observations for 1974; a totdl of 10,394 quotations for the twenty
securitics. These raw data are reported in Appendix 1.

\

-~

Classification }\’f (\S/(Nit ies
i 8 :
\

In this research, the securitics examinad are either minim
b 7 \

\

or industria) STecks. On the basis of this distinction, the twenty

sacuritids are divided into two equal samples. Sample I contains mainly
. . 2 . . A s

mining isdues . Generally speaking, mdining stocks tend to exhibit

large price fluctuations. Sample IIT comprises of relatively stable -

v‘industrial stocks that incline to resist large fluctuation of price

changes.

The Toronto Stock Exchange (TSE) Index for 1970 was (January) 186
to (Neovember) 164 and for 1971 from (January) 174 to (December) 182.

Three industrial securities are included in Sample TI: Abitibi,
Hand Chemical and Van Ness. Actually these sccurities should have
not been included in the sample..



/

The categorization of sccurities into Lwo sample ig
advantageous from the amalvtical aspects of this study.  That is,
this arrangement prevents analysis of the empirical results from being

obscured or dominated by the possible few extreme and unusual observa-

tions that mav be present in the price series of Sample I,

While it is beyond the scope of this study to treat the 'price
volatility' factor in greater detail, it must be pointed out that by
means of statistical techniques that  measure the magnitude of price

fluctuation of individual price series, it is possible to further
. . v

>

classify the sccurities within a sample into subsamples,

Calculation of the Annual Geometric Mean Return

The hypothesis that investors cannot significantly increase
expected returns by using mechanical rules is tested by the application
of the simple buy-and-hold, the filter rule and the average long

position policies to the twenty randomly selected securities.,

In this section, we'have endeavored to develop the fundamental

//

met?9g§ﬂiav0IVEa/;h calcu%ating f%e annual geometric mean returns. A
détai]ed treatment’ of the filter technique is presented first. The
procedure is almost -identical for the other two invéstment strategies.
With this background, we will indicate the necessary changes that are
requiﬁgd to compute the returns of buy-and-hold and the'averago long

o ¥
position strategies.

51
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.

In the preceding chapter what is known as the filter
techinique bas beon briefly introduced.  For purposes of calculating the
returns from this strarepy it iﬂ imperativo to have a c¢lear undbrstanding
of the technical aspects of its operation.  An expesition of this is

. I : |

given below

In our application of Fho'filtor rule, the data is allowed to
decide whether the first position taken up will be Teng or short. Anp
initial position is taken Up as soon as. there is an advance or a
decline (whichever ocours first) where the toral price change equals

or exceeds the x percent filter.

The daily ciosing price on the day a position is opened defines
a reference price. If the filter transaction is longz, the reference

price represents a peck, or a trough, if the transaction is short.

For each subsequent trading day, we are required to determine

-

whether the current position should be closed. For purposes of
clarification, suppose the current position is long (short). 1Tt is

fundamental to check whether the current price is x percent below

A

(above) the reference peak (trough) price. If the current position is
not to be closed, then we are requircd to examine whether the reference
price must be revised. 1In a lTong position, this will be necessar& when

the current price exceeds the reference (peak) price so that a new peak

is attained whercas 1in a short position, a new trough will be defined
b .

ol

- - - % —_——

See E.F. Fama and M.E. Blume, "Filter Rules and Stock-Market Trading",
p. 234-235, |

52
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when the curreng Price is below the reference price.,

The calculation of the filter geometric mean return requires,
as a starting point, . the

B

i
reneral formula

@V(j)f_""ff*:;?YY—_“‘f‘iT(T) T
2(3) TR e (i), t2 3y i
~ = -+ + ) v e w + ’ - .
R, JIra D T ase Dy rl’) 1 (4.1)
where ﬁ;J) — The geometric mean return for the filter'techniquc with
\\ daily compounding provided by filter i

when applied to
security j »

k75
rfg)>- The rate of return with daily compounding on transaction
\ e
t for filter i when applied to secdrity i,
nfg) - The duration in terms of pétal trading days of transaction .
t for filter i when applied to Security j |
NFJ) ~¢ Total number ogi
i

tradihg days during which position were

open under filter { when applied to security

3 « Thus:
Ti(J ) .
T NFJ) = Z n(q)
: i ti
‘ ’ t=1

'where TEJ) is the total number of transactionsg initiated

by filter i for Security j ,

T
1

J.C. Francis, Investment Analysis and Management, p. 388-389,
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ER In caleylat fng the annuay seometric mean returns, the daj) y
closing price serics for each stcurity is adjusted for div Idend.,  This
is achicved by adding the dnount of dividends to the closing price on
ex=dividen days,  This adjustnent jg ecessary in order (o prevent the
filter from being triggerod Sinply because on ex=divideng data the
stock’'s price dips.  For one security, Canadian Tires , Stock split
occurs during the period when (he filter position Was. open. This
necessitated thag the price of this security subsequent to the split

be adjustog upward by the correct split factor unti] the trading period.

terminated,
,

"Finally, it muse be noted here that the returns computed for
each strategy cover exactly the same time period.  This is magde possible
by restricting the calculation of the buy-and-ho1l returns to the ip-

vestment period which contains only complete filtor-transactions.

Equation 4.1 may be rewritten ag:

.

. _“l‘_ v
; (3)
N
r(3) _ (1), i
R = tgl [14r 7] -1 (4.2)

k(3 ' o :
The term (l+rfi)) is commonly known as the "link relative", Under
the filter technique, the “1ink relative" adjusted for dividends for-

the long Position ig calculated according to the formula:

) DG, L) o
(145 g TP ti : :
S NG - (4.3

ti :



] .
D) L o o . . o
where }ti -~ The bepinning closing prige of sccurity i for the day
¥ yo. 3
on whiah tluyisaution t for filter i was initiated,
D(?) = Any dividends paid on transaction t of filter 1 |
when applied to security  j , and w
(3 N anSaet i1y -
Cti - Capital gain-or loss on transactjion t of filter i
when applied to security i | Symbolically,
¢ L p) L)
ti t+n,1i ti
where Péi; i The ending closing daily price for transaction ¢t
b

of filter i when applied to security j

(3) _ U
ti t

i ) into equation 4.3

S ) (1)
\\’ p .
Substituting C w1th ( t4n, i

clearly indicates that the "link relative" for the long position is
' j)
+n, i
N . . (1)
dlb}dsd by the opening price, Pt} .

the ending closing price, Pé » Plus any dividends paid" Déi) s

In a short sale, however, trader sell securities which are
not -owned and borrow a similar number df those securities to deliver

to the purchaser. Hence the "link .relative" for a short sale may be

calculated as: -
%(4) 0y Pt(i) + s
[1+r 7] = ——t (4.4)
. ti p (1) _ .
MR tq
W, ¥

AR

(i)

where Ptl - Selling price on transaction t for filter 1 when

applied to security j‘, and

55



QL(J) - ‘Czl})ilul gain or loss on transaction t of filter i
i
when applicd to security § . Mathematically,
‘v
S(q) I)(,y) _ (I,(x) 4 -“*(,.1>) )
ti ti ot d ti
where Pfl) i Buying price to cover the short position on transaction
et )

t , of filter 1 when applied to Security i .

The rationale behind short selling is that the short éé]]vr
hopes or nnLiripdECS that the price of a security will decline so that
when  he purchases securities to return to the lender, he can hope to
do s0 at a lower price, thus carning profits. Since borgowers of \

security are generally obliged to reimburse the lender for any dividends

-

paid whilst the short position is active,.the dividend term is included

as a liability in equation 4.4,

. s
By substituting all the estimated rfz) values into cquation

4.2, annual geometfic mean return for the filter techniquée is obrained.

(1)

These figures are presented in Appendix 1. The value of R,
i
the amount an investor would have made or lost if he invested an equal

dollar amount on each t transaction of filter 1 | when applied to

security j  for the period durin which active positions are open
y 3 I

under the filter rule.

Analogously, the procedurc outlined above {s usecd in cgomput jng

s

the returns for the buy-ard-hold policy. However, some fundamental .

changes are essential anghl lescription follows,

represents

%56



The annual peometric mean return for the buy-and-hold policy

is ?«nn&tru«t(wl_aC(wwrdiln: to the formula:

1

() ENE

. 1 . n o 1 :

I S NI AP S 4.5)
t=1 J L
. L ' f
q -
where Rﬁj) = The annual geometric mean return for the buv-and-hold

policy.

) ™=
A few words may be in order regarding the indirect technique

involved in estimating the rates of return, rég) » for the buy-and-
hold policy. 1f the corresponding filter rule transaction is long,
then the buy-and-hold returns cqual that of the filter rule returns.

!

Symbolically,

(i) ()
rti = rti . . , _ (4.6)
2

On the other hand, if the corresponding filter rule
transaction is short, then the positive return realized in a short
sale represents the negative rate of return for the buy-and~hold policy.

Mathcmatical]y,

?

' s D)
ti ti

. ’ (4.7)
Equation 4.6 is logical because a short sale operates in a
manner opposite to the buy-and-hold policy. - For clarification purposes,

we may recollect that positive profits in a short sale afe possible

.

57



. Altvrn;ltvly, In the case of ; buv-and-hold

(D)L

t4n,i ti

onlv dgf I’(]) e P(J)
T t+n, i t1

policy, positive earnings can onlv be realized if

, The foregoing procedure for calculating the buv-and-hold rates
P .
of return is essential for two important reasons., Firstlv,_such a

i

r?(*thq‘*dol(my insures that the buv-and-holy policy covers exactly the

same t ime periods under the filter technique,  That is, for ¢ach security

f

] and filter sjize i, the buy-and-hold returns are calculated for the

e
,

period during which all filter transactions are complete, Secondly ),

the procedure ensures that the buy-and-hold returns are calculated on
, ‘ -

the same ground as the filter rule returns, Therefore, multiple buy-
f: ’ -
and~hold figures are required for each Security. This is shown in

Appendix 1.

. Before concluding this chapter, a description of the technique

13

used in calculating the annual geometric mean return for the average
R
1o

§
i
P

lghg’p051thn policy is in order, The average long position annual

.géom%tric return may be calculated as:

P 1 x
L _ ()
. N,
doa T§J) R0) ]
e k% (3 Kk s . : .
T g ) - booaer )y ed -1 | (4.8)
4 i ti
;o t=1 f ‘

defines the annual geometric mean return under the average

€ .
ibng position policy.

again that the average long position
‘que.  In pﬁrticular, the long

b . .
‘Position rety oth strategies, i.e.:

/

N
NS .



—

‘k(]) :7'.1‘7'((1) N

i . . (46.9)

-

However, if the corresponding filter signals a short position,

the modificed filter technique requires a trader to liquidate hig

investment in stocks Lo zero

short-term money markets. |

shares and to channel some funds into

n this cave, the rate of returns for the

average long position policy mayv be calculated as:

where T is the weckly a

It is self-evident
iterative in nature. Append
in calculating the annual ge

the buy-and-hold arid the ave

Co

Bank of Canada, "Capital M
Review (January 1971-72).

(4.10)

o 1
verfige call-loan ‘rate’ .

that the calculations involved are

ix ] presents the FORTRAN program eniploved

ometric mean return for the filter rule,

i

rage long position Strategics,

arkets and Interest Rates", Bank of Canada ;

9



CHAPTER V

RESULTS - N \

Introduct ion

4 P
Im this chapter the results of the methodology are analyzed
with respect to (1) returns on individual stocks, (?) average returns

and  (3) retugns  on individual tilter sizes,

\ . . .
© For cach of the individual securitices » the annual geometric
mean returns have been calculated for the buy-and-hold policv, the

. - < ' . - - .
filter technique and the average long position policy. Apvendix 3

. o AT e
RFJ), R?J), L DA RGN
i i e i i

presents estimates of for twelve

different filter sizes ranging from 0.5 to 7.0 percent., The first

T

=Ty N -
six tables of Appendix 3 contain geomet ric mean returns calculated for
the investment period of Januarv, 1970 to December, 1970. The next

siz' tables consist of annual returns calculated for the later 'periods,
P

i.e., January, 1971 to Decembér, 1971.

;

°

In the discussion of the efficient maThwat hypothesis in apters
. . \

T1 and 111, it was stated that if the weak submartingale hypothesis
is a good representative of stock price behavior, then, Ceteris

paribus, we should expect, on the average:

,.,—"ﬁ.\’ .

(3) , ()
R >k (5.1)

60
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(D) 32 =2 ()
) }{,]) N _) R _] (5.7)
i i i
(i) : .
where R,l = The amnual poonetric mean returin under the hove and-hold
I
policy tor security i,
N Wodnnaal peomet ieo mean roetarn under the il
i
technique for security
1 \ )
t
b ( ) X
R ,I e annualseconotric mean roturn under the averaye Tong
i , i

position policy Tor-sedurity i . and

-

:’h’:‘k(')
R ,J - The annual geonetric mean return under the averape
i

long position policy for security ] adjusted for

Cl(’al‘i”ghHll‘i(’\" {fees.

Equations 5.1 and 5.2 togethor imnl v o that, holding all other variables
constant, ;ho buv-and-~hold policy ‘should consistently outperform any

of the trading policies.
¢

. a

An examination of the annual peometric mean returns .
adjusted for dividends (Appendix 3) discloses that for nearly all

.securitics] the buy-and-hold returns are comparatively superior to

those for the filter technique and the average long position policyv.

For purposes of illustrationy  Table 3,1 shows that for 4 - 0.5
percent filter, onty four of the twenty filter rule returns and average
long porition returns fospoctivv]y, are better than those for the

Cdrrosponding returns under the buy-and-hold policy.

A
i v )

A}
. . ’ L%
/ A careful examination of Appendix- 3 reveals-another aspect .
o




For both investment periods. it s ovident fron Appendix 3 that the

buv-and hoty telurng are consistent ly superior to (Hg::(‘ tor the
» !

corresponding trading rule returns. That ju, Irrespective of the

'(\'}n" ol market condition Prevailing in the stock market, i.e.

+

whether the et o conditions Is "bearish' or "hullish™ the pertfor-
Y
*

mance ot the bav and-hold Policy exceods that of t]u*{11nlnu(1wﬂ(wu

The upshot is that the results point to the fact that the
weak submart inga e hypothenis iy g valid model for stock Price behavior.
This conelusion should be revarded as tentative, however, untiq] tur-
ther evidence is available from closer scrutiny of the geometric

Smean retuarn.,

Analysis of fesults by Security

-

In this scction an attempt is made to evaluate Lhe
[} i . :
performance of the various nvestment strategies in freater detail.

For this purpose the annual returns averaged over the twelve filters

for the filter technique have been estimated. These figures are
. .

shown in Table 10 along with the corresponding average long position

and buy-dnd-hold returns.

T
Letting R?l) denote the average annual return for the
. i .

% -
filter technique when applied to security j , R may be calculated

as: )
: — 12 49 ,
g(J) = . 1 P M (5 3)
i Lo 12 )
i=1




Q}imil;n‘ly, the averape annual retur

.

position (adjusted and anad jusited f

N

buy—and-hold policies mav be caleul

It mav bear point iny out

womet ric o mean retyrn under the 111
£ g

v

would have been Incurred by investi
N

fitter and transaction for cach ind

s

Again, if the weak submartingale hvpothesig

4

R
’ L
nsoper Pileer for the averape lonyg,

aOr

clearing houas : m(l llu
#4_

.

at efi ‘l(((‘l(llll o equat ion 5.3

o
at [this juncture that the average

ter echnique is the return which
-

ny o an cqual Qv

ar oamount in every

ividual securit Y.

Is valid, then

all other things being cqual, the following results should hold:

-

RU) LR (5.4)
1 - 1-

and
R_(-l) . ’}{ (]) N /tii(]) (5.5)
1 - 1 o 1

a

Examining the average annual return figures in Table 10

Immediately illustrates that, on the average, the percentage buv-and-

hold are comparatively and consiste
rule returns. On the basis of this

far as to suggest that the assumpti

hypothesis seems to be supported by

ntly superior to those of the trading
observation, the author will go so
ons underlying the submartingale

the empirical findings of this study.

.Note: Returns for the long position of the average long position
policy are adjusted, by assuming that the floor trader has to pay
0.1 percent of thc returns for each compl te long position transaction,

i.e.: |

k% () sk (5
(adjusted) r (!) = r (?)
ti ti

0.1y (& ST
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Starting with a closer comparison between the buv-and-hold
policy and the filter technique, is obscerved on the basis of colunns
(1) and (2) in Table 10 that, except for the fijve percentage returns
indicated by asterisks, all other returns for the filter rule are
inferior to those for L\h(' buy-and-hold policy, Similarly, a combparison
of columns (5) and (6) shows that only four of the twenty filter rule
returns are better than the buy-and-hold returns. Another striking
facf about the result is that the filter rule returns are predominantly
negative for both investment periods whereas,in 1970, four of the
buy-and-hold returns are positive and in 1971, buy—andfhold returns
for eleven stocks are positive. These results not only acknowledge
the fact that the filter technique cannot consistently earn more than
what could be achieved from a naive buy-and-hold policy, but atwo
reveal the fact that it performed poorly under the standard of average
returns.

Columns (1) and (3) in Table 10 indicate that only five

L e

of the twenty averaﬁe long position returns exceed those for the

corresponding buy-and-hold percentage returns. Similarly, on the
S . ‘\
basis of a comparison between columns (5) and (7) in Table 10, it may

be observed that with the exception of the percentage returns for four
securities (Hydro, West Mine, Alcan and Hudson Bay), all other average

long position returns are inferior to the corresponding values of the

E

buy-and-hold returns. Furthermore, with the adjustment for clearing-

house fees, only two of the -twenty average returns from a peoliey of

filtering around the average long position are supecrior to those from

el

the buy-and-hold policy.

6H6



Jhe conclusion that can be drawn from the above comparisons
concerning the modificd filter technique is that none of the above
analyses scem to indicate that any special modification of the filter
technique can consistently outperform a naive buv-and-hold policv at

[ ]
N\least on an expected return basis.

The Means Test

Vhile the buy-and-hold returns are found to differ from
those of the trading rule returns, it is difficult at thie point
to make a generalization on the significance,.i? any, of the difference
begween the ﬁeans. In order to determine this, the t-test has been
applied to the series of differences between the buy-and-hold returns

and each of the trading rule returns.

The t-statistic is constructed according to the forrula

S — _; (5.6)
[0(8)/Vn]

where & defines theAmgan of the differences and o(§) 1is the

standard deviation of the differences. The estimated values for

W. Mendenhall and R.L. Scheaffer, Mathematical Statistics with
Applications (Duxbury Press, 1973), p. 343-345.
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"Differences Between: the Mean Buy-and-Yold Returns

TABLE 11

Trading Rules Returns

and the

[0(8)Y /)

‘ .
[ " Cols, (1 (2)
N W e G

'Security\ ﬁFJ)—RFJ) RFJ);Kf.

i i i i
Alcan -.000400 -.000432
Alta G.T. .001238 000512
.CD. Sugars .0@1585 000544
C. Tires .003948 .001578
G.L. Powers .000961 .000536
Hudson B. -.001428 -.000966
“Imperial .001526 - 000643
Maritime .006304 .002913
Rothman ~.001898 -.001277
Shaw Pipe .001633 .000482
Alcan .000838 .002257
Alta G.T. .000494 .000188
CD. Sugars .000883 .000289
C. Hydro -.000697 ~.000655
C. Tires .001951 . 000883
G.L. Powers .000974 .000306
Hudson B. -.000053 -.000113
Imperial .002181 .000939
Maritime .001084 .000505
Rothman .001800 ,000832
<] Mean Diff=§ .001057 .000498
Std Dev=0(8) .001843 . 000989

t(8)=8/ ,

2.524910 2.263630
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°

8, &, 0(d)  and the t=statistics are presented in Table 171

The values of (he computed t—statistivs] are t] = 2.5649]
and L2 = 2.20363 wirth (n~1) = 19 degrees of freedom (d.1.). Given
d.f. .= 19 for a4 5§ percent level of significance, the critical value of

is
La=.05
e
P(t > 1.729]d.f.=19) = g5
\P:v
[ s )

A
and for a 1 percent level of significance, the. critical value of

t 07 Is: Q

P(t > 2.539]d.1.=19) = o1 . o

A comparison of the t1~value and the critical ta"[OS

value reveals that ¢t > t i.e. the computed t ~-value is
1~ “g=.05° ’ p 1

«

13
marginally significant even at the 1 percent level and is significant

5

at fhe 5 percent level.

Similarly, it is observed that the ty-value is also signi-
ficant at the 1 percent level. This evidence is considered strong

enough to conclude that the differences between the buy-and-hold
mean returns and each of the trading rule mean returns are significant.
\

Moreover, the positive t-values imply that the returns from the buy-

—_ —

Sccurity in Sample T is deliberately excluded in the estimation:
of the t-statistic because it may contain several extreme and
unusual returns which may tend to obscure the general results.,



N TABLL 12
Difference }§(><k'(-(‘11 the Buy-and-Hold and the Trading Rule
Returns 1()7Q—7l
Mlter 0.0050 : 0.0100
Size
Security R,(j)—.fé-,(j) }:.(j)_;';{* '(-;') R.(j)_:i'i‘_(j) R(j)jit* -<i)
- i i i i i i i i
Alcan ~.000715 -.000450 -.000204 . 000000
] Alta G.T. 000542 .000389 000717 000454
t CD. Sugars  .001754 .001004 .001772 .000944
l C. Tires .004165 .001597 .003516 .001246
{-G.L. Powers .003171 .002221 .003196 .002011
| Hudson B.  -.002389 -.001296 -.001626 ~.001059
, Imperial .002481 .000966 .002638 .001333
' Maritime .009095 .005424 .008219 .0047130
; Rothman .001247 .001212 -.000727 .000051 |
i.Shaw Pipe 002749 .002000 -001594 001154 i
Alcan -.001758 -.000853 -.000293 -.000177 |
Alta G.T.  -,000475 -.000377 -.000101 -.000104 }
CD. Sugars  .001682 .000906 . 000198 -.000006
C. Hydro .000286 .000133 -.000065 -.000040
| C. Tires 002857 001335 . 002668 .001226
G.L. Powers 002159 .001232 . .000881 . 000404
dludson B, _ 001055 -.000918 -.000945 -.000685
Imperial .001252 .000348 . 000902 .000248
Maritime .002397 . .001248 .002631 .001352
Rothman .004007 .002121 .003202 .001598

Mean Diff=8 001644 .000898 .001409 .000734

Std Dev=0(8) .002560 .001491 .002221 001239
t(8)=8/ - |
[008)/¥n]  2.884000  1.57544 2.818000  2.649820

—
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Difiference

Filter
Size

I Security

'r__.._*_ e

|
|
!
|

Alcan

Alta ©.T,
C.D. Sugars
C. Tires
G.L. Powers
Hudson B.
Imperial
Maritime
Rothman
Shaw Pipe
Alcan

Alta G.T,
C.D. Supars
C. Hydro

C. Tires
G.L. Powers
Hudson B.
Imperial
Maritime

Rothman
.

t(8§)=38/
[0(8)/v/n]

TABLE 173

Mean Diff=§

Std Dev=0(S)

etween the Puyv-and-Hold and the

Trading Rule Returns

0.0150 0.0200
DR O 56 I
1 1 1 1 1 1 1 1

I —— . -__“,_wﬁ_#‘,4
-.0011329 -.000825 -.001255 -.000780 |
.001633 .000711 .000966 .000378
001803 .000909 .001847 000212, |
.003877 .001311 .003816 .001274
.007598 .001585 .000531 .000274
-.000869 -.000867 -. 000026 -.000302
.002324 .001090 .002159 .001003
.007868 .004496 .005741 -003022

-.000182 -.000241 -.000584 -.000547
.003594 .001587 .003581 .000238 |
-.000339  —.00022] -.000607  -.000393 |
-.000197 -.000165 .000069 ~.0000472
.000137 .000026 -.000019 -.000102
.000246 .001505 -.001136 -. 000637
.002801 001323 .002733 001270 |
.000523 .000692 .000376 .N100001
-.0006136 ~.000487 -.000659  ~.000474 |
.001617 .000651 1002756 .001278
.002362 .001180 .001686 .000790
.003076 .001508 .002835 . .001789
.0011913 .000666 .001228 .000387
.0015760 .001191 .0019140 .000929
3.4037000  2.466670 2.8558100  1.935000

71



Difference Betwoen the Buv-and-Hold and

[ bitces

Size

Security

Alcan

Alta G.T,
CD. Sugars
C. Tires
G.1.. Powers
Hudson B.
Imperial
Maritime
Rot hman
Shaw Pipe
Alcan

Alta G.T.
CD. Sugars
C. Hydro

. Tires
g.L. Powers
Hudsgon B.
Imperial
Maritime
Rothman

Mean Diff=¢
Std Dev=0(§)

t(8)=5/
[0(8)/Vn]

0.0250
SRR ISP RSP Y
1 1 1 1

-.000770 -. 000520 000148 -. 000031
.001073 . 000440 .001332 .000841
.000836 .000006 001103 .000007,
-.003727 .001715 .004083 L0094
-.000428  -.0007229 .000035 -.000014
~-.000595  -.000457 -.002215 -.001376
.001749 .000751 .002279 .001028
.007374 .003814 .007259 .002505
-.003498  -.002568 -.003953 -.002402
.002729  -.000201 .001282 .000617
-.000861  -.000524 -.001788 ~.001068
.000241 .000058 -. 000824 .000283
-.000059  -.000095 .000617 .000728
-.000287  ~.000212 -. 000384 -.000788
.002017 .000889 .001822 .000795
.000392" .000141 .001882 .000384
.000282 .000399 ~.000356 -.000258
.002386 .001111 .002534 .001192
000606 .000243 .000865 .000363
.001108 .000326 .000051 -.000222

- T T e - ’It& 1” ->

.000696 .000254 .000738 .000202 ,
.002090/ .001188 .002347 .001109
1 . 958491 1.419230 .814840

TABLE 14

the Trading Rule Returns

.480850
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Ditforence By W)

S0
{ Filter
f Size

I

F'Security R,

;’ Alcan
P Alta G.T.

CD. Supars
/ C. Tires
GLLL.
I Hudeon B,
Imperial
Maritime
Rot hman
" Shaw Pipe
Alcan
L Alta .7,
P CD. Susars
' C. Hydro
,' C. Tires
PGLLL. Powers
[ Hudson B.
Imperial
Marit ime
Rot hman

Powers

!
I
i
!
i
i
i
|

i Mean Diff=&
1
|

Std Dev=0(8)

t(8) :3/
[O,(wﬁ) /»/IT]

the Buv-ind-1old and ot

TABLE 15

0.0350

SO

]

.000309
001040
0021406
003123
001264
001750
002087
007414
004145
000773
.001593
.000251
000362
.001838

L001265*

000910
.000410
.002537
-000704
.001489

-000771

-002331

1.484230

i i
L0C004y
00038
000311
001440
001264

-.001103
L0009
L002060
. 002589
000325

-. 000598

-.000183
000102

-.001011
. 000520
000475

-.000279

.001363 -

.000287
.000618

I R S T e ——

.000212

.001059

.895692

0

O
1 .

1

-. 00058 ,')
000205
002927
003700
0035670

-. 001604
000609
06147

—. 004069
.N00538

-.001265
L0000
001249

-.001481
001989
001740

000511

.002585
0004873
. 000405

S Trading kol Returng

- 00030
L0016
.001159
L0010
LONno0y
L000G85
L000187
.002189

-.002458
.N0018Y

~.000756
.00064773
L000549

~. 000824
.N0U909
.000394
.000200
.001403
.000133
.000324

.000929

.002224

1.869210

000242

.001027

1.061400
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Botweon

Ditferene

P
Filter Sice
------- {0 — )
Seeuricw RIS
e i i
Alcan = 000674
NMla o, 00038,
Ch suyars S001539
Co Tires 004470
GL.l. vf’ﬂ)\\'t‘l':; . 000500

=-. 00089y
L0109
L005853
~2.00344¢,
002086

) Hudson B,
i .

‘ Imperial

| Maritime
Rot hman

Shaw P pe

Alcan -. 000549
Alta .1, 001382
Ch. Supars .00107%7

~. 000865
000924
000573
000581
0022490
000525
LOB0709

.000820

’ C. Hydro
C. Tires
G.L.

"Hudaon

Powersas .
B,
Imperial
Maritime

Rot hman

o

Mean Diff=4

Std Dev=a(d) 001969

t (6):5/h i3
[o(8)/v/n) 1.863600

-~ . - —_—
———

TABLE 16

0.04650

1 1
000508
L000059
0005860
LO0208s
. 000327
=-.000617
000 3556
007879
—. 002150
000674
L 000383
////Tjooma3
001476
001011

Che Buv—and=iloLd” and ¢ e Trading

. " 74

5
Rule Returng
0.0500
p D k(}ﬁlka<k)
i i i i
- 000454~ 0Ny
S002325 SOOTOTT
L00200g L000004 }
L003093 00T | ’
- 000105~ omarg
RN STUR
001 351 000419
.003346 LO001670 .
-.001543 -~ 001300 !
.000825 L000023 | .
-000007  -.000081 |
|

L0244

«.0004739.

-.000362

000979
.000357
.000907 ]

000384 .001099 000476
000001 - .002199  ~. 000780
000247 000700 000093
.001057 002602 .000921
000204 .(EQO]-’:O .000285
000395 .dd1172 0005273
000299 00085 0089
J‘,:
001084 .001569 0906
J o
1.246250 2.451430 449500
£
aQ <
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|
I
|
|

i
|
|

Ditterence

Filter Qi

Secur iy

Alcmy
Alta .1,

Che Supan g
Co Tires
(I

Hadson B,

Powera

Inperial
Marit L
Rothman
Shaw ‘ipe
Alean?, .

Alta ¢,

Botweon

the

Pov—g- Hold

0.0600

i
-.0004%64
=.002767
L000449
L00 3804
L000397]
001168
-. 000003
L0403

T 001003

L0019
000035
L0010,4

Rf’>lk§‘> !

TALLE 1)
and
N RO

\j \l,‘

!

!

001008

L0013
L0000 7
.O00u0n
L0002
ooy
L0000
L0940
L0010
.000010
000049
000408

Cho Trdding v,

Relurng

O.0/00

i
i

L
i {

D

~

-. 007009
LOntory
L0010y
L00Ra0s
00017,

=.00147¢
000045
002388

~-. 000304

L0006 )

L00109)

L0010y

}

| Y
(ID_. -Su‘gg;n‘:s 001409028 LO000530 LO01744 .
C. H_\'drq -. 00062y -.00100 - -.(0128¢
C. Tiney . ) .000966 L0041 7 .00 050
Col. Powers. L000141 000775 -. 000148
Hudson B, . 000696 0007313 001086
Imperials & -002604 L0017 4 L0018 7
Maritine L000443 L0001 81 .000290
Rot himan L001846 L 000487 000988
Mean Diff-g .00084] L000071? 000724
Std Dev=n(J) .001700 .000745 001326 °
. )
t(8)-5/ . . iy
[0(5) /] 2.213150 100000 2.496550
AT s “‘“‘““’“L'““\mﬂ"kr‘“\ T - IR — “p“—‘“‘\\*,“‘“’f“"

NSk
i

1

L0001 4>
00084
L0004 04
L001868
L0000
~. ()’)(‘,Q] _’
~.000113
L0010
-. 0006733
.00030 3
=. 000665
000565
000675
-.001412
LO01T040A
-. 000137
.000505
000463
~. 0000241

!

a

000304 ,

S el L

+00016] *

5000771

AY

.947058

e

i

|
|



¢

dand-hold policy siendticant 1y Larper than (hooo "o

Pilter policie. . E ‘ 7\

While e analvais

.

ot ined above seems o Lavonr phe

W h AT Lineale h\'pnrh(”;i:», Lt conld be Areucd that tor Some Jeve] s

b the S iltor, (. cradinge 1ule SUUAal ey ien PR cons o ot v ocarn

shrnificant v oo than the Buv=—and =ty Policove The (g nav be

applicd o the o Ter of difforonees between the buv—and-hot returns
‘L') - N
and cach ot . trading rale Pelurns to gacertain whether (e observed

: .4 . . . . NG
d it CTCNCes are atatist el v signiy Teant .
3 )

Calculated values of AR N )

and the t-gstar Istics

b
afe shown n Tabley 12-17. However, Let us concern ourselvesewith
. P
the computed L=values

sumnarized ip Table 18,

f'fx.’zmining; the t-values in 0 Tumn (1) in Table 18, it (*:1\7/

be seen that aq) of the t-values are stgnificant at the 10 percent

lével. I"urthcrnim‘v, the t-val

ues for the ‘O.‘S, 1.0, 1.5:?111(1 2.0 I')(‘I‘-'z

- - . . l. 2l ‘
cent filters are significant at the 1 percent level. Those obser-

vations imply that the differences of the pPereentage mean returns
. . ~ . . .
between the two. 1nvc‘stmor@ strategies arpe significant.

e S :
: : S -
The positive t- alues forﬂafl filters point to the fact

3

‘

) : S

that the.return® under the buy-and-ho1ld nolicy consistently exceed

N T ', *

: . - - Q . . i )

those under the filter téchnique. However, an examination of column
s LN

(2) in Table 18 Jmmediately shows that only

o

arc statistically

two of the twelve t-values

significant at the, 1 percent level.  The t-values
o

for the 1.5 and 2.0 po

reent filters are statistically significant at -
he 5 percent ang 10 percent levels,
. /

@ | .

Lespectively, Thege observationg

~



CColumns

i
LFilte;
-

ool
)

0.0050
L 00100
L 0.0150
L0.0700
¥
[ 0.0250
L 0.0100
| 0.0350
[ 0.0400

0.0450

0.0500

0.0600
0.0700

*Sipnificany

*% Sienificant

Slzey

TABLL 18

A Summar v of (he Compurt o]

Die
NRAAY R
1 1

C-Values

i i
R A SIS RS 2,003
¥ JREREE

2B1R00 K

3.40 3707 JLh666 ] (
JUBO5& s 1.93500% |
1.48085% 0.99549 1
1.4192 3% 0.81480 f
I.4840 3% 0.895¢0 "
1.8600] 1.06140 [\ i
1.86360% 24605 o0 i
204514 e 0.49500

202131 9% 0.10000

2496550 : 0.94705

at the 10 percent 1évor,

at the 5 percent leve],
*

X5 Significant at the 1 percent level,

5

P
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c

strongly sugvest that for small tilters ravging from 0.5 to 2.0, the
. . . . . . )

bercentapre average long position returns are si sndticant Iy smaller than
the corvesponding values of the bliv-and-hold policy. Howcever, for
tilter sizes equal or greater than 2.5 pereent, the computed t-values
are not sipniticant cven at the 10 percent level. These resules
suggest that for these ilters, the averape Tong’ position returns are
comparable to those for the buy-and-hold poticve 1t is important
to mention here that the averape number of trancact fons for these
. . ) . 1 '
filters (2.5 percent to 7.0 percent) are very small . Hence, results
for these filters are nat as reliable as those obtained for the smaller

) Y
filters (0.5 to 2.0 pereent). .

i .

The comparative analvsis of mean returns in this section

points to thé conclusion that the research hypothesis (j.e., that

current sccurity prices "fully reflect” information of ocoaniC

e

benefit as implied by the past sequence of price changes) cannot be

!
refuted. ‘ ,

Analysis of the Geometric Mean Returns by Filters

»

While the preceding analvses of geomdtric mean returns
appear to favour the buy-and-hold policy, it-does not rule out the

possibility that trading rules may earn returns superior to those of!

See, Appendix 4. ” .
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©

the buv-and-hold policy for some filters in a specific time period.
For instance, is it not logical to assume that technical analyst would

Fikely invest in accordiance with the puidelines of ~the average long

¢

position stratepy when (he reneral stock market condition Is anticipated
. Lo . .

to be bnli,l ish . In this manner, teehpical analvsts could hope to

maximize carnings by taking full advantasce of the presence, if any,

of profitable positive systematic dependencies. o

SRR S

This section examines the above proposition by comparing the

comput ed annual average returns carned per security under the filter

technique and the average long position policy with the corresponding
, : . . v 2

returng under the buy-and-hold policy for the investment period 19717,

’

However, for the sake of completeness, 1970 annual average returns

3 . A
per.sccurity for each.investment strategy under consideration are also

&

N

. 3
estimated .

. . ¢ q
% :
Letting 'Ri define the filter rule average returd per

5|

security for a given filter size, the ﬁi—value:may be cdlculated as:
A : ’ .
.- ’ \
_ 10 R3) . .
3 _ '>‘ .__l (5 7)
Y, Ri 21 10 ' )

LD

T .
Rt . .
1 - S Lo .
* A comparison of the average long position polity for the investment
" period 1970 (bearish market) and 1971 (slightly bullish market)
indicates that a policy of filtering around an average long position

performs better in a bullish rather than a bearish market conditiomn.

2 s . . L ‘
Mese figures are reported in Table 20.
3 P ‘ ’ e
Sei»é} Table 19 for the relevant tigures,
4 ‘
L) 1 i o ) -
- f;v - N . -
“;,“\f . B ‘,,N - . n. [

&
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k. :“ 1.‘\ .
¢ i :

Since the dnvestment period coveredtby cach filter g cxpgcted to

differ for cach filter size, the caleulation of bn\'—»;mdj‘.{mld returns

for cach corresponding 1ilter size io required.

Using equation 5.7, the average Jong positions and the by

. ; EAR
and-hold returns miay be caleulated. Fhe estimated va lues of R, R
-— - N 1 l
e . : ,
« and R arc tabulated in Tables 19 and 20 along with the
]- .
. — : . & ~
corresponding Ri values., Basically, R, represents .
i
the filter technique dverage return per security which would have
resulted from investing an cqual dollar amount in every security '

listed in Sample 2 for a given filter size. 1 f the rescarch shypathesis
. . . A , “ . N

. . . . SN ' LA

is valid, then, feteris paribus, we should obscrve on thé average: r

’

7o . ' ¢
- % ‘ ,
}\i i Rl' o (5.8)
and » . _ i )
R, > R, > R, . (5.9)
1~ 11— . :

where R, - Geoqgtric Mean, return averaged over all companies under
i - .

the buy-and-hold policy, ' .
. - ' L)
; ]
R, = Geometric mean return averaged over all companies under
o ) X v‘
the filter technique for fllter i, ,
; A ¢ . e / b
-;:;“_ . . N - f . . 3
R, - Geonletric mean feturn averaged over all companies under
i . . . - .
) the average long position policy for filter i , and
. >, .
. .
oo : : v
kfek C . . . - .
'Ri - Geometric mean return, adjfsted for clearinghouse fces, ;
y -

N .
~averaged over all comp:
;Y B 4

3
les under the average long poiﬁcy

t

far 414w K



Fquations 5.8 and 5.9 asnert that even for some fi]tyrs;,, he trading

rule policies cannot bersistently ontperform a :;im})l('/)w—;md—hold
policy,
L]

On the basis of the calculated average FeOnCtric Leturns

per sccurity listed in Table 20, one is now able Lo make two tvpes

of comparison. First, one can comparce Lhe buy-and-hold returns, R,
™ ) . o : .
. + W
with those of the filter rule returns, R, . Sccond, one can compare
i
the buv-and-hold returns, R, and the correspending average long
. i .
position returns for cach 6f the filters. —_

IS 7

The {irst comparison should tell whether the bll_\’-—.’ln(!—h()ld\'

o
~ . K

returns and the filter returns, as revealed by the R, and R.

Measures, are still as evenly spread in favour of the buy-and-hold

(3) :

; measures, or whether

L
P

p()]ik‘gy as was indicated by the Elii(]) and R

for some filters the filedn Yeturns are consistently larger than the/

. » ,’
corresponding buy-and-hold returns.,- The second type of comparison,
o bt -
‘ o . KA e J
that between the average long position returns, Ri- s (&1 the

buy-and-hold returns, ‘R, » should indicate whether or not a modified
B : 1

: . , ) .
multi~investment filter stratepy.enjoys relatively superior carnings
. . . ‘ ) ) - ‘ M f\ .
for some filters. S _

Beginning with comparisons botween the buy-and-hold returns,
« i

KR o
— o - .

i . . B ) ¢ N o . . . .
Ri sy and the filter rule yeturns, R, , we*observe, on the bacis of
. S i

§ .

~columng (1) and (2) in Table 20, that the filter rule retyrns f’os all

filter sizes are consistently inferigr to those for—the buy-and-hold-

policy. The salient point is that the filter returns are al‘l‘uncgnuvc

x&c‘r(:;m‘the ‘corresponding ‘buy-and-hold returns are positive. = These
L : - - 3 .
A3 .

Q

- . i3

§

1
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e

- L O . . - - - .
findinpg acknodledge the fact that even for some filters the filter
technique could w0t earn superior average return than the returns that

coudd be realized from a buy-and-hold policv.

A close Took at colunns (1) and (3) in Table 20 reveals

\ . N
that without exception, the buv—and-hold policy has a consistently
!
higher average percentage return than any of the corresponding

.

average long position returns. Moteover, if the average long position

124
R

returns werce ndjﬁétvd for the#clearinghouse fees which floor traders
have to _’pay (approximately 0,1 ‘p(*r(‘enf on cath complete transaction
is used, i.e., purchase plus sa]es\“%r sales plus purcha::cgs),_ the
earnings for the avérnge Tong positich are drastically l‘c:dt;co<£. This

is evident from a comparison of the returns between (.3.) and (4) ofi
Table 20.- 1n fact, except for the 0.03 and 9.035 percent filters,
. . B . r * -
the observed returnE fb% all other filtcrs are negative, On thﬁybasjq
- P
of these results, it is safe to assume that further modificatiﬁh of

)

the trading rule is unlikely to produce better returns thap those [rom

“

a naive buy-and-hold strategy. ’ ) f' ST .
: .g"‘f ’ .
X
. Whlle the an?]yqle outl ned%aboéé apﬁéﬁrs to Support the
l - . ? s "93 - N
weak Submartlngale hypothoals, 1t}must“bé<301ntcd out Lhat comparkson

on nean veturns ‘alone is not sufficiently'valid, becauSe the analysis -

‘ - ¢ .

ignores the risk facgor. To, take risk JnLo con51deratlon qypplementdry

‘measures of varlabkllty such as the variance or 5tandard devlntlon of

. ¢ .

. A

a diétrlbucion/are required. Since the study is‘concernedAQith the

.
s, o 7

— % o

: ) ) %% : L .
gistributions\of Ri’ 'Ri and Ri . Standarp deviation is a good

- to- * ’ 4 : : * . - .
surrogite for the measurement of risk: 1. . , a

R4



Hence ! !
/ = ' D,
Yo :
* o By
A s T (5.10)
i L n-1
B! ;
where j = 1 0 s esa, N
! v
n = L0
% L o '
and O(Rj) is, by definition, the standa¥d deviation of returns .

generated by the fi&%cr technique for 4 given filter sizel The valies

of O(Ri) for the buy-and-hold policy are shown in Table 17 along.
with the corresponding values for the trading rule poticiese

I

g

A copgparison between columns (5) and (7) ‘in Table 20 jmme-
diately reveals that the variability of returns calculated for the
buy-and-hold policy are generally higher than thost for the average

v

long bosition pojicy. I't is also higher than for iany larger filters.

This result is not altogethor,surprising. In fact Smidt anticipated

' .
4

S - . .
such a result. Columns (5) and (7) in Table 20 illustrate that RN
except for the 0.5 and 1.0 percent filters, the variability of returns

for all other filters on the average long position are uniformly
; ) ‘ : . :

»

smaller than those for the buy-and-hold.

.

- £y

This points to a serious issue. . .That is, since O(Ri) is
** - .‘ - Y ) ' . ' -
g{eatqr than O(Ri) » the. coastraint (all other things bheing equal)-.

implicit in all the preceding analysis becomos invalid., T order to
. ‘ v . - A‘ - ‘_.‘ ’
maidtaih’economiq ra¥ionale it is essential ro make explicit adjustment.

for the different degrees of risk in compaaﬁng the returns of the

buy—dnd—hold-policy to those ol the average 1ong position policy ., ¥

85



B

b}

()(h(jrwi::‘_-, comparison ol the aboeoluate nean retarns clone will tend
.@}
4

to be* biased apainst the average long position policwy,

o

.

One wav of adjusting for risk is (o divide the mean return

by the standard deviawion to ol tain the rick-adiustod return or the
y ! 1

reciprocal of the cocfficicor of variation

5 "y R . !
- v.hl_ - - - [ ’
= . . &‘J('Rj) : TR _ (5.11)

b BT o ~ -1
“1 :

and \*(}\’j) defines the risk-adjusttd return for the buv-and-hold policy,

Using the method described above, the risk-adjusted return ¢
T ] . S
far”the filter trading rule and the buy-and-hold policics were
S
AN . ) ' '
calculated. Figures for the risk-adjusted returns are tabulated in
& columns (1) to (3) of Table 21. . L

Glumns (1) and (3) in Table 21 show that most of the

v «

risk-adjusted returns of buv-and-hold are uniformly larger than

those of the policy of trading around the trend. 1t mav be noted
: - A .

v

that only two of the eight risk-adjusted returns for the average
long position policy is marginally superior to the corresponding,

. ) ) . - 1
buy-and-hold recturn. Thus, through the,appropriate use of risk-

. Q8 . o : ° . .

adjusted returns, a less ambiguous basis for inferring the superiority
“of performance between any set of investment strategiel-is obtained.
The results acknowledge that. even with an adjustment for the risk
factor, the average long .position policy remains consistently inferior
- s v ° 7 : :
~in bompn$%son'with the simple buv-and-hold policy,

86



- TABLY,

Risk=Ad juated Geomet ric Meoy, Return Aver red Over Al

Companicy (Garple 2, 1971)

[ Columng (1) () (%)
Filtvr Sire v(ﬂj) V(ﬁl)- wéxi) !
‘.,‘_>-77;m,~,.,.A.W-ﬁ;,,_, - - —
{
. 005 L L429268 SRATE 108677 |
, .010 509934 SCATAGTA - 76500 ;
NI 489702 —A69UTS e gy .
[ .020 36167 - 396467 168304
oo 636559 ~. 219149 361746 o
L 030 277064 ~. 377083 SA12840
| 035 230769 - 13440 _.292014
040 135590 -.807143 ~. 235831
/ 045 165340 =.537078  ~ 001109,
050 .08904 ] ~.8672808 ~ 187707
L0060 077500 = 926904 _ sy7qy i
.070 0670573 ~. 5981 31 ~.119810

N {

,i‘-“Am,w,_<_h_,,w_‘h__AMH_‘m~an¢w‘,A‘_:_,A_W“N"A_‘\}

v(Rj) - Reciprocal of coefficient of VAYIation or rivic -
ﬂd]u\t(d ref@gn under the buv-and-holg stratey®

V(R,) - Risk-adjusted return under he filter technique
i . \ . .
averaped over all companics fur‘let(r i

& ’ i
v(R,) = Risk-adjusted return under the average lony
i oo .
position policy.

. pe
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CHAPTYR VI

CONCLESTON

Sunmary

The two main objectives of this study were an exposition of

. . e 7 ’ )
(he theoretical backerouad vegarding the efticient Tarket hvpoithesins
A

1 o

and € dinvestiecation intoe the weal submart ifapale nodel. /

/ i
N ) !

. 2 . . . .

he underliving theoretical discdssion was prvs;rntéd in

<

Chapters Loand T1o The study was placed in a large framcwork by
sketching the role of price dependencies in an efficient market
hypothesis. 1t was mentioned that only belatedly has the submartingale
model received the atteation it would appear to deserve.  Then, an

attempt was made to clarifyv the nature of the wveak form of the

efficient market hypothesis,

&

£y

Several studies by qther investigators were briefly summarized

* in Chapter TI1T. The objective of this chapter was to develop a broad
Q
theoret ical framework which would put the study in perspective. The

t .
sascertainment of a definite risk-return relationship permitted a more

detailed study of the weak form of the cf ficient market hypothesis.

The technical aspects of each investment strategy were

discussed. These and other topics relating to data and methodology
. [

were dealt with in Chapter 1IV. N



Since the results of the analvaecs wvere presented in
: : \

Chapter Vooit mav be peinted out here that the enpivical evidence

1

!

appears to lend suppert Lo the wean form of ofticient narket hvpothesin,
Several technical problems were cnconntered and dealt with in the

same chapter.

Conclusion

Before turning to the implications of the analvsis, o few

words may be said about the resulting concgusions on the basis of the

results. One such (‘(»n(‘lmzf‘on is that the prescnce of aonrandon

elements in individual price series are not significantlv laree enough

for traders to profitably exploit them in order to incregse expected -
' {

profits above those that could be realized from a naive  buv-and-hold

policy. The prescnce of a small price trend:in the analvsis mav be

due to the existence of transaction costs, i.e¢., the exchange costs,
4

marketability costs and other costs. Obviously these dependencies

are economically '"meaningless”.

’_? o
-~ . .
A second conclusion that culd be drawn from the findings of

¢
-

this "study refers to the performance of, complex multi-investment

strategies vs. a simple byy-and-hold policy. Although the variabilities

’

of the average long position returns arc uniformly smaller (with the

exception of the .005 and .0l pcrcent filters) than those for the buy-

and-hold policy, it does not compensate substantially for the poor

eturns. The risk-adjusted return measures reflect that the bhy-and-

hold policy remains superior -to the multi-investment trading rule



Qp -

e strateyy. N

A final conclusion is that price scerics of minine securitics
N

tend Lo exhibit larce neeative price dependencics over Uire.  Whether
N
these dependencicn are svstenat ically induced o1 due (o @ he Dl enence

. 2
of t?li‘ few and unusual observations in the mine's price serices 4:'.111}:;
AV, 3

unresolved,  This problem is bevoud the scope of the study.

(
\ &

Some Implications of the Analysis

This study is vot so much concerned with statictical
properties of price changes which have developed Historically and

exist now but with the testing of the submartingale hvpothesis through
<

direct evaluation of the various trading rules. Therefore the
implications of the analysis are important to stock investors in
critically formulating and evaluating the benefits and costs of various

investment policies. ’ .

The claims of chartists or technical analysts that patterns

¢

of price series could beused to increase expected returns are.found

to be illegitimate. This implies that the charting and filtering |,

. Vo
' - -

. techniques are of no real value to rank and file investors. Only th

i

clairvoyant could hope to predict with certainty. Undoubtedly

technical analysts are not clairvoyant analysts.

A second implication of the findings is that on the average
and at,anygpoint in time, the current market price of'a-sqgurity,isﬂ
. 4 ' S ) o
a good estimate of its intrinsic value. Therefore, rank and file



investors shouid nol concern themclves with the possibilitios of

-

securitics being excessively over-priced or under=priced.
L4 .

It may bear pointing out again that the analvsis has been

perforwed wmainly for industrial securitices; thevelore, any conclusions

and *implications derived fvom 1t apply, strictlv speak g, onlv to

B . !
oY
€« “.

these types of secruitices., It is temptine, howvevern, nhd would not

appear altuopether unreasonable, to ext 0 the implications to other

types  of stcurities.  Statements cov oo ving minine Lssues are, however,

-~

much more tentative.

Possibilitices for Farther Research

The comments of this section will be restricted to the ™
immediate topic oft the nepgative dependencies-profits. relationships

for mining stock price series,  This study has uncoveriéd evidence

1
*

indicating that over-time, price series of mining stocks tend to

‘:gxhibit largg negativé depeﬁaencigs on ﬁrice §hanges. Whether

these dependencies aré duae t& Lhe'ﬁéw and unusyial observations or

are systematically produced remains a»v2xing problem. If tge latter
is true, then the possibi]ity'of'flpor traders profitably expléiting
the negdtive’dependcﬁﬁiés in price changes is.not a1£ogcther rejecfed‘
for cheée issues. For instance, investbrs may find it profitable to
oporafe'a reverse filtgf techniquo for,miningustocké.;_A.reversé filter

technique dictates buy and sell tenders opposite to that of the filter-

technique.. That is, if the filter signals a long positiony the

\ .



“

Investor should po short and {f the corresponding filter sipnals a

short posttion, the investor should eo o lony,
) |

|

‘\

\ .
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APPENDIX 2

List of Programs for Calculating the
Geometric Mean Returns under the Buv-and-Hold Policy,

the Filter Technique and the Average Long Position Policy

\
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14n

9
/CONPILT
C PROGFAM FOR FILTER, AVIFAGE L.P. AND FUY-AND-HOLD STHATEGIES. .
C ALBEVTA TEUNG CAS. 1970
C RETUKRNS FFONM F1LTVE SULE RITHOUT ADJUSTMENT FOR COMMISSION.
1 INTFGFER T,I,,'rl,.’i,J),".'J,LJ,T'."D,SU:‘;.‘ZT,NLIJ,HT[‘
2 DINENSION RIT (20)
3 DIMFLSTON X (39)
4 DIKELSION B0nt(20)
5 DINEESION P (R03),7(200),n(300) . .
6 DIMENGLION NTDeJCC),niD(ac”),YL(BCO),YS(?OO)
7 REAL TRATE, LEATD,PATES, NEATE, NPAT, HLP, LoP
8 DIMPESTON RAAT (©0) i .
9 DINENST BER(ICC), DRFP (300) ,
10 DINENSTON BTRE(50) L
11 DIKEKSTON YC& (- €} NSTD(200) LALY (200)
12 DIKENSION YBS(30G),RERT (30) -
13 ND=253 . .
14 DO 5%66 I=1,ND
15 5566 READ (S, 5°¢7) kPR (1), DPFR (I)
16 5567 FORMAT(FI1C. v, 3XiF3. 1) .
c READING IN STOCR: PEICY CNF AT A TIME, -
17 DO 100 1=1,ND
18 10¢ READ (5,120 P (1) ,F (1),D (1)
19 101 FORMAT (16X, F8.U, UX, F5.3,uX, F5. 3)
20 DO 330 Ip:1,1g
21 33C READ (5,33?) X (IP)
22 323 FORNAT(r%. 3)
23 REFLP=0.0C T
2“ - T=1 . \
25 I1=1
w LSP=0.009
2T HLP=0.000
28 L=1
29 i=1
30 LL=1
31 I11=1
32 NT=0
33 NNT=0Q
34 Ip=1 ' .
35 K=0
36 DIV=0.000
37 . K=0 '
C EVALUATING WHETHFR INITIAL POSITICNS HAS BEEN TAKEN UP OR NOT.
38 6 IF(M.EO.1)GO TO 2
c KEEFING THE VALUE OF P(1) AS THE FIRST REFERENCE POINT.
39 IF(K.EQ.1)GO 70 9
40 REFPI=P (I)*F (1) . ’
41 K=1 ,
42 I=1+41 .
43 GO 70 6 .
C EVALUATING WHETH®®.LONG OR SHORT POSITION.TS TO BE TAKEN UP.
a4 9 IF(P(I)*F(I).LT.REFPI)GO TO U \
45 PERI= (P (I)*F(I)-527P1)/(REFPI)
46 (PERI.LT.X(IP))GO 70 5 N )
C  "¥DNG.POSITION 7O BE OPENED \
87 REFLP=P (I} *F (1) ) ’
48 HLP=F (1) *F (I) :
49 =1 v : ] N
50 . Q=1 ' )
51 i DIV=D(I) P ;
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0 6

S= (REEDI-D(T)*7 (1)) /(REFPI)
{PHES.LI.X(iP)) o To ¢
BHOLT POSITION TO BF OPENED
FREPSI- 0 (1) 2t (1)

LSP: P(I)2F (T)

NSSD (LL) -Di b5 (1)

YCR(IL)=RIE (1)

LLLL+Y

#=1

=1

I=1+1

LPTU=0

GO TC 6

NO POSITION T0 BE TAKEN UP . ANOTHER PRICE MOVFMENT TO BE INTIATED.
I=TI41 )

GO TO 6 _ .

EVALUATING WHITHER LONG (SHOPT) POSITION TO REMAIN CLOSED OR OPENED.
IF(LPTU.EQC.0) GO T0 2C

EVALUATING #:#rTHFR LONG POSITION TO BREKAIN OPEN OR CLOSE OR A HEW
REFEFENCE PYAK FO®MEHD.

IP(P (D) #F(I).LT.HLP)GOU TO 15

71 ™ HLP=P (1) F (D) ' b

72 IF(I.ED.HD)GO TO 2600 .

73 14 DIV=DIV+D (1) &

T4 I=141 .

75 e GO TO 6 ~
o EVALUMTTING TF P(I) FAS DKOPPED XS FROM HLP,

76 ; PERLP= (HLP-P (1) *F (7)) / (HLP) y ;

77 k) 5 (PERLD.LT.X (IP))GC TC 16

TEOMPUTING RATE OF XETURN FROM LONG POSITION,

78 DIV=DIV+D(})

79 F REFLT=(DIV4P (I} *F (I)-REFLP) /(REPLP)

80 YL(T)=PEFLT+1 )

81 DEFLT=ABS (RFFLT)

82 ALY (T)= (P#REFLT) - (0. 1¥DEFLT)

83 NT=NT*1

84 NTD(T)=I-Q

85 0=1 " .

86 IF(I.FEQ.ND)GO TO 2800 .

87 : T=T¢1 . L,

88 REFSP=P (1) *#F (1) * : .

89 " LSP=P(I) *F(I)

90 I=1+1

91 REFLP=0 " -

92 , HLP=0 - . .

93 LPTU=0 R

94 GO TO 6 : }

95 16 IF{I.FQ.ND)GG TO 26C0Q . .

96 PIV=DIV+D (1)

97 TeI+41

98 GO TO 6 ‘ i
C EVALUATING WHETHER SHORT POSITION TO REMAIN CLOSED OR OPENED.

99 20 IF(P(I)*F(I}).GT.LSP)GO TO 19 ‘ &

100 YCR(LL) =RYK (1) ' .

101 “NSSD (LL) =DRFR (I) .

102 " LL=LL+1

103 LSP=P (I) *F (1)

2



104
106
106
107
108

109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
125

126

127
128"

129
130
-131
132
133
134
135
136
137
138
139

14
141
142
143
144
145

146

147
148
149
150

- 151

154

22

26C0 T

280¢C

270C

2900

20¢CC

2C5

206

207

208

cIF(bPibELpPoLT.

Py

IF(1.VQ.N)Y GO TO 2700

1-141

GO TO 6

PEROT AP () s (I)-19n) /(1oD)

X )y)yoag ~o o0

ORPUTING R IRNL P00K LHORT POSTTION.

SERISP (P (D) CEAT)) - (BEERURD (1)) ) /(RUES )

Y (1) 1-pize
YES (1) = T+bu1ap

NN LNT+ 1

NSD(L): 1-0

0:1

IF(I.EQ.KD)GO TO 2900
L=L+1

HLP=P (T) *F (1)
REFLP=D (1) *F (1)

D1V-D(I)

I=T+¢1

LPTU=1

LSp=Q N
REFST-0

CORTINUE |

GO TO G-

IF(T.RQ.EDYGO TO 27(C
YCR({IL) =FFR(T)

NSSD (LL) =DEF& (1)

Li=11+¢1

I=1+1

GO TO 6 .

=T-1 B

L=L-1 : !
Li=L1-1 '
GO TO 200C
L=1L-1
LL=LL-1
T=T-1

GO TO 200C -
COMPUTING THFE NUMBERS QF LONG TRADING. DAYS
SUMLT=0 . L

DO 2C5 TJ=1,T \

SUBLT=SUMLT+NTD (TJ) ' y
SUMST:=" . ;
DO 2C(6 LJ=1,L ", 2
SUNST-SUNST+%SD (LJ) 5 A
TTD=SURLT+SUNST - .
COMPUTING RETURNS .FROM LONG péggTIons ONLY,
RLONG=1 .

DO 2¢7 gJ 1,T \Q ¢
KLONG=RICNG*YL (1J) :

RRATE= (RLONG* = (1, /SUKLT) ) -1

COMPUTING RETURNS FPRCH SHORT posleows ONLYA
SHOR=1 3

DO 208 LJ=1,L

SHOR=SHOK=YS (LJ)

RATES= (SHOR** (1. /5U145T)) -1

k)

CONPUTING NONINAL AKNUAL RATE OF RETURNS USING THE FILTER

TRATE=RLONG#*SHOR
NRATE- (TRATE®= (1. ST ) -
RET (I1)=NRAT
PRINTB80, X (1P)
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159
160
161
162
163
1¢4
165
166
167
" 168

169

170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
123
194
195
196
197
198

199
200
201
202

- 203

204
205
206
207
208
209
210
211
212
213
214
215

216

8890

522

sS4y

668

210

990

80

201

266

285

sS40

633

547

FOUMAT(FS. 7) : ?

PRINTS] Ce

FORMAT (' ', 07 ALL WETURENS FROM LONGR®)

VRITI (0, ) “7AT: C R ,

FORMAT(Y ', 00X, 11%.10)

PRINTSGO

FORNMAT (' ', 'OVIBALL “ATES OF KLTURNS FROM SHORT POSITIONT)
WHITE (6, %7) WATYS

FORNAT(C ', 20X, 11 .10)

PRINT Y

FORBAT (Y ', "OVULALL LATLS OF RETURNS FROM FILTHL RULESH
WRITY (b, H¢) NEPAT

FORMAT (V' ', 20X, F15.10)

AFLP: SUMULT/NT -

PRINTS??2

FORNAT (' *, *AVERACY "LENGTH OF L.P. TRANSACTIOUS.')
WPITE (6L, “UU)AFLD

FORMAT(Y ', 00 X,F1%.10)

AFSP=SUNST/HRNT

PRINTS33

FORMAT(* ', *AVIRAGT LENGTH S.P.TRANSACTION.®)

WRITE (H,589) AP0p ‘

FORNAT(* *,20%,F15.10)

TTDN = NTANNT .

PEKINI117

FORNAT(' ', *70OTAL X0 OF TRANSACTICONS. ') v
WRITF(6,0668)7ThH

FORNAT(' ',2CX,F1%.10)

BHRS=1

DO 210 1J=1,L

BHRS=EHERS*YES (L.J)

[RUE=RLONGARICS

BHRR= (BHR*= (1. /TTD) ) ~1.

REET(III):=BHER

PRINTIQ?, X (IP)

FORMAT(F5.23

PRINTS8) )

FORNAT(' *,*RETUPNS FROM BUY-AND-AOLD STRATEGY. ')
WRITF (6,2L1) RHPR
FORMAT(* ', 20X, F1%.10)
CCHPUTING ANNUAL A.L.P.RETURNS. - -
ALTD=0

DO 2€6 LJ=1,LL : ’
ALTD=ALTD+NSSD (LL)

ALRR=1 . . -

Do 285 LJ=1,LL

ALRR=ALRR*YCR (LL)

ALCP=1 o : &,

DO 940 LJI=1,T ot v it
ALCP=ALCP#*ALY. (LJ) O/ : RS
ALPR=ALCP*ALRE ik
TCD=SUMLT+ALTD ' ;
CTALP=(ALPR** (1. /TCD)) -1

PRINT633

FORKAT(* ', 'OVZRALL A.L.P.RETURNS.?')
WRITE (6,547} CTALD . : :
FORMAT(® *,20X,F15,10)
REAT (I1) =CTALP

. V - N ‘
- CALCULATING A.L.P.RETJRNS UNADJUSTED FO®R CLEARINGH&%SE FEES.
. ) -

s .

SSS=RLQNG*ALRR
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217
218
219
220
221

22
223
224
?1‘.“
256
227
228
:)T;(:
250
231
232
233
23u
235
236
237
238
239
260

2481
262
2u3
244
245
2u6
207
248

249
250
2951

© 252

253
254
. 255
256

2¢4

265
206
267
268
269
270
271
272

[

154

5052

505

5066

5111

55C1

1505

} 007

144

AIPCE: (51520 g1 /70ND) ) -1
PRINTGUY

FORMAET(Y Y, CALLLPLRTTURNY UNADY JsTyl FOR CLYARINGHOUS = FEES. )
WEITE (W, 100) ALoe

PORPBAT (Y v, o0,
RAAT (1) ALPCE
LL 1

NRT O

TTDH- D

NTO

Ti1-1v1i4en
IP(IP.7QL 12y G0 TQ 6000 e
1k-1E1 *

L1pTu-0 - 2

Div=0

K=9

REFLP=0

L:1

¥ 0

I=1 -
T=1 M

11-1141

GO TO o

CONTINOE

CONPUTING THE AVFRAGE RFETURN FROM FTLTER PULE OVER Ail FILTFRS.
AVR=0 ' ‘

DO SCST 1T 1,12

RVR=AVIAPVT (1)

AVRK=2VR/12

PRINTS051

FORKAT(' *,*AVERAGE RETURNW FROM FPILTER RULE OVER ALL FILTERS. )
WRITE (b,5052) AVED ‘
FORMAT (' ', 10X, £ 15, 170)
COHPUTING THL AVLPAGE RETURNS FROK BUY-AND-{HOLD STRATEGY.
AVRH=0Q

DO 5055 111=1,12

RVRD AVEU4DEET (111) .
AVB= AVRB/12

PRINTS066

FORMAT (' ', *MEAN BUY-AND-HOLD RETURNS.') N
WRITF (6,5111) AVD

FORMAT(Y ',20%,F15.10)

COMPUTING THE A.L.P.RETURN AVERAGR OYER ALL FILTERS.
ANR=0 e

DO 5C57 11=1,12
AMR=AMR¢REAT (11)
AMRR=AMR/12
PRINTSOSS BN

FORMAT(* *, *AVERAGZ RETURN FROM A.L.P.STRATEGY.')

WRITE (6,5C07) AXRR

FOEMAT(' *,10X,115.1)

COMPUTING A.L.P.AVERAGE RETURNS UNARJUSTED FOR CLEARINGHOUSE FEES.
AlN=C .

N
19.10) )

B

e

DO 5501 11=1,12 .
AMM=AMH+RAAT(IT)
AM=ANM/12

PRINTIS0OS

FOPRAT(* ', "UNADJUSTED A.L.P.AVERAGE RETURNS.')
WRITE(6,CCT7)AM )
FORMAT (' *,10X,F15.10)



273 STOoP
274 “LND

/PXECoTE

.009
OVEKRALL RETURNS FEOM Lone:
0.00131217900
OVERALL BATLIEY OF HPTULNS P him SHORT POSTTION
=0.0007a5 a1
OVERALL MAT.h OF BPETURNS ra0M VLo kb UL R
0.C00unulun
AVERAGE LENGYH OF 1.P. TFANLA(?IV%“.
Ia0gQu(onen
AVFRAGE LENGUYH S.POTRANGACTION.
2.0007000000
TOTAL NO OF TRANSACTIONS.
86.000200000¢

.0Q5
RETUKNS TROM BUY~AND-HOLD <TpPa7ioY.
’ 0.0010309,10
OVEKALL A.L.P.RETURNS.
0.0006u1R2 8

A.L.P.RETURNS UNADJUSTED FOR CLUARINGHOUSE FERS

€.0009918213

s
.010 .
OVERALL HRETUENS FROM LONGS
’ 0.0012168630
OVERALL RATES OF BETURNS FPhoA SHORT POSITION
~0.000978 R0
OVERALL FATES OF RETURNS FROM FILTHE RULES
. 0.0007264 24913
AVERAGE LENKGTH OF L.P. TRANTCACTICONS.
S.3723690000
AVERAGE LENGTH S P.TRANSACTION.,
3.0020000000
TOTAL KO OF TRANSACTIONS.
' ’ 54,00000000C0

.010
RETORRS FRON BUY-ARD-HOLD STRATEGY.
0.0010614120
OVERALL A.L.P.RETURNS.
0.0005865C97 .

A.L.P.RETURNS UNADJUSTEZD FOR CLEARINGHOUSE FEES.

0.0008401871

. .015
-, OVERALL RETUKKS FROM LONGS .
’ b.0007207925
OVERALL RATES OF RETUENS TROM SHORT POSITION
- -0.0025049440

OVERALL RATES OF RETURNS FHOM FILTER WULES
: ' ~0.0003572702
AVERAGE LENGTH OF L.P, TEANSACTIONS.

© 7.5000000000
AVERAGE LENGTH S.P.TRANSACTION.
: 3.000C0200000

as

5



TOTAL NO OF TRANSACTTONS,
: au . Co0aCocen0

.01‘)
RETULKS FFOM BUY-AND-HOLD STPATHAY .
0.001276C16D
OVERALL A.L.P.RETURNSG. R
N.000 31nQvuy
ALL.PLORYTURNS UNADIUITED FOL CLUOAT INoHOUSH: PPES,
C.000565% 284

.020
OVERALL EKRETUDNS FRON LONGE
: 0.06011777370
OVERALL RATEHES OF RETUERNS PPOM SbBOLT PCSITION
-0.0015900150
OVERALL RATES OF RETULNS FECM FILIMrR SULES
0.000306120% %
. AVERMAGFE L¥NGTH OF LJP. TEANSACTIONS,
11.3333400000
AVERAGLE LENGTH S.P.VRANSACTION,
5.0NC00C0000
TOTAL NO OF TWANSACTIONS,
30.000000C000
.020 .
RETUFNS PnOM DUY-AND-HOLD OTRATIGY.
0.0012722010C
OVERALL A.L.P.RFTURNS.
0.0006694794
A.L.P.RETURNS UNADIOUSTY D TOR CLFARINCGHCUSE FEES.
C.00C5H3454b5

025
OVERALL RETUPNS FROM LONGS
N.00115202R0
OVERALL RATES OF RELURNS FROM SHOERT POSITION
-0.C014RAETIT0C
OVERALL RATLS OF RETUBRNS FRO% FLILTER RULES
0.C001716610
AVERAGE LENGTE OF L.P. THKANSACTIONG.
14,.1813%00000
AVERAGE LENGTH S.P.TRANSACTION.
8.C000000C00
TOTAL NO OF TRANSACTIONS. .
22.0000C00000

.025. .
RETUKNS FRPOM BUY-AND-HOLD STRATEGY.
0.0012445u440
OVERALL A.L.P.RETURNS. .
0.000608u0442
A.L.P.RFTURNS UNADJUSTFD FOR CLEARINCHOUSE FERS.
0.000803%u74 . /
{
.030
OVERALL RETURNS FROM LONGS
N.0011388720
OVERALL RATES OF RETURNS FROM SHOKT POSITION
-0.001%225u70
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147

OVEPRALL RATES OF KETURNS FROM FILTIUE RBULES
NG00 TR
AVERAGE LENGTH OF L.P. TIANSACTIONS. o
19.6250C00000
AVIERAGE LENGTH S,.P.THANSACTION,
9.0000000000
TOTAL NO OF TRANSACTIONS.
17.C0C 0000900

.020
RETOLNS FROM BUY~AND-HOLD STHATIGY.
0.001350u85C
OVERALL ALL.P.PETURNS.
0.0CHurs81998

A.L.P.RETURNS UNADJUSTED FOR CLIARINGHOUSE FEES. ‘ “
. . 0.0005178452
0135

OVERALL RETURNS FROM LONGS
0.001478194¢C
OVFEALL RATES OF RETURNS FROM SHODT POSITIONM
-0.000993u902
OVERALL RATES OF RETURNS FROM FILTPR RULES
0.2001077652
AVEKAGE LENGTH OF L.P. TRANSACTIONS.
15.5000QCCC00
AVERAGE LENGTH S.P.TRANSACTION.
15.00cC0000000

.035 -
RETUKRS FROM PFUY-AND-HOLD &{:ATECY.
0.00MN\u82230

N
N\

OVERMLL A.L.FP.RETURNS. \1 )
- 0.0006313374 \
A.L.P.RETURNS UNADJUSTED FOP CLEARINGHOUSE FEES.
0.0007667542

.00 \

OVERALL RETURNS FPOM LONGS

' , 0.0008239746

OVERALL RATES OF RETUWRS FﬁQﬁ SHORT I'OSITION
) -0.00C¢2157¢92

OVERALL RATES OF RETURNS FRON FILTER RULES .
0.000272370u5 ;
AVERAGE LENGTH OF L.P. TRANSACTICNS. . qﬁ

24.50000600000
AVERAGE LENGTH S.P.TRANSACTION.

18.000000000C
TOTAL NO OF TKANSACTIONS.
‘ 5.000006060000
.040 ‘ 2 .
RETURNS FROM BUY-AND-HOLD STRATEGY.
0.0004777908
OVERALL A.L.P.RETURNS. .
: 0.0003519058 :

L.L.P.RFTURNS UNADJUSTED FOR CLEARINGHOUSE FEES.
' 0.0004806519



.0u5
OVERALL

OVERALL
OVEKRALL
AVERAGE

AVERACGE

KETURNS FROM LONCS
0.000T324018
RATLS OF RETURNSG FLOM SHORT POSITION
’ -0.C003272249%
EATES OF RETUXNS FROM FTIT: R FULLS
2.0001414L3R
LENGTE OF L.P. TRANSACTTONG.
23.0000000000
LhNGinS.P.T?ANSACTYCH.
. 19.000C900090

TOTAL XO OF TEANSACTIOHNS.

.045
RETURNS

OVERALL

A.L.P.HETURNS UNADJUSTED FOI CLEAFINCHOUﬁE FRES.,

. 050
OVERARLL

OVERALL

OVERALL

AVERAGE

AVFRARGE

. 5.0000000000

FROM BUY-AND-HOLD STRATEGY. .
0.0004777978
A.L.P.RETURNS.
0.000297%404

0.0004196167

RETURNS FROM LONGS ’
-0.0007152557

RATES OF RETURNS FkOH SHOET POSITION

. -0.002189457C

RATES OF RETURNS FPOM FTILTER EULLS
-0.0015438790

LENGTH OF L.P. TRANSACTICNS.
23.0¢C000000¢C

LENGTH S.P.TRANSACTION.
19.0000000000

TOTAL NO OF TRANSACTIONS,

.050
RETURKS

OVERALL

A.L.P.RETURNS UNADJUSTED FOR CLEARINGHOUSE FFES.

®
.060
OVERALL
OVERALL
OVERALL
AVERAGE

AVERAGE

5.0000000000

FRON BUY-AND-HOLD STRATEGY.
0.0007829666

A.L.P.RETURNS.
-0.0023427267

-0.0002295375

RETURNS PROM LONGS
-0.0007152557

RATES OF RETURNS FROM SHORT POSITION
-0.002959012C

RATES OF RETURNS FROM FILTER RULES
-0.001825u4510

LENGTH OF L.P. TRANSACTIQNS.
23.0C€0C00CCH

LENGTH S.P.TRANSACTION.
15.00060C00000

TOTAL NO OF THRANSACTIONS.:

.060
RETURNS

5.0000000000

FROYM BUY-AND-HOLD STRATEGY.
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9
0.0009“22302
OVERALL A.L.P.ELTURKS,
0007 2010
ALL.P.KFTUKNS UNADJUSTED FOR' CLOAK T RGOS 1 FEES.
—0.0002912283

.070
OVERALL KRETUENS FRCH LONGST
2.000u404a7¢
OVERALL KATIS Op RETURNG pFiow SHORT PCSITION
=0.0025020790n
OVERALf‘kATES OF RETURNT iuoM PILT % wiLesg
~0.000739¢ 1un
AVERAGE LFNGTH OF L.P. TEANSACTiON S,
S0.0COOCGO@CO
AVERAGE LENGTH S.P.T%ANS&CTIOH.
16.0000000000
TOTAL MO OF TRANSACTIONS.
3.00CCCOOOOO

.070
RETURNS FROM BUY-AND-HGLD STIATEGY,
C.00117409260
OVERALL A.L.P.RETURNS.
0.000307083
A.L.P.RFTURNS UNADJUSTED FOR CLEARINGHOUSE FEES.
0.00023378¢60¢
AVERAGE RETURY FROM FILTFR RULE OVFER ALIL FILTERS.
-0.00021872u>?
MEAN BUY-ZKD-HOLD RETURNS,
0.0010190010
AVERAGE RETURN FRON A.L.P.STRATEGY.
0.0003389u 18
UNADJUSTED A.L.P.AVERRAGE KETUPRNS.
0.0005C78265

CORE USAGE OBJECT CODE= 9248 BYTES,ARRAY AREA-=

DIAGNOSTICS NUMBER OF ERRORS= 0, NUMBER OF

TOMPILE TIME= V.54 SEC,EXECUTION TINE- ﬁ.os SEC,
/BTCHEND

00:17.05 5,655 ke=0

149

15680 BYTES, TOTAL ARZA AVATI
WARNINGS= 0, NUMBER OFP &

WATFIV - VERSION 1 LEVFL 3 u



APPENDIX 3

List of Geomctric Mean Returns for the Filter Technique,

the Average Long Position Strategy and the Buy-and-tiold Strategy

I
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