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ABSTRACT

examined the validity and conditions under which the hypothesis holds. Most of the 
techniques and models used, rely on runs and serial correlation tests, however test using 

the presence of random walk in stock market returns using Markov chains. The chain 

is also introduced modelling the process in a more concretely. Conclusions are drawn 
analysing stationarity of the steady state probability distributions under diverse 
scenarios. The Mexican stock market daily closing prices index is analysed, covering a 

applying conventional random walk hypothesis tests.
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Introduction

-damental in time series analysis and its validity has important implications 

RESUMEN --cuales se cumple la hipótesis. La gran mayoría de las técnicas y modelos que se han --
la cadena como la longitud de la corrida que el proceso pueda generar. Se introduce además el concepto de ciclos, con el propósito de modelar el proceso de forma más -diversos. Como ejemplo de aplicación de esta técnica de análisis se toma el caso del 
Palabras clave
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et al --
analysis. --

--not present, these re --

1. Definitions

1.1. Return, run and cycle

. 
log return is used:

  (1)
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 Pt is the asset price at time t and  = ln(Pt) . -

cycle

-turn or negative return. 
1.2. Markov Chains

X = {Xn : n S is a time-
i,j  S and n ,

  (2)

  (3)

the   is called the one step transition probability from state i to state j, 
, i  S P = [ ]  is called the of the chain. 

Markov property, says that, at any time n, the  is conditionally independent of the past ,...., n  given the present state npresent only through the present state. 
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-pend on the time parameter n -
n -

P(X0 = x0) chain.
(Xk ,k  S )  is stationary if and only if it is time homoge-neous, so that n n  T..

2. Exploratory data analysis

st period, nd

--
Table 1. Number of observations in IPC index

Source: Prepared by author

 Sample Data Returns  Returns  Returns 
   (-) (+) total

 1st period 2011 902 1108 2010

 2nd period 1999 951 1047 1998

 Whole period 4010 1853 2156 4009
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-

-

Figure 1. IPC and returns (%): Feb/2002 – Jan/2010

Source: Prepared by author
+
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Figure 2. IPC and returns (%): February 2010 – January 2018

Source: Prepared by author

Table 2. Frequency of run length

Source: Prepared by author

 
Length

st
nd
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3. Markov chains modelling

conditionally independent of the past given the present state of the process, 
3.1. Runs

Let n n indicates 
S -

pij], 
pij i,

j. pij values are simply the transition frequencies from state i to state jdeparting from i.for these three sample periods.

Table 3. Frequency of cycle length

Source: Prepared by author

Length

Sample 2 3 4 5 6 7 8 9 10 11 12 13 Total

1st period 93 105 87 60 41 26 19 13 6 4 3 1 458

2nd period 125 122 88 59 36 30 19 6 7 1 1  - 494

Whole period 219 228 175 119 77 56 38 19 13 5 4 1 954
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Source: Prepared by author

Table 4. Negative runs transition frequency matrix, first sample period

Next run length

  1 2 3 4 5 6 7 9

 1 118 67 25 9 8 5 1 1

 2  57 30 16 4 6 1 1 

 3  32 10 6 3 3 0 2 

 4 12 3 3 2 1 1 -

 5  9 3 3 3 - - -

 6 4 1 2 1 - - -

 7 2 1 1 - - - -

 9 1 - - - - - -

Previous

run

length

Table 5. Positive runs transition frequency matrix, first sample period

Next run length

  1 2 3 4 5 6 7 8 9 10

 1 74 41 28 14 11 13 2 2 1 2

 2 46 33 14 13 5 2 1 0 1 -

 3 26 15 7 4 3 1 2 1 0  1

 4 18 8 4 2 2 1 0 2 - -

 5 11 8 2 1 2 - - - - -

 6  7 4 4 2 1 - - - - -

 7 3 1 0 0 0 1 1 - - -

 8  3 1 0 1 - - - - - -

 9 1 1 - - - - - - - -

 10 0  3 - - - - - - - -

Source: Prepared by author

Previous

run

length
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Table 6. Negative runs transition frequency matrix, second sample period

Next run length

  1 2 3 4 5 6 7 10

 1 129 60 40 14 4 4 1 1

 2  57 30 19 6 5 1 1 -

 3 39 18 5 5 2 1 1 - 

 4  15 5 4 2 2 - - -

 5  7 4 2 - - - - -

 6 3 1 1 1 - - - -

 7 2 1 - - - - - -

 10 1 - - - - - - -

Previous

run

length

Table 7. Positive runs transition frequency matrix, second sample period

Source: Prepared by author

 Next run length

  1 2 3 4 5 6 7 8 9

 1 107 59 30 17 14 5 1 1 1

 2 62 23  16 9 4 2 1 - -

 3 30 12 8 9  1 1 1 - -

 4 21 12 3 4 2 - - - -

 5 8 7 1 3 1 0 2 - -

 6 5 2 0 0 1 - - - -

 7 1 1 3 0 0 0 1 - -

 8 0 1 - - - - - - -

 9 1 - - - - - - - -

Previous

run

length
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Table 9. Positive runs transition frequency matrix, whole sample period

Source: Prepared by author

Next run length 181 101 58 31 25 18 3 3 2 2
108 56 31 22 9 4 2 0 1 -
56 27 15 13 4 2 3 1 0 1
39 20 7 6 4 1 0 2 - -
19 15 3 4 3 0 2 - - -
12 6 4 2 2 - - - - -
4 2 3 0 0 1 2 - - -
3 2 0 1 - - - - - -
2 1 - - - - - - - -
0 3 - - - - - - - -

Previous

run

length

 must satisfy

Table 8. Negative runs transition frequency matrix, whole sample period

Next run length

  1 2 3 4 5 6 7 9 10

 1 249 127 65 23 12 9 2 1 1

 2  114 60 35 10 11 2 2 - -

 3 71 28 11 8 5 1 3 - - 

 4 27 8 7 4 3 1 - - -

 5  16 7 5 3 - - - - -

 6 7 2 3 2 - - - - -

 7 4 2 1 - - - - - -

 9 1 - - - - - - - -

 10 1 - - - - - - - -

Previous

run

length
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Figure 3. Negative run length steady state probabilities

Source: Prepared by author

Figure 4. Positive run length steady state probabilities

Source: Prepared by author

  (4)

the  -
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Table 10. Steady state statistical measures of run length for the sample period

Source: Prepared by author

 1st period 2nd period Whole period

  Negative Positive Negative Positive Negative Positive

 Mean  1.9430 2.4064 1.9190 2.1103 1.9286 2.2526

 Variance  1.7485 3.1533 1.5886. 2.0848 1.6640 2.6139

--
-is not held on runs. 

3.2. CyclesLet n

n S 

pij pija cycle of length i j. pij is given 
i to state j
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Table 11. Cycles transition frequency matrix, first sample period

Source: Prepared by author

 Next cycle length

  2 3 4 5 6 7 8 9 11 12 13
 2 14 22 20 15 7 4 7 1 0 2 0 1
 3 16 19 17 14 16 9 2 7 4 0 1 -
 4  16 26 20 9 6 2 6 1 0 1 - -
 5  21 12 10 7 4 3 1 0 1 1 - -
 6  6 10 8 5 4 5 0 1 1 0 1 -
 7 8 5 4 2 3 2 2 - - - -
 8 4 6 3 3 0 0 0 2 0 0 1 -
 9 4 1 4 3 0 0 1 - - - - -
 10  2 0 0 2 1 1 - - - - - -
 11  2 1 1 - - - - - - - - -
 12 1 2 - - - - - - - - - -
 13 0 1 - - - - - - - - - -

Previous

cycle

length

Table 12. Cycles transition frequency matrix, second sample period

Source: Prepared by author

 Next cycle length

  2 3 4 5 6 7 8 9 10 11 12

 2 29 31 20 15 9 10 5 2 3 1 -
 3 37 33 18 15 6 8 3 0 2 - -
 4 18 19 22 11 5 6 5 1 - - -
 5 16 13 10 5 9 3 3 - - - -
 6 7 10 2 7 4 1 2 2 1 - -
 7 10 7 5 4 2 2 - - - - -
 8 6 7 3 0 1 0 1 0 1 - -
 9 1 0 3 0 1 0 0 1 - - -
 10 0 2 3 2 - - - - - - -
 11 0 0 1 - - - - - - - -
 12 1 - - - - - - - - - -

Previous

cycle

length
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Table 13. Cycles transition frequency matrix, whole sample period

Source: Prepared by author

 

 Next cycle length

  2 3 4 5 6 7 8 9 10 11 12 13

 2 43 54 40 30 16 14 12 3 3 3 0 1

 3 53 52 36 29 22 17 5 7 6 0 1 -

 4  34 45 42 20 11 8 11 2 0 1 1 -

 5  37 25 20 12 13 6 4 0 1 1 - -

 6 13 20 10 12 8 6 2 3 2 0 1 -

 7 18 12 9 6 5 4 2 - - - - -

 8  10 13 6 3 1 0 1 2 1 0 1 -

 9 5 1 7 3 1 0 1 1 - - - - 

 10 2 2 3 4 1 1 - - - - - -

 11 2 1 2 - - - - - -- - - -

 12 2 2 - - - - - -- - - - -

 13 0 1 - - - - - -- - - - -

Previous

cycle

length

Figure 5. Cycle length steady state probabilities

Source: Prepared by author
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Table 14. Steady state: Statistical measures of cycle length for the sample periods

  1st. Period 2nd period Whole period

 Mean 4.3510 4.0291 4.1818

 Variance 4.7469 3.8845 4.3157 

Source: Prepared by author

-
-

4. Application of conventional random walk tests

-
i.e ----tion test and other more general models (for applications of these tests, see 
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,
et al.,study: difference sign, individual autocorrelation and joint autocorrelation. 

4.1. The difference sign test

-
4.2. Autocorrelation function test: ACF

l

  (4)

 

Source: Prepared by author

  
     Interval (95%)

 1st. period 1108  1004.5 12.95 [979,1029] Reject Ho

 2nd. Period 1047 998.5 12.91 [973,1024] Reject Ho

 Whole period 2156 2004 18.28 [1968,2039] Reject Ho
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Figure 6. t-ratio 1st. subsample, 95% confidence interval

Source: Prepared by author

 pl is the lag-l rito test : pl pl rt

pj j > l, the t  if t-ratio > Z -

Figure 7. t-ratio, second subsample , 95% confidence interval
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4.3. Ljung and Box test: Q(m) 

jointly that several autocorrelations of rt are zero:  = p  = · · · = pm = 
i = i  [ 1,….m}. { rt } 

E[ ] .  is asymptotically a 
m

  (5)

 pl is the lag  sample autocorrelation of rt. Ho is rejected if it is 
m -

Table 16. Ljung and Box statistic Q(m)

Source: Prepared by author

 Sample Q(m=8) Q(m=16) Q(m=24)

 1st. period 27.66 47.92 57.58

 2nd. Period 30.93 45.86 54.35

 Whole period 45.67 67.72 77.92

 m,5%  14.07 26.30 36.42

 Decision Reject Ho Reject Ho Reject Ho

-
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Conclusions

of cycle

introduced here involves measuring procedures rather than hypothesis testing, as detecting deviations from randomness is important for investors 
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