
 

 



 

𝑿𝒕 = 𝒈(𝑿𝒕)



 

 

(𝒑, 𝒅, 𝒒) × (𝑷, 𝑫, 𝑸)𝒔

 

 

 

 {𝑋𝑡}

𝑇 {𝑥1, 𝑥2, … , 𝑥𝑇} 𝑇 = 12

 

 

 𝑠 = 12



𝜱𝑷(𝑩𝒔)𝝓𝒑(𝑩)𝜵𝒔
𝑫𝜵𝒅𝑿𝒕 = 𝒄 + 𝜽𝒒(𝑩)𝜣𝑸(𝑩𝒔)𝒀𝒕

 𝑿𝒕

 𝜱𝑷(𝑩𝒔) 𝜣𝑸(𝑩𝒔)

 𝝓𝒑(𝑩) 𝜽𝒒(𝑩)  

 𝜵𝒔
𝑫, 𝜵𝒅

 𝒀𝒕 𝜎2

 𝒄

 {𝑋𝑡}

 

 

 𝑋̂𝑡 = 𝑔(𝑋𝑡)

 ⟹ 𝐷, 𝑠, 𝑑 ⟹ 𝑊𝑡 = 𝛻𝑠
𝐷𝛻𝑑𝑋̂𝑡

 𝛻𝑠
𝐷𝛻𝑑𝑋̂𝑡  ⟹  𝑝, 𝑞, 𝑃, 𝑄

(𝜵𝒔
𝑫𝜵𝒅𝑿𝒕)

(𝑝, 𝑞) × (𝑃, 𝑄)𝑠

1. # Datos 9: Ventas de comida para llevar (en billones) en 

Australia, 

2. # abril 1980 - abril 2014, n=408, fichero: datos9.txt 

3.   

4. ########################## 

5. # REPRESENTACIÓN GRÁFICA # 

6. ########################## 

7.   

 



8. > library(forecast) 

9. > VENTAS <- read.table("Datos9.txt",header=T) 

10. > class(VENTAS) 

11. [1] "data.frame" 

12. > VENTAS <- VENTAS$x # x es el header del data.frame 

13. > class(VENTAS) 

14. [1] "numeric" 

15. > head(VENTAS,10) 

16.  [1] 0.3424 0.3421 0.3287 0.3385 0.3315 0.3419 0.3584 0.3747 0.4

331 

17. [10] 0.3686 

18. > L <- length(VENTAS) 

19. > L 

20. [1] 408 

21. > L/12 # 34 años 

22. [1] 34 

1. plot(1:L, VENTAS, ylab="VENTAS DE COMIDA PARA LLEVAR", 
2.      xlab="",type="l", 
3.      main="VENTAS DE COMIDA PARA LLEVAR EN BILLONES EN AUSTRALIA, 

4/1980 - 4/2014") 

1. > z <- ts(VENTAS, start = c(1980, 4), frequency = 12) #creamos 
un objeto .ts 

2. > ts.plot(z, main="VENTAS DE COMIDA PARA LLEVAR EN BILLONES EN 
AUSTRALIA, 4/1980 - 4/2014") 

3. > ggseasonplot(z,main="VENTAS DE COMIDA PARA LLEVAR EN BILLONES 
EN AUSTRALIA, 4/1980 - 4/2014") 

http://stat.ethz.ch/R-manual/R-devel/library/base/html/library.html
http://stat.ethz.ch/R-manual/R-devel/library/utils/html/read.table.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/T.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/class.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/class.html
http://stat.ethz.ch/R-manual/R-devel/library/utils/html/head.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/length.html
http://stat.ethz.ch/R-manual/R-devel/library/graphics/html/plot.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/ts.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/start.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/c.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/frequency.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/ts.plot.html


 𝝈𝒕
𝟐 𝝁𝒕

 

 



𝝈𝒕
𝟐 = 𝒌𝝁𝒕

𝟏−𝝀 

𝒍𝒐𝒈𝝈𝒕 = 𝒂 + (𝟏 − 𝝀)𝒍𝒐𝒈𝝁𝒕,    𝒂 > 𝟎  

𝑘, 𝑎

𝑿̂𝒕  =  {
𝑿𝒕

𝝀 − 𝟏

𝝀
        𝒔𝒊 𝝀 ≠  𝟎

𝒍𝒐𝒈(𝑿𝒕)        𝒔𝒊  𝝀 =  𝟎

1. # Determinación de la transformación para estabilizar la 
varianza 

2.   
3. source("BoxCoxTransformation.R", encoding = "UTF8") 
4.   
5. # Primero hay que comprobar que existe una relación lineal entre 
6. # los logaritmos de las desviaciones típicas y de las medias en 

grupos consecutivos de "s" observaciones 

7. Plot.var(VENTAS,12)  

 𝑿̂𝒕 = 𝒈(𝑿𝒕)

http://stat.ethz.ch/R-manual/R-devel/library/base/html/source.html


1. > BoxCox(VENTAS,12) 
2. > BoxCox.out(VENTAS,12)[[2]] 
3.      log(xbar.vec) 
4.        0.2031995 
5. > BCVENTAS <- BoxCox.out(VENTAS,12)[[1]] 
6. > zBC <- ts(BCVENTAS, start = c(1980, 4), frequency = 12) 
7. > ts.plot(zBC, main="TRANSFORMACIÓN DE BOX-COX DE LAS VENTAS DE 

COMIDA PARA LLEVAR EN BILLONES EN AUSTRALIA, 4/1980 - 4/2014") 

𝑿̂𝒕  =  
𝑿𝒕

𝝀 − 𝟏

𝝀
 ,   𝒄𝒐𝒏 𝝀 =  𝟎. 𝟐

http://stat.ethz.ch/R-manual/R-devel/library/base/html/log.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/ts.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/start.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/c.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/frequency.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/ts.plot.html


 

𝜵𝒅 = (𝟏 − 𝑩)𝒅

𝑩 𝑩𝑿𝒕 = 𝑿𝒕−𝟏

1. Acf(zBC,main="ACF DE LA TRANSFORMACIÓN DE BOX-COX DE LA SERIE DE 
VENTAS DE COMIDA PARA LLEVAR",xlab="Retardos",ylab="ACF",55) 

𝒅 ≥ 𝟏

𝐼(1)

1. # Difference operator 

 



2. ######################################## 
3. # diff(x, lag = 1, differences = 1, ...) 
4.   
5. Wt.1=diff(zBC,lag=1,differences=1)   
6. ts.plot(Wt.1,xlab="t",main="PRIMERA DIFERENCIA DE LA 

TRANSFORMACIÓN DE BOX-COX DE LA SERIE DE VENTAS",type="l")   

7. abline(h=0, col = "red") 

 

1. ggseasonplot(Wt.1,main="PRIMERA DIFERENCIA DE LA TRANSFORMACIÓN 

DE BOX-COX DE LA SERIE DE VENTAS") 

2. Acf(Wt.1,main="ACF DE PRIMERA DIFERENCIA DE LA TRANSFORMACIÓN DE 

BOX-COX DE LA SERIE DE VENTAS", xlab="Retardos",ylab="ACF",40) 

http://stat.ethz.ch/R-manual/R-devel/library/base/html/diff.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/lag.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/ts.plot.html
http://stat.ethz.ch/R-manual/R-devel/library/graphics/html/abline.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/col.html


𝐼(𝑑)

 

páginas 264-271).



𝒅 = 𝟏

𝜵𝒅𝑿̂𝒕 = 𝜵 (
𝑿𝒕

𝝀 − 𝟏

𝝀
)  ,   𝒄𝒐𝒏 𝝀 =  𝟎. 𝟐

 

1. ggseasonplot(Wt.1,main="PRIMERA DIFERENCIA DE LA TRANSFORMACIÓN 
DE BOX-COX DE LA SERIE DE VENTAS") 

2. ts.plot(Wt.1[1:48],xlab="t", 
3.         main="48 PRIMEROS VALORES DE LA DIFERENCIA DE LA 

TRANSFORMACIÓN DE BOX-COX DE LA SERIE DE VENTAS",type="b")   

4. points(seq(13,24),Wt.1[13:24],type="b",col="blue",lwd=1.4) 
5. points(seq(25,36),Wt.1[25:36],type="b",col="red",lwd=1.4) 
6. points(seq(37,48),Wt.1[37:48],type="b",col="green",lwd=1.4) 

http://stat.ethz.ch/R-manual/R-devel/library/stats/html/ts.plot.html
http://stat.ethz.ch/R-manual/R-devel/library/graphics/html/points.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/seq.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/col.html
http://stat.ethz.ch/R-manual/R-devel/library/graphics/html/points.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/seq.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/col.html
http://stat.ethz.ch/R-manual/R-devel/library/graphics/html/points.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/seq.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/col.html


𝑠 =  12

1. Wt.2=diff(Wt.1, lag=12,differences=1)   
2. ts.plot(Wt.2,xlab="t",main="Serie resultante de tomar una 

diferencia regular y otra estacional de la transformación de 

Box-Cox de la serie de ventas en billones",type="l")   

3. abline(h=0, col = "red") 
4. ggseasonplot(Wt.2,main="Serie resultante de tomar una diferencia 

regular y otra estacional de la transformación de Box-Cox de la 

serie de ventas en billones") 

12

http://stat.ethz.ch/R-manual/R-devel/library/base/html/diff.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/lag.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/ts.plot.html
http://stat.ethz.ch/R-manual/R-devel/library/graphics/html/abline.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/col.html


𝜵𝟏𝟐𝜵𝒅𝑿̂𝒕 = 𝜵𝟏𝟐𝜵 (
𝑿𝒕

𝝀 − 𝟏

𝝀
)  ,   𝒄𝒐𝒏 𝝀 =  𝟎. 𝟐

𝜵𝟏𝟐𝜵𝟏𝑿̂𝒕

(𝑝, 𝑞) × (𝑃, 𝑄)

páginas 269-272). Dicho comportamiento sigue la fórmula:

 

Donde 𝜌𝑗  representa la ACF del modelo ARMA estacional multiplicativo con retardo 𝑗, 𝑟𝑗  representa la ACF 

de la parte regular con retardo j y 𝑅𝑠𝑖  representa la ACF de la parte estacional (𝑠 =  12, en nuestro caso). 

En resumen, la ACF de un ARMA estacional multiplicativo presenta las siguientes características: 

 

 𝒔 = 𝟏𝟐)

 



 

 

 

 𝑗𝑠 + 1, 𝑗𝑠 + 2, … )

 𝑗𝑠 − 1, 𝑗𝑠 − 2, … )

1. par(mfrow=c(2,1)) 
2. Acf(Wt.2,ylab="ACF",xlab="Retardos", main="ACF muestral de la 

serie resultante de tomar d=1 y s=1 de la transformación de Box-

Cox de la serie de ventas en billones",54)    # ACF muestral 

3. Pacf(Wt.2, ylab="PACF",xlab="Retardos", main="PACF muestral de 
la serie resultante de tomar d=1 y s=1 de la transformación de 

Box-Cox de la serie de ventas en billones",54)     # PACF 

muestral 

http://stat.ethz.ch/R-manual/R-devel/library/graphics/html/par.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/c.html


𝒑, 𝒒

𝟎 ≤  𝒑, 𝒒 ≤  𝟑

 

 

 

 

 

(𝟎, 𝟏)𝟏𝟐

(𝟎, 𝟏)𝟏𝟐

  × 

 ×

 ×

 ×

 ×

𝜱𝑷(𝑩𝒔) 𝜣𝑸(𝑩𝒔) 𝝓𝒑(𝑩) 𝜽𝒒(𝑩)

 

 



 

 

𝑿𝒕 ~ 

𝑋𝑡 − 𝜙1𝑋𝑡−1 − ⋯ − 𝜙𝑝𝑋𝑡−𝑝 = 𝑐 + 𝑌𝑡 − 𝜃1𝑌𝑡−1 − ⋯ − 𝜃𝑡−𝑞𝑌𝑡−𝑞

𝜙(𝐵)𝑋𝑡 = 𝜃(𝐵)𝑌𝑡

 𝜙(𝐵) ∶= 1 − 𝜙1𝐵 − ⋯ − 𝜙𝑝𝐵𝑝

 𝜃(𝐵) ≔ 1 − 𝜃1𝐵 − ⋯ − 𝜃𝑡−𝑞𝐵𝑞

 𝑌𝑡~𝐼𝐼𝐷(0, 𝜎2) ≡ 𝑁(0, 𝜎2)

 𝑐

𝑇

𝑤𝑡 𝑡 =  1, … , 𝑇

𝑤𝑡

𝑋𝑡 𝑤𝑡 =

𝛻𝛻12𝑙𝑛𝑋𝑡

𝜷 =  (𝜇, 𝜙1, … , 𝜃𝑞 , 𝜎2

𝜷

𝑓(𝑤1, … , 𝑤𝑇).

𝑓(𝑤1, … , 𝑤𝑇) = 𝑓(𝑤1)𝑓(𝑤2|𝑤1) ⋯ 𝑓(𝑤𝑇|𝑤1, … , 𝑤𝑇−1)  = 

= ∏ 𝜎−1

𝑇

𝑡 =1

𝑣𝑡|𝑡−1
−1/2 (2𝜋)−1/2 𝑒𝑥𝑝 {−

1

2𝜎2
∑

(𝑤𝑡 − 𝑤𝑡|𝑡−1)
2

𝑣𝑡|𝑡−1

𝑇

𝑡=1

}

 𝑤𝑡|𝑡−1 ≔ 𝑤̂𝑡−1(1)  =  𝐸(𝑤𝑇|𝑤1, … , 𝑤𝑇−1)

𝑡 − 1

 𝑣𝑡|𝑡−1
1

𝜎2 𝑉𝑎𝑟(𝑤𝑇|𝑤1, … , 𝑤𝑇−1)

 



𝐿(𝜷) ≔ −
𝑇

2
𝑙𝑛𝜎2 −

1

2
∑ 𝑙𝑛

𝑇

𝑡=1

𝑣𝑡|𝑡−1 −
1

2𝜎2
∑

𝑒𝑡
2

𝑣𝑡|𝑡−1

𝑇

𝑡=1

𝑒𝑡 ≔ 𝑤𝑡  −  𝑤𝑡|𝑡−1

𝜷

𝒆𝑻

𝜇 =  0 𝑤𝑡 = 𝜙𝑤𝑡−1 + 𝑌𝑡

𝑒1 = 𝑤1 − 𝜙𝐸(𝑤0) = 𝑤1 ≠ 𝑌1 = 𝑤1 − 𝜙𝑤0

𝑒2 = 𝑤2 − 𝜙𝑤1 = 𝑌2

⋯

𝑒𝑇 = 𝑤𝑇 − 𝜙𝑤𝑡−1 = 𝑌𝑡

𝑉𝑎𝑟(𝑤𝑇|𝑤1, … , 𝑤𝑇−1)  ≔  𝜎2𝑣𝑡|𝑡−1 𝑣𝑡|𝑡−1  =  1 𝑡 =  2, … , 𝑇 𝑡 = 1, 𝑣1|0 = (1 − 𝜙2)−1

𝑉𝑎𝑟(𝑤1) = 𝜎2(1 − 𝜙2)−1  

  × 

 ×

 ×

 ×

 ×

1. > LBD <- BoxCox.out(VENTAS,12)[[2]] 
2. > LBD 
3. log(xbar.vec) 
4.     0.2031995 
5. > MODELO_1=Arima(VENTAS,order=c(0,1,1),seasonal=list(order=c(0,1,1)

,period=12 ),lambda=LBD) 

6. > MODELO_2=Arima(VENTAS,order=c(1,1,0),seasonal=list(order=c(0,1,1)
,period=12 ),lambda=LBD) 

http://stat.ethz.ch/R-manual/R-devel/library/base/html/log.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/order.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/c.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/list.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/order.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/c.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/order.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/c.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/list.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/order.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/c.html


7. > MODELO_3=Arima(VENTAS,order=c(1,1,1),seasonal=list(order=c(0,1,1)
,period=12 ),lambda=LBD) 

8. > MODELO_4=Arima(VENTAS,order=c(2,1,2),seasonal=list(order=c(0,1,1)
,period=12 ),lambda=LBD) 

9. > MODELO_5=Arima(VENTAS,order=c(3,1,3),seasonal=list(order=c(0,1,1)
,period=12 ),lambda=LBD) 

10.  

11. > MODELO_1 

12. Series: VENTAS 

13. ARIMA(0,1,1)(0,1,1)[12] 

14. Box Cox transformation: lambda= 0.2031995 

15.   

16. Coefficients: 

17.           ma1     sma1 

18.       -0.3631  -0.8138 

19. s.e.   0.0439   0.0323 

20.   

21. sigma^2 estimated as 0.0006273:  log likelihood=890.32 

22. AIC=-1774.64   AICc=-1774.58   BIC=-1762.7 

23.  

24. > MODELO_2 

25. Series: VENTAS 

26. ARIMA(1,1,0)(0,1,1)[12] 

27. Box Cox transformation: lambda= 0.2031995 

28.   

29. Coefficients: 

30.           ar1     sma1 

31.       -0.3333  -0.8094 

32. s.e.   0.0476   0.0327 

33.   

34. sigma^2 estimated as 0.0006378:  log likelihood=887.19 

35. AIC=-1768.37   AICc=-1768.31   BIC=-1756.44 

36.  

37. > MODELO_3 

38. Series: VENTAS 

39. ARIMA(1,1,1)(0,1,1)[12] 

40. Box Cox transformation: lambda= 0.2031995 

41.   

42. Coefficients: 

43.           ar1      ma1     sma1 

44.       -0.0836  -0.2956  -0.8134 

45. s.e.   0.1134   0.1050   0.0323 

46.   

47. sigma^2 estimated as 0.0006281:  log likelihood=890.58 

48. AIC=-1773.17   AICc=-1773.07   BIC=-1757.25 

49.  

50. > MODELO_4 

51. Series: VENTAS 

52. ARIMA(2,1,2)(0,1,1)[12] 

53. Box Cox transformation: lambda= 0.2031995 

54.   

55. Coefficients: 

56.           ar1      ar2     ma1      ma2     sma1 

57.       -0.9214  -0.3110  0.5531  -0.0333  -0.8105 

58. s.e.   0.1854   0.1235  0.1912   0.1496   0.0327 

59.   

60. sigma^2 estimated as 0.0006197:  log likelihood=894.3 

61. AIC=-1776.6   AICc=-1776.39   BIC=-1752.73 

62.  

http://stat.ethz.ch/R-manual/R-devel/library/base/html/order.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/c.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/list.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/order.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/c.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/order.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/c.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/list.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/order.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/c.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/order.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/c.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/list.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/order.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/c.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/log.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/AIC.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/log.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/AIC.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/log.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/AIC.html
http://stat.ethz.ch/R-manual/R-devel/library/base/html/log.html
http://stat.ethz.ch/R-manual/R-devel/library/stats/html/AIC.html


63. > MODELO_5 

64. Series: VENTAS 

65. ARIMA(3,1,3)(0,1,1)[12] 

66. Box Cox transformation: lambda= 0.2031995 

67.   

68. Coefficients: 

69.           ar1     ar2     ar3      ma1      ma2     ma3     sma1 

70.       -0.2394  0.3102  0.1409  -0.1311  -0.4027  0.1080  -0.8089 

71. s.e.   0.3636  0.3180  0.1650   0.3643   0.2328  0.1649   0.0331 

72.   

73. sigma^2 estimated as 0.0006224:  log likelihood=894.49 

74. AIC=-1772.99   AICc=-1772.62   BIC=-1741.16 

1. > MODELO_2 
2. Series: VENTAS 
3. ARIMA(1,1,0)(0,1,1)[12] 
4. Box Cox transformation: lambda= 0.2031995 
5.   
6. Coefficients: 
7.           ar1     sma1 
8.       -0.3333  -0.8094 
9. s.e.   0.0476   0.0327 
10.   

11. sigma^2 estimated as 0.0006378:  log likelihood=887.19 

12. AIC=-1768.37   AICc=-1768.31   BIC=-1756.44 

𝜙1(𝐵)𝛻12𝛻𝑋̂𝑡 = 𝛩1(𝐵12)𝑌𝑡

 𝜙1(𝐵) = 1 + 0.3333𝐵

 𝛩1(𝐵12) = 1 + 0.8094𝐵12

 𝑌𝑡 𝑁(0, 0′0006378)

 𝑋̂𝑡  =  (
𝑿𝒕

𝝀−𝟏

𝝀
)  ,   𝒄𝒐𝒏 𝝀 =  𝟎. 𝟐

 𝐿(𝜷̂
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𝜷

𝐴𝐼𝐶 ≔  𝐸(−2𝐿(𝜷))  = 𝑇 𝑙𝑛𝜎2 + ∑ 𝑙𝑛

𝑇

𝑡=1

𝑣𝑡|𝑡−1 + 𝐸 [∑
𝑒𝑡

2

𝜎2𝑣𝑡|𝑡−1

𝑇

𝑡=1

]

 

 

𝐴𝐼𝐶 = 𝐸 (−2𝐿(𝜷̂)) = 𝑇𝑙𝑛𝜎̂𝑀𝑉
2  +  2𝑘

𝑇 𝜎̂𝑀𝑉
2

𝑇 𝑘

 

𝐴𝐼𝐶 ∶ =  2 𝑘 −  2𝐿(𝜷̂)  =  2 𝑘 −  2𝑙𝑜𝑔(𝑳𝒊𝒌𝒆𝒍𝒊𝒉𝒐𝒐𝒅) 

𝑘

 



𝐴𝐼𝐶𝑐 ≔  𝐴𝐼𝐶 + 
2𝑘2 + 2𝑘

𝑇 − 𝑘 − 1

 

𝐵𝐼𝐶 =  𝑘 𝑙𝑜𝑔 𝑛 −  2 𝑙𝑜𝑔 (𝐿(𝜷̂))  =  𝑘 𝑙𝑜𝑔 𝑛 −  2 𝑙𝑜𝑔 (𝑳𝒊𝒌𝒆𝒍𝒊𝒉𝒐𝒐𝒅)

1. > MODELO_2 
2. Series: VENTAS 
3. ARIMA(1,1,0)(0,1,1)[12] 
4. Box Cox transformation: lambda= 0.2031995 
5.   
6. Coefficients: 
7.           ar1     sma1 
8.       -0.3333  -0.8094 
9. s.e.   0.0476   0.0327 
10.   

11. sigma^2 estimated as 0.0006378:  log likelihood=887.19 

12. AIC=-1768.37   AICc=-1768.31   BIC=-1756.44 

3

1. > MODELO_2$"loglik" 
2. [1] 887.1864 
3. > k = 3 # k parámetros estimados 
4. > -2*MODELO_2$"loglik"+2*k  # AIC 
5. [1] -1768.373 
6. > -2*MODELO_2$"loglik"+2*k + (2*k**2 + 2*k)/((L-1-12)-3-1) # 

AICc 

7. [1] -1768.311 
8. > -2*MODELO_2$"loglik"+3*log(L-1-12) # BIC 
9. [1] -1756.436 
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1.  # Modelo Candidato 2 
2. par(mfrow=c(1,1)) 
3. plot(seq(1,L), VENTAS,ylab="VENTAS EN 

BILLONES",xlab="",type="l",main="MODELO CANDIDATO 2: VENTAS DE 

COMIDA PARA LLEVAR EN BILLONES EN AUSTRALIA, 4/1980 - 4/2014") 

4. lines(seq(1,L), forecast(MODELO_2)$fitted,col="blue") 
5. legend("topleft",col=c("blue"),legend =c("MODELO CANDIDATO 2"), 

lwd=3, bty = "n") 

1. > ######################################### 
2. > ### COMPETICION DE MODELOS CANDIDATOS ### 
3. > ######################################### 
4. > 
5. > 
6. > ### COMPARACIÓN AIC, AICc y BIC DE LOS TRES MODELOS 
7. > 
8. > AIC.BIC=rbind(  c(MODELO_1$"aic",MODELO_1$"aicc",MODELO_1$"bic"), 
9.   +               c(MODELO_2$"aic",MODELO_2$"aicc",MODELO_2$"bic"), 
10.   +            c(MODELO_3$"aic",MODELO_3$"aicc",MODELO_3$"bic"), 

11. +              c(MODELO_4$"aic",MODELO_4$"aicc",MODELO_4$"bic", 

12. +              c(MODELO_5$"aic",MODELO_5$"aicc",MODELO_5$"bic")) 

13. > 

14. > dimnames(AIC.BIC)=list(c("Model 1","Model 2", "Model 

3", "Model 4", "Model 5" ),c("AIC","AICc","BIC")) 

15. > AIC.BIC 

16.               AIC      AICc       BIC 

17. Model 1 -1774.641 -1774.580 -1762.705 

18. Model 2 -1768.373 -1768.311 -1756.436 

19. Model 3 -1773.168 -1773.066 -1757.253 

20. Model 4 -1776.605 -1776.388 -1752.732 

21. Model 5 -1772.990 -1772.617 -1741.159 
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 𝑵

𝑵

 𝑵

𝑵

 

𝑵 =  𝟐𝟓𝟎

1. ### COMPARACIÓN CON CROSS-VALIDATION 
2.   
3. #Comparación de los cinco modelos utilizando "Cross-validation" 
4.   
5. n.min=250  # minimal sample size  required to estimate a model 
6. n.data=length(VENTAS) 
7. MSE.vec1=numeric(n.data-n.min) # Mean Square Error model 1 
8. MAE.vec1=numeric(n.data-n.min) # Mean Absolute Error model 1 
9. MSE.vec2=numeric(n.data-n.min) # Mean Square Error model 2 
10. MAE.vec2=numeric(n.data-n.min) # Mean Absolute Error model 2 
11. MSE.vec3=numeric(n.data-n.min) # Mean Square Error model 3 
12. MAE.vec3=numeric(n.data-n.min) # Mean Absolute Error model 3 
13. MSE.vec4=numeric(n.data-n.min) # Mean Square Error model 4 
14. MAE.vec4=numeric(n.data-n.min) # Mean Absolute Error model 4 
15. MSE.vec5=numeric(n.data-n.min) # Mean Square Error model 5 
16. MAE.vec5=numeric(n.data-n.min) # Mean Absolute Error model 5 
17.   
18. forcast.mod1=numeric(n.data-n.min) 
19. forcast.mod2=numeric(n.data-n.min) 
20. forcast.mod3=numeric(n.data-n.min) 
21. forcast.mod4=numeric(n.data-n.min) 
22. forcast.mod5=numeric(n.data-n.min) 
23.   
24. LBD <- BoxCox.out(VENTAS,12)[[2]] 
25. LBD 
26.   
27. for (k in 1:(n.data-n.min-1)) 
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28. { 
29.   fit.mod1=Arima(VENTAS[1:(n.min+k)],order=c(0,1,1),seasonal=list(o

rder=c(0,1,1),period=12 ),lambda = LBD)      

30.   forcast.mod1[k] <- forecast(fit.mod1, h=1)[['mean']] # horizonte 
1 --> h=1 

31.   # 
32.   fit.mod2=Arima(VENTAS[1:(n.min+k)],order=c(1,1,0),seasonal=list(o

rder=c(0,1,1),period=12 ),lambda= LBD) 

33.   forcast.mod2[k] <- forecast(fit.mod2, h=1)[['mean']] 
34.   # 
35.   fit.mod3=Arima(VENTAS[1:(n.min+k)],order=c(1,1,1),seasonal=list(o

rder=c(0,1,1),period=12 ),lambd = LBD) 

36.   forcast.mod3[k] <- forecast(fit.mod3, h=1)[['mean']] 
37.   # 
38.   fit.mod4=Arima(VENTAS[1:(n.min+k)],order=c(2,1,2),seasonal=list(o

rder=c(0,1,1),period=12 ),lambda = LBD) 

39.   forcast.mod4[k] <- forecast(fit.mod4, h=1)[['mean']] 
40.   # 
41.   fit.mod5=Arima(VENTAS[1:(n.min+k)],order=c(3,1,3),seasonal=list(o

rder=c(0,1,1),period=12 ),lambda = LBD) 

42.   forcast.mod5[k] <- forecast(fit.mod5, h=1)[['mean']] 
43.   
44.   MSE.vec1[k]=(VENTAS[(n.min+k)+1]-forcast.mod1[k])^2 
45.   MAE.vec1[k]=abs(VENTAS[(n.min+k)+1]-forcast.mod1[k]) 
46.   MSE.vec2[k]=(VENTAS[(n.min+k)+1]-forcast.mod2[k])^2 
47.   MAE.vec2[k]=abs(VENTAS[(n.min+k)+1]-forcast.mod2[k]) 
48.   MSE.vec3[k]=(VENTAS[(n.min+k)+1]-forcast.mod3[k])^2 
49.   MAE.vec3[k]=abs(VENTAS[(n.min+k)+1]-forcast.mod3[k]) 
50.   MSE.vec4[k]=(VENTAS[(n.min+k)+1]-forcast.mod4[k])^2 
51.   MAE.vec4[k]=abs(VENTAS[(n.min+k)+1]-forcast.mod4[k]) 
52.   MSE.vec5[k]=(VENTAS[(n.min+k)+1]-forcast.mod5[k])^2 
53.   MAE.vec5[k]=abs(VENTAS[(n.min+k)+1]-forcast.mod5[k]) 
54.   print(k) # si queremos hacer seguimiento del progreso 
55. } 

 

1. > # Summary Results 
2. > Results.mat=rbind( 
3. +   apply(cbind(MSE.vec1,MSE.vec2,MSE.vec3,MSE.vec4,MSE.vec5)[-(L-

n.min),],2,mean), 

4. +   apply(cbind(MAE.vec1,MAE.vec2,MAE.vec3,MSE.vec4,MSE.vec5)[-(L-
n.min),],2,mean) 

5. + ) 
6. > dimnames(Results.mat)=list(c("MSE","MAE"),c("Model 1","Model 

2", "Model 3", "Model 4", "Model 5")) 

7. > Results.mat 
8.            Model 1     Model 2     Model 3    Model 4     Model 5 
9.    MSE 0.002572866 0.002599347 0.002575864 0.00263268 0.002611254 
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10. MAE 0.040720619 0.041086917 0.040754330 0.00263268 0.002611254 

11. > data.frame(MIN_MSE = min(Results.mat[1,]), 

MIN_MAE = min(Results.mat[2,])) 

12.       MIN_MSE     MIN_MAE 

13.   0.002572866 0.002611254 

1. > head(VENTAS) 
2. [1] 0.3424 0.3421 0.3287 0.3385 0.3315 0.3419 
3. > summary(VENTAS) 
4.    Min. 1st Qu.  Median    Mean 3rd Qu.    Max. 
5.  0.3287  0.8192  1.2447  1.5194  2.1545  3.8199 

1. LBD <- BoxCox.out(VENTAS,12)[[2]] 
2. LBD 
3.   
4. n.data=length(VENTAS)-12*0 # = 408 
5. lap = 12*1 
6. n1=408-lap # hago data splitting sobre 1 año 
7.   
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8. fit.mod1DS=Arima(VENTAS[1:n1],order=c(0,1,1),seasonal=list(order
=c(0,1,1),period=12),lambda = LBD)      

9. forcast.mod1DS <- forecast(fit.mod1DS, h=(n.data-
n1)) #predicciones 

10. # 

11. fit.mod2DS=Arima(VENTAS[1:n1],order=c(1,1,0),seasonal=list(

order=c(0,1,1),period=12),lambda = LBD)      

12. forcast.mod2DS <- forecast(fit.mod2DS, h=(n.data-

n1)) #predicciones 

13. # 

14. fit.mod3DS=Arima(VENTAS[1:n1],order=c(1,1,1),seasonal=list(

order=c(0,1,1),period=12),lambda = LBD) 

15. forcast.mod3DS <- forecast(fit.mod3DS, h=(n.data-

n1)) #predicciones 

16.   

17. fit.mod4DS=Arima(VENTAS[1:n1],order=c(2,1,2),seasonal=list(

order=c(0,1,1),period=12),lambda = LBD) 

18. forcast.mod4DS <- forecast(fit.mod4DS, h=(n.data-

n1)) #predicciones 

19.   

20. fit.mod5DS=Arima(VENTAS[1:n1],order=c(3,1,3),seasonal=list(

order=c(0,1,1),period=12),lambda = LBD) 

21. forcast.mod5DS <- forecast(fit.mod5DS, h=(n.data-

n1)) #predicciones 

22.   

23. Results.mat2=cbind( 

24.   c(mean( (forcast.mod1DS$mean-

VENTAS[(n1+1):n.data])^2),   mean( abs(forcast.mod1DS$mean-

VENTAS[(n1+1):n.data]))), 

25.   c(mean( (forcast.mod2DS$mean-

VENTAS[(n1+1):n.data])^2),   mean( abs(forcast.mod2DS$mean-

VENTAS[(n1+1):n.data]))), 

26.   c(mean( (forcast.mod3DS$mean-

VENTAS[(n1+1):n.data])^2),   mean( abs(forcast.mod3DS$mean-

VENTAS[(n1+1):n.data]))), 

27.   c(mean( (forcast.mod4DS$mean-

VENTAS[(n1+1):n.data])^2),   mean( abs(forcast.mod4DS$mean-

VENTAS[(n1+1):n.data]))), 

28.   c(mean( (forcast.mod5DS$mean-

VENTAS[(n1+1):n.data])^2),   mean( abs(forcast.mod5DS$mean-

VENTAS[(n1+1):n.data]))) 

29. ) 

 

1. > dimnames(Results.mat2)=list(c("MSE","MAE"),c("Model 1","Model 
2", "Model 3", "Model 4", "Model 5")) 

2. > Results.mat2 
3.         Model 1     Model 2     Model 3     Model 4     Model 5 
4. MSE 0.003501122 0.002763423 0.003342793 0.003518211 0.003344743 
5. MAE 0.049195119 0.043188729 0.047800296 0.048840421 0.047653501 
6. > data.frame(MIN_MSE = min(Results.mat2[1,]), 

MIN_MAE = min(Results.mat2[2,])) 

7.       MIN_MSE    MIN_MAE 
8. 1 0.002763423 0.04318873 
9. > mean( (forcast.mod1DS$mean-VENTAS[397:408])^2) 
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10. [1] 0.003501122 

1. #plot 
2. plot(seq((n1-lap),408), VENTAS[(n1-lap):408],ylab=" 

",xlab="",type="l",main="Predicciones comidas para llevar") 

3. points(seq((n1+1),408),forcast.mod1DS$mean,type="l",col="red") # 
predicciones 

4. points(seq((n1+1),408),forcast.mod2DS$mean,type="l",col="blue") 
# predicciones 

5. points(seq((n1+1),408),forcast.mod3DS$mean,type="l",col="green")
 # predicciones 

6. points(seq((n1+1),408),forcast.mod4DS$mean,type="l",col="blue") 
# predicciones 

7. points(seq((n1+1),408),forcast.mod5DS$mean,type="l",col="green")
 # predicciones 

8. legend("topleft",col=c("red","blue", "green", "orange","purple")
,legend =c("M1", "M2", "M3", "M4", "M5"), lwd=3, bty = "n") 

9.   

1. > n.data=length(VENTAS)-12*0 # = 408 
2. > lap = 12*1 
3. > n1=408-lap # 33 años, predigo el 34-ésimo 
4. > dimnames(Results.mat33_34)=list(c("MSE","MAE"),c("Model 1","Model 

2", "Model 3", "Model 4", "Model 5")) 

5. > Results.mat33_34 
6.         Model 1     Model 2     Model 3     Model 4     Model 5 
7. MSE 0.003501122 0.002763423 0.003342793 0.003518211 0.003344743 
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8. MAE 0.049195119 0.043188729 0.047800296 0.048840421 0.047653501 
9. > data.frame(MIN_MSE = min(Results.mat33_34[1,]), 

MIN_MAE = min(Results.mat33_34[2,])) 

10.       MIN_MSE    MIN_MAE 

11. 1 0.002763423 0.04318873 

12.   

13. ################################## 

14.   

15. > n.data=length(VENTAS)-12*1 # = 396 

16. > lap = 12*2 

17. > n1=408-lap # 32 años, predigo el 33-ésimo 

18. > dimnames(Results.mat32_33)=list(c("MSE","MAE"),c("Model 

1","Model 2", "Model 3", "Model 4", "Model 5")) 

19. > Results.mat32_33 

20.        Model 1     Model 2     Model 3     Model 4     Model 5 

21. MSE 0.00165425 0.001609613 0.001638537 0.001723662 0.001784309 

22. MAE 0.03539146 0.035657632 0.035468766 0.036548227 0.036571190 

23. > data.frame(MIN_MSE = min(Results.mat32_33[1,]), 

MIN_MAE = min(Results.mat32_33[2,])) 

24.       MIN_MSE    MIN_MAE 

25. 1 0.001609613 0.03539146 

26.   

27. ########################################### 

28.   

29. > n.data=length(VENTAS)-12*2 # = 384 

30. > lap = 12*3 

31. > n1=408-lap # 31 años, predigo el 32-ésimo 

32. > dimnames(Results.mat31_32)=list(c("MSE","MAE"),c("Model 

1","Model 2", "Model 3", "Model 4", "Model 5")) 

33. > Results.mat31_32 

34.        Model 1    Model 2    Model 3    Model 4    Model 5 

35. MSE 0.01267450 0.01258261 0.01281171 0.01252294 0.01312324 

36. MAE 0.08353889 0.08305401 0.08374910 0.08328605 0.08530341 

37. > data.frame(MIN_MSE = min(Results.mat31_32[1,]), 

MIN_MAE = min(Results.mat31_32[2,])) 

38.      MIN_MSE    MIN_MAE 

39. 1 0.01252294 0.08305401 

40.   

41. ###################################### 

42.   

43. > n.data=length(VENTAS)-12*2 # = 372 

44. > n1=408-lap # 30 años, predigo el 31-ésimo 

45. > dimnames(Results.mat30_31)=list(c("MSE","MAE"),c("Model 

1","Model 2", "Model 3", "Model 4", "Model 5")) 

46. > Results.mat30_31 

47.         Model 1     Model 2     Model 3    Model 4     Model 5 

48. MSE 0.003600163 0.004102761 0.003647235 0.08777168 0.003926388 

49. MAE 0.050639808 0.053119843 0.050722245 0.26291101 0.052447517 

50. > data.frame(MIN_MSE = min(Results.mat30_31[1,]), 

MIN_MAE = min(Results.mat30_31[2,])) 

51.       MIN_MSE    MIN_MAE 

52. 1 0.003600163 0.05063981 

53.   

54. ##################################### 

55.   

56. > n.data=length(VENTAS)-12*4 # = 360 

57. > lap = 12*5 

58. > n1=408-lap # 29 años, predigo el 30-ésimo 
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59. > dimnames(Results.mat29_30)=list(c("MSE","MAE"),c("Model 

1","Model 2", "Model 3", "Model 4", "Model 5")) 

60. > Results.mat29_30 

61.          Model 1      Model 2      Model 3    Model 4 

62. MSE 0.0008207906 0.0007718474 0.0007878565 0.03737737 

63. MAE 0.0231968173 0.0218052273 0.0222955934 0.19207390 

64.          Model 5 

65. MSE 0.0008250846 

66. MAE 0.0219574502 

67. > data.frame(MIN_MSE = min(Results.mat29_30[1,]), 

MIN_MAE = min(Results.mat29_30[2,])) 

68.        MIN_MSE    MIN_MAE 

69. 1 0.0007718474 0.02180523 

70.   

71. ##################################### 

72.   

73. > n.data=length(VENTAS)-12*0 # = 408 

74. > n1=408-lap # 30 años, predigo un lapso de 4 años 

75. > lap = 12*4 

76. > dimnames(Results.matDS)=list(c("MSE","MAE"),c("Model 1","Model 

2", "Model 3", "Model 4", "Model 5")) 

77. > Results.matDS 

78.         Model 1     Model 2     Model 3     Model 4     Model 5 

79. MSE 0.003837938 0.003828464 0.003815552 0.003777293 0.003783397 

80. MAE 0.052062865 0.052670674 0.052054961 0.052216544 0.052456984 

81. > data.frame(MIN_MSE = min(Results.matDS[1,]), 

MIN_MAE = min(Results.matDS[2,])) 

82.       MIN_MSE    MIN_MAE 

83. 1 0.003777293 0.05205496 
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 𝑯𝟎𝒂 {𝒀𝒕}~ 𝐈𝐈𝐃(𝟎, 𝝈𝟐)

 𝑯𝟎𝒃 {𝒀𝒕}~ 𝐍(𝟎, 𝝈𝟐)

𝑯𝟎𝒂

 

 

 

 

 

1. # Cargamos los paquetes necesarios 
2.   
3. # Diagnóstico         (load the functions for "diagnostic" script) 
4. require(astsa)        # load astsa 
5. require(portes)       # load portes  (Ljung-Box test, McLeod-Li_83 

test) 
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6. require(nortest) 
7. source("Diagnostic.R") 

𝑯𝟎𝒂 {𝒀𝒕}~ 𝐈𝐈𝐃(𝟎, 𝝈𝟐)

𝒏

   𝒊. 𝒊. 𝒅.
𝝆̂𝒀(𝒉)|𝑯𝟎𝒂 ~ 𝑵(𝒐, 𝝈𝟐) 

95%

(−
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√𝑛
,

1.96

√𝑛
 )

𝐻0𝑎 ℎ ≤ 𝑛/4) 

(−
1.96

√𝑛
,

1.96

√𝑛
 ) 𝑛

1. S.ACF=function(x)    # evaluate the % of sample autocorrelation out 
of the interval [-1.96*sqrt(n),  1.96*sqrt(n)] 

2. { 
3.   l.max=round(length(x)/4,0) 
4.   SampleACF=as.numeric(unlist(acf(x,l.max))[2:(l.max+1)]) 
5.   bound.1=1.96/sqrt(length(x)) 
6.   out.bounds=length(seq(1,l.max)[abs(SampleACF)>bound.1])   # 

number of sample acf in (1:l.max) whose absolute values is greater 

than 1.96*sqrt(n) 

7.   p.out=round(100*out.bounds/l.max,2)                        # 
percentage of sample ACF ( in 1:l.max) whose absolute value is 

greater than 1.96*sqrt(n) 
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8.   out.A=matrix(numeric(5),ncol=1) 
9.   out.A[,1]=round(c(length(x), l.max, bound.1,out.bounds,p.out),2) 
10.   dimnames(out.A)=list(c("n","h","bound","# out of bounds","% 

out of bounds")) 

11.   return(out.A) 

12. } 

1. > S.ACF(MODELO_1$residuals) 
2.                   [,1] 
3. n               408.00 
4. h               102.00 
5. bound             0.10 
6. # out of bounds  14.00 
7. % out of bounds  13.73 

𝑏𝑜𝑢𝑛𝑑 =  0′1

𝑯𝟎𝒂 

𝑯𝟎𝒂

   𝒊. 𝒊. 𝒅.
𝝆̂𝒀(𝒉)|𝑯𝟎𝒂 ~ 𝑵(𝒐, 𝝈𝟐) 

𝑯𝟎𝒂 𝑄 = 𝑛 ∑
𝜌̂𝑌(ℎ)𝟐

𝑛−ℎ

𝑘
ℎ=1 𝑘

𝜒2 𝑄

𝑄 𝑄𝐿𝐵

𝑄𝐿𝐵 = 𝑛(𝑛 + 2) ∑
𝜌̂𝑌(ℎ)𝟐

𝑛 − ℎ

𝑘

ℎ=1

𝑯𝟎𝒂 𝛼 𝑄𝐿𝐵

(1 − 𝛼) 𝜒2 𝑘 − 𝑛𝑝 𝑛𝑝

1. # Test3. (Ljung-Box test) 
2.   
3. # np= number of estimated parameters in the model 
4. My.Ljung.Box=function(x,np) 
5. { 
6.   n=length(x) 
7.   l.max=round(n/4,0) 
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8.   SampleACF=as.numeric(unlist(acf(x,l.max))[2:l.max]) 
9.   lag.vec=seq(5,30,length=6) 
10.   Q.ML=numeric(6) 

11.   for (k in 1:6) 

12.   { 

13.     Q.ML[k]=n*(n+2)*sum(  ( (SampleACF[1:lag.vec[k]])^2)/(n-

seq(1:lag.vec[k])) )   

14.   } 

15.   Q.ML.Pvalues=numeric(6) 

16.   for (k in 1:6) 

17.   { 

18.     Q.ML.Pvalues[k]=1-pchisq(Q.ML[k], lag.vec[k]-np, ncp = 0, 

lower.tail = TRUE, log.p = FALSE) # percentil (1-\alpha) 

19.   } 

20.   Q.ML.out=cbind(lag.vec, Q.ML,Q.ML.Pvalues) 

21.   dimnames(Q.ML.out)=list(NULL,c("k","Test Statistic","P-

value")) 

22.   return(Q.ML.out) 

23. }   

1. # Test. (Ljung-Box test) 
2. > My.Ljung.Box(MODELO_1$residuals,3) 
3.       k Test Statistic      P-value 
4. [1,]  5       9.132881 1.039490e-02 
5. [2,] 10      21.139680 3.568825e-03 
6. [3,] 15      41.665369 3.791018e-05 
7. [4,] 20      55.128906 6.533282e-06 
8. [5,] 25      67.634123 1.550384e-06 
9. [6,] 30      73.606040 3.381546e-06 

𝑘 = 20, 25, 30 𝛼 < 0′05

𝑯𝟎𝒂

𝑯𝟎𝒂 𝒚𝟏, 𝒚𝟐, … , 𝒚𝒏 {𝒀𝒕}

𝒕 =  𝒊

(𝒚𝒊−𝟏 < 𝒚𝒊) ⋂(𝒚𝒊 > 𝒚𝒊+𝟏) (𝒚𝒊−𝟏 > 𝒚𝒊) ⋂(𝒚𝒊 < 𝒚𝒊+𝟏) 𝒊 =  𝟐, … , 𝒏 − 𝟏

𝑻 𝒏

{𝒀𝒕} 𝒏

𝑻|𝑯𝟎𝒂 ~ 𝑵(𝝁𝑻, 𝝈𝑻
𝟐) 𝝁𝑻 =  

𝟐(𝒏−𝟐)

𝟑
𝝈𝑻

𝟐  =  
𝟏𝟔𝒏−𝟐𝟗

𝟗𝟎

𝑯𝟎𝒂 𝜶
|𝑻−𝝁𝑻|

𝝈𝑻
> 𝝓𝟏−𝜶/𝟐 𝝓𝟏−𝜶/𝟐

𝟏 − 𝜶/𝟐 𝑵(𝟎, 𝟏)

𝑵(𝟎, 𝟏)
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𝑯𝟎𝒂 𝒚𝟏, 𝒚𝟐, … , 𝒚𝒏 {𝒀𝒕}

𝑺 = 𝐲𝐢 > 𝐲𝐢−𝟏 𝒊 =  𝟏, … , 𝒏 − 𝟏

𝒏

𝑺|𝑯𝟎𝒂 ~ 𝑵(𝝁𝑺, 𝝈𝑺
𝟐) 𝝁𝑺 =  

𝒏−𝟏

𝟐
𝝈𝑺

𝟐  =  
𝒏+𝟏

𝟏𝟐

𝑯𝟎𝒂 𝛼
|𝑆−𝜇𝑆|

𝜎𝑆
> 𝜙1−𝛼/2 𝜙1−𝛼/2

1 − 𝛼/2 𝑵(𝟎, 𝟏)

𝑯𝟎𝒂 𝑦1, 𝑦2 , … , 𝑦𝑛 {𝒀𝒕}

𝑦𝑗 > 𝑦𝑖 𝒊 =  𝟏, … , 𝒏 − 𝟏 𝑗 > 𝑖

𝑛

𝑷|𝑯𝟎𝒂 ~ 𝑵(𝝁𝑷, 𝝈𝑷
𝟐 ) 𝝁𝑷 =  

𝒏(𝒏−𝟏)

𝟒
𝝈𝑷

𝟐  =  
𝒏(𝒏−𝟏)(𝟐𝒏+𝟓)

𝟕𝟐

𝑯𝟎𝒂 𝛼
|𝑃−𝜇𝑃|

𝜎𝑃
> 𝜙1−𝛼/2 𝜙1−𝛼/2

1 − 𝛼/2 𝑵(𝟎, 𝟏)

1. # Test 2  "Turning Point test", "Difference-sign Test","Rank Test") 
2.   
3. # Define the functions that provide the test statistics and the 

corresponding P-value 

4. difference.sign.test <- function(x) 
5. { 
6.   DNAME <- deparse(substitute(x)) 
7.   n<-length(x) 
8.   METHOD <- "Difference-Sign Test (NULL:iid)" 
9.   X<-embed(x,2) 
10.   STATISTIC<-sum(X[,2] > X[,1]) 

11.   mu <- (n-1)/2 

12.   sigma2 <- (n+1)/12 

13.   PVAL<-2*(1-pnorm(abs(STATISTIC-mu)/sqrt(sigma2))) 

14.   return(c(abs(STATISTIC-mu)/sqrt(sigma2), 

15.                  p.value = PVAL)) 

16. } 

17.   

18. turning.point.test <- function(x) 

19. { 
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20.   DNAME <- deparse(substitute(x)) 

21.   n<-length(x) 

22.   METHOD <- "Turning Point Test (NULL:iid)" 

23.   X<-embed(x,3) 

24.   STATISTIC<-

sum((X[,2] > X[,1] & X[,2] > X[,3])|(X[,2] < X[,1] & X[,2] < X[,3])

) 

25.   mu <- 2*(n-2)/3 

26.   sigma2 <- (16*n-29)/90 

27.   PVAL<-2*(1-pnorm(abs(STATISTIC-mu)/sqrt(sigma2))) 

28.   return(c(abs(STATISTIC-mu)/sqrt(sigma2), 

29.               p.value = PVAL)) 

30. } 

31.   

32. rank.test <- function(x) 

33.      { 

34.          DNAME <- deparse(substitute(x)) 

35.          n<-length(x) 

36.          METHOD <- "Rank Test (NULL:iid)" 

37.          STATISTIC<-0 

38.          for(i in 1:(n-1)) 

39.              for(j in i:n) 

40.                  if(x[j]>x[i]) STATISTIC<-STATISTIC+1 

41.          mu <- n*(n-1)/4 

42.          sigma2 <- n*(n-1)*(2*n+5)/72 

43.          PVAL<-2*(1-pnorm(abs(STATISTIC-mu)/sqrt(sigma2))) 

44.         return(c(abs(STATISTIC-mu)/sqrt(sigma2), 

45.                                           p.value = PVAL)) 

46.        } 

47.   

48.   

49. ##### The three tests together ########### 

50.   

51. NonParametric.Tests=function(x) 

52. { 

53.   A=rbind(turning.point.test(x), 

54.           difference.sign.test(x), 

55.           rank.test(x) 

56.           ) 

57. dimnames(A)=list(c("Turning Point test", "Difference-sign 

Test","Rank Test"),c("Test Statistic", "P-value")) 

58.   return(A) 

59. }   

1. > NonParametric.Tests(MODELO_1$residuals) 
2.                      Test Statistic    P-value 
3. Turning Point test       0.03922624 0.96871001 
4. Difference-sign Test     1.96982121 0.04885886 
5. Rank Test                0.18822060 0.85070373 
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𝑯𝟎𝒃 {𝒀𝒕}~ 𝐍(𝟎, 𝝈𝟐)

 𝑛 ≤  30)

 

 

 

 

 

1. # Testing the hypothesis that residuals residuals follows a normal 
distribution                                  

2.   
3. # Contraste de normalidad 
4.   
5. TEST.normality=function(x) 
6. { 
7. library(nortest) 
8. test.temp=matrix( 
9. round(c( 
10. c(shapiro.test(x)[[1]],lillie.test(x)[[1]], 

pearson.test(x)[[1]]), 

11. c(shapiro.test(x)[[2]],lillie.test(x)[[2]], 

pearson.test(x)[[2]]) 

12. ),4),ncol=2, 

13. ) 

14. dimnames(test.temp)=list(c("Shapiro-Wilxs","Lilliefors","Pearson 

Chi.square"), c 

15. ("Statistics", "P-value")) 

16. return(test.temp) 

17. } 

18.   

19.   

20. Check.normality=function(x) 

21. { 

22. par(mfrow=c(2,2)) 

23. qqnorm(x) 

24. qqline(x) 

25. hist(x,xlab="residuos",ylab="",main="",probability=T) 

26. range.d=c(min(x),max(x)) 

27. param.d=c(mean(x),sqrt(var(x))) 

28. x.d=seq(range.d[1],range.d[2],length=1000) 
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29. dnorm.d=function(x){return(dnorm(x,mean=param.d[1],param.d[2]))} 

30. points(x.d,dnorm.d(x.d),type="l") 

31. return(TEST.normality(x)) 

32. } 

1. > Check.normality(MODELO_1$residuals) 
2.                    Statistics P-value 
3. Shapiro-Wilk          0.9967  0.5780 
4. Lilliefors             0.0273  0.6470 
5. Pearson Chi.square    22.5735  0.3102 

𝑛 > 30

𝑃
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1. # contrastar la hipótesis que los residuos tienen media cero 
2. n.res=length(MODELO_1$residuals) 
3. t.obs=mean(MODELO_1$residuals)/ (var(MODELO_1$residuals)/(n.res-

1))   

4. p.value=1-pnorm(t.obs) 

 

1. # Ajuste del modelo a los datos 
2. par(mfrow=c(1,1)) 
3. plot(seq(1,408), VENTAS,ylab="VENTAS DE COMIDA EN 

BILLONES",xlab="",type="l",main="VENTAS DE COMIDA PARA LLEVAR EN 

BILLONES EN AUSTRALIA, 4/1980 - 4/2014") 

4. points(seq(1,408),forecast(MODELO_1)$fitted,col="red",type="l") 
5. legend("topleft",col=c("red"),legend =c("AJUSTE MODELO 1"), 

lwd=3, bty = "n") 

 

1. > LBD <- BoxCox.out(VENTAS,12)[[2]] 
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2. > LBD 
3. log(xbar.vec) 
4.     0.2031995 
5. > z <- ts(VENTAS, start = c(1980, 4), frequency = 12) #creamos 

un objeto .ts 

6. > MODELO_1=Arima(z,order=c(0,1,1),seasonal=list(order=c(0,1,1),p
eriod=12 ),lambda=LBD) 

7. > Predic.MODELO_1=forecast(MODELO_1,10) 

 

1. > Predic.MODELO_1 

2.          Point Forecast    Lo 80    Hi 80    Lo 95    Hi 95 

3. Apr 2014       3.394086 3.309940 3.479927 3.266074 3.526063 

4. May 2014       3.445363 3.344586 3.548545 3.292197 3.604155 

5. Jun 2014       3.343814 3.232298 3.458374 3.174477 3.520271 

6. Jul 2014       3.543361 3.414319 3.676258 3.347541 3.748200 

7. Aug 2014       3.576020 3.434817 3.721810 3.361889 3.800880 

8. Sep 2014       3.550029 3.399362 3.705970 3.321692 3.790701 

9. Oct 2014       3.662731 3.498409 3.833145 3.413832 3.925880 

10. Nov 2014       3.640733 3.467993 3.820261 3.379232 3.918112 

11. Dec 2014       3.974232 3.779581 4.176788 3.679660 4.287295 

12. Jan 2015       3.599835 3.411797 3.796040 3.315474 3.903300 

13. > plot(Predic.MODELO_1,20) 
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