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BHEHHH N 0l HEH
glasdl LS H
x=c(3,2,1,5,4,7,4,10,8,9)

) ) ) ) ) ) )

X
glad o gSatt

A=rev(x)

A

bislas o I
sort(A,decreasing=F)

Baall LLSH

z-matrix(c(5,2,2,3,4,5,1,4,3),3

z

Bgiall e dndl sLislf
zl=z[ 1]

z1

z2=z[ 2]

z2

z3=z[3,]

z3

3508 Blol #
cbind(z,c(2,3,2))

3)

Jjéﬂ\ ug'}o:j\
> # gleddl 1,135
> x=c(3,2,1,5,4,7,4,10,8,9)

2 1 5 4 7 410 8 9

> Airev(xj
> A
[1] 9 810 4 7 4 5 1 2 3

> #Flode Lad a5yl
> sort(A,decreasing=F)
[1]12344578910
> #is n_m_a_ d_'__
> zZ= matr1x(c(5,2,2,3.4,5.1.4.3),3,3)
> z
[,11 [,2]1 [,3]
[1,] 5 3 1
2,1 2 4 4

[1] 143

> cb1nd(z c(2 3,2))

[,11 [,2] [ 31 [,4]
[1,] ) 3 1 P
[2,] 2 4 4 3
[3,] 2 ) 3 2
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library(readxl)

Gl D ) G laos 0 8800 CULII oS

[l Gl eyl Stgall day e

File, import dataset, from excel

N5 e 8ABL glas

callll Ll Lahe Juf9 Brouse i<
Wy G godl @l Jg Dby Aol eX1 S imiall 8 jlsdsheet J3s o Callt o 83101 dediadl 304 &

dubr

[ leS DU gy import s Lsall ¢

# ) . -

Hbrary(rea&x])
exam <- read_excel("C:/Users/Hp/Desktop/exam.x1sx",

+ sheet = "ex1")
View(exam)
exam <- read_excel("C:/Users/HP/Desktop/exam xlsx’,

+ sheet ="ex1")

0 oW N 3w s W N

View(exam)

(o]
=]

Indicator

Name GDP P

1990 25.38
1991 -1.2 2599
1992 .8 26.63
1993 -2. 27.28
1994 -0.9 27.89
1995 3.8 2847
1996 1 29.03
1997 1 29.58
1998 30.05
1999 30.47

o) A el —1

e\ a1

library(zoo)

library(urca)

(GDP) il Joi#

DA dedad) IS e dey s Ly J1 ALY J6S
GDP<-ts(exam[,2], start=c(1990,1), frequency=1)

> #llwlw Jgl

> GDP<-ts(exam[,2], start=c(1990,1), frequency=1)

Bmgl) e el B ¢ by I BULENY Jlad bl el Yl o8 8 3 anad adl

GDP ild gL it
A ddedl s e 0

("GDP i Jx"=GDP type="1' main)plot

> plot(GDP, type="1",main=""1Lulu

|3 a5 GDP")

(.




il Joa GDP

5 o
1 9‘90 1 9|95 20‘00 20‘05 20‘1 0 20‘1 5 20|20
Time
S @ LUy Jlad bt et Yol
G bLsy Y felastt
A B g g JA > acf_GDP=acf (GDP, lag.max=20,main="10,¥1 JI s SLodl Judaidl
3 Sl bl ")
- > acf_GDP
b °] Autocorrelations of series ‘GDP’, by lag
L€ N
o b Frrrps ] 1 2 3 4 5 6 7
‘ — —_— 1.000 0.321 0.217 0.163 -0.008 -0.067 -0.055 0.030
0 5 10 15 2 8 9 10 11 12 13 14 15
Lag -0.031 -0.132 -0.200 -0.058 -0.116 -0.137 -0.140 -0.150
16 17 18 19 20
-0.100 -0.232 -0.034 -0.016 -0.057
S G BLyY) et
Da DP=pa DP a a 0 a g-.').%-“hl-.':‘)y!dbﬁq—‘.w!d&m!
1) D “ ]
0CO ons o ) b 0 % s ‘ ‘ ‘ ‘ ‘ ‘
'(E“ g | ‘ ‘ ! ‘ ‘ | ‘ ‘ ‘ [
0 0 0,070 -0 0.082 -0.010 0.103 -0.040 o |
0 0 b I I I I
0.159 -0.179 0.108 -0.013 -0.089 -0.168 -0.097 0.050 5 10 15 2
8 9 0 Lag
0.156 0.039 -0.059 -0.066
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> Box.test(GDP, lag=20,type="Ljung-Box") DSam o LU p el w25
Box-Ljung test SV Bpiall ao i) S Sp ol
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data: GDP Sy 15 Bl g (6f degas LUV ¥l
X-squared = 19.597, df = 20, p-value = 0.4834 o .
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, selectla
ummary (adf_t

B S S S g i g i g
# Augmented Dickey-Fuller Test Unit Root Test #
FEB A R S R i S A R

Test regression trend

call:
Im{formula = z.diff ~ z.lag.1 + 1 + tt + z.diff.

Residuals:
Min 10 Median 3Q Max
-6.9932 -0.8324 -0.0821 1.5066 2.7087

Coefficients:

Estimate Std. Error t value Pr(>|t]|)
(Intercept) 4.34017 . 68004 2.583 0.
z.lag.1 -0.88806 L.27300 -3.253 0O
tt -0.08218 .05535 -1.485 0.15062
z.diff.lag -0.03543 .18830 -0.188 0.85232

Signif. codes: 0 ° 0.001 “**' 0.01 **'" 0.05 “." 0.1 °
Residual standard error: 2.08 on 24 degrees of freedom

Multiple R-squared: 0.449, Adjusted R-squared: 0.3801
F-statistic: 6.519 on 3 and 24 DF, p-value: 0.00221

value of test-statistic is: -3.253 3.5421 5.2926

Critical values for test statistics:
lpct 5Spct 10pct

tau3 -4.15 -3.50 -3.18

phi2 7.02 5.13 4.31

phi3 9.31 6.73 5.61

e = "drift", Tla = 5, selectlags = "AIC")

FHH S R S A B A A A A A A A A A A A A S A R
# Augmented Dickey-Fuller Test Unit Root Test #
AR R R R R R R S R R R

Test regression drift

call:
Im(formula = z.diff ~ z.lag.1 + 1 + z_.diff.lag)

Residuals:
Min 10 Median 3Q Max
-7.4893 -0.8193 -0.0650 1.2370 2.9552

Coefficients:

Estimate Std. Error t value
(Intercept) 2.1633 0.8399 2.576 .016
z.lag.1 -0.6969 0.2465 -2.828 0.0091
z.diff.lag -0.1064 0.1865 -0.570 0.5735

Signif. codes: 0 ° 0.001 “#=*’ “*" 0.05 *.7 0.1 " "1

Residual standard error: 2.13 on 25 degrees of freedom
Multiple R-squared: 0.3984, Adjusted R-squared: 0.3503
F-statistic: 8.277 on 2 and 25 DF, p-value: 0.001744

value of test-statistic is: -2.8276 4.0173

Critical values for test statistics:
1pct 5Spct 10pct

tau2 -3.58 -2.93 -2.60

phil 7.06 4.86 3.94
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df_test_ur V] = "none", lags = 5, selectlags = "AIC") < .
ummary (adf. a) dj.ﬂ‘ CQ}O-J‘

o S S e g g g S S s
# Augmented Dickey-Fuller Test Unit Root Test #
FHRR SRR H R R R R AR R R R R R R R R R R R

Test regression none

call:
Im(formula = z.diff ~ z.lag.1 - 1 + z.diff.

Residuals:
Min 10 Median 30 Max
-5.9513 -0.7100 0.2194 2.0760 6.0076

Coefficients:

Estimate Std. Error t value Pr(>|t]|)
z.lag.1 -0.1400 0.1305 -1.073 0.2931
z.diff.lag -0.3546 0.1761 -2.014 0.0545 .

Signif. codes: 0 “*==’ 0.001 ‘**' 0.01 "*" 0.05 “.” 0.1 °

Residual standard error: 2.349 on 26 degrees of freedom
Multiple R-squared: 0.2388, Adjusted R-squared: 0.1802
F-statistic: 4.077 on 2 and 26 DF, p-value: 0.02882

Value of test-statistic is: -1.0731
Critical values for test statistics:

lpct Spct 10pct
taul -2.62 -1.95 -1.61

adf_test_urca <- ur.df{(GDP, type = "trend", lags = 5, selectlags = "AIC")
summary(adf_test_urca)

Wl z3sadi#

adf_test_urca <- ur.df{GDP, type = "drift", lags = 5, selectlags = "AIC")
summary(adf_test_urca)

JoY sl

adf_test_urca <- ur.df{GDP, type = 'none’, lags = 5, selectlags = "AIC")

summary(adf_test_urca)

(P) ok 368
dey Ak SbLy Jhallll) s
P<-ts(exam[,3], start=c(1990,1), frequency=1)
AW e IV e oz Al
("GDP ik Jxi'=P type="1",main)plot

> plot(P,type="1",main="aluls Jl.i.5 GDP")
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Autocorrelations of series ‘', by lag

0 1 1 ] 4 5 b 7 8 9 10 U 1
1.000 0.908 0.815 0.724 0.635 0.547 0.462 0.381 0.303 0.228 0.157 0.089 0.025
vy 16 7 B 19
92 -0.144 -0.192 -0.236 -0.275 -0.310 -0.339
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Partial ACF
02

-0.2
|

5 10 15 20

0 5 10 15 20
Lag
S G bLY el

> P

f_P=pacf (P, Tag.max=20, main=", a1t bL)Y
> pacf_GDP

digs St o ‘)

Partial autocorrelations of series ‘GDP’, by lag

1 2 3 4 5 b 7 8 9 10 1 1 1

0.321 0.127 0.070 -0.111 -0.082 -0.010 0.103 -0.040 -0.159 -0.179 0.108 -0.013 -0.089
o 1w v 1B 19 2
-0.168 -0.097 0.050 -0.156 0.039 -0.059 -0.066

ox.test(P, lag=20,type="Ljung-Box")

Box-Ljung test

data: P
X-squared = 162.41, df = 20, p-value < 2.2e-16
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df_test_urc ur.df(P, type = "trend", lags = 5, selectlags =

ummary (ad
R R R S S
# Augmented Dickey-Fuller Test Unit Root Test #
R R R S S

Test regression trend

call:
Im(formula = z.diff ~ z.lag.1 + 1 + tt + z.diff.lag)

Residuals:
Min 10 Median 30 Max
-0.045012 -0.008277 -0.002908 0.015624 0.029409

Coefficients:

Estimate Std. Err
(Intercept) 1.018450
z.lag.1 -0.042292
tt 0.027302
z.diff.lag 0.962073

Signif. codes: 0 =7 0.001 '0.01 %7 0.05 .7 0.1 °

Residual standard error: 0.0192 on 24 degrees of freedom
Multiple R-squared: 0.9852, Adjusted R-squared: 0.9834
F-statistic: 533.6 on 3 and 24 DF, p-value: < 2.2e-16

value of test-statistic is: -7.465 19.8421 29.0104

Critical values for test statistics:
lpct S5Spct 10pct

tau3d -4.15 -3.50 -3.18

phi2 7.02 5.13 4.31

phi3 9.31 6.73 5.61

df_test_urca -

ummary (adf_t

B A Tt
# augmented Dickey-Fuller Test Unit Root Test #
e e S

Test regression drift

call:
Im(formula = z.diff ~ z.lag.1 + 1 + z.diff.lag)

Residuals:
Min 10 Median 30 Max
-0.040376 -0.011280 -0.004215 0.013025 0.036504

Coefficients:
Estimate . r t value Pr(=|tl])
(Intercept) .015942 0.03 2 0.531 0.6012
.lag.1 .003597 0 1576 2.283 0.0330
.diff.lagl 165228 0.200198 5.820 8.89e-06
.diff.lag2 -0. 7 0.331410 -0.681 0.5033
.diff.lag3 -0.029801 0.333964 -0.089 0.9297
.diff.lag4 0.375887 0.323556 1.162 0.2584
.diff.lag5 -0.520714 0.191702 -2. 0.0129 *

Signif. codes: 0 ***=7 0.001 **=* 0.01 **" 0.05 “.” 0.1 °

Residual standard error: 0.02098 on 21 degrees of freedom
Multiple R-squared: 0.9846, Adjusted R-squared: 0.9802
F-statistic: 223.4 on 6 and 21 DF, p-value: < 2.2e-16

Value of test-statistic is: 2.2826 7.4351

Critical values for test statistics:
1lpct 5Spct 10pct

tau?2 -3.58 -2.93 -2.60

phil 7.06 4.86 3.94
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a

f_test_urca <- ur.df(P, type = "none", lags = 5, selectlags ) "bm G:}d‘

summary (adf_

BRER S S A S R R R R S R R
# Augmented Dickey-Fuller Test Unit Root Test #
SR R

Test regression none

call:
Im(formula = z.diff ~ z.lag.1 - 1 + z.diff.lag)

Residuals:
Min 10 Median 3Q Max
-0.036916 -0.013549 -0.003267 0.013545 0.036582

Coefficients:
Estimate Std. Error t value Pr(=|t]|)
z.lag.1 0.004197 0.001081 3.883 0.000801
z.diff.lagl 1.159392 0.196605 7 6.2e-06
z.diff.lag2 -0.230350 0.325840
z.diff.lag3 -0.029997 0.328466
z.diff.lag4 0.378695 0.318186
z.diff.lag5 -0.522317 0.188522 -2.77

0.487023
0.928062
0.246666
0.011155 *

Signif. codes: #%%' 0.001 ‘**' 0.01 =’ 0.05 .7 0.1 * " 1

Residual standard error: 0.02063 on 22 degrees of freedom
Multiple R-squared: 0.9992, Adjusted R-squared: 0.999
F-statistic: 4607 on 6 and 22 DF, p-value: < 2.2e-16

value of test-statistic is:
Critical values for test statistics:

lpct 5Spct 10pct
taul -2.62 -1.95 -1.61

don i)

(INF) ilds cJo#
Ay Ak by L) ddid) fd

INF<-ts(exam[,4], start=c(1990,1), frequency=1)
AU degladl IV e 06 At 2
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AU BLa M J s Al

ACF
02 02 06 10
1

» acf_INF

Autocorrelations of series ‘INF', by lag

0 1 2 3 4 5 b 7 8 9 10 1 1
1.000 0.843 0.649 0.501 0.331 0.120 -0.027 -0.102 -0.129 -0.128 -0.153 -0.145 -0.136
3 14 15 16 / 19 2
-0.121 -0.117 -0.119 -0.097 -0.076 -0.099 -0.128 -0.104

Partial ACF

ial Bl Y J sl sl Jadl

06
[

0.2
I

-0.2
1

S O LY Jelett
pacf_INF i

Partial autocorrelations of series ‘INF', by lag

1 2 3 4 5 b 7 8 9 10 1 o1n B

0.843 -0.220 0.057 -0.214 -0.238 0.072 (0.036 0.106 0.033 -0.239 0.062 -0.125 0.102
1 1w v B 1
0.011 -0.092 0.101 -0.121 -0.139 0.031 0.053

Box-Ljung test

data: INF
X-squared = 69.571, df = 20, p-value = 2.139e-07
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adf_test_urca <- ur ( , type = "trend", Ta , selectlags = "AIC")

immary (adf_test_

BEEHHEHHHH R S
# Augmented Dickey-Fuller Test Unit Root Test #
BEEHHEHHHH R S

Test regression trend

call:
Im(formula = z.diff ~ z.lag.1 + 1 + tt + z.diff.

Residuals:
Min 10 Median 30 Max
-4.1906 -1.4376 0.2227 1.2090 4.1273

Coefficients:

Estimate Std. Error t value Pr(>|t]|)
(Intercept) 0.40849 1.46954 .27 0.783
z.lag-1 -0.50534 0.07783 .493 1.03e-06
tt 0.09317 0.06053 .53 0.137
z.diff.lag 0.11253 .12024 .93 0.359

Signif. codes: 0 *%' 0.001 ***’ 0.01 =’ 0.05 “." 0.1 °

Residual standard error: 2.259 on 24 degrees of freedom
Multiple R-squared: 0.7127, Adjusted R-squared: 0.6768
F-statistic: 19.84 on 3 and 24 DF, p-value: 1.094e-06

value of test-statistic is: -6.4928 18.6951 27.2192

Critical values for test statistics:
lpct 5Spct 10pct

tau3d -4.15 -3.50 -3.18

phi2 7.02 5.13 4.31

phi3 9.31 6.73 5.61

df_test_urca <- ur.df(INF, type = "drift", lags = 5, selectlags =
mary (adf_

BREHHH R S R R S S S S
# Augmented Dickey-Fuller Test Unit Root Test #
SR R S R i

Test regression drift

call:
Im(formula = z.diff ~ z.Tlag.1 + 1 + z.diff.lag)

Residuals:
Min 10 Median 30 Max
-4.1448 -1.5188 -0.0074 1.7663 4.2202

Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 2.47083 0. 7 3.987 0.000513
z.lag.1 -0.53900 0.0767 -7.026 2.3e-07
z.diff.lag 0.18895 0. 7 1.680 0.105420

Signif. codes: 0 ° 0. . =7 0.05 “.7 0.

Residual standard error: 2.32 on 25 degrees of freedom
Multiple R-squared: 0.6843, Adjusted R-squared: 0.6591
F-statistic: 27.1 on 2 and 25 DF, p-value: 5.505e-07

value of test-statistic is: -7.0261 25.4637

Critical values for test statistics:
lpct 5Spct 10pct

tau?2 -3.58 -2.93 -2.60

phil 7.06 4.86 3.94
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= adf_test_urca < f(INF, type = "none", lags = 5, selectlags = "AIC")

mmary (adf_ _urca) . ’ dj'ﬂ‘ €3 }*J‘
BHEHHEHHE R
# Augmented Dickey-Fuller Test Unit Root Test #
B b B i i

Test regression none

call:
Im(formula = z.diff ~ z.lag.1 - 1 + z.diff.laq)

Residuals:
Min 10 Median 30 Max
-5.1390 -0.6036 1.6903 2.8712 5.7510

Coefficients:

Estimate Std. e
z.lag.1 -0.32638 0.06915 -4.720 7.05e-05 **=
z.diff.lag 0.15444 0.14064 1.098 0.282

Signif. codes: 0 =7 0.001 = 0.01 **7 0.05 .7 0.1 "7 1
Residual standard error: 2.909 on 26 degrees of freedom
Multiple R-squared: 0.5011, Adjusted R-squared: 0.4627
F-statistic: 13.06 on 2 and 26 DF, p-value: 0.0001186

value of test-statistic is: -4.7196

Critical values for test statistics:

lpct 5Spct 10pct
taul -2.62 -1.95 -1.61

Gonid)
@3badY) godl o gsaadly gl sadl 0 JS7 yuS) Adlae piis—2
A1 Raghad! plusizaly

model=lm(exam$GDP~exam$P+exam$INF)
Slodes o S dgimn s 345 -3
Laadt M e
summary(model)

(S WS pddl s il g

Im(formula = exam$GDP ~ exam$P + exam$INF)

Residuals:
Min 1Q Median 3Q Max
-7.6584 -1.1084 0.0049 1.7439 3.2189

Coefficients:

Estimate Std. Error t value Pr(=|t])
(Intercept) 6.02233 .86280 2.104 0.0436 =
exam$p -0.07016 400 -0.948 0.3504
exam$INF -0.11319 .05116 -2.212 0.0344 =

Signif. codes: 0 *=***’ 0.001 ***" 0.01 “*' 0.05 *.” 0.1 * "' 1

Residual standard error: 2.244 on 31 degrees of freedom
Multiple R-squared: 0.1375, Adjusted R-squared: 0.08187
F-statistic: 2.471 on 2 and 31 DF, p-value: 0.101

ciijad\_}ymuﬁ
S Asles Yol
GDP=6,022-0,07P-0,11INF
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> acf_y=act(y,lag.ma:
-ts(exam[,2], st

=y

Qtrl Qtr2 Qtr3 Qtr4
2020 12 22 45 20
pliyal 11 23 60 34
2022 15 13 69 28
2023 7 8 58 39
2024 i) 12 60 45
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~ shapiro.test(y)

Shapiro-wilk normality test

data: vy
W = 0.88411, p-value = 0.02099
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> wilcox.test(y,mu=50)

wWilcoxon signed rank test with continuity correction

data: vy
Vv = 20, p-value = 0.001601
alternative hypothesis: true location is not equal to 50
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