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Abstract:

The recurrent oil crises, particularly the 1986 crisis, prompted Algeria to
consider adopting an economic policy based on achieving economic
diversification through the utilization of its various instruments.

This study addresses the possibility of using an optimal economic policy
as a mechanism for achieving economic diversification in Algeria during the
period 1990 — 2021. To this end, the deductive method was applied in both its
descriptive and analytical aspects, through a theoretical presentation aimed at
grasping the various dimensions of the topic and understanding its variables,
while identifying the key fundamental points related to the study. In addition,
the inductive method was employed through econometric techniques, namely
the Autoregressive Distributed Lag ARDL model and the Threshold
Autoregressive  TAR methodology with instantaneous transition, using the
Eviews13 software. These were used to estimate the model and extract the long-
term significant variables in order to determine their optimal values and the
threshold ranges of the different economic policy instruments. The necessary
constraints for improving those values were obtained using Python 3 software
through the Genetic Algorithm GA methodology. Furthermore, the value of the
economic diversification index was improved.

It was concluded that public expenditure, public revenue, the real
effective exchange rate, and commercial openness are variables that have a
significant long-term effect on the economic diversification index in Algeria
during the study period, and whose optimal values were identified. In contrast,
the money supply and foreign direct investment had only a short-term impact,
which highlights the necessity of integrating and combining economic policy
instruments to achieve a diversified, efficient, and sustainable economy, in order
to ensure economic stability in Algeria.

Keywords: Economic Policy, Economic Diversification, ARDL Model,
TAR Methodology, Genetic Algorithm GA.



Résumé :

Les crises pétrolicres récurrentes, notamment celle de I’année 1986, ont
conduit I’Algérie a envisager 1’adoption d’une politique économique fondée sur
la réalisation de la diversification économique, a travers 1’utilisation de ses
différents instruments.

Cette étude examine la possibilité de recourir a une politiqgue économique
optimale comme mécanisme pour atteindre la diversification économique en
Algérie durant la période allant de 1990 a 2021. A cette fin, la méthode
déductive a été mobilisée dans ses volets descriptif et analytique, a travers une
présentation théorique permettant de cerner les aspects du sujet et de
comprendre ses variables, tout en s’arrétant sur les principaux points
fondamentaux de 1’étude. En outre, la méthode inductive a été utilisée a travers
les techniques d’économétrie, en 1’occurrence le modele de régression
autorégressive a retards échelonnés ARDL, et la méthodologie de régression
autorégressive a seuil avec transition instantanée TAR, a I’aide du logiciel
Eviews13, afin d’estimer le modele et d’identifier les variables significatives a
long terme en vue de déterminer les valeurs optimales et les seuils des différents
instruments de la politique économique. Les contraintes necessaires a
I’amélioration de ces valeurs ont été obtenues au moyen du logiciel Python3, a
travers la méthodologie de 1’algorithme génétique GA. Par ailleurs, la valeur de
I’indice de diversification économique a ¢t€¢ ameliorée.

Il a été conclu que les dépenses publiques, les recettes publiques, le taux
de change effectif réel et I’ouverture commerciale sont des variables ayant un
effet significatif a long terme sur I’indice de diversification économique en
Algérie durant la période d’étude, et dont les valeurs optimales ont été
déterminées. En revanche, la masse monétaire et 1’investissement direct étranger
n’ont eu d’impact qu’a court terme, ce qui souligne la nécessit¢ d’une
intégration et d’'une combinaison des instruments de la politique économique
pour parvenir a une économie diversifiée, efficiente et durable, en vue d’assurer
la stabilité économique en Algérie.

Mots-clés : Politique Economique, Diversification Economique, Modéle
ARDL, Méthodologie TAR, Algorithme Génétique GA.
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Source: S kirk Elwood, Oil-Price Shocks: Beyond Standard Aggregate
Demand/ Aggregate Supply Analysis, The Journal of Economic Education,
Vol 32, N°4, USA, 2001, P 384.
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* The Trade Data on Services are from the International Monetary Fund (IMF) Direction of
Trade Statistics database, via the World Development Indicators.
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00125103, Vol 01, Ministére de L’enseignement Supérieur et de la Recherche, France, 2023,
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import numpy as np
from deap import base, creator, tools, algorithms
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# Create types
creator.create("FitnessMin", base.Fitness, weights=(-1.0,))
creator.create("Individual”, list, fitness=creator.FitnessMin)
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toolbox = base.Toolbox()
toolbox.register("attr_REVENUE", random.uniform, 7.0254, 8.6377)
toolbox.register("attr_SPENDING", random.uniform, 8.8932, 12)
toolbox.register("attr_REER", random.uniform, 1©3.4499, 119.3299)
toolbox.register("attr_T0", random.uniform, 43, 49)
toolbox.register("individual”, tools.initCycle, creator.Individual,
(toolbox.attr_REVENUE, toolbox.attr_ SPENDING,
toolbox.attr_REER, toolbox.attr_T0), n=1)
toolbox.register("population"”, tools.initRepeat, list, toolbox.individual)
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119.329 = REER = 103.449
0254.8.6377 = REVENUE = 7

< SPENDIG 8.8932

349 =TO =4
3254.143 = - —

0 <(REER, REVENUE, SPENDING,TO, - MHHI e
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def ewvaluate(indiwvidual):

REVEMNUE, SPENDING, REER, TO = indiwvidual

# Calculate HHI

HHI = (©.258867 * REVENUE - ©.276859 * SPENDING +
©.884928 * REER + ©.812684 * TO - ©.514462)

# Constraints

constraints = [

7.8254 <= REVENUE <= 8.6377,

SPENDING >= 8.8932,

193.4499 <= REER <= 119.3299,

43 <= TO <= 49,

(np.exp(SPENDING) - np.exp(REVENUE)) < 32254.143,
8 < HHI <= @e.2126

]
# Penalty for constraint wviolations
penalty = sum(® if c else 1888 for c in constraints)

return HHI + penalty,
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# Genetic operators

toolbox.register("mate"”, tools.cxBlend, alpha=8.5)
toolbox.register("mutate"”, tools.mutGaussian, mu=0, sigma=1, indpb=0.2)
toolbox.register("select", tools.selTournament, tournsize=3)
toolbox.register("evaluate"”, evaluate)
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# Run optimization
population = toolbox.population(n=200)
hof = tools.HallOfFame(1)
stats = tools.Statistics(lambda ind: ind.fitness.values)
stats.register("avg", np.mean)
stats.register("min", np.min)
result, log = algorithms.eaSimple(
population, toolbox, cxpb=0.7, mutpb=0.2, ngen=100,
stats=stats, halloffame=hof, verbose=True
)
# Get best solution
best = hof[@]
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Best individual:

REVENUE: 8.5213

SPENDIMNG: 9.015@

REER: 1©3.9846

TO: 44.3561

HHI: ©.1956

Constraint Check:

REVENUE in [7.©254, 8.6377]: Satisfied (REVENUE: 8.5213)
SPENDING »>= 8.8932: Satisfied (SPENDING: 9.8159)

REER in [1©63.4499, 119.3299]: Satisfied (REER: 1©3.9846)
TO in [43, 49]: Satisfied (TO: 44.3561)

exp(SPENDING) exp(REVENUE) < 3254.143:

Satisfied (Value: 3284.9701)

© < HHI <= ©.2126: Satisfied (HHI: ©.1956)
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385 | 98 4.6 9.9 295 (2013 | 33 8.5 7.5 1 98 | 342 | 2001
402 | 104 | 49 | 10.3 27 2014 | 335 | 9.1 7.5 | 92| 327 | 2002
446 | 115 | 55 | 11.6 | 188 [2015| 31.7 | 85 6.8 | 98 | 35.6 | 2003
451 | 11.8 | 5.6 | 122 | 17.3 | 2016 | 31 8.3 6.3 | 95 | 37.7 | 2004
436 | 11.7 | 55 | 11.8 | 196 [2017 | 285 | 7.5 55 | 7.7 | 444 | 2005
415 | 115 | 56 | 119 | 224 | 2018 | 278 | 7.9 53 | 7.5 | 45.7 | 2006
423 | 122 | 5.7 | 124 | 195 | 2019 | 29 8.8 51 | 7.6 | 43.7 | 2007
456 | 128 | 63 | 13.8 | 139 | 2020 | 289 | 8.7 4.7 7 45.3 | 2008
411 | 11.7 | 56 | 122 | 222 | 2021 | 35.6 11 57 194 | 312 | 2009
736,3| 49,9 75 | 9,88 | 431,1 | Lwgdt | 348 | 105 | 5.2 | 85 | 349 | 2010
364 | 9.1 46 | 81| 359 | 2011
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<https://www.ons.dz g3k e 3p5dly olilas W byl el 2ol 2020-1962 2slas) alogdl —

22:49 il Js 2024/04/06 p5 ¢ YoV

- 335 -


https://www.bank-of-algeria.dz/ar/%d8%a7%d9%84%d8%b1%d8%a6%d9%8a%d8%b3%d9%8a%d8%a9/

i

Bugll) 2202122000 8580 I3 5131 3 ST sladYl il phge yelai 1(3-3) 0By 3ol

(Yodyslt 4t
c*\.d\ cv\..!i
Olje0 Otz
el | dla) glé\ O g pead! | Al 6&‘ O g
e gdull e gl
Juy Jey
8,8 52 | 10 | 2,9 | 2011 16.7 44 | 295 | 3.8 | 2000
5,8 9 11 | 34 | 2012 12,9 43 | 273 3 2001
0,6 8 98 | 2,8 | 2013 7.7 1,5 25,9 5,6 | 2002
-4.4 53 10,6 3,8 2014 13 2,6 237 7,2 2003
-16 4.4 11,2 3,7 2015 13 3,6 17,7 43 2004
-16,5 7 1105 32 | 2016 20,5 1,7 | 153 | 59 | 2005
~13,1 49 | 11,7 1,3 | 2017 247 2,6 12,3 1,7 | 2006
-9,6 2,7 11,7 1,4 2018 227 3,5 11,8 3,4 2007
-10 2.4 10,5 1 2019 20,5 45 11,3 2.4 2008
-12,8 3,5 12,6 | -5,1 2020 0,3 3,4 10,2 1,6 2009
28 85 | 127 | 3,5 | 2021 7.5 27 10 3.6 | 2010

: ﬁ’)’day\ &b https://ar.tradingeconomics.com g5 s 8 5591kl llaall M e sl
22:43 el s 2024/04/05
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2,31 57,55 | 88,23 1,45 | 77,73 | 64,06 6,99 77,00 | 53,25 2000

3,61 53,57 | 88,63 1,86 | 74,76 | 64,70 9,67 80,73 | 52,82 2001

2,70 52,03 | 89,86 | 2,47 | 74,93 | 64,79 9,44 81,30 | 61,30 2002

2,56 51,07 | 90,59 | 1,34 | 76,41 | 66,85 9,08 80,85 | 57,08 2003

1,80 52,61 | 91,41 1,22 | 73,36 | 66,45 9,02 77,53 | 56,49 2004

2,59 5220 | 91,92 | 0,95 | 70,62 | 63,01 8,04 74,87 | 55,49 2005

3,00 49,74 | 92,42 | 1,05 | 65,79 | 65,79 7,89 73,31 | 51,98 2006

3,05 47,32 | 93,13 | 0,94 | 63,73 | 64,54 8,62 69,78 | 50,71 2007

3,85 43,22 | 93,06 | 1,04 | 62,24 | 61,83 7,55 71,56 | 51,51 2008

4,20 37,77 | 93,61 0,87 | 66,33 | 63,24 10,30 75,37 | 46,81 2009

4,74 34,96 | 93,59 | 0,81 62,62 | 63,43 10,96 76,03 | 48,70 2010

4,12 32,36 | 93,34 | 0,90 | 61,14 | 63,81 10,11 73,23 | 41,12 2011

5,43 33,20 | 93,96 | 0,90 | 6222 | 63,58 10,25 71,32 | 43,49 2012

4,76 3257 | 94,04 | 0,87 | 60,08 | 63,83 11,05 73,12 | 42,38 2013

7,12 32,18 | 94,00 | 2,03 | 62,61 | 66,95 12,90 76,86 | 45,79 2014

10,29 34,87 | 94,30 | 3,14 | 68,76 | 68,22 18,11 76,52 | 47,65 2015

12,33 36,12 | 93,72 | 3,30 | 71,51 | 70,39 18,37 81,68 | 47,71 2016

11,19 34,82 | 93,51 | 2,67 | 69,70 | 69,83 16,71 81,08 | 44,03 2017

12,79 32,36 | 93,24 - 69,27 | 70,95 16,25 78,95 | 43,46 2018
8,44 30,19 | 92,87 - 71,02 | 70,89 16,57 81,68 | 4297 2019
9,45 25,04 | 93,54 - 71,01 | 69,91 20,25 78,54 | 38,39 2020
10,75 25,12 | 93,55 - 68,07 | 71,94 18,89 80,19 | 36,05 2021

(@M S 335me llasll 1 el
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0,467415 0,00482 | 0,63382 | 0,15585 0,2 0,94 | 0,87 | 1990
0,448526667 | 0,1316 | 0,42184 | 0,17132 | 0,1464 | 0,95 | 0,87 | 1991
0,475835 0,10861 | 0,58563 | 0,18827 | 0,1525 | 0,94 | 0,88 | 1992
0,482601667 | 0,06197 | 0,87833 | 0,15931 | 0,156 0,92 | 0,72 | 1993
0,464696667 | 0,08073 | 0,59145 | 0,1679 | 0,1681 | 0,95 | 0,83 | 1994
0,465753333 | 0,05254 | 0,55045 | 0,1679 | 0,15363 | 0,92 | 0,95 | 1995
0,55262 0,10398 | 0,98384 | 0,1679 | 0,455 | 0,825 | 0,78 | 1996
0,562143333 | 0,09006 | 0,95221 | 0,34759 | 0,471 | 0,822 | 0,69 | 1997
0,476336667 | 0,15893 | 0,80675 | 0,10634 | 0,461 | 0,805 | 0,52 | 1998
0,5004955 | 0,06667 | 0,733353 | 0,10995 | 0,463 0,87 | 0,76 | 1999
0,584313333 | 0,32568 | 0,76669 | 0,35351 | 0,454 | 0,826 | 0,78 | 2000
0,489193333 | 0,12702 | 0,45859 | 0,21655 | 0,479 | 0,834 | 0,82 | 2001
0,431725 0,08073 | 0,43415 | 0,16447 0,48 0,821 | 0,61 | 2002
0,450468333 | 0,16346 | 0,38044 | 0,21491 | 0,468 | 0,836 | 0,64 | 2003
0,451203333 | 0,19492 | 0,2763 0,2 0,457 | 0,819 | 0,76 | 2004
0,473568333 | 0,31288 | 0,19492 | 0,21161 | 0,463 | 0,829 | 0,83 | 2005
0,475526667 | 0,32568 | 0,31715 | 0,19833 | 0,456 | 0,816 | 0,74 | 2006
0,488311667 | 0,30218 | 0,30432 | 0,22637 | 0,474 | 0,803 | 0,82 | 2007
0,490955 0,37208 | 0,34053 | 0,23612 | 0,443 | 0,804 | 0,75 | 2008
0,472028333 | 0,11783 | 0,42184 | 0,2345 0,504 | 0,764 | 0,79 | 2009
0,495966667 | 0,12243 | 0,605 0,22637 | 0,488 | 0,794 | 0,74 | 2010
0,510636667 | 0,16346 | 0,49087 | 0,26649 | 0,489 | 0,784 | 0,87 | 2011
0,505715 0,29573 | 0,37208 | 0,31148 | 0,485 0,72 10,85 | 2012
0,46897 0,06668 | 0,37208 | 0,27906 | 0,467 | 0,729 | 0,9 | 2013
0,485361667 | 0,03832 | 0,40948 | 0,30537 | 0,455 | 0,734 | 0,97 | 2014
0,461815 0,00482 | 0,48284 | 0,29923 | 0,428 | 0,746 | 0,81 | 2015
0,484831667 | 0,10629 | 0,5228 0,3069 0,39 0,783 | 0,8 | 2016
0,481385 0,05726 | 0,53469 | 0,27436 | 0,398 | 0,814 | 0,81 | 2017
0,502381667 | 0,0854 | 0,54652 | 0,30537 | 0,386 | 0,791 | 0,9 | 2018
0,485368333 | 0,03356 | 0,55635 | 0,3023 0,423 | 0,807 | 0,79 | 2019
0,520926667 | 0,10398 | 0,74462 | 0,28996 | 0,401 | 0,806 | 0,78 | 2020
0,503416667 | 0,09238 | 0,72482 | 0,2853 0,4 0,828 | 0,69 | 2021
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- Unctad, Commerce et Développement, Statistique, Commerce et Marchandises,
Indice de Diversification, Données Annuel.

ok ale Ably chttps://unctadstat.unctad.org/FR/Exploration.html a8 e 35l
.00:06 =L e 2024/05/29
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ol ade Wl chttps://www.bank-of-algeria.dz 3, e spsdly b sl 2021w
11:20 el Le 2025/01/23

£2021-21990 5541 I3 Lwhyldl Sl pad o gl Dlsla Y1 ((1-4) o3, 3l

Date: 03/18/25 Time: 16:56
Sample: 1990 2021

HHI PSPENDING PREVENUES MMASS REER TO FDI
Mean 0.478074 3503.162 2633.766 6891.632 114.0631 51.50000 0.764081
Median 0.483717 2252.525 1777.958 4502.050 102.9750 53.50000 0.703882
Maximum 0.584313 T741.345 6826.900 20053.50 220.9600 51.00000 1.873492
Minimum 0.153630 136.5000 152.5000 343.0000 86.80000 38.00000 -0.286832
Std. Dev. 0.067367 2872.411 2130.247 8207.397 25.99856 7.304440 0.572381
Skewness -3.423085 0.350625 0.680758 0.613720 2.411482 -0.483128 0.157285
Kurtosis 18.27192 1.438472 2.194913 1.972357 10.10410 1.866451 2.340141
Jarque-Bera 373.4691 3.902666 3.335855 3.416876 98.30581 2.858109 0.712491
Probability 0.000000 0.142085 0.188638 0.181148 0.000000 0.227853 0.700301
Sum 15.29837 112101.2 84280.50 220532.2 3650.020 1648.000 24.45058
Sum Sq. Dev. 0.140887 2.56E+08 1.41E+08 1.19E+09 20855.29 1654.000 10.15620
Observations 32 32 32 32 32 32 32

Eviews13 oz e slaeVu U slasl oo 1 gdeall
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Covariance Analysis: Ordinary
Date: 03/18/25 Time: 16:57
Sample: 1990 2021
Included observations: 32
Correlation
Probabilit: HHI _PSPENDING PREVENUES MMASS REER TO EDI
HHI 1.000000
PSPENDING 0.173191 1.000000
0.3432 s
PREVENUES 0.182039 0.958065 1.000000
0.3187 0.0000 -
MMASS 0.183910 0.973081 0.978678 1.000000
0.3137 0.0000 o.cooO0  ——
REER -0.056944 -0 665079 -0.662013 -0.650180 1.000000
0.7569 0.0000 0.0000 0.0001 —
TO 0.197980 0.759650 0.6920099 0.701518 -0.779571 1.000000
0.2774 0.0000 0.0000 0.0000 0.0000 —
FDI 0.176157 0.085367 0.109848 0.057207 -0.396100 0.494572 1.000000
0.3348 0.6423 0.5495 0.7558 0.0248 0.0040 —

Eviews13 oz e slaeVU U slasl oyl
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Null Hypethesis: HHI has a unit root
Exogenous: Constant, Linear Trend

Lag Length: 5 (Automatic - based on AIC, maxlag=7)

Null Hypothesis: HHI has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 6 (Newey-West automatic) using Bartlett kernel

1-Statistic Prob.”

Adj. t-Stat

b

Augmented Dickey-Fuller test statistic

-11.39753  0.0000

Phillips-Perron test statistic

-6.544743  0.0000

1% level
5% level
10% level

Test critical values:

-4.356068
-3.595026
-3.233456

Test critical values:

1% level

5% level
10% level

-4.284580
-3.562882
-3.215267

“MacKinnon (1996) one-sided p-values.

*MacKinnon (1996) one-sided p-values.

Null Hypothesis: HH is stationary
Exogenous: Constant
Bandwidth: 2 (Used-specified) using Bartlett kernel

Null Hypothesis: HHI s stationary
Exogenous: Constant, Linear Trend
Bandwidth: 7 (Newsy-West automatic) using Bartett kerel

Nul Hypothesis: D(HHI) s stationary
Exagenous: Constant
Bandwidth: 2 (Used-spacified) using Bartiett kemel

Nuil Hypothesis: D(HHI)is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 2 (Used-specified) using Bartistt kernel

Lu-stat. L-stat Lustat Lu-stat
Kwiatkowski-Phillps-Schmidt-Shin test statistic 0.198854 m test statstc 025989 ‘st statistc 0050246 m test statistc 0.050050
Eesmptoii cRkaramon: ot lovel 0739000 || Asvmetet ericarvaes % ovel 021000 I} ot crncalvalves el a7ssao [ #smetec crical vaes o level 0216000
S5 loval 0463000 Stlevel o145000 S 0 4e3000 S%lere 0145000
10% level 0.347000 jlo%eisval ofiee00 10% level 0.347000 il ol otfon0
“KuatkowsK-Pilps-Schmidt-Shin (1992, Table 1 “KiatkonsKi-Phillps-Schmiat-Shin (1982, Table 1
“Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1) & ‘ % “Kwiatkowski-Phillips-Schmit-Shin (1992, Table 1) e Gl
Residual variance (no correction 0004208 Resicual vriance (o correcton) 0008415
Residual variance (no correction) 0.004396 HAC corrected variance (Bartlett kernel) 0.001121 Residual variance (no correction) 0.009420 HAC corrected variance (Bartlett kemel) 0.002829
HAC corrected variance (Bartistt kerei) 0.003534 oon2831
KPS Test Equation KPSS Test Equation
KPSS Test Equation Dependent Variable: HHI KPS Test Equation Dependent Variabi: D(HH)
Dependent Variable: HHI Metho: Least Sauares Dependent Variabe: DIHH) Method: Least S
Meihod: Lesst Sauar Date: 05106725 Time: 12:02 Py Date: 05106125 Time: 11:52
Date: 05/06/25 Time: 11:48 Sample: 1990 2021 Date: 05/06/25 Time: 11:52 ‘Sample (adjusted): 1991 2021
Samaie 120 Included observations: 32 Sample (acusec): 1891 2021 Included observations: 31 ater adjustments
Included obsarvations: 32 Included observations: 31 ate acusiments
Variable Gosffcient_std.Error_t-Statistic__Prob. Variable Cosfficent _Sta. Eror _vStatiste_Prob.
Vriable Cosficient _ Std. Error__ t-Statistic __Prob. S e e o o Variable Cosflcnt St Ermor _tStatstc  Prob o HieE. G S ol
c 0.478074 0.011909  40.14438 0.0000 @TREND("1990") 0001481  0.001283  1.154591  0.2574 c 0001161 0017720  0.065540  0.9482 (@TREND("1990") 9.47E-05 0002015 0047016  0.9628|
R-squared 0.042545 Mean dependent var 0.478074 R-squared 0.000076  Mean dependent var 0.001161
Resquared 0000000 Mean cependentvar 0478074 IIIl igjucted Rsquared  0.010630  S.D. depencentvar  0.067367 fI| | Rsauares 0000000 Mean cependentvar  0.001161 lIi Ay steq Rsquared  -0.034404 S..cependentvar  0.098658
Adjusted R-squared  0.000000  S.D. dependentvar  0.067367 (] 5% % reqreceion 0067008 Akalke Info crterion 2507567 [J[| Adlusted Resquared 0000000 S.D. dependentvar  0.038659 E ofregession 0100342 Akaikemfocrieron 1698125
S.E. of regression 0067367  Akaike o criterion 2526580 ||| Sumsquaredresia  0.134701 Schwars crtrion 2arsoas I SE otregressin  oosesss mvakeimocrterion 1762555} Sumsquarearesia 021987 Schwarzcrterion  -1.605610
Sum squared resid 0.140687 Schwarz criterion -2.480776 Log likelinood 4212091 Hannan-Quinn criter.  -2.477191 Sum squared resid 0292009 Schwarz criterion -1.716308 Log likelihood 2832094 Hannan-Quinn criter. 1667968
i 41.42528  Hannan-Quinn criter. -2.511397 F-statistic 1.333081  Durbin-Watson stat 2167854 Log likelihood 2831976  Hannan-Quinn criter. -1.747486 F-statistic 0.002210  Durbin-Watson stat 2.839447|
Durbin-Watson stat __ 2.075837 Prob(F-staistc) 0257372 Durbin-Vatson siat 2836230 Pron(F-staist) 062623

Eviews13 bz e slasVU a-Ulslisl o 0 ydaall
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Null Hypothesis: D(PSPENDING) has a unit root Null Hypothesis: D(PSPENDING) has a unit root
Exogenous: Constant, Linear Trend Exogenous: Constant, Linear Trend
Bandwidth: 3 (Newey-West automatic) using Bartlett kernel Lag Length: 1 (Fixed)

Adj. t-Stat  Prob.* t-Statistic Prob.”

Phillips-Perron test statistic -5.649787  0.0004 Augmented Dickey-Fuller test statistic -5.149166  0.0014
Test critical values: 1% level -4.296729 Test critical values: 1% level -4.309824

5% level -3.568379 5% level -3.574244

10% level -3.218382 10% level -3.221728

“MacKinnon (1998) one-siced p-values. *MacKinnon (1996) one-sided p-values.

Null Hypothesis: PSPENDING s stationary 'Null Hypothesis: PSPENDING 1s siaionary Nl ypothesis: D(PSPENDING) i stzionary 'Null Fypothesis: D(PSPENDING) 15 stationary
Exogenous: Constant Exogenous: Constant, Linear Trend Exogenus: Constant Exogenous: Constant, Linear Trend
Bandwidin: 5 (Newey-West automatic) using Bartlett kemel Bandwidth: 4 (Newey-West automatic) using Bartett kemel Bandiictn: 3 (Newey-Iest avtomati) sing Bartetkemel Bendwidih: 3 (Newey-West automaic) using Sarlett kemel
Lit-stat, Lit-stat st Li-stat
: ekl G " teststatstc 0431981 = T " sast sotisic 0.152288
e oy s . Oiza000d Asymptotic crtica values 1% level ozte000 [l Lemedensic-En s Senr e 72000 J|[l| Asymetoti crtcal values: 19% lovel 0216000
5% level 0145000 5% level 0146000
oo level 2983000, 10% level 0115000 elowl S4ea00g. 10% level 0115000
10% level 0.347000 10% lvel 0347000
“Kuiatkowski-Philips-Schmict-Shin (1952, Table 1 “Kuiatkowski-Philips-Schmidt-Shin (1992, Table 1
“Kwiatkowski-Phillps-Schmidt-Shin (1992, Table 1) i ‘ ! “KuiatkowsK-Phillps-Schrict-Shin (1992, Table 1) A L J
Residual variance (no correction) 6722023 Residual varlance (no correction) 2426348
Residual variance (no correction)] 7992908, HAC corrected variance (Bartlett kernel) 2373738, Residual variance (no correction) 243874.9 HAC corrected variance (Bartlett kernel) 189914.3
HAC corrected variance (Barllett kerel) 41206682 rected taas42
KPSS Test Equation KPSS Test Equation
KPSS Test Equation Dependent Variable: PSPENDING KPSS Test Equation Dependent Variable: D(PSPENDING)
Dependent Varlable: PSPENDING Method: Least Sauares Dependent Varable: DIPSPENDING) Method: Least Squares
Method: Least Squares Date: 05/06/25 Time: 12:15 Method: Least Squares. Date: 05/06/25 Time: 12:17
Date: 05/06/256 Time: 12:14 Sample: 1990 2021 Date: 05/06/25 Time: 12:16 Sample (adjusted): 1991 2021
Sample: 1990 2021 Included obssrvations: 32 Sormplo (adlustedy 1931 2021 Included obssrvations: 31 after acjustments
Included observations: 32 Included observations: 31 afte adjusiments
Variable Coefficient _ Std_Ermor _ t-Statistic _Prob Variable Coefficient _ Std. Eror __t-Statstic__Prob
Variable Coeficient _ Std. Error _t-Statistic__Prob. S e B0 SEE o Variatle Cosffcient S, Emor_t.atsic_Prob. S i UsE T ok
= e Woros G5l 00 @TReEND( 2930416 1621221  18.07537 00000 ® SHE, R TABE U @TRENDC1930) 3605646 1023084 0352428 07271
R-squared 0915900 Mean dependent 3503.162 Resquared 0004265 Mean dependent 2352328
Adjusted R-squared 0.000000  S.D. dependent var 2872.411 SE. of regression 8467678  Akalke Info criterion 16.38118 Adjusted R-squared 0.000000  S.D. dependent var 502.0000 S.E. of regression 509.4920  Akalke Info criterion 15.36705
S.E. of regression 2872411 Akakenfocrterion 1879444 M|l Sumcquaredresia 21510474 Schwarz erterion iearzso [ SEocfreoression 5020000 Acakeimtocrierin 1530680 Ml Sumsquarearesis 7527880, Scwarz crerion 15.45956
Sum squared resid 256408 Schwarz criterion 18.84025 I} Lo ikeinooa 2600981 Hamnan-quinncrter. 1641156 (|| Sumsauersaresia 7860121, Schwarz siteron 1535305 I [} Lo keinood 2361893 Hannan-Guinn tfter.  18.39720
Log likelinood 2997111 Hannan-Quinn criter.  18.80963 |} F-statstc 3267189 DubinWatsonstat 036627 ||} Loa ikeliooa 2362555 Haman-Quincrter. 1532158 I [l F-staistc 0124206 Durbin-Watsonsiat 2157114
Durbin-Watson stat 0036264 ProbiF-statistic) 0.000000 Dutin-Watsonstat 2148282 Prob(F-statisic) 0727085

Eviews13 bz Lo slasVU aUlslisl s 0 ydaall
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Null Hypothesis: D(PREVENUES) has a unit root Null Hypothesis: D(PREVENUES) has a unit root
Exogenous: Constant Exogenous: Constant
Lag Length: 2 (Automatic - based on SIC, maxlag=7) Bandwidth: 13 (Newey-West automatic) using Bartlett kernel

t-Statistic ~ Prob.” Adj. t-Stat  Prob."

Augmented Dickey-Fuller test statistic -4.630798  0.0010 Phillips-Perron test statistic -6.651714  0.0000

Test critical values: 1% level -3.689194 Testcritical values: 1% level -3670170
5% level 2971853 2 el o

10%level 2625121 i il

"MacKinnon (1996) one-sided p-values. “MacKinnon (1996) cne-sicied p-values.
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Null Hypothesis: D(PREVENUES) is stationary Null Hypothesis: PREVENUES is stationary. Nl Fypothesis: PREVENUES s sationary Nuil Hypothesis: DIPREVENUES) s statonary
Exogenous: Constant, Linear Trend Exogenous: Constant Exogenous: Constant, Linear Trend Exogenous: Constant
Bandwidth: 2 (Used-specified) using Barlett kernel Banduwidth: 2 (Used-specified) using Bartlett kernel Banwidih: 2 (Used-specied) using Bartet kemel Bandvicth: 2 (Usec-specified) using Bartet kemel
LM-Stat. LM-Stat. LV-Stat. Li-Stat.
test staistic 0.038365 LU 1087002 I & test tatstic 0245038 TR T
Asymptotic crcal values* 19% level 0.216000 4 Asymplotic cricalvalues" 1o lovel 0215000 e ]
1%l Q2e000 I Asymptotic crtical values: olevel or39000 Nl Q21e000 QI oot criicalvaues T orese
10% level 0.115000 e, o des000 10% evel 0113000 . e
“Kwiatkowski-Phillps-Schmidt-Shin (1982, Table 1 “Kiatkowski-Philips-Schmict-Shin (1982, Table 1
wistowsiPMReSchodt-onin( SeD) “Kwiatkowsk-Phillps-Schmidt-Shin (1992, Table 1) e ST S “Kuatkowski-Phillps-Schmit-Shin (1992, Table 1)
Residual variance (no correction) 198263.1 - =
FAG comected variance (Barteft kerel) 1asz06s || Resicualvarience (no correction) 4396140, [N 32 Conected vanance (Bartett kemel aratans B Resouatvariance o corecton) 2055812
HAC corrected variance (Bartett kemel) 12044661 HAC corrected varance (Barletkernel) 1637465
KPSS Test Equation KPSS Test Equation
Dependent Variable: D(PREVENUES) KPSS Test Equation Dependent Varisble: PREVENUES KPS Test Equation
Method: Least Squares Dependent Variable: PREVENUES Method: Least Sauares Dependent Variable: D(PREVENUES)
Date: 08/06/25 Time: 12:12 Method: Least Squares Date: 0505125 Tims: 12:11 Method: Least Sauares
Sample (adiusted): 1991 2021 Date: 0510625 Time. 12:10 Sampl: 1990 2021 Date: 0510
Included observations: 31 after adjustments ‘Sample: 1590 2021 Included obssvatins: 32 e
Included observations: 32 Included observations: 31 after acjusments
Variable Cosfficlent  Std. Error _ t:Statistic _Prob. Variable Cosficlent St Eror _ t:Statstc _ Prob
= ST s U o Variable Coeffilent  Std. Error _t-Statistic _Prob, c St Bl o Verieble Cosffclent  Std.Eror _tStatiste Prob,
@TREND("1990") 9564316  9.244383 1034611 03094 = e @TREND"IS0) 2169363 1225594 1770051 00000 s iR e DGR oo
Resquared 0035597 Mean dependentvar  207.8032 Resquared 0312615 Mean dependentvar  2633.765
Adjusted R-squared  0.002342 5.0, dependentvar  460.9056 JJ|| R-savared 0000000 Mean dependentvar 2633768 Il (GUAICR ciares 0908705 8.0 copendentvar 2130247 [ Resauares 0000000 Mean dependent var 207.3032
SEE. of regression 4603656 Akaike infocriterion  15.16426 [|[| Adiusted Rsquared 0000000 5.0.dependentvar 2130247 I) S ofreqression  640.1308 Avakemfocrierion  15.62168 [J[| Adisted Rsquared 0000000 . depencentvar 460056
Sumsquaredresid 6146157, Schwarz criterion 1525678 || S of recression 2130247 Akalke infocrterion  18.19661 I Sumsqusredresia 12293023 Schwarz crterion i5orms || SEotrearession 4605056 Akalkeimocrteron 1513559,
Log likelihood -233.0460  Hannan-Quinn criter. 15.19442 Sum squared resid 141E+08  Schwarz criterion 18.24242 Log likelihood -251.1469  Hannan-Quinn criter. 15.85205 Sum squared resid 6373018.  Schwarz criterion 15.18225
Fatatistic 1070419 Duroin-Watson stat  2.432175 ||| Log likelinood 2901458 Hannan-quinn criter.  18.21180 || F-statitc 3133081 DubinWatsonstat 0518531 [J|| Lo ikeinoca 2836078 Haman-Qumncrter, 1515107,
Probif-statistic) 0300402 Durbin-Watson stat _0.054828 Pron(F-satsic) 0000000 DutinWatsonstat  2.347748
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Null Hypothesis: D(MMASS) has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 1 (Fixed)

Null Hypothesis: D(MMASS) has a unit root
Exogenous: Constant, Linear Trend
Bandwidth: 2 (Newey-West automatic) using Bartlett kernel

t-Statistic

Prob.* Adj. t-Stat

Augmented Dickey-Fuller test statistic

-5.837558

0.0002 Phillips-Perron test statistic -4.680469  0.0040

Test critical values: 1% level
5% level
10% level

-4.309824
-3.574244
-3.221728

Test critical values: 1% level -4.296729
5% level -3.568379
10% level -3.218382

*MacKinnon (1996) one-sided p-values.

*MacKinnon (1996) one-sided p-values.

-
Null Hypothesis: D(MMASS) i stationary Null Hypothesis: MMASS is stationary Null Hypothesis: MMASS s stationary Null Hypothesis: D(MMASS) is stationary
Exogenous: Constant, Linear Trend Exogenous: Cons Exogenous: Constant, Linear Trend Exogenous: Constant
Bandwidth: 3 (Newey-West automatic) using Bartett kernel Bandwicth 2 (Used-specifie) using Bartett kemel Bandwidth: 2 (Used-specified) using Bartett kernel Bandwicth: 2 (Usec-speciied) using Bartett kerel

LM-Stat. Lv-stat. LM-Stat Lv-stat
test statistic 0066430 test statistc 0293755 . "
i 2 test statistic 1111085 i test statistic 0897441
Asymplotic critical values’ 1% lovel 0216000 ‘Asymptotic critical values™: 1% level 0.739000 Asympiotic critical values 1% lovel 9.216000 ‘Asymptotic critical values” 1% level 0.733000
5% level 0146000 i 5% level 0146000
10% level 0.113000 S fovel Daea0n0 10% level 0.113000 o3 lavel Daes000
10% level 0347000 10% level 0347000
“Kwiatkowsk-Phillps-Sehmidt-Shin (1992, Tabl “Kwiatkowsk-Phillps-Schmidt-Shin (1982, Table 1
Foty oW e 2 SO ShIDL 2 TRRT) “Kwatkowski-Phillps-Schmit-Shin (1992, Table 1) eow TR S T “Kwiatkowski-Phillps-Schmict-Shin (1992, Table 1)
Residual variance (no correction) 2358733 Residual variance (no correction) 2810231
HAG corrected variance (Bartlett kernel) 146309.8 Residual variance (no correction) 37327659 HAC corrected variance (Bartlett kernel) 7120920. Residual variance (no correction) 3815046
1.02E+08 HAC corrected variance (Bartett kemel) 509956.1
KPSS Test Equation KPSS Test Equation
Dependent Variable: DMMASS) KPSS Test Equation Dependent Variable: MMASS KPSS Test Equation
Method: Least Squares Dependent Variable: MMASS Method: Least Squares Dependent Variable: DMMASS)
Date: 05/06/25 Time: 12:05 Method: Least Squares Date: 05/06/25_Time: 11:56 Method: Least Squares
Sample (aciusted): 19912021 Date: 05106125 Time: 11:55 Sample: 1990 2021 Date: 05106125 Time: 11:56
Included observations: 31 after adjustments Sample: 1980 2021 Included observations: 32 ‘Sample (adjusted): 1991 2021
Included observations: 32 Included observations: 31 after adjustments
Variable Cosfficient _ Std. Error _t-Statistic_Prob. Variable Coefficent_ Std. Erfor _t-Statistic _Prob.
P e Variable Coeffclent  Std. Eror _ t-Statistic _Prob. P eriin  SBisi  4eeais 000 Variable Coefficlent  Std. Emor  tStatistic Prob.
@TREND(1990") 4266604  10.08313 4231428  0.0002 c cRiEn 073 SOE 000 @TREND('1990") 6363148  33.14845  19.19591  0.0000 c cath W7eE Eeoe] oo
R-squared 0381729 Mean dependentvar  635.8226 Resquared 0924715 Mean dependentvar 6891632
Adjusted R-squared 0.360409  S.D. dependent var 627.8705 Resquared 0000000  Mean dependent var  6891.632 Adjusted R-squared 0.822205  S.D. dependent var 6207.397 Resquared 0.000000  Mean dependent var 635.8226
SE. of regression 5021359 Akeikeinfocrteron 1533796 ||| Aciusied Rsquared  0.000000 ~S.D.dependentvar  6207.397 SEE. of regression 1731352 Akaikeinfocrteron 1781165 ||| Aciusted Rsquered 0000000 S.D.dependentvar  627.8705
Sumsquaredresid 7312072,  Schwarz criterion 1543047l SE-of regression 6207397 Akake info crterion 2033562 Sumsquaredresid 89927398  Schwarz criterion 1790326 | SE. of regression 6278705 Akaike infocrterion 1575427
Log likelinood 2357384 Hamnan-auimcrier. 1536812 [|[[| Sumsauaresresia  1.19E+08  Schwarz erterion 2038143 Log likelinood 2829865 Hannan-Quimneriter.  17.84202 ||| Sumsauaredresis 11826642 Schwarz criterion 1680053
Fstatistc 1750498 Dubin-Watsonstat  1.888125 Log likelinood 3243700 Hamnan-Quimncrter.  20.35081 Fstatistic 3684831 Duroin-Watsonstat  0.131513 || Loa tketinood 243.1912  Hannan-Quinn criter.  15.76935
Probi(F-stastic) 0.000213 Durbin-Watsonstat 0.020383 Prob(F-statstic) 0.000000 Durbin-Watson stat  1.179507
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Null Hypothesis: REER has a unit root Null Hypothesis: REER has a unit root
Exogenous: Constant Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=7) Bandwidth: 3 (Used-specified) using Bartlett kernel

{-Statistic Prob.” Adj. t-Stat Prob.”

Augmented Dickey-Fuller test statistic -5.933243  0.0000 Phillips-Perron test statistic -5.502323  0.0001
Test critical values: 1% level -3.661661 Test critical values: 1% level -3.661661

5% level -2.960411 5% level -2.960411

10% level -2.618160 10% level -2.619160

*MacKinnen (1996) one-sided p-values. *MacKinnon (1996) one-sided p-values.

e —
Null Hypothesis: REER is stationary Null Hypothesis: REER s stationary Null Hypothesis: D(REER) is stationary Null Hypothesis: D(REER) is stationary
Exogenous: Constant Exogenous: Constant, Linear Trend Exogenous: Constant Exogenous: Constant, Linear Trend
Bandwidth: 4 (Newey-\West automatic) using Bartlett kernel Bandwidth: 3 (Newey-West automatic) using Bartett kemel Bandwidih: 5 (Newey-West automatic) using Bartitt kemel Bandwith: 2 (Usec-specified) using Bartiett kemel
LM-Stat. LM-Stat. LM-Stat. LM-Stat.
Kuiatkowski-Philips-Schmict-Shin test statistic 0696780 : in test stafisic 0.196385 test statistic 0.334027 i os:Schmi test statistic pl21778
Asymptotic criical values” 1% level 0.739000 [ Asymtotic rtical valu el 9215000 Asymptotic criical values” 1% level 0739000 Asymptotc crticel values; dklovel 9216000
5% level 0.146000 5% level 0146000
Sl 983000 10% level 0.113000 Zejert 2e3000 10%level 0113000
10% level 0.347000 10% level 0.347000 et
“Kuiatkowski-Phillps-Schmidt-Shin (1992, Table 1) “Kwiatkowski-Philips-Schmidt-Shin (1992, Table 1)
*Kwiatkowski-Phillps-Schmidt-Shin (1992, Table 1) “Kuiatkowski-Philips-Schmidt-Shin (1992, Table 1)
Residual variance (no correction) 256.9940 Residual variance (no correction) 2938136
Residual variance (no correction) 654.8527 HAC corrected variance (Bartlett kemel) 319.0056 Residual variance (no correction) 314.9301 HAC corrected variance (Bartiett kernel) 191.5486
HAC corrected variance (Bartltt kernel) 1803.752 variance (Bartiett kemel) 223.9874
KPSS Test Equation KPSS Test Equation
KPSS Test Equation Dependent Variable: REER KPSS Test Equation Dependent Variable: D(REER)
Dependent Variable: REER Method: Least Squares Dependent Variable: DREER) Method: Least Squares
Method: Least Squares Date: 05/06/25 Time: 18:53 Method: Least Squares Date: 05/06/25 Time: 18:54
Dats: 05/06/25  Time: 18:52 Sample: 1990 2021 Date: 05/06/25 Time: 18:53 ‘Sample (adjusted): 1991 2021
Sample: 1990 2021 Included observations: 32 ‘Sample (acjusted); 1881 2021 Included observations: 31 after adjustments
Included observations: 32 Included observations: 31 after adjustments
Variable Coefficient  Std. Error _ tStatistic _Prob. Variable Coefficient St Error _ t-Statistic _Prob.
Variable Coeficient  Std. Emor  t-Statistic  Prob. o AT GTAR 25500 00 Variable Coeficient ~ Sto.Eror  tStafisic  Prob, c ATSdi0, ChEzl B oe
5 i AEEIE GEITS 000 @TREND("1 2154879 0318227 6771515 00000 c Pl @TREND('1990") 0513765  0.355870  1.443688  0.1595
Resquared 0604500  Mean dependentvar  114.0631 R-squared 0067051 Mean dependentvar 4327742
Resquared 0.000000 ~ Mean dependentvar 1140631 lIf agusted Rsquared 0591317 S.D.dependentvar 2599956 Resquered 0000000 ‘Meandapénidentvar, 24327742 Adjusted R-squared 0034881 S.D.dependentvar  18.03962
Adjusted R-squared 0.000000  S.D. dependent var 25.99956 SE. of regression 16.62108  Akaike info criterion 8519682 Adjusted R-squared 0000000  S.D. dependent var 18.03962 S.E. of regression 17.72221  Akaike info criterion 8649855
SE. of regression 2599956  Akalke info criterion 9384787 Il <im squared resid 8267807 Schwarz criterion 85611290 SE. of regression 1803962 Akakeinfocrterion 8654744 ‘Sum'squared resid 9108223 Schwarz criterion 8742370
Sum squared resid 2095529 Schwarz criterion 9.430592 Log likelihood 1343149 Hannan-Quinn criter.  8.550048 ‘Sum squared resid 9762.833  Schwarz criterion 8701001 Log likelihood -1320728  Hannan-Quinn criter.  8.680013
Log likelihood -149.1566  Hannan-Quinn criter. 9.399970 F-statistic 4585342 Durbin-Watson stat 1195635 Log likelihood -133.1485  Hannan-Quinn criter.  8.669823 F-statistic 2.084236  Durbin-Watson stat 1.44729%
Durbin-Watsonstat 0493596 Prob(F-statstic) 0.000000 Durbin-Waison stat 1.358362 Prob(F-statistic) 0.159544
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Null Hypothesis; D(FDI) has a unit root Null Hypothesis: D(FDI) has a unit root
Exogenous: Constant Exogenous: Constant
Lag Length: 1 (Automatic - based on AIC, maxlag=7) Bandwidth: 5 (Newey-West automatic) using Bartlett kernel

t-Statistic ~ Prob." Adj.t-Stat  Prob.*

Augmented Dickey-Fuller test statistic -5.773443  0.0000 Phillips-Perron test statistic -7.989318  0.0000
Test critical values: 1% level -3.679322 Test critical values: 1% level -3.670170

5% level -2.967767 5% level -2.963972

10% level -2.622989 10% level -2.621007

*MacKinnon (1996) cne-sided p-values. *MacKinnon (1996) one-sided p-values.
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Null Hypothesis: D(FDI) is stationary Null Hypothesis: FDI is stationary Null Hypothesis: FDI is stationary Null Hypothesis: D(FDI) is stationary
Exogenous: Constant, Linear Tre xogenous: Constant Exogenous: Constant, Linear Tre Exogenous: Constant
Bandwidth: 2 (Used-specified) using Bartlett kernel Bandwidth: 2 (Used-specified) using Bartlett kernel Bandwidth: 2 (Used-specified) using Bartlett kernel Bandwidth: 6 (Newey-West automatic) using Bartlett kernel
Lv-Stat. st Lv-stat. Lwstat
n test statstic 0055561 TR SatizE n test statstc 0240439 . e
‘Asymptotic critical values’ 1% level 0.216000 ‘Asymptotic critical values*: 1% level 0.733000 Asymptotic critical values® 1% level 0.216000 ‘Asymptotic critical values" 1% level 0.739000
5% level 0146000 5% level 0146000 u
10% level 0.119000 S evel Qaga000, 10% level 0.119000 o feve. 453000
10% level 0.347000 10% level 0.347000
“Kwiatkowski-Phillps-Schmidt-Shin (1892, Table 1 “Kuiatkowski-Philips-Schmidt-Shin (1982, Table 1
B ¢ b *Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1) e g . “Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)
Residual variance (no correction) 0.234692 Residual variance (no correction) 0.294631
HAC corracted variance (Bartett kemel) 0.099249 ||| Resicual varance (no correcton) 0317381 I} FiAC corrscted variance (Bartiett kernei) 0602174 [}l Resicual variance (no correcton) 0238441
064344 variance 0073620
KPSS Test Equation KPSS Test Equation
Dependent Variable: D(FDI) KPSS Test Equation Dependent Variable: FDI KPSS Test Equation
Method: Least Squares Dependent Variable: FDI lethod: Least Squares Dependent Variable: D(FDI)
Date: 0510625 Time: 11:40 Methoo: Least Squares. Date: 05/06/25 Time: 11:38 Method: Least 5
Sample (acjusted): 1991 2021 Date: 05106725 Time: 11:35 Sample: 1990 Date: 05106/25  Time: 1200
Included observations: 31 after adjusiments okl Included observafions: 32 Sormoln (rgstets 199712021
Included observations: 32 Included observations: 31 after adjusiments
Variable Coeffcient  Std. Eror _ t-Statistic _Prob Variable Cosffcient  Std. Error _ tStatistic _ Prob
c 0124556 0184364 0675599 0.5046 Variable Coefficient ~ Std. Error  t-Statistic Prob. c 0510870 0193645 2638176 0.0131 Variable Coefficient ~ Std. Error  t-Statistic Prob.
@TREND("1990") -0.006845 0.010058  -0.680565 0.5015 c 0.764081 0101184 7551432 0,000 @TREND("1880") 0.016336 0.010733 1.522016 0.1385 c 0015036 0089152 0168652 0.8672
R-squared 0.015720  Mean dependent var 0.015036 R-squared 0.071683  Mean dependent var 0.764081
Adjusted Resquared  -0016220  S.D. depencentvar  0.496376 | Rsauared 0000000 Mean dependentvar 0764081 IY qjusted Rsquared  0.040735  S..dependentvar 057231 [l R-sauered 0000000 Mean dependantvar  0.015036
SEE. of regression 0500877 Akaike infocriterion 1517430 [J|[J] Adusted R-squared  0.000000 ~ S.0. cependentvar 0572381 Il S of regression 0560600 Akaike infocrterion  1.740844 J[{ )] Adiusted R-squares 0000000 5.0, depencentvar 0496376
nscuedresd 7278469 Schwarzorteron TeossasfI| SEofrearession 057zt Adakeinocrierion 1752726 |{N Sirmequared ress 9428181  Scnwars crerion bifesrssed . of regression 0496376 Akaike info crierion 1468759
Log likelihood 2152016 Hannan-Quinncrter. 1547587 || Sumsauaredresid 1015620 Schwarz crierion 798530 [ Uog ikelinood 2585351 Hannan-Quinn crier.  1.771210 ||| Sum squared resia  7.391662  Schwarz critrion 1515016
F-statistic 0.463168  Durbin-Watson stat 2641973 Log likelihood -27.04361  Hannan-Quinn criter. 1.767909 F-statistic 2.316532  Durbin-Watson stat 0.784002 Log likelihood -21.76576  Hannan-Quinn criter. 1.483837
Prob(F-statistic) 0.501545 Durbin-Watson stat 0.728488 Prob(F-statistic) 0.138477 Durbin-Watson stat 2.600718
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Null Hypothesis: D(TO) has a u
Exogenous: Constant

nit root

Lag Length: 0 (Automatic - based on AIC, maxlag=7)

Null Hypothesis: D(TO) has a unit root

Exogenous: Constant

Bandwidth; 3 (Newey-West automatic) using Bartlett kernel

t-Statistic Prob.*

Adj. t-Stat

Prob.”

-6.291347

0.0000

Augmented Dickey-Fuller test statistic -6.170817 0.0000 Phillips-Perron test statistic

Test critical values: 1% level -3.670170 Test critical values: 1%
5% level -2.963972 5%
10% level -2.621007

level
level

10% level

-3.670170
-2.963972
-2.621007

*MacKinnon (1996) one-sided p-values.

*MacKinnon (1996) one-sided p-values.

Nuil Hyp : D(TO) s stationary
Exogenous: Constant, Linear Trend
Bandwidth: 3 (Used-specified) using Bartiett kernel

Null Hypothesis: TO s stationary
Exogenous: Constant
Bandvicth: 3 (Used-specifid) using Bartiett kemel

Null Hypothesis: TO s stationary
Exogenous: Constant, Linear Trend
Bandvidth: 3 (Used-specified) using Bartlett kernel

Null Hypothesis: D(TO) i stationary
Exogenous: Constant
Bandwidth: & (Newey-West automatic) using Bartett kernel

Lv-stat. Listat Li-Stat L-Stat
Kulethous-Phlpe-SchmidStin testsafistc 0.080426 Kilatkowak PSSt Shi et statte 73z s il St e st 0211740 gt ONSH-Prile: SCHKILShin teat shatstc 281828
Asymptotic.critcal valles:: 0.216000 QYR asymptotc crcal values. 1% level 0735000 J[{Jf Asymptote it values”: 0216000 B “asymptotc crical values™ 1% level 0739000
S iovel 0.146000 iad Sies000 S 0145000 e 5000
il 03115000 10% level 0347000 Gl 5119000 10% level 0347000
Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1) lons e Hips B S B ) Kuiatkowski-Philips-Schmidt-Shin (1992, Table 1) “KuatkowsKi-Phille-Schmict-Shin (1992, Table 1)
Residual variance (no correction) 6669303 Residual variance (no correction) 15.35180
HAC corrected variance (Bartiett kemel) 2875572 ||| Resicuaivariance (no correcton) 5168750 [1 HAC comected variance (Bartet kemel) 4420856 || Resicual variance (no correction) 6882414
HAC corrected variance (Barllett kemel) 176.8437 emel) 3724356
KPSS Test Equation KPSS Test Equation
Dependent Variable: D(TO) KPSS Test Equation Dependent Variable: TO KPSS Test Equation
Method: Least Squares Dependent Variable: TO Metho: Least Squares Dependent Variable: D(TO)
Date: 05/06/25 Time: 18:57 Wethod: Least Sauares Date: 05106125 Time: 18:55 Method: Least Squares
Sample (adjusted): 1991 2021 Date: 05106125 Time: 18:55 ‘Sample: 1990 2021 Date: 05106125 Time: 18:56
Included observations: 31 after adjustments Sample: 1890 2021 Included observations: 32 ‘Sample (acjusted): 1891 2021
Included obsenvations: 32 Included observations: 31 after adjustments
Variable Coefficient  Std. Error _ t-Statistic _ Prob. Variable Coeffcient  Sto.Ermor _ t-Statistic _ Prob.
c 7435700, 003202  AACieE  ONEdD Variable Coefficient  Std. Emor ~ -Statistic ~Prob. T R Variable Coefficient  Std. Emror  t-Statistic ~ Prob.
@TREND("1990")  -0.051613 0053616  -0.962636  0.3437 c 150000 %505 W 0K @TREND'1990") 0652659 0077477 8426509  0.0000) c T, AnEE (%5 021
R-squared 0030965 Mean dependentvar  0.612903 Resquared 0702988 Mean dependentvar 5150000
Adjusted R-squared  -0.002450 ~ S.D. dependent var 2666801 Resuiared 0000000 Mean dopendentiver.  (51.30000 Adusted Rsquared 0693088 SD. dependentvar 7304440 fJ| | Rsauered 0.000000" ‘Meanidepeidenivac.  (0.612903
S.E. of regression 2.670066  Akaike info criterion 4.864425 Adusted R-squared  0.000000  S.D.dependentvar  7.304440 SE. of regression 4046635  Akaike info criterion 5684110 Adusted R-squared  0.000000  S.D. dependent var 2666801
Sum squared resid 206.7484  Schwarz criterion 4.956940 S:E. of regression 7.304440 - Akaike info criterion 6845593 Sum squared resid 4912577 Schwarz criterion 5785718 S.E. of regression 2666801  Akaike info criterion 4831363
Log likelihood -73.39858 Hannan-Quinn criter. 4.894582 Sum squared resid 1654.000  Schwarz criterion 6.891397 Log likelihood -89.10576  Hannan-Quinn criter. 5724476 Sum squared resid 213.3548  Schwarz criterion 4877620
F-statistic 0.926668  Durbin-Watson stat 2.348730 Log likelihood -108.5295  Hannan-Quinn criter. 6860776 Fstatistic 71.00605  Durbin-Watson stat 0434404 Log likelihood -73.88612  Hannan-Quinncriter.  4.846442
Prob(F-statistic) 0343689 Dutbin-Watsonstat 013034 ProbiF-statisic) 0000000 Durbin-Watson stat  2.273208
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Akaike Information Criteria (top 20 models)

-2.70

-2.72

-2.74

-2.76

-2.78

-2.80

-2.82

Model1279
Model127
Model100
Model154
Model550

Modeld6

Model1252
Model559

Model1270

Model19
Model1036

Model127: ARDL(2,2,1,1,0,2,2)
Model100: ARDL(2,2,1,2,0,2,2)

| 1 - * ¥ Model46: ARDL(2,2,2,1,0,2,2)

! * Model1252: ARDL(1,0,2,1,1,2,2)
Model559: ARDL(2,0,2,0,0,2,2)
Model1270: ARDL(1,0,2,0,2,2,2)
Model19: ARDL(2,2,2,2,0,2,2)
Model1036: ARDL(1,1,2,0,1,2,2)
Model118: ARDL(2,2,1,1,1,2,2)
Model1225: ARDL(1,0,2,2,1,2,2)

Model847: ARDL(1,2,1,1,1,2,2)
Model316: ARDL(2,1,2,0,0,2,2)
Model397: ARDL(2,1,1,0,0,2,2)
Model91: ARDL(2,2,1,2,1,2,2)
[Model73: ARDL(2,2,2,0,0,2,2)

Model118
Model1225
Modelp40
Model847
Model316
Model397
Model91
Model73
Model145
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Null hypothesis: No levels relationship

Number of cointegrating variables: 6 10% 5% 1%

Trend type: Rest. constant (Case 2)

Sample size: 30 Sample Size  1(0) (1) | 1(0) (1) | 1(0) I(1)

Test Statistic Value 30 2334 3515 } 2.794 4.148 } 3.976 5.691
Asymptotic ~ 1.990 2940 2210 3.280 2.880 3.990

F-statistic 10.243565

*1(0) and I(1) are respectively the stationary and nan-stationary bounds.
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Dependent Variable: D(HHI)

Method: ARDL

Date: 03/14/25 Time: 19:50

Sample: 1992 2021

Included observations: 30

Dependent lags: 2 (Automatic)

Automatic-lag linear regressors (2 max. lags): REVENUE SPENDING
MMASS REER FDI TO

Deterministics: Restricted constant and no trend (Case 2)

Model selection method: Akaike info criterion (AIC)

Number of models evaluated: 1458

Selected model: ARDL(1.0,2,0,1,2,2)

Wariable Coefficient Std. Error t-Statistic Prob
COINTEQ™ -1.493290 0.136210 -10.96317 0.0000
D(SPENDING) -0.179742 0.066129 -2. 718064 0.0126
D(SPENDING(-1)) -0.214011 0.062958 -3.399280 0.0026
D(REER) 0.010885 0.001222 8.906730 ©0.0000
D(FDI) -0.035322 0.017383 -2.032049 0.0544
D(FDI(-1)) -0.098789 0.018868 -5 235917 0 .0000
D(TO) -0.002214 0.003799 -0.582853 0.5659
D(TO-1)» -0.010720 0.003564 -3.007597 0.0065
R-squared 0.865555 Mean dependent var 0.001830
Adjusted R-squared 0.822778 S.D. dependent var 0.100274
S.E. of regression 0.042213 Akaike info criterion -3.268985
Sum squared resid 0.039203 Schwarz criterion -2.895332
Log likelihood 57.03477 Hannan-Quinn criter. -3.149450
F-statistic 20.23374 Durbin-VWatson stat 2.494200

Prob(F-statistic) ©0.000000

*  p-values are incompatible with t-Bounds distribution

Variable * Coefficient  Std. Error  t-Statistic

REVENUE 0.250067  0.079028  3.164294
SPENDING(-1) -0.276859  0.089494  -3.093604
MMASS 6.80E-06  4.96E-08  1.370703

REER(-1) 0.004928  0.001350  3.650174
FDI(-1) 0.029100  0.025822  1.126956
TO(-1) 0.012684  0.005328  2.380379

-0.514462  0.406683 -1.265003
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Series: Residuals
5 Sample 1992 2021
Observations 30
4
Mean 5.07e-16
3 Median 0.004269
Maximum 0.048069
Minimum -0.087720
: Std. Dev. 0.036767
Skewness -0.799964
1 ... . . Kurtosis 2.844409
g Jarque-Bera  3.229972
-0.08 -0.06 -0.04 -0.02 0.00 0.02 0.04 o
Probability 0.198893
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Ramsey RESET Test

Equation: UNTITLED

Omitted Variables: Powers of fitted values from 2 to 3

Specification: HHI HHI(-1) SPENDING SPENDING(-1) SPENDING(-2)
REVENUE MMASS REER REER(-1) FDI FDI(-1) FDI{-2) TO TO(-1)

Value df Probability
F-statistic 2.195292 (2, 17) 0.1419
Likelihood ratio 7.121862 2 0.0284
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Breusch-Godfrey Serial Correlation LM Test:
Null hypothesis: No serial correlation at up to 2 lags

F-statistic
Obs*R-squared

0.2555
0.0584

1518260 Prob. F(2,13)
5680511  Prob. Chi-Square(2)
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Heteroskedasticity Test: Breusch-Pagan-Godfrey
Null hypothesis: Homoskedasticity

Heteroskedasticity Test, ARCH

F-statistic 0.767710  Prob. F(14,15)
Obs™R-squared 1252287  Prob. Chi-Square(14)
Scaled explained SS  2.887162  Prob. Chi-Square(14)

ossesf] Fstastc 0310989 Prob. F(1.27) 05617
vl ObsRoquaed 030222 Pob ChiSouarelf) 05655

Eviews13 bz e slasVU @ Ulslisl o 0 jdaall

_ 347 -



Armey s=d w2y ey (17-4) o3y gl

(96) (s3LasY) sud) Jitas

Gl

(0) (UL &1 ptl) B ) %S o

AST o (053 G pzmpp e o ey Bped i AL ety e slaze VL ca U slas] eyl
2202121990 spalt s bt dogondt i) i) ol Slylas) 1(18-4) o3y 3l

Heteroskedasticy Test: Breusch-Pagan-Godfrey Breusch-Godfrey Serial Correlation LM Test: Heteroskedasticty Test ARCH

Nl hjpetresis: Homoskedstely Null hypothesis: No seril correlation atup to 2 lags

P 234 Frob F{3,5 00559 Fstlsic 0234391 Prob F(1.2) 08319
Obs'Resquared 19515 Prob.ChisSuarert3)  Ctogolff F-statisic 1496065  Prob. F(2.13) 02602041 Obs'R-suare 0250801 Prob. Chi-Souare(1) 06165

Sealed explained S5 3637199 Prob. Chi-Spuare(t3)  0.9945]{| Obs'R-squared 5425905 Prob. Chi-Square(2) 00663

Ramsey RESET Test .
Equation: EQ02 Series: Residuals
Omitted Variables: Squares of fitted values L sample 1993 2021
Specification: D(HHI) HHI(-1) SPENDING(-1)*2 SPENDING(-1) 6 ObRErvatios29
@CUMDP(TO,"1993") @CUMDN(T0,"1993") C D(HHI(-1)) 5 Mean 1.32e-15
D(SPENDING"2) D(SPENDING(-1)*2) D(SPENDING(-2)"2) 4 Median 1.78e15
D(SPENDING) D(SPENDING(-1)) D(SPENDING(-2)) BREAK 3 xj:‘::: ggz;iﬁ
2 Std. Dev. 0.019386
Value df Probability Skewness  0.086625
t-statistic 1177496 14 0.2586 ; Kurtosis 2.393226
F-statistic 1.386496 (1,14) 0.2586 -0.04 0.02 0.00 0.02 0.04 Jarque-Bera 0481146
Likelihoed ratio 2.738554 1 0.0980 Probability  0.786177
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Heteroskedasicty Test Breuseh-Pagan-Godey
Null ypathesis: Hornoskedastcty

Breusch-Godfrey Serial Correlation LM Test:
Null hypothesis: No serial correlation at up to 2 lags

Heleroskedstcty Test ARCK

F<tatc 0S8TIET Prob. Fif6 A1) 08600

F-stafific 0013712 Prab. F2.9)

oogsefll Fsaise 016168 Preh.Fil29) 068

Obs'R-squared
Staled eplained 35

1234(71 Prob. ChiSquare(s) 07059

*
5 Fo gty (o] O Fesouared O R

008508 Prob.Chidquarel?) 09584 173680 Prop. CrsSuarff) 06768

Ramsey RESET Test

Equation: UNTITLED

Omitted Variables: Squares of fitted values

Specification: HHI HHI(-1) HHI(-2) HHI(-3) HHI(-4) REVENUE
REVENUE(-1) REVENUE(-2) REVENUE(-3) REVENUE(-4)
REVENUE*2 REVENUE(-1)*2 REVENUE(-2)"2 REVENUE(-3)"2
REVENUE(-4)"2 BREAK SPENDING C

Value df Probability
t-statistic 2084122 10 0.0638
F-statistic 4343565 (1, 10) 0.0638
Likelihood ratio 10.10006 1 0.0015 0992230
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reteoskedasfiy Test ARCH BreusehGodey Seel ol LM Test

Al ypesis: No sl comelafon : Up o 2338

Heteroskedasficity Test: Breusch-Pagan-Godfray
Nullhypothesis: Homoskedastity

et T L
q ; s WO ORspee 390650 Pro Chidoaed)  OTTR eabqepiinedSS 1162582 Prob. ChisSuare() 09897

Ramsey RESET Test
Equation: EQO01 ’
Omitted Variables: Squares of fitted values

Specification: HHI HHI(-1) HHI(-2) REER*2 REER(-1/*2 REER(-2)"2

Series: Residuals
Sample 1993 2021
Observations 29

REER REER(-1) REER(-2) REER(-3) BREAK C G it

Value o Probabilty i oo

t-statistic 1383118 17 0.1845 il

F-statistic 1913016 (1,17)  0.1845 .
Likelihood ratio 3.092474 1 0.0787 o o0 o0 om0

Probability  0.504608
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Ramsey RESET Test

Equation: EQ02

Omitted Variables: Squares of fited values

Specification: D(HHI) HHI(-1) TO(-1)*2 TO(-1) SPENDING(-1) D(HHI(-1))
D(HHI(-2)) D(TO*2) D(TO(-1y'2) D(TO(-2)*2) D(TO) D(TO(-1))

eusthGadtey Serel Corlfon LN Test
N yootesis: o serl coralon 2t p 0 2ags

nshedsi Test ARCK

D(TO(-2)) D(@CUMDP(SPENDING,"1991")) D(@CUMDN(SPENDI
NG,"1991")) D(@CUMDP(SPENDING(-1),"1991"))
D(@CUMDN(SPENDING(-1),"1991")) D(@CUMDP(SPENDING( 2
-2)"1991")) D(@CUMDN(SPENDING(-2),"1991")) BREAK
REVENUE C @TREND
Value df Probability
t-statistic 0.220079 5 0.8345
F-statistic 0.048435 (1,5) 0.8345
Likelihood ratio 0.269930 1 0.6034
Heteroskedasficty Test. Breusch-Pagan-Godfrey .
Null hypothesis: Homoskedasticity .
F-staisfic 2140874 Prob. F(216) 01752 : | o o0
Obs'R-squared 2470319  Prob. Chi-Square(21) 02602 : “ ‘ Ruihs G
Scaled explained 83 2203074 Prob. Chi-Seuare(21) 1,000 - - .. savogera  ssusese

Eviews13 clrz e slaeVU @l slasl s 0 ydaall
asd) poge Jo sladYl duld) 1958 TAR zised! Clodas g 1(22-4) 3, ol
£2021- 21990 555 S0 i & goledY)

Dependent Variable: HHI
Method: Discrete Threshold Regression
Date: 05/10/25 Time: 14:17

Sample: 1990 2021

Included observations: 32

Threshold variable: REVENUE

Dependent Variable: HHI
Method: Discrete Threshold Regression
Date: 05/10/25 Time: 14:04

Sample: 1980 2021

Included observations: 32

Threshold variable: TO

Dependent Variable: HHI

Method: Discrete Threshold Regressicn

Date: 05/10125 Time: 13:50

Sample: 1890 2021

Included cbservations: 32

Selection: Trimming 0.15, Max. thresholds 3, Sig. level 0.05
Threshold variable: REER

Dependent Variable: HHI
Method: Discrete Threshold Regression
Date: 05/15/25 Time: 22:59

Sample: 1990 2021

Included observations: 32

Threshold variable: SPENDING

Variable Coefficient ~ Std. Emor  t-Statistic

Variable Coefficient ~ Std. Eror  t-Statistic

TO<43-50bs Variable Coefficient ~ Std. Error ~ t-Statistic

REVENUE < 6612712 ~ 6 obs

1.540471 SPENDING < 6.632791 - 6 obs.
0593482

0.491874

0047901
0.109263
0.000559

0031095
0.184106
0001138

-0.323037 Variable Coefficient ~ Std. Errer  {-Statistic

-0.013900

0.180935
0.024227

-1.785371
0573717

TO
REVENUE

REVENUE
e REER

SPENDING 0132812 0.063689  -2.085317

EER < 103.44988 - 17 obs
6612712 <= REVENUE <7.02547 ~ 4 obs 43<=TO <49-50bs P ——

-0.002302
0711426

0.002379
0233843

-0.867500
3042325

2517065
4092826
2.876011

-0.030211
-0.050944

0.169197
0.023326

0178552
-2.183967

-0.101511
0688188
0021118

0040329
0.168145
0.007343

REVENUE
T0 SPENDING 0154824 0065614  -2.359606

TO
REVENUE

7.02547 <= REVENUE < 8.637798 17 obs 7.186165 <= SPENDING < 8.893247 - 15 obs.

49<=TO <568 0bs 103.44393 <= REER < 119.32999 - 4 obs

SPENDING 0168112 0066255 -2.537356

0.139792
0.005132

2317183
-1.125998

REVENUE 0323924

0.005779 0011893

0229109
0005057

0.009623
0.102595
0.002121

1235955
2233146 REER
2.383781 c

-5.040740
6041840

0017522
2.308659

0003476
0382112

TO
REVENUE 8893247 <= SPENDING - 6 obs

8637798 <= REVENUE ~ 5 0bs.

SPENDING 0174620 0066854 -2.611971

56 <= TO - 14 0bs

-1.862645
0042283

REVENUE -0.348783

0.000604

0.187251
0.014287

11932999 <=REER - 11 obs

0019329 Non-Threshold Variables
0191187
0003310

0010050
0087341
0004524

1.923302
2188963
0731603

0.0704
0.0420
04738

T0
REVENUE
REER

-0.000651
0.583056

0.000462
0065043

-1431022
8879342

0.1543
0.0000

2455874
3.295435
2.018760
2316345

0.0217
0.0030
0.0548
0.0294

Non-Threshold Variables -0.827384
0246651
0.001613

0.010285

0.336900
0.074846
0.000799
0.004440

c
REVENUE
REER
TO

1257264 Non-Threshold Variables
0.000862

0.245127

0.461790
0.001065
0.110103

2722589
0.808917
2206349

00128
0.4276
00371

c
REER
SPENDING 0.659997
0594611

0.042892

0.478074
0.067367
-3.292880

-1.767398
-2.309269

0.0941
0.0330

IVean dependent var
$.0. dependent var
Akaike info criterien

0142892
1310518

0.080849
0567503

R-squared
Adjusted R-squared
SE. of regrassicn

SPENDING
c

0.436881
0272638

0478074
0.067367

Mean dependent var
S.D. dependent var

R-squared
Adjusted R-squared

R-squared 0552579 Mean dependentvar  0.478074
R-squared 0611100 Mean dependentvar 0478074

Adjusted R-squared
SEE. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0.339521
0.054749
0.062946
54.29335
2593562
0.031577

S.D. dependent var
Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

0.067367
2705834
2201988
2538823

2.250669

Adjusted R-squared
S.E. of regression
Sum squared resid
Log likelihood
F-statistic
Prob(F-statistic)

0330227 S.D. dependent var
0055133 Akaike info criterion
0054713 Schwarz criterion
56.53619  Hannan-Quinn criter.
2175719 Durbin-Watson stat
0063452

0.067367
2658512
2017253
-2.445953

1810489

0.047834
58.68608
10.09397
0.000019

Schwarz criterien
Hannan-Quinn criter.
Durbin-Watson stat

Sum squared resid
Leg likelihcod
F-statistic
Prob(F-statistic)

-3.018054
-3.201783
2220125

S.E. of regression
Sum squared resid
Log likelihood
Fstatistic
Prob(F-statistic)

0.057454
0079223
50.61350
2659963
0.034629

Akaike info criterion
Schwarz criterion
Hannan-Quinn criter.
Durbin-Watson stat

2663344
2296910
2541881

1535645
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om deap import base, creator, tools, algorithms
port random
Problem setup
f evaluate(individual):
REVENUE, SPENDING, REER, TO = individual
# Calculate HHI
HHL = (@.250067 = REVENUE - ©.276859 * SPENDING +
0.004928 * REER + 0.012684 * TO - 0.514462)
# Constraints
constraints = [
7.8254 <= REVENUE <= 8.6377,
SPENDING »>= 8.8932,
103.4499 <= REER <= 119.3299,
43 <= TO <= 49,
(np.exp(SPENDING) - np.exp(REVENUE)) < 3254.143,
@ < HHI <= @8.2126

# Penalty for constraint violations
penalty = sum(@ if ¢ else 188@ for c in constraints)
return HHI + penalty,
Create types
.create("FitnessMin", base.Fitness, weights=(-1.8,))
.create("Individual”, list, fitness=creator.FitnessMin)
= base.Toolbox()
.register("attr_REVENUE", random.uniform, 7.8254, 8.6377)
.register("attr_SPENDING", random.uniform, 8.8932, 12)
.register("attr_REER", random.uniform, 103.4499, 119.3299)
.register("attr_T0", random.uniform, 43, 49)
.register("individual”, tools.initCycle, creator.Individual,
(toolbox.attr REVENUE, toolbox.attr SPENDING,
toolbox.attr_REER, toolbox.attr_TO), n=1)
bolbox. register(“population”, tools.initRepeat, list, toolbox.individual)
Genetic operators
bolbox. register(“mate”, tools.cxBlend, alpha=8.5)
bolbox.register("mutate”, tools.mutGaussian, mu=8, sigma=1, indpb=8.2)
bolbox.register("select”, tools.selTournament, tournsize=3)
bolbox.register("evaluate”, evaluate)
Run optimization
bpulation = toolbox.population(n=288)
bf = tools.HallOfFame(1)
ats = tools.Statistics(lambda ind: ind.fitness.values)

bsult, log = algorithms.eaSimple(
population, toolbox, cxpb=8.7, mutpb=0.2, ngen=100,
stats=stats, halloffame=hof, verbose=True

Get best solution

st = hof[@]

VENUE, spending, REER, TO = best

st HHI = (@.250867 = REVENUE - ©.276859 * SPENDING +

0.004928 * REER + ©.012684 * T0 - 08.514462)
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REER

s [P
AL
FDI

Bl s
MMASS

Talal olasd
SPENDING

Lalall clsl gy
REVENUE

Sslnd)
TO

Slginnd)

220,96

0,00054

343

136,5

152,5

38

1990

131,79

0,02546

415,3

212,1

248,9

38

1991

135,11

0,0625

515,9

420,1

311,9

41

1992

162,12

2,0022E-06

627,43

476,6

314,1

40

1993

139,98

2,3506E-06

723,5

566,3

477,2

41

1994

117,35

2,3944E-06

799,6

759,6

611,7

43

1995

119,57

0,57518334

915,1

724,6

825,2

43

1996

129,08

0,53966975

1081,52

8452

926,7

45

1997

135,46

1,25882532

1592,5

875,7

744,5

46

1998
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