
   

 ..     

:   

     

 

 

 

   

 

 2020-2021

19902017



   

 
I 



   

 
II 

 

.



 

 
III 

 

 

  

  

 
 

 

 



   

 
1 

 



 فهرس المحتويات

 
2 

I

II

III

1

8

12

26

27

I28

-1 –I28

- 1 - 1 - I28

- 2 - 1 - I29

- 3 - 1 - I29

- 4 - 1 -I30

- 5 - 1 - I32

- 6 - 1 - I33

- 7 - 1 - I34

- 2 - I35

- 1 - 2 - I35

- 2 - 2 - I36

- II36

- 1 - II36

- 1 - 1 - II37

file:///C:/Users/TOP03082015/Desktop/Benyoub%20Amina.docx%23_Toc49886486
file:///C:/Users/TOP03082015/Desktop/Benyoub%20Amina.docx%23_Toc49886490
file:///C:/Users/TOP03082015/Desktop/Benyoub%20Amina.docx%23_Toc49886491
file:///C:/Users/TOP03082015/Desktop/Benyoub%20Amina.docx%23_Toc49886492
file:///C:/Users/TOP03082015/Desktop/Benyoub%20Amina.docx%23_Toc49886493


 فهرس المحتويات

 
3 

- 2 - 1 - IIDavid Ricardo 1772182337

- 3 - 1 - II Malthus1766 – 183438

- 4 - 1 - IIMarx1717 - 178340

- 2 - II41

- 1 - 2 - IIShumpeter42

- 2 - 2 - II43

- 3 - 2 - IIHarrod-Domar46

- 4 - 2 - IIRobert Solow50

- 5 - 2 - IIRamsey 60

- 3 - II63

- 1 - 3 - IILucas64

- 2 - 3 - IIPaul Romer69

- 3 - 3 - II Robert Barro (1990)75

- 4 - 3 - II Aghion-Howitt78

- 5 - 3 - IIHelpman-Grossman83

89

90

91

- I92

-1 -I92

- 2 - I94

- 1 - 2 - I94

- 2 - 2 -I94

-3 -2 - I97

- 4 - 2 -I98

- 3 - I102

file:///C:/Users/TOP03082015/Desktop/Benyoub%20Amina.docx%23_Toc49886526


 فهرس المحتويات

 
4 

- 4 - I104

- 5 - I105

I6106

-7 - I106

- 8 - I107

- II108

- 1 - II108

- 1 - 1 - II108

- 2 - 1 - II110

- 3 - 1 - II110

- 4 - 1 -II112

- 5 - 1 - II113

- 6 - 1 - II114

- 2 - II116

- 1 - 2 - II116

- 2 - 2 - II118

- 3 - 2 - II119

- 4 - 2 - II121

-5 - 2 - II122

- 3 - II124

- 4 - IILearning by doing124

- III125

IV126

- V127



 فهرس المحتويات

 
5 

- 1 - V127

- 2 - V130

VI 133

-VII135

- 1- VII136

- 2 - VII137

- 3 - VII139

- 4 - VII139

- 5 - VII140

- VIII143

- 1 - VIII144

- 2 - VIII145

- 3 - VIII146

- 4 - VIII147

- 5 -VIII147

150

151

152

I19902017153

- 1 - I19902017153

I111989-2000153

- 2 - 1 - I159

- 3 - 1 - I1990-2017177

file:///C:/Users/TOP03082015/Desktop/Benyoub%20Amina.docx%23_Toc49886576


 فهرس المحتويات

 
6 

- II181

- 1 - II181

- 1 - 1 - I181

1 - I- 2 186

- 3 - 1 - I190

- 2 -II191

- 1 - 2 - II192

- 2 - 2 - II193

- 3 - 2 -II196

2 - II - 4 199

- 5 - 2 - II200

203

204

205

- I206

- 1 - I206

- 1 - 1 - I208

-2 - 1 - IACFPACF209

-3 - 1 - I210

- 3 - I215

-1 - 2 - IEngle & Granger Test216

- 2 - 2 - IJohansen & Juselius Test217

- 3 - I Autoregressive 

Distributed Lag Model (ARDL)219

-II19902017226

file:///C:/Users/TOP03082015/Desktop/Benyoub%20Amina.docx%23_Toc49886595


 فهرس المحتويات

 
7 

- 1 - II227

- 2 - IIARDL231

- 3 - IINARDL240

248

249

249

249 

file:///C:/Users/TOP03082015/Desktop/Benyoub%20Amina.docx%23_Toc49886611
file:///C:/Users/TOP03082015/Desktop/Benyoub%20Amina.docx%23_Toc49886612
file:///C:/Users/TOP03082015/Desktop/Benyoub%20Amina.docx%23_Toc49886613


 

 
8 

 



 قائمة الجداول والأشكال

 
9 

2-1 ........................................................ 141 

3-1 .............................. 161 

3-22001 – 2004 ............................................... 163 

3-32005-2009 ........................................ 167 

3-42005-2009 ............................... 167 

3-52010- 2014 ..................................................... 171 

3-6 ............................................................. 182 

3-72019 .............. 194 

4-1 .............................................. 231 

4-2 ...................................................... 233 

4-3 ........................................................... 235 

4-4 ................................................................... 236 

4-5BGLM ................................................................... 237 

4-6ARCH ................................................................... 237 

4-7 ...................................................... 242 

4-8NARDL ............................... 243 

4-9(Wald test).................................................. 244 

4-10 ...................................................................... 245 



 قائمة الجداول والأشكال

 
10 

4-11 ................................................................. 246 

1-1Solow .................................................... 54 

1-2Solow ................................................................... 56 

1-3Solow ....................................................................... 57 

1- 4Romer ........................................... 75 

1-5 ...................................................................... 78 

1- (6  ................................................................ 82 

3-11990-2017 .............................. 178 

3-21990-2017 ..................................................... 178 

3-3 ................................... 197 

4-1 ..................................................................... 208 

4-2 ....................................................... 227 

4-3LnGDP ............................... 228 

4-4LnGDI ................................ 229 

4-5LnTLF ................................. 229 

4-6LnPAT ................................ 230 

4-7 ............................................................. 238 

48CUSUM - CUSUM SQ

 ....................................................................................................................... 239 



 قائمة الجداول والأشكال

 
11 

4-91990-2017 .................................. 240 

410CUSUM - CUSUM SQ

 ....................................................................................................................... 247 



 

 
12 

 

 



 المقدمة العامة

 
13 

 

 

19902017

- 

-  

-  



 المقدمة العامة

 
14 

-  

 

- 

 

19902017

 Distributed Lag Model Autoregressive(ARDL)

- Moshe Justman and Morris Teubal, « A strucruralist Perspective on the 

Role of Technology in Economic Growth and Development », World 

development ,Vol .19, No. 9, 1991, pp. 1167-1189. 

-  Philipe Aghion and Petter Howitt, « A Model Of Growth Through 

Creative Destruction », Econometrica, Vol. 60, No. 2 (March, 1992), 323-

351 

Aghion

Howitt



 المقدمة العامة

 
15 

 

 

- Alwyn Young, « A Tale of Two Cities: Factor Accumulation and 

Technical Change in Hong Kong and Singapore », NBER 

Macroeconomics Annual, Vol. 7 (1992), pp. 13-54. 

 

- Susanto Basu, David N Weil, « Appropriate Technology and Growth », 

NBER Working Paper NO . 5865 , December 1996. Pp 4-34. 

 

- Anders Sorensen, " R&D, Learning, and Phases of Economic Growth 

", Journal of  Economic Growth, 429-445 (December 1999 



 المقدمة العامة

 
16 

 

- Ivo De Loo, Luc Soete, «The Impact of Technology on Economic 

Growth: Some New Ideas and Empirical Considerations », Maastricht 

Economic Research Institute on Innovation and Technology, University 

of Maastricht,  April 1999. 

 

 

 

 

 

 

 

- Paul S. Segestrom, «The Long-Run Growth Effects of R&D 

Subsidies », Journal of Economic Growth, 5: 277-305 (September 2000)  

Howitt (1999)

- Rachel Griffith, «How Important Is Business R&D For Economic 

Growth And Should The Governmen Subsidise It? »,   Institute for 

Fiscal Studies, October 2000, p 1-15 



 المقدمة العامة

 
17 

 

- Bart Verspagen, « Economic Growth And Technological Change: An 

Evolutionary Interpretation », Organisation for Economic Co-operation 

and Development, 09-Jan-2001, p1-32. 

OECD

 

- Roman Gurbiel, « Impact OF Innovation And Technology Transfer On 

Economic Growth: The Central And Eastern Europe Experience », 

Warsaw School of Economics July 2002 pp 1- 18 



 المقدمة العامة

 
18 

- T.-C. Lin, « Education, technical progress, and economic growth: the case 

of Taiwan », Economics of Education Review 22 (2003) 213–220. 

1965

2000

Cobb-Dauglass

- Winston T. H. Koh, Hing-Man Leung, « Education, Technological Progress 

and Economic Growth », Research Collection School Of Economics,  2003 

pp1-30 

 

- Beňat Bilbao-Osorio and Andrés Rodrĩguez-pose, « From R&D to Innovation 

and Economic Growth in the EU », Growth and Change Vol. 35 No. 4 (Fall 

2004), pp. 434-455. 

 

- Winston T.H. Koh, Poh Kam Wong, « Competing at the frontier: The changing 

role of technology  policy in Singapore’s economic strategy », Technological 

Forecasting & Social Change 72 (2005) 255–285 



 المقدمة العامة

 
19 

- Gavin Camerona, James Proudmanb, Stephen Redding, « Technological 

convergence, R&D, trade and productivity  growth »,   European  Economic 

Review 49 (2005) 775 – 807  

1970

 

- 

–

- Takeo Hori, « The effects of consumption externalities in an R&D-based 

growth model with endogenous skilled and unskilled labor supply », J 

Econ (2011) 102:29–55 



 المقدمة العامة

 
20 

- Jakob B. Madsen , James B. Ang , Rajabrata Banerjee, « Four centuries 

of British economic growth: the roles of technology and population », 

J Econ Growth (2010) 15:263–290 

16202006

Shumpeter 

- Argentino Pessoa, « R&D and economic growth: How strong is the 

link? », Economics Letters 107 (2010) 152–154  

 

- Roman Horvath, « Research & development and growth: A Bayesian 

model averaging analysis », Economic Modelling 28 (2011) 2669–2673 

- Muhammad Amir, Bilal Mehmood, and Muhammad Shahid, « Impact of 

human capital on economic growth with emphasis on intermediary 
role of technology: Time series evidence from Pakistan », African 

Journal of Business Management Vol. 6(1), pp. 280-285,11 January, 2012 

Romer

- Ebru Beyza Bayarçelik, Fulyatașel, « Research and Development: 

Source of Economic Growth », Procedia - Social and Behavioral 

Sciences 58 ( 2012 ) 744 – 753 

19982010



 المقدمة العامة

 
21 

- Jimmy Alani, « Effects Of Technological Progress And Productivity 

On Economic Growth In Uganda », Procedia Economics and Finance 1 

( 2012 ) 14 – 23 

 

19712009

Cobb-Douglas 

- Shiro Kuwahara, « Dynamical analysis of the R&D-based growth model 

with a regime switch », J Econ (2013) 108:35–57  

 

- John Nkwoma Inekwe, « The Contribution of R&D Expenditure to 

Economic Growth in Developing Economies », Springer Science 

+Business Media Dordrecht 2014 

20002009GMM 66



 المقدمة العامة

 
22 

- Rajabrata Banerjee a, SaikatSinhaRoy , «Human capital, technological 

progress and trade: What explains India’s long run 
growth? »,  Journal of Asian Economics 30,  (2014) 15–31. 

19502010

 (ARDL)

- Mehmet Adak , « Technological Progress, Innovation and Economic 

Growth; the Case of Turkey », Procedia - Social and Behavioral 

Sciences 195 ( 2015 ) 776 – 782. 

 

. 

.

. .

.  . 

.

. .

OLS 

. 



 المقدمة العامة

 
23 

 .

- Chindo Sulaiman, Umar Bala, Bulama Abiso Tijani, Salisu Ibrahim 

Waziri, and Ibrahim Kabiru Maji, « Human Capital, Technology, and 

Economic Growth: Evidence From Nigeria », SAGE Open October-

December 2015: 1– 10 

3519752010

Autoregressive Distributed Lag Model 

(ARDL)

- Muchdie, Socia Prihawantoro, and Alkadri, « Technollogical Progress 

and Economic Growth  in   Indonesia: A Regional Perspective», 

International Journal of  Recent Scientific Research  Vol. 7, pp. 14033-

14039, October, 2016. 

19842010

GDP

- Luisa R. Blanco, Ji Gu, and James E. Prieger, « The Impact of  Research 

and Development on  Economic  Growth  and Productivity  in the 

U.S. States », Southern Economic Journal 2016, 82(3), 914–934 



 المقدمة العامة

 
24 

19632007 

- Nazan Yelkikalan, Erdal Aydin, UnzuleKurt, « Impact on Economic 

Growth of Technological Progress in the Turkey Economy: Empirical 

Analysis on Political and Financial Stability Channel »,  International 

Business Research; Vol. 10, No. 3; 2017, p80-90. 

19842014

(VAR)

- Fayq Al Akayleh, « Impact of Technological Progress on Economic 

Growth and Employment: A Case Study of Saudi Arabia », The Journal 

of Social Sciences Research  Vol. 4, Issue. 12, pp: 606-617, 2018  

- Khaled A. Elbagory, « The Impact of Research and Development on 

Economic Growth in Arab Countries », Revue académique des études 

humaines et sociales , juin 2018. p. 51- 63 

(2000-2014)

Panel Data MethodPlood 

Regression ModelFixed Effect Model Eviews



 المقدمة العامة

 
25 

 

 

- 

- 



 

 
26 

 



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
27 



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
28 

I -

 -1 -I 

- 1 - 1 - I

 

 

 

 

- 

                                                             
1

200251



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
29 

- 2 - 1 - I 

 

 

 

 

 

 

 - 3 - 1 - I

1 

 

2 

                                                             
1  

2012

201330
2 199950



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
30 

 

 

3 

 

 - 4 - 1 -I

1 

 

2 

 

3 

 

                                                             
1 200122



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
31 

 

 

𝐶𝑀𝑆 =
𝑌𝑡 − 𝑌𝑡−1

𝑌𝑡−1
× 100 

𝐶𝑀𝑠

𝑌𝑡t 

𝑌𝑡−1t-1

 

 

  

𝑌𝑡 = (1 + 𝐶𝑀𝑐)𝑁

𝐶𝑀𝑐 = 𝑁√
𝑌𝑁

𝑌0
− 1 

𝐶𝑀𝑐𝑁 𝑌0

𝑌𝑁N

  

ln 𝑌𝑡 = 𝐴 + 𝐶𝑀𝑐𝑡  →𝐶𝑀𝑐𝑡 = ln 𝑌𝑡 − 𝐴

ln 𝑌𝑡(t ،)A𝐶𝑀𝑐𝑡t ،t



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
32 

 - 5 - 1 - I

- 

 

- 

 

- 

 

- 

                                                             
1 

1999585



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
33 

 

 - 6 - 1 - I

 

1 

   

 
=     

-  

-  

-  

-  

2 

3 

                                                             
1 2004278282



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
34 

  

 

 

4 

5 

6 Adam Smith1776

 - 7 - 1 - I

1 

-  

-  

-  

- 

 

                                                             
1 2006472



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
35 

-  

2 

- 

 

- 

 

- 

 

-  

 - 2 - I

 - 1 - 2 - I

 

-  

-  

-  

- 

 

-  

                                                             
1 

20001011



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
36 

-  

-  

-  

 - 2 - 2 - I

- 

-  

  

  

 - II

 - 1 - II



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
37 

 - 1 - 1 - II 

1776

-  

- 

 

- 

 

-  

- 

 

- 

 

 - 2 - 1 - IIDavid Ricardo 17721823 

D.Ricardo

 Ricardo

 

  Ricardo

                                                             
1 20107980
2 2006110



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
38 

-  

  

  

  

- 

 

- 

 

Ricardo

 Ricardo

 

 - 3 - 1 - IIMalthus17661834

- 

 

                                                             
1200160



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
39 

- 

 

- 

 

-  

- 

 

-  

- 

 

1 O = f ( L, K, Q, T)            

OOutput

LLabor force 

KKnown Resources 

                                                             
1 198531



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
40 

QCapital

TTechnical Progress

2 T =T (I) 

3 I = d (Q) =I (R)      

IR

4 R = R (T, L) 

5 L = L ( w) 

6 W = W (I)  

  O = R+W

W = Wlw

 - 4 - 1 - IIMarx17171783

- 

 

 

  

  

                                                             
1 1966103



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
41 

- 

 

- 

 

- 

 

 - 2 - II

"Say"

"Jevons" ،"Menger" ،"Walras ،"Alfred Marshall "

 

 

  

  

  

 

                                                             
1 200768



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
42 

𝐾

𝑌

𝑉

𝐾

 

  

 
𝐾

𝑌
 

𝑉

𝐾

 

 - 1 - 2 - IIShumpeter

Shumpeter

-  

- 

 

- 

 

Shumpeter "

- 

 

- 

 

  

  

                                                             
1 198652



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
43 

  

  

  

-  

Shumpeter 

- 

Shumpeter 

 

- 

 

-  

- 

 

 - 2 - 2 - II

- 

 

- 

 

Y =  C +  I +  G +  X –  M



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
44 

YC 

I : 

G 

XM

1

Y =  C +  I +  G

- 

 

-  

- 

 

- 

 

- 

 

- 



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
45 

 

- 

 

- 

 

- 

 

- 

 

- 

 



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
46 

 - 3 - 2 - IIHarrod-Domar

HarrodDomar

Harrod-Domar

- 

 

- 

 

- 

 

 

1 HarrodHarrod1939

 

-  

- XKL

K=I∆S

𝑌 =
∆𝑋

𝑋
=

∆𝐾 𝑋⁄

∆𝐾 ∆𝑋⁄
=

𝑆 𝑋⁄

𝐼 ∆𝑋⁄
=

𝑠

𝑎

s

a:

                                                             
1 1998653

655



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
47 

𝑎 = ∆𝐾 ∆𝑋⁄ =

𝐾 𝑋⁄

- Harrod

 

- 

 

 

 

𝑔𝑤 = 𝑠 𝑣⁄ = 𝑛

gwsv 

n

 

 

𝑔𝑡 =
∆𝑌

𝑌
 

gtYY∆

  

 

 

 

 



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
48 

2 DommarDommar

Expansion and Employment de American Economic Review

1947 

- Dommar

-  

- 

 

-  

-  

- 

 

- 

 

-  

Dommar

Dommar𝑌𝑠

𝒀𝒔 = 𝐦𝐢𝐧 (
𝑲

𝒗
,

𝑳

𝒗
) .............................................................. (1) 

∆𝒀𝒔 =
𝑲

𝒗
 ........................................................................... (2) 

                                                             
1  1823



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
49 

∆𝒀𝒔 =
∆𝑲

𝒗
=

𝟏

𝒗
  .................................................................. (3) 

1 /v

𝑴𝒖𝒍𝒕𝒊𝒑𝒍𝒊𝒄𝒂𝒕𝒆𝒖𝒓 =
𝟏

𝟏−𝒄
=

𝟏

𝒔
 ........................................... (4) 

(1 /s) 

∆𝒀𝒅 =
∆𝑰

𝒔
 .......................................................................... (5) 

(Yd=Ys))

(3)(5)

∆𝒀𝒔 =
𝟏

𝒗
=

∆𝑰

𝒔
= ∆𝒀𝒅 ........................................................ (6) 

∆𝑰

𝑰
=

𝒔

𝒗
 ............................................................................... (7) 

(7)(s)

(v،) Dommar

3 Harrod-Dommar 

- 

 

- Harrod-Dommar

𝑌 = 𝑀𝑖𝑛(𝑣𝐾, 𝑏𝐿) 

                                                             
1 20001418



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
50 

KLvb 

Harrod-Dommar

/

4 Harrod-Dommar

- (Y\s∆(/

(K/Y) 

-  

-  

- 

 

- 

 

- 

 

 - 4 - 2 - IIRobert Solow

Robert Solow1956

Robert Solow Robert 

Solow1987Solow

                                                             
1 76



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
51 

Harrod-Dommar

1 Solow

-  

- Cobb-

Douglas(L )(K) 

𝑌 = 𝐹(𝐾, 𝐿) = 𝐾𝛼𝐿1−𝛼

- 

𝑌𝑡 = 𝐶𝑡 + 𝐼𝑡 

-  𝐶 = 𝑐𝑌 → 𝑆 = (1 − 𝐶)𝑌 

- 

nn

𝑁𝑡 = 𝑁0е𝑛𝑡 

nN0Ntt

-  

-  

-  

1 0𝑠 =
𝑌𝑡−𝐶𝑡

𝑌𝑡
 

2 Solow Solow

Y(L )(K )

𝑌 = 𝐹(𝐾, 𝐿)

 

𝝏𝑭

𝝏𝑲
> 𝟎,

𝝏𝟐𝑭

𝝏𝑲𝟐 < 𝟎      
𝝏𝑭

𝝏𝑳
> 𝟎,

𝝏𝟐𝑭

𝝏𝑳𝟐 < 𝟎 ................................. (8) 

                                                             
11 1985181186



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
52 

 Inada -1963-

𝐥𝐢𝐦𝑲→𝟎(𝑭𝑲) = 𝐥𝐢𝐦𝑳→𝟎(𝑭𝑳) = +∞ ................................. (9) 

𝐥𝐢𝐦𝑲→∞(𝑭𝑲) = 𝐥𝐢𝐦𝑳→∞(𝑭𝑳) = +𝟎 .............................. (10) 

𝑭(𝝀𝑲, 𝝀𝑳) = 𝝀𝑭(𝑲, 𝑳)∀ 𝑳 ⋲ 𝑹+∗ .................................. (11) 

(1-s،) s(sY)s

𝑰𝒏𝒗𝒆𝒔𝒕𝒊𝒔𝒆𝒎𝒆𝒏𝒕. 𝒏𝒆𝒕 =
𝝏𝑲(𝒕)

𝝏𝒕
= �̇� = 𝒔𝒀(𝒕) − 𝜹𝑲(𝒕) ........ (12) 

𝛿

 𝑌𝑡 = 𝐹(𝐾, 𝐿)12

�̇� = 𝒔𝑭(𝑲, 𝑳) − 𝜹𝑲 (13) 

n 

𝑳(𝒕) = 𝑳𝟎𝒆𝒏𝒕  ................................................................. (14) 

(14)(13)

�̇� = 𝒔𝑭(𝑲, 𝑳𝟎𝒆𝒏𝒕) − 𝜹𝑲 ............................................... (15)  

- 

(Par tête)

k=K/Ly=Y/L

𝒀 = 𝑭(𝑲, 𝑳) ⇔
𝒀

𝑳
=

𝑭(𝑲,𝑳)

𝑳
  ⇔ 𝒚 = 𝑭 [

𝑲

𝑳
, 𝟏] = 𝒇(𝒌) .... (16)  
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𝑙𝑛(𝑘) = 𝑙𝑛 (
𝐾

𝐿
) = 𝑙𝑛(𝐾) − 𝑙𝑛(𝑙)

𝝏𝒌

𝒌
=

𝝏𝑲

𝑲
−

𝝏𝑳

𝑳
  .................................................................. (17) 

(14)

𝝏𝑳

𝑳
=

𝝏𝑳𝟎𝒆𝒏𝒕

𝑳𝟎𝒆𝒏𝒕 = 𝒏 .............................................................. (18) 

(18)(17)

𝝏𝒌

𝒌
=

𝝏𝑲

𝑲
− 𝒏 ⇔ 𝝏𝒌 =

𝝏𝑲

𝑲
𝒌 − 𝒏𝒌 ................................... (19) 

(13)

𝝏𝑲

𝑲
=

𝒔𝑭(𝑲,𝑳)

𝑲
− 𝜹 =

𝒔𝒀

𝑲
− 𝜹 .............................................. (20) 

(20)(19)

𝝏𝒌 = [𝒔
𝒀

𝑲
− 𝜹] 𝒌 − 𝒏𝒌 .................................................. (21) 

(k=K/L)(21 )

𝝏𝒌 = (𝒔
𝒀

𝑲
)

𝑲

𝑳
− (𝒏 + 𝜹)𝒌 = 𝒔

𝒀

𝑳
− (𝒏 + 𝜹)𝒌 ................. (22) 

⇔ 𝜕𝑘 = 𝑠
𝑌

𝐿
− (𝑛 + 𝛿)𝑘 = 𝑠𝑦 − (𝑛 + 𝛿)𝑘

solow

�̇� = 𝝏𝒌 = 𝒔𝒇(𝒌)_(𝒏 + 𝜹)𝒌 ........................................... (23) 

k  (16)k γ

𝜸𝒌 =
�̇�

𝒌
= 𝒔

𝒇(𝒌)

𝒌
− (𝒏 + 𝜹) ............................................. (24) 

Solow(23)
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Source : Robert  J.Barro, Xavier Sala –I – Martin, la croissance economique, 

Ediscience International, France, 1996, p21. 

  

3 solow

 

solow

(exogène)

Robinson(1938)Usawa(1961)

𝒀 = 𝑭[𝑲, 𝑳. 𝑨(𝒕)] ........................................................... (25) 

A(t)0A(t)≥

A(t)x

�̇� = 𝒔. 𝑭[𝑲, 𝒍. 𝑨(𝒕)] − 𝜹𝑲 .............................................. (26) 

26Lk t
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�̇� = 𝒔. 𝑭[𝑲, 𝑨(𝒕)] − (𝒏 + 𝜹)𝒌 ....................................... (27) 

(27)(23)

A(t)(27)k

𝜸𝒌 = 𝒔. 𝑭[𝒌, 𝑨(𝒕)]/𝒌 − (𝒏 + 𝜹) .................................... (28) 

𝐹[𝑘,𝐴(𝑡)]

𝑘
  A(t)x

𝛾𝑘
∗δ

𝐹 = [1, 𝐴 (𝑡) 𝑘⁄ ]

kA(t)

 x 𝛾𝑘
∗

𝑌 = 𝐹[𝑘, 𝐴(𝑡)] = 𝑘. 𝐹[1, 𝐴 (𝑡) 𝑘⁄ ]

kA(t)Yx 𝑐 = (1 − 𝑠)𝑦

cx

kA(t)

�̂� ≡ 𝑘 𝐴(𝑡)⁄ = 𝐾 [𝐿. 𝐴(𝑡)]⁄

𝐿. 𝐴(𝑡) ≡ �̂��̂�L 

A(t)�̂� 

�̂� = 𝑌 [𝐿. 𝐴(𝑡)]⁄

�̂� = 𝑭(𝒌,̂ 𝟏) ≡ 𝑭(�̂�) ...................................................... (29) 
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yk�̂��̂�𝐴(𝑡)

x�̂�

𝜸�̂� = 𝒔. 𝑭 (�̂�) �̂�⁄ − (𝒙 + 𝒏 + 𝜹)..................................... (30) 

�̂� 

𝒔. 𝑭(𝒌∗̂) = (𝒙 + 𝒏 + 𝜹)𝒌∗̂ ............................................. (31) 

𝛾�̂�

Source: Ibid, p41 

solow

solow

4 La Convergensesolow

𝑥 𝑛 𝛿 (𝑓(𝑘)̇𝑘∗𝑦∗

𝑘(0)
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𝑘(0)  𝑦(0)ky

(24)Solow

Source: Ibid, p27 

𝑘(0)𝑝𝑎𝑢𝑣𝑟𝑒

𝑘(0)𝑟𝑖𝑐ℎ𝑒k𝑠. 𝑓(𝑘) 𝑘⁄δn

kγ𝑘(0)𝑝𝑎𝑢𝑣𝑟𝑒

 (convergence)/

/

 

Cobb-Dauglas
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𝑦 = 𝐴𝑘𝛼𝛼0 <  𝛼 < 1

Cobb-Dauglas30�̂�

𝜸�̂� = 𝒔𝑨(�̂�)
−(𝟏−𝜶)

− (𝒙 + 𝒏 + 𝜹) (32) 

(32)(Log-Linéaire)

𝜸�̂� =
𝒅[𝒍𝒐𝒈(�̂�)]

𝒅𝒕
≅ 𝜷[(�̂� �̂�∗⁄ )] ........................................... (33) 

𝛽 = (1 − 𝛼)(𝑥 + 𝑛 + 𝛿)

𝛽�̂��̂�∗�̂�

 𝛾�̂� = 𝛼𝛾�̂�  

log(�̂� �̂�∗⁄ ) = 𝛼 log(�̂� �̂�∗⁄ ) 

(33 )

𝜸�̂� = (𝟏 − 𝜶)(𝒙 + 𝒏 + 𝜹)[𝐥𝐨𝐠(�̂� �̂�∗⁄ )] ......................... (34) 

β�̂��̂�Solow

β = 𝛾�̂�/𝑑[log(𝑦 ̂)] = (1 − 𝛼)(𝑥 + 𝑛 + 𝛿)(�̂� �̂�∗⁄ )−(1−𝛼) 𝛼⁄

(�̂� �̂�∗⁄ )(1 − 𝛼)(𝑥 + 𝑛 + 𝛿)β

5 (PIB)

Solow(1957) وDenison(1962)

 

𝒀𝒕 = 𝑨𝒕𝑭(𝑲𝒕, 𝑳𝒕) ........................................................... (35) 

- KL 

- At 
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∆𝑌𝑡

𝑌𝑡
=

∆𝐴𝑡

𝐴𝑡
+

𝜕𝑌𝑡

𝜕𝐾𝑡

∆𝐾𝑡

𝑌𝑡
+

𝜕𝑌𝑡

𝜕𝐿𝑡

∆𝐿𝑡

𝑌𝑡
 

=
∆𝐴𝑡

𝐴𝑡
+

𝜕𝑌𝑡

𝜕𝐾𝑡

𝐾𝑡

𝑌𝑡

∆𝐾𝑡

𝐾𝑡
+

𝜕𝑌𝑡

𝜕𝐿𝑡

𝐿𝑡

𝑌𝑡

∆𝐿𝑡

𝐿𝑡

∆𝐴𝑡

𝐴𝑡
Solow

KL 

𝜕𝑌𝑡

𝜕𝑘𝑡
=

𝑍𝑡

𝑃𝑡
 𝑒𝑡 

𝜕𝑌𝑡

𝐿𝑡
=

𝑊𝑡

𝑃𝑡

𝑍𝑡𝑊𝑡𝑃𝑡

𝛼𝑡 =
𝑍𝑡𝐾𝑡

𝑃𝑡𝑌𝑡

1%

α %.

𝛽𝑡 =
𝑤𝑡𝐿𝑡

𝑃𝑡𝑌𝑡

1%β %.

𝛼𝑡 =
𝜕𝑌𝑡𝐾𝑡

𝜕𝐾𝑡𝑌𝑡
 𝛽𝑡 =

𝜕𝑌𝑡𝑙𝑡

𝜕𝑙𝑡𝑌𝑡

1  =tβ  +tα

∆𝒀𝒕

𝒀𝒕
≅

∆𝑨𝒕

𝑨𝒕
+ 𝜶𝒕

∆𝑲𝒕

𝑲𝒕
+ (𝟏 − 𝜶)

∆𝑳𝒕

𝑳𝒕
 .................................... (36) 

(36)

(36)Solow 
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∆𝑨𝒕

𝑨𝒕
≅

∆𝒀𝒕

𝒀𝒕
− 𝜶𝒕

∆𝑲𝒕

𝑲𝒕
− (𝟏 − 𝜶)

∆𝑳𝒕

𝑳𝒕
(37) 

Solow

Solow 

 - 5 - 2 - IIRamsey 

1 RamseyRamsey

- δ 

-  

-  

-  

-  

𝑐 + 𝑖 = 𝐹(𝑘)

2 RamseyRamsey

n

n>0L(t)

𝑳(𝒕) = 𝑳𝟎𝒆𝒏𝒕 ................................................................. (38) 

tct= Ct/Lt

Inada𝜇(0) = 0𝜇(+∞) = +∞

𝜇(𝑐)𝑒𝑛𝑡(c)μ

ρ

𝑒−𝜌𝑡
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𝑼 = ∫ 𝝁
+∞

𝟎
(𝒄). 𝒆𝒏𝒕. 𝒆−𝝆𝒕𝒅𝒕  ........................................... (39) 

wt(1-c)

wta(t)r(t)a(t)

r(t)𝑎 = 𝐴 𝑁⁄

A

N

�̇� =
�̇�𝑵−𝑨�̇�

𝑵𝟐 =
�̇�

𝑵
−

𝑨

𝑵
×

�̇�

𝑵
=

�̇�

𝑵
− 𝒂𝒏 (40) 

�̇� = 𝑾 + 𝒓𝑨 − 𝑪 ........................................................... (41) 

�̇� =
𝑾+𝒓𝑨−𝑪

𝑵
− 𝒏𝒂 (42) 

�̇� = 𝑤 + 𝑟𝑎 − 𝑐 − 𝑛𝑎

(42)𝑤 + 𝑟𝑎

𝑐𝑛𝑎

CIESConstant 

Inter Tomporal Elastisity of Substitution

𝝁(𝒄) =
𝒄(𝟏−𝝑)−𝟏

(𝟏−𝝑)
 ............................................................... (43) 

ϑϑ

ϑ

�̇�

𝐂
=

𝐫−𝛒

𝛝
 ........................................................................... (44) 
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r(t)

ρϑ

KL

x

�̂�(𝒕) = 𝑳𝒆𝒙𝒕 ................................................................... (45) 

𝒀 = 𝑭(𝒌, �̂�) (46) 

 r(t) 

 δ 

 p1 

  

  

𝒑𝒓𝒐𝒇𝒊𝒕 = 𝑭(𝑲, �̂�) − (𝒓 + 𝜹)𝑲 − 𝒘𝑳  ...................... (47) 

𝒑𝒓𝒐𝒇𝒊𝒕 = 𝒇(�̂�) − (𝒓 + 𝜹)�̂� − 𝒘. 𝒆−𝒙𝒕  ......................... (48) 

�́�(�̂�) = 𝑟 + 𝛿 

44 

𝑘 =
𝐾

𝐿
⇒ �̇� =

�̇�𝐿 − 𝐾�̇�

𝐿2
=

�̇�

𝐿
− 𝑛𝑘 

⇒ �̇� =
𝐼 − 𝜕𝐾

𝐿
− 𝑛𝑘

⇒ �̇� =
𝐹(𝐾) − 𝛿𝐾

𝐿
− 𝑛𝑘
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⇒ �̇� = 𝑓(𝑘) − 𝑐 − (𝛿 + 𝑛)𝑘 

⇒
�̇�

𝑘
=

𝑓(𝑘) − 𝑐

𝑘
− (𝛿 + 𝑛)

�́�(𝒌∗) = 𝒏 + 𝜹 + 𝝆 ........................................................ (49) 

Ramsey

Solow

RamseySolow

 - 3 - II

                                                             
1 200645
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 - 1 - 3 - IILucas

Lucas

 (Capital humain)

Lucas

1 LucasLucas

 

 

 

N 

 𝑌𝑡 = 𝐴𝐾𝑡
𝛼(𝜇𝑡𝐻𝑡)1−𝛼Cobb-

DouglasΑΚtΗ

tμ0 ≤ 𝜇𝑡 ≤ 1

 𝐼𝑡 = �̇�𝑡 − 𝛿𝐾𝑡 

 𝑌𝑡 = 𝐶𝑡 + 𝐼𝑡 = 𝐶𝑡 + �̇�𝑡 + 𝛿𝐾𝑡 

 
�̇�𝑡

𝐻𝑡
= (1 − 𝜇)𝐵𝐻𝑡

𝑐 

Βbc

 (μ  =tμ،)

1  =c(1 <

c)(1 >c)

                                                             
12006796

2  Katheline shubert , « Macroéconomie,Comportementet croissance »,2éme édition,vuibut,France, 

2000, pp 305-306/ 
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Fil de rasoir

Lucas1=c1=b

- Lucas (1988)Lucas

Lucas

RobeloCobb-Dauglas

𝒀 = 𝑪 + �̇� + 𝜹𝑲 = 𝑨(𝒗𝑲)𝜶. (𝝁𝑯)𝟏−𝜶 ......................... (50) 

�̇� + 𝜹𝑯 = 𝑩. [(𝟏 − 𝒗). 𝑲]𝒏. [(𝟏 − 𝝁). 𝝁]𝟏−𝒏 ................ (51) 

Y :

Β،Α0  <Β،Α؛

α (1 ≥ 𝛼 ≥ 0)(1 ≥ 𝑛 ≥ 0)

v(1 ≥ 𝑣 ≥ 0) μ(1 ≥ 𝜇 ≥ 0)

(1 − 𝑣)

(1 − 𝜇)

Η

(50)(51)

                                                             
1Robert j. Barro, Xavier Sala –I- Martin, la croissance économique, Ediscience international , France, 

1996,p 200-205. 
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μvC،K،HY

*
γ

(�̇� + 𝛿𝐻)

Lucas(0 

 =n50(𝑛 ≤ 𝛼) 0  =n1و  =v

(K(49)(50)

𝑲 = 𝑪 + �̇� + 𝜹𝑲 = 𝑨𝑲𝜶. (𝝁𝑯)𝟏−𝜶 .............................. (52) 

�̇� + 𝜹𝑲 = 𝑩(𝟏 − 𝝁). 𝑯  ................................................ (53) 

𝑥 = 𝐶 𝐾⁄ , 𝑤 = 𝐾 𝐻⁄

wx(52)(53)KH

𝜸𝑲 = 𝑨𝝁(𝟏−𝜶)𝒘−(𝟏−𝜶) − 𝒙 − 𝜹 ..................................... (54) 

𝜸𝜢 = 𝜝(𝟏 − 𝝁) − 𝜹  ...................................................... (55) 

w

𝜸𝒘 = 𝜸𝑲 − 𝜸𝑯𝑨𝝁(𝟏−𝜶)𝒘−(𝟏−𝜶) − 𝑩(𝟏 − 𝝁) − 𝒙 .......... (56) 

𝛾𝐶 = (1 𝜗⁄ )(𝑟 − 𝑝)

ϑ

𝜇(𝑐) = (𝑐 − 1)1−𝜗 (1 − 𝜗)⁄

r

𝑟 = 𝛼𝐴𝜇(1−𝛼)𝑤−(1−𝛼) − 𝛿
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𝜸𝒄 = (𝟏 𝝑⁄ ). [𝜶𝑨𝝁(𝟏−𝜶)𝒘−(𝟏−𝜶) − 𝜹 − 𝒑] ..................... (57) 

(54)(57 )x

𝜸𝒙 = 𝜸𝒄 − 𝜸𝑲 = [
𝜶−𝝑

𝝑
] 𝑨𝝁(𝟏−𝜶)𝒘−(𝟏−𝜶) + 𝒙 − (𝟏 𝝑⁄ )[𝜹. (𝟏 − 𝝑) + 𝒑] ........ (58) 

μ

𝛾𝜇 = 𝐵 (1 − 𝛼) 𝛼⁄ + 𝛽𝜇 − 𝑥

μ, w, x

𝑌 = [𝑝 + 𝛿. (1 − 𝜗)] 𝛽𝜗⁄

μ̇ = �̇� = �̇� = 0

𝑤∗ = (𝛼𝐴 𝛽⁄ )1 1−𝛼⁄ [𝑌 + (1 𝛼⁄ ) − (1 𝜗⁄ )] 

𝑥∗ = 𝛽[𝑌 + (1 𝛼⁄ ) − (1 𝜗⁄ )]

𝜇∗ = 𝑌 + (𝜗 − 1) 𝜗⁄

Q

𝑄 = 𝑌 + (𝐴 𝛽⁄ )(�̇� + 𝛿𝐻) = 𝐴𝐾𝛼𝐻1−𝛼 

r
*

𝑟∗ = 𝛽 − 𝛿

 γ*
C ،K ،Η ،Y: 

𝛾∗ = (1 − 𝑌)(𝛽 − 𝛿 − 𝑝)

r
*
> γ

*𝑤∗𝑥∗𝜇∗

1 LucasLucas
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∫ 𝑒_𝑝𝑡
∞

0

𝑁(𝑡) [
𝑐(𝑡)1−𝜎+𝑎𝐿(𝑡)1−𝜎

1 − 𝜎
] 𝑑𝑡

e

c

𝑎

L

N

σ

Lucas𝐿 = 0

µ
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 - 2 - 3 - IIPaul Romer

Romer1986Learning by 

doing1990

1 Romer(1986)Romer1986

Kenneth Arrow

RomerMi

Cobb-Dauglas

1𝑌(𝑡) = 𝐾𝑖(𝑡)1−𝛽[𝐴(𝑡)𝑁𝑖(𝑡)]𝛽 

𝐴(𝑡)

𝐾(𝑡) = ∑ 𝐾𝑖(𝑡)𝑀
𝑖=1

𝐴(𝑡) = 𝐴
1
𝛽 ∑ 𝐾𝑖(𝑡)

𝑀

𝑖=1

                                                             
1
 Arnaud Mayeur, »Traite de macro choix collectifs et raison d’état »,PUF,France,2005, p 316-318/ 
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𝑌(𝑡) = 𝑀𝑌𝑖(𝑡) = 𝑀𝐾𝑖(𝑡)1−𝛽𝐴𝐾(𝑡)𝛽𝑁𝑖(𝑡)𝛽

= 𝑀 [
𝐾(𝑡)

𝑀
]

1−𝛽

𝐴𝐾(𝑡)𝛽 [
𝑁(𝑡)

𝑀
]

𝛽

 

= 𝐴𝐾(𝑡)𝑁(𝑡)𝛽 

2 Romer1990

(1990) Romer

- 

 

- 

Romer

 

- 

 

                                                             
1
 Katheline schubert, op.cit , p324-333. 
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1 Att

𝑁𝐴,𝑡Romer

�̇�𝒕 = 𝑵𝑨,𝒕𝑨𝒕 ................................................................... (59) 

ρ<0

59

�̇� 𝐴⁄ = 𝜌𝑁𝐴 

𝜌𝑁𝐴𝐴ρ

w

v

𝑣𝜌𝑁𝐴𝐴 − 𝑤𝑁𝐴

𝒗𝝆𝑨 = 𝒘 ....................................................................... (60) 

2 ixi

𝑃𝑖A

A

v

𝒗𝒕 = ∫ 𝒆∫ 𝒓𝒔𝒅𝒔
𝑻

𝒕
∞

𝒕
𝝅𝒊,𝑻𝒅𝑻, ∀𝒕 ............................................ (61) 

 

𝜋𝑖,𝑇i

rt

(60)t  
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�̇�𝑖 = −𝜋𝑖,𝑡 + ∫ 𝑟𝑡𝑒− ∫ 𝑟𝑠𝑑𝑠
𝑇

𝑡 𝜋𝑖,𝑇𝑑𝑇
∞

𝑡

 

= −𝜋𝑖,𝑡 + 𝑟𝑡 ∫ 𝑒− ∫ 𝑟𝑠𝑑𝑠
𝑇

𝑡 𝜋𝑖,𝑇𝑑𝑇
∞

𝑡

 

= −𝜋𝑖,𝑡 + 𝑟𝑡𝑣𝑡

𝝅𝒊,𝒕

𝒗𝒕

𝒗�̇�

𝒗𝒕
= 𝒓𝒕 ....................................................................... (62) 

(Y)

xi,t

 πi,t𝑝𝑖(𝑥𝑖). 𝑥𝑖pi(xi)

Romer 

rnxi0 < 𝑛 ≤ 1(nxi

xir

𝑀𝑎𝑥𝜋𝑖 = 𝑝𝑖(𝑥𝑖)𝑥𝑖 − 𝑟𝑛𝑥𝑖  

𝒑𝟏 =
𝟏

𝟏−
𝟏

𝑬𝒊

𝒓𝒏 .................................................................. (63) 

(
1

1−
1

𝐸𝑖

rn

𝑝𝑖(𝑥𝑖)

3  (𝑁𝑌)

𝑌 = 𝑁𝑦1−𝛼 ∫ 𝑥𝑖
𝛼𝑑𝑖                          0 < 𝛼 < 1

𝐴

0

Cobb-Dauglas،
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𝑀𝑎𝑥𝑁𝑌1−𝛼 ∫ 𝑥𝑖
𝛼

𝐴

0

𝑑𝑖 − ∫ 𝑝𝑖𝑥𝑖

𝐴

0

𝑑𝑖 − 𝑤𝑁𝑌 

𝒑𝒊 = 𝑵𝒀𝟏−𝜶𝒙𝒊
𝜶−𝟏, ∀𝒊 ∈ [𝟎, 𝑨] .......................................... (64) 

𝑵𝒀 =
(𝟏−𝜶)𝒀

𝒘
 ................................................................... (65) 

(65)

𝑌 = 𝑁𝑌1−𝛼 ∫ �̅�𝛼
𝐴

0

𝑑𝑖 = 𝑁𝑌1−𝛼𝐴�̅�𝛼

4 

  

𝑵𝑨 + 𝑵𝒀 = 𝑵 ............................................................... (66)  

N

  

𝒀 = 𝑪 + �̇� ..................................................................... (67) 

C�̇�

�̇�

𝑪
= 𝝈(𝒓 − 𝜸) ................................................................. (68) 

𝛾
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𝑔𝑒𝑞 = �̇� 𝐴⁄ = 𝜌𝑁𝐴𝑁𝐴

�̇�

𝑨
= 𝝆𝑵𝑨 = 𝝆𝑵 −

𝒓

𝜶
 ........................................................ (69) 

𝒓𝒆𝒒 = 𝑴𝒂𝒙 [𝜸,
𝜶(𝝆𝑵+𝝈𝜸)

𝟏+𝜶𝝈
] ............................................... (70) 

𝒈𝒆𝒒 = 𝑴𝒂𝒙 [𝟎, 𝝈
𝜶𝝆𝑵−𝜸

𝟏+𝜶𝝈
]  ............................................... (71) 

(𝑁𝐴)𝑒𝑞 =
1

𝜌
𝑔𝑒𝑞 = 𝑀𝑎𝑥 [0,

𝜎

𝜌

𝛼𝜌𝑁 − 𝛾

1 + 𝛼𝜎
]

N

𝜌
1

𝛼

𝛼

𝑔𝑜𝑝𝑡 = 𝑀𝑎𝑥(0, 𝜎(𝜌𝑁 − 𝛾)) 

𝑟𝑜𝑝𝑡 = 𝜌𝑁 

(𝑁𝐴)𝑜𝑝𝑡 =
1

𝜌
𝑔𝑜𝑝𝑡 = 𝑀𝑎𝑥 [0,

𝜎

𝜌
(𝜌𝑁 − 𝛾)] 

𝑔𝑜𝑝𝑡 − 𝑔𝑒𝑞

𝜎
= 𝛼𝜎(𝜌𝑁 − 𝛾) + (1 − 𝛼)𝜌𝑁 > 0
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𝑔𝑜𝑝𝑡 > 0

Source : Ibid, p334

Romer

Romer

1  

2  

 - 3 - 3 - II Robert Barro (1990)

 Barro(1990)

 (G)

                                                             
1
 Katheline schubert, op.cit , p 317-321 . 
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BarroG

(i)

𝒀𝒊 = 𝑨𝒊𝑲𝒊
𝜶𝑵𝒊

𝟏−𝜶𝑮𝟏−𝜶             𝜶 ∈ ]𝟎, 𝟏[ ......................... (72) 

𝑁𝑖 , 𝐾𝑖 , 𝑌𝑖(i)

A

1 − 𝛼:

𝒀 = 𝑨𝑲𝜶𝑵𝟏−𝜶𝑮𝟏−𝜶 ....................................................... (73) 

BarroGt

𝑇 = 𝑡𝑌𝑇 = 𝐺 :

t

�̅� = 𝒔(𝟏 − 𝒕)𝒀 − 𝜹𝑲̅̅ ̅̅  ..................................................... (74) 

GtY

𝒀 = 𝑨𝑲𝜶𝑵𝟏−𝜶(𝒕𝒀)𝟏−𝜶 .................................................. (75) 

𝒀 = 𝒕
𝟏−𝜶

𝜶 𝑨
𝟏

𝜶𝑲𝑵
𝟏−𝜶

𝜶  .......................................................... (76) 

A ،N ،t

(74)(76)
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𝑔𝐾 =
�̇�

𝐾
= 𝑠(1 − 𝑡)

𝑌

𝐾
− 𝛿 = 𝑠(1 − 𝑡)𝑡

1−𝛼
𝛼 𝐴

1
𝛼𝑁

1−𝛼
𝛼 − 𝛿

G 

𝑌 = 𝐶 + 𝐼 + 𝐺 = 𝐶 + �̇� + 𝛿�̇� + 𝐺 

𝐶 = (1 − 𝑠)(1 − 𝑡)𝑌

𝑌 = (1 − 𝑠)(1 − 𝑡)𝑌 + �̇� + 𝛿𝐾 + 𝐺

  𝑠(1 − 𝑡)𝑌 = �̇� + 𝛿𝐾

𝜕(�̇� 𝐾⁄ )

𝜕𝑡
= [−𝑡

1−𝛼
𝛼 +

1 − 𝛼

𝛼
(1 − 𝑡)𝑡

1−𝛼
𝛼 −1] 𝑠𝐴

1
𝛼𝑁

1−𝛼
𝛼 = 0 

⇔ 𝑡 =
1 − 𝛼

𝛼
(1 − 𝑡) ⇔ 𝑡∗ = 1 − 𝛼 



   –دراسة نظرية  –النمو الاقتصادي  الفصل الأول

 
78 

Source : Ibid, p 321. 

- 𝑡∗ > 𝑡

 

- 𝑡∗ < 𝑡

 

Barro

 - 4 - 3 - IIAghion-Howitt

AghionHowitt, « A Model of Growth Through 

Creative Destruction »1992

1 Aghion-Howit

-  

                                                             
1
Arnaud Mayeur, op.cit ,p 319-320 
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-  

- x

𝑌 = 𝐴𝑓(𝑥)𝑓(𝑥) 

-  

-  

-  

-  

- 

 

- 

 

- (M)

(N)

(R.) 

yMM

𝒚 = 𝑨𝑭(𝑴, 𝒙) = 𝑨𝑭(𝒙)  ............................................... (77) 

�̀� > 0, 𝐹′′ < 0A

(L)(N)

(78) 

(x )

 Poisson :ϕλ(𝑛, 𝑅)
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n(N( ،ϕ   ،λ 

xA0

γ1<γ 

𝑨𝒕 = 𝑨𝟎𝜸𝒕 ...................................................................... (79) 

2 Aghion-Howitt

efx

𝑦 = 𝐴𝐹(𝑥) 

𝛑𝒆𝒇 =  −  = 𝒑𝒚𝒚 − 𝒑𝒙𝒙 = 𝒑𝒚𝑨𝒕𝑭(𝒙) − 𝒑𝒙𝒙... (80) 

(80)x

𝝏𝝅

𝒙
= 𝟎 ⇔ 𝒑𝒚𝑨�́�(𝒙) = 𝒑𝒙  ⇔ 𝑨�́�(𝒙) =

𝒑𝒙

𝒑𝒚
= 𝒑𝒙 ........... (81) 

(81)

 [𝐴𝑡�́�(𝑥𝑡) − 𝑤𝑡]𝑥𝑡 

Aw

𝝏

𝝏𝒙
[𝑨𝒕�́�(𝒙𝒕) − 𝒘𝒕]𝒙𝒕 = 𝟎   ⇔ 𝑨[𝑭′′(𝒙) + 𝑭′(𝒙)] − 𝒘 = 𝟎.......... (82) 

𝑤

𝐴
= 𝑥𝐹′′(𝑥) + 𝐹′(𝑥)

𝜔 ≅ 𝜔𝑡 𝐴⁄𝜔𝜔�̃� = 𝐹′(𝑥) + 𝑥𝐹′′(𝑥)𝜔�̃�

Inada𝜔�̃� = 𝜔�̃�(𝑥)

�̃�(𝒕) = 𝝎−𝟏̃ (𝒕) (83) 

𝑥𝑡 = 𝑥(𝜔𝑡)

                                                             
1
 Ibid, p320-322 
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(82)

𝜋 = [𝐴𝑡𝐹′(𝑥𝑡) − 𝑤𝑡]𝑥𝑡 

= 𝑨𝒙𝑭′(𝒙) − [𝑨𝒙𝑭′′(𝒙) + 𝑨𝑭′(𝒙)]𝒙 ..................................... (84) 

= 𝐴𝑥2𝐹′′(𝑥)  

𝜋𝑡 = 𝐴𝑡�̃�(𝜔𝑡) 

�̃�(𝜔) ≅ −𝑥(𝜔)2𝐹′′[�̃�(𝜔)]  

𝑥�̃�𝜔𝑡

3 

Vt+1𝑡 + 1W
S

 Poisson ϕ𝑄(𝑛, 𝑠) 

𝛌𝑸(𝒏, 𝒔)𝑽𝒕+𝟏 − 𝒘𝒕𝒏 − 𝒘𝒕
𝒔𝒔 .......................................... (85) 

(85)

𝒘𝒕 = 𝑸′(𝒏𝒕)𝝀𝑽𝒕+𝟏 ......................................................... (86) 

𝑄(𝑛𝑡) = (𝑛𝑡, 𝑅)

Aghion-Howitt

𝑉𝑡+1

𝑽𝒕+𝟏 =
𝝅𝒕+𝟏

𝒓+𝝀𝑸(𝒏𝒕+𝟏)
  .......................................................... (87) 

                                                             
1
 Ibid ;pp 323-324. 
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γ

𝑁(87( و)86(، )84(، )83) = 𝑛𝑡 + 𝑥𝑡
1 

�̃�(𝑵−𝒏𝒕)

𝝀𝑸′(𝒏𝒕) =
𝜸�̃�[�̃�(𝑵−𝒏𝒕+𝟏)]

𝒓+𝝀𝑸(𝒏𝒕+𝟏)
 .................................................. (88) 

𝐶(𝑛𝑡) = 𝑏(𝑛𝑡+1)

(88)tt+1

𝑛𝑡 = 𝛹(𝑛𝑡+1) 

Ψ′ > 0𝐶(𝑛𝑡)(𝑛𝑡+1)

(88)𝑛∗

(-

 

Source: Ibid, p 324
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(A)(N)(77)

𝒚𝒕 = 𝑨𝒕𝑭(𝑵 − 𝒏∗)  ........................................................ (89) 

𝒚𝒕 = 𝑨𝒕𝑭(𝑵 − 𝒏∗)               𝑨𝒕 = 𝑨𝟎𝜸𝒕  .......................... (90) 

𝑦𝑡 = 𝐴0𝛾𝑡𝐹(𝑁 − 𝑛∗)

𝒚𝒕+𝟏 = 𝑨𝟎𝜸𝒕+𝟏𝑭(𝑵 − 𝒏∗) ............................................. (91) 

𝒚𝒕+𝟏

𝒚𝒕
=

𝑨𝟎𝜸𝒕+𝟏𝑭(𝑵−𝒏∗)

𝑨𝟎𝜸𝒕𝑭(𝑵−𝒏∗)
= 𝜸 ................................................ (92) 

𝑦𝑡+1

𝑦𝑡
= 𝛾

(92) 𝑦0 =

𝐴0𝐹(𝑁 − 𝑛∗)

𝛾

𝐥𝐧 (
𝒚𝒕+𝟏

𝒚𝒕
) = 𝐥𝐧 𝜸 ............................................................. (93) 

TMCE

𝐓𝐌𝐂𝐄 = 𝛌𝐐(𝒏∗) 𝐥𝐧(𝜸) ................................................. (94) 

 - 5 - 3 - II Helpman-Grossman

Helpman-Grossman
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1 Romer

Nt

CtWtEt

𝐸𝑡 = 𝑃𝑡𝐶𝑡pt

𝑀𝑎𝑥𝑊 = ∫ 𝑒−𝛾𝑡
∞

𝑡=0

ln 𝐶𝑡𝑑𝑡

�̇�𝒕 = 𝒘𝒕𝑵 − 𝑷𝒕𝑪𝒕 + 𝒓𝒕𝑾𝒕  ........................................... (95) 

𝑊0  𝑑𝑜𝑛𝑛é

 w

W

rt

�̇�𝑡

𝐶𝑡
= 𝑟𝑡 − 𝛾 −

�̇�𝑡

𝑃𝑡
= [𝑟𝑡 −

�̇�𝑡

𝑃𝑡
] − 𝛾

[𝑟𝑡 −
�̇�𝑡

𝑃𝑡
]

�̇�𝒕

𝑬𝒕
=

�̇�𝒕

𝑪𝒕
+ (

�̇�𝒕

𝑷𝒕
) = 𝒓𝒕 − 𝜸 ................................................. (96) 

(Optimal

                                                             
1
 Katheline schubert, op.cit ,p335-337 
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[0, 𝐴 ]

C

𝑪 = [∫ 𝒙𝟏
𝜶𝑨

𝟎
𝒅𝒊]

𝟏

𝜶
 
                  𝟎 < 𝜶 < 𝟏 .......................... (97) 

dii
1

1−𝛼

𝜕𝐶

𝜕𝐴
> 0 C

  

𝑀𝑎𝑥𝐶 = [∫ 𝑥1
𝛼

𝐴

0

𝑑𝑖]

1
𝛼 

 

∫ 𝒑𝒊𝒙𝒊𝒅𝒊 ≤ 𝑬
𝑨

𝟎
  ............................................................... (98)

E𝑝𝑖i

i

𝒙𝒊 =
𝑬𝑷𝒊

𝟏
𝜶−𝟏

∫ 𝑷𝒋

𝜶
𝜶−𝟏𝒅𝒋

𝑨

𝟎

  ............................................................... (99) 

𝑃 = [∫ 𝑃𝑖

1
𝛼−1

𝐴

0

𝑑𝑖]

𝛼−1
𝛼

 

(99)

𝒑𝒊𝒙𝒊 = 𝑬 (
𝑷

𝑷𝒊
)

𝜶

𝟏−𝜶
 .......................................................... (100) 

(E)(i)
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2 

ii

𝝅𝒊 = (𝒑𝒊 − 𝒘)𝒙𝒊 .......................................................... (101) 

p

𝜕𝜋𝑖

𝜕𝑝𝑖
= (𝑝𝑖 − 𝑤)

𝜕𝑥𝑖(𝑝𝑖)

𝜕𝑝𝑖
+ 𝑥𝑖(𝑝𝑖) = 0

𝒑𝒊 = �̅�𝒊 =
𝒘

𝜶
, ∀𝒊  .......................................................... (102) 

1

𝛼

𝒑 = [∫ 𝑷𝒋

𝟏

𝜶−𝟏
𝑨

𝟎
𝒅𝒋]

𝜶−𝟏

𝜶
= 𝑨

𝜶−𝟏

𝜶 �̅� = 𝑨
𝜶−𝟏

𝜶
𝒘

𝜶
   .................... (103) 

�̅�

�̅� =
𝑬

𝒑
(

𝒑

𝒑
)

𝜶−𝟏

𝜶
=

𝑬

𝑨�̅�
=

𝜶𝑬

𝑨𝒘
 ............................................... (104) 

 �̅� = (�̅� − 𝒘)�̅� =
(𝟏−𝜶)𝑬

𝑨
 ............................................. (105) 

wA

                                                             
1
 Katheline schubert, op.cit , p338-339 
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3 Helpman-GrossmanRomer1990
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8000200011500 2002

  1 - I- 2 -

INPUTS
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1  

 35200056
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1020102014
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201247104195

10 
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5013201011

99\244
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1 9924421

14203119997756



  

 
187 

-  
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-  
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1998200220082012

19983257116

20008000113192007

170201429183

26607512292576

14681108
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 199921 

- 0,2%19971%

2000 

-  
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1 2014
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2
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- 20012004

2010201412,38

100 

- 13

44,3 

- 

60 

 

90,16%

9,84% 

2  

  

-  

- 

 

- 

 

                                                             
1
 2013

110
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- 201111690 

- 2013168172 

50،%

36،%

14%
1
.

 

- 51327442011 

- 5392833 2013 

                                                             
1

République Algérienne Démocratique Et Populaire, Minitére De L'enseignement  Supérieur Et De 

Larecherche Scientifique Et Du Développement Technologique, Direction Générale De La Recherché 

Scientifique Et Du Développement Technologique, Rcueil Des Brevets D'invention 3ém Edition 2013, 

P11. 
2

2009

2009209
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 - 3 - 1 - I

- 

 

  

  

 

 

- 

 

-  
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1
 

181920151011
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- 

 

- 

 

 - 2 -II

-  

-  

-  
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-  

-  

 - 1 - 2 - II

- 

 

  

 

 

- 

 

  

  

                                                             
1
 19622012

201294



  

 
193 

  

-  

  

  

  

-  

-  

-  

 - 2 - 2 - II

1  

141

12

8956,32019

20189253,810

1118286

102

                                                             
1
 World Economic Forum, the global competitiveness report 2018, Geneva, Switzerland, 2019, P: xiii. 
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76 

- 

-  

-  

- 

 

 

 

85 

- 

 

- 

93 

- 

 

-  

-  

-  

- 

 

 

 

86 

- 

 

- 

World Economic Forum, the global competitiveness report 2019, 

Geneva, Switzerland, 2019, PP:51-53.

 
1
 Ibid, p 50. 
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2  

2007

2019

129807

11312923,98

201811023,8

3  

5002019

2019

                                                             
1
 Dutta Soumitra and al, The Global Innovation Index 2019: Creating Healthy Lives—The Future of 

Medical Innovation, Ithaca, Fontainebleau, and Geneva., 12TH Edition, Geneva, Switzerland, 2019, P: 

xxxv. 
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1206136

243050

259859

 - 3 - 2 -II

                                                             
1
       2019    : 

http://www.webometrics.info/en/Africa/Algeria Voir le (17/10/2019)
2
              -       

3        32014 20
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- 
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 - 5 - 2 - II

1 

03/78 252003

- 

 

- 2004

 

 2009 

 012012 

 20102014

 

Ooredoo142013

                                                             
1
        13    26  2003  : 14

2
        38    09  2008   24

3           : 

http://anpt.dz/aceuil/presence-regionale/# (2019/10/18    

http://anpt.dz/aceuil/presence-regionale/
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T-Stars

29540020

Ooredoo273

2 

1117252011

 

- (CETIM) 

- CNTC 

3 

 

 (FNPCI) 

 (FNRSDT) 

                                                             
1
 Programme Algérien des start-ups technologiques : vos idées d’aujourd’hui sont la réalité de demain, 

Sur le site web: http://www.tstart.dz/fr/ Voir le (17/10/2019) 
2        05    26  2011  : 14
3           :1819
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1990 2017
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- I

-  

-  

 - 1 - I

- (𝑌𝑡) =   𝜇         

- 𝑉𝑎𝑟(𝑌t) = (𝑌𝑡 − 𝜇)2 = 𝜎2           

- (COV) (K) 

𝐶𝑂𝑉(𝑌𝑡, 𝑌𝑡−𝑘) = 𝐸[(𝑌𝑡 − 𝜇)(𝑌𝑡−𝑘 − 𝜇)] = 𝛾𝑘 

𝜇

                                                             
1
 Greene,W.H, « Econometric Analysis », 7th Edition, International Edition, New York, 2012, 

p 907.  
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𝜎2  

𝛾𝑘

- 𝑅2(DW)(𝑅2 > 𝐷𝑊) 

-  

-  
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Source : Muhammad Saeed Ass Meo, Superior University Lahore, Pakistan. 

 

 - 1 - 1 - I

-  

 

0
0

1  1  12  
I(0 ،)المتغيرات مستقرة 

I(1 ،)I(2) I(0 ،)المتغيرات مستقرة  

I(1 ،)I(2)  

الانحدار البسيط في الأمد 

   OLSالطويل 
ARDL 

إجراء اختبارات التكامل 

 المشترك

 نماذج الانحدار الذاتي

AR  

اختبار تودا ياموتو 

اختبار تودا ياموتو   1995

1995  

عند عدم وجود تكامل مشترك نموذج متجه الانحدار 

 VARالذاتي 

عند وجود تكامل مشترك نموذج تصحيح الخطأ لقياس 

 الأجل العلاقة الطويلة والقصيرة

 

ECM في حالة وجود متغير داخلي واحد 

VECM في حالة وجود أكثر من متغير داخلي 

0

12  

 

اختبار تودا ياموتو 

1995  

 

 

 VECM   في حالة وجود أكثر من متغير داخلي 
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- 

 

 -2 - 1 - IACFPACF

-  

- 

 

𝐴𝐶𝐹 =
𝛾𝑘

𝛾0

𝛾𝑘k 

𝛾𝑘 =
∑(𝑌𝑡 − �̅�)(𝑌𝑡−𝑘 − �̅�)

𝑛 − 𝑘
 

𝑛

�̅�

𝑘

𝛾0

                                                             
1
  Dahlhaus R, « Graphical Interraction Models for Multivariate Time Series », Mutrical Vol (51) 

No(2), p 51. 
2 Gugarati ,Damoddar, ”Basic Economics“, 5th Edition, McGraw Hill Education, New York. 2005, 

808 



 
210 

𝛾0 =
∑(𝑌𝑡 − �̅�)

𝑛 − 1

- 0
1

𝑛
 

- (5)%(∓1,96; √
1

𝑛
)

 

(PACF)

 

 -3 - 1 - I

- 

0)0) 

- 

0)1) 

- 0)2) 

- (TS )(Trend Stationary)

(Determinist)

 

                                                             
1 2005655
2 12012207
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𝑌𝑡 = 𝑓(𝑡, 휀𝑡)

- (DS)(Difference Stationary)

(Random)

 

𝑌𝑡 = 𝑌𝑡−1 + 𝛽 + 휀𝑡

𝑌𝑡 = 𝜌𝑌𝑡−1 + 𝜇𝑡

−1 ≪ ρ ≪ 1

𝜇𝑡𝐸( 𝑡) = 0

𝑣𝑎𝑟(𝜇𝑡) = 𝜎2𝑐𝑜𝑣(𝜇𝑡, 𝜇𝑡−𝑘) = 0

(32)(𝑌𝑡)

(𝜌)(𝑌𝑡)

1 Augmented Dickey – Fuller test (ADF)(Dickey 

– Fuller 1981

(ADF)

(ADF)(MCO)

-  

                                                             
1
  Dickey D.A, Fuller W.A, ”Likelihood Ratio Statistical For Autoregressive Time Series With a Unit 

Root”, Econometrical. 1981, p 1057 
2  Enders, Walter, ”Applied Econometric Time Series”, 4th Edition, Hoboken, NJ Wiley, USA, 2015, 

p 221. 
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-  

-  

-  

∆𝑌𝑡 = 𝐵𝑌𝑡−1 + ∑ 𝜆𝑖∆𝑌𝑡−𝑖

𝑝

𝑖=1

+ 𝜇𝑡  

∆𝑌𝑡 = 𝑎0 + 𝐵𝑌𝑡−1 + ∑ 𝜆𝑖∆𝑌𝑡−𝑖

𝑝

𝑖=1

+ 𝜇𝑡  

∆𝑌𝑡 = 𝑎0 + 𝑎1𝑡 + 𝐵𝑌𝑡−1 + ∑ 𝜆𝑖∆𝑌𝑡−𝑖

𝑝

𝑖=1

+ 𝜇𝑡

∆𝑌𝑡 = 𝑎0 + 𝑎1𝑡 + 𝐵𝑌𝑡−1 + (𝐵2𝑌𝑡−1)2 + ∑ 𝜆𝑖∆𝑌𝑡−𝑖

𝑝

𝑖=1

+ 𝜇𝑡 

∆

t(t∗)

t(𝑡∗)

𝐻0: 𝐵 = 0𝐻1: 𝐵 > 0 

t(𝑡∗)𝐻0: 𝐵 = 0

𝐻1: 𝐵 > 0 

- I(0). 

                                                             
1
 Dickey D.A, Fuller W.A, op.cit, p 251. 
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- 

(1)0. 

- (2)0 

(t)(Machinnon)

2 (Phillips-Perron test)1988

- (Non-Parametric)

(ADF) 

- (PP)(ADF)

 

- (PP) 

- 

∆𝑌𝑡 = 𝑎 + 𝛽𝑦𝑡−1 + 𝑢𝑡

(ADF)

(t)(Machinnon)

- (𝐻0: 𝐵 = 0)

3- KPSS:1992Kwiatkowski-Phillips-Schmidt & 

Shin 

 (LM) 

                                                             
1
 Dickey D.A, Fuller W.A, ”Distribution of The Estimators For Autoregressive Series a Unit Root”, 

Journal of The American Statistical Association, Vol (74), No(366), Jun, 1979, p 433. 
2

482006210 
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 ADFPP

 

 ADFPP

 

 

 

KPSS

 ADFPP 

𝑆𝑡
2 = ∑ 𝑒𝑡

𝑡

𝑖=1

 

 𝑆𝑡
2PP 

𝑆1
2 =

1

𝑛
∑ 𝑒𝑡

2 + 2 ∑(1 −
𝑖

𝑡 + 1
)

1

𝑛
∑ 𝑒𝑡 + 𝑒𝑡−𝑖

𝑛

𝑡=𝑖+1

𝑛

𝑖=1

𝑛

𝑡=1

 

KPSS

𝐿𝑀 =
1

𝑆1
2 .

∑ 𝑆𝑡
2𝑛

𝑡=1

𝑛2

LM StatisticKPSS

 LM

(KPSS)1992 

 (LM) 

                                                             
1 Bourbonnais Régis,”Econometric : cours et exercices corrigés”, 9eme, Edition, Dunod, Paris, 2015, p 

233. 
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(ADF)

1 

 

2  

 

(Detrending) 

 

(d)

 

 

 

 - 3 - I

 Granger (1981)

Engle & Granger(1987)

(𝑋𝑡, 𝑌𝑡)

                                                             
1

Box-Jenkins

220036
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I(1)(𝑋𝑡, 𝑌𝑡)

I(0)

 

 

  

 -1 - 2 - IEngle & Granger Test

1987

1  

 

 

 

(SLO) 

𝑌𝑡 = 𝑎0 + 𝑎1𝑋𝑡 + 𝑈𝑡 

                                                             
1 232

20079
2
 Engle,R.F, Granger C.W.J. (1987), “Co-Integration and Error Correction: Representation, 

Estimation, and Testing”, Econometrical is currently published by The Econometric Society, Vol(55), 

No(2), p 256.  
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2 𝑈𝑡

 

𝑈𝑡 = 𝑌𝑡 − 𝑎0 − 𝑎1𝑋𝑡

3 �̂�𝑡

 

∆�̂�𝑡 = 𝑏0 + 𝑏1�̂�𝑡−1 + ∆�̂�𝑡−1 + 𝑒𝑡

(t)

 (𝐻0: 𝐵1 = 0)

 

 (𝐻1: 𝐵1 ≠ 0)

Error Correction Model {ECM}

 

 

 

 

 

  

 - 2 - 2 - IJohansen & Juselius Test

Johansen & Juselius1990

                                                             
1 688
2 

(E.5)20076
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 (Engle & 

Granger.) 

  

  

  

  

 (π)(  𝜋 = 0)

 

 (π)(  𝜋 = 1)

(π𝐾𝐿 − 𝑃) 

 (π)(  𝜋 = 𝑛)𝑛

 

 (π)(1 < , 𝜋 < 𝑛)

 

(π)

(Eigen Values). 

 Trace Test 

𝜆𝑡𝑟𝑎𝑐𝑒 = −𝑇 ∑ 𝑙𝑜𝑔

𝑛

𝑖=𝑟+1

�̂�𝑖

r

                                                             
1 Enders, Walter,”Applied Econometric Time Series”, 4th Edition, Hoboken, NJ Wiley, USA, 2015, p 

390. 
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�̂�𝑖

(0 =r ) (1 =r)

 

0 

 

 

 Maximum Eigenvalues Test 

𝜆𝑚𝑎𝑥 = −𝑇𝑙𝑜𝑔(1 − �̂�𝑖) 

(t)

(Johansen- Juselius)(t)

 

 - 3 - I 

Autoregressive Distributed Lag Model (ARDL)  

Autoregressive Distributed Lag Model (ARDL)

(2001)

Autoregressive ModelDistributed 

                                                             
1
 St. Louis20032011

82201265
2 Asterion. D, Stephen G.H,”Applied Econometrics: A Modern Approach Using Eviews and Mycroft 

Revised”, First Edition, Palgrave Macmillan, London, 2011, p 374 
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Lag Model

 (ARDL)

(ARDL) 

- (ARDL)(0)I

(1)I(2)I 

- 

 

- 

 

- 

Level(0)I(1)I

 

- 

 

- ARDL

 

- ARDL

 

- ARDL

 

                                                             
1 Pesaran .M, Shin. Y, and Smith. R,”Bounds Testing Approaches to The Analysis of Level 

Relationships”, Journal of Applied Econometrics, Vol(16), USA, 2001, p 289. 
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(Y)(K)(𝑋1,𝑋2, … , 𝑋𝑘)

(𝑃, 𝑞1,𝑞2, … , 𝑞𝑘) ARDL

∆𝑌𝑡 = 𝑐 + 𝐵1𝑌𝑡−1 + 𝐵2𝑋1𝑡−1 + 𝐵3𝑋2𝑡−1 + ⋯ + 𝐵𝑘+1𝑋𝑘𝑡−1 + ∑ 𝜆1𝑖∆𝑌𝑡−𝑖

𝑝−1

𝑖=1

+ ∑ 𝜆2𝑖∆𝑌1𝑡−𝑖

𝑞1−1

𝑖=0

+ ∑ 𝜆3𝑖∆𝑌2𝑡−𝑖

𝑞2−1

𝑖=0

+ ⋯ + ∑ 𝜆(𝑘+1)𝑖∆𝑌𝑘𝑡−𝑖

𝑞𝑘−1

𝑖=0

+ 𝑢𝑡

Δ:

𝑢𝑡

c:

B:

(𝑃, 𝑞1, 𝑞2, … , 𝑞𝑘)(𝑌, 𝑋1, 𝑋2, … , 𝑋𝑘)

(ADF, PP, KPSS)

ARDL

1 α

- (Final Prediction Error 1969) 

𝐹𝑃𝐸(𝑃) = [
𝑇 + 𝑃 − 𝐾

𝐾 − 𝑃. 𝐾
] . ∑ 𝑒 

- (Akaike Information Criterion 1973) 

                                                             
1
 62009

157
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𝐴𝐼𝐶(𝑃) = 𝑙𝑛 [𝑑𝑒𝑡 (∑ 𝑒)] +
2𝐾2𝑃

𝑇
 

- (Schwarz Criterion 1978) 

𝑆𝑐 = 𝑙𝑛 [𝑑𝑒𝑡 (∑ 𝑒)] +
2𝐾2𝑃𝑙𝑛(𝑇)

𝑇

- (Hannan & Quinn Criterion1979)

𝐻. 𝑄(𝑝) = 𝑙𝑛 [𝑑𝑒𝑡 (∑ 𝑒)] +
2𝐾2𝑃𝑙𝑛(𝑇)

𝑇
 

- (likelihoud Rotio Test) 

K

P

T

∑ 𝑒

(P)

2 Bounds Testing Approach

Wald

F

-  

-  

F

                                                             
1
 Diebold, Francis,”Econometrics”, First Edition, University of Pennsylvania, USA, 2016, p 43. 
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𝐹 =
(𝑆𝑆𝑒𝑅 − 𝑆𝑆𝑒𝑢)/𝑀

𝑆𝑆𝑒𝑢 /(𝑛 − 𝑘)

𝑆𝑆𝑒𝑅

𝐻0: 𝐵1 = 𝐵2 = ⋯ = 𝐵𝑘+1 = 0

𝑆𝑆𝑒𝑢

𝐻1: 𝐵1 ≠ 𝐵2 ≠ ⋯ ≠ 𝐵𝑘+1 ≠ 0

M:

K:

n:

(F )(F )( Perasan et al)

2001 (F)

- 0)0). 

- (0)1 

- (F)(F)

 

- (F)(F)

 

                                                             
1
 

3492013190
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- (F)(F)

 

(F)(F)

(0)I

(F)(F) 

3 (ARDL) (VECM)

(ARDL)

 (VECM)(α)

(SLO،)

(HendrH) 

(t)

 

 Lagrange Multiplier Test of - أ

Residual (Brush – Goldfrey)   

 Autoregressive Conditional - ب

Heteroxedasticity (ARCH) 

 Jarque Bera (JB) - ت

 Ramsey (RESET) - ث

  Multicolinearty Test - ج

4  (LDRA)

1 Comulative Sum of Recursive Residual 

(CUSUM) 

                                                             
1 159
2
 (ARDL)

201323
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2 Comulative Sum of SquaresRecursive 

Residual (CUSUM SQ) 

-  

-  

  (ARDL)

(CUSUM)(CUSUM SQ)

(5)%

 (5)%

5 

1 Theil Inequality Coefficient 

𝑇 = √
∑(𝑆𝑖 − 𝑑𝑖)2

∑ 𝑑𝑖
2

𝑆𝑖

𝑑𝑖

                                                             
1
 163
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- (𝑖= 𝑑𝑖)T=0 

- (𝑖= 0)T=1

�̂�𝐹 = 0 

- (T)

0 ≤ 𝑇 ≤ ∞ 

2 

 Bias Proppotion (BP) 

 Variance Proppotion (VP) 

 Covariance Proppotion (CP) 

- (Ex-Post 

Forecast)(t) 

- 

 

 -II19902017

(ARDL )

I(0) I(1).

𝐺𝐷𝑃𝑡

𝐺𝐷𝐼𝑡

𝑇𝐿𝐹𝑡
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𝑃𝐴𝑇𝑡

 - 1 - II

1 

(1990-2017)

  

  

  
0views 10
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42(LnGnT )(LnGn0 )

(LnTnP )

(LnTLF)

 

2- (ACF)(PACF) 

ADGRL

(LnGnT) 

  

0100WO 10
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(LnGn0) 

  

(LnPLF) 
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(LnTnP) 

  

- LnGnT  ،LnGn0  ،LnTnP

(5)%

I(1) 

- (LnPLF)

(5)%

I(0) 

3 

(ADF)(PP)

-  tLnGnTI(1).

- tLnGn0I(1).

- tLnPLF I(0). 

- tLnTnPI(1).
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  𝑡𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑞𝑢𝑒 Prob 𝑡𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑞𝑢𝑒 Prob  

 

tLnGnT  

ADF  

-3.191366 

 

 

  0.1072 

 

-3.373682 0.0215    I(1) 

 

PP -2.967571 0.1590 

 
 

-3.334286 

 

0.0235 

 
    I(1) 

 

tLnGn0  

ADF -2.797564 

 

 0.2104 

 

-6.229927 0.0000 

 
    I(1) 

PP -5.796629 

 

0.0003 

 

-6.142096 

 

0.0000 

 
    I(1) 

 

tLnPLF  

ADF -4.123195 

 

0.0036 

 
 - -  I(0) 

PP -7.237765 

 

0.0000 

 
 - -  I(0) 

tLnTnP  ADF -2.172226 0.4826 

 

-3.893943 0.0005     I(1) 

PP -2.367167 

 

0.3856 

 
 

-3.852070 

 

0.0005 

 
    I(1) 

- 

I(0)I(1) ،)

(ARDL) 

 - 2 - II(ARDL) 

 Autoregressive Distributed Lag Model (ARDL)
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-  

 

𝑮𝑫𝑷𝒕 = 𝒇(𝑮𝑫𝑰𝒕, 𝑻𝑳𝑭𝒕, 𝑷𝑨𝑻𝒕) (1) 

𝐺𝐷𝑃𝑡

𝐺𝐷𝐼𝑡

𝑇𝐿𝐹𝑡

𝑃𝐴𝑇𝑡

1

𝐺𝐷𝑃𝑡 = 𝐺𝐷𝐼𝑡
𝛽1

𝑇𝐿𝐹𝑡
𝛽2

𝑃𝐴𝑇𝑡
𝛽3

  (2) 

ln 𝐺𝐷𝑃𝑡 = 𝛽0 + 𝛽1 ln 𝐺𝐷𝐼𝑡 + 𝛽2 ln 𝑇𝐿𝐹𝑡 + 𝛽3 ln 𝑃𝐴𝑇𝑡 + 휀𝑡        (3) 

(3)(ECM)(ARDL) 

∆ ln 𝐺𝐷𝑃𝑡 = 𝛽1

+ ∑ 𝛼𝑖

𝑝

𝑖=1

∆ ln 𝐺𝐷𝑃𝑡−𝑖 + ∑ 𝛽𝑖

𝑞

𝑖=1

∆ ln 𝐺𝐷𝐼𝑡−𝑖 + ∑ 𝛾𝑖

𝑞

𝑖=1

∆ ln 𝑇𝐿𝐹𝑡−𝑖

+ ∑ 𝛿𝑖

𝑞

𝑖=1

∆ ln 𝑃𝐴𝑇𝑡−𝑖 + 𝜃1 ln 𝐺𝐷𝑃𝑡−1 + 𝜃2 ln 𝐺𝐷𝐼𝑡−1

+ 𝜃3 ln 𝑇𝐿𝐹𝑡−1 + 𝜃4 ln 𝑃𝐴𝑇𝑡−1 + 휀𝑡

𝐺𝐷𝑃𝑡 :
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𝐺𝐷𝐼𝑡:  

𝑇𝐿𝐹𝑡:  

𝑃𝐴𝑇𝑡:   

𝐻0: 𝜃1 = 𝜃2 = 𝜃3 = 𝜃4 = 0                                                  

𝐻1: 𝜃1 ≠ 𝜃2 ≠ 𝜃3 ≠ 𝜃4 ≠ 0                                                    

 1990-

2017 

- 

1 (Bounds Test) (F)

 

 

 

K Value Test statistic 

3  6.250420 F-Statistic 

Upper bound I(1) Lower Bound I(0) Significance 

3.77 2.72 10% 

4.35 3.23 5% 

4.89 3.69 2.5% 

5.61 4.29 1% 

0views 10

(F )(6.250420)

(1%)𝐻0: 𝜃1 = 𝜃2 = 𝜃3 = 𝜃4 = 0

𝐻1: 𝜃1 ≠ 𝜃2 ≠ 𝜃3 ≠ 𝜃4 ≠ 0
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2 

(5)(6)

ln 𝐺𝐷𝑃𝑡 = 𝛽2 + ∑ 𝛼2𝑖 ln 𝐺𝐷𝑃𝑡−𝑖

𝑘

𝑖=1

+ ∑ 𝛽2𝑖 ln 𝐺𝐷𝐼𝑡−𝑖

𝑘

𝑖=0

+ ∑ 𝛾2𝑖 ln 𝑇𝐿𝐹𝑡−𝑖

𝑘

𝑖=0

+ ∑ 𝛿2𝑖 ln 𝑃𝐴𝑇𝑡−𝑖

𝑘

𝑖=0

+ 휀2𝑡  … … … … … . (5) 

∆ln 𝐺𝐷𝑃𝑡 = 𝛽3 + ∑ 𝛼3𝑖∆ ln 𝐺𝐷𝑃𝑡−𝑖

𝑘

𝑖=1

+ ∑ 𝛽3𝑖 ∆ln 𝐺𝐷𝐼𝑡−𝑖

𝑘

𝑖=0

+ ∑ 𝛾3𝑖∆ ln 𝑇𝐿𝐹𝑡−𝑖

𝑘

𝑖=0

+ ∑ 𝛿3𝑖∆ ln 𝑃𝐴𝑇𝑡−𝑖

𝑘

𝑖=0

+ 𝜆𝐸𝐶𝑇𝑡−1

+ 휀3𝑡 … … . . (6) 

𝐸𝐶𝑇(Error Correction Term)

ECT = ln 𝐺𝐷𝑃𝑡 − 𝛽2 − ∑ 𝛼2𝑖 ln 𝐺𝐷𝑃𝑡−𝑖

𝑘

𝑖=1

− ∑ 𝛽2𝑖 ln 𝐺𝐷𝐼𝑡−𝑖

𝑘

𝑖=0

− ∑ 𝛾2𝑖 ln 𝑇𝐿𝐹𝑡−𝑖

𝑘

𝑖=0

−  ∑ 𝛿2𝑖 ln 𝑃𝐴𝑇𝑡−𝑖

𝑘

𝑖=0

 

ϕ(6)
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ARDL Long Run Form and Bounds Test 

Dependent Variable: D(LNGDP) 

Selected Model: ARDL(1, 2, 2, 2) 

Sample: 1990 2017 

Included observations: 22 

 
Prob t-Statistic Std.Error Coefficient Variable 

0.2914 -1.083747 0.954712 -1.034665 C 

0.2692 -1.136473 0.107752 -0.122457 LNGDP(-1) 

0.1072 1.686936 0.036900 0.062247  LNGDI 

0.0007 4.026172 0.064153 0.258289 LNTLF 

0.4981 0.690054 0.014014 0.009670 LNPAT 

0.0000 -5.585255 0.021925 -0.122457 CointEq(-1)* 

CointEq= LNGDP - (0.5083*LNGDI + 2.1092*LNTLF + 0.0790*LNPAT ) 

Long Run Coefficients 

Prob t-Statistic Std.Error Coefficient Variable 

0.4809 0.718294 0.707678 0.508321 LNGDI 

0.3174 1.025525 2.056726 0.376521 LNTLF 

0.4480 0.773970 0.102031 0.078969 LNPAT 

3  

 

- 112,2

 

- 

(5)%

(1)%(6%)

(50)% 

- 

(5)%(1)%

(25)%

(37%) 
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- 

(1)%(0,9%)

 (7)% 

 

 (5)

- (0.575607)(%57)

 

-  F=31.19507 

- 0.015688  =S.E) 

0.575607 R-squared 

0.557155 Adjusted R-squared 

0.015688 S.E. of regression 

0.005661 Sum squared resid 

69.43979 Log likelihood 

31.19507 F-statistic 

0.000037 Prob(F-statistic) 

2.030014 Durbin-Watson stat 

 

Diagnostics Test 

 BGLM6

0.1788590.9944
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BGLM 

Breusch-Godfrey Serial Correlation LM Test 

0.9944 

 

    Prob. F(1,16) 

 

0.178859 

 
F-statistic 

0.9796 

 

Prob. Chi-Square(1) 

 

3.076876 

 
Obs*R-squared 

 nRCH9

F0.2651740.6129

Heteroskedasticity Test: ARCH 

0.6129 

 

 

    Prob. F(1,19) 

 

0.265174 

 

 

F-statistic 

0.5900 

 

 

Prob. Chi-Square(1) 

 

0.290360 

 

 

Obs*R-squared 

 47

JB= 0,071560

0,964852
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4 (ARDL-ECM)(nRnL)

(CUOUM)

(CUOUM OQ)
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48

  

(6)

(5)%

5 

(1990-2017)
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- (Theil)(0,247346) 

-   (BP= 0,007) 

- (VP=0,199) 

- (CP= 0,793) 

 - 3 - IINARDL 

(nRnL )

(NARDL  )

 (nRnL)
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𝐺𝐷𝑃𝑡 = 𝑓(𝐺𝐷𝐼𝑡;  𝑇𝐿𝐹𝑡;  𝑃𝐴𝑇𝑡
+; 𝑃𝐴𝑇𝑡

− )                

𝐺𝐷𝑃𝑡 :

𝐺𝐷𝐼𝑡:  

𝑇𝐿𝐹𝑡 : 

𝑃𝐴𝑇𝑡
+:           

𝑃𝐴𝑇𝑡
+ =  ∑ ∆𝑡

𝑖=1 𝑃𝐴𝑇𝑡
+ = ∑ 𝑚𝑎𝑥(∆𝑃𝐴𝑇𝑡 , 0)𝑡

𝑖=1 

𝑃𝐴𝑇𝑡
−:            

𝑃𝐴𝑇𝑡
− =  ∑ ∆𝑡

𝑖=1 𝑃𝐴𝑇𝑡
− = ∑ 𝑚𝑖𝑛(∆𝑃𝐴𝑇𝑡 , 0)𝑡

𝑖=1 

(nRnL)

∆ ln 𝐺𝐷𝑃𝑡 = 𝛽1

+ ∑ 𝛼𝑖

𝑝

𝑖=1

∆ ln 𝐺𝐷𝑃𝑡−𝑖 + ∑ 𝛽𝑖

𝑞

𝑖=1

∆ ln 𝐺𝐷𝐼𝑡−𝑖 + ∑ 𝛾𝑖

𝑞

𝑖=1

∆ ln 𝑇𝐿𝐹𝑡−𝑖

+ ∑(𝛿𝑖
+∆𝑃𝐴𝑇𝑡−𝑖

+ + 𝛿𝑖
−∆𝑃𝐴𝑇𝑡−𝑖

− )

𝑞

𝑖=0

+  𝜃1 ln 𝐺𝐷𝑃𝑡−1 + 𝜃2 ln 𝐺𝐷𝐼𝑡−1

+ 𝜃3 ln 𝑇𝐿𝐹𝑡−1 + 𝜃4𝑃𝐴𝑇𝑡−1
+ + 𝜃5𝑃𝐴𝑇𝑡−1

− + 휀𝑡 

1-  (Bsdnds 

Pest)(Pesaran et al 2001)𝐻0: 𝜃𝑖 = 0 

𝐻1: 𝜃𝑖 ≠ 0F
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K Value Test statistic 

4 8.664585 F-Statistic 

Upper bound I(1) Lower Bound I(0) Significance 

3.52 2.45 10% 

4.01 2.86 5% 

4.49 3.25 2.5% 

5.06 3.74 1% 

0views 10

(F =8.664585) 

(1)%𝐻0: 𝜃𝑖 = 0 𝐻1: 𝜃𝑖 ≠ 0

2 NARDL
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NARDL Long Run Form and Bounds Test 

Dependent Variable: D(LNGDP) 

Selected Model: ARDL(1, 0, 0, 0, 0) 

Sample: 1990 2017 

Included observations: 27 

Prob t-Statistic Std.Error Coefficient Variable 

0.0419 2.167067 2.659860 5.764094 C 

0.0065 -3.018989 0.157875 -0.476622 LNGDP(-1) 

0.3957 0.867106 0.048786 0.042303 LNGDI 

0.5220 0.651127 0.141220 0.091952 LNTLF 

0.0211 2.493805 0.019708 0.049147 LNPAT_POS 

0.0548 -2.033612 0.021153 -0.043017 LNPAT_NEG 

0.0000 -7.181568 0.066367 -0.476622 CointEq(-1)* 

CointEq= LNGDP- (0.0888*LNGDI + 0.1929*LNTLF + 0.1031*LNPAT_POS -

0.0903*LNPAT_NEG) 

Long Run Coefficients 

Prob t-Statistic Std.Error Coefficient Variable 

0.2595 1.158873 0.076587 0.088755 LNGDI 

0.4445 0.779370 0.247539 0.192925 LNTLF 

0.0002 4.417898 0.023340 0.103116 LNPAT_POS  

0.0284 -2.353629 0.038346 -0.090253 LNPAT_NEG 

- (CointEq = -0.476622) 47 %

- 

1 %

4,23 %8,8% 



 
244 

- 

1%

9,19%19,2% 

- 

1%

4,91%10,3% 

- 

1%

4,3 %9 % 

3 

(Wald test) 

F-Statistic 

21.80934 

 

0.0001 

 

F0.0001 

(5)%

4 NARDL 

  - أ

Diagnostics Test 
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Jarque Bera 0 ,426377 0,808004 

LM Test 0.448561 

 

0.6451 

 

 
Bresch-Pagan-

Godfrey 

 

1.067820 

 

0.4060 

nRCH  

1.015471 

 

 

0.3236 

 

0views 10

NARDL

(F )

(1.015471)(0.3236)

(5)

- (0.673522) (%67)

 

- (F=51.57491) 

- (0.013283  =S.E) 
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0.673522 R-squared 

0.660463 Adjusted R-squared 

0.013283 S.E. of regression 

0.004411 Sum squared resid 

79.40107 Log likelihood 

51.57491 F-statistic 

0.000000 Prob(F-statistic) 

1.786394 Durbin-Watson stat 

5 NARDLNARDL
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410 SUSU -  SUSU UC

  
00views 1  

(6)

(2006-2010)

5

(ARDL)

(NADRL)



 
248 

19902017
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لخاتمة العامةا  
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لخاتمة العامةا  
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- 

 

- 

 

-  

- 

 



لخاتمة العامةا  
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-  

-  

-  

-  

-  

(1990-2017)

 

Autoregressive  Distributed Lag Model (ARDL)

-  

  

 

 

  

  

 

 

 

 



لخاتمة العامةا  
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1990-2017

ARDLARDL

ARDLNADL

Abstract: 

Economic growth is the most important goal that governments in various countries seek 

to achieve. The success and continuation of this process depends greatly on achieving high 

levels of technological progress, which has become a crucial element in enabling countries to 

excel economically and militarily. The main objective of this study is  to measure and analyze 

the impact of technological progress on growth in Algeria during the period (1990-2017), 

using econometric methods and the Autoregressive Distributed Lag Models (ARDL),  and 

also  the non-linear form of the (ARDL) model. The results of the two models showed that 

technological progress has an important impact on economic growth, Therefore improvement 

of funding for research and development (R&D) to encourage innovations are needed to 

facilitate Algeria ’s sustained economic growth. 

Keywords: economic growth, technological progress, Autoregressive Distributed Lag 

Models (ARDL),(NARDL) 

Résumé: 

La croissance économique est l'objectif  le plus important que les gouvernements de 

divers pays cherchent à atteindre. Le succès et la poursuite de ce processus dépendent 

largement de la réalisation de niveaux élevés de progrès technologique, qui est devenu un 

élément crucial pour permettre aux pays d'exceller économiquement et militairement. 

L'objectif principal de cette étude est de mesurer et d'analyser l'impact du progrès 

technologique sur la croissance en Algérie au cours de la période (1990-2017), à l'aide de 

méthodes économétriques et des modèles de décalage autorégressif distribué (ARDL), ainsi 

que la forme non linéaire du modèle (ARDL). Les résultats des deux modèles ont montré que 

le progrès technologique a un impact important sur la croissance économique. Par conséquent, 

une amélioration du financement de la recherche et développement (R&D) pour encourager 

les innovations est nécessaire pour faciliter la croissance économique soutenue de l ’Algérie. 

Mots clés: la croissance économique, le progrès technologique, Autoregressive Distributed 

Lag Models (ARDL),(NARDL) 

 


