
Contents 

Chapter I A Brief Historical Excursus 1 

1. Introduction 1 
1.1. Production as a characteristic of human societies . . 1 
1.2. Two notions of "wealth" 2 
1.3. Natural resources and produced wealth 2 
1.4. Beyond economic analysis 3 
1.5. Interindustry analysis 4 

2. François Quesnay 5 
2.1. The Tableau Économique 5 
2.2. A graphical representation 6 
2.3. A double-entry table 7 

3. David Ricardo 8 
3.1. A one-sector model 8 
3.2. A two-sector model 12 
3.3. The essential features of the Ricardian system ... 15 
3.4. Extension to many sectors 16 
3.5. Unresolved problems 17 

4. Karl Marx 19 
4.1. Simple reproduction 19 
4.2. Marx's own solution of the "transformation prob

lem" 20 
4.3. Bortkiewicz' solution 22 

5. The Marginalists 24 
5.1. The "pure exchange" model and the optimum alloca

tion of resources 24 
5.2. Léon Walras 26 
5.3. Knut Wickseil 27 

6. Wassily Leontief and Piero Sraffa 32 

Chapter II The Transactions, or Input-Output, Table . . .  3 5  

1. A simple economic system and its transactions table ... 35 
1.1. Remarks on method 35 
1.2. The commodity flows 35 



Vİİİ CONTENTS 

1.3. A distinction between technical requirements and 
consumption requirements 36 

1.4. The input-output table 37 
1.5. Notions of national accounting 39 

2. Practical devices and procedures 40 
2.1. Adjusting the theoretical scheme to meet empirical 

reality 40 
2.2. Problems of aggregation and disaggregation .... 40 
2.3. The calendar year as the time unit 41 
2.4. Peculiar "industries" 41 
2.5. The final sector 42 
2.6. The intermediate stages in the formation of prices . . 43 
2.7. Replacement of the means of production 43 
2.8. A practical procedure concerning net and gross invest

ment 44 
2.9. An interindustry table for the stocks of capital 

goods 44 
3. Actual applications 45 

3.1. The main input-output tables compiled so far .... 45 
3.2. Planning aims and theoretical aims 46 

Chapter III A Linear Model of Production 4g 

1. The transactions table in algebraic terms 48 

1.1. Back to a simplified economic system 48 
1.2. The transactions table 48 

2. An algebraic reformulation 50 
3. The accounting nature of the formulation used so far ... 50 
4. An interpretation of the a;/s as coefficients of production 51 
5. Two systems of equations 52 
6. On the use of matrix algebra 53 

Chapter IV The Leontief System 54 

1. Two systems of linear equations 54 
2. The closed Leontief system 55 

2.1. The term "closed" explained 55 
2.2. A necessary condition for economically meaningful 

solutions 55 
3. The solutions of the closed system 57 

3.1. Relative prices and relative quantities 57 



CONTENTS İX 

3.2. A sufficient condition to ensure non-negative solu
tions 58 

4. The open Leontief system 59 
4.1. Asymmetry between the interindustry relations and 

the final sector 59 
4.2. The open system 60 
4.3. A "dual" price system 61 

5. The solution of the open system 61 
5.1. A unique solution 61 
5.2. Solution with economic meaning 62 

6. The labor requirements 63 
7. An economic interpretation of the inverse matrix .... 63 

7.1. The direct and indirect requirements 63 
7.2. Numerical example 65 

8. An iterative method of computing the Leontief inverse 
matrix 66 
8.1. Expansion as power series 66 
8.2. Economic meaning of the power series expansion . . 67 

9. The limitations of the Leontief system 69 

Chapter V The Sraffa System 71 

1. Production of commodities by means of commodities . . 71 
2. The assumptions 71 
3. The price system 72 
4. Search for a relation that may render the price system 

determinate 74 
5. Relative prices corresponding to various levels of the rate 

of profit 74 
5.1. Extreme cases and intermediate cases 74 
5.2. A pure labor theory of value 75 
5.3. The maximum rate of profit 76 
5.4. The viability condition 78 
5.5. A pure capital theory of value 78 
5.6. The general case 80 
5.7. Price changes as an effect of changes in the rate of 

profit 82 
6. The relationship between the wage rate and the rate of 

profit 84 



X CONTENTS 

6.1. Income distribution and changes in the relative 
prices 84 

6.2. The special case of uniform capital intensity .... 86 
6.3. The general case 87 

7. Reduction of prices to "dated" quantities of labor .... 89 
7.1. A convergent series of quantities of labor 89 
7.2. A series of "layers" of wages and profits 91 

8. The system of physical quantities 92 
9. The "standard system" 95 

9.1. A logical exercise 95 
9.2. The viability condition once again 97 
9.3. "Standard commodity" and "standard net product" . 97 
9.4. Labor embodied in the standard net product .... 99 
9.5. Numerical example 101 

10. Basic commodities and non-basic commodities 104 
10.1. Definitions 104 
10.2. A definition in terms of reducible and irreducible 

matrices 104 
10.3. A reformulation 105 
10.4. Numerical example 107 
10.5. The economic meaning of the distinction between 

basic and non-basic commodities 108 
10.6. Relations with the distinction between necessary and 

luxury goods 108 
10.7. An assumption on the physical own-rates of repro

duction of the basic and non-basic commodities . . 109 
10.8. An unusual case 110 

11. Autonomy of the two systems considered (the price system 
and the physical quantity system) Ill 

12. Price system and income distribution 112 
12.1. The standard net product as the numéraire of the 

price system 112 
12.2. The TT-W relation in the standard system 114 
12.3. The same linear relation valid for the actual system, 

with the one proviso that w be expressed in terms of 
the standard commodity 115 

12.4. No assumptions on returns to scale 116 
12.5. "Labor commanded" and the standard net product 117 
12.6. Perfect regularity of the "layers" of wages and profits 

in the standard net product 118 



CONTENTS Xİ 

12.7. The standard commodity and the theory of income 
distribution 119 

Appendix to Chapter V. Marx's Problem of the "transforma
tion of values into prices of production" 122 

1. Introductory remark 122 
2. An "ideal" price system 122 
3. The "value system" 123 
4. The "price-of-production system" 126 
5. A comparison 127 
6. The "standard system" as a special case 130 
7. The "transformation of values into prices of production" . 134 
8. Uniform "organic composition of capital", another special 

case 137 
9. The linear operator which effects the "transformation" . . 140 

10. Price system and rate of surplus value 142 
11. Numerical example 144 
12. Concluding remarks 149 

Chapter VI The Choice of Technique 151 

1. A multiplicity of methods of production 151 
2. The criterion of profitability 151 

2.1. Minimum cost 151 
2.2. Dependence on technology and on income distribu

tion 152 
3. The choice of technique for non-basic commodities ... 152 

3.1. A choice made at the level of the single non-basic 
industry 152 

3.2. Limited effects of the choice 155 
4. The choice of technique for basic commodities 155 

4.1. A choice involving the economic system as a whole . 155 
4.2. The technological frontier of income distribution pos

sibilities 156 
4.3. Analytical properties of the technological frontier . . 158 

5. Choice of technique in general 160 
5.1. The problem stated 160 



xii CONTENTS 

5.2. Logical priority of the choice of technique for basic 
commodities 161 

5.3. Multiplicity of methods of production in all indus
tries 162 

5.4. The case of different commodities being required by 
different techniques 164 

5.5. A synthesis 166 
6. "Nonsubstitution" 167 

6.1. Introductory remarks 167 
6.2. "Nonsubstitution theorems" 167 
6.3. Theoretical irrelevance of changes in the input pro

portions, and thus of substitution, in the general case 168 

7. Reswitching of technique and traditional capital theory . . 169 
7.1. Samuelson's "surrogate production function" .... 169 
7.2. Nonexistence in general of a monotonie relation 

between rate of profit and capital/output (and 
capital/labor) ratios 171 

7.3. The marginal theories of capital and income distribu
tion called into question 172 

8. Misconceptions concerning an accounting expression ... 174 
8.1. Solow's "rate of return" 174 
8.2. An alternative verbal expression for "rate of profit" . 175 

9. Concluding remarks 177 

Appendix to Chapter VI. Linear programming, substitution, 
and the meaning of the price system 180 

1. Introductory remark 180 
2. Linear programming 180 
3. A "dual" linear program 182 
4. Relations between the "primal" and the "dual" pro

grams 182 
5. The phenomenon of substitution 184 
6. The traditional meaning of prices 185 
7. Nonsubstitution 185 
8. On substitution as a short-run phenomenon 186 
9. Irrelevance of substitution in the general case 187 

10. On "marginal productivities" 188 



CONTENTS XÜi 

11. Nonscarce goods with positive prices 189 
12. The meaning of production prices 189 

Chapter VII An Introduction to Dynamic Production 
Models 191 

1. Population growth and constant technical coefficients . . 191 
2. Physical growth and the price system 192 

2.1. Constant coefficients and growth of the labor force . 192 
2.2. Growth of the physical quantities 193 
2.3. Net product divided between consumption and new 

investment 193 
2.4. Growth of total consumption and invariance of its 

composition 194 
2.5. New investments 194 
2.6. The dynamic-equilibrium solution 195 
2.7. The full-employment condition 195 
2.8. Implications for consumption choice 196 
2.9. Invariance of the price structure 197 
2.10. A rate of inflation 198 

3. The relation between per capita consumption and the rate 
of growth 199 
3.1. The price system and the physical quantity system as 

dual to each other 199 
3.2. A strictly decreasing relationship between per capita 

consumption and rate of growth 200 
3.3. The maximum rate of growth 203 
3.4. The particular cases of a linear relation 204 
3.5. The same relation valid for the actual system, pro

vided that the net product and capital are evaluated at 
prices p* 207 

4. Choice of proportions and rate of growth 208 
4.1. The physical rate of net surplus 208 
4.2. Restriction on choice imposed by the rate of growth . 209 
4.3. Numerical example 210 
4.4. Concluding remarks 211 

5. The von Neumann model 212 
5.1. A multiplicity of techniques 212 
5.2. The technique which maximizes the rate of growth . 212 
5.3. Relations with the standard system and with Sraffa's 

prices 214 



xiv CONTENTS 

5.4. A restriction similar to that of the Sraffa system ... 215 
6. A relationship between the rate of growth and the rate of 

profit 216 
6.1. A capitalists'propensity to save smaller than unity . 216 
6.2. The "Cambridge equation" 217 
6.3. Extension to the case of a positive workers' propen

sity to save 218 
6.4. Determinants of the composition of consumption . 218 

7. The efficiency criterion in the process of capital accumula
tion 219 

7.1. The rate of growth of labor as an exogenously given 
datum 219 

7.2. The technological frontier of the consumption-and-
growth possibilities 219 

7.3. Properties of the technological frontier 221 
7.4. The criterion of efficiency 222 
7.5. The efficiency criterion and the profitability criter

ion 222 
7.6. The "golden rule" of capital accumulation 223 

Mathematical Appendix. An Elementary Introduction to 
Matrix Algebra 226 

1. Introductory remarks 226 
2. Definitions 226 
3. Vectors 228 
4. Matrices 235 
5. Partitioning of matrices 240 
6. Determinants 243 
7. The rank of a matrix 249 
8. Systems of linear equations 251 
9. Eigenvalues and eigenvectors 257 

10. Non-negative matrices 266 
11. The Perron-Frobenius theorems 267 

Author Index 279 

Subject Index 281 


