Non-negativity Constraints

in Synchronization Economics

Yuichi Shinzawa

Introduction :

In the preceding paper entitled “The Validity of the Generalized
Reproduction Scheme,”® I had, in comparison with my scheme, re-
viewed Piero Sraffa’s theory and I pointed out that the main defect
of his theory laid deeply rooted in the assumption that “the wage is
paid post factum as a share of the annual product, thus abandoning
the classical economists’ idea of a wage ‘advanced’ from capital,”®
just contrary to what Karl Marx also assumed in his reproduction
scheme in “Capital.”

As for the concept of “advance,” Joseph A. Schumpeter described
the historical developments of economic thoughts as dividing the basic
methodological ideas of economic analyses into two groups such as
advance economics as seen in the physiocrat notion, “substantially the
old idea of Quesnay,”® and successors of this concept like Karl Marx,
Oskar Lange etc. on the one hand, and synchronization economics on the
other. He noticed that there existed these two major theoretical cur-

1) Yuichi Shinzawa, “ The Validity of the Generalized Reproduction Scheme—
In Comparison with the Theories of P. Sraffa and of M. Kalecki—,” THE
WASEDA COMMERCIAL REVIEW, No. 277, Jun. 1979, pp. 91-119.

2) Piero Sraffa, Production of Commodities by Means of Commodities, (London:
Cambridge University Press, 1960). '

3) Sraffa, P., ibid., p. 10.

4) Joseph A. Schumpeter, History of Economic Analysis, (New York: Oxford
University Press, 1954), p. 564.
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rents of economic thoughts such as when he said that “I cannot em-
phasize too strongly that this (the notion of advance) was a particular
way of interpreting economic process and not at all directly suggested
by the practice of life: in practice, the employer ‘hires’ the workman
—or he may be said to ‘buy’ the latter’s services—but he does not
advance anything to him. Moreover, this interpretation means more
than recognition of the trivial facts that whatever is being consumed
must have been produced before; or that society at any moment al-
ways lives on the past and works for the future ; or, finally, that initial
stocks are always among the date we must start from. ...... If ‘¢ capital-
ists’ actually advance labor’s real income and if this is to mean more
than a monetary arrangement, discounts and ‘abstinence’ will have to
be admitted among the essentials of the economic process whether we
like them or not; that is, no analysis of production and consumption will
be complete that does not take account of them in one way or another.
This is important enough to justify a distinctive label for all analytic
patterns that do work with the notion under discussion. We may call
them advance economics and distinguish them from synchronization eco-
nomics, that is, all analytic patterns that do not in a stationary process
assign any fundamental role to the fact that what society lives on at
any given moment is the result of past production, on the ground that,
once a stationary process has been established, the flow of consumers’
goods and the flow of productive services are synchronized so that the
process works as if society did live on current production.”®

This quotation surely enough tells us what the notion of advance
means. However, he did not try to find out or to construct a theory
in order to synthesize the two currents of economic thoughts, by only
saying that “for that matter, Walras’ system proves sufficiently that
these facts do not force us to make them the pivots of our analysis.
But if we do make them the pivots, then a number of consequences
suggest themselves that are not avoided simply by refusing to recog-

5) Schumpeter, J. A., ibid., pp. 564-565.
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nize them,”6

The advent of Sraffa’s theory in 1960 added one more theoretical no-
tion to the analysis of economics; that is, the concept of the wage
paid post factum. We may call it post factum economics. Nowadays,
we can find a lot of manuscripts of the Sraffa type based especially
on the theorem of Frobenius without paying much attention to the
decisive difference laying between the assumption of Marx’s economic
model (or the Quesnay’s) and that of Sraffa’s type. Even if we can
recognize the mathematical elegancy in solving of certain economic
models (or systems), such kind of elegancy has no meaning without
making the efforts to find out some of the persuasive expressions
such as a bridge to combine the different theories as I have done
in my explanation of the generalized reproduction scheme. I dare
say once again that the Marxian model belongs to edvance economics,
and that the Sraffayan system belongs to post factum economics.
Therefore a man who wishes to prove mathematically the validity of
Marx’s theory with the Sraffayan system has to first solve the differ-
ences in the assumptions of both theories in order to apply some
mathematical treatment in Sraffa’s theory to it.

The post factum model of the Sraffa type can not clarify the im-
portance of the individual organic composition of capital, rate of profit
and standard ratio in each individual sector upon which Marx placed
emphasis.” I proved that the standard ratio (R:®) in the Zth sector
is not necessarily the same as those of the other sectors. Instead it
depends on the following three parameters: the organic composition
of capital (a:), the capitalists’ propensity to consume (y:) and the
rate of surplus value (8:) in each sector, where

14y
T as

R @

Furthermore, I could succeed in combining my generalized scheme

6) Schumpeter, J. A., ibid., p. 564.
7) c¢f. Karl Marx, Capital, Vol. 111, Part I, II and III
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with Sraffa’s system which I had shown to be a special case and have
included it in my scheme. In this present article, starting with the
problem that the standard ratio R:* will vary as R.¥ in accordance
with changes in the parameters a:, f: and 7; into a:’, 8:’ and 7:/, where

1+7:/Be
ai’

RS = @

I will show a condition due to the changes in the volume of output
in Section 1. After illustrating some simple examples in Section 2, I
will refer to non-negativity constraints in consumption in synchroniza-
tion economics in Section 3, and non-negativity constraints of total
output in Section 4, which are required as long as we treat only the
realm of commodities (and services)flows in synchronization economics.

1. Changes in the Volume of Output in reference to Changes in the
Parameters in Iteration Processes:

This section will treat changes in the elements of the generalized
reproduction scheme with iteration processes, in reference to changes
in the parameters ai, 8: and y:. Changes in these three parameters
of ai, f: and y: into e/, B’ and 7/ respectively induce not only a
change in the standard ratio R into R:¥, but also a change in the
volume of commodity Q. into @:’. For the sake of simplicity, we will
assume that there is no divergence between a relative value g: and a
relative price v; and, that the technological level of production is con-
stant during the period in consideration. An equation of the 7 th sector
in the generalized reproduction scheme of a certain period as I had
proved is as follows:

;z—i_%pi=w 3)
Multiplying both sides of this equation by the volume of commodity
@Q: produced in the 7th sector, we will get the following equation:

14+7:8:
ai+147:Bs

<alil)1 F@oivg e "r'anivn) +

(alwl FaQgivgteeeeee +dnib’n)Qi+ ,uin=VzQi (4)
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As mentioned above, if the three parameters az, 8: and y:; change into
ai’, Bi’ and 7/, the volume of commodity €: is changed into @/, and
the equation (5) will be as follows:

14948
Zi(@yiv1 + @ivg+eeoer +ani9n)Qi/+Eﬁﬁyﬁ7yin'=9iQi’
)]
where
_ ai(astl4rif)
Zi= ai(ai’ +14+7/B:") ®

which is the weight given to each original element «j:.. Equating each
new element to ay’ after the changes in the parameters, the equation
(b) is rewritten as

1498

(@ vy + Aot vatvereer +dm"Vn)Qi/+m
%

2iQ =viQ:’
)

Even if we assume the constancy in the technological level of produc-
tion, original elements @i, au, -+ , @ns are superficially changed into
ay’, ag’, e ,ans with the change in volume of commodity. The
reader may feel that changes in the elements present changes in coef-
ficients of the technological level, and therefore an assumption on
constancy in the technological level would be wrong. I wish to give
notice that such kind of reasoning is too short sighted. Because the
constancy in the technological level means that the relationship
between the so-called coefficients of technology, which is the ratio (a;:)
of commodities (@) used up for producing a certain commodity (@),
and the coefficient of total output measured by the total value of labour
power or total wages paid for workers as a unity, can be given as
ai+1+7:Bi. When we therefore assume the constancy of the techno-
logical level, we have the following relational equation:

(s +1+7iBasvi=(ai+ 147 B/ Das'vi )]
,_ Coutl4rifadas
S ®
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Summing up the left hand side of the equation (3) and substituting

the result into the equation (5), we can easily get equation (6).
Changes in the generalized reproduction scheme are simply explained

by expressing the first term at the left hand side of equation (3) by

the concept of the organic composition of capital a:, as

Qi)+ Qoive v +anwn=?zﬁif—ri137 a0

where equation (4) is

aitltyife o

ait+1l+yifa #iQi=vilh an
and equation (7) is

ait+1l+7/ 8

oS, o gl O =@ az
If we do not make any assumptions to the changes in the technolog-
ical level, the organic composition of capital has the possibility to
change, so that equations (8) and (9) will be

1 I 1 i, !
(a:+ o:ﬂﬁi) ... +a-t7 B

vi as

or

ad (ai+1+7i8:)

A P, S
aji'vji ai(ai,+1+ri,‘3i,)dﬂ#z sz]z[h (14)

As seen in equation (4) the initial condition is

o 1 yiBi o .
(ai+l+ri,3i + ai+147:B: + ai+1+7i8: )‘MQI_WQL 15

However, in case of a change in the parameters from a;, 8: and or y:
into a:/, B’ and or ri/, the following iteration processes will occur in
the scheme.

Suppose that capitalists change their propensity to consume from 7:
to 7/ and or their rate of surplus value from B: to 8/ and or there
is a change in the technological level, namely, in the organic compo-
sition of capital, the ratio of capitalists’ propensity to consume for
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total products will vary as follows:

G’ =rdfi o

alepng =0 for r'Ep (16)

Therefore the relations parenthesized on the left hand of equation
(15) in the first step have to be rewritten as

@i 1 7ifi G’ —r)Bs
ai+1l+7:Bi t ai+1+7iB: + ait+1l+7:8i  aitl+7:Bi an

ri—rd
ai+14+7iB:

the second step. We then have to add the result calculated to the
sum of the first step

ai’ (ri—ri’) B + Gri—yi B
(i’ +D(as+1+7:B:) ' (@’ +1) s+ 147:8:)

Gra—rd)BeBers’
(ai’ +1)(ai+1+7:8:) as

at the second step.

and is either invested or consumed in terms of y;=y; at

<+

+

Through the same process we subsequently have to add

ai’ (ri—y DB/ A—=r') | (Gri—rd)Bif/A—r")
(ai’ +D*(ai+1+7:B:) (ai’ + 1D ai+1+7iB8:)

(ri=1DBif > A= ys’
(a7 D ar+ 1F 7480 a9

at the third step

ai’ (ri—y ) BB * A —r')* + (=1 BB *A—1i')?
(o + 13 (i +1+7:4) (o +1)%(as +1+7:P0)

Gri—riD)B:B* A =1 )ri’

+

= Ca T D (e 1 F 7360 @0
at the fourth step
and so on. ,
The final result of summing up all the items is
s—71i’) B i

(an+147:i8:s) (ai’ +1+7¢8:—B)
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so that

Y SO ) B :
%= {1+ (ae+1+47:B0 (ai’+1+n'13z’—,3i/)}Q‘ @2

Equation (22) is a condition which combines the change in the volume
of products with each change in the parameters. A change in the
capitalists’ propensity to consume plays a decisive role in this equation,
because no change in the volume of products arises if 7: is equal to
7¢/. In the case where there is a change in the parameters, this will
be merely seen as a necessary condition for changing the volume of
products. By illustrating the four examples in the next section, I will
show that this equation is a necessary condition but at the same time
it is not a sufficient condition.

2. Some Illustrations Using Three Simple Equation Systems :

This section will treat four kinds of schemes consisting of three
sectors as in the case of the changing parameters a:, §: and 7i, So as
to give aid in visualizing the relations mentioned in the preceding
section.

Case I:

As a basis for this analysis, an extended reproduction scheme® in

the absolute dimension is illustrated for the sake of convenience in

TABLE 1-1, I-2, I-3 and 14 in accordance with the classified items

respectively Value, Volume, Coefficients of Technology and Prices.

Thus the absolute values are assumed to be given in this table. If

we were to treat this kind of analysis in the relative dimension where

all the figures in each row are divided only by the absolute price
of a certain commodity selected as a standard commodity (in the
present examples the absolute price of products in the 3rd sector is
chosen), measuring others in TABLE I-1 there will be no essential

8) Figures illustrated in TABLE I were used in my report given to the Japan
Society of Monetary Economics in May, 1978.
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TABLE 1-1

Invariable Capital Variable |Capitalists’ Total Orgarfif: The Rate Capita]is‘ts
Capital | Consumpti Output Composition | of Surplus [ Propensity
Individual Sector Total apl sumption utp of Capital Value to Consume
A Az Asi Ci Vi Mke Ai ai pBi 7i
1 100 40 20 160 40 20 220 4 1 0.5
1]
ﬂ) =
21 g 2 9 39 15 150 50 25 225 3 1 0.5
>| 9
0
3 24 30 26 80 40 20 140 2 1 0.5
Total 220 109 61 390 130 65 585 3 1 0.5
Consumption 0 116 79 195,
TABLE 1-2 TABLE 1-3 TABLE 1-4
Input Total Coefficients Value Price
Individual Sector Output of Technology Absolute| Relative | Absolute | Relative
Qi Qzi Qsi Qi ali azi asi vai i pi vi
1| 2. 10. 10. 4. 1{0.45 {0.227 [o0.237 1| s 2.5 5 2.5
gla 4 s T £
2|22 19.2 9.75 | 7.5 | 56.25 | |Sl2}0.3013 |0.073 |0.13 22l 1 2. 4 2.
=\ a kY S
3 4.8 7.5 13. 70. 31 0.06857 | 0.10714 | 0.18571 3 2 1. 2 1,
Total { 44. 27.25 30.5




10

difference between the two dimensions. But actually speaking, we
can not measure the absolute value of both the value of labour
power and the utility. Were we to assume that the relative value
p: is equal to the relative price vs, if given the coefficients of technology
ai; and the three kinds of parameters such as a;, p: and y:;, we could
then easily solve for relative prices or relative values by using the
following equational system which I have followed from the gener-
alized reproduction scheme.®
ptn=vn=[I—A'nn—Ras]"'gx @3)

where

e
Yp= y Ma= , 1=
Yy H2 01

an @n s _14nby
Alnn= y Zn= N Ron= (x1+1+7*1‘81 1+7’zﬁz

a1z Qa2 Q32 as+1+728,

@
0. 450, +0. 227w, + 0. 227 +0. 27 py =,
0.3413u; +0. 173054 0. 1340, 3pa=v,

(10, 45—0,27) 2, —0. 207 41, =0. 227 (25)

—0. 34134+ (1—-0.173—0. 3) 4,=0. 13

0.27  —0.227[ ps] [0.227
Lo, 413 0, 493}{ ,uj—[O. i3 }

The solution to this simultaneous equation is

o L [0.1424] 72.5] [»
_—— R = (26)
g | 0.05696]0.1133] | 2 V2

We have tested all the relative prices in TABLE II, I, IV and V
successively by this procedure and the final results are shown in
these tables.

9) Shinzawa, Yuichi, “ An Essay on Solving the So-called Transformation Prob-
lem,” WBES, No. 14, 1978.
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Case I1:
In this scheme, capitalists’ rate of surplus value B’ is assumed to
be zero: the wvolume of capitalists’ consumption Mz; is also zero.
This scheme may be thought as that kind of socialist society in
which there is no exploitation of surplus value and workers can
receive a part of the income (V:) as wages and another part of the
income M. as a kind of property income which comes from workers’
offering their property to society as social fund. Therefore 7/ in
this scheme can be thought as workers’ additional rate of consump-
tion. Accordingly each item in column V: consists of a wage and
additional volume of consumption and each item Mj: is zero. Even
if this scheme may be called either peoples’ capitalist society or
socialist society apart from serious arguments on an ideological prob-
Iem, it is absolutely necessary for any society to invest a part of
the surplus value into the reproduction process in order to develop
the economic society so as to raise the standard living of its people.
Thus columns A:j;, C: and A: are the same as those in Case I in an
extended reproduction scheme if we include the part of workers’
additional consumption in the variable capital, the organic composi-
tion of capital changes from a:s into a:’s, and all the figures of
coefficients of technology superficially changes from TABLE I+4 into
I1I4. But there are no substantial changes in technology so that
relative values and prices are quite the same as those of TABLE L.
Case III:
This scheme is a typical example of a simple reproduction scheme
which is an extreme case. Namely, capitalists spend all surplus
value which they can get, for consumption without any intention to
invest. The volumes of total output and variable capital decrease
but capitalists’ consumption increases in comparison with those of
TABLE I and the organic composition of capital as a whole changes

from 3 to 3.02358.
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TABLE II-1
Invariable Capital Variable | Capitalists’ Total COrganic The Rate Xs’;}t;’::;]
‘. Capital | Consumption|| Output omposx‘tlon of Surplus Rate of
Individual Sector Total of Capital | Value |consumption
A Az Asi Ci Vi Mk Ai ai’ 8’ yi'
E 100 40 20 160 40+20 0 220 2.6 0 0.5
§ g 2 96 39 15 150 50+ 25 0 225 2. 0 0.5
. 3 24 30 26 80 40+20 0 140 1.3 0 0.5
Total 220 109 61 390 195 0 585 2. 0
Consumption 0 116 79 195
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TABLE 1I-1

Invariable Capital Variable | Capitalists’ Total COrgar.xif: ':‘hse Ralte (liapitalis.ts
.. Capital !Consumptionf Output omposxinon of surplus | Propensity
Individual Sector Total of Capital Value to Consume
Al Azt Aai Ci Vi Mk: Aj ai pi 7i
1 90, 36. 18. 144, 36. 36, 216. 4. 1 1
wn
LY By
;‘; 2| 2 | s 34.125 | 13.125 | 131.25 43.75 43.75 | 218.75 3. 1 1
@
(] T : S . T
3 20, 25, 21.6 66.6 33.3 33.3 133.3 2. 1 1
Total | 194, 95.125 | 52.7916 |l 341,916 [113.083 |113.083 | 568.083 3.02358 1 1
Consomption| 22. 123.625 | 80.5416 226.16
TABLE 11-2 TABLE IIi-3
Input Total Coefficients
Individual Sector Output of Technology
Qi Qzi Qai Qi aii azi asi
1|18, 9, 9, 43.2 1]0.416 |0.2083 [ 0.2083
ol = @
_,g % 2116.8 8.53125 | 6.5625 | 54.6875 % 2 4 0.3072 0.156 0.12
=l o - ; &
3 4. 6.25 10.83 66.6 31 0.06 0.09375 | 0.1625
Total | 38.8 23,78125 | 26.39583
4.4 30.90625 | 40.27084
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n» TABLE IV-1
®

Invariable Capital Variable | Capitalists’ Total Orgax}if: The Rate Capitalis.ts’
Capital | C sionll  Output Composition | of Surplus| Propensity
Individual Sector Total P v P of Capital Value |to Consume
A1 Azi Asi C: Vi Mki Ai ai Bi i
1 | 112.5 45, 22.5 180. 45. 0 [ 225. 4. 1 0
o
Qo = N -
;: 2|2 1120 45.5 17.5 175. 58.3 0 233.3 3. 1 0
L
0
3 30. 37.5 32.5 100. 50, 01{ 150. 2. 1 0
Total 254.5 128. 72.5 455. 153.3 0 608.3 2.96739 1 0
Consumption| ~29.,5 105.3 77.5 153.3
TABLE W-2 TABLE V-3
Input Total Coefficients
Individual Sector Output of Technology
Qi Q2 Qsi Qi aii azi a3i
14§ 22,5 11.25 11.25 45. 1] 0.5 0.25 0.25
g & - &
2 Sl2] 22.4 11.375 8.75 58.3 % 2| 0.384 0.195 0.15
=, * :
3 6. 9,375 16.25 75. 3| 0.08 0.125 0,216
Total [ 50.9 32. 36.25
-5.9 26.3 38.75
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Case IV :

This scheme is also an extreme case, in which capitalists spend all

surpluvs. value they get for investment. But this table can not insist

on its existence just as it can be seen, because of the simple con-
straint that we can not sell more products than the total volume of
products we produce, as you can notice this fact at the bottom of

the first column of TABLE IV-1 and 2.

In input-output analysis, the total sum of column vectors of value
which are input in each sector, as in the i th sector, has to be less
than or equal to the total sum which is the output in the row vectors
of value which are input from other sectors including self-consumption
in the 7th sector. The main defect of TABLE IV lies in the fact
that the 1st sector violates this requirement. Then, can not we solve
for this kind of problem? In next section, I will treat this problem
more mathematically to find some clues in the solving of this type
problem.

3. Non-negativity Constraints in Consumption :

As mentioned in the previous article “The Meaning of the Rate of
Profit 7,”1® an equation of the 7 th sector in the input phase of relative
dimension is

1478

(@yivi +Qgivs+oveee- +Anivn) Qi +m

2:Qi=v:iQ: €Y

after changing parameters from a;, 8: and 7: into ai/, 8/ and r.’, our
system consists of the following phases as seen in the equation sys-
tems (27) and (28).

Input phase

1+7/8/

Zy (@ Qgvg oo F82192)Q1" +m

#1@1, =,

10) Shinzawa, Y., “ The Validity of the Generalized Reproduction Scheme,” op.
cit., pp. 109-113.

285



16

Zy(@1991 + Aggvp +--o0e +anu)Q’+—]i-—r—2,—ﬁi—pQ’=uQ'
2 12¥1 2242 2¥n 2 a2/+1+7,21192/ 22 22
1+72"82"
Za(@ravy Faonve+ woeere +a"””")Q”/+En’-i-—1T-l-%’E’_”"Q”’=”"Q"’
@7
Output phase
Zlaulel' +22012V1Q2/ Feeeees +Zn01n91Qn/ +Rc]_ =91Q1I
Z1@21v36y F Za0,Q" oot + ZnanvsQn’ + Res =v,60
ZldnlvnQ1'+szn2VnQ2,+ """ +ZnannVnQn/+ch=1JnQn,
(28)
where
S . =18
_ (C(z +1 +T'Lﬁz) (6)

T ai(a 1 B

R.: is a value of the difference between input phase and output phase,
which is ordinarily positive and thought to be a part that is consumed,
but its sign (positive or negative) depends on the situation. We can
not qualify anything to the sign of R but we assume that the rela-
tive values (u:) are equal to the relative prices (v:) respectively and
v is equal to a unity. In each sector, if we subtract the equation of
output phase from that of input phase respectively, we obtain the
following equations:

1+7/8/

LR R Q) e BQy =

{((Zzlyz Gerrenn +@nwn) 21+
— a1 Z7Qn" =Rey

1+ rQ/
7' Bs Vz}Qz'—

e Y ATARE {(amvl-{- ...... +dn2”ﬂ)Zz+m

— @Y ZnQn’ =Re;

....................................................................................

- aﬂlunlell —anzl-’nZzQZ, Feeanne

g1
1472 B ,vn}Qn,-’—"ch

+ {(dlnvl Foeeenen +an-1 nvn_l) +m
29
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Summing up all left sides and right sides of the equation system (29),
we obtain
Rc1+Rcz+ """ +ch

_ A4/ B )n | 4782 D@y e + A +7a"BrDvaQn’
T 14 B ay’ +1+748y an’ +1+72" B
30

For the sake of simplicity, redefining diagonal elements and other
elements such as

dii= {(du‘lﬁ +agivg oo F@i-giVioy FTigqivieyFoceees

8. Vu;
rasonZot g B @D
and
dij=aipiZ;
the equation system (29) becomes
1@y ~di @y — - —dynQn’ =Roy
—do @y +des@Qy —-eeee- —dynQn’ = Rey
32

~dn Q) —dngQy — <o+t +dnn@Qn’ = Ren
In this system, R.: is not necessarily guaranteed to be positive as
shown in Case IV. When several Re:s of certain sectors show up as
negative after making a calculation of iteration process as explained
in Section 1, we should change (increase or decrease) some of the
volumes of the products in whole sectors in order to change these
negative R.. s into positive R.:* such as:

dll(Qll +AQ1) _dlz(Qzl‘I'AQz)— "‘dln (Qn"l'AQn):Rcl*;O
—dp (@) +4Q1) +dyu(Q +4Q) — oo —don (@n’ + 4Q2) = R0 * =0
—dn(Q) +4Q) —dna(Q) +4Q5) — -+ +d22(Qr" +4Q2)=Ren*=0
33
or using the equation system (32)
Rey +dpdQ, —dyd4Qy —-vvo —dindQn=Re*=0
Rey —dy4Q, +dppdQy —----. —dyndQn=Re*=>0
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..................................................................

Ro —dndQ; —di,4Qg —-+++-- +dud@Q; —-e-- ~di1ndQn =Re*=0
Ren—dni Q1 —dmedQy— -+ +dmmdQm—-+ee- —AnndQr=Ren*=0
Ren —dn14Q1 —dngdQy —++eerveeereessvesasenanueans +dnndQn =Ren*=0
3H
In this equation system, all R.*s are more than or at least equal to
zero, and we assume that R, - , Rei are negative and Rem, -++--+ » Ren
are positive. Under these assumptions negative R, - , R:: should
be changed to positive Re*, -« , Rat* which are more than or at least

equal to zero, by increasing 4Q,------ , 40, on the one hand and decreas-
ing 4Qm, - 4Q. on the other hand, keeping Rcm*, ------ , Ren®* more
than or at least equal to zero.
As in the equation (30), after changing 4Q:
Rey*+ Reg* 4 +ovee + Ren*

_ A4/ dn ’ A+78 vy ,
-m(@ +4Q) t ol Fltre By v 8y (@ +4Q.)
(1 +Tn,,8n,)l)n ’
Fraenees +m(Qn +4Q) 35
if the total volume of consumption can not be changed,
Rcl +Rc2+ """ +ch=Rcl*+Rcz*+ """ +ch* (36)
so that
(Rey*—Rer) + (Rey* —Reg) +-++-++- + (Ren*—Rer)
_ Q+n/8 Q478" dvs
=/ F1+7B 4Q: + @ +1+77 85 AQy+-eeere
(1 +Tn',8n’)vn
+ Lhra B 20
=R1,V1AQ1+R2,924Q2+ """ +Rl’VlAQl+Rm/VmAQm+ """
+Ra’vad@Qr=0 €1D)
where
P Sured
R = qr 1B (38

From the equations (34) and (36), the eqguation (37) can be rewritten
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as
(Rey*—Rey) + (Reg* — Reg) +++o+-+ +(Ren*—Ren)
=(du—day—+++~—dn )40,
F(—dist+dog—-rr—dng) AQs+++++++
+(—din—dsn—-++++ +dnn) 4Qn=0 39
Now, Re, e ,Ra are assumed to be negative, so that we have to
increase @/, -+ , @ such as
s@izfalso, o 4@z Bal50  atteasty )

In the equation (37), if 4Q,, -+ , 4Q: are determined as positive at the
minimal level,

H=R/v,4Q,+ Ry v, 4Qy+ ++++-+ +Ri/v14Q, >0 1)
is known, but other elements, namely,

Ru'vnd@Qm+ -+ Rn'vn d@Qa<0 42
can not be determined because 4Qn’, -~ ,4Q’ are left unknown.

From the equation (37) and (41)

AQm=—R7],Tm—{—H—(Rm+1/vm+1AQm+1+ """ +Rn'lJnAQn)}

AQm+1=—1—{—H—(Rm’umAQm+ ------ +Rn'vnAQn>}

Rm+1/l)m+1

AQn =Tnl—"—{ H— (Rm VmAQm+ """ +Rn-1IVn—1AQn—1)}

43)
Taking one equation of the 7th sector (i=1, -+ , ) in output phase
@28,
@i’ =Z16019iQ1 + ZougviQy’ + oo+ + 21619 Q0 + ZnGimv@mn’
L + Zn@inyi@Qn’ + Rei 44
By an assumption R as being negative, we have to change R. to
Rei* to be up to zero at least. Namely the equation (44) will be

11) Notice that as |Re:| belongs to the absolute dimension, we have to divide it
by an absolute price p; to get an increment 4Q;'.
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vu(Q 4+ 4Q:) = Z,as19:(Qy + AQ1) + Zy@s i (Qy +-4Q) + -+

+ Ziaiivi(Qi’ + 4Q:) 4+ o+ + Ziaawi(Q1 + 4Q1)
+Zmaimvi<Qm,+AQm)+ """ +aninVi<Qn,+AQn)
(45)
If
Hi=0.(Q)'+4Q0)— £ 2w (@1 +4Q) 6)

equation (45) is rewritten as:

Hi=Zn@invi(@un' +4Qn) + -+ + Zn@invn(Qn’ + 4Q2) “n
Taking one element, say, 4Q. from the equation system (43) and
substitute it into (47), we obtain

Di=eimAQm+eim+1AQm+1+ """ +ein—1AQ7b—1 <48)
where

Di=H;— f} ZiaiwiQy +£}%a—,m—liH 49)

j=m n Yn
and
. R ’

B 50

Therefore

1=elmAQm+elm+1AQm+1+ """ +eln—1AQn—1
Dy=e;ndQm+e3ms1dQmsy+ -+ - +egn_14Qn-1
61y

...............................................................

Di=eindQmn+eime14Qmay+ oo dein_14Qn_1
When [ is equal to #—m, we can uniquely solve (/—1) kinds of sim-
ultaneous equation systems, each of which is based on a certain sector
chosen as the #z th sector. Generally speaking, we have the following
three cases:

Case 1 I>n—-m (52
Case 2 {=n—m (53)
Case 3 I<n—m (64

This kind of identification problem often arises in solving simultaneous
equation system. Therefore in Case 1 we have to select k=n—m
equations where the combination of selecting %2 equations is Cr-m,
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TABLE V-1

Invariable Capital Variable | Capitalists’ Total COrga\fif: 'It‘hée Ra]te gapitalisfs’
Capital | Consumpti Output 0mpos1'tmn of Surplus { Propensity
Individual Sector Total ption of Capital | Value [to Consume
Aui Azi Asi Ce Vi Mk; A ai’ g yi'
-n 1 1127.25 50.9 25.24 203.6 50.9 0 254.5 4. 1 0
L3 =
§ % 2 95.6945 38.87590 | 14.95227 || 149.5227 L49.8409 0 [[199.36 3. 1 0
2 e . —e .
3 31.5554 39.44432 | 34.18508 | 105.184 52.5924 0 ||157.7772 2, 1 0
Total | 254.5 129.22023 | 74.37735 || 458.3075 | 153.3 0 611.6409 | 2.98892 1 0
Consumption| 0. 70.14341 | 83.39924 153.3 ,
TABLE V-2 TABLE V-3 TABLE V-4
Input Total Coefficients Value Price
Individual Sector Output of Technology Absolute | Relative | Absolute | Relative
] i Qi Qai Qi aii azi asi vai i oi vi
" 25.45 12,725 112,725 (50.9 1] 0.5 0.25 0.25 1 5 2.5 5 2.5
HE = & &
% § 19.31890| 9.71898| 7.47614]49.8409 *,_o‘, 2] 0.384 0.195 0.145 % 2 4 2 4 2.
> | = 1 |n — |
3| 6.31109( 9.86108|17.09254 (78.88863 31 0.08 0.125 0.216 3 2 1 2 1.
Total [50.9 32.30506}37.18867
0. 17.53585 | 41.69996
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from Dy, --eee- »Di, and in Case 3, we have to select 2=/ unknown
variables from 4Qmn, ------ , 4Q~-; where the combination of selecting %’
unknown variables is »-=Ci.

As to Case 2, I have mentioned above.

All solutions described above do not contradict any premises and
assumptions which we have placed. When we search for optimality
in the reproduction process with a certain necessity of economic policy,
for instance, by putting constraints on the output such that R:* is
more than a certain level, our model can be built on a linear inequal-
ity model using the techniques of linear programming. In this section
I will not proceed to discuss this problem furthermore.

As the result of these procedures, Case IV can be uniquely solved
because / is equal to one, n—m is also equal to one, and the contents
of TABLE IV are changed into TABLE V.,

4. Non-negativity Constraints of Total Output

In order to firmly prove that my reasoning is never absurd, I will
take one more example of the five different spheres of production
from Volume III of “Capital,” which I used in solving the transforma-
tion problem.12 The figures of the elements in a matrix of invariable
capital in TABLE VI were arbitrarily selected after due consideration
of the condition of Simon-Hawkins. Purposely to use the non-nega-
tivity constraints of consumption, I will treat an extreme case by
assuming that capitalists do not spend their surplus value for con-
sumption but invest all value they exploit in the reproduction process.
For the sake of simplicity the technological level is assumed to be
constant. Therefore the organic composition of capital does not change.
And workers are assumed to be able to transfer freely among sectors.
TABLE VII is the result of calculation of the first step. As I noticed

12) Karl Marx, Capital, (Moscow : Progress Publishers, 1956), Vol. Ill, p. 155
and Yuichi Shinzawa, “An Essay on Solving the So-called Transformation
Problem,” op. cit., footnote 9).
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in the preceding section, we obtain different kinds of solutions of
simultaneous equations from different non-negative constraints of con-
sumption. Are all solutions valid iz economics? Merely the non-nega-
tivity constraints of consumption are solely not always sufficient. All
solutions 4Q: s have to satisfy the following conditions such as

Q) +4Q, =0

Q' +4Q, =0

.................. (55)

Q. +4Q.=0

I call this condition, @Q:+ 4€Q.=0, non-negativity constraints of total
output (the second comnstraints). Only when both constraints of non-
negativity in consumption and total output are satisfied, we can have
a region of feasible solutions, in case of not taking the realm of finance
into consideration. From the view point of non-negativity constraints
of consumption our example does not clearly satisfy them. It is neces-
sary to increase 4@, and 4@, in order to satisfy these constraints by
which R.* is equal to at least zero.

20, =18al _3 69920
D 40"

40,218l o, 44692
s

In this case solutions are entirely the same regardless of having
chosen a sector as a basis of calculation, so that if we choose the
second sector as a basis, our equation system is as follows:

H=Ry/v,461 + R3'v: 4Q;=2. 37840 1

Hy=v,(Q) +4Q1) — {Z1a11v1 (@, + 4Q1) + Z3a13v1(Q5” + AQs)}
=35. 82760

Hy=v3(Qy + 4Q5) — {Z1a351vs(Q1' + 4Q1) + Zsassvs(Qy + 4Q35)}
=39. 20280 46"

Z.
Dy =H,— (Zya1o01 Q" + Z1a101Q¢ + Zsa:15:105") + 12?[:’13:1 A
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=0.23981 49
Dy=Hy— (Zass9sQy + Zutas@d! + Zstisss@s)) +—ZI%’;1H

= ~1.19270
e j=Zjaz‘jvi—é%§Lw 50)

e1,=—0. 06, ¢;=0.14
e3=1.92, €5=0.036
From the following equations
1440+ 6,;4Q;=D
€35 4Q,+e3;,4Q;=D;
—0.06 0.14 ) 4Q, 0. 23981
o oo 0"t s
1.92 0.036]| 4Q; —1. 19270
finally we obtain
4Q,=—0.64860

4Q;=1.43501
From equation (43)

1Qu = (= H(Ry/%,4Qu + R'54Q0)) 48)
Rz Yy

we then get

4Q,=—2.74797
By using these results

Q/+4Q,=20.45  +2.69920=23.15375>0

Q. +4Q, =24, 28571 —2, 74798 =21. 53774 >0

Qs +4Q,=13.3 +0. 44692 =13, 78025 >0 (657

Q.+ 46Q,=13.60294—0. 64860=12. 95434 >0

Qs’ + 4Q5 =51. 31579+ 1. 43502 =>52. 75081 >0
The final figures are illustrated in TABLE VIIL

Starting from TABLE VII, I will show one extreme example in

which an increase in products (4Q;) by 3 units produced in the 3rd
sector involves an extreme decrease in products in the 2nd sector, as
seen in TABLE VIII. By the non-negativity constraints of consumption,
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TABLE VI

A1l Az Asi Asi Asi Ci \2) Al al B Yi
1 30.9375 | 22.5 28.125 | 6.75 1.6875 | 90. 22.5  |112.5 4, 1 0
I 40.07143 | 18.21429 | 17, 1.21429| 8.5 85. 36.42857 | 121.42857 || 2.3 1 0
il 20. 1.3 26.6 30.6 1.3 80. 53.3 133.3 1.5 1 0
v 16.32353 | 4.35204 | 59.85204 10.88235| 1.08824| 92.5 16.32353108.82353 || 5.6 1 0
v 20.01316 | 30.27632| 6.1578¢ | 37.46053| 3.59211) 97.5 5.13158{102.63158 {| 19.0 1 0
Total 127.34562 | 76.67688 | 137.80250 | 86.97383 | 16.20117 | 445. 578.71701 3.32792 1 0
Consumption || ~14.84562 | 44.75170 | —4.46917 | 21.84970 | 86.43041 133.71701
TABLE VI
Ari | Aei | Asi | Adi | Asi Ci Vi Ai Qi | AQi |Qi+AQ
I 35.02004| 25.46912| 31.83640| 7.64074| 1.91018 101.87620| 25.46912(127.34562( 20.45 2.69920 | 23.15375
i 35.53727 | 16.15330 | 15.07642| 1.07689| 7.53821( 75.38208| 32.30660 |107.68868 | 24.28571| ~2.74798] 21.53774
i 20.67038 | 1.37803| 27.56050 | 31.69458| 1.37803 | 82.68150| 55.12100|137.80250 | 13.3 0.44692 | 13.78025
v 15.54520 | 4.14539| 56.99908 | 10.36347 | 1.36347[ 88.08949 | 15.54520|103.63470 || 13.60204 | —0.64860 | 12.95434
v 20.57280 { $1.12295 6.33009| 3.69255| 3.69255 || 100.22646 | 5.27508 | 105.50153 || 51.31579| 1.43498| 52,75077
Total | 127.34569 | 78.26879 | 137.80249 | 89.28373| 15.55532 || 448.26182 581.97303
Consumption 29.41989 14.35097 | 89.94622 133.71701
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TABLE WO

At Az Azl A4l Asi Ci Vi Al Qi AQi | Qi+AQ:
I 35.02004 [ 25.46912| 31.83640 7.64074 1.91018 || 101.87629 | 25.46912|127.34562 | 20.45 2.69920| 23.15375
I 0.51587 0.23449 0.21886 0.01563 0.10943 1.09428 0.46898 1.56326 | 24.285711-23.97306 0.31265
I 26.67038 1.77803 1 35.56050 | 40.89458 1.77803 |1 106.68150 | 71.12100|177.80250 13.é 4.44692 17.78025
)\ 26.83672 7.15646 | 98.40132( 17.89115 1.78911 )| 152.07477| 26.83672]178.91149 ) 13.60294 8.76100 22.3639%4
\' 38.30264 | 57.94501; 11.78543| 71.69468 6.87483 || 186.60258 9.82119(196.42377 | 51.31579) 46.89610( 98.21189
Total 127.34565| 92.58311(177.80251 |138.13677 | 12.46158 [( 548.32942 682.04664
Consumption -91.01985 40.77472 1 183.96219 133.71701
TABLE K
Al Azi Asi Agi Asi Ci Vi A Q': AQi | Qi+AQ:
I 35.02004 | 25.469121 31.83640 7.64074 1.91018 )| 101.87629| 25.46912|127.34562 20.4‘1'5 2.69920| 23.15375
4 40,30664 | 18.32120| 17.09979 1.22141 8.54989 || 85.49893| 36.64240]122,14133 ) 24.28571 0.14255 ] 24.42827
m 20.67038 1.37803] 27.56050| 31.69458 1.37803 {1 82.68150| 55.12100|137.80250 13.53 0.44692| 13.78025
v 14.80720 3.94859 | 54.29307 9.87147 0.98715 || 83.90747| 14.80720| 98.71467| 13.60294| ~1.26361| 12.33933
A 6.54143 9.89602 2.01275 | 12.24422 1.17410}; 31.86852 1.67729] 33.54581 | 51.31579(-34.54288| 16.77291
Total 117.34569 | 56.01295]132.80251 | 62.67241 ] 13,99935 || 385.83271 519.54993
Consumption 9.99992| 63.12838 5. 36.04225 | 19.54646 133.71701
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TABLE IX can never exist. Thus to this example, other sectors have
to change their production to satisfy these constraints. Returning to
the TABLE VI, if we give some limits such as R,*=5 and R.*=2.5
to products produced in sector 1 and 2, we will obtain results shown
in TABLE IX.

Conclusion :

In this chapter I detailed non-negative constraints as in case of
changes in the parameters of synchronization economics without tak-
ing the realm of finance in consideration. I proved that, even when
the level of technology does not change or the organic composition
of capital (a:) does not change either during a certain period, the
so-called technological coefficients (a.;) frequently used in the analysis
of the input-output type are superficially changed into (a:;) in ex post
with changes in the rate of surplus value (B:) and the capitalists’
propensity to consume (y.). As for the organic composition of capital
to which I have related, there exist some different interpretations of

it. Especially, L.R. Klein defined the organic composition of capital
C
C+V

Tsuru defined it as “the ratio of %” in his paper “Keynes versus

as

in his paper “Effective Demand and Employment.”1® But S.

Marx.”19 Tsuru’s interpretation about the concept is correct, because
Karl Marx said that “The composition of capital is to be understood
in a two-fold sense. On the side of value, it is determined by the
proportion in which it is divided into constant capital or value of
the means of production, and variable capital or value of labour-power,
the sum total of wages. On the side of material, as it functions in
the process of production, all capital is divided into means of production
and living labour-power. This latter composition is determined by

13) Lawrence R. Klein, Marx and Moderrn Economics edited by David Horowitz,
(London : MacGibbon & Kee Ltd., 1968), p. 155.
14) Shigeto Tsuru, Marx and Modern Economics, op. cit., p. 184,
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the relation between the mass of the means of production employed,
on the one hand, and the mass of labour necessary for their employ-
ment on the other. I call the former the value-composition, the latter
the technical composition of capital. Between the two there is a strict
correlation. To express this, I call the value-composition of capital,
in so far as it is determined by its technical composition and mirrors
the changes of the latter, the orgamic composition of capital.”15
According to this definition of the organic composition of capital, it

Ci

V.
defined. Thus, there may be a case that some progress in technology
is thought to work for saving the volume of invariable capital (C:)
compared with variable capital (V:). Therefore a; may be thought to
decrease. But as a general tendency, the technological progress in-

means only that the ratio of

is equal to ai, (TC/}—=m), as Tsuru
1

volves an increase in capital. Can we not solve this contradiction ?
Generally speaking, the technological progress mainly works for ma-
chineries, equipments and administrative systems of production, not
for raw materials or intermediate products and machineries that require
more raw materials than before. If these assumptions are admitted
to be used, by the technological progress some a.;s belonging to ma-
chineries or equipments will increase. Therefore a: depends on the
difference between the volume of the former and that of the latter.
Considering the problem of technological progress as I had discussed
in my paper “Changes in Variables and Parameters in the Capital
Formation,”1® in the illustrations of this paper I assumed that a. and
B: were constant in order to clarify the effects of changes in y; on @i

Through the six papers I have written on the generalized reproduc-
tion scheme based on Keynes’ most important premise of saving being
equal to investment, if we get rid of the concept “advance” and in-

15) Marx, K. 0p. cit., Vol. I, p. 574. }

16) Yuichi Shinzawa, “Changes in Variables and Parameters in the Capital
Formation,” Waseda Business Review (IRBA Waseda University) No. 4, 1978,
pp- 125-154,
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stead introduce the concept of iteration processes into an economic
system, it can be proved to be entirely correct in connection with
various kinds of reproduction schemes of advance economics: as those
theories of Marx’s, Tsuru’s and Lange’s. In connection with concepts
of Leontief’s input-output analysis, of Kalecki’s model and of Sraffa’s
post factum model, the generalized reproduction scheme was proved to
have no contradictions in its structure. By having done so, I was as-
sured that many different types of economics were synthesized in my
generalized reproduction scheme. However, the reader of my paper
may have the following questions concerning assumptions of my
scheme, which I have placed in order to avoid unnecessary confusion
and misunderstanding :
1. Is the relative value (p:) equal to the relative price (v:)?
2. Are relations among relative prices constant ?
3. How can we explain financial phenomena after throwing away the
concept of “advance”?
and so on. Particularly in connection with problem 3, I will discuss
these in accordance with financial phenomena in “ADVANCE wvs.
FINANCE."1D

17) Yuich Shinzawa, “ Advance vs. Finance,” WBES, No. 15, 1979.
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