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1. Bfficiency spd Oobimwd ity

Before entsring into the debate that took place over tlis complex guestion
of choice of technology in the context of development planning, certain preli-
zirary issues have to be clsared up. This includes the concept of terhnical
- efficlency; which is one of the dominaai cnes in the field of policy-oriented
economics,

Suppose we are considering some technicel choice i which permits the pro-
duction of an Hutpwt combiration (x) us!ng ea juput caabdnation (y). 1f it is
possible to procuce the saue vundle of cuxoiities (x) witi less of at least one
of the inputs ard no more of any of the inputs, then the tecanical chcice i is
not efficient., This is simply because efficiency ‘implies rroducing a given quane
tity of output with as littie inputs as poasible. Similarly, if with that
collection of irputs (y), an ovtpnt combination can be produced which exceeds (x)
in tems of some ovtmut and is no less in temms of any of the outputs, then again
the technical choice i muet te regaried as inefficient, This is becavse effie
ciency aiso imnlies that for any given collsction of inputs we chould try to get
the maximum of cutpute,

In fact we can coabine “le two criteria together by treating inputs as nega=-
tive m‘.puts.l/ Thus defined, what efficienc;’ requires is that no more of any
"output” can be obtairsd given the amount of tra others.

This oriterion takes us & certain distai.cs, but not a great deal., If a
certain technicel choico leeds to greater ou'put of a certuin commodity amd less
output of some other cammodity i1 comparieon with another tschnizal choice, the
criterion of technical efficiency cdoes not heip us at all, ©Doth these technical

choices may satisfy the test of efficleiicy and we would be left with a problem
still to be resolved.

Often the concept of technical efficiency is applied to a given point of
time, but there is no difficuity in extending it over time. All we need to do is

-

See Debreu (1959). A good ktm@ctioh to the problems of efficiency can be
found also in Koopmans (1957).
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totmt&cms.ncmdivwdaywboditronmtmm same commodity tomor-
rov. In other respects the definitions, concepts and the criteria ne2d not be
altered. The same problem of incoamplsteness persists, maturally, even in the
extended version of technical efficiency, embracing more than one point of tims,

In fact now we might face a choice whereby we have more of a certain commodity

at point of time t and less of some commodity st & point of time (t + 1) in
comparing two alternative technological possibilities, and cnce again the criterion
of technical efficiency cannot resolve this feud.

The main usefulness of the criterion of efficiency is in terms of permitting
s preliminary sorting out. A runher of ticinological possibilities may be eli-
minated on grounds of inefficiency ard 'hen we shall be left with a set of
efficient technological possibilities the choice between which must be made on
the basis of some criterion, Efficiency is like a test that applies to the
"qualifying round”, and it neecs supplementation by same other criterion to detore
mine the winner mmongst those alternatives which have qualified.

Tris is where the notien of optimality is to be brought in which is al®w ome
of the basic concepts used in economics. An optimum choice represents the best
that we can get among the alternatives that are feasible. Naturally, in order
to choose the optimun combination, we must have some criteria which can discori-
minate between the different alternatives.

A prelinimary logical point may be cleared up at this stage. We can dis-
tinguish btetwsen two conditions for raiional choice, vis. (1) the existence of
a "complete ordering", apd (i1) the existence of a "choice set". The former
requires that any two alternatives should be consistently comparable with each
other in terms of scne ordering relation, 6.8., "being at least as good as", This
property is sometimes called ncomectedness”. Another required condition is
n¢ransitivity" which demands that if x is regarded as being at lsast as good
a8 y, and y 1is regarded as being at least as good as s, then x should be
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regarded as at least as gpod as lZ/. Waen these conditions are satiefied then a
complete ordering exists over the relavant ocordi tions. ' |

The condition of the existence of a choice set is someshat diffirmt. This
requires that there shou)4 exist some slternative which is regarded as at least
83 good ae every slternative in tts aveilatle set. "his simply means that a "ocest®
alternative exists, For the purpose of choosing an optimal policy tho existence
of o choice set may be regarded as mtﬂchuf.. It is important to note that the
existence of & completo ordering is nsither a sufficient ner a necessary condition
for the existence of a choice set,

It is not gufficient becuuse we may e ablo to order altermatives in a certain
fashion, but if there are an infini‘e mmder of altsrnativea, it is poseible that
no best alternative may exist. For example, alternative 2 may be preferred to 1,
alternative 3 to 2, altarmative 4 to 3, and s on, 84 Intipitung. It is not a
DRCRESALY condition because we might be able to coampare some altermuative with all
the others and firnd3 to be at least as good as all the other alternatives, tut
nevertheless there my Le intransitivities, or a lack of connectedness. For
example x may be regarded better than y and also better than g, but we may not
be able to comparc y axd s using whetever criterion we might be using. Even
then we might feel scfe in choosing =, since it is the best alternative, even
though we cannot compearse the two inferior alternatives, viz, y ard s.

Impite of this dilference Letween the conditions for the cxistence of a
"choice set” and the condition for the existerco of a “oaplete ordering", it

&/ On the logic of ordering, ses Arrow (1951), and Debreu (1959}. It may be
noted that the way we have defined any two alternatives beirg comparable
guarantess not only "connectedr.ess”, but also yields "reflexivity", vhich
requires that every altermativc be regarded os "at least as good as" itself,
When the altermatives considered are 1:e swam, Wit was defined as "connec-
tedness” is ir fact a coadition of "reflexivity". By and large in opiimal
policy decisions, reflexivity is not a major source of worry; in fact, a
minimal degree of sanity sesmus to be sufficient to gusrantee this. The real
problea arises with conrectodness and transitivity. On this, see in particu-
lar Arrow (13751),
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is nevertheless clear that there is an intimate relationship between thess two
aspects of retional cholos. In fact, zmost of the discussions on optimality

have been concerned with getting & criterion for a complete ordering, and it hae
been supposed that this will, in itself, guarantee the identification of a best
altornstive. This presupposition makes sminent sense wien the number of alterna-
tives is finite, when & consequence of the existence of a compiete ordering is tie
existence of & choice set. When, however, the mumber of alternatives is infinite
this may or may not be 0. Furtlermore, even when & complete ordering does not
exist we might still be able to fiid the best thing to Jo. While we shall not be
concerned very much in this peper with this coatrast, it is impertant for uve to
besr in mind the difference hetiwesn these two requiact.ente of ratiomal selection.
Indeed, in soms problems the distinction can be extre.sly inpactant.

¥ matter whether we concentrete on & nchoics set", or a "complete ordering’,
we need some pathod of ordering, i.e., 8 criterion to tell whether a certain alte. -
native x is better tham, or worse than, or indifferent to, another alternative
y. The concept of technical efficiency csn be used partly for this purpose, and we
aight find that x 1is more efficient than y and simply eliminate ¥y. However,
88 we noted before, this does not help wnen x and y are both efficisnt. Much
of the debate on the choice of techniques is concerned with the supplementation of
the criterion of technical efficiency uy some other criterion that will pemit us
to tell between the effisient alternatives, In the discussion that follows, we
 shall te concorned with & choice among & set of efficient altermatives, and shall
sssume that the inefficient ores have alresdy been pruned out.

Thus, we shall have no further use for the concept of efficlency as such,
which (it will be assumed) has dome its Job, and the discussion will concentrate
on scme supplementary criteria vhich takes ue beyord efficioncy. The lively debate
on technological choice which hus taisn place over the last two dccades has been
concerned with methods of supplementing tie relatively uncontroversial criterion
of tschnical efficiency. Tc this renge of proulems, we now turn,
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Investuent declsions can bs classified into various types, e.g., the optimm
sise of investment, the optimum capitel-intensity, and the optimum sectorel allo-
cation. While it is important that we recoginise these irvestment decisions to
be differcnt, we cannot regard them to be indepsmdmt, ' Indeed much of the controe
versy on the cholse of technology concerns the dependence of the mmcunt of savings
on the factor mroportions salected.

A sinple i1llustration asy bring out tue difference Letween some of the
schools of thought. It may be argued thut vege earners terd to have a higher
propensity to coreuxs than those wio esrn the rofits. 1This is likely to be
spectacularly so in a socialist exvnomy whore the profite are esrned by the State,
but it may hold even in the case of a privately owned enterprise. Given this
sssumption, it will sppear that the proportion that is seved out of the additionsl
incoms will deperd on the dintribution ol tie additional income botween the wage
earners ad the proflit earnars, And this distribution, in ite turn, depends on
the choice of technology, since s more labour-intensive technique will (given
other things) tand to lead to a higher share of wages.

‘ A special cese of this hes been much discuesed in the literature, vis., the
sssumption that the wage ecrners have a propensity to contume of 1 and profit
earners have a propensity to consuss of O, This is, however, a rather limited
case, ard the problem with which w are concermed holds under much more general
conditions, vis,, whenever tie mopensity to save of profit carners is system-
atically higher than the propensity to save of wege cerners. Given this assumption
there would be a dlrect link established betveen the degree of labaur-intensity
cshosen and the proportion of the additicial income that will be saved.

It is esay to desoribe situstions where one techrique will leed to a higrer
amount of total cutput and another technigque will geierate a higher amount of
total savirgs. If we wish to attach an additioms) weight on the savinzs generated,
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ovr and above the weight that is attached to all output (be it saved or consumed)
then clearly this will affect cur decisions regarding which techniques to chooss,

Por the purpose of this discussion total cutput and total savings may be
regarded as two separate commodities, even when they are assumed to be physi-
¢ally homogeneous, as in some simple models., The question of economic efficiercy
discussed in the last section may be applied to such & case. Any technique
which generates lees of either total savirgs or total output and no more of the
other, may be simply rejected ss inefficient. But after this preliminary pruning
opsration has been carried aut, we wuld be left with a set of technlques that
cannot be compared on pure e’ficiency grounds. We 8'.51l. then havs cases with &
higher amount of total savings going with a lower srount of total output. Which
do we choose, in such a situstion, will depend crucially on the additiomal weights
to be attacred to savings vis-a=vis output,

At this stage we might asi'Why must we attach any additioml weight on
savings as suoch?" After all savings involve & certain sacrifice of present consump-
tica in favour of future coasumption, and what reason is there for us to believe
that it is always bettor to sacrifice present consumption for the corresponding
amount of future consumption? Irdeed there is no such compelling reason, in
general. What the deobate on choise of technology cid was to assume (often impli-
citly) & sub-optimel rate of savings whereby soms outside constraint prevented
the savings rate from rising to the optimal level, As & conssquence, there was
a persistent reason for looking kincly towarcs any policy vhich led to a higher
proportion of savings.

Wiy this sube-optimality should arise is iteelf a complex question, In the
case of a private enterprise economy it can certainly be argued that the rate
of savings may be consideratly below optimal.:/ In particular, it has been
argued that people might be willing to sign a contract forcing everyors to save
s certain amount for the future, even when they may not do it individually under

3/ See (1932), Remsey (1928), Baumol (1952), Dobb (1960), Sen (1961),
(1967b), Marglin (19632), (1963b), Peldstein (1964), and others.
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the markst mechandsm, and & situation of this kind Ras besn christened as the
"Isolation Peredox,™

There svems to be oconsidershle agreement 2t 2 practical level regarding the
" nesd for raising the rate of saving for many under-developed ccuntrics. Indeed
one has only to look through the planning documents of a varisty of countries

to s0e how ons of the persistert themss is the need for a higher rate of saving
and & higher rate of M.ﬂ Taese clearly are based on some assunptions,
usually implicit, about ihe objectives to be achieved by the econcmy, in tems
of which the existing re‘es of saving appear to be below optisal. Sometimes the
argusenits are feirly gsophisticated,™ soLciines 1.0t.

Whatever the reasons for the sul~optimality of the cavings rete, that this
48 a persistent diagnosis for mxct undsr-deve.oped sconumies seens to be cloar,
In the presence cf such sub=optinality it 4s not diffisu’t to see why an aadi-
tionsl weight has to be attached to the part of the additional incoms that is
saved and invected compared with the part that is consumed, It is in this cone
text, thet much of *he controversy ua the Problem of choice of technology in the
recent yoers can be fully understood.

Esser.tially the problom as stated is that of choise of technology in a
world of sub-optimal savines. It can also be viewmd as & problem in the theory
of "Secomd Beot,'a/ Sinco there is misallocation at the margin of choice bLete
woe savings and consumption, thanks to soms specific comstraint, this will
reflsct itself or. the choice of the degree of labour-intensity implicit in

&/ Sen (1961). See also Baumol (1952), Marglin (1963~), Harberger (1964),
lind (1964), Phelps (1%5) «nd Sen (19¢70).

5/ See R, F, Xahn (1958) for a review of sc.+ of tue planning documeuts in
this context.

&/ Optimum savings models hcve tended to sJield ex‘remely h1igh rates of savings
a8 the gmaral r.le. These ave ve Ty Baci. in eriess of the usual rates of
savings observed anyulure in the world. Ses in thie context Tinbergen (1956),
(1960), Gooddn (1961), Chakravarty (1962), Sen (i967a), amorg others.

2/ See lancaster and Lipeoy (155%6).
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technological selectior. The problem would have been totally different if it
had been a case of allocating an optiml amount of savings between teckniques
with varying degrees of labour -intensity.

A distinction should in this context be made between (i) 2 general equili-
brium formulation where the amounts of saving, the degrees of labour intereity,
and the pattern of investment ars to be simultanecusly selscted, and (11) a
partial equilibrium picture vhere the technicsl choice is confined to finding an
optimal labour-intensity for a marginal project. In the former case the inopti-
mality of the savings rete may not be apmued, bt may remilt from the allocs-
tional exercise. In tne laitar case, an over=cll suh-optimality of savings may
be taken as givem, since the rroject in qrcstion 1s too small to affect the
_overall inoptimality of savings.

One may be giver some kimd of an objective function which deperds on techal-
cal choice and the proportion of savigs. In the abser.ce of any constraint on
savings our choices should lead to an optimal situation with the usual mrginal
equalities, if the erercise is of the former kind, That is, in the absence of
a specific constreint on the rate of savings, the rate of traneformatlion between
coroumption at time t and consumption at time (t + 1) will equal the rate at
which we are ready to mibrtituts one for the other.y/ There would then be no
need for a margiml preference in favour of future consumption, implying an sddi~
tional weight on the savings gemnorated. On the other hand, even in the general
equilibrivm framework, 1f sars ocutside constraint is imposed which prevents the
rate of saving from rising above a certain level, a sub-optimality of savings
could result, Then it will be appropriate to attach an sdditiomal weight on
sevings vis-a-vis the part of the incame Lmeedistely consumed.

§/ This is with the assumrtion ol smocth differentiability. When thers are

only a limited nuber of basic ailernatives, resulting in "ieinks” in the
trans forma tion surfices, the corresponuing rule vill take the form of a
set of inequalities, Sce Uorfrcn, Semuelson and Solow (1958), Chapter 12.
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Such constraints cean arise for a variety of reasons, including political
difficulties in taxation., The Planners may want a higher rete of saving in
terms of the objectives tssvmed by thern, tet f21) to achiove this for fear of
political reactions, Given this political constreint, tle suh-optimality of
the ssvings rate that asy be genereted will tend to influenca the optirel tech-
nic’al choice in the directica of choosirg relativaly more c2;i tal-intersi ve

techniques, implying s relatively higher rate of savings,

™is is precisely whers a dif’arent school of thought can be found, who may
&rgus that such political Conatrelnte do roiL in Jact hoid. It hes bteen argued
that the total amount of incare to be s2ved ci: e Cetermine: by the planner in
Any way e likes, and he can .hen 83¢ Lhat this dac'sien is executed trrough such
machinery &s are in Lis dieposal, e.g., wegas a:d incames policy, taxation policy,
and monetary policies. If thie 1S avswmed then the link cetween tae choice of
techniques and the Proportion c¢f inccae saved £%e8. Then technical choice may
be made with the aim calnly ol mriuising “he saount of output ,*“and the pro-
pertion of the out;:t -0 ta Livested could be left to a decision o be made at
& separite stage,

In the context cf wuct a1 assumption it will be right to argue that in a
surplus labour econumory peop’s should try to maximise the mount of in-ome gwne-~
reated, forgettin: a'l ahout savings. This argument ocould spring either from
assuming that thero 35 1o 8. .~optimality of sevinge, or from asguning that the
proportion of income that can be saved, even ’f constreined, is not dependent on
the distribution of income, Various streaine or tmse Arguments can be seen in the
literature,

9/ Wnethar this range of probless cen arise in a fully socialist ecoromy is a
matter for discusaion, ispr some inc:i~stions thet thay do, sec Pajestia
(19€2), ard .arglin (1525,

10/ The implici+. £,azework kere i3 thet of a one-commcdity rodel, btut the
corresponding ccr'itions for a muiti--commodity modes are easy to obtain.
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Having commented on what appears to be scme of the major issues that divide
the different schools of tuought in the detate on tecinical choice, we may now
proceed to discuss the controversy in soms greater detail, We develop a general
fre.aework in the next section &nd then express the various criteria in terms of
tna: for comparisor and con*rast. This general framewark will use a high.y
simple model with one hamogeneous commodity , vhich nevertheless csptures almost
tne entire controversy on chnice of tecaniges for an under-~developed econcumy,
which took pisce in the recent years. At a later stage in the context of a
model on concave programming, we shall rclses> this assumption, and discuss the
problem in a multi-commodity context.

3. ASlererel ‘ravewrk

Let tkere e a production function relating cutput (Q) to latour (L) and
capital (K).
Q=Qq (L, K) ess (1)
We assume this to be homogeaeous of the first degree, i.e., with constant returns
t» o scale. Let the wage rate be given by w, the projensity to consume of wage
earrers by ¢, and the propensity to consums of the profit earners by Coe The
smount of the income that iz saved i3 roprésented as 3, vhich is given by the
followiig reiationship:
S = Lwll = ¢;) + (Q = Lw) (1-¢,) eeo (2)
We assume that the supply of labecur is uniimited. The object of the exer-
cise is to maximise a certair weighted mum of awtput and savm:.w It is to be

31/ For a contrast of views on tie empiricel acceptability of this assumption,

see Nurkse (1953), Lewis (1954), (19553, (1958), Eckaus (1955), Meller (19%),

Rosenstein-Rodan (1957), Leibenstein (1.957), Viner (1957), Haberler (1957),
Oshima (1958), Fei erd Ranis (1964), Schults (1964 ), (1967), Jorgenson
(3546), (1967}, Larglin (1946b), Sen (19562), (1967b), Mehra (1966), smong

others.

12/ In a general equilidriua franework, the weights should vary with the choice

of techniquee, and ths objective frrction should be "Non-linear" (see Sen
(1962), Appendix E). lowever, in the case of a small project, the total
savings and consumption for the econ as a whole, may not be nuch affected
ty the marginel choice. There the weights can be taken 3s given, mich like
the perfectly competitive firm taking the prices as given,
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remsmbered that savings S is a part of output Q, so that the weisht attached to
S is in the nature of "a premium", i.e., it is an sdditionsl weight over and
above the weight that S receives as a part of Q. Let this premium on savirgs
b2 given bty ., which we Mve taksn to be positive, since we mve assumed the
savings rate to be aub—opt.imlfw The cbject, therefore, is to maximise the
following welfare function

V=Q+ N .S eee (3)

Given the mmoun. of capital, the prouiem of choice of techniques is simply
to find the right emo:nt L, wnich will determine the appropriate degree of capital
intensity (K/L). Thanks to tie sssumption of comstant retum to scals it does
not matter how e chooss K, for tie discussion is all in tems of ratios per unit
of capital. it is clear thet the £ rst ordew condition of maximisation of the
objective function is ziven by

- = o0 eee (&)
Given the equaticms (i), (2) and (2), it car be seen thet the condition of mexi-
misaticn given ty {4), rcqiires the follow.ng:

ol
As a condition o the morginal productivity of labour we can re-write rela-
tionship (5) as followe. defining that magnituds to which the marginal product
of labour is to be equated s "the real cost of labour® (w*).

“__O___'_ x gv(:zc l) +§' ( 1 -02)] = 0 YT X (5)

- +
. - 0
. o 7/, f

# (A
w .,;%. 1‘ 1 ' \l —‘:-cz)—:\J w oo (6)

Much of the controver:y on ¢ choice of technology for an underdeveloped
econony with aurplus r2lcuw can ba seen to be varietions or the thems represented
by (6). With *uls gruersl Simmwork, we car :crb oui the Gifferent contributions
in this controversial field.

13/ The choice ciscuosad hore is for a rargioal project. A more wide exercise
should take A as a variabls. The optimality condi tions, however, will
remain the same for appropriate valuss of ).
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One clarificatory remark should be zade before we proceed fuwrther. The
evalration of altermative techniques depends crucially on the value of b\ , 1.0
on the additional weight to be attached to investment vis-a-vis consumption. The
vaine of N in its turn depends on the relative weights to be attached to con=
gunption today vis-a-vis that in the future. vhat we are really trying to do,
therefore, is to provide a one-period model which trizs to catch the esaence cf
comparison of the relevant sets of time series of consumption representing alter-
native technological possitilities.

That the problem of chcice of technicues camnot’, btit be solved except in terms
of making explicit value judguents about alterr.at.ive sets of time seriss was die~
cussed in Sa (1957), whare it v:as also shown trat tie different criteria proposed
in the literature really toil cown to doing thls very shing in a highly implicit '
panner. Explicit attempts at making thase couparisons can be found in Sen (1957),
(19€0), Eckstein (1957), Bageal (1962), ant others. This problem has been pene-~
tra.ingly studied by targlin (1956a), in an approsch that we are going to comment
on later.

L. Coptrbuticts of lewis, Polaic, Buchauan snd Kain

In his classic study of the theory of economic growth, Lewis (1955) apalysed
the problem of choice of techniques for econcaies with surplus labour. He argueds

uSpecial cere is to be taken in those countries shich have a large surplus
of unsiilled labour, for in such circumstances money wages will not reflsct tle
real soc.al cost of using labow'. In these circumstarces capital is not pro-
ductive ifit is used to do whav labour could do equally well; given the level
of wages such investaents may be highly profitatle to capitalists, ui they are

unpr fitable to the commnity as a whole since they sdd to unenploymsnt but not
to output." 14/

nly is thern arguable taat tha real cost of using labour in cottage industry
is zero, whareas factory procuction uses scarce capital and supervisory skills! 33/

It is clear thst there is some asc-mption under wiich the "real cost of
labour" will in fict be gerc, as argued by Jew's. Looking at equation (6) the
question that arises 1s this: what is it that Lewis 1s assuning which leads to

W Levds (1955), p- 386.
15/ Lewis (1955), p. k0.

[eoe




«1l3 -

this result? It should be one cf two things: either (1) he is assuming that ;=
C,, that is both the classes have the sge propensity to consume, or (ii) that
% = 0, 1.e., there need be no prewiua on savings. The first does not seem to
be the assumption that Lewis s making. The second assumption, however, fits in
very well with Lewis' presentstion., !tile Lewis is concerneC with ialadecuate
rates of growth in urlesrcaveloped countries, hLis analysis is not based on an
explicit identificaticn of "optimal" rates oz saving. This is partly beccuse
lewis focuses utten:ion on factors other than capitel eccumulation influencirg
the rate of growth, But t-is is also due to the fact that he does not discuss
growth in terms of optimisation, so that nc cuncept ol sub-optimal growth (or
sub-optirnl savinge) can emerge. Assumirg. t..erefure, th.t no special weight

is to be attacied on savings vis-e~vis coneumption, i: would aprear that Lewia!-
deduction that the raal cou* uf “ebour s nil would follow,

l‘i'* = Q XY (601)

Polek (19/3) had suggested in a plonsering discussion of the balance=of-
payments potlen: ¢l courteias reconct ucting after the war that there was a spe-
cigl virtin An wcameine output por unit of capital., Pichanan (1945) made a
sizilar gukzz2s’ion: "I invastment funds are limited, tho wise policy, in the
absence of specin) ccneideratioas, would be *o undertake first those investrmonts
having a lugh vatve ~* gnm.al ct elative to the investment necessary to
bring then imtc ocisieace.™’

This criterion ::3 sxwiines been refervcd to as the "Rate of Turn-over
Criteria”. It was sirangly ~ritucisved ty Ks-:. (195)) beceuse it assumed that capie
tal was the only ecarce faztos. o ac..ed ti.et the social opportunity cost of
auploying labour to prod:ic: uhe o:tput has o oe decucted frum the figurc of the
"value added"., So wiat cie ahg:ld try to schiove 18 Lle roximization of output
taking into accont Al to- eelivant Crpartlny ecvts, Tais criterion has some-
tizos been kno.r &8s "Sonial Mergiral Piswetivity Criterion.w

Ever in *hi: c¢ultaxt, however, it ray be argu~d thai tiie real cost of labour
could be taken to be sero wher dealing with a spilus labour econcay. Infact

16/ Buchanan (1945), p. 24.
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Kahn himself found the Polak-Buchanan criteria to be rparticularly desireble” in
such an economy.

Tis too cun be sew. to be & case of deriving a zero shadow price of labaur
by taking A, equal to gero. There is indeed no discussion here about any sube
optimality of savings renuiring an additional weight to be put on savings vis-a-
vis consumption. In the absence of such sub=optimality, it does indeed make sense
to assune the real gost of isbour to ve nil. It would thus appear that the con=
tritution of Lewis, Polal, 3uchancn end Kalm concentiate on & situation where ~™
is taken to be nil and sevings &re not ass'med to be sub-optimal.

5. WWWM@MW&

One of the most penetrating analysis of the protlan of choice of techniques
for a planned econay in the context of surplus labour was provided by Msurice Dobhy
Indeed Dobb (196C) must be regarded as a clessic in the field of development
planning. It is a 1ittle unfair to identify Dobd only with & criterion that he
fo-ually provosed, siace much of vhe ground-clearing in this intricate brench of
economics was also done by him, in a series of contributions.

Mauwice Dobb has emphasiged the crucial link between choice of techniques
on the one hand énd the rate of saving and the rate of growth on the other. His
own emphasis is very much towards the maximisation of the rate of growth, It is
clear that if this is our only ocbjective, the weight that 1is attached to savings
visea=vis consumption today is infinitely large, since it is the savings rate and
not irmediate consumption that aflects the rete of growth,

It can be checked that nore the relative weight to be attached to savingse
vig-a-vis consumption higher the value cf ;. . As we move towards the extreme

u/ Xahn (1951)s p. 51.
38/ Dobb (1954), (1956) and (1960)

19/ In all these discussions the impact of consumption on productivity through
such things as nutrition is being assumed away. Dobb himself touches on
this cueeticn a little bit in the context of discussing the higher produc=
tivity of labour in the advanced economies given the complementary equipments
see Dobb (19556), p. 37-38, See also in this context Galenson ard Fyatt (964).
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cases of trying to maximise only the mte of growth, Dbecomes "very lerge". And
(6) reduces to the following formula:

» ) (ey -~ 0.)
ve 0Q = Y 20w eee (6.2)
75—2 ! i - 02 :

In Dobb's calculation the real cost of labour was identified with tae wage
rate itself and this will indeed be the case with his assumrt ions. Since it is
assumed that wm:rl ccnswes evasrything i.e., ¢, = 1, from (6) we gct:*&/

w =y ses (6.3)

The criterion put forwsrd by Calerson ar? .eivenstoe’n nes been the hub of
much controversy. Wile mu:h misunderstood, it had a phenomensl impact. It has
& number of different aspects, ir:iudiing sn important emphacis on the effect of
increased incoms on the riis of vk of poju’aivion, which was a somewhat special
element in their criterion, ihorewwr, conce:tiing the controversy in question, the
Galenson~Leibenstein criterior. is very sinilar to that o? Dobb. The emphasis
on maxiricing thc »3t9 ¢ growih wideh makes it appropriate to consider (6.2).
Furher wi.tn the acvaston of g 7 1, (5.2) gives tho relevant labour cost.

A foruula that Cienson end Leibensiein use, is;
re Do e, eee (7)
1+

whetre
£ oatut per machine,
€ uwrner of worke < pur achine,
weE v rate, and
¢ = ocny of whim.w
It is clear tiwit meinis2ticn of r amoun:s to ma:imisirg the rete of profit

Debb &) assuiea thel €p 0, 1.8, 22 [oufifrs are Javed, Thas assumption
is opticial for \5.3).

Not2, hov2vcr, 412t cap'tal here is idontiried :ith iized capital only. This,
under certala circm.tances, nay be very mislveding tecause of the quantita-
tive impcrtance ol wrking capital. On tais see Sen (196C), pp. 110-113,
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per unit of clf.d.t.d.w I° the cholice of techniques is aimed at maximising r,
then labour is to be valued at tie mirket wage rete. This corresponds to (6.3).

Gelenson ard leibenstein, like Dobb, concentrate on the case w.ere o) = l,
and ¢, = O. The latter assumption is quite redundant for the specific allocatioml
rule recomuended, i.e,, even for (6.3). That o, = 0 is not & necescay ass.mp—
tion has not been widely recognised. Aanie (1962) argues that tise "Gelenson—
Leibenstein case is based on iwo rather extrems assumptions”, including the
marginal propensity to save out of profits Leing "om"w Hirschman and Sirkin
(1558) in their critique of tre selenson=l.: Yanstein eriteria recommend that
nwe must discard the assuaption that all prolits ar: reimnvested,” since it is
"particularly mamﬁ.c."u/ ilowever, in fact, this assunption is quite redun=
dant for the "Calensor-leibenstsin rule", gince (€.3) follcws from (6.2) whenover
€y = 1, no matter whather o, is suro or positive, 2o long &8 it is less than unity.
In fact the precise value of ¢, mekes no difference to the allceation rle for
growth maximisation, given ¢; = 1.

6. GContritutions of Cheneri

Professor Chenery hes made a nurber of penstrating contributions to the dis-
cussion of choics of techniques. He has consistently emphasised, beginning with
hie ecrliiast eontrimtion,w the need for a programming frameworle, end has expli-
citly considercd trade balance consicerstions and income distribution as parts of
the 'mlfars function. Since bota thesc elements have been relatively neglected
in the liuratum,%/ Chenery's contributions have been particularly apt.

22/ Galonson and Leibenstein are much concerned with the case represented by (7)

but they treated it really as an n{llustration”, Wh this case corres-
ponds tc the allccational rule given oy (6.3), 1.9, = w, they really
aimed at & more psneral cese, as explained by Leibenstein (1963) and Galenson
ani Pyutt (19€4).

Ranis (1962)’ Pe 300,

Birschman and Siriin (1958), pp. 469=70.
Chenery (1953)

Sea, however, Polak (1943).

BREEE
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However, in the context of the specific debate on the degres of labour-
intensity to be chosen in a labour-surplus econcay, Chenery fell into a trap.

He identified the oost of latour as the "inarease in consumption”,&/ which
would make it identical with the criterion proposed by Dobb, Galenson and
Leibenstein, i.e., corresponding to (6.3). It is not clecar, howaver, whether
this was what he intended, vis,., to put all emphasis on growth ami none on Liwe-
diate consumption. As he explained: "The offeot on national inccme, A Y, can
be approximated by plying a set of correstions to the businessmen's calculation
of the anmul rete of profit,"28/

There is a strong mtiguity here sirce tiils vay of msasuring the "natioml
income™ mmounts to attachirg a woight of wero to immwdiste consumption and pute
ting all weight on investast, wiich is not tze standaid practice in national
income calculations. This would muxe sense i1 the ocontext of the extreme assump~
tions of growth maximisation, where the price of immediate consunption in terms
of eaving is taken to be nil, tut this does not seem to be the intention of
Chortery. Perhape what is Litended is to g2t & weighted sum of conmumption and
investment, and it may be suraired that Chenery was moving towards the seme trpe
of problem as we have been concerned with in the determination of A .

In his later exploretiomsof the problam Chenery has clarified the picture
very substantially. 1In Cherery (1955), Chenery (1959), and Chenery (1961), we
find a series of disoussions based on an ®plicit presentation of an objective
function involving s veriety of considerations, with a programuing exercise lead-
ing to the choice of an optimm tochnological st s along with an optimum
investment allocation in general. The @mphasis is very mu-h on the inter-dependere
of the different sectors and on the possibility of using sccounting prices. The
anbiguity referred to above atcut the cost of labour doss not occur in these later
cortributions, end the general framework of discussion is broad encugh to take
into account most of tho alternative criteria proposed in the literature,

&/ Chenery (1953), pp. 82-83.
28/ Chenery (1953), p. 82.
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7. gotributicus of Bator. Pei aod Bunis

Francis Bator in & provocative paper argued that there was "no conflict"”
between maximising prasent output and meximising the growth rete. 5/ 8ince
the controversy at thet stage wvas very much concentrated around this perticular
problem, this was & startling statement. FHowever this result followed simply
from his assumption that "+re rate of saving is independent of the (as 1f)
packet imputed distribution of tneome "%/

In terms of our model this wowld correspond to the assumption that
e, = cz.w If the rate of savings is to de indepentent of the rate of ais-
tribution of income, there cannot de any dirference in the effective propen-
sity to consune of the two classes. This immediately y:elés the result
wt= 0, a8 in (6.1). Given this assusption arout savings, the extra weight
to be attached to savings mskes no difference whate’ser %o ocur choice of tech-
niques. A cholce of technique that maximiced the immediate income would then
fleo movimise the amount of savinge, and therefore irrespective of the wveights
4o ve aitached to the two, the optimum policy should be to maximise immediate
output. With a surplus ladbour economy this involves chocsing & technique of
proluetion as labovy ~intencive s efficiently possidle.

;. this context we might meke & contrast betvcen the result of the "resl
cort of labour” being nil ss discussed by Polak (1943}, Buchanan (1545), Levwis
(3555) 2né Kahn (1953), end that by Mtor (1957). Vnile the former group of
peorle are no conce:ned with gub=-optimality of savings es such, and therefore
1mplizitly escune A= O, Bator is concerned with it. He does not, hovever,
have to link up the groble: of genersticn of savings to choice of techniques
peceuse of his assumption of e; = Cp ®ither sssumption 18 sufficient to yield
the rasult: w* = 0.

L R

2/ 7wator (1957), P. 99
30/ Bator (195T), P- 98,

3}/ Tuis does not neacessarily happen sutosstically, and Bator assumes an
ef"icient fiscal machinery which yields this result through deliderats
pollicy.
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The models of Fei and Manis are not by and large optimality modals. They
are essentially concerned with vhat heppens rather than what should happen.
However, in Fei and Ranis (1964) ve find an assumed relation betveen income

intribution ¢n1d savingu. While ciitical of Galensen and leibenstein formula-
tion, Ranis (1962) 1s also much concerned with growth. He is, however,
relatively optimistic about the possidility of taxaticn bringing about a c-ange
in the savings rate fiom that determined by the market. Tuils is not murprising
Decause of Renis' concern wilh possidbllities of taxation in the financing of
economic development, and his studr of the rather successful Japanese case.w

However, we cannot ettribute any specific criterion to Ranis and Fei since
they do not state explicitly ans optimality conditions from which an optimal
choice of technigue can o2 derived, Neverthcless, their works provide some
insight into the probtlem in question. '

8. Centributions of Nckstoin

Eckstein (1957) put forwari a synthecis of the different criteria proposed.
His 4lscuseion can be translated into the framework of (6). In effect Eckstein's
procedure apounts to obtaining a value of >\ by the explicit use of a discounting
operation of future consmrption possivilities. Th2 discount rates are related
to the utility functions o. the individuvals and thcir chances of survival over
time. '

Bckectein defenca the use of the individualas' "pure time discount” in
social choices b appealing to “"concumers' sovereignty", which is sonewhat
dudbious, since (a) the consumers involved ars not only the present ones but
also those yet to be born, and (b) even for the present generation "consumers'
sovereignty” may not get adequate exprecsion in their individuasl time preferences
thanks to variocus types of inter-dependencies discussed by Baumel (1952),
8en (1961), (196TB), and Margiin (19634).

32/ See Ranis (1959).
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But aside fraom this question, Bekstein 418 achieve a synthesis vhich
sorted out many of the outstanding issues. If the cases discussed by Polak
(1S43), Buchanan (1948), Xahn (1951), Lewis (1955) and Bator (1957) correspond
to the allocational rule (6.1) and those discussed by Doddb (1054), (1956),
{1530}, and Galensen and Leidersteia (1955) correspond to (6.2), or (6.3),
Eckstein (1957) aimed at the genmrul fomula {6).

9. Coptriomtione of Marglin: Sevines and Technicel
Lcice as Veristiopgl Erchiens

Marglin's main coniridution has bser o provide an integrated framevork
of analysie {or problems of optimum accurmiation and thcse of technological
choice. The usual varia:ional studias o optimum cccuaulation have tended to
igncre problems ol technical choice, or have (alternc:tively) denied any special
1link baotween savings and technica. cheice via the distribution of income.
Marglin (1956r) has provided & framework for a successful integration of these
tro fazels cl livestment allocation. Wa cannot do Justice to Marglin's many-
g1dcd contritui’ons here, but we present below some comients on his main
8 z>proach.,

Ve use the following s;mbols: 7 = total consumption, K = total capital
rtxl Q= totul output, 1 = employment per unit of capital, q = output per
undt 0 capital, and U = utility at a given point of time. U is assumed to de :
& “nrtion of C of that period, i.e., U= U(C).2Y The function to be maximised |
Zo Uin aggregate of U over time, V.27 K stands for imvestmmt, 1.e., K = —95-,
The cierciss consists in maximising W, given the following relations between
cutru’, savings, and ccasumption for the econoumy as a whole:

PR

2%/ =2 Famsey (1908), Coodwin (1961), Sumuslsen (1960), Chairavarty (1962),
Sen (196Ta).

i/ Tuls assumption of <he independence cf one period's utility from the value
2T cons.mption in other periods is not a very satisfactcery assumption
‘ses Bicks (1965), pp. 25C-E). This is, howvever, not crucial in the
redlen teing discussed Lere,

35/ Since Margiir deals with on infinite horizon, he follows Ramsey (1928) in
assumirg a viility Suinction boundeld from adove. The maximisation of
total utility is posed as equivalent to the minimisation of the integral
of the differcice betveen "bliss" and total utility in each period.
!ga{glinctgkg: U(0) = ~co, and 1lim U(C) = O, wvith diminishing utility twrough-
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Q= xoﬂ(l) . . con (8)
SmKmw) Lq(l)-w.lj Q- 2)+x.1.n(1-c1) ees (9)
C= K.q(ll.).c:2 + K.l.«(«a1 - °2) oo (10)

Altermative tools of variational analysis can be used in the exercise.
Margiin poses the protlem irn terms of Pontryaygin's "Maximum Pﬁ.mip.h,"wcvm
though the proves the optimality of his conditions indeperdently. We first follow
his poser and then relate it o the nrecedin; discussion,

Takdrg K as the "paase vartahle™ and 1 (represec:iting the tecimological
chodce) as the "cortrol Var:atls”, the follow:ng "Hamiltonian® expre ssion can be
formulated:

H=U(C) + V.K ‘
- U(K.q(l).32 + l(.lm(c1 - 02)‘
"’“’) oK, [ Q(l) - 'olj (1 - 02) + '§" .l.l.w(cl - 32) see (n)

Y 1a the utility price of capital inveotmemt and H the total value of
cutput in teins of utility 4n a givsn period. Wnen £ represents the control
region, the opiimal time sequencs of technological choice will imve to satisfy
the followdng necassa~v cancition given ty Pontryagin's "Maximum Principle® for
nonetereirsl polits of +ime 4l

(Y, K, 1) = sy KV, K) eee (13)
1€ .
Wo may restrict 1 wdthin the closed interval (3, 1), where } 1s the value for
which the margimal product of labar equals tre wage rate, i.e., ‘1) = w, and
T is the value far which the Wee blil Just exhmusts tie total product, l.e.,
Q1) = L.w. These tw limits correspornc Tespectively to the Uobb-Galenson-
Leibenstein solution end tae Lewis—~Fola:-Buchanan-Kahn lolution.w If 1 1ies

3%/ Pontryagin (1962)

d2/ Theorem 1 in Pontryagin (1962), see PP. 19-21, 189-91. The other necessary
condition given oy Pontryagin concerms the value of W , which yields:

'
k - [ XXY] (12)
38/ latter is not strictly carrect, since they wish to maxinize q, i.e.,
choose q' {1) = 0. harglin assumes that q'(1) is positive throughout, so
this solution is not poesible in his case. Therefore, he puts the limit
where the wege bill exheusts the cutput. On the contrast between these
tw cases, see Ser (1560), pp. 29~3l1.
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in the interior of the region -’-—, we should thea require Qﬂ/

%§'0 see (u)

From (11) and (14) wo obtain:

pig) _  wloy = ¢p) - - ) e (19)

\Y q' (1)632 + '(el et 32)

3ince W is the price of investment in temas of utility sad U'(C) is the
velue of sonsuiption in the ssme terme, the le’t hmd side of (15) correspords
to the society's margiial rate of inlifle:-rt substituticn tetween consump~-
tion and invesuraat., Sirce A\ isc tae extra weight to be attached on investment
vis-a=vis consunption, we can write:

1l + )\ - ‘! < ees (16)

It ie cas; 4o cieck that from (15) and (16) we can obtain the foilowing valus of
tha 'reas coet of labour®, v*.
r

v =q'(1) =

o e———

(¢ =0,) N\ |
Ti.'e 18 prociselr the samd as that given by (6% The relationship between
the Lw~ wys ¢ posing the problsm is indeed a close one, and our earlier formu-~
1aiina 4an be sesa to fit wsll into the ticture of finding an optisum path of
toslints v+ cholec over tiwe. There -\ 1is eimply taken as glven; here it is
as:lgnee its preper vilue dorived fram the varistional exercise, The two exercisen
therc fore, fit well into each other.

vi, *u to Yo note’, hovever, that Marglin's definition of the "ghadow prioce®

of Iah~:- differs from our Aefinition of w’. ke defines it 4s that expression
with w-iea we &hould e-usia the margimal preduct of labour, in tems of the irwe

39/ Marclin caws wnat a 8st of assumptions of non-sstistion and of contimity
suff.ce tc guarautee tirs, See Marglin (1966a), pp. AO-4l.

40/ Not$ that q'(1) -%%_, thanks to the assumption of constant returns to
BC3 e .

/ooo




-3 -

value of the output, Ligluding s higher weisht on that part of it which will be
reinvested (taking the whole of the marginal output as going to the enterprise).
Our "real ocost of labour" was equated to the pgrket velue of the rmarginal pro-
dust. Eecause of this definitiomal difference, Marglin's "shadow price" of
labour can gxceed the market wage w in sore cases, wiereas ou.- w is contaiied
in the interval (0, wv). Analytically, however, the two rules are exactly e ui-
valent. Defiring w as Marglin's shadow price of latour, we cbtsin his allocation
rela e,
'“ - A - -

-g%— 1+Q-cy) f-j - (o, = 0,) M.w .. (17)
It is clear %hat (6) amd (17) are eractly equivalsrt rules. Whichiarticular
definition we use is entirel, a matter of convanience,

The main contribution of Marglin lies in the explicit link-up of A in the
one=pericd model with optimisetion over time imvolving variationsl methods., It
differs from the usual optimur accumulation models in having sn explicit constreit
on sevings, based on t'm &stributional assumptions;, and it differs fron the usual
discussions on choice of techniquss in doing an optimm accumulation exercise
over time with varistional methods, using an explicit utiiity function,

The whols juestion of choice of teclniquws is seen to turn on the relative
weights to be attacied to investrent a:d ccsumption i.e., on /, , and this depends
on the extent of sub-optimality (if any) of the savings rate, which in its turn
depends oa cur utility function. We nave examined Low "the differerce between
the schools of thought regarding tus valustion of labour really boils down to a
difference in objoetlm."w The "real cost of labour" W given by (6) has
varied from the one extrems of O, as given by (6.1), to tae other extreme of w,
as given by (6.3) depending on the weights to be attached to consmuaption and
savings in the objective function (3).

w Sen (1960)1 Capter YV, p. 62.
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An slternative way of defining the cost of labour is to ilentify it as the
wshadow price" of labour in the sense of programming. This is obtainable from
formulating the problem of resocurce aliocation in this econcmy, including that
¢° rhoice of technisues, as an e:rexcise in progremming. The objective function
V is socme concave function of the process selection vector p represent.ing the
irtensity of each activity. The "siack" (or excess supply) of each resource J
is “ake2n to ba & concave function of p, vis. rd(p), given the total supp.y of
resourcz j. Wich m types of resourcss, the set of fJ(P) can be represanted

by F(p).

Alcs, w.th eech choice of precass intecilles p, some parchasing power is
created, dcpesling on the level ¢ enploy.c.t, wages, etc,, and given the demand
finctions we .an trace the miniaur enounts of cornsuzer goode that must be pro-
duced t> mcet thase demsnds. Let E(p) represent tae "excess production vector®,
standinz for the Cifierence between the actual production and these minimum out-
. requirement =, Q

"rn ereice varizbles consist of the elenents of the vestsr p, which includes
tecmolugicsl choice, The problem iss

radimise V= V(p) eee (18)
gubicst to

F 2 0, ese (19)

F(p) = 9, ees (20)
ad "(pi:x O ' eoe ()

+7 ¥(p), Ti(p) ard ¥(p) are linesr, tais will be a prohim of linesr progrem-
wieg, lJirther, with the fiezewark of linesr activity analyels, we can get an
omt:l vector q linsarly relsted to the setivity vector p, and then can make
V' gr . uncticza of 2. We take, foir this aialysis, a very gensrel interpreta-
ticr, v assare no ncre than that V(pY, B{p) ani #(p) are all concave, but not
nezaase 1y g1 ictly consave, ‘This makes the probiem ome of concave ogremming,
coverint alsc ti- enecia) cesse o lirear rogreaming.
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Let p. be an optizal solution to the problem, and let r* and o* be the
optimal dusl variables related respoctively, to the resource corstraints and the
demand constraints. They have the usuel saddle-point pmpev.-t.iu.w In the
cas0 ¢f linecar progamming, r" is interpretable simply as the set of shadow Prices
of the respective resources. Even in the more genera. case of concave progrem-
ming, the gyal variables specify the limits of marginal returns to the respective
resowrces,

It can be demonstrated that ths inner product of E(p) avm F(p), and " em
” s must be 2ero in tne optiml solution.w

* #
(. ’ E(p )) + (r*, F(p*)) =0 ‘ ess (&)
Every s> 845 £, ad E,, must be nonenegative, so that a strictly positive fJ mst
inply & serc rJ e Hcwever, a strictly positive 1'.1 implier that there is soms

excess ("slack"”) of resource J. So either a resonrce has no "glack™, or its du-l
veristle (corresponding to the shadow price) is nil.

There is nothiig startlirg in this result, which is a standard one in cone

cave programming, including the special case of linear programming. But it might
look as if it contradicts our analyuis of the "real cost of labour”, It appears
that irre-pective of the obiactiives, either there is full employment of labour,
or ite shadow rrice must be nii. Since we are conccrmed with a su.plus labour
economy, 1tbokauuhmmthuhnhhwatlesl,w

shiegtive furction we chooss. This siens to contradict what we said earlier.

There is, however, no resl contrediction. I there is surplus labour even
under optimal allocation, the margimal return to an adcitional unit of labour must
be sero. In this sanse the sladow price of labour has to be nil, This does not
mean that the marginal prouuct of labour is ril (1) in the cense that no more
output can be physicsliy proaveed by using more labour, or (ii) in the sense tiat
it is zero in terms o its perket velus. We may be able to produce more of v,
glven the resource roquirmment constrairts, but not the demand constreimts. In
this rroblem, wiere the corstraints (21) are ignored, the marginal return to a

b2/ See Karlin (1955), Thecream 7.1.1.
43/ See the proof of the Kuhn~Tucker Thecrem in Karlin (1959), pp. 200=-203.
[eoe
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unit of rescurce J may not be mmﬁunrfnwwimohdofﬁndhm.
Second, V(p) involves some veluation of the output, but it may not coincide with
the market valuation of it., Taking q to the cutput vector assocla%ed with the
technological choice vector p, and y to be the vector of market prices, it
4s ertirely possible that the immer yoduct of q and y may respond positively
to an sdditional unit of rescurce J, even though V(p) does not respond to it,

In our eimple model, (.g{_) gives the marginel product of labour in the
sense of programming, and that was indeed nil, as in (4). This does not, however,
mean that (.g.g) should be made equal to sero by appropriate allocation, and w" as
the value with which (§g) is to beequated is given by (6). But (4) and (6) are
exactly equivalent to each other. There is no diflerence ou what to do, but only
on the definition of the "cost" or the "price" of labour. Ruls (17), correspond-
ing to harglin's analysis, and our rule (6) ere exactly icentical with rule (4).

1. Concluding Remarks

We have concentreted in this critical survey on the bdroad curremts of contro-
versy. Toere are numerous other themes within these general trends of thought,
waich we have not been able to present fully.

Our basic ‘remework was developed in termms of same very general assumptions.
By making more spscific assumptions, we have triesd to present the different cei-~
teria as special csses of that genersl framework. Thus our emphesis has been on
the cormon analytical structure 4in these varicus theoriss. Differences in
policies recommerded hove been systematically traced to the differences in empd-
ricsl or valus assumptions, so that & common core of analysis has emerged.

This study of analytical unity in the diversity of policy recoumendations
is aimed meinly at clarifying the issuss in dispute. Issues not very prominent
4in the coatroversy, including problems of “"efficiency" (see Section I), have not
received as much atteution as they could, perhaps, have had. Our main focus has
been on things controversial., Since this i a bias, even if justifiable, I would
like to draw the attention of the reader to this fact before I erd,
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