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1.    fiffteJtRcy ffrf °7!t 

Before entering int« the debate that took place ovar tao complex question 
of choi«« of technology in the context of development planning, certain preli- 
minery issues have to bs cleared up.    This includes th« concept   of technical 
efficiency* which is oris of th« doulu&al ones in the field of policy-oriented 
economics. 

Suppose ws are considering some tschnJcel choice    i   which permits the pro- 
duction of an output combination (x) using iui iuput combination (y).    If it is 
possible to produca the sa¡us bondi« of caynollties (x) with loss of at least on« 
of the inputs and no »or« of any of th« inputs, then th© technical choice   i   is 
not efficient.    This is simply because efficiency implies producing a given quan- 
tity of output with as little inputs as possible .    Similarly, if with that 

collection of inputs (y), an output combination can bs produced which exceeds (x) 
in terns of some output and ia no less in tenas of any of the outputs, then ngain 
th« technical choleo   i   muet Le regarded ss inefficient»    This is because effi- 

ciency also implies that for any given collection of inputs we should try to get 
th« msxiamn of outputs. 

In fact *m can co abine the two criteria together by treating inputs as nega- 
tiv« outputs.*'    Thus defined, what efficiency requires is that n? mor« of any 
"output" can be obtained given the amount of U.3 others. 

This criterion takes us a certain distai.es, but not a great deal.    If a 
certain technics! choice leads to greater output of a certain cemaodity and less 
output of some other conmoùity ia comparison with another technical choice, the 
criterion of technical efficiency does not help us at all.    ¿©th these technical 
choices may satisfy the test of efficiency and w*» 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 difficulty in extending it over time.    All we need to do is 

¿y   See Debreu (1959/.    À good introduction to the problems of efficiency can b« 
found also in Koopmans (1957)» 
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to treat * «.rula ceaaodity today to bo different from the »«« coaaedity 
row.   In othor respects tho definitione, concepts ««I tho criteria need not bo 
altor«.   Tho aeae pwWL« of incompetences portila, naturally, avon In tho 
axtavtad torsion of technical efficiency, «bracing »oro than ono point of Usa. 
I« fact non we altfxt faeo a choice whereby we havo »oro of a certain coaaodlty 
at point of tin«   t   ani less of some commodity at a point of ti»e <t • 1) i» 
coaparin« two alternative technological poesibilitioe, and eneo again tho entorte» 

of technical efficiency carmot resolve this feud. 

The «in usefulness of the criterion of efficiency is in terns of permitting 
a preüMnary sorting out.   A number of technological possibilities may be oli- 
aintted on grounds of inefficiency ar4 ^en we shall be left with a eat of 
officient technological posaibilitiea the choice between which »wat bo «ade on 
the baaia of sois criterion.   Efficiency is like a test that applies to the 
»quelifyii* round«, *nd it needa supplaatntation by soot other criterion to detor- 
slne tho winner amongst those altemativea which havo Qualified. 

»da is where the notion of optimally ia to be brought in which ia al» one 
of the baaie concepts used in economics.   An optiaum choice représenta the best 
that wo can get aaong the alternetivoe that are feaeible.   Ätttrally, in order 
to choose the optima» cccMnation, we must have some criteria which con diecri- 

minate between the different altemaUves. 

A preliainery logical point may be cleared up ** *»*• •*•**•   *» •** **** 
tingttish between two condiUona for rational choice, via.   (i)   tho axistenea of 
« «compete ordering«, and Ol)   the existence of a «choice set».   The foraar 
rehire, that any two alternatives should be eoneiabently coaparabla with each 
other in toras of eeeo ordering relation, e.g., "being at leaat aa good as»,   Thia 
property ie sometimes called »coimectednesa«.   Another rehired oonAtiaa ia 
Hraneitivity" which demanda that if   x   ia regarded as being at leaat as good 
ta   y,   and   y   ia regarded aa being at leaat aa good aa   a,   then x ahould be 
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ae at least aa food aa «** .   febea thcee condition! art satiafied timi a 
eeejplete metering «adata over the relayant eondi tiens. 

a» condition of the existence of a choie« set U somewhat diff«rant.   This 
requires that there shouJI exist ace» alternative xrftieh is regarded as at least 
as good as mvery eltornative in the available eat.   ?his siaply means that a "oast«» 
alternative exista.   For thf purpose of choosing «A optiaal policy tha «datano« 
of ä ohoioe Mtaijrbt regarded a« auffielet*.    It is importent t© not« that tha 
exietenoe of a coesisto ordering is neither « suffioiant nor a n«e«esary condition 
for ths exLstenee of a choie« oat. 

It is net tifftejafll because we may b« eblo to order alternatives in a certain 
fashion, eut if there art an infinit« number of alternatives, it is possible that 
no bast alternative nay exist.    For example, alternative 2 nay be preferred to lf 

alternativ« 3 to 2» alternative 4 to 3, and ac on, ad infinity.   It is not a 
BMiMsiT condition baoauss we e££it b« able to compara sosa alternative with all 
the othera and find it to be At least as food aa all tha other alternatives, but 
nevertheless there any be intrajwitivitiee, or a lack of connectedness.   for 
exaaple   x   aay ba regarded bottar than   y   and also batter than   a, but we say net 
be able te coaparo   y   and   a   usin-? whatever erf. tari on we night ba using.   Even 
than «a sight faal eafe in chooeing   m,   since it is tha b«at altarnaUva, «van 
though wa cannot eoapaj» ths two inferi or alternatives, vi», y and a. 

Inipite of thie difference between the condition« far ths existence of a 
"cholea set" and tha condition for tha existence of a "couplets ordering", it 

%f   <*i Ih« logia of ordering, «a« Arrow (1951), and Debreu (1959).    It may ba 
notad that the way we have defined any tao alternatives heir« oompembi» 
guarantees not only "eonneetedneea", but «leo yields "reflexLvity", >fcich 
retirée that mwmrr alternativo be regarded na »at least as good as" itself. 
Mhen th« alternati vea considered are %:• saug), what was defined aa "connec- 
tedneea" is ir* fact a eondition of "reflex« vity".    % and large in optiaal 
policy decisione, reflexi*ity la not a e»áor eouree of worryf in fact» a 
sdniaal degree of sanity Mams to be sufficient to gue rente« thia.   The real 
problea ari see with connectedness and transitivity.    On this, see in particu- 
lar Arrow (1951), 

/•• • 
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i, n.vrth.l«B oloar thât th.» i» « is****** r.l*tionahip bM« th... two 

Mfi*t. of rational choie,   m IM. *o.t of th. dUciMe*. on optiaality 
hiv. IM conc.rnod with g.ttin« a crifrion fi* a oompl.t. ordoring, and it ha. 

Mi .uppoM that ms. will, in it.*f, M~f th. id.ntmc.tion of a Mt 

AMU«t.    «. vro^pposition Mi. <*inant .«.. iM th. ^*^ 
M. * ünif, M. a concón., of th. «dat.«. of a cornet. ^1^^ 
MM. of a ohoic. ..t.   M, howvor, th. nuabcr of .1MMM i* ***** 
M »V or »ay «ot b. 00.   FUrtU««r., .«n wh« a «rUM ord.ru« to. not 
«Ut IK «itfit .till b. MO. to nid th. bout thing to do.   «tu. w. .MU net te 
«MM ~ry M* in thi. paner with thi. MM. it i. «M-* for m» 
otar in aind th. diff.r«ice baMa the*, two M*"» «** <* Mti0!Äl •**etiei1- 
ladwid, in m. probi« th. distinction e« b. «ctro^ly lapo*taat. 

m M M«»« m «««trat, on a «ohoic ft«, or a «ooaptot. ordori*f"» 

^^ «*tj;* of MM«, i.*., • crifrion to Ml MM. ^^ * 
wtiir. *   Ü bottw ta«, or wor.. Mi, or indiffownt to, aaoth.r atorMi*. 
f.   H» oonc.pt of Mhaioal .ffioionoy ean b. uaed partly fer thi. parpo.., M ut 
might find that   *   U aor. .fAotent than  y   and üaply oliainat« y.   Howow, 

M w not* b.foro, thi. do.« not h»l» whon   *  and y   ar. both .ffictent.   MM 
of th. dob.t. oa th. ohoic of tràini*». 1» oon..ri*d with th. «ippMatatioa of 
th. .ritorion of tMiüoal .£fieioney by »oa» ota« eritortea that will poM* «• 
to tril tot«Ni th. .ffteUnt stornati?...   ûi th. dUoaMoa that folio*»» «• 
«HI to coaoo«*d with a chote, «one a ..t of .ffteteat Mitm» «* •**** 
.MOB. that th. in.ffiei.nt 06W hair, already ©»an ppumá out. 

mi.   w. ««au haw no further u.« for tin ooncpt of .ffteioney a. mmhÊ 

Mh (it will bo MM) ha. don. it. Job. «* «• <*•*«•*** *» ''TT1?... 
« .«. .«pplomoatary oritela which tafe. ue mp4 .ffioioncy.   *• Uiroly aobat. 
o» ttómologioal oboi«, whioh l*. tMn placa ovr th. IM two decado« M Ma 
ee».m.d with MM. of «ipplMitln* th. rolativiy «ieontroir.r.ial entorten 

of twhnioal offteieaey.   to thi. rang, of probloa., w. now too. 

A< 
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2. 
Technology a» a 

tré %t«ft, gf 
"Stcon<t Bast" 

Invaetaent daoialone «an bt daeaified into varioue typ**, e.g., th« optlvum 
ais« of inveetoent, th« optimum capital-intenaity, and the optimum aeetosml allo- 
cution.   ÎJMIe it io important that we raoo/cniso the«« inreetroent decisions to 
ba different. we oarmot regard them to bo ¿pdJMtfB&j,   Indeed mach of the contro- 
verey on the choioa of technology concama the depend anca of the amount of savin«» 
on the factor proporti one seleeteâ. 

A ainple illustration aey bring out Urn difference between soma of the 
•choola of thought.    It may bo arguta that vtge earner a tart! to have * higher 
propanaity to cor.autia than thoae vi.o aarn the proiits.   mi» Is likely to be 
spectacularly ao in a eocialist economy tthora th« profita are earned by tha Stat«, 
but it may hold even in tat ease of a privately owned enterprise.   Given thie 
«aeumption, it will appear that tha proportion that 1« «aved out of th« additional 
incoa» «dll depend on th« attribution of tli« additional income between th« wage 
•arnera and th« profit «amara.   And this distribution, in it« turn, depend« on 
th« choice of technology, aim« a mora labour-intensive technique will (given 
other thing«) tsnd to lead to a hi^ier «har« of wages, 

A apacial O«M of this ha« been much dieouaaed in th« literature, via., th« 
assumption that th« wag« earners have « propanaity to contuse of 1 and profit 
•amor« nava a propanaity to ooneuam of 0.    m» is, however, a rather Umita* 
caa«, and th« problem with whioh we ar« concerned holde under nuch BOT« ganoral 
conditions, vi a,, whenever tha propensity to aav» of profit ramar« i« eyataaa- 
atically high«r than th« propensity to «a1«« of wag« earners.   Oivan this aeeumptton 
there would be a dire o t link eetabliahed botrren th« d agre e of Xabcur-intanoity 
choaan and th« proportion of tha additic:ml income that will be saved. 

It is «amy to décrite aituations whore on« technique will lead to a higher 
•mount of total output and another technique will generate a higher amount of 
total «avings.    If we wiah to attach an additional weight on tha savings generated, 

/ ••! 
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ovr- and above tht weight that is attached to all output, (be it wwd or consumodi 
th«n el«arly thie will aff«et our d«cieione regarding which t«ohniouo« to chooeo. 

Fer th« purpos« of thi« di«cu««ion total output and total »aving« may bo 
regarded a« tuo ««parat« eoamoditi»«, «v«n »A« thoy aro ae»um«d to bt BfcatPi- 
taJJff hoaogeneoue, as in som «implo modela,   ïhe ou«etion of «coiiomie offietercy 
dleeuased in the laet eection nay bo applied to auch a caat.   Any techniou« 
which ««noratos loaa of either total aavinga or total output and no more of tho 
othor, may ba aimply rejected aa inefficient.   &»t aft«* tai» preliminary pruning 
oporation baa boon earrlad out, wo would ba Oaft with a set of t«chniqu«a that 
cannot bo oomparod on pur« «fficiency ground«.   Wo a xll then have eaaaa with a 
higher amount of total aavinga going with a lo*er enount of total output.   Which 
do wo chooa«, in auch a aituation, will depand crucially on th« additional weigite 

to bo attached to saving« vis-a-via output. 

At tuia atago wa might a«k/Why aaiat wa attach any additional weight on 
aavinga aa «uah?" After all aavinga involve a certain «aerifica of present consuap- 
tion in favour of futur« con«umption, and what reason la thora for ua to bollavo 
that it ia alwaya bettor to sacrifice preaent cone caption for the eorreaponding 
amount of future eonaumption?   Indeod tbar« i« no «ueh compelling reason, Aft 
funeral.   What the debate on choice of technoloiy did waa to ae«umo (often impli- 
citly) a eub-optiaal rate of aavinga whereby seos outside constraint prevented 
the «avings rat« fraa rising to tho optimal levai.   Aa a conaequenc«, thora waa 
a poraiatant reason for looking kindly toward« any policy which lad to a hi*i«r 

proportion of pavings. 

Why thi« «ub-optimality ahould arise is it««lf a complex question.    In tho 
eaae of a privat« «nt«rpri«« economy it can certainly ba argued that tho rata 
of aavinga may ba coneideraUy below optimal.^   In particular, it has boon 
argued that people night be willing to «lgn « contract forcing «v«ryon» to «ava 
a certain amount for the future, even when they may not do it individually undor 

3/   See Pigou (1932), R*a»«y (1928), Bauaol (1952), Dobb (I960), S«n (1961), 
(1967b), Marglin (1963«), (1963b), F«ld»t«in (1964), and oth«r«. 
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tha Mftot mmcimtám, êM a situation of this Hal UM Inn christened «s ti» 
«Isolation Paradox.**' 

lhara s««» to ba ooneidorabla agrasasmt at t practical ¿aval regarding the 
need Itor raising tha rats of aaving for oany under-developed countries.   Xndswtf 
ana haa only to look through tha planning docunanta of a wiety of countries 
te eoa how one of tha persistant thane« ia tha need for a higher rata of saving 
and a hi*ar rata of gretith.*'   Tarn- slaarly ara basad on ao» asaumptiono, 
vmmtoy iaplisit, about tha objective, to be achieve by tha econooy, in tanas 
of «lidi tha «ciatin« ratet of «vir« ap^aar to be bslow opti»«tl.   Som,ti«8 tha 
arguaants ara fairly sophistic atad#*^ sau>>¿a.st hot, 

ttatevsr tha raaaona for tue subn»p*tealifcy of tfcs saving* r*ta, that thia 
ia a paraiatent diagnosis for aoct undcr-eavaloped aecneoiss ieaaa to ba claar. 
to tha preeence c.£ each sub-opUoality it ia not diffistilt to a*a why an addi- 
tional «sight has to ba attaohsd to tha part of tha additional incoa» that is 
aavad and invented compared with th« part that is constata. It ia in thia con- 
text thtt auch of tha eontrovswy an tha probi« of ohoico of tsehnology in tha 
rsotnt yssrë can ha fully undaratood. 

Essential^ th© problem aa itatsd ia that of choice of technolo£r ia a 
«orlft of »&-optiBÄl saving.   It can also be visaed M a probi« in tha theory 
of -Saoond Beat, «2/   Simc ^W9 u mlÊëiimman at ^ m)f^ of ehoie# ^^ 

man savings and eoneuaptioa, thanks to SOM «racifio constraint, this will 
raßaot itaalf er. tha ehoice of tha degras of labour-intensity illicit in 

y &<&&. î&Aiî^»iS58^ *"*>> *"-~ il%k)> 
5/ 

y 

2/ 

SSs^ntsítf1 (1958) £0P * ***** °f •^ °f ** P^*1811^ do«*»«*a in 

STST.!!!^ 'f1*18^ *•*•« * *** ******* hi«h ratas of savings 

ASA« •S227^SF?*irt to **• *fm%ld*   *• *» «** context Tinbargan (193*). &960), Qeodtdn <196i), Chakravarty <i*a), San (l%7a), among; otheraT 
Sas Lancaater and Lipaay (1956). 

/... 
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t^todlflgle.1 alaetioi . te pro*l~ wiMhwibMii totally diffamant if It 
^^«cuiof abating « opti«! ame*«* of »«li«» bate«* trnetel** 

with varying degrees of labour «intensity. 

A distinction should in this context be mad« between (i)   a «««1 •**!*- 
toi« foimulatlon *tera the amount, of aaving, the degrees of labour teUHttar, 
«ni tua pattern of inveetaent ara to ba eteltansouely «acetad, and (ii)   a 
yarttol e**ilibrte picara where tte technical choice ia confi««! to »***« 
optimal labour-intanaity for a arginai projact.   In tte formar e— tte tepti- 
»ali* of tha aairinsa rata may not ba **»*£& but «V Ufiit ft« *• »i10«*- 
tional exercise.    In ina Imitar case, an OIINOI evb-opttelity of eaviage may 
ba takan a. (am, **<" the Project in cation ia too m»U to affect tte 

overall inoptimality of savings. 

One «ay ba giver, act» kiiri of an objectiva function which dapanda on taotel- 
«Û. ehoica and the proportion of savins.   In the ateer.ee of any c«*trei«it m 
•evüige ma- choices should lead to an opttel aituaUon with tha i»i*l «srgtel 
•qualities if tha exercise i» of the former kind,   tet ia, in tte absence of 
a specific constraint on the rata of savings, the rata of tffinffgmUQP *•*«••» 
concumpticm at tte   t   and conaumption at tte (t * i) will equal te imta at 

wMch m ara raady to mhum* «*• for tha other*   tere would then ba no 
need for a »areinel rraferance in favour of future oonaumptioii, implying an addi- 
tional weight on the saving, generated.   On the otter hand,   even in the gana*** 
equilibrium frame*»*, if acme outaida conetmint ia teoasd which prevent, tte 
rate of aaving from rising above a certain lavai, a aub-opttelity of saving, 
eould reeult.   Then it wlU be appropriate to attach an additional w»ig»t orn 
eevings vis-a-vis tte part of tha income tecediataly consumed. 

1/   This is with te ¿.sumption oí aaooth J•*^"^ «AJTS Sa W    only a limited wmtoec of basic alternatávee, ^aaultiiig £ ^^fLm ofV 
iraneformation surfaces, the «^«^?tr^^^4S.^^ 1^ est of inequalities.   See itorfteen, Seaueieon and Solow U?5»J» wnapwr **. 
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d*«,^«00"! " *ri" ** * Wd*,y 0f ""•». *-*««» Politic* «««Iti.. ta UX.UOH.    ». p^. ^ ^ . lll?h.p mt- ¡^.^ ln^ 
t«. of th. <*j.cti•. ..„„,. ^ *«,, h.t ftil te achioïs 

twtelquM. tepjyln, . «iMlwJjr hHh.r rat« of «vins». 

»n-^1' ¡TT* *"" ' dUl",'1,nt **~1 9f Wl0U«,*e,n * *—• *• »V 
th«t tl» tct«l «mnt of lía«» te b. «^ es., * ««.t-»,-. R, .v.    , . 

» ««parate »tape. 

I» tta. cont«rt of «ch »a ...ustión it ^ •_ H-rt to 

«n*» i*«, .CO,«O«T p«,^ *»aâ try t0 BWIlailK, y,. „^ of iœam 

proportion or ine oat that can h« MMII   ä«-.« **        ^    , 
th« dirtHft^'«. T4 

Can *• •*1r*1' wa "f «*«triin«d, is not dependant on 
tno aittitbut^on of incoa«.    *'«rlou« stj^^n- «<• *w^Ä _^ 
literatur«. »««2a« oi tteoo »argument, can bm seen in*« 

(196¿), and , argLí.n (ISé^I ^ d0' *** pÄJ«stl« 
¿fi/   ^« iaplici<; fiAas»work hei» j« *h«* «^^ . ^^* j.^ 

/... 
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«.ring co—nt«i on 1»t .pp.« to b. — of th. -*or i.»« th.t di**. 

th. diff.r«t .chool. of «.ought in th. d.b.f on Uàniel choic.   ». «r nov 

proc«d to di.cu., th. contrcvr* m »« «""•' «•""•   * *«*» * S">er*1 

ffluMrk in th. n«t »ction «d th.n .xp~.. th. «rio». orit.rH In tor» of 
tnat for «»pariser, «id contra*,    »i» E*ner»l fr—ork will ».« . hijtuy 
**!• «odel with «. ha»og«.o». comodW, -»ich n.wth.1»« «(*»«• «i~rt 

tn. .ntir. controv.r* on ehoic. of «o,ni*». for .n and«-^.«lop«i «onc^, 
«hioh took pi.,, in th. T*C«K y«r».    At . Ut«: .t.«. to th. confxt of . 

„odi on conc.v. procr-ains. «• »»»^ «•!••» **• «~»*-. "d di*cu- *» 
problem In a oulti-conBoditr context. 

Ut tter. be a paction function slatini output (Q) to labour (L) ana 

capitai. (K). 

We a,««« this to ba homogaaeoua of tha firat degree, i.a.. wi* constant rtum. 
t* a acal«.   Let th. vage rata ba **•. by   w,   tha pro^naity to con«-» of *»£• 
•arre-a by c. and tha propensity to cousus» of the profit earners by V   lha 
«aount of the incora that 13 Miai ia rop*é**tad aa S, wAteh ia given by tha 

followi»^ relationship* 
S - LMl - cx) • (Q - L.w) (1 - c2) ..• (2) 

W assune that the supply of labeur ia unlisted.**'    Tha object of th. 
It ia to ba eia. is to naximise a certain weighted mm of output and aavinge 

&   For a contraat of vi«, on tf empirical ^f^/f1^),
1SSÏ^)f 

see Nurkse (1953), Lewis (1954),  U-955 , *t   * rfTfiQç? 1   H&faerler (1957). 
Rosenstein-Rodan (1957), ^^^^ ¿957), J^^^^^^S''7'* 
Oahi*a (1958). Fei and »•& (W*>. **£• (}Ä&)   «Sri (SS)!^««« (19^6),  (1967), ïArgun (lS66b), Sen (x9:>6c), (19o?b), Mehra u**»» awm« 
others. 

10/   T« « ~n.i«l Muilibtdua franework, the wight a should vary with the choic« 

(1962)    Appendix E).    However, in Urn case of a amali project, the total 
sK a^•Ption for the economy as a *iole, «ay not ¿J-AjÄ *«£* 
by the marami choice.    There the weights can be taken aa given, auch liloa 
the perfectly competitive firn taking the pricea as given. 

/... 



rssamborsd that saving» S it I part of output Q, to thtt the «^t attached to 

S it In the natu» of »a presto»», i..., it ia an adduiffiaJL *«l«*t òw ** 
above the weight that S recéis a« a part of Q.   Let this premium on savings 

b* giwn by  /. , vfcich we fc*ve talcta to be positive, sines we have asaured the 
12/ The object, therefore, is to maximise the savings rate to be sub-optinal 

following welfare function 

V-Q+  X . S ...  (3) 

Given the amount of capital, the problem of choice of techniques is simply 
to find the right eno-.nt L, widen itili dsteraíjie the appropriate degree of capital 
intensity (&VL).    Thanks to tie assumption of constant rstum to scala it does 

not natter how «e choose K, for ttae discussion is all in terns of ratios per unit 
of capital,    xt is clear that :he f'xat orde- condition of asjdaisaUon of the 
objective function is given by 

~$L      *     ° ...    (4) 

Given the «prions (i), (2) and <3), it car. be seen thtt ths condition of 
•isaUcn given ty U), requires the following» 

of!" +   X \**2 - 
ci> + %t ( 1 - e2) • a • • (5) 

As a condition or* the n?rfcinel productivity of lAbour ira can re-write rela- 
tionship (5) as follot*, defining that Bagnitele to which the mrginal product 
of labour is to be sqiiated PS "the real cost of labeur" (w*). 

• • * (6) 

»ich of the controversy on the choies of teohnolo^ for «n underdeveloped 
econowy with surplis iwbcur ca:» be seen to be varistJons on the then» represented 

by (6).    With this general f remark, w* car  ucrfc out ths aiffensnt contributions 
in this controversial field. 

^   ^5* ^±CB ^8^s3âd here is for a itargiml project,    A acre wide exercise 
should take   A as a variabl*.    The optiaality conditioiia, however, will 
remain the sarte for appropriate values of )\. 

A.. 
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<*, eUrifitotoT r—* .houM to «d. tofor. - proc-d furttor.     Th. 
.«Iv.tion of Ht.rn.Uv. tocha!*« d«*»d. crucia « tto wl». of  * . i-«- 
<* th. .dditia»! «l«ht to to .tfch.d to inv..*»nt vi.-~*. ""»**"•    *" 
v^v. of X in If to. d«p.nd. on th. »Mb. «Mht. to to .««tod to e«- 
r^ion todv V1.-.-V1. ttot 1» th. fu*r..   Wh.t v. «. r-Ujr ^*»*'# 

ttoroforo. 1. to provid. . on.-f.riod -od.l *>i«> «.. to cat* th. •««" - 
„o^ri«,« of th. r.X««t .*. of tta. tori« of eon«»ption «pr.-.ting It.«- 

nativo t.chnoloslcal ponibUlttw. 

Ttot th. probi« of chele, of teehnfcji.. «mot fa* to «M «-P» 1» *•» 
of «king «pXlclt «lu. ***»»« »bout 1t«T..».l« «t. of ti» .«1». — *»• 
.«* in 3.(1957). -h« it va. 1» .hcvn that tto dlffront eritorl. propo,* 
i» th. UM» r~llv toil ao», to «toin* ti*. v«y thing in . M** l^plieit 
«a«.r.   Explicit .tu.pt. .t n-kiws tl-M eo^-i.««. c« b. found in 3« (19CT). 
(I960), Ktotaln (1957), B^ehi (1962), «4 *h.r..   ltd. probi- to. to.n «n.- 
trm^ly »tudled b, ««-¿in <19Sta>, in • «PPr-ch th« ~ •>• •*« *> to—nt 

on later. 

k. g^^butic^ ?f fr**«- Po^f   Bwhff-f. «4 KUm 

In hi. classic study of th« tHeory of econcetf* growth, Lewi. (1955) analyaod 
th« piote« of choleo of tochnique. for econond*. with «.rpta tetar.   Ho argta« 

«Special car. is to be taken in those countries which have • f^fJJ^^ 
3?i-Ti.S«ii.   for in euch eircutttancea »oney wage« will not reflect the 

ir^^ÎSA^-SÏ.   In the,. ci^u^nc*. *?«*»£££ 
STcuf« ifit's used tol> ^^^JJÄÄtS^. 
^11^^^:^^ " SÄ'SÄ - - •^ta* ta not 
to output." iy 

«It is then arguable tat th, real cost of ^f^^u^rvÎ«^ S^JlM/ 
is sero, nherems factory production uses scarce capital and supervisory «**^»- -W 

It is clear tat the** is so« ass aaption under «bleb the «real cost of 
labour« «ill in fact be sero, a. argued by Lewi..    Lookii* at equation (6) the 
question that arise, is this:    tat i. it that Lata i. ««tac which Ita. to 

¿y    Lewis (19555, p. 386. 
H/   Lewis (1955), F- UO. A. 
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Udm rtiult?   It should be one cf two thingmt    either (i) he is assuming that e^ 

V t,Ät ** both ttm <***»«• h&v« the same pit»penalty to consume, or (ii)    that 
A • o, i.e., th*re need be no premili* on saving.   The first does not seen to 

be the as3option that Lewis is making.    The second assumption, however, fits in 
very well. with Lewis t    presentation.    While Lewis is concerned with i.iadequate 
rates of growth in undsrcaveloped countries, his analysis is not based on an 

explicit identification of "optimal«» rates o£ saving.   This is partly because 
Lewis focuses attention on factors other than capital accumulation influencing 
the rate of growth.    But this is also due to the fact that he does not discuss 
growth in terms of optimisation, so that no concept or tut-optical growth (or 
sub-optiaal savings) can emerge.    Assuming, therefore, th-t no special weight 
is to be attached on savings vis-a-vis consumption, i: would appear that Lewist- 
deduction that the raal coa*, .«f robrar is nii wouîà foUow. 

**- ü ... (6.1) 

Polak (19/3) hart suggested in a pioneering discussion of the balarce-of- 
p&yments probleEs cî countries reconct*voting after the war that there was a spe- 
ed il virtc-3 in ija:an:si.7C output por unit cf capital.   Buchanan (1945) made a 

similar su^sb'.ion:    «If isvsatwnt funds are limited, tho wise policy, in the 
atone« of special eerjsMerationa, *ould be to undertake first those investments 
ÏÏAÏ. ^fL**"? y ÄIur^ Product relative to th* investment necessary to bring thcji into «acir'^nce.^y 

This criterion 1 23 sarvtiass bean referved to as the "Rato of Turn-over 

Criteria«.    It was atrx€lT oritacised cy Ka..*.;. (1951) because it assuoed that capi- 
tal was the only scarce facto.-.    Ito a;-.^ed tl.e- the social opportunity cost of 
employing labour to irrtmc t*e dtp ut has ¿o œ deducted frua the figuro of the 
«value added».    £0 vi at c.~ aher^J tr/ to achi ?*» xa .he rrjdmization of output 
taking into •e&j.u.t ¿11 ti-,  relevant c>r»tn; ;• :y ct-ta.    ^.lie criterion has some- 
tiaas been kno.i es ''Socia:. Marginal Productivity Criterion.« 

Ever in *hx. c.v *.«xfc, h^ever, it aay b« argued that tate real cost of labour 
could be taken to be tero when dealing with a surplus labour econoay.   In fact 

!&/   Äichanan (1945), p. 24. 

A- 
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mm mm** i»»« th. NUMM»» ****** *° b. -part*«*«^ M«ì- *» 
12/ such an •eonoBiar."*' 

. •« K. • 6M« of darivi:« * saw shadow prie« ôf labeur this too can bs saan to ba a case <a "riYA.% 
v , ,. «i«».«« A» ttidacid no discussion bara about any •»»• by taking x  acjual to s»ro.    Thar« is ini«*« no auwB,iW 

opti-lity of ..ving. r^ln« « «initio«! wight to b. p* on ««tap v»-~. 
vT. conation,   ir. th. .b«,c. of «h .«b-opti-iity. « <-. 1-*- "*-«- 
to «« th. r.1 ...t of i.bo»r to b. .11.    It »u* ». .pp.« •« «- con- 
tribution of LWU, Pitó, auch.«» and SU» concnt»* on . .itu.Uon —r. 
i, t«k«n to be nil and «ving. ar. no*. a»t•*d to b. .ub-optiml. 

5. ìnDìritnUfflt îf ftftr fial««oh J«d tailanfctflatt 

0» of the «t p«U.tta, analy*. of th. proU« of choio.of»**£' 
for . planned .cone in th. oont«t of rnvnim labour ,» provWd * ««Tie. "* 
Ind.* Dobb (1960) art b. regard«! a. a clawic in th. 1UU of deralop-nt 
planning.    It i. a Uttto unfair to ««tify Dobb only idth a erifrion that n. 
fc-wlly F—o3.d, „inc. «A of u» «round-coring in thi. tatrta*. branch of 
eeono»ic. wa. al» don. by hi«, in a ..rl». of contribution». 

Mmric. Dobb ha. «phaaiMd th. .racial Uri. MM« ohoi«. of fohni*.« 
on th. on. hand «. th. rat. of ..vin« and th. rat. of «ro-th on th. *h.r.   HU 
— «W. i. v.ry auch toward, th. «d»U.tion of th. rat. *•"-*•»*» 
clear that if tu. 1. our only cbj..tlv., th. weight «M i- «tt-»d to »vin». 
vi,-a-vi, oon.ua.tion today 5* tafinitaly lirg.. »ino. it i. »• "*W »*• •»* 
no«. tao»diat. coiwuactlon that «fr.ct. th. rat« of growth. 

It can b. «bMtod that no« th. relativ, wight to U .ttaohl to ..irta.. 
rt.-v.vi. oonsumption higtar th. »lu. of >   .    A. w. »v. toward, th. «ir— 

JJ/   Kahn (1951)» P- 51. 
|g/   Dobb (1954), (1956) »nd (I960)   
U/   m all th... ai.cu..icn. ^^J^g"»» ÄÄe. »* 
*"   such thing. »•**£« i.^ «—* ?£ JX, tha high.r prod»-. 

...W* (1956Í pi 37-38.    S.. «1«. in thi. conta*. IM«« art *•«• 0*fc). 
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oaeeo of tiying to MUMM only tht »to of growth,     becco*» »very lorge».   And 
(6) reduce» to tho following ¿brasila: 

à g   m 
"d if (6.2) 

Xa Doha*» calculation tho real coot of labour MM identified with Hit wage 
rato iteelf and thia will indeed be tho eaoo with hia assumptions. Since it ia 
assumed that workers census everything i.e., ex - 1, from (6) wo gets^/ 

w*   *  * ... (6.3) 
the criterion put forwd by Calenson ar•<? Leiboaatein has been the hub of 

Btteh controversy.   teile mush mis and or stood, it bad a phonoocnal impact.   It bas 

a nuaber of différant «apéete, ir^dtag an important eanhatie on the effect of 
IneruMd incom on the r;id of ^av'.h o? poju:.*vion, which was a somewhat special 
•lament in their criterion.   Hc*?ev»r, concerning tho controversy in question, the 
Oaleneon-Leibenatein criterion ia very oiuilar to that of Dobb.    The emphasis 
on majdiriting the raie ©.? gvtwrth widen mat-» a it appropriate to consider (6.2). 
Puriiior with th.» a,»v.ttu¡ «>f ^ ~ l, (;>,3) ¿¿y«» tho relevant labour cost. 

A formula that CuHtaon and Leiben»tcin u»e, ia t 

"•  '   "••••• ••• KU 
e 

where 

t •» *t.;vjt per machine, 

e  ! iiao'f>n ef uorix-1! p«r  J* china, 
w ** W«|.*ä rata, and 

c » oos*¿ of nArhin«.^' 

It la dear thr.t KEXìM.¿»»etici of r amounts to atr.'ladnirg tho rato of profit 

gtf   Dr,bb eli;? aewr-on iati. c2 « 0, i.«,. all ¿-«,«.** arc. jÄved.    Thxo assumption 
io optioasA for  ^.3J* 

Si/   Sot?, hot-?^cr, t-at cap'tal here ia idontiiied :¿th j¿¿&£ capital only.   Thio, 
under certain circua^lancea, Key be very mial««ding because of the quantita- 
tive iapovtanec oí working capital.    On tàie eoe Sea (I960), pp. 110-123. 

/. •. 
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^ »1* « ..pit*.«'   If «- MM of *****-. 1. —* * "****'' 
Huwl.t.l.NM »t ti- «tot «* ~f.    «U «.«-..pond, t. (6.3). 

(M.».on art UUMI.1B, U* M*. «.«entrât, on th.«». *« V-J* 
«4 o, - 0.    Th. fett« ...«ptioa i. vit. ***** for th. .p»*fl. lectio»! 

„1. U-**. i - *r (6.3).   trat .2 - 0 » ^ »-^^-T" 
tto. hM not b~„ -4.17 »ooirl-d.   »*• (1962) ^ th* t* "««— 
Utt.**> CM. i. b«ad on two r.th.r «tr— M"-**"»"» »••»*»»•*• 
»arginai propensity to eav. out of profit» i»lrg   ou. «"• 
(1558) in their «iti*, of M *l«>.o,.-J~: >«*•*-« "I1"* ««o-«"1 *»»* 
.„ „,t di„ard th. .MO-pti.» that 11 pnrfiU •» »*».**.- .inc. U to 

jrTrt*«—^*T-**-«--.*~(«.»J«*»*•» 6-2) *•r 
„ - 1. » «H. wither o2 i. ~ro or poeitiv., ., Ion« .. it * Urn th--«*. 
in A* th. preci« «ta. of ., —. no diff.ro». to th. 11c*i.» *!• for 

gro«th nnlBtwttciii give» Oj • 1. ' 

Prrf.«., Ctemir *• »«• « -*» <" I»»**»*1»« o-*»*»*1— **•"*" 

hi» .crii»* oontrib.*ior.,^/th. nod tor . progrmdng fr«.«rlt, »d 1». «qui 
«itly co.-ld.red trad. h*M. oon*«retio„. «d ta. di.trib»tl»n -J-*»" 
th. M1M function.   Sine. Mi th... *»«*• hM *• rU*l«Ur neglMt* 
in the UUrat^fE/ci«..^'. oontributto» have two particularly .pt. 

oondo to th« allceational ral« gLv«n oy <6«3>» i;?'» ÌLI Yieì^«rG2«n»©fi 
SSd at a mow e«•il «*••, «• «xplai^d by LaibetasULn (1963) ana «Um« 
au i Pyatt (1964). 

¿2/   Rania (1962), p. 300. 
QJ   Hirschman a«» Siridn (1958), pp. 469-70. 
22/ Chenery (1953) 
$J   Sea, however, Polak (1943). 
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Howovor, in tho oontoxt of UM tpacifie dobato on tt» degrot of labour- 
intontity to bo c hot an la a labour-turplua oeonoay, Chtnary foil Into a timo. 
Ito idontifiod the oott of labour M the »inérvate in consumption«,*^ ^^ 
would Ml» it idontiotí. with tho criterion propottd by üobb, Oaleneon and 
Lsdbonttoin, i.e., oorrotpondlag to (6.3).   It it not clear, howavor, whtthor 
thit «at «hat ht intonded, *•., to put ell «apaatit on growth an* no» on in- 
diato oontuaptioa.   A* ht explained,    -ft» effoet on national incco»,* Y, can 

5 ««TSäS s^tt-s) * eo,rwtio,>•te *• ^-•««^ ••*•>•«- 
Si«« i» « atrong tabigiilty hero «in«« thia wjr of Maturing tho "national 

ino««*' amounte to attaching a «eight of taro to immediata conation and put- 
ting aU weight on iavottaent, «n'oli it «ot tho ttandart practica in national 
ine«« calculât*«*,   ïbit ymùA OMO «onto J«i tho oontoxt of tho «xtrene attuas- 
ti«» of growth a*xi»ieatioa, whore tho prleo of immediata consumption in tern. 
of ttving it ttkon to bo nil, but thit doee not too» to bo the intention of 
Chonory.   Porhtpt what it intended it to gst * «tight* tuo of consumption ont 
investment, and it ugr bt tunaiced that Chantry wot «King towardt tho tot» type 
of probi.« at wo htvo boon concorned with in tht dstoraination of \ . 

In   hit later oxplorttiomof tht problom Chtatiy hot clarified the picture 
varjr tubttanUtlly.   In Chtneiy (19»), Chantry (1959), and Chonory (1961), wo 
find « toriot of dissuasions bated on an explicit presentation of an objective 
function involving t variety of contidtrationa, with a programming exercise lotd- 
ing to tho choice of ta opti«« tochnolcgicA. psttorn, along with an optimum 
investment allocation in gtnortl.   The «iphttit it vor/ »i<* on tht Ínter-dependen* 
of tho different tec tort «ad on tho petoibillty of uting accounting prictt.   The 
«Aiguity referred to above about tht coot of labour doe a not occur in thtto later 
contribuUona, end tho «antral Iran»work of discutsion it broad onou#i to take 
into account sott of tí» alternative criteria propotod in tht litoratura. 

ZU   Chonory (1953), FP. 62-83. 
2&j   Chonory (1953), p. 82. 

/... 
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T.  
,   . «^r««»tiir« taper «xgu«d that tuer« MM '»noconfliet Fraud« Bator to ft provocatili« W« «'s*—          gg/ 

t*. contro-«r.y at that .tag. «a. T,ry "* „.^ follolwl .ü*ly 
..,_   .u<. „»• m. startling »tatmant.   Hoiwrap twa xwu« * 

pro»«, tht. «.     *** !*»•*•» of th. (a. If) 
frea Ma aaauajition that   th. »at« 01 »»^ * 
«rkat input.» ai=trtlwtion of incoa». 

in tar«, of our aoo*l thl. «-old corraason. to th. »auction «rt In ter»« or our «**«*       _^  ^ Qf 
21/ 

of our moamx w»» "«"• »——*— ^  . ... 
If th. rat. of aav**. 1. to M &•«•*-* of th. rat. of dia- 

t££» of ZZ. th«. «~t h. any a«**— « «- •*""" **~ sn«ci« of « - e*..«. ». i—-* '-•"^^ 
4    ,< i \     Olir« thi« a«.u«ption «b** «trias«. «» «xtr* weight 

w* - 0. ft« in (6.1).   <*i• • (*~T^# ^tever to e«r choic« of tech- 
to he ftttftchftd to «ftvin«« mkm no 4iff«rence ^«'«V ^ 

«. * ch01« of «**«. -t ~^~«ssr« ru*. 
to *. .«ash* to th. two. th. oftian» policy anoui ^„m«». of 

„«»t.   with a m*fim »-» •««««>' «** iw,0l,'" e!,00•1,,* 
^uett* a. lahoa-tnt«,l« a. ^«clontly so..»!.. ^ 

Ï» «*. c«,t«t v. ai*t -» a contrast »~ ~T"" Jo^   £L 

,      -%     * ir.*„ ,"io«M   and thftt ey Bator (195T).   whil# • rOTWr ***** 
0955) «ft Kfthn (1953). «ft «* T^,^,,.*. of. ^«n«« a. «neh. ftfi4 tfeer-for*  * ^.-»^«»d vitti «tÄ-ostt»»!*^* or »*vint>» •» ••*** » 
people aro no*. cone*•** vi•/"""T^^,^ ^^ 4t.   » dot« not. however, 
«•wii--.tly »»sua«   A   - 0, Bator i« concerne« wxw. «. 4._tm4iltiÄÄ i^H-.tly ••-«• generfttien of «avinf« to ehoieft of tochni«*. 
^ to li* up the prob.,. - of s*»« ««mêlent to yilA 
bemuse of hi« ft«»unption of ex - cg.   mther e»*-** 

the result:   w» - 0. 

22/   íator (195T), P. 99- 
50/   Bator (195Î)» P« 96. •.**«- ti«iww« an ii' JI„ v.««nám Autoeftticftlly. ftn» Bfttor •»»»•»»• •» 
^   SÜ5 fîacaî «chîniry'^S yîSS ÄS* *«"** •*«— 

policy. 

A.. 
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TIM models of Fel and Ranis era net by and large optimality modela.   They 
art eeeantlally concerned with what happen« rmthtr than what should happen. 

However, In Fei and Renia (I9â») va find an assumed relation between income 
distribution and savings.   While criticai of Galenae» and Leibenstein formula- 
tion, Ranis (1962) Is alto much concerned with growth.   He is, however, 
relatively optimistic about the possibility of taxation bringing about a c'unte 

In the savings rat« fro« that determined by the market.    This Is not et«rprii>inG 
because of tenis* concern with possibilities of taxation In the financing of 
economic development, and Ma study of the rather successful Japanese ca.ee.^ 

However, we cannot attribute any specific criterion to Ranis and Fel since 
they do not state explicitly any optimelity conditions frca which an optimal 
choice of technique can oo derived.    Nevex*tholess, their works provide SOB<9 

Insight Into the problem in question. 

8.    Contributions of Eckstein 

Eckstein (1957) put forward a synthesis of the different criteria proposed. 
Ble discussion can be translated into the framework of (6).    In effect Eckstein's 
procedure amounts to obtaining a value of A by the explicit use of a discounting 
operation of futura consumption possibilities.   Tha discount ratea are related 
to tha utility functions oí' the individuals and their chances of survival over 
ti*». 

Sckcteln defend* the use of the individuala* "pure tiae discount" in 

social choices by appealing to "conEvaers' sovereignty", which is somewhat 
dubious, since (a) the consumers involved ore not only the present ones but 
also those yet to be born, and (b) even for the present generation "consumers' 
sovereignty" say not get adequate expression in their individual tiae preferences 
thanks to various types of inter-dependencies ditcuseed by Baumel (1952), 

8en (1961), (1967B), and Marglin (1963*). 

Rani* (1959)* 

/ • • • 
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But asid« fro« this question, Ificksteln did achieve a eyntheei« which 
sorted out many of tha outstanding lasua*.   If tha eases diaet!sa«d by Polak 

(19H3). Buchanan (19^8), Kklm (1951), Lairis (1955) «n* Bator (1957) coa-raapond 
to tha allocational rula (6.1) and those discueeed by Dobb (195U), (1956), 

(ISSO), end Galensen and Leioer¿ateln (3955) corratpond to (6.2), or (6.5), 
Eckstein (1957) alasd a« tha fincml formula (6). 

9.    ¿&tj1lj»£4fig¿_o¿ KarsAln:    flavin«* and Technical 
C*K»lca as v«y Jetions! Errbltaa 

Marglia»a aaia contribution haa baer. to provide an integrated framework 
of analysis for problema of optinusn accvwulation and these of technological 
choice.    The usual variational studios oí optisam accu julation have tended to 
Ignore probleus of technical choice, or have (alternatively) denied any special 
link "between savings and technical cholea via the distribution of incoaia.^ 
Ka-glin (19O6T.) ha3 provided a framework for a auecaaaful Integration of theae 
t*.*o facets c2 i. "estment allocation.   Wa cannot do Justice to Marglin'a aeny* 
tided contribute oua her«, but va prosent below some cornante on hi« sain 
approach. 

Ue u&e tha following symbols:    C * total consumption, K - total capital 
pt-yck   Q * total output, 1 - employment par unit of capital, q - output par 
volt .r¿ capital, and U ** utility at a given point of tine.    U la assumed to be 
a f\nrtion of C of that period, I.e., U » U(C).^   Tha function to be -rrl-ltti 
le y.a aggregate o:7 'J over time, w.23/   K atanda for investment, i.e., K - -^-. 

The exercise conal.ita in aaxladslng W, given the following relatione batveen 
cufcpui, saving», and ccaauaptlon for the economy at a whole: 

£5/      -a Rwtfcey (1928), ¿oo&vta (1961), Saau«l*en (i960), Chaisravarty (1962), 
S**n (1967a). 

JV    "'.-is ae*3umption of the independence of one period«• utility free the value 
->:? cons <aptlon in other perioda is not a very satisfactory astuaptlon 
C**e Hicks (1965), pp. 256-8).    Thia la, however, not crucial in tha 
prcblrn tein<5 discussed here. 

25/   S nee î\u*glin deals with an infinite horison, ha follows Ramsey (1928) In 
a*3uair.ç a utility function bounded fron above.    Tha Maximisation of 
total utility is posed at equivalent to the ainiaisation of the integral 
or the differ«, ice betireen "blies" and total utility in each period. 
M-\rglin takes U(0) «- -co, and lia U(C) » O, with diminishing utility 
Oilt. C   -* CD. 

A.. 
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Q - I.q(l) ^ 

S ~ I - K [,(1) . w.l]  (1 . e2) • Ulli - O      ."!!    (9) 
C - K.,U).c2 * K.l.w^ . c2) _    m 

Alterati*, tools of urtali«! analyai. ear, b. «a«l in tha .«ereta.. 
Htrgliii poaaa ths probi** in t«m. of Fenttya*in'. «haxtawa Principia *2á/«v*i 
M th. pro... t» opu«aiir « m. «««litio», tafc^iu,.  » nm follow 
uta poser and thm relate it to tfc. ¡matta* dtacnaaioa. 

Itoli« K aa ti» «phaao **•»•• arni 1 <repr.ac.iti «g th. technolcsieal 
ihoâo.) « th. -fe*** vartaaio», th. ftlJwíaf Ttaiurt,,,. ^^ can ^ 
formulated: 

M-Ü(C) + yac 
- Ü(JC.q(l).e2 • K.l.w^ - e2)} 

• V -K. [ q(D - w.l j  (i - ea) * r .l.l.w^ - e2) ... (n) 
V ta th. utility prie, of capital inveotment and H th. total val«, of 

output in ter*, of utility J* t tfvan „^^   ^ /t^^.^ ^ C0Rtrol 

re**», th. opttaal ttae .*,«,*• of technological oheic will M«, to aatitfy 
th. folWn* nee^aaar? conditio» «tv.« hjr fo*trya«U,.a »Maxi«» f*^,*... for 
ncn-tenclrtl pollita of tía*.«*' 

»<¥. I. 1) -       Sup   H{V, I) #M. 
Ifc A '*' 

ut «or reatrlet 1 ütUa th. cloaad tetorral & , ï), „h«* ¿ U tht Vâllw ft>r 

*iich tbi «rgimi product of labour aójala tm wa<a raf . i.e., tfD - w, ai* 
ita the **«. for ^ t* me9 ^ âm% mämk9%m tm ^ ^^^ ^ 

q»l| - l.tf.   »»a. tic» limita oomapoœ reap.etta.2jr to th. Dobb-Gelrneon- 
Uibonatoin oolutien and th. Lwd^-FoUU-ftichaam^ahn aolytioii.^ If l U«, 

36/   Bwitryagin (1962) 
32/ 

32/ 

oonoxtion given oy Fontryagiii concerna th. valu« of y  , which yleldeï 

Wjlattar ta not atrlctiy correct, .ine. they wish to «axiataa'^aí> 

WÍ•^^M^^ ?? Jï"^ ta hta caa..   Th.r.for., h« puta thTltaît 

/... 
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in the interior of ti» region ^-, we ehould then requins ,22/ 

- 0 • • • (14) 

••• (15) 

Fr<*i (11) and (14) va obtain: 

U'tó)   m     "(*i - c2
} " <>I(X)(1 ' C) 

Y qUD.eg + wíej^ - a2) 

Since y is the price of inveatnent in tew» of utility end U«(C) 1» the 
relue of conau-jption in the asme teme, the left hand eia» of (15) eorreepeala 

to the society's marüial rate of indLffer-^rt substitution between edftfu^- 
tion end Jmreaxacant.    Since >\  io the ej&£* *«*#* to be attached on investment 

vis-a-vis conscription, we can writet 

14- x  -     y — (**> 

It i<! cu 7 to check that from (15) «ad (H) we can obtain the «oüüfii* **li» ef 

tha 'real c**t of labour", w . 

w   - q«(l) - 
1 • (1 - 

w« 

IL:» i» F?eciaelr ti« e» es test given fey (6#^   Ine rel»Ue«hi|> between 

the twr wye of poeiiç the problem is indeed ft eloee on», end our earlier fi»rem- 
lali*.i **n bs seen to lit well into the picture of finding en optimum path of 

tr?iii>*.¿. » •. choies ovtr ti*#.    Brnre   '\   U simply taken aa gl reni here it i» 
•aligna« ita proper mTae derived from the variational exercia«.   îhe two amerei« 

there few, fit well into each other« 

V- 'M to ba note'', horaver, thet Marglin'o definition of the «afeado* priée" 

of labcr* differ» from our definition of w .    He defines it aft that expreeeion 

with wri-â we should «'4uate the marginal product of labour, in teaia of the |ß£ 

32/   Malaiin e.u-ws uv*t a est of aesuupVoaa of non-eetiation and of continuity 
eufh.ee to guarantee ti»5i.    See narglin (1966a), pp. 40-41. 

¿Q/   Mote that q*(l) * JÌ£L# thaaJca to the assumption of constant returns to 
acal*. ^âL 

/... 
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valu« of the output, Vftfytf* fflf * higher weight on that part of It vtiich will bo 

reinvested (taking the «Hol» of the marginal output a« going to the enterprise). 
Our "real coat of labour" was equated to the garJspjt, value of the rarginal pro- 

duct.    Because of this definitional difference, harglin's nshadow price" of 

labour can sxesed. the aarket «age w in sena eases, whereas ou** v   ia contained 
in the interval (0, w).    Analytically» however, the two rules are exactly e:ui- 
valant.    Defining w    as Harglin'a shadow price of labour, we obtain his allocation 

"  "S"f*   ^ • (1-e2)> j    -   l^-ög)    J\.w ,..(17) 
It ia clear that (6) ana (1?) are «zaetly equivalere zulas.    Which particular 
definition we use is entirely a ratter of convjnience. 

The sain contribution of Marglin Ileo in the explicit link-up of A   in the 
one-period model with optisdaation ever Uns larelving variational Methods.    It 

differs from the usual optinuc accumulation models in having mn explicit constraint 
en savings, based on the di a tribut io nal assumption^ ani it differs freo the usual 
dlseusaions on choice of teehniqu&e ia doing an optimum accumulation exercise 

ovar time witL variational methods, using an explicit utility ¿Unction. 

io. ftygrnnlir *nrt the Sfefiii ftiLst of i+tew 
the whole question of choice of techniqms is seen to turn on the relativa 

validità to be attached to inveetneat and coieuaption i.e., on /.. , and this depends 
on the extent of •ub-optir»ality (if any) of the savings rate, which in its turn 

depends on cur utility function.    Ma nava examined Low "the difference between 
the schools of theusht regarding ti» valuation of labour really boils down to a 
difference in objectives."•/   Ine "real cost of labour" w   given by (6) has 
varied fron the ont extreme of 0, as given by (6.1), to the other extrême of w, 
as given by (6.3) depending on the weights to be attached to consumption and 
savings in the objective Junction (3). 

41/   Sea (1960), Chapter ?, p. 62. 

/ * *i 
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An alternative vay of defining the coat of labour is to identify it as tha 
"shadow prie«" of labour in the sans« of programing.   This ii obtainable from 
formulating tha problem of reaourca allocation in thia econcay, including that 
o! 'hoica of techniques, as an exercise in programming.    Tha objective function 

V in acme concava function of tha proceaa selection vactor p representing tha 
intensity of each activity.    The »slack» (or excess supply) of aacfe resource   4 

is takon to be a, concava function of   p,   vis.    f^(p)» a**»» tha total supp.gr of 
ressourça   j.    With   m   types of reeourc*e, tha sat of   f^(p)   can ba rapreeaitad 

by F(p). 

Aleo, w-uh each choice of prceasa inters ii¿ae p, SOBS purchaaing power is 
created, dcpeKÎing on t-he levai ci" employ.* .t, wages, ate.# aaâ given tne demand 
functions m wan trace the mini-iur. amount» of cor^ut^ar goods that must bs pro- 
duced to meet those aarasnds. Let E(p) rapraaant t*ia »excess production vector", 
standing for the difiéreme between the actual production and the a« minimum out« 

pr.t requirement':. 
riti- choice vaj'iiolas consist of the eleuents of the vector   p,    which ine lurtes 

Ut.-inoLv^eal choice,    the problem ist 

#ax3mia» If» Vtp) ••• {**) 
eubioct to 

F       2.  °# •*• 0°) 
P(P)> o, ••• Cao) 

and   *(?}}-*   0 ••• (21) 

if Hp), Up) ard F(p) ara linear, tMs will ba a problai of linaar program- 
m5^.   farther, with thi fvmvatk of linear activity analysis, we can get an 
output vector   q   linearly rale tad to the activity vaster   p,   and then can aake 
V   &-c-.   ufteti.n of    a.   Wo take, for this analysis, a vary general intarprata- 
ticn,   vy. assure no new ttan tfctt ?(p\ I(p) an4 Hp) ara all concave, but not 
nesgas* vr.ly «trJctly conca v*.    This sake s to» problam one of concave programming, 

eoverinj slec ti--   special rene o£ lir.ear programming. 

A. 

„mÊÊÊÊÊÊÊÊI 
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Let   p# be an optimal solution to the problem, and let   r*   and    a*   be the 

optimi dua¿ variables related reepeetlvely, to the resource constraints and the 
demand constraints.   They have the usual saddle-point properties.^/   in the 

<*<**o of linear prograaaaing,    r* is interpretable simply as the set of shadow prie «a 

of the respective reeourcts.   Even in the sore general ease of concave program- 
aing, the dj|a¿ variables specif/ toe Units of marginal returns to the respective 
resources. 

It can be damonstratsd that the inner product of £(p) CUB F(p), and s* «a 

**, «ist be aero in tne optical solution.^2/ 

(•*, S(p#)) + (r*, P(P*)} .0 m99 (Ä) 

Every r^, Sj, f, and j^, must be non-nes%tive, so that a strictly positive f. oust 

**f0y a sere r*.   However, a strictly positive f^ iapliet that there is so» 
excess ("slack") of resource   j.   So either a resource has no «•slack»«, or its du a 
variable (corresponding to the shadow price) is nil. 

There is nothing startling in this result, which is a standard one in con- 
cave prcg ramming, including the special ease of linear programming.    But it might 

look as if it contradicts our analysis of the "real cost of labour".    It appears 
thst Irr^fg'iTe of t>«e object* v§ a. either there is full employaient of labour, 
or its shadow pries east be nil.   Since we are concerned with a surplus labour 
economy, it looks as if labour must be taken to be costless, no natter wha^, 
fifotefitlve function we choose.    Th±3 siens to co itrAdict «hat we said earlier. 

there is, however, no real contradiction.    If there is surplus labour even 
under optimal allocation, the marginal return to an additional unit of labour mat 
be aero.   In this aense the ahadow price of labour has to be nil.   Thie does not 
mean that the marginal proUuet of labour is r.il (1) in the censa that no more 

output can be rfyfiffffa proouoed by using more labour, or (il) in the aense tlat 
it is aero in terms of its market va|,ue.   Ve may be able to produce more of V, 
given the resource requirement constraints, but not the demand constraints.    In 
this problem, «here the contrainte (21) are ignored, the marginal return to a 

ti/   See Karlin (1959), Eieore* 7.1.1. 

42/   See the proof of the Kuhn-Tucker Theorem in Karlin (1959), pp. 200-2Q3. 

A- 
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unit of resource   J   may not be »tro even when r * •« previously defined is nil. 
Second, V(p) involves torn« valuation of the output» out It Mr not ooincido with 
ti» market valuation of it.   liking   q   to the output vector associated with tho 
technological choice vector   p,    and   y   to bo tho vector of market prices, it 
it er tire ly possible that tho inner product of   q   «ni   y   may respond positively 
to an additional unit of resource   ¿,    even though V(p) does not rospond to it. 

Zn our simple model, (-£*--) givo« tho smarginai product of labour in the 
•mee of programming» and that was indeed nil, as in (4).    Thia does not, however, 
aean that (-àfi) should be made equal to aero by appropriate allocation» and w* se 

èie value with '*ich (.¿¿h is to be equated is given by (6).    But (4) and (6) are 
exactly equivalent to each other.    There la no difference en what to do, but only 
en the definition of the "cost" or the "price" of labour.   Bulo (17)» correepond- 
ing to warglin's analysis» and our rulo (6) are exactly identical with rule (4). 

Wb have concentrated in this critical survey on the broad currents of contro- 
versy.    There are numerous other themes within tho so general trends of thought, 
which wo have not been able to present fully. 

Our basic framework was developed in teams of seme very general assumptions. 
Wy making more specific assumptions» wo have triad to present tho different cri- 
teria a» special eases of that general framework.    Thus our emphasis has been on 
the cordon analytical structure in theee various theories.    Differences in 
policies recommended neve been systematically traced to the differences in empi- 
ricci or value assumptions, so that a coman eowm of analysis has emerged. 

This study of analytical unity in the diversity of policy recoasaendations 
is aiaed mainly at clarifying tho issues in dispute.    Issues not very prominent 
in the controversy, including problems of "efficiency" (MO Section I), have not 
received ae much attention as they could, perhaps» have had.   Our main focus has 
been on things controversimi.   Since this It * bias, even if justifiable» I would 
like to draw the attention of tho reader to this fact before I end. 
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