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THEORETYL CAL THPUT-OUTPTT AMALYSIS 1+
Three Ganarallantlons

Abatzoot

This atudy Fgensraligeat- input-—eutput {10} malynis in tha
setina of develsping its basle theme ond central idea In some apeaifie
directions, Thres broand direetions ore explored, undar the titlar of
ﬂiaalo-dipindanﬂawaf_In woalfic] ante?, Nebruotyral braak®, and
sinveatment ond growth consistencyt, In sqoh sope the annlysis keeps
ts the Mloglae® of I0 anclysils in the aanse of its» sppreaoch, congepis
aod methedn, Thie insludes in partislnr the sdaptotion of d certein
howia mathod of T0 ahelysls to analyse the struotures of Teinkions
<btnined in sach oowme,

The study Lz dvided Inte five pnrinm vhers the first provides
¢ detolled introductien to, and the last a unified review of, the
generaligatione reported in the three parts in batwesn, The first part
spall® cut the "bosis thams? and Meentrol 1des” of 10 mnalysie ns sacn
in thias study mmd Inltintes the ides= behind our generolieations in
brond tarms, It nlaa provides a rother comprehensive, though purpoalvs,
ovarview of Ftheoreticnl I0 anslysis? in an pttempt to moke the st~
soneaptunlly and onalytisally self-oontnined. Included in thiz overvieu
are noosunte of endogenous trestments of consumption, investment ond
forelan trade from sn I0 etendpaint,

The genarclisatisn of Part II ip es-entlally formal in ohorao-

ter, It trents I0 ooaffMolente ne yorishles dependent upor ths leveln



. {7

of produetion in en IO model, and thereky remeves its fwin basle
anmygmptiane of Moanstoemt retums to sonle” and 'ne extearnalitlest, The
propertdes of the resulting nan-linear I0 medal fre snalysed in detnils
frem the standpointe of heth praduetisn theory ond price thesry, in
alesa paraiiel to etandard IO onolysis in terms of the lineor model,
Urdike Port 1XI, Borts III and IV bring in new relatiens wilthin
the Folda of 10 annlysis, deploying 5 commen asneeptunl frome of
referanss, Tho relatisns nra concerncd es=entinlly with capaclty,
tachinalagy sand investment, md the froma 1= desisned to enable one te
wiaw thess in pursly éor-ents 4ermw. I0-igme madels af produst-halances
(af wverying gensrality dapending upen the exant problem ni hand) ore
- seh up for o definita.futare {aslled *terminal pericd"), and the
_pequiyed esmpacitine are thaught te te broupht Iinte exigtense iy mlt~
oblg itrvestmentn ovar the timesgpan aeperating the "termincl paricd?
from the preaent, called the "hage pardgdf, In porticulsr, these
S investmante oon bring in new teehnologioe in pre-sxircting seciors of
production s well g8 new anpoeities in previocus "empty mostara®,
The just mentloned sunlitative changas are anslysed in Poxd 171
undar the heading of atructural breck, In terma of the frame, the brenk

19 from the given siructure of the hnae ta = =0t of cpon peseibilitios

i S IHoriin i Srw ey —— '

at the terminsl, The cpennaéss comes hy trenting the relevent investment
dadisions na escentinlly free, snd the problom really 1z what sorts of
Atryoturel bresk to have, 1f eb ali, l.es, one of chalge. The choles

1msues are then resolved by n sal of gocondary relntlons incsrporsting
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tive ecalag of praduction at the terminal parigd, which in turn ore

griterin, These oriteris work Ywack from the preepee-

govertiad by ti#e onnbemporanscus fincl demond, A number cf modele ore
devalopsd to focua en gpeelfle nspecte of the structurnl bresk, Unllke
Parts IT nnd IV, these nmpects do not congtitule nny oystemntie¢ deve-
lopment of o ginglo theme, ond the models nre to be meen nsEsnmple of
“exerolees oround tha netion of structursal brank rather thon s compre-
" henelve treatment aof 1%,

One partdoulnr choractarietic of ths models of Port IIT is that
thers iz ne dlrect impact of investment Jor produst-halsnese in the
serminal pﬁri;d. The investment progromme liss impliecitly bahind and
Aw raf) actad xt-most. in--oertain.cost elements antoring the cholce
eritarin, Part 1V, con the other hond, btringe tho product-ups aspeet of
inveetment to the forefront, Here investment 1e peon exclualvely oz a
meane of expanding boae copacities, rolicving the indtinl eapocity
canstroint on production over time, That ie, the problem hzre i8 ohe
of grouth which 1e entnlled hy the gmlven finnl demonde of the terminel
perigd vie-a-vie the giyen copaoitios of the base poriod. Wow, while
the requigite Investmont hns to toke pltee prior to the termingl porled,

the terminol inveatment in its turn {8 net viewad independsntly,

Basleally, it 1s mesn nm gortimation of o single Inveatment progromme
whose basgic tesk Is to "achieve n bolonce betwoon enpanities cnd produc-
tion in the torminol pariod, This is done by nssuming o gonstant rate

pf _growth of gopooity for ench acetor, These growth rotes are then
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treoted se gonuine unknewns of the prohleom,- determined.elmul tanesusly
with terminal inmvestment-mnd produotion, That 1s, the prowth rates ore
than mode gpnelrtent with the required terminal producticn levals ns
accn from hnze sapaeities, This port glse sllowe for pousiblo axuess
capacities nt the terminnl peried, and for an independent rastriction
on growth rotee—rdith p . oorresponding parmmetrde rdjustment of final
demande, It ends with n oritlenl roview of the technical kasls of the
soennlled Statie Multl-goctorsl Planning Modcols whilch shore o conmen
protlem nareg with this part of the study,

A1l the modele dovelepad in FPoris I1-IV are rigorously examined
in the Tropretlve plaoess. The basio method of 10 onelysdis ploys m koy
-role 1n this respoot. This mothod — which 1s wn dterative mothed of
solving an IO medal - provides the commen mpproceh route to tha detsiled
enolyein of the medels formallelng the penersllsstlions propes.:d, The
wethod 19 msoltnbly adapted to the formnl structurs of cech model, and
is uesd for both the snalydicsd purpose of findlng its bosic prepertioe
and the cparctieonnl purpose of somputing its soluvtion, In foet, the
study con be seen me on ocxperiment in th? rebustnoss of the mothed to
vorloue gonoralisntions of the TD modal,

Port ¥ roviews the entire =tudy from o unifi.d standpolnt, on
the boeis of on organiantisnol struecture of the economy common to plonned
el soelallst econemips, The standpeint la that of o portieular nspact of
the general planning preccem, viz,, moteriol balances, It 4a shown how
the varlous ssbstantive lssuas hehind the gancrellastions eon bo tacklad
ih n sequentlal procassm of materiol balenolng dnvelving diffsrant
Alem:ntn in the orgmisationol atrusture,
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Cervantiona and Notntions

CONVHTIONS

L Somp of the symhele used in this thasis hove differsnt interpreto-
tidns ot JAffearmnt ploces, Tha opproprimte intarpretotions are glven
ot the beginning of anch specifie use of o symbol,

3, Amotrix 1s denoted by o aopltal letter, Tha corresponding smnll
letter with (a) eubseript i) indicates the (41,1)th slement, md
{B) suporscript | indlontea the Jth celumn of the matrix, For
extple, for o motrix A, a4 Andiooterthe {1,7)th element ond
ol the fth eolumn of &,

X A mfitriy is-ocllad nen-negative 1f oll 1te =lemente gre nonenegotiva,

“%, 4 wvector is o motrix with -withor-ene Tow orans golunn indienting o
ToW OT 0 eolumm voolor respeotively. Unleas otherwlss epecifiod all
the vectors ore Loken to be column vagtora, For g veetor x, X
denntoe the fth pompenent of x,

B. A wector i& enllasd strictly positlve if a1l 413 elcopante-me.poatitive,

8, For the sake of nototional simplicity, the 4ame nototden 100 will be
uded for geroe~eaplor, sare-vecter-ond zare-motriz. The eontext will
mbke el2ar whlch 18 hsing uend,

7. .Soms_pbbrevintione hove becn adopted in this theeis, Althouph these
ars given in broekute when the sorraeponding torms ore introdueed for
the first tims, it moy bo halpful for thz r adors Af o list of
ohbraviotions ig givah bora g

(1) Io t  Input-Output
(11) aa t  Activity Anolyeis
{131) 1r 1 Tdferr Progromming

(1%¥) &= t Roturne to Seale

{¥) CRs 3 Constont Returna to Benle
{vi}) TR8' ; Increasing Roturna ta Benle
{vii} DR3 1 Deeregelngs Returns to Scala
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{v111} acM ¢ Arrew-Chenery Medol

(ix} QLI 1 Cost of Living Index

(x} B Matarial Bolances'

(xl) aMeMW Static Multl-sacternl Plonniox Medels
(xii) SRCF 1 Stock-Flow Comrvorsion Foctor

1 Not agunl to
t Not lesm thom

t 8et theorastie 'contained int
: Set theeretic {Unlont

(a4} t 4n open interval

ess]s A elosnd intervel

2 1 3ot thoorstic 'eantolne!
c
i)

& t Bilonpg=s bo

§ t Does not bolong to

¥  PFor mll

NP 1 Supremum svir all x belanging te the =st X

D 1 Torwarg A ff renee, 1,2., ﬂxt w It+1 - xt
' § n-dimenvionol auelidenn spnce

R, + Non-nsgotive orthent of R

A ¢ Imverme of the motrix A

4 1 Tronepose of the motrix 4

T : The identity motrix

t The kth unlt voetor all. af whose eco-erdinatcs

nre gere sxeept unity in the kth o ordinata.
x 1 & dlogenal matrix with x; am 4ts (1,1}th olemant
vhere x, is the Ith pa—prdinate of the veotor =x,
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The dominant shernetorietio reot of the {sovgred
matriz A, It 18 d2fincd to be the chornoterietdo
raot af A whieh hos the lorghet modulus,

For twd n-voetors o ond ¥, 1t 1= g vedtor whonde
$ 4k ao~ptetinnbe 3o Lhe mintoum of oy ond by,

Por two {man} motrices A ond B, T write o
(1) 4y 8 if _:1”;;; biJ for o1l i=1, ..., » ond
j'lr sany Mo

(18) a»» e ir n”} bii for nll i=l, ..., m and
' J=ly waey n

{134} 4> 3 i 4> B nd A4,

C o et af gll x bolenging b § ond sekielring L ...
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THE RACKGROUND



CHAPTEN 1

Soape and Apprecch of tha Study
The Xoturs of Generalisctions

1.1 Iatroduetion
Thias study claims to provide certnin 'genernlimativse' of

Iapat-Output {10} onnlywias, Thess gonerslisntions cre distinet in the
. sonee of denling vith different eubstentive problems cnd Seving aiffs-
rwnt formal atruectures an thelr fromes of referenuve, 1.¢,, a8 'wadaly’
behind, A ocmmon alament i provided by their etorting peinte, fer
they are genarolivatisne of the snae thing, That is, sash enalysis
storte off from the basle I0 modal in a gertoln spacifie dzection of
its .ssn, Mare than thet, they shore a comman sppreash e their preblem
fermilation md n conmon method of sanlysis, Loplsdlly, these semmon
sapeets are enteilasd by the very idea of 'generclientisnt in the senge
thed-ensh dlalneto be o gengralisstion in sone wzmon sense, It soms
best te wat out elmarly this ides af generalisatien ot the very sutset
widah in tofs requires uk to specify precisaly vhat is meant by 'ID
snelywin'! ftaelf, This dlseusslon i teken up in the next seetion
whish fs followsd up, in the Inst esetlon, by sn sutline sf the sub-
stentive 1dens behind our geoarolisstisng, In the resainder of thts
opaning ssotign I shall point sut & fov genarsl charpetaristior of
the wtody,
I begin with the qualifiestion 'thesvetiaal! in the title of

the study, This 1p best token os 2 disalaimer 1 I0 snalywdis iy token vp



Ay a putaly thaoretionl dipaipline without oay refervenas to ity eapiri-
anl Fovniatlons or pracilenl spplipstions ns sish though the latter
oomss in inMirsctly by wey of orienting the diaguesion, Wa shall noy
drent & reugh boundoary ef our chosen aren of wtudy in terms of the rele-
vont 1{iernturs, leaving out Laentlofis oslomsie {1941 mmd 1951}~ hich
wae o8 much on the theory ns on the empiticol foundotions of 10 enalyseis,
Theoreticnl I0 onelyais way bé sald to begin with Eevikins snd Simen [1949)
followed up by Georgescu-Resgen (1951), krrew {1851 nnd 1954), Samuelson
{1954), %slow {1052}, Ooodwin (1949) end Chipmon (1980}, smong others,
though the last two were in s diffarsnt contaxt, Quite a few of thase
pleces nppeaied in the solleation sdlted by Kospmana (1951) which intro-
dizoed both the conasptual frome ¢f aetivity anelysts {Ad) in his pwd
fontetbution ond the teehniqua of linsar programuing {IF} in that af
bﬂntﬂg. Tharenftar on tha theorsfienl side 211 thess creass — 10, AR
oad 1P, clso the pres surrounding the prior fundamentol snalytieal
sontifltuticns of von Neumeng, vin,, the so-colled von-Neunnnn model of
produstion ond growth ond game théory — grew alde by side in nn over-
lapping fashion, The more specinliaed literaturs on Io itself similarly
fuged the theoretinnl, emplrionl snd spplied sides tagether, the laotter
yacelving o portiolar impetus wlth the advent of operntional plarning
nodals, The mors Alrectly disosrnible theorstisal sontrimatlione, 1n
thely tarn, ore nlse Inextricably mixed up with the pure sethemoties
dehind the ID model, with a renswal of interest in prepertles of non-
negative square matrices that date back to the turn of the esemtury, In



thy time-gpen betussn two further atundies by Leontisf {19835 and 19¢8)
there sppeared, firsi, thres impertant volumes of esllsetione ga 10 by
Morgenetarn {1954), Natfonal Burmsu of Economle Resesyel (1885) end
Barns {1284) and & little latar, o seriss of wide-ranging theoretioal
troatises alther on, or vith subetmmiive paris on, IO analysis, ®.h,
Lengs {1957), Dorfaay, Samusisen and Solow (1858}, Karlin (198%),
Shenery end (Levk {1059), Gals (1980), Sehwarts (1961), Morishime {1084)
sho, jweng the more racmt gontritutisns, sention moy be made of the
wllevtions odited by Carter and Brédy (1970 md 1970a}, Bridy and
Darter (1073), Mathur and Bharodunj {1867) ete,

The referwmosn nbove ere by no nesns exheustive, and the tradl-
¥on i¢ gtil) very aotive, I shall later {sactien & of shapter 3) review
the litarpture fyom the atendpeint of our sun ocosunt of IC enclywis,
v briefly in next seotion mmd more sloborately in shapter 3, Hers
I shall only stote o seocnd dimeloimer vhich may help dispall paseinle
sofivings, This 1s basleally obaut AA which ne doubt provides s
gmarol snaiybionl frwne vith 10 nnolysis as & speoisl oaee, Dur genes
ralisotione have nothing to do with thie frrme, The ransons efe partly
ﬂlﬂlﬂﬁ}hﬂ ond wlll be olearar later in Fart I of the study, We
shall Teturn te the question in ponngetion with the review of litave-
tre in sestion 2.8, Till then ve keep suny {rom refereness for the
sonvenistee and vontinmuity of axpewitien,

Hext, I may point eut that sxtepting for ene shapter {chapter 4)
$he stinly mey ba hroadiy teken to belong te mo-ealled 'theory of ewonomie



Kwning! . Xow, 10 annlysie o such is not systemespapific in the
pnomis sense, Thot i, no expllelt referencs mesd be made tp the
undevlying dnstéfutional struvinrs of the evoneuy belng sfudied, This
(o aleg true of this atudy, Wowaver, tko kind of substantive pryblems
sought €5 be tackled by meecnd of T0 malynie hore = whlek iz turn gpte
the genursl trend of Alscussion - i» beat sean an direct planniwg
probliens defined far the soonomy nn s vhold, This mnkes it convenient
to asxung tKat the peynony under aonsiderntioen ix 4ndesd a planned ohg,
In our concluding ehapter howster we moke the plonning sssumptian in a
wieh tore substentiel wwy, The purpoed of that chopter is to review
the entire atndy frem s uniffod ptemdpoint, The cotual stendpelint
tokeon i thrt of & particnlar aspesot of the genern) pyeoning pracess,
yis,, uateriel belooces, Since the process le rected in the organiss-
Monml etructurs of plnnnedruccnﬁnm 1t eannot rsally be disssileted
; the assmption ~f & planned SOCNORY .

Y shinll end this sectlon with n brief cutlina of the arrongesent
" of the gentemts of the study, Tha study is ddvided into five parts,
The Pthyee gensrslisations® promised in the title are teken wp sepa-
rotaly in Ferte IT, IIT snd IV, The firat and the last part then tuke
up the imglied taske of introduation ond nonclusiom, vespeatively, Fer
the #oke 57 pompletensss Enielf-mntninadnnl, J have seught to previde
ol the ssoseptunl snd teelnical background for the rest of the study
1n Port I, Tods includsa & somevhet syatematic, though purpesive,
prview of ‘thapreticsl 15 amnlpein! in the next chepter, Seme
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aperific elénents of thla overview sre pointed sut in segtien % balov,
This shapier 1s to sarve the purpose of o broad gendral intradugtien e
to the wethods as welli os idenn of the study,
1,8 1he loge pf generslingting

Te Pegin with, the term ‘peveralinstion’ ia umod in thie study

ForN w at the sterting polnt — yhere 1t ia expréswed in a
portlevlay gentaxt or '‘freme of roferense! — in aomevhat Winr snd
M frearant gontexin contalning the orlginal, The atarting psint gsa he
1'u|i‘u':-::'i-:1$ s 'etandord thegratlanl 17 n.:ml:fsi at, The firat tesk wve ﬂ!m
foow 1a to provide a clenr and ndequnts ntntement of the bhale theme
| and $antrol 1dem of thls stendord analysls, whersfrom the development
token place, $imee the “bnale themet and Mpentral ldeet of mnything
are really esnpsquanses of Jooking st it from eoMe stosdpalnt, the task
i muawddnble 1o aplte of the waluninpus 11tersture roeferrsd, Here it
i» mauersnry %o rive only o hrief ~iatament of this review wlileb i
token up 1n gracter detalls in chapter 2, In partimiler, & tumber of
voneepts that we sholl freely use hera ore mpelt cut and preperly
defined {n chepter 2.

T begin vith, the bosio thema of 10 analyels is {dentified aw
ot wredustion. 1.e., 1t oorsaives pradustion om a gymtem

sada up of intsrdapendent portr, *he snesnllsd sectors of predustden,
The seetory soour oa both the origine cnd dsstinstisns of preduation
flous, This imeedintaly enteils the notlon ef sonsdptensy of o production



pregramrn {n the menas thot the nompoaitinsm In yk'»~h predusts are turned
ot haa to he conplotest wd+h thady pge in the produstion programma 1t-
wolf, Cloeely reloted — in foct Jogleally prior — im the conoept of
produstivity or vipbililty, vis., the nbllity of the aystem ftsalf to
turn out a lorger volume of proeducta than its Interncl praduct use,

1.8,, to throw up a positive surplun of the anods concermad, The Rext
md cruolel step in 10 analysia conaimta of treoting precissly thewe
surpluses ~— so-oglled b1l of fincl demends = as indepandgnt
yariohlep with output levelas {production programme) s the depandent
varietlog. This in fool cen be looked upon as tha baslc nssumption of

10 manlynis in the sense of 1te approssh, With thie, the hapdo protles
is posed ee thnt of output determinntion for a given til) of final
denondp in terme of the sonelietency ralations pesited, The outdlde
slement af final demand oan then be said to provide an additienal
Hempdon of ooneinteney 1tself, for tha predustion programme hns ts be
toth intermally consistent {with respect to the strusture of inter~
dependence) ond gxternally conamistent (with respect to the finsl demonds),
It nead B8 polnted cut here that the exact line of dlvision batueen
Hn¥ernal' and 'external! %a prucisely a questlion of the soopg of
@mnpiptenoy incorporated In Tinterdependenset «— interdependesice on
nassunt of shot substantive footers? — and thie represemts an entirsly .
open area which mppears very little pystamntleaily ezplored In the
1iteroturs, Starting from the ordginal sontent of interdependeance as
portreyed in the standard model (with 1te correspending definition of
f4nel demonds} we shall say that o part of final deamand 1s intarnalised
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inbe thy system if thnt part ie reloted to the productlion pragrowss by
poma copoistency conditlons initdiclly fgnored, Much of chopter % will
be soocerned precisely with thls issus,

The next point within the formot of stondard I0 analysia im one
of pethods of solving the basic nreblem, We abnll identify one particuler
method ns the 10 ma*tod in view of its emalyticsl nnd theoretiond eflgni-
ftedmos, The method referred is an Lterntivh ene which emwunts %o o
prooess of Budoasolve @Mn;inn of 'round=' of 'darived detinds' (ne
dorived from the oonalstemoy relations) to oo initial given M1) of
finel demanls. Its onolytiesl sienificcnce derives beth from the
inaight in“sc the structura #f intsrrelniions of the system offerdd * by
the stepa of the 1lteratlien ond from the foot that, teohnieally, the
nethod provides a sonstructlive spproach to the formal manslyeis of the
system ttpelf, Theoretioally, the 1terptiona etn be viewed ne deseribing
rather gineral economip prosesses, ond this Jinks up T0 stinlysis with
lder svonomic theory,

The I0 method playe a key role in this study, It provides the
‘mowmry approach route to the detniled analysie of the formel structures
Femiiting from the generalisstions propossd. The bulk of the study m
in Ject bs seen ne mn experimant in the robustnees of the I0 method to
Yrrious generalisctions of the medel,

At thle point we may briefly summarise the mathedolagy adopted
fn thla study os implicit in the obove dlpcussion. It shotdd be oleor

that there are really fuwp distinet levels of muelysig — each regquiring



a éertain approsck — Invelved 1n rny Fgemeralisntiun of IO analysla®
which this thesls rlaims 4o be. Thily is becsuse, I0 analysis can be
sarvled out only w2*hin the frume of i TO madel. and in thla senee ooy
. generalisaticn of tac former fncludss-~ raihor stortdout from - eértain
latter

- gpacifle generclisntionsof the model itse’f, The /penerslisntion of

- aourde reflecta the Intropduztion of zome myhedont’ve now lssues in'e

A i — -

the Y0 frome, The £irat Jevel of cnnlrslia gongleta precisely of this
‘sedsl-ganercliaptiont, i,0,, of formalating the new lssmes Introduoed
in temms of some IO-type model whioh keeps to the basic leile of IR
oink¥¥i E, Conecaptuclly, the loglc is to follow tho bnele IO npproach
1dmtified 8d¥ldor, Technlenlly, 1t mebos that the genernlised modeis
sre mienfitle Yo andlysim by meons of the basle I0 concepts and netheds,
~Mie letter analyels — chalysls, or dlzvection, af the model os
formlgted —— is precisely the second level of anclysis. Qu¥ mpprooach
Gt the Pirédt lavel then ensurse the fomennbility’ of our fmodel~fermu-
Intiotis? 46 the logic of IO anclysis, while thot nt the seoond level
ginklats of relipnos upsh the 10 mathod for Aetsiled 'model-snnlyier,
48 direfidy gentloned, S'mae we cnrry out &latinnt peneralisatiofd o'f

- 44 modal 1teedf, the first levs) can be sald to represént an sred of
Yrlety — some explored, somp not -—- while the second level provides

the Wil fying slemont 1 o sommon method repentedly opplied to &ifParent
tandilet, vith muitehle medlficaotions snd ndoptotions,

It 1n ve néted hero that o subatohtlive gendralisastion of

10 snelysis need not pecessnrily require a correaponding fensrelisetion



sf the formal strveture of an 10 model, Thip refleots preelsaly the open
aren of 'acope of econmistenay of an 10 model' reforvod sarlier. For &
gleor end spaclfia use of lenguoge, ue shall use the term *generalisntion
of I0 annlysie® more spacifioally to meon a genaralisation of the fortral
strusture of the bosie ov_sptanderd 10 model, Correapondingly, we M)l
uss tha term axteppion rather freely to refer to uny Rensralisntion,
whother it requires forpal Wahersllastlon [ganarnliagtim in gur ssss)

or dot, Thie soncludes the discussion of the lugic--i 1 generalisution of
10 pralyeds! promised In seotion 1,
1.5 [oe subptontive 1dens behind genorglisations

ks mentioned ot the beglnning of thia shopter, thilk seotiom s
ta glve a oonneoted cosouht of the subatantive ideoe behind onr ganern-
'iiinﬁuni. These 1dsnk ore organissd cround thres basie coneepts, vz,
pale-depétidency (of 10 cesfficlente), strusbural bregk ond grgwtl
foniistenad vhich are token up for detnllod annlysis in Perts 1117,
&8 thot ordor, & fav alor!fleations appeay naceaanry befors Yeaturing
inte the 1dens, First, I have to polnt out that coneeptunlly, thers are
-Aignifigent overlapas betwoan thes® porte, Thelr dlatinetisn thén reflasts
the common fuot of mnnlysis thot the some tresd 134n Londs itaalf o
M ftermt formilations reflacting peints of emphosid and focus, im in
partioular is true sbout the relntions between Ports JI and 111 s the
eos hond and Parte TIX and IV on the other, us will te peinted out
below, Second, the converss of the cbawe 4a alwe true, vitt,, the some
forwnl model omn often be locked nt from altornative stendpoints leeding
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ta different Interpretntions, ¥ o different I ene bohinds On both
‘sounts, ne very well dufined relstionshlp enn be eatablished betwsen
the brood idens behind o gonsralisation ond thelr speelifie formudations,
In thls seotlon, we Asal explieitly only with the fermer, though the
1pttar comes in implicitly in view of the fixity provided by the vary
sencept of 'generallaation of I0 manlyolsl ns expounded in the previous
seotion, The explicit formulntions of the three oconcapite noted alove,
An torms of somg ID=or ID-typo———model, rre taken up in the reapaective
party of the study., This sectlon con be viewed sa a voneaptusl Introduo-
tion to the more technicel discupaions of thoss porte, Inter alin, it
swles glves n brond cutline of the contents of FParte II-IV of the study,
The first brocd idea behind cur genernllantion is te open up
Y0 onolysis o increasing or deurensing returna to secle (IRS/DRS) in
profuction. 4 straightforvird, and direct way of doing thia 4w to give up
he nesumption of flxed I0 soefficientn. i.,e,, to trent the coefficlents

oa vorlobles dependent upon the levela of produsttdion fn ganeral, Ona

than gets 0 genercl non-linear mede’ with pegle-depepdant coefficlenis,
e ptructurs snd propertieco of this modsel nre invastigated in detalls
in Fart I of thla gtudy. Hers 14 moy bo noted that the 1dea of rettrme
to sacle (RS) Lz formilnted in terma of portfsuler fnputs in Shis

opproseh, 1,e., one begine with input-specifis RS in o seocter, not with

RS in o seotor a3 much, In food, it 13 not possitle to define IRE/DRS
in o pactor In thie set up oxvepiing om o rother strong, mnd seemingly

arbd tr a1y, restriotlon on Lhe Lehaviour of All the mefficlents of



producticn ¢f that gector. The problem omnt be resclivad te some extent

by toking prices ns given, mo thot cost of production aon be defined,
and ona can tolk of RS 1n terms of ths behoviour of unit sostf of produe-
tlon with respect to mcale of productlon, This tos is followed up in

Fort 11,

Actually, the lden of fixed prises onn be teken ta 1ie {aplisitly
bahintd mich of thils study, This appesrs Jusiified in view of the faot
that our direct conocern 1s with produstion ond its structurs in physienl
teima, %oth behind (teohnelogy or imput-structure) and after {struoture
o product-use), Tha ered of prices as such 1o basionlly cutside the
soope of this atudy excepting st one point moted below, so thot pricea
are Inplieltly token t4 be determined by Factors outside tho nres of
olr malysis,

The exoeption alss oeeurs 1h Port 1T, refloating lorgely the
naturs of 1te gencrolisertion, Unlike our other generniisation, the
mon~linenr modsl does pot lntroduce any new pelation in the I0 frama :
it admply formulotos the aoms set of relotlone in & more general way,
‘k!‘lhiu pikes 1t possible, und interesting, to develop the nnu.lﬂiu'm
parallel lines, ivd one major line of sanclysies in the atnndard I0 frame
i thet of price-ocet relations, leading to sxplialt prige-dstermination,
4 parzllel attenpt im weds in this diraction in terms of the nron<linenr
model of Part II in chapter 4.

o CALCUTTA
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Returning te the lden of IRS/DRS, 1t is to be nated that the
£,
problen can be viewad, somovhal more oonoretely mnd explieitly, in the

Ireme of niternntive methody of production, represanting different
teghrolagles, with spocific constrnints on thely operntison. It may be

worthwhile to briefly review the baale forees behind INS/DRS bofere
wning to the formal aspects, The elassio mource of DRS 18 geareity of
‘[apourgey, and this is pérhops & univeraal choracteristie of any given
Huntion, Given the techniosl spevificities of resources, partleulerly
thape wsibedded in the seotoral onpacitiem of productisn already inxtalled,
the otwiea over nlternative methods of produetien is lnextrienbly ound
‘wup with the oomplex strusture of resouros endowments, brondly ooncelved,
The operation of I8 hera om be porfrayed ns o proosss whers the use
fn inforisr tachnology follows, se to edf, thnt of a supsrier teshno-
logy, nfter the latter haa raached lts maximum possibla scals, as
paredtied by the resources specifis to the lntter,

In contrest, the major -foroc behind IR3 1e teohnelogy ltzalf,
#verted from resource eensirainta — in partleulnr, instelled capeci-
tiss, Thia requires sne Lo %ake r purely ex-ante view of teahnology
viers poctoral gaprncities are not yet decided upon, 4 lerger onpaeity
tam mutodls emaller unit cost in rsel terme by mimple meghanicel laws,
$ines, ae mentioned, altorngtive technologles ore largely bound up with
mparitic forms of nopecitiss, one moy simply soy thet the operatien of
& mperlor method of preduotich 1s possible only with m lerger cepncity,
4,2, with laryer acale of operetion (this oxprasses the boals 1dea of
indiviedrtlity),
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It 1s to bo noted thot the depletian sf TNG ae above regquires
» dletinet esneoptunl fridée of analysls, for eapacitios, scales nnd
methods of production all Are thought of in purely ox-onte terms, as

iprospestive”ones, That is, ofie ho# to think of seme definite futurs

and cotisdder the reletien betwean sgrles and methads of praduction far
that futurs, e required onpacities onn then be thought of as heing
Wought into existenss prior to the futurs, 1,s,, botuesn the 'glven
presentt mnd the ‘poetulsated future’. The key to IRS then lies In
investaent in guitsble form and direotion over the intsryening peried
wbieh, impiieitly, hom to be sufficiently long to eover the so-onlled
poried of oconetruation of thée prospootlive sopasitiss, It will bs sonve
slant to sdopt o Flwed torminolopy for thim frome of refersnas, We
shall refar to the ‘postuloted future' ne the terminol peried, and the
preront ns the bipe perigd, ond the total tims-spon covering thess twe
ond the intermedinto perlods oe the time-hgrlzen of snclysis, Ouf:
mnalyela An Parte JIT and IV of the study drsus lnrgely upon thia
oongeptual fyeme of rafsrance,

Part 1Y tokes off direetly from the kind of facters behind
IRS disouased obove, orgnnlead oround the soncept of gtwustural bresk.
In térwe of the freme, tha brask im from the given gbyucturg gf the
e to n st of ppan _popsfiiliticy at the terminal, The opennese
wones by tresting the prior investmaent decieicons as eweentlially fres,
o4 the protim reslly is whnj merte of pirugturgl breeks to have,
1L ad Al 1.9, ene of gholge. Tho I0 model -~ wore properly, an
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I0-type model ~~ 1 definod for the terminel peried, with both the beao
structure and the investmént progromme reforred 1ying implieftly bonind,
The choloe problem == oduivalently the prior investment deoisions = are
then resoclved by a set af pscondury relntionm lncorpefating specifia
gpiterdn of choioa, Easentially, these eriterin have to work boeck from
the proppective mcolem of produetion gt the tarminal gate, uhdeh in
tarn sare govarned by the ocontemporsncous fincl demand, While the sub-
stentive conslderations involved in the speciflentlon of sheles
asrdteria will have to be context-specifio, the spproaeh 1ls n ganeral
one keeping to the boelo logio of. ID pnolysle. Its independent aigni-
fiammoe 43 borne out in all coses where tha scalse of produstion are
important determinants af the struginre iteelf, e.¢., in the case of IRS,
Nou, the sencopt of n atruetursnl breok, es intreduced, is a very
wide ¢na, coverihg in prinsiple o)l sorts of pessible ohanges in the
strunture, Our ovn malysls under this heading 1w to ba seen mors as o
pepie of particulor exercipes thos aa an oomprehenalve trsatment, Thiam
part {Part I11} therefore lacks the orgonie unity of systemntio dsvelop-
amt of o single theme whioh charocterises the twe other parts, The
sxeredvas ore arranged under twe brood eotegories, One ie soncerned
‘vith ghempes In tochnology in the senge of methode of produstion where
the 14ea of IM3 come=s to the forofront, The othar views the proklom in
tarms of osetting up copoelties for producing commodltics that were not
produced earlier, 1,s., imported 1 required (an the po-erillod non~
aonpatitive bosls). Thia way, o dent ip mode Inte the ss-oalled problem
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of impari substituiion eos on ospest of strusturnl bresk, Wo shnll teke
off the further detelis of the exercises from this peint in ohapter S,
Now, wbether the broak ocours in tarts of using soms taohnolagy
=not previcusly used or profusing some commodity net previsusly produced,
it requires prior invastment in sfitable dlrzotians, o2s manticned earlisr,
By its very temporsl pricrity, however, thie investment does not moks on
axplisit oppearcnce in the IQ frome of Fart ITI. Its rele hae to be com-
pletaly subsund usder the secondory reletlons, with inveptmenti-esats
ns olements of the oholee sritérin employed, Fart IV on the othar hend
tringe ioveetment to the forefyont of o tarwinal pericd ID medsl, using
the ss sonosptunl time-frame for a completaly different mst of problems.
The &ifferarce botwesn Farts III gnd IV i boslaonlly one of foeusaing on
tw dptinot nupuntd of the fnvestment-vapacity ralatlen, Lookad ot Prom
the base copneition, Investment over the time horlpon con both ochange
the' teshnology incorpersted in those copneities = this is the structural
brack problem == and gxpond the copoeities, relisving the copnelty
esngtraint on produation. The lotter enn be ealled the grywts espest,
md oonstitutes the point of deporture for Fart IV,
In terme of our cenneptucl frome, tha growth requiresent is
' dlreatly entalled by the given fingl demonds of the Yerminel peried
dith e Kyon apoaoitieg of the bnge perdod. In other words, the lotter
is {nguffiolent for the former, nnd investment gones in by wey of

Retesnnry axpingion of capacltles in terms of &ve_n gtrugturel relntiona



‘hetyeen 1nveetment ond capooiiy expsnnlon, Now, while this inveéstnant has
to take plose prier to the terminsl perloed, the teminkl investmants In
thelr turn are not, viewed indcpendently, Basically, therc aro eesn as

pontdnuation of & plnele investment propromme whooe bosle task 18 te

aohieve n boloneo belyeen the terminnl perlod copaclties and tayminal
requirements, The sinplest wny of doing this is to nssume o gon#tant
-('Mml rate of prowth for eanh puctor so that ths terminal invest-

mapte oro detormined directly by the ter'min;}. productien leovels in
tﬂ‘lll}i@dﬂﬂnlogiﬂﬂl rolntlose reforrsd earlier ond the rates of grawth
introduced, Glven the lnttsr, thia dsterminntlen 1= nething but m
strpdghtforvard  extenslon of the socope of 10 ornlysts, witheut my
¢honge in 1ts formol structure, thnt we had raferred in sectien 1, An
ppiialt demonstrotion of this &w glven An scetien 4 of ehgpter 2,
Part IV tokos off directly from this sestion ond treots growth rates
an geradne uoknowne of the problem %o ba detormined simultansously with
terwindl Investmont ond production, That im, the growth rates themselves
heve to be conmlatent wlth the required terminal preduction lewvels
{vbieh depend upon crowth rotes ¥is investment) as ssen frem the base
sepacities,

In Fort IV we explors the dmplications of thie growih gonsise
Sngy requitenent for terminal produstion mnd invostment levels in n
wavhat pystemotie fashlon toking up feeues from the basle postulate
of insuffiolant bnee copasities for the terninml finol demonds, where
the latter 1a obviouslr wet of investments, In the firat place (chapter 7)

W i i i - o i
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the_Lnveu 2P hohanop otk 1N thewmmg-mense 48 belng troe seater. b
sastor, This is ciiled the 'hnsic modsl) of Part IV, Reloxing the
gesumntlon, wa than rilsw L xeean roraeities, Tinally, the prohlem

i freed from tho restrictive frase of glven finol denands 1n the terml-
aol nerlod, Thls ngkes mom for indepsnéent reatriollons on growth rates
themeelves, with oo zosponding odiuriment of flnol Jdemonds, The tashfidous
" hare ! ip o pagpame ametrie speciflogtign of ‘me finol drmond which in tuym con

allow for such urund hon-linearitlies 1n constmptlion -= with raspect ta
inoome and therefore implicitly produsilon In 1ts rele of incems gone-
roation — o3 non-witary smpel alosticliles sle, Both theco extsusiona
wre token In chopher
The whole dlacuazlon of the growth monolatsncy problem ean be

UIF ap & eritlcus of e tochrlonl baels of the so~ealled atatio multd~
seotoral plonning medels © MY wh'sh oot cot to dotermine o sensdiptent
tarwingl producticn proeromme in *crmo of plvem fInal demands nat of
investment snd glven boss cnpaeliles withovt, however, hoving to bother
about growth oonsletemey, In fnct, the very notion of rates of growth
8 prodmotion apponr rodundrnt in *he npprench taken to the ecnatruce
ien of thare models, I shall take up this critique scporntely at the
ad of Pert IV {chapter 9},

To sontinue the putline of the study to ite natural oonoluslen,
shall Just repest that the lnet chapter {chapter 10) — whieh glmo
Fagtitubes the last part of the study — stonds outside, Ite task 1# to
#viev, not to Introduse wrv Ydens, The veview 1a molnly in terma of the

%wmllud method of materinsl balances In o acclnlist aooneoy, as pointed
% sorliar,
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LHAPTER 2

in Qverview of T0 inalyeis

Thlas ghaptor gives n trend ov-rview of 18 onolyeds, {The cuali-
floatien "theoreliodl! is omitted for brovity,), The ‘bawgodnase’ 1g te
te interproted in the eonea of our roquirements, met that af the lite-
roturs, Thnﬁ i-{z:n attempt ir mode to cover the entire smalytlealetoohnd-
anl boackground nzecansory for eur goenerclisations, not to sower the
miire litaraturs, On the onntrary, ns on everview of the aatire aren,
It L¢ sortainly selzative and purposive,

The cheopteor 1s divided intec =ix scetions, Tha flrst ssstion ie
serloally on elaborotion of ldens briofly presented in seetien 1,1,
The next seotion rroviden a memevhat systemntle aseount of the so-
elied I0 method togcihor with its vericus remificntions, The thres
following saotlons rre centerncd with tho se-called twaops of IO
solysda! in o Brond sense, Consamption, invastment ond foraimm trsde
are bosdenily locked nt from the stnndpoint of ID analymls with o
view to thelr endopetious trestment in the respective ssotions here,
in that arder, The ooncluding section providea a uniflad raviay of
the Literature, as promised in section 1,1,

L1 tendurd 10 ansiyels

‘Thia seation w11) nrovids a brief connoated cosount of the
basis 10 system, its conoepts, .csumptiena, preperiies, and prebloms,
Tade will be followed up by cortnin stmmdord extensiseg helonging to .
shpt gon b palled the gtandsard I0 frome,
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Cun Yok bane »w L= chﬁ'-hﬁ . besie comubtlon JF ”'ﬁ‘fﬁ-ﬂuﬁn—m.

as o eyotom mode up of interdependant parts? whish, ae pointed out in
dheptar 1, im the starting polnt of I0 nnalysia, These parts ore the
“go=pplled tseotors of production' {or 'mectors’ for short), Eaoh seoter
is oonvolved ns both the orlzin ond & gdeciinntiof of product flous; in

— L

partiouler, 1t ia the orlgin of o dlstingb profiet epeeiflg to 1{.

that i3, no two azetors generate the oputflow of the somt commodity

this is tho so-crllsd assumption of &a.iﬂ!&t_m_ﬁqﬂi%&{ Bqitvelently,

o meator im dofined by its produetion procesg whiah simply transforms

o aet of profucts ns inputs into n cofresponding product  ad guiput,
The inputs noocount for destinatlon of flows and tho ocutput for origin,
The eyrtom =o far onb ba locked upon alther ns o collsotlon of inter-
!o&ing wectors of produet flowe or na o oollestion of prodiotion
provesssn traneforming thelr products into one anathed, This lenves
roon for destinotion of products other thon the ssectore of production
thempslves {(1,8., of process,other than produetion,for cbeorbing the
produots), ALl such destinctions aro brought under a idngle nogount
in I0 annlysis, colled 'fincl use! or 1finnl demsnd!,

Algebrolonlly, the foregoing disctission entnlls thé following
flav OF balance eqaations

LR TEE TRTITIE "L A see (8.1,0)
L - J.-' 2’ esng B

L - e i -

V #irletly epecking, uhat 1s required is that thars ix no averlap
between the products of different sectors, not that ench soator
hop p singls produst, ID anclysis then prooeeds by aggregating
the prefucts of o sector into a single fproduct group®, using the
the terma "produstt ond Wproduot group * intarnhungaubi?.
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uhavy x, £nd g, sre.rtepectively—tho-tevelsol predustion ad#epal uey
of the iﬁl‘r"pmduct":::r good — to be denoted by G; - ond xi.i in the
mount of Gy requlrad ng input to producs x 1 omaunt of GJ. Fquivalently,
X4 1e the proguct f.Lm_q from the 1-th sttor — danoted 8; — to !J.
The bpeiz rosimwtdon behind the conetruetion of oo I0 medal

gonmists of zetilng the ratlon
ﬂij L) Iij("xj a G aian {2.1‘1)

son#torke, These rotioa are called the IO me_friaianta!{ Ths nasumpilon
is bast meon na o compouiie of duo assurpilons, Flrst, there 13 »
m m&n@i}: Yetyeen tha volums of proguetion of g scotor
oid the gmounts of | tnputs uexl there; and mecond, this relstienship is

of the provortionplity tyze. In economic terma, the flrat assumption

Tlea out nlternntive methada of praodugtion for any produest, The mecond

asssunption itaclf oot ba seen ranin in o composita fowm, vigz,, the

I6 coefMolants in o megtor are indepondent of tha senlece of produstlon
Both 16 that sector iteclf ﬂ..ﬂ in any other, The fitst part entalls the
ssmmption of aun_q_gz‘:t \@tum-n 1o monls (CRS) ond

tha recond thot of po_extornalities, In short, this gasumption yulas

out 6ll possitlitise of internal ond extarnnl asale egonomies or
Hueeconomier In productien, 23 polnted out In choptsr 1, our firat

merﬂimtian wnsis’bs precisely of relpding this asmmption,

b =

&/ % fnr el ths vortables ore a«m&d to be megmured in physiecol
units, One cony however, anslly transform thoes into volue units
given the prices of gll commaditles ond redefine the I coefficlents
aovordingly, Formally, 1f p qreser B ATQ the givan prioes of diffe-

rent commoditice, then the Iﬂ meftieiuntl in volue units ora given
b 2401
3
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An IO _pyetem con mow be dofined from {2,1.0} ond (2,1,%) as

K= hx+ ¥ e (2.1,3)
. “and n

vhere x = (x,) / v~(y;) ¢ R, ore the veetord of production (or, projuss
$lon proergmme) ond final usce respectivoly. 4 = (nﬂ} is the g
ootplx wo thot ix 1sx the veotor of lntermedicote input uses of dlfferant
goods.

Tha, produstion procssa in EJ ir defined by ita inputrooeffi-
alent wector, uJ, and the aystem (2.1,3) oon be vritten equivolamtly

in terma of the produntion prooscses o8 |

n
5

J=1

A m IJ ﬂj * y Ty {!.1.2&)

vhers :’ ont. be intorproted om the level of operation of the production
Procass 1n § 4" It 1w clear that tho syatem above im dAefined oumplotaly
by the Y0 motrix & ond, therefors, any systan chnoraoteristio ia ol
the charnoteriatio of A, 1.%, qualificotions are interohangeable,

Wa ore now 1n a positicon te intysduec the fundomonts] soncepts
of 10 anolysie, One group of concapts revolves arsund the dietinotion
betveen direct and indiregt fnputs reguired for the production of my

good, woy G 1" Lat s’; dsnote the met of products nooossary for G 1
(4.8., ooourring ae inputs in the corresponding produstion proowss),

: o
Rr stoh Gi. B 31

their upton ST« U . 8., ond # on, & gobd G, ia then sedd to b

» Sirogt dngut for O, if G,e 8 and an indiroot fnput 17 G, s

for wee k > 0, Thime oonoepta loed ta o furthor sonoept chorncterising

ona ann then define a simllar set, sy su, and
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ptrpcture »f Intazdapondencs of the total produstias syrtom, viz,, that
of frrpducibility, A% TO sydtem ia snld %o be irreducible Lf swary pro-
duot 1s a direct zrindireet. input for mny other product. Algebreionlly,
this mescns thot thaxs does not exist any proper, nonecpty sobaset 5f
snptore, ¥, sush that fy, ™ Cvle X ondJd¥%, vhere Indloes ore
trken to represent corfpeponding scotdrs or products, dn I0 matiix
which ig not irreducible ia sold to be redeible. {lénrly, the producs
tion syatem is Intcrdependent in o atriot sensae only 1n the irreducible
oome; in the other cfee ons will nlwnys find nt lenst one indepéndent
{prope#} muboystem oshisieting of wectorafonneated enly with sne
enother, hot the rceh,

A meoond group of idenscentras dfound the basie netdon of
ﬁ;i_mx of o produetion progrnmme. A produetion progrogme is snid
to be conmlmtent — more #laborately, internnlly sopelistent ~ Lff it
ie p¥lé to memt ite own internsl requirements of goods as inputs out
of 1te production, Wermolly, x & RT 18 o gonedlsfnt produotion

programmes 4% 3

X 2 L ven (2.1.5)
Dorrespondingly, one eon define the get of aoneistent Pyoductien
n;lltg!gﬁl L1

;1- -{x.af IERY Y cos {Re1,4)
ﬁ; eny ‘X ¢ ¥, the final use vector ga;ar&taﬂ - ot ' produpedt

am we shall often may «~ la given by
yux-4x 20 vee (2.1.5)
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The predustisn syatem 1s #sid to be predustive 3f therd is o
sonwiptent profaction programme produeing o atristly positive finnl ues
vaotor ond the Intter 1a then sald to be profugisle, Mgrbraleanlly, tha
gsystom is prothiotive Af there exiate 4 x ¢ Rf: - such thet

x Ax (R [:;1.&,

Obtviously, produativity of the eyotem 1# equiwalent ;,n the
sonemptiness of the interior of X o5 well ae to the producibdlity
of n strictly positiva veotor of final uaeg{

it 1s to be noted thot the notions of productivity or produst-
Wity os defined so far are puroly loonl in the senes that 1t 1y enly
_ the sxiptence of gome x or ¥ with stipuloted proparties that i3 sodght
for, Lodleally theee are pure “existanos" rotions, forrespondingly, cbe
con define global productivity to memm that gny nos-neaniive bill pf
Jin) denends 18 produgible, Formally, thia means thot equatisne {(2.1.3) .
hava 0 nan-mgnuv;auluuun&/ for sny arditrary final demsnde, Thie

arbitroriness of courge does not pertain to x, i.s,, oy arbdtirary x is not
regensnrily conmdstent uhen the myetom fe globally productive, Mhim
1s proclesiy ths foree of consistenay,
‘We cen now atep into the aren of problemy posed in 10 cnalyeis,
The fundamsatal problem is thet af puipuy determingtioh, To retrace o
foh steps bock, the system formally hos = and ¥ on voriables with (2.1,8)

rvirrrrophii

Y 1In ecme & 1w 4rnﬁlmihle the inequality '»> ¢t 4in (2,4,8) iw squlva-
lent to the wmgker insgquality V>t

4/ To ovold unncgsscory repstition the qualifioption *non-negative”
Will nanceforth de drepped,
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{8,2,4) Each eolumn sy each rov sum of § L= sirlatly less than unity,

[#.2,5) &t lenet ona row or column sum of A is strletly less thap mity,

We mpy note two Imuodinte consequonces of {C.32.8) 3+ firaé, that loond ond
- Bebol productivitics nre equivalent in the system s tho eenae of otte
implying the other; nnd seocond, thot productivity ftaclf Impliea the
upfquencem of the syptem-solution, The solutlon ia givem by &

xw= (I-i}-l:,r - f:r wee (2,17
wbere 3% » {I—»L}’l

Mmenatonally, the {1,1}th elemsnt n:j of A% represents the
- bkt of Gi required por unit finnl ume of Gd' 8inca final upe is part
‘of output, ome gots the ipput for final use by dedueting it from output
ond thus defines hew coefflelants reprasenting the input use of various
prs?ntu per undt of thalr final vess,

Te bring thia out, 1yt x and y be o polr of internnlly consie-
tant putput ond finol use vactor, Then the required input for v le
rothiing tut 1

dx = x - (I~d)x

w {A"-T)(1-A)x I A" exiets by (0.3.5)_7
- {4"-1)y I From (2.1,2).7
s that the "totnl input use of G, per unlt of final use of GJ'F 1s

pothing Wt {n;i - a“} vhers 511 ir the wowenlled Kransohed delte,
fNeorly, for Gy + G Y “;_1 1tpelfl represents the raquived ooeflleient,
fhess ore somctlmoe oalled the total input rats, the term Finput”
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budng ‘aen meant 1n the sense ol "input for final use”, not *output”
as mch. We shall trke up the sipnlficarncs of the quatifientlon niotalt
in seclion 2 baliou,

I shrll »ew ooncludo thisg szetisn with reporting twe etandard
axtenelons of the standard syatem dessrited above, It ie bosieally hers
that our orervizw of the llinrature is eomevhat particularly “purposivet,
the purposs baing to high€lizht conoopts that vill be istar signiticmt.

First, the Inputs into the verious production pracesses so for
ore sutputa of other seclors, However, the list of Inputa ocon anslly be
wtanded to include mich goede o8 ore not produced within the praduetion
aystem under conotiercilon, Thepe goods are colled primnry goods or
prienry inputn: some exwmples being labour, imports ete, Clearly,
thelr Introduotion requiram n zcorrozpending extension of the 7input
scafflolent vaoter? for o acetor over the set of primary gooda, In
koeping to the genernl aseumptlon of fixed eneffivients, the primary
loput ouefiiclents ore alac lrented as ¢onstants, Tho explloit intro-

duetion of primary poode lesds to o ptroiphtforuned axtension of the

mdel keaping to its Sosie logleo, The given bill af final Asmonds deteys
uiheethe requlired productien levels in the monner dsploted in (2,1,7),
md thess predquetion lovels, in turn, determine the lsvels or reguire-
gty of primory grods by wesans of the primory input esefficlants of
produotion, This obviously 1s one-yny depondenae, end At i for thie
ropson thot it 1s outslde tho strict scope of the bosie medal, In foot,

e gumerstion 0 sl ovont! prinary goods le camentinlly on opan-ended
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process frem the standpolnt 'of Tr-omalyeis dependisg upon Yho e
purporz nt hond,

The next soncept turrcunding the Besis madzl 18 tant of o
fngtraint on prodaghion., Thia expresses pome read fng'sr surmounding
the productlon aystem which Imposen In rome way o ound op the prodic-
tien vector, Obviouoly, i% moy not then be prasitle for the preductlon
syston to meat any B1ll of flnel demunds. TLe set of conpbraints eonoi-
dared then gives us n aet of feasible vralie’lon progrommes satialylng
the gonstraintas imposed, Mn immadi-te LlZustratfon of a congstraint hero

is provided by the came of o glven avedlakitibr of some primary gocd,

.The ponstroint then almply tokea the form thot 1ta reguirenment dilined
sarlier im lass thon or oaqual to thly nvailability,
A serond important sase w= one thot will be extenalvely used

4n this study — i# thot of p gppocity conmbrolnt in 8 pector, 1,0,

8 oohstraint ppaocifying on upper bound dirsetly en its level of produce
o, The 1des 1s bapionlly thut the wlume of ou'put of n oantor 1s
mditionad not mercly by the supply of inpute (both produced and
Magry} but alsc by the totsl existing moterlsnl conditisns of produo-

lon thers, As noted In maction 1,3, these conditionm restrict both the
sabiology (ond through that the strugture of interdependence}, as= well
%‘ﬂm voluse of production of the wecstnr concerned, Thia latter aapoct
E%ﬂ oppacity concirolnt; It 1e to o noted here that the conecapt of
bmeotorol eopucity ls not directly o commodity eonoapt, Whot lies

m&n eapacity 12 an gnpemble of cormoditices atteched ta the secter



in conrl rwetion, ponecrotine waosltous sarvices neaca=ary for produstion.
The operationsl slgnificouca of the ensemble lies praocisely In the rote
of progustisr pee-nithe] -ud not in the pvn’ lobllity of these commodltlca
n8 sach . Coe may of osuree pbtempt to moka this restriction mora esplicls
by referencs o (o precioe ptructure of the aervices genoroted, This
Moply renresenis the "mpan-ondedners of enumerotlion! mentiensd earlier
in reference to primsry inputs,
gperoatlcnally, 1t 1s clear that one cmn follow the ID appronch

in & gonstroined IO modsl only te the extent of declnring o glven btll
of fincl demonda either fensible or infenaiple, Further analysis
obvipusly requlres further extensions of the modal itaslf, One exten-
dott -~ ngoin one to ploy an axtensive mole in this study — 13 to bring
in gequndory motirced of supply of the products, i.e,, eupply from some
mures other thon production in the ayatom om deplotad by the IO wmatrir
1t i to ba noted that the designontion Teacsndory’ impiies that thia
Surce 1a oolled upon only when the primory source -= that 1s produe-
%ﬁm itnelf ~ 1p Dot posalble, 1i,e,, the fina ues veetor 1@ other-
,»;%“ infensible, I% neod bo further pointed cut here that the primory-
boondary det’netion 1s really o woy of rasolving the imgus of cholce
brown wp by the presence of nltornative sources of supply, The choles
Beloualy has to be mode in the 1lght of some renl conelidsratisna,

p& theoe aor=tdurition: wro context-specifias, the opproach 1z a
ieral one,
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Returning ~ta. the main line-of discuesion, the {dea of a sacone
dory seurce renlly comes of 1ts own in the cose of copnoity constraints,
i #econdary source here moy ba thought of in wvarlous woys, s.g.,
inpart#{ ot production by a technology diff'erent from the one repre-
papted by the ID motrlx, or expmsicn of enpacliy, This lnat pop=ibdlity
requires one to step beyond the analytioal frome dsveloped po for, fo
odditional ctpacity onn ba ereated only over time by means of muitatile
laveptmopt. Thie requlres n alear tewporel epecificution of the model
doteh haw not ss Tor boen touched upon, This wlll be token up in

pedtion 2.5,

L3 Jhyl0 mothod

This section denls with wvhet we have repsntedly onlled the
Yosic IO msthod of munlyeie — in seversl ports, We hove alrendy nen-
tioned chout the verlous polote of significonce attochod to the method
{#se p. 7}. The polnts will be taken up in the following order, Fart 1
gives o ototement of the mothod end ita boelo properties, Part 2 Inter-
prote the Mmethod in terms of IO tonoepis, Prrts 3-5 offer wider inter-
protations in terms of generel esonomie theory, Pinglly, in tha last
port ‘Eedmll discusr the methed from the purely ecomputationsl viewPelnt
md momarlse certein refinemsnta of the method from this mgle.
%21 Ihe method end sowe propertise

The methnd, os a gomputationel proosdure, in'sn Lterntive one
g,ah musists of constructing n #equensce {xt} by the repursive

ol

It' - ﬁ-"-’t.l * ¥ 'y {2 ﬂ,ﬂ'}

%rﬂ'ﬂrmue here is ta so-oolled "oompetltive lmpertef, i.u,, impert

mods which are also produged dameug ally, Inmnt:nst,'t" | &

,, thet are not prcduoad domewtim ¥ are unﬁ Aol - DOMD S
“}L '::a pracisoly the lattar that we enoounterell o8 prim
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The scheme oan be ini*iated with ony srblirorynon-negativa
initint condition, In particulsr, 1f one mtarts with an Tunderestimate’
of the output vector — 1.e., with a x° eatisfying 2° (&x° + y — the
sequence _{xt} will be ron-decreasing while 4f =x°2 ax° + y (over-
estimate}, the sequance will be non-inoreasing, Clsarly, n epecial
onse of the first siturtion ism g

P ouy
md in this oose xF is givan by 1

[ BN {20241};

xt . (1o .00 + 89y ver (3.2,2)
It in vall=known thot the matrix series (I+h+ .,, * .ﬁ.t'} converzas to
"E*l}‘l, provided the system is productive, I shall refer {2,2.0)} ond
%i;!.il) az the basic I0 method,
(learly, the methed [2,2.0) reculree n ghopplng rule or termi-
'n_criterion, One etraightforword rule Lg that the soheme is
pped wvhen twy puccessive agtimsates beecome !oleomel cnough, Operns
y, this weuld require the speclflaation of a well-defined norm
’ ”‘” , tnd n peeitive numbor, g , reprasenting the degreo of

sought or the telordnes margln and the scheme 1a then tarmi-
ut atage T I
et - x| < e e (2.2.3)
1 shall new stots o well-krowh result whieh would defend on
to various onulytiosl properties of the structure (2,1,3)

bosde I0 method, The result 1o stoted beolow ne o theorem,
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Thoorem 2,2 1 The sequence {xt] dofiner in {2,2.0)-{%2.2.1}
gonvergas 1f snd only if the solution of (2,1,2) exists, ond the limiti-g
vector gives the eolution,

| This theorem thus establishes o complete agilvolence batvween
the worknbility of the iterative scheme (2.2.0)={2,2.1) md tHe exls-

tonoe of the polution of {2,1.2).

2.2,2 A geneval interpreintion

Hera I =hnll glve an interpretotion of the baals IO methad in
terme of 10 concepts, viz,, dirset and indirect requirvements, Clearly,
fing) uss of ahy good is part of its total productlen, se thot the
yaoter Ay onn be locked upon gs the input reguirements directly for
the fingl use trented as output, This Justifies the deslonation of “1_}
e the dirasct input goefficient with reospect to Tinol uss, Now, Ay
smlarly is glso part of autput nnd its input requirementa, visz.,

A Ay (-ﬂzy} et be seen ga first round of indirect input requirsmsnts

“i¢ the fingl use vector y, Continuing thie wny, the t-th round of
Wirect requirements to meet the fingl uee vactor y 1o given by j,t+1§r..
w Yotol Indirect input wentort for y is then tha sum ['Aahl!'* ..,? b
rom {8,2,%) 1% therefora follows thot the baslo IG method can be
FWata&‘ﬂa a nethod of finding tha molution of the modsl by oumila-
bom of direct and muccessive younds of indirset input requirements
3 N

The atove Aamizalan providcs the fustifiestion of the term

iﬁaﬂ; input cooffdetant? for ﬂ;j (1 4J), for 1t ig the sm of the
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'drect input coefficlert, a, . and the 'iIndirect input acefficlen®:.
“d
the l1atter belhg obinined ne the infinite oum of the {i,3)th elaments
o
of the motrlx serles Stm“, P

2.2,5 Morket cdjuriment proresg

The right hnnd ond the lefi hand eldes of {2.1.2) con bha vliewsd
as the demand mnd eupply sldes rempecitlvely of the produetlsn flows;
the right hand s#ids beling the sum of fincl domonda and derived infer~
mefiiote input demimds ond the left hsnd alde holng the totnl supply
{production) of different eommoditles. The equallity in {2,1,2) thuma
refloctathe stnte of equilibrmium, viz,, dsmond = supply.

The method (2,2.0) / with any arbitrary initial condition/ in
this context con be thought of na o procees of adjustment of demend
ol supply towards reoching the equilibrium. In a genernl formulation,
the ndditionnl eupply ot stogs & zihe process ia detormined by the

exoess demond generated ot the previcus stage., Formally,

A X wF(ab - x® ore (22,4}
share ﬂt ond It are the demend and pupply ventors ot atoge t of the
gess snd ¥ {a the so-enlled 'responss function! yhich detsrminas
meghitudes by which the supplies sre to be expanded In responae
gxcest dgammd, F 1z pesumed to have oll portlal derivotives
tive mnd WD) = 0,
4 specdol coee of this generol formulation, viz., when

® x, 1n precisely the method (2.2.0). To tring this out elearly,
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I1# te ba viawsd 1o greater detnils inm the loat shenter, Here I ahall

only initicte the dimcus=alon in the atmplest form,

The productive eystem ie nov nasumed to be planned by a central

ngehcy, denoted by 0, The aotunl production however 1s carrled cub
-sectornlly in terms of n seciore, denoted by {3t, and the task
of C is eacentinlly one of coordingnting the sépnrnte production plans
of the mectore, Thip soordinotion 1s toe achleve gonsietency, or
bolgnes, both sxternal {uith respect to the *final demands' which aras
known to &} ond lnternol (with respect to the 'strustura of preduction!
~whioh, howevar, 1a knoun only in 1tz seporats parta to the respective
seotory), Tha preceas under review Ls an itsrative proosdure used by ¢
to nohieve thls bplntice, Bach atngse A the procedure im chornoteriasd
by 2 'provisionnl bnleones! {or plan) in ths hands of i, The procedure
18 described below,

Let xt ba tile provisionnl plan ot stonge t. € now informe ench

5, of 0 oorresponding produgtion target, x;', with the instruction to

report book 1ta input reguirsments, Thie is the 'derived demand!
k
vactor, d (t} 1

k k
d [t} - X: o [ ) {2-2-5}

Obviously, Sk oon compute it pelely on the bnals of ite technicnl

JBtiowledge and the tarpet jJust received from €, © now oonatructa
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a pravislonal plan for atep (L + 1) agpregating the derived demnnd
veetars reuéivad I’mm {sk} ond odding ¥ to the ngeregoted darived
&mﬁnda. That 1a,

n
:!:.t'-":l w 5 df (t) + ¥

Wy s (2,2,8)

This shows how the previsienal ploke nre reviesed at anch atep
on the bosls of acetornl reports, The proocedure atarts with an in{tdnl
provipionnl plan
2 -y ons (2,3.7)

It 1= clenr thet (2,8,5)~{2.2.7) together ore equivalent to
{2.2.0) snd (2,2.1), Henoe the sequenca of provimional plons indeed

sonvergee to the oorreet plon, provided thot the IO syeiam ia productive,

‘44,6 §, commtational progeduro 1 some refinements
The eonvergenoo of tha asguenos {xt}- na defined in {2.2.0)
nd {2.2.1) san be vory slow, and in thls case ons moy rest content
ith an unrenscnntly low eetimate of the cutput vestor or continue the
oaputotion for o long time, I eholl now dimsouss mome poseible modifi-
mtions of the mathod to mpesd up donvergsaos,
The first madifiention is to reploee ths stopping rule {2,2,3)
i some other rule, It is poswible to estimote tha 1imit of the sequencs
‘om the informntions obtplned in the first fou stops of the iterptive
isdure, Thls ie done by forming the differenses betwesn the mucce-
bye estinotes of the output veotors snd then the ratios of the

i@m“i obtained., The iterntive proosdura con be gtopped vhen the
5
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aversige — proferobly seemeiric overoge ~— af theze rotioce bogomd more

of lesr mtoble, Donnting the lost stagn of the Ltoratien &nd the osverupe o
i

thx loet sct of ratior by T and A roep etively, . o (xT-—J:T“lj then
glve: the eatimote of tha limlt of the smequenco, The mathemotdecol
Justifiontion of thls procedure requires A to be intrinsdomlly positive
({.#, for some m 2 1, .am:»JUJI.

4 sepond modifiention 1a alrendy mtated in subssation 1,
Tis is to stort with some veoter ¥  other than ¥ as on initinl
astimnte . In thie coge, the estimate of the output voctor ot
stoge + 418 given by

. tw
It'{l"'l“-u“"i l}y*ﬂt‘;

fetrly, the first term on the right hend eide would econvorge
to the molution of {2.1,2) ond the meeond %erm would dwindle to zerc
vhen the syeten la produetlve, and this will hold good for any arbltrary
veotor X, Tha convergenes Wwill indeed be foster than that in the
originnl mcheme 1f ¥ S.'; ’5_ AT+ ¥. Howsver, tha extrapolation
proosdure described in the lost poregroph beed not give aantisfactory
resilts in thi=z caws,
Flnally, thera is acother modifleoation of the mothod, known as
. Grmes=8cidel method, Glven the inltisl oconditicns, the first estimnte
. Jor the first scotor 1s obtoined from the flret row of the matrix A,
thlch is then used for ths flrst astimate for the second seetor, and

%0 on, In genernl, the t-th estinmnte for the l«th pestor 18 obtained
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using (2} the i~th row of §,{b) the t-th eatimote for the 1st, Id,,....
{1+1}th mecter, snd (¢} the {(t--1)th eatimate for the remaining soetors,
This efficlent utilimntion of Informotion makes it poseible for the
modified method to converge foster, Further,the use of extropelation

for terminntion, as stnted before, is justifizd hers alms,. Algobraically,

the iterntive mcheme hare esn bo written na follows ¢

X ey ves (2.2.8)
n
& g =1

t 1—1 t.+ ; tr""l LR {3.3‘9}
o1 1T gy

i-= 2" 1--,“

43 Gommumption from n IQ stendpoint
In this peotion I shall 4rsat aonaumption s on intemal or
endogencus port of the I0 system with the help of conmumption-ineome-
produeticn relatlons of a rather wide gqn;rnlity.
Tha bosiq iden behind fnternnlising consumptlon 1a simply that,
‘Hret, produotlon in the different eectora generntes inesme to houme-
%bldﬁ which nre the basic units of eonsumption, nnd seosnd, o mojor
%kﬁEHMMﬂnt of hoveshnld consumption 1z the lovel of hnuaschald income
%%n a par oopltn sense), In partlcular, in o multisestor frome the
tter relotion con reflect both the bnsle Keynesian hypothesis of
swreaging consumption-incoma rotices wilth Ingrenaing Ineowme by appro-
Mate olossifinntion of inoome classes of houssholda, os well as the
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yorficus emplrieal fndinpa in regord to the verint.on of commndity
onpoBltion of conpumption with inaome In terms of thers glze-cloe=er,

Formally, let m Lingomawclosaes of households be di-tlonguished,
5y ci"ﬂz’ veves Do G f hera represente the proup of housaholde with
per copltp income in 4 certoin range, These ranges reprarzent the dlffe-
rent siza-clazees of income considered. It ir taken thot the ranges ure
_arronged 1n on inarpoeing order, 1,e,, the per copite income in GJ in
preater than that of Gj- e

For whaot follows it will be conveniant to cswume thet all
inesma ia unge income derlved from the ssotore of productlon wnd that
81l flowe nre mensured in o cowmen monetary unit, se that the I0
sonfficlents ore nlwo expressed in so-called volus unita, It follown
that the olnsaification of householda 1s made on the basis of wnge
rotas,

With this Dbacleround let W be the totnl income in Ck . e
pow dacomposs the fingl uss vector v na

A YRS ere (2.3,1)

sbars u 1= the vectsr of consumption {(by comrodltisa) for tha houre~
holds under consideration, How

Up ™ Ugy ¥ T

“klukl*'ﬁ‘*wkn’ k'iggrriipm

vhere vy, ond Wy Ore the amcunt {in value unite) of Gi conmimad

b G and the income of O that comes from 8, respactively,

1 =1, 2 ,.., B8
i P {2.5-2]
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We how meke the fellowing two assumptlons

{a) W * Ik %
(b) Wy ~ ‘ij_ .

a . .
Hers L and g, 0Te fixad nnd non-negotive numbers %ix iz the

‘Iudget shore of G, per unit inoome in ¢, avd n.?d 1s the ingome-shore
of 0, per unit vriue of produotion in 8,. Hence the motrlcas

{
e (00 )y 004 0w (Sgy)y,y oo be galled the lngoms digtpibuticn
(or wags_structure) ond budget share matrix respectively.

In viay of assumptisna (0) ond {b} one eem rewrits {3,3,2) ce i
L .ﬂnx “re E 2, 515}
wra {2i 514}

diers w = {uk} 1s the ineome-vestor {by olcosses of peopls),

u=- Ou

A fou implislt relatlona in the model may now he notwed, First,
the total employment in G, ia nothing but w /o, whers &, ia tha
{averoge} woge-rate defining the k-th ingeme elass, This way employment
in implicitly determined by income, Sessnd, the axpression

"ﬂ'i (1= jzaij - ]f nﬁij detictes the mo-onlled prefit-margin (per
wdt value of output) in 8,, Finally, the averspge (= margine}}) propen-
gty to sonsyma of ¢, 1ie glven by Ek " faik and the Xeynasion
Mnpethenls referrad simply tolle down to the stipulation thot

LR Ek'_i Vet 2 «,, 0 Sullarly 1f G i2 thought to be A

'negagaity' in the Engel's surva sense, them sne would have

'ﬁ{ ui‘kﬁi Vel ..., 0«1, iles, (2,3,4) oon be written as
uw ﬁ v ek
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Zaoh W, rﬁ tharefore reflecta how income In Gk ir heing trane-
- lated to coneumption of different commnd!t’r», That ls, the eommodiity
sompoedtion of conmumriisn far ﬁk fz determined hy the incoma of that
" alasa, thus reflectking the well-known Tneclise low of consumptlon
bshavicur,
From (2.3.55, (2.2.2) mnd (2-3.4) one con write the ID system
(£.1.2) equivnlontly ce
xeax+ QfSx + v
or, x=(A+ 0% x ¢+ v veen (2.5.5)
Mearly (2.3.5} hos the seme formnl structure as (2,1,2) with
{l.u . kgl S u.zjj na 1ts (1, 1}th coelfficlent, Tha formal structure
(2,1,2) 12 thus omenoble to n wider interpretation depending upon the
watmt of the finnl wea veotor mnd thus upon the goope of anelysia,
As for the Mrection of detsrmination, 1t 15 olear thot with x deters
ained from (2.3.5), v 1s determined by (2.3,3) and thence v from (2.3,4).
We shall oonclude thip cectlion with on-outline of the unified
mltiplier process referrsd in sestlon 2,2,4. This 1s nothing tut an
t«tarpretation of the power sories expanslon of the matrix (4 + ca°},
nelder a "rise" in invegtment, 1,e., the vestor v. In the first round,
odpetion (x) increnses by on equsl omount, whengs indome {w) inorensea
r doterminpte amounts ns glven by assumption (b} which in turn letds
| daterminate extro concumption na wlven by aesumption (o), This

try consumption then pets added to the sxtrs inpvt requirements aa
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entollea by the [0 relatienslips to guinsinte the exlin production in the
groond Teand, &nd mo on, In the end.. the composite motrix multipller is
-winply given by (I*A-‘ﬁ.ﬁ“}' 1, Fornrily, one mgy be agid to obtapln the
pops 110 multindiez? hy fgnoring the inccms-cenmumptlon releticns

C{put ¢-0) avd the pure Teanswpblon multiplier? by lgnoring I0 relntien
{pat 4},

It 18 to be roted that the convergence of the unified precess
hingas on the go~nf1led "profuotivityt of the totnl metrix {A.+ﬂl°} whieh,
in the present context, le betier referred as Myiebllity", for tha
- myatan under ralorencoc is o lotnger just o production syltemg{ Among
the sonditicns etoted in theorem 2,1, (C.2,4) hos & direct sconomla
dntorpretotlan here, Thls requirtes ench H-i to be pomitive and each
3.‘ Eﬂ be less than unlty, i,s., eoch sertor mokes poesitive profit and
the ‘lmrglhal (mnverage) propensity to conmume for anch olosa of people
1s less than unlty, Thia of coures {s n suffinimt condition, The
genarnl neg-ssesy and gufflelznt ~onditions remoain as In Theorem 2,1,
%4 Investment from rm JO_stomdpcind

In thlg scotion we sholl lock into the dstalla of produgt-
tses for dbves’mont «Ith mn eye te mrlking it a detorminato part of the,
Yasla produstion bolsnce oguntions, The basie relntion here 1e that
botuaen Investment ond the growth of production, nad this cennot b

fepdeted without nn ndequate rocognitlon of the tlwo styueturs of

- - — Ll
g&' In tha lteratura the tem. - dA=bil. by 1o often used for oty
Joost and global preductivity, Hore the two conaepts are ppern-~
tlonally eguivalent, tut in genornl this need not ba so.
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puplpoblep, Much of thie =ection w!il be copserned WIth the spooifice—
tion of thlas time structare in the 10 froms, The Interngiipstion of
ipvestment aan thon be rooomplished, on thie techniwnl besls, by
treating prowth ralep ne pargmeters, Jike wage rates in the previous
cseotlon. The veohor of sagt-ral growth rato= required for thim purpows
will be onlled o fgrowth programmen,

The total time-ciructire of prodiction is an enormously compll-
onted subjeot whish I onn touoh upon hers only ia 1te brosd cutlines,
To begin with, ons has to Alstingmuish betwamm a produstion process i
the semeshot norrow ernae (na hitherto) of tremsforming a set of pro-
#oats ap Inputs (asterntdinlly reaw moteriala) into anather ne eutput
vithin o got up of moteriol eondiions or onpueliy gnd the broadsr
iﬁlu of traneforming the latisr ne woll. Bash of theae tus transfor-
Hﬁm (10 or z_r'gqu_g_tgdg&mgz,‘md onpneity ereation) will hava their

q_ﬁle etruetures, reovirlug inveetment for growth of production, We
hall refer to {nvostment en the first noccount am wepking pepitel
gumdotion and on the latter ncoount ae fixed copltad sccumelntdon.
® nov toke these up one bY ong ond then bring the twe together, undsr
Iqiiﬂ.eﬁ sonditiona,
To bogin with, the time structure of I0 tronaformotigne of tho

ret type oon, 1t soema, B8 adoquntaly depiotod by maons af tho so-
M4 perlods of tnrn gwar ‘~f raw materials ete,), 1.4., the length

'tdme for which one lnput sinys in o production promssa, Now chassing
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o tme-dt of anclysle grester “hen or ogual to o1 turn over perisde
in 1mgth, 1t 15 sezn thot Interscctornl preduct flows (in 2 given
timgrundt} will hove to both support the production in the dostination
ssator over the same time unit na gaverned by tho I0 coaffiolents

g wall o8 provids for o fractinn of tho use of the originsting evoter
oduot in the dostinotien sector in 4he noxt iime unit, ne glvom by
the turn over period. At the mgme tlme, o poart of the roquirsd flow
11 aleo gone from the produntion of the eriginating sactor in the
revisum time untt, Honoe 1f tho flowe ore balancad intertemporslliy,

b ope would havo

:ij{t‘} L] ui.j Ij(tl] + Bij ﬂij ﬂxjttl) Nea (aldil}

L in ths produstion of

md & Ii{t] i= the change in the levil of production of 6

7
Fnl” fi 1_]"j ie the turm over perdod of G

Batweren

]

poriods (t+1) mnd t, Technicslly, the second torm in the right hand
of (2.4.}) — donoted by ‘FIJ bslow — 1m par: of idvostment ueo
in the j-~th sscotor ond JEI v::(t} — denoted by 'r:(!a} -— 42

~yoptacnt unn of Gi in working ospltal, or working oopitnl

Lation of G,. Ona can now write,

vit) = H B (2(t) veas §2,4,2)

the (£,1)th clemont of the matrix H—h, , — 14 glvon by

| 13
13 Foy et r w (ri} b & glvon growth progrema, vhare r, 1s

. v i~

— - _ .
B, ,'e wore not lore than unity the sgquation {3,4,1) weuld

¥ % be roplesccd by A ficrence equations of highor order,
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the rrnte af growth of production in sl., Than {4,4,2) bolle down to i

W) - 27 Xt s (2,4.3)

Coming %o invortment on the mceond aceount, via,, fixed depd bl
-nuuwnulntiung": I =shall begin with 1fts rimplest formulation that 1w 'Vcﬂ-y
' pften met in the litsroture, In thie formilation 4t is aseumed that at -
any time t, wilt axponsion of copneity in e acctor requires fixed
mymnbe of a1l commodities ond thot the whole of thoae amounts ore mode
avodlable from tha respective productlons in the aam: time unlt, Formolly,
it im gmsumed thot the fovestment use of g, an tho presant scoount for

tha expohelion in ssotar ] is glvse by g

r:d{t} by A (8) cen (28,4

vhora b“ ir o fixaod nen-negotive parsmoter, and B x;(t} is the
- exponelon of eppnclty in SJ at time t,
The totol Lnvestment ues of G, is, thereforc, glven by

1
n n
ACEIR R LR YD O

i = 1, Aeey B
Cleerly, wham the copacdty in a scebor, aay SJ, growa ot o glven rato

-— r;' sey — {2,4.5) bolls down to ¢

£, o -
vii'b} - ,151 t’ij rj Ij

ﬂ .
oy, vfit-) ‘- B rﬂ xﬂ EEa tiﬂhﬁ)

. ~ g g

- —— R

8/ In cose there ia no chance of confusion, we shall eften raofsr to
ffixed gopitnl cooumilatiocn? az Pinvestmont® without qualificotien.



-45-

The introduetion of an sxplicit timc etrueturc here elonrly
awunite t6 relaxing the szcond asaumpblon made above, 1,0., roally te
drocking up hij inte time epoelfic usog of Gy for anpaclty creoation

in 3y More epecifically, one woy dofine on fnvoetment projoet (or

progrgmpel dn a ecctor as on mction which gnee indtiotod is eompleted,

vith o definite log ~ 11 for E'.i

- pomplaetion, Durdng this time mpcoedflc cmounts of different eommeditics

s 8oy = betyoen the inltlotion ond

are used up on this aseount, ond ot the end o definitc exbra oopneity
1a instnlled, Stoted explicltly, on invostment progromme at uvndt lewel

In !J initlotod ot time t reeulte in ohe unit of ndditiennl capnoliy

in !j ot tims (t + 15 4+ 1) snd uacs "L amount of 0y at timg b+

y 94T € lj‘ Tho length of lj vhloh fa usuclly taoken to bo

grootor than the unit of time undor reference, is the sp-collod

gonstruction perlad of the investment projcet in 51.9.{ The ecpacity
ontpt in 8 ot time t { > ’I.J) is thoratora given hy 1

te Aol \
x:(t} - x;{ lj} > tiw ﬂj{t} raa {2'411?}

]

vhera sj(t'} is the seale of invertment prepronme initdatod in sj at

timo t', The totol inveetmont umc of G, on fixnd oapital at time t 1a

!
thon 3
. 1
dHe T 5 W (+-T ) oo (2,4,8)
1 1 zw MY

Y Te jt' cre taken to be integers,
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. Onoa ngoin, . whenthe roics of growth of wrpnedltdge fre oonstents

sne gote from {2.4.7)
B, ¢ e
i, {4~ A,) : t) = & vV t2 oA

- oT, zjftan Yo '; X, (£ =T 3-3} ¥0 ¢t
a c ?"J' ~T
8T, Ej{t‘"z ) - TJ (1+ rjj I?{tj Fvn {3.4.9]

Irom {2,4.8) md (2,4.9) onhe then gota
0 ?“j hj i 4
‘ﬂ' 1) w 2 E bt ¢ 1 @ %+
.i[ ) o :r.1 { +rJ) xJ( )
n
- & %y x©
2 2,3 () %)
:\‘1 L - 'c'
M w 2 ° 9 e «d, 10
e Ii,‘](rj} T 0 bij rJ (1"'1'.1) (Zeda }
y T - 62 A% cor {2,4,11)
we &% is 2 matrix whose (1,3)th clement 4a gijtr;} and r° ia
o veotor with rf ae 113 1-th vompotent,

It ie to bo notud thol whon - "’j =0 ¥ 31, oha gote fron (2,4,10):
g 4(r]) = h}_';} st
s baok to the mimpl-et formlation we gtort.d put with,
¥ Ho now desompos'  tha finol demond vestor at time t, y{(t),

Blove 1 |
; Ht) = oft) + vHE) + ¥(8) vees (3,4,18)

Ba(t) 1a the vector of finnl demmnds net of fnvaeiment (consusption
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redng (2.4.7', (2 4,51 ond (2.4.12) we can now write the

wlange equaticns 12,7 4% ob bdme Y sy s

xt) = pxint o+ nT oy » ofy )y zTY) + ult) eee (2.4.18)
Now, if ~ac carvmes Full coposdsy oporotion, 1,e., 25(t) w aft) ~-

wilsh in torn Zmpllon the, :z:f “ T,

-—- then (2.4,1%) roducss te
x(t) = &x(€] 4 BT x(4) 4 G(r)x(t) + u(t)
or, x(t) » (4 + B(r)} x{t} + v{t) von (2,4.14)
wiere B(z) = B + 6{r) oo (2.4, 15)
flenrlys whan the rotas of growth are treotud os paromstsrs,
e formol struetire of (2.4,14) i3 2mmc as thot of the stondard IO
i, This oomplotes the dlmousslon of the technicnl baalw of tha
movth-investment relotions, I ‘shall just noto thet, eenccptually, the
brentasnt of fixed oopltol investment glven hers remains highly simpli~
find, in the menme that our spuoificatlons do justiec obly to new
wortmort projecta which enn b, defined independantly of the sdasting
paolties, The repalr-mnlntenonce-replrcenont-exponelon on existing
pidtien Ls really o complex speotrum ubich haos not yet found eny
Mafostory trentment, Proporly speaking, our trentment ie Justified
0 sopoedty exponalon le eccured only by fnew! investment projects,
“ing this apsumptlon, 1t 12 pomeible to dsol with the remnlning
sparies ¥y oesuming thet nll ropnir-mnintencnce-replascmonts due sn

sing copaelties are In foet wndartnken, Tho conmedity requiremcnts
E@&u& aecountas omn then he inpeludad in the 844 coefficlents, #lven
)i sation,
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T vholl new consluds by referring to the "viabllity? (produc-
'tlamt-y%hgingition for the avetem (2.4.14), It 18 el or from (G,2.1)
ERLE '*J-eeeaﬂnry wad pufflelant eendltion for Wiobllity In g

§ia+B(n)) <1

glnco the eloements of B(r} are inecrensing functions of g and
the valuo of tho dominant rcot of o nen-ncgotive motrix e alas on
{ntracaing funotlon of Lts elemonts, Lt follows that ths condition iw
volated for hdgh wolues of 1 We may coll this the eose of an

Infeqsible growth prosromme, Correapondingly the growth pregremme, r,

is fonglbls ~ ns of the consistency conditions positud =— 1f the
thove condition iz satiafied, In the very apocicl onme whers G(r)wﬂ’?’
,@ r hos oll componenta equal, #ny of volue "P 4 an oxpllolt upper
bound on the fanaible rotom ol growth ocon be spusified, iz,
—
$OT-5 " (nenf]
e matrix (I-4) +1 {H*B) ean be interprotod oa the "total" (marginal)

sopltal asefflcicnis metsix, Its dominont root playe theo some kind of
vle as the "ooplte) -cutput ratie® of the aggregotive growth modela

if the Horrod«Domor varisty,

hE Porelen trod: from mn 10 standpeint_
The purposs of thls a-aotlon 1a Yo bring lmport snd sxport inteo
e plature ond coneldoer some usuel triantmonts of thesg varlnblos in

im frame,
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4o for export, the etanleord pruoedure ig w froat Lt oxegougusly
pg 8 part of the glven b1l of fIlncl demands, snd I shall not gy beyond
thies in the follnwlng Mssuasslon, Import, on the other hand, s nsunlly
tronted on the boalas of o dichotomy, vie,, nop-pompestltive snd competli.-
tive (eee footnate 5, p.29). The treotment of the former type cf
ﬁlpnrtu 1s rather stroightforward, vis,; the commodities are trdoted
g8 primery gooda. It im enly the lotter type of imparts that I ehall
be daaling with in the follewing analysiw,

From the very definition of competitive imports 1t is clear
that thase con do yaon as alternative scurcce of supply dbd hemoe thelr
Introduotion weuld hove a direct benring on the ID balonoes dupicted
by {2.1.8). More explieltlyy the I0 balnnoes now ocom bs written as

X+ zwix+y see (2.8.1]
where T 18:the veotor of importe mnd y 1w teken to ifeluds the emoge-
nously specifl~d veetor of oxportas.

Olearly, the system (2.5.1i} — with x nnd 2 ns the ondsgWious
varlobles end ¥ the exogenous ones —— %na n  #ditlonol degre=s of

sodom, Ono aimplo woy of closing the degres of freodom is %o fix the
sition of alternotive eourase of supply, ¥ie,, %0 set 7, - mx, V1,
gyen Hi'n. The system (2,5,1) then rufucen 4 3
xw {$4)x + ¥ vae (2,5,2)
¥ s o dlngonol matrix with =, in its (1,3}th po +ion,.
One is thma boek to tha same formn? <tructurs of thc stondord

mt for thrt some of Wl Mneconol lenente of the matrix [A-M)
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hers co~ be negntive, Clemarly, this only strengthons tha oongapt of
productivity in the scnse that if x 12 5 oconaletont produstion progromme
of (%,1.2) then 1% rcmolns consistent for (2.5,3).

A more interesting trantment of importestoris with limitations
of domestie production na tha hoels for imports, In porticulnr, the
Hultstlon ia broucht cut most clesrly and shorply by specifying diraset

twunda {eopnclty conatroints). As mentloned eariier, import can
then be #een as scoondary source of supply, l.e., 1% is brought in
y when the dowestle production renches the spuelificd upper bound, =

¥y the model con he stated os ¢

x + Z'h"’r asa {20501)
x £ x ess [2.5.3)
(x - ;1)"1 «0 ¥1 ers (2.5.4}

. Qbviously, tha formal strueturc of the stmndard 10 model is
groilised here, The formsl relntlon between the stondard model and
# generolisotion is best sesn by portitioning the =et of sectors
. tue fundmmentnl scts entalled by relotions {2,5.4), In onc set —
pay be enllad the set of bottlensgk ssetora — production is nb
ty. In the complementary sot — thia nay be called the sot of
peotors — production 1a lesw thah enpoelty, It then follows fyou
ﬁﬁﬂ:ra is no impert of tho goeds in tho free ssctors, wharoons
Mettleneck scotors imports become residunlly determined by
dematd which includes tha input raquirements for the products of
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the free meotars in the btottlescok seetars, 1t is evidant thet glven

the portitlon, the model son be reformilated ns

'?. J o &, A zg‘ . f{_ voul2.5,5)
*zﬁ ;ﬁ( ‘l'[.'.l' ‘k]( xE FH

vhere X denctes the set of bottleneok sectors and J its complewent, i,e,,
the eat of fras ssotors, The partitisning of the vectors nnd the matrix
should be alenr from the eentext,
" [3,5,5) om be wrltten oo s
x e & o1 oc (0, ;i‘! e (158}
A, X0 (T-a, )% oo (2,8.7)
{lecrly (2.5.¢) forma a reduced order IO medsel or o subsysten
of the eriginal system with x, 68 produetion progromme and
{;"J- * j‘J'K :'EH) ne finnl démend, The subsystem s dirmetly solved to
Field 4
x, = {1 - L‘TJ]i Tt Apy &K } s {2.5.8),
#d 3 i then deternined reslduslly from (2.5.7).
Pormally, 2y has the some shatue ne prinary inpute Iin tha
Ftindard I0 system with primory inputs, It eimply beoomes the required
rt veoter for the giveo Blll of finn) demond, Of coures,which goods
to be imported and whioh nat 1im nn internol nmotter; the partition
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1s not given tut hns to be derlved, Below we describe two methoeds of
" thls derivotion each of whioch glsc molves the model simultanecustiy,

The fira® claorithe consletn of constructing the ssquences of
yeotore {It, ?’t} as Follows 1

. ;.  t
tLven x.t, z im computed from i

Et - ¥ - (I—ﬂ]:t e (aisig)
oid o set Kt‘ by 1

. {1.:_/%:_ u} vee {2,5,10)

:'b#], is nov computed from 1

1 -

x -x eaw (2,5,11
L -1, .
At T A At Xe) e (246,12

The algarithm 48 initinted by rutting
‘.'.'D - ;: Tea {2-5-153
ond 1 terminated at etap T when 3

T=1 T
K = F

In eponomic terma, xt nng .Tf' ors preclsely the sets of
tottleneck ond free rsactors reepectively ot atep (441}, At ony atep,
sy t+1, of the aigorithm, given the setimote of the sutput vectora
ef the previous step, it 1w first found out which of tha commodities
hove negotive imports, the oorresponding sectors nre then tnken to
ba free, ond thsir cutpute ore determined by selving on IO zysten
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mheisiing off“the free -gectare, frenting the inmit requirements of
thelr products in the hottlensck sectore om part of thelr final Jumond.,
i,4,, from {2,5.8). vhere K « Kt.

The asecond nleorithm 1e & atroiechiforward adsptotion of the
10 method {2.2.3-(2.2,1). In wordy, this= method emintes tha eutput of
scch sommodity ot the Initlal stiep to ite capaolty or its finol demond
wichever 3ias smaller, Then ot step t of the scheme autput of enah
smedity 18 exponded to meat the derived dennnd given by the output
yeator ot step (t-1) until coppeity 1imit 1r reoched, the remsining
derived demend 1s met by importa, Formelly, 1t oonsists of eonstructing
tvo peduancaa {xt} ond izt} by tha recurpier formuloe

2"« min { 7+ et "‘} een (2.5,24)
A wee (2.5,15)
{ } . (2.5,1¢}

%5 Areview of the litergtu-e

Thiz section 1s tn review briafly the literasture behing the
seount of "theoretlion]l IO nnnlysie" given In this ohopter, The purposs
f# basleolly to oltie spproprlota references for polnts mode so far in n
mmsyhot syntematle fnehion, I shall begln mnd end the reviey with two
‘broad 1ssues, concerning reepectively the scope of ID anclysis ond the
raiction between TI0 mnnlysis ond LAc In between, 1 stnll attempt to
trooe the sources of ldens in sections 2-5 to spacifie sontributiens in

the llterature, Section 1 ie lsft sut, for 1t s boesd on the 1lterature
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wlted in chopter 1 in p ganerel fashion, i,e,, the pointe mnde in
peotion 1 con be found in mort of the refersnama mentioned enrlier in
gome form or other,

The scope of 10 snnlyrla esn be brondly decompesed inta twe
ports, or aspects. The first reforp to the Yacope of oconslatency® in its
get of interrelo“iona. We had repeatedly reforred to the Mopannsest pf
thip grem in chepter 1, snnd in ecch of sactions %5 we have explored the
spenneas in aifforent direationa‘m{ Hpow, the Interrulntiens nrs between
the fsectors! of on I0 model, and the sxnot covarange of thesse sectars
(in the psrspective of the whole economy) 18 nles an open quastlaen,
This moy be sadd to represant the ssgond nppect of the smcope mentloned
ahave,

The firmt point to be noted in o reviaw of the Literature is
that Leontiaef orlglnnily started out with a fclosedt versign of the
It model, with on all-~smbracing acope vis-a-vis the soonomy on both
cotnta rantioned obove. In our languope, this aimply fntornsiissd il
final ;lam:m-da‘u'./ln going over to the Mopen®™ version later (the storting

polnt of our snceount}, he introdnsed the notlen of Afinal demonde?

1/ An lmportont differwnee between the aextensions moy ba noted here, In
ench &f pections 3 and 4, o part of the origlnal bill of final demnnd
13 Intarnniised into the model by a relnterpretaticn of the I0 ooeffi-
‘elents, This lsaves the formal structure of the model intnet, and
extends the zoops of conelmteney In o striot senme whish 15 lecking
in saytlon 6, for the fornmnl atricture lte-lf is chenged in thot
gection, Howerer, the conceptm, properties and metheds of 10 anely-
gls ave ndopted ip the chong*d structure in & etralghtforunrd wny.

The thaoreti-ol bosls of Laontief's original formulation wae, however,
*atotloh in the senme of exeluding investment, It wom bosieclly -
household demsnd. or conwunption, thot wos trested ae on internal
part of the met of intarrelotione,



=58

baalenlly s & formal, not g substantive, catepory

"Tha final demond for o commodlty represents that part of
it totel output whdoh le tracted —— within tha fromewerk

of o given anolytical scheme -— as an independent varladie,

while the derived or intermedints demend compriaes the other

fe

Lagntief (195%; p, 147)_/

"the distinotion betwesn "final” and ?derived® demond {i.e., the firet
aspott of the scops questien) wom sesn ns o relative one depanding: upen
the sxnct purposs of nunlyala, Lesafief hinmeelf raferred to the
fpractionl reaculiresents of peligy-meking deolsions® [ vide Leontisf
(19513 p. (1x))_7 os the brosd purpese fuatifylng the Mepen® versienm,
Thls i» shot we hpd rufarrad::nu the "plaaning-samimptlon?® in chapimr 1,
The question of vplidity of the relation behind o "derived" demond ia
of sourem o Aifferent one, is Leontlief woe to polnt out loter i

The upefulness of tha stotlie input-output approach in the
-matudy of an sconomy 18 oconditlonad by the relative invarisnes
of its structural charcoterls=ties, The introdustisn of topen
gystam! -— with the bill of {insl demnnd conaldsred aag being
depandent on some 'outelde foroms! — marv:s the purpose of
seporoting the more mtable from the less stoble owpuotm of
interindumtrisl relotiouships; tha input coefficlents inaluded
in the structural motrix describing the former, the unnocounted
for determinanta of the given bill of grode rapreesntsd by the
Aattern, [ vide Leontlef (19533 pp, 19-20)_7

“Wa now Tturn to the spestifie vontrilutisns behingd ssctione 2-E,
10 method desoribed In saction £ sppenrs ta huve bean dewelopwd

tws independent Iines, tepressnting seonomde cnalysts oud gomputs-
- _pragedures respectively, The firat line largely drew on the
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lerden] aimileritios between th. Xeynoslon pystem of ineems determinntion
and the IO aystem, and utilised the iterative scheme to dapiet the
mechonics of the inherent maltiplisr process, Goodwin (1349) nnd

chipmon {1950) oon be clted nm the early contributisns in the fleld,

Later economic annlys=im nf the IQ syetem hna nlao significantily relied on
the 1terntive scheme for depinting such concepta ns direct and indirset
inputs, totol input coeffislants ete, Referones moy be mnde te Dorfmon,
Sanelmot and Solow {1953}, Gole (1960) ete, 'The portieular sosnomle
interpretotion of tho method oa an sdjustment proveer ond as a miti-
plisr process are elther expliolt or implicit in theas discussleons, eoftéen
undey Alfferent nsmes, The Interpretatinn as a procass of materisl bnalencing
it a soolollst aconomy 19 Alse common, A stondord thesreticnl refarence
for this im Montine {1959). A’ c computoatlonal prosedurs for selving the
10 mystem, the I0 method seams ta have beon first proposed by Wough {19503,
followsd up by Holley {1951}, A very comprshensive ncoount of the method
was presented by Evena { 1856), The exposition of section 2,2,0 ir based
loygely on the jnet pnper,

- 4n mentloned narller, the sndogencuz trenthment of censumpticn 1s
part of the inltlel development of ID enelysis, Even aftor golng over to
‘the ¥open* verslon, Leontlef referred to the possibilities of andogencus
‘waremption on the basls of producticon-employment-income«expendliture

wiations, For example, in one of his loter reviewtof I0 annalyeiles,
sontinf writes 1

"Houssholds =uat not pecesanrily be censidersd o ba poart of
the exogenous sectors ...... In dealing with preblem of inocome



genarntion in 1ta ralsationh to employment, the quantities of
ponsumers' goods ond ssrviges nbsorbed by housaholds con be
eonmldered {in a Keyneelon monner! to be structurally depen-
dent on the total level of etpleyment in the some way ns the
quantlities of zoke ond ore abserbed by bloat furmnces ore
oconsidersd to be strooturally reloted to the amount of pig
Iron preduced by them", /vide Leontief {1956; pp.141-42 /

“¢he mome kind of reletlons are guite fremuently met in the literature
plrendy eltod, It may nevertheless be mentioned that while the basds of
m;umul conmmpticn in the I0 medsl seemrs i¢ b4 agreed upon, &11
axplicit formalotions so far ns ¥mown to us trent lncome, omployment
ad oconpumption in n completsly cgeragative fashion, The distribution of
ipcome ganernted by productlon md 1lts implicotion for the commodity
yettern of coneumption appears to have besn moxtly naglected, Thé
forealrtlen givec ix ip® X Ap mnd temee? oo oy wesed fie coptriltutinna
i1 thin sense,

Regrording Iinvestnent, mention must be made of the very large
theoretical liternturs on =p-cnlled "Dynomdic IO Analyelad which apnin
vos inttinted by Leontief {1951; pp. 211-18), (19053; chapter 3), Houever,
thin Jiternturea hns concernad 1teslf with o rother diffsrant set of
{isruen than those dipcussed, We sholl pursum the pcoount of sectlon 4
loter in Part IV of thie study where we give n detallsd raview of the
relevont litercturs {chopter 9). Herr I shnll snly wmeantion sartsin
gitforences in the tagdinical baels of investment-produetion relations
betyosn our trectment and that in the literatura referred.

Te resspltulste, we hove beeed Invastment on twe indspendent

talotions, viz,, tha I0 relations whieh genersto the 'working copital
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ationt oomponnent of investment, and the production-onpnelty Telo-

fona vhich generate the 'fixed capltal sssumlntion' component, The tuwo
gtions are then seen to pomsess their own time-structuras, remlting
in o genornl dynamic formulotion, -The anaiytlcel representation of this

exic gystem how so for haon in bterms of prowth rater oa porametrae.

latar analysls will be conoornsd essentinlly wlth turning theae into
blez, In contraet, the technicnl barla of Investment In the so-onlled
e It analysia® hoa besn sought in n sat of steck-flow roatlos relat-
ing stooks of inputa to output~flowa, with investment o the raste of
shags of stacks, This offers no gléar-éut dlstinotion aither betwean the
%W ocomponents of investment referrad or between production ond copacity,
e sbacnoe of tha ascand distinotion mesns that the formmintion 1s
Desed fmplielitly on full capéeity assumption, Regarding speeific contris
tions behind our formulatlon, mentlan moy ba mode of the works of
mge {1859). regarding werking enpiinl acoumulation snd Chakravarty {1559)
ding fixed capital formatic:, Lange's formolatien 1s boasd expiicitly
turnover periods of different ltemws of working sopital as in equation
2.4,3) /p 43/, Howevar, he sought to include fixed ecapital on the some
y With Tuse purlods! for 'turnever periods', and this does not nllow
soparation batween produetlen and enpacity, Chakravarty neglected
Hdog aapltal altogether, and based his relntions on atock-flow rotlos
Ieontief, Howover, by Aistinguishing betwisn "invastment in sxcpu-
md Ufinlshed invostment® he provides tho basie of our definition
& "investment progrsmme®, Hie oconczpt of Mgostation loge" in this
bext 1» the same ns our YWoonstruetion perlpd", HYowever, theras ie agnin
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po eles separntlen betwnen production nhd eapacity in his analysls. More
resently, the literature on optrationsl planning and preojactlon models
hos reformulated the dynomle I0 system in n woy thnt s voery oloss to

pur formulntion, Reference may be made to FokoW@s and Porikh { 1968)

. regprding the technisol basis of investmeni~productien relntions and %o
tene end Brown {19623, Mathur {1964}, Mukherjee (1364) ete,, for the
ghalytioal reprasentation of the dynomio syetom in term= of rates of
gouth, The busis for rate of mrowth determination, hewever, is guite
ffferant in theme than that in pur loter dlsouselon,

" ERegrrding imports, the common preactlce in I0 annlywis is %
treat then determiniationlly, Referance may be made to Chenery and
flerk (1958} for the formilation given in (2,5,2) /p.85/. Similor for-
mlotiohd are olso tc be found in Leantlel {1951), The medsl of forslgn
trade representod by (2.5,1), (2.5,3) snd (3.5.4) /. 5_1"37 ir n speelal
ooee of & more ganernl madel stataed by Srrow {1954) whs in turn rofera
to tho opplied works of Chenery for the formulation, The two nlgorithms
for 1t roported in sectlon B are da to Chondzsr [1973) mnd jrrow {1954)
respeotdvely.

We ghell end thla ssctlon with o fow commonts on the Aj model
of production as n generalisntion of the I0 model, The Aimoussion here
is confined to tho eriglnnl expositlon of A4 by Koopmens {1961c), ond
the main purpese i3 te tipghlight the difforences bstweon the two, The
wein point is thnt AL doce Dpt roprosent a gemrnliuntiunEIro in the

saneeptunl semaa of development of the basle theme mnd contral 1den of
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18, which ig what-thir study purports te be. fenscouently, thim atudy
hge ™othing ta do with the A4 frame®, ns mentionod in chapier 1. Thé ‘
storting point of A4 is a met of "commoditing®, not "products¥, which
1p than elpmwilied on o two-fold baeis, viz,, Mavolloble 1n neoture? and
"ot evalletle in nature®, ond Mdesired ip 1teelf? and fnot desired in
iteelf® , Thare im In foet no sseenticl vategory of Pproducta® as such,
ad the whole boale is Lncomprtible with the "opsn endodnesy in tha
smmarotien of primory geods” 1n 30 snalysle mentioned garller, At the
level of analysls, the fundamental ae=umptisn of Ad i» a slvan wgnil-
4bl1ity of smome occmmoditier, not given fingl demnnd, The Zundmmental
sencept 18 efficiency, not consistenay, the problem is that of resoprge
sllogotion, not gutput determinotion, In short, thera is hardly anything
in oommon between the appronches of 10 and AL, One hes to end by saying,

that their purposes ors quite diffarent,



PART IX

SCALE DEPRNDENCE OF 10 COEFFICIZNTS



CHAPTER &

The Non~Lineor TO Model in Phyelceol Terma

Thie chapter snd the next nre goncernsd with a stralghtfarwerd
genarnllention of the intemmpl structure of an IO medel, This genern~
limstion oonsists of treating the IO cohfficients ns depandent upon
the sooles of produotion in n rather general fushion, This ahapler
will be oohosrned with the aystem at thes phyelonl level of anclysls
without any prige-concepta, The next chapter will intrasduce pricses md
coatd, and both review some of the prohlems of thia ghapter with the
help of thess econtoepts na well np take up =ome Independent iszues
ooneerting prica-formntlcn,

Thie chopter 1s divided inte two sectisna decling rospegtively
with dzfinition (in o brond pense) and mnnlyatse, In porticuler, the
firet loocludes the formulotdon of the model, genernl dlscussion af its
1deas, ‘atalement of problems and of the cpprodeh te their anolysls,
Saction 2 tokes up the detolled enolysis, which 1e bosieclly soncemed
with diffcrent aspects of the interrelated problens of pmduetivity
and output determination, By the very nature of problems tackled,

the pnolywsls is rother formol,

3,1 Bapls fermulotion mng genernl discuseion

It will be convenient to bagin atroiphtawnr with o atotewent
of the formal etructurs of the model and then tnke up lts interpre-

tatdon. ™ha formul atructure ie givan by the following set of relntions:
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n

Xy " .1.}51 Xq Xy conr %)+ 700 =2 3 veey m
n

D E b e R Y Lo s

or, in vestor-matrix notntion i
I'-F(x}x"r LN {EIl'G}

| 1/
vhere %5 ¥ ¢ RE and F{x) is the (mxn) matrix with fij(:t]' [: xij"‘;xj]

g 1ts slement In the (1,J}th position, In socnomiy terma, x“{x}'il
amount
the asount of G, needed as Input o preduce xy L ef Gj, wlven thot

the level of production of G, k4j, 1a x and f”{x}'a are tha
derived 10 coeffielenta — now #rinbles, Obvicusly, x;ij(x}; Q, f”(x}:: 0
for 11 x 2 0 ond for all 1 mnd J.

It should be pbvious thal the structure ia wery genernl indeed,
We maoy now defind o fow genersl soncepts regnrfine economiss ond
disesonomies of esanle with the help of thiz stmﬁmre!'./ To begin with,
the depaidants of I0 coefflelents of n seetor = say the kth ~— deserib-
ing it productict proces=s upon X #ves oxpraseion to so-cotled injerncl
sonenins or dipesonoples of sgnle. In the snme woy the dependence of

A e sl e o i i P p———— Y b 1= ——

1/ For tj-cr, r”{x] 1e dgfneﬂ to baghe limlt of :rﬁ{xi,...,xd_i, X
Ij_‘_lg P xn)] ;tj ae x.J goes to x_, ond this 1linmlt L8 ossumed €o
extat for all 1 ond J,

- 3/ sinoe cur snalysia requires only she purely formal strueture of the
medel, it 1s poesthle to reinterpret the medel more generclly to in-
vlude relntlons other thon produdtion-relstions, e,g,, the kind of
ralotions disoussed in seotions %,5-2.4, Ohvicusly, the mourde of
nonsdinearity mey 11e in gny of these 'other reletiona’, For apeci-
fleity of trastment, houever, the stondnrd interpretstion of an

10 model 1in terms #f pure produstion interdepmmdence will be
mointnined here,
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K(x) on :I', 34 k, amn exprase dlreet externel esonemiss or 4 msconomt 23
ol acala,

Or a slight digropainn wa moy note that on n prisri conelderns-
tione, the first dirasotion of gendrolisstien would appear o be mure
sigmificont, However, am the structure of {35.1.0) revesls, the intro-
dustion of possible extarnnlitise does et ordnte ony new analytlcal
eonplicatiods, Basleally, thle reflects the faat that the production
programme na o whole godatitutes the basla vorioblas of the model,
Whntever affect its separate compohente by have for specifioc reln-
ticns sre, forpolly, spacinl caoper of the paneral sffect of the produc-
. ton progremme,

Raturnifig to tha definit%on of concepte, it should be gbvlious
from {5,1.0) that. any notlon of IRS/DRS in the prement aontext of pursly
phyelenl spscifiontion weuld hove te be rother streong one, To bring this
out eleorly, let us firet of oall muppose thot thare nre ng sxternnlities,
s thot £(x) 1s o function of x, only, f#8cll X, The basle notion of
R8 is then an inpyt-specifig~R8 in each mector. Thaot 1s, SJ may be anid

te have IRS(DRS) with respect to G, os input 1f f”{xj} is n dacrensing

P s e

{inorsesing) funotion of %o s stated, thim renlly is globe]l IRS(DRS)

in SJ vith respeet to G,, The perallel lpopl oomeept would require the

nbova eondition te be sctimfled only in seme range of the output level
IJ. Qne gon then sny that there ie o menernl IRS(PRAY in the production
of Gj if ench of the alemente of rj[xj} decrecses [inarsnses) with Xy
The loenl-globol distinetien opn onee agoin be mode, The soncept af



YT,

extern-l econowles or diseconsrdes of sonle 1s, however, basleally o
poirvise relotlony vis., one omn eny that 8 derlves external economles
(M sssonomics) of =onle frowm .‘!J {3 4%) Lf the vorlation eof i‘ik{x) with
?uupect to x 1= inverss (direct}, whioh is the s:®e ns saying thot
‘55 Amnerstes axternnl economies ‘{ﬂiaecnmmiau] of sonle for 8o 1t ia
to be noted thaot onoe agoln thie notlon con be input-spacific (1,a.,
the. varintlon mentioned ohove con be only for some 1} ond leonl or
dlobil, I ahall now dafine twe mors uancapf‘ which will be used in
the mnolysia of meatlon 2,
pefinition 3,1: There s anld ta be  general sconcmies
{alseconomies) of monle in the production of mome good, may Gj, if
Ao ¢ () Aed v 2 o
Pefinition B8t Thers is andd to be  zenersl economiem

{eeconomies) of menle in the produotion eystem as o whole 1f
Mxl) ¢ (2) WD) v =t 2xf 20

It moy be noted hera thot by the very genernliention, aertein
baglo propertles or festures of the IO model haoome opeh questions to be
investiqoted cnew 1n the present context, Two such prepertles have
ulrendy boen pointed eut in séction 2,1 (p. 25}, viz., the equivnlence
sf the potion of loon]l snd glabol productivity and the unigquenesrs of o
salutien,

To toke up the first, it may be polnted out thot the local-
glubal sguivalence naed no longer bs so ln the prasent gontext, so that

ohs would hnve Yo searsh independently for condltions gunrantesing aench,
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Tse meln interest Boare reqlly canbree mround slabol productivity, 15la
s nleo vhnt I shall be searching for in the firet plosce. The next point
o8 interset 1n theWto =earch for n eonditlon under which th: npop orty of
the linenr medel~— thut loesl produetlivity implies rlobel produotivity —
iz obtain=d in thie context nlw,

Tha seasond property of the etondord model that bsoomes 21 open
_queation hare ooncerns, o stpted hefors, the unlquenes= of o sclution
of (3. 1.0). In bfm prorent set up exletence of o solutisn nead not
imply -« as will be shown laoter — 1ta vnlducness, Now, the multipli-
olty of solutlions osn olso b looked upen om an openine up of n
gheige problem, 1.e,, eiven thet multlple solutions nre possible for
the model, the eunestion arlser whother it is poseibls to !chocse! one
slution ~— in thie =anwe, reclly 'determine' the cutput lsvels for
glven finol demonds — rvather thon another, One obwvlous nppronch would
be fo minimise the cost of produgtien on the bosis of some given cost
funotion, The problem then 1as to ssareh for a methed for determining
the efficlent wolutior (production programsa), the one to minimdss the
sort sotdafylng 4l) relotions powlted, I sholl ewplore thie napoot of
‘the problem ns wall ns the wore formal one of looking for conditions
guerantaeing the unicquenesa of =olutiones,

fne may now brisfly stota the strotegy of our snalysis, Thia
oonslats of storting out with n definite methed for solving the funds-
aental output determinntion problem, i.e,, of determining x for a gtven y

and sztablisking some basio propertiaes of the model ftaelf ny this



routo, The some method — as ill be seen later — 1s nleo o method for
detormining the efficlent produetion progromme Teforred ghove, Aa atatad
in chapter 1, this method oenn be ssen ne o straipghtforvord generalisn-
;1un of the ro~colled bosle I0 methad to thoe pressnt context, The
properties of tha medal' refervad in thelr turn nre generclisstions :.-,f
the basic eoneept of produstivity of on I0 model, Wo shall now stote the
propossd method of selutlon ond review the previcus contritutions in thia
flald.
The method is an 1terative ona, which conaiste of wetting ¢
2t e pat Yl g ers (Ea1sd)
O .y ern (5,2.3)
That 1a, the cutput voator at step t of the scheme 1s cbtnlned
simply ns the sum of the totol input requirements eorresponding to the
‘autput vector nt step (t-1) and the glven final demond vestor, It is
ansily somn that 1f F(x) 1e o conatont matrix, way &, then {3,1,1) ond

(%.1.2) boil dowm to wolving the squotion (I-A)x = ¥ hy weana of the

" tha basle
*tﬂ'“'}r’ i.0., to/ I0 mothod.

e
Turning to the review af litersturs,/basie contribution in the

power series exponsion, (I+a+a% + ,,. + 3

field os defined herq is contolnsd in ths intrpductory port of a paper
on I0 gomputatlorr by Evane {1958), In that popor, he Intreduced the
anthod of sclving an ID model by memns of power sevles sxponsion
previssly oo a preclolisotion of o genersl lterative computatlonnl
poheos for o non-iinear IO model . Yowever, he 4id not proaesd mmah boyond

stating the genercl scheme md noting some of 1te mere elemantary
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properiice.Thi= clhopter pontinues with the work from the polnt where
Byone had left it off, brondly nlong two directlens, viz,, to recount o
{n) detolled ond rigorous exomination of the properties of the gcheme
pmpuiad by Evons; and [b) applicntlen of these propertles to derive
certaln basie properties of the model fteelf, I may neverthalesm nota
bere that Cvons explicitly considered only intermnl cconomias or
daeconomion of seols mnd olan left the guastlon of productivity
sompletely unexaplored, Regantly Snndberg (1973} analysed mainly tha
global produativity nspect with much strenger sontinulty assumptlons
thon vhat I shall require here, His opproach wns however completely
- ffferont from the present one ond in moat poart of his pnper he also
caneidered only intermal monls occonomiea o1 dimeconcmies,
5.2 Formol anolysis &+ predugtiviity ond output datermination

Ta begin with I meay point out thot the analysis helow does not

other
require any restriotien on the formal structure of the model fthor those

speal fled hitherto, That is, the formulation, so for, 1e genaral emough,
ohd no further gepernl restriction on the formal sbiructure 18, in faoot,
involvad in the analysis below. Thut 18, there is ho further assumption
- which in stirletly logleally neseasary for gll the results derived, It
will hawaver be oconvenlent to resord here two nssumptiona whisch ore
raquired for many resulis. With thla, one nsed only rafer to thelr
logionl redundonoies whan thot is neot ss ond scunomise ( spooe) on

thelr neceaslties, Thie im given in port 1 {eubmeotion 3.%.1) below.

The onolywis proper then consiets of the remcining parts, For cotvenicnee
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of expweition, thie im dlvided Into thres subseciions— %5.2,2 to 3.2.4.
5,2.3 w11l note o few genernl propertles of the acheme ohd justify our
epproash to the analysis. 3,%,3 tokes up the baslo onnlyticel property
8f vinbility ennditlons ond compnrzae the results obtailned for the prasent
iodel with mome corresponding results for the stondard model, 35.2.4 then
eonalders the two open queetions regarding unlqueness snd local-global
produotivity mentlened earlier,
5.3.1 fome fraquant assugptions
The sssumpticna are
431t For Al xii x? > 0, Fxl)x* Z_F‘(xz}xa
432 (1) if {th'f 1s n non~decrsasing saguence econverglng .
to "x", t;ﬁen each fij(xt)x; nlee converges to
'fij(i)ij and,

(1) Por ench 1 md j Sop fij(:_r}l axists [ o be
X gﬂg

denoted by -fi j}'
A 3.1 mecns thet, for the productlon system na o whole, addl~
Honnl sutput requires ndditionnl input. Thot fa, 1f there 12 to be o
greatey production of any good {and no less of ony other) then the
inmput uee of ng good con decresse, In words A 3,1 oan ba ealled a
mootonlelty oondition. 4 2,2 13 more of o L&Mgﬂﬂ_ﬂg&;&ﬁﬁ&. Its
frst port dlsallows certain kinds of diecentinuity, snd doem not

wppear very eimple to interprat in the general sase, However, in the

‘ghgenes of externolitlies thils only maans thot each f‘.L J{x j}xj
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whiah, obviously,

+

is a ! gt eomtimuour functlon of xﬂ nt each pﬁipt on R
snables pre to hnndle the fmportont enre of discontipucus plece-wise
lineor input eoefflelent=, The pecond part Tegquires the 10 ecoeffieiants
to be bounded nbove,
52,2 gensrol propertles of tho method _

& few genernl propertles of the sequence ixtf definsd in {3,1,1)}
md (¥.1.2) oonh now be derivad. A flret simple observation iz stoted
balow a8 o lemmn, follewed by 2 theorsms, Poth due originolly to Bvens
i o semevhnl Alfferent form;(

Lommn 3.3.1 1« ixt} 1a n non-negntive, non-dpcresnsing secusnca,

Froof » The procf 18 by lnductlon, Mre<t note that,

' WD) ¢ fBy (5.1.1) and (3.1.3)_F

2 LN RSz 7
20 [oy (s’
Now make the inductlon hypoihagta
* 22" 2o (1)
e eonelder,
21l xt . F{xt’}xt - F(xo"Lyxtt Jusing (3.1,1) 7
>0 [y () red A3.AT
Thle proves thot

xt’*l ::,rt ia f.nr t - u' 1‘ 2’ EaEw QIE"'D‘

P ; .

3/ It moy be noted that nons of the resuits derived in thle subsec-
tion resuires the aesum:tion 4 3,2(i11),
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Thegrem 3.2.1 1+ The goruennes {xt} defined in (3,1.1) and 73 1.%°
sonvergea if and only if thera 1s o golution aof (3, 1.0), and the limiy of
the saquence 15 n golution of (3, 1.0},

Proof : If ‘tctf convarger then Lts limpdt eotisfias (3.1,0) by
wngtruction ond is mﬁvnegntiva by lomms %.2.1, Kence n solutlen of
(3.1,0) exiets ond ie given by the linit,

fonvorsely, euppose x° asti=fies (3,1.0), Li.e.,

1" » AN + oy e [3.2,1)
Obvlously, x" > ¥ ere (3.2,2)
How,
x1w M7+ 5y ven £ From (5,1.1) ond (3,1.2)_7
R vy exs [ Using (5.2,8) eond 4.5,17
. x* oo [ Frow (3.2,17
s x5 x"
Suppose, ny on induction hypothesis,
x4 <" eve  (H}y

then 1“1 - F‘(xt]xt + ¥

S’ F(x‘}xﬂ » ¥ een fﬂaing {H) ond & 5.1_7
. x" ves [ O oooount of (3.2,13 7
xt ¢ x" for nll t«0, 1, 3, ..., (3.2,95)
By lemwmn 5.2,1 ond {3.2,3), ixt} is n ton-decraseing beundad
iilqumea od hence sonvergen, By construcilion, ite limlt sgtisflas

{31 1,0}, QE. D,
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The theorem ewtobllehes a complete esguivclanoe hetween the
varkotdliiy of the itarstive methad ond the existence of n meoningful
solution of the model, i,e., its so eolled 'produotivity!, snd justlfids.
the present opprooch to the properties of the model. Further dirgueslons
of tha propertles con be conducted equivnlantly in tarms of the conditions
guaronteeing the convergence of tha soquence or those guarmntesing the
axletenss of o eolutlon of (3,1.0) direptly, These ore to he token up
in the next ssetion, This secotion ecde with reporting the following
wrolloPy, due ngoin to Bvoas,

Porcllory 3,2,1 3 If there ore midilple solutlons to the aystem
(S0 for o gEirem ¥ 2 0, 1hm the seguence {:tg defined In {3,1.1)
md {3.1,1) oonverges to o solution which 1s umll'ur thon or equal to
{somponent by semponent) eny other aclutien,

Proof t Let x" be sny solution of {5.1,0) and x be the limit
ﬂeﬁf ol {xt’} » 90 that x 1le a solutlon of {3.1,0}.

Then, as in tha proof of Theorem 3,2.1

x¥ < %" for all t =0, 1, 2, ....
@ hance,
x £ x" R.E.D,

Thie ¢orollary volidontes the nesertion mode bafore thot the
wihed leods to tha efflelent production progremme, The only aesumption
yogerding the nssccinted eset function ocne naeda ip that if thera im to
W o greater production of any good (anhd no loss of any othar) then the
Yopat! oomnot decrcass, Inter slia, the corellery nleo proves thet, if
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ke yztem i productive, then 1t hra ss effielent predustion prosrsmme
ln thia very genernl senss. From the stcndpoint ef the methed, the
poblem of cutput determinotlon in genernl ond thot of rfinding m

oient produstion progromme in perticular are equivalent,

8,8 Wability conditicns

Tha arrongement of the {precssigned) sontents af thie sestion is

g follows 3 It (a) degins with a ﬂnhilityy oendltion stoted diroctly
in bermy of the sequemce (5.1,1} oud {S,1.2}; (b) then establi{shes tha
manegtion between this condition ond o standord vinbllity cendition for
fhw Lloeer wodel; ond finally (&)} prooesds to obtalp altemmstive, mors
rest, gumralisvifon of t%w Iatter condTifeer S Sfhe proesrt owsrdort.

Now, 1t 1a clear from lemmn 5,%,1 thot one nasd only impose
whitions to guarantec the boundsdnesa from olove af izt} 4o abtnin
W sonvergenos of the saquenue{xt’} . One sulfistent oondition 1

Congitlon 5,1 3 There exiwts n positive soslar, A, leps than
dty such that

Rl - Wafhd g A (]2t - 221 for ald &, AR s 0
wers {]+]] ie ooy wall defined narm in K,

Theopem 5,2,2 + If conddtion3,1holde then thare is unicue
dution of {5,1.0] for amy ¥ ¢ O.

r —

Thly peotion 1s opnearned only with tha fglobal profustivity! of
the nont=linear I0 syetam, For brevity, I shall often rafer !globa)
produetivity! ps 'vighility ' in thia shapter,
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Lrgg_t;f"/ : First cbaerve .hat
5™« x* |1 = [[FORR - Bahxl)] [From(s1.1)_F
¢ A1 x® -t Jeing condition 5,37
nd, inductively, thnat

*

R IR I CU R T EAl]

< t=
= At -2
+-1
ST - =Y vea (3.2,8)

Repontad use of {5,2.4) ylelds, for n2 t,
Nt g | e TR e e ISR

m-2 3

S LU I S BT ]

Henos it follows that, for m 2 ¢,
»*

t-1
IR R e TRl

Mnoe 0 A (1, the sequence i?.t-l} converges Lo zers, There-
fnﬂ,{xt} is o gouchy sequenine, The iimlt of the ssquanss, obvisusly,
!u-lveu' the wyptem {5,1,0) by construction,

Mnally, for unlqueness, puppose thot there ore tue Alstinet
wlutions x ond X of (3,1,0) for a given y > 0, Then ohe hos,

fe-% = [[F(x)x - X2 |]
¢ A x=% | {Prom condition 3,17
Slnse x 4 X then |jx - E{] 4 0, so thie relation luplies that

$-{ A, contrary to the hypothesis that A ¢ 1, Henoe x = X, Q.B, D,

§T Thie proof is token from Bartle (1984) [ﬁp. iﬁﬂ;ﬁ? ond glven for
the scke of completonesa, It moy be noted that the proof does not
require & 3,1 and A S.2(11), Perther, the sequents ix’{ cmn also

start from any o-bitraory 52 4 0, not necessarily setisfying {3,1.82).
However; enndition 5,1 implles thot Mx)x s unifermly sontinnoua,
and this 18 n much stronger nssumption thanm & 3.2{1), ruling out,
in partioular, stepwise linear I0 coefficient-funotioms,



Turning te part {b) of the analysls indlentad scriier, the
tgtandard viability condltion for the lineor model! referred theras is
that §(A) < 1, which 1s neceseary and sufficient for the vlability
¢f ths linepr model, The connaction is glven by the following corellary

Corplinry 3,2,2 + If P(x} 1 o constont non-negative matrix,
say &, then oconditionii impliea that ¢.(a) < 1,

Broof 1+ when F(x) = A, condition 3,1 reducss to g

(oo g4 ()=t = x|t for al1 xl, x¥e B mna
for seme A, 0% A < 4,
Setting x* » 0 ylelds
[jaxtjpcr =ty for all x' ¢ B! ..., (3.2.5)
Rouw osonslder the following equatlon s
- R cee TBD.E
It 4» velleknown that (3,2.8) hea a selutlen x ° 0 { the sharne-
terlstlo vector nssocioted with ¢ (4) ).
Hew,
Iaxl] = 4w ] = I Hy 13287 ... (3.2,
wd sl S oa g [oy (5.2.8) slnas x> GJ...[%,2.8)
Prem {5,2.7) ond (3,2.8), it follows that
ORI
Loy, gLy ¢ A Iy x> o7
or, Ay < 1 I o< €17 Q. B, D.

While oondition 3.1 is thus meen na o gendrnlisntien of n standard

wiarility condition for the linésr model, time 13 now ripe to explore
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turiseor  ubethow tha 1atbar-con be sxteaded in pome sltomative vay in o
more direct, if alse mors mechenienl, fashien, This i part (e} of the
pnalysdls, The qunlifiqetdon 'more diract! here rafers btoth to the

appronch to the vigbility problem, wvla the iterative schsme, token se

for, end to the fuet that while the conditien under reference is hoth
pyoeseory_and mfficient for winfility in the linecr medel, ite genern-
Hantion given In conditlen 5,1 s gnly sufficfent, not necesagry. To
begin with, intuit{vely one would expact the wrlue of ¢ {P{x)} for nll
12 0 to play the some kind of role in the present sontext ns the
fordnent ot of 4 in the linesr model, The neorsst opproximatisg to
this psettion appesars to bs the following, B¢ for na the ‘necessity!
of the viability condition i1s cohgern#d, sne has to note that not all
volues of x are reslly cdmissible for the purpcss, One is really
" intarested iy the value of ¢(F(x)} only for x 20 sotisfying (3.1.0)
for mme y 2 0, l.e,, for x2 0 satdsfying x? Px)x — in words, for
the set af output vealors ephsiptent with pome finnl demand vector,
A strofght reamlt here 1a stoted below ns lemme 5,2,4, On the
tputficlenayt part {vicbility proper), something atronger them
§(F(x)) <1 fer x 20 ts required, viz., ${F) <2, I% may bs noted
in poselng that P will not, in gameral, be an gbservaoble 10 matrix, for
1t to be ss, all the n° funotiens, ty4(x}, heva 4o attedn their
mipremm at preciesly the smme point,

The resulie nre new stoted below &

Logms 5,2,3 1+ Q{F(x)) <1 for all x>0 much that x> r(z}xﬁji

8/ Thie will nlso be trus for oil x 2.0 for wileh x > F(X)x AL the
matrix F(x) le irreducible for all x 20,
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Freef 1 Toks ony x 2 O such thab
x »> Fx)x een (5:2.9)
Rou suppese ¢{F(x)) 41
This menns that thers does not axiet any X > 0 sueh that X D Fx}x.
Bat, = O> Wx)x ond x 3 O [From (5.2.9)_7
Tls 18 o dontradiction,
fetcs, (W x)}} < 1. % B D
gendition 535 HH <1 enere P ().
5,2,3 1+ If vondition 3,3 holds thes there is & welutlen
of {5,1,0) for ﬁny ¥y 2o
Pzpef 1 Oonsider wqustion (3.1.1)
x* F{xt'llxt"l vy
¢ Mx"x® +y [ Using Leoma 3.2.1 end & 5,17
¢ Rty By construotion of ¥/
x ¢ (I=-F 1 ¥ / In visu of conditlon 5.3.7.
Thus xt} ir dunded nbnve ond the comelovise followe ot
pnoe from Leemn 5,2,1. 3. E Ds
Returning to the conjecture stnted sariier, cne sheuld note that,
techmdeally, § {Mx)) < 1 for oll x> 0 is nelther neses+ary uor .
mificlent for vinkility ; the necessary enndition {lemnn £,2.3) ie
veiker and the sufficient ecndition [Theorens 5.2,3), na developed here,
mich wirenger, It 1= to be further pointed out that senditien 3,3
guarantees only the extstence of o solution of {5,1.0) for ey ¥2 0,
not ite unlquensass, The fellawing exmample for o tuo-seater sasy
optetlishas this fool ond henos the npsertion made in ssstion 1 1
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Let fij(:} be defined us follows 1

xi it xJE %

- 1 1 :' e 5;3110

fii{x} 1 11’ x } 1 !j - 1] { }
3 b |

Pox- n finn) Aswond vecter 3; = { 751“,. -g-' ) 1t mey be easily sheaksd

that both the veotors ( %, by ond (3, &) vou1a olve (5.2.0) where
__fu{:) ‘sore definad as in (35,3,10). It moy alee be werlfisd that the
notylx F An this ¢ose fs given by,

it 4

d 3
3 3

whinh shviously satisfies sondition 3.2, We shnll loter look for n

ot
1

sipplmetitary eandition thnt would guarsntes the vnigyeness of the
solution,
%2.4 jocol-global productivity and uniquenage

™e porpo=w of iy sebyection s to toke g e tus opes Qe
tions rafirrud?;n ssation 1, T shall first consider the "losal-globed
iweryn’ and supgest 2 condition under which the two netiong of produocti-
vity beooms equlvalent ond than show that the ssre condition also
guarsntess the uniquensss of a solution of {3.1.0),

To bagin with, 1t should be abvious that loonl productivity ggmet
iwply globol produetivity for the Present sywtam, Sufficient deoreasing
teturns to monls will nlwnys emsure thf‘h (5.1.0) hoaw no wseningful
solution for ¥ lorge, given that it hag one for y mmall, Oonjesturally,
sterting from some (x, ¥) 20 satisfying (3.1.0), (0} indefinite svole
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Cwwpegilen seunst ke ponalhle under ctronyg deeressing reipggy ta ssals,
vhile {bY the reverse, i.e., indefinite s3cnle nontreetlsn, deem not
opporantly meet ony sach boarrler, The lntter ronjeoture 4w bsrne out
in the fallawlng theorew whioh agnin wes rtotsd by Eveone,

- Theprem 2,2,4 1 If ‘hers oxiats n selution of {3,1.0) for
2 ¥ 20, then thers will rleo exist solutions of (B.1,0) for ald
7 0¢yg T |

Preof ¢+ Let {xt} md {it} e the seguencet gensvuted by
(5.1, 1) and {3.1.3) correspending to the wxogenous veetors ¥y ond 7
rempectively,

Trom lesma 5,%,1 it follows thot both the sequenses are nen-
georensing {n all componente, nlso ainoe y < ; using 4 5,1 4% oot be
sasily wverifisd thot

¢ =Y for cll t » 0, 1,2, ver  uas (52,113,

Finolly, in view of Thzorenm 3.2.1 ond the hypothesis of this
theprem 1t {s Imoun that the saquen~m= {i"} i1s beunded showe, This
togethar with {3,2,11) estatlishes the stotement of the theorem, §.%,D.

On o slight M grevaton, T shall now A ewusz on intuitive asymetn

. betwsen the expected sonsoquences of IRY and DRS, Bufficient DRS would

Amply thot on orbitprily lerge final demond cannct ba sotiafled, for

the sonle of produotien asnnct be exponded that fay ln a self mstnined

manzer, TR2 on tha other hrand may require that produstion be sorried
out ot sertein winisum »ooles but this does nat imply any restriction
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ps for na the levels of Mool csmends zre sonmertod. The following

Mograns for o one-commodity case will drive *ha polnt home

h{ x)
45" 45°
. h{x)
x=h(x)y
_ . ——
fig.(1} fig. {11}
5!3
x~h{ x) =y x=h{x)=y

h{ x)

x
fig.(111)

In enok of these flgures, x stznde for thn level of production,
"K{x) for the input requirement funstlon pzd y oy the finnl demand,
Maures (1), (41} and (111) eorreepond *o the enses of CR3 {llnenr onas),
DRSS amd IRS respeotivaly., The npeymetris= ora cleoar, In the firel gnae,
the profustivity eondition, h(x)/x € 1, 1s ncele-independant, given
yhioh one slmply gots y « x-hix)> 0 for all z > 0, Thot 1w, ¥y simply
insrensss proportionataly with ¥, theva being no secle conatraint on
sither, In nelther of the two ctheor enses, 1a the productivity scole-
{indepandent, With DRS (fleg.(41)), the vondition is sntisfied only for

a aertoin indtial ronge of x, with ¥y cetunlly riaing to o moximum valve
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b

gﬁzr some x wlthin thia renge.. (7% mey b noted-thot sne -raslly requires
f eyt decTwoalngness in R, for hix), strictly, nead not interzect
the 45° alpgonnl.), In the onae of IRZ (Fig.{111}}, on the other hand,

$he condition 2o sotisfied for o torminal ronpe of 3, Thia meons that

.y opprochoa zoro from above, x tends to a ceriain poasltivs wvnlue,
fhars 18 oo vichls production below this limlt {excepting trivially),
Tovevar, once that L8 crossed, x and y increase mangieniecnlly in n
tne-toeons fulut.innz/.’ '
Returning to the 'enelysis' proper, it remnlns to suggest &
wadition under which loosl productivity implies glovwel produetivity,
the rlove disonasios it would oppenr thot gpenercl IRS w111 yie74
squivelengs, This Indesd 13 true, In derms of our ecrlier defiri-
n52(p. 684) T hove ¢
Gondition 3,3 1 There im o general ecchomies of sonla in the

otion eyEten os n whols,

__T_peurm 5,2.55'/; Cndar conditlon 3,5 1f there exipta n moluticon
{3:1.0) rariy 2> 0, there will nl%c exiat a solution of (5,1.0} for
orbitrary y 2 O,

EM t  Suppose that there exists s solutioa of (3,1,0) for

¥22 0 ond let x be the salution wvector.

Now, conalder onaothar vector ¥ 2. x., Let ii} be ths asquence
eroted by (5.1.1) emd (5,1.2) for ¥ » ¥, From Lomma 3.2,.1, 1%

we that this asguence 18 non-decreasing,

Jryara—

™a shove dlogrommntia exposition wos suggestsd by o dlscussion in
Jorfeon, Semuelsan ond Solow (19593 @p-. E'J‘S-Tﬁ? ol & somewhnt
ralated topio.

‘Thls theorem, thecrem 5,2,4 ond lemrn 5,2,% do not requirs A 3,2(11),
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Cienrly,
1."' > x Vit amy, i, 2y aee aon (542,12}
wd . §(Fx)) <1 ( from Theorem %,2,2) ore (3:2,13)

' New, from (3,1.1),/I"get,
. -l t-
e rEHE

¥ _
{ nEhEt ey [Frum Lenitn 3,217

3 F{x}%ﬁ}* ¥ fon ucmunt of (3,%,13) ond’
d sondition 3.5

or, = [I - F{x}] "3 [Beonusa of (3,3.1%) 7
Hense it follows that the nqumue S'Liti sonverges to a selutlen
:I (%, 1.0) wfn ¥y » F. How, lotting ¥ urhi%ﬂ.lr large ond using
hm-n 3,3,4 the eoncluelon Followa, 2.2.0,
é I shall goneluds thls sectlon snd henoe the chapter by proving
‘st the ocondltion 3,3 glee guarontees the unigueness of o solution
P {33:0)s
: Theorem %,2,8 1 Under conditlons 3,2 ond Z,35 there exlsts o unlque
Button of (5.1.0) for my ¥ > 0,
| Ireof + Bclatenda 19 proved In Thecrem 3,2, 3,
For uniquenoss let thers b3 r sclution xi, beny X af {5,1.0).
8, uaing (3,1,0) one pets,
P e 7O ey cer (302,14)
123, 2, veay m
Now moking use «f sorellary 3,2,1 one ecn say that one of the g
1 be less than or equal to all gther 218 in all oompononts, Wthout
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lom of genérality let x' be such that,
xS o for 1 = 2, vae, W vee {3,2,15)
with the help of (5.2,14) one con write for any i » 2, ...y M,
el CalaE Cale

¢ paxhad - byt Bn scoount of (3:2,15) and

| condition 3,37
- P{Ilj E‘i - xlj e (5-2-15}
{F [1‘1 - XJ“J /By oonstrustion of F mud

C b [xi ) 11]'5, ) uelng {5.2.187
of, x -x! {0 [Beonise of condition 5,37 ... (3.2.17)
or, < 4 x* for 1~ 2 sony O wes [ 5,2.38)
Oomporing (5.2.15} end (3.2,18) one hos,

i .1

X w X for 4 = 2, Frny M Q.E.D,

1t may be noted that 1ln the proof abowve Ipth the conditions are
tc rrove the gnigoenensn, (omdition 5.2 will hoversr not be numssnr;?
) pupoes 1f y>> O, Thie ig becruse in this come one hos
{ﬁxi)] {ifor allil=1, 2, ,.., & and henos froam (3,2,16}, one

ghtovey geta (5,2,17).



CHAPTER 4

Pripeannd {oge fin tihe Hao-Linoer 10 Medel

This chaptar 13 concorncd with prldes and cosis of produstlon in

wnon-linenr TC model Introducerd in the lost ehopter, The purposs,
goodly, in two-fold, Cns 13 to ase these notluna for further annlysis
ﬁm anme type of proltlemg oo dnvestignted in the laat chopter, Tho
fher 12 to investignte afrecly in*o the giructure ond properties of
itioes; For thae first purposs, the prices are teaken to be glven oa
etioned in seotion ¥ of chapter 1 {p. 11), On thot basis uwilt ocosts
produotion npre defined whiob in turn yleld sharper concepis of RS,
5, Ineransing/dscrecsing unit oosts of productlon in plaoce pf input-
sdfic B9 and these nYe preclsaly the concepis used for the annlyoln
ferred, Todwe, it would nppenr, does not requirs any 'thepry! of

ioep {whdch 1e o precondition for tha seqend purposs). This, hovever,
raot quite true, for the prices thot are te be tnken as glven cannot
iy be on¥ nrhitraryprices, The Tproduation of commoditiea by menns
‘sommodities! entnlls congistency conditions on produgt pricea ns

gh am on the produstion progrumme, Here nlso one meets the chorace
ratie 'open soope of conslistency', although the shannals of Anter
imdmue wvould differ, Thia woy, one la led to the problem of priocs
mg;g_q in terms of tha chnnnela of Interdependsnes moneidered, snd
% 18 the domaln of 'prica theory! proper,

% In viay of the nhove 1facussion, it sppears best to stort out

pomplete stotement of the conslateney conditlena oh prices
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lepdite ot tefincte zuiea of price formatien, This is glven in
smaflon 1. Tig provides the bnokground for sectlions 2 and 3 which
zilow vp the fwe dive.ilcns specified above, in thet corder, That ls,
aactdon o takeu vp -ile further snalysls of problems of the previcus
cheptar wng pricoa oud coats ns tools of nnolysis, Section 8 tokes off
Indopander i, from section 1 %o conduet n somewhat baele feomparaiive
gtotdn’ exercise in pricea in terms of one of the "price thadries!
dafined ip section 1,
Befere closing thie introduction I may mentlon that much of this

oter f2rma a dlgrscolon from the rest of the study, As meniioned in
gection i of choptar B, the digreasion is mninly o reflection of the
rother general choraster of the non-linear model which makas it posnlhle
41 p Ints meversl dirsctions with the model only oy r frome of rese-
reneg, Tha rules of prics formatien, nnd the properties of the prices
based on those rules, constitute preclsely ohe such important dlractlon,
In tprm= nf tha liternturs on theoretleal 10 nnelysis cited in meotidn 1
of chapter 1, ane mny porticulsnrly mentlon Schuwarts ond Morishkime for

is dlrastion of enquiry, 4nd one wmoy ndd the meminal werk of Sraffa
1960) which goas heyond tha oonceptunl eonfines of I0 anolyslia though
:éihu formal structure iz slmilar,

1 Qenndetency oconditions and rules of rrice foymatign

Let By be the prlos per unlt of G,. The basic consistency condi-

4en on the sat of prises ti 1p that ench p?. sovers the respective

1% post_of produetion , Theme unlt costa In turn depend upon the

gex vin the I0 acefficlenta, pnd since the lotter depand upon coales
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prormiation, so de the unit :wne's, It follows trot technieally the
on

glstancy conditions con be defined only/the basls of piven sgoles

production, Further, the latter muot mnke up a4 songlatent produo-

b proeromme, This im the opproach followed hers. Thot ls, o get of

-productien progromma,

Héw, the codtas of produetion definabla on the brels of the I0 modal

coly the materipl costx of production, Let mJ(p; x) be the unit

rriol oot of prodvctipn in Ej' It 1s defined simply os

n
nj(Plx) b 1'21 pifij(‘x} evs (4,1,0}

With theae, ote geta o set of negescory conditionm for oonsistencr,
by .

or, p(x) > F{x}” u(x) voe {4,1,1)
The only other cotegory of mosta thot I shell direstly denl sith
the )obour-ogats, This requirea the introduction of lobour os &
input, Let fj{x} bs the mmount of labour ssrvices raguired per

b output of G,, glven the production pregromme, x, ond let w be o

~ yoge_yots, Then the gnit lobour_eost of produgtion of Ej’ 1d{x},
ven by s
1‘1(1:} ~ wfj(x} ¥

or, 1 (xj » wf{x} {4.1.2)
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It will bo aerumed thet 1(x} ia strigtly poritive for a2l x e ¥, 1.c

sl U0 vVxg ¥
- fhe mum pf lohour nnd motericl ecef 1m often called the prime sost of
p‘m&uuﬂ.unlf

with this, the pot of consdstent prige vectors for a_glven produ--
woge rote, w coh be defined, Let

P(x, %) be this met. Then

Pi‘!.“} - {P GE: / P ::,F_{X{P * “r(x)j eve (4.1, 5)

Formnlly, 1t 1a to bte noted thot vheress consistency of o produa-

tlen progromee woe dofined in o complately interpod foshion, this 1s ned
o wlth the consisisnsy of prices, for the woge yote anters into the
eonMtions on on independent boaie, Thot is, one gets o met of internal
mael wtenoy conditloor on prioes only by naglecting lntour costs, The
ineorporotion of lebour comts from thst atnrting point has so far extan-
del the underlying I0 modal in the sense of introducing expgenous elementr-,
s, vf{x), However, just ns in the cnee of the physicnl eystem, further
neoount of interdependenae may in foet turn the elements lhio endegeonous
anes, thereby extending the aocope of ognalatency, ps mentioned at the
putset, The interdepandsnca here is obviously between w nnd p, Tha depen-
detton of p on w is alrendy acscocunted for, We now turn to the raverss
dependeonios, 1,e,, of w on p, Tho baslae foot behind this dependence is
siaply thot the woge rote for lobour is really o megns of oonsumption,

L

4/ In oose thare is no confusion the terms Funit costt ond "unlt prime
oopt!h will be tnken as synonyms,



m*'? prnanmptlen ie delipsd In formse sl the =

ded in tha ast %% o Por omy sdven woss

apd woge index, ¥, gan then be Aefinsd ow

1

olor b o= ihi vopresants the soppoaition of consuppltlen

Thot 18, By wnlis of Gy in sonsumed with B s und be
3 ¥ i ond i, The monsy wogs rate w they snobles ihe Inboursy fo
hows g ranl-waowe feakob 5 v, E‘e;% s
Wa moy now olarify the basis of the shove Uinternpilastien of
ur eorte’ fn terms of the pode of funchinsning of the sonnenlq av<ten,

13 sonsider sepirntsly the poses of plasnlng {(zoelalism} and wmovked

dioliand ss the syetom undsr reforsnce, In the Clrst onss, o seoler

rartly regud et 4o provid

o dueiion noy B

wasumptlon for the labour working there, The economio syatom Lo

a5 &
shnsgst

is withoub the eopbrlvonge of o meney wnes role ¢ o seobor

WOFE Soodas

s;_'é~
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=
=
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g athar sscbers both the maberial in

lnbour, The lsobtler Jdepesde upon beth the tesknoloslasl inbouy.

Fiodent na well an the Level of 1iving appreprlete for Ieobeitr, wiisre

my voprdiotensas e verdly o mottar of mictal declelon,

In the sscond cose, the systen oparates directly throwsl w, nnd

s ¥, Howsver, one moy oonsslve of mn independent relpilen bebussn

wed B, win., thot of cost-ol-iiving-indexsd woge rotes, Interpreting

88 & veotoy of welghts peelipned to different commoditles for deliving



~fB-

o post ~f living index {GLI), cne oan thea speclfy o meehenien of insti-
tutionplimed ndjustment of the money woge rnte to changse in OLI on
pocount of prige-changea, Tha frenl wnge index® in this onse is provided
ty o historloal benchmork of unge-price configurntien, (W, p%) 2oy,

‘tnd the mecharnl=m ensures

o n ? o
wiw = T ph/dp‘h
AR UYL

which 4a formally equivalent to {4,1.4) with v « «° iﬂ pihi For

the Test of the exporlition I sholl cssume thle type of '-m;:: ndjuatment-/
In aithar cose, the chonnel of interdependence considered has

{ta syn justiFlention. The definition of P{x, «} taking (4,1.4) into

rasount 1= chonged to

P(x,¥) -{Pa R /e 2 F (0 wrtx)b”p}

- of .P(x"r} - {‘ PE .H]: fy -Z“ G(J{,V}P} res (41*1-!5}
where the (1, j)element of G{x, v} --giJ{x,v} — 12 given by :

sij{x,v} - fﬂ{x} + vf {xlh ver (4.1,8)

P(x,v} now reprasenta a ast of internsl eonsistenoy conditions
‘on prices, entnlled by the definition of oonslastenoy, technionl condl-
‘tions on productlon (IO coefficlents and lobour cosfficients) nnd the
wohditisng of employment (level of living/Ci1%}, As enrlier, one nesds
wnditlons to ensure the non-smptiness of the interior of P(x,v). Ve

shnll refer to the required gonditlon as the wipbility sondition (for

Tﬁ"ﬁﬁmﬁy, one would stick to the nmumpti-:m of n givm nohay
wnge rais, We are then followlnag the oams of o flexibie yoge gyrieom
In .pputrast to the fixed woge system of thia alternatiee appronch.
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rloes), 3inae x ¢ ¥, the productivity conditlon o nssumed to be satis-
isd, Tt then follows frem the deflnition of G{x,v) that thers im some
mige of walues of + #5¥ (o, 7 puoh Shot 'QKE‘;I{}:,‘?)) < 1 for Q<Y <Y,
pr the purpozs ¢¢ cur snziyoia T oshall arsume that the plven real wnge
ndex, v, 1liss Ir the sbLove io%ervsl, That 1a I gamume

42 Malxv) <2 ¥x g ¥

The next atsp tokea one tu ‘price-theory’ proper, Aa in the oose
f the {physiopl) IO system, *wo polrr npproaches nre peasibls 3 o gon-
isteat price vector may be given, ylelding vglue-purpluses in each pector
widuolly {these rurpluses ars onlled profit mopplina }, Altematively,
bé porglnd may be given, and prices determined un thot basis, The
Eﬂttﬂ' npproagh ~ which was: Mlentified ns the I0 approach esrlier in
e contaxt of the physical aystem — con have o further reflnement, vis,,
ﬁu (undt) profit margin in ia  seclor stands in the pome frotor of

. aa that in any _
guportisnality to the unit ecost of production/othar azetet (this foctar

s orlled the morl-up fantor, or rnte ¢f prefit), In nll, then, we mect

bre# theories, whish con ba onlled the flzed prige th the profl
38 180Ty,
krefn theory ond the profit rats theory, respeativ&ly‘ﬁf There i»

wvever o rother eclose connsetion between the latter fwo. Annlytiotlly,
am _
first 1s a olosad motter so fur/price determination 1s gonosrned,

sesond lepdsz to the equetion
p = 6{x,vip+ T[{x7)

&/

With the fixad woge aysten, 1t 13 possible to fuse the lnat twn into
w dlffarent theory where prices cre determined conjolntly by a given
monty woge rate and n glven rate of proflt, This ip the versisn one
t¥plenlly meeta in the I0 llieroture referred,

For notatlongl simplici¢y I om denoting p(x) simply by p. &lso
banceforth I shnll dreop v from tha srguments of G.
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vhere G{x Vi3 defined in {4,218} and T|{x,v} = (Tﬁ{x,v)} iz the glvon
vector of profit margins. In tufe with the genersl formulatien, the
profit nargine moy bes tnkén no o functlion of output levels and the reul
H.ug! rnteﬁ{ The i:rice-galutian is given by

p= [I - G{xl]-l TE=),
- Qently, p 1w non-negntive by 4 4,2,
; Bofors proaseding to the prafit rote theary, one moy note that
iinitom! of the unlt profit mergin, the rotle of it to the unit cost of
:;“]:roduutian moy be token na glven for each weotor. This ratio is often
- eplled the "degrees of monopoly! of the sector conoemned, and Ia token
ﬁn ba detarmined bty fts market organisation, s a basieo Institutionnl
pnmhr of the wiwle system, Thia approoch is me<oointed with the
aa- of Kalecki {1971} /Choptera 5 & G /. The profit rote theory eon
:thl'n be ween o o specinl eose of thiy where the degree of =onopoly
lg untform over nll sectars, Altarngtively, it con he asen ns boged
Hireotly oo o competlitive mechsnism which equalimes the rnie of return
o tonpltal' invested ln different Iilnes, For this, one must iphore the
prerhesd cost elemente in the profit margin, so that the eatire costs
sl produotion ore reflected in the prime costa. Further, the se-called
lparted of production' in ench gector ham to be assumed to be the aome,

K thot tha retuin on eopliol le& defined over the wnms time periled
-

g — i’ — e S ———— ol P . el S D -PIS S -Gl P

i TT[‘J:} moy lnalude aletenta of do-oclled wiit averhead costa
whioh are obvigvaly dependent upon the lsvels of produsticn,
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1 aaeh sau‘ﬁ.:-f. It is bozicw’ly Witls cencepbudisation of the ayilew
bt undarlies the Azolgnation nroflt roie Yo the ratie of profit margin
o prima costs,

Melytlen iy, 1t Aa to be ncted thot the rote of prefit, .En;‘rf) .
goopot  be plven Independently in thlz suaen, It has to be determined

Wtanmualr with the priees, I noW write tha price systom ae ¢

i

? p [1 .}'P) ox) p ven (4,1,7)

From 4 4,2 1t follews thet  (&{x,v)) ond the correspending

B ¢ e

%&m&twiﬂia vootor {which 18 known to be non-negrtive) 18 a menningful
?lution Iar '1%:?‘ and p of (4.1,7) respectively, Thiz is hecouss

W < 1 implies thoi “F iw poattive, It may be noted that p here 1s
Wn&d unigqualy upto peaitive scolar multiplicntion, i.s., only

yelotive prices ore determined unlaquely, Thle completes our diseussion
.
4! the hosle formulations with respest to prilces.

g

»
gﬁt A reesominotion of mome physical propertles of tha model

For the discussion to be trken up In this sectlon, I shol) toke
! dreotly from the concept of Tgonsistent priee vector! ng defined
‘the preceeding section, without going into the ‘theory of priaa;‘
rsh, The purpose of thle sectlion e than te reconsider seme of the
tepts and {sevas discussed in the lpat chaplsr, Baslenlly, it is the

sl-globnl preductivity problem of the previous chapter thot we ghall

A, o

In tarms of sur discuesion on investment in eectlio j%hof chopter 2,
the oesumptlion bollw down to pinzcpendence of 3 ? raspect to 1 and }
md nbwence of flxed copital from the pietura,
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ar pursue hers, We hove nlisedy seen that geancrs) IRS {ese Delind-
Won 3,2, v, 64 ) ip n sufficiont conditlon for the sgulvnlence of these
tw notlonas of productivity, Our purpose spenifically is to reploce the
pyslonl oconcept of n general IRS by o volue conoept ntd soe whéither the
rerult holde, The baals of the vnlue coneepts hna beoen indicnobed ob tha
teet of thie chopter, ond it remaina to follow it up with o formul
definition, The relevont definiticne for our nnalysies are
‘pefinition 8, 1+ 'ers ia lnoreasing {decreasing) unit materfaml
et of production 1a 8 with respact to n priom vactor p if
my(s% = 2 (¢ ) m, {p% )
v xt 2 %2 2 0,
Dafinition 4,% 1+ There ls n general inorsnsing [decrensieg) unit
seterizl cost of preduotion in the produeticn wyetem s8 n whole with res
b to 4 prise veotor p° if
my(e% ¥ 20 ) m (0% A ¥ 222 20
and ¥ 1 = 1, 2, ...y t,
i,e., F{:j‘}f p ?.':E} F{xz}f p° v «l ixz i{}

Tha oconoepta defined nbove nre penorally referrsd ta value
vespts. It is olanr thot thesse enarmoualy elmplify tha eoncept of RS
v sarlier. Thism 1# becauss the present definitions pre in terms of
poagle vorinble rother than n voricbles ns in definitlon 3.1,

As mentioned enrlier, the annlysis of this section 12 bneed on

aseumption of o given poneistent price veetor in terms of which




the value goncepts nbove nre drfined, Now, sinea the ret of conslotent
prices, P{x), itself 13 dependent on the production pregramme thers la
no g priori punrentee thot pne ecn find o prica vector which is consla-
tent for oll x c ¥, 9ince to didcuss R3 is to vary x, I reguira to
define tha value concepta with respect to =ome {ixed price vestor which
is connistent for oll x & ¥. Formnlly, I sssume

4. 4,3 1+ There exists n p such that T 2 G{x)p VYxe §,
In lew of A 4.1{5;‘.%‘5;@&&1%&13 follows that 4 4,3 implies the sxis-
tence of 4 p motiefying

P :sn'{x)‘fﬁ VX e} are (442,0)

Parnllel to Condlitien 5,3 I now hove the mich wesker condition;

Qongition 4,1 1 There la n poneral decreosing unit materinml cost
of produotion in tha production aystem ne n whole with respect to o
price veator p motisfying (4,2.0).

Klsc, porailel to Theorem 5,2,5 I hovs the following theorem,

Theerem 4,2,1 1 Under condition 4,1 if thers exlats o aclution
of (8.1,0) for eome y > >0, there will also exist a solutlon of {3.1.0}
for any arbitrary ya O,

Exggf + The proof le similar to the one of theorem 5,2,6, The
only diffarance 1ies in the proof of boeundedness of the ssguengs &i’:t’]
defined there, Thie 12 proved here In the following woy

From (3,1,1) wlth y = ¥, ohe gets,

it - F{it'ijit"l 5

ér, it S, F(it]it * ? [Frﬂm 1emmn 513-'.;7 ) {41-311}
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pre~
Now miltiplying both sldes of {4.2.1} by 5’ one baw,

F/E ¢ p7 MEWEt 4

< p Fx)EY + ¥ fOn oocount of (3.2713} and

aonditien 4,
i = vy =L -
or, (p° =p" FMx}) X § ¥ vor (4.8.2)
Kew, sinee x ¢ ¥, using (4,2,0) 3if fsllows frem (4,2.2)
that the seguence %'it] i» bounded nbove, Q.E,D,

It 1is to be noted that conditlon 3,3 nlse ylalded the uniqueness

ﬂ o solutien of {5,1.0), This 48 olso trus nbout sondition 4,1, The
follouing thesrei #ilidotes this nscertion,

Theorem 4,2,2 3 Under eondition 4.1, thers son exiet ot mest
ony solution of the system (3.1,0) for o glven ¥.

Ereof : The proof le similar is the one of theorem 5,2,8 uvplo
Abe derivation of (35.2.15), Now with the help of (5,2.14)one oon write
Toronyd =2, ..., 01

2 -5t e F‘(xi}x:' - F{xl}xfl
pramltiplying both eldes by 5’/ I zet,
AR SIS Pl ity

€3 F(xi}xi - E}F(xiixi [Oming {5.2,15) and
condition 4,1 7

(5%~ B/Rx1) (< - Y £ 0 cve (82,3)
How suppese x > x'. ‘This together with (4,2,0) weuld menn that
hond eide of (4.2.3) 1s striotly pesitive thus contradieting {4,2.3).

X" L xl v i L 1_'- 2’ ey M Q-E-n--
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43 L oomperative gintle ewercise in costs ond prices

is stated enrlier, the purpose of thlz sectlen is to cobduot a
lsomevhiat basle comprgntivu atotle exerclee in pricea, The problem in-
ve<tigoted is the effect of o ohange in the unit prime coat of produs-
tlon in some geoior en cll prices generally, including the prige of the
praduet of the some mecltor in portlcular, The chenge in the unit prime

Fuat in turn can bs token os baing the result of o changs 1n the pm-

r

duetion programme, wilth corresponding changes in the 10 soaffislants.

For the purpose stoted atove, I sholl toke the prices to he
\sterminad, aleng with the rote of profit, by (4.1.7}. The cholce of

this theory ra the Toais of the exwreins 18 boslonlly n reafleation of
1

lta gnoiytlonl mupstriority over the profit margin theory in thot it is
y copplately loloped’ theory without any exogencus alementw, The

sogencus elements in the profit margin theory are gnplytically

iptitrory and detraot from 1ts usnbility for the kind of 'pure sffactat
[ndentad nbnvo?-{

Twe polnts sre to be noted at tha ocutest of the sxsreise, First,
od nentianed, the endogenous voriables in the profit rate theory ore
Lven by the weotor { ~P y B}, not p alona, Henoe the probiem is reqlly

t of the effect of changes in unit prime ocat in soma sastor —

rhall teke this to be .51 — on both the rate of proflt stid grinea,

wod, p 1s dotermined only upte o posdtive senler multipiloation.
tne ndditicncl advantspe of thle theory 1x that some lind of RS to
tha avonomy ne 4 whole la reflected in the hahaviour of ¢{G{x])

Mis &8 becouse Pin {4.1,7) 4 given by gy -1 e hence an

inorease {deerense) in the volue of ¢[G{x'} woulld Amply s fall{riss}
in the value of the rats of profit of the sconnmy ne a whols,
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~flerrly, sega Dermalliantian rule Lo trecepenry fHr resclving thias indeter.
enaoy, Fer the purpose of the analysis In this section I shpll nssume

thet p_ im fixed, so thrt pi,i,il, 1s reclly the relntive prige of G, in

i
tamp of G:L' In the lenguace of trodltionsl sconomic theery, Gl ie
ehowen' oo the numeorairs, Formally, the normolisatlon rule con be token
to ba

Fl' 1 Y] {415:'}}

Returning to the fawus nt hand, suppese, siorting from ot equili-
i selution (p, ¥ ) of (4,1.7) and (4,3,0), the unit prins eost 1s
Yvared for only 8 1* The immedlote effect of this would be the smergence
¢f a surplus in 8. The Lasis rasult sought pon be stotad os n conjac-
ture; visz,, that this surplue will be sventunlly (i.e,, in the new
spilibrium) shored betwwen (8) profits and (b) guptomera-in-penarsl
%rough, Tespectively, (s} n hisher rote of profit, uniform over oll

pectors, ond (b} m lower relative price of G - relotive Lo the price

-

ﬁt.qqah snd overy other Gy 1.0a, o higher relative prise of all Gi'
The intuitive basls of this oconjenture i1s Mt cost reduction in
$ wuld crente mirplus ir thnt pector rnd 1if the rota of profit doea
adjust 4tself upword, thia would redues p, vontrndicting the normn-
sotion oriterion (4.3.0). ¥or the other amctors, n rlse in the rote

profit gon be meoured, in the firet plaae (l.e,, on thes basls of

snged undt coste), only by o rimse in their prices which in turn

ngew the unlt acats sveryvhere, Clesrly, the mechanism of equaliwa-
of profit rotes will hnve to work through a process, Here I abatraot
e neahonice of this pruuaua%f mnd concoeitranta only on the end

- %, ds menticned, the endwresult ip expected to be guailtntlvely
or to the ipmediaste impooct mentioned, wiz., rises in ths raote of
fit ood in «ll relotive prices (r=lotive to 6.)s

refer to o recent paper by Gajopetnl { 1978) for on sooiyale ol
¢ process nnd 1tp convergenca,
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Y ghall mow velidnte ¥he ssnjestura Jurt linde Wy ths wnelptiew]
remilta to follow, Por this, lat p end "F “bo the solutiona of (4.1.7)
nd {4.3,0) for moma x = ¥ and then suppose we are led to n new situn-
tion {1,8., new production progromme, %™ay) whore tha unit prime corf
of ,'!1 with respeot to p hoas decrensed, That 1s, the matrix G{x) defined
in (4.1,6) hne ochonged to G{X) euch that Gl(i}p < I:}itx)p i
us(ﬂb - Gi(:n:)p for % + 1, or, in other words,

&x)p = &(X)p + e’ rer (4502)

for mome X > 0Q,

‘Also let (p + b} ond (O + @) be the now selutien of (4.1,7) and

{4,50) corresponding to the 'new situntlon' where

a e . (45.2)

{clen?ly & 2> 0, ec+8 > 0}

© 80 from [4,1.7) ond [4,3.0) I have,

< pw G(x)p cee (4.3,3)

Py =1 cee (4,8.4)

(a+ 8)(p+h) = o{x)(p+n) vov (4.5,5)
Pythy = 1 ees {4.5,8)

From {4,3.,2) 4t i alear thot 8 < O impllas nn increass in the

wof profit, Thim 1a boslonlly whot is to be proved, Fer thim, I shall
the following namumptiot

A4 0(x) 1s trreducible,
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pegres 4,3,1 + Tes now squilibrive yate -zﬁ.‘ﬁu & sropter
s w #ld e,
Proof + Firet note thot (4,3,4) snd (4,5.8) gives
hlmﬂ eer [24,3,7)
_ How mubetracting {4.5%,%5) from {(4,3,5) nnd mnking uee of {4,5.1)

ot
(G+ )b = G(Fh » « 8p = Apl

mos partitioning p, h and §{X) properly onme gets,

11 o gll{:?] 51{5’:} | h:l. Py B
_[u*u} - e - =3 | v - -
0 I dny D i B 0

. {4115"8}
Hew frem {4.3,8) uming (4.3.7) ond {4.5,4) ene hea
- EI{E]E - & - A i (403'!9]
f(g+ 8)h = DA » ~ 8P ver (4.3,10)
How, frem 4 4,4 ond (4,3,5) 1f followx first that
S L CREE
§ then that

gpag 8F) <1 ver (43.21)

o the dominant ohnrnetoristic rost of of nen-negativs irreducible
rix 1s knesn to he n striotly lnersasing funetlon of the eloments
ﬁ.ﬂ mut.rix-



Honce from (4.%,10) I get,

he -8 Eu* )T - 8(F) ]-1 7 wre (4,5,13)
Hemoe 1 © 1» positive A 11l be negetive fyvew {2.5.12) and
iis w1l contrndlot [4.3.98) elnce A >0, Q.E.D,
"I now hove g corpllary of ths abave theorem,

Dorollery ¢,5.1 1 The relative Pthﬂ“ of G, 141, in terma
an
G in the new squilivrium is granter/the cerrespending raleotive

[ 4n the pld equilfbriws,
Preef + This followe diveetly from (4,%5,13) sinee @ ¢ 0O, 4,E.D.
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STRULTTRAL BREAX
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CHAFTTIR 6

dome Madels of Ftruchural Breask

The ooncept of s$ructursl bresk hos zlrendy besn apclt sut in
seme detiails In pectlon 3 of ohapter 1, To recapltulate, we presume a
glvan ptructurs of the ecotomy at some initinl or bese peried, Toking
the {extanded) IO model with primory inputa ns tha benohmork of refe-
tennes, one o gpacify thia Yetructure' In terms of
(a) n mset of technologlenl relotinns expressed by the IQ
poefficlanta relating quentities of products ne sutputs
to thair respsstive Inpute; ond
{b} o given clageifiocation of the totnlity of ocormoditien
inte produste and twn<produoty or primory geoda,
4 gtructursl breok in thiz context involves a potentisl change
-dther in the teohnologlonl relatlons or in the sommedliy closaifico-~
tlone {ar both}, Wa shall dea) with the two pure ontepories defined
theve for thes purpose of annlysing problema relnted ta the introduction
of new technology (technolordeal breck) ond import subsiitution respee-
tively, The first relaotlon &8 obvious. For the gecond, we nased enly
‘motion thot the primory goods referrsd in (b} are taken to represent
w=arllad non=sompotitive lmports, 1,e,, goods uhich nre net prodused
&mestlanlly rnd hence importsds The import substitution — 1.e,,

fnestic production of the commodity concarned — then tronmfers the
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sarmadity from the hoh-produced? %o the fproduced’ group, i,e,, chaongea
the gommsdity ﬂlusaif..'.:n‘tim‘f'j‘{

Ti:la chipter 13 consespad bosleally with the *flrat stope of
onolysia® involved 'n any generplicatlon thot wa hod Lolked shout in
ehopter 1 (p.B). Thah 18, the %agk ip to formillote the Lasues 1n terna
of serresponding IO ~or I0-tyor- modals ond carry put some preliminery
malydis, The nexi chopter takes upzlsl:mnd stage of annlysle, Vs, thot
of detrlled model~mnlysis, More precissly the lins of diviaion 1a

provided by the mothod of manlyals, As elsevhers we shnll rely on the

10~method(in some muitnble form) oz the main tocl of mnnlysls of our
models, This nppronch is token in tho next chapter, aso that in this
shopter we shall cerry out only such nnolysis oo does not require the
tsol mentioned.

¥Wa moy now repent two obpervntiona made sarlier regnrding the
annlysia of this part of the atudy, Firat, the models develsped are o
e gaen s o sample of exerclses orgonlised oround the boale theme of
rtrioturs) Yresk rother than ns a comprehengive treatment of the baale
theme, The modesls — four in all, deslgnnted lladals I-IV — are erranged
in two proupa, each consisting of twp modela, dealing respectively with
the two typea of structurugzl;gﬁrred. Theae nre given in sections 1 and 2

below, in that order.

) dlearly, in brood terms, this too introduces new technology, l.e.,
the oommodlty cleesiflcention 1teelf im a reflection of technology
in the brond senas, Hence our digt netlon betueen techmologledl
brack ond import substitutien 4z tc be tokon ne ocne of convenience rather
thon of definite peporotion.
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Sscond, the ftime-frome of reference! for our analysls will
b a3 spelt out 1o chapter 1 (p.13). Tn aperatlenal terma, all our
wiely ore token to be defined for n 'reference pericd in the futurs!
wlled the terminnl period!. The exact time span meparating the hase
md the terminrl periods {the so-gnlled 'time horiazow of onalysint},
however, dowes not explicitly cceur in thoe anolysis, for the probilems
javestignted nre not thow to get from here to there! tut 'whether to
t there nt nll"g‘f It 1e snough, for this purpose, ts have on implieit
rerhorizon which mokes the Topen pomsibllities at the terminal dntet
vlid demeription, The enanlysie crn than be conducted expiloltly only
rafarence to the terminal peried, We now turn to the mubstontdve
smeslons,
Wa shnll end this introduetion with o trief reference to two
- rtant mources of eur ideas in the litersture, First, on the gnaly-
Blde, 1s the gontribution of Arrow (1854} dimcussed in deteil in
on B of chapter 2 (pp. 48 - 5% ), Ite brond relevonce comea from

eplielt gtructure of sectorg — the free! ond 'hottlencek!

8 =— o8 o unknown of the system, As shown In the amection
rﬁd}ntha I0 method there solved the sutput determingtion problam
toreounly with the structure, This ip of key importanoe for us,
our models nnd methods in this part oon be ssen as baslonlly working
of those 1deas in different kinds of ocontexts, Hore subetnntively,

Tour models hove n olome connestion with the nbove model ond

" ehapters 7-9 we moke o somowhat detniled Investipntion Inte the
er typm of problems,
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thess will be apalt cut in nppropriaste places helow,

The second source im Chukrovarty {1959), cnzgggmg alde,
The term "structursl btrenrk® nad the po--cnlled Mtime-freme of referencet
for 1ta annlywle ars In foot borrowsd from Chokrevarty, theugh the .
speolifio nature of problems discussed ore qulta Aifferent. Agaln, ue

sholl. have ccenslon to moke more speclfic references to hlas werk later,

5,1 Technglomcnl bresk

Thia section 18 conocerned with structural breck of the typs (o)
raferred nt the outaet of this shapter, 1.e,, %echnolppicnl brask, This
in divided into 4wo submeptlonddenling reapectively with the craes of
techmology=specific enpneitlien of production and indivimibilities in

the segle of produetion mo the moin faotors behind sueh bredks,

Tha atorting peint of our ¥odel I 1s the ralntion betwean techs
nology- ond ecapacity thet we had indicnted at meverol plncee earlier, in
portienlar chepter 1 (pp. 12+15). We shall formulnte the iden in terms
of two nlternotive technalogles, represented by two 10 mntrices respec-
tively, enoh operabde on the bneie of o copnalty specifia to 1tself,

o of the technologles — the ¢ld one -~ will hove an explleit gepnoltiy

straint on 1lte scsole of operntlon while the eapaolty for the new

nclogy 1e assumed frea, The justification is in terme of our time-
of reference exploined earlier,

In this frams, we ers really lecking ot the terminnl peried

the stondpoint of o bose paried. 5S4, the tarminal peried
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will inherit from the bose n Ziven copneity of protietion gpecifis te
the bose Yechinolopy {this i3 tha old technolomy) which osn =till bae

ppernt.ed"lm thnt axtent in the terminal perisd, The ney technology is
brought into being, «long with its matehing anpneity, by investmente
betuedn the bose and terminal pericds. The sénlae of 1ta operation ie
ﬁ- be determined similiomeouzly with that of the old one in the 1ight

of the piven final demgnde of the terminel j:-erind‘;{ Thie determines

{nvestment ond hehoe thé alza of new eopaclty as eecentiolly ffrea!
*rnrin’blas!{ wlthout genernting. any copaoity conatraint, Thie cxplolins

. N g
shy thersa %s only onc copncliy congtraint fn tho :r.e:u:!.._:;j“'*"IIr

==y

.....

That 18, the new tachnology is not opernied so long ns the eapoelty
tonstralnts nre ineffective, The arpument is thot thls enpacity, being

re-oxletant, 15 fres in the genss that thero 18 no cogh invelwsd in its
|

g i

Une iy think of thils {innl demnnd as being projected Andependently
from the bass poarled final demoudae and. other roleveont con=iderctiona,
This rulex out eny indivieibilities dn the scole of operstion of
the new techniology, Qur naxt model (Model II) is designed preclsely
to go intc the gquestion of indiviasibilitiem, It moy further be
nated thot the term fMfree voricble” fs used in the mense of being
unconstroined, not in the senge of Meostlessnesst, In faot, the
‘coat of thls Invustment im taken into ncoount bslow, but this

- dort hae nothing to do wlth the commodlity balmnoes in the

torminol paried,

Yor this reomson, we ume the gensrsl ternm 'enpocity conatrnint!

 in this mectlon to mean Tenpaelty coralroin® specifie to the
old technology!,
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erantion, The new teshnology oWriously entnils euch costs; viz,, the

MMMEQ.Q/ Thege cowts nre token Yo, be buffiglent o s moke_the
ubllieftion of any existing papocity worthwhile, We shall toke up the
further pnoly=is of the chelns criterion from the covt-angle st the end
of this pubsection nftet o formol presentntion of the idens above and
a numbar of clinrd fleations,

It aymbols, let A and B be the I0-motricos asscolated ch
the old snd now teshnslogies (olss to be cnlled A~tachnslogy and
P-technelogy) nnd X ba the veotor of glven onpaeltise of production
oesocloted with the furmed, Model I 1a then formally represantad hy ¢

X+ zwlx+Dz+y e 18,1,0)
X {; i ! ll“‘(EIl'l}
C(x-® 5 =0 vin (5.1,3)

vhere x{s~ Rf ] ond =2 E:Rl:) tire the vastora eof produstion with the A-nndl
Botmahfiology rempactively nnd y is the given hill of finel demands, The
squotions (5,1,0), (5,1.1) mna (5,1,2) represent respectively t!‘J.‘zuzl Sotmmo -
dity bnlonce~equntions, the eapacity constraints nesocloted with
Mtectnology, and the cholea criterin deseribed nbove,

We now turnt to the clarlfiostions referred. Peglenlly, the
purpone is to olavify Ehs- relotion betwesn the model prosented nnd
sertoln othet models thot we hova axplioitly deslt with or referred to,
Thm fra thtes Such module with n oloss relation to the gbova, rl:.,

y The opérntionnl co-ts (so«cnlled 'prime coata' of the laet chnptor}
are not expliecltly aonsldered here, Implioltly, the*e ars token to
% meflller for the new tachnology compared to the old, The echotos
orlteria used in the next aubsection nre based on thege costa,



wlﬁﬁi

the genaral AA modol of produotion, our nnn-linear model of chaplers 3

mid 4 and the mad2l of forelgn trade discussad in coction 8 of chaopier 2
{pp.48-53), Worhall refer to the lnst ns the Arrow-Chenery model (acM),

clarifioations of thepe relotions between models in turn moke room fer
raloted comments on the strustura of our model, Thess are olso given
below in the npproprinte ploces,

In terma ef the A% frome, our modal hng n commodities and
In aetivitien — buo qotdvities for ench of the n seotors. This i cleor

beoruss {5,1.0) enn be equivalently writtem as
n o)

x4z w & a‘jx'ﬁ by bjz*y
P S R
vhers of and B! are interpreted as tha tus alternative petivities or
prpduction procssses aveilable to 8, ond X, and 7, ns the levels of
spergtion of the two nctivities rempeotively. The rule (5,1,2) then
ptates thot for Sj the seoond process (1,e,, bj} is not operated %111
the first one regohes iin specified upper bound, The A-and B-teshnology
mitrices here nre almply formed by toking respectlively o] and bj
o8 thelr J-th oolumn, Twy polnte may be noted here. Flret, it la nod
hacensaTy that ol +bJ for all jJ, 1.e,, thare moy be sectors where
investhent ond coptoity exponsion doas nst Bring nbeut any new method
of productlon, Seound, formally Medel I im generclisnble to arbitrary
mber of technologles, This would leave our formel cnalysds unoffected,

Tor this eose, let there be m alternotive technologles nrraoped
Hsyarahieally By veaey A 2o¥. That 1a, the Ai—technulng'j‘ is
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sparated only 1 8-the Lk—tonhmlqgiai- vre-fully epernted, X <1. The
ayatem will then recd :

m n
1
I g Ay ers (8.3.8)
11 E ;i. 1w 1, 2, couy 2= LER (5'1"‘)
{xi - ;i)(:li+1 L G i - 1' 2’- dbrny 'Il"l IR {Eliis‘]

vhare x" ond i" {1 =1, .,., m=1) nore the veotors of predustion level
mnd aspeolty figuras corrasponding te the l=th technalogy and = is
the Munoonstrained” or "fresf veotor of produotion level ocorrasgpending
to the m-th tachnelogy,

¥e nov turn to the glerification regarding the relation betyean
MHodel T abhove nnd the non<llnsor model of chopter 5, Model I in thia
sontext oomes cut am a specisl eowe of the non-linenr model,ln other

g . e -

wrds the presmtntion of Model I ntovae ozn be thought of as en wlius}.
and substontive deplotion of a altuption which glves ries to o mor-linear
system, Thim im brought aui by the following eguivelant formulotion of
Model I ¢

x o« bzt sy ver {5.1.8)
whare fisfi‘i} — the (1,])th elament of the I0 matrix KxY) — is
dafined aw

1 -
n,, if xi¢x
. 1} 1'1 j-“ L) (5!1'7]
t"j(: - X +b (xini}
U3 % T Py Yy T %
' T otherwlse
*
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flearly, the funetion F{x)x es dcfined here sotiefiss the pssumption
A 35.1pend A 5,2(1) (p. 68, It may be noted that xi is renlly the wum
of x ond £, ond given the first the latter two con be read off frem s
1 -
(=], 0} EE XS

{x-il ’1:' - -

. een  (B.1,B)
{xi, X - X

ij othaeruiso

In thim context, two further points ore worth reporting. Mrab,
it moy be hoted thot the non<linear modal itself 18 o modal of strusturpl
reak in o Amplliclt zenwse, This followr from the definitlen of styua-
turnl break of type {a) glven ot the outset of this ochapter since
vn:ﬂ.nhilfll}:ieu of tﬂ“ ogafficlents with respeet to the sonles of produe-
tion unnﬁhought:%s d’::hungq; in the technologicoal relatiocns Ln n bread
- gente, However, as 1llustrated in {5,1,00-{5.1.%), tho structural brenk
propar 18 indionted formelly By hoth the intémal strusture in thil sense
_of-oconfficlenta gnd the atrupture of constrolfite. The non-lineay modsl,

ot the other hond, ie WMoonstrained, 3::,.»1;"
] ]

The second point 1a to note o possitble clternntive interpretas
dofi of Model I which 1 polar ty the ane glven sbove, This ia best
een o8 o digrossion ln the sense that here gne 14 ¥aken out of the
;nuptunl frame of reference glopted in th¥p chapter, visz,, the prablem
p vleved in the Lipght of sonrolty of sxiating resourses, The modsl oon
st be @mor. precisely de un upshot of the "forcee behind DRSM ea

sporidved in section 3 of chapter 1 {(p.12) 1 the i-toghnology o cousl-
ared the mupericor one whish hovever aonnot be operoted at aoy soole
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#d nutnd s-goretenint beoemes binding cne moVes to the inferior
fsctmology, B, to mert the ndaiilenol reuirement,

Flnally we turn te ADM, Now,Arrow in fact abindnad—ths struchyres
repromented H(2.5.1), {2.56.3) and (2,5.4) am the rreduced form! of n
genera) optimising modsl of the LA 4ype, Both the fermol relption botwsen
kdel I and the reduced form ({.r., the model am given by (2,5,1),(R.5.5)
md (2,6,4)) end Arrow's derlvntlen of the letter from the optimelity -
ﬂwbr he gatieral model are worth reviewying here, The twy prollsms
iy taken up Below fn thet order,

It should bs Immedinte that the formol lt-run'hurezliadel Tina
geralisotion of the formnl etructure of AM, beerume putting tho
iirix B idanticolly equol to sere Modol I reduces to ACH,

- Turning to the dismuesion of optimisntion, I shall conearn ny-
lf vith & speoctol cose of Arrow's originnl formulation, Arrow trentod
Bports se variobles eubject to upper bound conmtrolnts repressnting
hmd sonditione, mnd ddetinguished betwsen import nmd export priows,

Be spovicl oams ls ohisained by putiing cnoh export to 1ts upper bound
a4 squating export ond import pricoa (we shall onll those the intore
intfonal pricsa). Fow, seen purely from the standpeint of cholae there
ee Ywo nltornotive sources of supply for ench 4, ¢ lmport snd (domeatio)
mdiation, The former entalls n oost p, per unit of & (in my use)

hera p; is the international price of G, . Produetion on the other hand
op 0 ¥ooat® only in terme of cormodities, viz,, ttes input veotor for

ut pﬁ;’adﬁon, l.e,, o*, Tf nll thess inputa sre wolued at internntionnal



priges thon thipg emtoils o unit coret, p ol , whioh la dimensionally
souphrable to Py On & direct, intultive reckoning, produstisn 1s Masper
than import Af and only if p!niJC P . In economlo terma, the oondition
roquiras that thore is 4 pomitive volue ndded {or surplus) in onch sagtor

ot intirantional prices (we shall oqll thia the grray-esnditien). Merev
in frot sbowe thot 12 this condition is satiafied for ell 4 then the

MU iE of the podel _mmtumu;ﬁ& That s, the -
aptimelity criterion or objective funotion used s the minimdection af
impert oolit, Seen from thie ganernl ptrndpeint, one ¢an may that the
oondd then rarmaaf“ia on wmAarlying_nsmumption behind the formilation
(8,5.1), (2:5.8) maA (2,5.4). We may new briefly pressnt the logle of
thig contition, for thls sesentiolly povos tha path of our further
anclysis of the ohefee eriterion promized esrlier,
ArTowls arqumant fa nx follown
1f an optimhl selution Aid not matiwfy (2.5,4) ~ 1.8, 1f o0
eptimal solution (x, 2) werd such thot for eome 4, x¢ :‘Ei ond si}ﬂ -
19 oould inaresss the production and decrense the import of Gi by o
mall emount meeting the intermedinte dnput requirements by imperte
‘el thus veduse the coat of fmports, This would then olosfly sontra=
o4 the faot that the solutlen (x, z) obove wns mn eptimal one,
. Wa now turn te o more dotalled nnnlysis of the sholse oriterien
wi, Iftuitively, glven thot ™ tzcimology 1s the superior one, one
4 epoat tha A-technoloey to be fully utilised only if the .
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invertment coeta for Betechnologv are sufflclently h-ighz'{ The term
Teufficiently hlcgh! hore has of ecouras to be Judged in terms of thé
relotive superloerity of the E-iechnology over the A-technslogy. Henos
the sntire structure comer Inte the cnolysls, Delow ue specify a condie
tlen in respeet 15 thile total ciruvtire -— atrueture of invesatnent evat
vlp=fi=vls the’ ptructiure of old nd nod technnlogles t- vhich justifieg
mr Mreuwlotion ef the choles erliwrlon in tho ssme way that the Arrows
modition justifies AGH, We shall end this section with n elarifisation
of the intuitive bnsls of the ¢ondition snd s formol demonstrstlon of

the justificotlon refarred, For this, let e, ba the annuitised invest-

i
gt cowt per unit of cophelty creatlon {for hravity, this is salled
it invietment cost' below) in 8, required for the B-teohnology,
The sondition then is :

gondition 5,3 ¢ o3y eI -®) 14

In ecvnomic terms, the condltlon requires the unlt investmsnt

8/

ot in 51 taE;reat-er than the inveatment cost necesrary for producing
‘by the old mathod, glven that o1l the inputs fer this productlen aré
Moined by investment In the new teshnolepy [for oll 1),
With this, I om now in n position to stote an explieit optini-
tion problem e~ I ehnll coll this PI — and then justify sur chelce
terlon on the bneis of this optimization problem.

"It may be noted that these investment comts are not only prisr Mt
nse of o ochee=for-nll ohoracter, One may stdll expllecitly intreduces
the oost element by annuitiping the invegtment expenditure and
edglgning n particular volue %o the prrticular period for whioh
thw model 1s #at up,

Hare it 1e npeumed that  ¢{B) <1 whiszh — ox will be shown in the
pext chopter = 1s p hesessary nud sufflclent cotditian for the
sdatence of mlutions of Model I,
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Tha protlem, FI, 12 to
ninimise o2
pubjaet to (5,1.0} and {5,1.1).
Tha thearem belew providee the fjust{fieationt,

Thosrem 5,1.,1 t Under condition 5,1, nll eptimnl ssiutlons

$FI satiefy (5.1.2).

Expef 1 Buppose, oontrary to the assertion, that (x, 2) ia
 optimel solutien of PI, and

Xy {ii and 7, >0 for some i,

Now incransg x nnd derrense % by A smnll but some amount ~-

) that ) remoin non-negntive -« meeting all the nddltional inter-

Micta Ityute required to inerecse from the B-teshnology, From the

!
imdpaint of onr purpsse here, the mest unfovourable situntlon is when
i the intermedicts inputs relensed begnuse of the decranse of z, ore

op the A-technology, Even in this altuntion 1% follews from cundition
i1 that the fsw selutlon will decrsase the value of the pbjactive funo-

oo of PI  controdicting the foot thot we atorted with sn optimal

lutioh of PI. Q. £, D
L3 Hpdel Il 1 Indivisibilitiss gnd olternatlve techpolegiss
in invegtment

The btoalc 1den behind the model to be sst up in this subssgtion
the relation between LIRS ond indivieiMiiity, noted in saction 5 of
gpter 1 {p, 12), For this purpcss, ve shall vimualisa the relevant
rdngl pericd possibilities ns being described by tws nlterfgtive
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ozles, both of which pre potentisl in the sumse of being enpoble
sperotion by prior investment, The relotiem between IRS ahd indivisd -

ity 19 then expressed by tha restriectlon that the siperior technolegy
sperable only 2t o minimam scals of production, This scale 4s of
sa 14 broucht ohout by sultoble prior lnvestment, os alrecdy men-
sd, Thie way, we toke nocnunt of the fact that the spportunity of
logianl economy of sonle i to be exploited really by sultable
elty ipestcllaotion which 18 »f sufficlent slze for the baat avellanble
ds of preduotisn to ylald their remilts, Thews metheds moke up our
or teohnolopy,
- We shall Pormulatas the model exclusively in terma of the two
ative technoloples referred nbove, Thie manns that wa obstrnet
ately —~ ot the leval of formnl annlyais — from baae technclogy
ooposity. Substmntively, we presume — am in the previeous model —
t the bnse tachnoloegy ia operated so long na tia copnolty permits
8, It 1s then simply newumed thot the (terminal} finnl demands are
gpough to entail full wtili=atlon of exiating enpocities, so thnt
e ignore the base technology altogether along with that part of
il denande which 1s met by its uuBE{ That ls, the finn)l demand rele-
for cur formulntion is renlly the pet final dewend submtroeting the
refarred. For oonvenlence of exoposition however we shaoll egll) thia
finnl demand! eimply tfintl demcnd’,

- ot e el e e et S, E—

This part of final demand 1s of course ths nst output from the bose
technology with its production progromms specified by the vopaoitles,
1% ia apmumed thot thle predetermined production programme is
ﬂﬂﬂiiuﬁaﬂt-




-114-

Wo aot nov explain the working of the model in a feu words
before turning te o femnl'repraemt.ation. It im clesr thot beoouse of
tadiviaibility in the senle of operation of the superlor methods, one
wuld hava to ovperste the inferior methods for smnll volumes of produc~
tlen, Carrespendingly, oa the volume of produstidn lndreaees, conie would
pitph to the superior methods. This trohsition hawever will net typlenlly
be continunus, That fa, the Inferlor method will genernlly be opersted
oaly upte n certeln moxinnm effisient penle which is strictly jess thm
the minipum teohnalogienl senle of the superier method, The menls of
prediation of o eommodity would than jump from ths former to the lotter
in o single dimcrete step, Clearly, the model formulntiow hans s leave
wor for possihle sxgess production, or supply, at theme switeh peinta.
We moy nov spall out the loglic of this dimorete Jump in aimple

toma, Thers 1s o certnln comt of opersting the superior methad ot 1ts
grimn sonle, At thot senls obviously the sort pf the inferior method
iy lnrgor. It follows thaot the total eost of producing a' emallsr sutput
ty the infericr mathed iw lorger than that of producing at ths mdpimum
poale by the muperlor mathod, for soma ronge. The total eost of produa-
tien  anywhere In this range 1s then minimdsed by producing sere acoord-
ig to tha siperlor method and hoving excass produotiot. The polnt ia

watrated in ths following dlaprenm with totnl opersting mater;‘g/ of

B/ Thwae soats cre -l muumred in money terms on the hu!iu of fixed
pricas whioh are taken to be glven for our purpose. Thiz ocanvention
i used throughout thls ahapter ond wae Justified in ohapter 1 (p, 11},
Nurther, it moy be noted thot thase oosts nre the apernting sosts ond
not the tinvestpent sosta’ of last mubsection. 'The lnttar ones for
the two oalternntive technologles ars nsrumed to be tha smme,
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aTternnlive methods of predusing seme commadity on the ordinote ond the

levels of thelr operstion on the nbacissa

» Inferior methed
/ Superier method

T hare stonds for the minimum mecale of operstion of the superier

method, The total eost then is o, This some tatnl eort i= obtained for
the inferior method nt the level of production x which 1s preglsely tha
nmoximtu _offfolent Acale ef the Infarfor methed referred 111;Ez‘1.i.tz*r.. (learly,
for roquired cutput between z ond z (thia 1m the Ionze referred;;, one
nipimimen gost vy cotunlly producing %, with some awcesmm produotion
provided there 1s free dlwpowpnl, I shall teke this to be the oasa whiah
in ony ecme 1s o stondord sesumption of the soe-crlled AA model of
pruduutiunl!’:

Passing onte the produsticn system os n vhole, one would have,

in torma of tuwo alternative tech.nalngiuag{

*3 > Ax+Bz+y asn (5,1,9}
x E X oY e Eﬁlllm] J
| eithor T, o 0 or 3 > 51 Vi N ses (Ba1.01)

%, The iden of indivieibdlity 1s thue logloally Jinked up yith that of
axooes production whiek In turn provides the operstionsl signifi-
oonge ol the nesumption of 1fres dlepoenl'.

4%/ I wholl continue to denote the two technologles by their respestive .
I0 mntrioes ~— A for the inferior and B for the superior,
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The lower bqunds, Ei'a, on the levels of produstion acewrding
to B~tachnolocy nra tnken ne technoleglenl dntop 1t 1p thess then that
determins the corresconding upper boundz on the levels of production
teeording to A-technolagy, viz,, x, by means nf the type of coste
gsomparison shown abeva, Ams befere, this cost-ocompariscn is psmumed to
bé whde independently on the baafia of glven prices, cnd hence does not
ferm port of the annlyale here, For the IO model, it ia simply token nm
glven 1like 2 with the relotion i

E - I LN {54 1...12}
Formally it ia almo raquired to spesify the complementary

flackness relntlions, Firat,

xfz " 0 {5.1.13)

[hot i, production takes place pcoording to one or the other teechno-
lagy avallaoble,not hcathg"{ Bweoond,

X %o D E Oy %y * % bij S AETS {5, 1.14)

J=1 J=1
only if ?i - -ﬁi

That 1s, therm 13 exgess predudtion cnly ot the suitch pelnte,

Thare is o gamtine regwitching prollem in this model which
. shovld refer to hera. This ariass boasieally from the unrgstricted
Hversity In the structurs of Intermedints ume in the model srising

from oltermative eombinntions of proceases, Thue, sonsider a altuation

{5/ Thie ie an impertant point of differente between Models I and II,
In the former, the suparlor technology wok used tn produee addi-
tiomcl Tequirement —if any — nosded afier the inferior one had
bagn fully utiliaed, In contrast, in Model IT only one tachrnslagy
im cporoted ot o time,
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s & {Le-produoed acommding to. thia B-teauaslonr wil G SPmmadis, bo
the i-technology: 1t is then ponssible thot sxponsion of sutpul of Gj
justifies 1ts switch over to the D-technology, ut this in turn aen so
reduoe the Intermedinte dsseand of Gy that lts produetlen switeheg brgk
to A=techoology. In thia context we hove to recall sur ocammltment te
the po~onlled I0 wmothod {mitobly generallmsed) az the prinsipal tool of
mnalyels for cur models, whioh warke through o monctonio seguence of
mstimated output vestors, The awitoh-back te inferier methods of produs-
tlon then poges a ganuine problem for the worksbllity of tha precsdure,
for Lt enn upset this moneténleity. Te anveld the problem wa shall
aesue that the Input requirements fer the superior method of its
mnimum senla are lorger, oomtodity by commedity, than those for the

inferior method ot 1im modmm efficient sonle. Formally, I aasume ¢

25D 1 ﬂjfjibja’ ¥l
5,3 Jmpart substitution

A8 in the onae of technolozionl tresk, we sholl devalep two
wdels of impart pubstitutilon below. In enoh medel, import subatituiion

ie soen na o 'filling In' of pravioua Tempty seaters', i,e,; sectors of

‘preduction with a given technplogy btut na nctual production in the
4/

" bose_gtructurs, in the terminal pericd, imports ¢en ba eontinued

-ar gon be raplmad by domeetie produstlon, the latter requiring prier

Wi v - A -l

18/ Tada term too 18 borrowed from {hakroverty {1950}, His definition
of the condaept ond speolfiontion of the context provide the oon-
oaptual beakground of cur discussion 1 Wis o result of plammed
soonomdc development, commoditiss which were previsuely imparted
from abroed |y b&g‘ln to ke P‘rﬂ'du'ﬂ‘ﬂd dma.ﬁﬂﬂlly I ERTREIL LY thea
saptore for whieh Amporte supply the tetal nvailoble smount of &
oomrcdlty arew "emply asotora® of the esconomy. The rbove =héft in
the produotion-pattern of the snoremy, thergfora, refers to the
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lnvertment sn thol the fppact o batiluiion problom e osocfvafert ba the
faventaant Meci-lon preldem, a3 boafore, TLie L3 the problem tnokled im
wth the models below, wi'h somaghoo AliTerent aanceptantiantisn of

the noturs of Import subeitbtollog activillas with eorreomeending Jiffae
renge In the cholce a-iterinh wred, In 201 olher pospecta, the mmdal g
gre developed on the e hostae,

3.1 Moded 101 o Ipdivipibdlity and sectorally deterzinad
lmport gubatitution

We phall berin with the choice oritorien, Thie {9 eoneeptucily
the ame re in AR, vig., no Import 1 demestis produstion ia resgible.
This poaelbility wll]l be saen 1o bo resfrictoed cepenticlly by the
Indivieibiltty in the alze of eopac!ty-to-be-installed, That ik, n
dagetic eopooliy of prodeatZon for import subeatftutinn is asmwmed fo
be of 0 minirum alze, (Asg in Medsl 7T, this 14 berleslly a reflestdon
of the noturs af techmalegyd, It follows thnt {mesris will be ecnti-
med unlesa totel prodictlon 39 of thils wminfmos 2fze, a0 Lkl fne amnll
final damands one w411 et (aporto, wiil @ snea-for-zil euliech bn

deeatdie producticn alftir o eertain lewel, imgporte befng pul hook 4o

5/

1E
gare from thot pefnt nruords== In frmel tarma, this Delovieour fe juet

footnpte 14 contd,s  ~ovvoreion of un "orpty seetor® {nte o produsing
santor ...... #uch o t-‘t‘{‘ln-"'-f-um."-t]f?-n}_.'l--r!r."lrﬁ to 0 chnnge in the -
sgtructural bneiz of the ecomomy™. Jvide Chrkraverty {I959), 1, 112/,

w Ao in ¥odol 1L, menernl effeet af Indivlelbilitias pracduees thia
naymmetry nnd Jllacrotencas, vie,, hwoth itnferder mathod {nf Mpdel 1:)
and Ampert {in the preaemt eoselorm operated upte n point and
than put bosk to zaro, for the superior alternptive omn be
brought in only ot a minimam level,
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reverag o O wherg import fallous dembetis preduetion, This
aflacta the Mahort run® noturs of the preblem {given copaclty cong-
mint) Aesenssed thers, Wa moy further note thet although frrow'a
gper has "toport gubatitutlon™ in ita title, the concept iz used there
h o eompletely diffarent sense, The import refers to competitive imports,
s the mabstitution 4m hetween productlen mnd import on statde promds,
r imports ara non-oompetitlve imperts, mubstitutobls ky production
Iy in the future on the bnsis of investmant,

W& may now turn % a formaliention of tha conoept of Yampty
e.'tqri* Intraducad at the outset, This ia bast done by dsploting the
tmtial I0 mﬂtﬂ.x‘ziiﬂ.e terminel pericd 4n a partitizned form za 1pdl-
tad by the left portitionad matrlx below, with the ogrreaponding
thhology In the base period depicted on the right,

A + B £ 7 -
RN S nn--{w-.-o
£ ; D ¢ 3 o~

Tha portitioning of the above motricas follows o eorrespending
rtitioning of the 2et of all mestora inte two, via,, the set of
rofucing sectors® and "empty sectorsf, on ihe bosla of whether or
} n sactor tekes port in domestie production ot the hase period,
ab 48, at the baws period ssch producing sector domestiondly produces
b requirement of fite good nnd, in contrast, the raquirsments of goods
trasponding to empty sectars sors met by imports Chenoe the qualifi-
Hon "empiy), At the terminal periad, however, vherans the produeing



=15)=

watare sertinue t preduise thaely goods demssiisclly, manoe of tho emphy
seotors moy enler into fomestlo produstion motivities on the baels of
the ohoice erlterlon referrad. Thle £s the !'fillihg in' of emply seotors
mentioned ot the outget of this sactlon. The firet and 2eeond set of
reve or asolumns in the sbove tus portitisned mptrices esrreepong
previmely to the 4w spta of sectomdaefined abave, More sxplicitly, in -
the bame period the 10 matrix is A, vith G forming the ss=-cnlled
tprimory input ooeffieient motrix®, the primnry inputs boing none
oompetitdve imperts, Since tha enpty peotorm do net toke part in
daeptis production at the bose yeor, thelr Input-soeffisionts — the
mrrasponding columna in the sscond partitioned motrix — are left
Honk, As mentioned, thewe sectors mny stort produsing the goods
dmeetionlly in the terminsl peried requiring nen-negative lnput
‘wefflelonts and hence the corresponding Wlank columna may then be
#illed in by their irput coefficients ot the terminnl dnte = thess are

. B
. woolumng of the patrix ! .| .
I shall now conelude this subseetion with n formal presentotion
Hodal IIT. For this, let there be n produning asoters and k empty
Wtors ond the aorrasponding sete be denoted by N mnd X respectively,
# ¥odel IIT iz then rapresanted by the folleowing set of equations 4

x 0 L - B x ¥
L) + LX) - LA RN NS R LR R + L LE X | [5:2-1}
u v £ . D u d

'I.ti = ar 111 ;ﬁi ¥ Sigx 'EX] (5-313)

‘l.lfv w [} . anw {5!3!5}
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" Here XA ano 17, ora the vectora nf dsmestle preduetion and

demnnde :eﬂpeutlv:ly,‘ periltioned necerding te the ssts ¥ ond X,
b‘_he vortor of lmport levela, and Gi 15 the lower bound apacified on
ivel of productlon of the I-th commodity bolenging te the ast K,
quotion (5.2,.1) reprecents the baslc nemmodity bolones equations,
5}, impliea thot ony compodity belonging to the set X is sither

ied or domestionlly produced but not bath, (5,2.3) then guarsntecs
(f 2 commndity beloneging to the set K ip producad domentionlly,
pral of production 1s higher thon corresponding lower beund om it,
;qu&!:iuns [B.2,3) mnd {5,2,3) torether therefors tnke sore of the
M.. oriterin referred corlier, It may be noted thot whan uy R
whoni 1-th emp*y euctnr doos not toke part in produetisn, the i«th

of the matrix [E.]bemmes ineffeotive,
i

Wodel IV « Puplicit cost comporison and sollectdvely
determined lmport substitution

‘e mentioned enrller the model teo be devielopod below hos o

ot conceptualiantion of the noture of Impert mubatituting aeti-

v Jmport of commoditice here are not thought e be mubstltutad
stlo production separntely for ssctora oz was tha cose in

AII. Rether the choice here is sesumed %o be between o domsstio
lon progromme and o impert progrgmge for all the non-cempetdtive
together, The cholew oriterion 1s provided by an expliolt cost
g, The idea 1a basically thet thore is a gingle jnvestment
he demeatlc produetion progremme, rafleoting the fnint cost



-128-

_Egguatog‘at;g; af slmaltersons aepaoity inetnllotiss in a mmber of
erralnted seotore. 1T conmidered im isointion, Inveatment In ony
ter weuld hove n large ovcrhond coet oomperemt {in enmmon with ethers)
ch mokes Individual cost comparleon rother limited in algnifioanoe,
8 is tw?iﬂa& in the present formulatlen, theugh perbape ot the eest
n 1m:3!: of flexibility, Stotod in o slightly dlfferent lanpgusge, one
le of the sholoe hefore us in the ssale of on industrigl complex
i:riaing of meversl projeats, The eleoments of the complex ore the
maitian, end the senle 1a implieitly mensurod by the cost funotioh
ing thaaa.unpueitiae ne arguments, (I shall on}l thia the investment
it fungtion,) The other gida ie aimply not having o _complex at oll,
i i‘s,‘bﬁ. import the raquinitﬁ amounte of cach commedlty and correa-
wingly ono has a compeslte import cest funotion with the import
1s as orpuments, It 1e o bo noted that the investment costa ara
tht of oe annultlsed volues aa beforas,
We sholl denote the "supply-vectore® for the sectors N ond K

1) ond #(1} respectively, 1 w 1, 2. The index volue 1 = i rofers

po structural break, so thot (1} is then a production vector nnd
or import vectnr, The index wnlue 1 = 2 atonda for the case vhere
turpl bregk has takon ploce, In this cose both x(2) ond =(2) are
tlon vootors, With this notation for ths vorinhles the model can
pactly etnted am 4

x(1} As (1-1) B x(1 y
(e e n - YR ITY ) Y + e i {5.2.‘}
Lm R ] Lnﬂ H Lo

the rest of the nototion follows that of Model IIX,
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Olasrly, the eholse 1s between the tuo anlternative voluss of

If the induetrial complex is desided to be set up then the volue of

{g-telsan to bm 12' ond if nat then '1f, The volum nf i is then deter-

#d ~— 1,s,, the choics lesue 1s pettlied — by vemparling the vompo-
te investment ond lmpart costa, viz,,

1 1t #e{1}) < glx(2))

1 = 'y {5.315}
2 othervide

"8 ! ond g are respectively the import coat nnd lnvertment cost
gtions referred obove,
‘Mnally, I cesume that thess cost funstiens are non-decreasing
thelr alememts,. Formally
A5.3 1 f(xY) > ()

V> xt >0
elxh) 2 =) T
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CHAPTER 6

Muoptationa of the T0 Mathod

The purpoas of this ohnpter is to subject all the four medels
frmlaped in the lnat 'chnptar, viz,, Modale I-IV,te detniled onolysls.
Folluwlng the genernl sapproach of thia atudy, this will bs done with
tie halp of dafinite mothods of thair solution. Sirae each of thess
bdall hes its dletinet formel etrueturs, the proposed methed for sach
;1 s going to be diffsrent from that of any sther, Hovever = np

wmised in ohapter 1 (p, 8 )} ~ these methoda will be sesn to be
dfied by ths facot that sach 19 an appropriate gensralisstion of the
is 10 methsd deseribed in chapter 2 (pp, 20— %0 ). I eholl taks up
1 eodels one-by-one in following four seotions, and propoas a methed
v agoh, Some properties of the mathnds ond thenes of the modelr will
I ba rigoreusly axcmined, I should point out that by the wery noturs
{ the task faced, the preasntntion belcow 1s mostly algebrale,
i Model T

Tha method thot I shall propose here for solving Modal I glven
r(6.1,0)=(5.2,2) £ p. 106 7 s a atrnighaumnr& adeptation of
m iterntive achems {2.5.14)~(2.5.18) glven on page 55, Ih soonomic
o8, the initlsl estimnte of production level for wooh commodity
prempending te the j~technalogy ia put equal to its capaoity, or tha
lwl demand, wvhilohever 1a smaller, snd 4f the final demend sxoeede its
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elty, the rost 1s met by the B-technology. Thel is, the correspend-
sstimpte for B-teshnelogy 1o zero, or the exoees of finnl demand
-the eaopaolty, whichever 1s lovrgsr, Then at step t of the schenma,
wetimate of the production lavel for sach commodity sorresponding
i+technplogy 1s exponded to moet the derived demend glven by the
aete of the production levala of all commodities and of both tech-
gles ot wtep (t-1} until orpacity limit 1e recched, ths remaining
ved dmtand 12 met by D-tachnology. Mathsmationlly, 1t conolstam of

¢ two sesquences {xt} and { zt'} by the formﬂns]“{;

x° » min &gx"i st ¥, x } ere (8.1.0)

L owax™laps 1+y-xt see (Ba1, 1),
..

2w in iy, } e (6etad)

- y- evs (8,2,3)

— et MAEAT W E e e e = —— e

In thiz footnote I shall suzgeest on iterstive schem® Tor the
gmerolised Model I as given by (5.L.%) - (5,1,5) / p. 107_J
"the schema 18 nm followe 1

2t nin JLJ L A1,y JE ¥, 'i} (1e1,,,.,m-1)

] -1 ‘
xmt_ A ﬁdxjt'1+’y- L x"‘[t

=1 Jl
1-1 4
Iia w nin { ¥y - jﬂ xjar ii} (i- i,. LN mﬁl}
w]

m.l.
o o i |
1=1
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It may be noted thot te sbove iterstive acheme con ba equi-
wily written am s

it 1 -
(:l:i s 0)  ir X 4 ;

(XII s‘t } - [ XR} {6-104}
-1 (%, x°F-% ) therulse
Ny ] °
Vi
!11: - F(zl'ﬁ-ljxlt-"l » ? ..o ({3‘.1.5]’.
1n
- S §

"Ry (Btlcﬁ)p
the matrix F(x)} 1s os defined in (5,1,7) M. 2077,

follsws therefora thot the iterptlve pchema (6,1.5) and {6,1.8) gene.
g the mssquenas {xlt} 18 really & speclol ocase of the iteratlvs
(3,2.1)~{3.2.2) /p. 88 _7 for the non-linesr model of
“fwr 3, Alwo, 1t follows from (6,1,4) that the vector ot 1g

jrt.hu eotimate of the Mtotnl productien™ vector st mtep t of the

t«iﬂn, i' a, #

L, vt e (6.1.7)

1 now state o few propertlies of the acheme (6.1,0}-{6,1.3}.

Leyn G.1,1 ¢+ The seagpiences {;:} nnd[zt} na defined in
0)~{8,1.3) are non-negative md non;deareauing.

Progf s It immediately follows from {6,1,5}~(6,1,6) and

321 5 E-E}] that tha asguence xlt; is non-negative and

tensing, Nov moking use of (6,1.4) the remdt follows. Q.E.D.
Thesrem §,1,1 ¢ The segquencas {xt} and {zt§ an dafinsd in
‘P}~{8,1.3) converge if snd only if thers im n solution of Model I

HMuiting vectors solve the systenm,
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Progf | Since — as nated in the lamt chopter /5, 107 /] -
bdel I con alme be squivelently expremsed by (5,1.6)-{5, 1.8}, the
iy Af partn f5llows - from [8,1,4)-(8.1,48},
For the "if pnrt? suppore (x.*, :."} molven Modsl I, PFrom (8.1.5)-
&ﬁ.i.'r} and the proaf of Theorem 3.2.1 1% is evident that the saguence
Ly af'} convar ges ond
x4 g { « +a Vtwo, 1,2 .. ree (8.1,8)

%0, from {8,1.4) ons geta

(Xt - i}f ﬂt - D v t AR {G]lgg}
w Tix ony' 1 opd esnsider,
] -
. Casa 1 ¢ X {x
Claorly, 1; = 0 {(from 5,1,2) mnd henss ons gets, first,
x) ¢ % [from (8,1.8).7 ... {8.1.10)
and then,

% w0 [hrom (8.1,10) and (6,1.8)7
It then fellows from {6,1.8) that

t_ "
* 4%y
5: iﬂ;‘- ?t = 5’ 1’ aj LA NN
- -
Spge 3¢+ x, = X,
From t8,1.4) I hove,
SEES Vi w0, 1, 2, v

and henoe,
t i _
:ﬁi i!i Ytud, 1, 2, cose
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New 4f x{ < %,, elearly z; -0 [From (6,1.9)_7 and T get,

t, L]
4

3 %%

. t = _ * -

on the eontrary, if X, ® Xy using the hynothoeln (;:i " .:i}

ard(6,1,8) oace ppoln T get

t, L
z, $ 2

1 i
Hense, I hove,
:tg x
t »
‘I‘:E Tt"D'lj:gitia

»

whenee using Lemma €,1.1, the conelusion fallsaws, J.E.b,
Goxellery 6,1.1 + The sequencen {xt} and {zt‘} ng deflined
(6,1,0)~(8,1.5) lend te the minimum solutdon {compenent by eomponent).

tose thare ore mltiple solutions of ¥odel I for a glven v,
Frmgof 1+ The proof im sxastly parcllel to the sne of
Nary 3.2,1 { p. 717, Qe E. D.

Barollory G,1,2 ¢t Under eondition 5.1, the lterative schame
to 60 optdmal solution of PI,

Progf + The proof follaws from theerem 5,1,1 ['p, 113_7 nnd
gheve sorollory. Q.E.D.

Hoving stoisd o few general propertiew of the iterntive sahems
0}~(8.,1.3), I shall now explore further properties af Model I,
o8 stoted before, will be approached vio tha itarative schems
0}«(6,1,3). A peces-ury and suffiolent sondition for ths sxlatence
Jotionwof Model I 14 atsted helow,
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Qepdlitien 8,1 5 ¢(B} <1
Theorgm 6,1,3 ¢ ﬂnndift:lan 6.1 i n nevesapry and eulfielent
o .

endition for the existenoe/n eclution of Model I for mny ¥y 2 0.
Erocf 1+ Hegesalty part i
‘Tt there exist solutiona of Modal I for any erbltrary y 2 0.
e porticuler, sonsider a -y muoh that
¥ 3 >x wee {8,1,11)
wd 1at'(x, s} asclve Modal I for tha y satisfying (B8.1.11),
Now ane gote,
XwX e [8,1,12)
118 for some 1, x, X ;‘1' ohe gate from (5.1.2) »x « 0 cud (5,1,0)
be violated in view of (6.1,11),
Then from {5,1.0) ons gets,

ﬁﬂﬁx*‘qu'T*:

w Ax *+ Bz + ¥y - X [Jeing (6,1,12) 7
2Bt + ¥ - X
>> Bz [Prum {G.I.ll]_?

6h jmplies that ¢ ()< 1,

Suffisienoy part ¢+ Let conditlon 6,1 be sotisfied,

Trom (6,1.0) 1t 1s clear that XX % V=0, 1, 2, ....

Henas from Lemma §,1,1 it at once follous that the pequence
¢ #s defined in (8.1,0)=(6.1.3) converges., Let x* be the 1limit of
sequencs, Klso, in view of Lammn G,1.1, 1t 1z muffioclant te prove

the sagquenos {nt} 1s bounded above in order to ensure its
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» Now,
t . - t‘-l =
3° e gx%1 4 gy r ¥y - x” [Frurh{ﬁ.l.ﬂ}_?
- &
Sax+Ba o+ ¥ ﬁaing Lehmn 8,1,1 ond the
foct that x* § & 7
L | 'g {17} Zfr * Ax_? ﬁn neoount of sondition B.!..._?

¥ 1t is olonr that x* and the Limiting wvolue the ssgquanse ’Lé }%
W Fodel I, Q.E.L:u
Mnoelly, I ehall stote two oliernative eondltione for the unigue-
of a solution of Medel I, The condlitions nre )
- Qundition 6,3 : g(H) <1 where B = (hﬁ] and hyy = mox (ﬂijibij:’
Viodli,
fondition 6,5 : 41l eolumn sums of both the motricea & ond B.
atrietly lese thao unity.
. Theoyem 8,1,8 1 Under elther oondltien 8.2 or conditlon 6,3,
exiots o migus solution of Model I for mny ¥y 2 {a
Prgof 1 Sinee anch of corstitlens6,2 ord 6,3 Impliaes ponditlen 6,1,
“wdetence 1s gusrfmteed by theorem 6,1,2, For unigueness, let there
seiutiona (:Iti, zi} (L =1, ¢vouy M) of Model I for n particular v,
From Corpllary G6,1.1 1t follows thot one of the solutionsy im lews
or equpl to sny other eslution {compenent by componant}, Let { 1:1, zl}
eh n mylution, Henoe I ecan write,
LR

51 5 51 for 1 = z,‘ wany M e tetllia)

Now, first let ccndition G,2 b eatiafled,
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Prom (5,1.0) I get for-i = 2, ..., ®m y
R Y R RS S oo (5.1,14)

E. H( r"‘*zi-tl-zil Zﬁ}r conetructlon of H
ang from (6.1, 15)

¥ :l:i* zj‘-itl—-:.i E. 2 [ Uslng aonditian G._E?
¥Fiw2, sugynm

uhich togather with (5.1.13) glves

A axtaAd Fi=i, 2, ssey, b oy (8,1.15)
Observe that if x+ = xl, ¥ i, one at once gets from (6,1, 15)
thot o » o5, ¥ 1 ond part of the theorem is estohlished, On
the contrary, lat for some &, xi+ xi. ‘d‘itht:{ut loes of g‘eng-il
rality T partition x' and x} inte x - ;ié and 3l = Eié}
much that,

xtrac ¥l

and xia 2 xm I
Jince all the solutions satisfy (5.1.1) nnd (5.1.2) T have
frim {8,1.18),

car (B.1.18)

-0 e (8,1,17)
ﬂi.'l.
wheors e 1s the vorresponding partitisning of 31,1.1,.2,..., e
i2

k]
Henge get frem (8,1,18) ond (6,1.17)

e Tl
whloh centrndicts {6.1.16). Hence the prosf,
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Altermoiively, smippsse ccndition 6,3 1a antlafied,

sldes of (8.1.14) che gets

h
- gl UL U
,151"‘3 UCRIY

wasre g, ond ﬁj

J

S
3-1'1{5.1

s;m - o) =0

Taking sum ~r both

ews {8,1,18)

are the J=th golumn sume of the matricea & and B

respettively, How, using eondition G,3 and (6,1,13) 1t follows from

{68,1.168) that

xi-xi

and z"-zi
62 Model 11

\‘i-l, H, ...,II.

Q3.0

In thie seation I ahnll be concerned wlth the mnalysis of Model II
given by equations (5.1.9)=(5,1,11), (6,1, 15)and (5,1,14) /Jpp, 115-18_7
In the method here twe sequances {xt} and &atﬁ nre conpbructed

b the recureive formulea

1t
% g
™ 0
[ O
t -
Hi » Ei

1t
*
) n .
™ xit w L -1

1 jwi %

.1t
Exn Xy

agthervlse,

h
E b t-1

g H TN

I, vy

Frawn (E.E.f}]

revr (6,8.1)

(822}

LER (E.E.E]
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In wirde, ziven the es“inmatee of the productlon levels st slsge &
sorresponding to both the technologlea), the sum of the glven bill of
na), demtnds nnd the derived intermediote lnput requirements la firgt
bolned for each sector sepnrately, Then for any seetﬂr, Boy 31, thta
otity 1e deoided to bte prodezed by A-or B-technology nccording ns

1a leas than X, or greater than z

i
the Beteohnology im opaerated st the level Ei' Thua the eatimate of the

, and 1f thot 1iea betueen X ieldl ;l’
duetion levels ot atoge {t+1) corresponding to the two techneiopgles
obtoinad,
Hew, I have the following property of the 1terative mohora
2,01 +{8,2,3).
Theoram §.2,1 5 Under sondltion 8,1, the n&quennaﬁ{xt'} and f}
s defined In (6.2.0)-{G,2,3} converge %o n solution of Model II,
Proof 1+ IMom (6,2,0) ond (6.2,1) 1t is olear thot for nll t
wd 1 one hon,

l-'-Hd-

By
1
<

X

o

Eﬁ 3 Pbd {Enaaéj

2y

Henge 4f the mequances copverge the 1imiting vectore would solve

[l o

end &ither af-c ar =

squations (5§1£ Yr (5.1,11) and (5,1.13). Also using awsumption 45,1
" 11 -

(5 1.13) /1t con be shown that the sequence xItF 1a nan—ducrusinggj
.ﬂna nued not gat t.hiu mnnnte.nicitjr in the nbaanea of 4 5.1, The
raseon for thia hns alrendy been glver .1 page 317 , It %il]l be
interesting to see if the lterativa Bchems {6.2,Q)=(6,2,8) unrka
ovan without 4 5,1 ~— that is, with tie pospibilities of awi.zhaa
tnd ramvitohes, A atoted before, we do nat gongider this e =e,
rather rule it cut in the form of mssumpiisn 4 5,1,
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noe f-om (B,2.4), (8,1.0) wn? (£,1,1} ** follews that the sequmcegi'}

LN

aleo not~desrenaing end for any 1 the sequencaix:} 1e non~decronsing
1 it i laws thon cr equsl to xy cna trkes the conatont velue ze:w
ter thot,

From {6,%,2), (6,2,4) end the mliddle part of (6,5,1) 1t ia
o evident thai the limiting wvectors (1f they exiat) sotisfy (5,1.8)
I(E.:I...'L_-ﬂ. Clearly {xtE gohverses,Henca it only remoins to show
t ut} ia bounded nhove in order to ensure 1%s» convergenos ang
teblish ths theorem, Thia too con be proved following olimeet simllar
peents os in the proof of theorem 6.1.3. Q.8,D,
b Modad III

The mathod thot I eball propese for Model III — 1,e,, the
1 sxpressed by the squatlons — (5.2,1)-(5.2,3) /p. 120 7 =
'muiat of sonatructing four seguences of estimntes, Mothemntierilizy

oostructe the medquences {xt} s iut’f, {zt} nnd{vt} by the follcwing

otive preaedure :

1
{a;. o) otherylne

t £~
{0, 21] if 2> u

(vgs 43) - cer (8.5,7)

. whara zt end xt ere glven by 4
xt 4 - B xid
LR -r veedenq Tpwgw + 4 . kw (5,5.2}
‘:E ¢ * D u{‘"l d

L}
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The fterative acheme is 1nitinled by chooring smeh indtinl

ns mantlafy g

x 4 R I x ¥
3

- 54 amadg L ] L

"o + vee {B,5,3)
T g D 2 d

@ %4 vee (6.5,4)

Thot i, ot the initisl step, the production vecter {7, Eﬂ)f
to b mn gverastimate for the givan finol demende o Tevealed
5. In nddition, the praduction veeter for the set K, i,s,, the

wpty seoters, 1s tnken to be grecter thrn or equal to the

f lovar bounds an 1t — sse (4,3,4}, Then, nt ench stage of

v &8 subget of K 18 formed for whlsh snch sectar's production
mote 1# higher thon the corresponding lower bound . The

sof production levels for the remninlng sestamwlin K are tben put
‘nod thelr estimnoted raguirementa are met by imports.
™e result of this seclion is atoted below a2 o theorem,

Tasorem 8,3,34 + The sesuences {xt}. gut} and {vt'} as
in {8,5.1)~(6,%.4) converge to n solution of Model ITI,

M it It can e anelily proved thnt the sequencea {x'},

{u't‘} are non=-ineraneine end {vt]l tokes n jump from zero
ltn.ga and theti decrenses, Since nll the ssquemces nre non-
,jusing (6,3,1) 1t then ot onay follows thot all the sequences
sad the limiting vectore of {xt‘Y, {ut} and {vt‘} sclve

I Q.5 Dy

& assumed thot q _A EJ; 1 whioh guarantess the axiatence
aptis

T .
initicl ascluticn ng (6.5.3) nnd (G,3.4),

- .




Co

[}

Corgllory 6,3,2 + In case of “ultipls solutions, the solutlen
gvan by the iterntive scheme (6.7,1)~(6.5,4) gives the lorgest fenslble
wbeet of X,

Proof ¢ Since the sesuencea comairuated are non-incrensing, 1t
1s to be noted that ony secior in X which goe= out of the produstisn
wtivity at sone sboge of th2 itoratlon oomnot hnve a production leval
groatar than the correspending lower bound in sny other situation, The
mpoelusion therefore follows. 3. E. D,
6,4 Yodel IV

Uniike the mathoda developed so far the present mathed oonsists
gf two 1terative gchemes ~= oné glving n non-deoreasing sequence of

notes and the other o nen-Incracalng one,

In the first pchema, the demonde of all commedities belonging
the Pempty erctors" are tolten o be met by nen-competitive Imports
the 1tearntions begin with an underastimote of the cutput ond impert

svels, Than at each sucoeselve sitnge of the {terntion, the sstimptes
{ the sutput leveler ore incrensed in the same manner os in the basla
nethod, The estimnteaol impert levele ore then determined with the
p of the "primory input cosfTicient™ matrix, The estimnte of the
Tt cost is nlso e¢nloulnted at ench store,
In the nther scheme, nll the commndities are tnken to be
¢od domestically ond the scheme boging with i ovametimote of
gutput levele, Then ol sach successive stnge these astimates are

sed os in the dosic 10 nothod, By the noture of initlal estimntew
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dered, this aequence becnw:s 0 non-inereasing one, The estimite of

investment coat 1s simultoncously coleulsted ot ench stoge wealng

4/.

it nny stage 1f tha estimoted investment cost becomas 2gss than

satimnte of the production levels of tho "emply sectora®

estimnted imsort cost, the former scheme is shelved md tha “domoee-
produotion programme im chosen, Otheruise both ore continued till
1t and the "impert progrommen 1a choasn,

Symbolically, the rirst acheme is 1

(1) A g O xt=1 1) v
amam - --t-:tllt "Euli,.. * -5 . {64441)
(1) c oo (1) a
L] [r
s a - " [N (si'ﬁwz] .
(1)) a
second ong
-xt(k‘} &4 » B ‘x‘t-'i{z} ¥
[ A RN E .;.i::-oa fraany * [ X ] LN (6-445]
ztfﬁ} ¢ . D 2 42) a
the inltial estimate NP aatlefying ¢
. '{.0'[3}
- &/
x°(2) 5 2 B x{ 2) y i~
agay 2 lir-:'l-i'i oifu * X} - {B.de.!}
2°{ ) 0 ' D 2{ 8) d

tsrnetivaly, one can hove o nonelncresging sequenve for the
. o and & nen~decrenaing for the lntter,In that eame however
rule 1 below has ta be modified,

noted in footnote 3, I coniinus to ossume that Q[: E]( 1.
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The gperctlonal rule hise is

Fule 1 : At soms slage of the method 1f Et{ 1) 2 g{ztﬁz}]
3 1terntive acheme {6, 4.1) wnd (6.4,5% 1= dlgoontinued, tha domeatle
sduetion progrumme iz chosen, ond the limiting veotara of (8.4.3) ond
4.4} nre token to be the solutfon, Otherwlss hoth nre continued, If
11 the 1imit the nbove Ineginlity 1a not sntlefied the import programme
ehomen nnd the solution iw slven by the limiting veetors af the
hems {8,4,1) ond {G.4.2).

1 shall now olose thls mectioh, thie chopher and thias part of

atudy with the folilowing property of the sbove mathed,

™eorem §,4,1 1 The iterntive schemes (6,4,1)-(6,4,4) together
h rwle 1 solve Model IV fequations (5.2.4)-(5,2,5); pp, 122-3 7.

Progf s Flret of all, 1t is enay to sse that the sequence

b

x'{1)

irs {1 = 1, 2} 19 non~dscrensing for iwl and nen-ineranaing
J(1)

‘1= 2  and both converge. The seoond cna converce becauss it is
nereasing and non-hegaulve and the first one heemise of the esondi~
aesumed to be sctlsfled (see fooinete 5) ond that it is none
nxing,

Then 1t ie Lo be noted that 1f & zt’( 1) >gf zt{E} for some t,

sloo be soliefied for any {t+k), k> 0, {and henos in the 1imit),
18 true becouse of nsswrption A 6.3 /5 125 _7 ond the faet thet
1} 18 non-deareasing end zt{ﬂ} ie non-increasing, This just!fMo-

1 snd nomplates the pmoof, Q2D
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GHAFTER 7

The Bosiz Model and Methed

The noturs af problema t be discupsed in thie part of the
tady [ ohaplers 7-% _7 hos been mufficiently expluained aorlier
{op. 15-17, chapter 1_7, We hove ales laid dewn the technical boela of
the disoussiah in aectlon 4 of chopter 3 /fpp. 41-48_7 in detelle,
{snice we can settle down slmort immedlotsly to Yenolgels! »— Both madel
forodlation mnd podal analysis, Howsver, ve head speacify a few concspts
sopavhat more definitely than done s faor.

First, the 'time-frame of reference! for cur analysie remains
o in the lost port, Unlike that port, however, the iime-horison of
the annlymis plays an expliclt role in tha present dlsoussion, This
is token to be glven p priorl, on the bnals of the ante conelderstions
that specify the 'final demand! for $he end-cf-the-horlzen, or the
tarminnl paried.

8acond, again unlike the previous port, invesrtment in the
terminnl perloed (sbvictdy, use of termlnsl productien for the purpsse
of iavestment in the production mesters acocunted in the I0 model) ix
traated o an endogenpus element of the analysis below. Hence !final
demendt 1s elscrly net of investpent, For reasens to be clarilied
leter, part of coneumption (vis,, thot entalled definitely of Anvaripnt
profustion-incsme~conmumptien relotiens origlnating fram the seotore
of produotion in the 10 wodel) is alsg best ccnaidersd endagencus,



bawso of this endogenous truntment of consumpiion hea heen exploined
in detaile in section 5 of chapter 2 / pp.37~41/. Mainly for linguistie

nototional eonvenienge, we do net moke the endogensity of consump-

n expliodt, As Indicnted in the aontaext clied, ons may simply reln~
torpret the terms "intermedinte uae' and 10 goeffleoisnte' nocordingly,
o ahall proceed on this Impliclt baais, though foranlly the matter 1a
sft open, i,s., one mny aloply toke these terme &s defined sn ithelr
W and think af wonmumption as exogenously glven,

In view of the openneass referred, we uss the tarm target demand
stend of tfinal demondf, It da simply the exozenous slemant in the

total commodity demands of the terminsl paried,

Thia choptsr formilntes and analyses n 'basle model'! which will
peen 28 -0 ppecinl cnee of a genernl formuletion of the preblemm
wouasad In chapter I /o, 15-127 » Both the gensral formulotisn and

baxdo model nre specifiasd In sectlon 1 below. Seatien 2 tokes up
¢ correeponding Tbosle methad! for solwving the braslc model, Extenelons
f the baple model ore token up In the next chapier, and & review af the

evany lltergture fa taken up in chaptar 9,

1 The baple madel
We start off from squntion (2,4,13) of mestlon 4 of chopter 2

.417, whleh sxpresses the Ynalc commodity-bnlenoces of oh exteanded
medel wheres investment {s trsoted as port of 'derived demand! on
boulr of technionl coaffislenta {:ﬁj’ hij' By g "'j} y» nd
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ol TE“J = F’i""“‘"tu-“ aﬂ'ﬁf u:.
f(r F‘ri. L
tarmitol period which we shnll denocts by t=T, The anme lettar, T, als
ptonde for the length of the time<horlzon, with tef) for the hnes parled.
{lenrly, production levela and capacities are time-variahlss and hence
ore defined for T, Henoe pdapting the notatisn of the equation referrad
t2 these time-apecificotions, we hove

v o T 2 ez
xi{z*) ~ & aijxjfﬂ + _131 Byy 7y xJ{T} + Jilg”[rj)xjﬂ‘} +4, (1)

| _J
e (T-J-s':’}
1= 1] tepy Dia

whers we hove written :?'i for rg {rote of growth of copnoity), i:!. for
x;’ {erpnelly) ond d; for u, {target demand}, Otherwime the notatisn is
the sme os before, The supersoript 'T' on rates of grewth (z, and i'i}
indiontes thet these too nre time-varlsbles, but net with the seme order
of time-dependencea ns productlon levaela or capreliies, Thet 1s, those
are agmimad to possess & certoln degres of temporsl stobility sompored
te production or ocopreity. For exnmpla, ;f redlly stonds for the rote
‘of grouth of aspnelty over the peried ﬁ, T+ ?.1_7, nat [‘I‘, T

To this we add the capocity conetraints ot T te obtoln n full
atateent of the terminal production possiiilities i

x (T ¢ %(T) ore (To1a3)
1w, ,u8p Mo

Now, ot t=0, wa hove not only the initial eapacities ia;n}, Tt

elso the investment nvoframmes initinted upto t«0, ne given, By the

very concept of an investment programme {see p,45, chapter 3) this
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meguy thwb tho predustion anpacity in 8, {s prodetermlned for-t- & "i
uheres 11 ia the ui:natruet-inn period of investment proeromms in 8§,
Henoe operationglly, the oepaelty restriotlons nre given by il( 11) .
for all i.y On the esme grounds, the onpnolty ;cil:Tj depends wpon thia
benehmark value, ii{ A}, ond the investment progremmes in 8, initlated
between t«0 and t = T = A, ~ 1, It follows that an fmplicit rote of
g_muth of eopocity in 81. over tha perled E\.i, T] can be calouloted
from 1

- L. . Y
X0 = (14 F) )
(M M
ar ‘I.‘ - -—j'-ﬂ""'— -1 tia (?-1-2]
% (2

wherw i'-i ia the rate of growth refarred, For distinatien we refer te

rf and FE ns post~terminal growth rotes and to 5-1 ca the preterainal

e lmplinit growth rate. (It may be noted that the lottsr ere defined
only for ecpacitiea,not production).

Thiz completsa the background., The ss=-colled fgeneral formalos
tlon? of the problems discussed in this part of the study comes from
sone definite relatlon connseting three seta of growth rotes met
tbove, This relatlon ie the baele of the notlen of grouth consistensy.
Wa shall oome to it in the dus course of mpecifying the furthar amet of
ralotions invelved in our statement of the 'boale modsl' am o spmainl

anse of the general formulotlon.,

4/ For convenience of langunge, we use the expression 'base oapaolty’

sopevhat flaxibly to refer to "1“‘1) in this and the folloulng two
. ghaptars, '
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“he basle mdel eorresponde to the case of full copeclity operns
ot at T {ond beyond), Since tesminsl copncltdes are made up of
'a). bome ompacitlea rnd (b) the newly insinlled enpacities by the rele-
pont inveatment progrommes over the time horison, the anseuimption ean
m split into two 1 {i) there ls full ume of base copasities at taTy
mmd {41) there is full ume of newly instolled oopaclties ot t=T, The
Mrat con be mesh #a a raflection of tha Inmufficlenay of brass onpmei-
tas for the Lermingl production., 4 sirongly sufficlent gondltlon for:
thiz 1» 1
Qondition 7,1 ¢« X G Ax + 2(T)
vhere X 1s the vector with X;(A,) aa 1ts i-th component, Clenrly, this
mounts to the ingufficiency of bnae coprclties for reguired torminal
productlon lgnoring investment go thnt some wénker sendltion would
mffice 1f nll Investmenia sre nnt zoTo, Howsvsy, there 1= no direet
dlgetrole subetitute for conditicn 7.1 tho' ig avallable to entell full
use of bonsa aopoclties nt t«T, snd we shall lenve it at this. While not
rlotly neceascry for the 'bac’e modelt, 4% will ploy o useful role
1 tha 'baalec methﬂd'.'y
The sacond assumption behind the M1l e-paclty cnae is simply
| afficient upe of investment, or whnt can be oplled an efficient
westment rule, Thias elmply dimallows any Investment to genernte

wess onpoclty,

In the pext chepter we shall conrider mn extenzlon of thae bnalc
mdel whers we allow for posmible adequacy of base cnpneltlas for

' the produdtisn in soms meotore, Thot is, In thst extension we shall
keap room for posslble excess cnprcitice o the termingl peried,
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We Do eome &5 Lhe rylotisns botuoen prewth rotoe, Mrst, by the
awsumption of full enpacity ot t=T snd beyohd we have rf " Ff for all ié{
Sscond 18 the relation between Fg and ;i' An mentioned in ohaptaer 1
5 16/, the totality of al) inveetment prazramer over the time horizon
1s seen ne n slnple composite progromme where the termina) investments
do not oppesr as independent varlahles, 1,e,, these do not have ony
Andependant obimotives tc serve. Rothey, these nre teken teo be gontinun-
$ionp of the anme investment progrrome whose basle tosk 1s 4o so sxpand
bose gopnoities that the glven torgst demands are patisfied at the

atipulnted dote, The 'sontinuationf elmply mesne thot the pope rotes
of growth ars mgintolned sestor by aector, In all then, we aesume

rEH;EHEi-ri, any ¥1i
This formally 'oiesca’ the model in the sense of tronslating the three
giffarent sata of growth rotes {porometers so for) into a single met .f
rowth rotea *_ri} or unknowne, Formolly, our basle modal ranﬂﬂy !

I.'I. ﬂ a
x

R TR T TR TRl JEI gy glrydmy + 4

nnd r,ow | -1

Viw 1; ansy Na

e s e Abaiiniriie

Striut-ly, oha requires full capnelty operantion anly nt T and (T+1}.
For notational convenience, we write x, for x (TY = % % (1)}, x f
11{%1] end 4, for .dj’{ T, That is, we hmeufur%h drop thu period

epenl flootions unless thoes are sxnliclitly necesamry to aweid
vonfusion,

O
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o vagtor-motrixz-scnlnr nototion the bamle medel con be writien rna

x-{A*- Bfr}}x* d ban f?-lva}
1
- T=A
: 1
ri- [;'i'] - 1 axa {Tila'g-}
1

1 -l’ nEmgp n

wee B{r) 1s 2a defined 1n (2, ii..j.'.i},é’illr

" Qeqarly, both equatlonz obove refar to conzlstency conditions.

pation {7,1.3) 1s the some am {2,4,14) 5.437 and hence representa

dendsd 10 goneistency, or whnt we con alse enil level conslstency
t torma of an extended IQ model lnternniising invegiment on the basls

! growth rates treated na parmmeters, Thess very growth rotes are the
mownh in (7,1.4) which require these to be consistent wlth respest
the terminal productlon, na glven by {7.1.3), ond bose ocopacities,
gl enll thas:growth gonsisteney equotions, Jlearly {7.1.3) mnd

L4} moke up an interdspendent syptem, with terminnl production
wnding upen growth rotea vin invegtment in (7,1.3) and growth rotes
wodent upon terminnl production directly In (7.1.4), Taking the twe
jether, termlnhal produotlon nnd growth retes are 1o be almdtoneocusly
lermined for given target demonds, boss acpacities, time-hordgon end
b aet of technlecal ocefficients, The method of thie determinotion

the teple of our mext section,

It 1» %o bo noted that by proper substitution {7.1,3) and (7.1.4)
oon be seen na o special case of our geners} nan-litear me’el of
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s now pongs onto an important observotion, It 1s to be recalled
from mection 4 of chapter 2 [5@7 thnt we have the cnse of on Infensible
growth _programme if the (extendad) I0 system raprasented in (7,1.3} ia

gbla for the vector of growth rotes, r., As pointed out in the
context referred, the growth progromme has to be sufficlontly wmodest,
in the penme of amall ennugh voluea of riis, tn oweid the problem,
Sines in the present formulotion, the growth programme itself 18 a
rafleotion of target demands {in relstion te baose capacitles ond the
time horiwzen), the feasibllity 4= really thot of target denonda,
Mearly,our formilation includes on internal sxaminstion of thim ques-
tisn, From a subpiontial steondpeint, the eruelal ls@=ue ia the implica-
tion of the magnitude of torget demnnda for the required growth
pregramue and thence 1ts fenslbllity, The problem im thum one of both

the gonsistency snd fongdbiiity of growth retes,

Formnlly, the internal exominptinn referred ahove ls enslly
damonatreted, This 15 stated Lalow ns & theoram,

Theorem 7,1.1 : Tor d sufflelently lnrge, thers does not exist
oy molution of (7,1.3) -~ (7.1.4),

Proef «+ First, let (x, ») be & solutlon of {7,1.3)-(7.1.4)
for ad > > 0 sntiafying condition 7,3, From (7,1.3) one therefore gets,

xw ix + B{r)x + 4
or, x> >A+B(r)x [ a» e/
Tis lnplies
g{a + B{r)) < 1 evn (7.1.5)
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foot, (T.1.8) 1s a nocesssry conditdon for the exlatencs of a solu-
tion of {7:1.8)-{7.1.4). Wow, from (7,1.4) 1% ia cleor that o d inereazes
® does ¢ (Af 1t exists), In foct,r 1 a strictly Increasing funotlon of
4, %o clenrly, niter a certein stage {7.1.5) will be vitlated . {7,1.5)
w.ng & necessary oonditisn for the exlstence of a eolutlon the conclu-
wlon follows. HeE.De

Thus, too ambdticus target demands are rejectad by the modsl
itaalf in the form of growth inferaibility or non-exlatence of molutio:n,
We shnll end this section with o oomment on the so~colled

ifimeepatht traversed by the evonomy over the time harlzon, Laocked o
frax the (time-psth! stendpoint, our sanalysis would appeay to be baased
the asmemption of constont sectornl growth rotem of copocitles owo:

s time horigzon (and some time bayond), This, however, is not stric“ly
{gplied, for the stondpaint foken 13 of the ‘comporiscn of end-points
tme', 411 thot we Maouse is whether or not thers exist time paths of

storsdl production nnd enpacity with constent rotes af growth whiech
- phie the soonomy to troveree from one glven endpoint to anether, If

s exiph (i,8,, there im o feasible growth programms), then thema
- va gne ast of consistent time potha, There mazy exlet othera, Nothir ,
1 lmplied A ractly abeut which poth to follow. That may be snid %o
preund how the so-oalled phaping problem is tookled, i,e., upon
pracisge dating of partioular lnvestment programmes. This problenm

s cutalde the woops of analysis undertrken Yy 1ts vary npprooch,
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In this context, we moy return to the hasis ol the notlon of
wth conslatency. As stoted earlier /p, 144 7, the baaim lies in aome
ﬂhite relotion betusen fmplicii ond post-terminal growth rotes, o
v token this ralatdlon to mean elwple equality, for sny other relatlen
plres ndditionsl subnatontiva specifiestions, Dne may, for inetonce,
trgduca a definlte hbreok 1n the totcl growth progremse at T, ond
wlfy pogt-terminel growth rotes ne funetlions of the pre-terminnl
o8 (pariod of eowe follouwing that of musterity, or vice verss). The
Wysis onrried cut in thia ond the next chapter is immedintely adapt-
le to sush specificntiona, A11 that ona hrns ts do 18 {c replnoa the
'I in {7,5,%) by f_t{r} which im soma increosing fungtion expreseing
setermlnnl growth rotes o function of the pre<termingd growth
ygromme, Since there 1g no basls for eny presumption regnrding these
wilons riir}, we hove lept the anolysis free of thls unpecessnry
ﬁiﬂntlon.

As ptonted in the introduciion, this eection develops the bnadc
M of ennlynis of thim chnpter, Following the gensrnl nppreach of
il study the present method is also o strodghtforwrrd mdnptation of

I method described in saction 2 of chepter 2 to the present oontext,
recopltulate briefly, the 19 method conelets of putting the estimnte
putput levels ol nny stage equal to the eum of (n} the final demande,
{b) the derived ‘utrrmedinte Jsmanda given by the #stimnte of the

t lovels of the previous stnge, The indtlal eatimuts of the
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putput veetsr is teken to ba the final demnnd vector, With this as the
banchmork, the goneralised method that thls mastion suggests nmounts to
the following:

Given the eptimote of cutput levels at nny stape, fivst, for
saoh sector seporntely this is ecompnred with the gorresponding glven
bape ocoproity to yield the eatimate of the growth rote of that sector
for that stoge, Then the satimnte of output lavels for the neaxt stage
i3 put equal to the sum of (n) end (b) as before plum (e} the derived
investmént demonds glven by (1) the estimeates of the cutput levals, and
{11} the just-computed rotes of growth, Both {1) and (1i) are the
purrentestage eptimntem of the relevant veorinhles,

Sincs tha stnndard method works through an increasing sequence
of output veotors, it simitanecusly provides a meguence of Inoresnsing
fFowth rates by comporing the output levels nt ooch astage with the
reapactive base ¢npacitles, Hence, when the derived investment remuira-
atats ore muperimposed on the detnnd components stoge by singe, one
gt n metuenpe of cutput vectors which incranses ot & fepter rote,

T™e Teod 1s therefors opm to make growth rotes endogenous to the
wrputational progedura, It new worka by first cemputing growth rntes
gd then utillising these to yleld the 'totnl? dorived demand, The
inltinl sutput estimnies are token to be glven by the bose copooitien,
pot torget demonds. In view of condition 7.1 (which im explicitly
parimed hers), this memna thot the initisl estimntes nre strict
mderestimates, which ls all thot is necemanry for the 'ineregsingnass’

preperty referred.
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Hothomotieglly, the methiod conslets of eoratrusting two

' pequences { } and {r } by the recuraive formuloe ¢
I

I - ﬁx ( t 1} t 1 + d F ¥ {?-2:-‘]‘) v
-——Lm
”; T ;
r - —— -1 2w (?iaii}l
it xi

_where ¥ 1o o veotor with r,, s its 1-th conponent,

The soheme 1p initlated by setting
Iﬁ - .'.I L RN (T.E.E)
¢ w ) ane (7.2.5]

Tha first simple property af the ssguences '{:“"} ond {rt'}
it stoted balow ns o letwmn,

Lemea 7,2,1 + Under oondition 7.1, both the ssquences {xt}
mé 4 rt} an defined in (7.2.0Y~<7.2,3) nre non-neg tiva and noh-

deaorensing,
Progf ¢+ I shall prove this by Induetion,

First nota that

x w ol B{r9)x° + & [From {7,3,0)_7
wiX + d [From {7.2,8) end (7.2,
since B(0) = 0/
lx [Using eondition 7,3 7
- [From (7,2,2)_7
20
xR0 e (T2e4)
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o T:lf 21 TNy
| -1 - skeU=
i 11 % N x> Yo v ri':' ﬁﬂng
1 —-— 1% (7:2.4) ond {7,2,2). 7

for i = 1,_ TITR.

How.as bp irducilen hypnthesis let
xt‘a xt.nj_
ted 3

| &3

t [ {E!’,

it 0 given vulue af £, ond oconaldar,

It+1 - ﬁ,xt + Bcrt}xtl 4 [m“ (7'=.u'}~7
2 ¥ 4 p(eb 1l L o 5 fistng () adnoe B(r)_tinerenses
with r_?
- xt [From {7,2,0)7
20
I. .I't*l a xt‘ a 0 naw [?izisl

[me ('?.2.1}_7

Fiter ™
._? ﬁn necount of {'?.2.5}__7
P ﬁliﬂg’ {?.3;1},?
2 0
:. Thl :; rt::. T {7&1,5}

} M{T;E,ﬁ} prove the required remsult, 0.8,D,
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Ihotets 7,2,1 3 Ondar sendition Til, the sseuenses {:”} und%'t'},
detined in (7,3,01-(7.2.3) converge 4T ond only if there is n msclu-
on of (7.1.3)=(7.1.4)t and the Limiting volues of the pequences slve

mystam (7,1,3)-(7,1.4),

Prpof 1 If the pequences converge, ohviously the Limiting

usz would solve the system (7.1,%3)+(7,1.4) mné they sre non-negotive
n 7.2.17.

Hou ml|ppusa that thars sxists {x‘, r.) non-nagative aatiefying
LB «(T,1.4),

gines " > 0 1t at onoe follows from (7.1.4) and {7.2,3)

x >x ond oA

Hanoe ueing (7.2,2) one gets

b G x*
¢ "

Now na on induetlon hypethapis supposa

:F~( x*
i -
8 glven value af t, and oonsidar,
' axb 4 p(rtyxt ¢ 4 [Fran (1.2.0)_7
S ax” o BeYx* v a JOsing (¥) sinoe B(r) inerecsen
vith »
—— fFrom (7.1.8)_7

el eer (7.2,
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Alwe for eny L

xt.+1“f3"r ?‘-LT

w
i x 1
T - -1 bt -1 fiwing {7.2.7) 7
141 VX 5 :
3 i
- r';-
L] rt‘l E 1"*
Y. xt*i < _I*
I‘t*i i T' fﬂr ﬂll t - 0, 1, 3, whkpdenm
mes using Lemmn 7,2.1 the ooneluslon follawe, Q.E.D,

Corpilory 7,2,1 '+ In come of muitiple salutions, the selution
i by the schens (7,2,0)«(7.8,3) 1% the minimum (ocompanent by
mponient) .

Froof 1+ Let x ond r be the limiting volues of the sequences {:ﬁ}
d {rt} respeatively and {X, T} be ony other solution of (7,1.3)-{7.1.4°

42 in the proof of thesrem 7,3,1, 1t can be shown that

x® ¢ x

1 henos

M
15
L

br

TS QeZ.D.
T now conelude thim chopter with the following cbhservotlon cn the
mlts derived in thip segtion, If one locks ot the baslc model as o
selal cnee of the nen-Linenr model of chopter § ﬁsa-fuotnatu ky Pe 145 _?,
¢ porallislise of the results hare with the ones stated in sestlon 5,2.2
P80 = 737 becomes obvious, In foot, the bamtc method con else be seen
‘0 wpeolal cass of the {terative mwethed (3.1,1) /5.66_7.
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CHAPTER 8

. Two .Extensiona

This shapter eonalsts of tie extensisns ef the bnsic model of
previous shapter, given in the iwo respective seotleons balow. Fach

“ion eontaina the apprepriote !genernlisation of the 10 method' for
ﬂnﬂl?ﬂiﬂr

Sraten with wxesgs oppneity -
bur first generclieastion sonslets of opening up the boelc model

last echupter to posslble exceps cophelties (ot the tarminpl peried),
s the 'genersl formileilsn! of seation 1 of icst chapber kept rocm
this extanslon, wa con stnrt off dlreptly from there, via,, from
gtisnm (7.1,0)~(7.1.2) /pp, 141-487, We sholl keep toth to the

ity between pomt-rnd pra-termindl grewth rotes nm the basin for

th conpistency, and to the po-oolled finvestment rulef of the

sus ohopter, In foet, the model developed below differs from the

¢ model only in respsat of giving up the full coproity cesumption
‘hence dondition 7,1 /o, 1437,

Wo mey bagin Ly restating the invesiment yule, As mentioned

chopter 7 ,@. 145_?, no Investhnent Is ollowed to generate exceonn
ities, Mhat $e, thars is full utiiiestion of enpoelty nt the
al period in any seotor whera investment takes plags. Conversaely,
1r oxosas copoelity qnly 1f investment im serc, in which oame the

ol copaclty ls clenrly sgunl to the base anpasity, In other words



sape thrmindl sopocity iv veally o reflectlen of wxmama bose copncliy.
%ﬂmt 1t exprespon 1a the fret thot the bose copnelty of somw ssctor mny
b redundmmt svan fer the regquirements of terminnl production, No in-
westzant in then made in such msctore, ne new sopooitiss come into

bdng and therae iz ne oswidable wnetape in this aenael(

Tronalated into fgrewth rotea!, the sbove argument lends ta the

tonclusion thet secters with oxoses gupaciiy have perg grewth rates.
ibnﬂraily, positive growth rotes arc possibls only for the full enpocity
iﬁhtnru, We shell call the full oonpocity mectors the kgtileneck sectors
-nd denote the wet of bottleneek sestors by J, Clearly, the growth
melstenoy specifiontion remain® the mome as before, vixz,, equotion
L1.4) /P. 1457, with the donaln of sectors restrieted to J, For

1*-]". ri '_Oiy

i - » —— — i e~ e

Thim ip reaily n question of the objectdwves of growlth visenrvig
the initinl conditione, There 18 no renson to believe thot a)l

previously built«in eapacitiss rasulting from post Investmentia
{prior to t=0) hove commensurate megsures of sipnlflcrnce undar
the conditions reflectsd in the torget demsnds, Inetances would
be pre-exiatent cnpneltlen in sestors producing mainly lwory
gooda, wvulnersbile exporte ete, Indeed, n definiie 'bistorionl
‘treak! betwesn the pre~brnee-perisd post ond the time-horiszon la
impliedtly presumed in the totnl frame of snalysis. Invastmenta
initiated nfter t=0 ore governsd by the internanl forcea repre-
sented, thome inltloted anriier were governed by mome different
pot of forces,

I should note here thnt the formulnticn bslow doew net put sy
prior restriotion on J, If J 1s the empty sat one 1s back te the
standard I0 medel ond if it ds the sel of oll seators one gets
the bosle model of chapter 7, Beth the ensea nre possible,
(lenxly, for thers to be investment 1t im only necegeary thot J
1s non-empty,
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F There remnina one point to clesr up before we eon formnlise the
stlons, Thim refers to the ralotlons between the growth rotes oppenr-
iy the gemeral, Tormulation (7,1.00-{7.1.2), Aa noted in the previous

tor 5, 144__7,- there were tuwo speclifia ralaticns inwolved in the

o model, viz., rf - ;f on the bosis of full eopneity, sad ;g - ;i

the bosis of growth conslrtency, Clanrly, we shall now hove the

»t equntion only for 31 e Jd. Ft-r-si g J, on the other hond, we have

wdy peets that i-'i » O3 hence i";l: = 0, This loaves rE for 814 7

sterminnte, We shall nesume that r:{ = 0 for aii Jy 1.9., there ie

growth of production in the termlnal period in any seotor with
s8 copeeity, Thers ls really ne o priorl justlfipstion of thie
tion, It ia belleved thnt the degree of errer introduced on
© unt of the nsmumption is not very aignificant {1.e., the inveat-
"t in working ompitnl 1s tokeh to gooount for o relatdvely emall
of totnl produetion),
Having done the groundwrik we shall now go ar ‘o the formcl
yoim of thizs sectieon, Firet, we ghnll glvs the foermnl represenfine

gl the madel develapsd so for ond then poma on fo aanlyaing 1t,
To toke tp the first task, we have

7 5\31,/ 5 (1) = saivr}} vs (8.1.0)

henea the growth congistency relntiens and eapnoities nre glven
wetively by

1
1) 1 1f8cd
1 xi( ?..i} 1 eee (B.1,1)
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xi(T} ir8 e

%(1) « { ces (801.2)
ii(hi} othervise

The level conmlptetey squotiens, hawever, remnin the srms nn

% the bosdc medsl, viz.,
xT) = _[u B{r) _] x(T) + T ee (8,1.9)
This follows from {B.1,0) and (8,1.,1), for if 8, ¢ 7 then
g * 0, vhich reduces the 1-th column of B{r} to the null veetor and
ae doms not opll forth any esamodlity uvee feor investment in 51'
New usinz the mimpler notatlons intreduesd in the laat chapter
me footnots 4, p, 144 _J ond by proper substitution the model fermala-

thove raduces to

x = (A+B{r))x+d eer [8y1.4) w!

.T -{sifxi.};i} 'Y ] [5.1;5)

T

1

ri v ] [ RN (Et ll 6‘}
0 otherylse
Hoviog speld oub the modal I nm now 1n o positlon to describe
o $tarntive method of 1te solution, Thim is sn odoptetion of the

e method (7.2.0)~(7,2.3) &‘ 15()_7 to thi prassnt ecentext, In
wrds, the methed Ls ns follows ¢
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Giver thy wetimrts of oviput lovels at nny atnge 4, flret,
‘45) 1» used for on eatimete of the set J for that stage; then fer
ssatoyr belotging to thls e=timnte of the sat J, the culput estle
is compored with the corraspaonding given boss ovpacity to yleld the
" wnte of the growth rate of thot sastor fer thot stage, and for ather
‘n the estimate of growth roten is put equal to gere far that
age, Then the wstimets of tha output lovels for the naxt stoge fe put
to the sun of {n) the Lorget demend veetor, {b) the derived inter-
\‘ ats input demcond glve by the sstimate of the autput vestor at stoge %,
{a) the derived investment demond ziven by the estimnts of output
ale ond the feregping growth rotes ot wtoge t, The presedura storis
tﬂ the torget demond veetor as the satimpte of the eutput levels,
themntleally, it consiste of esonatruating the secuences { xt&,%ti

Jt by ths recursive formuloe

xt - ﬁi'tthl * B(rtil)xtvl +d e {5.1,7}
t % - .
J L %1 /Ii > Ii } -'.El (Billﬁ,
1
7 N
r -1 ics, . 3" ere (8.549)
T4y ~ x
o ctisrwlae
e 4 i ('B-olplﬂ?
JG -lﬂl fl'?_ > -1 } aer {8e1,11)
1
A ! ':1
— -1 irar Jn Lanm {Bcl.l‘,
Y, = x !
{78 1
o othervise
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I shnll new -qleve this ssatlon -afbee whoting senp preopoctlse
the schems (8,1, 7)-(8,1,12), which can be proved follewing almet
sl argumante as in the correaponding prosfs of chapter 7,

Lemmua 8,1,1 1+ The asguences {xt} ' {rti nnd g.',l':}us dsfined
o

1,7)=(8,1,12) satiafy : ?ft?,: x' T 20, "t?. r+ 20 ond

{
2 Jtﬁl for oll t = 1, & 5, taam

Theoren 8,1,1 1 The mequences {xt'} ond {rt} an defined in

17Ti=(8,1,12) vconverge 1f mnd only if there axistdn solution of the
[(Bat.4)~{B.1.6) ond the Limiting valuer of the soqustices solve
syrtem (8,1.4)«(8, 1.6},

Gorollary 8.1l 1 In oome of multiple eselutisns the iterative
(Bs1,7T)=(B,1,12) lepdsto the minimm solutinn (oomponent by
nant),

We mny finally nate that the sst of twitleneck mostors Ls ma
genous  element of the method deseribed above, In this context,
must nokhowledge thot this iden hos been drown from Arrew's method
solving ACGH diecuseed in mectisn 5 of chepter 2 /p. 5% /.

! 8ze of turget demond V te of growth
The 1den behind the extenslon of this ssatien hos baen touched
‘n.in chppter 1 5. 177 As nentioned thers, tha extension sonsiste
aclly of freeing the pnanlyale of chapter 7 from the frestri¢tive
s of glven torget demnnds®, Thie clenrly i o step beyond the
aral fermulotien of chopter 7. We shall nlme allow for exvess appa-
tien, Bemew tha penerclisestlon is reclly of the medal of the previous

tinn,
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1% will be gemvenient-*s.-bdemin-with o rectpliulatisn of the
predtive aotrtributlions of the foreguing analyels, We have shawn that AT
phis storta from some given base cupacitlics and hos n mat of glven target
dteoride for o certoln future time {the terminnl peried) in mind, then it
{s posrible to ndopt both the standerd I0 model as well os the whendard
gathad of 1ta solubion to finding the reoquired oubtput and investewxit
Jevale in the temminal period, where the investhmont lovels depend upon
t sengdstent asst of growth rotes, Mor the substdntive signifianmes of
theps results we nay refor to whot was carlier polnted oud aw o farueial '
isua", viz,, "the implication of the mognitude of forget demonds For
ihe required growth progromina ahd themeo dte foasibility® [p, 1467,

dlearly, the larger the torget 3smand the higher the gprowth
ratea. To obstroet from the tpahnicnlitlos of the vestor ralotiona,
¥ noy condust the snalyeis In torme: of woalor measurae of the target
jmmde #nd growih ratos, say v ood P - respactively, The slmplowt oase
®ll ba te valus tho oitput lovsls 6t some glven *rafcrones pricost,
ultgquur, vithout any loss of gonarality, we any simply azeumc that
thig 4 elrendy done, 4,0,, thi varlshlos ore nll meapured in o Somden .

netery undt and I0 coofficlonty aro alme speadfisd in corzoeponding
vwlic units, The scolar mosmuros referred nro then daftncd o 4
% }

().
v pd,, ‘Fn R
- Pram

= (A)

to syrbemotloolly, ~ne aon Jpeclfy the. targoeb 'daiond voetor, 4, as o

e {8,2,0)

‘fmetlon of the t;izv", v, and troot tha lotter ae- an indupundant
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ter, ohalking out the corrosponding 'size' oi' the growth programmn
or vice vorsa, We ehall rofer fo v and P aimply ns tho pige-index
tirget demand}’ and the (overdll) growth roto ;e.apeutivél:r.r Tha
ra-class of models, thareforn, omn ho chdracteriesd by, tho relation
‘up bitdean v hnﬂ-P — with the bupo coproltics and the toch-
‘aocfficidats ne tho only,'glvens' of tho analysis —— wvhich is

senrdlly poaitive in nll camos, ns illustraoted balow.y

* e ik b v ok o

-

y i - 4*._ el . "}'.-%,. .
. I' ¥ Cir .
hore atends for tha Lonet upper bound on the overail growth rote

sod by growtnh feaslbility; ond v the correspending {unattainghle)
‘ u:r':'ﬂ!f target demdnda. Mora presisely, v im the limlt of v n= |
Pfirnh below, ¥ le to bu taken ns tho poximim sdsesdndex parmittod-
hose coprclties, o thot B> 0 enly for v > ¥ Dur analysie
kns becn to atipulnte v from tuteide — cohpequoatly d hos
o dotun of  sur anedysis -- and d.at.ﬁrm’:l.nla“ nﬁau;dinglr.'m'
scation. wé really try oub the nliernative apprduchs Befors doing -
w2 hovo to formalise the rulantion betwsen d snd v mentisncd above,
adghtforward formilotion hera would bs -

A
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¥ fixea the oommodity cempooitdon of torget demands, More gete-
¥, vo mey simply write
4w f{v)

8 £{v) 1a a Inoreaging fenction of v in «1]l componenta, Substan'
¥, this would cllow for varintions in: tho composition of target '

s with respcot to itz size (0a indipated by v} reflesting, o.g.,
e low of tonedmptova,
"o ﬁug,mw gt ot -axpli_ciﬂy the altermative approach, Thia:

14 stipulote F s on outalde parawetor end dstérmine v, s’ we ghall
the Bethod of the last-scetion ean in fast be euitobly -gonoralimed -
ﬁimilt-ih foodbook mecharilsm to solve the present aystem, Alss,the

"would ghve — . na an effieliney property — tha mudmum v thot

\mm;t-ant with tho stipulnted ond utharimnstatanu?" roquircmente.

tyy Tevel and giowth sonslstonolos). This i# reslly o refleotion of

offlckanay proporty nf the mothod met esrlisr [corellary €,1.1),
Bofora mettiing down to nmolysds 3t only remnine to give o
presentation of tha, eystem which is aa fn;lﬁwu }[with‘ i anet 1‘”

‘the exogenoua vordatlos) :

-I';a "' AI + :B[X}I * f{\f} l vy (‘E.E.l}
J “‘r.{ Ei,/:r.i - iiI i {Ela;ﬂ]
&
VT"I!.I-i ,
| ' <y 188,47 , .
‘.I'.“&b* xi Si ' is _{Ec*vﬁ}
P 0 otharviag

-P . cer (B, 4)

f in g'ﬁ_m; by, (8.2.0). 1% is aesymod thet ﬂ.‘QPb «;F .
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‘Gloafly, ‘for o fixed value of v (8.8.1)~(8.2,5) 1s samc os'th
8.144) (0, 1.6} of last mection ond I shall denole siich's model by
usly, by corollery-8.1.1 . 15%_7, the slutlon of K abtoined
withod (8. ',7)-(8.1L:12) will give the minlmum pr}sii;’ﬁlé- value .af_F;
X minin;m velve aof “P will B8 g Sowmetion of v, I Bhn:ll d-notg such
af by ' vY.It S8 koewn to be Incropeing,’ I also ﬂ.':*-E‘m‘ﬂ.ﬂ 1% to bc
“us-fumstiofi with o firite #lops in tho ronge O ﬁv £ .
the angimpifon ie ¢
4 8,4t Thore sxista o eeplar A » 0. such that
gvy) - ';;{.va;j;;;_é i (vy-vy) “Yor oil-n¢v. {va w
+Mhe nreumbtion pleys an important tle ih tho method deseribid
¥ero I phnll. noto that it alas gunrastoss tho axietonoo of o -
nluﬁbn:qf thﬂ.aquﬁﬁﬂnllg(v) - P for all DI?: P < P'. .sthnll
the pnlutisn for ﬁ -'?* 'b? o .i.e.;_
el "'P*I Ceaes (8.2.5)
frecrly, ¥t ¥
’;ﬁ,.thfn !téséc,l shall rtate n fou pﬁopaﬁiun-fﬁf tho ‘madcl whieh -
weful latey oa,
Logmn Ba3ilr For any v £ ¥, thore ,E::Ln}-.ﬁl - seTution of M‘..
T 8,%.2 ¢ g(v,) yg(F,) for 1 ¥ Yv, >y ¥.0. Tho
%;@11 bo dtrict 4f clihe~ of v, or v; Hoa'to Yor . rlght of y,
the proot inf the abmve reralts pre stradghtf: rustd, |
1w #tutad bofora, my job now le. bo prophiwe a.mothéd for mlving
{8.2. 00~/ 2.4.4V .7 =7 Fret stote tho mythsd in {ts brood ..
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¢ and then spall sut & eeriola rofinoment which Ineraneie ita
geney, In breod terme, L mepithod approfchaa ths asiution-valus,
f{8.,2.5), monot-nigelly from bol=w by eonntruciing on lneremsing

mac {vn}‘ Tormally, the mothad conslstae of the itzratione

“ne1 * "ot %[P& il "'n):l (8.2,8)
tha initinl eondltinn eoti-fying
glv,) < P e (8,27
#rom {8,8.5), (H.2.7) d tiue proportlca of the function gf v
llows that
v v (F oo (8,2.8)

It may b2 not-d thot glv,) in (8.2,8) i= obtained on the hosie
anlution of l-gtn « lfznoz  tho soguingas abovo 4 bomad on the enlu-
of o0 aoquenes of mod.ls Mvn . Far ensh an, tho nathed of the
scotdon (with & = f{v }) remoineappiicable, However, ono =ignificont
pation of the latter 1s prasible in the prosont asntsxt;  ond this
te the "initicl eonditione=?, rouatdnn (B.1.10)-(8,1.12}, 3inoc mn
sng sequence S L ia npow belng workad out, it 1= no longer
to bogin tho lterciions for an o= in (8,1,10) fitth a = £(v ) 7.
T 1t ie neegenary to use this inltinl ornddtion only for eolving
at 18, ¥, Ls e2lvod by tho method (8.1.7)~(8,1,13) faten amt(v )7,
stage t, H?t. 1a anlved by the method (8,1,7)-(8,1.9) where the
aetimates ore plven by the splutionm of H"t-:l_- It ean he oneily
thet the proportice af the mothod (B 1,7)~(8,1.13) fLenma 8,1,1,

B,1.1 mnd Cornllory 2.1.1. .uld nlso hold good for this modificd
the,
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T now miatz the all important rosdt ~f this mectinon,

Thonrem 8,2,% + The sequeree ) v | defined 4n.(8,2.6) ond (5.2,7

. warges to o elutinn of the system (8,2.1)-(8,2.4).
Proof 1 First note thot boepuse of (8,3.8) and Luson 8.2,1,

hos n sxlutlan, New fyan (8,2,8) osne ha=

Vo=t % [F* 'E("D}:]

o

oT, ¥, > ¥ [Prom (6,2.7_7
Naw, if ?1-};1;* T get from (B,2.6)
vy + A (p* - g(w)) 3w

or P -alv)y M-

or el < gv,)> A(vrev) [Fren (8.2.5) 7
Thia alaorly enntradiete 4 B,1 becouen eof (B,2.8), Hineo vl( o
How ag an Iinduotlen hypnthoolas suppeme for m = &,
v - ( v { v ' {H}
Bl that
Thie,with the help of Lemma 8,2,1 inplies / tnth M, ond M
t il

howe solutisne, .
Now gonsidor,
ey = Ty = (v, -7, ) - (alvy) - v, ) frou (8.2.6)
> 0 / From {HY and A 5.1_7
So Vigq > ¥y, ond hemac

vt. }vt__l Vt = 1, 2’ TR (Etzlg}
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Now from (8,2.8) ond (£.2,8) 1t nt mnee fllewa thot,
g(vt}-(_{)* ViteO, 1, 2, aous
o uaing Lemma 8,%,2 ond {8,2,5) one gota,
vy % v Vte0, 1, 2% ... (8.,2,10)
) mnd (B,2.10) to~other, thus, guprantesg the ennvergenoc,
{8,2.0) snd A,8,1, 1t then follows that the limiting vnlue of the
moe *r 1 v, Bay — satinfios glv) = () *, end thus the solu=-
of M, and v molves the syrtem (8.2.1)«(8.2.4), Q.E.D.
Tha effielancy property of the nbove methed is now stated
¥ oM & vorollaty,
Soroliory 8,.83,2 + The mothed (B.2.8)-(8,2,7) glves tho lorgest
on of v in cnan there ere miltiple asiutiomdof [8,2,1)-{8.2.4),
Propf ¢+ Let v bo the limlting valuc of tho scquenco {vn} ag
o in (8,2.08)-{8,2,7). Since g{v) 1im the minlmty voluc of P one
gut by solving H?, it follows from Lerma 8.2.2 that for oy
v > v, g{vlj » {) ", Henan tha pronf fnllows, Q.F.D,
- Baforc leoving the tochnloel aren T hove tn mention thet the
of the prosent cxtenelon has boon borrawed from Chonder {1973)
uggeetad a almilay sxtonsion to thoe model of forcipn $rede dle-
¢l in =scetion 5 of chapter 2, Chondor, however, did net suggest
Hgrous aclutlon of hie problom,
I =holl elome thle chopter with n few obsorvations on the
s gartied out in relstlon to the totnl sonemtion of tho problem

sintont ond feazible growth, First, the quastion of prisr
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~etion of thed.wd.ndex of torgst demend ve, pvaall prowth
@ ean be moon as onu of storting dir.etly from objzctiwes ve, from
s 1mplioit notion of viobility, Such o notion i rother diffiogult tn
“ing on the aleo indox tut 1z quite notural for the rnte af growth,
r there moy be independent foroee rastralning the latter os port of
g run hietarionl oonditinna, One may mention tho ideq of wn-oallod
thsorptive eppocity’ in this oontext,
It 1s to be notod thot this 1mplicit noti-n of growth fsasibility
pathing %o 4o with the h;unda on feasibla grmwth rotae that omerge
the modsl i1tself, The problem wos dimcuswsed 1n megtion 4 of
tor 2 /p. 48 7 mnd 1a reflected in ;;‘ nf the dipgrom on
ge 181 , In partloulor, one may rofer here to the sn-snll:4
sevings oonetreinkt! on growth rates, Since thie constraint oparntszs
rough the teshnelowy, it 1a really part of the onplysis given, One
“n to recnll the quolifisntions made at the outmet of chopter 7
garding the trectment of eonaimpilnn out of inseme generated in the
store of productlion, Clearly, when this 1e tronted ae an sodogeéncus
eaent of demend [ formally,. ns exploined by the reinterproted IO
efficionte — smee pp, 39-40, geation 3 of chopter 23, ths
-coiled 'mavings constraint! hecomoe an internol port of the set of
" atlone ln the model, Cperatlionallv, this would be roflseted in n
lor Tfeamibllity roange! of the oversll growth rote (0, P- Y. With
# interpretotion, the target demand would strietly consiat of

ds gonernted by the "rest of the eevromy", 1.e,, by the csonamy
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generally, one may adopt © semevhrt Ciscihial approoch to congumption,
andd 8plit 1t betwosn o "ueccsoory* and o tsurplus® part, The "necedsnryt
prre von then be releted Lo produeiion (via lehswr requirements, wags
ritas and budgel reletions} Lo the miswear Asprated aerlier {(pp. 37 « 41 ).
Walis the feurmius® prrh weuld famm part of the torgst domand, Thie
would refleet both the iden of Teavings rongtraint' and of 7 soneumptlon

torgatt.
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CHAPTER 2

The Approach ol Statlic Multl-secteral
Ploanning Models ¢ A Critlecal Review

The .purposc of this chaptor 18 to review the esntributions of
chapters 7 and 8 In the 1ight of the rogent, ond growing literature on
shat aon he epllod ataotlc multiegestoral planndlng models { SMEM), The
rofercnoe hera is to o clAss of models all of which are of & mixed
malytiocl -ampirical {numerionl) choractor, baing studies on plonning
13-a lorge number of countries in the laat deende-and-s-holf, The
sorlicet instonce oppeara to be Bondee {1960), whlle tha Taeshnlenl
Note on the Approach io the Fifth Five Year Plon of Indin == Government
of Indin {1878} — con be cited o3 o recent exanple, A rapresentative
smple of the models doveloped in betwean would be ¢ Monne (1966),
frno (1968}, Monne-Rudrn ( 1965), Tendulkar (1371}, Weleccopf
{1867) ete. Review of thin literature ls nvolloble in Bhaguati and
fhokyovarty (1971, pp. 16-21).

As sbeuld be oxpagted from the varlety of refecrencem, individunl
wmbors in the olosa differ slgnificantly from one another in respeat of

nmber &f detalls, ond have o wider or narrower set of prohlems before
%er, Wo shnll be conccrned with s cortain boalo ond commen element In
‘Sefr et of problems, and this concerng the prohlem of gonslstency with
ford %o both produetion snd invesiment. This prohlem 1s sought to be
sokied within the smme snalytlenl frome in all the medels following

gotion, appronch, For the eonneetion betuwen our malysie ocod this
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litorature, wo may immedictely point sut that the nature «f problems
and the mnalyticnl fromn in T500% are exnctly the aame n= curs, but
the sppropch-atoken are enmplotely difforent, Hence our 'erltique! of
the liternturé in oaschtiolly enc of ita nppmncl‘rj‘{ There are mony
atotters of detoll where the Mlterature is boacd on rather simplified
aseumptione compared to thu gnilyzie we hove glven, but thess nre to e
regarded n# Becondary motters, For o cleoar development of the diffe-
ﬁaal, wa lpnora thege detnlls and base the orpuments oh the simplest
fuifpxlut.lcn of mndogon-ua dinveatment in the IO model, In faet, the
blizz%literntum raforrad voes explicltly thls formlntinn which 1s
ven by the mo-enlled dynomlc I0 model ne satated by Loontief (1953,

. 58=80), The formrintian 1a as follows

xt) = ax(t) « B{x{t+1) =~ x(t)) + a{t) vee (241)

ere B 1z the so-golled {(morginal) copltal ccefficlent mntrix?-{

Thig eomplatas o etotepent of the bnokground pucesssry for the
tique, I ehnll now first develop the spprosich of SMPM and than bose
oritique on thia approach, aa mentloned, Before venturlng into 1%,

#ould mention that most of the idons developed in the previous tws
pteres are ln foot derlved from the llterature mentioned, in fact, our

:i;rsia oon be anid to have prown out of o feeling of inadeguacy of

In faot, the npproach 1s shared by o wider clams of planning models,
8,8, the aggregative model of Chemery and Brunme {1982). :

The 'simplified nosumptions'mentioned obove are of full c¢apnelty
operntion, nbsmonoe of working copital from the pleture nnd finally
of no ecnatruction perisd. In terms of our analysis in segtion 4
of chopter 2, thess mean x:{ t} = :-_ti{ £}, F*i = 0 god ?‘-i w(Q for
all £ and J. d
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trentment of mot only ths production-imvestment-consietency problen tut
olso a rumber of relotad lszueg mentioned in the literature, Wo shnll
try to give a somewhnt connected nccount of the socuracs of our ldena
in the llterotura ot the mmd of the chispter,

I hrvo alrandy mmtioncd thot the melytioal frome uasd by
®PM 15 the eome ns ours, 1,0,, the consistency proklems aré possd only
for o terminnl yoor ¢f planning with & benohmork voluo of copoolity
(w produstian} for ths buase as glvon. Thot is, ocquation (B.1) ia
ddaqurend for taT where T refers to hoth the terminal poriod and the
time-horiwwn, or plauning horizon as £4 is enlled in the Jiteroture
{twD i@ th> base s before), The problem ia cmsanticlly one of Mnding
the torminal investment, soy w{1). obvioualy,

v(T) = B(x(T+1} - X(T)).
tlearly, cnce v{T) is expressed uniquoly in terms of x(T), both ¢an be
solved fiom {9.1),

The epprooch in 8PN plmply conelste of viewing this protlom ce
che of apslgning a4 part of the 'tetsl! investment ( 1,c., tho total
over tho plonning horlson} fo tho tarmingl dote, 1.0., easentliolly os

oo of tima olloentdan or phoming of investmont, Conoepbaally, in this
sppronoly inveatment over the plonming hordsor and 1ts port to bo
exegutod in the torminnl yeor constitute wo _Beparnto ugknawny
dotarmined on independent sonelderntions. In annlyticnl totme, the

rpprosch 18 as follows, For any stipulnted volua of x{T}, one gots o
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E-ggg,'l_. inviatmopt ovor the tim: hozjion squal to B(x(T) - x) wharc x ie

the veotor of basa crpacitiea. The noxt problem 1 then to allogate
fefinito part of thile toisl invorimont to the turminel porlod, Thie is
gought to ba tnelled by o coelficlond, say 1, roprosenting the fynes
Hon of the tatal Anvastaent carrled sut in the terminel period. This
wefflciont o cnllod the nind floy rconyaraion facter (SFOF) in the
literpturs In vipew of the fact lhot dimenglonally it reprosente the
rotio of a flow to ite intogral éwer o cortsin time, That im, tho
fenomdnator of this rotio can b2 lookid upon op the difforansg betweon
Jwe stoocks and heneo 1teclf o stock.

Postponing n dl=cussion of the derivation of SFCF, 1t ls onslly
sxn that piven Itz mapnitude, tho cpproach losde to the followling

weletion of tormingl production levels

xT) w ax{T) + aB(=(T) - ¥) * AT ees (942)
de is the form I1n whirch tho medel ia formuloted oxplieltly in
Rnosfudre {1966), As montioncd coriier the mome formulation is olwo
delnablo from the othor mod-ls referred Et.'ll.ftlﬁ‘.t' multable simplifien-
Ions of othor roelntions in those madole.

Wo now tcke up the derlvatlon of SFCF. Ae mentionad oarlier,

¢ boels of SFCF i3 some stipulatsd timeedistributien of investment

ver the horlgon. Tha eimplegt cose here would be that o2 n unlform
. ttien vl ek fmmod ctoly Qeads to g

{r =

FId

ere T 1a the length of th-. plunm -~ horizon,
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Rext, the dstribetion wan bo tokey hh;dw‘hrmw
{pyeatmant gotlte Saodse {1080} cesumod the pnt-b,f_’uf tho lincor type, Thot
{8, e nesumod Investmont et timo t, v(t) say, to bw of the form
it} » o ¢+ bt, Tho SFCF in thias came Le then glven by

n+ b
= TR

fichno (1888} oonaiderod on exprnentinl growth of imvestoont and Aerived

d » L g ala

vhors ‘P'in the stipulatced uniform rotoe of growth of Invootmont,
Modifiontinna of the lost derivation of SFCF were later intros
diaed by Wetsacopf (1967), Memne-Rudra {1965). Mnolly, I may potnt out
ot instond of casuming o sdnglo growth rate for nll investments, one
vy treat the rate of growth of investment in nmech sceater ns o congtont
méd replase tho pingle SFCF by o voctor of gectoral 9FOF's, For this,
one need only write .Pi for the rata of growth of investment in 8
md get the SPCF for § ——g, ooy = from {9,3), In this zn=c the
ol (9,2) hop to be roplooed by the medel:
(T - ax(m) + 7"
sere };\ i3 o dipganel matrix with o in itm (i, 1}th pasition,

B {x(T) - x} + &(T)

Thile nempletze the statement of the oppronch to the mpacifie

thed of onddgerous treptmont of investment in the models roferred, We
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enh now develop the eritigque in torme of cur own smglysis, Mrat ond
in 54PM

feremost, /the problem of eonsluton:y is viewed cxclusively In terms »f

(8.2), with the SFCF given, And *he determinotion of SFCF hos mothing

I:mdogecnnus! nbout it; 1t 1a almply determined by -utside_eonstonts os

fcmonatrobed sbove. Conceptunlly, it is A1ffcudt to pinpoint the exoct
pature of sonalsteney in this opproach, for properly spenking (9.2)
reproschts nelther level eonsiptency, nor growth conglstepoy, It may
be onnvenlent hore to restnte the content of thape two moporate papects
of songleteney in wlightly different terms, Therc is, Tirst, g probiem
of purely contomporanecus conslsatency nmnng the product fisws and their
yeed in the perled under oongiderotlon, 1,e,, the terminal perdsd, One
my thorefore enll thils the Introperied (terminai) enhsistanay. Then,
bosouso o benohmark volus of produstinn for an osrlier poriod (the bnse
‘griod) ia given and this implicitly 18 moon to bo responalble for
restment and enpocity cxpmnelon, thore is a further protlem of inter-

wiod (torminal-bage) conelatenzy, In our languuge, these correspond

a¥imely to loevel eonslstenoy and growth conslistoney resprotively.,
sted 4n the new langunge, (9.2) im rm oattempt ot oomposite introperied-
terperiod eeneistenoy, for both termlnal productlen and base copacity
# involved in {9,2). Ap cloimpd enrlier, neither ia proparly reflected,
:unrly, there 1» no Anterperiod monsistoney, for the BFCF 1s 0 aone-
‘nt of the mnalyals, independent of the values of %{T) and X. Henoe in
woy ean 1t repressnt the rogquirsd grewth for going from X to x{T).

t then, neglecting this nopeet, one cornot interpret (9.3) as
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athibiting introperiocd conalgtoney .mirce the base period is directly
fnvelved in it, Mormolly, one moy try *o Interpres o ss the rate of
growth in the tormiunl perled, wklizh would define (4 + D) x{T) ns
the 'derdved’ port of tho producilon wvestinr, But this requlres
{4lT) = & BXY) %o be in“srpreted ao o finnl demond veotor, ond this ia
vthout Justificotlion. For one thing,there L8 no gunroantee that this
tector im non-negntlve, For another, thia whole interpretation brecka
ol onae one lenves the coee of uniform growth, for the wvector 'af
ot Be even formally interpreted s o veclor of growth rateas,
Gutting thia methodolagicnl eritlique shert, we moy ponint oub
e operational implications of (2.2). First, 1t 1s elear thot there of
1 a0 notdlen of grevih fensibility on internnl grounds 1h the approach
tated, o matter hew loTge &{T) iz compared to X, there ie olways o
ngible plon, One simply chocmes ¢ reasonably Iow amo that (4 + gR)
vioble {ana [d{T} - aB;':::] is non-negotive). Convarsely, no mntte
mecll A1) is, 1t oon bs rendered Infeasible Just by n cholca of T,
& 14 eritionlly inversely sensgitive to the walue of T, Thnt is, .
b exdats o certaln time~spon, any T%, auch that {4 + aB} la
He or not ar T% T#, On re elde of thlg eritlenl wnlus, nll torgetic
4 conelatent solution, on the other none ! Thir has nothing to &
the renl 1ife phenomenon thai more onhitipu= torgats con be
wved only over longsr hordaons,
Viewed annlytlrally, SFCF ls the a1l lmportsaat ceefficlent in

dfferentinting 1+ frow o orMnsry 7o v del with only technionl
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ffio’anta {4 md B matrioes} We have indicated 1te corceptunl basip
¥g, We now note momo onnlyticnl dilscussions of its use in thy lite-
re mentisnad, First, 1t is clear that (9.2} hoa a polution 1f and
y if the matrix {} + g 0) 13 viable, This 1s umually deslit with
rﬁnﬂtqrily in the 1litersnture; The problem 1s viowed na n were

ferllity ond more or lean forthylth diaspenasd with, For example,
p-Pudra {1965, p. G1 } aimply nesumed thet the so-colled Solow
tlons wers satiafisd by thelr matrix (A + aF). In o alightly
pent context, Memme {1974, p.58) writes,

A1l thot ia required ia that the geomotrie growth rate r be

get sufficiently lov so thot thers is some fensible terminol

peried solutlon xT“ .

Seaend, there 1s soma discuamion of parametrio voristions of o
£.3), boaad on variationsz of "P in (2.3}, There 1s o much-rapented
gitivity result? hero, Tha Inpensitivity reforred la thot of o to 'P
& {1968) reported that ns -P wag vorled from § per cent to 12 per
, & vorioed from 12.7 per cent to 17,2 per cont, This is the insensi-
%y ramalt. ¥While the eloim is not clear —= in faet, 1F ohanpe in ‘-P
the correspondlng chonge in o 1 64 ~ the rapult hng been umed
etify tha procedurs, ond this oppears still less olenr, For, the
Hvity one 1= Interestod in 18 thot of produetion to torgets —
«vly onpacitiss, rmnd neither of tha two latter are present in the

se rafarred, 411 that oneo con get from 1t is at moat a frelotive

tivity of produotion' % the rote_of growth of investment. But
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the laotier ia nefther hore-nor there, It cemes In only beamiae of the
gioroach of SMPM, It 18 nothing fr:pll in the menme that frotes of
growth of production’ ore, for these directly ootnsot terminal produn-
tien (reflecting torgets cnd bose copacitian,

Pinolly, T hpove to mention that there have baen coonslennl talks
bout Yreviging growth rotes® on the busia af the resilte threwn up
hy (B.H}E:‘ As mentioned above, the growth rotes herse being those of
investoant, ona lacks the propsr bomla of eny mich yevisicn, for (8,1)
san threw up only o growth rote of produstion on semparison of x(T} and
%. Even gronting some definite eohnection between the twe growth rotee
investment and produstion), the liternture offera no definite mathod
of reviesion,

This gompletes the oritique, I new turh to tha 1dess often

referred ond in some relinted litsrniurs

opreesed both in the litergture/which I have sought to explelt in the
tw previous ohopters, Thie acurce Is in fact nlreandy i1mplieltly acknow-
ledged 0t the bepinning of this chepter vhen 1t woa pointed out thot
toth the nature of the overaoll problam and the cnnlytieol frome ore
mmmon hetwean SMPM ond our dlgoudsions undertoken in chapters 7 and 8,
he two differ besleclly in rospect of approoch {and sscondarily in
pspect of detaila) which lead to vary Aifferent formnlisatirme of the
m set of iesusm, I ehnll now glve o somewhnt more systemotla deesunt

i specifis idenr and thely usefin our nnolyaie in the tue previcus

santora.

To gquote Weiescop! {1967, p,279),

WIf the initiel aatimate of r® provem to be inconelstent with
the Temlts of tha progromming run, 1t ie always possibla to
ravigse £t for o secoond run and thue prooead by iteration to o
vansletent sclution ,e,vevrva®e’
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To begln with, the vary ldep of simultansous production-inveat-
ant gonmletency 19 vepentedly stressed In the literature, In fact, this
08 epeen a3 the pojor point of deporvra of the elasa of modela from the
etotic I0 models concorned solely with 4ntrvoperiod consistensy, In the
vwords of Manne {1284, p, 209)

"The principol technleoal differetce conplete of the trectment
of inveatment within the koy sectora, Hers this sourae of
inter-industry demand fa trentoed as an endogensua aelement ,,,,."

is va hove pesn, the hasis of this endogenoue treotment wns provided by
WP, The tota of growth »f production in that npprosch ia ebtalnsble
only na reflected in the rote of growth of inveetmant, nnd this, as
wticned, bns no definite bagis in the aholyticsl frome presumed,

Hewever, loter writinga — nat girletly belonging to the litera-
ture reforred = hove sought to bring the rote of growth of production
fo the forefront, In setting up a terminnl-pariod aonelstenay model
haeed on (8,1} Prune (1971, p,178) explicitly =bntod »

"The particwlar fovm 1o which we choose o boke enre of tha
¢opltnl coefficlents hoa some elear annlyticol Arnwhocke, oa
1t {gnoren problemsof exoess caonaslty ond of Intertemporsl
thodes within the plonning hordzon., 4% the game time, 1f we
Loke a propmatic view, with n long encugh planning periad

(5 yasore ot lanst), problems of exaess enpnoity beeome relo-
tively lesa important, Alac suocessive approximation can be
uped to ruke n gengible cholee of the termingl prowth rotes ..
B thot the are pet too frr off from the implied introe

LI

‘wanelble sholoe™ problam 1s precleely our "growth conmimtengy?

Blem tackled in the two foregeing choptors, The issue of "oxoess
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anpaoltwt wea takan up in ssetion 1 of chopter B where we had nlaso
argued ogninet Bruno'a wlews about its "importongen zgae, in partioulor,
footnote 1,.p, 155 _/. Brung domss not epeclfy the content of "inter-
temporal ¢holeer, Strictly, the gquestion cannat be praperly tackled in
the analytical frame posited, sz mentioned onrlier in conneption with the
problem of "phaging” (see p, 147, chapler 7}, Howevor, pur formalation
of "afficlent inveatment rulen reesiven one kind of choles problems with
regard %o Investment, ond hencs one aspect of Intertemporal cholee, The
last polnt «= that of "muoceselve approximotden? -« potunily raours o
mmber of times in the literature (surrcunding 2EM) in the form of
revigion of rotea of growth, For excmple Bergsman nnd Manne (1966) state
axplicitly that an iterative method for revising growth rntes was odop-
ted in their numericsl ealculoilons, However, the method is not expli-
eitly atoted, ond in their nlpebraic formulstion, the growth rotes nre
token a» sxogencualy spacifled. To quote them (p, 25%)

"The gomputer wns programmed to crleulnto the 1970-71 sutput
levela, then revise the fifth plen growth rates, then revise
1970=71 output levals and 80 of . sesess T

In the light of this digouasion I hove to point out thot o proper formu-
lotdon really obvistes the need for any separpte revision of growth
rotes, Ao the methods of chapters 7 and 8 chow, rotes of growth are
valpuleted gn the wny townrds o sclutinn of consiatent praduetlon,

Finally, I noy quote a bronder cverview of the noture and peope
of conmdd stenny in the cloan of modela



*The conwel=teney model 18 of the fepen'! rother than 'elssed' type,
In order to opply 1t, the first step 18 to project the principal
oomponents of gross domeptln expendlturs, ond to tranalate thees

into final devonds for individunl commodities. The model's fob
s than to deduce on Anternnlly eonelstent set of anatornl cut-
put lavels, imports ond ipvestment requirementa, Umlike a eclosed

modal, no gEpkiolt feodbogk Jink is provided hare from the

procass of pméhut:l.oﬁ bock to gemerntion of income nnd ih turn
baek te the princlpal somponents of groes domnstle axpendliturae?
[vide Maonse~Rudro (1966, p. 87)_7,

%4 thove excerpt hos tw closr pointa relevant for our Hasuagion, The
Hirst etep® mentioned really oonforme to our poromettic specifisction

if torget demonda in seotion 2 of chopter 8, Beoond, the reference fo

fosd buok 1ink® precisely relates to what we hove onlled ™internnlian-
tan of consumption® in seation & of chopter 2 /pp. 37-4)1/. However, ae

» have gryued in the conoluding poaregroph of the lost chapter, from

w atendpoint of plonning only n part of the gonsumption (the "necessary:
wtl onh proparly he acoounted far in the 'derived! port of the preduc= -
lon vector vio productison-ingome~conpumption relotions, The rast con

iw be seen nm port of the poarametric target demsnds,
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- CHAPTER 10

The Methad of Mnterinl Bonlonces

This, the coneluding, chopter of the etudy 1s to review the entire
wrk done sac far from o unified standpoint, As mentioned in chopter 1,
ike stondpoint reprementa o particular nspect of genarsl plpnning
pmeegueg whlch in turn is rooted in the grganipgtiongl structurs of =
plonned, or soeiclist, economy. We hava alrendy glven n brief glimpse
of the prooess ond the atructure in section 3 of chopter 2 (pp. 53-35),
md gur dlscussion in this chapter con be ssen ns o generalisntion of
the discusmion, conducted thers in terms of the atanderd I0 model, to
virisua generallsnticns of the model dlscusesd, However, for the purpoas
't an overnll review, the vonceptunl bneis of the dizoussion itself nee:®
furthar olarified. Thie 18 undertsken in section 1 below. The follow-
g four seotions then teoke up the toak of 'genernlisntion' raferred
bo¥s In on order which vill ba clorified below. I should Jurt mentinn
ot this order hos its boels 1n the diecuesion of sectlon 1 nnd is
tfarent fyom the order of our 'modsl-genernlisastions’ reported in the
wdy. Finolly, msection 6 offere mome conecluding remoarks on the ares of
r work, going beyond the socpe indicoted by the title of thiws eshaptar,
rietly, the title is te be taken in the genme of the mojor theme, not o
aplate voverope, of thia chaptar,
w1 Ihe congeptunl bosig of the revieu
We moy begin by distinguiahing between two separate kinds of

mesptunl ealorificntione that we have to provide in this mection, The
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firet 13 in terms of our work 1 4t oppronah and methedelagy. This
mounta hoploally to peinterprating our concepis and problems in the
1ight of the standpoint proposed for this chopter, The eecond 1s to
glorify the noture of plemning procesa ond orgnnieatlennl structura of
plonning refarred ‘&nﬂier.

Reagoraing the firet, we begin by obmerving thot fer the purpose
of this ohapter, nll the 'medala! discussed soc for hove %o be inter-
yreted pa ‘plonring models!, Formally, ~ plannihg madel ip Alstingulghed
fron n general sccnamie model by & clasaificotion of nll voriables inta
‘the sets of target voricbles {ends of plenning), inatrument vorintles
{veens of planning) end irrelevant voriabtles (irrelevant for plaonning
it oot for essnomia descriptien). We shull presently eount upon this

thodology vis-o-vie the I0 frome, Here it need be pointed sut thot
r daouarien will be concerned not ranlly with the nnture of pleonning
ud;lu as sugh, but with n procedure of planning. This procedure in
o i3 really an interpretation of the boslic I0 method that we hove
peatodly modified eond ndaptd in the context of various modela, Thia
preelsealy the way the procedure was introduced in asction 2 af
it 2, AS We hnd pointed out in chapter 1, the oren of 'medels!
resents 'voriety', nnd that of tmethedst, funlity! for this study, In
 1ight, the toek of thim chopter 1s to see the 'unityt ot the
.!1 af n wubstnntive procesa in the frame of on esononde system!

lned by planning, not Just as a formal nethed of onolysis,
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Returtilng to the methedolagy of plinning modals, "1t s uswal t:
Yyant the depandert-dmtependent ulessification of voyinhles of ID onnlywis
o ohewtosomd with the lristrument-torget vorieble: oclossificotion of
planning ‘models, thérs being ng '4rrelavent vpriobles!,:The noturs of
plomning sodalsis thén snld to be of the Tfixed targét! varisty en this
torle, This, howsver, is too restrictiva n view,THe IO model ha a tool
of plomning. 1 raclly far mors flexibla, For exampls, commumptién nbty'
portrpe. always bs theueht of as belonging to the demaid of plem ‘sbfse-
tivas, Clearly, the sndogenous treqtmont of consimptlon. (or sots part:
of It) ollovs objeztiven o sdder. soopé thon ' Cinal demandt iy the formol
¥ipe of the term, Aimilerly,.am we hove nlw-ﬂiﬂm,‘ ',:f:.ha fincl dotdiang,
nator 4tsclf nny be suitobly poremetrised ond interndlly ndjusted with
the.sndagenous varleoblap of ¥hé: madel, On both eounta; there 48 no
aoonsnry rigld ndheranca te the ffixod torgét) vorietysol plefbing for
the sperntional task of plen formulotion,
Wl fww ocoms to tho second type 6L concoptial baste nowded Tor owr
saiot; Now, the renlly Atstinguishing fenturs of o plomning médol
our purpose Le nn grggalagticngl. structure of the etouomy in terms
[ wvhioh nll the apeeifiae enldulntions required for plom formulation oro
bo enrricd out, We shall Atatingulsh botween twe types of olaments 1o

9 strugture ¢ the ereontinlly ooordinoting alomotta.on the ohe hdnd

the opergbivg wlementm on tha othor, For sur modsls, tho operative
ts consiet aluply of the morcollad sogtory of préduetion : fhese
ploaos whora production ia ostunlly carried ouf 1p geparciion from
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aother (thie gives rinc to the problom of soordinotigh) ard which
therefore olso the unique repositorlcs of the earrcsponding technlenl
cdge regarding mothods of production, speelfic copaeltics, mothods
Hr oxpansion ota, (this giveas rige to the prohlum of infermation
romante for waking niv overall pinnd. 1n ethar worde, produstinn 4w
ocd in distinet mcoters or unmits, to bo donoted by Gy kwlyByseae B,

arly, there may be o ghruoturs of eoordination itself. Por uxemple,
of produaticn, consumption, dnvostment, import, expert moy be bomed

ate soordinntiona of the relovant activition, For ewr purpesc,
duation ocordinntien 1s the buesio one, with the others being
nt only in #0 far as theoae hove some implication for the former,
impiiteations, however, moy be peporntely worked out, and then
into the pregedurs for production ecordinotion, It follows thot
tructure of ecordination r?uat havo nn npex which is responsihle
ol ecoordinotion, with gubsidiory eecordinotlnpg agshcies rospen-
f»r varlous Tsuheplonal as to say, We shall nall thia npex the
{C), The plaon objeetives ars also token to be formulnted by O,
up, the overnll structure of tho aystem conaiests of € on the

d ond {Ek' Hi aon ﬁhe other where isk} reprument operative
ts ond {Hi}' the (subsidiary} mardinnting nlements,

with thia backgreund, ene moy define n general plonning progess
ghting ona agpect of the organlestiondl structure desoribed

Thie 1 the Anformotion nspect., For ony kind of a ganaral

¢t planning model 4n the background, we may rofer io the total
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of ¥nown elarénta fn it ne tte information content. This laruruation
kﬂ t will be Aletributed .among the varlous prrtdeipents In the procerc

Wi’.' Si-c [ wey deneridant npon ths subatantiva nntore of
elmmt In the sentoxt of tha modal, We shall refir to thls dlatol-
oh o5 thée indtiel traformntion dietribbion. A general planning

a8 1o thig contawl dp on Lterative prosedory of lafermation sxdrnge

iakE ta { } snd/or 0, dlso Lfrom {“1} to 0; ond 1n tha

ﬂl: ﬂ.‘hrbntinn ‘ageing Riupghly, ony oan say that the proceas {5 ong cf
llniﬂ plan formlations {saquenco of provicisncl plans) by ¢ on the,
o'af infimationa {prepeeald) racstved Ly 14 from Sk rnA “1}
monge to informotions {instructinne, direstione _étc.,} grnb gul b
Por convenisnae all imformations btreneacted are.efhod tefaryed |
a8 mhsuager,
46 mahtisned earller, tha prososs of matorial balmness (MB) eom
inod am & #pasific procsdurs nr mathod of planning bulonging te tha
c*n&fb‘;‘f dafincd gbowe, Ity spoci®icity 1s r nlly a refl.odisn of
rioso 4t eecks to serve which 1s io balenoe thé requiromenia-ond

a1t tien.sf viriona cormodtilics in the form of o sot of M3 {ono

thould mention thnb tho elase 19 Mbroadd only relative to lhe
té-zae of MB, nol in giniroli T hove clrendy mentlened thet it

Pt ghits ﬁnly tha information mepret of tha ecrgonlsationnal
rtrt:'hlre-. Thr interrelated oepicts of "insentivest, *lock of 411
ral outhority?, Mennflict of Inter=siu® nte., ore totollr,

ywhd, Tt may also bo montionodt thét there 1a e seignifigont ovars
3 betwagh oW nras of coquiry and the se=collid Mdeomtralisa-

W prossdures in plonnined, theush the lathar ‘has o somevhnd
ffarant focuy on 1acuos, (‘m!r Adsfinliien of a “’gem:rnl Planning
seems?. {m roughly wmilar. to. tho dulinitlen of a "dedoantrallsction
seadurat 48 Molinvoud {1960}, A broader definiticn {= pglvon in
amdar {1975).
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for enoll erwmodd by srwp) for tha etshauy se o shels, The fneunm, oe
baform, liss on the so-called preduots, i,=,, ovollobility 1e thought
af primorily as produstion, We haove olrendy iliustroted the worklng of
‘this mathed in ehapter 2 {pp,33-55) which brings cut 1ts aspentiol
fentures, Stortineg from the presentaticn of the mathod in chapter 2 na
the benehmotlk,. our purpes=e ie to find preclscly in whot woys the method
gon be sudltohly generalised to tneklae vorioue f2<ues, Methadelozloglly,
this tles up with the logis of generelisatlons undarlying thia study,
s exploined in cheapter 1, The inltinl banchmork = atondord IQ onaly-
eie for the entire study, the method of ¥R In terms of the stondard IO
modsl for this chipter «— provides us with some !central fdeus' or
Thanio themea' sr Taecantiel featuraea! which we pursue und:r wider
ond/or different contexts, Thus the method of MB in our snnlytlcal
sghome stands in the same relotion to the plosning models as the standard -
I) method does to the varlous extenelons of the I0 model, whethsr formal
ot interpretive, In stbstontive terms, thie means that we opem up the
mathod of MB to lesues of production-inpoma-eonimmption relations,
interna] ond externsl esonomies of scale, structurpl brack, investment
and growth ate, The thesreiienl literature on the pathed {teslf appears
ts ba ¥et rother limited, There does not appeor %o be any onelytical
traatsient of the gat of lesues referred In the literature, nitheough the
prablema have been mentionsd, We mny refar here to the "concluding remarv--

of o0 stndord thesretionl referencs in the fisld



Thiy pper.sonifinen 1tealf-to-the purely-teshnisnl aspeets of
drowing up o consieterit get of interlsacicing balomses of moterinl
radotiroes, We hove not reloted theze balance sheets to the -
oomposite ("symthetie?) bolonae sheets of money fiows which pre
used, omong other purposos, to aquilibrate the nggregute mpply
wid denond for cdoneumer goods. Nelther hove we ralrted the
short-tern balonoes to investment plenning or to plant sapnoity,
We have thum by-pnersd ona esaanticl funetion of the materiel
bolenoea § the deteotion of bottlenaske ond thelr eventund
aliminction by evitohle tmvastmented, [ vide Mentise (1959,8.981);

is will be mean loter, cll thepe lsruosr pre {n foot omonnkle YW the
procons by strolchtforverd ndeptotion of ita benohuork expositicn of
shoptar ‘3. Sueh poseibilitias ore mentioned in the litersturs, but there
& not oppear td™be ony systomatie formol reprom-mtntions,One Bay, 0.8,
refer to Welllsy (1944, chaptur B) - whish quotes, intor alin, the follow-
ing possage from o dooument entitlod Feonnplo Plenning An Polgnd (Polieh
Plenning Commleeien) 1

ATHe moin ndvontage of the approsch waed fn practieo fl.4., of
notericl boloneing / 1s that we ara not obliged to make any
mprioriatio ameurptions about funetional (in foet properdlonal}
rolationehip batvan worinbles, We con (in theory, ot any rate)
toke into macount in every etep of padtoral mnalyelia different
relationehdipe botwe:n chahges 1n vorlntles®,

We aholl now bricfly resapitulats the working of the brsis
Rethod, 1,00y of tho Bonghmark, The mothod onn be speeificd in towme of
three Trulee! {n) at oash etnge, ¢ sends o proguation torgct te cach s
{b} acoh Hk reports book ite mat a on tho basie of ita

torgatey end (o) 0 pgviper the produstion targets on thy basde of theso
rte, Thoeo may be callod the ?rules of the gome! ot the bonehmerk, Wo
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nay not- in paseine thot the oprrotional =mox  of atp (b} 28 in the
aeswption thot the e-otord arc abls to tremslat. directly thu torgols
into requiromints without furthor informntien from §, That ig, whotover
furthar informations may bo roquirad for thia purposs apre previded on

an Independont bosie, The dofinitien of g.noral plonning preccas koupe

enough room for thlaz, The m.othod of MR, na mentlon.d, 15 just obc ospoct
of this gunoral proceoss, Frem th: stondpoint of ~conowie snalysls, thia
links up with the iden of fixed prices lying implieitly behind our
onalyels of product®on and 1ts structers {ehapter 1, p,11}, In terme of

plonning, thie meoons thot prige-eatting 15 dono indepondently — pomsilly

ns an independont port of the genernl plonning proocese dofined enrliaraf
We shell neow clarlfy n fow pelnts in the sbove ddscussion which
vwill mnve coneldernble time later, Flrat, the ddetinetisn between opera-
tive and coordinating ¢lommte In the argandectionnl structure is
relotive to the dopren of ngerogatien ot whick the ovorsll plonndng
prabl.me are eoneldcrnd, Clenrly, to use th: pactors of on IO modsl ns
the operetliva clomznta L= to agpregate over the individusl firms or
plants moking up o partieular sceter. In a more dotollod onslysls, the
plonta may be the eperntive clemants with sectors {ministries, depnrt-
manta ote, ) As seerdineting clements, Secend, for o formol onolyeis
of the plonning progoms, the subsidiory coordinating agunclos H&I§
really hove o puraly intermediotz role to play, They simply provide

3[ One moy refer to the work of Tayleor {1829 ) in this ;égnrd. i
reomnt formnlisction of Taylor's work 1s given in Chonder (1973),
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pencdblo drtermediote links bytucen the optretive ol mmtbe an tha one
hand aidthe-final oonrdinsting nlement on the other, For convehlones- -
of saposition cte,, c-e moy-eiuply-subsume-these mppropristaly within
a or S‘..tl + Tho explicit form of tha ergonidationn] siructure 1l

-themefyrespento.an analytledl thetve. We sanll-explolt this aholec
aacording to onnvenlonoe,

Finnlly, I moy paiat out that sincs ths metbod of kb-deceribes
ar-Harvtive-procosd, 1t-wnild require.an initiation and.a jermsinotied.
For the former, I =holl generally narumz thot ¢ fnltintas the proocas
vith 'finnl demnonds’ aa Tproduetinn tnrgeota’, Henco only -departures
from this rule vill bo-mentiensd in arpreprista-ploess bodew, The
-ibagd xlon-teterminate- hop clanrly to be boaed an some definite eriterion
whioh hag ta enmurs thnt the plan-nt the termineting atoge ig an
tnoeeptoble® ona in gome ssnae, This includew tho -tdagroc af oppeexilmo-
tion. vty or - Stoleroble margin of sryar! in the plon, dometimos,
aftar a few #toges of the 1terntion, mm zxtrapslntisn methed fa mogde
use of to arrive nt the smolution (mee ehepter 2, pp. %5-3C). for our
purpose, we shnll nszsume that C hes some such forminatiesn erditarisn and
moke no explleit reforence te 1t in sur onalyais,

We aholl mow ohd this seotlon with on ordering of imsuoa tokom
up in the followlnz sectiona, anch extonding our anclysis of thz moethod
of MB of ehnpter 2 in sn spproprinte directien, The _arﬁaring ie in
torms of the gubstentive goope of MB, not its formal structura, ond
roeemh] b H}a"cr&eﬂng‘é;umﬂ#- in, ohepter 2, We Wwogln with pure produstion
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peordinntian {agotion 2) ond follow up by sucowssivaly ineorporating
conmumption {weetdon 3}, investment {scetlon 4} ond Errelgn trodu
{asetion 8) oa pepormtc .md explieit elemente in the sverall seordina=-
tion, The ‘modela’ coverad ore of evurss drown from il ovor the study,
Seotion 2 includes th- pencrol non-linasr mod2l of shapter 3 ond Modek I
od II of chaptor 5, evetion 3 covers nnly the model of scotion 3 of
chapter 2, sszetion 4 the models d:alt with in chapter 8 ond eoation §
ocnplwtsa of the model of seotion 5 of ohaptor 2 opd Modola TIX pod XV
{on import subatitution)of chortar 5. Sincas the conceptusl bockground
for the mothnd of MB 1z provided by the orgrnisaticonal siyuctore pnd
the Yinitlol infermatlion distritution', we sholl b:glh cosh discussion
-alerd fing theee md then tsky wp tha spoeifle form of the mathed,
Finally, 12t me note o point of emtion @ the some nototion wil}
ured in &ifferomt contexte for notoatdenn) mimpliality, =.g., motrices
ond © are to be inteorpret=d 4198f rontly in differant contexts, The
tatione used in the procesding choptors are, howover, mointolnod ond
ease of sonfusion one L« rogused:d tn r+for bozk to the rolovont pegoas,
3 Rury produeting emordinstion
The 'modal~contentt of this soction hoe alr:iody baoh spooifiud,
w1l be conviniant tn toke up Modol I of Choptar B first, followod
Model II of the mams choptor, snd finally the ganorsl non<lincer
gl of Chopter 3,
The orgondeolden-d ~hructurs for oll the mod:lz of this agetien

tokon %o be the ame ns in the bosle oothed ~Ff chopler 2, t,e,, it



=191~

gconwleta of final soorddnnting egency, C, ond the n operatlve nlementa,
skl . Mo 1ndtinl information Aletributisan is token tn corruspond
Exncﬁly to the oresnieationgl structurs in the aense tiabt © 1= aweumed
to poases prior information enly of the plan aghjentivag ond Sk of every-
thing thot relotes exelusively to produgtisn in thot acclor {7.8., methods
of produotion, eapoeitics eto, ), Sinoe there ie nn explicit raeferunce to
goneumption ete, 1in thos2 mndels, the plon obl.etivis sre tokan to
eorraspond to finnl dromands. Cloarly, the formel expression of the infor-
matlon enntont of Ek will wvory o lat from model to modl, ond we necd
only mpeedlfy this to bepin the dlesmunsion for :neh modal. Rogarding the
sprelfica of the muthod of MR, the only diparture from 4ts benchmork of
refarancy 1e In ragord to the wny o esgbor coleulsios ite input require-
n=nte 6ot gach stege. The rost 1= exactly thz same as before, for the
formal tosk, we need only spealfy (o) the {initial dietridbution of infor-
motlon and (b} the method of mectorsl caleoulntiens nt ench stgee, ds in
sectlon 2 af chapter 2 we sholl deneots the input requirem-at voetor of

8§ ot atage t by ﬁk{t].

We now toke up Model I of chapter 5 given by the equatiens (5,1.0)—
(5.1.2) z;. 108 _7. For the purposz of the preeant anolysie, hewover,
it will be gonvanicnt o refer ta ils smudvolent formulantion ng given in
‘wmetions (5,1.5)=(5.1.8) fp. 107-105 7 and to dennty x- thers by
mply x, Tho lnformotion eontunt of the medel 1s definad by {4,B, %,y),
1 procema of MB boglne with sk posssasing prisr knowloedgs nf nk} h#

d‘ik, ond O of ¥y 1 this 1s the Inditlal dlstribution of Informatisan
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The eel ulatlon of dk{t) ir givin by ¢

-

n.k x;_; if x;'l'gxk

¢ .ve (10.2.0)
ot ;:k - (=, - ;'k } otherwles

a¥(t)
Posxing on tn Model ITof chaptor § Joquetions (5.1.9)-(5,1.11),
(5.1,15) and (5.%.14}; pp, 115-116 _/, 1t= informatisn content is glven
br (4, B, X, 8, ¥). Regarding the initiasl distribution of infermation
it Is token thot eneh 8, hos prior knowledge nbout ak, bk,_:_t_ck and ;k’
and C gbout 3, It Lo to be reenll.d thet thero i# reem for exesas
produation in this podel, It is nesum.d hire that any dzelslon for sxeoss
productien ov.r tha torget s token by tha eorresponding mscter, In foot,
the owitre is net evom Anformed nbout it, The enloulotion of ﬂk{t} hire
1s modilied na
R LS
k -

at) w 1 g <m (F

k
b J'i octhert. re

Wz now gome to the non«linzar medel of ehaphar & @quntian {5,1.0);
P. 63 _7. We sbnll bogin with th: nssumption nf ne extiraslitics, 1.e.,
all arguments In the funetion fij{x] ore pectmed drrelsvont exaepting X,
for all 1 and ), Notetionally, we 2xgrees= thia by writing
f”(x'j w fij{xj) ¥ 1 and j.
Thz infermation eont-nt of the model now 1= «imply (F{x}), y) whira

alum-nis of P(x) antiefy tha roetrietion sp-eified, 8, hos prior
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kacwlades of fk(-xk}., ond O of ¥, The opleulation of dkf t} 1¢ etroleht-

forward i
t k.t
&8} %, (%) oo (10,200

8 Tar, thz 'rdos of the game! are sxnebly the some s before,
Wity extormol{ti-s, this i» ne iongor so, Tor a scetor emurot then find
its input requirmomnts furt ob the bosia of 1i8 productlon torget. Tt
hag to hove informotion abnut the gonersl productisn plon. This moone
that © has to mok: o genegal pnnoupeoment of its proviaional plen ot
#anch shage; 1t cannet carry out seporate diolegoca with the =sctors,
If thie {g done ~ & informe oach Sk al xt,—. not Just }_!-, - thn one

5
weed only write (10,2,1) as

&) - xp XY
rd the sbary la the satic s bofore,

It ir to ke netod hore thoat givon eerinin Vapielliaiticel in
¢ watter of oxtornaliti-a, the laek of soporatlen van in fnot he
srecme by appropriast. ehsnge in the srgonisational structure, The
epifiaitics reforred require '1imited -xtymcliticet in the g.nee

vt o =eb of eastores gencrate caternol wffeets anly far =uctora
longing to the s=t, If o1l oxternnlitd-a are of thia typ:, th-+ the
duotioh system eon bu portdfloncd 4nto o mumbor of sie of s-etorn
vut ony externpliti.a botweon sote, € san then eonery cutl soparots
lsguee with gn: oginey reprisenting uach 2et, The orgenieatlonsl

seture 12 than dzfinced by thess aganelas, net th: ssetors, Any euch
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ageney wnlld reseive the praductlen tarpets of sll 1ts constituant -setors;
and posa en the eorrasponding input requirementa to ¢, It may b2 notsd that
wlth productian oetuslly enrri=d nut on o eacloral baols, thesc ageneion
ann oleo be lonkad upon om subeldiory esnrdinating 2l-=acznts, Theiy toaks
boll Aown to coordination ef th: corresponding econstitu-nt produetion
erotors, and thay bacome neggssory ol-ments In the arsaniaptional atrug-

tura betuean {sk,' md € 1f the elsment of separntion ie o be maintainad,

We srhnil ongd thir moetion with o .point regarding the (addltisngl)
‘information asentant of the sunoewsive stepa of the methad of MB, Tha
point won raiesd by Chender (1973), His polnt enh ba rietnted am followss
If tha IO matrix in o eonetant ome, may A, thon € ocomes to porcasa offec-
tive infermntion of the full In matrix ot the wery first step of the
iteretdon, This 18 evident from (10,2.1), =ainee = {=y) i= known to C,
Mors explieitly, at the initdpl step, © zotm te knnw o ecllceetion of m
veotars, (s} =~ xi o Sinee 20 1e known, € obtoing o¥ by
sioply ml€tpiying aX(o) by "'3'75-'}. Thus, the subs xusnt stope of tho
progess do not add puything te the informetlen pegagenad b € ond in thie
sense, enn be snid to be informatignally superfluocug,

In the nen-lin.or anse howover € nover gomeg to poectzd Lh-
information regording production proccesss, Ia tha ond, Sk had to compute
tha wolua ef rk{x} only for n finlte number of dlesr-to points whioch aro
inplieitly pncaad on to f,ond whish ib gemorpl are dlf€or.nt from one
shothor, Thus tha proeoss of exchongs of r-lzvent informotisns-oan be

sald to eontinue till the torminotien atags, Theore iz thus 2 ennasid.rable
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gain for ¢ in teyme of 1te inflerpotien~-raquir.nent for making o plan,
In genercl, th:reforc, thi.proeess of MB duseribed for the nen-llnear
syatom sgvee the genfre the trouble both of carrying ont extensive com-
pﬁtufiana ond of acguiring the full technsloglenl dotnile of unit pro-
duction procassan, In thoe stonderd csee only thz firat, ocomputcetisncl,

edvontags 1a presamt; not the sccond, informational, one,

10,5 Matericl Knlonces with endogenaus consumption

This moetien Is based sh the axtondsd IO made]l of geetion 5 ef

ebepter 2 / couptions (32,5,3)-(2.3.5); ppe 39-40_7. T hovo to bogin by
pelnting eut that th~ sot of t-chnlenl ralativha roleoting eonsumptinn, .
ineoms end productian in that modol son be ohtaincd on Lhi basla of
Gitvernotiva inetityutionsl srrongsments cvawn in & plontd cooncmy, The
mothed af MD wlll te dependant upan the soture of thosz: orrongsmonts,
Below we deseribe twe altornotive arrongsmants,

In the firat altornative, the svotors have to provide fer
sonsunption for the labeur reguired in its produetion, The commpdities
on this aeceunt then form Juat a part of lte own roquirsments, learly,
in thia enss; nn furthber axtenslen 3o noccssory regarding the struobure
¢f HB etated in chapter 2, One hom eonly to troat dk(ti e o vTector of

commadlty raquiromente in S

e nt atag.e t, both ag materinl inputs ond

as ecsnsumptlon For labour,
In the asveond mrrongemont, the toek af 6 enclar onds with wame
payrante, Tho astunl conswipilen damands nra then made by lohourora on

the bozla of thelr income, This roguircs o saporots ogonoy for



sonsumption planning whioh hme to be rafi:etod in tha organisatienal
strueture, Clearly,this agoney 1o o subsldinry emordinetdng &1 amant In

the atructure, W2 ahall Asnoto 4% by W,, Informotionslly, it lsa npeumed

1

thot W, posecases nll the necammary knowledege for raloting consumption

1
to income, Its fnak thon 1w bnalanlly o recive ineome celimat:r from
srotors of proeductisn, translete these inte censumption uastimctos, and
Porunrd thess to the contrs for inecorporatlen in the overall production
pinn,

In oprrational terms, the infarmphion esntomt of the plonning
model Is now deanrib-d by (8, A%, ¢, v). N1 has pricr knewl-dze
abeut the motrix £, ench sk about a¥ and a’-’k, .nr:ld the centro abeut v,

At stoge L of the proooss € informe ecch E’k ol 1te provialonnl
preduc sion target, x::‘. Faoh Sk' in turn, roperts dt= inpubt roquire-
nonta, dk{ 1), to C dirsetly, and the voetar of inceme genarstod, ey

vk{ %), o Wl. Thasas arc given raspectively by

k
a(t) = x of (10,3,2)
k")
Kty - x; a8 {10.3,2)
Wl adda up the wk{t:l*s to nbtalt the corramponding incom» veetor wh g
t - ' %
u = t-El “kr:. t') - Abx LN ] {1'!:"3- E‘j

It thon finde the correcaponding oonsumptison rrquirewents,

u, by postmuitiplying © by w¥ 1...,

t t
o= O {1-0%314}
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Thie v.otor u” thon forme the meswsgs of v, to ¢ at that atagn. O new
. . L
sonatrusts g provielonal plan for atage {t+1) by asgrognting d {ti'e

and adding u? end v tn the oggragatsA d-mand vaator, 1,04,

z t.
1. id[tj su e oo (10.%.5)
Y

Trom { 10,5, 1)~(10,8,8) 1t is wvidmi thot

i
xt+1 w fx 0+ Gﬁbe

* ¥
This -~=tablish s th. fermol squivplatie: of the IO method and tho
rrthed of MR fn th: prosont eansz,

10,4 Hgterinl buloness with mudeganous {nvesiment mnd growth

The plonning model here de dofind By the 2guotlong (8.1.4) -
{R,1,8) »f ehopter 8 {p, 157 3, ™2 srganinational styuefurc hor ias
taken to e the same ap in the benghwmork eas: ond the infomation

gontent o»f the medel 1w elven by {3, Er), ., ..., v T x, 4y

1’
The indtdsl informatien dlstrilmitinh iw peeumed o= follows 3 O hog
%

prior kunwlodgs about d,mnd cash Sk ehaut hk, nk, bk{rkj angd ﬁ?-;
T1s awmumrd to he knewn by a1l the partloes,

The materiol romqudremente aft g = etar will now eomelet of
rrquirzm:nte hoth for predustdnn and lov:simni, Th: former {ﬂk{t}) i=
calenlat.d xaetly az bafor:, For thoe lsttor, thr s-etor first comput e

growth rote: aa

el ] o AW R oy wm R ey .

3/ From th: eenatrustien of the_matrix ﬁfr} [een e ctian 4 ol
chopter 3, pp. 41 - 47 _; 1t ie cloor thot the kth omluan

of 1t Aous not dopend nn any ry, 4 k(¥ k)
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4] it x.:; 3 J-CK‘

. {17, 4, 1)

= 'T D] g P A
;k_ ~ 1 stharwien

and then the dzrived investm-ot requiremenis, Ik( LY e s

k K t .
Ll : X wan LA B
I{t)w= b {rkt} % {(19.4.2)

The wum of thage requirement vecloras, l.e., ﬂk{t) +'Ik{ t), ir reportad

&/

hotk to O whn then conmtruets the provialsnal plan for the next stage

vy simply epgremtine thesa vectera and odding 4 to 3, 1.e,,

n
Lk .
. REGIOR ¥4+ a e (10.1,3)
From {1J,4.1)-(10,4,3) 1t 18 alear that

'It+1 - Axt - B{rtr)xt + 4

Thus the formnl similmr-iir betwesn the methad of M An this ecose ond
‘tha mathod (8.1,7)-(8.1.12) /p, 158_7 1= clear-cut,
I =hall now polnt sut o modifieation of the method deseribad
thove when the planning medel is defined by {8,2,1)-(8.2.4) [ p.1082 7/,
that is,vhen an overall growth rote ia stipulsted from cutaide g
3 flesdllity of pdiu-tment in the target demand veotsr 4, The avarall
wth rote, P is tranted ns n function of szetoral r-'rr:rwth rates,

f- h{r}, ond the target dampnd vector im o functlon of o 2ize-
of ' torgat ciemnnds oy d = f{v), where ¢ i= the aize~index

exfvorioble. It ia presunsd here thaot C knows both the functious wir)

f(v). It s also taken thet a v eatdsfying (8.2.7) /. 104_/ and

o i e B L e M e M R .- By e o ————? W s ey i e -— . -

It m may b~ not d thot one moy eonsid roa s-parat: inv el t oy m,y

wiose rele would be to colowdata the investment demonda, fers lwp!t-
dtly the role of this ageney 1# submumed in the I
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a ) wmotisfying 4 B.1 ZE. 163_7 can be found indoneddently by ©,
the
Here, firet of 6ll,/precese of ¥B desoribed abeve le cnrried out
with 4 replaned by f(_?n}. Whan ¢ dpoldes to terminate the process, 1%

lnstructs € Te tn repert their sstimatee ol the rates of grawth, 2 then

k
saloulaten the mealer mensura of these roatrz of growth snd on the borels
of thie revises the volue af v up frem LA ond thus the torget demonde with
the help of (B,2,6) g%. 164*7. It then re-initintes the alwve process with
the provisisnel produstion farget for ony eector put equal to the esti-
moate of 1ts produetion level asrrived st the ond of the inltinl procesa,
This aontinues till the sclutinn of v is regched.

tn the fare of 1t, the methond of MB moy oppesr discontdmrovs.in
the senege thot the protedure is strrted onew ofter cnch reviciso of v,
Thie hawaver 18 hot quite en, Sinea the rovision of tnrget demends Iz
done by ¢, the seetare cimply sontinue to rescive inevosadng targete.
far thalr pradusiion from ¢ all olong, To the gseetors, the proceass
works axactly in the anome woy aa in oth:? enses, The only di7farenca is
thot inwtend of just ageragnting mnterial reculrements wlth on unchanged
blll af target demnnds, € pctunlly reviecs the latier periedically in
responae ton the differcmt sete of estimaten from the eaciors,
10.6 Mpherial bolonnas with forelgn trade

Thiw ssetion d:znlm with forelgn trade only in the swnac of
aadogeneus imports satimated as port of the method of MR, Exports nre
taken to e axogensva ne port of the glven 'finnl demand', Aa stnted
earlier, this postinn covers the madel of forelen trnde of ssction & of

ehaptar 2, and Modele IXI and IV of chopter § on import subastitutian.
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The method of MB for the first model Jfeountions (2,5,1)-(2.%5,4};
Pe 50_7 in dlspensged wilth in o f~w words. 4= we had aluwm esrlier, in
puraly formnl terme the model {1¢ o special onse of Modol I of Chaptar 8,
% is the ecar wlth the method of M. More explicitliy, %121 the termi-
noting gtoge cverything haro remaing ths asme o3 in the method of MB
doreribed for Modol I of chaptor & in the acetion 2 nhove, only the
vactor t* 19 token to be 1d=ntienlly equal to zere for nll k., This would

only affact the opleulation of dk(t} which iz now glven by 1

ot % -
R S
Aty w

o ik otharvine

A4t the terminnting stoge, hew vsr, ¢ instruets cneh 8, to repart

boek the shorifall of production from targzta, Those shortfells, q: aay,
!

moks up the required import +il and nre coleuloted by the skfa froms

t RN X
-
& 0 s thervl se
It mpy be notod thet by suitoble adjuetmente of langucge one con
epeedfy the method with o eaporste fmport ngeney in gharge of the import
plan, 48 sxpludned shove, such an opency will have o role only at the
tarmined’ stoge of the procaes,
~ Wa new move ontp the Model ITT of chapber 5/aquations (5,2,1)-
{5.2.8); pe 120 _/. The organisstional structurs harc consigta of ¢

and {n+k}. operntive clemanta {51’ 1=1, ,.., n+k} +» Thore ore twe
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groupe of commnditics, {Gi, 1 w2, vens n} el gr?;i," 1 -n+l,...,n*k}
— o be ealled Ciret group ond swcond group of eommoditi-s r..e-

pagiively, The firaet group of commaditlse ore alwoyn prodused dom-etienlly—
Gy by 51 — . ond ony commodity in the acoond group le cithor domseti~
anlly produced (with a rlven lewer bound on ite production) ~~ or Impor-
tad, Correspandingly, the graupm of gcobora {Si, i=1, ..., n ]} and
511
of asoiors ond danoted by N and K respaetively, The informstion eontiont

1 = n+l, ..., n+k} wlll bi cali«d flret group snd sceond group

of the model 18 «dven by (4, B, G, D, G, ¥, 4}, and the dietribuiion

1

of thile information i= ne follows 1 asch 3, e N knows about o~ and -;i,

1
aqeh Si £ K ohout hi, &j nnd ﬁi, mmd © sbeut ¥ and 4, It s also prosomod
thet o voetor (%27 o 207 Y matiafylne (6,3, 3)+(0,3,4) {p. 135, chapter G_?
ann be Inund indzpendently by C,

The procose pborte with ¢ infarming aaeh 8, «of ita provisiensl
produstion torget which is xg for si el and zg fnr si X Facsh Si then
enleulptor the loput requiroment voctor o= 1

(:11ar : ﬂj"’l ) xz if Sig 3

3/

d" (o) = I : ves {10,5,1)
R i 18 5 ¢ ¥

and reperts bock to 0 thle veoter ne ite mossage, 0 thor ageregates all

F . '
thaay voctors and ndda [d] to 1t, and thie bogomews O'e mes:nge to the
,‘3]:'5- far the n-xt stoge. That 13

1

':1. n ifl d{ﬁ} + LA = Bdasdap s + - E¥ B aoa (1’:’;5.2}
& ' d G'_- AR d
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kaw, o Sia i mey find thet 1tp predustion torget 12 less than

the gervegpanding Jewer bound on lts productiun, In thie easa, 8 1a

nseumed to withdray from preduction and infern G of thla declalon, The
regt report hack te U their input requirements ns before, C now fnees
twe kindm of tnsks, Cne 1a to find new production tarpete, Thim ia
eonfined te saectors which do net withdrow from productlon, cnd is done
in the sameuay aa bafore (vig., by odddng finadl demand to aeregated
input requirensnis far the relevant sommoditisn}, The other tnsk of C
1a to find import requirements, Imports beenma necassnry oa account of
the withdrawal of geciors from profuntlon. The ampunt of Import ef the
correeponding eommodity 1= glven ¢lmply by the requirement of that
commadlty na finol denond ond ne Inputs in thoea aentors whileh =t111
voatinua preductien, Obvisualy, © con porform both taske an the boels of
1ts prior informotions and memensen just recefved from sectora, Further,
sinee production torgeta in the present cnse form o decrensing seouenes,
wilthdrownl of & seator nt o «tnre does et slenlfy oty loss of informa-
tien, Loter preduetion targeis mould not have Justified ita resntry
ANYVGT .

We now pnss onls Model IV of ehopter & Jequations {5,2,4}~(5.2,5);
P, 122 - 123 _7‘. The organlastional strueture here 1s sz just dasoribed,
The information content aq?;zdnl le given by  (4,%5,5,D,v,d, 8.}, 8(.) ).

Fnch si:a ¥ pomreazes informatlon abeut a* and c{, aash 8, ¢ K about

i
b md a1, and 6 abeut y, 4, £{.) mnd gl.). It is also taken that

a (2 ey } sotlefyine {6.4,4) /5, 1377 is known to C.
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Thatra la & "tuwo~tier! plen formulstien for thie model, For the
aat of gactors; ¥, there is hoth a provislenal produstlonm plan sad a
provieslonal import plon at each stage with correspopding olternntlve

produetlon toreete for tha set of seetors, i, Formnlly, o =onds [o) twe

alternative production tnreets, 'x;'{ 17, x:tz) for n1l Gi e Vr L4} one
toreet, E:( 2) for all %€ K, with the instruation to repert bock the

5/

input refuiremonts for all the tarsetq,~
. Bnah 8 ¢ M then aaleuwlsmter tue plternative vactors of regquire-

me-ts vorrewponding te the twe torgets ae s
r 4=
- S f T 5
A7 (4, ) - - :{i{j} {10.5,4)
1
&
J=23 23 4 =1, ..., N
and, eaeh § & K sodeulntes ereairements ng v
1,,, I
d {t} - LI ﬁi(E} [ (1Ds5.41
i =@ }., Erug F+k

All theae roquiremsnts are then reported back te 7, on this

boali=, € mokes twe nliernntive proviamionsl plonas as follows

MEE) nooy 7
‘e - 5 d (t, 1\1 + e s ':101515)
. i=]
4 3 ]
xt*l(aj n 1 Ak v n
o = ({2} + & dafty« L,, | ... (17,56}
$a] f=n+]
t+1
(2) |

o e e — - A wm s - — s TR — -t -

The proasss Initinies with x°(1} w v, 00) e x® ard Fi2) w2”

n
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Tws oltarnrtive coess pre now poagihle f{zt*1(1} LN g{ﬁt*lﬁz} )
far all 4 {anme A); mnd f{it*l{iﬁ ) 2 E(ﬁt*i{aj } at ssma ©ow t,. ooy
{oame B, In come }, tho progees Is-esntimied oe -sbave, After terminn-
tdan, the terminnl valuss of the firet alternative, 1.s,, of equation
{1&.5.5), are peceptad ne the plon., Thla invelvea n domestln preduetion
plom xT{E} md an impart plan ET{i] whare T ia tho terminal step. There
ia ne produetion of the meeond group of cemmnditlew, In coase B oh the
ether hond, the first nlternative 1s dleoontinued at etnge t,, ond the
‘prodess bolla doun te the standnrd en-a of chapter 2, Only x:{ﬁ} 1e
gent out o terget to Sig N for t 5 t,, ond 0 resdmpuiue targele as .

par equntion-{10.5.0),

0.8 Qenoluding remarks

In bringing-this -siydr—tn. a eoncinmdam-it Lo wunrts returming ts -
-the_apaning-points., 4o etoted ot the very outset, the snly comwrn ale-
ment behind euwr genarallsatiens hoe been thelr startine peint in 10
rnalyslis, As ud have viewed it, n penerplisstion ie esvantinlly the
furthey develepment of mome cantral idea or bnole thame nt the starting
point, and the prasess 1a mgaentinllv open endad, Thip alzo mzans that
there 18 no prier fixity of the pensroliantions in any glven eannaptual
froma of reference, The lotler is relative to the substontive eontent of
the ganeralirntions, suhjeet only to the requiremsnt thot it does not
songtroln 6r bind the sxpression of tte cenbral iden or bnslg theme
sought to he developed, Stoted in n somewhnt ALfferent lnnmunge, our

conearh hos heen with 10 mntlyels, net I0 modals as such, Fnr this
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reason, we hrrs eftmn oolled the madele enalyesd in thie atudy TI0*typa!,
rather thon IA, models.

At the cost of ssme repetition, we may spell cut the 'logial of
I anglveis oo we have seen it in thim atudy, 3% one leval, e logle
simply conelate of working out the atructure of produetion, ond rll that
ie entnil:zd by this structura, frem some componente of total demand
tranted ne mutonemous elements, Thie does not Imply sny partleulor
regtristian on the formyl giructure ef relatlons emhodled in the 'model,
Our genarplientions con be zeon a2 rreviding some proof of the flexibility
ol the fermml strueture for this purpess, Eaeh of the speelfie models
davaloped 1n thie-etudy has its cun porileulsr structurs verying sland -
fisemtly frem-ane anather, In formal terme, the range covered hre vardad
from very general zort of menlinenrities to ratlher complex, though. perti-
aulnr, atructyres of ip Aities ond eongtroinis. In subsbrntive terms,
we hnva itouched upen is-ues of IRS/DRS, technolomical nltornatives ond
growth, all within the basic oconsistency frome of I0 ancliais,

We moy retvrn here briafly fo the 'seopat of 10 snnlyelns, whieh
providas the substantive underpinning to any medel smenable to ID analyelsa,
We hove denlt of length with the acope »f eonsistency of vnrioue povwts of
the study. As we hove seen, this tokes one beyosnd 'produetinn! in the
technolegiccl senma, IO consistoncy enp be boeed on behnavlourinl-
iratitutienal relaticns ns much a2 on technnloglcnl relstiona, The
quastion of validdty in this raspeet 13 ultimztely one of atghiliiy of
g/

J
the relntionfen some ghisetive hosds,™ Onoe thin {e recomised, no

8/ “f+tha views mxpraaged by Loontfef in our guetstion on page 55
(chontaer 21,
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speaial signifiarmse Attaches tn technelegleel relntiona per se, Dn the
eohtrory, the technalsglonl relatisns themsslvea con ba tha wenkast
llnke for some 'seotors of productiont depending upon the level of its
teehnologleal-institutionnl development in a brond penes, This represents
Pracisely the opennees ol the ‘nropsr' mector-spveraga of 10 anrlyeis
that we hod eorlier refarred to (mection 2.8, p. 54} Just o regagni«

tion of various aspecte of conslstency, or channels of interdepandefice
dempeng IO onolysis ac to oy, %o glso, the recoemiitlon of wenk ar
uneartain links emerging frem some seotora restrleta its yidth. The
proper moope onn be eettled enly by Thord theoryt,

S0 mueh for the'model! mapect of aur zeneralimations. As
repantedly pointad out, the bosic unifying element of the study comes
from 1lis repeated relisnce upon the I0 method in seme form or ether
for ths detnilad mnalysia of aach modal, The method in faot 12 an
expreasion of the logle of I0 abalysla nt o0 seonnd level, In othar werds,
the Tproef' of keeplng to the Jogle of IO nhalysia In some porticulsr
pontext i2 gesn to be the ure of IO methsd in thgt eontext, with
sultnble modificationa,if necemenry, This mums up our position,

Wo conclude on o hiatorical note. As our briefl review of the
srigine of ftheorsticsal IC onelysias? jEp. 2-&;7 shpwa, the perled of
intenes developments in the fleld woo enrly fifties (1248-5G6, %o Dbe
precliage, neoordine to our referencas], This wns aloo the poried thot
brought the new fiolda of Al ond LP into erlotence, Later, nll these

fieldy develeped in on averlappi=~ "sahde=  orodually fusing lote o
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sihgle oron theat im aftws oalled '1incar easnemio medels?, The
tapecinlity’ of I0 mmalyaie = 1te opprosch ool logle — however pot
1ot in thia Fusion, It 1a Intereeting to bote in this connectden thit
the two onalytiecl sontribmtiens that 1lie most significonbtly hehind
this gtudy dete boek fo the period mentloned, viz,, Arrow {1954} ond
Bveng {185%). T end by Teenlling thof Weod and Dantzig (1951} sow the
I0 method and LP in enordinote terms, each previding sn epersilennl
technique for n lorgs clars of quantitotive soennnle problems, The
perlod since then haa geen huge developments in the latter, hardly
any in the former, Purs ann be token %o bwe a contribution In whot

appants tv e nn nlmest ghandsprod aAren,
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