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furpose ct the project

l. The present project is par* ¢f « bioader e“fort undertaken by the United

Nations Industrial Development Organication to promote the growth of new and

i dynamic export industries in developirg nations. The project aims to improve
the techniques of predauctiou an! oxpori plannins in the metalworking-
engineerinyz products sccior. For the purnoses of this project, the sector is
defined as including mejor groups 35 through 39 (metal products, non-electrical
and electric machinery, transport equipnent, aid miscellaneous manufacturing
industries) of the Tnternation.l Standart industri«i Classification,

2. In particular, the eiforts of the projeci are 1ocused on the objective of

providing policymakerg with tooie that will help to decides

(l) whet kinds of investments are economical in new or expanded
productive rescurcec;

(2) what tranches ot proinction, and within thece branches what
kinds of product assortments should tecelve the main emphasis;

(3) taking into account the potentialities »f the world market,
what exports deserve serious promotion afforts,

3. This paper is largely a summary ot a -eport prepared tor UNIDO at the

Centre for Economic Planning o the New School tor Social Research under the
title "The Planning of Product:on aad Exports in the Metalworking Industries”,
The director of the Centre, Thomac Viatoris:, has kindly ~iven permission for
his paper to te quoted literaliy witi this rather intormal acknowledgement. The

methodology presented in thiys ummary was develonned by Vietorisz at the Centre,

Hequiremerts o a gu' Lt le pianaginge methodology

4. What is required 1o 2wt o of Qlia. priorasr s oo plaining approach that
will yield an approximate bub cssentially ¢orrect svervier of the gector as a
whole, in order to allov precisaly ‘e type of nanoramic orientation that is
missing today. As long as this defect continuce, no amount of conscientious
compilation of detail will resulve the doubt wnether the sector as a vhole is
moving in the right direction. n line with the objectives of the present
project, such a dircctior must strike a middle course bLetween the extremes of
insufficient and underutilized capacities, between uneconomical diversification
and overspecializatior, and between undue risks in producing for the open world

market and excessive rigidities in commitments t» long-term trade agreements.

np——po L
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5. The definition of a successful planning methodology presupposcs: an
adequate technical-econonic doécription of the sector that nonetheless manages
to avoid thc danger of drowning in detail; and a programming technique that is
applicable to thc case of decrcasing costs and can thus cope with the ensuing
combinatorial problem of alternative industrial complexes.

6. Thesc two points are of course clesely interrelated because it is not
possible to cut across the welter »f technical data unless there already exists
an awarcncss »f the typc of detail that will play a key role in the course of
programming; yct at thc same time, the task of programming cannot be formulated
unless resources and activitiecs are already suitably grouped and specified so as

to suppress all but charactceristic detail.

Te The level of detaii at which the technical-economic description of the
sector is attemptced plays a key role both in the cost and speed of data

collection and in the definition of the fundamcental approach to be used for
planning, It has been found best to svecify three distinct levels of detail

(the first two of which have becn empirically explored),

8, Semi-quantitat ive programmiis data. These aim primarily to definc lists
q Drogt 381 I

of products and productive procusses, and to cetablish incidences between these
two, l.c., specifying whethor a given productive process is uscd or not in the
manufacture of an individual product, This kind »f information can be asscmbled
rapidly and at low cost, and in spite of its clcmentary nature it has a
surpriging range »f planning applications, The power of this information can,
morcover, be greatly increased by 2 fow simple and low-cnst extensions, including
f4) the 1dentification of productive proccsses that are in some scnse critical
to the manufacturc of a given product; (b) the provision »f notes containing
incidental information in regard to critical processes or other features of
produstion: (c) the specification of product weizhts and their approxinate
percentage distribution between such major processcs as casting or forging; and
() the provision of rough quantitative indications with regnrd to procecsses

that cannot be characterized by weight, 1.c. machining or hecat trecatment.
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9« Fully quantified programming data. These aim to specify the pattern of

paysical inputs and “utputs associated with the production of an individual
sroduct or an assortment of rolated oroducts, in sufficiont detail to permit
undertaking approxinate estimabtes of production costs on a comparable basis
for products that are candidaic. [ .r mpurt substitution or oxports. fThis
requires, tirst of all, the decomposition of products into sub-assemblies and
components- subsequenily thoso have bty be colated to basic production processcs
such as machining or assenblye he endless variety of rroduct desim is
represented by = restricted number of typical products: the limitless range of
alternative production facilitices 18, 1n turn, reduced to combinations of
staidardized medules refereed to as resource cloments™s  Together, these
concepts permit o quantification of the technical-economic descrintion of the
sector,

10, Project—cnginceiing data, These aim to rrovide the concrete level of

analysis propara* ey to the final ro-aicad deeisin in plan oxccution. The
tarce-fold classificati g corresponds closely to the one employed in general
for project evaluation and sectoral-level planning within the United Nations
and clscwhcre.  Data have been collected for this study on a pilot basis both
at the gemi-quantitative and fully quantified levels, leaving aside the third
ievel of concrote projent engineering as lying wholly outside the adopted terms
of reference. DPrusramming strategics arc currently being explored at both the

semi-quantitative and fully quantified levels of analysis,
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Part one

KEY FEATURES OF METHODOLOGY

b Sn Sam e e e A ad

I. Problems

11. In order to provide a methcdology for planning the metalworking sector, it
is necessary to pose the problems that characterize metalworking operations in
general. The three chief sources of difficulties in the technico-economic des-

cription of the sector are:

The diversity of production facilities and producte. The analyst of
the metalworking coctor is confronted with several thousand machine
tools and ceveral hundred theusand final products. Bstimates indicate
that there are over 1,500 metaleuiting machine tools and that a fairly
well developed metalworking sector for a country of ten million popu-
lation and UE 400 por capita income producer about JHo, 000 preducts.,
Since the machine toole may be orderved trn almost any pattern for a
producing fucility, ‘he possitle number oi production steps is astro-
nomical.,

The multi-purpose nature of productive facilitics, dachinery in the
metalworking scctor characterictically hac the capabllity of producing
a wide range of jroductc, holies, foundries, ferges, cte., may rot be
tied to producing: . single produ~t or tranch of products., Most fre-
quently, they arce employed irn producing components for o wide variety
of producte., True, they may be vpecialized, tut Lhis frequently re—
quires not more than the addition of dign oor Pixtures,

i

Decreacing coste 1 pooduction.  These are tound in twe grulses in the
metalworkin:: sector, Firstiy, cocts decreace with the annual capacity
of a facility., Oecondiy, and independently of annual cupacity, costs
decreace with the ceriality (Lot sive) of production. As o result,
there fregquently existe o sharp lower limit te feasible seriality or
annuil capacity,., This presents great difficulties for any programming
procedure,

II. Key concepts

12. The two major problems that liave to be overcome are the great diversity

of products and machinery.
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12. Product clusters., The vast majority of analyses in this sector concentrate

on the feasibility of producine one or more products from the same industrial
branch. What 13 overlooked are the interrclationships of products within and
across branches when considered {rom the standpoint of the procousscs required
to manufacture lhom., As a resialty neither annual demand nor serality is
sufficicnt to brins about production at competitive prices.  The ain of product
clustoring is to make thesc tiiterrelationshiips oxlicit so that they mny be
taken into account from the sicwpoint of annu.l copacity for a process acrosas
the whole seotor, ant that the possililities for standardization of components
and modules may be explorad,

14. Products arce clustered about :esources through the usc ot ‘wm input-output
format in which the information is at first at the semi—quan’itative lovel (and
thercfore low-cost) und then clusters are further defined by the addition of
quantitative information within an expanded format. Tn the cxpanded version,
information on product sub-nssamblies :mnd components is also addeds In this
way, the interbranc. similaritics botween products make it feasible to sum
demand for a process across the whole sector,

15+ Resource clusters. These are similar to the product clusters defined

above, A resource reprasents a process requirement to manufacturc a given
product. A resource cluster {onotes that Jgroup ot resources, and their
relative luportanc:; roquired to manufactare o product clustior.

16, Resource clements. To overcome the diversity and multbti-purpose naturc of

metalworking machinery, typical shops such as a casting shop, a forge, or a
maciaine shop can be 1dentificd nd classed as resourcc clemcits. The advantage
of this concept i that it avoids the problem of keeping track ot individual
machines - an ilmpossible task. Mowcver, the cxact definition of thesc shops
(which includes annual capaciby, maximum size of workpiece,; awerage scriality
and possibly the degreec of precision) requires 2 mochine part, It is proposed
that the mactine part for a resourc. element be predicated upon recaching com-~

petitive internatioral cost levels in an erport-oriented cconomy,
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17. [he resource clements arc defincd by gtandard tasks such as the machining
of a workpicco that weighs 1D %° 100 kilograms, with a scriality >f 250 to 1000,
The purposc of thesce resource clomonts 13 o quantify costs »f production in an
approxinate nanner. "hat 1s, roesource clements represent typice’ shops rather
than any given notual shop.  Alilhog thas will rosult in s.ome Aistortiom of
corsts, thc rclatioas between ¢osts for given products will hold true. Irom

this stag , 1t 15 ~onsiderably simpler to choose products for full cngincering
studivs.

19,  The resource clement concept A1s: servas to incorporate decrensing rcturns
t gorle in 1ts own definitiom. S.riality is implicit. A significant change

in product seriality 1s taen handled as 2 move from one resjurce clement to
annther of higher awoerage surialitv. Ressurce clements are employed at the
fully quantificd level of tochnical ceonomic description along with fully

quantified pr duct clusturs,

[TT. Orientation to cxports

19. Decrcasing coats in nroduction require a planning approach that takes into
account t ¢ petentinlities for cxperts 1n the metalworking sector. The koy to
the problem lics in the differcnce between an analysis that concentrates only
o one product or small group f pryducts and - sectoral analysis that inter-
relates latz over boti oroductive resources and products.

20, lirstly, decrcasing costs duc to the scale Hf yeoarly output can only be
capturcd when products, in the sonse of final proau~ts, sub-assemblics and
components arc summed ACToSs the entirce sector su that thc scale of opcrations
for a given pryductive resorurce nay be raiscd. In order to undertake this
analysis, thic productive precess and the final product must be divorceds One
of the main areas »f discontent with the present node of fecasibility analysis
in tne sen~tor is the continued dependence 5f the plant format on the range of
final products under consideration, The tangible result of this dependence 18
the prescnco 1n many developing nations of underutilized capacity. ‘“hen
facilitics arc captive with respect to a limitcd number of products, and
modern equipnent 1s employed, Acmand is frequently insufficient to fully

utilize the installed capacity. Where capacity utilization is cxtromely 'ow or

tariff protection rclatively high, the cost structure will not reflect potential
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sroduction i the sector ti weaeral, these higsh costs will ersist ac long as
sroductive facilities are captive with respect to sroducts  “wern Lamort sub-
stituiion s ot advaced te the uar o wder ‘his svotem

1 Taropatinl dovorcenet o0 sroducticn reccoses aad oreducte docs away
with the »foreccnt o wod o enda no “he decom ogirtion of croducts 1.to sube
premlien A d commo O ot ood the licete of tios decomiositicr with rocesses
]

—

cws for « clesrer idea of the rossible size rooore of mach.ery, onens the

way tor suteor tract o roduecers soccializilrg im0 or mere rocesses, aad
ToV e A fop 2r see oo cer o e e coeror Te saediate et feet of
toon e 1T e o davr tha coaete o rod oL o, avroad tuz geale of vearls
AL ot o “ T 4 oeore e 1ooer nt ~agte gaovla op ¢t ot oal exnorts
rto elearer “oecas, s coell cm oczki o race toexports more counctitive
P Secondly Adcerenc: arsto loc b orerialit, {lot size) require a tfunda-
m:.tol orie tnioo o ocxaorts Ppoen fhn starpt Aoy, vath Tunted domestic
demand  sceriel ty 10 100 1e to Lo nsathorent dor tie ecosomical use of snecial
DUr-ose @Jui  uent hoov camediate drosader ctog s cen e of fset 1 two ways.,  The
Jirst is o nierewse 1 lot size resnlti . froa standardizotion At present,

wivh frothities or-arnized nrowed vreducts  the ccove for sreater scriality is
Iimited; the o.1 ho o hers 2 ve stendapdizat.ion across vranches which ca»
naly be achieved whe  roducte wre organized arowd crocesses.  "hile the in-
creas rg usc ol sta dardized oom orente eve tunlly resents ditticulties tor
nroduct desiem. thore will trerucnil: te am.le room for a sufilcic t amount of
standardizat:ior to lower cocts of -reductic: for o wide ra.ge of »roducts Here
aga‘n, lower costs will have 1 aaliter: affcet on export notential

3. Tor n number of .roducts hoth lecrcasimer coste due to the scale of yearly
out-ut a~d 1:creased scrialit: throuwsh stadardization of sub-osseabliee and
comonents v 11 be losulthicient to woarrant their sroduct.on for the domestic
market t s coucern'ns tnese wroducte th-t ihere 15 the reatest amount of
difficulty. "hat is offered in this stud- is a we of coings about making the
routine decisios re.sardin: ‘roducts thet arc i1itially feasible to »roduce and
a senaratio: of the more difficult 'rotleme 30 that decis ons re/nrding this
second -rou: can be made 1 the full liyht of their economic im:lications it
13 felt that man: of the mor~ iarortant ‘roducts from the viewncint of indus-

trial develonment, v 11 have to be roduced under conditfions wherc exports are 2

necessity in order to increase serinl.ity ligvever thc rationalization of
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production should nrovide a more favourable climate or cxport promotion.

?4. The close relationship between domestic production and cxports in this
csctyr is further uaderlined by the following institutional considerations.
Pyt domestic and forcign parchasers can be axpocted to show a degree of
distrust wita regord to such L ngs of the cxnected quality, periormancae,
r¢liability of continuing service and voarc parts supply of new preduct lines.
Mith respect to donestic ~onsumption, the high quality and performance
rocuired £ export products should g far in convincing prospective
purchasers to buy locally. At the sane tine, forcien purchascers are under-
st odably reluctant to comii themsolves o a source of supply that has not

been oroven oui b tae practizal test of acceptance within the home market.

.
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Part tro

PLANNING ! STHODOLOGY

25. The clements of the planning; procoss discussed below consist of a series of
successive approximations, with ndd.t:onal :nformation added at cach step. In
this sensc, each step 1s 2 self-cortuincd wnut desirned to y eld data appropriate
to the next step vy defining the nreas of max mum interest to planncrs. The
planning proccdure fzlls into two distinet nreas* (1) technical description of
the scctor; and (Z) cconomic description of the present manufacturin; and demand
structurc, The aralysis of *huse t.o areaz should proceed concurrently, so that
they may be voth rcady for the f nal step of syntheses. The order of discugsion

is technical descriptron of the sestoir followed by cconomic description.

I. Tcchiiical deceription of the scotor 'y semi—cuantitative methods

y

26, The somi-cuacnt:itative leve! o tochrnical-cconomic deseription is a level of
¢eneral orient-tion and of the init -1 formnt on of concepts and classifications
for the subscquent more dotailed (fully quantificd) vork., The logic of this level
18 thus the log:ic of the 1ratial or mmzation of on information system, and will

be introduced as such below,

d, Genersl considerations

7. "he most distin;uished toxte ir the ticeld of mathematical programming and
resource allocation are thosc expounduang, thcory. Thelir pages of proof and explun-
ation relate the manipulations required to reach an optimum allocat on of limited
resources by adjustng the mix of activitics, or altcrmate uscs to which the
resourcce can be put, so that 1 spucilid formulz, called the otjective function,
1s made as lar.c (or as small) =s pcussible,

28, Invariably, a certain sancnces pervades these wor''s: a'l of thew assume the
resources available, the activitics to be mixed, and the objective function that
will ratc the success of any trial =llocation arc given at the outsct., Even thosec
texts representcd as practical ani filled with cxamples, start, of nccessity, with
a glven set of facts that arc limited.

29. In short, we ore deluded. The whole business of programming, as 1t finds its

way into print, takes up in thc middle of the job, The definition of rcsources to

be considered,; thc activities to e juggled, the scale of success that will rate
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our results and ocmpare our trials at (ie-cutting ~re pre-ordained. We are
rommitted to a sou of definitions and a problemn structure that inexorably lead to
n miven results we are not to know, because the authors do not tell us, how the
furdamsnial firat commitment was made. There are no wandbooks on how to start.
4, Yet the =3serce of the programming prohlem lies not in crark-turning,

A" thoust th.e importance of that ahils 1S encrmous, but in problem-formulation
~rl definition. I% 13 t.e purposec of this section to look at the fundamental
srzblan of starting 2 prograrming anilysis, with special reference to the metal-

worzias industries in developing noticns.

1 oig claesif:rzation ~nd corr_xp_@_n;torxal problems

11, "o see tne distinction batween the nre-set problems and the text-book case,
anrcider firct tnree sets of sympals, or three fundamentol classification groups,
a3 Aefined oy the progr-mmin?z precedure: (1) a set of possible resources, which
w1y or oy not now be aveilable to us, bub whilch represent potentially useful
tools, m-terials, and skillse (2) a cimilar set ol possible activities, which in
re~lity reprecent testnologically usoful ¢lucters of resource application ('m
specific ratice), most frequently desnrided by an end-preduct, or intermediate-
pooluct name, and (3) a firel Distin~T of possible formules for evaluating guccess.
17, Jach ol these .Jiree 1ists musi be available tc provide, 1in combination, the
siarting point ror ide preciesd o7 orogremning.  1f one (or wore) is missing, or
‘ncomnlete, we hove ~n andefined or inccmpletely defined problem. In general, an
‘lternticn or reorsaniziiion uf one (or ror- ) of tnese lists will alter the
rosulits nf the programaing eirfort. ‘loreover, thne way in wiiich the three mzjor
.ists descrihed ibnve con be detailiel poosents the investigator with an initial
cr plexiny of elnssification and curbination fo-~ which he is not prepared.
Trnd-od, the variety of concider-tior ot the outcet - the ronge of possibilities
av~1lrule for classification ~nd simplificetion - is infinitely greater than the
variaiy of corputation requirad in ithe procedural phasc of anslysis for even ihe
most cxtensive progrinming tablenu.

33. A saort physical example should convince the reader of this all-important
~onfrontation. OConsider an electric sign, composed of a square of 400 light

bulbs arranged in a 20 x 20 grid. Let each of these bulbs be controlled by an
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individual clectric switch, so ary bulb, or group of bulbs, may be 1lit (or not)
by the selcction of a switch position. Tincc therc arc 400 buihe  cach of which

may he cither on or off, thc nunber of different pittoerns that mry e displeyed on

on this board :is 2400 or approxamntely 10120, No artist could cvoir draw ali of
these possitilitice, a0 1nvostictor ~ould cver iry or sc2 o1l of them; and cven
the fasteet counputer, showin, thce pa'temrms ocutomatically, could cver ~omplete the
cntire combinatorial shor,  For, 101“’0 combnsticonr, or potterns, 8 a number
grcater than astronomical: thoe best oestimate of the number of ~toms 1n the known
p
aniverse is 10'°.
34. Yet, tho crude sign Yeord 1s a sipple offarr vhen comparad to the patterns,
or combinat ons, of, say 1,000 resource clements that migh* be considered in
combinat:on as shops, product:ive units, or work contres. The same argument holcds
for activitics, or productive levele for given cnd- arnd ‘r-rrrlucts. The potential
for ,roupin; componcnts, sub-wssemblics, and cven final productis represents a
fimilar combinatorial impassc: how many diffecrent houscholds could Lo construc-
tcd from thc products listed in the widely 1stributed Scars-'.ocbuck catalogue?
35. This short discoursc on thc potential varicty of comuination should convincc
tho recader that certain drastic measurcs must be invoied to simplify the pro-
cramming, problem to human, or cven computer cnpability. The simplification pro-
cess - which usces the steps of climination, ¢rouping, threshold discrimination,
partitioning and the like -~ =zppe~rs both duriug thc actual programming computa-
t on, after the problem has bc:n definced os best the invest gator can, and in the
initial phascs of problem formulstion. As we have scen, by far the ;reatest

amount of simplificetion 1s required at the outsct.

Tritinl sinplific- isn presedares

36. The most obvicus form of simplification of the list we have discusscd is
c¢liminatinr that 13, restriction of the lists for resourcc clements, activitios,
and possible objectives to a sub-clags of what might be considercd.

37. In thc casc of an eccnemy, wo may simplify the resource clement list, or at
least its reongce, by considering only onc industry, say metalworking, leaving the

othcr 1ndustrics for later. This implice a similar constraint on the activitios

listing, and possibly on thc list of objectives too.
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38. A morc difficult decision ariscs when the detail within the metalworking
resource (ond activity) list must be specified., From the myriad combinations, vc
gock a list of resource clements wh.2h hnas soveral requircments:

(2) Lxhouctrveacss. The list should provide « conplete scan of thc motal-
woT-ir. rcooul.cs presently or potentially cmployed in nctalwork
production,

(b) “yelusivensge. The clements of the list shculd, to the degrec possible,
not ov.erl.p, so *nat ain the computaticn phase of antlysie modcst
adjugtments in reoource clement snpacity can be cvalunted.

(¢) Clarity The list nust ¢ rend ly understood by both those who supply
dato and thooe who muct interpret the results of the anclysie. No
great study of catilo uws, docsiere, »r footnotus chould be required to
interpret reooure . vlemat dogiynations. Jurther, the clemertal nones
choscr chould to nufficiently - onernl so that thuy are universally
understood LnovLrions Lan Wy 8.

(d) Coutinatori:l  toiit, the dete; led resourc. catcgorwcs should be
stated oo they ore anencole to loter [ rouping Or partitionin: as the
nced nriees.  woince ot the outect, the invceti ator cannot now his
final roodo, Lo neetoprovide some flexitility for later modification,

(¢) Uscfulneee for plonniiy . he detiled resource categorics should olso
te stotoed to o roc, at least by transformrtion, vith known statistics,
cconotiie ¢ iascr fretionz, and trade dets to provid. both rcalism end
procticlity to thooond reoeult

(f) Staoility.  fo nrovide o mearingful ~and roncrnlly uscful result, the
cnaterorics chosen 1n the dotailed listin, must be sufficicntly stable
in description and content fron tima to time ~nd plece to plnce that
the resnlta of annlysie nmuy be trancforred from the time and place of
crinlysis to applicatione ~fter the analysis is completed,

39. A bricf consideration of therc cpucifications for o resource elene-* list
sw-~ects toit reilnce enoopecific % oane noath or o' ap coufil ur tionr in one
country or at onc t me mhy not be transfereble or clearly understood, nor stable
as technoloyy nnd practice changc. shops, morcover, would not be mutually
oxclusive in theair capability or nakcup, thoy would vary from placc to placc, and
would not bu 'nown to an information source without cxtensive cross-refcrence.
40. Althou h o discussion of thc type above could be cont.nued, not much more
argument would be nceded to sugrest o hicrarchy of rusource clement description

that has thc recuired characteristics.
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B Description of *he sector by scmi-muantitative programning data

; AR oo, J ook . 1o IR
Hieray~"o Af Lserinticn A2 mradioti e £ oiditiap
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41. Thec nost urchan; in- -rd riogt rener~l cliccsifications for n list of productive
faciiltice wall to found in t. funet A perforned by L 1 tools, proccescs, ond
methods, c.:., act~l romoval voreus retal forun:. In outline form, if ‘metal-
working proccessen s the Lenug, metal remeval, wetel forniny, netel festomng,
ctesy all beron. inferior spocres. or sab—ciaesifications which crn be nade both
cxhaustive, and recsoncibly owe Ine:ve Lorcover, such crterorics arc highly stablg,
ternntionall, und:ratood, ~d ncorportiied in most production teste
2. Continuin; in the oo Yy cpecific motal remove] nrocosses bocolic Spoeios
of the =~lnse :i:tal removal' . +h turnine, drilling, boring, roaun,,, broach:in_,
.rindin:, ¢t~ teconmins suc-gub-classi ficat. ong, I'urther, under “turnin: - the
detail nay continue o hand lathes, semi-automctic lathcs, fully-automotic lathes,
cte., and within cach of these sub-sub-sub-cote orict 1o speelfic cqulpment modcel
numbers, s may be requw. red for local custon or specrfic implementation,
Summarizin,, the hicrarchy of classification would appear as:*
I. metalworkin: proccsscs
A. nectal renoval
(1)  turning
(1) hand lothes
(1) Varncy & Swascy Fodel XXXX
43. Vith this arrangenent, any level of (cacrality desired can be obtained, so
the list of productive facilitics mry be constricted or expandcd as desired.
forcover, data orgrunnzed on this bes:c oo be coded for lnter case of uxtroction,
combination, sortin,, and pr cromning by hend or by computer. As an additional
rdvontage, nn investi ator cen colleet informatieon ~bout the rcelat on between
fundemental process types and gpeeific end products from informante who have
different degrees of specific 'mowledse and later orsanize the results of the
data collcction on o consistent basis,
44. A two-lcvel hicrarchy of iistings of productive facilitics is ghown in table
1 as rows to the left.
45. This two-lovel hierarchical classification is closcly related to the concepts

of standard tasi and vecsource clement but it docs not coincide with cither of
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these. The lower of the two levelr corrcsponde most closcly to stondard tosks,
gince at this stz, ¢ of d~ta organization the functious (proccsscs) gspecified in
the lower level arc not ticd down to 2 spccific machine park that defincs a
resource clement  Ac compared with standard tasks, thc rows of tnble 1 show two
main differences.

46. (a) Ihg wei ht cless of output nandled 1s not specified, but is left inpli-

Lile Since infer itien concesmins £, erer--11 we1 e nf the individu.l products

has been collocted, it should be rcad 1y possible at a later steic to breca' down

]

cach standard task into viciszht class corrcsponding to approximatc component
weizdhts  The prescat undi fferentinted form ic convenicnt, sivcc it leaves open
the issuc of stondard tasl clessificotion by welsht untail considcrably more data
arc collected on typical producis in mmny branches of the scctor. Thus, sem-
quantitative deta or,antzation facilitntes tihe definition of proper standard tasXk
catepories for subscquent fuily-cuantificd cmpir.cal vork,

47. (b) The seriality cluos of output from o process 18 not epecificd, but is

arcin 1oft 1mplicit by rofercerce to tho scriclity characterizing a ¢iven product
as listed in an activity column, Ihe remarke of (o) above apply ~nalo ously to
this casc.

48. In order to rwvoid confusion with cither the standard toslk or the resource
clement concepts, the rous of table 1 will be referred to simply as CYCEOUTCLE ™ o
This designation 1o convenient since it corrcsponds to the usuel interpretat - on

of activity-nnnlysis modcls ag d..scribing, resource inputs into spocific activities.
The resources corresponding to the rowe of tablce 1 are then processes (or process-
ins functions) uscd Lo charncturize production focilitics at 2 rather high level
of generality within the hicrarchicol clacsificatlon.

49. Llthowh the nicrarchicoel cpproach to the organization of productive facili-
ties is not not - indeed, n (vacrnl, the hicrarchy of classification ~nd
gtructurc sug;csted Lo conmon to the Dewey Decimel Systen usced in librarics and
the Standard Industrinl Clasmificotione vsed in povernment statistics - its
specific extunsion to the or;aniz~tion of proliminary pro: rommin dota has not
been widely cxploited, if ot 411, The advantagcs of such on approach however,

are the scne oo those -encraliy found in information rotrieval situations involv-
ing mass deto 1vles plus thowe ‘nhorent in rescorch flexibility and date collection

from diverse profussional sourcee.
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50. &t the same timc the hicrorchicnl appreach cxhibits herc, as ¢lscwhere, some
well-recognized shortcouings. Forcmost ~nong theee 1s the anbiguity of classifi-
c~tion when there ~2re scver-l clessifactory critoria that five risc th mutually
inconsistent classifications. 1n the present crsc thoese shortecomings e not

g1 nificant ~t the level of canertlity repree nted by t-ble ., A4 - more dethled
lovel » different “ind of preblem ~rises, 1n th % thore will not usurlly cvxist n
onc-to-one correspondunce butroen processing funct.ons and productive frerlitics.
“bBus 1t 1s truc thot (1 the illustretive Wiororchy presented ~bove) o Lothe of o
fiven nodel may be regu.red tor porforman, - otven turnin,, operation, but 1f tho
worikpiece 1s henvy thoere will alse he 1 reguirement for hoiste or othor nmaterinle
hondlin, cquipnent.  The rescurce olon ot concept s ~n oattempt to quantify such
complementoritice, in addit en, however, * ~lsc cre-tog - niyher-level ayfregnte
in that, ftor c¢x-mplu,in @ ¢ intn any kinde ~f metal removrl procusscs (turning,
drilling, planin,, -illinz, cte ) 'n brought tos.ther ints ~ singlc shop that
defines the resource clement. Th.s higher-lovel e gregate, however, does rot coin-
cide with ~ hi, her level in the hicrarchical class: fication tiven above,

51. For opcration~l purpos.s w. shnli usc +ho concept of resource (in the scnse

of a metalworkine procuse «r funct :n) -¢ dofincd beve for usc in table 1.

.ome cpecial proLlems in activity classification

52.  The resource listinr structurcd .. ~bove con be mnde both rclatively cxhaustive
and complcte, both stable ~nd climr, wnd both flexable and uscful 1n planning.
However, » more ditficult acsiyumunt frces the coder when he looks at possiblo
netivity lists.

53. This 1s so, becrusc designers of products have cxploited the principle of
combinztorial varicty by using m-ny combinations of product on proccssvs, ~nd many
combinations of common parte to product from n smnll list of rceourcee a cornucopia
of cnd-products, which could be considercd ~ctivitics.

54. This result poses ot lonst two mojor problcens for the investigator: he must
find ~» way to «roup procucts ond thoreby reduce the number of ~ctivitics to n
reagonable nuiber, -nd he must contend not "' w.oth commonality of components and
reeources consumed but alsc with the scrinlity of production, that is the changes

I tooling ~nd design th~t would follow the specification of longer or shorter
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prroduction runs.

55. Onc n~pproach to this two-fold problem is via the routc uscd in specific manu-
facturin: pra~tice, trat 1o, the decomwvesition of many assemblics into their
componcnts, sub-nesomblres, naterinds recguiremonts, and machine-labour requircments,
FitF cwmrizetion =t cacl lowve? ~f pequirement in cssembly.  This so-cnlled parts—
crnleie ¢ Y ooonrce-cyplosion protlem e o stoanderd doio-processing task 1in
incuiiminl factor, ploaning, Tut beenusc of the detnil involved, oniy thc more
~cpvuticat od firne hnve rosterea Lo such s the ~utomotive industr- in the United
Lintes of Arericn.  Iout fivme pry Lor lack of such detailed orgonizotion by
inevronnes of tu-process invartor oo, work holts, ond similer disturbances, and,
oudeed, the cost of cack detnilou olmening i often justificd only by cxtremely

et tive cconemy .

1Y

Pigh gora-dity 1n o comp
- f

“r The techni pues of docomposition ore discusscd belov in this rceport. However,

<1 ehould be nodted that tue vesources 1o gurcd for - detailed decomposition study
ef cron A short lisi of ‘typicol products e cxutensive if 1t ~ttcempis to be cxhous-
Live., ™ enelrvst woin feces the combinatoricl dilemma initially described,

Lven vith velimited firancinl resourses, tiwe would remein, and technology would

coruce foster thar o truly exhimust.ove Gecomposrtion study could be completed. In

(s

ctinr yords  the nnolys* comes wo tie stone w11 of the bvasic thecorcm of planning
rl control. The .aputc =nd corrections nnd. to ¢ process must be ot lcost aBs
ALt cmd as nunerrw oo the verintions anc chon s to be controlled, or he is

57 Theie are, aowevoer, Lovels of control that con be exploited, Just 2s o
Licr. Ly of »esowrse olasgificatior parnlte {Texibilaty (~s wcll ~nc the other
elessiiieation viisurs Jleserived), - hierarchy of product types, or ~ctivities,
Aleo poratis a severel-stoge or seguentisl appronch o p.ogronming,

Xl oo

5%, T ths ovor-,1l root of planning thot acs to te comprehensive is handled at

Tesesa lovel of Jetr1l, with the more detrrled planninge handled selectively at
cuteosively lower lovels of control, 1% is possidle tr adjust the capabilitics of
‘f.c plarmer-coatrollcr o the demrndg Hf the tosk ~t hand. 1In short, it is possible,
neian o oonbinction of annlytical opproaches to hove both -cneral and comprchensive
ploming ~u ene level, ond sinultzuccusly to heve deta.led and specific planning at

~cleoted lower levels ... on - consistent basis,
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59. The subsequent discussion describes how this principle can be applied to the

metalworking field in particular.

The semi—gquantitative resource activity matrix and its virtues

60. DMany of the problems of resource listinge are overcome by resort to the
‘ilerarchy ¢ description described previously. Since the listing at the higher
levels of the hierarchy require few categories, -nd since the detail of the
listing can »'ways be consictently expanded by adding further lower levels, what
is initially done io construect & crude tabile of resources vs, activities is not
wasted, butl rather serves ns » puirde to further investigation.

61. Because of tne srest commona!ity in the components of finished products,
Towever, 1t 1s difficult to 1solate categories of products that cleanly produce
blocks of resources and nctivities, Here we muct resort to o partial separation
of classes, noping to acaieve to the extent possible, the desired characteristics
of a classification secheme,

62, The motrix of table 1 suggests » mechenical route to the desired clossifi-
cation and partition of activities. If a large scmple of products con be obtained
quickly and cheaply - one which shows the detailed checklist of resources needed
to sroduce thiem -- and 1f this sample 15 representative of the metalworking sector
and its various branches, t'ien various mechanicn! sorting and grouping procedures
can be used to construct product groupc, or product prototypes, wiich wi!l be use-
ful for planning., Ioreover, we con by these means, ccan only thove products taat
nave some i1mmediate interest, should an exte sive sample be beyond our reuources,
(e will temporarily consider both finished end=-it.ms and components as activities,
and so show both as columns in table 1.)

63. (a) Base and speed of dsta collection. By restricting the variety of data

collected about a given prnduct and 1ts resource elements to a checklist
(indicated in table 1 by a "1" for a needed resource, a blank for an unused
resource, in the manufacture of each product), we are akle to provide a large
scan of possible products, ccllect data inexpensively, as described hereafter,
and produce a table which has both immediate quantitative possibilities and the
potential for later refinement of selected resource/activity blocks.

64, In table 1, the checklist aspect of display provides two semi-quantitative
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guides to activity importance - as wcll as a checl: of need. A number 2" is
inscrted for proccsscs that arc considered in some scnsc critical to the produc-
tion of a given product. In this notation, "the dcfinition of critical may be
related to onc or morc of scvernl criteria: mass scriality, current tcchnology,
complexity of product, difficulty of asscmbly and tcst opcerations, or export
requirements. In addition, lcttered notes are provided for a resource/activity
cell when furthcr informotion s purtinent.  Thesc notes are providcd briefly
at the foot of roch product column.

65. (b) Sclf—froupin, etivity clossce. It 1s interesting, before we go on,

to describe purontheticaliy how such ~ table can be used to provide a mechanical
gelf-groupin;, of products by thorr similmfity (with rcspect to resources rcquired
in their manufacture).

66. Yor this purposc, consider the much—simplifiod resource/activity matrix,
often called an incidence matrix, or binnry matrix, shown as figuic I. (feor
simplicity, we temporarily drop the criticality deeignation, and technical notes

as shown in table 1).
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Table 1

Listing of resources

The following is an initial listing of resources for orientation purposes,

This list is currently being expanded. The tables (part a) through (part i)

of table 2 present semi-quantative data.
1000 METAL FORIING

1100 Forge, free ()

1120 Forge, die (?2)

1130 Forge, mixed free/die (1)
1200 Casting, iron (6)

1205 sand

1210 mold

1220 Casting, malleable (1)
1230 Casting, steel (3)

1235 sand

1240 mould

1250 Casting, non-ferrous (3)
1255 sand

1260 rould

1265 die

1270 Castingz, precision (1)
1275 mould

1280 die

1290 Casting, all others

1300 Upsetting (fasteners, etc.)
1300 Extrusion (tubes, shapes)
1500 Roll (tube, shapes)

1600 Draw {tube, -rire)

1700 Press, draw [tubes, stc,)
1710 Press, coin (emboss, etc.)
1720 Press, bend (brake)

1800 Vind (motors, transformers, etc.)
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2000
2100
2200
2210
2300
2400
2410
2500
26020
2610

3000
3100
3200
3300
3400
3900

4000
4100
4200
4300
49500

5000
5100
5110
5120
5130
5200
5210
5220
5300
5310
5320
5340

METAL REMOVAL
Turn (lathe)
Bore (drill)

Ream

Grind

Mill

Shape (plane)

Broach

Tap (inside thread by die)
Thread (outside thread by die)

METAL CUTTING

Presg shear
Press punch
Saw

Terch

Other cutting operations

HEAT TREAT OPERATIONS

Furnace
Induction
Nuench

Other heat treat operations

FASTENING OPTRATIONS

Self-tap screws
Nuts/bolts

Rivets

Special fasteners
veld, spot (short-run)
¥Feld, ¢pot { long-Tun)
V'eld, continuoue

Cold flow

Force fit

Braze (silver solder)
Solder




5400
5500
5900

6100
6110
6120
6130
6200
6210
6300
6310
6320
6330
€390
6400
6500
6600
6950
700
7100
7110
7120
720G
7300
7400
7410
7420
7430
1440
7500
7510

0/ G.10/6
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Designed (catch, interlock, pluy)
Glue

Other fustenin - operations
SLUISHL C OPL ATION .

Tumble

Strairhien

Finish grind

Brusi and polish

Dip (to clean, prime)

Dip {to finish)

Spray, paint (short run)

Spray, paint (auto line)

Spray, vitreouc enamel (short run)
Spray, vitreous enamel (auto line)
Spray, other finishes than above
Electroplate

Laminate

Chemical finishes (anodize, etc,)
Other fainishin~ methods

PInAL ASSTMBLY WD PACK

iland (short run, no pace, light)

Hand (unit ans’ short, no pace, heavy)

Hant (lon~ run paiced)

seml=autonmaty

fully automatic

standard performance test

Standard performance test (auto)

Critical tect needed (see note)

Critical adjustment neaded (see note)
Critical assembly equipment needed (see note)

fland pack (short run, no pace, light)

Hand pack (unit and short run, no pace, heavy)
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7520
7530

8000
8050
8060
8100
8200
8210
8300
8310
8400
8500
8900
9000
9100
9110
9120
9130
9190

9500
9510
9520
9530
9540
9550
9560
9570
9580
9900

Semi-automatic pack

Fully automatic pack

MATERIAL HANDLING

Manual

Manual (simple wheels and skids)
Cranes (overhead)

Conveyors (manual)

Conveyors (automatic)

Trucks (1ift, pallets, bins, etc.)
Trucks (on rails)

Elevators

Transfer machine

Other material handling

PURCHASED ITEQ'S

Electrical motors

Tlectrical rontrols (simple)
Electrical controls !complex)
Electrical controls (very complex)

Electrical supplies other

SERVICE FUNCTIOND

Laboratory . quality)

Latoratory (desigm)

Maintenance (critical)

Inventory level (critical)

Production sequence (critical)
Sub-assembly co-ordination (critical)
Tool and die-making

Jigs and fixtures

General design and specification
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67. Using this binary-type matrix, the whole zet~lworiin, sector may be
scanned and an incidence matrix of several thousand products can te constructed
at low cost. The aim of this orocedure is to gain a quick overview of the
product inter-relationships without being concerned vwhether important products
have been omitted. After the cilustering of producte and res.arg¢es (discusse“
below) additional information reparding criticality 1is added to further define
the clusters,

68, Using such an initial scurce document, it is now possible by very simple
means to perform a number of quantitative manipulations, which, although as yet
highly unrefined, provide us with ranks of product and resource similarity.

67. For example, we may now compube an activity/activity or product/product
similarity table, as folloun. mal-e cach column of figure T and find the number
of "matches' between the elements of that columr and the other colunns of the
figure, where a natch ir defined zg an equal cell incidence of "l's".
(Mathematically, this corresponds to matrix multiplication of figurc I by its
trangpose, an ~quivalent tible with rows and columns 1nterchanged.) The result,
shown as figure [1, shows how one -roduct, or activity, is related to another
by the number of common TesOUTCey meloyed in production.

70. Figure 11 s read b7 firet noting the numbers on the Aiagonal, which given
the number of self-matches, or the number of "1's? in a given product column.
Reading to the rignt, tor any given rov, we ree the number of resources required
for that given product't production, which are alco common to other products,
e.g. product A required two Tenources, ghich are also required ty products D and
F. Only onc comnon resource (not necessarily the same) appears for products B
and ¢, Thus, by 1 rxmﬁle count of ~ommon resources, prodfucts P and T are more
similar to product ', than products 1t and U are. “hig measure is one of many
that could be used. It har at least one Adofect:  *the illustrated measure does
not indicate which products could pe made Lf others can be made; for example,
consider the difference between products I and C, given rcsources lana 2.
However, thic deficiency can Ee oversome by other simple manipulations, and the

product/produot matrix does provide one way to grour products by commonality

of resources required.
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Figure I
ACTIVITIES
A B C D n
1 1 Ly 1 1
RESOURCES 2 1 E 1 1 1 1
B - .
3 Y 1| | |

A resource/activity incidence matrix, showing a list of reseurces as

rows (1, 2, 3 ...) (A, B, C ...). This basic table will be used in
the examples to follow.

Figure II

A 2 1 1 2 i 2 |
i i N 1’

Bl 1 2 0 1 2
c 1 0 1 1 1 1
— { !

D 2 i1 1 2 2 |
- [P “‘. _’

E | 2 2 1 2 3

8 6 4 8 ‘10 COLUMN TOTALS

An activity/activity similarity matrix., Interpretation is shown in text.
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71. Continuing by analogy, 2 resource/resoarce table may be produced, as shown
for the cxemple of figure I in figure III. Here we have counted the matches
between onc row and all other rows of figure I. (Mathematically, this corres-
pends to multipl.cabion of the transpose or tigure I by figure 1). Again the
intcrpretation in the same. ' =ee that process 2 1s mora ¢ milar to process 1
than to process 3, in the sense that morce products in our list require the
common Tesources 1 and 2 than 1 o 3 or 2 and 3.

72. Thus, using the concept of rimilarity matrices, or tables, we may mechan-
icallys fgroup, for the initial lieting of resources and activities, those which
are mtuslly comnon, specifically uy rearrangement of the rows and colunmns of
table 1 to produce oiocks of 17 entricsc.

73. One nethod of orenting ¢uch block. mechanically is tc produce a1 table,

such ag figuve IV, which reorders the rows ond columns of figure I by the
gimilarity swms of Jigures 11 ~nd 11I. Thus, if the numbers computed for tne
“csourcc/resource m-triz of figure II are added, striking a colmn total for

cren oLty sad 1f Ve wow enemier o0 Jifvse 11l Az n'ded ACTISS for ecach row,
striling a row total for cach row; ané, ifin addition, a ncw table is constructed
with ro.s and columng rearranged in order of their scores in this computation
(vith the highest scored 77 - 7 CoeoeTay e et meaied e above),
then e Faws 2 ned fable Liuownich resourees snd activities of highest commonality,
25 praviously defined, will aprear in the north-west corner of the new table.
Tha result, fijurz IV, ~hows a grovoing cf resouices and activities as suggestede
In sich a table, ib2 jrodvets having the greatest number of resource require-
ments will probably, though not necessarily, appear to the left - resources
entering the greatnst numbes of products will usually, though not necessarily,
aprear al the too. Althourh cuch a mechanical menipulation of the data does

not suorantee a clewn partitioning of the data inco separatcd blocks (which

my be coasiderad independent Jor later analysis) it does point generally to

the p ndocts *laay rogire the greatest number of resources, to the left, and

the rosources nf “he greatent common use, to the tcp. Such a display not only
has immediate use in suggesting rewources of grent generality, but also in
shggesting Teasy' versus vdifficult” products: {for a given row, indicating
generality of resonrce need by its rank, the casier products will usually appear

to the right, the more difficult to the left.
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Figure III
1 2 3
SRR
1 4 3 ‘ 2 9
2 3 1 8
| H
e
3 {2 | 1 . 2 | 5 ROV TOTALS
L _L__. |

A resoure/resource similarity matrix. Interpretation is shown in text.

F.gure 17/
F A D C  NEW ORDER
A B g D B- OLD ORDER
1 1 .01 1 |1
: )i L
: , w
2 |1 1 ? 1 .
i I i f
31| } 1
‘ : }

The reorderel incidence matr,ix of resourses and activities. The rows and
columns are c¢rdered by the total similarity scores shewn in Figures IT and III.

Figure V
A B ¢ D =&
2 2 1 2 3 | FULL MATRIX
, i
|
2 | 1 |1 |2 | 2| TEDICED MATRIX
|

A comparison of resource countes for the complete resource/activity matrix, by
activity, versus the same count for a con:trained resource list, as described

in the text. Eguality of count indicates feasibility; difference in count gives
number of resources lacking.
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74. Other manipulations of this sort may be advanced, given the semi-
quentitative data of table 1,

75, (c) Feasibility checks, The gemi-quantitative resource/activity matrix

ney also be used for feasibility checks, and to compute a comparative count
if needed, Lut unavailable resources. Although the index produced 18 simple,
it is informative and permits quick comparison of needed versus available

TesourceSe

76, For example, using the simplified resource/aotivity matrix of figure 1,
compute the column total for each column. This will be a simple count of all
the resources required to make a given product. Next, make a list of the
resources availabls presently, for illustration, s..y resources 1 and 2.
Tytract these rows from the tull resource/activity matrix to produce a
constrained matrix, and again strike a column total, The result of applying

thess steps to figure 1 1s shown in figure V.

77. If the full matrix and constrained matrix column totals are equal, for

a given product, ther all the resources required for that product are available,

and a uorn across the product listing will produce all of the feasible products,

with respect to the resource classification. Such a check is, of course,

a preliminary feasibility check; it assures only that the right kind of resources
are available, not the specificially correct capacities. The crude approach does

indiczt=, however, wherc potential capability may lic, and is a necessary

requirenont for further refinement and quantification.

78. In the same way a comparison of the scores for the full and constrained
matrix colunns gives an indication of the number of missing resources for
products that are not at first feasible. The lesser count for these products
specifica.ly shows the number of resource categories lacking, not which ones.
But again, such a quick comparison with 1ts large possible scan inficates
generally which products are likely candidates to be added to the feasible
1ist. In other words, a product that requires only one missing resource may
be ¢ more likely candidate than a product for which there are none of the

requircd resources, and one possible ordering 1is by that deficiencye.

lpmediato practical uses

79, In short, data collected and presented in a gemi-quantitative display such
as table 1 provides a master file of large scope that can be construsted easily

and inexpensively, that can be used to find resource and activity similarities,
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:r.1 that can provide initi:l feascibility checke and cealer for rating candidate

nroigste rd recourcaers,

[

80. Using this initial screening approach, the investigator is able to get a
conprzhensive scan of possibilities, then direct his attention to a smaller
number of interesting possibilities, that must be investigated in further
dethil. Morcover, by noting the criticality and specinl note:, the second-
stage investigation is further directed to areas of special interest.

Further refinement of nroduct classification

%

#1. As larger listg of wzctivitios are added to table 1, the problem of common
commonents and sub-asserblies onters the picture. Thie is so hecause not only
commonality of resources, but -~lso cormmonality of componente and cub-assemblies
may be of interest in marketing, dosign, and selaction of feasible activities,

62, 1In viewing the sub-assembly problem, two forms of 'treeing" processes are

of intersst, the first the docicion tree, and the othsr “roquirements explosiony
tree. See figures VI and VI,

83. The decision trce, shown in figure VI, illustrates the hicrarchy of choices
in a selaction process that leads eventually to 2 specific design or instanoce ~f
that class of objects that would satisf{y the general objective t the apex of the
tree. Thuc, if the general obnctive were to provide humans weoh flexible ground
traneportation under the constraints of certain forrain, environment, otce., we
find at once that cortain functions must be filled, for cxomple, a prime-mover

is nceded, there must be some method of control for directien, spoed, ete., there

mict be some wy to phyrically contain and hold the passcengers and so on. There

iz egnentinlly no choice at this firet step. Next, however, cach function may
hawve mry modee of implementation, so alternative choice is possible. For example,
the altcinatives for a given function may be different cub-nssemblies when the
sub-assemblics porforming cach tunction are combined, they producce A product
meetine the goneral rejquiremente atated,

84. The more dctailed trec of figuvre VII, called a design or “explosion" trec,
provides more detailed information, but is usually without choice. It is usually
the result of a sequence of decisions ag in figure VT, and is uned to describe

a epecific group of producie as they have been specified for prod.~tion.  The

purpoce of the trec is to cvaluate, in detail, the volum: of lower level resources

necded once a finished product mix has bteen agreced upon. Figure VIII shows the
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matrix equivalents of the tree of figure VII. When matrix is multinlied by
matrix 157 (in that order), we have matrix 1:7, the parts list for the two end-
products. The extension of this computation is shown in figure IX. There the
product mix for the final products, 500 and 200 respectively, 1s converted intc

a parts requirement by a further matrix multiplication. This type of computation
is often a routine production-planning task for inventory control, machine loading
and the like. ‘

BS. In terms of our previous discussion, figure I, the resource/activity matrix
iz more analogous to figure VII than to figure VI, since it is assumed that, at
the level of generality illustrated, design specifications have been fixed Ly the
world market., In addition, ucing the incidonce matrix format of table 1, nc
exact count has been made of the level of component or sub-assembly use in the
list of finished products presented, and indeed components, sub-assemblies, and
finished products have becn listed in table 1 as activities without distinction.
86. Tn sum, planning goes forward in two, not necessarily independent stages,
as illustrated by the trees of figures VI and VII. However, at the detailed
planning level, we lean nore towards evaluation of chosen plans, rather than at
the'comparison of alternatives, so the deterministic, choiceless tree becomes
relatively morce important.

&7. Further, if our initial purpose is only to dctect the incidence of common-
ality between resources and possible activities, then the approach of figures
VII and VIIT permitc us to treat the sub—ascembly problem as either a series of
tables, in which, for example, components would be concidered resource inputs
into sub-assemblies, and sub-assembliss resource inputs into finished products,
or as a table of direct plus indirect inputs, showing the clemental resources
going into a given column standing on ity own. In the latter case, all columns

in the basic table would show an incidence entry for every pertinent resource

whether that incidence occurred directly or indirectly.
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Figure VI
';GCN’LAL ‘
¥TOOD OR
JBJTCTIVE
N T~
. ’ '>
lF'UNCTION lmm, r{:m | " m«cmzow| | FUNCTION |
2 J |4 ;
) v < N -7__»_ Ll—_—\'"
!Mofhod‘i Method§ ﬁethﬂd{'l‘i’cthadg Mcth)q Huth)d i‘rT’I(:'th)ri‘—‘ Metho
A S 2 3 ! A 5 Ji__6 | (1 8

A decision or option trec. A genceral method, or objeetive is proposed.
Acceptance f that propousal roquires the 14 i i Hf piven functions, shown
in thc half-boxes. (Or, in the case Sf risk situations may require the listod
functions.) At thé next lower level, we soo that the statzd functions may be
alternately performed by twoy or morc ’;h)iiﬁt,.s f methyds  If *he table were con-
tinucd, s7 would the choice requirement kicrarchy., Decisions are made t) sclect
1 full box; nccossity or chance determined the funetiinal requirements,

K - AN
P ’ '
\ i

) FATRTX (4]

MATRIX [B]

A deterministic design trec. Two :nd-products, denoted by P, are designed
to bc made from threce sub-asscmblies, which in turn arc designed for production
from four common products, or parts. (Only design arrows from the first product
and sub—asscmbly arc shown for clarity.) Wy choice is available in this
"explosinon"” after the initial family of designs has been made.

L
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Figure VIII
P P
A B ¢ 1 2

P P
11 s 1 12 1 13 9
2 2 1 3 A1 2 2 8 14

X =

3 1 1 0 B 3 1 3 4 3
4 0 2 5 c 1 3 4 11 17

(] X (4] Cc]

A matrix disgay of figurc VIle llatrix A shows thc number »f sub-assemblies
of cach kind cntering cach final product. Matrix B shows thc number >f parts of
~ach kind cntering cach sub-assembly. Vhen nultiplied together, following the
rules »f matrix rultiptication, this parts list is “exploded' giving the dotailed
relationship between parts and final praducts. The idea mny be continucd 1o go
from parts to machinc and Janhour resdOure.s, etc.

Pigurs [N
e Total
! P2 Noeded
1 13 9 Total 1 8300
Necded
2 8 14 2 6800
s L T I
s 1 17 P2 200 4 8950

Computation of “cxploded” requirements by matrix multiplication. Multi-
plication of the master parts list by the mix of finished items necded produces
the clemental parts requircnents - which by extension of the same process can be
converted into elemental machine, .anhour, and miterials resourcaes.
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88. This explanation should further explain the rationale of table 1, in which
sub-assemblies, finished products, and even components have becen commingled. In
table 1 we have attempted to chow 2 complete incidence checkoff, 13 would te neces-
sary for such a grouping., Althoush tuc contritution of mur-asscmblies iz loct in
this grouping for a given item (2 defect thot can be remediea by construction of
higher level tatles as desired) the checkoff is complcte, and does give the com-
prehensive scan needed in one table,

89. Thus, cven though finished products and sub-assenblies ~re shown together,

product families and inherent similarities by resource clement will not be lost.

Introduction of critic:l process

0. Although the concept of critical process was introduced in the discussion
above, (soe table 1) 1t actunlly compriscs the second stage of the planning pro-
cedurz. After products huve beon clustercd using the binary system, it becomos

1 relatively simple wuntter to add the relevant data concerning critical processes.
Thus, a number "2" is inserted for o "1" when a orocess is critical from the
standpoint of the following possible criteria; mass seriality, current technology,
complexity of product, difficulty of 1ssembly and test operations nnd cxport re-
quirenents. The aim here is to gnin the maximum possible correspondence between
nroducts before goiny on to morc detailed work. Processes meriting spccinl
wttention s potential bottlenccks for o particular product cluster will be evie
dent,

Jle This also presents a suitable time to initially decompose products into their
constituent sub-assumblies and important components using the same 0,1,2 basis.,

Clusters arc then defined using this new information. Although this may not be

the more complox products will be necessary for the next fully quantificd stage.

Process substitution

,
i
necessary tor relatively simple products, the sub-assemblies and components of j
92. There will be many cascs wher~ it ie possible to produce a product, sub-
assembly or compcnent with coveral - lternative nroccsses. A series of iterations
using each process scparttely may then be carried out. For instance, it may be
desirable to move out of machining ane into drop-forging. In this case, in those
products etc., where drop-forsing 13 an altoernativ: process, thc 0,1,7 flweging
should be changed from machining to drop-forging. The producis will thzn cluster

|

differently and once demand is known, 2nnual capacity requirements may be caloulated.
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Link Lotraen semi-qua.ntitative and fully quantified data

93, The aim of the semi-quantitative method is to uncover the relationships bet-
veen products and processes across the vholc sector. When this is done and com-
pared with domestic demand, there will be a number of clusters which will be of
specia] interest. The problem then arises ns to vhether or ‘ot these can be pro-
duced and at what cost. Ly use of the methods described above along with a census
of the country's machine park, there can be no detailed answer to this problem,

It is now neceseary tu further quantify the product and resource clusters for
costing purposes. At first, only those clusters of major importance may be inves-
tigated. ror products, no problem arises. However, for productive facilities,
aome standard must be chosen so that the country's machine park may be eviluated

on a consistent basis.
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II. Technical-economic description by means of fully quantified programming data

94. Fully quantified data, bused on a modular description of productive facili-
ties, represents an int-ormediate position betwoen the two extremes of semi-quanti-
tative data and project engineering dnta and is intended to be uscd for costing
purposces. The first level yields over-all orientation with a total sacrifice of
precision of detail, while the third level yields full precision of detail with

a total sacrifice of an over-all orientation,

95. The term “fully quantified’ must not be taken to mean that the respective
data are the ultimate in precision and reliability. The term ‘rough quantitative’
data could also have been used as a description, They arc intended to be accuratc
within a reasonable margin of error (approximately 20 per cent) and to provide the
material for a progrﬁnning model of the sector which will identify the desirable
productive facilities for a given domestic demand and vxport orientation. Feasi=-
bility studies, based on these data "-ill be subject to costing crrors, and all
conclusions arrived at through their use vill have to be re-worked for final
dceision-making by reference to project engincering data. Their purpose is the
identification of the proper coursc of development of the sector as a vhole - an
arca hitherto undefined.

96. The metalworking sector is characterized by the overvhelming use of multi-
purposa productinn farilitics, There are, of course, branches of the scctor that
use spe~inl purpose equipment. for example, 2 can line for makiwe tin cans,
machines tor makirg wire products, or machinery for making componunts of ecleetri-~

cal appliances such as telovigsion scts.  Honctheless, the essontial core of the

sector can be well ropresented by A common set of resource clement inputs.

97. Looscly speaking, o multi-purpo:  rogource elament can be identitied with a
shop, such is a casting shop, n forge o5r 2 machine shop. The advantage of this
concept is that 1t nvoidas the need of keecping track of individual machines which
would ULe excessively burdensome,

3. Onc¢ of the eritical problems of planning for the metalworking industries is
to decide what capacity to maintain (or 1invest in) with repgard to each of these
resourcc clements. Certain ones, such as heavy {orges, have cnormous yearly capa-

cities and it is hopeless,; cxcept perhaps ia the large industrialized countries,
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to achieve full utilization of such a resource element on the basis of the input
requiremenfs'of a single industrial branch, such as agricultural equipment or
electrical machinery. On the contrary, it is desirable tihat all the various
branches in 2 developing country should prrticipate in raisiag the utilization of
the capacity of such a forge, since there is an inherent indivisibility: the
forge is elither established at the ziven yearly capacity or it ir not; one cannot
invest in one-fourth of ~ forge. The same problem exists vith regard to other
resource elements, =zspecially the ones adapted to hundling outsize or heavy wvork-
pieces, and the ones designed for specialized jobs, In sum, since the proper
utilization of productive capacity requires the sharing of this capacity betweea
product branches, the planning process for this scctor must necessarily ocut

across branches.

ully quantified data

99, The technical-economic description of the sector is undertaken with the aid
of the following concepts: (1) Por the description of resources, standard tasks,
and resource clements (standard shops) are defined; and (2) for the description
of products and groups of products distinguished by branches of production, typi-

cal products, listed products, and extrapolatcd products are defined.

Resource <clements

100. The main purpose of the definition of resource elements (standard shops) is
to cut -cross the diversity of productive resources. Instead of attempting to
keep track of thousands of individual kinds of metal-cutting machine tools,
machining tasks are grouped iato 10-20 standardized classes in accordance with
veight of the vork-piecc, the average seriality (unit, small, medium and large
series, wnd mass production) yearly capacity, rav material (ferrous or non-ferrous)
and possibly the degree of precision. (Onc such standard task might be the ¢ n-
ing of n work-picce that weigis 10-100 kilograms, witk - seriality of 250-100,
but without regard to whether the kind of machining required involved turning,
milling, planning, drilling, other metalworkinz operations or combinations of
these. The fundamental issue is the standardization of the tasksj once this is
accomplished, the products that are produced by thc many kinds of machines and

cquipment are no longer directly broken down (decomposed) into inputs of these
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individual machine or equipment classes, but into inputs of standard tasks,
Seriality and, therefore, the problum of decreasing coste 18 imrlicit in the
definition of the resource clement. 1 large chitge 1v product seriality roquiring
1 different rosource element i handled o 1 different progue:,

101, The most important groupe f resovure: ¢loments are fanirioe esub-classified
into cast iron, stuel, and acn-forrous; iovaer compristg Both froe and die for-
Zingi stamping shops, covering diverse onld forming operations; apsetting ahoape
covering screw michine and related procisaes; w chine shops; velding and boiler
shope; heat treating anit:; ind aseembly shope. The capavitics 9! these shops and
the 1nput requiriments may e measurct 19 aet etandard-shop hours, tons, square
feet >f assembly =wrea or other suitable physical uaite.

102, 1 standard tagk 1s performed by a suitably defined standard shop {resource
element)  with - machine park tnat 1s just capable of rwceompliehing the kinde of
metal-orking jobs that secur on the zverage 1n the flow of standard task units
that are channell:d to this rceeource element. Ry the use of the resource element
concept, the labour, equipment and indirect m.terinl iaputs (tools, lubricants,
form sand, etc.) »f a product are registered not directly, tut via the resource
clements, 1n tvo distinct phases. The first phame 18 the determination of the
erulpment and flov inputs going into the standard shops on the basis of full
capacity utilizationy the svcond phage 1s the decomposition of i1adividual products
1inte net standard-shop hour 1nputs of different kiade,

103, Inter-country comparisons can be readily accomplished by means of a uniform
defimition of standard tasks; at the same time, the adaptation of plans to loecal
condrtions 1s facilitnted by the flexible handling of the machine parke of the
standard shops associated vith girven standard tasks. In particular, as thce pro-
portions of capital and labour inputs vary between countries, only the input co-
efficients of the first phasc v11l change. This has no c¢ffoct whatever on the
input co-cfficients »f the second phase.

104, Tf desired, it 1s permissible to associate within a country morc than ne
kiad of gtandard shop vith « given standard task: in this cuse, it becomes easier
to describe the viriety of existing productive resources, and at the same time tho

decision concerning future investments can <lso be undertaken with consideration

given to a broader range of possibilities. For example, the degree of desirable




{ar and automation can be deelded endogenously rithin the programming
sudged by the one-to-onw sagociation of standard taske
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purposes. panlly, thore will cxaat s8om oo omiree o lemente vhose total anput

roquirements fall Letwe oo th twr xireses; the reiily diffioudt comtinatorial

problem vill fw restrictes to these lwttor o s,

107, The task of choetne usdursc Jloments for dotaal o oxiasination wiil be

factilitited by the reeourc: clustore durived trom scei-quantitative dato, That

18, 1. latercsting product Clust 1 oor ciustors, will nave associated with 1v 2

numoer of required resourcos.  Thes. Tesources, vhich are renerally at o aomore

detailed level than reguired or fullg Ju.ostifred data, combined into appro-
y PP

pritite resourcc cluments, Thie type of resource cloment construction should take

place evern if the resultiag roeource vleacats 1r not fully quantificd. This

anilysis will cnabl. plonners to look c:refully it possible requirements for

specinlized machinery. Howcvor, the bagic provlem herc is the cost of fully

quantifying from 50 to 150 of these shops.
108. Onc way to gain some help in this problem 1s to examine ‘best  practice in

those developed countrivs fthis is cepecitlly truc vhen labour costs are not

significantly different fron thosc in developed countrics) which arc dircct
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competitors, "risting shope in deviloped onvantrice con o ther aorve ae mod. lu to
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Legeription of products

IO Althoagh o woveetigzation Hf all of the on. huadred or 5o branches in the
metalwarsing scetor 1o deeirablo, omore modest approscr, baced 3. xAamining
those eumi—quantitative product cluctere 5t prime importance 10 the Jdomcstic eceo-
nomy and soveral sroups of enelidate Cxport protucts will viold ergnificant in-
creascee 1in capacity utilization and vomor. eatioasl tatrodacting of new tacilitice.
The dircuesinon below concentrates Ha sector-wid  plinnlae tut the same concepte
Are neccesary tar o less-than-fullesootn oriontation,

111, While the eoncept f rosource clomente (atandard cnops) cute acrons the di-
versity ot the meane ot mroduaction, 1t e ctill oo roary by apply o camilar
s1mplificuting Lo the civerrity of product: G fore th latter will loend themsclves
1o = prograunming approach, he boasrs o acseription e e tne concept of a
typrcul product that bk tH bt decomposcd 1ntu resourco-clement 1uputs, as well
as Airect material (mctal), sub-aseomtly, aad composenty woputs on the basis of
letailed cngincoring information,  Since 1t 1v desired Lo distinguish within the
suctor about onc hundroed bronche. | noaverage of cix to ton products per branch
will nlready imposc a task of ncarly 2 thoucand deoompositione. Thoush by no
meang 2 light task, this is twn to lhreo orders Sf agaitade bolow the number of
individual products likely to be of importanc. to countrice 10 the raage of dove-
lopment that 1e of primary intercet to th. project. The decomposition of typieal
products will already have beon rmeilitted by the decomposition of product data
al the semi-quantitative lovel into cub-asronblics 1ad componenta, At this stage

the key addition will be informatisn concerning the weithts of componunts, cte.,

which will allow a further clustering of the data as well ae allowing some costing




Luing various reaource clements of difierent seriality, It 1s neccessary to in-
troduee A note of caution at this print, lelther reeource ¢lements nor products
can be acourats ly -atehod wetil there oo com Lifarmation concernias the weight
nd ceriality oo ot bothe Inothie sense there amuat to dove Lopment ot data
Loth on the resoar o o lement and troreal proaact cide refor. the match is made

i adjustmoente c1ll o boe ecoesary e mon informitlon L processed.

11, [a additioa v thuse proaucts, 1t ity neceseary to dirtinguish within cach
branch o varinble aumbor, ot the order o onc t5 tv> hundred "listed products®,
that Joiatly forn whit e torme 4 the lomns liet for cach branch. The description
f these listed products 1o undomtaken porametrically on the basis of limited
Laformating, leaning mostly on tae auriality of production. The way this works
i ne follows.  [or the deseription of a licted product, data are sought only

for specrfying quilitative similarity to o given typicnl product, for total
yearly demand, i posslbly for oue wdditional paramctoer quantifying weight or
gizc.  The decicive datum is the xact vorinlity, since the et gtandard-shop-
nour inputs requirc? f{or producing such = product can be parametrically correctcd
within the serinlity ruopze of 0 glven rueSource clement (€oge, 2 range of 259-1000
for “medium seriece’) b oroetfereace to cyact vearly demand (Gorze, 050 piuces per
JG&P). 1n this wny, the precico component and resource—clement inputs of a
relatively small number of typical products can b generalized tooa group >f
products vhooe nunber ie ton to twenty timee greater, and this can be accon-
plished in a simple and conveaniont manner that is thoroushly familizr to gngineers.
It is particularly 1otowdrthy thet the rosource 1aputs of 1adividual products on
the long lict arce not bascd on woame Arbitrary averaging procoess, but are csti-
mated individunlly within a reaconable marzin of error.

113. Onc interestiag foature HOF this proccdurc is that the use of a limited
number of typicil producte for parametric cost cetimates, in the analogous form
of paramctric pricing formulas, is a well-knowm procedurc in the planning of
administratively determincd prices both wihin large onterpriscs and within
national planninz organizatiouns. Cost cetimating for commercial bidding purposcs
is likewisc well knowm to be based on nnalogy, with the degree of sophistication
varying from crude rules of thumb to large bodics of statiotically organized and

correlated intormation beiny brought to bear on a given problem 1a an almost

seientific fachion.
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114. The third concept required for product deseription is that of (xtrapolated
roducte. Thie concopt s baovd o the aotion that the listed Arodutt vithin

a bhranch can oe ordercd tu accordtyie. ulth thoir ricin coste op product ion por
unit ot collin: {vr trowtfer) srace, procide s that the prices ot bl Lo and
stock type resourerc antormotiate products . Smmoteats and stt=nssentlics, s
well ae the pricee o0 211 teadshoa produste re civen, Coaciborio- thit the
nost Inportant products cithes tho ot domaad ot cachk braach are treated as
Listed producte, their rogourco iapnts are cstinated o thur, riven o oot of
prices, thelr productlon coctr por ot ot outpat vl can be cutrolishod with-
in @ reasunable waresin of error. Tince 11 cich Cranch the liaton products can be
expected to cover the averwhe Loines fraction 5f the ~ali. o1 totol demand | it 1o
anticipated that thoir coct troad e boe goncralizod to the nwiorous remaining
products >f the branch by means > v nodest  ~tiapolatio.. The mnrein of error
2T such a procedurc can bo casily chocted vy roference to o fow pilat branches,
The extrapolated producto, then, re the oroducts contarasd in the extrapolated
portion oi thc cost distribution that 1s drasa ap by retercnee to the listed
products nlonc, In other vorde tne total vslume o1 domand of the branch, cal-
culated at disposal prices is takon wg the bsciess ol a ranh, while the cout
per unit output valuc of the listod producte is taken ws the ordinate.,  The graph
is drawm up by orderin- the licted proaucts in the soquence ot 1scending coste
per unit sutput value, ~nd plotting for cich lieted product its production cost
per unit output valuc agninet the cumilative volume o1 sutput for the branch.
vor example, il the listed products should cover 5 per cent i the tota. volume
of demand in the braach, then the graph can te evtrapolited from @6 per cent to
100 per cent by a visual contimuation of th» trerd, 'ore sophisticated methods
of extrapolation would hardly Yo justificd in view of the conciderable error of
the data,

115, The above proccdurce presupposcs a number of concepts that have to do with
the task of programming. The appropriate prices assignable to resources depend
on the projected combinations of the larzer {ixed cocte, while the disposal pri-
ces of products arc ticd cither to the cxport and import pricec of the vorld
market, to the barter ratios of trade agrcemenis, or to the production and uti-

lization potentialities in other scetors. The scquence of product nrdering
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vithin o branch depends on what standard-chop cwpacities will be avail (ble in

the olan period as o rosult of investment decisions, and 2lao or the tochnique
Ahoson 107 the production of o cowmodity i€ there oxicts more thon one alterna-
L1ve 1A this ressaedy morcover, thie soqueacs iv ctrongly dopendent on total

dor L, cammodity by commodity, cinc: tho vl of the cerlality 1 ~iven
commodity by otandardization ov inercascd cxports leads to a reduction in pro-
hictinn costs wnd conscquently oo chifth vithi the sequence Of nroduct ordering.
1 practice the task of techanlocic.l depeription cranot wvold taking its de-
parbure from some exichine or anticipated cystom of prices that permits pro-
cooding with the hriach=bhy—broncn oxtrapolition indicated above; subscquently,
in the coursce of the vrosraming -ffort thiet 1¢ Lased on thic technological
degeription, 1t becomen Cvideat if these orices that have been provisionally
necepted ex ant e nre approximatoly correet or ctrongly Jdistorted. 1n the latter

cage the rprocodurs hao 1o Lo iteratced with revised prices.

Organizati-mnl ctondard tacks

114, Ctandard t-ake aeoociated with the regource clemunts discussed auove which
refer to sechisicel trancformation processcs are complemented by the following
orpanizational standard tashs: (1) product desizng (b) product cngineering

and coct comtrols (o) the planning and programiliyg of production; (d) marketing;
(¢) techaological research and dovelopaent; and (f) reneral adiministration.

The concept of resourco olements cnn Le jencralized to this group of standard
taske, cxcept that the anphasis of resource requiremente is not on plant and
oquipment but own techalcal cpeecialists,  Hor cxample, th: standard “ghop' asso-
ciated with product desizn comprisct a balanced ¢roup »f cnginecrs representing
different speeialities, drattsmen, computing techanlcians and office help that
can deal with all tasks »f product design vithin a oroup of products or a branch
of production; this ig complemented by the requisite nuanber of typewriters, desk
computerss, drafting cquipnent, and currznt resource inputs such as heat and
light. Jrmanizational ctandard tnekes show tvo differcnces ag comparcd with
standard shops ncsocinted with moechanical transoformation processes,; <veil though
these are a matter of desree rather than of kind: (a) the inputs requircd tor
procuction, measured in net hours of resource clement usc, arce largely indcpen~

dent of the seriality of the process of physical production; (b) the required
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inputs are charactoristic not so much of - single product but of a wholo Jroup
of products. The firct obsorvition can bo restited by sayiue that the SPCC-
Vive inputs are approvimately tixed,  fonctholoer, 1 torma]l osrvespondence with
mechasical-traneformtioa-type roeouree  loments can b rendily catayliched,
that 1u, the averarc inpat ca: Yo ~iven o 19 Tunetl oo o soriility.,

The seeond observetio o e be modilred L) state that o iapute of iranizaatio-
nil standard tasks do oot depend cnclurivioly oo the productiova ot o cinerle
commodity , but jointly on the productinn of covcral commoditico. A mathoemati-
cwlly simplc casc of tuch joint depondonce e 0 ixed inpud {embodicd for exomple
in research and development vwork) that creatis the poezibility of Gtarting up the
production of an cntire sroup of commodities,

117. The significunce of organizational stondird tasks 1s very great from the
point of vicw of the planning methodolsgy of the soetor, Ywecaus. (in keeping
with the two obscrvations >f the provious parireaph) thoey ive rise to strougly
decrcacing costs in production.  or uxarple in the yricultur:l michinery ine-
dustry the taske o1 product design, rosearch ond devilopment, and Leintenance

of contact with the murket 1n ordeor to scrve offictivoly ite quantitaitive and
qualitative requircemente, all require the establishacat of - Large croup of
specialists,  The reduction of the size of wuch 2 prouap hen corsiag o amaller
total volume »f dimand ig ~ither imposeible or can Lo undirtokea only by ser-
iously lowering thc quality of the output. Yot ia the Darn cquipnent industry
as in many othcr branches 21 the sector 1ow gulity 1ot only reprosents a dircet
ceonomic loss, but since it goes hand in nand vith o techuolHgica]l 1y behind
leading vorld standards, it critically underniace the vossgitilitice st oxport.
The only apparcnt wmy to circumve:t thir protlem 1s to roly on inported tech-
niques; this, however, resulte not only in a lors of foreimn exchange and in
forcisn tochnological dependency, but also deprives the country of the favour-
able external offceets that reesult from the activitics of + contiauously opera-
ting group of speecialiste.,

118, The above consideritions are countorbulanecd Ly the fact that the creation
of adequate groups of specialists for the individunl braachoes of production re-
quircs such large doses of scarce productive ckills that the possibility of ceo-

nomical production in many or most braachcs »f the scetor 15 vitiatud cxcept in
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the most highly industriﬁllaud wnd lorgeat courtries,  Smaller countrics cither
Lave 1o cpeeridize and thereby speraifieantly inercase the length of their pro-
fhetion serice over which the f1xod eonte o2 group of upeciilists can be dis-
trituted, or cioe they live 1o be preparcd to sutfer the harmint coascquences of
1 th eovte or 1ow o gqualitice, v both,

11+, A important part of the plannins methodolozy mitlined herein is, on the
i hand, the description of roqur meats of orgeanizitionn] standard tasks tor
production processcs o Ve commyditice and branches of production, and Hn
the other hand, the colution, within o t51l.rable marsia of crror, of difficul-
ti1co connected with programping wnaer increaging roturas, s> that the most
Cavourabls direetion and cxtent of required specialization within the suetor

any be specificd mth a rensonable assurancc.

Country studics

120. The discussion of the technical cconomic deseription »f the scctor (above)
hag largely been couched in general terms.  The key problem then for any country
cmploying this methodology ic the transition from sencral categorice 1o their
own specific demand and industrial structurc. The procedurc for this transition

ie »utlinced below,
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TII. Description .f ex1sting actalworkiig souctop

121 ‘he requirements tor 4 o otry etady are orosonted bol woin two st ns,
Seetion A mtlines the principal o tasks t bl rtakeo, o MEPLE Ty
proluminary stage o comi-runnt it ornotabs o th Pagrn ot omiepl
listiaes f magor product and procoss oator ries, i o oquwititioat 0 sture,

Socticn Booovers the formulaty oo owed s bl oty oo 1ot

e

tatiotioal watorial

required to cxoceute » coantry stad..

Se Stawes of the task

Leoe The immediate task v be undertkon is oriont tion with reg.rd to th
sect e as 4 wholey, follwed by yuantificaty o0 £~ 1,60 apeas that appuar to

egese th nmust likelr candid 2 1 p act al preobe bty o,
p

Oricntation:  semi-guantitative DT T 1t

123, T"he nurpose f the rrontotion ghtaes 1 b cgtaenlieh ligte of prducts,
subasscriblice, and compoments, 1ad t roviso and cxpawd tho. existing list of
regources,  Onothe basis f w mnairsis o ot roquirencnts by ocrbors of
magnitudc, and a similar analisis of the privetpal botomte ma o prstuct
and soni-manufactur.: ablputs, 14 (8 thus possiil. L arey s ot 1T us
tabulation ot products and tiputs.  Chis croes—tabalaty o s intended o hrvye
sufficient accuracy to drstiuie o tweor as thre. kinds f1ws:  thosc
that are neplogible, thoso that ar strtioant, vad toose that are rogarded
a8 dominant coded by O=1=)s Mo rulivontary analysis o th soct ry HuVers-
theless, already hns o rane of practiocal plicat e it nommpts mat chings
actual and potontial resours. ava. lability ce aetinst thee rogquirorents ot
expwded production, and thus lewls L prodlitieary seleetr o ot imtercsting
potential lines of devolopricnt £ the seet re Ml a considerable wount
f semi-quantitative datn is wine eather 4 an the mited Statog, 1t s
desirabl. that any country undertaking analysis of its actalwerkio soctor
supplement this matorial t take 1ical oondity me uont Ao ount,

124, In order ) undortak. the sross=tabulabion 0 movii—quant L v inta,
the following matorials qust be proparcid: (1) produact Listings ih) produst
deeomposition int ) sub-agsenbliocs wnd ~omponents; (n) product destinatioon

analysis; and (d) process T resource deetinatim analyeis,
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125, (1) Product listing. This requiroment 1s the same a8 the 200 or sv

Shistod products” fr cach branea diacassed in ocelatiom to fully quantifiod

e

tatn,  Bach produst oashould e Teot  piiree lesyymn onsiderations an the

branch, and too liat o ae oowh I Cyepe oom M0=40 pop eont ot the total
Lo of dosant withian the Srancie  he ~onoort ‘product™ 1e intended to covers:

feyreducte e the asunl sone oy tor xwiplo, sholves v otrays.e  Inouach branch

ls orthoss Tproducts’

L
-
"
-
—
]
P

A} tnat charcetorize the branch as 2 wholcs
Lae owha b mute oand bolte oar oo oonte b ot eral o rn, tiey e not o be
bt d o tn baet oot produnte of thas sadnatrial rreancn. Produnt lists

v particular country shoald tncluls oot b domestic production but also
o orte Al potentinl ocxr vtee  An o untonl cnoox on mrletencess of the
Ctential cxpert list v v oase the oorpesponding oxport i amport lists of
Parg e advaneo 4 countrieg sach s the it A Statog g noaaurce o roforence,

1o, B Ppodust dec miposition 1l gub-w8genibli g and conponentse  'ho de-

composition it thas ginge s oonm rntrated o0 the establishment of an 1nput
Tigt and nood net b carrsed begond the crder ! vy td Tovels There arc
two ruin claees 1 anpats thet oar fistoseuesho d s Lao ©ours {f these da-
Cmposit s, Cheds arcl o gab-assonblios wid cop o onte oredaced within the
motalwerkigs sootory o wet ther carchaged 1tome raginating outsile thie gootor,
Bapehagld ttems of 4 omesti o v oaortod origan can be histinguishod by

UCBT L NN T .

i

iy o) Product dostinatiorn AanadiSlse  cte purp e o thie task 8 to lwst the

e degtinations of the ttoas producedy fnatoag, mager rriucts int o which

viie product an oquestt noas o aaput, or fanal lestinntyone, Mnnl deatinations
refir t exports or oaal st tinal domand, bmoatico ealoe t ther acctirs

e lg s deliroatod but will prebably roera.re 1oss nrecaslon an the inf rrmatione
[n ooffoct, product leetinatyon walyais o vapl oneite and tarnishes v oroes ahook
m ooroduct decombpositioon ant o sub-producte, “tim e partioulariy important an
Jicw o1 the fact that both the arodact aspat and prooduct-lestinats oo ligts arc
pen=cndedy o othor words, the sate rice o thc analymis arc ostablishod ne
inf ornation e gathered, rathor than fata being pouraed ant. a pro-designed

~lagsifioatan,
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128. The next stcp is the deconposition of products, in the broad sense, into
required input lovels of production proccessos at the level ot Jenerality
referred to as "resourecs’,  Lista of these resources nrc under construction
out should be wgmonted by 1o2al nractice, This 15 the heoart f the goni-
quantitative analysis and sedor of magiitude doconpositiong using the 0,1,2,
coding systen (as discusscd in scotin 1B above) ape vitployoeds Provision
should b made fop capturins mire aceurate Juantitative iformaty on L f
avallable,

£ 4\ - . . y ne .
129, (1) acsurce destination H3Ls8e Tius task s osimilar Lo product

destination analysis: its purnise 1s .. list, rirst, tic najor products to

which the sutput Lt the resource s transforrel as required input, and sceond,

possible final distinntiong 1 the same sutput. "he 1ist T lestiantions is
wain open caded 1n oordor to pernit organization of 4 infornation ints

classce thot are significant frow tn. Dot view ot the production activities
themselves, Matching input lists (r.s urce amits int, given individual
products) giinst ot put lists derivod from the resource destinations analysis

leads to the final eross-tabulation thnt is tie Jbjeetive of the prosent stage

SIowork,  Mie reconciliation of these by tablos will imvolve the ros-lution
' lneonsistoncies and averlaps throw reclassifiis hoth poys ( rutvuts) and
eolums inpute) s thot the material noy be o vidonged Lot gingle table,
130s The tasks discussod mtove may be divided aone countrics cuch as "eracl,
Hungary, and the projgect start o the Unitod States so that work will 1ot be
duplirated, At Mresenit, 1 list of rogurecs and docmpasition o0 v masber of
products hae boen completed in o the nitod Strtes, At oAl work m order
of magmitado deeompositi n and voptlor dclinenrtion of vesourcos 1s under way,
“Uus hopod thnt tnopo Will bo vuis o provaide - tntitore product™ 1ist at
least for A numtor of branchoes,

Mle In addits n t the tfinal croec<tabylatyon tabl. lofininge tie opdor of
magmitude resourco-prodast relationships, an analrels of oxistin, resources
il bmestio and cXport demand a8 royuired top the Pru=sclectim 5t attpactive

lince f duvelopnont,




ID/WG.10/6
Page 63

132. The resource inventory requircnent is the most stringent. In order to be
nerningful for inventory purposcs, roes.urces have to be sub-classificd by

miin seriality classes (unit, sm2ll, mcdium nnd large sories, and mass
prsductiun) ~and by ranges of workpilooc weishtse  {n other words, cxisting
capacity must bo categorized 1o berms of the tgtandard tasks®™ definced above.
Given a list Hf standard tasks, thore will of coursu be somce anmbiguous cases,
but in the main oristing capacivy will fall ir the weisht and scrinlity
classes dcfincd.

133, The inventory can b carriod it 1nitially ab the seni—quantitative level
by indicating whether 2 piven reshurce existe or not, the relative anount of
the resource in cexistenco {the nunber 2T rosource units) and the present and
full capacity utilization of the resaurces The 1.8t is nccessary tor the
1yeation >f rescrve capacitye Colloetion ~f this data will be discussed below
in the scetion »n questicanalroge

134, Ir addition, data fronm guestionnaires n domestic production, imports, and
cxports of metalworking scetor “products® should bo decomposced initially 1n
sumi—quantitative fashiom.  The lcoomposition material being already in
uxistence from the final cruss-tabulation discussed above.

135. This local demand data is compared with the rusource inventory to determine
new facilitics required on o pre-sclection basis. The first step is the
determination of possible new praductiion usin; - the capacity rescerves discusscd
Abwes At the same time, it is immedintely noticeable to what cxtent present
capacity is being utilized rationnlly (arc snnll serics being produccd in
rusource cluoments desigmed {Hr large sorics, 2tce )

136, The expansion of cxisting production, new products >r product lines
generally requires new kinds of rosourccs. ™is qualitative cxpansion of the
resource vlement inveatory can aceordingly be readily predicted on the basis
f the information nade available at the orientation stagce A convenient way
) organize the scearch for attract ive product additions is to match the column
' pegs urce clement inpnts fHr 2 iven product agninst the cxisting resource
clement inventory that is condenscd int . a single 2olunine A TOW-by-rowW con=

partson of the two colwmns will 1rmedintely o211l attention to necded process

puts that are not available in the inventorye. In this fashion it 1is possiblo
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to work out additions of now products by intogratod SToUps, in such a way that
cach group should require canc or a fow new source clements of the san. kind,
This approach will Mmtenatically rais. th. deeree Of utilization of new
capacity, sincce it srings togothor linos of production that Jointly draw upon
this new enpdcity. Taese linwg of oroductsm must o assured o omertic o
cxport narkcets, otherwise tis vatire oxerciz. woull Y. ivtilo.

137. llowing this pre=sclection critorin, it is sHonoitl. ¢ narrow lown the
range > possible sdbe mard e I S T b ot Corncot
development of the scctor. Afiop the altornnter o have boon Aoveloped, full
quantification will furthor limit the nunber Hf altornitives s b cxplored at

the project ong ineering lovel.

Quantificatiom

138. Tn this stage the technical-ceonomic description >f the scctur is
improved from an order Hf magnitude characterization to A nuncrical vstiaate
of the principal input requirenonts within a first approximation. The
approach to be frllowed here is basically that vitlincd in the scetion (above)
dealing with scull-quantitative data, Owever, sevoral additional poiatsg in
particular arc worth mentioning,

139, The determination of a ‘standard input strusturc” will creatly facilitat.
the international cxennnro of data. This strictur. rofirs Lo o specification
of resource (metalworking PTocass) inputs with ut il tdentifiontion of
seriality ~r cxact welght Of workpicce 1. the definition H1I' resoure. rlnasses,
In other words, at this stage of the quantificatisn task 14 ig sufficicnt to
give an input in terms sueh as: X tnms Lf stoel castioes ver ton oap ¥
gasolinc engincy  Loeal adaptatisn of resurces b lenwmd eonlitione will
thus invslve the sclection of the seriality wid workp..e. welghit ranges most
frequently occeurring within tnc coamtry,.

140, Tre full quantification f the scetor for the vurpiee of ooaad, cstination
invrlves: (a) choosing typical sample priducts from the long lists discusscd
in scction 1(a); (L) thoir decompesition wm oo weieht basis: (7) paramctric
estimation of listod products from tynical gauple product datas and (4) local

adaptation of this nmatorial leading £ trial orogramncs,
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(a) The choice of typical sample products will be grcatly facilitated
by the pre-selection of products already undertakene Do cover the 100
or so branches of tac industry woull b an onerous task for almost any
developing coonomye  ut, the onalysis of a snnller number of bronches
is well within the eapacity i o sorious offort at planning the netal-
working scotor.

(b) Although thuesc typical sanplo peoducts will alrendy have been de-
composud itn w order f mymitude fashion, it ig nou necessary bo
assimm nore procise ucights to caclh gib-assembly and component. This
step 1s required o Sttain the most accurate cost Ot nroduction
information when proluctie are matched with resourcs clenentse

(¢) At the same tiue, tno romainder of prolucts witiln a aiven cnosen
branch can bo decunposed by us: S the paravaciers 1cveiloped for tac
typical sanaple products.

(d) The 1oeal adaptasion ot tho mothadeloy requires ag well as the
fully quantificd data om voarly domand tor aach listcd product, the
spceification of sxistine resourse olements. That 18, resource
clecments, after being Alassified ints sorinlity and weight clnsses,
must be specified in terms of thoir machine park, assicintod floor-
space, labour inputs, matorinl inouts, and 21l the detniled stock and
flow input charactcristicse. Products are thea matched with resource
clerments on the basis of scriality and weight Sf workpieecs The end
result of thesc eorreciions 18 o madified input structarc for c¢ach
listed proluct oxpresscd in terms of resource clonent oanacity
rcequirencnts and material input flow requircnents in physical unitse

141, Given the above data, tho products muy bu costed ot with a sct of pricese.
These may be market prices or spceinlly estimated srcial accounting prices,
otce The comparison of product costs with import prices and world markct

prices will identify attroctive lincs of laport substitution and oxports.

R, Develpment of infornation {wr coaatry studics

142, The initial step in excout Liyr o o countey stuly e the o mpilation of lists
of products, sub-asscmblics anl ¢omponents.  Phese  toether with the list of
standard tasks form the basis for gnthering ocuplrical inf rmation prior to the
application of gemi—quantitative analysis. 1t is cxpectoed that work under way

now will provide a large portion Af the product lists and much of the required

offort in the semi—quantitative analysis. In addition, a /Toup of questionnalres

ig becing prepared at the Unitcd dationa Industrial Development Organization to

provide the kind of cmpirical data required for the analysis discusscd above.
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143, Five main types of questionnaire arc suggestcd for the collection of
primary information for prograaning purposcs: (n) questionnaire on pro-
duction inputs: (b) questionna. ro on the dos*ination ap praductes

(c) questionmaaire an proustive rosourcos; (4) uestionnalec va mparte; and
(¢) questioanalre on oxporto, he questionnaires are orzuwisod by functions
since thoe sanc cstnblicament sr firn oy bo croracel o soveral functions
making 1t difficult tu ovilve standarl qu st onnoires by establishment or
firms Lists of establishronts will have o be matehod with the questionnaires
to deeide which questionnair. Br grosiionnaires are * s Lo sont ©. wnico
¢stablishments., % 1o cxpentod tht toechnisal holp o anaweringg Lao
questionnaires will have toy o ifored 0 Fiems oo o savisinotory response

by mail to the level of detail roquired will probably ot e forthooning,  The
key questions t9 bLe answercd are th: oLllywing:

(a) Auestionnaire on nroduction inputs, addressed primarily to
tachnical personncl Yy branch o sroluction Lotimaed 6 clicit
information on tyne and yearly srductison ot ~roducts, sub-agsemblics
and compments, The format will eibindly boobhnt of s ani-quantitative
data,

(b) Auestionuaire on the estinntion of oralucts, addressed 4o
business or sales nanacors by braeh of produaction.  Destinations refer
to inputs Lf gnb-ascenvlios wd componenits ind cnd-products wnd end-
product salos o domestic or oxport narkoto.

(c) Mwstionnaire on productive nroeosses, aullressed b onecineers
and nianagers by type of orodaction process.  detual aachine park,
floor-spase, motal and 1abour inmuts, capacity (nt preosent and full
utilizatiuns.

(4)  "usstionnaire oo luports, adlressced t: import.rs and major users.
A listing of tho quantity o7 nrolacte, sub-ass.allics anl componente
importad,

() Ouestionnair: on cuports, ~dlressed t9 cxportors and nmajor
supplicrse A listing of the quantity of products, sub-asscmblics and
components cxportoed,

144. There will be soae duplication in these questionnaires and this of course
nay oo disrcgarded by thes. establishacnts recciving more than one questionnaire,
#llowing this initial oricntation, the questionnaires will be repented 9 fain
fully quantificd data for facility planninge  The final ol 18 ty gain the
necessary information for a fully quantificd deaeription of the scetor,  The
process described above will ace.rdingly ldelinit the arcas where this data is

neededs  The final planning oroblem of curoging products and new or cxpanded

facilitics is discussed below.
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145. The final requirenent is a rorecast of dumand for domestic and potcntial
export requircienis. The time horizon here should be o ninimun of five years
and some effort should vo mrde to extond this horizon {or nore inportant

product groups. This demond cstimte 1s to serve initially @s a guide in the
choice of npproprintic Tasourcy sloements and chould be congidercd flexible for

the followlng reasons:

(u) rddition of now resourc. sloments will oxpind production
capubilitice nd thorefor. low:2r corto,

(b) Analysis of relative intornationil costs will bring forth
a numbor of possible cxport products which will further lower

domestic priccs, wnd,

Over-all oxpansion of the goctor will create its own demand

—~
[
S—

for now products.
146. The demand aetimate must take into account the interindusiry demands for
intermedinte products, demand for replacement purposcs, such as subasscmblies

and components, and &nand for final products.
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IV, Complction of anilysis

147. The problums her: arc two-fold. The first concerns the gencral dircction
that the sector ac o whole should tuke whilc the sccond requires that specific
‘advice be glvun on upgrading the present nachine park and establishment of now

facilitico,

As  Rupource clemonte versus oxictinge machine purk

148. The firat roquirencnt ic 4 copparisor of projucted duomand, the cost levoels
of the resourc: clemenis dorivad froo Jdeveiloped countrics or constructed and
thosu of “h: »xisting wchine park.  Where coots are the salie, thero is no
problen.  Where ~osts we cymifiemtly different, -1 st be determined whothor
i1t 18 possibl: to npgrade the exisiting fueility or 1L is nacessary to ostablish
2 new once The results of these comparigons will detoraine the genernl coursu

which the now scctor should take.

B. Problom of serialily

149, The key to the whole issuc of gp witis projects coentres around thoe scri-
ality of production. What is roquirced here is v serics of iterations in which
changes in product escrinlity ar: satched ~gninst resource olements to detormine
which of those productive facilitice are needed 1t the country is to compete on
the international market.  Candidate cxport nroducts oro choson when thoeir costs
arc ir linc with international prices ae o recult of increasing sorinlity. To

som: degrec, this will aleo determins the mochine park necossary inoa country.

150. The whole concept of incroasing ceriality to deircetly ti:d to the cxport
orientation of this mcthodology. Without ir~luding potonty L Lxporte in the
planning process soriality loveles for a lare: nwaber of products will boe too low
cven for import substitution unl:@:ss uxcossiv: protection 1o wfforded domestic
producere.,  The results of this cxecssive protection have already been considercd

above.,

C. Unsolved problums

151, Despite the above procese, thore will remnin o nuaber of rosource oloments
required for production, but tos large for oxisting or planned home nnd cxport
demand., Hero decisions rogmirding the rolo of subsidics in promoting the growth of
the scctor must b tiken. Where *the process o crucial for production, 1t may

be necussary for subsidivs to bo givens  On the ther husd, the anmportition of

cortain components producaed by thit peoceus rey beovere foeible ot the outsct.









