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Purpose oí the^project 

1. The present project  is part  ef   t broader effort  undertaken by the United 

Nations Industrial Development  Organization to yjromote the growth of new and 

dynamic export industries   in develar:~r>- nations,     The   project  aims  to  improve 

the techniques of  production and  export,  planning in   the metal working- 

engineering products  sector.     For   the   purposes of  this project,   the sector is 

defined as  including major groups  3'j  through  3(*  (metal products,  non-electrical 

and electric machinery,   transport  equipment,   it\.d miscellaneous manufacturing 

industries)  of the  International  btandarl   in dustio <•.!   Classification. 

2. In particular,   the  efforts  of the  project  arc   focused  on  the  objective of 

providing policymakers  with  toois   that  will   help  to  decide: 

(1) what kinds  of   investments  are  economical   in new or expanded 
productive  resources; 

(2) what  branches  of production,   arid within   these  branches what 
kinds of  product assortments  should receive   the main emphasis; 

(3) taking into  account   the  potentialities  of   the  world market, 
what exports  deserve  serious  promotion   offorts. 

3. This paper is   largely a summary of ,1 -eport  prepared   for UNIDO at  the 

Centre for Economic Planning of the New School   for Social   Research under the 

title "The Planning of  Production and Exports   in   the Metal working Industries". 

The director of th« Centre,   'Thomas Victoria::,   has Kindly given  permission for 

his paper to  be quoted  liberally v*ith  this  rather  informal   acknowledgement.     The 

methodology presented  in   this  summary  van dovelonod   by   /loHonsz  at  the Centre. 

Requirements  of  a JU
:
 t.' If  planning methodology 

4. What  is required is  a ..'.-.„it   .    >f  ili.;,   priori.',;,    is  a  planning approach that 

will yield an approximate  but   essentially correct   jverviov of the sector as a 

whole,   in order to  allov   proci sol;/   ',ae   type  of  panoramic  orientation that  is 

missing today«     As  long as  this defect  continues,   no  amount  of conscientious 

compilation of detail will  resolve  the doubt  whether   the  sector as a whole is 

moving in  the right  direction.     in  line with the objectives of the present 

project,  such a direction must  strike a middle coureo between the extremes of 

insufficient and underutilized capacities,   between uneconomical diversification 

and overspecialization,   and between undue risks  in producing for the open world 

market and excessive rigidities in commitments to long-term trade agreements. 
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5. The definition of a successful planning methodology presupposos:    an 

adequate technical-economic description of the sector that nonetheless manages 

to avoid the danger of drowning in detail;  and a programming technique that  is 

applicable to  the case of decreasing costs and can thus cope with  the ensuing 

combinatorial  problem of alternative industrial complexes. 

6. These two  points are of course closely interrelated because it   is not 

possible to cut across the welter of technical  data unless there already exists 

an awareness  of the  type of detail  that will  play a key role  in the course of 

programming;  yet at  the same time,   the task of programming cannot be  formulated 

unless resources and activities are already suitably grouped and specified so as 

to suppress all but  characteristic detail. 

7. The level  of detail at which the technical-economic description of tho 

sector  is attempted plays a key role both in tho cost   and speed of data 

collection and  in tho definition of the fundamental approach  to bo used for 

planning.     It  has boon found bost   to snocify throe distinct   levels of detail 

(the  first  two  of which have boon  empirically explored). 

8. Semi-quantitativo  programmi u:;   tata.     Those aim primarily to define lists 

of produoto  and  productive  pr^ussoB,  and to establish incidences between these 

two,   i.'.;.,   operifymg wheUior a given productive process is used or not  in the 

manufacture of an   individual  product.    This kind of  information can be assembled 

rapidly and at   low cost,  and   in spite of  its elementary nature it has a 

surprising range of  planning applications.    The  power of this  information can, 

moreover,  be greatly  increased by  p. few simple  and low-cost  extensions,   including 

(a)  the  identification of productive processes  that  are  in some sonso critical 

to the manufacture of a given product;   (b)  the  provision of notes containing 

incidental   information in regard  to critical processes or other features of 

production;   (c)   tho  specification of product weights  and their approximate 

percentage distribution between such major processes  as casting or forging;  and 

(d)  the provision of rough quantitative  indications with regard to  processes 

that cannot bo characterized by weight,   i.e.  machining or hoat  treatment. 
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9-      1^1 l.y quantified programming data.     These aim to  specify the pattern of 

physical   inputs  and outputs associated with the production of an individual 

product  or an assortment of related  products,   m sufficient  detail  to permit 

undertaking approximate estimates  oí   production cents  on  a comparable basis 

for products   that   are  candidato.,   f  r  import substitution  or  exports.    This 

requires,   iirst   of all,   the  decomposition   of products   into  sub-assemblies   rmd 

components-   subsequently those have   ho bo   .elated to basic   production processes 

such as  machining or  assor-bly.     l'ho   endless varioty   3f   product  der^m  is 

represented by  a restricted number  of typical products-   the  limitless range of 

alternative production facilities  is,   m  turn,  reduced   to combinations of 

standardized modules  referred   to  as   ^resource elements-.     Together,   these 

concepts   permit   .0 quant < f< cation of   the  technical-economic  description of the 
sector. 

10"     P££¿P£t-cnfinocrinP; data.     These aim   to provide  the  concrete  level  of 

analysis   preparatory   t-   the  final   50-ahead decisila m   plan  execution.    The 

throe-fold classi!'¡.catini corresponds  closely to the one  employed m general 

for project  evaluation and sectoral-level  planning within the  United Nations 

and elsewhere.     Data have been collected for this study  on a pilot basis both 

at  the semi-quantitativo and fully  quantified levels,   leaving aside   the third 

level of concrete  pr.joet engineering as  lymg wholly  outside  the adopted terms 

of reference.     Profcramming strate-ies are currently boin{: explored at both the 

sonu-quantitative and fuHy quantified levels of analysis. 
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Part one 

KEY FEATURES OF METHODOLOGY 

I. Problems 

II. In order to provide a methodology for planràng 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-economio  des- 

cription of the  sector are: 

The  diversity of  production facilities and products.    The analyst of 
the metalworking rector  in  confronted with   ¡leverai   thousand machine 
tools  and  cuverai   hundred  thousand   final   products.     Estimates  indicate 
that  there   are   over  l,';OC ¡ne ta 1 cutting machine:  too It;  and  that  a  fairly 
well   developed  ino falworking sector   1er a  eountr,y  of  tea million popu- 
lation and  Hl'f   /]co   por o api ta   income   producer   atout   ghe;fuOO  products. 
Since  the  machino   took'   may   he  ordered  in   -J most  any  pattern   for a 
producing  facility,   'he   possiUe  number m'  production sir pe is   astro- 
nomi cal. 

The multi-purposo   nature  of productive  faci Li ties.     Machinery  in  the 
metal working- sector characteristically has   the capability  oï producing 
a wide range  of  ¡roduets.     I,ati.es,   foundries,   1 orges,  etc,  may   not  be 
tied to  producing- a single  product   or  ¡ranch  oí   products.     Mont   fre- 
quently,   they  are   employed  in   producing components  for a wide  variety 
of products.      ¡'.rue,   they   ¡nay   he   specialized,   hut   this   trequently   re- 
cpdres  noi   more   than  the   addition  ol  jigs   nr   fixtures. 

Decreasing costs   in  psoductioi..     Those  ar"   found   in   two  guises   in  the 
metalworking sector.     Firstly,    -osi s   decrease  vi ih   the  arinual   capacity 
of  a  facility.     Secondly,   arid   independently   of annual   capacity,   costs 
decrease with  the   seriality   (lot  sise:)   of  production.     As  a result, 
there  frequently   exists  a sharp lower  limit   to  feasible  soriality or 
annual  capacity.     This  presents great   difficulties  for any programming 
procedure. 

11. Key concepts 

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

of products and machinery. 
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13. Product Clusters.     The vast majority   of analyses   in   this  sector concentrate 

on  the feasibility  of producing ono  or more  products  from  the  same  industrial 

branch.     What   in  overlooked are the   interrelationships of   products within  and 

across  branchas  when considered from   tue í;tund point  of  the  process.^   required 

to manufacture   thoin.     As  a  rvsult,   noithor annual   demand nor serial i ty   is 

eufficiont   to brm.>- about  production   at  competitive   prioue.     The am.  of product 

clustering is to make  these   interrelationships explicit   so  that  they  may bo 

taken  into  account  from  the   /iowpomt  of annu.il  capacity   for a pretese,  across 

tho  whole  sector,   and.  that  the  possibilities  for standardization of componente 

and modules ma\   be  explored. 

14. Products  are  clustered abJUt  :esources  through   the  use of  -m input-output 

format  in which  the information is  at   first  at tue  somi~quanJ;i tativc   li vol   (and 

therefore  low-cost)  and  then clusters  are  further defined  by the  addition of 

quantitative information  within .an  expanded format.     In   the expanded  version, 

information on  product   sub-assamblies  and components   is  a.) so added.     In  this 

way,   the  intorbrane'. similarities between   products make   it  feasible  to  sum 

demand for a process  across tho whole  sector, 

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

above.     A resource-  represents  a  process requirement   to manufacture a ¿çiven 

product.     A resource cluster denotes  that  ¿*roup of resources,   and their 

relative  importane.;,   required   to manufacture a product  cluster. 
l6'     Resource elements.     To overcome  the diversity  and multi-purpose nature  of 

metalworkmg machinery,   typical  shops  such  as a casting shop,   a forge,   or a 

machine  shop ean   be  identified and classed as  resource  elements.     The  advantage 

of this  concept   i ¡-  that   it avoids the  problem of keeping  track of individual 

machines - an impossible  task.     However,   the exact  definition of these  shops 

(which includes  annual   capacity,  maximum size of workpiocu,   average seriality 

and possibly the degree  of precision)  requires a machine  part.     It is  proposed 

that  the machine  part   for a resourc:  element be predicated upon reaching com- 

petitive international  cost  levels  in  an e;-port~oriented economy. 
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17.    The resource elements aro dofinod by standard tasks such aB the machining 

of a workpieco  that  weighs 1? t*   100 kilogram»,   with a scriality   of 2<j0 to 1000. 

The purpose  of  these   resource elements  is   t>   Tuantify coots of  production in an 

approximate manner.      Chat   is,   rosmroo elements  represent  typic;.<   shops rather 

than an,- given  actual   shop.     AUho-    tU=  will  result   in s,me  distortion  oí 

costs,   the relations  between c ,sts  for given  pr oducts will  hold  true.     l*>m 

this stag-.,   it   i,  considerably  simpler t,   choose products  for full   engineering 

studios. 
If,    Th, resource  clement concept  ,1s*  servos  to  incorporate decreasing    returns 

to Bc,le  in  its own definition.     S.riality   is  implicit.    A significant change 

in product  seriality   is taon handled as  a move from  one resource  element to 

another  of higher  average senality.    Resource elements arc employed at the 

fully quantified lovol  of technical  econome description along with fully 

quantified pr -duct   clusters. 

ITT.   Orientation  to   experts 

19.     Decreasing c  r.ts  in production require a planning approach that takes into 

account  t"e   p,tenti,li ties for experts  in  the me:alworking sector.     The key to 

the problem   Lies   in  the difference between  an analysis that  concentrates only 

on one  product or  small  ^oun   >f products  and A sectoral analysis  that  inter- 

relates data over  bota productive  resources and products. 

20.     Firstly,   decreasing costs  due  to  the  scalo  of yearly output   can only be 

captured when products,   in the  sons,  of  final  promts,   sub-assemblies and 

components are summed across the entire  sector so that the scale  of operations 

for a given productive roswee may be  raised.     In  order to undertake this 

analysis,   the productive process and the  final product must bo  divorced.     One 

of the main  areas   of discontent  with the  prosent node  of feasibility analysis 

in the sector is   the continued dependence  of the plant  format   on   the range  of 

final   products under considerati on.     The   tangible  result  of this  dependence  is 

the  presence   in many developing natims  of underutilised capacity.     %cn 

facilities  are captive with respect  t„.   a  limited number  of  products,   and 

modern equipment   is  employed,   demand is  frequently   insufficient   to  fully 

utilize the  installed capacity.     Whore  capacity utilization   is  uxtromolv   ^ow or 

tariff protection  relatively high,  the  cost  structure will not  reflect potential 
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oroduction  in  the  sector       V .re-ieral,   those  h if h coots will    ersist   ac  long as 

productive facilities aro  capi, <ve  with respect   to   n-odnetr,      'A/üI,   imnort  eub- 

initu'i. >.o'i   in  not adva iced   te  tao   naro: •  u ¡dor   'his s.vf;tom 

"1      TV.   i   M lai  divorcement  o;'    'redaction     roc-nRos ond  oreduets  docs  away 

vit h the   Wreweot   ...   1<;0   .ho  endo   o.o        -he  (ifico¡rosil :o,  of    ••roducU;   i .to   sub- 

assemblies aed  correo   _   t:-:   , d  the   l.nae  O of   tiuc  J oc orti >osi t ic wi + h  processes 

allows for o clearer   idea oi" tho   -ossiblo  size  ra •-e of ma-.-h.-icr>,   ooenr,  the 

way   tor  sui-oo- tract -o    -r.-ilncer?  :;.>oei,-<l L ¿r ,    in o te   or more  ; roceaiioB,   and 

i      •     Ir      , no   í  'cor      The   ' o iena te  erfcct  of 

'   o:     rori.-.-L   o . ••-' n >d tb?  scr-ile   of  -'earl. 

•   V   or o<    -oats  ene lo     r c'o   i   al  exnorts 

o-aki rose   t   exoor+s mor;.'  conno 111 i.vo 

-   ko   t;>   fori al it;,   (lot  sino)   renn re  a   funda- 

'rir,  'ho   flirt        A v.i ,.   '-ith   li.iited  doinostic 

re (ieR a * r ,3?- .so ••- .. c 

* ' s '• Il •:• ' <•• lev- ,r • ho •••T' i 

on:   ots  i-       o.      reo   o erf: 'h  : 

.'   to clearer   l>asi   as  --ell    -f. 

V      'Vco.'.dlv     deereai. •        c^st; 

mortal  one ' t-ai • o     f"  oy^'-rt.' 

demand    certrl.ty   i.:   V.'.lo   U   , c   . ;,s .j'f '.o-ie¡.t   for  the  oeouomical   une  of soecial 

our-ose  eopn    -¡cot       V.h.i-   ...miedi o LO dtsadvo ita^j   veo be offset   io  two  ways,     The 

first   ;n   i     increase   i     lot   zize  resulti-,     fro.n  at oodardi action       \t   present, 

with facilities oryani^ed   e,r<"on,d  --redacts     the   ccoae for ,-reater  scriality is 

limited;   the  o .1.   he   e  hero  .oo,;   c   standardization across  branches  which ca- 

only be achieved who.      redacts   tre organized  around -.rocesöeG.     ''lulo   the  in- 

creas -re; use  of sta.  dardi/od corn  or.oots eve   tually    resents difficulties for 

oroduot -desif*!.   there  will   frequenti;    no ajn ile  room for a  sufi'icic   t   amount  of 

standardization  to   lower  costs of ^reducto.co,,   for a wide  ra .ge of   products      Here 

afain,   lower costs  w^il  have o  salotory effect   on export   potential 

?3-     for a  number of    -redacts    both   lecroasinf costs due  to  the  scale   of yearly 

out-vat  a-d  i ¡creased   serial-f.   through   sta ¡dardization of  sub-assemblies; and 

components w 11 be   insufficient   to warrant   their   iroduct^on for  the   domestic 

market        r.t     s concern- n¿- these  nroductr thr-t   there  is  the yreatest   .amount  of 

difficulty,     "list   is  offered   in   this  stud;;   is a way  of foiuf about  makinf the 

routine decisions regard in"  -roduets that arc   initially feasible to  oroduce and 

a seoaratioo  of the more  difficult   -roblems  3o that decisions refardinf this 

second   rrou ;  can be  made   to the   full   1 if hi   of   their economic   implications       tt 

is felt   that  man-  of  the  moro   ¡.¡.ir>orta:vt    roaucts    fron the viewpoint   of  indus- 

trial development,   v  11   have to   he    reduced  under conditions where  exports aro a 

necessity   in order to  increase  seriality      Hovever    the rationalization of 
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production should provide a more favourable climate for export  promotion. 

24.     The close relationship between domestic production and exports  in this 

,itor is  further underlined by the;  following institutional considerations. 

Eoth domestic «id  foreign purchasers  can be  expected t, show a degree of 

distrust wit,, rcgE..rd t„  such things  r.e  the  exacted ouality,   performance, 

reliability of continuing service and upare parts supply of new product lines. 

•,xth roBpoct   t,  domestic oonsurapti•,   tho high quality and performance 

rcruirod f r cxDort  products  Bhould «r  ^r  ir. convincing prospective 

urchasers  to buy  locally.    At   the  sano  tine,  f.roiçn  purchasers  are under- 

.tiMdably reluctant  t,  cirait  thonsolvos  to a source of supply that has not 

m  oroven 3u;  by tue  practical test  of acceptance within the homo market. 
s 

be 
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Part   tv. o 

PLANNING METHODOLOGY 

25. The elements of the planning  process  discussed below consist  of a series of 

successive approximations,  with additional   information added at  each step.    In 

this sense,  each step is 3  self-êor.taincd unit  designed to y^cld data appropriate 

to the  next step by defining   the  areas of max-mum interest  to  planners,    The 

planning procedure   falls into two  distinct   areas-     (l)   technical   description of 

the  sector;   and (Z)   economic  description of the  present manufacturing   and demand 

structure,     The analysis of these  tao areas  should proceed concurrently,   so   that 

they may be both ready for the   f nal   step of synthases.     The  order of discussion 

is technical  description of the  sector followed  by economic  description. 

I.     Technical   description of the  sector ? .y  semi-quant i tat ivo methods 

26. The  son, i-cyuaeti tativc   Lew I   o''  tv.eur. 1 cal-economi c   deser1 pt. 1er.   is a level  of 

¿enera!  orientation  and of the   mil.-ì   format, on of concepts  and classifications 

for the  subsequent  more  detailed (fully   quantified) vork,     The  logic of this  level 

is thus the lo¿ ic  of the initial  organization of an  information  system,  and will 

be introduced as such below., 

è ,     Gene ra 1  con s 1 de ra 11 one 

27.     -'he most  distinguished texts  in  the   iielà of mathematical  programmine, and 

resource allocation are those expounding   theory,    Their pages of proof and explan- 

ation relate the manipulations required to  reach an optimum allocat on of limited 

resources by adjust\ne, the mix of activities,  or alternate uses  to which the 

resources can be put,   so that a  specifijd  formula,  called the objective function, 

is made  as lar0c  (or as small) as possible. 

2ü.     Invariably,  a certain sameness pervades  these works:    all of then assume  the 

resources available,   the activities to be mixed,  and the objective  function that 

will rate the  success of any trial  allocation arc f.ivon at the outset.    Even  those 

texts represented as practical ani filled with examples,  start,   of necessity,  with 

a £,iven set of facts  that are  limited. 

29. In short, we are deluded. The whole business of programming, as it finds its 

way into print, takes up in the middle of the job. The definition of resources to 

be consideredj   the  activities to be  juried,  the scale of success  that will rate 
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„ur «ml», «d "W«. •"• »tri. at ¿i-««!* « pre-ordained.    V, are 

oo^ted to a .ol of definiti«, and a problem str.ct.re that   inexorably lead 

; riv„ „.«It,  ,e a« not  to 'enow,  became the authors do not  tel! us,  how the 

„„'d^-nt,.  f,•. «mltMnt war, „ado.     There a., no handbooks on how to start. 

.,,      ï,t the  «serce of the pro^Cxng problem lies not  in craric-tunung, 

^Hourh *..   ^*. of  thr.  hhU.t,  .o enormous, but  in problen-foraulaUon 

,„,l definition.     P.  I, t.., ourpos,  of  this section to  I«* at  the fundamental 

,„M=,. of =t,rt;nf;  > progr-.rmng analysis, *th special reference to the „etal- 

vorkin/:  industrier.   in developing nations. 

:)   ~ic fiTaesi_fisation :r,d r^mbúir.^^JEroblems 

r  '"-e  t,. ^Unction botween  the nre-set problems and the text-book case, 

-orador firct  tnree nets  of spools,   or three fundament,!  classification groups, 

., rfefMied b-   the  programming procedure;     (l) a set of possible resources, wuch 

ni, or .--.y not  n^ be available to us,   but w'uc'i represent  potentially useful 

tool«,  storiale,  and nhili*-   (?) a  sfilar set of posible   activities,   Which  in 

rpolity  represent tec^nologi-lly useful  clusters of resource  application (in 

,r,lflc rotlGP),  TOat  frequently described b,  an end-product,   or interaediate- 

rViust nan,,   and U) a firel   Uct<n7 of pebble  fon,.!«,   for evaluating success. 

V      -ari of   th*ne   J.roc  Unto ,r,us r   bo  available   to provide,   in combination,   the 

~t,rt<nK po^nt  for the prense oí  progni.*.     If one  lor .ore)  is missing,  or 

'.colete,   we  h-,ve ,n undefined or   incompletely defined problem.     Tn general,   an 

,lter^cn or  reorgani^.ion of one   (or .ror.) of  tnene  lista  will  alter the 

r*:;uUn of t^  crogr^ain, effort.       breov.i,  the way  in which the three major 

4isto described  ,bove c-r. be detail ci  p.. sents   che  investigator with an  miUal 

c-plexi*  of déification and carnation fo- which he  Is  not prepared. 

Tr,..0d,   the   variety of c^nd,rtior  at  the outset - the rcnge of possibilities 

rmU-jl(   fo- cl.oeificntion md simplification - ie   infinitely greater than the 

variw o-  corputition  required in  the procedural phase of analysis for even ,he 

most  extensive orogi^nming tableau. 
33.     A ahort  physical  example c^uld convince the reader of this all-important 

• onfrontation.    Consider an electric sign,  composed of a square of 400 light 

bulb, arran^d in a ?0 x 20 grid.     Let each of these bulbs be controlled by an 
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individual electric switch, BO any bulb, or {roup of bulbs,  may be lit (or not) 

by the selection of a switch position,    Hinco thero arc 400 bu'iV     each of which 

may bo cither on or off,  the nijr.be r cf different  pet terns  that may be displayed on 
400 120 

on this board in  2        or approximately 10    " „     No artist could over draw a] 1  of 

those possibilities,  no  investigator  "ould over try or ; : 11  of them-   and even 

the  fastest  coiaputcr,  show in,,    the  patterns automatically,   coulu ever "ompleto  the 
1,0 

entire combinatorial shov,    For,   IQ"1"' "   combination:',   or patterns,   ¡s a number 

Creator than astronomical:     the beet  estimate of th¿ number of atoms 111 the known 

'universe  is  10 

34.    Yet,   th.j crude si¿,n beard  is  a   simple affair vhen compared to the patterns, 

or combinat  ons,  of,  say 1,000 resource elements that mi<_ht  be considered in 

combinat-on  as  shop?,  productive units,  or work contres.     The same argument holds 

for activities,   or productive  levels,  for ¿,iven end-  ar.i  ly-^x-r. inrtn.   The potential 

for ¿roupin¿;  components,  eub-assemblius,  and even final  products represents a 

similar combinatorial  impaese:    how  many different households could bo construc- 

ted from the  products  listed in the widely distributed Soars-'.oebuck catalogue? 

3$.    This  short  discourse on the potential variety of combination should convince 

tho reader that certain drastic measures must be  invoked  to  simplify the pro- 

gramming problem to human,  or even computer capability.    The  simplification pro- 

cess   --   v/hich uses the  stops of elimination,  ¿roupinf,,   threshold discrimination, 

partitioning and the like   -   appears both during the actual  programming computa- 

t'on,  after the  problem has be m defined as best the  invest  ¿,ator can,  and in the 

initial phases  of problem formulation«    As we have seen,  by  far the .reatost 

amount of simplification is  required at tho outset. 

tritial bir.pl i fir-   i*n pr^pjui-po 

36. The most  obvious  form of simplification of the list we have discussed is 

éliminât i or..   that is,   restriction  of the  lists  for resource  elements,  activitioe, 

and possible objectives  to a sub-class of what mi^ht be considered, 

37. In the case of an economy, wo may simplify the resource element list, or at 

least its range, by considering only one industry, say metalworkin¿, leaving tho 

other industries for later. This implies a similar constraint on the activitioa 

listinCf  and possibly on the list  of objectives  too. 
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38,    A more difficult decision arises when the detail within the metalworkiné 

resource (end activity)  list must bo specified,     From the myriad combinations, v-c 

seek a list of resource elements wh.ch has several  requirements- 

(a)    fixhaurtwçaeçE.     The list should provide a complete  scan of the metal- 
wTorir.    resovi-cs  presenti:; or potentially employed in netalwork 

produce ion, 

Dxdusivenese,     The elenotits  of the   list   should,   to the  decree possible, 
not  oy.rTTpTso   '^  in  thi- confutation phase  of analysis modest 
.idiuetnor.tr,   in  recoure  clement   capacity car. be evaluated. 

(b) 

(c)    Clarity The  li i raus reaa ly understood by both  those who  supply 
dSrtíd thor/who niuät   interpret" the   results of the  analysis,     No 
fío-ít   study'of .atalo, ue,,   docsi.rc,   or  footnotes should be  required to 
intern   renare,   elam^ t  *r Lotions .     Turther,   the  elemental  nrones 
chosen  should  U   auff ic t „r.tly . -m ral   so  that  they are  universally 
undei'Sto'jd   .n  van OUL"   Lan ua; es. 

(d)    Conlinatoria  -IM lit.;       The  dot-i led rcsourc, catcforacs  should be 
stated -r   the-   lTa  anonanle   to   later ;.roup:nL or partitions   as  the 
n0Cd  ^nc s    \m'c at  the outcet,   the   investigator cannot    :now his 
final" r,   ,k-,  he  r,as»   rr-vide  some  flexibility for later modification. 

(ci    üsofulmiaa   t^r plañían,-..     The   detailed resource categories  should also 
be  «-t-ted +o  -r,"      Tt  least   bv trasformati on,  with known statistics, 
economic a-.i^ifieàtions,  and trade  data to próvido both realism and 
practicality   to   th     arid  result 

(f)    'it-urUU.     To  nrovide   a meaningful  and  -onerali* useful  result,   the 
c^T^ts chosen   Uì the detailed listín,  must be sufficiently stable 

i j. „^ ~„», + --r.+  fwir'  11 ^ie  to   time pnd nlace to place  tnax in description  and content  irom ti..ie   n>   m.iv- ,.^ H
íC ^ 

the  results of analysis nay be  transferred from the time  anu place oí 
analyste, to  applications after the  analysis  is completed. 

39. A brief consideration of these specifications  for a resource oloue-A  list 

sw-;crtfi  t',-»t   r-U-nco  *n   specific  •    -   in'   n  sea   or  rf op  eonf i._ ur t ions   in  one 

country or at one t mc may not be   transferable or clearly understood,  nor stable 

as  technology and practice chanre.    Shops,  moreover, would not be mutually 

exclusive in their capability or makeup,   they would vary from place to place,  and 

would not be  'xiown to  an  information source without extensive cross-reference. 

40. Although a discussion of the type above could be continued,  not much more 

arcumont would be needed to surest a ha.orarchy of resource element description 

that has the required characteristics 
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B      P^scription of the  sector by semi-quantitativo pro*rannin^ data 

Hi »r=.r "•'-'• 03 cîCri: of 

41.     The Lient  unchan; :n-  and r.ont   renerà   cinesi f ìcatione  for a list  c^ productive 

facilities will  !••,  found  ir.  tb.    funct   ^  pcrforr^d by  , ivu.  tools,   processes,   and 

methods,  c.;,f  aet.nl  removal  v.,rrue r..ctal   fon,.n;..     In  outline   forni,   if "rietal- 

workint   proceden     ,ö  the ¿.nue,  notai  renoval,   nu tal   forr.in,;,   notai   fastening, 

etc.,   rtll benoît   inferior opeares,   or cab-clarifications which can   bo made  both 

exhauotivo,   and reasonably excluid       ¡..IVOVCT,   ruch criednos aru highly atable, 

internat\onally undorr.tood,   ar.ù   incorporated in most  production toste. 

.2,     Continuili;;,  m   the samo ray,   rpecific ne tal   rénovai   procese? become  species 

of the   -lase    :..-aI  renoval:   ••. th turn..; ,   dnllin   ,   bom u ,   rv-uun,,,   bronchi n, ., 

..rindan;,,   e + c    beconnn,-   sub-sub-clansi iicat.ons,     Further,  under    turnm;   •   the 

detail  uuy continue  to hand lathes,   semi-automatic  lather,,   fully-automatic   lathes, 

etc.,   and within each of these   cub-cub-sub-cato.-ariet-   to  specific  equipment model 

numbers,  as may bo  required for local  custom or specific   implementation. 

SummarizinL,  the hierarchy of classification would appear as- 

I.    netaluorkina processes 

A.      metal  renoval 

(l)      turning 

(a)        hand lathe e 

(i)      Harney à, Swascy I odd XXXX 

43. With this arrangement,  any level  of generality dojirod can be obtained,  so 

the list of productive facilities nay be constricted or expanded as  desired. 

itoreovcr,  data organized on this basic can be coded for later ease of extraction, 

combination,   sortir^,  and pr  • ranni;i¿  by hand or by computer.     As an additional 

advantage,   an investigator can  collect  infornati on about  the  relat  on between 

fundamental process types and cpocific end products from  informante who have 

different decrees of specific  'cnowlecbo and lrtor organize the  results of the 

data collection on a consistent   basis. 

44. A  two-level hierarchy of  listings of productive  facilities  is shown in  table 
1 cas  rows to  the  left. 

45. This tv.'o-lovcl hierarchical classification is closely related to the concepts 

of standard task and vesource clement but it does not coincide with either of 
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these.    The lowor of the two lcvclr corresponds most closely to standard tasks, 

since at this sta, e of data organization the  functions  (processes)  specified in 

the lower level are not  tied down to a specific machine park that  defines a 

resource element      Ac compared with standard tasks,  the  rows of table  1  show two 

main differences; 
46.     (a)    Tho ,oi   ht claco of output handled is not specified;  but  is left inpli- 

-n   -ine,   mfnr   ,tion rrr.ce.-ur," t-.e rer--11   rei \tP  -f  the   individu,!  products 

has been collect, d,   it  should be read ly possible at a latur sta.e  to broa'   down 

each standard task into woi^it class  s corresponding to approximate component 

weights      Tho present  undifferentiated fore in convenient,   sir.ee  it  leaves open 

the'issue  of standard tank classification  by weif ht until considerably more data 

are collected on  typical products  in many branches of the sector.     Thus,   semi- 

quantitative data organization facilitates  the  definition of proper standard task 

categories  for subsequent  fully-cuantifiod empirical work. 

47. (b)     The tu.rialitv class  of output   from a procos  is not  specified,   but is 

arain left   implicit  by reference  to  the  scr.ality characterizing   a Livon product 

as listed  in an activity column,     The remarks of (a)  above apply analogously to 

this case. 
48. In order to  -void confusion v.ith either the standard task or the resource 

element concepts,   the  rows of table  1 will b,  referred to simply as 

This  designation  is convenient since it corresponds to the usual   ¡ntcrprotaf-on 

of activity-.inn.lysi s models  as describing resource  inputs  into  specific  activities. 

The  resource, corresponding  to th,  rows  of table  1 are  then processes  (or process- 

if    functions)   us,d  to characterize proauction  facilities at a rather hiLh level 

of generality within the hierarchical classification. 

49/ Although tho hierarchical approach  to the organization of productive  facili- 

ties is not new   .    indeed,   :n ( onerai,   the hierarchy  of classification and 

structure  sw,„ested  .s common to  the Downy Decimal  System used  Ln   libraries and 

the Standard Industrial OlasaifLcatxons  used in rovcrnnent  statistics   -   its 

specific   extension  to  th,  organization of preliminary pro; rammm,    data has not 

been widely exploited,   if at  aLL,     The  advantages of such an approach however, 

are  the  sane as   those   -encraiiy  found in  information  retrieval  situations involv- 

infe mass   data   filer  plus thee  .nh .rent   in research  flexibility and data collection 

from diverse professional  sources. 
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50. ¿t the laiae time the hierarchical approach exhibits here, as elsewhere, sono 

wcll-rucotnizod shortconina^ Foremost anontí these is the ambiguity of classifi- 

cation when there arc  several  clr.ssifactory entona  that five rise  to mutually 

j     inconsistent classifications.     In  the present  c~.se  those  shortcoming   >r«   not 
f 
j     si   nifi (vint at   the  level  of ^neraU+y  reprinted by  table   '.    At   o norc  detailed 

I level  -   different   iind of pre bien arisos,   in  th-t  thv.ro will   net  usually   exist  a 

| one-to-one correspondence   between processing   functions  and productive   facilities 

; Thus it   is  true   th-t   (m the   illustrative  hierarchy presented above)   a   lathe of a 

J f.xvon codel may  be requ.rod  for p^rfcrr.in,   -, ; ivea  turnm.   operation    but  if the 

j vforkpiece   is heavy  there will  alao  N. a reauireinent   for hoists or other materiale 

j handlin,    equipment.      "he  resource  elo::.,nt  concept   :n  an atter.pt  to   quantify such 

| conplop.ont.ari ti oc,   in  add; t'en,   ho*, ver,     t  alno creates a  hi<hcr-luvel   abrogate 

; in  that,   for example, in  : ic". inin      ci-iny  kinds  of metal   rumoval  processes  (turnint, 

j drilling,   plamn,,   -ilHnt, etc)   >,rt   brought  together into  a single  shop that 

j defines  the resource  element,    Th. s hifcher-leVol  abrogate,   however,  does not coin- 

| cido with a hit her level  in the hierarchical classi fication ¿ .ven abovo„ 

51. For operational   purposes v/e  shall  UFO  t':^  concept  of resource  (m the sense 

j of a metalvorKin*   process or  funct   .-.n)  T  defined above   for use m  table   1. 

j _222£ ,c Pépiai. P.xyb 1 eir, s in ac t i v i ty c lac a i f i ca 11 on 

j   52.     The  resource  lictir.r   structured   ...   -hov  can be nr.de both relatively exhaustivo 

and complete,   both stable  and clear,   and both  flexible  .and useful   in planning, 

i   However,   r more  difficult aesi; nnenl  face-s  the  coder when he  looks at possible 

activity  lists, 

5.%     This  ID r-o,   because doEisners of products have oxploitod the principle  of 

combinatorial variety by usmt nrny combinations of production processes,   and many 

combinations of common partr  to product  from a small  list of resources a cornucopia 

of end-products,  which could bo considered activities. 

54.     This  result  poses at  least  two major problems for the  investi*ator:     ho must 

find a way to  -roup products  and thereby reduce   the number of activities  to a 

reasonable number,   -rnd he must contend not   on\- vnth commonality of components  and 

resources consumed but  also with  the soriality of production,  that   is  the changes 

i-n tooling and design that would follow the specification of longer or shorter 

i 
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35.    Onu .-.pproach to this two-fold problem is via the route used in specific manu- 

facturir"   prentice,  that ie.   the  decomposition of many assembli or into their 

c.omponc-icfc,   sub-ass embijes,  r¡aterirás rcauircments,  and machine-labour requirements, 

with   cuun-rizaciüri at  cad-   1, - "'     ^ requirement  ,.r. assembly.     This  so-called parts- 

oy.p'.r,;:."., t. •   ? .. r.ov.rc e -e vpl osi on problem  is a standard data-processing task in 

industrial  factor,   plannin; ,   but  because   of the  detail   involved,   only  the more 

-nliuiticat-d firmi; have ¡rajterea  iL  such as  the automotive  industry  in the United 

e'atea  üf borica.     lost  fi rr.r pay   for lacle of such detailed organization by 

Luc reason  of m-piocos?,  inverter ec,  work halts,   and similar disturbances,   and, 

-.•.deed,   the cost,  oí   : uoh dcta.'leu olarinina   i~ often  justified only by extremely 

M.'h  rer:. ali ty   in a competitivo economy , 

y-'*,     ?hu   techni nie? oí  decomposition ere  discussed bclou in this report.     However, 

iL  shoulo. bo noted that the  resources r-aured for a detailed decomposition study 

of eren  a short   list   of  typical  products  ic  estensive  if it  attempts  to  be exhaus- 

tive,     '"he  analyst  af.am iacos the  combinatori"!  dilemma initially described, 

Lven Vila vaiarci ted  fir anca al   resources,   time would remain,   and technology would 

erruoc  faster than a   truly exhaustivo decomposition study could be completed.     In 

obior '/ordì.     Mie an^ys*  cones   Lo   the stone wall  of the basic  theorem of planning 

• rl coctrcl .     The  .npucr, and corrections nade   xo r   process must be at  least aß 

rv.jin .- nn as numeraras  ac the   variation«  ana e han, o s to be controlled,   or he is 

'viTd   te    . 

j7      There arc,   however,   levels of control  that can be exploited.     Just  as a 

hier. :hy of reFcurav   c'a ici f icat Lor pom.tr,  flexibility ("^s well as the  other 

e1 --TcU'ication vu Luce descnued),   a hierarchy of product torpes,  or activities, 

also peT.iiLa? a  coverai-sta/,c or sequential approach to  programming. 

5°«.     Tf  the ovoi'-rd-.  " ~"•'-"* of pi anninc   that nos  to to comprehensive  is handled at 

lotici   levai   of detail,   ..-ith   th • more  detailed planning  handled selectively at 

r.u^oecsivclv lower levels  of control,   it   is possible tc   adjust  the capabilities oí 

Lho   planner-controller  co  the  demands   -,f  the   task at hand.     In short,   it   is possible, 

no; v, a combination of analytical approaches to have both ; encrai and comprehensive 

platfuiif  rl on.---   level,  and sinml+anecusly to hove dota., led and specific  planning at 

-elect*,d lower levels   ...  on a 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-quantitative resource activity matrix and its virtues 

60. Fany of the problems of resource 1 istings arc overcome by resort to the 

hierarchy cr  description described previously.  Since tie listing at the higher 

levels of the hierarchy require few categories, ->nd since the detail of the 

listing can a1ways be consistently expanded by adding further lower levels, what 

is initially done to construct a crude table of resources vs., activities is not 

wasted, but rather serves« as a guide to further investigation. 

61. Because of the Jjroat commonality in the components of finished products, 

however, it is difficult to isolate categories of products, that cleanly produce 

blocks of resources and activities»  lloro we must resort to a partial separation 

of classes, hoping to achieve to the extent possible, the desired characteristics 

of a classification scheme. 

6?.  The matrix of table 1 suggests a mechanical route to the desired classifi- 

cation and partition of activities.  If a large sample of products can be obtained 

quickly and cheaply - one whic-1 shows the detailed checklist of resources needed 

to produce them - and if this sample is representative of the metalworking sector 

and its various branches, then various mechanical sort ine and grouping procedures 

can be used to construct product groups, or product prototypes, w'ich will be use- 

ful for planning.  I'oreover, we can by these means, scan only those products tuat 

have, some immediate interest, should an exte si ve sample be beyond oui' resources. 

O'e will temporarily consider both finished end-it«ms and componenti as activities, 

and so show both as columns in table 1.) 

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

collected about a given product and its 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 produce), we are able to provide a large 

scan of possible products, collect 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~<ruantitative 
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guides to activity inportane a  -   as well as a check of need.    A number »2» i. 

inserted for processes that are considered in some sense critical to the produc- 

tion of a given product,,    In this notation, "the definition of critical may bo 

related to one  or more of several criteria:     mass sonality,  current  technology, 

complexity of product,  difficulty of assembly and tost operations,  or export 

requirements.     In addition,  lettered notes are provided for a resource/activity 

cell when further infom-.tion is  pertinent.    These notes are provided briefly 

at the foot  nf  oaoh product column. 
65. (b) ^-f•Tin:   "ctivitv cla^,.     It  is interesting,  before we go on, 

to describe p^ronthctic.liy how  ouch a table can be used to provide  a mechanical 

self-groups,  of products by their similarity  (with respect to resources required 

in their Manufacturo), 
66. For this  purpose, consider the much-simplified resource/activity matrix, 

often called an  incidence matrix,  or binary matrix,  shown as  figuro  I.     (for 

simplicity, we  temporarily drop the critioality designation,  and technical notes 

as shown in table  l). 
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Table 1 

Listing of reeources 

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 FORJ'IMG 

1100     Forge, free (H) 

1120     Forge, die (?) 

1130     Forge, mixed free/die (l) 

1200     Casting, iron (6) 

1205       sand 

1210       mold 

1220     Casting, malleable (l) 

1230     Casting, steel (3) 

1235       sand 

1240       rr.ould 

I25O     Casting, non-ferrous (3) 

I255       sand 

1260       rr.ould 

1265       die 

1270    Casting, precision (l) 

1275       mould 

1280       die 

I29O     Casting, all others 

I3OO     Upsetting (fasteners, etc.) 

I3OO     Extrusion (tubes, shapes) 

I5OO     Roll (tube, shapes) 

I6OO     Draw (tub*», ••tir^) 

I7OO     Press, draw (tubes, etc.) 

I7IO     Press, coin (emboss, etc.) 

I72O     Press, bend (brake) 

I8OO    Kind (motors, transformers» etc.) 

. 
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2000 METAL REMOVAL 

2100 Turn (lathe) 

2200 Bore (drill) 

2210 Ream 

2300 Grind 

2400 

2410 

Kill 

Shape (plane) 

2500 

2C00 

Broach 

Tap (inside thread by die) 

2610 Thread (outside thread by die 

3000 METAL CUTTING 

3100 Press shear 

3200 Press Dunch 

3300 Saw 

3400 

39OO 

Torch 

Other cutting operations 

4000 HEAT TREAT OPERATIONS 

4100 Furnace 

4200 Induction 

4300 

49OO 

Quench 

Other neat treat operations 

5OOO FASTENING OPERATIONS 

5100 Self-tap screws 

5IIO Nuts/bolts 

512O 

5I3O 

52OO 

Rivets 

Special fasteners 

i-.'eld, 3pot (short-run) 

52IO Veld, rpot (long-run) 

522O Veld, continuous 

5300 Cold flow 

5310 

5320 

Force fit 

Braze (silver solder) 

5340 Solder 
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5400 Designed (catch, interlock, plug) 

5500 C-lue 

5900 Other fastening operations 

6000 :-'LiijHic ore.ATIPìA 

6100 Tumble 

6IIO Straighten 

6120 Finish grind 

613O Brus»'4 and polish 

6200 Dip (to clean, prime) 

6210 Dip (to finish) 

63OO Spray, paint (short min) 

63IO Spray, paint (auto line) 

632O Spray, vitreouc enamel (short run) 

633O Spray, vitreout, enamel (auto line) 

639O "pray, other finishes than above 

64OO Electroplate 

65OO Laminate 

6600 Chemical finishes (anodize, etc.) 

695° Other finishing methods 

7C00 FI»AL ASJT3IBLY ^.D TACK 

7IOO Hand (nhort run, no pace, licht) 

7IIO Hand (unit am short, no pace, heavy) 

7I2O Hand (ion; run picei) 

72OC .jeml-autirrititi ; 

7300 Puliy automatic 

74OO standard performance test 

74IO Standard performance test (auto) 

742O Critical tort needed (see note) 

743O Critical adjustment needed (see note) 

744O Critical assembly equipment needed (see note) 

75OO Hand pack (short run, no pace, light) 

75IO Hand pack (unit and short run, no pace, heivy) 
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7520 Semi-automatic pack 

753O Fully automatic pack 

8000 MATERIAL HANDLING 

8050 Manual 

8O6O Manual (simple wheels and skids) 

8100 Cranes (overhead) 

8200 Conveyors (aanual) 

8210 Conveyors (automatic) 

83OO Trucks flift, pallets, bins, etc.) 

8310 Trucks (on rails) 

8400 Elevators 

85OO Transfer machine 

89OO Other material handling 

9OOO PURCHASED ITETS 

9100 Electrical motors 

9IIO Electrical controls (simple) 

912O Electrical controls (complex) 

913O Electrical controls (very complex) 

9I9O Electrical supplies other 

95OO SERVICE FUNCTION 

95IO Laboratory vquality) 

952O     Laboratory (design) 

953O Maintenance (critical) 

954O     Inventory level (critical) 

955O     Production sequence (critical) 

956O     Sub-asBembly co-ordination (critical) 

957O     Tool and die-making 

958O    Jigs and fixtures 

99OO    General design and specification 
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67. Using this binary-type matrix, the whole r.:ct^iwori:in0 sector may be 

scanned and an incidence matrix of several thousand products can te constructed 

at low coat. The aim of this procedure is to gain a quick overview of the 

product inter-relationships without being concerned whether important products 

have been omitted.  After the clustering of product, and resarces (discusse. 

below) additional information regarding criticali*- is added to further define 

the clusters. 
68. Using such an initial source 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 Bimilarity. 

60. Por example, we may now compute an activity/activity or product/product 

similarity table, a» follow*. Take each column of figure T and find the number 

of "matches' between the elements of that column and the other columns of the 

figure, where a .r.atch ir defined as an equal cell incidence of "l's". 

(Mathematically, this corresponds to matrix multiplication of figuro I by its 

transpose, an équivalent table with row« and columns interchanged.)  The result, 

shown a* figure 11, show, how on. codant, or activity, >n related to another 

by the number of common re^our^c -mcioyed in production. 

TO. Figure i I  s mad I- firrt noting th, numbers on the diagonal, which given 

the number of Bel f-n,at,h,s, or the number of -l's» in a given product column. 

Reading to the right, for any given row, we ree the number of resource, required 

for that given product- production, which arc alno common to other product«, 

e.g. product A required two resources, which are also required tv products I» and 

E. Only one common source (not necessari 1;/ the same) atoare for products B 

and 0.  Thus, by a rimple count of common resource, product, P and ?.  are more 

similar to product -, than product, :< ani C  ore.  Tins m.ar.ure i« one of many 

that could be used.  It hac at least one defect:  the illustrated measure does 

not indicate which products could be made if others can be made; for example, 

consider the difference between products P and 0, given resources lana 2. 

However, this deficiency can be overcome by other simple manipulations, and the 

product/product matrix does provide one way to group, products by commonality 

of resources required. 
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RESOURCES 

Figure I 

ACTIVITIES 

A BCD T3 

1 1 1     i                  1 
i 

1 

2 1 ! 
1 

t 1     1           * 1 

3 1     )           ! 1 

A resource/activity incidence matrix, showing a list of resources as 
rows (1, 2, 3 ...) (A, B, C ...). This basic table will be used in 
the examples to follow. 

Figure II 

A         B C 

! 
:   l 

D 

2 

E 

i    2 
1 

A 2          1 

B 1          2 0 1 
i 

2 

C 

2      Ì    1 

\   i 1 
L 

'    1 

D i 2 2 

E 2          2 '   i 2 
i 

!   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,  a resource/resource table may be produced, as shown 

for the  oxanrole of figure I  in figure III.    Here we have counted the matches 

between on.  row and all other rows  of figure  I.    (Mathematically,  this corres- 

pond  to .acltipl.-.c-.tUon of the transpon o  of figure I by figure l).     Again the 

interpretation  i.  th2 same.    re  ,oe that  proc^ ? is m.rc  cmilar to process  1 

than to process   5,   in the sense that more producta in our list require the 

common resources  1  t.n* 2 than 1 .    V3 or 2 and 3. 
72. Thus,  using the concept of rinilarity matrices,   or tables,  we may mechan- 

icrll- rrouo,   for the initial listing of resources and activities,   those which 

are mutually  cotrnon,   specifically by rearrangement of the rows and columns of 

tabic   1  to  produce   oiocb-   of 'T'"   entries. 

73. One net hod of   creating .ach  block,  mechanically   is  to   produce a  table, 

such as  figure I",   which  reorders  the  rows nnd columns of  figure   I by the 

similarity sums  or   fibres   II  rui*   HI.     Thus,   if  the numbers  computed  for the 

resource/resource matrix of figure II   are added, striking a co Turai total  for 

cicli  CV.:ì;   .-A if  'A-  ^ m?^r <: -i^  ill a, = 1'dod  across for each row, 

stridii- a row   total  for  each row;   and,   ifin addition,  a new  table   ir.  constructed 

with ro,s and colurrn, rearranged   in order of their scores   m this computation 
r-..      i'.   s--   'ir -+   -••nv<  I  vow:'  abovn), 

(uith the highest  scored'   "'   -        "   • •-'"   -r     s      '    '"   " 
then :ro Y.-.vz  a ne.,  table   in which resources  and activities   of highest  commonality, 

P'n previously defined, will appear in the north-west  corner of the new table. 

The result,   figure   IV,  .-hows a grouping of resources  and   activities as  suggested- 

In such a table,   the jrod^cts having the greatest number  of resource require- 

ments will  probably,   chough not  necessarily,   appear to the  left-   resources 

entering the  greatest numbc, of  products will usually,   though not  necessarily, 

arceau at   the tor,.     Although such a mechanical manipulation of the data does 

not  grantee a clean uartitionmg of  the data into  separated blocks   (which 

ny be considera   independen:.   Tor later analysis)   it  does   point   generally to 

the  p.-od.-'cto  + '.iat   r^r.ro the  greatest   number of resources,   to  the left,   and 

the rcsouxoes  nf     he greatest   common use,   to  the top.     Such a display not only 

has   immediate use   in suggesting resources  of gre,t  generality,   but also  in 

s-iggestinc  "easy"  versus  'difficult-   products:     for  a given row,   indicating 

generality  of resole need by  its  rank,  the easier products will usually appear 

to the light,  the more difficult to the left. 
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Figure III 

1    2    3 

T      ' 
4    3   2 j 9 
 —(— -• •• -• -i  ' 

3 ! 
i 

I 8 

2 1 2 5 ROW TOTALS 
i . - 1  .. 

A resoure/reaource similarity matrix.    Interpretation is shown in text. 
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Figure IV 
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The reordered incidence matrix of resources and activities.    The rows and 
columns are crdered by the total similarity scores shown in Figuras II and III. 

Fipuro V 

A 

1    ! 

RILL MATRIX 

REDUCED MATRIX 

A comparison of resource counts:   for the complete resource/activity matrix, by 
activity,  versus the same count,  for a con"trained resource  list,   as described 
in the text.    Equality 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- 

quantitative data of table 1. 

75. (c) Feasibility checks.    The semi-quantitative resource/activity matrix 

mr.y also he used  for feasibility checks, and to compute a comparative  count 

if needed,  but unavailable resources.    Although the  index produced is  simple, 

it  is informative and permits quick comparison of needed versus available 

resources. 

76. For example, using the  simplified resource/activity 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  available   presently,   for illustration,   s,.y resources   1 and   2. 

wtract   them-  row, fro,,  the  full  resource/activity matrix   to produce  a 

constrained matrix, and  again  strike  a column total.    The result  of applying 

these steps  to figure   I   is shown in  figure V. 

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

a riven product,  then  all  the  resources required  for that  product are available, 

and a sen across the  product   listing vail  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  specifically correct  capacities.     The crude approach does 

indict,  however, where potential capability may  lie,  and is a necessary 

requirement  for further  refinement  and quantification. 

73.    In the same way a comparison of the  scores for the  full and constrained 

matrix columns gives an  indication of the number  of missing resources for 

products  that are not  at first feasible.    The lesser count for these products 

specifically shows the number of resource  categories lacking, not which ones. 

But again,  such a quick comparison nth its  large possible scan indicates 

generally which products are  likely candidates to be added to the feasible 

list,    in other words, a product that requires only one missing resource may 

be r. more  likely candidate than a product  for which there are none of the 

required resources,  and one  possible ordering is by that deficiency. 

Immediato practical uses 
79. "in short, data collected and presented in a semi-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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ar.1 that can provide  initi.il  feasibility checke  and  scalee   for rating .-mild ite 

80.    Using thiB  initial screening approach,  the  investigator is able to get  a 

cunnrehensive scan of possibilities,   then direct his  attention to a smaller 

number of interesting possibil it ios,   that must be investigated  in further 

detail.     Moreover,   by noting the  oritieaiity and special notes,   the second- 

stage   investigation   is   further directed  to areas  of special   interest. 

Further ^refinement of product  classification 

ft]..     As  larger  lists of act vi t i e-   Tre  added to tabic  1,   the problem of common 

components and sub-assenHie«  extern  the picture.    This  is so becauce not only 

commonality of resources,  but  ^lso  conmonality  of components  and  cub-assemblies 

may bo  of interest   in marketing,   design,   and selection  of feasible activities. 

8?.     In viewing the sub-assembly   problem,   two  forms  of  "treeing"  processes  are 

of interest,   the  first   the dorisi on  tree,   and  the othar  "requirements  explosion',' 

tree.     See figures  VI  and  VII. 

8}.    The decision tree,  shown  in figure VI,   illustrates  the hierarchy of choices 

in a selection process  that  leads  eventually to a specific design or instance *f 

that  class  of objects  that would satisfy the general  objective    t  the apnx of the 

tree.     Thus,   if the general  objective were to provide  humans wx-h  flexible ground 

transportation under the  constraints  of certain  terrain,   environment,   etc.,  we 

find at   once   that   certain  functions  must be  filled,   for example,   a prime-mover 

is  needed,   there must be  some method  of control   for direction,   speed,   etc.,   there 

must  be. some vr e/  to  physically contain and hold  the  passengers  and so on.    There 

is  essentially no choice  at   this   first  step.     Next,   however,   each  function may 

hive  many modes,   of   implementation,   so  alternative choice   is  possible.    For example, 

the  alternatives  for a given  function may be different  cub-assemblies    when the 

sub-assemblies  performing each  function are combined,   they  produce a product 

meeting the  general  requirements  ntatud. 

34.     The more detailed   tree of figu-e VII,   called a design or "explosion"  tree, 

provides  nere detailed   information,   but   is usually without  choice.     It   is  usually 

the  result  of a sequence of decisions  as   in figure  VT,   and   is used   to describe 

a specific group of products   as   they have been specified  for production.     The 

purpose of the tree  is  to evaluate,   in detail,   the volume  of lowr  level resources 

needed once a finished product  mix has been agreed upon.    Figure  VIII  shows  tho 
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matrix equivalents of the tree of figure VII.    When matiix (Sf is multiplied by 

matrix ¡k! (in  that order),  wo have matrix /cj,   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,   is converted   into 

a parto  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. 
85. In terms  of our previous discussion,   figure  I,   the resource/activity matrix 

in 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  by the 

world market.     In addition,   urw  the  incidence  matrix  format   of table  1,   nc 

exact  count has  been n.ade  of   the  level of component  or sub-assembly  use  in   the 

list  of  finished producta presented,  and   indeed   components,   sub-assemblies,   and 

finished products have  been  listed   in table 1 as  activities without  distinction. 

86. In  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 more  towards evaluation  of chosen plans,   rather than at 

the compariBon of alternatives,  so  the deterministic,   choiceless tree becomes 

relatively more   important. 
87. Further,   if our  initial purpose is  only  to detect the  incidence of common- 

ality   between  resources and  possible activities,   then  the approach  of figures 

VII and  VIII  permite us to   treat  the sub-assembly problem as   either a series of 

tables,   in which,   for example,  components would be considered   resource  inputs 

into  sub-assemblies,   and  sub-assemblies  resource   inputs  into  finished products, 

or as a  table  of direct plus   indirect  inputs,   showing  the elemental   resources 

going  into a given column  standing on it»  own.      In  the  latter case,   ail 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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lethod 
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Method 
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A docision or option troc.    A general  nethid,   or objective   is proposed. 
Acceptances   jf that proposal   requires   the      'l/¡ .'. >'\  :.'      if ^îvcn   functions,   shown 
in   the  half-boxes.     (Or,   in   the case   )f risk situations nay require  the listed 
functions.)    At   the next   1 mur level,   wo so.  that   the stated fune ti ins nay be 
alternately performed  by   tw>   or miro  ohñces   >f noth)d.     If the   tabic  wore con- 
tinued,   so would  the oh JICO  requirement hierarchy.     Decisions   are made  t) select 
a  full  box;  necessity   JT chance determined   the  functional  requirements. 

Figure  VII 

MATRIX [A] 

ÎÎATKÏX [B] 

A deterministic design tree.    Two ond-products, denoted by  P,  aro designed 
to  bo made from three  sub-assemblies,  which in turn are designed for production 
from four common products,   or  parts.     (Only design arrows from  the first product 
and sub—assembly are shown for clarity.)    Ni choice  is available  in  this 
"explosion'' after the  initial   family  of designs has been made. 
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Figuro Vili 
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M [C] 

A'matnx dis^y of figure Vil.      liatrix A shows tho number of sub-assemblies 
of each kind entering each final  product.     Matrix B shows the number  ^ P«*? of 

each kind entering each sub-asscmbl,.     V^hen nultipliod  together,   f^1'•* *£    d 
rules  ,f matrix nul ti plication,  this parts list   is -oxplodod"  ¿ivinc tho dotailod 
relationship botwoon   parta and final products.     The  idea may be continued t.> go 
from parts to  machine  and   lanhour  reaourcon,   etc. 

TitPrï Total 
Needed 

1 13 9 

2 8 14 

3 4 3 

4 11 17 

Total 
Needed 

500 

200 

2 

3 

8300 

6800 

2600 

8950 

Computation of  "exploded11 requirements by matrix multiplicaron.    Multi- 
plication of  the master parts list by the mix of finished items needed produces 
the elemental   parts  requirements - which by extension of the same  process can bo 
converted into elemental machine,    aonhour,  and  materials resources. 
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88. This explanation should further explain the rationale of table 1, in which 

sub-assemblies, finished products, and oven componente have boon commingled. In 

table 1 we have attempted to chow a complete incidence checkoff, as would be neces- 

sary for such a grouping. Although the contribution of suo-assemblies in lost in 

this grouping for a Riven item (a defect that can be remedied by construction of 

higher level tables as desired) the checkoff is compiute, and does give the com- 

prehensive scan needed   in one  table. 

89. Thus, even though  finished products  and sub-assemblies  are shown together, 

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

Introduction of critical   process 

90. Although  the concept  of critical process was introduced  in tho discussion 

above,   (see table l)   it  actually comprises  the second stage of the planning pro- 

cedura.     After products have  boon clustered using the binary system,   it becomus 

a  relatively simple Matter to add the relevant  data concerning critical processes. 

Thus,  a number "2"  io   inserted for a "1" when a  process  is critical  from the 

standpoint of the following possible criteria;  mass seriality,   current  technology, 

complexity of product,   difficulty of assembly and  test   operations and   export   re- 

quirements.    The aim here  is  to gain the maximum possible correspondence between 

producta  before goiter  on to more detailed work.     Processes meriting special 

attention   is potential   bottlenecks for a particular product cluster will bo  evi- 
dent , 

H.       This also presents a suitable time  to  initially decompose products  into their 

constituent sub-assemblies and important  components using the  same 0,1,2 basis. 

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

necessary   for relatively  simple products,   the sub-assemblies and components  of 

the more  complex products will be necessary  for tho next  fully quantified stage. 

Process  substitution 

92.       There will  bo many casos whore  it   is  possible to produce a product,   sub- 

assembly  or component  with several  ' It orna ti ve processes.    A series of iterations 

using each p-ocess separately may then be  carried  out.     For instance,   it may be 

desirable  to move out   of machining anu   into drop-forging.     In this case,   in  those 

products  etc.,   whore  drop-forging is an alternativi process,   th^O.l,?  flagging 

should be changed from  machining to drop-forging.     The  produces will   thin cluster 

differently and once  demand  is known,  annual  capacity requirements may be calculated. 
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Link >of^n semi-quantitative and fully tpantified data 

9Ì      The aim'of the semi-quantitative method is to uncover the relationships bet- 

ween products and procesaos aerose the vhole sector.    When this  is done and con- 

pared with domestic demand,  there vail   be a number of clusters which will be of 

.priai   interest.     The problem then arises as  to vhether or  -.ot  these can be pro- 

duced and at what  cost.     Dy use of the methods described above along with a census 

of the country.o machine  park,   there can be no detailed answer to this problem. 

It is now necessary to further quantify the product and resource clusters for 

costing purposes.     At first, only those clusters of major  importance may be inves- 

tigated.    Por products.,   no problem arises.    However,  for productive facilities, 

some  otandard must be chosen so that the country's machine  park may be evaluated 

on a consistent basis. 
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II.    Technical-eoonomlc description by means of fully quantified prongramroing data 

94.     Hilly quantified data,   baaed on a modular description of productive  facili- 

ties,   represents an intermediate position between the  tvo extremes of semi-quanti- 

tative data and project engineering dita and is  intended  to be used for costing 

purposes.    The first  level yields over-all orientation with a total sacrifico of 

precision of detail,   while the  third level yields  full  precision of detail  with 

a total sacrifice of an over-all orientation. 

95«     The terra   'fully quantified' must  not  be taken to mean that the respective 

data are the ultimate  in precision and reliability.     The  term 'rough quantitativo" 

data could also have been used as a description.    They are  intended to  be accurate 

within a reasonable margin of error (approximately 20 per cent)  and to provide  the 

material  for a programming model of the sector which vili   identify the desirable 

productive  facilities  for a ¿riven domestic demand and export orientation.     Feasi- 

bility  studies,   based  on these data "-ill  be subject  to  costing errors,   and all 

conclusions arrived at  through their use till have  to be re-worked for final 

decision-making by  reference  to  project  engineering data.     Their  purpose   is  the 

identification of  the  proper course of development of the  sector as a whole  - an 

area hitherto  uudefmed. 

96. The m.ta Ivor king sector  is  characterized by the  overwhelming use of multi- 

purpose  production  f icilities.     There  are,   of course,   branches of the sector that 

use  special   purpose  equipment,   for  example,   a can line  for  making tin cana, 

machines  for making vir-.;  products,   or machinery for making components  of  electri- 

cal   appli'inces  suoh  as   television sets.     nonetheless,   th<    assuntili  core   of  the 

sector  can  be  veil   represented  by  a  common set of resource  clement   inputs, 

97. Loosely  speaking,   a multi-purpoi      resource  element   can  be   identified  with a 

shop,   such as a  casting shop,   a   forge   or a machine shop.     The advantage  of   this 

concept   is  that   it,   avoids   the  need of keeping track  of  individual machines  which 

would  be  excessively  Imrdensome. 

I 9^.     One of the  critical   problems  of  planning for the metalworking industries   is 

to  decide what  capacity  to maintain  (or  invest  in)  with regard  to each of these 

resource elements.     Certain ones,   such  as heavy forges,   have enormous yearly capa- 

cities and it  is hopeless,  except  perhaps  ia the  largo  industrialized countries, 

p 
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to achieve full utilization of such a resource element on the basis of the input 

requirements of a single industrial branch, "such as agricultural equipment or 

electrical machinery.  On the contrary, it is desirable that all the various 

branches in a developing country should participate in raising the utilization of 

the capacity of such a forge, since there is an inherent indivisibility:  the 

forge is either established at the given yearly capacity or it ir not;  one cannot 

invest in one-fourth oí' ^ forge.  The name problem exists vith regard to other 

resource elements, especially th, ones adapted to handling outsize or heavy vork- 

piecos, and the ones designed for specialized jobs.  In sum, since the proper 

utilization of productive capacity requires the sharing of this capacity between 

product branches, the planning process for this sector must necessarily cut 

across branches. 

ÌAilly quantified data 

99.  The technical-economic description of the sector is undertaken with the aid 

of the following concepts: (l) Kor the description of resources, standard tasks, 

and resource elements (standard shops) are defined; and (2) ?ov  the description 

of products and groups of products distinguished by branches of production, typi- 

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

Resource elements 

100. The main purpose of the definition of resource elements (standard shops) is 

to cut across 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 into 10-20 standardized classes in accordance with 

veight of the vork-piecc-, the average seriality (unit, small, medium ?nd large 

series, and mass production) yearly capacity, rav material (ferrous or non-ferrous) 

and possibly the degree of precision.  One such standard task .night be the a-.c- n- 

ing of a work-piece that woighe 10-100 kilogram,;, with >  seriality of 250-luOO, 

but without regard to whether the kind of machining required involved turning, 

milling, planning, drilling, other metalworking operations or combinations of 

these.  The fundamental issue is the standardization of the tasks; once this is 

accomplished, the products that are produced by the many kinds of machines and 

equipment are no longer directly broken down (decomposed) into inputs of these 
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wid Í vi dumi machine or equipMftt C1M««9,  but  into  Input« of »t^rnUrd  tai.kf.. 

Senaliiy  and,   therefore,   the   problum of decreasing ''««H   ì«  implicit   ir.  Ih« 

definition of  thu raaource  r> I em« rit.     à   lir***  oKv^v   ih  prvtuet   aun-iltty  r^«jMrtwr 

\ different  resource  «lernent   IB  handled   »t¡   i   different   pretil*!-;. 

l'U,   The  -sont   important   groupe    if   rere-turr;   «ìo^^ntf.    tr«    f »un *r i -»»-     Pub-elaamí led 

into cast   iron,   st;«lt   md  n^n~f c rr<»u». ;   ¡ >rg<>t:     •••"»mprjimg f >th  f r* e  -»nd d»o  for- 

ging;   «tarapin* shops,   eoo^ring nivi.rae  coli   f »raing op*.rntif»rus   upa«-tUn#r «nope, 

covering acre* "nehino  and  rei it«*d  pn&rsep;   'i-chin«   yf^pn;   vvldin# *»<i  boiler 

shops;   heat   treating unitu;   \nà  assembly  «hops.     The   eap-ieiUt-r-  of  theae  shop« and 

the  input   requirements m.\y   t>e Twsarmr. 1   m  ai»t   et mdard-ahop hour«,   tor»,   aqu<ur« 

feet   jf assembly  area  or other  suitable  physical  u.ut*. 

10?,  A  stindard  task   is  performed  by  a suitably  defined standard shop (resource 

element),   with      machine  park  tnat   is   lust  capable  of accomplishing the kind» of 

metal'-orkitwt  jobs  thiit   occur on  the  -vorage   in   the   flov of standard   task  unit« 

that are  channel! id to  this  resource   element.     %  the use of the  resource ©lament 

concept,   the  labour,   equipment and  indirect material   inputs  (tools,   lubricants, 

form sand,   etc.)   of a  product   ire  registered   not   directly,   but  via  the resource 

elements,   in two distinct  phases.     The  first   phase   is  the determination of  thé 

equipment  and  flov inputs going  into  the  standard  «hops on the   bas le  of  full 

•UMCity  utilization;   the  second phase  is  the  decomposition of   individual   products 

into net  standard-shop hour   inputs  of different  KindF. 

lui. Inter-country comparisons can be readily accomplished by means of a uniform 

definition of standard tasks; at the same time, the adaptation of plans to local 

conditions is facilitated by the flexible handling of the machine parks of the 

standard shops associated vith given standard tasks. In particular, as the pro- 

portions of capital ->nd labour inputs vary betveen countries, only the input co- 

efficients of the first phase ; ill change. This has no uffoct whatever on the 

Input  co-o-fficientr.    >f   the  second  phase. 

104.   If desired,   it   is   permissible   to associate   within a country more  than    ne 

kind  of standard   shop vith   1  ^iven standard  task:     in this case,   it becomes easier 

to describe  the   v.riety  of existing productive  resources,  and at the  same  time  thu 

decision  concerning future   investments  can also  be undertaken with consideration 

given to a broader range of possibilities.     For example,  the degree of desirable 
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....    v ivll.f    .,-.    ;r    .»-    ru-vt   r,,..     Economical   n-Pt^.t   LU  .uch  resource 

. ...,..ltB   11    ...t    •!   ti.   .,ui.ti.M..     Th.-rv.il»   ilr   ,iut   cortun ->th,r WIOUPOC 

,K>mcnt«   far 1 hirh   th*   «am   >f   i.iput  rt.-quirem..-nt3   u    . -riultipl     oi   their yeiriy 

^nly¡   th..   tota  .cil.      f   .pcrati ,r    '   th.-..    ..Kamt,  can.   therefore,  within 

1   toUrabK   nnr*i,   *     rr,r,   1.   n .Tard.ü  v    >  emtiauou,  ^uhU   for  programing 

i>.     th   r     .ill   .-ii'it   Bom«   •• a- -»rf    •• lomenti-  t'hOB.   total   input purpo.oe.        ï.vxlij,   th. r<-   «au   a».n   »>«"» 
,,      , ,»«.,.,.„.   *K    n illv  difficult   combinatorial r,juirora<ntB  fill   tn-tw» . .1   th     < * '    »tru.,^,    .h,   nniv   '•'"•J- 

proülom vili   --e   r.-Htrictt:4   t..   th. B-    1 itt.-r  ci-''?. 

10?.   Th,   tank  ..f  cho-i,* 1-u.^rn,  ..U^nt^   r.,-   d,t.U-  '  , iiuiruiUo:. will   bo 

facilitât««!  by   the  croare-  clust.r.  dorivi   fi-.rn  s, ^-quantitative  data.     That 

1.,   v.   interesting  prKiurt   üu.t«.   .>r  ciu.t.rr,   «Il   «vive  wocnt.d  nth  lt  a 

number of  required  rumrcu.     Th. .*••  iv-KOurco. .   -.tuen   an    ^orally  -it   1 mort 

detailed   level  than require   Í 3r  fully   4u.;itifiod d ita,   ,r.   combined  into appro- 

pria rcBourcc  daunts.     Thi«   typ,   ,f ro.ourc.   ,lument  cunstnicti.n should take 

placv  ovon   if th.   rc-suitiwï r,Fourc<:  ul^ata  itv    not   fully  quantified.     This 

analyeis will  .nahl.   pLunu-r,  to look  carefully   at  possible rcquiremont3 for 

Bpociali«od machinery,     riowc^or,   th,   basic   problem her,   is the  cost  of  fully 

quantifying from V)  to  15O   >f  thupo shops. 

103.   One  vny  to  pani som. h.lP   in this  problem   i*   to examine     best     practice  in 

those dovulopud countries  «this  is ..pcciUly  tru.  «hen labour  osta are not 

significantly dxfforent  fro,,  those  m developed countries)  which are direct 
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c<M»petitar«.    Htinti«^ nhopw   in developed  ooantn«» e,m ». .th-.-r  «, rv.   ir m>^u \<*  to 

f «* 11 **h t l,v m »<1if i- -.1 >r us d * IP IP „f r^oourr I.^eio, .•til1, ¡--h, i » tn, fit 

<hu- t. F,ri»hl> i" limit, o o" fh. r r t*ru « % e e;* t. ,^. ul i /te 11 or >*T. re ir un.l.-r 

Wij ,   ciMitr-^tiHi   .f  r .3 >'«r '•      1  -n-ntr  wli     -,.   r  q.»r   e 

I    ».   Th.    ••-ar-trucii >:i    <r   e- Uo*t i >n   >,   .ii.tny  !^'ui>-.    ... 1 .-i... nt.    inwiodiatoly  «etc, 

up  3  rt/indirai  for  th<    ooftpi.r i-. >n   »f    -orU-    •> .  in   i 'it, mot i -ni!   Kir-ic   vith  present 

•i >rrj* ftu'    '<itp,    \r  •>•. I !    ¡j   pr»vi'lifu"   s crwriiir.    >f   i eirdle   mich i tu»  puree«  with 

the     •   »H'tla.?   "rH"hi!i,      |-i.l'K. 

[•«•BcrÌt»tion of  producta 

Un.   Aìthvi^h   io   iii'.vi-1 i ¿riti ori   >!' ill  of the    >re   huadr« d  or oo   branche  in  the 

metaìvork ng à..,et-->r   i.    «ispiri» bl,-,   a more modelt   apprater,   LUì-ed   3, . xarriirunp* 

thoFi   Enor,i-*;rua:ìtitiiiv,    pr uiuet   «-lurter?   )i   prinw   imp n'tancç  it.   thi   d->i:,eutic  i-o- 

nomy and   several   .íroups   if  ciriidat-    ...xport   pn buctr ioli yi..ld  significant   in- 

crcatuiB   in capacity  utilization 'in'*   i  -TI or     roti mai   i-vtrodu^tiou ot'  ne-w facilities . 

The  dircueeion boi iw e incontritos   >;i  coct >r-wid     ph.nia^',   iut   the   fimo  concepir 

ir».-   noc.sniry   tor i  locR-than-full-eeCt )i   orli ntat i< a. 

111.   Whilu   th>   concept    if  recoure*   elor",ehtr   ; at moiri rnoprO   cut;-   »croca,  the  di- 

versity   '.'I'  the   muant;    »!    r.r--dicti ui,   it   it    etili   n-erru-y   t) apply  o      imilar 

Eimplificitioíi  t!   th.-   oivertity   if  product:    i-, for.    th..   I otter  will   lend  thomyelveü 

to  .\   programming,-  approach.      Ih»   bario   oí  lescr i pt io¡.  a, r-    ic  tra   concept  of  i 

typical   product   that  hu,  t<   \     doconr.pora.d   into  r.o: vare. -..-K-tiu nt   inputs,   -in  well 

IB  direct  material   (metal),   sub-aiu'.omhlv,   and  component r   input:;    >n  th»-  bar,iB of 

detailed  eugineonr^ information,     fino»    it   i¡   d< nir<>d  t- dirtmguirh  vithin the 

Foctor about one hundrod   brench... ,    >n average of   rix  to   t..n product,    per branch 

will   already  impose a  task  of   nearly a  th mrand  d. <- >npoBitnnF.     Though  by  no 

means  a  light  tank;   this   is  two  t"   three  ordìrr   if   aa^oitudt   bviov the   number of 

individual   products  likely  to  be   )f   importane:   to  ciuntru^  ir   the  rao^e of deve- 

lopment  that  xv  of primary   interert  to th.   project.    The   docompor.it ion ol   typical 

prod-acts  will  already have  been ficil it Lte-d   by  the  dec o m pot; it ion of  product  data 

at   tao semi-quantitative   Uvei   irto :ab-asFuublies   lad compone-ntc.     At   thif:   »tage 

the  key addition  will   be   information  concernirur the  weijhtr, of  componente.,   etc., 

which will  allow a further clucteriag of the  data  as well  as allowing come  coc.tin^ 
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.„un* various  ruaourc. olocicnt.  of diflurcnt  aridity.     It   ia   r^coBaary to  in. 

tr.duco a  not, -,f   caution  ot   this   piint.     father ra source  c-lcmcnt«  .»or products 

can  W •iccur.ul.y   nitore    „.til   iherv   i.    rom.    nbormatio;,  concerning the  weight 

,nd  .nriditv   n,r   :•    M    l->lh.      1»  thu:   - - , .   th< r,   must   u    a, v.loprru nt   ,1" data 

i.ath  on  the   rlB.,a,,,   • Kn,nt   w,d   tvpical   pr—ct  , uie   K-for.    the   match   is made 

,,d  adjustment,   -ill   U    „,c,.:Borv  a,  mr..   information   is   processed 

11   .    I, addition   t>   thes,    projets,   it   if   ncc^ao   to  distinguish  within each 

V.ri„rh   i orlili    uur.h.T,   .f  th.    >rd, r  of one   to Un hundred  listed producta", 

th.it   joi.itlv   forr, what   is   Urme.i  tb    Ion, list   f.r ,ach branch.     The description 

,f   thoee Usted proau.tr   i,  uud^tak,.M  pammetrically on  the   basis of limited 
ii +        ,   „.„i,*«   -H'  nroduetioru     Th>,   way  thin works informativ,,   K .rutin« most 1.-/  on   tac ^ridity   )1   proaucxi ,>n. .y 

i::  as   fallows.     ! or   th..   description  ,i   a listed product,   data  are  sought only 

for  Bpocxiyin- qualitativ,  similarity   to a given typical   product,   for total 

yearly demand,   ...id   possibly  i.>r  one   idditional  paramar quantifying weight  or 

size.     The  decisive  datum  is  the  ,xact  serial ity,   since  the   net   standard-shop- 

hour   inputs   require   for   producing such a product  can be   parametncally corrected 

within the   senality r,»,^ of a  given resource ,Wnt   U,*.,   a range of 250-1000 

for  "medium  series«)   l-  reference  to  ,*aet yearly demand   (e.,.f   W pieces per 

year).     In  this way,   Uu   pr.-cicc- c »npotu-nt  and resource-clement   inputs of a 

relatively  small   number  of   typical   products   can  be  generalised   to a group of 

nroduets  v-hose  number  is   toa  t>  twenty   times  ^eator,   ami  this   can  be accom- 

plished  in a simple and  convenient manrwr that  is  thoroughly   familia to engineers. 

It  iG particularly   noteworthy   th,t  the rc-oourco  inputs  of   individual products  on 

the  lone list   -tre   not   bas.d  on some  arbitrary averaging process,   but are esti- 

mated  individually  within a reasonable margin of error. 

m.   One  interesting future   ,f this  procedure  io  that  the use   of a limited 

number of  typical   product,  for  parametric cost  estimates,   in the analogous  form 

of parametric pricing formulas,   is a well-known procedure   in the  planning of 

administratively   determined prices  b>th wihin large  enterprises  and within 

national  planning organisations.     Cost  estimating for commercial bidding purposes 

is   likewise  well  known  to  be   based on analogy,   with the  decree   of  sophistication 

varying fro* crud.,  rules of  thumb to  large  bodies  of statistically organized and 

correlated  information  being brought   to bear on a  given problem  in an almost 

scientific  fashion. 
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114. The third concept required for product descripton ir,  that of extrapolated 

oroducts.     Hue  rotiCv.pt   is  ivau d   m   üie   notion  tini   tlu   Usted   products  within 

a  branch can  oo  ordern- I   it,  icnordu no•.   with   th> ir risia.-   e>sts   vf  production  per 

unit  01   rolling  (ir  trui:t',r)   Mac.,,   ¡ r  -xd«   .   that   th.-  prie,.:-,  oí   .ai   ilo-,    md 

stack  type  r«;.;oui'Cv(    ml u med isti    jirnluctr,   c imp-me-iis  and   eu t~assembU.. s,   us 

wo 11   -IF  the   pn-ee   .a'  ill   fiuisheu  prviu-ts    -iv giv.n.     <:.- >ns it, ring thit   tho 

most   important   products  within  t!.     t »t --.1   demand   ,f .ach  brouch  ore  treated as 

listed products,   their  ruaouiww   inputs   are  estimated a,;d   thus,   ,riven -   set of 

prices,   their production  oostr   per unit  of  output  v   lu,   can  bo  estiuLiyned with- 

in ti  reasonable  mars-m of error.     :a:,co   LU esch  : ranrh the   liste-  produets ean  be 

expected  tu  cover   the   overwh. l.û:vr fraction    ;f   Us.   \:dn,       !    total  demand,   it   is 

anticipated   that   their  cost  traici cui   tu,-  g._;noruli¿ed   tu   tbu    numerous,  remaining 

products   ií   the  branch  by means   of a  aodest      - + i upol.oi io...    The   margin of error 

of  such a  procedure   can be  easily  checked   v:j   reference  to  a   fev  pilot  branches. 

The  extrapolated   products,   then,   'ire   the   producta  contained   in  the extrapolated 

portion of the  cost  distribution  that   is  drawn up  by  reference   to  the  listed 

products olone.     In other words   trie   total   volume  oí   demand  of  the  branch,   cal- 

culated at disposal   prices  is  taken as  the  abscissa of a    -mah,   while  the cost 

per unit  output   valu,;  oí   the  listed  products   is taken   is  the  ordinate.     The graph 

is  drawn up by  ordering tin   listed  prouuets   in the  sequence  of ascending costs 

per unit  output   value,   -w.d  plotting for  each   listed  product   its.   production cost 

per unit  output   value against  the  cumulative  volume  of output   for the   branch. 

l'or example,   if the   listed  products  should cover  SS  per cent    >f  the tota:,  volume 

of demand  in the  branch,   then the graph can be extrapolated  from c'r)  per cent  to 

100  per cent  by a visual   continuation of  tin  trend.     Store   sophisticated methods 

of extrapolation would hardly !e  justified  in view of the   considerable error of 

the data. 

115. Tho above  procedure  presupposes a  number of concepts   that  have  to do vdth 

the  task of programming.     The appropriate  prices assignable  to  resources depend 

on the projected combinations  of the  larger  fixed  costs,   while  the disposal  pri- 

ces  of products  arc  tied cither  to   the  export and  import   prices  of  the  world 

market,   to the  barter ratios  of  trade agreements,   or to  the  production and uti- 

lization potentialities  in other sectors.     The sequence of product  ordering 
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within -.   branch depend,  on what   standard-shop capacities  vili  be avail Urte   in 

th,    ,laa  „cri.d   u<  -,   result  of   investment  dec^ioru-,   and ,l*n  ,,, the   technique 

,hl,,n  lor   the   product! m .,1" a   oddity  if   th,n   oxi.ts  ..arc   tl,m OHO  alterna- 

is  this  re-u'd;   .noruv,ri   this  s.queoc,.   is  strongly   ^pendent  ou  total 

,..,-..,.,   commodity   by   commodity,   rinc •   th.   :•-.i,i^   ><   th,   penality  ->f a   given 

.dity   by   standardisation   n    wcrui^l  export   leads  to a  reduction  in  pro- 

ti 

mm1'. 
shift  v.ithia  thu  sequence   of product   ordering. (notion  conti?   and   o msoquontly   ta 

iL      i,     i     ,r   +   r-h.-ìlcvic   !   i'.^r-riptian  cannot   woid  taking  it;;  dé- lit practice   the   task   JI   tedinolo ,10 <a  ^-•'I1i-"1' 
•   4i.  ,   .„ ., .-.tir-i int.'d  >•-"-+.'-  oí' prices  that  permits  pro- irture   from som-.-  existing or anticipala!  . ,,0,,-.,. J..   tix 

i nd i o a t e d above ;   su bn equent ly, 
n.- 

reeding with  the  branch-by-brancn  extrapolâtioa 
ff („.   tlrvt   -i-   Vi'-;i d   on  thic  technological it   the   programming  e-tl >ri,   that,   u   .-a..a,.i   -e-   mi> u 

1CtS  that  have   been provisionally 
in  the  course 

description,   it   iecmes  i. vident   if  th. p. 
accepted   ex aat_ are   approximate Ly  correct  or strongly   distorted.     In the  latter 

case the ")C>.-dur. ha:: to bo iterated Kith revised prices. 

Organizational standard tasks 

\V,.   standard ^.;kr.  ossoeiated with the resource elements discussed above which 

rof',r to ,,,chw.io->i transformation proceden are complemented by the following 

or^m.ationol r.t:mdard tasks:  (a) product decían; (b) product engineering 

?lnd cost control; (c) the planning and programing of production; (d) marketing; 

(e) technological research and development; and (f) -onorai administration. 

The concept of resource dement, can be generalised to thir. group of standard 

tasks except that the emphasis of resource requirement, is not on plant and 

.^iplnt but OK technical specialists,  »or example, th : standard »shop« asso- 

ciated with product decían comprilo, a balanced ,Toup of engineers representing 

different specialities, draftsmen, computing technicians and office help that 

can deal with nil tasks of product design within a group of products or a branch 

of production; this is complemented by the requisite number of typewriters, desk 

computer«, drafting equipment, and current rescirce inputs such as heat and 

light.  organisational standard tasks show two differences as compared with 

standard shops associated with mechanical transoformation processes, even though 

Ïhese are a matter oY  degree rather than of kind:  (a) the inputs required for 

procuction, measured in net hours of resource element use, are largely indepen- 

dent of the senality of the process of physical production; (b) the required 
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inputs are characteristic rut so much of n airóle product but  of a whole Lrroup 

of  products.     Th«.  fir; t  observation can  ¡a.   rent tUid  by  Biyiiw tint   th-    n• spor- 

tivo   inputs  -irt.   approximately   fixed.      !>neth«. i, so,   a formal   correspondence   vith 

mocha.ncal-transf ormati o.i-typt   ;•, o ource    .lome-its  can  i»    readily   established, 

that   ii;,   the avers,'«.   inp.it  cri:, "IVI 11 i"", rs,    <onoti >n    «1   i,«-rini ity. 

Tho   second  observatio «  eau bo  mod^ua   l>  st.it«.   that   i....   i ipats   >f   >i\,agitatio- 

nal   standard  tasks  do   not  dopond < xclnr iv- 1 /   o i  the  pr »duct ini   >f •<   sur-l«. 

commodity,   but   jointly   on the   productif  oí   so-oral,  cjrar, .diti« s.     \  mathemati- 

cally  simple-  case  of  ; uch  joint  dop«, ndouco   u-  .••.  J ix«ai   input   (endodi« d   for  example 

in rese Arch and development   -->ork)   that  creati s  tir.   possibility    >f starting up the 

production of an entila   ;Toup of commodities. 

117.   The  significance  of orjanizatioual  standard  tasks   IH  very  groat   i'rom th«. 

point  of view of the planning methodology   }{   the  sector,   becuue.    (in keeping 

with the  tv.'o observations   of  the  pre vi-JUS  paragraph)   they   ;iv«    rise   to strongly 

decreasing costs   in production.     For ixarplo  in tho  agricultural machinery   in- 

dustry the  tasks  oí   product   design,   research   aid   development,   and maintenance 

of contact  with  the market   m order to nerve effectively   ite  quantitative- and 

qualitative requirements,   all   require the  establishment   ei   -    Large  .jroun of 

spécialiste.     The reduction of  tho  riz>.  of  ¿-neh a  ¡"-roup  '-he:: s>.rvmg a  smaller 

total  volume  oí' demand  is either impossible   or can  be und« rtaken only  by cur- 

iously lowering tho quality  of  the  output.     Yet   in th«    l'ara equipment   industry 

as   in man,;/  other brancher   oí'  the  sector 1 J\;  polity  not   only  represents o   direct 

economic  loss,   but since  it  g oes hand in n.uiu  "ith a  t« ehnol igieni   1 ig behind 

loading world standards,   it  critically undermines   tir   possibilities    of export. 

The  only apparent  vny to  circumve-.t   this  problem   is  to rely on   imported  tech- 

niques;   this,   however,   results   not   only  in a  lorn   of  foreign  exchange  and  in 

foreign   technological  dependency,   but also  deprives  the   country of the  favour- 

able  external  effects   that result  í ro:a  tho  activities  of   \ continu -ously opera- 

ting group of spécialiste. 

llS.   The above  considerati me  arc   counterbalanced   by  the   fact   that  the  creation 

of adequate  groups of  specialists  for the   individual   branches  of production re- 

quires  such large  doses  «of scarce  productive  :;kills  that   the  possibility  of eco- 

nomical production in many or most  branches  of the  sector is  vitiated except  in 
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ih,   mutt   highly   industriali^]   tnd   logeât  cour.tri^.     Smaller countries  cither 

KA-.-i    to  .prilli?,   rimi  th. r, by   oi.-nif icantly   increpe   tho  length of  their pro- 

iurtr)11  ,,rl,^   ,v.-r  whi^h   thv    Six  d  --Kar    .1   a  &• >up  oí   ^pendiste  can  be  dis- 

tricted,    ,r ,u-,   thu.y   !,ux   t-  U    pr.pan d   to surfer  the harmful   consequences  of 

nini   eoi/U;   -)T   1 >'''  -junliti. i-,    <r   l-th. 

11 ,.   .\„   important   part    »f  the   pUnnirv* neth .,dolo*y   vjtlined harem   IB,   -m  the 

„„•   hand,   the ,ioBorxpti.»n   >f r.-auir nuMtr.   >f or^niz iti orni   standard   tasKs   Í or 

pr.ducU.rn nr.,Oeiaa^    *t   «ìver; coumomtu.r  and  branches  of  production,   and   >n 

th,   othor hani,   tlu   ,- .lutin,,   vithm a  t.UnbK-  marñn   >f ..-rr>r,   of difficili- 

).1)!i;  connected with   proprrimiiuruc under   incr,aain- r.tuMs,   P->  that  the moßt 

fwourabl,  diroction and extent  of required  specialisation within  the  suctor 

;tviy  be  specified T?ith a reasonable assurance. 

Country studies 

1?0.   The  discussion of the technical   economic description   >f the  sector  (above) 

has  largely been couched in general terms.     The key problem then for any country 

employing this methodology  is  the  transition from  -eneral categories  to their 

own specific demand and  industrial  structure.     Tho  procedure for this transition 

is   outlined below. 
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In"   Do«oription   <t oxigtinK aetalwarkiug sort »r 

le\l.    "he  r.qmronerits   t ,r  a   •   a ,tra   rtud,\   ar     -r P,nted  KJ -w   tr;   t.w.-.   B, >U  ne. 

Sunti .n  A    .utlin.-B   t !u;   principal   ! iskfi   t     l-    a-.-, i   rteùe,,,    -  r,,ni!l,i(-    , 

preliminary  fiWtfr    -f   ¡e;Ti~,ruaM ¡ t it iv.     o-eataUai     a   ti.     tasir.   >«   BW.J-1.. 

listings    T najor prxiu~t.   and   pr >co!ÎB  ^it,:,- TIOB,   aa i   a Tjont H t >-lt i   a  Biewçe. 

Sctia,  « c ,v«jrs   th,_   r-mul.it i -n  aed   -U,  -ij   a    -t   t„.    Ftati^tirai    interni 

rocptirod   ta  oxocuL.   a   o ,,intry  ¡Ha;!,,. 

Stamps    •!'   tlu,   task 

U\".  'Piu.-  immediate  task t •• b>   undort ik an io orient   tion with regard to th 

8.-1   r  as  a wK.lu,   f dlavod b>   niant ii ..«at i <-,  f   -  tr. ,«,  arooo  that appear to 

p)BBcsf?  th .  nost   likely   canrMd'-'có   !   r  actual   nv-duoti a.. 

nriontatun;     soru-imantitative   pr ^anui'u,   i at;» 

123.   The  purpose    >f  th;     .rioatat i ,n  stv.    i«   t,  ..-otahUnh   Listo   >f pr »danta, 

subassenbUes,   and c-¡poner, ts,   and   t     re-vin-.-  ani  ,-xpaiìd   t!i..  existing   list    .f 

rosaurcos.     i)i:   th,,   basis     f  an  ar¡ai;,sis    ..    m put   r.aaii re-ntB   tr\     ri, re    -f 

magnitude,   and a sinuLar analysis    >f  the-  principal   d.rtst Luat i -no    d'  pr .duct 

and   soni-nanufactur,;    aitputs,   it   ts   thus  p.sn^h    t     arrivo  at   a   :r -üB 

tabulation   >l   products  mid   mruts.       'hu;   :r ^P-tabwlati ,n   iu   intended   t>  hav.. 

sufficient  accuracy  t..  di gUnnus!»  i" twer    .uut   thr-,   Kindn   -1   ! 1 -ws:      thoBe 

that   are nufl'priUe,   th is.-   that   ar.   si.au i i-ant.,   aad   th »n,    that  ar«    regarded 

as damnant   -coded  by   0-1-p).      "'Un  rudiiaaitary   analysis     1' th     sort   r,   uuvur 

thcloBB,   alroady  !ias a  ran,',     d   practical    eau i -a' i >ar •      it   p. -ruts nat-dun*: 

actual   and potential   reoaurco  ava. Lai 11 it t ar   aratnat   tho   r./ua,ur.-nentp    -1' 

uxpanded  production,   and  thus  leadn   t     a  pr actuary   od^tic    »t   uiU.-r^stin*: 

potential   lince    >f  dcv.l .-priunt   f r  the-   a. ct -r.     «ml.   a  o aun doable   an «unt 

)f sani-quanti tat ivo data   is    .cue rathe'   1   m  th...   united  Stat, e,   it   in 

dcsirabl.   that  any country  undortakiny analysis   >f   its -u. talw-rk s ae 8, ot >r 

supplement  this material   t     tak<-  1 ><:al   c-nditi-nu   mt     uee nint. 

1?4,   In ardor  t .  und.,rtak.   the   ;r »BS-tabulat i >n   a   n.-ai-auat.t i tat s ve   lata, 

th*.   f-ellawiiv  -aatenals    met   be   pr-p-ared:     (a)   pr>duot   luitirv;   (b)   pr .duct 

duconpasiti m  mt j Bub-aBOurnblije  and   -anpaiontsj   (a)  product destination 

analyeie;   and  (d)  process   >r rosauroe doEtinatim  analycte. 
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I?«,.  (>)  Product lifting.    T»»is roftuiranont   is the samo as thi» 200 or BO 

"li8t.."i  pr "iurtí?"   í ' >r .-vh  hraivni .lipouBsod   in  re iati  ^  t>  full.v quant if iod 

lata.     F.aoh   pc<1ct   «ih-al-1 »'•'• ï"'-'1     L'uri-     baif-n   ' >m* id„rat i >ns   m   the 

hriu-'h.   -uri   tí-    Hat   =*G    •   wh   I     ••  v.:rn cr,.    Cì_ C  p..j- «Mit    --f  th..   total 

i .:•» i.-,ani  wi t!.¡:,   th.    ••cu, >!,". Pt ¡>r i.ìm-ì"   io   intended   to cover: 

l-jr^du.-tr.   H   th..    «tcaì   ft.i.c,   t   r    xanpl.-,   Bhdv.e    -r  trays.     In  uich branch 

5,   ,|,,p.    -»;ìr ••hi-trc  -lP.    t.    V--...   lii't-l  'hat   -H'irvuriii   the   branch aes  1 whole. 

,;, -utp     î   r. î ri  < rat   rn,   ta....v  -ir«..-   ;. >t   t> bo 

f  this   industrial   tränen,     br >duot   lists 

i!',   wh. 

bib  d 

•r   1   ,>art 1 -alai 

T:.itB    -IV, I 

c •:;•.-,   ' :. 

•••Ite    ir     o 

.Ft    t   :>r. iuf 

i> 
unt rv   Hh (.ili   in -Ia 1-.   .1 

l.,¡i   rtP    ahd 

"Ctitial    a 

> t xi   rtP Ah    il, lì eli 

dogete   pcduotim   but  also 

<\   lì,.     ; >n;dot..MieSP     -f   tin. 

• rt   liei   is   t.  •is---  th.    0  rr>sp Tiding  JXJ.. >rt   •«;!  r.p tt   liste of 

Ì >.r¡ .    vivane i  ••• .un t ri •• F   BUC   a?   * 

l^u     M   'Y .»dust  de.o .nt?otut> m   nt 

l'üt :\        Z< ->   n nir-a; r> ferenco. 

iub- taaciblcs and oKupjncnts.      "ho do- 

.-.np'sitLir.   at  this   nt,a+<v   1« - me. ntracd    -n   th.   ostahl lehriei.t   >f  an   input 

lisi  an-. 1  n. --i n't.   h,     -arred  b,:,v>nl   the    T-ior     t   -v^i tu-î-    nvol.     "hero arc 

tw>  nain  ^l^a    d    mp^a   that    :r      imt ^n* : îih,  i   ¡n   t:u    n   ura,    -f   thos,- dj- 

.- .ni -»Biti-ns.      -.hL-ív    ar.:¡     out - »Sîî ril'lù'S   u.l   "r(|, n.t.tt'   »r .(iuad   withm  tho 

-.(.t/üw-Tkiv «..-HT;   ani    ''h. r   ruchaed   11 arm    .n^nat in^     utsib    the  Sector. 

I^irehased   ito-is    .r   .Ci. ::n      -r   4.-m.,fCl    TçC    -an  b,.    hat 1 n^uishod   hy 

quest 1 »nnaic. . 

C.     a)   !Y.»duc   1... si mat, n   malí »iti,     "-h    purp c    -f   tlur   tisk   is   to   lift  the 

T-ij.T -ieCinan.'.iH     i   tin    il. 1«  ¡eiued,   * haï    ja,  na,cr  prviu-ta   mt » which 

lue  pDduot   sn  .¡uxHït   r,   18   u.   eput,     r   final    tußtsnatcnti.     í-nal   destinations 

réf. r   t     exporta    -r aal. s?   t     final    b^and.     avenue  «aie*   t»   'tlwr  »ort ir» 

-uv .8 . dt iinoât...1   hut i!   rf'h-inl',   p.-ju.r«-   i ••«  pr.'iírií   1*»   th.-   infirmât im« 

[s, cïT^ci,   pr-'diu-t    i,,ctinati a»   -uìal.MiiB  a.-H.Kent«   -«il   finiili^   -i  <^r >•• ohcOk 

>n  pr-ìu-t    i(M«om'».>Biti >h   i-,t -   sub-pr niaotP.      'tu«   in   partcularl^   npurtvit   .ri 

7,,H   .1   the   fant   that   b -th  th-    -ir.^.r-t   input   and  pr • luct-U^tm*t i >n   lint» are 

.peii-eride.1;   ¡ti   -thiìr wrim,   th.   i?at^^ run   »l   tin. »vial/«i*  ir»! oetabìiBhud a» 

inf mat 1 «n   iß K^thored,   rath, r  than   tata  he in* p...iirod   mt •  n prw-du«i#iad 

"laaBificat1sn. 
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128.  The next stop is the deconpositian of products,   in  fcho brmd 

Quired input levels   ,f paction prJC0S30S ftfc tho ^   jf ' " 

referred  to as  »resources».     List,   -if tnoso  ^,s,urc^  nr~       , 
.   ,     .      ,, •'-s'-irt0iJ  ^  und or construction 
out should be  augmented by  1 -al   practico       ^hi-  i •   H     1        .      - 

quontitativo  :inalyoiB   ani   mier of mr-it,,-!      i 

coding ayeton  (as   diseased   in sectim   I   fi above)  -^  ,.=-- -v   ,       p. 
„v,    ! ,  , , ;      L'    '•-Jl->,-i*     Provision 
Should  be   mdn  f.ir  capturing m )IV   ,0^..,   mnti.   .. 

iv.  ..,.(.urate quantitative   infamati m   if 
ava liable. 

I?%   ^   :^s'jurce  destination  an,i-^,o       -j        .,.   _ 
 ikü-.        ía-   ta^v  is  oir.ilar   to   product 

;
,MUJ

"
w,i"i"; us^''"- "-ix„t, ,-lr,t,, „,,„pr„tetst„ 

,;V'Ut3!''   "'  "": 'V"Ur°l   1!!  trnnSf—; - ^u^, »put,  ,„d sœmd) 

vain   ipen  ended  m  ord:r to  permit  ^onuiti^,   -r + <, * ! ^^anu-iti.n    i   tut   information   iato 
daseee   that   are  significant   ir:«;,  tn,    v)nt    ,f -i   v   ,-•  m -        • 

a,  ,    1   t     i   u,w tho   production   activities 
th^avos.     Hatching   input   Ust,   (r.o.-urc  laputc  mt, ,iv,n  indivLdu?l 

rtCtSJ   ^lnSt    ,HtpUt  llSt3 a^riVlid  frDm   thtí  •°^ ^Btinations  analysis 
leadB  to   tho  final   cr^ss-tahulat 1 m   tint   1 Q   t¡-      o •     t- UaU-!   tlMt   1S  tu- Aj^tiv-   if  the  present  «tage 

"     W3 'h° reC0^U-tl-     '   ^-   tw,   tabloB will   inv.lvo   the  roB -lution 

Vn0'nE:1Gt'j!iri0S   'md ^rUp8   thr'^ -lassifyeu, b,th  r WG   (^uts)and 

n ::iiniutr s ^th: ^r^ ^ * -^* — •> -^ t^. 
UO.   ,he   tasks  discussed  above  nay   be  divide  Wlí  Ci>untPÍM8  punh  ,,R   Wl 

Hungry,  Md tt,  pi,,jt.ct atlff   Ul tho .^ ^ ^ ^ ^ ^ ^   ^ ^ 

^upli.ated.     At  ardent,   a  list   -f  r^urcs  and  Aoc «r^Uxon o^   ,. na;bor .,f 

nrodurta  har  boon  o.^plct^d   m   th.    »jvto.-*  St -t -       MI   . 
''    J-"t"--  01 .M_:G.    Adlm.enal  wortc on  ardor 

>f mimando doconpoBiti ;n ani  iaioh,.r d.-lmo-ti -,     r -,., 
-il,K-  ti'-''   '*   i'ouourf»,iß   10 under wa\% 

t   ,3  h -pud   til-lt   tM..To   will   K-   t,  ji:   t)   ^..v.i,,   _   t   r...+   .,      ,        ,     +„   , 
-r  v.ie   .,  t,n„it.A>    'prxluct"   list at 

ieaBt  i;r a nunde-r   >f brnimhos. 

m. m *.,,„ t.,, flMl ,r„, .,,„ul,,t,m t.lhl  ,il.iiua. Ui irUr f 

w«l d »mettic and expert   tomand   is  r. mired   t »r   t'1     -^    .   1      • i.?uire(i   i »r  tn,   ,>ru-sa,ot i ,n   »j   attractive 
Ii'i&i ..f  iuvel »pnunt. 
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132. The resource  inventory requirement  is the most  stringent.     In order to be 

meaningful for  inventory  purposes,   resources have to be sub-classified by 

main soriality  classes   (unit,   snail,   medium and large  series,   and mass 

production)   and by  ranges   of workni.oo  weights.     in   >thor words,   existing 

capacity must  bo  categorized  in  terms   of  the "standard tasks" defined above. 

Given a list    >f st.Tnd.ird  taste,   th.ro will  of ours, be son.  arabicas cases, 

but  in the nam existing capacity will  fall  in the weight  and soriality 

clauses defined. 
133. The  inventory  can b.  carried   »ut   initially at  the  seni-quantitative level 

by  indicating whether a giv.n  resource  existe or not,   the relative amount of 

the resource   in  existence   (the  numb.r of  resource units)   and the   present  and 

full  capacity  utilization   A  the resource.     Tho  l..st   is necessary for the 

location   of  ros.rv.  capacity.     Collation  of this data will  be  discussed below 

in  the   section   m  questionnaires. 
134. Ir addition,   data from questionnaires   m domestic production,   imports,   and 

exports of motalworking s.ct^r -products" should be decomposed initially in 

semi-cruantitativ.  fashion.     The  loo ^position material being already  in 

existence fron the  final  cross-tabulation discussed above. 

135. Vhis local  demand data is compared with the resource  inventory to determine 

new facilities  required on a pro-selection basis.     The first   step  is the 

determination  of  possible new production using the capacity  reserves discussed 

ab >ve.     At   the  sane  time,   it   is  immediately noticeable to what   extent  present 

capacity is  being utilized rationally   (are snail  series being produced  in 

resource elements  design.! Í)r large   series,   etc.) 

1V>.  The expansion   if existing production,   new products   or  product  lines 

generally requires new kinds   .if r..sources.     This qualitative  expansion of the 

resource element   inventory can  accordingly be readily  predicted on the basis 

f   the   information nade  available  at   the  orientati.m  stage.     A convenient way 

t» organize   the  search for attractive   product  additions  is  to match the column 

>f res  urce  element   inputs  f >r a .,iv.n  product  against  the  existing resource 

element   inventory  that   is condensed   mt•.   a single  column.     A row-by-row com- 

parison    f   the   tw> columns will   immediately call   attention  to  needed process 

inputs   that   are  not  available   m  the-   inventory.     In   this  fashion  it  is  possible 
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to work out additions of new products hv („+„„,,•   1 new pr>auct&   by  integrated groups,   in such a way  that 
each group should require one   >r a   *"'•-., >•,-,,„-, quire  .,K.  or a  i.w new rjsourco  clenonts   of  tin.  sann   kind. 
This  approach will autoreti rally rais,    t-h.-   1-  -r   .   w     *-T      . J.J.1,,      uo,,   .ne   iw- r,;o   il   utilisation ,M' new 
capacity,   since   it  brings tifiar u(l,s   lf pr ,du3tio!l ^   ^^ ^ 

this  now capacity.    TnoSe  linos   -f pr^uot.-n lWt  V,  M8m,d   „^„.„u.   ,r' 

export markets,   otherwise   tho  entire  cx,:rci3, wu;ll  i,    MLQO. 

137.   Tbllowmg tins pro-sele-ctior.  crit.-rii.   it   ^   T-.JM      .- 

range   >f possible alto na- -•-: -]•..+  ,,,.-,....  fn  -, 
,       . ,     , " "'    "•     "     °   J'"l';      ' "-•   ••••>•   . -h or eo>o,et 
dovelopnont  oí   the sect .r.     Aí'ter the   nit-rii^i- -  hn„    > ,       , ..ii.ni..»!.,..,   nave been   levelled,   full 
quantification  will  fu^th >r  i;~; +   +»,     v.     1 ^ iu.tn,r  li,,it  th.  number   ,i   alternatives   t. bo explored at 
the  proj.jot  en¿: inooring level. 

Quantification 

138. Tn this  stage the  technical-economic description * the  sector is 

improved fro, an  order   ,f magnitude characterise, to a numerical estmate 

of the principal   input requirements within a first  approximation.    The 

approach to be  followed here   is basically that .„tli^d m  the  section  (above) 

dealing with so„i-quantitatiVe data.      I>wev.r,   sev,ral  additional  points  m 

particular are worth mentioning. 

139. The determination   >f a  Standard   input structure" will   ^atly  facilitate 

the  international  oxohanre of data.     Thin  struotur,,   r. f.:rn  to  a soecification 

of resource   (notalworking process)   inputs with .ut   u...  identif 1^ti-.,.   ,f 
soriality or oXact woight  jf ^.^   ^ ^ djflniUyn   ,..  ^ ^     ^^ 

In other words,   at   this stage   ,f the  nru-xnt i fictif   task   ,t   ÍB   sufficient   to 

give  an  input  m  terns  such as:     -X t,o   >f st.el easUors  T.or   t ,r,   (í   v 

asoline engine^.     Local adaptation   ,f  resources   t>   Lonand nonUtL,nB will 

thus   involve  the   selection   ,f   the  soriality   -1 werkte,  weight   ranges „ost 

frequently occurring within  the   : omtry. 

140.  The full quantification  of thu  80Ct  v f>T  ^ purp)pü   if ^ CBtirnliop 

malves:     «a)  choosing typical   sanóle   pr .lucts  fro,   the   1 ;ng  iiutB discussed 

» section l(a);   fb)  their decorsiti ,„   ,, a weight  basis;   (o)   parametric 

ostxmation of listed products  fron tynic,.l  ea,ple  pr.luet data;   and  (d)  local 

adaptation of this material  leading t     trial  programs. 
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(a) The choice of typical sample products will be greatly f«51^***^ 
by the pro-selection of products already undertaken. LO oovor , 100 
or BO branches  of tile  industry would bo  an on.r-.us   t as k Í >v alno st an, 

n,,f     'V »  -xmivqis   if a snaLlor  nunber >u   br menés developmL; oc moia;-.     Put,    .he  ana.,>sio   . 1   ^b"' / .    r t.      n.,til- 
is  well within   the capacity   ,,t a serious   offert  at   planne the  notai- 

working sector. 
(b) Although   these  typical   Q-vnpl"  .roduots will  already have been de- 
composed  m an order ef na^itud,  fashion,   it   is  nr, necessary   *, 
assign nor,  preciso weights   to each sub-assembly   w     cornant.     This 
stop  is required  to  obtain   the most  accurate  est    »i   productif 
information when prelude   ,re matched wi.*.h  resource   elements. 

(o)     At  tho sane  tine,   the   ronaindor   u   p^duets within a ,ïivon  chosen 
branch cari bo decomposed by   OB,   n   the  Parvact,rö   l.vcuM ^ ^ 
typical  sample  products. 
(d)     Tho  V,cal   adaptation     f   the noth-lclooy   requires  as well  as   the 
fully quantified data   m yearly donand for each  listed  product,   tho 
snocification  of existing resource elements.     rnat   in,   re so urce 
elements,   after bcinr classified  int. sonality and  woi^h    clas.ee, 
must  be Specified in terns   of   their machine  nark     ^^ff^~ 
snaco,   labour  inputs,   material   inputs,   and all   the   detailed stock and 
Sow  input characteristics.     Products are then natched with ros,ureo 
elements on the  basis  of serially mid weight    >V workpieoe.     The end 
result   of theso  corree Lions   is a modified  input  structure for each 
listed oroduct   expressed  in  terns  oT resource  element  capacity 
requirements and material   input  flow requirements   in physical  units. 

141. Given the  above  data,   the   products nay  be osted   ,ut  with a Set  of prices. 

These  nay be market   prices  or specially estimated  social   accounting prices, 

etc.     Tho  comparison of product   costs with   import   prices   and world market 

prices  will  identify  attractive   lines «f import   substitution and exports. 

B.     Dovei :• prient   ei'  information  for co.ntr;y   studies 

142. The initial step in executing a 0 nmtry stu ly is tie c epilation of lists 

of products, sub-assemblies and e .noonents. PheSo t .-ether with the list of 

standard tasks form the basis for gathering empirical information prior to tho 

application of semi-quanti tat ivo analysis. It is expected that work under way 

now will provide a lar;Te portion of the product lists and rauch of the required 

offert in the scni-quanti tative analysis. Ln addition, a .--roup of questionnaires 

is being prepared at the United flationa Industrial Development Organization to 

provide the kind of empirical data required for the analysis discussed above. 
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143.   Pivo min typcc of questionnaire arc  suggested for the collection of 

primary  information for pr gannii nr purposes:     (a) questionnaire  on  pro- 

duction   inputs-   (b)   questionna, re on the di..i St mu1; L )U products - 

(c)   .quest umiairo  on  prd>r;tLvo   r.s.urees;   (d)   pu:ot Leinair,   oa  imports;   ,-nd 

(o)  questionnaire on  exports.       'he questionnaires  are   orpani^d by  functions 

since   the  sa.no establishment    -r   fin;- uay b-  on.ja^d  id   noverai  amotions 

making  it  difficult   t.,  ov-lve   standar.! qu .¿toimaireij   by establishment  or 

firm.     Lists  of establishment«   will   Inve t,   U< matched   with   the questionnaires 

to decide  which questionnais    er qv„stlormaircs  are   t >   L>O sent   t..   which 

establishments.     't   is  expected   that   t.¡nimicai ¡vly  m   answeriïu:  tue 

quest Lonnaires will  have   t> b..   .fieroÌ  t.,  fira  an a  üatisfaei oi'y   responso 

by mail   t)  the  level  of detail   required will   nr >hn hi y   n ,t  U,   r ,rtho )nint:.     The 

key quustions  to be  answered  are th:  ^lbwiii,.;: 

(a) Questionnaire on  production   inputs,   addressed   prinarilv   to 
technical  personnel  by branca   of oroduoti-u   L^-ied  t;  elicit 
information on   typo and yearly  production   >1' -roduots,   sub-assenblios 
and components.   The  f.rnat   will   initially be   that    d' s .-mi-quanti tat ivo 
data. 

(b) Questionnaire on the   destinati);'.    ,f prdue.is,   addressed   to 
business or sales r¡anayors   b.v   branch  .f  production.     Destinations refer 
to   inputs   Ä sub-aseembUos   and components   mt .  ^id-products   and end- 
product  sales   to domestic   or export marke tr;. 

(c) Questionnaire on productive processes,   addressed to engineers 
and managers  by  type of  oroductior; ,orocoss.     Actual machine  park, 
floor-space,   notai and labour   inputs,   capacity   (at   present  and  full 
utilisation), 

(d) 'questionnaire  on  imports,   addressed t;   importers and major users. 
A listing of the quantity    of nrolacUi,   suo-aüc..¡nblies ani componente 
imported. 

(o)     Questionnaire on exports,   addressed to  exporters and major 
suppliers.    A  listing of  the quant it;   oí' products,   sub-assemblies .and 
components exported. 

144.   There will be  s OMO duplication  in these questionnaires and this  of course 

nay be  disregarded by  those establishments   receiving   more   than   me  questionnaire, 

Following this  initial  orientation,   the questionnaires   will be repeated to pain 

fully quantified data for facility planning.     "he  final   ßoal   is t>  /;ain the 

necessary   information for a fully quantified description  of the Sector.     The 

process  described above will ace -rdinf-ly do Limit   the areas where  this data is 

needed.     The final  planning- problem of choosing products and new or expanded 

facilities  is discussed below. 
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+  ir.  -,  ^r,-.^rt  of d-mand for domestic and potential 145.   Tho final requirement  is  a .Grecaci  01   u-.huuiu. 

„port roqturononts.    The tin* horizon hero should ho a nin.nvm of five years 

and sono effort  should   Oo .»ado   to extend   this horizon  ior acre   important 

product groupe.     This do„.nd  ostate   is  to servo   initially as a guido   in tho 

„hoico of appropriato r.Bourco   oiononts and should  1«  considered flexible  for 

th~  following reasons: 

(a)    Addition of n,w renouro. ol,„ntu will    expand production 
capabilities  and therefore   lower  corte; 

(y,\     ,fl1iVnv.   oí' r-l:»tivo   international cost;:, will bring forth 
{)    anaboí of POBBibl,  -port  products which will further lower 

domestic  prices,  and, 
f +H,  nvtor wiU   creatv;   its own demand. (c)    Over-all  expansion  oí  the  ^aor wi.i 

for new  product«. 

146. Tho donand estiC,at. ,ust   taKo   into aooo.it   tho   interindustry demands for 

intorniato products, .»and for replacement purposes,  such a» subassembly 

and components,  andebnand for final products. 
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IV.    Completion of analysis 

147« Thü problems hero are two-fold. The first concerns the general direction 

that tho sector as a whole should take while the second requires + hat specific 

advice IK; given on upgrading I.h-; present machino park and establishment of now 

faciliti en. 

A.    Resource elements  versus existing machino  p^rk 

148.   Tho fir-Bt  requirement   IG  a o on par:, s on  of projected demand,   the cost   levels 

of the resource clonen or;  derived fror, developed  eountr i.e.; or  constructed and 

those  of  tin   jxisting machine  parti.     Where   JOSLC   are  tho same,   there  is   no 

problem.     Where  cents  are  significantly  different,    .t  must   be  determined whother 

it   is possible   to upgrade  the  existing f i/LUty   or   iL   ir. necessary  to establish 

a new one.     Tho results   of those comparisons w i 11   determine   the inorai   course 

which the new sector should take. 

B.     Problem of seriality 

149»  The key  to tho whole  issue of r,p -eifie  projects centres around tho  sori- 

ality of production.    What  is roquii ed here  is  a  series of  iterations  in which 

changes   in product   seriallty  are matched  against   resource clónente  to determine 

which of those  productive   facilities  are  needed   if  the  iountry   is   to eowpote  on 

the  international  market.     Candidate   export  products  are chosen when their costs 

aro   ir  Imo with  international  prices  as  a result   of   mercas i ng smiaLity.     To 

some degree,   this will  also determine  the  machine   park necessary   in a country. 

I5O.   The whole  concept   ?f   increasing seriality   is  directly 11 ad to  the  export 

orientation of this  methodology.    Without   including potenti :'l  exports  in   the 

planning process  seriality  levels for  a large number  of products will  be   too  low 

oven for  import  substitution ur.l ;r,s  excessive  protection  is   afforded domestic 

producers.    The results  of this excessive  protection have already  been considered 

above, 

C.    Unsolvud problems 

I5I«  Despite  tho above process,   th re will  remain a number of resource  éléments 

required for production,   but  too large  for existing or planned home and  export 

demand.     Here decisions  regarding the  role   >í   subsidia;  in promoting the  growth of 

tho  sector must  b<-   taken.     Whore 4ho   proeoof   a;   cruci iL  for  production,   it may 

bo  necessary   for subsidies  to  be given.     On   th-'     t h T  h.nd,   the   import it ion  of 

curtain components  produced by  thn   pi-K.-u.; -.a;,   be  -¡ore  1   antde et   the   outset. 

UH 
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