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DECISION RULES FOR EQUIPMENT INVESTMENTS  1\  \in»i »•»,», , .   .. 
DUSTRIES   W.TH SPECIAL   REEERENCE TO  S.^"H   ^ 

CUTTING MACHINES 

d  A. Ä««n. Consultant, \vt/inlands 

I. TRINOS \M> I|(I1 Rts .   , 

Produciiriiv ranking il) w0 will i ike ih.- . ,i,     ,i ,i.        •                      m .KUIIU.MI. 
p¡, ,   „„      ,, ,                , l     '" UKt-  "K  '•"l" "' If»-' index mimivi ol iiHltislinl 
Mrs,  we will tr> to rank ihc metal-product industries P^lncti,,,, „ve, ,hc „nlcx luimiv, ,„ lluJlM„ ,, „„„.. 

by word regions, accorci,,,, ,„ a productive criterion •" as an „uhca,,,, ,,„ Llb|llll (,.Hluu,   ,    H         '" ,1 
From .he Un.tcd Nations Statical >,„,/ A. /*>.,. uc UM, .., ., cc,,a„, „uluMn.,1 .,„', |V, J   ,       ,           , 
otau.n a perccntaue breakdown, hv reuu,,. o,' ,hc ,o,al >"' I"-« -  X. «...  1*0. Il   Ih, ,,„,,',,,,..„, ,,      k, ! 

^»lu^ddedHUhemcuil-produel industries in igss. .MM, '»  '•'•*•   '   •">•   pn,„ ,P „ni,  m  ,|„  , ,llhl1h   ',, 
Horn the same source, ue ohian, Hie pc.cc.aec break- lllJl^ •""«   <••"..    \  au-  ponied   ,„   , ,hi,   x  ,,.,   u.„ 
doun ol the total nunihcr of persons,,, the .jroupnulu- ",dus„,al  acl,v„,c,  ,,, dcl.ncd  MI  t ,Ne   > 
vime   icu.ons.   H\   l.ikni^  U,,-  ralio  ol   the   ncvenu-c H'«^ cmpa.e .im..,,.. ,n i,tl, |V, u  „   „.,„.. „u. 
distribution ol value added over the percentage disirihu '"duMri.il p,,,duc,„,n „UIM-   I,,„, ,.,|,|,  ;   Ul n,,Ik, „,,. 
lion ol the number ol persons eni.uj.vd in this .,cl,v,tv. a <-  »"^ '"<  HV mela! po.U, md,,-,,,, , ,|s|(    is   is'» 
tanking ol agonal producimi is possible In  UMHU'IIK- h^ '^ '»^-i   value   „..npau-d ,,, ,,l|  ,,   IIK,„ „. 
"';' a.s ;'.^HUICI.MI> indicator.                                * groups. |,„  :hc l,.|l..»,„, u-      \\ |   S..,K, I „„„, 

lioouctmu in the North American continent, accord-       and I ,Mc, „ I „,,MH . \ ,  \m,lkJ   ,,,,,„  Vnk|U  
mû to our rankm, procedure. ,s |„,hes, :  ,„  succès,,,,,, ^   ' <"  I «""¡v. .he „ulcx „ ,(„• .hud h,.|,e,i   „id ,,„ 
come the Soviet I „ion and I aster,, I urope. and ( )eean,a l,K' ' '"»iv.m lorn,,.;,,,»  ,llllM!i ,, |N ., ,,,.,„, 
(pnmanlv Australia and Vu Zealand)   I urope (mainlv '«'W  :»•«   a.   the i..d..a„al emplome lex  ... 
VVestern ! urope) is „nk „, lourili place    Unci and ,he l'lM'   ''• ^ "»•'"• Hul ,1 d.Mu I,,. ,|K  |„-l,e , v ,|„, 
MKKIIe    ast. Lain, America and Asia (I asi and South- «"»pared I., all ..(he. indicar.  .,,„ (,„ ,k- |  SSK   llu| 
east), take tilth, sixth and sevenil, places ,„ the rank,,,,. '''^r"   I u...,v.   \..,tl.   \nie.ka.   las,   .„,(|   s,.„H, ò.si 

°rdCr,lahk'h W,. lun.peandtheluMpeaul ,u  ( , „„„u.ni'u 

/V«.,//,«//WM ,-ankiw I ') V"  ' ""'   X"K'"C'' l,u' "uks '" HV"lul '»li-lu-.i. .nul |.„ 

A  second production eo,„pa„sòn u,ll  be  made hv       % •M ""•  "" " L"^ «"'^^ «'••• »S»   .M. .M. 

--a, empi, vme,, We vv„, ^¿^ ^^IT^^                    * 

PlK<IM\(,l   DISIKIHI   IIOMN   195« (II   Ml I \l-l'Hl»I)l< r 
ismsiRv (INK 35 3Xj 

*".•'•••"                    '.»«.'/."ÍM' s""f* '•;"""•""             *-«..        /•»,.<„,«,«» 

Aft»» and Middle I as. .. 06 

fonh America                            i87 ,[J                       «» 
1-alin Amerita ....                                      i , ,,                         *-               » 
Asia (I usi and Xi                       "',             * 

^ulihf,M»                              .1.1 12 2                     in             7 
.     I xeludmg Japan                0.6 #,7                               ftl                         

7 

• «to      i i                             "•' 15.5                           o«# I SSR and I astern 

»U«'P«                            26.5 27J                       1                j 
Oceania                                                • , . .                         '                 * 

Total                               too loo 

93 ~~ 
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Table 2 

DtHNHIOS Ol   INDISIRY GROIPS 

tnlf'mi'iuniil Sumlti'tl liest rip/inn e>t 
'•¡ir,   i • i   I tfts\ihitili<<n ithlu\irv 

¡l'ili 1 »Militer 

1 I 3  511, 512 Mining,    mamit'atüirmg.   eleelntil; 

and gas 
-1 20 22 1 iroil. heierages and tuliattu 

3 21. 24, 29 lextiles. clothing ami teatini pro- 

li ut l-< 

4 25 26 WIHHI producís ami luimiure 

5 27 Paper .mil papel  pioilaits 

6 11. 11, 30 32 Coal ami ti mit ivnolcam. 1 nemicai. 
t'itili, pt'linltiiiii ami uihher pio- 
ilucts 

7 14 19 33 Non-niclalhi minerais ami proline's 

H 12  34 Melai mining ami basic meláis 

9 35 38 Melai producís 

10 511, 512 1 lettr.it> ami gas 

It" we now look al ih e rutin of iiuic\ I oxer index 2. 
ratio A as a kiml of indicator lor labour productivity, 
we notice lliat. tor the lollowing regions, this ratio is 
higher for the metal-product industries than for any 
other iiulustiA group: World, I SSR and lästern 
l-uropc ( together« Hit ISIC 14 19. 33). last and South- 

east Asia 

For North America the ratio comes at the third place 
(behind ISIC groups 51 512 and II, 13, 30 32). For 
Latin America the ratio also comes at the third place, for 
Ivurope at the seventh place and for I he I.uropean 
economic Community at the sixth place. 

from this we may conclude that the growth of the index 
of industrial production for the metal-product industries 
has been less than the growth in the index ol'industrial 
employment. Of the sexen regions distinguished, the 
industrial index was highest in fixe and the employment 
index was highest, also, for fixe (but dilferent regions) of 
the sexen. but the ratio o\ the two indices, howexer, is 
highest only in three of the sexen regions, fable 4 sum- 
marizes the results of the ranking procedure. 

I hi. gixes exulence of the follow ini:: 

(</) 'I he metal-product industry  is a labour intensive 

industry : 
(/)) Mechanization and automation are more limited 

than in certain other industries; 
(c) Choices in equipment with different levels of 

mechanization exist but are presumably not made in an 

optimal way in many cases. 

An optimal choice is mi necessarily a choice for the 
most mechanized equipment. I-New here, this author has 

l\H  liulex 
tnliix 

i ». ui u: 
i 

Table 3 

PRODI (iiviiY INDICA IOR A (1961 OR I9d2; I95K 100) 

.XI .'.' Vf. !4, .'« 
J 4 

ii. i.i. MI .<: 14  IV.it i:..u 
V 

511 !IJ 
10 

I 
2 

12     A 

I 
2 

12     A 

12 

1 
2 

12     A 

1 
2 

12 

1 
2 

12     A 

I 
2 

1/2- A 

126 
m 
I.If. 

150 
114 
1.31 

126 
104 
1.21 

m 
IM 
1.12 

164 
117 
1.40 

127 
108 
1.17 

132 
KW 
1.22 

115 
107 
1.07 

131 
105 
1.25 

114 
99 

1.15 

III 
112 
0.99 

121 
111 
1.09 

119 
107 
I II 

:i6 
107 
1.08 

117 
106 
1.10 

127 
110 
1.15 

120 
103 
1.17 

116 
98 

1.18 

131 
107 
1.22 

115 
103 
1.12 

119 
104 
1.14 

IVorhHIVfil) 

126 122 125 
109 110 102 
1.16 III 1.23 

< .S'.STf um! ludern Liirope ( llif>2) 

151 HI I?« 
II? Ill 109 
1.31 I.I« 127 

Sortii America < '9ft.') 

120 122 126 
102 107 97 
I 17 1.14 1.30 

Latin America </9ft/) 
122 122 
115 104 
1.06 1.17 

IMM ami Souilt-ca.it -Iw'n ( /9ft/) 
169 141 

IP 121 109 

1.40 1.29 

l-Mli',1   l/Vft.') 

126 129 133 
107 111) 97 

I.IK 1.17 1.37 

I'.uropciin I conomic Community ('9ft.') 

127 130 141 
103 109 97 
1.23 1.19 1.45 

128 
lit) 
1.16 

159 
114 
I. ?9 

118 
103 
1.15 

116 
103 
1.13 

151 
114 
1.32 

130 
107 
1.21 

132 
105 
1.26 

126 
110 
1.15 

144 
115 
125 

120 
100 
1.20 

116 
123 
0.94 

185 
124 
1.49 

122 
106 
1.12 

125 
109 
1.14 

132 
106 
1.25 

175 
126 
1.39 

134 
109 
1.23 

129 
112 
1.15 

245 
144 
1.70 

131 
115 
1.14 

138 
116 
1.19 

130 
105 
1.24 

160 
113 
1.42 

134 
99 

1.35 

125 

154 

135 
105 
1.28 

135 
104 
1.30 

ltMkn I - Industrial prodiuti»«  Imlev ? - InJuMi'ul cmp'i'intenl. 



Rules for Kquipmcnl Investments in Metal-product Industries i»5 

Tabic 4 

RANKIN<I ACCORDING KI mi HIK.III <>I INDUIS AND 

RATIO A INII-R-INDl S1KV   l'| R RIGION I ( )R Ml I VI- 
I'RODl (  I   INDI SIKHS 

Rtywn ),„r A'urG« m. • rJrnv i., h, Kit 
'l ii;lit<ln.il «•«I»  A 

( h prt>,ìnt ii,n I.1' i tupi,nment //'-' 
World  1961 1 7" 1 
1 SSR and 

1 astern 1 urope 1902 1 1 1" 
North America  .. i%: 1 1 J 
Latin America   .. 1961 1 2 1 
last. South- 

east Asia   . .   .. I%I 1 1 1 
i;;-2 y 1 7 

1 uropcan 1 coitomi.. 
Community  . .. \- >: i 1 («'• 

" Kcl.itiw puMii.Mi vh.iitil »uh ISIC 2.1. M. 2l> 
'• Ri-I.ni.e pusiii.Mi sh.iu-,1 ulih I.-.K   14. l'i, U 

Rtrl.ilni- r.ivition -.h.in-,1 »uh ISK   27 

shown that the choice of equipment in the metal-product 
industries depends on : the wage rate and the interest rale: 

annual production (si/e of market), ami the homogeneity 
of production (the si/e of production runs or lots). 

In the second part of this study we will use an atomistic 

approach, in the sense that we will use highly disaggre- 

gated data Inexploré lor which mctal-chippmgaiid metal- 
culling operations there are choices or no choice in 

equipment with various degrees of mechanization, and 

how the optimal choice depends on the variation of such 
parameters as wage and interest rate and si/e ol' lots. 

The aim of this iirst part of our study is only to show 

some trends and tendencies hy comparisi»! with highly 
aggregated ligures 

Productivity ranking (.?) 

The same procedure as carried out in table 3 for the 

years 1961 or 1962 was done lor the year 1955, yielding 
ratio B. 

Table 5 presents bolli cross-region ranking and inter- 
industry per region ranking order. 

Noteworthy is the low ranking among industries of the 

metal-product indusii.es in I urope. Cross-region, the 

metal-product industries in lurope rank low. especially 

Tabic 5 

RANKING ACCORDING to IM RI ASI IN I AHOI R 

PRODI ( TIMI Y INDICATOR M)R MM Al-PRODI (I INDISTRIIS 

1955-1961(62): ISIC 35 38 

r,r,..,i 

World  |95-i i%i 
l'SSRand 

laslern I urope .. 1955  I%2 
North America   1955  1962 
Latin America  1955  |96| 
Last, South-c;.st 

Asia     1955  1961 
1 urope   1955  1962 
I uropean I commue 

Communitv     1955-1962 

" Re!.ime r,.Mii„n sh.ir-.--J »uh ISIC 511-512. 

Kttnk ini; tlumher 
li-vinti ltitt'r'ittilu\ln 

per rtyìtm 

6 5" 
1 2 
7 6 

J 5 
5 9 

.•ompared to North America. Some improvements in the 

efficiency oí the group for I urope seem urgent on the 
basis of this comparison. 

Annual proiliu titiii ¡.•/•on//; rate\ 

for a number of comunes, ihc average annual rate of 
growth in the industrial production mde\ of the mei.il- 

producl industries is computed lor the pcnod ll>53 l'X>2. 
fable 6 shows the results. Some countries have amazinglv 

high annual growth rales, such as Japan. "?.?? pei cent. 

Taiwan. 42.59 percent AI\^ Venezuela. ^ .N pei ..ont. lo 

mention only some countries with a giowth rale higher 
than 3D per cent a year Countries wuh a lowci ih.m S 

per cent annual growth rale dnnng this period . i te- 

Argentina. Canada, tl.•• Un-ted Stales and the t niled 
Kingdom. 

l'tibie ti 

A\l RAG!   ANNI \!   RVII  Ol   GROW III, Ml I \|   |'HOI>l<   IS 
(HI R (INI  VI AR) (I95X UK)) 

I'nited Slates  
Canada   
Argentina  
lir.izil lhasie mêlais) 
\eiicvoel.i  
Ilimti.irs    
Czechoslovakia 
Poland     
S i\ ici t mon   
India    
Japan     
(luna ( i aiwaii)  
Iklguim     
I ranee     
(icrmativ II   K.I  .... 
Netherlands   
Italv      
Sweden   
I mied Kingdom 

/.,./, 

Ill 
UN) 

*2 

.V4 
KO 
59 
52 
49 
40 
40 
J(> 
79 

M 
56 
72 
70 
KJ 
XX 

I »5 

115 
92 

|5o 

142 
172 
t6| 
195 
175 
K.X 
too 
174 
126 
126 
IW 
145 
161 
126 
114 

[imii.ll '.Ht   m 
f //( 

l'i<>    /Vi..' 

2 40 
1.1.7 
I  \U 

I2.<!4 
15 2*-» 
12.78 
1921 
«»Ah 
25 ""I 
IV 5ft 
71 •»•» 

42.59 
uM 
Il II 
1647 
II 27 
I4.7f, 

5 7f, 
4.1 s 

Comparing the relative positions ol the Untied States 
and Canada in table 6 with the relative position of North 

America in (able 5. some evidence is found lhai elliciency 

increases have materialized, possibly, by increased 
mechanization and aulomalion 

Some further t mit fatums 

In trying to interpret the height of the avenge annual 
growth rate of the mde\ i>| tin- industrial pioduction in 

the melal-producl iinlustry. the average annual growth 

ratein the indev ><fpei• capita ptodticl loi the s.mie period 
was used as an indicator ol over-all economic gtowth, 

assuming that countries with rapid economic gn>wlli 

would also experience rapid growth tales in the melai 
product industries 

Table 7 shows the sample where the dependent v.niable 

y stands for the average annual gtowih i.ite HI the 

industrial index ol the nictal-pioducl indu-liy and « 
stands for the average annual growth rale 111 ihe index ol 

per capita produci. Ihe correlation coelhuent is noi 

high. 0.5944. with a standard error of I4.K246. 

á 



% 

Table 7 

AVERAUI  ANNI M  (.ROW in RAM  oi  per capila PRODI (i 

INIWX   (V)   AND   INDISIRIM.   I'RODl CI    INDI X   ( V)  Ol 
MM M -I'RODl CI   INDI SIRIIS 

{ nulliii,-\ * v" 

United St ! les  I"' 2-4" 
fámula  «»•"'I ¡^ 
Argentina  • *' "^ 
Brazil    •* ~'u 
Vcnc/ncki  •l ?•* 
Ilun^rs   5.« £7 
Czechoslovakia      A.8I ^ 
Poland     h-W »>•" 
SovM l mon  ^74 2M' 
l-uha  I-«? «.56 
Japan      11-54 72.22 
China ( l.iiuan)  -VH8 42y* 
Belgium     2.78 6.61 
trance     4.37 • 
l.ernuinv M .K.I    <••*> I64; 
Netherlands  *-70 H -7 
Italv     *•« U.7A 
Sweden  -VM ' f 
t miai kingdom   .... 2.17 4 '•  

•i S« l.ihlt <• 

linally. an cifoli was made to explain i, «he average 

annual ¿rowlh rale of the iiuhislrial index in lhe metal- 
products industries, UMUJJ lour independent variables: 

(a) the income per capila, (/>) the si/e ol the population: 

(« )the product ol'(,/) and (/»). and the average growth rate 

of the index in pei tapini produel. 
More independent variables were introduced, and the 

sample si/e then reduced to fifteen countries due to lack 

ol information. Ihe connuies are: I'mlcd Stales. 
Canada, Vgcnima. Brazil. Venezuela. India. Japan. 

China (laivvan). Belgium. I tance, (icimany tl.Rl. 
ihe Netherlands. Ii.ilv. Sweden and the 1 mied King- 

dom. 
A multiple eoi relation coelhcieni ol 0 XlX)s was ob- 

tained to winch Ihe vanables ol />. / <apua income and 
ihcavcrage.ninnai r.;tc of giuwlh ol the/«/ < apila product 

index contributed mosi. \s ihe si/e ol ihe market is not 

only the home market but a'so Ihe foreign market, the 

introduction ol an appropriate variable for ihe torcigli 
maikel would, undoubtedly, have improved ihe results. 

I anther work is inlended to improve ihe sample and to 
find the best combination o! independent variables. 

II.   I III    VNVI VSIS 

In this section, we intend to make the analysis from 

which we will derive decision rules in the last part. 

i im 

The aim oí the analysis is. as the title oí this study 

sugttests. the derivation oí decision rules for equipment 
investments in melal-chippiimand metal-cutting machines 

for a developing mctalworking industry. 
It is also suggested thai there is something to decide. 

that a choice among alternative equipment types can be 
made. I vervbodv who has some experience vviih the 

mctalworking industry   knows  that,   for  many  melal- 

(,. K. Ilixin 

working operations (tasks) a choice among alternative 

machines does indeed exist, liven the highly aggregated 
data used in part I suggest the possibility ol choices in 
metalworkmg equipment. If choices must be made, they 

should preferably be made in an optimal way and the 
present sludv thus should give answers to Mich questions 

as: which variables determine ihe optimum choice in 

mctalworking equipment and how i\o these variables 

influence the optimum choice in meialworking equip- 

ment ' 
The practical question-, follow direcllv : which type ol 

analysis must be used to answer the tirsi two questions 

most adequately and. subsequently, io whom are we 
going to direct ourselves, lo privale or lo public decision 

makers'' Ihe last question is ol importance because, in 

practical life, optimal choices for private or public 

authorities may mean dillereni things, for this reason, we 

state as an additional aim ol our analysis ihat it should 
yield results from which general rules can be derived, 

rules applicable to privale as well as public decision 

makers. Hence, the linai .um oí our analysis can now be 

formulated: the derivation of decision rules on equip- 
ment investments in establishing or expanding a metal- 

product industries lor private and or public decision 

makers 

Scope 

Ihe scope of the analysis should be broad, in the sense 

that its results should cover: 

{a) All countries in the world: 
ih) All scales of production operation; 
h ) All types of metal-products industries; 

ti/) All types of decision makers. 

In order to achieve this, ihe analysis must take into 

accounl ihe production circumstances which simulate the 
real production characteristics for countries in various 

siages of economic development. To this end a model 

should be developed in which: 

(,/) Prices of primary inputs (slock and or flow) can be 

varied m a dis.rete way simulating the relative scarcity 

relationship oí capital and labour (and possibly of 

foreign exchange) for most-highly. highly, semi- and 

under-developed countries. 
(/>) Lot sizes or production runs (defined as the number 

oí identical parts produced with a single setup) can be 
varied, simulating small-, medium-, and large-scale pro- 

duction characteristics. 
(e) A number ol production tasks should be defined 

which vary according to shape, size, and precision, 

simulating in this way characteristics of all possible types 

oí metal products. 

1 he variations in wage md interest rates .an be con- 

sidered io reflect actual market prices or equilibrium 

prices, gross or net oí inflation. Privale decision makers 
will be inclined to work with market prices, gross 

of inflation: public decision makers should preferably 

make use oí estimated equilibrium prices, net of in- 

flation. 



Hules for Iquipmi'iil hiHstiiicnts in Metal-product Industries 

Type 
We now have to decide mi I he ty pe o\' analysis that will 

best meet our previously formulated aims and scope. 
Best tilted lor our purposes is a sensitivity analysis: 

hasicalK. we want lo know how sensitive machine-tool 
optimality is when certain parameters are varied. 

A machine is considered to he optimal if il can produce 

a given unit of output at lower total capital and labour 

costs than any alternative machine. 
I he sensitivity of which parameters on machine-tool 

optimahtv do we want to explore'.' I irsi. o\' the wage- 

aiid interest-rate parameters (parameters arc given 
exogeneouslv ). I coiiomically. the inost-highlv developed 

countries will be characterized by a relatively lutili wage- 
rate and relatively low interest rale, under the assumption 

that in such countries capital is abundant relative to 

labour, while under-dcveloped countries will he charac- 

terized with a reverse factor-price rela'ioiiship that is. a 

high interest rate and a relatively low wage rate under 

the assumption that labour is abundant relative to 

capital, the prices of labour and capital for the middle 

group, highly developed countries and scmidcvelopcd 

countries, will be set between the extremes of the most- 

highly and under-developed countries. 

The next parameter that will be varied is the size o\' 

lots: the variation will be such that all the possible 
scales oi' production will be simulated. 

The variation oí interest rales for equipment capital 

and wage rates for labour and the variation in size of lots 
will be called se.isilivilv analysis A. 

The introduction of costs o\ structures, a type of 

capital, and the inlr nluction of a variation in equipment 

prices (e.g.. Iransportal.mi costs lor equipment and the 

application of an equilibrium exchange rale instead of an 

over-valued official exchange rale causes equipment prices 

to be hirher in under-developed countries) will he ex- 
plored m Misitivit, analysis \\. In this analysis, the 

elliciency rate of labour will be varied under the assump- 
tion that, in under-developed countries, this rate, as a 

result of such factors as less skill ami less work discipline. 

will be lower than the elliciency rate in developed coun- 

tries. 

For the sensitivity analyses we will formulate total- 

cost functions, where total costs are a function of the 

equipment price, the interest rate, the labour time and the 
price of labour, the si/e of lots and the elliciency rale. 

from which umt-c >si functions will be derived. Hence, as 

machine-tool optimality is delinul as that macinile with 
the lowest total capital and labour cosi per unit, we will 

analyse how ihc vanation uf the above parameters 

influences the machine-tool optiniahty. \s soon as we 

have established the sensitivity behav imir of machine-tool 

optimality we can then derive our general decision rules. 

As we have now broadly indicateti which type of 

analysis we will apply, something should be sani about 

th" level of aggregation on which the analysis will be 

carried out and which type of data will be applied. The 

analysis will be carried out at the most disaggregated 

level possible by applying engineering estimates of time 

data for metal-machining tasks which are delined for 

certain  shapes,  sizes,  and  precisions.   For each  task 

are listed alternative machines capable of earning n out 

lime data for each lask mi each alternative machine arc 
Used: time dala cousis, o\ piece tunc tmachine tune A\\I\ 

hand time) and setup time. I asks aie also used as the unit 

quantity of output: consequently a lask unit is delined 
as an elementary m.u Inning operation with a paiiiciilai 
shape. M/e and pressimi loi a spcciln melai 

Uy asNigmiig an investment cost to e.u h m.u lime and 
assuming thai this study, as .1 tnsi appioxininlion. deals 

with only a one m.u lime one man iclalion. we know 
capital and labour icqiui einen is (piece lunesi pei task pei 

alternative machine. 

H y vai y nig ihc puces ol capital and la bo 1 a disuele 

way and by vaiying the lot si/es. we i.m analyse the 

price ellect and the lot si/e elicci on ihc opiuii.il machine 
(sensitivity analysis \i Ihc uppci and lowei sei lions ol 

ligure I illustrate tcspcclivclv ihc lot si/c and the puce 
ellects on the loial-cosi hmctimi o| one machine I he 
elicci ola lot si/e increase on the loial losi lunciion o| die 

individual machine, loi lixed and given pines ol capital 
and labour, is two-fold 

(</) The slope of the iiitvc is allei'ed as the laboui 
requirements per unii ol output decie.ise nhe lived setup 

time is divided by a l.ngei nunibei ol uuils m the 
lot): 

(/>) Ihc annua1 productive capacity ol the machine is 

increased. In a lixed. given numbei ol annual pioduclive 

machine and man-hours 1 which are identical undei the 

assumption oï a one-man one -machine relationship) 
more unils can be produced as die production lime pet 

unit is decreased by producing laigei bali lies. Note thai 

within each lot size there are constant renn its to scale, as 

can he easily observed in ligule I Shilling doni lot si/c I 
to lot sizes 2 and } causes increasing nini ns in scale I his 

latter ellect is one \A  the sub|ecls ol investigatimi 

The unit costs will be measmed at the lull utilization 
level expressed in lime tinils on a one sluli basis ol 1 lu- 

machine. 'Hm. assumption <>f lull utilizatimi is lustilicd 

as we think in highly aggregateli lei ms lalliei than al Ilu- 

level  o\' the individual   linn 

It could be argued that the vanous st/cs ol lunis stand 

between the individual pieces ol equipment and the 

aggregate ou I pul and that, at the In in level. I lie utilizatimi 

is not necessarily KM) per ceni. iiowcvci, this authoi 

believes that, by vaiying the lot si/es between extieme 

boundaries, the variation in "productive utilization*' o| 
equipment covers all practical cases 

Figure I also shows what happens al the individual 

hrm level, where the indivisibilities o| m.u lunes aie 

releva ni. In an aggregale sen -e. the indiv isihibiv aspeil ol 
the individual machines levels out I m lilis leason. we 

measure the lot size elicci at the points of lull utilization 

of the machines. ( onnccling the origin with the points ol 

I'u¡I utilization of a particular machine loi a speulied loi 
size, vve obtain straight curves, as shown in the ligure 

In ligure I H we illustrate the elicci ol pine changes ol 

rapital and labour on the lotal-cosl lunciion of the 

individual machine lor a given, fixed lot size I he annual 
productive capacity is now constant as the lot size is 

kept constant. Increasing the price of capital and de- 

creasing the wage rate also has a twofold effect: 

1 J 
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F, 

F¡ 

Y,m(2t)Ym(Z2)Y
,m(Z3) 

Y (Production per year) 

í 
Ì 

c. 
B. 

ïK 
i 1 1  __J 

Y (Production p«r year) 
«Y'rníi,) 

ligure I 

El FU 1 Ol  IN( RI ASIM, Kl II RNS IO S( Al I ON TOTAL COST 

ITINt HON I OK ONI' M\( MINI   I OR A dlVIN ANDMXTD HRICI 

Ol  (MM I \l    VNI) I.MIOl R 

(a) The intercept, which measures the fixed cosi, 
increases from /, to /\ to /', in our example. 

(/)) The slope decreases as ihe price oí labour is dis- 
cretely lowered al the same lime the price of capital is 
increased in a discrete way. 

l!nit cost will he measured at r,„ for each capilal- 
lahour price set I figure I li), and al each lot si/e r,7 (r,, ::. 
:}, etc.. ligure I A). 

1 or reasons ol simplification, the ligure shows only 
the total-cosi function lor one machine. In fact. Tor each 
individual task, there arc as many cost functions as there 
are economically feasible machines to produce the task 
unit. 

Analysis H is identical to analysis A except lor the 
variations in the parameters mentioned earlier. By 
comparing the machine opiimality in analysis B with the 

machine opiimality obtained in analysis A. the sensitivity 
of machine optimalily to the varied parameters as a 
group can be observed. 

The analyses outlined above can best be characterized 
by the term sensitivity analyses, as they compare total 
capital and labour cost per task by keeping certain 
parameters constant and by varying certain others, from 
the changes in total unii cost, which lead to changes in 
opiimality. the sensitivity of each parameter or group of 
parameters can be established. 

AssUIHptlOliS 

The assumptions on which this analysis are based are: 

(a) Complementary or intermediate inputs for each 
machine per unit of product are the same and conse- 
quently omitted. Hence, the analysis counts only the 
capita! (in analysis A only the equipment capital, in 
analysis B the equipment capital and the capital invested 
in structures) and labour cost per task unit per alternative 
machine. 

(h) It is assumed that equipment is used 2,(KX) hours a 
year. Effective utilization, measured in physical or.iput 
per year per machine, varies considerably as a function 
of lot size variation. It is assumed that the fluctuations in 
physical output per year reflect reasonably well the 
fluctuations in annual capacity utilization in actual 
production circumstances. 

(c) The annual potential productive capacity of the 
machines icmains constant over the years and is measured 
in physical units, in other words, gross benefits remain 
constant. 

((/) The lifetimes of all the machines are equal and 
constant. 

(<•) The cost of capital includes interest and deprecia- 
tion. The interest rate is assumed constant throughout 
the lifetime of the equipment. Interest and depreciation 
are maintained constant per year hy applying a capital 
recovery  factor K'KI ) m computation. 

(/) labour is considered a variable input, but the price 
of labour remains const.mi over the lifetime oí the 
equipment I nder these assumptions, benelits and costs 
are constant over the lifetime ol the equipment and (here 
is no need lo introduce a discounting procedure in the 
calculation, 'lotal insts can be computed on an annual 
basis and remain constant for a given price of capital and 
labour. 

(e.) Ihe cost functions are linear step functions under 
the assumption that, for ,i given lot size, labour inputs 
are constant per unit of output 

(/i) Prices of capital and labour arc evogenously given. 
Each set oí capital and labour prices is assumed to be 
representative for a specilied geographical area with a 
certain degree o\' industrial m.ituritv. 

(/') lor reasons of simplification, we assume that the 
same task unit is produced the year around, varying the 
size of lois. In reality, not the same but omparable task 
units are produced the year around; however, this 
assumption of a uniform task unit in production simplifies 
the analysis considerably and does not affect the con- 
clusions. 



Rules for Equipment Investments in Metal-produci Industries 

(j) Lot sizes arc exogen.ously given under the assump- 
tion that they are dictated to the entrepreneurs by si/e 
and composition of demand. 

The model 

We will now present some of the most essential 
equations of the model, which all refer to one task unit, j. 
The following symbols are introduced: 

c total capital and i.tbour costs for task /on optimal 
machine 

c' total  capital and  labour  costs  for task /' on 
machine / 

k equipment capital for task / on machine / for a 
given lot si/e :,, 

j task unit (j     I . . . 51); subscripts y. however, 
will generally be omitted: the model refers to 
one task unit. / 

!'(:) labour-outpui ratio for operator on machine /, 
task /', for a given lot si/e zti 

m subscript for annual capacity output of a machine 
n number of shifts 
p' piece time on machine /' 
r* price of capital (including depreciation) per year 

(//       I ... 4) 
s' setup time on machine /' 
w*        price of labour, per unit of time 
:* lot si/e (</      I ... 7) 
O total capital and labour cost for annual produc- 

tion on machine / 
£ highest integral number smaller than V (if V 

1) 
F eftio.   •»• factors 

F a to. illness, holidays, etc. 
F„ for a'lowanccs for rest and personal care 
/•",. for general elliciency level inside and out- 
side the factory, to the cvtcnt that it influences 
the productivity of the individual operatori/', is 
assumed to be I in analysis A) 

H potential maximum annual number of machine 
working hours on a one-shift basis 

i alternative machine, to p.oduce a given task unit 
(superscript /      I ... 5) 

H' efficient   annual  number  of machine working 
hours 

A'' new price of machine / capable of producing task 
j in  a  given  year and  country,  expressed  ¡n 
United Stales dollars 

V'm        degree of utili/alion at capacity output 

Y^ annual capacity-output level of machine ; 
expressed in tasks / for a specified shift pattern, 
lot si/e. and elliciency parameters ( Y^ indicates 
a side condition) 

Starting point of the model is a function for total cost: 

C'ir.w)      A'[/i(l )      \}r      [!•(:)]  >>        (I) 

*The symbols r, H, and ; represent continuous variables; we 
consider only discrete values of these variables, indicated by 
subscripts </ and h; however, in the model, these subscripts will be 
omitted in order to simplify the notation. 

where 

/ %:)     , /»' (I.I) 

and 
W      FaFBFyN (12) 

and 

Y> (-1     Wt* " (1« 

then 

O (r,w) 
Vii:)" 

' A'  • 
r /'(.-) "1 (1) 

r¿(r,»-.:) 1*¿U> ]' f'1-">] «•   J 
where 

and 

O,».) 

yfc) 

c'ir.w,:) 

*¿U> 

then 

tj:*rh,*'h)     min [k¡¿z¿\ rh • {/<{:,,)] wh. 

d     I ... 7      A      | ... 4. 

(21» 

(3) 

Equation (I) gives the total unit cost equation wilh 
definitions of the basic relations in equations (I.I, 1.2, 
and 1.3). 

liquations (2) give two versions of the unit-cost equa- 
tion, with partial relations further explained in équations 
(2.1) and (2.2). 

1 inally. from equation (.<). the solution of our problem 
comes as it stales thai the total capilal and labour cost r 
for the optimal machine is a function ol . ,. ih. and it/r 

By varying i/lioin I io "and keeping // constant, changes 
in oplimahly of machine-, can be obseived. which aie due 
to lot si/e variali"!) liv vaiying // In.m I to 4 and keeping 
(I constant, changes in optunalilv that aie due to price 
v ariatioii tan be < 'lisci ved. 

Mie foregoing iclcis io sensitivity analvsis A lor 
analysis It. only nnnoi changes in the basa model aie 
needed. A new symbol is introduced ^ . which indicates 
investments in space requirements needed loi woiksile 
around machine /: hence, the total inveslineiil loi 
machine ; is (K'       A'). I quatioii (1.2) is revised as 

//,      2! ,21 „I, It (1.2.1) 

I inally, inste; d of A', 2A1 is used in the equations for 
analysis B, as the machine investment is assumed as 
doubled. 

S, :• .... un ' wiifieanee of dala used 

Tlie tasks 

So far. we b.iv. on:v occasionally referred to the data. 
The basic s; mpie wa> ollected in 1955. 1 he sample is 
complete in so L.I ... it includes all the conventional 
metal-chipping and metal-cutting machines. The more 
recently developed numerically or tape controlled metal- 
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working machines arc not included in the sample. With 
the conventional machines we mean all the metal- 

cutting and metal-.hipping machine tools excluding 
electronic,ills  controlled machine tools 

As slated, the analysis is on the task level. How repre- 

sentative is Mich an analysis loi the derivation of general 
conclusions.' I he pomi is thai, in actual production 

circumstances, one woikswiih paits Vers seldom does a 

pari regime oulv one machining task \losi comnionlv. 

multiple mat liming I ask s have lo he can ied oui on a part 

II" the lime data In lask. supplied In our basic sample. 
can nisi he athled. yielding the same pioduclion lime 
requirements as a pail analvsis could have given, there 

is no problem In thai ease, one simply analyses which 

hasic tasks have to he pcrloimed on whalevei pari one 

might be mlcicsicd in ami. allei having determined the 
magnitude o| ihe relevant paiamcteis. the conclusions ol 

our analvMs   ne dticclly applicable 
Alter a cucini investigation on this question, the 

conclusion is thai loi eleven lasks. ev.cpl those involving 

the lathe lanulv o| machine tools, ihcie is no sigmhcanl 
d1 Here in. e between task ami pail analvsis lor tasks 

involving lathing, theie nuvht be a diDerenee because in 
lathes successive steps o| mecliaiu/alion can be dis- 

tinguished most c leailv I his means thai, hv curving out 

a number «'I tasks in which a lathe is involved, one 

economi/es on production times whenevei. because ol 
mechanization, tasks can be automatical!) changed, in 

various degù es. without mici lei cuce In the operaloi. 

I or this reason, translaiing the task analvsis into a part 
anaKsis will veld production limes somewhat high l'or 

tasks involving turi et lathes and automatic screw 

machines llowevei. allei sevetal tnals with modified 

time dala, •un conclusion must lie thai the above 

indicated tad allée Is the outcome ol our icstills in 

only a nnnoi way 

I j\k i htu 'ii i-' <»//• * 

lasks aie c iiaiac tcri/cd In shapes, size, and precision 

I huleen shapes, live sizes MU\ thiee precision classes ol 

the work piece weie distinguished, as shown in table X 

I ubi,    > 

(   Xlll.OKIIS IM    I VSK  (  H\K \(  II KISIIl S 

>•••    „;,;;:;.„ u,, 

1 I lal surfaces, no COMU  11 
2 I till surfaces, external 

contour 
%    I lai surfaces, iutcin.il 

contour 
4 (vhiuiiic.il s II faces 

external 
5 <. vhncllie.il si (lace's. 

interior 
f>    Drilled holes 
7    {'vliiilik il forms, external 
S    Standard s rew threads 
s>    Sl.md.iid gear shapes 

10    Complex shapes 
ti    Inventai pcnphcrv. tl.tl 

surface 
12    Multiple surfaces 
1.1    Multiple holes, drilled 

\civ small 
S tuli 

Medium 

1 arge 

\erv large 

ScMlll-picclMOn 
I'lCclMOII 

High precision 

Prices 

r our discrete values of It (price sel of production 
(actors) are used which can be roughly identilied as those 

prevailing in North America. Western I inope, the semi- 

indusiiiahzed countries, and the under-iiidustnahzed 
countries. \ pi ice set is dclined as a wage rale and a 

capital rate that are used in coniunclion | he prices are 
presemeli m table l). 

(XI'll VI    VM) I  VUOI R  I'KK IS 

/.', ••.,.>; "IT 
/ ,i, •;?,„• 

i ¡ilti/yiHi'iil 
1 H',/»U 

( .irli,,/ 

« HI l 

%     (      S     Slì.T 

\orlh America  . . . 5 m 0.12450 y M 
Western 1 mope   . . 5 10 0.12950 2n 
Seini-indiistnal- 

izcil countries l(» in 0 1 (.275 0.45 
1 inlei-iiuli.sln.il- 

ized ciianli'ics . . 15 m O.PW25 0.20 

i.oi \i:c\ 

I or all tasks, seven lot sizes will be taken into account: 

5. 10. 50. UK). 2(K). MX), and infinito. It is believed that the 
indicated lot size ranges cover all scales of possible 

production operations, that is. small-scale, medium-scale 
anil large-scale production. 

I'lficicncY ran 

I he basic dala arc collected by certain allowances for 
fatigue and delay, varying with the type of machine, the 

degree ol precision .\m.\ the si/e i\\ lois In sensitivity 

analvsis \ they rellect noim.il annual production allow- 

ances common in the I mied States In sensitivity 

analvsis H. the allowances are doubled under the assump- 

tion that, because ol dillerences m skill, dillcrcnces in 
internal organization and dillerences m the organization 

of the economy at large. only hall the elliciencv can he 

obtained Iront those prevailing m the co'intrx with the 
highest   industrial   elliciencv 

Stiniplc \i:c 

lwo sample si/es are distinguished Sample size I 

includes all i.isks lor which (economical) feasible 
alternative machines are listed. 

Sample size 2 includes tasks lor veis large pieces (size 
characteristics, category II. s) and single observations. By 

single observations we mean tasks for winch no alterna- 

tive machines, no choice in equipment (or capital 

intensity or level of mechanization) exists. Sample size 

I includes llty-onc tasks, sample size 2. thirty-seven 

tasks of wh.h ¡our relet to size 5: and thirtx-three to 
single observations With the latter term we mean that 

for these tasks only one machine is listed as feasible and 
consequently no alternative ^\tn be chosen. 

SmnnuiiY loi iHiitinnici Milm-s 

In summarizing this section we present in table 10 the 
numerical values of the parameters that are varied in the 
analysis. 
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Pable III 

N'l MI RH  VI   \ \l I IS Ol   t'VRVAII II RS 

/'.„, -.,/ 
I'rtti   Minting 

I 
2 
3 
4 

t.ft \tw \iirt,iU m 
.1 

H,w .,/(,• m   I   S  ./../.', 
(»»I 

Vf. 
2.0 
0.45 
0.20 

l'ti 

0 I2-J50 
O.I2-Í50 
0.16275 
l).l'W75 

/.•/  M.I   (-,<) 

5 
io 
50 
HM) 
2(H) 

VX) 

As staled, ihc paramclcrs tor scusila in analvses A 

and B arc the same: however, in analvsis H. capital 

includes the amount invested in Hour space: fatigue and 

personal and work dela> allowances arc doubled and 

equipment c\ipit:il l'or all machines is uniformi;, doubled 
also. 

Problem fnrniiiliition 

Sensitivity analysis   I 

Problem: Separate the influence«, of the following 
parameters on the optimum technique: 

1. The \ariation oV the prices of capital and labour 
(rcspcciivelv  /,. and I ... /;       1.4). 

2. The variation o\ the si/cs o\ lots (batches or pro- 
duction runs) r,. d/      I . . . 7). 

(iiven: The given parameters can be divided into two 
categories : 

1. Parameters that are kept constant 

(a) I quipmenl prices lor alternative machines /; 

(/>) Potential maximum number ol machine working 
hours per machine per vcai : 

(i) lime data    loi  each  task  /.  piece lime I/» 

machine      labour time per task unit), and setup 

time (.\       makc-icadv  time)    lor a number of 

identical task units on each alternative machine: 

(</) Shift pattern, degree ol utili/.ition.etheicncv. etc. 

2. Exogen« usl\ given, parameters that are varied in a 

discrete wax e.g.. paiamcleis lor lot si/e. wagi- 

rate, and capita! i ale 

Proeedure : 

1. lind the optimal capital mlensitv of the machine 

(A decision or independent variable) bv determin- 

ing the minimum total capital and labour costs 

(r dependent variable) per task unit lor each 

machine /. 

(a) Compiile unii cost bv equation (2) for each 

machine / for each value of /•„ and u „ for a given 

and constant  :,. 

(b) Determine / bv equation (3) for each xaluc of 

rh anu wh for constant j,,. 

(c) Determine if /" is changing, giving r ,w\y.\ u., 
different values as // I. :, }, 4. i,,, given and 
constant .-,,. 

2. Determine whether or not and to what exient a 
variation in lot si/c allccis the optimum technique 

((/) Compute equation (2)  loi  cicli  machine  /  loi 

each value ol       I'»»t given and constant i    and 
ir,,. 

(/>) Determine/ bv equation i «i loi each value of .- 
for given A\ì<.\ ..oust.un '   and n 

(c) Determine if / is changing, giving .    its values as 

//      1.2. «. 4. s. (,. " |,)i each given and coiisiaul 
ru and ii  . 

Sensitivity analysis li 

Scnsitiviiv analvsis H is cssentiallv ihc same as analvsis 

A. Onlv paramclcrs kept constant in analvsis \. such as 

the equipinenl puce J\\I\ the allowances loi labour are 
varied in analvsis H In analvsis II. the cosis ol structures 

lor the worksite o\ the operator ami the machine are 

included in the capital investment in addition to the price 
of the machine. 

Results 

Hv having discussevi the movici and the data we ire now 
readv to feed the dala into the movici: 

Labour-output ratios aie computed with equation I.I; 

Annual capacilv outputs per machine aie compilici! with 
equation I«: 

Capilal-oulpul latios aie vompulevl vvuh equation 2.2. 

Intal unii costs aie compiiteli with equation 2. 
I qualion 3 viclds ihc lesult 

Results ut anah v/v   I 

di) Price ellecls ol capital and labotn occur whenever « 
shilts as a icsiili o| vaiving values ol /, and H„ lor each 

given and constant value ol 

(/>) I ol si/e ellecls on m wlienevei <• shifts as a icsull ol 

varving values ol loi given and vonstanl values o| ih 

and i ... 

I able II simun.ui/cs the deine- <>\ sensitiv it\ to 

variatoli in the loi M/C p.uameiei. and unikales the 

v.iiialion m iapil.il and lahoui pin.es loi culi lask I he 

seiisilivitv to v.mation in lot si/e is delitieil as lollows 

lor each task, loi a given and hxi d pine sel the maximum 

number o| ch.mges in mai lime npiiinaliiv due lo lot si/e 

variation is equal to the munivi < «I comniikallv leasihlc 
machines minus one. multiplied bv loin uhe nunilvr ol 

price sets) 

Iuhi,   Il 

SlNSIIIXIIV   MXSSIIH   Vltn\    |(»    V VHIVIIUS    IS    Mil    SI/1 

I'VKVXII II H 

\ . ,.( \t,i i iiuum ,„ I'll Ill: 
• •••'/•'""- 

it im. i 

1 0 

V »i 

II 

/i/..« i \Una,lnim> Hltm-h, I/o. hwki 

2 4 () 1 2 î A 
1 H II 1.2 V4 5.6 7. H 
4 12 II 1  1 4 6 7 >> M) 12 
5 16 0 1   6 7 4 10 12 n 16 

J 
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The sensitivity to variation in capital and labour prices 
is defined below. We distinguish the following optimality 
patterns, per task or each lot s./c. hie to price variation. 
I'.ach pattern of lour X markings, as listed in table 13. 
has to be analysed independent of an> preceding ->. 
following pattern 

Depending on the number ol economically feasible 
machines, we classify the degree ot sensitivity to price 
variation as in table 12. 

Table 12 

SENSITIVITY IT ASS» KM ION IO VARIATION IN (AMTAL- 

I AIMH R PRUT PARAMI IT RS 

€,. K. Boon 

Sumhrr til tillerti.i-   WH WIIIKHI" nunilur 
livr mutilimi per        <•! tlitinufy I" 

tit\tt optimal nun huir        \ 

14 

21 
2* 
2S 

\en\iit\it\ tienne 

I            M             II ' 

2     V< 5   M> 10 I    II 
4      5  III    II   Id 17 
(.     7 12    13 20 21 
7      H 14    14 2? 2ft 

• The numhei "I pnn v.irwiiors in the .in.tli«ic i> *. the number nl I. i M/e 
varialHim i\ 7 I he number «'I change» in m.uhine .>:Mimalil>. »»inn lo price 
mrìan<>n, ttepemh on (be number ol iliern.iim m.iOr;,., -s tvr i.isk I hi- iiuMinum 
number ol ch.mge» is ihe number ol price c.iri.iiion» mtiliiruieil he Hie number »t 
lot size %ariationv 

Table ¡3 
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Table 14 

SlVSIIIMIYOt  MAC HIM OPIIMAIMY lOI.Ol SI/I V \RIA I ION 

WD < \PIIM   \M> t \HolR PRUT  WKIMIOV 

An .l> MS   \ 

/„a H.. lui   «."I /•' 
te,l\lH< 

et'-nttmuulh 
mut Murs 

1 

S     / 

4 

i \     ; .1-      II 

12 

1 

\ 

2 2 6 •} 

3 2 10 2 

4 2 Id 3 

5 4 2 

6 6 13 3 

7 4 0 2 

K 4 S 2 

9 3 4 2 

10 
M 

4 
4 

2 
0 

2 
2 

12 12 6 2 

\y 3 » 2 

14 0 0 1 

15 0 0 1 

16 3 4 2 

|7 4 2 2 

IS S to 1 

l'i 4 2 I 

2) 2 W 2 

21 4 2 2 

22 0 0 1 

23 4 I t    ' 
24 J It 1 

25 4 S 2 

2* 5 t 1 

2? 8 * S 

2« J « 2 

2* 1 2 2 

VI 2 10 2 

31 2 10 2 

32 4 10 3 

JJ 2 12 2 

34 1 1} 2 

» Ï 12 3 

36 J IS 3 

37 1 14 2 

3* 0 0 1 

3« 1 12 2 
40 1 14 2 

XXX 

% n 

% x 

In table 14. each task is classified according to its 
degree of sensitivity for lot si/e and capital and labour 
price variation, for sample si/e 2. there is no sensitivity 
to either lot si/e and price variation, except l'or task r2. 
which shows some sensitivity to lot si/e variation. 

Results of analysis fi 

Machine price and efficiency rate effects do occur 
whenever Í shifts as a result oï doubling the machine 
price and reducing the efficiency rate o( labour, keeping 
all other parameters and variations in parameters idcnii- 
cal to analysis V 

The sensitivity ol'machine optimality to variation in the 
efficiency rate and variation in the equipment prices can 
be determined by comparing the optimality markings in 
analysis B with those ol analysis A. Any change in 
machine optimality in analysis B compared to analysis A 
is the combined elicci o{ the variation in the parameter 
values changed 

fable 15 indicates the sensitivity ranking lor each task. 
I or no task is a high or very high sensitivity observed. 
Considering sample si/e I from the fifty-one tasks, 
fourteen do not show sensitiv it\. twentv-six show low 
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None     iM 
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St NSI 1'l\ IM   HI   MM HIM   ol'IIMVIIIY   lu  M M HIM   I'KK I 
\M> III« Il M V   RV1I   V XRIX1ION 

AnaKsis H 

r,n* / yuipmfM ,'»/-ti o >ir i        ij>< / ^uiptn* ni prii i . tin,l 
I*I i,m i r,,l,   ,.,ii,m 

•" '»<• '••"• ' ruli   i,iri,âli"i 

X        1 M     II      1 X         / M     H      1 

1 t 26 1 
2 27 3 
J -- 2« 3 
4 2 2» 
S 1 » 2 
6 « 31 2 
? — 32 4 
8 1 33 3 
» 1 34 2 

10 — 35 2 
11 — M 4 
12 2 ST 2 
13 2 3i — 
14 — 3* 1 
15 — 48 1 
16 1 41 2 
17 — 42 3 
IH 1 43 i 
W ._ 44 — 
2J — 45 3 
21 1 46 2 
22 1 47 3 
23 t 48 2 
24 S 49 $ 
25 3 5» 

51 2 

sensitivity and eleven show medium sensitivity. The 
additional thirty-seven tasks of sample si/e 2 show no 
sensitivity to variation of the relevant parameters 

III.  I)l( ISH>\ KIIIS 

r-rom the results of the preceding, we can deine 
decision rules of a specific or a general character. We will 
first discuss the specific approach, then the general rules 
for decision on equipment purchases. 

Spa itit />/'-UM dure 

One has lirst io decide whether analysis N or B best 
Ills the country under analysis lit was made Mire thai the 
omission of structure costs fur woik sites in analysis \ 
had only a minor elicci on the optimalily patterns | I or 
example, because * »I transportation cosi and the extreme 
scarcity ot foreign exchange, an equipment price twice 
the one prevailing in the I niled States might indicate 
an equipment investment better in many countries than 

the price oi the internal I mied States market Mso. the 
efficiency o\' many workers in the newly industrializing 
countries cannot yet match that ol the opei.itois m 
mature industrialized countries \lthough application oi 
double work allowances m analysis It is somewhat 
exaggerated, in the context ot this analvsis H is Ivttei to 
overestimate lathei than lo undeiestuii.iie ilie vai niions 
The results ol an.ilv sis H uiav then be consoci cd as the 
least lavouiuble limit, and analvsis \ as tin most Loom 
able limit ol elliciencv and equtpmeni pi nc \.n i.iiion Hv 
presenting the uppei .v\t\ IOWCI houndai íes ol machine 
li>ol optim.ihtv palici ns m this ,i nal v sis. u is Ivhcvcd I ha I 
worthwhile insight is supplied, the mote so .is ihis lelers 
only loellkieiK v va nation and equipment piue v at i.itiou. 
while the variations m capital I.ihoui pines .nut lot sizes 
cover all possible piodiution ciiciiuistanccs 

(icncrally speaking   analvsis  \ u-lcis to mdusiiiah/cd 
countries, analvsis B t « » tmdcundiMuahzcd commies 

1 he next step loi the decision makeis is to dcleimine. 
in detail, the task ihaiaacustiis ol iheu piodim mix 
Hence, what kinds ol shapes d<i we piodiuc. which piece 
sizes, and what ilegiee ol piccision ¡,\o we need ' II the 
annual produit mix is loughly tianslaled into tasks, as 
defined in this icpoit. an esimiate must he inaile about 
the average size ol lots m which production will be 
earned out. sav. m the nevi leu veáis \Ko. the liend in 
the capital and laboui puces has to be estimated Ns 
equipment may last toi ten to twentv veais, we should 
make an optimal choice not on the pioduclion ciicutn- 
stances t>\ lodav. but on some peuod that will be more 
representative in the Inline I his means m general, that 
we have to count on a higliei wage tale and a somewhat 
lower interest rate than the one pievailmg lodav 

(n lltial pi IH tifali 

The mi ire genet al appi o,uh loi a dei isiou piocedure on 
machine optimahtv is to list whuh tasks are sensitive to 
which parameters and to make some generalizations from 
this. This inhumation is tisclul as a basis lor decisions on 
machine-tool opiunality 

(ifncrtih:<itii>n\ lumi <in<i!\\n   I 

In table 14. the degree ol sensitivity was indicated for 
lot size variation ami lor vaualion into the puce ot 
capital and labour lor eaih task I rom table 14 we derive 
table 17. In table P we distinguish ten calcgoucs of 
sensitivity lor the ellecl o| capital and laboui price 
variation and lot lo' aze vai latiou on mai lune opiunality 

I able I 7 ilso can (>e aivjiciMted into loin inaiar groups 
V H. (  and I) 

(iitmp I consists ol calegoi íes a. d and i I hese aie the 
subgroups which show a veiv high or high, price 
sensitivity .\\u\ icspcetivelv none, low and meduini lot 
size sensitiv itv Heine, the sensitivity to pi ne is pre- 
dominant in this group 

The practical implication is that, loi t id.s tailing into 
this group, one should be alert to the level <>l capital 
intensity optimal in each counliy. as one niav expect 
optimaiity l>> change for the h mi capital labour price 
areas, which we distinguished 

However, as the tasks invoUe.i are not very sensitive to 
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Table 17 

SfNSIÎIVIÎY < VIM.ORIIS M« PRK I   AM> KM SI/1   VARIAI ION ON MA< HINI OPTIMAUTY 

\.< -,i i, - • 
>,(<<, 

/). ,.»* 

1 „<«(..<. «*•/»() " " /'>,,, /w M., sihiri Si.-, /Vn m**#i 

il lu Very high ( Nunc) Um 34 7 3 » 
S 10 37 

W 
40 
4«* 

6 

12 

2 

2 

3 
} 

2 

I 
2 
1 
2 

1 
14 iah (Very) high 8 2 2 3 

* 13 3 2 i 
? 11 24 

25 
28 
45 

1 
2 

5 
5 
5 

12 

1 
! 

i 

3 
1 

2 

2 
S 
J 
1 

1 
2 

iVerylhifh Mettami 3 1 3 1 
f m 12 

20 
» 
Jl 
33 
5$ 

4 
42 

2 
4 
6 
6 
7 
7 
8 

1 

4 
J 
2 

2 
2 
3 
1 

1 
4 

2 
1 
I 
2 
2 
1 
1 

2 
t 

4 t 4 Huh Ltm 

* I 4 Mwltwn WüHIWil 32 7 2 1 
Medium lo» 41 9 J S 

f te* Ver) high 5 
10 2 

4 
3 

1 
I 

î 14 1? 
1* 
21 
2* 
5« 

«I 
16 

3 
a 
4 
5 

13 

2 

3 
2 
3 
2 
1 

3 
3 

2 
2 
2 
1 
I 

1 
1 

1 IfiÉB^SÉ^^HHfc (Ven »high 18 4 2 1 
t II 26 

27 
46 
47 
4i 
51 

2* 

3 
3 

12 
12 
12 
13 

6 

3 
3 
1 
2 
2 
1 

» 

1 
2 
2 
1 
2 
2 

1 
i 1 4 iMr La« 4.1 

14 

11 

3 

2 

2 

I 

2 
1 MM NOM 15 

22 
3 
4 

2 
J 

ï 
1 

i Ü 3« 
44 

7 

9 
II 

2 

2 
3 

2 

1 
2 

2 
j 2 4 NOM Very high 11 2 4 1 
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lot si/c variation, there will be not much choice among 

optimal machines as to scale of operation such as between 

small, medium and large, within one price area. 

In respect to generalization ol' lask characteristics we 
can state that tasks, which involve shapes 7. H. *). |() <md 

12 give verv high and high price sensitivity and low lot 
si/e sensiiivitv Shapes |. 2. 4. h. ? and S give. also, verv 

high price sensiiivitv. but now there is also a medium 

sensitivity to lot size   See table IS loi  moie details 

(¿mu/) H consists ol categories b aiul c I he tasks m 

these subgroups show a high or medium sensiiivitv in 

both lot si/e and pi ice variation I he practical implication 

is that the optimalitv ol the machines producing these 

tasks is. loi areas with ditlcrcnl levels of economic 
development, sensitive to the various puce values ol 

capital and labour and. wiihm each area, sensitive to the 
scale of operation 

Prinianlv shapes 2. 5 and 12 are involved with small 

piece si/es. 

(¿roup ( consists ol categories I. | and g lite (asks m 

these subgroups are predominantly sensitive lo lot si/e 
variation 

Of the eighteen tasks involved in the linee calegones 
I. | anil g. thirteen concern cases m which only two 
machines became optimal 

According to oui sensiiivitv classes when theie aie 

lout changes because ol lot si/e. ihev lall in the class o| 
verv high lot si/e sensitiv iiv 

In all these cases a phenomenon occuis th.iI we like lo 

call an opiimahlv break, which means thai toi all pike 
sets a cctlaiti lot si/c vanation e iiiscs a unitomi shill in 

optimalitv I <n othei tasks, this optimahlv bieak oc*, ut s 

in two oi three steps VAc indicate below loi which l.isks 

this opiimahlv break occurs lespcdiveK In I ,\ < lot 
si/e steps. 

I he practical implication ol this phcnoncnoii is that 

for certain tasks, anywhere m llic world above a certain 
critical lot si/e the same machine is optimal, independent 

j.nt flf'ltntilltn   trt   ¡I   ,lu,   Í     /. • 

;,<u 
Shapt 

y,. „/ 

10 33» 
7 2 i 2 30 4 
9 2 ,i 1 10 2 so 2 
10 2 3 2 — 30 •» 100 
II 2 4 I - so 4 
16 3 3 1 10 1 50 •» 

17 3 3 2 10 2 50 2 
19 4 2 2 10 2 50 2 
21 4 3 2 10 2 SO 2 
2J S 2 1 — — so 3 too 
30 1 1 1 ._.. _ 50 3 100 
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of the price variation, tor lower lot sizes than a critical 
range there is lot si/e and price sensitivity, hence lor the 

smaller scale production processes. Although all these 
tasks are classilied as highly sensitise to lot si/e variation. 

• he variai ion itseir is concent rated in a narrow range, mostly 
between lot sizes li) 1(H) | rom then on there'is no. or 

vers little.sensitivity lo lot size.aswdl astopnee variation. 
(n;>iif> I) consists of vatctîories h and i. I he tasks in 

these groups show no ,» |,,w sensitivity to both lot size 

and price \anation I he piactica! implication is thai 
melalworkmg tasks within illese iwo sub-groups have to 

he earned oui |.y t|K. same level o| mechanization any- 
where in the world 

(leneralizing lurihei. we can say that the smaller the 
workpieces (task uniis). the lower the precision require- 

ments; the moie common the shapes o| especially Hal, 

cylindrical and multiple suri.ices, the highei the price and 
lot si/e sensitivity will be- 

lile Undings tor sample si/e 2. the thirty-seven tasks 
with no price an , loi si/e sensitiv ,u confirms, m a sense, 
our generalization based on sample si/e I 

In sample si/e 1 for example, eleven tasks concern 
very large pieces, nine tasks concern large pieces: eight 

lasks lequire high precision, fourteen tasks require 

precision, and eight tasks concern complex shapes and 

irregular periphery Hal surfaces Here we lind, in general, 
larger si/es. higher precision requirements and less 

common shapes which lend to reduce the number of 

economically feasible machines and consequently (he 
possibility ol puce and lot si/e sensitivity. 

<icm-rtili¿utj(iii\ /nun amtlv.si.s H 

As to variation in the elliciencv rale and the price of the 
machine,  we notice from  tabic   Id thai  no single task 
shows high or very high sensitivity. 

I rom tables P> and 20 we may conclude that primarily 
tasks (sensitivus ranking M) with shape 5 (cylindrical 

surfaces, inienoi). shape 7 (cylindrical forms, "external) 
and shape 12 (multiple surfaces» show medium as well 
as low sensitivity. 

C erlaintasksiseiisitivitv ranking I ,N)with Ila! surfaces 
(I. 2. 3). cylindrical surfaces (4. 5). drilled holes ((>. 13), 

and standaid gear shapes (')). show low sensitivity! 
certain others with the same task characteristics show no 
sensitivity 

In general one can say that all tasks sensitive to price 
variation will be. in principle, also sensitive to a doubling 
ol the equipment pi ice 

Reducing ihe elliciencv rate will favour the more 

mechanized equipment types relative lo the less mechan- 
ized equipnieni upes as. with the former, ihe speed of 
work is diclaled moie by the machine. I his will. m 

principle, reinloue the lot size sensitivity. I he combined 

'"'•ll »I'eqtiipmenl price doubling, which favours the less 
capital-intensive alternative machines, and reducing of 

the elliciencv uie. which lavouis the more capital- 

intensive alternative machines is. to a certain extent, 
compensatory 

Concliuiint; remark 

The general decision rules are necessarily less precise. 

íi. K. Boon 

Most important is: what kind of tasks will be most 
frequently produced'.' In part III of this study we have 

indicated for which kind of tasks one may expect various 
degrees of sensitivity in machine optimality. for variation 

m the prices of capital and labour and in lot size (analysis 
\). and the sensitivity to variation m the price of the 

machine and the elliciencv rale (analysis H). As soon as 
one. on the basis ol ihis general information, may expect 

sensitivity, more acculate information can be obtained 

by lollowmg the decision rules outlined in the first 
section of part III. 

SlSSIIIVIIV   (   \l|(,OK||.s   MIR   intll'MIM    pK|( |    AM) 

IHK UM Y KMI   VVKIMIOVON  M \( IIINI • OIM1M AI 11V 

S"                IMimlhiii ni i.j/i'f,.,! /,(!(, n •flutti,in , / fi»* 
"'                     10/1Í/11 i/i  ranking 

l.(i*i Shtipr •ïi:e /'(•••, ,.„,„ 

Í) 2 2 1 
24 5 2 2 
25 5 2 3 

11          Medium ( M) 27 5 3 2 
2H 5 3 3 
32 7 2 1 
33 7 2 2 
36 8 t 1 
45 12 1 1 
47 12 2 1 
4» 12 3 2 

1 1 2 1 
4 1 3 2 
S 1 4 1 
8 2 2 3 
9 2 3 1 

12 2 4 2 
13 3 2 I 
16 3 3 1 
18 4 2 1 

21        Low(L) 21 4 3 2 
22 4 3 3 
23 5 2 1 
26 5 3 1 
30 6 2 1 
31 6 2 
34 7 3 1 
35 7 3 2 
37 8 2 1 
39 9 2 2 
40 9 3 1 
41 9 3 2 
42 10 4 2 
43 II 2 2 
46 12 1 2 
48 12 2 2 
SI 13 î 
2 1 2 2 
3 1 3 1 
7 2 2 2 

4       NonefN) 10 2 3 2 
II 2 4 1 
14 3 2 2 
15 3 •y 3 
17 3 3 2 
19 4 2 2 
20 4 3 | 
29 6 1 1 
3« 9 2 1 
44 II 3 2 
50 13 1 1 
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