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THE INTEGRATED CIRCUIT INDUSTRIES OF INDIA AND THE
REPUBLIC OF KOEEA IN AN INTERNATIONAL TECHNO-ECONOMIC CONTEXT

Charles Edquist and Staffan Jacobsson*

Introduction**

Considersble attention is given, in the literature and in
media, to the electronics industry in developed countries. Of all
branches of this industry, it is the cove, the integrated circuits,

which has commanded the greatest interest. Firms and Governments
often regard this industry as strategically essenticl, a view whick

has also found support in some developing countries.

In this paper sn asnlysis of the integrated circuits industries
of India and the Republic of Korea is presented. These two coun-
tries were chosen for field work since they have followed very dif-
ferent industrialization strategies. Section A contains a descrip-
tion of what integrated circuits are, and section B provides an
overview of the international industry prodscing them. The objec-
tive of section B is to outline the international techno-economic
context for the integrated circuits industries of India and the
Republic of Korea, and thereby to present the existing knowledge in
a new light. The industries of the Republic of Kcres and India are
surveyed in sections C and D respectively. Finally, in section E
the approsches of the two industries within the international
techno-economic context «re compared. Some determinants of their
diverging approaches are also discussed.

*Both authors were st the Research Policy Institute, Univer-
sity of Lund, Sweden, when this article was written. Since then
both have taken up positions at other universities. S. Jacobsson
has & research post in the Department of Industrial Organisation,
Chalmers University of Technology, S-41296, Gothenburgh, Sweden.
C. Bdquist is professor in the Department of Technology snd Social
Change, University of Lintréping, S-581 83, Lintroping, Sweden.

*aThis paper was prepsred within the framework of & project on
technical change and patterns of specislization in the capitsl
goods industries of Iadia and the Republic of Korea. The project
was financed by the Swedish Agency for Research Cooperstion with
Developing Countries, the support of which is gratefully acknowl-
edged. Greteful thanks are algo due to the National Council for
Applied Economic Resesrch, New Delhi, and to the Koresn Institute
for Economics and Technology, Seoul, for help during field work.
Finslly, A. Parthasarathi, Additional Secretary of the Ministry of
Science and Technology of 1India, went through a draft in great
deteil. His extensive comments were extremely valusble. For other
work undertaken within the framework of the project, see Edquist
and Jacobsson ([7]-[14]) and {46])).




A. The product

Semiconductors are manufactured from msterials that have semi-
conducting properties, mainly silicon. They consist of transis-
tors and other components which can amplify, switch or modulate an
electrical input signal in e circuit. Semiconductors can be
divided into the following three groups: discrete components (such
es transistors, rectifiers and diodes), integrated circuits (ICs)
snd special-purpose components. The IC (chip) is a small piece of
semiconducting material. It is the reduction in the size of the
chip and the increase in the number of its circuits that has led to
the use of the term micro-electronics. ICs are the largest and
fastest-growing product group in the semiconductor industry, and
the relative importance of discrete components is decreasing. The
first integcated circuits were marketed in 1962 ({47), p. 16).

ICs may be classified as bipolar or metal oxide semiconductors
(MOS), according to the technology used in their manufacture. The
relative importance of the processes and their subgroups are
reflected in figure I.

By 1990 MOS technology is expected to constitute spproximately
63 per cent of the total market for ICs. Within the MOS industry,
the 1980Us will continue to witness a move toward complementary
metal oxide semiconductor (CMOS) _.echnology. CMOS is gaining
momentum in most products with very large-scale integrated circuits
thanks to its low power consumption (meaning a low volume of waste
heat) . CMOS will probably also dominate the production of
spplication-specific (custom-desigred) ICs in the future ([41],
pP- 92-95).

A further classificstion can be made according to the scale of
integration on a chip, that is, the number of circuits or transis-
tors that it has (see figure II).

A final classification is bssed on the function of the semi-
conductor device, that 1is, linear devices and digital devices.
Linesr devices convert input signals to output signais. They are
used in telephones, radio and television receivers and analog
equipment. Digital devices use the oun-off switching properties of
transistors and ¢ odes. They include logic devices, micro-
processors, memory devices and special devices. Digitsl devices
form the basis of modern computing and telecommunications tech-
nology. (33}, p. 7).

Tso main types of 1ICs are microprocessors and memorics.
Miccoprocessors are circuits which inlcude all the functions con-
tasined in the processing unit cf a computer on one single chip.
Memories are circuits which store information. There sre two
memory groups, namely rand m-sccess memories and read-only
memories., Read-only memories (ROMs) are memories the contents of
whict can be read but not modified. Individual locations can be
addressed in an arbitrery order in random-access memories (RAMs).
Their capacity is messured in terms of binscry digits (bits) of dats




Figure I. World cons»mption of integrated circuits
by process technology
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Figure Ti. Scsle of integration and minimum line width
of dynamic random access memories
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storage. The first 16-bit RAM was introduced in 1966. The RAM bit
density has quadrupled every two to three years since then. The
first kilobit (1 K or 1,024 bits) RAM was intcoduced in 1974. At
present (mid-1986), 256 < RAMs have started to be produced com-
mercially, and the one megabit RAM is expected to be produced com-
mercially in the near future. According to the Financiai Times (2],
the 1,000 K dynamic random-access memory (DRAM) chip will "hit the
market this year”. Figure II shows the evolution of the scale of
integration of DRAM circuits (16 K, 64 K etc.) and iheir minimum
line width in microns. The miniaturization means that an incceas-
ing number of transistors are integrated on a single chip. Small-
scale integration (SSI) means 30 to 80 transistors per chip, and
very large-scale integration means 30,000 to 100,000 transistors
per chip. Medium-scale integration (MSI) and lacrge-scale integra-
tion (LS1) come in between ([47]), p. 16).

Microprocessors and memories are standard ICs, often produced
in huge volumes and sold in bulk. Application-specific integrated
circuits (ASICs) are specifically design:.d for a particular appli-
cation or a particular customer.

As shown in figure I, ICs can be produced by means of several
processes. There is also more than one way of designing them, as
described below:

(a) Handcrafted design means that the whole circuit 1is
manually drawn on a computer-aided design (CAD) system from
scrstch. This is a very expensive way of designing and can there
fore only be used for circuits which are to be produced in very
large quantitites, that is, standard circuits and ASICs used in
watches and calculators;

(b) Gate array design means that one starts from semi-
manufactured chips and achieves the desired function by designing a
pattern of connections between the various staundard gates or cells
already on the chip. Hence the semi-manufactured chip is custom-
ized through a final metallization. This is a8 cheap way of design-
ing ICs, but also rather inflexible. 1In addition, the chips often
become large. This design method is therefore mainly used for
prototypes and for ICs to be produced in very small quantitites;

(¢) Cell-based or standard cell design means that a library
of slready designed cells ere stored in the computer and then con-
nected. The connection takes place in the computer, that is,
before any chip processing is done. Hence this design method is
similar to gste array design, except that it is not necessary to
use gemi-manufactured chips. Thereby full flexibility is achieved.

8. The global IC industry

The main objective of this paper is to describe and ansalyse,
in & preliminary menner, the production of integrated circuits in
India and the Republic of Korea. However, in order to be able to
do this, it is essentiel first to describe the internstional market




for ICs and the barriers to entcy into the internationsl industry.
Thus, in the assessment of the IC industries of India and the
Republic of Korea, the internstional irdustry will be taken as the
point of reference.

1. The market for integrated circuits

Total world consumption of semiconductors was estimated
at a value of approximately $18.5 billion in 1983. Of this, the
United States of America had the largest share (54 per cent),
tollowed by Japan (26 per cent) and Western Europe (16 per cent),
leaving 4 per cent to the rest of the world ([33]), p. 12). As
shown in figure III, ICs account for over 80 per cent of semi-
conductor shipments to consumers in the United States. For Westecn
Europe and Japan, the ratio of ICs in such shipments is around
€6 per cent (see figures IV and V) with discrete semiconductors
playing a much more important role. The substantial consumption of
discrete devices in Japan and Western Europe reflec:s the relative
importance of the consur~r electronics industry in those countries
as compared with the s 2ngth of the data-processing industry in
the United States, where ICs are mainly required (see table 1).

As shown in table 1, the computer market dominates the global
salzs of ICs, the recent surge in demand for which is mainly due to
the grcwth in the demand for microcomputers and personal computers.

Table 1. Value of the IC market by end-use, 1982
(millions of dollars) a/

IC market value

All OECD b/ United Western
End-use countries States Japan Eurcpe
Computers 3 736 (32) 2 914 (40) 336 (13) 486 (25)

Telecommunications 2 176 (18) 1 523 (21) 261 (10) 392 (20)
Office sutomation

end other
industrial uses 1 979 (17) 808 (11) 670 (26) 492 (25)
Consumer products 2 614 (22) 810 (1) 1 307 (51) 497 (25)
Government and
military uses 1 340 (11) 1233 (r7) _ _0 (O0) _ 107 «(5)
Total 11 836 7 288 2 574 1 974

Source: Table 1 in Ypsilaenti (([47], p. 15).
o/ Figures within parentheses represent percentag: of market.

b/ Organisetion for Economic Co-operation snd Development.
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Figure IV. Semiconductor supplies to consumers in
Western Europc, 1983

Semiconductors a/

Discrete semiconductors Integrated circuits, Optoelectronic
(29.2) total devices
(66.8) (4.0)

r

Linear ICs Digitel ICs
(19.0) (47.8)

l

Standerd logic Memories Microprocessors Special-

(22.6) (15.5) (8.6) purpose
consumer ICs
(1.1)
RAM ROM
(9.2) (6.4)

Source: 1{33], p. 14, based on Electronics, 12 Jsnuary 1984.

Notes: Deta bssed on market estimates of industry consumption
of goods supplied by domestic and foreign manufacturers to the

domestic markets.

Figures withir pacentheses represent percentsges of total.
Totals may not add precisely because of rounding.
s/ Totsl value in 1583 - $2.9 billion.
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Figure V. Semiconductor shipments to consumers in Japan, 1983

Semiconductors &/

Discrete semiconductors Integrated circuits Optoelectronic
(25.6) (66.4) devices
(7.4)
Linear ICs Digital ICs
(17.7) (48.7)
|
' |
Standard Memories Microprocessors Specisl- Semi-
logic (14.2) (12.1) purpose customized
(12.2) consumer ICs logic
(8.8) (1.4)
RAM ROM Other

(7.6) (5.4) (1.3)

]

Dynamic Static
(4.5) (3.1)

soucce: [33), p. 14, based on Electronics, 12 Jesnuary 1984.

R

Notes: Data based on market estimates of industry consumption
of yoods supplied by domestic end foreign msnufscturers to the

domestic market.

Figures within parentheses represent percentsges of total.
Totals mey not add precisely because of rounding.
a/ Totel value in 1983 - $4.9 billion.
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In the United States 40 per cent of the ICs wer~, in 1982,
used in computers, while 11 per cent went into consumer products
(see table 1). 1In contrast to the United Stetes, the driving force
behind the IC industry in Japan has been consumer electronic prod-
ucts. By 1982, this branch of industry accounted for 51 per cent
of end-use consumption of ICs mede in Jespan. The figure for com-
puters was only 13 per cent. In Western Europe, the end-use has
been more evenly distributed across the major industries. There
are 8lso differences in the absolute size of the markets wmen-
tioned. For example, in 1982, the use of ICs by the United States
computer industry alone was larger than the use of ICs for all pur-
poses in Japsn and nearly one and a half times larger than in West-
ern Europe.

The more important and growing product categories in semi-
conductor consumption include memories (in particular RAMs),
custom-made devices and microprocessors. In the United States,
memories accounted for 30 per cent of semiconductor supplies in
1983 (see figure III), compared with 15 per cent and 14 per cent
respectively for Western Eurovpe (see figure IV) and Japan (see
figure V). For the United cStates, the growth in memory device con-
surption between 1983 and 1987 is expected to account for over a
thicrd of the growth in IC consumption over the ssme period ((33],
p. 12; [a7)}, p. 16). Within the DRAM category, the 64K circuit
dominated heavily in 1983 (see figure III). By 1987, 256K are
expected to account for almost 70 per cent of the DRAM market. By
that time, the demand for 4K, 16K and 32K DRAMs is expected to be
negligible, and the market share for 64K will be only 32 per cent,
as compared with 73 per cent in 1983.

For most ICs there have been large price reductions over
time. For example, the drop in unit price of 64K DRAMs has been
considerable since 1979. In 1980, experts expected prices to
stabilize around $50 per unit. However, they actuslly fell to $10
in 1981-1982. By the end of 1982, pricer were between $3.50 and $5
([47), p. 20). At the end of 1984, the price was $3.00, but it
fell to as little as $0.5 in the middle of 1985 [2). A similsr
story can be told for 256K DRAM, the prices of which have already
been reduced from $20 to $5 ((o]), p. 12).

Custom and semi-custom-designed ICs or ASICs are the fastest-
growing items, although there seems to be no uniformity in the
estimates regarding either their present or their future share of
the global consumption of ICs. According to one source ([44],
p- 34), the total global market for ASICs should grow from
$3.8 billion in 1983 to $13.7 billion in 1989, that is, at &
24 per cent compound annual growth rate. According to Jigure III,
custom ICs accounted for 4.0 per cent ($404 million) of sl semi-
conductor supplies in the United States in 1983. This figure is
expected to increase to 7.8 per cent ($1,513 million) Ly 1987,

According to an interview with a Swedish firm specializing in
customized ICs, 20 per cent of the IC market is made up of custom-
designed ICs, and this figure is expected to increase dramstically.
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A representative of the firm also indicated that the market for
standard ICs will remain constant and be characterized by tougher
competition resulting in fewer and larger producers.

Although the figures presented here are partly inconsistent,
it seems clesr that the proportion of custom-designed ICs will in-
cresse substartially in the frvture. A number of reasons exist for
this expansior of the market for custom-designed ICs. A basic ad-
vantsge for a firm using custom-designed ICs is that it gets an
integrated circuit which its competitors do not have access to. 1In
some circumstances this means that the competitive edge of the user
of custom-designed ICs, for examnle a producer of sewing machines
or telephones, can be significantly enhanced in terms of bLoth per-
formance of the pro“:ct which incorporates the custom-designed IC
and, sometimes, its cost.

Consumption of mizroprocessors accounts for 21 per cent of
current United States semiconductor supplies, compared with 12 per
cent in Japan and 9 per cent in Western Europe ({33], pp. 12-13).

2. Barriers te entry into IC pruduction

(a) Standard integrated circuits

As shown in tible 2, the leading manufacturers of integrated
circuits produce in large volumes. The minimum investment require-
ment for IC production (wafer fabrication only) was $500,000 in
1967 (see table 3). By 1978 it had increased to $10 million. The
capital requirement for wafer fabrication and assembly was
$60 million in 1982. The price for a new large-scale CMOS chip-
making plant currently exceeds $100 million, which means that the
cost is rapidly approaching thst of steel mills. Indeed, the
Financial Times {2]) suggests that "a typical wafer fabrication
plant costs between $100 million and $200 million to build ...”.
Such a state-of-the-art chip-making plant can offer s full product
line for standsrd ICs, including microprocessors and computer
memory chips ([35), pp. 86-87). For company data on capital
expenditures during the period 1978-1981, see table 4.

The minimum fixed investment necessary for processing standard
ICs has therefore been rising very steeply. The increase in
capitsl requirements is a result of the greater circuit complexity
of semiconductor devices, which requires more sophisticated and ex-
pensive production and, in particular, testing equipment. Squeezed
between rising capitsl costs and intense competition, many United
States firms tried to reduce costs by shifting assembly to South-
East Asia. The response of Japanese companies, whose example is
being increasingly followed by United States companies ((33],
p. 39), was to increase the degree of sutomation in assembly, thus
leading to s further rise in capital costs.
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Table 2. Estimated value of standard IC production 8/
by leading open msrket suppliers in the
United States snd Japsn, 1983

Production
Company (millions of dollars)
Texas Instruments 1 445
Motorolas 1 040
NEC Corporstion 940
National 790
Intel 745
Hitachi 705
AMD 485
Toshiba 480
Pujitsu 470

Source: [41], pp. 33 and 45.

a/ Semi-customized end fully customized IC produc-
tion is also included wherever joint production is under-
taken.

Table 3. Minimum investment requirements for
semiconductor (IC) production

Investment required
Year s/ (millions of dollars)

1954
1958
1967
1972
1976
1978
1982

o
cowNOOO
10 01010 WV W=
T ]

-4

.

Source: [33), p. 38, based on J. L. Truel, rrofes-
sionel Press.

&/ By 1985 the cost of & state-of -the-art plent for
producing stendard ICs was spprosching $200 million (2].

b/ vater febrication only.

¢/ Totel wafer-sssembly cost.
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Table 4. Semiconductor-relited capital eszpenditures by
major United Stetes and Japanese
corporations, 1978-1981
(Millions of dollars)

Semiconductor-related expenditure
Corporation 1978 1979 1980 1981

A. United States

Texas Instruments 130.2 238.5 285 213.8
Motorola 72.1 152 .8 176.5 200
Intel 14.2 96.7 152.2 150
Mostek 18.8 75 132 94
NSC 65.4 110.4 151.6 151
Signetics 36 48 93 117
Pairchild 2.9 58 75 120
AMD 23.5 43.9 50.2 100
Harris 14.7 12.5 31.1 60
Gl 9.3 30.5 28 50
Average for United States

corporations 49.7 87.2 117.4 125.6

B. Jspan

NEC Corporation 67 115 136 162
Hitachi &4 64 98 119
Pujitsu 50 68 11§ 115
Matsushits 22 43 94 94
Toshiba 26 43 55 64
O%i Electric 15 23 57 60
Mitsubishi 26 34 43 55
Sony a/ 55 45.1
Tokyo Sanyo 7 18 36 51
Sharp 9 37 Al 43
Aversge for Jepanese

corporations 29.6 46.6 70.9 81.8

Source: [43], p. 262.

8/ Cesptive producer; capitsl expenditures calculated ss per-
centage of semiconductor production velue.

In addition to increasing capitsl costs, the costs of research
and development have incressed in both absolute and relative
terms. FPirms trying to follow s "leading-edge” strategy have been
forced to incresse their reseacch and development expenditures,
partly owing to the increased internstional competition which
stected in the mid-1970s ((33], pp. 38-40). One part of rcesearch
and development costs covers the actual design work on the ICs.
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For standard ICs the design modc used is handcrafted design, wkich
is very expensive (see section A). Several hundred man-years -
which may wean $5-10 million - sare needed to design one single
microprocessor or advanced memory chip. Full-range IC suppliers,
such as Motorola snd Texas Instruments, spent, respectively,
$22) million and $219 million on reseacch sad development in 1981,
while Intel spent $167 million ([43], p. 279).

An important consequence of incressed capital requirements and
increased research and development costs is that the minimum effic-
ient scale of production in the standard IC industry has increased
considerably. 1In the early years of the IC industry, scale was not
very important, but it has now become an important barrier to
entzry. The increase in the minimum scale of production also prob-
ably implies that larger companies will play an even greater role
in the industry in the future. It will be more difficult for new
firms to establish production of standard ICs in countries of the
Organis-tion for Economic Co-operstion and Development (OECD) and
in selacted developing countries. It may also imply that smaller
ficrms may tend towards the production of customized products to a
greater extent ([33}, p. 39).

As mentioned above, increases in capital costs, research and
development costs snd, consequently, in the mirimum efficient scale
of production have developed into important barriers to entry since
the mid-1970s. Other barriers are lack of skilled manpower (espe-
cially design engineers), lack of market reputstion and inadequate
supplier-user links.

Figure VI shows three possible strategies, particularly with
regard to resesrch and development, that may be adopted by Govern-
ments and IC producers. The leading-edge strategy is followed by
the leading producers in the United Ststes and Jspsn, in perticular
the firms listed in table 2 ((42], p. 59).

The European industry being a latecomer and not being able to
keep sbreast with competitors, particulsrly with regard to research
and development, runs the risk of following tne lagging-behind
strategy. The French industry has tried to leave thc lagging-
behind position through joint ventures with and technology tcrans-
fers from firms at the leading-edge. This attempt has so fer not
been successful. It should be pointed out however that the wait-
snd-see strategy slso requires considerable technologpical know-how,
since the lesding-edge technology csnnot otherwise Le used ({42],
p. 9.

The IC industry of the Federal Republic of Germany 1s located
on the second line, but there is s danger that it may deteriorste
to a lagging-behind nosition. This has resulted in an effort by
the Government of the Federal Republic of Germany and especially of
Siemens to undertake large investments so as at least to retain the
capacity to adopt the latest availsble technology. In some fields,
especially that of memory chips, it has tried to adopt s leading-
edge strategy and thereby resch the technology front. This high-
risk strategy resembles that of Japsn. The IC industry in the
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United Kingdom of Great Britain and Northern Ireland is in a
lagging-behind position, slithough there has been some attempt to
transfer to the leading-edge strategy through the Inmos experiment,
in which the Goverument, at a cost of $100 million, established a
plant for the production of very large-scale integrated (VLS1)
circuits ([42], p. 59).

An important characteristic of the IC industry is the close
linkage that exists between process and product innovations in the
IC industry proper and between product innovations in this industry
and innovations in end-use industries. There is a synergistic
relationship between part of the IC industry snd some user indus-
tries, for example computers sand telecommunicstions. This rela-
tionship provides the basis for s great deal of government incen-
tives to foster a local IC industry, as in the United Kingdom with
Inmos. This mstter will be briefly touched upon im later sectioas
concerning India and the Republic of Korea.

(b) Application-specific integrated circuits

According to yet another source ([{34), p. 131). ASICs cur-
rently account for less than 16 per cent of global I~ consumption.
By the end of the 1980s, it is expected to have risen to more than
23 per cert ({34}, p. 131). The barriers to entry are much lower
than for standsrd ICs. This will be shown by two examples below.
It is also indicated by the fact that 50 per cent of global semi-
conductor start-ups since 1977 gre firms offering some kind of ASIC
({34), p. 132). The giant firms specislizing in standard ICs, for
example those listed in table 2, also produce A3S;l.. However, they
tend to do so mainly during periods of excess capscity, that is,
when the demand for standard ICs is low. Hence the large producers
have no genuine interest in specialized low-volume IC production.
This presents an element of uncertsinty for ASIC customers, who
therefore normally prefer the specialized ASIC producers.

The examples of Rifa and ASEA-HAFO, two Swedish producers of
ASICs, may help to illustrate the barciers to entry into ASIC pro-
duction. Rifa wes set up in 1942 by 2 number of Swedish radio pro-
ducers for the purpose of securing s supply of components ducing
the war. In 1947 it was bought by Ericsson, the telecommunications
producer, and has since then been & fully owned subsidiary of this
firm. It produces full custom-designed ICs and hybrid circuits for
industry, telecommunications and defence. About 40 per cent of its
sales (less in the case of custom-designed ICs), which also include
other types of electronic components, are sold to Ericsson. The
total sales figure in 1983 wss slightly over $130 million, of which
goods worth $85 million were sold abroad. Of the $130 wmillion,
custom and semi-custom-designed ICs accounted for sround $35 mil-
lion and hybrid circuits for asbout $14 million. Rifa, according to
s spokesperson for the company, is one of the lsrgest Europesn pro-
ducers of custom-designed 1Cs, The "Status" report (([s1}, p. 39)
has estimated that the world-wide leader in sales of custom-
designed ICs is American Microsystems Inc., which sold non-standard
ICs valued st epproximetely $100 million in 1983. Their totsl
sales amounted to $175 million. Theie sales can be compared to the
total 1983 sales of leading standacrd IC producers, as was shown in
table 2.
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Since 1977-1978 Rifa hss invested spproximately $150 million
(using 1981 exchange ratos) for tho productlon of custom designed
ICs 4and is planaing to invest another $20 million (using 1983 ex-
change rates) per year during the next five years. Their minimum
line width is 2.5 microns and they are heading towards 1.7 miccons.
To build the Rifa factory today - that is, in 1986 - would cost
approximately $25 million, which is ebout one eighth of what is
necded for a memory factory. Equipment costs would account for
nearly & half of the $25 million. This investmert figure may be
substantial for such s small compeny but is nevertheless small
compared with those shown in tabie 4 and those of Samsung for
DRAM production ($240 million in a five year period - see the
discussion of IC-producing fires in section B). Rifa spends between

15 and 20 per cent of its IC sales on research and development, that
is, for design and process development. The research and develop-

ment costs would amount to roughly $6 amillion, which, sgain, are
very limited in compsrisor with the major IC suppliers. In the
design department, which is the main bottleneck for the firm, they
employ 30 people. This number is increasing, but they have problems
finding experienced designers.

The company thus concentrates intensively on research and
development, invests heavily in relstion to its ssles, and was at
one time actually investing too much to be profitable in the short
run. However, by 1985 Rifas was profitable.® This example indi
cates that the orders of magnitude of the barriers to entry are
very much lower than for standard IC products.

This experience is supported by the case ot ASEA HAFO, another
- very successful - producer of ASICs in Sweden. During 1984, the
sales of ASEA-HAFO were approximstely $25 wmillion, mostly for
custom-designed ICs. HAFO is the most profitable company in the
ASEA group of engineering firms.

ASEA-HAFO bought & licence from the Radio Corporation of
America (RCA) on the MOS process technology in 1970 and the two
firms have had a working relstionship since then. To build up
theic complementary MOS process as @ whole today would cost less
than $15 million (this is the minimum estimaste). Costs for build
ings etc. must be added to the equipment cost. Hence total invest
ment would be around $25 million. The minimum line width in this
process is 4 microns, which is much larger than what is used by
producers of standard ICs (HAFO is currently wmoving towards
2 microns). However, & line width of 1 micron, slthough necessary
for memories, is not necessary for ASIC producers. Nevertheless,
they have so far followed suit, with & few yesars’ time lag.

Apsrt from the production process, investment in design is
also necded. The fixed cost for the most simple equipment for IC
design is only about $35,000, thst is, the cost of s personsi
computer and software, A complete and sophisticated up to date

*Information based on interviews with compsny spokespersons.
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design system would cost approximately $500,000. On this equipment
two or three ICs could be designed each year, and the cost would
incresse in a linear menner if the number were to be increased.
More important is that it takes time to build up design capa-
bility. The cost for this, in saleries, is estimated tc be larger
than the fixed design cost.*

All the design modes mentioned in section A can be used for
ASICs, althougr firms tend to specislize in one of them, for
example gate arcrays or standard cells. In recent years the rom-
plexity of ICs has increased, resulting in increased development
costs. However, more complex circuits are - with the exception of
microprocessors and memories - more specialized, which implie:
reduced volumes. Hence developm:nt costs escalate with growing
complexity, while the potential market is reduced. One way out of
this would be to transfer IC design to companies where the ICs are
used, that is, to the equipment manufacturers.

Aczording to Penn ({34], p. 135) there are, at best, 2,500
experienced IC designers in the world todey, slthough it has beer
estimated** that there are from 6,000 to 7,000. These numbers
should be compared with the several hundred thousand designers of
systems and equipment. One way of transferring design work to the
equipment and system manufacturers would be to embody the expertise
of the chip designer in sophisticated computer aids, a process
which is under way at present. One example is a system called
MOSart developed by the ASIC producer ASEA-HAFO in Sweden. About
100 men-years have been invested in this system of CAD software
specifically developed for 1C design of the standard cell
chavacter. ®®

If the design activity is transferred from the IC manufacturer
to the IC user, then the manufacturer is reduced to the status of &
silicon foundry, which may happen to some of them in the future.
Oon the other hand, the msnufacturer has the capability of devel-
oping the design tools or CAD software. Hence some of todey's IC
manufacturers could be transformed into firms specislizing in
design and the development of design tools, in other words, they
may develop into design houses for ASICs or into firms developing
user friendly IC design aids. A division of labour may also emerge
with regard to design, in the sense thsat the IC user makes the
logic design and the 1C producer the final layout.

In this section it has been shown that the barriers to entry
for the production of stenderd ICs have increased rapidly during
the last decsde. The cost of & state-of-the-art factory is
$200 million at present, mainly owing to technical chsnge in IC
processing. Research snd development costs have also risen.

*Information based on interviews with company spokespersons.

“tBggsed on interview with ASEA-RAFO spokespurson.
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The barriers to entry for ASIC production are mu:h lower.
Design costs are lower in absolute terms, since handcrafted design
is ngt necesrecy. Ar  ASIC factory may today cost acound

25 aiiiion. wh*=> i: only ane cighth of the cost of a factory for
standard ICs. There are several reasons for this. Ficst, an ASIC
factory can operate on o mu.. sEailer scale. since the merket is
not so price sensitive for specislized circuits needed in smaller
volumes. Secondly, automatic assembly is not necessary (however,
Rifa 1is currently inves*ing in ai assembly line). Thirdly, and
most importantly ASIC producers do not necessarily have to use line
widths es low as those of producers of standard ICs. For example,
Rifa produces an IC for telephones - called the SLIC - which is at
the technology frontier in its field of application. This circuit
has a line width of 4-5 microns. On the other hand, a producer of
memories simply has to use a line width of around 1 micron ut
present, and will have to decrease this in future. This means that
photolithographic methods are no longer enough, and that X-vay and
other methods are becoming mandatory. This, in turn, probably
meens another jump in process equipment costs.

Since ASIC producers do not have to be at the forefront in
terms of line width, there is room for the operations of smaller
producers. However, it has been indicated that the ASIC producers
have generally adopte” the most advenced technology, with respect
to line width, with a few years' time lag. This means that process
equipment costs will also probably iacrease for ASIC producers, but
it will not incresse to the same extent as for standard IC pro-
ducers. The reasons are that the equipment becomes cheaper over
time and that ASIC producers can operate on a smaller scale.
Whether or not ASIC producers will have to adopt submicron line
widths in the long run is unclear (this would mean a jump in the
process equipment costs, as mentioned sbove). However, it is un-
likely to become necessarv during the next five years. Hence small
ASIC producers will con:. to have a role to play for some time
at least.

From this section it is clesr that the IC industry can be
divided into at least the following four subgroups:

{a) Large standard IC firms carrying out design and large-
scale manufecturing;

(b) Smaller ASIC produrers carcying out design and manufac-
turing;

(c) Spectalized design firms, which process their designs in
silicon foundries. These firms may also specialize in developing
design aids;

(d) Silicon foundries which process circuits designed by
specislized design houses snd by the IC using firms themselves.

Some firms may be active in more than one of these subgroups.
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C. The integrated circuits industry of the Republic of Korea*

1. The electronics industiy of the Republic of Korea

The electronics industry of the Republic of Xorea started in
1959 with the local assembly of radios. Production was initially
oriented towards the local market. 1In the mid-1960s, the export
market began to constitute the dominant source of demand for the
electronics industry of the Republic of Korea. Much of the growth
in production in the 1960s was due to the establishment o! foreign
firms producing components and sub-sssemblies for export. 1In the
late 1960s these foreign firms accounted for one third of the out-
put and three-quarters of the exports from the Reputlic of Korea.
In 1969 & number of changes occurred. As Mody ([31]}, p. 4‘ states:

"In 1969, some years after foreign firms had been in opera-
tion, the Government of the Republic ¢f Korea took a major new
initiative to restructure the electronics industry. The Elec-
tronics Industry Promotion Law was passed and an eight-year
development plan was introduced and initiated. Exports of
electronics products were a major focus of these initiatives.”

Four main changes took place thereafter. First, production
rose drsmatically (see table 5). Secondly, joirt venture firms
became common. Thirdly, ss may be seen from table 6, there was s
greater concentration on components production until 1973, when
consumer electronics began to increase its share of the output of
the electronics industry. The share of production of industrial
electronics fell drastically in the early 1970s, and it was not
until very recently that it started to increase agsin. Fourthly,
exports grew much faster than production (see table S). Exports
reached 80 per cent of production in 1973 and stayed high until
very recently, when the domestic wmarket became an important outlet
for electronic products of the Republic of Kores.

Table 5. Basic data on the electronics industry
in the Republic of Korea
(Millions of dollars)

Exports Imports
yroduc- consump-
tion tion
Apparent ratio ratio
Produc- consump- (percent- (percent-
Yesr tion Exports Imports tion age) age)
1968 56 19 40 12 34 52
1969 .. .. .. .. .. ..
1970 106 55 70 121 52 58
continued

*This section drews hesvily on Mody [31), pp. 1-18.




Teble S (continued)

Exports Imports

produc-~ consump—~
tion tion
Apparent ratio ratio

Produc- consump- (percent— {percent -
Year tion Exports Imports tion age) age)
1971 138 88 111 161 64 69
1972 208 142 170 236 68 72
1973 462 369 326 419 80 78
1974 814 518 AA6 742 64 t0
1975 860 582 4545 723 €8 62
1976 1 422 1 037 699 1 084 13 64
1977 1 758 1 107 847 1 498 63 57
1978 2 270 1 359 1 156 2 067 60 56
1979 3 280 1 845 1 386 2 821 56 49
1980 2 852 2 004 1 460 2 308 70 63
1981 3 791 2 218 1774 3 347 59 53
1982 4 006 2 144 1 979 3 841 54 52
1983 5 558 29717 2 683 5 264 54 51

Source: Mody [31], table 1.1.

Teble 6. Composition of electronics production
and exports of the Republic of Korea

(Percantage)
Production Exports

Parts Parts

Indus- and Indus- and
Consumer trisl compo-  Consumer trisl compo-

Year goods equipment nents goods equipment nents
1965 47 20 33 72 -- 28
1966 45 34 21 76 1 23
1967 44 9 27 30 1 69
1968 30 28 43 18 1 81
1969 31 21 50 17 1 82
1970 28 16 56 16 -- 84
1971 24 14 62 13 -- 87
1972 26 12 62 25 3 72
1973 29 9 62 28 5 67
1974 32 9 59 33 5 62
1975 31 11 58 38 5 57
1976 39 9 52 38 5 57
1977 34 10 50 40 9 51

continued




Table 6 (continued)

Produc'ion Exports

Parts Parts

Indus- and Indus- and
Consumer trial compo- Consumer trial Ccompo-

Year goods equipment nents goods equipment nents
1978 4) 9 50 48 8 44
1979 42 10 [1.] 50 6 44
1980 40 13 47 49 6 45
1981 42 13 45 51 6 44
1982 39 16 45 42 10 48
1983 39 17 44 40 15 45

Source: Mody [31]), table 1.2.

Since the end of the 1970s three msjor chauges have occurred.
First, employment has decreased slightly despite a very large in-
crease in production. Thus, between 1978 and 1983 the number of
employees dropped by 5 per cent, despite a growth in the value of
production (in nominal United States dollars) of 145 per cent ((S5],
P- 2, p. 305 and table 5).

As Mody ([31}), p. 9) states: "Quite clearly, the phase of
electronics as s labour-sbsorbing industry is over. Even component
manufacturers, traditionally the most labour-intensive segment of
the industry, have had to automsate to stey competitive"™. A case in
point is that of e pure assembly plant for ICs in the Republi. of
Korea, owned by a United States firm, that doubled output st the
same time as it cut its work-force by nearly half, from 4,500 to
2,500 wo.xkers ([3], p. 35).

Secondly, s product diversification is taking place. As may
be seen from table 6, industrisl electronics is now an important
part of the electronics industry in the Republic of Korea. For
example, in 1983 firms in the Republic of Kores produced telephone
switching systems worth $151 million, telephone sets worth
$191 million and personal computers worth $39 million ([5]), p. 2).
In the field of consumer electronics, television sets have become
very important. 1In particuler, the production of colour television
sets has grown cornsidersbly. In 1983 over 4 million colour tele-
vision sets were produced in the Republic of Korea, 2.5 million of
which were exported. The total vslue of production of television
sets, 1including black-and-white, amounted in the same year to
$1.2 billion. It is hoped that videotape recorders will be the
next lerge consumer electronics product. As will be seeon below,
the electronic components industry is also diversifying.

Another indicetor that the Republic of Korea is moving away
from "simple electronics” is its emphasis on research and develop-
ment. Samsung claimed that it spent $25 million on electronics
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research and development in 1983 and that in 1986 its research and
development expenditures would reach 5 per cent of sales ({a],
p- B87). Business Korea ([S5), p. 61) suggested, however, that
Samsung’'s research and development spending on sexiconductors until
1984 smounted to around $15 millicn. Total research and develop-
ment in the semiconductor field by five leading firms until 1984
smounted to $40 million end was expected to be 351 million in 1985
(see table 11), based on an exchange rate of 850 won per dollar.

Thirdly, as was noted above, the domestic mar«<et has taken a
larger share of the cutput of electronics products in the Republic
of Korea. This spplies to all three subsectors (see table 7).

Table ?. Export share of electronics products
of the Republic of Korea

(Percentage)
Consumer Industrial Parts and
Year goods equipment components Total
1968 . .. .. 35
1970 30 2 78 51
1971 30 2 90 68
1972 64 16 80 63
1973 77 43 87 79
1974 66 36 67 63
1975 74 37 70 67
1976 n 44 80 72
1977 64 57 64 62
1978 71 59 53 59
1979 66 35 52 56
1980 86 32 67 70
1981 11 25 56 S8
1982 58 32 S7 S3
1983 55 46 56 53

Source: Mody [31], table 1.5.

2. The sgtructure of the electronics industry

As was noted sbove, there has been an important elemert of
foreign participation in the electronics industry of the Republic
of Korea since the 1960s. The foreign element is still large, but
at least in terms of the share of foreign firms, including joint
ventures, in the output of electronic products, it is declining.
Mody [31] argues that the share of domestic firms incressed from
50 per cent in 1979 to nesrly two thirds in 1983. ‘fhe declining
share of foreign firms 1s no surprising in light of the product
diversification described asbove The foreign firms sre nearly
100 per cent export-oriented, while the product diversification to
an important extent is besed on the growing domestic merket. For
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exsmple, in 1983, the domestic market accounted for over 50 per cent
of the sales value of colour television sets ([15}, wvol. 2,
p- 24).

Among the domestic firms, three large conglomerates dominate
the industry. These are Samsung, which in 1983 sold elec-
tronic goods valued at $835 million, GCold Star, with sales of
$883 million, and Daewoo, whose exact sales were not known st the
time of writing ([4]}, p. 85). According to Mouy [31], these three
groups account for 40 per cent of production and export of elec-
tronics goods of the Repablic of Korea (this would imply that
Daewoo accounts for slightly less than 10 per cent of production).
If Mody 3is correct, and if the ssles of the three groups are
divided by the sales fig:re of domestic firms in 1983, their share
would rise to 62 per cent. Mody ([31], p. 29) also argues that
their share in the market for finished products, as distinct from
components, is even higher. For example, their share of sales
of television sets in 1982 was as high as 94 per cent ({31},
table 2.1). In microwave ovens there is a duopoly shared by Gold
Star and Samsung. The level of concentration is also high in the
case of some components such as advanced ICs (see more below) and
cathode-ray tubes for television sets ({31], p. 29).

Another large conglomerate, Hyundei, is currently moving into
electronics picduction and investing massive amounts of capital
into this industry. Furthermore, there is a large number of
smaller firms in the industry. 1In 1983 the Electronics Industry
Association of Koree claimed that there were 451 electronics firms.
Only 41 of these had more than 1,000 employees ([15]), vol. 2,
p. 302), consisting wainly of component manufacturers, a category
which includes both firms producing passive components and firms
merely packaging ICs ([31], p. 33).

3. The components industry

The total production value of electronic components in 1983
amounted to over $2.4 billion. Of this sum, exports amounted to
45 per cent, or over $1.3 billion. Semiconductor production
amounted to $8%0 million, end within this group ICs accounted for
$651 million. The value of IC production has increased dramat-
ically since the early 1970s, rising from $30 million in 1971 to
$661 million in 1983 (see table 8). It should be noted that these
official statistics may well underestimate the true value of pro-
duction, since the in-house consumption in large firms like Gold
Star and Samsung may not be included. This would also mean that
the apparent consumption figure in table 8 would be an under-
estimation of the true market. Indeed, one executive of an elec-
tronics firm in the Republic of Korea argued in 1984 thst the
domestic market for ICs wus worth $300 million.

As may be seen from table 8, nesrly 100 per cent of local pro-
duction is exported and the requirements of the local market are
met mainly by imports. The inclusion of in-house production of ICs
by Gold Star, Samsung etc. would only marginally alter this pic-
ture. This reflects the fact that the overwhelming majority of ICs
produced in the Republic of Korea are only assembled and tested
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Table 8. Production, trade and spparent consumption of ICs
by the Republic of Korea, 1971-1983
{Millions of dollars)

Apparent
Year Production Exports Imports consumption
1971 30 30 ) (]
1972 50 50 o ]
1973 116 116 1 1
1974 159 144 4 19
1975 129 105 8 32
1976 189 180 18 27
1977 208 202 34 40
1978 236 222 44 56
1979 289 281 68 76
1980 294 321 g/ 81 81
1981 342 343 a/ 101 101
1982 490 498 a/ 88 88
1983 661 658 161 168

Source: [21].

8/ Exports exceed production, which presumably means that a
reduction in stocks took place.

there. Before 1986, only three firms had their own wafer produc-
tion. These firms were Gold Star, Semsung and Kores Electronics
Corporation. Ir 1986 Hyundei also started wafer production. 1In
sssembly production there are msinly foreign firms, with the
biggest totslly domestic-owned firm being Anam Industrial ([3],
p. 34). Anam is said to be the largest subcontracting semiconduc-
tor assembly firm in the Reputlic of Xores*. Among the other cs-
sembly firms is Korea Electronics Corporation, with 6.25 per cent
of its equity owned by Toshiba, Fairchild, Motorols and Signetics.
Around 10 firms sre simple IC assemblers ((4], p. 34).

The market for ICs in the Republic of Korea is large. It is
valued at $168 million (plus in-house consumption), as compared
with s masrket of $418 million in the Federsl Republic of Germany,
$332 million in France, $211 million in Italy and $550 million in
the United Kingdom ([42], p. 42). Historically, the market in the
Republic of Korea has been dominated by consumer products, but the
recent diversification into professional electronics has created s
demand for ICs for these types of products also. Tables 9 and 10
provide an estimate of the market for the different types of ICs

*Based on interview with Lee Kyung Tae of the Korea Institute
of Economics and Technology.
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used in various types of consumer and professionsl electronics prod-
ucts. Somewhat surprisingly, the professional electronics sector
accounted for e larger share of the market for ICs, in terms of
units, then the consumer electronics market in 1983. Among the
professional electronics products, ICs were mainly used for com-
puter terminals, telephone exchange systems and persinal computers.
Among the consumer goods, ICs were msinly used for tape recorders,
colour television sets and high-fidelity equipment.

(a) Firms producing integrated circmits*

(i) Samsung Semiconductor and Telecommunications Co. Ltd.

Samsung Semiconductor and Telec mmunications Co. Ltd. (SST) is
a part of the Samsung business conglomerate. Samsung is one of the
larger conglomerstes in the Republic of Korea, havirg recorded a
total sales value of $7 billion in 1983. This represented nesrly
10 per cent of the gross national product (GNP) of the Republic of
Korea in that year [38].

SST produces both telecommunications equipment and semi-
conductors. All stages in IC production are carried out within
SST. 1In 1983 the totel production value amounted to $103 million,
$25 million of which were accounted for by semiconductors, includ-
ing ICs worth $74 million and transistors accounting for the rest.
The bulk of thr. ICs consisted of CMOS devices produced for consumer
products such &s watches, toys, television sets and radios, valued
st $10.6 million. ~ver 95 million units were produced. The rest
of IC production consisted of linesr ICs, 19 million units of which
were produced. As is discussed more below, 3ST is involved in a
very ambitious expansion of IC production. For 1985 they estimated
that their total semiconductor sales would be $180 million, or a
sevenfold increase compered with 1983 ({28], p. 11). SST employs &
work-force of approximately 4,500, spproximately one half of whom
work with semiconductors.

Semiconductor production began in 1974 through a joint venture
involving the United States cc-pany ICII aend Kores S/C Company
Ltd. 1In December 1974 the joint undertaking begsn producing MOS
LSI (metel oxide semiconductor - large-scale integration) devices
for wrist-watches. The operations performed in the Republic of
Korea were meinly limited to packaging. 1In 1977 it began, for the
first time in the Republic of Korea, to produce bipolar transis-
tors. Most of the technology came from ICII. In 1978 the United
States firm withdrew its capitel and Samsurg scquired the stock.
In July 1978 the new undertaking developed its own IC for multi-
function wrist-watches. It slso developed a CMOS LSI device, and
claims to dominate the world market for ICs for wrist-watches.
However, such ICs are simple. In 1980 the firm wes taken over by

*Unless otherwise indicated, the information provided in this
gsection is based on interviews with firm representatives.




Table 9. UEstimated demand for ICs fo~ the consumer electronics industry in thu Republic of Korea, 198)
(Thousands of urnits)

M08 micro- Bipolar Bipolar
Item Production NOS logic computer §/ HOS memory digital linear Total
Colour television sets 4 563 6 844 4 563 4 563 6 844 22 818 45 629
Black and white television
sets 4 589 - - -- -- 11 467 11 48?7
Radios 2 338 2 338 - - .- 9 014 9 3%2
Hi-Cfidelity units 4 358 6 539 4 358 892 4 358 23 969 40 094
Tape-recocders 14 289 28 S74 14 289 -- 14 289 28 374 B8S 722
Videotape-recorders 182 1 520 380 -- 456 1 976 4 332
Blectronic watches 11 342 11 342 11 342 -- - - 22 684
Refrigerators 1 386 21712 1 386 -- 1 386 1 386 6 930
Washing machines [T} - [T} - - - A4S
Nicrowave ovae:s 963 2 889 963 - 1 926 1 826 7 704
Aic conditioners 3 26 g6 - [T} 298 316
Total A4 509 62 902 37 810 S 435 29 343 99 38$ 234 875
Soyrce: {21).

§/ One-chip microcomputer.
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Table 10.

Cstimated demend for ICs for industrial use in the Republic of Korea, 1983
(Thousands of units)

W08 micro- 8ipolar Bipolar

Item Production NOS logic computer 3/ MOS8 memory diglital linear Tota.
Personal computers 359 10 %910 339 S 385 9 282 1 091 26 1715
Floppy discs 28 196 -- - 168 112 a76
Printers 13 120 15 15 137 60 409
Wonitors 130 -- - - 1 098 2 920 4 015
Telephone sets b IRAE ] 3 798 - 2 899 S 198 S 798 20 293
Transmitters and receivers 1131 113 11 339 3 M 3 3N 12 441
Facsimile apparatus 1 ] 1 3 10 7 26
Calculators 2 869 -- 2 869 - - - 2 869
Intercom systems 987 987 494 987 1 480 1 974 5 922
Alarms 1 654 1 654 - - 1 654 3 308 6 616
Telephone wxchange systems 610 12 200 610 21 960 18 300 18 300 71 390
Telephone recorders $50 2958 - - 350 2 200 3 025
Computer terminals 960 24 000 960 11 %20 19 200 28 800 84 480
Automobdiles 219 654 219 1 08% 2 190 1 085 S 208
Testing equipment 3 246 i3 i o i, . e

Total 19 153 59 127 6 654 4 217 63 23% 69 028 243 921

Source: (21]).

4/ One-chip microcomputer.
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the Samsung electronic company and became one of its divisioms.
The same year it developed four ICs for black and white television
sets made for domestic use. As was mentioned above, the production
of television sets is very large in the Republic of Korea, and
Ssmsung is one of the iasrgest producers. In 1981, it developed the
WISC/PAL CHKOMA IC for colour television sets. 1Its ordinary sup-
plier did not sell Ssmsung as many ICs as it needed, supposedly on
account of s world shortsge of such ICs. As distiact from ICs for
wrist-watches, this is s high-technology item that Samsung mastered
through reverse engineering. Thus, since ICII left the compeny, it
relied fully on its own design development of ICs until 1983.

In 1983 SST made an sgreement to introduce 16K static crandom
sccess memory (SRAM) and 256X kOM from Sherp in Jaspan. 1In the same
yesr it established a firm in Californis for the purpose of tech-
nology sbsorption and design of ICs, and made an agreement with
MICRON of the United States to produce 64K and 256K DRAM. MHence
the IC product design was bought from abroad. SST claims to have
built up the _.cocess itself, although most of the equipment was
imported. i1re plant was constructed by May 1984, and the process
technology developed as esarly as November 1984. Sasmsung claims
thst it has spent $125 million onm its specialized plant for the
production of very large-scale integrated circuits ([{3], p. 28). A
total of 340 million is planned to be spent on this project during
a five-year period [38].

At the end of 1984, compesny sources claimed that pilot produc-
tion of 64K DRAM was under way and even available for export. The
target was to produce ss many units per month as the largest pro-
ducer in the world ([41]), p. 103), in other words, 6 million units
per month of 64K DRAM chips. The plan was subsequently reduced to
3 million per month, and other, simpler, ICs are currently being
produced in a converted factory originally intended to produce 64K
DRAM (([S5]), p. 62). Finslly, in 1984 SST developed a custom-
designed IC for telephone sets (speech. disl and tone functions)
and these are under pilot menufscturing. Although SST slso
produces electronic switching equipment, it does not produce ICs
for this product.

SST has about 100 design engineers and & special research and
development centre for ICs, in addition to three CAD units. The
engineers asre said to be slready working on the development of mask
designs for a 256X DRAM chip, and compsny sources say that SST is
building s plant for the production of 256K DRAM. According to one
source, Ssmsung dedicated a new plant to the production of Z56K DRAM
in June 1985 ((28]), p. i1). A renge of other sdvanced ICs are slso
ssid to be on the development list ((3), p. 28).

There has thus been : xed change in the orientation of the
semiconductor division of LoT. Advanced standard ICs for use in
professioral elactronics ere emphasized instead of simpler ICs for
consumer goods. Ssmsung is therefore siming at perticipation in
another sphere with grester resource requirements snd greater risks.
This matter will be further discussed below.
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(ii1) Gold Star Semiconductor Ltd.

Gold Star Semiconductor Ltd. (GSS) is a part of the Lucky-Gold
Ster conglomerate. This group had a sales value of $5.6 billionm in
1981, which represented approximately 9 per cent of the GNP of the
Republic of Korea. The Lucky-Gold Ster group was started in 1958
and produces a range of electronic and electrical goods, including
television sets, microwave ovens, audio equipment and computers.
The activities of the group also cover fields other than elec-
tronics, for example chemicals, construction and trade.

GSS was established in 1979 to work on solid-state elec-
tronics, with a speciality in telecommunications equipment. It
is a joint venture with the United Stetes firm AT&T which owns
44 per cent of the stock. GSS produces, apart from telecommunica-
tions equipment, computers and semiconductors. The sales figures
of GSS rose from only $5 million in 1981 to $42 million in 1982
and $64 million in 1983. The seles value was planned to reech
$120 wmillion in 1984. Electronic switching systems sccount for
sbout 70 per cent of the ssles, computers for 10 per cent and
semiconductors for 20 per cent. Thus, sales of semiconductors
were planned to be in the order of $24 million in 1984. GSS has
1,800 employees, 700 of which work in the semiconductor division.

GSS meinly provides the Lucky-Gold Star conglomerate with
ICs. The Executive Director of GSS explained that it has to
satisfy as much as possible of the demand for ICs within the con-
glomerate. It therefore produces a ceange of different ICs, linear
and digitsl, for both consumer and professionsl electronics prod-
ucts. It also prcduces, with a design from AT&T, hybrid ICs for
telecommunications equipment produced by GSS.

In 1980, GSS began p-oducing semiconductors. The first prod-
ucts were standard ICs, such ss linear ones of SS1 and MSI com-
plexity. These were used for television sets, radios etc. 1In 1981
it begen production of computers as well as telecommunicstions
equipment At the end of 1982 it reached an agreement with ATAT
for the production of san advanced telecommunications system and
VLSI circuits. According to Business Korea ([3], p. 29), GSS had
resched the pilot stage of manufacturing 64K DRAM with the assist-
ance of AT&T. GSS was slso ssid to be receiving the process tech-
nology for 256K DRAM from AT&T. One 1ndustrial observer clsims
that they asre getting this technology in return for supplying thin
film hybrids to ATI&T. However, another source recently claimed
that GSS has "... all but abandoned plans to produce 256K chips for
ezports” ((28), p. 11). 1Instead, the firm appears t- put some
emphasis on the production of 64K SRAM chips, s product which is
not so badly affected by internstional price changes as the DRAM
market ((28), p. 11 and (S]), p. 34).

In April 1983, GSS began work on an 8-bit microprocesscr under
licence from Zilog. This type of IC is to be used in, for example,
personal computers. Business Kores (([3]), p. 29) claims thst there
are only five producers of this processor in the world. GSS is,
however, only allowed to export it to Asian countries.
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In 1984, GSS reached an sgreement on CMOS technology with the
United States firm USI Logic. The technology will be used for
making custom-designed ICs based on the gate-array design mode.
GSS was to start producing custom-designed ICs st the end of 1984.
The first phase of implementation of the agreement was to involve
the sale of wafers to LSI Logic, and in the second phase they would
be selling on the domestic market, both within the conglomerate and
to other firms of the Republic of Korea. GSS says that it slso has
a licence on uncommited lecgic array (ULA) technology from Bell,
which is used for custom-designed ICs The technologies from both
LSI Logic snd Bell will be used for .ewly developed products rather
than as substitutes for previously imported components. GSS is in
the process of developing a custom-designed IC for telephones.
Previously, GSS had copied an IC for speech functions only, which
had become obsolete. A new circuit incorporating several types of
functions on one chip is on the development list. Custom-designed
ICs have been worked on since 1982. GSS produces such ICs, prob-
ably in very smsll numbers, for colour television sets, modem
devices and audio equipment. On the whcle, GSS follows & much more
cautious strategy than SST. The company sees itself more as a
manufacturer of logic snd custom chips for United Ststes companies
then ss an indepeandent unit. As one executive puts it: "We can be
s very good manufecturing arm for other companies, and we can be a
very good marketing arm in this part of the world™ ((28]), p. 11).

Of the 700 emplcyees in the semiconductor division, 100 are
design and process engineers. Six of these have Ph.D. degrees from
the United States. The availability of design engineers is not
seen as & problem owing to the great flexibility of the educational
system in the Republic of Korea. There is, however, a severe
shortage of experienced design engineers.

The Executive Director of the firm conceded thst the future
orientation of GSS with regard to ICs is not very clesr. He
suggested, however, the possibility of grester specialization in
the field of custom-made ICs.

4. Analysis and conclusions

The electronics industry of the Republic of Korea has
been extremely successful in terms of groduction and exports.
Gsule [20) points out that it is the tenth largest producer and the
ninth largest exporter of electronics products in the world. For
components, and in particular ICs, the performsnce is equally spec-
tecular in both the production and export fields. 1In tecms of
value added and own design development, it is however only in the
last 10 years that performance has improved. 1In 1974 Samsung began
its own wafer production and was foliowed by Gold Star five years
leter. Their production of wafers is, however, only & fraction of
the total domestic IC production of nearly $700 million, but is
still much larger than Indien production (see below). There is,
nevertheless, s dynsmism within the industcy of the Republic of
Korea that will in all likelihood lead, ir lstter hslf of the
19808, to s great increase in the share of production accounted for
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by fully integrated, domestically-owned plants. The leading firms
are investing lsrge amounts of money in new plants snd acquiring
much new technology. Equelly imporcant, they are investing in
resesrch and development and hsve built up sizeable design depart-
ments. For one estimate of the investment in plant snd research
and development of firms in the Republic of Korea, see table 11.
The table shows that research and development expenditures by SST
are smsl]l compered with the lesding IC producers globally, but SST
has, as yet, 8 “ery narrow range of products thst reduces the need
for research and development. Furthermore, it has s technology
transfer agreement with the United States firm NMicron for the
design of 64K and 256K DRAM, which agsir reduces the need for its
own research and development.

Table 11. Investments of semiconductor companies
in the Republic of Korea
(Millions of dollars) a/

Investments
Item Until 1984 1985 b/ 1986 b/ 1987 b/
Plant
SST 275 268 113 106
GSS 94 61 k[ 11
Korea Electronics 33 20 17 20
Hyundai Electronics 127 129 19 22
Anam Industrial _87 _68 _49 _23
Subtotsl 616 546 228 182
Resesrch asnd development
SST 15 29 27 28
GSS 15 7 ) 4
Korea Electronics 2 2 3 ]
Hyundai Electronics 7 12 2 8
Ansm Industrial 1 1 _1 1
Subtotsl 40 S1 37 'Y

Source: (5], p. 61.

s/ Based on exchsnge rate of $1 = 850 won.

b/ Plsnned investment.

The streategy pursued by the electronics industry in the
Republic of Korees may prove to> be highly successful. An attempt
will now be made to explain why this seems likely.




The domestic market for ICs began to be fairly sizeable a
decade ago, ss was shown in table 8. Indeed, as was mentioned above
in subsection 3 on the components industry, the market for ICs in
the Republic of Korea may well be even larger than what the statis-
tics show, since the production of GSS and SST for use within the
conglomerates may not be included. The size of the market compares
favourably with that of some Europesn countries. For example, it
was 80 per cent of the Italisn end half of the French market in
1983. Furthermore, to the extent that the fast growth of the elec-
tronics industry in the Republic of Kores will imply sn equivalent
demand for ICs, the domestic market will probebly grow very fast in
the future.

A large domestic market does not necessarily mean lacge
domestic production. However, in the 1970s it was evid~nt that the
Japanese suppliers of ICs controlled the output and gquality of the
television industry, as well as other electronics products, in the
Republic of Kores, through their control of critical components.
In the case of videotape recorders the Jspsnese suppliers simply
did not supply the latest ICs, while for calculators they cessed to
supply the required ICs.* These problems were acute st the end of
the 1970s and industrialists in the Republic of Korea began to
realize that they had to integrate backwards into IC production in
order to reduce the predominance of the Jspanese. A case in point
was ICs for colour television sets produced by Samsung (see the
preceding subsection (2) on firms producing integrated circuits).
The Government also became involved in this matier when it demanded
that Ericsson should supply custom-designed IC technology to the
Republic of Korea ss a part of s contract for telecommunications
equipment. The custom-designed IC technology was meant to be used
for videotape recorders.

The production of ICs thus became of "strategic™ importance,
since the availsbility and quality of such components were seen as
being a prime determinant of the performence of the downstream
industries, mainly the consumer electronics industry. The term
strategic can however be used in another sense than that of being
essentially a substitution for (non-svailable) imports. As was
seen in section B on the international industry, ASICs are gaining
market shaces at the expense of stendardized ICs. This expansion
in the market is psrtly seen as a function of lower costs of
custom-designed ICs in some spplications, but slso as & function of
the importance of custom-designed ICs in the innovative process.
Firms in the Republic of Kores have hitherto concentrsted heavily
on standard ICs. Very recently, however, some efforts have been
made in the ares of custom-designed ICs, for exsmple by Gold Staer.

The reason behind the little interest in custom designed ICs
hes probebly been the relatively weak design capabilities in rne
domestic industry. The Republic of Korea is, with some exceptions,

*Based on interview with Kim Choong-ki, Department of Elec-
trical Engineering, Kores Advanced Institute of Scierce and Tech-
nology.
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¢ production site. Frequently, production of, for example, elec-
tronic and mechanical products is undertaken by firms acting as
subcontractors for foreign firms. In other cases, production is
made under a licence from a foreign fira. The knowledge of the
design process is thus not very deep, and the IC-using firmsof the
Republic of Kores often do not have the incentive or the skills to
formulate the specifications for s custom-designed IC. The custom-
designed ICs used in the products are therefore instead often sup-
plied by a manufacturer that has a close relationship with the firm
providing the licence. Furthermore, being a subcontractor requires
considerable flexibility and rapid response to new requirements.
Since it may teke s year to custom-design an IC, firms in the
Repubiic of Korea cannot wait for one to be produced.

The situstion is probably changing now, in particuler with the
growing importance of professionsal electronics and advanced con-
sumer electronics products, suck as videotspe recorders, in the
output of firms in the Republic of Korea. The interest in tke
gate-array design method shown by GSS reflects this change in the
electronics industry. A representative of the Ela2ctronics Industry
Association of Korea has referred to plans for the production of
custom-designed ICs for videotape recorders. In the preceding sub-
section on IC-producing firms, it was noted cthat GSS has already
copied & custom-designed IC for telephones, which, according to one
industry source,* is the largest user sector of custom-designed ICs
in Kores today.

Thus, the markrt for ICs in the Republic of Korea is large and
the firms have specisl incentives to develop it. How did the local
IC market develop as it did in the 1970s? One factor was the
export orientstion of the domestic electronics industry. The
export orientation of firms linked to foreign manufacturers is well
known, but, as was shown in the above subsection on the structure
of the electronics industry, there are also large domestically
owned firms that export eiectronics products. The export orien-
tation has allowed a large growth in production, not because the
domestic market is inherently small (it is in fact as large ss pro-
duction), but because the export orientsation of firms hss sllowed
them to specialize in particular items and thereby reduce costs and
gain in competitiveness. Had an attempt been made to cover,
through domestic production, the entire range of producti consumed
in the country, then output per product would hsve been reduced and
prices increased, which in turn would have reduced demand and pro-
duction.

The above ressoning refers msinly to the consumer electronics
field. For the component industry the early export orientation in
the form of locsl essembly of ICs seems to hsve had little impact
on the generation of an integrated IC industry in the Republic of
Korea. Of the many firms that began the assembly of ICs at the end

#*Besed on interview with Park Kwang Won, Director of Kortronics
Enterprise.




of the 1360s snd in the early 1970s, only one has begun producing
wafers, and this was done only recently. On the other hand,
sssembly technology in the Republic of Korea is ssid to be well
developed in firms that do not solely assemble ICs, a fact that
is probably related to their long experience of assembly (Gaule [20]
makes a general point about the importance of mobility of 2rsonnel
in the Korean electronics industry).

The size of the domestic market for electronics pru..cts is
another important variable. Mody [31] suggests that the market in
the Republic of Koree is sbout 2.5 times the size of the Indian
market. In particular, the market for home electronics products
such as television sets and sound recorders is large in the
Republic of Korea. As was shown in table 10, such consumer elec-
tronics products demanded most of the ICs made in the Republic of
Kores in 1983. Of the 2354 million IC units demanded for consumer
goods, 86 million went to tape recorders, 57 million to television
sets snd 40 million to high-fidelity equipment. The export share
of these products considered slone, using a weighted average, was
only 54 per cent in 1983.%

The importance of the domestic market, at least in 1983, was
even more pronounced for professionsl electronics. The three
largest users of ICs in professionsl electronics products in 1983
were computer terminals, telephone exchange systems sand personal
computers. The weighted export average of these three types of
products in that year was only 32 per cent. Thus, the home market
for both consumer electronics and professional electronics products
is & very importsnt determinant of demand for ICs in the Republic
of Korea.

The development of a large demand for ICs is dependent upon
the dynamism of the IC-using industry. As was argued above in sub-
section 2, there is an oligopolistic market structure in the elec-
tronics industry, the main firms being GSS, SST and Dsewoo. Mody
({31], p. 31) makes the important point that the product ranges of
these firms overlep and that there is an intense competition
between them, extending to externsl markets as well. Gaule (20])
also stresses, in the case of television sets, the intense domestic
competition.

Government policies have played a role in shaping the elec-
tronics industry in the Republic of Korea and, indirectly, the
demand for ICs. In 1969 the Electronics Industry Promotion Law was
passed. The major focus of the law was, according to Gaule (20]
snd Mody [31), exports of electronics products. Foreign firms were
invited to enter the country on favourable terms, transfer of tech-
nology was supported snd an export zone was created for the elec-
tronics industry.

Import restrictions have also been spplied generously, both
for components and for finel products. For exsmple, in 1980, there

®Calculated on the basis of dats contesined in {15].
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were practically no imports of television sets [1). Similarly, im-
ports were not allowed in the mid-1980s for personal computers [20].
This means that the 1982-1983 market for personal computers, which
smounted to more than 50,000 units, was reserved for local sup-
pliers.

With regard to national research and development activities,
the Korea Institute of Electronics Technoiogy (KIET) is the most
important national lsboratory in the IC field. KIET, which began
operating in 1976, was mainly funded by the Ministry of Science and
Technology, but the World Bank contributed $29 million in 1972. 1In
the mid-1980s yearly funding is around $15 million, and there are
200 people on the technical staff. KIET has a full-scale wafer
fabrication facility for both MOS and bipolar ICs. In addition,
computer development activities are carried out. 1In the IC field,
KIET has successfully developed prototypes of videotape recorder
chips, an 8-bit microprocessor chip, as well as wemory chips
(4K SRAM and 32K and 64K ROMs). The ROM memories have also been
produced in quantity. The processing was done with 4-5 micrometer
technology ([4S], pp. 10-17; (31}, pp. 70-71). 1In 1985 KIET was
being merged with the Kores Electrical and Telecommunications
Kesearch Institute to form a new organization called the Korea
Electronics and Telecommunications Research Imstitute.

The use of credit facilities has also been discussed in this
industry, according to Gaule [20]. He notes that credit facilities
were used simultaneously with the application of import restric-
tions on components, thus not only providing a market for domestic
producers but also supplying them with the means of production.
According to Business Korea ([3], p. 27), the Government of the
Republic of Korea was to lend approximately $350 million to the
semiconductor industry during 1983-1986 under the Semiconductor
Industry Fostering Plan initiated in 1983. 1In comparison, the
total fixed investment plans of the leading firms for the period
1985-1987 amounted to $955 million (see table 11). Koreans empha-
size however that the investments made had so far been mostly
initisted by cnmpenies rather than by the Government ([5], p. 62).
In addition, the Semiconductor Industry Fostering Plen was not
implemented as had been planned.*

Finally, the decision-making process in the Republic of Korea
appears to be very swift, judging by the Samsung 64K DRAM case.
Resources are mobilized quickly within large conglomerates and
invested in very risky products in s manner that would require
Stste intervention in countries without such large conglomerates.
The existence of the conglomerates - an institutional factor - is
very important for & product like ICs becusse of the large barriers
to entry and high risks involved, especially with regard to
standard ICs. It is partly for this reason that no company in a

technologically advanced country like Sweden is producing standard
ICs.

*S8ased on communication received from Lee Kyung Tae of the
Korea Institute of Economics and Technology.
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D. The integrated circuits industry of India

1. The electronics industry of India

The Indian electromics industry began with the setting-up in
1948 of the public sector company, Indian Telephone Industries
(ITI), to manufacture telecommunications equipment for the public
telephone system. Then, in 1954, Bharat Electronics Ltd. (BEL) was
set up to manufacture electronic equipment for the armed services.
The =id-1950s saw the local production of radio receivers on the
basis of technology licensed from abroad. 1In the 1960s, while con-
sumer electronics production continued st & relatively low level,
the public sector company Instrumentsation Ltd. was set up to manu-
facture process control instrumentstion for India's growing power,
0il, cement and other process plants. 1In 1967, the public sector
company, Electronics Corporation of India Ltd. (ECIL) was formed
out of the nucleus of semi-commercisl production built up over the
preceding 5 years in the Bhabha Atomic Research Centre. ECIL prod-
ucts covered nuclear, medicel and general-purpose test and measur-
ing instruments, ansalogue and digital computers, electromic comtrol
systems for nuclear and process plants and some types of the elec-
tronic components [36). While the production of ITI, BEL and
Instrumentation Ltd. was based on technology licensed from abroad,
that of ECIL was entirely based on locally developed technology.*

In 1970, the Electronics Commission and the Department of
Electronics were established as the policy-msking and executive
bodies respectively for the development of the entire electronics
industry in India ([40], p. 271). Associated with the establish-
ment of this agency, goverument pclicy began to place grester
emphasis on professional electronics, particularly on control and
instrumentation and computers, in addition to the emphasis placed
until then on the defence and telecommunications aspects of the
electronics industey ((31], p. 21). Date on the production of
electronics equipment and components in India during the period
1971-1985 are provided in tsble 12, Total output amounted to
the equivelent of $1.3 billion in 1983, $2 billion in 1984 and
$2.4 billion in 1985,

(a) The structure of the electropics industry

Three types of firms ex:st within the electronics industry of
India. Public sector firms, organized private sector firms and
small-scale firms. Their respective shares of output in 1981
within different areas of the electronics industry sre shown in
table 13. Small--scale industry sccounted for the remsrkably high
share of two thirds of the output of consumer electronics goods and
for s third of the output of the entire electronics industry. This
was 8 direct effect of the government policy of reserving a number
of activities for small-scele industries. Such industries also
account for one third of component production, consisting primarily

*Communication received from A. Pscthasarsthi.




Table 12. Breakdown of Indian electronics production by industey, 1971-198%

(Percentages)

Industcy 19 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985
Consumer electronics 30 k2 27 25 22 25 25 27 28 27 29 28 24 31 39
Communications and

broadcasting equipment 21 24 26 24 27 27 25 22 20 23 18 21 20 17 14
Aerospace and defence

equipment 16 15 14 16 12 12 11 1 9 8 8 9 9 8 7
Computers, control

instrumentation and

industrial electronics 8 9 10 11 16 16 20 20 20 20 22 20 24 23 21 w
Components 23 22 22 24 21 20 18 20 21 20 20 18 17 16 15 T
Froduction in the Santacruz

Electronics Export

Processing Zone, the

Kandla Free Trade Zone

and bonded factories -- -- - -- 1 1 1 1 2 2 2 4 [} 5 3

Total production

in millions

of rupees 1 730 2000 2280 13010 3 645 4 100 5 085 S 905 6 465 8 060 B8 560 12 050 13 600 18 900 26 670
Total production

in millions

of dollars 230 260 300 %0 450 530 630 730 800 1 000 950 1 255 1 347 2 000 2 460

Sources: (31}, table 1.18, for 1971-1983; [19]) for 1984; and [24) for 1985.



Table 13. Breakdown of electronics production in India by type of enterprise, 1981

Total production

Type of enterprise

Public sector Private sector

Small-scale

Industry (millions of dollars) (percentage) (percentage) (percentage)
Consuvmer electronics 213 9.02 24,56 66.42
Communications and

broadcasting equipment n 95.17 4.83 -
Aerospace and defence

equipment 77 99.49 0.51 -
Control imnstrumentation

and industrial electronics 173 35.39 28.49 36.12
Computers snd office

equipment 36 30.15 42.16 27.69
Electronic components 192 28.03 39.15 32.82

Total a/ 922 43,25 23.02 33.73

Source: ([39).

a/ Excluding production worth $25 million in the Santacruz Electronics Export Processing

Zone.
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of components requiring low investments and simple assembly tech-
niques for use in consumer electronics [32). Public sector firms
dominate in industries producing communications end broadcasting
equipment and in the aerospsce and defence industries. They also
account for one third of the output of control instrumentation and
industrial electronics equipment. Three public sector undertskings
dominate the large-scale electromics industry. These are BEL, ECIL
and ITI, which, according to Mody {[31], accounted for 25-30 per cemt
of Indian electronics products in the early 1980s. If small-scale
industries are excluded, the share of the three biggest firms would
rise to approximately 42 per cent. Although they show some over-
lapping in terms of their product ranges, Mody ([31], p. 36) states
that "there has been little competition between these firms™.

Other actors are the public sector companies of the different
states of India, the emergence of which in the period 1978-1985 is
an important development in the Indian electronics industry. The
output of these companies, which currently operate in seven
states,* amounted to $140 million in 1985, or approximately 6 per
cent of the total output of the Indian electronics industry. More-
over, while the whole industry grew by 39 and 41 per cent in 1984
and 1985, respectively, the State Electronics Corporations grew by
45 and 50 per cent.* 1In 1985, the public sector companies, central
as well as state, accounted for 40 per cent of production of the
Indian electronics industry.* Finally, firms in the organized
private sector, which provided less than one quarter of output in
1981, have only a modest share of the small market for computer and
office equipment and components.

The Indian electronics industry has been nearly completely
oriented towards the requirements of the domestic market. Total
exports of electronics products were valued at approximately
$8 million in 1972-1973 (2.9 per cent of production), and incressed
to approximately $155 million in 1984 (8.2 per cent of production)
([{25), p. 111). More than half of these exports came from the

Santacruz Electronics Export Processing Zone. Other exports
amounted to & mere 3.4 per cent of production 1in 1982 ([25],
p. 112). Imports are estimated to have accounted for between

35 and 40 per cent of domestic demand ([25], p. 9).

(b) Indisn electronics policy

In the early 1970s, the Government of India assumed an active
role with regard to electronics and the first steps towards
evolving & national strategy were tsken. The Depsrtment of Elec-
tronics was established in 1770 and the EBlectronics Commission in
1971. In 1975, a five-yesr plan (1974-1979) for the electronics
industry wes adopted. The plan emphasized self-reliance, regional
dispergsion and employment generstion, as well as the importsnce of
large-scale integrated circuits, as the following passage shows:

“Memory design and memory menufecture has now become o
speciality and the trena in the United States is for firms to

*Communication received from A. Parthasarathi.
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specislize in these areas. Systems like single chip calcu-
lators and microprocessors are also specialities. The rapid
growth of MOS LSI memories and its importance to the produc-
tion of future generations of computers suggest that some
immediate steps should be taken to establish the technology/
production as geststion time of such products is in the order
of 2 or 3 years™ ({27], pp. 470-471).

The plan also underlines the commitment to set up the Semi-
conductor Complex Ltd. (SCL) (see below section (a) on IC-producing
firms), arguing that ‘t should be done without delay in order to
prevent substantial imports. The planned product mix of SCL wss to
include, inter slis, memories, cealculator chips, shift registers and
MOS microprocesscrs ([27), p. 473).

In 1982 s report was prepared by the Department of Elec-
tronics [26] as e result of & question raised in the Parlisment
of 1Indis as to why countries and areas such as Thins (Taiwan
Province), Hong Kong, the Republic of Korea and Singapore had made
phenomenal progress and msrched shead of Indis in the field of
electronics. The response by the Department of Electroaics
stressed that any comparison with the countiries mentioned must
*recognize the fundamentsl difference between the objectives,
philosophies and industrial framework which govern the development
of industry in general in India on one hsnd and in the other
countries and sreas on the other. These are largely determined by
the size, security environment, cosmunicstion needs, economic
structure gnd factor endowments, technological strategy snd educa-
tionel resources of each country™ ([26], p. 1). It is therefore
implied that part of any performance differences can be explained
by the fect that the objectives are different in India as compered
with the other countries. The Department of Electronics continues
as follows:

"We have adopted a strategy for development of the electronics
industry which seeks:

- to maximize the enormous resource which our huge domestic
market constitutes;

- to ensure indigenous production of as much as possible of
electronic equipment for our strategic defence, communication,
space and stomic energy needs;

- tc achieve technological self-relisnce (not in terms of
shutting out foreign technology, but in inducing it where
necessary and then adspting snd developing it appropristely
while meeting the technologicsl needs of our strategic elec-
tronic products waximelly indigenously) to use the techno-
logical snd industrial capecity built to meet domestic needs,
ss the springboard for our exports;

- to meximize the disperssl of the electronics industcy sas
widely as appropriste across our large country, thereby dif-
fusing skills, employment, production and marketing;

- to ensure that our public sector compsnies play s commanding
role, particulerly in sophisticated and professional sectors;
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- to strive to reslize an electronics industry that is well
integrated as between its different subsectors, as slso with
the genersl industrial, sgricultural, transportation and other
sectors of the economy”™ ([26), pp. 1-2).

Thus, the otjectives of Indiam electromics policy were more
complezx than a mere maximization of the growth of output or
exports. Self-relisnce in strategic defence and other aress, as
well as geographical dispersion of production scross the continent
and employ —ent generation, took precedence over other cbjectives.

{(c) Policy for the components industry

A new policy for the development of components was introduced
in 1920, a policy which departs greatly from the general policy for
the electronics industry. In 1981 this policy was implemented,
with special emphasis being placed on the production of componeants
that were internationally competitive in terms of both cost and
quality. Restrictions on licensed capacity were removed and the
free inflow of foreign technology was sllowed ([22), p. 26). The
policy extract reproduced below is taken from [26]).

“NOTE ON DEPARTMENT OF ELECTROMICS POLICY REGCARDING ELEC-
TRONICS COMPOMENIS IMDUSTRY

Plentiful availsbility of the numerous varieties of electronic
components freely and at reasonable prices in Indis is con-
sidered to be the basic prerequisite for giving e boost to the
production of electronic equipments and systems. Hence,
Department of Electronics has decided on the spproach outlined
below for the development of electronic components industry:

1. Promoting/licensing/establishing components mesnufacture on
& large and viable basis with a broad entrepreneur base would
mean production somewhat in excess of purely domestic require-

ments. However, when the industry is grown on an inter-
nationslly viable basis, immense export opportunities would be
available.

2. Learge capscities are required for economic visbility om
internstional scale as well as for ensuring product quality.
This is technological compulsion due to the advent of auto-
matic machinery. Accordingly the existing organized sector
industries are encoureged to grow freely.

3. Looking to the demand position end the gestation periods,
it is unlikely that the existing units would be asble to meet
the demand without substsntisl expansion and modernization.
Therefore, fresh capacity creation is considered necessary.
The cspacity is being promoted only on sen internationslly
viseble basis. We take into sccount the domestic demand as
slso the export opportunities while exemining the costs and
technologies in any proposal.

4. Regarding foreign technology, Department of Electronics
policy is to freely sllow technology import in sreas of modern
types of components. There are inadequecies in technology
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with the existing menufacturers, and very few approvals have
been obtained for defence gquality components.

5. Lower utilization of capacities observed in some cases now
haes been for reasons other thsan the demand constraints
(generally managerial failures).

6. For the sbove reasons, components sre unsuitable for pro-
duction in the small-scale sector and both the Department of
Electronics and DCSSI have been writing to all small-scale
entrepreneurs for the past four/five years that it would be
unwise to invest in components msnufacture in the smsll-scale
sector, and they would do so at their own risk since the
Government may not be prepared to give protection.™

Global techno-economic development has thus forced Indien
policy-makers to spesk in terms of exports, large capacities,
economic viability on an internstionsl scale, technological com-
pulsion, freely allowing technology imports and unsuitability for
production in the small-scale sector. Domestic socio-economic
objectives have therefore been overtakea by the international
techno-economic imperative in the electronics components policy.

A few words should also be ssid sbout recent policy changes
with regard to ICs. In MNovember 1984 the Government of India
announced s new snd much more liberal policy for the msnufacture
and import of computers. The objectives included bringing the cost
of domestically manufsctured computers down to international
levels. The policy also sffects components, for exsmple ICs. In
pscticular, the policy document states the following: ... it is
necesssry that components should be available to manufacturers at
ss nesr internstional prices as possible™; “"components which are
not being menufsctured in the country ... will be ... permitted to
be imported at very low levels of import duty”; other "components
will be protected from imports with sufficiently high protective
duty”.

At present, sll types of ICs to be used in computers are sub-
ject to the open general licence, that is, no import licence is
required, and s customs duty of only 25 per cent is applied.* With
two exceptions, namely LSI circuits for watches snd clocks, all LSI
and VLSI circuits to be produced by SCL (the focal point of Indian
production of LSI and VLSI circuits) sre aslso on the open generasl
licence list and carry a customs duty of 75 per cent. Impocrts of
LSI circuits such as those produced by SCL for clocks, watches and
computers would however be permitted only sfter clesrence from the
Department of Electronics.*

2. The components industcy

A lerge variety of components used in the electronics industry
are produced in Indis. Table 14 shows the output of components

divided into four main categories. Of the totsl production of

*Communication received from A. Parthaserathi.
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$223 million worth of components in 1982, $38 million were accounted
for by semiconductor devices. About a dozen producers sre engaged
in the manufacture of semiconductor devices. Small signal devices
and some power devices account for most of the totel production of
semiconductor devices in Indis, in figures, $32 million out of a
total of $38 million in 1982. Local production of these devices
largely satisfies the requirements of the Indian market ([30),
p- 469). As may be seen from tsble 15, only s very small part of
the production was accounted for by ICs. 1Ia 1982 total production
of this type of semiconductor smounted to spproximately $2.7 mil-
lion. Production was raised to $4 million in 1984* and to more
then $6 million in 1985.%% The production of ICs is thus growing
st a rapid pace now, but until recently it wes small, like that of
other semiconductors. The entice electronics components industry
was also plagued by s number of problems, which will be discussed
after describing the two vertically integrated IC producers in
Indis.

Table 14. Production of components in Indis, 1982

Production
Item (millions of dollars)
Electron tubes 24
Semiconductor devices 38
Pessive components 100
Electromechsnical and other components _61
Total 223

Source: [30].

Table 15. Production of semiconductor devices in India, 1982

Production
Item (millions of rupees)
Small signal devices (diodes and transistors) 24
Power semiconductor devi.ces 8
Integrated circuits 3
Rectifiers 1
Other semiconductor devices
(solar cells, microwave devices etc.) 1
Totsel 37
Source: [30].

*Based on an interview with S. C. Mehts.

sxCommunication received from A. Psrthesarethi
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(a) Firms producing integrated circuits

(i) Bharat Electronics Limited*

Bharat Electronics Ltd. (BEL) is a publicly owmned company that
was established in 1974. 1Its corporate mission is to promote self-
reliance in the design, development end production of professional
electronics equipment and components in India and to msintain the
company's leadership in this field. It produces telecommunications
equipment, including radio broadcasting asnd television trens-
mitters, radar, underwater electromics, tenk electronics and other
professional equipment and systems, es well as semiconductor
devices and electrc~ tubes of both professionsl and consumer
grades. Its present level of production is worth approximately
$200 million and it employs nearly 18,000 people.

Within its components division BEL produces a rsnge of ICs.
Its production began ia 1971 with a technology developed by an
Indien research and development institute, the Tats Institute of
Fundamental Research. At asbout the ssme time, BEL entered into a
collaboration agreement with RCA for the production of ICs, using
both bipolar and CMOS technologies. They produced 200,000 ICs in
1974/75, 400,000 in 1977, 2.2 million in 1984, and the current level
of production is approximately 4 million ICs annually. The value
of production was spproximately $3 million in 1984 end $4 million
in 1985. The bulk of the production consists of linear ICs, most
of which asre for the television market. Of the 52 different types
of bipolar ICs snd 16 different types of CMOS ICs in production,
approximately 20 have been designed in-house, while the rest have
been produced using sn RCA design.

The BEL facility is vertically integrated in terms of both CAD
and mask production. The minimum line width is in the S-micron
range for both bipolar and CMOS ICs. The ICs produced are in the
MSI and lower end of the LSI level of complexity. About 600,000
hybrid ICs are also produced annually. This satisfies the entire
BEL demand for hybrid ICs. Totsl investment by BEL for production
facilities, including design, mask fabrication, assembly and
testing, is $7 million.

In 1984, the plans of BEL were to "manufscture microprocessors
and memory chips using RCA's technology in addition to several new
circuits of MSI level under design in-house” ({30], p. 4J0).
According to informstion received from the Chairman snd Managing
Director of BEL, their plans for the future lie especially in the
sres of ASICs, for which they plen to reduce the minimum line width
to 2 or 3 microns.

*This section iz based on the following: sn interview con-
ducted st BEL; written comments by the Chairmen 21d Menaging Direc-
tor of BEL; (16])-{18); and [30]. '
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(ii) Semiconductor Complex Ltd*

The Government of India took the decision to set up a public
sector compeny called the Semiconductor Complex Ltd. (SCL) to
assume the task of "... leading the national effort in the manu-
facture, design and development of large--scale integrated circuits”
({16], p. 187). Plans to create SCL begen in 1972. An initisl
$20 million (in 1976 dollars) were allocated to the project in
1976. A revised budget of approximately $50 million (in 1983
dollars) was approved in June 1983. There was considerable delay
in the implementation of the project because of the difficulty of
finding top mansgement with industrisl experience in this advanced
field. The question of where (in which state of India) to locate
the semi-conductor complex also took some time to resolve. From
1982, that is, & decade after the plans were initisted, the project
has moved forwsrd well.

SCL has entered into e collsboration agreement with American
Microsystems Inc. for the purchase of S3S-micron CMOS and NMOS
silicon gate technology. American Microsystems Inc. is the largest
firm in the field of custom—de:-igned ICs. The agreement also gave
SCL the option to purchsse the more advanced 3-micron CMOS and NMOS
technology within four years of the agreement becoming effective
(April 1981). SCL, however, chose not to exercise the option to
buy 3-micron technology from American Microsystems Inc., but to
develop it in-house instead. As a result, SCL was able to intro-
duce its own 3-micron technology into production in March 1986.
The clock chip which SCL was already producing has been redesigned
in 3-micron technology. This has resulted ir a substantisl reduc-
tion in the cost of manufacturing. SCL has achieved full vertical
integration, from CAD and mask fabrication to wafer fabrication and
packaging.

The SCL production line of LSI circuits currently includes
telephone pulse diallers, clock chips, Rockwell 6502 micro-
processors and associsted peripheral interfsce chips. 1In the two
years since production based on S-micron technology was estab-
lished, SCL supplied 10 semi-customized circuits and two fully
customized circuits to various buyers of professional electronics
devices. The Company is also designing s number of standsrd as
well as customized circuits using its 3-micron technology. These
include low-cost liquid-crystal-device watch circuits, calcu-
lator circuits, telephone speech-cum-tone ringer circuits and 128K
CMOSROM. At the seme time, SCL has begun to develop 2-micron tech-
nology, which is expected to be completed >y the end of 1987. In
sddition to these research and development efforts within their own
plent, SCL undertook s joint prograsme with American Microsystems
Inc. for the development of 64K erassble programmable read-only
memory. This joint development programme was to be completed by
mid-1986. The totsl strength of design and process engineers in
SCL is about 95. SCL has plans to establish a pilot line for a
1.25-micron process, s gosl it expects to resch by 1989. Besides
the initial cepital outlay of $50 million, it invested approximstely

*This section is hased on information received from the Chsir-
man and Managing Director of SCL.
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$10 million in equipment in 1985/86 for 3- and 2-micron process
development, and proposed to iavest snother $15 million during
1986/87 for electron beam mask-making operations and CAD.

SCL is responsible for supplying modules and electromic circuit
blocks for all watches and clocks assembled in India. Another major
product in the area of mocuies and subsystems being manufactured by
SCL is an 8-bit microcomputer based on the Rockwell 6502 LSI chip.
SCL has further plans to diversify its product line in modules and
subsystems.

The current installed capscity of SCL corresponds to an annual
production of 4.5 million LSI circuits. In later stages this
capacity is plsnned to be increased to 9 and 20 million units
yearly, in addition to 1.75 million modules and subsystems for
electronic wetches and other products. 1In 1982 the value of pro-
duction was about $2 million, rising to sbout $7 million in 1985.

3. Evslustion of the electronic components industry of India

As regards the state of the electronic components industry in
the early 1980s, the Department of Electronics ({25], p. 64) writes
as follows:

“The Indian electronic component industry is faced with many
problems. Adequate investments have not been made nor was it
allowed, capscity was restricted due to restrictive licensing
conditions, outdated technologies are being used even with
foreign collsboration due to restrictive conditions under
which these were imported, ... inferior quality machinery has
been imported and there is virtually no research and develop-
ment for new product development ... @s & result we are in a
shortage situation. Quantity requirements have neither been
met nor is the quality acceptable.”

In addition, observers frequently note that the prices of
Indian electronic components are far higher than those aveilable on
the international market. One observer ([29], p. 44) notes the
following: ~In India, however, prices of electronic components and
finished assemblies tenu to be three to ten times higher than the
world market.” A numbe: of other writecrs make similar observetions
([39] and !40]). The high costs can often be related to the low
production volumes in Indis. It is common to have yearly volumes
which are only a fraction of the output of international plants
(139), p. 74).

The development of technological capabilities in the IC field
in India is supported by government-funded resesrch iastitutes.
The most importent institutes, namely the Central Electronics
Engineering Research Institute in Pilani and the Tata Institute of
Fundamental Research in Bombay, sterted work with semiconductors in
the mid-1960s. Later the verious Indian Institutes of Technology
slso initiated work in this ares ([37], p. 185).

As mentioned earlier, the bipolar (TTL 7400 series) technology
was developed at the Tats Institute in 1971 and transferred to BEL
in Bangalore. The TTL 7420 was the first IC made in Indis. A
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technology for an 8-micron CMOS wmetasl pgate circuit and a CMOS
silicon gate technology have also been developed ([37}, p. 189).
No information is availeble as to whether the CMOS circuits have
yet been put into production.

The Central Electronics Engineering Institute is s national
laboratory under the Council of Scientific end Industrial Resesrch,
set up by the Government for advanced resesrch and development in
electronics. It initisted work in the IC field in 1969, primarily
to develop linesar and digital bipolar circuits. In 1976 the Insti-
tute initiated a progresme on advanced technology for semiconductor
devices, jointly supported by the United MNations Development Pro-
gramme (UNDP) and the Government of Indis. The total investment in
capital equipment has been asbout 50 million rupees (Rs). The basic
interest of the Institute lies in the NMOS process, and some cir-
cuits of the complexity of LSI circuits have been developed ([30],
p- 471; (37]), p. 191). whether any of its achievements have been
followed up by commercial production is not known. Despite the
work of the research and development institutes, substantial short-
comings remsin, as reflected in the following observatiorn:

"An assessment of the current status of research and develop-
ment and productinn in LSI in Indis shows that this activity
has been funded at a subcritical level over the last decade
and even this has been spread over several sgencies without
specific goals or requisite co-ordination™ ([16]), p. 159).

While it is beyond the scope of this paper to explain the
relatively poor performsnce of the electronic components and, until
recently, the IC industry, two factors that could be considered in
an explsnation should nevertheless be pointed out. These are the
small local market for ICs and the poor links of the IC industry to
the more demanding professional electronics industry, which is
relatively large in India.

The market for ICs in India appears to be very small.
Althougn complete dats does not seem to exist, such a conclusion
can nevertheless be drawn on the basis of the following informs-
tion. In 1981/82 the content of LSI circuits in total production
of electronics devices in Indis smounted to Rs 36.6 million. The
market was divided among the various electronics industries as
shown in table i6.

Table 16. Market for LSI circuits in Irdia, 1981/82

Consumption of LSI circuits

Industry (millions of rupees)
Consumer electronics 10.0
Telecommunications systems 7.0
Computers 13.0
Space 4.6
Defence 2.0

Source: (16], p. i94.




- 48 -

There was no production of LSI circuits in India in 1981/82,
but the total value of production of SSI and MSI circuits was
approximately Rs 20 wmillionmn. In eddition, IC imports in 1981
smounted to Rs 108 million ([18], p. 4&5). IC exports were
spparently negligible or nonexistent, hence the total market for
ICs amounted to roughly Rs 120 million (approximately $13 million),
one third of which wss for large-scale integrsted or VLSI cir-
cuits. In early 1985, it was suggested* that the wvalue of the
snnual market for ICs was between $15 million and $19 million, from
$5 million to $7 million of which were accounted for by custom-
designed ICs. The share of custom-designed ICs in the total IC
market in Indisa is thus much higher than internationally, where the
highest estimate is 20 per cent (see the discussion of the msarket
for ICs in section B). The value of the Indian IC market in 1985
a8 estimated at $22 wmillion,** xhich means that, although still
rather small, it is growing rapidly.

The local production of SSI snd MSI circuits at BEL is used
mainly for the consumer goods market, for example in radios and
television sets. In 1584, only 0.5 million of the 2.2 million ICs
went to the professional electronics industry. Some of the IC pro-
duction at SCL, clock chips for exsmple, also goes to the consumer
goods industry.

As was noted sbove, in 1984 the total value of the IC market
in India was about $17 million, and Indisn production amounted
to $4 million. Let it be sssumed thet this production was equally
divided between professional and consumer goods. Since the profes-
sionel electronics industry sccounted for a market of $11 million
to $12 million,* it follows that imported ICs go mainly to that
industry, as do all of the imported electronics components. It is
estimated that in 1982 imports accounted for $125 million of a total
market value of $343 million. For consumer-grade components, the
market vslue was $187 million aend local supply $167 million. For
professionsl-grade components, the market value was $156 million,
with imports accounting for $100 million ([25), p. 65).

The small size of the market for ICs in India has been a func-
tion of both the small electronics industry (which has begun to
grow rapidly, however) and the low IC content of that industry. 1In
1981, for example, the IC content was only 0.5 per cent, whereas it
was 10 per cent internstionslly in 1982 (([16), p. 165). Mehta and
Varadan ((30], p. 471) suggest, inter elia, the following reasons
for the low level of production of and demand for ICs in India:

(a) Most of the high-volume electronic systems made in India
sre based on discrete devices. For example, the overwhelming

majority of telephone lines instslled in India in 1982 were based
on non-IC technology;

*Based on interview with S, C. Meh*a.

*xCommunication received from A. Pacthasarathi.
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(b) A large variety of types of ICs make up an electronic
system. The buyers tend to import the complete package of ICs,
including those available indigenously. It has been argued* that
~the main reason [for the low growth of the Indian IC industry] is
that we have not been able to capture for local production more
than ebout 30 per cent of the $22 million demand for ICs in 1985.
Why? Largely because Government has not been able to design and
enforce on the electronic equipment industry a strong standard-
ization and variety minimization policy for ICs.”™ Poor backward
linkages from the professional electronics industry to the IC
industry would be particularly important in explaining the poor
growth of the IC industry, since the professional equipment indus-
try is relatively strong in India;

(¢) Low production volumes imply high prices, which in tucn
constrain demand.

Thus, the small market end the relstively large part of the
market sccounted for by the more demanding professionsl electromics
industcy may well have resulted in less incentive fo- investment in
the IC industry in the past.

4. Analysis and conclusions

As was noted above in section (b) on Indisan electronics
p: licy, strong support was expressed in [27] for the establishment
of SCL, with a product range including microprocessors and mem-
ories. In 1975 custom-designed ICs were rare, and it may be
inferred that the planners envissged a production unit that sup-
plied standard ICs, as did most other producers in the world.
After the agreement with American Microsystems Inc. on the process
technology, which became effective in 1981, SCL also scquired the
Rockwell 6502 microprocessor, which is a standard mass-production
chip used, for example, in VIC 64 computers. In esrly 1984 Mehta
and Varsdan ([30), p. 470) wrote, furthermore, that the product mix
of the SCL would consist of "... & broad rsnge of standard LSI
{circuits], including watch chips, cslculator chips, telecom chips,
memories, microprocessors and speech synthesizers™. They add that
"the range of products would also include custom LSI [circuits],
modules and subassemblies based on LSI (circuits], gate srrays and
standard cells”. The basic strategy of SCL in the early 1980s
therefore seems to have been regarded as one of concentrating on
production of stendard items, including mass-volume products such
&8s micro-processors and memories. The plans for BEL also included
the production of memories and microprocessors. In view of the
development of the economics of production of standard ICs (see
section B), the authors consider the emphasis placed on such ICs to
have been premsiure. The Indian market for standard ICs was - and
is - too small; the investment furds available were too limited to
mass-produce VLSI circuits to internationsl standards; and the cost
of production in India would have been very high, as compared with
international prices.

xCommunication received from A. Parthasarathi,.
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A major rethinking of the basic strategy of the SCL appears to
have tasken place over the past few years, possibly as a result of
the critique of the Indisn electronic components industry made by
the task force on large-scale and very large-scale integration, set
up by the Department of Electronics. The task force argued very
strongly in early 1984 {37} for the crestion of a local capability
for the production of integrated circuits for use in the tele-
communications and defence equipment industry o: the future. Par-
ticuler emphasis was laid on the security of sv,ply of custom-made
ICs, and the needs of the defence industry were especially under-
lined. It has been emphasized that the export control restrictions
of NATO makes local production of even standard LSI and VLSI cir-
cuits of strategic importance for the professional equipment indus-
try.* The tesk force thus stated the following ([37), p. 156):

"A local micro-electronics base, particularly with regard to
custom and semi-custom circuits, 1is essential for future
indigenous development of defense equipment within the
country.”

It has moreover been stressed that the strategic nature of local
ASIC production refers not only to the supply of critical com-
ponents for the defence industry, but also to its importance for
the innovative capacity of the downstream industry.*

The current product range of the SCL, which has already
developed 12 semi-custoanized or fully custom ICs and supplied them
to the professional electronics industry, clearly suggests that the
recommendations of the task force have been taken seriously.
Specialization is the core of India's strategy on LSI and VLSI cir-

cuits. The Indian micro-electronics programme no longer covers
memories and other bulk-manufactured LST circuits. The basic
strategy of India is that of "... mopping up all semi-custom and

custom circuits our market needs for production by SCL (and partly
by BEL) and buying multi-sourced standard LSI circuits on the world
market, where they are not subject to export restrictions by NATO".*

Two further recent developments merit attention. First, SCL
has set up a multi-user design centre for the Department of Elec-
tronics at Bangalore, and companies are using the CAD system of SCL
to generate ASICs to meet their needs. These are subsequently pro-
cessed into LSI circuits on the SCL wafer fabrication process line
at Chandigarh [23]. Secondly, SCL is scting as a silicon foundry
for BEL, ITI, Bharat Heavy Electricals Ltd. and the Central Elec-
tronics Engineering Institute laboratory at Pilani, taking their
designs bssed on SCL design rules and processing th~m at Chandigarh.
Hence the design capability in the field of ASICs e. .sts not only at
Chendigarh, but 8lso in the design centre at Bangalore and among the
major Indian firms within the electronics and electrical engineering
industries. These designs are procesgsed by SCL in addition to its
own or licengsed designs.

*Communication received from A. Parthasarathi.
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The change that took place a few years ago in the Indian com-
ponents policy and strategy on the production of LSI and VLSI cir-
cuits in SCL and partly in BEL, a change that consisted in placing
greater emphasis on ASICs than on standard ICs, seems to have been
a correct step. It wes based on the following considerations:

(a) The changes in the economics of standard IC produc‘on
characterized by growing barriers to entry and economies of scale;

(b) The small local market for standard VLSI circuits and the
not irsignificant local market for ASICs;

(c) The need for a secure supply of components, mainly ASICs,
to the telecommunications and defence industries;

(d) The strategic importance of having a local ASIC producer
for professional electronics industries other than the telecommuni-
cations and defence industries.

In pursuing its new strategy, given the capital available to
it end the development of a minimum line width of 3 microns, SCL is
well in step with the international industry producing ASICs.

E. A comparison of the integrated circuit industries
of India and the Republic of Korea

In this final section, the approaches of the IC industries in
India and the Republic of Korea, seen from an international per-
spective, will be compared, with special attention being given to
the determinants of the divergence in approaches. Some of the
essential characteristics of the four firms that have been dis-
cussed, namely Samsung Semiconductor Ltd. and Gold Star Semiconduc-
tor Ltd. in the Republic of Korea, and Bharat Electronics Ltd. and
Semiconductor Complex Ltd. in India, are summarized in table 17.

The first thing to note is that both firms in the Republic of
Korea belong to large conglomerates. The Indian firms, in con-
trast, are purely electronics firms. Another difference is that
unlike the firms in the Republic of Korea, the Indian firms are
State-owned. In terms of the output of ICs, the firms in the
Republic of Korea are sutstantially larger than the Indian firms.
The product ranges of the former are also wider. As for the tech-
nological levels, while the firms in the Republic of Korea are
strong in dynamic memories, SCL is strong in telecommunications
circuits, specialized industrial products 1like erasable pro-
grammable read-only memories, and customized and semi-customized
circuits for strategic applications. 1In terms of the sources of
technology, all the firms produce with predominantly licensed tech-
nology. However, Samsung appears to have relied on its own tech-
nology for many of its simpler [Cs directed towards the consumer
goods market. Samsung also claims to have done much of the process
development for its DRAM3. SCL has also developed and put into
industrial production its own 3-micron LSI CMOS process, which is
well in line with other ASIC producers in the world, and has
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designed 10 semi-customized and two fully customized ICs. Finally,
the investment in production capacity is very much higher in the
Republic of Korea than in India.

At this stage it is appropriate to recall what was said in
section B about barriers to entry. It was concluded that the bar-
riers to entry for the production of stendard ICs have increased
rapidly during the last decade. The cost of a state-of-the-art
standard IC factory is currently $200 million. This is msinly
because of technical change in IC processing. Research snd devel-
opment costs have also risen. The barriers to entry for custom-
designed IC production are much lower. A factory for manufacturing
ASICs (thet is, semi-customized or fully customized ICs) may cur-
rently cost as little as $25 million.

The IC industries in both India and the Republic of Korea are
striving to include more advanced products in their product ranges.
While the product technology relating to the microprocessor pro-
duced by SCL (the Rockwell 6502) is dated, the company's LSI and
VLSI telecommunications circuits, for example pulse dialers and
codets, are state-of-the-art. As for the firms in the Republic of
Korea, they are relatively weak in telecommunications ICs but
strong with regard to memorjes. A further difference is the scale
of investment made in the production of LSI and VLSI circuits. The
investments of Samsung, for example, are in line with those made
internationally, while those of SCL sre at, or below, the lower
limit for standard LSI and VLSI circuits. However, SCL invest-
ment is internationally comparable to that of plants that make
spplication-specific LSI circuits.

In terms of the different research and development strategies
referred to in section B, the Indian firms are clearly choosing the
"lagging behind"” approach with respect to ICs introduced in the
United States and Japan having adopted, for example, the Rockwell
6502 microprocessor. Samsung 1is opting for the "leading-edge”
strategy, while Gold Star seems to have adopted a "wait-and-see"
strategy, relying on a continuous dependence on the import of tech-
nology from partners abroad. The difference 1in research and
development spending between Samsung and Gold Star clearly reflects
the different strategies pursued. Admittedly, the risk involved
with choosing a strategy like that of Samsung, with an emphasis on
64K DRAM and 256K DRAM production, are substantigl, but so are the
potential benefits. This issue will now be further discussed.

As was noted in section B, the market situation with regard to
advanced DRAMs is very unstable. The price of 64K DRAMS dropped
from $50 to $0.50 in five years. Something similar appears to be
happening with the 256K DRAMs, which, moreover, are expected to
replace 64K DRAMs very rapidly. Already in 1984, Hitachi decreased
its output of 64K DRAM, while stepping up that of 256K LRAM. The
picture was not, however, uniform; other firms were simultaneously
increasing their production of 64K DRAM ((44), p. 41). If and when
many companies switch over wholeheartedly to 256K DRAM, it is likely
that the 64K market will be greatly sffected. If that happened in
1986 - a3 many analysts expected - the producers of 64K DRAM in the
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Republic of Korea would certainly not be able to recover their
investments of $120 million, and the whole effort might prove to
have been an economic failure. Indeed, one source has suggested
that in mid-1985 the international price of 64K DRAM was already
below the break-even price of groducers in the Repudlic of Korea
({31, p. 61).

Hence, it is clear that the Samsung effort is extremely
risky. If the 64K venture fails, Samsung may, however, hope to be
an earlier starter in the 256 K race - thanks to their experience
with the 64K DRAM. The swift move of Samsung to 256K DRAM may
suggest that the firm has benefitted by this experience. But in a
later race the one-megabit DRAM may still be waiting as an un-
pleasant surprise behind a bend. The risks at stake are indicated
by the fact that Inmos of the United Kingdom announced in July 1985
that it would cease production of DRAMs and obtain them from Japan
and the Republic of Korea in future ({2), p. 7). On the other
hand, Samsung may come out as a winner and the Republic of Korea
worid then be among the very few countries in the world to be com-
peting successfully in this line of business. It must be pointed
out here that there is a considerable debate in the Republic of
Korea regarding the social usefulness of Samsung's strategy ({3}
and [5]).

In section B, in the discussion of barriers to entry, the
global IC industry was divided into the following four subgroups:
large producers of standard ICs; smaller producers of ASICs;
specialized design houses; and specialized silicon foundries.
Samsung Semiconductor Ltd. in the Republic of Korea has clearly
chosen to enter the first subgroup. Although extremely risky, it
is, in principle, a viable strategy, provided the large amount of
capital needed is available and the objective is mainly to export
ICs. Camsung may however fail, end it will then turn out to be a
very costly adventure for the Samsung conglomerate and for the
economy of the Republic of Korea. On the other hand, a success
would mean that the Republic of Korea will be more advanced than
most European countries with regard to standard IC production.

From a nationsl point of view, it would be unwise for another
company in the Republic of Korea to follow the same high-risk
strategy. It seems more sensible for Gold Star, which appears to
be in the process of choosing between the first and second of the
sbove-mentioned strategies, to specislize in the production of
ASICs, since Gold Star is not as far shead as Samsung in any case.
Such a strategy would also considerably reduce fixed capital
requirements.

An ASIC strategy would first require the identification of the
IC content of various electronics products, such as television
sets, videotape recorders and defence equipment, to be domestically
produced. Thereafter, research and development efforts should be
geared towards custom-designing ICs with the required character-
istirs. The final objective would be to produce electronics prod
ucts ‘ompetitively, and here the links between IC producers and IC
user would be crucial. Such & strategy would be much less risky
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not only because capital requirements would be smaller, but also
becsuse output would be geared mainly to the domestic merket, at
least in the initial stages. It would also mske producers of elec-
tronic products in the Republic of Korea less vulnerable, thanks to
decreased dependency on imports of ICs that are strategic for the
electronics industry.

Indian pclicy vis-a-vis the IC industry and the strategy of
SCL seem to have shifted in the 1980s in favour of local production
predominantly geared towards ASICs. Specialized design houses are
also being built up. The ASICs designed there ere subsequently
processed by SCL, which in this case acts as a silicon foundry. In
the authors®' view, the same pattern should be developed in the
Republic of Korea. It is, however, doubtful whether Gold Ster
could be the national champion in this case, since it is one of the
largest conglomerates in the Republic of Korea. This means that
firms within the Gold Star conglomerate compete in many final
markets with other conglomerates. A firm may not like to transfer
its product knowledge to a competitor to the extent required when
an ASIC is to be designed.

The determinants of the widely diverging spproaches of the two
countries are many and complex. Development objectives, in partic-
ular, probably play an essential role. The Indian objectives in-
clude self-relisnce and promoting spplications of LSI end VLSI cir-
cuits in distinctively Indian end-products, for example agro-
electronic equipment such as milk and grain anelysers, rural radio
communications equipment, rursel telephone exchanges snd hydro-
meteorological systems, all of which call for greater emphasis on

customized and semi-customized ICs. These objectives, towards
which progress is being made, have surely affected Indian policy
towards the IC industries end its implementation. Some other

determinants will be discussed below.

One determinant is the enormous difference in the size of the
domestic markets for ICs in the two countries. While that of Indie
was about $22 million, that of the Republic of Korea approacned
$200 million in 1983. Such a difference cannot be explained merely
by the much larger production of electronics products in the
Republic of Korea; the IC content of production in the Republic of
Korea must also be much higher than that of India. 1In particulasr,
demand for colour television sets and telecommunications equipment
plays an importent role in generating a substantislly higher demand
for ICs in the Republic of Kores thsn in India. 1In 1983 the size
of the IC market in the Republic of Korea was close to that of
Itsly ($211 million) and of France ($332 million) ((42], p. 42).
The existence of a large domestic market does not necessarily mean
that firms in the Republic of Kores should themselves seek to meet
all its needs. Nevertheless, the development of s local IC
industry wss seen ss necessary in order to break the dependence on
Japsnese suppliers and ensable firms in the Republic of Korea to
become competitive in the electronics industry. This applied in
particular to consumer electronics products such as vidzo-tape
recorders and televisions sets. 1In contrast, the Indisn market for
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ICs lies predominantly in the more advaaced professional elec-
tronics area. However, the lower content of LSI and VLSI circuits
in the current generation of advanced professional products has
ceduced the size of the market for such circuits, thus making it
less sttractive, snd pecheps even unnecesssry, to manufacture them.

The fact that the local market stimulated efforts in the 1980s
to produce ICs in the Republic of Korea demonstrates the importance
of local-market-oriented strategies, even though the bulk of demsnd
for ICs in that country is still met by imports.

The structure of the electronics industry, including the IC
industry, is seen as another importent determinant of the different
approaches. For the Indian industry, the competitive pressure in
relstion to exports and, at least according to Mody (31}, in
relation to the local market, is less strong then in the industry
in the Republic of Kores. This affects the behaviour of both the
IC industry end the electronics equipment industry in general. The
behaviour of the latter industry subsequently influences the size
of the domestic market for ICs.

Another aspect of the imstitutional framework is the ownership
of the IC firm end the associsted difference in the decision-making
process. It has been noted thet the firms in the Republic of Korea
belong to conglomersates, while the Indisan firms are State-owned.
In principle, the Government of Indis could act, in resource allo-
cation matters, on the same scale as s conglomerate, but there is
spparently a difference in the risk propensity between, for
exsmple, the Samsung conglomerate snd the Government of Indis.

The Government of the Republic of Kcrea uses the credit
instcument to shspe the industrisl structure. Especially in @
fast-ctanging industry, where Dbarriers to entry are rapidly
increasing, firms may need not only protection in order to mature
but also access to the necessary mesans of production, in particular
sccess _o a large smount of high-risk capitsl. Despite the meagre
evidence of the credit instrument’'s being important in the histor-
icsl development of the IC industcy - Gaule (20), however, scrgues
that it is - the new semiconductor programm~ of the Goverament of
the Republic of Korea, slthough not implemented as planned (21],
did provide for the allocation of around $350 million to this
industry. It is illustrative to compare this with the scale of
intervention in the countries of the Organisstion for Economic Co-
operation and Development (OECD). As may be seen from table 18,
the lsrgest single progrssme, slthough it involves only resesrch
snd development assistance, is the Europesn Esprit progresme, which
receives $744 million. The progrsmme of the Republic of Korea wss
thus on s very large scale, which indicates the willingness of the
Government to intervene through its credit policies. In Indis,
credit is practically not used as sn instrument for industrisl
policy purposes, slthough compenies such ss SCL and HBEL nstursliy
receive funds from the Stste.

As mentioned in the respective sections on Indis and the Repub-
lic of Korea, there are in both countries government research




Table 18. Govecnment research and development assistance in the microelectronics field
in OECD countries

Amount
Country or grouping Date Project {millions of dollars) Comments
Australias 1983-1984 CSIRO a/ research 0.6
Canada 1981 Callium arsenide devices 1.7
European Communities 1983-1984 gsprit ¢/ pilot project 11.4
1982-1985 Microelectronics programme 32.0 Share of the European
Communities
1984-1989 Espcit 744 .0 Share of the European
Communities
Finland 1982-1985 CMOS progress technology 7.0 Funds for equipment !
and salaries 2
)
France 1982-1986 Second Components Plan 487.0
Germany, Federal 1974-1978 BMFT ¢/ electronic Research and develop-
Republic of components 157.0 mont assistance to
industry and insti-
tutions
1981-1982 BMFT electronic components 110.0
1981-1984 VDl ¢/ resesrch and
development 0.9
1984-1983 Submicron technology 196.0
Japan 1975-1981 LSI circuits for computers,
telecommunications and
microwave devices 180.0
1976-1979 VLSI circuits 121.2 Repayment required
1980-1991 Optoelectronics 7.5 Consignment payment
(no refunding)
continued




Table 18 (continued)
Amount
Country or grouping Date Project (millions of dollars) Comments
1982-199%0 Supercomputer 92.3
1982-1989 New function elements 100.4
Sweden 1980-198S National Board for Grants to technical
Technical Development 47.3 schools
United Kingdom 1983-1988 Advanced information
technology programme 308.%
United States 16878-1984 VHSIC b/ programme, phase 1 INl.4
1978-1982 Non-VHSIC research «nd
development 200.5
1985-1989 VHSIC programme, phase 2 340.3

- 8¢ -

Sour~e: (47), p. 18.

Note: Data are not strictly comparable for the following reasons: assistance may be in the form
of loans or grants; it may be made directly to firms or to universities and technical institutions; and
soms projects are also part of larger prograrmmes and include other elements that may be of only indirect
relevance to IC reseacch and development (for example, software, CAD and computer architecture). Levels

of funding for projects after 1983 are subject to change. Data are also incomplete because details of
research and development programmes of all countrie. are not known.

8/ CSIRO: Commonwealth Scientific and Industrial Research Organization.

b/ VHSIC: Very-high-speed integrated circuits.

¢/ ESPRIT: Eurcpean Strategic Programme for Research and Development in Information .echnologies.
d/ BMFT: Ministry of Technology and Research (Federal Republic of Germany).

e/ VDI: Association of German Engineers Technology Centre (Federal Republic of Germany).



- 59 -

institutes involved in work on ICs, for example KIET in the Repub-
lic of Korea and the Tata Institute of Fundamental Research in
India. It is quite difficult tu evaluste in specific terms what
impact they have had upon technical developments in the two coun-
tries. However. there are seversl examples where it has been shown
that KIET has developed s number of ICs in collsboration with
industry, for exemple linear ICs for Korea Electronics Corporation
and videotape-recorder ICs for Gold Star and Semsung. Projec:s
developed for industry have been partly Government- financed. KIET
may slso have played an important catalytic role by demonstrating
that sophisticated ICs could be successfuliy made in the Republic
of Korese. This may have given firms the confidence to enter IC
production. However, st present all the big firms acquire most of
their IC technology from sbroad, and the technological capabilities
of the domestic firms now exceed those of KIET. Hence the future
role of KIET may lie increasingly in basic research and not so much
ian the acquisition of manufacturing capability ([31], pp. 72-73).
The fect that in September 1984 KIET was said to be in the process
of selling its entire production facility may be the result of such
a reorientaticon. The Government Resesrch snd Development Institutes
in India hasve had much less of an impact upon industrial production.
The only technology known to have been transferred to the productive
sector is the simple bipolar IC design transferred from the Tata
Institute to BEL in 1971. Although the research sand development
institutes working on LSI and VLSI circuits have probably played
some educational role, the relationship between resource input and
output, of relevance for the productive sector, seems to have been
unsstisfactory.
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EMPLOYMENT LINKAGES IN BANGLADESH INDUSTRIES

LCilip Kumar Roy*

Introduction

The analysisc of employment linkages is important for least
developed countries such as Bangladesh, where unemployment, under-
employment and poverty are inseparable [1]. The linkage concept is
bsesed on industrisl interdependence,** and employment linkages in
different industries have potentisl implications for an industriel-
ization strategy that stresses employment growth.

The purpose of this study is to determine the relative impor-
tance of individueal industries by analysing the employment effects
of interindustry linkages. Total employment linkages in each
industry will be measured from the Hirschman production linkages
and by the hypothetical extraction method following Meller and
Macfan (2]). Backward and forward linkages sre vregarded by
Hirschman (3] as production linkages when referring to the effect
cf e one-unit increase in the autonomous portion of final demand on
the level of production in each industry.

The sources of dats for this study and the definitions used
sre indicated in the annex.

A. Measurement of total backward snd forward
employment linkages

1. Hirschman's production linkages

The column sum of the Leontief inverse mairix represents direct
snd indirect backward production linkages. But the raw sum of the
Leontief inverse matrix does not provide a measure of forward
linkages becsause forwsrd linkage is actuslly being mesasured on the
strength of backward linkage coefficients. Jones [4] has suggested

*Bangladesh Institue of Development Studies, Adamjee Court,
Motijheel C.A., Dacce-2. The asuthor is s resesrch fellow at the
Bangladesh Institute of Development Studies. The paper is partly
sdspted from chapter 7 of the suthor's doctoral dissertation sub-
mitted at the University of Antwerp, Belgium. The helpfui comments
of P.K.M. Thsrskan, L. Berlage and R. Van Streelen sre gratefully
acknowledged.

**The measurement of interdependencies smong industries
indicates the capscity of & given industry to stimulate other
industries. The linkage concept is bssed on indusirial inter-
dependence.
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ways to measure forward linkage, & problem that hes also been dealt
with by Hirschmen.* Forward linkage is derived from the output
inverse matrix as distinct frem the traditional Leontief inmput
inverse. Briefl’y, the latter is based on a matrix of technical
input coefficients while the former uses techmical output coef-
ficients. The element of technical output coefficient matrix (B)
is the ratio of intermediate sales to total sales including finsl
demand, whereas the element of technical input coefficient matrix
(A) is the intermediate input es a share of total input including
value added.

Let is be assumed that

F = intermediate input flow matrix (n x n)
X = total output flow vector (n x 1)
x'1 = diagonal metrix (n x n)} whose diagonal elements are
those of the X vector
1 = identity metrix
i = unity column vector
Then,
A = FIx) ) = input coefficient matrix or
technical coefficient matrix
of Leontief system (n
B = x'] -l = output coefficient matrix (2)
R = r1-4)"1 = input inverse or Leontief
inverse matrix (3)
w = (1-8)-1 = output inverse matrix (4)
FL = LH = direct and indirect forward
linkage vector (5)

The R;; element of R is the increase in output of industry i
to supply the inputs required for a unit of final demand in
industry j. The W;j element of W is the increase in output of
industry j required to utilize the increased output in industry i.
The sum of row . of W is the increase in total output of the system
required to utilize the increased output from an initial unit of
primary input in industry i, whereas the sum of column j of R is
the increase in totsl output of the system required to supply inputs
for an initial unit incresse in industry j. Therefore, the row sum

*The paper by L. P. Jones has become noteworthy for solving
the problem of how to measure totsl (direct plus indirect) forward
linksge effects. See Hirschman [3], pp. 67-98.
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of the output inverse indicates forward linkages while the column
sum of the input inverse measures backward linkages. R gives the
effect of expansion on suppliers, while W gives the impact on uter
industries. The W matrix starts at the beginning of the production
process, and traces the effect forward through the system. The
R matrix starts at the end of the produccion process with an
increase in final demand and traces the effect backward through the
system. For the economy as a whole, total forward linkages equal
backward liukages when both are weighted by the value of output,
and this would obviously involve double counting of causal linkages.
For an individual industcy, when the output of both suppliers and
..ers expands, then forward and backward linkages are effective and
total linkages represent maximum potentisl causal linkages.

2. Measurement of employment linkages

The total employment 1linkages of an industry j (STLj) are
expressed as the sum of backward and forward employment linkages of
that industry.

STLj =z BL; + FL; (6)

(a) Backward employment linkage

Backward employment linkages (BL) correspond to total (direct
and indirect) latuur requirements per unit of output to satisfy
final demand. It is expressed as

BL =  [BLj] = [)xpll-a)71 n
Where [BLj] = column vector of backward
linkages for n industries
[-] = row vector of direct labour
coefficients for n industries
and (1AL = Leontief inverse matrix

(b) Forward employment linkage

The index of forward employment linkage (direct plus indirect)
has been measured from Jones' index of forward linkage. The total
forward employment linkage (FL) can be formulated as

FL = FL3) = wi') (8)
where W = (1 8y! = output inverse matrix
[?lax1 < column vector of direct labour
coefficients
lPLj] = row vector of forward linkages

for n industries




3. Measurement of total employment linkages by means

of the hypothetical extraction method

This spproach was suggested originally by S.egfried Schultz (5]
to determine the significance of each industry and also to identify
key industries, numerically comparing ontput levels which may be
produced through the total linkage effect. Meller and Marfan [2]
have used a similar approach to measure total employment linkages,
which include both backward and forward employment linkages.

In this methodology, messurement of linkages consisted in
defining them as the losses in total output (employment) resulting
from the hypothetical extraction of a given industry. That is, if

the intermediate and final requirements of the ocutput of an industry
are removed, for example, replaced by imports, and ongoing economic

activities adjust to this change, then the totsl output and employ-
ment linkages of the remov-d industry equal the sum of sll the
output and employment changes of the economy as g whole.

Let it be assumed that industry X is removed from the economy,
that 1is, the output of industry X is replaced by imports. The
industry no longer maintains backward and forward linkages because
it does not buy or sell any inputs to the remaining industries. At
the same time, the totel employment effect of the remaining indus-
tries is diminished because fewer domestically produced inputs are
being bought and sold. This reduction is related %o the inputs
that were previously bought and sold by industry X, and affects the
number of jobs.

In short, the removal of an industry reduces forward and back-
ward linkages of the remaining industries and so reduces their
employment multiplier effects. The computation of this reduction
in employment provides the lotal backward-plus-forward employment
linkages of the industry removed, which are called total employment
linkages. Symbolically, the total employment linkages of an
industry j is expressed by

W

-1 x x -1
HTL, () (T-A 73 - (1) (A0 T 9

where HTL; in equation (9) is a non-weighted measurement that
assumes sll final cutputs to be unities.

x
[A.] = technologicel matcix of (n-1) (n-1)
J obteined by removing from A the row
and column of a given sector j

x
{1.1 = director labour coefficients vector of
J (n-1)x,, obtained by extracting
element j of (7).

i = sum vector formed by "ones”.
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One can subtract employment linkages of an industry (BLj or
FL;) from total employment 1linkages (HTLJ-) measured by equation
(9), to obtain the corresponding forward or backward linkages of
that industry. But it is clearly an arbitrary way of measuring
either forward or backward employment linkages.

B. Methodology for identifying key employment industries

1. Concept of key industry

The selection of key industries* involves the determination of
industries which ere assumed to bring, through backward and forward
employment linkages, a greater-than-aversge impact upon an economy.
The identification of key industries should be explicitly related
t oolicy preferences, which are assumed to be oriented towards

iuctive employment generation. Conflict between employment and
output objectives may not appear if the identified industries are
efficient.

The selection of key industries should not conflict with the
condition that supply equals demand, which is the underlying con-
dition of the input-output framework. In the input-output model,
the entire product has to be consumed by other industries as inter-
mediate inputs and by final demand. Further expansion of the indus-
tries will depend on whether there is adequate demand for their
products in both the domestic and internstional markets. A country
should export those commodities which make intensive use of its
abundant factors of production. 1In other words, an increase in
exports from countries which have a relative abundance of labour
and a scarcity of capital tends to favour labour-intensive indus-
tries (with high backward employment linkages). The average con-
sumption level of low-income groups will be increased when demand
for domestically produced manufactures from industries with high
backward employment linkages is increased. Otherwise, there should
e 8 limit to the growth of an industry, no matter how high its
linkage index. However, the author’'s study of the evidence [6]
tends to indicate that exports of manufactures and demand for
domestically produced manufactures are labour-absorbing.

*There is also a view that key industries may be defined in
other ways. An industry i is key for industry j if the procuction
of 3 is technicrlly dependent on the products of i (for example,
iron ore is key for steel). The point may be raised whether the
inputs used are abundantly available as rstvral resources in the
courtry concerned, & circumstance ithat may produce a different
impact on forward and backwa~d linkages. The aim of this study is
to identify key employment sectors based on higher employment
linkages through the use of an input-output model which assumes,
emong other things, that production coefficients are fixed. This
means that the measurement of total employment linkages uses the
fized input-outut relstionship and thus takes into account the
importance of input-supplying industries.
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One industry grows differently from other industries precisely
because of existing differences in linkage indices, and such growth
differentiation by industry will not c¢reate imbalances within the
input-output framework if the entice product is consumed as inter-
mediate inputs and by final demand.

2. Selection of key employwment industries

The vealue of rank correlation coefficients between backward
and forward employment linkages of manufacturing industries is 0.60
(t = 3.13), which suggests that the ranking of industries by back-
ward and forward employment linkages is not completely different
from sector to sector. It is argued [4) that for an individual
industry, both suppliers and users are stimulated to make forward
and backward linkages effective and to develop the maximum potential
causal linkages.

Backward linkages are more likely to be causal since the
incregsed demard for intermediate inputs (backward linkages) is
more effective than the supply (forward linkages). But in the
absence of response from industries witl high forward linkages,
there would be constraints on the users of inputs. For example,
electricity has relatively high forward linkages, but these are not
causal since expansion is better viewed as the result of demand
generated by backward linkages of the users. Backward employment
linkages and total employment linkages will thecrefore be used for
the selection of key employment industries. The rank crder of total
employment linkages and the average of backward and forward employ-
ment linkages, as well as the linkage coefficients as defined below,
will obviously be the same.

Linkage coefficients corresponding to backward and total
linkages have been computed in order to specify the criteris used
in selecting key industries. A key industry for employment genera-
tion will have a backward linkage coefficient and either of its
total linkage coefficients (STLC or HLTC as defined below) simulta-
neously greater than one.

(a) Backward Jinkage coefficients

Backward linkage coefficients are obtained by computing the
relative value of the backward employment linkage of each industry
with respect to the simple average of backward linkage effects of
all industries. The simple average has been scaled down to one.

In mathematical notation, backward linkage coefficients for an
industry j ‘s expressed as

BLC; = .1 (10}

(% BL,)/n
i1

J
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If industry j has a value of BLC; greater than one, then it

has more backward employment linkages than the average of the total
manufacturing sector.

(b) Total linkage coefficients

Total linkage coefficients (STLC and HTLC) are obteined in the
same way as backward linkage coefficients. Again, industries with
total linksge coefficients greater than one have more total employ-
ment linkages than the average of the total manufacturing sector.

STL . . .
Symbolically, STLCj - h| for industry j (11)

¢ stLom
i=1
and HTLC; = “TLj for industry j (12)
¢ WL/
i=t

If industry j has a value either of STLCj or HTLCj greater
than one, it has more total employment linkages thaa the average of
the total manufacturing sector.

C. Empirical results

As previously stated, employment 1linkages are derived by
relating Hirschman linkages to employment instead of to production.
Table 1 gives values of totsl employment linkages by summation
(STL), total employment linkages based on the hypothetical method
(HTL) and backward employment linkages by industcrial branch. Key
employment industries are those having more employment linkages
than the saverage for manufacturing industry. If output increases
by one unit in each of the manufacturing industries, the key indus-
tries for employment generation will be those that show the most
employment linkages in that unit. As noted earlier, key industries
are those for which values of backward employment linkage coef-
ficients and of either of the totel employment linkage coefficients
sre simultaneously greater than one. According to this criterion,
key industries for employment generation are the following:

(a) When BL coefficients and STL coefficients are both greater
thsn one, the key inductries are: tea, cotton textiles, jute tex-
tiles, paper, other chemicals, wood and other manufacturing;

(b) When BL coefficients and HTL coefficients are both higher
than one, the key industries asre: tes, cotton textiles, jute tex-
tiles, paper, other chemicals, wood and other manufacturing.
Pharmaceutical msnufacturing is the additional industry included as
s key industry when only BL coefficients are greater than one.

Other manufacturing industries which have appeared as key
industries are defined below:




R

Table 1. Employment linkages for industrial branches
per 1,000,000 taka a/ of output in 1976/1977

Total employment linkages

By the aypo- Backward
thetical employment Corresponding linkage
By suwmation method linkages co

Industry (STL) (HTL) (BL) (STLC) (HTLC) (BLC)
Tea 82.1 43.37 43,37 1.36 1.42 1.75
Sugar 30.66 17.09 15.63 0. . 0.56 0.63
Edible oil 18.76 . 6.59 0.31 0.25 0.27
Tobacco 8.92 6.22 6.22 0.15 0.20 0.64
Other food 28.43 15.17 15.76 0.47 0.52 0.64
Cotton textiles 108.65 58.96 56.19 1.81 1.97 2.26
Jute textilets 138.18 78.60 69.89 2.296 2.58 2.82 -
Paper 73.62 33.36 27.68 1.22 1.10 1.12 ]
Leather 14.78 8.92 8.90 0.246 0.29 0.36 !
Fertilizer 28.715 15.93 15.25 0.48 0,52 0.62
Pharmaceuticals 39.38 26.75 26.75 0.65 0.88 1.08
Other chemicals 117.18 57.86 28.30 1.9% 1.90 1.14
Cement 16.94 9.85 9.66 0.28 0.32 0.39
Metal production 54.24 25.89 21.08 0.90 0.85 0.85%
Machinery 69.06 30.00 23,14 1.15 0.985 0.93
Transport

equipment 29.56 16.69 16.67 0.49 0.5% 0.67
Wood 79.6 41.54 38.83 1.32 1,36 1.57
Other manufactures 97.02 90.11 $0.99 1.61 2.96 2.06
Petroleum and

coal products 138.82 S.71 3.74 2.31 0.19 0.15

a/ The unit of currency in Bangladesh.
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(e) Other food includes dairy products, fruits and vegetables,
fish and sea goods, rice milling, bakery products, confectioneries,
distilleries and soft drinks;

(b) Other chemicals include acids, alkslis and salts, syn-
thetic resins, paints and varnishes, perfumes and cosmetics, soap
sand washing compounds, matches, disinfectants, insecticides and
miscellaneous chemicals;

(c) Other manufacturing industcies include aggregation of
optical goods, plastic products, pens end pencils, ice, clay
oroducts, glass products, pottery, bricks and concrete products,
umbrellas, rubber products, ready-mede garments, printing and
publishing, threads, narrow fabrics and miscellaneous industries.

D. Concluding remarks

Linkage concepts have asttsined a prominent place in the
theoretical literature of development economics. Albert Hirschman
originally related linkages to economic development in 1958. But
the empirical work on employment linkage has started only recently.
High employment linkage industries, if economically efficient and
if there is adequate demand for their products, should be assigned
priority for investment sllocation where a strategy of employment-
oriented industrialization is pursued.

The objective of this study has been to identify key industcries
for productive employment generation within each manufacturing
sector. Some of the identified key industries may however be sub-
sequently removed from this group of industries bocause of effi-
ciency considerations (such as increased use of both production
workers and capitsl) or the loss of economic viability.

There is evidence that 1labour-intensive industries can be
economically visble in the identified small and large manufacturing
sectors. A study by the author [6] using informstion on 97 indus-
tries for the period 1976/1977 shows that lsbour-intensive indus-
tries are in genersl efficient users of capital snd the rete of
profit per unit of cepitsl or value added is not lower than what
would be expected frnom capital-intensive industries. It is also
worth recslling the study by Jsn Tinbergen [7) which revesls that
labour-intensive activities maximize national product and ere major
contcibutors to the reduction of unemployment.

The empirical results presented in this paper refer to the
period 1976/1977 and show the relative importance of different
industries according to high unemployment linkasges.

Key industries for employment generstion in the manufacturing
sector are reflected in tabie 2 on the basis of the criteris
established in this paper.




Table 2.

Key employment industries

When BL and STL
coefficients are
both greater

When BL and HTL
coefficients are
both greater

When only BL co-
efficlients are

one -] greater than one
Industry (BLC) (STLC) (BLC) (HTLC) (BLC)
Tea 1.75% 1.36 1.75 1.42
Cotton textiles 2.26 1.81 2.26 1.97
Jute textiles 2.82 2.30 2.82 2.58
Paper 1.12 1.22 1.12 1.10
Pharmaceuticals - R .o . 1.08
Other chemicals 1.14 1.95 1.14 1.90
wood 1.57 1.32 1.57 1.36
Other manufactures 2.06 1.61 2.06 2.96

"Zl'
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Annex
SOURCES OF DATA AND DEFIMNITIONS
This study is based on data drawn from the following sources:

(a) The detailed report on the Census of Manufacturing
Industries of Bangladesh for 1976/1977, published in September 1981
by the government Bureau of Statistics;

(b) The 1976/1977 input-output table for the economy of
Bengladesh, established by the Planning Commission on the basis of
the census of 1976/1977. The input flows include both imported and
domestically produced intermediste inputs. The A matrix of tech-
nical ccefficients of this input-output table has been used, since
it is the latest availeble input-output table for the Bangladesh
economy .

The original table constructed for the second five-year plan
covering the period 1980-1985 consisted of 47 industries. For
purposes of this study, 20 industries were chosen, others being
clessified as agriculture, construction and services. The other
manufacturing industries include ice, clay products, umbrellas,
rubber products, ready-made garments, printing and publishing,
threads, nsrrow febrics, optical goods, plastic products and pens
and pencils.

Industry. Throughout this study, industry mesns manufacturing
industry. An industry may be regarded in terms of a group of
products similar in their use or production technology. 1In a
census of manufscturing industries similarity of use and production
technology are used 8s criteria for industrial classification.

Employment. The definition of employment giver in the census
of menufacturing industries of Bangladesh, including employment for
all categories of employees and besed on the saverage number of man-
years employed, is followed in this study.

OQutput. Output as used in this study refers to the velue of
products and by-products at ex-factory prices.
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SOME COMMENTS ON ESTIMATING NATIONAL ECONOMIC PARAMETERS
FOR JAMAICA

Jjohn Weiss*

Introduction

The last 15 years or so has seen the emergence of s large
literature on investment appraisal techniques for use in developing
economies.** The essence of the approach is an attempt to estimate
a set of "shadow™ or "sccounting™ prices, which reflect more accu-
rately than do currently prevailing market prices, the economic
costs and benefits of producing outputs and utilizing inputs in new
investment projects. Much has been written on the theoretical
issues raised by this methodology, and 2 number of studies have been
carried out to estimste such economic parsmeters in s range of dif-
ferent countries.**x However, despite this interest among academic
economists, and the partial use of this approach by international
orgenizations - chiefly the International Bank for Reconstruction
arZ Development and the Inter-American Development Bank (IADB) - it
is f1ir to say that national plenning organizstions in most devel-
oping countries have been slow to adopt these investment appraisal
techniques in their own planning and budgeting procedures for new
public sector projects. In part this gap between planning practice
and the theoretical literature no doubt reflects the difficulty of
estimating empiriceally mesningful values for the key parsmeters of
the methodology. However, one can speculate that in some countries
there may well be s suspicion that use of this spproach implies
acceptance of both a particuler analysis of the economic constraints
facing developing countries and specifically, a commitment to an
external commercisl policy of free trade.®%xx

*Lecturer, Project Planning Ceucre, University of Bradford,
Bradford, Wwest Yorkshire, United Kingdom of Great Britain and
Northern Ireland. The author is indebted to Hugh Latimer for help-
ful comments on an esrlier draft of this paper.

*%The seminal works in this literature can be seen as Little and
Mirrlees ((10) and [11)) end UNIDO [18].

zxxSome of the published work on estimating economic parameters
include Scott, MacArthur and Newbery [15) on Kenysa, Lal (7] on
India, UNIDO [19] on Pakistan snd Powers [13) cn s number of Latin
American and Ceribbean economies.

Squire and van der Tak [16) demonstrated how wider objectives
then simply efficiency in resource utilization could be incorporated
quantitatively int appraissls. Linn (8) is one of the few studies
which employs this wider spprosach of "social anslysis”.

Ax2xThe link between this investment eppraisal methodology and
powerful international institutions like the International Bank for
Reconstruction and Development would explain this interpretation.

3426T
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Jamaica was one of the economies studied by the IADB in the
mid-1970s when they conducted a series of pilot studies on the
application of this approach in the region (IADB [4]). These shadow
price estimates for Jamsica appear to have had relatively little
impact on actual appraisals, however, and until recently no attempt
was made to revise them. In the summer of 1983 the author of this
paper was involved in a8 study to produce current o>stimates of the
main parsmeters required for the economic appraisal ~f npew invest-
ment projects in Jamaica (Weiss [20]). This peper attempts neither
to explain the details of the estimation procedures used, nor to
summarize the results; information on shadow pricing procedures can
be obtained from any of the major texts on the subject, such as
Powers {13], and the estimstes themselves are to be found in the
original study. The intention here is to discuss some points of
more general interest arising from the work. The paper is in two
sections; the first examines points relating to the practical pro-
cedures for deriving shadow or accounting prices for an economy such
as that of Jameica. It is widely recognized that methods of
deriving estimates of this nature cannot be standardized, and must
take account of the data base, the objective economic situation,
and relevant government policies. The second section takes up more
theoretical concerns, and discusses the extent to which the theo-
retical foundations of the methodology allow analysts to conduct
appraisals adequately in the Jamaican situation.

A. Derivation of shadow prices

1. Conversion factors for traded goods*

The discussion here follows the procedures set out in the
Little and Micrlees approach to economic appraisal (Little and
Mirrlees [10] and [11])) rather than that associated with the UNIDO
publications in this area, such as UNIDO [18] and [19]. However,
it is now recognized that provided identical assumptions are
adopted, analyses using these alternative approaches will give
equivalent results. This is demonstrated formally in Weiss [23].
The main difference is one of presentation, with Little and Mirrlees
measuring all values at world prices, and applying what is termed a
world price numeraire or unit of account. The UNIDO approach, on
the other hand, uses a domestic price numeraire. Both approaches
are discussed here as part of the general shadow-pricing method-
ology.

A central premise of the shadow-pricing methodology is that for
internationally traded goods world prices reflect the opportunity
costs of using these goods as inputs, or the benefits of producing

*Conversion factors are simply ratios of shadow prices to
dom:stic market prices (Powers [13)). Weiss (20] employs the so-
celled "world price numeraire” and therefore values all items in
terms of world rather than domestic prices. Hence conversion
factors in Weiss (20) give ratios of world to domestic prices.




17 -

them as output.* The identification of the relevant domestic and
world prices for individual commodities can be both time-consuming
and complex, and for this reason a short-cut approach is often
adopted in applied studies. This is based on the assumption that
for a domestically produced importable commodity the domestic ex-
factory price equals the c.i.f. import price for a comparable good
plus the rate of import duty. In formal terms therefore the assump-
tion is that, for a locally produced tradeable:

Dp = Wp + & (1)
where bp is the domestic ex-factory price
Hp is the c.i.f. price
t is the import duty

This convenient assumption makes it possible to determine the
difference between domestic and international prices simply by an
examination of the nominal tariff schedules, and it was in fact
employed in the earlier IADB study on Jamaica.** The procedure
unfortunately breaks down where protection is in the form of tariffs
combined with quantitative restrictions. In this situstion the
rationing imposed by physical contr~is on imports will create a
scarcity margin which will be in aadition to the rate of import
duty. There is therefore no way saround the problem apart from
direct price comparisons that identify the divergence between
domestic and world prices, and thus calculate the implicit as
opposed to the nominal rate of teriff.

As quantitative import controls have been the major form of
protection in Jemaica since the mid-1960s, and as nomingl rates of
duty have been relstively low, the procedure of simply assuming that
differentials between domestic and world prices can be approximated
by tariff rates is potentially misleading.*** An illustration of

*The degree to which this reflects an implicit free trade bias
in the methodology .s taken up in section B of this paper.

*%0ne of the earliest statements of this procedure is
Schydlowsky (l14). It is used, for example, in Linn [8] and Weiss
[21].

xxxAyub ([1l), p. 12) gives a fairly detailed analysis of the
protection system, and comments that:

"In the presence of quentitative restrictions the Common
External Tariff of CARICOM, which is the main fiscal instru-
ment of protection, plays a far less important protectionist
role. Internai.onal price levels are determined for most
domestically produced goods by the degree of restrictiveness
of the licensing system, and as mentioned earlier, this is
exercised without reference to border prices or the equiv-
alent ad-velorem price effect of the tariff."




this can be seen from tables 1 and 2. Table 1 gives data on import
duties actually collected in 1982 by two-digit SITC import cate-
gorics. These average rates of import duty can be compared with
actual ratios of domestic ex-factory to c.i.f. prices calculated as
part of the study and given in table 2.

Table 1. Average rate of duty collected on imports, 1982

Import value Average rate
SITC as (millions of of duty b/

code Import category Jamgican dollars) (percentage)
[s14] Live animals 0.5 0
ol Meat 52.7 1.7
02 Dairy products 65.0 1.3
03 Fish 51.8 1.5
04 Cereals 161.0 4.5
05 Vegetables and fruits 9.4 15.9
06 Sugar and preparations 34.9 0.6
07 Coffee, tea, cocoa 10.0 12.5
08 Animal feed 3.6 0
09 Miscellaneous edible products 9.2 17.8
11 Beverages 9.5 24.5
12 Tobacco 12.6 9.4
21 Hides and skins 0.1 0
22 Oil-seeds 25.8 0
23 Crude rubber 4.9 0
24 Cork and wond 30.7 0.2
25 Pulp and waste paper 0.4 4]
26 Textile fibres 2.4 2.0
27 Crude fertilizers and minerals 6.5 0.6
28 Metal ores 0.5 0
29 Crude animal and vegetable

materials 5.3 J.4
32 Coal and coke 0.2 n
33 Petroleum and products 700.5 2.7
34 Gas, natural and manufactured 12.7 ]
35 Electric current 0.5 [4]
41 Animal oils and fats 9.6 0
42 Fixed vegetable oils and fats 13.1 1.4
43 Processed animal and vegetable

oils and fats 2.9 0.7
51 Organic chemicals 19.4 0.6
52 Inorganiz chemicals 92.9 0.3
53 Dyeing, tanning and colouring

materials 1.7 3.6
5S4 Medicinal and pharmaceutical

products 36.0 9.5
59 Essential oils and perfumes 26.8 5.3
56 Fertilizers 14.5 0
57 Explosives 0.7 20.6
58 Artificial resins and plastics 45.5 0.4
59 Chemicals n.e.s. 32.6 4.1
61 Leather manufactures 18.0 14.4

continued
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Table 1 (continued)

Import value Average rate

SITC a/ (millions of of duty b/
code Import category Jamaican dollars) (percentage)
62 Cork and wood manufactures 7.1 12.8
64 Paper and paperboard 60.3 3.6
65 Textile yarn and fabrics 82.9 5.9
66 Non-metallic mineral
manufactures 40.7 7.6
67 Iron and steel 54.7 2.5
68 Non-ferrous metals 37.6 0.4
69 Manufactures of metals n.e.s. 60.3 9.1
71 Power-generating machinery 29.9 12.8
72 Specialized machinery 47.3 7.6
73 Metalworking machinery 6.6 10.2
74 General industrial machinery 105.6 11.5
75 Office machines 13.9 32.0
76 Telecommunications 18.2 6.4
77 Electrical appliances 47.6 18.1
78 Rouad vehicles 160.0 19.3
79 Other transport equipment 11.0 1.2
81 Sanitary plumbing and heating 3.8 30.5
82 Furniture 3.0 17.6
83 Travel goods 1.7 8.3
84 Apparel and clothing 9.3 20.0
85 Footwear 2.1 12.0
87 Professional and scientific
instruments 17.1 4.5
88 Photographic apparatus 8.0 19.8
89 Miscellaneous manufactures n.e.s. 53.6 6.6
93 Special transactions 31.0 32.8
94 Fivearms . 0.3 47.3
Total ¢/ 2 448.0 7.0
Source: Data supplied by Department of Statistics of the

Government of Jsmaica.

8/ Standard Internsational Trade
b/ Includes customs duty plus c
¢/ Total includes a few items

for which no duties are payable.

Classification.
onsumption duty.

in categories 96-99 - Others -
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Table 2. Couwparative price ratios in Jamaica, 1982 and 1978

Ratio of domestic ex-factory
to c.i.f. prices

Product 1982 a/ 1978 b/
Food 1.47 1.35
Alcoholic beverages 1.20 1.87
Non-alcoholic beverages 0.77 1.87
Tobacco .. ..
Garments 0.91 1.04
Footwear and tenning 1.40 1.34
Electrical goods 1.52 1.51
Furniture and wooden products 1.16 1.04
Metal products 1.66 1.21
Chemicals 1.20 1.21
Plastics 1.20 1.44
Cosmetics and pharmaceuticals 1.11 1.22
Printing and paper products 1.09 1.50
Automobile parts 1.49 ..
Jewellery 0.98 1.20
All manufacturing 1.30 1.34

a/ Calculated from data in Paul Chen-Young Consultants,
Structural Adjustments Loan Study, Phases 1 and 2.

b/ Based on data contained in Ayub [1].

2. Conversion factors for non-traded gcods

It has been recognized since the development of shadow-pricing
procedures for investment appraisal that one of the major areas of
difficulty lies in the treatment of non-traded sectors. Goods which
can be bought and sold on the world market can normally be valued
st international prices, but no such procedure can be adopi~d for
non-tradeables.® The crudest method suggested for solving the
valuation problem for goods produced by such sectors is to apply an
economy wide average ratio of world to domestic prices, conven
tionelly termed the standard conversiou factor, to reduce their
domestic prices to a world-price-equivalent figure. 1In applied work
the standard conversion factor is often estimated ising the average
rate of tariff-cum-subsidy formula, so that:xx

*UNIDO (13] stressed that the definition ¢f non-traded sectors
could encompass not only goods which are non-tradeable due to their
psrticular characteristics, but also those rendered non-tradeable
by deliberate government policies.

raWeiss (21) discusses the role of the standard conversion fac-
tor in his shadou pricing study for Pakistan (see also UNTDO [19)
for & detailed discussion of the assumption, upon which it is
based) .
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SCFy = M+ X (2)

(M + I-) + (X + S! - Tx)

where SCF, is the standard conversiun factor for year t.

M and X are the value of tota:. imports and exports at
c.i.f. and f.o.b. prices, respectively, for year t,
converted at the official exchange rate.

Ty 8snd T, are total taxes collected on imports and

exports, respectively, in year t, and S; is the total
subsidies paid on exports.

The formula is based on a2 number of limiting assumptions.
Central is the assumption concerning the differential between the
domestic and world prices of domestically groduced tradeable goods
discussed above. The formula also incorporates exportable com-
modities, and assumes that those which can be sold in the domestic
market will sell at a domestic price determined by the expert price
plus the net subsidy on export ssles; any export taxes are treasted
ss a negative subsidy. Therefore, aside from its other limitations,
the fact that the formula does not sllow for the price effect of
the quantitaiLive import controls system means that it is inappli-
cable in the case of an economy like thet of Jamaica, in which such
quantitative controls are the main form of protection.*

It must be stressed that the fact that applied studies have
resorted to such a crude formula to derive shadow price estimates
for non-trade items reflects the gulf between practice and theoret-
ical recommendations. Little and Mircrlees [11) argue the SCF should
only be used for minor items for which no more detaiied informaticn
is available. They are clear that the important non-traded sectors
should be oxsmined individually and separate conversion factors
calculsted for them. When this is done the average conversion fac-
tor for the whole economy can be derived from s weighted average of
the conversion factors for the main sectors of the economy, **

It is now generaily sccepted in work of this nature that non-
traded sectors can be trested most accurately using a "semi-input-

*An important contradiction implied by the use of the simple
formuie is that the weighted price differential for traded goods,
which is all thet is being messured by the formula, is employed to
revalue non-traded goods in terms of world prices.

*%*This is the way in which the stsndard conversion factor
is derived both in Scott, MacArthur end Newbery {15) end in
Powers (13]}. It should be noted that following this procedure the
standard conversion factor is no longer strictly equivalent tc the
reciprocal of the shadow exchange rate, since calculations of the
latter are normally only concerned with traded goods.
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output”™ approach.* The objective is normally to revalue the output
structure of non-traded sectors to allow for the divergences between
domestic and world grices for the different components into which
sectoral output can be divided. 1In a semi input-output system, in
principle, it is possible to break down all items in terms of a
relatively small number of “primary inputs™, where these normally
cover foreign exchange, unskilled and skilled labour costs, taxes
and capital costs. The conversion factor for any particular non-
traded sector is therefore a weighted average of the conversion
factors for these primary inputs, with the weights determined by
the respective shares of these primary inputs in sectoral outgat.
Without wishing to stray too far into the mechanics of the method,
the key step involves identifying the total, that is direct plus
indirect, primary inputs going into a particular sector. This can
be obteined by constructing a partitioned input-output table; an A
matrix gives direct inputs into sectors from other non-traded sec-
tors, and an F matrix gives direct primary inputs intc sectors. The
essential point ic that primary inputs are supplied from outside the
system, while non-traded inputs are produced within it, and an
expansion of their supply will generate a set of demands for primary
inputs. Therefore, whenever the supply of non-traded sector i
expands, this generates a set of direct primary inputs requirements,
given by the coefficients of the F matrix, and an indirect set
resulting from the primary inputs going into the non-traded or
produced inputs used in sector i, and determined by the ccefficients
of the A matrix. **

*Kuyvenhoven (6] gives a thecretical explanation of this
approach, while Powers [13] shows how it can be applied in detail.

**xIn matrix terms the solution for a set of conversion factors
can be expressed as follows:

P = PA + PgF

where P is the final set of conversion factors for the ron-
traded sectours.

P¢ 1s the set of conversion factors for the primary
inputs.

A sand F are the matrices of direct coefficients at market
prices for non traded inputs and primary inputs
respectively.

Solving for P gives

P+ PgF (1 - A1

87 that the solution is the familiar one of inverting the A
matrix.
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The deta requirements of a semi-input-output approach should
not be underestimated, however. The availability of a nationsl
input-output tsble is a useful starting-point, but clearly is not
essential.* What is required is fairly disaggregated sectoral data
fcom either sample surveys on individual company accounts. For
Jamaica the most that the author could obtain were date collected
by the Department of Statistics for the compilation of national
accounts. They allow output of the major non-traded sectors to b2
disaggregated into a number of separate categories - wages, depre-
ciation, operating surplus, tarxes and intermediate inputs. The
limitations of this crude breakdown for a detailed exercise of a
semi-input-sutput type should be clear. For example, no distinction
is made between skilled and unskilled labour, taxes refe: only to
taxes on final output not on inputs used by the sectors, and most
seriously the data are not sufficiently good to allow an accurate
disaggregation of the heterogenous category of intermediate inputs.
There are ways around some of these problems. For example, certain
estimated coefficients taken from similar studies on other
economies** could be used. However, in the time available it was
felt that a full semi-input-output system based on adequate data
could not be developed.

As an alternative Weiss [20) used the simpler approach of
expressing the conversion factors of the main non-traded sectors as
a set of simultaneous equations.

This simplified approach is at a cruder level of disaggregation
than a semi-input-output system, since sectoral output is decomposed
into foreign exchange, payments to domestic factors sand purchases of
non-traded inputs. Values are found for these non-traded inputs
through the solution of the system cf equations. The number of
ejuations used was small however, covering only four non-traded
sectors, the average conversion factor, and the conversion factors
for skilled and unskilled 1labour and investment expenditure.®*X
The small number of equations pius the difficulty of identifying
some intersectoral transactions reflects the limitations of the
data available.

*IADB [S] gives an updsted input-output table for Jamaica,
however it is too smell for the presert purpcse, giving only a 12
by 12 matrix.

*xPor example, this approach was followed to divide wage costs
between skilled and unskilled workers. Powers (13]) gives data on
the proportions of these labour costs in the main non-traded
sectors in Barbados.

**%[he system of equations ran be expressed as follows.

CFfy = a3 + b1 CFy ...... bn1 CFy,
CFp = 8 + b CFp ....... ban CFp
where there are n equations: 1 to k refer +o non-

traded sertors and 1, m and n tu to n labour and
invegtment
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The approach used has the advantage of consistency since it
allows for the important interdependence between the values of the
various parameters; however, too much weight cannot be placed on the
accuracy of the resulits for specific non-traded sectors. A number
of different assumptions were used, so that different sets of
results were obtained. For the base or most 1likely case, the
economy-wide average conversion factor was found to be around 0.80,
with the conversion factors for construction, electricity and trans-
port clustering around 0.75. Distribution is the only major non-
traded sector examined, for which the conversion factor of 0.60
differs significantly from those found for the other non-traded
sectors. The explanation for its low figure lies in the high
labour component - both hired and family labour - in distributior.

Oon the basis of the data currently available in the Jamaican
case it may not be possible to do much more than use a single con-
version factor for the mejor non-traded sectors, apart from distri-
bution. However, even this crude approach should be preferable to
the simple standard conversion factor formula equation (2) discussed
above. It should be noted, on this point, that non-traded sectors
should be expected to have lower conversion factors than the economy
aversge, since exportable sectors with conversion factors approach-
ing 1.0 should raise the average. Nonetheless, the limitations of
both the estimation procedures used and the approximation implied
by the application of a single conversion factor for a number of
non-traded sectors should not be minimized.

3. Treatment of labour

The treatment of labour is central to any estimates of national
economic parameters, since not only must direct project labour costs
be adjusted, but labour enters as an input into all non-traded
sectors, so that its valuation will be one of the factors deter-
mining the conversion factors for these sectors. The comments here
will be restricted to the approach used for unskilled labour, since
the trestment of skilled labour followed a conventional procedure
and raised no issues of wider interest.

costs and the average conversion factor respectively
for the whole economy. CF; is the conversion
facior for sector i, for example.

a; to a, ere constants which wvary Dbetween
equations and reflect the direct foreign exchange
content of sectoral output, for the non-traded sec-
tors, and the direct foreign exchange element in
labour’'s opportunity cost for the valuation of labour.

bjp to by, are the weights placed on inputs from
other sectors and labour in the various equations, so
that bj, is the shsre of inputs from sector i in
the value of output in sector n at market prices.

For several equations there are meny b coefficients of
zero, reflecting the crudeness of the data.
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The economic cost of employing labour is normally defined in
terms of output foregone in the labour-supplying sectors, where this
output is valued at shadow and not market prices.* The most general
formula for this definition of the shadow wage is therefore:

W= x; a3 mp oYy {3)
‘here W is the shadow wage

a; is the proportion of new workers coming from
sector i

so " a; = 1.0
i
n; is the output foregone per worker at domestic
market prices in sector i

1y 1is the conversion factor for sector i which
translates ocutput foregone into world
prices

x 1is the number of new workers leaving their
previous activities for every one new job
which is created.

The above expression for W allows for the following possibil-
ities:

(a) More than one worker may migrate in response to every new
employment possibility;

{b) These migrants can be drawn from a range of sectors;

(¢} Their direct opportunity costs for the economy may differ
at sh: '~w and market prices.

Output foregonc at market prices is normally based on some
cstimate of the earnings workars would have received in their pre-
vious employmen*, and this was the approach followed in the Jamaica
study. However, 2 common assumption uzed in shadow wage estimates
sppears inapplicable in the Jamaican case. Il is that egriculture
provides the sole source of labour for new projects in othe. partr
of the economy, and thst there are & iarge number of potential
sgricultural migrui's 3eeking work. T.is view has been formalized
in the Harris-Todarc model of migration patterns in developing
economies, and, in terms of the equation for W, iwplies that the
weights a; refer only to branches of agriculture, and thst x
exceeds 1.0.

*This is the shadow wage for economic analysis. The inclusion
of growth and distributional objectives slters the definition of the
shadow wage (see Squire and van der Tak ([16]), pp. 78-97)). This
wider definition of the shadow wage is considered in section B of
this paper.
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This approach appesrs questionable tor Jamaica however. A
steady move to the urban areas has been going on for most of the
post-war period, so thst in comparison with meny other developing
economies, Jamaica currently has a relatively low proportion of its
total work-force in agriculture. Moreover, with changing attitudes
towards farming many entrants to the work-force appesr to view
agriculture as an inferior activity and prefer to seek employment
elsew.aere. Furthermore, the major recession in the economy since
the mid-1970s and the consequent high rates of recorded urban
unemployment appesr to have partly checked the migration flow from
rural to urban ereas. A rough examination of employment and pop-
ulation statistics suggests that the majority of new jobs in the
parishes of Kingston and St. Andrew filled since the early 1970s
have gone to workers aiready resident in these parishes, and that
net migration in response to these employment opportunities has been
relatively low *

In the light of this position it seemed preferable tc employ
an alternative view of migration patterns. The assumptions used in
the study were as follows:

(a) Only one migrar: left his previous employment for every
new job created on a new project;

(b) Rather than agriculture being the sole source of labour
supply for new projects, workers would be drawn from labour-
supplying sectors in direct proportion to the current distribution
of employment.**

These assumptions combined imply that the shadow wage is a
weighted average of estimated output foregone per worker in various
btranches of the economy, with the weights determined by the current
employment pattern. Although the approach is no doubt crude, it can
be justified by the fact that what is being estimated is a national
or aggregate shadow wage, which might be employed to revalue labour
costs in any sector. 1Individual studies or projects might require
a more detailed approach which estimated either a regionsl or a
project-specific shadow wage, and therefore ccnsicered the char-
acteristics of particular branches of the labour market.

On the basis of assumptions (a) end (b) end estimates of output
foregone in various supplying sectors, the shadow wage for unskilled
labour was estimated to be 55 per cent of the current wage. The
estimate was not very sensitive to varying assumptions about the
proportions in which new workers would be drawn from different
sectors; the highest figure derived was 60 per cent of the market

%*See Weiss [20]. The analysis is fairly crude however, and the
conclusion cannot as yet be tsken as definitive.

*%xFormally, this is equivslent to assuming that in response to s
small increase in the wage rate the elasticity of demand for labour
in all sectors is 1.0.
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wage and the lowest 44 per cent.* The results will be familiar for
those accustomed to shedow pricing studies, since a shadow wege of
around half the market wage is a common finding.** It reflects a
situation in which there sre substantial productivity and earnings
differentials between sectors of an economy, so that there is a
possibility of raising reel national income by shifting labour from
low to high productivity branches. The existence of open unemploy-
ment and underemployment should be covered in the shadow wage
estimate through the relatively low figures placed on output
foregone in labour-supplying sectors.

B. Some theoretical comments

1. Free-trade bias

The degree to which the shedow-pricing methodology discussed
here is based upon an implicit free trade development strategy was
discussed at length soon after the publication of the seminal works
(Little and Mirrlees [10] and {11] and UNIDO {19]).

One major point of debate was the classification of commodities
into treaded and non-treded goods. Treded ygoods must be valued
directly at international prices, and for commodities in this cat-
egory it is assumed that whether or not they are used or produced
domestically, an economy always has the option of buying or selling
them on the world market. Little and Mirrlees [10) argued that if
protection removed & number of commodities from this category and
rendered them non-tradesble, the analysis could still proceed on the
assumption that economically unjustifiable trade controls would be
removed in the future. This assumption was quite clearly question-
able, and it was pointed out that deliberate trade policy, just as
quch as the physical characteristics of commodities, could make them
non-traded for a perticular economy, even if other economies might
trede internationally in the items concerned. The consensus since
this early debate has been that government trade controls cannot
simply be assumed away, and that shadow-pricing analysis must
operate within a given institutional and policy environment. The
willingness and ability to extend the category of non-traded items
is illustrated clearly in the major IADB study (Powers (13]), where
relatively large parts of the economy examined asre treated as non-
traded, and the estimation procedure is extended to cover the more
difficult categories of non-traded goods.%x*X

*All these estimates are for workers employed in new non-
agricultural projects. Agricultural project labour must be trested
differently.

*%For exemple, similer results are reported in IADB [4) for
Jamaica in the mid-1970s, and in Powers {13] for Barbados.

**%These refer to "partislly non-treded goods" and "non-trsded
goods in fixed supply”.




Even if the initial attempt to assume away protection, and
thereby implicitly introduce free-trade <critecia through the
classification of commodities, by and large has been rejected, the
objection might still be raised that by valuing traded goods
outputs st world prices, new projects sre expected to Dbe
competitive with the least-cost suppliers on the world market. 1In
other words, if project costs are not below benefits, which for
traded goods will nurmally be direct foreign exchange savings and
earnings, investment will not be approved, so that local suppliers
are expected to have costs which sre internationally competitive.
In principle, the response to this point wes given by Little and
Mirrlees (9]} when in reply to critics, they argued that the
methodology they were recommending was based on an "optimal™ rather
then a free-trade strategy. This distinction stems from the
arguments in the conventional trade theory 1literature used to
justify divergencies from free-trade.®* Apart from the familiar
terms-of -trade arguments, it is recognized that rfactors like wage
rates in excess of domestic opportunity costs of labour,
learning-by-doing, and production externalities can all justify
establishirg new industries which are not initially competitive
with imports at prevailing market prices. An optimal trade
strategy cherefore implies the protecticn or promotion of new
domestic industries which cen be defended on grounds such as
these. In terms of policy prescriptions however, neo-classical
analysis recommencs a set of promotional tax-subsidy measures
rather than tariffs and quantitative import controls as a means of
esteblishing new industries (Little, Scitovsky and Scott {12}).

In principle, therefore, shadow-pricing snalysis can be used
to quantify the importance of the factors which justify the
protection of new projects; in other words, for traded goods
production the costs that must be compared with the value of output
at world prices must be adjusted for factors such as market wages
rates in excess of shadow wages, externalities and learning
effects.** 1In practice, some of the move dynamic elements in the
case for protection may be extremely difficult to quantify at the
project level, and if they are omitted either by design or by
default due to these practical difficulties, there is no doubt that
the implementation of shadow-pricing analysis may be open to charges
of bias. The example of externelities is instructive. There is
total consensus that they should be quantified and included in an
appraisal, if this is feasible. However, Little and Micrlees {11]
question their quanticative significance for many projects.

The most satisfactory resolution of this dilemma, in the view
of the present author, is frankly to acknowledge some of the areas
of uncertainty regarding shsadow-pricing procedures, and to combine

*See, for example, Bhagwati [2].

**In an seuslysis using a world price numeraire all values will
be at world prices. It is now generally recognized that the
question of a wnrld or domestic price numeraire, per se, is not a
matter of concern on theoretical grounds.
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use of the methodology with other planning techniques, whether
macroplanning models, input-output analysis, or some form of sec-
toral targeting, which attempt to cover some of the most dynamic
aspects of planning. The premises upon which shadow-pricing »nal-
ysis is based - that developing econom’.es should attempt to plan
their participation in world trade or relative economic costs -
remains valid for all but *otally autairkic economies, although as
far as possible it is dynsmic rather than static comparative advan-
tage which should determine investment decisions.

Therefore, despite its advocacy by internationsl institutions
which often recommend forcefully that developing economies should
adopt a particular set of economic policies, the application of the

methodology need not be linked with such strategies.® 1t is not
inconsistent to argue that world prices represent the terms upon

which an economy can participate in world trade, and therefore are
relevant for planning new investment projects, while at the same
time rejecting the economic logic behind a move towards free trade
and dismantling of the protection system. In the case of Jamaica
this means questioning the wisdom of the structural adjustment pro-
gramme, which would open manufacturing to foreign competition.
Table 2 gives some dats on the lack of price competitiveness of much
of manufacturing in early 1982. The argument that the major deval-
uation in 1983 will be adequate to make the sector price competitive
with imports appears dangerously misleading in all but the short
term, since the feedback effects of devaluations on internal prices
are well known. There is substantial evidence from a number of
economies that unless it is combined with severely deflationary
fiscal and monetary policies, devalution does relatively little for
price competitiveness in the medium term (Thirlwall [17]).

2. Exchange rate changes

Exchange rate changes may be forced upon an economy due to
weakness in 1ts balance of payments, or may be adopted as an
explicit policy to improve trade competitiveness. In either of
these circumstances, if a future devaluation is forecast in the
short or medium run, it is necessary to attempt to incorporate its
impact on shadow price estimates. At one level this can be seen as
a practical problem of forecasting, but at another, theoretical
problems are raised by the method of allowing for the relative
price changes caused by devaluation.

One problem can be set aside initially. The existence of
multiple exchange rates, such as the official and parallel market
rates, poses no theoretical difficulty. In a system of shadow

*Irvin {3]), for example, argues that because of its rejection
of market prices as measures of social value the methodology rep-
resents a major break from neoclassical analysis, and is most
directly relevant for decentralized socialist economies. This view
may partly explain the apparent paradox that one of the developing
economies; which has experimented most with the methodology is
Ethiopia.
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pricing which employs a world price numeraire, all effects must be
valued at world prices. Hence it makes no substantive difference
what exchange rate is used to translate world prices into 1local
currency. The choice of exchange rate will determine absolute not
relative values, and it is relative values which are important for
resource allocation decisions. All that matters is that one single
exchange rate is selected for all calculations and that it is used
consistently.*

However, if the position of foreign exchange reserves is ex-
pected to weaken over the medium or short term, so that an exchange
rate change apoears likely, a major problem arises for shadow-
pricing analysis. The distinction is between the current situstion,
which may, as in Jamsicsa in 1983, see the existence of two exchange
rates, and a future situation with a worsening balance of payments
and a major exchange rate change. The economic consequences of the
latter should be incorporated in the shadow price estimates, while
at the same time one would wish project selection to work in the
same direction as other aspects of economic policy. Devaluation can
be interpreted as an attempt to alter relative prices in an economy,
raising those of traded goods relative to those of non-traded
goods.** In this way use of the former as inputs should be dis-
couraged, and their production as outputs encouraged; these twin
effects should, other things being equal, help reduce the serious-
ness of the balance-of-payments position.

If decision-taking on projects is also to achieve the objective
of stimulating production of traded goods vis-a-vis non-traded
goods, and of encouraging the use of non-traded inputs relative to
traded inputs, a means of altering relative values is needed. As
Little and Mirrlees ([11], p. 354) put it ... if a devaluation will
take place, and will have some differential effect on the social
profitability of different projects, then this should be reflected
in the choice of projects now".

The more straightforward means of achieving a revised ranking
of projects in the light of forecast changes in foreign exchange
availability is in the use of an adjusted shadow exchange rate.

*Scott, MacArthur and Newbery [15] make the same point in
relation to Kenya. Admittedly, if some effects are valued in domes-
tic and some in world prices, then the choice of exchange rate
beccmes of critical importance; hence the attention given to shadow
exchange rates in shadow-pricing studies using a domestic price
numeraire.

*%xSince the impact of higher import costs on the international
price level can upset Lhese relative price changes, it can easily
be shown that if wage costs are sllowed to rise at the same rate as
prices, and if profit margins are a fixed proportion of costs, then
internal prices will rise at the same rate as import prices
(Thirlwall [17]).
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This is not possible in the world price numeraire system since all
items are valued directly at world prices and no shadow exchange
rate is required to move between domestic and world prices.* In the
world price numeraire system the increased scarcity value of foreign
exchange is allowed for, in principle, through a downward revision
to the shadow wage, and thus to the conversion factor for labour.
Since labour enters as a cost in the production of all non-traded
commodities, their shadow prices are lowered relative to traded
goods, or in other words, non-traded items are devalued. Therefore
an anticipated devaluation implies the need for a downward adjust-
ment to the shadow wage.

An explanation of the logic ~f this argument and the theoret-
ical problem it causes regquires a brief digression into the question
of the full valuation of lsbour in a social as opposed to an eco-
nomic analysis. The definition of the shadow wage for unskilled
labour given in the first part of this paper focused orly on the
foregone output of labour, or direct opportunity cost. However, if
growth and equity objectives are introduced into the analysis, the
definition of the shadow wage for unskilled labour is widened con-
siderably; it now covers both the social costs - loss of rein-
vestible surplus - and social benefits - distribution to low income
groups - of the extra consumption arising from the employment of
unskilled workers. Following Squire and ven der Tak [16] this new
definition can be expressed as:

1 .d
W =m+(c-m: - _1(c-m (4)
v

where Wl is the new social shadow wage.

m is the output foregone in the worker's previous
activity at domestic market prices.

' is the conversion factor required to translate m to
world prices.

(¢ - m) is the net increase in the worker's consumption at
domestic market prices resulting from his new
employment .

is the conversion factor required to convert thir
consumption into world prices; it is normally termed
the consumption conversion factor.

di is the weight placed on an extra unit of con-
sumption going to group i - in which the worker is
located - in relation to consumption going to
aversge consumers.

*It should be noted, however, that if internal prices rise by
the same rate as the devaluation, the real exchange rate will not
have changed, and therefore use of a lower sdjusted exchnsnge rate
will not be legitimate.
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v is the weight placed on a unit of uncommitted income
in the hands of the Government valued in foreign
exchsnge and potentially available for investment,
relative to a unit of consumption going to average
consumers.

The complications introduced in equation (3) regarding the
sectors from which workers are drawn and the number of workers
involved are assumed away, so that:

mt =x7 a . m
i 1 1 ) 3

The first two terms in the expression for Wl are the cost of
the new worker's employment, and the last term is the socisl value
of the distributional benefit associated with his employment. It
is srgued that & devaluation will reduce the shadow wage at least
in the short run, since as the net increase in consumption (c - m)
is a fixed sum at domestic prices, its foreign exchange cost is
reduced by the full amount of the devaluation; in other words, any
given amount of domestic expenditure is worth less in foreign ex-
change following a devaluation, and the consumption conversion fac-
tor which expresses domestic consumption expenditure st world prices
will fsll.

The economic opportunity cost of employing & new worker m:
would remain unchanged if output foregone were solely in the form
of traded goods, since physical quentities lost and world prices
would be unaffected. However, some proportion of foregone output
of unskilled labour will be in the form of non-traded goods, and
these will fall in value with devaluation. The simplest way to see
this is by interpreting a fall in non-treded output, ss a result of
s worker's move to a new job, &8s s decrease at a demand margin; in
other words, since the option of importing to cover the output fall
is not open, less non-traded output will be available for domestic
consumers. The output foregone will be valued st consumers’ will-
ingness to pay, and this messure of domestic prices must be con-
verted into world prices. A consumption conversion factor will be
required for the purpose, which may or may not be the same as that
used to convert (¢ - m) to world prices. However, all conversion
factors for consumption expenditure must fall to sllow for the real
reduction in the purchasing power of domestic expenditure in
relation to foreign resources.

A theoretical problem arises, however, in that the third term
in the expression for W, - di/v (¢ - m), will also fall ss s result
of devalustion, since the same consumption increase st domestic
prices is involved.* This term reflects the consumption benefit

*The role of ° in di/v (¢ - m) may not be clesr initially,
beceuse of the way in which v is defined. However - appesrs in the
denominator of the expression for v, so that a fall in = leads to s
rise in v and a fall in di/v (c - m) (see Squire and van der Tek
({16), pp. 68-71) for a discussion of calculeting v). An
alternative but equivelent expression for di/v (¢ - m) would be
di/v (¢ - m)° ; this is provided ‘' no longer appesrs in the denom-
inator of v,
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resulting from a worker’s employment, and if it is initially greater
than the consumption cost, so that = (c - m) < di/v (¢ - m} or

di/v, there is the theoretical possibility that a devalustion may
actually leed to a rise in the shadow wage despite a fall in output
foregone and the consumption cost of employment at world prices.
The logic of this is that if a high social weight is placed on the
consumption of Jow income groups, a devaluation which lowers real
wages will slso reduce the consumption benefit of employment; in
certain cases this may be sufficient to offset the fail in the first
two terms of the shadow wage.

A develuation which results in a rise in the shadow wage is
counter—-intuitive, and if such a result were to occur it is clear
that shesdow-pricing analysis could not be employed in conjunction
with stabilization messures aimed at shifting investment in a
direction that conserved foreign exchange and utilized more non-
traded goods and lsbour. However, it appears that s devalustion
will only unambiguously lower the shadow wage in a social analysis
if the weighting system is such that di/v < -, or in other words
that di/v < 1; additional consumption must be less valuable than
income in the hands of Government, which 1is avsilable for
investwent.*

Setting aside the theoretical possibility of a counter-
intuitive result in the estimation of the shadow wage, there are a
number of serious empirical problems in sdequately incorporating the
consequences of an anticipated devaluation in shadow prices esti-
mates. It is clear that if a devaluation creates a substantial
shift in relative prices there are likely to be substitution effects
in both production and consumption. For example, input coefficients
for non-traded sectors aend consumption weights for consumption
expenditure conversion factors may change. In theory, the whole set
of shadow price estimates for an economy can be sffected as a result
of such changes.

Squire and van der Tak ([16], pp. 94-95), in acknowledging this
problem and discussing the effects of & devaluation, srgue that "the
information required to trsce through these effects (of a devslua-
tion) is formidable, and in practice it msy be necessary to ignore
the substitution possibilities in both production and consumption,
and to concentrate solely oa the immediate (relstive) reduction in
the cost of consumption when making new estimates of shadow wage
rates and of marginal social costs for non-tradesbles”.

However, even focussing on the immediate consumption effect of
s devaluation requires s forecast of the extent to raich resl wages
will be reduced. The discussion above on the mechsanism whereby the
shedow wage is likely to fall efter s devaluation assumed unchanged
money wages, so that a fall in the consumption conversion factor

*I1f v is redefined, so that di/v (¢ - m) . becomes the benefit
of additiunal consumpticn, the condition for a “all in the shadow
wage becomes di/v < ., or di/v < 1.
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was not compensated for by a rise in money wages, which increased
(c - m) in domestic prices. A projection of the shadow wage re-
quires judgement on how resl and nominal wages will be affected by
devalustion. The difficulties involved with this type of fore-
casting may wmean that in practice it is difficult to project
sdequately a shadow wage estimste, and this casts doubt on whether
project analysis has an effective role to play ir conjunction with
more conventionsl short-term measures of balance-of-payments manage-
ment. Perhaps the msin point is that it is difficult to incorporate
future scarcities of foreign exchange in any shadow-pricing system,
but where devaluations are covered through adjustments to the
shadow wage, the mechanism 1is more indirect and prone to
uncertainty.*

3. Discount rate

One of the most difficult parameters to estimate accurately in
shadow price studies is, perhaps surprisingly, the discount rate.
Theoretically, if the government investment budget is fixed, the
discount rate for new government projects will be defined as the
rete of return on the marginal public sector project. This raises
both theoretical and empirical difficulties however. Empirically,
the marginal rate of return can only be estimsted in the "shelf-
of-projects” situsation, where all projects which potentially
compete for investment funds have not only been identified but also
sppraised at shadow prices. In the present state of investment
planning procedutes *this situation is quite clearly unrealistic.
Theoreticsl difficulties also arise due to the fact that it may not
be appropriste to assume that the budget of a Government is rigidly
fixed, since there is often likely to be the possibility of drawing
upon savings from either the private or the external sectors.

Cne practical procedure often applied to produce what is taken
as sn upper limit co the discount rate is a crude anslysis based on
national accounts dsta and relating estimsted capital stock in the
economy to nstional income minus wage costs and depreciation.
Algebraically,

q=Y - (W) (s)
K

where g is the estimated return on cspital.
Y is tolsl national income.
W and D are wages and depreciation respectively.
K is total capital stock.

*Accucrate use of a shadow exchange rate in a domestic price
numeraire system is also open to dirficuity, since s projected
effectiva, not uominal, exchsnge rate change is required. Detailed
informstion on cost structures of non-trsded sectors and consumption
expeniiture patterns mey also be needed. It is fsir to say, how-
ever, that in practice rough sdjustments to foreign exchange values
to allow for an enticipsted devalustion will be simpler to apply in
e dumesti: price system.
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All items refer to a particular year, and are given at shadow
prices.

Since the marginal retucrn must be at shadow prices, using a
world price numeraire, Y, W, D and K must all be converted to world
prices. The approach is not only bssed on crude macrodats, but
rests upon dubious theoretical premises. It invariably produces
high estimates for g, since labour costs are revalued by a shadow
wage often significantly below the market wage, and the resulting
surplus is attributed -olely to the factor capitsl.*

Returns attributed to technical progress are ignored, as are
the implications of theories of distribution which are an alter-
native to that of marginal productivity theory.** However, if one
is willing to rejec. certain assumptions of the marginal produc-
tivity theory at e& microlevel, for exsmple that wages always equal
marginal value products, there seems to be no logical reason to
accept its macroconclusions that total national income is allocated
between two factors, labour and capital, on the basis of their
physiceal quantities and marginal products.

An elternative mearns of deriving an estimate of the discount
rate is relevant for uconomies that have access to internaticnal
borrowing. 1In this case the discount rate is defined as the real
cost of borrowing from the marginal or lesast attractive source,
which normally will be the private internstional capital market.
An increasing number of developing countries, including Jamaica, now
have access to such funds, and it could be argued that in the same
way that world prices for commodities represent the terms on which
an economy can participate in world trade and sre therefore relevant
for planning dec.sions, so world interest rates are equivalent to
intecnationel pirices for funds, which should also be considered in
planning.*%x In other words, government budgets should not be

*Application of this approach to 1980-1982 data for Jameicas,
for example, gives an sverage q of 17 per cent.

=xMarginal productivity distribution theory implies the
following equality:

Y = K§g ¢+ Lw

where q is the marginal product of capital.

is the marginal product of labour.

and L are the quantities of the two factors.
is the national income.

LI E

If labour is valued st its merginal product the residual
surplus must be the return to capitsl. The question of the
difficulty of identifying a velue for capital has been a msjor
source of theoretical debate for many years.

*2%The suthor is indebted to Richard Kitchen for the expression
of the argument in this way.




- 96 -

assumed to be fixed because of the possibility of international
borrowing, which will be economically justified if at world prices
the returns on new projects exceed the real inlerest charge
involved.

This definition usually produces estimates rather lower than
the normsl range considered for the discount rate. The estimates
will depend upon the borrower status of an economy, which determines
its risk premium above the London Inter-Bank Offer Rate (LIBOR), and
critically upon the price index used to deflate the nominal interest
charge to reel terms. For Jamaica, however, this approach still
produced a relstively high estimete for the discount rate of
8-10 per cent, which reflects its relatively weak credit status and
the poor price prospects for its traditional exports. Such esti-
mates must obviously be revised in the light of changing world
interest rates and price trends.

The essential point to stress rvegarding the discount rate,
therefore, is that given the difficulties and limitations associated
with other methods of estimating this parameter, adjusted real
international interest rates may be the most appropriate measure for
an increasing number of developing economies. Use of an inter-
national interest rate does not remove estimation problems, but one
cen argue that it would be an improvement over much existing prac-
tice, which is often either ad hoc or based on conventional views
of what is an acceptable discount rate.*

C. Conclusions

This paper has pointed to some features of the estimation
procedure for shadow prices used by the author in s recent study of
Jamaics It has tried to indicate aress of poth practicsl and
theoretical difficulty with the methodology, but despite these, it
wishes to suggest that shadow pricing techniques should be seen as
s ugseful complement to other planning procedures in use at present.
Perhaps the most important general point is that shadow-pricing
techniques do not necessarily have to imply a free trade bias in
terms of allocation decisions. It has been argued that if a bias
in this direction arises, it is likely to be through the manner in
which analysis is carried out, rather than from its undeclying
theoretical basis. Careful application of economic anslysis to new
investment proposals in combination with forms of sectoral arnd
macroplanning is one way of svoiding such a situation.
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DEVELOPING LOCAL INDUSTRY THROUGH CENTRES FOR INDUSTRIAL STUD1ES
IN TERTIARY INSTITUTIONS IN DEVELOPING COUNTRIES

Peter B. U. Achix

A. Background to the development of centres for industrial
studies in developing countries

Technological development in industrisl econocmies has mace
enormous strides since the eighteenth-century European Industrial
Revolution. A modern industrial economy may be described as an
economy of which the initial "industrial culture was sufficiently
well developed to take advantage of the inventions of the
eighteenth- and nineteenth-century Industrial Revolution ard to
establish the competitive industries that are currently in process
of regeneration [1]. 1In developing countries the emergence oi an
industrial culture is synonymous with the growth of "indigenous"™
technology that would form the basis of local industry. Being part
of one international market and maintaining active relations with
other economies, every developing country must however take into
sccount the existing levels of technology and organization in othter
countries (2].

Having realized the importance of technology as the foundation
of modern industry, some developing countries (such as Ghana,
Jordan, Kenya, and Nigeria) are establishing industrisl and tech-
nology development centres. These centres are assisting small-
scale and cottage industries in modernizing their operations and in
training industrial personnel in the effort to develop their entre-
preneurial capacities. In Jorden, Yarmouk University [3] has a
School of Engineering which among other activities has the respon-
sibility of developing 1local industry through programmes of
continuing education end campus- industry linkages.

Some factories are established (3] around the campus of
Ysrmouk University to reduce the lead time between research snd
development and the application of results to industry. 1In Ghana,
the University of Science and Technology at Kumasi (4] has o
technology consultancy centre with a comprehensive progrsmme of
improving technology in local industry. The centre continuously
improves the tools in the possession of local craftsmen and
mechanics with the aim of increasing their productivity and thus
expanding their businesses.

In Nigeria, Industrial Development Centres (IDC) have been
established in the eastern, nocrthern and western regions at Owerri,
Zaris and Oshogbo, respectively. The centres are charged with the
responsibility of providing free consultancy snd extension services
as well as training in managerial skills for small-gscale industriasl

*Centre for Industrial Studies, Federal University of
Technology, P.M.B. 1526, Owerri, WNigeria.

33337 (0462T)
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entrepreneurs (who are often unable to employ full-time engineers),
managers and technical staff. For the purpese of these services,
small-scale industries are defined as any manufacturing, processing
or service industry with a capital investment not exceeding $750,000
in machinery, equipment and working capital. In the services
rendered by the IDCs the emphasis is on the development of small-
scale industries that use machinery and power to make relatively
sophisticated consumer goods and also simple producer goods. The
free technical services provided by the IDCs include assistance in
the selection of proper manufacturing processes and equipment,
installation end initial operation of machinery, on-the-job training
of small-scale industry artisans in equipment operations, main-
tenance and repair of machinery and tooling, resolving operation
problems and improving small-scale industry products design. The
management services rendered by the 1IDCs include feasibility
studies, the choice of management structures, the planning eand
control of production to enable small-scale industries to reduce
costs and improve productivity, counselling in product pricing and
other marketing strategies, initiation of small-scale investments
for entrepreneurs and acting as an intermediary between Government
and small-scale industry.

In Nigeris there are approximately 2,000 small-scale industrial
enterprises employing a total of less than 40,000 workers. To help
desl with the increasing rate of unempioyment, especially among
professional graduates of tertiary institutions;, the federal and
state Governments had opened five universities of technology by
1985, which are expected to produce gradustes who are well-equipped
to become job-creators instead of job-seekers.

The establishment of universities and schools of technology in
developing countries cen be seen within the context of the desire
to develop indigenous technolngy influenced by the modern tech-
nologies existing in industrial economies. The academic and
organizational departures from the type of education offered in
traditional  universities and schools include the following:
practical-oriented academic treining; and industrial-oriented
research and development.

The establishment of centres for industrial studies within a
university or school environment may be seen as serving the purpose
for the practical fulfilment of the second of the above-mentioned
requirements (namely, industrisl-oriented research and development)
and the partial fulfilment of the first requirement.

B. Constraints on the practical realization of objectives

In developing countries the achievement of the objectives of
IDCs depend considerably on the funds available, on the existing
practical expertise and infrestructursl facilities and on well
conceived equipment policies for the centres. While it is not
necessary to specify the equipment or production processes that the
centres should possess, it is important to indicate the constraints
on planning, taking into sccount the svailability from year to year
of the necessary inputs
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1. Funds

From the inception of an industrial centre the finances avail-
able to s large extent determine the availability of the other
inputs. In most developing countries finance for industrial
development is one of the main problems facing the Govermment. In
Nigeria, for example, the three regional IDCs depend entirely on
Government subsidies for their working capital since their services
cre rendered free to small industries. The Centres for Industrial
Studies (CIS) of the Universities st Owerri and Enugu and in a few
polytechnic colleges depend at present almost entirely on finances
from their parent institutions, which in turn ere wholly financed
by the Government. In recent times the economies of most developing

countries have been in such poor comdition that funds for urgently
needed services such as water, roads and hospitals consume the bulk

of their available foreign exchsnge, leaving very little for indus-
trisl development. Nevertheless, the existence of more indigenous
industries would help to reduce the samount of scarce foreign
exchange spent on the provision of the most essential goods and
services (some external assistance in financing may often become
necessary). These circumstances should be borne in mind in the
preparation of an organizstional plan for a centre for industrial
studies.

2. Practices 2xpertise

Local professionals with the practical expertise necessary for
the development of indigenous modern technology are in short supply
in developing ccuniries. The few developing country professionals
at home and abrcad usually require definite financial and oiher
incentives to att -act them to the indurtrial centres. With such
professionals the centres could widen their scope of operation from
industriasl education to commercisl ventures. Qualified professional
engineers are crucial for this purpose.

3. Infrastructursl facilities

The avsilability of adequate space, buildings, water, elec-
tricity, ancillary tecinologies etc. influence the scope of
operational planning.

4. Equipment

The CIS operations would include consultancies, subcontracting,
product development and student treining. The basic principle of
maximum utilization of equipment in engineering production demands
that wherever the variety of products is large and the quentity
small (as in general CIS operations), genersl-purpose equipment
wculd be more economic. The ascquisition of special-purpose
equipment would then be minimized especially in the first three
years of operation of the CIS.

C. Practical role of centres for industrial studies
in developing courtries

.

The principsl functionr role of & centre for industriasl
studies operating from & u'.versity or school of technology is
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generalized in the model prasented in the figure. This mudel can
be further compressed into the following s-hematic representation:

Student trainieg
Technical products development
CIS strategy Pilot plant development
Socia! functions (inclvding con-
sultancy services and seminars)

1. Student training

In developing countries this is one of the crucial aspects of
the role of technical educationel institutions. For the CIS this
role is the production of gradustes possessing at least one prac-
tical skill required by the locel industry in addition to a general
education in the graduates chosen discipline of science or tech-
nology. The responsibilities of institutes of technical education
for industry in developing countries include the following: general
academic education (in departments); interdisciplinary practical
and laboratory training (in depsrtments aend CIS); and skill-
oriented industrial training (in CIS and industry). At the Federal
University of Technology at Owerri in Nigeria a three-tiered system
of education along the above-mentioned lines is expected to produce
finished graduates, with a centre for industrial studies being used
to sccentuate the practical aspects of the trairning.

2. Genersl academic education

General academic education is offered through the specific
programmes of the scademic departments as embodied in well-bal-nced
curricula based on the needs of the country and fully supported by
practical tesaching methods and adequate laboratories. As a result
of serious financial constraints, tertiary technical institutions
in developing countries often lack basic laboratory facilities.
Given the serious shortage of such facilities, the academic and
professional staf? recruited by the institutions should possess the
necesssry treining to enable them, in the absence of a functioning
laboratory, to improvise practical examples of the subject matter
of their particular disciplines. Tne present staffing situation in
many of the institutions, however, reveals a preference for academic
excellence over practical skills, which tends to delsy the acquisi-
tion of indigenous technology for rspid industrisl development.

By the fifth year of its existence a CIS should be able to
rely on the expertise of academic department. to help improvise
some of the required laboratories. The readiness to improvise is
reflected in the commitment of the institutions to practical work.

3. Interdisciplinary prectical training

Interdisciplinary practical training evolves partially from
genersl academic education supported by laboratories to more general
practical training which goes through the production process from
bssic raw material inputs to the finished products. For the engi-
neering, science and mansgement technology students at the Federas)




- 103 -

Generalized functional model of an industrisl .entre
in s tertiary institution

Social functions
(cural developmant)
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University of Technology at Owerri, Nigeria, the general practical
aspects of their training involve the machine and fitting shops,
the electrical shops, the technical drawing department and the
ctemical laboratory, all in the CIS environment. The CIS controls
the equipment used for this level of training by providing the
technical co-ordination of the facilities and the principal teaching
staff, while the academic departments provide the complementary
staff.

The departments technically advised and supported by the CIS
develop products- or process-oriented practical training based on
the academic courses offered by the departments. Practical trainiag
at this level i:s different from the above-mentioned academic lab-
oratories since it is generally industry-oriented. Technological
institutions (even without an industrial centre) in developing
countries should not leave this aspect of training out of their
curricula (as is currently the case), otherwise the training would
produce only academic experts of little use to industries in those
countries. It would also be unwise at this stage to "regiment™ the
subject-matter of practical industrial training courses because the
desired flexibility consistent with rapid economic and technological
change could be lost.

4., Externsl industrial assignments

The type of training thus far described is equivalent to in-
house industrial work experience schemes for students, but since
the training is carried out within the academic environment of the
CIS its total industrial content may be inadequate. The important
objective of "industrial assignments” is to ensure that a sizeable
portion of industrial training is carried out in externsl industries
engage ! in competitive production and services. Midway through a
course some external industrial assignment of students (even for
brief periods) is necessary for the following reasons:

(a) To enable the student to acquire a general knowledge of
the working of industry outside the academic environment of the
C1S8;

(b) To enable the student tn gain more specific experience in
finsncial management and in cutting losses in the running of a
competitive industry;

(¢) To take advantage of the fact that the scope of operstion
of the CIS in & developing country is most likely to be limited
initially to a few industrial disciplines.

The author's experience in the co-ordination of industrisl
work experience schemes for students in Nigeria is that, among
other problems, only few industries have adequate facilities for
industrial training. Therefore the last helf of the course would
be mainly spent in the CIS to impert specific industrisl skills.
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5. Specific sxill-oriented industrisl training

Skill treining is a 1logical follow-up of earlier inter-
disciplinary training. It is here that an attempt is made to equip
the CIS students with certain practical industrial skills. A
conscious effort is made to relate both the needs of the locsl
community and the students®' experiences during external industrial
assignments to specific industrial practice covered in CIS
curricula. The appropriate staff is selected and temporasrily
sttached to the CIS to enable the students to benefit from the
practical expertise of the staff members in particular areas of
study. Such a practical approech helps to ensure that "industrially
competent™ graduates emerge from the CIS and cen opt for self-

employment, with some of the products developed in the CIS provided
under special loan arrangements to help them start their businesses.

Products and skills are developed during the project- and
product-oriented practicsl skill treining, interspersed with the
discussion of relevant management practices. New and improved
products and pilot plants would be continuously developed during
this final phese of training. The institution and the Government
may have working asgreements with commercial banks whereby the
former would gusrantee loans grented to skilled graduates to start
their own businesses. In Nigeria, the MNigerian Industrial
Development Benk is best placed to participate in this plan.
Similar banks e-ist in many developing countries. The principal
objectives of the training are as follows:

(a) To promote entrepreneurial skills in developing countries;

(b) To reduce unemployment;

(c) To develop indigenous technology as the bhasis of local
small-scale industry, thus enhsncing the standard of living of the
local communities (at the time of writing, these plens were still

only proposals in Nigeria).

D. Services provided by the CIS to locsl industries

Besides training future industrisl experts and developing locsl
entrepreneurs as described sbove, the CIS has other functions to
fulfil for local industry. Among thesc functions is the trsining
of personnel already working in modern industries. The CIS admits
industrial personnel on s full-time or pert-time basis for short
courses designed to improve the technicel and mansgerisl skills
required for their jobs in industry. The training is usuelly spon-
sored by the industries concerned snd msy be in such specialized
aress (depending on the equipment availeble) as the following:
programming and opersting numericslly controlled machines. advanced
machinery operations, wodern suto-disgnostic equipment end repsir
technigues; industrial weste disposal technologies; modern materiasls
and forming operations; and other areas of importance to 1local
industry. The princinal rcesponsibility of the CIS, however, will
remain the development of small industries, especially in rursl
sreas.
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1. Technical consultancies to locsl industry

(a) Existing industries

Depending on its available technicsl expertise, the CiS should
seek to establish consultancy sarrangements with local industry in
order to generate more funds end increased financial support from
the parent ianstitution. In wmany developing countries the operas-
tionel areas posing coansiderable problems to local industry include
the repair a-d maintenance of imported machinery. These machines
are often cl.ssified as "appropriate™ technologies, although they
may have been long outdated in the exporting country [(2]. MWany
struggling industries in developing countries (such as the cement-
making industries in WNigeria) are alwmost fully equipped with
machines that are no longer manufactured asbroad, sad for which no
~ore stocks of spare parts are availsble from the manufacturer.
Wigerian cement factories have been known to lie completely idle
for up to two year, as s result. Even in other iadustries where
spare parts may be availeble asbroad, there would be no foreign
exchange for their purchase. In such cases the CIS should be
equipped to manufacture spare parts to enable these industries to
resume operations quickly enough to prevent an increase in unemploy-
ment rastes.

Other areas where expert consultancies are often necessary in
developing countries include readjustment of production systems
(for instence through the simplification of manufecturing methods),
resesrch into local raw materials for specific industries, adapta-
tion of foreign products to local conditions and value snalysis to
reduce the cost of local products.

(b) New industries

The new products and pilot plants developed through practical
research in the CIS would be sold to existing industries or used to
help CIS graduates start new industries, as noted earlier. When
the products and pilot plants form the basis for new factories, the
latter would qualify as smsll-scsle industries for numerous
government incentives.

The role of the CiS in the formation of new industries is
crucisl. For developing countries this role would help to reverse
the present trend of importing factories from outside the country
by way of turnkey projects. Turnkey factories create problems of
futuce masintensnce, as previously mentioned, and adverse working
corditions, being culturally slien to the local worker. Unnecessary
turnkey projects cen be evoided by sllowing the CIS to act as the
middleman in nationsl snd internstional industrisl agreements and
to promote the development of production processes based on the
adeptation of existing foreign technologies to local conditions.

2. xt t
It would not be necessary for developing countries to attempt

to "creinvent the wheel” by independently developing technologies
existing in developed countries if the latter were willing to share
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their knowledge. In cases where developed countries are willing,
the CIS in developing countries could be used to acquire the
technologies required to meet the needs of local industry. Staff
of the CIS and the companies of co-opersting developed countries
cen exchange frequent visits and short training courses can be
organized for the CIS staff.

The technologies would subsequently be dissemineted through
the CIS to local industries. This partial approsch to indus-
trialization should be recognized by developing countries as being
as essential to the growth of local industry as the development of
indigenous technology.

CIS research and teaching efforts shovld also include the
application to local industry of research findings disseminated

through locsl and foreign journals and conferences.

E. Other socio-economic functions cf & centre
for industrial studies

In the final anslysis, all the activities of the centre for
industriel studies in a tertiary institution are expected to serve
the society around it in one way or srother. Esch activity is
therefore designed to help solve problem: facing society in the
fcllowing ways:

(a) Through research. The CIS should be actively involved in
investigating technical and socio-economic problems of both
immediate and long-term interest to the community, such as rural
waste management and s0il erosion. The research effort and follow-
up activities should proceed aslong the following lines:

(i) Continuous monitoring of socio-economic and technical
problens at both the local and national levels;

(ii) Iomediate initiation of studies (provided funds are
aveilable) and gathering of the data required to
find solutions to the problems dealt with;

(iii) Prompt dissemination of the resesrch findings by way
of local advertisements through 1local government
councils, extension workers and even announcements
by village criers;

(iv) Mobilizastion of research results and products
(internsl and externsl) for quick application to
rural industry;

(b) Through seminars and worksghops. Another channel tor

publicizing local research findings end acquiring new industrisl
knowledge is by way of workshops end seminars organized by the CIS.
The seminars could be in sny socio-economic or technical area thst
affects industrial development. Local television (if svailable)
snd radio talks could also be employed to publicize the work of the
centre to the local community. Technicel publications from the CIS
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should be practically orieated and writtem in simple and clear
language s0 that *hey can be easily understood by ordinary people;

(c) Through the wmobilizstion of local trsdesmen. The CIS
should asppoint & technical lisison officer between it and local
craftsmen end repair mechanics in the community. The location of
mechenics and craftsmen in “mechanics villagas™, ss in Nigeria st
present, has fecilitated lisison with the CIS (at Owerri, for
example). The purposes of the link are ss follows:

(i) To co-ordinste che various technical skills possessed
by tradesmen for developing products end services
for the community;

(1i) To improve the standard of craftsmanship and job
satisfaction of the tradesmen;

(iii) To improve manegement technigies and hence increase
the profitability of enterprises.

F. Conclusions

While co-ordinating the professional activities of the academic
snd technical branches within a tertiary institution, s centre for
industrisl studies should keep in constant focus the industriasl
needs of the outside community.

Since the majority of the population of developing countries
resides in rural aress, these countries cacnot develop industrislly
while leaving the rural population behind. Cresting a general
awareness of technological problems and finding practicsl solutions
to rursl needs are therefore important responsibilities of a CIS
opersting from s tertisry institution in & developing country. One
of the most effective ways of meeting those responsibilities is by
using the CIS to equip locel graduates with entrepreneurisl skills
using pcoducts asnd techniques related to local needs snd developed
though studies in the centre. The enterprises thus established
would benefit from the government incentives ususlly provided for
smell-scale industries in developing countries.
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SArmey TS

L'industrie des circuits intégrés en Inde et en Républigue
de Corée et son environnement technico-économique international

Charles Edquist et Staffan Jacobsen

L'Inde et la République de Corée ont adopté des stratégies fort
différentes pour développer les capacités nationsles de production
de circuits intégrés, activité & haute technologie généralement
dominée par les feabricants des pays développés. Apres avoir
briévement défini le terme "circuits intégrés™, 1l'article donne une
vue d'ensemble de 1'industrie wmondisle pour décrire aussi
l'enviconnement technico-économique international dans lequel cette
branche s'est développée en Inde et en République de Corée.
L’industrie de ces pays fait ensuite 1l'objet d'un exswmen détaillé.
Pour finir, la performauce des industries nationales et les facteurs
qui la déterminent sont comparés & ls lumiére de l'environnement
internstional. L'industrie de la République de Corée est considérée
comme plus avencée que celle de 1°Inde, méme si, eu égerd a
certaines différences au nivesu des objectifs poursuivis, la
stratégie indienne de développement pourrsit se révéler judicieuse.

Emploi et relations interindustrielles verticales su Bairzladesh

Dili, Kumar Roy

Les techniques de 1'analyse entrées-sorties sont utilisées dans
cez article pour mesurer les effets en amont et en avsl des ewmplois
créés par les industries manufscluriéres du Bengladesh. 11 s'agit
de déterminer les industries offrant de nombreuses possibilités
d'emplol, 1’emploi étant parmi les principasles grén:cupations du
gouvernement. L'auteur conclut que les branches ci-aprés revétent &
cet eégeard une importance primordiale : thé, textiles de coton et de
jute, pepier, produits phsrmsceutiques, divers produits chimiques,
bois et sutres produits mannfacturés (spécifiés dans 1'srticle).

Quelques observstions sur l'estimstion des parsmétres
économiques nationsux de ls Jsmaique

John Weiss

L’article exsminc quelques-unes des questions soulevées psr une
étude assez vaste ayant pour otjet 1'estimstion des paramdtres
économiques nationsux de 1la Jesmaique. I1 est divisé en deux
parties : la premiére trasite de quelques points pratiques
intéressant les procédures d'estimstion, et notsmment 1'spplicstion
d'un facteur moyen de conversion a 1'échelle de 1'économis tout
antiére, les principsux secteurs dont les produits n'entrent pas
dans le¢ commerce internationsl et 1le sslaire fictif de 1la
main-d’oeuvre non qualifiée. La seconde partie traite de points
plus théoriques soulevés par 1'étude, dont la mesure dans laquelle
la méthodologie des prix fictifs implique une distorsion vers le
libre-échange; ie probléme posé par la prise en compte des variations




des teux de chenge; et 1la définition d'un taux d'ectuslisation.
L'article cherche & cerner gquelques-uaes des difficultés que souléve
1'vtilisaticn des prix fictifs pour 1'analyse détsillée d'une
économie comme celle de la Jamsique, et conclut qu'en dépit de ses
insuffisences cette approche peut servir de compiément & d'autres
méthodes de plenificetion.

Développer 1'industrie locsle des pays en développement
gL ice sux "centres d'études industrielles”

relevant d'orgenismes de services

Peter B.U. Achi

Les pays en développement éprouvent le souhait légitime de se
decter d'une économie industrielle stable. Bien qu'ils ne puissent
point ignorer le niveau de technologie industrielle des pays
développés, ils savent désormais fort bien que c'est de leurs
propres efforts gue dépend 1la constitution d'une économie
industrielle stable. L'article qui analyse principslement (mais non
exclusivement) l'expérienc.: nigérisne, traite de la contribution que
les centres d'études industrielles apportent & le formation d'une
main-d'oeuvre industrielle indispensable pour la croissance rapide
des Lays en développement. Axés sur les activités de lisison et de
formation orientées vers des p-ojets industriels asinsi que sur 1la
commercialisstion des produits locaux, ces centres font notasment
appel & d’sanciens étudiants comme entrepreneurs.
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SXTRACTC

Las industrias de circuitos integ:adcs de ls India y la

Republica de Cores consideradas en un contexto
tecnoeconémico internscional

Cherles Edquist y Staffan Jacobsen

La India y la Repiblica de Corea hsan adoptado estrategias muy
diferentes pera desarroller la capecidad nacional de produccion de
circuitos integrados, esfera de 1la alta tecnologia generalmente
dominada por productores de paises desarrollados. Tras una breve
descripcion de los circuitos integrados, el estudio proporciona un
panorams global de esta industria a fin de determinar el contexto
tecnoeconémico internacional en que se han venido desarrollando las
industrias de 1la India y la Repiblica de Corea. Luego se examinan
en detslle los diversos aspectos de esta industria en ambos paises.
Por ultimo, se compara su respectivo rendimiento, y los factores
determinantes conexos, en el contexto internacionsl. Se despreade
que esta industria esti mis avanzada en la Repiblica de Corea que en
la India, aunque dadas las diferenciss entre los objetivos de ambos
paises, 1la estrategis de desarrollo de 1la India podria resultar
apropisda.

Vinculaciones entre el empleo y ls industris
en Banglsdesh

Dilip Kumar Roy

En este articulo se wutilizen las técnicas del andlisis
ingsumo-producto a fin de medir los efectos de concatenacion regre-
sive y progresivs del empleo subre las industrias manufactureras de
Baugladesh. Dado que el empleo er uns preocupacién primordisl del
Gobierno, el estudio tiene por objeto determinar las industrias con
un alto indice de generscién de empleo totsl. E1 sutor concluye que
las industrias genersadoras de empleo que tienen importancias priori-
taris son las del té, textiles de elgodén y yute, papel, productos
farmscéuticos y otros productos quimicos, maders, y otras industriass
manufactureras (enumeradas en el articulo).

Algunas observaciones sobre la estimacidn de
parémetros econémicos nscionsles

pars Jamsics

Joi'n Weiss

En este estudio se exsminan algunss de las cuestiones plantea-
das en otro estudio mis amplio respecto de estimacién dc parimetros

econémicos nacionales pers Jamaics. El estudio consta de dos
secciones. £En ls primers se examinan algunss cuestiones de cardcter
préctico relscionades con los procedimientos de estimscién. Se

incluye un endlisis del tratamiento de un fector de conversién medio
aplicable & la economis en su conjunto, asi como de los principales
sectores no comercisles y del salario sombra de la mano de obrs no




calificada. En la segunda seccién se tratsn cuestiones de caridcter
ads tedricn plenteadas en el estudio anterior, entre las que so
cuentan lasx siguientes: s wmcdida en que la metodologis aplicades al
precio sumbra contieac un Sesge implicito con respecto 21 libre
comercio; el problems de los reesiustes en funcion de las fluctuscio-
nes de los tipos de cambio; y ia d2finicion de la tass de actusliza-
cion. En este estudio se tratan de Fd<lerminar alguues de las difi-
cultades que presenta la aplicecién del anidlisis detallado de los
precios sombra en uns econowm.. como la de Jamsica; sin embargo, se
llegs & la conclusion de que, pese a sus !imitaciones, ese enfoque
puede complementar en forma provechoss otros métodos de plaunifica-
cion.

Desarrollo de la industris local s través de
"centros de estudios_industrisles™ en
instituciones tercisrias de
psises en desarrollo

Peter B.U. Achi

Los peises en desarrollo desean, con tods razon, estsblecer
economias industriales sélides. Si bien no pueden hacer caso omiso
del nivel de tecnologies industcial alcanzado por los paises desarro-
llados, hoy dis es evidente que el desarrollo de economias indus-
trisles estables dependeri de los esfuerzos de los propios paises en
desarrollo. Tomando principsimente (aunque no exclusivamente) s
Nigeria como ejemplo, en el articulo se exsmina el enfoque de la
formacion industrial centreado en ls crescion de "centros de estudios
industriales” pars el logro de un crecimiento répido en los paises
en dessrrolo. Estos centros se ocupsn principslmente de las vincu-
laciones y la capacitacién en el sector industrisl en el marco de
proyectos concretos, asi como de la comercializacion de productos
locales recurriendo en parte ¢ ~mrressrios que han asistido ys a los
centros.
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