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> What 1s the relationship between the production flexibility

and the observed firm-level performance such as
productivities, development of production techniques and
ease of adjustment in factor allocations within an high-
technology sector? This question is left unexplored though
a vast Business literature on manufacturing flexibility and
production efficiency. This is because the concept of
production flexibility has not been formalized or
rigorously studied theoretically in the existing studies
and the lack of disaggregated firm-level data of
operational details in the interested IT manufacturing
sectors. To remedy these two problems, this proposal
formalizes the concept of “production flexibility °
using a constant elasticity of substitution (CES)
production function. This specification in turn allows us
to calibrate industry and firm-level production function
parameters, using an constructed data set of the foundry
industry with giant duopolists producing over 70 percent of
the world products. We found that the giant TSMC has
dominated the market by i1ts reputed quality and accumulated
techniques while UMS remains surviving in the market by its
flexibility. This enables us to gain better insight toward
understanding the duopolists ‘s technology flexibility
choice and their consequences for factor allocation and
production efficiency. Such an endeavor also permits future
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counterfactual policy experiments using a structural model
consistent with the empirically observed industry
framework.

# 2 B 423 ¢ Production Flexibility, Productivity, Adjustment Cost,
Counterfactual Analysis, Semi-conductor Foundry Industry.
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Designing Manufacturability in an IT Industry : the Case of the
Semi-conductor Foundry Industry in Taiwan

Abstract

What is the relationship between the production flexibility and the observed firm-level performance such as produc-
tivities, development of production techniques and ease of adjustment in factor allocations within an high-technology
sector? This question is left unexplored though a vast Business literature on manufacturing flexibility and production
efficiency. This is because the concept of production flexibility has not been formalized or rigorously studied theo-
retically in the existing studies and the lack of disaggregated firm-level data of operational details in the interested IT
manufacturing sectors. To remedy these two problems, this proposal formalizes the concept of ”production flexibility”
using a constant elasticity of substitution (CES) production function. This specification in turn allows us to calibrate
industry and firm-level production function parameters, using an constructed data set of the foundry industry with
giant duopolists producing over 70 percent of the world products. We found that the giant TSMC has dominated the
market by its reputed quality and accumulated techniques while UMS remains surviving in the market by its flexibili-
ty. This enables us to gain better insight toward understanding the duopolists’s technology flexibility choice and their
consequences for factor allocation and production efficiency. Such an endeavor also permits future counterfactual
policy experiments using a structural model consistent with the empirically observed industry framework.

Keywords: Production Flexibility, Productivity, Adjustment Cost, Counterfactual Analysis, Semi-conductor Foundry
Industry.

1 Introduction

The discussion regrading production flexibility as well as the producing factor al-
location always fascinates economists. The economists would like to ease the gap
between the long believed neoclassical production technology assuming constant re-
turns to scale technology and the production process that governs the real profitable
model in the production side. In this vein the firm would have to deal with some lim-
ited access to the key production techniques or limited usage of producing factors in
the short-term adjustment production batch. In this research project I; thus, describe
the role of techniques substitution in an industry characterized by labor adjustment
costs (such as labor hoarding): For example, the skill intensive IT industry where
firms can adjust their Human Capital (labor in the follow-up setting in the model

formulation) in the short-run only if they incur some adjustment costs. The research



efforts are exerted to show that the ability to adjust production techniques (towards
labor intensive production) mitigates labor adjustment costs and further to investigate
whether the flexibility of production determines the ease of technique substitution
Specifically, we try to revisit the big-push development issues in the semiconductor
foundry industry and apply a well-devised theoretic model to calibrate the crucial
factors in the name of production flexibility to back out the embeded rationales that
shape the leading Semiconductor Foundry Industry in Taiwanﬂ

This paper begins by briefly reviewing the economics as well as the business e-
conomics literatures in the discussion of how the levels of production flexibilities
affects the firm-level performance in the manufacturing sectors. On the one hand, the
theroretic and empirical economic literatures elaborates on the importance of pro-
duction flexibilities. First, the notion of flexibility in the operations of the firm seems
to have been first introduced into the economics literature by George Stigler ( JPE,
1939). He defined flexibility as those attributes of a production technology which
accommodate greater output variation. Following Stigler’s definition on flexibility,
Marschak and Nelson ( Metroeconomica, 1962) take more specific view in the fol-
lowing three viewpoints: (1) The size of the choice set: a more flexible initial action
preserves more choices for actions in the following periods. (2) Marginal cost: a
more flexible plant requires less additional cost to move toward the next position
(essentially the Stigler view). (3) Marginal expected profit: a more flexible plan-
t generates more profits or smaller losses in moving to a new position. Jones and
Ostroy (RES, 1984), for example, following Marschak and Nelsons ideas of flexibil-
ity. They defined flexibility as “a property of initial positions. It refers to the cost,
or possibility, of moving to various second period positions.” Industrial economists
also view the flexibility as means to counter the uncertainty existing in the market.
Burton Klein (1984) states a dynamically efficient firm is one which generates new

ideas and is quick to respond to new ideas, wherever they happen to originate, so that

! Although there is a vast Business literature on manufacturing flexibility and production efficiency. Nonetheless, the concept of production
flexibility has not been formalized or rigorously studied theoretically.

2The foundry industry originates itself by the the separation of the production side from a whole vertically integrated semiconductor company.
In other words, a semiconductor fabrication plant operation (foundry) is splitted from an integrated circuit design operation, into separate companies
or business units. The separate foundry firms use cutting-edge production facilities or techniques to do the contracting manufacturing for the brand
name semiconducotr designing companies.



it can take advantage of these new ideas before its competitors do. By organizing the
firm and providing internal incentives in such a way as to be able to react quickly
to new impulses, no matter what their particular content, it is possible to reduce the
cost of a negative impact and to increase the probability of a positive result for the
firm. In this vein, Vives (IJIO, 1986) has analyzed the choice of flexible production
technology in a game-theoretic approach and found that if the technology is inflexi-
ble, capacity is a good precommitment variable; on the other hand, if the technology
is flexible, precommitment to a particular capacity is not a good strategy. Vives has
also shown that where firms have the same precision of information, an increase in
uncertainty leads them to seek a more flexible position. Other than the theoretic
viewpoints, Mills and Schumann ( AER, 1985) formulated and tested the hypothe-
sis that a competitive equilibrium with demand fluctuations can have diverse firms
with varying cost structures coexisting: ”Small firms are able to compete successful-
ly with large, more staticefficient producers by absorbing a disproportionate share of
industrywide output fluctuations. This is possible because small firms use production
technologies that are more flexible than those chosen by large firms. Large firms . .
. (have) lower minimum average costs, due largely to scale economies, while small
competitors have an offsetting advantage in their superior responsiveness to cycli-
cal or random swings in demand. (Mills and Schumann, p. 766).” However, all the
above mentioned literatures share one common research caveat by lacking in the full
specification of production flexibility in the producer side. The best work horse idea
is to take the ad hoc assumption by adding a reduced form model to apply a vague
idea of production flexibility to the ambiguous production efficiency measurement
mentioned in the current existing literatures.

On the other hand, there has been a vast literature “manufacturing flexibility and
production efficiency”. The literature highlights “insurance” and “strategic compet-
itiveness” roles of manufacturing flexibility. To the end of insurance role, including
Fine and Freund (1990, Management Science), Fine (1993, Handbook in OR and
MS) and Netessine et al. (2002, OR), many have argued that managers see flexibil-

ity as an adaptive response when hedging against uncertain environments (factor or



technology related uncertainty as well as product uncertainty). With respect to the
competitiveness role, as pointed out for example by Roller and Tombak (1990, Jour-
nal of Industrial Economics) and (1993, Management Science), high manufacturing
flexibility of a particular firm can induce higher competitive pressure for its rivals,
and increase profit margins for the relatively more flexible firm. Concerning both
views: Firms might “bank flexibility”, that is holding flexibility in reserve to meet
future needs. In this sense flexibility is an investment which creates future options
for a company. Gerwin (1993, Management Science) provides empirical evidence in
line with these theoretical arguments: As the author shows, for example Minneso-
ta Manufacturers Survey reports that as market unpredictability and competitiveness
increases, flexibility of the production processes go up.

Concerning the effects of factor and technology flexibility on efficiency the fol-
lowing theoretical and empirical observations are important for our work: In an em-
pirical study, Upton (1995, Harvard Business Review) documents for the U.S. paper-
manufacturing industry, where products are quite comparable across manufacturers
that there i1s substantial cross-sectional heterogeneity in production flexibility. Inter-
estingly, the paper finds that newer and bigger processes are typically better able to
perform quick changeovers than older and smaller machines. As another empirical
evidence, Adler et al. (1999, Organization Science) studies the effect of organization-
al flexibility on efficiency. By providing detailed micro-level evidence from Toyotas
NUMMI plant in California, authors document that companys policy changes that
have led to increases in its labor input flexibility stimulated production efficiency
at the beginning of 1990s, and gained the company a large competitive advantage
over its big rivals Ford, Chrysler and GM. Theoretically, Slack (1988, Computer-
Integrated Manufacturing Systems) proposes a hypothetical business model where a
manufacturing firm determines the appropriateness of various level of manufactur-
ing flexibility by analyzing how flexibility contributes to the competitive advantage
of the firm, and how flexibility guides the selection of various productive resources,
such as the production technology. Goyal and Netessine (2007, Management Sci-

ence) study the causality of structure of competition on firms technology flexibility



choice using a game-theoretic framework. Formally, the authors show that the cost
premium which a duopolist is willing to accept, when investing in a flexible technol-
ogy, is higher than the premium which a monopolist is willing to accept, if the rival
duopolist is investing in a rigid production technology.

This paper is related with both Economic and Business Economics literature by the
following two dimensions. Theoretically, this paper contributes by formalizing the
concept of “production flexibility” using a constant elasticity of substitution (CES)
production function in the theoretic set-up. Numerically, this theoretical specification
in turn allows us to calibrate industry and firm-level production function parameters
and run counterfactual policy experiments using a structural model consistent with
the empirically observed industry framework. In the end, our theoretic model when
using the intended hand-collected firm-level dataset in the Semiconductor Foundry
industry would reflect the true interaction intertwined among production flexibility,
factor allocations and production efficiency in the firm level.

The large Taiwan Semiconductor Manufacturing Company (TSMC) dominates the
market by its premium quality and accumulated production techniques while UMC
stay survived in the market by its production flexibility to keep its cost pegging the
level of TSMC.

The rest of the paper is structured as follows. Section 2 introduces the data and
describes the characteristics of educational networks between venture capitalists and
start-up entrepreneurs. Section 3 discusses the hypotheses to be tested and show
the descriptive statistics of all the used variables. Section 5 presents the empirical

analysis and the main findings. Section 6 concludes.

2 The Methodology

This paper i1s devoted to investigate the causal relationship intertwined among pro-
duction flexibility, productivity and factor allocation. In this end, the past literatures
in both economics and business economics did not specify clearly the formalized
definition of profuction flexibility. This paper; thus, have to suggest a clear and valid

theoretic definition of production flexibility that would facilitate our parameter cli-



bration by applying the firm-level foundry firms data. In the last step we can have
a policy implication on the IT developmental miracles in the Taiwanese foundry in-
dustry.

Thus in the first stage of the research, I would suggest a theoretic framework
methodologically to capture the effects of production flexibility on the productivities
and factor allocation. The concept of “production flexibility” can be best descibed
by using a constant elasticity of substitution (CES) production function in the theo-
retic set-up since this theoretical specification in turn would numerically allow us to
calibrate industry and firm-level production function parameters. The counterfactual
policy experiments using the structural model consistent with the empirically ob-
served industry framework can also be possible to point out the policy implications
accordingly. In the end, our theoretic model when using the intended hand-collected
firm-level dataset in the Semiconductor Foundry industry would reflect the true in-
teraction intertwined among production flexibility, factor allocations and production

efficiency in the firm level.

2.1 Methods: The Theoretic Model

Here in this section, a benchmark theoretic framework without any factor adoption
frictions (labor adjustment cost in terms of the labor hoarding ) is proposed. A gen-
eralized version with the prospective factor adoption frictions will follow later.

To reflect the importance of production flexibility in the output production in semi-
conductor manufacturing industry, we assume that firms within a narrowly-defined
industry produce by using the procured labor and capital in the form of CES aggre-
gator introduced by Solow (1956). Specifically, suppose the production function of a

firm takes the following functional form:
Y = MaxK)? + (1= N(ar L))

Firm decides on /K and L (namely, production factors), and ax and a, (production

techniques).



At first, we study firm’s optimization problem without labor and technique adjust-
ment costs. Then, we will introduce technique adjustment and labor adjustment costs

and study the implications of labor hoarding on optimum technique substitution.

2.2 Cost Minimization

The optimization program is devised to be a 2-stage process. In the first stage the
firm decides on the optimal ' — L (as in the standard neoclassical cost minimization

problem), and then in the second stage the ax — ay, decision is madeﬂ
2.2.1 Factor Allocation: K-L Choice

This is the standard Neo-classical cost minimization problem:

min wL+4+rKkK (1)

b

st. Y =[NagK)” + (1= A)(a L)) 2)

Denote the lagrange multiplier with respect to constraint with ©;. Note that
solving for p; will provide the marginal cost of producing one extra unit of output.

FOCs with respect to K and L are as the following:

K: r=m\K Y (agK)” + (a L)) 7

= K = u{:rﬁ)\ﬁa}?ﬁf 3)
L : W = ,ul(l — )\)aELp_l[(aKK)p + (CLLL)p]l_Tp
= L= uif”wﬁ(l — )\)ﬁa?Y 4)

Putting (3) and (4)) together we can solve for the optimum K/ L ratio:

K SN\ =
S (E) AN 4K _ (5)
L r 1—A ar,

Plugging K and L from (3) and (@) into (2)) gives:

p p =

Y = (L) ATl 4 (3> (1= Nrul”| Y
aK ar,

3The novel feature of this research is that the dual approach is utilized to solve for the optimal production factor adoption and the production
technique is model as the labor augumented (ay,) or the capital augumented production process (a g ).



Solving for p; gives the unit cost of production:

r = 1 w = B o
aK ary,
The total cost of producing Y units:
CY) = c(r,wyak,ar,p)Y
cy) = <L> RPNt <£> Ta-NE| v (7)
aK ar,

Having determined the unit cost of production we can move on to determine the

optimum ax — ay, Choice.

2. Production Technique Choice: ax-a;,

Our next objective is to find the optimum ax and ay that minimize the unit cost of
production derived at (6)):

min c(ryw;ag,ar, p)
aK,ar,

s.t. H(aK,aL) =z,

where 2 is the scale of knowledge, and H (ax, ay) summarize the combinations of
ax — ay, pairs that attain a certain level of z. For now, we don’t assume adjustment
costs in techniques (an adjustment ¢() function will be introduced later on). We will
put adjustment costs later on to see how things change when we deviate from this
benchmark model. We assume that H (ax,ar) = a%a; ®. So the second stage cost

minimization problem can be stated as the following:

min [(L) "~ AT + (ﬂ) . (1— >\)11’J] ()
aK,ar aK ar,

s.t. a%(a}:_a =z 9)

Denote the Lagrange multiplier associated with (9) by 1. FOCs with respect to



ar and ay:

o - e
arg - rﬁkl%ﬂa;ﬁ_l [(L> N + (2) . (1- A)llp] = poaaf tap
(077 ar,
: i = I
__P__ P— p—
a: w1 N [(_> () A>”P] = (1 — )
akK ar,

Putting and together we can solve for the optimum a /ay, ratio:

a_K_£<u>;(1_a>ppl. (12)
a; W A o
Plugging in (5)) solves for the optimum K/ L ratio:
K w « A
L= ri-al-X ()
To solve for the scale of ax and ay, as a function of z, w/r, « and p, we plug
in (9)), and solve:

rni-a /o \1TO(52) 712 0 )
o = 2(3) (1_a> (T) W

1-p

N B 0 R

ax and a, in (6)) provides the unit cost of production in terms of z, w, 7, a and p:

p—1

1 l1-« . alfl r
clw,r;z,a, p) = lro‘wl_o‘ A (1 =N [( a ) + (1 aa) ](16)

z 1l -«

Putting related terms together:

c(w,r;z, o, p) = % ((g) (g)iy ((1 I_Ua> G — 2)2)10‘ (17)

When K and L are perfect complements (p — —oo) unit cost of production

1/rye /[ w \7°
c(w,r; z,a, p) = ~ (—) < > : (18)

o 1l —«

converges to:

9



when K and L are perfect substitutes (p — 1) unit cost of production converges

1 a l-«
c(w,riz,0,0) = - () (&) . (19)

2.3 Optimum Level of Production Flexibility

to:

Studying comparative statistics at marginal cost function (17) provides important

insights:

1. As a standard result, the level of technology z monotonically decreases the
marginal cost of production. So if firms had a choice of technology level z,
they would choose the highest possible one because this would minimize the

unit cost of production and hence maximize profits.

2. Another standard result is related to 7 and w: As the input prices rise the marginal

cost of production rises monotonically.

Just to compare the effects of p on cost of production c in this current specification
(with X shares in CES) against that of from the previous section (without A shares in
CES), we produce the following math step which is comparable to (17)):

5 1p
c(w,r;z,a,p) = lrawlfo‘ (A1 =N a®(1 — oz)lfoj (20)

ya (& / .

e 28

1

The first term inside the square brackets (£21) is greater than 1 whereas the second
term ({25) is smaller than 1. Therefore, with A shares in CES specification we no

longer have the weird limiting case that implies as p — 0, ¢() — 0.

However, one can easily see that the impact of more flexibility on marginal cost of

production depends on A and «. Specifically, if
A1 =7 > (1 — )t (21)

more flexibility is desirable.

10



2.4 Optimum scale of production

Optimum scale of production can be computed for various demand specifications.

For the simplest case of linear demand:
Yd - blP —|_ 627

where Y is quantity demanded and P as the price of output, firm’s optimization

problem is:
Y -0
)~ clwrizapy.
1

The optimum scale of production can be derived as:

max Y(
Y

_ bic(w,ry 2,0, p) + by
B 2

Note that as for case 1 described above: Firm 1, who has 0 < p; < ps compared

Y*

to another Firm 2, operates at a larger scale of production due to its cost advantage
associated in being closer to the unit elasticity of input substitution. For case 2 the

opposite result is true.

We can derive clear results for the case of monopolistic competition, Cournot and

Bertrand as well.

The results so far show that:

1. Production flexibility is important for the cost of production and hence explain-

ing price, scale differences across firms.

2. The effects of flexibility on firm performance is not trivial. It all depends how

firms’ production flexibility compares to unit-elastic production function.

2.5 Generalized Model with Technique and Labor Adjustment Costs

Suppose firms face (linear) labor adjustment costs when they deviate from a pre-set

L level. We treat L as exogenously given for the moment. Later when we will do the

11



dynamic analysis, L will be the level of capital utilized in the previous period. So,

firm’s cost minimization problem now looks as the following:

min ~ wL +rK +n|L — L]
KL

st. Y =[NMagK)” + (1= A\ (agL)’]s

(22)

(23)

Denote the lagrange multiplier with respect to constraint (23| with 1. Note that

solving for p; will again provides us the unit cost of producing one extra unit of

output. FOCs with respect to K and L are as the following:

P

K: r= ,uMa%Kp_l[(CLKK)’O + (@LL)'O]%
= K= ﬂﬁrﬁkﬁaﬁi/

L: wtn=m— Ny L [(axK)" + (arL)"] 7
S L= p w1 -\ a7y

Putting and together we can solve for the optimum K/ L ratio:

p

K_ w+77 ﬁ A 1%/’ arK 1-p
L_ r 1—A ar, '

Plugging K and L from and into gives:

r = 1 = w + s a1 &= ’
= () () 0] v
aK ar
Solving for y; gives the unit cost of production:
p—1
T T 1 w + = N
i = c(r,w;ax,ar, p) = [(—) AT+ < 77) (1- A)11”]
aK ar
The total cost of producing Y units:
ClY) = clr,w;ax,ar, p)Y
oY) = [<L> =t <w+")p 1-N=| v
aK ar,

(24)

(25)

(26)

(27)

(28)

Having determined the unit cost of production we can move on to determine the

optimum ax — ay, Choice.
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ag — ar, Choice with Technique and Labor Adjustment Costs

As we did at section 2-4, we will proceed with factor adoption frictions in terms of
technique adjustment and the labor adjustment costs. Our objective is to find the
optimum ax and aj, that minimize the marginal cost of production with technique

and labor adjustment costs:

min C(nar7w;aK7aLap) + ¢(CLK,aL>C(77,T',’U);CLK,CLL,,0) (29)
aK,ar
st. H(ag,ar) = z, (30)

Denote the Lagrange multiplier associated with the hyperbola by 2. FOCs with
respect to ax and ay, are:

p=1_4
P

p 1o i Py 1
ak : (14 ¢r)(r)P—TAT=Pa, 7" |:<—T >p AT (L+n> ot (1- )\)1—/’} = poaaf tap (31
aK ar

P =
P
:| =p2(l — a)agar”

P 1oL L s 1
ar : (14 ¢)(w+n)P=T(1—X)T=pa, P {(L> PTEAT 4 (m) P N)Te
aK ar

(32)

Putting 1' and lb together we can solve for the optimum a / ay, ratio:

ax _ v (1A>;<1a>%1<1+¢ayf. o)
ar, W+ A o 1+ ¢r
Plugging in solves for the optimum K /L ratio:
K w+n o X 1+0¢

— : 34
L r l—al—A1l+ ox 4
I define again:
1
_ + oL (35)
14 ok

To solve for the scale of ax and ay, as a function of z, w/r, « and p, we plug

in and use (33):

o g NG el
_ N (17(1)< p’)
. Z<w+n> (1_&> ( . ) P ,(36)

o= () () () e @
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Unit cost of production is then provided by:

o(®,n) = %T“(w ) A =N !( o )1_a + (1 — O‘>a](3p8)

]l -«

Putting related terms together:

(HO)) (=67 v

co(®,n) =

N | =

N | =

Remarks.

Labor Adjustment Costs, Technique Adjustment Costs and Flexibility.

1. The unit cost of production with labor and technique adjustment costs is ¢(®, n).

2. The only term that contains the labor-adjustment cost parameter at ¢(®, n) func-
tion from (39) is the first term in brackets. 1 creates a wedge above the neoclassi-
cal unit cost of production (¢ from equation . 1 has a monotone distortionary

effect. The higher 7) the larger is the distortion.

3. As we can see from ¢(®, 1) the only term that contains 7 does not directly inter-

act with the flexibility parameter p.

= This means unlike what we have seen in the previous section with technique
adjustment costs (¢(®)), a change in flexibility p does not dampen the distor-

tionary effects of labor-adjustment costs on unit cost of production (relative to

).

* Result. Flexibility dampens the distortionary effects of adjustment costs
only when adjustment friction is related to techniques. When adjustment

friction is only related to labor (or capital), which means o and a; can be

14

(OO (EDED) Gt




freely adjusted, then flexibility does not have an influence on relative wedges

created above the unit cost of production.

The figure 1 below draws the unit cost function ¢(®, ) as a function of ¢ and
shows an increase in 7) shifts the unit cost function. The figure 2 draws 1 and ¢ com-
binations that keep the unit cost constant (iso-cost): Ability to substitute techniques

vs. ability to adjust labor.
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1

Figure 1. The Effect of a rise in 7 0n unit cost of production

¢ (P;1)

¢, (P;1)

1

Figure 2. Isocost Functions with ¢, (®;7)>c, (®;7)

16



3 Data and Results

3.1 Data

We compute the average « and average p for two Taiwanese foundry firms (UMC
and TSMC), by assuming A\ = % (Later we will test the robustness of the numeri-
cal results when variating\ € [0.45,0.55]). We use the Taiwanese borrowing rate
announced by the Bank of Taiwan as our interst rate in the computation. There we
can compute the average » = 4.29% (assuming including the depreciation) as well
as have all the quarterly data (for 2000Q1-2013Q2) of Y, K, L, ¢, and w

3.2 Calibration in the Benchmarked Model

At calibrating the model parameters we will exploit the following equations:

K _ v« A (40)
L rl—al—A\

aK L(l)\);(loz)ppl @)

ar, w A o

Y = MagK)” + (1= N (arL)") (42)
z = a%ai‘o‘ (43)

—_

N

1 1\ l—«
A 1— A\
wrmen - OO () (2)7) " w

Since we know K, L, w, r, ¢, and Y we can follow the following algorithm:

Step 1: Using sector-level data from the Taiwanese foundry industry we will
have a “guess” for A by probably adopting the industrial average output share of

labor: This will provide us 5 equations with 5 unknowns.

4Y is derived from the quarterly net sales data of each of foundry firm. K is the quarterly stock of fixed capital net of depreciation. L is derived
by using the annual data of hired employees. We also have the ship-out quantities of the wafers which are recomputed into the 8 inch equivalent
wafers and then we divide the netsales by the 8 inch ship-out quantities to get the unit price. The unit cost is derived by the multilication of the unit
price and the operating cost percentage which can be computed by subtracting the operating margins from one. Finally the wage can be computed
by dividing the total labor compensation by the hired employee numbers.

SThe K, Y, ¢, w data are backed out from the quarterly media annoucement of the operational financial information of the foundry firms. The
employee numbers L is retrieved from the annual finacial reports in the covered data time.

17



Step 2: Using equation 40 back-out .
Step 3: Using equation 41 write ‘;—’L((p)

Step 4: Draw out the labor input L and a; from the CRS production function
(42). Then, put ¥ (p) into (42). Now, we know ar(p).

Step 5: Put ar(p) and ¢ (p) into 43 and derive z(p).
Step 6: Put z(p) in 44, and solve for p.

Step 7: Solve for all model parameters, and derive the firm-level TFP from 42.
(Note: Sectoral parameters p and o will be common to all firms, therefore knowl-
edge z will derive idiosyncratic TFP differences across the Taiwanese foundry

producers in step 7.)

Step 8: Provide a test for the model by comparing the z we derived from the

model against the z from the patent count data.

Since p is in the exponent the system will be highly non-linear.
Since p is in the exponent the system will be highly non-linear.

Using equation (60) we back out a;,i € {UMC, TSMC'} as explained above:
The average firm-level «v;, i € {UMC, TSMC'} specifically can be computed by

Ki w; o A .

The benchmark case is A = %

|

QyMC — 0.6081
aATSMC — 0.6184

For A = %, the equation (69) reduces to:

szz (1 — Q4

87

ciY;

) sl — a7 € {UMC, TSMC} (45)

18



Now using the following average data observations we back-out the flexibility

Y
(C—> — 6.28
wL ) yye

Y
(C—> — 6.70
wL ) rsue

CUMC — 31157

CrSMC — 28121

parameter for each firm:

The equation (70) can be further simplified to

logla; (1 — ;)]
Pi = oY o
log ﬁ + o log(—lai L)

i e {UMC,TSMC} (46)

Plugging the associated data into equation (71) yields the firm-level elasticity of sub-

stitution p as follows:

PUNC = 0.9131
PTSNC = 0.9000

We thus proceed the computation of the firm-level knowledge z; based on the
equation (67) and the firm-level 7' F'P; based on the definitions of the neoclassical

total factor productivities (TFP) as follows:

TFP, = Yi _ i e {UMC,TSMC} (47)
A" + (1= (L))

The firm-level z; and T'F'P; is computed and reported in the following section.

3.3 Summary Statistics
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1. Revenue (P*Y, in ,000 SNT)

== UMC

180000000
160000000
140000000
120000000
100000000

80000000 -
60000000
40000000

==TSMC

20000000

L 1/€/€T0¢
- 1/6/T10C
| 1/€/T10¢
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- 1/6/600¢
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- 1/6/L£00T
| 1/€/L00T
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0

2. Production (Y, in ,000 unit of wafers)
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o
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3. Fixed Capital (K):

=——UMC

=li=TSMC
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L 1/6/110C
L T/€/1102
- 1/6/0102
- 1/€/0T0¢
- 1/6/600¢
- 1/€/600¢
- 1/6/8002
| 1/€/800C
- 1/6/L00T
L 1/€/L00T
- 1/6/900¢
L 1/€/900¢
- 1/6/500C
T/€/5002

800000000
700000000
600000000
500000000
400000000
300000000
200000000
100000000

o

4. Price (P): (in SUSD)
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o
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5. Unit cost (c):

== UMC
==TSMC
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6. wage (w, hourly wage rate in ,000 SNTD)
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3.4 Calibration Results

We utilize firm-level data on unit costs, prices and capital and labor allocation,
1 : ; :
assume A = o and calibrate production parameters for two Taiwanese foundry

producers (UMC and TSMC) as follows:

Firm a P Average-Z | Average-TFP
uUMcC 0.6081 (.9131 0.0917 0.012
TSMC 0.6184 0.9000 0.1199 0.017
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1.2

=7 UMC

=7 TSMC
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o
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4 Conclusion

Collecting and supplementing data on Taiwanese Foundry Industry and modelling
the foundry business competition with a CES framework, We found that the giant
TSMC has dominated the market by its reputed quality and accumulated techniques
while UMS remains surviving in the market by its flexibility. We also discuss the
relation between Labor Adjustment Costs, Technique Adjustment Costs and Flexi-
bility. Flexibility dampens the distortionary effects of adjustment costs only when
adjustment friction is related to techniques. When adjustment friction is only related
to labor (or capital), which means ax and aj, can be freely adjusted, then flexibility
does not have an influence on relative wedges created above the unit cost of produc-

tion.
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