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Abstract

While the Helpman-Trajtenberg model is successful in explaining the macroeconomic

cycle generated by GPT in the context of a closed economy, open-economy implications

regarding GPT have received scant attention. We seek to fill such void in the previous

literature by developing a dynamic North-South trade model with GPT. Our major findings are:

1) the introduction of GPT causes a product cycle from the North to the South followed by a

reverse product cycle from the South to the North; 2) the presence of trading partner can

cushion the macroeconomic shock experienced by the North.
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I. Introduction

The productivity slowdown of the past quarter-century accompanied with the computeriza-

tion in the U.S. has directed the attention of economists toward general purpose technology

(GPT, henceforth) . GPT refers to a certain type of drastic innovation characterized by

pervasiveness in use, innovational complementarities, and inherent potential for technical

improvement. The clearest examples of GPTs which meet this definition are electricity and
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computer as well as the transistor. The central theme underlying the literature is that an

introduction of GPT does not boost aggregate productivity immediately but may instead cause

productivity slowdown at early stage (Helpman, 1998; Helpman and Trajtenberg, 1998;

Jovanovic and Rosseau, 2005; Carlaw and Lipsey, 2006).

In “a time to sow and a time to reap” hypothesis, Helpman and Trajtenberg (1998) argue

that when a new GPT arrives in the economy, it cannot be used right off the shelf, and a new

set of ʻcompatible componentsʼ (e.g., software packages, integrated circuits for personal

computer) need to be developed. More specifically, “time to sow” refers to the period where a

certain amount of resources in the economy shifts to the R&D sector to develop a new set of

compatible components, and such relocation of resources causes the production of final goods

to shrink. Meanwhile, due to economies of scale at the national level, aggregate productivity

plummets as the scale of final goods production dwarfs. However, productivity would soon

bounce back and increase further during “time to reap” where the amount of R&D surpasses

the required level, and the production of final goods expands as the more productive new GPT

can finally be used in production.

Yet, previous literature, by confining its attention only to the closed economy, has not

addressed many important questions regarding the role of openness in the dynamics created by

GPT. For example, what is the implication of having trading partners on “a time to sow and a

time to reap” hypothesis? Specifically, does international trade amplify or soften the

macroeconomic cycle generated by an introduction of GPT? And, what is the impact of GPT

on the trade pattern? We believe that these questions are particularly important for countries

which have strong connections to the rest of the world through international trade.

Our research attempts to fill such void in the previous literature through incorporating the

features of Ricardian international trade model into the Helpman-Trajtenberg model. To the best

of our knowledge, this is the first study that examines the open-economy implications of GPT:

the impact of GPT not only on the pattern of specialization (e.g., GPT-generated product cycle)

but also on the nature of macroeconomic cycle. Two major findings in this paper are: 1) an

introduction of GPT causes a product cycle from the North to the South during “time to sow”

but a reverse product cycle from the South to the North during “time to reap”; 2) the presence

of the South can cushion the macroeconomic shock to the North engendered by GPT.

This paper is organized as follows. In Section II, we develop a North-South trade model

with GPTs drawing on the Ricardian model with a continuum of goods and the Helpman-

Trajtenberg model. In Section III, we describe the transitional dynamics of the pattern of

international trade and the number of intermediate goods, as caused by the introduction of a

new GPT. We study the dynamics of real GDP of the North during the transitional dynamics in

Section IV. The last section provides the conclusion.

II. The Basic Model

Consider the world economy composed of two regions, North and South. Each region is

endowed with labor, LN and LS, respectively, which is the only production factor in the model.

Households in both regions consume a continuum of final goods, Y( j)s indexed by the variable

j over the interval [0, 1] on the real line, and they share identical homothetic preferences:
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where r is the subjective discount rate and C( j, t) is the consumption of final good Y( j) at

time t. With such logarithmically additive preferences, each household spends an equal and

constant share of income on each final good Y( j).

Each final good Y( j) is produced with the aid of a currently prevailing GPT, labor, and a

variety of intermediate goods which are compatible with the GPT in use. The technology to

produce good Y( j) is described by the following production function:

Y ( j)=l�@
n

0
x (h)bdh�

a

b

�
L( j)

a i( j) �
1-a

l>1, 0<a<1, 0<b<1 i=N, S

(2)

where l is the productivity level of the current GPT, n is the number of intermediate goods, x

(h) is the input of intermediate good h, 1/(1-b) is the elasticity of substitution between any two

intermediate goods, a is the share of capital (i.e., intermediate goods), L( j) is the labor input in

production of Y ( j), and 1/ ai ( j) is the productivity of labor in producing final good Y( j) in

region i. We assume that there exist n0 intermediate goods which are compatible with the

current GPT.

It is worthwhile to mention some important properties of the production function. First, the

productivity of a given stock of resources increases in the number of available intermediate

goods. Second, unlike the previous literature, we sever the link between the share of

intermediate goods (a) and the elasticity of substitution between any two intermediate goods

1/(1-b).1 Third, we assume that the productivity of the current GPT, l, is common to all final

goods in both regions for simplicity.
2

Finally, and most importantly, for each final good Y( j),

the productivity of labor, 1/ai( j), is the unique source of technological difference between the

North and the South.

We denote the relative labor productivity between the North and the South for final good

Y( j) by A( j)6aS( j)/aN( j). We index the final goods such that A( j) is decreasing in j, and we

further assume that A( j) is continuous and differentiable (i.e., A'( j) < 0) as in typical Ricardian

trade model with a continuum of goods (e.g., Dornbusch et al., 1977). This suggests that the

North (South) has a comparative advantage in final goods with lower (higher) index j, and more

specifically, there exists a threshold z such that final goods j�[0, z] (j�[z, 1] ) are produced in

the North (South). We assume that final goods are traded costlessly across regions.

R&D technology to develop intermediate goods is given by:
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dn=
l

k i
dt i=N, S (3)

where l is the amount of labor devoted to the development of new intermediate good for a time

interval of length dt, and kN (kS) is the unit labor requirement for the Northern (Southern)

entrepreneurs to develop one new blueprint of intermediate good. With this specification of

R&D technology, the number of newly developed intermediate goods does not jump in a

discrete fashion but increases continuously.

We assume that the North has a comparative advantage in developing new intermediate

goods when a new GPT arrives. Specifically, we assume that kN
< kS and

kS

kN >A (0) . The

second assumption suggests that the North specializes in all profitable R&D activities to

develop intermediate goods. We assume that the Northern entrepreneurs hold patents for the

intermediate goods or can keep the blueprint of intermediate goods in secret. Thus, the North

specializes in production of intermediate goods as well. Intermediate goods are assumed to be

costlessly exported from the North to the South. Figure 1 summarizes the trade structure

between the North and the South.

Intermediate goods are produced under monopolistic competition. Each intermediate good

is produced with the identical constant-returns-to-scale technology, and the unit labor

requirement is assumed to be one. From the production function of final good Y( j) in (2), we

can derive the demand function for each intermediate good, and can find that the Northern

firms producing intermediate goods practice the following markup pricing:

px (h)=
wN

b
(4)

where px (h) denotes the price of intermediate good h. Each Northern firm producing an

intermediate good receives a profit which is given by p (h)=(1,b)px (h)x (h).
3
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The value of a blueprint at time t equals the present value of profits,

n (t)=@
�

t
e-R (t, t) p (t)dt,

where R (t, t)=@
t

t
r (i)di is the cumulative interest rate. And free entry in the R&D sector

generates the following equilibrium condition:

nCkNwN with equality whenever n>0. (5)

Also, the arbitrage between stocks and riskless bond in the capital market will dictate the

following no-arbitrage condition:

n
•

n
+

p

n
=r, (6)

where r is the interest rate on the riskless bond.

Next, we use the production function of final good Y( j) in (2) and the price of

intermediate goods in (4) to derive the unit cost function of final good Y( j):

c( j)=K
[ai( j)wi]1-a(wN )a

ln0

a(1-b)

b

i=N, S (7)

where K is a constant and n0 denotes the number of x(h) ʼs available. The unit cost function

suggests that the unit cost of final good Y( j) is lower when the productivity level of the GPT in

use, l, is higher, the number of components available, n0, is higher, productivity of labor,

1/ai( j), is higher, and finally, wage rates in both regions are lower. We assume that the final

good Y( j) is produced in the perfectly competitive market in both regions, and this assumption

suggests that the price of final good is equal to its unit cost, p( j) = c( j) where p( j) denotes the

price of the final good Y( j). Without loss of generality, we normalize the prices p( j)s such that

@
1

0
p ( j)Y ( j)dj=1.

4

Now we turn to the labor market equilibrium in both regions. In the North, there are three

sources of demand for labor: the manufacturing of both intermediate and final goods and the

development of blueprints. In contrast, labor in the South is employeed only for the

manufacturing of the final goods. Thus, the labor market equilibrium condition in each region is

given by:

@
z

0
L ( j)dj+n0x+kNn

•
0=LN, (8)
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@
1

z
L ( j)dj=LS (9)

Before we study the impact of arrival of a new GPT in the economy, it is useful to describe the

steady state equilibrium of our basic model. In our basic model, the process of R&D runs into

diminishing returns, and thus, the incentive to develop additional blueprint vanishes at the

steady state. Since no R&D is being undertaken at the steady state (n
•
0=0), the identical static

equilibrium is repeated every moment of time once the economy reaches the steady state.

In describing the steady state, we focus on the determination of relative wage,
wN

wS , and

threshold z which reflects the pattern of trade. According to the unit cost function in (7), the

“border-line” final good, Y(z), which can be produced in either region, satisfies the condition,

aN(z)wN
=aS(z)wS, and we rewrite this condition as:

A(z)=
aS(z)

aN(z)
=
wN

wS (10)

which describes the negative relationship between
wN

wS and z.

To pin down the level of both
wN

wS and z, we need to harness the labor market equilibrium

conditions, (8)-(9). First, using the fact that the share of intermediate goods in the production of

final good is a, we find that:

pxn0x=a "j.
5

(11)

Similarly, since the share of labor is 1-a in the production of final good, we find that:

wiLi( j)=1,a. i=N,S (12)

Using (4), (11) and (12), we rewrite the labor market equilibrium conditions (8)-(9) as:

z(1,a)

wN +
ab

wN=LN, (13)

(1,z)(1,a)

wS =LS. (14)

Now, using these two equations (13)-(14), we derive another relationship between
wN

wS and z,
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denoted by B(z):

B(z)=
wN

wS=

z+
ab

1,a

1,z
・
LS

LN .
6

(15)

By combining A(z) and B(z), we obtain the steady state values of
wN

wS and z.

III. Introduction of a New GPT

In this section, we analyze the transitional dynamics engendered by the introduction of a

new GPT. For both simplicity and tractability, we consider a one-time exogenous introduction

of a GPT. The new GPT is more productive than the old GPT but we assume that it cannot be

used immediately unless a new set of compatible intermediate goods are developed. The

production function for the final good Y( j) with the new GPT is given by:

Y( j)=l2�@
n

0
y(h)bdh�

a

b

�
L( j)

ai( j) �
1-a

i=N, S (16)

where l2 is the productivity level of the new GPT and y (h) denotes the intermediate good

which is compatible with the new GPT. We assume that the unit labor requirement for y(h) is

one.

Using (16), we find the unit cost function with the new GPT as:

c( j)=K
[ai( j)wi]1-a(wN)a

l2n1

a(1-b)

b

. i=N, S (17)

where n1 denotes the number of y(h)ʼs available. By comparing the unit cost functions with the

old and the new GPT, (7) and (17), we obtain the following switching condition:

n1>
n0

l
b

a(1-b)

. (18)

As assumed in Helpman and Trajtenberg (1998), R&D to develop intermediate goods

compatible with the new GPT cannot precede the introduction of the new GPT. Thus, the

number of new intermediate goods starts to increase only after the introduction of the new
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Equation (15) has an extra term,
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GPT, and it takes a certain amount of time for the switch to the new GPT to occur. Until then,

the old GPT and its compatible intermediate goods are used in producing the final good. In the

following section, we analyze the transitional dynamics caused by the arrival of the new GPT

in two separate phases: a) the time period from the arrival of the new GPT to the adoption of

the new GPT; b) the time period from the adoption of the new GPT to the new steady state.

1. Phase 1

We assume that the GPT is introduced at time t0, and we let b denote the length of time

which is required to develop a sufficient number of intermediate goods for the switch to occur.

We focus on the transitional dynamics of the number of new intermediate goods, n, and the

pattern of geographic specialization, z. First, we use the labor market equilibrium condition in

the North, (13), to derive the equation of motion for n:

kN n
•
+
z(1,a)

wN +
ab

wN=LN for t�[t0,t0+b). (19)

Note that kN n
•
, which is the newly created labor demand from the R&D sector, is the new term

introduced during Phase 1. Moreover, using the free entry condition (5), the no arbitrage

condition (6), and the normalization assumption, @
1

0
p ( j)Y ( j)=1, we derive the equation of

motion for wN:

w
• N

wN=r for t�[t0,t0+b).
7

(20)

Next, we use equations, (10) and (14) to substitute z for wN in both (19) and (20). Then, we

obtain the following system of differential equations with n and z:

z
•

z
=,

r

z

1,z
+e

for t�[t0,t0+b), (21)

n
•
=

1

kN rL
N
,

z(1,a)+ab

(1,a)(1,z)A(z)
LS� for t�[t0,t0+b) (22)

where e=,
A'(z)z

A
is the elasticity of the A( j) curve evaluated at z.

There exist many different trajectories of n and z which are consistent with this system of

differential equations. However, our analysis focuses only on the trajectory that converges to

the steady state along the saddle path. We find that z keeps decreasing along the saddle path

during Phase 1, which implies that there is a product cycle from the North to the South. We
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also find that n is continuously rising along the saddle path during Phase 1. Economic intuition

behind this is that as a new GPT is introduced, R&D activity in the North creates a new labor

demand and bids up the wage rate in the North, which also increases the relative wage,
wN

wS .
8

As a result of the increase in the relative wage, a certain range of final goods producers in the

North lose competitiveness to the South.

2. Phase 2

The new GPT becomes profitable as a sufficient number of intermediate goods which are

compatible with it are developed. Then, the economy enters Phase 2. Intermediate goods

producers in the North cease to produce old intermediate goods and start to produce new ones.

Innovators in the North make profits as new intermediate goods are in demand. However, R&D

to develop new intermediate goods ultimately comes to a halt because of diminishing returns in

the R&D technology. We let t1 signify the point in time at which R&D stops. Since innovators

make profits during Phase 2, the equation of motion for z becomes:

z
•

z
=

1

z

1,z
+e
� a (1,b)LS

(1,a)kN(1,z)A(z)n
,r� for t�[t0+b,t1]. (23)

The equation of motion for n is the same as the one in Phase 1, as shown in equation (17).

Now, we proceed to explain the behaviors of n and z in the whole process of transitional

dynamics (i.e., both Phase 1 and 2) using the phase diagram depicted in Figure 2. At the

beginning of Phase 1, the economy is at point E0 (z=ẑ and n=0), the original steady state. As

the transitional dynamics begin, it moves along the saddle path which is represented by the

thick arrowed line, and finally reaches E1 (z=ẑ and n=n̂), the new steady state at the end of

Phase 2.
9

Our explanation begins with characterizing the new steady state and the movement

along the saddle path and back to the initial starting point of Phase 1.

The economy is at the new steady state at point E1 where the n
•
=0 line and the z

•
=0 line

intersect, and there exists a unique (upward sloping) saddle path which reaches this steady state

in Phase 2. As the economy moves along this saddle path during Phase 2, both n and z

increase. In this phase, the labor demand from R&D sector starts to decrease due to diminishing

returns in R&D technology. Thus, R&D sector releases more labor to the final goods sector,

which pushes down the relative wage,
wN

wS . Meanwhile, the North regains competitiveness in the

final goods sector which once migrated to the South during Phase 1. This suggests that there
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A(z)=
aN(z)

aS(z)
=

wN

wS . According to this equation, the relative wage between the North and the South keeps increasing

during Phase 1.
9 Since the steady state value of z does not depend on the productivity of the GPT in our model, it is the same as ẑ

in both the old and the new steady states.



exists a reverse product cycle from the South to the North.

The switch from Phase 1 to Phase 2 occurs when n equals ñ1=
n0

l
b

a(1-b)

. There exists a

unique (downward sloping) saddle path which hits the saddle path of Phase 2 when ñ1 =

n0

l
b

a(1-b)

. If we trace backwards along this path, we find a downward jump from ẑ to z0 at the

beginning of Phase 1.

IV. Real GDP Growth

Our model illustrates that the introduction of a new GPT engenders a product cycle from

the North to the South in Phase 1 which is followed by a reverse product cycle from the South

to the North in Phase 2. These findings may render one to expect that such temporary

relocation of final goods industries to the South in Phase 1 is detrimental to the North. To have

a proper evaluation of the impact of the introduction of the new GPT on the North, we study

the behavior of real GDP in the North during the transitional dynamics.
10

In the North, nominal GDP consists of wages and profits. From (4), (11), and (12), we

find that nominal GDP in the North is z(1,a)+(1,b)a which depends only on z. Thus, if we

only consider nominal GDP, we see that it decreases in Phase 1 and increases in Phase 2.

Since we are interested in the dynamics of real GDP, we need to construct a price index of

final goods. We do this by solving the expenditure minimization problem where the price index

is given by:

P=exp�@
1

0
logp( j)dj�.11
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Using the unit cost function for final good, (7), we derive the price index during Phase 1 as:

P=exp [logwN
,(1,a){(1,z) logA(z),r@

z

0
logaN( j)dj+@

1

z
logaS( j)dj�}

,
a(1,b)

b
logn,logl+`] (24)

where ` is a constant.
12

The impact of wN, l, and n on P is clear: the price index is increasing

in wN, and decreasing in l and n. However, since both (1,z)logA(z) and @
z

0
logaN( j)dj+@

1

z

logaS( j)dj increase as z decreases, the net effect of z on P is ambiguous.

Considering that z plays a key role in transitional dynamics, such ambiguous behavior of

the price index with respect to z suggests that our model may not necessarily generate a time to

sow where real GDP falls followed by a time to reap where real GDP rises in the North as in

Helpman and Trajtenberg (1998). The intuition is as follows. In our open economy version of

GPT model, if R&D ever becomes profitable, the North can specialize more in R&D and less

in final goods while letting the South specialize more in final goods. With such specialization,

Northern consumers can consume newly imported low-priced final goods manufactured in the

South. Furthermore, Northern intermediate good producers can export intermediate goods to the

South with better terms of trade. These are two clear reasons why real GDP of North may not

necessarily fall in Phase 1.

Yet, such advantage of specialization during the transitional dynamics can occur only

when the share of final goods sector (i.e., 1-a) is large enough. In fact, we can show that our

model generates the same conclusion as the Helpman-Trajtenberg model when a is close to 1

(i.e., the share of labor in manufacturing final good is negligible) . By focusing on the case

where a is close to 1, we can ignore the ambiguous effect of z on P, and thus we only need to

consider the impact of wN, l, and n on P. Since l and n stay constant during Phase 1, and we

know that wN keeps increasing in the North from equation (20), the price index keeps

increasing during Phase 1. Considering that nominal GDP of the North keeps decreasing during

Phase 1, we conclude that real GDP of the North falls during Phase 1.

In the beginning of Phase 2 when the switch to the new GPT occurs, while l jumps to l2,

we find that the price index is ʻcontinuousʼ at the switching point from the switching condition

of (18). During Phase 2, since wN keeps falling and n keeps rising, the price index falls. Thus,

we conclude that real GDP of the North rises in Phase 2. Intuitively, when a is large enough,

the presence of the South that can provide only cheap labor, does not become a great help for

the North to alleviate its macroeconomic shock.

V. Conclusion

By incorporating the Ricardian model with a continuum of goods into the Helpman and

Trajtenberg GPT model, we developed an open economy growth model with GPTs. The
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prediction of our model can be summarized as follows. With the introduction of a new GPT,

resources in the North move to the R&D sector to develop intermediate goods compatible with

the new GPT. Due to resource competition in the North, Northern wages increase, and because

of this domestic wage hike, Northern firms in certain final goods sectors lose competitiveness

to the South. However, the boom in the South turns out to be temporary as the North regains

competitiveness in these industries when the required R&D process comes to an end. We

further showed that the presence of trading partner can be helpful to the North in alleviating the

macroeconomic shock caused by the new GPT.

This paper is not without limits. First, the set of final goods normally changes after the

introduction of new GPT (for example, electronic vacuum cleaner did not exist before the

introduction of electricity) . Therefore, it would be interesting to elaborate on the nature of

product cycle generated by GPT when the set of final goods changes. Second, by considering

the North-South trade model, this paper studies the role of ʻbilateralʼ trade only in final goods.

Future research may consider the North-North trade model with GPT through which we can

study the role of bilateral trade in both intermediate and final goods when both regions actively

engage in R&D.

REFERENCES

Barro, R. J. and X. Sala-i-Martin (1995), Economic Growth, McGrow-Hill.

Carlaw, K. I. and R. G. Lipsey (2006), GPT-Driven, Endogenous Growth, Economic Journal

116: 155-174.

Dornbusch, R., S. Fischer, and P. Samuelson (1977), Comparative Advantage, Trade, and

Payments in a Ricardian Model with a Continuum of Goods, American Economic Review

67: 823-839.

Grossman, G. M. and E. Helpman (1991), Innovation and Growth in the Global Economy, MIT

Press, Cambridge, MA.

Helpman, E., editor (1998), General Purpose Technologies and Economic Growth, MIT Press,

Cambridge, MA.

Helpman, E., and M. Trajtenberg (1998), A Time to Sow and a Time to Reap: Growth Based

on General Purpose Technologies, In General Purpose Technologies and Economic

Growth, eds., E. Helpman, MIT Press, Cambridge, MA.

Jovanovic, B. and P. Rousseau (2005), General Purpose Technologies, In Handbook of

Economic Growth, Volume 1B, eds., P. Aghion and S. N. Durlauf, Elsevier B.V., North

Holland.

Obstfeld, M. and K. Rogoff (1996), Foundations of International Macroeconomics, MIT Press,

Cambridge, MA.

Romer, P. (1990), Endogenous Technological Change, Journal of Political Economy 98: S71-

102.

HITOTSUBASHI JOURNAL OF ECONOMICS [December204



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


