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Abstract: In the modern economics, one has to choose financial strategies for investment and expenditure to optimize the expected utility over
the subsequent lifetimes. In this article, the Lagrange multiplier method was used to derive a mathematical formulation to work out an optimal
solution for a 4-period overlapping generation model with autonomous consumption to maximize a lifetime utility for households subject to
age-specific inter-temporal budget constraints. Also, the Cramer’s rule is used in finding the critical point where utility is maximized. Further
test for sufficient conditions has been carried out using the Hessian determinants to check if there is a local maximum in the critical point C,
where the utility is maximized. The inter-temporal marginal rate of substitution was implored to show the future growth path of utility
maximization, and analytical argument was used to support such finding.
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1. Introduction

The procedure of Lagrange multipliers (LMs) is a very useful
method used in the determination of Cramer’s rule solution and
Hessian through the use of determinants under calculus. Islam
examined a situation of an individual maximizing utility in two
products subject to a budget constraint and considered the behavior
of an individual end user, furnishing preference relations Islam
(1997). Moolio (2002) extended the work of Islam (1997) to n
products and used the method of calculus to obtain the requisite and
adequate conditions, as well as taking into account Cobb—Douglas
production function of two variables (capital and labor) and using
the tool of LM method. He studied the behavior of a competitive
firm by considering a cost minimization subject to an output
constraint, see also, Moolio & Islam (2008) and Moolio et al.
(2009). Typically considering an overlapping generation model is
one of the models of economic growth that specifically analyzes the
behavior of household, that is, on the behaviors and decision made
by individuals and households regarding utility maximization (UM).
The model was first proposed by Samuelson (1958); he introduced a
micro founded model with heterogeneous agents. It manifests in two
coexisting generations at each point in time: firstly, the agents are
heterogeneous in terms of age, that is, young and old. This means
that they have differences in terms of economic decision making. In
addition, individuals have finite lifetime after which they die. This is

*Corresponding author: Umar Muhammad Modibbo, Department of Statistics
and Operations Research, Modibbo Adama University, Nigeria. Email:
umarmodibbo@mautech.edu.ng

a reality in most cases of individual life time. An alternative to this
proposition was presented by Diamond (1965) and Blanchard
(1985). Their procedure has been celebrated, since it allows for more
than two periods within a life cycle and leads to simple analysis.

Therefore, infinitely lived agent models have become very
important in economics because they can easily trace the decision
an agent makes, if he wants to live forever or if he wants to live
for few years. Overlapping generation model is good in answering
questions that relate to policies, which affects different age
cohorts as to what decision an individual or household make to
maximize their utility. The model that will be presented here
carries out the analysis in a discrete time, that is, we considered
periods, #, t + 1, t 4 2, etc. Overlapping generation model has been
developed to account for complex economic interactions involving
more than one generation. Economic models that incorporate demo-
graphic transition have the potential to enhance predictions of actual
models. The framework presented by Diamond (1965) and Auerbach &
Kotlikoff (1987) has popularized overlapping generation models, due to
their ability to make predictions about important variables such as rate
of returns on assets and outcomes of pension restructuring. The basic
mechanism of overlapping generation model is driven by the life
choices of representative individuals regarding education, labor supply,
savings, consumption, and retirement. Such a setup permits the model
to project the accumulation and transfer of wealth over time and across
generations. More complex models involving multiple generations
of individuals with heterogeneous life choice preferences can
potentially reproduce large movements in assets prices and interest rate
Huffman (1987).
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The concept of UM has been widely studied and applied in many
facets of human existence; Aleskerov et al. (2007) have written a
comprehensive book on the subject matter incorporating choice and
preferences. Hu et al. (2005) considered the UM in incomplete
markets taking small traders problems in the financial markets. The
study separated exponential utility from the power and logarithmic
cases. Palomar & Chiang (2006) presented a tutorial on the
decomposition methods for the network UM. Hermstein et al.
(1993) studied internalities present in individual choice and
incorporated the UM with milioration. The UM has been used in
task scheduling Huang et al. (2021), in a multi-server system
Karakoc et al. (2022), in data scheduling based on drone-assisted
vehicular networks Fan et al. (2021), in wireless sensor network
Chen et al. (2021), in intelligent computing Baktayan & Al-Balta
(2021), and in online network analysis and cloud data centers for
evolutionary multi-objective join customer services. Cao et al.
(2022); Goudarzi et al. (2021). Ghasemi et al. (2022) showed that a
humanitarian relief logistic network model can be used to locate
shelters and distribution centers, determine routes, and allocate
resources in uncertain and real-life disaster situations. The findings
are that the Non-Dominated Sorting Genetic Algorithm (NSGA-II)
is efficient and reliable for small and medium scale problems, with
a maximum mean error of 0.63%. Khanchehzarrin et al. (2021)
presented a new mixed integer nonlinear programming model for
the time-dependent vehicle routing problem with time windows and
intelligent travel times, and the model presented in the article leads
to a 32% reduction in costs. In the area of pension reforms, Buyse
et al. (2017) opined that a pay-as-you-go (PAYG) pension system
with high weight on labor income for older individuals is preferred.
This implies that a PAYG system advocated in Buyse et al. (2013)
is more efficient than a fully funded private system, but it imposes
significant welfare losses on low ability individuals, see also,
Bucciol & Beetsma (2011). For more on UM in other areas, see
also, Kudma et al. (2015), Muto et al. (2012), Song & Yang
(2010), and Ahmadi & Ghasemi (2022).

In this article therefore, the problem of maximization of utility in a
4-period overlapping generation model with autonomous consumption
subject to age-specific budget constraints was examined. Baxley &
Moorhouse (1984) proposed this problem in their article entitled
“Lagrange Multiplier Problems in Economics”. In Section 2,
consequent on the works of Islam et al. (2009) and Khanchehzarrin
et al. (2021), we construct the mathematical model for the problem
and obtain the Cramer’s rule solution using the techniques of
determinant to find the critical points were utility is maximized
optimally for household. In the context of this particular model
formulation, we derive and test for the sufficient conditions using
the bordered Hessian determinants stated in Section 3. In Section 4,
we considered the inter-temporal marginal rate of substitution
considering the extent to which consumption at a particular time
will be exchanged for another period, following Islam et al. (2009).
We discuss the optimal solution results, inspecting the behavior of
an individual household. In the last Section 5, concluding and final
remarks are given.

2. Methodology

2.1. The mathematical model

Since we have confine ourselves to 4-period overlapping
generation model with age-specific constraints, we then form the
individual household objective utility function Max(U,) which must
be maximized subject to the age-specific constraints.
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The four age-specific inter-temporal budget constraints are as follows:
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The household UM problem can then be expressed by forming the
Lagrange function I' as:
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Setting the partial derivatives of equation (6) equal to zero, we get the
following first-order necessary conditions for maximization:
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We implored the use of determinant and Cramer’s rule to essentially
obtain an optimal solution to the maximization problem. First of all,
we obtain the determinant of the coefficient matrix followed by the
determinant of the special matrix formed from the original
coefficient matrix by replacing the column of coefficients with the
column vector.

1 0 —1
-1
0 B 0 0 (T+ri1)
2 -1
|A|=10 0 p 0 ()
3 -1
o 0 0 p T T (Trss)
1 -1 -1 -1 0
(ry) (W) (brgs) (W) () (1)
Col 0
Cith 0
Ci?+2 =10
Gl 0
A R

(12)



Journal of Computational and Cognitive Engineering Vol. 00 Iss. 00 2022
where Next,
1 0 0 -1
R = (14 7) (A +r)w — (L4 1) Wiy — Wiy 0 B 0 m
(1 +r41)(A +142) 0 0 0 0 -1
|A3| = (T+re) (147142)
3 -1
First, expanding the matrix along the first and the last columns, 0 0 0 p () (14+712) (147243)
. . . _1 —1
the determinant can be obtained as follows: 1 T R T o) ) 0
Cof 0
1 oy 0
Al = -8 1,41
1+ rt+1)2(1 + rt+2)2(1 + rt+3)2 Cco —1lo
ﬂ ﬂz 2,t+2
—6 0
+ 4 -p (13) Citis
(It A+ re)? (T4r)? 3 R
. (18)
Next is to find |A,],
To obtain the determinant, only the first and last columns were
0 0 0 0 . considered, because the rest of the columns will vanish. Therefore,
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give zero. That is, Crl, 0
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Expanding for only the first column means that the other
columns will vanish.
Therefore,

(1 + 1) (A + ) we + (L+ )W + Wi

45 =~
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(23)

Now, obtain the Cramer’s rule solution by dividing equations (15),
(17), (19), (21), and (23) each by equation (13) to get the critical
values where utility is at its best maximized.
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Therefore in principle, equations (24), (25), (26), (27), and (28),
respectively, give us the optimal solution where utility is
maximized and each value being a function of the parameters C,,

Cl,H»la C2,t+2’ C3,t+3~
2.2. Second-order sufficient condition

This condition is used to ensure that the optimal solution obtained
is at its maximum. We therefore check if the solutions obtained in
equations (24), (25), (26), (27), and (28) are the critical points for
the maximum problem. In doing this, the optimal solution using the
bordered principal minors of the bordered Hessian is tested,
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This shows that the value of |H| is negative and less than zero. We
then evaluate |H,| by taking the bordered Hessian matrix which is a
4 X 4 matrix.
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Therefore,
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This shows that the value of |H,| and |H,| alternates, since the result
of |H,| is positive and greater than zero. We now evaluate for |H;|
which is equal to the matrix of |H|. Here, we consider only the
extreme column of |H| since the other columns vanish. Therefore,
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For |H;| = |H| to alternate with the previous |H, | and |H, |, we set the
condition that
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Hence, |H;| = |H| < 0.

Since the signs of |H,|, |H,|, and |Hs| conservatively alternate,
we conclude that the optimal solution obtained in equation (12) is
at its maximum when we evaluated the necessary condition and
sufficient conditions for UM.

2.3. Inter-temporal marginal rate of substitution

Considering the 4-period generation of UM of household, the
decision made by household at each period regarding its
consumption will affect its consumption positively or negatively
in the future. The inter-temporal marginal rate of substitution
defines the amount of consumption available in a particular time
that will be exchanged for a small amount of consumption
available in another time period. We will use the additive inter-
temporal utility for any pair of consumption flow of two periods.
The inter-temporal marginal utility is defined as:

or = [C()t]acor + (14 ) Ber{]0c1 140 = 0 (34)
The inter-temporal marginal rate of substitution (IMRS) of
consumption in these two periods ¢ and ¢ + 1 of the time separable
inter-temporal utility is equal to

C
IMRSea Sl

t

=[(1+ rt+1):3]% (35)

Co,t

We will follow the same procedure to find the inter-temporal
marginal utility by pairing the other periods.

or =1+ ”t+1):35ff+1]851,t+1

" 6 (36)
+ (L4 rep) (14 1142) B 6 140] 000 110 = 0
Therefore, the inter-temporal marginal rate of substitution of
consumption in this two period ¢ + 1 and ¢ + 2 of the time separable
inter-temporal utility is equal to
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G
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Lastly, the inter-temporal marginal rate of substitution of
consumption for the last pair will be
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Therefore, the inter-temporal marginal rate of substitution of
consumption for these last two periods t + 2 and t + 3 of the time
separable inter-temporal utility is equal to
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(39)
2 Gy

3. Results and Discussions

3.1. Optimal solution

From the analytical formulation, the method of LM has been
helpful in deriving a mathematical formulation to obtain the optimal
solution for the 4-period lived agent of overlapping generation
model subject to 4-period age-specific inter-temporal budget
constraints. The critical points obtained are points at which
household maximizes its lifetime utility from the objective function.
The optimal solution so obtained is also tested using the Hessian
principal minors to determine if the optimal solution is at its maximum.

3.2. Inter-temporal marginal rate of substitution

The inter-temporal marginal rate of substitution obtained in
(35), (37), and (39) shows that consumption of individuals when
young, when in the middle age, and old will depend positively on
interest rate 1, ,, t;,,, and 7, 3, respectively. Consumption will also
negatively depend on the time discount factor 8. The greater is $, the
greater is the individual’s impatience and hence lowers his consump-
tion in the future and vice versa. Similarly, the inter-temporal mar-
ginal rate of substitution also shows that the household consumption
depends negatively on the risk aversion parameter 6. A 6 that
approaches 1 means that the utility will decline. It also follows that
the marginal utility of consumption diminishes fast. This also tells us
that such individual will have less to save and the amount of interest
will always be very minimal as such consumption will also be rela-
tively affected in future. We therefore conclude that it is always
important for household to always make the right decision so that
their consumption will not be affected negatively in the future time.

4. Conclusion

Household behavior toward edible consumption is a complex and
complicated problem. It varies from one family to another depending on
family size and lifestyle. This study investigated the UM and applied the
approach of LM to maximize utility for a household in a 4-period
generation subject to age-specific inter-temporal budget constraint;
we derived the mathematical formulation to obtain the optimal
solution for household. With the help of inter-temporal marginal rate
of substitution, we observe that the behavior of a household, that is,
its decision regarding its level of consumption at a particular period,
affects its consumption positively or negatively in the future.

Funding
This article has no funding.

Availability of Data and Material

Not applicable.

Code Availability

Not applicable.

Authors’ Contributions

The authors contributed equally in this article.

Conflicts of Interest

The authors declare that they have no conflicts of interest
to this work.

References

Ahmadi, S. A., & Ghasemi, P. (2022). Pricing strategies for online
hotel searching: A fuzzy inference system procedure.
Kybernetes. https://doi.org/10.1108/K-03-2022-0427

Aleskerov, F., Bouyssou, D., & Monjardet, B. (2007). Utility
maximization, choice and preference Germany: Springer.

Auerbach, A. J., & Kotlikoff, L. J. (1987). Dynamic fiscal policy.
UK: Cambridge University Press.

Baktayan, A., & Al-Balta, I. (2021). Intelligent computation offloading
and pricing strategies in UAV-enabled MEC network for utility
maximization: A survey. International Journal of Computing
and Digital System.

Baxley, J. V., & Moorhouse, J. C. (1984). Lagrange multiplier
problems in economics. The American Mathematical
Monthly, 91(7), 404—412. https://doi.org/10.2307/2322987

Blanchard, O. J. (1985). Debt, deficits and finite horizons. Journal of
Political Economy, 93(2), 223-247. https://www jstor.org/
stable/1832175

Bucciol, A., & Beetsma, R. M. (2011). Consequences for
welfare and pension buffers of alternative methods of
discounting future pensions. Journal of Pension
Economics & Finance, 10(3), 389-415. https://doi.org/
10.1017/S1474747210000259

Buyse, T., Heylen, F., & Van de Kerckhove, R. (2013). Pension
reform, employment by age, and long-run growth. Journal
of Population Economics, 26, 769-809. https://doi.org/10.
1007/s00148-012-0416-x

Buyse, T., Heylen, F., & Van de Kerckhove, R. (2017). Pension
reform in an OLG model with heterogeneous abilities.
Journal of Pension Economics & Finance, 16, 144-172.
https://doi.org/10.1017/S1474747215000281

Chen, M., Liang, W., & Das, S. K. (2021). Data collection utility
maximization in wireless sensor networks via efficient
determination of UAV hovering locations. In 2021 IEEE
International Conference on Pervasive Computing and
Communications, 1-10.

Cao, Y., Sun, B., & Tsang, D. H. (2022). Online network utility
maximization:  Algorithm, competitive analysis, and
applications. /EEE Transactions on Control of Network
Systems, 10(1), 274-284.

Diamond, P. (1965). National debt in a neoclassical growth model.
American Economic Review, 33, 1126-1150.

Fan, X., Liu, B., Huang, C., Wen, S., & Fu, B. (2021). Utility
maximization data scheduling in drone-assisted vehicular
networks. Computer Communications, 175, 68—81. https://
doi.org/10.1016/j.comcom.2021.04.033

Ghasemi, P., Goodarzian, F., & Abraham, A. (2022). A new
humanitarian relief logistic network for multi-objective

05


https://doi.org/10.1108/K-03-2022-0427
https://doi.org/10.2307/2322987
https://www.jstor.org/stable/1832175
https://www.jstor.org/stable/1832175
https://doi.org/10.1017/S1474747210000259
https://doi.org/10.1017/S1474747210000259
https://doi.org/10.1007/s00148-012-0416-x
https://doi.org/10.1007/s00148-012-0416-x
https://doi.org/10.1017/S1474747215000281
https://doi.org/10.1016/j.comcom.2021.04.033
https://doi.org/10.1016/j.comcom.2021.04.033

Journal of Computational and Cognitive Engineering

Vol. 00 Iss. 00 2022

optimization under stochastic programming. Applied
Intelligence, 52, 1372913762. https://doi.org/10.1007/
$10489-022-03776-x

Goudarzi, P., Hosseinpour, M., & Ahmadi, M. R. (2021). Joint customer/
provider evolutionary multi-objective utility maximization in
cloud data center networks. Iranian Journal of Science and
Technology, Transactions of Electrical FEngineering, 45,
479-492. https://doi.org/10.1007/s40998-020-00381-x

Herrnstein, R. J., Loewenstein, G. F., Prelec, D., & Vaughan Jr. W.
(1993). Utility maximization and melioration: Internalities in
individual choice. Journal of Behavioral Decision Making, 6,
149-185.

Hu, Y., Imkeller, P., & Miiller, M. (2005). Utility maximization in
incomplete markets. The Annals of Applied Probability, 15,
1691-1712.

Huffman, G. W. (1987). A dynamic equilibrium model of asset prices
and transaction volume. The Journal of Political Economy, 95(1),
138-159. https://www.jstor.org/stable/1831303

Huang, X., Yu, R., Ye, D., Shu, L., & Xie, S. (2021). Efficient
workload allocation and user-centric utility maximization for
task scheduling in collaborative vehicular edge computing.
IEEE  Transactions on Vehicular Technology, 70(4),
3773-3787. https://doi.org/10.1109/TVT.2021.3064426

Islam, J. N. (1997). Aspects of mathematical economics and social
choice theory. In Proceedings of the Second Chittagong
Conference on Mathematical Economics and its Relevance for
Development.

Islam, J.N., Mohajan, H.K., & Moolio, P. (2009). Preference of social
choice in mathematical economics. Indus Journal of
Management and Social Sciences, 3, 17-37.

Karakog, N., Scaglione, A., Reisslein, M., & Wu, R. (2022). Federated
edge network utility maximization for a multi-server system:
Algorithm and convergence. IEEE/ACM Transactions on
Networking. 30(5), 2002-2017. https://doi.org/10.1109/TNET.
2022.3156530

06

Khanchehzarrin, S., Shahmizad, M., Mahdavi, 1., Mahdavi-Amiri,
N., & Ghasemi, P. (2021). A model for the time dependent
vehicle routing problem with time windows under traffic
conditions with intelligent travel times. RAIRO-Operations
Research, 55(4), 2203-2222. https://doi.org/10.1051/r0/2021098

Kudrna, G., Tran, C., & Woodland, A. (2015). The dynamic fiscal
effects of demographic shift: The case of Australia.
Economic Modelling, 50, 105-122.

Moolio, P. (2002). Theory and applications of classical optimization
to economic problems. Doctoral dissertation, University of
Chittagong.

Moolio, P., Islam, J. N., & Mohajan, H. K. (2009). Output
maximization of an agency. Indus Journal of Management
and Social Sciences, 3, 39-51.

Moolio, P., & Islam, J. N. (2008). Cost minimization of a competitive
firm. Indus Journal of Management and Social Sciences, 2,
148-160.

Muto, 1., Oda, T., and Sudo, N. (2012). Macroeconomic impact of
population aging in Japan: A perspective from an
overlapping generations model. Bank of Japan Working
Paper Series, 12(E-9).

Palomar, D. P., & Chiang, M. (2006). A tutorial on decomposition
methods for network utility maximization. /EEE Journal on
Selected Areas in Communications, 24(8), 1439-1451.
https://doi.org/10.1109/JSAC.2006.879350

Samuelson, P. A. (1958). An exact consumption loan model of
interest with or without the social contrivance of money.
Journal of Political Economy 66(6), 467—482.

Song, M., & Yang, D. T. (2010). Life cycle earnings and the household
saving puzzle in a fast-growing economy. Chinese University of
Hong Kong, 1-39.

How to Cite: Pandi, S. N., Torsen, E., Martins, D., & Modibbo, U. M. (2022).
Application of the Techniques of Determinants to Utility Maximization for a 4-Period
Age-Specific Inter-Temporal Budget Constraint. Jouwrnal of Computational and
Cognitive Engineering https://doi.org/10.47852/bonview)JCCE2202353



https://doi.org/10.1007/s10489-022-03776-x
https://doi.org/10.1007/s10489-022-03776-x
https://doi.org/10.1007/s40998-020-00381-x
https://www.jstor.org/stable/1831303
https://doi.org/10.1109/TVT.2021.3064426
https://doi.org/10.1109/TNET.2022.3156530
https://doi.org/10.1109/TNET.2022.3156530
https://doi.org/10.1051/ro/2021098
https://doi.org/10.1109/JSAC.2006.879350
https://doi.org/10.47852/bonviewJCCE2202353

	Application of the Techniques of Determinants to Utility Maximization for a 4-Period Age-Specific Inter-Temporal Budget Constraint
	1. Introduction
	2. Methodology
	2.1. The mathematical model
	2.2. Second-order sufficient condition
	2.3. Inter-temporal marginal rate of substitution

	3. Results and Discussions
	3.1. Optimal solution
	3.2. Inter-temporal marginal rate of substitution

	4. Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


