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ALGORITHM FOR THE STOCHASTIC  
GENERALIZED TRANSPORTATION PROBLEM** 

The equalization method for the stochastic generalized transportation problem has been present-
ed. The algorithm allows us to find the optimal solution to the problem of minimizing the expected to-
tal cost in the generalized transportation problem with random demand. After a short introduction and 
literature review, the algorithm is presented. It is a version of the method proposed by the author for 
the nonlinear generalized transportation problem. It is shown that this version of the method generates 
a sequence of solutions convergent to the KKT point. This guarantees the global optimality of the ob-
tained solution, as the expected cost functions are convex and twice differentiable. The computational 
experiments performed for test problems of reasonable size show that the method is fast. 

Keywords: generalized transportation problem, stochastic programming, convex programming, equaliza-
tion method 

1. Introduction 

The generalized transportation problem arises in many real-life applications. It is a 
special case of the generalized flow problem. More about the generalized flow prob-
lem and its possible applications may be found in [1]. The problem is also briefly dis-
cussed in [9]. A polynomial algorithm for the generalized minimum cost flow problem 
is presented in [24]. Combinatorial algorithms for the generalized circulation problem 
are presented in [12]. Interesting applications of generalized flows were considered in 
[18]. Some issues concerning generalized networks may be also found in [11]. 
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The generalized transportation problem was considered e.g. in [7], [8] and [16]. In 
[19], a variant of the transportation problem was considered, where additional con-
straints of the GTP type were included. In [6], the authors considered one of its possi-
ble applications in logistic networks, where complaints are involved in the distribution 
process. The influence of the complaints ratio on the complexity of the resulting opti-
mal distribution network was analyzed.  

The stochastic generalized transportation problem arises when the demands are 
not deterministic but given as random variables with known distributions. In such 
a case, we are interested in minimizing the expected value of the total transportation 
cost. The particular case of the stochastic transportation problem has been analyzed in 
[3–5, 22, 23]. In all of those papers, the equalization method was considered, which is 
the starting point for the algorithm described in this paper. Other methods for solving 
the stochastic transportation problem were considered, e.g. in [13–15]. The conver-
gence of the equalization method for nonlinear and stochastic transportation problems 
was proved in [3] and [4]. The convergence of the version for nonlinear GTP was 
proved in [2]. For the sake of completeness, the proof of the convergence of the meth-
od for SGTP is presented in section 4. It uses some of the concepts presented in [2–4]. 
In [20], the forest iteration method for the stochastic problem was proposed. Finally, 
a variant of the latter method, the A-forest iteration method for the stochastic general-
ized transportation problem (SGTP) was presented in [21]. 

In this paper, we present a new method for the SGTP. In section 2, the problem is 
formulated, while sections 3 and 4 contain the version of the new algorithm for the 
SGTP and analysis of its convergence, respectively. In section 5, computational exper-
iments are described. Section 6 contains main conclusions. 

2. Formulation of the problem 

Let us start with the ordinary generalized transportation problem. A uniform good 
is transported from m supply points to n destination points. On the way, the amount of 
a good changes, i.e. the amount delivered to demand point j from supply point i is 
equal to rijxij, where xij is the amount of the good that leaves supply point i and rij is the 
respective reduction ratio. The unit transportation costs cij are constant, the demand bj 
of each demand point j has to be satisfied and the supply ai of each supply point I can-
not be exceeded. Thus, the model has the following form: 

1
min ( )

s.t.

m

ij ij
i

f x c x
=

=∑  
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Observe that this is very similar to the ordinary transportation problem. The dif-
ference appears in the first constraint, where the reduction ratios are included. 

In the stochastic version, the demands bj are not deterministic but are given as 
continuous random variables Xj with the density functions ϕj. The unit surplus cost (1)

js  

and the unit shortage cost (2)
js  are defined for each destination point j. As the total 

amount of the good delivered to any destination point must be non-negative, the func-
tion describing the expected extra cost for destination j takes the form 

 (1) (2)

0

( ) ( ) ( ) ( ) ( )
j

j

x

j j j j j j j j
x

f x s x t t dt s t x t dtϕ ϕ
∞

= − + −∫ ∫  (2) 

which can easily be transformed into the form 

 ( )(2) (1) (2)

0

( ) ( ) ( ) ( )
jx

j j j j j j j jf x s E X x s s t dtΦ= − + + ∫  (3) 

where Φj is the cumulative distribution function of the demand at destination j. 
Finally, the SGTP has the following form: 
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It is straightforward to see that the first two derivatives of the expected cost func-
tions are 

 (2) (1) (2)( ) ( ) ( )j j j j j j jf x s s s xΦ′ = − + +  (5) 

and 

 (1) (2)( ) ( ) ( )j j j j j jf x s s xφ′′ = +  (6) 

so each function fj is twice differentiable and convex. This means that the equalization 
method described in [2] (applicable to convex functions) may be applied. 

3. Algorithm for SGTP 

Let us introduce m additional variables xi,n+1. Let ci,n+1 = 0, ri,n+1 = 1 and 
fn+1(xn+1) = 0 for i = 1, …, m. Then problem (4) can be rewritten as 
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The dual problem has the form 

 

1 1

1 1 1 1
min ( , ) ( ) ( )
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(8)

 

where ui and tij are the dual variables. Thus the KKT optimality conditions are 
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 ( ) 0, 1, ..., , 1, ..., 1, 0ij ij j j i ijc r f x u i m j n x′+ − ≥ = = + =  (9) 

 ( ) 0, 1, ..., , 1, ..., 1, 0.ij ij j j i ijc r f x u i m j n x′+ − = = = + >  (10) 

The following version of the equalization method converges to the KKT point of 
problem (7), so also of problem (4) (see section 4). As it is a convex programming 
problem, the resulting point is an optimal solution. 

Agorithm 1: The equalization method for SGTP 

1. Initial solution. Set 

 , 1 , 1, ...,i n ix a i m+ = =  (11) 

 0, 1, ..., , 1, ...,ijx i m j n= = =  (12) 

Calculate the initial values of the partial derivatives: 

 (0), 1, ..., , 1, ...,ij ij ij jk c r f i m j n′= + = =  (13) 

 , 1 0, 1, ...,i nk i m+ = =  (14) 

Assume the accuracy level ε > 0. Go to step 2. 
2. Checking optimality. For each i calculate 

 min{ | 1, ..., 1}i ijv k j n= = +  (15) 

and 

 max{ | 1, ..., 1, 0}i ij ij iw k j n x v= = + > −  (16) 

If 

 
1/ 2

2

1

m

i
i

w ε
=

⎛ ⎞
<⎜ ⎟

⎝ ⎠
∑  (17) 

then STOP, the desired accuracy level has been reached. Otherwise go to step 3. 
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3. Changing the solution. Choose i* such that 

 * max{ | 1, ..., }i iw w i m= =  (18) 

Choose j* and j** such that 

 * * * *,max{ | 1, ..., 1, 0}i j i j i jk k j n x= = + >  (19) 

and 

 * ** *min{ | 1, ..., 1}i j i jk k j n= = +  (20) 

Let 

 * * * *( ) ( ) ( )j j j jf x f xδ λ λ− ′ ′= − −  (21) 

and 

 ** ** ** **( ) ( ) ( ).j j j jf x f xδ λ λ+ ′ ′= + −  (22) 

Let λ* be the solution to the equation 

 *( ) ( ) iwδ λ δ λ− ++ =  (23) 

If 

 *
* *i jxλ >  (24) 

then set 

 *
* *: i jxλ =  (25) 

Set 

 *
* * *: ( ), 1, ...,ij ij ijk k r i mδ λ−= − =  (26) 

 *
** ** **: ( ), 1, ...,ij ij ijk k r i mδ λ+= + =  (27) 
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 *
* * * *:i j i jx x λ= −  (28) 

 *
* ** * **:i j i jx x λ= +  (29) 

Go back to step 2. 

Let us briefly discuss the steps of the algorithm. It will be easier to imagine the 
transportation tableau as used when solving the ordinary transportation problem (one 
of the differences is that the marginal costs in the tableau change in every iteration). 
The last column of the tableau is the column of the so-called fictitious destination. 

In step 1, we place all the units that are supposed to be transported in the last col-
umn, see Eqs. (11), (12). This allows us to simplify the calculation of the marginal 
costs (Eqs. (13), (14)).  

In step 2, we calculate the optimality indicators, as Eqs. (15), (16) correspond to 
the left hand sides of the KKT conditions (9), (10). Of course, we cannot be sure that 
the respective values will be equal to 0, thus we only check whether they are close 
enough to 0 (condition (17)). 

In step 3, we change the solution if it is not optimal. Equations (18)–(20) define 
the search direction. In the transportation tableau this corresponds to moving the good 
from the most expensive to the cheapest cell in the row where the optimality indicator 
differs most from 0. Equations (23)–(25) provide a simple way to calculate the optimal 
step length. As the changes in flows relate to only two columns of the transportation 
tableau, only two summands in the second part of the objective function (model (4)) 
are involved in these changes. This means that there is no need to calculate the whole 
objective function at every step, but only to analyze the changes in these two sum-
mands together with some linear term. In the general case, the solution to equation 
(23) can be found using the Newton algorithm (we can use this method as the function 
on the left hand side of the equation is always differentiable). It is worth noticing that 
this equation has a unique root when at least one of the functions )(λδ + and )(λδ −  
is increasing, i.e. when the respective density function is positive. Even if this is not 
the case (which is highly unlikely in real-life applications), the set of the roots takes 
the form of an interval, as )(λδ + and )(λδ −  are non-decreasing functions. There are 
also some special cases when we are able to derive a simple formula for the root of 
Eq. (23). For instance, if all the demands are uniformly distributed, then Eq. (23) is 
linear. On the other hand, when all the demands have exponential distributions with 
the same parameter, then the equation reduces to a quadratic equation with one posi-
tive and one negative root, where the negative root has to be excluded. Equations (24), 
(25) guarantee that the length of the step will not leave the domain. Finally, using 
again the fact that the objective function is separable and only two summands are in-
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volved in the operation of changing the solution, we can quickly change the solution 
and partial derivatives, as we can restrict ourselves to only two columns of the trans-
portation tableau, see Eqs. (26)–(29). 

4. The convergence of the method 

Let A denote the algorithmic map of the equalization method. Let B be the map 
finding the search direction and let C be the map finding the next feasible solution 
when the search direction is already given. Let X denote the set of feasible solutions to 
the SGTP problem and let D denote the set of search directions. It is straightforward to 
check that both X and D are compact sets (moreover, D is finite for fixed m and n). 

Now we are going to prove that both mappings B and C are closed. 

Lemma 4.1: The algorithmic map DXB →:  in the equalization method for the 
SGTP is closed on X. 

Proof: The sets D and X are compact. Moreover, we know that B: X → D is 
a point-set map. It remains to show that the conditions x(k) ∈ X, x(k) → x, d(k) ∈ B(x(k), 
d (k) → d imply that d ∈ B(x) (see Definition 7.2.2 in [10], p. 321). 

As D is finite, starting from some k, the conditions ( ) ( )( )k kd B x∈  and d (k) → d are 

equivalent to ( )( )kd B x∈  (this follows directly from the fact that for almost all k, the 
equality dk = d must hold). Let us choose some ε > 0. Let k0,1be the index starting from 
which all the elements of the sequence {d(k)}are equal to d. As the sequence {x(k)} is 
convergent, there exists an index k0,2 such that for k > k0,2, the inequality ( )kx x ε− <  

holds. Let { }0 0,1 0,2max ;k k k= . Then for 0k k>  we have: 

 ( ) , 1, ..., , 1, ...,k
ij ijx x i m j nε− < = =  (30) 

As all the derivatives are finite in the domain (and thus the Lipschitz condition is 
satisfied), we have for some absolute constant L, depending only on the parameters of 
the problem: 

 ( ) , 1, ..., , 1, ...,k
ij ijk k L i m j nε− < = =  (31) 
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From the above it follows in turn that: 

 ( ) 2 , 1,...,k
i iw w L i mε− < =  (32) 

 ( ){ } { }
1,..., 1,...,

max max 4k
i ii m i m

w w Lε
= =

− <  (33) 

For ε sufficiently small the index i* will be chosen from the same set as in the case 
of the solution x. Having chosen the index i*, we obtain the following two inequalities: 

 
( )

( ){ }
( )

{ }
* *

* *1,..., 1,...,
0 0

max max
k k

i j i j

k
i j i jj n j n

x x

k k Lε
= =

> >

− <  (34) 

and 

 ( ){ } { }* *1,..., 1,...,
min mink

i j i jj n j n
k k Lε

= =
− <  (35) 

For ε sufficiently small the indices j* and j** will be chosen from the same set as in 
the case of the solution x.  

As the choice of i*, j* and j** is equivalent to the choice of the search direction, we 
obtain ( )xBd ∈ . Therefore, we have proved the lemma. 

Lemma 4.2: XDC →:  in the equalization method for SGTP is closed on D. 

Proof: We already know that X and D are closed. Moreover :C D X→  is 
a point-point map (so also a point-set map). It remains to show that the conditions 

( ) ,kd D∈ ( ) ,kd d→  ( ) ( )( )k kx C d= , ( ) xx k →  imply ( )x C d= . 
Similarly as in the proof of the previous lemma, we observe that for almost all k, 

the equality kd d=  holds. It follows that for almost all k the equality ( ) ( )kx C d=  also 

holds. This implies that almost all the elements of the sequence ( ){ }kx  are equal to 
C(d). This in turn, together with the convergence of the sequence to the point x, im-
plies that ( )x C d= . This means that C is closed. 

Lemma 4.3: :A X X→  is closed on X. 

Proof: The map :A X X→  has the form A = CB, where :B X D→  and 
:C D X→  are closed on X and D, respectively. Moreover, we know that D is com-
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pact. The lemma follows then directly from Corollary 1 to Theorem 7.3.2 ([10], 
p. 325; see also Corollary 1, [17], p. 205). 

Theorem 4.4: XXA →:  in the equalization method for SGTP is convergent, in 
the sense that either the algorithm stops after a finite number of steps or all the accu-
mulation points of the generated sequence of solutions belong to the set of optimal 
solutions { }

1,...,
{ : max 0}.ii m

x wΩ
=

= =  

Proof: The set { }
1,...,

{ : max 0}ii m
x wΩ

=
= =  is a nonempty and closed subset of X. This 

implies, in particular, that A is closed on the closure of Ω. Moreover, we know that the 
sequence of solutions generated by the algorithm is contained in X, which is a compact 

set. Let us define the function ( )
1 1 1

( ),
m n n

ij ij j j
i j j

x c x f xα
= = =

= +∑∑ ∑  (i.e. ( )xα  is equal to the 

objective function of the problem). It is straightforward to see that at each step of the 
algorithm the value of the function strictly decreases. Thus by the convergence theo-
rem (Theorem 7.3.4, [10], p. 326; see also global convergence theorem, [17], p. 206) 
the equalization method for the SGTP is convergent. 

5. Computational experiments 

Some test problems were randomly generated and solved by the proposed method. 
Two types of demand distributions were considered: uniform U(0, u) and exponential 
exp(λ), where u and λ were chosen uniformly at random from the intervals 〈15, 20) 
and 〈0.5, 0.6), respectively. In both cases, the unit transportation costs were chosen 
from the interval 〈5, 10), the surplus costs from the interval 〈1, 2), shortage costs from 
the interval 〈5, 10), reduction ratios from the interval 〈0.8, 0.9) and the supply from 
each source point from the interval 〈10, 20). In the case of the problems with uni-
formly distributed demand, the solution to Eq. (22) was derived using the simplified 
formula, while in the case of the exponential distribution, the one-dimensional Newton 
method was used. The algorithm was implemented in Java SE and run on a standard 
PC with Intel® Core™ i7-2670 QM CPU @2.20 GHz. For both types of distributions, 
1000 randomly generated problems of four sizes were solved: (m, n) = (10, 10), 
(10, 20), (100, 100) and (100, 200) – 8000 test problems in total. The running times in 
milliseconds (average, standard deviation, minimum and maximum) are presented in 
Table 1. 
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Table 1. Running times in milliseconds 

Problem 
type 

U(0, u)
10×10 

U(0, u)
10×20 

U(0, u) 
100×100 

U(0, u) 
100×200 

exp(λ)
10×10 

exp(λ) 
10×20 

exp(λ) 
100×100 

exp(λ) 
100×200 

AVG 0.144 0.796 292.410 3774.901 2.081 6.479 1942.263 9046.705 
ST DEV 0.376 2.395 288.932 2505.025 8.557 40.364 2025.620 6504.964 
MIN 0.015 0.094 31.000 437.000 0.110 0.470 157.000 1249.000 
MAX 6.099 32.557 2310.000 19221.000 184.221 1012.440 17347.000 50279.000 

 
As we can see, the algorithm is very fast – the running times are less than a second 

in the case of smaller problems and less than a minute in the case of bigger ones. 

6. Conclusion 

The equalization method for the stochastic generalized transportation problem has 
been presented. This is a version of equalization method for the nonlinear generalized 
transportation problem, presented in [2]. The method converges to the KKT point, 
which is sufficient to reach the global optimum as the objective function is in this case 
convex. The computational experiments show that this method is fast. Also, simplicity 
is one of its advantages.  

References 

[1] AHUJA R.K., MAGNANTI T.L., ORLIN J.B., Network Flows. Theory, Algorithms and Applications, 
Prentice Hall, Upper Saddle River, New Jersey 1993. 

[2] ANHOLCER M., On the Nonlinear generalized transportation problem, preprint. 
[3] ANHOLCER M., Convergence of the equalization method for Nonlinear Allocation Problems, [in:] 

Z prac Katedry Badań Operacyjnych, K. Piasecki, W. Sikora (Eds.), Zeszyty Naukowe Akademii 
Ekonomicznej w Poznaniu 64, 2005, 183–198 (in Polish). 

[4] ANHOLCER M., Comparative Analysis of Selected Algorithms for Nonlinear Problems of Allocation of 
Uniform Goods, Wydawnictwo Akademii Ekonomicznej w Poznaniu, Poznań 2008 (in Polish). 

[5] ANHOLCER M., Comparison of the Performance of Selected Algorithms for Nonlinear Allocation 
Problems, [in:] Metody i zastosowania badań operacyjnych, R. Kopańska-Bródka (Ed.), Prace Nau-
kowe Akademii Ekonomicznej w Katowicach, Katowice 2008, 9–25 (in Polish). 

[6] ANHOLCER M., KAWA A., Optimization of Supply Chain via Reduction of Complaints Ratio, Lecture 
Notes in Computer Science, 2012, 7327, 622–628. 

[7] BALAS E., The Dual Method for the generalized transportation problem, Management Science, Series 
A, Sciences, 1966, 12 (7), 555–568. 

[8] BALAS E., IVANESCU P.L., On the generalized transportation problem, Management Science, Series A, 
Sciences, 1964, 11 (1), 188–202. 



M. ANHOLCER 20

[9] BAZARAA M.S., JARVIS J.J., SHERALI H.D., Linear Programming and Network Flows, 4th Ed., Wiley, 
New York 2010. 

[10] BAZARAA M.S., SHERALI H.D., SHETTY C.M., Nonlinear Programing. Theory and Algorithms, 3rd 
Ed., Wiley, New York 2006. 

[11] GLOVER F., KLINGMAN D., NAPIER A., Basic Dual Feasible Solutions for a Class of Generalized 
Networks, Operations Research, 1972, 20 (1), 126–136. 

[12] GOLDBERG A.V., PLOTKIN S.A., TARDOS E., Combinatorial Algorithms for the Generalized Circula-
tion Problem, Mathematics of Operations Research, 1991, 16 (2), 351–381. 

[13] HOLMBERG K., Efficient decomposition and linearization methods for the stochastic transportation 
problem, Computational Optimization and Applications, 1995, 4, 293–316. 

[14] HOLMBERG K., JÖRNSTEN K., Cross decomposition applied to the stochastic transportation problem, 
European Journal of Operational Research, 1984, 17, 361–368. 

[15] HOLMBERG K., TUY H., A production-transportation problem with stochastic demand and concave 
production costs, Mathematical Programming, 1999, 85, 157–179. 

[16] LOURIE J.R., Topology and computation of the generalized transportation problem, Management 
Science, Series A, Sciences, 1964, 11 (1), 177–187. 

[17] LUENBERGER D.G., YINYU Y., Linear and Nonlinear Programming, 3rd Ed., International Series in 
Operations Research and Management Science, Vol. 116, Springer, Berlin 2008. 

[18] NAGURNEY A., YU M., MASOUMI A.H., NAGURNEY L.S., Networks Against Time. Supply Chain Ana-
lytics for Perishable Products, Series Springer Briefs in Optimization, Springer, 2013. 

[19] PANDIAN P., ANURADHA D., Floating Point Method for Solving Transportation Problems with Addi-
tional Constraints, International Mathematical Forum, 2011, 6 (4), 1983–1992. 

[20] QI L., Forest iteration method for stochastic transportation problem, Mathematical Programming 
Study, 1985, 25, 142–163.  

[21] QI L., The A-forest iteration method for the stochastic generalized transportation problem, Mathe-
matics of Operations Research, 1987, 12 (1), 1–21. 

[22] SIKORA W., Models and methods of optimal distribution of goods, Zeszyty Naukowe – Seria II, 
Prace Doktorskie i Habilitacyjne, Akademia Ekonomiczna w Poznaniu, Poznań 1993 (in Polish). 

[23] SIKORA W., RUNKA H., PYRZYŃSKI D., Optimization of flows in the area of distribution of uniform 
goods, Grant No. H/12/209/90-2, Akademia Ekonomiczna w Poznaniu, Poznań 1991 (in Polish). 

[24] WAYNE K.D., A Polynomial combinatorial algorithm for generalized minimum cost flow, Mathemat-
ics of Operations Research, 2002, 27 (3), 445–459. 
 



<<
  /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 /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 /Apply
  /UCRandBGInfo /Preserve
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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.)
  >>
  /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


