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Abstract—The make-to-order (MTO) manufacturers
generally make production plans based on orders, which can
help enterprises effectively avoid market risks, reduce market
pressure and improve competitiveness. However, due to the
characteristics of MTO production mode, the order static
scheduling problem and rush order dynamic rescheduling
problem have become more and more important for these MTO
manufacturers. Therefore, in this paper, we take the packaging
production line of a typical carbon black production enterprise
as the research background to study the carbon black
production line static and dynamic multiobjective scheduling
problem. Firstly, multiobjective optimization models of both
order static scheduling and rush order dynamic rescheduling
are established. Then the improved MOEA/D algorithm
combined the heuristic algorithm based on heuristic rules and
discrete dynamic local search is developed to solve these two
models. Based on the actual production data, eight instances of
order static scheduling problems of different scales and four
instances of rush order dynamic rescheduling problems of
different scales are constructed respectively. Experimental
results illustrate that the improved MOEA/D is effective and
superior in solving these two problems.

Keywords—MTO, order static scheduling, rush order dynamic
rescheduling, multiobjective optimization, MOEA/D

I. INTRODUCTION

Make-to-order (MTO) production mode refers to the
arrangement of enterprise production plans and organization
of enterprise production activities according to the order
requirements put forward by customers. Due to the advantages
of reducing the enterprise inventory overhang and avoiding
market risks, MTO production mode has become one of the
important ways of enterprise production. However, the
characteristics of MTO production mode, such as the variety
of products, large fluctuations of order demand, large number
of rush orders and complex production process, also make the
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MTO manufacturers encounter many management
difficulties, which increases the operational risk of the
enterprises. Therefore, in this paper, we take the carbon black
packaging line of a carbon black manufacturing enterprise
with MTO production mode as the research object to study
order static scheduling problem (OSSP) and rush order
dynamic rescheduling problem (RODRP).

In recent years, there have been many researches focused
on static scheduling problem and dynamic rescheduling
problem. Brucker et al. [1] proposed a fast branch and bound
algorithm to solve the workshop scheduling problem, and
verified the effectiveness of the proposed algorithm on 10 test
problems. Dell” Amico and Trubian [2] applied tabu search to
the job-shop scheduling problem. Pan et al. [3] proposed a
new discrete differential evolution algorithm to solve the flow
shop production scheduling with makespan criterion
scheduling problem. For dynamic rescheduling problem,
Vieira et al. [4] defined and classified the strategies, policies
and methods in rescheduling manufacturing system, and gave
a detailed overview of rescheduling manufacturing system.
Moratori et al. [5] considered how to insert new rush orders
into the current scheduling plan while ensuring the reasonable
performance level and workshop production stability of the
rescheduling plan, and designed an effective matching
strategy. Wang et al. [6] established a multiobjective
rescheduling optimization model to ensure a single machine
rescheduling problem with preventive maintenance in the
planned period under the condition of single insertion
disturbance.

In this paper, we take the packaging production line of a
typical carbon black production enterprise as the research
background, to study the OSSP and the RODRP. The main
works of this paper are as follows.

e Based on the actual investigation and analysis, the
multiobjective static scheduling optimization model
(MOSSOM) and multiobjective dynamic rescheduling
optimization model (MODROM) are established
respectively.



e Two heuristic algorithms based on heuristic rules and
discrete dynamic local search (DDLS) are designed
according to the characteristics of the two problems
respectively, which are used to improve the population
initialization method of the original MOEAD.

e An improved MOEA/D is proposed to solve the two
problems. Based on the actual production data, eight
instances of the OSSPs of different scales and four
instances of the RODRPs of different scales are
separately constructed. With comparison to other
algorithms, the superiority of the improved MOEA/D
are verified in solving these two problems.

The rest of the paper is organized as follows. In section II,
the MOSSOM and MODROM are established respectively.
The heuristic algorithms based on heuristic rules and DDLS
for OSSP and RODRP are present in Section III. The Section
IV introduces the improved MOEA/D algorithm in detail.
Numerical experiments are presented and discussed in Section
V. Section VI concludes the paper.

II.  PROBLEM STATEMENT

A. Order Static Multiobjective Scheduling Problem

The OSSP can be described as follows. N orders are
allocated to M manufacturing units for production. The
production speed of each unit is different for different planned
products. In the production process, if the planned products of
two adjacent orders are different in the same unit, the unit
needs to switch from the previous planned product to the later
one. The problem to be solved is how to reasonably allocate N
orders to M manufacturing units and determine the production
sequence of all orders, so as to achieve the optimal target.

TABLE L THE PARAMETERS OF THE ORDER STATIC SCHEDULING
PROBLEM MODEL
Parameter Description
M Manufacturing unit set
N Order set
K Planned product set
. Per unit production time of planned product £ on unit 7,
keKieM
7 Planned product of order j, r,€K,je N
o Weight of orderj, je N
5 Switching time of planned product m and n on unit i,
o mneK,ie M
S; Order set on uniti, ie M
gi Switching times on uniti, i€ M
L Delay time of orderj, je N
q Unit to which order is assigned, je N
d; Due time of orderj, je N
¢ Production time of unit i, ie M
Wi Weight coefﬁcignts of average production time of all units
i and total delay time of all orders
P Penalty coefficient of delay time of all orders

Based on the actual investigation and analysis of the
OSSP, the MOSSOM is established. The parameters used in
the model are shown in Table I. The decision variables in the
model are described as follows.

{1, if order i is assigned to unit j
o x =
Y

- 0, otherwise je N,jie M

1, if two adjacent orders j and / on unit i
e z, =9 have the same planned product
0, otherwise j.he S.,ieM
1, if order 4 is produced before the
* v, = adjacent order j on unit i
0, otherwise j.he S, ieM
o« b ; 1s the starting time of order j on unit
jes,ieM
e ¢; isthe end time of order j on unit ;, J€E S;»,Z'E M

Based on the above parameters and decision variables, the
mathematic model of the OSSP can be established as follows.

min =28 (M
min f,=w (>, ¢)/[M|+w.p Y, L )
min £, =\/(ZEM((:, -3, c,)/|M|)2j/|M| 3)
S.1.

2 2wy = V] 4)
ZieM x;, =L,Vje N (5)
2wy = IS Vie M (©6)
q,=>_(x,i)VjeN @)
b =xfjx(zhe1v"zyh'efh "'zhe/v(l_zfjh)'hir,m)’ ®)

Vie M,Vje N\{1},b, =0

e; = x;x(by+0,/1, ),¥je N.Vie M 9)
=2 g e (1= 2 Vie M (10)
¢, =max{e,},Vje S, Vie M (11)
L, =max{e;~d,,0},Vje S, Vie M (12)
M= 2. IS (13)
b; 20,Vje N,Vie M (14)
x,€{0,1},Vje N,Vie M (15)
z, €{0,1},Vj,he S,,Vie M (16)
v, €{0,1},Vj,he S, Vie M (17)

In the above model, there are three objectives to be
simultaneously optimized. The first objective in (1) is
expressed by the minimization of the total switching times.
The second objection in (2) is used to minimize the weighted
sum of the average production time of each unit and the total
delay time of all orders. To ensure capacity balance, the third
objective in (3) is expressed by the minimization of the
standard deviation of the production time of all units.
Constraint (4) indicates that there are N and only N orders



assigned to M units. Constraint (5) indicates that order j can
only be assigned to a unit once. Constraint (6) gives the
relationship between the order set on each unit and the
decision variables x;. Constraint (7) represents the unit to
which order j is assigned. Equation (8) and equation (9)
indicate the starting and end production time of order j.
Equation (10) gives the switching times on unit i. Equation
(11) gives the total production time of unit i. Equation (12)
gives the delay time of order j. Equation (14) to (17) show the
range of each decision variable. In the above mathematical
model, the objectives are conflicting with each other. So, the
order static multiobjective scheduling problem is a
multiobjective optimization problem.

B. Rush Order Dynamic Multiobjective Recheduling
Problem

Due to the frequent changes in customer demand,
enterprises need to add rush orders to the executed scheduling
plan (i.e. the OSSP) to generate a rescheduling plan (i.e. the
RODRP).

The RODRP studied in this paper can be described as
follows. In the executed scheduling plan, N orders are
allocated to M manufacturing units, and each unit carries out
production operations according to the order sequence. R rush
orders need to be inserted into the order sequence in the
executed scheduling plan at some point. The problem to be
solved is how to reasonably insert these rush orders into the
arranged order sequence and determine the allocated unit and
insertion position of each rush order, so as to ensure the less
impact on the executed scheduling plan and achieve the
optimal target.

TABLE IIL THE NEW PARAMETERS OF THE RUSH ORDER DYNAMIC
RESCHEDULING PROBLEM MODEL
Parameter Description
R Rush order set
N’ Scheduled and not yet produced order set
P; Scheduled and not yet produced order set on unit 7, i € M
S Rush order set on unit i, i € M
q]’- Unit to which rush order j is assigned, j € R
Weight coefficients of average production time of all
Wi, Wa, W3 units, total delay time of all orders and standard deviation
of the production time of all units
Penalty coefficients of delay time of all orders and the
prp2 standard deviation of the production time of all units

Based on the actual investigation and analysis of the
RODRP, the MODROM is established. Except for the
parameters listed in Table I, some new parameters used in the
MODROM are shown in Table II. The decision variables are
described as follows.

1, if planned products for order j and adjacent
order 4 on unit i are same

0, otherwise J.he S;UPie M

1, if order 4 is produced before the
adjacent order j on unit i

j.he SSUPie M

iih =

0, otherwise

{l,if rush order;j is assigned to unit ¢

* X,
Y |0, otherwise jeERieM

o b,:i is the starting time of order j on unit i,
jeSUPieM

e ¢; is the end time of order j on unit i
jeSUBjieM

Based on the above parameters and decision variables, the
mathematic model of the RODRP can be established as
follows.

min fi=) g (18)
min f, =ZjeRLf (19)
min f; =w (ZisMcf)/|M|+W2p12jeN'Lf

p (20)
+ Wspz\/(zfsM(Cf _(ZIEMCI)/|M|) )/|M|
S.L.
DI @1
ZEM x; =1LVjeR (22)
> X =S| Vie M (23)
q,=Y_,(x,-i).VjeR (24)
by =x, X(ZheN'UR Vi D penie (1= 2 ) ) 25)
Vie M,Vje N UR\{1},b, =0

ey =x;x(b;+0,/t, ),¥je N'UR,Vie M (26)
8= 2 jesun 2unesun (1= 2 ). Vie M 27
¢, =max{e,},Vje S,UP,Vie M (28)
L, =max{e,~d,,0},Vje N URVie M (29)
Y lS|=IRLY 12 = [N (30)
b, 20,Yje N URVie M (31
x;€{0,1},Vje N UR Vie M (32)
z, €{0,1},Vj,he S,UP,Vie M (33)
vl.jhe{O,l},Vj,heSUE,VieM (34)

In the above model, three objectives are optimized
simultaneously. The first objective in (18) is expressed by the
minimization of the total switching times after inserting rush
orders. The second objective in (19) is expressed by the
minimization of the total delay time of all rush orders. The
third objective in (20) is used to minimize the weighted sum
of the average production time of all units, the total delay time
of all scheduled but not yet produced orders and the standard
deviation of the production time of all units. Constraint (21)
indicates that that there are |R| and only |R| orders assigned
to M units. Constraint (22) indicates rush order j can only be



assigned to a unit once. Constraint (23) gives the relationship
between the rush order set on each unit and the decision
variables x;. Constraint (24) represents the unit to which rush
order j is assigned. Equation (25) and equation (26) indicate
the start and end production time of the order j. Equation (27)
gives the switching times on the manufacturing unit i.
Equation (28) gives the total processing time of the
manufacturing unit i. Equation (29) gives the delay time of
order j. Equation (31) to (34) show the value range of each
decision variable. In the above mathematical model, the
objectives are conflicting with each other. So the rush order
dynamic rescheduling problem is also a multiobjective
optimization problem. In this paper, we proposed an improved
MOEA/D (details in Section IV) to solve these two
multiobjective optimization problems.

III. INTORDUCTION TO THE HEURISTIC AGLORITHM

In this paper, two heuristic algorithms based on heuristic
rules and DDLS are proposed for the OSSP and the RODRP
respectively. These heuristic algorithms can directly solve two
problems and are utilized to improve the population
initialization method of the traditional MOEA/D.

A. Heuristic Algorithm for Order Static Scheduling
Problem

1) Heuristic rules: According to the characteristics of the
OSSP, we employ some heuristic rules which are suitable for
this problem.

a) Order classification: In order to reduce product
switching times and improve equipment production
efficiency, all orders to be scheduled are classified according
to planned product.

b) Earliest due time: In order to reduce total delay
time, the orders in each order class are sorted according to the
due time. The order with early due time has prority in
production.

¢) Order calss allocation rule: The specific rule is
described as follows. M order classes are randomly assigned
to M manufacturing units. After that, a certain order class
randomly selected from the remaining order classes is
assigned to the unit with the shortest total production time.
This process is repeated until all order classes are assigned to
the appropriate unit. This rule ensures that the production
capacity of each unit is as balanced as possible.

2) Discrete dynamic local search: After all order classes
are allocated to each manufacturing unit, the DDLS algorithm
is employed to search each unit locally to obtain the better
sequence of all order classes on each manufacturing unit. The

procedure of the DDLS algorithm is as follows.
Algorithm 1 Procedure of Discrete Dynamic Local Search

Input: Iteration times M, Local search times N, Initial search step K,
Reduced step length £, the initial solution Xeuren.

Output: the best solution Xpes:.

Initialization: Set iteration counter epoch = 0, i = 0. set Xpesr = Xeurrents foest
:f ()(be.vr) and‘f current :f (Xcurrenr).

1. while epoch < M do

2. Randomly generate search step dk € [1, K]. Set epoch = epoch + 1,
Xewrrent = Xpest andﬁzwem :ﬁmst-

3. fori=1,2, .., Ndo

4. Randomly generate exchange point P; € [1,L], and then get
exchange point P = (P1 + dk)%L, where L is the length of the
decision vector of Current Solution Xcuren. Exchange variables
between exchange point P; and P; to obtain new solution Xew, frew

= f{Xuew).
5. If foew<foest, S€t foesi = frews Xpest = Xnew, and skip to step 3.
6. I foew < feurrents S€t feurrent = frews Xeurrent = Xnew, and skip to step 3.
7. Randomly generate exchange point P; € [1,L], and then get

exchange point P> = (P1 + L — dk)%L. Exchange variables between
exchange point P; and P; to obtain new solution X.ew, frew = fXoew)-

8. If foew<foest, S€t foesi = frews Xbesi = Xnew, and skip to step 3.
9. If frew < feurrents S€t feurrent = fnews Xeurren: = Xnew, and skip to step 3.
10.  end for

11. IfK-k<0,set K=1,otherwise, K =K — k.
12. end while

3) Heuristic algorithm for the OSSP: The heuristic
algorithm designed for the OSSP is described in detail in
Algorithm 2. In the DDLS, the decision vector is the sequence
of all order classes on each manufacturing unit, and the
fitness function is the weighted sum of switching times,
production time of all manufacturing units and total delay
time of all orders.

Algorithm 2 Procedure of the Heuristic Algorithm for the OSSP
Input: All orders to be scheduled
Output: The scheduling plan

1. Classify all orders by planned product according to the order
classification rule to get all order classes C = {cy,Ca,...,Ck}, k is the
number of order class.

2. Sort orders in order class ¢ € C based on the earliest due time rule.

3. Allocate all order classes to each manufacturing unit according to
the order class allocation rule.

4. For each manufacturing unit, utilize the DDLS algorithm to obtain
the better sequence of all order classes on the unit.

5. Get the manufacturing unit to which each order is assigned and the
production sequence of the orders on each unit, output the
scheduling plan.

B. Heuristic Algorithm of Rush Order Dynamic
Rescheduling Problem

1) Heuristic rules: Aiming at the characteristics of the
RODRP, some heuristic rules suitable for the RODRP are
used to solve the problem.

a) Earliest due time: In order to reduce the total delay
time of rush orders, the rush orders to be inserted are sorted
according to the due time.

b) Neighboring-region search: Aiming at minimizing
switching times, production time, delay time of all scheduled
but not yet produced orders and delay time of rush orders on
all units, the neighboring-region search is applied to archive
the current optimal insertion location of each rush order.

2) Discrete dynamic local search: The DDLS algorithm
is performed for the RODRP. The decision varibles of the
DDLS algorithm are the insertion position of rush orders on
each manufacturing unit, and the fitness function is the
weighted sum of switching times, production time, delay time
of all scheduled but not yet produced orders and delay time
of all rush order on the manufacturing unit. The procedure of
the DDLS algorithm is described in detail in Algorithm 1.



3) Heuristic algorithm for the RODRP: The procedure of
the heuristic algorithm for the RODRP is introduced in detail
in Algorithm 3.

Algorithm 3 Procedure of the Heuristic Algorithm for the RODRP
Input: All rush orders to be inserted
Output: The rescheduling plan

1. Determine the minimum insertable position of each manufacturing
unit according to the start rescheduling time and the scheduling
plan.

Sort rush orders based on the earliest due time rule.
3. Use neighboring-region search to find the current optimal insertion
position of each rush order.

4.  For each manufacturing unit, employ the DDLS algorithm to get the
better inserting sequence and position of all rush orders on the unit.

5. Get the manufacturing unit to which each rush order is assigned, the
insertion sequence and the location where each rush order is
inserted, output the rescheduling plan

IV. ANIMPROVED MOEA/D FOR MULTIOBJECTIVE
STATIC SCHEDULING OPTIMIZATION MODEL AND
MULTIOBJECTIVE DYNAMIC RESCHEDULING OPTIMIZATION
MODEL

In recent years, many kinds multiobjective evolutionary
algorithms (MOEAs) has been proposed in the literature [7]-
[9]. Among these MOEAs, MOEA/D [7] is one of the most
widely used algorithms for scheduling problems [10]-[12] due
to its characteristics of fast convergence, good diversity and
low computational complexity. Therefore, in this paper, we
prefer to adopt MOEA/D as the solved algorithm and improve
the traditional MOEA/D combined with the MOSSOM and
the MODROM.

A. Solution Representation

Aiming at the characteristics of the solutions of the
MOSSOM and the MODROM, two encoding and decoding
methods suitable for these two problems are designed
respectively.

Encoding

[A[B]C]D] [J k- Orders to be scheduled

""" First layer: manufacturing unit
[9]F5] [8l@l2]1][3 Second layer: order number

Decoding
[9][8] 2] 1 b{ 1]H]|B]Ak-Production sequence on unit 1

[5]F 761+ E][G] F k-Production sequence on unit 2
[ T][D][Ck-Production sequence on unit 3

Fig. 1. An example of encoding and decoding for the MOSSOM.

For the OSSP, we need to determine the unit to which each
order is assigned and the production sequence of the orders on
each unit. Therefore, we adopt the two-layer encoding
method. An example of encoding and decoding for the
MOSSOM is shown in Fig. 1. Each element in the first layer
represents the unit to which the order is assigned. The order-
permutation-based presentation is employed in the second
layer and each element represents the order number. In the
decoding process, the orders assigned to each unit is
determined by the first layer, and then the second layer
determines the production sequence of the orders on each unit.

Encoding
[A]B][C][D]E] F] G|[HkRush orders

[ T f-First layer: manufacturing unit

(4] 1]F2] 3] 7] 6 ][ 8] 5 - Second layer:rush order number

(s el 7ol at)[11][7] 9 k- Third layer: insertion position

\4|N3H4~9H s~12][ 1] +~10] 6~12k--Insertable position range
Deconding Scheduled order
[s[2][4 311 JA 6 [8I[EI7][F] [A] Rush order

[1o[11]16[ 9 [12]18[HTB]17[C]
[1320]19]25|[D][14[24][22][15]21][G]]23]

Fig. 2. An example of encoding and decoding for the MODROM.

For the RODRP, we employ the three-layer encoding
method, and each layer is used to determine the manufacturing
unit to which each rush order is assigned, the insertion
sequence and the location where each rush order is inserted.
Fig. 2 shows an example of encoding and decoding for the
MODROM. Each element in the first layer represents the unit
to which rush order is assigned. In the second layer, the order-
permutation-based presentation is used to indicate the
insertion sequence of rush orders. Each element in the third
layer is the insertion position of the corresponding rush order.
It should be noted that the insertable position of each rush
order has a range and changes dynamically. In other words,
the insertable position range of the latter rush order is
increased by 1 compared with that of the previous rush order.
In the decoding process, the first layer determines the
manufacturing unit to which each rush order is assigned, the
order insertion sequence on each manufacturing unit is
determined by the second layer, and then the third layer
determines the insertion position of each rush order on each
manufacturing unit. In the Fig. 2, the orders on the left side of
the red line are the produced orders, which means the red line
is the minimum insertable position of each manufacturing
unit.

B. Crossover and Mutation Strategy

In this paper, we design three crossover operators and one
mutation operator for the MOSSOM and the MODROM,
which are two-point crossover operator, similar HUX
crossover operator, PMX crossover operator and swap
mutation crossover.

In view of the two-layer encoding method of the OSSP,
we design the crossover and mutation strategy used in the
improved MOEA/D described as follows.

Algorithm 4 Procedure of Crossover and Mutation Strategy for the
MOSSOM

Input: Two parent solutions x; and x,

Output: Two offspring solutions x;" and x5’

1. Randomly generate the crossover probability p, € [0,1].
2. ifp.<0.5do
3. Apply two-point crossover operator on the first layer of solution
encoding of the two parents solutions x; and x, to generate two new
crossed solutions x; and x;.
else do

5. Utilize similar HUX crossover operator on the first layer of solution
encoding of the two parents solutions x, and x, to generate two new
crossed solutions x; and x;.

6. end if



. Randomly generate mutation probability p,,, € [0,1]

8. ifpn<0.5do
Use swap mutation operator on the first layer of solution encoding
of the two parents solutions x; and x; to generate two new mutated
solutions x;" and x5’

10. else do

11. Apply swap mutation operator on the second layer of solution
encoding of the two parents solutions x; and x; to generate two new
mutated solutions x;" and x5’

12. endif

Aiming at the three-layer encoding method for the

RODRP, we design a crossover and mutation strategy

described as follows, which is employed in the improved

MOEA/D to solve the MODROM.

Algorithm S Procedure of Crossover and Mutation Strategy for the
MODROM

Input: Two parent solutions x; and x,
Output: Two offspring solutions x;" and x5’

1. Randomly generate crossover probability p. € [0,1]

2. ifp.<0.4do

3. Apply two-point crossover operator on the first layer of solution
encoding of the two parents solutions x; and x, to generate two new
crossed solutions x; and x;

else if 0.4 <=p.<=0.7 do

5. Utilize similar HUX crossover operator on the first layer of solution
encoding of the two parents solutions x; and x, to generate two new
crossed solutions x; and x;.

6. elsedo

7. Use PMX crossover operator on the first layer of solution encoding
of the two parents solutions x; and x, to generate two new crossed
solutions x; and xj.

8. endif

9. Randomly generate mutation probability p,,, € [0,1]

10 ifpn<0.5do

11 Use swap mutation operator on the first layer of solution encoding
of the two parents solutions x; and x; to generate two new mutated
solutions x;" and x5'.

12 else do

13 Apply swap mutation operator on the second layer of solution
encoding of the two parents solutions x; and x; to generate two new
mutated solutions x;" and x5'.

14 end if

C. The Improved MOEA/D

In this paper, in the view of the MOSSOM and the
MODROM, we propose a improved MOEA/D. The main
improvement straegies are as follows. We utilize the heuristic
algorithms, which are introduced in detail in Section III, to
improve the population initialization method of the traditional
MOEA/D. The specific improvement is that some solutions in
the initial population are obtained by the heuristic algorithms,
and the remaining solutions are randomly generated in the
decision space. The strategy not only ensures the initial
population has a certain quality and diversity but also
improves the convergence speed of the algorithm. In order to
further improve the speed of the algorithm, we do not set the
external population, but use the fast nondominated sorting
method of NSGA-II [9] to sort the last population after the end
of the algorithm iteration, and then use the solutions
corresponding to the first Pareto Front as the last output

solutions. The whole procedure of the improved MOEA/D is
detailed in Algorithm 6.

Algorithm 6 Whole Procedure of the Improved MOEA/D
Input:

Emax: Maximum evaluation times

N: Population size

A1, Ay, o, Ayt Uniformly distributed weight vectors

T: Neighborhood size

Output: The first Pareto Front PF; and the nondominated solution set

1. Parameter Initialization: Calculate Euclidean distance between 2;
and A;, Vi, j € {1,2,---, N}. For each weight vector A;, i =1,2,..., N, its
closest T weights vectors }\51,}\;2_ }\ﬁT are found to form its
neighborhood B(i) = {i1, iz,..., ir}. Initialize the reference point z = (z',
2%, ..., z")" where m is number of objectives . Set current evaluation Ec.
= 0 and probability p; = 0.5.

2. Population initialization: Apply the heuristic algorithm (details in
Algorithm 2 and algorithm 3) to obtain U initial solutions xi, x2, ..., xu
and randomly generate the remaining initial solutions xv+1, Xv+2, ..., Xy in
decision space. Set initial population Pii = {x1, X2, ..., Xv, XU+1, Xv+2, ...,
xv} and current population P = Pju.

3. Evaluation: Evaluate each solution x in current population P to get
objectives vectors F(x) = (fi(x), f2(x),..., fu(x)) where fi, i = 1,2,...,m is
the i-th objective, Set Ecur = Ecurt+ N.

. do
5. fori=1,2,...,Ndo
6. Parent solution selection: Randomly generate probability
pe[0,1] . If p < p1, randomly select two indices k and / from B(7).
If p >=p1, then Randomly select two indexes k and / from the whole
indexes {1, 2, ..., N}.

7. Evolution: Apply crossover and mutation strategy (details in
Algorithm 4 and algorithm 5) on parent solutions xx, x; to obtain
two offspring solutions y; and y». Calculate objectives vectors F(y1)
and F(y2). Set Ecur = Ecur + 2.

8. Updating: Utilize offspring solutions y; and y to update reference
pointz=(z', 2% ...,z2")" . Forj=12,...,m,if 2/ < f;(y"), then set
2 = f;(y'), where y' € {y;,y,}.

9. Updating: If p < p\, for j € B(D), if g (v'|4;, 2) < g°(x;1;, ),
where g¢() is the Tchebycheff Approach , then replace x; with y’,
where y' € {yy,y,}. If p >=p1, for j =1, 2, ..., N, if
9°(V' |4, 2) < g°t(xj|A;, z), replace x; with y', y' € {y;,¥,}.

10.  end for

11 while Ecir < Enax

12 Sort the final population P by the fast no-dominated sorting method to
obtain 4 Pareto Front PF, PF>, ..., PF).

V. NUMERICAL EXPERIMENTS

A. Experiment Setting

In this paper, we compare the improved MOEA/D with
MOEA/D [7] and NSGA-II [9]. The algorithms involved in
this paper are all implemented in C++. All experiments are
carried out on a personal computer with CPU of Intel Core i7-
7700k and memory of 16.0GB. we choose the generational
distance (GD) [13] and the C-metric [14] as our performance
metrics. GD can consider the convergence property of the
nondominated solution set. The calculation expression is
shown in (35), where P is the solution set obtained by the
algorithm, P" is the reference set, and dis(x, y) represents the
Euclidean distance between point y in P and point x in P*. The
smaller the GD value, the higher the quality and convergence
of the nondominated solution set will have. C-metric is used
to evaluate the dominance relationship between the



nondominated solution sets obtained by each algorithm. The
calculation expression is shown in (36).

Gh- \/Z Jep minxép. dis(x,y)*

35
7 (35)

C(X,Y)z\er\Elx‘;X,x<y\ (36)
where X and Y represent nondominated solution set obtained
by two algorithms respectively. C(X,Y)>C(Y,X) indicates that
X from the algorithm A is better than Y from the algorithm B.

For each problem, each algorithm runs 20 independent
times. The mean value of the 20 runs and the corresponding
standard deviation are used for evaluating algorithm
performance. The Wilcoxon rank sum test with a significance
level of 5% is employed to compare the improved MOEA/D
with the other algorithms. The best result for each problem is
highlighted in gray background in the table The symbol '+' and
'-' represent that the improved MOEA/D is significantly better
than and significantly worse than its rival respectively, the
symbol '=" indicates that there is no significant difference
between the two algorithms. A, B and C are used to represent
the nondominated solution set obtained by the improved
MOEA/D, MOEA/D and NSGA-II respectively.

The parameter settings of the heuristic algorithm for OSSP
are as follows. The number of iterations is set to 300. The local
search times is set to 20, and the initial search step
K=ceil(V/2), where V is the number of variables and ceil() is
the integral function. The reduction step is set to k&=1. The
weights of the three items in the fitness function is 0.4, 0.4 and
0.2 respectively, and the penalty coefficient of the first item is
set to 10. The parameter settings of the improved MOEA/D
algorithm for order static scheduling problem are as follows.
The number of initial solutions obtained by the heuristic
algorithm is set to 20. The population size is set to 800 and the
maximum evaluations is set to 10°. The crossover probability
is 0.95 and the mutation probability is set to 0.7. The
neighborhood size is set to 20, the weight coefficient and
penalty coefficient of the second objective are set to 0.3, 0.7
and 100/0 respectively, O is the number of orders. The
parameter settings and crossover and mutation strategy of
MOEA/D are the same as those of the improved MOEA/D.
The population size of NSGA-II is 100, and the maximum
evaluations is set to 10°. The crossover and mutation strategy
is the same with the improved MOEA/D. The parameter
settings of heuristic algorithm for RODRP are as follows. The
initial search step is set to K = ceil(V7/3). The weights of the
four items in the fitness function are set to 0.2, 0.2, 0.2 and 0.4
respectively. The penalty coefficients of the first, third and
fourth items are set as 10, 10 and 500 respectively. Other
parameter settings are the same with heuristic algorithm for
OSSP. The parameter settings of the improved MOEA/D for
RODRP are as follows. The weight coefficients of the third
objective are respectively set as 0.4, 0.4, 0.2, and the penalty
coefficients p1 and p2 are respectively set as 50/R and 5M,

where R is the number of rush orders, and M is the number of
manufacturing units.

B. Performance Analysis of the Improved MOEA/D on the
MOSSOM

In this paper, based on the actual data, eight instances of
order static scheduling problems of different scales (different
number of order and manufacturing unit) are designed. The
improved MOEA/D, MOEA/D and NSGA-II are used to
solve the OSSPs of different scales. The comparison results
obtained by the three algorithms via C-metric and GD are
presented in Table I1I and Table IV respectively.

TABLE III. COMPARISON RESULTS FOR THE IMPORVED MOEA/D AND
TwO OTHER ALGORITHMS ON MOSSOM VIA C-METRIC

Scale c . Mean Std. C- . Mean Std.
metric metric

40x3 | CAB) [F378e0LT] 55701 [ CB.A) | 22701 | 321e-01
C(A,C) | 3.03e-01 | 2.67¢e01 | C(C,A) 4.45¢-1= 4.02¢-01

406 C(A,B) | 5.17e-01 | 2.69¢-01 | C(B,A) | 2.40e-01" | 2.78e-01
C(A,C) | 1.52e-01 | 1.36e-01 | C(C,A) | 2.71e-01" | 2.15¢-01

8053 C(AB) | 4.31e-01 | 4.79¢-01 | C(B,A) | 2.10e-017 | 3.30e-01
C(A,C) | 2.77e-01 | 3.59-01 | C(C,A) | 4.12e-01" | 4.37e-01

40x 6 | CAB) [368e0IT] 394c01 [ C(BA) | 348¢-01 [ 371c01
C(A,Q) 6.2¢-02 8.17¢-02 | C(C,A) | 5.53e-01" | 2.75¢-01

120%3 C(A,B) | 6.11e-01 | 4.29¢e-01 | C(B,A) | 2.03e-01" | 3.66e-01
C(A,C) | 5.97e-01 | 2.67e-01 | C(C,A) | 2.18e-03" | 4.74e-03

120%6 C(AB) | 5.21e-01 | 3.6le-01 | C(B,A) | 1.56e-01" | 3.04e-01
C(A,C) | 2.97e-01 | 1.02¢01 | C(C,A) | 1.97e-01" 1.62¢-01

1583 C(A,B) | 4.75e-01 | 4.30e01 | C(B,A) | 2.06e-01" | 3.40e-01
C(A,C) | 5.02e-01 | 1.59¢-01 | C(C,A) | 5.62e-03" | 9.15¢-03

158%6 C(A,B) | 9.51e-01 | 1.46e-01 | C(B,A) | 2.89¢-03" 1.23¢-02
C(A,C) | 8.73e-01 | 8.06e-02 | C(C,A) | 4.38e-03" 1.96¢-02

The comparison results between the three algorithms via
C-metric are presented in Table III. From the table, it is clear
that the improved MOEA/D gets the better results for all eight
instances compared with the traditional MOEA/D. More
specifically, the improved MOEA/D is significantly better
than MOEA/D for six out of eight instances. With comparison
to NSGA-II, the improved MOEA/D can obtain significantly
better results for the last four large-scale instances. Besides,
the improved MOEA/D is significantly inferior to NSGA-II
for the OSSPs with problem scale 80x 6, for the first three
OSSPs with problem scale 40x3,40x 6 and 80x3 there is
no significant performance difference between the two
algorithms. Based on these results, it can be conducted that the
improved MOEA/D may be inferior to NSGA-II algorithm in
small-scale instances, but for large-scale instances, the
improved MOEA/D can be significantly superior to MOEA/D
and NSGA-IL

TABLE IV. COMPARISON RESULTS FOR THE IMPORVED MOEA/D AND
TwO OTHER ALGORITHMS ON MOSSOM VIA GD METRIC
The improved
Scale MOEA/D NSGA-II MOEA/D
Mean Std. Mean Std. Mean Std.
40x3 1.50e-02= 1.4e-02 | 4.34e-02" | 3.6e-02 | 1.69e-02 | 1.3e-02
40x6 3.09¢-03* 1.4e-03 | 5.22e-03" | 1.9e-03 | 2.34e-03 | 9.9¢-04
80x3 4.35e-01" 7.2¢-01 1.15e-00" | 1.9¢+00 | 1.83e+00 | 2.0e+00
80%x 6 3.52¢-03" 1.2¢-03 8.82¢-03" | 6.0e-03 | 3.48e-03 | 8.4c-04
120%3 | 4.23e-03" 2.7¢-03 | 6.02¢-02" | 3.1e-02 | 2.55e-03 | 1.6e-03
120%6 | 1.72¢-03" 6.0e-04 1.05e-02" | 3.6e-02 | 1.58e-03 | 5.8¢-04
158%3 3.20e-03~ 1.4e-03 3.27e-02" | 2.2¢-02 | 2.93e-03 1.3¢-03
158x6 | 2.99¢-03" 1.0e-03 1.82e¢-02% | 4.9¢-03 | 7.36e-04 | 3.2¢-04

The comparison results via GD metric are listed in Table
IV. It can be seen in Table IV that the improved MOEA/D can
obtain the significantly better results than NSGA-II for seven
out of eight instances. With comparison with MOEA/D, the



improved MOEA/D gets the better results for six out of the
eight instances. For the two small-scale instances with
problem scale 40x3 and 80x3 ,the traditional MOEA/D is
better than the improved MOEA/D. Based on these results, we
can conduct the improved MOEA/D has better convergence
than MOEA/D for the large-scale OSSPs and is superior to
NSGA-II for all OSSPs in this paper.

C. Performance Analysis of the Improved MOEA/D on the
MODROM

In this paper, we design four instances of rush order
dynamic rescheduling problems of different scales (different
number of rush order and manufacturing unit) base on the
actual production data. The improved MOEA/D, MOEA/D
and NSGA-II are employed to solve these RODRPs.

TABLE V. COMPARISON RESULTS OF C-METRIC FOR THE IMPORVED
MOEA/D AND TWO OTHER ALGORITHMS ON MODROM
C- C-
Scale . Mean Std. . Mean Std.
metric metric
20x6 | C(AB) [ 1640601 | 314c01 | C(B.A) [ 1.56e-01" | 188c01
C(A,Q) | 6.45e-01 | 854e-02 | C(C,A) | 7.47e-03" 1.37¢-02
203 C(A,B) | 9.99¢-01 | 5.95¢-04 | C(B,A) 0e-00" 0e-00
C(A,C) | 4.78e-01 | 131c-01 | C(C,A) | 546e-03" | 2.44e-01
40x6 | CAB) [ 237e-01 | 33601 | C(B,A) [[6A6e01 | 39401
C(A,C) | 4.62e-01 | 1.16e-01 | C(C,A) | 5.67e-03" | 1.02¢-02
40x3 C(A,B) | 9.93e-01 1.08¢-02 C(B,A) 0e-00" 0e-00
C(A,0) | 3.78e-01 1.15e-01 | C(C,A) 0e-00" 0e-00
TABLE VL COMPARISON RESULTS OF GD METRIC FOR THE
IMPORVED MOEA/D AND TWO OTHER ALGORITHMS ON MODROM
MOEA/D NSGA-II Improved
Scale MOEA/D
Mean Std. Mean Std. Mean Std.
20%3 | 7.52e-03" | 1.8e-03 | 1.97e-02" 8.3¢-03 1.36e-03 2.4e-04
20%6 | 1.36e-03" | 9.5e-04 | 1.68e-02" 2.4e-03 7.96e-04 2.2e-04
40x3 | 1.25¢-02" | 2.6e-03 | 2.28e-02" 7.4¢-03 2.22¢-03 1.2¢-03
40%x6 | 3.71e-03= | 1.8e-03 | 1.31e-02* 2.7e-03 3.18e-03 6.6e-04

The comparison results between the three algorithms via
C-metric are presented in Table V. From the table, it is clear
that the improved MOEA/D is significantly better than
NSGA-II for all the four instances. Besides, the improved
MOEA/D is significantly inferior to MOEA/D for the RODRP
with problem scale 40x 6 and for the other three instances
the improved MOEA/D obtains the significantly better results
than MOEA/D. Table VI shows the comparison results
between the three algorithm via GD metric. From the
comparison results, it can be seen that the improved MOEA/D
can get the significantly better results than NSGA-II for all the
four instances. The improved MOEA/D is significantly better
than the traditional MOEA/D for three out of the four
instances. Based on these comparison results, we can conduct
that the improved MOEA/D is more effective and superior
than the other two algorithms for the RODRPs in this paper.

VI. CONCLUSION

MTO manufacturers make production plans according to
customer orders, which can help enterprises avoid market risk,
reduce inventory pressure, and meet customer demand to the

maximum extent. However, due to the characteristics of MTO
production mode, the OSSP and the RODRP have become the
urgent problems to be solved by MTO manufacturers.
Therefore, in this paper we study the OSSP and the RODRP
for a carbon black packaging production line of an order
oriented manufacturing enterprise. Firstly, the MOSSOM and
MODROM are established respectively. In view of the
characteristics of the OSSP and the RODRP, two heuristic
algorithms based on heuristic rules and DDLS are designed
respectively which are employed to improve the population
initialization method of MOEA/D to get the improved
MOEA/D. Based on the actual production data, eight
instances of the OSSPs of different scales and four instances
of the RODRPs of different scales are separately constructed.
The experimental results indicate that the improved MOEA/D
is effective and superior in solving these two problems.

REFERENCES

[1]1 P. Brucker, B. Jurisch, and B. Sievers, “A branch and bound algorithm
for the job-shop scheduling problem,” Discrete Appl. Math., vol. 49,
no. 1-3, pp. 107-127, March. 1994.

[2] M. Dell’Amico, and M. Trubian, “Applying tabu search to the job-shop
scheduling problem,” Ann. Oper. Res., vol. 41, no. 3, pp. 231-252,
1993.

[3] Q. K. Pan, M. F. Tasgetiren, and Y. C. Liang, “A discrete differential
evolution algorithm for the permutation flowshop scheduling
problem,” Comput. Ind. Eng., vol. 55, no. 4, pp. 795-816, 2008.

[4] G. E. Vieira, J. W. Herrmann, and E. Lin, “Rescheduling
manufacturing systems: a framework of strategies, policies, and
methods,” J. Scheduling, vol. 6, no. 1, pp. 39-62, 2003.

[5] P. Moratori, S. Petrovic, and J. A. Vazquez-Rodriguez, “Integrating
rush orders into existent schedules for a complex job shop problem,”
Appl. Intell., vol. 32, no. 2, pp. 205-215, 2010.

[6] D. J. Wang, F. Liu, J. J. Wang, and Y. Z. Wang, “Integrated
rescheduling and preventive maintenance for arrival new jobs through
evolutionary multi-objective optimization,” Soft Comput., vol. 20, no.
4, pp. 1635-1652, 2016.

[71 Q. Zhang, and H. Li, “MOEA/D: A multiobjective evolutionary
algorithm based on decomposition,” IEEE Trans. Evolut. Comput., vol.
11, no. 6, pp. 712-731, 2007.

[8] L. X. Tang, X. P. Wang and Z. M. Dong, “Adaptive multiobjective
differential evolution with reference axis vicinity mechanism,” IEEE
Trans. Cybern., vol. 49, no. 9, pp. 3571-3585, 2018.

[91 K. Deb, A. Pratap, S. Agarwal, and T. Meyarivan, “A fast and elitist
multiobjective genetic algorithm: NSGA-IL,” IEEE Trans. Evolut.
Comput., vol. 6, no. 2, pp. 182-197, 2002.

[10] P. C. Chang, S. H. Chen, Q. Zhang, and J. L. Lin, “MOEA/D for
flowshop scheduling problems,” IEEE Congress on Evolutionary
Computation, CEC 2008, 2008, pp. 1433-1438, Hong Kong, china.

[11] A. Alhindi, and Q. Zhang, “MOEA/D with Tabu Search for
multiobjective permutation flow shop scheduling problems,” IEEE
Congress on Evolutionary Computation, CEC 2014, 2014, pp. 1155-
1164, Beijing, China.

[12] F. Q. Zhao, Z. Chen, J. B. Wang, and C. Zhang, “An improved

MOEA/D for multi-objective job shop scheduling problem,” Int. J.
Comput. Integ. M., vol.30, no. 6, pp. 616-640, 2017.

[13] O. Schutze, X. Esquivel, A. Lara, and C. A. C. Coello, “Using the
averaged Hausdorff distance as a performance measure in evolutionary
multiobjective optimization,” IEEE Trans. Evolut. Comput., vol. 16,
no. 4, pp. 504-522, 2012.

[14] E. Zitzler, “Evolutionary algorithms for multiobjective optimization:

methods and applications,” PhD thesis, Swiss Federal Institute of
Technology (ETH), Zurich, Switzerland, November 1999.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




