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Abstract—This paper proposes a novel scheduling scheme
based on Dezert-Smarandache Theory (DSmT) in an Orthog-
onal Frequency Division Multiple Access (OFDMA) downlink
scenario. The proposed scheme is utilized in a decoupled
time/frequency domain packet scheduling framework and allows
jointly optimizing both system throughput and fairness. Com-
pared with the proportional fair (PF) scheduling algorithm, the
proposed method is able to achieve higher system throughput
and lower average packet delay with approximately the same
fairness among users. Simulation results verify that the proposed
scheme can make a better tradeoff between system throughput
and fairness among users than its counterparts.

I. INTRODUCTION

Orthogonal Frequency Division Multiple Access (OFDMA)
is one of the most important multiple access techniques in
multiuser broadband wireless communications and has been
proposed as the multiple access technique for the air interface
by wireless communication standards including IEEE 802.16m
[1] and 3GPP Long Term Evolution (LTE) [2]. In OFDMA
systems, the radio resources are allocated to the users in time-
frequency unit, i.e., physical resource block (PRB) which con-
sists of several subcarriers during a time slot. Therefore, proper
scheduling methods can be applied in time and frequency
domains to acquire multiuser diversity in both domains [3].

A decoupled time/frequency domain scheduling scheme is
adopted in [3] for LTE downlink scenario and it is attractive for
reducing the complexity of the scheduler and signaling over-
head. Obviously, the scheduling strategy can also be performed
in OFDMA systems. Several scheduling algorithms based on
the decoupled time/frequency scheduling scheme are investi-
gated in [3]–[5]. The maximum throughput (MT) scheduling
algorithm prioritizes the users with better channel conditions
and can obtain the highest possible system throughput [4].
However, the major weak point of MT scheduling is that
the fairness and quality of service (QoS) are not guaranteed.
Taking fairness into consideration, the proportional fair (PF)
algorithm is a satisfactory scheduling scheme. Both the PF
scheduling [3], [4] and the modified PF scheduling [5] can
make a tradeoff between throughput and fairness, whereas the
packet delay of each user is not concerned.

Dezert-Smarandache Theory (DSmT) proposed in [6], is the
development and generalization of Dempster-Shafer Theory
(DST) [7]. Based on DSmT or DST, plenty of intelligent
algorithms have been adopted in many fields, such as data
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fusion [8], artificial intelligence research [9] and MIMO sys-
tems [10], [11]. A satisfactory performance can be achieved by
DSmT or DST as shown in [8]–[11]. DSmT is appropriate for
scheduling problems owning to its counteracting uncertainty
merit. In this paper, a DSmT based time/frequency domain
scheduling algorithm is proposed in OFDMA systems to
jointly optimize system throughput and fairness. The channel
condition, user throughput and packet delay are considered as
the three evidences in both time domain (TD) and frequency
domain (FD). The proposed algorithm has similar procedures
in the two domains and the scheduling decisions can be made
from the evaluations of the three evidences. Specifically, at
first, the generalized basic belief assignment (GBBA) for each
user in each time slot is calculated according to the certain
evidence. Then, the combination of the GBBAs associated
to the three evidences for a certain user is performed based
on Dezert-Smarandache combination rule (DSmC) with corre-
sponding evidence weights. Finally, the generalized pignistic
probabilities are generated from the combination results to
make the final decision. Contrastively, the proposed algorithm
achieves higher system throughput and lower packet delay
with approximately the same fairness compared with the
PF algorithm. Furthermore, the evidence weight, i.e., the
tradeoff parameter, can be set to either a fixed value or an
adaptive value under different practical situations. Illustrations
under practical channel model demonstrate that the proposed
scheduling algorithm is able to make a better tradeoff between
system throughput and fairness than its counterparts.

The rest of this paper is organized as follows: Section II
describes the system model of the scheduling problem. Section
III presents a brief review of the conventional scheduling algo-
rithms. In Section IV, a DSmT based approach is analyzed in
details. Simulations and comparisons are presented in section
V. Finally, the conclusions are summarized in Section VI.

II. SYSTEM MODEL

This paper considers a single cell scenario which consists
of one base station with a single antenna and 𝑀 active users
each equipped with a single antenna. As shown in Figure 1,
the OFDMA system radio resource is assigned per PRB at
each time slot. Each PRB consists of 𝑆 adjacent subcarriers
with a subcarrier spacing of 15kHz and spans a time duration
of 𝑇𝑠, which corresponds to 6 or 7 OFDM symbols [12]. The
maximum multiplexed users is denoted 𝐾 (𝐾 < 𝑀 ) which
defines the maximun number of users that can be multiplexed
in each time slot.
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Figure 1. Physical resource block grid in OFDMA systems

The scheduling process is divided into two phases in each
time slot. In the first phase, i.e., time domain packet schedul-
ing, the scheduler located in BS selects 𝐾 users with the
highest scheduling priorities from 𝑀 active users according
to certain scheduling priority metrics, based on throughput,
delay or current channel condition. The 𝐾 selected users are
appended to a scheduling candidate set (SCS), which will be
used in the next phase. In the second phase, i.e., frequency
domain packet scheduling, the PRBs in the time slot are
allocated to the users in the SCS. However, it should be noted
that the scheduler does not necessarily guarantee that all the
𝐾 selected users will be allocated PRBs because the users
in SCS are considered only candidates. In the second phase,
multiple PRBs can be assigned to one user, while a certain
PRB can be assigned for only one user at each time slot.

It is assumed that the signal to interference plus noise ratio
(SINR) information of each user in the cell are instantaneously
available at the scheduler at the beginning of each time slot.
Let 𝑅𝑘 [𝑛] express the instantaneously supportable data rate for
user 𝑘 at time slot 𝑛, assuming full bandwidth transmission
with the BS transmit power allocated equally among the PRBs.
𝑅𝑘 [𝑛] can be calculated by Shannon’s capacity formula. In
order to measure the fairness among different scheduling
algorithms, two fairness criteria are considered:

Jain’s Fairness Index of data rate, denoted 𝐼𝐷, is equivalent
to the Jain’s fairness index defined in [13] and is defined as

𝐼𝐷 =

(∑𝑀
𝑘=1 𝑅̄𝑘

)2

𝑀
∑𝑀

𝑘=1 𝑅̄2
𝑘

, (1)

where 𝑅̄𝑘 =
∑𝑁

𝑛=1 𝑅𝑘 [𝑛] /𝑁 and 𝑁 is the number of time
slots.

Jain’s Fairness Index of resource, denoted 𝐼𝑅, similar with

the allocation fairness index in [5] is formulated as

𝐼𝑅 =

(∑𝑀
𝑘=1 𝐺̄𝑘

)2

𝑀
∑𝑀

𝑘=1 𝐺̄2
𝑘

, (2)

where 𝐺̄𝑘 =
∑𝑁

𝑛=1 𝐺𝑘 [𝑛] /𝑁 and 𝐺𝑘 [𝑛] represents the
number of PRBs allocated for user 𝑘 at time slot 𝑛.

Furthermore, the average packet delay is calculated as

Γ =

∑𝑀
𝑘=1

∑𝑁
𝑛=1 Γ𝑘 [𝑛]

𝑀 ⋅𝑁 , (3)

where Γ𝑘 [𝑛] denotes the cumulative packet delay, i.e., waiting
time, of the user 𝑘 at time slot 𝑛, and it is updated when
scheduling is finished at each time slot as follows

Γ𝑘 [𝑛+ 1] =

{
0 𝑘 ∈ Ω

Γ𝑘 [𝑛] + 𝜏0 𝑘 /∈ Ω
, (4)

where Ω represents the set of users that are served at time slot
𝑛 and 𝜏0 is a constant which equals to the duration of the time
slot. The initial value of Γ𝑘 [𝑛], i.e., Γ𝑘 [1], is set to 𝜏0.

III. CONVENTIONAL SCHEDULING ALGORITHMS

As described in section II, the packet scheduling process
consists of two basic steps. In TD packet scheduling (TDPS), a
subset, i.e., SCS, of all the active users in the cell is chosen and
in FD packet scheduling (FDPS), the actual PRBs allocation
for the users in the SCS is carried out. The decoupled
time/frequency domain scheduler is attractive from a com-
plexity point of view, since limiting the maximun multiplexed
users through TDPS helps to decrease the signaling overhead
and the complexity of the scheduler. It is shown in [3], that
the QoS of the users is primarily controlled by TDPS and
the spectral efficiency is optimized mostly through FDPS.
Many scheduling algorithms can be used in both time and
frequency domains. Here, two typical time/frequency domain
packet scheduling algorithms, i.e., MT and PF algorithms, are
considered.

A. TD Scheduling

𝐷𝑘 is defined as a priority metric for user 𝑘, and the 𝐾
users with highest priority metric values will be chosen as
candidates for the FD scheduling. We consider the following
two priority metrics:

1) Time Domain Maximum Throughput (TD-MT): The TD-
MT algorithm gives priorities to the users which can support
higher data rate, i.e., the ones have better channel conditions.
The priority metric is expressed as

𝐷𝑘 = 𝑅𝑘 [𝑛] , (5)

where 𝑅𝑘 [𝑛] is defined in section II. Obviously, the algorithm
has advantages in system throughput but the fairness is not
considered.



2) Time Domain Proportional Fair (TD-PF): The system
throughput and fairness are both considered in the TD-PF
scheduling algorithm, the priority metric is formulated as
follows

𝐷𝑘 =
𝑅𝑘 [𝑛]

𝑇𝑘 [𝑛]
, (6)

where 𝑇𝑘 [𝑛] is the average throughput for user 𝑘 at time slot
𝑛 and it is updated by

𝑇𝑘 [𝑛+ 1] =

{
(1− 1

𝑇𝑐
)𝑇𝑘 [𝑛] +

1
𝑇𝑐

𝑅𝑘 [𝑛] 𝑘 ∈ 𝑆𝐶𝑆

(1− 1
𝑇𝑐
)𝑇𝑘 [𝑛] 𝑘 /∈ 𝑆𝐶𝑆

, (7)

where 𝑇𝑐 denotes the effective memory of the throughput
averaging window [14].

B. FD Scheduling

Similar to the TD scheduling, it is assumed that the SINR
information of each user on each PRB are known at the
scheduler. Let 𝑅𝑘,𝑏 [𝑛] indicate the instantaneous throughput
for user 𝑘 at time slot 𝑛 on PRB 𝑏 and it can be calculated
by Shannon’s capacity formula. The following two scheduling
algorithms are considered:

1) Frequency Domain Maximum Throughput (FD-MT):
The user 𝑘∗ which is selected from SCS for scheduling at
time slot 𝑛 on PRB 𝑏 is determined by

𝑘∗ = arg max
𝑘∈{1,2,...,𝐾}

𝑅𝑘,𝑏 [𝑛] . (8)

2) Frequency Domain Proportional Fair (FD-PF): Similar
to the TD-PF algorithm, the user chosen to be served at time
slot 𝑛 is

𝑘∗ = arg max
𝑘∈{1,2,...,𝐾}

𝑅𝑘,𝑏 [𝑛]

𝑇𝑘 [𝑛]
. (9)

IV. DSMT BASED SCHEDULING ALGORITHM

In this section, a brief review of the DSmT is presented and
the proposed DSmT based time/frequency scheduling algo-
rithm is further explained. For more details of DSmT, readers
can refer to the original book of Dezert and Smarandache [6].

A. A Brief Review of DSmT

Let Θ = {𝜃1, 𝜃2, . . . , 𝜃𝑛} be a finite set of 𝑛 exhaustive
elements, which is called the frame Θ. Define 2Θ, i.e., the
power set, as the set of all subsets of Θ, and 𝐷Θ, i.e., the
hyper-power set, which is defined as

1) ∅, 𝜃1, . . . , 𝜃𝑛 ∈ 𝐷Θ;
2) If 𝐴,𝐵 ∈ 𝐷Θ, then 𝐴 ∩𝐵 ∈ 𝐷Θ and 𝐴 ∪𝐵 ∈ 𝐷Θ;
3) No other elements belong to 𝐷Θ, except those in 1) or

2).
The generic notation 𝐺Θ is used for denoting either 2Θ

or 𝐷Θ. In Shafer’s model in DST, written ℳ0 (Θ), all the
elements in Θ are exhaustive and exclusive. However, in
DSmT frame, elements in Θ are exhaustive only and this is
called the free DSm model, written ℳ𝑓 (Θ).

For a frame Θ, a map 𝑚 (.) : 𝐺Θ → [0, 1] is defined
associated to a given body of evidence 𝐸 as

𝑚𝐸 (∅) = 0 and
∑

𝐴∈𝐺Θ

𝑚𝐸 (𝐴) = 1, (10)

and 𝑚𝐸 (𝐴) is called the GBBA of element A.
DSmC is applied in ℳ𝑓 (Θ) to combine different evalua-

tions from independent evidences. It is given by

𝑚𝐷𝑆𝑚𝐶 (𝐴) =
∑

𝑋,𝑌 ∈𝐷Θ, 𝑋∩𝑌=𝐴

𝑚𝛽1

𝐸1 (𝑋)𝑚𝛽2

𝐸2 (𝑌 ) , (11)

where 𝐸1 and 𝐸2 are independent evidences, and 𝛽1 and 𝛽2

are evidence weight coefficients satisfying 𝛽1 + 𝛽2 = 1. The
rule of combination is associative and commutative, and it
can be extended for combining evaluations from more than
two evidences.

Finally, a rational decision can be made through acquiring
the maximum of the generalized pignistic probability, written
𝐵𝑒𝑡𝑃 (.), of the elements in 𝐷Θ. The 𝐵𝑒𝑡𝑃 (.) means the
belief level of a certain element in the DSmT framework. It
is defined as 𝐵𝑒𝑡𝑃 (∅) = 0 and for ∀𝐴 ∈ 𝐷Θ ∖ {∅}

𝐵𝑒𝑡𝑃 (𝐴) =
∑

𝑋∈𝐷Θ

𝐶ℳ (𝑋 ∩𝐴)

𝐶ℳ (𝑋)
𝑚 (𝑋) , (12)

where 𝐶ℳ (𝑍) denotes the cardinality of Z.
In the following subsections, the DSmT based scheduling

algorithm will be addressed in details.

B. TD Scheduling based on DSmT

1) Frame and Model: In TD scheduling, the scheduler se-
lects 𝐾 users from 𝑀 active users in the cell at each time slot.
Let 𝐴𝑘, 𝑘 = 1, 2, . . . ,𝑀 , denote the user 𝑘 in the cell requiring
to be served and 𝐵 (𝐴𝑘) denote the hypothesis that the user 𝑘
is selected into the SCS at a certain time slot. The users with
the largest generalized pignistic probability of 𝐵 (𝐴𝑘) will be
chosen as candidates for the FD scheduling. Assuming the
frame of the TD scheduling problem is consisted of 𝐵 (𝐴𝑘),
i.e., Θ = {𝐵 (𝐴1) , 𝐵 (𝐴2) , . . . , 𝐵 (𝐴𝑀 )}, therefore the free
DSm model ℳ𝑓 (Θ) is carried out on 𝐺Θ = 𝐷Θ = 2Θ. This
assumption is accepted due to reducing the complexity of the
algorithm realization without leading to obvious degradation
of the system performance.

2) Definition of GBBA: Three independent evidences which
include channel quality (denoted 𝐸1), each user’s throughput
(denoted 𝐸2) and each user’s packet delay (denoted 𝐸3), are
considered in TD scheduling. The GBBAs based on a certain
evidence for user 𝑘 at time slot 𝑛 is calculated as

𝑚𝐸1
(𝐴𝑘) =

𝑅𝑘 [𝑛]∑𝑀
𝑖=1 𝑅𝑖 [𝑛]

, (13)

where 𝑅𝑘 [𝑛] has the same meaning as in section III. As shown
in (13), the channel quality of each user is considered as the
key point from the evidence 𝐸1’s point of view.

𝑚𝐸2
(𝐴𝑘) =

(∑𝑀
𝑖=1

∑𝑛
𝑗=1 𝑅𝑖 [𝑗]

)
−
(∑𝑛

𝑗=1 𝑅𝑘 [𝑗]
)

(𝑀 − 1)
(∑𝑀

𝑖=1

∑𝑛
𝑗=1 𝑅𝑖 [𝑗]

) (14)



represents the evaluation from evidence 𝐸2, and the de-
nominator can be regarded as the normalization coefficient.
(14) indicates that evidence 𝐸2 focuses on the cumulative
throughput of each user from the first time slot to the current
time slot 𝑛. The larger the cumulative throughput of a user
is, the less likely it will be selected into the SCS. The GBBA
associated with the evidence 𝐸3 is defined as

𝑚𝐸3
(𝐴𝑘) =

𝜏𝑘 [𝑛]∑𝑀
𝑖=1 𝜏𝑖 [𝑛]

, (15)

where 𝜏𝑘 [𝑛] denotes the cumulative packet delay, i.e., waiting
time, of the user 𝑘 at time slot 𝑛, and it is updated when the
TD scheduling is finished (the 𝐾 users are selected into the
SCS) as follows

𝜏𝑘 [𝑛+ 1] =

{
𝜏𝑘 [𝑛] 𝑘 ∈ 𝑆𝐶𝑆

𝜏𝑘 [𝑛] + 𝜏0 𝑘 /∈ 𝑆𝐶𝑆
, (16)

where 𝜏0 is defined in (4) and the initial value of 𝜏𝑘 [𝑛], i.e.,
𝜏𝑘 [1], is set to 𝜏0.

3) DSmC based Combination: The combination of the
GBBAs corresponding to different evidences can be achieved
based on the DSmC. With the consideration of three existing
evidences, therefore the combination is formulated as

𝑚𝐷𝑆𝑚𝐶 (𝐵 (𝐴𝑘)) =∑
𝑋,𝑌,𝑍∈𝐺Θ, 𝑋∩𝑌 ∩𝑍=𝐵(𝐴𝑘)

𝑚𝛽1

𝐸1
(𝑋)𝑚𝛽2

𝐸2
(𝑌 )𝑚𝛽3

𝐸3
(𝑍) , (17)

where 𝛽1, 𝛽2 and 𝛽3 are evidence weight coefficients asso-
ciated to the three evidences satisfying 𝛽1 + 𝛽2 + 𝛽3 = 1.
Consider the system throughput is the primary index of the
system, and the throughput and delay of each user have equal
importance. Therefore, the coefficients can be set as 𝛽1 = 𝛽,
𝛽2 = 𝛽3 = (1− 𝛽) /2 with the constraint 0 < 𝛽 < 1.
The tradeoff between system throughput and fairness can be
effctively controlled by 𝛽, and 𝛽 can be set to a fixed value
in practical environment.

4) 𝐵𝑒𝑡𝑃 (.) based Decision Making: The generalized pig-
nistic probability, i.e., Bet𝑃 (.), represents the priority metric
for a certain user in TD scheduling and with the consideration
of 𝐺Θ = 𝐷Θ = 2Θ, the calculation of 𝐵𝑒𝑡𝑃 (.) defined in
(12) is simplified as

𝐷𝑘 = 𝐵𝑒𝑡𝑃 (𝐵 (𝐴𝑘))

=
∑

𝑋∈𝐷Θ

∣ 𝐵 (𝐴𝑘) ∩𝑋 ∣
∣ 𝑋 ∣ 𝑚𝐷𝑆𝑚𝐶 (𝑋)

= 𝑚𝐷𝑆𝑚𝐶 (𝐵 (𝐴𝑘)) . (18)

C. FD Scheduling based on DSmT

1) Frame and Model: The FD scheduling is performed on
a certain PRB sense. Let 𝐴𝑘,𝑏, 𝑘 = 1, 2, . . . ,𝐾, express the
user 𝑘 in the SCS competing for the PRB 𝑏 at a certain
time slot and 𝐵 (𝐴𝑘,𝑏) denote the hypothesis that the user
𝑘 wins in the competition for the PRB 𝑏 at the time slot.
Considering a certain PRB can be assigned for only one
user at each time slot, therefore the elements of the frame,

i.e., {𝐵 (𝐴1,𝑏) , 𝐵 (𝐴2,𝑏) , . . . , 𝐵 (𝐴𝑘,𝑏)}, are exhaustive and
exclusive. Similarly, the free DSm model ℳ𝑓 (Θ) can be
conducted on 𝐺Θ = 𝐷Θ = 2Θ in this situation.

2) Definition of GBBA: The three evidences in TD schedul-
ing are also used in this subsection with few modifications,
due to the calculation of GBBAs limited to a certain PRB
sense. For the PRB 𝑏, the GBBA for the user 𝑘 at time slot
𝑛 is defined according to a certain evidence, such as for the
evidence 𝐸1, the GBBA is formulated as

𝑚𝐸1
(𝐴𝑘,𝑏) =

𝑅𝑘,𝑏 [𝑛]∑𝐾
𝑖=1 𝑅𝑖,𝑏 [𝑛]

, (19)

where the 𝑅𝑘,𝑏 [𝑛] is identical with the definition in section
III. The GBBA associated to the evidence 𝐸2 is defined as

𝑚𝐸2
(𝐴𝑘,𝑏) =

(∑𝐾
𝑖=1

∑𝑛
𝑗=1 𝑅𝑖,𝑏 [𝑗]

)
−
(∑𝑛

𝑗=1 𝑅𝑘,𝑏 [𝑗]
)

(𝐾 − 1)
(∑𝐾

𝑖=1

∑𝑛
𝑗=1 𝑅𝑖,𝑏 [𝑗]

) .

(20)
As shown in (20), the value of 𝑚𝐸2

(𝐴𝑘,𝑏) is mainly depended
on the total throughput of the user 𝑘 at time slot 𝑛 and the
increase of the user 𝑘’s total throughput will result in the
decrease of the 𝑚𝐸2

(𝐴𝑘,𝑏). For the evidence 𝐸3, the GBBA
is denoted as

𝑚𝐸3
(𝐴𝑘,𝑏) =

𝜏𝑘,𝑏 [𝑛]∑𝐾
𝑖=1 𝜏𝑖,𝑏 [𝑛]

, (21)

where 𝜏𝑘,𝑏 [𝑛] represents the cumulative packet delay of the
user 𝑘 at time slot 𝑛 on the PRB 𝑏. 𝜏𝑘,𝑏 [𝑛] is updated when
the FD scheduling at time slot 𝑛 is finished and it is updated
by

𝜏𝑘,𝑏 [𝑛+ 1] =

{
𝜏𝑘,𝑏 [𝑛] 𝑘 = 𝑘∗

𝜏𝑘,𝑏 [𝑛] + 𝜏0 𝑘 ∕= 𝑘∗ , (22)

where 𝜏0 is defined in (4) and the 𝜏𝑘,𝑏 [1] is set to 𝜏0.
3) DSmC based Combination: The GBBAs from the three

evidences are effectively combined by (11) based on the
DSmC, and can be formulated as

𝑚𝐷𝑆𝑚𝐶 (𝐵 (𝐴𝑘,𝑏)) =∑
𝑋,𝑌,𝑍∈𝐺Θ, 𝑋∩𝑌 ∩𝑍=𝐵(𝐴𝑘,𝑏)

𝑚𝛽1

𝐸1
(𝑋)𝑚𝛽2

𝐸2
(𝑌 )𝑚𝛽3

𝐸3
(𝑍) ,

(23)

where 𝛽1, 𝛽2 and 𝛽3 are identical with (17) satisfying 𝛽1+𝛽2+
𝛽3 = 1. The setting of 𝛽1 = 𝛽, 𝛽2 = 𝛽3 = (1− 𝛽) /2 with
the constraint 0 < 𝛽 < 1 is also accepted for simplification.

4) 𝐵𝑒𝑡𝑃 (.) based Decision Making: In the FD scheduling,
the decision which user will be served for the PRB 𝑏 is made
based on the calculation of 𝐵𝑒𝑡𝑃 (.) by (12). Since 𝐺Θ =
𝐷Θ = 2Θ in this situation, the calculation can be simplified
as

𝐵𝑒𝑡𝑃 (𝐵 (𝐴𝑘,𝑏)) =
∑

𝑋∈𝐺Θ

∣ 𝐵 (𝐴𝑘,𝑏) ∩𝑋 ∣
∣ 𝑋 ∣ 𝑚𝐷𝑆𝑚𝐶 (𝑋)

= 𝑚𝐷𝑆𝑚𝐶 (𝐵 (𝐴𝑘,𝑏)) . (24)
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Figure 2. Comparison of system throughput of DSmT based scheduling, PF
and MT
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Figure 3. Comparison of average packet delay of DSmT based scheduling,
PF and MT

Finally, the user for the PRB 𝑏 is chosen by

𝑘∗ = arg max
𝑘∈{1,2,...,𝐾}

𝐵𝑒𝑡𝑃 (𝐵 (𝐴𝑘,𝑏)) . (25)

V. SIMULATION RESULTS

In this section, numerical results are presented to illustrate
the performance of the proposed DSmT based time/frequency
domain scheduling algorithm, compared with MT and PF
scheduling algorithms. Considering all the 𝑀 = 20 users are
randomly distributed in the cell and the minimum distance
between the user and the BS is 35m. The Rayleigh fading
channel is considered and the delay due to multipath is not
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Figure 4. Comparison of Jain’s fairness index of data rate (𝐼𝐷) of DSmT
based scheduling, PF and MT
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Figure 5. Comparison of Jain’s fairness index of resource (𝐼𝑅) of DSmT
based scheduling, PF and MT

concerned. 𝑇𝑐 is set to 5000 time slots, 𝜏0 is set to 1ms and 𝛽
is set to 0.5. The simulation results are obtained via averaging
100 times’ results and each consists of 10000 time slots. The
simulation parameters are shown in Table I refering to [2].

The average system throughput of different time/frequency
domain scheduling algorithms are portrayed in Figure 2. It
is easily observed that the TD-MT/FD-MT algorithm obtains
the highest average system throughput and the DSmT based
scheme outperforms the PF algorithm in the simulation. The
average packet delays for the three schemes are calculated
by (3) and shown in Figure 3. Obviously, the proposed
algorithm achieves much lower average packet delay than the
two other methods and the packet delay corresponding to the



Table I
SIMULATION PARAMETERS

Cell radius 1 km

System bandwidth 10 MHz

Subcarriers per PRB 12

Subcarrier spacing 15 kHz

Number of PRBs 55

Total BS transmit power 46 dBm

Time slot duration 1 ms

Distance dependent pathloss 100+35log(r/km) dB

Shadowing standard deviation 8 dB

Thermal noise density -174 dBm/Hz

Traffic Model Full buffer

MT algorithm is hard to tolerate. Figure 3 also demonstrates
the DSmT based method can provide better QoS for users
compared with its counterparts. The two fairness criteria, 𝐼𝐷
and 𝐼𝑅, defined in section II are taken into account separately
in Figure 4 and Figure 5. As shown in the two figures, the
values of 𝐼𝐷 and 𝐼𝑅 for the PF algorithm and the DSmT based
algorithm are significantly higher than the ones for their MT
counterparts. It also can be seen that the two fairness indexes
of the proposed scheme are quite close to the indexes of the
PF scheme. It is indicated that the DSmT based algorithm can
achieve approximately the same fairness among users (either
𝐼𝐷 or 𝐼𝑅) compared with the PF method. Furthermore, both of
them can provide much better fairness than the MT algorithm.

VI. CONCLUSIONS

A novel DSmT based time/frequency domain scheduling
algorithm is proposed in this paper. The numerical results show
that, compared with the conventional PF scheduling algorithm,
the proposed scheme achieves higher system throughput and
lower average packet delay with almost the same fairness

among users. Furthermore, a complexity-reduced DSmT based
scheduling algorithm in OFDMA systems is being studied and
will be presented in another paper.

REFERENCES

[1] IEEE 802.16m-08/033r4, The Draft IEEE 802.16m System Description
Document, IEEE 802.16, July 2008.

[2] 3GPP TR 25.814 V7.1.0, Physical Layer Aspects for Evolved Universal
Terrestrial Radio Access (UTRA) (Release 7), September 2006.

[3] A. Pokhariyal, K. Pedersen, G. Monghal, I. Kovacs, C. Rosa, T. Kolding,
and P. Mogensen, “Harq aware frequency domain packet scheduler with
different degrees of fairness for the utran long term evolution,” in Proc.
of IEEE Vehicular Technology Conf., 2007, pp. 2761–2765.

[4] P. Kela, J. Puttonen, N. Kolehmainen, T. Ristaniemi, T. Henttonen, and
M. Moisio, “Dynamic packet scheduling performance in utra long term
evolution downlink,” in Proc. of IEEE Int. Symp. Wireless Pervasive
Computing, 2008, pp. 308–313.

[5] C. Wengerter, J. Ohlhorst, and A. von Elbwart, “Fairness and through-
put analysis for generalized proportional fair frequency scheduling in
ofdma,” in Proc. of IEEE Vehicular Technology Conf., 2005, pp. 1903–
1907.

[6] F. Smarandache and J. Dezert, Advances and applications of DSmT for
information fusion. American Research Press, 2009, vol. 3.

[7] R. Yager and L. Liu, Classic works on the Dempster-Shafer theory of
belief functions. Springer Verlag, 2008.

[8] H. Zhu and O. Basir, “A scheme for constructing evidence structures in
dempster-shafer evidence theory for data fusion,” in Proc. of IEEE Int.
Symp. Computational Intelligence in Robotics and Automation, vol. 2,
2003, pp. 960–965.

[9] T. Denoeux, “A neural network classifier based on dempster-shafer
theory,” Systems, Man and Cybernetics, Part A, IEEE Transactions on,
vol. 30, no. 2, pp. 131–150, 2000.

[10] J. Xia, T. Lv, Y. Li, and J. Cioffi, “A novel bit-level ds combining scheme
for mimo systems with harq,” in Proc. of IEEE Int. Symp. Information
Theory, 2009, pp. 244–248.

[11] J. Xia and T. Lv, “Uncertainty processing applied to packet combining
in mimo-harq systems,” in Proc. IEEE Global Telecommun. Conf., 2009,
pp. 1–5.

[12] K. Raymond and L. Cyril, “A survey of scheduling and interference
mitigation in lte,” Journal of Electrical and Computer Engineering, vol.
2010, 2010.

[13] R. Kwan, C. Leung, and J. Zhang, “Proportional fair multiuser schedul-
ing in lte,” Signal Processing Letters, IEEE, vol. 16, no. 6, pp. 461–464,
2009.

[14] A. Jalali, R. Padovani, and R. Pankaj, “Data throughput of cdma-hdr a
high efficiency-high data rate personal communication wireless system,”
in Proc. of IEEE Vehicular Technology Conf., 2000, pp. 1854–1858.



<<
  /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 /Warning
  /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 false
  /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
    /AdobeSansMM
    /AdobeSerifMM
    /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
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /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
    /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
    /EuroSig
    /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
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-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
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /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
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /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
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /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
    /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
    /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
    /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 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


