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Abstract
The medium access control protocol plays an important role to decrease access collisions in dense wireless sensor net-
works where multiple sensors in the same vicinity attempt to transmit a packet simultaneously. In this article, we pro-
pose a distributed medium access control protocol that uses successive multiple collision detection phases for dense
wireless sensor network environments by enhancing the typical carrier sense multiple access with collision resolution
protocol that uses only a single collision detection phase. In the proposed medium access control protocol, colliding sta-
tions are filtered in each collision detection phase and only surviving stations compete again in the next collision detec-
tion phase. Therefore, the collision detection probability becomes higher as the collision detection phases proceed.
Utilizing the successive multiple collision detection phases, we analyze the throughput numerically and find optimal oper-
ating parameters—such as the number of collision detection phases and the number of collision detection slots per
phase—that maximize the throughput. Analysis and simulation results show that the proposed medium access control
protocol using the successive collision detection technique significantly outperforms the conventional carrier sense mul-
tiple access with collision resolution protocol.
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Introduction

With the rapid growth of various Internet of Things
(IoT) applications, massive IoT devices will form a
dense wireless sensor network (WSN) in future. One of
the most performance-effective factors in a dense WSN
is the medium access control (MAC) protocol, which
efficiently and fairly distributes the limited radio
resources to a number of users by controlling the ran-
dom access from them. The MAC protocol should be
designed to minimize access collisions, which occur
when two or more stations attempt to transmit a
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packet at the same time. The access collision results in
the retransmission or loss of packets and deteriorates
network performances in terms of throughput, delay,
and energy efficiency. Many carrier sense multiple
access (CSMA)-based MAC protocols have been pro-
posed in WSNs to avoid collisions.1,2 These protocols
can efficiently reduce collisions, but inherently cannot
eliminate all collisions because of hidden terminal
problems as well as collisions when multiple nodes
sense the medium free at the same time. Previous stud-
ies3–5 demonstrate that CSMA-based MAC protocols
dramatically deteriorate its performance when the
number of simultaneous transmitting nodes increases.
Such collisions become severe in dense WSNs for two
reasons. First, many dense WSNs are event-driven and
generate bursty spatially correlated traffic, where a
plurality of sensors in the same vicinity have messages
to send simultaneously in response to the same event.6

Second, WSNs are typically established with few sink
nodes to which packets from many sensors converge.
Such convergence causes many collisions around sink
nodes, which is known as funneling effect.7 Therefore, it
becomes more important to reduce the access collision
in dense WSNs.

A representative MAC protocol widely used in
WSNs is the carrier sensing multiple access with colli-
sion avoidance (CSMA/CA) protocol because of its
operational simplicity. However, it is well known that
the efficiency of CSMA/CA is reduced by the successive
collisions of retransmitted packet as the number of con-
tending stations increases.3–5 To improve the efficiency
of CSMA-based MAC protocols, recently the CSMA
with collision detection (CSMA/CD)-like behavior has
been emulated in wireless environments.8–11 This
attempt is due to the fact that the CSMA/CD enables
the transmitter to detect a collision while transmitting
data and to stop the transmission immediately if a colli-
sion is detected.12 However, the original CSMA/CD
protocol is designed for wired networks and thus infea-
sible in a wireless channel, because the wireless trans-
mitter cannot simultaneously transmit and listen on the
same channel as the receiver of the transmitting station
is overwhelmed by its own transmission power (a.k.a.
the deafness problem).

As the first attempt to overcome the deafness prob-
lem and allow the CSMA/CD operation in a wireless
network, CSMA with time-split collision detection
(CSMA-TCD) has been proposed under assuming a
long propagation delay.8 In CSMA-TCD, the transmit-
ter pauses after transmitting a preamble with a fixed
length and briefly executes carrier sensing. Because of
the discriminating radio propagation delay, simultane-
ously transmitting stations can detect the other pream-
ble signals and thus pause their data transmissions. As
another reasonable approach to collision detection
(CD) in wireless channels, a wireless CSMA/CD

(WCSMA/CD) protocol has been proposed.9,10 In
WCSMA/CD, all stations define a CD period equally
and each transmitting station randomly determines a
short CD slot within the CD period after starting the
data transmission. The transmitting station then senses
the channel during the selected CD slot to check
whether a collision has occurred. If colliding stations
are present and they all do not choose the same CD
slot, each station senses a higher energy level than the
threshold during the CD slot (i.e. a collision is
detected). In this case, the colliding stations abort their
transmission within the CD period and perform a
backoff procedure; thus, the wasted time is reduced. By
enhancing the WCSMA/CD, the CSMA with collision
resolution (CSMA/CR) protocol has been proposed
recently.11 Upon detecting a collision during the CD
period in CSMA/CR, the transmitter immediately
aborts its own transmission and broadcasts a jam signal
to inform the other stations that they must stop their
transmissions. After the station has transmitted the jam
signal during the CD period, it is allowed to retransmit
the data promptly without backoff, whereas the other
stations automatically defer access. This eventually
resolves a next collision that might occur, thereby lead-
ing to more performance improvement.

Although the previous CSMA/CD-based MAC pro-
tocols improve the MAC efficiency considerably, the
access collision still exists and the throughput degrades
due to the collision, backoff time, and additional proto-
col overhead. These problems become severe particu-
larly when the number of accessing stations increases
significantly in a highly dense WSN environment. In
this article, we propose an advanced MAC protocol
that employs successive multiple CD phases by extend-
ing the typical CSMA/CR protocol, in order to further
decrease the probability of access collision when a large
number of stations attempt to access. Multiple CD
phases can filter out the colliding station successively
and thus the number of contending stations decreases
in each CD phase. We explain the operation of the pro-
posed MAC protocol in detail and analyze its through-
put numerically with respect to the number of CD
phases and the number of stations. Thereafter, we
investigate optimal operating parameters, such as the
number of CD phases and the number of CD slots per
phase, to maximize the throughput. Finally, we discuss
implementation issues and present feasible solutions
from the practical point of view.

The rest of this article is organized as follows.
Section ‘‘Original CSMA/CR protocol’’ reviews the
operation of the original CSMA/CR protocol. Section
‘‘Proposed MAC protocol’’ explains the operation of
the proposed MAC protocol in detail. Section
‘‘Performance analysis’’ analyzes the performance of
the proposed scheme numerically and section ‘‘Results
and discussion’’ shows the throughput performance by
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considering various operating parameters. Section
‘‘Implementation issue’’ indicates some implementation
issues for the practical use of the proposed MAC pro-
tocol. Finally, section ‘‘Conclusion’’ presents the con-
clusions drawn in this article.

Original CSMA/CR protocol

The CSMA/CR protocol adopts the CD process of
WCSMA/CD but adds distinct operations in which a
station can transmit or detect a jam signal when a colli-
sion is detected. More specifically, the transmitting sta-
tion in CSMA/CR can detect not only the energy, but
also the jam signal during the randomly selected CD
slot. This operation divides CSMA/CR into possible
four event cases, as shown in Figure 1.

Figure 1(a) illustrates the first success case in which no
simultaneously accessing stations are present (i.e. no colli-
sion occurs); therefore, neither energy nor jam is not
detected during the CD slot. The station continues its data
transmission right after the brief sensing during the allo-
cated CD slot and successfully completes transmission.

Figure 1(b) illustrates the second success case in
which the station that selects the earliest CD slot
among the colliding stations (i.e. Station 1) detects the

energy but not a jam signal. Being the first station to
detect a collision, Station 1 subsequently transmits a
jam signal, instead of a data signal, for the remainder
of the CD period. This allows the stations that select a
later CD slot (i.e. Stations 2 and 3) to detect both the
energy and jam signal, causing their ongoing transmis-
sions to stop immediately. Once the CD period ends,
only the station that transmitted the jam signal is
allowed to retransmit its data promptly without back-
off while the other stations automatically defer their
access. This collision resolution (CR) technique ensures
successful data retransmission of one station if a colli-
sion is detected during the CD period.

Figure 1(c) shows the first failure case in which all
colliding stations select the same CD slot. Thus, they
are unable to detect the energy and therefore continue
transmission, leading to transmission failure. When
transmission failure occurs, the transmitter identifies it
by the lack of receipt of the acknowledgement (ACK)
packet and then retries to access after backoff.

Figure 1(d) shows another transmission failure case
where two or more stations (but not all) select the same
earliest CD slot. Hence, the stations detect only the
energy and therefore transmit the jam signal equally
during the remaining CD period and also transmit the

Figure 1. Possible event cases in the original CSMA/CR operation. (a) First success case: only one station accesses the channel, (b)
second success case: collision is resolved because only one station selects the earliest CD slot, (c) first failure case: all stations select
the same CD slot, and (d) second failure case: two or more (not all) stations select the earliest CD slot.
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new data simultaneously after the CD period. This
action also leads to transmission failure. In this case,
the station that selects the later CD slot (i.e. Station 3)
detects the overlapped jam signal. Because an over-
lapped signal with the same pattern is generally detect-
able,13 Station 3 can recognize the jam signal and stop
its transmission. Here, we denote the lengths of the CD
slot, CD period, and transmitted data by Tslot, Tcdp, and
Tdata, respectively, and we indicate the channel usage
time in each case. Note that in the second success and
failure cases, the wasted channel time is more than that
in the first ones.

Proposed MAC protocol

In the CSMA/CR protocol, collision can be resolved by
one random slot selection in one CD period. However,
there is still a chance of collision in CSMA/CR, as
shown in Figure 1(c) and (d). To decrease these colli-
sions, we try to repeat the CD period to provide more
opportunities for random slot selection, thus utilizing
the successive multiple CD phases.

To facilitate to understand the operation of the
proposed protocol using multiple CD phases, we first

try to illustrate the possible event cases when only two
CD phases are used and three stations access simulta-
neously, as shown in Figure 2. There are three success-
ful transmission cases and three failure cases. Figure
2(a) shows the case when only one station accesses the
channel and no collision occurs. Figure 2(b) shows the
case when only one station chooses the earliest CD
slot at the first CD phase, and CD is successful at the
first CD phase. Figure 2(c) shows the case when CD
fails as two stations of the total three stations choose
the earliest CD slot at the first CD phase. However, at
the second CD phase, these two colliding stations con-
tinue the CR process and only one station among
them chooses the earliest CD slot and eventually colli-
sion is resolved. As shown, in each CD phase, only the
stations that select the earliest CD slot are filtered and
they compete again in the next CD phase. In this way,
as the CD phase proceeds, the number of contending
stations decreases and the CD probability (i.e. the
probability that only one station selects the earliest
CD slot in each CD phase) increases. Note that each
case has a different channel usage time. In other
words, each case is classified according to the channel
usage time.

Figure 2. Possible event cases in the proposed scheme using two CD phases when three stations access simultaneously. (a) First
success case: only one station accesses the channel, (b) second success case: collision is resolved at the first CD phase, (c) third
success case: collision is resolved at the second CD phase, (d) first failure case: all stations choose the same CD slot in all CD
phases, (e) second failure case: some stations choose the earliest CD slot at the first CD phase and all the surviving stations choose
the same CD slot at the second CD phase, and (f) third failure case: some stations choose the earliest CD slot at the second CD
phase after any failure at the first CD phase.
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As shown in Figure 1(c) and (d), transmission fails
when all stations select the same CD slot or some sta-
tions select the earliest CD slot. In each case, the wasted
channel time is different. By an appropriate arrange-
ment of two such cases in two CD phases, we get three
cases of transmission failure based on wasted channel
times. Figure 2(d) shows the case when all stations
choose the same CD slot in every CD phase. Figure
2(e) shows the case when some stations choose the earli-
est CD slot at the first CD phase and all the surviving
stations choose the same CD slot at the second CD
phase. Figure 2(f) shows the case when some stations
choose the earliest CD slot at the second CD phase
after any failure at the first CD phase. Note that in the
latter case more channel time is wasted.

Next, we consider the event cases when three CD
phases are employed. As illustrated in Figure 3, there
are four successful transmission cases and four failure
cases. Although Figure 3 might be a simple extension of
Figure 2, we add it here to clarify the operation of the
proposed scheme and to facilitate the numerical analy-
sis for an arbitrary number of CD phases, which will be
presented in section ‘‘Performance analysis.’’

It is worth noting that the proposed MAC protocol
using successive CD phases has two strong points that
contribute to performance improvement. The first
one is the only stations that choose the earliest CD
slot are filtered in each CD phase and have a chance
to retry at the next CD phase. This makes the number
of contending stations decreases as the CD phase

Figure 3. Possible event cases in the proposed scheme using three CD phases when four stations access simultaneously: (a) first
success case, (b) second success case, (c) third success case, (d) fourth success case, (e) first failure case, (f) second failure case, (g)
third failure case, and (h) fourth failure case.
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proceeds, eventually increasing the probability of suc-
cessful transmission. The second point is that if the
collision is resolved at a certain CD phase (i.e. only
one station chooses the earliest CD slot), then all the
data transmitted during the following CD phases is
valid (not corrupted), and just one CD slot in each
CD phase is added as the overhead. This advantage
hardly causes a transmission overhead although the
CD phases remain after a collision is successfully
resolved.

The flowchart of the proposed MAC protocol using
an arbitrary number of CD phases (h) is described in
Figure 4. First, a station tries to access if it has data in
buffer and the channel is idle. In each CD phase, it
selects a CD slot number with a random integer
between 1 and the number of CD slots per CD phase

(m) and starts to transmit data. Thereafter, the station
pauses its transmission at the selected CD slot and
senses the channel again. The following operation
depends on the sensing results: (1) if neither energy nor
jam is detected, the station continues data transmission;
(2) if the energy is detected but the jam is not, the sta-
tion transmits a jam signal until the current CD period
ends and retransmits data from the beginning; and (3)
if both the energy and jam are detected, the station
stops data transmission immediately and performs a
backoff procedure. This CD process is repeated as
many times as the predetermined number of CD phases
(h). Then, the station waits the ACK packet from its
receiver. If the ACK is received, the transmission is suc-
cessful. Otherwise, the station retries to access after the
backoff.

Figure 4. Flowchart of the proposed MAC protocol.
MAC: medium access control.
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Performance analysis

Assumptions and notations

First, we enumerate some assumptions and notations
needed for the numerical analysis of the proposed
MAC protocol:

1. We consider a fully connected network topol-
ogy.9–11 This means that the stations are den-
sely packed, and each station can hear the
transmission of any other station in the net-
work so that no hidden node exists. Some com-
mercial IoT applications are deployed in a
limited geographical area, such as home, class-
room, or building, with several sink nodes. In
the vicinity of the sink node, we realistically
assume that all stations lie at a single-hop dis-
tance of one another and form a fully con-
nected network.

2. We assume ideal channel conditions, and thus,
no channel and sensing errors are present.
Therefore, transmission failure is caused only
by access collision.14–16

3. We assume a saturation condition, that is, each
station always has data packets in the transmis-
sion buffer and always tries to access the chan-
nel.16–18

4. We suppose a slotted p-persistent CSMA for
access; hence, each station accesses the channel
in the idle slot with the probability
p (0\p� 1).10,15 Although the access probabil-
ity p can be adapted to the network conditions
or traffic loads, we fix the value of p in this
study to focus on the effect of the other para-
meters on the performance, because the related
access control issues have already been investi-
gated in many literatures.19–21

5. We assume that the propagation delay is much
smaller than the slot time, and thus it is
neglected.

6. We assume that all stations transmit data of
the same size and denote the data transmission
time by Tdata, which includes the SIFS and
ACK reception time.10

7. We denote the length of the CD slot by Tslot

and assume the CD slot length to be the same
as the generic slot length by considering the
worst-case scenario, because the CD slot time
cannot be longer than the generic slot time to
prevent the other stations from attempting a
new access when a station senses during a CD
slot.9 In practice, the length of the CD slot
depends on the channel assessment method,
radio propagation delay, and sensing module’s
processing speed. The details of this subject

will be addressed in section ‘‘Implementation
issue.’’

8. We denote the number of available CD slots
per CD phase by m. For analysis simplicity,
we assume that the number of CD slots is fixed
in each CD phase. Moreover, we denote the
length of one CD period by Tcdp, which
becomes Tcdp =(1+m)Tslot because the first
slot in the CD period cannot be used for sen-
sing. Practically, the first slot must include the
preamble and the information of the selected
CD slot number to preserve synchronization
and data integrity at the receiving station.

9. We denote the number of CD phases by h.
10. We denote the number of stations by n.

Probability analysis

First, we calculate the probabilities of all event cases in
Figures 1–3. The probability Ptr that at least one trans-
mission from n contending stations exists within a slot
time is given by

Ptr = 1� (1� p)n ð1Þ

The probability Pa(i) that i � 1 stations out of the n
ready ones attempt to access is obtained as

Pa(i)=

n

i

� �
pi(1� p)n�i

Ptr

=

n

i

� �
pi(1� p)n�i

1� (1� p)n
ð2Þ

When i stations access simultaneously, the probabil-
ity that j stations select the earliest CD slot in m slots is
given by

1. If j\i

Pb(i, j)=
i

j

� �
1

m

� �j
m� 1

m

� �i�j

+
i

j

� �
1

m

� �j
m� 2

m

� �i�j

+ � � � +
i

j

� �
1

m

� �j
1

m

� �i�j

=
i

j

� �
1

mi

Xm�1

k = 1

(m� k)(i�j)

=
i

j

� �
1

mi

Xm�1

k = 1

k(i�j)

ð3Þ

2. If j= i

Pb(i, j)=
m

mi
=

1

mi�1
ð4Þ
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Therefore

Pb(i, j)=

i

j

� �
1

mi

Pm�1

k = 1

k(i�j), if j\1

1

mi�1
, if j= i

8>><
>>:

ð5Þ

When the number of CD phases, h, is 1, 2, or 3, the
probability of the kth success and failure cases in
Figures 1–3 is expressed as follows

1. When h= 1

P1
succ =Pa(1) ð6Þ

P2
succ =

Xn

i= 2

Pa(i)Pb(i, 1) ð7Þ

P1
fail =

Xn

i= 2

Pa(i)Pb(i, i) ð8Þ

P2
fail =

Xn

i= 2

Xi�1

j= 2

Pa(i)Pb(i, j) ð9Þ

2. When h= 2

P1
succ =Pa(1) ð10Þ

P2
succ =

Xn

i= 2

Pa(i)Pb(i, 1) ð11Þ

P3
succ =

Xn

i= 2

Xi

j= 2

Pa(i)Pb(i, j)Pb(j, 1) ð12Þ

P1
fail =

Xn

i= 2

Pa(i)Pb(i, i)Pb(i, i) ð13Þ

P2
fail =

Xn

i= 2

Xi�1

j= 2

Pa(i)Pb(i, j)Pb(j, j) ð14Þ

P3
fail =

Xn

i= 2

Xi

j= 2

Xj�1

k = 2

Pa(i)Pb(i, j)Pb(j, k) ð15Þ

3. When h= 3

P1
succ =Pa(1) ð16Þ

P2
succ =

Xn

i= 2

Pa(i)Pb(i, 1) ð17Þ

P3
succ =

Xn

i= 2

Xi

j= 2

Pa(i)Pb(i, j)Pb(j, 1) ð18Þ

P4
succ =

Xn

i= 2

Xi

j= 2

Xj

k = 2

Pa(i)Pb(i, j)Pb(j, k)Pb(k, 1) ð19Þ

P1
fail =

Xn

i= 2

Pa(i)Pb(i, i)Pb(i, i)Pb(i, i) ð20Þ

P2
fail =

Xn

i= 2

Xi�1

j= 2

Pa(i)Pb(i, j)Pb(j, j)Pb(j, j) ð21Þ

P3
fail =

Xn

i= 2

Xi

j= 2

Xj�1

k = 2

Pa(i)Pb(i, j)Pb(j, k)Pb(k, k) ð22Þ

P4
fail =

Xn

i= 2

Xi

j= 2

Xj

k = 2

Xk�1

l= 2

Pa(i)Pb(i, j)Pb(j, k)Pb(k, l) ð23Þ

From the developing pattern of equations (6)–(23),
we can generalize the probabilities of the kth success
and failure cases for any h � 1, as follows

P1
succ =Pa(1) ð24Þ

Pk
succ =

Xn

i1 = 2

Xi1

i2 = 2

Xi2

i3 = 2

� � �
Xik�2

ik�1 = 2

Pa(i1)Pb(i1, i2)Pb(i2, i3) � � �Pb(ik�1, 1), for k = 2, 3, . . . , h+1 ð25Þ

Pk
fail =

Xn

i1 = 2

Xi1

i2 = 2

Xi2

i3 = 2

� � �
Xik�2

ik�1 = 2

Xik�1�1

ik = 2

Pa(i1)Pb(i1, i2)Pb(i2, i3) � � �Pb(ik�1, ik)Pb(ik , ik)
h�k + 1, for k = 1, 2, . . . , h+1 ð26Þ

Throughput analysis

Now, we derive the numerical expression of the
throughput of the proposed MAC protocol. In the
CSMA protocol, the system state consists of a sequence
of regeneration cycles composed of consecutive busy
and idle periods.16 We define the idle period as the time
during which all the stations do not transmit and the
busy period as the time during which a transmission
(successful or not) takes place. If n stations are con-
tending, the expected channel idle time Tidle is calcu-
lated as follows

Tidle = Tslot

X‘

i= 1

i(1� Ptr)
i�1Ptr

=
Tslot

Ptr

=
Tslot

1� (1� p)n

ð27Þ

As indicated in Figures 1–3, when h= 1, 2, or 3, the
time consumed in the kth success and failure cases, Tk ,
where k = 1, 2, . . . , h+1, is given by
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1. When h= 1

T1 = Tslot + Tdata ð28Þ
T2 = Tcdp + Tdata ð29Þ

2. When h= 2

T1 = 2Tslot + Tdata ð30Þ
T2 = Tcdp + Tslot + Tdata ð31Þ

T3 = 2Tcdp + Tdata ð32Þ

3. When h= 3

T1 = 3Tslot + Tdata ð33Þ
T2 = Tcdp + 2Tslot + Tdata ð34Þ

T3 = 2Tcdp + Tslot + Tdata ð35Þ

T4 = 3Tcdp + Tdata ð36Þ

By extending the pattern of equations (28)–(36), for
any h � 1, the time consumed in the kth success and
failure cases is given by

Tk =(k � 1)Tcdp +(h� k + 1)Tslot

+ Tdata, for k = 1, 2, . . . , h+1
ð37Þ

The normalized throughput S is defined as the frac-
tion of time the channel is used to successfully transmit
the data packets. Because we assume the saturation
condition in this work, the considered throughput
means the saturation throughput, which is a fundamen-
tal performance figure defined as the limit reached by
the system throughput as the offered load increases.16

As the instants immediately after the end of a transmis-
sion are renewal points, analyzing a single renewal
interval between two consecutive transmissions is suffi-
cient; thus, the throughput S is defined as17

S =
E(time used for successful transmission in interval)

E(length of a renewal interval)

ð38Þ

Therefore, the throughput of the proposed MAC
protocol using h CD phases is expressed as follows

S(h)=

Ph+ 1
k = 1 Pk

succTdata

Tidle +
Ph+ 1

k = 1 Pk
succTk +

Ph+ 1
k = 1 Pk

failTk

ð39Þ

Results and discussions

We compare the proposed MAC protocol using multi-
ple CD phases with the original CSMA/CR protocol
using a single CD phase (i.e. h= 1). The original
CSMA/CR protocol outperforms the other conven-
tional CSMA-based MAC protocols, such as CSMA/

CA and WCSMA/CD. Thus, in this study, we omit the
results for CSMA/CA and WCSMA/CD, which can be
found in Choi et al.11 For evaluation, we fix the values
of p, Tslot, and Tdata and vary the values of n, m, and h
within appropriate ranges. We set p= 0:1 to verify the
effectiveness of the proposed scheme under dense node
and heavy traffic conditions. Moreover, Tslot is set to
9 ms by considering the OFDM PHY mode specified in
the IEEE 802 standards22,23 and the default of the data
size Tdata is set to 512 bytes under the assumption of a
data transmission rate of 6 Mbps. Monte Carlo simula-
tions are also performed to verify the analytical results.

Figure 5 shows the probability of successful trans-
mission versus some (h,m) pairs, which are chosen in
order that the length of the total CD period does not
exceed 20 slots (i.e. h(m+ 1)� 20). As the number of
CD phases (h) increases, the number of CD slots per
phase (m) decreases. Therefore, the probability of suc-
cessful transmission initially increases but begins to
decrease at h= 5 in all cases of the number of stations
(n). This is because the initial increase in h is effective
to resolve the collision, but the reduced m induces more
collisions in each CD phase. Hence, there exists an
appropriate (h,m) pair that maximizes the probability
of successful transmission.

Figure 6 shows the normalized throughput versus
the number of stations for some (h,m) pairs subject to
h(m+ 1)� 20. The throughput decreases as the number
of stations increases because of the increase in access
collision. Compared to the typical CSMA/CR (i.e.
h= 1), the proposed scheme (i.e. h � 2) significantly
improves the throughput although a smaller m is used.
However, as h increases, the performance gain is gradu-
ally reduced and the throughput is maximized at h= 4,
because a large value of h diminishes the m value and
induces more collisions in each CD phase. Therefore, it

Figure 5. Transmission success probability versus (h,m) pair
subject to h(m+ 1)� 20.
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is noteworthy that the proposed scheme has a suitable
(h,m) pair that will maximize the throughput.

We now investigate the throughput when one of the
parameters h and m is fixed while the other is variable.
Figure 7 shows the throughput versus the number of
stations (n) when h is fixed as 2 and m is variable. For
smaller values of n, it is better to decrease m because of
the overhead of the longer CD period. On the contrary,
for larger values of n, it is better to increase m in order
to decrease access collisions. Therefore, there exists an
appropriate m that maximizes the throughput accord-
ing to n when h is fixed. On the other hand, Figure 8
shows the throughput versus the number of stations
when h is variable and m is fixed as 10. As h increases,
the throughput improves because multiple CD phases
increase the probability of successful transmission.
However, an excessively large h decreases the

throughput, because it increases the overhead of the
total CD period. Similarly, there exists a suitable h that
maximizes the throughput when m is fixed.

Figure 9 shows the throughput versus the (h,m) pair
when n is fixed as 500. As both h and m increase, the
throughput increases sharply but begins to decrease
gradually at a certain point. That is, the throughput
follows a concave form as a function of h and m and it
reaches the maximum at (h,m)�=(6, 4). The reason
why the decreasing rate of the throughput is smaller
than the increasing rate is because once the collision is
resolved at a certain CD phase, all the transmitted data
except just one CD slot per phase in the following CD
phase are valid. Namely, the excessively allocated CD
phases do not induce a significant throughput degrada-
tion, which is a good property of the proposed scheme.

Figure 10 shows the optimal (h,m) pair as a function
of the number of stations. Here, the optimal (h,m) pair

Figure 6. Throughput versus number of stations subject to
h(m+ 1)� 20.

Figure 7. Throughput versus number of stations when h is
fixed as 2 and m is variable.

Figure 8. Throughput versus number of stations when h is
variable and m is fixed as 10.

Figure 9. Throughput versus (h,m) pair when n= 500.
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that maximizes the throughput was found by exhaus-
tive search. Interestingly, the optimal value of m is fixed
as 4 except when n� 20. On the other hand, the opti-
mal value of h gradually increases from 4 to 6 as n
increases. The reason why the optimal value of m is
fixed as 4, which is smaller than the optimal value of h,
is because it is more effective for CR to reduce the
number of contending stations in each CD phase by
increasing h rather than to reduce the collision prob-
ability within each CD phase by increasing m. This
observation informs that the use of multiple CD phases
is more effective to the throughput improvement than
the use of long CD period, and this proves the effec-
tiveness of the proposed scheme. In addition, the opti-
mal value of h gradually increases and approaches 6
even when the number of stations increases to 1000.
This is due to the fact that the proposed MAC proto-
col, the number of contending stations significantly
decreases as the CD phase proceeds because the only
stations that choose the earliest CD slot are filtered in
each CD phase and retry at the next CD phase. These
results show the desirable performance of the proposed
MAC protocol which does not require a large value of
h and m even in a dense network with a large number
of accessing stations.

Figure 11 shows the throughput versus the number
of stations when the optimal (h,m) pair obtained in
Figure 10 is applied. For comparison, we fix h and
obtain again the optimal m that maximizes the through-
put. As shown, the highest throughput is always
achieved when the optimal (h,m) pair is applied based
on the change in the number of stations.

Implementation issue

We discuss some implementation issues that should be
considered for the practical use of the proposed MAC

protocol. Most importantly, we need to investigate
how to design the jam signal and decide the length of
the CD slot for the reliable detection of collision. The
IEEE 802.11 or IEEE 802.15.4 standard specifies the
clear channel assessment (CCA) method.22,23 This
judges that the channel is busy through a energy detec-
tion or a carrier sensing or both. The carrier sensing
detects a carrier signal with a specific pattern, such as
the preamble used in the physical (PHY) layer or the
direct sequence spread spectrum (DSSS) signal in the
DSSS PHY mode. When this CCA method is utilized,
the standard specifies a required CCA time (TCCA) and
defines a slot time (Tslot) as a basic time unit, which is
the minimum time required for the channel sensing and
accessing, as follows

TSlot = TCCA + TRxTxTurnaround

+ TAirPropagation + TMACProcessing

ð40Þ

where TRxTxTurnaround denotes the maximum time that the
PHY layer requires to change the mode from receiving
to transmitting, TAirPropagation denotes the maximum pro-
pagation time for a signal to travel between two sta-
tions at the maximum distance within the network, and
TMACProcessing denotes the maximum time required for
the MAC to generate a request primitive to the PHY.

It is possible for the proposed MAC protocol to
detect the jam signal within TCCA if we design the jam
signal pattern similar to but distinguishable from the
preamble in the IEEE 802.15.4 or 802.11 standard.
However, the proposed MAC protocol needs a Tx–
Rx–Tx transition for sensing in the middle of transmis-
sion; thus, a Tx/Rx turnaround time should be added
to the basic slot time. Therefore, the required length of
CD slot should satisfy this condition

TCDSlot � TSlot + TTxRxTurnaround ð41Þ

Figure 10. Optimal (h,m) pair versus number of stations. Figure 11. Throughput versus number of stations when the
optimal (h,m) pair is applied.
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where TTxRxTurnaround is the maximum time that the PHY
layer requires to change the mode from transmitting to
receiving.

In addition, TCDSlot must be shorter than the distrib-
uted inter-frame space (DIFS) time in order to make
other stations do not intervene during the CD slot time.
In the standard, the DIFS time is defined as
TSIFS + 2TSlot where TSIFS is the SIFS time. By consider-
ing this upper bound and equations (40) and (41), we
can finally determine the condition for the length of the
CD slot as follows

TCCA + TRxTxTurnaround + TAirPropagation

+ TMACProcessing + TTxRxTurnaround � TCDSlot

\TSIFS + 2TSlot

ð42Þ

Conclusion

In this article, we proposed a distributed MAC proto-
col using a successive CD technique in a dense WSN
environment. Numerical results showed that the pro-
posed MAC protocol using multiple CD phases signifi-
cantly improves the conventional CSMA/CR protocol
using a single CD phases. The results also showed that
under the conditions of the same length of the total CD
period, the increase in the number of CD phases (h) is
more effective for achieving successful transmission
than the increase in the number of CD slots per phase
(m). Regarding the parameters h and m, we revealed
that there exists an optimal (h,m) pair that maximizes
the throughput and h is more sensitive to the perfor-
mance than m. This verifies that the use of successive
multiple CD phases in the proposed scheme is effective
to the throughput improvement. Taking into account
its improved performance and practicality, we expect
that the proposed MAC protocol can be useful in
future dense WSN with massive IoT devices.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding

This research was supported by Basic Science Research
Program through the National Research Foundation of
Korea (NRF) funded by the Ministry of Science, ICT &
Future Planning (No. 2016R1C1B1016261) and the Human
Resources Development (No. 20154030200860) of the Korea
Institute of Energy Technology Evaluation and Planning
(KETEP) grant funded by the Korea government Ministry of
Trade, Industry and Energy.

References

1. Demirkol I, Ersoy C and Alagoz F. MAC protocols for

wireless sensor networks: a survey. IEEE Commun Mag

2006; 44(4): 115–121.
2. Kabara J and Calle M. MAC protocols used by wireless

sensor networks and a general method of performance

evaluation. Int J Distrib Sens N 2012; 8: 834784.
3. Singh H and Biswas B. Comparison of CSMA based

MAC protocols of wireless sensor networks. Int J Ad

Hoc Netw Syst 2012; 2(2): 11–20.
4. Jamieson K, Balakrishnan H and Tay YC. Sift: a mac

protocol for event-driven wireless sensor networks, Tech-

nical Report, MIT Laboratory for Computer Science,

Cambridge, MA, 2003.
5. Bellalta B. IEEE 802.11ax: high-efficiency WLANS.

IEEE Wirel Commun 2016; 23(1): 38–46.
6. Wu Y, Zhou G and Stankovic JA. ACR: active collision

recovery in dense wireless sensor networks. In: Proceed-

ings of the IEEE INFOCOM, San Diego, CA, 14–19

March 2010, pp.1–9. New York: IEEE.
7. Ahn G-S, Hong SG, Miluzzo E, et al. Funneling-MAC:

a localized, sink-oriented MAC for boosting fidelity in

sensor networks. In: Proceedings of the 4th international

conference on embedded networked sensor systems (ACM

SenSys), Boulder, CO, 31 October–3 November 2006,

pp.293–306. New York: ACM.
8. Lo WF and Mouftah HT. Collision detection protocol

for radio channels. In: Proceedings of the 12th biennial

symposium on communications, Kingston, ON, Canada,

4–6 June 1984.
9. Rom R. Collision detection in radio channels. In: Rom

R (ed.) Local area and multiple access networks. New

York: Computer Science Press, 1986, pp.235–249.
10. Voulgaris K, Gkelias A, Ashraf I, et al. Throughput anal-

ysis of wireless CSMA/CD for a finite user population.

In: Proceedings of the IEEE vehicular technology confer-

ence (VTC 2006-Fall), Montreal, QC, Canada, 25–28

September 2006, pp.1–5. New York: IEEE.
11. Choi H-H, Moon J-M, Lee I-H, et al. Carrier sense mul-

tiple access with collision resolution. IEEE Commun Lett

2013; 17(6): 1284–1287.
12. ANSI/IEEE 802.3-1985. IEEE standards for local area

networks: carrier sense multiple access with collision

detection (CSMA/CD) access method and physical layer

specifications.
13. Kay SM. Fundamentals of statistical signal processing:

detection theory. Upper Saddle River, NJ: Prentice Hall

Signal Processing Series, 1998.
14. Tobagi FA and Hunt VB. Performance analysis of car-

rier sense multiple access with collision detection. Comput

Netw 1980; 4: 245–259.
15. Takagi H and Kleinrock L. Throughput analysis for per-

sistent CSMA systems. IEEE T Commun 1985; 33(7):

627–638.
16. Bianchi G. IEEE 802.11-saturation throughput analysis.

IEEE Commun Lett 1998; 2(12): 318–320.
17. Bianchi G. Performance analysis of the IEEE 802.11 dis-

tributed coordination function. IEEE J Sel Area Comm

2000; 18(3): 535–547.

12 International Journal of Distributed Sensor Networks



18. Huang C-L and Liao W. Throughput and delay perfor-
mance of IEEE 802.11e enhanced distributed channel
access (EDCA) under saturation condition. IEEE T Wirel

Commun 2007; 6(1): 136–145.
19. Cali F, Conti M and Gregori E. IEEE 802.11 protocol:

design and performance evaluation of an adaptive back-
off mechanism. IEEE J Sel Area Comm 2000; 18(9):
1774–1786.

20. Bruno R, Conti M and Gregori E. Optimal capacity of
p-persistent CSMA protocols. IEEE Commun Lett 2003;
7(3): 139–141.

21. Wong PK, Yin D and Lee TT. Analysis of non-persistent

CSMA protocols with exponential backoff scheduling.

IEEE T Commun 2011; 59(8): 2206–2214.
22. IEEE 802.11-2007. Part 11: wireless LAN medium access

control (MAC) and physical layer (PHY) specifications.
23. IEEE 802.15.4-2011. IEEE standard for local and metro-

politan area networks—part 15.4: low-rate wireless per-

sonal area networks (LR-WPANs).

Choi et al. 13



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslon-Bold
    /ACaslon-BoldItalic
    /ACaslon-Italic
    /ACaslon-Ornaments
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeCorpID-Acrobat
    /AdobeCorpID-Adobe
    /AdobeCorpID-Bullet
    /AdobeCorpID-MinionBd
    /AdobeCorpID-MinionBdIt
    /AdobeCorpID-MinionRg
    /AdobeCorpID-MinionRgIt
    /AdobeCorpID-MinionSb
    /AdobeCorpID-MinionSbIt
    /AdobeCorpID-MyriadBd
    /AdobeCorpID-MyriadBdIt
    /AdobeCorpID-MyriadBdScn
    /AdobeCorpID-MyriadBdScnIt
    /AdobeCorpID-MyriadBl
    /AdobeCorpID-MyriadBlIt
    /AdobeCorpID-MyriadLt
    /AdobeCorpID-MyriadLtIt
    /AdobeCorpID-MyriadPkg
    /AdobeCorpID-MyriadRg
    /AdobeCorpID-MyriadRgIt
    /AdobeCorpID-MyriadRgScn
    /AdobeCorpID-MyriadRgScnIt
    /AdobeCorpID-MyriadSb
    /AdobeCorpID-MyriadSbIt
    /AdobeCorpID-MyriadSbScn
    /AdobeCorpID-MyriadSbScnIt
    /AdobeCorpID-PScript
    /AGaramond-BoldScaps
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-RomanScaps
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGar-Special
    /AkzidenzGroteskBE-Bold
    /AkzidenzGroteskBE-BoldEx
    /AkzidenzGroteskBE-BoldExIt
    /AkzidenzGroteskBE-BoldIt
    /AkzidenzGroteskBE-Ex
    /AkzidenzGroteskBE-It
    /AkzidenzGroteskBE-Light
    /AkzidenzGroteskBE-LightEx
    /AkzidenzGroteskBE-LightOsF
    /AkzidenzGroteskBE-Md
    /AkzidenzGroteskBE-MdEx
    /AkzidenzGroteskBE-MdIt
    /AkzidenzGroteskBE-Regular
    /AkzidenzGroteskBE-Super
    /AlbertusMT
    /AlbertusMT-Italic
    /AlbertusMT-Light
    /Aldine401BT-BoldA
    /Aldine401BT-BoldItalicA
    /Aldine401BT-ItalicA
    /Aldine401BT-RomanA
    /Aldine401BTSPL-RomanA
    /Aldine721BT-Bold
    /Aldine721BT-BoldItalic
    /Aldine721BT-Italic
    /Aldine721BT-Light
    /Aldine721BT-LightItalic
    /Aldine721BT-Roman
    /Aldus-Italic
    /Aldus-ItalicOsF
    /Aldus-Roman
    /Aldus-RomanSC
    /AlternateGothicNo2BT-Regular
    /AmazoneBT-Regular
    /AmericanTypewriter-Bold
    /AmericanTypewriter-BoldA
    /AmericanTypewriter-BoldCond
    /AmericanTypewriter-BoldCondA
    /AmericanTypewriter-Cond
    /AmericanTypewriter-CondA
    /AmericanTypewriter-Light
    /AmericanTypewriter-LightA
    /AmericanTypewriter-LightCond
    /AmericanTypewriter-LightCondA
    /AmericanTypewriter-Medium
    /AmericanTypewriter-MediumA
    /Anna
    /AntiqueOlive-Bold
    /AntiqueOlive-Compact
    /AntiqueOlive-Italic
    /AntiqueOlive-Roman
    /Arcadia
    /Arcadia-A
    /Arkona-Medium
    /Arkona-Regular
    /ArrusBT-Black
    /ArrusBT-BlackItalic
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AssemblyLightSSK
    /AuroraBT-BoldCondensed
    /AuroraBT-RomanCondensed
    /AuroraOpti-Condensed
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Book
    /Avenir-BookOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Light
    /Avenir-LightOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BaileySansITC-Bold
    /BaileySansITC-BoldItalic
    /BaileySansITC-Book
    /BaileySansITC-BookItalic
    /BakerSignetBT-Roman
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /BaskervilleBook-Italic
    /BaskervilleBook-MedItalic
    /BaskervilleBook-Medium
    /BaskervilleBook-Regular
    /BaskervilleBT-Bold
    /BaskervilleBT-BoldItalic
    /BaskervilleBT-Italic
    /BaskervilleBT-Roman
    /BaskervilleMT
    /BaskervilleMT-Bold
    /BaskervilleMT-BoldItalic
    /BaskervilleMT-Italic
    /BaskervilleMT-SemiBold
    /BaskervilleMT-SemiBoldItalic
    /BaskervilleNo2BT-Bold
    /BaskervilleNo2BT-BoldItalic
    /BaskervilleNo2BT-Italic
    /BaskervilleNo2BT-Roman
    /Baskerville-Normal-Italic
    /BauerBodoni-Black
    /BauerBodoni-BlackCond
    /BauerBodoni-BlackItalic
    /BauerBodoni-Bold
    /BauerBodoni-BoldCond
    /BauerBodoni-BoldItalic
    /BauerBodoni-BoldItalicOsF
    /BauerBodoni-BoldOsF
    /BauerBodoni-Italic
    /BauerBodoni-ItalicOsF
    /BauerBodoni-Roman
    /BauerBodoni-RomanSC
    /Bauhaus-Bold
    /Bauhaus-Demi
    /Bauhaus-Heavy
    /BauhausITCbyBT-Bold
    /BauhausITCbyBT-Heavy
    /BauhausITCbyBT-Light
    /BauhausITCbyBT-Medium
    /Bauhaus-Light
    /Bauhaus-Medium
    /BellCentennial-Address
    /BellGothic-Black
    /BellGothic-Bold
    /Bell-GothicBoldItalicBT
    /BellGothicBT-Bold
    /BellGothicBT-Roman
    /BellGothic-Light
    /Bembo
    /Bembo-Bold
    /Bembo-BoldExpert
    /Bembo-BoldItalic
    /Bembo-BoldItalicExpert
    /Bembo-Expert
    /Bembo-ExtraBoldItalic
    /Bembo-Italic
    /Bembo-ItalicExpert
    /Bembo-Semibold
    /Bembo-SemiboldItalic
    /Benguiat-Bold
    /Benguiat-BoldItalic
    /Benguiat-Book
    /Benguiat-BookItalic
    /BenguiatGothicITCbyBT-Bold
    /BenguiatGothicITCbyBT-BoldItal
    /BenguiatGothicITCbyBT-Book
    /BenguiatGothicITCbyBT-BookItal
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /Benguiat-Medium
    /Benguiat-MediumItalic
    /Berkeley-Black
    /Berkeley-BlackItalic
    /Berkeley-Bold
    /Berkeley-BoldItalic
    /Berkeley-Book
    /Berkeley-BookItalic
    /Berkeley-Italic
    /Berkeley-Medium
    /Berling-Bold
    /Berling-BoldItalic
    /Berling-Italic
    /Berling-Roman
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BernhardTangoBT-Regular
    /BlockBE-Condensed
    /BlockBE-ExtraCn
    /BlockBE-ExtraCnIt
    /BlockBE-Heavy
    /BlockBE-Italic
    /BlockBE-Regular
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BremenBT-Black
    /BremenBT-Bold
    /BroadwayBT-Regular
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Caliban
    /CarminaBT-Bold
    /CarminaBT-BoldItalic
    /CarminaBT-Light
    /CarminaBT-LightItalic
    /CarminaBT-Medium
    /CarminaBT-MediumItalic
    /Carta
    /Caslon224ITCbyBT-Bold
    /Caslon224ITCbyBT-BoldItalic
    /Caslon224ITCbyBT-Book
    /Caslon224ITCbyBT-BookItalic
    /Caslon540BT-Italic
    /Caslon540BT-Roman
    /CaslonBT-Bold
    /CaslonBT-BoldItalic
    /CaslonOpenFace
    /CaslonTwoTwentyFour-Black
    /CaslonTwoTwentyFour-BlackIt
    /CaslonTwoTwentyFour-Bold
    /CaslonTwoTwentyFour-BoldIt
    /CaslonTwoTwentyFour-Book
    /CaslonTwoTwentyFour-BookIt
    /CaslonTwoTwentyFour-Medium
    /CaslonTwoTwentyFour-MediumIt
    /CastleT-Bold
    /CastleT-Book
    /Caxton-Bold
    /Caxton-BoldItalic
    /Caxton-Book
    /Caxton-BookItalic
    /CaxtonBT-Bold
    /CaxtonBT-BoldItalic
    /CaxtonBT-Book
    /CaxtonBT-BookItalic
    /Caxton-Light
    /Caxton-LightItalic
    /CelestiaAntiqua-Ornaments
    /Centennial-BlackItalicOsF
    /Centennial-BlackOsF
    /Centennial-BoldItalicOsF
    /Centennial-BoldOsF
    /Centennial-ItalicOsF
    /Centennial-LightItalicOsF
    /Centennial-LightSC
    /Centennial-RomanSC
    /Century-Bold
    /Century-BoldItalic
    /Century-Book
    /Century-BookItalic
    /CenturyExpandedBT-Bold
    /CenturyExpandedBT-BoldItalic
    /CenturyExpandedBT-Italic
    /CenturyExpandedBT-Roman
    /Century-HandtooledBold
    /Century-HandtooledBoldItalic
    /Century-Light
    /Century-LightItalic
    /CenturyOldStyle-Bold
    /CenturyOldStyle-Italic
    /CenturyOldStyle-Regular
    /CenturySchoolbookBT-Bold
    /CenturySchoolbookBT-BoldCond
    /CenturySchoolbookBT-BoldItalic
    /CenturySchoolbookBT-Italic
    /CenturySchoolbookBT-Roman
    /Century-Ultra
    /Century-UltraItalic
    /CharterBT-Black
    /CharterBT-BlackItalic
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamBT-Bold
    /CheltenhamBT-BoldCondItalic
    /CheltenhamBT-BoldExtraCondensed
    /CheltenhamBT-BoldHeadline
    /CheltenhamBT-BoldItalic
    /CheltenhamBT-BoldItalicHeadline
    /CheltenhamBT-Italic
    /CheltenhamBT-Roman
    /Cheltenham-HandtooledBdIt
    /Cheltenham-HandtooledBold
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Christiana-Bold
    /Christiana-BoldItalic
    /Christiana-Italic
    /Christiana-Medium
    /Christiana-MediumItalic
    /Christiana-Regular
    /Christiana-RegularExpert
    /Christiana-RegularSC
    /Clarendon
    /Clarendon-Bold
    /Clarendon-Light
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /CMR10
    /CMR8
    /CMSY10
    /CMSY8
    /CMTI10
    /CommonBullets
    /ConduitITC-Bold
    /ConduitITC-BoldItalic
    /ConduitITC-Light
    /ConduitITC-LightItalic
    /ConduitITC-Medium
    /ConduitITC-MediumItalic
    /CooperBlack
    /CooperBlack-Italic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Light
    /CooperBT-LightItalic
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-BoldCond
    /CopperplateGothicBT-Heavy
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /Copperplate-ThirtyThreeBC
    /Copperplate-ThirtyTwoBC
    /Coronet-Regular
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Critter
    /CS-Special-font
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Della-RobbiaItalicBT
    /Della-RobbiaSCaps
    /Del-NormalSmallCaps
    /Delphin-IA
    /Delphin-IIA
    /Delta-Bold
    /Delta-BoldItalic
    /Delta-Book
    /Delta-BookItalic
    /Delta-Light
    /Delta-LightItalic
    /Delta-Medium
    /Delta-MediumItalic
    /Delta-Outline
    /DextorD
    /DextorOutD
    /DidotLH-OrnamentsOne
    /DidotLH-OrnamentsTwo
    /DINEngschrift
    /DINEngschrift-Alternate
    /DINMittelschrift
    /DINMittelschrift-Alternate
    /DINNeuzeitGrotesk-BoldCond
    /DINNeuzeitGrotesk-Light
    /Dom-CasItalic
    /DomCasual
    /DomCasual-Bold
    /Dom-CasualBT
    /Ehrhard-Italic
    /Ehrhard-Regular
    /EhrhardSemi-Italic
    /EhrhardtMT
    /EhrhardtMT-Italic
    /EhrhardtMT-SemiBold
    /EhrhardtMT-SemiBoldItalic
    /EhrharSemi
    /ELANGO-IB-A03
    /ELANGO-IB-A75
    /ELANGO-IB-A99
    /ElectraLH-Bold
    /ElectraLH-BoldCursive
    /ElectraLH-Cursive
    /ElectraLH-Regular
    /ElGreco
    /EnglischeSchT-Bold
    /EnglischeSchT-Regu
    /ErasContour
    /ErasITCbyBT-Bold
    /ErasITCbyBT-Book
    /ErasITCbyBT-Demi
    /ErasITCbyBT-Light
    /ErasITCbyBT-Medium
    /ErasITCbyBT-Ultra
    /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
    /EUEX10
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuropeanPi-Four
    /EuropeanPi-One
    /EuropeanPi-Three
    /EuropeanPi-Two
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /Eurostile
    /Eurostile-Bold
    /Eurostile-BoldCondensed
    /Eurostile-BoldExtendedTwo
    /Eurostile-BoldOblique
    /Eurostile-Condensed
    /Eurostile-Demi
    /Eurostile-DemiOblique
    /Eurostile-ExtendedTwo
    /EurostileLTStd-Demi
    /EurostileLTStd-DemiOblique
    /Eurostile-Oblique
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /ExPonto-Regular
    /FairfieldLH-Bold
    /FairfieldLH-BoldItalic
    /FairfieldLH-BoldSC
    /FairfieldLH-CaptionBold
    /FairfieldLH-CaptionHeavy
    /FairfieldLH-CaptionLight
    /FairfieldLH-CaptionMedium
    /FairfieldLH-Heavy
    /FairfieldLH-HeavyItalic
    /FairfieldLH-HeavySC
    /FairfieldLH-Light
    /FairfieldLH-LightItalic
    /FairfieldLH-LightSC
    /FairfieldLH-Medium
    /FairfieldLH-MediumItalic
    /FairfieldLH-MediumSC
    /FairfieldLH-SwBoldItalicOsF
    /FairfieldLH-SwHeavyItalicOsF
    /FairfieldLH-SwLightItalicOsF
    /FairfieldLH-SwMediumItalicOsF
    /Fences
    /Fenice-Bold
    /Fenice-BoldOblique
    /FeniceITCbyBT-Bold
    /FeniceITCbyBT-BoldItalic
    /FeniceITCbyBT-Regular
    /FeniceITCbyBT-RegularItalic
    /Fenice-Light
    /Fenice-LightOblique
    /Fenice-Regular
    /Fenice-RegularOblique
    /Fenice-Ultra
    /Fenice-UltraOblique
    /FlashD-Ligh
    /Flood
    /Folio-Bold
    /Folio-BoldCondensed
    /Folio-ExtraBold
    /Folio-Light
    /Folio-Medium
    /FontanaNDAaOsF
    /FontanaNDAaOsF-Italic
    /FontanaNDCcOsF-Semibold
    /FontanaNDCcOsF-SemiboldIta
    /FontanaNDEeOsF
    /FontanaNDEeOsF-Bold
    /FontanaNDEeOsF-BoldItalic
    /FontanaNDEeOsF-Light
    /FontanaNDEeOsF-Semibold
    /FormalScript421BT-Regular
    /Formata-Bold
    /Formata-MediumCondensed
    /ForteMT
    /FournierMT-Ornaments
    /FrakturBT-Regular
    /FrankfurterHigD
    /FranklinGothic-Book
    /FranklinGothic-BookItal
    /FranklinGothic-BookOblique
    /FranklinGothic-Condensed
    /FranklinGothic-Demi
    /FranklinGothic-DemiItal
    /FranklinGothic-DemiOblique
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItal
    /FranklinGothic-HeavyOblique
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothicITCbyBT-Heavy
    /FranklinGothicITCbyBT-HeavyItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumItal
    /FranklinGothic-Roman
    /Freeform721BT-Bold
    /Freeform721BT-BoldItalic
    /Freeform721BT-Italic
    /Freeform721BT-Roman
    /FreestyleScrD
    /Freestylescript
    /FreestyleScript
    /FrizQuadrataITCbyBT-Bold
    /FrizQuadrataITCbyBT-Roman
    /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
    /FuturaBlackBT-Regular
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldCondensedItalic
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Heavy
    /FuturaBT-HeavyItalic
    /FuturaBT-Light
    /FuturaBT-LightCondensed
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /Futura-CondensedLight
    /Futura-CondensedLightOblique
    /Futura-ExtraBold
    /Futura-ExtraBoldOblique
    /Futura-Heavy
    /Futura-HeavyOblique
    /Futura-Light
    /Futura-LightOblique
    /Futura-Oblique
    /Futura-Thin
    /Galliard-Black
    /Galliard-BlackItalic
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Galliard-Ultra
    /Galliard-UltraItalic
    /Garamond-Antiqua
    /GaramondBE-Bold
    /GaramondBE-BoldExpert
    /GaramondBE-BoldOsF
    /GaramondBE-CnExpert
    /GaramondBE-Condensed
    /GaramondBE-CondensedSC
    /GaramondBE-Italic
    /GaramondBE-ItalicExpert
    /GaramondBE-ItalicOsF
    /GaramondBE-Medium
    /GaramondBE-MediumCn
    /GaramondBE-MediumCnExpert
    /GaramondBE-MediumCnOsF
    /GaramondBE-MediumExpert
    /GaramondBE-MediumItalic
    /GaramondBE-MediumItalicExpert
    /GaramondBE-MediumItalicOsF
    /GaramondBE-MediumSC
    /GaramondBE-Regular
    /GaramondBE-RegularExpert
    /GaramondBE-RegularSC
    /GaramondBE-SwashItalic
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-Book
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-BookItalic
    /Garamond-Halbfett
    /Garamond-HandtooledBold
    /Garamond-HandtooledBoldItalic
    /GaramondITCbyBT-Bold
    /GaramondITCbyBT-BoldCondensed
    /GaramondITCbyBT-BoldCondItalic
    /GaramondITCbyBT-BoldItalic
    /GaramondITCbyBT-BoldNarrow
    /GaramondITCbyBT-BoldNarrowItal
    /GaramondITCbyBT-Book
    /GaramondITCbyBT-BookCondensed
    /GaramondITCbyBT-BookCondItalic
    /GaramondITCbyBT-BookItalic
    /GaramondITCbyBT-BookNarrow
    /GaramondITCbyBT-BookNarrowItal
    /GaramondITCbyBT-Light
    /GaramondITCbyBT-LightCondensed
    /GaramondITCbyBT-LightCondItalic
    /GaramondITCbyBT-LightItalic
    /GaramondITCbyBT-LightNarrow
    /GaramondITCbyBT-LightNarrowItal
    /GaramondITCbyBT-Ultra
    /GaramondITCbyBT-UltraCondensed
    /GaramondITCbyBT-UltraCondItalic
    /GaramondITCbyBT-UltraItalic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garamond-Light
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Garamond-LightItalic
    /GaramondNo4CyrTCY-Ligh
    /GaramondNo4CyrTCY-LighItal
    /GaramondThree
    /GaramondThree-Bold
    /GaramondThree-BoldItalic
    /GaramondThree-BoldItalicOsF
    /GaramondThree-BoldSC
    /GaramondThree-Italic
    /GaramondThree-ItalicOsF
    /GaramondThree-SC
    /GaramondThreeSMSIISpl-Italic
    /GaramondThreeSMSitalicSpl-Italic
    /GaramondThreeSMSspl
    /GaramondThreespl
    /GaramondThreeSpl-Bold
    /GaramondThreeSpl-Italic
    /Garamond-Ultra
    /Garamond-UltraCondensed
    /Garamond-UltraCondensedItalic
    /Garamond-UltraItalic
    /GarthGraphic
    /GarthGraphic-Black
    /GarthGraphic-Bold
    /GarthGraphic-BoldCondensed
    /GarthGraphic-BoldItalic
    /GarthGraphic-Condensed
    /GarthGraphic-ExtraBold
    /GarthGraphic-Italic
    /Geometric231BT-HeavyC
    /GeometricSlab712BT-BoldA
    /GeometricSlab712BT-ExtraBoldA
    /GeometricSlab712BT-LightA
    /GeometricSlab712BT-LightItalicA
    /GeometricSlab712BT-MediumA
    /GeometricSlab712BT-MediumItalA
    /Giddyup
    /Giddyup-Thangs
    /GillSans
    /GillSans-Bold
    /GillSans-BoldCondensed
    /GillSans-BoldExtraCondensed
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-ExtraBold
    /GillSans-ExtraBoldDisplay
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSans-LightShadowed
    /GillSans-Shadowed
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gill-Special
    /Giovanni-Bold
    /Giovanni-BoldItalic
    /Giovanni-Book
    /Giovanni-BookItalic
    /Glypha
    /Glypha-Bold
    /Glypha-BoldOblique
    /Glypha-Oblique
    /Gothic-Thirteen
    /Goudy
    /Goudy-Bold
    /Goudy-BoldItalic
    /GoudyCatalogueBT-Regular
    /Goudy-ExtraBold
    /GoudyHandtooledBT-Regular
    /GoudyHeavyfaceBT-Regular
    /GoudyHeavyfaceBT-RegularCond
    /Goudy-Italic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-ExtraBold
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudySans-Black
    /GoudySans-BlackItalic
    /GoudySans-Bold
    /GoudySans-BoldItalic
    /GoudySans-Book
    /GoudySans-BookItalic
    /GoudySansITCbyBT-Black
    /GoudySansITCbyBT-BlackItalic
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Light
    /GoudySansITCbyBT-LightItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GoudySans-Medium
    /GoudySans-MediumItalic
    /Granjon
    /Granjon-Bold
    /Granjon-BoldOsF
    /Granjon-Italic
    /Granjon-ItalicOsF
    /Granjon-SC
    /GreymantleMVB-Ornaments
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Black-SemiBold
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-Light-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Condensed-Thin
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /HelveticaInserat-Roman-SemiBold
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /HelveticaNeue-Black
    /HelveticaNeue-BlackCond
    /HelveticaNeue-BlackCondObl
    /HelveticaNeue-BlackExt
    /HelveticaNeue-BlackExtObl
    /HelveticaNeue-BlackItalic
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldCond
    /HelveticaNeue-BoldCondObl
    /HelveticaNeue-BoldExt
    /HelveticaNeue-BoldExtObl
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-ExtBlackCond
    /HelveticaNeue-ExtBlackCondObl
    /HelveticaNeue-Extended
    /HelveticaNeue-ExtendedObl
    /HelveticaNeue-Heavy
    /HelveticaNeue-HeavyCond
    /HelveticaNeue-HeavyCondObl
    /HelveticaNeue-HeavyExt
    /HelveticaNeue-HeavyExtObl
    /HelveticaNeue-HeavyItalic
    /HelveticaNeue-Italic
    /HelveticaNeue-Light
    /HelveticaNeue-LightCond
    /HelveticaNeue-LightCondObl
    /HelveticaNeue-LightExt
    /HelveticaNeue-LightExtObl
    /HelveticaNeue-LightItalic
    /HelveticaNeueLTStd-Md
    /HelveticaNeueLTStd-MdIt
    /HelveticaNeue-Medium
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-MediumExt
    /HelveticaNeue-MediumExtObl
    /HelveticaNeue-MediumItalic
    /HelveticaNeue-Roman
    /HelveticaNeue-Thin
    /HelveticaNeue-ThinCond
    /HelveticaNeue-ThinCondObl
    /HelveticaNeue-ThinItalic
    /HelveticaNeue-UltraLigCond
    /HelveticaNeue-UltraLigCondObl
    /HelveticaNeue-UltraLigExt
    /HelveticaNeue-UltraLigExtObl
    /HelveticaNeue-UltraLight
    /HelveticaNeue-UltraLightItal
    /Helvetica-Oblique
    /Helvetica-UltraCompressed
    /HelvExtCompressed
    /HelvLight
    /HelvUltCompressed
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-ExtraBold
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /Humanist521BT-UltraBold
    /Humanist521BT-XtraBoldCondensed
    /Humanist531BT-BlackA
    /Humanist531BT-BoldA
    /Humanist531BT-RomanA
    /Humanist531BT-UltraBlackA
    /Humanist777BT-BlackB
    /Humanist777BT-BlackCondensedB
    /Humanist777BT-BlackItalicB
    /Humanist777BT-BoldB
    /Humanist777BT-BoldCondensedB
    /Humanist777BT-BoldItalicB
    /Humanist777BT-ExtraBlackB
    /Humanist777BT-ExtraBlackCondB
    /Humanist777BT-ItalicB
    /Humanist777BT-LightB
    /Humanist777BT-LightCondensedB
    /Humanist777BT-LightItalicB
    /Humanist777BT-RomanB
    /Humanist777BT-RomanCondensedB
    /Humanist970BT-BoldC
    /Humanist970BT-RomanC
    /HumanistSlabserif712BT-Black
    /HumanistSlabserif712BT-Bold
    /HumanistSlabserif712BT-Italic
    /HumanistSlabserif712BT-Roman
    /ICMEX10
    /ICMMI8
    /ICMSY8
    /ICMTT8
    /Iglesia-Light
    /ILASY8
    /ILCMSS8
    /ILCMSSB8
    /ILCMSSI8
    /Imago-Book
    /Imago-BookItalic
    /Imago-ExtraBold
    /Imago-ExtraBoldItalic
    /Imago-Light
    /Imago-LightItalic
    /Imago-Medium
    /Imago-MediumItalic
    /Industria-Inline
    /Industria-InlineA
    /Industria-Solid
    /Industria-SolidA
    /Insignia
    /Insignia-A
    /IPAExtras
    /IPAHighLow
    /IPAKiel
    /IPAKielSeven
    /IPAsans
    /ITCGaramondMM
    /ITCGaramondMM-It
    /JAKEOpti-Regular
    /JansonText-Bold
    /JansonText-BoldItalic
    /JansonText-Italic
    /JansonText-Roman
    /JansonText-RomanSC
    /JoannaMT
    /JoannaMT-Bold
    /JoannaMT-BoldItalic
    /JoannaMT-Italic
    /Juniper
    /KabelITCbyBT-Book
    /KabelITCbyBT-Demi
    /KabelITCbyBT-Medium
    /KabelITCbyBT-Ultra
    /Kaufmann
    /Kaufmann-Bold
    /KeplMM-Or2
    /KisBT-Italic
    /KisBT-Roman
    /KlangMT
    /Kuenstler480BT-Black
    /Kuenstler480BT-Bold
    /Kuenstler480BT-BoldItalic
    /Kuenstler480BT-Italic
    /Kuenstler480BT-Roman
    /KunstlerschreibschD-Bold
    /KunstlerschreibschD-Medi
    /Lapidary333BT-Black
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /LASY10
    /LASY5
    /LASY6
    /LASY7
    /LASY8
    /LASY9
    /LASYB10
    /LatinMT-Condensed
    /LCIRCLE10
    /LCIRCLEW10
    /LCMSS8
    /LCMSSB8
    /LCMSSI8
    /LDecorationPi-One
    /LDecorationPi-Two
    /Leawood-Black
    /Leawood-BlackItalic
    /Leawood-Bold
    /Leawood-BoldItalic
    /Leawood-Book
    /Leawood-BookItalic
    /Leawood-Medium
    /Leawood-MediumItalic
    /LegacySans-Bold
    /LegacySans-BoldItalic
    /LegacySans-Book
    /LegacySans-BookItalic
    /LegacySans-Medium
    /LegacySans-MediumItalic
    /LegacySans-Ultra
    /LegacySerif-Bold
    /LegacySerif-BoldItalic
    /LegacySerif-Book
    /LegacySerif-BookItalic
    /LegacySerif-Medium
    /LegacySerif-MediumItalic
    /LegacySerif-Ultra
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldSlanted
    /LetterGothic-Slanted
    /Life-Bold
    /Life-Italic
    /Life-Roman
    /LINE10
    /LINEW10
    /Linotext
    /Lithos-Black
    /LithosBold
    /Lithos-Bold
    /Lithos-Regular
    /LOGO10
    /LOGO8
    /LOGO9
    /LOGOBF10
    /LOGOSL10
    /LOMD-Normal
    /LubalinGraph-Book
    /LubalinGraph-BookOblique
    /LubalinGraph-Demi
    /LubalinGraph-DemiOblique
    /LucidaHandwritingItalic
    /LucidaMath-Symbol
    /LucidaSansTypewriter
    /LucidaSansTypewriter-Bd
    /LucidaSansTypewriter-BdObl
    /LucidaSansTypewriter-Obl
    /LucidaTypewriter
    /LucidaTypewriter-Bold
    /LucidaTypewriter-BoldObl
    /LucidaTypewriter-Obl
    /LydianBT-Bold
    /LydianBT-BoldItalic
    /LydianBT-Italic
    /LydianBT-Roman
    /LydianCursiveBT-Regular
    /Machine
    /Machine-Bold
    /Marigold
    /MathematicalPi-Five
    /MathematicalPi-Four
    /MathematicalPi-One
    /MathematicalPi-Six
    /MathematicalPi-Three
    /MathematicalPi-Two
    /MatrixScriptBold
    /MatrixScriptBoldLin
    /MatrixScriptBook
    /MatrixScriptBookLin
    /MatrixScriptRegular
    /MatrixScriptRegularLin
    /Melior
    /Melior-Bold
    /Melior-BoldItalic
    /Melior-Italic
    /MercuriusCT-Black
    /MercuriusCT-BlackItalic
    /MercuriusCT-Light
    /MercuriusCT-LightItalic
    /MercuriusCT-Medium
    /MercuriusCT-MediumItalic
    /MercuriusMT-BoldScript
    /Meridien-Bold
    /Meridien-BoldItalic
    /Meridien-Italic
    /Meridien-Medium
    /Meridien-MediumItalic
    /Meridien-Roman
    /Minion-Black
    /Minion-Bold
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-BoldItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-DisplayItalic
    /Minion-DisplayRegular
    /MinionExp-Italic
    /MinionExp-Semibold
    /MinionExp-SemiboldItalic
    /Minion-Italic
    /Minion-Ornaments
    /Minion-Regular
    /Minion-Semibold
    /Minion-SemiboldItalic
    /MonaLisa-Recut
    /MrsEavesAllPetiteCaps
    /MrsEavesAllSmallCaps
    /MrsEavesBold
    /MrsEavesFractions
    /MrsEavesItalic
    /MrsEavesPetiteCaps
    /MrsEavesRoman
    /MrsEavesRomanLining
    /MrsEavesSmallCaps
    /MSAM10
    /MSAM10A
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM10A
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MTEX
    /MTEXB
    /MTEXH
    /MTGU
    /MTGUB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MTSYN
    /MusicalSymbols-Normal
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadMM
    /MyriadMM-It
    /Myriad-Roman
    /Myriad-Sketch
    /Myriad-Tilt
    /NeuzeitS-Book
    /NeuzeitS-BookHeavy
    /NewBaskerville-Bold
    /NewBaskerville-BoldItalic
    /NewBaskerville-Italic
    /NewBaskervilleITCbyBT-Bold
    /NewBaskervilleITCbyBT-BoldItal
    /NewBaskervilleITCbyBT-Italic
    /NewBaskervilleITCbyBT-Roman
    /NewBaskerville-Roman
    /NewCaledonia
    /NewCaledonia-Black
    /NewCaledonia-BlackItalic
    /NewCaledonia-Bold
    /NewCaledonia-BoldItalic
    /NewCaledonia-BoldItalicOsF
    /NewCaledonia-BoldSC
    /NewCaledonia-Italic
    /NewCaledonia-ItalicOsF
    /NewCaledonia-SC
    /NewCaledonia-SemiBold
    /NewCaledonia-SemiBoldItalic
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothic-BoldOblique
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldCondensed
    /NewsGothicBT-BoldCondItalic
    /NewsGothicBT-BoldExtraCondensed
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Demi
    /NewsGothicBT-DemiItalic
    /NewsGothicBT-ExtraCondensed
    /NewsGothicBT-Italic
    /NewsGothicBT-ItalicCondensed
    /NewsGothicBT-Light
    /NewsGothicBT-LightItalic
    /NewsGothicBT-Roman
    /NewsGothicBT-RomanCondensed
    /NewsGothic-Oblique
    /New-Symbol
    /NovareseITCbyBT-Bold
    /NovareseITCbyBT-BoldItalic
    /NovareseITCbyBT-Book
    /NovareseITCbyBT-BookItalic
    /Nueva-BoldExtended
    /Nueva-Roman
    /NuptialScript
    /OceanSansMM
    /OceanSansMM-It
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OnyxMT
    /Optima
    /Optima-Bold
    /Optima-BoldItalic
    /Optima-BoldOblique
    /Optima-ExtraBlack
    /Optima-ExtraBlackItalic
    /Optima-Italic
    /Optima-Oblique
    /OSPIRE-Plain
    /OttaIA
    /Otta-wa
    /Ottawa-BoldA
    /OttawaPSMT
    /Oxford
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Parisian
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PhotinaMT
    /PhotinaMT-Bold
    /PhotinaMT-BoldItalic
    /PhotinaMT-Italic
    /PhotinaMT-SemiBold
    /PhotinaMT-SemiBoldItalic
    /PhotinaMT-UltraBold
    /PhotinaMT-UltraBoldItalic
    /Plantin
    /Plantin-Bold
    /Plantin-BoldItalic
    /Plantin-Italic
    /Plantin-Light
    /Plantin-LightItalic
    /Plantin-Semibold
    /Plantin-SemiboldItalic
    /Poetica-ChanceryI
    /Poetica-SuppLowercaseEndI
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /ProseAntique-Bold
    /ProseAntique-Normal
    /QuaySansEF-Black
    /QuaySansEF-BlackItalic
    /QuaySansEF-Book
    /QuaySansEF-BookItalic
    /QuaySansEF-Medium
    /QuaySansEF-MediumItalic
    /Quorum-Black
    /Quorum-Bold
    /Quorum-Book
    /Quorum-Light
    /Quorum-Medium
    /Raleigh
    /Raleigh-Bold
    /Raleigh-DemiBold
    /Raleigh-Medium
    /Revival565BT-Bold
    /Revival565BT-BoldItalic
    /Revival565BT-Italic
    /Revival565BT-Roman
    /Ribbon131BT-Bold
    /Ribbon131BT-Regular
    /RMTMI
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /RotisSansSerif
    /RotisSansSerif-Bold
    /RotisSansSerif-ExtraBold
    /RotisSansSerif-Italic
    /RotisSansSerif-Light
    /RotisSansSerif-LightItalic
    /RotisSemiSans
    /RotisSemiSans-Bold
    /RotisSemiSans-ExtraBold
    /RotisSemiSans-Italic
    /RotisSemiSans-Light
    /RotisSemiSans-LightItalic
    /RotisSemiSerif
    /RotisSemiSerif-Bold
    /RotisSerif
    /RotisSerif-Bold
    /RotisSerif-Italic
    /RunicMT-Condensed
    /Sabon-Bold
    /Sabon-BoldItalic
    /Sabon-Italic
    /Sabon-Roman
    /SackersGothicLight
    /SackersGothicLightAlt
    /SackersItalianScript
    /SackersItalianScriptAlt
    /Sam
    /Sanvito-Light
    /SanvitoMM
    /Sanvito-Roman
    /Semitica
    /Semitica-Italic
    /SIVAMATH
    /Siva-Special
    /SMS-SPELA
    /Souvenir-Demi
    /Souvenir-DemiItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light
    /Souvenir-LightItalic
    /SpecialAA
    /Special-Gali
    /Sp-Sym
    /StempelGaramond-Bold
    /StempelGaramond-BoldItalic
    /StempelGaramond-Italic
    /StempelGaramond-Roman
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-PhoneticAlternate
    /StoneSans-PhoneticIPA
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /StoneSerif
    /StoneSerif-Italic
    /StoneSerif-PhoneticAlternate
    /StoneSerif-PhoneticIPA
    /StoneSerif-Semibold
    /StoneSerif-SemiboldItalic
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-BlackRounded
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-BoldRounded
    /Swiss721BT-Heavy
    /Swiss721BT-HeavyItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Medium
    /Swiss721BT-MediumItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721BT-ThinItalic
    /Swiss921BT-RegularA
    /Symbol
    /Syntax-Black
    /Syntax-Bold
    /Syntax-Italic
    /Syntax-Roman
    /Syntax-UltraBlack
    /Tekton
    /Times-Bold
    /Times-BoldA
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Italic
    /Times-NewRoman
    /Times-NewRomanBold
    /Times-Oblique
    /Times-PhoneticAlternate
    /Times-PhoneticIPA
    /Times-Roman
    /Times-RomanSmallCaps
    /Times-Sc
    /Times-SCB
    /Times-special
    /TimesTenGreekP-Upright
    /TradeGothic
    /TradeGothic-Bold
    /TradeGothic-BoldCondTwenty
    /TradeGothic-BoldCondTwentyObl
    /TradeGothic-BoldOblique
    /TradeGothic-BoldTwo
    /TradeGothic-BoldTwoOblique
    /TradeGothic-CondEighteen
    /TradeGothic-CondEighteenObl
    /TradeGothicLH-BoldExtended
    /TradeGothicLH-Extended
    /TradeGothic-Light
    /TradeGothic-LightOblique
    /TradeGothic-Oblique
    /Trajan-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trajan-Regular
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /Transitional551BT-MediumB
    /Transitional551BT-MediumItalicB
    /Univers
    /Universal-GreekwithMathPi
    /Universal-NewswithCommPi
    /Univers-BlackExt
    /Univers-BlackExtObl
    /Univers-Bold
    /Univers-BoldExt
    /Univers-BoldExtObl
    /Univers-BoldOblique
    /Univers-Condensed
    /Univers-CondensedBold
    /Univers-CondensedBoldOblique
    /Univers-CondensedOblique
    /Univers-Extended
    /Univers-ExtendedObl
    /Univers-ExtraBlackExt
    /Univers-ExtraBlackExtObl
    /Univers-Light
    /Univers-LightOblique
    /UniversLTStd-Black
    /UniversLTStd-BlackObl
    /Univers-Oblique
    /Utopia-Black
    /Utopia-BlackOsF
    /Utopia-Bold
    /Utopia-BoldItalic
    /Utopia-Italic
    /Utopia-Ornaments
    /Utopia-Regular
    /Utopia-Semibold
    /Utopia-SemiboldItalic
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Viva-BoldExtraExtended
    /Viva-Regular
    /Weidemann-Black
    /Weidemann-BlackItalic
    /Weidemann-Bold
    /Weidemann-BoldItalic
    /Weidemann-Book
    /Weidemann-BookItalic
    /Weidemann-Medium
    /Weidemann-MediumItalic
    /WindsorBT-Elongated
    /WindsorBT-Light
    /WindsorBT-LightCondensed
    /WindsorBT-Roman
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /ZapfCalligraphic801BT-Bold
    /ZapfCalligraphic801BT-BoldItal
    /ZapfCalligraphic801BT-Italic
    /ZapfCalligraphic801BT-Roman
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Demi
    /ZapfChanceryITCbyBT-Medium
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZapfHumanist601BT-Ultra
    /ZapfHumanist601BT-UltraItalic
    /ZurichBT-Black
    /ZurichBT-BlackExtended
    /ZurichBT-BlackItalic
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldExtended
    /ZurichBT-BoldExtraCondensed
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraBlack
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-LightCondensedItalic
    /ZurichBT-LightExtraCondensed
    /ZurichBT-LightItalic
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
  ]
  /NeverEmbed [ true
    /TimesNewRomanPS
    /TimesNewRomanPS-Bold
    /TimesNewRomanPS-BoldItalic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-Italic
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /NLD <>
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings for creating PDF files for submission to The Sheridan Press. These settings configured for Acrobat v6.0 08/06/03.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




