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Side-Channel Free Measurement-Device-
Independent Quantum Key Distribution

Based on Source Monitoring
Wen-Lin Wang , Xing-Yu Zhou , Ming-Shuo Sun , Chun-Hui Zhang , and Qin Wang

Abstract—Measurement-device-independent quantum key dis-
tribution (MDI-QKD) can remove all detector side-channel attacks.
However, there are still some assumptions on source preparations
in MDI-QKD protocols, which are too strict to achieve in real-life
implementations. To remove those assumptions, here we construct
a scheme on characterizing the source modulation errors with
Hong-Ou-Mandel (HOM) interferences. Furthermore, we combine
it with the decoy-state method and present the security analysis.
Besides, finite data-size effects are taken into account as well.
Simulation results verify the feasibility and practicability of this
scheme. It thus seems a very promising candidate for constructing
high-security network in the near future.

Index Terms—Quantum key distribution, MDI-QKD, HOM
interference.

I. INTRODUCTION

TO ACHIEVE information-theoretic security is extremely
difficult for classical cryptography, since its security relies

on mathematical complexity and is threatened by advancement
of computational power. In contrast, quantum key distribution
(QKD) provides a way for two legitimate users, Alice and Bob,
to share secret keys with unconditionally security, thanks to the
laws of quantum physics. That is to say, the security of QKD does
not rely on the computational power of an eavesdropper, Eve.
Since the first BB84 QKD protocol was proposed by Bennett and
Brassard [1] in 1884, significant theoretical and experimental
progresses have been made in this field.

However, there still exist gaps, or so-called security loop-
holes, between the security proofs of QKD and its practical
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implementations. Device-independent quantum key distribution
(DI-QKD) [2], [3] is inherently immune to all side-channel
attacks, but its practicality is limited due to its high demand
for detection efficiency and channel loss. As an alternative,
MDI-QKD [4] eliminates all side-channels on the vulnerable
detection side. However, the source side remains susceptible
to modulation deviations and attacks. Side-channel attacks on
the source system can be classified into two major types: active
and passive. In an active attack, such as a Trojan horse attack,
the eavesdropper sends a strong light source to the preparation
side and attempts to obtain information about the settings from
the reflected light. In passive attacks, the idea is to exploit
imperfections within the signal generation stage to obtain infor-
mation about high-dimensional parameters, which may reveal
information about the secret keys.

In recent years, several studies have been conducted to im-
prove security with source flaws, such as the loss-tolerant [5],
[6], [7] and reference techniques [8], [9], [10]. Among these
attempts, the loss-tolerant method only considers the state prepa-
ration errors in two-dimensional space. On the other hand, side
channels caused by mode dependencies, e.g., classical pulse
correlations [11] or distinguishable decoy states [12], need extra
parameters to characterize the information leakage and have
been solved in theory. However, those parameters are often very
difficult to measure in experiments [13], leaving the high dimen-
sional leakage hard to quantify in practice. Luckily, Duplinskiy
et al. [14] proposed a new way of characterizing the passive
side-channel information leakage by monitoring the HOM in-
terference and implement it in BB84 protocol. Based on the work
in [14], here we present a more practical decoy-state MDI-QKD
protocol by taking modulation imperfections in decoy states into
account, moreover, finite-size effects are also taken into account.

Our passage is arranged as follows: Section II is the introduc-
tion of 3-intensity MDI-QKD with source monitoring; Recon-
sidering of decoy-state method is shown in Section III; Section
IV shows our simulation results and analysis. The passage end
with conclusion.

II. MDI-QKD PROTOCOL WITH SOURCE MONITORING

In the following, we first briefly review the steps of the MDI-
QKD protocol with 3-intensity decoy state method [15].

Preparation: Alice (Bob) independently sends a phase-
randomized coherent state with intensities randomly chosen
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from a predetermined set with probability Px (Py), where
x, y ∈ {μ, ν, o}. The phase-randomized weak coherent source
follows the probability distribution of ρx =

∑∞
n=0 P

x
n |n〉〈n| =∑∞

n=0 e
−xx

n

n!
|n〉〈n|. In the following, Alice and Bob encode

the polarization states to be |H〉, |V 〉, |D〉, |A〉, where |H〉 and
|V 〉 are in the Z basis, and |D〉 and |A〉 are in the X basis, here
|D〉 = 1√

2
(|H〉+ |V 〉), |A〉 = 1√

2
(|H〉 − |V 〉).

Measurement: For each time window, the untrusted party
Charlie performs a Bell-state measurement on the received
pulses from Alice and Bob. The successful outcome will be

projected into |ϕ±〉 = 1√
2
(|HV 〉 ± |V H〉). Later on, Alice and

Bob will exchange relevant information including the intensity
or basis choices.

Key generation: In this step, Alice and Bob will carry out
parameter estimation and calculate the final key rate as:

R = (Pμz)
2
{
(Pμ

1 )
2Y L,Z

11 [1−H(eU,ph
11 )]− fQZ

μμH(EZ
μμ)

}
.

(1)
Here, Pμz represents the probability of pulses prepared in the
Z-basis with intensity μ for Alice or Bob, while Pμ

1 indicates
the probability of the WCS emitting a single-photon pulse with
intensityμ.Y L,Z

11 and eU,ph
11 denote the lower bound of the single-

photon yield and the upper bound of the single-photon error
rate, respectively, and QZ

μμ and EZ
μμ represent the average gain

and the quantum bit error rate of the Z-basis. Additionally, f is
the error correction efficiency factor, andH(x) = −x log2(x)−
(1− x) log2(1− x) represents the binary entropy function.

It is well known that MDI-QKD can remove all side-channel
attacks on the detector side. However, there may exist prepa-
ration flaws and side-channel leakage during the state encoding
process due to device imperfections. In the following, we present
an improved MDI-QKD scheme with a visibility testing module.

Fig. 1(a) shows the overall scheme and Fig. 1(b) shows the
encoder module. In Fig. 1(a), phase-randomized weak coherent
pulses (WCP) are sent into the encoder module and are prepared
into different polarization states and intensities in either Alice or
Bob’s side. In Charlie’s side, Bell-state projection measurements
are carried out on the received photon-pair pulses from Alice
and Bob. In Fig. 1(b), the encoder module mainly consists of
one polarization modulator (Pol-M) and one intensity modulator
(Decoy-IM). The beam-splitters (BSs) are placed separately
before the Pol-M and after the Decoy-IM, each splitting part
light and finally interfering at the V-Test module for security
monitoring. Here we assume that the polarization state |H〉
prepared by the laser is a standard reference state, and the
intensity of light passing through the down path of the beam
splitter and attenuator is μ with the |H〉 polarization state. The
light passing through the upper path will be modulated by a
polarization modulator and an intensity modulator to prepare
different intensities and encoding states. After that, a portion of
it will be reflected on the beam splitter for HOM interference
with the reference light. It is worth noting that the optical signal
in the lower path is delayed by an integer number of periods
using fiber, thereby guaranteeing that the pulses interfering at the
beam splitter are phase-randomized, and OD enables convenient

Fig. 1. (a) The schematic of MDI-QKD setup. WCP: weak coherent pulses;
BS: beam-splitter; PBS: polarization beam-splitter; (b) The encoder module.
Pol-M: polarization modulator; Decoy-IM: intensity modulator; OD: optical
delay; V-Test: interference visibility test.

adjustment for achieving synchronized arrival time of two light
paths.

We begin by expressing the source density matrices of the
X or Z basis as a tensor product of actual density matrices and
high-dimension freedom ρ(λ), as follows:

ρx =
∞∑

n=0

P x
n |n〉 〈n| ⊗ ρ(λ), (2)

here, the photon number of each pulse follows a Poisson distri-
bution denoted as P x

n .
According to the definition of fidelity [16], [17], we can obtain

that the HOM interference visibility of two states, VHOM which
has a relationship with their quantum fidelity as

F (ρx, ρy) =
∞∑

n=0

√
P x
nP

y
nγ

n
2 , (3)

where γ := VHOM

2 and γ is used to define the similarity between
states ρx and ρy .

Next, the value called bases imbalance allows to quantify the
differences between different density matrices [18], [19]:

� =
1− F (X,Z)

2
, (4)

whereF (X,Z) is the fidelity between X basis and Z basis. How-
ever, we cannot obtain the value of bases imbalance instantly by
(4). Based on Bures angles and triangle inequality [20], we can
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conclude that:

arccosF (X,Z) ≤ arccos max
i,j∈{0,1}

F (Xi, Zj)

+
∑

B∈{X,Z}
arccos max

i∈{0,1}
F (B,Bi), (5)

whereXi andZj (i, j ∈ {0, 1}) respectively denote the auxiliary
matrices [14] for each basis to calculate the fidelity between the
bases, and B is used to represent the X basis or Z basis.

In the V-Test module, the state that arrives via the
upper path is modulated by both polarization modulator
and intensity modulator, with intensity of μ and v re-
spectively, and can be polarized in one of four ways:
|H〉, |V 〉, |D〉, |A〉, resulting in a total of eight modulated states:
|H〉μ, |H〉ν , |V 〉μ, |V 〉ν , |D〉μ, |D〉ν , |A〉μ, |A〉ν . Note that we
do not consider the case where the pulse intensity is zero and its
encoding. The state that arrives via the lower path has a reference
intensity of μ and a polarization mode of |H〉. Within this
module, there are eight possible cases for the HOM interference
visibility measurement, denoted as V k

M , and the corresponding
expected values are denoted as V k

E (k ∈ {1, 2, . . ., 8}). We use
the symbol V k to represent the deviations between eight sets of
measurements and expected HOM visibility. Considering that
the maximum value of HOM visibility is 0.5 (i.e., the HOM
visibility of two states with intensity μ and polarization |H〉),
we use the following equation to express the deviations, and we
denote the minimum value as V ′,

V ′ = min
k∈{1,2,...,8}

V k = min
k∈{1,2,...,8}

V k
E − ∣∣V k

M − V k
E

∣∣
2V k

E

. (6)

In the special case when all fidelities equal the same mini-
mum value F ′corresponding to the worst visibility V ′among all
combinations in (3). Equation (5) simplifies to

1− 2� ≥ cos

[
2arccos

(
1 + F ′

2

)
+ arccos (F ′)

]
. (7)

To simulate the effect of bases imbalance, we use a method
mentioned in [18]. Considering the ability of Eve to use a lossless
channel, the calculated bases imbalance is corrected as �′.

�′ =
�
Y L
11

. (8)

The relation between the upper bound of the single-photon
error rate eU11 and the phase error rate eU,ph

11 is obtained as follows:

eU,ph
11 = eU11 + 4(1−�′)�′ (1− 2eU11)

+ 4(1− 2�′)
√

�′(1−�′)eU11(1− eU11). (9)

III. DECOY-STATE METHOD WITH DISTINGUISHABLE DECOY

STATES

In the classical theory of decoy-state method [21], we usually
assume that the yield (or error rate) and the intensity ofn-photon
pulses are independent, so the yield and error rate of n-photon
states at different intensities are always equal.

However, if Eve launches attacks on high-dimension freedom
and obtains some prior information about the intensity of Alice’s

TABLE I
LIST OF EXPERIMENTAL PARAMETERS USED IN NUMERICAL SIMULATIONS

pulses, the assumption may no longer be valid, then we have:

Y μ
nm �= Y ν

nm,

eμnm �= eνnm. (10)

According to the information obtained from the [22], it
can be inferred that Dμν ≤ √

1− F (ρx, ρy)2, where Dμν =
1
2Tr|ρx − ρy|. The source imperfections can be characterized by
the trace distance Dμν , which can be bounded by the following
equations:

|Y μ
nm − Y ν

nm| ≤ Dμν ≤
√

1− F (ρx, ρy)2,

|eμnm − eνnm| ≤ Dμν ≤
√

1− F (ρx, ρy)2. (11)

By referring [12], we re-derive the lower bound of the yield
and the upper bound of the error rate for single-photon pulses
with distinguishable decoy states:

Y L
11=

μ
[
e2νQ

νν
− ν3

μ3 e
2μQμμ+

ν3−μ3

μ3 Q
00
−Dμν(e

ν−1)2
]

μν2 − ν3
,

(12)

eU11 =
eνEνν − e0Q00

+ νDμν

νY L
11

, (13)

here, we useQxy andExy to respectively denote the overall gain
and quantum bit error rate. To account for the finite-key effect,
we apply the Chernoff bound method as described in [23], and
denote the upper and lower bounds of the variables in (12) and
(13) with overlines and underlines. Specifically, for a variable X,

X = X − σ1 ≤ X ≤ X + σ2 = X , where σ1 =
√

2Xln( 16ξ4 )

and σ2 =

√
2Xln(ξ−

3
2 ). The failure probability of statisti-

cal fluctuation analysis ξ satisfies the following inequalities:
Pr(E[X]−X ≥ σ1) ≤ ξ and Pr(X − E[X] ≥ σ2) ≤ ξ.

IV. SIMULATIONS AND ANALYSIS

Based on the formulas presented in the previous section, we
present simulation results in Fig. 2. Our simulations consider
finite-key analysis and global optimization to obtain better prac-
tical performance. The system parameters we used are listed in
Table I. Here, Pd denotes the dark count rate of detectors; e0 is
the error rate of the vacuum state; ed is the misalignment error
probability; η is the detection efficiency of detectors; f is the
error correction efficiency; in addition, here we assume that the
loss coefficient of the transmission fibers is 0.165 dB/km in our
simulations. The parameters mentioned above are the primary
characteristics of practical QKD systems, while the following
parameters related to finite-key effect: ξ is the failure probability
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Fig. 2. Optimal secure key rate versus the communication distance in presence
of states preparation flaws. Each color in the graph corresponds to a different
HOM visibility value. The solid line corresponds to the perfect source scenario,
while the dashed lines correspond to scenarios where V ′ equals 0.47, 0.495 and
0.4995. The dotted line is used to indicate the case where the HOM visibility
is 0.499, which is a relatively high level of interference visibility that can be
achieved in current experimental articles.

of statistical fluctuation analysis; N denotes the total number of
signals (weak coherent pulses) sent by Alice and Bob.

As show in Fig. 2, both the key rate and the transmission
distance will rapidly decline their values with the decreasing of
the HOM visibility, e.g., the transmission distance decreases to
a third of the distance when V ′ changing from 0.5 to 0.4995.
For experiments conducted under favorable conditions, e.g.,
with a HOM visibility of 0.499 [24] (indicated by the dotted
line), the simulation results indicate that our approach can
still achieve 95 km transmission distance with a high security.
Even for experiments conducted under normal experimental
conditions [25], [26], [27], [28], e.g., with a HOM visibility
of 0.47, our approach can still achieve transmission distances
over 50 km. Overall, our present proposed scheme can exhibit
superior performance compared with present DI-QKD while
maintaining a comparable level of security.

In order to demonstrate the influence of HOM visibility on
the secure key rate more clearly, we also calculate the key
rate corresponding to different HOM visibilities at 40 km as
shown in Fig. 3. It can be observed that the secure key rate
rapidly decreases as the interference visibility diminishes, and
subsequently exhibits a gradual decline before approaching a
plateau. In spite of this, for as low as V ′ = 0.45, the keys are
still available. In general, this method has proven effective at
achieving secure transmission over long distances and under
challenging experimental conditions, demonstrating promising
performance and ensuring high security.

V. CONCLUSION

We have constructed a scheme to improve the security of
MDI-QKD systems by monitoring the HOM interference visi-
bility of the source. Moreover, we have established a relationship
between the HOM interference visibility and the key rate through
formulaic derivations. Besides, to further improve the security,
we also reconsidered the distinguishability of the signal and
the decoy states and estimate the yield and the error rate of

Fig. 3. Relationship between the optimal secure key rate and the HOM
visibility at 40 km. Different colored markers on the curve correspond to the
V ′ values used in Fig. 2, from left to right.

the single-photon pulses. After carrying out full parameter opti-
mization and finite-key analysis, we have demonstrated that,
although the secure key rate of the present scheme is quite
sensitive to the HOM interference visibility, it can still exhibit
secure transmission distances over 50 km with current technol-
ogy. Most importantly, it can show much better performance
compared with present DI-QKD systems [3] while keep similar
security. Ref. [13] experimentally characterizes various source
flaws through five distinct parameters. In contrast, our approach
employs a single parameter to characterize the overall source
imperfections, thus avoiding potential undetected side channels
and unannounced attacks, resulting in enhanced security. In ad-
dition, here we only use the MDI-QKD protocol for illustration,
in fact, this method can also be applied to other protocols such
as TF-QKD or Mode-Pairing MDI-QKD [29]. Therefore, our
present work may provide valuable references for developing
high-performance and high security quantum communications
in the near future.

REFERENCES

[1] C. H. Bennett and G. Brassard, “Quantum cryptography: Public key
distribution and coin tossing,” in Proc. IEEE Int. Conf. Comput., Syst.
Signal Process., 1984, pp. 175–179.

[2] A. Acín, N. Brunner, N. Gisin, S. Massar, S. Pironio, and V. Scarani,
“Device-independent security of quantum cryptography against collective
attacks,” Phy. Rev. Lett., vol. 98, 2007, Art. no. 230501.

[3] U. Vazirani and T. Vidick, “Fully device-independent quantum key
distribution,” Phys. Rev. Lett., vol. 113, 2014, Art. no. 140501.

[4] H.-K. Lo, M. Curty, and B. Qi, “Measurement-device-independent quan-
tum key distribution,” Phys. Rev. Lett., vol. 108, 2012, Art. no. 130503.

[5] K. Tamaki, M. Curty, G. Kat, H.-K. Lo, and K. Azuma, “Loss-tolerant
quantum cryptography with imperfect sources,” Phys. Rev. A, vol. 90,
2014, Art. no. 052314.

[6] F. Xu, S. Sajeed, S. Kaiser, Z. Tang, and H. K. Lo, “Experimental
quantum key distribution with source flaws,” Phys. Rev. A, vol. 92, 2015,
Art. no. 032305.

[7] M. Pereira, M. Curty, and K. Tamaki, “Quantum key distribution with
flawed and leaky sources,” npj Quantum Inf., vol. 5, 2019, Art. no. 62.

[8] M. Pereira, G. Kato, A. Mizutani, M. Curty, and K. Tamaki, “Quantum
key distribution with correlated sources,” Sci. Adv., vol. 6, 2020, Art. no.
eaaz4487.

[9] Á. M. Navarrete, M. Pereira, and K. Curty Tamaki, “Practical quantum key
distribution that is secure against side channels,” Phys. Rev. Appl., vol. 15,
2021, Art. no. 034072.



WANG et al.: SIDE-CHANNEL FREE MDI-QKD BASED ON SOURCE MONITORING 7600305

[10] H. J. Ding, X. Y. Zhou, C. H. Zhang, J. Li, and Q. Wang, “Measurement-
device-independent quantum key distribution with insecure sources,” Opt.
Lett., vol. 47, pp. 665–668, 2022.

[11] V. Zapatero, Á. K. N. Tamaki, and M. Curty, “Security of quantum key dis-
tribution with intensity correlations,” Quantum, vol. 5, 2021, Art. no. 602.

[12] A. Huang, S. H. Sun, Z. Liu, and V. Makarov, “Quantum key distri-
bution with distinguishable decoy states,” Phys. Rev. A, vol. 98, 2018,
Art. no. 012330.

[13] G. Jie et al., “Experimental measurement-device-independent type quan-
tum key distribution with flawed and correlated sources,” Sci. Bull., vol. 67,
pp. 2167–2175, 2022.

[14] A. Duplinskiy and D. Sych, “Bounding passive light-source side channels
in quantum key distribution via Hong-Ou-Mandel interference,” Phys. Rev.
A, vol. 104, 2021, Art. no. 012601.

[15] X. B. Wang, “Three-intensity decoy-state method for device-independent
quantum key distribution with basis-dependent errors,” Phys. Rev. A,
vol. 87, 2013, Art. no. 012320.

[16] A. Uhlmann, “The transition probability in the state space of a*-algebra,”
Rep. Math. Phys., vol. 9, pp. 273–279, 1976.

[17] R. Jozsa, “Fidelity for mixed quantum states,” J. Mod. Opt., vol. 41,
pp. 2315–2323, 1994.

[18] M. Lucamarini, I. Choi, M. B. Ward, J. F. Dynes, Z. L. Yuan, and
A. J. Shields, “Practical security bounds against the Trojan-horse attack in
quantum key distribution,” Phys. Rev. X, vol. 5, 2015, Art. no. 031030.

[19] M. Koashi, “Simple security proof of quantum key distribution based on
complementarity,” New J. Phys., vol. 11, 2009, Art. no. 045018.

[20] Z. Ma, F. L. Zhang, and J. L. Chen, “Fidelity induced distance measures
for quantum states,” Phys. Lett. A, vol. 373, pp. 3407–3409, 2009.

[21] X. B. Wang, “Beating the photon-number-splitting attack in practical
quantum cryptography,” Phy. Rev. Lett., vol. 94, 2005, Art. no. 230503.

[22] A. Gilchrist, N. K. Langford, and M. A. Nielsen, “Distance measures to
compare real and ideal quantum processes,” Phys. Rev. A, vol. 71, 2005,
Art. no. 062310.

[23] M. Curty, F. Xu, W. Cui, C. C. W. Lim, K. Tamaki, and Hoi-Kwong Lo,
“Finite-key analysis for measurement-device-independent quantum key
distribution,” Nature Commun., vol. 5, 2005, Art. no. 062310.

[24] L. Comandar, M. Lucamarini, B. Fröhlich, J. Dynes, Z. Yuan, and
A. Shields, “Near perfect mode overlap between independently seeded,
gain-switched lasers,” Opt. Exp., vol. 24, pp. 17849–17859, 2016.

[25] T. F. da Silva, D. Vitoreti, G. B. Xavier, G. C. do Amaral, G. P. Temporão,
and J. P. von der Weid, “Proof-of-principle demonstration of measurement-
device-independent quantum key distribution using polarization qubits,”
Phys. Rev. A, vol. 88, 2013, Art. no. 052303.

[26] A. Rubenok, J. A. Slater, P. Chan, I. Lucio-Martinez, and W. Tittel,
“Real-world two-photon interference and proof-of-principle quantum key
distribution immune to detector attacks,” Phys. Rev. Lett., vol. 111, 2013,
Art. no. 130501.

[27] Z. Tang, Z. Liao, F. Xu, B. Qi, L. Qian, and H.-K. Lo, “Experimental
demonstration of polarization encoding measurement-device-independent
quantum key distribution,” Phys. Rev. Lett., vol. 112, 2014, Art. no. 190503.

[28] X. Y. Zhou, H. J. Ding, C. H. Zhang, J. Li, C. M. Zhang, and
Q. Wang, “ Experimental three-state measurement-device-independent
quantum key distribution with uncharacterized sources,” Opt. Lett., vol. 45,
pp. 4176–4179, 2020.

[29] P. Zeng, H. Y. Zhou, W. J. Wu, and X. F. Ma, “Mode-pairing quantum key
distribution,” Nature Commun., vol. 13, 2022, Art. no. 3903.



<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


