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Abstract—The paper presents the optimized implementation
of the Lattice Boltzmann method on ARUZ, a massively parallel
FPGA-based simulator located in Lodz, Poland. Compared to
previous publications, a performance improvement of 46% has
been achieved on D2Q9 lattice due to overlapping of commu-
nication with computation. The presented approach is suitable
also for other cellular automata-based simulations. Extrapolation
of results from the single ARUZ board suggests, that LBM
simulation of 1080 × 480 lattice on 18 panels of ARUZ would
reach the performance of 302 · 103 MLUPS (Million Lattice
Updates per Second). This implementation has been compared
to the classical supercomputer solution, giving much better power
efficiency (3000 MLUPS/kW vs. 1280 MLUPS/kW, respectively).

Index Terms—Distributed System, Reconfigurable System,
FPGA, Lattice Boltzmann Method, ARUZ.

I. INTRODUCTION

ARUZ (Analizator Rzeczywistych Układów Złożonych,

Analyser of Real Complex Systems) is a massively

parallel FPGA-based simulator located at Lodz Technopark.

This machine has been designed for execution of a single

algorithm (Dynamic Lattice Liquid — DLL [1]) in mind [2]

[3] [4]. Recently an implementation of the Lattice Boltzmann

method [5] on ARUZ has been presented [6]. This paper

presents an improvement to this implementation.

II. THE ARUZ ARCHITECTURE

The ARUZ [6] is composed out of 25920 Field Pro-

grammable Gate Arrays (FPGAs), interconnected by 70 000

twisted-pair cables, composed of 20 panels, 18 usually en-

gaged in ongoing simulations, whereas remaining two redun-

dant used as a standby in case of technical problems. Every

panel consists of 12 rows, each containing 12 PCBs, called

DBoards (Daughter Boards). In total, there are 144 DBoards

in each panel, giving 2880 for the whole machine.

Each simulation board carries 9 FPGAs: 8 of them called

DSlaves (Artix XC7A200T), constitute the resources for ex-

ecution of the simulation algorithm and the remaining one

called DMaster (Zynq XC7Z015) manages the operation

of DSlaves. The DMasters are responsible for configuring

DSlaves, determining the current state of the whole system,

initializing simulation process and archiving its results and

are connected via 1 Gb Ethernet-based global communication

to a PC controlling the machine.
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Each of DSlaves is equipped with the communication in-

terfaces to DMaster and the closest neighboring FPGAs in a

3D simulation space. This local communication enables the

dataflow between DSlaves and the data exchange between

DMaster and DSlaves within one DBoard in order to initialize

simulation cells and read their state during the simulation

process. Local communication is bi-directional, LVDS-based

and uses 1 GHz source-synchronous clock and a single data

line in each direction. It is used for communication between

FPGAs placed on the same board, on the same panel or on

the neighboring panels. The reception of data is confirmed

by acknowledgement packets and the integrity of transmitted

messages is protected by the 32-bit CRC. In case of errors,

the packets are retransmitted. There are 11 connections from

every DSlave: 4 to neighboring boards on the same panel (up,

down, left, right), 2 to the neighboring panels (front, rear), 4

to the other DSlaves on the same DBoard (L1, L2, L3, L4)

and one to the DMaster (M). The connections between boards

are established using Cat6 STP cables. The longest cables,

between neighbouring panels, have the length of ca. 4 meters.

This interconnection network allows creating of 3D, 2D or

1D simulation grids of different sizes. For 2D simulations, the

interconnection structure with an aspect ratio closest to one

has the x-axis going along all the panels. As a result, we have

a matrix of 18 (panels) × 12 (board/panel) = 216 boards in

the x axis and 12 boards in the y axis.

III. THE LATTICE BOLTZMANN METHOD

The lattice Boltzmann method (LBM) was proposed in

1988 in [5]. It is dedicated for solving the Navier-Stokes

equations describing fluid dynamics. The method originates

from the earlier lattice gas automata model [7], but differs

from its predecessor in operating at mesoscopic level, i.e. by

using distribution functions instead of velocities of individual

molecules.

The basis of the LBM is two- or three-dimensional regular

grid. Each of the grid nodes has several associated state

variables fi(�x, t). These variables constitute the density of

molecules at place �x and time t moving in direction �ci. There

are many variants of lattices applied in this model. The most

popular one for 2D simulations is the D2Q9 lattice presented

in Fig. 1.



Figure 1. The D2Q9 lattice

The macroscopic quantities – molecule density and velocity

at the given node – can be computed from fi(�x, t).
The lattice Boltzmann algorithm operates in two main

phases:

• Streaming: the distribution functions fi are propagated

to the neighboring nodes in the direction �ci. No compu-

tations are performed during this phase.

• Collision: The particles incoming from all directions to

a given node collide with one another, creating a new

distribution of fi. This phase contains many floating-point

operations.

The lattice Boltzmann method operates locally in the colli-

sion phase and requires sending a single floating point value

of a distribution function to each of the neighboring nodes

during the streaming phase therefore it fits perfectly to the

architecture of ARUZ.

Figure 2 presents the results of example simulation using

the D2Q9 variant of the lattice Boltzmann method [6].

IV. FPGA IMPLEMENTATION OF THE LBM ALGORITHM

To implement the simulation, all the DSlaves in the ARUZ

are connected into the two-dimensional computational grid.

Each of the DSlaves implements a small portion of the com-

putational domain and is connected to at most 4 neighboring

FPGAs. The implementation of the streaming phase of the

LBM is quite straightforward, as it only requires the data

movement inside of between neighboring FPGAs. If the entire

simulation domain could fit inside one FPGA, the streaming

phase would take just one clock cycle. The collision phase

is much more complex as it requires about 90 floating-

point operations. As the boundary conditions require special

treatment, the LBM simulation in [6] requires 7 different

collision operators.

The internal structure of the DSlave is presented in

Fig. 3. Apart from the control circuit, the FPGA contains 11

transceiver modules (in a 2D simulation only 5 are actually

used - one to the DMaster and 4 to the neigbouring nodes,

depending on the specific location of the FPGA) and the matrix

of N ×N computational modules, implementing the collision

(a) Step 30 (b) Step 150

(c) Step 1000 (d) Step 10000

Figure 2. Example fluid flow simulation on 864 × 384 lattice at 4 different time steps (performed on a PC). Arrow size and direction - fluid velocity, arrow
color - fluid density.



Figure 3. Internal structure of DSlave

Figure 4. Data exchange between neighbouring FPGAs

operators and synthesized from the C source code with the

application of Vivado HLS 2017.2. As there are no diagonal

connections between neighboring FPGAs, the streaming phase

is divided into 2 sub-phases. In the sub-phase 1, 3 × N − 1
single-precision floating-point numbers are sent from FPGA

A to FPGA B (see 4), in the sub-phase 2 one number is

sent from FPGA B to FPGA C. Similar transmissions occur

simultaneously over 3 remaining links in upward, leftward

and downward direction. The HLS estimations for all the

function variants are presented in Table I suggesting, that it

is possible to fit a 4x4 matrix of computational nodes into a

DSlave. In such a configuration 18 panels of ARUZ are able

to simulate a domain of (4 (nodes/FPGA) × 1 (FPGA/board)

× 12 (boards/panel) × 18 (panels)) × (4 (nodes/FPGA)

× 8 (FPGAs/board) × 12 (boards/panel) × 1 (panel)), i.e.

864 × 384 nodes. These estimations have been confirmed

by the results of the implementation of the whole DSlave

functionality in Vivado (Table II). The number of nodes that

can be implemented in a single FPGA is limited by the number

of available DSP modules.

TABLE I
SYNTHESIS RESULTS FOR DIFFERENT LBM COLLISION FUNCTIONS

FOR THE MATRIX OF 16 LATTICE SITES
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Clock
period [ns]

7.63 7.64 7.64 7.64 7.64 8.30 8.30

Latency
[cycles]

63 43 43 43 43 84 84

DSP48E
Slices

42 30 30 30 30 27 27

Flip-flops 4615 3406 3406 3406 3406 3752 3752

LUTs 4976 3454 3454 3454 3454 3959 3959

Possible
instances

17 24 24 24 24 27 27

TABLE II
RESOURCE UTILISATION REPORT FOR DSLAVE IMPLEMENTING

THE MATRIX OF 16 LATTICE SITES

Site Type Used Available Util%

Slice LUTs 83789 133800 62.62

LUT as Logic 83280 133800 62.24

LUT as Memory 509 46200 1.10

LUT as Distributed RAM 0

LUT as Shift Register 509

Slice Registers 77926 267600 29.12

Register as Flip Flop 77926 267600 29.12

Register as Latch 0 267600 0.00

F7 Muxes 254 66900 0.38

F8 Muxes 66 33450 0.20

DSP48E1 564 740 76.22

The Vivado HLS clock rate estimations were too pes-

simistic, as the clock rate of 125 MHz can be achieved.

The VHDL simulation of the 2 × 2 matrix of DSlaves has

indicated, that a single computation cycle takes 1608 ns (see

timing diagram in Fig. 5 (a). This result has been confirmed by

practical measurements of execution time of 109 LBM cycles

in a matrix of 2× 2 DSlaves on a single DBoard (simulation

domain: 8 × 8 nodes). Extrapolation of these results to the

entire ARUZ gives a performance figure of (864 × 384) /

1608 ns = 206 · 103 MLUPS (Million Lattice Updates per

Second, [8]).



Figure 5. Timing diagram for LBM algorithm implementation: (a) 4 × 4
matrix (b) 5× 5 matrix

Figure 6. Physical node mapping to lattice sites

The collision phase takes only 42% of the computation

cycle. There is a small overlap of computation and communi-

cation (152 ns), as the next cycle can be started immediately

after reception of the data without waiting for an acknowl-

edgement packet. If a transmission error appears at any of

the links, the computation cycle will be suspended after the

computation phase until all the data is received correctly and

acknowledged by the other party. The computational resources

utilization can be improved by increasing the overlap between

computation and communication. It can be achieved if a single

physical computational node represents more than one lattice

site. Such a node will be slightly more complex, as it some

cases, apart from performing the computations for domain

interior, it would have to perform different computations for

the boundary conditions. As it can be seen from the HLS

report in Table III, the logic resource utilization increases by

ca. 50%, but it is still possible to fit 16 nodes in a single

FPGA. The physical synthesis results for this variant are

presented in Table III. It is still possible to achieve 8 ns clock

cycle. The mapping between physical computational nodes

and lattice sites in the part of the domain corresponding to a

single FPGA is presented in Fig. 6. The computations for the

collision phase in peripheral lattice sites, marked in gray, are

performed and their results are transmitted to the neighboring

FPGAs (see Fig. 5 (b)). The first transmission sub-phase is

ca. 100 ns longer, as three more floating-point values have to

be transmitted. Simultaneously with the transmission, 9 of the

same physical nodes perform the collision phase computation

for the domain interior. The entire computation cycle lasts

1712 ns. As the simulation domain analyzed by ARUZ is

now larger (1080 × 480 nodes), the ARUZ performance is

increased by 46% to 302 · 103 MLUPS, 76 · 103 times more

than the result presented in [9].

TABLE III
SYNTHESIS RESULTS FOR DIFFERENT LBM COLLISION FUNCTIONS

FOR THE MATRIX OF 25 LATTICE SITES
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Clock
period [ns]

7.63 7.64 7.50 7.50 7.50 8.30 8.30

Latency
[cycles]

63 64 64 64 64 85 85

DSP48E
Slices

42 42 42 42 42 42 42

Flip-flops 4615 5065 5065 5065 5065 4958 4958

LUTs 4976 5413 5394 5388 5392 5544 5547

Possible
instances

17 17 17 17 17 17 17

TABLE IV
RESOURCE UTILISATION REPORT FOR DSLAVE IMPLEMENTING

THE MATRIX OF 25 LATTICE SITES

Site Type Used Available Util%

Slice LUTs 84338 133800 63.03

LUT as Logic 83831 133800 62.65

LUT as Memory 507 46200 1.10

LUT as Distributed RAM 0

LUT as Shift Register 507

Slice Registers 80380 267600 30.21

Register as Flip Flop 80380 267600 30.21

Register as Latch 0 267600 0.00

F7 Muxes 280 66900 0.42

F8 Muxes 46 33450 0.42

DSP48E1 534 740 72.16

V. COMPARISON WITH SUPERCOMPUTER

IMPLEMENTATION

The LBM algorithm scales perfectly on ARUZ due to the

possibility of overlapping of communication and computation.

The same principle can be applied to obtain a good scalability

on a supercomputer, however larger subdomains need to be al-

located to each of the nodes. Figure 7 presents the performance



obtained on the Prometheus [10] cluster in Cracow vs. the

number of cores allocated for the computations. Each physical

core has been computing the results for the subdomain of 1000

× 1000 lattice nodes.

Figure 7. Performance results for simulation on the Prometheus supercom-
puter.

The batch scheduling system has allowed allocation of up

to 13225 cores for our tests. In such a case we were able to

achieve 243 · 103 MLUPS. Linear extrapolation of this result

to the entire machine, containing 55728 cores, gives 1024 ·
103 MLUPS. ARUZ and Prometheus consume ca. 100 kW

and 800 kW, respectively. This results in the power efficiency

of 3000 MLUPS/kW for ARUZ and 1280 MLUPS/kW for

Prometheus.

VI. CONCLUSION

The proposed improvement to the Lattice Boltzmann

method implementation on ARUZ increases the performance

by 46%, up to 302 · 103 MLUPS.

In theory, there is still a room for improvements, as the

communication phase does not fully overlap the computation

phase and the number of DSP blocks would allow to fit 17

computational blocks into the FPGA. Therefore, the maximum

achievable performance improvement is 1608/680× 17/16 =
2.51. The theoretical performance improvement assuming lin-

ear transmission time increase in sub-phase 1 for different grid

sizes is presented in Table V. The transmission can be per-

formed in two sub-phases, the first one sending the data from

4 nodes on each border (4× 3× 32 bits, 728 ns), the second

one combining the data for diagonal transmission obtained in

the first sub-phase and the data from the remaining boundary

nodes. For N above 5, the communication latency can be

completely hidden, the maximum speedup is achieved for

N=17. However, increasing N would introduce additional data

multiplexers and increase the clock cycle time. In addition, the

current implementation already exhibits routing congestions

that would get even worse in such a case.

The presented approach can be applied not only to the

Lattice Boltzmann method, but to any algorithm that needs

only a local communication between neighboring nodes.

TABLE V
ESTIMATED PERFORMANCE IMPROVEMENT FOR DIFFERENT GRID SIZES
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5 1016 2 1 1704 1.47

6 1112 3 2 2048 1.77

7 1208 3 2 2048 2.40

8 1304 4 2 2728 2.36

9 1400 5 2 3408 2.39

10 1496 6 3 4088 2.46

11 1592 8 3 5448 2.23

12 1688 9 3 6128 2.36

13 1784 10 3 6808 2.49

14 1880 12 4 8168 2.41

15 1976 14 4 9528 2.37

16 2072 16 4 10888 2.36

17 2168 17 4 11568 2.51
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Grzegorz Jabłoński was born in 1970. He received
MSc and PhD degrees in electrical engineering from
Lodz University of Technology in 1994 and 1999
respectively. He is currently an Assistant Professor
in the Department of Microelectronics and Com-
puter Science Lodz University of Technology. His
research interests include compiler construction, mi-
croelectronics, simulation of electronic circuits and
semiconductor devices, thermal problems in elec-
tronics, digital electronics, embedded systems and
programmable devices.

Joanna Kupis is a PhD student in the Department
of Microelectronics and Computer Science, Lodz
University of Technology.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AlbertusExtraBold
    /AlbertusMedium
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialNova
    /ArialNova-Bold
    /ArialNova-BoldItalic
    /ArialNovaCond
    /ArialNovaCond-Bold
    /ArialNovaCond-BoldItalic
    /ArialNovaCond-Italic
    /ArialNovaCond-Light
    /ArialNovaCond-LightItalic
    /ArialNova-Italic
    /ArialNova-Light
    /ArialNova-LightItalic
    /ArialUnicodeMS
    /Bahnschrift
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirchStd
    /BlackoakStd
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /BrushScriptStd
    /Caladea-Bold
    /Caladea-BoldItalic
    /Caladea-Italic
    /Caladea-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /CastleT-Bold
    /CastleT-Book
    /CastleT-Ligh
    /CastleT-Ultr
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /ComicSansMS-BoldItalic
    /ComicSansMS-Italic
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /DejaVuMathTeXGyre-Regular
    /DejaVuSans
    /DejaVuSans-Bold
    /DejaVuSans-BoldOblique
    /DejaVuSansCondensed
    /DejaVuSansCondensed-Bold
    /DejaVuSansCondensed-BoldOblique
    /DejaVuSansCondensed-Oblique
    /DejaVuSans-ExtraLight
    /DejaVuSansMono
    /DejaVuSansMono-Bold
    /DejaVuSansMono-BoldOblique
    /DejaVuSansMono-Oblique
    /DejaVuSans-Oblique
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /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
    /FencesPlain
    /FootlightMTLight
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /Fujiyama
    /Fujiyama2
    /Fujiyama2-Italic
    /FujiyamaBlack
    /Fujiyama-Bold
    /Fujiyama-BoldItalic
    /FujiyamaExtraBold
    /FujiyamaExtraBold-Italic
    /Fujiyama-Italic
    /FujiyamaLight
    /FujiyamaLight-Italic
    /FuturaBT-Bold
    /FuturaBT-Medium
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GentiumBasic
    /GentiumBasic-Bold
    /GentiumBasic-BoldItalic
    /GentiumBasic-Italic
    /GentiumBookBasic
    /GentiumBookBasic-Bold
    /GentiumBookBasic-BoldItalic
    /GentiumBookBasic-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaPro
    /GeorgiaPro-Black
    /GeorgiaPro-BlackItalic
    /GeorgiaPro-Bold
    /GeorgiaPro-BoldItalic
    /GeorgiaPro-CondBlack
    /GeorgiaPro-CondBlackItalic
    /GeorgiaPro-CondBold
    /GeorgiaPro-CondBoldItalic
    /GeorgiaPro-CondItalic
    /GeorgiaPro-CondLight
    /GeorgiaPro-CondLightItalic
    /GeorgiaPro-CondRegular
    /GeorgiaPro-CondSemibold
    /GeorgiaPro-CondSemiboldItalic
    /GeorgiaPro-Italic
    /GeorgiaPro-Light
    /GeorgiaPro-LightItalic
    /GeorgiaPro-Regular
    /GeorgiaPro-Semibold
    /GeorgiaPro-SemiboldItalic
    /GiddyupStd
    /GillSansNova
    /GillSansNova-Bold
    /GillSansNova-BoldItalic
    /GillSansNova-Cond
    /GillSansNova-CondBold
    /GillSansNova-CondBoldItalic
    /GillSansNova-CondItalic
    /GillSansNova-CondLt
    /GillSansNova-CondLtItalic
    /GillSansNova-CondUltraBold
    /GillSansNova-CondXBd
    /GillSansNova-CondXBdItalic
    /GillSansNova-Italic
    /GillSansNova-Light
    /GillSansNova-LightItalic
    /GillSansNova-UltraBold
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /HoloLensMDL2Assets
    /Impact
    /InformalRoman-Regular
    /InkFree
    /JavaneseText
    /Jokerman-Regular
    /JuiceITC-Regular
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LatinWide
    /LeelawadeeUI
    /LeelawadeeUI-Bold
    /LeelawadeeUI-Semilight
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LiberationMono
    /LiberationMono-Bold
    /LiberationMono-BoldItalic
    /LiberationMono-Italic
    /LiberationSans
    /LiberationSans-Bold
    /LiberationSans-BoldItalic
    /LiberationSans-Italic
    /LiberationSansNarrow
    /LiberationSansNarrow-Bold
    /LiberationSansNarrow-BoldItalic
    /LiberationSansNarrow-Italic
    /LiberationSerif
    /LiberationSerif-Bold
    /LiberationSerif-BoldItalic
    /LiberationSerif-Italic
    /LinuxBiolinumG
    /LinuxBiolinumGB
    /LinuxBiolinumGI
    /LinuxLibertineDG
    /LinuxLibertineG
    /LinuxLibertineGB
    /LinuxLibertineGBI
    /LinuxLibertineGI
    /LinuxLibertineGZ
    /LinuxLibertineGZI
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothic-Semilight
    /Marlett
    /MaturaMTScriptCapitals
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiLight
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUILight
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiLight
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /MicrosoftYaHeiUILight
    /Microsoft-Yi-Baiti
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MVBoli
    /MyanmarText
    /MyanmarText-Bold
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /NeueHaasGroteskTextPro
    /NeueHaasGroteskTextPro-Bold
    /NeueHaasGroteskTextPro-BoldItalic
    /NeueHaasGroteskTextPro-Italic
    /NeueHaasGroteskTextPro-Medium
    /NeueHaasGroteskTextPro-MediumItalic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NirmalaUI-Semilight
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /OCRAbyBT-Regular
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /OpenSans
    /OpenSans-Bold
    /OpenSans-BoldItalic
    /OpenSans-Italic
    /OpenSymbol
    /OratorStd
    /OratorStd-Slanted
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /PTSerif-Bold
    /PTSerif-BoldItalic
    /PTSerif-Italic
    /PTSerif-Regular
    /Ravie
    /RockwellNova
    /RockwellNova-Bold
    /RockwellNova-BoldItalic
    /RockwellNova-Cond
    /RockwellNova-CondBold
    /RockwellNova-CondBoldItalic
    /RockwellNova-CondItalic
    /RockwellNova-CondLight
    /RockwellNova-CondLightItalic
    /RockwellNova-ExtraBold
    /RockwellNova-ExtraBoldItalic
    /RockwellNova-Italic
    /RockwellNova-Light
    /RockwellNova-LightItalic
    /RosewoodStd-Regular
    /SegoeMDL2Assets
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUIBlack
    /SegoeUIBlack-Italic
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUIEmoji
    /SegoeUIHistoric
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-LightItalic
    /SegoeUI-Semibold
    /SegoeUI-SemiboldItalic
    /SegoeUI-Semilight
    /SegoeUI-SemilightItalic
    /SegoeUISymbol
    /ShowcardGothic-Reg
    /SimSun
    /SimSun-ExtB
    /SitkaBanner
    /SitkaBanner-Bold
    /SitkaBanner-BoldItalic
    /SitkaBanner-Italic
    /SitkaDisplay
    /SitkaDisplay-Bold
    /SitkaDisplay-BoldItalic
    /SitkaDisplay-Italic
    /SitkaHeading
    /SitkaHeading-Bold
    /SitkaHeading-BoldItalic
    /SitkaHeading-Italic
    /SitkaSmall
    /SitkaSmall-Bold
    /SitkaSmall-BoldItalic
    /SitkaSmall-Italic
    /SitkaSubheading
    /SitkaSubheading-Bold
    /SitkaSubheading-BoldItalic
    /SitkaSubheading-Italic
    /SitkaText
    /SitkaText-Bold
    /SitkaText-BoldItalic
    /SitkaText-Italic
    /SnapITC-Regular
    /SourceCodePro-Black
    /SourceCodePro-BlackIt
    /SourceCodePro-Bold
    /SourceCodePro-BoldIt
    /SourceCodePro-ExtraLight
    /SourceCodePro-ExtraLightIt
    /SourceCodePro-It
    /SourceCodePro-Light
    /SourceCodePro-LightIt
    /SourceCodePro-Medium
    /SourceCodePro-MediumIt
    /SourceCodePro-Regular
    /SourceCodePro-Semibold
    /SourceCodePro-SemiboldIt
    /SourceSansPro-Black
    /SourceSansPro-BlackIt
    /SourceSansPro-Bold
    /SourceSansPro-BoldIt
    /SourceSansPro-ExtraLight
    /SourceSansPro-ExtraLightIt
    /SourceSansPro-It
    /SourceSansPro-Light
    /SourceSansPro-LightIt
    /SourceSansPro-Regular
    /SourceSansPro-Semibold
    /SourceSansPro-SemiboldIt
    /Souvenir
    /Souvenir-Bold
    /Souvenir-BoldItalic
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /Souvenir-Light-BoldHollow
    /SouvenirLightBoldLefites
    /Souvenir-Light-BoldWd
    /Souvenir-LightHC
    /Souvenir-Light-ItalicWd
    /Stencil
    /StencilStd
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss911BT-ExtraCompressed
    /Switzerland
    /SwitzerlandBlack
    /SwitzerlandBlack-Italic
    /Switzerland-Bold
    /Switzerland-BoldItalic
    /SwitzerlandCondBlack
    /SwitzerlandCondBlack-Italic
    /SwitzerlandCondensed
    /SwitzerlandCondensed-Bold
    /SwitzerlandCondensed-BoldItalic
    /SwitzerlandCondensed-Italic
    /SwitzerlandCondLight
    /SwitzerlandCondLight-Italic
    /SwitzerlandInserat
    /Switzerland-Italic
    /SwitzerlandLight
    /SwitzerlandLight-Italic
    /SwitzerlandNarrow
    /SwitzerlandNarrow-Bold
    /SwitzerlandNarrow-BoldItalic
    /SwitzerlandNarrow-Italic
    /Sylfaen
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /Tiger
    /TigerExpert
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaPro
    /VerdanaPro-Black
    /VerdanaPro-BlackItalic
    /VerdanaPro-Bold
    /VerdanaPro-BoldItalic
    /VerdanaPro-CondBlack
    /VerdanaPro-CondBlackItalic
    /VerdanaPro-CondBold
    /VerdanaPro-CondBoldItalic
    /VerdanaPro-CondItalic
    /VerdanaPro-CondLight
    /VerdanaPro-CondLightItalic
    /VerdanaPro-CondRegular
    /VerdanaPro-CondSemiBold
    /VerdanaPro-CondSemiBoldItalic
    /VerdanaPro-Italic
    /VerdanaPro-Light
    /VerdanaPro-LightItalic
    /VerdanaPro-SemiBold
    /VerdanaPro-SemiBoldItalic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /YuGothic-Bold
    /YuGothic-Light
    /YuGothic-Medium
    /YuGothic-Regular
    /YuGothicUI-Bold
    /YuGothicUI-Light
    /YuGothicUI-Regular
    /YuGothicUI-Semibold
    /YuGothicUI-Semilight
    /ZapfHumnstDmPL-Regular
    /ZapfHumnstPL-Roman
    /ZapfHumnstUltPL-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


