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Abstract— This paper introduces a graph grammar based
approach to automated topology synthesis of analog circuits. A
grammar is developed to generate circuits through production
rules, that are encoded in the form of a derivation tree. The
synthesis has been sped up by using dynamically obtained design-
suitable building blocks. Our technique has certain advantages
when compared to other tree-based approaches like GP based
structure generation. Experiments conducted on an opamp and
a vco design show that unlike previous works, we are capable
of generating both manual-like designs (bookish circuits) as well
as novel designs (unfamiliar circuits) for multi-objective analog
circuit design benchmarks.

I. INTRODUCTION

Automated analog design or circuit synthesis is the art of
constructing a sized analog circuit schematic from user speci-
fications, through developed CAD tools. It is essentially a two
step process — Topology formation followed by Sizing of the
topology. But unlike its digital counterpart, the development
of analog CAD synthesis tools has always been slow and
inadequate. Herein lies the basic motivation for this work.

Topology formation can be achieved through two different
ways — topology selection and topology generation. Owing to
heavy designer dependency and huge set-up effort, heuristic-
based selection approaches [1], [2], [3] gradually gave way
to topology generation. Evolutionary algorithms like Genetic
Algorithms (GA) [4] and Genetic Programming (GP) [5]
were used to actually generate circuits. To minimize their
computational burden, design-specific analog building blocks
were then put to use [6]. But they had the overhead of starting
with a certified block library. This was recently avoided in [7],
[8], where we introduced adaptive block library formation.
But again, these works involved a fixed mesh-like topology
template that somewhat limits the search space.

Considering all of the above drawbacks, we introduce a
graph grammar based approach for the generation of transistor-
level analog circuit topologies. Graph-grammar based structure
synthesis has been successfully applied to domains like sheet
metal component design [9], cellular graph design [10] and
epicyclic gear train design [11]. To the best of our knowledge,
there has been no corresponding work on automated analog
design till date.

A grammar can be defined as a set of rules that can
generate a construct from a list of terminals. For example, in
a natural language like English, a construct is a sentence and
the terminals are words. Graph grammars provide a theoretical
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Fig. 1. Synthesis flowchart

foundation for graphical languages [10]. It consists of a set
of rules, that illustrates the way of constructing a complete
graph from a variety of nodes and allowable interconnections.
In this work, we construct a topology graph using basic analog
primitives like PMOS and NMOS.

The synthesis process is sped up through usage of bigger
and more meaningful building blocks that have been dynam-
ically obtained in a fashion similar to [7], [8]. Finally, it
is to be noted that most analog designs are multi-objective
optimization problems that often involve conflicting objectives.
In this regard, the Non-dominated Sorting Genetic Algorithm
(NSGA-II) [12] has been adopted in this framework. Using
the above techniques, we have evolved both manual-like,
understandable designs as produced in [6], [7] (which we term
as bookish circuits), as well as novel designs as found in [4],
[5], for two analog design benchmarks.

The rest of the paper is organized as follows. Section II
introduces the synthesis methodology. In section III, we de-
scribe the graph grammar framework. Section IV deals with
the reproduction mechanisms, while section V summarizes the
adaptive building block library and its formation. Section VI
describes the circuit sizer. Experimental results are reported in
Section VII and section VIII finally concludes the work.

II. SYNTHESIS METHODOLOGY

The synthesis flow is shown in Fig. 1. Alike any evolu-
tionary algorithm, we maintain a collection of solutions or
chromosomes in the form of a generation. Parent generations
reproduce to produce offspring solutions. The procedure con-
tinues for the allowable number of generations and finally a
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Fig. 2. Grammar production rules: Structure and terminal disassociation rules (example shown) — (a) Horizontal disassociation and (b) Vertical disassociation

Pareto-optimal set comprising of the best solutions is obtained.
The design components or blocks are stored in a library. The

library initially comprises of MOS primitives only. A circuit
topology is synthesized using these library blocks through
the graph grammar technique. Each topology formed is then
sized, whereby device dimensions, and voltage and current
bias values are assigned. The multi-objective sizer is based on
NSGA-II. NSGA-II produces a set of Pareto-optimal solutions,
where no two solutions, belonging to the same optimal front,
are inferior compared to each other [12]. Thereby, a wide range
of sized topologies is obtained. This whole set of sized circuits
is then sorted with NSGA-II again. A new solution front is
produced and the process continues.

After each generation, the block library is updated whereby
new blocks are added and existing blocks are ranked. This
is done as per the techniques described in [7]. Also, from
the second generation onwards, offsprings are produced in
two ways — one set through the crossover and mutation
reproduction mechanisms of parent circuits, while the rest are
produced afresh from the better ranked library blocks.

III. GRAPH GRAMMAR: CIRCUIT FORMATION

A graph grammar (G) is symbolized by the 4-tuple:

G = (VN , VT , P, S)

where VN , VT , and P denote finite sets of non-terminal
symbols (nt-symbols) or variables, terminal symbols (t-
symbols), and production rules respectively. S(∈ VN ) stands
for the start symbol. The process starts with S. Production
rules repeatedly transform an nt-symbol into other nt-symbols
or t-symbols. Finally an end graph (solution) is produced that
contains t-symbols only. The set of all end graphs (x : x ∈ V ∗

T )
that can be derived from S by the grammar G is termed as
the language (L) of G. L can be expressed as:

L = {x : x ∈ VT
∗ ∧ S →

G
x}

In graph grammar, the solution generation process is repre-
sented as a tree structure, popularly known as the derivation

tree or production tree. The tree starts with the root node
(S), and gradually branches off through production rules.
Intermediate nodes represent nt-symbols, while leaf nodes
stand for t-symbols. In this work, analog circuit topologies
are treated as graphs. They comprise of basic elements like
PMOS and NMOS, connected based on certain structural
constraints. Fig. 5(a) shows an example topology producing
tree (derivation tree), and Fig. 5(b) the corresponding circuit
topology (test expt.-1, Sec. VII-A). The following sections
detail the individual aspects of the grammar.

A. Start Symbol (S)

The start symbol (S) symbolizes the top-level blackbox for
the design. The terminals of the blackbox are designated based
on the direction of voltage or current signal propagation [13].
In this work, four terminal sets have been used viz. horizontal-
in (hor-in), horizontal-out (hor-out), vertical-in (ver-in) and
vertical-out (ver-out). With the above consideration, node nt0
in Fig. 5(a) shows the start symbol of a 2-input (VIN+ and
VIN−), 1-output (VOUT ) design. VIN+ and VIN− belong to
hor-in, VOUT belongs to hor-out, V dd power rail belongs to
ver-in, and Gnd belongs to ver-out.

B. Non-terminal symbols or nt-symbols (VN)

The nt-symbols represent the substructures that are obtained
through the step-by-step decomposition of the main top-
level structure, with the decomposition being governed by
production rules. These are basically the subcircuits within
the main circuit, that are also viewed as blackboxes with a
similar set of terminals. Thereby, all tree nodes barring the leaf
nodes are composed of nt-symbols (S ∈ VN ). As an example
representation of an nt-symbol tree node, in Fig. 2(a), node
ntx contains two hor-in terminals (h1 and h2), one hor-out
terminal (h3), one ver-in (v1) and one ver-out (v2) terminal.

C. Terminal symbols or t-symbols (VT)

The t-symbols form the leaf nodes of the derivation tree,
and thereby give the SPICE netlist. These symbols comprise



TABLE I

SALIENT DIFFERENCES (ADVANTAGES) OF OUR TECHNIQUE COMPARED TO GENETIC PROGRAMMING (GP)-BASED STRUCTURE SYNTHESIS

GP-BASED STRUCTURE SYNTHESIS OUR TECHNIQUE

Generates circuit structures through component creating and con-
nection modifying functions that need to be supplied by a circuit
designer. Also, these functions depend on the design class desired.

Breaks the top-level circuit blacbox into hierarchical substructures through simple,
generic, and design-independent production rules. The leaf nodes of the circuit
formation tree are then mapped to available components.

Automatic generation of subcircuits is not present. Design-suitable subcircuits, that aid the synthesis run, are automatically generated.

Requires an efficient parser to generate the circuit netlist. The
netlist is required for performance evaluation.

Leaf nodes contain the element description as well as the node numbers. They
directly produce the circuit netlist. Hence no parser is necessary.

At most times, the size of the evolved design may be large, with
several design components.

The circuit size can be restricted, both during the initial generation of solutions,
as well as that in subsequent generations evolved through crossover.

Generally requires millions of designs to arrive at the final design. Thousands of designs are sufficient to generate the desired solution.

of all the actual circuit elements like PMOS, NMOS, resistors,
capacitors, etc. required for the design. Fig. 3 shows some of
the t-symbols containing NMOS only. An exact similar set of
PMOS t-symbols are used as that of an NMOS.
Terminal renaming: To avoid pathological structures, two

terminals of the same symbol but of different types, are not
interconnected during evolution. Hence, to evolve all kinds
of topologies, certain t-symbols have some terminals signified
separately though they actually imply the same circuit node.
For e.g., in Fig. 5(a), terminals n1 and n4 of t-symbol t1 are
both the same drain node of transistor M1. In such cases, these
nodes are later renamed (the same) during netlist generation.

D. Production rules (P)

Production rules form the backbone of any grammar. Here,
each nt-symbol either produces two new nt-symbols (children
nodes) or one t-symbol. nt-symbols at a lower tree depth
have higher probability for the former and vice-versa. Hence,
production rules are divided into two classes —

(1) nt-symbol → nt-symbol: When an nt-symbol disasso-
ciates into two new nt-symbols, the underlying rules are again
composed of two sets:

(a) Structure disassociation rules: The disassociation of the
parent structure may occur horizontally with the left (L) and
right (R) child physically placed adjacent to each other, or ver-
tically with the top (T) child placed above the bottom (B) child.
Moreover, the two children produced may be inter-connected
through one or more new terminals. Terminal-set wise, they
will be ‘in’ for one and ‘out’ for the other. Figs. 2(a) and (b)
demonstrate horizontal and vertical disassociation respectively.
As in Fig. 2(b), ‘new1’ is the new vertical connection.

Vbias

Blackbox representation

Blackbox external terminals

Fig. 3. Terminal symbols: Some examples of initial NMOS only blocks

(b) Terminal disassociation rules: All the directional termi-
nals of the parent structure need to be distributed among its
children substructures. In case of a horizontal break-up, the
horizontal terminals are assigned either to the left (L) or to
the right (R) child. Vertical terminals can be assigned either
to L, or to R, or to both of them (TC). But for a lone vertical
terminal, TC is the only choice. For e.g., in Fig. 2(a), TC is
applied to both the terminals v1 and v2.

In case of vertical disassociation, all ver-in terminals of the
parent are assigned to top (T) child, and all ver-out terminals
to bottom (B) child. Horizontal terminals may be assigned to
either or both of them. For e.g., in Fig. 2(b), terminal h1 is
assigned to T, h3 to B, and h2 to both of them (TC).

(2) nt-symbol → t-symbol: When an nt-symbol is replaced
by a t-symbol, there are no disassociation rules. Instead, there
is an actual terminal-terminal mapping between those of the nt-
symbol and the t-symbol. This helps in generating the SPICE
netlist. As shown in Fig. 5(a), terminals V dd, n2 and n5 of
nt-symbol nt01112 correspond to the source, gate and drain
nodes of PMOS in t-symbol t2. t2 represents the transistor
M2 in the final circuit of Fig. 5(b).

E. Differences with Genetic Programming (GP)

Although our technique has some apparent similarity with
other tree-based techniques like Genetic programming (GP),
it certainly has some advantages. Table I enumerates the
advantages of our approach when compared to GP-based
structure synthesis [5].

IV. REPRODUCTION MECHANISMS

Starting with the second generation, circuit topology gen-
eration trees are built in two ways — a certain number of
them from the updated block library, and the remaining ones
through the crossover and mutation of parent trees.

A. Trees from updated block library (better blocks)

In this reproduction phase, the derivation tree is constructed
as per the same production rules. But the rule for replacement
of an nt-symbol with a t-symbol is applied with a higher prob-
ability. It is so since after the first generation, the t-symbols
are not limited to simple primitives only, but also comprise
of bigger subcircuits in the form of subtrees (Section V-A).
These better ranked subtrees are preferentially chosen over
the poorer ones during circuit formation.



B. Crossover

We implement the single point crossover method. Two
parents are selected by the crowded comparison operator
method [12]. Then, we decide on the number of design
elements to be contained from each parent. Accordingly nodes
are chosen in both the parent trees, that match each other in ter-
minal properties, and satisfy the size constraints. Finally, these
node-rooted subtrees (subcircuits) are swapped between them
to produce two offsprings. This kind of crossover provides two
advantages. First, it prevents the production of pathological or
structurally incorrect circuits. Secondly, the size of the circuit
produced is kept within bounds as decided by the user.

C. Mutation

Certain randomly chosen children circuits are mutated in
each generation to avoid premature convergence. Mutation
is done through subtree replacement. A randomly selected
portion of the circuit tree is replaced with a library subtree.
Here too, alike crossover, we ensure the structural integrity of
the generated circuits and keep a tag on the circuit size.

V. BLOCK LIBRARY: ADAPTIVE FORMATION

Initially, the block library contains simple MOS elements
only. But it gradually includes bigger and functionally more
useful blocks. The dynamic procedure that continually updates
and extends the library is similar to that used in [7].

A. Subtrees from circuit trees: New t-symbols (blocks)

A circuit topology tree gives rise to future subtrees or
building blocks. Subtrees are extracted bottom-up out of the
main circuit tree as shown in Fig. 4. Physically, they constitute
all the subcircuits, though of varying sizes, present in the
circuit. These subtrees are then treated as new t-symbols
since they may replace any nt-symbol during future circuit
tree formation, when the terminal properties of that nt-symbol
matches that of the root node of this new t-symbol.

The library is arranged hierarchically, based of number of
terminal kinds and design elements contained within a block.
Hierarchy helps to fasten the process of — (a) Block selection
depending on terminal requirements and (b) Graph isomor-
phism test to avoid redundancy during new block inclusion.

B. Library block parameters

The library blocks possess the same three parameters as
outlined in [7]. They are:

1) No. of occurrences (Nblock): Number of times the block
has been used for circuit formation.

2) Average gross Fitness (Gross Fblock): The merit of the
block or the level of appropriateness with which the
block should be used for the design considered.

3) Net fitness (Net Fblock): A weighted summation of
Gross Fblock and Nblock.

C. Library update

The implication of circuit performance and the heuristic
behind its usage in block parameter update have been detailed
in [7]. Similar procedures are implemented here to include
new blocks (subtrees) and to rank existing blocks after each
generation. However, two aspects specific to this work are:

Contd..

Contd..

F (child_ckt_portion) = * F (parent_ckt_portion)

F1 = 1 * F
F11 = 11 * F1

F111 = 111 * F11

F111

F11

F1

F

     Fj  Performance fitness of the circuit portion ‘j’
 Proportion of performance share from parent sub-tree

 Quantitatively,  = Fraction of size of child (i.e. no. of leaf-
 nodes / no. of design components) with respect to parent

Notations:

Fig. 4. Formation of building blocks (new t-symbols) from circuit trees

1) Gross Fblock update: For each performance measure,
the new gross fitness of an existing block comes from its
old gross fitness and its contribution towards the total circuit
performance — ˆFsubtree. For ˆFsubtree estimation, we assume that
the performance of any tree/subtree may be proportionately
distributed into its two immediate children subtrees as shown
in Fig. 4. The proportionality factor (γ) is dictated by the
relative size of the subtree (number of leaf nodes or in
other words - number of design elements) w.r.t. its parent
tree/subtree. Greater the relative size, greater the contribution.
Following [7], the assumption is claimed to be valid in this
evolutionary CAD framework, where we are unaware of the
different underlying design heuristics and equations.

2) Multi-objective ranking: At the end of each generation,
the blocks are sorted and ranked based on their net fitness for
each performance, as per NSGA-II.

VI. CIRCUIT SIZER

The quality of an analog circuit topology may only be
judged after the topology has been sized appropriately [14].
The sizer assigns dimensions and values to all the circuit
devices like PMOS, NMOS, voltage source, resistors, and so
on. Now, sizing thousands of unknown circuits in a multi-
objective design scenario is a non-trivial problem. In this
regard, we have implemented the NSGA-II algorithm [12] for
the sizer. Within NSGA-II, we adopt the crowded comparison
operator for selection, and the SBX method for crossover [12].

The sizer inputs comprise of the range and granularity of
design variables like transistor dimensions and voltage source
values. Transistors sharing the same gate node are assumed
to be matched and their widths are integral multiples of
each other. Also, HSPCIE is used for performance evaluation
despite some computational effort. It owes to the fact that
HSPICE provides accuracy, requires no set-up effort (unlike
symbolic methods), and helps to integrate the tool into any
existing industry framework.

VII. EXPERIMENTS AND RESULTS

The two experimental design benchmarks chosen for synthe-
sis are that of an operational amplifier and a voltage controlled
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Fig. 5. A (manual-like) solution for the 2-input 1-output opamp design — (a) Topology derivation tree (b) Corresponding circuit schematic

oscillator (vco) design. Table II lists their specifications. The
various run parameters for the synthesis tool are set after tun-
ing the algorithm over several runs. Also, in each generation,
30% of the circuits are formed using library blocks and the
rest 70% through crossover and mutation mechanisms.

The circuit sizer uses 48 chromosomes and runs for 50
generations for each circuit topology. The process technology
file used is 0.18μ. For the sizer, the range of variables are (in
the format — min:granularity:max) W tran → 0.36:0.18:80μ;
V bias → 0:0.1:5.0V, the symbols carrying their usual mean-
ings. All transistor lengths are fixed at 0.36μ for ease in sizing.

A. Operational Amplifier Synthesis

The opamp is probably the mostly widely used analog
circuit, either by itself or as a part of a bigger analog
module [13]. Such modules comprise of comparators, filters,
pre-amplification stages, signal converters and so on [13]. In
this work, a 2-input 1-output opamp design is synthesized that
has a load capacitance (CL) of 10pF.

100 generations with 100 chromosomes per generation is
used for the synthesis run. Table II provides the results. As
shown in Table II, at the end of the synthesis run, 15 designs
are produced that occupy the non-dominated Pareto optimal
front. Again, out of these 15 designs, many designs have the
same topology, but obviously with varying device sizes.

Unlike previous works [5], [6], our tool produces both
manual-like designs or bookish circuits, as well novel topolo-
gies. Fig. 5 shows an example of the former. The circuit con-
tains a current mirror, diode-connected loads, and a differential
pair. On the other hand, Figs. 6(a)-(b) are examples of novel
designs. These help to prove the robustness of the tool. It
not only generates bookish solutions, but also unknown yet
compliant designs that can greatly aid the human designer.

Similarly, the block library obtained after the synthesis run
comprises of both known opamp-friendly blocks like diff-pairs
and cascode connections, as well as a host of unconventionally
connected MOS structures. Fig. 6(c) shows some of the highly
ranked library blocks obtained at the end of the run.

Now, a second synthesis run is conducted, starting with the
library obtained after the above first run. 12 well-compliant
optimal design solutions are obtained only within 50 genera-
tions. This shows that reusing the library for the same class
of design speeds up the synthesis process.

To cite a comparison with previous works, the GP-based
technique in [5] used 640, 000 solutions per generation and
generated a single 5dB amplifier circuit after 45 generations.
This clearly proves the faster convergence of our techniques
compared to previous GP-based synthesis work.

B. Voltage Controlled Oscillator (VCO) Synthesis

A vco is chosen as our next design benchmark. It is an
oscillator whose oscillation frequency can be varied through
a control voltage (Vc). The frequency range about the center
frequency over which the vco produces a linearly increasing
frequency with an increase in Vc is termed as the tuning range
of the vco. The vco finds wide applications in function gen-
erators, phase locked loops and frequency synthesizers [13].

TABLE II

DESIGN SPECIFICATIONS AND RESULTS

SPECIFICATIONS / OBJECTIVES
Design-I: Operational Amplifier — Specifications: DC Gain ≥ 40 dB,
3dB freq. ≥ 50 MHz, UGF (Bandwidth) ≥ 5 GHz, Phase margin: 45 − 60◦

Design-II: Voltage controlled oscillator — Specifications:
Center oscillation frequency ≥ 2 GHz, Tuning range ≥ 0.1 GHz

RESULTS Design-I Design-II
Number of Pareto-optimal designs 15 6
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For the vco synthesis, 100 chromosomes are used and the
synthesis was run for 50 generations. Fourier analysis is used
for performance evaluation, whereby the harmonic closest to
the dc component value gives the oscillation frequency. The
tool produces six Pareto-optimal compliant designs. This is
better than [6], which synthesized a single similar design
taking 40 generations, each consisting of 600 chromosomes.

Fig. 7 shows a generated design out of the six optimal
solutions obtained. The design produces an oscillation fre-
quency of 4.17 GHz with Vc = 3.5 V. The corresponding
output waveform is shown in Fig. 8. Through variation of
Vc within an appropriate 2V range, the tuning range obtained
is 0.12 GHz. With regard to the block library, it comprises of
differential pairs and diode-connected loads among others.

VIII. CONCLUSION
We have introduced a novel graph grammar framework for

automated design of analog circuits. Multi-objective guidance
has been enabled through the use of NSGA-II. Dynamic gener-
ation and subsequent use of design suitable subcircuits speeds
up the synthesis run. Our approach has certain advantages
when compared to other tree-based generation methods like
GP. An opamp and a vco have been synthesized using these
techniques. For industrial relevance, our approach involves a
generic, context-free, and graph based technique that utilizes
minimum design knowledge. Hence it may be applied to
structure synthesis across other domains as well.
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Fig. 7. A vco circuit generated (All transistor widths in µ, Ltran = 0.36µ)
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	Main
	DATE09
	Front Matter
	Table of Contents
	Author Index



<<
  /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 /LeaveColorUnchanged
  /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 false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




