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Abstract—Trace-history-dependent effects such as drafting and multi-
input switching are poorly modeled in static timing analysis, yet do
not justify excessive transistor-level analog simulations. We present a
closed-form analytic delay model for fast digital dynamic timing analysis
of interconnected NOR gates, which captures both effects. Our delay
formulas are derived from a thresholded hybrid gate model based on
non-constant-coefficient differential equations, which can be analytically
parametrized via a few characteristic gate delay values. By utilizing our
formulas in the discrete-event simulator-based Involution Tool, we show
that accurate circuit simulation can be done at roughly inertial-delay
cost. The significantly improved timing prediction accuracy of our delay
model is demonstrated by two representative benchmark circuits.

Index Terms—Dynamic timing analysis, multi-input switching, draft-
ing, thresholded hybrid models, discrete-event simulation, gate-level
circuit verification.

I. INTRODUCTION AND OVERVIEW

Modern digital designs in advanced technologies exhibit increas-
ingly tight timing margins and strong sensitivity to power, voltage,
and temperature (PVT) variations. Industrial design flows therefore
rely on static timing analysis (STA) [1], [2], which is extremely
fast but based on worst-case corner delay analysis. Trace-history-
dependent phenomena like (i) drafting: delay dependence on the time
since the last output transition, and (ii) multi-input switching (MIS,
“Charlie effect”) [3]-[5]: delay dependence on the relative arrival
times of multiple inputs are either ignored or lumped into guard-
bands. Both (i) and (ii) can significantly affect circuit delays in deeply
scaled technologies, however.

To analyze timing violations suspected by STA, designers have to
resort to analog simulations, e.g., using SPICE [6], which accurately
capture drafting and MIS but are far too slow for large designs.
Digital dynamic timing analysis (DDTA) based on discrete-event
simulation offers a faster alternative: it propagates digital events
through a netlist using gate delay models. However, state-of-the-
art DDTA uses inertial delays [7] or single-history models such as
DDM and IDM [8]-[10], which at most cover drafting only. MIS-
aware timing models have only been developed for STA and often
rely on empirical macromodels or computationally intensive ODE
evaluations [4], [5], [11]-[15].

Our recent work on thresholded hybrid models for digital gates
[16]-[18] revealed that gate-level behavior can be accurately de-
scribed by mode-switched ordinary differential equations (ODEs)
driven by digital inputs, with digital outputs obtained by thresholding
internal analog signals. For 2-input NOR/NAND gates, in particular,
this yields closed-form MIS-aware delay formulas [16], [18], [19].
These models are not yet suitable for being used in DDTA, however,
since they ignore drafting and lack the embedding in a circuit
simulation algorithm.

DMAC

This research has been

(10.55776/P32431).
The full version of this paper is available on arXiv:2512.01309.

funded by the FWF project

Contributions. Our paper (see [20] for the full version) provides the

following contributions:

1) We derive closed-form delay formulas for interconnected NOR
gates that account for both drafting and MIS, by starting from the
thresholded hybrid ODE model presented in [18].

2) We show how to analytically parametrize the model using six
characteristic delay values (three for rising and falling transitions
each), without any need for waveform fitting.

3) We design an event-driven simulation algorithm for MIS- and
drafting-aware DDTA that uses our delay formulas, and implement
it in the publicly available Involution Tool [21]-[23].

4) We evaluate our model’s timing prediction accuracy on a 50-stage
cross-coupled NOR chain and on a NOR-equivalent c_17_slack
circuit from the ISCAS benchmark [24], demonstrating superior
accuracy over state-of-the-art delay models with negligible run-
time overhead.

II. HYBRID DELAY MODEL WITH MIS AND DRAFTING

Our analysis starts from the MIS-aware first-order thresholded
hybrid models for interconnected NOR, NAND and C gates presented
in [18]. Transistors are replaced by time-varying resistors here,
resembling the Shichman-Hodges model [25], [26], and are switched
on/off according to the digital inputs (A, B) € {0,1}>. Applying
Kirchhoff’s laws to the resulting voltage divider, augmented with an
effective load capacitance and an optional serial resistor representing
the interconnect, yields a first-order ODE with piecewise time-varying
coefficients for the output voltage V. (¢), which is finally digitized
via thresholding at Vp D/ 2. Closed-form trajectories for this ODE
were used to derive MIS-aware delay formulas 0(A). Since drafting
was ignored in [18], the derivations were based on trajectories that
start from perfectly saturated voltage levels (0 or Vpp).

To incorporate drafting, one needs delay formulas §(7), A) that
also depend on arbitrary previous-output-to-input delay 7', which
correspond to arbitrary trajectory starting voltages V;n+. This is highly
nontrivial because any number of intermediate input transitions might
change the slope of V. (t) without crossing the threshold.

We addressed this problem by introducing the notion of virtual
transitions. Every input transition, whether it causes an output
change or not, is associated with a real or virtual output transition.
Informally, such a transition is virtual if the next input transition
occurs soon enough to prevent the output trajectory from actually
reaching Vpp /2. Nevertheless, we hypothetically let the trajectory
continue until it hits Vpp/2 and declare it a virtual transition. This
effectively creates a one-to-one relation between input transitions and
(real/virtual) output transitions and thus makes the previous-output-
to-input delay 7" and the input separation time A well-defined.

For a 2-input NOR gate, there are eight combinations of previous
and current input states. We group them into Cases (a)-(h), such as
(0,0)—(1,0), (1,1)—(0,1), etc. For each case i, we derive:

o a closed-form trajectory V(i)(t7 Vint, A), and

out
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o adelay function 5(TZ./)¢(VZ~M, A) that schedules the output transition.
For example, for Case (g) (i.e., (0,1) — (0,0)), we obtain the
piecewise analytic approximation

62\9)(‘/;”"A) ~
{60(wm) 01+02A+6ln]n 0< A< (o +ag)(dp( 1,nt) oo (Vint))
Soe (Vint) + Smin A> (a1+02)(50(Vg§t) 5oo(th))
Vine < YBD
—2RC3 log(%) + Omin, Vi

()]
where a1, a2 and R are the resistance parameters of the serial pMOS
transistors in the NOR gate, dmin represents a pure delay, and C's
is the effective load capacitance. In [18], we showed that all these
model parameters (except the load capacitance and pure delay) can
be computed analytically from six characteristic gate delay values
(three for rising and falling transitions each, for A = 0, A = oo and
A = —0).

The extremal quantities do(V;nt) and doo(Vine) arising in Eq. (1)
can be explicitly expressed in terms of the Lambert W function [27]
and the model parameters. For example, we obtain

+ 2(Vpp — Vint 4Rr%Cy B
50(%“):_0‘1271%0‘2[1_’_”/71((_0(%)alﬁmz) 1)]

III. EVENT-DRIVEN SIMULATION AND TOOL INTEGRATION

In order to be able to employ our delay formulas in DDTA, we
provide an event-driven simulation algorithm. For each NOR gate in
a circuit, our simulator maintains: (i) the time and type of the last
(real or virtual) output transition, (ii) the current internal voltage Vi,
(iii) the most recent transition times at both inputs (to compute 7" and
A), and (iv) a flag distinguishing real from virtual transitions.
Whenever an input transition occurs at time tcur, the algorithm:

1) identifies the corresponding case (i) {a,...,h} from the

current input mode,

computes the candidate delay d = §(Ti/)¢(th, A) and schedules a
potential output transition at t, = teur + d,

looks ahead to the next input event at time tnex: if to — dmin ¢
(teur, trext) OF the analog trajectory does not cross Vpp /2 in this
interval, the transition remains virtual and is dropped at the digital
level (transition cancellation); otherwise it is committed as a real
output transition,

updates T and evaluates the corresponding trajectory
Vout (t, Vint, A) at t = T + dmin to obtain the new V.
This algorithm covers both “classical” cancellations (two close
opposite transitions on the same input) and cancellations triggered by
transitions on different inputs, which constitute MIS scenarios. We
implemented this algorithm in the Involution Tool [21], [22], which
is built on top of Questa and VHDL VITAL.

2)

3)

4)

IV. EXPERIMENTAL RESULTS

We briefly report on two benchmarks synthesized in the Nan-
gate Open Cell Library with FreePDK15™ 15nm FinFET models
(Vbbb 0.8V) [28]. For both circuits, the characteristic delay
values of all the constituent NOR gates were determined via SPICE
simulations. They are used to parametrize two alternative delay
models used for comparison purposes in the InvTool: (i) an IDM
channel [10], and (ii) standard inertial delay channels. Moreover, they
are of course also used to parametrize (iii) the delay formulas of our
model, as sketched in Section II.

For our experimental evaluation of the modeling accuracy, we
compared the three delay models (i)—(iii) against a “golden reference”
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Fig. 1: Cross-coupled 50-stage NOR chain: average ADT improvement over
inertial delays (left) and average runtime (right) for our hybrid model and
IDM, normalized to inertial delays.

obtained by discretizing the SPICE output waveforms, under identical
input stimuli fed into our circuits under test. As our accuracy
metric, we use the absolute (i.e., unsigned) area under the deviation
trace (ADT) between the reference trace and the trace generated by
the respective model. Note that positive and negative contributions
correspond to leading and trailing transitions, respectively.
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Fig. 2: Example waveform at one output of stage 50 of our NOR chain circuit.

Cross-coupled NOR chain: Our first benchmark circuit consists
of three parallel chains of 50 stages of 3 cross-coupled 2-input
NOR gates. We stimulate the three primary inputs with Gaussian-
distributed transition times (various i, o), running 30 simulations
per configuration and averaging the ADT. Fig. 1 (left) shows that
our model consistently and significantly reduces ADT compared to
inertial delays and IDM across all input distributions. Moreover,
as revealed by Fig. 2 for stage 50, inertial delays suffer from
large temporal shifts and numerous spurious glitches at deep stages,
whereas our model faithfully follows the reference trace.

Fig. 1 (right) demonstrates that the runtime remains comparable to
inertial and IDM-based DDTA, while all DDTA variants are orders
of magnitude faster than the analog simulation.

c_17_slack NOR: As our second benchmark circuit, we
take the c_17_slack circuit from [21], where all NAND gates
are replaced by functionally equivalent NOR gates and characterized
individually. Using the same input stimuli as in [21] with N = 2000
transitions, our model achieves an ADT improvement of 20.8% over
standard inertial delays, comparable to the enhanced ExpChannel-
IDM in [21]. This indicates that, for small circuits, the lack of MIS
support in IDM does not constitute a major deficiency. In deeply
cascaded multi-input structures like our NOR chain, however, our
model significantly outperforms IDM due to its MIS awareness.

V. CONCLUSIONS AND OUTLOOK

We presented a hybrid delay model for 2-input NOR gates that
provides closed-form, MIS- and drafting-aware delay functions and
trajectories suitable for fast DDTA. The model can be parametrized
using a handful of characteristic delay values, seamlessly integrates
into our Involution Tool, and substantially improves accuracy over
inertial and IDM-based DDTA without sacrificing speed. Ongoing
work is devoted to employing our delay formulas in novel approaches
for symbolic timing analysis [29], in the spirit of INSTA [29], [30].



[1]

[3]

[4]

[5]

[6]

[8]

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

REFERENCES

D. Blaauw, K. Chopra, A. Srivastava, and L. Scheffer, “Statistical
timing analysis: From basic principles to state of the art)” Trans.
Comp.-Aided Des. Integ. Cir. Sys., vol. 27, no. 4, p. 589-607, Apr.
2008. [Online]. Available: https://doi.org/10.1109/TCAD.2007.907047
C. Forzan and D. Pandini, “Statistical static timing analysis: A survey,”
Integr. VLSI J., vol. 42, no. 3, p. 409435, Jun. 2009. [Online].
Available: https://doi.org/10.1016/j.v1si.2008.10.002

A. J. Winstanley, A. Garivier, and M. R. Greenstreet, “An Event Spacing
Experiment,” in Proceedings of the Sth International Symposium on
Asynchronous Circuits and Systems (ASYNC), April 2002, pp. 47-56.
[Online]. Available: https://doi.org/10.1109/ASYNC.2002.1000295

V. Chandramouli and K. A. Sakallah, “Modeling the effects of temporal
proximity of input transitions on gate propagation delay and transition
time,” in Proc. DAC’96, 1996, p. 617-622. [Online]. Available:
https://doi.org/10.1145/240518.240635

L.-C. Chen, S. K. Gupta, and M. A. Breuer, “A new gate delay model
for simultaneous switching and its applications,” in Proceedings of
the 38th Design Automation Conference, 2001, pp. 289-294. [Online].
Available: http://doi.org/10.1109/DAC.2001.156153

L. W. Nagel and D. Pederson, “SPICE (Simulation Program with Inte-
grated Circuit Emphasis),” EECS Department, University of California,
Berkeley, Tech. Rep. UCB/ERL M382, 1973. [Online]. Available:
http://www.eecs.berkeley.edu/Pubs/TechRpts/1973/22871.html

S. H. Unger, “Asynchronous sequential switching circuits with
unrestricted input changes,” IEEE Transaction on Computers, vol. 20,
no. 12, pp. 1437-1444, 1971. [Online]. Available: http://doi.org/10.
1109/T-C.1971.223155

M. J. Bellido-Diaz, J. Juan-Chico, A. J. Acosta, M. Valencia,
and J. L. Huertas, “Logical modelling of delay degradation effect
in static CMOS gates,” IEE Proceedings — Circuits, Devices, and
Systems, vol. 147, no. 2, pp. 107-117, 2000. [Online]. Available:
https://doi.org/10.1049/ip-cds:2000019

M. J. Bellido-Diaz, J. Juan-Chico, and M. Valencia, Logic-Timing
Simulation and the Degradation Delay Model. London: Imperial
College Press, 2006. [Online]. Available: https://doi.org/10.1142/p411
M. Fiigger, R. Najvirt, T. Nowak, and U. Schmid, “A faithful binary
circuit model,” [EEE Transactions on Computer-Aided Design of
Integrated Circuits and Systems, vol. 39, no. 10, pp. 2784-2797, 2020.
[Online]. Available: http://doi.org/10.1109/TCAD.2019.2937748

A. Agarwal, F. Dartu, and D. Blaauw, “Statistical gate delay model
considering multiple input switching,” in Proceedings. 41st Design
Automation Conference, 2004., 2004, pp. 658—663. [Online]. Available:
http://doi.org/10.1587/transfun.E92.A.3070

C. Amin, C. Kashyap, N. Menezes, K. Killpack, and E. Chiprout,
“A multi-port current source model for multiple-input switching
effects in cmos library cells,” in Proceedings of the 43rd Annual
Design Automation Conference, ser. DAC *06. New York, NY, USA:
Association for Computing Machinery, 2006, p. 247-252. [Online].
Available: https://doi.org/10.1145/1146909.1146974

A. R. Subramaniam, J. Roveda, and Y. Cao, “A finite-point method
for efficient gate characterization under multiple input switching,” ACM
Trans. Des. Autom. Electron. Syst., vol. 21, no. 1, Dec. 2015. [Online].
Available: https://doi.org/10.1145/2778970

O. V. S. Shashank Ram and S. Saurabh, “Modeling multiple-
input switching in timing analysis using machine learning,” IEEE
Transactions on Computer-Aided Design of Integrated Circuits and
Systems, vol. 40, no. 4, pp. 723-734, 2021. [Online]. Available:
http://doi.org/10.1109/TCAD.2020.3009624

D. Sinha, V. Rao, C. Peddawad, M. Wood, J. Hemmett, S. Skariah,
and P. Williams, “Statistical timing analysis considering multiple-input
switching,” in Proceedings of the 57th ACM/EDAC/IEEE Design
Automation Conference, ser. DAC 20. IEEE Press, 2020. [Online].
Available: http://doi.org/10.1109/DAC18072.2020.9218601

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

(25]

[26]

[27]

(28]

[29]

[30]

A. Ferdowsi, M. Fiigger, T. Nowak, U. Schmid, and M. Drmota,
“Faithful dynamic timing analysis of digital circuits using continuous
thresholded mode-switched odes,” Nonlinear Analysis: Hybrid Systems,
vol. 56, p. 101572, 2025. [Online]. Available: https://doi.org/10.1016/j.
nahs.2024.101572

A. Ferdowsi, M. Fiigger, T. Nowak, and U. Schmid, “Continuity of
thresholded mode-switched odes and digital circuit delay models,” in
Proceedings of the 26th ACM International Conference on Hybrid
Systems: Computation and Control, ser. HSCC’23. New York, NY,
USA: Association for Computing Machinery, 2023. [Online]. Available:

https://doi.org/10.1145/3575870.3587125
A. Ferdowsi, M. Fiigger, J. Salzmann, and U. Schmid, “A hybrid

delay model for interconnected multi-input gates,” arXiv preprint
arXiv:2403.10540, 2024. [Online]. Available: https://doi.org/10.48550/
arXiv.2403.10540

A. Ferdowsi, J. Maier, D. Chlinger, and U. Schmid, “A simple
hybrid model for accurate delay modeling of a multi-input gate,”
in Proceedings of the 2022 Design, Automation & Test in Europe
Conference & Exhibition, 2022. [Online]. Available: http://doi.org/10.
23919/DATES4114.2022.9774547

A. Ferdowsi, U. Schmid, and J. Salzmann, “Drafting and multi-
input switching in digital dynamic timing simulation for multi-input
gates,” arXiv preprint arXiv:2512.01309, 2025. [Online]. Available:
https://arxiv.org/abs/2512.01309

D. Ohlinger, J. Maier, M. Fiigger, and U. Schmid, “The involution
tool for accurate digital timing and power analysis,” Integration,
vol. 76, pp. 87-98, 2021. [Online]. Available: http://doi.org/https:
//doi.org/10.1016/j.v1s1.2020.09.007

D. Ohlinger, “Involution tool,” EI9I-Institut fiir Computer Engineering,
2018.

D. Ohlinger and U. Schmid, “A digital delay model supporting large
adversarial delay variations,” in 26th International Symposium on
Design and Diagnostics of Electronic Circuits and Systems, DDECS
2023, Tallinn, Estonia, May 3-5, 2023, M. Jenihhin, H. Kubdtovi,
N. Metens, J. Raik, F. Ahmed, and J. Belohoubek, Eds. IEEE, 2023,
pp. 111-117. [Online]. Available: https://doi.org/10.1109/DDECS57882.
2023.10139680

M. Hansen, H. Yalcin, and J. Hayes, “Unveiling the iscas-85
benchmarks: a case study in reverse engineering,” IEEE Design & Test
of Computers, vol. 16, no. 3, pp. 72-80, 1999. [Online]. Available:
http://doi.org/10.1109/54.785838

H. Shichman and D. A. Hodges, “Modeling and simulation of
insulated-gate field-effect transistor switching circuits,” IEEE Journal
of Solid-State Circuits, vol. 3, no. 3, pp. 285-289, 1968. [Online].
Available: http://doi.org/10.1109/JSSC.1968.1049902

N. Arora, MOSFET models for VLSI circuit simulation; theory
and practice, ser. Computational microelectronics. Wien [u.a.]:
Springer, 1993. [Online]. Available: http://doi.org/https://doi.org/10.
1007/978-3-7091-9247-4

R. M. Corless, G. H. Gonnet, D. E. G. Hare, D. J. Jeffrey, and D. E.
Knuth, “On the Lambert W function,” Adv. Comput. Math, vol. 5, pp.
329-359, 1996.

M. Martins, J. M. Matos, R. P. Ribas, A. Reis, G. Schlinker,
L. Rech, and J. Michelsen, “Open cell library in 15nm freepdk
technology,” in Proceedings of the 2015 Symposium on International
Symposium on Physical Design, ser. ISPD ’15. New York,
NY, USA: ACM, 2015, pp. 171-178. [Online]. Available: http:
/ldoi.acm.org/10.1145/2717764.2717783

R. Clariso and J. Cortadella, “Verification of timed circuits with
symbolic delays,” 2004, Conference paper, p. 628 — 633. [Online].
Available: http://doi.org/10.1109/ASPDAC.2004.1337668

Y.-C. Lu, Z. Guo, K. Kunal, R. Liang, and H. Ren, “Insta: An
ultra-fast, differentiable, statistical static timing analysis engine for
industrial physical design applications,” in 2025 62nd ACM/IEEE
Design Automation Conference (DAC), 2025, pp. 1-7. [Online].
Available: http://doi.org/10.1109/DAC63849.2025.11132858



	Select a link below
	Return to Previous View
	Return to Main Menu



<<
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


