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COMBINATIONAL HAZARDS

Fundamentals are provided here for optional coverage and for self-study. This

material fits well with the desired coverage in some programs but not may not fit
within others due to time constraints or local preferences. This supplement is
referenced in Section 6-5, Asynchronous Interactions. While it is often associated with
the design of asynchronous sequential circuits, it is included here primarily for dealing
with problems that arise when synchronous circuit outputs drive asynchronous circuit
and system inputs, the situation presented in Figure 6-10(a).

S elected topics not covered in the fourth edition of Logic and Computer Design

Our focus here deals mostly with situations encountered at the interfaces between
circuits. Similar problems plague asynchronous designs internally as well, but to
study those directly, would require getting deeply into asynchronous circuit analy-
sis and design techniques. The interfaces to be considered are shown in Figure 1,
which is a copy of Figure 6-10 from the text. We will look at the problems of driv-
ing an asynchronous circuit with the outputs of a synchronous circuit as in 1(a). We
begin by introducing a simple asynchronous circuit, an asynchronous counter. We
do not dwell on the internal structure of this circuit, but consider only its behavior.
We then use this circuit to illustrate the effects of combinational circuit hazards.
Hazards cause problems if they appear in the inputs of an asynchronous circuit or
on combinational logic outputs realizing the state variables within the asynchro-
nous circuit. We will look at some techniques for eliminating hazards and touch
upon hazards that are very difficult to handle. The other interface cases in Figure
1(b) and (c) are covered in the text in Chapter 6.

An Asynchronous Binary Counter

Figure 2(a) shows the symbol for an asynchronous binary counter and Figure 2(b)
shows the circuit behavior. The circuit has two inputs, CNT and CLEAR, and two
outputs, CO and C1. If CLEAR is 1, then both CO and C1 go to 0. When CLEAR
returns to 0, CO and C1 remain at 0 until an input appears on CNT that causes the
circuit to count up. The circuit counts up every time it sees a value 1 on the input
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Examples of Synchronous/Asynchronous Interfaces

CNT. Note that since there is no clock, the circuit does not see multiple 1s in
sequence, so a new value 1 can be identified only after a value 0 has appeared. The
result of this is that the circuit appears to count positive edges (0-to-1 transitions).
If the count on (C1,C0) is 3 (11), then on the next positive edge on CNT, the count
become 0 (00). So, the counter counts up, 0, 1, 2, 3, 0, 1, 2, ... in binary on the out-
put (C1,C0) and is thus a modulo 4 counter. Have you seen this circuit before?
How about a two-bit ripple counter with a CLEAR input added? The ripple
counter is one structure that implements this functional behavior. Note that the
input CNT is not a clock in the sense that it is not required to be a periodic syn-
chronizing signal. If this were a synchronous circuit, the counter would have a
clock in addition to CNT or CNT itself would become a clock input.

We will break down combinational hazards into two major categories, logic
hazards and function hazards. We will deal with logic hazards first and then pro-
ceed briefly to the more troublesome function hazards. A logic hazard is character-
ized by the fact that it can be eliminated by proper combinational logic design
methods. Function hazards come with the function being implemented and cannot
be dealt with by basic combinational design techniques.
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An Asynchronous Binary Counter

Logic Hazards

Suppose that input variable changes are spaced such that the effects of a change in
one variable is permitted to propagate throughout the circuit before another vari-
able is allowed to change. This is the single-input change case, since input signal
patterns can change in only one variable at a time. For example, 00 can be followed
by 01 or 10, but not 11. A single-input change static hazard (SICS hazard) is a
momentary change in an output that occurs as the result of the change of a single
input variable when the value of the output variable is to remain fixed. In Figure 3,
a change in input signal X causes all three responses A, B and C. In Figure 3(a), the
output signal A is to remain at 1 until the change to 0 in the right portion of the
waveform. But instead, it momentarily goes to 0 and then returns to 1 in response
to the change in X. In this case, where the signal is supposed to remain at 1, the
hazard is referred to as an SICS I-hazard. Figure 3(b) illustrates an SICS 0-hazard
in which the change in X causes output signal B to momentarily go to 1 when it is
supposed to remain at 0. Just to illustrate why we use the term “static,” in Figure
3(c), we show a dynamic hazard in Figure 3(c) due to the change X. It is distin-
guished from the static hazard in the sense that the correct signal is “dynamic,” i.e.
changing, in this case from 1 to 0. But instead of changing once, it changes some
odd number of times depending on the circuit structure; five changes are illus-
trated.

Now, let’s look at the effect of these signals, with and without the respective
hazard, assuming that each appears as the CNT input on the asynchronous binary
counter. In all cases, (C1,C0) is assumed to be (0,0) initially. If CNT = A is applied
without the SICS 1-hazard, then the resulting value of (C1,C0) is (0,1). But if CNT
= A is applied with the SICS 1-hazard, then the resulting value of (C1,C0) is (1,0)

O 3
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Logic Hazards

since there are two positive edges in A. The same result occurs for the SICS 0-haz-
ard present in signal B. Signal C applied without the dynamic hazard gives (C1,C0)
as (0,1). But with the dynamic hazard present, (C1,C0) is (1,1) since there are now
three positive edges instead of one. In all three cases, the count value resulting in
the presence of the hazards is not the correct value (01)! Another way of saying
this is that, in the presence of the SISC hazards and the dynamic hazard, the asyn-
chronous counter assumes an incorrect state.

In fact, the occurrence of an incorrect state due to a presence of a hazard in
an input signal does not apply just to the asynchronous binary counter but to a
broad range of asynchronous circuits. Such hazards in the state variables of an
asynchronous circuit can also produce a wrong state. Thus, hazards are to be
avoided in any situation in which they can result in an incorrect state variable or
output variable value for an asynchronous circuit. In order to avoid SICS hazards,
we first examine their source.

Figure 4(a) shows the implementation of a multiplexer using NAND gates
with D0 and D1 equal to 1 and S changing from 1 to 0. If we assume that all of the
gates have a delay of 5 ns, then a simulation of the circuit yields the result shown in
Figure 4(b). The curved arrows represent a causal relation between signal transi-
tions. The transition at the tail of the arrow causes the transition at the head of the
arrow one gate delay later. When S changes from 1 to 0, @ and ¢ change from 0 to 1
after 5 ns. At this time, both b and c are 1, causing F to change to 0 after 5 ns. The
condition on b and ¢ remains for 5 ns, causing F to remain at 0 for 5 ns. In response
to the change of a to 1, b goes to 0 after 5 ns causing F to return to 1 after 10 ns.
Careful examination of the waveforms show that the difference in the circuit delay
along path S - a - b - F from the circuit delay along path S - ¢ - F causes the SICS 1-
hazard to occur.
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Example of a Static Hazard in a Multiplexer

® EXAMPLE 1 Static Hazard Occurrence

In Figure 4(a), assume that signal S changes from 0 to 1 instead of from 1 to 0 and
repeat the simulation in Figure 4(b). Does an SICS 1-hazard actually occur?
Answer: No static 1-hazard occurs. While b and ¢ are both 1 for 5 ns in Figure 4(b),
b or cis 0 at all times in this new simulation, keeping F at 1.

Thus we find that the occurrence of a static hazard can depend on the direc-
tion of a signal change. It can also depend on very minor changes in the circuit
structure that affect path delays. ®

What happens if the output of the multiplexer is the CNT input to the asyn-

chronous binary counter? Every time that S changes from 1 to 0 with DO = D1 =1,
a static 1-hazard appears on CNT giving an extra positive edge. This edge causes an
extra count up to occur, giving an erroneous counter state.
Can we prevent the static hazard from occurring? Suppose we examine the Karnaugh map
of the multiplexer given in Figure 5(a). The two product terms S DO and S D1 used in the
original design are shown. In order to determine the location of the static hazard on the
map, we set D1 = DO = 1, which indicates that the hazard is in the third row of the map.
The hazard actually occurs when S goes from 1 to 0. In the figure, we denote the location
of this hazard by a diamond containing an arrow indicating the direction of the change of
S. The hazard occurs as the circuit goes from minterm § D1 DO to minterm S D1 DO.
Now, suppose that we combine these two minterms:
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Karnaugh Map of Multiplexer and Static Hazard Prevention Logic

S D1 DO+S D1 DO = D1 DO

Product term D1 DO is exactly the location of the diamond on the map. What if we add this
product term to the multiplexer as shown in gray in Figure 5(b) and then change S from 1
to 0? Since D1 and DO are both fixed at 1, the output of the new NAND gate is 0 keeping
F fixed at 1. The addition of this new product term has prevented the hazard from occur-
ring! Further, we can note that after the addition of this product term, all of the prime
implicants of the multiplexer have been used in the implementation.

In general, for a sum-of-products implementation, the potential for a SICS
hazard exists wherever there are two adjacent 1’s in the Karnaugh map that are not
included within a product term of the implementation. To remove all potential for
static 1-hazards from a sum-of-products implementation of F; all prime implicants
of F must be included in the circuit implementation. (Note that if there are don’t
cares, there may be some prime implicants that can be left out.) A sum-of-products
implementation is automatically free of static 0-hazards. For a product-of-sums
implementation of function F, all of the complements of the prime implicants of F
must be included. A product-of-sums implementation is automatically free of static
1-hazards. Finally, any sum-of-products or product-of-sums implementation free of
static 1-hazards and static 0-hazards is free of dynamic hazards.

A Karnaugh map for a function F'is given in Figure 6(a). All prime implicants
for F are used in the static hazard-free sum-of-products implementation of F in
Figure 6(b). The normal minimum solution for F is represented by the prime impli-
cants in black. There are three other prime implicants available. The two outlined
in gray, A D and B C, are present to deal with single-input change static hazards.
The one outlined with dashes, B D, is present to deal with a multiple-input-change
static hazard (MICS hazard). This type of hazard occurs when two or more inputs
change very close in time to each other causing movement between a pair of min-
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Karnaugh Map and Implementation for a Static Hazard-Free Circuit

terms not contained in a single prime implicant. Such a pair is illustrated by the
arrow over the shaded area (which represents a 0 output value) between the two
minterms. All three of the redundant prime implicants of F appear in the static
hazard-free implementation as shown by the thin arrows from the implicants to the
gates. This implementation can be attached to CNT of the asynchronous binary
counter with no concern for static hazards occurring.

Unfortunately, if multiple variable values can change in an interval so short
that the effect of the first change has not propagated throughout the circuit before
the second change occurs, elimination of static hazards is not sufficient to guaran-
tee correct operation. For example, consider the change from 0011 to 0000 in Fig-
ure 6(a). If C changes before D, the combination 0001 will momentarily appear.
For 0001, function F has value 1, causing F to change from 0 to 1 and then back to
0, generating a 0-hazard. This is not a logic hazard, since there is no way that we
can avoid it by changing the logic implementation! Since this hazard is built into
the function F regardless of implementation, it is called a function hazard. The only
way that it can be controlled is by changing relative path delays in the circuit. For
this example function hazard with inputs going from 0011 to 0000, delay must be
inserted in the circuit to effectively delay C so that it changes after D. The
sequence of input values during the change would then be 0011, 0010, 0000. Since
all of these have output value 0, no function hazard occurs. Unfortunately, delay
control is difficult and tedious and there are cases where function hazards cannot
be eliminated by using delay control.

® EXAMPLE 2 Finding Function Hazards

Identify locations of function hazards that occur for two inputs changing for the
multiplexer in Figure 5(a) with the SICS hazard term included in the design.
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Location of Function Hazards

Answer: See Figure 7. 1-function hazards occur between (DO, D1, S) = (0,1,1) and (1,1,0)
and between (DO, D1, S) = (1,1,1) and (1,0,0). O-function hazards occur between (0,0,1)
and (0,1,0) and between (1,0,1) and (0,0,0). Suppose that DO, D1 and S are synchronous
circuit flip-flop outputs that can change one, two or three at a time (but cannot be guaran-
teed to change at exactly the same time) and that the asynchronous counter input CNT is F.
It is tedious, if not impossible, to manipulate the circuit delays in the multiplexer to avoid
all of these function hazards including those involving three variable changes. But if this is
not done, the counter will count incorrectly. {

How else can we produce a “glitch-free” input to an asynchronous circuit
from a synchronous circuit? A different approach is to make the output F come
from a synchronous D flip-flop such that all glitches at the flip-flop input occur
before the synchronizing clock edge. The flip-flop will change zero or one times
according to its fixed input value in the setup-hold time interval. A glitch on F can-
not occur since it requires two closely-spaced flip-flop output changes.

How can we design such a circuit while preserving the logic function on F? If
we simply add a D flip-flop at F, the change will be delayed by one clock cycle. If
this is acceptable, fine. But if not, what can we do? We need to have flip-flop F
assume its state at the same time as the state variables driving the multiplexer. This
means that F(t+1) must be implemented by using the inputs to the D flip-flops
DO(t+1), D1(¢+1) and S(¢+1), instead of their outputs D0, DI and S. This combina-
tional circuit driving flip-flop F can be full of glitches, i.e., no hazard prevention
required, and the circuit will function correctly since the hazards are eliminated by
making F a synchronous state variable. The circuit in Figure 8 illustrates this tech-
nique assuming that F is the function realized by the multiplexer in Figure 4. F now
comes from a flip-flop which delays F by one clock cycle. In the figure, this delay is
prevented by making the input to the flip-flop occur one clock cycle earlier. This
earlier production of the flip-flop input is obtained by moving the inputs of the
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Use of a Flip-flop to Eliminate Glitches

multiplexer from the outputs of the flip-flops driving the multiplexer to their
inputs. This is not a technique that can always be used, but can be useful when
applicable. For example, it may not be possible to use this approach if the output is
a Mealy output, i.e., is a function of an input to the circuit, not just state variables.
Also, since it does cost an additional flip-flop, its cost compared to eliminating haz-
ards by other means must be considered.

Suppose we consider one more possible solution to the combinational hazard
problem. We were able to get rid of all SICS static hazards and found that MICS
static hazards and function hazards cannot happen if the single input change (SIC)
restriction on the inputs to the multiplexer can be enforced. This can be done in
some cases by using a single input change state assignment for which any state
transition in the synchronous circuit involving a change in D0, D1 and S has at
most one of them changing. It is, however, impossible to do this for every state dia-
gram. An example of the use of this technique is the twisted ring counter in Figure
9(a). This counter is a rotating shift register with the bit fed back from the output
of the shift register to its input inverted. The counter produces repetitions of the
state sequence 000, 100, 110, 111, 011, 001 (assuming the counter is initialized to
000). In general, for an n-bit twisted ring counter, a sequence of 2n states is pro-
duced. Note that only one bit changes for each state transition. This means that
there will be no MICS hazards and no function hazards. Suppose that we attach the
counter outputs to the inputs of the special decoder in Figure 9(b). This combined
circuit produces the following sequence on its outputs: 100000, 010000, 001000,
000100, 000010, 000001. This is the same sequence that a properly initialized ring
counter would produce. But the ring counter has twice as many flip-flops and costs
more than the twisted ring counter. The outputs from both are hazard-free, the
ring counter since all of its outputs are from flip-flops and the twisted ring counter
plus decoder because the twisted ring counter has only single input changes and
the attached decoder logic is SICS hazard-free. This structure has been used to
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Twisted Ring Counter and Decoder

generate multiple clock phases in computer control units. PO through PS5 can be
used as clocks since they are “glitch-free.”
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Problems

1.

10

Analyze the following functions for combinational hazards:
F(A, B, C, D)= ABC + ACD + ABC + ACD by:

(a) finding all single-input-change static hazards and identifying their type
(1-hazard or 0-hazard),

(b) finding all multiple-input-change static hazards and identifying their
type,

(¢) finding all two-input change function hazards,



(d) finding all three-input change function hazards, and
(e) finding all four-input change function hazards.

Repeat Problem 1 for the product-of-sums expression for function F(A, B,
C, D) in Problem 1.

Add product (or sum) terms to eliminate both single-input-change and
multiple-input-static hazards from the functions in (a) Problem 1 and (b)
Problem 2.

By using the following next state equations for A, B, C, and D, find an
optimum 2-level function G(t + 1) that allows the signal F in Problem 1 to be
a D flip-flop output G that is identical (implies not delayed) to F in Problem
1.

A(t+1)=AB + CD

B(t+1)=A

C(t+1)=BD

D(t+1)=AC+B




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


