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Short Run SPC Part Two

Tracking the Process with a Difference Chart

Donald J. Wheeler

Lean production is built on the explicit assumption that each step is operated predictably and
capably.  Predictable operation can only be achieved and maintained by using process behavior
charts.  But short production runs make it hard to see how to use process behavior charts in a
lean environment.  So what can be done?  Last month I presented the zed chart for individual
values.  This paper will illustrate the difference chart for individual values.

SHORT  RUN  CHARTS

Process behavior charts are primarily concerned with characterizing process behavior rather
than estimating process parameters.  Because of the conservative nature of three sigma limits we
can make these characterizations using relatively small amounts of data.  This was illustrated last
month with the zed chart.  This column illustrates the difference chart for individual values.

As before, we begin by creating an XmR chart for each product being produced. (Call these the
product specific charts).  If all these charts display a similar amount of variation (as seen on the
moving range charts) then we may use a difference chart to visualize the underlying production
process that is making the different products.  To determine if the different products have similar
amounts of variation we use an analysis of mean moving ranges (ANOMmR).

 UNIT  11

Unit 11 is used to produce Products 1105 and 1108.  In order to keep from building inventory,
Unit 11 alternates between these two products, with short production runs for each.

No.Product Value No.Product Value No.Product Value
11 1108 33 20 1108 34 29 1108 33
12 1108 37 21 1108 33 30 1108 36
13 1105 24 22 1108 37 31 1108 38
14 1108 35 23 1105 26 32 1105 22
15 1105 22 24 1108 36 33 1105 21
16 1105 23 25 1108 35 34 1105 23
17 1105 25 26 1105 23 35 1108 35
18 1105 23 27 1105 26 36 1105 26
19 1108 32 28 1105 22

Figure 1: 26 Sequential Measurements from Unit 11

Every so often, a sample is taken from the production stream and its final characteristic is
measured.  Figure 1 shows the sample number, the product type, and the measurement value for
26 consecutive samples from Unit 11.  We shall use the 26 values of Figure 1 to construct product
specific charts for products 11.50 and 1108.

Product 1105 has an average value of 23.54 and an average moving range of 2.17.  The target
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value for product 1105 is 24.0.  Product 1108 has an average value of 34.92 and an average
moving range of 2.33.  The target value for product 1108 is 35.0  Both charts in Figure 2 show
predictable and reasonably on-target operation.
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Figure 2: Product Specific Charts for Products 1105 and 1108

These product specific charts provide report cards that may be used for quality assurance
with each product.  Here we see that all of the product 1105 samples appear to have come from
one grand lot, and that all of the product 1108 samples also appear to have come from another
grand lot. However, since these charts fragment the running record of the production process
they will be of little use to those who have to run the production process.  Production personnel
will need a different way of charting these data before they will be able to visualize the
production process in real time.

How many data?  When operating with short production runs it may take some time to
accumulate data for some products.  The product specific charts above have baselines of 13



Donald J. Wheeler Short Run SPC Part Two

www.spcpress.com/pdf/DJW358.pdf 3 January 2020

values each.  When possible, baselines of 10 to 20 values for each product specific chart are
preferred.  However, when necessary, limits may be computed using as few as 5 values per
product.

The data above could be placed on a zed chart.  However, when it is feasible, a difference
chart is easier to use.  To decide if a difference chart is feasible we need to know if the different
products produced on Unit 11 have reasonably similar amounts of variation.  And this is where
we use an ANOMmR chart (pronounced a-nom-m-r).

ANOMmR  CHARTS

The question of interest here is whether or not the different products display similar amounts
of variation.  But the ANOMmR chart is designed to identify detectable differences in variation
from product to product.  Therefore, we need to be comfortable that a finding of “no detectable
difference” is equivalent to “the products display reasonably similar amounts of variation.”  To
this end, we set the bar for detecting differences low by using a large alpha level.

If we have reason to believe the variation is resident in the product process itself, and that
therefore all of the products should have the same variation, we might use a five percent alpha
level with our ANOMmR chart.

If we have reason to believe that the variation might depend upon which product is being
produced, or if we simply do not know what to expect, then we should use a ten percent alpha
level with the ANOMmR chart.

The baseline period for product 1105 in Figure 2 contains k = 13 values and has an average
moving range of 2.17.  The baseline period for product 1108 contains k = 13 values and has an
average moving range of 2.33.  While these two values are so similar that we can be reasonably
certain that the two products have a similar amount of variation, this is not always the case.

A rigorous comparison can be made between m average moving ranges using the analysis of
mean moving ranges (ANOMmR).  Let k denote the number of original data in the baseline period
for each product.  ANOMmR requires k to be the same for each product.  Here k = 13.

The “grand average moving range” is the average of the average moving ranges from the m
product specific charts.  Here the grand average moving range value is 2.25.  From the ANOMmR

tables at the end of this article our 10% scaling factors for k = 13 and m = 2 are 0.700 and 1.300.
The upper and lower ANOMmR limits are found by multiplying the grand average moving range
of 2.25 by each of these scaling factors.  The resulting limits for the ANOMmR chart in Figure 3
have an overall risk of a false alarm of ten percent.

With both average moving ranges falling inside the limits in Figure 3 we can say that there is
no detectable difference between the variation for product 1105 and the variation for product
1108.  Having used a ten percent alpha level we have made the analysis very sensitive.  So the
finding of no detectable difference is equivalent to saying the two products display reasonably
similar amounts of variation and we can track the production process using a difference chart.
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Figure 3:  ANOMmR for Unit 11

DIFFERENCE  CHARTS

Difference charts allow us to visualize the underlying production process even though it is
used for short runs of different products.  (Difference charts for individual values are also known
as “X-nominal charts,” and “X-target charts.”)  The “nominal value” which is subtracted from
each observed value will be specific to each product.  This nominal value may be either the
historic average for that product, or a target value for that product.

When we force the central line for a difference chart to be zero we end up with a chart that
simultaneously examines the process to see if it is operating predictably and on-target.  With a
zero central line the three-sigma limits for the difference chart are:

Limits for X-Nominal Values    =   0.0  ±  2.66  mR
=

Upper Range Limit =  3.268 mR
=

Where the grand average moving range in these formulas is the central line from the
ANOMmR chart (2.25 in this example).  Figure 4 shows the data for samples 37 to 60.  The
product specific charts including these data are shown in Figures 5 and 6, while the difference
chart for Unit 11, beginning with sample 37, is shown in Figure 7.

 No.Product Value No.Product Value No.Product Value
37 1108 35 45 1105 24 53 1108 30
38 1105 24 46 1105 23 54 1105 22
39 1108 33 47 1108 34 55 1105 25
40 1105 21 48 1108 34 56 1108 35
41 1108 35 49 1108 34 57 1108 36
42 1105 27 50 1105 21 58 1108 37
43 1105 26 51 1105 23 59 1108 35
44 1105 25 52 1108 34 60 1105 25

Figure 4: Samples 37 to 60 for Unit 11
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Figure 5: Product Specific Chart for Products 1105  Samples 13 to 60
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Figure 6: Product Specific Chart for Products 1108, Samples 11 to 59
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Figure 7:  Difference Chart for Unit 11, Samples 37 to 60

The difference chart shows the underlying process in spite of the known changes in aim.
Here we see a run below the central line for samples 46 to 54.  This suggests that some assignable
cause was affecting the values of both products during this period.  This run does not show up in
the charts in Figures 5 and  6 for two reasons: First because these charts fragment the running
record of the underlying process, and second because these two charts have central lines defined
by the baseline averages rather than the nominal target values.

When investigating a suspicious point you should always begin by checking to computation
of the difference.  Subtracting off the wrong value is a quick way to create a false alarm.  This is
why it is a good idea to include the raw data on a difference chart.

The judgment that the multiple products produced on Unit 11 all displayed a similar amount
of variation is what allows us to compute one set of limits for the difference chart.  When the
variation differs from product to product the difference chart will be inappropriate, and you will
need to use a zed chart as described last month in part one.

ANOMmR  FOR  UNIT  12

Last month the data from Unit 12 was used to illustrate the zed chart.  Product 1201 had an
average moving range of 5.07 units from a baseline of k = 15 original values (and 14 moving
ranges).  Product 1202 had an average moving range of 2.36 units from a baseline of k = 15
original values (and 14 moving ranges).  Thus, the grand average moving range here is 3.71 units.

When comparing m = 2 average moving ranges from baselines with k = 15 individual values
we find the five percent ANOMmR scaling factors of 0.671 and 1.329 from the table at the end of
this article.  Multiplying the grand average moving range of 3.71 by these scaling factors results



Donald J. Wheeler Short Run SPC Part Two

www.spcpress.com/pdf/DJW358.pdf 7 January 2020

in the chart in Figure 8.
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Figure 8:  ANOMmR for Unit 12

With the average moving ranges falling outside the limits in Figure 8 we can say that there is
a detectable difference between the variation for product 1201 and the variation for product 1202.
Dividing by 1.128 we find Sigma(X) values of 4.49 and 2.09 respectively.  This detectable
difference means that we should not try to use a difference chart to track Unit 12.  The zed chart
created last month is the proper approach for these data.

Trying to use a difference chart for Unit 12 will shift the points around in an artificial manner.
Those products with smaller amounts of variation will be shifted back toward the central line
while those products with larger amounts of variation will be shifted away from the central line.
This can be seen in Figure 9 where the zed chart for Unit 12 is compared with a difference chart
for the same values.   (The nominal values for 1201 and 1202 are 19 and 8 respectively.)
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Figure 9:  Zed Chart and Difference Chart for Unit 12

While there is some parallelism between the two charts, they tell different stories when
interpreted point by point.  All of the product 1201 points have been shifted away from the



Donald J. Wheeler Short Run SPC Part Two

www.spcpress.com/pdf/DJW358.pdf 8 January 2020

central line on the difference chart relative to their positions on the zed chart.  And all of the
product 1202 points have been shifted towards the central line.

Thus, while Batches 76 and 81 both have zed scores of 2.4, the difference chart has batch 76
above the upper limit while batch 81 is only half-way in between the central line and the upper
limit!

Likewise, batches 91 and 92 have zed scores of -1.9 and -1.8, but on the difference chart batch
92 is twice as far from the central line as batch 91!

This shifting of different products by different amounts is an unavoidable consequence of
using an effective Sigma(X) value of 3.29 on the difference chart, when the appropriate Sigma(X)

values are 4.49 and 2.09 respectively.  Thus, the result of using a difference chart when a zed chart
is needed will be an increased number of both false alarms and missed signals.

SUMMARY

If the products being made on a common production line display reasonably similar amounts
of variation, the production process may be visualized by a difference chart.   However, if we use
a difference chart when the variation differs markedly from product to product our difference
chart will have an excess number of false alarms and missed signals.

Zed charts may always be used with streams of individual values representing different
products produced on the same operating unit.  They work whether or not the variation differs
from product to product.   If an ANOMmR chart with a five or ten percent alpha level finds
detectable differences in variation between the products then a zed chart is needed.

As will be illustrated in Part Three, there are correct and incorrect ways to create zed charts,
so when using software be careful that the correct computations are used.

For a one-percent ANOMmR table see “When Are Instruments Equivalent, Part Two,” by
Wheeler and Beagle, Quality Digest, May 6, 2019.
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Analysis of Mean Moving Ranges
ANOMmR Scaling Factors

alpha = 0.10
For comparing m Average Moving Ranges,

each of which comes from an XmR chart for k original values:
Multiply the Grand Average Moving Range by the following ANOMmR scaling factors

to obtain upper and lower detection limits.
Average Moving Ranges that fall outside the detection limits

are detectably different from the Grand Average Moving Range.
Use this table for an Exploratory analysis with a ten percent overall risk of a false alarm.

0.10 ANOMmR
m=2 m=3 m=4 m=5 m=6 m=7

LL UL LL UL LL UL LL UL LL UL LL UL

k=5 0.513 1.487 0.349 1.787 0.307 1.922 0.281 2.018 0.262 2.091 0.248 2.151
k=6 0.556 1.444 0.398 1.711 0.357 1.828 0.330 1.911 0.312 1.976 0.297 2.026
k=7 0.590 1.410 0.440 1.651 0.397 1.756 0.370 1.830 0.352 1.886 0.337 1.933
k=8 0.618 1.382 0.473 1.606 0.432 1.700 0.406 1.767 0.387 1.819 0.373 1.859
k=9 0.640 1.360 0.500 1.568 0.461 1.654 0.435 1.717 0.416 1.764 0.402 1.802
k=10 0.656 1.344 0.523 1.539 0.484 1.620 0.458 1.677 0.441 1.720 0.427 1.757

k=11 0.673 1.327 0.543 1.512 0.506 1.587 0.482 1.640 0.463 1.681 0.450 1.715
k=12 0.689 1.311 0.564 1.486 0.527 1.558 0.502 1.609 0.485 1.648 0.471 1.679
k=13 0.700 1.300 0.578 1.467 0.541 1.535 0.519 1.582 0.501 1.619 0.489 1.653
k=14 0.712 1.288 0.593 1.450 0.557 1.514 0.534 1.559 0.518 1.596 0.504 1.622
k=15 0.722 1.278 0.606 1.433 0.571 1.495 0.548 1.537 0.532 1.571 0.520 1.598

k=16 0.731 1.269 0.618 1.418 0.583 1.477 0.561 1.518 0.545 1.550 0.532 1.576
k=17 0.739 1.261 0.629 1.405 0.596 1.461 0.575 1.501 0.560 1.530 0.547 1.554
k=18 0.747 1.253 0.640 1.393 0.608 1.446 0.585 1.485 0.572 1.515 0.559 1.537
k=19 0.754 1.246 0.649 1.382 0.618 1.434 0.596 1.471 0.582 1.501 0.569 1.522
k=20 0.760 1.240 0.659 1.370 0.626 1.424 0.606 1.457 0.591 1.485 0.579 1.506

k=21 0.766 1.234 0.666 1.360 0.635 1.412 0.615 1.444 0.600 1.472 0.588 1.493
k=22 0.771 1.229 0.673 1.351 0.642 1.401 0.622 1.432 0.609 1.459 0.598 1.479
k=23 0.777 1.223 0.682 1.343 0.650 1.392 0.631 1.421 0.617 1.447 0.606 1.468
k=24 0.781 1.219 0.688 1.336 0.658 1.383 0.638 1.413 0.624 1.437 0.613 1.457
k=25 0.786 1.214 0.694 1.329 0.664 1.375 0.645 1.403 0.632 1.427 0.620 1.447

k=26 0.790 1.210 0.699 1.323 0.672 1.365 0.653 1.395 0.638 1.419 0.628 1.436
k=27 0.794 1.206 0.704 1.317 0.677 1.358 0.658 1.387 0.644 1.412 0.633 1.428
k=28 0.798 1.202 0.710 1.311 0.683 1.350 0.664 1.379 0.650 1.401 0.640 1.418
k=29 0.801 1.199 0.714 1.304 0.687 1.345 0.669 1.373 0.656 1.394 0.645 1.411
k=30 0.805 1.195 0.719 1.299 0.693 1.338 0.674 1.366 0.661 1.387 0.650 1.403

k=40 0.840 1.160 0.765 1.254 0.741 1.289 0.724 1.313 0.713 1.332 0.702 1.345
k=50 0.856 1.144 0.789 1.223 0.767 1.254 0.752 1.274 0.741 1.291 0.731 1.303
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Analysis of Mean Moving Ranges
ANOMmR Scaling Factors

alpha = 0.10

0.10 ANOMmR

m=8 m=9 m=10 m=12 m=15 m=20
LL UL LL UL LL UL LL UL LL UL LL UL

k=5 0.237 2.199 0.228 2.242 0.220 2.276 0.208 2.337 0.194 2.408 0.179 2.492
k=6 0.286 2.069 0.277 2.105 0.268 2.135 0.256 2.187 0.242 2.248 0.225 2.322
k=7 0.326 1.969 0.317 2.001 0.308 2.029 0.296 2.075 0.281 2.128 0.265 2.191
k=8 0.361 1.895 0.352 1.923 0.343 1.947 0.330 1.990 0.315 2.037 0.298 2.095
k=9 0.389 1.832 0.381 1.858 0.372 1.882 0.359 1.921 0.345 1.964 0.327 2.017
k=10 0.415 1.784 0.406 1.806 0.398 1.830 0.385 1.864 0.370 1.904 0.353 1.955
k=11 0.439 1.738 0.430 1.763 0.423 1.783 0.409 1.815 0.394 1.851 0.377 1.900
k=12 0.461 1.701 0.451 1.724 0.444 1.742 0.432 1.773 0.417 1.809 0.400 1.851
k=13 0.477 1.672 0.468 1.693 0.461 1.712 0.449 1.742 0.434 1.776 0.417 1.817
k=14 0.494 1.643 0.484 1.660 0.478 1.677 0.466 1.707 0.451 1.739 0.434 1.781
k=15 0.509 1.618 0.500 1.637 0.493 1.653 0.481 1.681 0.466 1.710 0.450 1.748
k=16 0.523 1.596 0.514 1.612 0.507 1.627 0.495 1.654 0.481 1.684 0.463 1.720
k=17 0.537 1.575 0.529 1.592 0.521 1.607 0.510 1.629 0.495 1.660 0.480 1.697
k=18 0.548 1.555 0.541 1.573 0.532 1.587 0.522 1.610 0.508 1.640 0.493 1.675
k=19 0.559 1.540 0.551 1.554 0.545 1.568 0.533 1.590 0.520 1.618 0.504 1.650
k=20 0.568 1.522 0.561 1.537 0.554 1.551 0.543 1.574 0.529 1.597 0.515 1.628
k=21 0.579 1.508 0.572 1.522 0.563 1.535 0.553 1.557 0.539 1.581 0.523 1.615
k=22 0.588 1.496 0.580 1.509 0.572 1.521 0.562 1.542 0.549 1.568 0.534 1.599
k=23 0.597 1.483 0.589 1.496 0.581 1.510 0.571 1.528 0.559 1.554 0.543 1.584
k=24 0.604 1.473 0.596 1.485 0.589 1.497 0.579 1.518 0.565 1.540 0.551 1.569
k=25 0.611 1.462 0.603 1.475 0.596 1.485 0.586 1.508 0.573 1.529 0.558 1.557
k=26 0.617 1.452 0.611 1.466 0.604 1.478 0.593 1.496 0.581 1.518 0.567 1.545
k=27 0.624 1.444 0.617 1.456 0.611 1.467 0.599 1.486 0.587 1.507 0.572 1.532
k=28 0.631 1.431 0.624 1.446 0.617 1.458 0.607 1.475 0.593 1.497 0.580 1.523
k=29 0.636 1.426 0.629 1.437 0.622 1.447 0.612 1.464 0.600 1.484 0.587 1.509
k=30 0.642 1.418 0.635 1.430 0.628 1.438 0.618 1.456 0.606 1.476 0.592 1.499
k=40 0.694 1.359 0.688 1.369 0.681 1.378 0.672 1.392 0.661 1.410 0.647 1.431
k=50 0.723 1.314 0.717 1.323 0.712 1.330 0.703 1.343 0.694 1.359 0.680 1.376
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Analysis of Mean Moving Ranges
ANOMmR Scaling Factors

alpha = 0.05
For comparing m Average Moving Ranges,

each of which comes from an XmR chart for k original values:
Multiply the Grand Average Moving Range by the ANOMmR scaling factors

to obtain upper and lower detection limits.
Average Moving Ranges that fall outside the detection limits

are detectably different from the Grand Average Moving Range.
Use this table for a Traditional analysis with a five percent overall risk of a false alarm.

0.05 ANOMmR
m=2 m=3 m=4 m=5 m=6 m=7

LL UL LL UL LL UL LL UL LL UL LL UL

k=5 0.433 1.567 0.294 1.886 0.257 2.038 0.234 2.143 0.220 2.220 0.206 2.284
k=6 0.480 1.520 0.344 1.801 0.307 1.933 0.284 2.023 0.268 2.091 0.256 2.143
k=7 0.519 1.481 0.386 1.735 0.349 1.851 0.325 1.930 0.309 1.992 0.296 2.043
k=8 0.550 1.450 0.420 1.684 0.384 1.787 0.360 1.860 0.343 1.914 0.330 1.958
k=9 0.576 1.424 0.450 1.642 0.413 1.737 0.390 1.802 0.373 1.853 0.360 1.893
k=10 0.594 1.406 0.473 1.609 0.438 1.698 0.414 1.757 0.398 1.803 0.386 1.840
k=11 0.614 1.386 0.496 1.577 0.462 1.660 0.439 1.717 0.422 1.759 0.410 1.796
k=12 0.634 1.366 0.519 1.550 0.484 1.626 0.461 1.681 0.445 1.722 0.432 1.757
k=13 0.645 1.355 0.533 1.528 0.499 1.602 0.477 1.653 0.461 1.691 0.449 1.722
k=14 0.658 1.342 0.549 1.508 0.515 1.577 0.493 1.626 0.477 1.661 0.466 1.689
k=15 0.671 1.329 0.562 1.489 0.530 1.555 0.508 1.600 0.493 1.637 0.481 1.664
k=16 0.682 1.318 0.576 1.471 0.543 1.537 0.522 1.579 0.507 1.614 0.496 1.639
k=17 0.691 1.309 0.590 1.457 0.558 1.518 0.536 1.560 0.522 1.592 0.511 1.618
k=18 0.700 1.300 0.600 1.445 0.569 1.501 0.549 1.541 0.535 1.574 0.524 1.597
k=19 0.708 1.292 0.610 1.431 0.579 1.487 0.559 1.526 0.545 1.556 0.534 1.576
k=20 0.715 1.285 0.619 1.418 0.589 1.473 0.570 1.509 0.555 1.539 0.545 1.560
k=21 0.722 1.278 0.629 1.406 0.598 1.461 0.579 1.496 0.566 1.525 0.554 1.546
k=22 0.728 1.272 0.637 1.395 0.606 1.450 0.588 1.484 0.575 1.512 0.564 1.532
k=23 0.735 1.265 0.645 1.386 0.615 1.439 0.597 1.471 0.584 1.499 0.573 1.518
k=24 0.740 1.260 0.652 1.379 0.622 1.429 0.604 1.461 0.590 1.487 0.580 1.507
k=25 0.746 1.254 0.659 1.370 0.629 1.420 0.612 1.451 0.597 1.476 0.587 1.496
k=26 0.751 1.249 0.664 1.365 0.638 1.410 0.620 1.442 0.606 1.467 0.597 1.484
k=27 0.756 1.244 0.670 1.358 0.643 1.402 0.625 1.432 0.612 1.457 0.601 1.474
k=28 0.761 1.239 0.676 1.351 0.650 1.393 0.632 1.423 0.619 1.446 0.609 1.464
k=29 0.764 1.236 0.681 1.344 0.655 1.386 0.637 1.415 0.625 1.437 0.615 1.455
k=30 0.768 1.232 0.686 1.338 0.661 1.378 0.643 1.407 0.630 1.430 0.620 1.447
k=40 0.810 1.190 0.738 1.288 0.712 1.324 0.696 1.349 0.685 1.368 0.674 1.383
k=50 0.829 1.171 0.765 1.252 0.742 1.287 0.726 1.306 0.716 1.322 0.706 1.336
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Analysis of Mean Moving Ranges
ANOMmR Scaling Factors

alpha = 0.05

0.05 ANOMmR
m=8 m=9 m=10 m=12 m=15 m=20

LL UL LL UL LL UL LL UL LL UL LL UL

k=5 0.198 2.337 0.190 2.382 0.184 2.418 0.174 2.481 0.162 2.551 0.149 2.639
k=6 0.246 2.189 0.238 2.229 0.231 2.256 0.220 2.311 0.208 2.373 0.193 2.453
k=7 0.286 2.077 0.277 2.114 0.271 2.139 0.260 2.187 0.247 2.244 0.232 2.307
k=8 0.320 1.994 0.312 2.022 0.305 2.047 0.293 2.094 0.281 2.141 0.265 2.200
k=9 0.350 1.923 0.341 1.951 0.334 1.975 0.322 2.014 0.310 2.058 0.293 2.114
k=10 0.375 1.871 0.366 1.894 0.360 1.917 0.348 1.950 0.336 1.996 0.319 2.040
k=11 0.400 1.819 0.391 1.845 0.384 1.864 0.373 1.896 0.360 1.934 0.345 1.981
k=12 0.423 1.779 0.414 1.802 0.407 1.821 0.396 1.851 0.382 1.888 0.367 1.929
k=13 0.438 1.746 0.429 1.767 0.425 1.785 0.413 1.817 0.398 1.851 0.381 1.890
k=14 0.456 1.713 0.448 1.733 0.442 1.751 0.431 1.781 0.417 1.814 0.402 1.851
k=15 0.472 1.686 0.463 1.705 0.458 1.720 0.446 1.750 0.431 1.780 0.417 1.817
k=16 0.486 1.661 0.477 1.678 0.472 1.693 0.461 1.722 0.446 1.750 0.431 1.786
k=17 0.502 1.636 0.493 1.655 0.488 1.670 0.477 1.693 0.464 1.724 0.452 1.758
k=18 0.514 1.613 0.507 1.635 0.501 1.647 0.490 1.672 0.476 1.701 0.463 1.730
k=19 0.525 1.594 0.518 1.614 0.511 1.626 0.500 1.650 0.488 1.677 0.474 1.707
k=20 0.536 1.577 0.529 1.592 0.522 1.608 0.511 1.628 0.500 1.655 0.485 1.686
k=21 0.545 1.562 0.538 1.576 0.532 1.592 0.521 1.612 0.510 1.639 0.496 1.666
k=22 0.555 1.546 0.549 1.561 0.541 1.575 0.532 1.596 0.522 1.622 0.508 1.651
k=23 0.564 1.535 0.557 1.545 0.549 1.559 0.540 1.582 0.528 1.606 0.514 1.636
k=24 0.573 1.521 0.565 1.535 0.558 1.548 0.548 1.566 0.537 1.590 0.522 1.618
k=25 0.580 1.511 0.572 1.524 0.566 1.535 0.557 1.555 0.545 1.580 0.531 1.604
k=26 0.587 1.501 0.581 1.515 0.574 1.524 0.564 1.544 0.553 1.569 0.539 1.593
k=27 0.594 1.490 0.586 1.503 0.579 1.513 0.569 1.532 0.558 1.555 0.545 1.579
k=28 0.601 1.477 0.593 1.491 0.586 1.501 0.578 1.520 0.565 1.543 0.553 1.566
k=29 0.606 1.469 0.599 1.480 0.593 1.491 0.584 1.508 0.573 1.528 0.560 1.554
k=30 0.612 1.460 0.605 1.471 0.599 1.481 0.590 1.500 0.580 1.517 0.566 1.544
k=40 0.667 1.396 0.662 1.405 0.655 1.417 0.646 1.428 0.639 1.448 0.623 1.469
k=50 0.699 1.347 0.692 1.355 0.688 1.364 0.680 1.376 0.670 1.391 0.659 1.411


