Rounding errors in match equity tables generating flaws in takepoints

Hello,

some days ago i wrote a script to produce dead and live cube takepoint tables depending on
several match equity tables. As basis 1 used the MET files that were included with GNUBG.
After having developed the script and having put the resulting data into an Excel sheet i found
some strange behaviour. To avoid errors on my side i compared my results with those in
GNUBG theory window (Analyse/Market window). They were identical. Here is an example
and some explanation.

At first I used a Mec26 table with accuracy of 3 digits (see appendix A). These are the
numbers produced by the original mec.c. You can see my results for dead cube takepoints as
appendix B. Here is the first row of these takepoints as diagram (player A: -2, player B: -x).
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What do we expect? With player B being near 0 we don’t see any obvious pattern in the
diagram. This is what i call the near-0 effect. But when he gets more away from 0 we expect
some oscillation resulting from an odd-even effect. With player B being more behind this
odd-even effect shouldnt disappear as it does here.

I had the suspicion that the reason was the accuracy of the MET table i was using. I got the
mec.c source file. I changed the output format to 6 digits. Now i had a Mec26 with drastically
increased accuracy (appendix C). Let’s see how the diagram of the takepoints (appendix D)
changed.
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Now it looks like 1 expected it. Left side is dominated by near-0-effect, the right side by odd-
even. You get the same results if you take the data out of Snowie’s theory window.

Explanation: Most backgammon players know how to calculate dead cube takepoints.

Takepoint = risk/(risk+gain)

with risk = met(pass) - met(loss)
and  gain = met(win) - met(pass)

You may rewrite this as

Takepoint = (met(pass) - met(loss))/(met(win) - met(loss))

Now we have a denominator with a difference in it. Dividing by 0 or a number near O causes
problems. Let’s do a rough estimate how big this error might get.

At first i will estimate the error of the denominator. Mec26 with 3 digits means winning
numbers like 25,1 %. 25,149 % is rounded downwards and 25,050 % is rounded upwards.
Thus the error per single value is = 0,050 %. In the denominator we subtract two numbers and
get an overall error of 0,070 % due to Gaussian error propagation A(a-b) = sqr((Aa)2+(Ab)2).

Now let’s look at the error of the takepoint. Gauss says A(a/b) = Aa/a + Ab/b for divisions.
This means you have to add the relative errors of enumerator and denominator. To simplify
matters we will neglect the relative error of the enumerator. If the denominator is in the 1 %
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range we get a relative error of Ab/b = 0,070 %/1 % =7 %. The takepoint usually is in the
20 % range. Thus a relative error of 7 % means + 1,4 % absolute error.

This is only a rough estimate. The absolute error even may get bigger if the denominator gets
smaller than 1 %. Another problem is that there is a non-negligible error for bigger
denominators which affects GNUBG's cube handling in a negative way. Live cube takepoints
are affected as well.

But there is an easy way out. Just use a more accurate Mec26 table. Even if Mec26 wasn’t a
perfect match equity table compared to others it is consistent in itself due to its process of
creation. The algorithm seems to be trustable. If you use an output of mec.c with 6 digits as i
did the estimated absolute error is reduced to 0,002 %.

Conclusion

- Small rounding errors in match equity tables may cause rather big errors when calculating
takepoints. This means you have to use match equity tables with sufficient accuracy to get
satisfying results. Mec.c gives good results if accuracy is extended to 6 digits.

- Human-made match equity tables like Woolsey’s, Zadeh’s etc. aren’t of adequate
accuracy for use with computer programs because their rounding errors are even bigger.
The important Woolsey MET may be replaced by a Mec20 table with 6 digits accuracy. It
looks pretty the same in most areas but avoids the described problems.

Future improvements

Computers should use computer-made match equity tables. They are created by algorithms
with appropriate input. The most important input is the gammon rate.

Still unresolved is the question what gammon rate is suitable for analyzing human players. Is
it 20 % like described by Kit Woolsey or is it 26 % as the bots do? Maybe some online
gaming sites like Gamesgrid or Truemoneygames could provide statistical data.

Another question is how gammon rates behave in ,,gammon-go* vs. ,,gammon-save*
situations? Is the outcome still symmetrical? Extended rollouts may answer this question.

More accurate ,,fish vs shark* match equity tables similar to those created by Jake Jacobs
would be a further improvement.

Joachim Matussek
aka weaky on FIBS

Graduate physicist
joachim.matussek @web.de
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Appendix A: Mec26 with 3 digits accuracy
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Appendix B: Dead Cube Takepoints derived from Mec26 with 3 digits accuracy
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Rounding errors in match equity tables generating flaws in takepoints

Appendix D: Dead Cube Takepoints derived from Mec26 with 6 digits accuracy

1 2 3 4 5 6 7 8 9 | 10| 11| 12| 13| 14| 15 )16 [ 17 [ 18| 19| 20| 21 | 22| 23 | 24 | 25
1 X X X X X X X X X X X X X X X X X X X X X X X X X
2 x §31,513651363]1388]3221345[31,01328]287]305[27.3]1289]258|274]246[261]1234]249[2241238]215]228]206]22,0
3 x |27,0)131,1)37,4]30,9]30,3]|28,2]/29,7(26,8|26,9|25,0|25,7|23,9]|24,3]22,7|23,2(21,8/22,2(20,9|21,3|20,2]|20,6]|19,6/19,9] 19,0
4 x |18,9]22,9(28,3]29,5|28,8|29,6/30,1({29,8/28,9|29,0|28,7|28,6(28,0{127,9|27,4)|27,2|26,6{26,5[25,9|25,8|25,2|25,1[{24,6]24,5
5 x |17,2120,8)23,2|24,4]|24,4]|24,9]26,1[25,8|25,7|25,5|25,9]|25,5]|25,7]25,3|25,5(25,0/25,0/24,6|24,7|24,3]|24,3]|23,9]|23,9] 23,5
6 x |21,6]23,3[25,4]/26,3|26,3|27,1|27,5(27,6]/27,3|27,5|27,4|27,5|27,3]27,3|27,1|27,0|26,7{26,7]26,4]|26,3]|26,0|25,9{25,7{25,5
7 x_|22,0]24,3[25,3]25,8|25,6|25,9|26,5[26,5]26,4]|26,3|26,5|26,4|26,4]26,3|26,4)|26,2|26,1{26,0/25,9]|25,7]|25,7|25,5[25,4][25,2
8 x_119,7121,2)23,3]|24,3|24,9]25,5[26,2(26,4]| 26,5| 26,6| 26,8] 26,9| 26,9] 26,9|26,9(26,9]26,8(26,7]| 26,6| 26,5]| 26,4] 26,3 | 26,2] 26,1
9 x_120,6]22,4122,5[23,7|23,6|24,2|24,8[25,2]25,3|25,5|25,7|25,9]26,0/26,1]|26,2)|26,2|26,2{26,1]26,2|26,1]|26,1|26,0{26,0{25,9
10 | x 120,3[21,7(23,1]123,9|24,2|24,8]25,2|25,5[25,6(25,9([26,0|26,2(26,3]|26,4|26,4|26,5]|26,5|26,5[26,4(26,4|26,4| 26,3| 26,3] 26,2
11 x |22,2|23,7(23,6/24,3|24,1|24,5|24,8[25,1]25,2|254]25,6|25,7|25,8]/25,9|26,0|26,1|26,1{26,1]26,2]|26,2]|26,2|26,1{26,1]26,1
12 | x 120,0)21,1[22,5]23,2|23,7|24,2]|24,7]|25,0{25,2|254[256]25,8/25,9|26,0|26,1|26,2]|26,2|26,2]26,3[26,3]26,3|26,3|26,3]|26,2
13 | x [22,0123,2|22,8]|23,6|23,5[24,0{124,2|24,6]|24,7|25,0{25,2/25,3|125,5|25,6/25,7[25,8][25,9]|26,0|26,0|26,1|26,1{26,1]|26,1]|26,1
14 | x 120,1)21,0(22,1]122,7]23,2|23,7|24,1]|24,4[24,6]/24,9[25,1|253[25,4]|25,6|25,7]|25,8]|25,9]|26,0{26,0{26,1]26,1|26,1]26,1]26,1
15| x [225]23,5|22,8]|23,5|23,4[23,8[24,0|124,3|24,5|24,7[{24,9/25,0|125,2|25,3|25,5[25,6]/25,7|25,8|25,8|25,9|25,9(/26,0|/26,0|26,0
16 | x 120,1/20,8[21,8]22,4]22,8]|23,3]|23,7]|24,0{124,2|24,5[24,7|249(25,1]25,2|25,4]|25,5]|25,6]25,7[25,8(/25,8/259]25,9|26,0]|26,0
17 | x [225]23,4|22,6]23,2|23,1{23,4/23,6|23,9|24,1|24,3[24,5/24,7|124,8]25,0|25,2(25,3[25,4|255|25,6|25,7|25,7{25,8|259|259
18 | x [20,1]120,8|21,7]22,2|22,7[23,1/23,4]|23,7|23,9|24,2(24,4]124,6|24,7|24,9|25,1[25,2/25,3|1254]25,5|25,6|25,7{25,7]25,8]|25,8
19 | x 122,7]23,5(22,7]23,2|23,0|23,3]|23,5]|23,8[23,9/24,1(24,3|24,4(/24,6]|24,8]|24,9|25,0]25,2]|25,3[25,4[25,5|25,5| 25,6]|25,7] 25,7
20 | x ]20,2|20,8[/21,6{22,1]22,5|22,9]23,2(23,5[23,7|239|24,1|24,3{24,5[24,7|24,8|24,9]|25,1[25,2/25,3|254]25,5|25,5[25,6{25,7
21 x_122,8]23,5|22,6]23,0]22,9]23,2][23,3[23,5|23,7|23,9|24,0|124,2]|24,4]|24,5|24,7(24,8(/24,9(25,0|25,1|25,2]| 25,3]|25,4]|25,5] 25,6
22 | x ]20,3]20,8({21,6{22,0|22,4]|22,7]23,0{23,3[23,5|23,7|23,9|24,1(24,3[24,4|24,6|24,7|24,8[24,9]/25,0|25,2]|25,2|25,3[25,4[25,5
23 | x [229]23,5|22,6]23,0122,8]|23,1/23,2(23,4|23,5/23,7|23,9|24,0|124,2|24,3|24,5(24,6/24,7(24,8]24,9|25,0|25,1]|25,2|25,3][254
24 | x ]20,3]20,8({21,5[21,9|22,3]|22,6|22,9(23,1[23,3|23,5|23,7|23,9(24,1[24,2|124,4|24,5|24,6{24,7{24,8|25,0/25,0|25,1{25,2{25,3
25 | x [23,0]123,5|1225]22,9]22,7|122,9[23,0(23,2|23,4|23,6|23,7]23,9)|24,0124,1124,3[24,4]/245(246]|24,7|24,9|24,9|25,0]125,1{25,2




