How the Rating System Works
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The rating system uses standard concepts and techniques from probability and statistics. This makes the
rating system quite different from almost all other rating and ranking systems. The following is a
nontechnical explanation of how the rating system works.

AR R G IR MGt AR HEME & 5777, RERES KM KRS EMR D MHS R A&
BRI . R HERERHE AN R G TAE SR E —JEBAR LI A

Basic Concepts

We presume that each player has a playing strength, i.e., a number that quantifies how strong the
player is. The playing strength of a player does not change during a single event, but may change over
time, as the player gets better or worse. (An event is a collection of matches, e.g., from a tournament,
that an event director submits to Ratings Central as a group.)

Even if we knew the playing strengths of two players, we would not know for certain which player would
win, since a weaker player will sometimes beat a stronger player. A match is an upset if the player with
the lower playing strength wins. We presume that the probability that a match will be an upset is
determined solely by the difference in playing strengths of the two players. The larger the difference in
the playing strengths, the more likely it is that the stronger player will win. The probability-of-upset
function quantifies this.
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Probability-of-Upset Function
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Difference in Flaying Strength

There are two kinds of probability. There is the probability that one player will defeat another. (This
probability is determined by the players' playing strengths.) There is also the probability that a player's
playing strength is a certain value (e.g., 1106). The first probability is a property of the players, while the
second probability is a property of the rating system.
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Laws

The rating system does not know the playing strengths of players. It only sees match results. The rating
system keeps track of what it knows about each player by constructing a law to describe the player's
playing strength.

A law is a probability distribution (more or less). The rating system assigns a law to each player. The
player's law describes the rating system's knowledge of the playing strength of the player. This
knowledge is derived from all the match results. The player's law changes with every match the rating
system processes (because the rating system's knowledge of the playing strength of the player changes



with every match). From the law, we may determine the probability that the player's playing strength is
a certain value (e.g., 1106).
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The mean of a law is the location of the center of the law (more or less). The mean of a player's law is
the rating system's best estimate of the player's playing strength (because it is the center of the rating
system's knowledge of the player’s playing strength). The mean of a player's law is the rating that the
rating system outputs for the player.

The standard deviation measures the spread (width) of a law. The greater the standard deviation of a
player's law, the less certain the rating system is of the player's playing strength. The probability that a
player's playing strength is within 1 standard deviation of the mean of the player's law is 68% (more or
less). The probability that it is within 2 standard deviations is 95% (more or less). The probability that it
is within 3 standard deviations is 99.7% (more or less).

If the meaning of a sentence like “The probability that a player's playing strength is within 2 standard
deviations is 95%.” isn't clear, here is another way of saying the same thing: There is a 95% probability
that the player's playing strength is between the mean minus twice the standard deviation and the
mean plus twice the standard deviation. For example, if the mean is 1106 and the standard deviation is
42, then:

e There is a 68% probability that the player's playing strength is between 1064 and 1148.
o Thereis a 95% probability that the player's playing strength is between 1022 and 1190.
e Thereis a 99.7% probability that the player's playing strength is between 980 and 1232.
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Updates

A player's playing strength may change over time, as the player gets better or worse. Because of this,
the more time that has passed since the last event that the player played, the less certain we are of the
player's playing strength. The process of updating a player's law to take into account the passage of time
is the temporal update. The temporal update makes a law more spread out, but doesn't change the
mean. For example, if the rating system has not seen a player for a year, the standard deviation of the
player's law will increase by at most 70 points (to be precise, the variance increases by exactly 70% points
per year).
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Temporal Update
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Flaying strength

The process of updating a player's law to take into account the player's results in a single event is the
event update. In theory, we should process all the results of an event as a single group. However, we
need to do something that a computer can handle. When doing the event update, the rating system
only looks at a player's results and the results of each of the player's opponents. This is similar to what
you might do at a tournament: Suppose you lose a match and think your opponent is better than his
rating. The way you might check is to look at the draw sheets to see how your opponent did against
other players. These are the same results that the rating system looks at when updating your rating.
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Event Update
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Flaying Strength

A small standard deviation makes it harder both to gain and to lose points. If a player with a small
standard deviation plays a player with a large standard deviation, then the former's rating will change
less than the latter's.

The rating system only cares about who wins a match, not what the score is.
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New Players

The rating system assigns a law to new (unrated) players. This law reflects what we expect the playing
strength of a new player in the particular event to be. Generally, event directors tell us what mean and
standard deviation we should use for their event based on their experience. Normally, the standard
deviation will be large (several hundred) reflecting the range in playing strength of unrated players that



may enter the event. After playing an event or two, the standard deviation of a new player's law should
drop significantly, say, to less than 100. How quickly this happens depends on how many matches the
player plays, the outcome of the matches, and the laws of the player's opponents.

#ikF

HIr KRR BA R FUFEF ek g — MEE R 2, X AMFIE R B R — N Filh, e T
R ZHEFAR SR F P RN KPR — Bk, TR FERE A CRA% M T2 s
BOEF R EARR R Z . IEREHL T X MR ZEAE K OLE)D) LUK 55 & 7K 758 B B
TEREE, ESIN—2IWIRIEHE G, X AHIETRAE RS AR R 20 B B 467, s e an i
100 PAR o XA R K A IR T 2 AN R kTS LIRS, X345 R,
PLE BT 5 1%k 285 T 10 F IR B 4L

(5) Figure5

Typical Laws for New Player
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Event Processing
Here are the steps the rating system goes through when processing an event:

1. Assign alaw to each unrated player.
2. Retrieve the law of each rated player from the database and apply the temporal update.
3. Foreach player:



a. Calculate an adjusted law (defined below) for each of the player's opponents.
b. Update the player's law for each of the player's matches using in each case the adjusted
law for the player's opponent.

The adjusted law is the opponent's law updated for all of the opponent's matches except for the
matches with the current player. The adjusted law depends on both the player and the opponent. So,
the same opponent will have different adjusted laws when different players are being processed.
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Summary Report

Here is a sample from a summary report for an event:
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# (1) Table1

ID Name Initial Rating | Point Change | Final Rating

5766 | Bulatao, Jose G. 1797458 -4 1793452
5568 | Cembura, Julianne | 1500450 -539 9611246
7355 | Ching, Joe T. 1984+38 +2 1986136
6655 | Chiu, David 2050466 +20 207049
5925 | Collamore, Gil 1121495 -126 99559
5184 | Conley, Denny 1463138 +19 1482134
5044 | Cortesi, Tony 1139490 -58 1081154

The numbers after the plus/minus signs are the standard deviations of the laws. The initial-rating
column contains the rating and standard deviation the player had at the beginning of the event. For
unrated players, this is from the law the player is assigned. For rated players, it is from the result of
applying the temporal update to the player's final law from their previous event. The final-rating column
contains the rating and standard deviation for the player after processing all the matches in the event.

The value in the point-change column is the final rating minus the initial rating.
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Detailed Report

Here is a sample from a detailed report for an event:
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# (2) (3) (4) Tables2,3,4
Boulard, Claude Rating Change
1701453 + 90 = 1791441
Wins Losses
Point Opponent’s Opponent Score Point Opponent’s Opponent Score
Change Rating Change Rating
+30 191550 Chen, Wei Teng -87-689 0* 1812+34 Bhatia, Sonu 894
+20* 1812434 Bhatia, Sonu -8-9698 -1 2016%48 Maitra, Subhajit | 7-847
+12% 178561 Landsman, Alex M. | -8 819 -5 11 0 2189+40 Wang, Yin 8-685
+12% 178561 Landsman, AlexM. | -3119-99
+10 1750434 Marczak, Slawomir | -101189
+5 1629452 Jordan, Kip 4-639
+2 1587167 Warrier, Sunil 1077
0 1366+53 Sharma, Rajeev 4-74-99
Landsman, Alex M. Rating Change
1776164 - 35 = 1741454
Wins Losses
Point Opponent’s | Opponent | Score Point Opponent’s Opponent Score
Change Rating Change Rating
+8 1630+49 Baird, Jim | 885 -21* 1761+43 Boulard, Claude | -3119-99
-21* 1761+43 Boulard, Claude | -8 819-511
0 2170429 Chui, LimMing | 578
Marczak, Slawomir Rating Change 1752137 - 7 = 1745433
Wins Losses
Point Opponent’s Opponent Score Point Opponent’s Opponent Score
Change Rating Change Rating
+9 1753450 Baylies, Michael | -5398 -7 1771442 Boulard, Claude | -101189
+3 1625452 Jordan, Kip 955 -7 1798+33 Bhatia, Sonu 3-6119
-5 1811142 Massarsky, Lev -10969
0 2015+48 Maitra, Subhajit | 64 6
0 2189140 Wang, Yin 598

The top left of each table contains the player's name. In the top right of each table under the line
“Rating Change” is the player's initial rating and standard deviation, the point change for the player for
the event, and, after the equals sign, the player's final rating and standard deviation. Below this, the
player's wins are listed on the left and the player's losses are listed on the right.



The value in the “Opponent's Rating” column is the mean and standard deviation of the opponent's
adjusted law. As we mentioned above, the rating system uses different adjusted laws for the same
opponent when processing different players, e.g., Claude Boulard's adjusted rating is 1761+43 when he
played Alex Landsman, but 1771+42 when he played Slawomir Marczak.

The value in the “Point Change” column is the point change for the player for that result. The rating
system processes multiple matches between the same two players as a unit. In such a case, the point
change shown is the average point change, i.e., the total point change for all the matches between the
two players divided by the number of matches. If the two players played more than one match with
each other, there will be an asterisk after the point change value. For example, Claude Boulard gained
20 points total for his one win and one loss to Sonu Bhatia.

The point change per match depends on the order that the rating system processes the matches. This
order is neither recorded nor shown. So, the values reported as the point change per match are merely
suggestive. However, the sum of the per-match point changes equals the total point change for the
player for the event, and this total does not depend on the order that the rating system processes the
matches.

The dependence of the point change per match on the processing order makes intuitive sense: Suppose
we see a 2000 player defeat a 2200 player. We will significantly increase our estimate of the rating of
the 2000 player. Now, suppose we see the same player defeat another 2200 player. We will again
increase our estimate of the player's rating, but not by as much as we did before.

The number of points gained by the winner of a match will hardly ever equal the number of points lost
by the loser of a match. For example, Claude Boulard gained a total of 24 points for his two wins over
Alex Landsman, but Alex lost 42 points for the same two matches. In this case, Alex lost more points
because Alex's standard deviation is larger and Alex and Claude's means are similar after processing the
other matches they played.

Since the point change values are rounded to the nearest integer for displaying, occasionally the sum of
the per-match point changes will not equal the total point change for the player for the event. If there is
a discrepancy, it will usually be only a point.
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