The Argonne Pool League Handicap System
(Last revision: 15-Sep-97 by VB and RS)

The Argonne Pool League handicap system is designed to allow “fair” matches
between players with different skill levels using an objective and unbiased method. A
“fair” match is one in which either player is about equally likely to win based on their
average skill levels. Each player has a“skill rating” that is determined from his (or her)
win/loss history. The difference in the skill ratings of the two players in a match
determines how many games are required by the two players in order to win the match;
the higher rated player generally needs more games than the lower rated player, and
larger rating differences mean larger differences in the number of games by the two
players. Skill ratings range from O to over 100. Beginners have ratings in the 20's or
30's, more experienced players will be in the 50's and 60's, and professional-level
players will be over 100.

Initial skill ratings will be assigned by the league. A skill test, which is described
in the following section, may be used for new players.

Every time a player plays a match, his skill rating will change. It will increase if
he wins, and it will decrease if he loses. The only exception is a player with arating of
zero who loses a match — his rating will remain unchanged. The number of points that a
player’s skill rating changes depends on the number of matches he has played.

Number of matches Number of matches Skill Rating Change
(established players) (new league players)

1 +6

2 4

1 35 +3
2-12 6-16 +2
13-up 17-up +1

At the end of a match, the scorekeeper should indicate on the scoresheet the player’s new
skill ratings. Inrare situations it may be necessary to adjust a player’s skill rating outside
of the normal ratings adjustment. If two or more team captains believe that a skill rating
for a particular player is significantly incorrect, then they should notify the other team
captains of the situation, and a written notice should be given to the league president; the
next time the player in question plays a match, the other team captains, or ther
representatives, can observe the player. If 73 of the team captains agree that there is a
rating mismatch, then the player’s skill rating can be adjusted by an amount, not to
exceed £20 rating points, determined by a plurality of the captains.

In the Argonne Pool League, players with higher skill ratings are rewarded by
being allowed to play longer matches. An advantage of longer matches is that the game
ratio may be chosen to more accurately reflect the two player's skill ratings. The
following charts give the number of games required to win a match by the two players.
The skill rating of the stronger player determines which chart is used for the match, or, if
both teams agree, shorter charts may be used as a means of speeding up amatch. A team
total skill rating limit is enforced; thislimit is described in the General Rules.



Example: Hereis an example of how to determine a matchup and to adjust handicaps. Player A
has a skill rating of 55, and player B has arating of 40. The highest rating, 55, means that Chart-8
should be used. Therating difference of 15 (i.e. 55-40) gives the match length of 4-3. This means
that player A must win 4 games to win the match, while player B must win only 3. Suppose that
player A, a new player who has played 1 time previously, wins the match, while player B, an
established player who has played 14 times this session, loses the match. Player A’s new skill
rating will be 59 (i.e. 55+4), and player B’s new rating will be 39 (i.e. 40-1).

If these same two players were to play again, with their new skill ratings, they would
again use Chart-8, but this time the rating difference of 20 (i.e. 59-39) would mean that they would
play a5-3 match, which is slightly tougher for Player A. This shows how the skill ratings for the
players adjust after each match until each player has aroughly equal chance of winning the match.

Chart 4 (nghest Skill Rating 0-39) Chart-8 (Highest Skill Rating 50-69)
— Match Games _Ratmg_DJif_emnci_M.atm&am&_
0-19 2-2 4-4
20-up 2-1 7 18 4-3
19-29 5-3
Chart-6 (Highest Skill Rating 40-49) 30-39 4-2
—Rating Difference Match Gama 40-48 5-2
0-10 49-up 6-2
11-26 3—2
27-up 4-2 Chart-12 (Highest Skill Rating 90-up)
Chart-10 (Highest Skill Rating 70-89) 0-4 6-6
_Ratmg_DJ.f.fﬁrﬁnch_ Match Gama 5-11 6-5
12-17 7-5
6—14 5—4 18-22 6-4
15-21 6-4 23-28 7-4
22-28 5-3 29-35 8-4
29-36 6-3 36-42 7-3
37-46 7-3 43-48 8-3
47-56 6-2 49-58 9-3
57-62 7-2 59-68 8-2
63-up 8-2 69-74 9-2

75-up 10-2



New Player SKkill Assessment: A skill test may be used for the purpose of rating new
players. Individua players may also be asked to take a skill test at various times for
calibration purposes. When a skill test is taken, the player should endeavor to perform as
well as possible during the test.

The test consists of four groups of shots, each of which measures a specific skill.
Thistest should be given to a player after he has warmed up enough to be playing his best
and he is accustomed to the equipment characteristics. There are four groups of shots,
consisting of a stop-shot group, a follow-shot group, a draw-shot group, and a cut-shot
group. The shots are diagrammed for a right-handed player, but the player may switch
sides of the table if he chooses. In each case, a success means that the object ball was
pocketed correctly and, if appropriate, the cue ball was positioned correctly afterwards.
A cue ball scratch counts as a miss.
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In the stop-shot group, the goal is to pocket the object ball in the corner pocket
and to stop the cue ball within 9 inches of the “ghost ball” position. The object ball is
one diamond away from the corner pocket and about an inch or so away from the side
cushion. The object ball is aways placed in the same position in this shot group, and the
cue ball moves farther away from the object ball upon success or closer upon failure. 9
inches is four ball widths, but it may be more convenient to use a hand span for
measurements. The cue ball should be close to the side cushion, but not so close as to
cause the player difficulty in forming a bridge.

In the follow-shot group of shots the goal isto pocket the object ball in the corner
pocket while using topspin on the cue ball to position it within a one-diamond square of
the corner pocket without scratching. In this group of shots, both the cue ball and the
object ball are moved back farther from the pocket upon success, and moved closer to the
corner pocket upon afailure. Theinitial distance between the cue ball and the object ball
isaways one diamond. The player is alowed to make small sideways adjustments to the
initial cue ball position in order to avoid a scratch.

In the draw-shot group, the goal isto draw the cue ball straight back to at least the
starting position. In this group of shots the object ball position remains fixed in the center
of the pocket opening and about a ball width from the end cushion, and only the cue ball
ismoved farther or closer upon success or failure.



In the cut-shot group, the goal is to pocket the object ball in the corner pocket
without scratching. The object ball position remains fixed one diamond from the pocket
and about one ball width from the end cushion, and the cue ball is moved farther or closer
upon success or failure. The cue ball should always be one diamond from the side rail.

The numerical score for each of these tests is determined as follows. The player
should begin a group of shots at an estimated starting point that is close to hisfinal score,
or at diamond 2 if no estimate can be made. The player should move back one full
diamond upon success, and forward one full diamond upon failure, until about three
failures have occurred and the player appears to be moving back and forth about his final
scoring distance. The player should use a coin on the rail to mark his position before
each shot. After the third failure, the cue ball should be moved by half-diamond steps
rather than full-diamond steps, and the player should execute four more shot attempts.
The average of the starting diamond numbers for these last four shots is then the player’s
score for that group. The sum of the four scores T for the four groups is then used in the
following equation to estimate the skill rating R:

R=25T+8

For example, suppose that a player scored 4.5, 4.0, 3.5, and 4.0 on the four shot groups,
his total score would be T=16.0, which results in an approximate skill rating of
R=2.516.0+8=48. Round to the nearest integer if necessary. Suppose that another
player scored 7.5 on all four shot groups; this corresponds to T=30, and R=83.

This assessment procedure is, of course, only approximate, since it depends only
on limited and specific tests of skill. It ignores tactical ability, shot choice decisions,
runout ability, and many other aspects of actual game play.



Mathematical Model: The following is a description of the mathematical model used for
the above handicap system. It is not necessary to understand this model in order to use
the system, but these details are provided for those who are interested. In a match
between player 1 and player 2, the probability for player 1 to win an individual game, p1,
isassumed to be related to the skill rating difference according to

1
L= 5 (R-R70
or equivalently
® 3y 3y
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where R; and Ry are the skill ratings of the two players and pp=1-p1. If R1=Ry, then
p1=p2=0.5 and each player has an equal chance of winning a game. If R1-Ry=30, then
p1=%3 and po=Y3; this means that player 1 istwice as likely to win an individual game as
player 2. If R-Ry=60, then p1=4%5 and py=Y5; this means that player 1 is four times as
likely to win an individual game as player 2. Every additional 30 points of skill rating
difference results in another factor of two in the individual game probability ratio.

If the probability of player 1 winning an individual game is independent of the
game score and is given by the value py, and if the two players play N=n+m games, then
the probability distribution of possible outcomesis given by

28N + N

P(nmn) =g 1 opl'p2
where P(p1:m,n) is the probability of player 1 winning exactly m games out of the N total,
which of course is the same as the probability of player 2 winning n games out of the N

total. The binomial coefficient 21+ N6 (M+ )t

U is the number of distinct ways to

arrive at a given score, and the factor p;"'pj is the probability, based on the skills of the
two players, to arrive at such a score in any particular one of these ways.

For example, suppose that p1=%3 and pp=Y3, and these players play 1 game. The
two possible outcomes are P(%3;1,0)=%3 and P(%3;0,1)=Y3, which means that player 1 is
twice as likely to win as to lose, as expected. If they play 2 games, then there are three
outcomes given by the probabilities P(973;2,0)=%9, P(73;1,1)=%g, and P(%3;0,2)=Y%.

In a handicapped match in which player 1 is required to win N1 games and player
2 isrequired to win N2 games, the probability of player 1 winning is given by the sum of
the probabilities for that player winning in all possible ways. For example, if a match is
handicapped at 4-3, then player 1 can win in the three possible ways: 4-0, 4-1, and 4-2.
The probabilities of winning in each of these three ways is p1P(p1;3,0), p1P(p1;3,1), and
p1P(p1;3,2) respectively, and the probability of player 1 winning the match is the sum of
these three terms. In the general case, the probability for player 1 winning a match
handicapped at N1 to No is given by
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The last equation gives the match win-probability W(p1;N1,N2) as a polynomial function
of the player 1 game probability p;. Solving the polynomial equation W(p1;N1,N2)-¥5=0
numerically for the root in the domain OEp1£1 gives the game probability for player 1
that results in a “fair” match of N1 to No. This game probability can then be converted
into the following table of skill rating differences which was used to determine the
handicap charts. To determine afair matchup of N1 to Np, go to the appropriate row and
column of thistable; the entry is the rating difference for which both players have exactly
a 50% chance of winning that match. For example, a fair 5-4 match would require the
long-time average rating difference between the two players to be 10.4. If the actual
rating difference between two opponents is higher than that value, then that matchup
would favor the higher-rated player; if the actual rating difference is less than that value,
then the matchup would favor the lower-rated player. The handicap charts (Chart-4
through Chart-12) were constructed by splitting these differences as fairly as possible
between the higher and lower rated players.

Skill Rating Differences for Fair Handicapped Matches

N7\No 1 2 3 4 ) 6 7 8 9 10

1 0.0

2| 381 0.0

3] 583 201 0.0

4| 721 339 137 0.0

5| 825 443 241 104 0.0

6/ 909 527 325 188 8.4 0.0

7 979 597 395 258 154 7.0 0.0

8] 1040 657 456 319 215 131 6.0 0.0

9] 1093 710 509 372 268 184 113 5.3 0.0

10f 1140 758 556 419 315 231 161 100 4.7 0.0
11] 1183 800 599 462 357 274 203 143 9.0 4.3
12| 1222 839 638 500 396 312 242 182 129 8.1
13| 125.7 875 673 536 432 348 278 217 164 117
14 1290 908 706 569 465 381 311 250 197 150
15[ 1321 938 737 599 495 411 341 281 228 180
16/ 1349 967 765 628 524 440 370 309 256 209
171 1376 993 792 655 551 467 396 336 283 236
18| 1401 1019 817 680 576 492 422 361 308 261
19| 1425 1043 841 704 600 516 445 385 332 285
20| 1448 1065 864 726 622 538 468 408 355 30.7

Suppose that a sample set {x} of size N is drawn fairly from alarge, or infinite,
population. The average of the sample set X provides an estimate of the true population



— . . - - () . .
average Xy according to the equation X, = X+ Z, m where s isthe population standard

deviation and z: is the confidence parameter. The confidence parameter is determined by
the integral under the standard normal distribution curve; for example, z. =1.96 for a 95%
confidence estimate. This equation says that for a fixed confidence, the estimate of the
true population average improves with larger sample sets, and the rate of improvement of

that estimate is proportional to /+/N . This relation is used as the basis of the ratings
adjustment. The match outcomes are treated as a sample space, and the uncertainty in the
skill rating is treated as a statistical uncertainty due to the finite sample size. The
empirical relation used is DR, = DR/J/N, where DR1=6.0 is the estimate of the initial

rating uncertainty, and DR, is the rating change after the nth match (rounded to the
nearest integer). Established league players, those who have played at |east one session,
are treated as if they have played already 4 matches at the beginning of the season.

Acknowledgments: This handicap system is based on the National Pool League (NPL)
handicap system for 9-ball developed by Bob Jewett. Some modifications have been
made in order to adapt this method to the Argonne 8-ball league.



