MATH INTENSIVE MATERIAL

Mathematicians are like Frenchmen: whatever you say to them they translate into their own language and forthwith it is something entirely different.  Johann Wolfgang von Goethe (1749-1832), German writer, scientist, and philosopher

As I said earlier, you don’t need to know much mathematics, including the material that follows, to be a good poker player.  But poker does lend itself to mathematical analysis and I cannot help my tendency to analyze, since I did spend ten years in the Ph.D. program in mathematics at the University of Illinois while procrastinating and gambling around the world.  I was making more money than my professors.  The only professor to whom I confided the reason for the delay in my thesis was visiting professor Paul Erdös, the most prolific mathematician of the 20th century.  Professor Erdös said to me about my success at gambling, “Mathematicians are the smartest people and they should have the most money.”  It was an ironic statement, since his only material possessions were his math notebooks and one change of clothes.  He gave the money he received from honoraria or salaries away to any cause that arose.

I don’t expect many people to read this section of the book.  I fear that some potential readers will pick up the book, notice this section, and put the book down because it looks too complicated.  I think the first chapter, which contains hold’em tables, will be of interest to a few serious players.  The computerxe "computer:reference to programs" programs in the second chapter are included for completeness, since I wrote these programs to verify some of the material.

Calculating the odds for hold’em hands after the flop

Although not very useful for playing poker, the following is a six-step method for accurately comparing opposing hold’em hands after the flop.

Abbreviations: 

DHF –  Drawing Hand on the Flop, the hand that is currently behind after the flop.

LHF –  Leading Hand on the Flop, the hand that is winning after the flop.

1.  Count outs:  Count the direct outs the DHF has against the LHF.

2.  Calculate safe combinations:  Calculate the number of ways two cards, NOT containing the outs, can come up.

3.  Get base number:  Subtract from the number of ways any two cards can come up.  If we are talking about the usual situation where only two hands are known, the number is (45 choose 2), which is (45 x 44)/2 = 990.  From this we subtract the result obtained in the previous step to get the base number, which doesn’t include two-card combinations.

4.  Add back doors:  Add in the number of two-card outs.

5.  Subtract exclusions:  Subtract the number of ways that contain outs on the turn card, but the river card puts the LHF back in front.

6.  Calculate odds:  Divide the number of ways the LHF wins by the number of ways the DHF wins.  (Reverse the division if the DHF wins are greater the LHF wins)

Example 1:  9(8( vs. 10(10(  Flop  7(6(2(
Step 1:  6 outs

Step 2:  ((45 – 6) choose 2) = (39 choose 2) =  (39 x 38)/2 = 741

Step 3:  990 – 741 = 249

Step 4:  Backdoor flush:  Eight different hearts on turn (already counted the 10( and 5(), seven different hearts on the river; (don’t count double; we count K(Q( the same as Q(K()   (8 choose 2) = (8 x 7)/2 = 28.  Current total is 249 + 28 = 277.

    Trip Nines:  3 Eights on turn, 2 Eights on river, (3 choose 2) = (3 x 2)/2 = 3, Current total is 280.

    Trip Eights:  3 Nines on turn, 2 Nines on river, (3 choose 2) = (3 x 2)/2 = 3, Current total is 283.

    Two pair, Eights and Nines:  doesn’t work, because LHF makes a straight

Step 5:  Tens full:  two different 10’s on the turn, 9 different pairing cards on the river;  2 x 9 = 18.  Current total is 283 – 18 = 265.

     Four Tens:  1 combination.  Final total is 265 – 1 = 264.

Therefore, 264 is the number of wins for the DHF.

Step 6:  264 wins for the DHF, so there are 990 – 264 = 726 wins for the LHF.  

726/264 = 2.75, so the odds against a draw-out is 2.75  to 1.

Example 2a:  Q(J( vs. A(A(  Flop  J(10(8(
Step 1:  16 outs

Step 2:  ((45 – 16) choose 2) = (29 x 28)/2 = 406

Step 3:  990 – 406 = 584

Step 4:  Backdoor Ace-high straight:  2 Aces x 3 Kings = 6, total is now 590.

Step 5:  Heart on turn, heart on river, yields higher flush;  9h can’t yield redraw.  (7 choose 2) = (7 x 6)/2 = 21.  Total is now 569.

Queens and Jacks then redraw:  3 Queens x (2 Aces + 3 Tens + 3 Eights + 3 Kings) = 33.   Total is now 536.

Three Jacks followed by Aces full:  2 Jacks x 2 Aces = 4.  Total is now 532.

Straight made, then tied (same cards as Queens and Jacks then straight):  3 Nines x 3 Queens = 9.  These each count 1/2.  Total is now 527.5.

Step 6:  527.5 wins for the DHF, so 990 – 527.5 = 462.5 wins for the LHF.

527.5/462.5 = 1.14, so the drawing hand is a 1.14 to 1 favorite.

Let’s consider the same two hands, but after an all-in bet and a call, a third player thinks for a long time.  Whether the third player calls or not, it is usually bad news for the drawing hand, because this player normally has cards that have some connection with the flop.  In this case, let’s assume the third player has 5(4( and calls.

So we have

Example 2b:  Q(J( vs. A(A( vs. 5(4(  Flop J(10(8(
First figure out the odds of Q(J( vs. A(A(, and then look at the few draw-outs that 5(4( has.

Step 1:  14 outs, since 5( and 4( are out of the deck.

Step 2:  ((43 – 14) choose 2) = (29 x 28)/2 = 406

Step 3:  (43 choose 2) = (43 x 42)/2 = 903;  903 – 406 = 497

Step 4:  Same 6 two-card outs, so total is now 503.

Step 5:  Heart on turn, heart on river   (5 choose 2) = (5 x 4)/2 = 10.  Total is now 493.

Queens and Jacks redrawn, 33, as in Example 1.  Total is now 460.

Three Jacks redrawn, 4, as in example 1.  Total is now 456.

Queen-high straight tie, 9, as in example 1.  Total is now 451.5

Step 6:  If the 5(4( had folded, there would be 451.5 wins for the DHF and 903 – 451.5 = 451.5 wins for the LHF, an even contest, knowing that the 5( and 4( were out of the deck.

Since 5(4( called, we note that there are no direct outs for 5(4(.  The only two-card out it takes from Q(J( is when it comes 6(, 7(.

The two-card outs it takes from A(A(are:

Two pair, Fives and Fours: three Fives x three Fours  = 9.

Trip Fours: (3 choose 2) ways = 3

Trip Fives: (3 choose 2) ways = 3

Straight to the Eight:  three Sevens x three Sixes = 9

Also there are 9 three-way ties, so each hand gets 1/3 credit for each tie.

So the final tally is 449 for Q(J(, 426 for A(A(, and 28 for 5(4(.

So the odds are

1.01 to 1 against Q(J( winning,

1.12 to 1 against A(A( winning, and

31.25 to 1 against 5(4( winning.

Quick calculation of percentages

If you know the chances out of the 990 combinations that a hand will win, you can easily calculate the percentage of the hand winning.  You extrapolate the part out of 10 that it will win, and add it to the combinations you already have.  For example, if a hand wins 382 times out of 990, we figure it would win about 4 out of 10.  So we add 4 to 382 and we say it will win 38.6% of the time.  You may use this information to make a side bet on the outcome.  I have seen situations, where people have dealt a flop 100 times, making a bet each time on which hand will win.  It is valuable to have the ability to figure out the percentages, before bets like this are made.

