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‘Poker is 100% skill and 50% luck’ - Phil Hellmuth, 15-time WSOP (World Series Of Poker)
champion. This quote by one of the world’s greatest poker players alive today is, despite the
irony, one of the most accurate statements made about the game. Many people think that
poker is a game of luck and that gamblers chance their arm in casinos, hoping to catch lucky
cards and walk out with a bag of cash. However in reality, poker is an extremely tactical
game, requiring copious skill and a well-executed strategy to be successful. The variation I
will talk about is Texas Hold’em, the most popular version of poker played today. In case the
rules of Texas Hold’em are not completely familiar to the reader, I have posted a link to a
website at the end of the essay explaining how to play the game and how the various five
card combinations are ranked. I will explain how various probabilities in the game are
calculated using a number of combinatorics techniques and touch upon how game theory
can be implemented into a game plan to maximise profits and win games in the long run.
Poker is said to be one of the easiest games to learn how to play, but one of the hardest
games to master.

There are some probabilities that are useful to know when playing, not just for yourself as a
player but also so that you can know how often your opponents will have certain cards or
make certain draws etc. Discussing all of the possible starting hands would take too long,
and so I’m going to only mention a few of the important hands in the game. Also note that
when I discuss probabilities I presume that I know nothing about my opponents’ hands; they
have not told me their hands or shown me their cards at the start of the round. To begin with,
let’s consider pocket pairs. Pocket pairs are two starting cards that are both the same, such
as 8,8 or King King. Aces, also known as rockets, are the strongest hand pre-flop in the
whole game. Statistically, if you have aces, you will have the best hand after the 5 cards are
dealt on the table more times than any other hand in the game. This is because you already
have the highest pair in the game, and with improvement you have a good chance of making
the nuts (the best hand possible in a round). There are two ways of calculating the chances
of getting Aces as your starting hand. The first is by considering the cards being dealt to you
one by one. There are 4 aces in the deck of 52 cards, so your first card has a =4
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chance of being an ace. Now for the next card, there are 3 aces (one has been taken) and
51 cards left, so you have a = chance of hitting. Thus the combined probability of Aces3
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is = . Another way of looking at this is by saying that there are 4C2 (C for choose)1
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= 6 ways of getting aces (there are 4 Aces and you are choosing 2 of them) and there are
52C2 = 1326 starting hands in poker. Therefore the probability of getting Aces is = .6
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This probability stands for any pocket pair, not just aces. Therefore the chance of getting any
pocket pair is 13 = since there are 13 different pairs you can get. We can also× 1
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calculate the chance of starting with suited connectors. These are cards that are of the same
suit and consecutive, for example 3,4 of spades or 10, Jack of diamonds. Suited connectors
are a strong starting hand as you have the chance of making either a flush with your cards or
a straight. To work out the chance of starting with suited connectors, we will look at each
card one by one. The first card can be anything; we are not specifying which suit we want or



which card we want. Whatever the first card is, we are left with 2 cards, one on either side of
the first, that will form suited connectors. There are 51 cards left to be our second card, and
so the chance of getting suited connectors is 2/51 = 3.9% chance (2.s.f). The last starting
hand I will discuss is Ace King, also known as the big slick. This is the strongest non-pocket
pair hand that you can start with in the game. If you hit a king, you will have the top pair with
the highest kicker (your second card plays a role in your pair - so if you hit a king with Ace
King your hand is stronger than someone with King Jack). This is known as having top top
(top pair and top kicker). There are 4 Aces and 4 Kings in the deck, meaning there are 4 4 =×
16 ways of having the big slick. Therefore the chance of getting Ace King is = =16
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1.2% (2.s.f).

So far, all I have discussed is the chance of starting with certain hands. These probabilities
are useful for getting a feel for how often your opponents will have monster pairs and strong
hands, but the game opens up in many more ways once a flop is seen. The flop is the first
three cards that are dealt on the table. If you only know your own two cards, there are 50
cards left in the deck and so there are 50C3 = 19600 possible flops that can come out. One
interesting scenario to consider is the chance of flopping a set (3 of a kind) or a full house (3
of a kind and another pair) when starting with a pocket pair. Let’s say we have Queen
Queen. To hit a set, we must have one card on the flop being one of the 2 queens left in the
deck. To calculate the number of flops with one of these queens in it, we can consider how
many 2 card combinations there are for the remaining 48 cards (we remove our 2 queens
and the 2 queens left in the deck since hitting both would mean quads which we aren’t after).
Thus there are 48C2 = 1128 two card combinations for the cards that aren’t the queen. Since
there are 2 queens that can be in the place of the third card, we times 1128 by 2 to get 2256
combinations of flops which will make a set of queens, and if the other two cards are the
same, then a full house is made. We must also consider the chance that the flop itself is
three of a kind, combining with our own pocket pair to make a full house. There are 4C3 12×
= 48 ways of this happening (4 ways per card and 12 cards). So there are 2256 + 48 = 2304
possible flops that will make a set or full house. Therefore the probability of flopping a set or
a full house is = 11.8% (3.s.f). There are too many scenarios to discuss like the one I2304
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just described and so I won’t go into them for now, however in the next few paragraphs I will
combine game theory and pot odds to calculate some similar probabilities.

Game Theory Optimal (GTO) is a winning strategy that can be implemented into the game of
poker. A good example to explain what this is would be in rock paper scissors. This was
explained to me in a masterclass by Daniel Negreanu, a 6-time WSOP winner. Let’s say you
play an opponent who goes rock 100% of the time. The exploitive way of winning here would
be to go paper 100% of the time. However soon enough, your opponent would realise this
pattern and then change his own strategy to win against yours. So in the short term, you
would win all of your games, but after a while this strategy wouldn’t work so well. Instead, a
better strategy should be used. Let’s say you now decide to go paper 40% of the time and
you go scissors and rock 30% of the time each. Now you will win 40% of the time, draw 30%
of the time and lose 30% of the time. Since the increase in the number of times you go paper
is small, the opponent won’t notice the change and will continue to go rock every single time.
In the long run, you will win more games than you lose. This is a good example of GTO in
action. Applying it to poker is much more complicated than rock paper scissors. A basic
example is your opening range. In general, you win more pots from playing strong hands



and less from playing weak hands. However if a player goes into pots with only strong
hands, he will become predictable and people will know he’s strong and thus fold. A better
playing style using GTO would be to set a baseline percentage of hands that are weak to go
in with so that people can’t predict what you have. For example, you could go into a game
with a baseline of 15% of hands being weak. Therefore, three in twenty hands will be weak
and no one will suspect it. However if people do suspect this, the percentage can be altered.
If people are beginning to notice your patterns, you could reduce it to 10% for example. This
varied style of poker will make you unpredictable and shows how GTO can maximise profits
in the long run over many hands.  Another  example is bluffing. The amount you bluff should
depend on who your opponents are, and so when playing the game you must be aware of
their playing styles and patterns. Going into a game, you should have a baseline percentage
of how much you bluff. Let’s say you go in with a 25% bluffing percentage. If you get into a
pot with someone that is a pushover and who folds to most bets, you could increase your
bluffing percentage to about 50%, or even higher if you think necessary, to try and steal as
many pots as possible against them. However against an opponent who calls and raises a
significant amount of the time, it is profitable to reduce your bluffing percentage down to 10%
for example, in order to minimise losses.

The final aspect of the maths behind poker I will talk about is pot odds. These can be used in
a GTO strategy to maximise profits in the long run. Pot odds are calculated in situations such
as draws (when you need a card or cards to improve your hand), such as when you need
one card to make a straight on the turn or river. The example I will use is when you have an
open ended straight draw. This means that your cards, combined with two on the flop, form a
4 card straight, and the fifth card can make the straight on either end of it. For example if you
have 7-8 and there is a 9 and a 10 on the flop, a 6 or a Jack will make the straight. Before
discussing pot odds for this scenario, I will explain the chances of hitting either the 6 or the
Jack. The turn and river card are still to come and you have 2 cards in your hand, and there
are 3 on the flop. Therefore there are 47 other cards that could come out, with only 2 coming
out. Thus there are 47C2 = 1081 possible combinations of cards that can make up the turn
and the river. There are 4 sixes and 4 Jacks that could come out, and so there are 8 cards
that will make your straight, and 47-8=39 that don’t. The amount of ways that just one of the
turn or river is a 6 or a Jack is therefore 8 39=312. The amount of ways that both the turn×
and the river is a 6 or a Jack is 8C2=28. Therefore there are 312+28=340 ways that will
make your straight. So the probability that the straight is made is =31.5% (3.s.f). Pot340
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odds are working out how much you should call to win a certain amount in a given pot. Let’s
take the situation described above. We calculated that after the flop you have a 31.5%
chance of hitting your cards. This gives odds of about 2:1 against making the straight, give
or take a few percent6. If on the flop the pot is $100 and someone bets $100, you must pay
$100 to keep playing and see the remaining cards. Therefore you must pay $100 to win
$200, giving you 2:1 odds. Thus in this situation, in the long run, you should call a bet of this
size, but only just, because the odds of you catching your card are the same as the odds
being given by the pot. If however the opponent bets $500 into the pot of $100, it would cost
$500 to win $600, giving pot odds of 6:5, which are higher than the odds against making the
straight (2:1). Therefore you should fold to a bet of $500. Using basic maths such as pot
odds in the game of poker is an optimal strategy to win in the long run and can be
implemented into anyone’s game to make them a better player.



To conclude, poker is a very difficult game to become good at, and it is still a game of luck in
the short run. However if you implement GTO into your game plan and make the right
decisions in all scenarios, you will win in the long run and improve as a poker player. Being
able to work out the various percentages and probabilities using combinatorics is very useful
for making correct decisions in the game and by setting a baseline percentage for the range
of hands you go into pots with and the amount of times you bluff can help to win against
opponents in the long run. Of course, other factors play a part in how often someone can win
poker, such as their table talk or tells (giving away signs of strength or weakness with body
language). However from a mathematical point of view, using an optimal strategy can
improve winning percentages in the long run dramatically and using one is highly advised
going forward in anyone’s poker career.

Rules of Texas Hold’em: https://uk.pokernews.com/poker-rules/texas-holdem.htm


