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Abstract 
The calculations in a game of Go could be intricate and exhausting. Thus, this work 
introduces the reader to the main concepts of Go, and how to apply these concepts into 
an algorithm to analyze the board clearly and make the best move. 
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1. Introduction 

The board game Go is a game full of calculations. Over a game of Go, under every situation, both 
players calculate the possible moves that they could make and the possible counters that the enemy 
will make and then decide on the best move. If you could have already remembered every possibility 
of combination on the board, which is an unimaginably huge number that is probably more than all 
the atoms in the galaxy[1,2], you would be impossible to defeat. However, We are human, we can’t 
remember and calculate every single possibility in a limited amount of time, especially when there 
are almost countless amounts of them. Thus, we need methods to help us save time and compute more 
efficiently. 

 

 
Figure 1. A typical game of Go would look something like this. Can you figure out which side is 

winning in a minute? [3] 
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There are mainly two methods to accomplish this. The first one is the experience that we gained from 
practices and real battles. Once our experience in practices and real battles reaches a certain level, we 
will have a general sense of what shape is good or bad and what moves might feel better than the 
other. The second one is algorithms or instructions or rules that assist us to compute logically and 
efficiently, which will be the focus of this essay. 

2. Formulas 

Every player of Go must start with the learning of formulas. The formulas in Go are much like the 
ones in mathematics. In order to solve real problems in life, mathematicians developed formulas and 
equations and smelted and hammered them until today. The formulas in Go are the same. The players 
of Go battled over thousands of years, and in their millions and billions of failures and successes, 
they slowly came up with solutions that are for sure the best moves under certain situations. When 
both sides all follow the best move possible in the situation, it will develop into an agreeable solution 
to both sides(ex: figure 2), and this is how a formula is formed. 

 

 
Figure 2. Above is a commonly used formula 

 

Formulas are the most basic and the most efficient problem-solving technique in Go. Almost all of 
the formulas apply on the corners, and the corners are always first taken in a game of Go. Once all 
four corners are basically shaped according to formulas, the game enters its next stage. Because what 
happens next is not restricted by the corner anymore, there will be too many possibilities to be 
concluded into formulas, so this is where the role of formulas ends. 

Just like solving a mathematical problem, formulas are very important and are the fundamentals of 
the entire game of Go. Without a mathematical formula, you will probably have to spend thousands 
of times the effort in order to solve a problem. In comparison, when you remember the formulas, you 
stand on the shoulders of the pros and could spare tons of calculations. 

The importance of knowing formulas in Go is just like the importance of knowing A^2 + B^2 = C^2 
when you have only 15 minutes to solve a relative trigonometry problem. It will be impossible to 
come up with the equation by yourself, so if you do not know it, you have already failed the test. It is 
much the same in Go. 

Once all four corners are taken and finalized by formulas, the game enters its next stage, or ZhongPan. 
In this stage, everything becomes uncertain, and the situation of the whole board changes every time 
a move is made. In order to face the many possibilities that could no longer be concluded into 
formulas, algorithms are needed to help the player analyze the situation and make the best move.  

Before the algorithm is introduced, it is necessary that the reader must understand some ideas, or 
concepts, that are the foundations of these algorithms, including the idea of sturdiness, the idea of life 
or death, the idea of territory, and the idea of value and influence. 
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3. The Idea of Sturdiness 

The first one is the idea of sturdiness[4]. Sturdiness, in definition, is the degree of how stable a 
structure is or the compatibility of a connection. In Go, there are several different fundamental shapes 
and different levels of sturdiness. Although there are no official English names for those shapes, I 
will name them here simply based on how they appear to be, and it should be easy to comprehend. 

3.1 A Stone, or Zi 

 
Figure 3. A single stone by itself. Does not have the idea of sturdiness. 

3.2 A Step, or Chang  

 
Figure 4. Two stones placed near each other. The two stones connect and become one entity. The 

strongest of all connections because it is impossible to be cut off. Maxed sturdiness. 

3.3 A Diagonal Move, or Jian 

 
Figure 5. Very sturdy shape. Technically unable to be cut off unless one of the stones dies. 

3.4 A Jump, or Tiao 

 
Figure 6. A sturdy shape. The gap between the two stones is its weakness. 

3.5 A Fly, or Fei 

 
Figure 7. A relatively sturdy shape. Because there are two possible routes for connection, the gap in 

the middle isn’t as problematic compared to a Jump. 
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3.6 A two-step Jump, or Da Tiao 

 
Figure 8. A somewhat sturdy shape. Could be separated from the middle in some situations, like 

when there are stones near it or when it is not near one of the sides of the board. 

 

3.7 A two-step Fly, or Da Fei 

 
Figure 9. A somewhat sturdy shape. Sturdier than a two-step Jump because of the same reason why 
a Fly is sturdier than a Jump. Hard to be separated straight from the middle unless there are stones 

near it or it is not near one of the sides of the board. 

3.8 A three-step Jump, or Chao Da Tiao 

 
Figure 10. A not so sturdy shape. Easy to be cut off from the middle. 

3.9 A three-step Fly, or Chao Da Fei  

 
Figure 11. A not so sturdy shape. Might be slightly sturdier than a three-step Jump, but also easy to 

be cut off from the middle. 

 

Those above are all the fundamental shapes in Go, with each of them having different sturdiness. A 
four-step Jump or Fly does not really have any sturdiness because it could be cut off too easily. 

Nevertheless, besides the kind of gap between stones, there are also two factors that could determine 
the sturdiness of a structure of stones: 

The first is the distance between the structure and the sides of the board. For example, the two-step 
Jump has completely different sturdiness when it’s near a border compared to when it’s at the middle 
of the board: 

 

 
Figure 12. The above two-step Jump is near the side of the board, and it is impossible to be cut off. 
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Figure 13. The above two-step Jump is placed in the middle of the board, and it could be cut off 

without too much trouble. 

 

The second factor is how close the structure is to enemy or friendly stones and the influence (defined 
later in the essay) of those stones: 

 

 
Figure 14. The above two-step Fly is extremely adjacent to strong enemy influence, and its 

sturdiness is pretty much non-existent.) 

 

 
Figure 15. Comparatively, the three-step Fly made in such a case has almost perfect sturdiness and 

is almost unable to be cut off. 

 

The above are the basic ideas of sturdiness. In conclusion, sturdiness describes how secure the 
connection between stones is. It is important for the player to understand the idea of sturdiness 
because the sturdiness of a group of stones also determines the livability and the influence of it, which 
are all ideas that we will be discussing soon. 

4. The Idea of Livability 

The next idea that a player must understand is the idea of livability or the idea of how close a group 
of stones is to be alive or dead. Livability is important because when a stone/stones is/are removed 
from the board, they are considered dead, and will no longer have any influence or value on the board 
at all.  
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There are two main factors that could determine if a group of stones/stone is dead or alive. One is that 
if it has at least two eyes (or Yan)[2], the other is that it could be connected to friendly stones and 
together become an entity with two eyes (or Yan). 

 

 
Figure 16. The above black stones are dead because they do not have two eyes and could not be 

connected to other groups of stones. 

 

 
Figure 17. The above black stones are alive because they already have two eyes. 

 

 
Figure 18. It is the person that’s holding the white stone’s turn to move in the above case. 

However, he could not kill the group of black stones that’s surrounded by white stones. If he 
chooses to place his stone at A, which stops the group of black stones from forming two eyes in the 

next move, the holder of the black stone could just go B and be connected to another group of 
stones that already has an eye. Alternatively, if the white stone holder goes B, the black stone holder 

could just go A and make two eyes. Thus, although the surrounding group of black stones is 
technically not 100% alive for sure yet, the white stone holder could not kill it, so the black stone 

holder could see it as alive. 

 

Thus, once a group of stones is separated on its own and unable to form two eyes, it could be 
considered dead. Knowing the concept of dead or alive is important because, like mentioned above, 
killing another opponent’s stones is the most efficient way to win the game because once stones are 
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taken out of the board, they exhibit no value or influence at all on the board. In other words, the player 
made those moves with no value at all. So it is important to keep your stones alive and kill enemy 
stones if possible, and to avoid spending meaningless turns trying to save your stones that are already 
dead or to “kill” enemy stones that are already dead. 

However, the idea of life or death is not a hundred percent directly connected to value. In some 
situations, it is better to sacrifice a group of stones/stone than to save it/them. In other cases, a group 
of stones/stone might be deemed dead and unsavable, but could still have value and influence on the 
board, which will be discussed later in the idea of value and influence. 

5. The Idea of Influence  

A group of stones/stone will doubtless inflict influence[4] on its surroundings, and this influence 
could be categorized into two types: its influence on the surrounding territory and its influence on the 
nearby stones. 

First, a group of stones/stone inflicts influence on its surrounding territories. Another way of saying 
this is that a group of stones/stone alternates the landscape around it, and all the stones placed near it 
in the future, no matter friendly or hostile, will be affected by it. 

Second, a group of stones/stone inflicts influence on its nearby stones, both friendly and hostile. 

Now, the two kinds of influences said above might seem simple, but the situation gets much more 
complicated when the two are mixed together, and also considered from the opponent’s side. For 
example, when a stone is placed near stones that were originally there, it inflicts two kinds of 
influences at the same time, while also being influenced by the stones around it. In other words, it 
influences the stones around it, influences the territories around it, and is also getting influenced by 
the enemy stones around it. Thus, there are potentially a total of four factors to consider when landing 
a stone: the influence of the stone on its surrounding territories, the influence of the stone on its 
friendly stones near it, the influence of the stone on its enemy stones near it, and the influence of the 
enemy stones around it. 

Influence sounds like a hazy idea. When considering influence, many players only have a general 
sense of the influence of his or enemy’s stone. For example, they might have a general feeling that a 
group of enemy stones is very strong, and it would be a bad decision if they place their stone too close 
to it. However, on higher levels of gameplay, the calculation of influence must be specified so that 
the player could analyze the situation properly and more accurately. 

When further specified, influence could be categorized into two kinds: livability and sturdiness, which 
are all concepts introduced above. In other words, a stone affects the livability and sturdiness of other 
stones, friendly and hostile, around it. A well-placed stone could increase the livability and sturdiness 
of friendly stones around it while decreasing the livability and sturdiness of enemy stones around it. 
Thus, the best moves in Go are always the moves that defend the weakest spots of friendly stones 
while seriously damaging the enemy stones at the same time. 

The influence of a stone/stones is also always changing throughout a game of go. Although a placed 
stone could no longer move, its influence will be constantly changed by the stones placed around it 
later. For example, when a stone is taken out of the board, its influence becomes nonexistent. In a 
game of Go, both sides are constantly trying to maximize their own stones’ influence, while 
decreasing the influence of stones of their enemy. Thus, a good player must understand the concept 
of influence and master it, since the value of a stone/stones is directly connected to its influence. 

6. The Idea of Territory 

Ultimately, there is only one way to win a game of Go, and that is by having more territories than 
your opponent. 

By looking at the word itself, territory just means an area of the board. If it is your territory, it means 
that you own this area of the board, which means that no opponent stone placed inside it has the 
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possibility to live (that is, according to the idea of livability described in the previous chapter, unable 
to connect to alive allies or make two eyes). Below is an example. 

 

 
Figure 19. The black stones above surround a territory at the corner, and no stones could possibly 

survive inside of it anymore. Thus, it could be considered as black stone’s territory, which is 7 units 
large. 

 

Technically, the only purpose in a game of Go is to get more territories than your enemy, and there 
are three main factors that determine how efficient the player is getting territory: sturdiness of his 
stones, livability (killing large groups of enemy stones), and the influence of his stones. 

The idea of livability is most directly related to the idea of territory. Fundamentally, the player takes 
control of a territory by lowering the chance of survival of enemy stones inside that territory. This 
means surrounding a territory (so that the enemy stones inside it could not connect to any allies 
outside) and shrinking the space (so that the enemy doesn’t have space to build two eyes). Of course, 
all of this has to happen with the prerequisite that the stones surrounding the territory are alive 
themselves. 

7. The Algorithm 

Finally, it is time to introduce the algorithm that helps the player to determine the move that has the 
most value under any situation. 

As mentioned before, the player essentially has only one goal in every single game of Go: to have 
more territories than his opponent at the end of the game. Thus, value means territory. Thus, the 
conclusion could be that the more a move could help the player to gain territory, to decrease the 
territory of his opponent, the more value it has. However, because gaining territory could also be 
translated into decreasing the livability of the enemy in an area, the value of a stone could also be 
defined as its influence on enemy stones’ livability nearby and increasing friendly livability. Then, 
since livability is determined by sturdiness, it could also be determined by the level of sturdiness that 
it adds to the friendly stones around it and the level of the sturdiness of enemy stones that it could 
decrease… It seems that all of the ideas introduced above are all tied to each other, and would just be 
too complicated and tangled to think about. 

As a result, the player needs an algorithm that could help him analyze the situation. correctly and 
clearly. Since all of the above ideas are all connected together, it is better for the player to just start 
by choosing the most important one according to the situation. For example, if the situation is that a 
large group of stones are about to die, then the first thing that the player should consider is livability. 
In other words, he should consider two options: connecting that group of stones to another group of 
stones, or try to make two eyes. Then, building on top of the two options, the player could then extend 
to more branches of options by considering the next idea that applies the situation. In other words, 
the player then considers the next important idea under this situation to decide which of the previous 
two options is better. For example, the player might discover that, besides the livability of this group 
of stone, his opponent also has more territory than he does. Then, the next idea that the player should 
consider is the idea of territory. The player might find out that, if he decides to make his group of 
stones alive by making two eyes, the difference between his and his opponent’s territory would still 
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be critically big. However, if he takes the risk to try to connect to another group of stones, he could 
also decrease enemy territory while trying to make his group of stones alive. Thus, the player should 
first choose the option of trying to connect to allies to ensure livability, and then out of all the options 
of the previous decision, choose the ones that could also decrease enemy territory. If this is still not 
sufficient for the player to decide on a best choice, he could then go on to the next important idea, 
and follow the pattern. By thinking like this, the player could analyze the board much more clearly, 
focus on the most important thing under the situation, and calmly and surely make the choice that has 
the most value. 

8. Conclusion 

Of course, as the player practices more and competes in real competitions more, he is going to develop 
a better sense of the ideas of sturdiness, livability, influence, and territory themselves over time, thus 
having a better idea of what impact a stone could have. As a result, he would be able to analyze the 
board more and more clearly and correctly, and would understand the value of a stone itself better 
and better. The more accurate the player could analyze the situation and master the fundamental ideas, 
the more effective and powerful this algorithm is going to be. After all, there is no cheat or any magic 
item that could just turn any player unprecedentedly better in just a second. Real excellence only 
comes with hard work and time. 

References 
[1] Wikipedia contributors. "Go and mathematics." Wikipedia, The Free Encyclopedia. https://en. wikipedia. 

org/wiki/Go_and_mathematics. 17 Oct. 2021. Web. 17 Oct. 2021. 

[2] 2.220.249.93. “Number of Possible Outcomes of a Game”.  Sensei’s Library. “https://senseis.xmp. 
net/?NumberOfPossibleOutcomesOfAGame”. January 2, 2013 - 11:38. 

[3] https://cdn.vox-cdn.com/thumbor/AUTmYjrtddmCEH_D1Kr10sY1JC8=/cdn.vox-
cdn.com/uploads/chorus_asset/file/6160055/akrales_160307_0970_a_0127.0.png. 

[4] 172.0.9.139. “Common Go Terms”. Sensei’s Library. “https://senseis.xmp.net/?CommonGoTerms”. 
August 26, 2013 - 17:02. 

 


