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Abstract.
The ancient Oriental board game "Go" is a game of unfathomable complexity given rise to by a set of elegantly simple rules.  It has played a key role in the Eastern societies and cultures of which it has been a part over the last thousands of years, and is rapidly gaining popularity in the West as well.  At the same time, Go provides a fascinating tableau for mathematical and scientific research, in particular artificial intelligence and cognition.  This article gives a simple introduction to the game itself, then reviews key cultural and scientific aspects of Go.
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Go, Culture and Science

The game of Go, its origins shrouded in the mists of antiquity, is both the simplest and most complex of human board games: incomparably simple in its basic rules, and unsurpassably complex in the possibilities to which those rules give rise.  It was Arthur C. Clarke who postulated that if there are intelligent beings elsewhere in the universe they must certainly play the game of Go.

Played by an estimated more than 100 million people world-wide, yet remarkably not widely known.  Go is a mirror in which we can see reflected both internal and external realities.  This article starts with a brief outline of the game, then it ponders the meaning of Go from four distinct perspectives: the cultural and historical; the neural and cognitive; the social; and the psychological and emotional.

Overview of the Game

The game of Go is played on a 19x19 grid, initially empty.  In contrast to the initial chess position, busily populated with a menagerie of pieces, the empty Go board has been compared to a canvas on which the players will proceed to draw a painting; or even to a Zen rock garden.  Traditionally, the board, made of fine wood such as Japanese kaya, is placed on the floor, where with its decorative legs it stands perhaps 30-40cm high, the players resting on cushions on either side.  The pieces used in play, called stones, are round and identical except for their colour:--black or white.  The white stones are cut from clamshells, the black crafted from slate.  The stones, 180 each, are held in bowls hand-crafted from other fine woods.  

Overall, the quality of traditional go equipment reflects the refined aesthetics we have come to associate with East Asia.  Today, of course, it is common to use flat boards simply placed on a table, with stones made of glass or even plastic.

The two players, starting with Black, place stones alternately on empty intersections.  Once played, stones never move, their fate inextricably bound to the exact point on the grid where they were originally placed.  

Besides this rule of alternate play, there are just two other basic rules: capture and kō.  The capture rule is that stones of one colour tightly surrounded in a noose by stones of the other are captured, and removed from the board.  The kō rule is that one cannot play a move that repeats the board position.  
The winner is the player who controls the larger number of empty intersections (called territory) at the end of the game.

From these few rules ensues such complexity that it is estimated the number of unique possible go games is an astounding forty orders of magnitude greater than that of chess.

Let us look at these rules in more detail.  The first rule, capture, is shown in Dia 1.  We isolate a part of the board.  Suppose White plays 1 attaching on the marked Black stone, Black ignores it and plays elsewhere and White plays 3 when Black again plays elsewhere.  When White plays 5 if Black again plays elsewhere, White can complete the noose with 7, capturing the Black stone.  The Black stone is removed from the board by White and placed in White’s prisoner bowl.  
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Dia. 1



Dia. 2 

Now the second rule:  Look at Dia. 3.  Black has just taken a White stone that was at the point A.  Now it is White’s turn.  The second rule of the game of Go, called the rule of kō, prevents White from taking at A, thus preventing the repetition of an identical board position.  White must play elsewhere (thereby creating a new position); only after Black's move is he then allowed to take back at A.  At that point, it will be Black that cannot retake immediately on the next move.

For example, in Dia. 4 White plays at 1 and Black replies at 2, then White is free to take at 3 if he so pleases.  Just to complete the idea here, suppose Black does not answer as in Dia 4 but fills at 2 here.  This is called dissolving the kō.  
The word kō derives from the Sanskrit word Kalpa (eon) and entered the go terminology through Buddhism.  Buddhist priests, with their deep appreciation of symmetry, balance and the circularity of time, were admirers of the game of Go and many Buddhist priests were counted among the strong go players of their day.
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            Dia. 3


Dia. 4



Dia. 5


At the end of the game, the number of prisoners that each side has captured, along with the territory (the number of intersections controlled and not occupied) his stones enclose, decides the total score (territory) of each player. 
Before we go further, let us give two illustrative games for the reader’s appreciation on a 9x9 board.  
Though the game is normally played on a 19x19 board, 9x9 boards are recommended for learning the basics of the game.  Most people are taught on the 9x9 board before moving on to 13x13, then finally graduating to the standard 19x19 board.  23x23 go boards have been found in Tibetan monasteries but the modern masters think it is too big a board to play the game.  19x19 is clearly the ideal balance in terms of complexity and game length.

Figure 1 gives the beginning of a game on the 9x9 board.  Black and White have both played five moves each.  Black is securing the right side of the board while White is staking out the left side.  Up to White 6 one can say the opening of the game comes to an end.  Black 7 starts the middle game.  After the moves to White 10, it is Black’s turn to play.

Both Black and White continue consolidating their territories in Figure 2.  White 16 begins the endgame.  The move of White 20 is called a hane (diagonal curling move) in Japanese, the language that has contributed the majority of go vocabulary to Western languages.
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Figure 1


Figure 2

The last six moves are played in Figure 3 and the game is over.  The alert reader might ask, why?  Cannot White play stones inside the Black area on the right, or vice versa?  The answer is that it is certainly legal for White to play stones inside the Black area, but that Black would be able to kill any such stones, meaning that the area would remain Black's territory.  If White believes he is capable of creating a living group inside Black's area, he is welcome to try.  In practice, even very weak players would recognize that the territory on the left is White's and that on the right Black's, and that neither side could live in the other's territory.
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Figure 3

But what is the definition of "living" or dead"?  By definition, dead stones are ones that could be surrounded tightly and potentially taken off the board, while living stones are any stones that are not dead.  Are there simple criteria, though, by which one can determine the life and death of a group?  It turns out that having two eyes is a sufficient and necessary condition for life.  An eye is an open space internal to a group of stones.  Remember that to capture stones all adjacent open intersections must be occupied by the other player.  Thus to capture a group with two eyes would require playing in both eyes simultaneously, which is impossible of course, giving that each player can play only one move at a time.  That two eyes make a group unconditionally alive in the game of Go has been given by Douglas Hofstaedter as an example of an "epiphenomenon" – a phenomenon given rise to by fundamental rules, in this case the rule of capture and the rule of alternate play.

Of course, neither Black's nor White's territories in the game just shown have two identifiable eyes.  The groups are alive, and the territory belongs to that player, by virtue of the fact that if other player were to invade, they certainly could make two eyes – or, equally, the invading player could not, given the limited space, make a living group with two eyes, his stones would thus die.
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Dias. A1 to A3 shows a few simple cases of groups possessing two eyes and thus unconditionally alive.
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  Dia. A1


Dia. A2

Dia. A3

Returning to the game, let us count the scores for both sides.  Note that no stones have been captured by either side.  Black controls 28 vacant intersections, White 27.  Thus Black has 28 points while White has 27.  So Black wins the game by one point.  This first game was kept simple purposefully to allow the reader to more easily understand the objectives and the rules of the game.  Both players simply sketched out and then solidified their own territories.  But Go would be uninteresting indeed if this was all there was to it.

Let us now move on to a second game which is bit more complex.  

The second game in Figure 4 also begins with Black playing in the upper right corner.  Note when White plays 10, the Black stone 7 can be captured if Black does not do anything about it.  The black stone 7 is said to be in atari (another Japanese loanword).  Nolan Bushnell, the president of the game manufacturing company Atari is a go player who named his company after this term from his favourite game.

Black 11 in Figure 5 pulls out of atari.  White 12 is an atari on the triangle-marked Black stone and Black 13 is also an atari on the triangle marked White stone.  White 14 captures the triangle marked Black stone while Black 15 seals the fate of the two square marked White stones.  Note the profound difference of the captured triangle marked Black stone while the square-marked White stones which are virtually captured.  The square-marked stones still have a residual taste in them.  Japanese say they still have a little aji.  At any rate, Black is beginning to secure the right side and White the left side.  The moves to White 20 follow.
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Figure 4


Figure 5

Figure 6 resumes the game from Black 21.  After Black 25, White returns to the top and plays 26.  Because of the aji of the two square marked White stones, Black has to play a bit submissively and capture the two White stones.  The moves up to White 30 are then played.  The remaining moves are played out in Figure 7.  Now to test your understanding of the scoring, can you count the scores for each player?
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Figure 6

Figure 7

In this game, Black has captured two White stones and he has 24 points for a total of 26 points; White has captured one stone and has 26 points for a total of 27 points.  White thus wins the game by one point.
Although this game involved ataris and captures, it was still a relatively peaceful game, with both players again ending up with well-defined territories.  It is equally common, though, for games to involve intense fighting, nasty life and death situations, and major swaps of territory.

Cultural and Historical Aspects of Go

The game of Go has been played continuously over five thousand years in China. It is believed that Go may have originated as a divination tool, but apparently evolved into the game much as we know it today within a few hundred years.  The rules remain virtually unchanged, as indeed there is no logical way for them to change.  Ancient records document the presence of Go masters in the imperial Chinese court.

It may be an apocryphal story that Marco Polo brought back to Italy a Go board and books on how to play along with his famous noodles.  Unfortunately the Italians adopted the noodles but not the game.  If history had gone the other way, then today most of the world’s intellectual board game players would be more familiar with the magic sword of Muramasa (a joseki in the game of Go) than the Nimzo-Indian defence (a standard chess opening).  A slight perturbation in the early history could have caused a completely different history to emerge!  The effect could have been far wider – if lessons from Go had changed the chess-like military strategies used during the Middle Ages.

Along with many other aspects of Chinese culture, Go was imported into Korea and Japan, where it has a history of almost 1500 years.  It was in Japan, though, that the game flourished and was adopted as a high art form and part of the bushido tradition.  The renowned priest Nichiren, founder of a major Buddhist sect in the 15th century, is said to have been a strong Go player; the earliest extant record of a Go game in Japan is attributed to him, possibly apocryphally.
Dogen Zenji, the great Zen master of the 13th Century and founder of the Soto school of Zen, was apparently a go player or at least was well acquainted with the game.  In the "Spring and Autumn" fasicle of his philosophical masterwork Shobogenzo, or "Treasure of the True Dharma Eye", he wrote: "Suppose there is a go game; who are the two players?  [...] You play go by yourself, the opponents become one.  [...] Illuminate other, illuminate the self."
Starting in the 18th century, the Go community was organized into "houses"; the Go players had state support and players could attain professional status.  Legendary figures such as Dosaku emerged during this period.

The two ancient Japanese books "Tale of Genji" and “The Pillow Book of Sei Shonagon” both feature go prominently.  The paintings of Kuniyoshi and others depicting go scenes are valuable treasures of art; satirical haiku-like poems called senryū are wonderful examples of the pervasiveness of go in various spheres of life:

Saying 'just one game'
they began to play... 
That was yesterday
Moving into the 20th century, Yasunari Kawabata’s depiction of a real game between the retiring Hon'inbo (an honorific title of the highest ranking go player/teacher) and a brilliant young player, symbolizing the passage of time and perhaps an encounter between the lotus and the robot, is a Nobel prize-winning book called "The Master of Go".
Go is the quintessentially Oriental game, chess its "Western" equivalent.  What, if anything, can we conclude from the fact that the East produced Go, while the West produced chess?  To what extent does Go symbolize or personify an Eastern mentality and chess a Western one, or is there perhaps even a relationship between the games and the major endogenous religions of the regions from which they arose, namely Buddhism and Christianity?  Endless analogies and parallels could be drawn.  Starting on an empty board as is the case with Go certainly evokes the Buddhist concept of emptiness.  As alluded to above, the incremental nature of the game of Go, with individual stones being plonked down one at a time, seems more in keeping with an Asian sense of the progress of time.  The objective in chess, on the other hand, is the dramatic assassination of the king, unmistakably Machiavellian in nature.  In spite of these facile analogies, though, it is the authors’ view that these Oriental aspects of go or Occidental aspects of chess do not preordain any more particular native skill on the part of those with Oriental heritage for Go than on the part of those with Occidental heritage for chess.  Go at its deepest functions at a non-racial, non-ethnic level of the human brain.

Parenthetically, it is not surprising that there are still some historians who believe in the theory of an Indian origin of Go.  Since so many things in China came from India this claim may have some significance.  After all Buddhism changed the Chinese culture as we know it and with so many Chinese scholars such as Fu Han and others making long and extended pilgrimages to India why would Go be left out?  Could it be that Go already existed in India and was taken to China by these scholars but the game itself died out in India?  This remains pure speculation but would certainly form a very interesting research topic.  

Neural and Cognitive Aspects of Go

The symmetry, simplicity and the topological nature of the game of Go evoke great fascination on the part of mathematicians, physicists and people from every branch of science.  Nobel prize-winning mathematician John Nash, whose life was recently dramatized in the film "A Beautiful Mind", was a Go player, as depicted in a scene in that movie; other well-known mathematicians and scientists who played Go include Alan Turing and Albert Einstein.  More recently, Go is widely credited with serving as the inspiration for the new field of Combinatorial Game Theory, developed primarily by Erwin Berlekamp, where a game is treated as the sum of smaller component games.  Go also gave rise to the intriguing mathematical concept of surreal numbers, values lying above and below and in between the real numbers, used to express the value of various Go positions.

Typical professional Go players in the Orient, however, some of whom may not have even completed a secondary education, almost certainly do not approach the game from a mathematical vantage point.  Instead they appear to view Go as a highly pattern-oriented game, involving deeper and deeper trees of strategies and sub-strategies.  Indeed, most strong players, whether professional or amateur, learned the game as children or at the latest in their teens, lending credence to the anecdotal notion that Go strength is at least in part related to deep-seated behavioural lessons that can only be learnt while the brain still retains the flexibility of youth.

The view of Go as a mathematical exercise prevalent in the West has inevitably given rise to considering how the computer might best be programmed to play the game.  Computer chess, of course, has been the subject of intense research since the 1950's; Alan Turing developed an algorithm which had to be played by hand in the absence of a machine which could be called upon to execute it.  The fruits of all this research include, of course, the well-known Deep Blue program from IBM, now retired, which in 1996 edged Garry Kasparov in a famous match.  Whether or not Deep Blue or current leading computer chess programs are in fact stronger than human chess champions, there is no doubt that they are extremely close in strength.  Greatly simplified, the chess programs operate using a so-called "brute force" approach, where massive amounts of hardware analyse tens or hundreds or millions of positions per second, evaluating each using a simple evaluation function, and choosing the best course of action using decades-old algorithms such as minimax and alpha-beta pruning, combined with large-scale databases covering the openings and endgames.  Whatever one might say about these programs, and regardless of Kasparov's famous comment about being to able to sense Deep Blue "thinking", it is widely agreed that what they do has little in common with the mental processes of a human playing the same go.  Chess, which once was held out as the challenge par excellence for artificial intelligence research, in fact was solved by techniques best described as nothing more than sophisticated number crunching.

True to its reputation for great complexity, Go has steadfastly refused to yield to computer approaches that were successful for chess.  A number of factors conspire to make this so.  First, the size of the board means that the number of possible moves is much greater, leading to an exponential increase in the number of positions that must be analysed.  Second, the fast, simple, and approximate positional evaluation functions used by chess programs are impossible in the case of Go, where the difference of a single line in the location of a stone can make the difference between a group living and dying, and the game being won or lost.  In contrast, a difference of one rank in the location of a pawn in chess would normally have no more than an incremental effect on the evaluation of the position.

Combined, these two factors make computer Go a much harder problem than we can expect to solve via a normal Moore's Law-based increase in computing power over the next several decades.  To make matters worse, Go openings are much more difficult to codify into databases than are chess openings; and there is no aspect of the Go endgame corresponding to the typical chess endgames whose solutions can be hard-wired.

The result is that today's computer programs play at the level of a very weak amateur.  Nor are the programs progressing that quickly.  This has given rise to the intriguing notion that Go is in fact the classical AI problem that chess turned out not to be, that solving Go will in fact require approaches which successfully emulate fundamental processes of the human mind, and the development of these approaches may both give us new insight in to human thought processes and lead to the discovery of new algorithms applicable to problems ranging far beyond Go itself.

But what precisely are those processes?  There is remarkably little published research, or even speculation, on the topic.

One key element would appear to be a pattern recognition and processing facility.  Stronger amateurs and pros, when confronted with a local board position, can immediately point out the move considered to be "good shape" or "bad shape".  Of course even a good shape move might have other defects, so a move's local shape is only one element in deciding where to play.  Many standard types of good shape are captured in the form of Go proverbs, such as "hane at the head of two stones" (a "hane" being a diagonal curling move around one of the opponent's stones).
Neural networks are a typical approach to pattern-recognition problems and infact research in this direction has already shown some promises for the game of Go

One research project compared the ability of pros and amateurs to remember board positions.  It found that pros are vastly superior at remembering actual game positions, but do little better than the amateurs when asked to recall random placements of stones.  The implication is obvious, that professionals employ schemes for the mental storage of board positions optimised based on certain assumptions of "normal" or "reasonable" play.

Another element in the human Go playing process is "reading", or look-ahead.  A common element in other board games as well including, of course, chess, reading involves mentally sketching out a sequence of future moves.  Top pros are said to be capable of reading as many as 50 or more moves ahead, although such incredibly deep reading is limited to cases where the entire sequence is virtually forced.  We can assume that the reading proceeds to the point where the board reaches a relatively "quiescent" state – such as a group living or dying, a territory sealed off or penetrated.  From personal observation, we can also state that the results of reading are "cached" in the human brain for future re-use (and adjustment based on changes in the situation from moves played in the interim).  An important component of reading is to determine which side ends the sequence with the initiative, referred to in Japanese as “sente”, meaning that side can leave the local position and be the first to play a large point elsewhere on the board.

Human players of go also certainly maintain a mental list of goals and objectives.  Typical strategic goals would be to expand one's own territory, reduce one's opponent's territory, stabilize a group of one's own stones, or destabilize a group of one's opponent's stones.  At a tactical level, a goal might be as simple as capturing a stone or group of stones.  These goals are organized into hierarchies with the overall goal of the game, namely to gain more territory than the opponent, occupying the top point in the hierarchy.  The hierarchy also includes alternative sub-goals, any of which might contribute to achieving the higher-level goal.  The goal hierarchy is presumably maintained and updated incrementally by the player throughout the course of the game.

In addition, humans make use of the intuitive ability to statically judge a local situation as being more favourable for one side or the other; in computer terms, they possess a good static evaluation function.  A professional shown a local position can immediately sense which side had the better outcome.  This judging process takes into account aspects of the position such as the amount of likely territory each side has gained, weaknesses in each side's formations, and the "influence" each side has built which will prove useful in future fighting.

Finally, human players make use of the mental equivalent of an opening book.  In Go, standard opening sequences normally occur in the corners, and are called josekis in Japanese.   Figure 8 shows the beginning of a game and you can see how in the upper right corner the beginning of a local encounter is taking place.  Black 1-White 4 – Black 7-White 8-Black 9 is the beginning of a joseki.  Stronger go players maintain vast mental libraries of such joseki, which are covered in joseki dictionaries.  In English, Ishida Yoshio’s "Dictionary of Basic Joseki": (volumes 1-3) is the standard reference.  Joseki encyclopaedias in the Asian countries may run to thousands of pages.

Go openings, however, are more dynamic and flexible than in chess, since the best move can be affected by positions elsewhere on the board, even in another distant corner. So josekis are essentially local sequences that are considered to be equal to both players given there are no other stones on the board.  But since most corner encounters take place after a few stones have already been placed elsewhere on the board, master players invariably adapt josekis to fit the new environment.  Thus are new josekis born.  Some josekis live forever, some are discarded soon and others may be raised from the dead because new analysis may reveal their suitability.  All Go players study joseki because they offer excellent examples of local shapes, equal division of profit and influence, and sacrifice.  
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Figure 8
In summary, Go players make use of virtually all the key types of cognitive faculties that humans possess:  pattern recognition, planning ahead, goal-based thinking, judgment, and memory.

Social Aspects of Go

In all the Oriental societies in which it is popular, Go has long served as social glue between both generations and classes.  Friends play each other in homes and omnipresent go clubs in personal rivalries that can extend for decades.  Fathers play sons.  Workers fill their lunch time with a quick game.  Older men wile away their retirement in enjoyment of the game.  Legions of commuters review newspaper commentaries on Go during their long daily train rides.  Popular TV programs show lectures and lightning matches.  Go fans spend their vacations on Go retreats.  Even expatriate Koreans in Los Angeles maintain the Go culture in local clubs.  Socially speaking, Go in many ways functions in countries where it is popular in a way resembling sport.

The strength of the Go culture, unsurprisingly, closely parallels economic development.  It was Japan which first moved into economic high gear in the post-war years and thus also developed the most vibrant Go culture, starting in the 1950's.  It was also Japan that served as the springboard from which Go was transplanted to the West.  In China, by contrast, Go was derided during the Cultural Revolution as a decadent bourgeois activity, with Go players banished to manual labour on farms in the provinces.  And Korea was simply too poor in the first few decades following the war to develop a meaningful Go culture.  But both China and Korea made up for lost time starting around 1980, developing world-class players and contributing to major developments in Go theory.  A graph of per capita GDP vs. performance in international Go tournaments would almost certainly show a strong correlation.

Today, professional Go societies in China, Japan, Korea and Taiwan give professional status to Go players who participate in both national and international tournaments for prize money ranging into the hundreds of thousands of dollars.  A Go professional also earns from teaching amateurs, writing books, giving Go commentaries on television and public places and even appearing in commercials!  The top Go masters in China, Japan and Korea are national treasures and heroes who are often better known than politicians.  A leading player's annual income can exceed one million dollars.  (The total size of the Go economy, however, is much smaller than that of sports like golf – among other reasons, there are no TV revenues.  The annual income of second-tier pros, accordingly, remains at the level of a typical white-collar worker.)

Go also serves as a useful index of progress in gender equality and mirrors the advances made by women in other aspects of society during the last decades.  Pre-war, virtually no women could be counted among the strongest Go players.  Today, professional women regularly defeat men and it is entirely conceivable that a woman could win a major international competition.  Izumi Kobayashi 4-dan, the daughter of Koichi Kobayashi 9-dan, one of the leading players of the late 20th century and Reiko Kitani Kobayashi, herself the daughter of Minoru Kitani, icon of pre-war Go, co-inventor of the New Fuseki, and founder of a dōjō which launched the careers of top-class pros such as Masao Kato, symbolizes both the advance of women in the game and the passing of the torch between generations.  Rui Naiwei, a female Chinese player now playing in Korea, has defeated Lee Chang-ho, the golden boy of Korean Go (called "baduk" there) who, while still in his teens, held seven major titles simultaneously.

Go has also served as a fruitful platform for intercultural interaction between East and West.  Many Westerners have journeyed to Japan to learn Go; most recently, Michael Redmond, an American from Santa Barbara, California, accomplished the prodigious feat of attaining the top professional rank of 9-dan in Japan.   As many as a dozen other Westerners have entered the professional ranks or studied as "insei", or student professionals.  In addition to bringing Go back to the West as talented teachers, these pioneers have helped dispel the racist Japanese notion that Go is somehow a uniquely Oriental game that only Orientals can play well.

Go's function as social glue is enhanced by its elegant handicap system.  Unlike in chess, where the only possible handicap is the removal of one or more entire pieces from the initial set-up, in Go Black can place additional stones on the initial board to achieve a finely graded handicap. The diagram below shows a nine-stone handicap; this would be appropriate for a game between a professional and a mid-ranking amateur, for instance.
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Go cannot be said, however, to have experienced much success in the West.  In the 1960's when Go was first finding some limited popularity in the West there were those who envisioned Go spreading widely and quickly there, but half a century later even the existence of Go is known by just a tiny percentage of Westerners, and played by far fewer; the current membership of the American Go Association is a mere 2,000, or 0.001% of the American populace.  One of the authors plays at the Santa Monica Go Club, where perhaps ten players in America's second-largest city of Los Angeles meet once a week to play (although there are other clubs in the city as well).  What is the problem?  As alluded to above, keys to transmitting Go culture and society are family-based and generational; we are just now seeing the emergence of second-generation Go players in the west, whose parents learned Go during its initial transmission in the 1960’s and 1970’s.  Thus it is likely to take a century or more before Go becomes widely popular in the West, but in our estimation, there is little doubt that this will in fact eventually happen.  There is no evidence to support the theory that Go has not or will not spread in the West because it is less suited to the Occidental mind than the Oriental.

Psychological and Emotional Aspects of Go

At the psychological and emotional level, we can first identify low-level human instincts such as fear and greed as being at work as humans play the game of Go.  Weaker players may desperately attempt to escape with weak groups, or play excessively defensive moves to ensure that they don't die, in a classical manifestation of the fear emotion, while greed is likely to exhibit itself in a player's mounting unreasonable attacks in the vain hope of killing large groups of the opponent's stones.  

But just as a human being's spiritual development includes a phase of working through and overcoming fear and greed, so must the development of skill in a Go player.  Stronger players come to understand that it is the fate of some stones on the board to die (with the possibility of resurrection later) and the fate of others to live (with the possibility of later death), and that the point is not to avoid the natural ebb and flow of life and death on the board but rather to find balance in it.

Which is not to say that Go players necessarily overtly conceptualize their Go development, nor relate it explicitly to their personal development.  Nevertheless there are striking parallels between one's development as a Go player and as a human being.  For instance, Go can function as a fine metaphor for the passage of time, each move a tick of the clock.  Moves made at one point in time can have unforeseen effects far in the future, in precisely the same way that our daily acts can bear unexpected fruit months or years later.  A mature player who has come to understand the texture of the flow of time as exemplified in a Go game will, for instance, make solid moves which stand him in good stead in the future, or may delay moves until the surrounding situation gives them more of a characteristic of inevitability.  The result of such behaviour is stronger play which wins more games.  It does not seem unreasonable to postulate that the refined sense of time possessed by the strong Go player will influence that player's approach to life in general.

For a certain class of Go player, Go can function as a particular type of meditation, giving the player the chance to observe, if not necessarily understand, his mental processes.  Like any other human endeavour, working at Go involves as much unlearning of old patterns as learning of new ones.   Go can function as a prism through which is refracted the basic human developmental process of forming concepts and patterns, applying them, evaluating them, then unmolding and remolding them.

Such concepts in daily life include ones such as "small" and "big". But as Buddhism teaches, such concepts, applied dualistically, mechanically and rigidly, can be the source of many problems.  Go provides the devotee an object lesson for the dynamic, continuous, spectral nature of clusters of concepts.  In Go, tactics merge seamlessly into strategy and vice versa; the transition from opening to middle game and thence to endgame is almost a pure continuum.

At a less abstract level, studies done in primary schools have demonstrated that young students provided with Go instruction improve their both creative and critical thinking and are able to transfer these improvements to other domains, possibly even increasing their IQ.  At the other end of the age spectrum, it is believed that the study and playing of Go may contribute to slowing or reversing the advent of senile dementia in the elderly.

Conclusions

So concludes our brief visit to the worlds of Go.  As men and women wandering on this planet, we should indeed feel blessed by the existence of such an elegant and profound game, providing such a panoply of metaphors for our lives, while also satisfying that uniquely simple human urge to just sit with a friend, think, talk, and while away a few hours.  This article has been able to touch on only a small fraction of the interesting aspects of Go.  We urge the reader to consult the materials given in the Appendix for further study, and wish you well in your endeavors to extend your acquaintance with the game.
Appendix

There are many good introductory Go books to learn and study the game.  We like Janice Kim’s Learn to Play Go, Volume I from Samarkand Press.  Though there are three other volumes in this series, we do not recommend them.  For an intermediate level, we recommend In the Beginning book by Ishigure Ikue from Kiseido Press.  For learning to play handicap Go at an intermediate level Cosmic Go by one of us from Kiseido Press may be appropriate.  The Master Of Go by Y. Kawabata, The Tale of Genji and The Pillow Book of Sei Shoangon are literary classics.  The World Wide Web can be fruitfully exploited to learn many aspects of Go.  A good place to begin is www.usgo.org and for further exploration  www.Kiseido.com is recommended.  There is a free downloadable program called Igowin that plays good 9x9 games that is also worth the effort.
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