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Forward



You might ask … why do this book at all? Were there not Blackjack books before? In my opinion, there should be three elements to give a customer good guidance. And we so far have not seen more than two of those in other books. This one includes the third, and therefore reaches some very different conclusions at times. What three elements should there be? The people behind the book should have done the billions of hands of computer simulations of Blackjack that lead to best plays and odds. Yes. The second of course is someone writing the book to try and explain what the computer simulations say. But there is a third element that so far I have not seen in other books – and that is the statistics, or simply the math and logic to answer the question So what does this all mean? Do I quit my day job?



This book does all three and therefore may say something very different than other books we have seen. Furthermore, this book also has another great advantage. To a large part the person, myself, who plays blackjack in real life, is also the person who did the computer software and the computer simulations, and is also one of the two who wrote this book, and is also the person who took a look at the answers with statistics and even 6 sigma quality to determine what it all means. When the same person does all those tasks, or at least helps with all of the tasks, well, it gives a perspective that perhaps other books do not have. For example, when one does the computer simulation, it is clear that some advice is huge and MUST be followed. There are also other cases that are close that are less important. Only a person doing the simulations would know that. But also, playing Blackjack I can answer whether what is written here seems to hold true in real life. It does, at least for me. And then taking statistics at the end we evaluate our simulator and see how accurate it is. And for the most part – it meets six sigma – for the tests we gave it. Did other books go so far and check so thoroughly to know their accuracy? I of course do not know. Also at the time of this writing, I know of no one else who has the same tables of best play. There of course will be similarities since math is math." I took into consideration the possibility of surrender (if allowed) and some of the new games. And of course as time goes on, computers are simply more powerful.



This book also includes some of Blackjack variations that we have seen, such as 6:5 Blackjack, Double Diamond, Spanish 21 and more, and tells the odds, what is going on there, and sometimes best play for those other games.



But even with all of that work and billions of hands and care, I do caution you that there is no guarantee offered by this book. If there is one great lesson we have learned looking at Blackjack and statistics, there is much that remains luck to some and mathematical variation to me. But if you are interested in playing Blackjack for fun, then this book may give you some insight you might appreciate. It might also give you the caution advice that others may not tell you. After all a book might sell more if it claimed to make you rich. We tried instead, for what the math told us was truth and that also matched our real life experiences.



I also very much wish to thank my son Ken Plachno who has more literary experience than I do who helped a great deal with the format and wording and correction of this book. I also wish to thank the rest of my family, including my lovely wife Valerie and also our other son Greg who for some unexplained but wonderful reason, continue to humor me.



Ron Plachno




Blackjack Questions – Do you Know these Answers?




	Can you make Blackjack an even up odds game or close?

	Can you Turn Blackjack Odds in Your Favor?

	With Odds in your favor, does that mean you will always win?

	Are all Blackjack Games the Same Odds?

	Should you quit your day job?

	Do Dealers want you to lose?

	Does such a thing as luck exist?

	What is Blackjack Best Play?

	How is Blackjack Simulated?

	Which Casinos? How About playing online?





The answers to these questions are summarized in chapter 12, but I highly recommend reading the book first – at least the chapters that have value to you.




Cautions / Disclaimers



Some of the items below I think are already understood. But since gambling can be expensive, a quick discussion is perhaps worthwhile for our mutual safeties.



Odds and winning

This author notes multiple times that the variations due to luck can be larger than that of a slight gain in odds. Because of that, while one can improve in Blackjack, please keep the game fun and do not bet more than you can safely afford to lose. Blackjack is still, like many other games, a game of chance." Therefore this author and this book make no claim that you are guaranteed to win, and in fact, advises caution.



Casino Odds Variations

At multiple times, when speaking of casino rules, the author did in fact have a specific casino in mind. However, we must also keep in mind that gambling rules are subject to change by the casinos and by the gaming commissions and we must respect that we need to verify the rules each time that we play. The author has therefore tried not to single out a casino with rules changes in an attempt to honor that casinos right and the gaming commissions right to modify those changes at a point in the future.



Similarity in Tables

The goal of this book was a completely independent look at the mathematics of Blackjack. Therefore all of the math was simulated or calculated anew. While I know of no one that has exactly the same tables as in this book, there of course is a chance that could happen. Math is after all, a pure science, and multiple people studying it can easily arrive at some of the same conclusions.



As an example of this, when done with the simulator that we used, the author re-ran many of the tables to see if the simulator would give the same results the second time as it did the first time. It did in all cases.



Mathematical Accuracy

Where possible, the math answers in this book were compared to probabilities with some of those results indicated in the book. Comparisons were made also to other logic where possible. While the author has tried his best to ensure all is accurate, there is of course always a possibility for error. The customer is therefore asked to examine the logic of what is presented here and determine suitability for their needs. In keeping with the first statement here on odds and winnings, neither this author nor any author can really guarantee you a win at the game.



Even Up Odds

I refer to Blackjack getting to even up odds with the house in this book. That statement is of course an approximation. The results show that a person using the tables for normal Blackjack can get one to within 1% of the same odds as the house. That is very close and hence I use the term even up odds.



Summary

Hopefully all of the above information is expected. Of course, then again, one can certainly improve at Blackjack and also have a lot of fun at it at the same time. Best of luck to you and thanks for buying our book!




Chapter 1 Blackjack and the Author





Blackjack and the Author



I have enjoyed the game of Blackjack for much of my adult life. I enjoy it because it is a combination of things that are entertaining for me. Even if one is careful with the amount they gamble at Blackjack, it carries the tingle of gambling. Unlike some casino games, which are done in solitude, Blackjack is a social game. Most of the time that I have played Blackjack I have also enjoyed the company of the other players and often of the dealers themselves. Also, Blackjack has a mathematical base, and as one understands that, they can get better and better while enjoying the game. And the surroundings? It is hard to match the glitter of a place like Las Vegas with its many amusements including full sized pirate ships, volcanoes and scale models of New York and the Paris Eiffel Tower.



I am no High Roller," in fact I would not even call myself a big gambler though I do love and enjoy the game. I have played Blackjack in Las Vegas many times. I have also played the game in Lake Tahoe, Laughlin Nevada, Puerto Rico, a Caribbean Cruise ship, Nassau, Chicago gambling boats, Church Socials, California Indian Reservations, and in many small towns in Nevada on route to Las Vegas or to Laughlin, Nevada. The game of Blackjack does vary from one location to another, but at all times, I have found it most entertaining.



Blackjack, a Unique Game for Learning, and Winning



Blackjack is a fairly unique game. It is one of the few possibilities of gambling where a person can actually achieve approximately even odds with a gambling house. That is actually saying quite a lot. If in all games, the gambling casinos gave even-up odds to the players, then the casinos could not afford the lavish Vegas Hotels with their amazing attractions and luxuries.



On the average, perhaps people play about 4 percentage points lower than the house. This would mean that for every $100 they wager, they end up leaving $4 behind. Even those odds are not too bad, but with the help of this book maybe we can even them up a little.



Getting Good at Blackjack



How does one get good at Blackjack? Easy. Watch many, many games and learn which play works best for each situation. Thats the secret. That is how many of the best gamblers win.



However, many of us may not be professional enough gamblers to play and or watch that many hands. For us there is another alternative. Blackjack can be simulated by a computer. In fact, I, myself, the author, have done it several times and in so doing found the tips and tricks located in this book. With present technology, it is possible to play billions of hands of Blackjack and acquire that needed knowledge of the best plays. Much of that knowledge is included in this book.



Can One Win At Blackjack?



What this book does cover is getting close to a 50:50 strategy, that is, even odds with the house. It also will cover many of the current Blackjack game variations and examine the odds. It also covers important notes on luck – if you want to call it that – or the science of mathematical variation if you wish to call it that instead. That section on luck," I consider, an important section, and one that has been overlooked in all the books on Blackjack that I have read. For those who read the Blackjack books that imply that you can get rich quickly, it is important to note that the game is still highly dependent on luck – at least for brief periods of play. But … yes… this book does get into the secret of turning the odds in your favor. But two immediate cautions – card counting which it requires is against the rules of many casinos and they can refuse you service. And secondarily, getting odds a bit in your favor do not suggest you will win every time. Much more in the book.







Book Conventions, and Win Ratio



Money isnt everything, in fact, it is really not that important. It is however, how we keep score. –  An Often Heard saying among Corporate Managers



Well, much the same is true in Blackjack and also in conventions in this book. This book tries to stick to what the simulation results and mathematical calculations have to tell us as much as possible, and avoid conjecture and opinion most places.



Why have a win ratio?" Why not just talk about winnings? Well, the answer is that total money winnings depend on how much money is bet each hand, plus how many hands played. Win ratio acts more like a percentage. You can multiply it by the betting and the hands played and fit whatever situation you need to fit. Win ratio is therefore more universal and should fit all situations. 



This next section deals with win ratio, and how that term is used in this book. Simply, the higher the value, the more chance you have of winning. A 1.0 win ratio is a center point average. With a win ratio of 1.0, you would not win or lose, on the average, but would have the same odds as the house. A higher number than 1, such as 1.2, would suggest winning, and winning about 20% in that case. A lower number than 1.0, such as 0.8, indicates a loss would be likely, to about 20% loss.



Read as much of the rest of this chapter as does interest you. A few places in this book, there is more detail provided for those who might find that detail interesting. If the math does not interest you at the moment, feel free to move on to the next chapter. You can always of course re-read this section if you wish.





The Win Ratio Term And Similar Conventions



Like the statement above about money being the way that some business people keep score, win ratio is in reality very closely based on actual winnings in money, and not simply wins and losses. When one looks at one Blackjack play versus another, we have to look at actual money made, since sometimes bets are increased for splits or double downs. Also bets might be lowered in the case of a surrender, or for insurance. Is winning and losing important? Well yes, of course. But again, one really does have to look at the money to tell the overall impact. How many hands won and lost just would not be enough.



There are several ways to look at win ratio. Perhaps the simplest way to see it is:



1 + avg. winnings per hand



And that is calculated at a $1 table where the player always begins to play $1.

With a little more detail added to the words it would be:



1+ winnings/hands played



Which reads: 1 + winnings (or losses if that is the case) divided by the number of hands played. Again this is at a $1 table where all bets begin with $1 being bet.



Other Conventions, And Using Win Ratio to Determine Winnings



A win ratio of 1.0 means neither a win nor a loss. The player simply ends up with as much money as they started with. A number less than 1.0 is a loss and a number greater than 1.0 means a win. To find out how much one would win or lose, the total money at the end of play would equal:



Win ratio multiplied by the total amount of money bet.



To get to the total amount of money bet, multiply the average bet for each hand times the number of hands played. If one plays 100 hands at a $20 table, where the player always played the minimum bet to start, then the total amount bet was: $20 times 100 or $2000.



Lets do an example using this amount of 100 hands of $20 each.



If the win ratio is 1.0, then on the average the total amount of money the player would have at the end would be the same as when they started. Note that one would really not need to start with the $2000 total amount bet in their pocket, since one may continue to re-use any of their winnings during the progress of the game. So the player might not have a real $2000 in their pocket, but would in fact be even with the house for the 100 hands.



If the win ratio is 1.2, then the player won. The amount total (including their total amount that they bet) would be:



Win ratio times the total bet, or 1.2 times $2000 = $2400.



Again, the $2000 of the total bet might not have been in a lump sum at all for the player, since the player can re-use winnings during the play. To get the amount of actual win, subtract the amount bet from the overall total:



$2400 total - $2000 bet = $400 actual winnings



If the player has a win ratio of less than 1.0, such as 0.8, then the player lost. The total at the end would be:



0.8 times $2000 = $1600 total



For the actual losses, one would again subtract the total bet from the overall total



$1600 total - $2000 bet = -$400 loss



The minus sign indicates that the player lost money - an actual $400 during the play of those 100 hands.




Chapter 5 Luck and Variation



Luck and Variation



Have you ever noticed that several people could see the same thing, describe it completely differently, and yet all be right at the same time?



For example, you might see a squirrel outside your window and say What a cute furry animal! A little later, another squirrel may see the same squirrel that you saw, and might think togetherness." Still later a coyote may see the same squirrel and think lunch." These would seem to be three very different opinions. Which is right and which is wrong? The answer of course is that all three are in fact right. They are simply describing that which they see from their own point of view. 



Of course in this analogy, the squirrel was at a safe distance from the coyote, keeping with the theme that not a single animal will be hurt in the making of this book."



Well luck can much be described in the same way. To be sure, some will argue against luck saying it doesnt exist. But it does. And this chapter in fact might be one of the most important in this book to take heed of.



A gambler may talk about luck during their play. A Blackjack player may speak of tables going hot or cold." A mathematician may speak of the science of mathematical variation, or of scientific distributions. Well, all three are all describing the same thing, describing it as best they can from their own point of view. And all three are correct in their assessment of the situation, just as all three viewing the squirrel in the above paragraph were all correct, though also seemingly different. Luck may be mathematically described as being on the positive side of a mathematical statistical distribution." A few mathematicians may raise their eyebrow at that unusual connection of thought. But I doubt that many would say it isnt so.



So, what does all of the above mean to you?



It means a lot. Just as you have good days in your life, both at home and at work, you will also have good sessions in Blackjack. You might say that things vary for you in each of those situations. That is where the subject of variation comes from.



But arent the odds close to even up if you follow the suggested play in Blackjack?



The answer to that is of course yes. But there is more to that sentence. The play is indeed even up, or approaching 50:50 odds within certain assumptions. Oops," you might say! Fine Print! Yes, one can only be reasonably assured of getting close to 50:50 odds if they play many hands, and if they play and bet all of those hands exactly right. How many hands? Well most of the simulations in this book were done on at least a million hands. If a gambler were to play 1000 hands of Blackjack a day, and then to do that 7 days a week continuously, it would take a gambler almost 3 years to play a million hands. That is indeed a long time to wait. So, while the odds may be close to 50:50 with the house, being guaranteed a 50:50 result each time you play for short periods of time is quite another story, and will not be true.



This is a very important concept, the impact of this luck or variation."



Variation is the reason why it is impossible for this author (or any author) to give guarantees on winning. For brief periods of play, much still depends on luck. Let me give you some examples of that.



The First 10 Hands



I agree that ten hands are not that many. However, we are not made of stone and quite often our opinion of how good a table is can be determined by what we see in the first ten hands. Lets see what happens. 



Lets say that you are at a $10 table, and that you also staked yourself to $100. For the first 10 cards, one would bet most likely $100 or 10 hands multiplied by $10 each. After those 10 hands (approximately):




	40% of the time you would win more than 10% or be up at least to $110, yay!

	40% of the time you would lose at least 10% and have no more than $90, boo!

	20% of the time you would be up at least 30% or be at $130 or more, yay!

	20% of the time you would be down at least 30% or be below $70, boo!

	10% of the time you would be up more than 50% or above $150, yay!

	But 10% of the time you would be more than a 50% loss, lower than $50. boo!

	And there were multiple instances of winning all ten hands or losing all ten hands





(The above simulation was rounded off and approximated for ease of understanding. It was also shifted slightly to make it more exactly on 50:50 odds. It was based on a simulation of 100,000 sessions of ten hands each following much of the advice in the table. It was a single-deck model with cards dealt down to 47 of the 52 cards in the deck, with the dealer instructed to hit soft-17s).

 

I think you will get the idea from the above that there indeed is a difference between 50:50 odds and being guaranteed winnings or even being even up.



Okay, one might say that 10 hands are not many, and that things will correct with additional hands played. The mathematical answer to that is yes of course." However, there is still much variation for brief periods of play.



The 100-Hand Example



One can play 100 hands in approximately an hour, one might think, depending on how many at the table and how fast the dealer is. I think many of us would admit that we grade a table as a good experience or a bad experience often within the first hour.



Lets look at how the play might be after that time is over. For the sake of simplicity, let us say that we are at a $10 table again, but this time have staked ourselves to $1000. For those 100 hands, we would have bet $10 multiplied by those 100 hands for $1000 total bet. After those hands (approximately):




	Approximately 10% will be within plus or minus 2% of 50:50 – or staying even, and have the $1000 you began with

	35% of the time you would win more than 5% or be up at least to $1050, yay!

	35% of the time you would lose at least 5% and have no more than $950, boo!

	20% of the time you would win approximately 10% or more and be up at least to $1100, yay!

	20% of the time you would lose at least 10% and have no more than $900, boo!

	10% of the time you would be up close to 15% or be near $1150 or more, yay!

	10% of the time you would be down at least 15% or be below $850, boo!

	5% of the time you would be up close to 20% or be near $1200 or more, yay!

	But 5% of the time you would be more than a 20% loss, lower than $800. boo!

	And there were multiple instances of winning or losing near the 40% level, meaning that one could also be at $1400 or down at $600.





(The above simulation was rounded off and approximated for ease of understanding. It was also shifted slightly to make it more exactly on 50:50 odds. It was based on a simulation of 100,000 sessions of 100 hands each following much of the advice in the table. It was a single-deck model with cards dealt down to 47 of the 52 cards in the deck, with the dealer instructed to hit soft-17s).



Well, this sample of 100 is certainly better behaved than our example of 10 hands. However, it still has more variation that one might expect. As to this seeming possible in real life, it certainly does to me. My memories are better of the $5 tables. But I can remember times being $50 up or $50 down at the end of an hour. That experience follows what the mathematics and simulation suggests above.



The 1000 Hand Example



1000 hands are more, and could be the number from a days play. Certainly the data starts to become more controlled at this point. Please keep in mind, though, that as our example shifts from 10 hands to 100 hands to 1000 hands, that the amount bet each step is also 10 times greater than the step before, so one can lose as much money with 1/10 the variation. At a $10 table, one might expect to have bet $10,000 in total for those 1000 hands, which is $10 times 1000. In the case below, note that this time the examples show only the winnings and not the total of the stake plus the winnings as in the last examples. The 1000 hand data:




	Approximately 10% will be within plus or minus 1% of 50:50 – or staying even

	45% of the time you would win more than 1% or be up at least $100, yay!

	45% of the time you would lose at least 1% and be down more than $100, boo!

	35% of the time you would be up close to 2% or be near $200 or more, yay!

	35% of the time you would be down close to 2% or be down $200, boo!

	25% of the time you would be up at least 3% or be up $300 or more, yay!

	25% of the time you would be down at least 3% or be down $300, boo!

	10% of the time you would be up close to 5% or be up $500, yay!

	But 10% of the time you would be more than a 5% loss, and have a loss of $500. boo!

	And there were multiple instances of winning or losing near the 15% level, meaning that one could also be $1500 up or $1500 down.





(The above simulation was rounded off and approximated for ease of understanding. It was also shifted slightly to make it more exactly on 50:50 odds. It was based on a simulation of 10,000 sessions of 1000 hands each following much of the advice in the table. It was a single-deck model with cards dealt down to 47 of the 52 cards in the deck, with the dealer instructed to hit soft-17s).





Guaranteed a Win



Hopefully after reading the above, you will already have gotten the perspective that while having the same odds with the house is wonderful," it in no way guarantees you a win every time you sit down to play. Luck or mathematical variation is still too large to be forgotten about.



I have heard that some people believe that if they were to get even better at Blackjack, and much of that is possible, that they are indeed guaranteed a win. No doubt with improved odds in your favor, the chances of winning and avoiding losing are even better. But guaranteed? Does one or two percentage points in your favor really do that? I had read one account from a Blackjack gambler that they thought their system was so good, that they would win like clockwork even in one hour of play.



Lets simulate that, and use 100 hands to simulate one hour. Also, since Blackjack is not that easy to vary the odds greatly enough, I will instead substitute an average game of chance with the simulated odds to see how much variation will occur. We will use 10,000 samples of each case of 100 hands



The Results For: 5% Advantage To The Player



Lets first of all look at 5 percentage points in your favor. That is a lot really. Those are the odds that the casino gets on roulette and on Blackjack players that are just learning. Those kinds of odds have helped build beautiful casinos.



The results from that 5% advantage can be seen in the table below. While 5% in your favor is really quite an advantage, it does not guarantee a win. Look at the below table at the line that has 5% in the area on the left, and look across that line. A total of $1000 was bet, which is $10 times 100 hands. The end totals from that $1000 bet at 5% advantage for 10,000 attempts varied from $710 to $1,370 at the end of the hour. Also, 37% of the games played, would result in a loss during that 100-hand session. The summary of a 5% advantage is that it is a great advantage indeed, but as great as it is, it does not guarantee you a win for small sessions of play.
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How Does One Guarantee A Win?



Looking at the table above, on the right side, which is the % loss side, things get really good at 30% in your favor. Of course, someone could say I am being too harsh. At 20% in your favor, one surely wins most of the time.



Should you believe that player who then brags that their system is so good, that they win with even just an hour of play? One should only believe them if you believe that their system gains you an average (important word) advantage of 20 to 30 percentage points. It is hard for me to believe that anyone has such a great system. Most winning systems that I have heard of, even with card counting, can gain you only a few percentage points I believe. And with a few percentage points in your favor, you can see from the table above that luck or variation can have quite a large effect.



The summary? Learning about Blackjack can indeed improve your odds. Guaranteeing a win though is not in the cards." So, have fun, but it is best to follow the philosophy: Dont bet more than you can safely lose.






Chapter 10 The Simulations



The Simulations



A simulation is really an attempt to duplicate the original process being simulated, but to add to it in some way. In our case of Blackjack simulation, the object is to have computer software duplicate the normal Blackjack game that is played in real life. What is added is blazing speed in order to get maximum knowledge quickly. 



This section does not add any Blackjack playing tips, but drives more into the math and accuracy of this simulation. It tries to answer the question how accurate is the simulation, and / or the use of it?



A student excitedly ran up to their math teacher and beamed, Teacher! I have done your assignment and have solved your equation! To be sure of my answer, I looked at it and solved it twenty different ways! The teacher smiled very widely, but then stopped smiling when the student continued, and here are the twenty different answers."



For a while, I thought that my answers would duplicate the students quandary above. To be sure, if one plays merely 80 million hands of Blackjack, they will find that the suggested play table has too much movement. This movement is of course due to luck or variation," varying the results for small periods of play. But, at 800 million hands the table begins to settle down, and at 2 to 3 billion hands appears useable. Of course now, there is the problem of exactly what 2 or 3 billion hands does one play?



Blackjack Simulator Used
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The above is a screenshot of the simulator used



As one may look at the above simulator they might ask where are the cards? Where is the dealer? Why no pictures? The answer to each of those questions is that a blackjack simulator is all business. It has drop down menus and write in areas to set up a test, and after that, any screen display just slows it down. And when one has to play hundreds or millions and even billions of hands, anything that slows it down that is not needed disappears. So there is not much screen display except for numbers that show up at periods of time to indicate where in the text it currently is. And yes, I the author wrote the above simulator software myself and yes it took many software do overs and much side testing to get the quality where I wanted it. But then again, I did simulate blackjack also in about 1984 using Commodore computers, so the approach was not new to me. But yes, simulators are all business – all unnecessary display items are gone in order to not slow them down.



Do the numbers displayed even here slow down the simulation? Yes. Anything displayed does. But the numbers for this simulator generally only update the screen every 1000 hands. The idea of displaying at all is so when a person checks the simulator, they can see if it is done or how far along in the job it is. This simulator was used for this book on my previous slower computers and that speed will be given in the text of this book. However, trying this now on my current fast Windows computer it will depend of course on the test that it is running, but it can play at full speed about 2.34 million hands of blackjack per minute (greater than 2 million), which is a bit over 39,000 (39 thousand) hands per second. To me, that is fast.





Variations Among Simulations Results



Yes, of course I am aware that my simulation results vary somewhat from other authors. In fact, I have not seen anyones table that is the same as mine. What you should also know is that simulation results from the other authors also often vary somewhat from each other as well. I took a look at 5 other simulation table results and compared them to my own. Basically, they all differ, and in about the same amounts. The average overall from the tables I reviewed was that the average table varied 7 places among the 320 possibilities in the table from the others.



Right now, let me quickly add that for the most part, the variations that one sees are in the fine points. While some simulation authors have said that everything that they have is entirely accurate and that you must follow it to the letter, you will not hear that from myself. The simulations will often vary on the plays that are much less important.



One place of notable difference is in surrender, or quitting after two hands. This possibility was ignored by several of the simulation people. This ignoring of it was so bad, that when I began this simulation research, I had thought surrender in fact was never a good option. But it turned out to be the best option in 6 places of the single-deck table, and 7 of the 6-deck table. That was a large surprise to me. But, the numbers are the numbers. Of course, some authors may have ignored the possibility of surrender since not all casinos allow it. I am personally finding more and more casinos that allow it, particularly if one asks. Also, it is easy to include in the tables a second choice in case surrender is not allowed.



It is really difficult to comment much on the other authors doing Blackjack simulations. Most of them say little about the assumptions made and or how many hands played.



The Author and Simulations



I have actually simulated Blackjack twice, the first being many years ago. For my first attempt, I had written a Blackjack game for the Commodore 64 computer. I programmed it in assembly language, and used multiple computers to determine the tables. I played 1 million hands for each possible case. The table that resulted weeks later was similar to other Blackjack simulations that had been done. This should not surprise us. Math is math and Blackjack is Blackjack. Multiple people simulating the same thing should achieve similar (but not always identical) results.



This second simulator approach was written for the pc and in Visual Basic. While I also programmed another Blackjack game, I kept the programs mostly separate to ensure the fastest speed for the simulator. Visual Basic does compile, so the simulator is not slow. For my fastest computer, the simulator at times can play millions of hands per minute. On a portable computer, it was a bit slower as expected. Of course, this also done while the computers multi-tasked and were used for other items also. Achieving the desired accuracy on the simulator was not easy. I played over 20 billion hands testing it out and had two major start-overs, in addition to approximately 100 pre-released versions. This second simulator was of course much more powerful than the original Commodore 64 one.



Using the Simulator



As for the Blackjack tables themselves, one of the first questions of course was: What items need to be checked? It took multiple tries and multiple wrong paths before I came upon the following approach. I came out with 7 items that could exist for each case on every hand combination. Those seven cases were:



1. Hit, and continue hitting to 12 (never bust)

2. Hit, and continue hitting to 17 (like dealer)

3. Double Down

4. Pair Splitting, and then hit resultant hands to 12 count

5. Pair Splitting, and then hit resultant hands to 17 count

6. Stay

7. Surrender (Quit) after first two cards



In the above, aces if split were of course only allowed one additional card



Not all possible card combinations needed to be checked for all seven of those possibilities. For example, pair splitting needed only to be checked if the players two cards were the same. Also, why would one want to stay on a ten-point hand, when it is clear that a single card could never make one bust? So, I then determined the logic for each of the seven cases, and when they should and would be checked. I then wrote computer code in my simulator to automatically determine and make the sequences needed to check a table. This was successful. The computer came up with 2050 situations that needed to be checked for each table. Hand checking the logic was also successful. This approach put all of the possibilities next to each other to make it easy, and also easy therefore to pick the one with the highest winnings (win ratio).



I then decided on one million hands of play for each possibility to begin with on the main hi speed computer to check the tables. That was 1 million x 2050 situations x 2 tables, or 4.1 billion hands for the main simulation. I then had a second slower computer check all of that for 100,000 hands for each simulation, or 410 million hands.
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I programmed the simulator to them look for close plays, plays that were marginal for giving us the correct advice. The answer in margin is shown in the table here. Close plays that still would be okay with the accuracy of the simulator I noted in gray boxes. Those areas were noted but many required no extra work. Also noted were boxes where the margin of the answer could be within the limits of the accuracy of the simulator - when played with one million hands per situation. These boxes are shown in yellow in the table. Additional hands of play were done on many of the marginal plays. Each of the tables, the single-deck and the six deck, were close to 2.4 billion hands in the making. When one includes that this was done more than twice, the total look at each table was approximately 8 billion hands each.



Of course, in addition to the hands needed for the tables, I also played billions of hands to checkout play variation or luck," and also the advantages of play style, also the amount of impact on casino odds of various rule changes. Some of these side simulations would even be done at 10 million hands each simulation or even 100 million in some cases. Also, in the simulators, double-precision math was often used for calculations whether it was needed or not, just to further reduce errors.
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The Six-deck Table Showing Margins





Fully Automatic on Data Analysis Also



During its course of usage, I continued to make the simulator more and more automatic, and more and more capable of different tests that interested me. One place I refined it highly was on data analysis.



At first the goal was to simply ensure that the simulator played correctly, and then played many hands. I had intended to do the analysis myself. But the data to provide one of the tables here I found was 42 pages of spreadsheets, each page was a mass of numbers even if it was well organized. Analyzing that by hand grew tedious and also problematic. I began to worry about making errors. So, I added analysis to the simulator. The simulator now can take billions of hands of Blackjack, and automatically give a table in seconds, complete with column titles and readout of what the setup was. That analysis of course also needed to be verified, but the automatic analysis was a wonderful addition. Even though I did that programming, I continue to be amazed at how efficiently computers can handle this massive amount of data.



The simulator was also programmed to not only look at variations due to luck," but is now fully automatic for that also. It basically not only does the play, which of course is many hands, but then also collects the data in a computer array and sends it out already in simplified spreadsheet format. Not only did this save time, but also the added features and speed allowed me to look even deeper into things since the analysis now was much less tedious.





How Accurate Is The Simulation?



This answer will be given more completely below. But there are two questions to that accuracy - its inherent accuracy, and its accuracy in use. Its inherent accuracy is its accuracy to match the probabilities of cards being dealt. That accuracy is excellent and is approximately 0.0002% error or less. It is likely better than that, but those are the limits that I have tested it against thus far. A mathematician might call that five and a half place accuracy. Another way of viewing this accuracy is that it is better than 1 part accuracy among 500,000 items, 2 parts per million (2 ppm.). That simulation / calculation and its mathematics are shown soon after this in the Insurance Example." 



The above accuracy is the capability of the simulator. The practical accuracy in usage depends on how many hands are played with it to test a simulation. Note that this accuracy constraint is really not the simulator itself, but the effects of luck or mathematical variation." One has to play many hands to neutralize the impact of that variation, and get down to the real expected mathematical probabilities of each hand. The below table gives the approximate accuracy that one can expect for testing out a single item with this simulator. The table is conservative and is based on a required six sigma (high quality) expected result.
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An Accuracy Check - The Insurance Example



There of course is something even better than simulation, and it is calculating the probabilities directly for each play. This would seem difficult to do for the whole series of Blackjack possibilities, but can be done for a few cases, namely insurance.



In the next table, I calculated the probabilities for 6 different cases for insurance betting, taking the three cases of 1 deck, 4 decks and 6 decks. The two cases for each of them are the case where a dealer has a Blackjack and the player likely does not, plus the case where the player has a Blackjack also when the dealer does and when insurance is to be bet. In this last case, the case where the player also has a Blackjack, the insurance bet is often called even money." Even Money means that if a Blackjack player takes insurance, they will then be guaranteed a win of at least twice their original bet - whether they win or lose the insurance bet.
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Note: The above may seem confusing since the line Cards at Start on the top line include the total of the dealer plus the player cards showing – or that you know of. And so if the dealer shows an Ace and you have and Ace and a Ten card then the total is: A,A,10 – for the three cards total between you and the dealer.



Calculating the Probabilities



Looking at the first case in the table for the single deck, this is where the dealer has an ace and the player does not necessarily have a Blackjack. In this case only one card is known of the 52 cards in the deck - which of course is the ace. 51 cards in the deck remain. What are the chances of the dealer drawing a ten card and getting a Blackjack? Well, as that column shows, there are 16 total tens in the deck. The chance of the dealer getting a Blackjack are then 16 divided by 51, or roughly 31%. But of course, we need to look at the money bet and not just winning or losing. Since this bet pays 2 to 1 we multiply the 16 cards that are ten valued by 3 (which is 2 + 1) to compensate. Therefore, the winning percentage pay would then be 48 (which is 3 times 16) divided by the 51 cards left, or about 94%.



The next line of the calculation, called calculated," takes into account how win ratio works in the simulator. While all is averaged against a $1 bet, an insurance bet is only half of that, or $0.50 (fifty cents). So when one looks at win ratio it will only show half the variation from an even up bet - which in turn is a 1.0 win ratio. In rough numbers, 94% is 6% from 100%. But since the bet is only half of the normal bet, its impact will be half of that or 6% divided by two or 3%. 3% from a 1.0 win ratio is 97%. Of course we are rounding off down here in this example to give approximates.



The calculated probability of 0.970588 was then compared to the simulation, which gave an answer of 0.9714125, or a difference from the calculated of only 0.08%.



I will leave the rest of the examples there for you to work through, if you wish, but the bottom line is that the calculated probability and the simulated numbers are quite close, and within an overall average of 0.07%.



Overall Simulator Accuracy



Going below that point on the table, are some extended tests to try to determine the overall accuracy of the simulator as suggested earlier in this chapter. The insurance examples were run at 10 million hands each and then 100 million hands each to see if more runs began to close in on the right answers. Well, with great relief they did! And the answers led to the statement earlier in this chapter that the basic accuracy of the simulator in accurately simulating dealt cards is approximately 0.0002%, or five and a half significant figures. It is of course, most likely much better if one were to play even more hands to test it. Therefore, simulator accuracy just depends on how many hands played.





Using Statistics to Predict Blackjack Variation and Accuracy



When one speaks to variation," and its more commonly known cousin luck," one is really getting into a very serious mathematical field called statistics. Statistics is a very well established field. Not only is it important to mathematicians and gamers, it is at the central core of todays best quality leaders within industry. The Six Sigma quality drive, for example, that began in electronics and has now spread to much of industry, is based on statistics. The goal is to ensure that errors are statistically impossible in the consumer goods that are made. Statistics are now so important to quality that it would be hard to believe that any quality manager anywhere could convince others that they are excellent in quality without also having a good statistics background. Those good in statistics who are also educated and did well, can in fact even earn a statistical black belt for their prowess in the field. Companies also, sometimes even advertise for a statistical black belt for an important quality role in their company.



How does all of this effect Blackjack? Again, it can be used to predict if this simulation method is valid and / or what needs to be done to improve it.



Let us use statistics and learn about some of the variation we have noted so far in this book. The following is a table based on the variation in the hands examples seen earlier in this book, with some additional variation sessions added. 



For each different line of hands played," the number of sessions used to test it (number of samples) was 100,000 for the smaller number of hands varying to 400 sessions for the 1 million-hand test, and then to 254 sessions for the 10 million-hand test.
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How to read the table you might ask? Well, the column labeled source tells us whether or not the data in the columns across from it were measured (simulated and calculated), or if the numbers are predicted based on the other simulations in this table.



The hands played column shows the session length." For example, 10 means that we are comparing the different results, which might come from playing many sessions of 10, hands each. The next quantity down, 100 hands, is a comparison of multiple times of playing 100 hands of Blackjack and how the winnings might vary from those different sessions. And so one down the line - looking at multiple sessions of 1000 hands played (perhaps a days worth of play) up to and beyond 1 million hands played.



The next column, sigma, tells how much variation was seen in each of those sessions of play based on the number of hands to the left. For example: for 100 hands played, the sigma would be approximately 0.1138 as measured and then calculated from the simulation data. Normally one would expect about 68.3% of the data to be within 1 sigma in distance from the average, or mean." 



Huh? Well it simply means that the win ratio that is measured after playing that number of hands is likely (68.3% of the time) to be within the 1-sigma number as shown in the table. For example, if one were to play 1000 hands and had a win ratio of 1.000, then one would know that that answer was likely to be accurate within 0.03638. So, the number could be 1.03638, or might be as low as 0.9636. Or at least, that is true for most cases (68.3% of the cases).



The next column 3 sigma, merely multiplies the sigma column values by 3. One would normally expect 99.7% of the data to be within 3-sigma distance from the average or mean." Of course, since now this number is accurate for 99.7% of the data instead of 68.3% for one sigma, it is usually better to think in terms of the 3 sigma number. The very next column looks at a 6 sigma safe result." One certainly should expect the data to fall within this range. Note that this safe six sigma answer is the one used for recommending percentages to use in generating a Blackjack table.



The last column, change," shows how 3 sigma varies from the past line as we go down the table. This last column, the change line, is used to predict what might be expected if we used 100,000,000 hands entry at the very bottom of the chart.



As to what this all means, let us start with sigma. Sigma is a measure of the variability of the data measured. The lower the value of sigma, the better behaved one might say that the data is - or that it varies less or that luck is less important. Of course the idea in a simulation is to get the variation so low by playing many, many hands such that all variation and luck factors are removed and that the probability number we are after is the one shown. So we want to play enough hands such that the variation shown by sigma is low.



The purpose of 3 sigma is that statisticians know that the vast majority of data will be within that 3 sigma (99.7% expected). Of course, to be safe, using the 6 sigma number for calculations is even safer. One would certainly expect the data to fall within that range.



Lets relate this to the case in hand. For our Insurance Simulation, we originally played a million hands each for many of the individual cases that needed to be tested. The table indicates for 1 million hands played, that most of the data (68.3%) would be accurate within 0.000905 or 0.09%. One could almost always ensure the data would be within 3 sigma (99.7%) or that value which is 0.00271 or 0.27%. Well, the data as we saw averaged 0.07% - within the expected 0.09%. So, the data matches.



% Advantage To Guarantee A Win, A Second Look, Using Statistics



Earlier in the chapter on Luck and Variation," we mentioned that variation (or luck if you wish) varies enough such that it is very hard to be guaranteed a win in 100 hands of play. 100 hands of play was used, since that could be similar to one hour. Many of us would consider that long enough to evaluate a table and decide to stay, leave, or change our playing strategy.



We then tried to do simulations to see how much the odds would need to be in our favor in order to almost always guarantee a win in our favor, even for an hour of play. The answer in that section was that 30% odds in our favor should mostly do that, and 20% odds in our favor would get close. Of course that section also suggested that 5% odds in our favor, great as it is, does not guarantee a win.



The simulation that I used to achieve those different odds, was not in fact Blackjack, except for the original play at about even odds with the house. I could not see how to modify the Blackjack game odds themselves that dramatically, in order to get the test results needed. So, instead I substituted a normal game of chance, such as one might get from a spinning wheel. I used equal probabilities for numbers and used them in such a way that I had a collection of sessions of multiple plays of 100 tries each (simulating 100 hands of play). Then I looked to see how much variation in those sessions, and when that variation all led, or almost all led, to wins for the player. Of course, using a simple concept on odds similar to a spinning wheel, it was very easy to modify the odds. If you can imagine 20 numbers on a wheel, for even up odds, I would call ten of those numbers winners." For a 1.1 win ration or 10% in the players favor, I would say that 11 numbers of the 20 were winners. 20% in the players favor would mean that 12 of the 20 numbers were winners. A 0.9 win ratio, which is a loss, would mean that 9 of the 20 numbers would be considered winners. Basically, using that approach, it was an easy simulation to do.



However, a mathematical statistician looking at the results could notice that the variation from that play, while being similar to Blackjack, did not match it exactly. Therefore one could cry foul." Well, yes, I noticed that the variation differed a little, but I considered it close enough to make the point. Let us redo that same calculation, but instead use a more statistical approach and keep the same variation.



Oddly enough, although statistics seem complex, the answer in statistics is even simpler to arrive at then the method I used earlier. Statistics would say that the average point does not really enter into the math hardly at all. It would say that the variation would simply stay the same but move up or down as the average we looked at moved up or down. After all, variation is simply the distance from the mean (or average if you wish). While standard deviation and sigma may sound complex, it also is just simply a function of that variation - distance of each point from the average. So, it becomes simple. 



Huh? Try this analogy. Lets say that a person was swinging a short rope in a circle from a balcony of a house, such that their hands were always exactly ten feet off of the ground. The rope in this case is 5 feet long, such the rope swings 5 feet lower from his hands to a point 5 feet higher. The all important variation will be 5 feet - the distance from the ropes low point of -5 feet back to the hands, or to the ropes high point of + 5 feet from the hands. If we looked directly at the data, from the ground watching the rope, we would have to add the constant amount of ten feet to the variation of the rope to view the data from the ground. The low point would be 10 feet - 5 feet = 5 feet, and the high point of the rope would be 10 feet + 5 feet or 15 feet off the ground. A person on the ground would therefore say that the rope varied from 5 feet off the ground to 15 feet.



Well, now what happens if the person goes one story higher, and the persons hands are now 20 feet from the ground? Well, first we would expect that the length of the rope would not change from its five-foot length. Therefore to get the data differences of the rope from the ground we add and subtract the same data variations of plus and minus five feet, but this time adding 20 feet of the persons hands. So the rope would seem to move from 20 - 5 = 15 feet off of the ground to 20 + 5 = 25 feet from the ground.



If the person goes up another floor to thirty feet, the rope data as seen by the ground would be 25 feet at the low point and 35 feet at the high point.



I think you get the point. The complex portion of this, which is the variation itself, does not change. We are just merely adding a different number to it each time. Statistics follows the same logic.





The Answer From Statistics, On Percentage Needed To Win



Let us first of all, again reprint the results from those 100,000 sessions of 100 hands each, and what variation that they gave. Re-printing that paragraph here should avoid some page turning. The section reprint:



The 100-Hand Example



One can play 100 hands in approximately an hour, one might think, depending on how many at the table and how fast the dealer is. I think many of us would admit that we grade a table as a good experience or a bad experience often within the first hour.



Lets look at how the play might be after that time is over. For the sake of simplicity, let us say that we are at a $10 table again, but this time have staked ourselves to $1000. For those 100 hands, we would have bet $10 multiplied by those 100 hands for $1000 total bet. After those hands (approximately):




	Approximately 10% will be within plus or minus 2% of 50:50 – or staying even, and have the $1000 you began with

	35% of the time you would win more than 5% or be up at least to $1050, yay!

	35% of the time you would lose at least 5% and have no more than $950, boo!

	20% of the time you would win approximately 10% or more and be up at least to $1100, yay!

	20% of the time you would lose at least 10% and have no more than $900, boo!

	10% of the time you would be up close to 15% or be near $1150 or more, yay!

	10% of the time you would be down at least 15% or be below $850, boo!

	5% of the time you would be up close to 20% or be near $1200 or more, yay!

	But 5% of the time you would be more than a 20% loss, lower than $800. boo!

	And there were multiple instances of winning or losing near the 40% level, meaning that one could also be at $1400 or down at $400.





(The above simulation was rounded off and approximated for ease of understanding. It was also shifted slightly to make it more exactly on 50:50 odds. It was based on a simulation of 100,000 sessions of 100 hands each following much of the advice in the table. It was a single-deck model with cards dealt down to 47 of the 52 cards in the deck, with the dealer instructed to hit soft-17s).



Well, statistics would deal with the above very simply. Being kind and only taking most of the variation into account, would still say that the variation is plus or minus 35% from the average, which in this case, is in the center, at a 1.0 win ratio. One can then view this simulation as something varying from a zero center point 35% in each direction. Since it is centered at 1.0, one would visualize a center at 1.0 that varied 0.35 up and down - or a variation in win ratio from 0.65 to 1.35.



In order to guarantee a win for an hour of play, one would have to swing this entire range of 70% (35% down plus 35% up) all favorable. Well, 35% of it is already favorable, so one just has to move the lower 35%. They can do that, via statistical thinking, by moving the average up to 1.35 instead of 1.0. Note that in our past analogy on this page, this is like climbing higher on the building before swinging the same rope. The rope length in this case is the variation (0.35 down, 0.35 up).



Well, if one moves the average (statistical mean) upwards to 1.35, we are in great shape. Now when we add the variations to it, everything looks great. When we subtract 0.35 from 1.35, we still end up with a 1.0 win ratio, which is break even with no loss. Yay! The news gets even better when we add the positive 0.35 variation to the new average of 1.35. When we do that we get 1.70, or 70% additional wins from all the money that we have bet! That is quite a lot.



But one has to look at what it took to do it. The statistical mean, or average point, had to be raised 35%. This is even higher than my estimate in that section, when I suggested 30% odds in your favor would be needed; but it is a similar answer. This means that one would have to have such a wonderful system that their system improved your odds of winning by 35% on the average. I have never heard of such a system, and I really dont believe that one would exist. Of course, if one does NOT have such a system, claims that a system is so good that you win every time that you play, even for just an hour, is statistically hard to believe.



Or as I liked to say before in a favorite pun, Its just not in the cards."



Or as many a comedian would say, Dont quit your day job."



But of course, even though winning is very difficult to guarantee, the game of course can be quite fun and entertaining, and even the right price if we improve ourselves.






EPILOGUE



I Truly do hope that this book or something in it was helpful to you in some way. While the mathematics behind it can be complex, I wanted to try and ensure the best possible answers that I could provide – while allowing people to read either the simple explanations (I hope that there are a few here) or the complex math or both. I also tried to have an open mind and follow where the math and simulations took me, only trying to ensure their accuracy but not push them to any particular conclusion. And in doing that, I found some of what the math and simulations said also surprising to me. One example of that is that low stakes at blackjack tables do not affect your odds of winning. I had previously guessed that they might.



While some books seem to suggest that you can win win win – that is not always what the math has shown me. What I found was that for us normal people who will not play that much blackjack, that the small percentage of winning you can get in your favor we may never experience. That is because we would have to play too many hands perfectly to experience it. On the other hand, for those like me who enjoy blackjack, it can be a fun game and close to even up odds as long as we do not bet more than we can safely lose. And perhaps the people who do that are the real winners – the people that learn best play but then do not push it further than reasonable.



Whatever your approach, I certainly do wish you the very best.



– Ron Plachno, author
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208 208
64 64
0 1
1 3
64 63
207 205
0.309178744  0.307317073
0.927536232  0.92195122
0.963768116  0.96097561
0.9644735 0.959945
0.000705384  -0.00103061
0.07% 0.11%
0.96369665 0.96088715
0.00007147 0.00008846
0.00741526% 0.00920520%
0.96376592 0.9609752
0.00000220 0.00000041

0.00022785%

0.00004264%

Six Decks
Insurance Even Money
A AA10
312 312
96 96
0 1
1 3
96 95
31 309
0.308681672  0.307443366
0.926045016  0.922330097
0.963022508 0.961165049
0.963134 0.960599
0.000111492  -0.000566049
0.01% 0.06%
0.96304235 0.9610709
-0.00001984  0.00009415
0.00206038% 0.00979525%
0.963021485  0.96116999
0.00000102  -0.00000494

0.00010623%

0.00051411%
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Simulation Expected Accuracy
versus Number of Hands Played

hands played accurate within

100 68.2785%

1,000 21.8296%
10,000 6.8980%
100,000 2.8560%
1,000,000 0.5433%
10,000,000 0.0547%
100,000,000 0.0080%

source
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SIGMA CHANGES

tells what range to expect the data to vary (fall) within

source hands played sigma 3 sigma 6 sigma change
(68.3% of data) (99.7% of data)(expect all data)

measured 10| 0.358247988 | 1.074743963 | 2.149487925

measured 100| 0.113797542 | 0.341392625 | 0.682785251 | 0.317650191
measured 1,000| 0.036382594 | 0.109147783 | 0.218295565 | 0.319713358
measured 10,000| 0.011496676 | 0.034490027 | 0.068980054 | 0.315993839
measured 100,000, 0.004760006 | 0.014280018 | 0.028560035 | 0.414033243
measured 1,000,000 0.000905465 | 0.002716394 | 0.005432789 | 0.190223457
measured 10,000,000| 0.00009116 | 0.000273488 | 0.000546975 | 0.100680355
predicted | 100,000,000/ 0.00001326 | 0.00003978 | 0.00007956 | 0.145451906

total change factors of last two:

avg: (used for predictions)

0.290903812
0.145451906
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VARIATION SUMMARY, 100 hands times 10,000 sessions

total bet = $ 1000 which is $10 times 100 hands
% in players favor win ratio lo ratio hi ratio $ low $ high % games lose
-5.00% 0.95 0.6 1.27 $600 $1,270 67.00%
0.00% 1 0.67 1.33 $670 $1,330 50.00%
5.00% 1.05 0.71 1.37 $710 $1,370 37.00%
10.00% 1.1 0.77 1.41 $770 $1,410 23.00%
15.00% 1.15 0.82 147 $820 $1,470 12.50%
20.00% 1.2 0.84 1.51 $840 $1,510 4.50%
25.00% 1.25 0.93 1.59 $930 $1,590 1.50%
30.00% 1.3 0.96 1.63 $960 $1,630 0.05%






