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	Think of a Number...





    Think of a Number...
Think of a number. Any number. Can you tell me if it is even or odd? It is something we learn at a young age, and "how do we know if a number is even?" is a simple question for most people to answer. How would you explain to a 4 year old what "even" means? Perhaps you would do like they do in schools, and give the child a set of counters. You could say to them if they can share the counters between the two of you, and both get the same number, you had an even number of counters.



Now, how do we teach a computer what even and odd are? Computers are stupid. They can only really count up to 1, then they get confused. They may look clever, being able to do complex mathematics as quickly as they do, but it is all an illusion, a series of simple instructions that the computer follows one after the other to get to the solution.


This booklet is going to take you through teaching a computer to determine if a number is odd or even, and through doing so will show you the skills, knowledge and tools that a software developer has at their disposal in order to make a computer do what they want it to do. Because this booklet has been prepared for a course I teach, I have included all of my code examples in C#, a Microsoft .NET language, because that is the language we use in the classroom. All of the examples are very straightforward and should be understandable to the non-programmer as well though. The focus of this booklet is really looking at the choices a software developer makes rather than actually looking at a particular language.


Problem Space
The first thing to realise when looking at a solution is that anything that works is correct - there are wrong answers, but if the solution fulfils the criteria we set for the problem, it must be considered successful. However, some solutions are more successful than others. If we imagine that for a specific problem we can generate a graph as shown below:

Imagine that the problem is the X axis, and each peak is a possible solution to the problem. This is what we call "problem space". The first difficulty comes in determining what the Y axis actually is. We can describe it as "success rate", so the taller the peak, the more successful the solution, but how do we determine success?



In computer software development, the success depends a lot on external factors. For example, you could be in direct competition with a different company, and whoever gets their software out of the door first will guarantee themselves more money. If this was the case, the success rate may be directly based on how long it would take to program the solution.




The problem could be one of real time processing - for example rendering a triangle on a computer screen. The faster this piece of code works, the more triangles can be rendered on the screen and the better your software can create 3D scenes. In this case, the success rate will be how fast the code executes on the machine.




The choice of success rate is so dependent on external factors that it should really be specified as a part of the software design. When we create software, we always give a specification as to what the software has to do, but we also specify evaluation criteria that we use to determine how successful our solution has been.




How do we know when we have reached the highest peak in our graph? The truth is we don't, but the knowledge and experience of the software developer helps them produce solutions with higher peaks. Software developers generally start their careers producing solutions that would be low peaks - sometimes they get lucky and find a high peak, but it is rare! The best solutions come from many years of experience, and through something called Iteration - we take a solution that already exists and see if we can improve it. If it is improved, we use it and then see if we can improve it some more. Think of the problem space landscape as a mountain range. There are some people rich enough to be able to take a helicopter straight to the highest peak. Some people can see the peak ahead and jump over a crevasse to reach a higher one. Others go slow and steady up a path. Some won't rest until they reach the highest one, others will stop at the first peak and make that their goal. None of them are wrong in how they approach the range, just some are more successful than others.
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Our Specification
To start any solution, we need a specification on how we are going to solve the problem. A student- style specification and evaluation criteria for this project would look as follows:-

Specification	The code should tell us if a number is odd or even.


Evaluation Criteria	The program should work correctly.


This is not really specific enough. It isn't possible to be too specific, or to produce too much information for your Evaluation Criteria. A proper specification for this would be as follows:-

Specification	The piece of program code will be called "IsNumberEven".
	The program will take an integer (whole number) as an input and return a boolean value as an output (true or false).
	The result of the code will be true if the number is even and false if the number is odd.
	The number must be in the range of -2,147,483,648 to 2,147,483,647, the standard range of an integer in C#.
	The program will be 100% accurate, so every even number will always return true and every odd number will return false given the range above.
	If an error does occur, the output will be set to false.
	The program should be simple enough for a programmer with very little experience to understand and maintain.
	The number zero, which is not truly odd or even, will return the value true and so will be considered even.
	The code will not cause any program using it to crash.


Evaluation Criteria	The program will run fast enough to process at least 100 numbers a second.
	The program code will be no more than 1000 lines of code.
	At the boundaries of the input data, the correct value will be returned within the range, but a "false" will be returned outside of the range and the program will not crash.


This is now detailed enough to start producing some of the different elements I would need to create in my design document - I can create an Input-Process-Output (IPO) diagram for example:-
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I can work out data to test it with - boundary data at the edges of the acceptable range, examples of acceptable data and examples of unacceptable data. I know what the result should be expected to be so can see if the actual result meets the expected. I can use the evaluation criteria as a part of this, so can produce a test grid plan:-

Test Grid Plan
	Type	Test	Expected Result
	Boundary	Enter -2,147,483,648 as a value	Return true
	Boundary	Enter -2,147,483,649 as a value	Code should not run (outside of range); returns false
	Acceptable Data	Enter 0 as a value	Return true
	Erroneous data	Enter AQQWA	Error - return false
	Functional	Enter 100 even numbers	All return true, test completed in under 1 second
	Functional	Enter 100 odd numbers	All return false, test completes in under 1 second
	Functional	Run code without input	Won't compile as expecting a value
	Functional	Run code without assigning result to variable	Code will run but result will be lost
	Quality of Code	A beginner developer can understand the code	Identify it as telling the user if a number is even or not


Now all I need to do is design the algorithm that will work out the solution!

Try Every Option!
So, our first attempt at solving the problem. The first algorithm I am going to try is simple - If we took every single possible number between the start and end point of the range, we could simply ask "if the number = (the number to test), result = true". How about we put the problem into a flow chart? Let's start with the top of it, which looks as follows:-
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If we skip to the bottom of the flowchart, this looks as follows :-
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This seems to look okay, but the numbers are the first clue to a problem. The range of numbers is huge. This would mean it would take a long time to actually write the code to accomplish this.


I thought, seeing as this is a valid program design, we should see exactly how long it will take for a person to write out this code. It is possible to write a computer program to write this code for me (yes, I know, insert comment about the Terminator and Skynet here!) and it can do it a lot quicker than I can. In the time it takes me to write 1 line of code, the program can generate 10,000. I wrote this program to write the program (yup, very inception) and timed how long it took the computer to create this function in its entirety. For those people that are interested, this is the code I used - note that I had to write the code straight into a file, because the computer doesn't have enough RAM to store the information in first before sending it all into a file - A problem I'll discuss shortly!




static void Main()

{

// first number is true:

bool result = true;

// start at lowest range:

int counter = -2147483648;

// timer to see how long it takes to generate code:

Stopwatch time = new Stopwatch();

// save to file (not enough RAM)

StreamWriter sw = new StreamWriter("odd.txt");

sw.WriteLine("public bool IsNumberEven(int number)");

sw.WriteLine("{");

sw.WriteLine("bool result;");

time.Start();

while (counter <= 2147483647)

{

sw.WriteLine("if (number == " + counter.ToString() + ")");

sw.WriteLine("result = " + result.ToString() + ";");

counter++;

result = !result;

}

time.Stop();

sw.WriteLine("return result;");

sw.WriteLine("}");

// write out time taken to text file:

sw.WriteLine("Time: " + time.Elapsed.TotalSeconds.ToString());

sw.Close();

}



This code completed, finally, in 49 hours. Yes, that is hours.



Times that by 10,000 for a human to perform the same task, and it would have taken me 56 years to complete the typing. It is over 8,589,934,588 lines of code. The machine I built the code on had a large hard disk, which was lucky - the text file storing the code was 279 Gigabytes in size. That's the equivalent of about 12 Blu-Ray Films!




As a comparison, Windows Vista, the largest version of Windows by number of lines of code, had 50 million lines of code. Windows XP as a comparison was 35 million lines, and Windows 7 and Windows 8 are at around 40 million. Our program to determine whether a number is odd or even is 172 times bigger than Vista in size. It is so big, that the computer couldn't actually turn it into a computer program to test it out! Given that computer memory approximately doubles in size every 5 years, and in 2013 a desktop computer will generally be bought with 8 Gigabytes of RAM, We would need to wait 30 years for a machine with 512 Gigabytes of RAM that would actually be able to run this program!




Just so that we can see what is happening, I instead wrote it out with a much more limited number range - from 0 to 5:


public bool IsNumberEven(int number)

{

bool result;

if (number == 0)

result = true;

if (number == 1)

result = false;

if (number == 2)

result = true;

if (number == 3)

result = false;

if (number == 4)

result = true;

if (number == 5)

result = false;

return result;

}



Say the number we were looking at testing is 2. The path the program takes is shown in the video below, highlighting each line that runs in orange:-

If we compare this to our specification and evaluation criteria, we can look at some statistics to determine if this is a good design or not.

Algorithm Design
	Criteria	Result
	How long does it take to write?	56 years
	Is it easy for a beginner to understand?	Yes
	Is it easy to make changes?	No - you have to go through millions of lines of code
	Is the correct answer given to each tested number?	Theoretically Yes, but it will be 30 years before we can find out!
	Can it get the result 100 times a second?	No - answers theoretically take 37 hours to get each one!


Video element is not supported
Because of the structure of this program, as you can see from the video, it always takes the same amount of time to run this code, no matter which number is given as an input. You may notice that even after the correct number has been found, it still has to go through all the other options as well. This is because we have used an if statement each time.

Improving The Solution
If our goal is to reach the top of a mountain, our first attempt is a bit like standing on a pebble. However, it is possible to start with this and build upon it.



I'm going to start with a very small step. Instead of using the "if" statement over and over again, I'm going to use the if ... else if construct which means that as soon as you find the number from the list, it skips down to the end of the choices straight away. If I go back to my original example of the 0 to 5 range and again select the number "2", we can trace the path once again through the program code in the video below:





public bool IsNumberEven(int number)

{

bool result;

if (number == 0)

result = true;

else if (number == 1)

result = false;

else if (number == 2)

result = true;

else if (number == 3)

result = false;

else if (number == 4)

result = true;

else if (number == 5)

result = false;

return result;

}



Video element is not supported


This means that if the number is early on in the range, it will be quicker than if the number is later on in the range. While this is an improvement, it could still be better.


Because we are dealing with integers, there is another construct we are able to use, called a switch statement. A switch is even quicker than if...else if, as it goes straight to the correct number and straight out again - we could actually achieve our 100 number checks per second with it! The code and how it works when running are shown below :-


public bool IsNumberEven(int number)

{

bool result;

switch(number)

{

case 0:

result = true;

break;

case 1:

result = false;

break;

case 2:

result = true;

break;

case 3:

result = false;

break;

case 4:

result = true;

break;

case 5:

result = false;

break;

}

return result;

}



Video element is not supported
So although it will still take 56 years to write the program and 30 years to wait for a computer with enough memory to run the program (so by the time it's written, the hardware should be up to the job!) it will work nice and quickly! Let's just do a quick analysis:

Algorithm Design
	Criteria	Result
	How long does it take to write?	56 years
	Is it easy for a beginner to understand?	Yes
	Is it easy to make changes?	Not really, given it is still millions of lines of code
	Is the correct answer given to each tested number?	Yes, theoretically
	Can it get the result 100 times a second?	Yes, theoretically


Counting Up
We have a method that could possibly be fast enough, but the problem is we don't have enough memory inside our computer to use it. Let's try a sideways-step off from this mountain path and try a different way of reaching the peak.



I wrote a program which could write out the code for all the combinations. Is there a way I could adapt that program and use it directly as my method to find out if the number is odd or even?



public bool IsNumberEven(int number)

{

// first number is true:

bool result = true;

// start at lowest range:

int counter = -2147483648;

while (counter < number)

{

counter++;

result = !result;

}

return result;

}

This definitely can run on a computer, and will certainly give the right answer - it starts with an even number and the result set to true, and each time it adds a 1 to the number it flips the true to false or false to true - that's what the exclamation mark does. It works! But how quick is it? Well, now it has to go round and round the code until it reaches the right answer, so the further away the number is from the lowest boundary, the longer it takes. Zero takes about 22 hours to give the answer, for example.



Perhaps this is a good way of doing it, but we just need to make it faster, like the last option. Well, I've got a simple way that will make it much faster for numbers between say -1,000,000 and 1,000,000 - start at zero, and if the number is lower go down, if it is higher go up. The code for this looks like:



public bool IsNumberEven(int number)

{

// first number is true:

bool result = true;

// start at zero:

int counter = 0;

while (counter < number)

{

counter++;

result = !result;

}

while (counter > number)

{

counter--;

result = !result;

}

return result;

}


This works by first running through the first loop in the code if the number is greater than zero, if it is less than zero it runs instead through the second loop. It then returns the true or false as required.

Algorithm Design
	Criteria	Result
	How long does it take to write?	Just a few minutes
	Is it easy for a beginner to understand?	Easy enough, with an understanding of loops
	Is it easy to make changes?	Yes
	Is the correct answer given to each tested number?	Yes
	Can it get the result 100 times a second?	Possibly not - it depends on the number in the range


The Power of Integers
The program again works, but it could end up being too slow. Time for another sideways step! In my opening to this booklet, I said that the way we could explain what was meant by even would be halfing between two people - if you both have the same number, then the number is even.


There is a similar way we can use division to see if a number is even - if we divide a number by two, if the result is a whole number then the number was even. This is where a built-in data type called "integer" comes in. An integer is a whole number, so if you divide an odd integer, say 7, by two, you just get the number 3. So if you divide an odd number by two and multiply it by two, if the number changes it was odd, if it is the same, it is even! The code for this is as follows:-


public bool IsNumberEven(int number)

{

if (number == (number/2)*2)

return true;

return false;



}

This code is simple to understand and works really quickly! Lets check it though:

Algorithm Design
	Criteria	Result
	How long does it take to write?	Seconds!
	Is it easy for a beginner to understand?	Yes
	Is it easy to make changes?	Yes
	Is the correct answer given to each tested number?	Yes
	Can it get the result 100 times a second?	Yes


Have we done it? Have we reached the top of the mountain range? We have certainly found a good solution, but it may still not be the fastest, but it meets all of our criteria so it would be perfectly acceptable to stop here. I think there is still a higher peak though, so I'm going to see if I can find any other solutions!

Converting into Strings
For our next sideways move, let's go back to our switch statement, as that was a super fast solution. If you think about it, you can determine whether a number is odd or even just by looking at the lowest digit. If we could take the number and grab the lowest digit, then do the switch on this, we could do the whole range without needing to check every combination! To do this, we need to convert the number into a string (a piece of text), grab the lowest digit, turn it back into a number, and switch on it. Simple!

public bool IsNumberEven(int number)

{

string num = number.ToString();)

num = num.Substring(num.Length-1);)

int num2 = Convert.ToInt32(num);)

switch(num2)

{

case 0:

return true;

case 1:

return false;

case 2:

return true;

case 3:

return false;

case 4:

return true;

case 5:

return false;

case 6:

return true;

case 7:

return false;

case 8:

return true;

case 9:

return false;

}

}



This solution actually makes sense, so lets see how it works with our evaluation criteria:-

Algorithm Design
	Criteria	Result
	How long does it take to write?	A couple of minutes
	Is it easy for a beginner to understand?	Yes
	Is it easy to make changes?	Yes
	Is the correct answer given to each tested number?	Yes
	Can it get the result 100 times a second?	Yes


We've found another peak! As it happens, because if the conversions between integers and strings, this is a slightly less efficient solution than our previous one - a high peak, but not as high as the integer division. Could there possibly be a better solution?

Lowest Bit
There is a more optimal solution, which actually builds on the "lowest digit" idea, but instead of using "normal" numbers, we are going to work in computer numbers - binary. As it happens, binary makes it very easy to see if a number is odd or even as well. Lets start by showing you the binary numbers from 1 to 10:


Binary Numbers
	Number	Binary
	1	0001
	2	0010
	3	0011
	4	0100
	5	0101
	6	0110
	7	0111
	8	1000
	9	1001
	10	1010


As you can see, the lowest binary digit, or bit, is always a 1 if the number is odd and 0 if it is even. Working in binary is faster than any other type of calculation. We can apply a knowledge of logic gates in order to get just the lowest bit and check if it is a 1 or 0. If we AND the number with the number "1", it masks the number so only the lowest bit remains (this will need to be better explained!) The code for this is as follows:-

public bool IsNumberEven(int number)

{

if(1 & Value == 0)

return true;

else

return false;

}



Harder to understand, shows need for comments! (Show code with comments)

How does this compare in our evaluation?

Algorithm Design
	Criteria	Result
	How long does it take to write?	Seconds
	Is it easy for a beginner to understand?	Not really, but not too difficult
	Is it easy to make changes?	Yes
	Is the correct answer given to each tested number?	Yes
	Can it get the result 100 times a second?	Yes


This is in fact the most optimum solution for finding out if a number is odd or even! We have reached the peak!

Wax On, Wax Off
While reading this booklet, hopefully you will have learned a lot about software development. More than you may have realised! If you have ever watched the original "Karate Kid" film, you may remember that the Sensei made Daniel, the main character, do all sorts of chores around his house, then revealed everything he had learned while doing the chores to in fact be Karate training. This booklet has been designed around the same principle, so it is now time to reveal what you have hopefully learned!



Firstly, let's start with some of the programming constructs that have been mentioned in the code and that form part of the fundamentals of programming. Firstly, we have boxes called variables which we use to store data in memory with. These boxes are given a name, so that we can easily reference them, and have a specific data type. The types we have come across in our examples are:



Integer - a whole number

Decimal / Double - a floating point number

String - some text



We have also seen that it is possible to convert between these data types in C# by using "Convert.ToString()" for example to convert from a number format to a piece of text. This is an example of a piece of programming code that has been written by one of the creators of C# to make life easier for us programmers. A piece of programming code that returns a value is known as a function, therefore Convert.ToSomething() is a function which takes an input (the value between the brackets) and returns a value.



What is that "." For? Well, "Convert" is an example of an object called a Class. A Class is a collection of related data (variables) and functions (code). We type the name of the class and type "." And we see a list of all of the public items that the person who made the class wants us to have access to. An item can be public so we can see it, or private, which means other functions within the class can use it, but anything outside of the class can not.



There are only three ways that commands are processed in a computer program. The first is known as Sequence, and means one command after another - do this, then do this, then do this. Sometimes we need to run code only if a criteria is met or not. This is known as selection, and we have seen three different types of this already - if statements, if...else if and switch statements.



There is only one other type of construct that programmers need to deal with at this level - iteration, which mean looping round and around. In the code, you will have only seen one type of loop, a while loop, but there are many others to choose from as well - for loops, for each loops, do while loops etc! Iteration is an important concept for software development as well - we come up with a concept, and go over it again and again to get it right. This is known as iterating the solution.



Looking now more at the software development techniques you hopefully should have learned about from reading this booklet. Firstly, the concept of a specification and evaluation criteria should now be central to the core of designing software. A specification should be just that - totally specific to what you are hoping to create. Even something as simple as determining if a number is odd or even can have many items in the specification. It is from this we can form input-process-output diagrams, which can be combined together to form a system diagram, where inputs connect to outputs to form a coherent system. All of this work is considered a part of the "analysis" section of the problem solution.



The "design" is then pretty much what forms the rest of the booklet. The "process" part of every I-P-O diagram needs to be designed, normally through the use of flowcharts, UML Diagrams or another similar technique. These may then be prototyped by trying out a few different options.
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  AMchoose = {input:"\\choose", tag:"mfrac", output:"",		ttype:INFIX},
  AMsub  = {input:"_",		tag:"msub",  output:"_",	ttype:INFIX},
  AMsup  = {input:"^",		tag:"msup",  output:"^",	ttype:INFIX},
  AMtext = {input:"\\mathrm",	tag:"mtext", output:"text",	ttype:TEXT},
  AMmbox = {input:"\\mbox",	tag:"mtext", output:"mbox",	ttype:TEXT};

// Commented out by DRW to prevent 1/2 turning into a 2-line fraction
// AMdiv   = {input:"/",	 tag:"mfrac", output:"/",    ttype:INFIX},
// Commented out by DRW so that " prints literally in equations
// AMquote = {input:"\"",	 tag:"mtext", output:"mbox", ttype:TEXT};

var AMsymbols = [
//Greek letters
{input:"\\alpha",	tag:"mi", output:"\u03B1", ttype:CONST},
{input:"\\beta",	tag:"mi", output:"\u03B2", ttype:CONST},
{input:"\\gamma",	tag:"mi", output:"\u03B3", ttype:CONST},
{input:"\\delta",	tag:"mi", output:"\u03B4", ttype:CONST},
{input:"\\epsilon",	tag:"mi", output:"\u03B5", ttype:CONST},
{input:"\\varepsilon",  tag:"mi", output:"\u025B", ttype:CONST},
{input:"\\zeta",	tag:"mi", output:"\u03B6", ttype:CONST},
{input:"\\eta",		tag:"mi", output:"\u03B7", ttype:CONST},
{input:"\\theta",	tag:"mi", output:"\u03B8", ttype:CONST},
{input:"\\vartheta",	tag:"mi", output:"\u03D1", ttype:CONST},
{input:"\\iota",	tag:"mi", output:"\u03B9", ttype:CONST},
{input:"\\kappa",	tag:"mi", output:"\u03BA", ttype:CONST},
{input:"\\lambda",	tag:"mi", output:"\u03BB", ttype:CONST},
{input:"\\mu",		tag:"mi", output:"\u03BC", ttype:CONST},
{input:"\\nu",		tag:"mi", output:"\u03BD", ttype:CONST},
{input:"\\xi",		tag:"mi", output:"\u03BE", ttype:CONST},
{input:"\\pi",		tag:"mi", output:"\u03C0", ttype:CONST},
{input:"\\varpi",	tag:"mi", output:"\u03D6", ttype:CONST},
{input:"\\rho",		tag:"mi", output:"\u03C1", ttype:CONST},
{input:"\\varrho",	tag:"mi", output:"\u03F1", ttype:CONST},
{input:"\\varsigma",	tag:"mi", output:"\u03C2", ttype:CONST},
{input:"\\sigma",	tag:"mi", output:"\u03C3", ttype:CONST},
{input:"\\tau",		tag:"mi", output:"\u03C4", ttype:CONST},
{input:"\\upsilon",	tag:"mi", output:"\u03C5", ttype:CONST},
{input:"\\phi",		tag:"mi", output:"\u03C6", ttype:CONST},
{input:"\\varphi",	tag:"mi", output:"\u03D5", ttype:CONST},
{input:"\\chi",		tag:"mi", output:"\u03C7", ttype:CONST},
{input:"\\psi",		tag:"mi", output:"\u03C8", ttype:CONST},
{input:"\\omega",	tag:"mi", output:"\u03C9", ttype:CONST},
{input:"\\Gamma",	tag:"mo", output:"\u0393", ttype:CONST},
{input:"\\Delta",	tag:"mo", output:"\u0394", ttype:CONST},
{input:"\\Theta",	tag:"mo", output:"\u0398", ttype:CONST},
{input:"\\Lambda",	tag:"mo", output:"\u039B", ttype:CONST},
{input:"\\Xi",		tag:"mo", output:"\u039E", ttype:CONST},
{input:"\\Pi",		tag:"mo", output:"\u03A0", ttype:CONST},
{input:"\\Sigma",	tag:"mo", output:"\u03A3", ttype:CONST},
{input:"\\Upsilon",	tag:"mo", output:"\u03A5", ttype:CONST},
{input:"\\Phi",		tag:"mo", output:"\u03A6", ttype:CONST},
{input:"\\Psi",		tag:"mo", output:"\u03A8", ttype:CONST},
{input:"\\Omega",	tag:"mo", output:"\u03A9", ttype:CONST},

//fractions
{input:"\\frac12",	tag:"mo", output:"\u00BD", ttype:CONST},
{input:"\\frac14",	tag:"mo", output:"\u00BC", ttype:CONST},
{input:"\\frac34",	tag:"mo", output:"\u00BE", ttype:CONST},
{input:"\\frac13",	tag:"mo", output:"\u2153", ttype:CONST},
{input:"\\frac23",	tag:"mo", output:"\u2154", ttype:CONST},
{input:"\\frac15",	tag:"mo", output:"\u2155", ttype:CONST},
{input:"\\frac25",	tag:"mo", output:"\u2156", ttype:CONST},
{input:"\\frac35",	tag:"mo", output:"\u2157", ttype:CONST},
{input:"\\frac45",	tag:"mo", output:"\u2158", ttype:CONST},
{input:"\\frac16",	tag:"mo", output:"\u2159", ttype:CONST},
{input:"\\frac56",	tag:"mo", output:"\u215A", ttype:CONST},
{input:"\\frac18",	tag:"mo", output:"\u215B", ttype:CONST},
{input:"\\frac38",	tag:"mo", output:"\u215C", ttype:CONST},
{input:"\\frac58",	tag:"mo", output:"\u215D", ttype:CONST},
{input:"\\frac78",	tag:"mo", output:"\u215E", ttype:CONST},

//binary operation symbols
{input:"\\pm",		tag:"mo", output:"\u00B1", ttype:CONST},
{input:"\\mp",		tag:"mo", output:"\u2213", ttype:CONST},
{input:"\\triangleleft",tag:"mo", output:"\u22B2", ttype:CONST},
{input:"\\triangleright",tag:"mo",output:"\u22B3", ttype:CONST},
{input:"\\cdot",	tag:"mo", output:"\u22C5", ttype:CONST},
{input:"\\star",	tag:"mo", output:"\u22C6", ttype:CONST},
{input:"\\ast",		tag:"mo", output:"\u002A", ttype:CONST},
{input:"\\times",	tag:"mo", output:"\u00D7", ttype:CONST},
{input:"\\div",		tag:"mo", output:"\u00F7", ttype:CONST},
{input:"\\circ",	tag:"mo", output:"\u2218", ttype:CONST},
//{input:"\\bullet",	  tag:"mo", output:"\u2219", ttype:CONST},
{input:"\\bullet",	tag:"mo", output:"\u2022", ttype:CONST},
{input:"\\oplus",	tag:"mo", output:"\u2295", ttype:CONST},
{input:"\\ominus",	tag:"mo", output:"\u2296", ttype:CONST},
{input:"\\otimes",	tag:"mo", output:"\u2297", ttype:CONST},
{input:"\\bigcirc",	tag:"mo", output:"\u25CB", ttype:CONST},
{input:"\\oslash",	tag:"mo", output:"\u2298", ttype:CONST},
{input:"\\odot",	tag:"mo", output:"\u2299", ttype:CONST},
{input:"\\land",	tag:"mo", output:"\u2227", ttype:CONST},
{input:"\\wedge",	tag:"mo", output:"\u2227", ttype:CONST},
{input:"\\lor",		tag:"mo", output:"\u2228", ttype:CONST},
{input:"\\vee",		tag:"mo", output:"\u2228", ttype:CONST},
{input:"\\cap",		tag:"mo", output:"\u2229", ttype:CONST},
{input:"\\cup",		tag:"mo", output:"\u222A", ttype:CONST},
{input:"\\sqcap",	tag:"mo", output:"\u2293", ttype:CONST},
{input:"\\sqcup",	tag:"mo", output:"\u2294", ttype:CONST},
{input:"\\uplus",	tag:"mo", output:"\u228E", ttype:CONST},
{input:"\\amalg",	tag:"mo", output:"\u2210", ttype:CONST},
{input:"\\bigtriangleup",tag:"mo",output:"\u25B3", ttype:CONST},
{input:"\\bigtriangledown",tag:"mo",output:"\u25BD", ttype:CONST},
{input:"\\dag",		tag:"mo", output:"\u2020", ttype:CONST},
{input:"\\dagger",	tag:"mo", output:"\u2020", ttype:CONST},
{input:"\\ddag",	tag:"mo", output:"\u2021", ttype:CONST},
{input:"\\ddagger",	tag:"mo", output:"\u2021", ttype:CONST},
{input:"\\lhd",		tag:"mo", output:"\u22B2", ttype:CONST},
{input:"\\rhd",		tag:"mo", output:"\u22B3", ttype:CONST},
{input:"\\unlhd",	tag:"mo", output:"\u22B4", ttype:CONST},
{input:"\\unrhd",	tag:"mo", output:"\u22B5", ttype:CONST},


//BIG Operators
{input:"\\sum",		tag:"mo", output:"\u2211", ttype:UNDEROVER},
{input:"\\prod",	tag:"mo", output:"\u220F", ttype:UNDEROVER},
{input:"\\bigcap",	tag:"mo", output:"\u22C2", ttype:UNDEROVER},
{input:"\\bigcup",	tag:"mo", output:"\u22C3", ttype:UNDEROVER},
{input:"\\bigwedge",	tag:"mo", output:"\u22C0", ttype:UNDEROVER},
{input:"\\bigvee",	tag:"mo", output:"\u22C1", ttype:UNDEROVER},
{input:"\\bigsqcap",	tag:"mo", output:"\u2A05", ttype:UNDEROVER},
{input:"\\bigsqcup",	tag:"mo", output:"\u2A06", ttype:UNDEROVER},
{input:"\\coprod",	tag:"mo", output:"\u2210", ttype:UNDEROVER},
{input:"\\bigoplus",	tag:"mo", output:"\u2A01", ttype:UNDEROVER},
{input:"\\bigotimes",	tag:"mo", output:"\u2A02", ttype:UNDEROVER},
{input:"\\bigodot",	tag:"mo", output:"\u2A00", ttype:UNDEROVER},
{input:"\\biguplus",	tag:"mo", output:"\u2A04", ttype:UNDEROVER},
{input:"\\int",		tag:"mo", output:"\u222B", ttype:CONST},
{input:"\\oint",	tag:"mo", output:"\u222E", ttype:CONST},

//binary relation symbols
{input:":=",		tag:"mo", output:":=",	   ttype:CONST},
{input:"\\lt",		tag:"mo", output:"<",	   ttype:CONST},
{input:"\\gt",		tag:"mo", output:">",	   ttype:CONST},
{input:"\\ne",		tag:"mo", output:"\u2260", ttype:CONST},
{input:"\\neq",		tag:"mo", output:"\u2260", ttype:CONST},
{input:"\\le",		tag:"mo", output:"\u2264", ttype:CONST},
{input:"\\leq",		tag:"mo", output:"\u2264", ttype:CONST},
{input:"\\leqslant",	tag:"mo", output:"\u2264", ttype:CONST},
{input:"\\ge",		tag:"mo", output:"\u2265", ttype:CONST},
{input:"\\geq",		tag:"mo", output:"\u2265", ttype:CONST},
{input:"\\geqslant",	tag:"mo", output:"\u2265", ttype:CONST},
{input:"\\equiv",	tag:"mo", output:"\u2261", ttype:CONST},
{input:"\\ll",		tag:"mo", output:"\u226A", ttype:CONST},
{input:"\\gg",		tag:"mo", output:"\u226B", ttype:CONST},
{input:"\\doteq",	tag:"mo", output:"\u2250", ttype:CONST},
{input:"\\prec",	tag:"mo", output:"\u227A", ttype:CONST},
{input:"\\succ",	tag:"mo", output:"\u227B", ttype:CONST},
{input:"\\preceq",	tag:"mo", output:"\u227C", ttype:CONST},
{input:"\\succeq",	tag:"mo", output:"\u227D", ttype:CONST},
{input:"\\subset",	tag:"mo", output:"\u2282", ttype:CONST},
{input:"\\supset",	tag:"mo", output:"\u2283", ttype:CONST},
{input:"\\subseteq",	tag:"mo", output:"\u2286", ttype:CONST},
{input:"\\supseteq",	tag:"mo", output:"\u2287", ttype:CONST},
{input:"\\sqsubset",	tag:"mo", output:"\u228F", ttype:CONST},
{input:"\\sqsupset",	tag:"mo", output:"\u2290", ttype:CONST},
{input:"\\sqsubseteq",  tag:"mo", output:"\u2291", ttype:CONST},
{input:"\\sqsupseteq",  tag:"mo", output:"\u2292", ttype:CONST},
{input:"\\sim",		tag:"mo", output:"\u223C", ttype:CONST},
{input:"\\simeq",	tag:"mo", output:"\u2243", ttype:CONST},
{input:"\\approx",	tag:"mo", output:"\u2248", ttype:CONST},
{input:"\\cong",	tag:"mo", output:"\u2245", ttype:CONST},
{input:"\\Join",	tag:"mo", output:"\u22C8", ttype:CONST},
{input:"\\bowtie",	tag:"mo", output:"\u22C8", ttype:CONST},
{input:"\\in",		tag:"mo", output:"\u2208", ttype:CONST},
{input:"\\ni",		tag:"mo", output:"\u220B", ttype:CONST},
{input:"\\owns",	tag:"mo", output:"\u220B", ttype:CONST},
{input:"\\propto",	tag:"mo", output:"\u221D", ttype:CONST},
{input:"\\vdash",	tag:"mo", output:"\u22A2", ttype:CONST},
{input:"\\dashv",	tag:"mo", output:"\u22A3", ttype:CONST},
{input:"\\models",	tag:"mo", output:"\u22A8", ttype:CONST},
{input:"\\perp",	tag:"mo", output:"\u22A5", ttype:CONST},
{input:"\\smile",	tag:"mo", output:"\u2323", ttype:CONST},
{input:"\\frown",	tag:"mo", output:"\u2322", ttype:CONST},
{input:"\\asymp",	tag:"mo", output:"\u224D", ttype:CONST},
{input:"\\notin",	tag:"mo", output:"\u2209", ttype:CONST},

//matrices
{input:"\\begin{eqnarray}",	output:"X",	ttype:MATRIX, invisible:true},
{input:"\\begin{array}",	output:"X",	ttype:MATRIX, invisible:true},
{input:"\\\\",			output:"}&{",	ttype:DEFINITION},
{input:"\\end{eqnarray}",	output:"}}",	ttype:DEFINITION},
{input:"\\end{array}",		output:"}}",	ttype:DEFINITION},

//grouping and literal brackets -- ieval is for IE
{input:"\\big",	   tag:"mo", output:"X", atval:"1.2", ieval:"2.2", ttype:BIG},
{input:"\\Big",	   tag:"mo", output:"X", atval:"1.6", ieval:"2.6", ttype:BIG},
{input:"\\bigg",   tag:"mo", output:"X", atval:"2.2", ieval:"3.2", ttype:BIG},
{input:"\\Bigg",   tag:"mo", output:"X", atval:"2.9", ieval:"3.9", ttype:BIG},
{input:"\\left",   tag:"mo", output:"X", ttype:LEFTBRACKET},
{input:"\\right",  tag:"mo", output:"X", ttype:RIGHTBRACKET},
{input:"{",	   output:"{", ttype:LEFTBRACKET,  invisible:true},
{input:"}",	   output:"}", ttype:RIGHTBRACKET, invisible:true},

{input:"(",	   tag:"mo", output:"(",      atval:"1", ttype:STRETCHY},
{input:"[",	   tag:"mo", output:"[",      atval:"1", ttype:STRETCHY},
{input:"\\lbrack", tag:"mo", output:"[",      atval:"1", ttype:STRETCHY},
{input:"\\{",	   tag:"mo", output:"{",      atval:"1", ttype:STRETCHY},
{input:"\\lbrace", tag:"mo", output:"{",      atval:"1", ttype:STRETCHY},
{input:"\\langle", tag:"mo", output:"\u2329", atval:"1", ttype:STRETCHY},
{input:"\\lfloor", tag:"mo", output:"\u230A", atval:"1", ttype:STRETCHY},
{input:"\\lceil",  tag:"mo", output:"\u2308", atval:"1", ttype:STRETCHY},

// rtag:"mi" causes space to be inserted before a following sin, cos, etc.
// (see function AMparseExpr() )
{input:")",	  tag:"mo",output:")",	    rtag:"mi",atval:"1",ttype:STRETCHY},
{input:"]",	  tag:"mo",output:"]",	    rtag:"mi",atval:"1",ttype:STRETCHY},
{input:"\\rbrack",tag:"mo",output:"]",	    rtag:"mi",atval:"1",ttype:STRETCHY},
{input:"\\}",	  tag:"mo",output:"}",	    rtag:"mi",atval:"1",ttype:STRETCHY},
{input:"\\rbrace",tag:"mo",output:"}",	    rtag:"mi",atval:"1",ttype:STRETCHY},
{input:"\\rangle",tag:"mo",output:"\u232A", rtag:"mi",atval:"1",ttype:STRETCHY},
{input:"\\rfloor",tag:"mo",output:"\u230B", rtag:"mi",atval:"1",ttype:STRETCHY},
{input:"\\rceil", tag:"mo",output:"\u2309", rtag:"mi",atval:"1",ttype:STRETCHY},

// "|", "\\|", "\\vert" and "\\Vert" modified later: lspace = rspace = 0em
{input:"|",		tag:"mo", output:"\u2223", atval:"1", ttype:STRETCHY},
{input:"\\|",		tag:"mo", output:"\u2225", atval:"1", ttype:STRETCHY},
{input:"\\vert",	tag:"mo", output:"\u2223", atval:"1", ttype:STRETCHY},
{input:"\\Vert",	tag:"mo", output:"\u2225", atval:"1", ttype:STRETCHY},
{input:"\\mid",		tag:"mo", output:"\u2223", atval:"1", ttype:STRETCHY},
{input:"\\parallel",	tag:"mo", output:"\u2225", atval:"1", ttype:STRETCHY},
{input:"/",		tag:"mo", output:"/",	atval:"1.01", ttype:STRETCHY},
{input:"\\backslash",	tag:"mo", output:"\u2216", atval:"1", ttype:STRETCHY},
{input:"\\setminus",	tag:"mo", output:"\\",	   ttype:CONST},

//miscellaneous symbols
{input:"\\!",	  tag:"mspace", atname:"width", atval:"-0.167em", ttype:SPACE},
{input:"\\,",	  tag:"mspace", atname:"width", atval:"0.167em", ttype:SPACE},
{input:"\\>",	  tag:"mspace", atname:"width", atval:"0.222em", ttype:SPACE},
{input:"\\:",	  tag:"mspace", atname:"width", atval:"0.222em", ttype:SPACE},
{input:"\\;",	  tag:"mspace", atname:"width", atval:"0.278em", ttype:SPACE},
{input:"~",	  tag:"mspace", atname:"width", atval:"0.333em", ttype:SPACE},
{input:"\\quad",  tag:"mspace", atname:"width", atval:"1em", ttype:SPACE},
{input:"\\qquad", tag:"mspace", atname:"width", atval:"2em", ttype:SPACE},
//{input:"{}",		  tag:"mo", output:"\u200B", ttype:CONST}, // zero-width
{input:"\\prime",	tag:"mo", output:"\u2032", ttype:CONST},
{input:"'",		tag:"mo", output:"\u02B9", ttype:CONST},
{input:"''",		tag:"mo", output:"\u02BA", ttype:CONST},
{input:"'''",		tag:"mo", output:"\u2034", ttype:CONST},
{input:"''''",		tag:"mo", output:"\u2057", ttype:CONST},
{input:"\\ldots",	tag:"mo", output:"\u2026", ttype:CONST},
{input:"\\cdots",	tag:"mo", output:"\u22EF", ttype:CONST},
{input:"\\vdots",	tag:"mo", output:"\u22EE", ttype:CONST},
{input:"\\ddots",	tag:"mo", output:"\u22F1", ttype:CONST},
{input:"\\forall",	tag:"mo", output:"\u2200", ttype:CONST},
{input:"\\exists",	tag:"mo", output:"\u2203", ttype:CONST},
{input:"\\Re",		tag:"mo", output:"\u211C", ttype:CONST},
{input:"\\Im",		tag:"mo", output:"\u2111", ttype:CONST},
{input:"\\aleph",	tag:"mo", output:"\u2135", ttype:CONST},
{input:"\\hbar",	tag:"mo", output:"\u210F", ttype:CONST},
{input:"\\ell",		tag:"mo", output:"\u2113", ttype:CONST},
{input:"\\wp",		tag:"mo", output:"\u2118", ttype:CONST},
{input:"\\emptyset",	tag:"mo", output:"\u2205", ttype:CONST},
{input:"\\infty",	tag:"mo", output:"\u221E", ttype:CONST},
{input:"\\surd",	tag:"mo", output:"\\sqrt{}", ttype:DEFINITION},
{input:"\\partial",	tag:"mo", output:"\u2202", ttype:CONST},
{input:"\\nabla",	tag:"mo", output:"\u2207", ttype:CONST},
{input:"\\triangle",	tag:"mo", output:"\u25B3", ttype:CONST},
{input:"\\therefore",	tag:"mo", output:"\u2234", ttype:CONST},
{input:"\\angle",	tag:"mo", output:"\u2220", ttype:CONST},
//{input:"\\\\ ",	  tag:"mo", output:"\u00A0", ttype:CONST},
{input:"\\diamond",	tag:"mo", output:"\u22C4", ttype:CONST},
//{input:"\\Diamond",	  tag:"mo", output:"\u25CA", ttype:CONST},
{input:"\\Diamond",	tag:"mo", output:"\u25C7", ttype:CONST},
{input:"\\neg",		tag:"mo", output:"\u00AC", ttype:CONST},
{input:"\\lnot",	tag:"mo", output:"\u00AC", ttype:CONST},
{input:"\\bot",		tag:"mo", output:"\u22A5", ttype:CONST},
{input:"\\top",		tag:"mo", output:"\u22A4", ttype:CONST},
{input:"\\square",	tag:"mo", output:"\u25AB", ttype:CONST},
{input:"\\Box",		tag:"mo", output:"\u25A1", ttype:CONST},
{input:"\\wr",		tag:"mo", output:"\u2240", ttype:CONST},

//standard functions
//Note UNDEROVER *must* have tag:"mo" to work properly
{input:"\\arccos", tag:"mi", output:"arccos", ttype:UNARY, func:true},
{input:"\\arcsin", tag:"mi", output:"arcsin", ttype:UNARY, func:true},
{input:"\\arctan", tag:"mi", output:"arctan", ttype:UNARY, func:true},
{input:"\\arg",	   tag:"mi", output:"arg",    ttype:UNARY, func:true},
{input:"\\cos",	   tag:"mi", output:"cos",    ttype:UNARY, func:true},
{input:"\\cosh",   tag:"mi", output:"cosh",   ttype:UNARY, func:true},
{input:"\\cot",	   tag:"mi", output:"cot",    ttype:UNARY, func:true},
{input:"\\coth",   tag:"mi", output:"coth",   ttype:UNARY, func:true},
{input:"\\csc",	   tag:"mi", output:"csc",    ttype:UNARY, func:true},
{input:"\\deg",	   tag:"mi", output:"deg",    ttype:UNARY, func:true},
{input:"\\det",	   tag:"mi", output:"det",    ttype:UNARY, func:true},
{input:"\\dim",	   tag:"mi", output:"dim",    ttype:UNARY, func:true}, //CONST?
{input:"\\exp",	   tag:"mi", output:"exp",    ttype:UNARY, func:true},
{input:"\\gcd",	   tag:"mi", output:"gcd",    ttype:UNARY, func:true}, //CONST?
{input:"\\hom",	   tag:"mi", output:"hom",    ttype:UNARY, func:true},
{input:"\\inf",	      tag:"mo", output:"inf",	 ttype:UNDEROVER},
{input:"\\ker",	   tag:"mi", output:"ker",    ttype:UNARY, func:true},
{input:"\\lg",	   tag:"mi", output:"lg",     ttype:UNARY, func:true},
{input:"\\lim",	      tag:"mo", output:"lim",	 ttype:UNDEROVER},
{input:"\\liminf",    tag:"mo", output:"liminf", ttype:UNDEROVER},
{input:"\\limsup",    tag:"mo", output:"limsup", ttype:UNDEROVER},
{input:"\\ln",	   tag:"mi", output:"ln",     ttype:UNARY, func:true},
{input:"\\log",	   tag:"mi", output:"log",    ttype:UNARY, func:true},
{input:"\\max",	      tag:"mo", output:"max",	 ttype:UNDEROVER},
{input:"\\min",	      tag:"mo", output:"min",	 ttype:UNDEROVER},
{input:"\\Pr",	   tag:"mi", output:"Pr",     ttype:UNARY, func:true},
{input:"\\sec",	   tag:"mi", output:"sec",    ttype:UNARY, func:true},
{input:"\\sin",	   tag:"mi", output:"sin",    ttype:UNARY, func:true},
{input:"\\sinh",   tag:"mi", output:"sinh",   ttype:UNARY, func:true},
{input:"\\sup",	      tag:"mo", output:"sup",	 ttype:UNDEROVER},
{input:"\\tan",	   tag:"mi", output:"tan",    ttype:UNARY, func:true},
{input:"\\tanh",   tag:"mi", output:"tanh",   ttype:UNARY, func:true},

//arrows
{input:"\\gets",		tag:"mo", output:"\u2190", ttype:CONST},
{input:"\\leftarrow",		tag:"mo", output:"\u2190", ttype:CONST},
{input:"\\to",			tag:"mo", output:"\u2192", ttype:CONST},
{input:"\\rightarrow",		tag:"mo", output:"\u2192", ttype:CONST},
{input:"\\leftrightarrow",	tag:"mo", output:"\u2194", ttype:CONST},
{input:"\\uparrow",		tag:"mo", output:"\u2191", ttype:CONST},
{input:"\\downarrow",		tag:"mo", output:"\u2193", ttype:CONST},
{input:"\\updownarrow",		tag:"mo", output:"\u2195", ttype:CONST},
{input:"\\Leftarrow",		tag:"mo", output:"\u21D0", ttype:CONST},
{input:"\\Rightarrow",		tag:"mo", output:"\u21D2", ttype:CONST},
{input:"\\Leftrightarrow",	tag:"mo", output:"\u21D4", ttype:CONST},
{input:"\\iff", tag:"mo", output:"~\\Longleftrightarrow~", ttype:DEFINITION},
{input:"\\Uparrow",		tag:"mo", output:"\u21D1", ttype:CONST},
{input:"\\Downarrow",		tag:"mo", output:"\u21D3", ttype:CONST},
{input:"\\Updownarrow",		tag:"mo", output:"\u21D5", ttype:CONST},
{input:"\\mapsto",		tag:"mo", output:"\u21A6", ttype:CONST},
{input:"\\longleftarrow",	tag:"mo", output:"\u2190", ttype:LONG},
{input:"\\longrightarrow",	tag:"mo", output:"\u2192", ttype:LONG},
{input:"\\longleftrightarrow",	tag:"mo", output:"\u2194", ttype:LONG},
{input:"\\Longleftarrow",	tag:"mo", output:"\u21D0", ttype:LONG},
{input:"\\Longrightarrow",	tag:"mo", output:"\u21D2", ttype:LONG},
{input:"\\Longleftrightarrow",  tag:"mo", output:"\u21D4", ttype:LONG},
{input:"\\longmapsto",		tag:"mo", output:"\u21A6", ttype:CONST},
							// disaster if LONG

//commands with argument
AMsqrt, AMroot, AMfrac, AMover, AMsub, AMsup, AMtext, AMmbox, AMatop, AMchoose,
//AMdiv, AMquote,

//diacritical marks
{input:"\\acute",	tag:"mover",  output:"\u00B4", ttype:UNARY, acc:true},
//{input:"\\acute",	  tag:"mover",  output:"\u0317", ttype:UNARY, acc:true},
//{input:"\\acute",	  tag:"mover",  output:"\u0301", ttype:UNARY, acc:true},
//{input:"\\grave",	  tag:"mover",  output:"\u0300", ttype:UNARY, acc:true},
//{input:"\\grave",	  tag:"mover",  output:"\u0316", ttype:UNARY, acc:true},
{input:"\\grave",	tag:"mover",  output:"\u0060", ttype:UNARY, acc:true},
{input:"\\breve",	tag:"mover",  output:"\u02D8", ttype:UNARY, acc:true},
{input:"\\check",	tag:"mover",  output:"\u02C7", ttype:UNARY, acc:true},
{input:"\\dot",		tag:"mover",  output:".",      ttype:UNARY, acc:true},
{input:"\\ddot",	tag:"mover",  output:"..",     ttype:UNARY, acc:true},
//{input:"\\ddot",	  tag:"mover",  output:"\u00A8", ttype:UNARY, acc:true},
{input:"\\mathring",	tag:"mover",  output:"\u00B0", ttype:UNARY, acc:true},
{input:"\\vec",		tag:"mover",  output:"\u20D7", ttype:UNARY, acc:true},
{input:"\\overrightarrow",tag:"mover",output:"\u20D7", ttype:UNARY, acc:true},
{input:"\\overleftarrow",tag:"mover", output:"\u20D6", ttype:UNARY, acc:true},
{input:"\\hat",		tag:"mover",  output:"\u005E", ttype:UNARY, acc:true},
{input:"\\widehat",	tag:"mover",  output:"\u0302", ttype:UNARY, acc:true},
{input:"\\tilde",	tag:"mover",  output:"~",      ttype:UNARY, acc:true},
//{input:"\\tilde",	  tag:"mover",  output:"\u0303", ttype:UNARY, acc:true},
{input:"\\widetilde",	tag:"mover",  output:"\u02DC", ttype:UNARY, acc:true},
{input:"\\bar",		tag:"mover",  output:"\u203E", ttype:UNARY, acc:true},
{input:"\\overbrace",	tag:"mover",  output:"\u23B4", ttype:UNARY, acc:true},
{input:"\\overline",	tag:"mover",  output:"\u00AF", ttype:UNARY, acc:true},
{input:"\\underbrace",  tag:"munder", output:"\u23B5", ttype:UNARY, acc:true},
{input:"\\underline",	tag:"munder", output:"\u00AF", ttype:UNARY, acc:true},
//{input:"underline",	tag:"munder", output:"\u0332", ttype:UNARY, acc:true},

//typestyles and fonts
{input:"\\displaystyle",tag:"mstyle",atname:"displaystyle",atval:"true", ttype:UNARY},
{input:"\\textstyle",tag:"mstyle",atname:"displaystyle",atval:"false", ttype:UNARY},
{input:"\\scriptstyle",tag:"mstyle",atname:"scriptlevel",atval:"1", ttype:UNARY},
{input:"\\scriptscriptstyle",tag:"mstyle",atname:"scriptlevel",atval:"2", ttype:UNARY},
{input:"\\textrm", tag:"mstyle", output:"\\mathrm", ttype: DEFINITION},
{input:"\\mathbf", tag:"mstyle", atname:"mathvariant", atval:"bold", ttype:UNARY},
{input:"\\textbf", tag:"mstyle", atname:"mathvariant", atval:"bold", ttype:UNARY},
{input:"\\mathit", tag:"mstyle", atname:"mathvariant", atval:"italic", ttype:UNARY},
{input:"\\textit", tag:"mstyle", atname:"mathvariant", atval:"italic", ttype:UNARY},
{input:"\\mathtt", tag:"mstyle", atname:"mathvariant", atval:"monospace", ttype:UNARY},
{input:"\\texttt", tag:"mstyle", atname:"mathvariant", atval:"monospace", ttype:UNARY},
{input:"\\mathsf", tag:"mstyle", atname:"mathvariant", atval:"sans-serif", ttype:UNARY},
{input:"\\mathbb", tag:"mstyle", atname:"mathvariant", atval:"double-struck", ttype:UNARY, codes:AMbbb},
{input:"\\mathcal",tag:"mstyle", atname:"mathvariant", atval:"script", ttype:UNARY, codes:AMcal},
{input:"\\mathfrak",tag:"mstyle",atname:"mathvariant", atval:"fraktur",ttype:UNARY, codes:AMfrk}
];

function compareNames(s1,s2) {
  if (s1.input > s2.input) return 1
  else return -1;
}

var AMnames = []; //list of input symbols

function AMinitSymbols() {
  AMsymbols.sort(compareNames);
  for (i=0; i<AMsymbols.length; i++) AMnames[i] = AMsymbols[i].input;
}

var AMmathml = "http://www.w3.org/1998/Math/MathML";

function AMcreateElementMathML(t) {
  if (isIE) return document.createElement("m:"+t);
  else return document.createElementNS(AMmathml,t);
}

function AMcreateMmlNode(t,frag) {
//  var node = AMcreateElementMathML(name);
  if (isIE) var node = document.createElement("m:"+t);
  else var node = document.createElementNS(AMmathml,t);
  node.appendChild(frag);
  return node;
}

function newcommand(oldstr,newstr) {
  AMsymbols = AMsymbols.concat([{input:oldstr, tag:"mo", output:newstr,
                                 ttype:DEFINITION}]);
}

function AMremoveCharsAndBlanks(str,n) {
//remove n characters and any following blanks
  var st;
  st = str.slice(n);
  for (var i=0; i<st.length && st.charCodeAt(i)<=32; i=i+1);
  return st.slice(i);
}

function AMposition(arr, str, n) {
// return position >=n where str appears or would be inserted
// assumes arr is sorted
  if (n==0) {
    var h,m;
    n = -1;
    h = arr.length;
    while (n+1<h) {
      m = (n+h) >> 1;
      if (arr[m]<str) n = m; else h = m;
    }
    return h;
  } else
    for (var i=n; i<arr.length && arr[i]<str; i++);
  return i; // i=arr.length || arr[i]>=str
}

function AMgetSymbol(str) {
//return maximal initial substring of str that appears in names
//return null if there is none
  var k = 0; //new pos
  var j = 0; //old pos
  var mk; //match pos
  var st;
  var tagst;
  var match = "";
  var more = true;
  for (var i=1; i<=str.length && more; i++) {
    st = str.slice(0,i); //initial substring of length i
    j = k;
    k = AMposition(AMnames, st, j);
    if (k<AMnames.length && str.slice(0,AMnames[k].length)==AMnames[k]){
      match = AMnames[k];
      mk = k;
      i = match.length;
    }
    more = k<AMnames.length && str.slice(0,AMnames[k].length)>=AMnames[k];
  }
  AMpreviousSymbol=AMcurrentSymbol;
  if (match!=""){
    AMcurrentSymbol=AMsymbols[mk].ttype;
    return AMsymbols[mk];
  }
  AMcurrentSymbol=CONST;
  k = 1;
  st = str.slice(0,1); //take 1 character
  if ("0"<=st && st<="9") tagst = "mn";
  else tagst = (("A">st || st>"Z") && ("a">st || st>"z")?"mo":"mi");
/*
// Commented out by DRW (not fully understood, but probably to do with
// use of "/" as an INFIX version of "\\frac", which we don't want):
//}
//if (st=="-" && AMpreviousSymbol==INFIX) {
//  AMcurrentSymbol = INFIX;  //trick "/" into recognizing "-" on second parse
//  return {input:st, tag:tagst, output:st, ttype:UNARY, func:true};
//}
*/
  return {input:st, tag:tagst, output:st, ttype:CONST};
}


/*Parsing ASCII math expressions with the following grammar
v ::= [A-Za-z] | greek letters | numbers | other constant symbols
u ::= sqrt | text | bb | other unary symbols for font commands
b ::= frac | root | stackrel	binary symbols
l ::= { | \left			left brackets
r ::= } | \right		right brackets
S ::= v | lEr | uS | bSS	Simple expression
I ::= S_S | S^S | S_S^S | S	Intermediate expression
E ::= IE | I/I			Expression
Each terminal symbol is translated into a corresponding mathml node.*/

var AMpreviousSymbol,AMcurrentSymbol;

function AMparseSexpr(str) { //parses str and returns [node,tailstr,(node)tag]
  var symbol, node, result, result2, i, st,// rightvert = false,
    newFrag = document.createDocumentFragment();
  str = AMremoveCharsAndBlanks(str,0);
  symbol = AMgetSymbol(str);             //either a token or a bracket or empty
  if (symbol == null || symbol.ttype == RIGHTBRACKET)
    return [null,str,null];
  if (symbol.ttype == DEFINITION) {
    str = symbol.output+AMremoveCharsAndBlanks(str,symbol.input.length);
    symbol = AMgetSymbol(str);
    if (symbol == null || symbol.ttype == RIGHTBRACKET)
      return [null,str,null];
  }
  str = AMremoveCharsAndBlanks(str,symbol.input.length);
  switch (symbol.ttype) {
  case SPACE:
    node = AMcreateElementMathML(symbol.tag);
    node.setAttribute(symbol.atname,symbol.atval);
    return [node,str,symbol.tag];
  case UNDEROVER:
    if (isIE) {
      if (symbol.input.substr(0,4) == "\\big") {   // botch for missing symbols
	str = "\\"+symbol.input.substr(4)+str;	   // make \bigcup = \cup etc.
	symbol = AMgetSymbol(str);
	symbol.ttype = UNDEROVER;
	str = AMremoveCharsAndBlanks(str,symbol.input.length);
      }
    }
    return [AMcreateMmlNode(symbol.tag,
			document.createTextNode(symbol.output)),str,symbol.tag];
  case CONST:
    var output = symbol.output;
    if (isIE) {
      if (symbol.input == "'")
	output = "\u2032";
      else if (symbol.input == "''")
	output = "\u2033";
      else if (symbol.input == "'''")
	output = "\u2033\u2032";
      else if (symbol.input == "''''")
	output = "\u2033\u2033";
      else if (symbol.input == "\\square")
	output = "\u25A1";	// same as \Box
      else if (symbol.input.substr(0,5) == "\\frac") {
						// botch for missing fractions
	var denom = symbol.input.substr(6,1);
	if (denom == "5" || denom == "6") {
	  str = symbol.input.replace(/\\frac/,"\\frac ")+str;
	  return [node,str,symbol.tag];
	}
      }
    }
    node = AMcreateMmlNode(symbol.tag,document.createTextNode(output));
    return [node,str,symbol.tag];
  case LONG:  // added by DRW
    node = AMcreateMmlNode(symbol.tag,document.createTextNode(symbol.output));
    node.setAttribute("minsize","1.5");
    node.setAttribute("maxsize","1.5");
    node = AMcreateMmlNode("mover",node);
    node.appendChild(AMcreateElementMathML("mspace"));
    return [node,str,symbol.tag];
  case STRETCHY:  // added by DRW
    if (isIE && symbol.input == "\\backslash")
	symbol.output = "\\";	// doesn't expand, but then nor does "\u2216"
    node = AMcreateMmlNode(symbol.tag,document.createTextNode(symbol.output));
    if (symbol.input == "|" || symbol.input == "\\vert" ||
	symbol.input == "\\|" || symbol.input == "\\Vert") {
	  node.setAttribute("lspace","0em");
	  node.setAttribute("rspace","0em");
    }
    node.setAttribute("maxsize",symbol.atval);  // don't allow to stretch here
    if (symbol.rtag != null)
      return [node,str,symbol.rtag];
    else
      return [node,str,symbol.tag];
  case BIG:  // added by DRW
    var atval = symbol.atval;
    if (isIE)
      atval = symbol.ieval;
    symbol = AMgetSymbol(str);
    if (symbol == null)
	return [null,str,null];
    str = AMremoveCharsAndBlanks(str,symbol.input.length);
    node = AMcreateMmlNode(symbol.tag,document.createTextNode(symbol.output));
    if (isIE) {		// to get brackets to expand
      var space = AMcreateElementMathML("mspace");
      space.setAttribute("height",atval+"ex");
      node = AMcreateMmlNode("mrow",node);
      node.appendChild(space);
    } else {		// ignored in IE
      node.setAttribute("minsize",atval);
      node.setAttribute("maxsize",atval);
    }
    return [node,str,symbol.tag];
  case LEFTBRACKET:   //read (expr+)
    if (symbol.input == "\\left") { // left what?
      symbol = AMgetSymbol(str);
      if (symbol != null) {
	if (symbol.input == ".")
	  symbol.invisible = true;
	str = AMremoveCharsAndBlanks(str,symbol.input.length);
      }
    }
    result = AMparseExpr(str,true,false);
    if (symbol==null ||
	(typeof symbol.invisible == "boolean" && symbol.invisible))
      node = AMcreateMmlNode("mrow",result[0]);
    else {
      node = AMcreateMmlNode("mo",document.createTextNode(symbol.output));
      node = AMcreateMmlNode("mrow",node);
      node.appendChild(result[0]);
    }
    return [node,result[1],result[2]];
  case MATRIX:	 //read (expr+)
    if (symbol.input == "\\begin{array}") {
      var mask = "";
      symbol = AMgetSymbol(str);
      str = AMremoveCharsAndBlanks(str,0);
      if (symbol == null)
	mask = "l";
      else {
	str = AMremoveCharsAndBlanks(str,symbol.input.length);
	if (symbol.input != "{")
	  mask = "l";
	else do {
	  symbol = AMgetSymbol(str);
	  if (symbol != null) {
	    str = AMremoveCharsAndBlanks(str,symbol.input.length);
	    if (symbol.input != "}")
	      mask = mask+symbol.input;
	  }
	} while (symbol != null && symbol.input != "" && symbol.input != "}");
      }
      result = AMparseExpr("{"+str,true,true);
//    if (result[0]==null) return [AMcreateMmlNode("mo",
//			   document.createTextNode(symbol.input)),str];
      node = AMcreateMmlNode("mtable",result[0]);
      mask = mask.replace(/l/g,"left ");
      mask = mask.replace(/r/g,"right ");
      mask = mask.replace(/c/g,"center ");
      node.setAttribute("columnalign",mask);
      node.setAttribute("displaystyle","false");
      if (isIE)
	return [node,result[1],null];
// trying to get a *little* bit of space around the array
// (IE already includes it)
      var lspace = AMcreateElementMathML("mspace");
      lspace.setAttribute("width","0.167em");
      var rspace = AMcreateElementMathML("mspace");
      rspace.setAttribute("width","0.167em");
      var node1 = AMcreateMmlNode("mrow",lspace);
      node1.appendChild(node);
      node1.appendChild(rspace);
      return [node1,result[1],null];
    } else {	// eqnarray
      result = AMparseExpr("{"+str,true,true);
      node = AMcreateMmlNode("mtable",result[0]);
      if (isIE)
	node.setAttribute("columnspacing","0.25em"); // best in practice?
      else
	node.setAttribute("columnspacing","0.167em"); // correct (but ignored?)
      node.setAttribute("columnalign","right center left");
      node.setAttribute("displaystyle","true");
      node = AMcreateMmlNode("mrow",node);
      return [node,result[1],null];
    }
  case TEXT:
      if (str.charAt(0)=="{") i=str.indexOf("}");
      else i = 0;
      if (i==-1)
		 i = str.length;
      st = str.slice(1,i);
      if (st.charAt(0) == " ") {
	node = AMcreateElementMathML("mspace");
	node.setAttribute("width","0.33em");	// was 1ex
	newFrag.appendChild(node);
      }
      newFrag.appendChild(
        AMcreateMmlNode(symbol.tag,document.createTextNode(st)));
      if (st.charAt(st.length-1) == " ") {
	node = AMcreateElementMathML("mspace");
	node.setAttribute("width","0.33em");	// was 1ex
	newFrag.appendChild(node);
      }
      str = AMremoveCharsAndBlanks(str,i+1);
      return [AMcreateMmlNode("mrow",newFrag),str,null];
  case UNARY:
      result = AMparseSexpr(str);
      if (result[0]==null) return [AMcreateMmlNode(symbol.tag,
                             document.createTextNode(symbol.output)),str];
      if (typeof symbol.func == "boolean" && symbol.func) { // functions hack
	st = str.charAt(0);
//	if (st=="^" || st=="_" || st=="/" || st=="|" || st==",") {
	if (st=="^" || st=="_" || st==",") {
	  return [AMcreateMmlNode(symbol.tag,
		    document.createTextNode(symbol.output)),str,symbol.tag];
        } else {
	  node = AMcreateMmlNode("mrow",
	   AMcreateMmlNode(symbol.tag,document.createTextNode(symbol.output)));
	  if (isIE) {
	    var space = AMcreateElementMathML("mspace");
	    space.setAttribute("width","0.167em");
	    node.appendChild(space);
	  }
	  node.appendChild(result[0]);
	  return [node,result[1],symbol.tag];
        }
      }
      if (symbol.input == "\\sqrt") {		// sqrt
	if (isIE) {	// set minsize, for \surd
	  var space = AMcreateElementMathML("mspace");
	  space.setAttribute("height","1.2ex");
	  space.setAttribute("width","0em");	// probably no effect
	  node = AMcreateMmlNode(symbol.tag,result[0])
//	  node.setAttribute("minsize","1");	// ignored
//	  node = AMcreateMmlNode("mrow",node);  // hopefully unnecessary
	  node.appendChild(space);
	  return [node,result[1],symbol.tag];
	} else
	  return [AMcreateMmlNode(symbol.tag,result[0]),result[1],symbol.tag];
      } else if (typeof symbol.acc == "boolean" && symbol.acc) {   // accent
        node = AMcreateMmlNode(symbol.tag,result[0]);
	var output = symbol.output;
	if (isIE) {
		if (symbol.input == "\\hat")
			output = "\u0302";
		else if (symbol.input == "\\widehat")
			output = "\u005E";
		else if (symbol.input == "\\bar")
			output = "\u00AF";
		else if (symbol.input == "\\grave")
			output = "\u0300";
		else if (symbol.input == "\\tilde")
			output = "\u0303";
	}
	var node1 = AMcreateMmlNode("mo",document.createTextNode(output));
	if (symbol.input == "\\vec" || symbol.input == "\\check")
						// don't allow to stretch
	    node1.setAttribute("maxsize","1.2");
		 // why doesn't "1" work?  \vec nearly disappears in firefox
	if (isIE && symbol.input == "\\bar")
	    node1.setAttribute("maxsize","0.5");
	if (symbol.input == "\\underbrace" || symbol.input == "\\underline")
	  node1.setAttribute("accentunder","true");
	else
	  node1.setAttribute("accent","true");
	node.appendChild(node1);
	if (symbol.input == "\\overbrace" || symbol.input == "\\underbrace")
	  node.ttype = UNDEROVER;
	return [node,result[1],symbol.tag];
      } else {			      // font change or displaystyle command
        if (!isIE && typeof symbol.codes != "undefined") {
          for (i=0; i<result[0].childNodes.length; i++)
            if (result[0].childNodes[i].nodeName=="mi" || result[0].nodeName=="mi") {
              st = (result[0].nodeName=="mi"?result[0].firstChild.nodeValue:
                              result[0].childNodes[i].firstChild.nodeValue);
              var newst = [];
              for (var j=0; j<st.length; j++)
                if (st.charCodeAt(j)>64 && st.charCodeAt(j)<91) newst = newst +
                  String.fromCharCode(symbol.codes[st.charCodeAt(j)-65]);
                else newst = newst + st.charAt(j);
              if (result[0].nodeName=="mi")
                result[0]=AMcreateElementMathML("mo").
                          appendChild(document.createTextNode(newst));
              else result[0].replaceChild(AMcreateElementMathML("mo").
          appendChild(document.createTextNode(newst)),result[0].childNodes[i]);
            }
        }
        node = AMcreateMmlNode(symbol.tag,result[0]);
        node.setAttribute(symbol.atname,symbol.atval);
	if (symbol.input == "\\scriptstyle" ||
	    symbol.input == "\\scriptscriptstyle")
		node.setAttribute("displaystyle","false");
	return [node,result[1],symbol.tag];
      }
  case BINARY:
    result = AMparseSexpr(str);
    if (result[0]==null) return [AMcreateMmlNode("mo",
			   document.createTextNode(symbol.input)),str,null];
    result2 = AMparseSexpr(result[1]);
    if (result2[0]==null) return [AMcreateMmlNode("mo",
			   document.createTextNode(symbol.input)),str,null];
    if (symbol.input=="\\root" || symbol.input=="\\stackrel")
      newFrag.appendChild(result2[0]);
    newFrag.appendChild(result[0]);
    if (symbol.input=="\\frac") newFrag.appendChild(result2[0]);
    return [AMcreateMmlNode(symbol.tag,newFrag),result2[1],symbol.tag];
  case INFIX:
    str = AMremoveCharsAndBlanks(str,symbol.input.length);
    return [AMcreateMmlNode("mo",document.createTextNode(symbol.output)),
	str,symbol.tag];
  default:
    return [AMcreateMmlNode(symbol.tag,        //its a constant
	document.createTextNode(symbol.output)),str,symbol.tag];
  }
}

function AMparseIexpr(str) {
  var symbol, sym1, sym2, node, result, tag, underover;
  str = AMremoveCharsAndBlanks(str,0);
  sym1 = AMgetSymbol(str);
  result = AMparseSexpr(str);
  node = result[0];
  str = result[1];
  tag = result[2];
  symbol = AMgetSymbol(str);
  if (symbol.ttype == INFIX) {
    str = AMremoveCharsAndBlanks(str,symbol.input.length);
    result = AMparseSexpr(str);
    if (result[0] == null) // show box in place of missing argument
      result[0] = AMcreateMmlNode("mo",document.createTextNode("\u25A1"));
    str = result[1];
    tag = result[2];
    if (symbol.input == "_" || symbol.input == "^") {
      sym2 = AMgetSymbol(str);
      tag = null;	// no space between x^2 and a following sin, cos, etc.
// This is for \underbrace and \overbrace
      underover = ((sym1.ttype == UNDEROVER) || (node.ttype == UNDEROVER));
//    underover = (sym1.ttype == UNDEROVER);
      if (symbol.input == "_" && sym2.input == "^") {
        str = AMremoveCharsAndBlanks(str,sym2.input.length);
        var res2 = AMparseSexpr(str);
	str = res2[1];
	tag = res2[2];  // leave space between x_1^2 and a following sin etc.
        node = AMcreateMmlNode((underover?"munderover":"msubsup"),node);
        node.appendChild(result[0]);
        node.appendChild(res2[0]);
      } else if (symbol.input == "_") {
	node = AMcreateMmlNode((underover?"munder":"msub"),node);
        node.appendChild(result[0]);
      } else {
	node = AMcreateMmlNode((underover?"mover":"msup"),node);
        node.appendChild(result[0]);
      }
      node = AMcreateMmlNode("mrow",node); // so sum does not stretch
    } else {
      node = AMcreateMmlNode(symbol.tag,node);
      if (symbol.input == "\\atop" || symbol.input == "\\choose")
	node.setAttribute("linethickness","0ex");
      node.appendChild(result[0]);
      if (symbol.input == "\\choose")
	node = AMcreateMmlNode("mfenced",node);
    }
  }
  return [node,str,tag];
}

function AMparseExpr(str,rightbracket,matrix) {
  var symbol, node, result, i, tag,
  newFrag = document.createDocumentFragment();
  do {
    str = AMremoveCharsAndBlanks(str,0);
    result = AMparseIexpr(str);
    node = result[0];
    str = result[1];
    tag = result[2];
    symbol = AMgetSymbol(str);
    if (node!=undefined) {
      if ((tag == "mn" || tag == "mi") && symbol!=null &&
	typeof symbol.func == "boolean" && symbol.func) {
			// Add space before \sin in 2\sin x or x\sin x
	  var space = AMcreateElementMathML("mspace");
	  space.setAttribute("width","0.167em");
	  node = AMcreateMmlNode("mrow",node);
	  node.appendChild(space);
      }
      newFrag.appendChild(node);
    }
  } while ((symbol.ttype != RIGHTBRACKET)
        && symbol!=null && symbol.output!="");
  tag = null;
  if (symbol.ttype == RIGHTBRACKET) {
    if (symbol.input == "\\right") { // right what?
      str = AMremoveCharsAndBlanks(str,symbol.input.length);
      symbol = AMgetSymbol(str);
      if (symbol != null && symbol.input == ".")
	symbol.invisible = true;
      if (symbol != null)
	tag = symbol.rtag;
    }
    if (symbol!=null)
      str = AMremoveCharsAndBlanks(str,symbol.input.length); // ready to return
    var len = newFrag.childNodes.length;
    if (matrix &&
      len>0 && newFrag.childNodes[len-1].nodeName == "mrow" && len>1 &&
      newFrag.childNodes[len-2].nodeName == "mo" &&
      newFrag.childNodes[len-2].firstChild.nodeValue == "&") { //matrix
	var pos = []; // positions of ampersands
        var m = newFrag.childNodes.length;
        for (i=0; matrix && i<m; i=i+2) {
          pos[i] = [];
          node = newFrag.childNodes[i];
	  for (var j=0; j<node.childNodes.length; j++)
	    if (node.childNodes[j].firstChild.nodeValue=="&")
	      pos[i][pos[i].length]=j;
        }
	var row, frag, n, k, table = document.createDocumentFragment();
	for (i=0; i<m; i=i+2) {
	  row = document.createDocumentFragment();
	  frag = document.createDocumentFragment();
	  node = newFrag.firstChild; // <mrow> -&-&...&-&- </mrow>
	  n = node.childNodes.length;
	  k = 0;
	  for (j=0; j<n; j++) {
	    if (typeof pos[i][k] != "undefined" && j==pos[i][k]){
	      node.removeChild(node.firstChild); //remove &
	      row.appendChild(AMcreateMmlNode("mtd",frag));
	      k++;
	    } else frag.appendChild(node.firstChild);
	  }
	  row.appendChild(AMcreateMmlNode("mtd",frag));
	  if (newFrag.childNodes.length>2) {
	    newFrag.removeChild(newFrag.firstChild); //remove <mrow> </mrow>
	    newFrag.removeChild(newFrag.firstChild); //remove <mo>&</mo>
	  }
	  table.appendChild(AMcreateMmlNode("mtr",row));
	}
	return [table,str];
    }
    if (typeof symbol.invisible != "boolean" || !symbol.invisible) {
      node = AMcreateMmlNode("mo",document.createTextNode(symbol.output));
      newFrag.appendChild(node);
    }
  }
  return [newFrag,str,tag];
}

function AMparseMath(str) {
  var result, node = AMcreateElementMathML("mstyle");
  if (mathcolor != "") node.setAttribute("mathcolor",mathcolor);
  if (mathfontfamily != "") node.setAttribute("fontfamily",mathfontfamily);
  node.appendChild(AMparseExpr(str.replace(/^\s+/g,""),false,false)[0]);
  node = AMcreateMmlNode("math",node);
  if (showasciiformulaonhover)                      //fixed by djhsu so newline
    node.setAttribute("title",str.replace(/\s+/g," "));//does not show in Gecko
  if (mathfontfamily != "" && (isIE || mathfontfamily != "serif")) {
    var fnode = AMcreateElementXHTML("font");
    fnode.setAttribute("face",mathfontfamily);
    fnode.appendChild(node);
    return fnode;
  }
  return node;
}

function AMstrarr2docFrag(arr, linebreaks) {
  var newFrag=document.createDocumentFragment();
  var expr = false;
  for (var i=0; i<arr.length; i++) {
    if (expr) newFrag.appendChild(AMparseMath(arr[i]));
    else {
      var arri = (linebreaks ? arr[i].split("\n\n") : [arr[i]]);
      newFrag.appendChild(AMcreateElementXHTML("span").
      appendChild(document.createTextNode(arri[0])));
      for (var j=1; j<arri.length; j++) {
        newFrag.appendChild(AMcreateElementXHTML("p"));
        newFrag.appendChild(AMcreateElementXHTML("span").
        appendChild(document.createTextNode(arri[j])));
      }
    }
    expr = !expr;
  }
  return newFrag;
}

function AMprocessNodeR(n, linebreaks) {
  var mtch, str, arr, frg, i;
  if (n.childNodes.length == 0) {
   if ((n.nodeType!=8 || linebreaks) &&
    n.parentNode.nodeName!="form" && n.parentNode.nodeName!="FORM" &&
    n.parentNode.nodeName!="textarea" && n.parentNode.nodeName!="TEXTAREA" &&
    n.parentNode.nodeName!="pre" && n.parentNode.nodeName!="PRE") {
    str = n.nodeValue;
    if (!(str == null)) {
      str = str.replace(/\r\n\r\n/g,"\n\n");
      str = str.replace(/\x20+/g," ");
      str = str.replace(/\s*\r\n/g," ");
// DELIMITERS:
      mtch = (str.indexOf("\$")==-1 ? false : true);
      str = str.replace(/([^\\])\$/g,"$1 \$");
      str = str.replace(/^\$/," \$");	// in case \$ at start of string
      arr = str.split(" \$");
      for (i=0; i<arr.length; i++)
	arr[i]=arr[i].replace(/\\\$/g,"\$");
      if (arr.length>1 || mtch) {
        if (checkForMathML) {
          checkForMathML = false;
          var nd = AMisMathMLavailable();
          AMnoMathML = nd != null;
          if (AMnoMathML && notifyIfNoMathML)
            if (alertIfNoMathML)
              alert("To view the ASCIIMathML notation use Internet Explorer 6 +\nMathPlayer (free from www.dessci.com)\n\
                or Firefox/Mozilla/Netscape");
            else AMbody.insertBefore(nd,AMbody.childNodes[0]);
        }
        if (!AMnoMathML) {
          frg = AMstrarr2docFrag(arr,n.nodeType==8);
          var len = frg.childNodes.length;
          n.parentNode.replaceChild(frg,n);
          return len-1;
        } else return 0;
      }
    }
   } else return 0;
  } else if (n.nodeName!="math") {
    for (i=0; i<n.childNodes.length; i++)
      i += AMprocessNodeR(n.childNodes[i], linebreaks);
  }
  return 0;
}

function AMprocessNode(n, linebreaks, spanclassAM) {
  var frag,st;
  if (spanclassAM!=null) {
    frag = document.getElementsByTagName("span")
    for (var i=0;i<frag.length;i++)
      if (frag[i].className == "AM")
        AMprocessNodeR(frag[i],linebreaks);
  } else {
    try {
      st = n.innerHTML;
    } catch(err) {}
// DELIMITERS:
    if (st==null || st.indexOf("\$")!=-1)
      AMprocessNodeR(n,linebreaks);
  }
  if (isIE) { //needed to match size and font of formula to surrounding text
    frag = document.getElementsByTagName('math');
    for (var i=0;i<frag.length;i++) frag[i].update()
  }
}

var AMbody;
var AMnoMathML = false, AMtranslated = false;

function translate(spanclassAM) {
  if (!AMtranslated) { // run this only once
    AMtranslated = true;
    AMinitSymbols();
    AMbody = document.getElementsByTagName("body")[0];
    AMprocessNode(AMbody, false, spanclassAM);
  }
}

//onload function (replaces the onload="translate()" in the <body> tag)
function generic()
{
  translate("AM");
};
//setup onload function
if(typeof window.addEventListener != 'undefined')
{
  //.. gecko, safari, konqueror and standard
  window.addEventListener('load', generic, false);
}
else if(typeof document.addEventListener != 'undefined')
{
  //.. opera 7
  document.addEventListener('load', generic, false);
}
else if(typeof window.attachEvent != 'undefined')
{
  //.. win/ie
  window.attachEvent('onload', generic);
}
//** remove this condition to degrade older browsers
else
{
  //.. mac/ie5 and anything else that gets this far
  //if there's an existing onload function
  if(typeof window.onload == 'function')
  {
    //store it
    var existing = onload;
    //add new onload handler
    window.onload = function()
    {
      //call existing onload function
      existing();
      //call generic onload function
      generic();
    };
  }
  else
  {
    //setup onload function
    window.onload = generic;
  }
}
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public bool IsNumberEven(int number)

{

bool result;
if (number == 0)
result = true;

else if (number == 1)
result = false;
else if (number == 2)
result = true;
else if (number == 3)
result = false;
else if (number == 4)
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else if (number == 5)
result = false;

return result;
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public bool IsNumberEven(int number)
{
bool result;
switch(number)
{
case O:
result = true;
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