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Everything in this lab can be found by opening the “M” drive (Mathserv/users), opening the folder Gold, then opening Public, then opening the folder MA 598, then opening the Fall03 folder.

Part 1. Exploring Venn diagrams and truth tables:  software from the Math Archives “Discrete Mathematics” folder.  Both items (and others we’ll use in our second lab) can be found by going to http://archives.math.utk.edu/software/msdos/discrete.math/.html.  In fact, both “Venn” and “Truth” come from the University of Arizona, as do the games we’ll explore in the second part of this lab.  To get the games, go to
http://www.math.arizona.edu/software/azmath.html and scroll down to “Teacher Aids” and below that, Logical Games and Puzzles:  Blackbox, the Factor Game, Get the Point, Hurkle and Master are all in collection 1, and Tax Collector is in collection 3.  Many of them are fun, and students will develop logical skills by playing them.
A. Exploring truth tables.  (This program is what you get if you unzip the file Truth.zip (which is from the University of Arizona), after downloading it, on the Math Archives site, clicking on Truth Tables.)  Go into the folder entitled Truth in the MA 598, Fall03 folder, and double-click on TRUTH.EXE  or on RUNME.BAT.  It will give you instructions if you so choose (which I can’t find a way to print, unfortunately), or you can simply use the expanded instructions I’ve put at the end of this lab.

1. Choose Expression Operations, Create Expression.  Type in (p^r)>(r’vq’), which is this program’s way to write 
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.  (Recall you had this one for homework, section 2.2 of the handout, # 12.)  Then go to Truth Table, and it will show the truth table for this expression.  Does it agree with your homework answer?

2. Pick an expression of your choice involving at least 2 variables and at least 2 operations, and do its truth table below.  
Then, type it into the program and have it display the truth table.  Do they agree?

B. Exploring Venn diagrams.  (This program is what you get if you unzip the file Venn.zip (which is from the University of Arizona), after downloading it, on the Math Archives site, clicking on Venn Diagrams.)  Go into the folder entitled Venn in the MA598 folder, and double-click on RUNME.BAT or VENN.EXE.  It will give you instructions if you so choose (which I can’t find a way to print, unfortunately), or you can just use the instructions I’ve provided at the end of the lab.
1. Choose Expression Operations, Demo Mode.  After a minute, the screen will fill with a Venn diagram of sets A, B, and C on the right side, and a list of sets, with what to type to get each set, on the left.  For example, to see the complement of A (in their notation, A’), type A.  Notice that everything except A is now shaded, but some areas are shaded one way, some another.  Venn shades the pieces of sets with different shadings, but anything which isn’t white is part of the set being displayed.  After exploring this for a few minutes, press the Escape key (Esc) to exit the demonstration.

Now, take any set expression you like which uses all three sets (A, B, and C) and at least two operations (for example, you might take 
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 (problem 1c from our homework from the first class), and draw its Venn diagram below:

Set I chose:  _____________________  Venn diagram:

Now, under Expression Operations, choose Create Set, and type the set in.  (Be sure to use the correct symbols – they’re different from our book!  See the instructions at the end of the lab for Venn.)  Once you have it typed correctly, choose Venn diagram.  Immediately you see the Venn diagram.  Draw it below, showing the different shadings:
2. Next, go to the Other Operations menu, and choose Projects, and within that, choose PROJ02.PRO.  It should say, “Simplify (AUB)’^(A’^B’).”  Using your knowledge of 

sets, find a simpler form of this set:  _________________________________

Now, check that you’re right by returning to Expression Operations, create each the original set and show its Venn Diagram.  Then create your simplified set and show its Venn diagram.  Do they agree?  If not, correct your simpler set.

C. Venn Games.  Besides displaying sets, Venn has two games.  They lack instructions, unfortunately.  However, I have included their instructions with the Venn Instructions at the end of the lab.

1. From the Games menu, choose Identify the Region.  You can have the machine select a region for you to identify, or you can specify which region from a list it’s made of 254 regions, by giving the number of the region.  The latter may be more useful if you use it for your classes, but you have to go through the list one at a time to decide which one you want to use.  We’ll try one of its choice at random, and then one from the list.
a. Choose Yes when it asks “Do you want me to select a region.”  It will then display a Venn diagram with some areas shaded.  Draw the diagram below, and at the right, what you think the region is (in terms of the sets A, B, and C, and the operations on them).

Venn diagram:





What set is it?

Now check whether you’re right by typing in the set you think it is.  Were you?

b. Go back to Identify the Region, but this time, tell it NO when it asks if you want it to select the region; and choose region 35.  What set do you think it is:
2. Now we’ll try the other game.  From the Games menu, choose Find My Number.  The computer then randomly chooses a region, and you are to figure out which it is by asking it questions.  So, you first choose “S”, for “Is your number in set …?”  Then you type in a set, for example A.  It will either say it IS in A or it ISN’T.  If it is in A, then you want to narrow it more, since A has 4 different regions.  So then you might again choose “S”, and ask if its number is in BUC, or whatever you wish.  Finally, when you have narrowed the region down, you choose “N”, and type in the number you’ve guessed.  Play the game twice, and list below what region you asked about, and what it said each time, and then your final guess and what region it turned out to be.
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	Its answer
	Your set
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	Your guess:
	Its number:
	Your guess:
	Its number


Part II:  Games to explore 
This part will also be your portfolio entry for the week.  From among the six games in the folder LogicGames, Blackbox, Get the Point, Master, Tax Collector, Hurkle, and Factor Game, each of you is to choose a different one.  Play the game a couple of times.  Then describe what kind of logical reasoning you develop in the process of playing the game.  Are there any other mathematical skills you develop?  Brief descriptions of the games are below:

Blackbox (BLACKBOX.EXE):  Played on an 8 by 8 square.  There are 5 squares which contain hidden targets.  You attempt to find the targets by firing test probes along a row or column to see where it emerges.  The rules are quite complicated:  A. Targets don’t move.  B. Probes move only vertically or horizontally – no diagonals.  C. If a target is hit, the probe is absorbed.  D. If a target is on a boundary of the game and a probe is fired at a square next to it, the probe is reflected back (and so exits where it entered.  E. If there are 2 targets in the same row or column, separated by one block, and the probe approaches the block, its direction is reversed.  F. If a probe approaches a square adjacent to a target, its direction is rotated 90 degrees away from the target t the square just before the target.

Factor Game (FACTORS.EXE) is probably the best known.  You take turns with the computer selecting a number from a grid which has many numbers.  When you select a number, the computer gets all its factors which are still on the grid, and then selects its own number.  Then you get to claim any of its factors on the grid and select a new number.  Each number or factor you choose adds points to your score; the objective is to have the highest score.  You can play with the computer acting as novice, middle, or expert.  There’s also a 2-player version (in the same package from Arizona as the one you play with a computer) which lets two students play against each other.
Get the Point (GETPOINT.EXE):  The object is to find a point on a grid.  You make a guess, and it tells you where your point is relative to the point you’re trying to find, in the sense that it tells you which region you’re in relative to the point, or if you’re on a diagonal from that point.

Hurkle (HURKLE.EXE) is similar to Get the Point, but it gives you rough compass directions from where you are to the point you’re looking for.

Master (MASTER.EXE):  You try to identify the computer’s number: it can be from 2 to 5 digits long, and the game tells you, of a guess, how many digits correct digits there are, and how many correct digits are in the right place.  You keep giving it test numbers until you’re ready to guess the number.

Tax collector (TAXES.EXE) is similar to Factor, but the numbers given represent paychecks, you choose each turn a paycheck to get (which must have a factor remaining on the list) and the tax collector takes all its factors.  In addition, at the end, any numbers remaining which have no factors left, the tax collector takes.  You try to get more money than the tax collector.
INSTRUCTIONS FOR VENN AND TRUTH

Note:  if you want to take Venn or Truth home, you must copy the whole folder (it’s shareware, so you’re allowed to copy it) – it needs all the files, not just the Venn.exe or Truth.exe to work.

These programs seem weird today, because they depend entirely on arrow keys and keyboard input.  They were made before most folks had mice with their computers.  But they’re quite good programs nonetheless.

Directions for Truth Tables:  This program displays truth tables.  Expressions are constructed from statements p, q, and r, and the four operations “v” (lower-case v, for “or”), “^” (upper-case 6, for “and”), “’” (appostrophe, for “not”; it goes after the item you want to negate – if you want to negate more than one symbol, they must be enclosed in parentheses.  Thus, p^q’ represents p and not q; to get the negation of the expression p and q, you type (p^q)’.) and “>” (upper-case period, for “implies”), as well as parentheses to group symbols when needed.  When you have finished reading the instructions, you will be presented with a choice of options.  You can use the right-arrow and left-arrow keys (on the right-hand side of the keyboard) to highlight your choice.  When your choice is highlighted, select it by pressing the Enter or Return key.  You can always get help by pressing the F1 key at the top of the keyboard.  When you finish with help, press the Escape key (Esc).  The first thing you should do is create expressions you want to work with.  This is done by choosing using the arrow key to get to the Expression Operations option, then using down arrows to get to Create Expression.  Type in your expression, using parentheses as needed.  After you have created an expression, hit Enter.  Now, you can evaluate it by selecting Truth Tables (also under Expression Operations).  As soon as you choose Truth Tables by hitting the Enter key, it gives you the truth table.  When you’ve finished with it, you must press the Escape key to get back to the menu.  (You can read the instructions online by going to the Other Operations menu and selecting Instructions, but it isn’t as detailed as this.)  The other options on the top line of the menu are Disk Operations which should allow you to save expressions onto a floppy (or the C drive, but in the lab it will be erased overnight, so don’t save anything you want after class here), load expressions you have previously saved, change drives (so you can choose the C drive or a floppy – I don’t think it will deal with CDs since it’s quite an old program), etc.  The third option, Other Operations, contains Projects, which is empty (I guess they never got around to them), Instructions (which is the online instructions) and Credits (for who wrote it).  To exit the program, go to Expression Operations and choose the Exit option.
Directions for Venn:  This program displays Venn diagrams.  Expressions are constructed from the sets A, B, C, S (for the universal set) and E (for the empty set), and the four operations “U” (uppercase u, for union), “^” (upper-case 6, for intersection), “’” (apostrophe, for complement) and “-“ (for set difference).  This program was written by the same folks as Truth; so the overall menu is similar.  Expression Operations is very similar; you create an expression, and then have the program display its Venn Diagram.  There is one additional option, Demo Mode.  In that, it illustrates how it shows Venn diagrams:  that is, every region which is being represented is shaded somehow, but not all parts of the region have the same shading.  It also, when I tried it on my computer, changed the program from a small window to the full screen, which is nice.  Disk Operations is identical with Truth.  Other Operations contains a Select Printer option which I haven’t tried; because the program is so old, this may not work.  Unlike with Truth, there ARE three “projects”, and I have you explore one of these in the lab.  You can probably write better projects yourself. 

There is an additional option on top, beyond those for Truth, “Games”.  It contains two games.  In the first, Find My Number, the machine chooses (at random, I guess) a region.  It asks you if you want to ask by set or (region) number (S/N).  At first, you’re supposed to choose S.  It then asks you what set you want to ask about.  If you type A, it assumes you’re asking if its region is in set A, and it says Yes or No.  Then, you decide whether to make a guess (N) of which region it is, or, because there are still several possibilities within the set A (since A’s divided into 4 regions, 
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) you can choose S again and then type one of these regions.  When the result has narrowed it down to just one possible region, it insists you give it a number; or you can guess a number sooner.  This game is very good exercise both of being able to describe a part of the Venn diagram with set notation, and of logical reasoning (“let’s see, it’s in A, but not in B, so maybe it’s in 
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 - are there any other possibilities).  The annoying aspect of this game is it doesn’t let you leave it until you have guessed a region, by number – but it doesn’t have instructions which tells you this, and the F1 key doesn’t work in the game.  So unless you push the correct button (after each guess of a set and its response, you must either type S or N; and with S you must type a set, with N a number), it just sits there and stares at you.
The second game, Identify the Region, is very good practice matching a set formula with its Venn diagram.  You can either have it choose a diagram at random, and you try to figure out its set description, or you can choose a particular numbered diagram from 1 to 254.  But if you’re going to have a class do this, you’ll need to go through these until you find those you want to use, as there’s no index to them.
The first time I used Venn, it got hung up when I was doing the Find My Number, and I had to use Ctrl-Alt-Del mechanism to get out of it.  I think this was because the game contains no instructions, and so when it sat there and didn’t do anything after my first guess and its response, I didn’t know what to do.  But as I was writing up these directions, I didn’t have that trouble.  In any case, if you do, this brings you to the Task Manager, and just tell it to End Task and you’re out of the program.
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