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This file assumes you are familiar with attribute puzzles for the extra attribute set XAS.

SECTION 1:  ATTRIBUTE ITEM PUZZLES

XI Puzzles  For each of these puzzles the challenge is to find the item i from XAS which satisfies each clue given in the puzzle. 

Level 1 Puzzles  A simple clue is a clue involving only one attribute.  Each of level 1 puzzle contains at least one simple clue, and none of its other clues is very complex.  These puzzles are primarily intended as warm up, so when you are comfortable with solving them you may want to skip ahead to level 2. 

XI10   If i is not large then i is blue.  If i is blue then i is a circle.  i is small.                                                         

XI11  If i is not large then i is a triangle.  If i is red then i is a circle.  If i is not yellow then i is red.   
i is small. 

XI12  If i is not a circle then i is red.  If i is not a diamond then i is small.  If i is not large then i is not yellow.  If i is a circle then i is not blue.   i is not red.  

XI13  If i is not a circle then i is red.  If i is red then i is small.  

If i is not green then i is red.  i is not small.

XI14  i is blue or red.  If i is red then i is a circle.  If i is blue then i is a diamond.  If i is a diamond then i is not large.   i is not small.

XI15   If i is yellow then i is large.  If i is small then i is a circle.  i is yellow or green.  i is small. 

XI16  i is a blue or i is small.  If i is blue then i is a not a triangle.  i is red or i is not a diamond.  
i is not small.  

XI17  i is red or yellow.  i is circle or i is diamond.  If i is not small and then i is not yellow.  If i is circle then i is not yellow.  i is not red. 

XI18  i is a circle or i is green.  If i is not blue then i is not a diamond.  i is not both large and green.  
i is not a circle.

XI19  i is neither yellow nor red.  If i is not green then i is a circle.  

If i is green then i is not large.  i is not small. 

Answers  sbc, syt, sgc, lgc, lrc, sgc, lbc, syd, sgt, lbc

Level 2 Puzzles  These puzzles differ from the level 1 puzzles only by having some clues that are more complex.  The word or in these clues is inclusive.  Thus the first clue in puzzle XI20 allows for the possibility that the item may be both small and a diamond.

XI20  i is a diamond or i is small.  If i is not a small diamond then i is not yellow.  i is neither red nor blue.  If i is green then i is a large circle. 

XI21  If i is not large then i is a triangle.  i is neither yellow nor large.  If i is not yellow then i is red.

XI22  If i is not a circle then i is red.  i is neither red nor small.  If i is not green then i is red.

XI23  i is small and blue.  If i is either blue or large then i is a circle.  

XI24  i is blue or red.  i is neither small nor blue.  If i is small or red then i is a circle or i is a triangle.   If i is a circle then i is not large. 

XI25  i is small.  If i is a yellow circle then i is large.  If i is small and yellow then i is a circle.  If i is not yellow then i is a green triangle. 

XI26  If i is a blue diamond then i is small.  If i is blue and i is not a diamond then i is small.   i is either blue or i is a yellow triangle.  i is not small.  

XI27  If i is circle or a triangle i is not red.  i is small or i is not red.  yellow.  i is blue or i is not a small diamond.  If i is yellow then i is a small circle.  i is red or yellow. 

XI28  If i is red or small then i is a triangle or it is green.  If i is not blue then not a small diamond.  If i is neither red nor small then i is the large yellow circle.  If i is not both large and yellow then i is a diamond.  

XI29  If i is neither blue nor red then i is not a large circle.  If i is blue then i is large.   If i is green then i is large.  If i is large then i is a large circle.  i is blue or green.  

Answers  syd, srt, lgc, sbc, lrt, sgt, lyt, syc, lyc, lbc

Level 3 Puzzles  Some of the clues in these puzzles use biconditionals or exclusive alternation; however the clues still determine exactly one item i from XAS, and your challenge is to find this item.  A biconditional can be considered as an abbreviation for the conjunction of two conditionals.  Exclusive alternations indicate that exactly one of the alternatives holds.  Ordinary English does not have two different words to distinguish between inclusive and exclusive alternation.  Often we exrect people to distinguish on the basis of context; however, sometimes we indicate exclusive alternation by appending the phrase ‘not both’ to the alternation.  For example we can indicate an exclusive alternation by saying that the item is either large or red, but not both. 

Notation  ‘iff’ is an abbreviation for the biconditional ‘if and only if’. 

XI30  i is a circle or blue, but not both.  If i is blue then i is small.  i is a circle iff i is small.  If i is not green then i is not a small circle. 

XI31  i is red iff i is diamond or small and green.  i is small or red, but not both.  i is not large iff i is small and red.  

XI32  If i is not a triangle then i is large.  If i is not  a triangle then i is red.  If i is red then i is not large.  i is a diamond iff i is not either large or blue.  i is green iff i is not red.  

XI33  i is a red or a triangle, but not both.  If i is large or not a diamond then i is a red triangle.  

XI34  i is red iff i is not a diamond.  i is large iff i is not a diamond.  i is large iff i is green.  i is a diamond or blue, but not both.  

XI35  i is a diamond or small, but not both.  If i is not a circle or a diamond then i is small and yellow or i is blue.  If i is a diamond or small then i is red.  If i is a circle or a triangle then i is large and red or i is small and yellow.  

XI36  i is a triangle or red, but not both.  i is a diamond or green, but not both.  If i is small then i is not either a green triangle or a red diamond.  i is not the large red diamond.  

XI37  i is large iff i is not a circle.  i is a circle or red, but not both.  i is a triangle or large, but not both.  If i is red then i is small or i is a diamond.  

XI38  i is large iff i is a circle.  i is a diamond iff i is red.  i is small iff i is blue.  If i is yellow then i is not a circle.  If i is green then i is not a circle.  

XI39  i is large iff i is a diamond or blue but not both.  i is small and red or a small non-triangle, but not both.  If i is not blue then i is a red circle.  

SECTION 2:  ATTRIBUTE WORLD PUZZLES

XW Puzzles   A world for a puzzle is the largest subset W of XAS whose members satisfy all the puzzles clues.  Your challenge in these puzzles is to find its world.  For example consider the puzzle whose clues are L=>R, S=>R, R=>D.  The 2 red diamond are the only items of XAS that satisfy all the clues, so the answer to this puzzle would be W={lrd,srd}. 

Level 1 Puzzles  These puzzles have clues of about the same level of complexity as the level 1 XI puzzles.  The only difference is that for a XW puzzle there is more than one item that satisfies all its the clues. 

XW10  If i is large items then i is blue.  If i is blue items i is a diamond.  If i is small then i is green.
If i is green then i is a circle.  

XW11  If i is large then i is red or yellow.  If i is red the is a diamond.   If i is yellow then i is not a diamond.  If not a circle then i is a diamond.  i is not small.  

XW12  i is green.  If i is not a diamond then i is not green.  

XW13  If i is not a triangle then i is not both large and not yellow.  i is not yellow.  If i is a triangle then i is red.  If i is small then i is a triangle 

XW14  If i is a blue diamond then i is large.  If i is blue and i is not a diamond then x is large.  
i is not large.  

XW15  Either i is not red or i is not a diamond.  If i is large and blue then i is a triangle. If i is not both large and blue then i is red.  If i is not a diamond then x is large and blue.  

XW16  If i is a red circle then i is large.  If i is red and small then i is a circle.  x is not large.  

XW17  i is red or i is yellow.   If i is not b1ue then i is not a small diamond.  If i is not a small and then i is not yellow.  If i is red then i is small 

XW18  i is red or yellow.  If i is not red then i is a small diamond.  If i is not yellow then i is not small and not a diamond.  If i is not a circle then i must be small.  

XW19  If i is small then i is yellow.   If i is not a diamond then i is not blue.  If i is a diamond then i is red.  If i is not small then i is blue.  

Level 2 and 3 Puzzles  As with the level 1 puzzles, your challenge is to find its world W, but unlike the level 1 puzzles, W may be the empty set.  Some of the clues are also more complex than those used for level 1 puzzles, and some clues are stated in terms of the world instead of in terms of an arbitrary item from the world.  For instance in XW20, the clue is stated as ‘diamonds must be red’, rather than as 
‘If i is a diamond then i is red’.  

XW20  If i is neither a diamond nor a circle then i is not a large and red.  Diamonds must be red.  Red items are large.  Triangles are large.  If i is large then i is large and red.  i is a diamond or a triangle.  

XW21  If i is a large and yellow or large and blue then i is circle.  If i is not large then x is not yellow.  A blue item must be large.  A yellow item cannot be large.   i is yellow or blue.  

XW22  If i is blue or large then i is a large circle.  If i is not blue then i is not a circle.  If i is not a small circle then i is either blue or large.  

XW23  Circles are yellow, but large items are not.  If i is not a circle then i is the small red diamond.  If i is not large then i is not circle. 

XW24  If i is not a circle then i is the small green diamond.  Circles are small and green.  If i is not red then i is not diamond.  

XW25  If i is diamond or small then i is yellow or green.  If i is neither a diamond nor small then i is the large blue triangle.  If i is not both large and a triangle then i is red.  

XW26  A small must be a red triangle.  A large item must be a blue triangle.  If i is neither yellow nor green then i is not large. 

XW27  i is neither green nor blue.  i is not a large circle.  If it is not  blue and not green then i is not red.  If i is yellow then i is large and i is either a circle or a triangle. 

XW28  If i is neither a small triangle nor a large diamond then i is either  green or red.  If i is neither a small and blue nor a large and red then i is a circle.  If i is not both a circle and a triangle then i is neither red nor green. 

XW29  If i is not green then i is neither a circle nor a triangle.  If i is a red diamond or a yellow diamond then i is large and red or small and yellow.  If i is neither red nor yellow then i is blue.  Blue items are not diamonds.   If i is yellow then i is not a small diamond. 

XW30  If i is a diamond or a triangle then i is red or green.  If i is not large then i is neither a diamond nor a triangle.  If i is circle then i is  large and blue or large and yellow.  i is neither large and red nor a large and green.  

XW31  If i is not either a small circle or a large circle then i is a green triangle or a red diamond.  If i is not either red or yellow then i is blue.  If i is small then i is green.  If i is a circle or a diamond then i is blue or i is yellow.  

XW32  If i is not the small blue diamond then i is not small and i is not a diamond and i is not blue.  If i is not the large green circle then i is not large and i is not a circle and i is not green.  

XW33  It is not the case that i is not a circle and not red.  If i is red then i is a circle and i is not small.  i is a circle then i is red and i is not small.  

XW34  i is a triangle or a circle.  If i is large or red then i is a diamond and i is red.  If i is not either large or a circle then i is a red triangle or a green diamond.  

XW35  If i is small or not green then i is a yellow triangle.  If i is large or yellow but not both then i is a diamond or a triangle.  If i is large then i is green or yellow and i is a diamond or a circle.  

XW36  If i is large or not a triangle then i is a blue circle or a green diamond.  If i is not either blue or yellow then i is a large triangle or a red circle.  

XW37  If i is large or not a diamond or not green then i is a red circle.  

XW38  If i is not either a blue diamond or a yellow circle then i is a red triangle or a green circle.  i is a diamond or a triangle iff i is large or green.  

XW39  If i is not a triangle or not green then i is large and i is a yellow or circle.  i is neither a diamond nor a triangle if and only if i is neither red nor green.  

Level 4 Puzzles  These puzzles may contain redundant clues.  A clue may be redundant because it is dependent logically on one or more of the other clues.  Often the dependency is not merely logical, but also involves one or more attribute laws.  The challenge for each of our puzzles involves 3 parts.  

1.
Find the world W for the puzzle.  

2.
Find at least one clue which is redundant and give at least one minimal set of clues on which it is dependent.  If the dependency is not purely logical also list the XAS laws involved.  

3.
Exhibit at least one independent set of clues which has the same world as the original set of clues.  

We illustrate these by discussing the two sample puzzles.  

SP1  (1) S=>D     (2) R=>D     (3) L=>R     (4) S=>R 

Discussion  It is easily seen that the items which satisfy each clue are the red diamonds.  Any item eliminated by (1) would be eliminated by (2) or (4), so (1) is dependent on {(2),(4)}.  To see that that C={(2),(3),(4)} is a set of independent clues, observe that each clue in C eliminates some item not eliminated by any other clue in C set.  For instances (3) eliminates lbc, which isn’t eliminated by (2) or (4).  An answer can be summarized. 

W = {lrd, srd}.  1 is dependent on {2,4}.   {2,3,4} is independent. 

SP2  (1) R=>D  (2) L=>D     (3) NTL=>R   (4) R 

Discussion  (1) eliminates items not eliminated by any other clue, so (1) in any independent set.  (4) eliminates items not eliminated by (1).  (2) and (3) together eliminate exactly the same items as clue (4). 

W = {lrt,srt}.  (2) and (3) on {(4)} with {(1),(4)} independent; or (4) on {(2),(3)} with {(1),(2),(3)} independent. 

SP3  (1) S<=>G     (2) G<=>T     (3)  S<=>T 

Discussion  The only small item in W is sgt.  A large item is in i if it is not green and not a triangle.  Thus W={lbc,lbd,lrc,lrd,lyc,lyd,sgt}.  Together (2) and (3) eliminate all items eliminated by (1), so (1) is dependent on {(2),(3)}.  Furthermore {(2),(3)} is an independent set of clues.  Similar analysis produces other possible answers.  (2) is depends on {(1),(3)} which is independent. (3) depends on {(1),(2)} which is independent.  

XW40  If i is a triangle then i is not large and i is not green.  If i is not a triangle then i is not red.  If i is green then i is not a circle.  If i is large then i is not a circle and i is not a triangle.  i is red or i is green.  If i is small then i is not a green diamond.  

XW41  Triangles are small.  If i is not triangle then i is not a red.  A green cannot be circle.  Large items are diamonds.  i is red or green.  If i is small then i is not a green diamond.  

XW42  i is small or a triangle.  Triangles are red.  A small item must be a diamond.  A large item must be red.  If i is diamond or circle then i is green.  

XW43  i is not a green triangle.  i is green or large.  If i is not large then i is a diamond.  If i is a large diamond or a large triangle then i is yellow.  

XW44  i is not a large yellow circle.  If i is a triangle then i is large or red.  If i is not a triangle then i is a yellow circle.  Large triangles are green.  If i is not large and red then i is either green or not large.   

XW45  Large items are green.  Small items are not triangles.  Diamonds are either large or green.  If i is a green circle then i is small and not diamond.  If i is small and not diamond then i is a green circle.  

XW46  Circles are red and red items are circles.  If i is not circle then i is diamond.  Blue items must be large.  If i is not blue then i is small and not yellow.  If i is a triangle then i is not large and red.  

XW47  If i is not a diamond or not a circle then i is not large and i is not blue.  If i is not green and not a triangle then i is triangle and not a green.  If i is not blue then i is large and not yellow.  If i is not blue then i is a blue diamond.  

XW48  If i is small or not green then i is a yellow triangle.  If i is large or yellow then i is a diamond or a triangle.  If i is large then i is either  green or yellow and i is a diamond or i is a circle.  If i is not a large green diamond then i is a small yellow triangle.  

XW49  Large items are diamond and diamonds are large.  Triangles are small and small items are triangles.  Circles are blues and blue items are circles.  Small items are yellow and yellow items are small.  Large items are red and red items are large.  

SECTION 3:  ATTRIBUTE RELATION PUZZLES

XR Puzzles  These puzzles refer to a pair of items (i,j) from XAS.  In most puzzle i is different from j; however there may be puzzles in which i and j are in the same item.  

XR10  If i and j are different then they differ in 3 ways.  If i is not the same size as j then they differs in exactly 1 way.  If i is large then i is a different color than y.  If i is small then j is a diamond and i is red.  

XR11  If i is different from j then they differ in all ways.  i is red and j is green.  If i is a circle then j is large.  i is small iff j is a circle.  

XR12  If i or j is large then they differ only in color.  If i is small then they are the same only in shape.  If j is not red then i and j differ in exactly 1 way.  If i is a circle or a diamond then j is green.  If j is a diamond then i and j are the same color.  

XR13  i differs in 3 ways from sbc.  j differs in exactly 1 way from lrt.  i and j are the same only in shape.  

XR14  i is yellow and j is triangle and i and j are the same only in shape.  If i is small then i is a triangle.  If i is the same in exactly 1 way as j or i differs in exactly 1 way from j then i is a diamond.  If j is large then i is a circle.  

XR15  i differs from j in 3 ways or i is the same in exactly 1 way as j.  If i is the same in exactly 1 way as j then both are large.  If i is a different shape than j then j is a circle and i is not a triangle.  If j is large then i is a circle.  If i is a different shape than j then i is blue and j is yellow.  

XR16  i is different shape than j iff i and j are the same in exactly 1 way.  i is the same in exactly 1 way as j or i is a different size than j.  If i is the same color as j then i differs in exactly 1 way from j.  If i differs in exactly 1 way from j then this way is not size.  i is large and i is not a circle and j is triangle.  i is a green and j is not a red and j is not a yellow.  

SECTION 4:  ATTRIBUTE UNIVERSE PUZZLES

Universes  A universe for a set of clues is any subset of XAS that satisfies these clues.  Thus for each XW puzzle, its world W and each subset of W is a universe for the puzzle.  Puzzles in this section do not have universes of this type.  Most of the XU puzzle have exactly one universe U, and subsets of U are not universes for the puzzle.  To obtain a puzzle with multiple universes, merely delete or modify one of the clues.  In most cases this will give a puzzle that does not even have a world, as we shall indicate by looking at only the first 5 clues to the sample puzzle below. 

Sample Puzzle  All large items are diamonds.  Either all items are red or all items are blue.  If there is a diamond then there is a circle.  If there is a triangle then there are no circles.  If there are no triangles then there is a small diamond.  There is at least 1 large item.  Find the only universe U for these clues.  These clues are given in brief language below, using ( for all and ( for there is.   

    (1) ((L=>D)      (2) (R or (D      (3) (D => (C     (4) (T => ((C    (5) ((T => ((S&D)     (6) (L

Solution  That U={lrd,srd,src} may be seen as follows.  By (3) we cannot have only diamonds.  So by (2) every item is red.  By clues (1) and (6) there is a diamond, so by (3) there is a circle, and by (4) there are no triangles.  Thus by (5) and the fact that all items are red, srd is in U.  By (6) and (1) lrd is also in U, and this is the only large item in U.  The only possible circle in U is src, so src is in U.  

Now consider the puzzle having first 5 clues and a clue which says all items are small.  We leave it to the reader to see that this puzzle has two models, namely {srd,src}, {srt}.  Note that it does not have a model containing all other models, and hence cannot have a world. 

Level 1 Puzzles  Each of these puzzles has exactly one model.  Answers can be found in Logic Unit Q1. 

XU00  All items are diamonds.  All red items are small.  An item is blue iff it is small.  If there is green item then there is a yellow item.  There a small item and a large non-yellow item.  

XU01  All items are reds.  All items are diamonds or circles.  All large items are green.  There is a diamond iff there not is a circle.  There is a circle and there is a red item. 

XU02  Each item is not small.  All large items are circle.  There is a green item iff there is a red item.  If there is a yellow item then there are no blue items.  There is a non-yellow item.  If there are no yellow items then some item is small. 

XU03  All items are diamond.  All red items are small.  All diamonds are large.  There is a red item iff there is a yellow item.  There is a green item iff there is a blue item.  

XU04  Everything is blue and everything is large. There is a circle.  There is a diamond or there is a triangle.  There is a triangle iff there is a diamond.  

XU05  Red items are diamonds.  An item is a diamond iff it is large.  There is an item which is small or green.  If there are no circles then all items are red.  There is a yellow item iff there is a blue item.   If there is a green item then there is a large item.

XU06  There is a small red item.  An item is not circle iff it is large.  Every item is red or every item is green.  If there is a diamond then all items are green.  There is a triangle iff there is a circle.  

XU07  There is a small item or there is a green item.  If an item is diamond then it is red.  There is a triangle iff there is a circle.  An item is a red iff it is large.  If there is a green item then there is triangle.  If there are no blue items then all items are diamond.  

XU08  Every item is blue or yellow.  If any item is diamond then it is small.  There is a yellow item iff there is a blue item.  If any item is small then it is circle.  Every item is a diamond or a triangle.

XU09  Every item is circle.  An item is a blue iff it is large.  If there is a green item then there is a yellow item.  Red items are large.  There is small item and a large item.  There is an item which is not blue and not yellow.  

XU10  If any item is small then it is circle.  Every item is red or yellow.  There is more than one item.  If any item is diamond then it is green.  If any item is large then it is diamond.  

XU11  There is an item that is not small.  If there is a circle then all items are large.  If there is a yellow item then all items are yellows.  If any item is not a blue then it is small and yellow.  There are more than two items.  There are no large diamonds.  

XU12  If an item is large then it is not a diamond.  Every item is red or  yellow.  If an item is small then it is a diamond.  There is circle but no yellow circles.  If not all items are large then there is more than one triangle.  There are more than two red items.  

XU13  Every item is green or yellow.  Every item is a diamond or a triangle.  If an item is large then it is not a triangle.  If there is a triangle then every item is small or every item is large.  Either there is a large item and a triangle or all items are small diamonds.  There is more than one item.  

XU14  There is no item which is either non-yellow or a circle.  If an item is not large then it is not yellow.  If every item is small or every item is large then there is only one item.  If every item is yellow and there is not a circle item then there is a triangle or a small item.  

XU15  If an item is small then it is red.  If an item is blue then it is a diamond.  If an item is large then it is blue.  Every item is a circle or a triangle.  If all items are small then there is a circle.  If all items are circles then there is more than one item.  

XU16  If an item is small then it is a circle or it is red.  There is a large item and there is a small item.  If there is a non-diamond then every item is large or every item is small.  If an item is not green then it is a triangle or it is small.  

XU17  If there is a non-triangle item either every item is large or there is a red item.  There is a green item iff there is a blue item.  If every item is small then every item is blue or green.  If there is a large item then every item is blue or every item is green.  

XU18  If every item is small then every item is a diamond.  Every item is a diamond or no item is diamond.  If there is a large item or there is a red item then there is a diamond and a circle.  There are more than two items.  

XU19  An item is large iff it is blue.  An item is a blue iff it is not a diamond.  If there is a blue item then there is a red item and there is a yellow item and there is a green item.  There are at least two blues.    

