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[image: image10.emf]Everyone knows Tangram, this puzzle made up of 7 pieces which, assembled correctly, give a square as on the figure on left and many other figures.  
Among these pieces 2 are doubles (the small triangle has a double and the large one also), it thus has only 5 types of pieces: 3 rectangle-isosceles triangles of different sizes, a parallelogram and a square. When one handles these pieces one realizes quickly that all consist of an assembly of 1, 2 or 4 Basic Rectangle-Isosceles Triangles (smallest of the pieces), noted BRIT in the continuation. Thus, our puzzle has a total surface of 16 BRIT, which one can distribute in a square as it is seen on the left.  
1) Possible convex figures
Among all the realizable figures with these 7 pieces we will retain for this article only the convex figures using all the pieces. And it has been shown, more than 60 years ago, that one could carry out only 13 on the 20 theoreticaly possible convex figures by combinations of the 16 BRIT. These 20 figures are those shown below.   With the pieces of Tangram it is possible to carry out figures wich are not too thin : figures 1 to 16, excepted 3, 4 and 5, are possible.

Other dissections of the same square exist and are indexed as puzzles. We give below the most known to which we added some puzzles of our invention :              Pythagoras, Chie no-Ita,  Cocogram & Regulus are taken from Sarcone & Waeber’s website, the other ones are from the author.
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	Pythagoras
7 pieces, 2 doubles

12 convex possible figures (same as Tangram without 7, 11, 12, 13, with 3, 4, 5)
	Chie-no Ita
7 pieces, 1 double

16 convex possible figures (same as Tangram with 17, 18, 19)
	Cocogram
6 pieces, 2 doubles

16 convex possible figures (same as Tangram with 3, 4, 5)
	Regulus
5 pieces, 1 double

Only 7 convex possible figures : 1, 2, 8, 9, 14, 15 and 16
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	Diabolos
10 pieces, 6 doubles

19 convex possible figures (all without 20)
	Bitans

11 pieces, 9 doubles

All the 20 convex possible figures
	Revathi

7 pieces, no double

15 convex possible figures (same as Tangram without rectangle 7 with 3, 4 and 5)
	Heptex

7 pieces dont 2 doubles
19 convex possible figures (all without 20)


It is not immediate to determine the whole of the possible convex figures with a given batch of pieces, but it is a exercise which can absorb you a few hours if you want to distract yourselves. Thus check our assertions concerning these 8 puzzles and do not forget to announce us any error! We recall that to prove that a figure is possible it is enough to find a solution of it, on the other hand to affirm that a figure is impossible one needs other arguments logically. We leave this question open for the moment, a definite answer would be given by a computer building all the possible combinations between the pieces of the puzzle.  
We laid down ourselves an objective by writing this article: to determine the best puzzle of surface 16 BRIT made up of polyabolos. On the way, we found 2 puzzles remarkable: 
	


	
	

	1 monoabolo
	3 diabolos
	4 triabolos


1. The set of REVATHI is composed of the 7 first polyabolos (we should eliminate one from the four triabolos to preserve the surface of 16 BRIT). So there is 4 different Revathi’s games. It is the only puzzle of the list to have  a non-convex piece and it does not have double, what confers a better “aesthetic” quality to it, if not ludic. In addition it constitutes a mathematically preexistent series of objects that reinforces our interest for this collection of pieces.   
2. HEPTEX is composed of the most narrow pieces which authorize the realization of a maximum of convex figures. The pieces below proved to be most powerful for the moment with test Z (see below). 
	


	
	
	
	
	
	

	4
	3
	2
	2
	2
	2
	1


2) Measure of the performance of a set of pieces

It is time to introduce a function which will measure the interest of the puzzle to carry out convex figures in the most ludic and aesthetic way possible. Because it is clear that one can carry out the 20 convex figures with 16 pieces, all the same ones (of the BRIT), but this batch of pieces is not of great ludic interest (it is too easy) nor aesthetic (identical pieces). We want our function simple to be understood and easy to calculate for a given set. Some factors are adding some interest to the game: capacity to realize convex figure, mostly the square, variety of lengths (sides) and angles are also important factors. Other factors are reducing the aesthetic quality of the game: too much pieces, presence of double of the same piece. We propose to compute for each set of pieces the integers a, b, c, d, e and f which are :
a : the number of realizable convex figures with puzzle 
b : the number of pieces of the puzzle 
c : the number of pieces in double 
d : the number of different lengths of the sides

e : the number of different angles of the vertices
f : the possibility to get the big square (1 or 0)
Let us calculate for each puzzle the quantity Z = a + d + e + f  – b – c. 
For example for the batch of 16 BRIT, Z is worth –6 (20 + 2 + 2 + 1 – 16 – 15 = –6). It is a low value but it is possible to still go down. For instance a set of 8 square diabolos get a Z score of –9 (3 + 1 + 1 + 1 – 8 – 7 = –9).  What about a single piece of 16 BRIT area (b = 1)?  The big square get a score Z = 2 (1 + 1 + 1 + 1 – 1 – 1 = 2).  Our bearing objective is the maximalisation of Z, we give below the various values of parameters and Z for the 9 quoted puzzles.  We see that well known Tangram is worth Z=12, while others grow the Z score up to 17 (Heptex and Revathi)! I assume that this value is the today’s maximum for that kind of Tangram-like puzzle, but this has not been proved, so it may be find better puzzles in the near future… Go ahead! You may find the next winner of this Z score challenge.
	
	a

convexes
	b

pieces
	c

doubles
	d

lenghts
	e

angles
	f

square
	Z

	Tangram
	13
	7
	2
	4
	3
	1
	12

	Pythagoras
	12
	7
	2
	3
	3
	1
	10

	Chie no-Ita
	16
	7
	1
	4
	3
	1
	16

	Cocogram
	16
	6
	2
	4
	3
	1
	16

	Regulus
	7
	5
	2
	3
	3
	1
	7

	Diabolos
	19
	10
	6
	2
	3
	1
	9

	Bitans
	20
	11
	9
	2
	3
	1
	5

	Revathi 
	15
	7
	0
	4
	4
	1
	17

	Heptex
	19
	7
	2
	3
	3
	1
	17


Can one reach Z = 18? It would be necessary for that to make one more figure among the 20 without more double, or to remove a double without lost convex shape, or to pass to 6 pieces… Theoretically that seems realizable to reach 18, but the pieces being in limited number (the polyabolos of area higher or equal to 5 seem to prohibit too many figures so we won’t choose them) their combinations are also limited and for the moment we did not find better than Revathi and Heptex.  
What measures exactly the Z score? It is not only the ludic quality of the puzzle because those which proved to be reliable like Tangram (Z = 12) or Chie-no Ita (which is said to be older than Tangram) have not the best score. The “aesthetic” criterion called upon by many authors of work on puzzles is difficult to measure but score Z is a first estimation of it. Other aesthetic parameters are not taken into account for the calculation of Z : the introduction of a non-convex piece into the play, like in Revathi, the fact of using only the first polyabolos, etc. In all the manners one appreciates the aesthetic value of a puzzle while playing there, and the pleasure which one finds with the play is in itself a form of answer.
Philippe MOUTOU, 2004-2008
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