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Is James Dalgety’s IPP exchange “GGG or 1.5 Horses” the same puzzle as 
Hanayama’s “CHAIN”? This question has been asked many times at and after 
IPP2002 in Antwerp, much to the fustration of both James and myself. The short 
answer is: “No, CHAIN is a disentanglement puzzle, whereas GGG is a sequential 
movement puzzle. When you have solved CHAIN, you have just begun solving 
GGG”. This article discribes the basic similarities and the significant differences 
between both puzzles. 
 

 
Figure 1: a) GGG, b) CHAIN 
 
CHAIN is a three-piece disentanglement puzzle. It is based on my Gold Silver Bronze 
design, which got an honorable mention at the IPP Design Competition 2002. Solving 
the puzzle requires interchanging of the rings by using a special move. The special 
move is very hard to find, thanks to major design accuracy improvements by Koji 
Kitajima under the supervision of Nob Yoshigahara. This is the reason why it takes 
people a lot of time (or force) to solve the CHAIN puzzle. Once you have mastered 
the special move, you can always solve the puzzle. 
 
GGG is based on the same mechanism as CHAIN. However, the shape of the 
openings of the pieces have been change to make some moves impossible. This 
turns the puzzle into a mechanical multi-state maze.  
 
Let’s count the number of states from a topological point of view. Figure 2 shows the 
basic types of states. The three pieces can be in a straight line like a chain; the three 
pieces can be all through each other like a knot and there is a transition state when 
the chain is converted into a knot or vice verse. Additional states are the start and the 
goal. 
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Figure 2: Basic types of states of the GGG puzzle. 
 
Looking at the chain, the top and middle rings can have two topologically different 
states. Same for the middle and bottom ring. Moreover, each of the three rings can 
be in the middle. This all results in 2x2x3=12 topologically different states for the 
chain. 
 
Looking at the knot, each combination of two rings can have two topologically 
different orientations. As there are three of such combination, there are 2^3=8 
topologically different states for the knot.  
 
Each of the chain and knot states can be split into two topologically degenerate 
states, as illustrated in Figure 3. As for the knot, going from one knot state to its 
degenerate state requires a second “special move” which is quite hard to find.  

 
Figure 3: Degenerate states. 
 
In theory, there can be 48 transitional states, which you may check for yourself. By 
modifying the ends of the pieces, 22 of these transitional states have been 
eliminated, so 26 transitional states remain. Adding this all up and including the start 
and goal states, the total number of states for this puzzle is 12x2+8x2+26+2=68 
states, giving an indication how difficult this puzzle is. 
 
The “map of the maze” formed by all these states can be drawn as a abstract state 
diagram, by representing the chains states as small green balls, the transitional 
states as yellow  connecting barrs and the knot states as large red balls, see Figure 
4. Degenerate states will be represented by green and red connecting barrs. 
 



 
Figure 4: Mapping the puzzle into a state-diagram. 
 
Figure 5 shows the resulting state diagram. The topology of the state diagram is 
similar to a hypercube with missing edges. The start and goal states/moves are 
shown in blue. As you can see from the diagram, the equivalent maze has many 
loops and hardly any dead end. Looking more carefully, you can see that you must 
always pass at least one red barr, that is you must find the second special move to 
go between degenerate knot states. 
 

 
Figure 5: State diagram of the GGG puzzle. 
 
After reading the above, I hope that it is now clear that GGG is quite different from 
CHAIN and much harder. If you would like to try GGG for yourself, you may contact 
James Dalgety. I understand that he still has several sample left for swap or trade. By 
the way, the name “GGG or 1.5 Horses” is a pun by James Dalgety. The Brittish 
seem to refer to a horse as a “gee-gee” to their children. As the puzzle has three G-
shaped pieces (gee-gee-gee), it is one-and-a-half horses. 
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