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Introduction

I bet that most of you know Nob Yoshigahara (1936–2004), a Japanese puzzler, and his great puzzle collection.
It is my great pleasure to announce that his puzzle collection has been donated to my university, Japan
Advanced Institute of Science and Technology (JAIST), and JAIST is going to build a public puzzle museum
to show a part of them. The museum will open late September, 2012. In his collection, there are many paper
puzzles related to Origami. One of the classic paper puzzles is so-called “hypercard” (Figure 1) known since
1960s [Gar91, Chapter 8]. Although you can make it by just small cut and fold, it is not so easy for some
people, you know. This “slit and fold” technique is bit far from normal Origami, and it can produce some
feature that seems impossible. In this article, I concentrate at checker. Our goal is to make the cross checker
in Figure 2. It seems impossible at a glance. How can we make it by just “slit and fold?”
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Braid in three strands

First, look at Figure 3. It seems impossible, isn’t it? But, you can make it! A classic leather bracelet in
Figure 4 gives a hint. This leather bracelet is made by braid in three strands. But, you can ﬁnd that both
sides are not cut at all! If you are one of old readers of Gardner, you may remember that this is mentioned
in his book [Gar09, Chapter 2]. That is, we can braid in three strands even if they are connected. The
diagonal checker in Figure 3 is made in this way; shrink the length as shorten as you can, fold carefully,
and you will get it. As far as I know, this diagonal checker is proposed by Kiyori, who is one of top
impossible object designers in Japan. (See http://galleryimpossible.com/KnittedBill.htm, and also

Figure 2: Cross Checker.

Figure 1: Hypercard.
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Figure 4: Leather bracelet.
Figure 3: Diagonal checker.

Figure 6: Development of pyramid checker.

Figure 5: Pyramid checker.

http://galleryimpossible.com/.) I warn that it is quite diﬃcult to make the diagonal checker ﬁnely. I
bet you will tear several times until you enrich your experience. Anyway, enjoy!
It is easy to see that you can make longer one. But you cannot make wider one straightforwardly; you
cannot extend this checker from width 3 to 4, 5, or more (can you prove?). One possible idea of extension is
as follows. When you braid one side, unbraid it on the other side. This idea leads us to the pyramid checker
in Figure 5. This pyramid checker has a simple development (Figure 6). In the ﬁgure, I used a paper strip
of size 15cm×6.5cm. Theoretically, you can make it by unbraiding the left half after braiding the right half.
But it is impossible in a practical sense. Braid the pyramid from bottom side to top side. This is rather
easy to make in this article. (In my opinion, the most diﬃcult one is the diagonal checker in Figure 3.)
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Felt pouch and its extension

Next to the leather craft, we borrow an idea from felt craft. Figure 7 is a pouch made of felt. It is a classic
craft (at least in Japan), and I could not ﬁnd the designer. To make it using paper, prepare two sheets of
oval paper, fold them in half, make slits, and braid them like in Figure 8. It is not diﬃcult to make it.

3.1

Extension 1

In the felt poach, the ends of two loops are braided. Extending the idea, we can join three or more parts
as long as there are two ends. That is, they can be braided if and only if there are two ends at each step.
The property can be characterized by using the notion of “directed acyclic graph” which comes from graph
theory. But I just list two examples in this article.
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Figure 8: How to braid.
Figure 7: Felt heart pouch.

Figure 10: Unbraidable pattern.

Figure 9: Braidable pattern.

Figure 9 is a typical pattern which can be braided. The upper and lower pairs can be braided after the
left and right pairs. On the other hand, the pattern in Figure 10 is unbraidable. There exists no pair that
can be the last. (This is the only impossible origami in this article :-)

3.2

Extension 2

One day, I found out that you can make the cross checker in Figure 2 only on one side. The development
and its folding way are depicted in Figures 11 and 12, respectively.
Essentially, we construct one 4 × 4 checker patten by arranging four 2 × 2 checker patterns. You can
fold an “(im)possible checker die” using this pattern (Figure 13). It may be a nice idea to design your own
dot-picture pattern on each face.
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Two-sided cross checker

Now, you can imagine that, if you have long enough slits, you can design any pattern on both sides. A
reasonable solution for the cross checker is 12cm slits on two sheets of paper of width 4cm (Figure 14). Why
don’t you try to braid by yourself?
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Figure 11: A development of one-side cross
checker. (You need two sheets of this pattern.
Diﬀerent colors are better.)

Figure 12: How to assemble the one-sided
cross checker.

Figure 14: A development of two-sided cross checker (for
beginners).

Figure 13: Checker die.
Once you try and succeed to braid this beginners pattern, you can observe that there are two points to
improve. A half of these valley folds is not necessary, and 12cm slits are too long! For experts, I recommend
to try it with “least number of creases” and “slits of length 10cm.” This is not only a paper folding puzzle,
but also a dexterity puzzle!1
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1 You can find a hint of the crease pattern for experts at http://www.jaist.ac.jp/~uehara/etc/origami/images/201112/
joas.pdf .
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