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1 Introduction

An MGTP{model generation theorem prover)[5] on the Parallel Inference Machine with 256 processors,
[4] made an obvious breakthrough in deciding some finite quasigroup existence problems by a method
of model enumeration, after some tries and a success in China[10] and Australial7].

Since then, two types of systems, such Mark Stickle’s DDPP, an implementation of the Davis-
Putnam algorithm, and John Slaney's Finder, a finite-domain constraint based enumeration system,
have achieved solutions to harder problems in the domain and contributed to great progress in design
theory in discrete mathematics[8]. In this process, the major reasons for new breakthroughs are
strongly related to “how to minimize guessing,” or how to cleverly choose the next place to assign a
value. Choosing a cell with the least altérnative values in the latin square or choosing a literal in one of
the least length positive clauses is the common criterion of all systems. And heuristics we found have
taken the role of shortening the least length positive clauses. A list of the heuristics and the reasons
why they are effective will clarify the advantage of representing the problem as propositions. One
reason is that all heuristics are represented declaratively and they are independent from the program
and are very easy to verify and mr:-diﬁr '

Further investigation was made since then a.ncl the following two parts of this talk are an interim
report of the continuing research.

1. Experimental resulis by binary clause clusure method 3]

2. Further challenging open problems

2 Experiments

In the research domain of finite constraint solving, look ahead iz a well known method to propagate
constraints[9]. This method is obviously useful for model finding. This has quite improved the search
with the high cost of execution time in the quasigroup application [6]. Because look ahead compute
again and again all possible unit consequences of each undecided assignment at every node of the
search tree. This is exponentially redundant.

The deductive closure of binary clanses(2-Closure) is not so expensive as look ahead and useful
to obtain a similar constraint propagation. Propagation of the constraints by 2-Closure oceurs when
aV b and aV —b are in the closure.
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Problem | Order | BCCP(time:sec) | Davis Putnam(time:sec) | Look Ahead
Qa3 ) 236(101) 1037(76) :
QG5 10 27(75) 38(66) 5
QGs 11 43(225) 136(228) -

QGby 12 101(950) 143(883) 83

Table 1: Failed branches in the search space

But the look ahead is not equivalent to this. For example, there is a well known method in the
constraint domain that the look ahead simulates. In this method, 'supported’ or ’non-supported’
assignment corresponds to positive or negative fact respectively. A supported assignment X; = a by
X; is that all possible assignment of X; derives X; = a. So all the other possible assignment of Xi
are negated by this fact. Non-supported assignment is one of the dual constraint propagation of this
situation.

For seeing how the above method work to the quasigroup problems, an experimental program
BCCP(binary clause closure program) in klic was created and some results] were obtained. The
results of DDPP and Look Ahead are from [8] and [6]. _ -

We can see the look ahead has much smaller size of the search tree than BCCP. However BCCP
runs reasonably fast and using a basic data structure instead of stack vectors can make some constant
times speedup.

3 More challenging problems

The second part is the introduction of further open problems in this domain. Problems are from the
reffered pages of the book [2]. Although the order is comparable to QG1 - QGS8 in FS593, none of
them are solved by our method. QG11 was stated ‘out of the existing computer’s power’ in the book.

QGY (pld)
for order n quasigroups, for max size t of pariial transversial t < n — 1. For odd n, { = n. No
_counterexamples are found for any order .
(partial transversial: a set of cells of a quasigroup with distinct value and all of them are distinct
both in row and column)

QG10 (pl5)
Are there three mutually orthogonal LS(10) 7

QG11 (P50)
Are there order 11 row complete lattin square
(complete:all n(n — 1) ordered pairs(4; ;, Aijy1) are distinct)

QG12 (P116)
Construct Noo-LS(16)
{Noe: for all LS(V) for all 1 < I < N no subsquare exists )

QG13 (p117)
are there Ny -LS(N) other than N =2a+3 57

QG14 (P145)
ISOLS(14,4){Idempotent Self Orthogonal Latin Square order 14 with a hole of size 4) 7
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