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Definitions:
n = the size of the set of domain elements
k = the highest dimension of a relation
P = a permutation of domain elements
S = a symmetry induced by P mapping 
models to models and non-models to non-
models
Px,y = a binary permutation of exactly two 
domain elements x and y
Sx,y = a binary symmetry induced by Px,y 
mapping models to models and non-
models to non-models

Properties of Binary Symmetries:
     For all Sx,y, Sy,z, Sz,x it holds that 
Sx,z = Sx,y ⁰ Sy,z ⁰ Sx,y.
     The set of all binary symmetries over a set 
of domain elements is a set of generators for 
all symmetries over those domain elements.
     Breaking all binary symmetries often breaks 
all symmetries over a set of domain elements.
     Breaking the right n binary symmetries is 
sufficient to break all n² binary symmetries 
over a set of domain elements.
      It is often possible to break n! 
symmetries in O(nk) time

If a permutation leaves the modelling invariant, it 
induces a symmetry of the modelled problem. For 
each P, the invariance of a modelling can be checked 
in O(nk) time, assuming the theory part of the 
modelling does not contain domain elements.

Each S induces an equivalence relation over 
the set of possible models. For each S, a set of CNF 
clauses which are true only for a smallest possible 
model of the equivalence classes corresponding to S, 
is added to the SAT theory. The size of such a set of 
clauses is O(nk-1).

Main insight: Binary SymmetriesMain insight: Binary Symmetries

Equivalence classes induced by binary symmetries

no symmetry breaking
canonical symmetry breaking

binary symmetry breaking
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Largest pigeonhole instance solved

number of pigeons = number of holes +1
assigned time limit = 100s
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