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BACKGROUND AND MOTIVATION

* |n 2009, Polhill introduced product constructions
for Negative Latin Square-type partial difference
sets (PDS), but these were restricted to abelian
2-groups that had a specific (16, 5, 0, 2) PDS

PRODUCT CONSTRUCTIONS

 Polhill's original 2009 product constructions relied on
character theory, which hampers the potential for
generalization to nonabelian groups.

GROUP PARTITION

Let G be a finite group of order v with identity
elements and let G* = G \ {e} denote the set of non-
identity elements. A partition of G* by partial difference
sets, or simply a PDS partltlon of G, is a collection of
m subsets D = {Dy, Dy, ..., Dy} of G that satisfies the
following conditions:

« G x G, the newly defined product group, generates
a new famlly of Negative Latin Square type partial

partition. difference sets of order 256 via a generalized
| « Each subset D, € D is a (v, k, A, u) partial difference product construction technique proposed by Dauvis,
* Intelligent computer search by Andrew Brady 4 set in G for the same set of parameters et. al (2025).
published in 2024 identified 8 candidate groups » The subsets are pairwise disjoint: D; N D, = @ for all » Because the original templates allow for component

of order 16 (regardless of commutativity) that
contain a (16, 5, 0, 2) PDS.

« Brady's search confirmed the existence of a O
PDS, but it did not determine if these groups
admitted the necessary partition required to use
the 2025 theorem.

* Research published in 2025 by Davis, Polnhill, et.
al, proved Polhill's constructions are valid if the
partition parameters match, regardless of

1<|<J<m

* The union of the subsets is exactly G*, the set of all
non-identity elements.

groups of increasing size G' of order 223, our
discovery effectively generates an infinite family of
non-abelian Negative Latin Square type PDSs for
orders 2254 (this poster shows the base case).

& 0
_— o In our specific case, v =16 and k = 5. The condition of .
ig. 1: Geometric depiction of the Fano plane. _ _
mx K=v—-1becomesm x 5 =15, which forces m =
3. Our investigation is therefore to find which of the 8
groups identified by Brady admit such a partition into

three disjoint (16, 5, 0, 2) partial difference sets.

Substituting our groups into the templates generates
two new Negative Latin Square type PDSs via non-
abelian groups of order 256: a (256, 85, 24, 30) PDS

METHODS and two disjoint (256, 51, 2, 12) PDSs.

* We conducted a computational search using the
GAP (Groups, Algorithms, and Programming)
system, common in algebraic research.

These partitions are processed in GAP and translated
to show these in terms of the actual vectors via input
fed by a GAP script. Below is a flowchart description:

FUTURE IDEAS

 While our framework accounts for the base case of

whether the group is commutative. » Our goal was to determine which of these 8

For the first time, we show a product construction
on non-abelian group candidates to determine
which of them admit the (16, 5, 0, 2) PDS
partition, thereby extending Polhill's construction
to non-abelian groups.

DIFFERENCE SETS

* A(v, Kk, A) difference set D is a subset of a group G
of order v such that |G| = v, |D|
of pairwise inverses A = {d,d,"| d,d, € D}, such

that d, # d, contains every nonidentity element of G

exactly A times.

 A(v, Kk, A, p) partial difference set D is a subset of a

= k, and the multiset

groups admit a PDS partltron a specific
structure required by Polhill's 2009
constructions.

The 8 groups of order 16 that Andrew
Brady's 2024 work identified as containing at
least one (16, 5, 0, 2) partial difference set
(PDS) were our partltlon search interest.

We defined a successful partition as a collection of
three disjoint (16, 5, 0, 2) partial difference sets
whose union is the set of all 15 non- identity elements
of the group.

Adapted scripts, originally developed by a
correspondence Dr. Ken Smith, to perform an
exhaustive search. lterates through all 14 groups of
order 16 and, for each, checks combinations of its
subgroups to find sets that satisfy the required
partition parameters.

ldentify the group and find raw GAP output.

Select correct vector mapping determined
by group identified.

Helper function is called for each integer ID
to search the selected map for translation.

the family (order 256), future work involves explicitly
constructing and computationally verifying the PDSs
for higher orders (recursive case) to empirically
demonstrate the infinite family property.

Our current exhaustive search is computationally
limited to small groups. An aspirational goal
includes designing a local search-inspired algorithm
(by adapting Brady's methods) to discover partitions
in larger order where the number of groups that can
be defined for that order expands rapidly.

Construct SRGs from these new non-abelian sets
and algorithmically test for isomorphism against
known abelian versions.

Polhill (2009) lists finding Negative Latin Square
type PDSs in non-p-groups as a major open
problem. A logical extension can be to apply our
search methods to groups of non-prime-power
orders to see if structures exist outside of p-groups.

The function returns the corresponding

roup G of order v where |G| = v, |D| =k, and the
JroHp Gl D human-readable group vector. °

multiset of pairwise inverses A = {d,d,"| d,d, € D},
such that d, # d, contains every non-identity
element of D exactly A times and every non-identity
element of G\ D exactly u times.

le also lists finding similar PDSs in p-groups for
odd primes. The case when p=3 already has
analogs provided to some of these constructions
presented in the 2009 paper.

FLOWCHART FOR SEARCHING

GROUPS OF ORDER 16 PARTITIONS

* Following this process, we confirmed that exactly
two non-abelian groups of order 16 admit the

sets? required (16, 5, 0, 2) partial difference set (PDS)
partition.
* These two groups are:

YES| NO! Go to the
next one.

|dentify the group. Can it identify difference
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