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WHAT IS A SCHREIER SET?

A finite set F — N is said to be Schreier if F = ¢ or min F > |F|.
Schreier: {2,3},{4,5,10}

Not Schreier: {3,7,10,13}
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WHAT IS A SCHREIER SET?

A finite set F — N is said to be Schreier if F = ¢ or min F > |F|.
Schreier: {2,3},{4,5,10}

Not Schreier: {3,7,10,13}

A, = {Fc{1,2,...,n} : n€ F and F is Schreier}
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WHAT DOES A,, LOOK LIKE

A, = {Fc{1,2,...,n} : n€ F and F is Schreier}
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WHAT DOES A, LOOK LIKE?

A, = {Fc{1,2,...,n} : n€ F and F is Schreier}

A = {1 = Af =1
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WHAT DOES A, LOOK LIKE?

A, = {Fc{1,2,...,n} : n€ F and F is Schreier}

I
—

Ax

{1} = Al

&
I
I

{{2}} = | A
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WHAT DOES A, LOOK LIKE?

A, = {Fc{1,2,...,n} : n€ F and F is Schreier}

I
—

A = {{1}} = A

I
—

Ao

{{2}} = | A

As = {{2,3}, {3 — A = 2

Y. GENG, J.
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WHAT DOES A, LOOK LIKE?

An

= {Fc{1,2,...,n} : n€ F and F is Schreier}

I
—

A = {{1}} = A

I
—

Ao

{{2}} = | A
As = {{2,3}, {3 — A = 2

Ay = {{274}7{374}7{4}} :>|A4| =3

Y. GENG, J.

GENG0114@Quw
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WHAT DOES A, LOOK LIKE?

Y. GENG, J. KING ( GENG0114@QUMN.EDU MG168@R FINDING PATTERNS IN COUNTING SCHR

A, = {Fc{1,2,...,n} : n€ F and F is Schreier}
Ar = {1} = Al =1

A = {{2}) = A =

[y

As = {{2,3},{3}} — | A3

Il
N

Ay = {{274}7{374}7{4}} :>|A4| =3

As = {{2,5},{3,5},{4,5},{3,4,5},{5}} = |As|] = 5
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SCHREIER SETS AND THE FIBONACCI SEQUENCE

A. BIrRD (2012)

For ne N,
{F < {1,2,...,n} : ne F and F is Schreier}| = F,,

where F; = F,p, =1and F, = F,—1 + F,—2 for n > 3.
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A PROOF IDEA
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A PROOF IDEA

PROOF.

Suppose F < {1,2,3,--- , n}.

We need n € F, so there are n — 1 possible choices from {1,2,3,--- ,n— 1}
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A PROOF IDEA

PROOF.
Suppose F < {1,2,3,--- , n}.

We need n € F, so there are n — 1 possible choices from {1,2,3,--- ,n— 1}
We also need |F| < min F.

Let k = |F|. Then, we want to choose k — 1 elements from

{k,k+1,k+2,---,n—1}
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A PROOF IDEA

PROOF.
Suppose F < {1,2,3,--- , n}.

We need n € F, so there are n — 1 possible choices from {1,2,3,--- ,n— 1}

We also need |F| < min F.

Let k = |F|. Then, we want to choose k — 1 elements from
{kok+1,k+2,---,n—1}

(=) for all possible Schreier Sets of size k.
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A PROOF IDEA

PROOF.
Suppose F < {1,2,3,--- , n}.

We need n € F, so there are n — 1 possible choices from {1,2,3,--- ,n— 1}

We also need |F| < min F.

Let k = |F|. Then, we want to choose k — 1 elements from
{kok+1,k+2,---,n—1}

(=) for all possible Schreier Sets of size k.

k<™.

So, to count all of the Schreier Sets we need,

e n—k e n—1—k
k=1 k=0
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THEOREM

For (s,p,n) € N3,

AE,SZ,::
{Fc{1,...,1,...,n—=1,...,n—1,n}:ne F and min F > p|F|}

s s

58@R FINDING


mailto:geng0114@umn.edu
mailto:mg168@rice.edu
mailto:Johnsonj93@lakeforest.edu
mailto:jhk12@geneseo.edu
mailto:zachary.l.v@tamu.edu
mailto:hungchu@tamu.edu
mailto:sjm1@williams.edu
mailto:treschgd@tamu.edu

THEOREM

For (s,p,n) € N3,

AE,SZ,::
{Fc{1,...,1,...,n—=1,...,n—1,n}:ne F and min F > p|F|}

S~ ~ ~~
s s

PorLyMATH JR. 25 SCHREIER GROUP

For (s,p) e N> and n > sp + 2,

AZH = 1Al + 1A gl + AT gpl + o+ AT -

p,n—1 p,n—1—p p,n—1—2p p,n—1—sp
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THEOREM

Let ki denote the integer k with color i.

BY¥ = {11,12,...,1s,...,(n—=1)1,...,(n—1)s, n}
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THEOREM

Let ki denote the integer k with color i.

BY¥ = {11,12,...,1s,...,(n—=1)1,...,(n—1)s, n}

Bf) = {Fc BY : neFand minF > p|F|}.
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THEOREM

Let ki denote the integer k with color i.

BY¥ = {11,12,...,1s,...,(n—=1)1,...,(n—1)s, n}

Bf) = {Fc BY : neFand minF > p|F|}.

PoLyMATH JR. 25 SCHREIER GROUP

For (s,p) e N*> and n > sp + 2,

S S S
I [ IR o [ DAY
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A GENERAL PROBLEM

For (s,n) € N?,

A =
{Fc{1,2...,n} x...x{1,2...,n}:n€e F and

~~

s

min F > |F|}
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A GENERAL PROBLEM

For (s,n) € N?,

A =
{Fc{1,2...,n} x...x{1,2...,n}:n€e F and

~~

s

min F > |F|}

What is the sequence (A )27
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SPECIAL CASE: S = 2

Take a finite non-empty set, F ¢ N x N.

How is the minimum defined?

DU MG168@R FINDI


mailto:geng0114@umn.edu
mailto:mg168@rice.edu
mailto:Johnsonj93@lakeforest.edu
mailto:jhk12@geneseo.edu
mailto:zachary.l.v@tamu.edu
mailto:hungchu@tamu.edu
mailto:sjm1@williams.edu
mailto:treschgd@tamu.edu

SPECIAL CASE: S = 2

Take a finite non-empty set, F ¢ N x N.

How is the minimum defined?

Coordinate-wise Minimum: Define the min F = min{a, b} for all (a, b) € F.
Schreier: {(4,3),(3,3),(6,7)}

Not Schreier: {(3,7), (10, 13), (4,2)}

Y. GENG, J. KING ( GENG0114@QUMN.EDU MG168@R FINDING P.



mailto:geng0114@umn.edu
mailto:mg168@rice.edu
mailto:Johnsonj93@lakeforest.edu
mailto:jhk12@geneseo.edu
mailto:zachary.l.v@tamu.edu
mailto:hungchu@tamu.edu
mailto:sjm1@williams.edu
mailto:treschgd@tamu.edu

SPECIAL CASE: S = 2

Take a finite non-empty set, F ¢ N x N.

How is the minimum defined?

Coordinate-wise Minimum: Define the min F = min{a, b} for all (a, b) € F.
Schreier: {(4,3),(3,3),(6,7)}

Not Schreier: {(3,7), (10, 13), (4,2)}

A ={Fc{1,2...,n} x{1,2...,n} : ne F and minF > |F|}
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SPECIAL CASE:

i 3 3 3, mom >
minmom 2
.. 38 o . ,
e 0 o, = >, minjmem

FIGURE: n = 3.
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SPECIAL CASE: S = 2

For ne N,

KAc{1,2,...,n} x{1,2,...,n} :minA > |A|}|=Z

i=1

(n—i+1)?
i

where the min F = min{a, b} for all (a, b) € F.
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PROOF OF S = 2

|A| = i, then the condition min A = i implies that for every (a, b) € A we have a > i and
b > i. Hence

Ac{i,i+1,....,n} x{i,i+1,...,n},

which contains exactly (n — i + 1)? elements.



mailto:geng0114@umn.edu
mailto:mg168@rice.edu
mailto:Johnsonj93@lakeforest.edu
mailto:jhk12@geneseo.edu
mailto:zachary.l.v@tamu.edu
mailto:hungchu@tamu.edu
mailto:sjm1@williams.edu
mailto:treschgd@tamu.edu

PROOF OF S = 2

|A| = i, then the condition min A = i implies that for every (a, b) € A we have a > i and
b > i. Hence

Ac{i,i+1,....,n} x{i,i+1,...,n},
which contains exactly (n — i + 1)? elements.

Every i element subset from this set satisfies min A > |A|.
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PROOF OF S = 2

|A| = i, then the condition min A = i implies that for every (a, b) € A we have a > i and
b > i. Hence
Ac{i,i+1,....,n} x{i,i+1,...,n},

which contains exactly (n — i + 1)? elements.

Every i element subset from this set satisfies min A > |A|.

Therefore, the number of possible subsets for this i is (<"”'I.+1>2).
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PROOF OF S = 2

|A| = i, then the condition min A = i implies that for every (a, b) € A we have a > i and
b > i. Hence
Ac{i,i+1,....,n} x{i,i+1,...,n},

which contains exactly (n — i + 1)? elements.

Every i element subset from this set satisfies min A > |A|.

Therefore, the number of possible subsets for this i is (<"”'I.+1>2).

Summing over all possible i,

IR FINDING PATTERNS IN CO REIER SETS
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DIFFERENT MINIMUM

Take a finite non-empty set, F ¢ N x N.

Let's define a new minimum
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DIFFERENT MINIMUM

Take a finite non-empty set, F ¢ N x N.

Let's define a new minimum

Minimum of a+b: Define the min F = min{a + b} for all (a,b) € F.
Schreier: {(1,2),(3,3),(6,7)}

Not Schreier: {(3,7),(10,13),(2,1),(6,5)}

Y. GENG, J. KING ( GENG0114@QUMN.EDU MG168@R FINDING P.
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DIFFERENT MINIMUM

Take a finite non-empty set, F ¢ N x N.

Let's define a new minimum

Minimum of a+b: Define the min F = min{a + b} for all (a,b) € F.
Schreier: {(1,2),(3,3),(6,7)}

Not Schreier: {(3,7),(10,13),(2,1),(6,5)}

A2={Fc{1,2....,n} x{1,2...,n} : n€ F and minF > |F|}
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FIGURE: n = 3.
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AN INTERESTING IDEA

CONJECTURE FOR MIN OF A+B
For ne N,

L_%+ \ %+2"2J n2 _ Zf k
HAc {1,2,...,n} x {1,2,...,n} : minA > |A]}| = ( k=1 )
1

i=1

where the min F = min{a + b} for all (a,b) € F

U MG168@R FINDING I


mailto:geng0114@umn.edu
mailto:mg168@rice.edu
mailto:Johnsonj93@lakeforest.edu
mailto:jhk12@geneseo.edu
mailto:zachary.l.v@tamu.edu
mailto:hungchu@tamu.edu
mailto:sjm1@williams.edu
mailto:treschgd@tamu.edu

FUTURE INVESTIGATIONS

Find a restriction to make linear recurrences
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FUTURE INVESTIGATIONS

Find a restriction to make linear recurrences

Study the more general condition g min F = p|F|
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FUTURE INVESTIGATIONS

Find a restriction to make linear recurrences
Study the more general condition g min F = p|F|

Create asymptotic growth formulas
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Thank you!
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