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This Talk

Theorem (This Talk)

If M = (Aq,...,A,) is finite, then every A € M has polynomial bitsize in terms
of A1,..., Ar. (l.e. IM] < exp.) )
The membership problem in finite monoids is PSPACE-complete:

Input: Finite monoid M = (Ay, ..., A,), matrix A.
Output: Is A€ (Ar,...,An)?

If M = (Aq,...,A,) can be conjugated to the integers, then a corresponding
matrix P with PMP~—1 C Z"*" can be found in PTIME.

.
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Semi-Simple Monoids: Intuition

Does strong-connectedness have a meaning A= <0 1), J= <1 0 >

for the monoid? 10 ! 0 —1
No. If P € GL,(Q) is some base change,
then M ~ PMP~!, but M might be @.@
strongly-connected and PMP~1 is not.

1 -1

Idea: M is semi-simple if it is a disjoint @ @
union of SCCs.
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Definition 0
Let M C Q™" be a monoid. A base change 0 -
P c GL,(Q) st. PMP~1is : 0 ¥
block-upper-triangular with semi-simple *
block-diagonal is called Wedderburn-Malcev 11 )
Decomposition (WM-D). - X
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Proof Sketch

10/10



Proof Sketch

Theorem (This Talk)

If M = (Aq,...,A,) is finite, then every A € M has polynomial bitsize in terms
of A1,..., Ar. (l.e. IM] < exp.)

10/10



Proof Sketch

Theorem (This Talk)

If M = (Aq,...,A,) is finite, then every A € M has polynomial bitsize in terms
of A1,..., Ar. (l.e. IM] < exp.)

Lemma (Schiitzenberger 1962)

If M is finite, then Trg(M) C {—n,..., n}dim(span(M))_

10/10



Proof Sketch

Theorem (This Talk)

If M = (Aq,...,A,) is finite, then every A € M has polynomial bitsize in terms
of A1,..., Ar. (l.e. IM] < exp.)

Lemma (Schiitzenberger 1962)

If M is finite, then Trg(M) C {—n,..., n}dim(spa"(M))_

Let A € Q™" be a matrix of finite order. Then tr(A) € {—n,...,n}.

10/10



Proof Sketch

Theorem (This Talk)

If M = (Aq,...,A,) is finite, then every A € M has polynomial bitsize in terms
of A1,..., Ar. (l.e. IM] < exp.)

Lemma (Schiitzenberger 1962)

If M is finite, then Trg(M) C {—n,..., n}dim(spa"(M))_

Let A € Q™" be a matrix of finite order. Then tr(A) € {—n,...,n}.

10/10



Proof Sketch

Theorem (This Talk)

If M = (Aq,...,A,) is finite, then every A € M has polynomial bitsize in terms
of A1,..., Ar. (l.e. IM] < exp.)

10/10



Proof Sketch

Theorem (This Talk)

If M = (Aq,...,A,) is finite, then every A € M has polynomial bitsize in terms
of A1,..., Ar. (l.e. IM] < exp.)

.

Write A= A1 ... Ax. Write A; = D; + U,.

.

10/10



Proof Sketch

Theorem (This Talk)

If M = (Aq,...,A,) is finite, then every A € M has polynomial bitsize in terms
of A1,..., Ar. (l.e. IM] < exp.)

.

Write A= A1 ... Ax. Write A; = D; + U,.
A=yt (D1 Dy 1)U - Uy (Dip g - .. Do) O

.

10/10



