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Let us not count!

A log plot — we will have log plots today
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» [ = something that has a tensor product (more details later)
» K = any ground field, V = any fin dim -rep

» Problem Decompose V®"; note that dimg V®" = (dimg V)"
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Examples of what I' could be

Any finite group, monoid, semigroup
Symmetric groups, alternating groups, cyclic groups, the monster, GLn(F ), ...

Actually any group, monoid, semigroup

GLn(C), GLn(R), GLn(FE), symplectic, orthogonal, braid groups, Thompson groups, ...

Super versions
GLwn, OSPuon, periplectic, queer, ...

T00
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1 10

» [ = something that has a tensor product

» K = any ground field, V = any fin dim [-rep

» Problem Decompose V®"; note that dimg V" = (dimg V)"
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Examples of what I' could be

Any finite group, monoid, semigroup
Symmetric groups, alternating groups, cyclic groups, the monster, GLn(F ), ...

Actually any group, monoid, semigroup

Super versions
GLwn, OSPuon, periplectic, queer, ...

GLn(C), GLn(R), GLn(FE), symplectic, orthogonal, braid groups, Thompson groups, ...

100

Examples (that we will touch later)
Up to some slight change of setting we could also include:

Fusion categories or even finite additive Krull-Schmidt monoidal categories

Proj(G,K), Inj(G,K), semisimpl. of quantum group reps, Soergel bimodules of finite type, ...

General additive Krull-Schmidt monoidal categories up to one condition
Rep(GL,) and friends, quantum group reps, Soergel bimodules of affine type, ...

Most importantly, your favorite example might be included on this list

P TFTODIETT DECOMPOSE v =, TIOLE that "aiTiR vV — (anmR V']
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Let us not count!
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Let us pause for a second...the setting is way to general!
Decomposing V®" for an arbitrary group is not happening
> [ =som Better: Let us answer a different question!

» K = any grouna e, v_= any T anmm 1 -Tep

» Problem Decompose V®"; note that dimg V& = (dimg V)"
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Let us not count!

» Counting primes is difficult but...

» Prime number theorem (many people ~1793) #primes = w(n) ~ n/Inn
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Let us . . .
~ means asymptotically = |ratios are good (not the absolute difference!)

1.2 f‘
af NS
1.0

0.9 M’f/;r(x)/ /; ﬁdt

1 10* 10® 10'? 10'° 10%° 10*

L
110 10%® 10 10 10 10*

=5 So this is - doing the count!

» Prime number theorem (many people ~1793) #primes = 7w(n) ~ n/Inn
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Let Seriously, counting is difficult!

Limite x

Nombre y
Limite x | """
par la formule.|par les Tables.
10060 1330 1230
20000 2268 2263
Legendre ~1808: 30000 | 3352 3246
40000 4205 4204
_ 50000 5136 5134
(for n/(Inn—1.08366)) o) 200 | 3¢
70000 6949 6936
80000 7838 7837
90000 8717 8713

100000
150000
200000
250000
300000
550000
400000

Nombre 7
pa Ta formale.par les Tables.

9588 9592
13844 13849
17982 17984
22035 22045
26023 25998
2996t 29977
53854 33861

Acctually, #primes<1000

=1229.

Gauss, Legendre and company counted primes up to n = 400000 and more

That took years
T

I I 7 ITIXX T

TAKE
AWAY

» Counting

» Prime n| ‘Discrete statements can often be solved approximately”
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Let us not count!

2,00 2
1/n
b

1.75+ n

150" A loglog plot

125+

1.00
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» b, = bl:V=number of indecomposable summands of V®" (with multiplicities)
» Example [ = Sl,, K=C, V = C?, then

{1,1,2,3,6,10,20,35, 70,126,252}, b, for n =0, ..., 10.

lim,—so0 ¥/b, seems to converge to 2 = dimc V: ¥biogo ~ 1.99265
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Let us not count!

3.0F 3
1/n
25) b}
201 A loglog plot
15}
100
1 5 10 50 100 500 1000

» b, = b-V=number of indecomposable summands of V®" (with multiplicities)
» Example I = SL,, K= C, V = Sym C? (3d rep), then

{1,1,3,7,19,51, 141, 393,1107, 3139, 8953}, b, for n =0, ..., 10.

lim,_.oo v/b, seems to converge to 3 = dim¢c V: "%/ byooo ~ 2.9875
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Let Observation 1
Whatever is true for SL, over C is true in general, right?

So let us come back to the general setting:
' = affine semigroup superscheme
K = any field, V = any fin dim l'-rep
b, = b'V=number of indecomposable summands of V/®" (with multiplicities)

{IE5)

1 5 10 50 100 500 1000

» b, = bl:V=number of indecomposable summands of V®" (with multiplicities)
» Example [ = SL,, K= C, V = SymC? (3d rep), then

{1,1,3,7,19,51, 141, 393,1107, 3139, 8953}, b, for n =0, ..., 10.

lim, o0 v/ b, seems to converge to 3 = dim¢ V: '}V bipoo ~ 2.9875

Analytic theory of monoidal categories Or: Strategies to avoid counting July 2024 2 /5



Let Observation 1
Whatever is true for SL, over C is true in general, right?

So let us come back to the general setting:
' = affine semigroup superscheme
K = any field, V = any fin dim l'-rep
b, = b'V=number of indecomposable summands of V/®" (with multiplicities)

1.E
Observation 2
14 bnbm S bn+m =
' B = limn—sc0 ¥/bn
is well-defined by a version of Fekete's Subadditive Lemma

» b, = bl:V=number of indecomposable summands of V®" (with multiplicities)
» Example [ = SL,, K= C, V = SymC? (3d rep), then

{1,1,3,7,19,51, 141, 393,1107, 3139, 8953}, b, for n =0, ..., 10.

lim, o0 v/ b, seems to converge to 3 = dim¢ V: '}V bipoo ~ 2.9875
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Let

Observation 1
Whatever is true for SL, over C is true in general, right?
So let us come back to the general setting:

' = affine semigroup superscheme
K = any field, V = any fin dim l'-rep

b, = b'V=number of indecomposable summands of V/®" (with multiplicities)

15

Observation 2

bnbm S bn+m =

B=limysoo \'/Fn

is well-defined by a version of Fekete's Subadditive Lemma

Observation 3

1< B <dimgV
B=1< V& for n>> 0 is ‘one block’
B = dimg V < summands of V®” for n >> 0 are ‘essentially one-dimensional’
MM, S o0 V D SEEIMS TO CONVETEE TO 5 — AN V. vV D1000 ~ Z.9070
Analytic theory of monoidal categories Or: Strategies to avoid counting July 2024
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Let us not count!

A WRONG
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EXPONENTIAL
O GROVTH!
/;\/
UNDER
CONTROL

B CORRECT

EXPONENTI
GROWTH

We have

Or: Strategies to avoid counting

July 2024

2 /5



Exponential growth is scary

In other words, compared to the size of the exponential growth of (dimk V)"
all indecomposable summands are ‘essentially one-dimensional’
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Let us not count!

A

AL

O

NS
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Tell you the honest asymptotics

e
—

_— Ansatz! We have
Dowy “bp~h-n"-(dimg V)" "
for a ‘scalar’ h and n”, both killed by v/~

Tell you how to prove this

We have
Just kidding; only if you press me...

B =limp_oo Vb, =dimg V
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Finite groups - semisimple case

Class | 1 2 3

Size |

Order | 1 2 3
S3: P =2 113

p = 3 1 1

,542

Class | 1 2 3 5
Size | 1 3 6 8 6
Order | 1 2 2 3 4
p =2 11 2
p =3 123135
X.1 + 1 1

X.2 + 1 1- -
X.3 + 2 2 -1
X.4 + 3-1-1 0
X.5 + 3 -1 0 -

» Character table = prototypical rep theory

» Example The character tables of S3 and S, created with -

» What do we see? | Rows = simple characters, columns = conjugacy classes,
size = number of elements, order = order of elements; rest (Schur indicator,

power map) = not important today

Analytic theory of monoidal categories
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Finite groups - semisimple case

Class | 1 2 3
Size | 1 3 2
Order | 1 2 3
---------------- : H X2 ‘ X3
- p =2 11 3
53 . 1 X3
_________________ X3 || x3 | 1+xa+x3

eg x3=(2,0,-1)? = (4,0,1) = (1,1,1) + (1, -1,1) + (2,0, —1) e [1,1,1]

» Character ring [Rep(G)] = elements of the form )", cix; for ¢; € C and
multiplication = multiplication of characters

» Crucial fact One can reconstruct Rep(G) = Rep(G, C) from its characters

» Example| [Rep(S;)], x1 = unit = 1 «~ trivial rep rest above

Analytic theory of monoidal categories Or: Strategies to avoid counting July 2024 /5



Finite groups - semisimple case

Asymptotic for S3 and V = 2d standard rep

X3 e~ [round(2"/6), round(2"/6), round(2"/3)]
by~a,=7¢-n"-2"

Symmetric Group S3

Ao
|V

1.1
1.0
eg x3 =09
0.8
» Charad 1
multipli

5 10 15 20

b(n)

a(n)

s [1,1,1]

c C and

» Crucialfact One can reconstruct Rep(G) = Rep(G, C] from its characters

» [Example [Rep(S3)], x1 = unit = 1 «w trivial rep rest above
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Finite groups - semisimple case

Class | 1 2 3 45
Size | 1 3 6 8 6
Order | 1 2 2 3 4
p = 2 1 4
Sp; P =3 1231
X.1 + 11111
X.2 + 1 1-1 1-1
X.3 + 2 2 0-1 0
X.4 + 3-1-1 06 1
X.5 + 3-1 1 0-1

€.g. X% = (37 _17 170a _1)2 = (97 17 170a 1) o [1705 17 17 1]

» Character ring [Rep(G)] = elements of the form )", cix; for ¢; € C and
multiplication = multiplication of characters

» Crucial fact One can reconstruct Rep(G) = Rep(G, C) from its characters

» Example [Rep(Ss)], x1 = unit = 1 « trivial rep rest above

Analytic theory of monoidal categories Or: Strategies to avoid counting July 2024 /5



Finite groups - semisimple case

1.1

1.0

10.9

» Charaq0-8
multipli
» Crucia

Asymptotic for S4 and V = 3d standard rep

by~ ap=12-n°-3"

Symmetric Group S3

5 10 15 20

> Example [Rep(S;)], x1 = unit = 1 «~ trivial rep rest above

Analytic theory of monoidal categories

Or: Strategies to avoid counting
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Finite groups - semisimple case

Asymptotic for G and V = any rep with a > |b;| for [a, b1, bo, ...

> imptes dime L D o
bp~ap= =2 _—— .n - (dimc V)"
h A= s egmenp 1 (dime V)
Class | 1 2 3 4 5 6 7
Size | 110 15 20 30 24 20
Order | 1 2 2 3 4 5 6
p = 2
p =3
p =5

X X X X X X X
N o Ul W
+ o+ o+ o+ o+ o+ +

» Cha C and

mult
» Cru == = aracters
» [Example [Rep(S;)], x1 = unit = 1 «w trivial rep rest above
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Finite groups - semisimple case

Class | 1 2 3 45

Size | 11 2 2 2
Order | 1 2 2 2

=2 1111 2

Dy: '_J ______________________

X1 + 1 1 1 11

X2 + 1 1-11-1

X3 + 1 1 1-1-1

X4 + 1 1-1-11

X5 + 2-2 0 06 0

e.g Xz =(2,-2,0,0,0)> = (4,4,0,0,0) «~ [1,1,1,1,0]

» Character ring [Rep(G)] = elements of the form )", cix; for ¢; € C and
multiplication = multiplication of characters

» Crucial fact One can reconstruct Rep(G) = Rep(G, C) from its characters

» Example [Rep(D,)], x1 = unit =1 «~ trivial rep rest above
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Finite groups - semisimple case

Asymptotic for Dy and V = 2d simple rep
by~ an=(2+2(-1)")-n"-2"
Dihedral group D4

10° b(n)
10°
10*
1000
100
10

» Chara 1 £ C and
multip 5 10 15 20

» Crucial fact One can reconstruct Rep(G) = Rep(G, C) from its characters

» Example| [Rep(D.)], x1 = unit = 1 «» trivial rep rest above

Analytic theory of monoidal categories Or: Strategies to avoid counting July 2024 /5



Finite groups - semisimple case

Class | 1 2 3 4 5} 6 7 8 9 10 g
Size | 1 1 1 3 3 3 3 3 3 3 3
Order | 1 8 8 3] 3] 3 3 8 8 3] 3

(Z./37)* x (Z./37):

» Character ring [Rep(G)] = elements of the form >, ¢ix; for ¢; € C and
multiplication = multiplication of characters

» Crucial fact One can reconstruct Rep(G) = Rep(G, C) from its characters

» Example [Rep((Z/3Z)? x (Z/3Z))], x1 = unit = 1 e~ trivial rep rest above

Analytic theory of monoidal categories Or: Strategies to avoid counting July 2024 /5



Finite groups - semisimple case

c1 2 = 2 a Q

Asymptotic for (Z/3Z)? x (Z/3Z) and V = 3d simple rep
by~an=(2+2)+ 203"
(Z/ Extraspecial group of order 27
b(n)

10°

10°

100
» Charag € C and

multipli

» Crucia 5 10 — 15 — ,20 characters

» [Example [Rep((Z/3Z)? x (Z/37))], x1 = unit = 1 « trivial rep rest above

Analytic theory of monoidal categories Or: Strategies to avoid counting July 2024 /5



Finite groups - semisimple case

Class | 1 2 3 4 5 6 7 8 9 10 11
i L

Asymptotic for G and V = any rep with a > |bj|,a # b; and a = |bj| h-times for [a, by, by, ..

bn ~ap = column sum 1 + column sum 2Jn + ) ) nO . (dlm(j V)n (J:h root Of unity)

1G] g

Class | 1 2 3 4 5 6 7 8 9 10 11
Size | 1 1 3 B) 3 3 3 3 9 B
Order | 1 3 3 3 B 3 3 3 3 3 B
p = 3 1 1 1 1 1 1 1 1 1 1 1
X1 + /1 1 1 1 1 1 1 1 1 1 1
X.2 0 |1 1 1 J =il=J 1 =il=J) 1 J J =il=J
X3 0 /1 1 1}-1-3 1 J J -1-J 1 J -1
X4 0/1 1 1| pil=d) =il=d) =il=d) J J J 1 1
X5 0|1 1 1 J 1-1-J -1-J J 1-1-J J
X.6 0|1 1 1 1 J -1 1 J -1-] J -1
X7 0/ 1 1 1 J J d =ll=d =l=d =i=J 1 1
X.8 0|1 1 1 1-1-J J 1-1-J J -1-] J
X9 0°'1 1 1 -1-J J 1 J) N =il=d =il=d) J
X.10 © 6 3*] -3-3%) 0 0 0 0 0 0 0 B
X.11 0 3 -3-3%J BEY 0 0 0 0 0 0 0

]

» [Example [Rep((Z/3Z)? x (Z/37))], x1 = unit = 1 « trivial rep rest above

Analytic theory of monoidal categories Or: Strategies to avoid counting July 2024
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Finite groups - semisimple case

Class | 1 2 3 4 5 6 7 8 9 10 11
Size | 1 1 1 3 3 3 3 3 3 3 3
A 3
Asymptotic for G and V = any rep with ‘otherwise’ |,
1
(z/3 Rep not faithful, find kernel and repeat with smaller group |-
4 -J
1
_______________________ :
Class | 1 2 3 45 2
Size | 1 3 6 8 6 E
Order | 1 2 2 3 4 ;
_______________________ 0
p = 2 1 1 4 2
p = 3 1 315
X.1 + 1 1 1 1 1
> Charac?t v a0 omen 7o € C and
multiplic x3 + 2 2 0-1 ¢
» Crucial X4 o+ 3-1-101 s characters
X.5 + 3-1 1 0-1
» [Example [Rep((Z/3Z)? x (Z/37))], x1 = unit = 1 « trivial rep rest above
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Finite groups - semisimple case

Class | 1 2 3 456 7 8 910
Size | 113 3 6 6 8 6 6 8
Order | 1 22 2 2 2 3 4 406
p =2 111111 7

o0X1 4+ 1111111111
Z/22X54' X2 + 1-1 1-1 1-1 1-1 1-1
X3 +# 111 1-1-11-1-11

X4 + 1-1 1-1-1 1 1 1-1-1

X.5 4+ 2-22-2 0 0-10 0 1

X6 + 22 2260 0-1 60 0-1

X7X+ 3 3-1-1 11 0-1-1 0

X8 + 3-3-1 1-1 1 0-1 1 0

X.9 X+ 3 -3 -1 1-1 06 1-1 0

X106 +# 3 3-1-1-1-1 06 1 1 0

» Question What is the growth of b, for the marked reps?

» Answer

Analytic theory of monoidal categories Or: Strategies to avoid counting July 2024 /5



Finite groups - semisimple case

Class | 1 2 3 45 6 7 8 910
Size | 1 1 3 3 6 6 8 6 6 8
order | 1 2 2 2 2 2 3 4 4 6

p 2 1111 7 33
=3 1234586128292
o0X1l + 1111111111
Z/2Z><54- X2 + 1-1 1-1 1-1 1-1 1-1
X3 + 111 1-1-1 1-1-1 1
X4 + 1-1 1-1-1 1 1 1-1-1
X5 + 2-22-200-10 60 1
X6 + 2 222 60 06-10 0-1
X7X+ 3 3-1-1 11 0-1-1 0
X8 + 3-3-1 1-1 1 06-1 1 0
X9X+ 3-3-1 1 1-1 0 1-10
X100 + 3 3-1-1-1-1 06 1 1 0

> - What is the growth of b, for the marked reps?

» Answer

Analytic theory of monoidal categories Or: Strategies to avoid counting July 2024 w/5




Finite groups - semisimple case

Recall Riemann hypothesis «~ variance |b, — an|

Here: |b, — an| < |Asec|” for the second largest row entry Asec

Class | 1 2 3 45 6 7
Size | 110 15 20 30 24 20
Order | 1 2 2 3 456

X1 + 1111111

X2 + 1-1 1 1-11-1

X3 + 4-2 01 0-11

X4 + 420 1 0-1-1

X5 + 51 1-1-10 1

c X6 + 5-1 1-1 1 0-1

> Questi X7 + 6 6-20 0 1 0
» B Example b, grows like 6” and |b, — an| is bounded by 2"

b"Na":(%+%(_1)n)'no'3n bn"“anzﬁ'no':‘i"

Analytic theory of monoidal categories Or: Strategies to avoid counting July 2024 /5



Finite groups - nonsemisimple case

N

Il

=
P
a

,is simple

o

N
)
—

- EHE EE

) , filtration 0 — Ly — Zy,

0 0
Z3: ( B o |.fitration 0 — Ly — L, — 23,
[ ||
Z/5Z over Fs: 0 00
Zy: E ﬁ 2 , filtration 0 — Ly — L; — Lj — Z4,
o o [2 H
00 0 0
EMEooo
zs=pi: | 0 [@] @ 0 o0 |, filtration 0 — Ly — Ly — Ly — L —Zs,
o o [o @ o
0 0 0 [ 1]

» 7Z/57 over Fs = five indecomposables «~ five Jordan blocks

» Dimensions are 1,2,3,4,5

» Z; is simple, Zs is -

Analytic theory of monoidal categories Or: Strategies to avoid counting
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Finite groups - nonsemisimpl

il =1L 2
Zy:
Z3:
Z/5Z over Fs:
Zy:
Z5 =Py

b, for Z3

Boring: b, = 1"
since dimgz, Z; =1

o

.] g , filtration 0 — Ly — Zy,
||
B o o
5 E i  filtration 0 — Ly — Ly — Z3,
0
B oo o
E i 3 , filtration 0 — Ly —L; — Lj — Z4,
o o (I =
W oo o0 o
BEHE o o o
o [l W o o |, fitration 0—Li —Li — Ly —Li —Zs,
0o o |1 0
0 0 0 [ ]

» 7/5Z over Fs = five indecomposables «~ five Jordan blocks

» Dimensions are 1,2,3,4,5

> 7, is simple|, Zs is -

Analytic theory of monoidal categories

Or: Strategies to avoid counting

July 2024

4 /5



A nn b, for Z;
Finite groups - nonsemisimpl¢
Boring: b, = 1"

ZIETE (ﬂ since dimg, Z; =1

b, for Zs

bn:%'no'sn 1 — 23,
0 = 5

7,/57, over Fs:

» 7Z/5Z over s = five indecomposables «~+ five Jordan blocks

» Dimensions are 1,2,3,4,5

» Z; is 'simple, Zs is |projective

Analytic theory of monoidal categories Or: Strategies to avoid counting

,filtration 0 — Ly — Ly — Ly — Ly — Zs,

July 2024
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Finite groups - nonsemisimpl¢

bn for Zl

Boring: b, = 1"
z =1 (Isince dimg, Z1 = 1
bn for Z5
by=1-n".5" -
Z2=27Z®7Zs =2 Z° =57

7./57, over|

» 7/5Z over |
» Dimensions

» Z; is [simple

b, for Zs | (Z», Z4 analog)

b,,~a,,:é-n°-3"
since Z3Q 3271 ® L3P s and 23 ® s = 375

Z3 e~ [0,1,0]

ZZ e~ [1,1,1]

Z3 e~ [1,2,4]

73 e [2,3,14]
Z3 «~ [3,5,45]
Z8 o~ [5,8,140]

(bn)nen = (1,1,3,7,19,53,153, ...)
(an)nen = (0.2,0.6,1.8,5.4,16.2,48.6,145.8, ...)

L

tks

Analytic theory of monoidal categories

Or: Strategies to avoid counting
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Finite groups - nonsemisimple case

SL2over F3
3.0,
25

2.0,

on
10 )
5 10 15 20

SL2 over F5

m
7 am

> [Example SLy(F,), K=F, and V = F3
> Growth

ey et e T ST Y E




Finite groups - nonsemisimple case

3.0
215

Facts
Dims of simples: 1, 2, ..., p; sum = p(p + 1)

Order of the group: p(p+1)(p — 1)

Ratio: ﬁ

» Example SL,(F,), K=F, and V =F3

» Growth

bn ~ ap = ﬁ(l 4F %(_1)!7) 0 no - 2"

Analytic theory of monoidal categories Or: Strategies to avoid counting July 2024 4 /5



Finite groups - nonsemisimple case

Inclusion

> For finite groups and b,, there is essentially no
difference between char 0 and char p

» Precisely K = K, V our rep

with xx = ¢ J" 4+ 2" + ... + ¢, J" for J = exp(2mi/h)

» There is also a version for the -

Analytic theory of monoidal categories Or: Strategies to avoid counting July 2024
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Finite groups - nonsemisimple case

S, over Fy:

p = 2 1 1 1/4]2
p = 3 1 2 3|l1(s
X1 + 1 1 1[1(1
X.2 + 1 1-1)1[1
X.3 + 2 2 ol1]oe
X.4 + 3-1-11ef1
X.5 + 3-1 1}6/-1

» Question What is the growth of b, for the x5 rep?

» Answer

char 0:

Analytic theory of monoidal categories

char 3

Or: Strategies to avoid counting

July 2024
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Finite groups - nonsemisimple case

Sy over Fs:

Class | 1 2 3(4)\5
Size | 1 6(8 |6
order | 1 2 2|@3)|4
=2 11 1/4]2
p = 3 1 2 3{1fs
X1 + 1 1 1[1(1
X.2 + 1 1-1)1[1
X.3 + 2 2 ol1]oe
X.4 + 3-1-11ef1
X.5 + 3-1 1}6/-1

> - What is the growth of b, for the x5 rep?

» Answer

Analytic theory of monoidal categories

Or: Strategies to avoid counting

July 2024
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Finite groups—- nonsemisimnle cace

Analytic theory of monoidal categories J

Or: How to not count

A WRONG B CORRECT
o EXPONENTIAL|
EvoNeNTA ot
O e o)
noeR EvonniTIL
onTroL GRovTH
cone EwoenTIL
oo GRovTH
This is part 2
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» Questio . .
Theorem (very inclusive)

» Answer -
The same works for any finite tensor category
by replacing dim with PFdim
char 0: [y ~a, = o - n°-3" char 3: by~ ap — 50 n’ - 3"

Analytic theory of monoidal categories Or: Strategies to avoid counting July 2024 4 /5




Let us ot count! Let us ot count! o]

Py —— , A mow o comuer s vt compired 10 he s f e xpnunil roh f (i V)
Y —amvy o i

Wehave

I —
Ty ted Vo din e m
BB Oscompose v, e thx [BREVRE GV

Finite groups - semisimple case Finite groups - semisimple case Finite groups - semisimple case

EE————
order | 123 B2 b V)
= TNTE o

B2y by

T ——

TSR] Thechracer abes o Sy and S, ceated wich [ " o
- ehrctr e of 5 39 5, crsed i St T,
N L ——— » (Gt

i = nmberof oo, e  rder of demrs st (S it

i e e e o BB Reo(5) 1, = ot = 1 — i 1 rst sbove o [ (v 2 = ot = 1 — vl e st sbows
Finte grovps - serisiple case R — Finte grovps - nonsemisimpl case

i

» TR o e grovps snd b, the s sty n0
irene betwen ho 0 chi 7

> [Py &« R, V our rep

o GERRRR] Wt s the o o b, o the mrked g e B o GERRR] s the oo b o th x5 re?

> Ansver > Answer
with = €4 Bt o for J = expl2si/h)

There is still much to do...
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