SYMMETRIES  oF RINGS  FRoM
\\4pERPLANE ARRANGEMENTS

CarAl BrauneR
Brown Uners 1™y

:NTERACTIONS RETWE EN

CoMmPUTAT loNAL
o Discrete GEoMETRY

ALGEBRA, CoMBINATORICS A

IpAM - FEBRUARY 11, 2025

MECGAN CHANG -LEE (BROWN)

TonT WoRK WITH:
‘ TrevoR KARN (MINNESOTA)



SeQUENCES DimenSioN S DimEN SION S o

%\G’ IDEA" or zemecirs 7 B 5p Spaces 7 P RePRESENTATIONS

QuTLINE®

T . Comomoro6qy RINGS FROM

HyPERPLANE ComPLE MENTS

L. SYyMmETRY

TC. BRra® ARRANGE MENT

r. TiResHoLp ARRANGE MENTS



z . CoHoMOLOGT RINGS FRoM

HypER PLANE ComPLE MENTS

ga\-u? ACK o real contral h\;ﬁerlolam arﬂmaemen,f

e~3-

C(A\ =6 C(A) =%

C(A\ = :\:\: C.\-\ AHQERS "" ?vk\ A(Mey\g]oy\k\ Cone S



Cgr\s'\Aer ‘“\e Eom?\cw\en% o? A N Ao ép\; Q\/‘ev\‘\‘ UJAJS'-

(> Ren ComPLEMENT -

M (D= RONA

w&is;\am% Union 3 C(A\ contractible pieces
e

« CohoMoL 06y RING H Mn’\ (A\ ~Z

\has an  TNTERESTING TRESENTATION *
?

\ARCHENKO - GELFAND RinG Y (XD — Yis soon s

L—D Tres‘,&a]w\ yia Heui:l&z %‘J'\C\}\'\S
l_’p so (id\\té c eA R "\{G' (A
as S d \f\j 3 \ wih co\ao«u\oa\‘ca-k C'Aﬁr’?m'\a\‘:-d.

ALGEBRA

CoRD VAL
G’n,\LV\‘S &«\\K

o



(2) CoMPLEX CoMPLEMENT

Mm(A\"‘ CK\A

ConoMoL 06y RING

o 1 (Me CANE OSCA),
e ORLIK SoLomoN ALGEBRA

£ A

2 \ ee (o) 2, "’, 2k
L_v GRADED RING- " c,\/\om>\°3\ca~\ Je:\xf‘ by s

[y ToraL DIMENSION® € (/O



\“I“\\ ST\’D" THeSE R’NGS?

iﬂPORfANr al\A' /\
DiMEN SION S

SEQUENCES oF “TMPoRTANT and
oF TINTEGERS ;NTERESTING
PACES

ForRVS ™ /_\b
Dimen SIoN 8 f

CWAMBERS
c (A
os (A) and. GG A
CUARACTERISTIC /\
’PoL‘lNOMmL
oy Lt Dimen SIoN S
' F eIl of GRADED PIECES of
Where i.(A-\ 15 Fhe OS(}Q\ l j‘( CV(J'(A\)

la\'H't(e 3 'lr\*wiec\’\ay\ §ulosrkbel
(,? 4o s:iﬂsx,



ExAMPLE  The BRaID ARRANGEMENT

/4“'! 1= {Hld e {X; —xszo'ﬁj}léi:(é“

Haa = {’(I:Xs-ﬁ

12>

A.l = W = {x‘:xfl
Hip = {x=Xs)
* C()g\ 2 v\‘ = dimencion Ry \[G'(}*\ W\A 05( A\
K (fo, 1) 2 (b0 (-2 (e wt1)
n ) n’j
= Z S(“'JB‘\_ (TenoRING Sien):
d'-\ R__ STIRLING NUMRERS OF N .
FIRST KIND {J "



HZEA divides MCR (A\ Ao T{n.eS‘

+

« Ew;} \,\]F"T\QM_
¥

Lo roese o Tos'r\’ivc T«r\' -

0«\&, o V\faq‘\'i\/( \:«(‘{’? Hi_

« \NRCHEN KO ~ GELFAND RiNG s irmmw oy

?\N\C\\Af\u\\s s M“\(A\ ta\\e&

\inear

WeAviSIDE FuNcTion S & For Me A

Note: wie W Mg (AN



SurpRISING FAcT t Wi B wn algplre

ADO \ToN and MurLTIPLD CATION

\;3 ’\Do\J\’kwlSe
EXAMPLE: BRa1D ARRANGE MENT hes  Heauiside Rnchions i
what is  [=hy e W M(&(A\?

A -\
K N

1 - »\ v\."

APDITION® 3.




ExAMPLE (MuLTIPLICATION) -




TueoREM (\ARCHENKO - GELFAND )

/‘\“em s & s“’;\€°{>:°“

/IR — ‘\'\*Mm(/&\
T, V—— k;

H’\ 146("“} /J—' (AN BCV\eru}CA ko:] « CIRCU 1T RE LAT‘ONS "
h 7

nima) Whe r‘A endenc
DEFlNE" Minima Al Q&P _J

Ve(A) = 2rlkes /T



ExAMPLE. Rra1d ARRANGE MENT




RAID ARRANG’E MENT : L\ = .
'% Al VGCA ;\ = Z[ZUF&/T(AM\
where :SCJLA-\\ s C\Xev\w‘*s‘" d Lj )

2
[a») Z: (\——Z:'\ = Z;' —Zv\'
3 2 § 4
() ZiXZ'K (1 — Zu) ~ (\’Z:J'\ (-2p) Zic

= Z]-Z"k — Z.;» AN 5 ¥ Z.< _ _
A T Ve ZJKZ"K Z;AZ\K Ju Z(\&}@K

NoTE* The Smy\ic\\“\l o Ahis ?resenb e N @n
a»*»‘_?,,c‘\ A¥ An— bz im Jer
\ 3 q

aee.. .

T {HJ Hie, H\i“ll |

+* 0“\3 v\eg& C\rr_vi'\—S X% X ~Xe
o

T\‘\IS e Kes l‘\' more %r&;\‘o\\okg__ COM?UTAT\ONALLY



ASsocIATE® GRADED
¥ /(}\eW‘C’IS & l?;HraC\\”on \03 Aez\rzc on VG’(A‘}

FI = YV\-)I\MA\&\S a‘P A<3r€& { ov less

Fefcf coooo ©F

« AssocrnteD GRADED Ring

Foy ZCZ&/&JT)\

1NTU‘T|°N: cd\ationg 6‘"("5\) <> duke \'\\3\“/‘% éexfee. tecms in

re\aions i T



INTUIT'ON: V‘t,\lk'\'ims A L:yr‘(.:\‘y <~ ‘\’a\ﬁg \Mj\,\u\ ée:&ree, ‘kefMS A

‘f?.\ﬂ\,‘\"\w\_g TN j‘ .
ExAMPLE @ Braid ARRANGE MENT
G’Cv\cr«Jﬂr\j celations )1\0( T(.Av\-\\)

(> oz LT - z;j//z?,&

(2) Z‘\X Z\"K (l - Zil<\ \ ("Zj\ U’L\’Y‘B Zi

= Z‘,Szdk + é/]{? _ ka21K —'ZEAZ\K

[ \IGCD"\‘\\

J . 20z 2
5 Z[ZJ,X /<Z‘.&) Z}JZsk’ ZJRZ{\« = Z;jZ;K7



DiMENSION ofF y NG (AN s

Sﬁﬂ,'\ —  STIRLING NUMBERS oF FIRSTKIND =

J
ExAMPLE: n=3

\ DIMENSION

# geS. uith

J <y es

PeRMUTATIONS

3rvcr(/k3 o 1-563) (O (3D
0 (3),
3rvGCADL 3= 36,2 () (2)
(3) Y
(z3),
- s(3,
\(G (Aﬂ—\?_ 2‘ (' ]3 (.\323,

¥

S —

W& (A2) 6 - 3"

3) (2)
(23)

(PR () W 3), 23,

(\32),



GENERAL FACTs  ABwT (Ve CAD) -
RQCA\\ AC(RK a; )

x K %m&eé ?ieces xfC\fG(;Q\-) = :)W ym&u& Rece

ZZ[Z;/\“.‘A / 97 (/S(A)B
ded

x  CoMMVTATIVE:
k \I\QWTMUS ae:

T SERMES
<T\Mr(k\\0 J(J patches  0SCA)

+ HuBER
Z A‘\M
J

KTHN\ (M“SQ\'L? c iy‘ VG"(AX \f\“\ QG\MMA“&R&\ ’.;\krre\‘m%\nn

G (A= H*QRK@(R?’ N\ ywﬁ;w)

§ g



()S(A\ Y EXAMPLE ° ’BRAID ARRANG-E MENT

OSCA%—( = 1}“““‘
3& /3“3 - Yy i gt

\Ubswe T -
* 6{' \IG’C,AcB con e *L\m)a
L‘b fP“eScV\‘\’«l‘iw\S are Verd S’\ml\ﬂw

g 0S (A

WhJos a CMMUTATWVE Qna\OJ

eneraTors

VVl&A.u\G C\RCU v RELAT'ONS
]\

W\mima\ ‘incxr Aa\xn

;mlexe,A« \“J
MJ er\anw

Jtv\(\f&

L dimensions §¥ G(‘asﬁé ‘?1“25 3”1 etficien 15 3 c,\:\wnc-hﬁs'\ic rb\\/nnw\'la\ «(A,'}S

L_b %;H\ L\duc Gra\nv\cr Luis ﬁi\lcv\ Lj M%:; Sa+$

non - berken cireoits



IC Simm ETRY

‘”‘“’“":r me V\*S \'mve

Mms F Ahe west -mxmenj

'\“W\ar Wisms
(F\M\Te\ arouv 5 av P

G— ackin on .A

MRy, Me N
aerh an An-\ ':

SYMAM eTRY 4—

’ﬂ\:s \'r\duccs an a_(,Jr;ov\

EXP\M?'—E . SYMM&‘]’N(_ Jd‘a F

Xa=Xa

/o

! =)<z
S (D) acts BJ refF\e()tir\J ovevr X\"Xz
XFX:




This indvces &« G-REPRESENTATION  «n

NG (A, Y\'G(M’ 0S (A

G-REPRESENTATION: G ackion on a vechr speee-

eq Ss e V6 (A = Z L2l T(A)
(D Z s = L2a

(N » 2wl ~ Z,* Ll - (‘Zu_\ =0, 2 t Lo



Wy Steoy SYMMETRIES oF  TueSE RinGS™®

LMPORTANT  and /\ DiMEN SION S

INTERESTING oF TMPORTANT and
SEQUENCES INTERESTING
of ENTEGERS SPACES

{\J

DimeEN SION S8
of TMPORTANT and

INTERESTING

ReEPRESENTATIONS



Q'- %\0&) do e c&escr(\')e« Kis ‘(e?\resew‘\r«‘hon?

DREAM SceENARVO®

_De,scf\&n. &« G"REPRESENTAT‘ON in ferms o‘F .

SM«I|65+ bu.'(&}n Uocks

RREDUClBLES =
f Gl; a P‘m‘.lre 3(‘0\.1? Vc()rcse,n J\‘c\'}iOVL

CompPLICATVON S ¢
N ‘H‘;s [N &\{’éu '\.\Xzeasi\ota/ even ‘?W' %RI\ID ARRP\NGEME NT!

\’\M‘(& Com? J%A*;a““\lj P(ND ‘\’\I\eortkic%\\j

* V\QX\‘ \oeﬁ\' 'HM"‘J g ‘For\mu\a ?or \rg‘){ege.\*@'l‘[oni s co



CompPLICATIONS | continved - -

£ (G- R[—,?RESENTATWNS F

VG (A
ace  NOT THE SAME o 0S(A
N ok
C—D *A‘\rcf”' Can =l re\a*c them in a )gec\/\nrco.\ wa3

Same

(e as an }r\&uce& Ye?reSev\'\‘m)ﬁiom\

TovAY: YG(A) «nd 3,»\16(/1\

NOTE.‘ 3V‘VG(A\ dacow‘[)osci VG'(A)



L BratD ARRANGE MENT

Recare® A = {{X;*—X'J}ﬁ 0. \é@&éw

Has = {xeone ]

W = {xale

Aa

PERESY!
S“MM ET&ﬁ . /(\f\e S\\W\M&‘\'r\'(, 3’00? uc\‘s on A
n-\

REPRESENTATION THEORY oF SYMMETRIC GRouP:

Z-» Pmm%r;v.e_& \03 U\‘Vﬁﬂ% \\M*"%W%" B/ (2,2,



We can encede Fe.])v"eSav\{‘fC‘}onc .ﬂ“ S, as S‘iMMETR\C FUNCTIONS-

L—V TR s called TRoBENIUS CHARACTERISTIC

KeN PLANERS *
ScuwRr FuNcTloN

S, é x T ‘—> wee duck

{ONS

ble rg?re Sew\‘\‘m.*

HomoGEN EOV S
SymMm ETRIC FuNcTIoN
Z X X — \7&fww %“‘“S
i

h“ - it %n

\‘a\*lm e ‘are Stu\‘sot

uPSHoT:

*  Deeam Scenario & Sehov ex’i)awﬁiaf\,

x Next best %\I\lncs <— S*\‘V‘W‘&*ﬁ"- ‘?u/\c,‘\lavx ‘S'\ovw\._.\q



What o Frosentus CHARACTERISTIC T Ve (AT
AnsweR: <h1\ . £ s, v
AN \wsi dard ‘l-«”j’[lp\w* Fe Y°

L Niss known a5 RecuiAR RePRESENTATION +f S

+ Basis '\r\der\té \33 YarMU\mA““S
R v
4 \)u\d J\a)w‘ro\\ &atu\u«r.o\u\* \‘ b? e
E E: W =
KAMPLE: | = 1Syt A SE 1S,
?m A .\: Q fa: A
ypsHoT

S — —» n
V VG (L) VG (A =



WHAT A®ouT GRADED ?ueceS? —  Mudn \nar dec ‘

/ILW\ (gvnéar’*mw\' \Nelkcr\

Tromenius CHARACTERISTIC |

2 he
(\T\]G (A \J 8

Z Lie THRALL'S HIGHER LIE
A & CHARAMCTERS

2N = n-t
J

]

e\™ DEF }

nv N\\o



¢ n=3
EXAMPLE: » FROBENIVS

| Dimension CHARAC TERISTIC
3{‘VG’(A’30 /L: SCS'/Q Lie H B S@
/33_0?.,\1
VLD, |3 s | Lieg < Sp * 28
‘\3—\ ?.r‘\'S
NG (A2 2= sGD Lieqm ~ Sg
3 \’5—1?.“*8

\{G/(A?-\ 6=?>‘. 1S T A Sp +1~%B
F™.1 £%.9 fa=1_




TurALL'S HIGHER LIE CHARACTERS

i fv\AexaA \"J Y‘U‘j\r\]w\s x F

* Dezamvuse ReguLAR RePRES ENTATION W,

- C&'\ \og ex fessaé as
T [Ln]
(L] hw, L) he, Ll
\ﬂm‘ K—' Lic rcrrescv\"ujfigy\
>\: (,Lm\/ lm‘l;_._l r\‘m»\v
Ldb PLET“YSM . Ma\ o Q‘Fev\ ?rokﬁ\eud\ —&\n EXFGLV\A
ety s wa ivxko S Mo ?wvx cRions. -
?\ { 'k
(b CoMPuTATIONALLY FEASIBLE ’iaj(\,__



~L. THE ThRESHOLD ARRANGEMENT

DJK\M!‘ \f\{‘er%&n QAN cmen*‘s D I/\ £y mme T
g g fh ey

Theve o Mj

TooAY:  THRESHOLD ARRANG EMENT

Tn: {X;‘t%\'\:oqx \£;<\'&sn,

n

w=2-



R S T T
*" O’\V\‘\a'“ ]vx’\(\(es \a \I\/\o._\— :
+ i W,

onne c‘\'\ V-

) AT?MM "N

A T\th‘m\ m».*w or KS

('6'3 " On ‘:'\L°é"‘“3 UW\(S eV\umeraln.\ %\l\fﬂ\M\A y;ﬁb‘kt'cng ”\]

Zunic \W T EEE Trars. Neoral Nc.Jm_,ioo‘t_
* a\ ebeai < $Jro.*"\a ‘cS

L' G'C°‘""f-'\‘r1 JE RES‘\‘TIQ'\'Q& Rtrzmann: Ma.c\m(\gh
}’\q_*\:\a&s 0 S{‘«‘hs’hcs and ?“\N_\é"\'.*]/ 2o\0

Q\N—k’o - Mu.ﬁ‘\'av\- %{'urmc\s

N

o (T - * LABELLED ~TWRESHoLD GRAPHS

on W yer\Vices



4HRES“°LD GRAPHS : W"\\ St"i‘@é n ewww\er"ﬂ"'we, ng\o(r\a(\zar:cs

Gee, ’ﬂ\rgsLQH jf‘ﬂrk: and mlmlfci. ‘Lr;‘s" LJ Mahader od Poled

[/l QTT\“—A—\-{QAS ’\u \{'\‘“r?r°a"“u‘\uu(\j hkk ‘Q{\l\‘“é“-

ToeA®
/‘e)u‘\\(\_ & \{‘ﬁ?\\ w'\X\\l\ W \IU‘\“‘H w'\J‘\'\ ‘\’wc QTQNA\V[O“S

() =TSOLATED VERTEX (D)

(1) CoNNECTED VERTEX  COO
5]

1 2 3 4
(1) (@) C) B O

Exanele: B¢ 4
o4
1 [N t @ \ 2 \ % 2
L . € V \/
3
1: (D . } .
B 2o e 5. C)

MTECcTION * Clhambers 8F Tn €& lﬂ.\oa\,\eé ‘H,\rgslmli jv'a‘ahs

on n vertices



CouNTIN & ¥ TURESHOLD GRrapHS

() ExgoNENTIAL GENERATING FoncTioN
\I\S \,a‘.ﬂkv\ \ur\.‘as

+n - %\; ,,-F \a\)'z\e& 'Hf\re\;\'\n\é qu‘,
THM (Beiss'\nser - Pa\eg
5 4 X"“. et -0
' 2 -e”

) RecurstoN S = fr n=3

N T Sy “Z:\ (YD'"'K

k=2
\

R -{-h_\ ¥ ii: <h:\ ) PR

2



Wi WNEGAN  CRANG-LEE  AND Teevor KARN

CN\ we W\a\(( ’\'\“CSC S’kd\*ew\e V\‘\'S EQU'VAR‘hNT?

Y. 7 dm Ve T

—_—

She symestes 7T ks on T

ExaMPLE K

mexzi = {xﬁxtﬁ

(23) -

s induces a S. - REPRESENTATION .. VG (Ta)

}'“7\}\\\1& Aoes ’“\‘\5 Texregemlm‘\.\m\ \m\< \l‘\‘c?.



REcALL "

TﬂEOREH (%eiss\nober'()e\eé—)
s 45 - gl
nzo . ’)_ - e_x

djw be 'H"- P"’Lu\(us C.\hav\ac‘}‘fridic aIF’ VGCTnX

[et
T““REH: GENERATING FuncTION (B, Chang - Lee, lcarm 25 %)
Lt ECD:Z ) ks x' Then the THRESHoLD RePRESENTATION
— £y (L= ki n)
D TR s
7 - £ (x)

7 e (e K L

nzo

Nak’ . é v\o-\' ee \\\t( 5
® pes See™ R o 91“’“"*\“\% Sﬁ\\“ﬂﬂer\{‘ “elds S;nr oS (Tn)



ReeaLl RecursioN 14 Hr a=3

n-\ n +
* = A% Z ( k\ K
+o z |
ang — Lee, km"’\ 25 +
'f\\E°REM * RecvRsS 10N 1 (B Cn ]

T = A Z»\T

\’ov- ‘(\27->
ExAMPLE
AT N
(ks
ﬂws G\Ts= 1\’\3 & \"-t (
= 1\“3" ’9\\“7.\.

f
" to Wwnr -
U?S\"OT ‘ Ru\es ?0“ oV \l\& ;-"o M GT:\, wt)



RecaLL RecursioN Z: £ir w=3
(“;\\‘ '\-K -\-h»\—K

2
'HN&\' '\'\1\13 can be UF nlrmlke.(& &D

n

\

kbt L

We Show

* BranCHING RULES
oY :

RU\CS ‘T\af‘ ‘(V\ox/{nk ;rom J“f‘ —_— eyﬂ .

RecoRS 10N 2 (B, Cherg-let arn  25%)

‘r\\EoﬁEM:

Fovr 3. nz?
2 (1) - = GE) ST T
TP " BPI 35

'\““rcg'\rig\‘iov\" A) gnmmc*ng ?JV\L, ans



JT GRADED TieceST

HARD ¥

WRAT (B0

» OPEN PROBLE M, Sm\\w o £02 (Brercrse 5.2):

'\r\*evf\wf( Coe ?JD\‘L\MJXS AF CuARACTERISTIC Yo,_\' NoMIA L

Cowmbinateci A\
\
oF

. AugeshoLo GRAPHS

Vg

« ANSWERED V¢ “‘e«*\] \"j besk?mée,- Menon—%[ns\";g\

L» angwer  in Feems  F T odd anchars  of %\Are\g\nouﬁror\n;



FRoBENIVS
3 \ DIMENSIoN ‘ CWARAC TERISTIC

(-\fG(T . o1

3 b 1 — Si

3rv (T2, 3 Sai+ S
Krve (T3) 3 Sa + S

4° V6 () B .

1 o Ss
6 (T =
\( 3) g =1 e, v XSz = Lha v Lhs




Even HaRpER PRoLEMS:

O Gire @ BASTS For cy'\{GCTn\ in tecms oF ’\'\M&S\M\A a“‘“'ﬁ\"s

~aded pieces & lr Ve CT)

(@A} DQLOMGOSL f[y\ L\& 94

A FIRST STEF: SinpliPied ?mm%am $r y\f@CTb

€L ATION S

el NE(AY = 2020 /TN «, AL e ©
chyuﬂ re 7 02ed Y T



Ywo ciccoiTs are fNecessary ..

\f\Je S\T\DVJ of\]l
. aen 25F)
facoreM (B, Chang- Lee, €

N Y + Z [1@/1—_

As o 0 3 Tromn
. ncn\"‘l \ C\RCUlT RELAT|°NS
Shere I b3 3€ :}

cr cu“\ S

.
| X.f)ﬁ:o

)
XJ.X‘:D ’("f

~Z 6)

() XaXe=0

(V\Z'*W K Yot Ka=0 1

[}

Makes LN,\?U\W&\OM wore Jeasible

*

PE.
THE Ho re&tf\\T“*icf\ S*Q\O.h&\( ‘regu\J(s

1'e Covv\\o\ng w-'\"\- TQY

do Jve PREC\SE DEScRIPTIONS & ceps.



We Al onl Yoo Tumlies  of ciccoity  are needed

Yo oo Fain a Gealbner basis ...

CONS'ECTURE ('13/ ChanS—Lz&, lcarn 25*’)

wih g @ (TN ALY

Cir‘r_u\'\S

W,

Lions  Trom the sluwml
$or gr j(ﬁxi

&ovele

C oY

Pocot GroaNER BASIS

O - PA

(V\Z‘-ﬂ
an":}



THRESHOLD
ARRANGEMENT

S\IMMksi ' %RA )
ARRANGE MENT
cuamgers: | *
L'u’ec.'\‘ uu\'k e Crao TN
\\ T \_ * S
» FRDBENWS ReGULAR
CMARACTERISTIC \r\, {5 REPRESENTATIN
of G(A)
]
CHARACTERISTIC %—&;r\ifﬁ numloer s JF She
PoLINOMIAL | Sick Kind e
COEFF|C|ENTS r\oermd\-d‘ on S with J L“(‘-\e S
I
FRDBENIUS THRALL’S
CWMARACT RISTIC
€ WicHER LIE
o g VG(A)
J CuARACTERS

'*“' < B]‘eck\-w\*\/\

Z,T o - E(x\v(\~\n\><\
nzo N Z—E(K)

Lo\\oe\\gé “Hl\r‘«s\nu

© odd andwors

3(0?\\3 w itk 3

TV




Nk
!

EMAIL : Sarah brauner @ 3mai|. Com

WeesITE:  Sarah brauner. com



karn  257%)
iéem\ E’f j

CON SEC.TURE (’[’3/ C\r\mf\3— Le&,

e/‘\' & T,\ \Jc he Jel{n(n
e Aerm et Ae"\ 7 e &\\"w{j

Lo TCOY:

NG CTY

’n\ev\ (wﬂr\ arrwvrm

'\' ve\a%[""\s ‘YorM [ GROBNER BAS‘S

[T TN

fue FamILy:
™ I::::I ) I::>r_¢ : .——<<i&
.| eéics %V' \ = 0

(‘V\Z"l’\ >
(n25

/\,\v\'\s u\ov\& M“\&Q Qoy\K)u\_ﬁ\AVOK\S Wore ?eas}\‘,\e

que HorE:
S%«\O} i *Y Y‘ESU\JD

¥ Comloine with rQY re{en YaXion

1o gve  PRECISE DESCRIPTIONS & reps



A RemARK ABouT REFLECTION ARRANGEMENTS

r L&XY A\,J \OL S \rg'F\e(,\;w\ a\\rrwuy,wxw* Core. 'b \/J

L l\’\ V«s\‘ wor‘(( AQOX\* L,J‘,\’IA, égggrf\o]f\i& ’&\l\e_ Q\,\Mb_,é ~(>;ELCS

J . Ve (A

AGAIN - no  WKaow ’\rre,&uoi\okrf- é,egow\tas\’no\,\

/-EN STEAD - I 4&59'1\0& the 3J‘°~ ded ?ie ce § W s ‘)P

0‘\’\l\ev \rﬁ?fe,sam‘k"\-‘\iwxs 5‘“‘"“"3 ~ Tl \‘%CV\“{-U‘MI C"‘ue‘k
EuLeRIAN  REPRES ENTATION S

) ERe R"“'\ cecfain TREMIOTENTS e DescenT ALGERRA



REPRESENTATION THEORY oF SYMMETRIC GRouP:

+ TRREDUCIBLES INTEGER TPARTITIONS
—

p_ncnglg, Cepve U\JT&‘\[unc 3
pres P oSe e SYMMETRAC FuncTion s
CHARACTERISTIC MAP:

SCHII R FuNcTIoN

W IRREDUCIBLE _
)r—/_> S - Z X
T

Rep X>

@ <« (2,29

Wg cavni

via.  TRoBENIUS

HoMoGEN EOV S SYyMMm ETRIC FuNcTIloN

gqguN.CAsE’ TR‘V‘AL
W ReP - L
c % L > hV\- T ighe. 2t

v Tool.

UPSHOT: @ This s on imporFant  CompuT ATiIOoNA

(D) New DREAM SCENAR1O®
decaw\?"se’ ﬁulmme.‘k cic Fue~ctions (/\’\‘o SQ\-WR F‘MICT\DNS



CompPLICATVON S ¢
this s o Fen " Feasible, even fv BrAID ARRANGEMENT!

\'\wc& Com? u\'é\\\av\,&\l\j AND \’\\eom*;w\_\\j
)

NotEe* ;_Dnj Jerm  stabo ] F“\WJTH ace loethcr  understoso
L——b 2-1. G&&is\r\/ (—?rauc\_?ou'k R«W\-DS






