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1. De‘fini‘l;ior\ of the Tutte PDlY'\DW\i&( :
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1. Definition of the Tutte polynokata( .
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1. Definition of the Tutte polynokaia( .
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1. Definition of the Tutte polynokata( .
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1. Definition of the Tutte polynokata( .
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1. Definition of the Tutte polynokaia( .
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1. Definition of the Tutte polynow\ta( .
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2. Spe_cfaltz-afions O‘f TCT(X.EI)
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2. Spe_c,faltz-afions O‘f T&(X.é?).

O Chyrowatic Polyhomiczl Ce () C‘YZ&j Jo—o o

%—a




2. Spec,faltz-afions O‘f T&(X.éi).
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2. Spe_c,faltz-afions O‘f T&(X.éf).
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2. Spec,faltz-afions O‘f T&(X.éi).
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D Chrowatic polynomial Celt) ezlt]
Colel_('n.\:z {-f- V-—*[VQ( n~ (’.o(ovikg%_
Thw-Def () e ZItT st | Lol ()| =G @)

Thwm. (Dalettm‘ﬁmivmdtim,\ -{:ﬁ‘rmka) | o€ e eE.
T\ru,w CCT("E 3" CG(\Q ('&.) ~ C&/e (f )

(Preot) Gol,, (n) = Lol (WYL Calgre On)




2. Spe_c,faltz-afions O‘f T&(X.éf).

D Chrowatic polynomial Celt) ezlt]
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2. Spe_c,faltz-afions O‘f T&(X.éf).

D Chrowatic polynomial Celt) ezlt]
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2. Spec,faltz-afions O‘f T&(X.éi).
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2. Spec,faltz-afions O‘f T&(X.éi).

@ G‘FO.PK Ccsw@igm*aﬂovx Space.

Deb. Golo (€)= {410 € | $o)efion) i ek
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Thew
tb\&(@): 429“\ L HQ-

€EeE



2. Spe_c,faltz-afions O‘f T&(X.éf).
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2. Spec,faltz-afions O‘f T&(X.éi).
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2. Spec,faltz-afions O‘f T&(X.éi).

@ Expzc'ﬁaﬁov\ of Celt) of randem G'cG

Let G=(Vv.E). Fix o<p< |

Tenste by G the random subgraph of G
Constructed by Choose. ¢achh et twolapendently
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2. Spe_c,faltz-afions O‘f T&(X.éf).

@ Brocket polynomiol for alternating k.




2. Specializations of Te(x.9).
@ Bracket pO\yv\omal for alter nating NS
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2. Spec,faltz-ad':ions O‘f T&(X.él).

@ Bracket pO\yv\oMml Lo a({fcrhaﬂ»ﬁ_ lenke.
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2. Spec,faltz-afions O‘f T&(X.éi).

@ Bracket pO\yv\oMml Lo alter nating lenke.
- I 1= A =X3A"[ D] &) “
"lLeOT= — (217 06@ /6()
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2. Spec,faltz-afions O‘f T&(X.éi).
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2. Spec,faltz-afions O‘f T&(X.éi).

@ Partition function of Isihg_ anode |




2.. Spec,l'alc‘z-a'(jiong o‘f TG,(X3>
@ Partition function of Isihg_ anode |

Let G=(V,E) be @ SUmple graph.
For each ~states” (C;-'—d? G wap ¢=V—9<i’$>,

the ‘:u\eucc”" of g (S %Za@ure_d LY e

U Horon M () = %TGE J- cr(q.qr(\j)/ LbL&«QV‘Q

Where T ts the  inberaction energy (i-&- TT&(?»)_

The ~Ppartition '{:b-v\cﬁbo\“ Z"‘Z((l‘, B.3) is def ined by
Z = % o R where. R s



2. Spe_c,faltz-afions O‘f T&(X.éf).

@ Partition function of Isihg_ anode |

Llet G=(V,E) be a Simple groph, For each “states” ¢ :V-{ts}
the Gnergy” of T is measured by the "Howilonion’

W ()= LZTEJ T)Tl), Ghere TeR,o 1s the " inbercetion energy”
LJ €

The “partition function’ Z=Z(G,B T) is defiredby Z= = ¢ FR®

[El\-e

= (e®) T (4 suhpr)® Te(osth gy ZBT),



3. Recenh works

(1) fog-concavity ef C&(’b)

Examples o G= A ¢ (€)=t (x-0)(t=)
=t o342t
*G= [ = Cele)= t(+-)E—3t+3)
=1t~ 4+ 6t -3¢
Conjectures Lt Co(t)= th-cit®™ '+ ot*2-a(-ie,
(@) (Read 1%68) {Ci\ ts unimodal, tee. CeC-eCpz--2C,
(L) Cvaga\f 1974 ) fcts ts Qog‘(‘_oth«.ve,, i.e. C(‘_ZZC('-\'(L-H

Rewe. (B s C'H»ov\gex- “thon (@)
nm. ((_'l»&l/\. 'Lo\’l) (b) ts true,




3. Recenh works

(1) fog-concavity ef Cqlt)

Conjectures  Let Cel(t)= thoc i t* '+, t*2a=ife,,
(@) (Read 1768) {Ci} ts tnimodal, ie. CeCereCp2--2C,
(b) CHD‘}%QP 1974 ) §Ct$ ts ng—COhCQ.VQ, e C{ZZCc-l'CL‘H

Thwm. (Hul 2012 (b) is tvua,
Fluh's  proot used, Houlje ~Hr\.zzm-u/ (Lefschots dec.>
o1 Sowme compactification of el (C).
The " Wonderful Com(;adrc{-‘tcat(o N
( De Concini ~ Procest)

Recall: Pl (€)= P"7 N\ UH..

ee




3. Recenh works

(1) fog-concavity ef Cqlt)

Coh]e(.ﬁﬂr(% Let C—c‘-(f): Tl*crtb("\‘Cz'tﬂi"‘*(")j{cz.
(@) (Read 1768) {Ci} ts tnimodal, ie. CeCereCp2--2C,
(k) CHog%a\r H'?‘(-> gCtS ts ng—(‘,ohcwe, i.e. CfZCc,l'Cu. ~S l '/\Wl (l—{u‘/\_ 10\'1)

Recallr Pl (€)= P""N\ UH..

| ee

.;N;S‘ & Sketdh of Hhe pmo%.
"

TPl (€) g"\?@i peihcw&_ FD\Y- 69 ([PCD\QQE)ES
C® . I+ Ct - < C gt
[+ €

Przpoe it o) => Q= G G

(elementary)

=: |+ Hlt*‘ m+}‘(¢-(.tl~"
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NEW Plan of This Yale

Relations of severa| “Tutte polyhomals' (TF)
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s
& Qetph
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omd. Abe lian
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Ehrhart poly.
of Zonotopes



S List o‘[‘ Ve Ctors and ﬁog: (oncavity




3 List o‘[‘ Ve Ctors and ﬁog: (oncavity

Let V be a vector CPQCQ/R’\.
A—"{U\,U'z,“-, 'UT,\} Lo st o ve ctevs,

(vi=0, Ve=vy allewed),



S List of Vectors and ﬁog: Concavity

Let V be a vector CPQCQ/Q’\.
A—"{U\,U'z,“', U—h} ca st of vedtsvs,

(vi=0, Ve=vy allewed),
Question How to cletine Titbe polynomic

T ezlxy
Recall graph case -




S List of Vectors and (og: Concavity

Let V be a vector CPQCQ/Q’\.
A"’{U\,UZ-,"',U_"\} ca st of vedtsvs,

(vi=0, Ve=vy allewed),

Question How to define Titbe polynomic|
T ezlxy

Recall graph case - .o #s-n
Dot Let &=(v,8) be a finte Aroph. T& (1‘:>:: Z. ('>C~1)E s.(‘g~|>
s E=¢ = Thixed)=1 SckE
e e €Et foop = Teln1)= 9T [bn9)
e ek bridge =5 Taley)=0 T, )
« eckE tnot Leop, not bridge.
= Te= Tae * lawe .




S List of Vectors and (og: Concavity

Let V be a vector CPQCQ/Q’\.
A"’{U\,UZ-,"',U_"\} ca st of vedtsvs,

(vi=0, Ve=vy allewed),
Question How to define Titbe polynomic|
T ezlxy

ReCa.“ g,l-apk CasSe --- S %5—1,
Def. Lot &=(V.8) be o fiwte graph. Te D= 2 (=) (4-1)

s B = Telxt)=1 SSE
C e B foop = el D= YT, %) o
e ek bridge =5 Taley)=0 T, ) This wor(cs ! ‘

« ecB  hot Leop, wot bridge .
= Te= Tare ™t lawe .



S List of Vectors and Log- toncavity

A "’{U—\.U'?-, e, ’U—V\} Vv subspace of V.

Def For o subet SCA, Vo= ch‘m<§§_
De‘hhe “\‘\'\Q \TuJVJve PD‘\/P\DM{C‘K c{@ 94( b\/

— ‘rg :GF'S"’YS

gy = = (x—0)" e

ScA



S List o‘[‘ Ve Ctors ond ﬁog: toncavity

A "’{U—\.U?-, e, ’U—V\} Vv subspace of V.

Def For o subet SCA, Vo= cjum<g§_
De‘hhe “\‘\'\Q \TuJVJve Pb‘\/ho\‘/ﬁc‘_& c{@ 94( b\/

- rs ‘GF'S-'TS

gy = = () [y4—0)

ScA

o settle  basic pmperti»%(“{tw@tve_
reletions), we heed to femulate

““Q“’OP“ , “ bri&ge“, ) O\Q\Qﬁo\/\“, Contiraction



3 List of Vectors and ﬁog: Concavity

A""{U—\.U—’vmf ’U‘,,\} c\/ For SCA | V= &ﬁm<§>.

Mrs-(\;}—\)
ScA

Det.
c veA i o loop -+

* vehA s abridge if
* Lot veA  the de letion ANV s

* Define the tontraction & /v by



3 List of Vectors ond log- concovity

A""{U—\.U—’vmf ’U‘,,\} c\/ For SCA | V= &ﬁm<§>.

ERRN VY
SCA

Det.
e Ve A s & \oo\> "\‘?

s veA is o.b\ric)kaa o
o Lot veA  the deletion ANV is just delete v

* Define the tontraction & /v by



3 List of Vectors ond log- concovity

A""{U—\.U—’vmf ’U‘,,\} c\/ For SCA | V= &ﬁm<§>.

ERRN VY
SCA

Ded.

* VeA is o losp it U=0
s veA is o.b\ric)kaa o
o Lot veA  the deletion ANV is just delete v

* Define the tontraction & /v by



3 List o‘[‘ Ve Ctors and ﬁog: (oncavity

A"’{U—\.U—’-/”U ’U‘h} c\/ For SCA | V= (}/‘“W\<§>.

Ty )= % () k\g—\%:s’rs.
Sc

s playg
:DQL&'_. role later
s veA is o loop i U=0(& iy=0)

s veA is o.b\ric)kaa o
° LQt \;—Q—A , ‘\'L\_e_ O\,Qké"hOV\ A\V 1S JUST, O\QKQ#Q U,

* Define the tontraction & /v by

-‘*s



3 List o‘[‘ Ve Ctors and ﬁog: (oncavity

A""{U\.U—’-/”U ’U‘h} c\/ For SCA | V= (}/‘“W\<§>.

Ty )= % () k\g—\%:sdrs.
Sc

Db e e
s veA is o loop i U=0(& iy=0)
e veA s a b\riclaa s
* Lol VveA the deletion ANV s Just delete U,
* Define the tontraction & /v by

A/ = ATt VA

-‘*s



3 List o‘[‘ Ve Ctors and ﬁog: (oncavity

A"’{U\.U—’-/“V ’U‘h} c\/ For SCA | V= (}ILM<S>.

Ty )= % () k\g—\%:sdrs.
Sc

Do e e
s veA is o loop i U=0(& iy=0)
» veh s o.b\riclga f 2= aw v
* Let veA the deletion ANV s iust oelete U,
* Define the tontraction & /v by

AU = ANT ta Vs

-‘*s



S List o‘[‘ Ve Ctors and ﬁog: (oncavity

A""{U—\.U—’vmf ’U‘,,\} c\/ For SCA | V= &ﬁm<§>.

— - _
4 x4 )= Z;(x_\l):ﬁ XY \‘4—\%55 Y's‘
sS¢

e e A s a \oo\) "\'K' 'U‘=O(é:_> V{V3=D_)

* veA s abridge = aw v

* Let vepA  the deletion ANV s just delete v

* Define the tontraction & /v by A/U = AT e Vs .

Thw e A=b=> Tlx.y)=
e e A Loep == W(X‘E)ZE'TA\V(L?)
o re - bred%:ﬁ\u(x 29 )= T (XY

e U eA: heither Qae_P oy Dv adag , Then
Ta= Taw~ T,é./u' .




3 List o‘[‘ Ve ctors and ﬁog: Concovity
Ty = % (1~t)\7“ T tg-\‘s’s‘*ﬁ

The. o A= => T (x.q)=l
® U e A foop = TalXg) =% Ty lx.1)
o ed: bredge = Tabi.g )= Ty (4.1)
e U cA: neither QO&P hov \D‘fi:daQ cthen e = Tawu+ TA/\J' .

Exawple et G=(V.E) be a Graph.
D@.’f‘ik@ .SA(& = SLU—'U" (ov \S'-—U‘>\ (vu') ek s C\{:v‘

T Lk F vectore tw \\/\v.
T\/sz\ TCT&X‘K):TAG(_\B(‘\H).




S List o‘[‘ Ve Ctors and ﬁog: (oncavity

v
Exawgle Let G=(V,E) be < Fraph. 54&‘:— SL"U~'U" (ov\s’_\rB\ (b)) ek $ cle .

Then T 0g) = Ty Bt q). w_de SPae.

Vet ( Characteristic poly. ) LeJE A C\/
K\ = (0% ™70 T (et o)

\«)L\,i(.\(\ (g g\(\a\-adceri%ed Ey
.2 R /ch _t 5 — td&mv
° ( \ K axv (-t) %A/v ) / (UEA).

EX&\MP\Q (XACT('%) = Q&(t) (Q»\\ro\,\«c‘v{c Pbl?")




3 List 0'[' Ve Ctors ond £05_~ (oncovity

AV N )= (FOB ™0 (it s )

which s haracterized by _g ¢ ’?(q, (t)= tdmv.
®* Xa (€)= Kaw (’(7)" N a/v ()

Now we consider \/=—&'Q) 5&=<°l\,‘“,olm(lc\/*.
M= MAy= C*\ O&(pﬂu_

—

__EXQWP(Q_ F'ov- G j,\-ofk CT/ M(AQ): fbl&(C)




S List of Vectors and ﬁog: Concavity

AV N )= (FOB ™0 (it s )

whidh i¢ dhavacterized by .g ¢ A (t)= (Sl
° (X,A (f\ = (XA\V (.-(7)\—%,&/\; [t)

Now we Consider V=%, A=ty dnt eV M= Mdy= €2\ U (er )
Set A H) =t bt bt S« 0%k,

Thiv (Oclik-Colomon ) b= bt (M1AY).

T him. (:r. Hule 2012) b2 bia” bret.

We. sketch the proet {Ze\(owtv\a the Strotegy
of  Adiprasito ~Huh-Katz (prxiv: 1511.02883)




3 List 0'[' Ve Ctors and £05: toncavity

X alt) s haracterired by {‘ A (t)= (S
° (KA [JC\ = Kaw (’t)‘ N A/ [JU)

Now we constder V=€%, A=, dn LV M= M (A)= (N t}e{ﬁ((m o)

Thea, | T Hek 2002)  Tat) = F-btT e bat™™ S 4 0% Then
blz z El:-l. l’>£+l,
S&,{_p/.l_ ( 2% \Q\N\.ev\'t&\.y >

Set J(Cx‘t‘_(lt)::. J(be M £+ "'+(~‘)£-lf'(9.~l‘

e 2 pog- A W) = bz 8 b (W),
The a—oul s Yo Prow /“52_/"‘;~\')"‘L+|




3 List o‘[‘ Ve Ctors ond ﬁog: toncavity

X al€)is dnaracterived by {. ’qu £y tHm
’ (£) = K (t) %A/v ()

Now we constder V=€%, A=id, ,olm(( cVr M= MA)= Ce\ }ej,a((klu o)

J’C)(t(lt):__ tbl__ 1, 2y "'*(*‘)ﬁ-l/“'w

Goal © Mo 2 Mo Miy,

SJL%PZ (/Qov\g_ Cov»d‘mdkovd

Express Ri s thtersection numbers.
(2-0) PMUA)Y= MAY s\, " Wondertul-
(2-2) &, B eH>(Y, z) Compoctifctin
(2-3) Mg=do* -t g%




3 List 0-[' Ve LJCors ond (05_" COV\CQ\,;{:Y

Now we consider V=% A=l danfcVh M= MAY= €2\ JACIES
Croal © M = Moo Mo,
g{’,%el (kov\g_ Cowefruc‘k\omx
Express RKi os ihtersection numbers.
(2-10) PMAY= MAY C Y, " Wonderful - Compectificetion
(2-2) o, RBeH>(Yy z)

(1‘33 N%:o(ﬂ-l“& X B-&‘ YA‘
2~ |\ (©) blow up ot O-din, Strote
G—P (1) —— Stct tr of I~din—
(2) >
PMA) ;
) (2-3) (¢-3) —
(= Codi.m).)
<-

Complement to
"‘YP“‘P[QMS Hoe= \Ce_.-ok



3 List of Vectors and Jeog: Cov\cavity

Now we consider V=% A=l danfcVh M= MAY= €2\ JACIES
Groal @ Mg = Moo Mis
g{’,@el (/ong_ Cowefruc‘k\cn)

Express Mi o ihtersection numbers.

(2-0) PHAY= MAY Y " Wondertul -CWP&ct({:ic«Jcio:

(2-2) o, ReH>(Y4 z)
(1~ 3) }4% — o(ﬂ-l-& ) B-ﬁ‘

3 ‘ﬁ\.e_ Sum

\"-CMQ‘V““JS

H: kyper])lane
¢ lass



3 List 0'[' Ve Ctors and £05: toncavity

Walt)is dnaracterized by SO 'ch t)= tdmv

* Xalt)= xA\v(JC> % /v L)

L A
t-| ~

Goal © M = Moeee Mia,
g{:% (ﬂokg_ Cowsfruc‘k\ovd
Expwss RIS thtersection numbere
(2-1) PMEAY= MAYC Y, " Wonderful - Compectificetion
(2-2) &, BeH*(\, z)
(>~3) Me=d*"t. g¥

Trduction ugiv\g__ —%‘—- = (K‘A\"Li__ (XA/o(-

\ t -1 t— |
GFQOVMQWLL IAQG (S '&O CQ\MPC\VQ YA \(A/& \(A\°l




S List o‘[‘ Ve Ctors and ﬁog: (oncavity

(')_\ 3) Mg = 0<}l—l—-ﬁ ) B-&‘




S List of Vectors ond ﬂog_- Concavity

Groal @ M 2 Mice Mixy Ttep2 (2-0) PHMIA)= MR Y,
(2-2) o, R eH>(Y4 2)
(')_\ 33 N'@ — D(Jl—l-—f%. ) 8{1

SJGZPB ( PDGH‘W({:\/ &quw\ev\-&g ' (on\m\oly) rochihe_ Lor Q)q?erf})
R-1) . R ore wef.
(3-2) Fix & kihler class ©eH> (Yo, B), de=detw
s kikler for t>0. Appl\/ Lofschet= olg_cmwp.
oo Hodge~Ricmaunn they- to 32t M2 > Py M
(3-3) Tor other (<9-2, Gse Lefsclata \N(pap(aha Thie,

([ See MiprasitoHubkatz §22 for defails of (3-2). )
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4;’ Avithmetic / G -Tutte polynomial

L@t I—‘ l'D-Q—Q 'Fiv\t'be(y ﬁ_av\e_y-qffd C\‘)L,(‘Qh %k—ou.ls,
A=, dn § €T (Mezfel.)

+ O\-Stlow
part.

For ScA, Fs:= rank ST Sub proog
0’(‘17 gﬂhe&-a'&eot LY g



4;’ Avithmetic / G -Tutte polynomial

L@t I—‘ lD.e.Q -Fiv\t'be(y ﬁ_av\e_kqffd C\‘)L,(‘Qh %k—ou.'s,
A:{Oll,‘“ /O('T\ % C '(7 (FQZVFG?E.L)

+ O\-Stlow
part.

For ScA, Fs:= rank ST Sub proog
0’(‘17 gﬂhe&-a'&eot LY g

Def. (Mouis Avthmetic Tatte poly.)
ISI-

T () = S oamls) (=% " )
S CA
D€ l: ( G"TUJCJ\?Q Pb\y.> Let G be an chelian Lie growp.
TS agy= S mls:a) (x=0* % (g-0) "
S ch '



4:’ Arvithmetic / G - TTutte polynomial

A:{dum dn 7] cT T (vg) = SZ m(s) (xq)m_r“ gy
N
HE

Tra)= SZS;{M(S-'&) (=)™ (4-1)
D-Z‘. _The qwu[Jth\iciJ(ies ‘M(S) ook %(9-&) Gre
AT S (2N

M(SICT}:::@FHGM( (Tksy) e, , G )

M Mm(S)= Mm(S,@) =M(S,8') because iF

F s finrbe qbelion, F 2 HowlF, £') & How (F, @)
.S (ghotvact) aheliaw 5(—0&.;39




4," Avithmetic / G - Tutte Polyhomto.(

}4‘:{0(1)‘“ lo{,,\ )] C r
() = 59 T (g ) = Sl (xm)? By )

ScA
lSl ¥

m(8:6 )= Heton ( (Usy) | G). TSeg)= & mlsa) [x=)* " (g-

ScA

Eo.su\JtS oW Tf(x“;)

o Recursion halds (need « Wwooki-‘clcdtob\.)
I~
° Tw Paw&'\uk\wp/ (Xi (’ﬂ:;—; (‘\yl’ .tr' VA'TE(I—‘E,D)

Qa{i?&es
)= AL O~ A5, )



47 Avithmetic / G - [utte Polyhomtol

)&:{dl,“‘ /drr\ % & r
ISi-

Gurl -
m(8) = 259, T ey = SZ; (<) (x=0™ " (g

(826 ) = Hetlon( (4ss), . &), TS Gryd= S%Ws:er) (=" (g-1)
X5 (€)= (~l)n- JCkP‘VA-TE(l-t,o)
§

[sl—V,

Colem L. S __anll o}
SP-ZL\Q\L%Q'ELM\S N g :TA‘ J |A =TA.
o Ehrhart Po\\/nomial ot Zonotopes is @ Specialiaat
cs'& avi"&‘\r\m_eftc \Ctiﬁ'e PD\\( (D'Ao\derto“‘ MDCK>

' The constituent of characteristic %qu{-[)al)/

¢ az/. L2 ( = /mod ffz Cdun {:i»\& , Aefined
(s 9(. A ( T ) BY K&mty&*\ﬁke ouum“Te_m >



4 Avithmetic / G -Tutte polyhomial
A=di, s ol b cl m(3:6) = Hetom [ (%es) e , G ).

(XCT (6= (- 0 tr TA("tD) T ()= SZQ;IM(S-‘&) (=)™ (=)

SD%L\Q\(%QJ((M\S

Tor ole\" Hoc —{ CPE-H&»\ G—> l @ ol\-o CHW(‘ (T)

2T (h Svn Q 3}1?\-2‘"&(\%&.&\57\
Detine ™A= Y (V EIRN E_JA o € ), Bl

Eu(er Q\;\Qr. Q(V\) W\M’\ (Foiv\cure, Pb\k/ .EM ‘&)
C on be ex{:(resfeD{ ‘bt/ Wi({‘)



4," Avithmetic / G -Tutte polynomial
A={d, owCl m(5:6):= deHon [ (Uss) oy , &),
KGO () TR T8 (e TG = Zoalse) ()™ ()"

Ho(‘:j[ (PGH&« l,(ir>| ©L)=0 CHsm(T’,(x). M= HW(T,&)\J\gAH«
T‘I\\M (L\‘M“\Wah"\(_> Le't er-‘-‘- (S’)Px %2)( F/ Nt\frg

T s a Lincte abelian Troup. Let %—?—Kﬁk—%:d&wﬁ.
(0) (Fuler chor.) €M)= (0 e (&)

@-) (Pow\cave Pb > T\C %>(} _E (‘t) C tg“l)‘r" {X(T( %1(?

RL\M, When =0 (Gr C°‘”~[>&¢)/ Heis does wet hold

\./



4;‘ Arvithmetic / G - [utte polyhomta(

Thwm (L\‘u\'\n’ﬁ'\“Y.> Let &= (S‘)Px &ix £ ukere
T s a finte abelion §roup. Let $-peg=di
(0 (Euler chor.) €M)=(- Nt A= )}e(&))

QZ> (Pomcare pa ) Bty 1>0, P (f) ( tg()\’p fXGl'( %ﬂ(f)>

RL\M. When 3=0 (GF C°‘“PC\¢)/ Hais does wol hold.

ngs‘hm Let G= (V, E) be o 3\—0,9\,\_)

M:ia &= oim . manteld.
Col (M) = £: v v [Loeton) tor v ]

hon B, (=P~ B)




4:’ Arvithmetic / G - TTutte polynomial

(Mﬁt&"> P\—o\'b\é\m I’P Oha ﬂ&&.rhes SohAe‘\‘lV\)\.ka_ O
classical Tutte Po\\,v\owia\/ ‘\'lrxl to Jeheralize

E:xa.\»eke, (expz_cta{-acm of H ot (mr«'S) Gr=Tutte.
1 ’Q'\v\. 4on . Abeltaw A cD (VA"—'V\" ).

G Foute abelon group . Let o<p<l.

Choose each o e A ikolo,(z,u\oka,oﬁc\y with prok&&i\i*y P
to heve o Fondom Subget SPQA ¢ omd & ‘av-ocup [Z:—Y’/@P»
o .

B [4Hew(, 6= P T T T (ke )

s =P/




M. Ye Liu, Tem Nhet Troan, X,
GY ~ Tutte Po\\/wa»f,Q.lS on, Av(oel‘lav\ Lte
C}wwp o,y-v-a.wglw.e\,&g. o Xty * L0, 0458



