


































































Resolutionofsingularities in higher dimension no3
losesomeof the niceproperties from the surfacecase
keyidea bring a coneintonormalform in lowerdimension

t uDefinition Fix a lattice basis left Givena cone
6 Coneluv forprimitive vectors un wesaythat6 is

up
o

o o 8 o oose in normalform withrespectto thebasis if
o o G
o o o su g

u f and
8 8 U Xeuf fornatural numbers OEM X
thisconceptdoesnottranslate todimensions23

vectorspace

Problem LetDbe afan in Ne where dim Nr n Wewantto find

a smoothfan I refining Dsuchthat thesmoothcones in D are in the
refinementT

To find such a smooth refinement stellar refinements
Definition stellarrefinement Let GeNir bea coneand letpbeany

rayin Nor Then wedefine 671 16 ofpolo
pre12 61 pal itPEG
Tum assubsets

Examples in
T isafanof6





































































Consider the 3 dimensional cone 6
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Lemma Everyfan o has a simplicial refinement D suchthat the
thesimplicial conesof D arealsocones in D Thiscanbe achieved

byiterated stellarrefinement
proof

Definition Arayp is asplittingedge of a cone 6 it there is a
complementary facet t of6 i.e a facetsuchthat 6 ftp A
cone isstout if ithasno splittingedges

example aes

stout cone

has
noneof thefour
edges has a

gift complementary

facet

Recall a d dimensional cone is simplicial if andonly if it has
exactlydedges andthe corresponding ray generators are linearly
independentover IR Thismeans that alledgesaresplittingedges
Furthermore each faceofasimplicialconehassplittingedges

Therefore

Remark AconeB simplicialoff it doesnotincludeanystoutface Hence a

fanthatdoesnotcontainanystoutcones is asimplicialfan













































continued

proof

idea use stellarrefinements to lowerthenumberofstoutcones
claimthat nosimplicialconein D getsubdivided

i e thesimplicial conesofD arestill in therefinementD

2 Smoothening LetDbea simplicialfan Thenwecan refine insuch
a waythat thesmoothcones areunchanged

Lemma Everysimplicialfan D has a smooth refinement 8 such that

thesmoothconesof0 arealsocones in 8 Thiscanbeachievedby
iteratedstellerrefinement

Recall A simplicial cone13 smoothwheneveritsmultiplicity is 1

SoafanD issmoothwhenMutt1671forallcones GED

Tofind asmoothrefinementof asimplicialfan lowerthemultiplicityofcones inthefan
idea subdivide a coneofmalt l intoconesof lowermultiplicity

Usefulproperties ofthemultiplicityofa cone
proposition Let acne be asimplicialconewithminimalgenerators

Uimindand let er med be abasis for Nospan GMN Whenwewrite

UiEyaiey thenwehave malt 6 IdetlaijlI



proof linearalgebra determinant isthe indexofthe sublattice Zuitnt72nd

inside No

proposition LetGeNa bea simplicial conewith minimal generators

Unwind Thenthe generators spanthe fundamental parallelotope

Po EpinilXiER andO ai Il
andthe multiplicityofthecone isthenumberoflatticepoints insidethe
parallelotope MuttG IPonNl

Corollary for cones 6 2 wehave MuttG emalt c

Lemma shows that a sterner refinementmaylowerthemultiplicityofacone
LetGoNirbeaconewhichhasmultiplicity 1 DenoteUnwindfortheminimalgenerators

of6andassumewehave a latticepointintheparallelotope Up FEXiuitPonN forOexist

LetElp bethestellerrefinementwiththeraythroughlipomas a center Thenwe
havemaltTtp multiG forcones in 6 p

U
Mutt letple muit Sj p

tacetof6 notcontainingUg
generatedbyotherminimalgenerators

Recall p is the ray generated by up EEXini for Ostia
compareSip and6 mutcSgp limnit 6

Aya mult rap multi6



Condudethat

WUDB a refinement ofD such that

either malt Elp m

ormalt Elp mbutDlphaslessconesofmaximatmultiplicity


