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T discrete gp f g
X Symon space of non compacttype dim X n

G Isom X

X T G HomCT G Hg isomelfrigfections µ

Define a map p3eXCT G be p volx3eH5CT IR
1 Identify interesting subsets CXCT G via numerical

invariants
2 geomltop constraints imposed

p uolx 1 0

Setting

Goal



































































In CT k simplices CT T TT To 8D
Ch CT IR L 2kt R has an et norm

11 Ear THE El art c IR
topological

C CT IR 2 11.111 W CebCT IR S H lb
CFCT IR bounded T inunt Tk IR

i

Normed chain complexes



































































Defy H CT IR kersting 9bddcoc.gees3

L bdado boundaries

HICT IR inherits a quotient semi norm

Hall ianefallalbe 70

HCT IR gets a semi norm too

(Semi)-normed (co)-homology 




































































1 p G H p HECHT Hice
semi norm non increasing

2 HELM IR Hb ITN IR Gromov U reasonable
4 need not be aspherical top space

3 dimRHbk E IR 0 bet Brooks 805IR b 2,3g Soma 90sk74

`Basic’ facts




































































Theorem Thurston Bucher Lafont Schmidt
There is a distinguished non zero boundedclass

volts c ItbCG IR

For X HP G pSLzQ fix xelH fix
Volap G IR
go gz rest volume of convex hull

of goX g X Lax
Rmd Usually straight simplices volume bounds

not usually easy to construct

Volume classes


































































Fact H volµp3H Vz volume of regular ideal as
theorem Soma 9Os
T Eg disc gp torsion free
P T PSH discrete faithful
PCT has co co whine
Then TFAE

Of pivotAp e HBCT IR
H p volHp3H V3

THYpep has a simply degmemte.ec tiue



































































E

P T PSV is as above

cnn.ton.can.gs

entt ceFintf
Defy A simply degenerate end EE Swope
F hyp surfaces Xun 5 903 CE st Xk

exits all compact sets

Ends of hyperbolic 3-manifolds


































































TheoremCF T disc gp A Pi T Psbd
If p PS Q then

H fEvol p3H Vs
If I HIT st ACHT _ps Q but RCH is

discrete or stab a pet or plane then S
2kg711 pivotitis pivot 33117Vz

Generalizes to arbitrary collections 9Pa


































































COI 1 ftp.xuolitp3 Cp3EXCFa PSLaC P dense.IR

dim IR
2 di Mir HBCpsuR IR IR confEtY y d
3 Bucher

done III ftp fIissiIE nII.Pnime


































































Generallye X even dim n 74

TE free surface hyp 3 mnfld

P T G discrete faithful
oven Area GM
chee.ge pCT innIxpcp o

If X rank I
p vol 3 o cheeger Xf

Ingredients L belti numbers
B S convergence
top of uniformlattice C G


































































Sketchy Idea of proof of Tbm P is dense
volitpft

F La b EPSLza discrete M Hiya
MIX re compact component

called Uk X X X's
VolNk 90 area C2Vk reconst

p is dense Xn Gk ET et par a

Pcgn b
us UncAP Uryss

Tn puns pegs Elk
cheeger p O Evolitis 1 0 B


































































Defy Cx E HnCT IR is e freely approximated
if I g Fr T and Zeca CT IR sit

GAZE X 112ZILLE

Phd Assume3 E 0 Te Ta EG uniform lattice

µ

Ti HT is e freely approx Hi volcMI G

If p Fa G is dense

then p ud 3 to C HICE IR
RmdMaag sequences of hyp 2,3 mnflds are K freely
approximated for some K




