ng pmb’ams on (Jiq}me camp’exes of gm\phs

H&nrj Acﬂavns, Colovado Shjce, Umvexsﬂ:j

The clique complex of a graph is a simplicial complex with a simplex for each clique. Clique complexes are
frequently being computed in applications of topology to data, but we do not understand their algorithmic theory
or their mathematical theory. | will introduce clique complexes of graphs, explain why applied topologists care
about them, and survey open problems about the topology of clique complexes of unit disk graphs, powers of
lattice graphs, and powers of hypercube graphs.
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Leﬁ O be o SimpJ& wndirected 3rap}».

M Th& Cli%M& S)M,O}»’u‘al COmp/ex d [&) Lms vertex 5&%
V(b)) and a simplex for each cligue i (.



Leﬁ O be o SimpJ& wndirected 3rap}».

M Th& Cli%M& S)M,O}»’u‘al COmp/ex d [&) Lms vertex 5&%
V(b)) and a simplex for each cligue i (.

X webric space, 120,

% The VM&H’S’R??S Simp}im\ COM'())(Z)( VR(Xr)  has
° vertex set X
© finite Slm\olex T X when JiaW&éer(G')-‘—r‘,




Let G be o smple undivectod graph. ﬁ

M Th& C'MOM& S)M,O}»’u‘al Comp/ex c[ [&) Lms vertex 505
V(b)) and a simplex for each cligue i (.

X mekvic space, V20,

% The ViéfmS’R‘:pS Simp}icm\ wmp)ex VR(X:r)  has

° vertex set X
finike  simplex @€ X whew diameter(c) =1




OOM %M/Séiov\ #1

\:o‘r X ¢ R, s ewd c%myonemf’ o VR(XJf)
4 W@&g@ 01[ §pher65 v

° KV\WVI '~ Awy wédﬂe/ of spl\eres 15 poss;b)e,

* Koowm ™ (VR(X;‘*’D is  +free.
(C\/'ﬁ'lmjo&ﬁ/ 50(’, S’,)\/a/ Er(&kSow/ é,%r;sF ZO[D)
(Adupssweke, Frics, kil 2017)



Open %meséiov\ #1

For X <¢R", s ead C%mponeﬂ'l’ oF VR(XF)
o wedge of  Spheves

° KV\WVI '~ Awy wé ﬂe/ of spl\eres 15 possib)e,

o Kpown i (VR(X;‘*’D is  +ree.
(C\/'ﬁ'lmjo&ﬁ/ 50(’, S’,)\/a/ Er(&kSow/ é,%r;sF ZO[D)
(Adumssvek, Fridk, Vakil 2017

&
T‘/\P/ CXOSS’QDL;;JCO'[JQ/ n R 5 JcL\& Convex )/mll o—ﬁ
% * €,/ :"@z/ veo, i’éd 2‘ T 5 loomw£mr7 )9 SA—I

(R'l



Ooew /m@sémv\ # 71

For X ¢ R, s each componeH’ o VIR(X;0)
o wedge 0{ Spheves

For X¢S' (o 4 Neaby LurVL) with — |X)=n,
‘H\& l’]ovnmlom 4:»:0? UF \/R(Xr)

(0w be Lownp Jce<Q_ in fime O( '0\7 n).

For XCIP\Z Cowm M#n He \fdﬂm&wﬂow hol es
of  VR(X;r) 4akes D(n (U)



Ooew /m@sémv\ #7

l:or X ¢ RS, s eads componeH’ o VR(¥%;0)
o wedge 0{ Spheves

For X¢S' (o 4 Neaby LurVL) with — |X)=n,
‘H\& l’]ovnmlom 4:»:0? UF \/R(Xr)

(0w be Lownp Jce<Q_ in fime O( '0\7 n).

FOW X )P\ Com M#n LLA@ \fiﬂm&vmovm Moles
of VK(X,) takes D(n“))

Q \/\)]/\o\\' 0\\0%# TRB 7

A&aw\(ﬁ%e/k oo 120 NP-bhad to campA& howvloyy of
b\'\%\,\g/ Cow()la( 01£ avb'\-l—mrj 5.@.@.

[Rumk Cligre Complex of any finike grﬂph cwv be  veaized
as V[Z(X;f) Lor Xcﬂ(d dor  some




Ooaw m@sémy\ #+ 2

ls \/R( ("), f) ondrockible Hor 29 7
(Co«se, n="2% |07 Ma“e,vtj, %womsk7>
/V[ora 301\90«”7 : &yky 3»%'01»5 075 ﬂ"wf)g/ «,[inhlawdéj meanliej

K\(\OWV\ ‘l[Df* km/ kV\own —FW‘ JLZ WF—H/\ V\Dn—opl—iwl })ounﬁ,
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What ave the slmpe; of \/K(@O,‘y\; L‘)Jr) for (<n

Cw\ssow/ P}\\l{)?ﬂ/\ko 2010
Adawmaszek, Admms 202

Def Lebt Qo be He 2" verkices of Hhe hypercbe
gragh, equipped With e shortest  path mebric.

Q, o8 0., Ke g
]OE ............................... ,11 100,;# ................ 101¢
N a ] B



Opan aUu\echicm ¥5: Hy@?@rwbe gmlﬁlu

~

What ave the S)mr)ef of \/K(@O,‘y\; L‘)Jr) for (<n

C&r\ﬁbow, ﬁ\\appenko 2010
Adawmaszek, Admms 202

Def Lebt Qo be He 2" verkices of Hhe hypercbe
gragh, equipped With e shortest  path mebric.

Q, o8 0., Ke g
1 O, ............................... ,1 1 100.’{. ................ 101;
N a B




O‘O&r\ aumes%10w ¥5 Hjuﬁﬁrwbe ﬂmp}u’

Q, 08 110 Qs 11
10 1 100¢" it
110 111
0 o . - 1
L —— 0
00 01 000" 001 0 ol
Homotopy types of VR(Rq;r) 000 01
n=1] 2 3 4 5 6 7 8 9
r= 0] S0 | \VESO VTS0 VB0 | TS0 | VS0 [T S0 [ \PF S0 |\
1 . gl V5 gl V17 gl V49 gl V129 gl v321 gl V769 gl V1793 gl
) " * S3 V9 513 v49 S3 v209 S3 \/769 SS v2561 S3 V7937 S3
s e [« [« [ 5 [Svs\s Vos s iPe oS Vs
4 * * * * S5
5 * * * * % g3l
6 * * * o * ” §63
7 * * * * * * o §127
8 * * * * * o * * §255




O‘Oex\ OUM(ZSJCiOV\ ¥5 Hjuﬁﬁrwbe ﬂfﬁp}u’

Q, 08 110 Q= _1n
10 1
100 i6i
110 111
[ ——— o] 100 :
010 4011
00 01 000" 601 0 o1l
HOMO&DP% chpes 0—4 VR(Qn y r) 000 001
n=1 2 3 4 5 6 7 8 9
r=20 SO \/3 SO V7 SO v15 SO V31 SO V63 SO \/127 S() V255 SO v511 SO

1 * S V5 gl v17 I V49 I V129 Sl v321 gl V769 St V1793 St

2 * o SB V9 53 v49 SB v209 S3 \/769 83 v2561 S3 V7937 S3

3 * * 0 S7 SH “V"’ 57 \/usq VV‘,DS; \/?ls.q vvmsz; V;Slsqv Vuws; le Y vvums;

4 * * * % g5

5 * * * * * 531

6 * * * * * * 5'63

7 * * * * % % - §127

8 * * * * * o * * §255
H;(V :3);Z ~ 7 for i =4, >~ 719 for i =7,

( (Q5 ) ) 11 60 PO' M&-k‘@ ZOJL’
H;(VR(Qe;3);Z) = Z" fori=4, >~ 750 for § =7, IO
H;(VR(Q7;3);Z) = Z™ fori= >~ 7280 for i =7,

HZ(V (Q8;3); %) = (%)351 for 1 = 4, = (%)1120 for 7 = 7’ ?]Pxiji—"_/ 2020
Hi(VR(Qo:3); %) = (&)™ fori=4, =(£)10%2 fori=7, T Y40 Wary

Y-t skelebon of n-cibe \0"':745"?5

y (

Sum

n-\
=y

27 () - S velye
of Y-spheres

wer

L2 s # of 0
5M\')§mﬁ\§ n Qn.

Corjechure* Ts rank (Hys OR@usd)=2""" (o) for 1237

+ Qpy

n

Qn
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/]()vnﬂm\ Q%Q‘ Borsak Ul (MT;) A, Bush,
[%Ovh&(—ric Wenfure H\eog F(‘ ik (ZOZO)
é]mm oV (ZOO%)"

Fj”nﬁ fmﬂimf/ d/t&lmcaL@ff§'|'/'C &105'595

For $:6"oR e et 2eS" with  $0- ().



Borsuk = Ulnm  Eheoroms for §: 5" =R with ken?

A, Bush, Frick, 20209, "Metric {:L\:(,Pﬁm:v:ﬂs Borsulc—Vlam

th ZOYemS o Or)o vkopé S
,Rz

QHU) Q*

I‘ES
Q% 0

> 5959 smO, 00539>

MBP%SHRM ] Xﬁg of Jumeter aF wost

2wk

ZTwal  Such that COV\V("S'(;X N Cam/(—f—-( X))# ¢




Borsuk = Ulnm  Eheoroms for §: 5" =R with ken?

A, Bush, Frick, 20209, "Metric {:A:(,Pﬁmnnﬂs Borsulc—Vlam

th émewls o Or)o vkope S
,Rz

QHU» Q*

I‘ES
@% 0

> 5959 smO, wSBQ)

Thw For §5 -%RZM 3 X ¢ §' of Jametec  af wost

2wk

Zwnal Such that conv (fr(x N cw(H X)) = ¢

5 lnaqonaSS of Aimairer bOV\VHQ
S‘ S TP\?J{ c ]R’Llu(

[ 1——f—>(059/5,1,,g; (;0539/52}'] 39/ @55/9/' 5?/)5'12:”)




k.
Borsuk - Ulnm  Eheoroms for $:5" >R with lezn
A, Bush, Frick, 2079, T Medvic {:A:(,chmﬂs Borsulc = aw

th émewls o Or)o vkope S
,Rz

QHU Q*

(-

> 5959 smB, w536

l

Thw For §5 -%RZM i X ¢ §' of Jametec  af wost
e Such  that conv ("S'(X N CMV(H X))‘F ¢

Ty +|

M S : 7 )EZMI wduces
\/R(S‘j r) ¢ > )EZIQ-H

! ' :
VR(S';r) ,| IR
| ' 000
. LS R K
S | Lo
| | .
; L
i Hr b Sy
© v 3 5 3 9




Thw For & SY\%]RM, 3 X< 5" of Jameter
at sk vy Suh Bt Con (HX) 0 conv (X)) # B

g* RP< R’
b .
PY‘OOUC ) > TRMZ
Sn S1> (n4 (g ) N ]’Rm



Thw For §:5— )Rm, 3 X< 5" of Jameter
at sk vy Suh Bt Con (HX) 0 conv (X)) # B
gt RPc R

X SZ(TI') = \[I” (9“ , r) >
(2
s o
Z 7?77
0 r,



Thw For & SY\%]RM, 3 X< 5" of Jameter
at sk vy Suh Bt Con (HX) 0 conv (X)) # B

S—L R*c R
Pr‘oojc : Q“ s > TRMQ
n D(n¥ n+
x5 =\ (") —=—TR
5 (ops
sn 4
; 277
0 r,

Ope/\ (uestion What  abont S"SRE for kon 7




OOQ,V\ &w&sf:my\ # 5

\/\/\'MJC e the l’]amo%v JC § QIL \/la{’oﬂf ij
Cva\ |€xe5 of Man; FO'&S 664 w”7 splm,rés
€/l p50ids, tori, IKP" pr







