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NoTions oF St Aceoss Matds

£d. Veckor topolopicad
Strcture Seks Jpa(&uo .chacis
: : T : - Euler
Size fnction | cordinobity | dimension - S

y (Ax8) = x(A) - x (@)

y(AuB) = y(AY+ x(8) — y(AaB)

(A,8<X)

+ assuvpbions



MAGN I TUOE

Hagni‘cuc}e 0 on (avericnd Q.P envicnecl Cattgodu
that genercdases  these nobions o scze

In  peticuler;  we cen folke cbout e mognitude
oﬁ o mefnc spac.o, cnd.l O Forh'on‘) op /B 8raph,.



OuTLINE
1. Defire the mognitude of o metnc spoce
2. Spedalice to grphs.
3 See what magnitude  con  tell us.

4. See what N\Qy\t‘cuc}c Ll s



MacniTuoe of A Memric Seace

o let X be a fimte metnc Spac’
e TR similuriy mobix oF X & on Xby-X
matix — wWith  eatries

Sx(a,b) — &_d[a,b)

¢ IF Sy W invuthl, we Say the mogn tucke of
X & He s of He entries of 5)}1.
#X = 2. S; (a,b) € R

abeX
*we alloww d(ab) = 0o,



A Scates AT Once
o (Given t>50  we con cosider the metnc Space tX.

Olf)( (0;5) = £- dx(a,b)

o This givs o mogaitude  funchon o X

(0,00) ----% IR
t — X



GRAPHS AS METmc SPACES

A graph* 6 con be Jeea oo O metric space
Wwith the  shortest-pekh  metric.

¢ dlab) € Nujo); S, lab)= etk

= entnes of SLZ, eed hea HEG  ae
rokionsdl Furckons of et e A

* Finite, undirecked, no lonps, o PorGlled —edses.



GQAPHS AS MEmlc SPACES

For Conveniena, write Qg ‘= e—_é. Cq°°=

Thea Z.(ab) = ¢%®) 5o 2,.(¢)
a matrix  over  2[09] < Q(q).

1f 2é (s iaverhble, we define  tre
masn(fudc o &  as

Hol) = S (26@)) (@b e Q).

abelo



Lemmod. 2, dlways inverhble  ove QY.
Hence HC c‘luatj; oefired. encd  we cen
jee ¢ o @ poww seies  (a Z [[0']]



Levmma. Lk G and H be grephs, then
« H(6oLH)= HG6 + #H,
o H(6BH)= #6 -#H

0 := coctesion product o4 9rcph.s # categorfcol p(oduo(—,



COHPUTING M AGN | TUDE
Lk w= (L1 4). Thn
#GLQ): Sum (Z—G(Q)’|> = u,kZ(,(q\—l o

Definchion . A wu;ghh‘nﬁ on G U a funchon (vector)
L V(GY S QG),  sudh  thet

S g% ®peh) =1 ¥ ae v(6)

be Y (C)
@ 26 (;OG = UL



COHPUTING MAGN!TUDE

LQ_VV\VV\CL. 116 wea 5 @ wu;_gl'\ﬁns on Cv, then

aceV(6)



Basic ExameLes

Llet G be o duscrete grcph (ro colgcs).
Then dlab) = co = qd(qb) = 0O, azb

2:@) =T > #6(q = V&)

In Fod:, 2(,(0351\— For oy G, so
#G ()= [\N(6)].



Basic ExaMpLES




Basic ExaMpLES

(all groph  homopeneous if ik groyp of
aubomorpsons Gk freasibvely  on the vuhaas.

P(opo.sié\'or\- IP G LS horv\oge,neou.s t%e,f\

6
HGlg) = vee) for ey e V(G)

Z d(qb)
be V(G)c'




ActeenaTive  Foamura
Lemmo.  For on:j groph G,
#G(q) Z (- i) Z qd(Xonq)a&- cee e X, X))

Xo# XoF - % Xie
Whert Xo,--, X € N (5).

Coro((w&_ The wefFicent qF q N ﬁG(q)eZEqﬂ
5 —2|EW)|. Heaaq,
IN(G) | = #6l0) od [ELE)]=-1 a‘-"-tt(,cq)

2 q:D'



Lemm&. IP wG(o) has o poles ol 1
‘FOr all QGVCG) f}‘&/\

B 61 = { conneckech componenb}'




A Seeciar  (GGrarH

w = wcA'QWC of blee verbces

V= weght of green ver hces

1= w + 3qv + 2¢%w
1= v + q(lv+3w)

6
1+L-Ici

#G(q) -



A Seeciar  (GraPH

6
#’G(C’) - 1 & '*-Ic'
HG() = —g- # # connecked.

COrnp_onM'tS

But HK )= 3 g o dinaL Kg & homogeneous.

b 30 _ A1)
Honw, 4K, (c,)z—m-#é (9).

%



Trank



