


Lot f ke 5 fMﬁnme ht?mom%o/)/ﬂ% 14:% X b Y
ﬂ/ ‘noex d. JE M » dwd, ﬂ/f’/mc <f)M> te
be the /\/(x)/x/\//W/ matpt  with
SEM, = CBM
Mfmv/@ M u/:‘// be a 0/10/1,?/}] mak;'ﬂ ﬂn/ ‘/L}lven

v e ULHING Hie rowtr of & ar 4 mexraredent on M .



lapma K EXLY grd Plpr indexd £ Dy o bl
KPM)}] matnX, fhan < ADS % row-stochashi. »

Lemn> Acsnme B 1 { pre qrantyr homombyphim Bom
X b Y o irclox A & € vespechirely, and Agsore ol
(a2 ae Jeasity matnces of odt dd & &€ KOW’”/}
Ton (P22 CoD) = (@C)+<9,0) a



Lemna® [vppase P 2Y prd D: Y22 tre PnANFm
homomorphims of index d md e repechinly | and that

D, 8D, are dorsity métbries of ordos dxd and exe rBWJ(/y\
Then P49, (805 = (B YK D). 0



%h 4nfam 5 /Mf/'ﬂ/e.r



A guanbum  m-colpuring of a groph X isa f‘tﬂﬂﬁ:m
homomorp hizm lram X b [0, The mnimam
pam'bk’ vaine of m is fhe %mém Chromah'e
nonber of X, dewled % Ao &, s vereoc husibie
we moy Acsme all ehtyS of Me guomfum n-Colongs'n g
have e ame rowk. K fiip rank i3 1, we sag

we hose 4 7(4“4’5#)”1 Wm/f-# C’(/(aln/fhj.



/Cc')w‘/\fj /, bhe minimaun, LANE a/ » foA U»ﬂ/-
X ﬁg_r A f’hﬂh/ﬂ)’) m-(’abﬂnl;y a/ rmé v
ooy X[ () We hwe

X(X) > 2,7 G<)> >§f"5«>z 2 % (<),



kermi> £ 2=k, if & only £ msn.

Aooly lfmsn, then K=k and thn k51

Jo Supyode that B:c, 1>k and_ tob each propchon P
has ronk v For gy in V(ka), The préjechons  h Hhe j/m/qmb
il FWE palvwite arf/agana/, ¥ e jnd.ex P/’fif a,
bhen L0 Ry = By ate Zh = el



The projechons m aq eolumn 0f P tnstglie be
palrwige orbh qfwm/ and  Fhere fore é;rp,,,» (Iﬂ(.
Alence 5/‘:;/ St “Id y lv/ll’[A ;hl,o/l\’f m £0n.

Lemag 16 X i'—7/(2 thon X 15 é)/‘/mfwlﬂ‘e.

=)



% nitary //ﬂwfmnfr



A pematatin n G e degngemend il if
hes ne Fied ports,  Jhe b L A erﬁ/ﬁf/‘am‘/ dps nal
Cowtain bhe idertity, b i dar odiin tho erse of
cach vlemarts. We uee i) o dencte fhe ég/ry j/a,o/\ 2

gemér\) u/.‘# ﬁm /f’/ﬂﬂ/mﬁﬂ/} 5 éAe ﬁﬂﬂ')(?aé/,ﬂﬂ fFf\



e nede the ,4//0,4/;7.-
ca) o wids oA a pohl- stoks Cpee forn n grinwie- disjoint
cocligues of sge (1-1))
(4) the rows of pn rsn Lafm sjnore brm & clgae
A spe n: dng tacl cligpe &s maxipa!,

Lo n=wlIm) € %[Dm) Sr,ard hpee H(LJis)=n.



NMow /ér the Mﬂ)’fﬁry VP 10N,

/nelws(-n)

Aeram < /U?X ’9/6,,,, P a fuanf% mvfd/au/f/)f a"}(

WJ//‘ ra/vﬁ r, // N iy ar €M7L7 of /t/, l%ﬂ’(a /}lﬁ'f
/indo;

e a dxr  porbrx M with peirwite  ordkonorval ol

CreMy =T ) snoh %ﬂl /‘/‘-’MM** leb Y, &ﬁf

Y%

NIAr ADrix QW}"‘MI lo y{/,y'



faﬂr’fo(@ 74(1? mnéry

%
u/,/"' n u U 0
. . 7 N .
h. - Un

i ”’5"‘

whi.oh hos ovder nds<mr = ndxd. The vectoar in a row
AN fhis MAtes x 4/49 a O(X/ “ﬂ"fa‘/f Mmﬁn,’x; %{f/j
denote bhe  un f/ﬁxy o b coming fem the i-th row.

ThM.\' ll‘" [M‘;’ Mh#j ]

Q



/ (, ]
4 .
./ v (A% ’7 cﬂ"ﬁ /’ X t br ) - ‘?
/ A ) he’\ M' M'
a* ‘ ‘/J"‘d)m o

£ &), then 0= Mt
Lr ./)' 7M,M:*M f/\’

¢ ) '
NV I T SN 14

ﬂ&ﬁ/ = = _
M o —
/4,}" .8-M: = MVM M Y M’ Y, v
"/r 4’ ‘)I,Ml) ] ?
S N T 4 -
J /7 -
V)

i Follews that U ?L{- :
4 Noa Axdl Mﬂﬁlﬂ") Mot x

W) A m=
% dirgonal rxr hlecks of
}Wl.



A éMl'lLﬁrg a'{*{/‘Qi\]fo’h:[ 6# indexrr s a L{nj%my /na[;».'x

U ek Hhat UR(TET) =0 . Thns it ir mrxmr ’
0

wi'bh d"fj””"'/ rxr dks jero. e sol. o obd (Eﬁ

’ |
anitary dorangements of inde> r dots not dmten T o+

andd [p clored andt javersion. We ase 4/& d)
te deadke He Gply poph o Udk) with fe

(ndpyr Ua S tas, df%—fﬂ’\eﬂ ke ar comahn cet



Jie Symn) s UG) , o Aprongemenl i Igmtn)
IO M/w'%ﬂf} /frm/\];l/ﬂﬁm/ p/) mdex one.
V(x)) =mr

Theamy X adwifs a rank-v 7Mﬂ~fm'\ m~cobwﬂ'ry
/-/ and Wé 1'/ X — w (mr) . l

W/e nest olerire bonnols gn )(/// (X).



Lebh S2(m) oonele the groph ot The amt
veptorr in O ar ik vatEes, with twe yeckor
adyacens ) oy are orbponal  Ths ir fhe

or Yhagemality goph.  Te snproph b Rin) induced
by the Hlat unit vecarr /s J (>

We neeod o prelimshacy Lemmo.



{emna 4]3‘14”\6 W ir a ﬁ/ﬂtfa{»/;/'ﬂy Mml/a')( d/wg !02
anre ﬂ//@ona/ ma b‘\vbff, ﬂ// ﬁ/ Mfr Mam - 771:!0
( W'*ﬂW) fr{D t‘r/p) Jai



ez K — JUlmy = J9) (m) = N(m)
Bab /o tie Lot awant, we adte Huat the colmnc of
any Hat anitary madrix form a clppe in L.
for the second [ iF 3" dpbime fhe dingenad
mabsis By by (D). =5 Let W be a Fol ity tabir
W 5 i flat ., fpe mep s 2D W fofes verbicer of

f?k[»’*) fo unltayw mafries.



Consioler fhe mabrix
@ = (oW W.
Then ﬂ/ = 4 f,-f;-r, h/*/); % W) ard ﬂ/go/y/%f the lemmg
(with D= 68" &) ’D;D;) gie//; thal
6/08 WBRW) = b (B, WGRY) = L 6D)= <y p5.

ﬁ}.—;o S Y37 o Tre ﬂ/)‘ﬂz /iomrqfwml @(7))>""O,



Fuolly we have (Mg, k) =(M’N)LJ‘ gnd o
B> Fey 15 Hor resmived homomophsn, 3
The mnindl valve of pm anch thal- X = (Lon)
ir the arhagonal powk of X , dlewsbd fﬁ() The minal
walpr & m such thol X=0'0) is dended, € ().
The haworophicns we howe dledod inply fhree fmn‘f/;
KA the foflowiy:



Theoram) for ary graph X
v(x) > £°60) 7 %760 7 (k)
et The previens theoren gielde afl hnt He sl
inspaality. tor bpie, i v XK, the nws & e
Chamncteriitic matbex of’ Hhe gartston delermined by ¥
gre Shndard basiy vedors. Rmce we hove a honomerphim
foom X & 1he sakgmph of JOU5) indused fy e ol bncis vedtrs



