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') If\ 6’ hﬂé a (uqnl"«m V!’Ca/w’iny, i‘l‘ /ms one Msin7

Pr0jec‘fions o‘la a” ﬂ:e same V‘an (%; ¢ rank-r co/ar:'nys).
2) Kank—y‘ ((uanfum n-co[ar,-n7 yives (nr/r)‘ Prajec‘l‘ive represenfqhm,

D 6(6): inf§% G- has « (dr)-vepresentations T(6), 1,(6),5(¢)

1) 8(6)= miinfd G has an orthogonal representation in €35 U4 (6)

5) Lat ortho. rep. of G in C* % (6)sd

€) ecl orthe. vep. in dimension 4 (or §) = Xg(6)2% (or §)

7)To constract exam,o/cs with Uo(Q)<U(G): Consider orfhogenality
graphs of apprepriate sets of vecfors and hope.

Rerhaps §(6)Z,(6)=24(€) 7
Use reduction 3-5AT— 3-COLORING
to obtain graph with %q(6)=3<X(€)
This mplies Hhat X&) (HW: %e(6)=3> 1U6)=3)
Yol6)<E(6) also possible. Ob:fies of

QV\ qn'fmw‘

Tl'ms E(é‘)ﬁ%((é) dOei mﬂl' holJ n 9enerq]. Co19r;‘m7



What _about Y (6)<€(6) for all_graphs 62

G‘,,' orfhayona/r.f/ jmi)}t D'F 7"“‘4 veml‘w; n /?3
with entries from {0) I,’B.
wl6,)=E(6)-3<4=X.(6,)

%1_(6'13)"7 ZIL ?2 = g(&,})



What about G,:= G, + apex verfex?
X(G,)=4 > X(6)=%
Gy has orthe. rep. in F:) G;, has orthe. rep. in 4 +=> %‘L[GH- )5 4.

’) 7@1(6-,4)4 %(G,,,) Smal/esf Known eXamp/e.

1 (G’,; = [é’,‘f /Uc/in an a rte
)X/(l ) %1 ) Jro/ mj?l' I'nz‘f:);sge%z?/./

E&Prcigﬁi Show 7"/1617" ,',C‘ 6"*01’06)1 V'thqs a
= quantum’ n-coloring, then G
has a laca”/ Cammuf:‘v zuanfum /n—D—Ca/urf;ﬁ

Ea)\ Ej%, €. Le. -
:Ea'h'Eyh {,[ ?,\.7/ 707/(6""6!’76)():%1’(@4_’

The /aca//y cammufinj constraint qrises in a 5/:‘7};/'//

J/f‘féb’&’n* ( é, H)'/wmf?mor/obism 9ame infroa'a:ec/ b)/
Abramsky, Barbosa, de 5ilva, ¢+ Lapata



E};ajeciige /%gcjrin}g

An assijnmerﬂ" yHEjéd—N’xJ of Frr?'ecf,'ans o the vertices
of a 7raf:h G oisa Ha 9,,7::}/} Ey,:D
The value of a Frojecf,'ve }DQC/(,'yy s o irk(Ey)

! geto

wp(6):=5upt x6Q : G has a proj. pack. of value x5.
w,,(@):ozf,(g—) ( prq)'ec'five Clizue numﬁerj

Properties
) SC V(é) anF'f se7l' Ej I 9 5 15 ¢q fra} ch/(. ofm/ne /5/
Thas d(é‘)‘dflé').

1wl

Z) gf(é)> olpl6) wi fh E«Zuq/if)' it & is vertec Tramsitive.
5uﬂn5e yHEj is a (J/r)—rc/)resmﬁf;an_

Then it is afso qfrg'./wc/(. of \/a/ue

. r’V(G),
o 3%(9 k( E)) = .

rlVe) 1w&)1 u" ves)!
Thas  «,(6)2 =7 = @) = erp(G)




Yw(6)<8l6) W) <X, (6)
Froof: 9 Eg6 € proj. cligue of value &=+ Zrk(E,)
?H’? ¢ (fm a (dfr)- re/yrmrﬂtqf:an.
f;: E7®/§€<£“‘H,
Then £ is a projection for a”yéV(é) ¢ /;/; 20 it 943!
Thus rk(ZF) Erk[@) Zrk(E,ﬂ/;)— rZrk(Ej)«rR_
But rk(i@)‘ kd. Therefore, rRkd = % <%

DIt COH then wplb)zwplH) + §l6)< 5 (H).
Proof: 9 g6 €™ proj. clipue of value %=+ ZrHlE,)
Fn €€ for 9eVie), heV(H) give quantun hom from 6 1o,
b= ? Ey2F,, in
P is a projection, [FE:=0 if hoh’ in H
value of H > value of Ey



N.f 15 7‘0 gf as oL /S 'll'o fy/_f,

Shor‘f'ham/ : oLf, ( é); X €Q means G Ans a ,:r?)'. Fack, 9‘{\ Vq(ue (aHeq;f ) X

Quan'/'um Independence Number

beé)—'- max§{n : K, LET
NCEVG

B«a‘)'ea/','pnj El-jeﬁJﬂ 9:’#& a zuan?‘mm hom. Kn%a— Il[
() ZE ‘-:T /é[ﬂj

) Eby =0 # [igolysyyl] orLis3o7]
}:935;% E,; 15 a /7r0‘)'€£1"/'v€ chkl.ry 01[ va/me n.
Therefore, oLp(G')Z'oq_{é)_

FE’ZI ; E)(EV'CI'fe.

oL (é')—m n{LX.I Ghﬂf roj. ﬂC/(. of GIW—’K??
# Lwp(e) Prof i



A (anﬁirﬂﬁl'l'an

§mF/ao£e jHle>5(CJ /5 2n oﬂ%ﬂ-rff- Pf‘ é, anJ
£:v(e)=[k] is a k—wlorfnﬁ of G where /fs—,%(/ﬁ—’,
Then W(&)T-J 4 'F-I(I.) 15 94 c/f'tue o'f sizeJ Vr'€[k1
There‘f\are, {I(f,> 3 96‘14”[1')3 15 an Df‘ﬂ"-vnarm/ porsis Vi,
Defne Bye §IREG] 1f 940D

g..[.gi_"'_: TAC E’7 7ive a sluqanmm hom. Kk-%#'é_
fr!_zﬂ’ﬁ% E"7=9§c) ,%X?}I =T.

I'=#J'f E"j E.=O because £7(i)/] 70_'/}) = ¢

J

iz Z Ay. " 4!
A AR SN AR R

If %(g):l‘%gl Then olz(é)'—'%(g).

é d/wqyg '}rme

(&)=L E) it +only £ p(6)2H(E).



How o £ind such 7rqfh5 that alse have ot[é)4%(z).7

A set 5ECJ7’F nonzero
vectors such that theve is no sabsel Tc o of muﬁq///
non-cr+}m}anal Vecf'ors Can?"aininy one Vé’ﬂ{” 'Fram evevy

arthﬁanq/ basis Béﬁ/ set of hbases /n 5

V(G(ﬁ)) = i('?), P) ”’)éﬁfz ﬁﬂrﬂwjanal bqsl'sg,
(U1>,8)~1¥>,8) if <LYID=0.

y.::[\/(érlﬁ))}
b:; #a'f affhaganq/ bQSc’i n 5 ( = %) :

(”>,B) 7 B 15 o Cﬂlariny 0_'0 -6—757 with b:% colors.
(W?, B) = 197 is an orths rep. g'F G ¢d.

Thas oo (50 = X(ET5))= b =4
But an s'nJ/of‘ set 71/" £12€ b Wom,a’ hit evev y

Orfhayanq/ basis B exqcf/y once, a contradiction.
Thas alG(5))< b=aq(6(5)). 2 ¥e)25 > 5 =d =309
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Y (6)=5
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0 (6): 6>5=0(6) ALSD Wool6)-4<2



