Turdn's Th
eof ‘fw Dot»hv\é C‘Ieow\c:'ﬂes

a:maay Kim (GT)

Jo'ln-} wovk wiHh Rw%ev Ca'"f'adl k ;I)W\ vawn c!er P‘

GT  Combinaturies Sewdiuar

$o1> 12, 2025



Q.  Felemeds vs. Forlidden struckue W He Unlvesse.

Unlverse Forbldden  Struchue Max # elemeds
Comvlde am‘;k K, A %13 Maatel, 910
0=0
Ke ~ (*';')(t—'.‘;)z' Tuvén, lat
O=0Q

S AN O



Q.  Felemeds vs. Forlidden struckue W He Unlvesse.

Unlverse Forbldden Struchue Max # elemeds
Comlete graph Ky AN 1 TE1 Mawdel, 190
=0
Ke ~ (*';')(t—'.‘;)z' Tuvédn, lat
O=0
ORI
P (R P () ‘f;:‘i" Bose — Burbon %

WSq“
W
P wpM
E \



We can re-write Turafn ke Bose = Burton T hecrems usiua Matrolds

M (C'T) = Mq“'ko"d C\SSOCJO\"eé it ararh 6\
Paln-1.9) = ‘P'H(H:ﬁ,)

ex(M.N) = Max size of M S M st. M % N-Fee.
Tovka ex (M(ka). MCk))  ~ (7) (&)

N __ -t
Boo— Burton ©  ex (PGCatiq) , PGCEA, o)) = T—T—

G-~ |

@. ex(Ma.N) =7
I

"Uu'(vevs«r‘ rank-n Mq‘*lrok‘ Hn
that contbalss all ronk=0n mccteads



Thm ( Kaha — Kuna ‘32)
—n\m Ove on‘) S un’lve,vsu‘ Motlb(.s tpv M""rolcls b

Pfﬂuﬁw geem- PG(n-1, ¢,) « Mcdchisfie geom.
Free matrads Unn 2 Oﬂﬂ“"‘; d €oha.

N

wahv\g (1eovweivies Qn(-"‘) Matrolds assoclcted uﬂU mu i "3m‘>l«s
(.edae-lalcdled '@ a FiMe gro-p n

I

T": Z. = Cﬁ'ar‘ﬁ . @n-c(ZJ = M(Ka)

Zz = § 7(70'2(! GPQPLS



e'n'ouF- ‘QLG«“QC! 8v<‘fh5 & Flfu.me Mwl‘(rows ( Zaslowgky , 8.‘105)

BT«.S@C(, 6m'>l/\ (6,(8) : gra’)ll G K& CO“ec{?sw\ 93 O’P' 9/0;(4.3
S‘w(:ls-@ZVE *Oe- l)re';er:\j "

C € B is Ca“-exl o ba[qv\cec[ 9(;(2
Frame medeold oA (6.8) 1 fhe patretd o E  whese  clreaks

ore -

g B=all eles = FM(GB) = gele madad M@©)
SB:% => FM(G%) = biciveular medrad



—

G‘ : 3"‘1?('\ (»ﬂ'H" (4 & VCFQJ’QKC.& Or]ear.'q,‘ﬂow 6}

P:ENlps — |
Cyde C=eer--eg (£22) T5 balwel if

Cc) = ©le) x Pleyx - x Q&)

s e Uewbty, whoe 6 = i | hether & agres C o uok.
-1

63.23
\ e(c) = 0+1+2 =0

d ﬂo @(b) =D +(-0)+2 =0

2



KI' V= $1a, 3, -, nd
Y(1)) wh i<, FIT| edjes From T+ ]
lubell ed [a/ Hre elements v'F L

:-'a loor a‘Had‘leJ 'fo eouJ'\ VMek L

2 d
No (oa|av\Ce¢£ C‘)c,(es FM(Kv?.h)
2 Q/E\‘Q ; fa.b, cd} = i
t | "2 Clreats : ( ‘ 3 ) Uz.gq
IQG\/7 g

Qa(T) = FM(K])




O 7 R
EM( g) = M .@*)
o> > 4 2

Z
Ky

ex ((@Ana(2), Qi) )

ex(M(Ka), M(Ke))
(7))

®



N <
FM ( g) = M( .@*)
ﬂa. 3 1 d

Z
Ky

ex (( @Ana(2), Qua(2))

ex(M(Km) , M(Kt))
(t;\).(tr:l )L

®

Thon (Cosplell, K.\ wnder Pol) I n2¢23 & 727 %72,

ex (@n(T) @t(r")) = | Q)| = n+e-)



@*—(Z‘) i M(K'I:H)

Turdn denstiy (T N) = |7 ex(@n(T), N)
n=e P (3)

Tardwls—thww Z(Z.,M[kt)) - i:"-

7z (1, @v\('l—")) = | o T'E-T"'-‘;?z.




@-{;(21) = M(Kn)

Tww'm cl.eu\suj

vao'\ " ’S ‘U«W\.

The ( C—K.—vdP)

) T—

n—» oo

@((Qn(T’ ), N )

()

(2, MCKke)) = =X

+ -1

V8 (l"', @m(T")) = |

H +25 & T

(17 M) =

# TP20'x7

: 'FM'H-Q 8rou'> R

t-2
t -




Moreover,

ex(@u(Za), M(Ky)) = Z==n» + [F=1gmn + Oy
5

=

(&

O

n
+-1
t:even

(o



=Y o
\o‘ /P/ 5w1+da'luJ_g \ Y/g'/

AN wrav 7N

¢ (i

.. Tw° sw'l+l«'ima_— e,clu'\uu‘eu-l- P—lal.e“eé gka'ins Tncluce.s -Ut\e Same

frame matrod .



o b ] Xy oy
I P 'l S S
/ v \ by 7 ot V /)/ V\
(P ?new
Two sw'l+l«'ima_’ eclu'\uu‘eu-l- r'- |aLe“eJ gka'ins Tncluce.s -U'\Q Same

frame matrold .

G,H c Ky

C'.\ has A laalanceé H“Cuf)' .('F G has o s»loakarln swl{-cmma—'lsowpv')l\k
to H.

Lem G has o belanced H‘COD( = FM(&) > FM(H)



o b ] Xy oy
B NP i S S @
/ v \ by 7 ot V /)/ V\
(P ?new
Two sw'l+l«'ima_’ eclu'\uu|eu+ r'- |aLe“eJ gka'ins Tncluce.s -U'\Q Same

frame matrold .

G,H cKa

C:\ has a laalanceé H“Cu‘))' .('F G has o s\Joakarln swl{-dn]ma—'lsowpv')kk
to H.

Lem G has o belanced H‘COD( = FM(&) > FM(H)

)

Let H|, Hz, 1 Hm be a" P-la‘ae“eA 8rq‘>\«s s.t, FM(HL’=FM(H)

Up to  suHchia —‘Lsm.,fmsm,

Lem FM(H) € FM(6) = G has o bdanced Hi—c,aPy for some 1.



€J- MN=2

NN A <sumcw»§> & A A

o

H, = o= Q0

|
I

I YR T < e e e TR /A U3-ww
W FM@) has no civek of size 3.



e Hf 25 & T fiidte grow

(T M) = 222
+ -1

W |

Iﬁ_m (Eréé's — S'Imn, — Slmonaitta )

H) -2
Ty (H) = 2
8”‘1’“( XH) —
-QO__C 7(:(1—,, M(H)) < %(H)—l

X(H) =1



By ex(@nm),v) = Lh ex(@m, N) i P/<p

id
bl

G C KI' r‘euhilma_ QX"‘VQM‘ emm?(e , So MW N—&k‘:hﬂdro'lé

|

O } i 2 Hm o e
are |abelled by T

VQV‘H.(QS m es
| ~ 3 eA{] b




h e)((@n(P),N) < :—H-ex(@,\(r'), N)

fud

G < K,? reuhuua_ extremal exam?(e , S0 N N = submetrord

if T’

|

O = i
arve IQ‘oe"eJ bj P/.
Vertlces m GA{]GS
| ~ 1 0O
) -
Cor Z (T, MH)) < gg((:)-'z
PP ex(@a(D), MH)) < I7)-ex(@n), M(H)
3 lPl’QXJmPL‘(V\*l, H) O

CO"?- I(T',N) =0 <2 N :M('a'(‘)av"’l"e am’:ln)



ESS"{&)PQ bound s not -(:‘ialo\‘l'.
T‘I\M (Man-ha' )5 -l:an\ ‘Puv Dowhv\g 83@/.43;'«195)

ex(@n (), M(ks)) = _“‘;"z_l f T=2
|2 2,
=7 2,
2(;) ITI2 4

V2
/2

l/}
/I



T If 7=2, & T hes ne elemedd o oder 'l;wo,

(P M) = 3

|7
2|71 -1

Otherise, T(D, M(k)) 2



I“_"“‘ .T.‘F P‘?(L 0w P lws Wo elemedt c’P dvdu -l;wo,

Z(T, M(Ke)) = 3
|17
C 2
Odhervitse , (T, M(Kq-)) 21

¢

S (Z}.xZL, M(K4)) < ~ 0.5833

N
< T 2, MKY) £

sl

(

;'w —|f

| N

0.615¢ &

I/E OAB Adm @



xXH) -2 2
X(H) =)

Whea (D, H) =

A pair (T'H) s cattead W dure & no HeKp st
® FH(H) = FM(H')

® H s le-a|:|ess

® X(R) < AMH)

n) -l- _— X(H"E
B’EB, H (T,H) 15 critieal, =(T. M(H) ) X =t
& Slze yRmn
_Lﬂ 4 := X(H) @




g (T KD ok 425 % omal S (T k) -

M(K{,) has o lpas'ls B st. tHe civestt Ta Bt e has sire 3
For asy e € E\G.

IOorless H/C KE st. FM(H) = M(Kt)

= B should be o dree. AN

«
~a
S
~

= B s a t-ste * Ke s T-uibical,




eal.

K
(18
Ts
not
4
22— C
ridi
(Cu‘

7T
(
2., K
«)
-3

Fo
r K
L( |=4
2 (17.K ’=K—
3) 3 ’l.s
| V\d"'
2
-—
criti
oul



Q uestlons

. Dedermine (T M(K)) o T % 2 Hed coddas on elemed
a'F- order 2.

< T (2x2,, M(Ke)) <€ ~ 0.5833

A
< 7l 2, MKY)) <

sl

(

0.615¢ &

ol 2|

WP

2 IT=ITd & |At(@)] < [Ak@) = (7, V) £ 7(T W)

3. For H: \o’cfwt’ﬂe, can you Compute
ex(@a@), M) = 6(n*) 2



Q uestlons

/. De4evm1ue 7C(T', M(Kq-)) -fcw T X 72, thad conlaas an elemedt
o'F- order 2.

< T (2x2,, M(Ke)) <€ ~ 0.5833

A
< 7l 2, M) <

sl

(

0.615¢ &

e 2|

|

2 IT=ITd & |At(@)] < [Ak@) = (T, V) £ 7(T, W) 2

3 For H: lo’cfwt'ﬂe, can you Compute
ex (@@, M) = 6(n*) 2

e



