


All- reach ( x) : ty . ( ✗→ g)
we want a 75-0 formula for All - really
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P is a parent relewn
"

binary &

✗ is the root & Pbs

no loop )I
1-
every vertex f- ✗ has parent

-2 if the parent is def .

,
then it's unique

A- relearn satisfying 47 . I (2) may
have loops : ×,

# ×>

→-3 ✗ has no parent



I P has no loop
→ use levels !

C. 1.) Poo ,z
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⇒ level ( t
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) S level (E)

C.2) Revell ×) = smallest level

3-÷p ( L is total order r
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L is total order I

LD reft .
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43 3) ✗ is root I ✗ is minimal wrt L
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G undetected , ×
, y vertices

Reach lx , y) I there is a

path between ✗ I
y

Mso formula : FX .

Y
-

y
✗ = set of nerves on
a simple path between

✗ and y

×-=×
FX

. ( ✗ has exactly A neighbor
in ☒

, y →
- i



and it 2- c- ✗ - I ✗cyl has

exactly 2 neighbors oh ✗

and × , y c- X)

If such ✗ exists then there

is a pale between ✗ and
y
-

X - Zi - Zz -

- - y
C- ✗ c-✗ c- ✗ c- ✗

t ,
-
t '

I
\ ↳

-

-

If there is a fall between ×, y
then ✗ will all properties
exists .

→ Take a smfh
path between ✗ and y -



✗→zz → y

✗ = ( × , Zi , 2-2 , y )

Kwun : full hlpewte graph

%€%
m= 2 n =3

✓whines

Knin has HC ⇒

m=n 3 2

Mso over words = REG



2=1 and
"

: n> o ) ¢ RBG

word warmth →

construct a full bipartite

graph Gw st.

Gw has He ⇒

w c- L ⇐ m= in

Gw = Km
,n

w= a a a a b b b
Kiss

V : positrons of the word

ECX, y ) = (at ) rlly ))v(than
acy ) )



3- ✗ + *
,y ( ✗ c- ✗ ry¢✗

→ Blay ) )
talks about Gw

1
✓
FX

.

+ × ,y ( ✗ c-✗ my # ✗

→ Calx) ably )) V

> fix) racy))) )
talks about w

µ is a formula Mso

expressing Homie tonicity ,
then

Ñ = 4 / where F- Cxiy ) is

replaced is an Mdo formula
that expresses { w : lwla= Iwls)



F-F- games
: used for non -

expressiveness results

EF - games for FO ,MJO , . .

/

Fo (suec)
\
to (c)

over words

Fo (E)

@a)
*

¢ FOG )

EF - games : 2 players
S
,
D

.

They play over 2 words

( or graphs .
- . ) -



we aaaa a a a = WL

In K rounds : SID clause

possums in , - - sik Mwa ,

ja , -
. , je ein wie '

D wins if

+ man C- ( 1 , - - , KS

a) im < in ⇒ jmcjn

2) im = in ⇐ jm = jn

Gene for FOK )
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I
Swmi in 3 rounds
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2kt 1
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V- K : Dwpl has a whinny

strategy on Wiiwz
-

depend on a
St

. we C- L and wz ¢ L

⇒ L = Caa)* is not

expressible tin FO


