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Problems ( instance - solution problem) P
(I
,
s )

I set of instances of P

for each XEI
,

S CX) = set of
solutions to X .



k > i RT '
k

• If IN is partitioned into k parts,

then at least one part is infinite .

• Given a partition of IN into K parts,

apart that is infinite .
Instances : K - partitions of IN

for each K -partition Ao H - - - u Ak- e -ay
,

the solutions are all is k
s - t

. Ai is

infinite ; an Ai set . Ai is infinite .



2<0 = {0,13
't

= set of all finite

binary ( {on} - valued)
strings, ordered by
prefix (initial segment)

000101 ← zcw
relation .

0001011 E Zaw

000101 L 0001011



A binarytree T E 2W is a set

closed downward under £ :

if r ET and I Ir then I C- T
.

-

A tree T is infinite (as a set)

iff it contains strings of arbitrary
large length iff it contains strings
of every length .



2W = set of all infinite binary
sequences = functions f : co→ {on}

if re EW and X c- 2W their

TL X if due first length Cr)

many
bits of X agree with r

.

X T length =r .



If T is a tree
,
XE 2W is a path

through T if every rs X belongs

do T
.

iii.
IT
¥



Weak Konig
'

Lemma
-

If T is an infinite tree dueu

it has at least one path .

instances : an infinite trees TE 2
"

solutions to a given
T: all paths through
-

T



Jumpperohtem

instances : all X EIN

golutioustoa-girenxs.ly/--TJCx)
due halting
set relative

tox



Ramseyitheore.me
Given XE IN , n 71

,
k > 1

• [X]
"
= { FE X : IFI-_ n}

• a k¥014
"
is

a function c : [X]n→k={0,1 . ..,k-is

• YE X is homogenic if
c is constant on [ YI " .



n -- l X -

- IN

c :[IN]
'
→ k

c : IN → k
Ai = EXE IN: e Cx) = if

A-
o
U - - - w Ak - y = IN

YE IN is homogeneous if e is
constant on Y

,
i. e . if YE Ai

for some risk .



Ramsey
' theorem for k - colorings of LINI "
-

(RTI )

For every c :[ IN In→ k

there is an infinite set Y that

is homogeneous for c .



For n=1
, Ramsey' theorem is just
the pigeonhole principle .

For n= 2
,

c :(""I' → 2=80,

•
go • given an infinite graph,

-

,

-
.µ.\ .

there is an infinite
.

. Mlegsaph which is
y

'

-

'

q
.

. ÷.
'main:L:m7 . "

~

,



Rthk as a problem :

instances : all c :[ INI
"
→ k

solutions to a specific c : all the
#

infinite
homogeneous
sets

.



RT ' ( before) Rthk (now)F-
-

instances : k -partitions instances -

of IN
-

. colorings
c :[INI'→ k

solutions : all pieces solutions : all the'

of the given - homogeneity
partition sets for a
that are given c .

,?nik#%°#€-.
. . .



Computable combinatorics
-

given a problem, what can we say

about its solutions- complexity
-

definable 'ly

relative to its instances ?



RT ' - comparably truek
-

e: IN → he given

Fisk e- ' Ci) is infinite

{ xe IN : ccx) = if is a solution to c .

{see IN : c Gc) = i 4 E
T
e

ur

computable from a



WILL (weak koinigs Lemma)
is not computable true :
build a computable infinite tree TE2<w

that has no computable path .

(ice .
, not every instance computes a

solution to itself) .



Ensure
- for each e- :

eth Turing functional

OI
,
if it is total and son 's - valued,

e

then Efe is not a path through it.



E. low - i
⑦EIIt= " NIK Hirt

East -- o ¥nWi INN
-

Hi. live
Fief:p

'

tenner oo¥¥¥¥¥ . -

no Ete is a path r
- - -

o - - - -



• WILL is not comparably true . µ¥air:.int#nia:eiYinmatN
computable in T!

T
'

can repeatedly answer 9¥00for each ret the question : Y
"
is T infinite above r

" €00is Stefan ?
.



Complexity of WKL :
-

• not comparably true
•

always has solutions computable in
the jump of the instance

The class of Turing degrees that
can solve any computable instance

of WKL is exactly the class of

PA degrees .



town (Jockusoh & Soares

Every computable instance of WKL has

a solution that is low
,
i.e .
,
a solution

X s.t . X ' Et 0 !



live.aroidancebasistheorem-CJookue.ch -Soared
suppose C €+0. Every computable instance

of WKL has a solution X sit
. c¢+X .

Proof is by forcing .

(
avoids

{Y : Yet
"

cone above 0
'
"



We work with infinite subtrees of T.

Y
"reaches EIEcsaikn.fm.

F" $e×(a) T on

WKL .

Eilat # Cca)



T E! # C

9÷!÷÷ : U
.

- E ret: -GI. ⇒t.cc.D.

•EachUa
a subtree of T

.

• Claim : Fa Ua is infinite .

HE'



If not, then we can compute C
.

C. (x) ? Ma is finite .

a

:*.
•

•.

& these values

40 are all

the same
.



Last time
-

- problems - RT's
- Jump
- weak Kiinig's Lemma
- Ramsey

'

theorem (RTI)
- RTL is comparably true
- WILL is not co-mp-wablytree.b.at
always has solutions computable in due jump

- wKL has eo¥e .



Jump problem
-

instances : X E IN

solutions to X : x
'

0 l→ 0
'

does not have cone avoidance

{ Y EIN : Y
.

>to
'} ¥1

,



Rainseystheorem
n=2

,
k=2

c :[IN]
'
-32 define d : A → 2
⇒ 12,1331 define A EIN

O l 2 3 define R EN

• • • ⑨ • ⑥ o ⑨ o • ⑥ o ⑨ . . .

^

lane there many se > o s- t . CCO,x)=R ?

if yes , dco) -_ R put 0 into A

if no
,

d (o ) = B put all x > o into R

s .t . dco)= CCO;D.



A -_ Go} dco)

R infinite

let xo=
min R (Xo > o ) eco,# = dco)

are
there many a

> Ko in R

s- t . c (x .,x ) =
R ?

- if so
,

d (Xo > = R
add Xo to A

- if no
,

d (xo) = B
redefine R to

be all the xoxo

s- f . dcxo)=c(xo,X)



° IT
⑧ ⑨ ⑨ ②To • • . . . .

* -
-

R
A

keep going, eventually define infinite A

and do. A -5312,133 sit . if x.ge A
with x< y then ccxiy ) -- d (x) .

Consider this as a new instance of

RTL
.

d Et c
"

,
A ET c

"
.



d : A → 2 therefore has a

c
''
- computable infinite homogeneous

set . lie .

,
an infinite set

B and a color ie { 12,134 sit .

d(x)=i for all XEB , meaning

c(x.g) = i for all x.ye B .

So B is a solution to c (as an
instance of RTE) . B. Etc".



In general , we can do a similar

inductive argument to see that RTL

always has solutions computable in the

nth jump .

(Joekusoh)
-
n

ther RT e does not always
have solutions computable in 4-Dst jump .

Jackman 1972



• Build a quote c :[ IN32 → 2

• Limit lemma - XETO
'

iff
-

'

prim . rec

tune is a #n function f. MR-22

sit . An Xcn) = him Fln, s) .

S→

• So there is a uniformly computable
seriema {fe : e c- IN} of total
computable fns fee : NZ -32 s -t .

f- VETO
'
Fe An Xen ) -- limsfecn, s) .



Good : ensure
that for all e

,
it is

not the case that there is an iuf

homogeneous
set H for c at .

An Hcn) = him
,

felines) .



Proceed by stages ; at stage SEIN

we define e on ko,sIx{ she .

At stage s
, we

work or Fe for ess
.

Let De
,s

be the least Leta many

elements Xss s -t . fecx, s ) -- 1 .
n - r÷÷÷÷÷÷a
=



Them (Jockusch) For all n>3
,

there is

a computable RTI all of whose solutions

compute 0
'

.

(Enough to show this for n-- s .)



Construct e : ( INI ' → 2 .

Fix a computable f : IN
'
-32 sit .

Hn O'(n ) = limsfcnis) .

:c::#
-{
' '"""'E's:*
0 otherwise

.



Suppose HE IN inf homogeneous set,
for c. Claim : 0's

, H .

⑦
'(g) = ? Choose XEH x > y ,

t > s > x in H .

-

c restricted to [HIS must take

Value 1
.
V

c. (x, s,t)= 1 so fly,s)= fly,t)
04g) ft > s in H
so
'

timufly, u) = fly, s)



Them ( Seetapun's theorem) For every C ¥+0,
For every computable coloring c :[INT→ z
there is an inf homogeneous set H Iff .
"
RT Ya has cone avoidance

"
.

• Seetapun & seaman (eggs)
• Hummel & Jockeesh (1994)
• Drhofaror & Jockaslk (zoos)



RT's - SRI
i \

of colt

cone avoidance )
Definition A coloring c :[INK -32

is stable if Fx limy clay) exists .
SRT 22 instances : stable colorings c :[INTs 2

solutions too : inf homogenous sets .



D2 ,
instances : all stable c :[Xyz → z

na solutions to such a c :

all limit
- homogeneous setsYao.ir?nciYie) fora

.

Definition. Given a stable e : LINK-32
, a

set LEIN is

limit.homogeueous-ifftxetflimye.cn,y) is the same .

infinite
Note : every inhomogeneous

set is limit - homogeneous.
XEH



"

Reducing
" SRT} to DE :

Fix a stable e :[INK → 2 .

Let L be an inf limit - homogenous
set for c . Say limyccxcy) = i R

for all XEL .

'
t .

. . . .

I -
1-



Last time
-

:

RT
"

- always has 0h)- computable solutionsK

n=t : RTI is comparably true

¥ : Rthk can code due halting problem

M€2 : RT2h admits cone avoidance

($
,
0 and computable e : UNH→k

F inf hoon . set H for e out .

C. 4TH .



c :[ IN32 → k stable if Fx limy ecx,y)

SRIY : RTI restricted to stable

colorings

DI : for every stable e :[ink→ k

F inf limit- homogeneous set .

If we can

"

solve
" Did we can

solve SRT't .



DI : given stable e :[INK → k

d .
.
IN → k DGC) = limy cfxy) .

-

note : d is not
instance of RT'

K computable from c ;
p
• every solution to d ET c

'

.

d is a solution

to c



Cott ( cohesive rumina'pa)

instances . Pi = (Ro
, Re
,
Rz
, . . .
)
,
RIEN

-

'

pi = {Cx
, > : x c- Rile .

solutions to I
-

: all sets X sit .

Hi [IX n Rila or IXNRTI - a] .

XE
't

RT X Re -

(X is cohesive for E.)



Obtaining RT} from SRT Z and Cott
-
c
? Nye → z (not necessarily stable)

pi Ra : seem) Rx = {y > n : e (x.y)=o}

Let X#O'be cohesive for I .

et [X]
'
.

is stable .

Choose see X .

murmur

- either XE
't Ra ⇒ limyexccaesy) - O .

- or * E.
*RI ⇒ limyex Clay) - l .

Now apply SRTI to c.ALXI?



① Cone avoidance of Cott .

for every CITO
, every computable

instance of Cott has a solution
that does not compute C -

① Strong cone avoidance of DZ .

for every CITO
, Evey

instance of DZ has a solution

that does not compute c .

Mathias forcing constructions



Fix a computable instance II. = (Ro
, Re , . . .>

of WH . C 4-+0 .

-
we build a cohesive set G

. by
forcing : (D

,
E) ← condition

J (
infinite setfinite set

max D C mine

e#o⇐ E



( Dh
,
E) extends (D,E) if

• DE Da ED u E =
DED

"

I -DEE

• E E E

" ""Etna



Forget : assume all reservoirs E

in our conditions are

computable

Requirements : I) ke GE *Re or

I
gzttpe

I) te Eea# C
.



( ¥
,
IN) ← starting condition

.

Stage s = 2e :

assume our condition is (D)E) .

Consider Re : if ten Relax
,

set E = Enke .

otherwise
,

set E' = Entre .

Set ⑦=D
.

We take (DTE) as
our new condition .



Stages . Say our condition is CD,E).

ASI : F Eo
,
E, E E Fac s

.to/euF%c2ttoIeuEGc> t . Ce -split

to, 7. i 4eDuFi (x) # Cca ) .

Let D= DuFi
,
Ea = E -@mse4eDuFicx5fCD.E) n



Ifnot : Let ⑤ =D
,
E=E

.

Take (Da
,
Ea) as our

extension .

If for evey se we could find

an F E E set. ¢eDuF(x) I = Cfd
,

then we could compute C .



(0,1×1)=017 't?_?
red CDs,Es)

.

At stage s , we def

G= Us Ds .

By construction
,

G is cohesive

for TR
,
and C #+9 .



Fix d : IN -32 ;
C #
t
0

goal : buried a homogeneous set H # C
.

Assume not
.

(Do
,
D
,
,

E) s.t .
• (D.i

,

E) is

a Mathias
•
fi Fx c-Di condition
dcx)=i

• EXT C
.-(Bo,B, ,E) extends (Do,De,E) ifti Die II. ED

.

-UE

IEEE



Lemma If IDo , Dr , E) is a condition

then for each i En {x : dcx) -- i}

finite
.

If not , then E e-
* {x : da) - e - it

.

So
,
some finite modification of E

is an infinite better of six : date-i}
.



Requirements : I) Ve Idol > e
4cal> e

II te oleate
OR
-

He 4914C .

Start with (0,0, IN) .



Stage s -- 2e
, given (Do

, Da , E) .

Choose No
, . . . , ke . , EE daito

Yoo - . .

, Ye - y C- E d Cyj 7=1
which exist by the lemma

.

Let Io= Do u { Xo
, . . .,×e

- et
Di -- Dau { yo , . . ., Le- e }
Eh = E i [O, Max 3×0, . .. ,xe

-e. yo , . . -ideal)
.Take (Do

, Dna , Ea) as our extension .



Stage 5=26%7+1 , given (Do
,Da , E) .

work to Oleg:# C OR 4!! # C .achieve : =

=

Let A = { (Xo, X, > e- 2W : X. HX, - E

n f- is 2) f- Fo
,
; ,

Fa
,
; e- Xi ) ( th)

( (et Foie.> at toe!
"" Cest)]}

.

A-is#(E) class ;
set of paths through
an E-computable binary tree

.



A- = ¢ . Xi = En { x : dca) -- it

Xo LIX, = E

(Xo,Xi ) ¢ A .

c, Xi
so : I is 2 I Fo

,
; , Fi, i

Fa

off!
" i t toe!#sick .

K
can ¥,¥⇒

Bi -- Div Fo,i Di
- c

. =D
.. ;

Ea- E l [ o
, use Ole?.ioFoiicxj ] .



At 0 .

C # E

A was a Tf(E)

By cone - avoidance basis thm ( 1st day)

we get (Xo,Xr > c- A sit. F-① (Xo ,Xe¥c
.

Say Xi is infinite . Dao - Do
,
D
,
=D
,

E- Xi .
Now Ole?i°F# C tf EE

.



( Do ,Dn , E) o = (0,0, IN)

At stage s ,
we build (Do.si/2,E)s .

Go = Us Do, Ge = Us Dr,s .

By construction , 1901--19,1=6.

Gi is homogeneous for
d with color I .

Suppose
= Ole?' -_ C .

But at stage s. zseo.ee >+y we ensured
this was impossible

.



tasting : fix Z
. Z

Cone avoidance of WH : fix C #
t
01 .

every Z- computable II = (Ro , R, . . . .
> has

an infinite E - cohesive set X s.t . C $
,
X z

Z

strong cone avoidance of Rtf : fix CSI
, .

every
e : IN → k has an infinite

homogeneous set H s - t . C $
,
H Z

.



Proteome . Fix Cfto.
Fix a computable e :[INK→ 2 .

Define a computable instance of COH as before :

Ra - { y > x : elk>g) = of . By cone avoidance of

WH , choose a cohesive set X #TC .
As we saw

,

et [ XP is stable . Define d :X → 2 by
dfe) = limyexccxy) . (Note : dst X

'
.) since

C #TX, apply strong cone avoidance of RTL , to

get a set HEX homogeneous for d and set .

X①H Xtc .

H is limiters for e .

Thin out he get a c⑦H⑦X- comp.
Crom .

set.



Reverse Math
-

Second - order arithmetic
, Zz

murmurs

Language - two - sorted /two kinds of variables

variables : U,y, Z, . . .
X
, Y, Z, . . .

arithmetical 0
, 1,
t
,

i

,
C
,
=

Symbols :
from first - order
arithmetic

O E O
T C second -order

first-order



PA
'

- algebraic axioms from Peano arithmetic

-0=11
7 Fx x c O

✓x (x to → Fy x --y th)
:

-
axioms for the natural numbers

as an ordered semi - ring



Comprehension full comprehension
-

✓ may have parameters

464 is a formula of our language

FZ Va ( at Z ⇒ ceca)) .



Induction
• suppose X

set induction

( O E X a false ex → xtt c-X))→ the (xEX)
.

• 41k ) full induction

@(o ) a Fae (cha) → data))) → the Cycad)
.



Zz = PA
-

t (full ) comprehension
1- ( full ) induction

= PA
-

t (full ) comprehension
t set induction



R€C - recursive comprehension axiom

= PA
-

t Aq - comprehension -129 - induction

A- 9 - CA : for every
E : formulas 9,4

Hae ( 9(x) ⇒ 74(x))
→ I -2 Hafeez ⇒ ceca)

I - Eg : for every sq forma 46)
29- IND :

@(o) a Fae (4cal → acute)) → Kayla ) .

* still have setup .



A- CAO - arithmetical comprehension axiom
=

- PA
-

+ arithmetical comprehension
1- arithmetical induction

- RC Ao t arithmetical comprehension

arithm÷ : for every son -

forma? FZ Vse (KEZ ⇐ ceca ))
.



ZzBigfive I
Ith - CAO

Take a thin I

formalize it in L2 ATRO

See if it's provable in Retto , I

A- CAOand if not , which of the
T m ,

other 4 subsystems its
'

WKL.

provable from/equivalent l

RC Aoto over Retto . -



Semantics . E •

A

EMM)
M = ( M

,

S
,

. . . . ) ⇐ Zz

- M is a model of PA
'

t . . -

- M is thus some kind of (possibly nonstandard)
model of arithmetic .



Fix M f RCA o
,
M= CM

,
S) .

If M = IN
,

duerr M is an w -model .

For w -models, we can
thus identify M

with S .

For Retto
,

the w-models are precisely
those S that are closed under ⇐

*

and ⑤
,
i.e

. a Turi .
(a
,

A
, Bcc) ⇐ Et A-⑤ Bto C)



For Mf ACAO
,

M= ( IN
,
s)

the W -models of ACA. are those S

that are Turing ideal (closed wider
Et
,
to) closed under X t X

'

,

i. e . jump ideals .

COI . Retto is strictly weaker than ACA. .
Pt . {X:XETOILE Retto -1 - A-CAO .



IT! statement VX TY C . . . )

tx ( lolx) → 7Y4(X. Y)) .

f-X ( X is a set of pairs that defines
a function (INI 2 → 2

→ FY ( X as a fuutim on 412

As a prose
constant)) .

in
"

are those X set. OICX) holds
.

solutions are those X s - t . 4 (X, Y) holds



Them If P is a
#'Theorem that

, as a problem

satisfies cone avoidance
,
then there is a w -

model of Retto + P t r ACA o . (so
, RCAOIYP→ACAD

Pf
.

We build f- Zo Et -2 , St Zest . - .

and take S= {X : 3-i XET Zit .

S is a Turing ideal .
Ensure : O' ¢ S.

Hence
,
S#ACA . .



2-0=0 .

Zog .. .
Suppose Zs defined S -- Cesi >ice,i< s) .

Assume inductively that

0 ' 4-
+
Zs

.

If oIeZi is not an instance

of P, let Zs+e= Zs .

By cone avoidance of P, there is a solution

Y to Get'
'

s .t . O
'# Zs ⑤ Y .

Let 2-
see

= Z
,
① Y.



O
'

&
,
Zi for all i, so 0

'

#S.

Now suppose
X is any instance of

P in S.

X ET Zi for some e
'

,

say 4eZi=X .

But then a

solution to X is computable from

Z
(e. i > + e

.
So
,
Sf P .

9-
Axl . . . → FY . - - )



Corday .

RCA
. If RTI → ACA

. .

We also know that RTE has a

computable instance with no computable

solution .

Corollary .

RCA
. If RTZ

(Take {X: X is computable 1)
.



Exercise ACA . - arithmetic-

operations
Over RCA o

,

RTL → ACA
o .
I

latouenkaast
.

RT

;
← strictly

models)

RCA
o
- computable
mathematics



A- CAO

"

"

Tin .

tGoes)
RCAOTRT} HWKL. RT ?}
Hirschfeld Caoy . I*
-

.) L

Slicing the truth RCAO



WILL : RCA
o

-
O

+ Weak Ko"nigs Lemma

= RCA o
t

''

for every infinite tree Ted
"

,

there exists an infinite path
"

• there is a computable instance
of NRL with no computable solution

• WKL satisfies cone avoidance



Low basis thin
- every computable infinite

tree Te z
"" has a low infinite path,

ice .
,
a path X s - t . X ' E

,
O
'
.

Exercise Show that WKL
,

has an

-

w - model consisting entirely of
low sets .

Corollary .

WKLOHRTZ
.

PI. there is a comp . init .
of RTI with

no 0'- computable solutions .



SRT } evey stable e : CINI - → 2

hows an infinite homogeneous set
-

D2 every stable c : LINTZ →z

has an infinite limit. set .

RCA of SRTZ → DI

RCA , t
?
D2 → SRT's



c :[ IN)
'
→ z stable

.

apply DZ to get an infinite
lim - hom . set L

.

say L = { zoo < x, c . . . leg of color i .

Build an inf subset H of t .

Put x. into H
,
call it kn

.
.

Assume Xing - - - s xn
,

have been put into H .

For all TEs
, limyccxnc ,y ) = i

* Choose N sit - V.tasty >N cant,yki .
Let xns, be the least element yet, y >N .



Chong,Leinpfang : Over
'

RCA
,
DZ does

imply SRTE .
( Really : RCA ot DE t Bto) .

-

Let T be a class of formulas - (of La) .

BT ( boarding for T ) is the following scheme .
.

for each formula YET

Hn (Vian Ty gci.gg →
ReAoHB

Tsb Vian 3-ycbcecisy )) .



(F. .ve) A finite union of finite set
is finite .

(Marone - Frittaion) FVF A BEE over Retto .



Them (Hirst ) Over Retto, BEE → the RTL
.

ftxereise : BEE - BIT's)
If

.

(BEE → th RTL .

) Fix c : IN → k .

Suppose there is no infinite set on which c

is constant . Then tick Fy Vac >y c (x) # i .

÷
By BIG, Fb kick Fycb Vx >y ccx) # i .

So
'Fx >b Fick ccx) # i . Contradiction

.



( th RTL → BEE) . Fix a ton formula

q .
Support#b Fi- n tty ab 79C;y) .)
-

so
,

c : IN → n e (b) = least i-n as above .

By th RTL , there is an infinite

homogeneous set H fore
, say of color i.

For infinitely many b
, ttycb 7 ceci,y) .

So for all y , a Cisg ) . So we showed:

titty 74Cisg) .



Marcone - Gherardi 2009
Dorais , Dzhafaror, Hist, Miceli, Shafer

2016

-

Treihrauch reducibility :
let P

,
Q be problems .

PEwQ_ if there are Turing functionals lost,
s - t - f p - instance X & is Q- instance

t I Q - solution to 4 (X, Ya) is a
GH) p- solution to X

.



PEw Q
-

P E E
= a

X
- x

:

soiled is solved by

by XCX, . ) n

y - y



P E
c Q
=

p Q
- computes -

x - I.
is i

'

solved '
, soiled

dy i

gtr X- computes
y - I



if P Ew Q then Pse Q

if P Sc Q then every w-model

of Q is

an model of P

(and often
,

RCAOI- Q → P)
.

Ew =3 Ec ⇒ ⇒
w

→ 1-Retto



RCAof DZ ⇒ SRTZ DI Ia SRTE

clearly : DZ Ew SRTZ

Claim : SRT Z &w D2
-

Them ( Downey, Hirschfeldt, Lempp, Solomon)
There is a computable instance of SRTZ

with no low solution .

If
. Priority argument .



TH: SRT's *WDZ ②#④

Fix 4,4 .
y t

Build a stable coloring e:[INI-→ ①

If ¢(c) is a stable coloring of :[KM2-32
,

build a solution to d
, a limit - homogamy

set L
,
sit . Y (c. ⑦ L) is not

a homogeneous set for c .



We begin building a Gcc)

we want to find a finite set F

s 't . 4. ( c ⑦ F) (xo) 1=1 ¥ B

Xo C Xp
+(c ⑤ F) (xn) 1=1 ←,

R



Make everything color BLUE in c .

Looking for a feetapun configuration :

i'
a

4 ( cto F) I -- l ou two

¢ input
for some finite Farage Ca).*SDI 4 ( c ⑦ Fe ) 4=1 7.plum;,¥€ 44 ⑤ E) tenoning,



-
Look at the tree

'

. of all a

-ff÷i÷:i¥¥:÷:+ (c① F) 1=1 on two

\ inputs .
T.tn By Seetapuns arsaoueet,

fo
Get a Occ) - line- hour
set F s -t . 4C#F)1=4
on two inputs .




