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DEFINITION ( CSP 6A)) RECALL : A FINITE ⇒

1A = (Ai Rn
,
- . -

,Rm) RELATIONAL STRUCTURE • CSP (A) Ep
,
IF POLKA) HAS

""

cnn.i.in . .
.

. . n Rie (variables ) (Buihtov ,Zteuu ,
to

Question :
faff ?

Two REASONS :

111

④ 1
. A FINITE ⇒ CSPCIA) ENP'" CSP (A) WELL - DEFINED COMPUTATIONAL

PROBLEM FOR AN4-1AI. NATURAL LARGE CLASS WHERE

PINP-a DICHOTOMY MIGHT HOLD)
(FEDER- VARDI -

CONJECTURE) HOLDS
? WHY is csp (A) FOR FINITE 1A 199"

- 1A INFINITE ⇒ CSPCIA) CAN HAVE
PREVALENT? ARBITRARY COMPLEX IT !

(BY FAR) MOST RESULTS
. . . 2.

ALGEBRAIC APPROACH WORKS :
OFTEN . EVEN SILENT ASSUMPTION!

#→ polyp)→ Identifiesfe9uatlonslBKATOVTJIAuonstkruuh.in'

oz)
in Pol (A)
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•
KnII. BOTH REASONS ARE OF PRACTICAL

qq.fm#yxzkREPRpEsgEpffIp? §sNATURE !

3×3
• IS CSP (A) MORE NATURAL IINTERESTING .

Q ! ¢ ACYCLIC ?
-

Xy
FOR FINITE A- ?

EXAMPLES FYI BOTH PROBLEMS IN P !

• SOLVING LINEAR EQUATIONS OVER 2. CAN THE TWO REASONS :

FIELD ATE
1. CONTAINMENT IN NP

FINITE INFINITE 2 . ALGEBRAIC APPROACH POSSIBLE

BE MET BY A LARGER CLASS ?

• CSPCQ
,
a) :

AD 2. :

INPUT : f=JXn . . . fen Xi? d- - - a

DEFINITION

^ Xiectje IA w- CATEGORICAL :⇒
Q :

(Q
,a) tq ?

XA COUNTABLE4

that A"µutGA) FINITE
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AD 2 . (ALGEBRACC APPROACH Possible) THEORF-MLBODCRSKYtNESETR.tl '03

BARTOTOPREALTP . ' 15 )
DEFINITION 1A w- CATEGORICAL .

1A w- CATEGORICAL :⇒ ⇒ ALGEBRAIC APPROACH WORKS :

XA COUNTABLE&
• POLKA) = PR4B)

then AYAUTGA) FINITE ⇒ CSPCIA) %*mP4B)

AYA#(A) : E. b- EA
"

• IB FINITE
, Pol GA) > Pol

IN5 i.⇐ fine AUTCIA)

x (E)=5
⇒ CSPGB) a-p.mn?sP6AI

EXAMPLES -7 : THERE EXISTS A MORPHISM
- e

• (Q
,
L) • PRESERVES HEKMT1 IDENTITIES

• RANDOM GRAPH = UNIVERSAL
(E 's MINION HOMOMORPHISM)

HOMOGENEOUS
GRAPH

•

4 UNIFORMLY CONTINUOUS :

• COUNTABLE AT0MLESS BOOLEAN DETERMINED ON FINITE SET

ALGEBRA 4h21 IFE A FINITE

V-f.ge Polka) mary ftp.T#fYgf=



4
"

REASON
"

:

• pof → PRO] . .. CLONE OF PROJECTIONS
COUNTABLE NUMBER OF RELATIONS

on 20,13
[OF ARBITRARY ARITT)

⇒ CSPCIA) NP- HARD CAN BE ENCODED INTO SINGLE
BINARY RELATION

MORE PRECCSELK :
• UNIFORM CONTINUITY VOID FOR -

FINITE A- .

LET T :-. (Riliew Ri i -ary
RE - symbol

LET SE W BE UNDECIDABLE

2. ALGEBRAIC APPROACH
✓

(OR OTHERWISE NASTY

LET CEA
,
A COUNTABLE

^. CONTAINMENT IN NP
. . .

1A :'-(A :(RF1
iew
)

• . . DOES NOT WORK R? a. = Of
,
its

%ae.is ,i¢s
fsp

"

(A) UNDECIDABLE ! -

OK SINCE IA HAS INFINITE SIGNATURE
. - - BUT CAN BE FZNCODED INTO EE
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1A
^ 2

JIA w- CATEGORICAL ,
FINITE SKINATURE :

CODESµooi Pol# → pros
•A-

it•→ Polka) -17 pros-
aim

}
V-E

. .
. SET OF IDENTITIES

, COUNTABLE

f- E . .
. COMPLEXITY CLASS

,

"

NON-TRIVIAL
"

THEOREM (GILLIBERTT 3oNv5Ast UOMPATSLTEERTMOTTETTP
.

'
20 ) JA w - CATEGORKAL :

^ 3-A W- CATEGORKAL
,
FINITE SIGNATURE :

Pol4) ⇐ {CSP (A) is . IT
,

- COMPLETE Cn ?\

CS1A) etc
• PSPACE - C .

• EICPTIME - C .

• co NP- INTERMEDIATE SUMMARY ? W - CATEGORICAL TOO WIDE

• UNDECIDABLE
CLASS

BETTER CLASS ?AND POLKA) -17 PROS
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BETTER CLASS ? GUARANTEE FOR W- CATEGORKITT

(IF SIGNATURE FCNTE) :

4¥ CSP (A) ONLY DEPENDS ON
AP (AMALGAMATION PROPERTY)

A-GE6A) := { IF I F FINITE, Eek
3- IGEK

FE1A 3 : e
,

XIEK
F7

AGE = AGEGA
')

⇒ CSP# = CSPGA')
Few el*=fI*

WHICH CLASSES K OF FINITE STRUCTURES

ARE THE AGE OF AN W - CATEGORcoal EXAMPLES
k=

STRUCTURE ?

• (FINITE) LINEAR ORDERS

HP LTEEREDITARY PROPERTY) • GRAPHS

IE1 1FE K ⇒ Eek .
BOOLEAN ALGEBRAS

• kn- FREE GRAPHS
JEP (JOINT EMBEDDING PROPERTY )

• POSES

E
,
Fell IE ¥§ , TOURNAMENTS

⇒74th If
4
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FRA-is.SE 'sTHEOREM DEFINITION

K1A FINITELY BOUNDED '
-→

K with HPISEPIAP

µ IF FINITE

V
f- IE FINITE a-

A HOMOGENEOUS :

Eek IAGECAH
A

EMB
.

⇐ VTFEF '
- E -4 EE

F.
. .

FORBIDDEN SUBSTRUCTURES

K (AND CSP (A)I CAN STILL
CLAIM i CSPCCA) e NP

BE UNDECIDABLE ! PRI : GIVEN 4=34 -
- -74 RinC)a.a Riel )

• GUESS IE OF SEE n

Solution TO PUT K AND CSP I 'NT0
CHECK f- c- AGEGA) (in PIme :

%s howFINITE BOUNDEDNESS
CHECK REJECT

MAKES K
-

CRESP . A) REPRESENTABLE IEEE (in NP)
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Happy? COMPARE WITH CSPCQ
,e) :

INPUT :

2- STRUCTURE $
••

÷:[In;÷:O:[I:[
"⇐ RARE | a. is

:[
r

; ;÷÷h±omE←
• RANDOM GRAPH B.ASKACLK

• Ku- FREE GRAPH ALL 447 My → icy
• EQUIVALENCE Relations

] (LACHLAN+
WOODROW )

• NICE PROBLEMS EXCLUDED 7¥ BETWEENNESS = CSPCQ ,§)
E.G.

BETWEENNESS : WHERE By,z) if
Pj 3-ART SYMBOL µcycZ

INPUT : FINITE R-STRUCTURE $ ✓ ZCYCX
✓

I
Q : IS THERE A LINEAR ORDER < GENERAL °

ON $ such THAT
-

A HOMOGENEOUS 5- STRUCTURE

$

4×14,7 BL4Y ,z/ → XCYCZ Of
, ,

.
- -

, Qm QUANTIFIER- FREE

FIRST - ORDER FORMULAS
✓ 2-CYCX A- A-

2 Rn . - n Run CORRESPONDING RELATIONS
•

DEFINED IN A-

GIVEN (Rn
,
- - i RA - STRUCTURE $ is THERE A

8-STRUCTURE ON At SUCH THAT Ri → Oli FOR Aki?
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EXAMPLES • POSET - SAT

• TOURNAMENT - SAT

• GRAPH- SAT

A- = (V ,
E) RANDOM GRAPH

COMPLEXITY DEPENDS ON for
,
.
. .

, ,

¢i=¢EK.hn I EC42-1NT EC4H)✓ 1A g- STRUCTURE

(TE4Ha ECyitlntEE.tl/v ¢
,
-
- idm Fo - FORMULAS

GEkiylntEG.hn EC4H) Iran train At
Rm

(Ai RI , . . - RE) FIRST -ORDER REDUCT

OF1A

.ms Rn DEFINED IN A BI AGECIAI Ep
CSPCV

,
Re) : → Csp (Ai Rn . - - Rm) c- NP

INPUT $

⑧
.

Q : Is THERE A GRAPH ON 5 SUCH

THAT R7-7OI
. ?
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CONJECTURE (2011) CONJECTURE TRUE FOR

A- FINITELY BOUNDED HOMOGENEOUS
• CQ

,
c)

• RANDOM POSET

(B FIRST-ORDER REDUCE OF A-
• HOMOGENEOUS GRAPHS

n poll → PR03 ⇒ CSPGB) NP-c . UNART STRETCHES

2 POLCIB) -17 PROS ⇒ CSPLIB ) EP • MMSND,

i

'

NEWS (2020)
1 TRUE (BARTO t OPRJALTP . 46)

CAN ALL BE PROVEN using
2 IMPLIES po(GB) HAS e,f , s such THAT smooth APPROXIMATIONS :

V-qy.tt e. sky KZYZ)=f - 54×7×27) CMOTTETRP . no)

(BARTO tP . ' 171
REDUCTION TO FINITE CASE
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