THE ®CowER OF PoLvHoRPHISMS

LVUNWVERSAL ALGERRA

THEORENCAL
CoM PuTER,
&c Bt
HODTL THEOR <

MicwAGe Pwvsusp
TV wEwWw

erc

FW égg[r:ic?g Fund &AS‘. Q.O% | WACD lﬂ

T Saug SyG PacocoP
A A0A o T2



PLLERRAS
LVUNWVERSAL ALGERRA

THEORTETICAL
CoM PutERQ
&£c (Tt
Cor PUTATIOWAL HODTL THEOR

peskierms
(ceP\ SRueTLAES  CRELAT oAl

Aty T THE MATHEMATICS, OF TN ITE - DoMANN CSPs
PLSERRAS
RTATIONAL ETRUCTURES

PART L IVENTE ~DoMANn asPs MabdTeIng PRaBLEMS

MATHSHAT (cC



PART

THE HMATHEMATICC OF FIvTE-DoMAW CSH




CONSTRAINT SATISFACTION PRABLEM C4P

GWEN | « vARARLES Xa,..., X,

o COvSTRANNTE N THEM

QuegrioN

¢ D VALUEE FOR Xq---Xa

OATOFCINVG AL COVTRANY
Z




CONSTRAINT SATISFACTION PRABLEM C4P

GWEN | « vARARLES Xa,..., X,

o COvSTRANNTE N THEM

QuesTioN | ¢« A VALOGE FOR X4 ---Xa

OATOFCINVG AL COVTRANY
Z

= e | ., SoPowY * SCLEDOLING

o SOLVING CQUATIONS




CONSTRAINT SATISFACTION PRALEM C4P

GWEN | « vARARLES Ka,..., X,

o COvSTRANNTE N THEM

QuegtioN | ¢+ A VALOEE FOR X4 ---Xa

OATIOFCING AL CONTRANG

ran
€ e | ., SoPowY * SCHEDULING
o SOLVING CQUATIONS
MoDEs ¢,

* SET v OF PossiRees Wieuts (Fue)
E“" ’Lol&ll ’LO‘A‘Q‘S‘ &, ‘Z/I N'u"

' PUOWED CovsTRAWTS (FwED)
Ca,er)y Con fEATIONS ov

o A= (v c,,...,CL) fEaTONAL
STRUVCTLRE

CP O = “TenRATE"

LwEe) | « VARABLES  x,.-- X
s CONSTRAINTS  C;, CVARARLER)

Cie (LmeasEs\
o A SotuTioN y>a.eA




CONSTRAINT SATISFACTION PRALEM C4P

GWEN | « vARARLES Ka,..., X,

o COvSTRANNTE N THEM

QuegtioN | ¢+ A VALOEE FOR X4 ---Xa
OANTSFYING AL CONIRANT
ran
Banve | SoPpowvy * SCHEDULING
o SOLVING CQUATIONS
Moves ¢

* SET v OF PossiRees Wieuts (Fue)
E“" ’Lol&ll ’LO‘A‘Q‘S‘ &, ‘Z/I N'u"

' PNULOWED CovSTRAWMTS (FwED)
Ca,er)y Con fEATIONS ov

o A= (v c,,...,CL) fEaTONAL

STRUCTURE
CPOm = “TEnRATE"
LwEe) | « VARABLES  x,.-- X
s CONSTRAINTS  C;, CVARARLER)
Cie (LmeasEs\
QUESTON | A gacoTio g -da.eA

ALTERNATWC G VEN PP-EENSTEIMCE
‘e; 35(' .- .3)(.. c.“(mﬁ\ N---IN C:Q_CVAR\

QESTiom = A Ee S eP... PR TWE
P e



CONSTRANT SATSFACTIN PRALEM C8P|| co /A= (v ..., C.) REaTOvAL

STRVCTURT.
GWEN | « VARABLES ®.,..., K C.SPQA\ = TERATE

{ "

. CONSTRANT, N THEM

Q\VEN’ - VARARLES Ko - Ka

QuesTioN | ¢+ A VALOEE FOR X4---Xa o CONSTRAINTS cz,(m&m&;é
OATISFYINVG AL CONTRANTS Cie tuneanEs\
< QESTON | A gocoTion y->a eA

ExXAMPLE

e SOPORVY ‘ MU"‘NC\ ALTERNATC qw.su PP-SCISTEMCE
o SOLVCNK\ EQ&AT(M ‘e; 35(' - 3)‘“‘ c-“(\ﬁo-\ AN C:Q_C‘IAR\
QECTom . A Ee S P, .. PR TWE
P e
MoDEs .,

META- QuUEsTON
Tor WHAT /A s cgP(R) Eas< (marD 2

* SET v OF PossiRees Wieuts (Fue)
Ba. hold hon B, &, %, N ...

P [QAALgorTHM  PRoVIDING ANSUER.
" MULOWED CovSTRAWTS (FuED) 4 | ™ e varARES) STERS | Pavacmiac
AN A A P e e N e e
~e

C,‘,_,,’ Con EcaTons oV V) .| woT MectesARLY W P BT VBRI
C.:e v “Qawnon" o P




ExAMPLE

TERMARY RISLATIONS

V
s A= (Z ket A1, % T

CSP

GWEN | . yVARIARLES £, - ) Xw
¢ CONSTRAIMYS 5 .0 4= &,
SO tar S
Qusgnon >4

« CotuTiow v R




ExAMPLE

TERNARY RECLATIONS

V
° (A"(,Zli"z:l’“l;; :-:\

CSP

GWEN | VARVABLES £, -+, X
¢ CONSTRAIMYS 5 .0 4= &,
S ke e

Quegrion X3z A

o CoLdTod N V.4 ‘,

UNDBC(DARLE  (MATrasEwe '77)

W EAT's doTw PRBIsH




ExAMPLE

TERMARY RISLATIONS

V
s A= (Z ket A1, % T

CSP

GWEN | . yVARIARLES £, - ) Xw

CONSTRAINTS 0 5¢4= &,
SO o e S

Quegrion

X1z A

« CotuTiow v R

LNOEC(DARLE  (MATYSEwe '73)

W BAT's doTw PRBLE

¢ SARMT oVeel Zl‘




ExantLe \
{A"(zll‘ﬂ:a’“l;; :-:\

CSP

TERNARY RECLATIONS

GWEN | VARVABLES £, -+, X
¢ CONSTRAIMYS 5 .0 4= &,
S ke e

Quegrion X3z A

o CoLdTod N V.4 ‘,

UNDBCDARLE  (MATY&SEwve '77)

W EAT's doTw PRBIsH

- SAME VR Z

NP- ConPeTE

s e w P => ¢=0P




ExantLe \
(A"(zll‘ﬂ:a’“l;; :-:\

CSP

e

TERNARY RISLATIONS

. VRQ\A&EQ ﬂ“/ .- - ’XK
¢ CONSTRAIMYS 5 .0 4= &,
SO o e S

Quegrion X3= A

o CoLdTod N V.4 ‘,

UNDBCDARLE  (MATY&SEwve '77)

W EAT's doTw PRBIsH

- SAME VR Z

NP- ConPeTE

s e w P => ¢=0P

e SAME WTHOUT o




EXAMPLE / F;gukt« RSLATIONS
. (A.,(z,{ag,m,: <)

CSPQA\ GWEN | VAR\ABLES %, -, Xw
¢ CONSTRAIMYS 5 e 4= X,

e o= Kay

QusgrioN X3=A

« CotuTiow v R

LNOBC(DARLE  (MATY>sEwvce '73)
W EAT's doTw PRBIsH

- SAME VR Z

NP- conbeTE

; VP s> =P

e SAHME WTHOUT o

w P (causs)




exAMPLE / F;gukt« RSLATIONS
. (A.,(z,{az,,m,: <)

CSPQA\ GWEN | VAR\ABLES %, -, Xw
¢ CONSTRAIMYS 5 e 4= X,

e o= Kay

QusgrioN X3=A

« CotuTiow v R

LNOBC(DARLE  (MATY>sEwvce '73)
W EAT's doTw PRBIsH

- SAME VR Z

NP- conbeTE

l; VP s> =P

e SAHME WTHOUT o

w P (causs)

"= (&, <

CSP

C\WEN| - VARWABLES x.. .- X
» COMSTRANTS XX

Q«CSTioN

xz‘ }(s
‘(367(1

* SOLUTOV w QR

ISt



exAMPLE / F;gukt« RSLATIONS
. (A.,(z,{az,,m,: <)

CSPQA\ GWEN | VAR\ABLES %, -, Xw
¢ CONSTRAIMYS 5 e 4= X,

e o= Kay

QusgrioN X3=A

« CotuTiow v R

LNOBC(DARLE  (MATY>sEwvce '73)
W EAT's doTw PRBIsH

- SAME VR Z

NP- conbeTE

l; VP s> =P

e SAHME WTHOUT o

w P (causs)

"= (&, <

CSP

w P

C\WEN| - VARWABLES x.. .- X
» COMSTRANTS XX

Q«CSTioN

xz‘ }(s
‘(367(1

* SOLUTOV w QR

ISt



ExanfLe )
n(Ae(z’lag‘kkl';":\
CSP

TERNARY RECLATIONS

e

. VRQ\A&EQ ﬂ“/ .- - ’XK
¢ CONSTRAIMYS 5 e 4= X,

Mt =Fa
X3=A1

Quegrion
o CoLdTod N V.4 ‘,

LNOBCDARLE (MATY&sEwe '73)
W EAT's doTw PRBIsH

- SAME VR Z

WP- conbeTE

s « WP > ¢=NP

e SA"‘\G WTHROUT o

L P (%ss\

‘A= (&,4\
CSPON)| [O\WEM| » ARABLES . .- Xa
« COMGTRAINTS  XrC Ko
chxs
1367(1
QUESTON | « goLunoN w QR
Fon
) b?‘z é
w P >

=L, ./K14= (Aona, =)

CSP

T

WEN| o« VARIARLES %4.-- K
v CMM‘NS ECK‘/‘KQ)

E("?-/f 'a-\

Qg;%’(‘sﬂk’ v COLUTON W {0.4(13

z




ExanfLe )
n(Ae(z’lag‘kkl';":\
CSP

TERNARY RECLATIONS

e

. VRQ\A&EQ ﬂ“/ .- - ’XK
¢ CONSTRAIMYS 5 e 4= X,

Mt =Fa
X3=A1

Quegrion
o CoLdTod N V.4 ‘,

LNOBCDARLE (MATY&sEwe '73)
W EAT's doTw PRBIsH

- SAME VR Z

WP- conbeTE

s « WP > ¢=NP

e SA"‘\G WTHROUT o

L P (%ss\

‘A= (&,4\
CSPON)| [O\WEM| » ARABLES . .- Xa
« COMGTRAINTS  XrC Ko
chxs
1367(1
QUESTON | « goLunoN w QR
Fon
) b?‘z é
w P >

=L, ./K14= (Aona, =)

T

WEN| o« VARIARLES %4.-- K
v CMM‘NS ECK‘/‘KQ)

E("?-/f 'a-\

CSP

Qg;%’(‘sﬂk’ v COLUTON W {0.4(13

z

$-CotoR (kg PRABLEM = NP-comAETR



ALTERUATWE FORMUATION ofF CSo(@A):

cved|. fwTE S

QuegreN| 1B 2A T, e
AL: BD>A KHooHRRWN?




ALTERUATWE FORMUATION ofF CSo(@A):

GwvEN | EvTE S

Quég’(ot\l l& ﬂ/’st ? / I E.
AL: BDA HoMaHARWN

SATE ORABLEM :
¢ W-GBNTENCE @5k xa Gl \a-nlil)

> STRueTWRE : DOMAWN 4 K, -- L3

\Bt RELATONS C; ¢
“CANDVICAL DATARAK

ThHen \Bt—aﬁs@ ﬂ\p.e




ALTERUATWE FORMUATION ofF CSo(@A):

Gved|. Ffwvte S

Qu’:g’(ot\l l& QA ? / I E.
AL: BDA HoMaHARWN

SATE ORRLEM :

-

¢ W-GBNTENCE 5k Gl \anGigl

> STRueTWRE : DOMAWN 4 K, -- L3
8, Rmarors ¢ quwEn

B convstAaang
“CANDUICAL DA TARASE

ThHen \Bt—aﬁs@ ﬂ\p.e

¢ STRUCTURE (@ = CS Ca,1CY)
’l(94 s’ll

‘e@ Joi-be NC: )

VcaroNMicAL QERY oF R




ALTERUATWE FORMUATION ofF CSo(@A):

GwvEN | EvTE S

Quég’(ot\l l& ﬂ/’st ? / I E.
AL: BDA HoMaHARWN

SATE ORABLEM :
¢ W-GBNTENCE @5k xa Gl \a-nlil)

> STRueTWRE : DOMAWN 4 K, -- L3
8, Rmarors ¢ quwEn

B convstQaang
“CANDUICAL DA TARASE

ThHen \Bt—aﬁs@ ﬂ\p.e

¢ STRuCTURE (& = Cs Cq,---CY)
’l(94 s’ll

‘e@ Joi-be NC: )

VcaroNMicAL QERY oF R

ExXAMPLE

e

QuegrioN

A=Wy~

DiGRAPR (X
® 2« ?

Q- coLoRwnsy PRORLEI



ALTERUATWE FORMUATION ofF CSo(@A):

GwvEN | EvTE S

Quég’(ot\l l& ﬂ/’st ? / I E.
AL: BD>A KHooHRRWN?

SATE ORRLEM :
¢ W-GBNTENCE @5k xa Gl \a-nlil)

> STRueTWRE : DOMAWN 4 K, -- L3
8, Rmarors ¢ quwEn

B convstQaang
“CANDUICAL DA TARASE

ThHen \Bt—aﬁs@ ﬂ\p.e

¢ STRuCTURE (& = Cs Cq,---CY)
’l(94 s’ll

‘e@ Joi-be NC: )

Y CANONI AL RRERY OF l&u

ExanfLe A= Wy =

e DIGRAPR (R
QuegeN| & 2 K, ?
Q- coLoRusg PRIRLEM
Execece= Cof CQ AN 2




ALTERUATWE FORMUATION ofF CSo(@A):

GwvEN | EvTE S
Qkég‘w l& ﬂ/’st ? .l ‘E'
AL: BD>A KHooHRRWN?
SATE PRRLEM -

¢ W-GBNTENCE @5k xa Gl \a-nlil)

> STRueTWRE : DOMAWN 4 K, -- L3
8, Rmarors ¢ quwEn

“CANIICAL DATARASE

ThHen \Bt—aﬁs@ ﬂ\p.e

¢ STRuCTURE (& = Cs Cq,---CY)
’l(94 s’ll

‘e@ Joi-be NC: )

Y CANONI AL RRERY OF l&u

ExXAMPLE

A=Wy~

DIGRAPR (R

e

® 2« ?
0.- coLoRuw PRORLEM

QuegrioN

txeecc=

CS? CQ IL\:’;

CoNRITATAUNL COMAEXTY OF
CsSP(A cav BE:

o UNDECIDARLE
« NN

v AN TH\VC\ K
TVERY COMPUTATIOMAL PRREH
1S oL NDUAL - TIME
TUMNG - EQUIVAENT TO S ()
CEP (A (ReORRce + (Rou ok

m A CoTE =5 CP(A] w W®°

, NP- CoMPL=E



THSOoOR=H (BULATDV' ok (7))

(CoMEBCTURE  FEOER+ VARDL 43

/A FTWTE
= CSP(A\ P e

NP- caPLeETE




THSOoOR=H (BULATDV' ok (7))

(CoMEBCTURE  FEOER+ VARDL 43

/A FTWTE
= CSP(A\ P e

NP- caPLeETE

PSR SN ISR NS Y@ NS




THcoRk=HA

/A FC\wTE

(Boatov | Trua (7))
(CoMEBCTURE  FEOER+ VARDL 43

= CSP(A) e P on

NP- caPLeETE

PSR SN ISR NS Y@ NS

(P+ w@\

CSP(IN) 6 P &= (A wae ALGERRAKC

\WUARANMT
s“l“(/’tz',ﬂf?);
SC",‘;?/ ﬁ(?-.j\




THEOREM | (Roatv | 2run 7))

(CoMEBCTURE  FEOER+ VARDL 43

/A T\ TE
= CQP([A\ c P oR_

NP- caPLeETE

PSR SN ISR NS Y@ NS

(P+ w@\

CSP(IN) 6 P &= (A wae ALGERRAKC
\WUARANMT

s“;%,";?‘,\i(?);
SC‘-',K,?—, ﬁ(?-.\’\

PSRN APIS NP IR TSNS




THEORTEM | (Bowstov | 2ruws ()

(CONIECTURE. VTEOER+ LARD( 143\

/A LW TE
= CSP(A\ Y o

NP- coMPLETE

PSR SN ISR NS Y@ NS

(P= W@

CSP(IN) 6 P &= (A wae ALGERRAKC
\WUARANMT

SL":‘({’(:?‘,H(?);
SC‘,,K,?/ ﬁ?—.*’\

PSRN APIS NP IR TSNS

ALGERRMC \WARWNTS = PoLtlORPHISHY

Az=CA Ry, R STRCTURE
¢: A=A PoLmoRPrsH - <>
£ HorarReum pEsA =
V. VT, ... Toel

L1}

e(D«--U\ « &



THEORTHM [ (Bosatov | 2rue () ALGEBRMC \WVARWNTS = PolstoRPHISHS
(CoMEBCTURE  FEOER+ VARDL 43
= . . R STRTURE
/A C\wE /A CA ‘ Ps‘., / M\
=> CSP(A) e P o 0: A=A PormoRPusH . e
NP- caHPLETE e HOM MR PA LM /Ae >A <=
V. VT, ... Toelk:
PSSP S NP TP NS NGNS “ .
eC || - \ ¢ &;
(P= vé)
CSP(IA) 6 P &= (I was AGERRAK - \
G\ AT Pl (A {G | { PorcdPast & Al
Sl *2 MA= ‘
s(«;l,x’,z,ﬁ‘?-(.s,\ * CONTALS PROETIONS (4, g )",
v ComMPOS(TON - CLOSED
= TSEMTALY TERN FUNCTNS
PASIS D PP NP AP oF AN ALGRAA  onv A )




ExAntLe
* WVAn Gg‘%\ s a1-7® & ?O‘ (Q '(\\

M (" Ya\\= @
N~
A (@ @y




exAanvLe
* WVAn Gg‘%\ s &1-7® & ?O‘ (& '(\\

M ( %, Ya\\=
N~
m«t;\ (@ @3’ @

P e koyez e B\ (Z, 4 18
*» O-0c0 = O
® A-A¥f =

) XA A |
o~ V2 ’
“2f \4
e; eF cT e+

SoLeRors To (R- wusThRCE - A‘m,




exAanvLe
* WVAn Gg‘%\ s a1-7® & ?O‘ (& '(\\

M ( %, Ya\\=
N~
m«t;\ (@ @3’ @

P e koyez e B\ (Z, 4 18
*» O-0c0 = O
® A-A¥f =

) XA A |
o~ V2 ’
“2f \4
e; eF cT e+

SotuRorl To (- wustucs: Aggr

* BoCorioss, AsoHRPASHS ¢ Orl (ley)

"NoT CREAT @




ExAntLe
* WVAn Gg‘%\ s a1-7® & ?O‘ (& '(\\

M ( w® YA\
AT
M (@ ®3= @

P e koyez e B\ (Z, 4 18
*» O-0c0 = O
°* A=A+ =4

] XA |
“3f \v
&5 ¢eF eT 23

Soturerk To CSP- WsTANGS : ACCING

PAE

* BoCorioss, AsoHRPASHS ¢ Orl (ley)

"No‘\’ (REAT @

(GA%'(\ THEREM | (ROWARTUL + WAL T s USTOVE
Romov '¢a)

A 1% TINTE, SAHE OonAIN GEcER ‘&
Pal(A) € &2 () > I ep-DerinEs (&
’@7 Cﬂ’(l@) REDvcEs T CQP@\



ExAntLe
* WVAn Gg‘%\ s a1-7® & ?O‘ (& '(\\

M ( w® YA\
AT
M (@ ®3= @

P e koyez e B\ (Z, 4 18
*» O-0c0 = O
°* A=A+ =4

] XA |
“3f \v
&5 ¢eF eT 23

Soturerk To CSP- WsTANGS : ACCING

PAE

* BoCorioss, AsoHRPASHS ¢ Orl (ley)

"No‘\’ (REAT @

(GA%'(\ THEREM | (ROWARTUL + WAL T s USTOVE
Romov '¢a)

A 1% TINTE, SAHE OonAIN GEcER ‘&
Pal(A) € &2 () > I ep-DerinEs (&
’@7 Cﬂ’(l@) REDvcEs T CQP@\

CR: P



ExAMPLE

* WVAn Gg‘%\ s a1-7® & ?O‘ (& '(\\
M ( : ‘;\A =
mu;\ ( ‘1 35
* kNP -y ¢ Rl (Z/,. ,5031541,1\

s Q-Dc0 = O
° A-A+f =1

] XA |
“3f \v
&5 ¢eF eT 23

Soturerk To CSP- WsTANGS : ACCING

PAE

* BoCorioss, AsoHRPASHS ¢ Orl (ley)

"No‘\’ (REAT @

(GA%'(\ THEREM | (ROWARTUL + WAL T s USTOVE

@Ew“m\
A B TNTE, SAME OonAv CEiPR i
ol (A) € Bl (B) <= A Pp-DErinGS &

L P reducms ™ PG

O oot -
LET Q= Bxa-x4 G, CIA A Gl D
RE AV INSTACE oF CSPGB)
REPLACE ETacH C;. @« s - OFw Ty
o o~ A
7
7D \e d
(Aee > Ber



ExAMPLE

* WVAn Gg‘%\ s &1-7® & ?O‘ (& '(\\
M ( : ‘;\A =
mu;\ ( ‘1 35
* kNP -y ¢ Rl (Z/,. ,5031541,1\

s Q-Dc0 = O
° A-A+f =1

. XA b |
“3f \v
€F eF o7 6%

SoleRork To (- wsthwcs: ACTIME

PAE

* BoCorioss, AsoHRPASHS ¢ Orl (ley)

"No‘f (REAT @

(GA%'(\ THEREM | (ROWARTUL + WAL T s USTOVE

@Ew“m\
A B TNTE, SAME OonAv CEiPR i
ol (A) € Bl (B) <= A Pp-DErinGS &

L P reducms ™ PG

O oot -
LET Q= Bxa-x4 G, CIA A Gl D
RE Av IMTAMCE oF CSP(B)
REPLACE EacH Gy, &« ©S - OFwmay
o~ A
~~77 '
€ -
(Aee > Ber
® Qpaot

—



ExAMPLE

®* Wn G‘:‘f\ : &1-7®
w\“;\ ( : ‘;\A -
oA ( 1 3’
' e eoyez e Bl (Z, )14 )

s Q-Dc0 = O

¢ %l (@, <)

° A-A+f =1

. XA b |
“3f \v
€F eF o7 6%

SoleRork To (- wsthwcs: ACTIME

PAE

* BoCorioss, AsoHRPASHS ¢ Orl (ley)

"No‘f (REAT @

(GA%'(\ THEREM | (ROWARTUL + WAL T s USTOVE
Romov '¢a)
GEER ‘G

A B TwNTE, SAHE DoMAIN

Pl (A) € B2 (B) 2> I~ Pp- DEFINES 1@

L P reducms ™ PG

CX: P
LET Q= Bxtaooxq Ci, IR A Gl N
RE AM IMTAICE oF CSP(B)
ReEPLACE TacH c‘;\ @ WS P OSFw Ty
~ 0’-\” \
~7 P Y
(Aee > Ber
© 2ot -
(T AW Bt REAT 0w
grow -~ R uaazAnT UvoR QO
&
R PP-CEFwvARLE v A



QR  MVARKANT UNVOER PoQ(A\
&
R PP-CEFwvARLE v A




R WVARANT UNOER Po-Q(p\\
4
R PP~ CET vARLE N A

& EAGY - S(K,--xd\, VYn W) ARANT
= S ATV ANVARAWT,
B, St ) vuapansT




R WVARANT UNOER Po-Q(ﬂk\
4
R PP~ CET vARLE N A

& BASY ¢ S(Ka,xd\, T (Y qL) WAt
= S ATV ANVARAWT,
Bk, SUa-) vt

= LT QT Tl (A feae)

N Lo dp G- TN
s U R Jf -
- gemcm}
¢S 2 || €S .
R e fad-
—_—7 crmaldee ©
4 e Pl (A

Q = ProECTWLN of N ONTO
CReST CooRDiva=S




R WVARANT UNOER Po-Q(ﬂk\
4
R PP~ CET vARLE N A

& BASY ¢ S(Ka,xd\, T (Y qL) WAt
= S ATV ANVARAWT,
Bk, SUa-) vt

LET Q- )T Tl (A Fwaed)

SO ‘ & - T\
s U R- {f A
" eemcm}
A
cS 2 65 .
R e 4ad-
—_—7 Ocemalee \
4 e Pl (A
R - PRoECTLN ofF R onmTo

C8ST CooROiva =S

(eAB) THEREM

(ROWVAREUK + UALL TN« USTOVE
Romov '¢a)

A B TwNTE, SAHE DonAainv EiER ‘o

Pl (A) € Bl (B) 2> I~ ep-DEFInES 1
Z cP) rE0ucss T cP @\



R unazANT OWDRR. R (R
&9
R PP~-CEFwvAR. s N A

& BASY ¢ S(Ka,xd\, T (Y qL) WAt
= S ATV ANVARAWT,
3k, S (ka- .-<‘\ ' N VAR CANT

= LT Q- T Tl (A feae)
f CEE-E
>" €2 Ve
- 0B
= gemm}
A
cS 2 || €S .
R e fad
—_— crnales
&e?ot(l—\\
R - PRoECTLN ofF R onmTo

€ReST CooRDiva=S

(eAB) THEREM

(ROWVAREUK + UALL TN« USTOVE
Romov '¢a)

A B TwNTE, SAHE DonAainv EiER ‘o

Pl (A) € Bl (B) 2> I~ ep-DEFInES 1
Z cP) rE0ucss T cP @\

Po Lm0 PrusHs AlloV ?ACTORUJ(‘ oF
THE CGVTE WORLY @  PP- DEFIMABILTY

o/ /



R unazANT OWDRR. R (R
&9
R PP~-CEFwvAR. s N A

& BASY ¢ S(Ka,xd\, T (Y qL) WAt
= S ATV ANVARAWT,
a K. C(ka- --K,_\ VN VAR CANT

= LT Q- T Tl (A feae)
f CEE-E
>" €2 Ve
- -0 0 =t
= gemm}
A
cS 2 || €S .
R e fad-
—_— crnales
&e?ot(l—\\
Q = Pro¥ECTN of R orTo

CRST CooRDivaeS

(eAB) THEREM

(ROVAREVK « UALL TN« USTOVE
Rotov (a]

A B TwNTE, SAHE DonAainv GEiGER G

Pl (A) € Bl (B) 2> I~ ep-DEFInES 1
Z cP) rE0ucss T cP @\

Po Lm0 PrusHs AlloV ?ACTORUJ(‘ oF
THE CGVTE WORLY @  PP- DEFIMABILTY

7/
z,
‘ -
THEREM
(A ecogrn 57 VLA CorTAns -
*CONSTANT  » WAGK o ma,
‘ o W\('V\ o \:;?\Qntv.'

O Pl A= b oAkt WASchaw



R unazANT OWDRR. R (R
&9
R PP~-CEFwvAR. s N A

& BASY ¢ S(Ka,xd\, T (Y qL) WAt
= S ATV ANVARAWT,
. % C(ka- --K,_\ VN VARSANT

= LT Q- T Tl (A feae)
f CEE-E
>" €2 Ve
- -0 0 =t
= gemm}
A
cS 2 || €S .
R e fad-
—_— crnales
&e?ot(l—\\
Q = Pro¥ECTN of R orTo

CRST CooRDivaeS

(eAB) THEREM

(ROVAREVK « UALL TN« USTOVE
Rotov (a]

A B TwNTE, SAHE DonAainv GEiGER G

Pl (A) € Bl (B) 2> I~ ep-DEFInES 1
Z cP) rE0ucss T cP @\

Po Lm0 PrusHs AlloV ?ACTORUJ(‘ oF
THE CGVTE WORLY @  PP- DEFIMABILTY

7/
z,
‘ -
THEREM
(A ecogrn 57 VLA CorTAns -
*CONSTANT  » WAGK o ma,
‘ o W\('V\ o \:;?\Qntv.'

O Pl A= b oAkt WASchaw
THEoREM CaMfEX T MCUuROMYY




A eoogrn 57 CRIA) ConTAinsg -

CCOMSTANMT s WMAx ¢ mayonby
o VA(A o M.'vsc"“b’
or Pc-Q@‘a\-— b romvart WAEco Y

THEREM CaMfEX T MCAROMY




A ecorn =2 CLUA ConTAinsg -

omsmw 2 WAGR o M“‘QO‘JA—”
P M(.V\ o u‘\h ’n""
Or Pl A= | omarc WAEcmow

TUESREM CaMfEX T MCAROMY

HARONEEE  MAE > ) (4 n) ( wot Az suacd




A ecorn =2 CLUA ConTAinsg -

omsmw 2 WAGR o M“‘QO‘JA—”
P M(.V\ o u‘\h ’n""
Or Pl A= | omarc WAEcmow

TUESREM CaMfEX T MCAROMY

HARONEEE  MAE > ) (4 n) ( wot Az suacd
ALCoR THHS




A ecorn =2 CLUA ConTAinsg -

omsmw 2 WAGR o M“‘QO‘JA—:’
P M("’\ o u‘\h "-‘C’.’
Or Pl A= | omarc WAEcmow

TUESREM CaMfEX T MCAROMY

HARONEEE  MAE > ) (4 n) ( wot Az suacd
ALCoR THHS

— CoNSTAWT weeg ©
SET AL VARARSSS OF (MeTAMCE YO O




A eoogrn 57 CRIA) ConTAinsg -

CCOMSTANMT s WMAx ¢ mayonby
o VA(A o M.'vscﬂ"tr
or Pc-Q@’c\-— b oAt WIS Y

THEREM CaMfEX T MCAROMY

HARJVESS VAE 'f{(x..%«.f;\( NOT ALl TRUALS
ALCOR THHS
— COMNSTANT weeg o
SET AL VARARSSS OF (MeTAMCE YO O
= RWORTr: wa (¥, m\: "’\(&"1,"\" wly x "\"1
R-ge2
(IMvARAT RBCATIONG AFFWE oUER 27,
M Pd.qgﬁtﬂ(r]




A eoogrn 57 CRIA) ConTAinsg -

CCOMSTANMT s WMAx ¢ mayonby
o VA(A o M.'vscﬂ"tr
or PrQ@’c\-— b oAt WIS Y

THEREM CaMfEX T MCAROMY

HAROMESE  MAE = ) (4, %m) ( wot Acs swAc
ALCoR THHS
— CoNSTAT weag o
SET AL VARARSS oF (METAME YO O
= RWWORT: wa (X, q\: W(x, 9, X wily x 2 =y
R-ge2
(IMvARAT RBCATIONG AFFWE oUER 27,
CASS ALGoR THR
- nr (AvD Duacey wu.w.\
INVARANT fRL. AW SngrT TUPLE

BT G4 WMRWRLE To © UNIES
SOHE ComstRAMT REQUQES A




A eoogrn 57 CRIA) ConTAinsg -

CCOMSTANMT s WMAx ¢ mayonby
o VA(A o M.'vscﬂ"tr
or Pc-Q@’c\-— b oAt WIS Y

THEREM CaMfEX T MCAROMY

HAROMESE  MAE = ) (4, %m) ( wot Acs swAc
ALCoR THHS
— CoNSTAT weag o

SET AL VARARSSS OF (MeTAMCE YO O
= RWWORT: wa (X, q\: W(x, 9, X wily x 2 =y
R-ge2
(IMvARAT RBCATIONG AFFWE oUER 27,
CASS ALGoR THR

(PwD Duacey w-w.\

INVARANT REL. (AR Qg T TUPLE

BT G4 WMRWRLE To © UNIES
SOHE ComstRAMT REQUQES A

= VMARRTY g4 (k.x ) = Ml y, Dl e\x

(ocAlL CovB\STEMCY ALGoRTHM
(2 ,’3)— HtN\HAL&T\( -

o UEEP LsTS oF PORALE waLgg RR
RS oF WA ARPS (E0GES)

¢ RoMavE E0GES Coowli AT  Cong BT
OF THE (USTS TOR D VAKARITS AT A

\ME
e ) %ﬁ* O \*e
1 1
A\ O O \xq
1 1




A eoogrn 57 CRIA) ConTAinsg -

CCOMSTANMT s WMAx ¢ mayonby
o VA(A o M.'vsc"“b’
or Pc-Q%\-— b oAt WIS Y

THEREM CaMfEX T MCAROMY

HARINESS AE "{Lx.,&*;\( NOT ALl TERWALS
ALCoR THHS
— CoNSTAT weag o

SET AL VARARSSS OF (MeTAMCE YO O
= RWORTr: wa (¥, m\: M(x‘~1,x\= waly x Az‘.’
R-ge2
(IMvARAT RBCATIONG AFFWE oUER 27,
CASS ALGoR THR

(Ao Duacey w-w.\

INVARANT REL. (AR Qg T TUPLE

BT G4 WMRWRLE To © UNIES
SOHE ComstRAMT REQUQES A

= VMARRTY g4 (k.x ) = Ml y, Dl e\x

(ocAlL CovB\STEMCY ALGoRTHM
(2 ,’3)— HtN\HAL&T\-( -

o UCEP LTS oF PEBERLE uwAc g RR
RS oF WA ARPS (E0GES)

¢ RoMavE E0GES Coowli AT  Cong BT
OF THE (USTS TOR D VAKARITS AT A

ME
* OD—%—— O \*z
1 1
%(\ O O \xq
1 1
TR SE

SHows CxXAL CorgsTBACk Savis <SP
CoRRECTLY \F St S (NUARANT
UMOER. mALCQA T



A 0r- eFARLT AEGURES Ehune
CotA A*




4o Pe- RFABLTY AEGURSS Elu
‘ OortA A

VecwtioN

[ PP- WERPRETS (R &2

\® s A PP-DEFWwARLE FACTOR
OF PP- OEEARLE CoRETRUTE
OF PP- (ECrABLE STR-CIURE
O F 1 TT Pousse oF As

A
Ad Ad

P — D M -




dp PP- EF WAL T AEQURES €
| OtA A"

VeewtioN

\® s A PP-DSFwARLE FACTOR
ot éo°- DEFcNA&é Qdmﬂ“w
OF PP- (ECrABLE STR-CIAE
oM FE1nTC Poush oF A

/.
24 :AAE
g)“’
/

) —

/—1\__.*) .
~2

ExAnPLE

(Z4. . 0 (255, (0, ) 1) =
~<z (.2/"(2(\’!0’9, ¥ ¢, (00, (4
2 (’Q\*_‘, ,o,x\



@ PP- EF WAL T AEQURES €
‘ OtA A"

VeewtioN

\® s A PP-DSFwARLE FACTOR
OT PP- DEFABLT CuRSTRCTRE
OF PP- (ECrABLE STR-CMAE
oM FE1nTC Poush oF A

/.
24 :AAE
5)“’
/

9

»
'/

ExAnPLE

(Z4. . 0 (255, (0, ) 1) =
~<z CZ/"(Z(\“-‘"Q, § ., (09, (4
2 (.Q\*_(, ,o,x\

ExELLsT

v SRow TRS 8 & FP- ,mw

o P- vTERONGCT CQ‘ ‘\



@ PP- EF WAL T AEQURES €
‘ OtA A"

VeewtioN

\® s A PP-DSFwARLE FACTOR
OT PP- DEFABLT CuRSTRCTRE
OF PP- (ECrABLE STR-CIAE
oM FE1nTC Poush oF A

/.
24 :AAE
5)“’
/

9

»
'/

ExAnPLE

(Z4. . 0 (255, (0, ) 1) =
~<z CZ/"(Z(\“-‘"Q, § ., (09, (4
2 (’Q\*_‘, ,o,x\

ExELLsT

v SRow TRS 8 & FP- ,mw

o P- vTERONGCT CQ‘ ‘\

?Ol—'ﬂ"‘ OQ“&&Q{Q e ?P, O TOMS
P- INTeRPRETATLOS



@ PP- EF WAL T AEQURES €
‘ OtA A"

VeewtioN

\® s A PP-DSFwARLE FACTOR
ot éo°- OEFcpAQbé cd%ﬂ“w
OF PP- (ECrABLE STR-CIAE
oM FE1nTC Poush oF A

/.
24 : AAE

—t~——r———+~F R
” 25) 7 M)q
v dv/ M/
A Ad

ExAnPLE

(Z4. . 0 (255, (0, ) 1) =
~<z (.2/"(2(\’!0’9, § ., (09, (4
2 (’Q\*_‘, ,o,x\

ExELLsT

v SRow TRS 8 & FP- ‘mw

o P- vTERONGCT CQ‘ ‘\

foLtroRPusHs @ PP- OEFnwous
P- INTERRETATIOAS

ATIOMAL  CONDT O, 3

- BQG (’rQCQ,c) ¥ q

-~ 1&6 V@ CZN"""/!Q, *_w
Rl A 'Qck/"l“‘\’ 2(7/7(/’(\:7

- 322 ?-\(&AS\ ~ \JIx ‘(e(‘\-x

£0x )= Uyx)



VecwtioN

» EQuATONAL ( SvRoNg MALCEY) Condianl:
SenvTeNce
g = 30D I g oo
S Cuanades?) > \y (oriasie)

n
A g Ganeles) - & (wanddes)

WHERS  C; Y . TERMS ouma Q-




VecwtioN

» EQUATIOVAL ( svhong MALCEY) Condianl:
SenTeENCE
Y 2 30D U, Irp oo
S Cuanades?) > \y (oriasie)

n
A g Ganeles) - & (wanddes)

WHERS  C; Y . TERMS ouma Q-

¢ Y AL :e® 0ol (pr sl & I

EZ I eATSRARIE Bx
RSN




VecwtioN

» EQUATIOVAL ( svhong MALCEY) Condianl:
SeNTBNCE
Y 2 30D U, Irp oo
S Cuanddes ) = k4 (oriaslex)

n
A g Ganeles) - & (wanddes)

WHERS  C; Y . TERMS ouma Q-

¢ Y AL :e® 0ol (pr sl & I

& g ATSERARIE RBY
CRQATT AN

¢ €0 WPl =1E\ PR (A) « T




VEF(U\T\ON U\W\ THEREM (Butatove LehvoquuR?::.,\/
o EQUATIONAL ( STRONG HMAKED) condmon): | EQ (Rl ¢ €@ (RL(R))
SeNTeNCE _2,,, B\ PP - oTERREDS
T 2 3030 Ux,Fa o £ CP(R) Reovees TO CSP ()
S Cuarades ) » 4 (carianles)

n
A g Ganeles) - & (wanddes)

WHERS  C; Y . TERMS ouma Q-

¢ Y AL :e® 0ol (pr sl & I

& g ATSERARIE RBY
CRQAET N

¢ €0 WPl =1E\ PR (A) « T




U\W\ THEREM | (ButaTev + ISAVOMS ROV

VecwtioN ook,
o EQUATIONAL ( STRONG MALEY) condimon): | EQ (Rl ¢ €a (S2(R))
SenTENCE L b ee-premen @
T 2 3030 Ux,Fa o & CSP(R) Reovces TO 3P (m)

S Cuanddes) » ky (araules) | (9 PRooF -

n
A g Ganeles) - & (wanddes)

WHERS  C; Y . TERMS ouma Q-

¢ Y AL :e® 0ol (pr sl & I

& g ATSERARIE RBY
CRQATT AN

¢ €0 WPl =1E\ PR (A) « T




DEE WV TioN (AOoLEeo=NT) THEREM | (Buratov }eAVOHka-Q%:u\I
» EQUATIOVAL ( svhong MALCEY) Condmon)- | EQ (Rl ¢ €a (Pl
SevTeNcE % (A 0P - oTERREDS
G 2 30300 Uk, ha e L5 csp(g) eeouces To <SP (m)
S Cuanddes) =k (araulel) | D PROF : As wEH P -OEFvTONS
’t GV WSTAME oF <SP(R):
A g Ganeles) - & (wanddes) @2 3% 2 GLVAa GCY
WHERE  §. &) . TERMS oute %2~ —G‘o:’-ajﬁi:%q:;:ﬂﬁ o‘:ok X AT
tr v Mio- X9 G- Rowee)
_ ~ ADD CofVSIRA\WTS THAT Alc TUAES
¢ Y TR 2P Bl (o s W W (x}---x¥) BE EauwawT
EZ I eATSRARIE Bx — ADD CoavgTlAMS RegiRicrig (kf-- xY)
eR<TLT Ny To SBSET
o S0 (P\(AY) ‘-’)I,Q\PRM\\FE—S — TRAMUATE CaSTRANTS oV x;

iInNTo QNSTRANTS ol )4?




VecwtioN

» EQUATIOVAL ( svhong MALCEY) Condianl:
SeNTBNCE
Y 2 30D U, Irp oo
S Cuanddes ) = k4 (oriaslex)

n
A g Ganeles) - & (wanddes)

WHERS  C; Y . TERMS ouma Q-

¢ Y AL :e® 0ol (pr sl & I

EZ I eATSRARIE Bx
RSN

¢ €0 WPl =1E\ PR (A) « T

U\W\ THEREM | (BuLATov ¢ ISAVOMS teRouuiv

Ado\

Ea (Lol (A ¢ Sa(P2(®))
Q

=2 (A °P- o TERRED
CsP(R) Reovces To P (»)

@ MooF : As WEH P-0EFivmons
GV WSTAME oF <SP(R):
@2 It xu GLIVAa G Y

- Cob BACL OCCUREAMCE OF . CRgatC
.-EM/ \ARW% Y,:‘.-, ,(id CJ--—R"‘\E&\
~ ADD COlVSTRAWTS THAT Adc TURES
(<1---x%) BE EauwawEuT

— ADD ComgTlATS RegTentiag (xf-- xY)

To SB8sET

—~ TRANGATE CorsiRANWTS N x;
(vTo QNETRANTS ol xd

ExTLisE

CHECK. THRIS WOoRS



O PROOF SuESTe OF !
Ea (Rel(A ¢ Sa (P2(’))
“2'7 A\ ©°P - vTERMRED >




O PROOF SuESTe OF !
Ea (Rel(A ¢ Sa (P2(’))
“2'7 A\ ©°P - vTERMRED >

¢« e RE)ZBAW)
RecER Vv EQuaTaus (c‘,npkca.esq




O PROOF SuESTe OF !
Ea (Rel(A ¢ Sa (P2(’))
“2'7 A\ ©°P - vTERMRED >

¢« e RE)ZBAW)
RecER Vv EQuaTaus (c:;npkcnesq
e CREATE SGMTURE T ENUMARATING

2
VEw R (A) pc T-AwERAn A




O PROOF SuSTEH OF :
Ea (Rel(A ¢ Sa (P2(’))
“2'7 A\ ©°P - vTERMRED >

¢« e RE)ZBAW)
RecER Vv EQuaTaus (c‘-mr?kcnesq
e CREATE SGMTURE T ENUMARATING
L)
VEw R (A) pc T-AwERAn A
¢ THE WMAGE ©F @ IMDCES A
T~ ALGERRA E oD SATIST( g
PLL SQuaTioue S A

RIRUHFF = [ wspf™ A




O PROOF SuSTEH OF :
Ea (Rel(A ¢ Sa (P2(’))
“2'7 A\ ©°P - vTERMRED >

¢« e RE)ZBAW)
RecER Vv EQuaTaus (c‘-mr?kcnesq
e CREATE SGMTURE T ENUMARATING
L)
VEw R (A) pc T-AwERAn A
¢ THE WMAGE ©F @ IMDCES A
T~ ALGERRA E oD SATIST( g
PLL SQuaTioue S A

RRunsEF => @ e wusPt A

. THE IMARAVT RELATowg oF B
Civ eaRTiConR &)
WAVE  PP-WEAMRETAT.ON N A

a




O PROOF SuSTEH OF :
Ea (Rel(A ¢ Sa (P2(’))
“2'7 A\ ©°P - vTERMRED >

¢« e RE)ZBAW)
RecER Vv EQuaTaus (c‘-mr?kcnesq
e CREATE SGMTURE T ENUMARATING
L)
VEw R (A) pc T-AwERAn A
¢ THE WMAGE ©F @ IMDCES A
T~ ALGERRA E oD SATIST( g
PLL SQuaTioue S A

RRunsEF => @ e wusPt A

. THE IMARAVT RELATowg oF B
Civ eaRTiConR &)
WAVE  PP-WEAMRETAT.ON N A

a

VeewioN

(A ‘ @  RELATIONAL  STROUCTUAES

\e'. Col P\ > €l (3
CLoNE. MoMotWRPHUSEM (P

- PRESTRVWES AR (TIES
- L COMASc e



O PROOF SuSTEH OF :
Ea (Rel(A ¢ Sa (P2(’))
“2'7 A\ ©°P - vTERMRED >

¢« e RE)ZBAW)
RecER Vv EQuaTaus (c‘-mr?kcnesq
e CREATE SGMTURE T ENUMARATING
L)
VEw R (A) pc T-AwERAn A
¢ THE WMAGE ©F @ IMDCES A
T~ ALGERRA E oD SATIST( g
PLL SQuaTioue S A

RiIRHFF => (.32 wspf™ A

. THE IMARAVT RELATowg oF B
Civ eaRTiConR &)
WAVE  PP-WEAMRETAT.ON N A

a

VecwtioN

(A& RELATISHAL  STRCTLASS

\e'. ?oQ@D«\ - (..Q L&\
CLoNE. MoMotWRPHUSEM (P

- PRESERVES ARTIES

- @ oSN
U\OOLGQCENT\ THEREM | (BuLATov ¢ ISAVOMS ¢eRouu

ldo\
A, Q Fwe

Do B 0R(R)
> A ©PP- (NTERPR=TS ©



O PROOF SuESTe OF !
Ea (Rel(A ¢ Sa (P2(’))
“2'7 A\ ©°P - vTERMRED >

¢« e RE)ZBAW)
RecER Vv EQuaTaus (c:;npkca.esq
e CREATE SGMTUWRE T ENUMARATING
L)
VEw R (A) pc T-AwERAn A
¢ THE WMAGE ©F @ IMDCES A
T~ ALGERRA E oD SATIST( g
ALL SQuaTiowe S A

RIRUHFF —=> (X2 wspf™ A

. THE IMARAVT RELATowg oF B
(v eARTICunR &)
WAVE  PP-WEAMRETAT.ON N A

a

VecwtioN

(A& RELATISHAL  STRCTLASS

\e'. Col P\ > Ol (3
CLoNE. MoMotWRPHUSEM (P

- PRESERVES ARTIES

- @ CoMs TN
(AOOUSLENT) THEOREM, | (Buthtov « IEAVOWS +eRocuw

ldo\
A, ® Fwvnse

Do B 0R(R)
> A PP~ (NTERPRETS S

MY THE CoWERSE

eEcrceat |




PoLtnotPuusHs a¢iow FACTORWIG oOF
THE GMTE WORLY @ oP- esgquuw




PoLnotusHs aziow FACTORWIG oOF
THE GMTE WORLY @ oP- esgquuw

EXANMPLE | o THE @oolBAw Ovaw had
Convsc e

R=4(3\, (), (N
CSP (Lo A, R) s A- w-BAT
( o L | o c°n?u;5‘\

Pl (103, R)- 1§+ F PRoxecTiod
DEUSE| Swov W

Luo"‘\
L@ FRor pare Al
SRelgEsT  wWRT  P- (FTERRRESTATIONG




PoLnotusHs aziow FACTORWIG oOF
THE GMTE WORLD v ¢P- O T

EXANMPLE | o THE @oolBAw Ovaw had
Convsc e

R=4(3\, (), (N
CSP (Lo A, R) s A- w-BAT
( o L | o c°n?u;5‘\

Pl (103, R)- 1§+ F PRoxecTiod
DEUSE| Swov W

Luo"‘\
L@ FRor pare Al
SRelgEsT  wWRT  P- (FTERRRESTATIONG

EXAMPLE
CeP ()

L4

WKy

< 3—cocoo.c~c\



PoLnotusHs aziow FACTORWIG oOF
THE GMTE WORLY @ oP- esgquuw

EXANMPLE | o THE @oolBAw Ovaw had
Convsc e

R=4(3), (), (31
CSP (Lo A, R) s A- w-BAT
( o L | o C°nwg=€\

Pl (103, R)- 1§+ F PRoxecTiod
DEUsE| Swov W

Luo"‘\
L@ FRor pare Al
SRelgEsT  wWRT  P- (FTERRRESTATIONG

e

ExAan?PL LT e W
wc,\‘-b\ < 3—C°L°Q(kc\

%C\f,

V_g(f‘.,,x.‘\ c Po-Qtu"$\
33 &e A e (s

.e(séa--- x-—\\ -~ &CK‘\



PoLnotusHs aziow FACTORWIG oOF
THE GMTE WORLY @ oP- esgquuw

EXANMPLE | o THE @oolBAw Ovaw o

Convsc SR o p
R=h(3\ (%), (51
CSP (Lo A, R) s A- w-BAT
(, o L \ Qu?: cen?u;g\

Pl (103, R)- 1§+ F PRoxecTiod
DEUsE| Swov W

Luo"‘\
L@ FRor pare Al
SRelgEsT  wWRT  P- (FTERRRESTATIONG

EXAMPLE
CeP ()

e

WKy

S 3—coLch~c\

BeeCsE] TP (4. %) © A2 L)

-e(S(a'-- x-—\\ - &CK‘\

CoRaL AR

@ Bl (a) > AL (403, Q)

‘C' = - PRy

ClonE HoHarolkPr<gm

= |, OP- WIERPRETS Go,fﬁle\
AnD VCE - VERSA

=> 2-CoLRM w NP-CoMAETE



PP - WTERPRETATIONS  INGUFF(CIENT
To ©SxPLAIN AL NP- AARD\ESS
By A-IN-3SAT




PP - WTERPRETATIONS  INGUFF(CIENT
To ©SxPLAIN AL NP- AARD\ESS
By A-IN-3SAT

ExAMPLE

| . A A
A Usius SN LN




PP - WTERPRZETATIONG  INGUFFWC(ENT
... To SxPAv AL NP- A\ARD\ESS
By A-IN-3SAT
EXAMPLE
ol
L NEA
/A’ b‘:v,d (A—, \\

';Q”}":”’b

— i x W~ GAMT
LET  ¢lx,q2\" e “3
X, OTHERwSE

LET () FLp THE Two CoHP(ES
Twen o, 5 ¢ % @A)

AND $L‘<.>‘\‘ﬂ‘ ‘1 = S(Y/ *Y/ "\
= 0L (A 4> R (Ws)




PP - WTERPRETATIONS  INGUFF(CIENT
... To €xPeav ALL NP- MARDWE S5
By A-IN-3SAT

ExAnPLe
/‘ kf"; ﬁ\\
/A’ b‘:v,d (A—, \\
/

p - /*»55“; //
< L
— i x W~ GAMT
LET  ¢lx,q2\" / 1 L3
X, OTHERwSE

LET  oA(¥) FLP THE Two CoP(TS

Twen &, $ e &R ()
AND $L‘<.>‘\‘ﬂ = ‘1 = S(Y/ °“1/ "\
= 0L (A 4> R (Ws)

BoT  cP(A) = () |

Smce (AT ey, ey B5/m




PLLERRAS
LVUNWVERSAL ALGERRA

THEORTETICAL
CoM PutERQ
&£c (Tt
Cor PUTATIOWAL HODTL THEOR

peskierms
(ceP\ SRueTLAES  CRELAT oAl

Aty T THE MATHEMATICS, OF TN ITE - DoMANN CSPs
PLSERRAS
RTATIONAL ETRUCTURES

PART L IVENTE ~DoMANn asPs MabdTeIng PRaBLEMS

MATHSHAT (cC



Somray

e CSPUAX) : OECDING PRMTWE PHMVE THESRY oF 4

ExAnPLE . Sel.vrk(\ BGuATONg
SAT
- Co(_oR(NC‘
THERETCAL COMPUTER ScENCE

* ®-0EFiviTions (B18€) & P- (teaPlEmsTang (AsorescanT)

= RSDucTiows

“MonBL THER "

* CHARACTERI2ED Qv -
PoL M OR P SHS [ S@uaTons

UM\VERSAL AwERRA



PP - WTEQPRZETATIONS  \WGUFF(CIENT
. To SxPeav Al NP- MARDVESS
SIS~ {OAN

ExAMPLT
/( k—f"’ ﬁ\\
/As usJ (L—b N

':‘Q/”>""'”’//§

X o« 5 e %R A
$(:<."\‘ﬂ‘ '1 = $(7/ °L‘1[ ,‘\

= 0L (A # @R (wy)

BoT  cP(A) = () |

e\

SivE (A s, WLy =55 /A



PP - WTEQPRZETATIONS  \WGUFF(CIENT
To ©SxPLAIN AL NP- AARD\ESS
By csecgg

ExAnPLe
/‘ kf": ﬁ\\
/A’ b‘:v,d (A—, \\

':‘Q”’\*"“‘”’//Q

X o« 5 e %R A
$(.“<|"\"h‘ ‘1 = 5(7/ ‘*‘1( "\

= 0L (A # @R (wy)

BoT  cP(A) = () |

e\

SivE (A s, WLy =55 /A

VecwioN

(A, S RELATIONAL  STROCTOARS
WortoroQlu.cAllY TQUWALEAR ‘&2

Bh B =7 B HornoMPRSN & MCEARS)



PP - WTEQPRZETATIONS  \WGUFF(CIENT
To SxPAiv AL NP- A\ARDVE SS
SIS~ {OAN

ExAMPLT
/( kf’: ﬁ\\
/As usJ (L—b \
/

0- /*»3‘_:; //
< 2

X o« 5 e %R A
$(:<."\‘ﬂ‘ '1 = $(7/ °L‘1[ ,‘\

= 0L (A # @R (wy)

BoT  cP(A) = () |

e\

SivE (A s, WLy =55 /A

VecwioN

(A, S RELATIONAL  STROCTOARS
WortoroQlu.cAllY TQUWALEAR ‘&2

Bh B =7 B HornoMPRSN & MCEARS)

D S wE. = cRUA)- P(B)
Rt Y.

3

= LN
T A

& MesP@) = A—R



PP - WTEQPRZETATIONS  \WGUFF(CIENT
To SxPAiv AL NP- A\ARDVE SS
SIS~ {OAN

ExAnPLe
/( kf’: ﬁ\\
/As usJ WL \
/

L—>»—== L
< =2

X o« 5 e %R A
$(:<."\‘ﬂ‘ '1 = S(Y/ oL\-’l ,‘\

= 0L (A # @R (wy)

e\

SivE (A s, WLy =55 /A

VecwioN

(A, S RELATIONAL  STROCTOARS
wortoroQlucAlly TQUWUWAENT 7

Bh B =7 B HornoMPRSN & MCEARS)

f:‘p B RHE. &= CRUA)- cgpqg\
R V4

3

7 LV
(A<= D

& e sPUA) = A%

¢ RE. Allovus A OIEFERE\UT FI-\CQ‘QQM{\
OF THE wolldD



PP - WTEQPRZETATIONS  \WGUFF(CIENT
To SxPAiv AL NP- A\ARDVE SS
SIS~ {OAN

ExAantLe
/( k_._L—-? ﬁ\\
A= Uxo ey N

';Q”’;""”’j/ﬁ

X o« 5 e %R A
$(:<."\‘ﬂ‘ '1 = S(Y/ oL\’l ,‘\

= 0L (A # @R (wy)

e\

SivE (A s, WLy =55 /A

VecwioN

(A, S RELATIONAL  STROCTOARS
wortoroQlucAlly TQUWUWAENT 7

Bh B =7 B HornoMPRSN & MCEARS)

f:‘p B RHE. &= CRUA)- cgpqg\
R V4

3

= LY
' (A< &

& e sPUA) = A%

¢ RE. Allovus A OIEFERE\UT FI-\CQ‘QQM{\
OF THE wolldD

¢ CAOK CQUVALEKC (LASS WMAS
UMQUE SHALLEET REMRESSVTATNE :

THE CoRE oF /A T A



DEF(&/&T( oV

A PP-copustRects B &2

/,z\leé""&: ne o S
SC, e R




DEF(U&T( oV

P PP-coustRects & &7

-\ PPe- «nvv
//\"?f“”m&: “’""'”@7_"" 4;5"'? ~2 (&

(AVULT\ THERBM | (RarT0+ oPaiaccP. 16)

e’ . WEGHT A - CowDiTiaNS

£ Caneblesd) =QLC"°"¢Q)
¢ ol
SR (PL() < o (B0es\




DEF(&I&T( oV

P PP-coustRects & &7

©P- T

Pe- vt

A~ “’""'”&1."" &5"’? ~2 (&

(ADuLT) THEoREM

(BARTO+ OPOEAL«P. L&)

e’ . WEGHT A - CowDiTiaNS

-Ql (v&r\d.\ess = Qsc-nnéh})
ot pa

@ (PLE) < o’ (Relceh\

S Dy PR (A 5 €L (R)
?k\':'sep.u.uc\ HA - EEATONS
“"MivioN  PloronoAPrUCM “

&2 [N op- covsRETS B




DEF(U&T( oV

A PP-copustRects B &2

©P- T

Pe- vt

A~ “’""'”&1."" &5"’? ~2 (&

(ADuLT) THEoREM

(BARTO+ OPOEAL«P. L&)

e’ . WEGHT A - CowDiTiaNS

£ Ganebles)) = 0, (vanatle)
A bo

@ (PLE) < o’ (Relceh\

S Dy PR (A 5 €L (R)
?k\':'sep.u.uc\ HA - EEATONS
“"MivioN  PloronoAPrUCM “

&2 [N op- covsRTS B

=> (SP@®) RS0ocEs Yo o¢P N




DEF(U&T( oV

A PP-copustRects B &2

- Pe- vt
AT € S5 DB

(ADuLT) THEoREM

(BARTO+ OPREAL«P. 16

cat ..

WEGHT A - CowDiTiaNS

2, Carobles) = 0,(vanate)
¢ o)
BR" (PeL() < o (Palceh)

S Dy PR (A 5 €L (R)
?k\':'sep.u.uc\ HA - EEATONS
“"MivioN  PloronoAPrUCM “

&2 [N op- covsRTS B

=> (SP@®) RS0ocEs Yo o¢P N

EXAMPLE
‘E\QHT A e,
b Ml xq\= w02, x)= vy, x,K)
o C(52,---%x= c (% % (x,q

NVoT HeEgMT A
¢ Mk X\ = KL‘("’,’\\ _‘Mk"/‘(ﬂ{\:x ’

o S(¢,%7)= 5(7/ ko I "\



DEF(U&T( oV

A PP-copustRects B &2

W_ ‘m P" INT

A~ “’""'”&1."" &5"’? ~2 (&

(ADuLT) THEoREM

(BARTO+ OPREAL«P. 16

cat ..

MEGHT A - ComDiTiaNS
£ Caneblesd) ‘Q;C"““%?)
¢ b

&' (PL@) © ca (Piceh)

S Dy PR (A 5 €L (R)
?k\':'sep.u.uc\ HA - EEATONS
“"MivioN  PloronoAPrUCM “

&2 [N op- covsRTS B

=> (SP@®) RS0ocEs Yo o¢P N

EXAMPLE
‘E\QHT A e,
b Ml xq\= w02, x)= vy, x,K)
o C(52,---%x= c (% % (x,q

NVoT HeEgMT A
¢ Mk X\ = KL‘("’,’\\ _‘Mk"/‘(ﬂ{\:x ’

e SN = 50y, %, <)

ExXAMPLE

/A - L‘—s\) CL-;, PP- Congrrvcts us

eP- 1 S



DEF(U&T( oV

A PP-copustRects B &2

- Pe- vt
AT € S5 DB

(ADuLT) THEoREM

(BARTO+ OPREAL«P. 16

cat ..

WEGHT A - CowDiTiaNS

2, Carobles) = 0,(vanate)
¢ o)
BR" (PeL() < o (Palceh)

S Dy PR (A 5 €L (R)
?k\':'sep.u.uc\ HA - EEATONS
“"MivioN  PloronoAPrUCM “

&2 [N op- covsRTS B

=> (SP@®) RS0ocEs Yo o¢P N

EXAMPLE
‘E\QHT A e,
b Ml xq\= w02, x)= vy, x,K)
o C(52,---%x= c (% % (x,q

NVoT HeEgMT A
¢ Mk X\ = KL‘("’,’\\ _‘Mk"/‘(ﬂ{\:x ’

o S = S(‘{/‘*‘fl"\

ExXAMPLE

PP- ComneTrVCTS (4

PP—_TSSRPRETS
Qe ey = -Q[u

/P\" L‘g\-/u-‘l.

s ST TALLY
ARy



DEF(U&T( o™

P PP-copustReCcts B &2

OP- VT Pe. vt

A~ C Ms@_,_v*a &Sa—? ~2 (&

(ADULT\ THEREM | (rprT0+ opaiale?. 6)

cat ..

WEGHT A - CorDiTtaNS

2, Carobles) = 0,(vanate)
¢ o)
BR" (PeL() < o (Palceh)

S Dy PR (A 5 €L (R)
?k\':'sep.u.uc\ HA - EEATONS
“"MivioN  PloronoAPrUCM “

E2 N op- conRETS B

=> (SP@@®) RS0ocEs Yo C¢P A)

EXAMPLE
‘E\QHT A e,
> wmle xa\" A, x )= waly, %, x)
) C()l. -- "<-\~) = CC“L‘" X (*4\

NVoT REGNT A °
YO B A R IC R TS

e Sl = 50T, %, <)

EXAMPLE

= lyolls PP- CoreTaucTs (g

PP—_TSSRPRETS
QGPO‘QC/A\ =D -elu‘s

ls SETVTALLY
WARY

=2 Ea*(P2 (M) trRviAs



CoRoLARK

Ea* (Pl (A TR
==> I PP- ConsiRUCTS EvERY
Civ 0E SRV CAE

= CPUN) P- contfrete



CoRoLARK

Ear (Pl (A)\ TRwWiAL

==> I PP- ConsiRUCTS EvERY

Civ 0E STRvCSVAE

= CSPU™

NP- contfete

THSoREM

Q' (PL A NowRWIAL =>



| [THeREN | Tt (P2 ([A]\ NoW SIRWIAL =2

Pollm\ v A ¥x v, R(x, %2 9)"
6 AR« €Ca, <%, "‘%’\‘\

CoRoLARK s\SEes (5828 'O\

EQ* (P (A TRwiAL
=2 I PP- ConsiRucTS EvER(
v OE STRuCUAE

= CPUN) P- contfrete




CoRoLARK

Ear (Pl (A)\ TRwWiAL

==> I PP- ConsiRUCTS EvERY

Civ 0E STRvCSVAE

= CSPU™

NP- contfete

THESREM
Pollm) v 2Q w42
6-AR<
SwSEes
e 3{ Vo.‘f,e
L-ar<
S q=RS

Q' (PL A NowRWIAL =>

e(xl Y, “f“ﬂﬁ\a
@(‘1/ <& "R‘/“\
(S‘%GQS ‘(o\

Rla,re,a\-
c( A c‘lr/e\

( CEARNES+ Hagswod
e LEMHE ‘i)



CoRou AR«

Ea* (Pl () TR

=2 I PP- ConsiRUcTS EvERK(

Civ OE STRVCVAE

== C<PUN™)

NP- contfete

THEREN | B! (PLA) NoVvSRWIAL =2

Pollm\ v A ¥x v, R(x, %2 9)"
6 AR« €Ca, <%, "‘1’\‘\
S\ SEes (S%8RS ‘o)

F 3L Vare Rlarea)-
o c( T, C\,r,e\
S qERS ( KEARNES+ Magsovd

v CUEMHE In)
\= 3% VS‘Q et K

e(ﬁa---‘)&-\\g ‘@(K?-'- Xa ’K"\
\F «wz Al PRME

Ceec (ealm ree '«



CoRou AR«

Ea* (Pl () TR

=2 I PP- ConsiRUcTS EvERK(

Civ OE STRVCVAE

== C<PUN™)

NP- contfete

THEREN | B! (PLA) NoVvSRWIAL =2

Pollm\ v A ¥x v, R(x, %2 9)"
6 AR« €Ca, <%, "‘1’\‘\
S\ SEes (S%8RS ‘o)

F 3L Vare Rlarea)-
o c( T, C\,r,e\
S qERS ( KEARNES+ Magsovd

v CUEMHE In)
\= 3% VS‘Q et K

e(ﬁa---‘)&-\\g ‘@(K'-'- X ’K"\
\F «wz Al PRME
LMQTO Wddee '“\

= 3 & S x 'y {,()(w-xﬂ\z..-: .Q(\,ﬂ_._‘\

Yuz A\ e
CrAaRSTY vn cBARE ‘)

e

(WV'})



| [THeREN | Tt (P2 ([A]\ NoW SIRWIAL =2

Pl v AQ Wx 2 (%1, x29%)

6 AR« € <% "‘1’\‘\
CROLARK SwSEes (SR8 PAN
Ea* (Pl (AN TRwias F 3L Vore Rlarea\:
=2 v PP- ConsRUCTS EvERY glr o re)
i E muauo.a_’ L-aR< (e
;O S qFRS ( KEARNES+ Mageod
v CUEMHE In)
=2 CSPU™  oP- confete F3f Vi e

e(ﬁa---‘)&-\\g ‘Q(K?-'- Xa ’K"\
\F «wz Al PRME
LMRTO Yededee '“\

= 3 & S x 'y {,(,x-—-x-_.{\:..: .Q(\,ﬂ_._‘\

Yuz A\ e
CrAaRSTY vn cBARE ‘)

e

(WV'})

=2 CX) ¢ P Bosmoy e '3



THEREN | T (PLA NoVvRWVIAL

=2 CXM) ¢ P (&uu:rov) Dase @)



THEREN | T (PLA) NoVvRWVIAL

=2 CPM) ¢ P (Bosmmoy Buue ')

AeLGoR v

Qeducee To SHALSR STRucrves
b1 SoLviug LusAR TEATIS
OR. LoCAL CowsSSTEMCY c_ueauu\



PAT

—

u -

WNE W TE Doy CSP.

O0GcavG PRoLaMg
MATHE MaTICS




Y wae- OsMA W CSPs - RATHER L AATED



e Qo‘,«/uu(\ (L«‘NE'Akﬁ EQuATa~S / FI\vTE FE@Q
>

e WP




Y wae- OsMA W CSPg = RATHER LAATED
o Socvinvg (LinEARd EQUAT oS/ FivTe Ry
s @ooLsAW- DorMAny cSPs: ReEgTRCTIONS oF SAT
(,K«v Ko v "lﬁc.(\ A ( RV Uy v ;Q.) ~N _-A Cx(aov -1 "4:.5—"""4“\

SATSET (g ASS(MHEMT S
AN




Fuwee- OsMAn CSPs = RATHER  LAMTED

o Socvinvg (LinEARd EQUAT oS/ FivTe Ry
s BooLsAWV- DorAWw CsPs: REgTR\CTIONS oF SAT

Geav iz v ax) A (22w Tav 2~ o n (Koo v Tk, o T )

SATSET (g ASS(MNEMT &

2 N[%
¢ - ColoRNG  PROBLEM

GQENERALZATON - - CotoRiNvg PRoBLEM
R GRAPR  QwWEBW (GRAPH ( , DEan= IF  GH

k (22 thRhPHS AS CENRAAL AS ALL TyuTe &P 3




Fuwee- OsMAn CSPs = RATHER  LAMTED

o Socvinvg (LinEARd EQUAT oS/ FivTe Ry
s BooLsAWV- DorAWw CsPs: REgTR\CTIONS oF SAT

Geav iz v ax) A (22w Tav 2~ o n (Koo v Tk, o T )

SATSET (g ASS(MNEMT &

2 N[%
¢ - ColoRNG  PROBLEM

QENERALZATION - CooRivg PRoBLEM
k HoGrAPR CweEW (RAPH ( , PEc= (&  G2H
(X2 DRAPRS AS C(EABRAL AS ALL ©aTE CS?5

(WF\W T - QoM CSP¢




Fuwee- OsMAn CSPs = RATHER  LAMTED

o Socvinvg (LinEARd EQUAT oS/ FivTe Ry
s BooLsAWV- DorAWw CsPs: REgTR\CTIONS oF SAT

Geav iz v ax) A (22w Tav 2~ o n (Koo v Tk, o T )

SATSET (g ASS(MNEMT &

2 N[%
¢ - ColoRNG  PROBLEM

QEMNERALZATON - - CotoRiNg PRoBLEM

R GRAPR  QwEM GRAPH (¢ , PEcoE IF G2
k, Fo2 O RAPHS AS CBARILAL AS ALL CwTE <=0
(WEW T - QoMANN  CSP

o (L) cawton (ep g /2




Fuwee- OsMAn CSPs = RATHER  LAMTED

o Socvinvg (LinEARd EQUAT oS/ FivTe Ry
s BooLsAWV- DorAWw CsPs: REgTR\CTIONS oF SAT

Geav iz v ax) A (22w Tav 2~ o n (Koo v Tk, o T )

SATSET (g ASS(MNEMT &

2 N[%
¢ - ColoRNG  PROBLEM

GQENERALZATON - - CotoRiNvg PRoBLEM
R GRAPR  QwWEBW (GRAPH ( , DEan= IF  GH

k, Fo2 O RAPHS AS CBARILAL AS ALL CwTE <=0

(WF\WTE - DoMANNY  CSP¢

o (L) cawton (ep g /2

¢ CQPCZ’,A AND [o- OTF(WARLE STRuUcTURES E.4,. cee (Z, {_C?nﬂ \l><'-~(l.€£".$®




Y wae- OsMA W csPsg - RATHER L AATED
o Socvinvg (LinEARd EQUAT oS/ FivTe Ry
s BooLEAV- DoMAw CSPs 2 REgTRCTIONS oF SAT
(,K«v Ko v "lﬁc.(\ N ( RV Uy v ;Q.) ~N . _- A (x(aov -1 "4:.5—"""4“\

SATSET (g ASS(MNEMT &

e NP
¢ - ColoRING  PROBLEM

GQENERALZATON - - CotoRiNvg PRoBLEM
R GRAPR  QwWEBW (GRAPH ( , DEan= IF  GH

k, Fo2 O RAPHS AS CBARILAL AS ALL CwTE (<=0

(MW T - QoMAN  CSP¢

o (L) cawton (ep g /2

¢ CQPCZ’,A AND [o- OTF(WARLE STRuUcTURES E.4,. cee (Z, {_C?nﬂ \l><'-~(l.€£"&@
» ¢ (9,9 AN -_—_ €¢. €eP(Q fET ety (;C,y,z)\]

CoMPLExTY T




Y wae- OsMA W csPsg - RATHER L AATED
o Socvinvg (LinEARd EQUAT oS/ FivTe Ry
s BooLEAV- DoMAw CSPs 2 REgTRCTIONS oF SAT
(,K«v Ko v "lﬁc.(\ N ( RV Uy v ;Q.) ~N . _- A (x(aov -1 "4:.5—"""4“\

SATSET (g ASS(MNEMT &

e NP
¢ - ColoRING  PROBLEM

GQENERALZATON - - CotoRiNvg PRoBLEM
R GRAPR  QwWEBW (GRAPH ( , DEan= IF  GH

k, Fo2 O RAPHS AS CBARILAL AS ALL CwTE (<=0

(MW T - QoMAN  CSP¢
o (L) cawton (ep g /2
¢ CQPCZ’,A AND [o- OTF(WARLE STRuUcTURES E.4,. cee (Z, {_C?nﬂ \l><'-~(l.€£"&@
» ¢ (9,9 AN -_—_ €¢. €eP(Q fET ety (;C,y,z)\]

CoMPLExTY T

¢ “FodRopEr PATTERM PR M



LRAPK oREnTATON PRRLEM
3 .- FuanTe getv oF TO‘ANNIF.JVTQ
GIvEr UMDREIED GRAP ( ° CAN (T BE sQEARED S—FRRL



LRAPK oREnTATON PRRLEM

g .- FuanTe getv oF TO‘ANN‘F.JVTQ

ExAanPLe . 5- L Z—\’? | @ I o ermn <R

R — [ExEReSE} comPLBx T
e S-S DY T



LRAPK orEnTATION PRRULTM

3 .- FuanTe getv oF TO‘ANNIF.JVTQ

B | ] A | @ T o> Remzn Beac

R — [ExEReSE} comPLBx T
e S-S DY T

30\5““@3" . CeP L/As\a' ic;1 G @Rs ¥ - Feer &«Ew&nwﬂs



LRAPK oRGuTATON PRRLEM

3 .- FuanTe getv oF TO‘QNNIF.JVTQ

ExAnPLE ° @ - L&, ( @ 3 ~ PRaBREM TRviac

e I- | S\
— [ExeresE] covimee
o‘g-.i,g"él/ == A

AR ez - R (p): bG 1 G HPs FoFREE RiEvmea | L carsR

HMHMsmP T.-- QEATIOAL SGMATURE | T ... UMARY EREDcarES
X .- ANTE SET OF  Tou T -STRocRE
o QIVEN SMUCTURE X  cAnv (T & T- CocQED Se THaT

C-
T 6 S—FREE?



LRAPK oREuTATION PRRLEM
3 .- FuanTe getv oF TO‘QNNIF.JVTQ
GIvEr UMDREIED GRAP ( ° CAN (T BE sQEARED S—FRRL

ExAnPLE . 5- L Z_\,?. | @ 3 ~> PRaBEM TR

e I- | S\

— EREEE] covcmerc?
e S )=, DV T

AR ez - R (p): bG 1 G HPs FoFREE RiEvmea | L carsR

HMHMsmP . QELATIOAL SGVATURE | T ... WARY  BREDcerEg

T--
X .- ANTE SET OF  Tou T -STRocRE
o GIWVEV

T-SMCrURE XX  cAnv (T & T- COcAED Se THaAT
T 6 S—FREE

ExAnPLz S - f_,L\ | A.g ND — MOmDCHRASHATIC TRIANKGLE



LRAPK oRENTATON PRRLTM

3 .- FuanTe getv oF TO‘QNNIF.JVTQ

ExAnPLE . 5- L Z_\,?. | @ 3 ~> PRaBEM TR

.+ S-S — [BereE] cobman®
L4 ‘g" i 'g. é’l
AP Mmee” - R (p) LG 1 G HPs ToFREE smiEvtara - catsR

. QELATIOAL SGVATURE | T ... WARY  BREDcerEg

M#MsnP T--
X .- ANTE SET OF  Tou T -STRocRE
o GIWVEV

-SMLVCTURE Y , CAN T & T- CocQEDN Se THAT

\ A.g ND — MOmDCHRASHATIC TRIANKGLE

ﬁﬁ. [< X Eororns €0

ExAnPLz 4{
-1/

CHhswe -,



GRAPA ORSMTATIOM, MMSNE | GHspP -
WHYT AL TROSE FoRguwen  Pattepy  ROBLEMST



GRAPA ORSMTATIOM, MMSNE | GHspP -
WHYT AL TROSE FoRguwen  Pattepy  ROBLEMST

NP = ECo . ExsTEuT A SEConD DRIEQ (oGC

T... SGMATURE | ... SOMSRPUGM - CLOSED  CLASS oF
FMTE T- €TRucTUREg

= WKeWNP > KL OEFARLE @< ESo —SENENCE -
3)‘4"' X“\@ Fu%‘r’ON’ER



GRAPA ORSMTATIOM, MMSNE | GHspP -
WHYT AL TROSE FoRguwen  Pattepy  ROBLEMST

NP = ECo . ExsTEuT A SEConD DRIEQ (oGC

T... SGMATURE | ... SOMSRPUGM - CLOSED  CLASS oF
FMTE T- €TRucTUREg

= WKeWNP > KL OEFARLE @< ESo —SENENCE -
3)‘4"‘ Ka Eb p%‘r’om’za

QUANTIEER - FREE

P S AR
NPz STRET NP . Ih-- Xu IT 4(7, Xyt %)

,\ A(-An... A \ FoRQ\DIENw PATTERNS



GRAPA ORSMTATIOM, MMSNE | GHspP -
WHYT AL TROSE FoRguwen  Pattepy  ROBLEMST

NP = ECo . ExsTEuT A SEConD DRIEQ (oGC

T... SGMATURE | ... SOMSRPUGM - CLOSED  CLASS oF
FMTE T- €TRucTUREg

= WKeWNP > KL OEFARLE @< ESo —SENENCE -
3)‘4"' X“\@ Fu%‘r’ON’ER

QUANTIEER - FREE

W
SIP= STRET WP 1 k- Xu IT (T, %\ - ».)
A\ ACn...n -\ FRODEs PATTERS

PTEANS CounEctEp Moroore => I s A P
/ @ eR e

T CLATD OnXR HOHIURAACMS ¢ 1 =>1
T-ATOMS ot APPEAR ?GSN'WEU( es eg




THE GRAPH ORELTAT v MBS As &P




THE C,MPH O A TIATCENY moE(sn As CP
S ... O.MTE SET oF FvE  TouRMAMEVTS

LL-)L(D | D I-FREE OREUTED CWaTE
cRAPA

\;-‘? W cosTD VNOEA SURSTRUcTUREQ
! AMALCAMATENY  PRIERTY




THE C,QAPH O A TIATCENY m‘l As CP
S ... O.MTE SET oF FvE  TouRMAMEVTS

LL-)L(D | D I-FREE OREUTED CWaTE
cRAPA

\;-‘? W cosTD VNOEA SURSTRUcTUREQ
! AMALCAMATENY  PRIERTY

A = (A'ﬁ) :S P sse Y LU\\
G (AF)  Sleied 479 Y 4




THE C,MPH O A TIATCENY M‘l As CP
S ... O.MTE SET oF FvE  TouRMAMEVTS
LL-JL(D | D I-FREE OREUTED CWaTE

CRAPA

&? W cosTD VNOEA SURSTRUcTUREQ
! AMALCAMATENY  PRIERTY

A = (A'ﬁ) :S P sse Y LU\\
§:= (A,E) Bl 279 v y-X

& ‘p\ v TT QMpR t

He &P (N == HFQ
2 By

&2 W MAS T_TREE

ORIENTATIOND




THE C,MPH O A TIATCENY moE(sn As CP
S ... O.MTE SET oF FvE  TouRMAMEVTS
LL-)L(D | D I-FREE OREUTED CWaTE

CRAPA

(‘ﬁ" W cosTD VNOEA SURSTRUcTUREQ
! AMALCAMATENY  PRIERTY

A = (Alﬁ) :S P sse Y LU\\
G§:= (A E) Bl 279 v 42X

a‘? ‘p\ v TT QMp“ t

Me P (€N == HFq
2 By

&2 | MAS K_TREC

ORIENTATISN

“{%H (BodRee +Guzndw -PRo ‘T3
(Feeesa . @. 12«)
(BTER ¢ noavdr 24

CPLE e P Lvsss § TP consTRUTS Ky




THE C,MPH O A TIATCENY moE(sn As CP
S ... O.MTE SET oF FvE  TouRMAMEVTS
LL-)L(D | D I-FREE OREUTED CWaTE

( CRAPA
(“(“ W cosTD VNOEA SURSTRUcTUREQ

AMALCAMAT BNV PRRERSY
A = (A'ﬁ) :S P sse Y LU\\
= (M)  Bluqe® 2779 v y-2X

a‘? ‘p\ v TT QMpﬂ t
WMe P (€ => HF g

2 S

ORIENMTATIOND

WWH (BodRGet rGQuandm -PRo ‘23
(Feeesa . @. e LAY
(BTTER ¢ A oavdr 24

CPLE e P Lvsss § TP consTRUTS Ky

WHAT (T THE Cags OF SoloTens
o A PRBYTH DoEsS NOT WAVE
MAL@AHA"RW".



THE C,MPH O A TIATCENY moE(sn As CP
S ... O.MTE SET oF FvE  TouRMAMEVTS
LL-)L(D | D I-FREE OREUTED CWaTE

) cRAPA
(“("‘ L( C o=V VNIEA SU&SMES

AMALCAMAT BNV PRRERSY
A= (AS) = Freisse -Laadr LK)
§:= (AE) Bl 2779 v X

a‘? ‘P\ F~TE QMpﬂ 74
Me P () => HF

2 By

&2 \W MAS K_TREE
ORIENTATIOND

THeREH | (Rovaget «Gozngo - poo T\
(Fewse e €. 12q)\
(R TTER + hoaver 24
CSPLE) e P Lvsss  § PP-conSTRUTS Ko

WHAT T THE CAgs OF SocoTiens
o A~ RS  DoEs NIT HAUE

AMALANATEON Y
TrAMOS

RAPHS w THouUT i
(aLooRED 4 %) et

1

OFTED WE CAL TEEM))  SGNATURY
To OBRTAN AMALGAMAT O



THE C,QAPH O A TIATCENY m‘l As CP
S ... O.MTE SET oF FvE  TouRMAMEVTS
LL-)L(D | D I-FREE OREUTED CWaTE

) CRAPA
B W CeosED UNDEA SURSTRuTRES

AMALCAMAT BNV PRRERSY
A= (AS) = Freisse -Laadr LK)
§:= (AE) Bl 2779 v X

a‘? ‘V\ F v Tt QMpR t P
WMe P (€N == H 5 g

2 By

&2 \W MAs F_TREE
ORIENTATIOND

W%H (BodRGet rGQuandm -PRo ‘23
(Feeesa . @. e LAY
(BTTER ¢ A oavdr 24

CPLE e P Lvsss § TP consTRUTS Ky

WHAT T THE CAgs OF SocoTiens
o A PRBYTH DoEsS NOT WAVE

AMALANATEON Y
TrAMOS

RAPHS THouT e
(aoRED 4 w v S-CwclFE

1

OFE WE CAn TEEM)  SIGNATURT
To OBRTAN AMALGAMAT O

THEREM

y... FvTE SET oF gTRvcruRes
COMMECTED, Mom- CLa%=P

=> 3/A eEper oF Qonoqsnsocs
STevcrRE CWEM BY Tiw g6
SET OF TASONEL sRocugs

csP @\\= L)f( ( gr C‘*fMtak
ALBDux, T



Covyecoes

A FRs™-RER) REOUcT OF worogBLEavs
STRUcTURE B LveN
&Y FWTT SB7 oF FORRDNSK PATTERNS

—>4 GQC(A\ TV (S TVE =3
/A PP- cowwerRucs L3




Covyecoes

A FRs™-RER) REOUcT OF worogBLEavs
STRUcTURE B LveN
&Y FWTT SB7 oF FORRDNSK PATTERNS

—>4 GQC(A\ TV (S TVE =3
/A PP- cowwerRucs L3

ExAmoLe

¢ TAUE (R  RAPH A EataT o
5 v/ FoRBA D) TOWANAHENTS




Covyecoes

A FRs™-RER) REOUcT OF worogBLEavs
STRUcTURE B LveN
&Y FWTT SB7 oF FORRDNSK PATTERNS

—>4 GQC(A\ TV (S TVE =3
/A PP- cowwerRucs L3

ExAmoLe

¢ TAUE (R  RAPH A EataT o
5 v/ FoRBA D) TOWANAHENTS

* TME Co Mnsw®

: ND — Mo DCRASHMATC
G = LL\ N Al TK\AMLE




Covyecoes

A FRs™-RER) REOUcT OF worogBLEavs
STRUcTURE B LveN
&Y FWTT SB7 oF FORRDNSK PATTERNS

—>4 GQC(A\ TV (S TVE =3
/A PP- cowwerRucs L3

ExAmoLe

¢ TAUE (R  RAPH A EataT o
& v( FORBADTRY TOWANAHENTS

* TME Co Mnsw®

: ND — Mo DCRASHMATC
G = LL\ N Al TK\AMLE

v OPcw Fol C\snP

IR AVANES




Covyecoes

A FRs™-RER) REOUcT OF worogBLEavs
STRUcTURE B LveN
&Y FWTT SB7 oF FORRDNSK PATTERNS

= 2P v P (S TVE =3
/A PP- cowwerRucs L3

ExAmoLe

¢ TAUE (R  RAPH A EataT o
5 v/ FoRBA D) TOWANAHENTS

* TME Co Mnsw®

: ND — Mo DCRASHMATC
G = LL\ N Al TK\AMLE

v OPcw Fol C\snP

-1/ AR

F\RST- ooER RENucTs oF (Q,c\



Covyecoes

A FRs™-RER) REOUcT OF worogBLEavs
STRUcTURE B LveN
&Y FWTT SB7 oF FORRDNSK PATTERNS

= 2P v P (S TVE =3
/A PP- cowwerRucs L3

ExAmoLe

¢ TAUE (R  RAPH A EataT o
& v( FORBADTRY TOWANAHENTS

* TME Co Mnsw®

F 4N, AT
v OPcw Fol C\snP

F WANIRVANES

NO — MonDCRASHMATC
TRUANGLE

&

F\RST- ooER RENucTs oF (Q,c\

. CsR(&,)
LB FNTE DIGRAM B (D A(0.4)



Covyccoas

FiesT-osBe REnucTs oF (Q,49)

A Fesm -RER) QEOweT OF wonofEEavS . CoR C&, A
STRUcTYRE \B fwvenN _ . 0 2
B¢ FWTE BT oF FORRDIS PATTEQNS QBN €WTE DIGRAPR D) D =20 <)

> CQC(P\\ v @ VNS

/A - comgtlucs Wy e (P LA &(x4,2))
SLK‘..L%\ L D LX“-' ~ '-/(?'\V
EXAH?L& L}Lv A \-,(sc\

¢ TRUE fr qeaft clsatatiol
& v/ r:,p.g\m TOLVANAHMENTS

v TRE Co@ MansnN®

: NDO — ModGCRASHMAT\C
F -4, AT RAE

o OPgu Fol (rMsnP

R A ANE




CovyEScToas

FiesT-osBe REnucTs oF (Q,49)

A FRsT-RIER) QEOUcT OF WoNoGBLEOVS v CsR( 6,2
STRUcTURE \B Awven 4 .
&Y FUTET ST oF FORRODNS PATTEQANS [ TN CWNTE DGRAPH (W, ) \D 47(0"\

> CQC(P\\ v @ VNS

/A - comgtlucs Wy » (P LA & (<v,2))
Bl 4,22 (=eq ~ yc?—\v
ExAmoLe
(Zey ~ 7<)
v TAUE (o RACHA o0 TNTATOD o C&P 4
7 PRy ToulnAHENTS ) <
@ (xy,2) 67 (x=yq < D) (27T < 7)
v TE Coq Mnsn® v (172 < x
. ND — MomdCARSHMATC tichcse | CamfPLexite ¢
G = LL\ N Al TRUARKKLE

o OPgu Fol (rMsnP

R A ANE




Covyecoes

A FRs™-RER) REOUcT OF worogBLEavs
STRUcTURE B LveN
&Y FWTT SB7 oF FORRDNSK PATTERNS

—>4 GQC(A\ TV (S TVE =3
/A PP- cowwerRucs L3

ExAmoLe

v TAUE (o GRAPH ol Tt

v FORRBADDEY TIVANAHENTS

* TME Co Mnsw®

= - LL\ | A.-g ND — Mo DCRASHMATC

TRUANGLE

v OPcw Fol C\snP

-1/ AR

F\RST- ooER RENucTs oF (Q,c\

. CsR(&,)
LB FNTE DIGRAM B (D A(0.4)

» (P LA & (<v,2))
(x4, 2): &2 (=eq ~ yc%\v
(2ey ~ \-,(sc\
v CP (Q,R)
© (x.y,2) 7 (=q 2 D (27T < 7)
v (172 < <)

. Com\PLex(T« ¢

CElcss

Cf e o vo-emnucs & (Q,<)
“LiwveAR -l —gaT "

f

" TenlipaL q_g?s‘



THEREM

o LusEAR—oRDERL-SAT [/I-\) w P yemses
B P-conSTURTS  Ley  (Romses v kian 'a
o GRAPH ~aAT

(Bodiesc< «€. ')
o PoscT- AT

(wan B v U omPATECAER ‘\G\
TORMAMET- SAT  ((HsTer « . ‘2
MACPERCRADA - T ((MsEre magT 1.2



THEREM

o LusEAR—oRDER-SAT [/I-\) w P yemses
A - consTlicTg Ly  (RomRswx v waea ‘el
o GRAPH ~aAT

(Bodiesc< «€. ')
o PoscT- AT

(wan B v U omPATECAER ‘\G\
TORIAHENTT- SAT  (Hsver « 0. ‘20
MACPERCRADA - T ((MsEre magT 1.2

METHOD '  PoL(HoRPASHMS



WV A NUTHASLL : FOR W-CAT. A
BAIC THERX .. P FoR Eiv T GRuCTLES
AOVAMED THERY . MuCH HARSER /o oF




WV A NUTHASLL : FOR W-CAT. A
BAIC THERX .. P FoR Eiv T GRuCTLES
AOVAMEE) THERY . MuCH HARSER /oy ox

(%K) THeREN

A - eaTEqoRcAL ; &< A" RziaTay
= R PP-0eFrivaARLE W nD &>
R WvARANT ovgzn. €a((A)




WV A NUTHASLL : FOR W-CAT. A
BAIC THERX .. P FoR Eiv T GRuCTLES
AOVAMEE) THERY . MuCH HARSER /oy ox

(%K) THeREN

A - caTEqocAL | Re AT RELaTy
=2 R PP-0GFMARME W A &>

R WvARANT ovgzn. €a((A)
PRoor

“

# - TRw (AL




IV A NUTSASLL : FOL W-CAT. A
BARC THEORY .. pe PoR Em T GRuani
AOVAMED THERY .- MuCH HARSER /oy or

(Bnax) THeREN

A )~ CATEQORCAL ( Re A" REatay
=2 R PP-0GFMARME W A &>

R WvARANT ovgzn. €a((A)
PRoov

“

& TRw(AC

o

l'k
R 'S A Lo £ ORB(TS OF
AL A A AT

LT T, ,..,Tp €R QY ecmosaiang
OF THoee ORJ™UTS

lev (_Zwah.-- N SworEeATIOM
ovr Aﬂ'




""'ﬁ' NUTDHASLL : FOR W-CAT. A Pp- DEFTIVE QQ\ TS WATY

BAC THEoRY . pe PoR Fm TS GiRucndg T iA
AOVAMED THERY . MoCH HARSER [y oF O U
.e
Q| ——
(Brex) THRREN , : PadTac
- : . PoLschoRPuom
A - caTEqorcAL | R ¢ AT RELATO Ty —>

= QR PP-0BFMARME W A £

R WvARANT ovgzn. €a((A)
PRroov

# - TRw (AL

o

-'é’
R S A LMoV £ ORRITS OF
AP a AT

LT T, ,..,Tp €R QY ecrmccB/ang
OF THege ORRTS

=7 (Z,,&.,--- ) GworeaToM
or pt




WV A NUTHASLL : FOR W-CAT. A
BAIC THERX .. P FoR Eiv T GRuCTLES
AOVAMEE) THERY . MuCH HARSER /oy ox

(%K) THeREN

A - caTEqoRccAL , ®R¢ A" REaTay
= R ©€0-0erimaRLS \V A

R WvARANT ovgzn. €a((A)
PRoow

“

# - TRw (AL

[4)

-'é’
R 'S A Lo £ ORB(TS OF
AL A A AT

LT T,,..,Tp €R QT echosa/ang
OF THege ORRITS

lev (&, &, ,~- ) CworceAaToN
ov Aﬂ-

pp- EFvE R TS wAY:

[ Ce
O U ——
%] —— €
: 72TixyV-V2
) : PocschoPusm
e e—

e R, 2Q (ProxEcTions)



WV A NUTHASLL : FOR W-CAT. A
BAIC THERX .. P FoR Eiv T GRuCTLES
AOVAMEE) THERY . MuCH HARSER /oy ox

(%K) THeREN

A - caTEqoRccAL , ®R¢ A" REaTay
= R ©€0-0erimaRLS \V A

R WvARANT ovgzn. €a((A)
PRoow

“

# - TRw (AL

[4)

-'é’
R 'S A Lo £ ORB(TS OF
AL A A AT

LT T,,..,Tp €R QT echosa/ang
OF THege ORRITS

=T (Z,, 5. ,~- D) CworceaToM

or pt

pp- EFvE R TS wAY:

[ Ce
O U ——
%] —— €
: 72TixyV-V2
) : PocschoPusm
e e—

e R, 2Q (ProxEcTions)

. Q& 1~ RC\H , EvErTUALLY CONRTANTY
(Ry Lo~ oF cREwk)
=2 ng;\ = QU’ Pe- oCrivaALR
S V)
Q



WV A NUTHASLL : FOR W-CAT. A
BAIC THERX .. P FoR Eiv T GRuCTLES
AOVAMEE) THERY . MuCH HARSER /oy ox

(%K) THeREN

A - caTEqoRccAL , ®R¢ A" REaTay
= R ©€0-0erimaRLS \V A

R WvARANT ovgzn. €a((A)
PRoow

“

# - TRw (AL

[4)

-'é’
R 'S A Lo £ ORB(TS OF
AL A A AT

LT T,,..,Tp €R QT echosa/ang
OF THege ORRITS

=T (Z,, 5. ,~- D) CworceaToM

or pt

pp- EFvE R TS wAY:

[ Ce
O U ——
%] —— €
: 72TixyV-V2
) : PocschoPusm
e e—

e R, 2Q (ProxEcTions)

v Q&e LS CuErTUALLY CaNTANT
(Ry Lo~ oF cREwk)
=2 ng;\ - QU’ Pe- corivAaRR
S V)
¢ TeR, &
== 3§ PAeT. PolvmalPugg
w (TNESSES



WV A NUTHASLL : FOR W-CAT. A
BAIC THERX .. P FoR Eiv T GRuCTLES
AOVAMEE) THERY . MuCH HARSER /oy ox

(%K) THeREN

A - caTEqoRccAL , ®R¢ A" REaTay
= R ©€0-0erimaRLS \V A

R WvARANT ovgzn. €a((A)
PRoow

“

# - TRw (AL

[4)

-'é’
R 'S A Lo £ ORB(TS OF
AL A A AT

LT T,,..,Tp €R QT echosa/ang
OF THege ORRITS

=T (Z,, 5. ,~- D) CworceaToM

or pt

pp- EFvE R TS wAY:

[ Ce
O U ——
%] —— €
: 72TixyV-V2
) : PocschoPusm
e e—

e R, 2Q (ProxEcTions)
. Q& 2 Q. EuENrTUALLY CONTANY

a1/

(Ry Lo~ oF cREwk)
=2 ng;\ - QU’ Pp- cCrivARLE
S U
¢ TeR, &
== 3§ PAeT. PolvmalPugg
w (TVESSES

e D SURSEQEEME Svu-'t THAT
.g," SxTENMDS {; , V4y tad, oR&



WV A NUTHASLL : FOR W-CAT. A
BAIC THERX .. P FoR Eiv T GRuCTLES
AOVAMEE) THERY . MuCH HARSER /oy ox

(%K) THeREN

A - caTEqoRccAL , ®R¢ A" REaTay
= R ©€0-0erimaRLS \V A

R WvARANT ovgzn. €a((A)
PRoow

“

# - TRw (AL

[4)

-'é’
R 'S A Lo £ ORB(TS OF
AL A A AT

LT T,,..,Tp €R QT echosa/ang
OF THege ORRITS

=T (Z,, 5. ,~- D) CworceaToM

or pt

pp- EFvE R TS wAY:

[ Ce
O U ——
%] —— €
: 72TixyV-V2
) : PocschoPusm
e e—

e R, 2Q (ProxEcTions)
. Q& 2 Q. EuENrTUALLY CONTANY

a1/
(Ry Lo~ oF cREwk)
=2 (.\ Q;\ - QU’ Pe- cCrivaARR
S U
¢ TeRy &
== 3§ PAeT. PolvmalPugg
w (THESSES
e DSUBSEQUEBMME  Svem THAT
.g," SxTenpSs {; , V4y tad, oR8%R

¢ CoMPOS N, W (TR y\m:H-oQPK\sMS‘



AOoL=CLTNT [ADueT THEREMS

o PP- TERPRETATINIG  BY  EQuaTaMs/
CLoNE

Homhn(lﬂnex

¢ P-ConstRucnians By v EQuAmaps,

ninveN)
rAoM oM DAPGHS,




AOoL=CLTNT [ADueT THEREMS

o PP- TERPRETATINIG  BY  EQuaTaMs/
CLoNE

Homhn(lﬂnex

¢ P-ConstRucnians By v EQuAmaps,

ninveN)
rAoM oM DAPGHS,

ToPaLagw



AOoL=CLTNT [ADueT THEREMS

o PP- TERPRETATIONIS  BY EQ%T\M/
CloNT
Hor oMo
s eP-ComsTRucnavs &Y wA EQ,A_T‘az’x

QTP
oMo td0egMg

ToPatagw
AN = L€ an AL Chencs

ToPOLOY OF PoiNTWUSE Con VEQGEMCE -
ng e —=> {, =z>

WV TS A FuwnTE

{\;\P = g\ o SvEnTIRLY



AOoL=CLTNT [ADueT THEREMS

o PP- TERPRETATIONIS  BY EQ%T\M/
CloNT
Hor oMo
s eP-ComsTRucnavs &Y wA EQ%T‘aZ,X'

QTP
oMo td0egMg

ToPaLag
AN - 1€ A —AY  (ARRES
ToPOLOY OF PoiNTWUSE Con VEQGEMCE -
EATIRS T

WV TS A FuwnTE

{\;\P = g\ o SvEnTIRLY

COMPU=TE Mt SPace [
Poc s+ SPAE

9 A” .. gom <Pace
(Eack A ceoPEn)



AOoL=CLTNT [ADueT THEREMS

o PP- TERPRETATIONIS  BY EQ%T\M/
CloNT

HomHaQ.Pugx
s P-ConsRucnavs oy HAEQ%;\M,

NN

rAoM oM DAPGHS,

ToPaLagw
AA* - l'. ? . A“ J)Ag CARRES
ToPOLOY OF PoiNTWUSE Con VEQGEMCE -
- = >
C£°\C\5o 7{' =
WV TS AT FunTE

<;;\ o= {,\ o BvenTuRey

COMPU=TE Mt SPace [
Poc s+ SPAE

LAY .

w

So SPAce
(Eac A ceoPEN)

Pl (M) ClosED SoBSPACE -
~£¢ ?G'QC(A_\ =7 3?9 A FITE.

,Li\ ale =0 e\ N PR - ¢



THEoREH  (AdaLESCEBUT +ADULT Y

A - caTegoResns, B FvgE <=2




THEoke
H
CAdecEscmuT +AdLCTY

@ Tol(e Lcj& £ 08) =
PP- ARERAYY

HOKM\(Q-'
@

E@ (82
wpp e S@ (Rl O&Y

-2 (<P
[B) ReducEs To CPIA)




THEoREM  (AdaLESCEBUT +ADLLT Y

A - caTegoResns, B FvgE <=2

B Tl =5 B = A pr-axeeiy

KoM oMoPricgr @

&2 XT<S A Fivae -

BQ (wen)) < T (Rl 02N
F

—7 CP [B) RepucEs To CSPIA)

@ PR 25 P (B &2 jp P-cantpszm
Mo 18
raMorMoRPH (G

= 3IFeA FingE:

T (P ) ¢ 54" (&)

— (@ (8) Reduces o CPRA)




THEoREM  (AdaLESCEBUT +ADLLT Y

A - caTegoResns, B FvgE <=2

Pol(ae) =5 Tl -
9 Tl Honomatctiq = AW l(;m“& WHAT (F P&UA\%P&L&Q g

&2 Xt A Fivae -

EQ (PaQ(N() e T (Rl OB
F

—7 CP [B) RepucEs To CSPIA)

@ PR 25 P (B &2 jp P-cantpszm
Mo 18
raMorMoRPH (G

= 3IFeA FingE:

e’ (P«L(A\\_r_\ 3 (Pa(ﬁ\\

— (@ (8) Reduces o CPRA)




THEoREM  (AdaLESCEBUT +ADLLT Y

A - caTegoResns, B FvgE <=2

B Tl =5 B = A pr-axeeiy

KoM oMoPricgr @

&2 XT<S A Fivae -

BQ (wen)) < T (Rl 02N
F

—7 CP [B) RepucEs To CSPIA)

@ PR 25 P (B &2 jp P-cantpszm
Mo 8
raMorMoRPH (G l
= 3IFeA FingE:

T (P ) ¢ 54" (&)

— (@ (8) Reduces o CPRA)

WHAT (F P () %P&Lu«b %

@% A =TV = -

Pl (A was
. Crclic FERATON C(Xi-%a): c(xl--x_x4§
¢ Wao oReRaTion w(x«-xg’\-._rw(c,[-._-xx
* H-Aer $GGERS RERATIL gl e )T
s (rafg
e B6-ARy Gic(ERs OFERAT oL
C(xv nbﬁ%\’
S(7a<Z—x1—7\



FALST FoR w- CMTroRicas (A |



CxXAnPLE.

g Az, = IV D - caetoray
csP(a) e P



FALGE. FoR w- CMTgoRicay (A |

CxXAMPLE

g Az, = IV D - caetoray
csP(a) e P

e Doee CL(A\ MAE Creue  Clxq--- x)T



FALGE. FoR w- CMTgoRicay (A |

CxXAMPLE

g Az, = IV D - caetoray
csP(a) e P

e Doee CL(A\ MAE Creue  Clxq--- x)T
ek o, -, an  OsTimeT

CCC‘-!\"' Q,\\s a

| ¢ ¢\ (!
c (0L7 "a‘u-na"l\’—, ' 'i



FALGE. FoR w- CMTgoRicay (A |

CxXAMPLE

g Az, = IV D - caetoray
csP(a) e P

e Doee CL(A\ MAE Creue  Clxq--- x)T
ek o, -, an  OsTimeT

CCC‘-!\"' Q,\\s a

| ¢ ¢\ (!
c (0L7 "a‘u-na"l\’—, ' 'i

o S x2q72\- syx<,T%,29) 2



CxXAnPLE.

g Az, = IV D - caetoray
csP(a) e P

e Doee CL(A\ MAE Creue  Clxq--- x)T
ek o, -, an  OsTimeT

cCbn--- &= a

| ¢ ¢\ [
C Cok'z -‘a‘u-na"l\’—. a ‘i
v S CI((-” K,zl\];l:\-_ GLV/X ,2‘("/2"1) ’?

¢ AR SWOLE Vo-Tvinl WA- CQuATal j



CxXAnPLE.

g Az, = IV D - caetoray
csP(a) e P

e Doee CL(A\ MAE Creue  Clxq--- x)T
Pk o, an  OsTimeT

cCbn--- &= a

| ¢ ¢\ [
C (ok'z -‘au-na"l\’—. a ‘i
v S CI((-” K,zl\];l:\-. QLV/X ,2‘("/2"1) ’?

¢ AR SWOLE Vo-Tvinl WA- CQuATal j

EXERASE

W Q0BG Ly, NeT 9P- CoptTRecT Lyt



PSEupD - A - ECRATONGS

T avvaltwes REAaT O o A‘“& i

.Q /v&@ ae L“&\ e Ak (M3
2 J¥ < A FEnrTe
Jote Ak A

&lf Hihan A"

" ‘9( ,t& AR CQuAL Mocoro m&\'('é




PSEup0 - HA - ECRATNG

T avwvaltwecE REaT o o A‘“& i

.Q /v&@ ae L“Q\ e Ak (M3
2 J¥ < A FEnrTe
EokeA...J(/A

le® =t

T4 g B Caur hocao DRBTS

EXEQQ st

A" A"
Ao = A fptn
CoPAcT (Pocse)




PSEUpD - HA - EQAT NS

T QuivalLECE REAT O™ ov AP -

.Q /v&@ ae L“&\ e Ak (M3
— VF.‘. A  FEuinTC
Jote Ak A

&lf Hihan A"

yy g N EQuAL hocuo DRETS

EXEQQ st

Avu A"
A fe = A s
CorPACT C,PoL&H\
IDEA . TR To Mumc PRmFS Fol
FIMITE STRCTORES, (v CACE  OF
V(™) /aux




PSEupDn - A - EGATONS

THESRGM
€ QuivALEICE RELAT ™ o AR - A w-catgorcAL | TRUA) vov-RwaL .
.Q /v&@ ae L“l‘f\ e Ak (M3 Qs (™ }é&::‘ers\
&2 JF¥ <€ A Finve =2 QR (A =
3&@4«.’( Y/ Au s - Uxiye
&k s AP e 8l TN v Sla Tk, M|

" ‘9( ,t& AR CQuAL Mocoro m&\'('é

EXEQQ st

Avu A"
A fe = A s
CorPACT C,PoLt‘:»H\
IDEA . TR To Mumc PRmFS Fol
FIMITE STRCTORES, (v CACE  OF
V(™) /aux




PSEuDD - HA - EQUATANS

T avwwalzcE REaTo~ o AD -

.Q /v&@ ae L“&\ e Ak (M3
— VF.‘. A  FEuinTC
Jote Ak A

&lf Hihan A"

yy g N EQuAL hocuo DRETS

EXEQQ st

Avu A"
A fe = A s
CorPACT C,PoL&H\
IDEA . TR To Mumc PRmFS Fol
FIMITE STRCTORES, (v CACE  OF
V(™) /aux

TMEREM
A w-catgorcAL | TRUA) vov-RwaL .

BN 3¢, Ry

HoNoMORAr

=2 QR (A) =

au-‘\/(g g VY“"%
Go SO‘("{ »G, ‘1,2\"* (VA S(",K,'é-/\(lz /\1\ .

Cranes
A= (Q,«, <=q2u=v): w-caTeq0cAL

CsP(A) W P

Vo RBvno- Crcul PoLt MoRPASH -

CxeRecs .

SHaw (T




SUMMARY

* PP-consTRUCT IONS CorRWE  PP_ (NTERPRETAT\ONS +

HoMomoRPHc EQuiuacoucE

° CHARACTERZED BY  HA-TOWATONS  OF RaLcMoAddismg

WORXS ALSy Pol. - REQR A STRocturREs (w/ ‘Qﬂ’d’cﬁ\

@’ (fRA)) TRUBL == NP- HARD CSPUA)

NON “TRWAL => MANY covedSTE  HA- EQuatiopdg
oR- c(Nﬁﬁ /AN

EOME (RuT wor ALY Azopo- BuATAg
CoA. w-CNEgoiaas A
FollWDEL PATTEAN PQ.QQLEMQ ~D NATURAL LI-CATLORCAc. CSXs  |nr wr
Dicdlome CoAECTRE TR Sucu fodLEMS



PLLERRAS
LVUNWVERSAL ALGERRA

THEORTETICAL
CoM PutERQ
&£c (Tt
Cor PUTATIOWAL HODTL THEOR

peskierms
(ceP\ SRueTLAES  CRELAT oAl

Aty T THE MATHEMATICS, OF TN ITE - DoMANN CSPs
PLSERRAS
RTATIONAL ETRUCTURES

PART L IVENTE ~DoMANn asPs MabdTeIng PRaBLEMS

MATHSHAT (cC



UNWVERSAL ALGERRA
THEORET CAL
CoM PutERQ

&C (Bt
HODTL THEOR

\
Thale  ys= -



