Dancing around SAT

NP
A <OX Qw\n'hn
= PH
ETH /SETH CAT 3P
1P
Lower BQMV\AS
PCP

Rl

L. Levin

3’SAT5 Is o aivev\ S-CNF Sq‘|'\°§e1QLQQ?

(X3v X vx, ) A (XK VIGVRG) A



(Xyv X vk ) A (X VIGVXC) A L

[ each Lomse n{ sige 3 1

3_-3AT e P (?

e

[Q-SAT € P]

3-SAT |hag mcwlj ‘ﬂquug;
3-SAT & P = NP = p
/
Covitaing Uols o! imf:of{qw'lt frbulms

TSeg iw'l‘l'iMS

-T;‘f'l\ﬂa N\o\cL\iM. L ﬁ o|! | O |w - e




if state =q & symbol =0

[ Q then state = p & symbol =1 & move = RIGHT
oca

: if state = q & symbol = 1
Covnru{q{'lol/\ then state =r & symbol =0 & move = LEFT

(4o s geg )
TM ‘lf\w\Q — come"'Q'HOv\ S'll'erS

P = dhsc ol meMs solvalle by
T 5 PS‘{HM

NP J'“SS 4 rm%_m}j SQQVQQL. L:j

ol ea,,uivqew\*% .

X

\

P{‘ ovey’ withess _y >\/@ f"&w
Iyl < Py (1x1)




AR = 1%
| AOVew i A

chrf & ,V (X,j) =|
’bojﬁwle f?ﬂdlitd&

l:ll < (-bﬂj(lxl)

3..SA.T e NP . On mfm‘} 3-CNF 'f(xn---.xn)

‘?\

Pronr b e Vecdur

Qccef)f & "f(j) =|

ﬁ—?edl\l\u‘hw\: AB < To,1]”
A s, B 4 Jplhee RedoT>for
chfOI']*

xeA &S Q(X)GB



ngl]* fou]%

Fud: A <8 & BeP = AcP

NP- Cow?g.t','tness S B 1S NP— caw\rﬂj] ]4
(l\ 6 € Np i Ow'nO‘
@Y AeNP | A< B

[ B s The hardest 'D('DQLM " '\‘P ]

(ok-Levin's Theoteun:  3-SAT is NP wulike

Need fo show:

¥ AeNP x,_f‘%xrx(g) .
xeh o Y, ¢ 3-SAT



xeh oy, ¢ 3-SAI

W'ﬂ S'ﬂowl
V A eNTme (de)  x Vo g, b
X & A o \f’ ¢ 3-SAT

> 1Yy| = Qaf
[ *wsual" P«»{, |\f’x| = O t ) ___,

ad'uo\%) wg_‘Qﬂ T,Wq_ e\ s‘}Nwdl( ~(‘QS«4H .

—’Tmc(‘[.') SIJ& (O(‘L’Qoa‘t))
E%qu\‘} s'.ww\Qorkon °£ Qanﬁ‘ﬂ«w\s w'r"['\ Cw M‘*’S.

\N

) n
mpit X = XXa... X, €0, X, K,| J.. Ix

\ / |
.
| if state = q & symbol =0 | \/\., -_l




Al |
if state =q & symbol =0 \ / \/ '_l
then state = p & symbol = 1 & move = RIGHT N "4
if state = q & symbol = 1 N ,\/
then state =r & symbol =0 & move = LEFT ~
\V4
|
wﬁn‘f.’
C"ﬂ-bd\;‘l' S'SQ — aq-tc.s
(nodes )

LQ".’ V be o ‘['\ML +('\) Qanr‘fH\m.
X )| Isd
¥ 2¢ {0\\3‘0 S \/ (2) Mce‘n‘l's =) C(?) -

Wold: " 5 et Q,(K.,,..

ﬂ«wscdf:‘l’ m( ’Hﬂe couq’)4+q‘l'\°~q oﬁ V (?)

Z=)0I0| ...
L—-—""'V-*_J
T';MQ i

0 u%' ¢

lo
o
C

|F | <ot

¥y g
N\ T a0 2Tl T T T T T T T 1



0({'0«)) )

A

if state = gy & symbol =1
then state = g, & symbol = & move = RIGHT ™

if state =q, & symbol =0
then state =q; & symbol =2 & move =RIGHT

g‘tjo_ Q-Q e w\'onS- O'WOMJ\'[". @('{z(‘"))

Vv



To do QJfW) we_ vmdsfamwo-TM&

Obﬂ}nvio\«gﬁ T/U( . ¥ o2 efodl”
{a'x, L|¢M‘ ’:ns'rhwi °¢l’ c.qclq {‘;W\e g{'ef t.

d.afwds onoT Ow@ (B\«'}_ﬁ{‘ owv “Gf‘dqz:c %)

Tc«ws&d‘)‘l' t-( ‘H'IQ com‘)4+q‘l1°"1 J
_o_!gin'muws TM \{(.2) Z=)0I0) ...
Time ( one —tape mﬂ_y , e Simpﬂ&a'b) LF—-?:\—_J
0 gt o} [o ]l

& [ITTITHTTT T lalcod

l ua_l'goolﬁ

=
G L] ]|
s o .’2.1.| S B W s




£()

’nleﬂ)ftm [_ Piﬁcv\&o.( ; Ficher 2 HQ'\V\’\L " g'l"-qms ]
SVu'j K- {:&re -l:iw\g_ 1’: (V\) T/V’ L\QS O
e.1,v\'| qu,tv\'lf 2- ‘k‘r* Hime O(JC - Qz]{)

0'004: viomuy TM I

COfouit;j ! _Tiwu ('{') = g‘j‘l( OHH'J_U)

Bace +o 'o\'ovina the NP- oamruemcss J 3-SAT
L € NTime (=)
ven‘#lu' _V(X,J)

b

(Xl=n IJI:.-E(v.)

N ~f. .\



A

- /R ;
v caw e%d.u.—lﬁ wuskudt o erd\'k' | s4.
" ) aceply &> Q(xj):
\/(X,j g l Cl < O({(n)%{“')_

S V X € L S 3:] V(X,‘]) occer"s
jame & E(_j C(xj)=|

= (_), ()(3)
= CX(S: Sq'hs#qg‘@l_

(&l <0 fttet) )

Ledurho v X \K% Qx ghews ’{4««""
C'H%\:"l‘- SAT S NP— comr.&ﬁ .



P
" | >,
i:zlx?-\'/" x_rl r /z__' \
ey i )
AN '\(%cr-‘ IAX¢>
V im T —
8 N aw‘gl>

Looqoa.b Q{L an-am"'fk'on mdq,;n l
nde: 19| = O([C)

S, NTime (E) |

X, K=n  —> Cx , |C*|£0(“-0~3Jf)

‘—930, , \‘Po,léo(%'anC)J




(¢3)-SKT <F 3-SAT

b)) v g alugy Z)

CD( °M“") y P < g.‘sﬁ ( &Qj )
Hﬁnu) 3'SA'T % g\(& (F&V) ﬁ)gS-S’ATf P
L = 1

CJN‘W"’ Cow\f)cex‘i‘?




SAT YS\cha‘Lov_vB

CE=>

LQO(V\Q,(’S .Tl"‘“ﬂwx('x)l 3" P # I\,P 5 'H‘M.V\ ‘hw.(o. af
MP'M“NM@(&{}Q ’myQﬂtmg n NP .
nether in P , wel ,\) P— cow\f)aﬁ

M) CKT is sfedqa l

A'vc[fno"’ownq j@( AT quqw"s




| 9.SAT e P 3-SAT iy Nl

7. XOQ-SAT € P [ x,©x@®x, =1, .|
3 Hoen -SAT R ['EV':?;v'i;vx;,__,]

4 doall Hhon -SATEP [ xve vy, ]

sq’hs quﬂ. JD av) q@-o Feuwth agsh U\MOV\"-
{Sﬂ‘“ OAQ‘QQ I:; an aJ-Q-[ ’(:mrﬂq ‘\gs%nmcw'{'

Shoeluc's Bichefomy Theateun ('79).

S\MJ SAT-«M‘\Q«\'(' whote  damses arn of Hua
B | SESENRER L

8 In P

Oerwise (d M'.x'ma Samse ‘l‘7r<5) , the
asJ}c\na SAT - vaciavit g NP- comp%.

P-(ml '10120\'. gcj e otqu Hoe lamses  awdl
widh o9 damees .




w?d*k-l Jomes .

Then can ogprrss NP compdlt oo, 3-C0L .
&= (V,E)  wdicd aeeh
37 C:V—>3R G BRI sd

¥ ueE T Oy #Cv)
Consheainds -

YV R, v & VB

V e, (R VR,) A (EMVFG:\,\A(E“VE,)

ﬁ'lc\qo"km‘j (n’\!&ﬂw\ QQQQ lonoals vﬂo( non - BwQum
SAT -vaciaats  (aua, CSPs) [suflmlw-,zt.uﬁ

2013




W\AO\"' con jou 0(0 with o SAT‘Q%(){T“’IM ?

”geowc}'\ "'0 &ds'uovw" reducHon -ﬂ,c SAT

SAT - Seacchy SAT

MfM'I‘ \f(X.,X,,...)(.,) inru{"‘: \f()(.)xzv_", Xw)
o.,;l]er: 0,0, .0, €30} OJ',J-.K'I id xfe—SAT
0

sd. \f(qq\,,“_’q“): l) otherwise

o< ‘l\lo‘ |{_ \f¢SAT

SAT

- O AT o ' - M



SAl
‘ﬂnoﬂm - g AT" gﬁﬂﬂl‘\ € IO

Peod.

SAT-Search ( ¢ (xq, ..., %))

if \¢p  SAT ) then output "NO"
else

‘I_‘g_r i=1ton ¥
if —plar < ai—1aleXis - X XNE SAT
then a; =0 else (ai = 1| endi

endfor
Output a1a2 . an
endif

0 HL(hq‘["\V\a Q\m\mjﬁql\us

33 . 3x P, %) SKT
v x, ¥y, ... ¥x, “f(‘“"‘“ ¥ TAT

g e TAUT & ¢ ¢ SAT



Q: NP = col\)P (7 [P-(‘OJ Csuf\f:ﬂldffj]

Nd"e‘. NP:P = Co”P'—'—P:NP‘
S, NP # onNP = NP #£P

Z;: on }-—TM-I xqou}" ' dec.de ,,p
33#% W(X,j,%)

ljl, |2| < FDQT(V\)
fij{‘lme, Fﬂ.o(iul‘l'e- W

_%_«_: Cﬁ‘w{k Miw]w\'njq'hon
on I‘V.fq"' <C(B|:> e .,,)) | decide 1.!;
4 <B(Lb, b)>  "13|=ic| &

\/ = = ” ..\.l';*vl



Z{é LT (”:“"Z: )

33 V-Z- \X/(x,j)z)



; BJ | Alﬁww Lo reclih L apmshrirotion

?

N S et C(x,J‘z) Qﬁ,uivo\Qtv\'l"’b \X/(x,7,-2~)

ZP o om K(-fO.'In decide 'IL

-
2 A > -

Iq[¥2 ((xy2) e (=R M
" 3[ J W

3q ¥z C(2) b (=R 0,
= e C (2 Q(x,g)z)

i

3:) E( ij )=0 ,&((’,&“Loa

33 Wl(x,J)
time  (n) < {‘nvna, (O('{'l‘”‘?-‘(“)))

=
P

2



'tlvﬂe (V\\ < '[‘lee. ( O( e (‘")))

voww. Si'wne.
& ‘;(_j C;(j) , Cl-:Q ()
C L) = C(xy)
|
e A—(Qx)_—.l )YQ.(C'O\go\LoVL

P
bine () < bime ) (Q (e, )

< HM&A,( 'Bwle)" ('l:‘iwm.w ('n)))

Qewwm—:&

(') Caw ov\ﬂj Lnamouk 2 .Jof CONSTANT K
(2) nead " white - Bax acess Ho SAT- qac,o 54’



(2 nead "white -box  acass + SAT-a (70 54’

SAT
CAT-Searchy € P
SAT

bu'f‘ ou{ [xoo(- O‘QQS m‘l’ ‘SlncM) 'ﬁ«rf PH S P

#SAT
Mrv\'l‘ Lf“(l (b ¢ )
ov\‘\' i F %q"\sgma QSSJ werofs 04 k(
P x,..%)

X - X, 6?0“]



AT
NP ¢ P#s

#SAT
Too(o\'s le.o(ew\ ("!I): PH < P

o

OO(OQQOWJ; #SAT G—F\MQ(Qn ) ==

of!)

PH S_r:lle_(Q_n )

our 2asier Pnn{ 4 "SAT P > PH.-.F"I
doesn't show "SAT € SUBEXP = PH S SUgEXP

Ui u’u& LD P‘T

aeHsAT(g) = |




V‘V\\u’WL T e H#SAT ( \(3\ |

l"\rw",’ Lf(‘!(n ni #Sp,T ‘\?)z .
docde : s xf e SAT ?

umqlua. _SAT ‘P SAT

nique- AT
SAT € RFP u‘l

[ RP = Redowigel Phife. |

VaQ)-qu.'l V&S]\‘OM'. TLMAM ('86)’
Tlece s Q \’o\vo(OMBQO{ ftﬂj‘\m& QGon‘H-\m ‘h\c'-

WF«A' \{?(x., X,) oucfpds o 0.t

* SO N \l/“ (x.,...,x.,) Stk [k



G FSKT D wdn Y, F SAT
.\QGSAT-—-—}WH% M%;%)
Sowme \f/l. € UI.,,-,W__. SAT

'PT'OOQ— de\:

Ploc| todloly | R 31 Ind |2/ oo | L ey,

LT W T (6L eY =] D] & [= dmlland]2) j
2 €S

9-( \e(x.,...)x.,) hog M <ol q;s-,Jm,“-}s ,414,4

‘e A\ h3, L I’\QS ___/‘24—_ so\-‘. a S8y .,,..,4.;‘5

% Q)ﬁo‘lc'("’\ﬁo'/l .

"

S i \e N | o‘az M comdoun rq@ comghraints
[ %fwh Ol + LHV‘L l sq-’-. 0655... m..."{'_



Eppeckdon —> g Pkl " Ml
~‘(0w) - wise 'MO(lrvwd(-!vl(L 04 ‘/\SL

BVH' Ko

( (nas\qiv,a )

SAT (tp) |

gu\‘l') tV\QV\(SL\ ’l‘i) 8@" iV\"'Qa&r K ¢

|
< #sp;r(te) <2

D < K € nhl |




#SAT e IP
]:vr\lco\(}‘\" Ve Pfoo-(s

X ) h(,:' n

<ovl-r‘/:1' \IVM‘\\Q\W
< Z
ke 9 Ondon 2,
trhy T - oot
V(X » Yt -y J,t)-"- |
VefP

ES“Q'- L 3 Ip \4{ “h&«(t %(\S‘!S Q o'nl?‘hmo. V
<t ¥ \(e?o‘l]n \



4_4. ¥ Y(—?o\ﬂn
xel = ’JP«'W”-( P 1\/6«,3.1 jﬁ\]‘

com‘of{ eness
x# L % M Peover Pr IV( )= j :L—-
?&z\m_ :|=|=SAT;

'MTM'}‘- SCV‘# kf(xu,---,xn) . 0« g7
O‘AGO‘Q: s HSAT (\f) = K ?

Theacten [ Lo, Fochmon, taellf Nigan 107
¥SKTy € T

Peoe] :

(D 3Cn'2 \?(K.,...,x..) b Ow‘\'“nw.d-\(’. L(ngﬁ



A\? (X. , X ) Co-afq'l'\na o r-%mmiqe

F“f(K' %) J olonm. srﬂxr(l\{)l)
s At VY 2 e50,7" L9(3) = P\{,(e)

(2) 1P MQ G\W.n A\f (x,, . X.,) 0¢cK<2

Vw\47|na Moot

Z Z P\e(x %) "K

X=0

(1) Oxc'ijft\me,‘l\sarl‘ion ;
,e..‘mQ, ;.“..9 PoQ;mom}aQ P‘f

0. +— 9
| —> I
X | —>

Eaiad = Nl

hotd —> P - Pe

(WYY l-(l-w)-(l-p*,)
Levy, = 2700 ve)



[ 4 v, = 27 (4, v i)
51(""\ A 1‘{)‘)]

& g2), 10462

PM
\e(‘ﬁ,,m, X,\) = donse AT, &MSQM
=2 Pcﬁms.q\ i A .Papmcam
o<t weh e .Qs(vwv\Qo\ «g 9\3& O('M)

d?d“UL < 3w

(?_) i t)mJ-oc.oQ .eo( é-Z' PY(X.,...,X.,)EK

¥Xu=0

R‘NWJOM'ISQJ 7—%\“.{“"\;‘- Emmiv‘o\"‘ion
) K = |2 '2 2 P (x,%, ... Xu)

x' .'.'-0 X3=° Y“=0

P«rmm ~ \A)n‘.ﬂn I



9,(0) + (1) = ZZ Z P(xX,.x.)

K is wradd & K = ?,(0 +7,(')

P(OVH' Qe-v\d(s (he W#;o;ﬂn S 04) ro%no\m]qQ
»fr (\K;) , CXMW!'MA 4(\(. q/ (X



¢ (%) ) Cﬁw\w'iwa c((Y.) = 7/ (XI) -
Veﬁ&u‘ che ks i K:,{(O)-l-\[“)
M st egmal, fﬂwé !
K mwred- bt K= \u")“"(“ =2 4# /4

&va_ K ‘# "““’("W‘ TéZ“
F(Xz,..., ) ’D(")Xz,...) )

goﬁ-fvz.
12.—1; Y =0

[\( Z Zf(x, x)]

i X2=© X\,=0

Pr[ ) = ’/(f] o)




3-%-2 L{(K,,...,X.,) o W JMS"-S
and w\avlj DQM\sc_S 4 4.( can bg sq‘h&%ea( ?
yL¢ SAT = m
Y gShT = < W

0 : B |
I

Fadt: Con quuys SQ"\SJ-y . w Cﬂ-“MGQS

)
< . " - i -'-l—- - —2-
X.,P..,x..,[ X \n<3v><,< ll -




'Ewr [ sdisg‘.ao( (ﬂmse&] =

PCP Theotem [ H&s’ha' '??]: Fix °m7 €50

’nn—(q S aq fo07‘{'\w;q nJMG("ioV\ R Qlcow, 3-3&7‘
4—0 3’ SAT S.’l’. V 3-:»1( lf

(h ye3-SAT = Q(\g) e 3-SAT
) \?;fs-sm’ =>

Wﬁ& (z + a) &—whow °£ oQouuses
(T Q((e) Cawy bQ 3‘\"13&0( [7 ™ "«SSUuwn

Corllosy: W50, s NP-haed 4o clisfiapic



lorollowy . ¥ ¢ 20] t's _N‘)- haed o OﬁiS‘H"ﬁ‘*iS*\
sehsfialle  3-SAT focmmulas o
(-g- A 8) = S“V("S@)QQQL 3-SAT &‘(\M\J\Qﬁs,

'4!"'( C.—_ _g-\-& . \J’*«CL = “fémaﬂ'

(- a»rrru(imq':l\ow doc o MAX-3SAT juglamce «f
Qe \/QQ~AQ_, V 9.‘"'.

ortly) < \V < Df’"—(\f) I
C
et OFTGp) = wax 4 shsfialh lus,

P@‘m !)'; 043{'\ ca M‘j CLecqugeL PﬂJ 3



PfoL»lJ',Qis"l'\ch] CLecmBea. Pﬂ)m!&
3-cnd (((x.,...,x,,)

q/._;m to.uf‘\‘Vzﬁﬂlu/

P(‘OVLI" =Y
v J

fms'k'\aa{'s 3-&4 ?/ n )$ (\f)

Hastod s vecuchon

W bas ‘l‘ﬁraer(h) vaciabls
" s,J‘,M ¢ Qomses

Piek o comdow  damse. C;
& acact IC;(j)l;S ar
Ov\lT \'&QJS 5 Lr‘s 4J
+ (€3T > Jy P?-[\/MAL? wefs] -

. \?¢SSAT = Vj q-‘?(‘:\lu\,\f\t? acqf-,s].{%rﬁ




	bootcamp_slides1.pdf
	bootcamp_slides2

