‘ 6.%0 | Lecture 15 | Oct 3, Ad1Y ‘

P search problem : (= NP-elafion)
— 393! . jnstomce —>» sogu‘h’cn (a/ng)
— B¢ eoch wstamce, set of (1olid/nsible) solifions
— com econize nslamees X their sollutins 1 P

— every AJP proba&m —> AP search prolc»aem
(6«‘ evexy chotce of YES cor; 1o éca]‘es - SOQMILMB

Cowiting version #A sf NP seacch pronew, A
ngun‘{‘ m%b_er ot SoQu‘{t‘Jhs for given instamce

—eg9. #SAT : find # _sa#s@: _assz;nmo/n‘fs
#Shakashaka + nd # %ﬁb‘m < pazzfe

“I_:EE = 18#A | NP search PronQM. A% Naliait-TCs 1979]
= %prok,a&'hs soneJ Ey Pq%ncvn?aﬁ' ‘h‘me.
vondeterministic cowiting olgorithms 3

G makes IUGSSES, of end says YES or NO
L Gust like am AP mﬂ‘zm)
> outpat- = #guess poths ading 1o YES

4P-hard = as haed as ol problems o H#E
via multicoll (Cook —S@Q‘D reductions
> ¢P unless P=0P

S fechy Tca@, Ep= Po@. —time Compu"faéfe functions




Farsilmo‘n?oué \(‘E‘,&g@(‘?ﬁh -ﬁ;r NP SQOtrOl'\ Prok,aé/ms
instomee x of A5 wstance x' of B
— Co mpufabﬁé (n Po@ v\cm\ray ‘('t‘me (,Z/(Q /UP v‘g&udimb
- #A salitons o x = 4B sollitions g
= decision problems (I soliten?) same answer
= NP veducton o

— HA (s #P-haed = #B is #P-hard
(4 A is AP-hard = B is AP-bhard)

c-monious veduction:  Uniform scolling
c H#A selutions o x = #B solutions To y

— presevves O = AP reductionfoo

—#A 1s #P-hard > #B is #P-hard

#P- complote. SAT problems:
— #3547 1L
- planar #3SAT (R ar Shans ~ 1038 %

as in

— plomay monstone vecTilinear #35AT L2

— plavor positive vectilmeor #1-1n—35AT
— ?Qa/»\ar posi five #SAT-3
[Xia, Zhomg, Zhao —TCS 2067)
— Scl'\oe\pe,r' StyQQ cQR:[f\oﬁm :
-#SATeFP S sawsTem o{é{ Ginear eo‘um‘wm (mod &) )
— #SAT ‘&P‘COW\PQULQ ofhecwise |
[Gresgnan & Hermam-I¢ ;looG]
See [Crerjv\m, Khanna, Sudon—SIGACT 81001]



Shakaghaka: parsimeniods =3 #P—hard
Demaine, Okamo"b, Ue hovor, Uino —CCG 3013]

Howri {foniom cycles:
— old proots nat POrSiMeniouUS [Lickteaston) [Pﬂesnikj
~ Parsimanious eduction Gom 3SAT o
PQG_ﬂO;r qu-cﬂeaqree,—f) HamiHoniam gycﬂe
[Sato —senior fhesis 2003
~ nonplamar case sshed caclier [Vafent 1974)

Slither-dink: parsimahioys =2 #P-hard  [Yab 2000]
— hece cam't use geid eaphs
= sptional \rertex godpets




DQ/"\@/VV\\IV\Q/Q" O'F n X Ih Vg\()x}tfx A= (O(d) €P
= 3, AT L
?eév-‘w\\[fﬁm T < ’) g:q “‘*"TCL
FYonuc,f ot Fumu?‘c}?a?\ matvix withm A

\ n
PQ‘(W‘ QV\@/V\+ = Q. X
—T ?g‘mﬁo&rm T 1[; INUE

—> \Wei Wkted directed n-node raplft W(C‘J> Q¢
= Z\iro&ucf 0{\ Qéﬂ;e wel TSgl ggcﬁe CO\/QI% ‘
Vertex-disjoint” divected cycles hitfing ol vortrees®

— # % ’C/GW\PQQJIE [\/an‘am'['~7CS l‘??‘ﬂ
— c-monious  reduction from #3SAT
— wey\z\’rﬂ ec%es i vaw‘o»EQe& cQausé ﬁaooge‘fs
- SPQ/CTQQ WQ()L\+ V”\OdVTX >< in JLM’LC:IT(D'\S
— perm X=0 = nst dlone i nezen cycle cover
= ouitered L exited by bisger o
~ pem (X = vowdeol. 1) = Pem\()('\rbw&coQH =0
> cont evder Aesye immediate
S order o ont end (1 or Y)., eaveod ofte
— ?e,\rw\b( — vows Aedls. 1 &LB =0
= cant feove watRrior 2 sefarafe
= ust be uisifed bofueon erter & exi 1
— perim (X—yow 1 —col. D)= perm(X-row Y-cef )Y
{ochor for eock Tvawvevsal
Sack as foreed eoqlge, i V- & clouse Cgacl}d?
é@@(m — L_}&#C/QOMS&S . _~H; Sm‘l‘rs‘@Ty styhh,\%‘/’g



Per manent  mod 8 allso #P"‘aoufé) - Nalgit=TCs 19'4]
— multicall veduction from Pexmanest
- sel = 2.3.5.7.14. - until me(uJ >M"pl
Qagésf odoSonfQ CIVY TN VhoaLh‘X <~J
= Oln o M+l w) collls & max VZOfﬂwd'Qm that)
— use Clhinese Rew\a?mcﬂe\r 'ﬂ/\eovem Rrime 4 Theorem]

Aencoded- in uhary
O/ 1- PEWW\OW\%’}' mog v - [\/aQran‘l‘~TCS 1‘?‘7‘1]
— Poorsivndnrcsus m&uc‘hoh 146%« PermomymL Vho& .

= ol %e we[g(/ﬂLS Cé’;(lp ec}h\/e%> h(svmeja‘ﬁve
— (eplace wegw-k edge (k>1) w[ﬂl(jc\f%éf
with k Loops |
— Waiqua SOQA/C(T(W\ TTC ov(ijmaQ %%e Omuiecﬂ
‘C-D(o\de k solutions OVcl\jimQ 390 used
Using eXo\o‘fozy 1 chop\)

O/ 1—per ma/v\e/m+ ; [\/aQran‘l‘~TCS 199]
— ocne-colll veduction from Y1 -permament mod ¢
~ calll with some wpuf
- ‘Feiw{m cm‘fp Wt vm:;g ‘e

= #cycle wovers i given divected graph
— ﬁ:@@rfeof mofrol«wgs T 27\/@:,\ lo_iparjjf‘e. )m’pi\
(V1= rows, N =columns, (. j)€E &5ay; = 1)
R n U J

—-5%---5 V1 Vo
=0, Callanced: Wyl =Nyl



@Parﬁ@# maximel _mat fings: Noliowd = SECOMP 1959
~ one-asdl! veduction from bipartite 3 pertect matekings
= FQPQQCE, ch \Jey uﬂ'l% n_copies G\=N(>

2 eah odoe  with EICQW Kmm
> od mateling of size ¢
= (W) N\ distinct matchings o€ size nt
(& presarves \naximdlily)
— 4 mOo(Im mdfclr\?@ n s jTaPL I
= é‘ G oriy. maximdf] matchings size DE (b
setract 4 poctotondtebm e )
= cdm exlrac ec alchni L= "a
neovrect (adl’u.a%?i reductis g%;sfstte{ LProbém)§€X;j

B_’\pa\rﬁ{“@ 1t ma'(’chvg_sl : Noliowd - STCOMP 19%9]
— VY\uQJn‘CQM @.(ﬁucﬁ‘cm 'F\}zm« EZPQHZ'IE T Per@c'(' ma'f’cb\@s
~ GGk for each vertex: acM k aocd‘acw# eonres
“Mr M(ﬁokﬂgys c\[ size Ya-r n G f

cofarned tn My (k+ D)), matchings in Gy
= # matchings in G = 3, M (k+1)"
" evelucte. 4s pelromiad " for k1.2 1Yo+
= con extract coetGicients My, Mg -..
- M, = desiced # pertect monLcanys n &

4

Bigortite # moxcimol matchings  [\oadhan — STCOMP 2001
= cme«ccﬂ mcﬂuc:hon from éipa\rﬁe # m(ﬂ‘d\‘wgs
- ﬁ‘( ench \/ev'lLexi o&cﬂ 1 aobacem‘)’ Q;egqo Q—)
- vv\oif cl/\‘w» =2 Uigue yb\ooc'\moﬁ mdfc\:\igj




Positive #ASAT [Voliowd ~ S2COMP 1974]
= # vectex covers (€ ol NC reduction)
2 # cliques 1 complement graph

- parsimanious vedluction from bipactite # matchings
- ecﬂge = vqrfabQ@‘ teue = ngt in the MOT)'CJ'Ing
— Q nerdent Q&es edf — C/QCL\LSQ et

= saJrrs@ny ass(rﬁwv”ew+ — ma‘(‘ck?ng

#Minimal Vertex Covers  Wabowd - SZCOMP 1979
= 4 maximal cligues W complemedt 9raph
= # muimod fath settipos for positive DSAT
= ParsimmiousS reduction eom b pqr‘ﬁl‘e
# maximaf matchings, as above
- mtmimaﬁ 50&?5@ _'c‘gg assngmen‘lL T mo«xrma MQ+Ck?@
IEl—¢ tue variables &  sz2e (

3-reguflor bipactite plonar- #Vertex Cover
= plomar positive ASAT-3
where eoch clause has 1 ved & 1 bue voriable
— #‘P'COW(DQQJ'@, D(ro\, ZL\OW\j, Zhoo —TCS 51007]

(EAS) - @uQar Ja?paﬁife # Pocfoct /VLQTQ\'\J/;?_S
~$#0-complete  [Xia, Zhovg, Zhao —TCS 2007 ]

(note: dectsion versions )



Ansther Solition Problem (ASP) [Uedn X Nagao —~
- for NP search problem A: TR 199 |
/'\SP A: gwen onQ Sbﬂuﬁcn, (S +L16VB Qwo‘l%ter?

——————————

~ usetl i puzale design: want unique solifion

- eﬁ. ASP k—@ﬂority GP (&(‘o‘hﬂ‘Q co,Qo‘rs>
% ASP 3-reqular Haniltwian cycle P
(dways ansthec solution

ASP FQJQCJGGV; © parsimonious \recﬂuc'h‘oh A->R
& poly—tme bijection between solitions g ()
X SGQ(A(”&MSB (x

~ ncludes eNeY ParSHNEUBUS ceduction we ve seen
= ASP A > ASP B via NP reduction

Ceam map given solution to A > sol. B)
— AP BeP = ASP AcP
—ASP A NP-haed => ASP B AP-had

ASP- havd = AP veducible from every AP search Proly.
= AP-hard & (c-)ASP prablen is AP-hard
# solifions e [Yohs & Seta 2003 |

w%+ oo

ASP-complete = ASP-hard AP search problem
- Imcawﬂes PQwv\ar S5ATs & Hmi@\wrdty MO%
Shokoashaka, Slitherfwk
— ot e-monious reductions ey ASAT, mafch?ys, Pemauen'}




