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The b\xParﬁ%Q, YY\RJC(,L\\\V\% Trolobm AN Q CP,QL\LCL\ ok wlen  we wl\% havg X/Y and  ovdedesd Pﬂ\\fS,
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Thesvem DM i M\LWP\LJYL

Coo Cleacly DM is o NP \WJo Shew theit 16 Vs M\lm?bﬁg &,vd Proving St 2SAT s\j 2DM.

G?\/M o ASAT ‘fﬁwm\q With n ovadebes VLo v, ond v clowges Q\Jm, Cra > WL wewld Nke to Comgtvuct

an  nsomee o“‘r ADM fuch Pt e {mmm s Setisfieble w\jc]c “+lere ¢ a ?gv{aﬁf gp/mﬁmnj.

ke in T Hami oo cﬂdz Pm%tam we would like 1t cresfie Some varialle &mk&zﬁ o Qthu;

+tle \p‘mmg AR ow s OWL the variables .

For sodh variabe Vi L we wate te “%okkmiv\& %M\gtﬁ,
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kﬁ?)xhvzm\‘ ﬁs\( 1€1Sm-]  and a “b"\\F\JL \ﬂvmxuzlvr

W Wil make Swe Bat thae olomewts [yt XT’\}\\‘\ ace 1ol Contoined tn D\V\% st JD(\LFQS,
bosides He *we ’k\(\\YIES Tn e Uadable %»\o{%fff_
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To  tover W ettbor  weo choote XY, %0 v YooY, 2e One w've  odedded . tle \rlma‘m{hg S ‘Fsruwb
Thie wamm; the lslmmg Arcision *%w Lo Varveblr | og e have ome gc\rﬂs{f for sach vaciablo
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\—Hr\\\& 1% ‘HN;L ConStruch e - It N claay ot Il(' Con \09\ Aowa n \)D\tahm\\ohl Bme.

We need to prove oot e ”\vaw(a T Smﬁgﬁ‘aua T\[{ ‘e 3¢ a \vu\fact ZDf\mofvdx‘mX.

Suppote *lece s a Smﬁsf\j\v\& assignment - L =T, we e tle varable %m&at Ms‘w\g e
2uen Aps \mm(f e odd ps Tren) oblecwise TE V=T, we Gee tle vaniable 3@@&8@ wsing +hs
Jc{\?bzg Uo\)o_(\:»'\& o dd Jn\Ys . \@wh(g the 2ven Hpe ‘E{u,

Sinca s ags\&hmed‘ s &aﬁg%@ns all the clowses. fovr gackh clawce Biple, thoe K a Aree
Jﬁf\> ovaiakle in  dhe wvariable Sru{gdt , and  we will Choote oy such tiple %o covec the clawie X,j.

?w\o\tlz\/ ol mw\a\.n:»\& G wnooueced Hpb. Lo wse e oumma tAples o ever tHeem all.

This %Tuu ws a '\)er§u% 20~ mo\tcb\\w\g\

gw?pbg{ Tecs 15 o ?gqfuﬁ %D/W\A{“CL\FNS.
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Covet e odld ‘{'\\TSJ we sef te vadoable b be True 5 otlecwise  Talse.

Sine we an Grvee tle clawe varfas. e of tla theae Bps Tk cemnecdts b 1S fe (ie.
Wt baing used by the Hviplas from the variable zmgm),

B\é o ConGviBion , T meant tlat Ll cdawe g Sodn‘sﬁui \o\& +lo Qaﬁsﬁj?n D\SS\/jhmant, .

Qubstt-sum  [kT28)

Iv\\)u‘(- n ng‘\f\\m ’mb&gus Ay,es Ay L OMA Qh \w\'hz&er K.

OL,\J(?\,@(: Does Alore  axist a sulosel S<inl with \\Yeg ay = K 2
Thic s o Wa\;kzm about  humbees . and Sewma  hew 1d2a8  are nkeded 4o Coanect Fra&m C owbinatena | Frob(pms,

_Thesvtm  Subset-Sum s M’P*CMFLE{‘Z»

M Tt s clear that Subket-sum ¢ tn NP Wa prove that f 7 NP ka Sk&u?le 2DM S? Subset -Sum

Given  an nstante of 20U, we will constuct  an nstane of subot-sum g tlat e s a
?sz{u& 2-dimensisnal Vv\o&c(,mg WL tlars 3 a0 fWbet of  Gretdlin suw K (4o be detormined latar)

The Maa s quite natwal . Figt. we map o dviple Tate o blkoveds, and then wa translata
oo bit-vedsr b A numbic, and o Q\/ﬂu‘t\uxua o Avple in 204 it be mapped o o Number .

We fHst Show tle vaduclon ucing on xample  and  then daescribe it mwe  Tovmally .
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o bit-vebsyr inte A numbic, and So Q\/avﬁmm[\ﬂ o &\(\?\g In 2DM wall be mapped o a Numbe -

We %ﬁf Show the vaducon u&]ng on Qxaml?le ond Tlen doscribe T e ow\a\f(\:[_
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with S| o L ) \
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Lot [X\:\Y\:\Zl?n ondh et v ba  the numbec b{ 4\\{7&)\25 n tle 3DM instena .

We Wil Craate. O vetker fw 2 ach i\r?\ﬂg. Toach wvector has  3n crsvdinates . swe %w 2Lach vartex

Tov each Aiple (Y{,\ﬁj,z@/ we  have O vedtse with 1w the v-th U\%)At‘m,am{ (2ntk)-th  Csovdineds,

ank  oll otlec osrdinabes oo

EB constyucten | X s <osy o \Vacify ot tlore ¢ a owzd W\Qh%}ng hotle 2DM O Instana

\\“% and w\v{x L& There s o Wbt e—{ valttsve fbvf Qums o =*he all-ome  vectse .

Tn e obove XXQMP(Q, +he  vactors Vi ,VU; U SUm “p N~ Ho allbome wectse |, and  HHa owng(fwdl\g)

%\(\\?\Qg ‘EWM o ?JZ r{z ok mox%dr\\mg,

Wae \Rave e \/a(\x{;mﬁm\ ojﬁ the abwve cloim s Tl eadec.

Co. now . we have e Frokle oWL dms‘m& o Qubget e{ 6-1 wvetrbors et Sums 4o 1 1s NPe

We woulde Uke o wie T+ 4o ghow Hob tle Qubtet-sum Pmlp(zm s NPe.

A \/Qva rotural Thea ¢ 4 Think e{ the 0-1 uUncthwy as tha b}hana Ve\)uuvﬁmﬁw o{ o Numbze.

N Y 2ntk
T]'\a‘\‘ S gach —{\/\xvlg C%;‘\iﬁ/i\() s YV\QP?QA 4o tlo  number 1\ 4 )_mj + 0 " .

\Wikh thig W\Qw‘mg, T{ Heo 8 a Subcet a'{\ 4@/\\?\25 +hat fb{m o ?Q!‘eu& Yv\oqucL\Tr\g B +le CDT\MZSFOW\O{MOE

3n ~
Nwmbers  wonld ol MF to ?k 2! , o number tHat WQSFWOU v the all-ome S‘fﬁrf‘
=

2n ~
Hewevae, }& tlece W o gubwet st numbice et add wp o E‘ 2! R oy not C,W(LSFMO)\ o

(N ?Qr%uﬁ mfﬁd'\]v\&‘ The P{OE\QM ottt when

we  odd wp ™Mo numbiacs both  with 1

Tn tThe \YH" Cosvdinate. tle ruuHﬂS Numb2T hat o SnL  in the L)“H)»H\ oy dinote becanse

OJY “vaﬁ)’ o not hecawe Hhot we have choen o vty with a sme T the (HD)-(ovdinate ac

wo vtended 4 Cﬂ'PJCM(Lv
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Thete 1S o SQW\?\Q vek o A gzt around  thic \\QOMLVJ]/ Pro@;\gm.

Thera Gve 0% ottt M numbers.

&JT§ we cheooe the Lo b=wm+d, 4len 4lave could not be Qa(vxd?ni = Ao next number.

h+3

— . 1 nt k
Ninal ConSyuchon: Touk ’k\ﬂ\’f\l KX;,%S,ZK7 i< w\a??zd = tle numbe ¢ b+ o .

+
2n 1

Dp:g‘mk K = ; b L thee all=swe number Tn base b (oxept the lact Pos]{ﬁm)_
=

Tt 3¢ clear Bk Hhic on be dene In \)b%nw:a[ Hme .

Clodm:  There 15 o pecfad Eb»mq%c\a‘\»\g L tlere i oo subek with swm k= 3 v
D) s direclion i Qasy o e hove orgued befoa Tn the bt mm&
&) Sine thae T oo orrying, v sech posifion Loy the ose-k capasmtoiion, th Subset
Qur X2 ks M many times we have  eoverade thae l-th veckexr  Tn 4l 3DH Thsteh,
As +le Taspet vumbee K hat  onel in woch position (except the lact o) | o Subcet Df

Jum K st os\(u_s})mrk 4o o ?Qr%@& %Dwmmfcln\\kgu

T\v\rz, cloim ’%\V\TSL\LS e PYm% O'{; tle thosvem - D

AS we hove mentomed a0 LI, dle  Qubcet-sum Pva\akﬁm ¢ a %PLGal Cage e{ o l<th§ac£

vrob\gm. Uﬁw(k\y KMFSQQK eNt ond <o weo have kmanacK ¢ MP,CmFufz.

Qwolud'\ng Cemarkg

Tiest,  wa S\AW\W\A(\ts(L whet  we Wave dewe  S< {;mr.

ol ?ro\okams in NP

/]\ (M{\WMKO & mRang éF
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T

A .

CLe I¢ <P HP cubett-Stm

7
\<N:\F sack

Unlike  what  wae hove deme Ya 2o Bav %F\mx Whave  we Showed You the bosic examples
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and  oskead Mow 4o o msve  advanced QJ(&W\FL?_( IS %moww\c/ Tn i\\PfW?\umv\LS&,

we  have  Showed You o o'\T{-ftwlf veducBsne ond  osk Yeu to o g}mY\L Coduhme Th Hw.

Tzc\m‘\%us of o\o‘mg veduchons

As we mentimed befe,  dving veduction reguites o diffecent woy of ﬂ:\mmg; we need to Aaok
o hacd peoblem Y oand Shew that \(QFX o ouc poblem X

Tt ﬂ%guiru Placies s  Reacch %\f e \f‘\g\r\f P\fo‘o\gm X,

Onee Yol know  more N\‘fc/m?\mm on\o\xzms L oTE TS easter o \C\\MK a. Similac PYDHZW\ + oot
Ceduction - Covacing type Lam Ve, ?mﬁh\m«‘ms Type  Wwseg 3DM , ete.

Thave are  Throe magm %szm‘\%ma& N Pm\/‘wxg NP - Lm?b@w&hg@_&

ando\\\\zmﬁw

Obgervea that o  hard \)(QHQW\ T oa (vqna\ el Case ot Yowr ?YBBIQV‘A.

Thic Y He wasiect omd  most uwxeful tethniqea , 05 Mvys Pmc*\%u\ probloms ore often wavve
Lorpll catrod WTEh A fFferent \)a(awfmrg , and often Yo (U\L?%e tlod wg{\(\\cb‘mg T @ S\Xr\qP\L
?JLH%»\& Already  Captuces  om T\ﬂ)“ﬁ)@m?bﬁt mem_

Some examples Hhat we have teen Tnclude TSP anok Knepsack -

\\/DL,L \,\J\\H See VY\D\V\La MDY \\y\ %wewmk g O‘Y\OL QL,LPF]QN\_QVJ_‘OMZ/ Q\(_Q((,\lgéi_

L ocal  replacome V»JC

Thic IS ot as g:w?u ol g?mahsm\w, but vt ol o ffielt o Smmgef Gblsij,

We  replace  gach <imple gheudwe T Frob\em Y \o\é e Simple Shctue  Tn \)vokum M.

Lewe SL\(QW\PW.& Ahat  we have wWen tnclude Qe -sAT SP 2CAT ket wa \CQ?\(LC,L/
20ch Qe \°ﬁ Sove Simple clowses  with s Qame fvv\ch‘swm\ﬁ’é s DRC < p RO Wl
wi veplat  goch  diredted su)\&a b\é an undirected path of length thvar and.  Gmnect +hoo
pocths mmd;m&\\g PR A Subst—tum  Whitdh Y o vnsve pea-tavial &XQNP[L b\{» +his
Kind Wl wa (QPIQU/ a JW]?LL \O\é o umbec

We  will tee wsve k)cam?\eg n HW{ and %“P\)\Qw‘ﬁ"ﬁ“é 2%2(CL§S

C‘(mﬁkgﬂ Aot gh
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“Thig W%m\ras Qv,wﬁv‘\h%) “\mo\g‘w\mﬁw and gooo\ und,arsﬁnouhg * o(u??n gaol&d: ond +ho plan
At caduction.

Wa hoave  Saan ReATSp VC | 3T <p DHC | 3SATCp DM, 3SAT <y a—cokw‘m%
are all o thWis ind.

\Wea \,\Jmlf osk  thig '{‘\ﬁ){ o% %m&gﬁms ih HW ond bf% course not Th tha \Q‘r\o«\ LXam .

2 v 3

Tt s oon Tﬁews%\ng 'P\'\JLV\SMJ&«\GY\ o oblevve Hat X T¢ smgé butt 2 1< hard.

Tor xamgla , 2SKT I 2aty ( sew guw\ammﬁw\a 2xerase sk 2)  buk 3ISKT ¢ haed
1/cpkww3 oC Lm\;} L\(bivarﬂ%mms > RES D but %fw\v\r‘mg N
\A)/m)xcwng T o5y k\o‘\\)qrﬁ&& Mo\xowhg D but =DM i haed,

Ugmod\j/ D¢ J@ML& be cotse  Gvice \Aow make o dacreiewm  tlen Jl\lfz,(ﬂﬂn\w\g 2lge. ¢ %«Ac)/

while %3 i o?\\\'%’gw‘w\)t b2 cance O»%*’,z( \fm moke o Cholce \jev\ afe SR\ ']Luuuk with l;m(;«g' dedgiows .

Dedigion problem vs  ¢eaich P{ob\Qm

Yo may windoc  whvetlae (u%ﬂdﬁm& o deasion P\ro\@\em Wi Bed Tl Seope o~§» our ?mbuw\s,
becauss we are wswally Interested T %hd‘mg an  opBmal  oluhon .

Mo\vua Cenvch 'va‘olzms Can be &s‘wh& reduwcd to  cAediiom Fw%kamgl

?Wzmm?\@, b Hed a Hamiltonon eyele, wa Can delote an adge ond asl an\w\ whother o KT’QFL\
N has o Hamilsan oﬁdl s s dutermine v aw edge B in the ool or ot

Yow aca th(qitd\ e {w»é thyve o otlec Fro\oumi, 24 N, Qubget ~sum, 3SKT  ebe.

ACW“M’ Sne Can prva wameka tlat any Np-complete  Seacda ProloLQmS Con be reducd o
Pu\jnw\m\% many NP-complete clacision \Dvo\o\zms ) b\é \fewslwwc‘c?v\(i o Lolwbion b by b¥E

Lo, ih terms o& PD\\\/Y\U‘M\IO\/\”+\\W‘Q So\uo»\aih-hs‘ Thye T¢ wWithowt  loss bjr g‘u\zmﬁa.

t\\r\obu3‘ to Quasc o Wb‘mq\ NZA (g"‘i\ @« M C L moax=LC) | we  Can %ﬁw]ﬂ»& ok %Tno«r}

Qearch s &\u,gs o D?Jﬁmw\ value  in Kogm‘\%\mﬂg N be ¢ o+ SJWFS"
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