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Figure 4: The instance of DSF created from an instance of Grid Tiling.
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Figure 5: Let u.v be two consecutive vertices on the
canonical path say P{. Let v be on the canonical path
Q" and let y be the vertex preceding it on this path. If
v is a green vertex then we subdivide the edge (y,v) by
introducing a new vertex x and adding two edges (y,x)
and (x,v) of weight 1. We also add an edge (u,x) of
weight 1. The idea is if both the edges (y,v) and (u,v)
were being used initially then now we can save a weight
of 1 by making the horizontal path choose (u,x) and then
we get (x,v) for free, as it is already being used by the
vertical canonical path.
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We need a small technical modification: we add one
dummy row and column to the GRID TILING instance.
Essentially we now have a dummy index 1. So neither the
first row nor the first column of any S§; ; has any elements
in the GRID TILING instance. That is, no green vertex
can be in the first row or first column of any gadget.
Combining this fact with the orientation of the edges we
get the only gadgets which can intersect any a; ~ b; path
are Gy,G;2....,Gj. Similarly the only gadgets which
can intersect any ¢j ~» d; path are Gy ;,Ga j, ..., Gy j.

We now prove two theorems which together give a
reduction from GRID TILING to DSF.

THEOREM 9.1. GRID TILING has a solution implies
OPT for DSF is at most B — k*.

Proof. For each 1 <i,j <k let 5;; € §;; ba the vertex
in the solution of the GRID TILING instance. There-
fore for every i € k we know that each of the k ver-
tices $;,52,.-.,8 have the same x-coordinate, say
a;. Similarly for every j € [k] each of the k vertices
$1,j152,jy+ -, 8%, has the same x-coordinate, say y;. We
now use the canonical path P for (a;,b;) and the canon-
ical path Q7 for (c;,d;). Each of the ¢; ~ d; paths
pay the full weight of a ganonical path, which is
n-+1)+2(k+ 1)+ 2k(n— 1)) However each a; — b;

st will €n(a-rft’/a gl Veltex m €achof
'fLe t ﬂo/jfZS a oi’lj '”( Wea ﬁna/sarl/ek
{" e“h Fu fn(g ngfa/ 1‘ (mu

Al U((‘)H of [czw\ we Nalé f&/ﬂ e
£0 SE of weisht B_KZ.



gy\&//(j n;{f —}L;f one PI’IZ«ZH }Y’—d}f lhfar‘fan lesalt i
tervla//-za. fion that : ‘ ,
Mﬁr w0 ythe Vere covef froblem p,_rmfeﬁz'z/ boy suletiin 12 s
o 1 Ot one] i St o 1o of s
0 (%) wpless NP < & /el
SThouyh 2 dovt prove theotem o bae Since i 6 il tywe Cu ae
Pa{amﬁf’ﬁ?o/ fep/acf(mf to 9¢f }l&m/mrj for m‘lz{ ffaéémf(qu'u{ :
i r«/Vé(J)S P,'Pe!(}\{ ’H{ Fa(&fr‘(%((/&(/r({/é“(ﬁbﬂ ”ﬂlﬂ QYNZFZA’f(bﬂ A/ﬁﬂfﬂl}m)
e-9- Censibyf Feeq/éa(t Verex set (Lbding m}‘)m'mm(f‘“"(c bj"l/f(@?‘o m&
Thie s o s , ~ §refh Cocle-ffe)-
0{8'/[;‘# S"“?& V'ﬂf“f'*{'{‘fl/ﬂ(«/ ‘{'fmj’-fufk«a-(u;q that Takes o Msf«na(g’j
wf ouTPulS o ‘ ;
erten (i‘j’l/ acd TPaTs on epuivalent tnstn o (4] of Feed] ]
Tuke every edqe w/ €E(6) ol f./‘/_ « Vo tyy, that (s :‘7- b %Ct Vs.
&n 67) Hhas crm(«}\j o ﬂ’/&uﬁk thet must- het 65 the g,/afj;f—r};nﬁ fo Q}V
b o Similot TRV 4o T ¥ Feeolba b 1o Fox 5t o5 oy
W hete mope thw/uea( 'Huarpm as well. e
’ﬁ’!m: Lt'f 0 be e Cer sfant . (/ﬂ(eff /VPQ ("/VP/F'@)
—&df ard 923, e 9_SAT prubln pufometerizd ¥4 1k runbet o Vs bls
N dits net hove « kerrel of bitsize O(HM)
— Fof&mﬂo{}‘z) e a/...}{(Hz'nj Sef frobem Pafm“(fﬂ(/?(b/ (7(9 Culaton, Sz k
0[“5 m,f b gy, kornd with brtsiz 0([({..9). L [aendtalizalion vetfey
ook s nd & S Bt (i o Hrliny s o ueed]
set ofyy 512 Tt iy Sects eVl set of 0/&6/103 C Ui{d’?}?
/W'f"f #‘:’L Tj"m aécl/( faoy ‘fm//‘q/ hr{ne[(‘q—ﬁm L./}’l(c'[/} Qf S,z;:/]
f if? qj,fjo[{’r;’/g% /—;}:}" best <t ve can :/oz % I’Fr”éb/e(aéf/((;g
ﬂf‘ ’f lM@a( an ) recfem (} 4 'fu//oé;/ v . : '
My o f/qff MLV'(}{’[ wpgcggf jf;ﬁz}/gg[%wimhaskx 9%
Tj'”“r th’(ﬂj.f ‘H/fé ﬂv((aﬂ‘ff(’f/'zco/ 605 fL{ S;zea{ #‘:.ff—rj V(GQ a{
o f;/;inamh/ !Qf(l}e( an(efr /\/cho/l/P/pa/g_ ; kil mL
G Same holds s Sterry e (5 Pafanetelsed b 5/
Solutian 5% (sihae [Tl Solectin Jf;c+r)l) ke & .



T Pafapele

A0k /7n

v

MS ard  Olhef Wﬂf- T T——

FQT@ Uf{o)ﬁm‘f/;ﬂ - An ‘FPT opfmum P fﬁ)i’/'m'a‘ffw a/@or/}dm fof
Pﬁé&m O L\/f“/] aﬂ’/a/(.r"‘&‘hﬂ’} fuﬁaﬂ (S an h/@v(/;‘{}]n /q 'fjf!t- )3{Jm
on mf,,,‘fg oh'ffa'f a NE So/(;\j g“(!ﬂ 'ﬂ“'f

Cost (ns) Copt () pleptlx) o el 15 rih

(63%(?(}('» >Dﬁ(/ﬂ/ﬂ(oﬁfﬂj) I;f: oa( (S Pax

We (e 7uife th.t on input X the c./a)o (/A tuns i {(0pt (x)) MD (U’h”‘t 174
Some (Ohf’ﬂf‘-é[e ‘(Curc‘f‘/bl/] 'F

hitws, He g she wrd Kurfre [1EC’13] frage '
The | Unaéf -Hw ETH a,/ qm{}‘»y Conjr’(ﬁ\ff’ f’fﬂj'f(f/i"? Gares (eﬂjt’(ﬂ{fe
(PCC) e ensts anstents 5 >0 such #hef 4he Setcler foblon
ol No m/I”ﬁL on FFTOF?L/WH ﬁfﬂa)ﬁ"‘f/m n/ﬁaf/#?h Uff}’/ﬁf/b
Plof1)=0pt" in ?Wﬁpv/gmf,m) fim whie A 13 ng 57 o A Unlerse

_ﬁ] mm//lﬁ p ‘fl( nMné’e{ o’f S‘CT)', _ , L

"L Unless NPC SUBEXP, fur eveyy 0<8<t

Thie oxists Pa (onrﬁ.{uﬂ{{\?%)(g?rmh fhet clgue hes no T i

“ ffYorimetion with [et

@ Plopt)=0pF ™ 1y 291" g,y (1] ine, whte 1
(S 1)% HMH(’)["/ ,yf Vertias _H{ 3%6)17. P Y, / w52

Thie wte afew ) cpprommatin for s Uohael frflns
burf st/ Ik teld & ufrﬁ nfzq/anj /e apm‘ mole Yesulfs 1o be
knavrt o Ale fell.

E@gjm:'ﬂwﬁ)) n S’Hﬂiﬂl"‘ﬁg Y(’F‘(‘-Sff?&ﬂ?mjj We (,\-H(ﬂ

assure 4k (- My/tﬁ o functon of n. Howeyer 4 nen) {(“«“*é‘é
eraf}) Frob(lhs,L/f Can M)’hm'r{k (albxﬁu” 1S nb.‘"//,«\’j(’ o Y(u/»fﬂ’éf/o/
N Vt/f" f';/\‘s'tﬁu (e5. T)\ug We Cen am Fof Pz,(,,‘ nellw S‘h’fﬁ“‘"a In W’”t&})
we Ve fuleAle merory be i T(K) - Ok plykyn).




-y (_E}——m ;H”")" -“03'1.; Moh;;;“zzm s d/
(onaﬁ of P «M’QQ? Stlearing m/ oéﬁfgsggiiégé/étii'ﬁfSﬁr
[WWQWT([/\MB ard Ye(tex Cover. The (gﬂﬂaé‘/ tus o els:
L 10 Sef Tron on/a) i whieh f«/ﬁ)w will be yust rw/o[ep/-
?’i(ﬁﬂﬂM{( S‘Hfai‘"fﬂd) (n A/)’MZI/) e h&(/t” (704/7 " Sef 7/ E“/
0[(@/':/4‘? o'f f’/‘)"s,
cCmgofptain lesuffs £ bufh Coses. Hoverel £51 /qn«wc
S“fff’«w'hb ke on/ (on s/ Y ‘Hq (us¢ {Lsf *fie ot Sle
IS a1 pest K /““"‘3 ‘fle enflle ConfSe ot #‘f SfYecn,
’;{MSH:« 2 (S non/gMa; rm;{ Oé’l(mm"o ﬂﬂtt/ )%fc%\eﬁ
esaltS 61t (5 Veyw aferestirg .0y iz of
Sa/ wfron )uﬂ «f e {’?/ of '14‘6 (jﬁL(&;})(l g jlll{mif{f( fr
inthe middlle Cen be loyae.



