"o oSHIoU 1€ CSUP

Jet (CSuP) wot old for M=Go2y .24 Gk .
Then twe s on ick ond Fel1,d] such that (in,cF)¢ sup(M) or (owt, i 7)d sup(M), but 6:.uin[3)=w
Jdet (in, tJ ) ¢ S“]O(M), the out cace is Simlor resp. Giveout[]=w.

“The kt(? 2~s$ht s that thee (s oo Computable  bound] Kbd €IN such trat forodi
se sol(Cheru ) , SLin,i, 1 < Kpa.

[his follows from on- orgueuts on oives~ Tuiger Systess ool Presiurges Pritiwodic

oLQMMG" o‘&f 3 be a oUNQO’I'l‘fed,c/ %s}% 'l\A voriables  xeIN VM, onal Sho,.\ the Ca"‘ESF‘Wd"é

howogaoud systeu, If re\/ors\sup(Sm), then, thwe s o bomd KyyelV,
Computabie giwn S ; such 4ot for all s€S0((), slr)<Kpy.

oo} Such o Liu €N eists : By o arguunts on LT3, we kst SU(S)=BHP" for s fue BPEN"
1A owr ‘P«:.F fo- nis stotoment, we ustructed P such +hat S0l(Snou ) =P¥,

We aswe this. Sive ¢ sup(Seon) hlo]=0 frall hesol(S,,.).
Then, for olk peP, plrl=0.
This meons that for all  Se sol(Swu), S[e1=blor] for sove beB, sivce
all P vectrs hawe O for tus entry

We e Compwl"( s Ky : We con express Kod bd o /Plﬂbb/&e/ Forw‘o\/ onol “PP? QE.

(Like in t—mﬂm 3)

D
For ecach 0 Kpa, we coustruct Ma 2y replacing 4he i countes of Givin by a.

(Ve retwn dec(M) — fMalaSKbdj.
0 dec-lewun in cage (CSUP)

Ma<ru M : ot acKyg.
The MGTS Mo 0nd M ony Uffe inv the  (Hn p/ecow/u‘g Qraph.
et Mo’s (—th precov. graph G:a. We Show G: o <y Gi.
We rave GiaT=6.T so U06,a)=WV(G:) od thus vk(B;o)lc] =rk(G;)[c)
forall c24
We hawve (i (6;,) € 0in(Gi), Not(Bi0) = Mot (G:) , ond 2(6ia) =10 ).
Then re(G;a)l03 <rk(G1)[0) cnd s Bia <,y G

UWN(MQ) =RZQM/N[M): a&ﬂd, %%V(Ma)c 'ReacA,N(M) for ol 0Ky Since we added a onstrount,

oskyy For the otne directioy, Let (x,a)e Reach jy(M). Then Hwe is a rn PéE MIN(M)
thatt reache ﬁou\ X. ﬁs we Souw), We cen caustruct a soumtiov 2eso((CMu)
bhat hos the sone eut‘fi (exit uvaues for tre precou. grophs. Thew 2limi,j] €Kpd
onal P s G with 85 ol - So we Con nitorte HAiS  rua in Maz(iiF].
“Thus, (Xca) € 'RCOGHN (M;[.'N,.;i]) ,



:DecomEosfHau for (ESUP)

olet thae be on i<k Such that  for M=6o2s.. 2.6, welare e€G.T withh
e ¢sup (M).
Then,we con compute a bownd K,y EN such #rat for all €€Gi-T \sup(M), all soluctious
Sesol(Chom) have Sle]<Ked, same ag in (CSUP).
éﬂ% maow\x run toaked €& ot most Kpg hvwel.

We restrict the number of Himey such on edge con ke takzy.

‘Problam : We produce copies of e edges when we do +nis

—

l
lf +he dimensiov of the naw precov. Srapkg ove the Same as the old onel, 4ne
ronk. increoges J,

“The dimersioo Of' the nuw precov. gfotfks must  be lowen

How do we evswe thus ?
If e vkl gﬂ; bowdad gdd,o,s IN O rfnecoue/«'ab \?mpk,‘the, AMeSIoL cbes decreode. .

(not ot ol Obw‘ouS)

For the rest QF the case, let (<K Suchh thad GG;, T \SuP(M) *¢
od fet Tpg = G: T\sup(M), o Too = 6:T 1 sup(M).

First we conStruct +he MGTS fOrnaﬂ@

We introduce a comter thed counts e mwbvof toker) [pg ed&% ond moke o VASS
Then we extroct the Scc’s JO!QJA tus VASS , make theuw invto preCov. grqfhg, Y.
olet de‘(Q., [d),T) be a VASS with
> Q' = G:.Q x [olkbd]-rw
= T' the set with
((q,c), u,(9:c)) of (9.u,9') €Teo
((Q,C),u, (qﬂc')) 1/ t=[?,u,9')éde, c'=c+_1t/ C' € [O,KdeTw,

For and Cddﬂrw path p (n Voo that reacher (Qout, v) frow (qia,0), we construct
+he MGTS Mj: where we Neplace G with-  the METS Up = Hogi Hi ... Hpi wnee



-~ di.--alﬂ ore tine wfdate«& alotg P

> HJ the Strax% Conkected  compovent af the J-tn stote in Vg with 9ia = out wa. this stode,
Hj./\(q,v) = Gic)(q) g Ty

Ba o Siulle~ aguent to (ASUP), all Peaam‘g s Moy ue €ETpu ot most Koy e,
[+ is ea.sa T see tret all Suda cws o aaptwed o [Mflp o qycleless path in Vg Frou (§u0) o (qeu)}

Adeuma: Reachp (M) = W/M([MP/ o RycikiER). podh. Vou Frow (qin,0) to (qout V)] )

We still veed 4o show +hat ronk deceasey . Fix o ¢4elelals path P in Yoy from (4ir,0) 40 (Gouby).

olot ?lp = Hoya - ypi Higt
Uk, Show that %<rk 6{ ond. thu$ M_p <re M singg. ot/ Precov. \Sﬂ)\phﬁ ore wrtouched .

Wa?u in ajz‘rctfg conrected couponem‘ a/ Vw Con be mpeafEd :'Adeﬁbﬁcb, Y2, fn? oo vot
ncrease the ec%ﬂ- @AY, which rmecns {-Na come fco,u Too.

We Show
Jdeumuma: For all jé lfl, V{HJ) c V(Gc)

Tnis shaws Up <re Gi = W(H3) € W(G:) impiies dim(MlH})) < dim(V(G:)).

Then, rk(Up)[23=0 for all 4> dim(V(Gi)+L but
rk(Gi) [dimV(G: )+ 1] = G:TI

Mz oLQ;f* j‘é ‘P'
Since e gycles in Hi ave also qydes v 6, V(Hi) c M(6;).

Suppose W(H;) =W(Gi). We show Too= Gi.T, which atradicts Toa * .
We use two deas - Cdctzx v HJ y llc we Could toke -thau mgd}:vcta, could concd aut
ony effect in Gi (oy W(Hi3)=V(5/))
Stort from a hom. Solutiou that takes eachh Hy edge enouph Such ‘hat
g reuoig geles ue St e effect of iy cyetes nggatively”
= Wwe can Coustruct O o, oo tHhat uyses aﬂed&a
JLet T be a ¢ycle in G: that takes each edge at kast onc.
Then, eff(~) e W(G:)=W(H;).
Thus thee O Ucm Ty,..,Tp in Hj— with y,..,M ER  whae Z_I‘.e]f[a;) = Qﬁ”[‘t).

b<l
‘Ba lkeo algobroy, e con ossuwe fa,.,7g EQR. Then thee is a KeN with Keiry,..KryeZ

Then.; Zk'rb‘e#["'b) =K'€//(T)o

bs/{



Adet h be a full-suppert sol. 4o HChavu.
Gi.
Jet ueN " be e count f edes in Gi, tnat comespoud t0 tre edger O, tuikas

det aelN with o= [K-6 |+ |lugll,+L foral bel

bs{
det h'=a-h- ) (0.,0,Kn-u,0,.,0) + (0.0, KY(x)0,.,0)
bslk ®
= 6. T 6, T
coordipate] CoorohNvated

We know that h'€IN™™”, sine i tolier eacin Too edpe (@l s HiT edge) at lesst once
ond a S lCI&Q/ ‘thon the abbsolte volme of e laxw docremaut.

we doum Mt h' 5 a homrgeww) Jolutav .
We added /substocted G cao(u to lh,so0 the or\a problem Ly be the uoru/J equodion fo 6i

Note that (*#) &g _ Klo-up =/Agc;- K- V().

bs{
(We. have
hilout:J-h'llini] = a-hlout,i]- a-hlini]

Mok

= Q- AG[ ‘ h[Gl" T]
= AGI X (Q'h.[G[.T])

(:)AG:'O""[G" T] - Ag; ‘Z__K'rb‘“b + Ng; - KY(r)

bg ¢
=AG;.(a.h[Gc-TJ‘Z_K'rb'“b + /(-'W“t’))
bed

- Ap-RLGIT] .
Gi r



