PSPACE

DFS_VISIT (curr, parent, t)
{

// mark current vertex as processing and do bookkeeping
color[curr]
pil[curr] = parent; :‘F cu,fa‘b Fhen

i€ Adebmag = HP redven FES

// iterate over outgoing edges

for each verte s.t. there is an edge (curr, v)
if (color[v] ==(W
// found an edge to a new vertex -- explore it

DFS VISIT(v, curr, t);

// mark current vertex finished
s->color[curr] = BEACK; €

} wWHITE S O

INDEPENDENT SET (G, k) HC (6D
{ nes
D umber of vertices in G
best = empty Ooo0o O (0]
g - ) _
for@) 0 wo@m 1Y o1boy —>ip3y B0 kool
interpret 1 as a set 23 2° inferpret 1 @S
= empty I I I 3)1=25-) ermobdrm 26
: verkiu s
or/j)= 0 to n-1 { Je b ) "
if i $ 2% '=0 K| w TS ¢ ' 'Pfeg comp 374
S = S union {j} P s v L5EPSPACE ts & cycetn b
rehom WD relvin YES
if S is an independent set in G and len(S) > len (best)
best = S
HC ePSPALE

return len (best) >= k

}
1S EPSPACE
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Finite Combinatorial Games

Elge Coven'nj Gnm ra P‘ﬁ)efs {nh "Wns co‘on’v\j on oncolofel verl-« fn an
und rected gr:fk their color. Wivner & plager with most
elgs km,hb er color ot bobh ends

/'0;‘ Pl hae winnirg ‘{.,,J'gy 'lo/\o\—o p—-o
| i PZ Wt stwning shonte
. '//w:f \ \ -
o -~ O - P

Nem—

—J

| i 4 F ame
'f@fnﬁn \/nlen. 6ncwm¢h~3 b roles

e
: Id’@ set of PoS*I\‘MS reachsble in one fvin frova P

r[ P 5 P"S "‘\HV\ P)‘)V\ilmln' S?qa per enll &f M,d’im
retvrn max Ml/v)mAx(r')
&S
else r ‘GMQH\ nt game F()\ywom{;.l n siv oF bosd
f'e'lVN\ w\"nv\ M'NlMAX[r') : R l/
ré'S polynawial Meyriion d,f?-lq

v

‘Nu'mb r:‘-lasoi:\d"pmrl /vu Wintag o /emm'fs Fvlrr)ly l-,l...\ SP"‘L - ?,)l\/ hil Spac



f”u"‘b r"f“‘oza ‘%Mfl [vo Wirdeg or {tmorteg l"'|7'l’"7 bl Spree. —> ply Wil Spauk
° V

T -TusToe e popace e € PSPACE

Gown ok v
Cowuet Four

PenNP e PSPACE
K s PSPAE-compibe o X eP = P = NP =pspace
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Randomized Algorithms

Randomilel Aboﬁﬂm\‘. a”ou daoisiows b&éegl on coin H;Ps

R_pP
Algoriﬂw» A cles X with onesidlid emor i XD =YES = Ald=YES with pd p>O
X&) = ND = A(x) = NO with pob = 1

o -sided esndr X(>=ES = Alxd= YES wilh pab /p
X&) = ND = A(x) = NO with pob
gre
Let XeBPP wih alg A which gvis cornct ovmies wibh PML@

Xle>

7e$¢—0 n=3 X(x)-‘-‘ YES
7 mkaum WS o
RPP=P b izl § w P(oulrv}-'- FeS)= P2 ys 31* P(3 1(5)
ﬂ‘v”‘ ?A()’) ',—?T——"—'ﬂ 3 3 s4 3
BPPSMPMM if vec k< vES "(q)(\f)c's + (,1) =TI >—.'1-
NP £ BeP e ytst-—yrSi—I
ekt
el nes Plyesd= (3Y-(47- 10+ (3)-(3) 5+ @Y
:‘F €5 > v =g ¢y
=
ZPP decision roblcms with sdv’\'lms with lynonm‘o.l e ‘ka(. fvaning hwe
J ( E:f Poss:’lp|7 xﬁoon&d vgrd’ case )
Pc2PP enN?P
1) 7
dowt know if Haece
are P/orcf

(and  some NP —complefe K sedishies X€Z PP, thea Z2PP =NP)

EPPE VP = Let XeoPP [wmi’ XENP = pdy-tme veibietion olg be Xj
Thea thea is o exptd poly-#me  slgoathm A that solws X

Lt P be fa‘7"""‘"“‘ st He C‘Ff!d'fl Yunning bne s P(lx[)
Y'VEKIFW (x>[y_3(—"$ezwwu of co’n P\’PS gf lm‘l.h P({,d)

simv‘ﬂ"t A’(y>\l§mj Y as Seveir 0‘: coin L'I‘PS

rehomn veeuit con't hove all excecdions

ke > averayg B

K(KS" YES = some exrwhon of A(r) o, TEG in f.-,;“x]) ik
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X(r)’ YES = some exewhon of Alr) sgws YES in é'F“,,) ke

~> ¥-VERIFY( X:h awers YEG when y 15 toin Lps ﬂm Fhat erwkiss
S'te £ plix))

X(Q:NO — 'I" CYIWJ\"Ons 0‘ A(Y) avnsSwe/ ND
—> X'VEIUFY(X..y)=N0 fr all y
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