MK/ TIME

DD 279 E éOM/?LfI/ Y T HEORY L‘

Ry y zeol cormputatian
ID/M T f’ﬂtm//@/’! %i’ S af Céw/ér %—‘Cf)

BrP -/909«/714’\{_ , §AT andvEa n/W.W/%/W'g?Z/g
(Can be bogred ro exponcomidly o Aeve ro Z)
One- s1bel errvs—
PP 2z %Véc /Wﬁl/%’ — ompes /‘éé oy o<t

co /k//) A/O/l"/é" WH/S
PP i Expecrel  pdy e
;/W/chr witth aINWLs, At w&m’?o’ cemeel
P e Bpp e £EX)P [‘W L /’J’ﬂ/fzfa/wm/mcwj

W‘?’ Wgﬁ%é = }c/(/@u/r il Mh% =D acbir e
BPP < 5I0A T, (£ PH)  — bidnr st

-
f&‘f/m/rw&/. Aleoreniy 7 serruantnc  clast

o) 2e b releertr s

@ = A /7Z j /904711‘71/14,& PiAr Al 5. €,
'(/xé{@,/f* [pé (M(xJ)’K(x)j?

/f LK€ BPP anl K S K7 e K &BAP
[E,L/r‘ reste  recbees’ g ot Dars, 1€

B aP= (| L<, 3-54TF




Wha//— /S e poreF z L—\_{
A/% ’W%M Som et g At /s /aw/ mvfzwwﬂ‘%]%/zc@(
| Orte ospecsT

o /mrwa/—vﬁ‘w”% PoctF smric, vy éfjuj‘?

| &rﬂ@z&//wc Jmam/;lv_b_/fvw/ar.

o Coyreciess Atvags )0 e ctorreer |
| Or 0K wrth h//ly/o%%/%/;?/
Q/W comtriats g /WW/’é& — /mc

A forerr™ resmles

oOHRY : JNTERAE TIVE PROOFS

/sza/(/ﬁifa /?%Wﬁ //W///W %”/-

" "WW% lneAr [Laeliarel )

o6  harbness % appraxeativn ( M,ae/é/éf- /co/ﬁf‘afwfy cowf{cJ
o fndly corrns 5‘7 non - MP- ée/m/;// eie nes T

(nll i, bur pretodly only brrefls)

.)/e;r"up 7

pW[ M»WM (et et Wm%,
\/m/ ‘ Poff e JWWVWM

aBR L 7o smgaiiy




VA

s
R
§
X
X
N\
P~

: /h%/&“:frm 7
Porner— eom W ]4/‘/\/%7 'ﬂ/‘— f ﬁ?
— /’A/M/

cl %W o“f
Xy = f( x, ~)
Ay = j/ (Z X, )

/
7, = F (%7 a, )
/ d? & f C;C/ R 2, QS)
y&%n& OMM OMf“?/ <f,;>(2s) b e
f (=, r, &, w, ay)

Wﬁv[‘&e;*wi \/m%waﬁa/fxcé

\/M/N_f net coqvacf < el

Tr werce O Ser 1
Qugerpt  sqpose O ety ot |

DE?Z' / (/P) oot W/g,ze

B ke kG L2005 s i i/mﬂ?%
j P7A1 V' tar S /0’/ -fAme (hf; <)

WvV( Can /W f rm«rw// INF ATl ) Mf’ﬁv JSOL€ P{O//j Z’?)/}}

C'OMa”(c’?ENfZ$ xed 7:7)) ?/‘/_wa (\/P>(7\) jj ,92/3
5(?(//Vﬁ/1/ﬁ§ X#K ’*')V,D P{ouz‘v<\/}o/>(x) 1:]5

<e



W
‘Wf/bw& a/éf szfvhﬁvj are OVEs the /
Jmce (f% Vs it 2 % —

I/O o Ucéﬂ//+ //)[Vlzcj

77‘-(/ ceons7an TS art t'ff!wm M/K%MV?

X@WMzﬁLZ Ve o s “W//é//ﬁWWMW

a < i
/‘0 / gill 02 i él/w/ ;/aml/bwcf er»727 Wm/—‘
| s

f—o LT /ér avieg 74}( e $>0 withenr Lw%% i

/;)/’o“zz ./ZOZ?’/H% aAt N gl Err77 /‘C(/Wc’_/bim/z_
| | /ZD/“ BPP i Aeeqr—e £

PP S The c/&/{/xaf QWC/S P ooyl X
Cy/ o W;m’yn’a \/f/ﬂ/‘(’,/‘ )'s {K@or”% NP

Pk See A= Bt

|
i
1
|

[

L :
% /ﬁé&WVy/ fM‘Ve’//' ) /’Zwvzécw e+ &éwxj T /wé}@
Ci/w. Fluind (’rf /,rﬂ?{/zk/é? éz $r7C /)’V!V'C«/_ as /’ZVMZ""V'——
iEZt«w}; 4 ¢ T 5%’71/14}1/( 1’}?77 o Mytx{
A < 7 Pl
/ / > 7//\ Suece sl /7%“6’ o ﬂ«/‘fofc;’,c Vi Al _}7 Szviie
pw 'str'e /)ﬂ’V‘W \'/t//’/‘/f, /’W%\ St ccest /41/67

o P /S in /m‘rwf/-f&f cnlgiincdi - carr eres

%”fif{. LVM&/&/'&@L/{% /M”{’é//ﬂ/ff _l_j_vf can Z*-(’ glroin
ﬂ(wf‘ ff‘ﬂ/Cn vC/?’/Y/‘ V4 care  comypndt ,,7,{7144‘/ e
el g e (DL e

Thas /F e PSPACE

L sttt ds = ?, 7 o]




o P € Fo V/Zdée W//&fe retd Z/S /,_\

VM\/"& Q’,xavc/f"ﬁﬂb ri (/’e/ &W/éﬂfmﬂj A M/ﬁ“'l/lz//{(f

bf c/o'r\/f'rzwﬂ" /‘*&(/KLW{? ﬂm/mxfd 7 fo
W//ZQ/S v / s ()szc/;’M/IMMC

ez&mf? 4
= ur’a(a%( ~v vV /‘9

IhWterze N Ve /y/zzvﬁ /ﬂm = ){)wf{;\c Cenh IMMMVYMﬁ
as we  shatl cee S,

)

&

/}rm/h(?, %W/M//}/M"{/Czlé% f? ;/?mc Md/(/yze/ﬂ/“/c%
il /éQ/VV\ e &M 4//!'(. (/éc DW/’(C/Z f*c’ﬂ/(//)/?/"

{% c«f//‘? ;ZMM"?M /h /’.4/»«/&/ Q/Va—(/ W/b%
/}’%m"(—({ i /"M/éf

/)m,f /’fwn /V/tv"'—a" Cepr ct-r”/\’/éad&: AT 7S

'/‘&Wt’wﬂ/ Stiec eyt anf 47 S 7.V zﬁ«f%"f/%/féé V%/
Lwc U sty s |

, N
£x 7 %/Mm,/r/wﬁ m’z’¢ /n/ (7@17" /;«,;/p;ra,f'p/{/{nﬁ
=] 7 7"

I¢

!

- , //V.—-;M‘m &, = 67;/
& R~ /S0 ORPHISA]

Z <£I/(T"¢)/ eV (6, ) = \/((,(» e — Fo-on ¢ icwn;s
)

(s, v) G, Y=> (M), m(r) € E(6

Z

&/W/r/icwz‘%/’/‘//f/ﬂ e NP ( C("/f"/éw/‘ s )
/f/"'f é/nr'm/‘n (AL be /i P

P,c{,’,//g, -t NP~ covn /VC} e

(Cun lise FH w*f{i‘:/,ﬁ.g)
/ M/%ﬂ%vw‘ wwz/mmf 1 )/’{m < % éy

/ nHrzeeisc /;4127 /vf Gretpr N TH [0 M EKPISAA ( GH]
| ]me%m—)



Pt Ao GNI T

Vo P ¢ <p {J/,Zj

Ay/)lf«fmmla"ml/m«mwwﬁm 77 o &, /‘o/,e/f ]
poph M owirh ) = Frn) ] veVig)g
E(#)={ (), mv))) (wr)<tli)
Send H 2 P

!P . DCA,((/Q '\(‘V‘/;V’\C’L\ & ‘,‘ \/q(- (( // 25) w24 wmf v i

Y/ |

T

G E G T sllpihid porias cenr Lol
T w bt h‘/ﬂ’.:é)’/ o I L5, S 4
AT wesT aocgzw@w?// 7/'

/Y? / 24 ()L ﬂun W’?ﬂ/ﬁ/ /‘vi/f/f' s€ed A C&VL»%;'YM/? %
| raelon Tt 07 G, atll ric hrw
Stan5n ff/éf} W%* /VVA«W‘/{’, fo fell ple
4['7{%%1/%6- ?%;szfffff tf? C_am/‘/y%ﬁ:ll/u;/ rt4 e S
= il
ﬁfﬂw‘?,/,mwuj %%M/%{: = /2,
/267',-1/4/% ruyce Fo fa,f— //,/‘wé) Ce bon V 3
N T | , T . "
/VIMW/H% ;V17J/C/£ff" < W LU.//“ g/’Zo{/j Vver7 / e [em .
MY[V’@L éX(é/-/f w buttie— 6’ o (7‘2-




W/uw‘ dZLM /S melart— s " learn g ffw/? / Z _,Z [_/__:‘
Vw//f\ Lovrees (ﬂt?f‘n &cﬁiw ih /Vc//, Yala%4 vw/’"f:.awf ot

" ,/ IS Conveganon V\/Zid /w%/ %'t'fﬁ’wf’we/{wéj el »
\/‘e/ﬂ/&f a/M/Z/ /wch /zv/{/ctz,/(; Y / M/f/ & % 5

__Z:’:i( Vorvre lp‘/aﬂu /W/zm/ %{/1&/ /L(-Wwwg \/V,'Z/fpc'azf

r—fzvtc’,é/é% 'Rl

Mese  abowr EFlaS  next Fiméla.,
\/\/\-/\~
//)éj/(’&c ¢k

Whar 7[ prIves sees .o /fi/,g =
/7M4/\ 4,//( 77 / e /Lz‘/«”,zﬂf 72 )"{//-.(/ ar< /{u’q 7 /[ /, b A

R R B e e e - Ll
PeF 1T )/47"7//%-—:" - ‘/féu,//m. /f)wﬁw/é ] J;/l/a,/t,v\ - Ceter T

VM74 '@

| o— /707)4/ Zar  Com //4/[»-/( ﬁm s n A /V,,V. b

AM[ k] = JPLE] e xCepr7” Ve Ales "”/f/

tenils  amdom  [Afs

AMIL S| = AmA
AMLY ] AN AT
/W/"’ /ﬂc’/&k (/W’I/W) 7(;»(/5 /V%/ Houan
MM/ { M/V) /&/A g zww(/ ;Ld(-i('/%{/?%l./{,



~ . > I}
LemAt  AMI2] = BP- AP A
/9,71 A #‘C’c L7 (,7 vvvu/é’ A (M ﬂ/gw ét e W M{é"”o

LAMSTF k22, ke comtms, AMILT- WL2]

/ﬁz-mmf [ Gollvanes, Spr #7 ]
;:UTY/ ﬂfy"tﬂ% é— /’(-/\) c/cm//y(/i//ﬂﬂ( Ji /)d’%, v‘>

IPTR] = pM[4+2]

° oL \/\/-'Y‘ Ll /’M’V‘Cr (W f7 /L{M S e

BM o gat GNT € AMLZ]  whieth
M rarn  ¢lrans (J_ wn/;L/ , e A/ﬁ"w”’“’//gf/c*

Hure 'S jont po Vnﬁ we comn cots tas oo |

| (/) ()
Wd ve. //VL(/{/ N /D /P < PSpACE
(l) fﬂ{n/ﬁy’%/ 1t st ko (; NI W’g

W b aAleint (2) 7

W//L(Lff L’( Wl At Vi . ;-f/ﬂ,,, j VW',/Z\

| 0ed Vndbditinn_ fogr m%v/\ N | w5 1P

? At isac /@tg" = AP

W /’L“T zrécft»:( /”@W&w | Zoutro /7 irzm . /)fz"f:c/%/
M—/’fuﬂ/Z /?( (ﬁe v /7 8/ /’

.;’D w her ﬂ&'cﬁd Wt vt F /’WM&’VV!I ZeaANer /uf/(/n 7

%//7‘ o0 m M—c/éw /)W 2 VV/’l'_‘_’!_\ 7



(7H@REN G | Lind, fomans, Koilif, Hisom. '70]) /
f [ %Mwn" /7'0j
|  jP = PSPACE

S KréE nar Lm/rz/{/ asf a1 LW{”( [‘%w

Wu\emf 7o s/uw T QBF & /P i/)‘{’ /V.)J

W[c ///( /;t/»m/*& 54/;/?1/«//‘{171/7~ Wea//z,éf f‘ﬁc"z//‘ ﬁ////f—d
ﬂtzwfa«f 47 &, /VZZJ?M

T etzeEn 1 ) ce VP g P

Wanr  portoret /LWf S - [F/ F v sectr) frad€ j’y(/v,cf
1)(4/771 e fwcow(’?/)%ﬁu»{ ﬂ,/mng /? J»r./-u/?m?, W/ ikt

S e G S S s Saansi —

RO st st

ZK%O /fn\dxg 5-S4T  as §’/',e/</r‘e:/( c/4/€:]

s 4 /17?///-(”\7/@\2,4“77;/7‘/ 7 CNVF /W

F?X s w»«/w{%’c /m;/—c /WM %
fé,j/ @M/'M?f/?/ ;/WTZVCO Sevve /M?WL(; }D)

Z = pwlh = /4{/4(7 eAvinr & F
¢ = %‘/[ff‘ n (m‘f»'af ) el EF
| X, (me J—x 27

/

Ko AX) b ,'/}/ X, ,(f* = 4

k LW”?’C’ eV e/% / ¢ I as f/&ﬁ?e - 3’ //M?

« —g.

X'VKJL

["‘"&W’“Dz ,/104,,,% B e

v x> = (1= X)X (1%



Lt clawnse C W%@W/Fc /?7_ (X,/ Xz/ P X,,\ )L—————~

7/
'@/)ﬂuwyf- }2/= 4:: C‘/ oA
/?2( = //J:/ /?/_ ( X;/ v n/\ ) (%)

/?e/.x*’e/ﬁéwf‘dﬁ //,w-zﬂcu/f (i) = ,/-@/»/z,;c vutetrn h y“fzé 0 ( l/l/\)
X %nj/éﬂ? mm/m/uwf n/@/ = (4><) - 7
O<z /ff/’/%? ~1f 4 ~+ = /D,@ (x) = O.
/{&wca # %4‘75/%7 4%}4%%«:@4///5 ;<
/€ #/d Z Z T Z }?c( (K;l/ “ig é;"’\> (’Z)
6 <013 é,e15 660,18

/ n /Z’ A, 4’»(’10 c"{v-& whetrion n (Z) W“'é&[’;’ e
/)//JWL&/J> 2 h ,>/ /< /M f?ic"./' gAatin sz(f' G Swis 1§ a'wr:~(f)

~)

///:Wz:/ SrzirTX /? Wwév},, /-mwui /96— ('Q‘"/ ,Ziw\j
\/’Lﬂ%‘c/’/ o M 1A fd’(;/ hivie r’[%r 7) i S /f)a/rwu(

| -
‘771,(#; FUL _fc/i/l(/—lfz'/( /;n/z?'-rc,a{? o f"‘ﬂ? /L. /v

5/ ey O

//quf (2) h{/f{ZS (,/M—:(/O) (:// ﬁ//{

!/

}0 we  wand //rafv-tx/f /0 v?-’/”%\/? (?

K= D PRERITN (raed p |
% &, 6{0,7 ; b7 é"gO/ /E
M %wf‘cwf‘ WCW% $o tlecr
/- é(M/L fe poatiatal —cn /4//71«4/»(/ (W&%ﬁ//é)

|



/%7& Wﬂ)/pf&;«r? 'h WM/é/f a5 ) Q:,.,\)
(Y/ > é’?—/ b éﬂ}
IS VMIMV%MW?A/( N Y// Mﬁﬁ /“‘S-'

A(Y)E J7 e T IR PR (7)
! (5—116{0,15 (9’,,\6—@/@ g,

The |egualisy- (3)  hetds i h(0)r h (L) =K

chc#ﬁ( ( g,/ e >\W’&f/’“"’ 24

’Vf lf n =1 | M f(o)%’j(l) = K] }

PR E Ll Ee R

W n 22, ok poves o sewd |
/%MW WMKVL CV) A(X ) ;N /é’)

_%rhs A/wvvmwmm/\z%,

—

P : /?\a%/(%/ VV}% [ ()( ) Z fvt/’dw?ﬁep‘/yﬁ h( Y, }J
Ut Clel S(0)rs(L) =K e ettermie.
Prek randmr  a € ZOJP 1]
Aer k’/ B §(0\>
oy ' = ﬁ(a, XrL/ st K )

L—,\‘\x/euﬂ%z@ﬂ_’/ﬁf ( //(/M"/) J

lY:/v Seck, oot |
S(“B e Z cehe Z f(a/(’_;/’v/"m XJ

& é—f@/? &, e—,{o//f




(é[

AWMA- //

Som e neek (f//(,m/) (melp ) s

i %WW ey <

A

Cm—

| r
Py lat degree < 3o /(WA%?)

m&&w}w cvlc//mmkv%#)l/}’/ﬁ(‘w)jgéo??mg
ﬁl\('/é P'?ZV\ 4
/ZeA/VCc %(/f' Sovndboress er7vy

.ﬁ_”_é_ﬁ< 81 n7

- Fiss

|

va,y&/fvne/% O bront.  Powesr— vill )t

Mf

oA

< cere (nol ) Wens foowale D/

| oS

Sleerre Bl

AN %M,Z Cz%ﬂc/, NI D dpfec //Z
7 w3 plhk) 2K

/

betrls  be N5

WW& [12/, jhcbieetr o Vs e




Xij

Sumenee & / ’(// n-1/) 75 < é e 4
ﬁ'/ 7 ( )

7(/1/7? cott S | Aow%f/‘ .
() P Tttt | (XY g R (4)
Ve e hio)r /\(_Z) =

\/\(/)ﬂ‘/é‘ | my‘e,e/z‘j

¢ Paee smmmns SCK) # h(X)

g (%)~ h(x)) =d

=) wr  err K rov* X

% ar posrt A \/%M/W/A [Pt S’/m)=lx(aj
z)// Vicsiaam )'s [Mf amel M/VW%S
st an a, rlen Ve At 1'§‘%/M
“)QAMM:S'/C// we W o Sum cleel ptace
ovr -1 vamrullx TG i = vative

P/ m‘mﬁw Wj =
/Qf [ M/)W ﬁ%@pm C‘Me(()j/r /)r[V/aw/ap/h M(i"ﬂ
= -&—Z—- + ~—J/Z (n —/) & _fliﬂ

P i P QED &
§/)@V*¢:s CoMP ¢ |P,

N

)

ANl

- =

(

7,714‘5 'S actually  nrovr g wher 5'¢
neeed for— T PSPACE £ 4P
abic, Lot~ Sarie €Kl A 'sr
veeddedl (e we  Kilanr have

7‘7Vme/ (o 0‘60.



&
<

|

SemMare ¥

) teractile Wvﬁ

Vm/v/r o A Coinilel ( /oip e

frrres (ﬂ/ /W VAT &707’) et'or A
Wearnr /}%W{ LT

COMPLETENESS X el *’9."? Praovis convinees \/'M/Qu,/‘
SO AoNETS X%L =2 /‘/{)/WWW/V( M/(//‘

Soow portveald S G R Mo [sonagre i 157
Intferact e Mwﬁ wirth //wf{fc com/)’
/)M weatie~ repplr co/l/p < //9/
W yWeer /WM M

: K% )y Kea /?’1'7’6/7/'[/1//57/2//77&4//
; CAV 2= ﬁwy,y/&\, A~ pOLiWW/'Q/é



