S ra /p/ /f«:w/{czé/(/;fy 2

REACHAEIL 1TY ¢ whe ol
/Voé/@&m ¢ j

é/m‘m a f*’q/’é é ancl

Wﬂ%{”z@f mf&/)/ /s %f&mﬁ

LEACHAT I, 1Ty e P‘?’”/Wf |

/A 74% /b Can é/@ J’”@i«'
I e @/ﬁ s S (»Z?%‘ ff




’ FZe reachals ///7 e tthod @

iz £ 7 Let }ﬂ(n) Le 4/%79@/
CW//ex;/'iy %ncﬁm. Then

(4) SPACE (Fom)) € NSPACE(Fem))
and TIME(Fn)) € NTIME( ).

6 NTIME(#t)) € SPACE (#om)
(cy N ISPACE (#m)) |
c T/Mg(k/djnvtf(n))

»

D r
///0@% /a/éa L G) Jenmed) gfe

nom HeterminiThe )

(é) ”Ze ?{L f/\‘/e fﬂ/f : ‘\éowJOuMhW gmf |
Y/Lﬂf eve. CaM/ou/a;')‘lm é i
ﬁ\ f(n)

Vs éo,wrm/é&( /” /ﬂ”jf’é ﬁﬁgﬁme)

A
éy Dy Thes wé A/\

newver need move 1pace /\:- A
, %a 7"%) //we reuce e space LD ‘
| 57Z;fz%e mw’omé/ rmed

covpraton .

/C‘/W/)M W/lvf% lomﬂéd"é ThmZ()



‘(c) Look ar lte nole /"%(9)). @

fa//am Ae WM M Locids, /
Wi ’f/mcg 72?/, G %jf m«/
it X i [ = h e o
space %4 7%(”) N peedeod |
for some ¢ Ao m/?nj W/y o M
Here gy, at maort n - n)

or #70( -

12hons (7 D= n) gk dor W

I

4 bovncled 4), £ 27
, ﬂMC/ y/E CO ") = C /djco N+ ‘f(”) _
| p s =

- /”\%_C:( * %(”) /Ojn + ‘%(h)
CO = C/ | )

(/0 ¢, -/ ¢

where ¢, = 2 and /0j ! = (/ﬁa g

/7/101468) 740 (ﬂm/ﬁumn'\dn/cmfzwmﬁm
7@/% éﬂf ar moft C//ﬁﬁ* 1)

ver cel



For eocd aceepbi conk wranon
o e fﬂ// /W;j/%&’&/jlﬂ" satle

z lrgh + 74@)‘
77 /¢ % , C//afrzf'?gh)) :/CZC/'Z 7
70 % eC[/ w/&%@r JF 1T W@/fe
%Om }‘/é /)704¢ﬁ (m/gfa/ww%. |
(e SEACHARILITY € TIME(C 1) )
Do 7%/? )Zaéw coery 4(57/6‘/7‘
| édw)%j /m%w7 ar most 5/'/6&7” 723) )
N 7/%% e rme  bound

é/ajn% n 0/6,6/.2>r



(Vﬁ?'ahlmé_:
A éJS?ACE(/O’ﬁ n)
A
N/ f//wPA cE //oj n)

Cmfa/[cwy (ro 7. Y)

L < N/ CP S NP < PrPACE

(c)
[ becnive WL WSPACE (Jogn) €

7IME (459" /07”) = T/IME(n)
. M//@V‘C C 44”/%0(( on /( ) Q“G{ |
NP /S PePACT > /W@cﬁ‘é'ﬁ‘%&’ #M«A (L) )



ﬁm 7 ( f@w?&/ ‘s f/m )

REACHAEILITY € fmcc‘//ﬁ% ).

ot idka For a j1/7494 G and
rer#izes X aucl Y ind 120
heck o herer Hove 17 ﬁ/ga/% 7%7”\
X 7 ¥ A 40/7// ar worr 20
e 4&0%7‘% checks Ay Mewr/vf//a
% /‘fﬁ,w,/'/cjnw] wAere
f(/)W)MS ) e fpﬁf%%/ﬁce;ﬂf‘/éf
/MM,W/ M,,'hf@é/@ /ﬁf/ﬂ Drack
J/ [/03“7 m/'//e/ 7% 75;%(
/\X,y,/\) where X,y € (//) o, n guel 7 '

are mpresensed s Ginary (heace of longf
afmff/'/?n?)' D



. /M/mn £ ! @

@}@//a/y For WVY/V??V
W//M//V %ﬂéﬁm » 7{/%) > /oa s )

NISPACE(Fm1) < SPACEL 753 )
aa/ cwmfwm‘/é/ FLPACE = VPSPACE,

M- &'Wﬁ( an

M) /IS o fﬂ%% /&/ NZE Aar

L logn + ) zf/n
,.WJ?L C. 7 Se d//zé/ ¥ %4 Cdm /y

tn) —f/d(@ VT M

% %#/M/ﬁ//f?c /ﬁ/f/-ff/d&? |
:ﬁﬁ‘nﬂw 7o JF dw/ﬂma/ﬁzsf V7

) c try a// prf/é Sites) )

EXynt! 0/ ca//)/ /% ~7mce égm%e%

é)/ // 2’% < k,/ ") Frsone b

é/&/}%tﬂ%h o C. [__7



% % %MJZ??M - Viw fm‘nff 7o
(/mr,( 78 /2/% 70 é(’ gaw;/nwo/
an /M M

4
JE A cvery /\VMlLX ! .

/7). ar Sfearr one  Contpulsa h on ég//y
Wit am;/mf F(x) .

/2> /f a (owy&uf;i‘?w Mﬁc‘f’f AG - /M//K'
Wik &u\yur’ Fx) rhen %
40//7 w i W?/%/f M/70 7,

We /6{/ %z‘ J i/mﬂm/cf W/t?‘//h |
7«68 7{?/7) /K A /cwyz% ot

any J”?(/ﬁ . Kt e iopeut oucl

am%%f /M'Mﬁf S HeLer 8%(@6/(

2001) o et &



‘ ' @
%M Z. 6 //Mmgrmm — fze/cprm%y/)

é’wﬂ e M/Z o d«c/ A perke x A
% Auokry ﬂ"?ﬂ%f%&.e/ P are
reacheble o x /o G ton by
CM/%/%@/ Z)/ an N TM W/%)/L
pace {07%.

The 2 gulte dbum- 7o - cartd
ém"/:(/mj? /85/%/04’4/ | A?’VO/V/%
% %eﬂt’/ /0“5/‘-(




- Moraton © L, i PACE L

N

S

FL 0 L€ WpACES

(ovallary /7 7{//4);%/7 7 @
7

/W/W C@W//&t’/bv %//LC/SWJ %V(
NSPACE(Fom) = co WSPACEFomy)

frdidoa: ff an W7 M decies
Z N ,/Oﬂaw %M)j 7%% Cmu)a/’é/

7‘%@ Caw%"}arm?% fm/aK o% Vad
W%/% oy e < C/d?" + Fony - 627‘00\\'

.

%”% 77‘”‘ oCQ é: %8 /’&%4//

/wé CHM . lan ,\éz /D&C/ Y .-/20%%/?//%/57/~

/n‘c?//)ﬁ ok ,-/ ce /07 CX%’M)) < /é#n)
%/ WWM% Enr Ao SamE T Py
T e ham—reqcts é////y ///WVZ/@W | Srhce
%ce /(7%4) /5 /a/%“(/gnf 75/ Aec

J £,
whehor //;/?W X can Jead “yw//.yfj



F?@&é{(?‘?b’%l @

M &( Z&ryaijé L/ 2a Mo/oﬁcx‘é/ﬁ
7 /27075? 42 /}0 7’%;@ g fgnm%

| 7 4
Har L (om/&wtca/zc éy a T
i ppace 0//.7, ) and FH ol x
v el = Poyed, .

%/& (q// fu&/ /P a /"G’G‘Z(C/Z_@L 7%14/\
4ol '

% op £ 7, 4 recduchon
(m/u/é’c( é/ 2 T/M /MJ %BM F
Y ) A Aalrr Wéf

/X//‘ sHps if/ % X,

/O/M% ')aéfi S A har ar "”;W r ﬁ‘%/c /?/X/) =
0(/{('//‘576’“) = \0//X/~\/x/&/)

confrguraPons | on /M/mf x aud 4 Com?_
)3 néver /’a‘;ﬂéa/%a/ ’h //e JAM e CW/»LL’} 0O

Qr  zeto




()

Ofym Z/ 72 é 9 mz,.e/ /? y r @ /eoéwmm
%ﬂvw /2 7@‘ ég > 7%«4 /@"/?, e
a /wéa—c/;%? | Koo /, A .

m /Mcﬁ/ /7 por ar Fiviu/ as one
M/ 7«%‘;?,%’) écvc.m/sz //g(x)/‘ ma/
. /mk/%am ,/5)7/ Xl. 7/;&7410 o e
| /icwf A9 ﬂé a cxna?g/ ﬂw&f/? 0“7’/ A”W
7Y Frany e /hgerﬁW qédmf /60()

7 /6 W/‘;%lau = violan
é&uma[ /57/)(/,

ng e space



@

@%/ £ 2 /é-f Zf égq Congp —

/f’/(rhyy (/é!fm, /¢ /d//c URGE Zéﬁ
0 said s L C-—ICZA,%%,% 7

; ﬁ ‘0// f /T céfeé’/ &(ég&/@f | /K&é&?ﬁ s
I whenever L sr seckiiidle #
é/é ol 7‘%8% Z e C

/579 TSP P ca VP L, Wt
/Qf/DA'C(,C mg,o/ (éﬁ/Y/I> are &ém&/w@/g/
recle C/ﬁbw .

/O)@—O/Tﬁ Exercise . O

Vrp 24 - )7 E aid & are chrod

UnLer /g@é(cﬁ%@f ama/ Z_ e Cn C’/ 29
(f"é@w/a/é?i’f QK&/ fifom%/ffc ) 7%6/(
o = C'/,. ,




f/@yﬂﬁrfﬁ?m/ log/C |
/4 /
We can ind dhae [ = pye @ = Felle.

/4 724{/1&77%4 7/3 {OJ/EMW-E 50,/3 S
Cé?//C?C/ Z&v/ém//.

ot o

Fott oy Foakion o
7\//)(/)-;)/(m> %’W /7 Q/??”ﬁf/(/‘??m‘q/

Tl Pe o (Gfﬂb/th/‘%j Wé/ e

(ﬁwﬂﬁdﬁof)‘e_x T, AN,V ,Qﬂ/ W’M%

| /;7/&1/’77‘0;«4/ vanakbles 1o

Suh Aur Fo every 8‘7/&(7’% asr/gn -
Ment Kf/)“) ’(//,> c (,(0[/3 p;

705, ,5) = | &>
gﬁ}’ e Vo2 W/C/M /0, Vag jff?ﬂ@%
%@ Vﬁéﬁc?—g Jér /°=/)” b,

i



s every Fanchion g
9013 —= 50,/7"
Can e m/ﬂgfm/&c/ é)/ a c’my(wzc Ao
7% A

where

J

Q{ /za//wmsz 7‘%2 J&dé@% &fmﬁm

| \Tﬁ//)-/ n) = 7‘%6 Va/ouo a’/r%c"
124 (ﬁam/ wuare 4*'72

G- X))



~(5r0/é ‘s )%@W_
SAT 7 f/é //Wé/ﬁm o Ates) o/yy

wherfer g properitvmal Hvonwls
2 fﬂﬂy%&éc’, |

JAT € /P , %(@c{f@ we Can
7%&0* a 7%(/’/ 4ffyﬁmwzﬁ %/
a » 74;/%4%/@ Q éM&(/ C/ac/é'

/0 /aﬁ/%—m%/‘%/ 79 e /;J Va /Z»m/{&r
f e

ot vy 10 e e i oA
hows cveny L ENP con by moézec(

7o f/47’ /f& f/fT/fr /V/p—Co’M/;/ﬁ/f),

et | e pote rhar 75/ eery /€ VP
e n puehd Har ar eveny Srep
M fras f/(@(%/ WO}”V%%/@/M/%/W?\C

c/a/ce s,




@1

| /gf/j alrdme 7‘%00" M iy /icc/,

77@‘2% éVﬁ?}/ | »0;/’/’/%/8 Cap%wmn}% /_“fr‘
cooled é)/ ﬂ/é/nazy Segucnce e

ol = (¢ '
'ces ¢ /(/) (;2.) ) C5‘>) /_.UI//&’"€5 < /X)k

ﬁ“/ X ‘/\f 7‘%@ /“h/f'wfg

W%ﬁ/ L@W)y X é’%w/ c  we ﬂffﬁ(:/\a@
a (O#&;/ﬂm‘m‘zzr% 745/@ 7//% x, )

whaEre yuy /éwmy//%a/f 70 /%8
Jahfzﬂ' Ura )7 gum;

’ @%,r / f/‘(/f S UV
\ _w '7
%&? c%a/ce Jz<1_7 C) 4%/ % fﬁﬁy
7.

/ mwd@) ar a %xy ey

« Mo Jf% //Wz/ﬂ@//&% Vet //h}cj %Me fed)

° aud /7{ M seans 077 b
7%@4 /e aéa zﬁ%cacéf

J ar w ¢ /;.
7‘/8 CAYnt srafe

4, 7
/*/J/—/ ) //'—- / ’Jl dmﬂ/ ) ‘/,*/
J

/yﬁ/g d%ﬂé@ﬂf’/,ﬂ/fhw‘/ d/’ %/h?wwf /)lé‘ﬂ) .



)

/% J&l/é/ T %/L(&éé/ e /h)%fmqﬁvm
as g éuwy UL 0*7///*/ w1, say,

| /WM%W a*///w‘ff em;/ /m/a/f)

A/K,,w(a g//[au////f /")/6?;4//}‘72')4( W/*ft/ 7‘7\/6 |

Choit e Tphence & ar /r/mrew»w/ ae

7 2
//J/) ///) é,/f’/)(;)

— Z; and

(mfnf?;mc/ 72 o )Z;// ENT 4
Sm + | py
N {0, 1] — (915
| 77@ 7‘%%/8 /S A /W/ J\é%mu /6( -
¢ _ N

%p T asr 7%@ v e S /667‘7:’})7
/Jo /;)r Ae eIt e v rséj ro rhe (ﬂv?v/lwmc)/’

We iy asfuane Aar JE e Forrr
bit in Z; vgo 07 /%/M M accgorr x,

Qaa/ M&/W/fe /% Q/(’/ Ak 46’5797" X,
(KA fatrs i%er L« fok SHpt Hhen rows faf ik

art selenscal. )



/ ue m@)/ asS Ume Téf

4@/ ;/p %&lﬂwf 7%&% '7/(0 79 w}“
cazw‘%N /1S > X W/core 77% j/zf*

L/7 )X /CQ%%@/ aoc/ 7
/% neveyr mroyed 7%@ waﬁ%
/F’/%'maﬁb ('D)

Let’s coll e }’C%Q"/Pﬁﬂ a‘éw A

7 SAT whitd we weonr ottt K
%cﬁwé For = ,/ RN
M/[@'VC N =X we %45 : )

. T Let us astume o 14 )2
/?nk/)() = %f’ ‘ /Vﬁmaé/ef ﬂg % Mﬁ/wﬂf/)ww/

g /) 4y, fuémmmj For il o
907{ ?ﬁm” a// gecurences a/ X,
| <3

o Joe £ %) = E//X) ,

X, and



|
//,M/ 7;25,//), ) /?(X);/T 7‘%6 %f—»
/\M weton o7 7/ £ 0x) wheve &

fﬁff rver d//, c%a)‘ce @am,c&/ |
| " ;ﬁkﬁ/ < /)(/k which M,/W/\I‘V/J A7

ha [ ns/ |
A’ réevtarhng 7o W§ %ﬁ /? cau | |
/ (OM Z#’(/f’% /N Sppcl /é /
/4 N an
//)/ /MJZC?‘;W) 7%&7‘" X ééj<:>
/é/)() € f/f = e sor 5%/%/@0‘75&%/
. %’M/Ju’ %ﬁ“zzm /4/53”7744/5/, E




