|
. o =
T — —— ——— e
—_— e o
e ¥

Oj’
rjromo{ron

%i‘ﬁrw—m

"ﬂw_ nobes fave  been ﬂw,mudA&cL;_'fWh fe

book [~

Tﬁ%m

r;r]J Cﬂh‘mukt Science o Bubomala,
thﬁu.g\gm_“cuﬂpuﬁbﬂh

KL P Miskia, N ClandraseBoron

b
7

Kimclle,
7

v&':‘ﬁea obuv::_._ heofl fc: Laaccl o a‘-'-_*&u&

UT_W_W:QLﬁrgEQ bt

Il

i —

| T ———
14




. i - e e
g;'...________ U F:U-Ul'ﬁ HLL“}.'OMQ"I.'UI’I clngomate s

Q=

| ________.._.-—-_-—_-—._'-——'2——'?'—-_-':'_'__'_.'_—_“_'___: _"::_"_“":‘-:-gq e . :

— e —— R yalon s e
____,__ = B R e Frile aubomaton £us _gnggv_.[gﬁil_-_q_n_b“m%_d

___; _____ e e e T ==~ s T MM?‘E— G“h":‘h:—';‘-b- f‘”fl__CEHllf_ﬁrF__p‘n_a_c.;MDr i{-_,_«l_gﬁwh_

I - — o oulpul b oll except om indicabon of wRilr it}

R e e __._..If:‘- inpub iy congidored _acceplable. e 4]

| e SRR s L SHEN IS SRS SR . i

_______ A T b B delerminiske finile sbale bypmducer o o drvies |

'. T lewseh Bl o DFA_excopt Bal b puapose is wel do_ |

______ I eeepmmoee———- [ 0 -_Ai.ﬁ_'\gf.i. ot Jﬁo“ﬁua_gu_@* b bamform ampek |

(R i e — . ,__#_ﬁb.g_s Jm&pu* f'-ih'_»s.aﬁ. : '

| e it — ey : =5 i

1 . s NS Foa E?Fry._ﬁﬂ@, HRoe exith o DFA whick gmadedes |

g t - R . m——— It . beﬂd.'LHG_u__r__n’:F NDEA. MDEA, 4 o mave c:},gmmp wﬁh,__.r

. ankurqupta-net. I I~ TR b:'rnj_ww,_paw*ﬁ_-_ \

e NDPN Bas e skeles R consspuding

P — — o

| __ e 3 ‘fWHI'F. Qh};:!w\a{'vh gm Qﬂ_a*;l_ﬁlwl Hu\,u-euer_l..u-e lmuc,l wal
I 5 : ) : comdrnet & o _aﬂ;,@ﬁﬁidhh_bgLQbﬁgﬂ.,IMJ

i"____,,.,hm seaRable from [9,].

*+ = 2 = Ture cubwaln que considared de be Enq;.uwhnl J'i{

I e - _ .'! - _f~’~'~C'-C_€'|5‘_Jr _{E.‘_f:.:}_\g\ﬂ__fﬂhﬂuﬁ - guen, *E-GLLQE_{% mﬁ‘—-—
_‘F_i.l_g_{ei_o‘hﬁf'{“lf westRocls 9,1& o 0.

MRS

— = e ==

. - B 5= e Rasn n-f fanaua CICEQEQI_E ‘:f-‘_wk aufowh__f:
s e agwer as ‘EE.: __;i_ﬂdﬁf_ngdlihg.&w_fﬁ?—“?—j

e EL e R o T —

I — s . — —_H__'_“—i: Eg} cow be @gv‘xd_&a .W_gyjﬁi_ﬂfﬁé""‘-‘“" I —f:
] et - i - =R | _— g TR N}
o == _;=-.____ l H Jﬁ'h_luﬂ A _y_e_gufgr,_ﬁf;m _...{LALA"-_‘I.C_C_:PM
3 1 e i aﬁ_____bﬁ a fwite atale  oudonmahon. - —]
- _— _aed TT— _,l - i)
== - m_&aa_.ﬁmagegz_lh;_u——-—-—-*—*—

oL=LP =@

Fe———r AT e




I LIRSS AT g |

| T { | v T
I ———— _'—:T(;,-Epkcl b ﬁ‘fwmif‘_'__ﬁu‘!'ﬂ'lmqh IEW‘J,"QJ Su e b - — oo
e Tﬁ ';EM& uf Eﬂ\g“‘*ﬁ‘l{:\m r_-.a 0?1 u.ﬂnh }fm § thmuﬁ A roues —

| closed under wion

- |' &mpﬂawnﬁ%uﬂ Jhl‘f-lbfﬂ_c:-_l"ﬂ'"'l

and. hmupw-— u;ﬂ!rﬁbm

ERFD e

._,i] iiE i"b"—‘ oy 'Faeguﬁm E‘IP__;LF—V’:&

I}

- SUPPME we Lt-'a'-rl o }QMML

uGL A- hwm: f‘rﬁlm. uer-lﬂ Vi b overden v, Tﬂu\ wre
p'ruc.uad- as {fuﬂhhﬂ el - = |
‘__&p_L - Find affja,gu tubng e vy |

EEEE. S s e Dupfmak HRese er_‘l?p‘. _.g_i'm-}'mg 1}4“11& 1

T ) o + R = 1{__ B ______ — il i i’_EL j_c_l,q

— | % pR=RO = o o N . ._51*1[7'_3.-.‘]3‘ P _edg T T Y g
E R L el PR I T e e

i 4) AT = A and - | e 4 = E
— 5T £ + R =K __ 1 ll— ?ﬂd AHS}’ Ve 4 a ;fh_r:i__d{-:th: Wm‘Ee >, a4 -tE',___
— (1{} Rt K:-—___ Kt-- = ——___ o ——— |
SR (7) R = 2R, B
— @ (R)=K B
i (9) T AFRR = R'= A+ R'R

RSP AN AL D

F——uy el s s e
i (2] (P+Q)R = PR+QR_ - 1

_"aha R(P+@)=RP+RQ

II':'IJc,lﬁhS Tﬁennm —_ .
- Lo} P and Q) be -{—m vyeguday enprestid
PR OW—* E ‘3:; P does wol covbrin N, {R,h ,].‘t“__fifﬁ.;.m%

4,;_2:;#0"10?\ an Rl T e

et 2 SRS | S : 'R— Q + Rp ~ ] B e T <
!J ﬁﬂ-ﬁ G umc.;n_l. chu{'buh .g,..ueh b;, - i
: R=ov — i J

—“—'lr* o et S ) e ‘
= Eama - e _‘i‘""‘“‘-—“..____ L i
g — _ _F—r-""#h“‘h"““ﬂ—_.;__ L _:
7 — el ;
i.i U

..




|
ke — L

B Regular Lypression_recegrized by o lrawition

| & e
|

o —

p——————

: Tﬁa‘-’oﬂw—hg__ﬁp@ﬁ __;CA;%_L‘;;M?{"UM_Q.H
i | tfgnrang. e J“’""‘W’l‘_'_qf_r!_%é‘ﬁi"“"‘_' g b

L’:.ssm{,g

T 3
Poma _
—

macle

——

-

—i-—,_*_:—_-—;
T:‘:nznhi_o___of ku_]“h-

Tk E?

whuigg, A ﬂk’lﬂrg U-PEH*T}EL

WA of

R -

PONEEE §

—

L L ) TRe braaition gmﬂﬁ;‘;—_””- ﬁ“""‘-—r—“_*f:f;j o
r : (i) I Ras enly one_inibaf ade, qag v,
e oy pie g D megant s — A e ——
i q’l e CE G =+ g’z_!) _f"‘h“-‘{}) %?#Lmdd _‘m}luu:__ ——
T - gevaav e <y
) @3 ___-__-.i:f?‘,-_z_ a___ o — iy -
Eﬁfac-ivsj _3‘5@&_«;»__9,3___&% eg -0 /- — i
. Th-%ovgbryas 1 ,
S N Lk W €L e AN S 5 N N8 W IS Y
» By = A Chs 0 . TR O Y (%, %,) / (%, %) :
: 3 = - -—-‘——-—._I 'l% ':I:'F) f _(._q’:l, q’r} ) (_%"L,) I
5‘3‘1’**‘““? GoProm equobon ) dn o eg G- l | :
T I —— | T N W N S Y colin _want be |
 — Rl P e TR ie. vibol alsle of M and M 4
= Y=, (a+a(hvaa)s) T Frer Gt ; i
L1 i S mlorvalbraafe) [T Py we du ek get a poir (o) whoe g i a .

__W_,fiﬂ-" = S
! q": 2 q:z_a_

—

e

= % G (braa;

——

- 00000

i = T

_g_c_@-ﬁl- aﬁ_‘}.‘-&‘_}.ﬂ. ( b e &'}J a

e T

S

- ____‘__,_.—»-"_""-\—\_._,_‘___‘_:i

B _-——""_""“—-—-___:_F_'_{"W\G.E alate and g s e
- “--~—___!, ot eaery YUk, Lk

Tl

¢ or wica DHMe)

) -_f*h‘laf'. A{'ﬂ l‘l‘
{-7;4: r_.nmcl LA""'-.'F:E’ aﬂﬂ %_i_ﬁ’_."ﬂ‘l;‘_vlh_._.
—— -—-H_h______i_-i-E._ Mm‘:qd__quct +Earcl ml_ﬁqmn are ﬂ.ﬂdﬂﬂjﬂi _iGafesnlt:  §

ﬂ;"’r! =sseug B T’Ezr_c_fdfm ond M are eq_.{i'mlﬁlh’}._______ﬂ_____%

b/




e N ——— ~g—

| oty ” clasomate _q.
Hmm;am ol Eole Bubbalga= > - = _—j’if.—ﬂ = {l% (%95, % 437 .
| — .De'_f'wl'luh ]_ = Tuu-c A{'ﬁ*ﬁd ciﬂ Elhdu q,z G-)’G_(_:E'qu_ﬁgh* - ] :ﬂ.' = E{,i,ﬂ {_‘i— Q,E_q’,_? {?: 4.5 {1’,33 ——
 S— it bl 5(9,m) and 5(g.x) ore Pral dakes or bolf - ==

i SR R CAR NN A R0 )

——-______——_

u‘fﬁmmmh;‘f‘haﬂ.&u}rm Jtn ol o

e —

Al LENEERS, | S

|&%ml~uu s Tun :ﬂﬂm rf; ahd g, ar k- P?}uwﬁlh!‘ Q?;_j _-TFTT[%}, [‘3. 1), L%, %), (% %3, (%)), 1

| i Af hctﬁ 5{_@ ) and 5&}1 x) e j’hci Afules @ o bR _______| e e e S i
1 [ on ;F"’\G-!' .ﬂ-r.l-m é\‘é .—1'}?""\35 - d:f h"\ﬁ‘!ﬁ -ﬂ R | _ Jlu*:\'.?l— a [“ .
_,f_x.-.u. ; .eu}- »«L:Lt a oo jmd: abbes are O eff¢u|.'rv£!u! [ %, a[] __[_:fi"r,q"fj (7. %] o
kj Alates, qre g_{]n a- E?{ul"ﬁﬁ‘-h

o

(% 3] [?’-—-@J | [% %]
' _f.ci'? c}'! o~ E%s] Eq' q’\-_]
] Eﬁmp!g Coha’lm.cl' ‘{‘Put i, Alnlrp a-.-.l‘u'm.ahlq e ‘men} "_4 - [‘I, ] ) _[-q':] [q,q_'] . 1
!‘u ‘{Ea ‘hnm.%nh C,Lagmlm 9th Eeﬁaw — i i E‘?» ] i (% %] [‘@5.:]*_ : q
- : _ b i

I

'___“_.;mcl owaq thu "W“f‘

-— . .

b Solubon;
ﬂ




Dot

-_——» : —g— | ;—-1
| tlussmate i FE} 3 qﬁ I__ Ot'r\g Lage A qruw&__& I

Toreonly foute eubmobn = . 2 Tpgeere = D Lo Bl Gy o e & e
%H e o BE. o daleswininbe fie a0 | by L C6)) s dePad sl
i sl

T

|| P_'x:.epi i&a* -“R: ‘rtac&l\g Rm._é ¢ 4k ?u J!Jo.c.fma {!4 G L = i‘ o { T = z | 5 __, L-U'} ....... _—:ﬁ
Lurefl a a’-\_‘uul"u.tc'!i on Ha inpat toga. = T _.—~—:— SR .
__1-' . ﬂi 4 a q,wﬂ{"-‘p-ﬂt LR = 5, .;,—_) ‘-‘-’P—"‘ 5 .- """.' ‘:“3"‘{"-“"’5 han- e l"’-""“"m-fd it s Ld_ﬂﬂ.{,{ q__

—.——..-—._:.5'2.-.0 funchon  frow O iS dn 0518558 o R Mn’:en%oﬁ ;Af-nrw. o;;
_ landicalesa R direchon of Liod waovewnaenl. E?f wr loes m} il e ,rﬂ‘wbm& L

| A configuobon {puv) ndicates Bat R voby | calbd ot a sendence of G i 7
- TS : sl |

1 ia un alsle b ur'l'E: ’IE. “Em:! on 4L f‘H" "g‘"\b 7 S [ = SRl =

Lo ond W w b BB of B Read. | R B o

L 9 v=A, configurskon (pu a) eam RN s .1 @ LER) s e set of ofl derimimal atrings clood,
,' ‘Em mmpﬂzh.cl ih DPPMI"GH _0'-1. w, and  encled cop n ":f‘m'm. Ha ateat Aghxbui_ o TR P _ 8
i alnke P s - N

J—-u—\'—-‘

|
____ o ] ' ﬁ T v th«Wm are e%wuu.ﬂnh% _aF *Emac pm.-:_faur_ 4|
| 4R _qum{i ,E-::F\RLL:II:M. "

Wl . ZoKinguptamel: - b B TN T

} .. ol ﬂfaw'fi ,car.,s. “LL:.‘}'I'UM of Lm-u_qu.&r:}e.ﬁ o .
L H_u B i ) i R |

i' A ___.\_l%pr;__ - ___Jt;”z& ) B}MWr 4_ahey D‘EI‘MF—' A{‘W\‘-{“Hcl

g i e Wb S ST E’mwn.m wiltkout gy reshicBow. i

— < —-—'—"_\_‘_‘—-—-__
] I__ —_— __,_,r_.__________, P\ }o,;l,!.l(_{"a\q_' M‘Tﬂw’l' ﬂh.ta' :-ez.i'hr_-l'ruh i called a
E_ :i — R L }zaia.r D Prﬂcb_nc‘}"ﬁh
i S
psezune s R B —

N — o ey i

' —_— i -_H‘"""'——al—._.._ B i
L ‘ e, ] ____j
' |




efagematc

' T
| &
|
R '.-‘:—_::' SE——— — e -=~—.:% ﬁ': ———

7 A SO |y P T3]
LR peduckon of R dom AW o 0 TR byt pedackon 5 o poducion of B fem

! collsd _ A produichion of GHNEENE 0 el o Ao, whie A €V awnd X E (W Us)t Tn ofe
e T o, e LHS. Ros e B context_and vighh comberl,

-

|} A

R SR e U T W (S A
- B ity | Exowpli- S—fs A~o, Boabe, AA

—_— _——— - —— —— e

g - Pifi" B : - __1__iéﬁhﬁmr._#;:;@;d .a_ﬁ;ua_fémwaz._iul

G AB—AbBe s o byp-l produckon. TR Lt | contmins oy bpe? produckon. 9 is clie callid
L contert s A, Jﬂgﬂ CJH*'E}Q‘ A A G - (_,J.?'i‘_i._"f—ki' _‘.frnef_ ,5[_ruh11wr. .

-
[

e —— . aa ——

i 4y A> abA e *El-:a-i P}ucluf-*"uﬁ-.-_HP—JLb.mle 'HEL_______._
L;ﬂ and hgﬂ canjert e AL _aet]

| S

A longuage gemsruded by o conted -free gronvur
R s calb _9%«331_@ fuhﬁuzm or__contert - evdtizaa™s
| . H._%m\_-_mm} A ;:_am?cl {‘:”;t 1 or confext sensitive _l _ﬁnw@uagg-___ .
I.Jj all Jh__pw.;{ucﬁom are i pe - L_,pﬂ;ua_f-uc hows. TRe N ]
ik P“’CL-“- boh S—A s .G.gi_ fpwed Jn a %FE -4 o

gy, bud dn s cone S dees hwol appear _on Tope-B - - : ;
i i hed s g oy poduction TR predachon of e fom oo o AocB,

S g e e meo ~ lwRne. A BEVG  ond QE_E-.LJ&&J_Q—%QE-'
g _ﬁ____ar.‘f%__fa»«-gungaﬁ. gﬁ:m&?‘d ba__n_ml;tpf_-_i__?m\tnh:w s P‘B?fﬂ_ﬂ-%ﬁﬂ“'-- =

p—_Cﬂ-EELJ_ cl_{}”!et -1 or _c.nhhm_’r-_ag_nxi#qe __,ix:.béauagﬂ —

N S S I e ¥ P PO
E_ G o_contert-sensitive _grawwar G, we olfos S=A | gramenJf ol R produchons are dypec3 preduca
b o ancluding A v | CE). Apast from San_all 19 A produchan 5on_is allowed sn type % gt
______Q'TE;r_pmdscFum _g[u_t.:\:c} cigﬂmm_‘f‘?\:_,_ﬁmﬁfﬁ 5{ 'H:‘——*““—H——_Jl,_ bul n R care S cloes Tm*_ appead on Haht

woking aling(if x=f fan 102 )]). "~ | Rond aide of ony production "

— AV T ST bl e T — :

i_ . B —cE® _-@i_h'qi'_ﬁ;ﬂi}fk_}_mnnf‘ e . T .l _Lﬁ;ﬂ“@?ﬁ—h—'ﬁggﬁw__ﬂ_cmwébg-

L | o o o e w_wgt_&kpﬂ““"‘-’-’-“ T —jﬁj:

| _ - ) - s e ' — o i i

— e T B e SisSEsm—— ———
_ = . I S IS e et

-



!

i CLESMA

:i L; L‘J#.F,'S.-J.t_;-_

| Date ._-1“
B | Pame ) Dada

Ha - -
——— -

[ S = —e——— ; ; T % -__,..--"'""'_'_'_ -

& E %n‘-‘ - o BE?M.'——-H—--—— _—"'—-—x__'_(;,,‘-?.‘lﬁﬂl&:j@“‘ st o ﬂeguﬁm Gty :_.E;.ﬂnm o :;H B_H__f.____q

"_____l!:%_l:_d_i L E:_H_C;- L & Lge " Bunegll- Combruct o vegular rmwr_d_g;n:;k_»ﬁfg

o, e e__-.ﬂar set _Hprtﬁeitcj_by P= & bCa+thy o -
Y CL'H + {*3 i T’E,,Ed: ! e
1 | we gitmimass of guifereny fypes Wady gokernte = s - : : s = = o
| S I Aﬂw_g_ﬂﬂxsguage L S P — _— s DEH___EQHM;?M?? o Tt s la i

il

- ————— i ———————

e

L'R.-L. L-’—-F-La Lr---‘a [ __—-._:_:.__ -

| Uwiaw | %W ! ] &5 | £ _:__ 3 — .
Lo | Conealorabon] &, | & 0 w7, o LT
| (— Twmpme_ _ s ] ke ] e e A _:______ Regu@gc_é]mmwt c,ane;sf_o--_wcl.-'bg.g to P ila ;
| Twndeisection LN o ) ek N | . : —
P bt | G N ) Pe—eh, BEER Al . §
L | Kleey Stas , v v e b U e ol = aE RS, A ARG
— — T ]

: f - . - Com“ru*c_lﬁuh ﬂ’; a trwmbon A;;fg'l'ehq ;:h:c;-;;!ﬁhq a }_:3__;,_&:{3; 1
| ERESSER. 0 i .L,,;,,—__L__La__mi _C—ﬁﬂit?cl_u\'t_c[l.r JH{‘EF_JE_C@L_#EL__%_E_M%}_—_G__:_ S , ¥ o I
:.___q_{ Re dntersection ,_ﬂq’___fl Cﬂh’lft_}'ﬁlﬁiygﬂ‘}guﬂﬁ‘ﬂ ondd Ereavpl: - G ?‘_[[-_F'»*- ﬂ.i_{q_,_ P} E H”] -

,__,I,: __ng.ﬂndw_\gga(?g_ aA Confexd -frgp__ . ' 7= {_ﬂ,, —af, A — bﬂ_l,,__f-‘h —a, B, —iéﬂi)’_um
! !

- e
| T |

i

Luww_-ankw;qaiﬁ:‘-?ﬁt

—
T — = e —
iy gar e
-
| _-_'__-_-_'-‘_-_‘—-_
|




A b vkt
__,-.thm:-ﬁ Cll_i’“wﬁﬂj‘ _ e
A shing ia in Bo Jonguoge vast be bownded el T
| in advence and cloponclent  on *Ed-_agahﬁuﬂ.g&.,_h_ﬂc#ﬁ i
1 9% Pﬂnrhcwgm pr&_ni_,shi_kg.; o —

i *EJ'-;.I wadagh eaxh- et H{}#J’I‘U""T- A}w«.‘}un_-

tlassmnte

E?F*JJ?}M_““%&—&- Z?E_ n;_a e

.

-‘-\.“'.
B T —
s Acammacd

— e
e =

o

s

- RESJ“ f_ﬁh.guﬂ; ,5__@1{2__;&;_%?‘“‘*_.‘“*“15—“ 23;: @_&%un of Reducecd C;t:-nwm;a;d o
,A,%HV\.?‘&_M &P*!ﬁeh;ff—% ﬁhhﬂﬂ*ﬂ__%:?‘lf&é_ 'c‘_i"C.L_._,__,'_.-—
_-_r__ggdﬁr ey preasions JEEWEW_"E?_‘L.&" Ko abar. Il s

—

i
I

. | o

T . A— -

Beomple'~ LG~ {71 n21 i o pmed s wol regufor

— e |

|
Prtig
. gmownt o wuniony Hal s vegug | HRere exish dwo o dnere duivabion brees
' e _ﬂd_ut% o1 hof

—

(:O'ﬂie'k_t A F;'Ee_ LD.VL wages lassute
! Sl =
by in CF G- = -

A desveinal alring ;J':E_!: €6) in ﬂa%:@gi:ﬂ_uﬁ, i :
T -

) A conterl ~Hree 9 ramsr G _-;5__‘1“"_Eiguﬂi_:if =

_f[,k‘arrﬁ_eﬂih Agwar W [ C(G-l.:u"ejcf__;‘a ag_du_f?mm-

|
_i.l..

[ 4 For_every CFG & ik Bl a yedeend. i
| gramwmer G whik s eguivalent 4 G.

| LJe _@M‘ll’u{_‘i. He reduesd gmw;tr dn bao tdeps!—
' !5{_{.‘.{.’;1 R _F .

L={we {a,b)! u R alr_\_earuaf_hc of c_.iald-._um!__.@}.I

a et J—fg._.,ﬂar.__

LJQ_LE%_{_&.,_-J a ql;'mWrC;t, 'E:gu-;;ﬁ«gﬂ"‘e{_'{:v_:

G-’ 5 A rf-rﬂyuﬂaa— : +

1 4 Frery '?;h;.k. Aubsel  of ot._. - »fﬁy&tJLé;Jﬁ -

| %ﬁz___g'fwn gimwr G ﬁca Rad 'ew.h&; vorabds  in
| G, derves some deyminad Atring.

i [
% ;I_ae?u.[m.

| Step 2 - o
| K e constract o grawimer G_xi_eqmuﬂ-ﬁ-“ll bo

_._._____ Mh'}‘t‘ﬂ. ‘}H‘A—q 3’1@}}-5_{;___ _G.'.

G, a9 ot eve »ﬁbq‘:@_.-'h ‘v cppeors in Ao

e — . omeee W 6; A4 —HW recd reduced g"@"“mr'
[
Sl ___'_,,_._-'—-—_______!1:_ R P ——
www. ankurgupta.net. g I
. 2 EErenm R | (] —
:l — T — _‘L i g
; SRS | i
----- - -— _ _____.-'_‘_"--.____‘_‘_‘_ | s i _._'_'_“_I_-‘\_,_.-.—--—--—'—
i ey S —']
= - o et T P 2. e
—_—— - I [} e =




|

i tisemate
l Doty
‘l

E_;_o.m,?gg Bk o saclucenl é'QLWf Jq,wmﬂme T e - gﬂ wun of Null Producbong -

vamnaer (&, wﬁuse_ vocdue o are !~

1 S>pABICA, B—BC[PB, A—a C-+a15'_Uo | A pm'u%am o e Fam A=A vbue B oo
i MHOKIJ _ ) - s - |vormbﬁt A mmqi_o\ w.jz,ﬁ P‘I-{Ir:t_l_.n.l:_‘f'l I:E‘“’i S
i .Jf&:p;i_'- —ﬁ'f' R ——
!r:i ( f, C:EI ad P‘ —+a Gl.lmc;t E .4 L’ o =) F?"J‘GE"«’“ = = ._ H Udi"a&,&_ H @A cantex =
B [____,_____ Ll g ferwenal Hhrﬁ on KH.S. ] _iH | nwﬂ)mbf.& iy A 25 a {Le * fw{ iy Jg
T TR U R TASK o X E i i - -
2 o E} - (EU{H c})f -l K% &= vEF ;,-__M o cnulm ,?g&,e_ S
' e } N 'E'R-!h WP San '—F"\p! o  contexk - jgu.-_ gmmm;—g =t -
3 e | 'ﬁpp k\_g o mﬂﬂ pwd_ur. ""'C"‘V'- such MHat

W; = {A, F S}U{P' [, —ot Ltwfﬂ ﬂ'C.C CEU{F’C 5}J L————Jl-—----- o lte) =L ey~ (AL

- {Pc:g}ud) 5 0 - R ——
= L B s] = Lk - EILP'_Q*.;E_:‘ Covaclar the grammn G wuross prafuchons are
| . —— x ! . —a5 1{481_.-'_7_1_:_1'}, B=A T)=bhb. c;_omemc_;_q;_g}ﬁMWr_j
]. I"/P'I = LJL_""_ CE’J_F]_'_E‘]_'-- ey &Ll{m, ‘l,quQou* P'uu-E{ r??ﬁaLAq_quJ_gzém;&ﬁ'h?_L(G!_{~A]_ {
| 7= {ho] Ac @ RUE)Y 5

—= {S—Ch.A—a c-b]. ‘—'T#L{i& Comtruction_of 1o sel U of aff nullebl
hg <% Ll 5,_— e

'Tﬁ”*‘ G, =C{S,Ac) {a, b3 {S—CA Ava c=b) 50 . et _ffnéfg" 1A= s o production s G
[5&0 2 = S I Lie = {_ﬂ 'B} U{S} i :;,-i_(lﬁ' 4 G[J’?'\?c,!.( -hoh—*
;[ TRETR - e —— = {3A B} i

s - e
o | L[:JJ'I. = _.{ fi}_U_{i {5 a C‘} — 1 = LJ: f.i__fp Le ' ¢
_’l_[iﬂ_i_ui_a_j e Dtep- 2 /- COM‘!‘WLI“I'QH.__.?j_E'I_ '

_: —_ = {SPc abl e b ) T e o ladlil oty Fosi b & e i
}l L,/h — —F"_ . e e T f_l-;i‘ = —“'6-5 ?41,-1:4 rie o S a5 G'ﬂr:l‘_ S—=a. 000 .
_"—“!---—-&Ewi—%-{l_g.: i E >, 'qw‘a} T — T (i) S = AB gives wise’ o 5—pB S—=A and S=2B_
T ;: fﬁ—_{}_}:‘l] ’ 'E a, ’uJ ""’_H“"'"“"-—_..___CHO{-E o Jl-u'e_ . Cak wal _ejaie bof‘E f'E- ﬂw&'ﬂ u—nraﬁﬂg A_.
: - = '_"”‘Jj_EL,JJJ " ~_ | and B in S —+AE of e wﬂ_agtj 5= _in Rel casel .
= M 6‘ —W ST S ST TRV ST _._,--"'_‘""--..___ -[Rl H%L.u [ %'ﬂmw‘_ LA-"‘| E'E.Oul‘ V\-‘U‘-EE ,5??"".9'-[""‘: I-.am A :'.-. ———
<3 ety {5=an a=e c=uy, ‘.:J_*—JH‘“‘“ s C(sA8D (ot — ’

TuReve 7 P’ consats =

D—b, 5S-aS, 5—AB, 5-+a.,5—»ﬂ. 5—E




i clascmate | q

.I g:'.c_.. | L. -ElT'-'IKUTj L,qa){,a.-mp_{_, ; D::L—ji*h_
| — (et R
fﬂ;_.;umhm =f _Unil L T RSN S, o~ *Mf‘ﬂ f;* & te S—AB poa, Foc (6 c—5
T ————-_1___,,,.:-———%‘ ond [ — a . E,E.m.nap. ‘-’*""‘“_F_b:atur_i—aam
N | ﬂ Ui pr‘u{)‘.&xc*"ﬂ_ﬂ An_a Mﬁ'f- \ agnd 2}“4* ah e?’ﬂ'vﬂﬁe“; 3311“4“1.:;- e e o
‘ gmh\hur o~ s a pmc’{h‘*#‘“‘ "3( L2 Forrm _Fég;!-:l_‘!"._g_"“ = . : "'_
pl —_ B 'L,g.:"Q:v.L ﬂ s:'.'.'-"'-f.": G are= Wwah'&’i -ih —C’"_ — __d_____l 5%& = '1 =
:_____-_ Il e, Vo Rl (5)-T8}, WCs)=Thls) Vo = s £s)
-.—___I | % _C; Mo context - free }*mrnw;— e can FFH___. HEhc_p_ WMES)E=E % 5'} _ - S
. {' ?nffa context - free miwa 8( wkic® Fon ho __:._____ rhu;gaalilf_‘_ - _ﬁ_—__j
.-—_I e um{' PWCL[L;‘*JM nucf_ 1181:_{-_[_._((;\ ]~ L({.'.j P L-."’{:H) = f FI} L/{r_"‘) f_Fj
- B G R We(Bl= {Bf W CE)= {BIUV{cI=-{Bc}
L Let A be any variable, in Iy, Han i~ __ﬁ__| L CB)= {Bchvip) - (G cp} N
I ) ... . LA W (B)= LB c.DIV(E)=fBe ekt
[ ':mcp 1= Comlruckion of e set of vaicbhy |  TEiefue WCB) = (B DE3 .
; leviunbfe -fhu\-'vu A. - . P e 9M,an£3‘_ - ~ o !
i | . DE?M LLCA) yecurs Uf-%, as 7 -qfo,ﬁ,ﬁaw* = - Llfe)=ie D ES . - 5. 1
E § i Wo(A) =1RY  °~ | gl L3 gl i
| T | __L-?Jﬂ (p) = {4_;_4 (_ﬂ) v {8(’; C — A;np PRl T N I (SR | T I e T
: — AL - Wiﬁ CC@ SLEP 2L T omc},w_#uw. dn G, ore [~ |
S*Ef:rﬂf CGM{‘MC -Fc-r-. c—]{'_ﬂ PTUQ{JJ-"— salg _in G‘,-.__J_____:r_ ST 0B, o — a. E.'*—"*‘ a i o
—a A - productigng in G, are_eithey '~ iy R =0l b_; ._{'_: s _1';' — a |
@) TRe won- wail pw@i-uc:}rum e G B ) et S wHIOLLD : : H
g ' ” —-'—-CUU’EEEE[ -4 A o contert - Frre grommes we can comtret |
B (%2:3} wﬂ:mw Bt i B il ol o] % eqi-mﬂm# —— _c;'-furﬁ'tof iy reduced and fas
: Gh&tx ey, E L o “uﬂ Letogms, o o v b rm:.[uc_FuHA
il . = S U8 S o f J mw{.’:m.:,% AP | 'fu.-EEUM .....
e e e G L e e
{ 3 "'Fi'f’ E—ﬁf PU"E{ Jf:?(-Fl!/—"!'-‘iL""“““‘----._ S!‘Ep il —__Ere.mhak’ um}_Q}‘DcLAc bowsa ow_ & to ?1_-—“&2
:__ i T Slep-3— Compbruct a ve recluced _grarmer & _ G egrivalnt,
— S e .;
: _*'_‘—“—“ AT et LW | : e 4'
N — B S SEE I - —r-"'"‘-_%""-x__.__ - e H

b= i



: It efassmite ‘ ol

gE==C | i ¢ g
1 ooe . - { Ba o

ks _ 4 - -f"'f_'—_.-_— Lo Rt“a'l‘ﬁ-_.‘.\"'r «]—Q‘_ r_':_‘_l—-—_ﬂ
. Norwmal Foym _fo; for Conlert - Free Coraranarra, e Sﬁ_ﬁf % = it N

: T . s aser = oy — o gy L
TP context - free_ grammer G s dn (Romil e [;@ fhaﬂi a2 Cigy ERS Ty —
| e mrmd Forw_if _}E- pmciurhug A of 48 T ] ] pre Ohs dn T are aclled & Py |
|: Form | — _ B ____;f__l H'?"J are_n_HRe "E?IW""OE Form. AU 1R vavia b hos

i ik 2 B __',[?'_.:g__ Dy A — BC, v/ & | Vo gee g.(;fgb_ol to by

| anQL____Ew-*ﬁ. b . bomem ey 1L iy Connicsy A —A A . P, @;-_"-‘5?;%

________ —_— S ———— = ——— e T

I | _Jn};ﬂchart s melur_huqa H—Hﬂ C, S —=A

1 _'_""_"Ti _L)Ef,;\_ A w L) e WHW ‘H?a'i' 5 ch _:____ e Ewige P A, onel  hewr unhab,ﬁ"u T
L | wet appear on HRe RH.S «f GI-u pmcb.w Hun. ________ s Covmer,_FRase are addid ts P'_anel L/H __H
l____ T N O ___J_____ _wa;;r.:.*im»ﬂg. Iy |

1‘?43.:1.4.:.:_-{401-\ 1o C:Eamﬁ? Hurw’n«f Forw '—-

oy gwie 1 .—.___E:rg_w_ i~ Reduce iR %qﬂg_gwmm* - fu__C-‘"i";'.;.Hi
'5*1:? 1:- F fivinabion oj’ nanlf mﬂciu ctona and v v S5 —=afD, A— aBlbAg, B—b, D—d. 1

um-l- m—uci.m-f-rnm el _?gi;..h!.-l‘-;\ el |
S _______' Slep-1:- 'Tﬁ_’m- are e vedk  or ot __precluckions. | !
5!‘2@2.’—-_ f.uvwnahon n'f J—erwuhﬂ.f.c ok T:H 5 = = J
L Ue define G~ (W, = B S) whae F I,,;gp_g.[:_L_;-.I__ G.=(. {abdy B 5) whoe B
L onel Vi oue ;q_m{-mchd an Follown ! — | ond  va are constracted a %.f-fqu.m - .
E_[_}'LQ,E e procusctons in P _of # ‘éorm______‘_i (1) B—b, Dod e included an B |
||’.‘5—30. _A-oBC ase _A,Lr\c_,ﬁuclec,[ gn P fﬁ__,____‘___l r_i{_]. S5S—=alD . g,wa vise tv S Caan_and Ca—'a.
I'EJ- 'l.)rﬂ&l::,.[m VN gie ___,_.H{,E,_,‘OL‘._: S Var s Q’ ' R@ A—aB guwa rae ts A — G5
e _,._W.._.(._) “A"J'-"-" r fl il Y. COT) (e T lﬁ‘r"“-""f _r' l__ﬂ —45A B giues rise tu o A= Cb—ﬂ—x—‘:"jﬁ_—'
on RH.5. ﬂj_x,; ds_a derminal, say aj GAA_JHHH__ Vi = {Sn B.D G .c:.,} e
o s mmb_h _Cna; o 1 anch (_—_a R . __q___| - : —_
[ b Pl Ae preduction, Ao x, ___,ch_pw‘,y Lainsnal Step 3~ P =1S—CAD f-\-rc.,ﬁlcmrs_ﬁ’:bﬂ"‘@——f
on JF'EL RHS _A }ep,ﬁdcr_ci ba e Codiespe thV‘g’,.-x-.,______ Ca— 0, __C-b""bj T
wiw puriabfe anct e vardiles g, He RS -  foC.B, B—b, Doch, Ca—ra, Comb S wiofn{
fﬂmf}e'in:r;i TR H!/SJJ\LW? P?‘U;Luq_'}?clq__}" Gcfp(ﬂii_._/“'-—_._____ b P _agmmes ——-—“";I_“;: ~AD
e ?g_-j_- B 8 S ‘5—4Cu!ﬂD A )-ep.fatl_’af Bg 5—*C¢C,_._cin
L Gz C e oGy el Lo o2 ALy
| E ._P —’_.) e el A G AL e H‘af_.g_:i é’g A, C“;p i
O o Wy TR W o G labkdt B, r—""

% P, = {S—CaC, ﬁ-*{’.aﬂlc:;,r:z e spp €.~ AB B-b, D-!d‘] .
Co—er, C.—lb . - e




-i: ” cJessmate 1 clatomate
i Data i
F i www. ankurgupta.meb Page ‘ - e
I e e —— ____':'__":.'_' — — g
P _'_‘_'_,,-r""_;& _EHMUE Afﬂf"' H:-Llh’l tAon ,3'&71“_& ’?niﬂau;u — -_. —r

Gaeiboc® Heral Foren = ———— " P 0BD|bDE |

2 oty
FETY el |
4 IQ.. J;ruh :
F\ c,chl-ed ree. gawabastr 9“"-‘"‘“ g ""'} ‘hﬂ» e 8D e 2
. _ accepted b j_pjﬁdﬂm gulomaton s iy 2= | :‘;—: ?3'1 If &éjzﬁ Il o ﬂ CEF_IEZ[ LDEZ | r.?_’
Glit—-db&c& Hommi_,_‘:“rh‘l SRS D ;___I_, D.

it

-———..4_ FI mn’;ﬁn.’r - free 3mmhwr Aan §5 baqf’ _&l_m"f-l i i O P‘”C!-‘-*LLGM from e ‘ﬁuﬂounuﬁ gyehainary !
| ] Hﬂih'\a.ﬂ F;WM _;j ew? pmc{mn’.‘!‘fﬁh Jﬁ Bf +EJ_ _.__._____L o 5 = nSB{ fl. ﬂ '-7 Onﬁ 1 F'IB 1 I f\
§ (ot may be rxJ awdh S+ s in Cvl " S }%,___L.._I]gh_
Aclia) W A & LLGJ we aasumme Ral | Step-ll= Canahucton of aek W of ol wallabl pepiable

| NERAT

L I 5 e s on Re RHS of au Laets |

i L ea Wwobt qppeor | of -i_f:.’m.__. ____—-I— | - { g ﬂ?] (21 s e e e RO

i lLewma-1 1~ Deds %m.q a varieble B3 appecring s e ‘:_ | _S‘- U {5 ﬁé___ z

L ; j—u{: AL;I-'HbCI/E ou e RS crf aowa A -proci by | _ I o i

4 ; p‘ruwrj—ﬂ-at ho [- ;?ruv:lur.f i Wai. B ax 48 Finat | SJ‘EP i 7 :_ICDM‘T'MC‘P‘.}H_E'; P : 1

;I. Agvh!}ﬂi O, e R H.S. S ) _ o

- o S = ASBISB[AB| B

" ﬁf "F‘“_{,n—' 133‘ Em-f; 1Beds JA.Y £ __ﬂéia’«:h&«kﬂ-&#—ﬁ—’-’(-ﬂ

— ol (A5 (5] |

L--— P R ATTATT __,mw} — ] a=olisTesio 5l _ |

L e T S stks] st] 5] b190 la i

Lclmvhql 2 = E_Eal‘wha“"h,t? _L_gf{ ‘Rh_qm,oﬁ ___,_F___________L_ b ‘___i. _! o . |

L '
i ot ]

g HBeie

| ”Qi_y-{ﬂaﬂaJnmn__Jnmnﬁdﬁﬂ_ﬂﬁ;

_?=fﬁﬂﬁz|ﬁth1g Z X, Z)oxs 7 - - =

P N = 1‘-”"12 =% J‘DJ_ZJJ_“"-—-—-_._.__ 1

| || p‘_ﬁjﬁ:_f_—u iﬁd 2 h"“"-ﬁ-n_ L { a b c lh'?-ll A M¥ conterd - 'Fm but  content !

T S TS W - i

—‘—-1—.—*'1“-——— e . i ._____,_...-‘__""‘--.\_____\h_h ! o {C. p “_CL.[lfMj A Ml_ m‘kh!‘ ._-fw_z =] :
| i -

n T — e L v A ‘h“"‘—-—-._._____ . e |
' : - - BT T |
. __—"_'__"—“—“—-————_._-.7_ e "\1._1_‘_‘_ e ;




| ismate | tlagsente 1
.: Pate | — i
| | P | Jin——
T e T T
(Peafidoin Pudsnabe.= IS g £ gh ¥ i ,QEP ) ﬁ-e"—*%’?—L b ewphy store e
b 4 e Each_codort -free Language s accepted ~— - G—pla_b. Wk occeph L by fined shde.
:.__......_|f_bg_a&&_.._ﬁw«gﬁ‘:@w&"_i*@@' B L, =

| [ 28 A& o ods seeciliog L & Dok abhoe
I ﬁgbuU@wﬁgam@@jjgmmuMﬂﬁﬁg@ﬁﬁ%ﬁ%nm
L L gutomabon, i s T " conder *“_-fzt_eﬂ&hg_wa?r ]

£ y — -
—_— T

- SRR ST — — z
leswainiswr _gnd Forsing =
S hg S
—— e

—_ Za% i s

il ren e P s
[ PusBdourn  Butomatun For__{ b lnz) -
I =

., e CLESUELY SR -SUINY S -.P'I mectowh ,au’mmc;]‘!h__,h Wt ﬂf__._l.i\'\:\"ﬂ-wcl_igi'ﬂ____!.me__m-l
Let A= ‘;&FE;_,L&,_%).Z% F)__ | pamiw\g_‘_bec.ﬁu_-sq _,jl',! G _mn&k;mmkg Arvsea

T [
Sed—of - purfidoay — ==
a;l::jl«.

§» Qx{sv{MXxT —QxT

—

P pwbdown oautomaton M s dslegmiwinbc i
£ Foeach  configuration, e by gt weot ou coufiguaton

| - o N | Hal uceed Jt ukebow by M.

TR CACN ATk G PRI ) e Ui
F=1%) oand o _ PDeleswunisbhe  Conberl - Free Lahgudg.e.s gre emsenbally
E:_":E“\ i’; - S-S ' A J[E-D&f'._ Hat G o_cfr.epl'eA bg GLP‘}'“MW_"F_C-_]Q%@‘;“!.“—._
57%_:?/:‘- a 7 }. — {‘h’ ey b = automalen. et
5.. CE a9l = {j—?"’- ﬂ“—_} o |l ’I&w_ Care.  Adhne _w_d.ﬂﬂ'_jﬁr_vf__ﬁnk@uagm m@{ﬂhﬂfﬂ

6C%.b8) = (% 1) | e | by chlumciubic g lows  awlsvle

5(%, 65 = (3, n) i SN [ L IS S
L TE LT — T :
— Ly NZ )= T A) ] o | R P bl A Q‘-—“E"‘ﬂﬁ“ {wew® : weial)
— - Tl b, Bl B Bl 8 gl fun e
— i th,lﬂlﬂ wumiabe .

R P W e ey Tl

! T £__Songuag Miﬁpf rri:Ll(.«_ 4 I _

A .:. Ej—ai_ﬂ“_mw&ﬁ_«iu_bu_ﬂgg_’g_ev?ﬁ_ !'a?ﬂ_do_}féf.jﬂ?__ t_}_ﬂ::ﬁ_lL:_ E* cJons_ 0‘{;&,@;_”;};6, confexd - Free J?a_-.;gigg__
E__‘\j G?E____ T ———" _“"""--.__‘_‘____:‘|__,|_A_.-_' c.iaag;l_ut}cltr__cd‘ﬂpi!.”“{- —————

I T T —-——-“‘_h""‘-—-..___‘_ - _ - L e e e
| o~ Nongulervinigm it e powestl HRon cilesinise
— T _in B conberd_of pusbdown oubmatn. -
! | B v il on TR % R

s o




Tﬁ—ubﬁ%d Re-r.um:'uﬂ ‘ |

J, Reguu:}ug EMMMEL_ u"ﬁ—"“fﬁ‘_‘ o—é::\@ !

D — T ——

E— :-—_—_..:_—'__'____ ______ = —[ﬂg:ﬁwlf —— LY A

I = il — BB, — T I ,{whg_mucﬁm-_@ﬁiQ‘_m_‘f—'ﬁf:_cm* ﬁjl’-_cl—;g:

T e T and g Rewd ot can be wied fu pead ok il

ey - TR o @ I R N .
R B ol S -

P e e T -h.;.»\j mackineg rwur®t forw o atable and

- e idl o0 il T T

. __r____ - —_— ___“";Jq_{-ﬁ;qampuh%uu ‘!‘ROJ Cﬁ“_FDf‘““‘\ s

— __-:l.l.—\.mm_'._aﬁ];ll'ﬂ:j-mt_. S

| wacking  eitfer Kalh in a e Mwacc,._pph,ﬁ

_TJ“-L 'Mﬂcéi'w-ﬂ- M G!djsh.n-{- - dccept wr ,j‘{. e

_atede o oes wot Kl

&

3

RIS Ve el purpose  tuing macline  in usuelf |
. — = i i Cik_ugcj- gu_niutr,siﬂ_Phr’M wae Ring U-‘E-JCLM Powerf: 0 |
e " 1__ 'QM""Z{E—*" A}Mia_}e__ﬁa_&gawwm or;f QE&, c..:\-u\f;u!-u_J
- - i_,_jncﬁm)libg Gy Jf\ui_b_g sz .;{xe.ﬁ-{,_.__ ;
s . - e gty - _‘jrjt e JhCreaae e wo. of Reach o1 mate 1o
o — = e —-=-.__J_rlupre. Cheo o fRiee dansioned , _{M_Lkg_””ﬂ__ﬁ__cﬁé i
- Sr— . Jpx:_émp e opuaton of K wac e, |
B S 30 ol bud unl el increane 1o E:ﬂ‘jﬂ@_"‘ﬁ—?—ow—“r—"f———{

L e nondslerminiche
:i EH o _ﬂ"_uf“*__ﬁ'i{-’l’l _._03._

i

i—“—ﬁ?ﬁ? — 44 _notafinide bul boun cled )
—_f‘lbg%ﬁ_v_'f e upud adrrg— O

aoy Bowndad Adowaten'~
e H_:El_'w_r_hqﬂcfz_im\ﬁh_mﬁw .

macRing whRef Kau o a

—~ 'T-ﬂ“\_ﬁj;ﬂ;ar_ba_m\ch-c_l._a_m@ai@n, R tang

tlﬂ-*"\g AQM.'}'EAVLﬁ_ aore. fﬁah_ _E-a,s'nc, '.-\.n.a_g(ﬁf 5 |

Tﬁ' il a‘f 4@\3@3«4 ;%eplﬁLw“ML

b vaactuinge 8 Adhez E__&&_Aaiiﬂag}?wm :

'_G_Lc:g:{fd L? chkrmaiah_-*_uhbg_hﬂd_ce«‘_m-

e ——

e tape
il e —— - " ‘"-.._‘__‘__ . :
| | i
ol - e < S ~ || vestrcted. s — ]
- e T e s —T i L is_ acerpld]
PR SR | o L ST . flan |
|

3 Ui o_conlesk -newibive Lovguage fex = act i

‘E'é a Livoar Bowrded Rutormaton (LEA). The eo




] AT BV ey T e
= T

L aelat]
R —

il | R

— “—:-Ta_,ff"'lr Emmuh,& Lewgwage '— ————=
PTRT T H LM """"" S A _“-___H__t\g ,?'L : T
'R \,J_-L_ Fe J-ﬂ'—“ﬁ“—&?e" ) f_:fj,-a_—*""z_ Bl ju‘-\gua}m de J& iec.w,q,w; EuuwmbL if and
ﬂ %mwa_ mucﬁau M dﬁ“ﬂ["‘ = ‘Eakqhzﬂ‘ "3‘1 E_f thare G %“hh}? Mc e M +E¢1‘f ﬁ_clvh&“:

g8 i -E.L }u*ﬂdwaiﬁ _m_‘LL-U’ -—'-J-'ﬁj.__”'fﬁ.ﬂhc[ | R N - o i
i E)J;: R O R maﬁ:;_ ST )
1 1 J,h.__a'a_o_ll’i“‘g»—“!*"l""- gnd it dses net Gecepl w, T | B recuraive e“’\“““mui s} n oo s} X 'ifw ik
|t Ballk in won-gecepbng ahde). _____ﬁ_fﬂ__” we Rave o procedune do delermine yBfBar 6 given _

- i e N :l B _...-—-—-I' eﬂnwnl LJE‘ED'-'\EA v X or ot
E'____ igj'uh hmcﬁ.m&’m L& - &Tﬁﬁd ,,Pclhg;aciﬁ; - |
SRS 1 h rted Wil upul w, i if_an .

]’ A— a.c,uzph u.r Qfggwg :g_giae‘; M{‘

ettt ettt

e a— — ———— = = YY) S

e E‘-.—‘fﬂbr rEcuraile iﬂ*wuuge in recursive enunermbfy |
_bu_l twv  cfasses amm:{ He same.

g [3& h(dﬁfpt-l_l . '{-ur Au,[w a p:»ubfr.lw\ e} Wi b
_ : of_ .wfmc Huu w&'-cf r_ﬂukgbt_ wr_fah-z.afﬁa jmh:'?gﬁ
I DA, W . given _ay;_.:ﬂh* rive o

Recussive Lﬂl-\fua?a . Recuiaive Enunen E'h.-.-vw-n&.ft Lﬁya_,

o _\_“Il__.l.._ .

sl ' | —If\.’z_ Lfm,; of  recugaive gﬁﬁ%ﬁi JA a2 ruger !
. fn O'gi?ah }E'.-._., iAo P‘Jd_éﬂ'ﬁ 'HE.&} i‘eﬂ"* Ha‘!’f-ﬂ Aeabae | o-f Hl :;,fmm ‘TJF rec uraivel E‘fj;u_mb_f! i?ﬂl_-gua;q

aﬂft a -fqh-e‘}t'. huhabu c'f_l-epa "f‘” Ghy J“F‘-"} S IR o _1

? = i Lq T S = i 'jf a ‘_,.ps O FeourAie fﬂnguag,n 'H&H_.L{ﬁ i
o uaslue ]‘\.ﬁﬁﬁﬁ_rf_ ki 2ozl ____Jbﬂpﬂiwﬁ{ [__ s Q_f,do Fe e uraie .i

e R |

b A .fmhgua?LL 1A Yecuisive if e i a

L. GRGb-uotlrs ;4 ) = : _—-—-——-—-_.____F‘ AEGP\ 'ull:iqe_ ey re;_u..rmue_. _.{f ﬂhal ,,_ey i

[ = —_— < _-—-"-——-.__,___‘J,l ond 14;5 .u_-. ‘Lmnf are  vecuyaiw Fnuw-rm_;fm__#
; }o_djkn 42‘!' WELM ?Emurm .ILLHQ- 'E[ll-?t ik a%ch{’alu_,__l MP Jy =
___:. o 1:1"\2. ‘JIE.-r 8 g.fu-qh eﬁnmb& "ue,ﬁ.uhﬂd o - e 0 -H\).:. CfﬂM,_I_ ;re.:_um'w% Eﬂuwm&,f.w_ fnnguag‘u
. e e o - —— M4 wnof {Lug,_[_ un@ C-OWP_LW-‘- mk. —
——— e JRH_JL__ -
1 T ———— a
. ! S - e B ‘Q_@ﬂ_ waaqe s 9nmm¥ﬁd 551 ﬁm""“m"-*’ r R
'_ l —:__ﬂ_-_‘_ = —— i H“““%—-.J aned  ov _3_“{ g'_;_l__ dA  pEeulM 1r1% Pnuwmﬂh-‘gl S
i - — isies __.——-"-""“'-ﬂ.,__‘_ | =i
—_—— B et e e
——_u__._jlé_ ool cine ool s, e —— i ey i E‘Re:(_uag e Emwmbfv- Lﬂl‘gu&?" ‘.-Igf"‘ U Low@_w_l%c.___.
h B g T L -""‘h"“--...__ —

i



Undsileblily

— —

T Lo et reeesve and e o TR e,
_*j?fc!.uc.}'_ﬂn_ jw“"'- Li '{“ Lz_, 2 __H-Cl/“-ﬂl\g .Mﬂcﬁ‘hﬁ_ﬁfu_ T

as_dnput  ow _emcectin

— e

L | hat votaayaivvl.. oo ot . ~sarTueen o= S—— "'g—p'-'{uﬁhﬁ Muc_ﬁy_ Eihl,}_ah.:l__ah_e_h_;_qdj B

1 — et alieg e, ond vehuve wer 2 M Al o o |

i A_conlext-seanbve fowguage Ju recumive. Lond " T M doees wot Kt ow wr il
:: N —

—

41;.______.. ||| & conlerd - semasibue ,Qon.gu&gﬁ_-_'_ e G o “‘_‘5‘-‘_‘1}1_._]'""‘-’_ J“‘l“‘hg—h_ﬂcﬁhf_l'aai_gbui;&_
RERCIRSL | - e o= i TR ---_‘*—‘E"‘ﬂ..fé_“%._bhj\g,_h‘ﬁé.@bﬁ__{aﬁl._ﬂﬂﬁ_ﬁ_UH afl |
(losre, Propesber_of Recursive and Recursve Enuevvadh inpubs, ond ol oy g i M Rafk on w,
b T . L LA e S e P ERE | {
T Kecwaranve La\f\gua.gm are closed uncley Uvaon, - S ]
. concatenabon, e lgsure, gnlersec fun, complinmentkdbon  [TH. f*-f—ﬁ"w“\-g _problavas obout Tnlrin.g macBines  aye :
ond  Aek c].i‘ffuehm.» _ T |=I.1.'|-10{.t olabte!— T T
L 9 Ll and |, o scursive fahﬁungn.a_ e a0 _ tiGuven o hong wmackine fdoes M Rall on 1R
: goye LWL, LLs i L,Q_Lr_,__L,HL_o____ohc{__Z‘_'_"L- _emP-lH f:n?.z iz

|
|

*
|

-
|

oln.(,l aﬂuru.fj-f 4“1-:"‘:‘5' ,Jf_M does ol Ea.ﬂ*_._nh Ler,

T TRes_exinh o recursive sek_woRic® J?_h;‘e:_;‘_fﬂ-‘rm Balbing_provbion i wnghoidabh im ]
— 1
—

e

{ W, NS g e 4 L) even hou uring eching M, ond My oo 1,

| SRR .._....._Ke‘-—‘-“*:‘.""‘" EMWWL_"P{ Eﬁhgu?m O-}L_(;E_ﬂfc‘ﬂf_____ i 12;‘.“_ S Aakear J'hPLA 443"'*(_-]3_? < |‘
" ‘ i - ol

Ui Cowcalenabon, .:,Eu_.liuhe:_ and  _interse Fon. | i Guven C\_JF‘-“'""L\g mactine M, s R ﬂﬁhﬁiqé?p Rt

A9t LL, and Lo __are secursive cmmruizﬂz._,_{é{n_.. I ™M senidicidon veguBar? s il conber) fee ® G it
_._df_l__C_ILE_L_. L']_Lg’_ L,l-—z_,,__L- Q._'-'\a[ L_ﬁﬂ‘ z - = }I ‘tf'..-_..u.aiuL?_ ¥ !

———

| S

e

. 4l Le 48 a recwrsve fonguage and [ g ita Redue oW .~ = :
4-—;-3-‘-‘-‘-"-""-‘"—% enumerable -&F\ghc_&?c_,_éﬁih s _ __—w-—-—__m,j Tu_fsa_fw_ q_pwlulm_ B s undsec dable ‘- 4
5 . (—:.—L grace Ty - i i ____.--"‘——-—-_.___!_!_(_ij_S{'ﬂl'}’_wii‘Q_ G ___,ib\,!,{‘ﬂhl:.ﬂ_ l;'r,f a ﬁ'd,ol-.kﬂ'l Llﬂd!—l’._i&!ﬂl?lﬂ- I
— R—U LRE )—Lﬂ-ﬂ LRE_,_.LR LREM.—L-RE'—L-'R-,—G'E——"”-__‘_“‘ ____'_F)rp_h,fp.hn.

. Yeciuave chumg yeble P — - (i) Create an _Jhahhu__crf_r;w'uﬂm B, auck Rot tRe aneer
—_—— ---Lf'_—J—l*—RE—:.l—.s, M vecuraive enamerable. o~k nghu__o-f __P_wbﬂ__?h« B qives fo amwer b Re
e -ty LR'-_-LRE—:i"‘—-V'ﬂJ—_?T’:_‘-.‘M_{‘,"W—__%.hﬂ_bi{_,_ TR &_hgh__g_c_!_pipﬁbhb-__ - S
S S e e " 5y P8 fo S WL TR
'—--——--—-—--— e R Y P ke R _r)wlnf_m,. _ e T
e . s S e _ __r__,,'w_.;\_ﬁll'_ _'[’E‘J__E}Q_Bﬂ.m Bt be____u@b!?ilﬁ._;

[t II 4



elrsssate | : - B

——

e — . rssrate
be | Dt
: e [ i —
= e S —— _,_.FF""._._-_ _
3 we con recduce pwﬂt‘_—‘ﬁ_ e mu‘m B, ol S Humb,ﬂ.{&}f Qre_cote probhis aboct b_CFes jRet  ae ¥
—_— P-ml:,ﬁzh (] uucl.mal ble 'Epu.h - 2 SIS | [umdec - :

" |

| ) Given g M_ansy C_FG.. (; o T LLL’R! 'E'?

——

P?U!:-Elh-\. B mul alsa  be u@cjahﬂt

| R o e

ﬂf we  conm w;b-«.e pw'u.frh« B ;JW’FL"‘« H ahd‘_

(7 ) Gisch on g hov EEGy & vl 5, o LGEE e

- —

i | p‘ru‘lr"’-‘h\ A s undecidable, Hinl _ __H_:J_._I

S 9* l-g,l:lfé m-l'ﬁ;h_q Q_LICIL.} PW!J-EIM @- M s—— 1 f-'“t:;uw»« ”ll-U“D Pﬂ_ﬂ ﬂ"li m’lﬁl___‘l K ECM L(mbjf
: SR — e
| (

s | - — Mo (4)Guven o PDA. M, Lct o %mﬁml POR itk |
_ Uhg&f\mbh Prob Farua obo-.ﬂr G:n‘mhem - *Ez A‘Mamﬂ poM.E«L l.wlquEr ﬁ Atales.
_Eack crf "fuﬂ,ou,n pwhﬁumd A e a'-luclalafa.r {l i

——— e e o

U-)G-uvf‘n a gm‘m\wl G ahcl a A“"l""\—? LAt }‘H‘ T.J_L\'\H pmlzftm WY u‘g:!_mu.:la.'uiz

Y wELrey?r . Y 1 o
oo (?:J Guuen o qrawbar G ghigl o 4 I ﬁ Arnbi roblem fur CEGa in ub-.d?a!c-«.:iub‘t’r :
: - 3—__ WANTIY 1 quity p -

CIJG-W\-\ ?mw.hm.s Gy gur.l G

I |66 = Lr’_r.:j?
(ﬁ}Gvah gmi-nwr [~

S [N

f: Is Leed=g - . . L "1 .-
1
_IRL ‘f‘laﬂw i . :il‘iﬁhﬁ- about Couler} - Free mem""_“’—f‘-‘_h_-_ |-P e ~
B Al st Sl Colot i Gt — | :
;i Q) Gvwen o C.EG. G ond AJrnh_g_ weps e | :
it N Na IR B N | S =
L | (@) Gien o cre o, e ey - i
! e L0 B & EE __;-HT% et s |
i B 52 ____.f"“xnﬂ_____l —_— |
i = o T ——— e ____,_..H""‘-—-,.__‘_‘_‘___“ - — l
I s N N __,_.__—4--"’%"““-—-..} _____L___._—;-——-——"__—"___:
— e ) gl “'““'--,___ﬁ_\__| P L S .




Il elegemate | -
Do ieeet g vew )
! . SRR e
| S —— P '_1‘:-‘4 f——-"—h_:z-___ e : :
i { R — s [:__l ﬁg?ﬁﬂor_}i {2TEAA "JL,fE" ﬁ_ﬁ*ﬁ?_g_u_f_;-_‘_{ oY, fﬁgf ' |
N S R —__._ﬁ_'_’#, <y Rave_an_even no, cq’ = O ooty 8
=i e Ean - ST e —_— SR 5%
' L S __._c.l_u.ﬁa_\-‘i_“-a_oapwwnm of_00 = V' (o) Co+i")
.—_________,I,_,._ e e —— X .
28 | e =0 = B T o gt T —— -
} | ) B — U'ljﬁaw e;.(:.-_}.%_ _awe scigahor rf do
L 1 - . . S " , = 1" tat oo cii"a) 1*
T ; - e B ] U"J do wol contein 01 "o _ |
= {_J_. | = fa® b " | 5 Y ml  conlexk - fh!t bt mn{ehi
0 o | I| evpifioe. ) I
L | R A L8 § S AS— T P ST .
L [ tumu;..apkwc]upm-net _ )L __T___i_ﬂl_.b#_a_pﬂ_mz}'_i&.ﬁml 2 oonlent s Free
L. F £
:JE__P_M,.h_d_____._. el i .ﬂﬂvgudg
44 Il —_______. B } (= (T |nz1] s e H_?u.fﬂa_ bul _conlen] - free.. ]
1 | |
i | b i i !
E _ S (ww Y w e (28] i wel conberd-free
3 i
g !. - ____.__,_H__‘__C_é_:“}:__‘L-; {_u | W2 uj is ol coutext- f’u ll
b B . I | -
- | . [ o R Iﬂ?-lﬁ_ﬁﬁ_wgujw '
i T PRI e TR | T e i e
{' ) i _____--f‘-——h.(:@__i_ - {bobeabaaa . bbb | Mz 1) s vl conderd-fee
J —— e ,_—-—-—""'_'-‘ -‘_‘_\-H_"“—- + i
' . o~ - [wxwT | wwe oW} i rpd 3
- S i ez i _._._._.___._,,..z ] oo i esmiagmeoee e —. |
: E . s W s {wwT e (ab) ] o conbext-free. o
i -_— _ __________..-"H""‘H-._______ e B
L - o _____--——""’_E‘-H""""—-——-_ Tt e o {
: oS . T | S IEEREE B r




tlassrate i P{ P C____E__.L'_\:\P,Ep_{—?m tlassmste

——

oy alrngs_uose dacimel oSty Broblomal- . ]

L ia_ivint] E]g L P ———— —_ _Eﬁr et ﬂ_’f_ .jlﬂt _lal___’(z}-uur‘-y_tﬁ&_hm_ bﬂ.!-:.ﬂl::_(l. :
e i......_. . S Pu.ﬂymﬂﬁ;i amﬂl-_,}{ Jf‘!""-_‘—-u#ﬁg T
— I T —

] M ) e TR T

Tolractible Bobls - —ir
T - 2 TRe 4l of all problaws fRab comt be solved
i L | B : B witn .Pp.ﬁgwﬂhf oount_of himae shibg_gleberhoinditic:
e hung .

>3 s of dype OCRM).

~ - 1 P-Clasd . T;wb,ftw e B |
Wwww. apkus et L TRe set of problims {Ral @.’L_bil”-&ﬂ.j?fd_iﬂ_f#'d._
§ 3‘-‘{;{? e i Bl ,..pu%wﬂabh_wuh}__ of bime by cebermmininbe mackinas, |

- _:_ | S I| 44 Cat&cl__{'@.-- P- cfom m_pg%Waﬂ__ﬁ_mgbiL‘{
: - 5 ; I

R e — NP-C foas Probfewms i~ _ |
U e s N __,_L____I_ TR é{t_ﬂf_Prle?‘-H‘_‘[ﬁﬂ‘l‘ can_ be safuved .in -_i

i s AR & g __p:-ﬂymmd fne mnig hch-oﬂ-l‘l-nmﬁakc Mn__cfa}l‘m. |

e N —H? = Huv.'q.-clﬂjrﬂhﬂ*'w.{i; Pufgm“"""'ﬁ Tiaa. '

g |

s et EN R th-p:«_ﬂgb_ﬁmmﬁ

e S e

— = = ﬂ_____...—-" "'--.______:__ 1 v

i e al REETTT p, TEES IN il { . .
. — \ Lx_“‘fé/ |

— de T e T TR ol NP itk of T .
l - H“‘“H-—-.‘E‘)ﬂae_pwaf.m __iﬁd_i*.*&_.vﬁvfiﬂwb‘“t‘ﬂif

| SR N i
;: S e S s SO |




|
M- Harol Pmﬂmw =

Wi Lo e L T

Ty oa-e._o’r ,&m}

_ . ﬁmr deat pw&ﬁrj\u

-
| i HP'_ e
L = TRe pmb,ﬂsw bo wWlRe& c—@_ o g

e

roblows  gqie e
—'Ehﬂwlg as NP- Rosd  closs a-f_lgy_nhfz

mCLu.c.-JIT_.EL .:'h Pn%

M

in HE,_E"& h,a{ nECLAsGTH

F' < ,ﬂ_a-m. - ol ) b,ﬂi‘m;

[ NP e fan —

HP- Complate

——— e——

M E\q d

—— 1

elassmate ‘ e
g:c: i ) E:‘."
7 ) T — —
as-Bord_on 'l_é{:‘ e | — - 0
‘%r in i | C""""P‘&*‘E P"“bwﬁ'm are Rose NP- iRl
" . . _t pwbii'-‘\-u U.?‘En‘_ __Gire '-‘-”lE-H HP E
NP —cfLass ___:_ i P
Dk aat,____ﬁrﬂr _:_I_ = Rere__are st “71; {E"— ﬁm'ciﬂd-i‘ P_ﬂl?.reﬁww T SR

AP G ke veal ezl sevue  HRasre ave R
'.m.o&} L&-&o‘ rol & {‘v 51:. .Jlr\_F

L ﬁal—

Ilg — HF’ (;{Jhxr;),ﬂ!{'ﬁ _pre yobfis _aw Ao.ﬁwat sing
rutishc.

— S i 4

I Problivma

— 41 s wol . fnowm  whRa NP preblevns
{}‘&Lﬁ-bﬂt or ..mlﬂm.hzﬁﬁt

e

I -—*‘_:13" a pmlﬂ:'rm in a closs urf NP- Cowmplsle 1

ﬁth*mﬂr
Frob favas

o~ . g aw |::ye M,CW':J: an

| _o,_ﬂ-‘ mwﬂﬁfihw *‘EM cyff *EL
i P@bﬂm an Hat c_ﬁw can be pofved _in_a |

; SR - SR

%Mmaﬁ Fae g B maws afg.aniﬁ'm
f?u/ﬁqm'-waﬂ Hie aﬁgunfﬂm j

|

ﬂf G (J-ll'ﬂ‘m-w;s{*c

f —-—__” s :f—ou‘nd For_aw NP- ( Ca_p,ﬂvk pw!lfr-m AR euery

—— O E.Eum P HP'—

cJass  can be sofved

Jh C{lk’tlﬂmmﬁ;

T ——
AT Bt S | i
SR "“"-—-._____‘__'_ 1
e N BTR efia nf _ppiﬁam_mw%,cbuvtﬂﬁf#fﬂ“gmyhd
___.___.--"_“""‘-v--.,__ﬂ___'l Gl-lml-é.cl ba P_ds_c c_f,gée,:! !!ﬂ:l.‘_‘ gk, i eracetigh
"~ |_concalenation ,_comploimant ond Kfeene Star ..__.__j




Ul-'s Laente

-Ex_apfa_vf_df’-__w e Pbhol= T ———— g
_#J_J Boundsd T,&hg___ afpavsge ot : : ”*::—:

T 55;"43:;95,,&12_15%_43&&5&“3 c-s,qrj'_"‘_: e
L ...,..I_CQ_LI:‘]HK__HL___ N — o ] =
'_ﬁ_,gg.f'_fm Hemilbonion Cocle _::
5 ': (s) Tr:\_.vg@:gﬁ_,&&,mm_ Probfein e ——

] K.S) Exact Cover Ohcl Nudz Cow-r

S PR S _ﬁ__.{_ -

_._.ﬂll_dipehcﬁhl Sei'
] CS,J 0-1 Kh.«pmcf,

Bl ___Ls)_B_Juﬁh&

——

————-'@Em’ctd_&ami Board CPcg) .- ..

r () _CLIQUE g8 _——#:_
‘ : 4 = et i
1= o B
I — . — g m — ‘h"""--_._,____

T e
——____'1___-_-_-_‘_'_-_‘_ _‘_-_‘_‘-_-'_
——
I __-_‘_‘_‘—-__
.\_‘_‘_'_‘—-__




