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@ \'\/‘/\ic:‘/\ nodes are reaclhable

Frov\/\ Ok?
A - \ocJefZ' (but net %)




Qa.je_ (Gk)hi \4 0“%@ (c)z\') PA%C (C)d.>
) edye (b,e) edae(lh,d)
eA} (diF) edqc G—;e:) QA:“C.C%}e\




eo[?je (x,ta)

edqe (o,b)  €daele® edge (¢,

edqe (b,c)  edqe (b,d)

reqc\«(x / %3

eo\]e_(o\y?) edqe (fe) edjely,e)

e JSC (1) %3 NACL\(‘},&}
reach (x,2)




| BNF Grammours

YOu \/\&Ve Seeh  mony ANF qraMmass -
A..;:. ]__ | A x A \‘_\__%A
| = . [ . < A

e= O | (e.ey | dxe [ lee |=



, BNF Grammaors

Tlais s S‘\norl’_l«o\vxal —Por:

A =1
A= A=A
A= AoA

[ =

= [, x:A



ChDMSkH NorVV\a\ Form

A"“& qQrammar Caw be re_wriHev\ So  thet

evev% Proc)ucjl:icl/\ (s €°¢H~’-’\
A — o A— BC
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CYK Parsinc_!;

. Suppose G is o geammar in Chomsky NF

2 . Le,-l— W be o word smclemj‘“«'\
1w = 7th sgw\[oo, of W

!
K. Define:

Pacse (B,1,4) parse (C,g’,lc)
parse (A i k)

-For e«ck A-% ISL % é

Lov coclh A—s sk s=w; in G
ParSe.(A’i’{-{-lB



CY WK Example

T— X w=1x1
A— 1

A —A K

K —=TA






CY WK Example

1T— X w= 1x1
A— 1L

A ——)A K I:)aﬂ'St. (A,03|3 F*"SQ(T)ﬁ,l\
K = TA



CY WK Exemple

1T— X w= 1%x1
A— 1
A—-AK parse (A0, par3e[T1,2)  parse(4,2,3)

K = TA



CY WK Exemple

T— x w= 1x1

A— 1

A—-AK parse (A0, par3e(T,1,2)  parse(4,2,3)
K —=TA

PM‘$¢(A,':,13 parse (¥ ¥ 5\"\
parse CA i 1)




CY WK Example

T— x w= 1x1

A— 1

A—-AK parse (A0, par3e(T,1,2)  parse(4,2,3)
K —=TA

PM‘st-U\)":ﬂ'3 parse (¥ 4 5\‘\
par e CA,i )

parse (TH4,35) pacrte (A »d > L)
peree (K, i,k)




C\/ K Exampk

quSt (A,o,l) r-.vse('\',i,?-\ f‘\fH(A,Z,?’)

Parsc(A,i,-jy parse (k ,4 ,\A
pacre (4,1, 1)

?""‘ (T, 4"3') parte (A :5:L)

paree (k, L) k)



C\/ K Exampk

P“-gt (A’a,l) rgf$e('\')1,1>. F‘fH(A 2 3) ..............................................

.
ce,
e,
..............
ooooooooooooooooooooooooooooo

Parsc(A,i,-jy parse (k ,Q‘ ,\t\
pacre (4,1, L)

P‘“c (-r, .,"3') pacrte (A :5;”

paree (k, ) k)



C\/ K Exampk

quSt (A,o,l) r-.fse('\',i,?-\ f‘\fH(A,Z,?’)

Parsc(A,i,-jy parse (k ,4 ,\A
pacre (4,1, L)

?""‘ (T, 4"3') pacrte (A :5:L)

peree (K, ¢, k) PMSQ(\L’ 52



C\/ K Exampk

Pqtst (A,o,l}. F~TSQ(T)1,7-\ F-\ff-'.(A 2 3)

f*‘-u CA,)", I-_) ............................

?""‘ (T, 1, 3) parte (A 2d> L)

pavree (ks i, k) Pcus{(k) hS}

P«.-s;' (A0, puese (1 ,1,2)

.............. - parse (A0 ,5)



C\/ K Exampk

quSt (A,o,l) r-.fse('\',i,?-\ f‘\ff-'-(A,Z,?’)

Parsc(A,i,-jy parse (k ,4 ,\A
parre (4,1, 1)

?""‘ (T, 4"3') parte (A :5:L)

peree (K, ¢, k) PMSQ(\L’ 52

patse (A 0,3)



C\/ K Exampk

quSt (A,o,l) r-.fse('\',i,?-\ f‘\ff-'-(A,Z,?’)

PM’S(,(A,':,-!} parse (k ,Q. ,\A
pacre (4,1, L)

?""‘ (t, 4"3') parte (A :5:L)

peree (K, k) PMSQ(\L’ 12

patse (A 0,3)
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Relat ions , NA‘H'\e mat ica”j

@
\@ edqe (o,b)
/ / edqe (b,c)  edqe (b,d)
edlﬁ(o{y‘:) cedqe (fe) edyely,e)
eol%e (7C ‘33 edjccx) "ﬂ} Y‘(o;c,l'\(.‘a,%-)

reach(X, %) reach (x,2)



Relat ions , NA‘H'\e mat ica”j

edqe (&Jhs

ea'ie. (b,C) 9436 (b, d)

edje(df)  <dge(he) eqely,e)

eol%e (7(:,&6}

req;\n(x / %3

edge (z,4) V‘(mc,ln(,“a,%-)
reach Cac,%)




Relat ions , NA‘H'\e mat ica”j

edqe (o,b) Edge < Node » Node

ea'ie. (b,C) 9436 (b, d)

edje(df)  <dge(he) eqely,e)

eol%e (7(:,&6}

req;\n(x / %3

edge (z,4) V‘(mc,ln(,“a,%-)
reach Cac,%)




Relat ions , NA‘H'\e mat ica”j

edqe (o,b) Edi\e S Node xNode

E dae = § (0l (b, (M\}
dae (b,c) edoqe (b,d) © 5 P, 12,60, 10,41,
€ %Q- C 3 (d,p), (-c,f\ )(j,C)

edje(df)  <dge(he) eqely,e)

eol%e (7(:,&6}

req;\n(x / %3

edge (z,4) V‘(mc.lﬂ(.“a,%-)
reach Cac,%)




Relat ions , NA‘H'\e mat ica”j

edqe (o,b) Edi\e S Node xNode

E dae = § (0l (b, (M\}
dae (b,c) edoqe (b,d) © 5 P, 12,60, 10,41,
€ %Q- C 3 (d,p), (-c,f\ )(j,C)

edje(df)  <dge(he) eqely,e)

RQ&CL = EO(‘JE
ed-%e (%,ta} U 0D I (x,4) ¢ Ec/fje )(3,%)6(2?«4«6

req;:\n(x / %3

edge (z,4) V‘(mc,ln(.“a,%-)
reach Cac,%)




Relat ions , NA‘H'\e mat ica”j

edqe (o,b) Edi\e S Node xNode

E dae = § (0 (b, (M\}
dae (b,c) edoqe (b,d) © 5 P, 12,60, 10,41,
€ %Q- C ! (d,p), (-c,f\ )(j,C)

cdje(df)  <dge(he) eqely,e)

R @acl. = E°('Je U Ed\je'; R-?cxc—lf\
eol%e(x,ta}

req;:\n(x / %3

edge (z,4) V‘(mc.lﬂ(.“a,%-)
reach Cac,%)




A Recvrsive Defim'):ior\

Edge = § (0,0, ... }

Reacl. = Ealje U Eo(jGQKQ&CL\



A Recvrsive Defim'):ior\

Edge = (0,0, ... F

Reacl. = Fdye U Eoije;KeacL\

Q: How do we know fhis
Olefim Lkiom v dkee SenSe.?



I An Irﬂ‘uil;i\/e ldea

DQLMC Re&cL\O :c;£

RQo\Cl/\,l_ = Eo(je, U Ecjse; QQO\C(AG
Reac‘/\l = EJjE’. U Ec)lesneogcl«i

Resch,, = Ehe U Edye; Reack,

Hl Reac\«n,‘_l '—’Rem(’_’«n )’EI/\QV\ e (/\c\’\/e_ Reacl\.{



I An Irﬂ‘uil;i\/e |dea

DQLMC Re&cL\O :c;£

RQo\Cl/\l = Eo(je, U Ecjse; QQO\C(AG
Re&c‘/\l - EJjE’. U Ec)lesneogcl«i

Resch,, = Ehe U Edye; Reack,

Hl Reac\«n,‘_l '—’Rem(’_’«n )":II\QV\ We (/\c\’\/e_ Reacl\.{



\I\”\g l"\igu: Tl'\is \'Jorl(?

. Reach € Node x Node

2. H: (Noo‘e = my Ban [Rewch] ¢ mE
£ lReo‘c"\VH—lI - ,aea‘d«v\( ) fhe n

1n £ MZ Sf-ePS Reo.c.‘/\n_‘_l?k“\ LJ':“ZES




. Mono{:onici'li)/

Define  F(X) = Edqye U Edqge; X

Lemma: [ XSV tan FX) S FC¥)




. Mono{:onici'li)/

Lemma: [f XSV 4Hhn F(X) € F(¥)

D .l Assome X CY
, roo‘r 2, AsSUMQ (m,c\e F(K} - Ecjjﬂ O EJjC_,X
3. Case = (&,c)e Edqe
Thaw  (a,c) € FCY)= Edje U Edse 5 Y

Case : (a,0) € Edyey X
C&,k}eEdje and (lo) CBCX

((ra,c)é\/ since X CVY
(n,c) € Edge;V

(a,c) € Ecl3e J Eol'je}y
(a,) € F(Y)




. For M&'i?,ina +ha In"'uf‘ll‘i\/e Idea

S‘*PPO& K ois Finike  oad F: PO = P Mo rotone
Let Ro=¢@ od R, = F(RY

. 3k st Ry = Ry,

2. This is the swallest fixed Fo'm-l of F




AV\ I'\Cfeasing S'eg,oewce

Lemme. : ¥ Ry € Ry

Proo.F . ‘g'a 'wuc)uc.'l:fow onn W

- Lose wn=0
R,=c¢ R, = F(&)
B‘H‘ definibion Rg &R,
—(oaye N = k+ |
B‘é nd vebion, Rk C RKygl
By movotouicty, F(R) ¢ F Ry

Hew co Repnn & R+

SO Qngan-l-l



A Fioxced Poin-k

We fvow Ro<R .. <R, R, E -

Since X I's Pinﬂe) /P[X) (3 ols o -pu'wi":e
HQV\CQ % 0~\: MOS)C le S%GPS Rl)(,:Qle-i-/



A Least Fixed Point

(£ F(S) =5 ten ¥Yno R €S
Proo—‘:. ASSUW\Q S: ‘:C5>

Proceec‘ b‘a 'mcjuo_'l;l'on on. n.

Cmse n = 0.
Ry=d NP S = R &S

CO\SQ n = k.-l-l:
Bnd ind UC—'I;;O\/\, R\c c S
Ba \Movlca4;¢>V\|'c;baJ F(QKBQFCQB

Stace §=FCS) R, €S



Da'lla\03

[, I1C X 'CTV\\":Q amd F - ’F(X} _‘7?()<> MOMD-,'DV\Q
Tlan (e o [east #ud Poiwl:

7. EVQW& imducjc'-ve re(aLiow A‘Q—Fiheol
LB i —Fer ew co. roley over Linile sets
hos o least Fized point semantics

3. DQaF;VI)‘V\z SQ'IES é% SUC‘{/\ ("‘e/a{:l.ol/lﬁ 1S
ﬂ,\& Dq":&)cag goerg /thuajﬁ
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(X, W)

)
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eA}e.z(z/ “0‘3

ed]ez(u\)\l3 ed:]ez(V,b\)

e Jiez[":""> ""‘3" (N’Z)

reqc\r\L('x,\a)

e cljezl 2,%S “GQELQ}’%‘)
reacl/\Z@C, 2D




@/@ GA}e.z(z/ “Q‘B
@) reqc\rxz('x,\a)

e cljezl x, %S “GQELQ}’%‘)
Qd:lez(o\:‘l3 edjez(V,b\> reacl/\,_(*ﬂ>

Q(Jiez[\,’w) edge(w,p NO %avn evr 1C
Lransitive closure




D esign BQluestion

\3 there o version
Ot Da)ﬁm,og wlhie b
hos better po\CiL :'111?5

[or ahsteackion”




