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3wl sl S hug oS col SU5 o der K sdd Mg ol ad) pl e

(J.,.»L;cu)w Q)L&Lﬂf)&d] "M).o.k..i

Current string Rewriting

S >NP VP S

->NAME VP NP

- john VP NAME

- john V NP VP

- john ate NP \%

- john ate ART N NP

- john ate the N ART

- john ate the cat N

sl 3l3 QLS VL 3 oS lealS pliD sl 3l e sSias LS 03 w3
(s o K251, john ate the cat o v el 5 YL & ol
(Top —Down Parsing) s\ « Vb 4 s 0-¥-V

My Jgramme oIS 88 (005 on o ) oS 8 b Lo S A 0nl 03
Ll csbae glaslgiy s Al lndl bl S50 po5 050 (0 03 LIS
cn S o 2 Wl S s s sl e s iy S

o 3 s Sla S L S s s Gl (St K5 e S
AL il At O g oS

Sl Sl ails s Oley Ll 0 0z, S G Well behaved L. 5L
Ol 1y b VU s L s Well behaved "V ,.xe NL

Jas =
S >NP VP
NP ->ART N | NAME
PP >PREP NP

VP > V|V NP [VNP PP |V PP

Sentence :1 The 2 dogs 3 cried 4.

Backup states Position

S >NP VP 1
->ART N VP 1



\A

NAME VP
- (The) N VP

NAME VP
—>(dogs) VP

NAME VP
>V

V NP

V NP PP

V PP

NAME VP

- (cried.)

D WWWp_rw=2N =

(Bottom —up Parsing) Yu « ;b a5 Y-V

Thee dogs cried > ART NV
2> NPV
-> NP VP
->S

NX s dils o ome 51 Jaes sla ol S aen Vb mly 420 e 5 ool

Al o Jb N 4S5k dsd 4 (SN XN
I sl asls sled Sl (Sdams o i JB aiee Sl S &Sl s 4
g g Madoms 0SS glgtend Lo a5l ol ol S

(Chart Parsing) /s e 426 V-Y-V
sl A s Jgb s &S syl ples Sl 3,58, chart b ls ye
-4l Well-formed substring table -l Koo A8 lssanl sis

Lgd e edimn b Bl Sla s sass 5l

DS e ol eslinal 5550 s elliptical L G yises e (gl sl gas

Q .How much are apples?
A .Thirty cents each.
Q .Plums?

1:
2
3
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03 5 e Galoe T ples Js 3L o B e Olgie 4 pyw o 4
A2l o ool 6 NP e " 1" 4
Al e Wl g e bl o5 Olse a4l ST S 4 o

(A Bottom up Chart-based < > » e Vb a b a0 ‘.:.wﬁll
Parsing Algorithm)
~J~"~5Q;‘OL:{‘)YL.‘~3L}:J“Q“%)>.Juf‘)"-’;;ﬂjbv%)}g‘gﬂ

Well- 415 51 e 5 ol ot Ciles qEN XN XN LN b 4 dexr 5
xS 5 (n x n steps or n step) L behaved

(§lads b Soke) a3l o 1y e Jol sl o5 S

o bl s Ll plS 4SS el asie LS sb 4 3 LY OIS
R

Sl slad a5 (F S Wile) s 1) aedS S &S sl Jsinn ol S
Sl el Sos aedS o 51 B 1L (VB E) 53 S w2

Sl a5 el old 5 358 ekl alS o 2T 050 o i Sl a5
sl of

ol S aads ) el sls 6355

S 4 e Olles

Sl as semme 4 Jlad Jlo e S e Jee gl esls Jltla g s v.:i)j.ﬂ\ o)
it JU 1l 51l sl e 5 b slgiles

ng;.s J}-.,La QL@)J)J\JL.: ol ab%‘@fd\j}@g&w &A})Juﬂy";|

:sﬁ.u\j;'-ﬁ)'f\jf)'\Naqumwsﬁwﬁ)&pk&xj&\y@



YA

N > fly
V > fly

G aalS Glglpe U blae ol clxl ol odd s fly aole gl ads (Y

N1:N - fly FROM 2 TO 3, and
V1:V > fly FROM 2 TO 3

b Aol 5= sNP 2 ART ADJI N il 0158 Jols ul § 31( 8
OLS e 355 a8l dex 53 ART1: ART - the FROM m TO n
Jlas

Sasi b oyl 4 ARC1: NP > ART1 * ADUN FROM m TO n
g e sl Jlas

S ol s s edd Sl ol s w6l S Sl dleé 0lS s () cedle

.LI»L: ~° Y o C/JL’

ARC1: NP >ART1 *ADJ N FROM m TO n

AL als 54 (-:E:-)'l.x,_g(,_ﬂ&g)\"M)ADJ ij)\sj,u'): ol e K

5¢-:u§ T
ADJ1: ADJ - green FROMn TO p

(38) s 5 S Ty a5 Jld 0eS 53 TO cmdso U ool 5> ;s FROM 31
LS W5 e Jl OleSS K5 S b iy Ll e
ARC2: NP > ART1 ADJ *NFROMmTO p

Aol WS Y U e Sl s el 55 1K s
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The green fly flies
An active arc o 1

FROMO TO 2

ARC2: NP-> DET1 ADJ1 . NOUN

N)

G535 Caamd 53 % a5 AS W g Jled OLS &G # ) i sl Sisls s ST
:J;JLQA:JJCQJ\JE()}}E@\)W)J
ARC3: NP -> ART1 ADJ1 N1 *FROMO TO 3

e ks ol D S a 0LS e
NP1: NP - ART1 ADJ1 N1 FROMOTO 3

Lgd g S g ol 3 b slgleS wen
SN eslial 0 5 8 slealS s als e ke oa 5 ol sl a (Y
o8 5> NP1 ol s asyl (ame 4, 230 S 2 NP VP 046 Ll 418
gl (Ses dde Jle Ol e, A atl ol 0

ARC4: S > NP1 *VPFROMOTO 3

Joo el Bl e s L sl i ol s B (A
st azzls .. s NP2,NP3,ADJ2

S (S g3 "Vaane ) ol ol sim 0355 Sy s ol s (4
el L3L o e J5b oI TO 50 0TFROM

( Chart parsing): s s b <)l a5 51 gl & 505

il cwdsle ol S
1.S>NPVP
2 .NP > ART ADJN



3.NP > ARTN
4 NP -> ADJ N
5.VP > AUXV NP
6.VP > VNP

s slgelS

* sentence *: the * * position *:1

* constituents *:

ART 1: ART >the FROM 0 TO 1

* active — arcs *:

ARC1: NP >ART * ADJ N FROM 0 TO 1 [rule 2]
ARC2: NP >ART1*N FROM 0 TO 1 [rule3]

* sentence *: the large * position *:2

* constituent *: add

ADJ1: ADJ - large FROM 1 TO 2

* active — arcs *:add

ARC3: NP >ART1 ADJ1* N FROM 0 TO 2 [arc1*—>]
ARC4: NP >ADJ1 *N FROM 1 TO 2 [rule4]

* sentence *: the large can * position™: 3

* constituents * :add

NP2: > ART1 ADJ1 N1 FROM 0 TO 3 [arc3*~>]

NP1: NP - ADJ1 N1 FROM 1 TO 3 [arc4 * =]
N1: N> can FROM 2 TO 3

AUX1: AUX 2 can FROM 2 TO 3

V1:V > can FROM2TO 3

*active — arcs *: add

ARC5: VP 2> V1 * NP FROM 2 TO 3 [rule 6]

ARCG6: VP - AUX1 *V NP FROM 2 TO 3 [rule 5]

ARC7:S > NP1 *VP FROM 1 TO 3 [rule1]

ARCS8: S >NP2 * VP FROM 0 TO 3 [rule 1]

*sentence * : the large can can * position*:4
*constituents® : add
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ARC9: VP - AUX1 V2 * NP FROM 2 O 4 [arc6 *->]
ARC10: VP = V2 * NP FROM 3 TO 4 [rule6]
ARC11: VP > AUX2 *V NP FROM 3 TO 4 [rule 5]

*sentence” : the large can can hold

*position* : 5

*constituents*: add

N3: N - hold FROM 4 TO 5

V3:V - hold FROM 4 TO 5

*active — arcs™® : add

ARC 12: VP > AUX2 V3 * NP FROM 3 TO 5 [arc11* =]
ARC13: VP - V3 * NP FROM 4 TO 5 [rule 6]

*sentence™: the large can can hold the

*position*: 6

*constituents™® : add

ART2: ART - the FROM 5TO 6

*active-arcs® : add

ARC14: NP > ART2 * ADJ N FROM 5 TO 6 [rule 2]
ARC15: NP - ART2 * N FROM 5 TO 6 [rule 3]

*sentence™ : the large can can hold the water

* position *: 7

* constituents * : add

S2: S > NP1 VP2 FROM 1 TO 7 [arc7 * =]
S1: S > NP2 VP2 FROMO TO 7 [arc8* -]
VP2: VP - AUX2 V3 NP3 FROM 3 TO 7[arc12 * -]
VP1: VP - V3 NP3 FROM 4 TO 7 [arc13 * 2]
NP3: NP > ART2 N4 FROM 5 TO 7 [arc15* =]
N4:V -> water FROM 6 TO 7

V4.V water FROM 6 TO 7

*active-arcs™: add

ARC16: VP > V4 * NP FROM 6 TO 7 [rule 6]
ARC17: S > NP3 * VP FROM 5 TO 7 [rule 1]

S LSS el ol o3l QLS V=Y S 3 oS s 4 |y ealS



AY

ale s S el iy 5o ) bl o Jol 5 oS il ol Vb ol s, s
Sy ax s sy ol Y s s, bug o3> o0l s “hold the water”
wils Sl O Wl e e 3 Jites ol 4 YU eliS was SCdd el 5

AL

: ( Recording Sentence structure) d.> sl o

5SS s ) g aker
“ Jack found a dollar”
(S SUBJ (NP NAME jack)
MAIN-V find
TENSE past
OBJ (NP ART a HEAD dollar))

S( subj(np(name(jack))),
Main(find),
Tense(past),

Obj(np (art (a),head (dollar))))
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ARTT [

Othe . 1
ART1 ADJT
0 the 1large 2
NP1
NP2
W1
AKX
ART1 ADJ1 N1

0 the 1 large 2 can
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[ s2
| s1
NP1
NP2
- V1
AUX1 \id l
ART1 ADJA N1 | N2 N3 ARTZ N4 |
0 the 1 large 2 can 3 can 4 hold S the 6 waler T
V=Y s
s g g5 4l 1 g ol S ATV
:(Grammars & Logic programming)
335 oo 538 PROLOG 3 "z Ll 55 o ol S il g3
S>NPVP......... s(p1,p3) :- np(P1,P2), vp(P2,P3).

LbrsaP3 cinipe a PT canipe 55 5525 S o8 colis s ojle
Dskien P34 P2 5IVP ;P2 L PT3INP st asls s 55 )

VP 2>V NP ...... vp(P1,P3) :- v(P1,P2), np(P2,P3).
NP > NAME ....... np(P1,P2) :-propernoun(P1,P2).
NP > ARTN ....... np(P1.P3) :- art(P1,P2), noun (P2,P3).

S VE PR CPR-RSPS ) VPN J O PVt P SO PY

NAME - John ..... isname(john).
V->ate ... isverb(ate).
ART >the ... isart(the).

N->cat ... isnoun(cat).



A

" oS e i (predicate) oS & ART il s Ol sl
ART sl
Art (FROM,TO ) :_word ( Word, FROM ,TO), isart (Word)

Olen 31, ol Lasiie O Cumdse &5 (gl S &S Cond s Sloy llas ol
Al Ol se
e dle o
Word ( Word , FROM ,TO)

FROM 6@ Qﬁx}}»&ﬁ,ébj)j&e—)bword dSJVSL;cum;.LAYL C))L.&
e UJLQ.A 4.3.5)\) )‘J}TO 9

Noun(FROM,TO) : word(Word ,FROM , TO),

isnoun(Word).

V(FROM ,TO) :- word (Word , FROM ,TO), isverb(Word).

Propernoun(FROM, TO ):- word(Word , FROM ,TO),

isname(Word).

oz s OldS Cundge r.:;l): Py okl Lo oS "))L_é S ot oslazal b
oS b olila

Word(john ,1,2).

Word(ate ,2, 3).

Word(the ,3 ,4).

Word(cat, 4 ,5).

8(1,5)? S eslizul S J5 , QUETY 51 s
EPVINVAPSIPIOR 35 L)TC&};:.,.:

a8 51 s gl Blal gl IVazal 5 s 0le ST aler Slitle S gl
S wslsl
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S(p1,p3, S(np,vp)) :- np(P1,P2,NP), vp(P2,P3,VP),
Vp(P1,P3,vp(v(Verb),NP)) :- v(P1,P2,Verb), np(P2,P3,NP).
Np(P1,P2,np(name))) :-proper(P1,P2,Name).

Np(P1,P3,np (art(Art),noun(Noun)))

Art(P1,P2,Art),

Noun(P2,P3,Noun).

Art(FROM,TO,Word) - word(Word,FROM, TO),
isart(Word).

Noun(FROM,TO,Word) -
WORD(Word,FROM,TO),isnoun(Word).
V(FROM,TO,Word) - word(Word,FROM, TO),
isverb(Word).

Proper(FROM,TO,Word) -
word(Word,FROM,TO),isname(Word).

(Knowledge Representation Language) :ils il 0bj 4-Y-V
S e ool S Sledbl fals aS NLP o b Lo o il 2lad 5555
NLP i LS o pasie s o 53k o, ol 0 LB SL5 el
(KRL=knowledge Representation language) L il jils oL

g o osliial s (GAudS (gl 5 aS 55l 6 LAl po gasie OL 4
CL (KB) u.h\: a&b > g -~ oslaal W .]a.wj.? PLY ‘j&.s‘b 9 Sleb 48 gazn
Sl
: FOPC 4\.3'\.3: » J.gl.u
ale Lol el 0L 31 cisesls il 0L b 5112l 558 e eslizal &5 L
Y X b b s father (johnt) wle s sle =t john1

U opor aen ) A8 oo eslanad Ll 31 0L alae (sj.é Ll adly 4 gl



AA

e p by Je sl pasls K1 Jie e 2l B ad e Ol Hites (sla ine
KB, john1 .t olse 4 el o Sas o= 2 55 (NAME j1 “john”)

S esls b
e ik OL3 o oS jskiles S e i we KRL s e 550 i las

..L;)\.)

dx : Person(x)Happy(X)

Vx : Person(x)Happy(X) There is a happy person
All people are happy

VxPerson(x) = Happy(X) L cul dsles p 55 <)l

Many KR systems do not explicitly use quantifiers. Their
variables are all tacitly

universally quantified, as in PROLOG. Thus eats(johnl, X) :-
fried(X). means "John

eats anything if it's fried". Literally anything, of course-if
fried(cartyresl1) is stored

in the KB, then eats(johnl, cartyresl) is true.

o oslinad g S| ST =2l sk KR e 3L sl
PROLOG s 5 0lor &l st sz L5155 55b 40 Ko gl gla pazeis

rlatecl
‘john eats anything if it's .« « Eats(jonn1, X) :-fried(x)

. fried.”

:@|_,s K SKOLEM ‘5L€.‘§l§'
st o3 I, Skolemization ol o SGsG abws & @325 s b sla e

Jyep de lpdS o oSSl bl Gl b1 e oKosb 4
JyVxloves(x,y)
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ol G SKT s b loves(X,sk1) . o (gdodS 5055 Jse b Soyso 4

3,5 o B AS e bl sems a8 (gl 1ot Gl &S ol L
oLz Skolem function b« i wls 51 eslinad b e s sla (Sals
U Sose « Vydxloves(x,y)Jse,p dis Olge w0 el
LS Sl Ll ol S SK2 «ulr.as dal 2 cuuas loves(sk2(Y),Y)

S o M5 Y e s gl e 12 S el s

: (Semantics) uli s
adlas slae 4 SEMANTIC). 15 54> s SEMANTIC Ol e v (5L il
oS 5515, gae 4 SEMANTIC | L addlas 3550 Emus (gl pdil o Sl
(ol 2505 e o
S SRDl 05 S pre Glp ) s 4edS @
Oan (g3daze e s g gms Bl 1S Slasls of 1 Sllgl @
Al ae 4SS ORIl (6 s Sl
o Sl G Jee b aS s e S Ol e 550l "
"ss
S pamialy et axle @
el 1 Ol s
"o sl ol sl
St bl (S ol 5L cplaeS A 5 1) o505 0L e 5l ol @
Al oslate 63555 )
st ey RS 2 ol
"Eed ol Sl Ol G o U
S 1 edd Gl Sl @

Mrﬂbjtsj\ij‘uA"



25 e bl e paile

Sy ek plas OF 6 5L
P C I W IR SR CII TRt PN U RGOy WO [ N S P
o Sl Gl e S 3 e 68 A el dle D3 Dokl L5
L5 liwl pdle SV oS e oslial (il 51O w035 gl 'Y sens
LS CS > Ll e,
: (Ambiguity) oL
313 3y b OL5 G L3 oS sl il 4l Sl S ool Sl
(s ollgl
o A sl s ASL Al u g eodane gl LB Lly s alS S
AL ol 4 e Sl
Ll 4adS a ol Slae suad Jsame, plae OLS 5 osli

tss Sl
"o gase il by dhex I il Glgend 4 Cul Ses Slle
MW}ﬂ&Wd‘dJ‘ﬁQ)b}d&BQlﬁS;

Ple Vo-v-Vv

A5 5 eslizad U NL e =, Fo sl dless b cand ool o
s b

=35 s (DCG=Definite Clause Grammar)

& (noun-verb) b Jub wole S 08 S das e 0L ke
AL DCGLs Jiwy b e 0 Ll o355 & ol 5l L5

AT oy K
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S ) e 5 IS @ Lo e L il gt 031 8 U Oley slehad Jais
s el s 0L 4 0L

53 Sl a5 Oles Ol 53 5 0l g o andl 3 0L 4 dhar G Lyl o
SO PRE A PN e

& BT PROLOG ;3 DCG wexr 5 5 00 51 JJS Gyme Llael 5 L
Wl sy Slhes 5 0L iy m 2Uls PROLOG gl ases i oS
o 3l Jies gl ol S 4 )L DCG gla 41 5 .65 1, DCG Lw s
e 4 s w2l W 4 "kl b DCG s as

RS

(Simplest form) ¢ 5 o L1

o 5l Jis L Context Free ol § oles "Ll DCG ¢ 5 o 5 ol 4l
REOWY

o2l 0l PROLOG (o e 40 il 8 WGy (o i s Jlie SO L
Lsi o aex 5 PROLOG 5 ol cljle 5 b o w0 6l 55

S s )3 Al edalie BB das 5 o A il e 58 S g8 S

(b

N Je

(e D °)'L>."~¢-i)‘-’ slael gla ¢ lel il Gl sl S el s

Cod s e 31 Joms sl ol S Il iy a8 4 ke

Digit > [0], [1], [2] ,[3] ,[4] .[3] .[6] .[7] .[8] .[9].
Nat num - digit .
eyl 51 JsNat num >

digit,nat num (



ay

Int =>nat
num.
Int = sign ,nat num.
Real = int.
Real —2int,[.],nat num.
Sign > [-],[+].
b dlee s b i 80 sl awlisidzs 0b3 Jiw s ole " []" 0500 Ll
A ls

M‘yl.’ w.’(}_;v\.ﬁj,«;v eb‘b}:.a.? ('A)‘l @Mﬁ Ja.w}; Jv\-"j: J‘ k;m'b W)b w\}_;

vbﬁww;gfjj}ﬁ).}ﬂ)@)y

Nat num(A,B) :-

Digit(A,B).
Nat num(A,B) :- digit(A,C),
Nat num(C,B).

Sign(A,B) -
(“C" (A-B) |
“C” (A ,+,B).
Real(A,B) :-
Int(A,B).
Real(A,B) :-
Int(A,C),
“C” (C,”.”,D),
Nat num (D,B).
Real (A,B) :-
Sign(A,C),
“C” (C,”.”,D),
Nat num(D,B).
Int(A,B) :-

Nat num (A,B)
Int (A,B) :-
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Sign(A,C),
Nat num (C,B).
Digit (A,B) :-

‘ ”

i sy dalyt 801 el (pl ki ey pls 2 |, NAE NUM(AB) L S
Sl L (AB) £ Ko oole wail o A Ll e\ B sle Jis
.V.\“—'\SL;acJu.Lw‘ yww:w‘
CJ)L:.P J"; kflg ‘)j'b a9 k:~w7| 03 ¢ C.;.M:‘)J nat num([1,2,3],[]) Jtﬂ Yl;- G
5y W yasis ¢l “CF St ol Siead canys @l X s glp S
ds 5, X e b s Jis 5 oS el s ol & “C7(X, TerminalY) < Le
“C”([X|XS],X,XS) .L..»:L’ o ‘L."j"‘" 3790 C.')J}«,o Y L}.'a')j...a BL) ) g:,...u‘Y QT
Oled U3 slel Wiy e oS sy sl ) plsie o e 03500 LT 6l
L+123  sae Ul Olse 0.aS LS SBlux sl s 3 15 w1y Jl S
A dale L [1,7.7,2,3] @y 0 1.23 50e 5 [+,1,2,3] el @50

w0l Seyn opanl w03 Lk o s " sy &S AL @il g
@ode S| pimannls dalp o pliy 5 23 8 el B s 5l 5 S Olpe
sde).sd B ol ol Al as ol S Cose 4 Ll il cedle el
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ok a5+ L O s 3l S +123

Convert ti list(Atom,Lst):-
Name(Atom,Atom Lst),
% convert to list of asci numbers
List to vals(AtomLst,Lst).
Asci to char(Asc,Chr):-
Name(Chr,[Asc]).
List to vals([],[]). % apply down a list
List to vals([H|T],[HV|TV]):-
Asci to val(H,HV),
List to vals(T,TV).

0 0L SO olie anis gl ekt aer 5 gl oS Sl 03 S eslinl gl 4,
SobeaeS ol (DUIItHIN) - sl 6l oS Slle 51 mes ol
el ot a5 NT Jloa 5 2 s 4 ol L &8 el ine ol w (NT Lst)

sl e ys (real[1,2,”.7,4,5]) o le Jle Ol se
OF Sl oy 0¥ dlbe sl 0 g5 i LS @alael YUl S 0]
St el e s 5 B Gl s b i ore b sl S el

N P TS RGP W I PRGH UV IRGININT I L
Nonz digit >[1] |[2]| [3] | [4] | [3] | [6] |
[711[8]11[9] .% a nonz digit is in 1-9

Digit - [0] | nonz digit.
Red nat num - digit | nonz digit, nat num.

Red int & red nat num | sign , red nat num.
Red real - red int | red int, [*.”], nat num.

(nat num 1, Js oLzl (red nat num(0,0,2,3)) < le i,
Sy dale ol [0,0,1,2])
Z)S °J"~'~’~:"’~'~’: Jls

(body) aaizs s 1, Sdsp S &S 55l 1) Ol cpl iomen DCG
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ool 85,8 s ol 1 05 5L s S 0ol s g L8 plaS gsluls
4 il o s bbb Al ke B s LB 2, b {F g
2 LS o ml oplpls Lsd all Jia i sl e 03 OLST Ulge
S b b et 5> side effect vlpe o b L eslindd s Sl
L a8k s 0L

N Jle

bl Oy s sde a5l dn cplply s S 6ol 3 Jke w0 1 bl
sde 3 o3, b der il C,Mlrﬂw.;ﬁ,\.aly'-;,\;du;))\tu\méju
s e 1231 Jluis w1, N aze (nat num (N),[1,2,3,1]) < le "k
&S

Digit (0) >[0]. % a digit is in 0-9
Digit (1) >[1].

Digit (2) >[2].

Digit (3) >[3]. % etc

Digit (9) =[9].
Nat num (N,1) —>digit(N).% a natural number is a
sequence of digits
Nat num(N,ND) - digit (D), nat num (N2,ND1),
% ND is the number of digits.

{plus (ND1,1,ND),

Power ten(D,ND1,P),

Plus (P,N2,N)}.

Int(N,D) = nat num (N,D). % an intiger is
a natural number

% possibly with a sign
Int(N,D) =>[+],nat num(N,D).
Int(N,D) =[-], namt num(N1,D),

{ Nis—N1}.

Real(R) - int ( R) . % a real is given in normal decimal
notation
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Real (R) - int(1),[*.”] , nat num(N, ND),
{ neg power ten(ND,inv P),
(I>=0->Risl+N*InvP;
Ris|—N *Inv P)}.
Real ( R) = [+],[*.”], nat num(N,D),
{ neg power ten(D,inv P),
Ris =N * invP}.
Real (R) =2[-1,[*.”] , nat num (N,D),
{ neg power ten (D,InvP),
Ris—=N*InvP }.
Power ten(D,0,D) :-!.
Power ten(D,E1,P) :-
E1 >0,
Plus(E,1,E1),
Power ten(D,E,P1),
PisP1*10,!.
Neg power ten(0,1_:- 1.
Neg power ten(N,P) :-
N>0,
Succ(N1,N),
Neg power ten(N1,P1),
Pis P1/10.

s A8 ol o s real (R)[-2,3,7.7,45][]) " Sl s G
I, N (int(N,D),[-,1,2,3]) < le S5 K 5-23.45 L ol Jsle R
Aas o LIS 1) el VS st (6| s D g3 e 20 =123 sue w

¥ Je

% parse simple English sentence

% for time being just present as a list of identifiers
% e.g. [ the ,big ,cat,kicks,the,black,dog]

% first we have a straightforward generator

% will not repeat adjective like big big girl!

% also check whether we need an “an” or an “a”.
Adjnounph (CV) = noun(CV).
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Adjnounph (CV) - adjective(CV,Adj), noun().
Adjnounph (CV) - adjective (CV,Adj),adjective(Adj2),
{ Adj \== Adj2}
Noun ().
Nounphrase —>det(CV),adjnounph(CV).
Sentence - nounphrase, verb , nounphrase.
% now some explicit examples
Det(cons) =>[the] | [a].
Det(vowel) = [an].
Verb - [hit] | [kicks] | [Kisses].
Noun(cons) - [cat] | [boy] |[girl].
Noun(vowel) = [owl] | [0X].
Adjective(cons,big) = [big].
Adjective(cons,black) —>[black].
Adjective(cons,brown) - [brown].
Adjective(cons,tabby) - [tabby].
Adjective(vowel,awful) > [awful].
Adjective(vowel,awesome) >[awesome].

“an dax 5 w1, “an awful owl hits an ox” dax YL el S
55 Jal s, |, awesome cat kisses an awful girl”

0L 2 ez 3) dSSH S o a8 3lnm s e 4 s ol
S s ol al b oS ol Sl opl b dagdy 35,55 Olge a4 (b
LS 5 Sy sl 45 Jl 55 5 Aol p edmy sl s ahex suge Sl WS
wals & Sopo 53 Al atils 3 gz WG o 5 la Codbge LIl o 0
A3 el el ola ael s aaas s 5 g e

(ELIZA) 1531 \\-v-v

(Rogerian therapist) <opils, & i 055 3L Gl amd 2305
L &S L5 (pure syntactic) s Je L g5 oS

Slow S 6 S il s 2 Slew 4 ) (S Sl S el ol Al B, 0l

2SI L s B 1 e Dldas S 1 555 LSS Slalet B sl 1y 1y
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Loodd s aib S Ll 5l e Ll o5 Sldlsw LS o mw 45 5500
A Gl V.lm

:mp&ﬁjéup”\diﬂ@uﬁ\

LSS b glas gl ST ()

<string> % (v

<string> % < string> (¢

e 5 sl andls cilae "ds b aS il e La ST 51 o b axd,
Al o Gl s elile SLaS gl a5 L

S S o bl bl s dal eslinad i el 0l gl Tl
w3 85 Sl ) s o Bl el sdags 1 b (53555 "lls (il
XS o3l 63a5 Olse w4 TS

ke Sae o by el S e Sille pgs 0 L aS U 4 s ol
5

L pls slissl e o5 S e 355 (I

.f)‘J\..v o Ll s r)\a slzel Wl (o

ol bl al (2

el 25 I S 53 b el ol

35 8l 093 Gl 5 L S Gl S Sl sl i et L
.r)‘.,\.'arﬁ.liu‘j¢)|.> slzel T 4y e Al

Jeo (gl pd o030 S w0 WSl Gdas 5 e b3k ¢ hashing S
<l g Slasd el Dol SLE 3 s Goda il WSS gl o
ez 53 $AlS DLIS Sl ealinal b ot SO g LSL 4B 555 Rl
Slr oSee bl Sl sdd e IS DlalSasd e bl (63555
b 3 Oy 4 Ll e (difficult) sals

a) tell me about your difficulties
b) what do you mean by difficult
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Sl 0303 oL L3 S SLdS L aS ail ahex 3 S wdS ma S
@ Ll e splllial Ll e gla o ad b Ola>De (goldad e LS axils
Sydslml n5 o)y

a) let’s change the subject =S s s passe b

b) go on los aals|

oslizal "I &S S SldS 5l Kl sl bl 5ol il SO
S G sl eslixal "HE &S IS adS £l g5, S sk 5o oI
‘-;wl.w‘ m u_i\.LS ~° odlaial ol D gd>e MJU )‘ r.:.w.:m L}u.i‘ DL L)"‘J"L"
IS LS oSG LB aS Sl 5l b uS e eslizad OF 51151 a8 o
Mgy Ll 5l i B sl ansldS LS, asl sl Y LY cla 02
L"C"""”'ﬁ“Sg}'.’.b.)')Jiﬂ':3J”SJSJLSJJ)})J|)(JA)MWf)LSJ§|
B Rl Kl e 6 e
LB Lol yen , DECAUSE Y0 )y sn 0 AL iy 352y oSS 53
"
% ? that’s incredible!
if.)‘J S3905 22
Because | am clever.
2l dal gt am D Q)jﬁpgﬁ)b—l}@ﬁwﬁbﬁgﬁi
| am clever ? that’s incredible !
Sl 3 Cse wl gl 4 e K e
You am clever? that’s incredible!

YOU @m 5,5 < s0 OF Gus 5lmdd bl 5 S Conys §yop abex opl 4t



Lgd e edsb grammar s fix > . 55 pll a5 you are «

You - me

| = you

Me - you

That you - that |

o T e B

RSP J»CBLA sl 5 0l S slallax 3 e bl s
You am - you are

Me are - | am

e Sleas Sos L
Syh o Ll grammar s> e 5l L3 fiX s> e sl & ol g
Do you think | am clever?

U

May be | think | am clever and may be | don't.
U fix
may be | think you am clever and may be | don't.
U grammar
May be | think you are clever and may be | don't.
ol OLT 0T (g Mt 5 S 2o bl glales sl L5 e ) !
S AS o am g, Gl S sl 5 e glpdat gl S slelsr oS

1l el 5 s 51 353 X, YOU Gl w0 b 55 4
Do you belive in what you do?

185 el

May be | do belive in what me do or maybe | don't.

lPle Js oS Jlesl 038 #al sl L iX ol s 48 el Ol bl s a2l
wol8 o S B bl Lgsias o B 1 anl Ol e a8 Al s oL
SoL s Js ..l grammar \ fix Jols oS ol 0 5 (6l sl o505
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Al

o) ey o J10)3515 s s i () Cllie sl s 68T Slelgl 4 e 5 L

25 Cope 4 e, ) diese (Sls e (s 008 Jioms Gl ol S angd
Argmax,orgs P(words | signal)

s IS 5 b o S e s 0L s SledS s, , WOrdS o 5k

Al e Ll e Jlmes oS ol 4B S Jso slaesls 3 05

(Signal processing) Ju&w jijlsp \-£-V

sl gl lgladl a8 cnl oledgy o f odas 5 o 5 ool 31 S 05 S Cames

Ul Gl J s ate g W b 3 b 5 selSaus s eslizad OF 51 bLS |

el 03 S Ly 531 50 oS plubid sle b OF SLS 53 5 Ll 65 5 drnlms

1250 (8 el 0 go ATd 53 4 DS

oS Lol 5 asis (O

oS b (Y

1 Speech Recognition
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AL e S wlS Ll gl oS el e sl
S a3l o (BaYES) 1 056 Sl eslinal DS Lasits 5 plulid Soba, bl

P(words | signal )= P (words) P(signal | words) / P(signal)

Lo Gas 5wy Vo 5o ol o 5 5 31 Jas gl I b 4SSl
S e anial, P(words | signal) s wil o oldS 51 o5 055 g
il 3 e aloes Lo s a0 b 1 s ) S

Argmax worgs P(signal | words) P(words)
andy 3 3 OVl oS s oS 5L e 0L Joe sias 0Lz P(words)

SlS o g8 il Ol S s b cplploddl o ol LS
AL S

5 oWlasl stiS asiie oS WL s Sse Jhe P o(signal | words)
LS 818 i b 5 Cand ol il e, el Ol S SLIS 51 Sl sl
Clipr Gl Coandinsd oo 5 ok lisd o Bl e Ok 5 Leal) &
LS e Ol ) (Fse Jde 5 0Ly Jde 3550 53 (S R0

(The Language Model) sb; Jas Y-£-v

Ll s WOrds=wqWa...Wp <l 51 55 5l s slla=I p(words)
I 51 5 Jez=s“ 1 have agun” "Sieail o b 0L3 53 5 feise oS
b . have a gub”

Coge w slepay b 056 Sl eslinal 4 asls gl Jlazt Oly Gl 2 ol SO
Pl e

P(wq,Wo....w,) = P(wq) P(Wa | wq) ...P(Wnq |[Wq....,Wp0)
P(w, | Wi,...Wp.1)
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