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i peng Editor -0 x|

File Edit Yiew Tools Mode Help

i 2
Cluestion: AMIDIUELT

Mary works at University. Jahn warks in lreland. IF:3warks at Uiniversity then 3 is happy. If
watks in lreland then v is rich,

Faraphrase:
Whio is happy?

Tree:
(00, [ipro, Phal], f3, [0, [ep, (s, (02, [21, [&di, happdll

CRS:
fiehig drsia, B, [predid, [he], Bhy#C, ewtlid, stateddtC, propdthappy], Bi#C, abjifwhoo], BidC,
struciB, D#CT)

FoL:
[ivhig~exists (A, exists(B, predis, (he], BRECE (evllid, stated®C & (urapihappy], BiRC &
(objfuhio], BAC EstruclB, DORCN)

Cutput Reasoning Engine:

[[predisk10{skE, ska, A, By, [he], sk&[0, 3], propihappy], skEi#[0, 3], evil{sk10{skE, sk,
C, 00, stated®[d, 3], pred{sk9iskz, k1), [be], sk, 4], propdrich], sk4Eo, 4],
evtl{skB{sk2, sk1), stated®[0, 4], var[¥], EX#[0, 4], strucdF, atomic)[0, 4], vari(+], G0, 3],
struciH, atomici®#[0, 3], propdskl, [in], skZ, skIHF0, 2], predisk:, work], sk, 2],
struciskd, atomic#[0, 21, struc(sk3, atomic)®[0, 2], raledskl, location) [0, 2],
named({[Jobhn], sk4)#[0, 2], named((lreland], sk3#E0, 2], evtiiskZ, event#[0, 2], propisks,
[21], skB, skr#[0, 1], predisk, fwork], skaw[0, 1], struc(sks, atomic#0d, 1], strucisk’,
atomic)#[0, 1], roledsks, location#[0, 1], named{University], skD#0, 11, named{Mary,
skBe[0, 1], eviliskE, event [0, 1]]]

Fesult Reasoning Engine:
[namedi[Mary], sk3#0, 111]

Logic based
CNL

e Formalize discourse
through
logic and resoning
(FOL or OWL subset)

e Uses a monosemous
lexicon and strict
syntax interpretation
rules to avoid
ambiguity

e CNLs are easy to
read, but difficult to
write (narrow
coverage, strict rules)



3D Scene Construction CNL WordsEye

The ground has a grass texture. The ground is pale green. It is partly
cloudy. The girl is in front of the house. The girl has red top hat. The
woman is facing the girl. The white picket fence is behind the

house. The fence is 40 feet wide. Two trees is on left side of house.
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Halo Project CPL CNL (Digital Aristotle)

A question from the Advanced Enter CPL: [help][test]

Placement Exam in physics: ——— —
An alien measures the height of a cliff Ihe Sl i) Siesidr ohe/nlads 1 Dom:
by dropping a boulder from rest and The ‘Beceleration magnitire &F the drep 18/ 7: 8 nfang: (Cancel |
measuring the time it takes to hit the What is the distance of the drop?

ground below. The boulder fell for 23 '@ QFCMapEditor

seconds on a planet with an

acceleration of gravity of 7.9 m/s2. Drop Distance
Assuming constant acceleration and @ )
ignoring air resistance, how high was scceleralidn-magnituc ( et )
the cliff?

CB second )

Restated in Computer-Processable

Language (CPL): TP p— (D meter-per-second )
A boulder is dropped. The initial speed g

of the boulder is 0 m/s. The duration of » B

the drop is 23 seconds.The acceleration o e

of the drop is 7.9 m/s"2. What is the isa(boulder01,boulder n1),

distance of the drop? isa(cliff01,cliff_n1),
isa(drop01,drop_v1),

- object(drop01,boulder01), = '

| origin(boulder01,cliff01).

m




Controlled Natural Languages

Logic based CNLs Other CNLs

e Processable ENGlish (PENG) e Boeing Simplified English

o CPL e Simplified Technical English

e Attempto Controlled English (ACE) (ASD)

e RABBIT e Caterpillar English

e Common Logic Controlled English e Air Traffic Control (aviation)

(CLCE) e OPORD

® e Molto (SPARQL, Grammar

Framework)
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]§ringing

Definition:

I ra, I I l e N et This frame concerns the movement of a and an Y

person or other sentient entity, controls the shared bymoving the

e Developed in ISCI, Berkley by
C.Fillmore et.al.

e Consists of ~800 frames (generic  mEmEE o
) . . . The EES mnclide g ol '::-:n.lrl::e is an area that contains the maotion when the
situations and objects) and their | s T e e
arguments — frame elements
® D e rlve d fro m eXte n S Ive teXt gent “gt] The_ A gentftie sent_ientﬂllnem 0 physically controls the movement of the via the
corpus evidence — new frames S
caused only by unique argument

structure
. F ram es O rg an iz e d i n i n h e ritan Ce Carrier [Car’ "D[?teh.rovides support for the g Movement of the B0 results in movemnent

] )
hierarchies

e Largely language independent | sommicrm e

- LexicalUnits assigned to frames -
Path along which carrying occurs.
e Dback.n (Observable_bodyparts) Kar| BYNIRAIAR) the books
e back.n (Part_orientational)
e back.v (Self_motion)
e back.a (Part_orientational)

OFNAMIAE] the books across the campus to the library.

Area [Area] is used for descripriona of a general area in which the carryving action takes place
whern the motion 15 understood to be gregular or not to consist of a single, inear path.

IR the troops across the nver.

[EPE identifies the endpoint of the path.

Source [sou] B indicates the beginning of the path along which the travels.
Semantic Type
Soutce

Karl |gFBIMAE] the books jignagi-Pragry; to the office.

heme [Theme] The ohjects being carried.
Semantic Type
Physical_object

IMCS, University of Latvia
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When FrameNet meets
a Controlled Natural Language

WWWWW

' \

FrameNet defines
wide coverage
coarse-grained
word-senses

O (focus no verbs)

‘.

Phrase struct

re

S\?\ITAX Dependency Ejtructure, Shallow

Natural Language
Processing
(wide coverage)

GRAMMAR OE MANTICS

Lo

A CNL based on FrameNet would

be coarse-grained, but could enable
wide coverage deep processing
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FrameNet CNL (informal definition)

e FrameNet CNL: text that 100% maps into sequential

FrameNet SITUATION frames (and OBJECT frames)

Co resident

MPEB
Little |H{Red [ H] Riding || Hood | {ived | ] in [F] a || wood [H] with |1 her |[ffmother [ . |

No ambiguity : fixed terminology lexemes enable anaphora resolution and 3D visualisation
No temporal/intensional/modal/conditional operators: could, if, thus...

No terminology definitions , assumptions: apple is a fruit,...

No plural, quantification

Children at ~3 years generally do not use these unsupported features



Example of FrameNet CNL text

1. Little Red Riding Hood
2. lived
3. Inawood

4. with her mother.

5. She baked
6. tasty
7. bread

8. and brought it

9. to her grandmother.

IMCS, University of Latvia
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FrameNet annotation
/ + anaphora resolution

people

person=0bj4 icon="littleredridinghood.m3d"
residence

co-resident=0bj11 location=0bj8 resident=0bj4
biological_area

locale=0bj8 icon="wood.m3d"
kinship

alter=0bj11 ego=0bj4 icon="mother.m3d"
cooking_creation

cook=0bj4 food=0bj15

chemical_sense_description
perception_source=0bj15 icon="tasty.label"

food
food=0bj15 icon="bread.m3d"
bringing
agent=obj4 goal=0bj25 theme=0bj15
kinship
alter=0bj25 ego=0bj4 icon="grandmother.m3d’




Discourse: a Dynamic 3D Scene

| PDDL| anirnator

e Incremental semantic interpretation word-by-word



Query Answering in FrameNet CNL

e \Who delivered bread to a granny?

e Did LittleRedRidingHood visit her granny?
e \Where did bread was Initially?

e \When did the granny got bread?

IMCS, University of Latvia



FrameNet CNL -2 PAO CNL

deep

\

Visual perception

GRAMMAR / SEMANTICS \\

Phrase structure

\Language perception

/
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= FrameNet, Ontology, WordNet, O :

£  \WOPRD CENICEe rrameNet, Untology, WordiNet, ¢ |~ § .

Sl R e World knowledge /
SYNTAX Dependency structure, \_/ Before 3D visualisation,

discourse can be
intercepted as a
sequence of OWL/RDF
DB states created
through sequential
SPARQL updates.

Query answering is
reduced to SPARQL
rather than visual
interpretation



ACE —
If somebody does not own a car then he owns a bike. Atte m pto
Controlled

l English

FARAPHRASE

Everybody that does not own a car owns a bike. o ACE — IOQIC‘based
FOL CNL with good tool

forallfA, ==
(&(object(B A somebody countable na eq,11-1/3 -(exists(C exists(D &(object{B,C car countable na eq,13-1 Su p po rt for
f8 predicate(B D, own A, C-1/6)000) exists(E exists(F &(object(B E bike countable na eq,13-1

#1353 predicate(B F.own A E)-1/11100) bl'd I reCtI O n a.l
OWLFSS translation between
Ontii:g?;fattemptn.:i.fi.uzh.ch.-"DntDlagies,"nwlswrlf’test CNL and OWL

3ubClassorL |
ChijectIntersectionof |
Class({owl: Thing)
ChijectComplementOf |

ChijectSomeValuesFrom | . P/ \O -

COhijectProperty | :own)

 Crassican Procedures
. (FrameNet)

OhijectiomeValuesFrom|

ChijectProperty [ :own) + ACE + OWL

Class(:bike)




Operational Semantics: PAO CNL

OWL T-Box OWL A-Box sequential states (assertions)
(terminology) e N
- N
Ontology
(DB shema)

<<owlClass=>
Building

T

timeline

<<owlClass G SPARQL
Farmhouse

update

T AN A QO A A A v A

o & T » 3 LT D D

FrameNet o =8 S 28% < £

T o Vv O = o

St D SEn o <

update T 4T s V2o 5 S
0 23 — 3 X Vi o =

templates) 5 o © S5 . -

@ 2 cs58% = 1

c 5 S v VS = -

2 \Y% 8 A =

el o) o
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OWL Ontology: terminology classes
and properties, their 3D icons

Every Basket is a Container.

Every Bottle is a Container.

Every Cake is a Food.

Every Wine is a Food.

Everything that contains something is a Container.
Everything that is contained by something is a Food.
Everything that is contained by a Bottle is a Wine.

If X contains Y then X stores Y.

Buildings (bd:)

<<owlClass>>
Building

'T

Farmhouse

<<owlClass G

Core (cr:)

+staores

()

<<owlClass>>

Thing

fd:Container

<<owlClass>>

<<disjointWith>>

<<owlClass>>
sp:Equipment

Food (fd:)

+contains

<<owlClass=>
Food

{subProperty of stores}
=

<<owlClass>>
Container

‘T‘ +contains {only} ‘T‘
\/ |

i

People (pp:)

+hasCranny

<<owlClass>>

People

+hasMother

1 1

<<owlClass>>
Cake

<<owlClass>>
Wine

<<owlClass>=>
Bottle

<<owlClass>>
Basket o

<<owlClass>
Cranny

<<owlClass>
Mother

<<owlClass>>

LittleRedRidingHood




FrameNet Frames
(PDDL notation — SPARQL update templates)

Procedure: Residence
- paraneters (?resident ?co-resident ?location)
- precondition ()
ceffect (and(stores ?location ?resident)
(stores ?location ?co_resident))
-lexicalUnits (canp, inhabit, live, |odge, reside, stay)
Procedure: Renoving
- paraneters (?agent ?source ?thene)
- precondition (stores ?source ?thene)
ceffect (and(stores ?agent ?thene)
(not (stores ?source ?thene)))
-lexicalUnits (confiscate, renopve, snatch,

take, w thdraw)

Procedure: Bringing

. paraneters (?agent ?goal
- precondi tion (and(stores

(stores ?a
-effect (and(stores ?goal

-lexicalUnits (bring,

?t hene)

?agent ?t hene)

?agent) (not(= ?a ?goal)))
?t hene) (stores 7?goal 7?agent)

(not (stores ?agent ?thene))
(not (stores ?a ?agent)))
carry,

convey, drive, haul, take)

IMCS, University of Latvia




Role of PDDL and Situation Calculus

e Planning Domain Description Language (PDDL), for
STRIPS-like planning problems
- Developed by Drew McDermott for planning competitions
— Central concepts are OBJECTS and ACTIONS
- ACTIONS have precondition and effect

- Planning problem: given an initial and goal states, find a
sequence of actions (plan) leading from initial to goal state

e PDDL role in PAO CNL

- Mapping of OBJECTS and sequential FrameNet SITUATIONS
iInto PDDL language

- Planning in PAO is needed to fill-in missing actions not
explicitly mentioned in the text, but asumed implicitly
(e.g., “John eats an apple”, implicitly means that John picked
an apple before that)

- FrameNet situation semantics - situation calculus (PDDL)
IMCS, University of Latvia



—— R— LBLT | L | 1 p R 8 S L S R R 0 S U 1t 1 1
Bringing

Definition:

This frame concerns the movement of a and an ENE

person or other sentient entity, controls the shared by moving the dun.ng the
motion. In ather words, the E¥ESes has overall motion in directing the mtioRofithe

The FEs inchude L : 15 an area that contains the motion when the
path is understood as uregular T‘hls frame empasizes the path of movement as opposed to
the FEs Source or Goal as in Filling or Placing,

gent [Agt The BEEN 12 a sentient being who physically controls the movement of the Wi
Semantic Type carrier, accompanying the [Vt

Sentient

[OFENARIAE the books across the campus to the lbrary.

1z uzed for descripriona of a general area i which the carrying action takes pla
when the motion is understood to be wregular or not to consist of a single, linear path.

The [FE5T provides support for the [¥Rgeng Movement of the FERe] results in mov
of the [EERE

IGAARIAN the troops across the river.

identifies the endpoint of the path.
Semantic Type Goal
N C A F R IED RGN v B0 the libraryy

Path along which cartving occurs.
CARRIED N

ElkgsE indicates the beginning of the path along which the travels.

Semantic Type
Source

Karl [gFABIMOAB) the books jiguageBiaetg; to the office.

heme [Theme] The objects being carned.
Semantic Type
Physical_object
Karl juepyie s qgat: to the car.

b LY o ||

PDDL

(:action bringing
:parameters (?agent ?goal ?theme)
:precondition (and(stores ?agent ?theme)
(stores ?a ?agent) (not(= ?a ?goal)))
.effect (and(stores ?goal ?theme)(stores ?goal ?agent)
(not(stores ?agent ?theme))
(not(stores ?a ?agent)))
:lexicalUnits (bring, carry, convey, drive, haul, take)

SPARQL:

MODIFY
DELETE {<obj4> <stores> <obj15>.
7a <stores> <obj4>}
INSERT {<0bj25> <stores> <0bj15>.
<0bj25> <stores> <obj4>}
WHERE {?a <stores> <obj4>.
FILTER (?a != <obj25>)}



PAO Paraphrase and SPARQL Updates Sequence

LittleRedRidingHood lives in a farmhouse with her mother.
She takes a basket from the farmhouse and carries it to her granny.

A. Ob4 is a LittleRedRidingHood
B. Obj4 lives in obj8 with obj11.

C. Obj8 is a farmhouse.

D. Obj4 hasMother obj11.

E. Obj4 removing-takes obj15 from ob;j8.
F. Obj15 is a food-basket.

G. Obj4 carries obj15 to obj25.

H. Obj4 hasGranny obj25.

EXPLICIT STATEMENTS

IMPLICIT STATEMENTS
BY ENTAILMENT AND

PLANNING
| NSERT {<obj 4> <rdf:type>
<pp: Li tt] eRedR di ngHbod>}
| NSERT {<obj 8> <stores> <obj 4>.
<obj 8> <st ores> <obj 11>}
| NSERT {<obj 8>

| NSERT {<obj 8> <rdf:type>
<bd: Far nhouse>}

<st or es> <obj 15>}
Insrted by planning because of
procedurd tenplate precondition at
depE

| NSERT {<obj 4> <pp: hasMbt her >
<obj 11>}

| NSERT {<obj 11>
<rdf:type> <pp: Mt her >}

Entailed by range of the property
pp:hasMother.

CELETE {<obj 8> <st ores> obj 15}
I NSERT {<obj 4> <st ores> <obj 15>}

| NSERT {<obj 15> <rdf: t ype>
<f d: Basket >}

CELETE {<obj 4> <st ores> <obj 15>.
?a <stores> <obj 4>}

| NSERT {<obj 25> <st or es> <obj 15>.

<obj 25> <st or es> <obj 4>}
WHERE {?a <stores> <obj 4>.
FILTER (?a ! = <obj 25>) }

I NSERT {<obj 4> <pp: has@ anny>
<obj 25>}

| NSERT {<obj 25>

<rdf:type> <pp: G anny>}
Entailed by range of the proparty
pp:-hasGramy.




PAO Discourse:
RDF DB states

RDF DB states
discourse format can
be used in two ways:

-~ Dynamic 3D
visualisation

- Query answering via
SPARQL

IMCS, University of Latvia

<obj4> <type> <LittleRedRidingHood>.

Obj4 is a LittleRedRidingHood.

<obj4> <type> <LittleRedRidingHood>.

<0bj8> <stores> <obj4>.
<0bj8> <stores> <obj11>.

Obj4 lives in obj8 with obj11.

<obj4> <type> <LittleRedRidingHood>.

<obj8> <stores> <obj4>.
<0bj8> <stores> <obj11>.
<0bj8> <type> <farmhouse.
<obj8> <stores> <obj15>

Obj8 is a farmhouse.

<obj4> <type> <LittleRedRidingHood>.

<0bj8> <stores> <obj4>.
<0bj8> <stores> <obj11>.
<0bj8> <type> <farmhouse>.
<obj4> <hasMother> <obj11>.
<obj11> <type> <mother>.
<0bj8> <stores> <obj15>

Obj4 hasMother Obj11.

#ﬁ g&é gm#

N’
hasMother

<obj4> <type> <LittleRedRidingHood>.

<obj8> <stores> <obj4>.
<0bj8> <stores> <obj11>.
<0bj8> <type> <farmhouse>.
<obj4> <hasMother> <obj11>.
<0bj11> <type> <mother>.
<obj4> <stores> <obj15>

bj4 removing-takes obj15 from obj8.

o
4 11
L5

Mother

<obj4> <type> <LittleRedRidingHood>.

<0bj8> <stores> <obj4>.
<0bj8> <stores> <obj11>.
<0bj8> <type> <farmhouse>.
<obj4> <hasMother> <obj11>.
<obj11> <type> <mother>.
<obj4> <stores> <obj15>
<obj15> <type> <food-basket>

Obj15 is a food-basket.

N’
hasMother

<obj4> <type> <LittleRedRidingHood>.

<obj25> <stores> <obj4>.
<0bj8> <stores> <obj11>.
<0bj8> <type> <farmhouse>.
<obj4> <hasMother> <obj11>.
<0bj11> <type> <mother>.
<obj25> <stores> <obj15>.
<0bj15> <type> <food-basket>.

Obj4 carries obj15 to obj25.

hasMother

<obj4> <type> <LittleRedRidingHood>.

<obj25> <stores> <obj4>.
<0bj8> <stores> <obj11>.
<obj8> <type> <farmhouse>.
<obj4> <hasMother> <obj11>.
<0obj11> <type> <mother>.
<obj25> <stores> <obj15>.
<0bj15> <type> <food-basket>.
<obj4> <hasGranny> <obj25>.
<0bj25> <type> <granny>

[l hasGranny

hasMother




Query Answering in PAO

1.  Who delivered a basket to
a granny?

2. Did LittleRedRidingHood
visit her granny?

3.  Where initially was the
basket?

4.  When did the granny got
the basket?

IMCS, University of Latvia

1. SELECT ?x

VWHERE- AT- STEP(?n) {?w <stores> ?Xx. ?x <stores> ?y.}
VHERE- AT- STEP( ?n+1) {
?z <stores> ?Xx. ?z <stores> ?y.

?y <rdf:type> <fd: Basket >. .
?z <rdf:type> <pp: G anny>} ANSWER: ?x = Obj4

. SELECT * WHERE- AT- STEP(any) ({

?z <stores> ?X.
?x <rdf:type> <pp:LittleRedRi di ngHood>.

?z <rdf:type> <pp: G anny>} ANSWER: yes

. SELECT ?x WHERE- AT- STEP(ni n) {

?X <stores> ?y.

?y <rdf:type> <fd: Basket >} ANSWER: ?x = 0bj8

. SELECT ?n WHERE- AT- STEP(?n) {

?y <stores> 7?X.
?x <rdf:type> <fd: Basket >.

?y <rdf:type> <pp: G anny> } ANSWER: ?n = H



Query Answering in PAO

1.  Who delivered a basket

- LittleRedRidingHood [delivered a basket to grannyj.
a granny-

ANSWER: ?x = obj4
2. Did LittleRedRidingHood

visit her granny? Yes [, LittleRedRidingHood visited granny].

ANSWER: yes

3.  Where initially was the

basket? [Basket initially was] in the farmhouse.
ANSWER: ?x = 0bj8

4.  When did the granny got In step H [, when LittleRedRidingHood
the basket? brought the basket to granny]. AnswWER: 72n = H

IMCS, University of Latvia



Dynamic 3D Visualisation
with Physics Simulation

A question from the Advanced ———
Placement Exam in physics: w v

A ball is thrown upward from the top of
a 35m tower with an initial velocity of 80
m/s at an angle of 25 degrees. Find the
time the ball is in the air.

Restated in controlled English (CPL)

A ball is thrown. The initial vertical
position of the throw is 35 m. The initial g
velocity of the throw is 80 m/s. The
direction of the initial velocity of the
throw is 25 degrees. The final vertical &
position of the throw is 0 m. What is the
duration of the throw?

Ij =y _t Ry e t no bxkZaniaD o EWINDD: ., 1201
)




Conclusion

e PAO (FrameNet) CNL is not yet formally
defined, nor implemented apart from the
Informal examples demonstrated

e FrameNet has a great potential for creating a
coarse-grained wide coverage CNL for deep
semantic processing at discourse level

e Some limitations of the proposed approach are
listed on Slide 11.(e.g. only simple sequence of
events Iin the discourse currently supported)
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Thank you!
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