Semantics
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My Take

@ Translation (Syntax and semantics)
@ Morphology (Hebrew and Arabic)

@ Shallow semantics (Shallow and deep)
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Stats

@ In 1952, no more than $10K was spent on
MT. (Bar Hillel)

@ In the US, $1.5M was spent in 1958 upon
research connected with MT. (Bar Hillel)

@ About $108B is spent annually on human
translation. (Kevin Knight)

@ About $50B is spent annually on human
translation. (Frank Rudzicz)



Maimonides (1199)

@ The translator should first try to grasp the
sense of the subject thoroughly, and then state
the theme with perfect clearness in the other
language. This, however, can not be done without
changing the order of the words, putting many
words for one word, or vice versa, and adding
or taking away words, so that the subject be

perfectly intelligible in the language into which
he translates.



I made her duck.




Bar Hillels Example

@ Little John was looking for his toy box.
@ Finally, he found it.
@ The box was in the pen.

@ John was very happy.



Bar Hillel (1960)

@ Fully automatic, high quality translation is not a
reasonable goal, not even for scientific texts. A
human translator ... is often obliged to make
intelligent use of extra-linguistic knowledge which
sometimes has to be of considerable breadth and
depth. Without this knowledge he would often be in
no position to resolve semantical ambiguities.



Bar Hillel (1960)

@ At present no way of constructing machines with
such a knowledge is known, nor of writing programs
which will ensure intelligent use of this knowledge.

® Reasonable goals are then either fully automatic,
low quality translation or partly automatic, high
quality translation. Both are theoretically feasible....



Syntactical

Lexical




Descartes (1629)

@ Mettant en son dictionnaire un seul chiffre
qui se rapporte a aymer, amare, philein, et
tous les synonymes le livre qui sera ecrit
avec ces caracteres pourra etre interpreéte
par tous ceux qui auront ce dictionnaire.



History

@ 1950s: Intensive research

@ 1960s: Direct replacement

@ 1966: Funding cut

@ 1975-1999: Resurgence

@ 2000-2010: Statistical supremacy

@ 2011-: 27?7



Aristotle (-350)

@ Spoken words are the symbols of mental
experience and written words are the
symbols of spoken words. Just as all men
have not the same writing, so all men have
not the same speech sounds, but the mental
experiences, which these directly symbolize,
are the same for all, as also are those

things of which our experiences are the
images.



Semantics

® Word level
® Sentence level

@ Discourse level



Interlingua

@ Semantic network (Richens, 1956; Collins+, 1969)

@ Conceptual dependency; MOPTRANS (Schank, 1972)
@ UNITRAN (Dorr, 1990)

@ KBMT (Nirenburg&Carbonell+, 1992)

@ Text Meaning Representation (Mahesh&Nirenburg,
1995)

@ Lexical Conceptual Structure (Habash+, 2003)



Try a new brows

1slate ‘ Hebrew to English translatior

INY NO1 "MDIN I ate and drank

Listen




Examples

@ She picked daftes.

® She picked plump dates from the palm.



Clolole| (1Y-

From: | English V| To: | Hebrew V| Translate ‘ English to Hebrew translation

She picked plump dates from the palm. TINIMNY DIDINT NN N
Lis)a

- |

She lifted
[calendar] dates
plump [woman]

from palm [of hand].



Clolole| (1=

The cute woman lost her beautiful old green
leather bag.




Clolole| (1=

The cute woman lost her beautiful old green
leather bag.

2NN NQ TINN NTAN NYIND
AR LR AR PAVA VA




Clolole| (1=

The cute woman lost her beautiful old green
leather bag.

The woman lost cute beautiful the bag old her
leather green.



Q Q

Q Q

Bad Translator Site

The cute woman lost her beautiful old green leather bag.

AFRIKAANS: Die oulike vrou verloor haar pragtige ou groen leer fas.
ALBANIAN: Gruaja e bukur humbi ¢anten e bukur e saj te vjeter e
gjelber lekure.

ARABIC: dasadll dhiaa ol peaX dials duda Ll dlian dagy cads,

BELARUSIAN: { cTpaLiy NpbiroXxag XOHKa NPbIroXbl 371€HbI CKYpaHbI
MALLOK CTapbIX.

BULGARIAN: 3arybmnx cu KpacuBa keHa, KpacuBa 3ejieHa KOXeHa 4YyaHTa
OT CTapMm.

CATALAN: Vaig perdre la meva bella dona, bella borsa de cuir verd d'abans.

CHINESE.....: ZXELETHEMWZET, E=WHZEEK .

CROATIAN: Izgubio sam lijepu Zenu, prekrasan prednji dzep.

: I lost my beautiful wife, beautiful front pocket.



Translation Party Site

@ The cute woman lost her beautiful old green
leather bag.

@ Wakanari green leather bag, the old woman
had lost her beauty.
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Egyptian Morphology

@ Roots (2-3 consonants)
@ Verbs: person, aspect, mood, voice
@ Enclitic pronouns

@ Glyphs represent 1-3 consonants



i di anx Dd wAs Aw ib ra mi Dt

Given life, stability, and dominion - Joy of Ra, as Ra forever.



English Morphology

@ eat, eafs, ate, eaten, eating, eater, eatable,
eatables, eat, eafs

@ 315,000 lemmata

® 988,968 (est.) words



Morphology

@ French verbs: 3 persons; 2 numbers; 2 genders;
2 voices; 10 tenses; 6 modes

® German: haltend, halte, halten, haltet, haltest,
haelt, haeltst, hieltst, hielte, hielten, hielteft,
hieltest, ... , hintanzuhalten, ...,
zusammenhalten, ....

@ Russian: delayet, peredelayet, delayu, delayesh,
delayem, delayut, delal, delali, delala, ... , sdelayet,
dodelayet, dodelal, sdelal, sdelayu, dodelayuy, ...



Arabic Morphology

@ 5-10,000 roots
@ 114,000 lemmata
@ 3,000,000 forms (inflected, w/o clitics)
@ 500,000,000 words
@ 60,000,000,000 words (?!)

@ average 6.8 meanings per word



DID YOU KNOW THAT THE ENGLISH
HAVE OVER 400 WORDS FOR NO 2

G

Cott Prompson-f o= © Original Attist
Reproduction nghts obtainable from
wiwwy, CartoonStock.com




Do you believe...

® There are 160 words in Arabic for camel.



Buckwalters Lemmatizer

@ 40K lemmata

@ Try all segmentations into prefix-stem-suffix
@ Lists of legal prefixes, stems, suffixes

@ Manually inflected

@ English glossary



Hebrew Lexicon (1975)

@ Noun: Gloss; Root; Gender/Number; Articles;
Prepositional proclitics; Pronomial enclitics

® Verb: Tenses; Persons; etc.
® Based on Even Shoshan

@ 3 linguist-years



Hebrew Morphology

@ 3-5,000 roots
@ 35,000 lemmata (incl. 10% international)
@ 2,500,000 naked words (inflected+suffixes)
@ 100,000,000 words (w/ proclitics)
@ 20,000 words for one verb

@ average >4 meanings (homographs) per word



Hebrew Morphology

RAH MRAH RAYWN HTRAH
(saw) {mirror) (interview) ( he met)

I

RAYTY YRAW RAYT MRAWT RAYWNWT TTRAW
(I saw) (they will see) (you sow)} (mirrors) (interviews) (you will meet)

RAYTYK YRAWNY MRAWTYKN TTRAW
(I saw you) (they will see me) {your mirrors) {you will meet)

N

WMgRAYTYK KSMRAWTYKN KSTTRAW WTTRAW
(and since I saw you) (and when your mirrors) (when you will meet) (and you will meet)




Nominal Morphology

@ daughter bt N2
@ 20 derived forms (e.g. 12’2 daughters-our)

@ >1000 forms (e.g. 12'M)2WI and-when-
daughters-our)
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Lexical Ambiquity

brick

. her brick

. moon

. her moon

. kefir

. frankinsense

. her frankinsense

. her bleach
. She bleached

10.was bleached

11. to her son

12.t0 a builder
13.to0 the builder
14.to her builder
15.t0 a beaver
16.t0 the beaver
17.t0 her beaver
18.t0 wisdom
19.t0 the wisdom
20.1o0 her wisdom
21. Livne ...



THE FAR SIDE : SYNTAX VS. 56 MAwTKS

“Ohl Four sleps to the leli and then three 1o the
right! .. What kind of a dance was ! doing?”




Parallel Corpora

GIN

s Fg b c ‘ r‘tﬂ]gf SEPT
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Judeo-Arabic

DTINY NNADNDAON 1M NAON'IN MDY ANANNNON N "TIY NNY NO)D
MNNNIAON NAON'D PTION AINI'ION DY D'N INTNON

Saul questionnaires answers that ethical arguments
against the claims of that share of continuing our
religion, philosophy and his followers for other religions
and from species of Israel.

I was asked to state what arguments and replies I
could bring to bear against the attacks of philosophers
and followers of other religions, and also against
sectarians who attacked the rest of Israel.

DNMNYVY T NN IWN M2wnO NyvLO MONY DNy
AIDIDIAN 1NN D2WNIN 1'AN LNT DY D'ponn DY
ONIW? 112N DMN AN MNNX MNDT 2MNN 1O



Example Based (1984)

v e r b - v Gl 5 * % - . b * ,

s .s' € Wy . 0.0"€E Wy . C.c’' € Wy

wh e o wx & w'llr s Wmrad Wz arog semant ic groupse of w=aordo x. Y.

(2 ) A man eats vegetables,

(3 ) Moz F ¥ % fa~ 3,

im ey b Ilwegetab Vel ek b

4 ) He eats potatoes.
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Experiment: Arabic

@ Example-based translation

@ Extract potential nominal synonyms
(based on Buckwalters glossary)

@ Use in matching step

@ More (verbs) before lunch



Carbonell et al. (1981)

® We believe that competent translation of
a connected text is impossible unless the
text has first been understood, in some
reasonably deep sense.



Semantic Roles

@ Agent (Alice gave the key to Bob.)

@ Source (Alice gave the key to Bob.)

@ Theme (Alice gave the key to Bob.)

@ Recipient (Alice gave the key to Bob.)

@ Patient (Alice locked the door for Bob with her key.)

@ Benefactee (Alice locked the door for Bob with her key.)
@ Instrument (Alice locked the door for Bob with her key.)
@ Force (The wind made Alice cold.)

@ Experiencer (The wind made Alice cold.)

> SR



Semantic Resources

@ VerbNet

@ FrameNet

@ Logical Conceptual Structures (LCS)
@ PropBank has some annotations

@ OntoNotes

D ..



Semantic Parsing

@ Parse and assign roles

® Senseval 3: Determine semantic roles



Ccases

® Nominative: subject
® Accusative: direct object

® Dative: indirect object

@ Some languages (e.g. Greek, Latin, Russian)
indicate roles via morphology



VerbNeft

@ Large hierarchical lexicon for English verbs
@ Linked to WordNet
@ Organized into verb classes
@ Each class
@ thematic roles
@ selectional restrictions on arguments

@ syntactic description



Hit

@ Roles and Resftrictions:
@ Agent [+int_control]
@ Patient [+concrete]
@ Instrument [+concrete]

@ Members: bang, bash, hif, Kick, ...



Hit
@ Frame: (Basic Transitive)
@ Example: Paula hit the ball
@ Syntax: Agent V Patient
@ Semantic:
@ cause(Agent, E)
@ manner(during(E), directedmotion, Agent)
@ !contact(during(E), Agent, Patient)

@ manner(end(E), forceful, Agent)
@ contact(end(E), Agent, Patient)



force
T _____ vehicle

machine

Restrictions human
’__f

animate animal

body -part

,

L machine
comestible
phys-obj —___ ey

e artifact

concrete solid T tool

_—_—_-—__—_————_

natural plant -

garment

T rigid
shape i o
non-rigid
—

time substance pointed —— elongated

state idea

// /Jﬂ_fr—’
___ abstract sound
T

SelR estr

_\_\_\_-_\— [ ] -
\ scalar communication

currency regionPP

location place

organization object




Linkage

@ Restrictions in VN can be mapped to WN

@ Not simple
@ I sipped my ftea.

@ My cat likes to lap milk.



Transformer, Ltd.

@ English o Hebrew
@ High quality, general purpose MT
@ Semantic parsing of English

@ Comprehensive onfology of verbs and their
theta roles with restrictions to refined WN
categories

@ Slow

® Tal Kedar; Yaacov Zoaretz ...



Theta Roles

@ Agent (Alice gave the key to Bob.)

@ Theme (Alice gave the key to Bob.)

@ Recipient (Alice gave the key to Bob.)
o ..






What can I eat?

@ I ate hamburgers at the city center
yesterday.

D ..

@ I eat hamburgers at the center of the city
yesterday.

o Bz 1IN EMHILRIRER,

® I ate the center of Hamburqg yesterday.



Edible Fruit




Picking in Hebrew

@ Olives

@ Grapes

@ Figs, myrrh, spices
@ Dates

® Other fruit

® PoN

@ 1X1

@ 1TV ;1IN

@ 17T)

@ LY



Machine Learning

® Learn selectional restrictions

@ Use large corpora
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Garden Path

The man who hunts
ducks

out on weekends.



Greedy Parsing

@ Bradley Pritchett (1992)
@ David Schneider (1999)

@ Uriel Cohen Priva (2006)



Ezra Pound

@ As for trans. 4 Essais, again I'm not anxious.
I'm not anxious. I'm not fast about these
things, and it wd. take me hours to translate
a phrase like 'des formes’, or ‘ces formes’, to
satisfy my conscience and to feel that I'm
doing more than justice to Rene.



BIONICEYE usedto
bring back limited
vision to those who
have lost thelrsight.
With an implant on
the retina infra-red
sight (below) could
be possible.

Cost:

THE BIONIC
MANATA
CUT PRICE

BIONIC STRENGTH (Be
Blonics exoskeleton).

Cost:

BIONIC LEGS (Ossur ,.
power knees). Works as
an extension of the user
and synchronises with

good leg.

BIONIC HAND OR I-LIMB (above) Is
attached to nerves inthearmto
pick up signals from the brain. It

can be covered with artificlal skin.
Cost

television’s Six

Million Dollar Man. Source: E&I magazine
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