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Translation systems

* So far | have been developing rule-based MT systems between the
following language pairs
* Swahili to English
* English to Swahili
* English to Finnish

* Discussion in this presentation is baed on the last one

Semantic units

* Translate semantic units, not words
* A word may constitute a semantic unit
¢ Often a semantic unit is composed of more than one word: multiword
expression (MWE)
* Many types of MWEs
* Fully frozen clusters, not dependent on context
* Frozen clusters, dependent on context
* Clusters of words, where one or more members inflect
* Clusters may be contiguous or non-contiguous

Structure of the system

* Modular structure helps to identify problems

¢ Use defaults
* Singular as unmarked default
* Present tense as default, rules for other verb forms
* First gloss as default, rules for other glosses

Formalize the source text

* Tokenize the source text in the way that the analyzer can identify each
token as part of the analysis system

* Part of tokens will be left without analysis: they can be handled later

Analyze the source text

* Analyze each word as fully as possible
* Give each token all possible interpretations
* Add all such information that can help in translation



Syntactic mapping
Handle non-analyzed tokens

Further further  det:>2  @DN>%>N DET

studies  studysubj:>3  @SUBJ%NH N NOM PL
compared compare main:>0  @+FMAINV %VA V PAST
Caelyx  caelyx  obj>3  @OBJ%NH Heur N NOMSG

1
2
3
* Use heuristics for guessing the analysis of unrecognized words 4
5  with with phr:>3  @ADVL %EH PREP
6
7
8
9

* (this is the only place for guessing in the system) the the det>7  @DN>%>N DET
combination  combination  pcomp:>5 @<P %NH N NOM SG
of of mod:>7 @<NOM-OF %N< PREP

doxorubicin  doxorubicin  pcomp:>8 @<P %NH Heur N NOM SG

11 bleomycin bleomycin cc:>9 @<P %NH Heur N NOM SG

12 and and cc>ll  @CC%CCCC

13 vincristine vincristine cc:>11 @OBJ %NH Heur N NOM SG
14 (

15 otherotherdet:>17 ~ @DN>%>N DET

16 anticancer anticancer attr:>17 ~ @A> %>N A ABS

17 medicines medicine mod:>13 @APP %NH N NOM PL

18 ) 1

Disambiguate the source text Isolation of MWEs

* Each token should have only one interpretation * Isolation of MWEs should be done before glosses of target language
. . . are inserted to the system
* Try to make this as reliable as possible
* No reliable lists of MWEs available
* Rule: if translation does not succeed, consider defining as MWE
* Make sure that inflecting MWEs retain all relevant information from
source text
* The isolated MWEs are directly given the appropriate lexical gloss of
target language, plus all necessary information on inflection

* Result: the MWE has the info inherited from source text and the info
added in the isolation process

Syntactic mapping Isolation of MWEs

* Each token should have a syntactic tag * Isolation of MWEs should be done before glosses of target language

* Depency tagging, or are inserted to the system
* Surface syntactig tagging * No reliable list of MWEs available
* Or both * Rule: if translation does not succeed, consider defining as MWE

* Make sure that inflecting MWEs retain all relevant information from
source text

* The isolated MWEs are directly given the appropriate lexical gloss of
target language, plus all necessary information on inflection

* Result: the MWE has the info inherited from source text and the info
added in the isolation process



Isolation of MWESs

"<*further_studies>"
“further_study" { lisatutkimus N39 } %SUBJ N PL NOM
"<compared>"
"compare" %+FMAINV V PAST
"<*caelyxs"
"caelyx" %OBJ Heur N SG NOM CAP
"<with>"
"with" %ADVL PREP
"<combination>"
"combination" %<P N SG NOM

"of" %<NOM-OF PREP
"<doxorubicin>"
"doxorubicin" %<P Heur N SG NOM

Adding lexical glosses

* Glosses in target language are added
* Several glosses may be added to one reading

* The number of glosses depends on the type of target language

Adding lexical glosses

"<*further_studies>"

“further_study" { lisatutkimus N39 } %SUBJ N PLNOM
"<compared>"

“compare" { verrata V73-K O-PAR } %+FMAINV V PAST
"<*caelyx>"

“caelyx" { caelyx N1b } MED %OBJ Heur N SG NOM CAP
“<with>"

"with" { kanssa M-GEN POST , NOGLOSS M-ADE POST , NOGLOSS M-INE POST , NOGLOSS M-ILL POST,
COMMA jolla on, COMMA joilla on } %ADVL PREP

"<combination>"

"combination" { kombinaatio N3, yhdistelma N10 FRONT } %<P N SG NOM
"<of>"

"of" { NOGLOSS M-ELA , NOGLOSS M-GEN , NOGLOSS M-ACC-N } %<NOM-OF PREP
"<doxorubicin>"

"doxorubicin" { doksorubisiini N5 } %<P Heur N SG NOM

Semantic disambiguation

* Set the most obvious gloss as default
* If the first gloss is the right one, no rule needs to be written

* Write rules for selecting between other glosses

* Make sure that the environment for rule writing allows all kinds of
constraints to be written

Semantic disambiguation

“further_study” {isstutkimus N39 ) %SUBI N PLNOM

‘<*further_studies>"

“ccompared>”

“compare" { verrata V73-K O-PAR ) %+FMAINV V PAST
“<tcaely”

“caelyx" { caelyx N1b } MED %OBJ Heur N SG NOM CAP
<with>"

"with" ( kanssa M-GEN POST ) %ADVL PREP

“with" { NOGLOSS M-ADE POST } 6ADVL PREP.

"with" ( NOGLOSS M-INE POST } GADVL PREP

"with" ( NOGLOSS M-ILL POST } %ADVL PREP

"with" (, jolla on ) KADVL PREP

“with" {, joilla on } %ADVL PREP
"<combination>"

“combination” { kombinaatio N3 } %<P N SG NOM

"combination” { yhdistelma N10 FRONT } %<P N SG NOM
<of>"
"of" { NOGLOSS M-ELA } %<NOM-OF PREP.
‘of" { NOGLOSS M-GEN } %<NOM-OF PREP

"of" { NOGLOSS M-ACC-N } %<NOWM-OF PREP
“<doxorubicin>"

"doxorubicin” { doksorubisiini NS ) %<P Heur N SG NOM

Adding inflection rules

* If the inflection structure in SL and TL is different, there is need to add

various inflection tags

* English uses prepositions in structures where Finnish uses various
cases

* Cases are realized as suffixes in nominals
* Verbs in Finnish have a complex set of inflectional forms



Mark stem boundary

Tags and their conversion e further._studies>"
“further_study" { lisétutkimu:s N39 } %SUBJ N PL NOM
"<compared>"
* Information on inflection of TL takes place in three main phases “compare" { verra:ta V73-K } O-PAR %+FMAINV V PAST PL
* Adding appropriate tags "<*caelyx>"
. Conve%ﬁ::chSe tags?nto surface form "caelyx" { caelyx: N1b } MED %OBJ Heur N SG CAP PAR
* Joining the surface form suffixes to the stem <Wmv‘v>|th { NOGLOSS M-ILL POST } %ADVL PREP

"<combination>"

"combination" { kombinaati:o N3 } %<P N SG ILL
"<of>"

"of" { NOGLOSS } M-GEN %<NOM-OF PREP
"<doxorubicin>"

"doxorubicin” { doksorubisiin:i N5 } %<P Heur N SG GEN

Add inflection tags Convert tags to surface form

"<*further_studies>" "<*further_studies>"

"further_study" { lisdtutkimus N39 } %SUBJ N PL NOM "further_study" { lisatutkimu:s :N39 } %SUBJ N PL NOM +kset
"<compared>" "<compared>"

"compare" { verrata V73-K } O-PAR %+FMAINV V PAST PL “compare" { verra:ta :V73-K } O-PAR %+FMAINV V PAST PL +sivat
"<*caelyx>" "<*caelyx>"

"caelyx" { caelyx N1b } MED %OBJ Heur N SG NOM CAP PAR “caelyx" { caelyx: :N1b } MED %OBJ Heur N SG CAP PAR +ia
"<with>" "<with>"

"with" { NOGLOSS M-ILL POST } %ADVL PREP "with" { NOGLOSS M-ILL POST } %ADVL PREP
"<combination>" "<combination>"

"combination" { kombinaatio N3 } %<P N SG NOM ILL "combination" { kombinaati:o :N3 } %<P N SG ILL +oon
"<of>" "<of>"

"of" { NOGLOSS } M-GEN %<NOM-OF PREP "of" { NOGLOSS } M-GEN %<NOM-OF PREP
"<doxorubicin>" "<doxorubicin>"

"doxorubicin” { doksorubisiini N5 } %<P Heur N SG NOM GEN "doxorubicin" { doksorubisiin:i :N5 } %<P Heur N SG GEN +in

Join converted tags to words

"<*further_studies>"

“further_study" { lisétutkimu:s+kset :N39 } %SUBJ N PLNOM
* Finnish has 13 gradation classes for part of words "<compared>"

"compare" { verra:ta+sivat :V73-K } O-PAR %+FMAINV V PAST PL

* Gradation is implemented on the basis of gradation rules "e*caelyx>"

“caelyx" { caelyx:+ia :N1b } MED %OBJ Heur N SG CAP PAR
"<with>"

"with" { NOGLOSS M-ILL POST } %ADVL PREP
"<combination>"

“combination" { kombinaati:o+oon :N3 } %<P N SG ILL
"<ofs"

“of" { NOGLOSS } M-GEN %<NOM-OF PREP
"<doxorubicin>"

"doxorubicin" { doksorubisiin:i+in :NS } %<P Heur N SG GEN

Gradation



Gradation of words

"<*further_studies>"

"further_study" { lisatutkimu:s+kset :N39 } %SUBJ N PL NOM
"<compared>"

"compare" { vert%a:ta+sivat :V73-K } O-PAR %+FMAINV V PAST PL
"<*caelyx>"

"caelyx" { caelyx:+ia :N1b } MED %OBJ Heur N SG CAP PAR
"<with>"

"with" { NOGLOSS M-ILL POST } %ADVL PREP
"<combination>"

"combination" { kombinaati:o+oon :N3 } %<P N SG ILL
"<of>"

"of" { NOGLOSS } M-GEN %<NOM-OF PREP
"<doxorubicin>"

"doxorubicin" { doksorubisiin:i+in :N5 } %<P Heur N SG GEN

front/back concordance

* The suffix of the word takes a back or front form depending on the
vowel structure of the stem

* This can be implemented
* using rules that make use of the information on the stem, or

* Using front form as default and marking each stem with front inflection
with a specific tag

front/back concordance

"<*further_studies>"

"further_study" { lisatutkimu+kset } %SUBJ N PL NOM
"<compared>"

"compare" { vert%a+sivat } O-PAR %+FMAINV V PAST PL
"<*caelyx>"

"caelyx" { caelyx:+id :N1b } MED %O0BJ Heur N SG CAP PAR
"<with>"

"with" { NOGLOSS M-ILL POST } %ADVL PREP
"<combination>"

"combination” { kombinaati+oon } %<P N SG ILL
"<of>"

"of" { NOGLOSS } M-GEN %<NOM-OF PREP
"<doxorubicin>"

"doxorubicin" { doksorubisiin+in } %<P Heur N SG GEN

Word order

* Correct word order is implemented with a set of ordered conversion
rules

Original word order

( N { lisatutkimukset } %SUBJ PL NOM ) ( V { vertasivat } O-PAR %+FMAINV
PAST PL) ( N { caelyxia :N1b } MED %OBJ Heur SG CAP PAR ) ( POST PREP

{ NOGLOSS M-ILL } %ADVL ) ( N { kombinaatioon } %<P SG ILL ) ( PREP

{ NOGLOSS } M-GEN %<NOM-OF ) ( N { doksorubisiinin } %<P Heur SG GEN ) (
{,}) (N {bleomysiinin } MRD %<P Heur SG GEN ) (CC{ja }%CC) (N

{ vinkristiinin } MED %OBJ Heur SG GEN ) ( { &( }) ( DET { muut :Np15 } %DN>
PLNOM ) (N { sybpalaskkeet } %APP PLNOM ) ({ &) } ) ( PREP { NOGLOSS }
M-ADE %ADVL ) ( CARD { 258 } %QN> NUM SG ) ( N { potilaalla } HUM %<P
SG ADE ) ( CC { ja } %CC ) ( POST PREP { NOGLOSS M-ILL } %ADVL ) (N

{ kombinaatioon } %<P SG ILL ) ( PREP { NOGLOSS } M-GEN %<NOM-OF ) ( N {
bleomysiinin } MRD %<P Heur SG GEN ) ( CC {ja } %CC) ( N { vinkristiinin }
MED %<P Heur SG GEN ) ( PREP { NOGLOSS } M-ADE %ADVL ) ( CARD { 241 }
%QN> NUM SG ) ( N { potilaalla } HUM %<P SG ADE ) ( {

Word order after reordering

( N { lisatutkimukset } %SUBJ PL NOM ) ( V { vertasivat } O-PAR %+FMAINV
PAST PL) ( N { caelyxia :N1b } MED %OBJ Heur SG CAP PAR ) ( POST PREP

{ NOGLOSS M-ILL } %ADVL ) :( N { doksorubisiinin } %<P Heur SG GEN ) ({, })
( N { bleomysiinin } MRD %<P Heur SG GEN ) ( CC { ja } %CC ) ( N { vinkristiinin
} MED %O0BJ Heur SG GEN ) :( N { kombinaatioon } %<P SG ILL ) ( { &( }) ( DET
{ muut :Np15 } %DN> PL NOM ) ( N { syopélaakkeet } %APP PL NOM ) ( {&)})
( PREP { NOGLOSS } M-ADE %ADVL ) ( CARD { 258 } %QN> NUM SG ) ( N

{ potilaalla } HUM %<P SG ADE ) ( CC { ja } %CC) :( N { bleomysiinin } MRD
%<P Heur SG GEN ) ( CC {ja } %CC) ( N { vinkristiinin } MED %<P Heur SG
GEN ) :( N { kombinaatioon } %<P SG ILL ) :( POST PREP { NOGLOSS M-ILL }
%ADVL ) ( PREP { NOGLOSS } M-ADE %ADVL ) ( CARD { 241 } %QN> NUM SG )
( N { potilaalla } HUM %<P SG ADE ) ({.})



Final translation

Lisatutkimukset vertasivat Caelyxia doksorubisiinin, bleomysiinin ja
vinkristiinin kombinaatioon (muut syopéldaskkeet) 258 potilaalla ja
bleomysiinin ja vinkristiinin kombinaatioon 241 potilaalla.

Role of translation memory
* In domain-specific applications useful

* Write only secure trans-mem rules
* Run first trans-mem rules and then the MT proper

Handling inherently ambiguous constructions

* Imperative of 2P singular vs. 2p plural
* Passive present vs. passive perfect (static)

Handling inherently ambiguous constructions

* In Caelyx, it is contained in 'pegylated liposomes' (tiny fatty spheres
that are coated with a chemical called polyethylene glycol).

* Caelyxissa se sijaitsee 'pegyloiduissa liposomeissa' (pikkuruisissa
rasvapalloissa, jotka on paillystetty/paallystetaan kemikaalilla
nimelté polyetyleeniglukoli).

Handling inherently ambiguous constructions

* Abilify is used in adults to treat moderate to severe manic episodes
and to prevent new manic episodes in adults who have responded
to the medicine in the past.

* Abilifyid on kaytetty/kédytetaan aikuisilla hoitamaan kohtalaisia tai
vakavia maanisia jaksoja ja estdmaan uusia maanisia jaksoja
aikuisilla, jotka ovat reagoineet |adkkeeseen aiemmin.

Rule trigger may be far away

"<*when>" "when" { kun } %ADVL ADV WH CAPINIT

"<used>""use" { kdytt:aa+ettiin :V53-C FRONT } O-PAR %-FMAINV PASS-PAST
"<to>""to" { NOGLOSS } %INFMARK> INFMARK>

"<treat>" "treat" { hoit:aa+amaan :V53-F } O-PAR %-FMAINV V INF 3INF-ILL

"<bipolar_disorder>" "bipolar_disorder" { kaksisuuntai:nen+sta :N38
mielialah&iri:6+ota :N3 FRONT } %OBJ N SG PAR

¢ "<,>""" {NOGLOSS }

"<*abilify>" "abilify" { abilify: :N1b } MED %SUBJ Heur N SG NOM CAP
"<was>" "be" { o:lla+li :V67b } %+FMAINV V PAST SG

"<more>" "much" { NOGLOSS } PL %AD-A> ADV CMP

"<effective>" "effective" { tehokkaamp:i :N16-H } %PCOMPL-S A ABS
"<than>" "than" { kuin } %ADVL PREP

"<placebo>" "placebo" { lumelddk:e :N48-A FRONT } MED %<P N SG NOM



MWE with two inflecting words

"<*when>""when" { kun } %ADVL ADV WH CAPINIT

"<used>""use" { kdytt:da+ettiin :V53-C FRONT } O-PAR %-FMAINV PASS-PAST
"<to>" "to" { NOGLOSS } %INFMARK> INFMARK>

"<treat>" "treat" { hoit:aa+amaan :V53-F } O-PAR %-FMAINV V INF 3INF-ILL

"<bipolar_disorder>" "bipolar_disorder" { kaksisuuntai:nen+sta :N38
mielialahéiri:6+ota :N3 FRONT } %0BJ N SG PAR

"<,>" """ {NOGLOSS }

"<*abilify>" "abilify" { abilify: :N1b } MED %SUBJ Heur N SG NOM CAP
"<was>" "be" { o:lla+li :V67b } %+FMAINV V PAST SG

* "<more>""much" { NOGLOSS } PL %AD-A> ADV CMP

"<effective>" "effective" { tehokkaamp:i :N16-H } %PCOMPL-S A ABS
"<than>" "than" { kuin } %ADVL PREP

"<placebo>" "placebo" { lumeld&k:e :N48-A FRONT } MED %<P N SG NOM

All members in MWE do not inflect

* "<in>""in" { NOGLOSS } M-INE %<NOM PREP

¢ "<study_of_adolescents>" "study_of_adolescent" { nuorilla
teht:y+ossa :N1-F FRONT tutkimu:s+ksessa :N39 } %<P N SG INE

All members in MWE do not inflect

* "<in>""in" { NOGLOSS } M-INE %<NOM PREP

¢ "<study_of_adolescents>" "study_of_adolescent" { nuorilla tehd%
+yssd tutkimu+ksessa } %<P N SG INE

Help from SMT

* Production of translation preferences on the basis of large parallel
corpora

* Creating default translations on the basis of these preferences
* Alleviates the task of rule writing

Why rule-based MT?

* No alternative
* Facilitates a host of applications
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_ s

Wakaz va kata ya Mjmiema yopo Mank {ama] CONJ GG {or) AR
Temeke, vameanzsha uinz wa sunqusung) {tatal_o
Huabiana na viendo vizva v vnay o || [ussiha] Y usu) make pariopate ) SV CAUS AR
Iushia maisha ya wakazi e, o] RELLI 16 { nere )
[Kabiana]V [k { face, b dected towards, confon, accost) SYO AR RE )
Hata )0, walumbe wa miza huo vametoa wto kva || [kanusha V[anuka){ den, disprove,refte, negate ) SV GAUS sh
viana walicloleakvenye uinzi o va usky v, AV { per Gy}
towau waafu na adala yake wanar ot viuo {ponva] V{por) 1o, snath, grab) SVO PASS
vidogo wa plsi [Pl VIpval (€00, g0 ut o e e, iy up} SV

[1p0t]V [fpol]{report} SVO ENG
[Temeke] N SG PLACE { Temeke )
Kuenye miutano wa pamoja na sungusungu hao lenda] V fenda] 0o, ac reat treat bady ) SVO
ambao iadlyao nakia 25 [USMa]  []{ righten ) SVO CAUS AP

193]V {not 0} [va]{ K, murder) SVO
u nantaf [usku] ADV {at night} TINE

Walumbe hao wamesema hayo wakat wakzungun

Wakasema suala i UinZi wa sungusu

Viana wenye moyo wa kufanya kazina wenye [vamiva]V vamal {invace, drown completel,sink complefely } SYO APPL P

idham 1 i vale vatakaokul fama na waha {ikal] ADV {stongly .
{va_panof] ADJ ot}

Wakazi hao vamearua Kanzsha inzi o va

sungusungu ktuata Kvepo kv maiaamiko kuva

baadhiya viana vanaoihi miaani nago wanajhussna

na viendo vy

Avalikuva Kidaa u

wakienda endo hivo

wanaif hao wamekuia
a ushirkiana na waz

.

azi hao hata hiyo walke

Viakaz wa kala ya Mimema fiyopo Man
Temeke. wameanzsha winz 3 sunqusun;
kabiiana pa viendo i o

pwa]V [pwa) {ebd, go
[Temeke] N S PLA o
[vamiva] V [vamal {invade. drown completey, sk completely ) SVO APPL PASS
wa_pamoa] ADJ {jont }

utof e te, ary up} SV
emeke

Hata o, alumbe wa miaa huo wametoa wio kva

havo vakat wakzunoumza
o 12 sunQusungy D3

Wakasema suala 2 iz wa sunqusungy inahfal

vakazina
sungusungy Kzl
baaiya viana van

wameamua kuanzisha uinzinuo wa

kv malamk i
s miaani hao vanainusisna

wal kava Kigana Kuwa vahalf hao wamekuyia

Wazaz 2o hata o walkanusna ikl twhuma o

Maeneo menalya Temeke yamekuwa na uinzi va
sungusungy Kl buonoezesa ki mao va

MA  TRANSLATOR DICTIONARY TAGGER LEARN ONTACT REGISTER
Tagger
TAG "<<s;
CLEAR
“mtu’ N 1/2-PL HUM { the } { man } INITCAP @SUBJ
*penda” V 2-PL3-SP VFIN NO-SP-GLOSS PR:na z [penda] { like } SVO @FMAINVIT+0BJ>

“uhuru” N 11-G { freedom } @0BJ

Walu wanagenda unur. e @ < | <w®)
Vol muN 12PL (man) @SUBJ

vanapenda penda v SUBPREF=2-AL3TAM=PRna[penda](Ike) @FMANVIOBJ> SVOVFIN
Ui s N 11SG {feedom)  @OBJ
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It is like mountineering...
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Would like to do it in this way...

e
S 7 ﬁ%}

e

But this is the reality...

Should avoid this...

Rather this...

Finally the summit!




