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The	  Plot	  

•  Selected	  Languages	  
–  Kinyarwanda	  	  

•  Bantu	  (7.5M	  speakers)	  
–  Malagasy	  

•  Malayo-‐Polynesian	  
(14.5M	  speakers)	  

•  Objec+ves	  
– MT	  &	  Analysis	  
–  Of	  Low-‐resource	  Languages	  
–  Based	  on	  Linguis+cs	  
–  Supported	  by	  Stat	  Learning	  

•  Challenges	  
–  Data	  sparsity	  &	  collec+on	  
– Major	  Divergences	  from	  Eng	  
–  “Universal”	  Solu+ons	  (vs	  just	  
for	  a	  given	  language)	  

	  



The	  SeZng	  (from	  Proposal)	  
•  LR	  Languages,	  e.g.	  in	  Africa,	  cannot	  be	  ignored	  
•  MT	  &	  TA	  for	  LRLs	  requires	  a	  linguis+c	  core	  

–  Insufficient	  parallel	  text	  for	  standard	  SMT	  
–  Insufficient	  annota+ons	  for	  purely	  sta+s+cal	  TA	  

•  Phrasal	  SMT,	  even	  for	  HRL,	  errs	  
–  E.g.	  divergences,	  long-‐distance	  movements,…	  

•  But	  Computa+onal	  Linguists	  are	  Expensive	  
–  Cannot	  dedicate	  person-‐centuries	  per	  language	  to	  
write,	  test	  and	  debug	  massive	  rule-‐based	  systems	  

– Army	  needs	  a	  more	  rapid	  &	  cost	  effec+ve	  approach	  



The	  Scien+fic	  Ques+ons	  
•  Can	  deep	  linguis+c	  representa+ons	  benefit	  prac+cal	  MT	  &	  TA?	  	  
•  Can	  we	  marry	  learning	  from	  data	  with	  expert-‐craeed	  declara+ve	  

linguis+cs?	  
•  Can	  we	  uncover	  underlying	  linguis+c	  structure	  through	  

compara+ve	  language	  analysis?	  
•  How	  can	  we	  extend	  MT-‐mo+vated	  linguis+c-‐core	  capabili+es	  to	  

related	  TA	  tasks?	  
•  Can	  different	  linguis+c	  analyses	  reinforce	  each	  other	  

synergis+cally?	  
•  How	  important	  is	  resolving	  complex	  morphology?	  
•  How	  important	  are	  general	  seman+c	  features	  for	  MT?	  
•  How	  well	  can	  unsupervised	  learning	  methods	  augment	  linguis+cally	  

mo+vated	  analyses	  for	  MT	  and	  TA?	  
•  ….	  



Act	  I:	  Exploratory	  Research	  
Scene	  I:	  Data	  

•  Obtained	  Malagasy	  Bible	  and	  align	  with	  modern	  English	  Bible.	  
•  Converted	  33	  KGMC	  mul+lingual	  transcripts	  (Kinyarwanda,	  English,	  French)	  of	  

interviews	  of	  survivors	  of	  the	  Rwandan	  genocide	  to	  clean,	  aligned	  XML.	  	  
•  Created	  seed	  datasets	  for	  Malagasy	  and	  Kinyarwanda	  from	  the	  linguis+c	  literature	  

and	  annotate	  them	  for	  syntac+c	  structure.	  
•  Reached	  out	  to	  Rwandan	  and	  Malagasy	  communi+es	  to	  find	  na+ve	  speakers,	  
•  Translate	  three	  BBC	  Rwanda	  ar+cles	  to	  English	  and	  annotate.	  
•  Translated	  Malagasy	  website	  ar+cles	  (Lakroa	  and	  Lagazeke)	  to	  English	  and	  annotate	  

with	  syntac+c	  structures	  
•  Adapted	  Malagasy	  morphological	  transducer	  from	  Dalrymple	  et	  al	  and	  annotate	  

several	  sentences	  based	  on	  its	  output.	  	  
•  Annotated	  KGMC	  transcripts	  for	  syntac+c	  structure	  (about	  100	  trees).	  
•  Created	  tools	  for	  suppor+ng	  consistent	  annota+ons	  that	  will	  work	  for	  MT	  researchers	  

(tokenizers,	  tree	  validators).	  
•  Crowd-‐sourcing	  for	  non-‐linguist	  na+ve-‐speaker	  data	  collec+on.	  
•  Ac+ve	  learning	  for	  focusing	  on	  most	  valuable	  missing	  data.	  
•  Curated	  data	  releases	  1.0	  and	  2.0	  for	  Malagasy,	  Kinyarwanda,	  and	  	  English.	  



Act	  I:	  Exploratory	  Research	  
Scene	  2:	  Linguis+c	  Core	  +	  ML	  

•  Rule-‐based	  Kinyarwanda	  morphological	  analyzer.	  	  
•  Development	  of	  seman+c	  representa+on	  graphs	  for	  general-‐purpose	  	  transla+on.	  
•  Development	  of	  probabilis+c	  acceptors	  and	  transducers	  for	  graph	  	  structures.	  	  
•  Tokenizer	  for	  Kinyarwanda	  and	  Malagasy.	  	  
•  Completed	  formalism	  design	  (dependency	  to	  dependency	  MT)	  
•  Inves+gate	  hand-‐wriken	  synchronous	  tree-‐adjoining	  grammar	  rules	  for	  

Kinyarwanda	  .	  
•  Learning	  syntac+c	  structure	  from	  sparse	  seman+c	  representa+ons.	  	  
•  Learning	  unsupervised	  morphology	  by	  modeling	  syntac+c	  context.	  
•  Upparse	  unsupervised	  parsing	  methodology	  based	  on	  finite-‐state	  methods	  and	  

evaluated	  on	  English,	  German	  and	  Chinese	  data.	  
•  Bilingual	  part	  of	  speech	  model	  based	  on	  feature-‐rich	  Markov	  random	  fields.	  
•  Method	  for	  transferring	  informa+on	  in	  supervised	  models	  for	  one	  or	  more	  resource-‐

rich	  languages	  to	  an	  unsupervised	  learner	  for	  a	  resource-‐poor	  language,	  tested	  on	  
part-‐of-‐speech	  tagging	  and	  parsin.	  

•  	  Model	  for	  discovering	  mul+-‐word,	  gappy	  expressions	  in	  monolingual	  and	  bilingual	  
text,	  evaluated	  within	  a	  transla+on	  system	  	  

•  Model	  for	  word	  alignment	  based	  on	  feature-‐rich	  condi+onal	  random	  fields	  	  



Act	  I:	  Exploratory	  Research	  
Scene	  3:	  MT	  Frameworks	  &	  Systems	  

•  Phrase-‐based	  Malagasy	  and	  Kinyarwanda	  systems	  build	  for	  ini+al	  baseline	  
•  Four	  end-‐to-‐end	  MT	  systems	  (m2e	  and	  k2e,	  using	  Hiero	  and	  syntax-‐based	  	  

MT	  systems).	  	  
•  Kinyarwanda	  Synchronous-‐grammar	  (SAMT)	  system	  build	  	  
•  Implemented	  a	  hierarchical	  phrase-‐based	  German-‐English	  transla+on	  system	  

that	  was	  ranked	  #2	  in	  the	  SMT	  compe++on	  (aeer	  Google).	  	  This	  system	  
incorporated	  a	  discrimina+ve	  German	  parsing	  model	  

•  Designed,	  implemented,	  and	  tested	  a	  new	  transla+on	  model	  based	  on	  
dependencies	  over	  phrases.	  	  

•  Explored	  methodology	  for	  tes+ng	  hypotheses	  about	  transla+on	  systems,	  
leading	  to	  prac+cal	  recommenda+ons	  for	  researchers	  in	  the	  field.	  

•  Transla+on	  systems	  targe+ng	  Kinyarwanda	  and	  Malagasy	  incorpora+ng	  the	  
data	  developed	  by	  MURI	  collaborators	  were	  developed,	  and	  improvements	  
using	  CRF	  word	  alignments	  were	  replicated	  in	  these	  new	  language	  pairs.	  



Our	  Slightly-‐Revised	  Approach	  
•  Linguis+c	  core:	  	  Universals	  &	  Specifics	  

–  Specialize	  core	  to	  each	  language	  pair	  minimally	  as	  needed	  
–  Ac+ve	  Learning	  when	  annota+ons/transla+ons	  required	  
–  Unsupervised	  learning	  when	  possible	  

•  Parallel	  ac+vi+es:	  
–  Development	  of	  training/tes+ng	  data	  &	  annota+ons	  (on	  targeted	  L’s)	  
–  Linguis+c	  analysis	  (of	  targeted	  L’s)	  
–  Core	  linguis+c	  engine	  development	  (on	  other	  L’s)	  

•  Explora+on	  of	  mul+ple	  paradigms	  
–  E.g.	  Dependency	  parsing	  
–  E.g.	  Finite-‐state	  transducers	  
–  Ensemble	  methods	  

•  Build,	  evaluate,	  refine	  glass-‐box	  end-‐to-‐end	  prototypes	  
–  Requires	  baselines,	  and	  end-‐to-‐end	  MT	  systems	  



Linguis+c	  
Core	  Team	  
(LL,	  JB,	  SV,	  JC)	  

Linguis+c	  
Analyzers	  Team	  
(NS,	  RB,	  JB)	  

MT	  Systems	  Team	  
(KK,	  DC,	  SV,	  JC)	  

Parser,	  Taggers,	  
Morph.	  
Analyzers	  

Hand-‐built	  
Linguis+c	  Core	  

Triple	  Gold	  Data	  

Triple	  Ungold	  
Data	  

MT	  Visualiza+ons	  
and	  logs	  

MT	  Features	  

MT	  Error	  Analysis	  

MT	  Systems	  

Inference	  
Algorithms	  

Data:	  
Parallel	  

Monolingual	  
Elicited	  

Related	  language	  
Mul+-‐parallel	  
Comparable	  

Elicita+on	  corpus	  
	  

Data	  selec+on	  
for	  annota+on	  

Functional 
Collaboration 
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THANK	  YOU!	  


