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Normalisation of Historical Texts (Motivation)

Figure : Instance of the 1641 Depositions’ Repository of Trinity College Dublin: http://1641.tcd.ie/

Conclusion: Historical patterns provide an implicit way to represent
word variability.
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Normalisation of Historical Texts (Motivation)

1 Information extraction and information retrieval from historical
texts is impeded due to non-standardised writing.

2 Thus, technologies relying on “correct spelling” are doomed to fail.

3 The spelling variations of individual words can be hardly captured
in a historical lexicon.

Conclusion: Historical patterns provide an implicit way to represent
word variability.
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Available/Required Resources

List of modern words.

Examples of historical texts and their modern equivalents.

Modern texts.
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Approach (Overview), [SNG+14]

Learn Spelling variations
and how to apply them
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Extraction of Spelling Variations [GMN13]
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Extraction of Spelling Variations
knoweth

1 Alignment between trees.

2 Gathering statistics: (〈η, ν〉 - historical spelling variation, a(η, ν)
number of occurrences in all alignments)

P = {〈η, ν〉 |a(η, ν) > 0}

p(ν|η) =
a(η, ν)∑
ν′ a(η, ν ′)

Link
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Extraction of Phrases (Motivation)

The amount of electronically available plain texts boosts.

The access to the information in these texts is hindered by the
lack of explicit structure.

Some of these texts are similar but finding this out is costly and
time consuming.

Idea: Use the orthographic similarities among these texts to induce
structure and facilitate search queries.
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Required Resources

Set of sentences or paragraphs or other meaningful units of texts.
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Approach to Phrase Extraction [GS16]

Young children recognise function words but do not use them in the
beginning. [HW03, SWC06, Tra07]

(A1) Phrases occur in different contexts.

(A2) Sentences are built of (overlapping) phrases.

(A3) Phrases overlap on function words.

(P1) The function words occur regularly as the boundaries of phrases
in the corpus.

(P2) A particular sentence should exhibit these regularities as good as
its structure w.r.t. the corpus allows.
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Approach (2)

In the presence of cycloheximide, polysomal material accumulates,
indicating that messenger RNA is formed.

The effect of the antibiotic on protein and RNA synthesis can be
abolished by washing of the cells.

The RNA that has accumulated during incubation of the cells with
the antibiotic is not stable on removal of cycloheximide.

Excerpt from the Medline Corpus: http://mbr.nlm.nih.gov/
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Approach (2)
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Approach (2)

pref (F |P) = |{F ◦ S ∈ P |S ∈ Σ+}|
suff (F |P) = |{S ◦ F ∈ P |S ∈ Σ+}|

inf (F |P) = |{S1FS2 ∈ P \ {F} | (S1,S2) ∈ (Σ∗)2}|

ppref (F |P) =
pref (F |P)

inf (F |P)
,psuf (F |P) =

suff (F |P)

inf (F |P)

reflect (P1): pfw (F |P) = ppref (F |P) · psuf (F |P)

reflect (P2): `(F |Sn,P, C) =
∏kn−1

i=1 pfw (Fi |P)

refine phrases: P0 = G(C) Pi+1 = P ′i until Pi ∼ Pi+1

P ′ := {Sn[j1..j2] |Sn[j1..j2] optimal phrase candidate for a sentence Sn}
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Results
Corpus # of funct. words most frequently used function words
WikiEN 305 ; the ;. ; and ; of ; in ; to ; a ; of the ; is ;" ; was ;. The ; in the ;

for ; that ; by ; as ; with ; are ;-;) ; on ; were ;( ; to the ; from ; at ; . In ;
EU-Parl 200 ; the ; , ; to ; of ; a ; and ; in ; that ; be ; for ; this ; which ; in the ;
(EN) 1% are ; we ; will ; have ; on ; has ; an ; not ; to the ; with ; , the ;

that the ; it ; as ; by ; to be ; , and ; more ;
Medline 146 ; of ; and ; the ; in ; of the ; to ; was ; with ; for ; a ; were ; is ; in the ;
(10%) by ; that ; are ;), ; from ; on ; at ; or ; after ; as ; +/- ; and the ;

between ; during ; to the ;; ; patients with ;
Medline 143 ; of ; the ; and ; in ; to ; of the ; was ; a ; were ; with ; for ; is ; in the ;
(0.5%) by ; that ; are ; from ;), ; at ; on ; as ; after ; to the ; or ; an ;

patients ; +/- ; cells ;; ; and the ;
WikiDE 305 ;. ; der ; die ; und ; des ; in ; von ; "; -; im ; das ;, ;) ; eine ; den ;

als ;. Die ; zu ; mit ; ein ; ist ; in der ; wurde ; für ; auf ; zur ; einer ;
nach ; sind ;. Der ; nicht ;, der ;

EU-Parl 1% 159 ; , ; die ; der ; und ; zu ; in ; den ; eine ; , daß ; des ; , die ; das ;
(DE) nicht ; von ; werden ; im ; ist ; ein ; für ; wir ; auf ; es ; einer ; auch ;

zur ; mit ; dem ; sich ;
Wittgenstein 200 ;. ;[; die ; der ; das ;[1];? ; the ; & ; daß; in ; nicht ; eine ; ein ; ist ;

(DE+EN) den ; to ; es ;, ; zu ; ; ; a ; so ; von ; of ; that ; wenn ; was ; I ;
er ; als ; einen ; wie ; aber ; sie ;

Accountant 379 ; de ; een ;en. ;. ; en ; in ; dat ; is ;, ; die ; . De ; (; niet ; op ;
(NL) ; ; in de ; van het ; zijn ; voor ;) ;ˆ; met ; als ; dat de ;. Het ; wordt ;

EU-Parl 151 ; , ; van ; een ; het ; in ; en ; van de ; dat ; te ; op ; die ; is ; niet ;
(NL) 1% voor ; zijn ; de ; worden ; met ; om ; dat de ; deze ; heeft ; van het ;

aan ; voor de ; ook ; er ; wij ;
EU-Parl 203 ;, ; de ; des ; et ; les ; la ; à ; que ; en ; pour ; une ; du ; qui ; dans ;

(FR) 100% un ; au ; est ; aux ; a ; á la ; sont ; que les ; que la ;, et ;, mais ; par ;
ont ; sur ; d’une ;, les ; plus ; d’un ;

EU-Parl 173 ;, ; que ; la ; en ; y ; los ; el ; a ; para ; del ; una ; se ; un ; las ; con ;
(ES) 100% no ; al ; a la ; es ; por ; en la ; de las ; a los ;, que ;, y ; ha ; más ; su ;
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Corpus Profile (Example on Medline Corpus)

Hierarchical decomposition of phrases.

Extraction and ranking of specific atomic phrases.

incubation of the cells with the

1. observed 21. one 41. tumor
2. those 22. similar 42. children
3. used 23. performed 43. identified
4. only 24. control 44. use
5. treatment 25. lower 45. different
6. groups 26. demonstrated 46. examined
7. present 27. disease 47. normal
8. obtained 28. age 48. time
9. increase 29. cells 49. blood
10. increased 30. data 50. cases
11. reported 31. reduced 51. studied
12. found 32. decreased 52. specific
13. results 33. risk 53. subjects
14. higher 34. changes 54. decrease
15. patients 35. group 55. protein
16. significantly 36. previously 56. 3
17. patient 37. developed 57. compared
18. cancer 38. high 58. women
19. study 39. effective 59. investigated
20. expression 40. factors 60. evaluated
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Corpus Profile (Example on Medline Corpus)

Hierarchical decomposition of phrases.

Extraction and ranking of specific atomic phrases.

1. observed (2310/602) 21. one (17/3) 41. tumor (-/10737)
2. those (121/30) 22. similar (1341/213) 42. children (1001/177)
3. used (220/1) 23. performed (5841/192) 43. identified (1864/608)
4. only (9/5) 24. control (362/150) 44. use (151/6)
5. treatment (2223/1106) 25. lower (3088/550) 45. different (231/194)
6. groups (361/142) 26. demonstrated (1167/1900) 46. examined (4705/5826)
7. present (127/114) 27. disease (3185/1674) 47. normal (3079/1211)
8. obtained (3743/1141) 28. age (1224/896) 48. time (41/2)
9. increase (534/358) 29. cells (-/1123) 49. blood (-/1376)
10. increased (991/386) 30. data (1947/277) 50. cases (561/316)
11. reported (4701/340) 31. reduced (1340/773) 51. studied (4507/846)
12. found (719/8) 32. decreased (5109/3881) 52. specific (284/462)
13. results (723/432) 33. risk (556/1182) 53. subjects (1068/2110)
14. higher (1253/505) 34. changes (728/270) 54. decrease (3735/2992)
15. patients (4104/1897) 35. group (198/66) 55. protein (7516/1941)
16. significantly (6063/958) 36. previously (3324/676) 56. 3 (720/779)
17. patient (-/3414) 37. developed (633/26) 57. compared (2692/1199)
18. cancer (-/2935) 38. high (532/226) 58. women (276/199)
19. study (1271/134) 39. effective (416/522) 59. investigated (3658/5008)
20. expression (1333/1666) 40. factors (1920/1089) 60. evaluated (8548/7615)
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Word Fields (1)

The hierarchical decomposition of phrases allows us to relate
cooccurring atomic phrases.
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Word Fields (Medline Corpus)
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Word Fields (Wittgenstein Corpus)
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S. Gerdjikov, S. Mihov, and V. Nenchev.

Extraction of spelling variations from language structure for noisy text correction.

In ICDAR’13, pages 324–328, 2013.

S. Gerdjikov and K. U. Schulz.

Corpus analysis without prior linguistic knowledge - unsupervised mining of phrases and subphrase structure.

CoRR, abs/1602.05772, 2016.

Barbara Höhle and Jürgen Weissenborn.

German-learning infants‘ ability to detect unstressed closed-class elements in continuous speech.

Developmental Science, pages 122–127, 2003.

A. Sariev, V. Nenchev, S. Gerdjikov, P. Mitankin, H. Ganchev, S. Mihov, and T. Tinchev.

Flexible noisy text correction.

In DAS’14, pages 31–35. IEEE, 2014.

Rushen Shi, Janet Werker, and Anne Cutler.

Recognition and representation of function words in english learning infants.

Infancy, 10(2):187–198, 2006.
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Rosemarie Tracy.

Wie Kinder Sprachen Lernen: Und wie wir sie dabei unterstützen können.

Nar Francke Attempto Verlag, 2007.
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Additional

Corpus |F(C)| most frequently used function words
保镖天下 293 ; ;，;的 (of);了 (over);是 (is/are);你(you);我(I/me);这(this);人(people/human);着( );在(at/in);
Chinese 就( ); ”” ;黎箫(Li Xiao – a person’s name in this fiction);他(he);也(also/too);到(arrive);？(?);
Fiction 都(both/all);去(go);！(!);来(come);还(still/again);看着(look/stare);那(that);一个(one);

出(go/get out);上(up/above);要(need);和(and);自己(myself);将(will/shall);没有(no/didn’t);
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出(go/get out);上(up/above);要(need);和(and);自己(myself);将(will/shall);没有(no/didn’t);
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