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A slightly biased view ...

WB

The IMS Open Corpus Workbench

Examples of QLs

= Level 1 (linear)

—[CQP (IMS Open Corpus Workbench)] large corpora (1G+),
simple annotations

— Manatee / SketchEngine, Poligarp, ...
= Level 2 (hierarchical)
. } smaller corpora (1M)
— TigerSearch, tgrep, ... (2a: trees) } h

) ighly specialized
— treebank.info (2b: dependency)

= Level 3 (concurrent) + 2 (hierarchical)

— NQL (Nite XML Toolkit) very flexible, but
— AnnisQL small corpora (< 1M)
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IMS Open Corpus Workbench

Original development 1993-1996 (IMS Stuttgart)

— research project on text corpora & exploration tools
(also produced TreeTagger)

— applications: statistical NLP, lexicography, corpus linguistics
— Unix-based, ISO-8859-1 character set, up to ca. 200M words
= Maintenance at IMS 1998-2004
IMS Open Corpus Workbench 2005 (GPL licence)
Current: CWB 3.5 to be released soon
— UTF-8 / 1SO-8859, 64-bit (up to 2G words), Windows support

— full backward compatibility w B

http://cwb.sf.net/ The IMS Open Corpus Workbench

CL
CWSB data model

# word pos lemma
0 A DET a

1 fine ADJ fine

2 example NN example
3 PUN

4 Very ADV very

5 fine AD]J fine

6 examples NN example
7 ! PUN !

\corpus position ("cpos")

CL =
CWB data model
A fine example. Very fine examples!
<text id="42" lang="English">
<s>
A/DET/a fine/ADJ/fine example/NN/example ./PUN/.
<[s>
<s>

Very/ADV/very fine/ADJ/fine examples/NN/example !/PUN/!
<[s>

</text>
CWB data model
# word pos lemma
(0) <text id="42" Iang="Eninsh">&XML tags inserted
0) <s> as "invisible" tokens
0 A DET a
1 fine ADJ fine
2 example NN example
3 . PUN
3) </s>
(4) <s>
4 Very ADV very
5 fine ADJ fine
6 examples NN example
7 ! PUN !
(7) <[s>

7) </text>
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CWB data model

word pos lemma

<text id="42" lang="English">

<s>
A DET a s XML regions
fine ADJ fine = represented
example NN example =) internally as
. PUN "8 ranges of
</s> -éln tokens, i.e.
<s> = start/end #
Very ADV very ~

fine ADJ fine 5“'

examples NN example =

! PUN 1

</s> bhu

</text>
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CWVB software architecture B

Static column store

— independent p-attributes can be added/deleted

— token sequence can't be changed/extended after encoding
Inverted index for value lookup

— retrieve all occurrences of (set of) annotation string(s)

Aggressive data compression Witten/Moffat/Bell (1999)
g8 P Managing Gigabytes. 2" ed.

— bit streams using Huffman / Golomb coding

Query language based on regular expressions
— at character level for annotation strings } original

— query = regular expression over tokens contribution
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CWB data model

# word pos lemma

(0) <text id="42" lang="English">

0) <s>

0 A 0 DET o0 a 0

1 fine 1 AD) 1 fine 1

2 example 2 NN 2 example 2

3 . 3 PUN 3 3

3) </s>

4) <s>

4 Very 4 ADV 4 very 4

5 fine 1 ADJ 1 fine 1 Iexico.n IDs for
6 examples 5 NN 2 example 2 annotation strings
7 [ 6 PUN 3 | 5 (per column)
7) </s>

(7) </text>
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CWB software architecture

interactive use (terminal)

“ CQP API
€is v

1 o] €——>
Interface

cQPweb 'r / 'l’

) v

Server p——

UND FACHBEREICH THEOLOGIE
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CWSB software architecture

>

CQPweb

n
4

CWB/Perl
Interface
CAPI

CL
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CWVB inverted index (p-attribute)

(=)

TEETETEE

lexicon
DET
PAD)

-

CWSB inverted index (p-attribute)

# word

(0) <text id="42" |
(0) <s>

0 A 0
1 fine 1
2 example 2
3 . 3
3) </s>

4) <s>

4 Very 4
5 fine 1
6 examples 5
7 ! 6
(7) </[s>

(7) </text>

)

pos
ng="Englig

DET o
ADJ 1
NN 2
PUN 3

ADV
ADJ
NN
PUN

W N = b

CWB storage of s-attributes

h">

a
fine

example

very
fine

example

<s> start end
0 3
4 7
<text>| start end
0 7 @

lemma

>
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W N = O

4
1
2
5
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annotation

id="42" lang="English"
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w Huffman code = optimal compression for independent
coding of individual tokens with static codebook

= similar to Morse code: use short bit patterns for frequent items

w Sample Huffman codes for part-of-speech tags

NN 110 ]3] 0100

IN 111 JJR 000000100
DT 101 JJS 0000000001
PP 1001

VB 00111

w Encoding of POS tags for go to the prettiest beach:
0011111311010000000001110
VB IN DT JJs NN

PHILOSOPHISCHE FAKULTAT
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Data compression rates

Typical data sizes of p-attributes for 100 M word corpus

= Plain text: ca. 400-600 IB

= Uncompressed attribute: ca. 800 MIB

(including all index & lexicon files)

= Word form, lemma, etc.:
= POS, morphological features:
= Binary attribute:

ca. 320-360 VIB
ca. 100-150 VB
ca. 50 MB
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Golomb coding (inverted index)
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w Encode distances between occurrences of lexicon entry
= assumption: occurrences randomly distributed across corpus

w Golomb codes = mixed unary/binary representation
= fixed size of binary part =~ average distance value
= optimal for random distribution, good worst-case bounds

w Golomb code example:

= distance to next occurrence = 26 tokens

= e.g. 3-bit binary representation: 26 =3 * 8 + 2

= Golomb code: 000 1 010
unary part:/, f ‘\binary part:
3x8=24 stop bit 24 +2 =26

FRIEDRICH-ALEXANDER
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CWB software architecture
N
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CWB/Perl
Interface
CQPweb CAPI / ¢
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. @
Web CGI \ 9
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Server



Regular expressions

= Generalisations over characters
— arbitrary character: . (“matchall”)
— character ranges, e.g. [A-Z], [aeiou]
» Alternatives: (...|..]|...)
— e.g. (over|under)us(e|es|ed|ing)
= Repetition of subexpression
— optionality (...)? (O or 1)
— Kleene star (...)* (0 or more); (..)+ (1 or more)
— repetition count (...) {4} (exactly 4)
— (..){1,10} (between 1 and 10); (..) {5, } (at least 5)

CQP query language

= Regular expressions over token descriptions allow
search for flexible lexico-grammatical patterns
» [lemma="give"] [pos="PRP"] "the"
[pos="J].*"]* [pos="N.*"]
— gives me the creeps, give him the grand tour, ...

* Implementation as finite-state automaton

[pos="1).*"]

o [pos="PRP"] a "

\

possible start positions looked up in inverted index

(@)
—
::iiII"II

CQP query language
= Regular expressions for words and annotations
— "([A-Z0-9]+-)+[a-z]+"

- 24-hour, A-levels, MS-DOS-compatible, ...

= Boolean combination of annotations

— [(pos = "RB") & (word != ".*1y"%c)]
- adverbs that don't end in -ly
—".+ly" & [word = ".+1y"]

token description

Query optimization problems

([pos="DT"]? [pos="1J.*|RB"]+ [pos="NN.*"]
| [pos="PP.*"])
[pos="VB.*"]* [lemma="dance" & pos="VB.*"]

DT selective lookup in inverted index
J.*|RB for final transition only

J.* ‘
2 NN.* VB.*

A RB
;e

multiple search passes for possible start transitions

dance/VB.*
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Query optimization problems

[pos="DT"] [pos="3J]J.*"]*
("cleverest" | "most" "intelligent")
[pos="NN.*"]

Corpuscle search engine
attempts to find most efficient
“cut” of FSA graph

QL ¢

Matching strategy for repetitions

Pattern: DET? ADJ* NN (PREP DET? ADJ* NN)=*
the old book on the table in the room

the old book

the table

the room

Matching strategy for repetitions

Pattern: DET? ADJ* NN (PREP DET? ADJ* NN)*

the old book on the table in the room

This is can be useful for

the old book the extraction of
old book cooccurrence data, e.g.
book

[pos="ADJ"] []{@,5}

the table [pos="NN"]
table
the room
room

Matching strategy for repetitions

Pattern: DET? ADJ* NN (PREP DET? ADJ* NN)*

the old book on the table in the room

book

table

room
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Matching strategy for repetitions
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Pattern: DET? ADJ* NN (PREP DET? ADJ* NN)*

Hi Chii FAUY KWEY Pyv TUDv Localv Search~ info~

the old book

CQPweb

O 2 3]+ O localhost,

the old book

on the table

on the table

Darmstadt English Subtitles Corpus (DESC v2)

Accounts ¥ Apple ¥ Comp ¥ Science

in the

Entertain

room

in the room
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ment ~ TODO ™ Videos ™ News ™
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L3
Your query “[word="what"%c & !Ibound(s)] "a"%c [pos="11.*"]+ "night"%c" returned 18 matches in 15 different texts (in

98,511,777 words [9,802 texts]; frequency: 0.18 instances per million words)

<< > > | Show Page:

film_1944_the_climax
film_1956_the rainmaker

film_1970 julius_caesar
film_1970_the_aristocats
film_1973_robin_hood
film_1985_weird_science

film_1989_dead bang

film_1991_the_fisher king

film_1992_brain_donors

1

film_1962_experiment in_terror
film_1966_frankie_and_johnny
film_1966_frankie_and_johnny.

film_1990_gremlins_2_the new_batch

 Line View

 Show in random order

Solution1to18 Pagel/1

My dearJarmila ,

\oes crazy on a hot night, and maybe that 's
Wow ,

ttee that you 'll have a ball Come one and all
e Hey , everyone , let 's go on with the show
lamgladon " t.

Oh, dear,

it's gone Love goes on and on Oh , Robin ,
Crimson morning skyline Whoa oh

It's a wonder

When they think it 's sunset and see

God,

God,

And

what a great night
what a hot night

3 )
Dov 2X Acad Apple iCloud Facebook » [T
[4.616 seconds]
[ Got |
foryou .
is for .

what a miserable night .

What a great night
What a great night
What a fearful night
what a terrible night

you 've got in store You 'll wanna keep comi
you 've gotin store | 'll bet you 'll wanna kee

is this !

what a beautiful night .

What a weird night
what a good night
what a nice night
what a beautiful night
what a beautiful night
what a great night

,huh ?

's sleep will do for you .

itis , they 'll muster in the lobby .
,Jack .

, huh ?

for a balletitis .

CQPweb

RIEDRICH-ALEXANDER
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CWB software architecture
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CWB/Perl
Interface

el

N O
Server Script W
J
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Quantitative analysis

* Frequency breakdown
— count matching strings (variable length)
— based on in-memory or disk-based sort algorithm
= Metadata distribution
— counts for fixed set of categories
= Frequency counts
— frequency counts for (combinations of) marked tokens
— uses associative array (hash)
— disk-based merge of sorted partial results for large data

- various statistical analyses can be applied to frequency data
(frequency comparison, keywords, type-token distributions, ...)
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Quantitative analysis

Wo Aw,
= Co-occurrence frequency
- contingency table Wil Ouo | O R
— within span of n words
— within sentence, article, ... Awy | Oz O2 | ! R
— syntactic dependency
1Cc, 1'C I'N

» Multivariate analysis
— multiple linguistic features for each text (rel. freq.)
— experimental support in CQPweb

= Per-text frequency data, n-grams, patterns, ...

-> various statistical analyses applied to frequency data
(collocation identification, latent dimensions, regression, ...)

FRIEDRICH-ALEXANDER
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The NXT ObjeCt Model gy
(Evert et al. 2003)

syntax

intersecting
hierarchies

constituency (tree)

pointers (graph)
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Beyond CQ LF Ievel I T e P e

= Large corpora with rich annotation becoming available
— XML text structure & metadata (e.g. TEl)
— constituency structure or syntactic dependencies
— parallel corpora with word or phrase alignment
— multi-layer annotation (intersecting hierarchies, time-aligned)
= Extended data model & indexing requirements
— support for non-tabular data structures
= Regular query languages not sufficient
— target structures need not be linear sequences

FRIEDRICH-ALEXANDER
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The NXT ObjECt Model " L

(Evert et al. 2003)

¢ = Semantics.xml

/ syntax.xml

tokens.xml

k///// gtypes.xml

E—

gestures.xml e Sseceeeeee. o
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NXT Query Language

» ($s syntax): $s@cat == "PP"
= ($s1 syntax) (s2 syntax):
$sl@cat == $s2@cat

yna e
Ls buy |
O T @
| agt | pat ben
Cow
$s TR
PP
for
child
it $s1 TN $s2 TN
| e | | NP | Ne |
Cmen ) oy Camia )
the man bought || these toys for his children|
DT NN VBD DT NNS IN PP$ NNS

®
W
o

NXT Query Language

* ($s syntax) ($t word]|syntax):
$s >"antecedent" $t
= ($g gesture) (exists $t gtype):
($s > $t) && ($t@name == "deictic")

atype

topo-
graphic

nnnnnnnn 1se. gphase gphase.

nnnnnn
|~ | 5675
2 o e ﬂ
o] e armpnc

.
.\
- ;
. . . H . ‘ . . ‘. ’l arot
- 2 icono- | | kineto-
oT VBD DT NNS L e graphic ) | graphic

NXT Query Language

($s syntax) ($w word): $s ™ $w
* ($a) ($b): $a "1 $b

s
s _J buy

NXT Query Language

= ($gl1 gesture) ($g2 gesture):

$g1@han == " 1e-Ft ! && overlaps.with
$g2@hand == "right" && left.aligned.with
$g1 # $g2 right.aligned.with

includes
same.duration.as
contact.with

precedes
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Query languages for CQLF L2 + L3

Declared anchor elements + constraints / relations
— examples: NQL, TigerSearch, AnnisQL, ...

Simple implementation: nested loops

— can be extremely slow

— index-based optimization similar to SQL

— most engines still not fast enough for large corpora

= Naive queries can have excessive match counts

— ($s s) ($wl word) ($w2 word): $s ~ $wl && $s ~ $w2
— ca. 8.5M matches in Tiger Treebank (800k words)

Cannot search for variable-length patterns (z CQP)
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Treebank.info
(Proisl & Uhrig 2012) i

give

word s lemma
Word class:

* Dedicated query engine for -
dependency graphs N

* Translate graph fragment into SQL vty | [y
— MySQL, PostgreSQL

= Use specialized graph database i wi
— Neo4j (,the world's leading graph DB*) th mHSM

.

Roll your own: CWB-treebank
— store dependency graph in CWB corpus

/

Dependency:
det - det &

— CQP query + Perl code for subgraph matching

Item: collo-item

the.
show detalls

add child

Treebank.info

(Proisl & Uhrig 2012)

= Dedicated query engine for
dependency graphs
Treebank.info sera

~ a simple interface to complex structures.

Query Results

Your query returned

ABX_1162
ABX_ 2969
ACB_2275

ACV_719

1
2

3

4

5 ADY_1923
6  AHF_302
7 AH_2738
8  BPA 2899
9 CDE_1864
10 CEB_2341
1M ClA_3407
12 FV_1365
13 GX_1432

14 GW3 695

29 result(s)

Home Query Manual Q&A About

It gave you the creeps . T
This place , it gives me the creeps T s
This place gives me the creeps . TS

They used to give us the creeps . TS

* That man gives me the sodding creeps ,  Sam said as we disembarked . TS

1 think he 's a charming man and he 's certainly better than Major or Kinnock , who both give me the creeps . TS

For this place really gives me the creeps . TS

Funny , but even though she knew Delaney , Lawton and Forster were engaging Mahon - she could hear gun fire - the empty cls

shadowy corridors of the place gave her the creeps .

* I'do n't mind telling you , Doctor , Mrs Carrow gave me the creeps sometimes when | took on looking after Miss Celia TS
To tell you the truth , it gave me the creeps TS

Thse two were going to give her the creeps if she really had to take them all the way to Titan Ts

What Trudy and Juanita and the rest of them are trying to say , it seems to me , is that Tod gives them the creeps . TS
He still gives me the creeps , " said Lydia . TS

1did it Like him . he used to aive me the creeos . but he was n't that sort . * TS

Treebank.info

(Proisl & Uhrig 2012)

<s id="HHB_2310">
The DT the DET

thought NN
of IN  of

soiled JJ

nappies NNS nappy
and CC and
vomit NN  vomit
on IN on
PRP$ my
clothes NNS clothes SUBST

my

soiled ADJ

gives VBZ give VERB

me

PRP me

the DT the DET

horrors NNS  horror

</s>

PUNC

thought SUBST

CONJ/PREP |

Jamod(1, 0)] |

SUBST |prep_of(-3, 0)| |amod(0, -1)|conj_and(0, 2)|
CONJ/PREP |

SUBST

CONJ/PREP |
PRON

PRON

SUBST

|det(1, O)]
[nsubj(9, 0)]

[poss(1, 0)| |
|prep_on(-3, 0)| |poss(0, -1)|

I
|prep_of(-5, 0)|conj_and(-2, 0)|
I

RIEDRICH-ALEXANDER
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Item: collo-item
give
word e lemma

Word class:
Select... | ¢
_IRoot

olowr  add child

N

Dependency: || Dependency:

iobj - ind| 4 dobj - dir| 4
Item: collodten | Item: allo-ttem
oword_lemma | (sword_lemma
Word class: Word class:

pronoun | # NNS - No| 4

Hierarchy Hierarchy
olowr  addchild | iour  add child

/

Dependency:
det - det| 4

Item: collo-tem
the

show detalls

add child
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|det(0, -1)|prep_of(0, 3)|prep_of(0, 5)|
|

|prep_on(0, 3)|

[nsubj(0, -9)liobj(0, 1)|dobj(0, 3)|

liobj(-1, 0)) |
det(1, 0)| I
|dobj(-3, 0)|
I

[det(0, -1)|
I
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Treebank.inf ¢t -
reebank.into =, T Quantiatitive analysis for CQLF L2+ 3F

(PrOiSI & Uhrlg 201 2) POStgrE:(Sev%éLj ey o .
900 | i Egi R
2 KXl . . . .
w00 L s K | = Trivial: frequency counts, metadata distribution,
K -
. - B » Temporal association
i =K i
2% 0% . .
I = Complex contingencies
=K
soor B 1 - .
. K — methods from data mining community?
Iy s X ]
3 B = Co-occurrence of tree or graph fragments
5 K] ;
400 2 E:E: : — harder than it looks
X (R e . . .
200 1 - E%:‘ j ] — ongoing PhD project by Thomas Proisl|
R
5 KXEES
200 |- 3% R E
5 o236
X R
f? e% oﬁ
100 | X% @333 ]
KR
B R
0 5 22 ”&.
bachelor confuse creeps way

FRIEDRICH-ALEXANDER

CL =
Co-occurrence of graph fragments
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iobj dobj iobj dody"rd
Word i
word iobj dobj O O O give
. word
O give O give iobj word word

(¢) Goy, Q give headache O headache O

Gp
(b) Gp (C) Goll
G011
/ \ | dony o iobj,” | oy iobj,”” [ dody o
N owe o G oo & o o

Q give €
O word word word
(d) Gr, c) Geoy

Ga Gn Ge headache O eO
(d) Gr, (e) Gey ®) Gn




my

take

/subj ¥b|

| care

&we p_of

bear

‘%/mndw
red-eyed

little

7
2

CL =8¢
Problem: combinatorial matches

-
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take

/sub] &b]

care

&)rep_of

bear

oss/mod\rrmdNi
|

red-eyed polar
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Outlook: CWB 4

= Data model: sequential annotation layers
— layer = sequence of annotation units (tabular format)
— base layer represents tokenized text
— segmentation layer, XML layer, graph layer link annotation
units to their base layer (units or ranges)
= |ndexing engine: similar to CWB 3
— sort index, inverted index; compressed byte-streams
= CQP4 query language (speculative)
— tree of regular patterns with index lookup for root
— multiple axes: precedence, dominance, dependency graph



