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Estimating the quality of arbitrary models
on unseen documents.
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Performance:
F1(A) ?

Dataset (A)

(unlabeled)

*Component*
[ F1 on Dataset (B) ]

Dataset (B)
(labeled)




UNI Constraint-driven Evaluation
wu

Use Expectations:

Performance:

F1 (A) ? « Case Study: Segmentation of References

(Extracting BibTeX fields)

Dataset (A)

(unlabeled)

» References should have a title containing
more than 2 words
*Component*  References should have 1! author field
[F1 on Dataset (B) ] « ,VHDL" should be labeled as ,title*

Dataset (B)

(labeled)

R. Lipsett, C. Schaefer, C. Usser‘},r,dwar‘e Description and Design, Kluwer
Academic Publishers, 1989.

T. Imielinski, S. Viswanathan, Adaptive Wire less Information Systems, Proc.

of SIGDBS Conf., Tokyo, tober—T997"
K. Chandy and J. Misra, Parallel Program Design: A FDUH&EEEEE;:> Addison-Wesley,

1988.

tite ], author___J




Good reasons for
Constrained-driven Evaluation (CDE)

Choose one of several 3rd-party components, Debug
rule-based systems, Decision support for make-or-buy



UN| Reason 1: Development Support n
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e typical scenario in NLP applications:

How good is
my system at
Rules:

BLOCK(eachReference) the moment?

Reference{} {
[/l Date
(Yearlnd PMJ[0,2]){-> Date};

b

Rule-Engineer | paren Date{-> ... Which documents

should | look at to

refine my system?
Dataset
(labeled) Dataset (unlabeled)

e Constrained-driven evaluation (CDE) provides:

— Ranking of unlabeled documents according to the expected
quality of a component

— F1 score prediction on unlabeled data sets



WU

e typical scenario in NLP applications:

— several 3rd-party components
(e.g., CRF & SVM & Rule-based NER model trained on CoNLL)

— Unlabeled data-set * < *ﬁ: < *

(e.g., a custom newspaper corpus) )
2

— Which component is the best (relatively)? Ii j
Dataset (unlabeled)

e Constrained-driven evaluation (CDE):

— Ranking of components according to performance
estimation of arbitrary models using constraints

UNI Reason 2: Component Selection n

3



UNI Reason 3: make-or-buy n
wU

e typical scenario in NLP applications:

— 3rd-party component *
(e.g., CRF NER model trained on CoNLL) e
F17?

— Unlabeled data-set
(e.g., a custom newspaper corpus) E Dataset (unlabeled] j

— Are the results good enough for my application? Or do | have
to develop my own system?
(absolute quality estimation)

e Constrained-driven evaluation (CDE):

— Automated performance estimation of arbitrary models
with formalized expectations



uNl CDE Tasks
WU

e F1 Prediction task: Estimate F1-score of
arbitrary models on unlabeled data

— Reason 2 (component selection):
relative performance

— Reason 3 (make-or-buy)
absolute performance

— [Reason 1 (development support) ]

e Ranking task: Rank documents wrt. F1

— Reason 1 (development support)




uNl CDE Workflow n
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e Basic operations for rapid component
development:

1. Gather constraints

e Rule Constraints:
formalize background-knowledge of domain experts

e Annotation distribution (AD) Constraints:
Collect statistics (using large data-bases)

2. Constraint-driven Evaluation

e Apply model on unlabeled data-set

e Apply constraints on unlabeled data-set
e Compute aggregate CDE score for each document
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UN] CDE Score n

e reflects how well the output of the
component complies with the constraints:

1 n
CDE = —Z WiCi
(04
i=1

where w; is a weight, a is a normalizing
constant, and ¢C; €[0,1] is either

— a rule constraint score:
#rule matched / #rule has tried to match

— or an annotation distribution (AD) constraint score:
cosine similarity between expected and observed

frequency



uNi Rule Constraints n
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e Formalize expectations of domain experts as
UIMA Ruta rules

e Example:

Arthur M. Keller and Julie Basu. A predicate-based caching scheme for
client-server database architectures. In Proceedings of PDIS-94, 1994.

Buntine, W. (1994). Operations for learning with graphical models.
Journal of Artificial Intelligence Research, 2, 159-225.

Author (Title | Year);
Author {-CONTAINS(NUM )},
Title {CONTAINS(W,2,200)};
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Constraint
satisfied?

N —

N —
N —
y m—
y m—

y =—

M m—
N m—

UNI Rule Constraints

Title {CONTAINS(W,2,200)};

— score: 4/10 (4 out of 10 titles have >2 words)

A. Said and W.A. Pearlman, "A new, fast, and efficient image codec based on set
partitioning in hierarchical trees," IEEE Transactions on Ciruits and Systems for
Video Technology, vol. 6, no. 3, pp- 243--249, June 1996.

M. Yang and L. M. Ni, "Incremental design of scalable interconnection networks
using basic building blocks,"  Symposium of Parallel and Distributed Processing,

pp. 252 -- 259, Oct. 1995.
L. Hernguist, "Vectorization of Tree Traversals," Journal of Computational Physics,

vol. 87, 1990.
J. Hipp, R. Lober, "Plastering: All-Hexahedral Mesh Generation Through Connectivity
Resolution,”™ Proc. 3 rd Int. Meshing Roundtable, 1994.
P. Sarkar, "An Tterative Algorithm for Optimal Style-Conscious Field Classification,™
Proc. 16th Int’l Conf. Pattern Recognition, pp. 243-246, Aug. 2002.

C. Rosene, "Incremental dependence analysis,” Ph.D. thesis, Rice University,
March 1998.
H. J. Landau and H. 0. Pollak, "Prolate spheroidal wave functions, Fourier analysis,

and uncertainty—III: The dimension of the space of essentially time- and band-limited
signals,” Bell Syst. Tech. J., vol. 41, no. 4, pp- 1295-1336, Jul. 1962.

J. Carter and M. Wegman, "Universal classes of hash functions,” 1. of Computer
and System Sciences, vol. 18, no. 2, pp. 143-154, 1979.

D. E. Whitney, "Force feedback control of manipulator fine motions,™  ASME J.
Dyn. Syst. Meas. Contr., vol. 99, no. 2, pp. 91-97, 1977.

C. Norris and L. Pollock, "A scheduler-sensitive global register allocator,”

In Proc. of Supercomputing, pages 804-813, 1993.

M. J. Harrold and M. L. Soffa, "An incremental approach to unit testing during

maintenance, " Proceedings of the International Conference on Software Maintenance,
pp. 362-367, October 1988.
J. H. M. J. Daily and K. Reiser, "Detecting obstacles in range imagery," Proc.

of [ARPA] Image Understanding Workshop, pp. 87-97, 1987.

T. Klemenschits, & E. Bonek, "Radio Coverage of Road Tunnels at 900 and 1800 MHz

. constramea-arivenvaiaatonin

Al_

Some errors
are detected
correctly by
this Rule
Constraint;
Some errors
are not
detected

<4

AD constraints
may help in
such cases
(see next slide)

tite [___J




Annotation Distribution
% e &
WU Constraints

e Statistical assumptions gathered from
databases, e.g., Bibsonomy dump

e Example: in DB:
\HVHDLH: | \AUthOf‘HOOOl}, Tltle 04,

| | |
Word Label Freq.

e in Document: Ci:cos((l;ﬂ),(()-?ol))=o.51
“VVHDL"/Author: 1/1 | :

;;;;;;;;;

R. Lipsett, C. Schaefer, C. Ussery, VHDL: Hardware Description and Design, Kluwer
Academic Publishers, 1989.

T. Imielinski, S. Viswanathan, Adaptive Wire less Information Systems, Proc.
of SIGDBS Conf., Tokyo, October, 1994.

K. Chandy and J. Misra, Parallel Program Design: A Foundation, Addison-Wesley,

19883.
titte ], author 1
A G ST 20T CoRSrAReddrveR EVATTATon i UIMA RUtR




UN| Constrained-driven Evaluation .
wU

e Extended workflow:

e Constraint Development
e Create a small dev.-set

e Test constraints; specify weights




UNl Constraint Development n
WU

e measures to compare CDE score against
ground-truth Fl-score/ranking on a set
of labeled documents:

— Spearman (ranking)
— Pearson (linear dependency)



Experimental Study

Segmentation of References of Scientific Papers



UN] Setting n
WU

®* Druta . Used to develop rules for reference segmentation
(219 references in 8 docs)

e Djev . labeled by the constructed rules; used for developing
the constraints (192 references in 8 docs)

* Diest : labeled by the constructed rules; used to evaluate the
constraints (155 references in 7 documents)

e D.f:labeled by training and applying CRFs (5-fold-cross)
(ruta+dev+test: 566 references)

e Dgen : different source; unknown style guides; labeled by the
constructed rules (452 references in 28 documents)




UN] Setting .
WU

* Three constraint sets:

1. Cruta:
15 Rule constraints (Author, Title, Date); weight of each

constraintis 1

2. Cruta+bib
Cruta +AD constraints (entity distribution of words

extracted from Bibsonomy); weight of each constraint is
settol

3. Cruta+5+bib
weight of each AD constraint set to 5




UNI Results
wu

Table 3. Spearman’s p and Pearson’s r given for the predicted ¢DE score (for each
document) compared to the actual Fi score.

(::'r*uto, C’ruta—kbib C?'r*uta—|—5xbib
Dataset P r P r P r
Daew 0.8708  0.9306  0.9271 0.9405 0.8051 0.6646
Diest 0.9615  0.9478  0.9266  0.8754  0.8154  0.6758
Dery 0.6793  0.7881 0.7429  0.8011 0.7117  0.7617
Dygen 0.7089  0.8002 0.7724 0.8811 0.8150  0.9504

* Strong correlation (p = 0.6, = 0.6 for all D;, )

« constraint rules really estimate the performance of the models on
the new unlabeled data
« Even with different data (new styles):
» use AD constraints in this case



UIMA Ruta CDE Plugin

Constrained-driven Evaluation in the
UIMA Ruta Workbench



UNI UIMA Ruta CDE Plug-in
WU - Constraint Specification -

[E=EE )

= UIMA Ruta CDE - CDE2/data/processed/fold3/1471-2105-12-43 . pdfbox.txt.xmi (CDE2/descriptor/types/Bibtex.xml) - Eclipse Platform
File Edit Mavigate 5earch Project Run  Window Help
il %. A= e v aE T e T 57 E¥ | 5 UIMARuta C... | o~ UIMA Ruta |.—[\:|Resou =
"] 105-3001 .bet.xmi | A97-1010.bet.xmi ") 1471-2105-12-43.pdib 52 7L = O/, CDE Documents &2 . o= Outline| * Annotation Browser View Q=08
E wav.ius>unn JII, wrren I\L, JamrLsunl I\_'l, miAS AN LH, L0 I B WY B e
|2 evolutionary history of the first three enzymes in pyrimidir Documents: workiworkspace-ruta\ CDE2\data\processed\fold3

biosynthesis. Biocessays 1993, 15:157-164.

Andrade , (Ed.): Bioinformatics and Genomes:

Heidelberg, Germany: Horizon Scientific Press; 2863.

Current Perspec

L] m

@ CDE Constraint 23

Selection View | £ TextRuler ? Annotation Tes| . Ruta Query

Test Data: Dvwerkiwerkspace-rutat CDE2\data\ complete

Type System: WCDE2\descriptor\uimalrutal\example\ETypeSystern xml

mse=0.0 spearmans=0.9615 pearsons=09478 cosine=1.0

0

[
B

Constraint

Reference{ OR(CONTAINS(Author), COMTAINS(Editor...

Reference{f CONTAINS(Title)}:
Reference{ CONTAINS(Date) |

Author{ STARTSWITH(Reference) };
Author (Date | Title);
Titlel-CONTAIMS(Publisherlnd)};

Title ANY{-PARTOF(EditionMarker) };
Date{-PARTOF(NumInW]};

Date ANY{OR[-IS(SPECIAL), IS(Quote))}:
Title{ OR(STARTSWITH(W), STARTSWITH(Quote))}
Author{-CONTAINS(NUM)}

Authorf CONTAINS(CW,1,100)

Author{ CONTAINS(W,2,100)}

Titlel CONTAINS(W,2, 2000}

Date] CONTAINS(NUM) |

Weight

= R = T T e e e e S e = = =

0] @] &) B [©]

Document CDE F1
& kdml12 pdfbox.tdxmi 0.9846 0.9807
& J05-3001 tetxmi 0.9867 0.9857
AG7-1010 betsermi 0.9911 0.995
1471-2105-12-43.pdfbox.t... 0.9914 0.9871
J05-1003 bt 1.0 1.0
C04-1024 bet.xmi 1.0 1.0
ABS-1009.bet.xermi 1.0 1.0
ﬁRsuh ) =08
Constraint Result gt
Title ANY{-PARTOF(Editio... 1.0
Date{-PARTOF(MumInW)} 1.0
Date ANY{OR(-IS(SPECIAL)... 1.0
Titlef OR(STARTSWITH(W),... 0.9565217391304348 1
Author{-CONTAINS(NUM)}: 1.0
Autherd CONTAINS(CW11... 1.0 E
Authorf CONTAINS(W,2,10... 0.9787234042553191
Titlef COMTAINS(W,2, 2000 0.9782608695652174
Date{ COMNTAINS{MNUM) ) 1.0 B




UNI UIMA Ruta CDE Plug-in
WU - Constraint Development & Results -

= UIMA Ruta CDE - CDE2/data/processed/fold3/1471-2105-12-43 . pdfbox.txt.xmi (CDE2/descriptor/types/Bibtex.xml) - Eclipse Platform =NR= &
File Edit Mavigate 5earch Project Run  Window Help
CH~ Q- o - - o o -
= = = N\
] J05-3001 ¢t xmi ] A97-1010.betxmi ] 1471-2105-12-43 pdfb 52 1 3 it CDE Documnents 52 . o= Outline| © Annotation Browser View Q=g
5 wav.ius>unn JII, wrren I\L, JamrLsunl I\_'l, miAS AN LH’ L0 I B WY B T
] evolutionary history of the first three enzymes in pyrimid Documents: workhworkspace-rutah CDE2\data\ processed\fold3 g
bi thesis. Bi 1993, 15:157-164.
tosynthesis toessays ’ Test Data: Dvwerkiwerkspace-rutat CDE2\data\ complete
Andrade , [(Ed.): Biocinformatics and Genomes: Current Perspec Type System:  A\CDE2\descriptoriuima' ruta\example\IETypeSystem xml g
Heidelberg, Germany: Horizon Scientific Press; 2863. B
mse=0.0 spearmans=0.9615 pearsons=09478 cosine=1.0
Pruitt KD, Tatusova T. Maglott DR: NCBI Reference Seauence ff
< | m | b Document CDE Fl
= Bl @ kdmi2.pdfboxtetxmi 0.9846 0.9807
5 CDE Constraint &3 Selection View | £ TextRuler ? Annotation Tes | 5 Ruta Query u meep ox. !
@ J05-3001 tetxmi 0.9867 0.9857
I A97-1010.betsermi 0.9911 0.995
- - 1471-2105-12-43.pdfbox.t... 0.9914 0.9871
Eoptnint J¥sight J05-1003.bet.xmi 10 10
Reference{ OR(CONTAINS(Author), CONTAINS(Editor... 5 C04-1024 bekxmi 1.0 1.0
Reference{ CONTAINS(Title]}; @ ABS-1009.tet.xmi 1.0 1.0 ‘ /
Reference{ CONTAINS(Date) | = =
AuthorSTARTSWITH(Reference)} m Cz
Author (Date | Title); :
Title]-CONTAINS(Publishernd) Censtraint Result
Title ANY{-PARTOF(EditionMarker)}: Title ANY{-PARTOF(Editio... 1.0

Date{-PARTOF(NumInW)}; 1.0
Date ANY{OR(-IS(SPECIAL)... 1.0
Titlef OR(STARTSWITH(W), ... 0.9565217391304348
Author{-CONTAINS(NUM)} 1.0
Author{ CONTAINS(CW,1,1... 1.0
Author{ CONTAINS(W,210... 0.9787234042553191
Titlef CONTAINS(W,2, 2000}  0.9782608695652174
Date{ CONTAINS(NUM)}: 1.0 -

Datef{-PARTOF{NurmInW)};

Date ANV]OR(-IS(SPECIAL), 15(Quote))}:

Title{ OR(STARTSWITH(W), STARTSWITH{Quote));
Author|-CONTAINS(NUM)

Author CONTAINS(CW,1,100);

Author| CONTAINS(W,2,100);

Title{ CONTAINS{W,2, 200}

Date{ CONTAINS(NUM)}

m

= R = T T e e e e S e = = =

0% <=

-
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= UIMA Ruta CDE - CDE2/data/processed/fold3/1471-2105-12-43 . pdfbox.txt.xmi (CDE2/descriptor/types/Bibtex.xml) - Eclipse Platform
Ei

le Edit Mavigate Search Preject Run  Window Help

- Q- o - o & - -
"] 105-3001 .bet.xmi | A97-1010.bet.xmi ) 1471-2105-12-43.pdfb 52 1 = O|/;5% CDE Documents 52 . 9% Outline
E wav.ius>unn JII, wrren I\L, JamrLsunl I\_‘l, miAS AN LH, L0 I B WY B e

-~

= evolutionary history of the first three enzymes in pyrimidir Documents: work\workspace-rutat CDE2\data\processedifold3 g

biosynthesis. Biocessays 1993, 15:157-164.

7| 2 UIMA Ruta C... | &7 UIMARuta [ Resou ™

Annotation Browser View

Test Data: Dvwerkiwerkspace-rutat CDE2\data\ complete

Andrade , [(Ed.): Biocinformatics and Genomes: Current Perspec Type System:  A\CDE2\descriptoriuima' ruta\example\IETypeSystem xml g

Heidelberg, Germany: Horizon Scientific Press; 2863. 7

— mse=0.0 spearmans=0.9615 pearsons=09478 cosine=1.0

Q=08

B

Pruitt KD. Tatusova T. Maglott DR: NCBI Reference Segquence ¢~
P

4 m Document CDE Fl
® CDE Constraint i3 Selection View | 47 TextRuler| ¥ Annotation Tes| [ Ruta Query kdmllE.pdfhox..txt.xr'm 09846 09807

J05-3001 bet.xmi 09867 09857

AD7-1010 betxmi 0.9911 0.995

1471-2105-12-43.pdfboxit... 09914 09871
onctoint Weight o J05-1003.bcxmi 10 10
Reference{ OR{CONTAINS(Author), CONTAINS(Editer... 1 & CD4-1024 bt xmi 10 10
Referencel CONTAINS(Title)} 1 e ABS-1000 Dt 10 ] — \
Reference{ CONTAINS(Date) | 1 = - \
Author STARTSWITH(Reference) } 1 B CDE Result &3 = 8]
Author (Date | Title); 1
Title{-COMTAINS(Publishernd)} 1 Censtraint Result i
Title ANY]-PARTOF(EditionMarker)}; 1 Title ANY{-PARTOF(Editio... 1.0 |
Datef{-PARTOF{NurmInW)}; 1 Date{-PARTOF{(NumInW]} 1.0
Date ANV]OR(-IS(SPECIAL), 15(Quote))}: 1 Date ANY]OR(-IS(SPECIAL)... 1.0
Title{OR(STARTSWITH(W), STARTSWITH(Quate))} 1 Titlef OR(STARTSWITH(W),... 0.9565217391304348
Author-CONTAINS(MUNM): 1 Author{-CONMTAINS(NUNM)E 1.0
Author CONTAINS(CW,1,100); 1 Author{ CONTAINS{CW,1,1... 1.0 =
Author{CONTAINS(W,2,100)]; 1 Author{ COMTAINS(W,2,10... 0.9787234042553191
Title{ CONTAINS{W,2, 200]% 1 Titlef CONTAINS(W.2, 2000} 0.9782608695652174 1

= = )

Date{ CONTAINS(NUM) ¥ iate{tONTAlNS(NUMJ};
0° <= —\l
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UN] Summary:
WU Constraint-driven Evaluation
iIn UIMA Ruta

Predict performance of arbitrary models on unseen data
by constraints

— Rule-constraints

— Annotation Distribution constraints
UIMA Ruta workbench plug-in

— Supports rapid prototyping

— and component selection
Experimental study on reference segmentation shows
usefulness



Thank you for your attention!

Try CDE in UIMA Ruta 2.1.0:
http://uima.apache.org/ruta.html



http://uima.apache.org/ruta.html
http://uima.apache.org/ruta.html
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