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THE SETTING:

A CORPUS OF DOCUMENTS AND ANNOTATIONS

= Corpus = set of documents D [Eorem ipsum dolor sit amef] { )
consectetur adipiscing elit, sed
® Each document d has a set of annotations g(d) . et — ma e
| . .
. / aliqua. Dolor sed viverra
| A [ / q
Annotation (5€D) C J}/ fpsum nunc aliguet bibendun ( )
= Reflect the context of the purpose of the corpus A F:‘;;;]T,\'IZ f:‘;;;ﬁ';;:: p
y .

can be manifold

= Types of SCDs C)( =

= Figures, notes,

references, ... C ) _—

= Each SCD associated with words at specific location

Proposition 1:

= Assumption:Words closer to location, influence higher
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TASKS:

DOCUMENT RETRIEVAL & CORPUS ENRICHMENT

" Document retrieval user-driven [orem ipsum dolor sit amed C)
consectetur adipiscing elit, sed
= External task do eiusme -
d ut labore et dolore magna @
= Well-rounded corpus needed for high-quality retrieval . aliqua. Dolor sed viverra

[ kipsum nunc aliquet bibendung ( )
— Corpus enrichment to extend corpus with enim. In massa tempor nec
. ] feugiat. Nunc aliquet bibend
documents that provide added value in task context

®  |nternal task

m  Classification problem

unre! o

cobY reN
n-/ n-/
" n-/
= |nput: , corpus D

ext

= Classify d as: quasi-copy, revision, extension, unrelated Proposition |

oW much of d can Js of D generate!

= Documents with assumed added value
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PROBLEM:

SIMILARITY AS A MEASURE

= Solution approach to corpus enrichment uses cosine Forem ipsum dolor sit ameq C)
at its core consectetur adipiscing elit, sed
its co . —
.
T [ ut labore et dolore magna @
= Sequence of similarity values between vector d aliqua. Dolor sed viverra

representations of SCDs and the words in the new L bpsum nunc aliquet bibenduni ( :)

document enim. In massa tempor nec

feugiat. Nunc aliquet bibend

copY reV 7
-

—
anrel ‘

= Also applies to many document retrieval approaches:
return documents similar in some regard

= Topic distribution similar, entities match (equality), etc.

—
n-/ e)(f.
Problem:
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DREAM SOLUTION:

COMPLEMENTARITY

" Goal: identify documents that are complementary to
a corpus / a document in a corpus

= Binary classification problem:
Complement = true or Complement = false

= BUT: Numbers-based representations make it hard to
grasp complementarity on a semantic level

New Problem:
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= Corpus on sporting events
= Olympics 2020, UEFA Euro 2020

Complementary documents on

Covid-19 spread in cities

% Words very different compared to corpus ,
% Different (topic / SCD) distributions 0.6

% Likely to be classified as unrelated

% Fig.: Similarity values of complements and
unrelated documents for corpus enrichment 0

compl unrel
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NEW PROBLEM:

HOW TO GRASP COMPLEMENTARITY ON A FORMAL LEVEL?

m  Use SCDs specifically in the form of [Eorem ipsum dolor sit amef] ( )
consectetur adipiscing elit, sed
= SPO triple: <subject, predicate, object> o <illfgy
d ut labore et dolore magna <s; py, 02>
= Extract for any document, e.g., with OpenlE tools = ' aliqua. Dolor sed viverra
[ JJ/ kpsum nunc aliguet bibendurd £~
. enim. In massa tempor nec
together with a taxonomy /IA feugiat. Nunc aliquet bibend
A

= Hierarchy of concepts

= Dictionary of synonyms —

= Allow for grasping complementarity on a semantic /

level by —

" Looking at shared concepts in the SPO triples = <Olympics 20, in, Tokyo> city sport_ev

PR PR
~ s S

=  While also accounting for hierarchy and synonyms = <UEFA euro 20, in, Europe> [1ondon tokyo olymp.euro
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A FORMAL DEFINITION:

COMPLEMENTARY SCDS

= Let x' refer to the concept or meaning of x ®  t,:<Olympics 20, in, Tokyo> object

= Seven types of complementarity between SCD:s t;, ¢; = ,:<UEFA euro 20, in, Europe> co}tl;’ff’”t
. . . country eufope
. t; = (s",p,0),tj=(s",p,0) t3: <Covid-19, in, Tokyo> |
2. ti= (s,p",0),t; = (s,p",0) t4: <Covid-19, in, London> ,C/l*tz\ Sp,ofr“t(ev

london tokyo oljmp. euro

3. ti -

shplo)t; =(s",p',0) = t,,t; s-complementary

(
(
- ( )
3. t; = (s",p,o"),t; = (s",p,0") " 54,55 share object;p; = p3;0; = 053 /[\
( ) t; = ( p! 0T> = and sp, so, spo-complementary
b ) ) I: :: j
( T

= t,,t, so-complementary (+ )

= Same holds for t,, t3 and t,, t, \I/

= [f deleting object in taxonomy,
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= Types get less strict = Order in lattice



A FORMAL DEFINITION:

COMPLEMENTARY DOCUMENTS — PRELIMINARIES

" Let (Zx(ti, tj),x € X ={s,p,0,sp,so,po,spo} be an

= Returns 1if t;, t; x-complementary; otherwise 0
= C, is symmetric, i.e.,(ix(ti, tj) = (Zx(tj, ti)

= Assign W, Dxex Wy = 1, to complementarity
types x to encode which complementarity interested in

= Depends on corpus composition and desired outcome

= w, = 0 if x-complementarity uninteresting

= wg, = 1,rest 0: complementary SCDs specific to object o

= w, # 0 only for types of same level in lattice sensible

1
=W, = ;for x € {sp,so,po},rest 0
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t,: <Olympics 20, in, Tokyo> object

t,: <UEFA euro 20, in, Europe> W}t{z}ent
t3:<Covid-19, in, Tokyo> CO”’I’trY europe

i i cit sport_ev
t,: <Covid-19,in, London> oY port-

lonzion tokyo oljmp. eliro

Pairs (t]_; t3)r (tli t4)) (tz, t3)) (tz, t4)
= @ (t1,t3) = 1,for other pairs 0

I
>>
~.

= G,y (ty,t3) =1, for other pairs 0
= Gy = C4pyp = 1 forall pairs

= G, =0 forall pairs



A FORMAL DEFINITION:

COMPLEMENTARY DOCUMENTS — PRELIMINARIES

m between documents d’, d:

= Sum over all pairs of SCDs t; € g(d'),t; € g(d),
indicating if t;, t; are x-complementary:

c(d',d) = Z wx €y (t;, ;)

(tytj)Eg(d’)xg(d) XEX

= ¢ is symmetric,i.e,c(d’,d) = c(d,d")

= E.g.,withwg, = 1 rest 0:
«(dy,d)=140+0+0=1

= Eg,withw, = %for x € {sp,so,po}, rest 0:

c(dl,dz)=§-1+§-1+§-0+3(§-0+§-1+§-0)=1.667
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t,: <Olympics 20, in, Tokyo>
t,: <UEFA euro 20, in, Europe>
: <Covid-19, in, Tokyo>

sport ev

. . cit
: <Covid-19, in, London> Y o~

4 ~ 7, ~

lonaon tokyo oljmp.edro

continent

~
~
S

country europe

~ o+
AN w

Pairs (t]_; t3)r (tli t4)) (tz, t3)) (tz, t4)
C,(t1,t3) = 1, for other pairs 0

I
>>
~.

Csp(ty,t3) = 1,for other pairs 0

Cs0 = C5po = 1 for all pairs

Cpo = 0 for all pairs



A FORMAL DEFINITION:

COMPLEMENTARY DOCUMENTS — DEFINITION

= Given a taxonomy ¢ c; t,: <Olympics 20, in, Tokyo> object

= Given weights w,,x € X . t,: <UEFA euro ‘20, in, Europe> CO}t{nent

= Let G, (¢, tj),x € X, be an indicator function t;: <Covid-19, in, Tokyo> Cou’l’try europe

= Let ¢(d’,d) denote the complementarity value between t4: <Covid-19, in, London> ,,Cfi*t{\ Séf)/r“tifv
documents d’, d with SCDs g(d'), g(d) london tokyo olymp.euro

" d, complement to d,? (6, = 1.5)

= Wy, = 1 /I\
C(dZJdl) =1
«(d',d) > 6, >><]

1
= WX = g;x € {Sp) SO, po}:

¢(dy,dy) = 1.667 ~1
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= Then, given a threshold 8,,d" is a to d if



USING THE NEW DEFINITION:

CORPUS ENRICHMENT —THE COMPLEMENTARITY VERSION

= |nputs:

= Corpus D

® Includes SCDs including SPO triples, a taxonomy ¢

®= New document d’

= Threshold|8| 1

m  Returns
Complement = true or Complement = false

" Goes through all documents d € D and adds up the
complementary value ¢(d’, d) to a corpus value ¢
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function extendComplement(D, d’, 61, {w, }xex)
if g(d') = @ then
Add SCDs to d’ using OpenlE
c<0
for each t; € g(d’) do
for eachd € D do
for each t; € g(d’) do
for each x € X do
c<—c+ Wx(Sx(ti, tj)
if c > 0, then
return true

return false



USING THE NEW DEFINITION:

CORPUS ENRICHMENT —THE COMPLEMENTARITY VERSION

Similarity-based method

= (Classifies both

and documents as
unrelated
= |dentifies (sim)
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0.8/

0.6 |

0.4

0.2

sim compl unrel

Complement-based method

Classifies as 1

complements and

0.8
documents as non-complements
(sim) have even 0-6
higher complementarity values
than
0.2

= Rationale: Equal SPO triples
match all complementarity types

sim compl unrel




USING THE NEW DEFINITION:

DOCUMENT RETRIEVAL — THE COMPLEMENTARITY VERSION

" |nput:
= Corpus D
= Includes SCDs including SPO triples, a taxonomy &
o document d’
= Weights {wy }yex
= Extract SPO triples for d’ if none exist
= Compute ¢(d’, d) for each documentind € D
= Return
=  Given threshold 0,:all documents d with ¢(d’,d) > 6,

= Given a number k: k documents with highest ¢(d’, d)
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Eorem ipsum dolor sit amed Query document

consectetur adipiscing elit, sed
o efusi

ut labore et dolore magna
aliqua. Dolor sed viverra

kpsum nunc aliquet bibendur
enim. In massa tempor nec

feugiat. Nunc aliquet bibend

<SZ)P21°2>

Given threshold 6,: Ranking, k = 3:
d,:e(d',dy) > 0, — return di:¢(d’',dy) — return

dy:c(d', d,) # 6,
dy:c(d, dy) # 6,

dy:c(d’,d,) > 6, — return ds:c(d’, d3)

d12: C(d’, dlZ) — return
ds:c(d’,dy) — return




CONCLUSION:

A FORMAL DEFINITION OF COMPLEMENTARITY

= Formal definition of Eorem ipsum dolor sit amed ( )
. . consectetur adipiscing elit, sed
based on SCDs in the form of SPO triples o eiusit
. . . [ ut labore et dolore magna <s; py, 02>
= Grasping complementarity on a semantic level d ¥ aliqua. Dolor sed viverra
_ ) o C / kpsum nunc dliquet bibendumd
= Solve tasks using complementarity definition ﬂ' enim. In massa tempor nec
/IA feugiat. Nunc aliquet bibend
= Corpus enrichment, document retrieval . ‘ ‘
®  Future work I| -
- object
= |nclude “degree of ancestry” in indicator function /\ .
continent
= Also to distinguish better between copies and complements — e
\e. country europe
= Deal with uncertainty / unl t A > |
eal with uncertainty / unknown concepts me“"s' city sport_ev
\I/ london to\kyo olyinp. euro
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