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Da aba e

Ronald Smi h Djomkam Yo edje1

Ab ac : Info ma ion e ac ion (IE) i a na al lang age p oce ing (NLP) a k hich aim a
e ie ing peci®c pe of info ma ion f om na al lang age e . Befo e he ac al e ac ion of in-
fo ma ion, a na al lang age e all nde goe ome p oce ing, ch a pa -of- peech (POS)
agging. No ada , info ma ion e ac ion ®nd p ac ical e in ma phone , hich fo e ample
a e able o iden if a phone n mbe in an SMS e and p o ide a link fo ei he calling ha n mbe
o o ing i . The e e i a io app oache in e ac ing info ma ion f om e , e.g., pa e n-ba ed
info ma ion e ac ion hich e p ede®ned le o e ac en i ie and on olog -ba ed info ma-
ion e ac ion. The e app oache of en concen a e on a pa ic la domain ho e info ma ion i o
be e ac ed. Thi pape p o ide a ligh - eigh , ni®ed, and calable me hodolog hich e a
gene ic app oach fo e ac ing info ma ion. Thi app oach doe no depend on an domain o le.

1 In od c ion

Info ma ion e ac ion (IE) i a echnolog ba ed on anal ing na al lang age e i h
he aim of e ac ing peci®c pe of info ma ion [C , HDG ]. Depending on he -
em, he info ma ion all e ac ed ma be di ec l p e en ed o he e eq i ing i , o
a ed in a da aba e, o e en ed a a ba e fo inde ing p po e in info ma ion e ie al
(IR) applica ion ch a eb-ba ed ea ch engine , e.g., Google and D ckd ckgo. People
ome ime end o conf e be een info ma ion e ac ion and e ie al. Compa ed o an
info ma ion e ac ion em, an info ma ion e ie al em i a echnolog hich ac-
q i e info ma ion e o ce ha a e ela ed o he e eq i emen . The e info ma ion
e o ce a e of en ob ained f om a la ge bank of info ma ion e o ce .

An e ample of an IE a k i named en i ecogni ion (NER). Named en i ecogni ion
ea che and e ie e en i ie ch a name , place , and da e . Thi i ed in applica ion
ch a Google Mail, he e da e a e a oma icall ecogni ed in e and ep e en ed in
ch a a ha one can ea il c ea e a calenda e en f om hem.

The e e i diffe en app oache o IE, ch a on olog -ba ed info ma ion e ac ion,
he e n c ed o emi- c ed na al lang age e a e p oce ed h o gh a

mechani m g ided b on ologie o e ac ce ain pe of info ma ion. The o p i
hen p e en ed ing on ologie [WD1 ]. We p e en a ligh - eigh , ni®ed, and calable
me hodolog fo IE, hich make e of iple o e da aba e o o e e ac ed info -
ma ion a iple . Thi p o ide a back-end a chi ec e, hich ha he main f nc ion of
combining a io IE app oache , ch a Named En i Recogni ion and Co- efe ence

1 Uni e i Èa B emen Ð FB , AG Rechne a chi ek , Biblio hek a e 1 (MZH), 8 59 B emen,
mi h@c . ni-b emen.de
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Re ol ion. We f he e SPARQL a q e lang age fo e ac ing info ma ion h o gh
he back-end .

The emainde of he pape i di ided in o ® e ec ion . Sec ion gi e an o e ie of
ela ed o k. Sec ion de c ibe he main idea of hi o k follo ed b an algo i hm.
In Sec ion 4 and 5 e p e en e pec i el he em de eloped in hi o k and he
e pe imen al e al a ion of hi em, and ®nall , Sec ion gi e an o e all concl ion
of he o k.

Rela ed o k

Mo of he ®eld ela ed o o o k ha o do i h na al lang age, ling i ic anno a-
ion, and eman ic eb. Sonal G p a [GM14] de eloped a em i h o majo f nc-
ion . A ® , i p o ide an info ma ion e ac ion em capable of e ac ing en i ie
f om a gi en e ing pa e n i h boo apping. An ad an age of hi me hodolog
i ha he pa e n ed fo en i ie e ac ion a e no ® ed b gene a ed f om he e .
F he , he em p o ide a a of i ali ing he e ac ed en i ie and pa e n . The
me hodolog de c ibed in [CJ11] i an amelio a ion of anda d empla e-ba ed info ma-
ion e ac ion, hich e p ede®ned empla e o ®ll eman ic ole . Thi me hodolog
emo e he eq i emen of ha ing a ® empla e, b in ead in od ce he lea ning of
domain empla e f om he inp e .

[ARR1 ] p opo e a me hodolog fo e ac ing info ma ion ba ed on on olog , i.e., an
on olog i ed along o g ide he e ac ion p oce . Thi me hodolog ha a common
poin i h he me hodolog p opo ed in hi pape in ha , i i gene ic, ince i can be ap-
plied o an domain. [A 1 ] p opo e a me hodolog fo a oma ic info ma ion e ac ion
f om na al lang age e , ba ed on he in eg a ion of ling i ic le , m l iple on olo-
gie and infe ence e o ce , in eg a ed i h an ab ac ion la e fo ling i ic anno a ion.
[R 1 ] p opo e a a of ep e en ing ling i ic anno a ion ing he RDF f ame o k.

NIF and LemonWo dNe 4 a e bo h e i ing RDF appe fo S andfo d Co e NLP and
Wo dNe e pec i el . O me hodolog i no limi ed o a pecial nlp ool, a i allo
omeone o ea il ap an e i ing nlp ool fo in eg a ion i h o he appe in he
o e all em. [KLA1 ] le a e de c ibe co p - ide e ac ion a k in a decla a i e
lang age and pe mi him o n in e ac i e le e®nemen q e ie . The me hodolog
ed he e ha a imila i i h o , ince he e ac ion ac all ake place af e i ing

da aba e q e ie . B he diffe ence i ha , e e a iple o e da aba e (TSDB) ince
i doe n eq i e a chema. Thi allo an ea c omi a ion of back-end , hich ill
be e plained in de ail in Sec ion 4. F he , [KLA1 ] e he decla a i e lang age AQL5

fo e ac ion. O em e he SPARQL RDF q e lang age (SPARQL), ince he
e ac ed info ma ion i o ed in a TSDB.

h p: pe i ence. ni-leip ig.o g nlp df
4 h p: o dne - df.p ince on.ed
5 h p: bigda acon l an .blog po .ch 1 aql-anno a ion-q e -lang age.h ml
h p: . .o g TR df- pa ql-q e
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Ma hia Soeken e al. [So14] p opo ed a iple o e da aba e info ma ion e ac ion me hod,
hich al o e he SPARQL q e lang age fo e ac ion. O me hodolog p opo e

an imp o emen of hi o k i h a back-end a chi ec e, hich enable diffe en info -
ma ion e ac ion app oache o be combined.

Ab ac concep

In hi ec ion e de c ibe he main idea of o o k and he algo i hm ed o de elop
he GIET em.

.1 Main Idea

We p opo e a ne me hodolog fo e ac ing info ma ion f om e ing iple o e
da aba e . Thi me hod i no onl ligh - eigh , b al o ni®ed and calable. Ligh - eigh
i achie ed b p o iding a back-end a chi ec e i h a imple in e face ha eq i e al-
mo no dependencie . The me hod i al o aid o be ni®ed ince pon call of he imple
in e face f om he e , all eq i ed back-end a e ac i a ed. The ac i a ed back-end a e
e pon ible o e ie e he nece a info ma ion. Finall , he abili o e ac j he
nece a info ma ion a eq e ed b he e make he me hod calable.

E ample 1: Con ide he follo ing en ence: Smi h goe o Af ica occa ionall . The
a k i o e ie e named en i ie , and hei pe f om he en ence. F he con ide
e ha e h ee diffe en back-end a ailable. One back-end e ac o d , ano he e -
ac named en i ie and he la one e ac pa -of- peech ag f om he en ence. The

SPARQL q e look like he follo ing:

SELECT ?word ?namedEntity

WHERE {

?w word ?word.

?w is ?namedEntity.

}

Each p edica e of he q e a emen ep e en he pe of info ma ion needed. The e
a e o q e a emen . The ® a emen con i of a bjec hich ha a o d and
he econd a emen a ha hi ame bjec ho ld be a named en i . The o d and
he named en i ill be a ed e pec i el in he a iable o d and namedEn i . Since
j named en i ie and hei pe a e needed, he back-end e ac ing pa -of- peech ag
ill no be con ide ed an mo e f om he in e face. The o o he back-end no e ie e

co e ponding info ma ion f om he en ence and a e hem a iple in he iple o e
da aba e. The follo ing ho he iple o ed in he da aba e:

<goes-2> word "goes"
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<Africa-4> word "Africa"

<Africa-4> is "LOCATION"

<Smith-1> word "Smith"

<Smith-1> is "PERSON"

<to-3> word "to"

<occasionally-5> word "occasionally"

No ice ha each o d in he en ence ha a co e ponding o d- iple. Thi i e impo -
an , a a en ence ma con ain he ame o d mo e han one ime. Appl ing he abo e
q e o he abo e iple o e da aba e ield he follo ing q e e l :

?namedEn i ? pe
Af ica LOCATION
Smi h PERSON

Tab. 1: Q e e l fo e ample 1

Fig e 1 gi e an ab ac o e ie of ho hi me hod i ed o e ac info ma ion. A
ob e ed in he pic e, inp a e a en ence a info ma ion o ce and a q e . The im-
ple in e face e ec e an algo i hm a de c ibed in he ne ec ion. In hi algo i hm, e
de e mine f om he q e he pe of info ma ion o be e ie ed, and hich back-end o
in ol e fo e ie ing hi info ma ion. The back-end o be in ol ed fo e ie al depend
on he pe of info ma ion de e mined f om he q e . A back-end aim a e ie ing in-
fo ma ion f om he inp en ence. The e a e no e ic ion o ho o hich info ma ion
i e ac ed f om he en ence. Thi mean back-end can e ie e info ma ion a i , o
en ich hi info ma ion b ing e e nal dependencie . The ad an age i ha he imple
in e face doe no kno abo he e i ence of an e e nal dependencie , hich make i
le co pled o he back-end .

Fig e 1 al o ho a iple o e da aba e, he e info ma ion i o ed a iple af e
being e ie ed f om he en ence. Af e a d , he q e ge e ec ed on he iple o e
da aba e o ield he eq e ed info ma ion f om he e .

. Algo i hm

Thi ec ion de c ibe he algo i hm e ec ed in he imple in e face of he back-end a -
chi ec e. A men ioned in he p e io ec ion, inp o he algo i hm a e a en ence a
info ma ion o ce and a q e . Algo i hm 1 ho he p e do code of he algo i hm.

The ® ep of he algo i hm con i of de e mining he pe of info ma ion f om he
q e . A a ne ep, i e a ion ake place o e he li of a ailable back-end he e
onl ho e back-end a e a ed hich can e ie e he info ma ion a de e mined f om
he q e . F he , each eq i ed back-end e ie e info ma ion f om he en ence and
o e i a iple in a iple o e da aba e. A iple ep e en he kind of ela ion hich

e i be een o en i ie . Since he da aba e ed o o e info ma ion i a iple o e
da aba e, SPARQL a cho en a q e lang age fo e ac ion.
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Fig. 1: Ab ac o e ie of info ma ion e ac ion ing o me hodolog

Algo i hm 1
Inp : en ence 2 S ing
Inp : q e 2 S ing
O p : e l 2 Q e Re l
1: in f o ma ionT pe ← de e mineIn f o T pe(q e )
: eq i edBackend ←{}
: fo backend 2 a ailableBackend () do
4: if canRe ie eIn f o O f T pe(backend, in f o ma ionT pe) hen
5: eq i edBackend ← eq i edBackend [ backend
: end if
: end fo
8: li O f T iple ←{}
9: fo backend 2 eq i edBackend do
1 : iple ← e ac In f o ma ion(backend, en ence)
11: li O f T iple ← li O f T iple [ iple
1 : end fo
1 : o e ← o eInDa aba e(li O f T iple )
14: e l ← e ec e(q e , o e)

4 GIET em

A een in Sec ion , o main idea i o p o ide a mo e gene ic a of e ac ing info -
ma ion f om a e . Belo e p e en ome f eel a ailable ool ed.

• Applica ion e ice: The applica ion e ice i a calable ool eali ed in he Ja a
p og amming lang age, hich help o de elop clien - e e applica ion ing he
an mi ion con ol p o ocol (TCP) i h e le effo . In ing hi ool, one ha

h p : gi h b.com o mi h applica ion- e ice
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o concen a e onl on he logic of he applica ion o be de eloped. E e hing el e
like he ne o k comm nica ion i handled b he applica ion e ice, p o ided i i
app op ia el con®g ed.

• S anfo d Co eNLP: Co eNLP f om he S anfo d ni e i i a Ja a anno a ion
pipeline f ame o k, hich p o ide mo of he common NLP ep , f om okeni a-
ion h o gh o co- efe ence e ol ion [Ma14].

• Apache Jena: Apache Jena8 i a f ee and open o ce Ja a f ame o k fo b ilding
eman ic eb and linked da a. The main goal of hi ool i o p o ide facili ie fo
bo h he applica ion and he em p og amme . The applica ion p og amme can
acce and manip la e g aph da a h o gh highe le el in e face he ea a em
p og amme i hing o manip la e da a a iple ha a imple minimali ie of
RDF g aph [Ca 4].

• Clea NLP: Thi i ano he Ja a f ame o k fo NLP, hich a de eloped b Jinho
[CP11]. Thi NLP ool ha almo ame componen a he S anfo d Co eNLP, like
pa -of- peech (POS) agging and dependenc pa ing, j ha bo h e diffe en
app oache . Clea NLP p o ide an addi ional componen kno n a eman ic ole
labeling (SRL) hich i no e p o ided b he S anfo d Co eNLP.

• E ended Ja a Wo dNe Lib a (E JWNL): Wo dNe i an online le ical da a-
ba e de igned fo e nde p og am con ol. Thi da aba e link Engli h no n ,
e b , adjec i e , and ad e b o e of non m ha a e in n linked h o gh
eman ic ela ion ha de e mine o d de®ni ion . Wo dNe con ain mo e han
1 , o d fo m and en e pai , he e a o d fo m i ep e en ed b a ing of
ASCII cha ac e , and a en e i ep e en ed b he e of (one o mo e) non m
ha ha e ha en e [Mi95]. E JWNL 9 i a f ee and open o ce Ja a f ame o k
fo c ea ing, eading and pda ing dic iona ie in Wo dNe fo ma .

• Behind The Name (BTN) & J o p: BTN1 i a eb i e hich on eq e , gi e
he e molog of a name, hich can be ei he a pe on name o name o e en
a place name. Unfo na el , he e i no e i ing lib a a he momen hich
enable one o e he f nc ionali ie of BTN p og amma icall . Fo ha ea on,
one can make e of he lib a J o p,11 hich i a Ja a lib a fo o king i h
eal- o ld HTML, o na iga e in he HTML ee of a ea ch e l page and ge
ome ele an info ma ion like he gende o de c ip ion of he ea ched name.

The GIET em i implemen ed in Scala1 . The o ce code i a ailable in Gi H b1

nde he MIT Licen e, and a doc men a ion can be fo nd in he ebpage14, i h an

8 h p : jena.apache.o g doc men a ion infe ence
9 h p: e j nl. o cefo ge.ne
1 h p: .behind hename.com
11 h p: j o p.o g
1 h p: cala-lang.o g
1 h p : gi h b.com o mi h gie
14 h p: gie -nlp.de
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in e ac i e e in e face o pla a o nd i h. Fig ho he o k¯o of info ma ion
e ac ion of he GIET em.

Fig. : Info ma ion e ac ion o k¯o of he GIET em

The GIET em p o ide a calable back-end a chi ec e. Thi allo combining dif-
fe en info ma ion e ac ion app oache o fo m a ni®ed IE em. The back-end a -
chi ec e con i of a pool of b il -in e ac o . An a ailable e ac o in e face allo
an applica ion p og amme o p o ide a c om info ma ion e ac o , hich e ie e in-
fo ma ion acco ding o he need of he applica ion p og amme . I ho ld be empha i ed
ha anno a ion can be ep e en ed b bo h da a and objec p ope ie . Acco ding o he
a k done b an e ac o , he p og amme decide hich ep e en a ion be i e . Fol-
lo ing a e ome impo an b il -in e ac o in he GIET em i h hei co e ponding
name pace in b acke :

• Wo d e ac o ( o d) ap he S anfo d okeni e 15 and aim a a ing oken
anno a ion of he en ence.

• Tagge e ac o ( ag) ap he S anfo d agge [To ] and aim a a ing pa -
of- peech ag anno a ion fo each oken in he en ence.

• Dependencie e ac o (dependenc ) ap he S anfo d pa e [KM ] and aim
a a ing ped dependencie anno a ion ch a nominal bjec (n bj), adjec i e
(jj), e c.

• Co efe ence e ac o (co ef) ap he S anfo d co- efe ence e ol ion em
[Le11] and aim a a ing e i ing co- efe ence anno a ion in he e .

15 h p: nlp. anfo d.ed of a e okeni e . h ml
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• Named en i e ac o (i ) ap he S anfo d named en i ecogni ion em
[FGM 5] and aim a a ing named en i anno a ion .

• SRL e ac o ( l) ap he SRL componen of he Clea NLP em [FGM 5]
and aim a a ing eman ic ole anno a ion .

• BTN e ac o (b n) e bo h BTN and J o p o a e people gende and name
de®ni ion. Thi ho ha he GIET em i e ¯e ible and allo omeone o
add ne info ma ion, hich i no p e en in he en ence.

• Wo dNe e ac o ( o dne ) e he e ended JWNL o a e le ical ®eld info -
ma ion fo he n ac ic ca ego ie no n , e b , adjec i e, and ad e b . An e ample
of a le ical ®eld1 fo a e b i mo ion hich con ain e b alking, ¯ ing and
imming.

All of he abo e e ac o a e a ailable in he e ac o pool a he beginning of he e ac-
ion. Each e ac o ha a niq e name pace, i h hich i can be add e ed. E ac ion
of info ma ion ing he GIET em occ a follo :

• The q e ing ha a e imple fo ma hich ab ac he SPARQL q e lan-
g age. Thi q e ing i ® pa ed o ob ain a q e objec . A q e of all oken
in a en ence ill look like he follo ing:

SELECT ?token

WHERE {

?x word ?token.

}

In he abo e q e ing, one can ob e e ha he iple a emen ha a p edica e
i ho name pace. The p edica e i elf i a name pace and hence co e pond o
he e ac o i h he name pace o d hich i he Wo dE ac o , and ill be he
onl e ac o e ained fo e ac ion, he e ill be kep nin an ia ed in he pool.

• The q e objec help o infe hich e ac o (b il -in and c om) f om he pool
a e needed fo e ac ion. Af e e ol ing he needed e ac o , he q e objec i
efo m la ed o he follo ing f ll SPARQL q e .

PREFIX giet: <http://www.giet-nlp.de/annotator#>

SELECT ?token

WHERE {

?x giet:word ?token.

}

• The e ol ed e ac o candida e a e hen ed o e ie e info ma ion f om he e .
The e l ing iple a e hen a ed in he in-memo iple o e da aba e hich i
p o ided b he apache jena API a de c ibed abo e.

• The gene a ed SPARQL q e i hen applied on he iple o e da aba e o e ac
he eq i ed info ma ion.

1 h p : o dne .p ince on.ed man le name .5WN.h ml
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5 U e ca e de c ip ion

Fo he e ca e , e ed he mi ed ca e Te Da a 4 p o ided b he Me age Unde -
anding Confe ence (MUC-4)1 . The MUC a ini ia ed b he fo me Na al Ocean S -
em Cen e (NOSC) and ®nanced b he Defen e Ad anced Re ea ch P ojec Agenc
(DARPA) i h he aim of enco aging he de elopmen of ne me hod fo e ac ing
info ma ion [GS9 ]. The e da a con i of one h nd ed e , all alking abo e o i
ac i i ie in La in Ame ika.

E ample : To ill a e ome impo an e ca e , e make e of he follo ing o
en ence f om he econd e of he e da a.

The p o ec o of he mili a co ing he people e pon ible fo he
killing of 1 4 inma e acc ed of e o i ac i i ie held in he L igancho
P i on on 19 J ne 198 ha a ked fo 5 ea imp i onmen fo he pe on
e pon ible fo he killing.

P o ec o J an Ca bone He e a eq e ed he 5 ea imp i onmen fo
Gene al Rolando Cabe a Ala con of he Rep blican G a d fo o de ing he
hoo ing of 1 4 of he San Ped o p i on inma e (L igancho).

The abo e en ence con ain o named en i ie of pe pe on, o of pe loca ion, one
of pe da e, and o o he of pe n mbe and d a ion, hich a e ac all efe ing o
he ame en i , i.e. 1 4 and 5 ea , e pec i el . Wi h he follo ing q e , e aim a
e ac ing an en i being dependen of a e b. We a e al o in e e ed in he e b go e n-
ing hi en i , he pa -of- peech of bo h he en i and i go e no ( e b), he pe of
en i i i , and he po i ion of bo h in he en ence . Acco ding o he e , e e pec o
ha e one e l .

select ?dependent ?governor ?namedEntity ?pos ?gpos ?tag ?gtag

where {

// nsubj relates a verb and its subject.

?x nsubj ?y. // nsubj acts as an object property

?x word ?governor.

?y word ?dependent.

?y is ?namedEntity.

?x position ?gpos.

?y position ?pos.

?x tag ?gtag.

?y tag ?tag.

}

I ho ld be no ed ha , he e i he one p o iding he en ence and he q e . The
q e mo l depend on ha he e need o e ac f om he en ence. Af e gi ing

1 h p: -nlpi .ni .go ela ed p ojec m c inde .h ml
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he abo e en ence and e -de®ned q e o he em, he em c ea e a q e objec
f om he abo e q e ing, and infe f om i , hich of he e ac o in he pool ho ld
be in an ia ed fo e ie ing he eq i ed info ma ion.

In o ca e, e ha e eigh q e a emen i h ® e diffe en name pace f om diffe en
e ac o . The e e ac o ill e ie e all co e ponding info ma ion f om he en ence
and a e hem in he iple o e da aba e. Af e appl ing he q e on he da aba e, e
ecei e e ac l one e l a e pec ed:

?dependen ?go e no ?namedEn i ?po ?gpo ? ag ?g ag
He e a eq e ed PERSON 4 5 NNP VBD

Tab. : Q e e l fo e ample

F he con ain co ld be applied, ch a e ic ing he named en i ie o be of pe
loca ion, hich ill of co e ha e no e l , o e ic ing he go e no o belong o he
le ical ®eld comm nica ion, e.g.:

select ?dependent ?governor ?namedEntity ?pos ?gpos ?tag ?gtag

where {

?x nsubj ?y.

?x word ?governor.

?y word ?dependent.

?y is ?namedEntity.

?x position ?gpos.

?y position ?pos.

?x tag ?gtag.

?y tag ?tag.

?w communication ?d.

?w word ?c.

FILTER (?governor = ?c)

}

D e o he h ee la line of he abo e q e , he Wo dNe e ac o ill be in an ia ed o
e ie e o d belonging o he le ical ®eld comm nica ion and he ®l e make e ha
he e i a lea one o d belonging o he le ical ®eld comm nica ion hich i he ame
a he go e no .

O em elie m ch on e e nal dependencie , ch a S anfo d Co eNLP and Wo d-
Ne , hich ha e been ed o implemen he b il -in e ac o . Thi make he q ali of
he q e e l o be ongl dependen on he e e e nal dependencie . In he abo e
q e , e co ld f he con ain he q e , ch ha he dependen ha e he gende male.
Ho e e , he e ill be no e l i h hi addi ional con ain , ince he dependen in he
en ence i He e a, hich i no a ailable in he da aba e of Behind The Name, ed b
he BTN e ac o .
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Concl ion

In hi pape , e p o ided a gene ic me hodolog fo info ma ion e ac ion. Thi me hod-
olog p o ide a calable back-end a chi ec e, hich enable o combine diffe en ap-
p oache fo e ac ion. The me hodolog i ligh - eigh d e o he na a ene of he
e en al dependencie ed in he back-end a chi ec e and he fac ha i h a ingle
q e , diffe en info ma ion can be e ac ed, al o make he me hodolog ni®ed.

In f e o k, e plan o de elop a decla a i e domain peci®c lang age (DSL) fo q e -
ing. The mo i a ion i ha , no e e p og amme kno ha i SPARQL and ho o e
i , o a DSL ill gi e he chance o he e p og amme o make e of he ad an age
of o em, i ho ha ing o kno ho a SPARQL q e o k . We al o in end o
o p he e l of o em acco ding o a e-of- he-a fo ma fo ep e en a ion of
ling i ic anno a ion like NIF.
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Allo me o dedica e m ackno ledgmen of g a i de o a d he follo ing igni®can
ad i o and con ib o :

Fi and fo emo , I o ld like o hank D . Ma hia Soeken fo hi ppo and enco -
agemen . He kindl ead m pape and offe ed in al able de ailed ad ice on g amma ,
o gani a ion, and he heme of he pape . Second, I o ld like o hank P of. D . Rolf
D ech le and P of. D . phil. John A. Ba eman o ead m pape and o p o ide al able
ad ice .
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