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Abstract

Emores is an abductive morphological reasoning enginedbasé¢he Stuttgart Fi-
nite State Transducer Tools SFST. Its aim is to facilitatelialed brute force attack
on a specific problem of word morphology in computationajliistics: extending the
lexicon from corpus data. For a particular inflected natlanafjuage, it requires a hand
crafted SFST finite state transducer and a seed lexiconingvall of its regular in-
flection classes. When fed with new word forms from a corpus teguesses which
lemmas could have generated it (induction) and what othed ieyms could be ex-
plained with that lemmas (deduction). This generated dateritten to the database
and is analysed using SQL to measure the explanatory powbe@uessed lemmas
with respect to the corpora (abduction).

This document is a working draft, as emores is still in alpiags.
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Chapter 1

The Concept

1.1 Empirical evidence

Native speakers of a language don’t need a morphologicaldexo learn to use new
words and to inflect them the correct way: It suffices to readehwords in some spe-
cific inflected forms in texts written by others. In Germarisieven common to name
the inflection classes of nouns after some suffixes needel@iify a particular class,
written e.g. asxNMasc_es_en> in the lexicon of a SMOR morphology (Schmid
et al., 2004). If a native speaker identifies the same wortts the correct gender and
the two suffixes “es” and “en”, (s)he has learnt the word andgaduce more word
forms just by regularly inflecting it.

There is no secret magic behind this learning process. Esraines to logically
model this process of extending the lexicon in a formal waye Togical model imple-
mented in emores is naive with respect to at least two additisources of information
humans use habitually: It normally is easy to guess the wiass®f a word form in
the context of a text, and it sometimes is possible to guesmftection class with just
one word form with some propability using the combinatiortrafling letters in the
base stem.

The reason for not implementing the former reasoning aitiéslack of free and
well trained stochastic tagger software for non-Englistgleages. The reason for the
lack of the latter logic is the fact that it is a special lingfi¢ knowledge not imple-
mented in the currently available Schmid et al. impleméntiat But there exists a
free implementation in a different context: Hermann haslémgnted such an auto-
matic inflection device for his German translation of Nelsonform library (version
6). Both omissions are thus purely pragmatical and in no Wwagretically founded.

1.2 The SFST morphology

Emores treats the SFST morphology more or less as a blackTheete should be as
little linguistic knowledge in the emores code as possiltlewever, there are many
languages in the world, and it might (and sooner or later)wilin out that emores
makes assumptions which hold only for Indo-European orlaimtanguages.

An elaborated language specific morphology is a precomditioemores to work,
not a result of applying emores on text corpora: The linguisbrk needs to be done
in advance. Consult theata/XMOR/HOWTOQin the SFST package for details on how



to accomplish this for a new language. Of course, emores earséd as a tool for
validating a concrete implementation of a language mouaofor improving it.
Emores tries to be as non-intrusive with respect to the nadqgly as possible. The
SFST morphologies distributed together with emores difféwo important ways from
the original: The trivial one is the Unicode encoding of tmigimally Latin-1 encoded
SFST-PL source code. The less trivial difference is thetamdil » _guesser.fst
main file which is free of disjunctions in the compositionipabntaining the lexicon.
This makes the morphology algebraically solveable for a@navhich is the precondi-
tion for reusing a given morphology as a guesser. For detadghe algebraic solution
on pg! 8.

1.3 Inflectional classes

The classical linguistic definition of inflectional classkees often generalise over mor-
phological details like changing umlauts which are handed separate theoretical
concept. The emores definition of an inflectional class iglguechnical and based on
a hand-elaborated seed lexicon: Each different combimatidexical annotation like
<AdjReg> and additional character mapping rules (liké in the lexical entry for
“mouse”/“mice”) counts as an inflectional class.

The inflectional classes are derived from this lexicon bya@pg the lexeme (and
preserving the character mapping rules) from each lemmativé.+ Dot wildcard.
Each unique string derived that way counts as a single irdleaitclass.

A stem is the basic word form that the analyser returns tegetlith the analysis
annotation as the analysis when fed with different infleetedd forms. Several lex-
emes can be analysed as one stem. This naming conventiersditbm the one used
in SFST, where expression “stem” is used to denote whatlisccallexeme in emores.

The handling of different character mapping rules as distinflectional classes is
very rudimental, as in practice, they're used to map spewiatl forms to the same
word stem stem by using two lemmas for the same stem, as irxémpte below. To
account for that, emores would need to generate the anatybis able to prefer such
pairs of lemmas.

1.4 Examples

The Schmid et al. lexicon contains two lexical entries far English foreign word
“Switch”, one for the singular and one for the plural form:

<Base_Stems>Switch<>:e<>:s<NN><base><fremd><NMasc/P >
<Base_Stems>Switch<NN><base><fremd><NMasc/Sg_es>

When analysed witlflst-mor , SFST returns the same st&witch for the sin-
gular and the plural word forms:

analyze> Switch
Switch<+NN><Masc><Akk><Sg>
Switch<+NN><Masc><Nom><Sg>
Switch<+NN><Masc><Dat><Sg>
analyze> Switches
Switch<+NN><Masc><Akk><PI>
Switch<+NN><Masc><Gen><PI>



Switch<+NN><Masc><Gen><Sg>
Switch<+NN><Masc><Nom><PI|>
Switch<+NN><Masc><Dat><PI|>

This is an example for the German verb “lernen” (“to learm/pere the stem differs
from the lexeme:

<ge><Base_Stems>lern<V><base><nativ><VVReg>
analyze> lernst
lernen<+V><2><Sg><Pres><Ind>

The following table applies the terms for the plural lexieatry for “Switch”:

Term Example

inflectional class  <Base_Stems>.+<>:e<>:s<NN><base><fremd><NMasc/PI>

lemma <Base_Stems>Switch<>:e<>:s<NN><base><fremd><NMasc/P >
lexical annotation <Base_Stems><NN><base><fremd><NMasc/PI>

lexeme Switch<>:e<>:s

word form Switches

analysis Switch<+NN><Masc><Nom><PI>

analysis annotation <+NN><Masc><Nom><P|>

stem Switch

1.5 Lemma guessing

Constructing a lemma guesser using SFST turned out to beudliffind susceptible to
implementation detours. From a very abstract point of vi@wnorphological trans-
ducer is some machine code program, the lexicon togethbrtidt morphology is its
source code, and emores needs to deduce (the lexical pahteofpurce code (con-
cretely the explicit lemmas based on the wildcard-dottélédtional classes) from the
input (word forms) and the intended output (the analysisgs) of the running pro-
gram. My first attempts to implement a lemma guesser aftelsveeminded me of
that story from the early seventies Papadimoulis told abawtttempt to recover a lost
source code deck: “What sounded good in Albert's mind didrdtkwout so well in
reality. It turns out that placing an object deck in the cdempiaused the mainframe to
grind to a halt and flash lots of warning lights”.

There is no facile mapping from the inflectional class baswlyais (the output
of the program) to the concrete lemma that could have beahtosgnalyse the word
form in that way: First of all, the annotation symbols ardetiént. The mapping from
lexical annotation symbols to analysis annotation symisofsart of the morphology
(e.g-mapl.fst andmap2.fst in XMOR) and should not be repeated in the emores
code — but such a mapping is required to guess the lemma fora faon from the
analysis string. Even worse, there is no facile mapping fteenstem to the lexeme,
which is more obvious for a German verb example: the steterigen , but the
lexeme used in the lemmalisrn : The infinitive suffix of the stem is added by the
morphology. In theory, they could differ in any way implentesh deeply in an SFST
morphology. For the first published emores version 0.0.1 tenw less consciously
ignored that problem and used the guessed stem to congteuletdieme.



1.5.1 Extracting wildcard matches

It is common for standard regular expressions to be ableitieve a string matched by
Dot wildcards using parentheses like) . But SFST doesn't provide such function-
ality because finite state matching works completely difefrom regular expression
matching e.g. in Python: The latter uses a recursive alyarit'Secret Labs’ Regular
Expression Engine”, seleython-2.4.4/Lib/sre.py ) which allows the extrac-
tion of matching groups, but SFST uses a standard technigti@ite state transducers
by performing a functional application of the word form te #inalysis transducer, min-
imises the result and generates all strings the resultargsttucer can generate, as this
code excerpt from SFST illustratestC , In. 510):

bool Transducer::analyze string( char *string, FILE * file
, bool with_brackets )

Transducer al(string, &alphabet, false);
Transducer *a2=&( *this || al);
Transducer *a3=&(a2->lower_level());
delete a2;

a2 = &a3->minimise();

delete a3;

a2->alphabet.copy(alphabet);

bool result = a2->print_strings( file, with_brackets );
delete a2;

return result;

There is no obvious place to implement wildcard submatctaetion, and a theo-
retical contemplation confirms the impression: “The extoacof submatch boundaries
has been mostly ignored by computer science theoristst épdrhaps the most com-
pelling argument for using recursive backtracking (Cox @miteé State Automata), or,

as Carlson appositely put it in a mail on tfiRython-ideas] list, we would need
something like “groups, named references, etc., which dP€TA for non-recursive
engines”.

So unlike Albert, we haven't lost the source code we need,wea don’t have it at
all — the purpose of emores is to semi-automatically extéedeéxicon with unknown
lemmas. So let’s first have a look how others might have adddethat problem:

1.5.2 Guessing in Morph-it!

The Morph-it! project used a separately constructed gudss® the the finite state
utilities written by Daciuk, but in the Morph-it! documeiitan they conclude “that it
would probably be better to couple Morph-it! with a morptgiteal guesser than to
invest too much on expanding it”. (Zanchetta and Baroni2@@. 10)

But the idea behind emores was from the beginning to reuskatigeage-specific
morphology code written for the normal analyser to avoiditigo maintain two dis-
tinct morphologies, one for analysing known words and omeyf@ssing lemmas for
unknown ones.



1.5.3 Guessing in Hunmorph

In a paper about Hunmorph written by&Fr et al., they mention that jmorph includes
a special guesser: “Two major additional features of jmagehits capability of mor-
phological synthesis as well as acting as a guesser (hygipihg lemmas)”. Jmorph, a
Java version of their morphological analyzer, “recordsftliparse tree of rule appli-
cations. By offering various ways of serializing this datiasture, it allows for more
structured information in the outputs than would be possilyl simple concatenation
of the tag chunks associated with the rules”. (pg. 4)

Besides the fact that | didn't find a public, documented \@rsif jmorph, the SFST
toolkit, solely using finite state transducers, doesn'gwiparser” which could output
any trees, so it didn't seem that emores could benefit from it.

1.5.4 Guessing in emores

The basic axiom for starting with the emores project wasdleea to use dotted inflec-
tional classes to analyse unknown word forms. They’re aslipsuited for analysing
unknown word forms (albeit they overgenerate, but that jermbyould be addressed
with abductive result ranking), but originally there wasway to automatically map
the analysis to the fully specified lemma which would havelpoed that very analysis.
| desperately needed some idea. And in the deepest des$yae, suddenly emerged
hope. The achievement of the algebraic method used in ensdrest explained in the
corresponding Python doctest:

1.5.5 The algebraic solution to generate the guesser morplyuly.

For version 0.0.1 | tried a naive solution by omittintap1 (which deletes the “un-
wanted symbols in the analysis”) to guess the lemma. If thpt@ach had been fea-
sible, it would have made unnecessary the hassle with thggrigghar dead end ex-
plained below. Therefore | constructed a minimal artifittal morphology to expose
the problems and to deduce a proposed solution:

>>> jnport sfst
>>> src = 7

.. % Experimental 'expose the problem’ pseudo morphology

... % any symbols must pass trough the $MAP1$ wildcards
.. ALPHABET = [a-z]<form><stem><reginf>

... % delete unwanted symbols in the analysis:
... % the 1st . * matches the lexeme, the 2nd . * matches the <form> tag
.. SMAP1$ = <>:<stem> . * <> <reginf> . *

... % A "regular inflection" lemma
.. $LEX$ = <stem>lexeme<reginf>

... % delete unwanted symbols on the "surface"
... % lexeme< -> <stem>lexeme<reginf>
.. SMAP2$ = <stem>:<> . * <reginf>:i<>

.. SLEX$ = $MAP1S || SLEXS || SMAP2S

... % The "regular" morphology:
.. $REGMORS$ = $LEX$ || {lexeme}{surface}

.. % A dummy “inflection"



. $INFL$ = <form>:<>

... % Problem culprit: analyser somehow mapping "lexeme" to a
... % completely different "analysis"
. $ANALYSIS$ = . + {analysis}{lexeme} . *

... % Put together the morphology
. $MORPH$ = $ANALYSIS$ || SREGMORS$ $INFLS$

.. SMORPHS$

m

>>> morph = sfst.compile(src)

The whole morphology just analyses one word, “surface’hwaitemma containing
the lexeme “lexeme” to generate the analysis “analysis”:

>>> morph.analyze('surface’)
['analysis<form>']

Of course, the huge difference between the lexeme and tHgsans artificial,
but the crux is that a real morphology in fact performs suehgformations, see the
example for the German verb “lernen” on pg. 6.

So let’s first transform that transducer to a guesser traresdoy replacing the
lemma with an inflectional class pattern. (The trailing nemstof the symbols express
the patch level.) It analyses our “surface” equally:
>>> guesser_src_1 = src.replace( \

'<stem>lexeme<reginf>’,
‘<stem>.+<reginf>")
>>> guesser_morph_1 = sfst.compile(guesser_src_1)

>>> guesser_morph_1l.analyze('surface’)
['analysis<form>’]

Now let’'s removemapl:

>>> guesser_src_2 = guesser_src_l.replace( \
'SLEX$ = $MAP1$ || SLEXS || $SMAP2$,
'SLEX$ = $LEXS$ || $MAP2$)

>>> guesser_morph_2 = sfst.compile(guesser_src_2)

>>> guesser_morph_2.analyze(’surface’)

['<stem>analysis<reginf><form>’]

We now get the additional tagging of the inflectional clagsrtea, (together with
the analysis annotation), which makes the analysis somédawike a lemma. The
example morphology was constructed with the objective t&amabvious why the
alleged lemma is in fact an useless artifact: the lexeme tgaff inflected by the
$ANALYSIS$ transducer. This pattern seems to be common in SFST mowghselo
Look at thesmor.fst  main file of the German Schmid et al. morphology to get an
idea how complex it can become.

The false pretence that constructing a guesser would benesssyaused by pure ig-
norance: | didn’t take into consideration that the puredewricannot easily be exposed
to the surface, because it is usually nested deeply into trplmlogy. In our example,
we can simply remove tHRANALY SIS$ transducer to omit the pseudo-morphological
part:
>>> guesser_src_3 = guesser_src_2.replace( \

'$MORPH$ = $ANALYSIS$ || $SREGMORS$ $INFL$',
'$MORPH$ = $REGMORS$ $INFL$)
>>> guesser_morph_3 = sfst.compile(guesser_src_3)

>>> guesser_morph_3.analyze('surface’)
['<stem>lexeme<reginf><form>’]



This looks more like a lemma. But above transformation iy @inple because
we're using a toy morphology. But our toy is perfectly suifed demonstrating that
the wildcard logging mechanism proposed in pysfst-1.0&sdd work for a real mor-
phology. First lets look whether the mechanism still is predn the pysfst version
used:

>>> [src = ™

... ALPHABET=[a-zL]
WS = L

.. $T1$ = . [aL]:[eL] ...
.. $T2% = $T1$ || $W$
. $T2%

>>> |t = sfst.compile(Isrc)
>>> |t.analyze_log(’hello’, 'L’)
(['hallo’], ’hello”)

The wildcard matched the test input string, and the loggercidentally logged the
character sequence tftv$actually matched (the second element of the result tuple),
as this patch fully specifying the wildcards justifies:
>>> |src_1 = lIsrc.replace( \

WS = L.,

'$W$ = hello’)
>>> |t 1 = sfst.compile(lsrc_1)
>>> |t_l.analyze(’hello’)
['hallo’]

Now let’s apply that mechanism to our toy morphology by patghheALPHABET
(we’re reusing the simple guesser from patch level 1):
>>> guesser_src_4 = guesser_src_l.replace( \
'ALPHABET = [a-z]<form><stem><reginf>’,
'ALPHABET = [a-zL]<form><stem><reginf>’)
>>> guesser_morph_4 = sfst.compile(guesser_src_4)
>>> guesser_morph_4.analyze_log('surface’, 'L’)
(Panalysis<form>", ")

The analysis is as expected, but the log has become emptyre@len for this
behaviour is the fact that the variomsnimise()  calls in the SFST engine cancelled
out the logging chat. — it would have been necessary to carry it through the whole
functional application chain, or, in other words, patchihg whole “morphology”. |
took this as a proof that my arduously implemented logginghmaaism is merely the
result of some sort of mental blackout.

Considering the mathematical beauty of finite state tracesdy we could try it
with an algebraic transformation of the source to bring thigimal SLEX$ to the sur-
face. Note that this is impossible on the level of the binaapsducer, again because
minimise()  does formal transformations, too and thus hides the ofiglh&X$
pattern within the whole result transducer.

Automatically generating a guesser out of a real size listguanalyser would re-
quire some sort of computer algebra system (CAS) tailoreddéaling with SFST
sources — something way beyond the scope of emores.

After having written that very sentence, | felt badly stuckhen, in an almost
unconscious thinking process, | became convinced thaniebow must be possible.
Then | implemented thélgebra class for pysfst-1.1.1, which actually has made it
possible. To demonstrate, let's start with the originalrsewagain (patch level 0):

>>> solved_src = sfst.solve(src, 'SLEX$)
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>>> solved_src.split('\n’)[-1:][0]

'($LEX$) ((SINFLS) || _ ( $ANALYSISS$ || SMAP1$ (_$INFLS$) ) Il
SANALYSISS || $MAP1$ (_S$INFLS) || $LEX$ (_SINFLS$) || $SMAP2$ (
_$INFLS$) || {lexeme}{surface} SINFLS’

Doesn't this look nicely “CAS’y"? Let’s try whether it works

>>> guesser = sfst.compile(solved_src)
>>> guesses = guesser.analyze('surface’)
>>> print sorted(guesses)
['<stem>lexeme<reginf><form>']

Besides the fact that analysis symbols seemingly need t@a&seg through (with
_$INFL$ ), this finally is our aimed lemma guess! Starting with emmeasion 0.0.2,
this algebraic technique is used for the guesser.

1.6 The emores software architecture

The plan to implement emores started with an offhanded kl#tihe database diagram
(see pgd. 55), as a relational model is well suited to stdyicapresent the logical struc-
ture of the intended reasoning. Furthermore, a contempadi@abase engine should
impose little physical restrictions on the manageable arnofidata generated in the
process of reasoning by “brute force”.

As the concrete implementation of the abduction logic isnidied to be part of the
research process, it seemed important to separate the catingly primitive, but very
time-consuming inductive/deductive generation of guessel the abductive quest for
the “best explanation” of the empirical data within that gg®s. By using an SQL
database, that quest becomes a matter of data mining usiefj established, interac-
tively usable 4GL query language instead of tedious waliksgh traces of algorithmic
implementations in a 3GL language (see the chapters “Ds¢aPaogramming” on
pg./44 and “Empirical Results” on pg. 48).

For me it was immediately clear that this could hardly bediciefitly done solely
in C++, the language SFST is implemented in. It was crucit the implementation
language is GPL-compatible Free Software for combiningiih ihe GPL-ed SFST
and that there are well established libraries for SQL damlzaecess. | chose Python
because it is very prevalent today, there are sophisti¢gagtdools (unittest, doctest), it
is easy to use interactively and there are well establishé&mbdse access libraries like
psycopg?2 for direct SQL access and SQLAIchemy for autom@te¥ mapping, the
latter mainly used for inserting data into the database.

Therefore pysfst, the Python interface for SFST was a piition which had to
be implemented before emores. Because emores would neetbtoatically compile
“trial balloon” transducers, it had to be a “deep” interfaceluding the compiler itself
and not solely an interface to transducer instances. Intlaetheeds and demands of
emores shaped the actually published pysfst implementatio

The component diagram visualises the components emoresiigased of in terms
of the underlying technology and the interfaces used taactewvith them. Note that
the Python interfaces are attached to the components inageadh, but they're in fact
ordinary Python modules, partially coded in C or C++. Theutse files interface” in
the XMOR/SMOR component is not an interface in the stricdesise, but it describes
accuratelyhow the depending components interact with it: by compiling$%)-or
manipulating (Python) the source text.
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The R component is somewhat isolated, it is attached to tloressoftware only
with a Makefile operating with psql on the filesystem. Theistiatal plots in the chapter

“Empirical Results” (pg. 48) are generated with R.

Python
"glue language",
induction/deduction
| L
|
| === === - - - == | [ |
v | v
sglalchemy 1
O) ————— 1
sQL psycopg? (dbapi 4.0) ! SFST pysfst
relational storage, —O%_ ! finite state transducer
abductive data mining ! engine
—O !
psq T
A I
| j= === |
1
I V
: XMOR/SMOR source files
linguistical morphology )
R
statistical analysis,
data mining

Figure 1.1: Emores component diagram
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Chapter 2

Using Emores

2.1 Software dependencies

Any software involved in the emores project is Free Software

Emores itself is written in Python (version 2.4), some cdéamup has been done
using pylint.

The morphological engine is SFST, the Stuttgart FiniteeStansducer Tools. It
is accessed from Python via the pysfst interface.

The reasoning engine is based on the relational databasgesi. The ORM in-
terface is provided by SQLAIchemy, straight SQL is done waislycopg2 (in Python).
The database diagrams was drawn with Dia and converted to se€yits with te-
dia2sql.

This article was written with the Kile editor and LaTeX on ar@ Linux box.

2.2 Configuration

2.2.1 Environment variables

e EMORES_LANG the onlymandatory environment variable for emores to run
and points to the directory where the morphologies residealBystem-wide in-
stallation, theemores startup script sets it thisr/share/emores/lang

e EMORES_PREFI) intended for doing local emores development, and it shoul
point to the directory containing themores source tree.

e EMORES_CON¢an be set to point to a specifienores.cfg  configuration
file (see below).
2.2.2 emores.cfg

Thee main configuration file irfetc/emores.cfg gets globally installed with
emores. To enable local customization, emores looks fofitstsfound configuration
file in this order:

1. from the filename in the environment variaBllMIORES_CONF

2. from the user’'s home directory themores/emores.cfg
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3. from the globaletc/emores/emores.cfg

2.2.3 logging.cfg

Configures the logging depth for emores and SQLAIchemy. Ré&uit, emores is
configured to log anythingdEBU@and sglalchemy only fdERROR

2.3 Database setup

Emores needs a running postgresql server to work. The daaletup scripdb_create_database
anddb_create_tables can be found in thescripts directory. When called
with the command line argumetast |, they will create themores_test  database.
The default emores user has a weak password. If you need ngeliafor your envi-
ronment, adjust the plain text password in #mores.cfg file, too.
Running the scripts a second time will delete all previosstred data.

2.4 Running the tests

The general test layout and the reasons behind the way insrmeeted is discussed in
the corresponding section on pg. 29.

There is atest  script which is intended to run the tests during developmént
sets up some environment variables and rungdbepy  Python script. Because
some tests take a really long time to execute, it accepteaitttern to restrict the test
runner to a particular test class if the tests are run inteedg. Test names are defined
as full module name (including the local namespace). Exaspl

For testing the clasgdb/language , enter

> /test db.language

For testing the whole database module, enter

> /test db

For testing anything, just enter

> [test

Alternatively, you can use

make test

in the emores main directory.

2.4.1 Testinterdependence problems

As all tests are run within the same suite, the test orderrhesaunpredictable (al-
legedly alphabetical, but it would be foolish to verify thaid even rely on it), and
Python doesn’t seem to provide a simple way to violate thedeter independence
doctrine of unit testing. This is a problem for database ddpat testing as long as
mocking up the entire db is not an option (do you feel like niogkup an SQL in-
terpreter?) and setting up the data preconditions is eXperes it can require to run
whole module clusters which have their own tests, too. Wihiég approach literally
would satisfy the test independence requirement, it \@ésléte (mostly unwritten) test
usability requirement that errors in module A should be regubin the test module for
module A and not in theetUp of another module B requiring module A (which thus
is failing to perform its task).
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Not mocking up the database can even cause much nastieepraf@.g. if db con-
straints get violated: The violating INSERT clause obtreali sticks in the SQLAIchemy
session, causing any subsequent tests trying to flush iilteifa the first error. Oh
holy test independence. .. And searching the web for unitdasbase reveals rather
reassurance that the problem hurts many people than estiglent.

There is a contemporary trend in OO software developmentitsider the SQL
language as a legacy and therefore to completely replacght®O constructs. A
proponent of that concept is Microsoft with its LINQ projecthat kind of objects
could be simpler to mock up than a set of database table dorBen this is not the
path the emores project travels on, as it has major drawhaeksthe remarks about
ORM mapping in general on pg. 44).

Some literature about unit testing tends to put testingdridgvel classes with a lot
of prerequisites and dependencies in the “functionalrtgti~ “out of topic” basket
and therefore is of little help for overcoming the problentsew “just don't do it” re-
spective “tacitly limit the test to the trivial methods, fitie record” (a common practice
in the corporate IT world, | suppose) is not a seminal option.

During the development of emores, | had to change the pal@ay finformal test
interdependencies to expenssatUp routines as the codebase and therefore the num-
ber of tests grew. Non-explicit interdependencies proedoket unmaintainable (which
was to be expected anyway). The high computational costettihg up the same
preconditions for several tests relatively decreased @®vhrall test costs increased:
Whether running all tests takes 1 br/2 hours doesn'’t really matter in usability. As
a compromise, | didn't re-generate the preconditions omeatlJp (which is called
for each test method of BestCase instance), but used a global flag to set up the
prerequisites only once per test module.

As the unit- and doctests don’t use mock objects, but hegsfijyon the database, it
is possible that a defective module inserts insane datdanotodule cannot properly
handle. Even when anything works as expected, one test madul insert too much
data for another to process in a reasonable amount of time.sOch vulnerable test
is the top leveinduction ~ module, reasoning over previously inserted data. Its unit
test first deactivates the ‘Kafka’ example corpus irsgéUp to reduce the amount of
data to process for the case when another test module hheddtwe example text, but
not fully processed it.

In case of trouble, it should always be possible to first neegate an initial database
with thedb_create_tables test script and then to run the failing test in isola-
tion to fix the module in question until it works as expected.

The single one doctest where the lack of some implementafitest interdepen-
dence constraints in Python hurts most isggk functions.txt doctest (pg. 44),
as a database summarisation test needs something to swaiharie wants to display
some expedient results — but to check the results for coresst it needs to control
which data is created before, which it therefore can't.

2.4.2 Testrepeatability

Related to the problem of test interdependence is the probfeest repeatability. If
all the tests always would completely clean up, this woulchbgroblem. For simple
low level tests, e.g. for the db access classes, cleaning eqmiparatively simple, but
for higher level classes, cleaning up is perhaps not everedest all.

It would presumably be feasible to enforce repeatabilityMogtpping all tests in a
database transaction which is always rolled back at the &the ¢est. The performance
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penalty probably would be huge if this would be done ingb8Jp /tearDown pair.

A not so obvious drawback of isolating all tests within tractgons is the fact that
then the tests are run in an environment which is too cleandadéfects in the software
with regard to reliability and robustness.

For now, | consider repeatability as desirable, which wasrdason to add much
more cleanup code in many tests. But | won't enforce it thrmug, e.g. théest_deduction
.py is not repeatable: If the example text has been completehpated, it remains as
such in the database, and the assedilhassert_(len(new_lemmas)> 0)
fails.

2.5 Preparing a morphology

2.5.1 Use case: The morphology engineer

work on the
work on the morphology
morphology itself
<<uses>>
\V/
Morphology compl\e. the morphology
engineer in emores

build and test the morphology
in the normal SFST environment

<<uses>> _ | <<uses>>

Y \V
CmD

Figure 2.1: Work on the SFST morphology

Emores needs a morphology for any particular language. HeoPython modules
to work, the included transducers need to be compiled inramba This is done by
issuingmake in the correspondinglang/[language-code]/morphology
directory (using the Makefile shipped with SFST).

The morphology gets compiled and inserted into the datahésethe new()
method. It extracts all inflectional classes from the (sdexifon contained within
the morphology and compiles a separate guesser transduaadh of them. For test
examples see the “morphology.py” section under “SFSTedlanodules” on pg. 33.
For setting up a working production environment, see thaedbsection “Use cases
scripts” on pgl 18
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2.6 Using a morphology

2.6.1 Use case: The lexicon extender

Figure 2.2: Extend the lexicon with emores

To load a pre-compiled morphology for the configured langu@assed in by the con-
method. In both cases, the following object structure gets

structor), use théoad()

created:

Morphology

+morphology: db.Morphology

+lexicon: db.Lexicon
+inflectionclass: InflectionClass
+guesser: Guesser

'

db.Morphology

Check whether a token

_y

1

(R

is already in the lexicon
of the full language morphology
(including determiners and the like)

1

db.Lexicon

+transducer: sfst.Transducer
+analyze(str)

InflectionClass

+classes: dict(db.InflectionClass)

+transducers: dict(sfst. Transducer) N

Y

db.InflectionClass

+transducer: sfst.Transducer

1

1

—

sfst:Transducer

+analyze(str)

Guesser

wordform:str)

+guess_lemmas(pattern:str,guesser_transducer:sfst. Transducer,

1| sfst.Transducer U

+analyze(str)

(B

not yet in the lexicon

Guess lemmas of inflected word forms

1

Lexeme

+lexeme(lemma)

Figure 2.3: A fully instantiated morphology

The object graph only distantly resembles the relevantgfatie database model
(pg. 55). The significant difference might be viewed as anrga of the object-
relational impedance mismatch, as Neward described ittailde “Object/Relational
Mapping is the Vietnam of Computer Science” — or as intellatiaziness on my

side.

10ne such defect was introduced with an SQL function which wsesi to simplify the query for the
induction. The first test run succeeded, but repeating tliegdest reliably reproduced a duplicate primary
key constraint violation for the induction results. Thelgeom and the symptom were rather distant, as the
SQL function unexpectedly returned duplicate token whenséime token was present in multiple texts. If
all the transactions had been rolled back, that rather selefect had silently lurked around much longer.
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2.7 Use cases scripts

The intention of this section is to document a completeati#ation and usage example
for emores for then_X andde_DE language each. Because the concrete sequence of
steps matters, the complete scripts were written as onestoct

Runningmake in the SFST language directoriglang/en_X/morphology
/ and./lang/de_DE/morphology/ has been omitted due to unpredictable out-
put (for the Python doctests), depending on whether thesesemething to build or
not — it therefore is a precondition for proceeding.

These doctests are also the only ones where the proceedingrfduction over de-
duction to abduction can be demonstrated, as the latterdiygidepend on the former.
Isolated doctests for these modules thus have been omitted.

2.7.1 Use case doctest for English

Python imports and setup:

>>> jnport emores
>>> from emores inport config

>>> from emores.morphology i mport Morphology
>>> from emores.text i nport Text

>>> from emores.induction i nport Induction
>>> from emores.deduction i mport Deduction
>>> from emores.abduction i mport Abduction

We deliberately set the language, regardless of its prettmbeas default language:

>>> conf = config.LanguageConfig()
>>> conf.set_language('en_X’)

>>> conf.language

‘en_X'

Preparing the morphology

The central access point for the compilation of a morpholisgthe Morphology
class. After runningnake, new compiles anything and stores it in the database.
>>> morph = Morphology(conf)

>>> morph.new('usecase_en_X’, '1.0.0")
>>> morph = None # make sure to rel oad the object

Now the morphology engineer has finished his work and pabsdaptop over to
the lexicon extender to process a corpus text.

Using the morphology

First, we load the morphology just stored.

>>> morph = Morphology(conf)
>>> morph.load('usecase_en_X’)

Then we retrieve additional corpus data. Multiple instarafehe same text (corups,
name and url identically) are not supported, in that casedkiegets retrieved only
once. This is a rather slow operation because of the oneabyfitbering of any char-
acters not belonging to the language (try to use finite statgpementation with Uni-
code...).
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>>> text = Text(conf)
>>> text.new('Kafka’, 'Metamorphosis’, ’http://www.gut enberg.org/files
/5200/5200.zip")

Now we perform the induction step: For any newly found tokemioh isn't yet
analyseable with the initial lexicon, all lemmas are gudssel inserted into the database.
Because emores operates somewhat slowly, we limit the anobdata processed.

>>> induct = Induction(morph)
>>> induct.induce(limit=100)

This step really takes a long time. To spot progress, cortogbeemores_test
database using a tool like pgadmin3 and compare the counkehtto the count of
asserted single inductions:

SELECT COUNTK)FROM token;

SELECT COUNT)FROM induction;

If the induction has finished, there are induction databag@s for each token that
somehow was analyseable. After the induction has takere pllae deduction step can
happen, also taking a lot of time:

>>> deduct = Deduction(morph)
>>> deduct.deduce()

Now there are deduction database entries for each lemmaegligsthe induction
step and the results can be examined by analysing the datdliastly using SQL or
by using canned queries provided by the abduction module:

>>> abduct = Abduction(morph)
>>> saturated = abduct.saturation()

Now we audit one guessed lemma for the verb “to consider”:

>>> for row in saturated:
i f row[0].find(u'consider<v>") > 0:
row_consider = row
>>> print row_consider
(u'<Stem>consider<V><base><native><VerbReg>', 0.75, 4 L, 5L)

The lemma is not completely saturated, as the correspomaitignn is not 1, but
only 0.75 on a generative lemma productivity of 4. To invgste which tokens lead
to that saturation level of the lemma, we usedeeuction reporting method of the
Abduction class:
>>> sorted(abduct.deduction(u’<Stem>consider<V><base ><native><VerbReg>’

)
[(u'consider’, 3), (u’considered’, 1), (u’considering’, 1), (u
considers’, 0)]

There were 4 word forms found in the deduction range, butdbelf, “considers”,
did not occur in our corpus, so the saturation level remalfis 3

2.7.2 Use case doctest for German

Python imports and setup:

>>> jnport emores
>>> from emores inport config

>>> from emores.morphology i mport Morphology
>>> from emores.text i mport Text

>>> from emores.induction i mport Induction
>>> from emores.deduction i mport Deduction
>>> from emores.abduction i nport Abduction

19



This time we really need to explicitly set the language:

>>> conf = config.LanguageConfig()
>>> conf.set_language('de_DE’)
>>> conf.language

‘'de_DFE’

Preparing the morphology

Because th&&MORmMorphology used fode DE is very complex, the initialisation
process really takes a long time. You can wataih -F /var/log/emores/
emores.log to see what’s happening.

>>> morph = Morphology(conf)
>>> morph.new('usecase_de_DE’, '1.0.0")
>>> morph = None # make sure to rel oad the object

Using the morphology

First, we load the morphology just stored.

>>> morph = Morphology(conf)
>>> morph.load('usecase_de_DE’)

This is the same text as for tlem_X example, but in the original language:

>>> text = Text(conf)
>>> text.new('Kafka’, 'Die Verwandlung’, ’http://www.gu tenberg.org/
files/22367/22367-8.zip")

If the induction (and hence deduction and abduction) waitdifras inen_X to 100
token to process, it would take ages (around 50 days) if rtindriest suite. Therefore
it is restricted to one single token which is saturable:

>>> induct = Induction(morph)
>>> induct.induce(token="Schritt’)

>>> deduct = Deduction(morph)
>>> deduct.deduce()

For the abduction, we restrict tisaturation anddeduction_count levels
accordingly to get the most likely lemmas. A saturation & theans that all gener-
ateable token by the lemma have been found in the corpugjedhettion_count
value of 4 was found by taking the empirical maximum of theestricted results.

>>> abduct = Abduction(morph)

>>> saturated = abduct.saturation(token="Schritt’,

saturation=1.0, deduction_count=4)
>>> for row in saturated:
print row[0]
<Base_Stems>Schritt<NN><base><frei><NMasc-s/sse>
<Base_Stems>Schritt<NN><base><fremd><NMasc-s/sse>
<Base_Stems>Schritt<NN><base><nativ><NMasc-s/sse>
<Base_Stems>Schritt<NN><base><nativ><NNeut-s/sse>
<Base_Stems>schritt<NN><base><frei><NMasc-s/sse>
<Base_Stems>schritt<NN><base><fremd><NMasc-s/sse>
<Base_Stems>schritt<NN><base><nativ><NMasc-s/sse>
<Base_Stems>schritt<NN><base><nativ><NNeut-s/sse>
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This is the maximal restriction we theoretically can getirthe linguistically ag-
nostic part of the emores machinery. But compared to#tiction_binary_crosstab
.de_DE.dat file (the data for the example cluster dendrogram), the ahauoar-
rowing mechanism is fairly powerful: it cuts the originaless of 307 lemmas down to
8, and half of them could be ruled out by the simple linguéti{@nd hence language
specific) convention to lemmatise nouns in upper case in @erm

A quick look at the deduction for the correct lemma gives ewmitk that it indeed
produces all word forms:

>>> sorted(abduct.deduction(u’<Base_Stems>Schritt<NN ><bhase><nativ><
NMasc-s/sse>"))

[(u'Schritt’, 2), (u'Schritte’, 2), (u’'Schritten’, 1), (u 'Schrittes’,
1]

For a native speaker however, the result is still questilenabhe genitive word
form “Schritts” would be possible, too, although the fornttwan “e” is preferrable to
avoid a sequence of three consonants (Duden, 1995, pg. [P2Pat case, the SFST
morphology seems to bee too restrictive. But as this chai@matter of style, it is
very unlikely to find both forms in the same text or even in elifint texts from the
same author.
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Chapter 3

The Build Scripts

3.1 Makefiles
3.1.1 Main Makefile

The main Makefile located in the top directory defines thepdi@ktargets:

e db_scripts  Generates the emorelh database creation SQL-scripts out of of
the Dia model using tedia2sq|l.

e doc Generates the pdf documentation.

e texsrc Generates thé'lpXsource from the doctests.

e website Generates the emores home page with plot thumbnails.

e module Builds the Python module.

e clean Removes the python module build directory and recursiveldbctest

tex files.

3.1.2 Documentation Makefile

The documentation makefile is located in thaoc/src/build directory and de-
fines these important targets:

¢ bibliography Generates the bibliography using bibtex.

e glossary Generates the glossary using timakeglos.pl  script from the
glossary package.

e diagrams Draws the UML diagrams with Dia.
e rplots ,tabular Copies statistical results from thistats  directory.
e chktex Calls chktex to spotlpXproblems.

e hyphen Callshyphen_show to spot hypenation problems.
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3.1.3 Doctests Makefiles

Each ./src/[...]doctest/ subfolder contains a Makefile for generating the
IATeXsources included in this documentation. The Makefile fiestagates an XML
representation of the doctest using ts&xml.py  script from the Docutils pack-
age. This XML representation afterwards is converted irf@gXsection using the/
doc/xslt/doctest.xsl stylesheet with thesltproc  utility from the libxslt
package. Its output needs to be postprocessed hydbe/xslt/unescape.py

script. The reason for this indirection is the fact that toenplete ATeXdocument
generated by thest2latex.py script is not suitable for including in the main doc-
umentation.

3.2 Scripts Overview

The ./script directory contains various build scripts for different {saof emores.
Any of these scripts can be run from the working folder and neilurn there just before
it finishes.

e prefix: Common include setting up local development pathentores.
e build: Encapsulates the emores Python module build process

o db_createdatabase: Calls the SQL script to create the emores databd secti-
vates PL/pgSQL and thablefunc  extension.

e db_createtables: Calls the SQL script to create the tables in the esrdatabase
and the SQL functions.

e text2unicode.py: Utility script to convert the original SF sources from Latin-1
to unicode.

e test: Runs the unit tests.
e runpylint;: Does some static Python code checking.
e cp_tablemodule: Clones ORM class modules.

e emores: Startup emores within the same environment asdor te

3.2.1 prefix

Theprefix  script is included by the other scripts and defines these litapbenvi-
ronment variables:

e PREFIX Path prefix for the local development emores installatiorafisscripts,
including the emores folder itself.

e EMROES_LANRBath to thdang morphology directory.

e DEVELIf not commented out, it causes tests to be run from the buitttbry
$PREFIX/build/lib/emores

e SFST_PATHror pysfst development purposes: If not commented oupyhest
module is loaded from the given path instead of the locahitatton.
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3.2.2 dbcreate database

Depending on the optional parametest this script creates the postgresql database

by first calling thecreate_emores_user.sql script and then thereate_emores_database
.sql orthecreate_emores_database_test.sql script respectively. It first

creates the user emores and then the database itself. Ruheiscript twice gener-

ates an error (which can be ignored) as the user cannot beettophile one of the
databases still exists.

3.2.3 dbhcreate tables

Depending on the optional parametiest  this script creates the tables in the database
determined by the optional parametiest . It first executes thereate_emores_tables
.sgl and then thgrant_emores_privileges.sq|l script which are generated
by the main Makefile.

Afterwards it executes the manually writteapulate_emores_tables.sql
script to fill the tables with some initial content the Pythondule tests need to suc-
cessfully run.

3.2.4 cptablemodule

cp_tablemodule [source_table] [destination_table] copies a db
ORM table module and its accompanying test module and atli@sbhodule class/method-
/variables names appropriately. Terminates with an efrtbeidestinatiortable already
exists.

For examplep_tablemodule text morphology creates the filegemores
/src/db/morphology.py and./emores/src/db/tests/test_morphology
Py .
Any specialisednsert andselect methods need to be adjusted by hand. Ad-
ditionally, the test must be activated in ttest.py  script. If some test data is needed,
the correspondintNSERT statements need to be added ingbpulate_emores_tables
.sql  script.

See also the section “Extending the database” oh pg. 43.

3.2.5 test

Builds emores and executes any unit tests.

Synopsis./test [ddd|dbg|pdb] [test-regexp]

The optionalddd|dbg|pdb  arguments control whether the tests are run within
the GNU ddd GUI respective just using a custom-compiled ge®ython version out-
side of any debuggedbg) or within the winpdb Python debuggegodb). For more
details see the script itself.

3.2.6 emores

Synopsis./test [ddd|dbg]

emores works similarly as thdest startup script. It executes the customised
import_emores.py Python script to instantiate any modules needed for thentrr
development activities. This script therefore changesmffhere are two versions of
emores , one in the./scripts subdirectory (designed for debugging, respecting
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ddd|dbg ) and a simpler one in théscripts/deploy subdirectory, intended to
be installed tdusr/bin/emores for starting up emores.

3.3 Statistical data processing

The./stats  directory contains the scripts used to generate the diageard tables
used in the chapter “Empirical Results” (pg. 48). By natarprecondition for obtain-
ing any results is some data. As producing that data is a ctatipoally expensive
and therefore very slow process, the statistical procgssinot included in the main
build action. Therefore the result diagrams are includetthiénemores source to make
the documentation buildable without having to wait endiesatil “Die Verwandlung”
eventually would have been completely processed for bagising the results.

3.3.1 The Makefile

The ./stats/ working directory contains Makefile linking the various script
files together. Although in theory the maatl  target could be built provided that
the database has been initialised in a way meeting the mssdriptions in this docu-
mentation, it is usually used on a per-result file basis fdngls task, invoked e.g. as
make lemma_count.de_DE.eps . This is especially convenient for fine-tuning
single diagrams.

3.3.2 Generating diagrams
For the diagrams, there are a bunch of files involved in angatiem:

Suffix ~ Description

.sql SQL views and selects generating the data required for R

.py Python filter for isolating or formatting SQL result tables

.dat Data frame produced by above SQL view

tex Data frame formatted foATEX(optional)

R GNU R batch reading the data frame and producing the diagram
.Rout  Textual output of R processing the data (not used further)

.eps Result diagram as encapsulated postscript file

For statistical analysis and generating the plots, firstiite is fetched with plain
SQL with the help of some global PL/pgSQL functions out of plostgresgl database,
eventually filtered with a Python filter script and then pissed with R, the GNU
package for statistical computing.

3.4 Installing emores
There are two scripts for installing emores: the Gentooldhuithe ./ebuild/app

-tex/lemores  directory and thesetup.py script for the Python module installer.
They create the following directory structure:
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Path prefix Description
/etc/lemores/ Configuration files
usr/bin/ Startup scriptémores )

/usr/lib/lemores/

usr/lib/lemores/sql/
/usr/lib/python2.4/site-packages/emores/
/usr/share/emores/lang/
/usr/share/doc/emores-<version>/
Ivar/log/emores/

Auxiliary scripts

Database setup SQL scripts
Python emores module
SFST morphology files
Documentation

Logging directoryemores.log

Only the last two directories (var and doc) are created byethéld, any other
files are installed by theetup.py script and therefore by Python. For customised

packages on other platforms, consider therefore to paists¢hipt.
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Chapter 4

Code Documentation

4.1 Character encoding

As emores is all about natural languages, but tries to beaugeneutral by itself, the
chosen character encoding of any language data is UTF-8.h®nther hand, cod-
ing anything in UTF-8 (implying that the extended charaxt@ould actually be used)
would introduce a strong dependency on the underlying dipgraystem, e.g. sup-
porting UTF-8 file paths if the config file allows it. Therefdiee following encoding
convention was used:

Data Type ASCIl  UTF-8
SFST sources X
Python modules X
Python scripts X

SQL database X
SQL scripts X

Dia diagrams X

Config files X

Shell scripts X

R batch files X

4.2 SFST sources

Any language specific information should be stored in fleng/[language-

code] directory. They all contain two subdirectorigmflectionclass and
morphology . The latter contains the normal SFST morphology for thatigaar
language, the former defines additional constructs exalysused by emores.

4.2.1 inflectionclass sources
alphabet.fst

Thealphabet.fst SFST source contains various alphabets, one used to reeogni
natural language texts and others for analysing SFST saurce

27



alphabetfilter.fst

The alphabet _filter.fst is a trivial transducer recognizing only characters
used in the natural language alphabet. Itis needed bpkemizer  Python module.

inflectionclass.fst

The file inflectionclass.fst generates a transducer which is used to extract
the inflectional classes from the seed lexicon.

lexeme.fst

The filelexeme.fst  generates a transducer which is used to extract the lexeme fr
an inflectional class or an analysis.

4.3 Python overview

4.3.1 Namespace layout

The namespace layout under tteec  directory (which will become the main module
namespace when installed) divides the modules into fumatigroups:

e ./ main modules and test runner
e ./tests tests for the top level namespace
e ./db SQLAIchemy database table mappers

e ./db/tests tests for thedb namespace

The environment variablEMORES_HOMtefines the root of the emores names-
pace and can be inserted into Pythegs.path  before the module is loaded.

4.3.2 Synonymic main/db modules

There are modules likeext which are defined both in the main and in the table
mapper namespace. In such a case, the main module is usadHter level methods
using the underlying mapper module.

Because SQLAIchemy interprets inheriting from a mappeabketinheritance (see
the chapter “Mapping a Class with Table Inheritance” in isuimentation), the map-
ping would have to be repeated in the main class. Therefeneethtion is implemented
as an object composition: The main class owns the mappex. clas

The main logical classes intended to be interactively ubectfore don't use the
ORM classes directly, but a “behavioural” wrapper in thetroamespace which is
composed of the corresponding ORM class from dienamespace. Behavioural
wrappers usually define some kind of insert method using tR&@lass. If there
are additional arguments, as for tiié  keyword argument in theext.insert()
method, these are used for arbitrary actions, in this exangblieving the text from the
internet.
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4.4 The test layout

In for each source subfolder in thisrc  directory, there are both.Aests  direc-
tory with one unit test file for each source class anddactests directory with
tests included by this main documentation. Tés&t.py  script contains the test run-
ner to execute each of the tests (see the chapter “Runniriggtsg on pg. 14).

Having both unit tests and doctests in parallel introdubesduestion of where
to put a specific test routine. The chosen heuristics goeethimg like this: The
externally used behaviour of a class goes into the doctesdtcarrectness tests like
carrying out edge cases or making assertions about membables not used from
outside go into the unit tests.

Some modules are dependent on other modules to provideedqiata (see the
section about test interdependence on pg. 14), namelytiodudeduction and abduc-
tion. The doctests for these modules have been merged mtsttase tests on pg. 18
and pgl 19.

| extensively used doctests because | like that marriagedset documentation
and working code. Doctests are a variant of literate progmamg: interactive Python
sessions are embedded with human-readable documentaameStructuredText (see
the Docutils web page) and automatically executed in Pythioen testing the code.
But the LaTeX conversion is rather hackish, for details seechapter about the corre-
sponding Makefile on pg. 23.

When written this way, the code documentation is more likelpé accurate and
up to date. Because each doctest shows a tiny use case forudebeir explanatory
power usually surpasses what can be done with automatgetigrated API documen-
tation.

Especially in Python, there’s an inherent tension oppdsiteaditional OO apidoc
generation as used in environments like Java or .NET: Iretl@syuages, putting the
canonical concept of information hiding using private neelh and member variables
into effect feels natural, and it is common to expose the wealass is intended to be
used with an explicit interface. An automated apidoc gdaneican easily respect that
structuring of the code.

But Python equally is a terse interactive scripting andgdygting language as it is
a full OO programming environment, and the additional carts to implement in-
formation hiding and explicit interfaces at least to me ryofgtel somewhat stilted —
albeit that viewpoint depends on the type of project, as pigdy using such tech-
nigues in a generalised application framework like Zope8agdy is reasonable.

As Zope3 is intended to be used do build specialised apaitabn top of it by
peers, features like information hiding (from the peers) mterface stability count. In
contrast, for dedicated research applications like emdiessituation is deeply differ-
ent: At the time a class initially is written, it is not yet fldeterminable how it would
be used later on, as the development process is very iteraind the final question
of overall feasibility always lurks around behind the curga The codebase therefore
remains a hybrid between a prototype and a real applicaiod thus features like a
minimal amount of lines of code for a particular functiotaltount, too. Even some
indetermination in the concrete implementation (partidyl with respect to symbol
visibility) can be considered as a desirable feature. Thhaeacteristics conflict with
automated apidoc generation, which would expose too mucheone hand (due to
the general publicity of all symbols) and too little on théa@t hand, as they're not
suited to “tell user stories” to clarify the intention of thede parts.
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4.5 Main modules

45.1 utility.py
Small utility classes and functions for being used by other mdules

Python imports and setup:

>>> jnport o0s

>>> j nport emores

>>> from emores inport utility

>>> from emores inport config

>>> from emores.utility i mport Cwd, QuoteBracket, SourceUtility

Oond class

Compiling complex SFST transducers involves includingsetiles from the filesys-
tem. Therefore there is a need for an easy way to tempordrdaynge the working
directory. TheCwdclass maintains a stack of working directories for that pag

>>> cwd = Cwd()
>>> current = os.getcwd()

>>> cwd.cd(/home/’) # 1st cwd change

>>> cwd.cd('/tmp/’) # 2nd cwd change

>>> cwd.cd() # return to 1st cwd

>>> cwd.cd() # return to the original cwd
>>> os.getcwd() == current

True

Quot eBr acket class

For analysing arbitrary SFST source strings using SFST,itary special symbols
must be quoted. The chosen SFST symbols to represantl> are<LT> and<GT>.
They must not be part of the symbol set of any morphology. ¢bisstraint is nowhere
explicitly checked — and thus could become a culprit of dakcbugs one of these
days...

>>> b = QuoteBracket()

>>> g = gb.quote(u’'<><Symbol>:e’)

>>> == U'<LT><GT><LT>Symbol<GT>:e’

True

Sourceltility class

An utility class which centralises common SFST source codaipulation function-
ality needed by several modules. It currently implementy generating a language
specific alphabet definition line:

>>> su = SourceUltility(config.LanguageConfig())

>>> include = su.language_alphabet()

>>> include.index(*#include’)

0

>>> include.index(ALPHABET = [#LANGUAGE_ALPHABET#]) > 0
True
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uni que_l i st function

Python doesn't seem to have a built-in unique list functibeyefore | implemented a
simple one:

>>> list_with_duplicates = ['a’, 'b’, 'a’, 'c’, 'b’]

>>> unique_list = sorted(utility.unique(list_with_dupl icates))
>>> unique_list

[a, b, 'c]

4.5.2 config.py
Emores configuration

Python imports and setup:

>>> jnport emores
>>> from emores inport config
>>> from emores.config i mport LanguageConfig

These classes read the configuration files. Thafig class looks for the main
emores.cfq file in these places:

1. The file in theBEMORES_CONd#nhvironment variable
2. The dottedemores.cfg  file in the user's/ home directory

3. The./etc/emores.cfg file in the emores directory tree

TheConfig class is not intended to be used by other modules. The magopar
of emores.cfg is to define the path to and the names of theablailanguage files. The
LanguageConfig class is used to access them.

The globalDBConfig instance is available atbhconfig module attribute while
theLanguageConfig must be instantiated by the original caller and is passeashalo
as argument:

>>> config.dbconfig.user # the standard dat abase user
‘emores’

>>> lang_cfg = LanguageConfig()

>>> l|ang_cfg.language # the default |anguage

‘en_X'

>>> lang_cfg.main[-9:] # the SFST main file for it

'morph.fst’

logging

The config module also provides the logger configurationgigie Pythoriogging
module. The configuration filwgging.cfg is read from the same directory where

emores.cfg is found. A global logger is instantiated lag) .

>>> from emores.config import log
>>> |og.debug("config.txt logging doctest")

The standard configuration useBifeHandler ~ such that the log can be watched
using e.gtail -F /var/log/emores/emores.log
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4.5.3 text.py
Read arbitrary texts from the internet

Python imports and setup:

>>> jnport random # for generating unique text nanes
>>> j nport emores

>>> from emores inport config

>>> from emores.text i mport Grabber, Text

>>> from emores.db inport db

Thetext module is used for getting text and extracting new word fofrokens)
for emores. Th&rabber class provides some wget functionality for fetching HTML
and text pages:
>>> grabber = Grabber()
>>> text = grabber.get(’http:/google.com/robots.txt’)

>>> text.find('Disallow:) > 0
True

TheText class itself inserts into theext database table: Its main entry point
is thenew(corpus, name, url) method which uses theken module to to-
kenize and store all newly found words. Here we use a randameriar repeatedly
inserting the same test text in the tests, as a second ingbrth@ same name and url
will not be performed:
>>> text = Text(config.LanguageConfig())

>>> name = str(int(random.uniform(0, 10 ** 10)))
>>> text.new('test’, name, ’http://google.com/robots.t xt’)

For overall test predictability, it is crucial that we dewsate this “test noise” text.
Otherwise the output dést_abduction.py andusecase_en_X gets disturbed.

>>> db.execute_update(
UPDATE text
SET active = FALSE
WHERE name = %s
" parameters=(name,))

4.5.4 token.py
Tokenize corpus texts

Python imports and setup:

>>> jnport emores

>>> from emores inport config

>>> from emores.db inport db

>>> from emores.token_ i nport Tokenizer, Token

>>> conf = config.LanguageConfig()
>>> conf.set_language('en_X’)

Thetoken module is used by thiext module. ThelTokenizer class removes
all non-language chars from an input text and breaks it upsmmgle tokens, returning
a dictionary with a word count for each found token:
>>> tokenizer = Tokenizer(conf)

>>> tokens = tokenizer.tokenize(u'My emores work costs peo ple $0.-.")
>>> sorted(tokens.keys())
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[U'My’, u’costs’, u’emores’, u’people’, u'work’]
>>> tokens = tokenizer.tokenize(u’'Uh oh oh oh’)
>>> oh_count = tokens[u'oh’]

>>> oh_count

3

TheToken class inserts into thiwken andtexttoken  tables for the test text
with textid=1. Inserting token already existing producdsest interdependence prob-
lem, as deleting them might not work no more due to foreigndamstraints. Therefore
| used french token which are unlikely to occur inem X text.

>>> token = Token(conf)

>>> txt = u'Ajoute nouveau terme...
>>> token.accommodate(l, txt)

>>> inserted_token = db.execute_list(
... SELECT t.token

... FROM token t

. INNER JOIN texttoken tt

ON tt.tokenid = t.tokenid

. WHERE tt.textid = 1

>>> sorted(inserted_token)
[u’Ajoute’, u'nouveau’, u'terme’]

At last, cleanly clean up (there was a time | thought it coidddbne without):

>>> db.execute_update("DELETE FROM texttoken WHERE texti d=1"
>>> db.execute_update(""

. DELETE FROM token WHERE token IN

... (Ajoute’, 'nouveau’, 'terme’)

4.6 SFST-related modules

4.6.1 morphology.py
Compiling a morphology

Python imports and setup:

>>> jnport emores
>>> from emores inport config
>>> from emores.morphology i mport Morphology

Only one version of a morphology for a particular language loa active at the
same time. The morphology gets compiled and inserted ietdafabase with theew
(name, version) method, here for the default language X. The associated
lexicon implicitly gets the same name/version pair.

>>> morph = Morphology(config.LanguageConfig())
>>> morph.new('doctest morphology’, '1.0.0%)
>>> morph = None

After storing that particular morphology, load it again.

>>> morph = Morphology(config.LanguageConfig())
>>> morph.load('doctest morphology’)

If the lexicon name differs from the morphology name, it carldaded separately:

>>> morph.load(’en_X-scratch’, 'empty lexicon’)
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4.6.2 inflectionclass.py
Extract the inflectional classes from an SFST lexicon

Python imports and setup:

>>> jnport emores
>>> from emores inport config

>>> from emores.inflectionclass i mport InflectionClass
>>> from emores.transducer i mport GuesserTransducer
Theinflectionclass module is used to extract the inflectional classes from a

seed lexicon as part of the SFST morphology. The found dats@'t necessarily mir-
ror the morphological inflection classes found in books fpagticular language, as the
extraction method is just formal: After removing any nofidntional letters from each
lexical entry and replacing them with wildcards, the rermaindistinct strings count
as inflectional classes. TheflectionClass uses thdransducer  module to
generate th&uesserTransducer  instances.

>>> infl = InflectionClass(config.LanguageConfig())

>>> |lemma = u'<Stem>mo:iu:<>s:ce<N><base><native><Noun PI>’

>>> infl.accommodate_lemma(lemma)

>>> |en(infl.classes) # expect 1 inflectionclass fromour |ema
1

>>> infl_class = infl.classes.keys()[0]
>>> infl_class
u'<Stem>.+0:iu:<>s:c.+<N><base><native><NounPI>’

To be able to use that inflectional class, we need to compildlite transducer
instance is accessible via the inflectional class as key esdlpes a (usually wrong)
analysis for a particular wordform; for emores it's only iontant that the inflectional
class actually can analyze that particular wordform.

The compile_inflectionclasses method needs a GuesserTransducer in-
stance:
>>> guessertransducer = GuesserTransducer(config.Langu ageConfig())
>>> infl.compile_inflectionclasses(guessertransducer )

>>> infl_transducer = infl.transducers[infl_class]

>>> repr(infl_transducer)[:16]

'<sfst.Transducer’

>>> sorted(infl_transducer.analyze(u'mice’))

[u'<Stem>Mouse<N><base><native><NounPI><pl>’, u'<Ste m>mouse<N><base><
native><NounPI><pl>’]

For guessing real lemmas (without the trailing analysisogation as<pl> in the
example), use thguesser module.

4.6.3 transducer.py
Compile specific transducers

Python imports and setup:

>>> j nport emores

>>> from emores inmport config

>>> from emores.transducer i mport \

. LanguageTransducer, LemmaTransducer, GuesserTransd ucer

Thesex Transducer classes are factories for generating specific SR&hsducer
instances via theicompile()  method.
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The LanguageTransducer  class encapsulates the compilation of a language
main source file (which probably will contain includes) with explicit lexicon passed
as a string argument tmompile

Themain.fst file is the original one, therefore tlie_DE transducers also anal-
yses and generates non-inflected word forms like pronoBRO(fst ) or numbers
(NUM.fst ). This broader acceptance range is needed for skipping thesd forms
for inductions.
>>> conf_de = config.LanguageConfig()
>>> conf_de.set_language('de_DE’)
>>> |at = LanguageTransducer(conf_de)
>>> t1 = lat.compile(u’<Base_Stems>Dompfaff<NN><base>< nativ><

NMasc_es_en>’)
>>> type(tl)
<cl ass ’sfst.Transducer’>
>>> tl.analyze(u'Dompfaffs’) # uses the |lemma just conpiled
[u'Dompfaff<+NN><Masc><Gen><Sg>']
>>> tl.analyze(u'ich’)
[wich<+PPRO><pers><1><Sg><NoGend><Nom>']
>>> tl.analyze(u'zwo’)
[u'zwo<+CARD>"]

The LemmaTransducer subclass derived frorhanguageTransducer  al-
ready uses the disjunction-free (and therefore algeldhlas@vable)main_guesser
file and is optimized for compilation speed by uss@ve_precompile from the
pysfst package. It is used for generating all word forms fpadicular Lemma. Oth-
erwise, it behaves like its parent class:
>>> let = LemmaTransducer(config.LanguageConfig())
>>> t2 = |et.compile(u’<Stem>easy<ADJ><base><native><A djReg>")
>>> type(t2)
<cl ass ’sfst.Transducer’>
>>> t2.analyze(u'easier’)

[u'easy<ADJ><comparative>’]
>>> sorted(t2.generate(u’'easy<ADJ><comparative>'))
[u'easier’, u’easiier’, u'easiyer’, u'easyer’, u'easyie r', u'easyyer’]

Obviously the shippedn_X morphology massively overgenerates (and therefore
recognizes wrong word forms). It therefore is unlikely thHtof these forms will be
found in corpus data and thus the lemma technically nevebeasaturated.

In contrast, th&suesserTransducer  subclass is used to compile an inflectional
class lexicon generated lhyflectionClass . It also usesolve_precompile
like LemmaTransducer , but actually solves thenain_guesser for the lemma.
Therefore the generated transducers can be used as a goe#iselemma for a word
form:

>>> get = GuesserTransducer(config.LanguageConfig())

>>> t3 = get.compile(u’<Stem>.+<ADJ><base><native><Ad] Reg>’)

>>> sorted(t3.analyze(u’easier’))

[u'<Stem>Easie<ADJ><base><native><AdjReg><comparati ve>', u'<Stem>Easier
<ADJ><base><native><AdjReg><positive>’, u'<Stem>Easy <ADJ><base><
native><AdjReg><comparative>’, u'<Stem>Easye<ADJ><ba se><native><
AdjReg><comparative>’, u'<Stem>Easyer<ADJ><base><nat ive><AdjReg><
positive>’, u'<Stem>easie<ADJ><base><native><AdjReg> <comparative>’,
u'<Stem>easier<ADJ><base><native><AdjReg><positive> ', u'<Stem>easy
<ADJ><base><native><AdjReg><comparative>’, u'<Stem>e asye<ADJ><base
><native><AdjReg><comparative>’, u'<Stem>easyer<ADJ> <base><native><

AdjReg><positive>"]
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In this case (input word in comparative form), the guesssr alassively overgen-
erates. For the non-comparative case, the result is mutérbtitere is no obvious
overgeneration except the upper case for the first letteciwisi needed to recognize
word forms occurring at the beginning of a sentence:
>>> sorted(t3.analyze(u’easy’))

[u'<Stem>Easy<ADJ><base><native><AdjReg><positive>’ , u'<Stem>easy<ADJ><
base><native><AdjReg><positive>’]

4.6.4 guesser.py
Guess lemmas using inflectional classes

Python imports and setup:

>>> jnport emores

>>> from emores inport config

>>> from emores.transducer i mport GuesserTransducer
>>> from emores.guesser i nport Guesser

Theguesser module provides a core functionality for emores: to guessrana
for a wordform using a particular inflectional class:

>>> guesser = Guesser(config.LanguageConfig())

>>> mice_guesser = GuesserTransducer(config.LanguageCo nfig())

>>> mice_inflectionclass = u’<Stem>.+o:iu:<>s:c.+<N><b ase><native><
NounPI>’

>>> mice_guesser_transducer = mice_guesser.compile(mic e_inflectionclass

)

>>> guessed_lemmas = guesser.guess_lemmas(

. mice_inflectionclass, mice_guesser_transducer, u'm ice’)
>>> sorted(guessed_lemmas) # mat ches our mce_inflectionclass
[u'<Stem>Mo:iu:<>s:ce<N><base><native><NounPI>’, u'< Stem>mo:iu:<>s:ce<N

><hase><native><NounPI>"]

The lower cased guessed lemma is identical to the lemma fiouhe SFSTen_X
example lexicon<Stem>mo:iu:<>s:ce<N><base><native><NounPI> . The
upper cased guess is an artefact produced by the morphaoggdgnize correspond-
ing token at the beginning of a sentence.

4.7 Python DB ORM classes

4.7.1 Common characteristics

There is amodule in thgb package for each database table. They use the ORM (object
relational mapping) functionality provided by SQLAIchemall of the table classes
inherit from thedb.DBTable base class. There are at least two module functions
and one base class method for accessing the databasddeFtiéer is in the
majority of cases symbolic (for intuitive interactive us#)often restricts the select to
the respectiv@mame column of the underlying tables.

¢ [tablemodule].select(identifier) Factory method for exactly one
database object instance. Raises an exception if therenes aromore than one
row.
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e [tablemodule].[table]id(identifier) Returns the primary key id
of the selected item as an integer. Raises an exceptionré theone or more
than one row.

e [tableclassinstance].insert([identifier]) Inserts a row for
the current object instance into the database. | The SQLAlghsession is im-
mediately flushed to the database only if there’s a primayyidéo retrieve (see
below). Raises an exception if the row corresponding to deatifier already
exists due to DB uniqueness constraints.

4.7.2 The insert methods

The class insert method takes its argument in the same osddgreamodule select
method. If the table contains foreign keys, they often masbé& symbolically speci-
fied, e.g.

corpus.insert(language, name)

is used as

corpus.insert('de_DE’, 'goethe’)

Optional columns (nullable or with a default value) can alsvde added using
keyword arguments, e.g.

corpus.insert(de_DE’, 'arno.schmidt’, active=False)

Aninsert call returns the primary key id of the row just inserted fdrés havmg
children which should be inserted, too. To retrieve thisidrey time, user thtable
Jid(name)  function.

Per default, the insert is immediately flushed. If the new vimlates some unique-
ness constraints of the database table, an exception élral$is is always the case
for tables that are not automatically filled, e.g. the larggrieable, which is intended to
be populated by hand.

On the other hand, there are tables which usually are fillethbyemores engine,
e.g. the token table, in the sense of accommodation. Itstingthod just returns the
tokenid if the token already exists.

4.7.3 Delayed flushing to the database

The basic idea was to hide the concrete ORM technique andtlastbrary from
the emores main source and to produce a distinct OO interfsitey above class-
specifically tailorednsert  methods for each ORM class.

SQLAIchemy performance problems partially caused by imatety flusing each
object insert to the database complicated the machinery bdsiause obtaining a pri-
mary key id inevitably requires actually writing the coqpesding row to the database:
The OO caller therefore needs to “know” about the underlydjfor delaying flush-
ing for the sake of performance optimization. This contceslthe usual N-tier design.
The other way round, SQLAIchemy cannot “know” whether thisra primary key id
that is actually needed as return value of an insert method.

The derived ORM classes thus need a spdttish argument to “tell” its base
class,DBTable , whether an immediate call titush() is required. And the be-
havioural classes need to manually flush the session aftengadishing an user-driven
“unit of work”, especially when emores is used interactverhis is the single point
where the leak in the N-tier abstraction hurts most: The rabstract classes need to
dive down and directly caflush()  on the low level part of the database tier.

37



For some enlightenment about the theoretical inevitgtulitsuch leaks, you might
want to take a look at Spolsky: “The Law of Leaky Abstractibns

4.7.4 db/db.py
Database connectivity

Python imports and setup:

>>> jnport emores
>>> from emores.db inport db

The db.db module defines the database connectivity, both for the higvel
SQLAIchemy API and the lower level Python DB 2 API using psyg®? (which just
uses the connection pool facility of SQLAlchemy).

psycopgZ2 usage

Here’s a simple example for directly using SQL to retrieve ealue (here the first
token in the database) witkecute_scalar . The second function parameter is a
list of SQL parameters to be interpolated into the query:

>>> sql =
.. SELECT token

. FROM token

... WHERE tokenid = %s

>>> token = db.execute_scalar(sql, (1,))
>>> token

u’mouse’

If several values are to be retrieved, esecute_list

>>> sql =
.. SELECT token
. FROM token

>>> tokens = db.execute_list(sql)
>>> type(tokens)
<type ’list’>

To change the database, weseecute_update . For clean execution, insert and
delete in two statements. The optional second parametsepasy arguments:

>>> sgl = ""INSERT INTO text (corpusid, name, text)
... VALUES(1, 'test db.txt’, ")

>>> db.execute_update(sql, (1,))
>>> ggl = "™

. DELETE FROM text

... WHERE name = %s

S>> db.execute_update(sql, (test db.txt',))

4.7.5 dbl/language.py
ORM class for the | anguage table

Python imports and setup:
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>>> jnport emores
>>> from emores.db inport language

As language is not dependent on any other table, the identifier is justtue
column. It is usually used by other table modules referanttielanguage table for
performing inserts with symbolical foreign key specificati

>>> lang = language.select(’en_X’)
>>> |ang.languageid
1

4.7.6 db/corpus.py
ORM class for the cor pus table

Python imports and setup:

>>> jnport emores
>>> from emores.db inport corpus

Identical corpora for several languages can coexist, thier¢he foreign key iden-
tifier is language, name
>>> corpusid = corpus.corpusid(’en_X’, 'Kafka’)

>>> corpusid
2

4.7.7 dbltext.py
ORM class for thet ext table

Python imports and setup:

>>> j nport emores
>>> from emores.db i nport text

Each text belongs to a corpus, therefore the identifilriguage, corpus,
name.

>>> textid = text.textid('en_X', 'Kafka’, 'emptyness’)

>>> textid
2

4.7.8 db/tokentype.py
ORM class for thet okent ype table

Python imports and setup:

>>> j nport emores
>>> from emores.db i nport tokentype

Token type are predefined and thus not intended to be inseitedhis module.
The foreign key identifier is itaame:

>>> tokentypeid = tokentype.tokentypeid('wordform’)
>>> tokentypeid
1
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4.7.9 db/token.py
ORM class for thet oken table

Python imports and setup:

>>> j nport emores
>>> from emores.db i nport token_

The trailing underscore is required becatgdeen is a built-in Python module. To-
ken are not dependent on any particular language (they d¢angi® several languages,
dependent on the text/corpus they're found in), theretmeestelector is a single unicode
string:
>>> tokenid = token_.tokenid(u'mice’)

>>> tokenid
2

For inserting a token, the tokentype must be explicitlyextatHere we take an
existing token (which therefore will actually not be writtto the database):
>>> token = token_.Token()
>>> tokenid = token.insert('wordform’, u’mice’)

>>> tokenid
2

4.7.10 db/texttoken.py
ORM class for thet ext t oken table

Python imports and setup:

>>> j nport emores
>>> from emores.db inport db, texttoken

Because it is usually used only internally during the adtjars of new texts, the
foreign key identification for inserts is not symbolical. I@where the id’s are known,
the identifier for thansert  method igextid, tokenid, count
>>> token_count = texttoken.TextToken()
>>> token_count.insert(1, 1, 17)
>>> db.flush() # explicitly needed due to conmposite prinmary key
>>> sess = db.Session()
>>> query = sess.query(texttoken.TextToken)
>>> db_token = query.filter_by(textid = 1,
tokenid = 1).one()
>>> db_token.count
17

At last, clean up:

>>> db.execute_update(""DELETE FROM texttoken
WHERE textid = 1 AND tokenid = 1™)

4.7.11 db/morphology.py
ORM class for the nor phol ogy table

Python imports and setup:
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>>> jnport emores
>>> from emores.db i nport morphology
>>> jnport sqglalchemy

The identifier isanguage, name , optionallyversion="...’ and only re-
trieves active morphologies:
>>> morphologyid = morphology.morphologyid('de_DE’, 'de _DE-scratch’,
version="0.0.0")
>>> morphologyid # "active" in the db
2

For initialisation purposes, there is arists method, checking whether a given
morphology already exists in the database marked as active:
>>> morphology.exists('de_DE’, 'de_DE-scratch’)
True

>>> morphology.exists('de_DE’, 'de_CH not yet considered )
False

However, the language must exists, otherwise an excepétatigrown:

>>> try:
morphology.exists('de_CH’, 'Swiss German not yet cons idered’)
except sglalchemy.exceptions.InvalidRequestError, error:

print error
No rows returned for one()

4.7.12 dbllexicon.py
ORM class for thel exi con table

Python imports and setup:

>>> j nport emores
>>> from emores.db i nport lexicon

Its identifier is symboliclanguage, morphology_name, lexicon_namen
. It can be used to retrieve any active language transdua®g theat particular lexicon.
Lexicon uses the transducer storing mechanism to instantiate it.

>>> db_lexicon = lexicon.select('de_DFE’,
. 'de_DE-scratch’, 'empty lexicon’)
>>> type(db_lexicon.transducer)

<cl ass ’sfst.Transducer’>

4.7.13 dbl/inflectionclass.py
ORM class for thei nf | ecti oncl ass table

Python imports and setup:

>>> j nport emores
>>> from emores.db inport inflectionclass

Its identifier is (non-symbolicallyinorphologyid, pattern , but it's usually
retrieved by theselectall method to analyse a new tokelmflectionclass
uses the transducer storing mechanism.
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>>> existing_infl = '<Stem>.+<ADJ><base><native><AdjRe g>'
>>> morphologyid = 1

>>> infl = inflectionclass.select(morphologyid, existin g_infl)
>>> infl.inflectionclassid
1

An exact length test is not predictable within the test frenord, as e.gtest_inflectionclass
.py uses the scratch morphology, too and inserts data whiclnitataetract easily.

>>> classes = inflectionclass.selectall(morphologyid)
>>> len(classes) >= 2
True

4.7.14 db/lemma.py
ORM class for thel emma table

Python imports and setup:

>>> jnport emores
>>> from emores.db inport lemma

Its identifier islemma. Inserting the same lemma twice just returns the existing
lemmaid.Lemmauses the transducer storing mechanism to instantiate thespond-
ing transducer:

>>> existing_lemma = '<Stem>easy<ADJ><base><native><Ad jReg>’
>>> lemm = lemma.select(existing_lemma)

>>> |lemm.lemmaid

1

>>> type(lemm.transducer)

<cl ass ’sfst.Transducer>
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Chapter 5

The Emores Database

5.1 Database model

The database model is drawn with Dia and its XML source is edad to SQL using
tedia2sql, therefore the diagram is physically the actoalese code in the sense of
“the preferred form of the work for making modifications td (GNU general public
license Version 2, chap. 3).

A spontaneous drawing written with paper and pencil was g beginning of
the emores project. The database model is the main contepbdal of emores. Any
logical decision taken during emores’ operation shouldraeeiable by analyzing the
data in the database, without the need for instantiatingS#fyT transducers or even
stepping through debugging sessions.

An important feature of the normalised relational modehis dependency of any
logical reasoning step in the tablegluction  anddeduction from a particular
morphology, the former througimflectionclass , the latter indirectly through
lemma andinduction  or throughlexiconlemma  andlexicon

The current database ERM can be found on in the appendix A d550g

5.2 Special columns

Any columns usually are mapped to corresponding objedbates by SQLAIchemy,
but there are exceptions (those columns are prefixed with &or Python strings):
Within emores, the application ussfst. Transducer instances, butin the database,
they need to be stored as binary transducer byteareastré&msducer  column con-
tains these. When loaded via tle module, the object instances are reconstructed as
an additionatransducer  attribute. Another exception are teiemmatransducersrc
and sguessertransducersrc columns which hold Python pickles of the pre-
compiled algebraical solutions for quickly generatirgnmaTransducer andGuesserTransducer
instances.

5.2.1 Extending the database

To add another table and make it accessible within emorefrpethese steps:
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1. Draw it with Dia using the UML sheet in the diagramores/doc/src/dia
/emores_db.dia  like the other tables.

2. Runmake intheemores root directory to generate tleeeate_emores_tables
.sgl DDL script. (see pg. 22)

3. Clone a similar ORM class/tests module pair with¢petablemodule  script
in the emores/scripts directory, (see pg. 24) and adapt the select/insert
methods for your needs.

4. Add a doctest in themores/src/db/doctest directory.

5. Add a run statement for the unit test and the doctest ietheres/src/test
.py test driver script.

6. Optionally add SOmENSERT statements in themores/sgl/populate_emores_tables
.sgl  script.

7. Runthedb_create_tables test script in theemores/scripts direc-
tory (see pgd. 24) to actually create the new table in the damb

8. Run the tests and fix the code until the tests succeed.

Erm, these are lots of steps, and I'm tempted to admit thaghtmot have shown
enough consideration for the advice from Neward about ORMpimay: “Developers
must be willing to take the “wins” where they can get them, aatifall into the trap of
the Slippery Slope by looking to create solutions that iasiegly cost more and yield
less”.

At least the division between using SQLAIchemy mainly foserting data (and
delegating the task of typecasting or retrieving the gdedrarimary key to it) and
directly using SQL via psycopg?2 for more complex data minpgposes (including
data export to R) could generously be interpreted as a ammsthcceptance of O/R-M
limitations” (Neward).

5.3 Database Programming

To ease performing data mining tasks within the databae#,isome data retrieving
functions have been refactored from tite modules to the postgresqgl database using
SQL directly and new functions were added on top of them uBllggSQL. The func-
tions are implemented in the filisql/create_emores_functions.sql and
“doctested” with the file/src/db/doctests/sql_functions.txt below.

5.3.1 SQL functions accessed by db/db.py
Test SQL functions implemented in the DB itself

Python imports and setup:

>>> from emores.db inport db
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Remark about testability

Because the primary intent of these SQL functions is to sunzmahe the database
content, the strict test interdependence prohibition riteetmakes it almost always
impossible to check the actual results within this test speeially the usecase doctests
enter useful data, and it's quite their intent to leave tldhdn the database for further
investigation after the tests have been run.

On the other hand, providing verifyable data for the sumsagion functions would
require to run a significant amount of code just for thesestest

Simple scalar SQL functions

These functions (currently only one) are mirroring coresing functions in thelb
modules:

>>> gql =
... SELECT morphologyid('de_DE’, 'de_DE-scratch’)

>>> morphologyid = db.execute_scalar(sql)
>>> morphologyid
2

Table functions

Table functions are returning a restricted rowset from d@i@dar table. If SQL was
used directly, several joins would be needed (as can be s¢led function definitions).

The token function is used to retrieve unique token from tttiva corpus texts in
a particular language.

>>> sql = "™

... SELECT =

... FROM token(’en_X’)
... ORDER BY token
. LIMIT 1

>>> token_rows = db.execute_rows(sql)

The induction function retrieves the valid induction rowes & particular language
and morphology and is a building block for performing datauim:

>>> gql =
. SELECT tokenid, lemmaid, inflectionclassid
. FROM induction(’en_X’, 'usecase_en_X’)

. ORDER BY tokenid, lemmaid

. LIMIT 1

>>> induction_rows = db.execute_rows(sql)

The deduction function looks almost the same:

>>> sql = "™

. SELECT lemmaid, tokenid

... FROM deduction(’en_X’, 'usecase_en_X’)
... ORDER BY lemmaid, tokenid

. LIMIT 1

>>> deduction_rows = db.execute_rows(sql)
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Dynamic functions

It's not the point of doctests to show all auxiliary functoimvolved in dynamically

creating a (weakly typed) crosstab view within the strortgped language SQL. For
demonstration purposes, we here create a crosstab for nlogids and languages.
The first argument names the view to create, the second argugives the source
SQL for the data containing 3 columns (rowid, category, aadies) and the third
argument the SQL retrieving only the category (here thedagg).

>>> view_sql =
... SELECT binary_crosstab(
. 'v_lang_morph’,
... 'SELECT l.code, m.name, 1
... FROM language |
. INNER JOIN morphology m
ON m.languageid = l.languageid
AND m.active = TRUE
. ORDER BY l.code, m.name’

. 'SELECT m.name
FROM morphology m
WHERE m.active=true
ORDER BY m.name’

>>> db.execute_update(view_sql)

>>> query_sql = "™

. SELECT

. FROM v_lang_morph -- above view
... ORDER BY 1

Thebinary_crosstab function is intended to be used in the SQL environment
to return a textual report to be imported in the R statistezalironment. For doctest
purposes, we need to manually extract the important coluamnes from an explicit
cursor, which is rather complicated. And the result can telghecked cursorily:

>>> conn = db.connection()

>>> curs = conn.cursor()

>>> curs.execute(query_sql)

>>> columns = []

>>> for column_desc in curs.description:
columns.append(column_desc(0])
>>> rows = curs.fetchall()

>>> curs.close()

>>> conn.close()

Now the columns contain all morphology names, we can chebkfonthose en-
tered with the initial database population:
>>> columns.count(’en_X-scratch’)
1

>>> columns.count(’de_DE-scratch’)
1

Finally, we should clean up by deleting the view.

>>> drop_view = ""
. DROP VIEW v_lang_morph

>>> db.execute_update(drop_view)
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In the./stats/Makefile , the SQL output for the generated view is generated
using a psql invocation like this:

psqgl -d emores_test -U emores -q -P format=unaligned -P

border=0 -P fieldsep="-P null=0 -P footer -f view.sql >

view.dat

The tabular output (with the output of the function call remd) could look like
this (NULL values converted t0):

row.name de_DE-scratch en_X-scratch usecase_en_X

de DE 100

en X011

This table is a valid R data file constituting an asymmetniaby observation telling
which morphologies are present for which language. It camiported using this
simple R statement:

b <- read.table("view.dat", header=T, row.names="row.na mes

")
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Chapter 6

Empirical Results

6.1 The data

The empirical data used for generating the statistics wagtdrom Kafka: “Die Ver-
wandlung” (the original, used fode DE) respective “Metamorphosis” (faen_X,
translated by David Wyllie). Of course, this is a small saenplut the overall process-
ing turned out to be excessively slow, so this must sufficaéov.

But most of the “empirical data” used to generate the regpuisented in that chap-
ter is not data about the linguistic behaviour of humans iregal, but rather data about
its implementation in an SFST morphology, which, of coursélects the former, too.
While induction and deduction (pg. ¥9) rather describe thepmalogy itself, abduc-
tion (pg./52) describes the behaviour of the morphology wétspect to natural lan-
guage.

6.2 Computational performance

The calculations where performed on a laptop with a 1.83Gttel ICore Duo pro-
cessor and 2GB of 333MHz RAM. All C/C++ code was compiled vgtit 4.1.2 for
-march=prescott

The per-process CPU usage for the induction and the dedustéps are com-
pletely different, as this table (based on manual obsemwatnd estimation) for the full
sizede_DE morphology shows:

Task python postmaster Avg minutes per token
Induction  95% 5% 16:24
Deduction 10% 90% 02:41

The induction step is obviously the slowest one. For an argib00’000 tokens
corpus, a processing time of 15 years is to be expected :'-(

6.2.1 Possible optimisations

Both the induction and the deduction step consist of a masaiwount of logically

independent computing, which in theory would make posslbjeally massive paral-
lelisation. But the database is built on the concept of egféal integrity across single
induction/deduction steps and therefore cannot easilyabiipned (such capabilities
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are not built into the community postgresql engine and floeeevould require some-
thing like the Mammoth PostgreSQL Replicator).

However, the good news within the disaster is that the indoctep in fact could
be parallelised: By far the most time is spent within the SES8fpiler, and the expan-
sions into separately compiled lemma transducers are etetpindependent of each
other.

As the compiler is implemented as a non-pure flex/bison pars&FST, it is
guarded against being accessed by concurrent threadsheByet:-to-expand token list
is generated by querying the database, therefore refagtive correspondinGELECT
statement into a transactional iterator should suffice.

6.3 Induction

The induction step generates lemmas from the token in the Aexthis is highly am-
biguous, a single token is expected to generate many difféeenmas. This simple
histogram shows the distribution of the number of lemmasgsed by one token. It
does not distinct between lemmas generated by distinctctidheal classes and am-
biguous analyses of one inflectional class leading to sitglamas.

o
<5
o
]
o
] U:I N
] gl s . e
T T T 1
20 30 40 50

10 0 2000 4000 6000 8000
lemma.count$lemma_count lemma.count$lemma_count
(a) en_X (b) de_DE

Figure 6.1: Induction: lemmas per token

The generative power of the induction fem_X andde_DE differs vastly by about
two orders of magnitude. This reflects mainly the bigger deridon leading to more
technical inflectional classes for tde_DE morphology (5 vs. 440).

6.4 Deduction

The subsequent deduction step generates any token gextdealby each lemma for
the given morphology. The simple histogram shows the digtion of the number of
token generated by one lemma.

Although thede_DE distribution seems to be less skewed right than the one for
en_X, the difference is rather small. The reason may be that the&S#rman mor-
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Figure 6.2: Deduction: tokens per lemma

phology coming with SFST is very elaborated and doesn’tgemerate as much as the
English one, which more serves as an example to create nephoiogies.

6.4.1 Clustering lemmas by their generative power

As one token generates many lemmas in the induction stepgaatdof these lemmas
generate many token, the generated token sets do overliaghérefore useful to see
how closely the generated lemmas for a token resemble toatheh with respect to
the token space they generate.

The data mining process for displaying the generative paf/ene specific token
is somewhat complex, as it involves a statistical clusteyasis:

1. SQL: Afirst view extracts the lemmas and each token forlémama row-wise.

2. SQL: A second, dynamically generated view uses the abdanction to gen-
erate a matrix with the lemmas as rows and the generated éskeslumns. The
columns constitute an asymmetric binary variable: Eacmelg of the matrix
states whether the lemma generates that particular tofeor (lot (0). See the
table on pg. 52 for an example.

Because the token which generated all the lemmas appealidemena rows,
that column would render the variable unusable: In that,dRg®ints a warning
that “at least one binary variable has not 2 different Iévaisl the cluster anal-
ysis cannot not be performed. Therefore an additional dumowycontaining
only “-" is added which is guaranteed to be different fromaiher rows.

3. Python: Theesult.py script discards any unwant@dql output before the
real data.

4. R: The binary crosstab is loaded as a data frame into R.

5. R: A dissimilarity matrix is calculated using tlimisy algorithm with asym-
metric binary variables.
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6. R: The clustering is performed wittlgnes for “agglomerative nesting”, a hier-
archical clustering algorithm described|in (Kaufman andigdaeuw, 1990)

7. R: Finally, a dendrogram for the cluster analysis is phbtt

Choosing a clustering method

There are several clustering methods one can choose amettige Aost important fact
to visualise are the groups of identical observations widtssimilarity of 0.0, we can’t

know in advance how many clusters there should be. Thugipaitig methods which
constructk clusters are rather inappropriate. This lead to the hibreat bottom-up

algorithmagnes .

Within agnes , there again are several clustering methods to choose frioichw
affect the intermediate groups with a dissimilarity abov@. 0The main difference
between these methods is how the dissimilarity betweenpgrisi computed: With
average , “the dissimilarityd(R, Q) between the cluster® and( is defined as the
average of all dissimilaritied(i, j) wherei is any object ofR and j is any object
of " (Kaufman and Rousseeuw, 1990, pg. 203). Withgle (single linkage),
the smallest dissimilarity is taken and witbmplete (complete linkage), the largest
one (Kaufman and Rousseeuw, 1990, pg. 226). Wwhghted (weighted average
linkage) should be the most appropriate because it acctargferently sized groups,
which is obviously (based on the 0.0 level) a feature of oua:ddimagine a large
clusterA being merged with a small clustét. In this case thebjects of B will carry
much a larger weight than those dfin the dissimilarity”(Kaufman and Rousseeuw,
1990, pg. 235)

Linguistically, there seems to be little evidence for theuaacy of any algorithm to
plausibly reconstruct word classes. At the very least, miwicontradictions between
the clusters and linguistic word classes could indicatbleras with the morphology.

6.4.2 English (enX)

This is the binary data frame for the verb token “considen’eifor the morpholog-
ically simple English language, the table gets too big totitome page (also due to
overgeneration):

The dendrogram generated for “consider” evidently geesrgiirs of lemmas
which differ only by the case of the first letter of the anadysiring. The dissimilarity
in these groups is always 0, therefore they generate exhetlyame token.

The second grouping level (around 0.5) reflects the English iyinfix inflection
which seems not to be linguistically restricted enough aeh_X example morphol-
ogy. However, the (linguistically agnostic) statistichlstering method is sometimes
unable to distinct between the dissimilarity in the prodigctpower of that inflec-
tion and different word classes (e.gStem>consider<N><base><native><
NounReg> and<Stem>consider<V><base><native><VerbReg> ).

The higher levels of the dendrogram mainly reflect the difémvord classes, e.g.
theAdjReg> clusters get split off around 0.8. The top level “-” is thdfarial dummy
row which made the cluster plot computable.

6.4.3 German (deDE)

The example word “Schritt” was more or less randomly chosee, criterion was the
fact that it got a saturation level of 1 for some inflectiorethinas with the example
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considerrest
considers

row.names

considest

consyd

consydd

consydder

consyddest

consyde

consyder

]

<Stem>Consid<ADJ><base><native><AdjReg>
<Stem>Conside<ADJ><base><native><AdjReg>
<Stem>Consider<ADJ><base><native><AdjReg>
<Stem>Consider<N><base><native><NounReg>
<Stem>Consider<N><base><native><NounSg>
<Stem>Consider<V><base><native><VerbReg>
<Stem>Consyd<ADJ><base><native><AdjReg>
<Stem>Consyde<ADJ><base><native><AdjReg>
<Stem>Consyder<ADJ><base><native><AdjReg>
<Stem>Consyder<N><base><native><NounReg>
<Stem>Consyder<N><base><native><NounSg>
<Stem>Consyder<V><base><native><VerbReg>
<Stem>consid<ADJ><base><native><AdjReg>
<Stem>conside<ADJ><base><native><AdjReg>
<Stem>consider<ADJ><base><native><AdjReg>
<Stem>consider<N><base><native><NounReg>
<Stem>consider<N><base><native><NounSg>
<Stem>consider<V><base><native><VerbReg>
<Stem>consyd<ADJ><base><native><AdjReg>
<Stem>consyde<ADJ><base><native><AdjReg>
<Stem>consyder<ADJ><base><native><AdjReg>
<Stem>consyder<N><base><native><NounReg>
<Stem>consyder<N><base><native><NounSg>
<Stem>consyder<V><base><native><VerbReg>
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Figure 6.3: Deduction binary data frame for “consider”

text used for the doctests.. The dendrogram spans nearlges @and is therefore hard
to interpret. Its size not only reflects the inherent comipjeaf the German language
morphology, but also the fine granularity of the SMOR morphglshipped with SFST
(Schmid et al., 2004).

Unlike the English example, there usually are not just gsooppairs of identi-
cal deduction spaces distinguished by the case of the fitst lef the analysis string.
Because the SMOR morphology also encodes non-morpholagioemation like the
“Origin” (<nativ> , <fremd> , <frei> ), they appear in the groups, too. These
cannot be distinguished with any logical reasoning. Alsme word classes are indis-
tinguishable, asNN>(noun) andccNE>(proper noun).

As the diagram spans several pages, it is shown in the Appéndi pg. 56.

6.5 Abduction (de DE)

Of course the example “corpus” used is much too small to @omteny inflectional
forms for a particular word, therefore the saturation lesklan abduction usually
is small. Furthermore, non-inflected words like particlésags have a saturation
level of 1, and any token is technically analyseable as acant.g. <OTHER><
base><nativ><Ptkl-Zu> Therefore the current simple saturation function in the
abduction module returns a lot of false positives (which #re_X morphology does
not, as it contains only productive inflectional classes).

For that reason, the saturation result table is sorted Agtgnthe saturation
level, but also by tha&leduction_count number within a level. Therefore more
productive lemmas appear first becaifsthey can be saturated, the most productive
lemmas are most likely the linguistically correct ones.

Analysing 150 token of Kafkas “Die Verwandlung” yielded grne token with a
really high saturation and deducti@mount score of 1 and 4: “Schritt”. Thus this one
was taken for the German use case doctest dn pg. 19. Thisagitbehe observations
made with Morph-it! (pg. 2): “Early in the planning stage, a&sumed that a simple
extraction of words from the corpus would not yield a suffiti@aumber of verbal
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Figure 6.4: Lemmas for the token “consider” (¥

(.pa1ybBlam, = poylaw ‘ssip = x)saube Jo weiboipusq

and adjectival forms. (...) This initial assumption wasvaw to be right later on
by the comparison between our lexicon and Colfis, a frequémdgon of the Italian
language”.

For achieving more realistic saturation levels, it woultphe get an inflected word
list from a dictionary, e.g. from aspell witaspell dump master de DE >
aspell.de_DE.txt . Of course it would take many years to process it fully, but fo
the saturation level it suffices that it is referenced intthaétoken  table.

6.5.1 Inherent abduction limitations

The abductive lemma ranking is inherently limited by thedurctive difference be-
tween lemma deductions. The results for the “Schritt” tokgree with the observa-
tions made with the cluster dendrogram. The remaining aniyigan be classified
in terms of “supplementary information encoded in the lericand “linguistically
inherent”. The distinction betweesnativ and<fremnd> can be considered as
supplementary, while for nouns the gender ambiguity (“N&as “NNeut” within
the declination type “s/sse”) is linguistically inherent German, as can be seen on
the “declination tables” on the documentation of my loaaiisn of the inform library
(Nelson, Arnold): In German, most declination types areresthan masculinum and
neuter and thus principally cannot be distinguished by mé&breasoning engine like
emores. In contrast, the femininum has its own declinatjpes and therefore should
be identifiable by emores.
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Appendix A

Big diagrams

All big diagrams that tend to disturb the text flow have beervendato the appendix.
Titles have been omitted to save space (and because e.qtti'sade ERM is rotated
anyway).
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corpus

#corpusid: serial

+languageid: integer = not null
+name: varchar(1000) = not null
+url: varchar(1000) = null

language
+languageid

#languageid: serial
+|angFags +code: varchar(10) = not null unique
h +idx_language(code): unique index

é “anguageid
+created: timestamp = current_timestamp not null
+active: boolean = true not null
+idx_corpus(languageid,name): unique index +languageid
+corpusid
morphology
#morphologyid: serial
+corpusid +languageid: integer = not null +morphologyid
+name: varchar(100) = not null
text +version: varchar(25) = not null
#textid: serial +created: timestamp = current_timestamp not null
+corpusid: integer = not null +active: boolean = true not null inflectionclass
+name: varchar(1000) = not null +slemmatransducersrc: bytea = not null
+url: varchar(1000) = null | :squessertransducersrc: bytea = not null £mprphologyi #inflectionclassid: serial
+idx_morphology(languageid,active): index

+text: bytea = not null

+inflectionclassid

+morphologyid: integer = not null
+active: boolean = true not null
+pattern: varchar(200) = not null

+stransducer: bytea = not null

+idx_inflectionclass(morphologyid,active): index

+created: timestamp = current_timestamp not null +morphologyid
+active: boolean = true not null +morphologyid
+textid lexicon
#lexiconid: serial
+textid +morphologyid: integer = not null
+ : =
texttoken name: varchar(100) = not null

#textid: integer = not null

#tokenid: integer = not null
+count: integer = 0 not null
+tokenid
+tokenid
token

+tokenietokenid

+version: varchar(25) = not null

+created: timestamp = current_timestamp not null
+active: boolean = true not null

+stransducer: bytea = not null

+lexichnid lexiconlemma

+lexiconi —> j
#lexiconid: integer = not null

+idx_lexicon(morphologyid,active): index

#lemmaid: integer = not null

induction

#tokenid: integer = not null
: integer = not null

#tokenid: serial
+tokentypeid: integer = not null

+token: varchar(100 ot null

+idx_token(token): unique index

+tokentypeid

+tokentypeid

+tokenid

+tokerfid

tokentype

#tokentypeid: serial
+name: varchar(100) = not null unique
+lexical: boolean = not null

#inflectionclassid: integer = not null
+dcreated: timestamp = current_timestamp not null
+valid: boolean = true not null

+lemmaid
inflectionclassid
<
. +lemmaid
+lemmaid
el lemma

+lemmaid |#emmaid: serial = not null

+lemma: varchar(200) = not null

+stransducer: bytea = not null

deduction

+idx_lemma(lemma): index

+

lepnmaid

#lemmaid: integer = not null

#tokenid: integer = not null

+dcreated: timestamp = current_timestamp not null
+valid: boolean = true not null

ERM for the emores_db, processed by tedia2sql

Copyright (C) 2006-2007 by Toni Arnold, Zurich
This file is part of emores.
$Date: 2007-02-18T18:22:08.766466Z $
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<l > itt<, ><| ><nativ><Adj+ >
Base_Stems>Schritt<ADJ><base><nativ><Adj+Lang: —

<Base_Stems>schritt<ADJ><base><nativ><Adj+Lang> N
<Base_Stems>Schritt<ADJ><base><nativ><NMasc_n_n>

<Base_Stems>Schritt<NE><base><nativ><Name-PI|_0>

<Base_Stems>Schritt<NN><base><frei><NMasc_n_n>
<Base_Stems>Schritt<NN><base><fremd><NFem_0_n>
<Base_Stems>Schritt<NN><base><fremd><NMasc_n_n>
<Base_Stems>Schritt<NN><base><nativ><NFem_0_n>
<Base_Stems>Schritt<NN><base><nativ><NMasc_n_n>
<Base_Stems>schritt<ADJ><base><nativ><NMasc_n_n>
<Base_Stems>schritt<NE><base><nativ><Name-P|_0>
<Base_Stems>schritt<NN><base><frei><NMasc_n_n>
<Base_Stems>schritt<NN><base><fremd><NFem_0_n>
<Base_Stems>schritt<NN><base><fremd><NMasc_n_n>

<Base_Stems>schritt<NN><base><nativ><NFem_0_n>

<Base_Stems>schritt<NN><base><nativ><NMasc_n_n>

<Base_Stems>Schritt<NN><base><nativ><NMasc-ns>

<Base_Stems>schritt<NN><base><nativ><NMasc-ns> :li

<Base_Stems>Schritt<NE><base><nativ><NMasc_s_0>

<Base_Stems>Schritt<NN><base><frei><NMasc_s_0>

<Base_Stems>Schritt<NN><base><frei><NNeut_s_0>
<Base_Stems>Schritt<NN><base><frei><NNeut_s_n>
<Base_Stems>Schritt<NN><base><fremd><NMasc_s_0>
<Base_Stems>Schritt<NN><base><fremd><NMasc_s_n>
<Base_Stems>Schritt<NN><base><fremd><NNeut_s_0>
<Base_Stems>Schritt<NN><base><nativ><NMasc_s_0>
<Base_Stems>Schritt<NN><base><nativ><NMasc_s_n>
<Base_Stems>Schritt<NN><base><nativ><NNeut_s_0>
<Base_Stems>Schritt<NN><base><nativ><NNeut_s_n>
<Base_Stems>schritt<NE><base><nativ><NMasc_s_0>
<Base_Stems>schritt<NN><base><frei><NMasc_s_0>
<Base_Stems>schritt<NN><base><frei><NNeut_s_0>
<Base_Stems>schritt<NN><base><frei><NNeut_s_n>
<Base_Stems>schritt<NN><base><fremd><NMasc_s_0>
<Base_Stems>schritt<NN><base><fremd><NMasc_s_n>
<Base_Stems>schritt<NN><base><fremd><NNeut_s_0>
<Base_Stems>schritt<NN><base><nativ><NMasc_s_0>
<Base_Stems>schritt<NN><base><nativ><NMasc_s_n>
<Base_Stems>schritt<NN><base><nativ><NNeut_s_0>
<Base_Stems>schritt<NN><base><nativ><NNeut_s_n>

<Base_Stems>Schritt<NN><base><nativ><NMasc-Adj> —

<Base_Stems>schritt<NN><base><nativ><NMasc-Adj> J—

<Base_Stems>Schritt<NE><base><fremd><FamName_s>

<Base_Stems>Schritt<NE><base><fremd><Name-Fem_s>
<Base_Stems>Schritt<NE><base><fremd><Name-Masc_s>
<Base_Stems>Schritt<NE><base><fremd><Name-Neut_s>
<Base_Stems>Schritt<NE><base><nativ><Name-Fem_s>
<Base_Stems>Schritt<NE><base><nativ><Name-Masc_s>
<Base_Stems>Schritt<NE><base><nativ><Name-Neut_s>
<Base_Stems>Schritt<NN><base><frei><NFem_0_s>
<Base_Stems>Schritt<NN><base><frei><NMasc_s_s>

<Base_Stems>Schritt<NN><base><frei><NMasc_s_x>

Figure A.2: (a) Lemmas for the token “Schritt”
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<Base_Stems>Schritt<NN><base><frei><NNeut/Sg_s>
<Base_Stems>Schritt<NN><base><frei><NNeut_s_s>
<Base_Stems>Schritt<NN><base><frei><NNeut_s_x>
<Base_Stems>Schritt<NN><base><fremd><NFem_0_s>
<Base_Stems>Schritt<NN><base><fremd><NMasc_s_s>
<Base_Stems>Schritt<NN><base><fremd><NMasc_s_x>
<Base_Stems>Schritt<NN><base><fremd><NNeut/Sg_s>
<Base_Stems>Schritt<NN><base><fremd><NNeut_s_s>
<Base_Stems>Schritt<NN><base><fremd><NNeut_s_x>
<Base_Stems>Schritt<NN><base><fremd><Name-Masc_s>
<Base_Stems>Schritt<NN><base><nativ><NFem_0_s>
<Base_Stems>Schritt<NN><base><nativ><NMasc_s_s>
<Base_Stems>Schritt<NN><base><nativ><NMasc_s_x>
<Base_Stems>Schritt<NN><base><nativ><NNeut-Dimin>
<Base_Stems>Schritt<NN><base><nativ><NNeut/Sg_s>
<Base_Stems>Schritt<NN><base><nativ><NNeut_s_x>
<Base_Stems>schritt<NE><base><fremd><FamName_s>
<Base_Stems>schritt<NE><base><fremd><Name-Fem_s> —— S
<Base_Stems>schritt<NE><base><fremd><Name-Masc_s>
<Base_Stems>schritt<NE><base><fremd><Name-Neut_s>
<Base_Stems>schritt<NE><base><nativ><Name-Fem_s>
<Base_Stems>schritt<NE><base><nativ><Name-Masc_s>
<Base_Stems>schritt<NE><base><nativ><Name-Neut_s>
<Base_Stems>schritt<NN><base><frei><NFem_0_s>
<Base_Stems>schritt<NN><base><frei><NMasc_s_s>
<Base_Stems>schritt<NN><base><frei><NMasc_s_x>
<Base_Stems>schritt<NN><base><frei><NNeut/Sg_s>
<Base_Stems>schritt<NN><base><frei><NNeut_s_s>
<Base_Stems>schritt<NN><base><frei><NNeut_s_x>
<Base_Stems>schritt<NN><base><fremd><NFem_0_s>
<Base_Stems>schritt<NN><base><fremd><NMasc_s_s>
<Base_Stems>schritt<NN><base><fremd><NMasc_s_x>
<Base_Stems>schritt<NN><base><fremd><NNeut/Sg_s>
<Base_Stems>schritt<NN><base><fremd><NNeut_s_s>
<Base_Stems>schritt<NN><base><fremd><NNeut_s_x> ——— —
<Base_Stems>schritt<NN><base><fremd><Name-Masc_s>
<Base_Stems>schritt<NN><base><nativ><NFem_0_s>
<Base_Stems>schritt<NN><base><nativ><NMasc_s_s>
<Base_Stems>schritt<NN><base><nativ><NMasc_s_x>
<Base_Stems>schritt<NN><base><nativ><NNeut-Dimin>
<Base_Stems>schritt<NN><base><nativ><NNeut/Sg_s>
<Base_Stems>schritt<NN><base><nativ><NNeut_s_x>

<Base_Stems>Schritt<NN><base><frei><NNeut-on/a>

<Base_Stems>Schritt<NN><base><frei><NNeut-um/a>

<Base_Stems>Schritt<NN><base><fremd><NNeut-on/a>

<Base_Stems>Schritt<NN><base><nativ><NNeut-um/a>
<Base_Stems>schritt<NN><base><frei><NNeut-on/a>
<Base_Stems>schritt<NN><base><frei><NNeut-um/a>
<Base_Stems>schritt<NN><base><fremd><NNeut-on/a>
<Base_Stems>schritt<NN><base><nativ><NNeut-um/a>

<Base_Stems>Schritt<NN><base><frei><NNeut-a/ata>

<Base_Stems>Schritt<NN><base><nativ><NNeut-a/ata>
<Base_Stems>schritt<NN><base><frei><NNeut-a/ata>
<Base_Stems>schritt<NN><base><nativ><NNeut-a/ata>

<Base_Stems>Schritt<NN><base><frei><NNeut-0/ien>

<Base_Stems>Schritt<NN><base><nativ><NNeut-0/ien>
<Base_Stems>schritt<NN><base><frei><NNeut-0/ien>
<Base_Stems>schritt<NN><base><nativ><NNeut-0/ien>
<Base_Stems>Schritt<NN><base><frei><NFem_0_e>
<Base_Stems>Schritt<NN><base><frei><NMasc-s0/sse>
<Base_Stems>Schritt<NN><base><nativ><NFem-s/sse>
<Base_Stems>Schritt<NN><base><nativ><NFem_0_e>
<Base_Stems>Schritt<NN><base><nativ><NMasc-s0/sse>
<Base_Stems>schritt<NN><base><frei><NFem_0_e>
<Base_Stems>schritt<NN><base><frei><NMasc-s0/sse>
<Base_Stems>schritt<NN><base><nativ><NFem-s/sse>

<Base_Stems>schritt<NN><base><nativ><NFem_0_e>

<Base Stems>schritt<NN><base><nativ><NMasc-s0/sse>

Figure A.3: (b) Lemmas for the token “Schritt”
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<Base_Stems>Schritt<NN><base><frei><NMasc-s/sse> ———
<Base_Stems>Schritt<NN><base><fremd><NMasc-s/sse> ——
<Base_Stems>Schritt<NN><base><nativ><NMasc-s/sse> ——
<Base_Stems>Schritt<NN><base><nativ><NNeut-s/sse> ——
<Base_Stems>schritt<NN><base><frei><NMasc-s/sse> ———
<Base_Stems>schritt<NN><base><fremd><NMasc-s/sse> ——|
<Base_Stems>schritt<NN><base><nativ><NMasc-s/sse> ———
<Base_Stems>schritt<NN><base><nativ><NNeut-s/sse> ——

<Base_Stems>Schritt<NN><base><frei><NMasc_es_e> ————

<Base_Stems>Schritt<NN><base><frei><NMasc_es_en>

<Base_Stems>Schritt<NN><base><frei><NNeut_es_e> ——
<Base_Stems>Schritt<NN><base><frei><NNeut_es_en> ——
<Base_Stems>Schritt<NN><base><fremd><NMasc_es_e> ——|
<Base_Stems>Schritt<NN><base><fremd><NMasc_es_en> ——|
<Base_Stems>Schritt<NN><base><fremd><NNeut_es_e> ——
<Base_Stems>Schritt<NN><base><fremd><NNeut_es_en> ——
<Base_Stems>Schritt<NN><base><nativ><NMasc_es_e> ——
<Base_Stems>Schritt<NN><base><nativ><NMasc_es_en> ——f
<Base_Stems>Schritt<NN><base><nativ><NNeut_es_e> ——|
<Base_Stems>Schritt<NN><base><nativ><NNeut_es_en> ——
<Base_Stems>schritt<NN><base><frei><NMasc_es_e> ——
<Base_Stems>schritt<NN><base><frei><NMasc_es_en> ——|
<Base_Stems>schritt<NN><base><frei><NNeut_es_e> ——|
<Base_Stems>schritt<NN><base><frei><NNeut_es_en> ———
<Base_Stems>schritt<NN><base><fremd><NMasc_es_e> ———
<Base_Stems>schritt<NN><base><fremd><NMasc_es_en> ———
<Base_Stems>schritt<NN><base><fremd><NNeut_es_e> ——
<Base_Stems>schritt<NN><base><fremd><NNeut_es_en> ——|
<Base_Stems>schritt<NN><base><nativ><NMasc_es_e> ————
<Base_Stems>schritt<NN><base><nativ><NMasc_es_en> ———
<Base_Stems>schritt<NN><base><nativ><NNeut_es_e> ———
<Base_Stems>schritt<NN><base><nativ><NNeut_es_en> ——

<Base_Stems>Schritt<NN><base><frei><NMasc_s_e> ————

<Base_Stems>Schritt<NN><base><frei><NNeut_s_e>

<Base_Stems>Schritt<NN><base><fremd><NMasc_s_e> ——|
<Base_Stems>Schritt<NN><base><fremd><NNeut_s_e> ——|
<Base_Stems>Schritt<NN><base><nativ><NMasc_s_e> ——
<Base_Stems>Schritt<NN><base><nativ><NNeut_s_e> ———

<Base_Stems>schritt<NN><base><frei><NMasc_s_e> ——|

<Base_Stems>schritt<NN><base><frei><NNeut_s_e> ———
<Base_Stems>schritt<NN><base><fremd><NMasc_s_e> —— |
<Base_Stems>schritt<NN><base><fremd><NNeut_s_e> ———
<Base_Stems>schritt<NN><base><nativ><NMasc_s_e> ———|
<Base_Stems>schritt<NN><base><nativ><NNeut_s_e> ——!
<Base_Stems>Schritt<NN><base><frei><NMasc-s/Sg> ———
<Base_Stems>Schritt<NN><base><nativ><NMasc-s/Sg> ——
<Base_Stems>schritt<NN><base><frei><NMasc-s/Sg> ——
<Base_Stems>schritt<NN><base><nativ><NMasc-s/Sg> ——

<Base_Stems>Schritt<NN><base><frei><NMasc/Sg_es> ———

<Base_Stems>Schritt<NN><base><frei><NMasc/Sg_s>

<Base_Stems>Schritt<NN><base><frei><NNeut/Sg_es> ——|

<Base_Stems>Schritt<NN><ba: fremd>< /Sg_es>

<Base_Stems>Schritt<NN><base><fremd><NMasc/Sg_s> ——
<Base_Stems>Schritt<NN><base><fremd><NNeut/Sg_es> ——|

<Base_Stems>Schritt<NN><base><nativ><NMasc/Sg_es> ——

<Base_Stems>Schritt<NN><ba: nativ><| s>

<Base_Stems>Schritt<NN><base><nativ><NNeut/Sg_es> ———
<Base_Stems>schritt<NN><base><frei><NMasc/Sg_es> ——|
<Base_Stems>schritt<NN><base><frei><NMasc/Sg_s> ——|
<Base_Stems>schritt<NN><base><frei><NNeut/Sg_es> ——
<Base_Stems>schritt<NN><base><fremd><NMasc/Sg_es> ——|
<Base_Stems>schritt<NN><base><fremd><NMasc/Sg_s> ——
<Base_Stems>schritt<NN><base><fremd><NNeut/Sg_es> ——
<Base_Stems>schritt<NN><base><nativ><NMasc/Sg_es> ——|
<Base_Stems>schritt<NN><base><nativ><NMasc/Sg_s> ——|

<Base_Stems>schritt<NN><base><nativ><NNeut/Sg_es> ——I

<Base_Stems>Schritt<NN><base><nativ><NNeut_es_er>

Figure A.4: (c) Lemmas for the token “Schritt”
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<Base_Stems>schrni<NN><base><nativ><NNeut_es_er> —
<Base_Stems>Schritt<NE><base><fremd><Name-Fem_0>
<Base_Stems>Schritt<NE><base><fremd><Name-Neut_0>

<Base_Stems>Schritt<NE><base><nativ><Name-Fem_0>
<Base_Stems>Schritt<NE><base><nativ><Name-Masc_0>
<Base_Stems>Schritt<NE><base><nativ><Name-Neut_0>
<Base_Stems>Schritt<NE><base><nativ><Name-P|_x>
<Base_Stems>Schritt<NN><base><frei><NFem/Sg>
<Base_Stems>Schritt<NN><base><frei><NFem_0_x>
<Base_Stems>Schritt<NN><base><frei><NMasc/Sg_0>
<Base_Stems>Schritt<NN><base><frei><NMasc_0_x>
<Base_Stems>Schritt<NN><base><frei><NNeut/Sg_0>
<Base_Stems>Schritt<NN><base><frei><NNeut_0_x>
<Base_Stems>Schritt<NN><base><fremd><NFem/Sg>
<Base_Stems>Schritt<NN><base><fremd><NFem_0_x>
<Base_Stems>Schritt<NN><base><fremd><NMasc/Sg_0>
<Base_Stems>Schritt<NN><base><fremd><NMasc_0_x>
<Base_Stems>Schritt<NN><base><fremd><NNeut/PI>
<Base_Stems>Schritt<NN><base><fremd><NNeut_0_x>
<Base_Stems>Schritt<NN><base><nativ><NFem/Sg>
<Base_Stems>Schritt<NN><base><nativ><NFem_0_x>
<Base_Stems>Schritt<NN><base><nativ><NMasc/Sg_0>
<Base_Stems>Schritt<NN><base><nativ><NMasc_0_x>
<Base_Stems>Schritt<NN><base><nativ><NNeut/Sg_0>
<Base_Stems>Schritt<NN><base><nativ><NNeut_0_x>
<Base_Stems>Schritt<OTHER><base><nativ><Circp>
<Base_Stems>schritt<NE><base><fremd><Name-Fem_0>
<Base_Stems>schritt<NE><base><fremd><Name-Neut_0>
<Base_Stems>schritt<NE><base><nativ><Name-Fem_0>
<Base_Stems>schritt<NE><base><nativ><Name-Masc_0>
<Base_Stems>schritt<NE><base><nativ><Name-Neut_0>
<Base_Stems>schritt<NE><base><nativ><Name-P|_x>
<Base_Stems>schritt<NN><base><frei><NFem/Sg>
<Base_Stems>schritt<NN><base><frei><NFem_0_x>
<Base_Stems>schritt<NN><base><frei><NMasc/Sg_0>
<Base_Stems>schritt<NN><base><frei><NMasc_0_x>
<Base_Stems>schritt<NN><base><frei><NNeut/Sg_0>
<Base_Stems>schritt<NN><base><frei><NNeut_0_x>
<Base_Stems>schritt<NN><base><fremd><NFem/Sg>
<Base_Stems>schritt<NN><base><fremd><NFem_0_x>
<Base_Stems>schritt<NN><base><fremd><NMasc/Sg_0>
<Base_Stems>schritt<NN><base><fremd><NMasc_0_x>
<Base_Stems>schritt<NN><base><fremd><NNeut/PI>
<Base_Stems>schritt<NN><base><fremd><NNeut_0_x>
<Base_Stems>schritt<NN><base><nativ><NFem/Sg>
<Base_Stems>schritt<NN><base><nativ><NFem_0_x>
<Base_Stems>schritt<NN><base><nativ><NMasc/Sg_0>
<Base_Stems>schritt<NN><base><nativ><NMasc_0_x>

<Base_Stems>schritt<NN><base><nativ><NNeut/Sg_0>

<Base_Stems>schritt<NN><base><nativ><NNeut_0_x>

< > itt<NN><| ><nativ><| —-in>
Base_Stems>Schritt<NN><base><nativ><NFem-in: —

<Base_Stems>schritt<NN><base><nativ><NFem-in> N

<Base_Stems>Schritt<NN><base><frei><NFem-is/iden> —

<Base_Stems>schritt<NN><base><frei><NFem-is/iden> —
<Base_Stems>Schritt<NE><base><nativ><FamName_0> —

<Base_Stems>schritt<NE><base><nativ><FamName_0> J—

<Base_Stems>Schritt<NN><base><frei><NFem-Deriv>

<Base_Stems>Schritt<NN><base><frei><NFem-a/en>
<Base_Stems>Schritt<NN><base><frei><NFem_0_en>
<Base_Stems>Schritt<NN><base><frei><NMasc_en_en>
<Base_Stems>Schritt<NN><base><frei><NNeut/Sg_en>
<Base_Stems>Schritt<NN><base><fremd><NFem-a/en>
<Base_Stems>Schritt<NN><base><fremd><NFem-s/ssen>
<Base_Stems>Schritt<NN><base><fremd><NFem_0_en>
<Base_Stems>Schritt<NN><base><fremd><NMasc_en_en>
<Base_Stems>Schritt<NN><base><nativ><NFem-Deriv>

<Base_Stems>Schritt<NN><base><nativ><NFem-a/en>

<Base_Stems>Schritt<NN><base><nativ><NFem-is/en>

Figure A.5: (d) Lemmas for the token “Schritt”
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<Base_Stems>Schritt<NN><base><nativ><NFem_0_en>
<Base_Stems>Schritt<NN><base><nativ><NMasc_en_en>
<Base_Stems>Schritte:<><NN><base><nativ><NFem_0_en>
<Base_Stems>schritt<NN><base><frei><NFem-Deriv>
<Base_Stems>schritt<NN><base><frei><NFem-a/en>
<Base_Stems>schritt<NN><base><frei><NFem_0_en>
<Base_Stems>schritt<NN><base><frei><NMasc_en_en>
<Base_Stems>schritt<NN><base><frei><NNeut/Sg_en>
<Base_Stems>schritt<NN><base><fremd><NFem-a/en>
<Base_Stems>schritt<NN><base><fremd><NFem-s/ssen>
<Base_Stems>schritt<NN><base><fremd><NFem_0_en>
<Base_Stems>schritt<NN><base><fremd><NMasc_en_en>
<Base_Stems>schritt<NN><base><nativ><NFem-Deriv>
<Base_Stems>schritt<NN><base><nativ><NFem-a/en>
<Base_Stems>schritt<NN><base><nativ><NFem-is/en>
<Base_Stems>schritt<NN><base><nativ><NFem_0_en>

<Base_Stems>schritt<NN><base><nativ><NMasc_en_en>

<Base_Stems>schritte:<><NN><base><nativ><NFem_0_en>
<Base_Stems>Schritt<NN><base><nativ><NNeut-Herz>
<Base_Stems>schritt<NN><base><nativ><NNeut-Herz> :l

<Base_Stems>Schritt<NN><base><frei><NMasc_s_en>

<Base_Stems>Schritt<NN><base><frei><NNeut-a/en>

<Base_Stems>Schritt<NN><base><frei><NNeut-um/en>
<Base_Stems>Schritt<NN><base><frei><NNeut_s_en>
<Base_Stems>Schritt<NN><base><fremd><NMasc_s_en>
<Base_Stems>Schritt<NN><base><fremd><NNeut-a/en>
<Base_Stems>Schritt<NN><base><nativ><NMasc_s_en>

<Base_Stems>Schritt<NN><base><nativ><NNeut-a/en>
<Base_Stems>Schritt<NN><base><nativ><NNeut-um/en>
<Base_Stems>Schritt<NN><base><nativ><NNeut_s_en>
<Base_Stems>schritt<NN><base><frei><NMasc_s_en>
<Base_Stems>schritt<NN><base><frei><NNeut-a/en>
<Base_Stems>schritt<NN><base><frei><NNeut-um/en>
<Base_Stems>schritt<NN><base><frei><NNeut_s_en>
<Base_Stems>schritt<NN><base><fremd><NMasc_s_en>
<Base_Stems>schritt<NN><base><fremd><NNeut-a/en>
<Base_Stems>schritt<NN><base><nativ><NMasc_s_en>
<Base_Stems>schritt<NN><base><nativ><NNeut-a/en>
<Base_Stems>schritt<NN><base><nativ><NNeut-um/en>
<Base_Stems>schritt<NN><base><nativ><NNeut_s_en>

<Base_Stems>Schritt<NN><base><frei><NMasc-us/en>

<Base_Stems>Schritt<NN><base><fremd><NMasc-us/en>

<Base_Stems>Schritt<NN><base><nativ><NMasc-us/en>
<Base_Stems>schritt<NN><base><frei><NMasc-us/en>
<Base_Stems>schritt<NN><base><fremd><NMasc-us/en>
<Base_Stems>schritt<NN><base><nativ><NMasc-us/en>

<Base_Stems>Schritt<NN><base><frei><NMasc-us/i>

<Base_Stems>Schritt<NN><base><nativ><NMasc-us/i>

<Base_Stems>schritt<NN><base><frei><NMasc-us/i>

<Base_Stems>schritt<NN><base><nativ><NMasc-us/i>

<Base_Stems>Schrittr<NN><base><nativ><NMasc-Adj> —

<Base_Stems>schrittr<NN><base><nativ><NMasc-Adj> J—

Figure A.6: (e) Lemmas for the token “Schritt”
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Glossary

abduction Inference to the best explanation. In emores, the set opaeddacts are
the token found in corpora. The hypotheses are the lemmasraged by in-
duction. The abductive reasoning tries to minimise the remadf lemmas to
generate all empirically found token., 1, 18, 52

analysis The string that SFST returns as the result of the analysis offlected word
form., 5, 6, 9, 28

analysis annotation The annotations at the end of an analysis, surrounded by less
than and greater-than signs each., 5, 6, 9

deduction Conclude possible observation data from a rule. In emoreduation
is bound to the morphology, and therefore overgeneratiom foarticular rule
(lemma) is a problem of the morphology implementation.,&,,40

induction Conclude a rule from a real observation. In emores, indadtigperformed
unrestricted and therefore each token generates manylymasing) inflection
rules (lemmas), as most inflectional class patterns matpedifg token., 1, 18,
49

inflectional class An unique combination of lexical annotations and additiarfer-
acter mapping rules, see the section “Inflectionall cldssegg. 5., 5, 6, 9, 28,
34

lemma A single entry in a SFST lexicon file., 5, 6, 9

lexeme The lexeme stored a SFST lexicon file: the string (includihgracter map-
pings) between the lexical annotations., 5, 6, 9, 28

lexical annotation All annotations surrounded by less-than and greater-tigaus ach
in a SFST lexicon file., 5, 6

morphology A concrete implementation for a particular language, eitteea set of
SFST source files or as a compiled transducer., 4

ORM Object-Relational mapping. Converts rows of SQL data &bl Python ob-
ject instances. Data columns become class attributesl 3128, 36, 44

seed lexiconlnitial lexicon used to develop and test an SFST morpholagyafpar-
ticular language., 5
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stem The constant base word form that SFST returns as the resattadyses of arbi-
trary inflected word forms. Stripping the analysis annotafrom the analysis
gives the stem., 5, 6

token Any, not necessarily linguistically correct surface reation of a possibly in-
correct lemma. See also “word form”, 49

word form A linguistically correct surface realisation of a word. $éeo “token”., 5,
6
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