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What is Morphology?
The study of internal structures of word (analysis) and their
formation (generation)
• Internal structures is made of diﬀerent morphological units
• Morphological unit is a smallest unit which a word is made up

(Katamba F., 1993)

Example of morphological units:
Boys = boy + s

What is a Computational morphology?
Computational morphology looks at the processing of structure and
forms of word, in both their written and spoken form.

Figure: Elements in morphology analysis and generation

What are the tasks required?
1
2

Morphological analysis: identiﬁcation of the diﬀerent
components of a full word-form
Morphological disambiguation: determination of the correct
segmentation of a word-form which has multiple analysis
• Input: incompatibilities
• Analysis 1: in+ con + patible+ ity+ s
• Analysis 2: incompatibility+ NounPlural

3

Morphological generation
• Input: incompatibility+Plural
• Generation: incompatibilities

Morphophonology / Morphographemy

• Alternations (or modiﬁcations) may appear when two

morphological units are combined

• Morphophonology/Morphographemy deals with the rules

governing these alternations
Examples:
easy+er becomes easier
fox+s becomes foxes

Morphotactics

• or the syntax of words
• Morphological units do not combine freely: they follow some

rules

• The ﬁve morphemes in internationalisation can only be combined in

one way:

• inter-nation-al-ise-ation
• The other combinations are illicit
• *inter-nation-ise-al-ation
• *inter-nation-al-ation-ise

Common techniques

1

Two-level morphology (rule-based)
• Uses individual hand-crafted ﬁnite state models to represent

context-sensitive stem-changes

2

Morphology induction (machine learning)

• The process of inferring diﬀerent types of morphological

information from annotated or raw data

• Segmenting words into their constituent morphemes (root/stem and
aﬃxes)
• Segmenting words to ﬁnd the root/stem
• Often deals with inﬂection only

Two-level morphology
• A general computational model for word-form recognition and

production (Koskenniemi, 1983)
• Features:
1
2

able to handle complex languages such as Finnish, Turkish and
German (Karttunen & Beesley, 2001)
most of complex and low-density languages applied two-level
morphology due to its unique features (Karttunen & Beesley,
2005):
•
•
•
•

language independent
bi-directional that is applicable for analysis and generation
has two components which are lexicon and a set of two-level rules
ﬂexibility to all complex languages including U-RL

Two-level morphology (cont’d)
• How it works?

symbol-to-symbol correspondence between two-levels:
1
2

lexical (how words are formed from morphemes in lexicon)
surface (how words appear in text) levels
Lexical level:
Surface level:

f o x + plural (‘+’ is a morpheme boundary)
foxes

Two-level rules: +:e ↔ x:x _ 0:s
• Example

see here

Two-level morphology (cont’d)

• Drawbacks:
1
2
3
4

requires a lot of linguistic works and expertise
Wintner (2007) found that this approach also:
requires huge lexicon and rules to perform best results and
time consuming when creating or updating rules and lexicon of new
or current languages
lead to high cost in maintenance

Two-level morphology: architecture

Figure: General idea of two-level morphology

Morphology Induction
• An induction process applying machine learning technique
• Features:
1

2
3
4

An unsupervised learning: learns the morphology from raw set
data without any direct access to the particular structure
(Goldsmith, 2001; Monson, 2008; Creutz, 2006; Hammarström,
2009)
Three approaches: a) group and abstract, b) frequency and border,
and c) features and classes (Hammarström, 2007)
frequency and border approach (approach (b)) - the most common
and widely used
minimize human expertise control

Morphology Induction (cont’d)

• How it works?

inducing morphological rules from the corpus:
1
2
3

input - a text
minimum description length (MDL) technique - to induce
segmentation between stems and aﬃxes.
output - list of aﬃxes and stems

• Drawbacks: producing poor result for sparse-data
• Possible solution: Semi-automatic machine learning

Computational morphology subﬁelds

• Stemming
• Lemmatisation

What is stemming?
• The process that strips oﬀ the ending of words
• The output is called the stem
• The tool is called a stemmer
• Stemming is widely used in the information retrieval domain but

it is also needed in machine translation

• For instance:

What is lemmatisation?
• A process of reducing word-forms to their corresponding

lemma

• The tool is called a lemmatiser
• A lemma is the word that is used as the head of a deﬁnition in a

dictionary
• For instance:

Tool: Linguistica

• An unsupervised learning morphological analyser

Linguistica

• Underlying model: Minimum Description Length
• No distinction is made between inﬂectional and derivational

aﬃxes

• Does not handle irregular morphology
• Free program written in C++ for Windows, Mac OS X, and Linux

Linguistica: Input & Output

• INPUT: list of words (from 5,000 words to 500,000 words)
• OUTPUTS
• List of stems, preﬁxes, and suﬃxes
• List of signatures

Linguistica: Signature

• A Signature = a list of all suﬃxes (preﬁxes) appearing in a given

corpus with a given stem

• A stem in a corpus has a unique signature
• A signature has a unique set of stems associated with it

Tool: Porter Stemmer

• Established stemmer and widely used in text processing
• The stemmer is available in many languages
• Encodings of the algorithm are available in various programming

languages e.g., Java, Perl, Phyton and Csharp

• The oﬃcial website of

Porter stemmer

Tool: Paice/Husk Stemmer

• The stemmer is a conﬂation based iterative stemmer
• Known as a strong and aggressive stemmer compares to Porter

stemmer
• For details, go to

Paise/ Husk stemmer

Other Stemmer tools

• Lancaster University provides an oﬃcial web-site for various

implementations of the stemming algorithm, together with links
to other useful stemming resources

• For further information, click to

Other stemming algorithms

• For demo purposes, NLTK also provides demo for the stemmers
NLTK stemmer

Tool: WordNet Lemmatiser

• The NLTK Lemmatization method is based on WordNet’s

WordNet corpus and uses built-in morphy function

• The program is available in Phyton
• Go to WORDNET LEMMATISER to download the module from

NLTK package

download

• For demo of the lemmatizer, click to

Demo

Evaluation of morphology analsis
• Accuracy = number of inﬂections for which the correct root was

found, divided by the total number of inﬂections in the test set

• Precision = number of inﬂections for which the root was

correctly identiﬁed, divided by the total number of inﬂections for
which a root was identiﬁed at all

• Precision is used to evaluate the performance of the model
• Coverage = number of inﬂections that were aligned with a

(correct or incorrect) root, divided by the total number of
inﬂections in the test set

Evaluation of stemming

• Evaluation approaches use in stemming
1 error counting - counting the numbers of two kinds of errors
(under-stemming and over-stemming) that occur during stemming
2 stemmer strength - a ’strong’ or ’heavy’ stemmer merges a much
wider variety of forms
3 inter-stemmer similarity - comparing two separate stemming
algorithms through the output they produce
• For further information, click to

evaluation techniques
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