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ABSTRACT

The “find-and-replace” function is a commonly used and important tool for editing documents. In agglutinative languages where suffixes obey rules of harmony, it is impossible to perform a string-based replacement of a certain word with another word without rendering almost all inflected forms ill-formed. We propose an efficient find-and-replace algorithm for agglutinative languages based on morphological analysis and morphological generation. The idea is to disambiguate most cases using morphology, to replace all disambiguated cases automatically, to ask the user to intervene in ambiguous cases, and to reduce the number of possibilities in most cases where user intervention is required.
1. Introduction

Within the last decade, word processors have become the standard medium of authoring. In academic, governmental and commercial environments, the majority of texts are now being prepared using word processors from beginning to end. The life cycle of an electronic document also involves the crucial step of proofreading. This is especially important in language-related businesses such as translation. Translation offices usually employ proofreaders who have to check and improve the quality and consistency of large amounts of text.

The “find-and-replace” function is a commonly used and important tool for editing a document. A proofreader frequently needs to replace a word with a near synonym, an obsolete word with a more modern version, or a mistranslation with the correct translation. The find-and-replace function is also necessary for ensuring the internal consistency of texts authored or translated by more than one person. In this case, the proofreader has to choose a standard term which will replace all other variants. 

Find-and-replace algorithms in almost all current word processors offer only two options at the extremes [2]: The user either confirms the operations one by one or replaces all instances without supervision. Both options involve problems: Confirming actions one by one is tedious; the user loses focus after some time and starts pressing buttons automatically. Replacing all instances in a single action is also risky: Assume that the user wants to replace all instances of the word “boy” with the word “child”. If the user uses the “Replace All” function, all instances of the word “boys” become “childs”, which is ungrammatical. The “Find all word forms” option in Microsoft Word’s “Replace” menu offers a practical solution to avoid this problem (see [1]). This option is based on the idea of generating all possible inflected forms in ambiguous cases and asking the user to choose one of these.

In an agglutinative language like Turkish, however, base forms may take as high as ten suffixes. Thus, a single base form may have thousands of inflections. It is obvious that asking the user to choose one of these inflected forms is not feasible in such a language.
Moreover, in agglutinative languages where suffixes obey rules of harmony, the surface forms of suffixes are determined by the vowel and consonant structure of the root. For instance, if the user wants to replace  koru (small forest) with orman (forest), the inflected form korumuzunkiler (those of our small forest) should become ormanımızınkiler (those of our forest). A string-based replacement of koru with orman would yield *ormanmuzunkiler, which is ill-formed. Thus, it is impossible to replace a certain root in a document with another root without rendering almost all inflected forms ill-formed [3].
The solution proposed in this paper is to partially automate the find-and-replace operation using morphology. The idea is to disambiguate most cases using morphology, replace all disambiguated cases automatically, to ask the user to intervene in ambiguous cases, and to reduce the number of possibilities in most cases where user intervention is required.

Section 2 offers a discussion of interesting cases which present complications that applications have to deal with. Section 3 describes the methodology in general terms. Section 4 explains how this methodology was implemented in a prototype. Section 5 draws conclusions and suggests directions for future work.

2. Possible Cases

During the design of the find-and-replace algorithm for Turkish, several interesting cases and complications were identified. The following paragraphs provide a description of each case.

Throughout this discussion we will use the following terms: “Find String” is the user-specified string that is to be searched for in the document; “Replace String” is the user-specified string that is to replace instances of the Find String in the document; “Instance” is a specific instance of the Find String in the document; and finally, “Replacement” is the string generated by the algorithm to replace an Instance.

a) There are roots that do not obey the rules of inflectional morphology. For example, the plural form of the word saat (clock) should have been saatlar according to the vowel harmony rule. However, the root saat overrides this rule and the plural form is saatler (clocks). Our morphological generator can deal with this problem.

b) There are two clitics in Turkish whose surface form is determined by the final vowel of the preceding word in line with vowel harmony rules. These are the question clitic mH and the inclusion clitic dA
.

Hence, gördü mü? (did he see?) becomes gitti mi? (did he go?) and Ali de (also Ali) becomes Murat da (also Murat).
These postpositions may also follow each other:

Otobüs de mi? (also the bus?) becomes Araba da mı? (also the car?).
If the Instance is followed by these clitics, it should be checked whether these clitics have to be changed.

c) In some cases, the Find String itself is ambiguous: Assume that the Find String is yatır (‘tomb’ or ‘to deposit’) and the Replace String is türbe (a near synonym for ‘tomb’). The Find String has the following two morphological analyses:

yatır+Verb+Pos+Imp+A2sg (to deposit)

yatır+Noun+A3sg+Pnon+Nom (tomb)

The problem here is to find out whether the user has in mind “to deposit” or “tomb”. If the user has the nominal interpretation “tomb” in mind, the application should replace the Instance yatırda (at the tomb) with türbede (at the tomb), but the Instance yatıracak (s/he will deposit it) should not be replaced at all. Since the Find String is an isolated word without any context, it is not possible to attempt POS tagging or word sense disambiguation. Therefore, the only option is to ask the user to manually disambiguate the Find String. 

d) In some cases, the Instance has more than one analysis. The problem here is to disambiguate the Instance. The string yatırdı, for example, can either mean “she has deposited it” or “this was a tomb”. Unless we perform POS-tagging and/or word sense disambiguation, the only way to decide if an Instance should be replaced or not is to ask the user to manually disambiguate the Instance.

e) In the above example, the Instance had one nominal analysis and one verbal analysis. A similar problem arises even when the Instance has more than one analysis based on the same root. For instance, assume that the Find String is dolap (cupboard) and the Replace String is masa (table). Both strings have a single nominal morphological analysis. However, when the algorithm detects the Instance dolabını, it will find two alternative morphological analyses, dolap+Noun+A3sg+P2sg+Acc (your cupboard) and dolap+Noun+A3sg+P3sg+Acc (his/her cupboard) respectively. Since disambiguation is impossible at word level, the algorithm will generate both masa+Noun+A3sg+P2sg+Acc (masanı – your table) and masa+Noun+A3sg+P3sg+Acc (masasını – his/her table) respectively. 

f) Another interesting case occurs when the Find String is longer than one word. The find-and-replace algorithm has to know the POS of the Find String in order to choose the correct morphological analysis and apply it to the Instance to generate the Replacement. In Turkish, the POS of a phrase is in most cases the POS of the last word. Additionally, phrases are always inflected by inflecting the last word of the phrase. Therefore, it is enough to consider the morphological analysis of the last word of the Instance during the find-and-replace operation.

For instance, assume that the user wants to replace all instances of the phrase eczacılık ürünü (pharmaceutics product) with the phrase farmasötik ürün (pharmaceutical product). Further assume that the text to be processed contains the phrase eczacılık ürünlerindeki (those in pharmaceutics products). Here, the find-and-replace algorithm only needs to analyze the second word of the Instance (ürünlerindeki) to generate the Replacement (farmasötik ürünlerdeki – those in pharmaceutical products).

In some cases, however, the POS of a phrase is not the same as the POS of its last word. For example, the word düzey is a noun, but the phrase üst düzey is not a noun but an adjective. In such cases, the find-and-replace algorithm needs the output of a multiword expression extractor such as the one described in [4].

g) Another complication arises when the Instance is part of a fixed multiword expression. Assume that the Find String is sandalye (chair) and  the Replace String is iskemle (chair). The application should not replace the fixed expression tekerlekli sandalye (wheelchair) with tekerlekli iskemle (*wheeled armchair). Again, a multiword expression extractor could help the algorithm avoid such problems.

h) Assume that the Find String is göz (eye) and the text contains an instance of gözlük (eyeglass), which is derived from göz. Unlike inflectional morphology, derivational morphology produces new concepts from the root. A user who wants to replace instances of göz (eye) with kulak (ear) probably does not want to replace instances of gözlük (eyeglass) with kulaklık (earphone). Therefore, the find-and-replace algorithm should not replace words derived from the Find String.

i) The generation of the Replacement becomes more complicated if the Find String is not inflected in the same way as the Replace String.

For example, assume that the Find String is arabalar (cars) and the Replace String is evim (my house).

In Turkish inflectional morphology, suffixes cannot be added to roots in an arbitrary order. For instance the first person singular possessive suffix –Hm cannot precede the plural suffix –lAr. This has certain consequences for our methodology as can be seen in the following example:

If the Find String is arabalar (cars) and the Replace String is evim (my house), the algorithm will only check for Instances that are formed by the addition of another suffix to the word arabalar; it will not try to replace the word arabada (in the car). This will eliminate several possible inflections.

But there is another complication: It is not possible to generate an inflected form for all the inflected instances of the Find String arabalar due to the restrictions imposed by the Replace String.

For example, even if the application detects the Instance arabalarınız (your cars), generation will not be possible because the Replace String evim (my house) has a first person singular possessive suffix attached directly to the root and the Instance arabalarınız (your cars) has a second person plural possessive suffix. Since a word cannot have two possessive suffixes, generation will fail.

3. Methodology

In this section, we will demonstrate the basic functioning of our methodology.

Assume that the user wants to replace all instances of the word akıllılık (cleverness) with the word zeka (intelligence). The Instances akıllılıkla (with cleverness), akıllılıktan (from cleverness), and akıllılığım (my cleverness) are some possible inflected forms which, according to the rules of Turkish morphology and phonology, should be replaced with zekayla (with intelligence), zekadan (from intelligence), and zekam (my intelligence), respectively.







Figure 1 – Replacing Words by Morphological Analysis and Generation

First, the algorithm finds how the Find String and the Replace String are represented by the morphological analyzer:

Find String: akıllılık = akıl+Noun+A3sg+Pnon+Nom^DB+Adj+With^DB+Noun+Ness+A3sg+Pnon+Nom

Replace String: zeka = zeka+Noun+A3sg+Pnon+Nom

Then the algorithm finds the “cores” of the Find String and the Replace String. “Core” refers to that portion of the morphological analysis which is common to the Find String and all possible inflections thereof. For example the root zeka and its four inflected forms have the following analyses:

zeka

zeka+Noun+A3sg+Pnon+Nom

zekayla

zeka+Noun+A3sg+Pnon+Ins

zekadan

zeka+Noun+A3sg+Pnon+Abl

zekam

zeka+Noun+A3sg+P1sg+Nom
zekalar

zeka+Noun+A3pl+Pnon+Nom

As can be seen, for the noun zeka, the common part, or the Core as we call it in this paper, consists of zeka+Noun.
In a similar way, the much more complicated Core of akıllılık is the following:
akıl+Noun+A3sg+Pnon+Nom^DB+Adj+With^DB+Noun+Ness

Having found the Cores, the algorithm scans the morphological analyses of each word in the text and finds instances that have the same Core as the Find String.
When it finds an Instance, the algorithm replaces the Core of the Find String with the Core of the Replace String. The next step is to feed the result to the morphological generator, which produces the surface form.
For example, assume that the algorithm finds the Instance akıllılıktan (from cleverness) in the text:
akıllılıktan
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Figure 2 – The Analysis and Generation Process
The above-mentioned step of determining Cores is quite problematic. It is quite complicated a task to define an automatic way of separating the Core from the Inflection in a full morphological analysis. However, if the Find String and the Replace String are uninflected base forms, the task can be performed automatically. 
For this reason, we base our prototype on the following constraint:
The Find String and the Replace String should be uninflected.



(Constraint 1)
Furthermore, since it is impossible to replace a noun with an adjective, or a verb with a noun, etc., in an entire document without making almost all sentences ungrammatical, we also introduce the following constraint:
The POS of the Find String and the POS of the Replace String should be the same.
(Constraint 2)
At first sight, the above constraints may seem to excessively limit possible inputs. But in fact, almost all real-world find-and-replace tasks are in compliance with these rules: In a set of sample find-and-replace operations provided by a Turkish translation agency, 81% of the examples were noun-noun replacements, and the remaining 19% were adjective-adjective replacements. There was no single example where the Find String and the Replace String belonged to different part-of-speech categories. Moreover, without a single exception, all Find Strings and Replace Strings were uninflected.
4. The Prototype
The prototype is a Perl program that deals with the basic cases described above.

At the beginning of the program, the user provides the Find String and the Replace String. Both strings are morphologically analyzed and their Cores and parts-of-speech are extracted from the output of the morphological analyzer.

In most cases, a single word has several morphological analyses in different parts-of-speech. In line with Constraint 1, the prototype program only considers those parts-of-speech that are common to both the Find String and the Replace String.
For instance, in the example in Section 2.c, the Find String yatır has both nominal and verbal interpretations, while the Replace String türbe has a single nominal interpretation. Therefore, based on Constraint 1, we eliminate the verbal interpretation of yatır.

In some cases, this elimination process does not reduce the number of possible analyses to one. In this case, the user is asked to choose one of the possible analyses (and thus one of the Cores) before the program can continue.
As explained in detail in Section 3, the program then finds all inflected forms of the Find String by searching the selected Core of the Find String among the morphological analyses of all the words in the document, and constructs generation templates by replacing the Core of the Find String with the Core of the Replace String. The next step is to generate the Replacement using the relevant generation template. Once constructed, the Replacement is written to the output file.

Constraint 1 and Constraint 2 had the following effects on the cases described in Section 2:
· The ambiguous Find String yatır (‘tomb’ or ‘to deposit’) and the Replace String türbe (tomb) in Section 2.c have been fully disambiguated thanks to Constraint 2, which states that the Find String and the Replace String should belong to the same part-of-speech category.

· The ambiguity described in Section 2.i has been resolved thanks to Constraint 1, which states that both the Find String and the Replace String have to be uninflected forms.

5. Conclusion and Future Work
We have proposed a methodology for finding and replacing all inflected instances of a word in a document in an agglutinative language. The method is based on morphological analysis, morphological generation and constrained morphosyntactic mapping. Remaining ambiguous cases are resolved through user input. 

Possible future work could concentrate on ways of incorporating Turkish WordNet [5] into this application. There are two possibilities: 

Disambiguation of the several morphological analyses will be facilitated if the system asks “intelligent questions” to the user. Such questions may be formed using the lexical semantic information encoded in Turkish WordNet.

For instance, if the user has entered the ambiguous Find String “koyun”, the morphological analyzer will produce the following results:

koy+Noun+A3sg+P2sg+Nom (your bay)

koy+Noun+A3sg+Pnon+Gen (of the bay)

koy+Verb+Pos+Imp+A2pl (put)

koyu+Adj^DB+Noun+Zero+A3sg+P2sg+Nom (your dark-colored one)

koyun+Noun+A3sg+Pnon+Nom (sheep)

These analysis results are rather hard to understand for an untrained user. Using Turkish WordNet, we can generate simple questions that will help the user with the disambiguation task, which would be rather difficult with the cryptic output of the morphological analyzer:

In the above example based on the highly ambiguous word “koyun”, we can ask the user which one of the following senses s/he has in mind:

Do you mean something like “körfez” (‘gulf’, a co-hyponym of the noun ‘bay’)?

Do you mean something like “yerleştirin!” (‘place’, a synonym of the imperative verb ‘put’)

Do you mean the antonym of “açık” (‘light-colored’ an antonym of the adjective ‘dark’)?

Do you mean the mammal “koyun” (‘sheep’, a hyponym of ‘mammal’)?

All of these question templates can be generated automatically using the lexical semantic information available in Turkish WordNet (co-hyponyms, synonyms, antonyms and hyponyms).
Since, in a proofreading setting, most users will want to replace words with synonyms, near synonyms or related words, Wordnet can also be used to provide the user with possible Replace Strings as soon as the Find String is entered.
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� H is a meta-character denoting the high vowels ‘ı, i, u, ü’; A is a meta-character denoting the vowels ‘a, e’.





� In order to make the prototype simpler and faster, and focus on the replacement task, lookup tables have been used instead of the morphological analyzer and generator described in [3].
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