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Abstract: The Qadi/Qadi/Kadi is the judge who renders decisions in Islamic Shariah
law. The registers documenting the court decisions by the Kadis also describe daily
events in the life of the Ottoman Empire and are of great importance for Ottoman
research. The data recorded in the registers highlighted the problems of social life
of the period and provide modern-day researchers and interested people the oppor-
tunity to penetrate the details of the cultural life of the Ottoman state. Using com-
putational methods enables a close reading of the records by historians and other
social researchers which significantly enhances the value of the registers and leads
to improved research outcomes. Natural Language Processing (NLP) methods like
topic modelling and clustering have been used to identify topics in large document
collections and the relationships between them. This chapter outlines the work
undertaken in a project which used topic modelling to analyse the Kadi registers.
The resulting modelling identified connections between the descriptive words used
to record the subject matter in each record within the register and the connections
were used to form a subject clustering list. Topics identified were compared with
previously determined subjects and the semantic links between registers revealed.
The project goal was to enable an effective approach for ensuring effective search-
ing and information retrieval in the Kadi registers database.

Keywords: Qadi registers; Kadi registers; Natural language processing; Ottoman
empire — Social life and customs; Topic modelling

The Qadi/Qadi/Kadi Registers

The Qadi/Qadi/Kadi is the magistrate or judge of an Islamic sharia court, who also
exercises extrajudicial functions. The Kadis recorded their decisions in registers
or notebooks which constitute the court records and can be defined as “a book
which has the records of any document created as a result of the legal cases
heard by kqadis (Islamic judge) as well as administrative and legal activities of
gadis” (Aydin and Tak 2019). Kadi Registers contain a wide range of information on
the life and times in which court decisions were recorded and shed light on social
life in the Ottoman Empire. They are one of the most important sources for today’s
historians (Akca 2005). They were written in Turkish, Arabic, and Persian and
maintained in book format. The books, which were maintained and updated from
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the second half of the 15" century through to the first quarter of the 20" century,
are one of the key sources of information on Turkish culture and history, and are
also closely linked to Turkish economic and political life. Over the last 50 years
many researchers in Turkey have been transcribing the content of the Kadis to the
Latin (Roman) alphabet to facilitate studying the wealth of content contained in the
registers.

A significant project, the Istanbul Kadi Registers Project, was undertaken by
the Islam Arastirmalart Merkezi/ Centre for Islamic Studies (ISAM) working with
other organisations and resulted in the transcription of a large corpus of 60 note-
books from 1557-1911, with a large body of the content available in an online
database, the Istanbul Kadi Sicilleri/Istanbul Kadi Registries.” In addition to being
historical data, Kadi Registers are an extremely important and reliable source for
many scientific fields such as law, economics, geography, sociology and psychology”
(Istanbul Kadi Registries n.d.). Each book contains records for every unique event,
giving clues to the legacy structure of the Empire. Although to date there has been
significant effort to transcribe the notebooks, some still await transcription into the
Latin alphabet.

Following transcription into the Latin alphabet, a subject descriptor has been
assigned by the transcriber to each record in the register. Researchers can search
the indexed registers by subject and retrieve relevant content. However, one record
may refer to more than one subject area, and in some cases, a particular event may
be covered by more than one record. Assigning appropriate subject headings to
the content of each entry in the registers through the use of a thesaurus of terms
opens up the content to researchers. Creating subject authority files is considered
valuable in terms of providing the basis for indexing the content of the notebooks
thereby rendering the content discoverable, accessible and available to wider audi-
ences. It is important to define and analyse the content of information resources
according to subject authority files to provide more effective results in information
retrieval. Subject authority files are important sources in the field of information
science. They provide standard terms from a controlled vocabulary and can be
used by indexers and users alike to understand how content can be described or
sought (Giiltekin 2020, 47).

The aim of the project described in this chapter was to automatically assign
a topic to each record in the Kadi registers using the topic modelling method and
to reveal the distinctive dominant word groups of the topics by examining the
common word groups used for each topic. The multiple records pertaining to a
specific subject area can provide valuable insights into the structure and content of
the Kadi registers. Analysing the descriptive terms associated with each record and
examining word frequency allows for the identification of interconnected subject
clusters. When users search using specific terms, a structured hierarchy provides
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researchers with access to a broader range of topics, including records related to
those terms. It is crucial to ensure that the Kadi registers, which hold significant
historical value, are effectively used by a diverse audience of users. A comparison
was made with topics tagged during manual transcription. The project involved
the creation of an authority file that could be used when describing the content of
the records contained. The ultimate goal of the project is to facilitate discovery and
access of the information contained in the Kadi registers.

Machine Indexing and Analysis of Historical
Documents

Projects in which computer or computational methods have been used on histor-
ical data and documents have been carried out with the intention of making the
data and information contained in the documents easier to understand and inter-
pret. Grant et al. (2021) used topic modelling to undertake an historical analysis of
global policies on refugees within approximately 55,000 pages from the 1970s of
typewritten and digitally born documents stored in archives from the UK and US
governments and the United Nations High Commissioner for Refugees (UNHCR).
Standard optical character recognition (OCR) was used to scan the documents and
natural language processing (NLP) topic modelling was adopted as the means of
identifying topics within the documents and their relationships. Topic modelling
is a text-mining tool used to identify semantic structures in a given body of text
by statistically examining the occurrence of particular words. A document typi-
cally refers to several topics in unequal proportions. Clusters of similar words are
captured using topic modelling. Topic modelling can help organise the plethora
of written material produced today which cannot be analysed by human means
and contribute to understanding large collections of unstructured text. The study
analysing the documents on refugees identified the main topics in each document
and investigated the transmission of the topics between organisations and over
time to suggest areas for further study. Major themes and varying organisational
approaches were identified. Researchers were then able to analyse the roles of
the various people and organisations involved and their discourse, as well as the
results of resettlement programmes.

In another study, Yang, Torget, and Mihalcea (2011) applied topic modelling
to the content of newspapers published in Texas US between 1829 and 2008. The
study examined the difficulty historians experience when working with the huge
quantity of digital data available for analysis which has been generated from the
projects transferring newspaper content to the digital environment. Topic model-
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ling was used to cluster topics within the digital texts to identify the most import-
ant and potentially interesting topics, and/or to discover unexpected topics through
unusual patterns over a given period of time. Researchers can use the clusters to
focus on the topics most closely identified with their research. Schéch (2017), used
topic modelling to examine French drama texts between the years 1610-1810,
examined whether different dramatic genres had distinctive dominant themes and
whether sub-genres have their own specific plot patterns. Schoch’s study looked at
the extent to which clustering and classification methods based on subject scores
produced results consistent with traditional genre distinctions. The various studies
undertaken have demonstrated that topic modelling is an effective means of ana-
lysing historical documents for further research examination.

Digitisation of Ottoman Manuscripts

Making Ottoman manuscript documents and books readable and accessible by
computer is a process that requires serious effort. There is no system that works
with a high accuracy rate among existing studies. For various reasons, Ottoman
manuscripts seem particularly difficult to read by machine. There are issues with
the handwriting and language used and with the condition of the manuscripts
themselves. The language of Osmanlt Tiirkcesi/Ottoman Turkish has particular
issues being based on Arabic. One of the most significant difficulties is that Ottoman
manuscripts were not written on paper with a satisfactory flat surface or plane,
which makes scanning of the content challenging.

In the literature, there are studies using different methods to render irregularly
written manuscript historical documents machine-readable and accessible. With
advanced information technology, it is possible to extract data from documents by
using machine learning (ML) algorithms. Existing common techniques based on
handwritten text recognition (HTR), combined with deep learning (DL) recurrent
neural networks (RNN) have greatly contributed to the ability of machines to scan,
recognise, analyse and store the content of complex manuscripts. DL architectures
are used to detect line and page structures of documents, and various projects
have applied techniques to extract line and page structures with methods such as
masking used with convolutional neural networks (CNN), RNNs and graph neural
networks (GNN). CNNs and RNNs have different architectures with one feeding
data forward and the other back and are commonly used to solve problems involv-
ing spatial data, such as images. RNNs are better suited to analysing temporal and
sequential data, such as text or videos (Craig and Petersson 2023). Masking refers to
skipping missing data during machine processes (Zhu and Chollet 2023).
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Deep neural networks and artificial intelligence have significantly accelerated
the automatic transcription of historical manuscripts. Various studies have adopted
the techniques mentioned to analyse handwritten texts (Andrés et al. 2022; Ares
Oliveira 2018; Gao et al. 2019; Gilani et al. 2017; Prasad et al. 2019; Qasim, Mahood,
and Shafait 2019; Siddiqui et al. 2019). These studies have demonstrated effective
use of artificial intelligence techniques to the analysis of text but clearly also demon-
strate the need to use structured automated methods that take the context into
account to reduce both layout analysis errors and text recognition errors (Prieto
et al. 2023). Existing HTR implementations are not error-free (Andrés et al. 2022).

Software and platforms using HTR and DL technology like Transkribus have
been developed and used for various projects. “Transkribus is an Al-powered plat-
form for text recognition, transcription and searching of historical documents —
from any place, any time, and in any language” (Read Co-op 2023). However, varying
document layouts, types of handwriting or fonts used, and differences due to the
person writing the article make the task of effective transcription and analysis chal-
lenging even with the use of appropriate software (Lang et al. 2018). In particular,
document image understanding is a difficult pattern recognition problem extract-
ing and distinguishing relevant data that requires complex models based on ML.
The problem is even more demanding for document images with complex layouts,
such as tables. The reading order is often inherently ambiguous and, as a result,
the context is often unclear (Prieto et al. 2023). Document layout analysis focuses
on identifying and categorizing the regions of interest in the scanned image of a
text document and recent developments have potential for improvements in image
analysis with geometric and logical layout analysis, and top-down approaches
which divide a document into columns and blocks based on white space and geo-
metric information in addition to bottom-up approaches which examine the raw
pixel data. Accuracy rates in pattern recognition above average have been found
in trials using the hidden Markov model (Motawa, Amin, and Sabourin1997; Onat,
Yildiz, and Gindiiz 2008). The improvements give impetus to undertaking further
studies on the viability of automated means of analysing Ottoman manuscript
documents.

Since printed works have a page layout, it seems easier to digitise them through
machine-readable means by scanning and use of Al techniques, and make the
content more widely accessible. A successful Turkish project has been:

Wikilala, nicknamed as Google of Ottoman Turkish, is a Turkish digital library of Ottoman
Turkish textual materials. Wikilala, which is currently in its beta version, consists of more than
109,000 printed Ottoman Turkish textual materials, including over 45,000 newspapers, 32,000
journals, 4,000 books and 26,000 articles. Wikilala, provides its users with full-text search
through its database using Ottoman Turkish alphabet or Turkish alphabet (Wikipedia 2024).
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The issues with digitising and transcribing Ottoman Turkish based on Arabic have
been mentioned. A Luggat Osmanlica Tiirkce Sozliik/Luggat Ottoman Turkish Dic-
tionary with Arabic and Persian spelling and Ottoman pronunciations and detailed
explanations has been developed and provides support (Luggat Osmanlica Tiirkce
Sézliik n.d.). Another project impacting on the Kadi register project has been the
development of an Ottoman transcription tool.

AKkis is carried out in cooperation with DH Lab and VERIM (Data Analytics Research and Appli-
cation Center). Our aim is to develop recognition technologies that can transcribe Ottoman
Turkish handwritten and printed works written in Arabic and Persian script into Latin script.
Thus we want to make texts in Ottoman archives and libraries written in Ottoman Turkish
more accessible to researchers and general users from different disciplines (Sabanct Univer-
sitesi n.d.).

Various issues encountered in working with digitisation in relation to Ottoman
manuscripts were highlighted in the study undertaken by Kirmizialtin and Wrisley
(2022). Their study of a digital newspaper collection printed in Arabic-script
Ottoman Turkish in the late 19™ and early 20™ centuries emphasised the difficul-
ties of automated transcription of non-Latin script languages along with difficul-
ties in training HTR models, particularly with writing systems which have experi-
enced change over time. Synthetic data and other data have been used in studies
to augment data available for input to ML models. A test of data augmentation on
printed works in Ottoman Turkish found that the system could be improved if there
was a larger database (Bilgin Tasdemir 2023).

In projects carried out all over the world, documents and records that cannot
be read by machine due to line and page formats and other issues continue to be
transcribed and made accessible by volunteers. Crowdsourcing is currently the
most likely method for extending the digitisation and analysis of manuscripts.
Zooniverse hosts projects for people-powered research where volunteers work
with researchers to build datasets for analysis. FromThePage is a crowdsourc-
ing platform for archives and libraries where volunteers transcribe, index, and
describe historic documents.

Data Set and Research Methods Used

This section outlines the details of the project involving the Kadi registers which
focused on one of the registers, the book of Uskiidar, a district within Istanbul. It
covers the years 1561-1563, and had previously been transcribed by the author. The
register contains important information about the social life of Uskiidar, with 648
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hiiccets/court records such as purchase and sale transactions, cases about fugitive
slaves, and murders (Akga 2015, 9). In the transcribed version of the book, a manual
classification had been given for the topic of each court record, with an index con-
sisting of subject, person, event and place information. A topic modelling algorithm
was run on the text to machine-classify the topics of the court records in the text
and to compare them with previously assigned topic headings.

As previously outlined in this chapter, topic modelling is an unsupervised
approach to finding groups of words in a text document. The topics are made up
of words that often occur together and share a common theme. Topics with a pre-
defined set of words can be used as phrases to describe the entire document. To
improve the identification of the subject of each record, Latent Dirichlet allocation
(LDA) was run on the text using Python software. LDA is a type of topic modelling
algorithm where each document is considered a collection of topics with each word
in the document corresponding to one of the topics.

The study commenced by importing the data and running pre-processing tools
on the text. The initial clean function was used to remove the punctuation marks on
the text and change uppercase letters to lowercase. In addition, word tokenization
was used to demarcate words and symbols with spaces. The stop word removal
function was used to remove the most commonly used words in a language. The
open-source Gensim library was used to create the corpus and a dictionary. Gensim
is an open-source library for unsupervised topic modelling and NLP using modern
statistical ML.

To apply topic modelling, the number of topics must be determined. There are
many approaches currently available for this task. The approaches generally look
at the distributions of LDA such as subject-terms, document-subjects, and calculate
the distances between pairs of topics and determine the most appropriate number
of topics (Akbulut 2022, 29). Four metrics were used to determine the most appro-
priate number of topics for the LDA algorithm to be applied on the Kadi register.
The metrics included statistical calculations based on topic and document calcu-
lations on the text, and each metric was run in R-project over a single code. As a
result, the most suitable number of topics for the model to work on the data set was
determined to be thirty (Figure 15.1).
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Figure 15.1: Four metrics used to determine the optimal number of topics for the LDA model

The topic models were then created and the results analysed. PyLDAvis was used to
visualise the results. PyLDAvis is designed to help users interpret topics in a topic
model as appropriate to a collection of text data. It provides an interactive web-
based visualisation with information from the LDA topic model. Finally, an eval-
uation was made by determining which topic was dominant for each record. To
validate the results, the output gives the most appropriate topic for each text data.
The topic ratios with their keywords can easily be seen. Through the model, a range
of topics or recurring themes and the extent to which each document addresses the
issues has been explored on the Kadi Registers.

Findings and Discussion

The phrases used in the Kadi registers and the most frequently used words can be
easily viewed in the graphic created by the LDA model. Indicators of time and place
names and the name of the office where the court was held are among the most
used words in the data set (Figure 15.2).
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Figure 15.2: LDA algorithm on the Kadi Registers representing all clusters
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Figure 15.3: The first clusters of the LDA Model on the Kadi Registers

The first set of the LDA model shows that the most common records in the data set are
alim-satim (bey’)/commercial transaction cases which are represented by(the widest
circle. The frequency of the words used in the first cluster in the whole document, red
and blue, can be easily observed in Figure 15.3. Looking at the previous topic tagging,
buying-selling cases constitute approximately 16% (101) of the total individual cases.
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Figure 15.4: The 27th cluster of the LDA model on the Kadi Registers

In Figure 15.4, words used in the topic cluster, which are rarely mentioned in the
whole data set, are seen. In a detailed reading, the topics of iltizam/tax farming, kacak
kole/fugitive slaves and niza (kavga)/ hostility) in the records of the Kadi registers
were gathered in a cluster and indicate that the words used in the topics are related
or that these topics can be included together under one record. In the LDA model
figure, the cluster circles are smaller and the frequency of use of the words within
this cluster in the entire data set has a distinctive character (Figure 15.4). The manual
topic labelling made by the author on the Kadi register also confirms the outcomes.
Accordingly, iltizam/tax farming is mentioned twenty-one times and the issue of

kagak kole/fugitive slaves forty times in the book (Akca 2005).
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Figure 15.5: The 30" cluster of the LDA model on the Kadi Registers
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Figure 15.6: t-SNE algorithm on the dataset

The most distinctive issue in the data set is seen as the kefil/guarantor cases. Since
the words used in kefil/guarantor or surety cases are generally names including
foreign names and non- Muslim names, they have formed a separate cluster of
words that are rarely used in the entire document universe (Figure 15.5). For a
closer look at the LDA model and to examine each case, the t-distributed Stochastic
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Neighbour Embedding (t-SNE) algorithm was applied to the data set. In Figure 15.6,
the status of each case is visualised in two dimensions according to its topic. One of
the important points is that the approach differentiates subjects which are unalike
and unique in the data set and which subjects are similar to each other. Figure
15.6 identifies subjects which converge with each other and relate on the basis of
easily used words. The words used in alim-satim (bey’)/commercial transaction,
borg¢ (deyn)/debt, narh/pricing, kefil/surety deputation and alkol/alcohol cases are
seen as related words.

Conclusion

The LDA topic modelling process used for analysing historical texts has emerged as
an effective method that enables readers and researchers to comprehend content
and identify subject matter for further examination. The results are presented in
an efficient and contextualised way. Al and other means of automated analysis
enhance the context and improve access to historical records. Computer methods
provide significant improvements not only to the work of historians and social
science researchers but also enhance social and cultural life and understandings.
The results of this study can be used to guide future similar projects and also to
enhance searching and information retrieval from the Kadi registers database and
similar Ottoman document stores.
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