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Dramatic advances in information technology and significantly increased 
ease of access to the Internet have produced new and exciting research 
methods for historians. The DEEDS Project at the University of Toronto in 
Canada has built a corpus of about 9,000 securely dated medieval English 
charters which are accessible from the World Wide Web. This paper 
describes the application of advanced research and presentation methods 
to an analysis of scribal variations among a group of about 1,300, mostly 
undated, medieval Latin charters from The Cartulary of the Knights of St. 
John of Jerusalem in England. Research methods include a wide array of 
computerized textual analyses: full and segregated content searches, inline 
phonetic transformations, computational geometric representations, 
statistical processing of results, and the interactive graphical 
interpretations of those results.  
 
Records of property transfer are as ancient as writing itself. Consequently, 
the deed, or conveyance, represents the most continuous form of legal 
documentation available to the historian. The current objective of the 
DEEDS Project, founded at the University of Toronto in 1975, is the 
provision of computerized access to the content of English conveyances of 
the twelfth and thirteenth centuries.1 Our main priority at the moment is to 

                                                 
1  Gervers, Michael, The DEEDS Project: Towards the dating and analysis of 

English private charters of the twelfth and thirteenth centuries, in: Le Médiéviste 
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Centuries”, in: Michael Gervers (Hg.), Dating Undated Medieval Charters, Ro-
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develop the means to provide dates for private charters, 92 per cent of 
which, from the time of William the Conqueror in 1066 to the accession of 
King Edward II in 1307, were issued without chronological indicators.2 
The questions which can be addressed through the content of our databases 
are limitless, but to give a few examples of our research directions in 
recent years we may cite the following: 1) a study of the donations to the 
twelfth-century Order of the Hospital of St. John of Jerusalem which led to 
the conclusion that the Order became militarized in response to the fall of 
Edessa in 1144 and the call for the Second Crusade in 11453; 2) changing 
forms of address appearing in grants to the Hospitallers in England during 
the twelfth and thirteenth centuries, which closely reflect the nature and 
degree of the Order’s presence in, or absence from, the Holy Land4; 3) the 
relative growth of the estates of the military orders in London and its 
suburbs from the twelfth to fourteenth centuries5; and 4) evidence of social 
unrest in England under the Interdict (1208-1214).6 We are presently 
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researching means to identify the medieval English scribe of the late 
twelfth through thirteenth centuries as an author. 

Our Corpus of digitized medieval charters was started a decade ago 
using the Oracle version 5 database running on a 386-33 PC. At that time 
we had a set of seven main tables, namely DOCUMENT, PERSON, 
PROPERTY / COMPENSATION, LEASE, RELATION, LINKAGE and 
ROLE, with a variety of supporting code tables.7 Encoding information 
was achieved at the data-entry level by means of a linguistically based 
coding ‘language’. Three types of ‘sentences’ were used to describe 
connections between people, property, and people and property. Actions, 
tense, number and mode were similarly coded. It worked very well for the 
time. 

However, today, the DEEDS Corpus, together with metadata, is 
hosted by the latest Oracle database and is widely available on the World 
Wide Web.8 The Corpus presently includes two groups of Latin charters, 
mainly from twelfth- and thirteenth-century England, derived either from 
printed sources or transcribed directly from the manuscripts (Figure 1).  

                                                 
7  Gervers, Michael; Long, Gillian; McCulloch, Michael, “The DEEDS Database of 

Mediaeval Charters: design and coding for the RDBMS ORACLE 5”, in:  History 
and Computing, 1 no. 3 (1990), pp. 1-12. 

8  <http://www.utoronto.ca/deeds/research/research.html> (##.##.2006). 



Michael Gervers and Michael Margolin 4 

 
Figure 1:  
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The first group, of about 9,500 charters, has been dated internally or by the 
editor of the manuscript, using internal evidence (Figure 2).  
 

 
Figure 2:  
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The second group, of about 1,300 mostly undated charters, comes from 
The Cartulary of the Knights of St. John of Jerusalem in England (British 
Library, Cotton ms. Nero E vi).9 In the computer, they are stored 
independently, but both groups are available for computerized analyses. 
Each charter is stored in digitized form, together with a photographic 
image of the original printed version, or of the manuscript itself. The text 
and any accompanying information is extracted from the original source by 
scanning, using the Optical Character Recognition Program (OCR) or by 
transcription directly from the manuscript. We have developed a program 
which we call “Document Manager” to convert the text of the charter, and 
all external and analytical data, into an Extensible Markup Language 
(XML) document which is later sent to the database (Figure 3). Each 
document stored in the database is the source for the searchable online 
version of that charter in Hyper Text Markup Language (HTML).  
 

                                                 
9  Gervers, Michael, The Hospitaller Cartulary in the British Library (Cotton MS 

Nero E VI).  A Study of the Manuscript and its Composition, with a Critical Edi-
tion of Two Fragments of Earlier Cartularies for Essex, Toronto 1981; idem, The 
Cartulary of the Knights of St. John of Jerusalem in England: Essex, 2 vols., Lon-
don 1982-96. 
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Figure 3:  
 
There are several ways to access DEEDS digitized data: 

1. Remotely: over the Internet, using File Transfer Protocol (FTP), 
connecting directly to the DEEDS database server, using 
Dedicated Web Services 

2. Locally: from workstations that have DEEDS applications 
installed on their hard drive. 

Charters may be viewed over the Internet using the “Browse” option 
on the DEEDS Website. This will start the “Document Browser” (Figure 4) 
program which allows one to select the text of a particular charter, view the 
original source, and the title page of the printed edition. The source 
cartulary can be chosen by name or by its internal code. In addition, the 
“Document Browser” displays the diplomatic parts of the charter and 
formulae, marked up according to a predefined color legend. 
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Figure 4:  

 
A second online program permits textual queries to be directed to the 
chosen collection of charters. This can be started from the DEEDS website 
by selecting the “Search” option. This program supports exact, fuzzy and 
proximity text patterns. There are also multiple options for further refining 
the query by specifying meta data restrictions, such as the nature of the 
charter, the time span, the source of the text, the principal individuals 
appearing in it, etc. The program spans two panels. The first displays query 
restrictions while the second renders a search result in one of the three 
available modes: 

1. „Search“, 
2. „Context“, 
3. „Chart“.  
When the “Search” mode is selected, the lower panel will display a 

list of charters together with their dates. Any charter from this list can be 
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viewed with a highlighted query term (Figure 5). The same view also 
allows one to find a word or phrase in the current document. 

 

 
Figure 5:  

 
When the “Context” mode is selected, each query term will be shown 
within its context. The context boundaries can be expanded from three 
words before and after the queried pattern, up to a maximum of ten words. 
These context words can be alphabetized independently, starting from the 
word nearest to the query term and moving either forwards or backwards 
(Figure 6). 
 

 
Figure 6:  

 
When the “Chart” mode is selected the lower panel will display a graphical 
representation of the query using Scalable Computer Graphics (SVG) 
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format. SVG is an XML dialect and therefore is portable across different 
hardware platforms and operating systems. An additional advantage of 
SVG is that all graphics can be scaled to any degree without loss of image 
quality and direct user interaction is allowed (Figure 7). There is also one 
more advanced option called “Alternative Spelling”. When this option is 
enabled some common spelling variations, like double consonants, are 
removed.  
 

 
Figure 7:  

 
We have recently successfully applied our online facilities to explore 
scribal references in The Cartulary of the Knights of St. John of Jerusalem 
in England, in an attempt to identify authorship, or “schools” of writing 
(Figure 8). 
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Figure 8:  

 
Several more programs have been developed to work with digitized 
charters but, for now, they are only accessible from the DEEDS 
departmental workstations. We use these programs for the maintenance of 
digitized documents and for performing chronological and content-driven 
textual analysis. However, it is our intention to make those programs also 
accessible remotely over the Internet. 

We use a set of securely dated charters to draw any quantitative 
conclusions with respect to chronology or content. Obviously, the number 
of dated charters available for each time span varies, as does the accuracy 
of the chronological evidence, which varies from the exact day, month and 
year to a range of several years. To overcome discrepancies in 
chronological attributes, we have developed a method of normalizing 
chronological information in order to facilitate computer-aided analyses. 
We convert the attributed date to the Julian calendar and then apply a 
special computer program to analyze the availability of charters over a 
given time span (in our case from 1050 to 1359). This program breaks up 
the total chronological span into periods when approximately equal 
numbers of dated charters are available. An index of this computer-
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generated period (henceforth referred to as a “tile”) is subsequently 
assigned to each charter. The tile value is later used as a proxy for the 
original date in all statistical computations. The size of the tile can vary 
from just one day to several years, while the number of charters referenced 
remains almost unchanged. The tile number assigned to the charter is 
automatically updated when charters are added to, or removed from, the 
collections. Both the actual and normalized availability of our first group 
of charters is shown in Figure 9. 

 
Figure 9:  
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We can apply computer-aided analysis to the charter text in order to 
evaluate the chronology and content. Since this is an official legal 
document written or issued by a religious, lay or royal institution, 
inevitably its vocabulary, structure and content reflect the time of its 
creation and also carry the “footprint” of the issuer. The core of our 
approach is that, by analyzing different aspects of the text, a link can be 
established between the given text and a set of similar charters whose 
attributes are known. The fact that all digitized charters are well attributed 
and are linked to a significant amount of meta data allows us to conduct 
computerized textual analyses from different angles, using the meta data 
for filtering information. This meta data includes elements such as: the 
type of legal action documented, information about the parties represented 
in the charter, details concerning the place of issue and locations, the name 
of the scribe, etc. One of its most important features is identification of the 
different diplomatic parts and any content-related formulae in the text of 
the charter. This information, which is currently available for about 50 per 
cent of our charters, can be accessed under the “Browse” option on our 
website menu. 

The examination of vocabulary involves extracting combinations of 
two or more adjacent words, so-called “word-patterns”, in consecutive 
order from the text of the charter and then finding occurrences of each 
pattern in a collection of digitized charters. The total number of valid 
word-patterns derived from a typical charter varies from hundreds to 
thousands, depending on the size of the text. All attributes of charters in 
which a given query term occurs are collected and later processed by the 
computer program. Depending on the circumstances, word-patterns can be 
generated in three different ways:  

1. from the original text 
2. from the partially normalized text 
3. from the fully normalized text. 
Normalization of the text (Figure 10) can include lexical 

transformations, phonetic transformations, or both. Partial normalization 
involves lexical transformation and includes the replacement of most 
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Roman and Arabic numerals, prepositions, definite articles and 
measurement units by a one-letter proxy in the text of the document. Full 
normalization adds phonetic transformation by further replacing words by 
a phonetic proxy. We tested different phonetic matching algorithms10 and 
eventually decided to use the modified version of the Lawrence Philips' 
Double Metaphone algorithm for the phonetic transformations (Figure 
11).11

 

 
Figure 10:  

 

 
Figure 11:  

 
We process the results that are returned by word-pattern queries in separate 
flows, depending on their nature, amount and quality: 

                                                 
10  Zobel, Justin; Dart, Philip, Phonetic String Matching: Lessons from Information 

Retrieval, <http://goanna.cs.rmit.edu.au/~jz/fulltext/ 
sigir96.pdf> (12.10.2006). 

11  Philips, Lawrence, The Double Metaphone Search Algorithm, C/C++ Users 
Journal, June 2000,, <http://www.ddj.com/dept/cpp/184401251> (12.10.2006). 
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1. When a word-pattern produces more than 25 hits, each such 
distribution is evaluated independently. 

2. When a word-pattern produces between one and 25 hits, results 
are first tabulated using all those of the same number and later 
evaluated using one for each word-pattern size. 

3. All word-patterns which produce a single hit are accumulated and 
processed just once at the end of the process. 

We accumulate intermediate results at various stages of the 
processing. All intermediate and final computations are performed by the 
integrated Statistical Engine (Figure 12). 

 

 
Figure 12:  
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Frequently, when word-patterns generate multiple hits, they produce a 
distribution with peaks in multiple clusters. In this case the correct local 
distribution can be chosen by using results produced by the other two flows 
(Figure 13). The addition to the program of an industrial strength statistical 
engine has enabled us greatly to improve the quality of calculations 
through all stages of word-pattern processing. We apply Robust Statistical 
Routines and Fibonacci ratios base weighting to achieve our final results. 
An example of output (Figure 14) shows the accuracy of our fully-
automated chronological evaluation of a sample of 100 charters using 
original word-patterns.  

 
Figure 13: 
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Figure 14:  

 
Using computer-generated geometrical content footprints during charter 
analysis appears to be a promising way of comparing charter content. 
According to this method, original text is converted to digital form by 
replacing each letter, including spaces, by their arithmetic ASCII value. 
After that, the program computes the frequencies of each value. At the next 
stage, a Computational Geometry program treats frequency/character value 
pairs as objects of virtual two-dimensional space. Later the program 
extracts a series of convex polygons (called “convex hulls”) starting with 
the largest, using Onion Peeling Algorithms.12 The smallest hull generated 
by the program is the one eventually used for a content representation of 
the text. Generally speaking, an overlap of hulls generated from different 
charters reflects the similarity of their content (Figure 15). The current 

                                                 
12  Poulus, Marious; Papavlasopoulos, Sozon; Chrissilopoulos, Vasilious, A Text 

Categorization Technique based on a Numerical Conversion of a Symbolic Ex-
pression and Onion Layers Algorithm, in: Journal of Digital Information, 6/1 
(2004), article no. 276. 
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implementation of our program for content footprint evaluation uses the 
latest release of the Computational Geometry Algorithms Library 
(CGAL).13

 
Figure 15:  

 
To sum up, this paper has introduced the DEEDS Project approach to the 
textual analysis and management of a collection of digitized Medieval 
Latin charters. All our digitized documents are encoded using XML and, 
although we use our own naming rules for XML elements and attributes, 
the structure of encoded charter documents can easily be exported to such 
encoding systems as the Text Encoding Initiative (TEI) and the emerging 
Charter Encoding Initiative (CEI).14 We have developed a different 
technical approach to encoding the metadata and physical placement of the 
Markup Language tags into the text. At the storage level, we store 
separately an original text of the charter, encoding information and meta 

                                                 
13  Computational Geometry Algorithms Library (CGAL), <http://www.cgal.org> 

(##.##.2006). 
14  Vogeler, Georg, Towards a standard of encoding medieval charters with XML, in: 

Literary and Linguistic Computing 20 (2005), S. 269-280. 
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data information. Generally speaking we use dynamic encoding as an 
alternative to the more commonly used static system. This means that our 
system is capable of generating a variety of statically encoded documents 
in response to a specific client request. By employing dynamic encoding 
we have also eliminated the problem of overlapping markup elements.15

We have also discussed how we apply new methods to vocabulary and 
content analyses of Medieval Latin texts using “word-patterns” and 
Computational Geometry. Tight integration of a Statistical Engine into the 
process has allowed us to improve significantly the accuracy and reliability 
of our output results, and the use of analytical online tools like our 
“Browse” and “Search” programs can greatly facilitate the research. The 
application of Scaleable Vector Graphics as an alternative to commonly 
used Bitmap pictures has improved considerably the quality of graphical 
information available to Internet users.  

For the future, we see great potential in the further development of 
word-pattern frequency analyses by using multiple mutually independent 
data flows. As we are always dealing with inexact statistical data, the 
search for alternative statistical methods remains one of our main 
priorities. We are currently working on the integration of the vocabulary 
and content evaluation tools into our website and we continuously seek to 
improve its appearance and functionality.  
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