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A — The Genizah Collection
The Cairo Genizah is a remarkable set of fragmed&gish manuscripts discovered
towards the end of the nineteenth century in tHe dd an old synagogue from the
medieval part of Cairo.
The collection, the way it was discovered and dstents later dispersed all around the
world, its importance, and the very great and protbimpact it had on Jewish Studies
and on the study of medieval communities of the itdednean basin in general, is
already well described in the other papers of thietin. We shall therefore content
ourselves with detailing some of its basic featutbat affect the methods and
technologies that had to be developed in orderompeiterize this collection and its
research context, i.e. to build the Computerizedigzzd Research World.
While some of the ideas presented here are vergifgp@and closely geared to the
Genizah collection, others — as will be clear belaway be applied to various very large
collections of historical manuscripts that représteeasures of cultural heritage in its
truest meaning.

ok
The Genizah contains — as we finally know todaybeua 300,000 "fragments”, a
fragment being (mostly) a handwritten piece of wgt material (mostly paper, but
sometimes parchment, vellum, papyrus, etc), séadh a "page"” or rather a "folio", but
more usually a torn, mutilated, stained, sometimésute (no more than a few square
inches) part of an original folio or bifolio, it§edometimes part of an entire manuscript.
These fragments, almost all in Hebrew characteesgwput by their owners into that
doorless room in which they were found, so as aafisrespectfully throw something
with the name of God in it in the garbage. Gradudbwever, people got used to throw
there not only old prayer books, bibles, Talmudgsagr rabbinical writings, but anything
written in Hebrew characters. The room was supptusée emptied now and then and its
contents respectfully buried with a special cereynona Jewish cemetery. By some
miraculous chance, however, the room was neveried)pand thus generations upon

generations, for almost a thousand years, deposierd not only religious writings but



also letters, contracts, marriage or divorce papmils and business transactions, recipes,
medical prescriptions, magical amulets, Jewish tsbarchives, and more. Arabic being
the principal language of most Mediterranean comtiasn(Jewish ones included) at
these times, many such Jewish writings — inclugithdosophy and ethics books, even
Jewish law codes - were commonly written in a sgdetg@wish dialect of Arabic (Judeo-
Arabic), but (for good reasons) with Hebrew chaegtand thus reached us today and
were salvaged for posterity. Although containingcasionally some fragments in
Aramaic, Ladino, Persian, Yiddish, and more, th& lmii the Genizah is in Hebrew or

Judeo-Arabic, almost always in Hebrew characters.

B — The Friedberg Genizah Project

Extensively researched for a hundred years, thay sifithis collection revolutionized not
only Jewish Studies, but also our knowledge aldmeihistory, economy and social life of
Jewish communities in the Mediterranean basin, thed interaction with the Islamic
communities there.

In order to further advance the study of the Gdnimavarious ways, Dr. Dov Friedberg
from Toronto initiated almost ten years ago a vemtfor-profit project — the Friedberg
Genizah Project (FGP) - funded by him. Many Geniradearch teams were created,
both outside Israel, such as in Cambridge, Primcatw Manchester, and in Israel itself,
at the Hebrew University, Tel Aviv University, Hager University, Ben-Zvi Institute,
etc, whose aim was to extensively study, identifgscribe, catalog, and transcribe as
much as possible of the Genizah fragments, by fapkither at the original manuscripts
— wherever they reside - or at their microfilm ditbges, created in the late sixties by the
Institute for Microfilmed Hebrew Manuscripts (nowarp of the National Library in
Jerusalem). These efforts resulted in a flurry ehi@ah-related activities, such as the
compilation of a large set of data on some of thgrhents, as well as the production of a
large number of research publications (papers aukd), a scholarly yearly journal
devoted entirely to Genizah research, special wusityecourses and seminars, many
M.A. and PhD theses, and the like.

More information on the Genizah, on FGP, and onstttelars and scientists that run it

can be found atvww.genizah.org

C —The Computerization Mission



In January 2006, a new unit of FGP, Genazim, lacatelerusalem, was created, whose
mission was to computerize the entire Genizah Rese&/orld, including the research
results derived from decades of international sathplactivity including that from the
FGP research teams work.

How does one go to develop this mission of Comitey the Research World of a
large collection of historical manuscripts?

It was clear from the very beginning that one & tlitimate goals of Genazim was to
develop and maintain a website - freely open teaeshers as well as to the general
public - which will contain, organize, manipulatgrocess and display as much as
possible of the Genizah resources, using a richsaptisticated set of software tools for
searching, querying, filtering, sorting and disjptaythat data.

This website was indeed developed in the spaceoof fears, and is now fully
operational, with more than one million pertineatalitems available there. More than
1,200 researchers are already registered to thisitee and routinely access and use it
daily for their research needs.

Previous to that, however, we had to set up themn@jnciples that would guide us in
this work. Following is a few of them:

a - In the twentieth century, the Genizah was mebea as part of the vast world of
Hebrew manuscripts, and it was studied in spedifimains by experts in that domain. A
Bible researcher would go over tens of thousandsagiments (as much as he could)
discarding everything except for biblical materibhe same line would be followed by a
Talmudic scholar, for the Talmudic fragments, ainel $ame by a linguist for linguistic
material, etc. Thus most of the Genizah would lo&kéal upon again and again, probably
tens of times but only a tiny part would be anat/bg the various researchers.

Our approach was that the Genizah collection im@gral corpus in its own, and that we
are going to open its gates to all researcherdl idoaains and for all fragments in all
collections. You never know what great surpriseragrhent can represent until you
actually identify and analyze it.

b — As befits an exact-science discipline, andyascal of computers' operations, our
work will have to be precise, comprehensive andaigate in every aspect. Thus, for
example, we shall try to trace down every singhgifinent of this 350,000-extensive set.

c — Every data item that we integrate in our datebaand ultimately display in the

website, will have to be appended by the sourdhisfinformation: a book, a catalog, a



paper, a scholar, etc. Although we are in constigalbg with Genizah researchers, we
don't allow ourselves the liberty of identifyingtoanscribing a single fragment.

d — We should be not — and are not — arbitratotwden scholars. As happens more often
than not, scholars may differ on the identificatadra fragment, its contents or its author;
we display all the differing — many times contradig — opinions in our site with their
sources, and let the user choose.

e — The project is by its very nature open-endedhé sense that for years and years, as
research progresses, new data will become avaitatdewill have to be integrated and
displayed in the website. Thus the software sysbece reaching its aims - should be
stabilized and amenable to the adding of inforrmatioectly from the researchers to its
databases, with a minimal interference of a snrallg of programmers solely dedicated
to the necessary system maintenance over the years.

f — The shelfmarkof a fragment is the number given to it by thediy in which it
resides, in exactly the same way as a book is f‘s@lked". The shelfmark helps the
librarian retrieve the fragment when needed, butyemimportantly, it is the unique
"identity number" by which it is internationallyaegnized, mentioned or discussed in the
literature. The world of unique shelfmarks is exped therefore to be a well-defined
rigorous and exact world, still, for reasons weéao place to detail, it can rather be
termed as a "loosely controlled chaos". In any casedecided to take the shelfmark of a
fragment as the central axis to which every simgleim of information on that fragment
will be attached. Our system does not recognize aamd not deal with a fragment to

which no shelfmark has been assigned by its owner.

D — Two critical tasks

Faithful to the policy detailed above, we took upmrselves at the very beginning of
Genazim activities two important and critical tagkat we thought should form the

backbone of our development.

1 — Inventories

The first task is to compile a complete, computtjzprecise, and up-to-date inventory
of the formal shelfmarks of all Genizah fragmemtslil Genizah collections all over the

world, large or small, "important” or not, publia @rivate. No cataloging data or

identifications of any sort were included in thask; we needed only the shelfmark and
the number of fragments that were included by tbeatians in that shelfmark. We

wanted to have this list compiled as much as ptessit from outdated catalogs or lists,



but by having the compiler looking actually at gvdragment and recording the
corresponding data, including for example casestiith there was an envelope with a
shelfmark but the pertinent fragment was missir@ndp on loan or in conservation, or
just disappeared. In certain cases, as in Cambridiggersity Library, the Jewish
Theological Seminary of New York, or the Alliancerdelite Universelle in Paris, the
inventory was compiled by the library staff itselfcooperation with Genazim; in others,
such as in Bibliotheque Nationale et Universitaime Strasbourg, British Library in
London or Oxford University Library we sent our Gah experts who accomplished the
task in cooperation with the library staff.

Currently, the inventories residing at the Genisalvers in Jerusalem comprise more
than 250,000 shelfmarks and account, we believenfore than 99.9% of all shelf-
marked Genizah fragments. To achieve this, andradtie comprehensiveness of the
process we had, among others, to compile for tisé time a complete list of the more
than 75 Genizah collections in the world, trackdayn even "collections” that contain
just one fragment.

As became clear later, this effort not only allowesd from that moment on, to attach all
available and future data on any fragment to ielfstark, but also prompted Genizah
researchers to use the formal shelfmarks as definedhe relevant libraries and s
appearing in our inventories, in their publicatiorthus encouraging a trend of
standardization much needed in that context. Maeoa fragment would commonly
change its shelfmark either because it changed @woreeven because of a restructuring
of the library shelves and naming procedures in libeary. We made a large effort to
collect all the older or alternate shelfmarks, rdchvem and attach them to the currently
valid one, so as to correctly attach data that beappended by an older shelfmark to
the newer one.

2. Digital Images

Up to the early seventies of the"2@entury, the only way for a scholar to study a
Genizah fragment would have been to travel to theand the library where it resides,
and, assuming he has the proper credentials, taddpie time at the librargwhile it is
open) looking at that fragment (usually with a mégng glass). During the seventies of
the 20" century the Institute of Microfilmed Hebrew Mantigts in Jerusalem was well
on its way for microfilming the totality of all Hebw manuscripts in the world, among
them the Genizah ones. Life become easier for achah Jerusalem (or Israel), but still

the interested researcher was restricted by thaimgehours of the library, by the



availability of microfilms, and especially by thather poor quality of microfilms' readers
and by their rigidity.

Thus the decision was taken at the onset of Genaciivities to produce or acquire full-
color high-quality (600 dpi resolution) digital ig@s of all Genizah fragments, and to
make them available through the Internet to angrested user, who can then look at
them and study them any time and from anywheres Thove necessitated intense
negotiations with the libraries in which such cotiens reside, and the signing of suitable
legal agreements to protect their copyrights. Imyneases, such as JTS (New York),
AlU (Paris), Geneva, Strasbourg, Vienna, and othelsGP sent its own expert-
photographers who accomplished the complex task ftas to take into account among
others the exact naming of the produced fileshaispecial techniques in quite record
times. In other cases, such as in CUL (CambridggisB Library (London), and others,
the digitization was accomplished by the digitiaatiaboratory of the library itself, in
cooperation with Genazim and with FGP financialparp

We insisted on always digitizing both sides of gvieagment, large, small or tiny, even
when they seemed to be blank or un-readable. Weratorded missing fragments by
taking the image of the corresponding envelopeyen a simple page) with a "Missing"
caption on it.

The digitization of the Cambridge collection, exigetto produce about 350,000 images,
and that of the British Library, are well on theiays, and are planned to be finished, the
former by 2012 and the later by the end of thig.yea

All in all, our website contains now about 200,00@ital images, representing the
complete digitization of many collections. We assuimat by 2012 the site will contain
more than half-a-million images, covering about 96%all Genizah fragments; this
could probably be considered as one of the lardegtization efforts of historical
manuscripts ever attempted.

E - The Data

Designing a computerized system for the researciidwal a very large collection of
historical manuscripts that has been under intensiudy for more than a hundred years
should be supported by two axes: data and software.

What kind of Genizah data should be collected,estoand processed to be finally
displayed in the website?

The following eights types of data (ho more andess) were found to be the appropriate

ones to play this role:



. Shelfmarks: about 247,000 shelfmarks, represemtiagomprehensive inventory
of 66 collections, and covering 320,000 fragmefaan now the skeleton of the
system.

. Digital images: till now we have completely digad 31 collections, two more
are being digitized, and some 200,000 images aiable at the website.

. Bibliographical references, i.e. detailed refersnde any publication that

discusses or even mentions a specific Genizah rsagkf A complete set of
references for all publications in any languagenfithe Genizah discovery times
till 2004, for CUL Genizah fragments, compiled e tCUL Genizah Research
Unit, is integrated in our databases. Moreover refitrences to non-Cambridge
shelfmarks in Hebrew publications of 1966 — 20@wall as many references in
other languages to such fragments is also in thesiee In total, 226,000 such
references are recorded in the databases.

. Cataloging records, that would specify, in a (mgstioded form, any available

information pertinent to a given fragment, foundsoentific catalogs, books, and
scientific publication in general, both on its picgd aspects: outer and inner
(text-blocks) dimensions, number of lines, writintaterial, margins, corners,
holes and tears, etc, and on its contents aspdotaain (Bible and Biblical
commentaries, Talmud and Talmudic Commentarieslogdphy and Ethics,
letters and historical documents, medicine, magg¢ ethere are more than 30
such domains), title of work, author, scribe, dafteopying, etc. About 70 such
fields are included in the cataloging record, af&,800 such records participate
in the website, some rather lean with just a cowplgelds marked, others quite
complete.

. Scans of all Genizah-related entries in any catafotpwish manuscripts whether
published or only printed, handwritten, or electcorAlmost no library - and
certainly no researcher - can afford to have al4b relevant catalogs easily at
hand, so that giving the researcher the abilitgee, with just a click, clear scans
of all the original entries related to a certaielfinark, is indeed a major research
help. More than 70,000 such scanned entries areergly available in the
website.

. Transcriptions: Because of the sometimes difficcdiligraphy, and no less

because of the physical status of the fragmengrdéaty the text of a fragment



into computer is almost always a difficult task dogxclusively by researchers.
About 13,700 transcriptions are currently available

7. Translations: as noted above, many of the Genizanfents are in Judeo-Arabic,
so a translation to Hebrew may be useful. AboutD29@ch translations (including
a few translations into English) are in the website

8. "Joins": One of the most critical issues in Genirasearch is that of discovering
“‘joins”, i.e. different fragments - folios or partd$ folios - originating from the
same manuscript or the same folio, that have bedocated (through the
unavoidable tearing and wearing of the originalsrduso many centuries and the
random acquisition and trade of manuscripts) ifed#ht libraries, one fragment
being found, say, in Cambridge and the other imi& During a hundred years
of research, about 4,000 of such “joins” were digced through the mere
erudition, memory and intelligence of Genizah sahgland all are recorded in

the databases.

F — The Website

Obviously a robust software system is needed toralthese data, integrate. process

and manipulate them in order to make them useftliéagesearchers.

The software system is composed mainly of 3 parts:

- the databases, in which the data is checked, ag@nconnected and updated;

- the input module, which allows the research teaand, later all accredited users,
to directly input the data in the databases;

- the website, which is in fact the only interfacevieen the researchers and the
data, and through which the whole Genizah reseamtd is supposed to be
transparent and available to the user.

We shall focus here on the website, which can bessed throughvww.genizah.org

by clicking on the "login" button (a free and simpkgistration is needed). We shall
content ourselves here with a general outline efviebsite and its various functions,
since anyone can access it, and directly manipikatarious functions.

There are essentially two ways of querying the vtebs

A user can select a fragment using a drop-down m@nagelecting the city where the
collection resides (this is a common proceduretlier Genizah), then choosing the

sub-collection, the volume, etc, and, finally theedfic shelfmark (each of the 75



collections has its own structure, and the menspecifically adapted to each such
structure). Alternatively, if he knows the exacekimark, he can directly type it. He
can then chooses between six different functioas$ dmsplay all the available data
pertinent to this shelfmark: a high-quality imade(looth sides) of that fragment; a
scanned image of any entry in any Genizah catdlagis related to this shelfmark;
the set of all bibliographical references to anyblmation that mentions this
shelfmark; content-identifications of the fragmeritill cataloging record; any
transcriptions of this fragment, when available] &a translation, and finally all joins
(if any) in which this fragment has a role.

The browsing between these functions is totallyadyit; the user doesn't have to
retype or choose the fragment's shelfmark again.

On the other hand, a user can submit a query teysiem, in order to get the list of
all shelfmarks that satisfy a given set of condisioSix different types of such a
search are available.

- by the cataloging data: The user can specifysatyof Boolean conditions ("and",
"or", "not") on the values of 15 relevant fields tbe cataloging record, asking, for
example, for the shelfmarks of all biblical fragrnerfrom Exodus that have
cantillation signs, originate from the 120 14" centuries, contain at least 5 lines,
form a join with another given fragment, and havEa@ophon" (date of writing) at
their end;

- by the bibliographical references data, e.gfrajments for which there is at least
(or at most, or exactly) n (including zero) referes, from a set of specified journals,
or a set of specified authors, in some specifiedsjeetc;

- by the ‘identifications" data, e.g.. all fragneiftom a certain domain, for which
there is at least n identifications, attributedjiven source or a Boolean combinations
of sources, etc;

- by Genizah catalogs, i.e. all fragments for whioére is an entry in a given catalog,
or in a specified combination of catalogs;

- by transcriptions and translations, i.e. all fregts for which there is a transcription
by a given source;

- finally, by a full-text search of the transcrimtis (or translations, or the Genizah
catalogs' text), e.g. all fragments that contagiven word or combination of words,

or a specified exact phrase, etc.



The way a query is submitted is simple and usendly, and the way the results are
displayed conforms to the user expectations, gi#mgmaximal amount of relevant
information in the minimal amount of structured spaThe reader is invited to
convince himself about that by actually browsingha website.

Finally, a few additional modules are availablehtdp users conduct their research

efficiently.

- a "Quickview" function allows the user to browserwejuickly through (low
quality) consecutive images of a given collectighelfmarks (typically tens of
images in a few minutes), so as to focus on thgmiemts that interest him;

- an individual workspace is available to every wskere he can store (manipulate,
add or delete) in his own designed structure alssealof fragments which he is
currently researching, and which is kept for hionfrsession to session;

- a public forum is available where users can exchanfprmation, discuss issues
about given shelfmarks, add ort correct informatete. Any user can also build a
"restricted" forum for him and his small set oflealgues, for internal discussions;

- "notes" can be added by any user on any shelfrtatie displayed for all users;

and more.

G - Research achievements

In this last section, we would like to describeellyi some remarkable results in the
area of computer-assisted analysis of high-quatitgital images of historical
handwritten manuscripts, which were achieved by@aperation of our team with
researchers from the Computer Science DepartménislcAviv University and of
the Hebrew University.

The starting point was to try and find out what gibgl attributes of a Genizah
fragment can be automatically deduced by the coenghtough a fine analysis of its
digital image.

We were able to develop a few software modules thedugh such an analysis, can
recognize and follow the exact contour of the tektpart of the fragment, thus
separating it from its background and from somdaats that may be in the image
(such as rulers or color charts), can count thebmurof lines in that fragment, and

can measure the fragment's outer and inner dimesisihe average written-line
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width and length, the average inter-line width, thensity of letters-per-line, the
existence of margins and their average dimensams$more.

It was thus proved that this type of data, consideessential in the study of
manuscripts and that can be found in many catatdgsanuscripts' collections,
which has been marked until now manually by sclsolarith a notable waste of
precious research time, can now be extracted atitatha from the fragment's
digital image with much more accuracy and efficienc

A crucial further step however was achieved whenweee successful in developing
a complex program that can analyze the handwribintyvo fragments' images. and
assert the probability that they were both writbgrthe same scribe. This is not done
however through the analysis of the individual hariten letters and their shapes,
but rather through a global comparison scheme, alggsimilar to the way with
which two portraits are compared by the computat tound to be of the same
person. This way we were able indeed to discoverdiaeds of hitherto unknown
joins.

in many respects an astonishing result whose coesegs may completely change
the research platform of Genizah studies in thg wear future.

We are in the process of implementing these firglmgthe set of images currently in
our databases, a set which will reach, in a coaplgears, the mark of half-a-million
images. The data derived from the computerizedyaisabf these images will be
ultimately integrated in our databases and displagethe Genizah website. Using
these techniques we hope that we'll be able, uiéiyjato prepare a complete
"Genizah catalog of Joins", and by thi® reconstruct the Genizah original

manuscripts.
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