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The Document Architecture for the Cornell Digital Library
Status of this Meno

This menmo provides information for the Internet community. This meno
does not specify an Internet standard of any kind. Distribution of
this meno is unlimted.

Abst r act

This meno defines an architecture for the storage and retrieval of
the digital representations for books, journals, photographic inages,
etc., which are collected in a large organized digital library.

Two uni que features of this architecture are the ability to generate
ref erence docunents and the ability to create nultiple views of a
docunent .

I nt roducti on

In 1989, Cornell University and Xerox Corporation, with support from
the Conmi ssion on Preservation and Access and | ater Sun M crosystens,
enbar ked on a col | aborative project to study and to prototype the
application of digital technologies for the preservation of library
material. During this project, Xerox devel oped the College Library
Access and Storage System (CLASS), and Cornell devel oped software to
provi de network access to the CLASS Digital Library.

Xerox and Cornell University Library staff worked closely together to
define requirenents for storing both | ow and hi gh-resol ution

versi ons of images, so that the | owresolution i mages could be used
for browsing over the network and the high-resolution i mages coul d be
used for printing. In addition, substantial work was done to define
docunents with internal structures that could be navigated. Xerox
devel oped the software to create and store docunents, while Cornel
devel oped conpl enentary software to allow library users to browse the
docunents and request printed copies over the network.

Cornell has defined a docunent architecture which builds on the

| essons |l earned in the CLASS project, and is maintaining digita
library materials in that form
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Docunment Architecture Overview

Just as a conventional library contains books rather than pages, so
the electronic library nmust contain docunents rather than inages.
During the scanning process, inmages are automatically linked into
docunents by creating docunent structure files which order the inage
files in the same way the binding of a book orders the pages. Thus,
the digital book as currently configured consists of two parts: a set
of individual pages stored as discrete bit map inage files, and the
docunent structure files which "bind" the inage files into a
docunent. In addition, a database entry is nmade for each digita
docunent which pernmits searching by author and title (i.e.,

bi bl i ographic information). Beyond the order of the pages, the
arrangenment of a physical book provides information to readers. The
title page and publication information conme first; the table of
contents usually precedes the text; the text is divided into sections
or chapters; if there is an index, it follows the text. The reader
often refers to these conponents of a book when browsing the library
shelves, in order to determ ne whether to read the book

The docunent structure provides direct access to the conponents of an
el ectroni ¢ docunment, storing the infornmation that woul d otherw se be
| ost when the book is disbound for scanning.

Docurent Architecture Requirenents

Li sted below are the requirenents that were initially set down for
the Cornell Digital Library Architecture

1. The architecture nmust be open (i.e., published and freely
avail abl e).

2. The architecture should be as sinple as possible (to facilitate
product devel opnent).

3. The architecture should assune data storage in UNIX file systens.

4. The architecture should allow for standard data usage, such as via
FTP and Gopher servers (i.e., pages of a document nust exist in a
single directory, and the nam ng convention used nust order them
in the standard collating sequence, such as the series "0001.TIF,
0002. TIF,..., 0411.TIF" (NOTE: a series such as "1.TIF, 2.TIF,...
10. TIF" would be ordered "1.TIF, 10.TIF, 2.TIF, ..." which is not
accept abl e).

5. The architecture should provide for storing the sanme information

in different formats. For exanple, when a page of a docunment is
avai l abl e at several different resol utions.
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6. Lowresolution "thunbnail" images of each page nmust be stored to
facilitate browsing and sharing of data.

7. The architecture nust support distribution of files so that
simlar files may be stored together, permtting optimzation of
storage use and perfornance.

8. The architecture must support docunments that are conposed of
references to all or part of other documents.

9. The architecture nust support docunent conponents which are
stored on separate servers distributed across the network.

10. The architecture nust support not only an hierarchical structure
for each docunent, but the ability to define nultiple views of
each docunent.

11. The architecture should accept, rather than dictate, directory
structures in which docunents will be stored. This will pernit
docunents created in other ways to be added to the Digita
Li brary sinply by addi ng database information rather than by
copying or noving files.

Docunent Architecture Description
A digital library consists of a Digital Library Server, networked
storage, and a referencing database. A single digital library wll
contain one or nore collections. Each collection will contain one or
nore documents.

The referencing database all ows searching for documents by author,

title, and docurment ID. In the current inplenentation, the
referenci ng database is a relational SQ database, and each
collection is epresented by a table in the database. It is planned

to mgrate to Z39.50 database searching as the preferred nethod, as
this protocol has been established as the standard for library
appl i cations.

Aut hori zation will be primarily coll ection-based, although the design
will permt authorization checking at any | evel down to the

i ndividual file. Notification would come only when the patron
attenpted to open the docunent or access the particul ar conmponent.

Each document consists of three conponents: the |ogical structure;
the physical references; and the data files.
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The logical structure is a |ogical description of the docunent.
Conceptual ly, a docunent is a tree, with the | eaves being the data
files (pages). At a mnimum all documents have a | ogical structure
which lists the pages in the docunent and the order in which they
appear. Usually, docunents will have a nore el aborate structure.
The |l ogical structure relates the logical structure of a docunent to
t he physical references which make up the document.

These physical references map the | owest |evels of the docunent’s

| ogi cal structure (the |l eaves of the tree) to the files that contain
the data. Were there are nultiple representations of a page, such
as images at various resolutions, these are |linked together in the
physi cal references file.

The data files contain the data nmaking up a docunent. Any format can
be accommpdated: image files, ASCI| text, PostScript, etc. However,
one-to-one correspondence between data files for a given physica
reference is assuned. That is, if there are multiple file types for
a single page, these files should represent exactly the sane

i nformati on.

Physi cal References File

The Physical References file is the conponent of the docunent which
rel ates | ogical structures (logical conponents of docunents) to
physical files. Document references, by which a docurment can be
composed of all or part of other docunents possibly residing on
different servers, are handled in the Physical References file.

A docunent nmay contain multiple document objects, each of which
contains one or nore data objects. Wen a docunment contains actua
physical data (for exanple, it is created by scanning or inporting
i mages), a Master Docunment Cbject is created. Wen a docunent

i ncor porates conponents of other docunents, a Reference Docunent
oject is created for each of the other docunents. The Docunent
oj ects are nunbered with internal reference nunbers, which are
included in the correspondi ng Data Cbject |ines.

Data (bject lines include the Docunent Object number, the file
ref erence nunber, and the file type. The Docunent Object nunber
refers to a Docunent hject line, fromwhich the library nane,
coll ection name, and document |ID can be retrieved. The tuple

<libraryl D>+<col | ecti onl D>+<docunent | D>+<fi | et ype>+<fil e reference>
is guaranteed to locate a file. Each Data Object line refers to a

single file; where nultiple file types of a single docunent page
exist, there will be multiple Data Object |lines for that page.
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In the file, all Docunent Object lines will preceed all Data hject
lines for a given docunent. Docunent Object |lines may be either
grouped together at the beginning of the file, or may i mediately
preceed the first Data Object |line for the Docunment Object. Docunent
oject lines will appear in order by Docunent Object nunber. Data
oject lines will appear in order by sequence number, NOT by Docunent
oj ect nunber.

The fields in the Physical References file are delinmted by vertica
bars.

Docunent hj ect Lines

Field Descri ption Conment s
1 Docurent bj ect nunber 0 => Master Docunent Object
1-9 => Reference Docunent Object
2 Li brary nane Server nane
3 Col | ection nane
4 Docurent | D 8-di git number
5 Aut hor name
6 Vol une
7 Title
8 Edition

Dat a Obj ect Lines

Field Descri ption Conment s
1 Docunent Obj ect nunber Corresponds to above
2 Sequence numnber
3 File reference Ref erence nunber used to | ocate
filein filing system
4 Physi cal reference nunber Equal to Logical Structure file
5 File type 1 = TIFF 600dp
2 = TIFF thunbnai l
3 = ASCI I version of page
(i.e., OCR output)
4 = ASCI| notes
5 = O her
6 = TIFF 300dp

6 Not e
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Physi cal References File Exanple
+0| CORNELL| COLI NLI B| 00000001| Bool e, Mary Everest|| Phil osophy O Al gebr a|

| 1] 00000002| 5|
| 2] 00000003| 5]
| 3 00000004| 6]
| 4] 00000005| 6]

| (File ref. #2
| (File ref. #3
| (File ref. #4
| (File ref. #5

Phys. ref. #5
Phys. ref. #5
Phys. ref. #6
Phys. ref. #6

600dpi TI FF i mage)
100dpi TI FF i nage)
600dpi Tl FF i mage)

0
0
0
0 100dpi TI FF i mage)

NN
I mnn
I mnn

Note that in the above, it is guaranteed that file references 2 and 3
are two different versions of the sanme page, as are file references 4
and 5.

Logical Structure File

The Logical Structure file is the conponent of the docunent structure
which offers "views" of a docunment and |inks inmages together
logically to define documents. The file is actually an unl oaded tree;
when a docunent is "opened", the file is read and the tree
reconstructed. By convention, all Logical Structure files contain one
| ogi cal structure "PAGES' which defines the docunent by listing the
pages in the order in which they appeared in the original docunent.

Document Structure |ines

Field Descri ption Conment s
1 Parent structure nunber Structure is a child of..
2 Sequence numnber
3 Logi cal Structure nane Label for this structure
4 Structure numnber Equal to Physical Reference file
5 Logi cal Children # of logical children of this
structure

Docunent Structure |lines (continued)

Field Descri ption Comment s
6 Physi cal Children # of physical children of this
structure
7 Ref er ences # of references to this

structure within this docunent
(for how many structures is this
a substructure)
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Logi cal Structure File Exanple

| O] O] ROOT| 0] 4] 0] 0] Structure 0, ROOT, has 4 |ogical children
| O] 1| PACES] 1| 100| 0] 1] Str. 1, PACES, has 100 | ogical children
| O] 2] CONTENTS| 2| 22| 0] 1] Str. 2, CONTENTS, has 22 |ogical children

. has no physical children

| 1] 1] Production note|5]0]2|2] Str. 5 is child of structure 1
.has a | abel "Production note"
.has no logical children
. has 2 physical references
.is referenced twice in this docunent

| 1] 2| | 6] O] 2| 1] Str. 6 has no | abe

| 11 3| | 7| 0] 2] 1] Str. 7 has 2 physical references

| 1] 4] | 8] 0] 2] 1] Str. 8 is referenced only here

| 11 5] 1 9] 0] 2| 1] Str. 9 is 5th sequential child of PAGES
| 1] 99| | 103] 0] 2] 2

| 1] 100]| | 104] 0] 2| 2|

| 2| 1] Producti on note| 105] 1] O] 1] Str. 105 is a child of str. 2
| 2| 2| Titl e page| 106] 1| O] 1| Str. 106 has 1 logical child
| 2] 3| Tabl e of contents| 107|2|0|1

| 2| 4] Chapter 1. From Arithnetic to Al gebra] 108|6|0|1

| 2| 5] Chapter 2. The Making of Al gebras| 109]|4|0|1

| 2| 6] Chapter 3. Sinultaneous Probl ens|110|4|0]1

| 2| 7] Chapter 4. Partial Solutions...|111]3]|0|1

| 2| 8] Chapter 5. Mathematical Certainty...|112]|3|0|1

| 2] 9] Chapter 6. The First Hebrew Algebra|113|8|0|1

| 2| 10| Chapter 7. How to Choose our Hypotheses|114|9|0|1

| 2] 11| Chapter 8. The Limts of the Teachers Function|115]|5|0|1

| 2] 12| Chapter 9. The Use of Sew ng Cards|116|4| 0|1

|2|20|Chapter 17. From Bondage to Freedoni 124|5| 0|1

| 2] 21| Appendi x| 125] 2| 1| 1

| 2| 22| adverti senent s| 126] 4| 1| 2|

| 105] 1| Producti on note| 5] 0] 2] 2| Str. 5is a child of str. 105
| 106] 1| Titl e page| 11| 0] 2] 2| 2nd reference to str. 11

I

107| 1| 7] 15| 0] 2] 2|
| 107]| 2| 8] 16 0] 2| 2|

| 126] 4] | 104 0| 2| 2|
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I mpl ement ation Details

The tuple <library |ID>+<col |l ection |D>+<docunment |D>+<filetype>+
<file reference> is guaranteed to locate a file. A file locator
programw || translate between this tuple and the fully-qualified
path and file name in the underlying file system VWile a library

wi Il always have a hierarchical nature corresponding to UNIX file
systens, the order of the hierarchy will be flexible to accommopdate
optim zation efforts. Each level of the hierarchy will have an I NFO
file that describes the order of the |ower |evels of the hierarchy.
The file locator programwi |l read these files as it navigates the
directory structure of the file systemwhen a library, collection, or
docunment is opened. Two exanples follow

Exanple 1. Hierarchy is LIBRARY, COLLECTI ON, DOCUMENT, FILETYPE

[<library nanme>

LI Bl NFO. TXT Description of library
/ <col | ecti on name>
COLI NFO. TXT Description of collection
/ <docunent | D>
DOCl NFO. TXT Description of docunent
LOGSTR. 000 Logi cal structure file
PHYSREF. 000 Physi cal reference file
[<filetypel>
00001. TI F
00002. TI F
[<filetype2>
00001.TIF
00002. TI F
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Exanple 2. H erarchy is LIBRARY, FILETYPE, COLLECTI ON, DOCUMENT.
[ <library name>

LI BI NFO. TXT Description of library
[ <filetypel>
/ <col | ecti on name>
COLI NFO. TXT Description of collection
/ <docunent | D>
DOCl NFO. TXT Description of docunent

LOGSTR. 000 Logi cal structure file
PHYSREF. 000 Physi cal reference file
00001.TIF
00002.TIF

[<filetype2>
/ <col | ecti on name>
CCOLI NFO. TXT Description of collection
/ <docunent | D>
DOCl NFO. TXT Description of docunent

LOGSTR. 000 Logi cal structure file
PHYSREF. 000 Physi cal reference file
00001. TI F
00002. TI F

This inplementation involves sonme redundancy, but it permits conplete
copies of a collection to be mounted on different file systens for

performance considerations. |n particular, the second schene woul d
facilitate storing all |lowresolution inmages on hi gh-speed nmagnetic
disk for fast access, and all high-resolution images on slower, |ess
expensi ve storage. This will also facilitate authorizing access to

| ow-resolution images by other software systens (FTP, Gopher) while
restricting access to high-resol ution inages.

Tur ner [ Page 9]



RFC 1691 CDL Document Architecture August 1994

Security Considerations
Security issues are not discussed in this meno.
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