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(1) Intellectual merit
The project will develop and test a new method of preserving scholarly documents from
the public Web. Records of author names and title of source documents from standard
abstracting and indexing databases are used. After a suitable transformation, these source
records are submitted to the Google search engine. Google responses are analysed by
purpose-written software. The aim is to find, store and preserve, in an entirely automated
way, the full-texts (there may be several versions) of those source documents, as well as
other Web pages that relate or refer to the source document. Examples for such other
pages include the vita of the author, a reading list mention the document, a mention of it
the popular press etc. The stored and preserved pages will enable a completely new
breed of scholarly digital libraries. It will provide an enabling force to stimulate informal
web publishing in the scholarly community and beyond.
(2) Broader impact
Search engines and the Web continue to revolutionize the access to information by
everyone. This project brings this revolution to digital preservation on the one hand and
scholarly communication on the other. Scholarly communication on the Web will flourish
if there are more reliable ways to access documents. This requires digital preservation.
The project provides digital preservation tools. Communities can use these tools to
preserve the informally published documents. They can also use the tools to build a
comprehensive picture of the impact of their papers as documented through all that has
been made available on the public web. At a time when the debate on open access
encourages more scholars to use novel ways to publicize their work over the Web, our
work will ensure that they are preserved. The informality of the Web is complemented by
community-driven digital preservation. The broader impact on society to have more
freely available scientific material on the Web can not be overestimated.
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0. Introduction
The main stumbling blocks to digital preservation are of an economic nature.
A first economic problem relates to the decision to preserve. If we make a costly
investment today in preservation activities, we will have the option to keep the preserved asset
longer. Every investment project faces an uncertainty problem. But in the case of digital
preservation, forecasting ongoing costs and benefits is more difficult than with standard projects
such as, say, building a new road. Under these circumstances, it is prudent to reduce costs. This
project is concerned with reducing preservation costs.
A second economic problem is that many digital assets worth preserving have been
created to generate income for their owners. Asset owners embrace the idea of having the assets
preserved but are worried about the idea that this would create an alternative access route that
may cut into their revenues. Since preservation without access brings no benefits, attempts at
digital preservation are traditionally thwarted by these owners. Under these circumstances, it is
prudent to start with digital assets that have primarily been created to advertise something. I am
not saying: "let's preserve spam". I am talking, say, about academic papers. Such papers are
written without direct profit motives; instead they advertise their authors. Similarly, this funding
application has not been written for sale, it advertises my ability to conduct a research project,
and it also establishes my claim to having the ideas it contains. In principle, if I make the
application available on the Web, I would be pleased to have it preserved and be given access
to. In recent years, more and more of such "advertising" assets have appeared in public access
pages on the Web. Many are very valuable and at risk of disappearing.
In principle, the preservation of the Web is not difficult. One simply needs to take a
backup of the Web every so often. Of course, current technology does not allow us to do this at a
reasonable cost. This implies that we have to be selective about what we preserve. Yet, how does
one determine which Web pages are most valuable and are deserving of preservation?
One approach, pioneered by the Internet Archive at http://www.archive.org/ is to preserve
top pages. There are several ways in which top pages can be found. One simple method is to look
at pages with addresses that end in a domain name. A more sophisticated alternative is Google's
pages rank, see Brin and Page (1997). It is, however, expensive to calculate since it requires
information about the link structure of the Web. Whichever method is chosen to decide what top
pages are, the results only provide an overall idea of what kind of resources were offered on the
early Web and how its services approximately worked. But it does not protect much of the

contents of such services, since the real contents is not on the top level pages. Note that I use the
term "page" here, and in the remainder of this document, to describe anything that can be found
on the public-access Web. Thus a slide presentation, a PDF document, a picture, etc., can all be
pages. But the term page, as used here, implies public access.
This application pioneers a radically different approach. The idea is to start from a set of
valuable resources that has been described "off-Web", so to speak. We then look for those
valuable resources on the Web, using a search engine for basic searching first, and employing
other methods to analyse the search results, second. We want to pioneer this idea in the area of
scholarly communication. Here, bibliographies exist that describe scholarly documents. The
documents are the valuable resources we want to preserve. We want to preserve them
independently of the original place of deposit. And we want to preserve them with their
surrounding material. What precisely that surrounding material consists of, is a main issue in this
application.
The remainder of application has the following parts. Section 1 has the theory underlying
the project. Section 2 briefly discusses some prior work of mine. Section 3 discusses the
architecture to be built. Section 4 has elements of a project plan. Section 5 discusses the
relevance of the proposal to the funding program. Section 6 has some suggestions for future work
based on the proposal. Section 7 discusses the benefits for society. Section 8 concludes.
An appendix has potential objections to the application and my answers.
1. Theory
There is no universally accepted way to refer to a scholarly document. The Serial Item and
Contribution Identifier (SICI, see http://sunsite.berkeley.edu/SICI/) is an attempt to create one for
the bulk of such documents, the ones published in serials. But it has not been widely deployed. In
the meantime, there are "locally" accepted ways to refer to scholarly documents. They are local
to a given collection of descriptive data about scholarly documents. Such a collection is usually
referred to as an abstracting and indexing database. There are a large number of such databases
available. Some of them, such as DBLP (see http:/dblp.uni-trier.de), RePEc (http://repec.org) are
run by volunteers and they are freely available. Others, such as ERIC (http://www.eric.ed.gov/)
and PubMed Central (http://www.pubmedcentral.nih.gov/) are operated with government
subsidies and are also freely available. Finally, others are runs a revenue-generating venture.
They usually are not freely available. But they can still be of further use, because there are two
basic bibliographic elements that fall under fair use. They are the title of the document and the

name of its authors. These two elements will be referred to, in the remainder of this application,
as the pivotal data for a document. No group of authors will choose the same title for more than
one scientific document. Thus the pivotal data loosely identifies the document. This simple
observation is key to the project.
If we find on the Web a page on which we read some variation of the title (say, one that
has a dash to break a word around a line, or that leaves out an accent on a word), and some
variation of the author name (say with initials rather than full first names), we can be quite sure
that we have found a page related to the document from which we have extracted the pivotal
data.
The project aims to develop a system, which, starting from pivotal data about a
document, uses search engine-based technology to find on the web all the pages related to it at a
given time, classifies such pages both in genre and in time, describes and stores them. There are a
whole range of issues that need to be investigated in order to build such a system. First, the
source document, for which we have extracted the pivotal data, is really not a just "a" document.
Rather, it generates a container. Let's call that container the "pool". At the very simplest, we can
think about the pool holding a range of full-text instances of the document. For example, they
could be the first draft of the paper or the version as given at a specific conference, etc. As long
as the document title remains the same, and the document looks like full-text, we will follow
standard practice to consider pages as being full-text instances. Thus, a page on the Web---recall
that the pages are anything that we can have access to on the public-access Web---can be a fulltext instance in the pool. But "full-text" is only one possible relationship. We will allow other
relationships between Web pages and the source document. One key aspect of this application is
to develop a set of relationship types, together with software that can reliably detect the
relationship type from scanning a page. For the moment, let us call such a relationship type a
"bridge". Having worked with a prototype application, here are some example bridges:
"full text"

the page is an instance of the full text of the source document

"display page" the page contains an abstract of the source document and a link to a fulltext on a publisher's web site
"extended abstract"

the page is an extended abstract of the source document

"vita"

the page is a CV of one of the authors of the source document

"pub list"

the page is a list of publications by members of a department
or research group, listing the source document

"collection"

the page is a contents list of a journal where the source document appeared
or a conference where the source documeent was presented

"reference"

the page is the full-text of another document that contains a reference
to the source document

"comment"

the page contains a reference to the document but the page is not
the full text of another document

As an example, consider this proposal application. If and when it is available for public access on
the Web (I will publish it on my Web site), it belongs to the pool of Brin and Page (1997), with
the bridge "comment". If a page on the Web can be found that has a bridge to a source
document, it belongs to the pool of the source document. It is a worthy page that needs to be
preserved.
The project aim is to implement the construction, maintenance and preservation of pools.
The software will search the web for instances of pivotal data as supplied by an abstracting and
indexing dataset. It will keep a cache of pages found and assess their worthiness. If a page is
found worthy, it is stored and monitored. Under monitoring, the system checks periodically to
determine if a new version of the page exists, and stores all new versions, as long as they are still
deemed worthy. The result is an ordered set of files and directories that hold pages. This is the
data produced by the project. In addition, the project will be making metadata available using the
METS scheme. Because of its size and richness of the data and metadata, the project team has no
hope to explore all the wealth that will be inside. Instead all the data and metadata will be made
available via anonymous ftp, http, OAI and via public rsync, for others to study, or build services
on.
2. Results from prior work
I understand that what is proposed here departs radically from previous approaches to
digital preservation. Rather than collecting documents locally and storing them, this process does
a remote collection of pages that have a relationship to a description of a document that has been
supplied externally. The document is mapped to a pool identified by a its handle in the
bibliographic database.. Initially, the pool is empty. The project fills the pool with the pages that
have a bridge to it.
I would not have much confidence in such a radical innovation myself, had I not seen the
opportunities opening up when I built a prototype of the proposed system. This prototype is

unfunded. In it, I examine the DBLP database, see http://www.acm.org/sigmod/dblp/db/, for post
1998 entries. At the time of writing, I only look at papers that have been formally published in
conventional academic journals. The conference papers, which form the bulk of DBLP, are to be
done later. Compared to the full system proposed in this application, the prototype is fairly
limited.
•

It only looks for pages that have a full-text bridge.

•

It only looks for the full text in pages in Microsoft and Adobe format, not in HTML.

•

It only uses paper titles, not author names. It is limited to titles that have five words or more
to try to ensure that the right document is being found.

•

It takes no account of different versions of the page over time.

•

The software is written by me. I am not a trained programmer.

Despite these glaring limitations, I am very encouraged by the findings. I find roughly 25% of the
papers are freely available in full text. There is a wealth of auxiliary material to be found for
every paper. The accuracy of the results of full-text detection is stunning. I have made some of
the data available on Web in a service called DoCIS. This is still a hard-hat area. .But as an
example, you can look at:
http://wotan.liu.edu/docis/show?doc=dbl/ijdill/2000_2_4_259_TADLA.html
to see an example of different full-text version of a paper that has been published in a toll-gated
academic journal. In fact it is possible to build virtual journals that are composed of early
versions of the papers in an academic journal.
3. Architecture
The overall architecture of the system will emphasise a low-cost solution that easily scales with
advances in technology. The hardware architecture of the system will be split into two, a frontend and a back-end. The front-end machine downloads pages from the Web. It has to be kept
free of IP-based special authentication that are common in the setting of a large organization.
Such IP authenticated pages would poison a dataset of public-access resources with proprietary
resources. However, it only needs to be a small machine since all it does is download.. The
remaining operations will be conducted by the back-end machine. For this purpose I plan to use
simple Linux PCs running in parallel. They will be interlinked using Linux Single System
Integration technology. They will communicate with the front-end machine using http messages.

The system will use the (by-now) classic LAMP architecture: Linux Apache, MySQL,
Perl. It will use the Google API to search the Web. I am satisfied with 1000 queries a day limit
for my prototype. In private mail, Google have intimated that I may get more than the 1000
queries per day which is the default limit for the API.
The project software will be written in Perl. Each Perl component will implement a
published protocol that documents in detail the workings of the software. At the time of writing, I
see requirements for the following protocols:
•

front/back protocol: sets out how front-end and back-end machines communicate with
each other

•

exclusion protocol: sets out how we deal with removal requests from people who do not
want to have their material preserved.

•

storage protocol: sets out how pages will be stored on the logical disk space.

•

search protocol: sets out how searches are conducted by the search engines

•

query protocol: sets out how the queries are formed. There will be a limited amount of
choices that implementers have to make, and these choices will have to be based on
domain-specific knowledge of the implementer. They relate to the decision regarding
what titles require searching for and under what circumstance author names have to be
brought in to refine a title search.

•

response protocol: sets out how the search results are parsed. There will be one principle
routine that will be configurable to handle specific results to specific Perl modules for
handling.

•

scanning protocol: some pages are intermediary pages that lead to further pages that are
of potential interest. These will only be cached, not preserved. This protocol will set out
how to deal with such pages.

•

bridge protocol: will handle the recognition of bridges in pages. It will handle its results
to the archival protocol.

•

archival protocol: will set out how to store pages when a bridge has been found, i.e.
worthy pages. This protocol will only generate metadata about the stored pages. Thus all
the metadata requirements will be handled here too.

•

monitoring protocol: sets out how worthy pages are monitored.

•

export protocol: sets out how the system will be made publicly available.

The project team will publish the protocols. We will try to make all protocols as independent as
possible from each other. Separate implementation software will be written for each protocol.
Thus, it should be possible to reimplement different parts of the system. How to accomplish this
is one of the important research concerns of the project.
4. Project plan
The project will be lead by me, Thomas Krichel, using my research time at Long Island
University. During the teachings season, I will hire a researcher to work with me on the system
design. The researcher will also do some system administration duties on the Linux cluster. The
programming work will all be done by a single programmer based in Novosibirsk, Russia. He has
worked for me before. The researcher and I will prepare the protocols and the programmer will
implement them. In the Summer, i.e. early May to early September, the researcher will take a
break from duties and I will direct work with the programmer in Novosibirsk. I have a Summer
home there. This set-up is designed to minimize costs and stretch the time for the project to run
for two years. This should allow just enough time to implement the system.
Under this proposal the project will produce a running implementation using the DBLP
and RePEc, see http://repec.org datasets. All description of papers will be used. Usage conditions
for these datasets explicitly allow for the project to go ahead. During the lifetime of the project
and beyond, the project may implement the system for other bibliographic collections if
additional resources become available, e.g, if pivotal data and machines are donated.
5. Relationship to "Its' About Time".
I understand that I am not a seasoned member of the digital preservation community. However,
the objectives outlined in this proposal address many of the issues presented in the executive
summary of the research agenda in Hedstrom (2003). Specifically:
•

Specification, system and tool development, pilot implementation, and evaluation of repository
models.
This is the heart of what is going to be achieved here. We aim at action research that reveals
where the actual problems are.

•

Develop a spectrum of repository architectures.

There is, of course, s a range of possible architectures. Here are confident that the straight
storage of pages will address the vast majority of our requirements. Going beyond that would
make the project a lot more expensive.
•

Develop a spectrum of digital archiving services.
The project will be a key enabler of other digital archiving services. Essentially, anyone with
basis document data can set up an archiving site using our software. But this is not the most
important feature of this project. It is important that the result of the archiving activity
produces good-end user services. Only if good end-user services on can be built on the
archived data, will people have good incentives to engage in the preservation activity. This is
key to the application. Services based on archived collection will be interesting both to authors
and readers of academic papers. See section 6.

•

Alternative repository models and interoperability
This project emphasises a simple, robust approach, In principle, every instance that will run
the software written by the project will be self-contained. However, metadata is exported
using the OAI protocol for public metadata harvesting. This ensures a basic level of
interoperability between initiatives that will take up the technologies that the project will
develop.

•

Scalability and cost.
These are major concerns of the project. The solutions we propose will be simple enough to
ensure that a small organization or even an interested amateur can use them. Small scale
activities will have significantly less problems sustaining themselves than large-scale
activities that are in constant need of external support. In the long run each project based on
our software can migrate quite easily between different disk media since the capacities of
these disks is every increasing.

•

Articulating and modeling of curatorial processes.
This is where I see much of the innovation in this application. Rather than having digital
objects go through a bureaucratic local preservation process at the source, let a thousand
flowers bloom on the web and have a combination of tradition librarianship (as evident in the
bibliography) and modern search engine technologies do the preservation of what is valuable.

•

Aggregation of items and objects into collections
It it important to me that the curatorial process does not merely store data, but also organizes it
in a way that aids later information retrieval. For each record in a bibliography the project will

open a container and fill it with material from the web. Therefore, in addition to the traditional
organization of the serials literature, a new lower organizational level is created. To link pages
on the Web with bibliographic information will considerable enrich the organization of the
papes as it is found in their "natural" Web environment.
•

Acquisition and ingest
This is an area where the project is unique. Rather than determining the quality of a page at
harvesting time, when the machine is out there in very loosely structured Web-land, this
application uses the time-honoured services of librarians and lets the computer only do
specific jobs. The result is less-likely to be error-prone.

•

Economic and business models
I am an economist myself but I don't believe in business models research for something as
complex as long-term preservation. I believe that giving people out there ideas (rather than
formal models) and open technologies that implement the ideas is likely to be most successful
in practice. This project aims to implement a radically new idea that will be the basis of a
substantial number of future activities.

6. Further work based on this application
In the past, I have worked a lot people in the digital library. I have been focussing on how large
digital libraries, can be built and made freely available by the interaction of many people. Thus I
have been concentrated on the people building the library. But of course I need a start-up
collection of documents before I can study the people related to them. The RePEc digital library,
which I founded in 1997, but which goes back to efforts that I made in 1993, remains my claim
that I have shown that very large, unfunded, yet sophisticated digital scholarly digital libraries
can be created. Only arXiv.org has a larger discipline-based repository. RePEc realizes that the
author is at the center of scholarly communication. Accordingly, at the center of RePEc, lies the
RePEc author service. This service allow the authors of the documents to add their personal
information as data to the library.
I am very excited about using the type of data that will be pioneered by this project to set
up generic author services that allow for two things. First, they allow authors to see the impact of
their documents over a long period of time and over a much larger set of media than available in
a conventional citation index. A conventional citation index will only contain other scholarly
documents. Our dataset will have slides from talks, course descriptions etc. Authors will love to

mine this type of data. And second, while they examine both their documents and the pages that
we have found that are related to the documents, we will ask them to improve and correct the our
metadata. There is reason to believe that authors will manually check for us every page in the
pool for every document that they claim to have written. Thus the dataset will go through a
complete human revision, eventually. Thus we will get a very high quality dataset without having
to pay for a centralized collection activity.
7. Benefits to society
At the time of writing, there has been much discussion about open access to scholarly documents.
There is an emerging infrastructure of open-access scholarly journals that is becoming available.
In addition, universities have been trying, with limited success, to set up institutional archives. In
the meantime, there is a flourishing culture of academic self-publishing on the Web. But it has no
technical backup and is not suitable for building advanced services such as peer review, because
the documents are in the hands of the authors and may get changed. Digitally preserved copies
not only serve as technical backup, they also facilitate alternative peer review. This in turn will
stimulate the supply of open access scholarly documents and make the Web, backed up by our
preservation system, a public-access library for most scholarly documents. This will be an
unprecedented public good to achieve.
8. Conclusions
This application describes a simple project. We make pages on the Web more long-lived. A
human determines what kind of objects are valuable. An engine finds candidate pages. Our
project analysis them, stores and monitors them. Apart from my prototype, there is no project that
implements this simple set-up. As much as search engines have transformed information retrieval
on the Web, so could they transform long-term archiving.
Appendix: Potential objections and my responses
1) Would not be easier to download and store papers from academic departments and store
them?
In the US, academic pages can be quite easy found by looking at domains that end in .edu.
Unfortunately, this argument does not generalize across the world. Many countries do not have
such divisions in the domains. Even in the US, a lot of personal pages are maintained in .edu,

and a lot of low-quality data is to be found on home pages of students found in this domain. Even
if a .edu download and repeated store were technically and economically feasible, it would not
add any organizational structured to the contents. By contrast, this project adds intelligence to the
scholarly Web that is totally unique.
2) There are not may full-text papers available outside a hand-full of areas.
Yes, the perceived wisdom is that there is not much out there apart from the preprints and
working papers disciplines, i.e. Physics, Mathematics, Computer Science, and Economics. But
this perceived wisdom has not been empirically tested. This application tests it. And if we don't
find many worthy documents now, this does by no means ensure that we won't find them in the
future. As the whole of scholarly communication is moving towards open access, more and more
material is likely to appear. Open access is making a system like our more valuable day by day,
3) Isn't this like citation analysis? CiteSeer is already doing this.
Not as far as I am aware. Their system extracts citations from scientific papers. If the citation has
a URL, it fetches the cited paper, indexes it etc. This is obviously not the same as what I plan
here, because my work is based on a bibliographies. But I would like to note that of course, the
resulting full-text gather with our project could be used in further projects such as CiteSeer. Thus
our work is an ideal complement to CiteSeer.
4) You have not addressed the long-run preservation in your project
In general, it does seem difficult to develop long-run preservation activities from short-lived
projects. I feel reluctant to make promises that I am not sure about fulfilling. Just consider the
lifetime of past funded digital library activities. A lot do not stretch much further than the day the
funding was used up, despite of what what they claim in funding application documents. I don't
want this project to end any time soon. Therefore, my key idea is an enabling technology that
reduces costs. It will allow others a quick start to digital preservation activities. I expect that there
will be a lot of independent digital preservation activities based on our software. I also expect
that for each implementation, the amount of material to be preserved is quite small, in the order
of a few Terabytes. Therefore, we can hope that the datasets will be safely migrated. In the same
way I have maintained RePEc for over ten years, by finding a growing number of volunteers
while at the same time reducing my own input. I hope to make a contribution to digital

preservation with a new method, leaving it to others to later maintain systems that implement my
idea.
5) What about copyright?
The project's work implies no copyright transfer. Folks who don't like their work to the in the
preserved collection can either use the robots.txt exclusion protocol, which we will honour, or
contact us so we will remove their pages and prevent them from coming in. From discussions that
I have had with the Internet archive, that is the way they work. It seems to be working well.
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Budget justification
Bill Arms has told me that I have reputation to get a lot done with little resources. I
intend to keep this reputation. Ingenious, though sometimes unusual organization is key
to the way that I work.
At the present time, Long Island University do not offer professors working on
research projects the option to use research funds to reduce their teaching load. Thus I
will have to lead the project out of my general research time. That is not necessarily bad
news. My role will be the overall system design. For that spontaneous ideas are more
important than continuous nine-to-five labouring.
I plan to hire a team of two people. I have been working together with both of
them before and I trust that their talents complement mine. The first is Angela Cornwell.
She is one of our recent MLS graduates. She has a computer science background. She
will be working as a researcher. She will be based at the CW Post Campus of Long Island
University. Her income is counted as wages in the budget. The second is Roman Shapiro.
He is about to graduate from the Information Science program at Novosibirsk State
University. He will be working as a programmer. He will be based in Novosibirsk. His
income is counted as consultancy in the budget.
In order for Angela and me to communicate with Roman, I have budgeted some
expenses for phone calls. Using pre-paid cards, one can talk to Novosibirsk from NYC
for $1 every 20 minutes. $300 should give us 100 hours of phone time which seems
amply sufficient.
For the back-end machine, I need to buy a large computer but have little funds to
buy it. Thus, I will use a cluster of Linux machines as the back-end machine. OpenSSI
will be used to build a single system image cluster. Every machine will have a four 250
Gigabyte IDE hard drives, making for a total of 5 Terabytes of disk space. Some of the
20 IDE disks may fail. That is why I budget $1000 in the second year on spare parts. For
the front-end machine, I will use a computer at my home. It is already sitting there, so it
has not been counted in the budget.
In the first year, an additional item $1000 appears for foreign travel. This is the
budget item to attend the PI meeting in Summer 2005. Recall that in the Summer I will be
living in my secondary residence in Novosibirsk and work with Roman directly. I do not
charge the project for my travel to Novosibirsk and back. But I will use project funds to

get from Novosibirsk to Washington DC and back.
In the second year a $2000 item appears for domestic travel. This will be used
towards the project end and maybe after it to promote the results and seek partners for
further ventures based on the system.
That's all!
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