
NATIONAL LIBRARY OF MEDICINE

PubMed Central, an XML-based Archive of 
Life Sciences Journal Articles

(at the US National Library of Medicine)

Jeff Beck
beck@ncbi.nlm.nih.gov



NATIONAL LIBRARY OF MEDICINE

What is PubMed Central?

• http://ncbi.nlm.nih.gov/pmc/
• Digital archive of life sciences journals

• includes health policy, bioinformatics and other fields

• Participation is voluntary and limited to journals

• Journals deposit an authoritative electronic copy that must 
meet PMC data quality standards

• Deposits are permanent

• Copyright retained by publisher or author
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Access to PMC Content

• Free access to full-text articles and supporting data

• Not necessarily “Open Access”

• Journal may delay free access to its content
• research articles are generally free in a year or less

• Full-text searching in PMC

• Citations for all articles included in PubMed

• Fully integrated with other Entrez databases – sequence 
data, taxonomy, books, etc.
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Some Stats

Over 2.2 million articles from over 2000 journals.

10-15,000 new records added each month 

On average, over 1 million articles are retrieved by ~400,000 
unique users each workday.
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Usage of Articles
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PMC's Archiving Philosophy

At PMC, we strive to represent the article's content or meaning 
rather than representing a given instance of an article (that 
is, the print version, an HTML version on the publisher's 
site, or the submitted SGML/XML).



NATIONAL LIBRARY OF MEDICINE

PMC's Archiving Philosophy

So, we:
 - concentrate on representing the content of the article and not 

the formatting or layout.
- may use a PDF or HTML version for QA, but the QA staff  

understands that we don't have to have something on our 
page just because it was in the print version or on the 
publisher's website. 

- may “throw away” some things in the source XML that are 
not needed in our model (eg, punctuation between 
keywords)
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Standard PMC Workflow
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Early PMC

Supplied content was stored in our database in its native form 
and then converted to HTML when an article was 
requested.
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Modern PMC

Content is converted to NLM XML* on ingest and then stored 
and rendered from the one format.

* Currently content is converted to the Journal Archiving and 
Interchange model, version 3.0
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Text Processing

Source SGML

Source XML

OpenSX  XML Resolve Named 
Character 
Entities 

Parse

 Parse

Source-specific 

XSL Transform 

to PMC Style 

Validate with 
PMC 
StyleChecker

Load to PMC  QA

These steps can take a lot of time and cause you to reject or send 
content back for rework
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PMC's XML Philosophy

For PMC to be successful, we need to load high-quality, valid, 
accurate, and consistent XML into the database. 
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To support our dual mission of Access to and Archiving of STM 
Journal Article Materials, we need to:

1. Have some control over what comes in. 
 
2. Avoid constant churning of the data. Data migrations are an 

important part of the Archiving mission, but they take a lot of 
resources to do right.

3. Make it as easy as possible for submitters to make high quality 
XML that meets our needs.

4. Normalize all content on the way into PMC.
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PMC Eval Process
Before being accepted into PMC, journals must pass two tests:
1. Content Evaluation: 

• The content must be deemed to be “in scope”

2. Data Evaluation:
• The publisher must demonstrate that it “can routinely supply files of 

sufficient quality to generate complete and accurate articles online 
without the need for human action to correct errors or omissions in 
the data.”
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Data Evaluation

For the evaluation, a journal supplies a sample set of articles 
(at least 50). These articles are put through a series of 
automated (to check structure) and human (to check article 
accuracy)  checks to ensure that the XML is valid and that 
it accurately represents the article content.

 We've created a set of "Minimum Data Requirements" that 
must be met before the evaluation proceeds to the more 
human-intense content accuracy checking
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Minimum Data Requirements

Each sample package must be complete: all required data files 
(XML/SGML, PDF if available, image files, supplementary 
data files) for every article in the package must be present 
and named correctly.

All XML files must conform to an acceptable journal article 
DTD.

All XML/SGML files must parse according to their DTD.
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Required Elements
Regardless of the XML/SGML DTD used, the following 

metadata information must be present and tagged with correct 
values in every sample file: 
• Journal ISSN or other unique Journal ID
• Journal Publisher
• Copyright statement (if applicable)
• License statement (if applicable)
• Volume number
• Issue number (if applicable)
• Pagination/article sequence number
• Issue-based or Article-based publication dates. Articles submitted to PMC must 

contain publication dates that accurately reflect the journal’s publication 
model.

• All image files for figures must be legible, and submitted in high-resolution 
TIFF or EPS format, according to the PMC Image File Requirements.
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Migration

Migration is expensive and time consuming. 

To avoid unnecessary migration, the PMC database, indexing, 
and rendering software supports content from version 1.0 
of the DTD through version 3.0.
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DTDs and DTDs

This gives us eight versions of the NLM article model to work 
with (number 8 is NISO JATS 0.4). 

Additionally, we maintain copies of almost 40 DTDs that we 
receive content in. Many of these have multiple versions. 

We have copies of the DTDs in our local system for ease of 
use and copies available through http so that they can be 
used by others using our software (UK PMC, PMC 
Canada). 
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Catalog File(s)

We maintain the mappings of all of the DTDs, DTD files and 
PUBLIC and SYSTEM IDs in an XML Catalog file. 
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Ta - Da!
<?xml version="1.0" encoding="utf-8"?>

<!DOCTYPE catalog PUBLIC "-//OASIS/DTD Entity Resolution XML Catalog V1.0//EN" "oasiscatalog.dtd">
<catalog xmlns="urn:oasis:names:tc:entity:xmlns:xml:catalog">

<!-- ============================================================== -->
<!--                    JOURNAL PUBLISHING DTD (BLUE)   3.1          -->
<!-- ============================================================== -->

<group xml:base="/pmc/load/converter3/dtd/nlm/" prefer="public">
<public publicId="-//NLM//DTD Journal Publishing DTD v3.1 20100601//EN" uri="3.1/journalpublishing3.dtd"/>
<public publicId="-//NLM//DTD Journal Publishing DTD-Specific Modules v3.1 20100601//EN" uri="3.1/journalpubcustom-modules3.ent"/>
<public publicId="-//NLM//DTD Journal Publishing DTD Customize Classes Module v3.1 20100601//EN" uri="3.1/journalpubcustom-classes3.ent"/>  

<public publicId="-//NLM//DTD Journal Publishing DTD Customize Mixes Module v3.1 20100601//EN" uri="3.1/journalpubcustom-mixes3.ent"/>
<public publicId="-//NLM//DTD Journal Publishing DTD Customize Content and Attributes Module v3.1 20100601//EN" uri="3.1/journalpubcustom-

models3.ent"/>
<public publicId="-//NLM//DTD NLM Citation v3.1 20100601//EN" uri="3.1/nlmcitation.ent3"/>

</group>

<!-- ============================================================== -->
<!--                    JOURNAL ARTICLE AUTHORING DTD (PUMPKIN) 3.1    -->
<!-- ============================================================== -->

<group xml:base="/pmc/load/converter3/dtd/nlm/" prefer="public">
<public publicId="-//NLM//DTD Article Authoring DTD v3.1 20100601//EN" uri="3.1/articleauthoring3.dtd"/>
<public publicId= "-//NLM//DTD Article Authoring DTD-Specific Modules v3.1 20100601//EN" uri="3.1/articleauthcustom-modules3.ent"/>
<public publicId= "-//NLM//DTD Article Authoring DTD Over-ride Classes Module v3.1 20100601//EN" uri="3.1/articleauthcustom-classes3.ent"/>
<public publicId= "-//NLM//DTD Article Authoring DTD Over-ride Mixes Module v3.1 20100601//EN" uri="3.1/articleauthcustom-mixes3.ent"/>
<public publicId= "-//NLM//DTD Article Authoring DTD Over-ride Content and Attribute Module v3.1 20100601//EN" uri="3.1/articleauthcustom-

models3.ent"/>
</group>

<!-- ============================================================== -->
<!--                    JOURNAL ARTICLE ARCHIVING DTD (GREEN) 3.1      -->
<!-- ============================================================== -->

<group xml:base="/pmc/load/converter3/dtd/nlm/"  prefer="public">
<public publicId="-//NLM//DTD Journal Archiving and Interchange DTD v3.1 20100601//EN" uri="3.1/archivearticle3.dtd"/>
<public publicId="-//NLM//DTD Journal Archiving DTD-Specific Modules v3.1 20100601//EN" uri="3.1/archivecustom-modules3.ent"/>
<public publicId="-//NLM//DTD Journal Archiving DTD Customize Classes Module v3.1 20100601//EN" uri="3.1/archivecustom-classes3.ent"/> 
<public publicId="-//NLM//DTD Journal Archiving DTD Customize Mixes Module v3.1 20100601//EN" uri="3.1/archivecustom-mixes3.ent"/>  
<public publicId="-//NLM//DTD Journal Archiving DTD Customize Content and Attributes Module v3.1 20100601//EN" uri="3.1/archivecustom-

models3.ent"/>
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<!-- ============================================================== -->
<!--                    JOURNAL ARTICLE ARCHIVING OASIS DTD         -->
<!-- ============================================================== -->

<group xml:base="/pmc/load/converter3/dtd/nlm/" prefer="public">
<public publicId="-//NLM//DTD Journal Archiving and Interchange DTD v3.1 20100601//EN" uri="3.1/archive-oasis-article3.dtd"/>
<public publicId="-//NLM//DTD Journal Archiving DTD-Specific Modules v3.1 20100601//EN" uri="3.1/archive-oasis-custom-

modules3.ent"/>
<public publicId="-//NLM//DTD Journal Archiving DTD Customize Classes Module v3.1 20100601//EN" uri="3.1/archive-oasis-custom-

classes3.ent"/>
<public publicId="-//NLM//DTD Journal Archiving DTD Customize Mixes Module v3.1 20100601//EN" uri="3.1/archive-oasis-custom-

mixes3.ent"/>
</group>

<!-- ============================================================== -->
<!--                    JOURNAL ARTICLE PUBLISHING OASIS DTD        -->
<!-- ============================================================== -->

<group xml:base="/pmc/load/converter3/dtd/nlm/" prefer="public">
<public publicId="-//NLM//DTD Journal Archiving and Interchange DTD v3.1 20100601//EN" uri="3.1/journalpublishing-oasis3.dtd"/>
<public publicId="-//NLM//DTD Journal Archiving DTD-Specific Modules v3.1 20100601//EN" uri="3.1/journalpub-oasis-custom-

modules3.ent"/>
<public publicId="-//NLM//DTD Journal Archiving DTD Customize Classes Module v3.1 20100601//EN" uri="3.1/journalpub-oasis-

custom-classes3.ent"/>
</group>

<!-- ============================================================== -->
<!--                    ARCHIVING AND INTERCHANGE DTD SUITE         -->
<!--                    MODULAR LIBRARY                             -->
<!-- ============================================================== -->

<group xml:base="/pmc/load/converter3/dtd/nlm/" prefer="public">
<!--                    MODULE OF MODULES                           -->
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Module of Modules v3.1 20100601//EN" uri="3.1/modules3.ent"/>
<!--                    CLASSES AND MIXES                           -->
<public publicId="-//NLM//DTD Default Element Classes Module v3.1 20100601//EN" uri="3.1/default-classes3.ent"/>
<public publicId="-//NLM//DTD Default Element Mixes Module v3.1 20100601//EN" uri="3.1/default-mixes3.ent"/>
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<!-- ============================================================== -->
<!--                    ARCHIVING AND INTERCHANGE DTD SUITE         -->
<!--                    MODULAR LIBRARY                             -->
<!-- ============================================================== -->

<group xml:base="/pmc/load/converter3/dtd/nlm/" prefer="public">
<!--                    MODULE OF MODULES                           -->
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Module of Modules v3.1 20100601//EN" uri="3.1/modules3.ent"/>
<!--                    CLASSES AND MIXES                           -->
<public publicId="-//NLM//DTD Default Element Classes Module v3.1 20100601//EN" uri="3.1/default-classes3.ent"/>
<public publicId="-//NLM//DTD Default Element Mixes Module v3.1 20100601//EN" uri="3.1/default-mixes3.ent"/>
<!--                    ELEMENT COMMON (SHARED) ELEMENTS/CHARACTERS -->
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Common (Shared) Elements Module v3.1 20100601//EN" 

uri="3.1/common3.ent"/>
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Notation Declarations v3.1 20100601//EN" uri="3.1/notat3.ent"/>
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite XML Special Characters Module v3.1 20100601//EN" 

uri="3.1/xmlspecchars3.ent"/>
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Custom Special Characters Module v3.1 20100601//EN" 

uri="3.1/chars3.ent"/>
<!--                    CLASS MODULES                               -->
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Journal Article Metadata Elements v3.1 20100601//EN" 

uri="3.1/articlemeta3.ent"/>
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Back Matter Elements v3.1 20100601//EN" uri="3.1/backmatter3.ent"/>
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Display Class Elements v3.1 20100601//EN" uri="3.1/display3.ent"/>
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Formatting Element Classes v3.1 20100601//EN" uri="3.1/format3.ent"/>
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Journal Metadata Elements v3.1 20100601//EN" uri="3.1/journalmeta3.ent"/>
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Link Class Elements v3.1 20100601//EN" uri="3.1/link3.ent"/>
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite List Class Elements v3.1 20100601//EN" uri="3.1/list3.ent"/>

  <public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Math Class Elements v3.1 20100601//EN" uri="3.1/math3.ent"/>
 <public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Paragraph-Like Elements v3.1 20100601//EN" uri="3.1/para3.ent"/>

<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Subject Phrase Class Elements v3.1 20100601//EN" uri="3.1/phrase3.ent"/>
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Bibliographic Reference (Citation) Class Elements v3.1 20100601//EN" 

uri="3.1/references3.ent"/>
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Related Object Element v3.1 20100601//EN" uri="3.1/related-object3.ent"/>
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite Section Class Elements v3.1 20100601//EN" uri="3.1/section3.ent"/>
<!--                    SET UP TABLES                              -->
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite XHTML Table Setup Module v3.1 20100601//EN" 

uri="3.1/XHTMLtablesetup3.ent"/>
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite OASIS XML Table Setup Module v1.2 20040830//EN" uri="3.1/oasis-

tablesetup3.ent"/>
<!--                    SET UP MATHML                              -->
<public publicId="-//NLM//DTD Archiving and Interchange DTD Suite MathML Setup Module v3.1 20100601//EN" uri="3.1/mathmlsetup3.ent"/>

</group>
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And convert this master catalog file to:

1. An SGML catalog for our SGML Tools.

2. An XML catalog that resolves through http (the xml:base 
values are changed to our DTD location available through 
the internet) for other users of the PMC software. 

3.  An XML catalog that plays well with Oxygen on the team's 
PCs.



NATIONAL LIBRARY OF MEDICINE

To support our dual mission of Access to and Archiving of STM 
Journal Article Materials, we need to:

1. Have some control over what comes in. 
 
2. Avoid constant churning of the data. Data migrations are an 

important part of the Archiving mission, but they take a lot of 
resources to do right.

3. Make it as easy as possible for submitters to make high quality 
XML that meets our needs.

4. Normalize all content on the way into PMC.



NATIONAL LIBRARY OF MEDICINE

Making it “Easy”
Instructions

• Information for Publishers – includes content and technical 
requirements and a description of the Application and Evaluation 
processes.
http://www.ncbi.nlm.nih.gov/pmc/about/pubinfo.html

• PMC Tagging Guidelines – describe our “preferred XML tagging 
style for article submissions”. We do not require that content 
submitted to us be exactly to this style, but it really helps to have 1 
(one, uno) answer when people ask how to tag something.  
http://www.ncbi.nlm.nih.gov/pmc/pmcdoc/tagging-guidelines/article/style.html

• Minimum Data Requirements
http://www.ncbi.nlm.nih.gov/pmc/pmcdoc/mindatareq.pdf

http://www.ncbi.nlm.nih.gov/pmc/about/pubinfo.html
http://www.ncbi.nlm.nih.gov/pmc/pmcdoc/tagging-guidelines/article/style.html
http://www.ncbi.nlm.nih.gov/pmc/pmcdoc/mindatareq.pdf
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Tools
PMC StyleChecker  - This is a tool that applies the rules defined in 

the Tagging Guidelines. It is an XSL transform that reviews 
each article and reports what it finds. This is the same transform 
that we have inline in our production process after validation 
against the DTD to confirm that the structures withing the 
articles we are loading into the database meet our standards for 
tagging.

http://www.pubmedcentral.nih.gov/utils/style_checker/stylechecker.cgi

http://www.pubmedcentral.nih.gov/utils/style_checker/stylechecker.cgi
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More Tools

Online SGML Validator [PMC10] - This is a tool that validates 
SGML against the SGML DTDs that we have in the PMC 
system as long as the PUBLIC or SYSTEM ID is recognized 
in our SGML Catalog file. That is, as long as we have set up 
the particular SGML DTD for ingest in our system.

http://www.pubmedcentral.nih.gov/utils/validate/sgmlcheck.cgi

Online XML Validator [PMC11] - This is a tool that validates 
any XML file whose SYSTEM ID is resolvable on the system 
or whose PUBLIC or SYSTEM ID is mapped in our XML 
Catalog file.

http://www.pubmedcentral.nih.gov/utils/validate/xmlcheck.cgi

http://www.pubmedcentral.nih.gov/utils/validate/sgmlcheck.cgi
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The Article Previewer

PMC Article Previewer - This is a tool that runs an article 
through a PMC ingest workflow. First the SGML or XML 
is validated against the DTD per the rules given above for 
the SGML and XML validators. Then, if we recognize the 
DTD and have a conversion built for it, the article runs 
through the XSL transform to normalized PMC XML. This 
output is validated against the output DTD and is checked 
with the StyleChecker. If successful at all of these steps, the 
article is displayed on a page in PMC display format so that 
the publisher can preview the article. Also, he has a good 
idea that his article will be ingested into PMC with no 
problems. 
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1. Have some control over what comes in. 
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important part of the Archiving mission, but they take a lot of 
resources to do right.
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Early PMC

Supplied content was stored in our database in its native form 
and then converted to HTML when an article was 
requested.
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The Other Black Box

Conversion of Source to normalized XML
- inconsistent use of source models
- each journal requires analysis over time
- SGML created from print files
- Content is just wrong!
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(maybe a gray box)

All content runs through an ingest conversion coming into 
PMC. 

This is both for checking and normalizing. 

Because we require all content be in “PMC Style” when it 
goes into the database, but not when it is submitted. 
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Disclaimer as a Conclusion
Things have aligned to make our job easy (relatively)

1. The content is really very regular – the journal article has 
been around for a long time and authors and readers expect 
it to be structured a certain way.

2. Submitters are motivated (sometimes compelled) to provide 
their content. 

3. Resources (not unlimited, of course, but not bad). 
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