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      Abstract
Text analytics involves extracting features of meaning from natural language texts and making them explicit, much as markup does. It uses linguistics, AI, and statistical methods to get at a level of "meaning" that markup generally does not: down in the leaves of what to XML may be unanalyzed "content". This suggests potential for new kinds of error, consistency, and quality checking. However, text analytics can also discover features that markup is used for; this suggests that text analytics can also contribute to the markup process itself.

      
      Perhaps the simplest example of text analytics' potential for checking, is xml:lang. Language identification is well-developed technology, and xml:lang attributes "in the wild" could be much improved. More interestingly, the distribution of named entities (people, places, organizations, etc.), topics, and emphasis interacts closely with documents' markup structures. Summaries, abstracts, conclusions, and the like all have distinctive features which can be measured. 

      
      This paper provides an overview of how text analytics works, what it can do, and how that relates to the things we typically mark up in XML. It also discuss the trade-offs and decisions involved in just what we choose to mark up, and how that interacts with automation. It presents several specific ways that text analytics can help create, check, and enhance XML components, and exemplifies some cases using a high-volume analytics tool.

    
    Keywords: Text Analytics, Markup Systems, Markup Theory
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    Introduction

    The basic purpose of markup is to make the implicit structure of texts explicit; the same is true of "text analytics" (or "TA"), a fast-growing application area involving the automated extraction of (some) meaning from documents. In this paper I will try to place markup and analytics in a larger frame, and discuss their relationship to each other and to the notion of explicit vs. implicit information.

      
To begin, note that 'implicit' and 'explicit' are matters of degree. Language itself is an abstract system for thought, entirely implicit in the relevant sense here. The words and structures of natural language make thought more explicit, fixing it in the tangible medium of sound (of course, some people cannot use that medium, but still use language). Writing systems take us another step: particularly in their less familiar, non-phonetic features: sentence-initial capitals, quotation marks, ellipses, etc. all make linguistic phenomena explicit, and it has long been noted that punctuation (not to mention layout) are kinds of "markup"[Coom87], albeit often ambiguous. In a yet broader sense, the "s" on the end of a plural noun can be considered "markup" for a semantic feature we call "plural", and a space is a convenient abbreviation for <word>. XML markup thus fills a "metalinguistic" role analogous to punctuation, though (ideally) richer and less ambiguous.

      
'Documents' is also an imprecise term. Here I am focusing only on the more traditional sense: human-readable discourses, in a (human) language, with typically near-total ordering. This doesn't preclude including pictures, data tables, graphs, video, models, etc.; but I am for now excluding documents that are mainly for machine consumption, or are in a specialized "language" such as for mathematics, vector graphics, database tables, etc.

      
What, then, can text analytics do for XML? What are some phenomena in texts that we might make explicit, or check, using text analytics methods? How do these mesh with how our linguistic and markup sytems are organized? An anonymous reviewer raised the valuable question of where text analytics can be effective for auto-tagging material; which in turn poses an old problem in a new guise: If you can use a program to find instances of some textual feature, why mark it up? 





  
    Tedious and brief: Language vs. Markup?


To explore these questions we may arrange reality into successive levels of abstraction and explicitness. This is similar to the typical organization of layers in natual language processing systems.



  	Semantic structure: implicit (in that we rarely "see" semantic structure directly); presumably relatively unambiguous. 


When representing semantics, we tend to use artificial, formal languages such as predicate calculus, or model the real world with semantic structures such as Montague's[Mont73], involving 
    Entities (people, places, things);
    Relationships (A does V to B with C near D because R...); and
    Truth values (characterizing, say, the meaning of a sentence).




	Syntactic structure: mostly implicit, but with some explicit markers); ambiguous. "The six armed men held up the bank" is a classic example of syntactic and lexical ambiguity.


Typical syntactic units include Morphemes -> Words -> Phrases -> Clauses -> Sentences -> Discourse units (such as requests, questions, and arguments), etc. At this level we begin to see some explicit markers. In speech they include timing, tone contours, and much more; in writing punctuation and whitespace often mark these kinds of units.


A full analysis of speech must also deal with many features we tend to ignore with written language: incomplete or flatly incorrect grammar; back-tracking; background noise that obscures the "text" much as coffee stains obscure manuscripts; even aphasic speech; but we'll ignore most of that here.




	Orthographic structure: explicit (by definition); but still ambiguous. Characters in characeter sets, need not map trivially to characters as linguistic units (ligatures, CJK unification, etc). More significantly, orthographic choices can communicate sociolinguistics messages: Hiragana vs. Katakana; italics for foreign words; even the choice of fonts. Case distinctions often indicate part of speech. And a given spelling may represent different words: "refuse", "tear", "lead", "dove", "wind", "console", "axes"[het1, het2]. These are "heteronyms"; true "homonyms" (which also share pronunciation), such as "bat", are rarer. Both are commonly misused, making them obvious candidates for automatic checking.


Most English punctuation marks also have multiple uses. Ignoring numeric uses, periods may end or be in the midst of sentences, or stand open abbreviations. Colon can express phrase or clause or sentence boundary. The lowly apostrophe, introduced to English in the 16th century, can mean open or close 'quote'; there's a possessive present; contraction as in "fo'c's'le"; or sometimes plural as in P's and Q's. Punctuation is, I think, underappreciated in both markup and text analytics.
    


All these level involve both markup-like and linguistic-like features, so it seems clear that there is much potential for synergy. At the same time, at each level the nature of errors to be detected and of markup to be automated differ, and so the applications of text analytics msut be considered pragmatically.




	Markup structure: explicit and uambiguous. Markup is rarely considered in natural-languages processing, even though it has obvious implications. Consider tags such as <del> and <ins>, <abbr>, as well as tags that change appropriate syntactic expectations: <q>, <heading>, <code>, and many others. We may hope that never anything can be amiss, when simpleness and duty tender it. But markup directly affects the applicability and techniques of NLP.








In large-scale text projects, the creation of high-quality markup is one of the largest expenses, whether measured by time, money, or perhaps even frustration. How do we choose what to mark up? Can text analytics shift the cost/benefit calculus, so that we can (a) mark up useful features we couldn't before, and (b) assure the quality of the features we have marked up?






  
    Text Analytics to the rescue?


Text analytics tries to extract specific features of meaning from natural language text (i.e., documents). It mixes linguistics, statistical and machine learning, AI, and the like, to do a task very much like the task of marking up text: searching through documents and trying to categorize meaningful pieces. Like markup, this can be done by humans (whose consensus, when achievable, is deemed the "gold standard" against which algorithms are measured), or by algorithms of many types.


Text analytics today seeks very specific features; largely ones that are saleable; it does not typically aim at a complete analysis of linguistic or pragmatic meaning. Among the features TA systems typically seek are:



	Language identification



	Genre categorization: Is this reportage, advocacy, forum discussions, reviews, ads, spam,...).



	Characteristics of the author: gender, age, education level,....



	Topic disambiguation: Flying rodents vs. baseball implements; non-acids vs. other baseball implements; mispelled photographs vs. baseball players vs. carafes; and so on.



	Topic weight: Is the most important topic here baseball, or sports, or the Acme Mark-12 jet-assisted fielding glove's tendency to overheat?



	Sentiment: Does the author like topic X?



	Intentions: Is the user intent on buying/selling/getting help?



	Times and events: Is the text reporting or announcing some event? What kind? When?



	"Style" or "tone" measures: Decisiveness, flamboyance, partisan flavor, etc.





Text analytics is related to many more traditional techniques, such as text summarization, topical search, and the like. However, it tends to be more focused on detecting very specific features, and operating over very large collections such as Twitter feeds, FaceBook posts, and the like. The OpenAmplify[oa] service, for example, regularly analyzes several million documents per day.


A natural thing for a text analysis system to do, is to mark up parts of documents with what features they were found to express: this "he" and that "our renowned Duke" are references to the "Theseus" mentioned at the beginning; this paragraph is focused on fuel shortages and the author appears quite angry about them; and so on. Of course, some features only emerge from the text as a whole: the text may be about space exploration, even though that topic is never mentioned by name.


Users of text analytics commonly want to process large collections of short social media texts, searching for particular kinds of mentions. For example, Acme Mustardseed Company may want to know whenever someone posts about them, and what attitude is expressed. Beyond mere positive vs. negative, knowing that some posters are advocates or detractors (advising others to buy or avoid), can facilitate better responses. Other companies may want to route emails to tech support vs. sales, or measure the response to a marketing campaign, or find out what specific features of their product are popular.


Text analytics algorithms are varied and sometimes compex, but there are two overall approaches:


One method is almost purely statistical: gather a collection of texts that have been human-rated for some new feature, and then search for the best combination of features for picking out the cases you want. This "Machine Learning" approach allows for fast bootstrapping, even for multiple languages, and is sometimes very accurate. However, since it does not take much account of language structure, complex syntax, negation, and almost any kind of subtlety may trip it up. It's also very hard to fix manually -- if you go tweaking the statistically-derived parameters, unintended consequences show up.


The other general method is heuristic or intuitive: linguists analyze the feature in question, and find vocabulary, syntactic patterns, and so on that express it. Then you run a pattern-matching engine over documents. The plusses and minuses of this approach are opposite those of machine learning: It is much more time- and expertise-intensive; if the analysts are good the results can be amazing. But it's hard to do this for 100 languages. When problems crop up, the linguists can add new and better patterns, add information to the lexicon, etc.



As Klavans and Resnik point out[Kla96], it can be very effective to combine these approaches. One way to do that is to use statistal methods as a discovery tool, facilitating and checking experts' intuitions.


With either approach or a combination, you end up with an algorithm, or more abstractly a function, that takes a text and returns some rating of how likely the text is to exhibit the phenomenon you're looking for. For the trivial 


  
    Statistical methods

    
    These methods, as noted, involve combining many features to characterize when the sought. Usually the features are very simple, so they can be detectected reliably and very quickly: frequencies of words or specific function-words, character-pair frequencies, sentence and word lengths, frequency of various punctuation, and so on.

    
    The researcher may choose some features to try based on intuition, but it is also common simply to throw in a wide variety of features, and see what works. The features just listed turn out to be commonly useful as well as convenient.

    
    Taking again the simple example of language identification, one might guess that the overall frequencies of individual characters would suffice. To test this hypothesis, one collects from hundreds to perhaps a million texts, categorized (in this example) by language. Say, all the English texts in one folder, and all the French texts in another. Generating such a "corpus" is usually the critical-path item: somehow you must sort the texts out by the very phenomenon you don't yet have a tool for. This can be done by the researcher (or more likely their assistants), by Mechanical Turk users, or perhaps by a weak automatic classifier with post-checking; sometimes an appropriate corpus can be found rather than constructed de novo. Constructing an annotated corpus has much in common with the sometimes difficult and expensive task of doing XML markup, particularly in a new domain where you must also develop and refine schemas and best-practice tagging guidelines and conventions.

    
    Given such a "gold standard" corpus, software runs over each text to calculate the features (in this example by counting characters). This produces a list of numbers for each text. The mathematically-inclined reader will have noticed that such a list is a vector, or a position in space -- only the space may have hundreds or thousands of dimensions, not merely 11. For ease of intuition, imagine using only 3 features, such as the frequencies of "k" and "?" and a flag for whether the text is from Twitter. Usually, frequency measures are normalized by text length, so that texts of widely varying lengths are comparable; and binary features such as being from Twitter, are treated as 0 or 1.

        
    Each document's list of 3 numbers equates to a location in normal space: (x, y, z). It is easy to calculate the distance between any two such points, and this is a measure of "distance" or similarity between the documents those two points represent. The "as the crow flies" distance is often used, but there are other useful measures such as the "Manhatten distance", the "cosine distance", and others.


    Software such as WEKA[WEKA] runs through all the vectors, and tries to find the best combination of features to look at, in order to correctly assign documents to the target categories. This is called "training". Of these 3 features, the frequency of "k" is typically much higher in English texts than French texts, while the other 2 features don't contribute much (that is, they are not distinctive for this purpose). Such softare typically results in a "weight" for each feature for each language: in this case "k-" frequency would have a substantial positive weight for English, and negative for French.


    Intuitively, this training allows you to discard irrelevant featurs, and to weight the relevant features so as to maximize the number of texts that will be accurately categorized. The real proof comes when you try out the results on texts that were not part of the original training corpus, and you discover whether the training text were really representative or not. With too small a corpus or with features that really aren't appropriate, you may get seemingly good results from training, that don't actually work in the end.

    
    This example is a bit too simple -- as it happens, counting sequences of 2 or 3 letters characterizes specific languages far better than single letters. Abramson[Abr63] (pp. 33-38) presents text generated randomly, but in accordance with tables of such counts (known as "Hidden Markov Models") based on various languages. For example, if the last two letters generated were "mo", the next letter would be chosen according to how often each letter occurs following "mo". Abramson's randomly generated texts illustrate how well even so trivial a model distinguish languages:



		(1)	jou mouplas de monnernaissains deme us vreh bre tu de toucheur dimmere lles mar elame re a ver il douvents so



		(2)	bet ereiner sommeit sinach gan turhatt er aum wie best alliender taussichelle laufurcht er bleindeseit uber konn



		(3)	rama de lla el guia imo sus condias su e uncondadado dea mare to buerbalia nue y herarsin de se sus suparoceda



		(4)	et ligercum siteci libemus acerelin te vicaescerum pe non sum minus uterne ut in arion popomin se inquenque ira





	These texts are clearly identifiable as to the language on whose probabilities each was based.


    Given some set of available features, there are many specific statistical methods that programs like WEKA can use to derive an effective model. Among them are Support Vector Models (SVM), simulated annealing, Bayesian modeling, and a variety of more traditional statistics such as regressions. The first of these is graphically intuitive: the program tries to position a plane in space, with all (or as many as possible) of the French texts falling on one side, and the English texts on the other. Some methods (such as SVM) can only learn "pairwise" distinctions (such as "English or not" and "French or not"); others can distinguish multiple categories at once (English or French or Spanish...). Sometimes a degree of certainty or confidence can also be assigned as well.


    These methods often work quite well, and (given a training corpus) can be tried out rapidly. If the method fails, adding new features lets you try again. Programs can typically manage hundreds to a few thousand features. This seems generous, but remember that if you want to track the frequencies of all English words, or even all letter-triples, you'll quickly exceed that, so some restraint is necessary.


    On the other hand, statistical methods are not very intuitive. Sometimes the results are obvious: the frequency of accented vowels is vastly higher in French than English. But often it is hard to see why some combination of features works, and this can make it hard to "trust" the resulting categorizer. This may be reminiscent of the methods used for norming some psychological tests, by asking countless almost random questions of many people, and seeing which ones correlate with various diagnoses. This can work very well, and is hard to accuse of bias; on the other hand, if it stops working in a slightly larger sample space, that may be hard to notice or repair.

     
  

  
    Intuitive methods

    
    A more "traditional" approach to developing text analytics systems is for experts to articulate how they would go about categorizing documents or detecting the desired phenomena and then implementing those methods. This is usually done as an iterative process, running the implementation against a corpus much as with statistical methods and then studying the results and refining.

    
    For example, a linguist might articulate a set of patterns to use to detect names of educational institutions in text. One might be "any sequence of capitalized words, the first or last of which is one of "College", "University", "Institute", "Seminary", or "Academy". This rule can be easily tried on some text, and two checks can be done:

    
    1: checking what it finds, in order to discover false positive such as "College Station, TX"; and

    
    2: check what is left over (perhaps just series of capitalized words in the leftovers), in order to discover false negatives such as "State University of New York", "College of the Ozarks".

    
    The rules are then refined, for example to allow uncapitalized words like "of", "at", and "the"; and to allow "State", "City", and "National" preceding the already-listed possible starter words. Extending rules by searching for words that occur in similar contexts also helps.

    
    Eventually this process should produce a pretty good set of rules, although in natural language the rules will often have to include lists of idiosyncratic cases: "Harvard", "Columbia", "McGill", "Brown" (with the difficulty of sorting out uses as surnames, colors, place names, and the like).

    
    Intuition-based methods tend to be far better when larger phenomena matter. For example, the ever-popular "Sentiment" calculation is highly sensitive to negation, and natural languages have a huge variety of ways to negate things. Besides the many ways overt negatives like "not" can be used, there are antonyms, sarcasm, condemnation by faint praise, and countless other techniques. Statistical methods are unlikely to work well for negation, in part because "not" or other signals of negation may occur quite a distance from what they modify; just having "not" in a sentence tells you little about what specifically is being negated. "There's seldom a paucity of evidence that could preclude not overlooking an ersatz case of negative polarity failing to be missing."

    
    Intuitive approaches have the advantage of being more easily explained and more easily enhanced when shortcomings arise. But building them requires human rather than machine effort (especially difficult if one needs to support many languages).

    
    Intuitive methods have the added cost and benefit, that experts commonly refer to high-level, abstract linguistic notions. In more realistic cases than the last example, a linguist might want to create rules involving parts of speech, clause boundaries, active vs. passive sentences, and so on. To do this requires a bit of recursion: how do you detect *those* phenomena in the first place? That requires some tool that can identify those constructs, and make them available as features for the next "level".

    
    "Shallow parsing" is well understood and readily available (such as via [Gate] and [NLTK]), and can provide many of those features. "Shallow parsers" identify parts of speech (using far more than the traditional 8 distinctions), as well as relatively small components such as noun phrases, simple predicates, and so on, often using grammars constructed from rules broadly similar to those in XML schemas. Shallow parsing draws the line about at clauses: subordinate clauses as in "She went to the bank that advertised most" are very complex in the general case, and attaching them correctly to the major clause they occur in even more so.

    
    The results of shallow parsing are usually strongly hierarchical, since they exclude many of the complex long-distance phenomena in language (such as relationships between non-adjacent nouns, pronouns, clauses, etc.). Because of this, XML is commonly used to represent natural-language parser output. However, this is separate from potential uses of text analytics on general XML. An example of the structures produced by a shallow parser:

    
    
    
    <s>
       <nps>
          <at base="the">The</at>
          <nn base="course">course</nn>
       </nps>
       <pp>
          <in base="of">of</in>
          <np>
             <jj base="true">true</jj>
             <nn base="love">love</nn>
          </np>
       </pp>
       <pred>
          <rb base="never">never</rb>
          <vb base="do">did</vb>
          <vb base="run">run</vb>
       </pred>
       <jj base="smooth">smooth</jj>
          <dl base=".">.</dl>
    </s>
    
    


	Many current text analytics systems use a lexicon, part of speech tagging, and shallow parsing to extract such linguistic structures. While far from a complete analysis of linguistic structure, these features permit much more sophisticated evaluation of "what's going on" than strictly word-level features such as described earlier. For example, knowing whether a topic showed up as a subject vs. an object or a mere modifier, is invaluable for estimating it's importance. Knowing whether a given action is past or future, part of a question, or subject to connectives such as "if" or "but" (not to mention negation!) also has obvious value. Having a handle on sentence structure also helps reveal what is said about a given topic, when a topic is referred to indirectly (by pronouns, generic labels like "the actor", etc.).


  

  
    Accuracy?


Users of text analytics systems always ask "how accurate is it?" Unlike XML validation, this is not a simple yes/no question, and so using TA in creating or checking markup is a probabilistic matter. As it turns out, even a "percent correct" measure is often a misleading oversimplification. In the interest of brevity, I'll give a few examples of the problems with a unitary notion of "accuracy", using Sentiment as an example (since it is perhaps the most common TA measure in practice):




	Let's say a system categorizes texts as having "Positive" or "Negative" sentiment (leaving aside the precise definition of "Sentiment"), and gets the "right" answer for 70% of the test documents. The first key question is how the desired answer came to be considered "right" in the first place. Normally, accuracy is measured against human ratings on a set of texts. Yet if one asks several people to rate a particular text, they only agree with each other about 70% of the time[1]. If texts only have one rater, 30% of the texts probably have debatable ratings. If one throws out all the cases where people disagree, that unfairly inflates the computer's score because all the hard/borderline cases are gone. Treating the humans' ratings like votes, if the computer agrees with the consensus of 3 humans 70% of the time, is it 70% accurate, or 100% as good as a human? If the algorithm does even better, say 80%, what does that even mean? In considering applications to XML, it would be interesting to know how closely human readers agree about the matters TA might be called on to evaluate.



	In practice, Sentiment requires a third category: "Neutral". A corpus that is 80% neutral, 5% negative, and 15% positive is typical. That means a program can beat the last example merely by always returning "Neutral": that's 80% accurate, right? This illustrates the crucial distinction of precision versus recall: this strategy perfectly recalls (finds) 100% of the neutral cases; but it's not very precise: 1/5 of the texts it calls "Neutral" are wrong. In addition, it has 0% recall for positives and negatives (which are much more important to find for most purposes).



	At some level Sentiment is typically calculated as a real number, not just three categories; say, ranging from -1.0 to +1.0. How close to 0.0 counts as Neutral? That decision is trivial to adjust, and may make a huge difference in the precision and recall (and note that the Neutral zone doesn't have to be symmetrical around 0).



	For systems that generate quantities instead of just categories, should a near miss be considered the same as a totally wild result? Depending on the user's goals and capabilities, a close answer might (or might not) still be useful. Using TA methos to evaluate XML document portions is a likely case of this: Although most abstracts are likely to be broadly positive, only severe negativity would likely warrant a warning; similarly, so long as an abstract is reasonably stylistically "abstract-ish", it's probably ok (but not if it looks "bibliography-ish").



	Many documents longer than a treet have a mixture of positive, neutral, and negative sentiments expressed toward their topics. Does a long document that's scrupulously neutral, deserve the same sentiment as one that describes two very strong opposing views? They may average out the same, but that's not very revealing.



	A subtler problem is that rating a document's sentiment toward a given topic depends on rightly identifying the topic. What if the topic isn't identified right? Is "Ms. Gaga" the same as "Lady Gaga"? Is the topic economics, the national debt, or fiscal policy? Some systems avoid this problem by reporting only an "overall" sentiment instead of sentiment towards each specific topic, but that greatly exacerbates the previous problem.



	Users' goals may dictate very different notions of what counts as positive and negative. For market analysts or reporters, a big change in a company's stock price may be "just data": good or bad for the company, but just a fact to the analyst. Political debate obviously has similar issues.






Understanding those general methods and caveats, it's fair to generalize that text analysis systems typically detect features with 70-80% accuracy, although some features are far easier than others. Language identification is far more accurate; sarcasm detection, far less. This means that such systems work best when there are many texts to process -- the errors will generally come out in the statistical wash.


  
    
  



  
    Text Analytics' Relation to Markup


Markup has multiple purposes; among them are



	Disambiguating structure (e.g., famous OED italics)


	Controlling layout and other processing


	Identifying things to search on





Markup makes aspects of document structure explicit. In principle, any phenomenon that text analytics can identify, can then be marked up, to a corresponding level of accuracy. Exactly the same analytics can be used in checking: If a text is already marked up for feature X, we need only run an auto-tagger for X and compare. This simultaneously gives feedback on the text-analytic output's accuracy, and the prior markup's.


When two sources of data are available like this, they can be used to check each other. In addition, the degree of overlap in what is "found" by each source, enables estimating the number of cases not found be either. A simple statistic called the "Lincoln Index", originating in species population surveys, provides this estimate. In the same way, text analytics can be used to do XML markup de novo, or as a direct quality check on existing markup. 


Such comparative analysis may be one of the most useful applications of TA to XML evaluation. In a text project where markup is not straightforward, how can one evaluate how well the taggers are doing? Say a literary project is marking up subjective features such as allusions, or sometimes-unclear features such as who the speaker is for each beat in dialog. TA methods can learn how to characterize such features, and then be run against the human-tagged texts. Disagreement can trigger a re-check, thus saving time versus checking everything.


There seems to be an implicit "sweet spot" for markup use. We don't mark up sufficiently obvious phenomena, such as word boundaries (except in special cases). Given that almost every kind of processing needs to know where they are, why not? Probably because finding word boundaries seems trivial in English.[2] Yet word boundaries are also unlikely to be marked up in Asian languages, where identifying them is far from trivial. Thus, simplicity can't be the whole story. Perhaps it is that consciously or not we assume that most any downstream software will do this by itself, so there would be no return on even a small investment in explicit markup.


Language-use has better ROI, for example enabling language-specific spell-checking or indexing. Downstream software is perhaps less likely to "just handle it." Nevertheless, it is not very common to see xml:lang more than once in a document except in special cases such as bilingual dictionaries, diglot literature editions, and the like.


TA systems can certainly add (or check) word-boundary and language-use markup, and the most common related attributes, such as part of speech and lemma. Such markup is perhaps of limited value except in special applications, such as text projects in Classical languages or that contend with paleographic issues.


Marking up small-scope, very specific semantics such as emphasis and the role of particular nouns is a traditionally awkward matter in markup. Some schemas merely provide tags for italic, bold, and the like; using less font-oriented tags such as <emph> is considered a step up, but often accomplished little more than moving "italic" from element to attribute. If more meaningful small-scale elements are not available, conventions such as RDF[RDF] and microformats[micro] make it feasible to represent the results of text analytics or even linguistic parsing in ways accessible to XML systems.


DocBook[docb] provides many more meaningful items at this level: guibutton, keycap, menuchoice, etc. As with other fairly concrete features already described and as an anonymous referee pointed out, text analytics could be used to tag (or check) many such distinctions automatically: "ENTER" is going to be a keycap, not a guiItem; in other cases nearby text such as "press the ___ key" can help, as can context such as being in a section titled "List of commands". This seems entirely tractable for analytics, and could have significant value because such markup is valuable for downstream processings (particularly search), but tedious for humans to create or check, and therefore error-prone.


However, even this level of markup can get subtle. In Making Hypermedia Work[DeRo94] David Durand and I decided to distinguish SGML element names from HyTime architectural form names in the text, because the distinction is crucial but, at least to the new user, subtle. We also decided, in many examples, to name elements the same as the architectural form they represented. In most cases there was only one element of a given form under discussion; and because elements are concrete while forms are abstract, one cannot easily reify the latter without the former. In most cases this was trivial; but in a few cases the decision seemed impossible. Examing those cases via TA methods would likely reveal much about the distinction we were trying to achieve, as well as no doubt reveal marup errors.


Bibliography entries are notoriously troublesome, whether in XML or any other representation. They have many sub-parts, with complex rules for which parts can co-occur; the order (not to mention formatting) of the parts varies considerably from one publisher to another; and there are special cases that are difficult given the usual rules. PubMedCentral receives an extraordinary number of XML articles, often in a standard XML Schema[NCBI]; but usage varies significantly even in valid data, and the code to manage bibliographic entries in the face of such variability is substantial. Many publishers opt for the "free" style, in which most schema constraints are relaxed, and recovering the meaningful parts of entries is a task worthy of AI.


At a higher or at least larger level, many schemas are heavy on tags for idiosyncratic components with much linguistic content, which also have distinctive textual features: Bibliography, Abstract, Preface, etc. For example, a Preface will likely use much future tense, while a Prior Work section will use past. Text analytics can find and quantify such patterns, and then find and report outliers, which might show up due to tagging errors, or to writing which, whether through error or wisdom, does not fit the usual patterns.


This provides a particularly promising area for applying text analytics. Although the titles of such sections differ, and there may or not be distinct tags for each kind, a text analytics system could learn the distinctive form of such components, and then evaluate how consistent the tagging and/or content of corresponding sections in other documents are.


We usually mark up things that are necessary for layout; the ROI is often obvious and quick. But it takes a lot of dedication, sophistication, and money to, say, disambiguate the many distinct uses of italics, bold, and other typography in the Oxford English Dictionary[Tom91], or to characterize the implicitly-expected style for major components such as those in front and back matter.di. Many of the implicit data described earlier can be detected using text analytic methods, but using this to assist the markup process has been little explored.







  
    How shall we find the concord of this discord?


If you can find it reliably via some algorithm, why mark it up? In a sense, creating markup via algorithms is kind of like the old saw about Artificial Intelligence: "as soon as you know how to do it, it's not AI anymore." If text analytics (or any other technology) could completely reliably detect some feature we used to mark up, we might stop marking it up. But in reality, neither humans nor algorithms are entirely reliable for marking up items of interest. The probability that the two will err in quite different ways, means there is synergy to be had.


Anyone who has tried to write a program to turn punctuated quotes into marked-up quote elements, has discovered that there are many difficult cases, at a variety of levels. Choice of character set and encoding, international differences in style, nested and/or continued quotations in dialog, alternate uses of apostrophe and double quote, and even quotations whose scope crosses tree boundaries[see DeRo04]. Would we bother marking quotations if the punctuation were unambiguous, or if we had widespread text-analytics solutions that could always identify quotations for formatting search, and other common needs?


Typical XML schemas define some very common specific items: Bibliography, Table of Contents, Preface; and some common generic items: Chapter, Appendix, etc. But (perhaps pragmatically) we don't enumerate the many score front and back matter sections listed in the Manual of Style, or the additional ones that show up in countless special cases -- at some point we just say "front-matter section, type=NAME" and quit. Worse, we sometimes cannot choose the "correct" markup: whether we are the original author or a later redactor, we may simply be unable to say whether to mark up "Elizabeth" as <paramour> or <tourist> in "Elizabeth went to Essex. She had always liked Essex."[teip5]


The short response to these issues, I think, is that markup is always a tradeoff; there are levels we make explicit, and levels we don't. Perhaps it cannot be otherwise. Intuitively, it seems that at least for authors many of the choices should always be clear; and to that extent text analytics can also find many of these phenomena. So why does the principle not work, that an author knows when component X is needed, and so should have an easier time just naming X, than carrying out commands to achieve a look that others will (hopefully) process back to X?[Coom87]


I think it is because people's interaction with language (not via language) is largely unconscious. We rarely think "the next preposition is important, so I'm going to say it louder and slower"; we don't think "I've said everything that relates to that topic sentence, so it's time for a new paragraph"; nor even "'Dr' is an abbreviation, so I need a period". Expertise has been defined as the reduction of more and more actions to unconsciousness -- that's how we (almost always) walk and/or chew gum. Our understanding of language is often similarly tacit. As Dreyfuss and Dreyfuss put it[Drey05, p. 788), If one asks an expert for the rules he or she is using, one will, in effect, force the expert to regress to the level of a beginner and state the rules learned in school. Thus, instead of using rules he or she no longer remembers, as the knowledge engineers suppose, the expert is forced to remember rules he or she no longer uses.


The act of markup, whether automated or manual, seems similar: we know a paragraph (or emphasis, or lacuna) when we see it, just as we know an obstacle on the sidewalk when we see it; but neither often makes it to consciousness.


Text analytics and markup are very similar tasks, though they tend to identify different things; it is rare for (say) a literary text project to mark up sentiment in novels, while it is equally rare for text anaytics to identify emphasis (although emphasis mught contribute to other features, such as topic weight).


Perhaps the most obvious place to start, beyond simple things like language-identification, is checking whether existing markup "makes sense", at a higher level of abstraction that XML schema languages -- a level closely involving the language rather than the text. The usual XML schema languages do little or nothing with text-content; with DTDs one can strip out *all* text content and the validity status of a document cannot change. With a text analytics system in place, however, it is possible to run tests related to the actual meaning of content. For example:




	After finding the topics of each paragraph, one can estimate the cohesiveness of sections and chapters, as well as check that section titles at least mention the most relevant topics. Comparison between the topics found in an abstract, and the topics found in the remainder of an article, could be quite revealing.



	The style for a technical journal might require a Conclusions section (which might want to be very topically similar to the abstract), and a future work section that should be written in the future tense. Similarly, a Methods section should probably come out low on subjectivity. In fiction, measuring stylistic features of each character's speech could reveal either mis-attributed speeches, or inconsistencies in how a given character is presented.



	The distribution of specific topics can also be valuable: Perhaps a definition should accompany the *first* use of a given topic -- this is relatively easy to check, and a good text analytic system will not often be fooled by a prior reference not being identical (for example, plural vs. singular references), or by similar phrases that don't actually involve the same topic.



	One important task in text analytics is identification of "Named Entities": Is this name a person, organization, location, etc? Many XML schemas are rich in elements whose content should be certain kinds of named entities: <author>, <editor>, <copyright-holder>, <person>, <place>, and many more. These can easily be checked by many TA systems. Since TA systems typically use large catalogs of entities, marked-up texts can also contribute to TA systems as entity sources.






Text analytics is strongest at identifying abstract/conceptual features, when those features are not easily characterized by specific words or phrases, but emerge from larger linguistic context. The most blatant example is the perennial problem with non-language-aware search engines: negation. There are many ways to invert the sense (or sentiment) of a text, some simple buy many extremely subtle or complex. Tools that do not analyze syntax, clause roles, and the like can't distinguish texts that mean nearly the opposite of each other. Thus, at all levels from initial composition and markup, through validation and production, to search and retrieval, text analytics can enable new kinds of processes. Perhaps as such technology becomes widespread and is integrated into our daily workflows, it may help us to reach more deeply into the content of our texts.


Little has been published on the use of text analytics in direct relation to markup, although text analytics tools often use XML extensively, particularly for the representation of their results. However, TA has the potential to contribute significantly to our ability to validate exactly those aspects of documents, that markup does not help with: namely, what's going on down in the leaves.
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      Abstract

        A wide variety of techniques have been used in an XML data conversion project.
        Emphasis on Quality Assurance, not making errors in the first place,
        was supported by Quality Control, catching errors that occurred anyway.
      

      
        Data analysis and estimation techniques included
        counting function points in source documents to estimate effort
        and autogeneration of tight schemas to discover variation.
        Quality assurance was based on guiding specification based
        on parent-child pairs and programming for context and all content.
        Quality Control techniques included source-to-target comparison to check for lost or duplicated content,
        automatic highlighting of anomalous data, and use of XQuery to review data.
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      Context and Goals
    

    
      A recently completed data conversion project
      provided an opportunity to combine several different techniques
      for XML quality assurance and quality control.
    

    
      The data conversion project was a significant cost and significant risk for the company.
      Data in two languages, and several hundred SGML DTDs, was converted to a single XML DTD.
      The company was a legal publisher, and this data was the company's key money-making asset.
      The conversion project stretched over multiple years and multiple teams in multiple locations.
    

    
      The time and money involved meant that it was crucial to specify clearly what was to be done,
      and to be able to estimate as accurately as possible the amount of effort involved to complete each subproject.
      It was critical that no data be lost or damaged,
      and that any errors be caught before the converted data went into production.
    

    
      The nine techniques discussed in this paper can be grouped into three broad categories:
      

        	
          
            Data Analysis and Estimation:
            

              	
                
                  Counting function points in source to estimate effort.
                

              

              	
                
                  Count function points in target to estimate slope.
                

              

              	
                
                  Autogenerate tight schemas to discover variation.
                

              

            

        

        	
          
            Quality Assurance:
            

              	
                
                  List parent-child pairs to guide specification.
                

              

              	
                
                  Always program for context.
                

              

              	
                
                  Always program for all content.
                

              

            

        

        	
          
            Quality Control:
            

              	
                
                  Compare source to target for lost or duplicated content.
                

              

              	
                
                  Autogenerate word wheels to highlight anomalous data.
                

              

              	
                
                  Use XQuery-capable XML database to quickly review data.
                

              

            

        

      

  
  
    
      Data Analysis and Estimation
    

    
      The first steps to a high-quality conversion project
      include getting a clear sense of the size of the job,
      the complexity of the conversion, and variability of the data.
      Though hardly complete,
      the techniques listed in this section address each of these concerns.
    

    
      
        Count function points in source to estimate effort
      

      
        The basic metric we use to estimate the size of a conversion project or subproject is to count the
        conversion function points
        in the input data, defined as follows:
      

      
        	
          
            Each parent/child pair counts for one.
            So, for example
            article/para/bold
            and
            section/para/bold
            count for a single point, but
            section/title/bold
            merits a second point.
          

        

        	
          
            Each element/attribute pair counts for one.
            So
            tr/@align
            and
            td/@align
            count as two function points.
          

        

        	
          
            Text, processing instructions, and comments are ignored.
            This is based on the observation/assumption that most conversions
            pass these kinds of information through without complicated logic.
          

        

      

      
        The function point count allows us to estimate the programming effort.
        In our experience, as a rule-of-thumb starting point,
        specification, programming and QC come out to about an hour per function point.
        Already-specified function points can usually be deducted from estimate.
      

      
        Obviously, other metrics could be used.
        In determining how much context should count,
        experience suggested that no context (i.e. all
        bold
        considered the same) seemed too little,
        multiple levels of context (i.e.
        article/para/bold
        and
        section/para/bold
        considered different) seemed too much,
        and one level of context seemed about the right balance.
        By
        right balance
        we mean that the resulting function point count varied approximately with the programming effort required.
      

      Benefit: This metric is objective, transparent, and repeatable.

    
    
      Count function points in target to estimate slope

      
        When available, an estimation of the function points in the target
        allows us to estimate the slope, or difficulty, of the conversion.
      

      
        Example:
        

          	
            Input sample = 72 conversion function points

          

          	
            Corresponding output = 101 conversion function points

          

          	
            101 / 72 = 40% bulk up

          

        

      
        Note that conversion effort is sometimes more closely related to the number of output markup combinations
        that must be produced than to the number of input markup combinations.
        For example, it's much easier to convert both
        foreign
        and
        pub-title
        to
        italic
        than it is to map
        italic
        to either
        foreign
        or
        pub-title
        depending on other clues.
        So, with one-to-one (slope = 1) as the baseline, greater bulk-up factors
        typically represent greater complexity, difficulty and effort in the conversion.
      

      
        But usually, by the time output is available for analysis, the conversion is done.
        As target markup is often not available,
        slope is more commonly estimated by
        the number of text-pattern-to-element rows in the specification.
        Or, a smaller sample is used to estimate slope,
        and then this slope is assumed to apply to the fuller data set.
      

      
        Recommendation: during
        conversion
        keep slope modest.
        Slopes much higher than level can be defined to be data enhancements,
        rather than data conversions.
        As such, they may be more successfully undertaken once the basic conversion is complete.
        This is especially true in contexts such as the present case study,
        where the initial conversion collapsed hundreds of sometimes contradictory SGML DTDs
        to a single consistent XML DTD.
      

    
    
      
        Autogenerate tight schemas to discover variation
      

      
        Using free tools such as inst2xsd,
        any number of XML files can be used to create a schema.
        [inst2xsd]
      

      
        A schema can be generated for an initial set of files,
        and then this schema can be used to validate additional files.
        The resulting validation errors indicate new input variations that must be accomodated.
      

      
        This same technique can equally well be applied to conversion outputs.
        New patterns in the outputs can indicate where downstream processes may need to be extended,
        or may be indications of a conversion process that's gone off the rails.
      

      
        Benefit: Auto-generated tight schemas are one way to highlight variation in the data.
      

    
  
  
    
      Quality Assurance
    

    
      Our goal in quality assurance is to avoid introducing errors in the first place.
      Our techiques are a collection of best practices for specification and programming,
      three of which are highlighted here.
    

    
      List parent-child pairs to guide specification

      
        Creating a simple list of all parent/child pairs in the input
        can be used to create a simple framework for specification.
        

          
            	Input
            	Context
            	Output
            	Notes
          

          
            	
              @align
            
            	
              colspec
            
            	to-do
            	to-do
          

          
            	
              @align
            
            	
              entry
            
            	to-do
            	to-do
          

          
            	
              b
            
            	
              entry
            
            	to-do
            	to-do
          

          
            	
              b
            
            	
              paragraph
            
            	to-do
            	to-do
          

        



      
        These parent/child pairs are the same that we used as the definition of
        conversion function point
        for estimation purposes above, and so we already have generated these lists.
      

      
        This same list can provide a simple starting skeleton for the conversion script:
      

      
<template match="colspec/@align | entry/@align">
 <call-template name="to-do"/>
</template>
<template match="entry/b | paragraph/b">
 <call-template name="to-do"/>
</template>

    
    
      
        Always program for context
      

      
        Mapping without context is deceptively fast:
      

      
<template match="b">
 <call-template name="map-to-bold"/>
</template>

      
        But new contexts often require new consideration:
      

      
<template match="entry/b">
 <call-template name="map-to-heading-cell"/>
</template>
<template match="paragraph/b">
 <call-template name="map-to-bold"/>
</template>

      
        Benefit: Defensive programming avoids accidents before they happen.
      

    
    
      Always program for all content

      
        We may script a paragraph by writing code for each of the following attributes:
      

      
        	
          
            paragraph/@font_size
          

        

        	
          
            paragraph/@keep-next
          

        

        	
          
            paragraph/@keep-previous
          

        

        	
          
            paragraph/@leading
          

        

        	
          
            paragraph/@no-keeps
          

        

        	
          
            paragraph/@type
          

        

      

      
        But if we do that, we will lose:
        

          	
            
              paragraph/@prespace
            

          

        

      
        ...unless we script for
        and all other attributes.
      

      
        Benefit: Avoid silent loss of data.
      

    
  
  
    
      Quality Control
    

    
      Our goal in quality assurance was to avoid introducing errors.
      Our goal now, in quality control, is to reassure ourselves that we were successful,
      and to find the errors we no doubt made despite our best efforts.
    

    
      
        Compare source to target for lost or duplicated content
      

      
        The goal in comparing conversion input to conversion output is to note
        where we've lost or duplicated content.
        The basic concept is easy:
        delete all the
        markup
        and compare the
        content
        that remains.
        The execution is rather more difficult:
        

          	
            
              Some input markup will become output content.
            

          

          	
            
              Some input content will become output markup.
            

          

          	
            
              Some input content will be puposely deleted.
            

          

          	
            
              Some input content will be purposely duplicated.
            

          

        

      
        Nonetheless, we acheived good results by preprocessing both input and output files,
        rescuing some
        content
        from
        markup
        and duplicated and deleting content as required.
        Then we sort runs of text (another problem: determine what constitutes a run of text)
        in order to overcome issues with purposely reordered content.
        Finally, we use a side-by-side comparison tool
        to highlight mismatches between the massaged source and target.
      

      
        Benefit: Catch lost and duplicated content.
      

    
    
      
        Autogenerate of word-wheels to highlight anomalous data
      

      
        I was first introduced to the concept of a
        word wheel
        in the context of
        Folio Views
        in the early 1990s.
        [Folio]
        Folio Views was (and is) software for searching and browsing large sets of textual information -
        at the time, typically delivered on removable media.
        Folio Views for searching of predefined fields
        (in XML terms, typically metadata elements or semantic inline elements)
        across the data.
        One special feature, when searching fields, was autocompletion.
        When the users cursor was placed in the the search-form box corresponding to a particular field,
        all the values for that field were shown in an sorted list of unique values - called the
        word wheel.
        Just as with modern autocompletion, this list was updated as characters were typed in the search box.
      

      
        The word wheel was a wonderful searching enhancement when it was introduced.
        But it could be a terrible embarrassment to the publisher if the source data was not clean.
        If searching for provinces, it was a wonderful help to be provided with a short list starting with Alberta and British Columbia.
        But if Alberta were mispelled anywhere in the thousands of documents being searched,
        it would show up in the short autocompletion list: Alberta, Alberto, British Columbia.
        Worse, if there were numerical values in a text field,
        they would sort to the top, making themselves all the more obvious.
      

      
        The idea of adapting this word wheel behavior to become a quality control tool is simple.
        For each text-containing element in the converted output,
        with the exception of free-text fields like paragraphs,
        uniquely sort each of the observed values.
        Then ask a human to review the resulting sorted lists, looking for anomalies.
      

      
        This approach very quickly highlights anomalous data, making it jump out to the human reviewer.
        At the same time, it avoids the wasted effort of reviewing thousands of redundantly correct values.
      

      
        In the discussion that followed, Steve DeRose suggested that, in addition to an alphabetized list,
        a ranked list would give an additional insight.
        A ranked list would have the most common values at the top: not very interesting.
        And at the bottom, it would have the one-off values: possibly errors but also possibly one-off oddities.
        In the middle, you would have a sweet spot where you might find repeated errors.
      

      
        Benefit: Makes human QC efficient.
      

    
    
      Use an XQuery-capable XML database to quickly review data

      
        When a suspicion arises, perhaps as a result of an odd word wheel entry
        or an unexplained mismatch between input and output content,
        it becomes very important that the offending data can be found quickly.
        And not only the specific example should be found,
        but we should review other places where similar behavior is likely to have occured.
        Having all input and all output instantly searchable using XQuery in invaluable.
        Given the availability of free and easy tools such as BaseX,
        there's really no excuse not to equip every team member with easy access to all the data.
        [BaseX]
      

    
  
  
    
      Tangible Benefits
    

    
      Consistent application of these techniques resulted in the following benefits to this project,
      as well as to other projects undertaken by Tata Consultancy Services:
      

        	
          
            Objective, repeatable and reliable estimation
            from our conversion function point framework.
          

        

        	
          
            High quality
            results from programming best practices.
          

        

        	
          
            High productivity
            from reliable tools and techniques.
          

        

        	
          
            Scalability
            from systematic development approach.
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      Abstract
PubMed Central (PMC) is the US National Library of Medicine's digital archive of life
        sciences journal literature. On average the PMC team processes 14,000 articles per month.
        All of the articles are submitted to the archive by publishers in an agreed-upon markup
        format, and the articles are transformed to a common article model. To help reduce the
        number of content- or markup-related problems encountered, PMC puts new participating
        journals through an evaluation period that includes both automated and manual checks. 

      Once a journal has passed the evaluation stage, it sends its content to PMC on a regular
        production schedule. The production content is processed automatically when it arrives, with
        any processing problems generating expected error messages. Although most of the content
        sent to PMC has been through production systems and QA when it was published, we've found
        that there is still a level of manual content checking that needs to be done on the
        production content. Any problems found must be investigated to determine if they result from
        a problem in the source content, a problem with the PMC ingest transforms, or simply a
        problem with our rendering of the normalized XML content. 

      Having the content in XML certainly has advantages: it can be validated against a schema
        and easily manipulated and processed, but XML doesn't solve all of the problems. A sharp eye
        and attention to detail are still needed by the production team as they would be for any
        publishing process. 

    
    Author's contribution to the Work was done as part of the Author's official duties as an NIH employee and is a Work of the United States Government. Therefore, copyright may not be established in the United States. 17 U.S.C. § 105. If Publisher intends to disseminate the Work outside the U.S., Publisher may secure copyright to the extent authorized under the domestic laws of the relevant country, subject to a paid-up, nonexclusive, irrevocable worldwide license to the United States in such copyrighted work to reproduce, prepare derivative works, distribute copies to the public and perform publicly and display publicly the work, and to permit others to do so. 

   
  PubMed Central [PMC01] is the U.S. National Institutes
    of Health's free digital archive of full-text biomedical and life sciences journal literature.
    Content is stored in XML at the article level. and is displayed dynamically from the archival
    XML each time that a user retrieves an article. 

  PubMed Central was started in 1999 to allow free full-text access to journal articles.
    Participation by journals is voluntary. From the beginning there has always been a requirement
    that participating journals provide their content to NCBI marked up in some "reasonable" SGML or
    XML format [Beck01] along with the highest-resolution
    images available, PDF files (if available), and all supplementary material. Complete details on
    the PMC's file requirements are available [PMC02].

  
    The Promise of Marked-up Content

    Building a full-text journal article repository seemed like a pretty straightforward task
      in when PMC was conceived in 2000. After all, participating journals already had their content
      in SGML or XML that they were putting online or sending to a vendor to be put online. All we
      would need to do would be to get the marked-up content, render it in PMC, and store it. 

    But we soon found out that the content we were receiving was not of the same quality as
      the articles that had been printed or even as the articles showing on the journals' websites.
      This seemed odd; the SGML was created for the online product, and this SGML was delivered to
      PMC for the archive. At the turn of the century, XML-first publishing workflows (where the
      articles are authored in XML or converted to XML as soon as they were submitted to a journal
      and then processed as XML) were not the norm. 

    The workflow that we encountered generally went something like this: 

        	
          article is written, submitted, peer reviewed, revised, and accepted as a Word
            document (or more specifically, a printout of a Word document).

        

        	
          accepted article copyedited in the Word file (to capture the author's
            keystrokes).

        

        	
          copyedited Word file is ingested into a typesetting system and made into
            pages.

        

        	
          any changes in the author proof cycle are made in the typesetting system under the
            direction of copyeditors or proofreaders. 

        

        	
          typesetting files are built into issues, checked by copyeditors or proofreaders and
            sent for printing. 

        

        	
          typesetting files are then converted to SGML/XML - generally to a model defined by
            the online service.

        

        	
          SGML/XML files are converted to HTML, and the HTML is checked for errors.

        

        	
          HTML is corrected so that the online article represents the printed article.

        

        	
          SGML/XML files are stored away - never to be thought of again.

        

      

    Things were going pretty well in that workflow up through item 5. The author's keystrokes
      had been used from the original word processing files&#x2014;reducing errors that would
      have been introduced by rekeying the article; a person familiar with the content (usually at
      least two of a copyeditor, proofreader, or author) checked the files and any changes at each
      stage until it was sent off to press. 

    At this point it is out of the hands of the content folks and into the hands of the data
      converters. In step 6, the typesetting files used as the source for the transformation
      contained some information about the structure of the article, but it certainly was not enough
      to build a proper SGML/XML representation of the article. Assumptions are made during the
      transformation, and a surprising amount of hand tagging - copy and paste - was done to create
      the files. The problem areas are not surprising: metadata, tables, and math.

    From the PMC point of view, the real tragedy in this (generalized and non-specific)
      workflow happens at step 8, when the files are reviewed by a proofreader but corrections are
      made to the output HTML files and not back in the source SGML files. Once we started
      processing those SGML files in the young PMC system, we took a close look at the output of our
      rendering of the files to identify any problems with the way our system was handling the
      files. 

    We started to find a good number of problems with the supplied SGML that were not in the
      HTML version available on the web - and a surprising number that were incorrect on the web.
      Unfortunately we did not count the errors that we encountered at this point. We simply fixed
      them, reported them to the publisher so that any that also appeared on their site could be
      fixed, and moved on the the next article or issue. This is when we knew we would have to have
      a team of content specialists checking all of the content we get in PMC.

  
  
    PMC Ingest Workflow

    The PMC processing model has been addressed in detail previously [Beck01]. Briefly it is diagrammed in Fig. 1. For
      each article, we receive a set of files that includes the text in SGML or XML, the highest
      resolution figures available, a PDF file if one has been created for the article, and any
      supplementary material or supporting data. The text is converted to the current version of the
      NISO Archiving and Interchange Tag Set [JATS01], and the
      images are converted to a web-friendly format. The source SGML or XML, original images,
      supplementary data files, PDFs, and NLM XML files are stored in the archive. Articles are
      rendered online using the NLM XML, PDFs, supplementary data files, and the web-friendly
      images. 
[image: PMC Processing Model]
          
        
Figure 1.PMC Processing Model
    For purposes of this paper, we will concentrate on the text processing.

  
  
    PMC Philosophy of Text Processing

    There are four main principals to the PMC philosophy of text processing

    First, we expect to receive marked-up versions of an article that are well-formed, valid,
      and accurately represents the article as it was published. We do not go so far as requiring
      that the content be true or correct as Syd Bauman illustrates [Bauman01], merely that the article represents the version of record.

    The question of what is the "Version of Record" is left up to the publisher. It may be a
      printed copy, a PDF version, or the journal's website. 

    Unlike the early days of PMC as described above, we do not correct articles or files. That
      is, we will not fix something that is wrong in the version of record nor will we make a
      correction to an XML file. All problems found in either processing or QA of files are reported
      back to the publisher to be corrected and resubmitted. 

    Thirdly, the goal of PMC is to represent the content of the article and not the formatting
      of the printed page, the PDF, or the journal's website. 

    And finally, we must run a Quality Assessment on content coming into PMC to ensure that
      the content in PMC accurately reflects the article as it was published. Our QA is a
      combination of automated checks and manual checking of articles. To help ensure that the
      content we are spending time ingesting to PMC is likely to be worthwhile, journals must pass
      through an evaluation process before they can send content to PMC in a regular production
      workflow.

  
  
    The Data Evaluation Process

    The data evaluation process has been described previously [Beck01], but it is integral in ensuring the quality of content that is being
      submitted to PMC.

    Journals joining PMC must pass two tests. First, the journal must pass PMC's scientific
      quality standard, which means that the journal must be approved for the NLM collection by
      NLM's Selection and Acquisitions section [NLM01]. This
      check ensures that the journal's content is "in scope" for a medical library and is of
      sufficient scientific quality for the archive.

    Next the journal must go through a technical evaluation to "be sure that the journal 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." [PMC03]

    For the data evaluation, a journal supplies a set of sample files for approximately 50
      articles. These files are put through a series of automated and human checks to ensure that
      the XML is valid, accurately reflects the publication model of the journal (publication dates,
      for example) and is a complete and accurate representation of the published articled. There is
      a baseline set of "Minimum Data Requirements" that must be met before the evaluation proceeds
      to the more human-intense content accuracy checking [PMC04]. These minimum criteria are listed briefly below:

        	
          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.

        

        	
          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.

        

      

    These seem like simple and obvious things - xml files must be valid - but the minimum data
      requirements have greatly reduced the amount of rework that the PMC Data Evaluation group has
      to do. Certainly it helps to be explicit about even the most obvious of things.

    During the data evaluation, PMC reviews 100% of the sample articles by eye.

  

  
    Production QA

    The PMC production team is made up of a set of Journal Managers who are responsible for
      the processing and checking of content for the journal titles that are assigned to them. We
      use a combination of automated processing checks and manual checking of articles to help
      ensure the accuracy of the content in PMC. 

    We can leverage the fact that all content is sent to us in SGML or XML to eliminate any
      article files that are not well-formed (if XML) or valid to the model they claim to be valid
      against. 100% of not-well-formed or invalid files are returned to the provider to be corrected
      and resubmitted.

    The PMC Style Checker ([Beck01]) is used during the ingest process to ensure that all content flowing
      into PMC is in the PMC common XML format for loading to the database. The errors provided by
      the Style Checker provides us with a level of automated checking on the content itself that
      can highlight problems, but it only goes so far. For example, the Style Checker can tell you
      if an electronic publication date is tagged completely to PMC Style (contains values in year,
      month, and day elements) in a file, but it can't tell you if the values themselves are correct
      and actually represent the electronic publication date of the article. 

    PMC also has a series of automated data integrity checks that run once content is loaded
      to the database which can identify, among other things,  problems like duplicate articles
      submitted to the system, and potential discrepancies in issue publication dates for a group of
      articles in the same issue.

    Early in the PMC project the questions of "what and how much to check?" were left to the
      discretion of the Journal Manager. But we soon found out that certain things had to be checked
      more frequently. All articles with marked-up math (in MathML or LateX) get a close review
      because the quality of marked up math has been one of the problem areas since the beginning of
      the project. In addition, all published corrections and retractions needed to be checked
      closely to ensure that the tagging provided in the source XML allows PMC to build a link
      between the correction/retrction and the article being corrected/retracted. We also check the
      ever PDF that we generate for manuscripts being tagged for the NIH Public Access Project
        [NIH01].

    As the project began to grow, both in terms of the amount of content coming into PMC and
      the number of Journal Managers required to manage the content, it became obvious that we
      needed to quantify the QA process. First, the production team compiled a "Content QA
      checklist" which was a collection of some of the most common (and serious) errors encountered
      over the years. Next, we built a system that shows each Journal Manager the journals that are
      assigned to him, and which articles need to be checked Fig. 2. The system
      selects a percentage of articles from each "batch" of new content deposited by the journal as
      they are processed and loaded to the PMC database. The number of articles in each batch is
      determined by the publication model and participation mode of the journal itself. Traditional
      journals which deposit a whole issue at a time into PMC will normally have a "batch"
      consisting of all the articles in the issue. Journals which publishing on a continuous basis
      and send content to PMC article-by-article will have batches which reflect how much content is
      deposited during a given day.

    While it would be nice to be able to check 100% of the articles being loaded into the PMC
      database, this is generally not reasonable because of resources. So, once an journal has
      passed the tightly monitored data evaluation period, and has demonstrated over a period of
      time after moving into production that it can provide generally error-free data, QA is done on
      more of a spot check basis. By default, new journals that come out of data evaluation and move
      into production are set with a higher threshold of articles selected for QA in the system.
      Once PMC's Journal Manager is confident in the journal's ability to provide good, clean, data,
      the article-selection percentages are lowered over time. Journals with a proven track record
      of providing error-free data into PMC generally have lower percentage of articles checked for
      QA. If the Journal Manager begins to see problems on an ongoing basis, the percentage of
      articles checked may be increased.
[image: QA System Dashboard]
          
        
Figure 2.QA System Dashboard
    The system includes the original list of standard errors that was compiled as the first
      "Content QA checklist"; this list has grown the years as new errors are encountered. PMC
      Article Errors are grouped into eight major categories: Article Information, Article Body,
      Back Matter, Figures and Tables, Special Characters and Math, Generic Errors, Image Quality,
      and PDF Quality. Within each of these major categories, there may be one or more
      sub-categories. For example, in the "Article Body" section there is a subcategory for
      "Sections and Subsections", containing errors for mising sections, or sections that have been
      nested incorrectly in the flow of the body text. In Fig. 3 the errors specific
      to Article Information are shown in the purple box. If a Journal Manager finds that the
      "Publication date is missing or does not match the version of record", then he or she simply
      checks that box and that error is recorded for that article. Of course, there is always a text
      box available to allow a Journal Manger to enter an unforeseen error.
[image: Article Errors List]
          
        
Figure 3.Article Errors List
     Processing can be done either on the issue level or on a group of articles that arrives
      at PMC in a given time period. Each error is classified as "severe" or "normal" and as a "PMC
      Error" or a "Data Error". See the purple box in Fig. 4 for an example of a
      totaled batch of articles. 
[image: Error Totals]
          
        
Figure 4.Error Totals

    At any time, the Journal Manager can review the accumulated errors for a batch as seen in
        Fig. 5. This report can be output in RTF format so it can be sent to the
      publisher as a Word file (Fig. 6>). 
[image: Batch Errors]
          
        
Figure 5.Batch Errors[image: Batch Error Report]
          
        
Figure 6.Batch Error Report
  

  
    Conclusions

    The automated QA system has greatly improved both the Quantity and the Quality of the QA
      work that is being done for the PMC project, but we find that even this long after the 10-year
      anniversary of the invention of XML that there is still a need for manual review of article
      files. 

    Fortunately we are able to sort out the deepest structural problems with XML tools, but
      questions of accuracy of content still need to be addressed by eye.
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            Abstract
One of the consequences of the rapid development and dissemination of the ecosystem of XML technologies was the widespread adoption of XML as a meta-format for the specification of application configuration information.  The validation of these rich configuration files with standard XML validation tools, however, is often not sufficient for error-free deployment of applications.  This paper considers how to categorize some of the constraints that cannot be enforced by such tools, and discusses some XML-based approaches to enforcing such constraints before, or as part of, deployment.

        
        Copyright © 2012 ITHAKA

    
    
        XML for Configuration:  Background

        One of the consequences of the rapid development and dissemination of an ecosystem of XML technologies, including free and open source XML parsers, XSLT engines, and binding tools for various programming languages, was the widespread adoption of XML as a meta-format for the specification of application configuration information.  The XML ecosystem obviated the need to write custom parsers for one-off configuration formats.  This was true in part because, at least at the syntactic level, there was a tool-chain at hand to warrant the well-formedness and validity of those files.  XML also facilitated the use of richly structured configuration information.  Coincident with an increasing community of practice in architectural idioms such as abstract factories (see [bib02]), this capacity for rich configuration made XML the norm for configuration of such applications as Apache’s Tomcat server for Java servlets and Java Server Pages (JSP), Hibernate’s object/relational mapping framework, the Ant build tool, and the Spring application framework and inversion-of-control (IOC) container. 

        These rich configuration files forward many diverse ends, ranging from (at least the possibility of) more cleanly engineered code, to hot-swappable web applications.  However, as even a cursory view of these projects’ listservs indicates, configuration files often are the cause of hiccups in application deployment.  Some of these problems can be alleviated by the application of standard XML validating parsers in the deployment process.  Other problems however do not yield themselves to the standard XML tool chain.

        Widely used applications such as the ones mentioned here often have interactive development environment (IDE) support for the creation of configuration files.  The IDE might make use of template files, for example, and provide hints when creating and populating configuration instances.  Such IDE support however is not typically robust in validating the content entered, whether or not the hints are taken.

        The information models of which these XML configuration files are instantiations (see
                [bib01]) entail constraints more complex than those enforced by XML
            well-formedness and validity. These constraints are not expressed, and are perhaps
            inexpressible, in a configuration file’s document type definition, whether that
            definition is a DTD, or an XSD schema, or a RelaxNG specification. How might we
            categorize at least some of these constraints? What techniques can we employ to enforce
            them before, or as part of, deployment?

    
    
        XML for Configuration at Portico:  Issues

        
            What is Portico?

            Portico is a digital preservation service for electronic journals, books, and other content. Portico is a service of ITHAKA, a not-for-profit organization dedicated to helping the academic community use digital technologies to preserve the scholarly record and to advance research and teaching in sustainable ways.  As of April 2012, Portico is preserving more than 17.7 million journal articles, nearly 17,000 books, and nearly 1.5 million items from digitized historical collections (for example digitized newspapers of the 18th century).

            Content comes to Portico in approximately 300 different XML and SGML vocabularies.
                These XML and SGML documents are accompanied by page image (PDF) and other
                supporting files such as still and moving images, spreadsheets, audio files, and
                others. Typically content providers do not have any sort of manifest or other
                explicit description of how files are related (which ones make up an article, an
                issue of a journal, a chapter of a book). This content is batched and fed into a
                Java workflow that is driven by XML configuration files, which Portico calls
                    profiles (about 190, one for each publisher content stream), and
                    registries (shared across all content streams). 

            The Portico workflow maps the publisher-provided miscellany of files into bundles
                that comprise an article or book or other content item. 

            [image: Figure 1: Mapping Files to Content Units]
                        
                    
Figure 1.Figure 1:  Mapping Files to Content Units


            Publisher-provided XML and SGML files are normalized to the Portico profile of the
                National Library of Medicine’s Journal Archiving DTD. The workflow identifies the
                format of each of the component files, and, where a format specification and
                validation tool is available, validates each file against its format specification.
                It generates metadata considered important for preservation (descriptive, or
                bibliographic, metadata; technical metadata about files and their formats;
                provenance and event metadata, detailing the tool chain, including hardware and
                software information, used in processing the content). These metadata are formatted
                as XML, and are stored with the preserved digital object.

            [image: Figure 2: Portico High-Level Workflow]
                        
                    
Figure 2.Figure 2: Portico High-Level Workflow


            Some of the sub-steps in this workflow are explicit QA checks of the XML content –
                both that provided by the publishers, and that produced by Portico in the workflow
                itself. This QA includes XML validation, the assertion (via Schematron) of other
                constraints on content values, and visual inspection of sample content. We have
                written about some of the QA techniques and challenges associated with these content
                files for Balisage and other venues (see, for example, [bib03] and
                    [bib04]). In this paper we would like to focus on the QA
                challenges associated with those XML registry files that drive our workflow.

        
        
            Portico XML Configuration Files:  A Description

            The Portico workflow is a pluggable framework.  At each step, or activity, in the workflow, the particular tool to be employed is dynamically selected, based on the format or mime type of the file or files being processed at that step.  Thus, for example, the “de-layer” activity would invoke standard tar, gzip, or zip tools to expand and separate out the content of .tar, .gzip, or .zip files.  The same activity would invoke an XSL transform to split a publisher XML file containing bibliographic metadata for all the articles in an issue of a journal into separate XML files for each article (and would invoke a different XSL transform for each different publisher XML format).

            [image: Figure 3: Format-driven Tool and Tool Component Plugins for WorkFlow Step]
                        
                    
Figure 3.Figure 3: Format-driven Tool and Tool Component Plugins for WorkFlow
                            Step


            So, at the root of all the XML configuration files that drive and parameterize the Portico workflow is the format registry file: FormatRegistry.xml.  There is a <Format> element for each distinct format for which the archive contains at least one instance.  This, for example, is part of the <Format> element for one publisher’s profile of one version of the NLM Journal Publishing DTD:

            
  <Format FormatId="XXX_NLM_Journal_Publishing_DTD_2.1" 
          CreationTimestamp="2006-06-13T13:00:00-05:00">
	<PorticoDefinedName>XXX Journal Publishing DTD v2.1 20050630</PorticoDefinedName>
	…
  <Format>
                

            For each workflow step or activity, the tool registry file, ToolRegistry.xml, maps each format to the Java class to be plugged in, configured, and executed at that step.  So, for example, in the tool registry, we have entries such as:

            
  <TransformationSet>
	  <ToolStrategy SupportingFormatId="XXX_NLM_Journal_Publishing_DTD_2.1">
		  <Script Rid="scrxxx"/>				
	  </ToolStrategy>
	  ...
  </TransformationSet>
                

            This entry indicates that in the workflow Transform Files step, if
                the Portico identifier (defined in the format registry) for the format of the file
                to be transformed is XXX_NLM_Journal_Publishing_DTD_2.1, then we should
                look for plug-in information about what tool to employ, and how to parameterize it,
                in a subsequent ScriptInfo element with a ScriptID
                attribute value of scrxxx. In that element, we will see specified such
                things as a list of relative file paths to XSL transforms that comprise the
                transformation pipeline for instances of this format, along with (relative)
                directory names where those files are located; the Portico identifier for the format
                of the output of this transformation (also defined in the format registry); a
                fully-qualified Java class name for a filter through which the input file is to be
                passed; and an Rid attribute referring to yet another subsequent
                element containing full information about the Java tool class that will invoke the
                filters and the XSL pipeline.

            
  <ScriptInfoSet>
  <ScriptInfo ScriptId="scrxxx" 
              ScriptType="transformation" 
              ScriptDir="xxx">
   <Tool Rid="BaseTransform_1.0">
    <Parameters>
     <Parameter>
      <Name>StyleSheetList</Name>
      <ValueOrderedList>
        <ValueOrderedListItem>
          <Number>10</Number>
          <Value>xxx2ptc_1_10.xsl</Value>
        </ValueOrderedListItem>
        <ValueOrderedListItem>
          <Number>20</Number>
          <Value>fix-data_1.xsl</Value>
        </ValueOrderedListItem>
        ...
      </ValueOrderedList>
    </Parameter>
    ....
    <Parameter>
      <Name>outputFormatId</Name>
      <Value>PTC_Article_DTD_2.1</Value>
    </Parameter>
    <Parameter>
      <Name>InputFilterClass</Name>
      <Value>
         org.portico.threadedtool.tool.transform.filter.XmlPrologTransformFilter
      </Value>
    </Parameter>
    ...
   </Parameters>
  </Tool>
 </ScriptInfo>
...
</ScriptInfoSet>                   
                

            Later in the tool registry, information about the BaseTransform_1.0 tool is specified, including its Java class name, and information about the parameters to be passed when instantiating that class (as we did in the ScriptInfo element above), including whether or not the parameter is required, and what its type should be:

            
<ToolInfoSet>
   <ToolInfo Id="BaseTransform_1.0">
      <Name>BaseTransformTool:1.0:2007-05-01</Name>
      <Description>
         Tool for transformation of XML files via XSL stylesheets.
      </Description>
      <Status>ACTIVE</Status>
      <ClassName>
         org.portico.threadedtool.tool.transform.BaseTransformTool
      </ClassName>
      <ToolParameters>
        <ToolParameter Name="StyleSheetList" 
                       Required="true" 
                       ParameterType="ValueOrderedList">
          <Description>
             This is the list of XSL stylesheets that are to be processed and the 
             order in which they should be processed.
          </Description>
        </ToolParameter>
        <ToolParameter Name="outputFormatId" 
                       Required="true" 
                       ParameterType="Value">
          <Description>
             This identifies the output format ID of this set of transforms.
          </Description>
        </ToolParameter>
        <ToolParameter Name="InputFilterClass" 
                       Required="false" 
                       ParameterType="Value">
          <Description>
             This identifies the filter to be applied to the file before transforms.  
             It should contain the fully qualified class name of the filter. 
             If this Parameter is not supplied, the default BaseFilter 
             class is used. Legal values come from package
             org.portico.threadedtool.tool.transform.filter.
          </Description>
        </ToolParameter>
	...
      </ToolParameters>
    </ToolInfo>
    ...
<ToolInfoSet>
                

        
        
            Portico XML Configuration Files:  Categories of Configuration Issues

            There are a lot of moving parts in even this condensed description of the semantics of these two configuration files.  As more and more publisher streams were added to Portico’s workflow, more and more configuration information was added to these files, by more and more developers working at the same time to add new content streams and their accompanying Java tool and filter classes, and associated XSL transformations.  And these additions had to be made in several different workflow environments:  a developer environment; an integration environment where profiles and registries for new publisher streams are first worked out; a QA environment for regression testing of tool, transform, workflow, and configuration changes; and, finally, to the production environment.

            Perhaps to no one’s surprise, Portico began to experience deployment glitches.  None of these glitches occurred because the XML registry files were either not well formed or invalid, as developers consistently validated the files against their respective schemas before committing to Portico’s source control system, and the deployment scripts also invoked a parser to validate the files.  The workflow was paused; new configuration files and other resources were deployed; the workflow was cranked back up.  Then it would hum along through several workflow steps, before encountering what effectively was a configuration error that would bring one or more batches to a halt. 

            So the first question we asked ourselves was, what is it about the semantics of the content of the elements in these files – and the relationship among elements in the same and in different XML configuration files, and the relationship between the content in those elements and other components of the workflow software and other resource files – that enabled configuration errors to pass undetected through the sieve of standard XML validation tools?

            
                Consistency Issues

                At run time, every tool specified in the tool registry verifies the presence
                    or absence of various required and optional parameters, and checks to see, when
                    present, that they are of the required type before proceeding to execute the
                    tool. Just as the workflow that invokes the tools is a pluggable framework, so
                    too are the individual tools themselves pluggable (See Figure 3). This enables Portico to
                    use a single generic XML transformation Java tool on input that requires
                    slightly varying processing. 

                Since the tool is in some sense generic, some parameters for the tool are
                    optional. However, it can be the case that if one of these optional parameters
                    is present, and if the parameter has a particular value, then other optional
                    parameters must be provided as well. For example, the
                        InputFilterClass parameter is optional, but if it is present, and if its value is
                        org.portico.threadedtool.tool.transform.filter.ExternalEntityReplacerFilter,
                    then the tool registry must also provide the additional otherwise optional
                    parameters AttributeValueSeparator, AttributeName,
                        ElementQNames, MatchString, and
                        ReplacementString. [1]
                

                If these constraints are not met, the tool registry file will pass schema validation, but the workflow step attempting to transform an instance of this file format will fail at runtime, because the tool it invokes requires more configuration information to perform the transformation.  So we have a need to check for consistency between the (variable, and complexly dependent) input expectations of the Java tool, and the configuration values provided in the XML registry. 

            
            
                Referential Integrity Issues

                As mentioned above, the Portico workflow is "format driven.” The choice of
                    tool to be plugged in at different steps in the workflow is determined by the
                    format of the object to be processed at the step (indeed, the sequence of
                    workflow steps itself is driven by the expected collection of format instances
                    in a content stream). And, as noted, we encounter many formats – the
                    FormatRegistry.xml file contains, at the time of writing, 545
                        Format elements.

                Various constructs for defining an XML vocabulary (DTD, Schema, and RelaxNG) have provisions for specifying a constrained list of values for, for example, attributes.  These provisions typically are employed for a smaller number of values than would be required to cover the ever-growing list of formats Portico encounters.  Nor would such a constrained list of identifiers include the other information about the format that is associated with the identifier in the format registry. For our purposes, we would categorize that list of format identifiers (along with associated format information) as “data” rather than “structure”.  Further, if the list of constrained values were to be maintained in the document type definition itself – at “compile time”, so to speak, – we would be injecting what would be for us an unwanted level of complexity in the versioning of our schema.  

                Nevertheless, we have the requirement to ensure a sort of “referential integrity check” among XML files – that is, between the unique Portico format identifiers in the format registry, and the format identifiers employed in the tool registry and other Portico configuration files – to ensure successful runtime interaction between the workflow tools and the registries that drive them.

            
            
                Existence Issues

                As seen above, the tool registry refers to many objects that are assumed to
                    exist at run time: Java tool and filter classes, XSL files, and other supporting
                    files. The existence or non-existence of such objects, even if their names are
                    specified in a document type definition, is extrinsic to the kind of structural
                    information a document type definition can provide, and which standard parsers
                    can validate. Yet a successful deployment of these XML configuration files
                    depends on verifying the actual existence of these objects in the total
                    deployment package. This was in fact the most frequent cause of
                    configuration-file-dependent deployment errors. An updated tool registry would
                    be deployed, but the new XSL files, or a new JAR file containing new Java tool
                    or filter classes specified in the updated registry, or the DTD or XSD files
                    associated with an XML  or SGML format, were not deployed along with the new
                    tool registry. When the workflow was restarted, a (Java) workflow step would
                    look to the tool registry to determine which Java tool or filter class it should
                    employ, or, if the workflow step was an XSL transformation, what list of XSL
                    makes up the transformation pipelene, or against which DTD or schema a format
                    instance was to be validated. If the classes or files specified in the tool
                    registry had not also been deployed, the workflow step would raise a fatal error
                    and halt processing.

            
        
    
    
        XML for Configuration at Portico:  Solutions

        The second question we asked ourselves was whether we could devise some automated solutions to these consistency, referential integrity, and existence issues in order to avoid, or at least minimize, costly cycles of stop/deploy/restart/fail/stop/correct/redeploy/restart in our release deployments.  We found that we could, and that we could do so fairly simply with XSL transforms, assisted, in some cases, with Java extension functions.  We run these transform as part of deployment script before the stop/restart of the workflow.

        
            Consistency Checker

            The tool registry’s ToolInfo element documents all the possible calling parameters that can be passed to the Java tool class it specifies, indicating whether they are required or optional, and specifying the type of each parameter.  Assuming correct documentation (for ensuring which, to probably no one’s surprise, we have not yet invented a completely automated tool), this meant that we had sufficient information in the tool registry itself to perform consistency checks.  We use an XSL transform (Schematron is another obvious candidate for this) to compare the various Paramter elements in the ScriptInfo element that configures each invocation of a particular tool for a particular format, with the information in the ToolInfo elements.  If an error message is created, the registry is not deployed until it is repaired. 

        
        
            “Referential Integrity” Checker

            Again, we used an XSL transform.  The transform extracts format and mime type information from the format registry being deployed with the tool registry, and uses that extracted information to verify that any referenced format id or mime type in the tool registry has been declared in the format registry.

        
        
            Existence Checker

            Our existence checker also uses XSL, aided by extension functions, to look outside
                the XML box to determine that expected directories and XSL and other files exist in
                the target deployment directories, and that classes referenced in the tool registry
                exist in the .jar files also on the deployment path. In the case of XSL and other
                XML files, it would of course be possible to use xsl-document to check
                for the existence of necessary resources. For non-XML file resources whose existence
                we wished to confirm, we could have used the unparsed-text() function,
                interpreting an empty string result as a non-existent file. As we were using Java
                extension functions to confirm the existence (i.e. deployment) of Java classes on
                what would be the workflow's runtime Java classpath, and as the workflow uses the
                classpath to resolve the location of XSL and other file resources, we used Java
                extension functions to confirm the existence of these resources at deployment. 

            
 <xsl:stylesheet version="2.0"
    xmlns:xsl="http://www.w3.org/1999/XSL/Transform" 
    xmlns:jexist="java/org.portico.conprep.util.deployment.validatetoolregistry.ExistenceChecker" >
  
  <xsl:variable name="jExistInstance" select="jexist:new()"/>
  
    <!-- ==================================================== -->
    <!--          name="check-class-exists"                   -->
    <!-- ==================================================== -->  
    <xsl:template name="check-class-exists">
        <xsl:param name="className"/>
        <xsl:param name="Path"/>
        <xsl:variable name="result" 
                select="jexist:classExistsOnClasspath($jExistInstance, $className)"/>  
        <xsl:if test="not($result)">
            <xsl:message  terminate="no" >
               Class  <xsl:value-of select="$className"/> does not exist.  
               <xsl:value-of select="$Path"/>
            </xsl:message>
        </xsl:if>
    </xsl:template>
    
    <!-- ==================================================== -->
    <!--           name="check-file-exists"                   -->
    <!-- ==================================================== -->  
    <xsl:template name="check-file-exists">
        <xsl:param name="scriptType"/>
        <xsl:param name="scriptDir"/>
        <xsl:param name="fileName"/>
        <xsl:param name="Path"/>
        <xsl:variable name="result" 
                select="jexist:fileExistsOnClasspath($jExistInstance, 
                         $scriptType, $scriptDir, $fileName)"/>  
        <xsl:if test="not($result)">
            <xsl:message  terminate="no" >
               File  <xsl:value-of select="$fileName"/> does not exist.  
               ScriptType = <xsl:value-of select="$scriptType"/>, 
               ScriptDir = <xsl:value-of select="$scriptDir"/>  
               Path to script = <xsl:value-of select="$Path"/>
            </xsl:message>
        </xsl:if>
    </xsl:template>
                

        
    
    
        Reflections

        Not all configuration files -- not even all Portico workflow configuration files --
            are XML files, of course, and not all are likely to be amenable to an XML-based QA
            solution. XML would be overkill for the sort of name-value pairs of configuration
            information more compactly expressed in conventional properties files. As the category
            name of one class of deployment issues suggests, a different implementation choice
            (relational database in lieu of XML registry files for configuration) would provide a
            different mechanism for enforcing at least one sort of consistency in deployment. 

        There are some limitations to these tools, even as applied to XML configuration files.
            Our consistency checker, which validates the number, name, type, and compulsoriness of
            parameters passed to our Java tools, depends on a manual process of updating the
            ToolRegisty.xml file's ToolInfo section whenever we update our Java tools.
            We could conceivably employ Java annotations, and a meta-process to generate appropriate
                ToolInfo elements, and test to see if those generated elements matched
            the actual elements in the ToolRegistry.xml file (though this approach perhaps only
            pushes back our "manual" dependency on developer discipline to ensuring consistent
            annotation in the Java code). 

         A warrant of existence of a resource at deployment time, while reassuring, is not
            necessarily a warrant of existence at run time, particularly for resources outside of
            one's institutional domain or control (though this has not been an issue in Portico's
            deployment process). We have found a simple syntactic surrogate (a non-empty return from
            a method call) that reliably signifies the existence or non-existence of an artifact
            "out there" in the world extrinsic to the XML document we are interrogating. That
            surrogate is satisfactory for our purposes, but it might not be sufficient for all
            purposes. And it is certainly no magical solution to the general ontological problem of
            assessing an XML document's assertion about external reality.

        As mentioned above in the Background section, users of other applications with rich
            XML configuration files experience deployment problems. Many of these are caused by
            these same consistency, referential integrity, and existence issues experienced by
            Portico with its registry files. Spring, Hibernate, and Tomcat configuration files all
            contain elements whose contents are intended to be fully-qualified Java class names, for
            classes that are presumed to be on the application’s classpath at runtime, and hence
            available for instantiation via inversion of control. The XML configuration files for
            any of the applications mentioned above can contain elements whose content refers to
            files and directories, both local and non-local, assumed to exist at runtime (for
            example, the location for JSP files used by Apache, as well as “welcome” files and login
            pages, can be specified). Nothing in the schema for Ant files ensures that a developer
            using Ant to build and deploy a Java servlet populates the Ant configuration file so as
            to follow the Java servlet conventions for relative deployment location for servlet and
            other files. A Tomcat web.xml file specifying both type and values for JNDI can be
            well-formed and valid, and yet specify a value that cannot be instantiated as an
            instance of the specified type, or specify a type that in fact does not exist.

        What we have found is that, for our XML configuration files, where standard XML
            validation tools will not resolve these deployment issues, we can use XML-based tools
            for at least these categories of non-structural, “extrinsic” validation requirements.
            Further, because they are XML based, they can be employed in both in simple deployment
            scripts and in continuous integration tools, reducing many common deployment problems.  

        
        XML-based tools, though not the only possible solution for solving XML configuration
            file-related deployment issues, were a natural choice for Portico. In part this was a
            pragmatic choice: such XSL and Java-based solutions were well-supported by the skill set
            in our programming team, and the categories of deployment problems we experienced where
            amenable to solution by the means described. Standard XML parsers and XSL transform
            engines made it easy to "get at" the content of XML elements and attributes to test
            assertions about that content beyond the document's well-formedness and validity (Do
            certains things exist "out there" on the file system? Have we provided all the
            parameters that an optional Java filter plugin to a Java plugin tool to a Java framework
            requires at runtime?) . And they made it easy to "get at" them in different contexts
            --both a manual context (a developer updating an XML registry in Oxygen, for example)
            and an automated one (a deployment script that is part of a configuration management
            system).

        In part however this was also an aesthetic choice: there is a certain "turtles all the
            way down" appeal to applying XML-based QA tools to XML configuration files that drive a
            workflow for processing digital artifacts whose key components are XML files. The
            aesthetic shaded into the pragmatic, as it so often does in software engineering. The
            consistent, conventional reuse of large-scale structure and coding idioms across such a
            large application as the Portico workflow system helps in making that system
            comprehensible to the developers who support and extend it -- an approach, so to speak,
            toward the possibly asymptotic, reader-centric rather than process- or processor-centric
            goal of "Read once, understand everywhere" [bib05] in complex
            systems.

        
        What precisely comprises the "beauty" or aesthetic appeal of a piece of software (both
            data structures and algorithms, and their instantiation in concrete formalisms such as
            languages) is a topic of much discussion. To what extent does a software instance
            provide, as mathematicians might say of a proof, an "elegant" or "economical" solution
            to the problem it was created to solve? The extent to which the XML community has
            grappled with the ways in which, and the degree to which, an XML document type
            definition can or might comprise a model homomorphic to some domain, suggests that such
            homomorphism is a key criterion. It might be argued that the choice of XML as a
            configuration language for these large-scale frameworks was in some sense opportunistic,
            or "merely pragmatic." The ecosystem of XML parsers provided a "good enough" solution to
            the expression of richly hierarchical configuration information, even if it did not
            provide a solution to the problem of the more complex relationships among components of
            these hierarchies, and to extrinsic realities. The necessity of performing QA on these
            files can be viewed as an indicator of the limits of the economy of XML as a solution to
            the original problem. Whether other software constructs would provide a more "beautiful"
            solution is an open question. That a partial solution to the limits of XML as a
            configuration language can be found in XML-based tools has, at least for Portico, its
            own economical appeal.
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                            syntactic errors in the DOCTYPE statement, such as white space or
                            comments before the XML declaration, encoding declarations inconsistent
                            with actual encoding used by the publisher (see bib03
                            for other examples)
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            Abstract
The benefits of using XML in publishing are widely known but those benefits are
                more difficult to attain if the quality of the XML produced by the process is not
                consistently at a very high level. This case study outlines the steps that the American Chemical
                    Society (“ACS”) has taken both in-house and in collaboration with the
                vendor to which we have outsourced portions of our publication workflow. In addition
                to producing predictable XML, these efforts have also improved our publication
                time.
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        Introduction to ACS

        ACS is a professional membership organization, chartered by the U.S. Congress in 1876,
            representing over 164,000 professionals at all degree levels and in all fields of
            chemistry and sciences that involve chemistry. Primary ACS divisions include Membership
            and Programs; Chemical
                Abstracts Service, a secondary publisher of chemical-related data,
            information abstracts, and databases; and the Publications Division (“ACS Pubs”).

    
    
        The ACS Manuscript Workflow

        The Journal and Book publishing units of ACS Pubs produces over forty STM
            peer-reviewed journals focused on various disciplines of chemistry. In 2012, ACS Pubs
            expects to publish about 325,000 pages in approximately 40,000 articles
            (manuscripts).

        Chemists from around the world document their research results and submit manuscripts
            to ACS of their findings for peer review and publication. Once a manuscript has been
            reviewed and accepted for publication, ACS receives it in the document format submitted
            by the author (Microsoft Word or LaTeX, for example). ACS has standardized on XML as the
            internal manuscript format and uses an “XML-first” approach to facilitate the production
            and publication processes. Therefore, before any processing occurs, the author’s
            original document is sent to a vendor for conversion into XML, using a DTD that is a
            customized version of the NLM article DTD. (See ACS-Tagsets.)

        After the manuscript is converted to XML, ACS staff that have Chemistry or related
            scientific degrees (“Technical Editors”) prepare it for publication, editing the paper
            for clarity and technical content (see ACS-Style-Guide) and ensuring
            proper markup of content. A proof version of the manuscript is sent to the author (in
            PDF format) for their review and the author’s corrections are applied before it is
            published on the ACS
                Publications web site and also in print. The composition process of journal
            manuscripts (proof, web, and print PDFs) has recently been automated (see ACS-Auto-Comp), with great success. The high-level of quality of the XML
            input to the composition engine is critical to the successful composition results.

        This is a simplified narrative of our workflow (see Figure 1, “ACS XML Workflow Overview”). The actual workflow is, of course, much more involved.

        [image: ACS XML Workflow Overview]
                
            
Figure 1.ACS XML Workflow OverviewHigh-level overview of the ACS manuscript workflow.


    
    
        Why XML Quality is Critical

        All of the processing that takes place on the text of each manuscript is performed
            after its conversion into XML. Technical Editors use a customized XML editor when they
            edit the manuscript, and all of the tools which automate the processing of manuscripts
            expect and require XML input. The quality of this XML is critical to the successful
            completion of each of these tools. A manuscript in XML format must be properly tagged so
            that it can be parsed. This is easily checked using the DTD. If all required document
            elements are present in the XML, and the contents of each of the document elements are
            valid within their context, then a manuscript has an acceptable quality level for our
            automation tools. As an example, our tools cannot understand a Publication Year with a
            value of “next year or maybe the year after”. Documents with invalid tagging or content
            require manual intervention to be processed for publication. Given the sheer quantity of
            XML processed daily at ACS, manual intervention must be a very tiny exception to keep
            production costs down and time-to-publication intervals competitive.

        To enhance the quality of the XML tagging and contents of each manuscript, validation
            tools and tools that perform automatic content and tagging changes (“edits”) were
            developed internally by ACS staff. The validation tools are run before the initial
            version of the XML content is accepted from the vendor, and again between most workflow
            stages. The automatic content and tagging edits are performed before and after the
            Technical Editors edit the manuscript.

    
    
        Validations (Quality Enforced)

        There are hundreds of custom validations that are performed on each manuscript.
            Validations are typically executed as a manuscript transitions from one workflow stage
            to the next. Individual validation checks are collected in logical groups, and those
            logical groups of validations are executed by controllers that focus on the workflow
            stage of the manuscript.

        Some validation requests occur independently of workflow transitions. The vendor who
            converts the manuscript from the author’s original document format into XML executes
            some of our content validations before sending us the converted manuscript. Technical
            Editors may execute our validations directly within their XML editor (Arbortext) to
            check the validity of a manuscript before they attempt to promote it. Because validation
            requests come from a variety of sources, a web service was developed as a common entry
            point for execution of validations (Figure 2, “ACS Manuscript XML Validation Architecture”).
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Figure 2.ACS Manuscript XML Validation ArchitectureValidations may be called “on demand” by individual users or by workflow
                    tools. The particular Validation Controller is specified as a parameter to the
                    web service request.


        Validation violations, which indicate invalid XML tagging or invalid content, are
            categorized into three severities: warnings, errors, and fatal errors. Severe validation
            violations may prevent a manuscript from proceeding to the next workflow stage, which
            would require manual intervention. This is dependent on the particular stage, however.
            Violations that would halt processing at one point might be tolerated at a different
            point, particularly if a following stage of processing will involve staff interaction
            with the manuscript.

        When a violation is detected, details are enclosed in a “processing-comment” element
            that contains a custom message for the violation. See the example: Violation Message. That element is inserted into the manuscript XML. If
            possible, it is inserted close to the location where the violation occurred. If the
            violation is not location-specific within the XML, the message element is placed close
            to the top of the XML document. Validation violation messages are interpreted by staff
            who take the appropriate corrective action. Violation messages are removed automatically
            when a manuscript “passes” validations and moves along in the workflow.

        If a severe violation exists in the new converted manuscript XML that is sent from the
            vendor, it is automatically rejected back to the vendor. Both the vendor and ACS receive
            notifications of the rejections so that we can track any chronic issues and also ensure
            that the violations are corrected and the manuscript is resent.

        ACS utilizes Documentum, a content management system, to store and process
            manuscripts. Documentum includes a Java API for custom application integration. ACS
            content validations are implemented using a few different technologies, including Java
            and Groovy. Implementing validations in Java and Groovy allow for validation of the
            manuscript content against data stored in the Documentum database, and the behavior of
            some validations change in subtle ways depending on manuscript attributes that are
            stored in the Documentum database. Validations written in Groovy may be developed
            quickly and deployed into production without incurring down-time.

        The framework and validations that were implemented using Groovy were inspired by some
            of the main concepts of Schematron,
            such as the use of XPath
            expressions and assertion style programming. Individual validations that had no
            dependency on information stored in the content management system could have been
            implemented using Schematron. However, many validations did have that dependency, and
            there was a desire for a consistent approach in validation code.

        
            Example 1

            When a manuscript is ready for publication in an issue of a journal, a check is
                performed to ensure that //date[@date-type=’issue-pub’] is present in
                the content XML. If it is present, it is also checked to ensure that it is a valid
                date. If it is present and contains a valid date, then it is checked to ensure that
                it matches the “issue publication date” value stored in the Documentum database for
                that particular manuscript.

        
        
            Example 2

            We validate that the element <journal-id> is present as a child
                of the <journal-meta> section (which must also be present), and
                that the <journal-id> contents must be two characters in length.
                The XPath expression that finds elements matching that condition is
                    //journal-meta/journal-id[string-length(.)=2]. If there are no
                elements that match that expression then a violation message is inserted into the
                tagging and the overall validations result is a fatal error.

            
                Validation code (Groovy)

                
xmlTestXPath(vid: 'journal-id',
        desc:'Journal Id must be present and be 2 characters long',
        context:’//journal-meta/journal-id’, 
        condition:'string-length(.)=2',
        messageId:'exact-string-length',
        severity:ACSPubsMessage.FATAL[…]
                

            
            
                Violation message

                
<tep-common:processing-comment category="Validation" error-code="exact-string-length"
type="fatal">Journal Id must be 2 characters long.</tep-common:processing-comment>

            
        
    
    
        Automatic Edits (“Hands-Free” Quality)

        At two different times during the processing of a manuscript, content and tagging
            changes are automatically applied to the XML document. The first time (“pre-edit”)
            occurs between the stages when the manuscript is converted into XML and when the
            Technical Editor edits it.

        Pre-edits are commonly applied content corrections and tagging enhancements. For
            example, commonly misspelled (mispelled?) words are automatically corrected. Another
            simple example is that <title-group> elements are added if they are
            missing. 

        The goal of these automatic edits is twofold: to reduce the amount of time Technical
            Editors spend manually making common changes, and to increase quality by lowering the
            chances that instances of errors slip through the manual editing process. (Humans won’t
            catch every mispelled word!)

        Automatic edits are also applied after the Technical Editors complete the manual
            editing process. These edits (“post-edits”) do not typically alter the element contents,
            but target the element tagging. Tagging is normalized (extraneous attributes removed,
            etc.) and the manuscript is prepared for future stages, such as web and print
            publication.

        The automatic edit process itself is complex, and is accomplished using a combination
            of technologies. Many edits are implemented in Java after the XML document has been
            parsed. Some edits are implemented using XSL templates. We have developed thousands of
            individual edits, and continue to add them to our collection.

        
            Example 1

            Label and head elements whose content is enclosed entirely inside certain
                formatting tagging will have that formatting tagging stripped. This is implemented
                in Java instead of XSL so that the list of formatting tagging can be supplied in
                dynamic properties. 

            Before:
                
<label><bold>Label 1</bold></label>

            After:
                
<label>Label 1</label>

        
        
            Example 2

            This code adds a processing comment to the document XML that contains the page
                count of the manuscript. This is one example of an addition to the content XML that
                requires retrieval of information from the Documentum database.

            
/**
 * Add a processing comment to the document to let the TechEd know what
 * the current DOTS page count is for the document.
 * 
 * @param doc ACS Journal DOM Document
 */
public void addPageCountProcessingComment(Document doc)
{
    try {

        String mscNo =
            acsJournalUtil.xpathFindString(doc, ACSJournalUtil.XPATH_DOCUMENT_ID_OLD_9);

        String pageCount =
            dotsMetaDataService.getAttribute(mscNo, DOTSMetaDataService.PAGECNT_TAG);

        int pageCountNum = Integer.parseInt(pageCount);

        if (pageCountNum == 0) {
            acsJournalUtil.addProcessingComment(doc, null,
                TEPMessageService.getInstance().
                    getMessageForId(STANDARD_EDITS_PAGE_COUNT_ZERO, pageCount));
        } else {
            acsJournalUtil.addProcessingComment(doc, null,
                TEPMessageService.getInstance().
                    getMessageForId(STANDARD_EDITS_PAGE_COUNT, pageCount));
        }
    } catch (Exception e) {
        logger.warn("Unable to determine DOTS page count.", e);
        acsJournalUtil.addProcessingComment(doc, null,
            TEPMessageService.getInstance().
                getMessageForId(STANDARD_EDITS_PAGE_COUNT_UNAVAIL));
    }
}
            

        
    
    
        Vendor XML Quality

        ACS outsourced the conversion and composition of its journals approximately five years
            ago, creating the need for someone to manage vendor relations. Initially, the job
            position didn’t include quality metrics experience but over time, metrics experience
            proved necessary. Ensuring vendor quality ultimately was implemented in three ways:
            vendor scoring, vendor validations, and vendor manual rejections.

        
            Vendor Scoring

            Measuring the quality of the XML was the first problem undertaken. XML standards,
                or conventions, had already been established with the vendor. For example:

            
                For elements that allow text, any deterministic leading and trailing white
                    space within element content should be avoided or moved outside of the tag. […]
                    the pink spaces below should be omitted, and the blue spaces should be relocated
                    into the adjacent text:

                
                    
                        [image: ../../../vol9/graphics/Rose01/Rose01-003.png]
                    
                

            

            With a few exceptions, this largely boiled down to following the author submitted
                authority document. After the source document is converted to XML and returned to
                ACS, Technical Editors are responsible for editing the paper according to
                established standards. After consideration of many options, it was determined that
                the “goodness” of a paper was tied to the time it took the Technical Editor to fix
                any mistakes that happened in conversion; time that was very costly. Moreover, this
                added the element of the criticality of an error, rather than just the number of
                errors. A small team of ACS staff members worked to devise the Conversion Scorecard
                where the Technical Editor could record the minutes they took to fix problems while
                they were editing the manuscript. This process allowed ACS to integrate scoring into
                the existing editing process to make the data collection process as efficient as
                possible. Following is a sample section from the Conversion Scorecard.

            
                Table 1
                    
                        	CONVERSION
                                SCORECARD
                    

                    
                        	Equations
                        	Score
                    

                
                
                    
                        	Minutes to fix equations that were not
                            keyed that should have been?
                        	1
                    

                    
                        	Minutes to fix equations that were not
                            MathML that should have been?
                        	0
                    

                    
                        	Minutes to make the paper match author copy (beyond 2 items above)
                        	0
                    

                    
                        	Equation Subtotal
                        	1
                    

                
            



            The scoring methodology having been determined, the next issue was how to apply
                that to the approximately 40,000 manuscripts received by ACS for publication in a
                year in an efficient yet statistically valid manner. One important factor was that
                even with the scorecard, scoring was somewhat complicated. For the scores to be
                valid, the same criteria had to be applied in deciding if something was an issue.
                Also, two Technical Editors had to apply very similar resources to fix the same
                issue in two different papers. In order to maintain this consistency, a small team
                of scorers was selected who could be trained to use the same standards and then
                monitored to ensure that they were recording time in a similar manner. Six of our
                most effective and efficient Technical Editors were selected, trained, and then
                evaluated to ensure their scoring was uniform by having them independently score the
                same set of manuscripts.

            With the small scoring team in place, the next determination was to find the
                smallest sample of manuscripts that could be scored and still give a very high
                degree of confidence that the sample was representative of the entire manuscript
                population. A sampling technique which was developed in-house by a Quality
                Management team in another division of ACS was used. That team started with standard
                sampling protocols taught in any statistical course, then created and tested a
                technique used to prove that scoring a relatively small number of items from a huge
                population was statistically representative of the entire population. The technique
                consisted of randomly selecting approximately 10% of the manuscripts submitted in a
                month, or 60 manuscripts. From that group of 60 manuscripts, 40 manuscripts were
                randomly selected. From that sub-sample of 40, 20 manuscripts were randomly
                selected. That sub-sub sample was then scored. The overall standard mean score and
                the standard deviation for the sub-sub sample was determined. Then the remaining 20
                manuscripts were scored (those not included in the first sub-sub sample). The
                overall standard mean and standard deviation for this set was then determined. In
                looking at the standard deviation from the two sets and the mean scores, it was
                determined with a confidence of 90% (which is standard for non-life threatening
                applications), that the mean score for a random sample of 20 manuscripts was within
                11% of the score for the entire population. The width of this interval was deemed
                acceptable.

            Given this number, open source “random selector” code was used to select 240
                numbers from 1-40,000, which was 20 manuscripts per month for 12 months. The 240
                random numbers were entered in a table. When a manuscript was submitted to the
                workflow with a sequential number that matched a number in the table, that
                manuscript was flagged. For example, if 1253 was a number in the table, when the
                1253rd manuscript of the year was submitted, then a scoring attribute for that
                manuscript was updated in our workflow system and an email was sent to the scoring
                team telling them the manuscript was ready to be scored as soon as it returned from
                conversion.

            When ACS first started scoring, the average number of minutes to fix a manuscript
                was 9.5. Today the number is between 1 and 2 minutes per manuscript. This
                significant improvement was achieved by a collaborative effort with the vendor to
                focus on the same issues and apply continuous improvement to those issues. This
                conversion score is reported weekly both internally and to the vendor. One of the
                real advantages of the reporting is that it is immediately obvious if there has been
                a change that affects the quality.

        
        
            Vendor Validations

            Another way the quality of our converted XML is ensured is by allowing the vendor
                to call our web service to run the ACS validations program. As mentioned earlier,
                ACS has a robust validations system that is applied to manuscripts at many points
                throughout the production workflow, including when manuscripts are returned by the
                vendor. Rather than waiting until a manuscript is returned to run those validations,
                ACS opened up the validations via web service to the vendor, significantly reducing
                the number of manuscripts ever sent to ACS which have validation errors. This also
                helped the vendor to meet turnaround time SLOs.

            The validations check against our DTD but also against established conversion
                conventions. Following is an example of a validations error the vendor might see
                upon executing the validations service:

            
                Validation failures were detected for np200906s

                Journal: np

                Msc Type: r-Review

                FATAL: The content of element type "metadata" must match
                    "(journal-meta,document-meta,processing-meta?)".

            

        
        
            Vendor Manual rejections

            Because ACS edits XML that is relatively complex, understandably some errors that
                are difficult to catch with validations are introduced during technical editing.
                These errors often interfere with good composition. These mistakes were originally
                addressed via emails between ACS and the vendor. This caused problems when emails
                were lost or sent to out-of-office staff. There was also no enduring record of the
                problems being addressed. Working with the vendor, a way was implemented to reject
                incorrect tagging that affected composition. For example, a table attribute might
                have been set to be anchored instead of as float which resulted in poor rendering in
                the composed output. Code was installed at ACS and also at the vendor’s site which
                allowed the vendor to reject a composition request with a meaningful error code. Now
                when the ACS workflow system receives an error code, four things happen:

            
                	
                    the specific instructions that the vendor entered at the time of the
                        rejection is entered in the ACS workflow system as a note attached to the
                        manuscript. For example, “Figure 1 appears in the document but is not
                        cited.”

                

                	
                    the code is looked up in a table and general instructions present in the
                        table for that error code are found

                

                	
                    these instructions, both specific and general, become the text of an email
                        sent to the appropriate ACS staff member

                

                	
                    the manuscript is auto-routed in the workflow system to the appropriate
                        stage to be corrected by either a Graphics Editor, a Production Assistant,
                        or a Technical Editor, depending on the error to be corrected

                

            

            Not only did this improve publication time but it improved the quality of the work
                done by ACS staff by giving immediate feedback on errors committed. The rejections
                are also parsed periodically to help guide other efforts to improve throughput and
                quality.

        
    
    
        Conclusion

        The steps taken by ACS to measure, auto-correct, and validate our XML have made a
            positive difference in all aspects of the workflow. Technology is evolving daily and to
            think that efforts to ensure XML quality are complete is to already be behind. For
            example, we have made over 30 changes to our validations and pre-edits alone since the
            beginning of the year. ACS is committed to continually monitoring and improving the
            processes we have put in place to ensure the quality of our XML.
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            Abstract
Ever modified an XML schema? Ever broken something while fixing a bug or adding a new feature? As with
                any piece of engineering, the more complex a schema is, the harder it is to maintain. In other domains,
                unit tests dramatically reduce the number of regressions and thus provide a kind of safety net for
                maintainers. Can we learn from these techniques and adapt them to XML schema languages? In this workshop
                session, we develop a schema using unit test techniques, to illustrate their benefits in this
                domain.

        
        Published under the Creative Commons "cc by" license

    
    The workshop is run as an exchange between a customer (played by Tommie Usdin) and a schema expert (played by
        Eric van der Vlist).

    The customer, who needed a schema for her to-do list XML application, is puzzled by the "test first programming"
        technique imposed by the schema expert.

    At the end of the day (or workshop), will she be converted to this well-known agile or extreme programming
        technique adapted to the development of XML schemas?

    
        Step 1: Getting started

        
                 Hi Eric, can you help me to write a schema?

                
            Customer

                 Hi Tommie, yes, sure, what will the schema be about?

                
            Expert

                 I need a vocabulary for my to-do lists, with to-do item... 

                
            Customer

                 OK, you've told me enough, let's get started.

                
            Expert (interrupting his customer)

                 Get started? but I haven't told you anything about it!

                
            Customer

                 Right, but it's never too soon to write tests when you do test first programming!

                
            Expert

        
            In test first programming (also called test driven development), 
                developers create test case (usually unit test cases) before implementing a function. The test suite is
                run, code is written based on the result of these tests and the test suite and code are updated until
                all the tests pass.

        
        Test suite
            (suite.xml):
<tf:suite xmlns:tf="http://xmlschemata.org/test-first/" xmlns:todo="http://balisage.net/todo#" title="Basic tests">
    <tf:case title="Root element" expected="valid" id="root">
        <todo:list/>
    </tf:case>
</tf:suite>

        
            The vocabulary used to define these test cases has been inspired by the SUT (XML Schema Unit Test) project. It's a simple
                vocabulary (composed of only three different elements) allowing to pack several XML instances together
                with the outcome validation result. It uses conventions that you'll discover during the course of this
                workshop. 

        
        [image: Test results]
            
Figure 1.Test results
        
            The test suite is run using a simple Orbeon Forms
                application. The rendering relies on Orbeon Forms XForms' implementation while the test suite is run using an Orbeon
                    Forms' XPL pipeline. 

        
    
    
        Step 2: Adding a schema

        
                You see, you can already write to-do lists!

                
            Expert

                Hold on, we don't have any schema!

                
            Customer

                That's true, but you don't have to write a schema to write XML documents.

                
            Expert

                I know, but you're here to write a schema! Furthermore, right now we accept anything. I don't want
                    to have XML documents with anything as a root element!

                
            Customer

                That's a good reason to write a schema, but before that we need to add a test in our suite
                    first.

                
            Expert

        Test suite
            (suite.xml):
<?xml version="1.0" encoding="UTF-8"?>
<tf:suite xmlns:tf="http://xmlschemata.org/test-first/" xmlns:todo="http://balisage.net/todo#" title="Basic tests">
    <tf:case title="TODO list toot element" expected="valid" id="root">
        <todo:list/>
    </tf:case>
    <tf:case title="Other root element" expected="error" id="other-root">
        <todo:title>A title</todo:title>
    </tf:case>
</tf:suite>

        
                Now that we've updated the test suite, we run it again.

                
            Expert

        [image: Test results]
            
Figure 2.Test results
        
                This result was expected, and we can now proceed to create a schema and attach it to the test
                    suite.

                
            Expert

        <?xml version="1.0" encoding="UTF-8"?>
<xs:schema
    xmlns:xs="http://www.w3.org/2001/XMLSchema"
    elementFormDefault="qualified"
    targetNamespace="http://balisage.net/todo#"
    xmlns="http://balisage.net/todo#">
    
    <xs:element
        name="list"/>
</xs:schema>
todo.xsd

        <?xml version="1.0" encoding="UTF-8"?>
<tf:suite
    xmlns:tf="http://xmlschemata.org/test-first/"
    xmlns:todo="http://balisage.net/todo#"
    title="Basic tests">
    <tf:validation
        href="todo.xsd"
        type="xsd"/>
    <tf:case
        title="TODO list toot element"
        expected="valid"
        id="root">
        <todo:list/>
    </tf:case>
    <tf:case
        title="Other root element"
        expected="error"
        id="other-root">
        <todo:title>A title</todo:title>
    </tf:case>
</tf:suite>
suite.xml

        
                It's time to test again what we've done.

                
            Expert

        [image: Test results]
            
Figure 3.Test results
    
    
        Step 3: Adding list title elements

        
                I am happy to see some progress, at last, but I don't want to accept any content in the to-do list
                    element. Can you add list title elements?

                
            Customer

                Sure, back to the test suite... 

                
            Expert

        Test suite
            (suite.xml):
<?xml version="1.0" encoding="UTF-8"?>
<tf:suite
    xmlns:tf="http://xmlschemata.org/test-first/"
    xmlns:todo="http://balisage.net/todo#"
    title="Basic tests">
    <tf:validation
        href="todo.xsd"
        type="xsd"/>
    <tf:case
        title="TODO list root element"
        expected="valid"
        id="root">
        <todo:list/>
    </tf:case>
    <tf:case
        title="TODO list with a title"
        expected="valid"
        id="list-title">
        <todo:list>
            <todo:title/>
        </todo:list>
    </tf:case>
    <tf:case
        title="Other root element"
        expected="error"
        id="other-root">
        <todo:title>A title</todo:title>
    </tf:case>
</tf:suite>

        
                Now that we've updated the test suite, we run it again.

                
            Expert

        [image: Test results]
            
Figure 4.Test results
        
                You see? We do already support list title elements!

                
            Expert

                Sure, but I don't want to accept any content in my to-do list. And the title element should be
                    mandatory. And it should not be empty but have at least one character!

                
            Customer

                Back to the test suite, then...

                
            Expert

        Test suite
            (suite.xml):
<?xml version="1.0" encoding="UTF-8"?>
<tf:suite
    xmlns:tf="http://xmlschemata.org/test-first/"
    xmlns:todo="http://balisage.net/todo#"
    title="Basic tests">
    <tf:validation
        href="todo.xsd"
        type="xsd"/>
    <todo:list>
        <tf:case
            title="Empty list element"
            expected="error"
            id="root-empty"/> 
        <todo:title>
            <tf:case title="empty title" expected="error" id="empty-title"/>
            <tf:case title="non empty title" expected="valid" id="non-empty-title">A title</tf:case>
        </todo:title>
        <tf:case
            title="Un expected element"
            expected="error"
            id="unexpected">
            <todo:foo/>
        </tf:case>
    </todo:list>
    <tf:case
        title="Other root element"
        expected="error"
        id="other-root">
        <todo:title>A title</todo:title>
    </tf:case>
</tf:suite>

        
            This is the first example with non-top-level tf:case elements. To understand how this
                works, we must look in more detail to the algorithm used by the framework to split a test suite into
                instances. The algorithm consists in two steps:

                    	
                        Loop over each tf:case element

                    

                    	
                        Suppression of the tf:case elements and of the top level elements which are
                            not ancestors of the current tf:case element.

                    

                
This description may look complex, but the result is a rather intuitive way to define
                sub-trees that are common to several test cases. 

        
        
                Now that we've updated the test suite, we run it again.

                
            Expert

        [image: Test results]
            
Figure 5.Test results
        
                Looks good, now we can update the schema.

                
            Expert

        <?xml version="1.0" encoding="UTF-8"?>
<xs:schema
    xmlns:xs="http://www.w3.org/2001/XMLSchema"
    elementFormDefault="qualified"
    targetNamespace="http://balisage.net/todo#"
    xmlns="http://balisage.net/todo#">
    
    <xs:element
        name="list">
        <xs:complexType>
            <xs:sequence>
                <xs:element
                    name="title">
                    <xs:simpleType>
                        <xs:restriction
                            base="xs:token">
                            <xs:minLength
                                value="1"/>
                        </xs:restriction>
                    </xs:simpleType>
                </xs:element>
            </xs:sequence>
        </xs:complexType>
    </xs:element>
</xs:schema>
todo.xsd

        
                And run the test suite again.

                
            Expert
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Figure 6.Test results
    
    
        Step 4: Adding to-do item elements

        
                Good. Now I want to add to-do items. And lists should have at least one of them, by the way.

                
            Customer

                Sure, back to the test suite...

                
            Expert

        Test suite
            (suite.xml):
<?xml version="1.0" encoding="UTF-8"?>
<tf:suite
    xmlns:tf="http://xmlschemata.org/test-first/"
    xmlns:todo="http://balisage.net/todo#"
    title="Basic tests">
    <tf:validation
        href="todo.xsd"
        type="xsd"/>
    <tf:case
        title="Empty list element"
        expected="error"
        id="root-empty">
        <todo:list/>
    </tf:case>
    <todo:list>
        <!-- Testing title elements -->
        <todo:title>
            <tf:case
                title="empty title"
                expected="error"
                id="empty-title"/>
            <tf:case
                title="non empty title"
                expected="valid"
                id="non-empty-title">A title</tf:case>
        </todo:title>
        <todo:item>
            <todo:title>A title</todo:title>
        </todo:item>
        <tf:case
            title="Un expected element"
            expected="error"
            id="unexpected">
            <todo:foo/>
        </tf:case>
    </todo:list>
    <todo:list>
        <!-- Testing todo items -->
        <todo:title>Testing todo items</todo:title>
        <tf:case
            title="No todo items"
            expected="error"
            id="no-items"/>
        <todo:item>
            <tf:case
                title="empty item"
                expected="error"
                id="empty-item"/>
            <tf:case
                title="item with a title"
                expected="valid"
                id="item-title">
                <todo:title>A title</todo:title>
            </tf:case>
        </todo:item>
    </todo:list>
    <tf:case
        title="Other root element"
        expected="error"
        id="other-root">
        <todo:title>A title</todo:title>
    </tf:case>
</tf:suite>

        
                Let's see what we get before any update to the schema.

                
            Expert

        [image: Test results]
            
Figure 7.Test results
        
                It's time to update the schema and fix what needs to be fixed.

                
            Expert

        <?xml version="1.0" encoding="UTF-8"?>
<xs:schema
    xmlns:xs="http://www.w3.org/2001/XMLSchema"
    elementFormDefault="qualified"
    targetNamespace="http://balisage.net/todo#"
    xmlns="http://balisage.net/todo#">
    
    <xs:element
        name="list">
        <xs:complexType>
            <xs:sequence>
                <xs:element
                    name="title">
                    <xs:simpleType>
                        <xs:restriction
                            base="xs:token">
                            <xs:minLength
                                value="1"/>
                        </xs:restriction>
                    </xs:simpleType>
                </xs:element>
                <xs:element
                    maxOccurs="unbounded"
                    name="item">
                    <xs:complexType>
                        <xs:sequence>
                            <xs:element
                                name="title">
                                <xs:simpleType>
                                    <xs:restriction
                                        base="xs:token">
                                        <xs:minLength
                                            value="1"/>
                                    </xs:restriction>
                                </xs:simpleType>
                            </xs:element>
                        </xs:sequence>
                    </xs:complexType>
                </xs:element>
            </xs:sequence>
        </xs:complexType>
    </xs:element>
</xs:schema>
todo.xsd

        
                And now we can check if we get it right.

                
            Expert
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Figure 8.Test results
    
    
        Step 5: Modularizing the schema

        
                Eric, you should be ashamed, it's a pure Russian doll schema, not modular at all! Why not define
                    the title and list elements globally?

                
            Customer

                Sure, we can do that! If we just change the structure of the schema, we don't need to update the
                    test suite and can work directly on the schema.

                
            Expert

        <?xml version="1.0" encoding="UTF-8"?>
<xs:schema
    xmlns:xs="http://www.w3.org/2001/XMLSchema"
    elementFormDefault="qualified"
    targetNamespace="http://balisage.net/todo#"
    xmlns="http://balisage.net/todo#">
    
    <xs:element
        name="list">
        <xs:complexType>
            <xs:sequence>
                <xs:element
                    ref="title"/>
                <xs:element
                    maxOccurs="unbounded"
                    ref="item"/>
            </xs:sequence>
        </xs:complexType>
    </xs:element>
    <xs:element
        name="title">
        <xs:simpleType>
            <xs:restriction
                base="xs:token">
                <xs:minLength
                    value="1"/>
            </xs:restriction>
        </xs:simpleType>
    </xs:element>
    <xs:element
        name="item">
        <xs:complexType>
            <xs:sequence>
                <xs:element
                    ref="title"/>
            </xs:sequence>
        </xs:complexType>
    </xs:element>
</xs:schema>
todo.xsd

        
                But of course, each time we update the schema we must check if we've not introduced any
                    bug.

                
            Expert
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Figure 9.Test results
        
                Waoo, what's happening now? 

                
            Customer

                Now that our elements are global in the schema, we accept a valid title as a root element. Is that
                    what you want?

                
            Expert

                No way, a title is not a valid list!

                
            Customer

                Then we have a number of options... We can go back to local elements, and we can also add a
                    schematron schema to check this constraint.

                
            Expert

                Schematron is fine, we'll probably find many other constraints to check in my to-do lists
                    anyway...

                
            Customer

                OK. We still don't have to update the test suite since we've not changed our requirement. Let's
                    write this Schematron schema then.

                
            Expert

        <?xml version="1.0" encoding="UTF-8"?>
<schema xmlns="http://purl.oclc.org/dsdl/schematron" queryBinding="xslt2">
    <ns uri="http://balisage.net/todo#" prefix="todo"/>
    <pattern>
        <rule context="/*">
            <assert test="self::todo:list">The root element should be a todo:list</assert>
        </rule>
    </pattern>
</schema>
todo.sch

        
                Saying that we don't have to update the test suite wasn't totally accurate because the schemas are
                    referenced in ths test suite.

                
            Expert

        Test suite
            (suite.xml):
<?xml version="1.0" encoding="UTF-8"?>
<tf:suite
    xmlns:tf="http://xmlschemata.org/test-first/"
    xmlns:todo="http://balisage.net/todo#"
    title="Basic tests">
    <tf:validation
        href="todo.sch"
        type="sch"/>
    <tf:validation
        href="todo.xsd"
        type="xsd"/>
    <tf:case
        title="Empty list element"
        expected="error"
        id="root-empty">
        <todo:list/>
    </tf:case>
    <todo:list>
        <todo:title>
            <tf:case
                title="empty title"
                expected="error"
                id="empty-title"/>
            <tf:case
                title="non empty title"
                expected="valid"
                id="non-empty-title">A title</tf:case>
        </todo:title>
        <todo:item>
            <todo:title>A title</todo:title>
        </todo:item>
        <tf:case
            title="Un expected element"
            expected="error"
            id="unexpected">
            <todo:foo/>
        </tf:case>
    </todo:list>
    <todo:list>
        <todo:title>Testing todo items</todo:title>
        <tf:case
            title="No todo items"
            expected="error"
            id="no-items"/>
        <todo:item>
            <tf:case
                title="empty item"
                expected="error"
                id="empty-item"/>
            <tf:case
                title="item with a title"
                expected="valid"
                id="item-title">
                <todo:title>A title</todo:title>
            </tf:case>
        </todo:item>
    </todo:list>
    <tf:case
        title="Other root element"
        expected="error"
        id="other-root">
        <todo:title>A title</todo:title>
    </tf:case>
</tf:suite>

        
                Time to see if we've fixed our issue!

                
            Expert

        [image: Test results]
            
Figure 10.Test results
        
                Great, we've made it, thanks!

                
            Customer

    
    
        Want to try it?

        The application used to run the test suite and display its result is available at http://svn.xmlschemata.org/repository/downloads/tefisc/.

        If you just want to understand how the test suite is split into XML instances, you can have a look at
                http://svn.xmlschemata.org/repository/downloads/tefisc/orbeon-resources/apps/tefisc/ .

        In this directory:

                	
                    split-tests.xsl is the XSLT transformation that splits a test suite into top level
                        element test cases. This transformation has no dependence on Orbeon Forms and can be manually
                        run against a test suite.

                

                	
                    
                        run-test.xpl is the XPL pipeline that runs a test case.

                

                	
                    
                        list-suites.xpl is the XPL pipeline that gives the list available test cases.

                

                	
                    
                        view.xhtml  is the XForms application that displays the results.

                

            

        To install this application:

                	
                    Install
                            Orbeon Forms

                

                	
                    Copy  the  orbeon-resources/  directory under /WEB-INF/resources/apps/ in your
                        orbeon webapp directory

                

                	
                    Or, alternatively, copy the tefisc/ directory wherever you want, edit web.xml.sav to replace
                            <param-value>/home/vdv/projects/tefisc/orbeon-resources</param-value>
                        by the location of this directory on your filesystem, replace /WEB-INF/web.xml by
                        this file and restart your application server.
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      Abstract
Ontario Scholars Portal (SP) is an XML based digital repository containing over
        31,000,000 articles from more than 13,000 full text journals of 24 publishers which covers every
        academic discipline. Starting in 2006, SP began adopting NLM Journal Archiving and
        Interchange Tag Set v2.3 for its XML based E-journals system using MarkLogic. The
        publishers' native data is transformed to NLM Tag Set in SP in order to normalize data
        elements to a single standard for archiving, display and searching. Scholars Portal has
        established extremely high standards for ensuring that the content loaded into Scholars
        Portal is accurate and complete. Through the entire workflow from data ingest , data
        conversion and data display, quality control procedures have been implemented to ensure the
        integrity of the digital repository. 
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    Introduction

    Ontario Scholars Portal (SP) is an XML-based digital repository containing over 32 Million
      articles from more than 13,000 full text journals of 24 publishers which covers every academic
      discipline. The E-journal service is available to faculty and students of 21 universities
      spread across the province of Ontario. The data provided by the publishers are in XML or SGML
      format typically with different DTD or schema. The publishers’ native data is transformed to
      the NLM Journal Interchange and Archiving Tag Set in SP in order to normalize data elements to
      a single standard for archiving, display and searching. To fulfill OCUL’s mission of
        provide and preserve academic resources essential for teaching, learning and research
          (ref1), SP has established high standards to ensure the high
      quality of their resource and service. A series of procedures and tools have been implemented
      throughout the workflow. In addition, SP is undergoing the TDR (Trustworthy Digital
      Repository) audit process since January 2012 to further make the content reliable and
      long-term preservation.

  
  
    Background

    The SP development team began planning for a migration of the Scholars Portal e-journals
      repository from ScienceServer to a new XML-based database using MarkLogic in 2006.  During
      this process SP team decided to adopt Archiving and Interchange DTD (ref2)
      as the standard for the new e-journal system. The publishers’ native data is transformed to
      the NLM Journal Interchange and Archiving Tag Set v.3.0. The transformed NLM XML files are
      then stored in MarkLogic database for display and searching while the publisher’s source data
      resides on the file system for long-term preservation. SP ingests the data from 25 vendors, 10
      of these vendors provides descriptive metadata in XML file using NLM DTD suite. The remaining
      vendors use their home-developed DTDs in XML, SGML header or text file as the descriptive
      metadata. The quality of the incoming data varies with publishers causing data problems as
      previously addressed by Portico, the data is not always processed with standard tools that
      enforced well-formedness or validity (ref3). Some of the issues with
      incoming data to SP includes: omitting the DTD or encoding declarations, employ the elements
      which is not included in the DTD, adopts a new DTD without notification and includes invalid
      entities.

    Here are some examples of the publisher's data with errors.

    Example 1 shows the invalid value in
      <mm>:
        <jrn_info>            
        <jrn_title>First Language</jrn_title>            
        <ISSN>0142-7237</ISSN>            
        <vol>32</vol>            
        <iss>1-2</iss>            
        <date>                
        <yy>2012</yy>                
        <mm>Data incorrect-05</mm>
        </date>        
        <jrn_info>

    Example 2 shows valid xml elements <volume> and <issue> but holds invalid
      data:
        <pub-date pubtype="epub">
        <day>5</day>
        <month>1</month>
        <year>2011</year>
        </pub-date>
        <volume>00</volume>
        <issue>00</issue>
        <fpage>483</fpage>
        <lpage>490</lpage>
        ... 

    Example 3 shows the entity not being processed
      properly:
        <surname>Orr[ugrave]</surname> 
        <article-title>     From &#xE532;&#x210B;&#x2110;&#xE530; and RDF to OWL</article-title>

    A local loading agreement is signed when the vendor agrees to load their content on
      Scholars Portal. In this agreement, the licensor agrees to provide Licensed Materials in SGML
      or XML structure information (metadata) for each article conforming to the publishers DTD or
      XML Schema (ref5). In practice, some publishers do not check the
      well-formedness or validate the data before sending the data and in some cases do not have the
      technical resource to do so. Some small publishers contact the third party to supply the data
      and causing communication problems.

  
  
    Quality Control Practice

    Scholars Portal is committed to ensuring the integrity of digital objects within the
      repository. Scholars Portal quality control standards include checking fixity each time the
      digital object is moved during the ingest process. This ensures that the file has been
      transferred correctly without becoming corrupted during the process. Errors are recorded
      automatically in an error log and an email notification is send immediately to the metadata
      librarian. Then the cause of errors were analyzed and corrected as soon as possible (ref4).

    The Ingest Process Overview (Figure 1, “Scholarsportal Ingest Process Overview”) shows the different aspects of
      the digital object's journey from the time it is ingested into the repository to the time it
      is made accessible to the designated community.

    [image: Scholarsportal Ingest Process Overview]
        
      
Figure 1.Scholarsportal Ingest Process Overview
    
      1. Quality Control procedures during FTP automation

      Depending on the publisher, incoming data is either pulled or pushed from the
        publisher's FTP into SP Ejournals FTP location. After a new dataset is saved into the
        Ejournals FTP, it is retrieved and the file size is compared to that of the original copy
        held in the publisher FTP server. If the file size does not match, the script sets the error
        flag and increments the try count. Once the try count hits three with an error flag, the
        file is deemed to be corrupted and an email is sent to the responsible members within SP.
        Datasets with successful results from the file size comparison proceeds to the next step of
        decompression. If there is an error during decompression, the script writes the file name to
        the error log and saves the error file to a temporary directory for further investigation.
        The log file information is then emailed to JIRA (ref4). Here is an
        example of the log with decompressing error. 
[image: Decompression Error Log]
            
          
Figure 2.Decompression Error Log
    
    
      2. Quality Control procedures during E-journals loading

      The data transformation from the publishers’ native data to Scholars Portal NLM XML data
        is processed in two steps - mapping and coding. Creating XML transformations in these two
        separate steps not only maximizes the skills of various team members, but also reduces
        development time and cost, and increases accuracy of the finished code (ref6). First, the mapping is created by metadata librarian who posses strong analytical
        skills, ability to articulate complex relationships and familiarity with both publisher’s
        data structure and NLM data structure. The crosswalk includes the mapping of the path from
        source to target data and the explanation of decisions and compromises. Second, the
        programmer with coding experiences then develops the loader according to the crosswalk using
        Java. A test environment is set up so the transformations are tested before the data is
        loaded into production. The metadata librarian inspects the output with the crosswalk
        mapping and go through several iterations to make sure the data are transformed completely
        and explicitly. After loading into production system, the transformation of each dataset has
        been logged for any errors (ref7). 

        
          2.1 Parsing the source file 

          SP receives the publisher's data either in SGML or XML.  In case of SGML format, OSX
          is used to parse and validate the SGML document and to write an equivalent XML document to
          a temporary directory for further transformation. 

        The java library(javax.xml.parsers) parses the content of the given input source as an
          XML document and return a new DOM Document object.  SAXException is thrown in case of any
          error during parsing.

          Some of the common issues in source file are:

        Problem a:  Different encoding in the source file
          (example: iso-8859-1 , UTF-8)

        Action:  The source file is converted to UTF-8
          encoding in java before parsing. datastring.getBytes("UTF-8")

        Problem b:  Errors are thrown due to the presence of
          Character Entity in the source file and not declared.

        Action:  External Entity file is added to the source
          file <DOCTYPE before parsing.

        Problem c:  If the tag is not terminated by the
          matching end-tag or due to the presence of any invalid tags that are not specified in the
          DTD.

           
          Action: Inform the publisher about the error and request
          them to correct and resend the data.

          Figure 3 shows the log file indicating the invalid tags used in the source
          data

          [image: Zhao01-003]
              
            
Figure 3.
          Problem d: The implementation of new DTD is done in
          publisher data without advance notice from publisher.
Action: The error is logged and the email is sent to the
          publisher requesting for the new DTD. 

        
        
          2.2 Transforming to NLM xml

          After parsing the source file, a well-formatted xml file is ready to be processed by
          the transforming program. The transforming process is based on the crosswalk to convert
          the parsed xml file to NLM xml data structure. After the conversion, the document is
          validated by several criteria which are listed below before adding to MarkLogic
          database:

          
            2.2.1. Mandatory fields

            ISSN and Publication Date which are used for indexing are mandatory fields for
            loading articles into the database. Missing mandatory fields will cause the article to
            not load into the database and an error message is generated in the log file. 

          
          
            2.2.2. Missing content

            When there is missing content, the team makes their best effort to maximize the
            usage of the data provided by the publisher for the benefits of the end users.

            Some of the common issues are:

            Problem a: Missing pdf - In the loader program, a
            check is made if the pdf file is available in the physical location and the link to the
            pdf file is created in the xml file. If the pdf file is missing, an error message is
            generated in the log file. The article is loaded with metadata only. The error is
            reported in the log file and the QA staff contacts the publisher to request the pdf
            file. The publishers usually send the pdf with metadata again, and the article will be
            replaced with full content.

           
            Problem b: Missing figures - If any of the
            figures of a article is missing, the full text article is still loaded to the database
            if the pdf file is available. The <body> element’s attribute is set to display=no
            for this article so the content of the body can be used for searching and indexing, but
            not for displaying. 

            Problem c: Not properly tagged in <body> -
            Another scenario when setting display=no for the <body> element is that when the
            content is not properly tagged, then there would be no full-text display in the
            interface. However, the article is loaded into the database for searching and indexing
            purposes. 

          Sample Log files:

            [image: Zhao01-004]
                
              
Figure 4.   
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Figure 5.
        
          

    
    


  
 
   
    
    
      3. Log file checking procedures

      The data loading log files are examined daily by an automated script and report any
        error to JIRA and email to the team. 

      JIRA is used as a tool to track all the problems during data ingest process. QA staff
        reviews the JIRA issues and analyze the problem which then is reported to the publisher or
        assigned to the programmer for loader modification.

      [image: Flowchart for Log File Check]
            
          
Figure 6.Flowchart for Log File Check
      An example of the process for a JIRA issue solved shown as 6 steps below:

        	
          Step 1: JIRA issue created daily by the automated java script in case of
            errors.
[image: JIRA Error Log]
                
              
Figure 7.JIRA Error Log
        

        	
          Step 2: The log file reviewed by the QA staff
[image: Log File]
              
            
Figure 8.Log File
        

        	
          Step 3: The source data problem identified 
[image: Sage Source File]
              
            
Figure 9.Sage Source File
        

        	
          Step 4: Problem addressed and request sent to the publisher
[image: Email to the Publisher]
              
            
Figure 10.Email to the Publisher
        

        	
          Step 5: The corrected data received under new dataset
[image: New dataset]
              
            
Figure 11.New dataset
        

        	
          Step 6: The data loading log file showing no error 
[image: Log file]
              
            
Figure 12.Log file
        

      

      To ensure the publishers continue sending the current updated content, a script is
        scheduled to run monthly to check the latest dataset loaded from each publisher. If any
        unusual gap is found, the QA team investigates the cause of any missing updates.

      Besides those generated automatically by the system, error reports also are sent to SP
        QA staff by the librarians, faculty and students who rely on the e-journals repository for
        research, teaching and learning. A form has been posted on SP website for the end user to
        send the report and track the problem solving process.

      
    
    
  
    Conclusion

    Scholars Portal E-journals repository is ever growing with approximately 75,000 records
      added daily in 2012. The technology offers the ability to monitor and report the errors
      automatically; however, the problem solving highly rely on the human interface—the
      Scholars Portal QA and technical staff and the publishers’ content supply support team.
      Scholars Portal’s policy is not to correct the publisher’s source data but to report the
      problem back to the publisher when it cannot be handled by SP loader program. Some
      publishers provide prompt response which helps SP team to have the data available to the user
      community without any delays. To divide the staff time wisely to handle the fast-growing
      daily new content and to fix the problem is the challenge to SP team.
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.scholarsportal .rl.BiooneLoader.main (BiooneLoader.java:246

[Jul 2, 2012 11:46:14 PM: (BiooneTransformer): WARNING: Error in File
/bioone/done/bioone 07022012/WNANV72i1-07020332-229568/064.072.0100/064.072.0103/064.072.0103.x]|

[Log/bioone 07022012.10g.0
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Orniginal Message --
Subject  RE: Missing Issue Request.Journal of Contemporary History (00220094)
Date: Tue, 17 Apr 2012 13:31:20-0700

From: Mar, Edwin

To WeiZhao

HiWei,
These have been redelivered
Please let me know if you need anything else

Edwin Mar

——-Original Message-—
From: Wei Zhao

Sent Monday, April 16, 2012 11:17 AM

To: Mar, Edwin

Cc: SageProdSauad

Subject: Re: Missing Issue Request Journal of Contemporary History (00220094)

Hi Edwin,
We found sore problematic data in your source file. The value in <mm> tag is not valid

For example, [CAT_2012_18_1/10.1177_1076029611418963 xml shows "01-Data incorrect" in <mm>= tag

Would you please fix the data and resend Us the following files?
ICAT_2012_18_1/

JFLA 2012732
JARH_2012_11_

2
-2/

Thanks,
Wei
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May 9, 2011 11:32:26 PM:

(SageLoader) : INFO: Dataset path: sage_04242011

May 9, 2011 11:34:48 PM: (ValidateNIHDocument):[INFO: Self URI - PDF doesnot exist
/sage/done/sage_04242011/10.1177_0001699309104000.xml Title: Public Opinion on
State Responsibility for Minimum Income Protection

(sageLoader) : INFO: 540 Articles found for loading
(SageLoader) : INFO: 540 Articles added to the database
(SageLoader) : INFO: 0 Articles rejected because of errors
(SageLoader) : INFO: Done
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QA Report: Data errors
Batch: Acta Histochem Cytochem. 2011: 44(1)
‘Welcome to the new PMC QA repart. This new report aims to help improve journal submission quality going forward, as well as comect specific existing errors.
Please correctthe problems outlined in therepart below. Exrors are grouped by type, first by the section of the article, then more specifically. Notes and examples
are given where necessary or helpful. In many cases these errors may existin more articles than arelisted here; please check the entire submission as appropriate.

PMC expects the journal o take steps to avoid these problems in future submissions as well

Please contact Abigail Elbowat pmec@ncbi.nlm nih gov with any questions.

ARTICLE INFORMATION

Front matter footnotes
ActaHistochem | Aricle-related foomote is present in the front matter o
Cytochem. 201%; | The footnote beginning "This paperwas presented..." should be not be tagged as author-notes.
44(2): 17
ahc-044-1
FIGURESAND TABLES
Figures
ActaHistochem | Color, resolution, or clarity of the figure image is poor ot
Cytochem. 2013; | There is a problem with figure 4 (AHC10035£04 eps). Pethaps the problem s that only part ofthe image is
4402): 915 transparent? Couldyou please check this image and supply a new copy? We are nunning into problems when
ans-043-9 we try to convertit for proper sizing and format.
GENERIC ERRORS
Other
Acta Histochem | Zypographical or other tagging error Commps
Cytochem. 2013 | Referencelist should be tagged asa single <tefist>, notas two nested <refist>s:
440): 25-33
anc-044-25 <eflist><ref list><title>VIIL &emsp:References<title>
Ipage>367<page><eitation><reBre list><eLlist>
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ACS AuthorChoice. 2011; 3(03-10) acs 1 jm_assigned Mar 10,2011
Open Ophthalmol J. 2011; 5() bentham 5 jm_assigned Mar 10,2011
‘Bioinform Biol Insights. 2011; 5() libacad 3 readydrelease  Mar9,2011
Development. 2010; 137(22) cob 11 part_readydrelease Mar9, 2011
Chest. 2011; 139(3) accp 3 readydreleass  Mar7,2011
Open Biomed Eng J. 2010; 4() bentham 21 jm_assigned Mar 4,201
Open Neuroimag J. 2010; 4() bentham 17 jm_assigned Mar4, 2011
‘Biomed Opt Express. 2011; 2(3) osa 28 part_readyrelease Mar4,2011
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Proc Jpn Acad Ser B Phys Biol Sci.2011;87(2)  japanacad 2 readydrelease  Feb 28,2011
Proc Jpn Acad Ser B Phys Biol Sci. 2011;87(1)  japanacad 1 readyrelease  Feb28,2011
Proc Jpn Acad Ser B Phys Biol Sci. 2010;86(9)  japanacad 5 readydrelease  Feb 28,2011
Proc Jpn Acad Ser B Phys Biol Sci. 2010;86(8)  japanacad 6 readydrelease  Feb 25,2011
Proc Jpn Acad Ser B Phys Biol Sci. 2010;86(10) japanacad 1 readydrelease  Feb 16,2011

Development. 2011; 138(5) cob 14 jm_assigned Febg 2011
Trans| Oncogenomics. 2008; 3() libacad 10 readyarelease  Jan 19,2011
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[Jun 27, 2012 10:08:44 AM: (SPIETransformer_2): INFO: Processing dataset spie 06242012

\Jun 27, 2012 10:09:37 AM: (SPIETransformer_2): WARNING: This file

1/spie/done/spie_06242012/JBOPFO/vol_17/iss_6/066001_1.sgm is not inserted due to the error comvert
ing sgm to xml file

/openjade/bin/osx: spie 06242012/JBOPFO/vol 17/iss 6/066001_1.sgm:356:285:E:
document type does not allow element "PP" here

Jun 27, 2012 10:09:41 AM: (SPIETransformer_2): WARNING: This file
1/spie/done/spie_06242012/JBOPFO/vol_17/iss_6/066008_1.sgm is not inserted due to the error comvert
ing sgm to xml file

/openjade/bin/osx: spie_06242012/JBOPFO/vol_17/iss_6/066008_1.sgm:70:21
document type does not allow element "SERIES" here

[Log/spie 06242012.10g.0






