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Abstract: Materials and Process Specifications are complex semi-structured
documents containing numeric data, text, and images, which are critical to
materials, aerospace, and automotive industries. This paper describes the
architecture, the detailed design and implementation of a coarse-grain extrac-
tion tool to automatically reorganize content to enable extraction of primitive
specs using suitable criteria. The working prototypes were built in the con-
text of Cohesia’s existing software infrastructure, and use techniques from
Information Extraction, XML technology, and Parsing.
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1 Introduction and Background

Materials and Process Specifications are basically presentations of numeric data
with accompanying text and graphics that explain the quantitative information,
which are critical to materials, aerospace, and automotive industries. A spec de-
scribes requirements on the processing of a material (alloy) in the mill, and the
capabilities that the material should possess eventually. Specs are semi-structured
documents with discernible organization and constrained vocabulary. Figure 1
shows a sample specification.

Cohesia Corporation created the Specification Definition Representation (SDR) as
an ontology to articulate the semantic view of the components that comprise a spec,
and capture user’s interpretation of it. SDR is a tree-based declarative language
for description (not a programming language for instruction). SDR introduced
constructs such as Procedures to indicate boundaries for standards requirements
such as chemical composition, tensile test, melt method, etc. Procedures are com-
posed of elemental Characteristics that describe the requirements that are essential
for performing the associated process (e.g., carbon content, yield strength, mini-
mum temperature range, etc). SDR also permits defining a common (standard)
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Figure 1: A Sample Specification Fragment

vocabulary of industry terms called the domain library, which includes lists of
names for procedures, characteristics, controlled terms, units of measure, and their
inter-relationships. SDR provides a consistent representation structure that allows
retrieval, comparison, and combination of specs to drive manufacturing process.
The SDR technology has been incorporated into a commercial software system
called MASS (Management and Application of Specifications and Standards), and
is in use at Fortune 500 companies.

Content extraction involves conversion of a spec into an “equivalent” formalized
description in SDR. Manual content extraction of a spec can require one to several
person days, depending on the complexity of the spec and the granularity of the
extraction desired. To be able to combine and manipulate specs in practice, thou-
sands of specs should already exist in SDR format, to serve as a foundation to build
on. This is because: (a) Each product may have to meet requirements spelt out in
several specs, which may in turn reference additional specs. (b) It may be that a
vendor may choose to create a product spec that can satisfy a number of different
customer orders (each having some leeway). (c¢) Or a spec may have been modified
based on existing Practices, Agreements, Customer needs, or Vendor constraints.
Thus, extracting 1000 specs can require approximately 3 person years! So, the cost
of data preparation can far outweigh the cost of the manipulation software, and
the software is “useless” without the necessary legacy data. Thus, from business
point of view, it is imperative that the workload of a human extractor be reduced
to any extent possible, to minimize costs and improve revenue.



This paper describes the design details of a tool for semi-automatic recognition and
reorganization of phrases in spec that are associated with requirements, which is
viable for integration with the commercial product.

2 Related Work

The DARPA sponsored TIPSTER program and the Message Understanding Con-
ferences (MUC) provided a major impetus to the progress in Information Extrac-
tion technology. Information extraction consists of defining the form of extraction
rules, acquiring them (by hand-crafting or by machine learning), and then apply-
ing them [7]. In terms of the design space for extraction and transformation from
semi-structured documents studied in [2], materials and process specs have the fol-
lowing “coordinates”: they have implicit struture, and are single documents with
references; they are partly irregular and relatively stable, but can contain format
and content errors. The work reported here resembles that described in [8, 9] in
so far as they attempt to exploit domain specific background information to elicit
the semantics, and use language processing tools to transform the spec as desired.

The spirit of our work is similar to what is described in [1, 3, 4, 5, 6]: In order to
apply Al in realisitic, large scale document processing applications, it is necessary
to make explicit machine-processable semantics of sources. The research done in
the context of OntoWeb is particularly relevant.

3 Detailed Design and Implementation of Extraction Wizard

The design attempts to solve the extraction problems by providing a set of tools for
flexible handling of specs in different formats and content, and for refining extrac-
tion parameters. It deals with issues such as: (1) multiple layouts of spec content;
(2) use of an English Domain Library to enhance domain library terms identifica-
tion; (3) exporting to different formats for manipulation of the results in various
packages; (4) table formatting; (5) image and extended character handling; and (6)
tracing extraction results back to the original spec. The user interface provides the
extractor with a workbench in which they can perform multiple extractions and
tweak extraction parameters. For details, see [10, 11].

3.1 Separating Tables and Images from Text

To enable automatic processing of text while deferring tables and images for manual
handling, the following preprocessing steps were used to obtain a spec in plain text
form:



1. Identify paragraphs properly and replace non-ASCII characters in MS-Word
file with their ASCII encodings by running a MS-Word macro.

2. Save the MS-Word file in RTF format.

3. Convert the RTF file into an XML file using tools such as IBM developer-
Work’s Majix (a Java application) that delimits text, tables, and images. In
particular, it replaces an image with image tags and a reference to an image
file, and preserves the structure of the table using table tags.

4. Finally generate a plain text file by removing image tags, and replacing table
tags by appropriate indentation.

Specifically, MS-Word to ASCII converters were created: (1) to properly interpret
paragraph breaking points and include additional line separators where needed,
(2) to encode non-ASCII characters such as °,+, etc into ASCII, (3) to preserve
context for the embedded images, and (4) to properly format tables by aligning
columns with column breaks in ASCII representation, for readability, and (5) to
generate spec in plain text form that could then be used by the extraction utility.

3.2 Document Import Formats

The input formats of specs issued by societies such as SAE, ASTM, AMS, etc or by
companies such as GE, Pratt and Whitney, Rolls Royce, Alcoa, etc can be gleaned
from concrete examples and encoded in an XML-based Format file. The XML is
used here for ease of parsing. The Format file is consulted to guide the search for
spec header information and requirements, and to skip peripheral text.

3.3 Levels of Extraction

The text of a spec can be annotated to different levels of detail in order to make
explicit mechanically processable information. To balance the commercial viability
of the extraction task and its tractability, the following granularity levels were
explored:

Basic Extraction: Basic Extraction involves the identification of header informa-
tion such as spec name, spec title, organization, revision information includ-
ing revision date, etc, and filtering the spec text, to be subjected to further
scrutiny later.

Level 1 Extraction: A note is a contiguous block of spec text. In Level 1 extraction,
a spec is transformed into a (possibly, nested) sequence of implicated notes.
The implication can contain either a single characteristic or multiple charac-
teristics. The detailed requirements are still in text. (If copyright restrictions



prohibit quoting, use references to section numbers.) These are cheap to pro-
duce and can be used to reorganize/filter a spec. Such extractions are used
with MASS FAI (First Article Inspection).

Level 2 Extraction: Procedures group related requirements. A procedure can ap-
pear in a spec explicitly or implicitly through related characteristics. In Level
2 extraction, a spec is transformed into a sequence of procedures, with the
spec text relevant to each procedure, structured as a sequence of notes, serv-
ing as the procedure body. This is finer grain than Level 1 but still has
insufficient structure to allow numeric result reporting or machine manipula-
tion and detection of conflicting requirements. Such extractions are further
refined by a human extractor before being used with MASS Order Product.

Level * Extraction: The requirements expressed in numeric and symbolic terms are
captured formally in a machine processable form in SDR to enable automatic
analysis, combination and conflict resolution. At this stage of maturity, this
level is the exclusive province of manual extraction by domain experts.

3.3.1 Extraction Utility

Extraction utility consists of three main components: the SDR, objects, the extrac-
tion engine, and the formatter. The SDR objects represent the extracted SDR tree.
The extraction engine contains the bulk of the functionality and is responsible for
parsing the spec text into SDR tree. The formatter outputs the SDR tree in a form
that can be imported into the Spec Editor.

The core of the extraction engine is implemented using four classes: Extractor,
Locator, DomainLibrary, and Tokenizer. The Extractor object is responsible
for orchestrating the entire extraction process. The Config file is read to deter-
mine the extraction type, file path settings, domain library search settings, etc.
The detailed extraction is carried out with the help of Locator object, which has
methods to recognize procedures, characteristics, and controlled terms (domain
library terms) appearing in a piece of text. These methods are implemented on
top of the domain library search engine. The DomainLibrary object implements
advanced domain library search capabilities. It is intended to exploit information
about synonyms, prefixes, suffixes, stop words, broader and narrower terms, etc in
mapping a spec phrase into semantically equivalent domain library term [12]. In
fact, the entire domain library can be viewed as consisting of the object domain
library (ODL) containing the core set of terms, enclosed by the English domain
library (EDL) wrapper that incorporates flexible and robust matching algorithm
to improve search.



3.3.2 Assorted Examples

We sketch specific situations that arise in the context of GE B-family Specs for
illustration.

Structure using Section Numbers: It is important to recognize nested sections, and
their section numbers in order to avoid mistaking numeric data with section
numbers. For example, if the current section number is ‘3.1.2’, the next
section numbers can be ‘3.1.2.1° if it is a deeper section, ‘3.1.3” if it is at the
same level, and ‘3.2° or ‘4’ if it is a shallower section [11].

Level 1 Extraction with Spec Classes: Spec class designators manifest themselves
as upper case letters (A, B, C,...) as follows: “B50T75A”, “B50T754A, E,
F and G”, “Class G, H, and I”, “Classes A and C”, “P21TF7 CI-A”, etc.
However, upper case letters can also appear in other contexts, such as a spec
reference “ASTM E 46” or as a (hardness) value such as “Rockwell B 40-75”,
or for unit of temperature (F or C), etc.

To associate a Spec Class with a section or a paragraph, we use the following
heuristic: Every (sub-)section is qualified on all Spec Classes named in section
“Scope”. Explicit Spec Class references in a paragraph override the default
qualifier. Otherwise, a paragraph inherits the qualifier from its left sibling
(earlier paragraph), or transitively from its parent (enclosing (sub-)section).
The rationale behind this approach is that, when the conditionals in a Level 1
extraction are evaluated against the given qualifier values, it should generate
all applicable fragments of the spec.

4  Conclusion

Technical specifications of materials and processes are semi-structured documents
with constrained vocabulary, which are crucial to companies involved in complex
manufacturing and B2B E-commerce. In this work, we discussed a Visual C++
implementation of computer-assisted coarse-level content extraction tool. It was
a challenge to scope the problem to make it tractable to the software developers
while simultaneously ensuring that the results are useful in unburdening the do-
main experts. This work brought together tools and techniques from Language
Processing, Knowledge Representation, and Web Technologies, and produced re-
sults usable by Content Extractors. Of course, what we have accomplished is just
the necessary first step towards the long-term goal of automatic reorganization and
summarization of semi-structured documents.
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