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Collaborative World Modeling 

World Modelers

Final Report (2018/10-2021/02)


Summary

The current state of the art in world modeling involves such manual effort that it is infeasible to 
build large models fast enough to enhance short-term decision making about issues of national 
and global security. We propose an effort to automate large parts of the building and running of 
such models, enabling an order of magnitude reduction in development time and a significant 
increase in the scale of problems that can be explored. The key insight is that developing large-
scale world models requires a collaboration between human analysts (providing intuition, 
strategic thinking and thinking out of the box) and automated intelligent systems (providing large 
scale data search and analysis, planning and running simulations). Model development is 
iterative, with extensive interaction between the analyst and the system throughout.  The key 
components of our solution are: 1) an intuitive interface for iterative model development and 
evaluation, using a language-driven Collaborative Problem Solving process between users and 
World Modeling Systems; 2) automatic and human-assisted transformation of qualitative models 
to executable quantitative models by means of collaborative planning; 3) capabilities for users to 
define novel problems, bootstrapping from a domain-independent ontology; 4) a system that 
learns and improves as it interacts with its users.


1.  Text Reading


One of the key points for better reading is that if we are to use reading to build models of specific 
situations, the reading needs to be able to extract a significant amount of detailed information 
from a relatively small set of key documents (targeted deep reading), rather than small amounts 
of information from a multitude of papers (shallow reading as in the current reading efforts to 
build causal graphs). Specifically, constructing a model of situations involves identifying 
spatially and temporally grounded events, with their full complement of arguments. Many of 
these events are not causal relations, although of course extracting the described causal relations 
between the events is equally important. 


The TRIPS reading system is ideally suited for this more detailed reading as it produces a 
fairly-detailed representation of the document contents which is then simplified by extracting the 
information of relevance. We developed CWMSReader, a paper reading system that parses 
documents in the World Modelers domain.  CWMSReader parses sentences into Logical Forms, 
which expresses the meaning of a sentence in terms of the TRIPS ontology.  Concepts and 
relations of particular interest are further extracted and normalized.  The target extractions can be 
domain-independent, for example causal relations, or they can be domain-specific, for example 
interventions. 




To support extraction of relevant information, we improved parsing in several fundamental 
areas, including temporal and number expressions, especially ranges (e.g., June to October, 
11/12/08-01/31/09, five to seven, …); unit expressions, including standard rates (e.g., miles per 
hour) and idiosyncratic rates (e.g., seeds per acre), and locations.  CWMSReader is available as a 
web service with associated API at http://trips.ihmc.us/parser/cgi/cwmsreader.  Figure 1 shows 
an example of parsing a sentence with date ranges and approximate numeric expressions, using 
the CWMSReader web interface.  Figure 2 shows a parse of a sentence containing several 
intervention events.


In addition, we improved the handling of words not explicitly defined in the TRIPS lexicon 
by incorporating entries derived from WordNet, an external dictionary.  This enabled better 
semantic analysis of 100,000+ words and enhanced the domain-independent generation of 
semantics with the broad coverage of English.  The extended TRIPS ontology and lexicon 
browser is available at http://trips.ihmc.us/parser/cgi/lex-ont (Figure 3).


We identified and incorporated terms that are domain-specific and are not expected to be 
found in general English dictionaries.  These include meher, belg and others for various rainy 
and growing seasons; and woreda and kebele for administrative divisions.  We also developed 

Figure 1.  Parsing temporal and numeric expressions



Figure 3.  Extended TRIPS ontology and lexicon browser

Figure 2.  They are provided with safe water, shelter, food aid, basic essential items, 
cash transfers, healthcare, and disease prevention. 



mappings from the TRIPS ontology to the World Modelers intervention ontology.


2. EKB Extractions


To facilitate downstream processing, relevant information is extracted and standardized into an 
XML-based format called the EKB, for input to INDRA.  In addition to domain independent 
extractions such as causal information, we focused on several areas of particular interest, such as 
migration and agriculture.  Figure 4 shows an example of the extraction of a migration event.  
Figure 5 shows multiple causal extractions from a sentence.  The EKB representation has been 
extended to extract domain-focused information, as well as time and location information, in a 
normalized and simplified format for ingestion by INDRA.  The EKB extractions include 
annotation fields to encode descriptions of the underlying data, such as provenance and the time 
of processing. 


Below are a few other examples that CWMSReader can extract from the text.


• In Ethiopia, massive deforestation of natural forests and extensive use of agricultural 
lands have resulted in soil degradation.


• […] rainfall and days to maturity have a large positive influence on yield


• […] the mass exodus of people has resulted in reduction of productivity


Figure 4.  Extraction of a migration event



• In Somali region, the prolonged drought has led to the displacement of many children 
who remain out of school


• […] producing more crops will lead to improving access to these foods by rural people 
with limited resources. 


3. Unstructured Data Pipeline


CWMSReader was integrated with DART /Kafka.  We provided feedback to TwoSix on the new 
CDR format and the DART-readers integration process.  We implemented a Kafka stream 
consumer for CDRs produced by DART, and an EKB output stream uploader to transfer reader 
output to storage.  We updated the CWMSReader workflow for batch processing.  Figure 6 
shows the DART-CWMSReader workflow.


In preparation of large scale reading experiments, we made updates to CWMSReader, in 
particular with respect to the management of very large documents and the speed of processing.  
We also improved the handling of failures and developed heuristics for distinguishing language 
and non-language sections in input documents. 


Figure 5.  A causal extraction from the sentence “Back-to-back droughts in Kenya and Somalia, or a 
March-June drought in Ethiopia, could cause food and water shortages, hurt hydro-power stations 
and worsen farming conditions.” Not shown are additional extractions for “[droughts] hurt hydro-
power stations” and “[droughts] worsen farming conditions”.



Temporal expressions, not only standalone dates but also ranges and durations (e.g., March 
through June, first half of 1998, the end of April) are extracted in a normalized form.  Vague and 
approximate numeric expressions, e.g., over/around/almost 2300, are handled appropriately.  In 
addition, we improved the reading of both text and tables to extract domain relevant information.  


To facilitate the evaluation of changes to our natural language understanding components, we 
collected representative sentence samples from the input documents used in the reading 
experiments and elsewhere and set up a test harness that compares and scores parses and 
extractions with respect to stored baselines of these sentences.  This provides validation of 
improvements and monitors the outputs such that unintentional changes can be detected in a 
timely manner.


We also developed the capability to generate EKB files from the output of table reading, 
providing a uniform interface to INDRA for text and table reading.


4. Table Reading


Documents such as reports, news articles and scientific papers often contain tables.  The text 
narrative refers to the information laid out in the tables but typically does not repeat it in detail.   
On the other hand, the captions and headings of a table are often abbreviated and can only be 
fully interpreted in the context of the text narrative.  We developed a a module for reading tables 
in PDF documents automatically and extracting the information into the EKB format used also 
for the extraction from text.


The table reader is capable of detecting the location of a table in a document, identifying the 
layout of the table and extracting the values of the cells, suitably aligned into a spreadsheet-
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Figure 6.  The DART-CWMSReader workflow.



compatible representation according to the layout.  Figure 7 shows a typical table.  The PDF 
format gives rise to a number of complications.  For example, footnote notations may not be 
explicitly marked but follow directly the value in a cell, and headings as well as cells sometimes 
graphically span multiple rows and columns.   The table reader is able to meet reasonably well 
many of these challenges, including


• detecting paragraph regions and fixing the location of a table

• extracting functional components and properties such as row and column headings, 

footnotes and captions

• splitting and merging of cells, rows and columns

• processing footnotes 

• handling of symbols and other artifacts from PDF-to-text conversions

• resizing the window when the page size changes

• undo and redo operations 


The texts in tables, often short and abbreviated phrases or incomplete sentences, are crucial in 
the interpretation of the table cell values.  These texts need to be parsed into a normalized form 
and used for further analysis of the table data.


Figure 7.  A table with abbreviations, footnotes and headings spanning multiple 
rows and columns



Figure 8 shows an example of extraction from the table in Figure 7.  This use case was 
focused on auto-calibrating the genetic coefficients for a crop/cultivar by reading tables that 
contained variety trials data.


The table reader has been incorporated as a component in the CWMS dialogue system to 
support human-user collaborative interpretation of tables.  Through interactive editing, the user 
can guide the system and correct the system’s errors in identifying the layout of the table.  


In parallel we developed a capability for the table reader to learn from this interaction to 
better identify tables in PDF documents, and to utilize appropriate editing operations to identify 
and align the table components in different styles of table encodings.  Based on user input on 
identifying and segmenting a table, the system learns generalized rules that can be applied to 
handle other similar tables automatically.


The table reader is able to extract information from tables in a range of styles.  Figure 9 
shows the varied table styles the module can cope with.  In particular, we also extended the table 
reading module to extract information from pseudo-tabular charts.  Some examples are shown in 
Figure 10.


We created a combined text and table reading capability with multiple output modalities: the 
EKB format for input to INDRA, and the CSV format for spreadsheets.  Figure 11 illustrates the 
integrated processing framework.  This would enable the aggregation and cross-referencing of 
the information from the text and the information from the tables in a consistent manner.


Figure 8.  Data extracted from PDF tables according to the table layout are converted into 
spreadsheet-like format that supports interactive correction and modification by a user



We demonstrated an end-to-end system in CWMS that can start with a user-selected table in 
a PDF document and extract information into the EKB format also used for extractions from text.  
The integrated extraction format facilitates uniform processing downstream in INDRA.


The table reading module has been refactored into a standalone application, based on 
feedback from Jataware and other collaborators, with extended documentation and examples.  
The table reading results can be output in a number of formats suitable for input into, for 
example, Excel. 

5. Collaborative Problem Solving


Building models in a fully automatic fashion is not a realistic technical goal for a number of 
reasons. Even if read perfectly (an unrealistic assumption!), a set of documents is unlikely to 
describe everything required to build and instantiate a model. This is especially the case since 
much of the required detail is not to be found in the documents in the first place, as these details, 
though not mentioned explicitly, are obvious to any human reader using their commonsense 
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Figure 9.  A variety of table styles handled by the table reading module.  Examples 
are highlighted in green.  Note that footnotes in a table might be found in a detached 
location in the document.



knowledge. We believe that such models can be constructed effectively and efficiently by 
utilizing human-computer collaboration. Essentially, the machine builds partial models based on 
the read documents, and the human can identify and add critical implicit details in order to 
complete the model. Not only does this produce better models, but each time there is an 
interaction, the system can also learn some commonsense reasoning patterns that can be reused 
to improve subsequent reading tasks. 


Equally important, the same collaborative interface can be used for the user to model “what-
if” scenarios critical for intervention planning. Much of this information will not be found in 
documents and can only come from human experts. We believe this is probably the only viable 
mechanism for moving from models developed from reading into executable quantitative models 
that can be simulated to obtain actionable results. 


The infrastructure for collaborative problem solving can be used to support interactive 
modeling, and exploration of what-if scenarios and intervention strategies.  To enable 
collaborative CAG construction, we developed an EKB store as well as a graphical display and 
editing tool for EKBs.  Events and relations extracted by CWMSReader can be selectively 
displayed based on the user’s (natural language or GUI) commands.  The user can query the 
current CAG for background information, and amend or correct the graph as needed.


Livelihood 56%

Land/Resources 49%

Access to services 44%

Safety & Security 40%

Livestock/Restocking 37%

ID/Documentation 30%

3% 3% Elderly (60 +y )

16% 17% Adults (18-59 y)

6% 7% Youth (15-17 y)

13% 15% Children (5-14 y)

11% 9% Infants (0-4 y)

Figure 10.  Extraction of information from pseudo-tabular charts.  Examples taken 
from DTM_Round 8 Oromia region.pdf.



The collaborative human-machine interactive task specification handles the modelling of the 
ongoing problem solving process that the user is engaged in, enables effective intention 
recognition and facilitates proactive system behavior.  The framework supports natural language 
interaction in all circumstances.  This task model enables a system that proactively participates in 
solving problems, going well beyond responding literally to user commands. 


We completed the design and implementation of a new Collaborative Behavioral Agent to 
support interaction with the user.  This capability is key to providing intuitive user access to 
complex black box reasoners and enhances user confidence in system results.  Figure 12 shows 
the Behavioral Agent in the context of World Modelling.  Figure 13 shows the schematics of the 
CWMS Collaborative Problem Solving Model.


Together with researchers at University of Florida, we developed several scenarios of 
collaborative modeling, using DSSAT as the underlying modeling engine.  The human and 
machine engage in a dialogue to incrementally build a model, run simulations and explore effects 
of interventions.  The information needed was gleaned from both the text narratives and the 
tables found in documents.  Figure 14 shows the processing of a table interactively.  Figure 15 
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CSV Data
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Data INDRA

Maize, sorghum, wheat, and groundnuts are the most important
food commodities in South Sudan. Sorghum, maize, and
groundnuts are the staple foods for the poor in most rural areas.
Maize flour and wheat (as bread) are more important for middle-
income and rich households in urban areas. Sorghum and maize
are generally substitutable for one another but preferences are
shifting towards maize over time, especially in the southern half
of Southern Sudan. Groundnuts are important for the rural poor
in Northern Bahr El Ghazal, Warrap, and Lakes states. Short-term
sorghum is harvested in July  August in Greater Equatoria states
and in September  October in Greater Bahr el Ghazal, Greater
Upper Nile states and Jonglei states, and long-term sorghum in
December  January particularly in Lakes, Western Bahr El Ghazal,
Warrap, and Upper Nile states. Maize grain and flour from Uganda
are available throughout the year because of the bi-modal rainfall
pattern and carryover stocks. The main retail markets are in the
state capitals, namely, Juba, Aweil, Malakal, Wau, Torit, Kuajok,
Bentiu, Bor, Rumbek, and Yambio, but historical price data sets
(2006-2010) are only available for Juba, Aweil, Malakal, and
Wau only. The most important local wholesale market is in
Renk, a mechanized cereal producing area in Upper Nile
state. Aweil, Wau, Kuajok, and Bentiu are mostly supplied in
cereals from Khartoum and El Obeid, while Malakal is also
supplied by Renk through Kosti. In Juba, Torit, Bor, and
Rumbek, cereal supplies mostly come from Uganda.

Text in Document

Possible Export to
Data Bases

Figure 11.  Integrating table reading and text reading
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Figure 15.  Interpretation of Elements Extracted from a Table



shows the interpretation of elements extracted from a table.  Language fragments are parsed 
using the TRIPS parser, and the terms are represented in a standardized ontology plus DSSAT 
codes. 


6.  SpaceMan


SpaceMan is a module that maps English names and spatial descriptions to locations in a range 
of different formats used by World Modeling systems.  We incorporated a number of external 
resources for recognizing geonames.  The outputs include standardized codes for the locations 
and visual displays of the locations on a world map.  The list of resources integrated into the 
Spaceman module is given in the Appendix.


We developed a flexible image display component allowing communication using overlays 
of maps, charts and data.  This is critical for effective human understanding of many simulation 
and experiment results, for instance outputs of DSSAT runs.  Figure 16 shows SpaceMan in use 
in the CWMS system.  We packaged and released the code for SpaceMan as a standalone 
module. 


Figure 16.  Spaceman Module for handling spatial descriptions in different formats



7.  VariableFinder


Using a spreadsheet of arbitrary ontology specification together with the associated glosses, 
VariableFinder uses word embedding techniques to map expressions found in documents to a 
ranked list of types in this ontology.  We packaged and released the code for VariableFinder as a 
standalone module.  The VariableFinder method was incorporated into Eidos.


8.  Ontology Alignment


We developed a method for automatically aligning different ontologies based on the ontology 
types and, if available, examples and gloss.  The generated alignment can be visualized 
graphically in a web based tool, and the user can edit the alignment as well as the properties of 
the ontologies.  The amended ontologies and alignment can be saved and reloaded for further 
analysis and use.  Figure 17 shows the alignment between the TRIPS and UN ontologies.  


Figure 17.  Automatic alignment between the TRIPS and UN ontologies visualized 
using the ontology mapping tool
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Resources

• CWMS reader web service: http://trips.ihmc.us/parser/cgi/cwmsreader

• Extended TRIPS ontology and lexicon browser: http://trips.ihmc.us/parser/cgi/lex-ont

• Standalone table reader https://github.com/wdebeaum/PDFExtractor

• SpaceMan: https://github.com/wdebeaum/Spaceman

• VariableFinder: https://github.com/wdebeaum/VariableFinder

• Ontology alignment visualization and editing tool: http://trips.ihmc.us/ontology-mapper/

ontology-mapper.html




Appendix A.  Resources for recognizing and standardizing geonames




