Table Abstraction Tool
by
Raghav Krishna Padmanabhan
A Thesis Submitted to the Graduate
Faculty of Rensselaer Polytechnic Institute
in Partial Fulfillment of the
Requirements for the degree of
MASTER OF SCIENCE
Major Subject: ELECTRICAL ENGINEERING

Approved:

Dr. George Nagy, Thesis Adviser

Rensselaer Polytechnic Institute
Troy, New York

May, 2009



CONTENTS

Table ADSTraCtion TOOI ........coiiiiiiee s [
LIST OF TABLES. ...ttt ettt sne e e ne e iv
LIST OF FIGURES ... .ottt v
ABSTRACT .t viii
Lo INEFOAUCTION ...ttt 1
L1 TANGO .ot 1

1.2 TADIES e 2
1.2.1 WaNg NOTALION .....ocuiiviiiiiiiieieee s 2

1.2.2  Why Wang NOTatION? ........cveiiiiieienesesi e 4

1.2.3 Table Content: Other Aspects (Augmented Wang Notation) ................ 5

1.2.4 Organization of the rest of the ThesiS .......c.cccccvvviiiiiiiicicce e 7

2. Table Abstraction Tool: Central 1deas...........ccooveiiiieiiiieie e 8
2.1 Row and Column CategOrieS.........cuuieierieieniesiesiesieeee e 8
2.2 CaNONICAHZATION ..ottt 10
2.3 LISt-ROW NOTATION ...t 11
2.4 INented NOTATION ....c..oviiieiie e 11
2.5 VBA QNG EXCEL.....coiiiiiie e 12
2.6 TAT: AN IMProved WINT ....oooiiiiiiice ettt 13
2.7 Well FOrmed TabIesS ........ccoiiiiiiiieeeee e 13
2.7.1 Detecting an Anomalous Table ... 14

2.8 Transformation of Invalid Tables into Valid Tables............ccccoviiiriiiicnnnn, 16
2.8.1 [Illustration on Simulated Tables ... 16

2.8.2 Table Transformations on Real-World Tables.............ccocooviiiiienenn 23

3. TAT Software DeSCIIPLION........cciiiiieiiieecie e 27
3.1 Pseudo-Code to Generate Indented NOtatioNn ..........cccceeveveieniiinininiceees 27
3.2 Wang XML NOTALION .......cceiiiiiiiieieieiee e 28



3.3 Pseudo-Code to Generate XML NOTAtION .......oceevvvieeeeeeeeeeeeeeeeeeee e, 34

B4 LOQ FHlE o s 34

4. EVAlUALION OF TAT ..o 35
4.1 Criteria for Table Selection in Evaluation.............ccccooveieninenciiieseee 35
4.2 EXPerimental DESIGN ........cc.oiveiueiiieiieie ettt 36
4.3 PO STUAY ...oooiiee e 36
4.4 Main EXPEIIMENT......cciieiiiiieieesie ettt e aeste e e sne e e reeee e 37
441 MENOM ...c.eiiiiieeee s 39

5. Results, Observations and DISCUSSION: ........ccciiivireeiiiriiieeiiirie e e e sirer e saree e e eans 41
5.1  General ODSEIVALIONS ..........coiiiiiiieieieree ettt 41
5.2 Observations of Opportunities for Improvement .............c.cccoeeevieve e e, 41

5.3 Wang XML and Highlighting .........ccccceiviiieniiiisiee e 42
5.4 QUANtItatiVe RESUILS ......ccveiiieiciiciie ettt eaee s 44

5.4.1 Total Time Taken to Process the Table Based on Different Criteria... 45

5.4.2 PreproCesSiNg IME ........oouririeierieriesie sttt 51

5.4.3 Other RESUIES ......oviiiiiiee s 54

B, FULUIE WOTK ...ttt 56
6.1. Query By Table (QBT) ..cuiiieiiee et 56
6.1.1 The QBT MEChANISM .......ccviiiiiiiicie et 57

6.2 Visual Layer ANAIYSIS .......ccooiiiriiiiiiieiese e 57
6.2.1  AULOMALION ...ttt 57

6.2.2  LBAIMING 1ottt bbb 58

7. CONCIUSION ...ttt bttt ettt be s 59
RETEIBNCES ...t 61
AppendiX A: TAT USEr MaANUAL .........coeciiiiiiiiie e 62
Appendix B: Sample Log File .......oooiie s 86
Appendix C: List Of Table URLS.........ccccoiiiiiiiiiiee s 88



LIST OF TABLES

Table 1 — URLS O taD18 SOUICES........cviiiiiiieitiic st 38
Table 2 — REASONS TOF FEJECTION ...ttt 39
Table 3 - SESSION DELAIIS. ......ccuiiiiiieeiece ettt sre et reenae e 40
Table 4 - Time taken to process entire table based on Wang dimensionality.............c.ccccoevvenen. 45
Table 5 - Time taken to process entire table based on presence of aggregates ...........cccccvevveveennenn. 46
Table 6 - Time taken to process entire table based on presence of footnotes............cc.ccoovviviienenn, 47

Table 7 - Time taken to process entire table based on presence of footnotes, aggregates and

o[0T [0 a1 USSR 48
Table 8 - Time taken to process entire table based on table size (number of cells in the table)...... 49
Table 9 - Time taken to process entire table based on table SOUICe.........ccevvviveriieriie v, 50
Table 10 - Time taken to preprocess entire table based on Wang dimensionality .............cccccccuenee. 51
Table 11 - Time taken to preprocess table based on presence of aggregates ..........ccccccevevevveieennenn, 52
Table 12 - Time taken to pre process table based on table size(hnumber of cells in the table)......... 53
Table 13 - Time taken to Generate XML based on table size (number of cells in the table) .......... 54
Table 14 -Time spent by the user inthe  Highlight Cells ACtiON ........c.cooiiiiiiiiiiicee, 55
Table 15 - LiSt Of TADIE URLS ......cciiiiieie ettt 88



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

LIST OF FIGURES

1 Statistics for Alberta and Manitoba..........ccooiiieiiii i 3
2 CatEYOIY TIEE L .ottt ettt r e nne s 3
K O 1=To o] VN I =TT RO UPRPPR 3
O 1 =0 (o] YA I (T T T PP PP TP 3
5 Statistics for Alberta and Manitoba-11...........ccooovoiiiiiii e 4
6 Military Personnel and PAY ..o nnes 6
7 SIMUIATEA TADIE L. ..ottt sb et nns 8
8 Row Category Tree for table in Fig. 7......cooveiiieiice e 18
9 Column Category Tree for table IN Fig. 7 .....ccooiiieiiiee e 9
10 SIMUIAE TADIE 2.ttt sre e e eneenne e 9
11 Row Category 1 for Simulated Table 2.........cccviiiiiiieee e 9
12 Row Category 2 for Simulated Table 2.........ccooveiiiieir e 10
13 Canonicalized version of Simulated Table L. 10
14 Indented Notation for ROW CategOory ........ccoiiiiiiiiiiieiese e 20
15 Indented Notation for ColUMN CALEJOIY .......ccuiiiirieieierie et 11
16 OID Notation for ROW CategOry .......cccueiuieiiiiiiieeie ettt 21
17 OID Notation for Column Category ..........cceieeieiieiieie et e e 12
18 AN aNOMAIOUS TADIE ..ot 14
19 Row Category 1 for table in Fig. 18 ..o 14
20 Row Category 2 fortable in Fig. 18 .......coiiiiiiiiece e 15
21 Column Category 1 for table in Fig. 18.......cccooiiiiiiiiieciee e 15
22 SIMUlated TabIe 3. ..o e 16
23 Row Category for Simulated Table 3.........ooiiiiiee e 17
24 Column Category for Simulated Table 3...........coovoiiiiieecc e, 17
25 SIMUIALEA TADIE 4 ... .ottt bbbt es 18
26 Row Category for Simulated Table 4 ..o 19
27 Column Category for Simulated Table 4.........c.ooiiiii s 19
28 TAT-friendly (but incorrect) transformation of Simulated Table 4 .............ccoovveiiiiieeinnen, 20
29 TAT-friendly and correct transformation of Simulated Table 4 ............c.cccocoeiviiiiicieenn, 21
30 Row Category for table in Fig. 29 ..o 21



Fig. 31 Column Category for table IN Fig. 29........co i 22

Fig. 32 Ability to Speak ENGIISN ..o 23
Fig. 33 Ability to Speak English: Transformed table ..., 24
Fig. 34 Mean Absolute Percentage Error in State Population Projections, By Region and Division
from Series A and B, and Extrapolated Projections, 2000 ...........cccoveriieveeriesieene e 25
Fig. 35 Transformed Table in Fig. 34 to capture the aggregate relationship............cc.ccoovvviiinennen, 26
Fig. 36 Region and State INFOrmMAatioNn...........c.oooiiiiiiiiiiceee e 28
Fig. 37 XIML SECHION 1 ..ottt et e et et e e e e s e saeeteenaestaeaeaneenreas 28
Fig. 38 XIML SECLION 2 ...ttt ettt et e st e et e s neesaeeeeeneesta e teaneenreas 29
FIQ. 39 XIML SECHION 3 ...ttt bbb bbbt 29
Fig. 40 Category Tree 1 for table in Fig. 36 ......cccooiiiiiiiiiice e 30
Fig. 41 Category Tree 2 for table INFig. 36 ......c.ccoviiiiiiiccece e 30
FiQ. 42 XIMIL SECHION 4 ...ttt ettt e st e e e e neesaeeteeneesteenteaneenreas 31
Fig. 43 XIML SECHION 5 ...ttt bbbt 32
FIg. 44 XIML SECHION B ...ttt bbbttt bbbt 33
FiQ. 45 XIML SECHION 7 ..ottt et e et e et e st e e e e neesaeeeeeneeate e teennenreas 34
Fig. 46 HIghHGNTING EITOT ..c.voiiece ettt sae et re e ae e nre s 42
Fig. 47 XML notation (part) for table in Fig. 46 ..., 43
Fig. 48(a) Correct HIghliIghting .........cocoiiiiiii e 43
Fig. 48(b) Incorrect HIghlighting...........coiiiiiiie e 44
Fig. 49 XML notation (part) for table in Fig. 48 ........covviiiieee e 44
Fig. 50 QUENY TabIe L ...ttt 56
o = 3 R 1 USSR 64
T Ty A 1 (=l =1 £ (0] (SRS SROSORRSIS 65
Fig. 53 Highlighted Title and Caption ..........cccccoiiiiiiiiie e 66
Fig. 54 FOOtNOte Cell SEIECTION ......ocuiiiiiiiiiieieee e 68
Fig. 55 FOONOLE CHEATION ......eeviiieiteite ittt 69
Fig. 56 FOOTNOLE RETEIENCE......ei ittt et e e re e 70
Fig. 57 Aggregate Cell SEIECtION - L.......ccoiiiiiiic e 71
Fig. 58 Aggregate Cell SEIECLION - 2......c.oiiiieieee e 72
FIO. 5 UNIES. ..ttt b bbbt bbbt b ettt b e 73

vi



Fig. 60 Other AUGMENTATIONS = L.....cviiieiiiie sttt ste e e e reenaeaneenreas 74

Fig. 61 Other AUGMENTAIONS = 2........oiiiiiieiee ettt bbb 75
Fig. 62 CanoniCalized TaDIE ........coui i 77
T R G O (=0 o] YA = 10111 | USSR 79
Fig. 64 TAT Highlighting Category CellS........c.ooviiiiiieeee e 80
Fig. 65 TAT Highlighting Delta Cells associated with & Category ...........cccovevverenenenenesieeeee, 81
Fig. 66 TAT Highlighting one delta cell associated with two Categories...........ccoceevvrererereeeennen, 82
Fig. 67 TAT Indented NOTAtiON EXTOF ........ccveiieiie et 83
Fig. 68 Template TabIe L......oooioiiiie e ra et neenreas 84
Fig. 69 Template Table 2. 84
Fig. 70 Template Table 3 ...t 85
T TR T: g aT o] (N I Yo | SR SROSORSS 86

Vii



ABSTRACT

The Table Abstraction Tool (TAT) is an interactive tool that converts tables from HTML pages
imported into MS Excel to layout independent Augmented Wang XML. This XML file not only
records all relationships between cells of a table in an abstract form that does not rely on the
physical structure of tables but also includes information about title, caption and various
augmentations like aggregates and footnotes. TAT builds on the Wang Notation Tool (WNT) by
improving the interaction with the system and the quality of the XML file, which is used in
building domain ontologies. Like WNT, TAT also forms intermediate category trees describing
the relationships within each category. The categories constructed by TAT are shown to the user
for approval or further interactive editing via Excel. TAT is robust and almost always produces the
correct Wang XML representation for a table if the input table is transformed to the desired
format. The XML file is based on the indented notation representation of the category trees. The
evaluation of TAT was conducted on a collection of 200 tables, mainly from the geopolitical
domain. TAT was able to produce the Wang XML for 193 of them. Observations on the cost (i.e.,
operator time) of interaction as a function of various table characteristics are reported. Detailed
analysis of the results reveals a number of options for accelerating web table entry. The tables that
describe the results of the experiment were themselves processed through TAT and converted to

Wang Notation as a start towards the construction of a table processing ontology.
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1. Introduction

The current World Wide Web (WWW) presents information in the form of pages combining
natural language text and graphics. Humans can process such information, make sense of the data
and create mental associations between different pages. It would be desirable, especially with the
information explosion we are facing today, to realize a Semantic Web in which software agents
could combine information from different sources in the web, automatically draw analogies, make
sense of partial information in some cases and take decisions based on the available data [1]. This
is not a trivial task as it involves issues involving semantics, mutual understanding, concept
matching and interoperability. Ontologies are offered as a prospective solution to these problems
[2]. However, the prevalent assumption is that building ontologies is a human intensive task. The
project TANGO [3] is an effort to disprove this notion by demonstrating that almost automatic
generation of ontologies is possible.

1.1 TANGO

TANGO (Table ANalysis for Generating Ontologies) is a collaborative effort between several
universities and departments to generate ontologies, with little human intervention, from
information contained in tables. Using concepts from ontology building, table understanding,
conceptual modeling and machine learning, TANGO aims to find a potential solution to generate

ontologies almost automatically. TANGO operates in four steps:

1. Understand a table’s structure, its conceptual content and discover the constraints between
the concepts in a table.

2. Match concepts obtained from understanding different tables and construct a mini-

ontology.

Discover the mappings present between the mini-ontologies.

4. Merge the mini-ontologies to form a domain ontology.

w

To illustrate the above mentioned ideas, tables from geopolitical domain are chosen. The work
described in this thesis is essentially the implementation of Step 1 in project TANGO and a record
of the observations made in the process about web tables. Steps 2-4 are implemented at Brigham

Young University, Provo, Utah.



The Wang Notation Tool (WNT) [4] was developed to understand and interpret web tables. WNT was
able to handle a variety of tables, both in shape and size. The Table Abstraction Tool (TAT) builds on
WNT by improving the interaction with the system and the quality of the output produced.

1.2 Tables

Tables are the customary means of representing structured data. They contain words, numbers,
formulae, graphics and sometimes even tables. They have been adapted to word processors and
page composition languages and form the underlying paradigm for spreadsheets and relational
database systems. Some common examples of data usually presented in the form of tables are
calendars, geopolitical data, financial data, scientific data, experimental results, and grade reports.

Tables have also been shown to be successful query mechanisms [5].

1.2.1 Wang Notation

Wang proposed a layout-invariant representation of tables [6]. Wang defines an abstract table as an
abstract data type and its layout structure as the presentation form of a table. The logical structure
consists of entries and labels. The organization of the labels is called a frame, and the number of
categories in the frame is the dimension of the abstract table. Applying a layout specification to an
abstract table generates a concrete table. Tabular abstraction separates the logical structure of a
table from its layout structure. The advantages of tabular abstraction are that the tables can be
manipulated independently of their layout structure and we can easily alter the layout of a table by
associating different topologies with the logical structure. Informally, the Wang Notation consists
of two components (C, d) where C is a finite set of labeled domains and 6 is a mapping from the
tree paths labels (or headers) to the possible values. Consider the simple 3-dimensional table
shown in Figure 1 where the XXs represent the delta cells. The categories for this table are Year,

Region and Statistics.



ear Region Statistics
Iledian Total | Infant MWortality
Income Rate
2002 dJherta 2 a2
Ilanitoba XX HX
2003 dilherta o iX
Iylanitoba ZH i1

Fig. 1 Statistics for Alberta and Manitoba

YEAR REGION
2002 2003 ALBERTA MANITOBA
Fig. 2 Category Tree 1 Fig. 3 Category Tree 2
STATISTICS
INFANT MORTALITY RATE MEDIAN TOTAL_INCOME

Fig. 4 Category Tree 3

Category Notation:

(Year, {(2002, phi), (2003, phi)})
(Region, {(Alberta, phi), (Manitoba, phi)})
(Statistics, {(Median_Total_Income, phi),(Infant_Mortality_Rate, phi)})

Year is the first category with 2002 and 2003 as subcategories. Region is the next category with
Alberta and Manitoba as subcategories. Statistics is the last category with two subcategories:

Median_Total_Income and Infant_Mortality Rate.



Delta Notation:

delta({Statistics.Median_Total_Income, Year.2002, Region.Alberta})=XX
delta({Statistics.Infant_Mortality _rate, Year.2002, Region.Alberta})=XX
delta({Statistics.Median_Total _Income, Year.2002, Region.Manitoba})=XX
delta({Statistics.Infant_Mortality_rate, Year.2002, Region.Manitoba})=XX
delta({Statistics.Median_Total _Income, Year.2003, Region.Alberta})=XX
delta({Statistics.Infant_Mortality _rate, Year.2003, Region.Alberta})=XX
delta({Statistics.Median_Total _Income, Year.2003, Region.Manitoba})=XX
delta({Statistics.Infant_Mortality_rate, Year.2003, Region.Manitoba})=XX

However, there are tables in which spanning labels are not present. For example, the table in
Figure 1 would still be understood even if the header “Statistics” were absent from the table. But
the logical structure requires a root for the column header tree paths. This requires the addition of
what Wang called “virtual header”. Virtual headers are explicit headers added by the user or the

system in order to complete the logical structure of the table to obtain its abstract notation.

1.2.2 Why Wang Notation?

Consider the table shown in Figure 5 which is a variation of the one in Figure 1.

Region Infant MMottality Median
Rate Total Income
2002 2003 | 2002 | 2003
Alberta ). ¢ ).0:4 X X
IManitoba )04 );0:4 ).0:4 ):0:4

Fig. 5 Statistics for Alberta and Manitoba-11

This table requires two virtual headers: Year (or VH1), which is a suitable header name for the
subcategories 2002 and 2003 and Statistics (or VH2), which is a reasonable header name for the
subcategories Infant_Mortality Rate and Median_Total _Income. In this table one of the categories
(Year) is subsumed by another category (Statistics). The category trees would be exactly the same
as the ones shown in Figures 2-4 after the addition of the virtual headers. The Wang Notation

becomes

Category Notation:
(Region, {(Alberta, phi), (Manitoba, phi)})

(Year/VH1, {(2002, phi), (2003, phi)})
(Statistics/VH2, {(Median_Total_Income,phi), (Infant_Mortality Rate,phi)})

4



Delta Notation:

delta({Statistics/VH2.Infant_Mortality _rate, Year/VH1.2002, Region.Alberta})=XX
delta({Statistics/VH2.Infant_Mortality rate, Year/VH1.2003, Region.Alberta})=XX
delta({Statistics/VH2.Median_Total _Income, Year/\VH1.2002, Region.Alberta})=XX
delta({Statistics/VH2.Median_Total Income, Year/VH1.2003, Region.Alberta})=XX
delta({Statistics/VH2.Median_Total_Income, Year.2002, Region.Manitoba})=XX
delta({Statistics/VH2.Median_Total Income, Year.2003, Region.Manitoba})=XX
delta({Statistics/VH2.Infant_Mortality rate, Year.2002, Region.Manitoba})=XX
delta({Statistics/VH2.Infant_Mortality rate, Year.2003, Region.Manitoba})=XX

Even though the layout of the table in Figure 5 is different from the layout of the one in Figure 1,
the Wang Notation preserves the underlying logical structure. Thus, it can be seen that a table’s
layout can be changed in many ways yet convey the same meaning with the same values. Wang’s
formalism can help us understand the table i.e., to recover the labels and the functions that map
them to a set of domains. The process of understanding a table is not trivial. Experiments have
shown that even human “experts” often disagree on the label-value pairs for a table [7]. Thus,
instead of trying to achieve automatic understanding of tables, an interactive tool where the human
expert helps to abstract the table is developed. The tool is called Table Abstraction Tool (TAT) and
the Wang Notation produced using TAT is recorded in the form of an XML file whose schema
encodes these aspects necessary to interpret the table. However, TAT, like WNT, displays the Wang
category trees to the user in the form of indented notation, where nodes (i.e., categories and

subcategories) at the same level appear in the same column.

1.2.3 Table Content: Other Aspects (Augmented Wang Notation)

Although Wang Notation is an efficient method to describe the logical structure of a table, it does

not describe it fully. For example consider the table in Figure 6 from Canada Statistics website:



Nilitary persormel and pay

[Ferzomnel)
003 | 2004 2005 | 2006 | goor |
Annual average number of egpluveesl

Canada and
outside Canada 83, T6b 824, 059 BS, 706 87, T30 B9, 332
Nesrfoundl and and
Lzbrador 1, 285 1, 402 1, 3Th 1, 236 1, 227
[Prince Edward
|T=land 2RZ Pl g 213 2l
Mewra Seotia 10, BO% 11, K96 10, B30 10, el 10, B35
Hewr Brunswick 4, 994 4, 559 b, D84 B, 300 5, 763
Cuehes LG, 3Ed 15, dod 18, 121 1T, 663 18, &0
(ntario 27 TGl 27, bRl 2B, 413 29,741 29, G0
Nemd toba 4, 950 3, 904 3, 927 5, ned 4, D02
oasktat chewan 1,100 1,104 L, 150 1,108 1,113
Alberia g, 052 9, 209 &, 073 g, 050 5, 217
{British Columbia T Tdl 7. 776 7, 743 T, 258 7, 305
[Tukon Territory X ¥ T X ¥
HMorthwest:
Territories 143 153 150 166 LT4
[Hraut K b K K b
Dutside Canada 1, 521 1, 495 1, 494 1,577 1, BEG

¥ i suppressed to meet the confidentizslity requirements of the Statictics Act

Hotes:

- Employment data are not in full —time =quivalent and do not distinguish betws=en full-
tims and part-time employees.

— Az at December 3l.

1. Civilian employees zre escluded Regerviets are included as of Jarmary 1574,
Source: Statistics Canads, CANSIN, t=hle I:fDI fl:l:] 185-0004 and Catalogue no GE-215-
A1B.

Lest modified: J00E-0B-E4,

Fig. 6 Military Personnel and Pay

In the above table, one can observe additional elements like table title (“Military Personnel and
Pay”), caption (“Personnel”), footnotes (“1.Civil employees are excluded. Reservists are included
as of January 1974.”), aggregates (“Canada and Outside Canada”) and other details regarding the
table in the form of “Notes”. The original Wang Notation does not have provisions to incorporate
these details. Since these aspects of a table may be essential to its interpretation, an augmented
Wang XML is proposed which incorporates all the above-mentioned information. The Table
Abstraction Tool produces this augmented Wang XML as its output after accepting inputs from

the user.



1.2.4 Organization of the rest of the Thesis

Section 2 defines the central ideas used in TAT along with common terms in table processing and the
transformations required on tables to make them TAT-friendly. Section 3 describes the software
aspects of the Table Abstraction Tool and the XML schema. Section 4 is a description of the
evaluation of TAT, including the experimental design and criteria for selection of tables used in the
experiment. Section 5 presents the observations and quantitative results. Section 6 discusses possible
future work and Section 7 contains concluding remarks. References can be found after Section 7 and
finally, there is an Appendix containing the User Manual for using the tool, the list of URLs of the
tables used for evaluation and a sample log file.



2. Table Abstraction Tool: Central Ideas

There are a few concepts which are specific to TAT and need to be explained before discussing the
tool further. Row and Column categories refer to the location of the category headers with respect
to delta cells and are useful when dealing with tables having more than two categories.
Canonicalization makes the sizes of all the cells in the table homogenous and makes processing of
the table easier. List-row notation transforms the table categories into a VBA data structure for
manipulation. The list-row notation is used to construct the indented notation which is the Wang
category tree representation in Excel. These ideas differentiate TAT from the Wang Notation Tool.
The reasons for choosing VBA and Excel as a platform for the tool and why TAT is an

improvement over WNT are also explained in the subsections below.

2.1 Row and Column Categories

Regardless of the dimensionality of an abstract table, its presentation form has two spatial
dimensions. The headers that point to a delta cell are almost always to the left and above it (tables
which do not follow this rule are not considered well formed by TAT). We call categories (or
Wang dimensions) with headers to the left of delta cells row-categories, and categories with
headers above delta cells column-categories. Row and column categories may be interchanged
without altering the meaning of the table. These designations are convenient to link the categories

to a specific presentation form, but have no role in the Wang Notation.

Consider the Simulated Table 1 shown in Figure 7.

c21
STUB
C11 C12
R11 XX XX
R21 R12 XX XX
R13 XX XX

Fig. 7 Simulated Table 1



R11

R12

R13

Fig. 8 Row Category Tree for table in Fig. 7

Tables with Wang dimensionality greater than two have more than one row or column category
depending on the physical layout of the table. For example, Simulated Table 2 in Figure 10 has a
Wang dimensionality of three with two row categories and one column category. Both row

Fig. 9 Column Category Tree for table in Fig. 7

C21

C11

categories require the addition of virtual headers (VH and VH1).

STuB C21

Cl1 C12

R11 XX XX

R12 XX XX

R21 R13 XX XX
R11 XX XX

R12 XX XX

R22 R13 XX XX

Fig. 10 Simulated Table 2

Fig. 11 Row Category 1 for Simulated Table 2

9

Cl12




N

R11 R12 R13

Fig. 12 Row Category 2 for Simulated Table 2

The column category tree is the same for the tables in Figures 7 and 10.

2.2 Canonicalization

As seen in Figures 7 and 10, a label (or value) might span over multiple cells which are merged.
Canonicalization is the process of splitting the merged cells and repeating the label across all the

split cells. The canonicalized version of Simulated Table 1 is shown in Figure 13.

STUB C21 C21

Cl1 C12

R21 | R11 | XX XX

R21 | R12 | XX XX

R21 | R13 | XX XX

Fig. 13 Canonicalized version of Simulated Table 1

Canonicalization makes the size of all the cells uniform, preserves the spatial relationship between
adjacent cells and helps to form the list-rows (next subsection) of the table.

10



2.3 List-Row Notation

The idea of list-rows is the most important aspect of table processing in TAT. This idea helps in
checking the validity of tables and is used to form the category tree for each table. The list-row
notation is an array representation of the category selected by the user. For Simulated Table 1, the
list-row notation for the row category is the following 3X2 array:

R11 R21

R12 R21

R13 R21

The list-row notation for the column categories is the following 2X2 array:
Cl1 C21
Cl12 C21

Comparing the list-row notation for Simulated Table 1 with its Wang category tree representations
(in Figures 8 and 9), it can be seen that the list-row notation simply specifies all the category tree
paths in the category. Thus, using list-rows helps us to transform the table categories into a data
structure which is supported by VBA and hence manipulated to get the indented notation of the

categories.

2.4 Indented Notation

Wang’s category trees for tables are represented using the indented notation constructed from the
list-row notation. In the indented notation, nodes at the same level of the tree appear in the same
column. The children of a particular node in the tree appear below the node in the next column.
The indented notation is formed by looping through the list-row notation and printing the values of
the rows in such a way that no paths in the tree are repeated. Figures 14 and 15 represent the
indented notation for Simulated Table 1.

R21 C21
R11 C11
R12 C12
R13
Fig. 14 Indented Notation for Row Category Fig. 15 Indented Notation for Column Category

11



The similarities between Figures 8, 14 and 9, 15 can be observed. The indented notation is also
used to create the Wang XML notation using a notation called the OID notation (represented in

separate worksheets).

The OID notation for the above categories is:

C1
Cl. 1 C2
Cl.2 C2.1
Cl1.3 C2.2
Fig. 16 OID Notation for Row Category Fig. 17 OID Notation for Column Category

The C21, C11 and C12 nodes are just used to represent column categories as in previous Figures.
But the Cx.x notation in the OID notation is a notation for categories used for every table in the
XML notation. By creating separate worksheets with OIDs, the XML notation is generated. This is
explained in detail in Section 3.3.

2.5 VBA and Excel

Excel is a spreadsheet application written and distributed by Microsoft. | used Excel to build TAT
because of its user-friendliness, familiarity and because it is available in most computers with
Windows OS. Spreadsheet applications are perfectly suited for table processing as they can
represent tables on a grid of rows and columns, each cell containing text or numeric values. Each
cell in the table/grid has an address and the spatial relationships between the cells in a table can be

captured using the cell address properties.

Visual Basic for Applications (VBA) is an implementation of the programming language Visual
Basic and associated integrated development environment (IDE) which is built into most
Microsoft Office applications. VBA functions within a host application rather than as a standalone

programming language. It is functionally rich and flexible. VBA code is a set of macros. Since
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Visual Basic is an event-driven programming language, one can utilize the same capabilities in

VBA also. These capabilities have been utilized in building some features of TAT.

2.6 TAT: An Improved WNT

Since TAT is built in VBA and utilizes its user friendly features to manipulate tables, it saves time
in processing them compared to the Wang Notation Tool (WNT) which uses MATLAB to convert
tables into Wang XML. TAT can be regarded as an improved version of the Wang Notation Tool
for the following reasons:

1. WNT used MATLAB GUI buttons to manipulate the category trees and corrections
were not very easy. TAT uses Excel cells which can be easily edited to form the
indented notation.

2. TAT incorporates augmentations like title, footnotes, and units in the XML notation.
This increases the utility of ontologies constructed compared to WNT.

3. TAT is a complete application in itself. It requires only the source table to obtain the
Wang XML. WNT on the other hand requires a textual representation (ASCII format)
of the table as an input.

4. For tables with categories without roots, one needs to add a virtual header. This was a
tedious procedure in WNT. TAT automatically identifies when a category root is
absent and generates a unique virtual header for every rootless tree. This saves
considerable time for the user.

5. TAT connects the spatial structure of the table with its indented notation by adding the
address of the category/subcategory text in the original table.

2.7 Well Formed Tables

A well-formed table is a table which can be processed by TAT. The idea of a well-formed table is
borrowed from [4] and it is extended. Jha describes the following requirements for a table to be
deemed well-formed:

1. Every table must have n categories, where n > 2.

2. Every category must have a root (sometimes requiring the addition of virtual
headers)

3. Every delta cell must be specified by n paths, one through each category tree.

4. Category trees cannot contain subcategory trees that are identical.

5. Category cells appear only in the topmost rows and leftmost columns of a table.

Rule 4 is enforced by adding the condition that the list-row for every category should have

distinct rows (discussed in the next subsection). For a correct Wang representation, the categories

and subcategories should be present in different rows/columns in the physical layout. If they are
13



expressed using any visual cues like boldface or indentation, they must be transformed (discussed
in the section 2.8.2)

For TAT the first condition is not necessary. Some lists can be represented as tables as well. Even
though they are not in a sense well formed, TAT does not enforce the condition for the number of

dimensions to be greater than or equal to two to process them.

2.7.1 Detecting an Anomalous Table

Consider the table in Figure 18 which is obtained by adding a row to Simulated Table 2.

C21
STUB

Cl1 C12

R11 XX XX

R12 XX XX

R21 R13 XX XX

R11 XX XX

R22 | R12 | xX XX
R13 | XX XX
R21 | R13 | XX XX

Fig. 18 An anomalous table

The Category trees for this table are:

Fig. 19 Row Category 1 for table in Fig. 18
14



VH1

DN

R11 R12 R13 R13

Fig. 20 Row Category 2 for table in Fig. 18

Ci1

cl C12

Fig. 21 Column Category 1 for table in Fig. 18

It can be seen that node R13 repeats twice in tree shown in Figure 20 (Row Category 2). This
violates rule 4 for well-formed tables. Therefore, it is not a well-formed table. The list-row

notation for the row categories of the above table is:

R11 R21
R12 R21
R13 R21
R11 R22
R12 R22
R13 R22
R13 R21

It can be seen that in the list-row array for the row categories, the 3" and 7™ row are the same.
This table violates the condition that the rows of the list-row notation should be distinct. Hence,

TAT construes this table as an invalid table which is a valid interpretation.
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2.8 Transformation of Invalid Tables into VValid Tables

As mentioned in the above section, TAT checks for the validity of a table by analyzing its list-row
notation. The check for the table is based on uniqueness of cells in a column of categories. TAT
decides that the table is not well formed if it finds any repeated rows in the list-row notation of the
category. This check, although it detects anomalous tables, is not the best way to check the validity
of a table. Repeating cells across a column becomes almost inevitable when there is similar data
aggregated over different regions or periods which are commonly found in web documents,
especially in the geopolitical domain. Hence there is an urgent need to devise methods to check the
validity of tables. But until we find robust methods, we need to transform the table using Excel
operations to process them while preserving the logical structure (Wang dimensionality and
relationship between categories and subcategories). Section 2.8.1 illustrates two examples on
simulated tables to give an idea of what kind of transformations are required and why. This is then
followed by a discussion of transformations on real world tables, with the category trees and the

list-row notations shown and compared.

2.8.1 Illlustration on Simulated Tables

P
STUB Q R

C1 XX XX

B |C2 XX XX

D1 XX XX

A D |[D2 XX XX

Fig. 22 Simulated Table 3

16



Simulated Table 3 is a two category table. The Wang category tree representation for it is:

C1 C2 D1 D2

Fig. 23 Row Category for Simulated Table 3

Fig. 24 Column Category for Simulated Table 3

Any combination of paths in the above trees would lead us to a delta cell and hence this is the

correct Wang representation. The list-row notation for the above categories is:

Row Categories:
Ci1BA

C2BA
D1DA
D2DA

17



Column Categories:

QP
RP

Since there are no repeating rows in either list-row, TAT considers it valid. Note that the levels of

all the leaf nodes are the same.

P

A Q R
Al 1000 1000
B1 700 600
B2 300 400
B3 100 300
B4 200 100
A2 350 500
Cl 200 200
C2 150 300
A3 500 900
Cl 200 400
C2 300 500

Fig. 25 Simulated Table 4

Simulated Table 4 is an interesting table and very often found in tables on the web, especially in
the geopolitical domain. Aggregates in tables are indicated in common practice using indentations
and font characteristics like bold. Here A2, A3 aggregate one kind of data, represented by C1 and
C2, while Al aggregates a different kind of data, represented by B1 and B2. But B2 is an
aggregate of the rows B3 and B4. This table is still a two category table. The Wang category tree
representation is interesting because Al, A2, A3 and B2 have subcategories and also have delta
cell values associated with them directly. The Wang category notation for this table is shown in
Figures 26 and 27.
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Al " 3

Al B2 Bl

B2 B3 B4

Fig. 26 Row Category for Simulated Table 4

Fig. 27 Column Category for Simulated Table 4

It can be seen that the nodes Al, A2, A3 and B2 are repeated in the row category tree. This is the

correct Wang tree. For the row-category, the list-row notation is just a one-dimensional array:

[A Al Bl B2 B3 B4 A2 C1 C2 A3 C1 C2]’ where’ is the transpose operator.

Since C1 and C2 repeat in the list-row notation, TAT construes this as an invalid table. This table,
however, can be perfectly interpreted by humans and is valid. To make this table TAT-friendly, we

need to transform the table. There are two options to make this table processable by TAT. But, one

of them is more meaningful than the other and requires more transformations.
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P

STUB Q R
Al 1000 | 1000
B1 700 600
B2 300 400
B3 100 300
Al B4 200 100
A2 350 500
Cl 200 200
A2 C2 150 300
A3 500 900
C1 200 400
A| A3 C2 300 500

Fig. 28 TAT-friendly (but incorrect) transformation of Simulated Table 4

The list-row notation for the row-categories of the table shown in Figure 28:

AlALA
B1A1A
B2 Al A
B3AL1A
B4 Al A
A2 A2 A
C1A2A
C2A2A
A3 A3 A
Cl1A3A
C2A3A

Since there are no repetitions in the list-rows for table in Figure 28, it can be processed by TAT.
But in this list-row notation, cells B3 and B4 are incorrectly associated with Al. The correct
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transformation should associate the cells B3 and B4 with B2. The table shown in Figure 29 is the

correct transformation for this table.

P

STUB Q R
Al | Al 1000 | 1000

Bl |Bl 700 600

B2 300 400

B2 |B3 100 300

Al B4 200 100
A2 350 500

C1 200 200

A2 | A2 [C2 150 300
A3 500 900

C1 200 400

Al A3 | A3 [C2 300 500

Fig. 29 TAT-friendly and correct transformation of Simulated Table 4

Note that the indentation is removed from the table as it is no longer required to make the
distinction. Every node is at the same depth. The Wang category tree notation for the row category

of the table in Figure 29 is shown below:

Al 0
A
Al Bl
B A n
Al Bl B B B4 A a Q I cl a

Fig. 30 Row Category for table in Fig. 29
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Fig. 31 Column Category for table in Fig. 29

It can be seen that the only effect the transformation has on the original table is that all the leaf
nodes of the row category are at the 4th level in Figure 30 as opposed to Figure 26 in which only
three leaf nodes were at the 4th level. TAT requires all the leaf nodes at the same level because
TAT forms the indented notation (which is similar to the Wang category tree notation) using list-
rows and hence the number of nodes required to reach a leaf node must be the same for all of

them.

The list-row notation for row-category of table in Figure 30 is:

ALALALA
B1B1Bl1A
B2B2Al1A
B3B2Al1A
B4 B2 Al A
A2 A2 A2 A
C1A2A2A
C2A2 A2 A
A3 A3 A3 A
C1A3A3A
C2A3A3A

There are no repetitions in the list-row notation of the row-categories for this table and it

associates the cells B3 and B4 with B2. Hence, TAT can process it correctly.
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2.8.2 Table Transformations on Real-World Tables

This section describes the transformations described above on real tables to make them TAT-

friendly. Figure 32 shows a screenshot of a table requiring transformations.

Subject Hhnber Percand

FOFULATION 5 YEARS AND OVER BY LANGUAGESFOEEN
AT HOME ANDABILITY TO SFEAK ENGLISH

Fopulation 5 years and ever 262375152 1000
Speas ordy Brglich 215423557 82l
Speak 1 lamiage otber than Boglich 46951505 174
Spamish 2101052 1000
Speaks Ergzlich "rerywredl” 14340706 511
Speak: Englich "am1l" 5819408 207
Speab: Eiyglich "fuot el 5130400 183
Speab: English "ot at all" 2801443 o0
Other Fnde- Buropean Languages 10017263 1000
Speak Ehglich "reryarell” G A2T 58 1]
Speab: Eiyzlich "]l 2091447 ann
Speak: Englich "tot wrell" 1078930 108
Speats Erzlish "ot at a1l al9n24 22
Asian and Facific Tsland Languages 6,060,065 1000
Speats Erzlich "rerywell” I8l 484
Speak Eglich "am]l" 2023303 201
Speab: Eiyzlich "fuot meell" 1260264 1531
Speak: Eglich "tuot at all" 306,457 44
ATl viher Languages 1672489 1000
Speab: Biglich "rery meell" 1283663 686
Speab: Ergzlich "am]l" 200308 213
Speal Eryglich "ot weell" 151,125 gl
Speab: Eiyzlich "huot at all" 38303 20
ABTLITY TO SIEAKENGLISH

Fogribation & fears and cver 262375152 1000
Speaki-t lirgmnze other thin Brzlish 46051505 179
50 17 yers 0ITRT6E 37

15t 64 years ’ 32756080 125

6 5ears atd omer 4414240 17
Speal Englich less tham "rery well” 21320407 gl
5t 17 years 3403118 13
1510 64 years ’ 15486421 54

" GSvyems mdover 2340868 09

ABILITY TO STEAK ENGLISH IN HOUSEHOLD

Livgtisticalby isoltted honsehb1ds 4Z614%E ()
Fopulation 5 years and over inhuousehlds F54,620201 1000

B Lingisticalby isolated hunselalds 11705572 47
4 tn 17 years 25ETB03 11

18t 64 rears TR2G 53T 31

6 5ears atd omer 1270432 ns

Fig. 32 Ability to Speak English
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The table aggregates data of English speakers based on many criteria and hence there are
repetitions in the “Subject” column of the table. The indicated area in the Figure represents the
leaf nodes present at the lowest level of the Wang Category tree whose path would visit the

following nodes:

SUBJECT > ABILITY TO SPEAK ENGLISH > POPULATION 5 YEARS AND OVER > SPEAK A
LANGUAGE OTHER THAN ENGLISH >5 TO 17 YEARS.

Thus, the row-category tree must have 5 levels with all the leaf nodes at the lowest level. We must
therefore transform the table so that the delta cells start in the 6th column of the table. Figure 33

shows a screenshot of the table which has been modified in Excel into a TAT-friendly format.

) Speak Inrlish
l=1:l “rell” Speak Foplish “mell” 2,023, 303 9.1
Il::fi: Speak Inplizh
T=lamd “not well” Speak Toplich “mot woell” 1,260, 764 18.1
lamgmage |[Speak Inglish
= “not at all” Speak Ioplish "not at all” 306,487 4.4
SUBJECT 411 other
lamgmaprc 411 other lampmapec 1 BT72 4849 100
Speak Inrlizh
“irary wall” Speak Inplich “vwary gall” 1,253,663 65.6
Speak Inplizh
Tmell” Speak Foglish “mell” 399, 395 21.3
111 Epeak Inplish
other “not mall” Speak Foplich "not well” 151,125 3.1
lampmape [Speak Toplish
= “not at all” Spend FEiinh aof at all” 38, 803 2
Yopulation 5 Fopulation 5 reats
Feaxrc amd ower anil owexr 262 ITS_ 152 100
Speak a lanpgonapes other than
\ Inglish 46,051, 595 17.9
§ to 1T xaEars 9, 779, 166 a7
%l
Epeak a lancumarce 13 to Bl years 32, 18R, 9349 12. 8
other than
Inplish A5 rears and ower 4,414, 840 1.7
Speak Inrlish less thao
“yery well” 21, 320,407 3.1
§ to 1T xaEars 3,493, 115 1.3
Fopulati
ARILITY | om § Epeal Inglizh 18 to B9 yeazs 15,188,921 5.9
T0 SFXLE FEATE less than warr
INGLISE |amid owex mell bh rears and oyxasr 2. 340, 868 n.g
T
ally icolated Lingnistically igolated
isolated [honseholds® honseholist 1,361,638 (X2
T AR TR TR
and ower im
hounscholids 254,620, 291 100
In linpmnistically izolatad
homseholist 11,593, 572 1.1
Fopulati
ARILITY om 5 5 to 17 rears 2,637,603 1.1
TD SFYAX FEATE
INGLIZX |amd ower
r im Fopulaticm § 13 to Ad rears T.926, 537 3.1
XNOOSENDYL | hom=ehol | years and over in
) = hensehelds 65 rears and ower 1,279,432 0.5

Fig. 33 Ability to Speak English: Transformed table
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The table in Figure 34 is another example of a real table requiring transformations.

Table 2. Mean Absolute Percentage Error in State Population Projections, By
Region And Division From Series A and B, And Extrapolated Projections, 2000
Region and
division Series A Series B Extrapolation
United States 2.63 2.44 2.54
Mortheast 2.50 2.57 3.15
Mew England 242 2458 3.51
Middle Atlantic 2.67 2.585 2.43
Midwest 1.58 1.40 1.11
East Morth Central 1.54 1.36 1.07
West Morth Central 1.60 1.43 1.14
South 2.60 2.58 2.69
South Atlantic 3.40 3.40 3.80
East South Central 0.849 0.8y 0.86
West South Central 2.249 221 1.749
West 3.75 3.13 322
mMountain 4.41 3.91 3.a88
Pacific 2.k4 1.89 216
Mean absaolute percentage errar (MAPES) are results for 5 years-out from the
1995 population. Based on the enumerated 2000 census counts, the 2000
population for Series A, B, and Extrapolated Projections derived from the
Ahsolute Percentage Errors calculated for the states and the District of Columbia,
see text for detailed explanation. Source: LS. Bureau ofthe Census.
Source: LS. Census Bureau
Internet Release date: Movember &, 2002

Fig. 34 Mean Absolute Percentage Error in State Population Projections, By Region and Division from Series A

and B, and Extrapolated Projections, 2000

Figure 34 presents a well-formed, TAT-friendly table, as there are no repetitions in the list-rows.
But processing the table directly will not give us the complete information. In the table, the bold
format for Northeast, Midwest, South and West indicates that these headers designate aggregates of
the rows below them in some form. But if we process the table using TAT this information will be

lost and South will be treated exactly as South Atlantic, East South Central and West South

25



Central. Thus in order to exploit this information, we transform the table into the form shown in
Figure 35.
Tahle 2. Mean Absolute Percentage Error in State Population Projections, By Region And Division From Series A and
B, And Extrapolated Projections, 2000
Seriez A Series B Extrapolation
United States | United States 263 244 251
Mortheast 2.50 2.57 315
Mew England 242 2.58 3.51
Mortheast  [Middle Atlantic 26T 2.88 243
Midwest 1.58 1.40 1.11
Region _ . East Marth Central 1.54 1.36 1.07
and United Midwest  [West Marth Central 1.60 1.43 1.14
divisian otates South 2.60 2.58 2.69
South Atlantic 1 340 340 3480
East South Central i 0.89 0.87 0.86
South YWest South Central 2.249 2.21 1.749
West 375 3.13 322
Mountain 441 3.91 3.88
Wiast Pacific 264 1.849 216
Mean absolute percentage errar (MAPES) are results for & years-out from the
1995 population. Based on the enumerated 2000 census counts, the 2000
population for Series A B, and Extrapolated Projections derived from the
Ahszolute Percentage Errors calculated for the states and the District of Columbia,
see text for detailed explanation. Source: S, Bureau ofthe Census.
source: LS. Census Bureau |
Internet Release date: Movernber &, 2002

Fig. 35 Transformed Table in Fig. 34 to capture the aggregate relationship

The transformed table in Figure 35, when processed correctly, will indicate in the category
notation itself that New England comes under Northeast. This relationship can also be specified by
annotating Northeast and others using the “Aggregate” option provided in the Augmentations
action in TAT. However, this action will preserve that relationship only in the XML. If the user
wants to see the relationship in the indented notation for the Wang category tree, the

transformation shown in Figure 35 is necessary.
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3. TAT Software Description

The Table Abstraction Tool is built in VBA as a set of macros. The coding paradigm can be
described as functional programming with a set of functions interacting with one another. There
are two different types of functions in TAT. The first type of functions is invoked when a button is
pressed. These functions form the heart of TAT and are used for checking the validity of the table,
annotating the augmentations, generating the indented notation for the various categories and
generating the Wang XML and the log file. The second set of functions is unique to the VBA
language and Excel. These functions/events are invoked by mouse clicks or cursor change. These
functions are called SelectionChange events in the VBA jargon and allow the user to check the
indented notation for the categories. They make the interaction with the tool easier and more user-
friendly.

A large portion of the code reacts to the user input either by adding an annotation using the
comment feature in Excel or coloring the cells to indicate that some action has been performed on
the cells. However, TAT also does some processing of the user input for checking the validity of a
table after the user selects the delta cells, forming the indented notation for every category after the

user selects the category region, and checking the indented notation.

The following sections describe in pseudo-code the algorithms in TAT.

3.1 Pseudo-Code to Generate Indented Notation

Segment the table into delta cells and category cells //(based on user input)
Perform Canonicalization
Form the list-row notation for the row and column categories
Check for repeated rows in the list-row notation for both row and column categories
If repetition, display error
Else
Repeat for number of categories
Prompt category location, form list-rows and sort the rows
If no category root present, generate a unique virtual header //This acts as the root
Rearrange list-row columns with category root as the first column
Create a new sheet to print indented notation
Loop through modified list-row and print indented notation for category.
End Repeat
End If
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3.2 Wang XML Notation

The XML notation is chosen to represent the Wang notation because our BYU TANGO
collaborators use XML to construct ontologies. The XML file contains 7 main sections that detail
various parts of a table. This section describes the Wang XML notation using the table in Figure

36 as an example.

Region and State Information

Population® |Longitude’
Location (2000)
Northeast 3.120
Maine 1.275 69°14.0"W
New Hampshire 1.236 71°34.3'W
Vermont 0.609 72°40.3'W
Northwest 9.315
Washington 5.894 120°16.1"W
Oregon 3.421 120°58.7"W

*Population in Millions
T Geographic Center

Fig. 36 Region and State Information

Sectionl: The XML begins with:
<?xml version="1.0"?>

<TableOntology>
Fig. 37 XML Section 1

The first line of any XML document states the version and notifies the reader that it is a valid

XML document. The second line informs the reader that this XML is for a table ontology.
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Section2: This section contains basic information about the table:

<Table TableOID="T13967" Title="Region and State Information" Caption="Sample Table"
DocumentCitation="Lynn, S. and Embley, D.W., Semantically Conceptualizing and Annotating
Tables, Technical Report, Brigham Young University, July 2008,
www.deg.byu.edu/papers/TableConceptualization.pdf”" Number="1">

<CategoryRootNodes>

<CategoryRootNode CategoryRootNodeOID="C1"/>

<CategoryRootNode CategoryRootNodeOID="C2"/>
</CategoryRootNodes>

</Table>

Fig. 38 XML Section 2

The table element contains multiple attributes like TableOID, Title, Caption, DocumentCitation,
and Number. The table element contains the CategoryRootNodes element. This element contains
the CategoryRootNodeOID attribute. The terms elements and attributes are XML jargon. Elements
can be parents of other elements and/or attributes and can be repeated within the same level of an
XML document. The example table has a Wang dimensionality of 2 so there are two category root
nodes. The CategoryRootNodeOID values are obtained from the indented notation sheets and are

ordered based on the location of the cells in the sheet as explained in Section 2.4.

Section3: The third section lists every category node in the table:

<CategoryNodes>
<CategoryNode CategoryNodeOID="C1"/>
<CategoryNode CategoryNodeOID="C1.1" Label="Population"/>
<CategoryNode CategoryNodeOID="C1.2" Label="Longitude"/>
<CategoryNode CategoryNodeOID="C2" Label="Location"/>
<CategoryNode CategoryNodeOID="C2.1" Label="Northeast"/>
<CategoryNode CategoryNodeOID="C2.1.1" Label="Maine"/>
<CategoryNode CategoryNodeOID="C2.1.2" Label="New Hampshire"/>
<CategoryNode CategoryNodeOID="C2.1.3" Label="Vermont"/>
<CategoryNode CategoryNodeOID="C2.2" Label="Northwest"/>
<CategoryNode CategoryNodeOID="C2.2.1" Label="Washington"/>
<CategoryNode CategoryNodeOID="C2.2.2" Label="0Oregon"/>
</CategoryNodes>

Fig. 39 XML Section 3
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The category nodes element contains a list of every category node in the table. Every category
node element contains an attribute CategoryNodeOID which is the category’s operational id
number. From the example one can see that if a category node belongs to category root C1, it will
share the same prefix in its OID. The following diagram may help explain how the id scheme

works.

Cl1

Cl.1 Cl1.2

Fig. 40 Category Tree 1 for table in Fig. 36

C
c2.1 2.2
€211 €1 C2.1.2 C2.1.3 221 Cc22 Cc222

Fig. 41 Category Tree 2 for table in Fig. 36

C2.1 and C2.2 are aggregates which is why they are repeated in the tree. While they are shown
twice in the tree and table they are not listed twice in the XML. If a category has a label, which
should be every category node except possibly category root nodes, the label will also be added as

an attribute.
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Section4: The next section lists the category nodes with their children:

<CategoryParentNodes>
<CategoryParentNode CategoryParentNodeOID="C1">
<CategoryNodes>
<CategoryNode CategoryNodeOID="C1.1" />
<CategoryNode CategoryNodeOID="C1.2" />
</CategoryNodes>
</CategoryParentNode>
<CategoryParentNode CategoryParentNodeOID="C2">
<CategoryNodes>
<CategoryNode CategoryNodeOID="C2.1" />
<CategoryNode CategoryNodeOID="C2.2" />
</CategoryNodes>
</CategoryParentNode>
<CategoryParentNode CategoryParentNodeOID="C2.1">
<CategoryNodes>
<CategoryNode CategoryNodeOID="C2.1.1"/>
<CategoryNode CategoryNodeOID="C2.1.2"/>
<CategoryNode CategoryNodeOID="C2.1.3"/>
</CategoryNodes>
</CategoryParentNode>
<CategoryParentNode CategoryParentNodeOID="C2.2">
<CategoryNodes>
<CategoryNode CategoryNodeOID="C2.2.1"/>
<CategoryNode CategoryNodeOID="C2.2.2"/>
</CategoryNodes>
</CategoryParentNode>
</CategoryParentNodes>

Fig. 42 XML Section 4

This section begins with the element CategoryParentNodes which contains a list of all the
category nodes that have children. Each element in the list is of type CategoryParentNode and has
a CategoryParentNodeOID attribute whose value is the same as its CategoryNodeOID value.
Each of these elements contains an element CategoryNodes. This element contains a list of the

current category parent node’s direct children of element type CategoryNode.
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Sectionb:

This section consists of the DataCells element. Within this element is a list of elements that detail
each data cell within the table. Each data cell has its own DataCell element with its DataCellOID
attribute which is its x and y coordinates in the Excel table with (1,1) being the data cell in the top
left corner. The x-coordinate increases to the right and the y-coordinate increases from top to
bottom. DataCells usually contain a second attribute, DataValue, whose value is the textual or
numerical content of that data cell within the table. Within each DataCell there may be a list of
HeaderNodes, CategorylLeafNodes, or both. HeaderNodes are category nodes that are aggregates.
For example C2.1 is an aggregate since it contains the accumulated information for Maine, New

Hampshire and Vermont. It has children and it is not a leaf node, which is why it is put into the

DataCells are listed in this section:

<DataCells>
<DataCell DataCellOID="D1,1" DataValue="3.120">
<HeaderNodes>
<HeaderNode HeaderNodeOID="C2.1"/>
</HeaderNodes>
<CategoryLeafNodes>
<CategoryLeafNode CategoryLeafNodeOID="C1.1" />
</CategoryLeafNodes>
</DataCell>
<DataCell DataCellOID="D1,2">
<HeaderNodes>
<HeaderNode HeaderNodeOID="C2.1"/>
</HeaderNodes>
<CategoryLeafNodes>
<CategoryLeafNode CategoryLeafNodeOID="C1.2" />
</CategoryLeafNodes>
</DataCell>
<DataCell DataCellOID="D2,1" DataValue="1.275">
<CategoryLeafNodes>
<CategoryLeafNode CategoryLeafNodeOID="C1.1" />
<CategoryLeafNode CategoryLeafNodeOID="C2.1.1" />
</CategoryLeafNodes>
</DataCell>

</DataCells>

Fig. 43 XML Section 5
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HeaderNodes list. Each HeaderNode element has a HeaderNodeOID attribute which is its
CategoryNodeOID. If on the other hand the category associated with the data cell is a leaf node it
will be listed in the CategoryLeafNodes element. Each of these will be listed as an element type
CategoryLeafNode. Similar to the HeaderNode elements they also have a CategoryLeafNodeOID

attribute that is the same as their category node OID.

Section6: The next important section lists all the augmentations that occur within the table:

<Augmentations>
<Augmentation AugmentationOID="A1" AugmentationText="2000">
<CategoryNode CategoryNodeOID="C1.1"/>
</Augmentation>
<Augmentation AugmentationOID="A2" AugmentationText="Population in Millions"
FootnoteReference="%ampersand%number42;">
<CategoryNode CategoryNodeOID="C1.1"/>
</Augmentation>
<Augmentation AugmentationOID="A3" AugmentationText="Geographic Center"
FootnoteReference="%ampersand%dagger;">
<CategoryNode CategoryNodeOID="C1.2"/>
</Augmentation>
<Augmentation AugmentationOID="A4" AugmentationText="Geographic Center"
FootnoteReference="%ampersand%dagger;">
<CategoryNode CategoryNodeOID="C1.3"/>
</Augmentation>
</Augmentations>

Fig. 44 XML Section 6

In this section we have the Augmentations element. Within this element we see a list of
Augmentation elements. Each Augmentation element has an AugmentationOID attribute. The
numbering is sequential. If the Augmentation is a footnote it will contain the AugmentationText
attribute and may also contain a FootnoteReference attribute. The AugmentationText is the
comment about the cell and FootnoteReference is the type of symbol used in the cell to point to the
footnote. If the Augmentation is a Unit it will have an attribute AugmentationType with value
“Units”. Lastly if the Augmentation is of type “Other” the element will have an attribute
AugmentationText. Within each Augmentation element there is another element. This element will
be of type CategoryNode or DataCell and will contain the OID of the cell(s) the augmentation

corresponds to.
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Section7: The last part of the XML is the closing label for the Table Ontology:

</TableOntology>

Fig. 45 XML Section 7

The following section describes in pseudo-code how TAT forms the XML for the indented

notation.

3.3 Pseudo-Code to Generate XML Notation

Repeat for each indented notation sheet
Create a new ID sheet
Repeat for each cell in the indented notation sheet
If cell value same as parent cell value, give same CategoryNodeOID
Else generate unique CategoryNodeOIDs
End Repeat
Get CategoryRootNodeOID for the category
Identify ParentNodeOlds and list category nodes for each ParentNodeOID
End Repeat
Get range of data cells (//Data Cells are Delta Cells)
Repeat for each data cell
Get DataCellOID and DataValue
Get corresponding CategoryLeafNodeOID / HeaderNodeOID
If augmentations exist, get augmentation information from Excel comments
End Repeat

3.4 Log File

TAT records and time stamps every action the user executes to process every table. TAT also
calculates the idle time between actions. The idle time between two actions is interpreted as the
preparation time for the next action to be performed by the user. The log filename for each table
processed is unique and reflects the time at which the table was processed. The log files were
analyzed only after processing all the tables and the entries were made into a separate table which
contained the detailed descriptions of the processed tables and the time taken for every action
required to process each table completely. A sample log file is attached in the Appendix.
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4. Evaluation of TAT

TAT can be used on any computer with Microsoft Excel 98 or higher. Preliminary pilot testing was

conducted to check TAT’s ability to test different kinds of tables and its user friendliness. The main

experiment to evaluate TAT was conducted after fixing a few bugs which were detected in the pilot

study.

4.1 Criteria for Table Selection in Evaluation

“A Tabular Survey of Automated Table Processing” by Lopresti & Nagy [8] discusses several

issues in automated table processing. It also has a collection of bizarre tables not encountered

usually. 1 used the paper as a guide to set the criteria for selecting tables to evaluate TAT. Apart

from the characteristics of being a well-formed table in the TAT-sense, the tables I chose for

evaluation also had the following characteristics:

1.

Tables with rectilinear structure only.

2. Tables with text in English language only.

No ok~ ow

9.

Tables that do not contain graphic symbols or figures.
Non recursive tables i.e., no table with a table as one of its content cells.
Non-concatenated tables (no tables formed by concatenating two or more tables).
Tables from the World Wide Web (WWW) in either HTML or Microsoft Excel format.
Tables from the following domains only:
a. Geopolitical data
b. Scientific Research data
Tables obtained from the following sources only:
i. http://www.statcan.gc.ca/
ii. http://www.sciencedirect.com/
iii. http://www.worldbank.org/
iv. http://www.ssb.no/english/
v. http://econdata.net/
vi. http://www.geohive.com/
vii. http://wwwl.lanic.utexas.edu/la/region/aid/aid98/
viii. http://eia.doe.gov/
iX. http://ies.ed.gov/
X. http://www.census.gov/population/www/socdemo/voting/cps2006.html

Tables which do not span more than one HTML page or Excel sheet. This is a matter of
convenience only.
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4.2 Experimental Design

The objectives of the experiment conducted using TAT are stated below:

1. To determine the percentage of tables that TAT can convert into modified Wang XML
correctly.

2. ldentify the major factors which affect the time taken by the users to convert tables into
augmented Wang XML.

The experiment | conducted can be best described as a 'screening experiment' in which the main
factors that affect the conversion time of web tables are sought. The experiment was done in two
steps. Table collection from the websites mentioned above was performed first followed by table

selection and processing.

Table collection:

| collected and processed 200 Excel and HTML tables from the 10 websites listed in the previous
section. After pasting an HTML file into TAT, it becomes an Excel table. This action takes
negligible time and hence | treated both Excel and HTML tables as one. By "collect”, | mean:

a) Browsing the Tables section of the websites and saving the files containing the table in a
specific location in the file system of the computer that | used to conduct the entire experiment.

b) Storing the set of tables that | looked at but rejected separately. (Number of tables rejected and
the reasons for rejection are tabulated and reported in Section 4.4)

c) Make a list of all the acceptable tables and number them serially.

Table Selection and Processing:

The processing of tables took place only after all the tables were collected and was done in
multiple sessions in a pseudo random order. Each table was processed according to the instructions
mentioned in the TAT Manual (see Appendix). The XML and log files generated were stored
separately. The logs were be analyzed only after the completion of the entire experiment. Errors in

either the log file or the XML file are reported separately.

4.3 Pilot Study

| conducted an initial pilot study on a set of 15 tables from the following websites:

http://www.census.gov , http://factfinder.census.gov , http://www.bls.gov and http://www.who.int .

The pilot study was done to verify if the tool was indeed working fine on tables from websites
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other than Canada Statistics (http://www.statcan.gc.ca/) used in developing TAT. The pilot study

was a useful exercise as | discovered that TAT was able to only handle tables whose size did not
exceed 100 rows. This bug was fixed after the analysis. Using the log data for each action from the
tables used for the pilot study, an Excel table which includes all the information required to
interpret the results was constructed. Since | had to deal with data from 15 tables only, compared
to 200 in the final study, this step helped me to design the analysis table which represented the
data for the entire experiment efficiently and which contained all the necessary information about

every table.

4.4 Main Experiment

| collected 200 tables from the following 10 websites, 9 of which were from the geopolitical

domain and 1 from the research domain (results of experiments). Table 1 presents the details:
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Table 1 — URLSs of table sources

Sno. URL Domain
1 http://www.statcan.gc.ca/ Geopolitical
http://www.sciencedirect.com/
2 Research
http://www.worldbank.org/ o
3 Geopolitical

http://www.ssb.no/english/

4 Geopolitical

5 http://www.ojp.usdoj.gov Geopolitical
http://www.geohive.com/ -

6 Geopolitical
http://www1.lanic.utexas.edu/la/region/aid/aid98/ o

7 Geopolitical
http://eia.doe.gov/ -

8 Geopolitical

9 http://ies.ed.gov/ Geopolitical

http://www.census.gov/population/www/socdemo/voti .
10 Geopolitical
ng/cps2006.html

The first six criteria for selection of the tables were the same as the ones used for the pilot study.
The tables from each source were quite different from each other and tables from the same source
were similar. Table 1 is the complete list of table sources used for this study with the URLSs. I also
rejected 12 tables in the process because they did not meet my criteria. Table 2 presents the

reasons for rejection.
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Table 2 — Reasons for rejection

Reason for rejection number of tables

rejected

Concatenated Table 6

Tables with graphics,
figures or hyperlinks as 6

delta cells

441 Method

| processed the tables only after collecting all the tables. The processing of tables was done in 15
sessions. | selected the tables using a random number generating function and processed the table
corresponding to the random number generated for that trial. Each table was processed according
to the instructions in the TAT Manual. The XML and log files generated were stored separately.
The logs were analyzed and the results were aggregated only after the completion of the entire

experiment. The session details are presented in Table 3.
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Table 3 - Session Details

Session Number of tables Time taken
number processed in minutes

1 22 247

2 10 95

3 8 49

4 4 20

5 22 175

6 19 117

7 4 20

8 3 20

9 13 87

10 5 30

11 14 95

12 3 32

13 18 151

14 16 120

15 32 223

Total 193 1481

It can be noted form the above table that only 193 tables were processed

. There were 7 tables in

the list which could not be processed either because | could not understand the table or because the

content in the table could not be interpreted by Excel correctly. Two tables collected did not

actually match the criteria mentioned, but they were collected by mistake and one of them was too

large to handle (~85000 cells).
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5. Results, Observations and Discussion:

First a few observations based on the experiment are reported followed by the quantitative results

and their interpretation.

5.1 General Observations

The following were my observations from the experiment:

1.

| realized that there is more flexibility in forming tables, which are perfectly human
readable, than | had imagined.

Excel does not always perfectly preserve the contents of the HTML table when pasted.
Hence, | had to look carefully at the Excel table before beginning to process it.

Excel is sometimes a little quirky and automatically converts the data in the cell into a
different format. Numbers separated by “- (to indicate ranges, for example) are
automatically converted to a date format. So, care should be taken to correct these
automatic conversions before processing tables.

Knowing all the Excel operations to manipulate cells will save the user time in processing
the tables. Many preprocessing operations require merging of cells. Excel 2007 has a
Merge and Center button provided which saves much time for the user.

The ‘idle time’ for an action is interpreted as the preparation time for the next action. This
is almost always true. But in a few cases, the user might perform an action and then check
the validity of the previous action. In such cases, the interpretation of idle time will be
incorrect. This is rare.

5.2 Observations of Opportunities for Improvement

6. Almost every table has the “Source” and “Notes” augmentation. Currently, the provision

for including this content in the XML is that the user has to push the [AUGMENTATION]
button and select the “Other” Augmentation option. If there is an automatic prompt for
both Source and Notes for the table, we could save some time and reduce the number of
clicks.

A single “concept” must occupy one cell only. For example, if “From Date A to Date B” is
a column subcategory associated with a column of delta cells, then we cannot have the data
in this format:

From
Date A
To
Date B
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The entire text in the “concept” has to be present in one cell only. I observed that this rule is
violated quite often in tables pasted from HTML to Excel.

8. Dealing with empty cells: Currently, whenever TAT encounters empty delta or category
cells, it prompts the user to enter a value for each instance. In most of the tables from the
web, the user has no idea of what that value might be, especially in the geopolitical domain
as these are data collected over a period of time and not a result of some calculation. So,
another change which would be helpful in reducing time is to enter default values of “NA”
or “unknown” in those cells and inform the user that TAT has done so in particular cells
which can be changed manually if desired by the user.

9. Tables from the source http://ies.ed.gov/ alone were processed all at once in a pseudo
random order to see if there was any significant improvement in table processing time due
to learning. It was found that this was not a major factor in influencing the total processing
time.

5.3 Wang XML and Highlighting

The highlighting process in TAT reflects the XML content i.e., the Highlighting action is basically
a visual interpretation of the XML. While processing some tables, I noticed that the highlighting
was incorrect and the XML file generated was also incorrect. This occurred usually when the table
had an aggregate in the row-category.

Figure 46 is a screenshot showing an instance of a highlighting error:

Ollahoma Oklahoma W
39,130
Anthracite W
Bituminous *»R-'.
Tennesses Teninessee 206

Fig. 46 Highlighting Error

As seen from Figure 46 the proper row category cell Anthracite is not highlighted and instead the
aggregate Pennsylvania Total is highlighted.

Note: The “W”’s are delta cells which have an associated footnote.
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The XML for this entry is (only relevant portion shown)

<CategoryRootNodes>
<CategoryRootNode CategoryRootNodeOID="C1"/>
<CategoryRootNode CategoryRootNodeOID="C2"/>
<CategoryRootNode CategoryRootNodeOID="C3"/>
</CategoryRootNodes>
<CategoryNode CategoryNodeOID="C1.20.1" Label="0Oklahoma "></CategoryNode>
<CategoryNode CategoryNodeOID="C1.21" Label="Pennsylvania Total "></CategoryNode>
<CategoryNode CategoryNodeOID="C1.21.1" Label="Pennsylvania Total
"></CategoryNode>
<CategoryNode CategoryNodeOID="C1.21.2" Label=" Anthracite "></CategoryNode>
<CategoryNode CategoryNodeOID="C1.21.3" Label=" Bituminous "></CategoryNode>
<CategoryNode CategoryNodeOID="C1.22" Label="Tennessee "></CategoryNode>
<CategoryNode CategoryNodeOID="C1.22.1" Label="Tennessee "></CategoryNode>
<DataCell DataCellOID="D22,1" DataValue="W">
<CategoryLeafNodes>
<CategoryLeafNode CategoryLeafNodeOID="C1.21.1" />
<CategoryLeafNode CategoryLeafNodeOID="C2.1" />
<CategoryLeafNode CategoryLeafNodeOID="C3.1" />
</CategoryLeafNodes>
</DataCell>

Fig. 47 XML notation (part) for table in Fig. 46

Figures 48(a) and 48(b) are from another example table used in the experiment.

Felonies Felonies Felonies Felonies Felonies Felonies Misdemeanors

operty offensdoperty offensqlrug offenses [ic-order offerlic-order offen Nisdemeanors

Fraudul ent Dther offenses Fezulatory Other Nisdemeanors
All distric . 92,4 £3.9 £9.8 89. 6 46. 4 775 17.2
292 58. 6 100 £9. 6 27.3 94. 5 100 a7. 4 12.6
Al sbama, North) 371 54,4 83. ¢ 42, 7 48.3 89,9 50 T2 3 15. 5

Al sbama, South) 424 74.1 90 40.3 61.1 871 35,7 93.6)...

Alaska 198 El.E 75 45.5/... 20 529 90 26. 7
Arizona 1612 71.8 g0, 6 31.1 62.5 85, 3 47. 5 83. 8 42, 7

Fig. 48(a) Correct Highlighting
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Total offender Percent of convicted offenders sentenced to incarcerationha
Total offender|All offenses Felonies Felonies felonies Felonies Felonies felonies Misdemeanors
Total offender|#l]l offenses [Violent offenspoperty offensaroperty offenseDrug offenses |ic-order offeric-order offen Misdemeanors

_Total offender|All offenses  |Viclent offens|Fraudulent Other offenses Regulator Other Nizdemeanors
All distric 53435 5. 2 92. 4 53.9 59. 8 89.6 46. 4 T b 17. 2

Al abama, Middl 292 E8. 6 100 £9.6 27.3 94.5 100 87.9 12. 8
371 £4.4 83.9 42. 7 48. 3 83.9 50 723 15. 5

Al abama, South| 424 74.1 30 40.3 61, ar.1 367 93. 8.

Alaska 198 El.E 75 45. 5. .. 80 52.9 90 26. 7

Arizona 1612 71.8 90.6 31.1 62.5 85.3 47.5 83. 8 42. 7

Fig. 48(b) Incorrect Highlighting

For the above table TAT did not highlight the column categories for certain delta cells and did

highlight the column categories for certain other delta cells.

The XML for this entry is (only relevant portion shown)

<CategoryRootNodes>
<CategoryRootNode CategoryRootNodeOID="C1"/>
<CategoryRootNode CategoryRootNodeOID="C2"/>
</CategoryRootNodes>
<CategoryNode CategoryNodeOID="C2.2" Label="Percent of convicted offenders sentenced to
incarceration\a"></CategoryNode>
<CategoryNode CategoryNodeOID="C2.2.1" Label="All offenses"></CategoryNode>
<CategoryNode CategoryNodeOID="C2.2.1.1" Label="All offenses"></CategoryNode>
<CategoryNode CategoryNodeOID="C2.2.1.1.1" Label="All offenses"></CategoryNode>
<CategoryNode CategoryNodeOID="C2.2.2" Label="Felonies"></CategoryNode>
<CategoryNode CategoryNodeOID="C2.2.2.1" Label="Violent offenses"></CategoryNode>
<CategoryNode CategoryNodeOID="C2.2.2.1.1" Label="Violent offenses"></CategoryNode>
<DataCell DataCellOID="D3,3" DataValue="83.9">
<CategoryLeafNodes>
<CategoryLeafNode CategoryLeafNodeOID="C1.3" />
</CategoryLeafNodes>
</DataCell>

Fig. 49 XML notation (part) for table in Fig. 48

These errors were observed during the experiment and have been fixed.

5.4 Quantitative Results

This section presents the quantitative results obtained from the main experiment. The first set of
tables show the time taken to process the entire table based on different criteria like Wang

Dimensionality, Number of Aggregates and Number of Footnotes.
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54.1 Total Time Taken to Process the Table Based on Different Criteria

A. Dimensionality

Table 4 - Time taken to process entire table based on Wang dimensionality

Time taken to process the entire table
Number
Table Feature of Average Total Me:dian Average Me_dian
Tables Time Time (sec) Time Tlr_ne T|r_ne
(sec) (sec) (min) (min)
1-D Lists 2| 150.50 301.00 | 150.50 2.51 251
2-D tables 140 | 224.30 | 31402.00 | 160.50 3.74 2.68
3-D tables 49 | 250.96 | 12297.04 | 179.00 4.18 2.98
4-D tables 2| 246.99 493.98 | 246.99 4.12 4.12
All Tables 193 | 230.54 | 44494.22 | 166.00 3.84 2.77

On an average, 3-D tables take 27 seconds more than 2-D tables to process. There were two tables
in the collection which were basically lists in the form of a table (1D tables).
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B. Aggregates

Table 5 - Time taken to process entire table based on presence of aggregates

Time taken to process the entire table
Number of i i
Table Feature bl Average Total Time Me_dlan Avgrage Mgdlan
Tables Time (sec) (sec) Time Time Time
(sec) (min) (min)
Tables with 1 a4 27129 | 1193676 | 231.00| 452| 385
aggregate only
Tables with 2 15 23853 | 3577.95| 188.00| 3.98| 313
aggregates only
Tables with > 2 28 37439 | 1048292 | 30350| 6.24| 506
aggregates
Tables with 87 298.82 | 25997.34 | 258.00 |  4.98| 4.30
aggregates
Tables without 106 17449 | 1849594 | 14050 | 291| 234
aggregates
All Tables 193 230.54 |  44494.22 | 166.00 384 | 277

Note: The max number of aggregates was 43

It can be clearly seen from Table 5 that when there are more than two aggregates, the total
processing time more than doubles compared to no aggregates. Tables with aggregates require
much more preprocessing than tables without aggregates. Automating the selection and processing
of aggregates is definitely something to look into.
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C. Footnotes

Table 6 - Time taken to process entire table based on presence of footnotes

Time taken to process the entire table
Number Median | Average | Median
Table Feature of Average Total Time . erag i
Tables | Time (sec) (sec) Time T|r_ne T|r_ne
(sec) (min) (min)
Tables with
1 footnote 21 183.67 3857.07 179.00 3.06 2.98
only
Tables with
2 footnotes 17 291.00 4947.00 320.00 4.85 5.33
only
Tables with 35 297.02 10395.70 | 275.00 495| 458
>2 footnotes
T]f‘b'es with 73 263.01 19199.73 |  242.00 438| 403
ootnotes
Tables
without 120 210.78 25293.60 146.50 3.43 2.44
footnotes
All Tables 193 230.54 44494.22 166.00 3.84 2.77

Note: The maximum number of cells with footnotes was 214

Table 6 shows that the presence of footnotes also affects the processing time. Since there is a
specific format for specifying a footnote (i.e., below the delta cells using a reference), automating

this process would definitely result in reducing processing time.
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D. Footnotes, Aggregates and Dimensionality

Table 7 - Time taken to process entire table based on presence of footnotes, aggregates and dimensionality

Time taken to process the entire table

Table Feature Number of Total Median Average | Median
Tables Average ) . ) i
Time (sec) Time Time Tlr_ne T|r_ne
(sec) (sec) (min) (min)
2-D Tables with 56|  286.92 | 1606752 |  247.50 478| 413
aggregates
3-D tables with 29|  312.65| 9066.85|  276.00 521| 460
aggregates
2-D Tables with 53 246.09 | 13042.77 211.00 4.10 352
footnotes
3-D tables wiih 20| 288.65| 5773.00| 27550 481| 459
footnotes
Tables with
aggregates and 49 280.65 | 13751.85 276.00 4.68 4.60
footnotes
Tables with no
aggregates and 83 164.27 | 13634.41 133.00 2.74 2.22
footnotes

Table 7 reiterates the point that aggregates and footnotes are the main causes for high processing

time for tables.
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Table 8 - Time taken to process entire table based on table size (number of cells in the table)

E. Table Size

Time taken to process the entire table
Number . Median | Average | Median
Table Feature of Tables T/ib\rxgr?sgeec) TOt?;eI)' me Time Time Time
(sec) (min) (min)
Tables with number
of cells <=100 33 114.24 3769.92 84.00 1.90 1.40
Tables with number
of cells >100 and 45 148.80 6696.00 133.00 2.48 2.22
<= 200
Tables with number
of cells >200 and 29 212.37 6158.73 153.00 3.54 2.55
<=300
Tables with number
of cells >300 and 36 230.89 8312.04 215.00 3.85 3.58
<=500
Tables with number
of cells >500 and 17 384.11 6529.87 299.00 6.40 4.98
<=800
Tables with number 33|  394.76 13027.08 |  379.00 658| 632
of cells >800
All Tables 193 230.54 44494.22 166.00 3.84 2.77

Note: The maximum number of cells in a table : 4247

Table 8 shows the time taken to process the entire table as a function of table size. The table size
criterion presents a really strong trend with respect to the total time required to process the table.
This is an expected result.
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Table 9 - Time taken to process entire table based on table source

F. Table Source

Time taken to process the entire table

Number | Awverage Total | Median | Average | Median
Table Source , . . . .
of tables Time Time Tmme Tine Time
(sec) (sec) (sec) (min) (sec)
http://www.statcan.ge.ca/ 20 127.05] 2541.00 07.50 2.12 1.63
http://www.sciencedirect.com/ 15 134.40( 2016.00| 131.00 2.24 2.18
http://'www.worldbank.org/ 18 189.05| 3402.90| 131.00 3.15 2.18
http://www.ssb.no/english/ 21 201.14| 422394 150.00 3.35 2.50
http://'www.ojp.usdoj.gov 24 357.12| 8570.88) 371.00 5.95 6.18
http://www.geohive.com/ 26 182.11| 4734.86| 147.00 3.04 2.45
B s e 15|  320.33| 4804.95| 218.00|  5.34|  3.63
a/region/aid/aid98/
http://e1a.doe.gov/ 24 208.79 7170.96| 264.00 4.98 4.40
23 194.87| 4482.01| 155.00 3.25 2.58
http://www.census.gov/popula
tion/www/socdemo/voting/cps 7 363.71| 2545.97| 275.00 6.06 4.58
2006.html
All Tables 193 230.54 | 44494.22 | 166.00 3.84 2.77

It can be seen that there is a large variation in the average time taken to process tables depending

on the source. Some of them can be attributed to reasons seen above. Tables from

http://www.0ojp.usdoj.gov/ and http://www.census.gov/population/www/socdemo/voting/ cps2006

.html took more time because these tables were large. Tables from http://eia.doe.gov/ took more

time because these tables had many aggregates and required preprocessing. Tables from

http://www1.lanic.utexas.edu/la/region/aid/aid98 were poorly constructed and took much time to

analyze. In fact, three of these tables were so badly constructed that | could not understand them

and hence they were not processed. Tables from http://www.statcan.gc.ca took the least amount of

time, which can be attributed to my familiarity with those tables.
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5.4.2 Preprocessing time

The following set of tables show how the preprocessing time changes with different criteria.

A. Dimensionality

Table 10 - Time taken to preprocess entire table based on Wang dimensionality

Time taken to preprocess the table
Number
Table
of Average . Median | Average | Median
Feat . . - .
eature Tables Time TOt?sleI)'me Time Time Time
(sec) (sec) (min) (min)
1-D Lists 2 67.50 135.00 67.50 1.13 1.13
2-D tables 140 | 102.77 14387.80 73.00 1.71 1.22
3-D tables 49 | 111.63 5469.87 85.00 1.86 1.42
4-D tables 2 51.00 102.00 51.00 0.85 0.85
All Tables 193 104.12 20095.16 75.00 1.74 1.25

3-D tables took approximately 9 seconds more on average to be made TAT-friendly through
preprocessing. It is interesting to note that the two 4-D tables required less than half the average
preprocessing time. It would be interesting to study these higher dimensional tables. They might
be better organized than the lower dimensional tables. But this is just a guess and can be

ascertained only if more similar data is available.
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B. Aggregates

Table 11 - Time taken to preprocess table based on presence of aggregates

Number Time taken to preprocess the table
Table : Average . Median | Average | Median
Feature 0 Time Total Time Time Time Time
Tables (sec) . .
(sec) (sec) (min) (min)
Tables with 1
aggregate 43 122.95 5286.85 79.00 2.05 1.32
only
Tables with 2
aggregates 15 106.47 1597.05 74.00 1.77 1.23
only
Tables with
> 2 28 177.18 4961.04 | 126.50 2.95 2.11
aggregates
Tables with 86| 137.73 11844.78 | 103.00| 230 172
aggregates
Tables
without 107 77.10 8249.70 60.00 1.29 1.00
aggregates
All Tables 193 104.12 20095.16 75.00 1.74 1.25

Note: The max number of aggregates was 43

Table 11 again shows the effect of aggregates on the preprocessing time. There is a more than 100
% increase in the preprocessing time for tables with more than 2 aggregates compared to tables
without aggregates.
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C. Table Size

Table 12 - Time taken to pre process table based on table size(number of cells in the table)

Time taken to preprocess the table
Table Feature | NUMPEr  “Average | Total | Median | Average | Median
of tables Time Time Time | Time | Time
(sec) (sec) (sec) (min) (min)
Tables with
number of 33 64.63 | 2132.79 | 40.00 1.08 0.67
cells <=100
Tables with
number of
cells >100 and 45 53.17 | 2392.65| 47.00 0.89 0.78
<=200
Tables with
number of
cells >200 and 29 90.69 | 2630.01| 52.00 1.51 0.87
<=300
Tables with
number of
cells >300 and 36 115.08 | 4142.88 | 99.00 1.92 1.65
<=500
Tables with
number of
cells >500 and 17 156.35 | 2657.95| 118.00 2.61 1.97
<=800
Tables with
number of 33 186.00 | 6138.00 | 198.00 3.10 3.30
cells >800
All Tables 193 104.12 | 20095.16 75.00 1.74 1.25

Table 12 shows again the strong positive correlation between the preprocessing time and table

size.
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5.4.3 Other Results

A. Generate XML action

Table 13 - Time taken to Generate XML based on table size

(number of cells in the table)

Number Average Median

Table Feature | ¢ Toples | Time (sec) | Time (sec)

Tables with
number of cells 33 0.33 0.00
<=100
Tables with
number of cells
>100 and <=
200
Tables with
number of cells
>200 and <=
300
Tables with
number of cells
>300 and <=
500
Tables with
number of cells
>500 and
<=800
Tables with
number of cells 33 27.09 22.00

>800

45 1.40 1.00

29 6.51 2.99

36 5.22 5.00

16 10.35 10.00

Note: The maximum number of cells in a table was 4247

From Table 13 it can be seen that for large tables with more than 800 cells, the system takes
almost 22 seconds to generate the XML on an average. Future versions of TAT could improve the

XML generation process.
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B. Highlight Cells Action

Table 14 -Time spent by the user in the
Highlight Cells Action

Table Number Avgrage
Time
Feature of tables
(sec)
2-D tables 140 12.95
3-D tables 49 7.68
4-D tables 2 10.25
All Tables 193 11.51

An interesting observation from Table 14 is that the time spent by the user in verifying the XML
through highlighting the cells is highest for 2-D tables and less for 3-D tables. This might be
attributed to the XML/highlighting errors shown in the previous section which occurred in 2-D
tables.
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6. Future Work

As illustrated in the above sections, TAT is a robust and efficient tool to convert web/Excel tables
to a layout independent representation. Additional features can be added to TAT to reduce the
processing time. TAT can also be used to improve the Query By Table (QBT) mechanism which is
currently implemented using WNT. Since VBA and Excel are much more suited for database
interaction, TAT is a better option to implement the QBT mechanism. The current section contains
two parts. The first part explains the QBT paradigm and why TAT is better equipped to handle
QBT. In the second part, current research to incorporate automation and learning techniques is

discussed.

6.1. Query By Table (QBT)

Query Languages are high level programming languages that allow users to make queries into
databases. Examples include SMARTS, the cheminformatics standard for a substructure search,
XQuery, a query language for XML data sources and SQL for relational databases. The semantics
of the query are defined by a formal syntax specific to that language. In contrast, Query By
Example and Query By Browsing have a simple graphical user interface. Query by Table (QBT),
an intuitive mechanism based on the idea that well-formed tables can represent queries to a
database. The QBT system was realized using the Wang Notation Tool. Answers to certain kinds

of queries seem most naturally expressed in tabular form. Consider, for example, the query:

“How do the volume of U.S. auto exports to Mexico compare to those to Canada for the years
2002 and 2003?”

This question can be formulated as a query in the form shown below:

Year U5 Expotts to U5 Exports to
Canada Mexico

2002 <to be filled> < to be filled>

2003 <to be filled> <to be filled>

Fig. 50 Query Table 1
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QBT takes inputs in the form of a table shown above and fills in the values. A table’s layout can
be changed in many ways yet convey the same meaning with the same values. Therefore, to use
tables as queries to a database, it is important distinguish between a table’s physical structure and
its logical structure. Thus, Wang Notation provides the perfect platform for this paradigm. The

following section explains the inner workings of QBT.

6.1.1 The QBT Mechanism

A query table is a well-formed user-constructed table that encapsulates all the information internal
to its structure and uses exact attribute names for the facts to be retrieved. A query table does not
use captions or titles to convey information. The Query by Table system is currently implemented
in MATLAB. It accepts an MS Excel query table as an input and retrieves the values requested by
the user. The process has five steps:

Derive the Wang Notation for the query table.
Parse the Wang Notation of the input table.
Identify the facts and dimensions of the query.
Form SQL queries from the facts and dimensions.
Plug the results back into the query table.

Since WNT is built in MATLAB and the query and results are in an Excel worksheet, there is a lot
of code involved in transferring the data from the format in Excel sheet to what WNT deems the
correct format for a table (which is an ASCII file). This presents difficulties in practice. Since TAT
is built in Excel using VBA, it can encompass the entire QBT system with some modifications,
removing the need for any external data conversion routines. Also, since TAT has provisions to
include augmentations, some interesting results can be achieved by coupling TAT’s functionality
with the power of SQL.

6.2 Visual Layer Analysis
6.2.1 Automation

To process tables using TAT, the user has to delineate the delta cells from the category cells using

mouse clicks. Tables with aggregates and footnotes take much more time to process. The current

implementation of selecting and annotating the aggregate cells in TAT becomes cumbersome in

tables with many aggregates. If the aggregates and delta cells can be detected automatically using
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visual cues in the table, it could save the user much time in processing the table. Research, which
can be easily integrated with TAT, is already underway to deal with this problem of table
segmentation in DocLab, RPI [9]. The proposed method relies on visual distinction between cells
of a canonicalized table. The cell’s features can be captured in a feature vector with both
numerical and categorical attributes. By comparing the feature vectors of adjacent cells using a
comparison function, a difference table can be formed, which can be used to perform orientation
analysis and category-delta space segmentation.

The current check for well-formed tables is based on the repetition of list-rows as explained in
Section 2.7.1. This check is done before the user selects the categories. But there is no mechanism
in TAT which checks the correctness of the dimensionality of the table determined by the user. For
example, a user can incorrectly interpret a well-formed two category table as a three category
table. This can be prevented by adding the following requirement in addition to those described in
Section 2.7:

“Every combination of paths, one through each category tree, must designate a delta cell.”

6.2.2 Learning

A successful mechanism to relate the difference table values with the preprocessing actions that
need to be performed on the tables to make them TAT-friendly can lay the platform for “learning”.
The preprocessing actions can be simplified if TAT can learn to make corrections based on past
responses. TAT could compare the difference table of the current table to past difference tables

and make corrections to the table structure based on their similarities.
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7. Conclusion

The Table Abstraction Tool (TAT) was developed as a part of the project known as TANGO
(Table ANalysis for Generating Ontologies) — a collaborative project between Rensselaer
Polytechnic Institute and Brigham Young University — which aims to understand a table’s
structure and its conceptual content for semi-automatic ontology generation. A major step in this
process is to fully interpret a table’s structure and conceptual content by converting it to a layout
independent form with guidance from a user. Wang Notation Tool (WNT) was one of the few
attempts at complete interpretation of tables and the first to convert HTML tables to abstract Wang
Notation. TAT builds upon WNT and includes additional information about tables. This improves

the resulting ontology.

TAT makes use of minimal user input to convert the HTML tables, which are imported into Excel,
to a layout-independent augmented Wang XML notation. This Wang XML, apart from containing
the abstract Wang Notation of the table in XML form, also includes additional information like
title, caption, aggregates, units and notes. After importing the table, the user can start processing
the table to generate the XML with the interface coded in VBA by responding to a series of
prompts using mouse-clicks. The augmented XML representation is used to generate ontologies at

Brigham Young University.

TAT was evaluated by a single operator in 15 sessions that took a total of 24.7 hours. The samples
were collected from ten non-profit web sites which contain thousands of tables relevant to the
geopolitical domain. Two hundred tables that satisfied given criteria were processed in a pseudo-
random order using TAT. Each selected sample was edited if necessary, and every editing
operation was time-stamped and recorded. The time required for editing the table into the desired
format along with the interaction to process title, caption, footnotes, units, and aggregates was

logged. The Wang Notation for seven of the two hundred tables could not be determined.

The average total time to process a table was 231 seconds (Median: 166 seconds). The average
size of the tables was 587 cells before preprocessing. The average preprocessing time to edit a
table to a desired format was approximately 104 seconds (median: 75 seconds). Tables with Wang

dimensionality 3 took approximately 27 seconds more than tables with Wang dimensionality 2, to
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process. It was observed that tables with aggregates took much more time to process when
compared to tables without them. This could be attributed to the fact that these tables required
transformations to get them into the desired format (as described in Section 2.8.2). As expected,

there was a strong positive correlation observed between the processing time and table size.

TAT is a fast and robust tool for generating the layout independent Wang XML notation.
Evaluation reveals that a few tasks, if automated, can greatly reduce the time required to process
web tables as described in Section 6. TAT can also be modified to incorporate the Query By Table

mechanism.
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Appendix A: TAT User Manual

The Table Abstraction Tool (TAT) is an interactive tool used to generate an abstract notation of a
table in the form of an XML file that records the relationships between the cells in the table. The
tool extracts the logical structure of the table from its Excel representation with some user input.
Each user action is time-stamped and logged in a file. The tool is built in Microsoft Excel utilizing
VBA, an event driven programming language built into Microsoft Office Applications. It is
required that the user of TAT be fairly proficient with Microsoft Excel. The process consists of

four steps some of which require multiple user actions.

I. IMPORTANT NOTES:

To run TAT:

The application is a set of macros written in VBA. Therefore, enable macros before running the
application. In Excel 2003, the Security Settings in the menu path Tools > Macros > Security need
to be set to Medium or Low to allow the macros to run. In Excel 2007, the Macro security changes
can be made from Code group > Developer tab > Macro Security. If the Developer tab is not
displayed then click Microsoft Office Button & click Excel options and then in the Popular
category, under Top options for working with Excel, check Show Developer tab in the Ribbon.

To modify TAT:

Before editing a macro the user should be familiar with the Visual Basic Editor - an environment
in which one can write new and edit existing Visual Basic for Applications code and procedures.
The Visual Basic Editor contains a complete debugging toolset for finding syntax, run-time, and
logical errors in the code. The Visual Basic Editor can be used to write and edit a macro that is
attached to a Microsoft Office Excel workbook. To view the code, click Visual Basic. Code is
present in the following code modules: Sheetl, Input_Form , Module 1 & public Class.
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Other Notes:

The program works through a number of subroutines that store temporary variables. Some data
whose scope is restricted to one subroutine and whose values cannot be retrieved are stored in a
separate sheet called “MySheet” which is hidden. It contains data that the program uses in various
subroutines. The log for the process is recorded by the system as and when the actions

are performed by the user, in a hidden sheet called “Log”. Once the user clicks the [GENERATE
XML] button, the program creates the file in the file system. On clicking the [START] button,
values in both the sheets are cleared. This manual is also embedded in the Excel Workbook itself
and appears as an Adobe Acrobat icon in the worksheet in the first column. Clicking the icon

opens this Help manual.

The process of abstracting a table is described below:

Il. TABLE ABSTRACTION:

The first step is to open the excel workbook — “TAT.xls”, which has all the code in the code
modules (This can be verified using the Visual Basic Editor). Then, copy the original HTML table
into Microsoft Excel. To preserve the table structure in Excel, the contents in the web page outside
the table (some content which is not related to the table) should also be copied and pasted directly.
The user can later remove the extraneous content although it is not necessary. Then click the
[START] button in the Excel sheet (which should be integrated into Eclipse framework
eventually). This draws the borders for the cells occupied by the table and pops up a User Form

with the following options (displayed as buttons) for the user:

SELECT TITLE
SELECT CAPTION
AUGMENTATIONS
TABLE ANALYSIS
HIGHLIGHT CELLS
GENERATE XML

ouhkwnE

Figure 51 displays an example table:

63



1 Trips by Canadians in Canada, by province and territor D@gj
2 (Trips (destination))
3 SELECT CARTION
q Trips (destination)
AUGMENTATIONS
thousands

& Canada 178, 628 182, 092 187, 890 172,244 175, 084 e
T HNewfoundland 3, 955 3,802 3,784 3,236 3,107

Prince

Edward GENERATE HML
8 Island a7 966 1,125 837 911
9 MNova Scotia 7,034 7,019 8, 287 7,164 7, 06

Hew START
10 Brunswick 4, 794 5, 344 6, 075 5,613 5,038
11 BQuebec 40, 843 40, B08 45, 928 47, 216 48, 484
12 Ontario 65, 220 57,160 70, 257 62,168 65, 290
13 Manitoba €, 542 6, 621 8, 265 5, 938 6, 009
14 Saskatchewan 8, 222 8,139 5023 7,413 7,451
15 Alberta 20, 022 21, 256 13,186 15, 775 15, 290
16 Columbia 20,893 20, 984 18, 842 16, 742 15, 738
17 Yukon F 93" 115" 83" 99°
18 F ¢ use with caution.
19 F : too unreliable to ke published.
20 Notes:
21 - Estimates are based on the 1996 Census population counts.
22 - 80 km or more.
23 Source: Statistics Canada, CANSIN, teble (for fee) 426-0001.
24

Last Modified: 2006—04—06|.

Note: In Figure 51, the information in row 26 — “Find information related to this table

Fig. 51 TAT

not part of the table. But for a faithful representation of the table in Excel, that line from the

HTML is also copy-pasted in the Excel. This is the way Excel works.

Figure 52 shows the Excel representation of the table if text outside the <table>... </table> tags

are not copied.
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;ﬁﬁ H9-c v TAT_addr_comments_V_OCT28x1s [Compatibility Mode] - Microsoft Excel - 8Xx
o
Home  Insert Page Layout Formulas Data Review | View @ -8 X
J ;J EJ Q Ruler ¥ Fomula Bar .;% \_2 @ E E E = split
V| Gridines ¥ Headings == = Hide

Normal| Page Page Break | Custom Full Toom 100% Zoomto New  Arrange Freeze -
Layout Preview | Views Screen Message Bar Stlection | Window Al Panes~ ] Unfide | 214 Res

__ View Side by Side % % E

ichron: crolling
Save Switch | Macras

indow Position Workspace Windows ™ -

Warkbook Views Show/Hide Zoom Window Macros

[ a8 - e | Last Modified: 2005-04-05.
A B C D [ F G H I 1 E L

Trips by Canadians in Canada, by province and territory
(Trips (destination) 2000 2001 2002 2003 2004 Trips (destination) thousands Canada 178,628 182, 092 187,890 172, 244 175, 084 Newfoundland and L

| =<1

ra

<

F . too wreliable to he published.
Notes:

e

@

- Fstimates are based on the 1996 Census population counts.

6 - 80 ko or more.
7 \Source: Statistics Canada, CANSIN, table (for fee) 426-000L
3

Last Modifie!i: 2006-04-06.

START

9

&
il

4
3
36
i 4 b M Sheet1 /7 N M

Ready 5 (O] O] \2003%: Q— g;

— —
ijstart | T maee esRacTion... | )i s n.. Microsoft Excel - TAT.., &), it
v

Fig. 52 Paste Error

1. SELECT TITLE:

The blue [SELECT TITLE] button displays a pop up that asks the user to select the cells
containing the title. The cells selected by the user as the title are also colored. In the above

example, the title would be “Trips by Canadians in Canada, by province and territory”.

2. SELECT CAPTION:

The yellow [SELECT CAPTION] button, when clicked, displays a pop up that asks the
user to select the cells representing the table caption. The cells selected by the user as
caption are also colored. The caption in this case would be “(Trips (destination))”.
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For tables without title and caption, the user can directly press the [TABLE ANALYSIS] button.

However, if title and caption are present and the user does not select them, the XML representation

will not contain those details and these cells will also be canonicalized in the “Table Analysis*

action. The order of selecting the title and caption does not matter. The title can also be selected

after selecting the caption.

Note: Please refer to the Table Analysis section for Canonicalization process.

After selecting the title and caption, the table is highlighted with the title and caption (Fig. 53).

TAT is now ready to process “Augmentations”.

A B C D E
1 Trips by Canadians in Canads, by provinece and territory
2 (Trips (destinatio
: 2000 2001 2002 2003 2004
4 Trips (destination)
thousands

5
f Canada 178, 628 182,092 187, 890 172,244 175, 084
7 Newfoundl and 3,955 3,902 3,784 3,236 3,107

Prince

Edward
8 Island 977 966 1,125 897 911
9 Nova 3cotia 7,034 7,019 8, 287 7,164 7, 066

Hew
10 Brunswick 4,794 5, 344 6,075 5,613 5, 038
11 Quebec 40, 342 40, 608 45, 928 47,216 48, 484
1¢ (Ontario 65, 220 67, 160 70, 357 62, 168 65, 290
13 Manitoba 6,542 6, 621 6, 265 5,938 6,009
14 Sagkat chewan| 8,222 3,139 8,029 7,413 7,451
15 Alberta 20, 022 21, 256 19,186 15, 775 15, B30
16 Columbia 20, 893 20, 984 18, 342 16, 742 15, 738
17 fukon F o s 98*
13 F : use with caution.
19 F : too unreliable to be published.
20 Notes:
21 - Estimates are based on the 1996 Census population counts.
22 - 80 km or more.
75 \Source: Statistics Canada, CANSIL table (for fee) d26-0001.
24 Last Nodified: 2006-04-06.
% | \
36 Find information related to this table (CANSIN table(s)

HIBEH

A=0)

SELECT TITLE
SELECT CAPTION
AUGMENTATIONS
TABLE ANALYSIS
HIGHLIGHT CELLS

GEMERATE WML

START

Definitions, data sources and methods; The Daily. publications: an

Fig. 53 Highlighted Title and Caption
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3. AUGMENTATIONS:

The [AUGMENTATIONS] button, when clicked, displays a pop up which helps the user to select

the augmentations for the cells in the table. There are four kinds of augmentations that a user can

currently choose (using radio buttons):

1.

Footnotes

2. Aggregates
3.
4. Other

Units

3 (a). Footnotes:

To specify a footnote, the user must make three selections:

(1) Cells to which the footnote applies. (These cells also contain the footnote reference.) (2)

Footnote Citation- which specifies the footnote text.

(3) The symbol used as the footnote reference.

When the user clicks selects the “Footnote” option (after clicking the [AUGMENTATIONS]
button) and clicks the [OK] button, the system displays a pop up that asks the user to select the

cells with the footnote reference (Fig. 54).
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10
11
12
13

14
15

T
18
19
20
21
22
23
24
25
26

ar

In the above table there are two footnotes. The first one corresponds to the cell with address “B17”
i.e. the value of number of trips to Yukon territory in the year 2000 is “F” which is ,,too unreliable
to be published’. Thus, the user selects cell “B17” for the first pop up where the cells with the
footnote reference are requested and clicks the [OK] button (Fig. 54). This causes another pop up

to be displayed which asks the user to select the cells with the corresponding footnote citation

(Fig. 55).

A B C D B B
Trips by Canadians in Canada, by province and territor
(Trips (destination))
Trips (destination)
thousands
Canada 178,628 182,092 187,890 172, 244 175,084
Mewfoundl and 3, 955 3, 902 3,784 3,236 3,107
Prince
Bdward
Island 377 966 1,126 297 911
Mova Scotia T, 034 7,019 8, 287 7,164 7, 066
R
Brunswick 4,7%4 5,344 6,075 5,613 5, 038
Quebec 40, 842 40, 608 45, 928 47, 216 43, 484
Ontario 65, 220 67,160 70, 257 62, 168 65, 290
Manitoba 6,542 6,621 6, 265 5, 938 5, 009
Saskat chewan| 8, 222 8,139 8, 029 7,413 7,451
Alberta 20, 022 21, 256 19,186 15, 775 15, 890
Columbia 20, 893 20,984 18, 842 16, 742 15, 738
Yukon F 92* 1158 83° 99°
® : use with caution.
F : too unreliable to be published.

nat adjacent, hold the contral key,

Notes:

~ Bstimates are based on the 1996 Censy |j
— 80 km or more. .
Source: Statistics Canada, CANSIN, tab

Last Modified: 2006-04-06.

Select the cells with the Footnote reference. To select multiple cells which are

1

ﬂ@'ﬁgl 1
SELECT TITLE
SELECT CAPTION
ALUGMENTATIONS
TABLE AMALYSIS
HIGHLIGHT CELLS

GENERATE sML

% Footnotes
" Aggregates
£ Units

" Other

E
i

CANCEL

Find information related to this table (CANSIM table(s): Definitions. data sources and methods; The Daily: publications: and rela

Fig. 54 Footnote Cell Selection
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i B c D E F G F ble Abstra.... |- [01]]

il Trips by Canadians in Canada, by province and territor
L (Trips (destination)} SELECT TITLE
000 ‘ 2001 2002 2003 ‘ 2004
3 SELECT CAPTION
4 Trips (destination)
—_—
thousands

5 TABLE ANALYSIS
& Canada 178,628 182, 092 187, 890 172, 244 175, 084 T
T Newfoundland 3, 955 3, 902 3, T84 3, 236 3,107

Prince

Edward GENERATE XML
8 Island 977 966 1,125 897 911
9 MNova Scotia T, 034 7,019 8, 287 T, 164 T, DEB o @l

New . =
10 Brunswicl 4, 794 5, 344 6, 075 5, 613 5, 038 -
11 Guebec 40, 842 40, 608 45, 998 a7, 216 48, 484 * Footnotes
12 Ontario 65, 220 87, 160 70, 257 62, 168 65, 250 I Bogrogates
13 Mani toba 6,542 6, 621 6. 265 £, 938 6. 009

" Units

14 |Saskatchewan 8,222 8,139 8,029 7,413 7,451
15 |Alberta 20, 022 21, 256 19,186 15, 775 15, 830 Lt
16 Columbia 20, 893 20, 984 18, 842 16, 742 15, 738 e
17 [Tukon F 92" 113" 5" 9g*
18 ° : use with caution.
19 F : too unreliable to be published.
20 Notes: =
21 |- Betirtes are based on e QARG
22 |- B0 km or more. Seleck the cells with the correspanding footnote citation and click [OK]
23 Source: Statistics Canada, CANS
24 Last Modified: 2006-04-06.
5 [ I [k ][ caned |

26 Find information related to thil curces and methods; The Dailv; publications: anc

Fig. 55 Footnote Citation

The user then selects cell “A19” — with the text ,,too unreliable to be published™, as the footnote
citation, and clicks the [OK] button. This causes another pop up to be displayed which requests the
user to specify the footnote reference (which is “F” in this case). After finishing this process of

specifying one footnote, the following text appears as a comment for the cell “B17”—
(footnote)F : too unreliable to be published.(/footnote)(f.reference)F (/f.reference)
The string within the (footnote) and (/footnote) is the footnote text and the string between

(f.reference) and (/f.reference) is the footnote reference. This allows the user to verify the actions

performed. The third popup asks the user for the symbol used for footnote reference (Fig. 56).
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A B g ] E F G f 2.0 - O[] |
1 Trips by Canadians in Canada, by province and territor £ F
2z (Trips (destination)) SELECT TITLE
000 001 2002 2003 2004
3 SELECT CAPTION
4 Trips (destination)
s
thousands

5 TABLE AMALYSIS
6 |Canada 178, 628 182, 092 187, 890 172, 244 175, 084 e
T |Newfoundland 3,955 3,902 3. 784 3,236 3,107

Prince

Edward GENERATE XML
8 |Island X 966 1,125 897 911
9 Nova Scotia 7,034 7. 019 8, 287 T.164 7. 066 . 3‘

New =2
10 |Brunswick 4,794 5, 344 6, 075 5,613 5, 038 -
11 [Quebec 40, 847 40, 608 45,978 47, 716 48, 484 Zisll
12 [Ontario 65, 220 67, 160 70, 257 62, 168 65. 290 e
13 Manitoba 6,542 6, 621 6, 265 5, 938 6, 009

© Units

14 |Saskatchewan 8,222 8,139 8,029 7,413 7,451
15 Alberta 20,022 21, 256 19,186 15, 775 15, 890 Lici=
16 Columbia 20,893 = 20, 984 - 18, 842 2 16, 742 = 15, 738 i
17 [Yukan F 92 113 83 99
18 @ use with caution.
19 F : too unreliable to be published.
20 Notes:
21 |- Estimates are based on the 1996 CefLiIuE @
22 = B0 km or mors. Plesse spclFy the Fackncke refsrsnce
23 |Source: Statistics Canada, CANSIN, +
24 Last Modified: 2006-04-06.
25 | I [ o [ concel |
26 Find information related to this tab bata sources and methods; The Daily, publications; ar

A

Fig. 56 Footnote Reference

To specify the values for the second footnote - cells “C17: F17”, the user has to make sure the

“Footnote* radio button in the menu is selected and click the [OK] button.

The following are the values for the second footnote:

1. Cells with the footnote reference: C17:F17
2. Cells with the footnote citation: A18 (“E: use with caution”)

3. Footnote reference: E

3(b). Aggreqgates:

TAT allows the users to specify the aggregate cells in the table. The aggregate cells are the
category/sub-category cells whose corresponding delta cells are an aggregate (like sum or average)
of delta cells of other sub-categories. In the example table, the delta cells corresponding to
“Canada” i.e., the delta cells in the same row as Canada are actually a summation of all the delta
cells below them. Thus, Canada is an aggregate of the sub-category cells — Newfoundland and
Labrador, Prince Edward Island, Nova Scotia, etc.
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When the user selects the ,,Aggregate™ option and clicks the [OK] button, the system asks the user
to select the aggregate cells (Fig. 57).

A il G D B E G H I
1 Trips by Canadians in Canads, by province and territor
2 (Trips (destination)} — .‘
. 000 ‘ 001 2002 003 ‘ 2004 F emelati (%]
|
4 Trips (destination} " Footnotes
thousands % Aggregates

B 7 £ Units
& Canada 178, 628 182, 092 187, 890 172, 244 175, 084 £ Other
T MNewfoundl and) 3, 955 3, 902 3, 784 3, 236 3,107

Prince CANCEL

Edward
8 Island 977 966 1,125 897 911 L
9 MNova Scotia T, 054 7,019 8, 287 7,164 T, 066

New ; K - START
10 Brunswick 4, 794
11 Quebec 40, 842
12 Ontario 65, 220 o7, | ¢ nat adjacent, hold the contral key 3
13 Mani toba 6,542 g, | [+ |

_OK -Cancel

14 |Saskatchewan 3,222 8 -
15 |Alberta 20, 022 21, 256 19,186 1505 15, 890
16 Columbia 20, 893 20, 984 18, 842 16, 742 15, 738
17 Tukon F 92" 113° 83" 99*
12 ® : use with caution.
19 F : too unreliable to be published.
20 Notes:
21 - Estimates are based on the 1996 Census population counts.
22 - 80 km or more.
23 Source: Statistics Canada, CANSINM, table (for fee) 426-0001.
24 Last Modifiei:l: 2006—04—06|. I |
25

26 Find information related to this table (CANSIN table(s): Definitions, data sources and methods; The Daily: publications; and

Fig. 57 Aggregate Cell Selection - 1

The user selects the cell — “Canada” and clicks the [OK] button. The system displays another pop
up asking the user which subcategory cells are aggregated by the previously selected cell (Fig. 58).
The user selects all the cells from “Newfoundland” to “Yukon”, as the values for the delta cells

corresponding to “Canada” are the sum of the delta cells corresponding to these subcategories.
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A B & D E F
Trips by Canadians in Canada, by province and territor
(Trips (destination))
2000 ‘ 2001 ‘ 2002 2003 ‘ 2004
Trips (destination)
thousands

@nada 178, 628 182,092 187, 890 172, 244 175,084
Wewfound] and? 3, 955 3, 802 3,784 3,236 3,107
‘Prince |
Bdward :
\I=land ! 977 966 1,125 397 811
Nova Scotia | 7,034 7,019 8, 287 7,164 7, 066
New ; = s =
Brunswick ! 4, 794
Quebec | 40, 842
Ontario ! 5, 790 5 multiple cells v:ﬁh\(harermt adjacent, hold the control key,
Hanitoba | 6,542 ] L8087 90417
1 | OK Cancel
\Saskat chewan] 8,222 g L 3
Mlberta ; 20,022 21, 356 19,186 15,775 15, 890
Columbia | 20,893 20, 984 18, 842 16, 742 15, 738
Wukon iF 92° 1138% 23" 99°
* : usc with caution
F : too unreliable to be published.
Notes:
— Estimates are based on the 1396 Census population counts.
- 80 kn or more.
Source: Statistics Canada CANSTN, table (for fee) 426-0001.

Last Modified: 2006-04-08.

H I
" Footnotes
& Aggregates
" Units
" other
START

On selecting the subcategory cells and clicking the [OK] button, the system displays the following
text as a comment for the cell “A6” containing information about the cells it aggregates.
(aggregate)$A$7:$A$17(/aggregate)

The string between the (aggregate) and /(aggregate) identifiers specifies the cell addresses of the

cells it aggregates.

3.(c). Units:

The units of the delta cells are important in interpreting the table contents. TAT allows the users to
specify the cells in the table which are units. In the above table, the spanning cell “thousands”
specifies the units of the Number of trips by Canadians. In the Augmentations menu, if the user

selects the ,,Units” radio button and clicks the [OK] button, the system displays a pop up asking

Fig. 58 Aggregate Cell Selection - 2

the user to select the cells which denote units in the table (Fig. 59).
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A B C i} B F G H I

1 Trips by Canadians in Canada, by province and territor
2 (Trips (destination)) =
. 000 ‘ 2001 2002 2003 2004 4 all x|
N | Trips {destination) | © Fasknates
i
H !
E thousands ; " Agoregates
' H
e R {  Units
6 |[Canada 178, 628 182, 092 187, 890 172, 244 175, 084  Other
7 Newfoundland| 3,955 3,902 3,734 3,236 3,107
Prince CANCEL
Edward
8 Island 977 966 1,135 397 811
9 HNova Scotia 7,034 7,019 8, 287 7,164 7. 068
Hew n START
10 Brunswick 4,794 3 P Zx 8
11 Quebec 40, 342 40 Select the cells which correspond to units and cick [OK]. To sclect multiple cells g
12 [Ontario 55, 220 67 ][k nseetsea, o eontol o 0
13 Manitoba 6,542 5] 1554 9
_OK -Cancel
14 Saskatchewan 8, 228 - 1
15 Alberta 20, 022 21, 256 19,186 15, 775 15, 890
16 Columbia 20, 893 20, 984 18, 842 18, 742 15,738
17 Yukon F az* 113" 93* 99*
18 F & use with caution.
19 F : too uwreliable to be published.
20 Notes:
21 - Estimates are based on the 1996 Census population counts.
22 - 80 km or more.
23 Source: Statistics Canada, CANSTN, table (for fee) 436-0001.
24 Last Modified: 2006-04-06.
25 [ [ [ | \

36 Find information related to this table (CANSTN table(s): Definitions, data sources and methods: The Daily: publications: and

Fig. 59 Units

The user selects the cell “thousands™ and clicks the [OK] button. This causes the text (Units) to
appear as a comment for the cell.

3.(d). Other:

The user can also specify any other kind of augmentations for any cells in the table. For example,
the cells in the rows 21 & 22 with the text— “Estimates are based on the 1996 Census population
counts” and “80 km or more” are special notes for the table. TAT allows users to specify these
kind of additional notes as well. In the Augmentations menu, the user selects the “Other” option
and clicks the [OK] button. The system then displays a pop up to the user and asks the user to

select the cells with any other augmentation (Fig. 60).
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A B c i E F G H I

i Trips by Canadians in Canada, by province and territor
2 (Trips {destination))
= 2000 ‘ 001 2002 ‘ 2003 ‘ 2004
4 Trips (destination) " Footnotes
thousands " Aggregates
2 £ Units
§ |Canada 178, 628 182, 092 187, 890 172, 244 175, 084 & other
T |Newfoundl and 3, 955 3, 902 3,784 3, 236 3,107
Frince oK CANCEL
= EX
8 |Island a7t 966 1.:125 397 911
9 Nova Scotia 7,034 7.0 P i =\
New START
10 Brunswick 4, 794 B, 3] Select cells with any other augmentation and dlick [OK]. To select multiple cells
11 |Quebec 40, 8472 40, 8 whl(harg not adjacent, hold the contral key,
12 [Ontarin 65, 220 67, 1 LsnszLsred
13 Manitoba 6, 542 6,6
14 Saskatchewan 8, 322 8,139 8, 029 7,413 7,451
15 Alberta 20, 022 21, 356 19,186 15, 775 15, 890
16 Columbia 20, 893 20,984 18, 842 16, 742 15, 738
17 [Yukon F 92" 113" a3° ag®

18 ° : use with caution.

19 |[F : too unreliable to be published.

20 NOYES: e rrmrn ]
21 |- Estimates are based on the 1996 Census population counts. !
S e T —
23 Source: Statistics Canada, CANSIN, table (for fee) 426-0001,

24 Last Mndifim‘i: 2006*04*06‘. ‘

25

26 Find information related to this table (CANSTM table(s): Definitions, data sources and methods: The Daily: publications: and r

Fig. 60 Other Augmentations - 1

The user selects the cells in the rows 21 and 22 and clicks the [OK] button. The system displays
another pop up to the user asking to enter any comments for these cells or select any cells which
serve as comments. In the above case, these augmentations appear below the heading “Notes” in
row 20, so the user selects the merged cell “A20”. The “Other” option allows the user to enter any
arbitrary comments that pertain to the whole table by selecting the entire table for the domain of
“Other”.
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A B c D E TiE G H I

1 Trips by Canadians in Canada, by province and territor
2 (Trips (destination)) - —i
z 000 ‘ 001 2002 003 ‘ 2004 Lﬂ
q Trips (destination) " Footnotes
thousands " Aggregates
£ " Units
& |[Canada 178, 628 182, 092 187, 890 172, 244 175,084 & Other
7 Newfoundl and 3,955 3,902 3,784 3,236 3,107
Prince CANCEL
Edward
8 Island 977 3 911 L
9 Nova Scotia 7,034 066
Wew Enker any other camments For the cells selected o click any cell which acts as START
10 |Brunswi cke 4,794 a comment and dlick the [OK] button, 038
11 [Quebec 40,842 L 454
12 Ontario 65, 220 -OK aricel 290
13 Manitoba 6,542 004
14 |Saskat chewan| 8, 222 8,139 8, 029 T.413 7. 451
15 Alberta 20,022 21, 256 18,186 15, 775 15, 890
16 Columbia 20,843 20,984 18,842 18, 742 15, 738
17 [Yukon F 97° 115° 83" 99°
12 F : use with caution.
LORID . roptunveliable  toibe BUBTESHEd. o e s s e e s
20 MOYEST e}
21 - Estimates are based om the 1996 Census population cmmts.
22 |- 80 km or more.
23 Source: Statistics Canada CANSIN. table (for feed 426-0001.
24 Last Modified: Z006-04-08.
25 | | | | |

26 Find information related to this table (CANSIN teblels); Definitions, data sources and methods: The Dail ublications: and

Fig. 61 Other Augmentations - 2

The text: (Other) Notes :( /Other) appears as a comment over the cells. It should be noted that in
all the above cases, if the augmentations need to be overwritten, they have to be deleted first
before adding the new augmentation (footnote, aggregate, units or other) as new augmentations are
just appended to the existing ones. This can be done by right-clicking on the cell and selecting the

“Delete Comment” option from the popup menu.

4. TABLE ANALYSIS:

This is the most important part of the program that actually abstracts the table. It consists of two

stages: Verification (Steps 1-5) and Analysis (Steps 6-11).

4 (a) Verification:

In the first part, TAT checks if the table is well-formed or not. For this the user is first prompted to
click the top-leftmost and the bottom-rightmost delta cells (which will be done automatically in
future versions). The system colors the cells selected by the user in orange and does the following
actions:
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1. Deactivates any hyperlinks present in the cells (because of a direct copy-paste from the web
page) that might cause unnecessary actions when the user clicks those cells.

2. Checks for any empty delta cell in that particular range of delta cells selected by the user. If
there is an empty delta cell, the system colors the empty cell, enters “D?” in the cell and prompts
the user to enter a value for that cell. If the user does not enter any value, the delta cell is given the
value “D?”

3. The system performs the ,,Canonicalization’ process, which splits all the merged cells in the
table and repeats the text across the split cells. The canonicalization process is

restricted to the category and delta cells. For the above table, the process splits the merged cells
with the text “Trips (destination)” & “thousands” and repeats the value/text over the entire span.
The title and caption cells are not split as they were correctly assigned before performing the table
analysis. (Fig. 62)

4. The next action is to form the list-rows for the column and row headers by looping through the
cells above and to the left of the delta cells — categories + sub-categories. The list-row notation is a
simple one- or two-dimensional array notation of the cells.

The list-rows for the current table would be

List-row notation for the column category -

Thousands - Trips (Destination) = 2000
Thousands - Trips (Destination) = 2001
Thousands - Trips (Destination) = 2002
Thousands - Trips (Destination) = 2003
Thousands - Trips (Destination) - 2004

List-row notation for the row category -

Canada
Newfoundland and Labrador
Prince Edward Island
Nova Scotia

New Brunswick
Quebec

Ontario

Manitoba
Saskatchewan
Alberta

British Columbia
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SELECT TITLE
2000 2001 2002 2003 2004

4 Trips Trips Trips Trips Trips SELECT CAPTION
thousands | thousands | thousands | thousands | thousands AUGMENTATIONS
5
T Ep@.mdmd 3,955 3,902 3. 784 3,236 3,107] IGHLIGHT CELLS
rince
ane e |
8 |Island a7y 966 1,125 897 811
9 [Nova Scotia 7,034 7,019 8, 287 7,164 7,066
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10 |Brunswick 4, 794 6,344 6,075 5,613 B, 038 START
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13 |Manitoba 6, 542 6, 621 6, 265 5, 938 6,003
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18 ® : use with caution.

19 F : too unreliable to be published.

20 Notes:

21 - Fstimates are based on the 1996 Census population counts.
22 - 80 km or more.

23 Source: Statistics Cenada, CANSIN, table (for fee) 426-0001.
24 Last lﬂudifiei:l: 2006-04-06.

25 [ [ [ [
Find information related to this table initi

30
31
32
4 4+ ¥ Sheet1 %] [ m 0]

Enter

.-,,' start [ %9 Trips

Fig. 62 Canonicalized Table

5. The list-rows are then checked to determine if the table is well-formed or not. If the system
determines that the table is not well-formed because of repetitions in its headers, it highlights them
in red and gives an appropriate error message. In such a case, the user must correct the table by
manipulating it with Excel operations and then start over from the beginning by clicking the
[START] button. In the current example, the table is well- formed as there are no repetitions of
rows in the list-row arrays. Future versions of TAT will incorporate a more robust check of the

conditions for a well formed table.

4(b) Analysis:

The second stage consists of forming the indented notation for the categories in the table based on

user input.
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6. If the table is well-formed, the system prompts the user to select the top-leftmost and bottom-
rightmost cells of a category. Depending on the location of the clicked category

cells, the system determines if the category has a column-based header (header above the

delta cells) or row-based header (header to the left of delta cells). The system colors the category
cells selected in green. The system then forms the list-row notation for that category alone and
checks for the root of the category tree. The root is repeated through all the rows of the list-row
array as it is canonicalized.

7. If no root is found for the category, then a virtual header is added for the category.

For the above table, since in the list row notation for categories above the delta cells,

“Trips (Destination)” and “thousands” are repeated, either of the two can be the root for

that category. For the category to the left of the delta cells, there is no repetition in the

columns. Hence, it requires a virtual header. The virtual header is a unique string for

every table processed and is “VHxxx” where xxx represents a unique number.

8. The indented notation for that category is formed in a separate sheet in the workbook.

(Fig. 63). Each cell in the indented notation has a comment which refers to the address of that cell
in the original table.

9. The system then prompts asking the user if there are more categories present in the table with a

Yes - No message box. If the user responds Yes then steps 6-8 are repeated.
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A i C D

1 [Indented Notation for Dimension 1 :

2 thousands <

3 Trips (destination) .
g EUUU‘
5 2001‘
) 2002‘
T 2003‘
g 2004
g

10

11 Are there any more categories in the table 7

- Yes MNo

13

14

15

16

Fig. 63 Category Prompt

10. If the user clicks the No button, the system displays the table along with all the indented
notation sheets arranged in tiles. The user has the chance to correct the indented notation if
necessary.

11. The user can now check if the table has been interpreted correctly by looking for the category
cells associated with a single delta cell and the delta cells associated with a single category or sub-
category by clicking the [HIGHLIGHT CELLS] button.

5. HIGHLIGHT CELLS & INDENTED NOTATION

5 (a). Highlight Cells

After the table has been abstracted, the system displays the indented notation of the trees along
with the table (Fig. 64). If the user clicks the [HIGHLIGHT CELLS] button and clicks a delta cell,
the system highlights all the category cells associated with it in red. The button text changes to
“STOP HIGHLIGHTING”.
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A B & D E F A B C
Trips by Canadians in Canada, by province and territor
(Trips (destination))

Indented Notation for Dimension 2

VH1111 154356

1

2

3 ICanada 1
4 Newfoundland and Labrador
5 Prince Edward Island i
& Nova Scotia

T New Brunswick

8

Canada 178,628 182, 092 187, 890 172, 244 Guebec i
9 Ontario :
Newfoundland 10 Manitoba i
and Labrador 3,955 3,902 3,784 3,238 3.1079 11 Saskatchewan
Prince 1z Alberta b,
B dward 977 966 1,135 897 917 13 British Columbia b
7,034 7,019 8, 287 7,164 7,068 14 Tukon Territory/Northwest Terr:
New 15
Brunswick 4,794 b, 344 6,075 5,613 5, 03¢ 16
il
SE::; gg g;g g? fgg 33 ggg g; fég gg gg; i 4 v W] Tndented Nomton i | Indented_Notation 2 ] e— |
Nani toba 5. 542 5. 671 5. 965 5. 938 5. 00¢| %l TAT addr_comments V_OCT28.xs:1 [Last saved by user] [Compatibility Mode] -
Saskat chewan 8,222 8,139 8,029 7.413 7,457 A B C D
Alberta 20,022 21,556 19,186 15,775 15,89(| 1 Indented Notation for Dimension 1 P
Z ap—— - . — thousands Hl
Bratich 3 [able Abstra.. BM, x| Trips (destination) il
g‘jig:bia 20, 893 20, 984 18, 842 16,742 15, 738 é e ggg%
Terri tory/Ha|F gt 113° g3t ay® 5 2002
= . . 7 SELECT CARTION 2003
: use with caution. ~
F : too unreliable to be publiched. 8 2004
Notes: 9 AUGMENTATIONS

— Estimates are based on the 1896 Census population counts. 10
11 TABLE ANALYSIS
— 80 ko or more.

Source: Statistics Canada. CANSIN. table (for fee) 426-0001. i3

Fig. 64 TAT Highlighting Category Cells

In Figure 64, the system highlights all the category cells associated with a delta cell in red and
highlights the delta cell selected itself in gray. The Indented Notations for the above table are also
arranged in the form of tiles as shown in the above Figure. On clicking a category/sub-category
cell, the system highlights the entire set of delta cells associated with it (Fig. 65). In Figure 65, the
user selected sub-category 2001.
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Fig. 65 TAT Highlighting Delta Cells associated with a category

The system can also highlight a specific delta cell covered by two categories. If the user clicks a
column-based category/sub-category cell followed by a row-based category/sub-category cell, the
system highlights a specific delta cell covered by the categories (Fig. 66). The same cell is
highlighted even if the user selects the row-based category/sub-category cell first followed by the

column-based category/sub-category cell.
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Fig. 66 TAT Highlighting one delta cell associated with two categories

In the above case, the user chose the column-based sub-category “2001° and the horizontal sub-
category “Manitoba”. The delta cell associated with these sub-categories is highlighted in green.
To stop the highlighting process, the user should click the [STOP HIGHLIGHTING] button.

5 (b) Indented Notation

The advantage of TAT over WNT is that the corrections to the indented notation can be made by
directly using Excel operations instead of MATLAB. The user can make all the changes which
were allowed in WNT. The user can re-arrange the cells or delete any empty rows or columns
between the cells. An important point is that the highlighting is done looking at the indented
notation. So, if the user makes any changes to the contents of the indented notation with text that is
not present in the table, then the system displays an error message (Fig. 67).
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Fig. 67 TAT Indented Notation Error

In the above screenshot it can be seen in the bottom right corner i.e. Indented Notation for
Dimension 1 that the year “2000” has been changed to “NONE”. When a delta cell —=“B11”
corresponding to the subcategory “2000” is selected to view the highlighting, the system displays
an appropriate error message. The error can be corrected by changing the corresponding text in the
table i.e., “2000” in cell “B3” to “NONE” or by changing the text in cell “D4” in the sheet
“Indented Notation 17 to “2000” again.

6. GENERATE XML :

Clicking this button generates the XML notation for the table based on its indented notation. The
XML filename contains the time stamp of the process. TAT creates the XML file in the same
folder as the Excel Workbook. TAT also creates a log file with the name containing the time stamp

of the process in the same folder. It records the time taken by the user for each action and the idle
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time between successive actions. To change the path, please look at the createxml & Writelog

procedures in the source code, which can be viewed in the Visual Basic Editor.

I11. TRANSFORMATIONS ON TABLES FOR PROCESSING:

There are three most commonly occurring templates of table layouts which TAT cannot process.

They are shown below:

Al A2

Stub Bl B2 Bl B2
X

C1l XX XX XX XX
C2 XX XX XX XX
Y

C1 XX XX XX XX
C2 XX XX XX XX

Fig. 68 Template Table 1

Template Table 1 is a 4 category table:
Category 1- Virtual headerl (root) — Al, A2
Category 2- Virtual header2 (root) — B1, B2
Category 3- Virtual header3 (root) — X, Y
Category 3- Virtual header4 (root) — C1, C2

This template cannot be processed by TAT as X and Y which are sub-categories of the same

category are not contiguous and have sub-categories of another category between them.

Al A2
Stub Bl B2 Bl B2
X XX XX XX XX

C1 XX XX XX XX
C2 XX XX XX XX
Y XX XX XX XX
C3 XX XX XX XX
C4 XX XX XX XX

Fig. 69 Template Table 2
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Template Table 2 is a 3 category table.

Category 1- Virtual headerl (root) : Al, A2

Category 2- Virtual header2 (root) : B1, B2

Category 3 -Virtual header3 (root) : X: X, C1, C2; Y:Y,C3,C4

Note: In category 3, X and Y are sub-categories which have their own sub-categories. Also,

generally, X and Y are aggregates.

In Template Table 2, we need a virtual header for X and Y. Also, X is the parent node of C1 and
C2 while Y is the parent node of C3 and C4. This relationship between the sub-categories is
expressed in the form of format changes like bold and italics which are not preserved by Microsoft
Excel cannot be interpreted by TAT correctly.

Al
swb |B1  |[B2 [B3 |B4
X

c1 [ XX XX XX XX
c2  [xx XX XX XX Table 1
Y
c3 [ xx XX XX XX
C4 [ xx XX XX XX Table 2

Fig. 70 Template Table 3

Template Table 3 is actually a concatenation of two tables. This is also a very commonly found
template for tables where related tables are concatenated for presenting a complete picture.

However, logically these tables should be defined as two (or more) separate tables.

In order to make these tables “TAT-friendly”, a few transformations on the tables need to be
performed. These transformations preserve the logical structure of the table. For transformations

on real tables, please refer to section 2.8.2 in the thesis.
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Appendix B: Sample Log File

Figure 71 shows a sample log file.

Action Start Time End Time | 2o Dlapsed| Idie Time
(sec) (sec)

Pre-Process Table 54644 PM 54802 PM T8 0

Title 54802 PM 5:48:04 PM 2 0

Caption 5:48:04 PM 5:48:06 PM 2 0

Augmentation 54806 PM 54809 PM 3 0

Units 5:48:09 PM 5:48:10 PM 1 3

Cells with Augmentation | < 0 13pyM | 54817 PM 4 0

reference

Cells with Augmentation | 510 10p\f | 54818 PM 1 5
citation

Aggregate selection 54823 PM 54824 PM 1 0

Aggregate cells selection 54824 PM 54828 PM 4 3

Delta Cells selection +
Check for Well Defined 54831 PM 54833 PM 2 3
table

Category- 1 54836 PM 54837 PM 1 3

Category- 2 54840 PM 54846 PM 6 2

Category- 3 54848 PM 5:48-50 PM 2 1

Highlighting 54851 PM 5:48:54 PM 3 0

Generate XML 5:48:54 PM 5:48:55 PM 1

Fig. 71 Sample Log File

Figure 71 shows an example log file. Each row in the table corresponds to a particular action
described in the first column. The “Start Time’ for the action is displayed in the second column.
The third column displays the ‘End Time’ for the action. The difference between End Time and
Start Time is the total time for the action indicated by ‘Time Elapsed (sec)’ in the fourth column.
‘Idle Time (Sec)’ is the time between two consecutive actions when the user does not interact with
the system. This is interpreted as the preparation time for the next action to be performed by the
user. For example, the ninth entry in the log indicates that after selecting the aggregate cells in the

table, the user was idle for about three seconds before selecting the delta cells. The original display
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format for Start Time and End Time is mm/dd/yyyy hh:mm, which has been modified in the Figure
to show that the calculation of Time Elapsed and Idle time is indeed correct.

Excel stores all dates as integers and all times as decimal fractions. With this system, Excel can
add, subtract, or compare dates and times just like any other numbers, and all dates are
manipulated by using this system. In this system, the serial number 1 represents 1/1/1900 12:00:00
a.m. Times are stored as decimal numbers between .0 and .99999, where .0 is 00:00:00 and .99999
is 23:59:59. The date integers and time decimal fractions can be combined to create numbers that
have a decimal and an integer portion. For example, the number 39883.740787037 corresponds to
the date 3/11/2009 17:46 which is the entry for Start Time in the table for the Pre-Process Table
action. It is modified and displayed as 5:46:44 PM. Similarly, for the same action, the End Time
3/11/2009 17:48 is displayed as 5:48:02 PM and it corresponds to 39883.7416898148. To obtain
the Time Elapsed in seconds, the decimal point value of these numbers is multiplied by 86400 and
the difference between these values is computed (86400 x (0.7416898148 - 0.740787037) = 78).
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Appendix C: List of Table URLS

The following table presents the list of URLSs of tables used in the experiment

Table 15 - List of Table URLSs

Sno. Table Table URL
Average incarceration sentence _ . . .
1 length imposed, by offense, 1993 http://www.ojp.usdoj.gov/bjs/dtdata.htm#Federal
Persons entitled to vote, votes
9 cast and percentage voter http://www.ssb.no/stortingsvalg_en/tab-2005-10-27-01-
turnout. Storting elections 1945- en.html
2005
http://web.worldbank.org/WBSITE/EXTERNAL/DAT
3 World Aariculture ASTATISTICS/0,,contentMDK:20390020~menuPK:11
g 92714~pagePK:64133150~piPK:64133175~theSitePK:
239419~isCURL.:Y,00.html
4 Marrlageietm t%rr(;/vmce and http://www40.statcan.ca/l01/cst01/famil04-eng.htm
Parole or supervised release
5 termln_atlng_wnh_ a new crime or http://www.ojp.usdoj.gov/bjs/dtdata.htm#Federal
technical violation, by original
offense, 1993
5 Capacity Utilization of Coal http://www.eia.doe.gov/cneaf/coal/page/acr/table12.htm
Mines by State, 2007, 2006 I
7 Deaths by transport accidents. http://www.ssb.no/dodsarsak_en/tab-2008-06-27-16-
2006 en.html
Statistical Project Database http://ddp-
8 Essential Public Health ext.worldbank.org/ext/CSIDB/getProjectinfoXML?id=
Functions 90993&format=project
9 Largest Seaports in the world http://www.geohive.com/charts/ec_seaportl.aspx
10 Global Economy: Exports http://www.geohive.com/charts/ec_exim1.aspx
11 Under-Five Mortality Rate http://www1.lanic.utexas.edu/la/region/aid/aid98/health
/tab2.html
Table 3. Reported Voting and
Registration, by Race, Hispanic . . .
12 Origin, and Age, for the United http://www.census.gov/population/www/socdemo/votin

States, Regions, and Divisions:
November 2006

g/cps2006.html
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http://www.ojp.usdoj.gov/bjs/dtdata.htm#Federal
http://www.ssb.no/stortingsvalg_en/tab-2005-10-27-01-en.html
http://www.ssb.no/stortingsvalg_en/tab-2005-10-27-01-en.html
http://web.worldbank.org/WBSITE/EXTERNAL/DATASTATISTICS/0,,contentMDK:20390020~menuPK:1192714~pagePK:64133150~piPK:64133175~theSitePK:239419~isCURL:Y,00.html
http://web.worldbank.org/WBSITE/EXTERNAL/DATASTATISTICS/0,,contentMDK:20390020~menuPK:1192714~pagePK:64133150~piPK:64133175~theSitePK:239419~isCURL:Y,00.html
http://web.worldbank.org/WBSITE/EXTERNAL/DATASTATISTICS/0,,contentMDK:20390020~menuPK:1192714~pagePK:64133150~piPK:64133175~theSitePK:239419~isCURL:Y,00.html
http://web.worldbank.org/WBSITE/EXTERNAL/DATASTATISTICS/0,,contentMDK:20390020~menuPK:1192714~pagePK:64133150~piPK:64133175~theSitePK:239419~isCURL:Y,00.html
http://www40.statcan.ca/l01/cst01/famil04-eng.htm
http://www.ojp.usdoj.gov/bjs/dtdata.htm#Federal
http://www.eia.doe.gov/cneaf/coal/page/acr/table12.html
http://www.eia.doe.gov/cneaf/coal/page/acr/table12.html
http://www.ssb.no/dodsarsak_en/tab-2008-06-27-16-en.html
http://www.ssb.no/dodsarsak_en/tab-2008-06-27-16-en.html
http://ddp-ext.worldbank.org/ext/CSIDB/getProjectInfoXML?id=90993&format=project
http://ddp-ext.worldbank.org/ext/CSIDB/getProjectInfoXML?id=90993&format=project
http://ddp-ext.worldbank.org/ext/CSIDB/getProjectInfoXML?id=90993&format=project
http://www.geohive.com/charts/ec_seaport1.aspx
http://www.geohive.com/charts/ec_exim1.aspx
http://www1.lanic.utexas.edu/la/region/aid/aid98/health/tab2.html
http://www1.lanic.utexas.edu/la/region/aid/aid98/health/tab2.html
http://www.census.gov/population/www/socdemo/voting/cps2006.html
http://www.census.gov/population/www/socdemo/voting/cps2006.html

U.S. Coal Production by Coal-

http://www.eia.doe.gov/cneaf/coal/page/acr/tables2.htm

13 Producing Region and State, |
2006-2007
Probation supervisions
terminating with a new crime or ) . . .
14 technical violation, by offender http://www.ojp.usdoj.gov/bjs/dtdata.htm#Federal
characteristics, 1993
15 World : Barley Production http://www.geohive.com/earth/ag_barley.aspx
16 | Court youth cases by decision, http://www40.statcan.ca/l01/cst01/legal24d-eng.htm
by province and territory
Table S3: State Homicide ) i . .
17 Victimization Rates, Ages 14-17 http://www.ojp.usdoj.gov/bjs/dtdata.htm#State
Middle East and North Africa: http://web.worldbank.org/WBSITE/EXTERNAL/EXT
18 World Bank Commitments, ABOUTUS/EXTANNREP/EXTANNREP2K8/0,,conte
Disbursements, and Net ntMDK:21919785~menuPK:5405451~pagePK:641684
Transfers | Fiscal 2003—2008 45~piPK:64168309~theSitePK:5164354,00.html
19 Producer price index, services http://www40.statcan.ca/l01/cst01/econ145f-eng.htm
Underground Coal Production
20 by State and Mining Method, http://www.eia.doe.gov/cneaf/coal/page/acr/table3.html
2007
Infant Mortality Rate - Latin http://www1.lanic.utexas.edu/la/region/aid/aid98/health
21 :
America /tabl.html
Storting Election 2005. Valid
99 votes, seats and mean valid votes | http://www.ssh.no/stortingsvalg_en/tab-2005-10-27-21-
per seats. Storting elections en.html
1989-2005
23 top20 cities http://www.geohive.com/charts/cy_notagg.aspx
24 Poultry http://www40.statcan.ca/l01/cst01/prim55d-eng.htm
Recoverable Coal Reserves and
Average Recovery Percentage at ) .
o5 Producing U.S. Mines by Mine http.//www.e|a.doe.gov/cne?f/coallpage/acr/tabIel7.htm
Production Range and Mine
Type, 2007
Live births and late foetal deaths. )
26 1951-2007 http://lwww.ssb.no/fodte_en/tab-2008-04-09-01-en.html
Deaths of underlying cause of
97 death, by place of death. Per http://www.ssb.no/dodsarsak_en/tab-2008-06-27-19-

cent. 20061 (New table 24
September 2008)

en.html
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http://www.eia.doe.gov/cneaf/coal/page/acr/tables2.html
http://www.eia.doe.gov/cneaf/coal/page/acr/tables2.html
http://www.ojp.usdoj.gov/bjs/dtdata.htm#Federal
http://www.geohive.com/earth/ag_barley.aspx
http://www40.statcan.ca/l01/cst01/legal24d-eng.htm
http://www.ojp.usdoj.gov/bjs/dtdata.htm#State
http://web.worldbank.org/WBSITE/EXTERNAL/EXTABOUTUS/EXTANNREP/EXTANNREP2K8/0,,contentMDK:21919785~menuPK:5405451~pagePK:64168445~piPK:64168309~theSitePK:5164354,00.html
http://web.worldbank.org/WBSITE/EXTERNAL/EXTABOUTUS/EXTANNREP/EXTANNREP2K8/0,,contentMDK:21919785~menuPK:5405451~pagePK:64168445~piPK:64168309~theSitePK:5164354,00.html
http://web.worldbank.org/WBSITE/EXTERNAL/EXTABOUTUS/EXTANNREP/EXTANNREP2K8/0,,contentMDK:21919785~menuPK:5405451~pagePK:64168445~piPK:64168309~theSitePK:5164354,00.html
http://web.worldbank.org/WBSITE/EXTERNAL/EXTABOUTUS/EXTANNREP/EXTANNREP2K8/0,,contentMDK:21919785~menuPK:5405451~pagePK:64168445~piPK:64168309~theSitePK:5164354,00.html
http://www40.statcan.ca/l01/cst01/econ145f-eng.htm
http://www.eia.doe.gov/cneaf/coal/page/acr/table3.html
http://www1.lanic.utexas.edu/la/region/aid/aid98/health/tab1.html
http://www1.lanic.utexas.edu/la/region/aid/aid98/health/tab1.html
http://www.ssb.no/stortingsvalg_en/tab-2005-10-27-21-en.html
http://www.ssb.no/stortingsvalg_en/tab-2005-10-27-21-en.html
http://www.geohive.com/charts/cy_notagg.aspx
http://www40.statcan.ca/l01/cst01/prim55d-eng.htm
http://www.eia.doe.gov/cneaf/coal/page/acr/table17.html
http://www.eia.doe.gov/cneaf/coal/page/acr/table17.html
http://www.ssb.no/fodte_en/tab-2008-04-09-01-en.html
http://www.ssb.no/dodsarsak_en/tab-2008-06-27-19-en.html
http://www.ssb.no/dodsarsak_en/tab-2008-06-27-19-en.html

Reported Voting and
Registration, by Race, Hispanic

http://www.census.gov/population/www/socdemo/votin

28 Origin, Sex, and Age, for the g/cps2006.html
United States: November 2006
29 Forest fires a_nd forest Ian_d http://www40.statcan.ca/l01/cst01/envir02a-eng.htm
burned, by province and territory
30 cntyfed.xls http://www.ojp.usdoj.gov/bjs/dtdata.htm#County
31 Virus- Disease http://www.cdc.gov/ncidod/dvrd/spb/mnpages/dispages
/arena.htm
Europe and Central Asia: World | http://web.worldbank.org/WBSITE/EXTERNAL/EXT
30 Bank Commitments, ABOUTUS/EXTANNREP/EXTANNREP2K8/0,,conte
Disbursements, and Net ntMDK:21919785~menuPK:5405451~pagePK:641684
Transfers | Fiscal 2003—2008 45~piPK:64168309~theSitePK:5164354,00.html
Coal Production and Coalbed
33 Thickness by Major Coalbeds | http://www.eia.doe.gov/cneaf/coal/page/acr/table5.html
and Mine Type, 2007
34 Private and pl.Jb“C capital http://www40.statcan.ca/l01/cst01/econl7-eng.htm
expenditures
Reported Voting and . . :
35 Registration, by Sex and Single http.//www.census.go/\(/:/psoz%%lgt;]ct)rr;]/;/vww/socdemo/votln
Years of Age: November 2006 giep '
Local governments, financial
36 | assets and liabilities, by province http://www40.statcan.ca/l01/cst01/govt40a-eng.htm
and territory
37 Trips by_Canadlans n Canada, http://www40.statcan.ca/l01/cst01/arts26a-eng.htm
by province and territory.mht
38 Deaths by accidents. 2006 1 http://www.ssb.no/dodzﬁrf]?rl;_len/tab-2008-06-27-15-
39 Global internet and PC use http://www.geohive.com/earth/ec_inet.aspx
40 Poverty Indicators: El Salvador http://www1.lanic.utexas.edu/la/region/aid/aid98/povert
y/tab6.html
41 Poverty Indicators: Honduras http://www1.lanic.utexas.edu/la/region/aid/aid98/povert
y/tab6.html
42 Poverty Indicators: Peru http://www1.lanic.utexas.edu/la/region/aid/aid98/povert
y/tab6.html
43 Restaurants. Sales1. Period. http://www.ssb.no/servering_en/tab-2001-10-08-01-
Million kroner en.html
44 Infant deaths. County. 1991- http://www.ssb.no/dodsarsak_en/tab-2008-06-27-05-
2006 en.html
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http://www.census.gov/population/www/socdemo/voting/cps2006.html
http://www.census.gov/population/www/socdemo/voting/cps2006.html
http://www40.statcan.ca/l01/cst01/envir02a-eng.htm
http://www.ojp.usdoj.gov/bjs/dtdata.htm#County
http://www.cdc.gov/ncidod/dvrd/spb/mnpages/dispages/arena.htm
http://www.cdc.gov/ncidod/dvrd/spb/mnpages/dispages/arena.htm
http://web.worldbank.org/WBSITE/EXTERNAL/EXTABOUTUS/EXTANNREP/EXTANNREP2K8/0,,contentMDK:21919785~menuPK:5405451~pagePK:64168445~piPK:64168309~theSitePK:5164354,00.html
http://web.worldbank.org/WBSITE/EXTERNAL/EXTABOUTUS/EXTANNREP/EXTANNREP2K8/0,,contentMDK:21919785~menuPK:5405451~pagePK:64168445~piPK:64168309~theSitePK:5164354,00.html
http://web.worldbank.org/WBSITE/EXTERNAL/EXTABOUTUS/EXTANNREP/EXTANNREP2K8/0,,contentMDK:21919785~menuPK:5405451~pagePK:64168445~piPK:64168309~theSitePK:5164354,00.html
http://web.worldbank.org/WBSITE/EXTERNAL/EXTABOUTUS/EXTANNREP/EXTANNREP2K8/0,,contentMDK:21919785~menuPK:5405451~pagePK:64168445~piPK:64168309~theSitePK:5164354,00.html
http://www.eia.doe.gov/cneaf/coal/page/acr/table5.html
http://www40.statcan.ca/l01/cst01/econ17-eng.htm
http://www.census.gov/population/www/socdemo/voting/cps2006.html
http://www.census.gov/population/www/socdemo/voting/cps2006.html
http://www40.statcan.ca/l01/cst01/govt40a-eng.htm
http://www40.statcan.ca/l01/cst01/arts26a-eng.htm
http://www.ssb.no/dodsarsak_en/tab-2008-06-27-15-en.html
http://www.ssb.no/dodsarsak_en/tab-2008-06-27-15-en.html
http://www.geohive.com/earth/ec_inet.aspx
http://www1.lanic.utexas.edu/la/region/aid/aid98/poverty/tab6.html
http://www1.lanic.utexas.edu/la/region/aid/aid98/poverty/tab6.html
http://www1.lanic.utexas.edu/la/region/aid/aid98/poverty/tab6.html
http://www1.lanic.utexas.edu/la/region/aid/aid98/poverty/tab6.html
http://www1.lanic.utexas.edu/la/region/aid/aid98/poverty/tab6.html
http://www1.lanic.utexas.edu/la/region/aid/aid98/poverty/tab6.html
http://www.ssb.no/servering_en/tab-2001-10-08-01-en.html
http://www.ssb.no/servering_en/tab-2001-10-08-01-en.html
http://www.ssb.no/dodsarsak_en/tab-2008-06-27-05-en.html
http://www.ssb.no/dodsarsak_en/tab-2008-06-27-05-en.html

45

Reported Voting and
Registration, by Race, Hispanic
Origin, Duration of Residence,

and Tenure: November 2006

http://www.census.gov/population/www/socdemo/votin
g/cps2006.html

46

Data Collection

Query Result from- www.worldbank.org

47

Adopters and non-adopters of e-
procurement in Singapore: An
empirical study ... Factor
Analysis

http://www.sciencedirect.com/science?_ob=ArticleUR
L& udi=B6VC4-4V17CWT7-
1& user=659639&_coverDate=10%2F31%2F2009& _a
[id=879602068& _rdoc=2&_fmt=high& orig=search&
_cdi=5944& sort=d&_docanchor=&view=c& _ct=2502
68& _acct=C000035878&_version=1&_urlVersion=0&
_userid=659639&md5=63b5e4dddf7b939456dc26b034
2fc9a0

48

Correlation Matrix

http://www.sciencedirect.com/science?_ob=ArticleUR
L& udi=B6VC4-4V17CWT7-
1& user=659639& coverDate=10%2F31%2F2009& a
lid=879602068& rdoc=2& _ fmt=high& orig=search&
_cdi=5944& _sort=d&_docanchor=&view=c& _ct=2502
68& acct=C000035878& version=1& _urlVersion=0&
_userid=659639&md5=63b5e4dddf7b939456dc26b034
2fc9a0

49

Demographic profile of the
respondent companies

http://www.sciencedirect.com/science?_ob=ArticleUR
L& udi=B6VC4-4V17CWT7-

1& user=659639& coverDate=10%2F31%2F2009& a

lid=879602068& rdoc=2& _ fmt=high& orig=search&

_cdi=5944& _sort=d&_docanchor=&view=c& _ct=2502

68& acct=C000035878& version=1& _urlVersion=0&

_userid=659639&md5=63b5e4dddf7b939456dc26b034

2fc9a0

50

Characteristics of e-procurement
activities

http://lwww.sciencedirect.com/science?_ob=ArticleUR
L& udi=B6VC4-4V17CW7-

1& user=659639& _coverDate=10%2F31%2F2009& a
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