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Figure: Dataframe Tables The Attachment stage attaches a rectangle r, to the 2 retump
preceding rectangle r; as a child if r, > r,, and the header
row of r; remains as the header of the new rectangle

Input: HTML tables converted from PDF documents (A separate open research problem)
Output: Tuples containing the semantics of each body cell

Unaudited (Canadian dollars in millions) Comprehensive Income (loss) Shareholders of Air Canada Six months ended June 30 2015 S774
attributable to:

Unaudited (Canadian dollars in millions) Comprehensive Income (loss) Total comprehensive Income Six months ended June 30 2015 $776

ReMine Example

: . . . ReMine starts with each row as a rectangle. O ASSETS
In practice, semantic hierarchy of row headers is the most complex! : ® curren
Iteration 1 Combination: ? Cash and cash equivalents
(4) Short-term investments
M|n|ma| reCtangleS row 3-17 (® Total cash, cash equivalents and short-term investments
] . ] ) ® estricted cash
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Row header semantics hierarchy: similarly, we have Rect(6, 10), Rect(12, 16) s wlnen
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The result is a tree (left) . | :'“‘:”'30 - Iteration 2 Attachment: Rect(2,4) continues to consume Rect(5) becoming Rect(2,5)

1 . - - naudite Table Header eptember 30,

Fragmentation: non-consecutive children (Canadian dolers in milione) 2015 Iterations 3 & 4 are similar to Iteration 2: Rect(2,5) further consumes Rect(6,10) and Rect(11)
(1) has children (2), and (12) to (17). (?"@ i e e —— . At the end of Iteration 4, Rect(2,11) has feature isEndedSection and stops taking children
Fragmented -predICtlons; - dlffICUIty N \ | tTo‘?;[:::ut;er:;;:ueeszrilzlr:ritsand short-term investments ili}z ‘ Iteration 5: ReCt(Z’ 11) iS attaChed to ReCt(l)
detecting section boundaries; needs post- | | | i i _
processing eviaedes =21 Iteration 6: Rect(1,11) consumes Rect(12,16)

Pair-local Features: can only Utilize fEatUres || | | aoweomantsmtes mentor o1 Iteration 7: Rect(17) is attached to Rect(1,16)

Iocal tO the pa”- ItSG'f @ - Prlepaidexpensesand other current assets 4222 1

_ _ |\ el ] 380 |
(11) and (12) has almost identical features N e F— o
(11) is a child of (2), (12) is not R it 243 .
: ntanglllznle assets Row Header Data 310
Correct prediction involves properly \ e otherassets - EX p erimen tS an d Res u ItS
inferring the boundary of section headed A@frewlasses s s
by (2) Financial Tables Dataset ICDAR 2013 Dataset
Systems Direct Transitive Direct Transitive
Our approach: Rectangle Mining P R FI P R F1 P R F1 P R F1
SVM 7627 62.03 6842 7627 50.68 60.89 | 54.60 47.30 50.72 4186 4337 42.60
Shown on the right RIPPER 7840 4827 59.74 8131 47.15 59.69 | 9231 3636 5217 87.61 3640 5143
REMINE 8245 8584 84.11 8630 89.56 87.90 | 9143 8649 88.89 85838 8795 86.90

Row (1) Is the header of the blue rectangle; row (2) heads the green one.
TABLE II: Leave-one-company-out cross validation results. Section III defines Direct and Transitive evaluation schemes.

Makes decisions based on contiguous blocks of cells (i.e., rectangles)

: : : ] Datasets
Contiguous blocks of cells are assigned to a parent in one shot (no fragmentation) e T Dataset Feature Name Pair-wise REMINE  Ablation
Features global within a rectangle become available (no pair-local decisions) _ _ Single-row Features (local)
2015 Q3 financial statements of 6 Boldness v v 85.36
- Indentation v v 83.73
companies Blankness v v 87.90
72 tables; manually labeled Cgpitaliziiiog ? j gg-gg
- 1SdectionkHeader .
Rectangle Mining (ReMine) cemantes A S
We publicly release the annotated Row-pair Features (local)

Rectangle Features and Feature Partial Order dataset isTotalRowPair / NA N

ICDAR 2013 Table Competition Dataset ~ Rectangle Features (global)

isEndedSection N/A v 86.21
Assumption 1. All the cells semantically headed (explained) by a single cell form a contiguous Only 7 tables exhibit non-trivial row isEmptySection N/A v 54.3
rectangular region, defined as the support rectangle of that cell. hierarchy structures TABLE III: Feature set comparison and features ablation results on
: : i i : - the Financial Table dataset. A feature is used (v*) or not applicable
ReMine mines all interesting rectangles (support rectangle of some cell). A rectangle is Experimental Results to the system (N/A). Feature ablation is conducted on REMINE and
represented as a vector features ¢(r) = . Results shown in Table I indicates Transitive F1,
Deo:‘ln_ltlon 1. A partial order < defined on the feature space & is called a feature partial Baseline methods
ordering.

. _ A SVM pair-wise classifier trained to predict parent-child relations
Intuitively, < i1s a comparator that returns one of {>, <, =, non-comparable}. ¢;>¢p, means the

header row of rectangle r; tends to semantically head r, RIPPER, which learns rules of logical expressions of features, and Is more transparent

(explainable) than SVM

In this work, ReMine works with only a few intuitive features: _ _
Evaluation Metrics

Two rectangle-wise global features: iIsEndedSection, ISEmptySection _ o _ _ _
Direct: Used in literature and evaluates only direct parent-child relations

In the future: more sophisticated features; data-driven feature learning | le tabl 1 has 8 direct children {2, 11-17}
n example table, row | | , 11-

. . Transitive: Our proposal, where all descendants are counted during evaluation
IsEndedSection: Rectangles headed by Prop g

Single-row Features (local) | Rectangle Features (global) a section header row and terminated In example table, row 1 has 16 descendants {2-17}

Feature Name  Order | Feature Name  Order by a paired total row (e.g. Rectangle Intuition: mistakes on certain relations are more costly in understanding the entire
I T F | EndedSecton T < F of rows 2-11 in the example table) table semantics. E.g. failing to predict row 2 as a child of row 1
Indentation G <L | isEmptySection T > F ISEmptySection: Rectangles of only one Feature Ablation
Blankness T <F row, a section header defined by Sh i Table 11

Capitalization T - F isSectionHeader (e.g. Rectangle of only owh Infabie

isSectionHeader T > F row 1) When removing both rectangle features, transitive F1 decreases to 82% (down 5%)
1sTotalRow See text

A For the order on isTotalRow, < always Error Analysis
TABLE 1: Features and Feature Partial Order used in REMINE. _ _ o _
return non-comparable so that a total Hand-crafted feature partial order: lacks the flexibility to account for outliers.

For the partial order, “I”’ means the feature i1s true while “F”
indicates false. For numeric features such as indentation, “G” means
greater value while “L” means less.

row cannot take children. Otherwise,
when considered as child candidate,

the feature isTotalRow is ignored The extraction of certain complex features such as isTotalRow and isTotalRowPalir

capitalized acronyms (“EBITDA”) trigger the Capitalization feature
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