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“Operational Research Group” at Groupe Crédit Agricole = internal Al consultancy team.
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“Operational Research Group” at Groupe Crédit Agricole = internal Al consultancy team.

The Corporate and Investment Banking branch of (the) bank(s) has stakes in (very big)
corporations, e.g. through bonds, shares.

Banking industry <= quantifying the risk / reward balance of an operation.

Traditional default risk + many (new) types of risk, among which emerging Environmental,
Societal and Governance (ESG) risks.

» Default risk: higher carbon costs, stranded assets, . ..

> Risks to reputation: funding brown and / or shady businesses
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Corporations disclose “extra-financial” (ESG and/or CSR) reports.

Example of such a report:
https://www.cotecorp.com/Groupe_PSA_2019_CSR_Report.pdf.
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Problem setting: ESG reports analysis

Corporations disclose “extra-financial” (ESG and/or CSR) reports.
Example of such a report:
https://www.cotecorp.com/Groupe_PSA_2019_CSR_Report.pdf.
Dedicated ESG teams at major CIB banks to:

» Analyze these reports;

» Detect potential issues;

» Detect commitments.

> .
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Corporations disclose “extra-financial” (ESG and/or CSR) reports.
Example of such a report:
https://www.cotecorp.com/Groupe_PSA_2019_CSR_Report.pdf.
Dedicated ESG teams at major CIB banks to:

» Analyze these reports;

» Detect potential issues;

» Detect commitments.
> .

Discrepancy between:

» Analysts’ available time (up to 4000 reports to analyze per year);
» Size of the reports (308 pages in this example);

» Proportion of useful information.
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Problem setting: ClimLL dataset

Data model

Organisation

Makes HasActivity IsRelatedTo

Commitment level Coal Activity Location

Recognizes

Environmental Social Social Official
Issues Issues Texts
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Descriptive statistics
» 7,500 sentences from 372 paragraphs (280 into training - 92 into test set);
» All paragraphs from a given report belong to the same split;
» In total, 28,751 entities and 5,864 relations from 31 ESG reports.
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Of Makes Of
In addition to monitoring rainwater, [...], the company reuses water.
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X In addition to monitoring rainwater. ..
—_—

y Commitment Environmental Issue
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Related work: Natural Language Processing

X In addition to monitoring rainwater. ..
—_—

y Commitment Environmental Issue
Vocabulary: 0: Addition 4: On
(after tokenization) 1: In 5: Rain##

2: #+ing 6: To
f = minfey L(F(x),y). 3: Monitor## 7: #Fwater
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Related work: Natural Language Processing

X

y

Vocabulary:
(after tokenization)

f = mingey L(F(x),y).

Addition
To
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» No proximity between words (everything equidistant);
» The representation can, even after tokenization, be high-dimensional;
» The representation is not context-dependent.
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Related work: Transformers

» No proximity between words (everything equidistant);
» The representation can, even after tokenization, be high-dimensional;

» The representation is not context-dependent.
» Solution: make use of the Transformer [3] neural network architecture, associated with
“pre-training” on a large vocabulary, e.g. BERT [1].

Cwe ] Cwo ] g (ws ]
to vocab +
softmax
Classification Layer: Fully-connected layer + GELU + Norm )
B

Transformer encoder

Embedding
W2 w3 Wi Ws

W1
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NER & RE Pipeline: Named Entity Recognition

A two-stage procedure:

Stage 1: perform Named Entity Recognition.
In practice, a simple classifier after BERT representation.

encoder
representations

embeddings

WordPunct
subtokens

original
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Stage 2: perform Relation Extraction on pairs of true entities.

In practice, a simple classifier after concatenating the average BERT representations of each
pair of entities.

Pool Pool Pool
A A T A A _Jﬁ
|
BERT

5000000 0bs
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NER & RE Pipeline

Wrapping up & predicting:
1. Predict entities
2. Predict relations based on predicted entities

A
----------------------------------
A

BERT transfo rtrn;a.d Entity classifier MRE
TenEr s I'ED‘TZSFI:SFZ o"8 (Neural network) [lrepresentation Model

» Subject to compound error
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Joint NER & RE

SpERT [2] “blends” entity recognition & relation extraction

(c) relation
classification

(b) span x
filtering (no entity)

(a) span
classification
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Numerical experiments: NER & RE Pipeline

Table: NER results on ClimLL (test set, micro-average).

(1) Sentence-by-sentence ‘ (2) 128-by-128
Classifier Precision Recall F1 | Precision Recall F1
k-nearest neighbor 0.79 0.80 0.79 0.79 0.80 0.79
Decision tree 0.42 0.46 0.44 0.43 0.47 0.45
Random forest 0.94 0.39 0.52 0.93 0.40 0.53
Neural network (512) 0.80 0.75 0.77 0.84 0.74 0.78
Neural network (1024) 0.81 0.76 0.79 0.83 0.75 0.78

IBM 0.87 0.70 0.78
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Table: MRE results on test set.

Dataset  Average | Precision Recall F1
ClimLL Micro 0.61 0.54 0.57
Macro 0.55 0.54 054

CoNLL0O4  Micro 0.65 0.58 0.61
Macro 0.66 0.61 0.63
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Numerical experiments: Joint NER & RE

Table: Joint entity and relation extraction results on test set.

NER Joint NER & RE

Dataset Average  Model | Precision Recall F1 | Precision Recall F1
Micro NER-RE 0.75 0.80 0.77 0.36 0.47 041

CoNLLOA SpERT 0.86 0.91 0.89 0.71 0.70 0.70
Macro NER-RE 0.71 0.74 0.73 0.41 051 0.45

SpERT 0.84 0.88 0.86 0.72 0.71 0.71

SGERC Micro ~ SpERT 0.64 0.72 0.68 0.31 0.45 0.37
Macro  SpERT 0.65 0.71 0.68 0.34 041 0.35

Micro NER-RE 0.67 0.68 0.68 0.23 0.18 0.20

ClimLL SpERT 0.75 0.79 0.77 0.36 0.44 0.40
Macro NER-RE 0.63 0.67 0.64 0.21 022 021

SpERT 0.75 0.78 0.77 0.46 0.58 0.50
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Conclusion

» ESG and CSR reports annotated so as to fit the needs of financial
institutions;

» Two published works adapted to this new dataset;
» Strong results, direct application at the bank;

» Open-source code, model and API.
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Future work

» Pre-training BERT on a specialized vocabulary set;
— requires a lot of ressources and annotated documents.

» Incorporating the context of neighbouring sentences.
— sentences in a given paragraph “share” meaning.
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Demol

https://github.com/adimajo/renard_joint
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372 paragraphs were sufficient as the F1 scores for NER and Joint NER & RE stopped
improving using the IBM proprietary model.

0.8 | | - Joint NER & RE
NER

0.6
—
L
”
K 0.4

0.2

| | | |
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Named Entity Recognition representation |

A popular output representation of NER is BIO (Begin, In, Out) embedding, where each word

is marked as the beginning, inside, or outside of an entity (see e.g. [4, 5]); however, this
representation does not allow overlapping entities.

Span-based methods [2], which classify spans of words, can extract the spans of these
overlapping entities.

New York University was founded in 1@ in New York City.
Borg lorglorRe O O 0 Bpare OBroc lLoclioc

ORG DATE
New York University was founded in 1831 in New York City.
LOC LOC

Figure: Examples of BIO (above) and span-based (below) representations.
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Named Entity Recognition representation |l

In the ClimLL dataset, even though the entities are presented in the span-based format in the
dataset, there is no overlapping entity.

Thus, it is also possible to convert to BIO format.

Multiple relations can exist in the same sentence but relations cannot span across sentences.
This facilitates splitting the paragraphs by sentence.
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Evolution of loss functions

The entity and relation losses as well as the F1 score on the validation set throughout the
training process (30 epochs) of SpERT on ClimLL.
Both entity and relation losses reached their minimum after only a few epochs while the
validation F1 score kept improving.

0.3

0.2

loss

0.1

train loss
—— validation loss

15 20 25 30
epoch

loss

0.2

0.15

0.1

5.102

train loss
—— validation loss

5 10 15 20 25 30
epoch

f1

0.8

0.6

0.4

0.2

entity
— relation

0

5] 10 15 20 25 30
epoch

Figure: Entity loss (left), relation loss (center) and Fl-score on ClimLL w.r.t. training epochs (right).
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