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Embracing Al in a regulatory setting

Assessing the Annual Reports of listed companies

The initial public offering (IPO) market in Hong Kong is consistently one
of the most active in the world. The number of companies listed on the
Stock Exchange of Hong Kong (issuers) has more than tripled over the
past 20 years, reaching 2,507 as at the end of July 2020.

Every year, all issuers must publish an Annual Report that presents
their financial results, business performance and management
commentary to the general public. As the frontline regulator, Hong
Kong Exchanges and Clearing Limited (HKEX) pays close attention to
the content of Annual Reports, monitoring them to check, among other
things, that the issuers are disclosing all the relevant information that
the Listing Rules of the Stock Exchange require of them.

HKEX has long been interested in using artificial intelligence (Al) to
help it review Annual Reports. Detecting the relevant disclosures,
checking their consistency with the issuer’s other communications
(such as announcements and circulars), and ultimately assessing their
compliance with the Listing Rules can help improve the quality of
issuers’ published materials and transparency for the investing public.

4 Project background

In late 2018, HKEX began collaborating with Beijing Paoding
Technology Co. Ltd. (PAI Tech) to test the power of Al in this context.
The resulting platform, co-developed and trained with thousands of
Annual Reports, has been a success. It has boosted the breadth,
speed and accuracy of Annual Report assessment. Starting from 2020,
this platform has become a key part of HKEX’s regulatory toolkit.

HKEX will continue this initiative with a long term view to promote better
disclosure quality, completeness and access for both shareholders and
the general public. As Al models continue to improve with more data
over time, HKEX is also exploring how it can apply similarly effective
solutions to other areas of its regulatory practice.

The purpose of this technical report is to share the methodology
that we used to “train” Al to read and understand Annual Reports:
documents that are voluminous, diverse and highly unstructured.
We present our lessons learnt, in the hope that sharing this
knowledge with fellow regulators, RegTech practitioners and other
stakeholders helps advance the use of Al in capital markets.

X



Building ‘Document Intelligence’
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Annual Reports are unstructured, richly formatted documents. While
mostly comprising natural language arranged in neat sections and
paragraphs, they also contain numerous other elements: descriptive text
(e.g. captions, footnotes), tables and charts, which combine to convey
valuable information to the reader.

Though all of this information is electronically stored and identifiable,
perceptive Al alone is not sufficient to create the inference and context-
specific semantic understanding that we require in order to properly
assess issuers’ compliance with various Listing Rules.

We therefore apply a combination of natural language processing (NLP)
and deep learning techniques, developing a comprehensive ability to

‘read’, ‘understand’ and ‘interpret’ all of the elements of an Annual Report. Ing U[a{l.o ‘
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Building ‘Document Intelligence’
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6 Project background

The challenges of our use case

While many financial institutions have successfully trained Al algorithms
to detect simple pieces of information inside similar documents (e.g.
earnings per share, publication date, interest rate...), our goal of finding
and then evaluating 100+ types of regulatory disclosures inside Annual
Reports posed some formidable challenges.

Firstly, the information relevant to each Listing Rule is often scattered
across different pages of an Annual Report, which must be successfully
identified as related to one another. Even then, the data (or lack thereof)
may be insufficient to complete a full assessment, which means retrieving
and analysing other supplementary documents (e.g. announcements
made by the issuer during the year) without any human intervention.

Secondly, distinct Al models needed to be built for every Listing Rule,
each requiring large sets of training data. Some Listing Rules concern
events and circumstances that are simply too historically rare to have a
sufficient training set for meaningful Al models to be constructed, and
therefore had to be excluded from the final scope of the platform.

Finally, the sheer diversity of the training set is remarkable. No two
Annual Reports are the same, and with 183 new company listings in
Hong Kong in 2019 alone, the variety of documents that the Al algorithm
is expected to perform highly on going forward is ever-expanding.






Solution Framework

. Recognise different document elements (e.g.
STEP 1: . .
paragraphs, charts, tables, pictures) in Annual
Reports and other relevant corporate
communications

Al models are built based on deep learning to
recognise reading sequence and logical document
hierarchy to understand different document elements

Recognise document
structure

Various Al models are built for different Listing Rules.
The resulting models extract fine-grained information in
recognised document elements, e.g. a sub-string of text
in a paragraph, a numerical value from a table or chart

Locate (1) disclosures within Annual Reports and (2)
confirmatory texts from relevant corporate
communications with respect to Listing Rules

STEP 2:
Locate the right
disclosures

Trained Al models will differentiate between negative
and positive statements if disclosures are located; and
suggest “no disclosure” if disclosures located are below
a certain confidence interval

If disclosures are present, analyse the content using
semantic understanding; suggest “no disclosure” if
the information located is deemed irrelevant

STEP 3: Using analvsis from Step 2. deduce whether issuers  B25€d on semantic understanding developed from Step
Recommend a g Y b < 2, a logic judgment function g(S) is developed to

are likely to be compliant with respect to each ) i
. . recommend a compliance assessment, using both Al
relevant Listing Rule, and make a recommendation

compliance
assessment models and rules based on actual review process

8 Project background x




Step 1. Recognise document structure

The PDF Annual Reports store the visual information of the pages
instead of their structural information, and only the latter can be
analysed for review. As previously mentioned, very specific locations
within Annual Reports and corporate communications must be
reviewed with respect to each Listing Rule. They can range from a
number or text to an entire table or graph (for some Listing Rules, it
can be both). Before a location can be found, the nature of each
document element has to first be determined. This is done by parsing
all PDF Annual Reports to produce a series of content blocks.

v

This is formulated as an “Object Detection” problem — we predict the
borders of all content blocks in the pages, categorise the logical
relationships among them (e.g. matching charts / graphs to paragraphs
/ texts), determine the correct reading order and establish subsequent
document hierarchy.

Information regarding the chapters / sections in which these content

blocks are located is also fed to the algorithms for subsequent analysis
and model construction in Steps 2 and 3.

— T

Text / paragraph

-

Table
Richly E;?f“?er”t
Formatted Data ReC(;JCnlthice)n

(PDF) g l I

5 |
Chart / graph
Content blocks
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Step 1. Recognise document structure
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Recognition based on
deep learning

-4
T

A
i -l“.'ﬁ-i {8, ey

VoM des aim pnee o
W wa e

Recognise the paragraphs and tables

* columns:

» pages:

- tobles:
.

>3
= paragraghs:
-0
» outline:
Ut Line_seors:
type:
» position:
outline_parsed by
.

» chars:

page_ide:
page:
continues:
page_merged_paragraph:
» english_chars:

chinese_chars:
other_chars:
syllnbus:

[

w2

» 3

>4

» page_footers:

Stored as the document structure



Step 2: Locate the right disclosures

2.1 Locating paragraphs, tables and / or charts

In Step 2, Al models are constructed using inputs from Step 1 to locate the
relevant disclosures with respect to each of the ‘trained’ Listing Rules.

Referencing many sets of tagged training data, deep learning models calculate
the relevance of a content block to a specific Listing Rule by analysing the
embedded semantic information. The tagged data is considered a positive
example and the remaining content blocks negative examples. A classification
model is trained against the examples tagged, producing output as the
conditional probability P(Y=relevant | content block), where an irrelevant
element block is given a “0” score and a correctly labelled relevant block “1”.
All the content blocks have their own probabilities and are then ranked by
scores.

The algorithms consider the chapters / sections a content block belongs in and
neighbouring content blocks, among other factors, when calculating the
conditional probabilities. In some cases, it also involves keywords analysis
against pre-existing open-source financial dictionaries, and bespoke
knowledge + rules developed based on HKEX’s review processes. This is
possible given that the understanding of financial information and compliance
review make use of relatively specialised domain knowledge.

11 Our methodology
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Step 2: Locate the right disclosures

2.1 Locating paragraphs, tables and / or charts

Example:

Appl6.9: A listed issuer shall include in its financial statements the name of every subsidiary, its principal country of operation and its
country of incorporation or other establishment, and, in the case of a subsidiary established in the PRC, the kind of legal entity it is registered
as under PRC law (such as a contractual or cooperative joint venture); and (2) particulars of the issued share capital and debt securities of
every subsidiary.

Issuers opt to disclose various details using different formats in paragraphs (including footnotes), tables and / or charts.

Effective

_ ! ThePRC  NA - 100% Provision of constnucion and |
s = ! related sarvices !
business/  Form of Diate of samdand  held by :_,,,,,,,,,,, - _:
Hima Principal actiities incorporasion legal entity  incorparation  paidupcapitl theCompany| | T T T T T T T 2
Diracsly held by the Company The above list contains the particulars of suhsidia.:ie-s wt'nch in the opinion of the Directors, ;.:-rin-:ipaj.ly
st hdding BN imilodidiily 15 iy 2077 U1 10 affected the results of the year or formed a substantial portion of the net assets of the Group. To give details
Compay of other subsidiaries would, in the opinion of the Directors, result in particulars of excessive length.
vestmont holdng B imitediatity 5 July A0S Uk 1008 As at 31 December 2019, the bank and cash balances of the Group' subsidiaries in the PRC denominated
Compary in AMB amounted to AMB193,946,000 (2016: RMB262,704,000). Conversion of RMB into foreign cumencies
is subject to the PRC's Foreign Exchange Control Regulations and Administration of Settlement, Sale and
Indirectly hebd by the Company ) Payment of Foreign Exchange Regulations.
vestmont holdng — HE imitediatity 11 Augus 07 HEd1 100%
LOTIy #  These subsidiaries are registerad In the PAC with Imited ISbiRy.
vesiment holding  HE imiteclizhiity  30)une 20 HES1 100%
Compry being a wholly-owned subsidiary of and a wholly foreign-owned
_ enterprise, directly bolds 99% of the registered capital of and
rwsimit g PRC imitpiifty 9 Decombor 200 AMELD00000 1008 investment directly hold 98.73% and 1.27% of the registered capital of respectively.
[OTEy
is the core operating entity of the Group during the two years ended 31 December 201% and 213

12 Our methodology x

Note: Examples used herein are for illustrative purposes only.



Step 2: Locate the right disclosures

2.2 Locating specific fine-grained information

For a small number of Listing Rules, the simple location of
paragraphs, tables and / or charts is sufficient for determining issuers’
compliance. For these cases, disclosures are considered mandatory
and issuer compliance is automatically implied if certain disclosures
are present, and vice versa.

However, more often than not, with regard to most Listing Rules
specific texts and / or numbers have to be extracted for consistency to
be established against other parts of the Annual Report and / or other
relevant corporate communications. Compliance cannot be
determined based on the simple fact that certain disclosures are there
— it depends.

For the years end December 31, 2015 and December 31,
2016, we had prepayment and other payables in an
aggregate amount of approximately $1,890 million and
$1,743 million, which constituted 93.88% and 93.14% of
current liabilities, respectively.

13 Our methodology

Note: Examples used herein are for illustrative purposes only.

Dec 31, 2015 I Dec 31, 20015 | _ = =
; = $1,890 million
prepayment other payables
Dec 31, 2016 Dec 31, 2016 _ o
- + T 61,743 million
prepayment other payables
- Dec 31, 2015 Dec 31, 2015 ; Dec 31, 2015 _
. + > e | = (93.88%
prepay ment other 1)&1_\'i!|1lt'.‘> current liabilities
Dec 31, 2016 Dec 31. 2016 3 Dec 31, 2016 —
* G | =(93.14%
prepayment other payables current liabilities

For these conditional cases, fine-grained information has to be
extracted and logical relationships established among different parts
of the documents, just as how humans would comprehend
information.

The same methodology from 2.1 is repeated with regard to respective
paragraphs, tables and / or charts extracted to identify embedded
fine-grained information. The NLP models make use of relationship
extraction and event detection and characterisation to locate causal
relationships, multivariate events, and complex language phrasing.
Oftentimes, no set keywords are available in these cases.

For some Listing Rules, a mix of paragraphs, charts and / or tables
are used, creating an added layer of complications — the models were
further adjusted for these cases.




Step 2: Locate the right disclosures

2.2 Locating specific fine-grained information

Example:

App16.11(3): In the case of any issue for cash of equity securities
(including securities convertible into equity securities), a listed issuer
shall disclose, among other details, as respect each class of equity
securities, the number issued, their aggregate nominal value, if any.

The model extracts information from the Annual Report, stating that
“[oln 27 August 2018, the Company entered into the
subscription agreements separately with each of the six
independent subscribers for the subscription of an aggregate of

MANAGEMENT DISCUSSION AND ANALYSIS
BRERAEIN

200,000,000 subscription shares at the subscription price of L
HK$0.30 per subscription share (“Subscription”). The closing =
market price was HK$0.27 per share at the date of the
subscription agreements.”

Using the date extracted, the model looks for various announcements
around that time, locating “Subscription of New Shares under
General Mandate” the issuer published under the headline “Issue of
Shares under a General Mandate” on 28 August 2018. Various
attributes listed on the right are automatically extracted from the
announcement for confirmation of consistency to determine
compliance.

.......

Detailed Informaticn

14 Our methodology

Note: Examples used herein are for illustrative purposes only.




Step 2: Locate the right disclosures

2.2 Locating specific fine-grained information

Example:

Ch17.07(1): Disclosure regarding the movement of outstanding share
options, including particulars of outstanding options at the beginning and
at the end of the financial year/period, including number of options, date
of grant, vesting period, exercise period and exercise price.

Each of the specific attributes, e.g. exercise price, is extracted to be
compared against the information extracted by the issuer's Monthly
Returns issued during the year for compliance assessment to be made.

Share Options (under Share Option Schemes of the Issuer)

No.ofnew  No. of new shares
shares of issuer  of issuer which
1ssued during the  may be issued
month pursuant  pursuant thereto
thereto as at close of the
month

Particulars of share
option scheme
including EGM approval
date
(dd/mm/yyyy) and class
of shares issuable

1. Share Option
Scheme adopted

Movement during the month

Granted Exercised Cancelled Lapsed

Notes to the table of outstanding share options granted MR TR S B R AT
under the 2007 Scheme during the Year: 301 < P

{al The westing period of the share options & from the {a) AR 7 S A B AR T
date of grant until the commencement of the exercise i AR & Sk -
period.

b}  The exercise price of the share options is subject to (b))  FE(EHEREGEBEF L ol HEN
adjustment in case of rights or bonus issues, or other it AN D A ALF - T T
similar changes in the Company's share capital. A AR

15 Our methodology

Note: Examples used herein are for illustrative purposes only.
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Step 3: Recommend a compliance assessment

A logic judgment function g(S) was developed to evaluate issuers’ * Existence check

compliance, using location inputs S from Step 2 for the Listing Rules o Simple check: the presence of certain disclosures alone
within the scope of this project. The function takes into account indicates Listing Rule compliance and vice versa.

general conditions, such as whether the disclosures are complete and o0 Conditional upon other information: compliance cannot be
whether information is consistent across different locations. Specific deduced based on the presence or absence of disclosures;
factors with respect to each Listing Rule are also considered, such as confirmatory details have to be extracted from other sources.

whether the disclosed values meet certain size requirements.
* Value-based check

As alluded to previously, assessing compliance can become quite o Simple check: Listing Rule compliance is implied if values
complicated as Listing Rules become more complex. For the purpose extracted match set rules and vice versa.

of developing the platform, various Listing Rules were put into the o Conditional upon other information: values from multiple
following categories. sources are extracted to verify consistency; oftentimes numeric

formulae and / or logic are involved.

Simple check
I
Conditional upon other information

Simple check
Value-based check <

Categories of Listing Rules

Conditional upon other information
16 Our methodology x



I
Step 3: Recommend a compliance assessment —

VAN

» Conditional upon other information has not filed relevant corporate communications outside of the Annual
Report, the platform will not flag it as a potential non-compliance.
The challenge with Listing Rules that call for confirmatory texts is that  Similarly, if an issuer has disclosed certain information within the

non-disclosure does not automatically mean non-compliance. The Annual Report, the issuer is only considered compliant if confirmatory
issuer in question may simply have not contemplated relevant texts can be located and matched to show consistency. If Al
corporate actions, e.g. equity issuance, during the financial year, and considers something to not add up, human reviewers are called into
hence has nothing to disclose. For this case, as long as the issuer action to confirm. See below a simple logic tree to demonstrate.
Annual Report Other Corporate Communications
| ___——> PS

-
G PS ——

T

I
] - R —

-
] - e ——

17 Our methodology x

Notes: PS = Positive Statement; NS = Negative Statement; ND = No Disclosure; C = Compliant; NC = Likely Not Compliant




Step 3: Recommend a compliance assessment

« Existence check

o Simple check: the presence of certain disclosures alone indicates Listing Rule compliance
and vice versa; the disclosures can be located in either paragraphs, tables and/or charts

Examples:

Report of the Directors

PROPERTY, PLANT AND EQUIPMENT PR - MBERRA

B % (8 D

IEMBHEE

PURCHASE, SALE OR REDEMPTION OF THE
COMPANY'S LISTED SECURITIES LR

bbbl Lol
DONATIONS A/
arnatle dona made by the Gro the Year ¥

ately HKS238 12,000 2380004 T — + % - 702.000/8

Diasails of tha srvamunts dr L I LI AL
n lidar TR T ]
state
PRINCIPAL PROPERTIES TENE
Details of the principal properties held for investmentpurposes. M BAMEZ T 880 R R W E L 49
ate se1 out o0 page 319 of the anousl mpart i x#ae
SHARE CAPITAL Fit A
4 e
pe

2 3 8 05K 0 1 2 W30

ME - HEEBEELsE 2

< Appl6.29: A listed issuer shall
include a statement of the reserves
available for distribution to
shareholders by the listed issuer as
at the date of its statement of
financial position.

- Appl16.22: In relation to loans
and borrowings a listed issuer shall
provide in its financial statements,
except where the listed issuer is a
banking company, an analysis as
at the date of statement of financial
position, firstly of bank loans and
overdrafts and, secondly of other
borrowings, showing the aggregate
amounts repayable

Conclusions: both are cases of compliance, as suggested by the Al platform

18 Our methodology

Note: Examples used herein are for illustrative purposes only.
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Step 3: Recommend a compliance assessment _<

« Existence check
o Conditional upon other information: compliance cannot be deduced based on simple presence or absence of disclosures;

confirmatory details have to be extracted from other sources

Example:

Appl6.31(4): A statement of the percentage of revenue from sales of goods or rendering of services attributable to the largest customer;
disclosure can be omitted in the event that the percentage of revenue from sales of goods or rendering of services attributable to the 5
largest customers combined is less than 30, but a statement of that fact shall be given.

MAJOR CUSTOMERS AND SUPPLIERS

nber 2018, t

fp—
approximately :1.33'.

ely 1.37% of the Group's

e five largest customers of the Group accounted fo

he largs stomer of the Group

d 31 December 2018, the Group accounted for

185, In addition, for the year er

total raw

Major Customers and Suppliers :
approximately 18.63% of the Group's total
puring the'yearended 3T December 20T, thie Cornbined valde of e Group’s Tontracts With its five argestsappliers, of the Group's total purchases.
which were not of a capital nature, was less than 30 per cent of the total value of supplies purchased. The Group’s fi\fe:
rgest customers combined contributed less than 30 per cent of its total revenue and other income during the year 1
1

chases while the largest supplier of the Group accountad for approximataly 5%

MAJOR CUSTOMERS AND SUPPLIERS

ended 31L08cembar 20190 - o oo N
For the year ended 31 December 2018, the five largest customers of the Group accounted for approximately 4.23% of
the Group’s total revenues while the largest customer of the Group accounted for approxwmate\y:.l-.3-7:/a p’s
total revenues. In addition, for the year ended 31 December 2018, the five largest suppliers of the E?o-up accounted for
approximately 18.63% of the Group's fotal purchases while the largest supplier of the Group accounted for approximately 5%
of the Group’s total purchases.
Conclusion: the absence of disclosure of the percentage Conclusion: in the event that the percentage attributable to the 5
attributable to the largest customer does not automatically mean largest customers combined is more than 30, Al identifies and
non-compliance, in this case, the issuer is compliant and the label the aforementioned value together with the percentage
relevant paragraph is identified by Al attributable to the largest customer. This is an example of fine-

grained data extraction and the issuer is labelled compliant

19 Our methodology x

Note: Examples used herein are for illustrative purposes only.



Step 3: Recommend a compliance assessment _<

» Existence check
o Conditional upon other information: compliance cannot be deduced based on
simple presence or absence of disclosures; confirmatory details have to be
extracted from other sources

Example:
P Extracted from Annual Report:

App16.11(8)a: With relation to issuance for cash of equity securities, disclose a
detailed breakdown and description of the proceeds for each issuance and the The proceeds from the issue price of unlisted

purposes for which they are used during the financial year warrants were used to settle expenses incurred in
connection with the loan amendment deed.

Information is extracted from the from the Annual Report under “Report of Directors”
and compared against texts extracted from the issuer announcements under the
category “Issue of Warrants / Issue of Shares under a Specific Mandate” for Extracted from the announcement:
consistency. The Al model decides whether the two statements are semantically “Proposed issue of unlisted warrants under
equivalent, and the process can become challenging since natural language specific mandate”

descriptions can be very diverse and often reference very specialised domain
knowledge.

The proposed issue of unlisted Warrants exceeds

20% of the aggregate number of issued shares as
Conclusion: the Al model is not able to suggest compliance with a high degree of at the date of the Loan Amendment Deed (i.e. the

confidence and human review is required to make final deduction limit specified in Listing Rule 15.02(1)), and is
being proposed as a key part of Company’s efforts
to manage its cash flow liquidity issue, including
in connection with the rescheduling of the Bonds.

20 Our methodology x

Note: Examples used herein are for illustrative purposes only.
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Step 3: Recommend a compliance assessment _< —
_<_
i Notes to the Financial Statements
» Existence check MBH RN
o Conditional upon other information: compliance cannot be deduced based on o : '
simple presence or absence of disclosures; confirmatory details have to be 6. REVENUE AND SEGMENT REPORTING 6 WARDBEHE &

extracted from other sources

Example:

App16.32(6): The issuer shall include comments on segmental information. This may
cover changes in the industry segment, developments within the segment and their S
effect on the results of that segment. It may also include changes in the market EEnE
conditions, new products and services introduced or announced and their impact on
the group's performance and changes in revenue and margins.

Ideally, issuers should disclose segmental information in both notes to financial
statements and management discussions and analysis or director’s reports, and the
two should be consistent. However, details extracted under the two oftentimes do
not match 100%, with one or more segments left out in either sections. If Al
determines that the two parts are more dissimilar than similar, the relevant
disclosures will be flagged for human review.

21 Our methodology

Note: Examples used herein are for illustrative purposes only.



Step 3: Recommend a compliance assessment _<_<—

* Value-based check
o Simple check: Listing Rule compliance is implied if values
extracted match set rules and vice versa

Example:

App16.25(6): Five highest paid individuals: an analysis showing the ==z oo s S
number of individuals whose remuneration fell within bands from === omest pu smomyess el
HK$nil up to HK$1,000,000 or into higher bands (where the higher
limit of the band is an exact multiple of HK$500,000 and the range
of the band is HK$499,999)

The upper limit of each interval is extracted to check if it is a
multiple of HK$500,000.

58,997 577 — 58,051 480

Conclusion: Al model suggests compliance and nothing was T
flagged for human review £ 2S00 511300000 o R B

17,000,001 — 5117, 500,000 14, =15 ]

o [ i i i i i o i i | e ] o e ] | f
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Note: Examples used herein are for illustrative purposes only.



Step 3: Recommend a compliance assessment

* Value-based check
o0 Conditional upon other information: values from multiple sources
are extracted to verify consistency; oftentimes numeric formulae
and / or logic are involved

Example:

Ch17.07(2): Particulars of options granted during the financial
year/period, including number of options, date of grant, vesting period,
exercise period, exercise price and (for options over listed securities)
the closing price of the securities immediately before the date on which
the options were granted

As part of the review process for this Listing Rule, highlighted values
are checked against Monthly Returns of Equity Issuer on Movements in
Securities during the financial year; all numbers are then checked
against the following formula:

Options outstanding at the end period = options outstanding at the
beginning + options granted - options exercised - options cancelled -
options lapsed

Conclusion: with regard to the number of options, no non-compliance
was flagged for review

23 Our methodology

Note: Examples used herein are for illustrative purposes only.
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Step 3: Recommend a compliance assessment —

* Value-based check
o0 Conditional upon other information: values from multiple sources
are extracted to verify consistency; oftentimes numeric formulae
and / or logic are involved

Example:

App 16(32)(5): A listed issuer shall include in its annual report a
discussion and analysis of the group’s performance during the financial
year and the material factors underlying its results and financial position,
including details of material acquisitions and disposals of subsidiaries,
associates and joint ventures.

The model picked up the date of such a major transaction in relation to the
acquisition of the entire issued capital of a certain company from the 2017
Annual Report, and successfully located the corresponding
announcement the issuer made in relation to this acquisition under the
headline “Major Transaction”. As the two dates do not match (23 March in
Annual Report and 22 March in transaction announcement), this case was
flagged for human review. Upon checking, reviewer confirms that the
disposal was not completed until 2018, which was not during the 2017
financial year, and determines that there is no non-compliance with regard
to the issuer’s 2017 Annual Report.

24 Our methodology

Note: Examples used herein are for illustrative purposes only.

made by The FIamnIT m The Consruchon Dispalcs are withoul merils, and Gccordingly no provision fas been made m

these consolidated financial stalements,

46. EVENT AFTER THE REPORTING PERIOD

. a wholly owned subsidiary of the Company, entered into an agreement with
the “Vendors™) for the acquisition of the entire issued share capital of

the sharchold to the Vendors (the “Acquisition™). The consideration for the

approximatelyfHKS375 million prhich is subject to adjustments of net current asset value of as al

The Acquisition has not been completed up to the date of approval of these consolidated financial statements.

SAJOK TRANSACTION 1% RELATION T00 THE ACOUISFTION OF TIE ENTERE /
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Platform interface: Annual Report review page

Users go over issuers’ Annual Reports on the Annual Report review page. This is where the list of Al-recommended disclosures
and compliance suggestions are shown and users decide whether issuers are compliant. If the Al suggestions are incorrect, users
submit corrections separately to optimise the Al models. The relevant corporate communications can be accessed for further

verification; see the next slide for selected examples.

Mar 20 2017

Mar 31 2017
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|
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« I >
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Note: Examples used herein are for illustrative purposes only.

Rule 13.35: An issuer shall include in its annual report a statement of sufficiency of
public float. The statement should be based on information that is publicly available to
the issuer and within the knowledge of its directors as at the latest practicable date
prior to the issue of the annual report.

A list of suggestions are shown
ranked by model confidence

Al Location Suggestion kg

Disclosure Information
Disclosurs Hegative Statement Mo Disclosure
Al Suggeshion V
If Listing Rule involves referencing additional
corporate communications, these corporate
communications can be accessed here
Complance Assessment
Compliance HNon-Compliance l



Platform interface: samples of corporate communications referenced

Share Repurchase Reports

Share Repurchase Reports

Stock Code Trading Date # Securities Purchased Total Purchase Price Source
00000 Sep 6 2019 288,000 HKD 25,719,675.00 Link
00000 Sep 52019 550,000 HKD 49,695,800.00 Link
00000 Sep 4 2019 600,000 HKD 54,489,700.00 Link

Total in FY 1,438,000 HKD 130,005,175.00
Monthly Returns
Shara Options
1 Movements 0 issued Shave Capitsl
Mo of orchnary wraned No of prefersnce Mo of ofher
m 2 shares _clavses of shaves|
HKEX R
BHERH procedng momth 3805, 240.500 Hh L] L]
y in Sacures e s a ™
m:ﬂ ; __dumanzets m“"’ As6 200,500 ETy 108 A
o Hong erg Eishanges sod Cloareg Linsed Extracted details are
m:m”:; 18 Dwtads of Moversents in isswed Share Captal d|sp|ayed here
[ ——— St e f B i
e month (st
1. Codinary Shares wlsi“ Mgepmn: gung the moafy L Theret b ol Cione o
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e ot Erorcmod  Cancnied Lapun
Autherived shace L. ...}
Ko of ordnary  Par waiue ol
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Bawnce o cose of 10 T 71
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Platform interface: samples of corporate communications referenced

Transaction announcements

g K Rucmyes i\t s e The Sick B ofHorg Ve Vi ml
o riancty o e o Wi aractencemenl ke s prprescaLeion i b @ GrTRra)
ar completenss ek dhndain ary Kbty whatsocve o auy e Aaouver artg
Soee e in el g TR ——— A ——

Extracted details with respect to the
Listing Rules are displayed here, e.g.
transaction dates, consideration, use
of proceeds, related parties.

Intruductioa

Refirenes is wnde 1 the mmcuscemest of CKA. CKHH, CKI aad PAH o 13 Juse 2015
wlation, to the mbmimion of & nos-hinding isdicative and conditosal poposal Sor 8
wommantiven of CKA. CK1 and PAH o CKA 1 acguire all of e ssaplal scartion in i of
the Targst

Avspinition and Juint Venture Tramaction

The CKA Bowrd, the ORI Boand, the PAH Bosrd ara the CRHH Boand joantly speusce that

oo 12 Awgnt 2016 8 comouun complising CKAL CKI and PAN emered e dhe

Inplemeattion Ageeement with Eodoo snd the Tagd to implement the Acquaition
f, aphed o st of the Target)

In cossecten with the Aoquisition. CRA. CKE and PARL being the Consontium Merben,
harve sl emcrnd iono e Comsoine Formation Agrocewet oa 12 August 2018 pursassi 10
which, ssbjoct 0 the fufilment of cermn condisans, the relevars Consorium Members will

enicr i the Jous Vewture Transaction i, smong other thirgs, e the Comortum, enisy
i e Sharchoblers” Ao sl ity finl o Acquisebun by Bidow svcendiog 10
the Respective P e he Cine may b

CKEs and PAH's pariicipation in the Joist Ventars Tramaction src ssbieoct i, amongat ceher
condifiors. cbexming the mecewary 1V Trmacion Shuckdden’ Appmas I sch
conditions. are net falfilled, the Jomt Vienters Tramaction will nol pescesd and CKA will,

mbricct to-ohbiaising the CKA Tramaction, Sharchalden’ A pproval md the Faliflmcnt of <crian
condifioes. proceesd. wiih the Acquisition slons 1 the mecessary 1V Trapcaction Sharchalders™
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Tramaction i cirained, the commpenitan of the Carsrtiam shall be vared sccondigly.
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Platform interface: analysis by Listing Rule

Details of issuer compliance by Listing Rule is displayed for the Listing Division’s further analysis and follow-ups.

Users may define what companies are
Select from drop-down menu considered “Newly Listed” and statistics below
list of available Listing Rules will change according to user selection

Main Board: MLR 13.35 GEM Board: 17.38A  Newly Listed Companies (Listed after )

Export table below in .xlsx

% Compliance # | — l
. 99%
| All v | ‘—' 98% ® | Export Table |

97%

J Display List of Non-
— Compliant Issuers

_“ NeWIy Listes

2018 2019

Available Annual Reports 1984 Display % according to user selection, e.g.
P i Tar _— % compliance for 2018 = no. of compliant
ORAIEE [E0ES issuers / total no. of available ARs
Non-Compliant Issuers 20
_
Available Annual Reports 2215 List of Non—CompIiant Issuers
2019 Compliant Issuers 2171

Sel Fi ial Y 2020 ~ Users may select
Non-Compliant Issuers 44 elect Financial Year(s) ’- multiple financial

year(s) and Listing
— |
Available Annual Reports 2198 Select Listing Rule(s) Al + ’- Rule(s) to export

2018 Compliant Issuers 2132

Non-Compliant Issuers 66 5
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Note: Figures used herein are for illustrative purposes only.



Platform interface: analysis by issuer

Users may also look into compliance rates of a particular issuer over the years to have a better understanding.

Company Name: HKEX

Stock code: [Mefextts

Date of Listing:
Financial Year-end:
Last Annual Report:

Jun 27 2000
Mar 31
2019

2019: 99%

Show % compliance or % non-compliance according
to user selection, e.g. % compliance of 2020 = no. of
compliant LRs in 2020/ total no. of LRs

-year Average Compliance: 99%

2020: 100% 2018: 98%

% Compliance w

4___"-----L——7 Aﬂ.

P

98%

99%

4

100%

2017

2018

2020

Export table below in .xlsx

|

Export Table
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A2

A3

A4

A5

A6

A7

A8

A9

MLR 13.35
App16(12b)
MLR 10.06
App16(4)(1)
App16(4)(2)

App16(4)(2)(a)

App16(4)(2)(b)
App16(4)(3)

App16(5)

Our methodology

17.38A
18.398
13.13(2)
18.50B(1)
18.508(2)
18.508(2)(a)
18.508(2)(b)
18.508(3)

18.19

Compliant
Compliant
Compliant
Compliant
Non-Compliant
Compliant
Compliant
Compliant

Compliant

Note: Figures used herein are for illustrative purposes only.

Compliant
Compliant
Compliant
Compliant
Compliant
Compliant
Compliant
Compliant

Compliant

Compliant
Compliant
Compliant
Compliant
Non-Compliant
Non-Compliant
Compliant
Compliant

Compliant

Compliant
Compliant
Compliant
Compliant
Compliant
Compliant
Compliant
Compliant

Compliant






The project in numbers

Training data \, Overall performance! @

Disclosure Compliance

Annual reports: 3,800+ tagged twice Precision rates: 90% 98%
Corporate communications: 400+ tagged Recall rates: 79% 86%
No. of Listing Rule 140+ disclosure location + Accuracy rates: 84% 85%
requirements trained: compliance assessment
Issuer compliance rates: 92-97%

% of all Listing Rules:  100% of “machine-friendly” Rules

Around 80% of total Rules
Time saved per Annual Report:  80% less time taken compared

with human review alone

31 Lessons learnt x

1. We tested the Al model against 50 “unseen” Annual Reports, i.e. reports that were not part of the training data. Precision and recall rates measure how many of the items selected by the algorithms
are correct and how many correct items in the Annual Reports are selected respectively, while accuracy rates measure % correct predictions out of total population. A correct prediction is defined as
locating the correct disclosure or recommending the correct compliance assessment.



The project in numbers

Model performance of different Listing Rule categories

Recall Precision Accuracy

— Fine-grained information

Simple check 95% 98% 95%
oo [
Conditional upon other information 93% 95% 91%
Compliance '

assessment
Simple check 97% 99% 97%
Value-based check <
Conditional upon other information 89% 97% 88%

Locate disclosures g ——

74% 83% 86%
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Al model performance

Bad case analysis and model improvement

—Disclosure location Compliance assessment
Model construction requires a large amount of training data. The more
good quality data there is, the better the Al models perform and it is
especially so for the case of deep learning.
Training accuracy at 92%
Apart from “feeding” more relevant disclosures and respective the.beglnnlng of the
compliance to the model, bad case analysis is also highly relevant, project
especially towards the later stages of platform development. Users "

review preliminary Al suggestions and verify / correct accurate /
inaccurate cases and adjust algorithms and logic statements (which
affects also document tagging) for continuous platform optimisation.

The platform performance has steadily increased during the
development of the model. Overall accuracy rates for location of
Annual Report disclosures (Step 2) and issuer compliance
recommendation (Step 3) for the training set reached 90% and 92%
respectively at the final stages of the project. We then tested the
model against 50 “unseen” Annual Reports, i.e. new reports that were
not part of the training data, and the resulting accuracy rates were 84%
and 85% respectively. We hope to continuously improve the 81%’
performance through regular review of data generated from user

verification.

33 Lessons learnt x

84%

Accuracy at the
time of this report

More training data >



Key takeaways

Adjustments required for review and assessment

Since implementation, the platform has significantly improved the
review process of Annual Report disclosures and Listing Rule
compliance. Document retrieval and record retention are automated
and workflows are optimised through Al-suggested disclosure location
and compliance assessment. With the help of the platform, the time
taken to review each Annual Report has reduced by around 80%
compared with human review alone.

Noting especially that the Annual Reports and corporate
communications being reviewed are highly unstructured and the
number of positive examples for some Listing Rules remain low, the
model construction process was not without its challenges. Below are
some of the key adjustments we made during the process of platform
construction and project design:

* Lopsided training data

Training Al models against mostly compliant issuers naturally means
that the number of non-compliant cases available for training is very
limited. As a result, the model is less confident in the identification and
assessment of non-compliance. Given the ultimate goal is to locate

34 Lessons learnt

non-compliant cases, we have adjusted the model to allow for a higher
% of false negatives (compliance incorrectly suggested as non-
compliance) compared with that of false positives, i.e. higher recall and
lower precision. The human review process that follows creates further
corrections for model training and optimisation.

¢« Amount of document tagging required

For most of the Listing Rules, we were able to achieve relatively high
accuracy in the simple location of disclosures (without fine-grained
information or categorising whether disclosure located is a positive or
negative statement) with less than 500 Annual Reports tagged. It
becomes challenging only as the machine needs to interpret semantic
meaning and locate precise data points. While more training data
and/or user corrections can get to better Al performance, for our case
the rate of accuracy increase lowers as more data is tagged.
Sometimes the appropriate use of business rules and keywords would
save a lot of time and costs incurred.

» Bilingual Annual Reports

As we have decided to focus on training English Annual Reports in our
project, the process of document structure recognition was adjusted to
locate and process only the English equivalents in bilingual Annual
Reports.

X



Key takeaways

In addition, we have the following observations applicable to
developing general Al models for purposes beyond compliance
assessment and regulatory uses.

* Pinpoint the business problems and objectives

Solving for too many scenarios at once can become difficult to manage.

In our case of Listing Rule compliance review, we have created
subsets solving for specific attributes (e.g. number of share options
cancelled) instead of all relevant information at once.

» Take time to think through the training setup

The granularity of the tagging should match how detailed the resulting
fine-grained information needs to be. There are often multiple valid
inputs for a single business requirement, so make sure to consider all
of them. Introduce a diverse team of talent in order to minimise bias
stemming from subject matter comprehension.

e The quality of the tagged information is extremely important
The set of training data is essentially a baseline for model construction
and analysis and serves as the foundation for the platform. Develop a
valid quality checking system to ensure information tagged is relevant
and accurate. Consult subject matter expertise whenever the need
arises.

35 Lessons learnt

¢ Regularly test the model with end users to collect feedback
Not only does it create a continuous stream of correction for model
optimisation through process depicted below, it ensures that any
business rules identified remain valid and accurate.

<






What the future holds

Capturing the power of technology to improve
transparency in our markets

Technology is one of the three focus areas identified in the HKEX
Group Strategic Plan 2019-2021. Against the backdrop of an
accelerating pace of technological innovation in the financial
industry, HKEX will continue to focus on applying new technologies
to modernise its core functions in order to enable greater operational
efficiency. HKEX's ambition to be a globally trusted and innovative
organisation is matched by its commitment to deliver the highest
standards of integrity and transparency to the markets and
communities it serves.

HKEX will continue this initiative with a long term view to promote
completeness in issuer disclosures, and more generally, to apply Al
to improve efficiency in other vetting processes. Future areas of
research include extending the platform developed with PAI Tech to
results announcements and other types of regular corporate
communications.

For further enquiries, please contact the project team at Listed Issuer
Regulation under HKEX’s Listing Division (LIRIT@hkex.com.hk) or
PAIl Tech (contact@paodingai.com).
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About HKEX

Hong Kong Exchanges and Clearing Limited (HKEX) is one of the
world’s major exchange groups, and operates a range of equity,
commodity, fixed income and currency markets. HKEX is the world’'s
leading IPO market and as Hong Kong’s only securities and derivatives
exchange and sole operator of its clearing houses, it is uniquely placed
to offer regional and international investors access to Asia’s most
vibrant markets.

HKEX is also the global leader in metals trading, through its wholly
owned subsidiaries, The London Metal Exchange (LME) and LME
Clear Limited. This commaodity franchise was further enhanced with
the launch of Qianhai Mercantile Exchange (QME), in China, in 2018.

HKEX launched the pioneering Shanghai-Hong Kong Stock Connect
programme in 2014, further expanded with the launch of Shenzhen

Connect in 2016, and the launch of Bond Connect in 2017.

www.hkexgroup.com
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About PAI Tech @

BT R
PAI TECH

Beijing Paoding Technology Limited Company (PAI Tech), the leading
pioneer in the field of ‘document intelligence’, provides the desktop
tools, SaaS services and enterprise-level applications for intelligent
writing, review, and reusing of business documents. Rooted in the
financial industry with the focus on the RegTech, we aim to relieve the
compliance and efficiency issues in financial document processing.
Also, based on our document intelligence platform which supports
customised plug-in development, we are cultivating the ecosystem
across various industries.

Our current clients include the China Securities Regulatory
Commission, the three major stock exchanges in China (Shanghai
Stock Exchange, Shenzhen Stock Exchange, and HKEX), the top 10
securities firms in China, as well as several banks, asset management
companies and accounting firms.

www.paodingai.com
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Disclaimer

The information contained in this document is for general informational purposes only and does not, and is not intended to, constitute legal advice
on the Listing Rules or investment advice. It is not a substitute for professional advice which takes account of your specific circumstances.
Although the information contained in this document is obtained or compiled from sources believed to be reliable, HKEX and/or its subsidiaries do
not guarantee the accuracy, validity, timeliness or completeness of the information or data for any particular purpose. HKEX and/or its subsidiaries
shall not accept any responsibility for, or be liable for, errors, omissions or other inaccuracies in the information or for the consequences thereof.
The information set out in this document is provided on an “as is” and “as available” basis and may be amended or changed. HKEX and/or its
subsidiaries shall not be responsible for any loss or damage, directly or indirectly, arising from the use of or reliance upon any information
provided in this document.
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