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Algorithmic Trading (AT)

Scope & Terminology

Our focus

Normal
Trading
(traditional
& internet

trading) Algorithmic

Trading*

Designated
Market HFT

Making**

Data: orderbook & tradebook
from 2017 to 2022

» 4,778,031,450 orders

- 827,860,016 trades

*AT of designated market making activities of DW were excluded
**Only applicable to DW

! Article 4(1)(39) of MiFID II

Algorithmic trading (AT): trading in financial instruments where a computer algorithm
automatically determines individual parameters of orders such as whether to initiate the order,
the timing, price or quantity of the order or how to manage the order after its submission, with
limited or no human intervention.!

* Algorithmic trading, program trading, automated trading, and robot trading are related
terms that are often used interchangeably.

High frequency trading (HFT): a subset of algorithmic trading where orders are submitted by
low-latency and sophisticated technology.

* High Frequency Algorithmic Trading Technique is typically not a strategy in itself but the
use of very sophisticated technology to implement traditional trading strategies.

Order book: a list of outstanding buy orders and sell orders for a specific security or financial
instrument, organized by price level.

Derivative warrants (DW): proprietary instruments issued by eligible issuers that give holders
the option to buy or sell the underlying instrument in the future for a fixed price.

Designated market maker (DMM): trader that has been selected by the issuers as the market
maker for a given security. MM is responsible for maintaining quotes and facilitating buy and
sell transactions.



Algorithmic Trading (AT)
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In year 2022, the current AT proportion in developed
markets was expected to be around 80-85%.
Source: Mordor Intelligence Source: Aite Group and Goldman Sachs Global Investment Research

Note: the proportion of algorithmic trading in the Thai equity market was 37% (Jan-Oct 2023).



Algorithmic Trading (AT)
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Order Tendencies Analysis LUUMS31AS1-HSULUUMSd0M A0 EU18
tstludamunans:nuydv Algo Trading NdaAatumMmwaaraluauamwada

Order tendencies analysis - a methodology used in trading to analyze the behavior of traders' order placement tendencies.
It involves studying the patterns and characteristics of orders placed by market participants in the markets. (Hosaka, 2014)
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Source: Udlyadn trade book Ua: order book ydv SET Audeulagngddysua:gutndaudoya S1Unviu n.a.o.



Algorithmic Trading (AT)

Algo Trading u:mlwuamwnaaoua-annunumsuauwunnam!nus:u 79% UD\)ﬂ'ISEI\)ﬂ'IEI\)lUUﬂ'ISlWIJ
amwnaa\)!l-munam ﬂ‘ISEI\)l-'I’IH\)I'IlWIJEIﬂ'IWﬂaB\)U 69% lUI.Iﬂ’ISEI\)IUI’IS'IFI'IIEII.IDU’IEIHSBIHI.IDUBI'ICII'IHQ i)
aCICIUI'!I.IIUﬂ'ISZiDU'IEID’Iﬂ bid-ask spread I’Illl-'lUEl\)UD\)C‘Ia'ICIICIEISDIJ

Increasing 79% of AT order were liquidity making
Liquidity While 75% of normal trading were liquidity making

(78% in Dutch equity markets & 64% in Japanese equity markets')

Narrow 69% of AT liquidity making order were at best bid and offer

SPI'eadS While 51% of normal trading liquidity making order were at best bid and offer

Note: this analysis followed a methodology of Analysis of High-frequency Trading at Tokyo Stock Exchange, The Securities Analysts Association of Japan (Hosaka, 2014)

1Menkveld, Albert J. (2011) and Hosaka (2014)
Common stocks. For the year ended 2022.

Source: Udlyadn trade book Ua: order book ydv SET Audeulagngddysua:gutndaudoya S1Unviu n.a.o.



Algorithmic Trading (AT)

Asdvumdavudv Algo Trading t)gaanans:NUGaDANUNUNIUS:8:aU

Full sample (2018 to 2022) Based on OLS Regression for the period of 2018 to 2022
T e e e e e R ° Dependent Variable intraday Volatihty
izzél‘:’ar"abw ﬁ“traday—‘“’lat”;z R-squared: 0.453 * Independent variables: month_volatility, pg_share, order_size, abs_imbalance
Method: Least Squares After controlling for long-term volatility, our analysis suggests:
flo. Observations: sples * the share of algorithmic traders is negatively correlated with intraday volatility.
 er etdoerr . ;;E"" * Algorithmic trading acts to dampen relative volatility.

———————————————————————————————————————————————————————————————— *  Algorithmic trading does not add to volatility, even in the stressed market condition.
Intercept -0.0107 0.000 -84.786
month_volatility 0.3865 0.001 475.328

0
0
(pg_share -0.0011 0.000 -9.374 0.000 )
0.0009 1.12e-05 78.043 0.000

abs_imbalance
intraday_volatility Standard deviation of 15-minute price returns
Stressed market condition*
_______________________________________________________________________________ month_volatility The one month running standard deviation of end-of-day price returns for each security.
Dep. Variable: intraday_volatility R-squared: B.3238
Hogel ) Y- DL; 4 pg_share he percentage of traded turnover attributable to algorithmic traders over the day for each security
Method: Least Squares order_size The daily average size of orders submitted to a market for each security.
No. Observations: 1984
SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSISSSSSSSSSSSSSSSssass . The absolute imbalance of buy and sell orders over the day, expressed as a percentage of
abs_imbalance .
coef std err t P>t turnover, for each security
Intercept -8.0070 8.8e4 -1.919 8.855 Based on the methodology of Review of high-frequency trading and dark liquidity, ASIC 2015
month_volatility @.4955 B8.817 28.357 :
( pg_share -8.681321 @.8@5 -2.832 )
order_size @.8812 G.000 3.0852
ab=_imbalance -0 . BEE2 5.88e-85 -2.749

These results were similar to a previous studies by ASIC (2015), SEC (2020), Hendershott
et al. (2011), Hendershott and Riordan (2013), Brogaard et al. (2014), Nawn and Banerjee
(2019a) and Nawn and Banerjee(2019b)

*3U circuit breaker("2020-03-12","2020-03-13","2020-03-23")

Common stocks. For the year ended 2018 to 2022.

Source: Udlyadn trade book Ua: order book ydv SET Audeulagngddysua:gutndaudoya S1Unviu n.a.o.



Algorithmic Trading (AT)

Algo trading uuvilu 2 Us:zinnlied A Algo nislunisdanisAmdv (Execution algo) ua:
Algo nuyvidumsnials (Profit-seeking algo)

Type of algorithmic trading

High

2. Profit seeking algorithms 1. Execution

Latency Market K
. ° arKket makKin :
requirement ¢ making Algorithms

* Quantitative strategy .

" St t. t. l rb.tr tr t VWAP *Top3Typesofalgorith_msu_sed
atistical arbitrase strategy Liquidity seeking* T T T

Mean reversion strategy Percentage of value* Aite-Novarica Group
Low Automatic hedging
Portfolio Generation of trading signals Execution
selection/generation

Stages of investing process

Profit seeking (investment decision) algorithms should be differentiated from order execution algorithms
having regard to their potential impact on the overall fair and orderly functioning of the market. (ESMA, 2016)

Source: CFA Institute. (2023). Trade strategy execution



Algorithmic Trading (AT)

Js:1nnudv algo tradmg IJNEICIDFIE\.IFI’IWIIEI FID’IUlElEl\)UB\)CIEI’IOI’IllCIﬂC‘I’I\)ﬂU Js:Lan algo I'IIJFID’IIJIEIEI\)CID

Jsansmwua: n:nuwusssuuaonamnanau profit-seeking algo luaoo'mun:nuzsuzsaugo DdvAdav
Jsunauunn tuucu:n execution algo sna:iius:lovisrawuus:anSnmwuavaaia

Profit seeking (investment decision) algorithms should be differentiated from order execution algorithms having regard to
their potential impact on the overall fair and orderly functioning of the market. (ESMA, 2016)

Traders that hold inventory overnight are more likely to benefit institutional investors by providing more sustained liquidity.
(Putnins and Barbara, 2020)

High activities
More likely to be
profit seeking

No. of algorithms
trading days . Intraday More likely to be
* More complex execution

e High trading activities :
g o algorithms

Low activities

All position held

@i posttion net Absolute net position e iEh

at the end of day
Absolute net position
The net position indicates how the trader's overnight position is held. If the net position is equal to zero, all transactions during the day were cleared before the end
of the trading session, and the trader has no positions held overnight. If the net position is equal to one, all transactions during the day were held overnight.
Net position = outstanding volume at the end of day / traded volume during the day



Algorithmic Trading (AT)

mnn'lsams-l Humis'ﬁouunnumslu algo 91udu 37,178 u:gu wu:'\mu:uusguaautmg 91% gaus:1uiu1:10u execution algo ua:
I91udu 9% aaus:tdusiiuino:=tlu profit-seeking algo nduliiyadiBaviengouin Aatlu 8% UdVUaA13DU8UDY algo trading
Ioua::uu1nlUuumuuaouaonumoUs.mn zsouna'luuJuIUIn:nmmUuu:uuuanusu.u.lu hlgh-frequency trading (HFT)
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We also checked for sensitivity by calculating the absolute net position on a weekly and monthly basis. The results did not change significantly.

All AT accounts. All securities type. Year 2022.
Source: Udlyadn trade book Ua: order book ydv SET Audeulagngddysua:gutndaudoya S1Unviu n.a.o.



High Frequency Trading (HFT)

Jadouyasimsdovrouov HFT Guuwdlivwududoudl 2021 lagl 2022 odii 15%
nold HFT IunamHulnunmUuana:qumntuamuununamaunaau!umuaoa:umu 25%

HFT ratio (%) U 2560 - 2565 559, )

dadudayamdauignursua (U 2565)
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|
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| 35%
PG Tusou |
HFT |
15 msdv 18% l ¥ | R 26% 59
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67% | ! I 15%

|
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mUS (TBREréWHFT on equities markets
m Europe (WFE, 2012)
Germany (Deutsche Bank, 2010)
m Japan (JPX, 2013)
m Australia (ASIC, 2018)

2017 2018 2019 2020 2021 2022 9 m ndia (Brij Disa Centre for Data Science and Al, 2019)

auua@giulumsdaus:tan HFT: 1. dovtdumisdoAidonuu algo trading 2. L“Uqugﬁﬁﬁanhz‘;auwmnnj'\ 1 auunnciodu 3. Danueu:lifioAsovrannNSwadUAULAU 20%

RUNBLHQ: d0ddou HFT ornmisUs:unaulagaanardnnswe 4 agi 9% AduuandivndiAngiudsAsaalarannswaiimsnsav31davidnisld co-location WulinavnuidvAdoniu DMA wazilujavnudiods:ina

Source: Uoyav1n trade book ua: order book upv SET Fhudrulasiheddeua:duladaudoya Srinviun.a.q. 10



High Frequency Trading (HFT)

n1sdanaudv HFT daamwaaavmlalaonisls Order Tendencies Analysis

Liquidity Quality Tradability

Order
- Order-to-trade Ratio,
TendenCIes AC;C Bef?t Matched Ratio,
Analysis Bid/Offer Resting Time

Making

(passive) _
Outside Best

HFT orders Bid/Offer
Taking

(active)

Data:
Trading activities in SET during 2022

Source: Analysis of High-frequency Trading at Tokyo Stock Exchange, The Securities Analysts Association of Japan (Hosaka, 2014) n



High Frequency Trading (HFT)

Liquidity: laomwsou HFT dosiwuamwadavusdaaia Joinaldondadoumssovne
wuvacamwaadavnudsluru (31%, U 2022) udd:gounnlu DW (90%, U 2022)

Aggressiveness ratio LUums3adadiuvaoyamBouiguuv active (idyaf1Bdv1onvKBaUDY HFT (active trading value / total trading value)
KInAguudavindadrumsadvArdotdunuu active luusunrunuIn waz:v:aaaniwAdavuavaala MIKLAAANIURNUNDUS:8:aU lWUc3aHUvN US SEC ua: ASIC idaamuwadnssuuav HFT!

| M L % | M  Derivative
aqaNIWAaDY Al A It Warrants (DW)
(Active) |

o
on

o
I

Aggressiveness ratio

v

IWUdNWAdDY

(Passive)

2017 2018 2019 2020 2021 2022

IEquity Market Structure Literature Review Part II: High Frequency Trading (Staff of the Division of Trading and Markets, U.S.Securities and Exchange Commission, 2014)

Source: Udlyadn trade book Ua: order book ydv SET Audeulagngddysua:gutndaudoya S1Unviu n.a.o. 12



High Frequency Trading (HFT)

Quality: amwaadooin HFT lwutuuuulumsmlu bid-ask spread uavav NANISdY
Advi best bid/ask WWudadiu 75% uaa\)nm AT il 65% ua:msdavirgundn 51%

Order level is range of ticks away from the best available opposite quote

Breakdown of order level by Trading Method
Orderlevel e¢1e203e405 06+

Common Stock

Wide 100%

9.87%
spread 7 08% -
80% (PR EL
21.66% 938%
60% 18.21%
a0% 75.22%
65.03%
0% 50.95%
0
Tight
spread 0%

Algo Normal

a i Trading Trading

Based on methodology from “Analysis of High-frequency Trading at Tokyo Stock Exchange”, The Securities Analysts Association of Japan (Hosaka, 2014)

Source: Uoyav1n trade book ua: order book upv SET Fhudrulasiheddeua:duladaudoya Srinviun.a.q. 13



High Frequency Trading (HFT)

Tradability: HFT Iuna'mHulnuumsaomaonumsaunao awsadala’»n
order-to-trade ratio numlaaulwaa 5.61 uona:nau!us:nunuaan:rmamau

Total order / Total trade by account (Order-to-Trade Ratio: OTR) Order-to-trade ratio (OTR): Often used as a proxy
. for the degree of automation on exchanges and the
;o XAT @HFT B Normal Tradmg 51 degree of noise in the market (ASIC, 2010).
Year 2022. Accounts with monthly trading value >= 1 million THE.
10:1 x x xx « Type Mean Median
25M Pk HFT 5.61 373
y Algo Trading (AT) 451 124
> 0M L Normal Trading 297 2.04
T 3:1
4 e Order-to-trade ratio (OTR)
L ) T 55.86
5 1.5M T =
s ’ 2:1
, A o T g 3154
1.0M = /xx/ 5 B O '
. b, gL I,:RQ[X}CEPX%X ‘7_,_»;(”——7 _»»»/____,,/~——"”/___ .
X _i-=7 ST US - NYSE US - NasdagIndia (2019)  Japan Norway Australia Hong Kong
- (2022) (2022) (2015) (2016) (2016)  (2018-2022)
_____ Source:

US markets (MIDAS, US SEC). The OTR of US markets represents the average OTR of
all trader types.

0.5M 0.6M * India (Brij Disa Centre for Data Science and Al, 2022). The OTR of Indian markets
represents the OTR of large-cap stocks.

0.2M 0.3M 0.4M

total_trade
= — o . - - ] - o * Japan (Kemme, 2022)
Source: Uplyad1n trade book ua: order book ydv SET Audeulagnhgddsuazdutndaaudoya S1Unviun.a.q. *  Norway (Jorgensen, 2016).
*  Australia (Kirchner, 2016) 14

Hong Kong (Hong Kong Institute for Monetary and Financial Research, 2021)



High Frequency Trading (HFT)

HFT miKsiggagavnueIn/13gwusgu?

“...StUU ROBOT/ HFT asivuAnuldgrigliunavnusiggognatonun ..
*... HFT 1ond3suavnundlu Tidtassu:Ta miRRuldausn kualomarhils ..

“_.. Unavnusiggosdiulkadliladavigudonu HFT agudstiiavonwinwinuavkidiusuiomsidndauazuigbasosin
Julblasuwans:znuoinmsmmlsdleanuisciunsaudaldu a ucagvla .."

“...Ordinary individual investors with long-term buy-and-hold strategies need not fear that high-frequency traders’
profits are coming out of their pockets. ...” Gus Sauter, former CIO of the Vanguard Group mutual fund company

Academic research is mixed on the contribution of high-frequency traders to transaction costs. It is crucial to evaluate whether the
benefits produced by HFT (e.g., tighter spreads) outweigh the costs associated with a changing market structure.

From consultation paper conducted by I0SCO (2011), numerous respondents stated that it was important for any regulatory change to be based on thorough research and empirical
evidence and cost-benefit analysis, rather than relying overly on anecdotal evidence.

Brogaard et al (2012) find no clear evidence that these increases in HFT activity impacted institutional execution costs.

Brogaard et al (2014) examine the role of high-frequency traders (HFTs) in price discovery and price efficiency. The result by helping reduce transitory pricing errors, HFTs help long-
term investors reduce their trading costs. But for short-term investors, the benefits are less clear.

ASIC (2015) estimates the annual gross revenue of HFT in Australian equity markets translates to an effective cost to other market users of 0.70-1.14 basis points (i.e. 0.007-0.014%
of traded value) which is substantially less than other trading costs; the market spread, and brokerage fee are 13 and 20-30 times higher, respectively.

15



High Frequency Trading (HFT)

mnmsUs-mmms:uNamlsuuuuuao HFT wuJ1 HFT mna'louaomlsnauamuauwaun 0.07% BolisgninAinalovov
nau Intraday >lU (0.15%) vl HFT indwriunduvavilsitasuaaviftiuivariuasatlunmsilsiubuginia

Median of gross revenue (% of trading value) by account type

1SD
1.19%

1.0%

0.5%

0. BC"

0.14%
W—--

0.0% —‘
-0.17%

-0.5%

-0.91%

2018

swu L 28
Uty Intraday normal trading 23,639

-1.0%

0.30%

® HFT @ Intraday normal trading

1.30% _
- 1.25%

1.07%

034c

0. .29G

[ 0.18% 0.17%
0.12%
-0.19% -0.18% -0.20%
-0.83% -+
-0.85% -0.91%
2019 2020 2021
31 37 32
17,951 32,666 39,743

0.32%

0.15%

0.07%
e e

-0.17%

2022

28

30,223

-0.96%

Us:u1runisaionngaa net sell uaoUeyd HFT ua: TR law1:lu3URl net scaled position Upein3 0.01% ua:dyaAidauigsouuinn3t 13 uuin (WisvonldGaniu:dhwsu Mikgaauisgnsuaaoiivmils)

warlsgudunpurnAEs1e3uluMsEoune LU ANsssULTEU AN fixed cost UDVS:UUGDUNE
Source: Uoyav1n trade book ua: order book upv SET Fhudrulasiheddeua:duladaudoya Srinviun.a.q.
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High Frequency Trading (HFT)

HFT miisodooidelomatunisdouirs DW?

“@a1a DW fduiwdeuniiulaus1oin HET Rdnisdouigsiatéuin tu
aUdssAog1uuINCiDNISavNUUDVSIYEDY”

“Jordewdol HFT wWu1 Ao mitksiegosludlomatdniudovisldanu”

"The high market volatility is a risk beyond our control, but HFT
is a challenge we can cope with as DW issuers by upgrading our
company's technology and trading platforms.”

“...issuers need to invest in new technology to enhance speed and
remain competitive with HFT ..."
— Ilvan Ho, Head of warrants and CBBCs, Credit Suisse

There was limited academic research regarding the effects of High-
Frequency Trading (HFT) on derivative warrants issuers. Most of the
research focused on price discovery and connectivity among derivatives
and underlying prices

* Woo and Choe (2013) find that HFTs" profit was not from transactions with
individual investors, but from transactions with market makers. HFTs" market
participation increases market liquidity. In addition, the gap between the market
value and the theoretical value decreases, improving market efficiency.

e N\
+  AIsMKBUINYDY market makers (u DW d:nn1sduAmdodaugiwaasiv
dNWAGDVILUU real-time IW2{HS1A1 DW d@aaAanvius1AuNgus)
DW Theoretical Value = Intrinsic Value + Time Value
Black-Scholes-Merton Model : LSJtr:?kerF):rii:i Price
y Bid vounannSwegdway DW bid
. o 511 underlying LWagu
bid ask 866.00 0.10
Underlying 865.50 - 866.00 -> 867.00 - 867.50 866.50 0.1
867.00 0.12
bid ask e
Call DW 0.10 - 0.11 e~ 0.12 - 0.13
W_/
Latency => Opportunities
+ order anticipation strategies
\ =

17



High Frequency Trading (HFT)

mistouvngudvavnunlUllldsunans:nunvasvn HFT Liivonmsdovisuaviavnumlvilumisdug
AU Market Makers uavoioon DW noldiwu3inaisiHunn Market Maker goannsammislaudibuusluvaaav
luioon DW v0SYY

Jadsuyamdaunguaomsduds:H3oUs:LnnRGoue (U 2022) Us:uneumswanilsuianuansuavmsisiAuay
DW market maker (U 2017 - 2022)

Normal Trading

5.1bn
4.7bn
4.4bn
HFT 3.7bn
MM

% 3.1bn
o
(=]
£ 2.6bn
hid

HFT @

Market Normal
Maker (MM) Trading (TR) 2017 2018 2019 2020 2021 2022

year

HFT 4.93% 87.22% 7.86%

HUBLHQ: S1UdUUTYE Algo Trading dn1sBauielu DW Wevldntse SolignthuisoulunissiAsihd

Source: Uoyav1n trade book ua: order book upv SET Fhudrulasiheddeua:duladaudoya Srinviun.a.q. 18



High Frequency Trading (HFT)

naus:losldofavnunalu: Market Maker imsuSusimmuRu31v5v1838u Saldpns:e:aritdlums
Jsuususimuav MM Naaavikaaiaae 350 millisecond tul 2022 (31aU 2018 12a® 620 millisecond)

Market Makers’ React time (Millisecond)
React time FAUEUDINS:8:DAIHAVIINASIAKUSWSVTMSIUAsULUaVIUFVIDAIA Market Maker GmsavAdvtwulku Wagvulay ualu lunmsduda/uie DW ypvRuswsvliu a

Millisecond: (1/1,000) of a second

600

Average Median

400

300

200

100

2018 2019 2020 2021 2022

Source: Uoyav1n trade book ua: order book upv SET Fhudrulasiheddeua:duladaudoya Srinviun.a.q. 19



Regulatory Framework

Landscape MiJasuluthundvadiummetlumssiuqua

Complexity Speed Number

of trading of executions of messages &
algorithms trading algorithms
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asuus:tiGuadiuidgoua:uudnvmsminuqua HFT

Key Concern Area

Market
Manipulation

Market
Integrity

Market
Quality

Market
Performance

Market
Stability

Fairness

Core principles

Surveillance Capabilities &
Enforcement Actions

Market Efficiency, Liquidity,
and Volatility

Resilience Against Turbulent
Events & Market Breakdowns

Fair, transparent and
non-discriminatory access

Investor Protection, Enhance
the Perceived Fairness of the
Markets, Investor Education

Source: applied from HFT-related report from I0SCO (2011), ASIC (2014), and Morelli (2017)

Findings

ags:HIMsANIWOAnssunIsdvAdonl
(KUN=auuDY HFT

tunwsou HFT $281WUanIwAanw
UDVaAQ uazy¥Ieaa bid-ask spread BoriR
dunulumsdauiganav

AsBouieudv HFT Uwans:nUcioAIWWUWIUUDY
As1nsavAdvnalunviugoviaiunduazyovoan
Naa1aiAIUWUWIUZD

Day-trade nolUgoawnsarmlsldag: HFT §
dasirilstads 7 bps luveu:ngavnungdu day-
trade MIUSasIAISIaae 15 bps Nl HFT GA2W
wdughuavmsrhrlsigonsa day-trade AU

| nalnfudBvanunsasns:auld
nalmwuiGunarouhluwoisan

*nalnAnKualdnu HFT laglawa:

N

Surveillance system: IWUMSASIDIUAFVUS:LAN spoofing

Indicators (WadaAtuNIwudvaAQUA:NANS:NUIIN HFT* 15U
dadou HFT, 91uduuov fast messages, order-to-trade ratio,
aggressiveness ratio, short-term volatility, liquidity upvaang
Maker-taker fees: aaraHannsSwearn1IsAKUQASSSULTgUNISED
vgnuLancIvAUs:H310 liquidity maker ua: liquidity taker

HFT definition*, HFT registration*, flagging of HFT orders*
Single stock circuit breaker, limit-up limit-down: tWodgAdUAU
S:QUADIUWUWDU

N

Fair access, disclosure of service: lunmstRuSns tRUSAS
co-location DMA ua: algo trading davluidfianuanA ua:=dovd
mswalweimstiRusSAIsuAalsIsau:

<

Disclosure of HFT analysis*: LUQLWgWANISILAS1:RANUU=LA:
wWans:nNUUDY HFT daRsouaala )

Audit trail: IWUMsAsIdaoUMmdvLa:n1sdouottiulunUeydiHed
H3pUeyBNIwnGnssudpvavds
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