2222222222

DEUTSCHE BORSE



Topics T7 Tech Refresh

History
Evolution

Colocation Tech Refresh

Overview
Improvements

2222222222



T7 Tech Refresh

History
Evolution

Colocation Tech Refresh

Overview
Improvements



T7 — History
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T7 launched in Low latency and Multiple partitions 100 servers 2 x 8 cores CPU infiniband
2012 high throughput for load balancing
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T7 — History

T7 Core Network Technology: InfiniBand

What is InfiniBand?

InfiniBand is a very high throughput and very low latency network technology used in high-performance computing

Why do we use InfiniBand in T7?

The T7 internal network was on the critical path and required high throughput and low latency

Why not Ethernet?
Not sufficient throughput and high latency in the 2000’s
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T7 — History

t Additional services
T7 g O = Enhanced Order by Order Interface (EOBI)
= T7 Entry Services (TES)

b | g g e r = Liquidity Discovery Service (LDS) aka EnLight

Additional markets
= Xetra
= EEX
= Vienna

= Partner Exchanges

Improved and enhanced functionality

= Two releases per year with additional functionality
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T7 — History

. and = XFRA - a separate environment
e r. = Improved Latency
g g = Enhanced Throughput

= Tech refreshes every 3 years

= Colocation 2.0
= [ntroduction of Partition Specific Gateways

= Consolidation of partition processes Matching Engine and GW, EOBI, EMDI
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T7 — Evolution

Servers & CPU Cores
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T7 — Evolution

Partition Specific
Gateway

Partition

Matching Engine

Enhanced
Orderbook
Interface

Enhanced Market
Data Interface

s T7 core network on the critical path

Server
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T7 — Evolution

Partition

Enhanced
Matching Engine Orderbook
Interface

Partition Specific
Gateway

Enhanced Market
Data Interface

=P T7 core network on the critical path is gone!
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T7 — Evolution

l Partition

Enhanced
Matching Engine Orderbook
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T7 — Evolution

Partition
Specific
Gateway

Enhanced
Orderbook
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Market Data
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T7 — Evolution

Sapphire Rapids 8462Y+ (2 x 32 cores)

Enhanced Enhanced

Orderbook
Interface

Partition
Specific
Gateway

Matching
Engine

monolithic memory archritecture
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T7 — Evolution

Current situation (Q2/2024) Target design (Q4/2024)
= T7 Core Network: InfiniBand = T7 Core Network: Ethernet
= 170 servers = 110 servers
Migration
= 4 servers per partition = 2 servers per partition

= Matcher host: 2 x 12 cores = Partition host: 2 x 32 cores
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T7 — Migration from InfiniBand to Ethernet

InfiniBand

Ethernet Ethernet

<

Stepwise migration fom IB to ETH; timeline: July — October 2024
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Median latency [Js]

T7 — Motivation
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T7 — Motivation

Median latency [Js]
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Colocation — Overview

Introduction of the Eurex Co-location 2.0

Service and related changes to Eurex
Exchanges’ connectivity fees (Price List)

In order to improve the existing high-quality connectivity to their markets, Eurex Deutschland and Eurex Zurich
(collectively the Eurex Exchanges) intend to implement two strategic milestones leading towards a state-of-the-
art and more predictable technical infrastructure set-up in the course of 2017 and early 2018: Co-location 2.0
and First-in-First-out (FiFo) gateways.

1. First milestone: Introduction of Co-location 2.0
i s i j i Sure a state-of-the-art and more predictable technical
infrastructure setup in the Eurex Exchanges’ Co-location facility. The Co-location 2.0 service will be available for
market data disseminated via the Eurex Market Data Interface (EMDI) and Eurex Enhanced Order Book Interface
(EOBI) market data interfaces and also for transactions submitted via Eurex Enhanced Trading Interface (ETI).
From 20 February 2017 onwards, connectivity to the Co-location 2.0 will be available for ordering via the
Member Portal. The production start of the Co-location 2.0 service is planned to take place before the start of
T7® Release 5.0, which is currently scheduled for 19 June 2017. Changes to the Price List to the Agreement on the
technical connection and the utilization of the Trading System of Eurex Deutschland and Eurex Zirich
(Connection Agreement) and the Price List to the Agreement on the technical connection to the Electronic
Trading EDP Eurex for a Provider of the Multi-Member-System (Provider Connection Agreement) incorporating
the new service category will come into effect on 1 June 2017.

2. Second milestone: Introduction of “First-in-First-out” (FiFo) gateways
Thein i it ific “First-in-First-out" {Fi ead to a more deterministic
behaviour and will decrease the number of entry points into the trading system at gateway level. The
introduction of the FiFo gateways is planned in a stepwise approach, whereby several measures will already be

implemented with T7® Release 5.0 and T7® Release 6.0 (4 December 2017). The final implementation of the FiFo
ateways is scheduled to be completed in early 2018. . . .
g ¥ P y Introduction of the Eurex Co-location 2.0 Service
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https://www.eurex.com/ex-en/find/circulars/Introduction-of-the-Eurex-Co-location-2.0-Service-and-related-changes-to-Eurex-Exchanges-connectivity-fees-Price-List--227308

Colocation — Overview

Market Model: Price / Time Public Data First
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Colocation — Why Each Centimeter Counts?

Reaction Count (Relative to Total # of Trades) [-]

Eurex Reaction Times over the Years
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https://www.linkedin.com/pulse/2-new-5-stefan-schlamp-bseme

Colocation Tech Refresh
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Colocation — Tech Refresh & Our Objective

Replace switches which will reach end of vulnerability/security support in Q1 2025

Reduce dynamic latency variance in distribution of market data
Reduce static variance by improved cable normalization between the customers and our switches*
Introduce Mid-Layer switch (3550T) for Market Data only (see next slide)
Market Data Replace 3548X by 3550T

Order Entry Replace 3548X by 3548XL (both switches have similar behavior and latency profile)

DI IloIENi el HEEV/EIAN  Replace 3548X by 3548XL

* we will start with the preparation (cassette replacement) in October’2024



Colocation Improvement — Mid-Layer Switch

Participant Order Entry Network T7®(Core) Market Data Network Participant

E - PS GW/ME 3 - é

| PS GW/ME 5 Py =

= - PS GW/ME 9 - s
9‘83*7 - PS GW/ME 11 = _*®é

® Cisco 3548X Distribution Layer Switch
%) Cisco 3550T Mid Layer Switch (introduced in Q3 2024 for Eurex)
(X) Cisco 3548X Access Layer Switch
m  QOptical tap (capture and time measurement)
= Accurately equalize cable to Access Layer switches due to physical proximity

= Serialize the connection from T7 backend to Access Layer switches

= Achieve more equal distribution of market data to the Access Layer switches S



Colocation Improvement — New Market Data Switch
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* We expect to receive a firmware update which will reduce the cross-port variance to ~ 100 picoseconds
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Colocation Improvement — New Market Data Switch

Switch Latency — Delay from Uplink
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Colocation — Next Steps

EUREX —
Introduction of Mid-
Layer switch on A-

Cash Market — Tech
refresh of Order
Entry Access Layer

EUREX — Tech
Refresh of the
Order Entry Access
Layer switches on

EUREX — Tech
Refresh of the
Market Data Access
Layer switches on

Finalization of the tech
refresh

R13.0 Launch

Planned execution of
the improved cable

side switches on A-side A-side A-side length normalization
31 Aug. 2024 28 Sep. 2024 26 Oct. 2024 23 Nov. 2024 Q4 2024 :
® . . ® . ® . ® . ®
17 Aug. 2024 7 Sep. 2024 12 Oct. 2024 9 Nov. 2024 18 Nov. 2024 2025
EUREX — Cash Market — Tech EUREX — Tech EUREX — Tech

Introduction of Mid-
Layer switch on B-
side

refresh of Market
Data switches on B-
side

Refresh of the
Order Entry Access
Layer switches on
B-side

Refresh of the
Market Data Access
Layer Switches on
B-side

Cable equalization
preparation
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Summary

Colocation T7

Target: Reduce dynamic and static jitter Tech Refresh 2024

Tech Refresh of the switches (OE: 3548XL; MD: 3550T) InfiniBand =» Ethernet
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Disclaimer

© Deutsche Borse Group 2024

This content is for informational purposes only. None of the information constitutes investment advice or an offer to
sell or the solicitation of an offer to buy any contract, share or other financial instrument. This content is only for use
as general information and all descriptions, examples and calculations contained are for illustrative purposes only.

Deutsche Borse AG, Frankfurter Wertpapierbérse (FWB®, the Frankfurt Stock Exchange), Eurex Frankfurt AG,
Eurex Deutschland and Eurex Clearing AG and Deutsche Borse Digital Exchange do not represent that the
information in this publication is comprehensive, complete or accurate and exclude liability for any consequence
resulting from acting upon the contents of this or another publication, in so far as no willful violation of obligations
took place or, as the case may be, no injury to life, health or body arises or claims resulting from the Product Liability
Act are affected.

Securities traded on the Frankfurt Stock Exchange and Eurex derivatives (other than EURO STOXX 50® Index
Futures contracts, EURO STOXX® Select Dividend 30 Index Futures contracts, STOXX® Europe 50 Index Futures
contracts, STOXX® Europe 600 Index Futures contracts, STOXX® Europe Large/Mid/Small 200 Index Futures
contracts, EURO STOXX® Banks Sector Futures contracts, STOXX® Europe 600 Banks/Industrial Goods &
Services/Insurance/Media/Personal & Household Goods/Travel & Leisure/Utilities Futures contracts, Dow Jones
Global Titans 50 IndexSM Futures contracts, DAX® Futures contracts, MDAX® Futures contracts, TecDAX® Futures
contracts, SMIM® Futures contracts, SLI Swiss Leader Index® Futures contracts, RDXxt® USD - RDX Extended
Index Futures contracts, Eurex inflation/commodity/weather/property and interest rate derivatives) are currently not
available for offer, sale or trading in the United States nor may they be offered, sold or traded by persons to whom
US tax laws apply.

The fund shares listed in XTF Exchange Traded Funds® are admitted for trading on the Frankfurt Stock Exchange.
Users of this information service who legally reside outside Germany are herewith advised that sale of the fund
shares listed in XTF Exchange Traded Funds may not be permitted in their country of residence. The user makes
use of the information at their own risk.

Legal validity of this disclaimer

In the event that individual parts of or formulations contained in this text are not, or are no longer, legally valid (either
in whole or in part), the content and validity of the remaining parts of the document are not affected.

Trademarks

The following names and designations are registered trademarks of Deutsche Borse AG or an affiliate of Deutsche
Borse Group:

1585®; A7®; Buxl®; C7®; CDAX®; CEF®; CEF alpha®; CEF ultra®; CFF®; Classic All Share®; Clearstream®;
CX®; D7®; DAX®; DAXglobal®; DAXplus®; DB1 Ventures®; DBIX Deutsche Bdrse India Index®, Deutsche Borse®;
Deutsche Borse Capital Markets Partner®; Deutsche Borse Commodities®; Deutsche Borse Venture Network®;
Deutsches Eigenkapitalforum®; DivDAX®; eb.rexx®; eb.rexX Jumbo Pfandbriefe®; ERS®; eTriParty®; Eurex®;
Eurex Bonds®; Eurex Clearing Prisma®; Eurex Improve®; Eurex Repo®; Euro GC®; ExServes®; EXTF®; F7®;
FDAX®; FWB®; GC Pooling®; GCPI®; GEX®; Global Emission Markets Access — GEMA®; HDAX®; INAV®; L-
DAX®; L-MDAX®; L-SDAX®; L-TecDAX®; M7®; MDAX®; N7®; ODAX®; OkoDAX®;PROPRIS®; REX®; RX REIT
Index®; SCHATZ-FUTURE®; SDAX®; ShortDAX®; StatistiX®; T7®; TecDAX®; Technology All Share®; TRICE®;
USD GC Pooling®; VDAX®; VDAX-NEW®; Vestima®; Xcreen®, Xemac®; Xentric®, Xetra®; Xetra-Gold®; Xpect®;
Xpider®; XTF®; XTF Exchange Traded Funds®; We make markets work®

The names and trademarks listed above do not represent a complete list and, as well as all other trademarks and
protected rights mentioned in this publication, are subject unreservedly to the applicable trademark law in each case
and are not permitted to be used without the express permission of the registered owner. The simple fact that this
publication mentions them does not imply that trademarks are not protected by the rights of third parties.

The STOXX® indices, the data included therein and the trademarks used in the index names are the intellectual
property of STOXX Ltd., Zug, Switzerland and/or its licensors. Eurex' derivatives based on the STOXX indices are in
no way sponsored, endorsed, sold or promoted by STOXX and its licensors and neither STOXX nor its licensors
shall have any liability with respect thereto.

STOXX iSTUDIO® is a registered trademark of STOXX Ltd., Zug, Switzerland.
EEX® is a registered trademark of European Energy Exchange AG.
TRADEGATE® is a registered trademark of Tradegate AG Wertpapierhandelsbank.

Flexible is better.® is a registered trademark of Axioma, Inc.
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Thank you! OpenDay

Sergej Teverovski 2 O 2 4
Head of Section — Xetra/Eurex Application Development Trading

Deutsche Boerse AG
Mergenthalerallee 61
65760 Eschborn

sergej.teverovski@deutsche-boerse.com

DEUTSCHE BORSE
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