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Agenda

e Introduction to market data
e EXxisting workflows and challenges in managing data storage
e Deep dive into our solution

e [he road ahead
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The Bloomberg Terminal is software that
delivers a diverse array of information, news and
, ‘ analytics to facilitate financial decision-making.
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Primer: What is Market Data?

Quotes
Instrument |4755 3p  |es442 78 oo 544 /544.3 | 159%kx2900
WY At 2:00 d Vol 31,384,000 0 548.5T H 558.67 L 544T Val 17.2498
755 JP Equit 95) Settings [2 Mari

Exchanges: @ JF@ JS@ JTH IN® JVm JEm JI
8 = &= < [Jcenter & Average Buy/Sell Price

OBuy  Amount
E Total Cize. Rid Acle Size Total E ® Sell Remaining 0
] 158900 158900 2900 2900117 Avg Price 544.3000
bl 171800 12900 543.9 544.4 3400 63007 5 Trade Recap | QR »

Or ders JT 193900 22100 543.8 515 1500 7800JT Time  Size PriccE
1] 204300 10400 St 544.6 1600 9400JT 02:22:00 43.1k  544.277
J7 217200 12900 543.6 4.7 1800 112007 02:11:00 46.4k  544.217

02:10:00 1.2k  544.217
02:10:00 1k 544277
02:10:00 22k 544.217T

02:07:00 900  544.2]T
Trades 23:04:00 4k 550.81T
22:56:00 2k 550.9IT
22:44:00 100 550.9 1T
19:21:00 1k 552 0T
19:20:00 4k 55211

02:90.00 C7 7] CAA D 1T -

6 Volume Distribution | QM »

217200 Under Over 11200
Rakuten Group Inc Trade Lot Size 100
Change on Day -7.8 Avg Vol 5 Day 53,090,700 [ IT 98.49%
% Change  -1.41° VWAP 549.6301 M J11.03%
Open 548.5 Maximum Limit Price W V03%
High 558.6 Low 544 Minimum Limit Price JE 0.09%
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Primer: What is Market Data?

Normalization: The representation of information as basic as trade price and trade quantity can vary
substantially across major exchanges.

Tag Tag Name Req Data Type Comment EQT DER

MDEntrny Pnce Price of the Market Data Entry. Required when this
. . market data entry involves a price. Represents the
Price and qua ntlty have notional value for trade volume (B). Other entry types
. that do not involve price do not require this tag.
d |ffe re nt d ata typeS MDEntrySize Quantity or volume represented by the Market Data
Entry. Required when MDUpdateAction = New (0)
and MDEntryType = Bid (0), Offer (1), Trade (2),
Trade Volume (B) or Openi i :

Uttra fast, tightly packed

price and volume with
venue identification Primary Listing Market Participant ID

TechAtBloomberg.com PR Bloomberg

© 2023 Bloomberg Finance L.P. All rights reserved. L " R T e s Engineering

a A X
oo N2
ot s Vi



Feed Handler Application

Normalization: The representation of information as basic as trade price and trade quantity can vary
substantially across major exchanges.

Tag Name Req Data Type

"
Example Normalized Market Data:
MDEntrySize
- TradeWithTradelD 102|PriceClass
—_— 1|[FeSubSequence1 0|FeSubSequence2

0|Sequence 95210

06:59:28|Key TES |TradePr|ce 10 |TradeS|ze

e | [ 1 [ ol
ConditionCodes 1: 19|TradelD 0001|
Primary Listing Market Participant ID -_
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Bloomberg Market Data Pipeline

Terminal

L

Enterprise Client Applications

Exchanges Feed Handlers |Storage Data Distribution The Terminal, Microsoft
Source of Connectivity Consolidates and Infrastructure Excel, and Enterprise
market data Normalization stores all data from  Global distribution  applications present
all Exchanges Subscription data to clients using a
management unified interface
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Feed Handler Application

Downstream
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Challenge: Managing Raw / Normalized Data Storage

Business analysts and Engineering need a system to access the incoming
raw market data and the normalized market data generated by the feed

handlers
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WHY?

Business uses this data to
understand and analyze raw data
sent by exchanges

To answer client queries
Communication tool between
Engineering and Business
Debugging their applications

To create new tests of interesting
scenarios

To validate the correctness of their
processing

Recover from outages
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Managing Storage: Existing System
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Managing Storage: Non-uniformity
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Managing Storage: Capacity impacts Uniform Policy

O Reset

300 Billion Messages per Day 9

~100 TB in the last 24 hours h
1000s of File per machine

200 Billion Messages per Day —¢ 2008

100 Billion Messages per Day

1508
US Debt Ceiling Crisis
(S&P Downgrade)
Stimulus Tapering ¢ i
Discussion . 1008
Japan Earthquake

& Tsunami

2008 Financial ‘
Crisis ‘ 1 5o
Flash Crash

2008 | 2009 2010 2011 2012 2013 2014 2015 . 2016 . 2017 j| 2018 2019 2020 2021 | 2022
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Managing Storage: Network zones security / bandwidth
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Managing Storage: Why Files?

WHY FILES?
e EXxisting interface
e Characteristic of market data
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Market Data Rates: Spikiness

New York Close




Requirement
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What we want

Scalable

Agile

Secure

Storage agnostic
Datacenter agnostic
Observable

Correct

Accessible
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Architecture: Object Data Store in the Cloud

Machine

File properties

file_type: input
machine_name: machinel
feed_name: feedi
creation_date:2023-05-29
version:1
file_name: inputl.dat

Object storage organization in
cloud
input/machinel/input1.dat/2023-05-29/1 /feed1 .parts/partO00001
input/machinel/input1.dat/2023-05-29/1 /feed1 .parts/partO00002
input/machinel/input1.dat/2023-05-29/1 /feed1 .parts/partn
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Architecture: Network Zones in the Cloud

Cloud
Infrastructure
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pcal Agent Running on Machine

Feeds
Machine 1

Agent

Feeds
Machine 2

Agent

Feeds
Machine 3

Agent

Feeds Storage Storage

Machine N

Agent
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Architecture: Local Agent Running on Machine
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Local Agent

Sidecar Properties :

Resource constrained
Appropriate NICE values
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Architecture: Asyncio Library

Find Files

Read File

Chunk File

Upload Chunk
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Architecture: Local Agent Running on Machine

Chunked file Compress chunk
|
b Network
File Rate -
limiter Rate
limiters
L
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Architecture: Disk Rate Limiter

Disk Reader Task 1 (File X) ~ Chunk (32 MB)
Disk Reader Task K (File Y) Chunk (32 MB)
Disk Reader Task N (File Z) Chunk (32 MB)
TechAtBloomberg.com e Bloomberg
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Architecture: Local Agent Running on Machine

Chunked file Compress chunk
=
File |:?Dn;z|§ r - N;t;!::rk
limiters
|
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Network Rate Limiter

BCS Upload
Task 1 (File X)

St e Upload Rate Limiter (Local)

Capacity: 1.2 GB

Limiter (Redis)

Storage

BCS Upload
Task n (File X)

Chunk (32
MB)
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Application Aware

memory mapped file

OS space
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Architecture: Client APIls / Utilities

Dev Machines
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e Business users (Web API| powered by Kubernetes clusters)
o On-demand import requests v R LY
o Intra-session data
o Centralized decoding e

e Developers (Development machines)
o Match input and output
o Debug intra-day issues
o Testing new parser deployment
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Monitoring and dashboards

(® Max Chunk Upload Time

40 seconds, 137
milliseconds

Max Chunk Upload Time © Last 30 minutes
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® Median Chunk Upload Time @ Min Chunk Upload Time

36 seconds, 917 36 seconds, 917
milliseconds milliseconds

Median Chunk Upload Time (@ Last 30 minutes Min Chunk Upload Time @ Last 30 minutes

52 seconds 25 seconds
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Architecture

Feeds
Machine 1
Agent
Feeds ?
Machine 2 Dev Machines
Agent
Feeds .
Machine 3 Dev Machines
Agent .
Decbder
z Cluster (Dev)
Feeds Storage Storage
Machine N
Agent
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The road ahead
« Scalability

« Real-time

* |Improving observability
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Takeaways
e A glimpse into real-world market data management challenges
e Applying cloud storage

e Considerations in building out a system
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Visit our booth

https://TechAtBloomberg.com

https://www.bloomberg.com/careers
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