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Agenda

« Finance and technology
« Machine Learning at Bloomberg
 Data Science Platform infrastructure

 Results and future work
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About Bloomberg

 Founded in 1981

« 325,000 Terminal subscribers

 Customers in 170 countries

« Over 19,000 employees in 192
locations

« Over 5,000 software
engineers/programmers

* More reporters than The New York
Times + Washington Post + Chicago
Tribune

TechAtBloomberg.com
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Finance an
technology
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Finance and technology

https://en.wikipedia.org/wiki/Bulla (seal)
https://en.wikipedia.org/wiki/Semaphore telegraph
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Finance and technology today

© Reset

100 Billion Messages per day I

US Debt Ceiling Crisis/ aperin
P Downgrade Discussion
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Flash Crash ; i X
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Understanding what’s going on out there

Search News Actions v Custom Searches Translate v Page 1 News

[Coffec - I ] < All Sources H All Dates =1 Time

D
)
b))

9
5
0
N
9
9

11
12

Top Ranked News
Engelhart Hires Former Sucden’s Donovan to Bolster Coffee Team BN
SOFTS: Cocoa Advances on El Nino Concerns; Coffee, Sugar Climb BFW
Tata Coffee Earnings Teleconference TCO IN

Time Ordered News
*SEC Short Sale Rule 201 is in Effect : YGYI (NASDAQ)
Engelhart Hires Former Sucden’s Donovan to Bolster Coffee Team
Mena Report: Tender For Sale Of Dried Coffee Berries.
Mena Report: Supply Of Coffee.
Mena Report: Coffee, Tea And Accompanying Products.
The Columbian: Food & Drink: Kafiex celebrates global coffee village
Mena Report: Food, Beverages, Tobacco And Related Products (coffee Beverage, ..
Stewart & Mackertich Research_WEEKLY Dossier 26-10-2018 @ SMK
Tuoi Tre: Tea-based drinks outplay coffee in caffeine-loving Vietnam: report NS6
Intl Coffee Org: Visit from Ambassador of Angola IN9
AGRICULTURE WEEKLY AGENDA: Sugar Ethanol; Bali; Soy Crush; Bunge BF\
Asian News: GreenBrrew all set to dominate Indian market with flavored green c.. RE6
Tata Coffee Earnings Teleconference TCO IN
Commodity Online: India Coffee exports may fall as floods dent production
*SEC Short Sale Rule 201 Not In Effect : YGYI (NASDAQ)
Tata Coffee Earnings Q2 2019 Earnings Call Teleconference TCO IN

TechAtBloomberg.com Bloomberg
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Natural Language Processing & Events

FiTst Bloomberg Headline

New York Times
Story

bt
{ (™

{H [h. J
jj H lmmﬁ]ﬁ'hhilnﬂh’“H

<20 minutes
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The risks of being wrong

SPX

2001.67 2011

ST 99 Save AT 90 Actions - WWEdt -
1 M 6 x Tick ¥

17 L 2001.67
Intraday Chart

AP The Associated Press &
Breaking: Two Explosions in the White
House and Barack Obama is injured

4 Reply LI Retweet W Favorite S Buffer ®®® ore

2w MARZ2L@0AG

https://www.bloomberg.com/news/articles/2013-04-23/a-fake-ap-tweet-sinks-the-dow-for-an-instant

Bloomberg
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The future is ripe for ML

All Companies &2 Set View as Default News Trends
Trend Period v

Representative Headline

v - CN News o 0
Offshore L.
tomotive Inc 1 BAC US Equi $124.23 N 24.20/24.22 K High 24.35 Open 24.12

.l Ba Arr rp At 16:15 Volume ¢

Search News Sources Display & Edit +  Custon y . < <
S « Funds will be used for new products and international growth

Bank of America Corp « The investment is i to value SoFi at $4.3 billion

Match Bank of America Corp

Wall Street Journal: How Donald Trump r
t X Wall Street Journal: Warren Buffett, long (Bloomberg) -- Soci inance Inc. said it raised $500 million in a financing
mc 1 g BI Company Primer: Bank of America round led by private equity Silver Lake Partners. It plans to use the funds
20 Cater, ABC 4: Judge won't dismiss Counts 1& 1 fo international expansion of its online lending business and development of
21) Kohl's Corp x Phil van dyke: $BAC And if y
CLOSE IMBALANC

new financial products.

Other inves in the round includ Wk Gr p Corp. and GPI Ca and
the funding brings SoFi’s total investment to $1.9 billion, the company said.
Several soverei wealth funds from countries in and Europe invested as

bunder. Th
international group will purchase SoFi’s loans in addition to taking an equity
stake, he said.

ways been our reliance on wholesale capital markets
i balance sheet partner, but their investor
base is hugely important to us, and there’s a big overlap between their limited
partners and our loan buying unive

TechAtBloomberg.com
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Machine Learnin
Bloomberg
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The Chemical Bank
— of New York
(est. 1823)
Citizens National Bank
[ (est. 1851, acq. 1920)

Com Exchange Bank
Chemical Bank [ (est. 1852, acq. 1954)

(reorganized 1988) New York Trust Company

Financial named
entity extraction kel

(merged 1991) " (est. 1866, acq. 1986)

Manufacturers

Manufacturers Hanover _E::J:' %}g}pa"y

Chase Manhattan Bank (merged 1961)
(merged 1996) Hanover Bank
~ (est. 1873)
JPM ch Bank of the
organ Chase — Manhattan Company
(merged 2000) Chase Manhattan Bank |  (est. 1799)
(merged 1955) Chase Nationa Bank
L— of the City of New York
(est. 1877)
Guaranty Trust Company
of NewYork
J.P. Morgan & Co. [ (est. 1866)
(formerly 'P:I:errgan Guaranty Trust) JIP.Morgan & Co.
ged 1959)
(The House of Morgan)
JPMorgan Chase & Co. — (est. 1895)

City National Bank

Banc One Corp. & Trust Company
d 1968
(merge ) Farmers Saving
& Trust Company
First Chicago Corp.

(est. 1863)
Bank One First Chicago NBD ’7

NBD B .
{acq. 2000) (merged 1995) (fmmef"‘m"’

National Bank of Detroit)
(est. 1933)
Louisiana’s First
Commerce Corp.

Bear Stearns

ez agam - Bear Stearns

__Washington Mutual
(founded 1889)

| Great Western Bank
(acq. 1997)

| H.F.Ahmanson & Co.
(acq. 1998)

TechAtBIoombergocom . A i_ e |_Bank of United of Texas

s L (eeg.2000)
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“In 1971, Siegl, Bowker and Baldwin
Explaining Knowledge |:> established the Starbucks Coffee

Company.”
Graph relationships
| Starbucks 3
founderof o |
Zev Siegl
—— g}'é\ x %Oé(y
\00{: "/ ;8_) N
W 1971
Gordon ( —
Bowker | P
' [ Jerry
|\ Baldwin
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Table Extraction

NVIDIA CORPORATION AND SUBSIDIARIES
CONSOLIDATED STATEMENTS OF INCOME
(In millions, except per share data)

Year Ended
January 27, January 28, January 29,
2019 2018 2017

Revenue s 11,716 & 9714 § 6,910

Cost of revenue 4,545 3,892 2.847
Gross profit 7171 5822 4,063
Operating expenses

Research and development 2,376 1,797 1.463

Sales, general and administrative 991 815 663

Restructuring and other charges — — 3

Total operating expenses 3,367 2,612 2,129

Income from operations 3,804 3,210 1,934

Interest income 136 69 54

Interest expense (58) (61) (58)

Other, net 14 (22) (25)

Total other income (expense) 92 (14) (29)

Income before income tax 3,89 3,196 1,905
Income tax expense (benefit) (245) 149 239
Net income $ 4141 § 3047 § 1.666
Net income per share

Basic $ 681 § 509 § 3.08

Diluted s 663 § 48 257
Weighted average shares used in per share computation

Basic 608 599 541

Diluted 625 632 649

TechAtBloomberg.com

© 2019 Bloomberg Finance L.P. All rights reserved.

W

0 145.660
99 Settings

NVDA US ¢

... [ At 11:12 d Vol 3,856,684
% Actions ~ 97 Export
NVIDIA Corp

EESETTN 21/s 3B/S  ACF

In Millions of USD except Per Share
gnths Ending

7148.25 /148.29()
L 144.800Q

1x1
Val 618.983l
Financial Analysis
BQL Perio * Cur S
7) Addl B ESG % Custom 18 Shared
15 Multiples 16 Per Share  17) Stock Value
2018 Y 2019Y 2020 Y Est
01/28/2018 01/27/2019 01/31/2020

H 149.33

5 Ratios 6 Segments
[+l 14 Enterprise Value
2016 Y 2017 Y

01/31/2016 01/29/2017

2021 Y Est4
01/31/2021

Consensus Estimate
Comparable Actual

11,181.8 13,400.6

GAAP Actual
Adjusted Actual

Earnings Per Share
Consensus Estimate
Comparable Actual

GAAP Actual
Adjusted Actual

EBIT
Consensus Estimate
Comparable Actual

GAAP Actual

Adwictod Artnal

< > >

1,934.0

1.0C2 N



Starbucks Shares Fall After Chain's U.S. Sales Disappoint Again

Automating the news

SBUX US Equi 95 Compare 96) Actions - 97) Edit~ Line Chart
Period Range FZ2EN - BEEY = Overnight Mov Avgs #

1D 30 [IM 6M YTD 1Y 5Y Max 30MinV |22 t+} ¥V Table « &% Chart Content o

Track 2 Annotate
]

DEEP ECO: Starbucks Pressured, Industry Sales Slowest in 8 Yrs
Feedback?

(Bloomberg) -- Starbucks Corp.'s revenue may be pressured after a U.S. SBUX US Equity
Census Bureau report showed limited-service eating places nominal retail Graphic Dashboard»
sales fell 0.1 percent in November, the first decrease in eight years.

News EL Zoom

5459
/08 ---- 59.31 © Resat
23 19:30 61865

werage 59.0741
Low on 02/06 16:30 54.59

+STARBUCKS 10 ADJ. EPS S8C EX-TAX BENEFIT, EST. 57C 1.,

1M Imp Vol 3M
28.07
o

« The monthly report may provide an indication of the performance of
companies in the industry Bloomberg classifies as limited service
restaurants; Starbucks gets 89 percent of its revenue from this
industry.

« Analysts estimate the company's revenue will rise 8.2 percent in the
current fiscal quarter.

« This retail sales index was up 1 percent in the first two months of
the company's current fiscal quarter.

« Starbucks' first quarter started on Oct. 2, 2017.

« In the past six years, Starbucks' revenue has had a 0.7 correlation . 0
with this index, according to data compiled by Bloomberg.

and traditional aper chains alike, j
generated by machine s on the rise.

Roughly a third of the content published by Bloomberg News uses

TechAtBloomberg.com T e Bloombe rg

© 2019 Bloomberg Finance L.P. All rights reserved. E - .
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facts and figures. And unlike business reporters, who find working on
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HELP HELP - Query routing

Live <Help> =5 fal

Please enter your question

|How do I check the historical bond yield of apple bonds?

NVDA US Equity DES (Security Description) Change

@ Connect me to live help Start Chat Now  Cancel

TechAtBloomberg.com

© 2019 Bloomberg Finance L.P. All rights reserved.

1B - BLOOMBERG HELP DESK = Options _ O X

BLOOMBERG HELP DESK

DAVID EIS : How do I check the historical
bond yield of apple bonds?

BLOOMBERG HELP DESK : Thank you for
usina Rloombera HFI P!

BLOOMBERG HELP DESK : Hi David, this is

from the Bloomberg Help Desk.

DAVID EIS : Hi

BLOOMBERG HELP DESK : Are you looking to
pull this within excel?

DAVID EIS : It's fine if I can just look at it
in the terminal

BLOOMBERG HELP DESK : You can load the
bond and run HP <G0> >> Change Market to the yield
field you are looking to view

DAVID EIS : Thanks!

Bloomberg




News QA

Custom Searches News & Research Menu

e ———————————
news on brexit from the financial times last thursda;
N R S N e YTV ST S e T T o

News Seard
NEWS ON BREXIT FROM THE FINANCIAL TIMES LAST THURSDAY Smart Match
"NEWS" AND "ON" AND "BREXIT" AND "FROM" AND "THE™ AND "FINANCIAL" AND "TIMES" AND AST" AND "THURSDAY" Match All Words
"NEWS ON BREXIT FROM THE FINANCIAL TIMES LAST THURSDAY" Exact Match

> Suay U U o
et s FastFT: Theresa May pushes back against Tusk’s sharply-worded comments
S Fir d FastFT: May and Juncker promise talks to find path through Brexit impasse
3) Mideast investors shun commercial property
4 May and EU agree on talks to break deadlock
5 Plans hatched in secret to revive economy after a no-deal Brexit
B ® Brexit/property funds: cash test dummies
Opsaony &A":;':z 2 7) Mideast investors shun commercial property
8 Brexit/property funds: cash test dummies
9 Mideast investors shun commercial property
10 Brexit/property funds: cash test dummies
1) Brexit/property funds: cash test dummies
12 Brexit/property funds: cash test dummies
13) Mideast investors shun commercial property
149 May and EU agree to reopen talks to break Brexit impasse
19 Jeremy Corbyn’s shift on Brexit heightens Labour tensions
160 The Brexit delusion of creating ‘Singapore upon Thames’
17 Bank of England pulls back on multiple rate rise plans
18 FastFT: Kellogg swings to fourth-quarter loss as Brexit planning costs bite
19 UK draws up secret plan to boost economy after no-deal Brexit

TechAtBloomberg.com
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Charts QA

CHART BITCOIN OVER THE LAST TWO YEARS

Charts Homepage
10 Chart of the Day (NI CHAP™ e
1) Further Sector Rotat IXBTUSD 1 i, | 3560.02 /3562.25 BGN

12 Enc w-Materiz At 9:59 Op 3569.94 Hi 3614.87 Lo 3550.37 Close 3570.02

1 ocks Fall Be sy o 95 Compare 96 Actions ~ 90 Edit ~+ & # Line Chart

149 Forgetting Tragedies

19 Hetals Rally Crumoy 1520178 02715720150 AL Mov Avgs Key Events
18 Portugal Bond Yield 30 IM 6M YID 1Y 5Y Max Daily v [ 1> +  Table « 2

20 Create a Custom Chart Track Annotate Zoom

21) Standard G Chart

M XBTUSD Curncy - Last Price 3561.14 \f

5000

26 My Custom Charts (G)

Jun

o8/15/ 179 | _
TechAtBloomberg.com Bloomberg

© 2019 Bloomberg Finance L.P. All rights reserved.

Engineering




:i“ P
"""3{\ o
3 o

"‘;3..

Why build a Data
Science Platform?

TechAtBloomberg.com Bloomberg
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ML opportunities

What questions do teams ask before starting a new project?

« What data is relevant to my business problem?

« What does the data look like?

« What features should | create from my data?

« What metric should | use to measure my model performance?
« What algorithms or parameters should | test out?

« How is my model doing on live data in production?

TechAtBloomberg.com Bloomberg
© 2019 Bloomberg Finance L.P. Al rights reserved. ) " !




Challenges for ML projects

Even in an established enterprise, ML teams face the same
challenges again and again...

 Where is my data located?

 How do | get permissioned for my data?

 How do | load this data in a native visualization tool?

« How do | get this toolkit installed and operational?
 How do | schedule my long-running job?

 How much compute power is available for me to exploit?
 How do | deploy my model?

TechAtBloomberg.com Bloomberg
© 2019 Bloomberg Finance L.P. All rights reserved. ) - :
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The model development lifecycle

Train

TechAtBloomberg.com Ce Bloomberg
© 2019 Bloomberg Finance L.P. All rights reserved. ) ) ERO 9%




Different roles, different priorities

ML Practitioners Engineers
« Keep up with latest trends in * Less operational burden
academia and forefront of Deep » Support for multi-tenancy
Learning innovations « Ease of data access
» Access to specialized hardware — But also secure and properly privileged
- Rapid iteration over research * Avoid duplicated code
ideas * Reproducibility of results

* Focus on business problem, not
building infrastructure

TechAtBloomberg.com

© 2019 Bloomberg Finance L.P. All rights reserved.

Customers

Smarter Functionality

Privacy

Correctness

Uptime/Stability

Bloomberg




Blueprint for an ML infrastructure...

Foundational Building Blocks Developer Experience
« Specialized Hardware « Ease of Use
« Standardized Runtimes « Rapid lteration
« Batch Scheduling « Native Tooling
Data Liquidity ML Specifics
« Data Access « Experiment Management
« Security * Hyperparameter Tuning

* Result Reproducibility

TechAtBloomberg.com Bloomberg
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Engineering
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DS Platform architecture
DATA + MODELS

Legend

illJ

- yaml spec

& - GPU

\\ Fetch data/store - _ SCthUled JOb

S~ o models
~ > ~

COMPUTE™.
1) --;

< &

Job history Ul
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What is Kubernetes?

“Kubernetes is an open-source system for automating deployment,
scaling, and management of containerized applications.”

- https://kubernetes.io/

TechAtBloomberg.com Ce Bloomberg
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https://kubernetes.io/

Kubernetes life cycle

Kubernetes
USER sesses
o0 S & &
- =" """~ T LI
— TR
]
TechAtBloomberg.com e Bloomberg
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Kubernetes life cycle

Kubernetes

Watch Resource Changes

USER sesses
O < &
aEe ase
as ees
|
TechAtBloomberg.com SR Bloomberg
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Kubernetes life cycle

Kubernetes

USER sesses
= . [ 2.7
aee aes
as Bese

w -

React to Updates
TechAtBloomberg.com e Bloomberg
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Kubernetes life cycle

Kubernetes

Watch Resource Changes

USER sesses
O < &
aEe ase
as ees
|
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Kubernetes life cycle

Kubernetes
USER sesses
= s e 27
T LICL L]
\_/ T
]
Pod Resource
TechAtBloomberg.com e Bloomberg
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Kubernetes life cycle

Kubernetes
Schedule Pod
USER 11
1 1)
T [
]
TechAtBloomberg.com SR Bloomberg

© 2019 Bloomberg Finance L.P. All rights reserved. Engineering




Deployment resource (YAML)

apiVersion: apps/vl
kind: Deployment
metadata:
name: nginx-deployment
spec:
replicas: 3
template:
spec:
containers:
- name: nginx
image: nginx:1.7.9
ports:

- containerPort: 80

https://kubernetes.io/docs/concepts/workloads/controllers/deployment/

TechAtBloomberg.com e Bloomberg
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https://kubernetes.io/docs/concepts/workloads/controllers/deployment/

Deployment resource: kind

apiVersion: apps/vl
kind: Deployment

+ https://kubernetes.io/docs/concepts/workloads/controllers/deployment/ B|oomberg

© 2019 Bloomberg Finance L.P. All rights reserved.



https://kubernetes.io/docs/concepts/workloads/controllers/deployment/

Deployment resource: spec (replicas)

spec:
replicas: 3

https://kubernetes.io/docs/concepts/workloads/controllers/deployment/
TechAtBloomberg.com e Bloomberg
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https://kubernetes.io/docs/concepts/workloads/controllers/deployment/

Deployment resource: spec (pod template)

spec:

template:
spec:
containers:
- name: nginx
image: nginx:1.7.9
ports:

- containerPort: 80

https://kubernetes.io/docs/concepts/workloads/controllers/deployment/

TechAtBloomberg.com
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https://kubernetes.io/docs/concepts/workloads/controllers/deployment/

Benefits of Kubernetes

« Declarative deployment
« Hardware indifference

« Monitoring

« Replication

* Autoscaling

« Security Extensions
— Ingress + SSL termination
— Istio service mesh

TechAtBloomberg.com Bloomberg
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Custom resources

 Resource - a set of API objects in Kubernetes, such as
Deployments or Pods.

« Custom Resource - an extension of the Kubernetes API
defined by a user that declares new types of AP| Objects.

TechAtBloomberg.com Bloomberg
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Kubernetes meets ML: TensorFlowJob

apiVersion: ds.bloomberg.com/vl
kind: TensorFlowJob
metadata:
name: tf-test
annotations:
ail.bloomberg.com/project: foo
ai.bloomberg.com/experiment: abcde
spec:
framework: tensorflow-1.13-python-3
identities:
- hadoop:
id: davideis
pipPackages: [ai.bloomberg.com.myteam.gpu tftraining, numpy]
module: gpu tftraining
size: Gpularge
args:
--data-dir hdfs://CLUSTER/projects/news/news index B|00mberg
--output-dir hdfs://CLUSTER/users/deis/fancy model




Kubernetes meets ML: TensorFlowJob

apiVersion: ds.bloomberg.com/vl
kind: TensorFlowJob

Bloomberg

Engineering




Kubernetes meets ML: TensorFlowJob

annotations:
ai.bloomberg.com/project: foo
ai.bloomberg.com/experiment: abcde

Bloomberg




Kubernetes meets ML: TensorFlowJob

spec:
framework: tensorflow-1.13-python-3

Bloomberg

Engineering




Kubernetes meets ML: TensorFlowJob

spec:

identities:
- hadoop:
id: davideis

Bloomberg

Engineering




Kubernetes meets ML: TensorFlowJob

spec:

pipPackages: [ai.bloomberg.com.myteam.gpu tftraining, numpy]
module: gpu tftraining

Bloomberg




Kubernetes meets ML: TensorFlowJob

spec:

size: Gpularge

Bloomberg

Engineering




Kubernetes meets ML: TensorFlowJob

spec:

args:
--data-dir hdfs://CLUSTER/projects/news/news_index Bloomber
--output-dir hdfs://CLUSTER/users/deis/abcde/foo/1 g




A model for the ML ecosystem

« Other Types of Custom Resources
— Spark
— Python
— JUM
— Jupyter Notebook
— Hyperparameter Tuning

« Foundation for reproducibility and automation

TechAtBloomberg.com
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Tooling

E Home

Bloomberg Data Science Platform

L Cluster Status
#= Jobs

PythonJob

Total Jobs Jobs by Type

TensorFlowJob

Sparkdob
SThnélobok
2 1 TensorFlowdob
JVMJob
JupyterNotebook
E
HyperTune Pythondob
0 jobs running at this moment
& Launch Notebook
wa Documentation
Jobs by Kind History
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Achieving nirvana (reprise)

Foundational Building Blocks Developer Experience
« Specialized Hardware « Ease of Use
« Standardized Runtimes « Rapid lteration
« Batch Scheduling « Native Tooling
Data Liquidity ML Specifics
« Data Access « Experiment Management
« Security * Hyperparameter Tuning

* Result Reproducibility

TechAtBloomberg.com Bloomberg
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Building infrastructure is not for the faint-hearted

« Demanding users

* Multi-tenancy is hard

« New hardware designs hard to incorporate

« ML projects require consulting

« Effective tooling means team requires broad skill set
« Open source moving incredibly fast

« What's your value-add??

TechAtBloomberg.com Bloomberg
© 2019 Bloomberg Finance L.P. Al rights reserved. ) " !
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Jobs submitted

Strong emphasis on metrics

« Number of teams using the platform
* Number of users using the platform
« How often they submit jobs

* Duration of jobs

« Types of jobs submitted

« Hardware utilization
» Net Promoter Score (NPS) surveys

= duration
TechAtBloomberg.com PR JJ_I_. I I I B
L SRR I v ‘&‘h'& w\ﬁ.ﬁ% ‘&‘Q’m @\@0 1“‘%'“ w\ﬁ,\m ﬁ\g,e\ ﬁ\g,m
- . . AT N
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What’s next for us?

* More tooling

« Kubernetes batch/job queueing

« KNative serving

« Dataset and model management

« Additional ML services like data drift detection

TechAtBloomberg.com - Bloomberg
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Thanks!

Reach out to us at
ihummel@bloomberg.net and deis@bloomberg.net

TechAtBloomberg.com Bloomberg
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