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Sachs Goldman Sachs Introduction
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Goldman

Sachs Our name is “Goldman Sachs”, for we are many

This may also be important later...

| work for I—IL K<Y - By IR - Py/y - H—ERASH
In Japan we also have:
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T—IFR<Y Yy IR 7Ey b - xPX bERAER
T—F2Y Yy IR - UTFLT 1 - Py v EREM
T—L Ry Yy IR TFI— - Dy vERSH
J—LR<Yy - HyoR-Twsv - U5y K (Virgin Islands)
TI—LF<wv-HYvosx-n"r7USA (USA)
And outside Japan we have:
Goldman Sachs & Co
Goldman Sachs (UK) LLC
Goldman Sachs Ireland LLC

and many, many, many more

GS in Japan are regulated by
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AEzsENE | FEREZEE R (SESC)
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s Marty Pauley Introduction

Marty Pauley
Technology Fellow
Secrets and Encryption Services
Dev / Ops
16 years working in Goldman Sachs
“Linux, Perl, Tokyo, Geeks Welcome"

16 years living in Tokyo
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Vicki Chung!

Make things possible.




Goldman

Sachs Goldman Sachs Runs on Open Source
Open Source @ Goldman Sachs

we consume (lots of) Open Source at Goldman Sachs.
we participate in external Open Source working groups, steering committees, etc

our engineers contribute to Open Source on behalf of GS as part of their day-to-day
engineering work.

our engineers are permitted to work on personal and passion projects for fun, or for skill
development, etc.

our engineers write public blog posts and articles about technical topics

our engineers can speak at conferences about Open Source ©




Goldman

8 Some Projects of Interest to Us
Open Source @ Goldman Sachs

Projects GS Created
& Open Sourced

B GS Quant

RELADOMO

Goldman ;
Sachs JDM N

Projects GS Open Sourced &
Contributed to Foundations

eclipse -
collections

CatchIT

Projects to Which We Contribute
(or want to)

G JanusGraph

HashiCorp

¥ Terraform

's Kong

15 Grafana

.. Along with the tens of thousands of open source projects we use in our Software Bill of Materials
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o8 Foundations We Support
Open Source @ Goldman Sachs
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PEN SOURCE SECURITY FOUNDATION

scalacenter

For open source. For education
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il The Goldman Sachs Open Source Program Office (OSPO)

Open Source @ Goldman Sachs: Goals

The Open Source Program Office was chartered in April 2021 and officially launched in August 2021.
Our goals:

1. Promote and support more Open Source code consumption and contribution by GS developers.
2. Position Open Source consumption and contribution to attract and retain talent.

3. Build and expand GS' capabilities to generate insights about Open Source activity at the firm, in the
financial services industry, and within the technology ecosystem.

4. Establish GS as a leader in Open Source, capable of helping set the direction of projects, initiatives,
and consortia building code and standards strategic to Goldman Sachs.

5. Increase GS's external visibility in the Open Source community and build further awareness of GS'
work in open source amongst the financial services and technology industries.




S8 \What happened before 20217?

We've been doing Open Source before that.

» We used a lot of unmodified Open Source with no problems.
« We attended conferences like this one ©
« We built software with Open Source components... but were nervous about copyleft licenses.

« Our staff were allowed to contribute to Open Source as personal projects... if they knew how to request
approval; but the answers were not consistent.

* It was extremely difficult to contribute to Open Source as an employee on work project ®

» We could release an entire project as Open Source, but it was expensive to do that.




Goldman

e Some progress before OSPO

« Communication policy to cover Social Networking Services, also covers pull/merge request and bug
reporting on public Open Source channels.

 Outside Activity policy clarified within Technology/Engineering so personal unpaid Open Source
contributions do not require Compliance approval.

Produced training material about Open Source.

Built a system, “GSOSS”, to track personal contributions on GitHub.

Built another system to safely allow code written inside GS to be pushed to GitHub.

Provide public cloud accounts for staff to experiment and develop outside.

» Released a large library, “GS Collections”, as Open Source . _
7 eclipse -

 realised that we would not be good at managing the project so transferred it to the Eclipse Foundation [ s
g ging the proj P “us’ cOllections

Good progress, but not enough.

11



Goldman

Sachs Problems?

The problem with software developers...
* just want to code, so may not check the license

« if they do check the license, may not understand
* because they are not lawyers
 and they didn’t do or remember the training

The problem with lawyers...
* they need to be paid ©

The problem with Open Source...
* it's about copyright, not code

« common concepts in Open Source are not
defined by law, such as “distribute” and “convey”

The problem with large corporations...

* if something does not have a place in the org
structure, eventually it will disappear...

* because it also has a cost to be paid




v Now we have OSPO

» They exist! As a real department they can collaborate with other departments, both technical and non-
technical, to safeguard GS and protect Open Source.

 Improved the training.
» Ensured that new developers took the training, and encouraged old developers to take it too.
* Wrote simple documentation that was easy to find, including a “playbook” to Open Source a product.
* Clearly explained the special care needed for some popular licenses. m

* Produced guidelines for personal projects | have a story

* Improved the contribution tracking tool, which now has regular releases. about this

» Got a budget to pay lawyers, and meet with them regularly. < )

» Connected with other large companies who are trying to solve the same problems.
» Help developers manage their Contributor License Agreements.

» Answering questions and providing support.
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Q&A

Any Questions?
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Appendix




i developer.gs.com/blog
Open Source @ Goldman Sachs

€ C (0 & developergscom

Blog Account

GOLDMAN SACHS

DEVELOPER BLOG

Insights f dman Sachs engineering team

The Evolution Of Digital Assets with Mathew Key Takeaways from the Open Source Software
McDermott, Global Head of Digital Assets, Security Summit Il
Goldman Sachs Morics Maher Vice Prescent. etense

Join Goldman Sachs at Perspektywy Women in Forecasting Capacity Outages Using Machine
Tech Summit Warsaw Learning to Bolster Application Resiliency




gs.com/opensource
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“ Goldman Sachs Open Source is one of
the key aspects of our developer offering.
It's how we collaborate with the developer NEWS
community and the way we give back,
contribute and strengthen our position in
teChnOlOgy." S\x ?egrees of Symphony:

— Marco Argenti, Co-Chief Information
Officer




i Twitter: @gsdeveloper

o ¢  Goldman Sachs Developer

62 Tweets
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Goldman Sachs Developer
@gsdeveloper

Discover Goldman Sachs Financial Cloud for Data: click.gs.com/bbdn

& developer.gs.com [ Joined September 2021



it GS Quant

https://developer.gs.com/docs/gsquant

GS Quant is a Python toolkit for quantitative finance, created on top of one of the world’s most powerful risk transfer
platforms. Designed to accelerate development of quantitative trading strategies and risk management solutions, crafted
over 25 years of experience navigating global markets.

Designed by our quants
‘ Created by our quants, for our quants. Our analytics tools are trusted daily by over a thousand quantitative developers
at Goldman Sachs to manage our global trading business.

Comprehensive and cross-asset

‘ Our business covers all asset classes. Our financial toolkit is designed from the ground up to be a complete solution
' for all markets, delivered through an intuitive interface.

T Proven by markets

* Leverage models and datasets which have been tested and refined through decades of experience at the center of
global derivatives markets. Use what we use.

20



GS Quant

Jupyter Notebook In Action

Build instrument and portfolios

# solving for @ cost strike

# buy 1x atmf payer, sell 2x atmf+X payer

legl = IRSwaption('Pay', '3@y', 'USD', notional_smount=18e6, strike='atmf', expiration_date='6m', buy_sell='Buy')

leg? = IRSwaption('Pay', '3@y', 'USD', notional_smount=28e6, strike='{}/pv'.format(legl.price()), expiration_date='6m', buy sell='Sell'}

portfolic = Portfolio((legl, leg2))

Apply scenarios, price trades, and compute risk

with PricingContext(market=LiveMarket (Pricinglocation.WvC)):
results = portfolic.calc({DollarPrice, IRDelta(aggregation level-Aggregationlevel.Type, currency='local®})}

carry_scenario = RollFwd('21b', realise_fwd=False)
with carry_scenario:
results_carry = portfolio.cale(DollarPrice)

Backtest strategies

start_date = date(2021, 6, 1)

end_date = datetime.today().date()

call = FXOptien(buy_sell=BuySell.Buy, option_type=OptionType.Call, pair="USDIPY', strike_price='"ATMF', expiration_date="2y', name='2y_call')
freq = "Im'

trig req = PericdicTriggerRequirements(start_date-start_date, end date-end_date, frequency=freq)

actions = AddTradeAction(call, freq)

triggers = PeriodicTrigger(trig req, actions)

strategy = Strategy(None, triggers)

# run backtest daily
GE = GenericEngine()
backtest = GE.run_backtest(strategy, start=start_date, end=end_dste, frequency='1b', show_progress=True)

Data analytics

start_date = datetime.date(2005, 8§, 26)
end_date = datetime.date.today()

Fx_pairs = ['USDIPY', 'EURUSD', 'AUDUSD', 'AUDIPY', "USDNOK', 'GBPUSD','USDCAD', 'NZDUSD', 'USDSEK', 'USDCHF']

fx_spot = Dataset( FXSPOT_PREMIUM').get_data(start_date, end_date, bbid=fx_pairs, location='NYC')
fx_spot = pd.pivot_table(fx_spot, values='spot’, index=['date’], columns=['bbid'])




Github

What is EGEND

A flexible platform that offers solutions to explore, define, connect, and integrate data into your business processes.

Getting acces: y, accurate, and complete data is becoming increasingly more difficult to achieve. Why?

« The amount, speed, and complexity of information is exploding exponentially.

« Businesses often operate within data silos limiting opportunities to collaborate, connect, and communicate
efficiently.
« Data inventories are not well understood due to a lack of meaningful metrics such as usage and information

flow.

The Legend platform aims to provide solutions to these challenges.

=GEND

Bloomberg

Business
Goldman Sachs Open Sources its Data
Modeling Platform through FINOS

October 19, 2020, 5:03 AM EDT

in post

B ’ i i orca

vecunty

Gain a deeper
understanding of
the cloud security
vendor landscape



https://legend.finos.org/
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Goldman

Sachs Legend

Online Resources —x GEND

« Documentation Site: hitps://legend.finos.ora/

GitHub: https://github.com/finos/legend

Getting started: https://legend.finos.org/docs/getting-started/getting-started-guide

Contribute: https://legend.finos.org/docs/contribute/contribute-to-legend

Working Groups: https://legend.finos.org/docs/contribute/contribute-to-legend#contribute-to-models

Stats: https://insights.Ifx.linuxfoundation.org/projects/finos%2Flegend/dashboard;quicktime=time filter 3Y
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