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Agenda

The “Information Rich Programming” Problem
- broadly conceived
- and for financial data specifically

A bit about F#

Applying F# scalable data/metadata integration
technigues to financial data integration



Proposition 1
We are living in an Information
Revolution




The Information Revolution
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Proposition 2
Modern programming is intensely
information-rich




Proposition 3
Our programming languages are
information-sparse




Financial data is like water...




Financial data is like water...

Fveryone needs it. Everyone knows where to get it. Simple.

But...
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y IS sure where it really came from, or goes to.
y really knows its true cost, or true value.
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ikes to pay for it, or to share it.
Knows how much is wasted
Knows a good plumber

Knows how bad it is until after you have drunk it



it's more like a flood...

Actually these days
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We need to bring information into our

Il

‘data rich” languages...

At market-scale, in-cloud or on-premise, strongly tooled, strongly typed



But before we get into that...

This R&D is done in the context of the
open language F#

Lots of good reasons for that, see our tech report
“Strongly Typed Language Support for Internet-Scale Information Spaces”



http://research.microsoft.com/pubs/173076/information-rich-themes-v4.pdf

A bit about




~# IS free, open source, Cross platform

fsharp.org



http://fsharp.org/

~# 1S a programming language



F# 1S a programming
language
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“Functional-first programming is a general - purpose
programming technique particularly suited to tasks where
Time-to-deployment, Efficiency, Correciness and Taming
Complexity dominate.”



include executable financial models, market
simulators, ETL pipelines, general data-manipulation,
calculation engines, service implementation, programmatic
Uis, machine-\earning and data science.

While these problems can be solved using other
programming paradigms,



Functional -first programming uses

as the for most
purposes, but employs other techniques such as
objects and state as necessary.



-# has an intelligent, fun, contributing
community

fsharp.org
meetup.com/ FSharpLonc on
fsharpforfu nana proﬂt com



http://fsharp.org/
http://meetup.com/FSharpLondon
http://fsharpforfunandprofit.com/

-# helps address real business problems

around Time to Market, Efficiency, Correctness and Tackling
Complexity

See: “Succeeding with Functional-first Programming in Finance”, Don Syme



~# is used to make lots of money

fsharp.org/testimonials


http://fsharp.org/testimonials

-Xample #1;

-nergy trading simulation

[ have written an application to balance the national power
generation schedule ... for an energy company.

..the calculation engine was written in F#.

The use of F# to address the complexity at the heart of this
application clearly demonstrates a sweet spot for the language
.. algorithmic analysis of large data sets.

Simon Cousins



_Xamp‘e #1 -NE T‘ime to Market

Interoperation ... Seamless. The C# Parallelism .. The functi it

programmer need never know. ripe for exploiting the inherent parallelism in
processing vectors of data.

for breakfast with minimal fuss, minimal
code. Beautiful.

Exploratory programm Working with
F# Interactive allowed me to eAplore the
solution space more e

ffactive
Correctness
Unit testing ..a joy to test. There areW®

complex time-dependent interactions to
screw things up....

Lack of bugs... gotetlely ( orrectness
feel strange. .. oncefC s

satisfied that's often it, it works.




-xample #2: F# for Quant Consultya

CompIeX| Y

Our bids for tendered contracts in quantitative finance are reqgularly

half the price of competitors because of the increased productiyi
we get from F#.

We are reqgularly able to deliver correct, robust, performant
solutions gn-time, which is what our customers value most.
Tlme to Market Daniel Egloff, QuantAlea Consulting, Zurich

http://fsharp.org/testimonials



http://fsharp.org/testimonials

Microsoft recommend
F# and the Visual F# tools
for your functional-first programming needs

(note: works seamlessly with C#, can interoperate with C/C++/R/Python/...)



Back to the main topic...



Typical F# Topics

F# Basics K er Data F# for GPUs F# + Excel
Science

F# for DSLs
F# for Pricing in Risk ana
Insurance

-# Deep Data Integration
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At market-scale, strongly tooled, strongly typed



Data like this enables
entire cloud-based

industries in financial

Which data? analytics

Xenomorph Timescape is a major Microsoft
partner for Financial Data in the Azure Cloud
Platform




he specific guestions:

Can we use F#'s unique “type provider” capabilities to
integrate Xenomorph data at fine granularity?

Can we specifically tackle the quantity of instruments
and the sparseness of the data in a programming
language integration.




XENOMORPH

TimeScape - Leading the way in
Analytics and Data Management




XENOMORPH

About Xenomorph

Financial
Markets
Knowledge

Founded in 1995

Serving a global client base Analytics Data
and Financial XENOMORPH Source
Theory Expertise

Excellence in service and support

Expert in rapid project delivery

Technology
and Database
Innovation




XENOMORPH

Data Data
Source Source

TimeScape
by Xenomorph TimeScape

Analytics and Data Management

An integrated solution to
large and complex data problems




XENOMORPH

Front to back office

e Trading

e Quants
 Research

* Product control
e Risk

 |IT and operations

Who uses TimeScape?

Sell-side to buy-side

e |nvestment banks

Brokers

Energy traders
Hedge funds
Asset managers

Insurers




Industry-wide
Issues

* More data
* More complexity
* More analysis

XENOMORPH

Data Source
Proliferation

Auditability
of Past
Decisions

Data Quality
Management

Data apd Rising Data
Reporting Volumes and

Consistency Analytics and Costs
Data
Management

Time to Regulatory
Market Compliance

Data and
Asset
Complexity

Speed of

Analysis




Data Access Layer “

Data I
Data Analytics Layer “ Analytics

Provider

T ] Instrument
HPC Server Instrument Analytics Layer Analytics
Provider
Query Layer
H:) SharePoint
AJ. WmeWS Azure " Risk App I Trading App) Third Party Services

ssssssssssss

Spreadsheet




he problem is this:

the data is still weakly integrated into
our programming languages




he Technigue: “F# Type Providers”

Allow scalable, robust, deep integration



Similar Problem: Integrate all of
freebase.con

"as It it were a library”

40M entities, 1Billion facts, 24,000 types, 65,000 properties


http://freebase.com/

Similar Problem: Integrate all of
worldbank.org/data

"as It it were a library”

10,000+ time series for hundreds of countries/regions


http://worldbank.org/data

Demo

F# + Freebase

An F# type provider for deep, robust integration of web data



A Type Provider is....

“Just like a library”

"A design-time component that computes a space of types and
methods on-demand..”

An adaptor between data/services and the F# type system..”

"On-demand, scalable compile-time provision of type/module
definitions..”



But what about financial data?



Demo

F# + Xenomorph TimeScape

An F# type provider for deep, robust integration of financial data



On-

heme #1

Demand Types = Internet Scalable
Magic



On-Demand Type Provision

let data = RiskLab.GetDataContext()

1. Compiler/IDE requests metadata for symbol GetDataContext
v’ Provider reports return type of RiskLabDataContext

data.Categories

2. Compiler/IDE requests contents of RiskLabDataContext and property Categories
v’ Provider asks Freebase metadata service for top-level domains
v’ Provider reports top-level domains of Freebase as properties of the type

data.Categories. "GB Equities

3. Compiler/IDE requests metadata for symbol " GB Equities™



heme #2

Many Data Sources, One Mechanism



SOL

open System.Ling
open Microsoft.FSharp.Ling
open Microsoft.FSharp.Data.TypeProviders

type NorthwndDb =
SglDataConnection<ConnectionString = @"AttachDBFileName = 'C:\project:

let db = NorthwndDb.GetDataContext ()

let customerMNames =
query { for c in db. do
where (c.Cis |alphabeticallistOfProducts ~ property
select C'C'Dnﬁ Categgrieg NDFthWﬂdDb.SEWiCETFDES.SiTTID

& CategorySalesFor1997s phabeticalListOfProducts:

Crretrmrmm Matra 1l imes TAaklkleos - Bl tlaar

10 %o ~| 4



CSV

type BankClosure =
Samples.Csv.CsvFile<"https://explore.data.gov/download/pwaj-zn2n/C5v",
InferRows=18, InferTypes=true, IgnoreErrors=true>
let bankClosureResults = new BankClosure()
A Preview the header row.
let header = bankClosureResults.HeaderRow

o I LT N T = W

0 oo

for x in bankClosureResults.Data do

.|

e
=

J Acquiring Institwution
J Bank MName

J& CERT #

S City

J Closing Date

£m Frhmeal e



JSON

|: type Simple = JsonProvider<""" { "name”:"John", "age":94 } >

e’:4 F ")

': let simple = S5imple.Parse( { "name”:"Tomas", "a
. simple.Age

L: simple.Name



XML

1: type Author = XmlProvider<"""<author name="Paul Feyerabend” born="1924" /="""=
: let sample = Author.Parse("""<author name="Karl Popper™ born="1902" /=""")

| U I " |

4: printfn "%s (%d)" sample.MName sample.Born



Hadoop/Hive

type HadoopData = HiveTypeProvider<"tryfsharp",Port=180600,DefaultTimec

let data = HadoopData.GetDataContext()

let testQueryl =
query { for x in data. do

nnnnnnnn

select x }

ExecuteQuery
GetTable
GetTableMetadata
GetTableNames
Host

Port

UserName

module AbaloneCatchAnalysi

0% - 4

& Interactive

-

¥ v e @ @ @ &

abalone



World Bank

#r "../TypeProviders/Debug/netd4e/Samples.WorldBank.dll"

let data = Samples.WorldBank.GetDataContext()

data.Countries.

data.Countries.

18% nr "

Interactive

y?
y?
y?
y?
y?
y?

y?

y?

Afghanistan

Albania

Algeria

American Samoa
Andorra

Angola
Antigua and Barbuda
Arab World

-14 (% of total)



Freebase

#r @"..\TypeProviders\Debug\netd4@\Samples.DataStore.Freebase.dll"™

open Samples.DataStore.Freebase

// Access the service types using our API key
type Freebase = FreebaseDataProvider<Key=API_KEY>

let ctxt = Freebase.GetDataContext() frdmErl . .
FreebaseDataProvider<...>.ServiceTypes.Dor

Entertainment.Books:

ctxt. ~Arts and Entertainment . : ,
= _ FreebaseDataProvider<...>.ServiceTypes.Dor
#* Books e
# Broadcast
T & Comics The publishing domain is home to most asp«
T 4 Fictional Universes and the written word -- books, magazines, s
I - & Film academic papers, etc. Most of the data we h.
£ Games imported from Wikipedia, although we are |t
. other possible data sources. We encourage
& Media

authors, writings, or publications if we're mi:

MUSiC imnfarmatimnmn miloaaca caa thia Aaciimantati;mem £

1 data : HiveTypeProvider<... }.DataT}prSP



WSDL

#r "FSharp.Data.TypeProviders"”

open
open
open
open

type

System

System.ServiceModel
Microsoft.FSharp.Ling
Microsoft.FSharp.Data.TypeProviders

TerraService

let terraClient =

let myPlace =
let myLocation
printfn "Redmond Latitude: %f Longitude: %f" (myLocation.Lat) (myLocation

= WsdlService<"http://msrmaps.com/TerraService2.asmx?WSDL">

TerraService.GetTerraServiceSoap ()
new TerraService.ServiceTypes.msrmaps.com.Place(City = "Red
= terraClient.ConvertPlaceToLonLatPt(myPlace)



// Pull in stock prices for scme tickers then compute returns

let data = [
for ticker in [ "MSET"; "RAPL"; "VXX"; "sSpPX"; "GLD" ] ->

ticker, getStockPrices ticker 255 |> R.log |> R.diff ]

// Construct an R data.frame then plot pairs of returns
let df = R.data frame (namedParams data)
R.palrs (df)




Demo

F# + R



Data and

heme #3

ypes at Multiple Scales



Data at Multiple Scales

From Everything to Individuals Data Scripters need to work
with different granularities

of schematization

data.Categories.” "GB Equity

data.Categories. "GB Equity "~ . “~SAINSBURY(J) (SBRY.L, Reuters) ~

...Only a language with massively Every stable
scalable metadata integration can entity can get a
operate at all these levels unique type




Providing Units of Measure

If the metadata contains units

via F#'s Units of Measure

— 2 T p——

(including currencies)...

Dissipated fmeteorology/tropical_cyclone/dissipated

Highest winds fmeteorologyftropical _cyclonefhighest winds typeffloat Kilometres per hour

Lowest Pressure fmeteorologyftropical_cycloneflowest pressure ftypeffloat Millibar

D i e W 1= e | ot o rer beves el trmmie ol cveelomaldomsomac Iryvvoacswrormant cinitldaotad mmvevse

T let cyclnneh = data. "Science and Technology ~ .Meteorology. ~Tropics
let topWind = cyclones.” "Hurricane

...then these can be projected
Into the programming
Elgle[VETe=

val topWind : float<metre/second =

Full name: Demo.topWind




heme #4

Reactive Streaming

Not covered today, but F# and .NET has excellent compositional primitives for
reactive, streaming data, and provided data sources can easily make use of these



Integrating with Other Systems?



Typical F# Topics

F# Deep Data Integration




Functional + R + Excel Integration

via fcell.io
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http://fcell.io/
http://www.youtube.com/watch?v=jtNyFMp4NAg
http://www.youtube.com/watch?v=jtNyFMp4NAg

Typical F# Topics

-# Deep Data Integration



# + FCell + QuantAlea

Functional + GPGPU
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http://www.youtube.com/watch?v=m7-9QCKMDrw
http://www.youtube.com/watch?v=m7-9QCKMDrw

Summary

Financial programming is
ever more integrated with
data

[ presented techniques
for scalable, intuitive
integration of financial
data+metadata

Integrating
data+programming has
many challenges

You can use these
technigues for real and in
production through F#




To find out more...

Learn F# at tryfsharp.org (including financial)

Lots of resources at fsharp.org

Testimonials at fsharp.org/testimonials

Over 100 videos at fsharp.org/videos



http://tryfsharp.org/
http://fsharp.org/testimonials
http://fsharp.org/testimonials
http://fsharp.org/videos

Questions?

A Comprebensive Guide for Writing
Simple Code 1o Solve Complex Problems

F# for Quantitative Finance

Programming

try,

O'REILLY" Chris Smith

tryfsharp.org H 'MiCI-'OSO'.ﬁI
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