Google Cloud computing
at scale.

How Punch scaled test
sitmulations to hundreds of
machines.
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About Numin

NUMIN IS A LEADING QUANT FUND DEDICATED TO ENGINEERING
AND TRADING THE LATEST STATISTICAL AND ARTIFICIAL
INTELLIGENCE DRIVEN STRATEGIES IN PUBLIC FINANCIAL

MARKETS.
FINANCE MEETS CLOUD

Numin’s sophisticated algorithmic backtesting systems required a level of scale

and distributed cloud computing that wasn't achievable through a manual testing

process.

Punch worked as Numin’s platform engineering solutions provider to help

Numin dramatically expand its cloud infrastructure on demand. We focused on

performance, cost, and ease of use in architecting a robust Google Cloud Platform

solution.

The result is a fault tolerant backtesting system that is incredibly low cost, highly

sophisticated, and easy to use.
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A solution in need of scale

NUMIN WAS FACING A PROBLEM. THEIR DATA SCIENTISTS AND
ENGINEERS HAD DEVELOPED A SOPHISTICATED BACKTESTING
AND ARTIFICIAL INTELLIGENCE TRAINING SYSTEM: THE PROBLEM

WAS, HOW TO SCALE?

The number of trials required to train a population of agents and achieve model
convergence was well beyond what any local hardware setup could achieve. And
the data would be silo'd.

1 Data Silos. Each test was silo'd to each engineers machine. While the
backtesting code was in the cloud, the implementation and results of the
tests driven by that code were not.

2 Insufficient hardware. The scale of machinery required to run hundreds
of parallel trials was too much for the team’s computers to achieve on
any reasonable time horizon. The team looked into building their own local
data center, but that carried with it a whole new set of challenges, such as
further scaling.

3 Human error. Translation of each test trial to the master record was tedious
and laborious. Mistranslation was a common problem that could result in

faulty decisions by management.
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NUMBER OF VIRTUALIZED CPUS

The system needed to accommodate hundreds of CPUs to

perform all the mathematics required for accurate backtests.



The fix for Numin

PUNCH WORKED WITH NUMIN TO SOLVE BACKTESTING ISSUES

THROUGH A DYNAMIC RESOURCE ALLOCATION MODEL.

Punch worked closely with Numin and their team to break-apart the problem into

several steps, resulting in a streamlined, first-principles approach to the problem.

PROBLEM PROCESS

Demand

Supply

Scaling

Descaling

Collection

Engineers from Numin would queue a backtest job to the cloud.
A series of scripts would begin allocating resources to the job.

The CPU utilization of each resource was monitored, as the CPU
utilization grew beyond certain thresholds, more virtualized
machines were dynamically spawned. Each virtualized machine
would pick up jobs from the stack when its job was complete.

Machines were fault-tolerant.

As the tests finished, machines would be automatically despawned

to minimize cost.

Results from each machine would be reported back in real-time to
a centralized machine that would combine the results into a single

results graph.
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DEMAND

SPAWN A CLOUD JOB FROM ANYWHERE IN THE WORLD.

Numin engineers could spawn a cloud job from their local terminal
using Google Auth and Google Cloud SDK. A single cloud machine
would begin the test and self-monitor for CPU utilization. A
separate reporting dashboard would show the progress of each

individualized backtest over time.

& AlgoTrade @ Dashboard {8 Daily P/L D Historical P/L D Historical P/L[Old] = Cloud Backtests B3 Collector 9 VerdiErgun ~

Status

0.90,0.95,0.99] EXCHANGE=BATS D Bl K 1 MERGING Source
@

NAME=10yearv1 5 5,0.50,0.55,0.60,0.65,0.70,0.75,0.80,0.85,0.90,0.950.99] LO 0 Cancel

ORDERSJSON= DATE=(2009-09-30.

DATES:(2009-09-3 30) DA 9-30..2019-09-30) ER=SPY LOGTRADEDATA=0 HTMLREPORTS=0 ENTRY_PROB: MERGING Source

0.05,0.10,0.15,0.20 C C 0.99] EXIT_PROB: Cancel &
50200.250.30.3 45,0.50,0.55,0.60,0.65C 0.90,0.950.99) EXCHANGE=BATS DISABLEBACKFILL=1NAME=10yearv1 ORDERSJSON

0.60,0.65,0.70,0.75,0.8 0.95,0.99) EXCHANGE=BATS LOGTRADEDATA=0 MERGING Source
0,0.95,0.99] TICKER=SPY DISABLEBACKFILL=1 Cancel G

9-09-30) ORDERSJSON= DATE=(2009-09-30. ICKER=SPY ENTRY_PROB: MERGING Source
5 5.0.60,0.65,0.70,0.7" 95,0.99] EXCHANGE=BATS DISABLEBACKFILL=1LOGTRADEDATA=0 EXIT_PROB: Cancel @
15,0.20,0.25,0.3,0.35,0.40,0.45,0.50,0.55,0.60,0.65,0.70, 95,0.99]NAME=10yearv1 HTMLREPORTS=0

9-09-30) EXIT_PROB=[0.05,0.10,0.15,0.20,0.25,0.30. 0,0.65,0.700.75,0.8 90,0.95,0.99) EXCHANGE=BATS DISABLEBACKFILL=1 MERSING Source
ON= DATE=(2019-08: 1 3 R=SPY ENTRY_PROB: Cancel )

55,0.60,0.65,0.70,0.7" 0.99] HTMLREPORTS=0

9-09-30) EXCHANGE=BATS HTMLRI S 2 30) ENTRY_PROB: CANCELLED  Report = Source
0.35,0.40,0.45,0.50,0.55,0.60,0. 7 5,0.99] EXIT_PROB: )
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SUPPLY

HAVE THE JOB EXECUTED VIA SCRIPTS TO GOOGLE
CLOUD.
The backtesting job would hit Google’s Cloud servers. A job queue

would allocate resources to the machine which would begin the job.

Google Cloud Platform s AlgoTradeNumin v

Compute Engine Instance groups 4 CREATE INSTANCE GROUP C REFRESH W DELETE @1 LEARN

VM instances

Columns ~
Instance groups

Name ~ Zone Instances Template Creation time Recommendation Autoscaling Inuse by
Instance templates
@ cbeinstance- us- 1 cloud-backtest-nstance- Nov 19,2019, On: Target CPU

11- I 10:37:27 AM I 1%
Sole-tenant nodes group centrall-a template-9 03 utilization 30

Disks
Snapshots

Images

TPUs

Committed use discounts
Metadata

Health checks

Zones

Network endpoint groups
Operations

Security scans

Marketplace

MacBook
| —
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SCALING

FRoOM 1 70 800.
Each instance, once its CPU utilization reached beyond a certain

threshold, would self-spawn a copy spot instance which would then
start pulling job queues off a job stack. As spot instances can be
dequeued by Google at any moment, if a machine was dequeued a
new machine would be spawned in its place. In cases where a new
spot instance was not available, the stack would wait and attempt to

respawn at key time intervals.

&# AlgoTradeNumin v

Google Cloud Platform

Compute Engine Disks Bl CREATE DISK C REFRESH @ DELETE

VM instances Filter table

Instance groups

Instance templates

Sole-tenant nodes

Disks

Snapshots

Images

TPUs

Committed use discounts

Metadata

Health checks

Zones

Network endpoint groups

Operations

Security scans

Marketplace

Name 4

cbinstance-group-
nqlf

cbinstance3

collector-temp3

paper-trading-
server-3

Type

Standard persistent
disk

Standard persistent
disk

Standard persistent
disk

Standard persistent
disk

= Google Cloud Platform

45 Compute Engine
iaF Disks

= Filter table

[ CREATE DISK

Name 4 Status Type

cbrinstance- o Standard

group-nalf

collector-
temp3

paper-
trading- persistent
server-3 disl

MacBook
-]
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SHOW INFO PANEL

S LEARN

size

20068

10068

us-central1-
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= Filter VM insta

Name ~

Hundreds of spawned machines would coordinate together to

Filter VM instai

Name ~
@ cb-instance

@ obi

@ cbinst:
0 cbinstance3
@ collector-ten

& paper-tradini

0 collector-terr
(V] paper-trading

@ cbinstance3

@ o V]
] V]
@ o @ b
V] @ o

@ cbinstance3

@ cbinstance3

Filter VM instances

Name ~

& cb-instance-group-nqlf

@ cbinstance3

M
M
M
M
M
M
M
M
M
M
M
<
M
M
M
M
M

collector-temp3
paper-trading-server-3
chinstance3
chinstance3
cbinstance3
chinstance3
cbinstance3
cbinstance3
cbinstance3
cbinstance3
cbinstance3
cbinstance3
chinstance3
chinstance3
chinstance3
cbinstance3

cbinstance3

complete the task.

Zone

us-central1-a

us-central1-a

us-eastl-b

us-eastl1-b

us-central1-a

us-central1-a

us-central1-a

us-central1-a

us-central1-a

us-central1-a

us-central1-a

us-central1-a

us-central1-a

us-central1-a

us-central1-a

us-central1-a

us-central1-a

us-central1-a

us-central1-a

Recommendation

In use by

Internal IP

10.128.0.87 (nic0)
10.128.0.5 (nic0)
10.142.0.4 (nic0)
10.142.0.24 (nic0)
10.126.0.29(nic0)
10.123.0.69(nic0)
10.146.0.9(nic0)
10.128.0.59(nic0)
10.136.0.122(nic0)
10.143.0.54(nic0)
10.147.0.34(nic0)
10.145.0.32(nic0)
10.142.0.44(nic0)
10.145.0.65(nic0)

10.138.0.55(nic0)

10.145.0.32(nic0)
10.142.0.44(nic0)
10.145.0.65(nic0)

10.138.0.55(nic0)

External IP

35.226.196.69

35.222.44.121

34.74.176.223

35.196.239.88

35.226.166.29

35.226.66.139

34.234.36.197

35.236.183.79

35.226.146.99

35.226.153.18

34.224.26.127

35.226.16.123

35.226.13.188

34.224.216.17

34.236.133.74

35.226.16.123

35.226.13.188

34.224.216.17

34.236.133.74

Connect

SSH

SSH

SSH

SSH

SSH

SSH

SSH

SSH

SSH

SSH

SSH

SSH

SSH

SSH

SSH

SSH

SSH

SSH

SSH

Columns ~

P.
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Results would be collated and pushed to a unique Cloud

Storage bucket specific to that backtest.

Google Cloud Platform & AlgoTradeNumin v

Storage & Bucket details /' EDIT BUCKET C REFRESH BUCKET

Browser numin-cloud-backtest

Objects ~ Overview  Permissions  Bucket Lock
Transfer

Transfer for on-premises
Upload files ~ Upload folder ~ Create folder

Google Cloud Platform

Transfer Appliance

Settings
Buckets / numin-cloud t B3 Storage & Bucket details

Name Type numin-cloud-backtest

aghkZXZ-Tm9uZXIdCxIQQ2xvdWRCYWNrdGVzd Folder
EpvYhiAgICAQICACQW/

aghkZXZ-Tm9uZXIdCxIQQ2xvdWRCYWNrdGVzd Folder Uploadfiles  Upload folder | Create folder
EpvYhiAgICAQICACgW/

aghkZXZ-Tm9uZXIdCXIQQ2xvdWRCYWNrdGVzd Folder
EpvYhiAgICAQICGCAW/

aghkZXZ-Tm9uZXIdCxIQQ2xvdWRCYWNrdGVzd Folder
EpvYhiAgICAQICGCQw/ Storage class
aghkZXZ-Tm9uZXIdCxIQQ2xvdWRCYWNrdGVzd Folder 6 Vx;“zyé‘i':g‘::éffc‘"W““’W“CVW""’GV“‘
EpVYhiAgICAQIDACGW/ PrYnRdEAe
aghkZXZ-Tm9uZXIdCxIQQ2xvdWRCYWNrdGVzd
aghkZXZ-Tm9uZXIdCxIQQ2xvdWRCYWNrdGVzd Folder EpvYhiAgICAGICACGW/
EpvYhiAgICAGIDJCAW/
aghkZXZ-Tm9uZXIdCxIQQ2xvdWRCYWNrdGVzd
aghkZXZ-Tm9uZXIdCxIQQ2xvdWRCYWNIdGVzd EpvYhiAgICAGICGCAW/
EpVYhiAgICAgIDbCgw/ aghkZXZ-Tm9uZXIdCxIQQ2xvdWRCYWNrdGVzd
EpvYhiAgICAgICgCQw/
aghkZXZ-Tm9uZXIdCxIQQ2xvdWRCYWNrdGVzd Folder
EpvYhiAgICAgKCACgw/ aghkZXZ-Tm9uZXIdCxIQQ2xvdWRCYWNrdGVzd
EpVYhiAgICAGIDACGW/
aghkZXZ-Tm9uZXIdCxIQQ2xvdWRCYWNrdGVzd Folder
EpvYhiAgICAGKCGCQW/ aghkzXZ-TmuZXIdCxIQQ2xvdWRCYWNrdGV2d
EpvYhiAgICAGIDJCAW/

aghkZXZ-TmuZXIdCXIQQ2xVAWRCYWNrdGVzd
EpVYhiAgICAgIDbCgw/

aghkZXZ-TmuZXIdCXIQQ2xAWRCYWNrdGVzd
MacBook EpVYhiAgICAGKCACGW/
— ]
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p‘

The compartment alization of
Lthe quants on both teams have
owned their domain, creating o
research factory of continuous
Tmprovement that would

hauve been difficult to achieve
otherwise.”

Director of Engineering
Numin
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DESCALING

As the job neared completion virtualized machines would dequeue

at the rate of spawning to keep costs to an absolute minimum.

Google Cloud Platform

Compute Engine

VM instances

Instance groups
Instance templates
Sole-tenant nodes

Disks

Snapshots

Images

TPUs

Committed use discounts
Metadata

Health checks

Zones

Network endpoint groups
Operations

Security scans

Marketplace

® 14

¢ AlgoTradeNumin

VM instances

Name ~
cbrinstance-group-nglf

) cbinstance3
collector-temp3
paperirading-server3
cbinstance3
cbinstance3
chinstance3
cbinstance3

) cbinstance3
cinstance3
cbinstance3

) cbinstance3
chinstance3

% cbinstanced

cbinstance3

[ CREATE INSTANCE & IMPORT VM C REFRESH

Zone Recommendation Inuse by Internal 1P

us-centrall-a 10.128.0.87 (nic0)
us-central1-a 10.128.0.5 (nic0)
us-eastl-b 10.142.0.4 (nic0)

us-eastl-b 10.142.0.24 (nic0)

us-centrall-a 10.126.0.29(nic0)

us-centrall-a 10.123.0.69(nic0)
us-centrall-a 10.146.0.9(nic0)

us-centrall-a 10.128.0.59(nicO)

us-centrall-a
us-centrall-a 10.143.0.54(nicO)

us-centrall-a 10.147.0.34(nico)

us-centrall-a 10.145.0.32(nic0)
us-centrall-a 10.142.0.44(nicO)
us-centrall-a 10.145.0.65(nic0)

us-centrall-a 10.138.0.55(nic0)

MacBook
—

The fix for numin

10.136.0.122(nic0)

External IP

35.226.196.69

35.222.44.121

34.74.176.223

35.196.239.88

34.224.216.17

34.236.133.74

SHOW INFO PANEL

Columns ~

Connect

SSH

1 LEARN




COLLECTION

RETRIEVING THE DATA IN THE RIGHT FORMAT WAS AS
IMPORTANT AS CREATING IT.
Total backtest results would be automatically broadcast to Big Query

for storage, assigned a trial ID with metadata about the trial itself.

= Google Cloud Platform & AlgoTradeNumin v

@ BigQuery @ FEATURES &INFO [ SHORTCUTS + COMPOSE NEW QUERY

Query history Query editor (A HIDEEDITOR [ FULL SCREEN

Saved queries SELECT
max_drawup, max_drawdown,total_profit,
Job history long_term_pattern,
medium_term_pattern,
Transfers short_term_pattern,
long_term_diff,
Scheduled queries medium_term_diff,
short_term_diff,
Reservations long_term_cumulative,
medium_term_cumulative, @ BigQuery @ FEATURES&INFO [ SHORTCUTS
Bl Engine short_term_cumulative,
action,
Resources + ADDDATA ¥ entry_type,
exit_type, . SELECT
max_drawup, max_drawdown,total_profit,

Processing location: US . long_tern_pattern,
medium_term_pattern,

» virtual-cycling-186317 m & Save query aveview  (© Schedule quen short_term_pattern,

Tlong_term_diff,

Query editor (7 HIDE EDITOR £ FULL SCREEN

medium_tern_diff,

Query results & SAVE RESULTS i EXPLORE [ short_tern_diff,
- long_term_cumulative,
mediom_tern_cumulative,
Query complete (0.1 sec elapsed, cached) . short_tern_cunulative,
action

Jobinformation ~ Results ~ JSON  Execution details antr tina
Processing location: US

Row  max_drawup max_drawdown total_profit m & Savequery il Saveview (O Schedule query

1 264 218, 218, % More ~ This query wil process 55.1 G8 whenrun. (@)

262 -219. -219.!

Query results & SAVE RESULTS

243.00000000000455 -240.00000000000136 -240.000000000

24 455 240, 1136 -240.

242.99999999999795 -240.00000000000227 -240.000000000!

241 241 045 241 @ BigQuery  @remessavo @ soments

Query istory Query editor
Saved querios setecr

o history

Transters

Scheduled queries

MacBook 5 per page: .

BiEngne

— ] iy + Ao0oATe v
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P.

Medata included how many virtualized CPUs were used, the test

parameters, how long the test took, number of machines that were

terminated during the test (through error or by Google), and how

long dequeuing took as a percentage of queueing. Test metadata was

replicated back into Google Cloud Storage unique to the backtest job.

Google Cloud Platform

Storage

Browser
Transfer

Transfer for on-premises
Transfer Appliance

Settings

16
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& Bucket details

numin-cloud-backtest

Objects ~ Overview  Permissions

Upload files  Upload folder

2" EDIT BUCKET

Bucket Lock

Create folder

C REFRESH BUCKET

Buckets / numin-cloud-backtest / jobs / ahhwfnZpcnR1YWwt

Name
ipynb_checkpoints/

basic_query.txt

db-size.txt

large_backtest.txt

main.go

reports/

stats.go

Type
Folder
text/plain;

charset=utf-8

text/plain;
charset=utf-8

text/plain;
charset=utf-8

text/plain;
charset=utf-8

text/plain;
charset=utf-
Folder

text/plain;
charset=utf-8

The fix for numin

Storage class

Regional

Regional

Regional

Regional

Regional

Regional

MacBook

ODYZMTdyHQ:

Last modified

12/1519,
6:52:01 AM
uTC-5

12/15/19,
6:52:02 AM
uTC-5

12/15/19,
6:52:02 AM
uTC-5

12/15/19,
6:52:03 AM
uTC-5
12/15/19,
6:52:03 AM
uTC-5

12/15/19,
6:52:04 AM

Public access

Per object

Not public

Not public

Not public

Not public

Not public

Per object

Not public

gICA60GS_AgM

Encryption Retention expiration date Holds

Google- -
managed key

Google-
managed key

Google-
managed key

Google-
managed key

Google-
managed key

Google-
managed key

Case Study
Google Cloud computing at scale.



Results

PUNCH PROVIDED A LARGE-SCALE ENTERPRISE BACKTESTING

AND CLOUD PROVISIONING AND DEPROVISIONING SOLUTION TO

HELP POWER CUTTING EDGE FINANCIAL TRADING ALGORITHMS.

APP STATISTICS

Items

Spawned Virtualized CPUs

Length of Project

Tech stack

Teams involved

800
4 months

Google Cloud
Platform, Big Query,
Google Cloud SK

San Francisco &
Lahore
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