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The Problem to Solve

Ocado: Orders: Viewing Order X

@® & Ocado Group PLC (GB)

£+ Most Visited

ocado || pecipes || TopOffers || Babysale

0cadO MyOcado v Browse Shop v Favourites

LIFE 1d.

Ocado Fairtrade Bananas Ocado Organic Fairtrade
Bananas
6perp 6 per pack
Buy Ocado Bananas, Save Half
Price on Love Corn )

£1.0803

18p each

Add to trolley Add to trolley.

Kitchen Towsels

A

Ocado Kitchen Towel Perrier Joust Belle Epoque
Magnum Champagne

150

https://www.ocado.com/webshopydisplayOrder.do?orderNo=

OSMART fetch

Choose your Regulars ~ Offers

Domestos Bleach Original
1
Now £1.50, was £1.70 >

Review this product

£1.50¢21.70

12p per 100m!

Add to trolley

Veuve Clicquot Yellow Label
Magnum Champagne NV
150

DINNER FOR 2 | £20

g 2 &

New  SmartPass  Wine

Harpic Orchid Bloom Gleaning
Gel
o
Buy any 3 for £3 >
£1.39
£1.85 per lire

Add to trolley

Petits Filous Raspberry &
Strawberry Fromage Frais

4 x 85

e @ ¥ | Q search

served
Your favourite stot

€ ® Ez

Seasonal v/

oocado
6
el {

LIFE 6+ LIFE 1w

Big & Welsh Large Free Range
Eggs

6 per pack

Ocado Large Free Range Eggs

6 per pack
Buy2for €3 >
Bought 23/03/18

£1.808

30p each 16.7p each

Add to trolley Add to trolley

% i b
Stiauloerry

LIFE 1 LIFE 2w
Rachel's Organic Forbidden Ocado Mature Cheddar
Fruits Strawberry Yogurt

1500

G Booka delivery

' View trolley

£11 33 Mn order2i0
gitems | savings G

Contact us

Thirst Pockets Kitchen Roll
White

3 per pack

Now £3.50,

£3.50¢4.50

£1.17 each

Add to trolley

Blue

Stilton

Cropwell Bishop Blue Stiiton

Yocado

TECHNOLOGY
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The Problem to Solve Yocado
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Ocado: Delivery: Choose anav- X [iSH

c @ @® & Ocado Group PLC (GB) | https://www.ocado.com/webshop/getAddressesForDelivery.d ), Search v INn @ @

£¥ Most Visited ] Branding & Speaker.. G lowe alpine apex 20... | Slack — Story — Pe. A Day portion size... () Getting Started & Bots and grids - Go.. & Apple @ Fount @& iCloud [ Facebook W Twitter W Wikipedia

ocado

RECIPES Top Offers Baby Sale O SMART fetch DINNER FOR2 | £20 Reserved Qb Book a delivery || ¥ View trolley

Your favourite slot

s i 7 2 i i [’ £11 53 Maoere
g @& « . P L ——

0COdO MyOcado v Browse Shop v Favourites  Chooseyour Regulars  Offers  New  SmartPass  Wine  Seasonal v/

Contact us

MORNING Sunday 17th Feb Monday 18th Feb

5:30 - 6:30am £0.00 £6.99
Soonest slot:

4:30-5:30pm
6:00 - 7:00am Scroll down £299 £6.99

6:30 - 7:30am £4.99 £6.99
7:00 - 8:00am £6.99 £6.99
7:30 - 8:30am £6.99 £6.99
8:00 - 9:00am £6.99 £6.99
8:30 - 9:30am £6.99 £6.99
9:00 - 10:00am £6.99 £6.99
9:30 - 10:30am £6.99
10:00 - 11:00am £6.99
10:30 - 11:30am £4.99
11:00 - 12:00pm £3.99

11:30 - 12:30pm £2.99

/ OcadoTechnology
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ustomer Fulfilment Centres

champagne from Ocado, the o

b+
<« c @

® & Ocado Group PLC (GB)
¥ Most Visited [ Branding & Speaker.. G lowe alpine apex 20..
ocado

https://www.ocado.com/search?entry=champagne
RECIPES

Q search
P stack— story — pe.
Top Offers Baby Sale fetch DINNER FOR 2 | £20
0cado  wyocw v

Browse Shop \/

. @
I8 5 A Day portion size... () Getting Started & Bots and grids - Go...
O SMART

¥

N QO ®
@ Apple @ Fount @& iCloud [ Facebook W Twitter W Wikipedia
oniaisn || FIZZ SALE
2 A 1

W q

1 L) @
Offers  New  SmartPass  Wine

©h Book adelivery | W View tr
Min. order £40
£11.33
9items | savings
Favourites  Choose your Regulars Seasonal

Contact us

Out of Stock

Beer, Wine & Spirits » Sparkliing Wine » Small Bottles

'
=

3

Lanson Brut Rose
Champagne NV Half Bottle
37501

Laurent-Perrier La Cuvee
Review this product

375l
Save 20%, was £19.99 ) Save 25%, wa
£214.99 £120.00

See Alternatives

Review this product
£15.99 £19.99 £16.50 £22.00
£31.98 per 75l

per 75cl
See Alternatives Add to trolley Add to trolley

abel-Brut-C|

/ OcadoTechnology
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https://docs.google.com/file/d/15oBo5YKx_bx2FSvgNIfnRI7PzfKJOjER/preview
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https://docs.google.com/file/d/13RQNhKZygqMiVbg1LYgZP9fMIj41NXFK/preview

Robot Stats

Grid the size of 3 football
pitches

Up to 3000 robots at
any one time

4m/s bot speed

Oocado

5mm clearance

35kg load

Communicating 10 times a
second over an unlicensed
part of the 4G spectrum

TECHNOLOGY
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Why Java?
Simulation
Determinism
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System Overview Oocado

1 Premature optimization
is the root of all evil } %

Donald Knuth

7 @ o / OcadoTechnology
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Why Java? Oagaee

TECHNOLOGY

( Speed of Development
VS

() Java
Performance

@ . / OcadoTechnology
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Simulation Oocado

TECHNOLOGY

A simulation is an approximate imitation of the
s x / operation of a process or system; the act of

simulating first requires a model is developed

@ / OcadoTechnology
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Microsoft

Flight Simulator
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What Do We Simulate? Oocado

TECHNOLOGY

Java Control
System

@ o /OcadoTechnoIogy



Simulation Example Oocado

TECHNOLOGY

Speed A

Time

@ / OcadoTechnology



Discrete Event Simulation {ocado

TECHNOLOGY

A discrete-event simulation (DES) models the operation of a system
as a discrete sequence of events in time. Each event occurs at a
particular instant in time and marks a change of state in the
system. Between consecutive events, no change in the system is
assumed to occur; thus the simulation can directly jump in time
from one event next.

@ / OcadoTechnology


https://en.wikipedia.org/wiki/System

Discrete Event Simulation Oocado

Bot reports
position 3

Bot reports
position 2

Bot reports Bot reports
position 0 position 1

Act on position
event 3

Act on position
event 2

Act on position Act on position
event 0 event 1

> Simulation time

@ o /OcadoTechnoIogy
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Determinism Oocado

Real-time systems are not deterministic
We want determinism in our discrete event simulations
We test for it in our ClI pipeline

Three areas:
o Time
o Scheduling
o lteration

@ / OcadoTechnology



Determinism - Time Oocado

TECHNOLOGY

@FunctionalInterface
public interface TimeProvider {
long getTime () ;

@ : / OcadoTechnology



Determinism - Time Oocado

TECHNOLOGY

public class AdjustableTimeProvider implements TimeProvider {
private long currentTime;

@Override

public long getTime () ({
return this.currentTime;

public void setTime (long time) ({
this.currentTime = time;

@ / OcadoTechnology



Determinism - Time Oocado

TECHNOLOGY

public class SystemTimeProvider implements TimeProvider ({
@Override
public long getTime () {
return System.currentTimeMillis() ;

@ / OcadoTechnology



Determinism - Scheduling

public interface Event ({
long getTime() ;
void run() ;
void cancel() ;

public interface EventScheduler ({
Event doNow (Runnable r);
Event doAt (long time, Runnable r)

@ / OcadoTechnology
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Determinism - Scheduling Oocado

TECHNOLOGY

public class DiscreteEventScheduler implements EventScheduler {
private final AdjustableTimeProvider timeProvider;
private final EventQueue queue;

private void executeEvents () {
Event nextEvent = queue.getNextEvent() ;
while (nextEvent !'= null) {
timeProvider.setTime (nextEvent.getTime ()) ;
nextEvent.run() ;
nextEvent = queue.getNextEvent() ;

@ / OcadoTechnology



Determinism - Scheduling Oocado

TECHNOLOGY

public class RealTimeEventScheduler implements EventScheduler {



Determinism - Iteration Oocado

private Set<String> mySet = Set.of("a", "b", "c");

for (String entry : mySet) {
doStuff () ;
}

“The iteration order of set elements is unspecified and is subject to change.”

@ o /OcadoTechnoIogy



Determinism - Iteration Oocado

TECHNOLOGY

private ImmutableSet<String> mySet = ImmutableSet.of("a", "b", "c");

for (String entry : mySet) ({
doStuff () ;

“Except for sorted collections, order is preserved from construction time.”

@ / OcadoTechnology
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System Overview
Why Java?
Simulation

Determinism

Low Latency Communication
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Event Scheduling Oocado

TECHNOLOGY

Requirements:

e To schedule events for specific times
e Individual events can’t be arbitrarily delayed
e The system can’t allow the events to arbitrarily backup

@ / OcadoTechnology



[ NON } E Timer (Java SE 11 & JDK 11) X +

& = C & https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/util/Timer.html

* o @
OVERVIEW MODULE PACKAGE

| USE TREE DEPRECATED INDEX HELP

ALL CLASSES

SUMMARY: NESTED | FIELD | CONSTR | METHOD DETAIL: FIELD | CONSTR | METHOD

Module java.base
Package java.util

Class Timer

java.lang.Object
java.util.Timer

public class Timer



E ScheduledThreadPoolExecuto: X +

& (& @ https://docs.oracle.com/en/java/javase/11/docs/api/java.base/java/util/concurrent/Scheduled ThreadPoolExecutor.html i £ ‘Q H

OVERVIEW MODULE PACKAGE 7 USE TREE DEPRECATED INDEX HELP

ALL CLASSES
SUMMARY: NESTED | FIELD | CONSTR | METHOD DETAIL: FIELD | CONSTR | METHOD

Module java.base
Package java.util.concurrent

Class ScheduledThreadPoolExecutor

java.lang.Object
java.util.concurrent.AbstractExecutorService
java.util.concurrent.ThreadPoolExecutor
java.util.concurrent.ScheduledThreadPoolExecutor



Event Scheduling - Busy Loop Oocado

TECHNOLOGY

public class RealTimeEventScheduler implements EventScheduler {
private final TimeProvider timeProvider;
private final EventQueue queue;

private void executeEvents () {
Event nextEvent = queue.getNextEvent() ;
while (true) {
if (nextEvent.getTime() <= timeProvider.getTime()) ({
nextEvent.run () ;
nextEvent = queue.getNextEvent() ;

}

@ / OcadoTechnology



Event Scheduling - Busy Loop Oocado

Advantages Disadvantages
e Lower latency for individual e 100% CPU utilisation
events - from <5ms down to e (Can reduce clock speed due to
effectively 0 the processor heating up

e Supports up to 3 times higher
throughput of events

@ / OcadoTechnology



Memoization Oocado

TECHNOLOGY

We use two main flavours:

e “Standard”
e Object caching

@ / OcadoTechnology



Garbage Collection Oocado

GC is a primary source of application pauses

lin

Remove java.util.Optional from APlIs that are heavily used

Use for loops instead of the Streams API

Use an Array backed data structure instead of java.util.HashSet or
giava. Ubd.l . L1 7 keser s.f

Avoid primitive boxing, especially in unexpected places such as log lines, for
example: log.debug ("{}", d)



Garbage Collection Tips Oocado

TECHNOLOGY

e Enable GC logs by default!
e Understand the different collectors
e Don'tjust take the latest and “greatest” garbage collector

@ / OcadoTechnology



G1GC vs ZGC

G1GC

e Used in production

e Can specify target pause time
with
—XX :MaxGCPauseMillis=200

e Trade-off with lower throughput
and higher use of CPU by GC

@ / OcadoTechnology

ZGC

Oocado
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New in Java 11
Experimental
Promises very low pause times



Pause Time Percentiles - G1GC vs ZGC

== GIGC w=m 7GC
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Application pause time in seconds

Percentile



Application Throughput - G1GC vs ZGC
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Summary Oocado

TECHNOLOGY

Grocery is a difficult retail sector to run online profitably

We use Java within our Customer Fulfilment Centres to help us do this
Within our warehouses, simulation is used extensively

Many abstractions added to satisfy our need for determinism

We start simple, test and measure, then optimise where necessary

@ / OcadoTechnology



We're Hiring

https://careers.oca.do

@OcadoTechnology
@bofalot
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