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M Summary

e Context: Gousto, a scale-up Tech company
e Why simulation models
e Self-serve simulation

e Use-case: improving Order Routing Algorithm
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Context: Gousto, a scale-up Tech company

From start-up to scale-up

308 million

Revenue in 2023
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gousto
A4

) ..“_
Featured &

Meat-Free Chicken 3
Teriyaki Tray Bake

(i

Upcoming deliveries

Monday 24th Jan

Monday 31st Jan




Context: Gousto, a scale-up Tech company

What sets us apart?

Convenience ‘We never stop obsessing over
GRS the customer’

Choice

Recipes created,
prepped and
delivered

250+ Monthly
Recipes

B-corporation as
of 2021

Interface

Pricing Tech
App + web

products and

dedicated CC
team

Extreme focus on
data and artificial
intelligence

From £2.99 per
portion




M Context: Gousto, a scale-up Tech company
How do you make a recipe box?

line optlmlsatlons = Pick Face Dynamic
algorithms o + .

Optimisation = 5
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http://drive.google.com/file/d/1X97WSVeiiViAF9g9EoD4E70eTMHQwfPe/view
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M Why Factory simulation model?

Without simulation
months

X

develop code
and ideas

|

<

Keep the best

fromreality | (3nd safest) idea

+

Feedback [

|

iterate

&

With simulation

[ develop code }

days

v

and ideas

Keep best ideas
Validate code
iterate

Quickly test
hundreds of ideas

Feedback
from reality : :
N simulation

iterate @

release to release to
production production
o @ O O O O 73



M Why Anylogic?

Our simulation requirements:

Multiple operating Integrating our

Self-serve models systems python algorithms

s < g

© @ ©

Anylogic Anylogic on :
“standalone model Mac + Windows + Anylogic Pypeline
export” Linux







M End-to-end code integration

<)

Run A/B Prove the

Code [> Update [> experiment [> benefits & Release to
change simulation : get production
J campalign approval

Q. Ao minr G of




® 0@ () Gousto/baxrouting-python-:  x () Gousto/simulation-modeis-c % | +

« » C C‘.: github.com/Gousto/boxrouting -python-package/tree/61e8c0f63bff5148cc7b0ed22¢24fc 74137abe55

[ Confuencejira @ OKTA i Databricks @ Oyster Contractor

O Gousto / b ing-pyth ge & Q Type{7] to search

¢> Code I3 Pullrequests 6 O Ssecurity |~ Insights

boxrouting-python-package Fivete ¢ star 0

F 6le8cof ~ P 18 Branches O 23 Tags Q Gotofile

Na description or website provided
MarcinRutkowskiGousto PDB-1202: Handie gracetully no stations avallatie for .. +  6168c0f - 5months aga  {5) 224 Commits

datasconce

circlect Refactor the APf and add smart constructors 4 years ago
Readme

github added pr template 2 years ago Activity
Custom properties
0 stars

sample_data C t PGC year:
ple_ ommi 5 ypars 400 12 watching

tests PDB-1202: Handle gracefully no stations available for the ... 5 months ago 0 forks

-
|
=]
I box_routing PDB-1202: Handle gracefully no stations avallable for the ... 5 months ago
]
=
D

-dockerignore Create Dockerfile with commmand line entry paint 4 years ago
Releases 20
0 gitignore Add gitgnore file 4 years ago © 3.1.0 (Laws)
on Mar 13
[ CHANGELOGmd PDB-1134 Update version 7 months aga
+ 13 releases
[ pockerfile Setup venv, and praperly package all dependencies 4 years ago

O Makefile added black and make lint 2 years ago Packages

No packages pudblished

[ README.ma Add station.plcks_per_skus (and some docs) 4 years ago
Publah your flest package

D box_routing_optimisation.ipynb change paramater nama everywhere 3 years ago



http://drive.google.com/file/d/1BAz7-r5cKt9iYnQ6a9qrWjWQyMx_43NJ/view

ﬂ Latest factory simulation model

Historical Historical
station/ingredient stations
mapping + initial processing times
stock + downtimes

® v

Orders:
Order
historical sequence ‘ Order Routing request SIMULATION (Anylogic):
historical Algorithm Routed ) )
requirements orders - ° box flow in the picktower
(ingredients) »

e  replenishment + consumption of

@ stock

Ingredients: Replen ° processing times

R request
Historical ingredient | —————p» Replenlghment
pallet arrivals on Algorithm Replen
site arrivals

° Downtimes

\ 4

T

Factory parameters —»| parameters.json

® e e O  O0—0O0—Nn




ﬂ Simulation usage statistics

e First Anylogic licence bought in October 2022 (less than 2 years ago)
e Users: 3 squads

e 30+ use-cases

e Target of 10 use-cases this quarter

e 5000+ simulation runs

e 10 million+ boxes simulated

e 3 laptops destroyed
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ﬂ What is ORA?

ORA = Order Routing Algorithm

Sets:
P = The set of all pick stations o o . . .
5, = The set of SKUs n order 0 Decision = For each box, which ingredients are
P, = The set of pick stations containing sufficient stock of SKU s
Pys, = The set of pick stations containing any SKU in S, . . .
G = The set of station groupings picked from which stations.
L = The set of levels
Data: M M — H M
Objective = maximise throughput
w, = The workload cost of pick station p
N,, = The number of units of SKU s required for order o
N, = The number of units of SKU s available at pick station p
L, = The target level
a = grouping cost weighting
P = level cost weighting
— )
Variables: . .
N Station 1 Station 5
{ 1 if pick-station p is visited
X, = »
0 otherwise
‘= 1 if a pick station in grouping g is visited ) )
* L0 e Station 2 Station 6
. = 1 if a pick station in level / is visited \ ) \ )
"7 0 otherwise
Minimise: . .
Y %, + (e X5+ 8 X 1) Station 3 Station 7
PEP; 2€G I#T} | S — ~— @@ @@
Subject to: )
T 52 1vEs, Station 4 Station 8
PEP, | S —
Z x, 21
REG
Z x2>1
IeL

® e e e O O—N



M ORA V4 vs ORA V5

ORA V4 \V/

e Cold start (empty stations)

e Batch size ~700

e Assume perfect stock
coverage

e Manually defined factory
parameters

ORA V5

Hot start (initialise stations
workload from production)

Batch size ~100

Live production stock
coverage

Parameter search through
simulation

O

Q
D



M Simulation replay: benchmarking our model accuracy

Cumulative number of orders produced over a batch:
Reality vs simulation

Simulation replay Accuracy:

D
o
o
o

ft (@) - g() dt

Accuracy = 1 —

4000

") de

2000

Number of orders completed

actual cumulative picks

Accuracy = 97.5% where  f(t)

g(t) = simulation cumulative picks
10 20 30 40 50
Time (hours)
O ® ® ® O Oo—n0



M 4 different scenarios

Scenario 1: Scenario 4:
ORA V4, ORA V5,
prod replay pessimistic
Initialisation: Cold start Live data Live data
Batch Size: 700 700 100
Factory Unchanged Unchanged Unchanged
parameters:
O @ @ O O 0

Scenario 3:

ORA V5,
optimistic

Live data

100

Simulation
Optimised






8000

7000

Y wu (=)]
o =] =]
o o o
o (=] =]

Number of completed orders
S
o
(=]

2000

1000

Simulation V3 results: single run

Boxes completed over time (MW552), batch C

=== Reality
=== Production replay (ORA V4)
=== ORA V5 pessimistic
ORA V5 base
=== ORA V5 optimistic

10 20 30 40 50
Time since batch start (hours)
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M Full results

Simulation results (5 consecutive weeks):

Scenario 1: Scenario 4: Scenario 3:
ORA V4, ORA V5, ORA V5,
prod replay pessimistic optimistic
Station utilisation 69% 83% 88%
Normalised Throughput 100 107 117 126
Post deployment in production: m: . s .
75.0 +13%
Scenario deployed: hybrid base/pessimistic e

-
o
=)

station_utilisation
(=]
N
v

Station utilisation before: 67%

@
v
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Station utilisation after: 76%
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M Perspectives

Extend the capabilities of our simulation model
e Extend 3D integration to end-to-end flow of stock and
boxes

e Extend granularity of nt
X granularity of events Thank you for your

: . attention!
Extend the use of simulation
e [Extend user base
e Real-time simulations (hot
start)
Extend beyond single factory
e Simulation of second factory
e Network simulator
» ® ® @ @ @ A
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