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In This Session

« Learn how a genetic algorithm,
machine learning and Al can
simulate product placement
and measuring performance
gains using a live connect to
SAP S/AHANA.

« Explore how regular cadence of
re-slotting led by an Al can set
up employees for success.

« Determining the best position
for a material or finished good
can directly impact warehouse
and employee performance.
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What We'll Cover

 Building the Digital Twin

ML Simulations in the warehouse
* Re-slotting a warehouse with ML
* Integrating with SAP S/4HANA

* Wrap Up




What is a Digital Twin?

Digital Representation of Physical World
v' Spatially correct
v' Easy to understand visualization

Real-time Depiction

v' Conveys status of physical object or
space

v' Joins data from multiple sources
Digital Actions Translate to Real World
Actions

v' Software interacting with physical
world

v More than analytics or data illustration



Building a Digital Twin

Backend Components

» Persist the layout of the physical
space

« Option #1:AutoDesk Platform APIs
for spatial information

« Option #2: Store layout as
polygons in a JSON object

« Multiple options...
Front End Components

 Web components to display the
digital twin to the end user

« |eaflet.js, Nvidia, <insert more>
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Starting Point
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Travel Distance Analysis oo Ly

| " |
Travelling sales-person analysis st nfP i 'I A
Shortest path from one bin to g lje
another? : :
Shortest path from inbound or illii : : i
outbound lanes and bulk storage? | ; o |
Determine distances so we can apply ; R
travel speeds by equipment to define " bt
time A ] ' m u il

B !

Visualization is 2D; but we are very — ! I —_—
Concerned Wlth 3D. outbound xdock inbound

What is the height of shelves and
how fast can a forklift move to level
57



Travel Path Analysis

Travelling sales-person analysis

What are the paths a human could
travel in the warehouse?

What about other modalities?

Are specific aisles one way?
Venhicles only?

How are shelves loaded? Push-
back racks or gravity fed racks?
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It's Good to be Greedy

» Greedy algorithms tackle
problems by making the
best choice they can at
each step.

* They focus on finding a
solution that's optimal in
the short term.

» This approach aims to lead
to a solution that's overall
good, even if it might not
be absolutely perfect.

1 2 3
4 9
2
0 1 B \* a4 @
6
8 7 10
7 : 6 2 5
Working of Dijkstra's Algorithm =2

Output: 04 121921119814

Explanation: The distance from O to 1 = 4.

The minimum distance from Oto 2 =12. 0->1->2

The minimum distance from O to 3 =19. 0->1->2->3
The minimum distance from O to 4 = 21. 0->7->6->5->4
The minimum distance from Oto 5=11. 0->/7->6->5
The minimum distance from O to 6 = 9. 0->/7->6

The minimum distance from Oto 7 = 8. 0->/

The minimum distance from O to 8 = 14. 0->1->2->8

Source:GeeksforGeeks.org 9



output:%200%204%2012%2019%2021%2011%209%208%2014%20Explanation:%20The%20distance%20from%200%20to%201%20=%204.%20The%20minimum%20distance%20from%200%20to%202%20=%2012.%200-%3e1-%3e2%20The%20minimum%20distance%20from%200%20to%203%20=%2019.%200-%3e1-%3e2-%3e3%20The%20minimum%20distance%20from%200%20to%204%20=%2021.%200-%3e7-%3e6-%3e5-%3e4%20The%20minimum%20distance%20from%200%20to%205%20=%2011.%200-%3e7-%3e6-%3e5%20The%20minimum%20distance%20from%200%20to%206%20=%209.%200-%3e7-%3e6%20The%20minimum%20distance%20from%200%20to%207%20=%208.%200-%3e7%20The%20minimum%20distance%20from%200%20to%208%20=%2014.%200-%3e1-%3e2-%3e8

Warehouse ML Use Cases

Can we answer the following?

* |s the rearrangement cost
greater than the potential
savings?

 Where are we spending too
much time picking? Or on
putaway?

 What products should we keep
close together?

 |f we introduce new products,
how does that impact the
warehouse?

Potential Outputs

Rearrangement
recommendations to reduce
travel time or congestion

Data that supports hiring or
capital purchase decisions?

Do we hire/transition X
resources?

Do we purchase a new forklift
Do we deploy robots?
Can we consolidate warehouses?



Example Warehouse

Industrial Parts
Manufacturer

Multiple Zones
Bulk, Case, Each-pick Zones

Zones by Product (i.e.
Hazardous)

500,000+ sqgft & 50K SKUs

30+ Employees & 10+
Vehicles

Goal: Save 10,000 linear ft
per day in wasted travel
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Apply Different Rules
to Affect Simulation

Groveport

O\ Search

Map View A

@® Bird'sEye
O Planogram
SLOTTING

Layer

@ Heatmap O Overview

Dashboard

[) pataSets
Rule Sets Heatmap - Bin

B Runs O Destination Bin

Deployed L3 ® Source Bin
Heatmap - Hide Unaffected
D Hide Unaffected

Heatmap - Recommendation

® FixedBin
O Rearrangement

Heatmap - Attribute
@ Distance Saved

N~
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Easy to Understand
Recommendations

Fixed Bin Data Recommendations v

[T coLuMNS

Filter by Column

Any

Product Code

CNB5-HS-BRN

32-001050-0000...

S8550

LL-1

32-000455-0000...

1-974028-025

32-001000-0000

MAX-30

52-000462-0000...

755CL

= FILTER

- Filter on Term

Product Descript...
HOLSTER, DIADB...
FENDALL PUREF...
FACESHIELD VIS...

LASER LITE-UNC...
STERILE EYEWA...

AC POWER CORD...
PURE FLOW1000...
MAX-CORDEDEA...
320Z DOUBLEEY...

CARTRIDGE OV A...

(@ Last Updated: 04/21/2024 16:00 EDT

&, EXPORT  [S)SAVE LAY

Reason

Increase efficienc

Increase efficienc

Increase efficienc

Increase efficienc

Increase efficienc

Increase efficienc

Increase efficienc

(Unsaved Changes] &~

r

Increase efficienc
\

Distance Saved ¥ Distance UOM

14206.4]

6077.35

3868.50

3341.24

2515.98

ft/day
ft/day
ft/day
ft/day

ft/day

Increase efficiency $8.41

Increase efficiency $8.10

ft/day

ft/day

Destination Bin

BJO1ADT

BJ02AD1

HOZAO1

BJ02A02

JO3ADZ

K05AD2

HOZAD2

JO1A02

BJOTAD1

BLOZAD2

Results per page: 10 v

Source Zone

PKF

PKF

PKF

PKF

PKF

PKF

PKF

PKF

PKF

PKF

1-10 of 230

Destination Zone

PKF

PKF

PKF

PKF

PKF

PKF

PKF

PKF

PKF

PKF

1< < >
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Example Warehouse

Consumer Packaged
Goods

Multiple Zones

Bulk, Case, Each-pick Zones
Zones by UoM

100K+ sgft & 2K SKUs
15+ Employees & 5 Vehicles

Goal: Increase Case per
Hour (CPH) by 5% a Week
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Warehouse Pick Path

KEY f

A CASE PICK PATH

W EACHES PICK PATH
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Simulation Ruleset

J74 FULFILLD HWLA v

Warehouse Restrictions

Pick Restrictions

[ FIFoPicking

Heaviest To Lightest Picks

L3
Putaway Restrictions

LL
Prevent Mixed Products In Bins

Dashboard

[ DataSets D Prevent Mixed Expiration Dates In Bins

Rule Sets

B Runs Distance for rearrangement restrictions

Deployed D Restrict Distance
Warehouse Weights

Pick Priorities

Pick Density

_.‘.60

0 100

Avoid Congestion

.D

0 00

§82 Cottinoc

‘What different Pick and Putaway Restrictions would you like to set for this warehouse?

FEFO/FIFO Picking

|:| Prevent Mixed Lots In Bins

Drag the selector under each setting to create weights between 1and 100% to prioritize the business process in your warehouse.

Pick Efficiency

> 100

0 100

Favor Ground Level

.D

0 00
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Pick Density Drives

Improvement

Fixed Bin Data Recommendations v

Increase efficiency
Increase efficiency
Increase efficiency
Increase efficiency
Increase efficiency
Increase efficiency
Increase efficiency
Increase efficiency

Increase efficiency

[McoLumns = FILTEP &, EXPORT @ SAVE LAYOU'I'°I
Filter by Column

Any v Filter on Term

Product Code Product Descript... Swap Dependency Reason
11246501 7CT5.89DRSTB MOVEMENT

08360801 10CTREG5.69F... MOVEMENT

10607201 5CT5.89TOCAT... MOVEMENT

10863201 6CT10CTMPLB... MOVEMENT

10527201 6CT 6.99 DR CRA MOVEMENT

07256201 7CTREG5.99SC... MOVEMENT

11638301 5CT18CT BLD MX... MOVEMENT

11638501 5CT 18CT FRY MX... MOVEMENT

0771901 12CTREG5.49H... MOVEMENT

10607301 5CT5.99 TOCAT... MOVEMENT

Increase efficiency

3= PKF Source Zone (Unsaved Changes) %~

Order UOM

Cases

Cases

Cases

Cases

Cases

Cases

Cases

Cases

Cases

Cases

Distance Saved ¥ Distance UOM
1569.99 ft/day .
A1BEF
1439.20 ft/day
AT79F
ATTF
1369.64 ft/day
A159F
A185F
1344.18 ft/day
A183F
1304.64 ft/day o
) 17.08 1075.94 ft/day AB38F JMS‘IF
42 1055.91 ft/day AB31F A172F
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Digital Twin Benefits

Replay real transactions from
SAP S/4HANA

« Dataset can be rolling 30, 60,
90 day.

« Analyze a specific period (Q2
2023)

« Simulate varying resource
types

* Run multiple simulations and
commit one to a plan

 Measure results; planned vs
actual
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Integration with SAP
S/4HANA

SAP S/4AHANA

« Manufacturing

« Accounting

« Sales

« Quality Assurance
* Analytics

FULFILLD WMS (Or 3
Party)

* Inventory
Management

 Warehouse
Management

« Warehouse Execution
* Door Scheduling
* Analytics



Warehouse
Integration

SAP Extended Warehouse
Management

SAP S/4HANA

SAP S/4HANA Core Applications

O Google Cloud Platform

|I:II:II:I|

SAP S/4HANA Purchase Orders,
Sale Orders, Deliveries,...

| Task Engine API

v

Warehouse Al

&

Connected Worker

¥
SAPERP -~
SAP S/4HANA [}
OR
SAP S/4HANA
Cloud &

SAP S/4HANA Core Applications
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Transaction Traceability

SAP ERP Purchase Orders, Sale

Today’'s Agenda
Orders, Deliveries,... (&) Tasks b Deliveries

Q. Scanorsearch

O Google Cloud Platform

All 469 Today 33 Tomorrow 20

Bin to Bin 6984704425 -
-

©BAP UserlD:
) MPYTEL

Customer

Johnson

Task Lir

10

ne Items

Initial Source Bin

BIN120

Required Equipment

Fork Lift

SAP ERP </" """"""""" Single Sign-on 7T TTTTTTTTTT .\\ @ FULFILLD UserlD:
SAP S/4HANA "

1
~

ERP Core Applications
Corporate IDP
UserlD:Michael@Fulfilld.io
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Integration Best Practices

« Leverage REST APIs delivered with SAP S/AHANA 2020 and above
o Production/Process Order Confirmation

o GR/GI with SAP Deliveries

o Picking, Delivery Complete, etc

« "Push” from SAP to Third Party available with addition licenses
o SAP BTP
o Third Party Apps

« Standard integration (aka Free) requires “polling” for changes in SAP

« Utilize OAUTH for SAP Single Sign-on to avoid digital access
licenses



Wrap Up

We can adapt standard algorithms with the
constraints of the warehouse to solve the
complex challenges of determining where to
place a product in the warehouse.

Decision making previously was based on
human experience and intuition. Leveraging
these models — we can simulate multiple
decisions to provide the best supporting
information for employees.

SAP has provided customers with an open
platform to integrate. We can leverage
historical data live or from a data warehouse
to answer logistics challenges.

23
SAPinsider



Where to Find
More Information

SAP API Hub > https://api.sap.com Filter by S/4AHANA

Using REST APIs with S/4HANA In Premise >
https://help.sap.com/docs/SAP_SA4HANA_ON-
PREMISE/8308e6d301d54584a33cd04a9861bc52/1e60f14b

dc224c2¢c975c8fa8bcfd/f3f.ntml

Google ORL Tools & Examples >
https://developers.qgoogle.com/optimization/examples



https://api.sap.com/
https://help.sap.com/docs/SAP_S4HANA_ON-PREMISE/8308e6d301d54584a33cd04a9861bc52/1e60f14bdc224c2c975c8fa8bcfd7f3f.html
https://help.sap.com/docs/SAP_S4HANA_ON-PREMISE/8308e6d301d54584a33cd04a9861bc52/1e60f14bdc224c2c975c8fa8bcfd7f3f.html
https://help.sap.com/docs/SAP_S4HANA_ON-PREMISE/8308e6d301d54584a33cd04a9861bc52/1e60f14bdc224c2c975c8fa8bcfd7f3f.html
https://developers.google.com/optimization/examples

Key Points to Take Home

« A Digital Twin is more than a read-only view
of something in the physical world.

« SAP REST APIs are available out of the box;
and we can build custom APIs in SAP
S/4HANA as needed.

« We can train ML models on physical spaces
to permit the simulation of multiple potential
changes to the environment.

« We can use proven algorithms to solve the
best-fit challenges in the warehouse

 Site level business rules can be included in
the algorithms for warehouse specific
optimization
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Thank you! Any Questions?

Michael Pytel
Michael@fulfilld.io
https://fulfilld.io

Linkedin.com/in/michaelpytel Please remember to
complete your session
evaluation.
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