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1. Adaptive storage location assighment
Industrial motivation D

AUTO-ID LABS

Order picking - most labour-intensive operation in warehouses
with manual systems and accounts for 55% of warehouse
operating expenses (pe Koster et al., 2007; Tompkins et al., 2007)



Dedicated

Tomato Cans should
always be stored in shelf
52!

| need to go
to shelf 52

Tomato
Can

+ Easy to pick
- Requires more storage space

Random

All the products are
allowed to be stored
anywhere!

| can be stored
anywhere!

+ Space utilisation
- Picking is time-consuming
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Class-based

All kinds of tomatoes
should gather in aisle B!

/—\ | need to be
stored in
v aisle B
Tomato
Can

N—

+ Combines benefits
- Requires classes specification

(Gu et al., 2007)



1. Adaptive storage location assighment

The notion Q

AUTO-ID LABS

Determine the optimal storage assignment for the newly delivered
product instances in a timely manner based on historical product

data. (Chiang et al., 2011)

Shelf 63 because
there are empty
shelves, my turnover
is medium and | can
be close to pasta,
which is usually
bought together with
me

Where
should | be
stored?

Tomato
Can



Items

Enter the
warehouse

Scans
product
item

=

-
\dentify

product type
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Items

Enter the
warehouse

Scans
product
item

Access historical
data
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Decide storage
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Items

Enter the
warehouse

=

Identify
product type

Access historical

N - Decide storage

Inform a
operator

3 3 ocation | about i
== \I\I—l storage !
- Nw aa location  Picked for E
new order
(N | |

N -,: —

& Despatched
Update with order |

data for future use
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1. Ask for product type 6. Check availability

2. Send product type 7. Inform about
Product availability Shelf
Instance

Index

3. Request turnover rate
and order frequency data
5. Decide storage
location

Product Type
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1. Adaptive storage location assighment
Case example

1300 storage locations

J ﬁi’?s up to 6 product types/storage location
JAMES ~40 items/storage location

7.5 deliveries/day, 7 product types/delivery
1000 orders/day
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25

20

15

10

% Reduction in average travel distance
(one item orders)

m Benefits for Case Study Company
m Benefits for Larger Warehouses

18.25

8.5
5.8

SL=1m, SL=1.5m, SL=2.5m, SL=2.5m, SL=2.5m,
Distance = 30m Distance = 30m Distance = 30m Distance =5m Distance = Om
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An adaptive strategy can be beneficial in today’s warehouses...

...but not in all of them. Customer demand and disruptions
matters

The faster your requirements/needs change the better such an
adaptive strategy will be

Some companies already gather information they could use
more effectively
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Requirements:

A. ldentify cases

B. Identify items

C. Identify storage locations
(shelves)

D. Identify human operators
(pickers) via handheld devices

E. Calculate picking time and
distance

F. Collect and store product
information for later use

Vv

v

\2

Vv

v
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GS1 standards:

GTIN

GTIN, SGTIN

GLN,SGLN

GSRN

EPCIS events

Potential use of GPC for mapping
to product category
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Is it possible for a customer to automatically influence his own logistics

orders during processing/delivery?

1

Customer

“Can | add two more
items in my order?y

Warettouse Compary

“Can | change my
delivery address?”
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Is it possible for a customer to automatically influence his own logistics

orders during processing/delivery?

1

Customer

“Can | place a very
urgent order?”

Warettouse Compary
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Is it possible for a customer to
automatically influence his own logistics
orders during processing/delivery?

Yes | Yes

\%

How can this process be
technicallyI achieved?

What?

l

IT ARCHITECTURES ALGORITHMS PHYSICAL/MECHANICAL

\i/ \i/ SYS'I\LEMS

Is there any ECONOMIC Compatibility with IT Compatibility with
BENEFIT to either the system in place? physical/mechanical

provider or the customer? system in place?

Yes No \l/ No
Under what conditions? What IT changes/extensions What physical changes
need to be made? need to 1@3 made?
How can the provider What is the cost of IT What is the cost of physical
affect this benefit? changes? changes?

OVERALL BENEFIT OVERALL COST
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2@2@2 2 \_/ 2

Vo Vo
] 2
() -
Depot

(a) Graph of the order-picking layout

©2014, University of Cambridge



Centralised Management (CM)

1. Update requests
______________ >

2a. Collect availability L] ] [
-

End-customer
Orders / Requests (ORs)

3c. Inform
assignment
schedule

Warehouse S Storage Locations (SLs)

Manager 3a. Reserve SLs

3b. Inform

assignment
schedule .
Pickers
Distributed Management (DM)
3a. Reserve SLs
6. Release redundant pre-reserved SLs l
Real-time L1 ]
statu?—u_pzq?'g@ """ Storage Locations (SLs)
1. Collect operational status -7
T B e I >
2. Negotiation < Black board Real-time
between ORs status update

Agents of End-customer

Orders / Requests (ORs) . % b‘elivtl:gr?ﬂ?éilz):rs
3b. Decide and provide potential assignment proposals of the receiving

proposals

5. Negotiate and decide one among the provided proposal Ag??(ts of
ickers
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Linking physical items to information and rules governing the way they

are intended to be handled and that enables the product to support or

influence operations.

Customised
violin

deliveryDate = newDeliveryDate;
if (deliveryDate > deliverBefore) then {

routes = identify.newRoutes(receiver.address,

deliverBefore, currentLocation);

newRoute = evaluate (routes);

Product ID
Type = “Customised Violin”
seller.address = “Shanghai, China”
receiver.address = “Cambridge, UK”
deliverBefore = 24.12.2013, 12:00 GMT

route = “Shanghai; Istanbul; Frankfurt;
Birmingham; Cambridge”

__| deliveryDate = 22.12.2013, 13:30 GMT Put this POX in the next
Rules { newDeliveryDate() flight to London

route = newRoute;

inform.transportationProvider (route) ;

Information —

©2014, University of Cambridge



1. Possesses a unique identity

2. Is capable of communicating

effectively with its environment

Database

3. Can retain or store data about itself

4. Deploys a language to display its

features, production requirements etc.

5. Is capable of participating in or
making decisions relevant to its own

destiny

©2014, University of Cambridge

Decision
Making
Agent

Network

Product

Reader




3. Problems with pickers

e “"‘., .
oS oyes
e 4
T e ton
Nh®
e

2. Arrival of new orders

CLICK &
COLLECT

Ordered but \\ Buy online.
out of stock Collect direct.

¥y
255 =
v |

3 e,
o S
SRR

> ®) > 'f‘

A « S i -

v

Pick this instead

> Sickness/Accident
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Requirements:

A. ldentify orders/customers
B. Identify items
C. Identify storage locations

D. Identify human operators
(pickers) via handheld devices

E. Calculate picking time and
distance

v

Vv

\2

\2

v
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GS1 standards:

GSRN, SSCC
GTIN, SGTIN

GLN,SGLN

GSRN

EPCIS events



Is it possible for a customer to
automatically influence his own logistics
orders during processing/delivery?

Yes | Yes

\%

How can this process be
technicallyI achieved?

Whlat?

l ) l

IT ARCHITECTURES ALGORITHMS PHYSICAL/MECHANICAL

\ SYS'I\LEMS
Is there any ECONOMIC Compatibility with IT Compatibility with
BENEFIT to either the system in place? physical/mechanical
provider or the customer? system in place?
Yes No \l/ No
Under what conditions? What IT changes/extensions What physical changes
need to be made? need to j/e made?
How can the provider What is the cost of IT What is the cost of physical
affect this benefit? changes? changes?

\ OVERALL BENEFIT / OVERALL COST

©2014, University of Cambridge




2. Customer intervention
Fixed and Flexible offerings Q

AUTO-ID LABS

Given a range of logistics offerings currently offered to customers, under which
circumstances should the provider offer the opportunity for intervention, and, if

so, how should the extra options/services offered be priced?

Fixed offerings Flexible offerings

Details of offering are fixed VS Details of offering may vary after
upfront when order placed ) the order is placed



2. Customer intervention
Guidelines for a provider considering flexible offerings D

AUTO-ID LABS
I

Specify logistics Define initial :
service and logistics options %?C'hdteo}’;'greg Initiation
participating available to the f exi%l e offerin
organisations customer 9
Predictions
Calculate the Calculate the
benefit and the cost probability of the ?gtl)%lgﬁﬁe tohfea
for the customer for company satisfying Clﬁ)stomer’syneeds
receiving (or not ) new need with chanain
the service needed existing plan 9ing
Modelling &
Game tree Equilibria Perform sensitivity Ana/ysis
development calculation analysis

Set price for _ o
flexible Main decision

offering



IT systems enabling
flexible offerings

FI
Provider «(2:1)

Conventions

Option A
Customer '« 1:3)
Option B

IT systems enabling fixed
offerings only

b_Ps — Ps. Py — Cp +P-'I

Provide
b—p.pr,—c, T by - [0y
Don’t se b—p, — 6, Py — €y — Crn
|
2 i Don't b—pu:Pa — s
(C:2) :
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(C:4) —-— Decision node

: =5 Chance node
A > -——  Partial information

; ity S . A P(disruption)
(ca Pa L q  PlplanAdequate)

4 (X:X) Node number

b— Pp:Py — Cp
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FPayoff of provider = U

Price for exira service = P

Different price requested
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02 03 04 05 06 O0OF 08 09
P{planAdequate) = g

Different probability for
customer disruption




1. Adaptive storage location
assignment

-
;
:
g

2. Customer intervention

3. IT architectures for
logistics integration




International

Transportation ][?etierﬁfltlonal Import and VMI & Under bond purchasing
orwarding management
R
_
o Sales Supply-chain  E-commerce :
Sighechal channel management  Supply-chain Integration

Finance , "
management  solutions management ' *‘-0 Istics
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E-commerce
Platforms

Manufactures Distributing Sales

YH Global (YHG)
WB(Warehouse Base)1 WB2 ||WB3 ||WB4 Warehousing
Operation
TSP (Transportation :
Service Provider)1 TSP2 | |TSP3 | | TSP4 Transporting
’ ’ Sales
Customers Receiving  Fulfilment
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E-commerce

Software: ERP & Order management

Software: Warehouse management

WB(Warehouse Base)1 Warehousing

Operation
TSP (Transportation Tran ftin
Service Provider)1 ansporting
Software: Post-sales service management
Sales
Customers Receiving Fulfilment
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E-commerce

Software: ERP & Order management

Software: Warehouse management

WB(Warehouse Base)1 Warehousing

Operation
TSP (Transportation Tran ftin
Service Provider)1 ansporting
Software: Post-sales service management
Sales
Customers Receiving Fulfilment
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3. IT architectures for logistics integration
Integrated logistics D

AUTO-ID LABS

Objective 1- Improve managerial efficiency: through integrated IT
system that provides directional and timely statistical data for various
level of management;

Objective 2 - Increase operational efficiency: through automated IT
system that schedules the operations;

Objective 3 - Improve the company performance: through intelligent
IT system that optimises the efficiency and resilience of the
automated schedules.
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Thank you!

Innovation in Warehouse Management Systems
Vaggelis Giannikas

mailto: eg366@cam.ac.uk




