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ABSTRACT

The paper proposes the structure of an articulated
Automated Inventory Management system for stores
included in a retail network to be integrated in a
company ERP; the system required simulation for
properly design the policies and procedures and set the
related parameters; the proposed case was implemented
for a large retail network supporting both Ipermarkets
and Supermarkets in a wide set of product categories
(i.e. frozen goods, grocery, clothes etc.)

INTRODUCTION

This work presents the logical and technical approach
to realize an ERP-Integrated set of applications for
managing goods in retail stores both from the point of
view of quantities and values, considering all the
possible phases of the process: from the order made by
the store to the central warehouses or to direct
suppliers, to the invoice process, passing through all
movements that are possible (arrivals, selling, transfer
between stores, on-store food production, wastes,
claims from customers and claims to suppliers, and so
on). The algorithms inside the order proposed by the
system are chosen by simulating results on a baseline
of historical data versus simulated data for the same
period, compared with analysis technique (i.e. Mean
Absolute Deviation).

The system proposed was challenging due to two main
reasons; the first one is due to the size of the problem:
the number of stores involved in the network is very
high introducing heavy computation issues both for the
real system and for the simulation, at the same time
number of items to be managed (with a lot of
management parameters to be customized store by
store) generate an explosion in the system control.
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Fig. 1: Simulating Supply and Sales Forecasts

The second main issue is related to the necessity to
design the operative procedures in compliance with
company MIS (Management of Information System)
and usually with ERP transactional system; this aspect
introduces additional complexity not only in relation to
the data availability and reliability (i.e. bath procedures
for different company software synchronization that
affect reliability of data along the day or along the
week), but also in relation to the necessity to define
procedures able to be implemented in the real MIS and
with reasonable performances.

REDESIGNING STORE MATERIAL
MANAGEMENT

The innovative idea proposed by the authors is related
to the fact that the store drive the inventory
management along the retail supply chain getting the
most up-to-date information related to effective
customer demand; therefore the proposed architecture
is designed as a distributed system that allows to be
easily accessible by remote users, but guaranteeing best
computation performances from central servers and
management optimization by central management by
getting opportunities and identifying synergies by
merging store requests.

In our case the automated order proposal for a store
network overpassing 300 sites for about 20'000 items is



very heavy computational problem; in addition it
requires extensive access to historical data, effective
GUI (graphic user interface) for being used by
responsible working in the stores for introducing their
knowledge and feelings, very user friendly interfaces
for employers updating and correcting data remotely
from the stores, efficient reporting for central
management and executive company control, etc.

The system developed was in effect realized for a big

company operating in the field of food and no-food

retail, with over 350 supermarkets/ipermarkets of
various dimensions. The study and the realization of
the system started from some basic requirements:

- to create a set of tools able to manage all the
aspects related to goods movements inside the
stores (quantities and values) in order to build-up
the store annual budget and economical report

- to develop all the applications centralized inside
the ERP system already used for other applications
by the company

The Integrated System is composed by a series of
modules and functions:

- Order Proposal for goods managed by company
warehouses

- Order Proposal for goods managed by direct
suppliers

- Administrative Procedures for on-store operations:

o Various kind of goods waste

declarations

Transfer between stores

Transfer of goods for internal on-

store production of fresh food

Claims from customers

Errors from cash barrier

Inventory management

Claims from store to suppliers

(warehouses and direct ones)

In order to manage all these operations, the system

needs the following input/output:
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OUTPUT
DATA TIME/Frequency | INTERFACE
Order According with | Notify from ERP
authorization to local store
calendar systems (on
request)
Administrative | weekly From ERP to local
movements of Administration
goods tools (to be
substituted by ERP
Integrated System)

INPUT
DATA TIME/Frequency | INTERFACE
selling Each night Cash barrier to
ERP
Warehouse Bill | Each night ERP to ERP

Direct On store request | Pre-compiled
suppliers’ bills based on the order
released by the
store

Administrative | Registered by | Data entry or file
movements of | the store day by | from scanning
goods day devices

The transitory situation is characterized by a series of

interfaces with local systems that are to be

progressively substituted with ERP-integrated tools.

In order to make operations of data entry more user-

friendly, it has been integrated on the system the

possibility of reading data from a batch wireless

barcode scanner programmed in order to collect all the

necessary information.

This scanner integrates with various functions:

- Store display creation

- Stock value definition (inventory management)

- Administrative movements (transfers, wastes) with
all the particular details of each movement

At the moment there is also in evaluation the

possibility of integrating all the system for use on

wireless terminals and on palm-PCs

In this moment the ERP-Integrated System for On store

Goods Management runs on different kinds of goods

(grocery, chemical products, frozen food etc.), on a

network involving at present moment 5 warehouses

and platforms. These numbers will grow up involving

other kind of goods, other platforms and all the stores

on the network, divided into IPER markets and SUPER

markets and organized into three macro geographical

areas.

LOGICAL FLOW OF OPERATIONS IN THE
SYSTEM

The order made by the store is somehow authorized by
a calendar of possible transmissions set up by the
logistic area (for warehouses) or by the commercial
area (for direct suppliers). Each day each store finds in
the orders proposal area only the items and the
suppliers for which in that day it has the authorization
to order. The system automatically pre-proposes the
quantity of each item that is necessary for covering the
forecasted needs considering:
- Days in which the store is authorized to send
orders and related days of delivery of goods
(based on lead time of each
warehouse/supplier for each store)
- Days in-between the next deliveries in which
the store is opened to customers




The coverage considers:
- Minimum stock to be guaranteed for each
item
- Stock at the present moment
- Orders to be delivered in the next period
- Forecast of selling in the period
- Other possible correction factors to be defined
by the store (multipliers, leveling factors,
extra-coverage etc.)
The calculation is the following:

Stock +

Orders to be delivered —

Forecast in the period of coverage —
Minimum Stock guaranteed =

ORDER PROPOSAL

The forecast algorithm has been chosen with the use of
simulation models as decision support systems

SIMULATION AS DSS FOR CHOSING
FORECAST ALGORITHM

In order to evaluate efficiency and efficacy of different
possible algorithms, it has been used a simulation
model able to test all possible algorithms with different
parameters. The data used for testing the forecast was
an historical series of consumption (selling) data for 35
days in the past plus one week to be considered as
“future” (total: 42 days) on 5’000 items.

The forecast is evaluated each day for each item for the
seven days following based on the 35 days in the past.
The evaluation of performance is based on the Mean
Absolute Deviation technique, according with the
performance indexes used in the ERP system. The data
generated by the simulation run are compared with the
real data with the M.A.D. technique
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By simulation was possible to compare different
algorithms such as:

- Moving average on 35 days

- Average of homogeneous days in the week
(without weights)

- Average of homogeneous days in the week
(with smoothing weights)

- Average of homogeneous days in the week
(with smoothing weights, deviations and
correction coefficients)

The result has led to the choice of the Average of
homogeneous days in the week with smoothing
weights.

This algorithm is based on the historical data of past 5
weeks starting from the present date with a scheme
such as:
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Current day: Wednesday
Day for Item Demand forecasts: Thursday

In this case weighted average of the selling on the last
5 Thursday per item/sales point, is applied. The weight
of each date decreases in proportion to his oldness.
Forecasts for the j-th day of the week
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In this case it was used 5 as fixed value, based on a
simplified hypothesis that consider this the regular
value of corresponding consumption data available on
the history; this assumption improve system efficiency
and it is reasonable for all the items characterized by
low demand. In the case of goods with high demand
rates the relation it is similar therefore in this case in
this necessary to properly compute effective sale days
and to evaluate eventual presence of inter-week
closures; due to this fact the fixed value is substituted
by the real number n, properly computed, as effective
number of historical data available in the dabase over
the last five weeks for the corresponding day of the
week requested by the forecast algorithm.
The weight are normalized in order to properly proceed
in the computation by the following relation
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In latest release of these algorithm, implemented for
Retail in conjunction with Clipper Databases, the
weights was predefined with the following settings
moving from most recent week to the oldest:

1.0-04-03-0.2-0.1




The correction of demand is based on the mean value
of sales on the corresponding days where no any
promotion was active for the item under analysis .

AUTOMATED STORE ORDER GENERATION
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OPERATION MANAGEMENT SCHEME

The following processes was simulated in order to
check the effectiveness of an new Order Automated
Proposal (OAP) that elaborates the quantities and it is
directly integrated in the company ERP (i.e. SAP R/3
Retail™); at the same time the procedures for the
Administrative ~ Module  for  Order  Proposal
Management (AMOPM) are designed and tested on the
simulator.

ORDERS TO DIRECT SUPPLIERS AND

INVOCING

The Process include the following steps:

e First data insert related to suppliers in the ERP
system

e  Order Automated Proposal (OAP) generates the
order for each Store based on available data with
the same algorithms used for goods managed by
the OAP through the central warehouses

e Fach Store confirms the order to the Central
Company Management system (CCMS)

e CCMS groups all the orders and check for possible
synergies on supplier orders (i.e. reaching
quantities for getting logistics or commercial
discounts)

e CCMS sends to each suppliers the orders with the
details for directly delivering the proper quantities
to each store or for central delivery on the Central
Warehouses (CW)

e The ordered quantities are confirmed by CCMS
back to the Stores

e  Bills of Parcel are confirmed by CCMS back to the
Stores

e  Eventual Claim Management

e  Eventual Return of goods from Stores to CWs

e Invoice Production (extra OAP/AMOPM)

The centralization of direct delivery from supply
includes all the items that usually are managed by CWs
but eventually can be directly delivered by suppliers in
correspondence of market or logistics opportunities.
This managerial change (from CWs to direct delivery)
need to be defined in ERP Item Databases for each
item/store entity.

Direct Deliveries to be Centralized

Supplier and Collecting Order by Order Confirmation to C
Related Items Coding Supplier/Delivery Date the Store including details
Logistic Discount Term Rounding Order based on of effectively prepared C
Definition the Supplier Profile and material for delivery
Existing Discount Terms 10 Sale Points and M
Automatic Info for Local
Order Emission to the Direct Deliveries S
Supplier with details for
direct delivery and
store multidrop
T
1 v
OAP Activation for Material Arrival with S
Item/Store Entity Bill of Parcel
Order Proposal Elaboration Bill of Parcel insert on ERP O
by OAP for each Store Item Delivered List R
Rounding to the Predefined introduced in the preloading
Packing or to specific Profile: a
defined for Administrative ¥ E
each Supplier/Delivery Date by AMOPM S
L2
sz f the St - - - .
Order Pror pu:al o The optimization of the loading for each single store order proposal is a
Confirmation requirement for Ipermarkets, but in Supermarkets this procedure need to
for Completing the Procedure| be manually verified for checking if rounding up the order for getting
T additional discount is liant with site storage capabilities

Occasional Direct Deliveries

[Collecting Order by Order Emission to the
Supplier and Supplier/Delivery ‘The Store Supplier with details for C
Related Items Coding ora Store
Date Rounding direct delivery and C
Logistic Discount Term Cluster reach the
- Order based on 4 store multidrop
Definition . Threshold for getting
the Supplier Profile M
and Existing a Logistic Order Confirmation to,
b b Discount? the Store_including details
iscount Terms of effectively prepared S
material for delivery
Sale Points and
Automatic Info for Local
Direct Deliveries
Regular Warehouse
OAP Activation for Material Management S
Item/Store Entity
Material Arrival with T
Bill of Parcel
OnderPropos Eaoraion - 7 o)
by OAP for each Store
by AMOPM
Rounding to the Predefined 2 Bill of Parcel inserton ERP |~ R
Packing or to specific Profiles Item Delivered List
defined for introduced in the preloading E
each Supplier/Delivery Date day S
L2
(S;;':"gp:’o‘;:;ls;onrg The optimization of the loading for each single store order proposal is a
Confirmation requirement for Ipermarkets, but in Supermarkets this procedure need to
for Completing the Procedure be manually verified for checking if rounding up the order for getting
I additional discount is iant with site storage capabilities
 —)

Local Direct Deliveries

Supplier and C
Related Items Coding
Logistic Discount Term C
Definition M
1 Administrative
T Management
. Order Emission to the Supplier by AMOPM
OAP Activation for by Predefined Y S
Item/Store Entity c -
‘ommunication
Channels (i.e Phone . Fax. Email) T
Order Proposal Elaboration O
by OAP for each Store Bill of Parcel insert on ERP
Rounding o the Predefined M“‘;‘_‘ﬁ' ’?‘l;‘“_"w ith Item Delivered List R
Packing or (o specific Profiles il of Parce introduced in the preloading
defined for day. Possibility to add items E
each Supplier/Delivery Date not included in the order S
L2
(S;;':"gp:’o‘;:;ls;onrg The optimization of the loading for each single store order proposal is a
Confirmation requirement for Ipermarkets, but in Supermarkets this procedure need to
for Completing the Procedure| | be manually verified for checking if rounding up the order for getting
I additional discount is iant with site storage capabilities
 E—




General Operation Flow Chart

Direct Delivery Good Management

Order Confirmation to
the Store including details
Supplier and of effectively prepared
Related Items Coding material for delivery

Return Movements
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: I 0 Sale Points and Jestro) esVal
Logistic Discount Term o Sue Points and from his monitoring system FIFO Logic
Definition Divect Deltverics Document Creation
1 Sitore miroduce request for
material y Inventory Changes™
Material Arrival with materials* Quantities/Value
ltem/Store Entity Bill of Parcel FIFO Logic

Order Proposal Elaboration
by OAP for each Store
Rounding to the Predefined
Packing o to specific Profiles|

defined for

Bill of Parcel insert on ERP
Ttem Delivered List
introduced in the preloading
day

Closure

yes
No Document Creation|
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I
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2 =
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GENERAL LOGIC OF OPERATIVE PROCESSES
The operative logic for direct delivery is based on the
following general logic:

. . . Credit/Debit
Credit/Debit Notes Writing Off
OAP Order Proposal Squareness Quantities/Values
+ 4
l Error on Material Return &
Sale Order Valorization Claims

| L —

Purchasing Request

E
v X . 0OK? —
Purchasing Order I .
Headline: CCMS, Material Origin T Invoice Check
CW for accounting even without
g e CCMS
Order V.’ionzduon ?
5 Invoicing .
Material Entrance Immediate
Confirmed by Store Re-Invoi Cil’lg
Bl of P
Order lﬁ:}l;fu‘::r(éix\um Instantaneous Value for Item/Store/Date

tore Updating uaniuiaies

Discharging Operations due to Dispersions
These procedures are devoted to manage case of
breaking items or robberies at different management
levels and includes:
- Updates on inventory levels for items managed by
the OAP and by traditional ERP procedures
- Material Movement Administrative procedures
- Report creation for item breaking and robberies for
the following organizational layers:
- Store level (Summary and Detailed Reports)
including just sale price for the items
- Commercial Level (Summary and Detailed
Reports) including also values accredited
along supply chain and supplier price.

The changes due to breaking items and robberies (BIR)

have different impact on the ERP system; in effect BIR

requires:

e Correction of Inventory Levels by the OAP for the
items managed by this system

e Recording inventory change due to BIR for
administrative purposes and periodic generation of
an automated file to be processed by central
administration in order to avoid info duplication.

e Recording special causes of BIR (i.e. freezing
system malfunctions FSM) for special procedures
(i.e. administrative actions with insurances) can be
activated as special inventory modifiers

Operation Flow Chart

Data Col.lectlon BIR Data
Terminal Manual Input
Download
I 2
Table Update:
Item OAP Scraps
Item not-OAP Manual
Item discharged Management

Item Data Buffers

P

Changes due to

BIR
S E—
v v v
OAP Inventory BIR .Idee.lte on Inventory Update
Updat Historical for Item out of
pdate DBase OAP Management

File Creation
for Administration

Automatic Automatic

Periodic Software Systems Periodic
Update Procedures Update Procedures,
just for FSM

Material Transfer due to Internal Production
activities

It is required to simulate also material transfer "among

Stores" and "among Store Departments" devoted to

support internal production activities (i.e. roast beef

preparation); these activities require the following

procedures:

e  Administrative File Support Generation

e Inventory Level Update for Stores and
Departments

¢ Good Value attributed based on lot values using
FIFO Logic (first in first out logic).

Transfer between Stores

The transfer between stores is due to different
motivation and involves complex logistics and
administrative procedures for properly attribute the
goods value; in effect in this case it is necessary to
properly define the procedures in order to guarantee
effective management.



Operation Flow Chart

Item Scanning and Data }
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Store Inventory Update
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Cancel Confirmation on Data
Terminal
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The item list to be shared is downloadable by data
collection terminal or directly or can insert in ERP
database directly on computers by employers

Internal Production Transfer

Operation Flow Char

Manual Input Data

Database Check about Item
Characteristics

Manual Correction

Ttem Inventory Update

Table Update
Department Material Transfer

v L2 _
Internal Document Administrative File ‘,/ One time
Printing Creation \_ each week

Return from Customers and Checkout Counter
Record Correction
These procedures need to be simulated for properly
check the whole life cycle of the good flows and they
include among the others the following issues:
- Inventory level updated for OAP Managed
Items
- Inventory level updated for Items managed by
traditional ERP procedures
- Scrap Management

Operation Flow Chart

Data File Collection

Table Updating:
+Material Return
+Keyboard Input Errors

fhl;::ﬁciZIIIl:::‘-:‘x:aw‘g from tables: OAP Item Inventory Updates Manual Scraps Management
not-OAP Item Inventory Updates Seraps 8

“Keyboard Input Errors

Confirmation of Proper
Inventory Updates

Inventory Store Check for Material managed by
ERP

This procedure manage the material inventory activity
for updating storage level for the items controlled by
the ERP both with the OAP and the traditional
procedures; the procedures operates applying the
following policies

Inventory Store Check Procedure

[ Tnventory Data Collection based on Manual Standard Procedure ]

Wait ill next mornin
of material flow duri

oper computation
in relation (0 sales

i
[ Saving Inventory Level - OAP on persistent able ]
v
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[ Do Saving on ERP e }

I
v
[ Reporting o the Value of the Inventory validated }

by Store for Administration

the Inventory Update date

[ Check between Validated Inventory Level and OAP Inventory saved on J

[ Saving Updates due to dela between Validated Inventory Check and ] ¥
OAP Inventory Level [ it Vatdaton om Adminisraion
[ Creation of CrditDebit Accounting Data and Up-to-Date Inventory Printing ]

Claims and Material Return

The flow char for operations in this case is based on
operative team devoted to design administrative
procedures and logistics procedures and includes

different phases:
o Confirmation (or not acceptance) of the
Bills Parcel

o Claim Management
Material Return Management
o Invoice Production (extra OAP/AMOPM)

o



Claim Management

Claim Characteristics:

« 48 hours from delivery date for grocery

* 24 h from delivery date from fresh food

+ Before Promotion Start Date for Promotional
First Lot Delivery

Motivation:

+ Based on Administrative Templates

* Distinction between Breaking due to
transportation or due to handling

Confirmation on ERP

Responsible CW enable the claim by
2 Monitoring System and Voice
Authorization Incons

o p respecting claim terms
‘anges in Inventory in term of Value for Ttem Transfer
Values and Quantitiesof the reupecting FIFO logic
Store

Insert of Item Data on Claim Monitoring
Changes on Inventory Levels on the
Claim Warehouse of the Store
Emiss

There are
item requiringMaterial
Return?

Bill of Parcel is
Accepted?

Notification to CCMS

n of a Voice Inconsistency Note

Activation
for

A Claim Arises ?

* = Clearance for Destruction

Material Return Management

Return Characteristics:

« 48 hours from delivery date for grocery Taventory Updates due
« 24 from delivery date from fresh food to Material Return

« Before Promotion Start Date for Promotional Quantities/Value

N N by FIFO Logic
First Lot Delivery Adm. Document
Creation

Motivation:
+ Based on Administrative Templates
+ Distinction between Breaking duc to Updates due to
! . g Destroy Procedure™
transportation or due to handling QuantitiesValue
by FIFO Logic
No Adm. Document
‘ Store Updates Inventory Creation

Inventory

Item to Return
~Directly from Bill of Parcel (respecting Term)
~From Claim Monitoring System (based on Motivation)

Changes based on CCMS
Authorization

f

Responsible CW enable the Store
10 proceed with Material
Return/Destroy from

Monitoring System

Material to be Returned
-Based on Return Request from a CW

roduce on Monitoring System
 for ltem Return/Destroy *

* = Clearance for Destruction

Update the Not
Available Item
Database

This lot

Generation of a Note
based on
Administrative
Templates

Inventory Changes
on Store Not Available
Ttem List

Notes on
(CCMS Monitoring|
System

Dispersion Notification Result to Store

Inventory Upd:

Value Update for CW & Store [
Tnventory Changes
on CW Available

Sending Bill of Parcel
Debit to Store and Credit to CW

Item Available Ttem Not-Available,
Store for Sale for Sale
101 181
T Item not Shipped T Other Motivations
TItem Available Ttem Not-Available
for Sale for Sale
0001 Suspended

Administrative

Template for

CW Debit
. Computation
Claim Authorized by CCMS

Updating Just Inventory Quantity Creation Administrative Template

Not Authorized by CCMS
Automatic Dispersion Movement based on Claim Details

Value of Inventory Changes for Store Budgeting
One of the main goal for this new system is devoted to
develop a Knowledge Management System for
consolidating store budgets by dynamic management.
This goal is defined as Credit/Debit Accounting and it
is developed by a real time computation of the good
values entering and exiting in/from stores.

C Credit Information 1 Company MIS
r | / CheckOut Counter Proc. N
e /Promotion T ERP
‘_i from Store E
i
t Back-Office Data RO
% (Customer Returns, F
D Cancelled Sales, ete.) A
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s |
¢ E
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c Updates on OAP Inventory
c Levels
o Automatic Inventory
u Updates in Info from CCMS
7| Quantities and Values (i.e. supplier returnsé&claims)| |
| from Stores on AMOPM and Store Clusters . _
:l (i.e. claims among stores) | | | Reporting and
g L Data
Automated Loading Core-System Archiving on
Material from CCMS ERP for Value of Sale Attribution Data Warehouse
Distribution Algorithms
ERP

Return from Customers
OAP/AMOPM SYSTEM Positive Modifications on

Inventory Levels

Bills of Parcel from CW

Bills of Parcel for Direct
Deliveries from CW || Bill of Parcel
responsible for re-invoicing

Material Transfer among

Stores

Known Losses and

Negative Modifications on
Inventory Levels

Procedure Reproducing Transitory ERP Configuration

COMPANY MIS

ITEM MIX AND PRICE LIST
Initial Setting and Updates

MARKETING & PRICING

TOOLS

[ Interface Traditional }
Software System & New Erp

DATA WAREHOUSING



Procedure Reproducing Final ERP Configuration

MARKETING & PRICING
TOOLS

{ Interface Traditional
Software System & New Erp

DATA WAREHOUSING

CONCLUSIONS

The paper propose a general architecture for managing
retail networks and generates automatically store
requests from ERP data; a simulation model has been
developed to properly define the general architecture
and the procedures.

The authors implemented some specific tailored
solution for large retail companies operating over a big
logistic network and currently are involved in
extension programs to new business areas.
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