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Advanced Planmng Systems (APS)
APS are part of many organizations and are linked to the
Enterprise Systems (ES) aiming to optimize raw materials,

inventory, production plans, etc., to improve the economy
of the company (Stadtler, 2005).

Advanced Supply
Chain Planning Ascp

MOTIVATION

Small an medium size companies do not have access to world
class ERPs== Perform their applications AD-HOC without a
methodology guiding this process
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APS from Software Engmeermg (SE) POINT OF VIEW
Previous work

APS characterization:
v" Functional Requirements

v Quality Attributes
v Reference Model

EVALUATE FUNCTIONAL REQUIREMENTS
v'Comparison with SAP and ORACLE

> EVOLVE THE REFERENCE MODEL
/ ' Reference Model to a Reference Architecture.

v' Employ several views ISO/IEC 42010:2011
v" Follow Krutchen’s “4+1” View Model
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Concepts and Definitions

» Enterprise Systems (ES), includes ERPs, transactional systems and other
information systems that manages data in an organization

» Solving Approach (SA), umbrella term for methods and technics used to
solve advanced planning problems. Includes operations research, genetic

algorithms, game theory, and others.

« Optimization Point (OP) is a specific planning problem solved through an
APS.

« Model specific solution for an individual factory planning problem, using any
SA.

* Objective is what the model seeks to optimize.

Factory Planning: mostly at short-term.
‘ \/ ) Supply Chain Planning: factory planning problems beyond the
company limits, at mid and long term time horizons.
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Functional Requirements Analysis (1/2)

:‘) Elicited from industrial applications made and from the literature

“«

Generic, suitable for a wide definition that can work as a frame

“Related to the system” and “related to the solving approach”

Requirements

N: Algorithm Integration Input Checking H: Input Data E: Scenario Generation

B: Models Management I. Consistency Check Demand Planner A: Optimization Points
Management

C: Objective O: Bottleneck Check Orders Planner F: Scenario Storage

Management

D: Parameters Setting G: Scenario Comparison

J: Output Data
M: Open/Saving Results
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Functional Requirements Analysis (2/2)

SAP APO ORACLE ASCP
1. APO works with two planning levels: 1. Considers Usability as one of the
Supply Network Planning (SNP) is main QA of the system.
midterm/long term planning, while 2.Each model has available objectives,
Production Planning/Detailed and parameters management.
Scheduling is short term. 3.Each planner (user) can configure
2.Users can optimize while working on the interface, while the Planner
the system in parallel; results are in Workbench offers scenario
friendly manner and include comparison.
historical data. 4.ASCP uses any input data
3.Input data: demand planning, sales synchronized from any ES (forecasts
orders, and even ETO, transferred through an external module, sales
from SAP ERP via the Core orders and ETO data), and allows
Interface. deciding where to store the output
4.APO checks consistency and data.
bottlenecks, and evaluates 5.1t also provides bottleneck
rescheduling. detection.
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Reference Architecture APS-RA (1/6)

Reference Model (RM) is a division of functionalities with data flow between
pieces, working as a standard decomposition of a known problem.

Reference Architectures (RA) are abstractions of concrete software
architectures from a certain domain to facilitate system design and
development in multiple projects.

ISO/IEC 42010:2011

Enforces the use of
viewpoints to
describe (Krutchen, 1995).
architectures. Recommended on Used as
Annex B of the standardized
previous standard. diagrams to

represent the views.

Variability guide are variation points to accomplish modifications in pre-
planned ways, adding changes during development for specific study cases.
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APS-RA: Logical View (2/6)

* First view developed from the FR and RM=» what the system should
provide as services to its users.

» The elements are “key abstractions" manifested as objects, components or
packages

 Presented with Model Diagrams to show the specific view of a system,

describing its architectural, logical or behavioral.

Functional Requirements %ﬁfﬁﬂ:nce Model Logic View Packages

S: Database Use

K: Output Data
L: Information Exchange

B: Models Management,
C: Objective Management
D: Parameters Setting

N: Algorithm Integration

H: Input Data
L: Information Exchange

I: Consistency Check
O: Bottleneck Detection

E: Scenario Generation
F: Scenario Storage

G: Scenario Comparison
M: Open/Saving Results

A: Optimization Points Management
E: Scenario Generation
N: Algorithm Integration

INGA RO

APS Database Control
ES Database Control

Demand Planning
Consistency Checking

Scenario Manager

Factory Planning

APS Data Source

Package: Data Access.
External Systems: ES-DS and ES-DEI
Algorithm Integrator:

*Model Manager

*Objective Manager

=Parameters Manager

Input Data Manager:

*Demand Planner, Orders Planner
Input Checking:

»Consistency and Bottleneck Checking

Scenario Manager:
»Storage/Retrieval Logic, Comparison Logic and
Automation Logic

Factory Planner
=Configuration/Data Manager, Data Manager and
Solving Core
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[ ] [ ]
°
APS-RA: Logical View (3/6)

==model=> APS Layered Application

. : ] ] ' ]
5 actors: APS Data Source, || '— D ES Data : A

Users

ES Data Exchange source AN ntertace A [0\
Interface, ES Data Source, DataLlaver /\| | Dresentation Layer

f

Model Solver, and Users. o [ | — | | (=TS
Data Data Fresentation| |Presentation| |Presentation Model /_ﬁ\
Access || Translator View Contraller Model Solver
3 layers: Data, Scheduler | : .
Scheduler Layer A ¥ v W
and Presentation. — — —
Algorithm Integrator Input Data Manager
L] L] L] | |
*Includes variation points. Model Objeciives || Parameters Demand || Orders
Manager IManagers Manager Planner Planner
— i g
| ! [1..n] i
Input Checking Factory Planner !
_| Scenario Manager
Bottlenack Cﬂﬁgﬁ:ra;'rﬂ” Solving Core HUTS{T‘?{:'GH
Detaction | [97[7 9 g g
| — m o . i |
Consist ! Comparison Storage!
gr;slske_en Ly Data I, B Logic Retrieval Logic
ecxing Manager
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APS-RA: Development View (4/6)

.The View ShOWS the — ini=mal structure

= <<systems> Model Solver

3 3 internsl structurs [connector] {‘:dat'ab?:s:” E
organization of modules, g s -

<<provided compens
:Data E

Exchange Interface,

ES Database
Connection

libraries, subsystems, and 0 e | 7
development units, ?ﬁ T

mapping software to
environment

- -
= | <<systgue> Advanced Planning Systemy

GUI Connection
Service |
- JES Connection
AP

==zubzystem==
Scenario Manager

. S ——r <<subsystemy>
* Presented with UML | ot r bater ] &
i ogic
Component Diagrams, ; %fﬁlz:;:;a?ﬂ“ : | P T
o o i = g'g | E Manager
which can denote either e B [ | £ 2% iy o—
: : ol e O remantone [T 55 9
logical or physical g T ik S I S
i I
elements 'Jj = ..:‘: Cont:ll?]'r;?iﬁaqer
I\Uiﬂmﬁlioﬂ Sch Input Data
AP Asking Service <<gubsystem:=>
Input Data Manager E

*The Component Diagram e E] %

Service

Planner

of represents logical ] : _ o :{ —_— o [ sy 7]

. < Answering Servifle : ;:::[ p— p—— pr— p—
Components, Wthh may § Input Dta - i% )— ':"‘N'ﬁ;els T :P;g;eters
o ] Receiver & anager anager

have different levels 3 S - I ol e )
. $‘ Factory Planner E E """"""""""""""" H % % o :Objectives % £
abstraction. Fempe 1 i
Manager = -

!

Model Data <<subsystemrs
pu \a[)/ Input Checking E

e External actors included s> e s s

:Solving _CO_ :Configuration :Consistency :Bottleneck
Core Model Manager Checking Checking Checking Detection

as Systems . é Configuration i Reader - Sfrvice (JD d\
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APS-RA: Process View (5/6)

3 3 : <<loca re—-conditions> Scenario Mﬂ"agEr
hd ThlS VIEW 1S Composed by Th; use:-mI:Jst be Io;getd in the systeml\_\w <<local post-
. nd hi th dil I conditiony>
more than one dlagram. 5 e GEFTS:DHII? Sucesslew e Sinc{;lntoconﬁguration Cancel Scenario
E ----- C;Sptlrr:g.ls\?lu: Optlr‘?ili:llﬂn ermodsl, objective anﬂguratlnn
. . E Paoints Paint 352:;2’:;:’; T
'ACthIlS Wlth a (+) Symb01 E selected, no scenario o
. = i uted.
are later detailed on an = SRS URUO U SRUNURUR sty
exclusive Activity £ Configure+ Cancel | /
. Point Configuration i Compare +
Dlagram. ___________________________________________________ ' Scenarios
A
= S

*The Activity Diagrams
show the workflow of the
system and how
functionalities relate to
each other.

* Swim-lanes detail which

actor or system is
performing each action.

INGA RO

Advanced Planning System

; Retrieve T+ | Input
! Input Data “| Data
ll '-'a'

Are more scenarios
to evaluate?

Manage

) 'ES
Scenario [YES]

Show Progress
Updates

Generais
Scenario
Comparison
Data

Input Data

| Execute +
1| Input Checking

Store Qutput |
Data

E <<local pre-condition>>
i | The data is stored on the APS-DB.

[if checking
failed]

Generats
Consistency Report

E <<local post-conditions>
! | Only the data of executed andfor
| [ehecked scenarios must remain

[if checking | stored. The database must have a
is OK] Solve Bottensck T | |consistent state a1lter cancellation.
Scenario Evaluation N
Cancel Cancel Scenario
Execution 7| Execution

ICEISiE



Towards a Reference Architecture for Advanced Planning Systems | Melina Vidoni and Aldo Vecchietti

APS-RA: Scenarios View (6/6)

*This view is represented
by Use Case Diagrams,
and is composed of
several diagrams.

*Sub-systems of the APS
are also represented as gy yeer
actors to show their
interrelation.

*The use cases have codes
to denote that a case
may appear in different
diagrams.

*This view links all the
views together, can be
used to develop tests
(verification/validation).

INGA RO

<subsystem> SCcenario Manager

[UC18]

Set Date Range

Condition: {UC15
successfully executed}
Extension Point: refrisve
input data for the selected
point considering date range.

[uco1]
List Optimization
Faints

<include=

[Uci7

T eewtends L
e Retrieve and

<gubsystem>
[402] Input
Data Manager

O

Check Input Data

:e:tfendh

Condition: {executed I‘curllx,
each scenario approved by ,
UGc17}; 3,
Extension Point: sclves
each scenario.

[UC15]
Configure
Paints

[uc1e]
Execute
Scenarios

[UCaa]
List Objectives

“extend=

Condition: {user clicked
custom options for a point}
Extension Point: allowing

[uCog]
List Parameters

A

<gubsyatem:
[A03] Input
Checking

0

A

<gubsyatem>
[AD4] Factory
Planner

customization of model/ ( !/
objective/parameters.

[UC1E]
Configure Temporal
Custom Ranges/Single
“alues

uc12]
List Models

<include=

[ucz2o]
Compare
Scenarios

Condition: {at least
one sCenano
completed}

Extension Point:
soblves allows graphical
comparnson of results.
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Conclusions

5 1. We present a work in progress towards a Reference Architecture for an APS
(APS-RA), based on Functional Requirements previously elicited through a
study of the literature.

2.The FR are compared to the main features of commercial leading suites (SAP
APO and Oracle e-Business ASCP), to validate the proposed requirements,
obtaining a good match between them.

3.This work offers the beginning of a framework to support the implementation,
helping to define and clarify the functionality of each component. It adheres to
standardized SE methods, without adding load to the development process.

4. This increases the quality of the development, providing the essential base for
a clean design with intrinsic relations between FR, QA and the RA.

5.1t allows the project team to efficiently and effectively asses the quality and

extensiveness of existing systems, guiding the modification and adaptation of
existing systems to new developments.
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Future Works

1. Complete all the views for the Reference Architecture, including Process View,
Physical View and Scenarios.

2. Use the Quality Attributes that were previously elicited along with the FR to generate
QA Scenarios and supplement them with metrics and indicators based on the
international standard series ISO/IEC 2500n "Quality Management Series".

3.Evaluate the commitment of the APS-RA with those QA, by applying a Software
Evaluation method, such as ATAM (Architecture Trade-off Analysis Method).

4.Create a specific implementation of a study case, applying real-case data, and using
the elements generated throughout this works (FR, QA, and the APS-RA).

INGARCTNG "N ICE|IS &



Towards a Reference Architecture for Advanced Planning Systems | Melina Vidoni and Aldo Vecchietti

Thank you!

Questions?
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