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Executive Summary
This deliverable presents the findings of Task 1.3 on "End-user requirements, business task analysis
and data analysis". This is the last task of WP1 that is related to DISRUPT's manufacturing cases,
hence accumulating and elucidating the knowledge acquired within the entire WP1 (except for Task
1.4 on "Asymmetric Business Models"). Task 1.3 runs until M18 however DISRUPT's work plan
assumes a solid interim version of its findings in M12.
The purpose of this deliverable is to exhaustively capture, list and justify the user requirements for
DISRUPT, upon which the system specifications will be established. This ensures that there is a clear
mapping from business to technology, i.e., that the DISRUPT system indeed covers contemporary
business needs in manufacturing for both its two industrial partners (and sectors) and for Industry
4.0 transition. For that purpose, the Goal Models formulated within previous tasks of WP1 and
presented in D1.3 initiate our analysis and also validate it regarding completeness, continuity and
pertinence to DISRUPT's business cases (discussed in D1.2). We should also mention that these
business goals are nonetheless non-restrictive in the sense of not excluding further user
requirements, secondary goals and novel use cases arising from the ongoing effort within WP1.
Furthermore, this deliverable leads to WP2: "A DISRUPTive Architecture for Factory Automation". The
critical link between WP1 and WP2 arises from functional and non-functional requirements plus
system specifications that are being pursued within Task 2.1: "System Requirements Specification for
the DISRUPT components" and will be presented in deliverable D2.1 that is submitted together with
the final version of this deliverable, i.e., M18. Therefore, Tasks 1.3 and 2.1 are running essentially in
parallel and forming a challenging feedback loop that has been visited already twice from M6 until
M12 (i.e., until the submission of D1.4's interim version).
The link between WP1 and WP2 is broader, also relating to two of DISRUPT's objectives, namely the
development of a reference implementation for manufacturing and the design of DISRUPT's
responsive architecture. A reference implementation requires the development of a factory
representation in the form of a meta-model, to be used by DISRUPT's 'Controller on the cloud' (see
WP2's description in the DoA). This is exactly the content of Task 2.2: "Design and Encoding of the
DISRUPT meta-model". Similarly, DISRUPT's architectural perspective is to be deepened via Task 2.3:
"Specification of the architecture for factory automation". Notably, Tasks 2.2 and 2.3 share a common
deliverable (D2.2) that is also submitted in M18. Hence our second feedback loop interrelates D1.4
and D2.2; this loop has been visited once between M10 and M12 but has been investigated
thoroughly in the M12-M18 period.
Overall, deliverable D1.4 is among the most crucial for DISRUPT's success (in terms of covering the
needs of DISRUPT's manufacturers), innovation (in terms of broadening its impact on factory
automation in general) and research advance (in terms of dealing with Industry 4.0 challenges).
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1 Introduction
1.1 Purpose and Scope
This deliverable (D1.4) presents the findings of Task 1.3 on "End-user requirements, business task
analysis and data analysis". This is the last task of WP1 that is related to DISRUPT's manufacturing
cases, hence accumulating and elucidating the knowledge acquired within the entire WP1 (except for
Task 1.4 on "Asymmetric Business Models"). Task 1.3 runs until M18; however, DISRUPT's work plan
assumes a solid interim version of its findings, hence imposing the submission of D1.4's interim
version in M12 (August 2017). The interim version was updated by taking into account insights
collected towards workshops with the end-users and the technical partners.
Our main aim is to exhaustively capture, list and justify the user requirements for DISRUPT, upon
which the system specifications will be established thus ensuring that there is a clear mapping from
business to technology, i.e., that the DISRUPT system indeed covers contemporary business needs in
manufacturing for both its two industrial partners (and sectors) and for Industry 4.0 transition in
general. For that purpose, the Goal Models formulated within previous tasks of WP1 and presented in
D1.3 initiate our analysis and also validate it regarding completeness, continuity and pertinence to
DISRUPT's business cases (discussed in D1.2).

1.2 Relation to Other Work Packages
This deliverable is the concluding output of WP1: "Definition of DISRUPTive Manufacturing Cases and
Models", naturally building upon the previous two deliverables of this WP (D1.2 and D1.3), while also
motivating the work of the last deliverable D1.5 on business models. This relation is quite evident and
also discussed in the previous section.
The second most relevant WP towards which this deliverable leads is WP2: "A DISRUPTive
Architecture for Factory Automation" whose objectives as listed in the DoA are (i) to identify an initial
set of functional and non-functional requirements, (ii) to develop requirements specifications for all
system components, their coupling and their interfaces to external agents such as the ‘ecosystem’
and the ‘enterprise information system’ and (iii) to develop a set of quality criteria and KPIs for the
evaluation, verification and validation of the DISRUPT components. The critical link between WP1 and
WP2 arises from objectives (i) and (ii), i.e., functional and non-functional requirements plus system
specifications that are being pursued within Task 2.1: "System Requirements Specification for the
DISRUPT components" and will be presented in deliverable D2.1 that is submitted together with the
final version of this deliverable, i.e., M18 (February 2018). Therefore, Tasks 1.3 and 2.1 are running
essentially in parallel and forming a challenging feedback loop that has been visited couple of times
from M6 until M12 (i.e., until the submission of D1.4's interim version) and from M13 until M18 (i.e.
until the submission of D1.4’s final version and D2.1).
The link between WP1 and WP2 is broader, while also relating to two of DISRUPT's objectives
recalled in the previous section, namely the development of a reference implementation for
manufacturing and the design of DISRUPT's responsive architecture. A reference implementation
requires the development of a factory representation in the form of a meta-model, to be used by
DISRUPT's 'Controller on the cloud' (see WP2's description in the DoA): this is exactly the content of
10
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Task 2.2: "Design and Encoding of the DISRUPT meta-model". Similarly, DISRUPT's architectural
perspective is to be deepened via Task 2.3: "Specification of the architecture for factory automation".
Notably, Tasks 2.2 and 2.3 share a common deliverable (D2.2) that is also submitted in M18. Hence
our second feedback loop interrelating D1.4 and D2.2; that loop has been visited once between M10
and M12 and repeated in the M12-M18 period. Our last note on WP2 brings forward its next Task 2.4
on the platform integration plan that is also strongly affected by the findings of the current
deliverable.
At this point, let us highlight the relation of D1.4 to WP3-5 and more specifically of WP3 that develops
the Decision Support Toolkit. This toolkit, combining modelling, simulation and optimisation, is among
DISRUPT's core competencies and relates to several of its objectives. Hence the design of this toolkit,
even in the form of design decisions and innovations within each of its three separate modules, must
be clearly formulated while the user requirements definition is advancing. Therefore, the
corresponding three Tasks 3.1-3.3 (one per module) are already into play hence leading to an interim
version of deliverable D3.1: "Design of Decision Support Toolkit" to be submitted also in M12.
Overall, deliverable D1.4 is among the most crucial for DISRUPT's success (in terms of covering the
needs of DISRUPT's manufacturers), innovation (in terms of broadening its impact on factory
automation in general) and research advance (in terms of dealing with Industry 4.0 challenges).

1.3 Structure of the Document
The structure of this document reflects its purpose, its relation to other WPs and tasks therein and,
most importantly, the extensive work leading to it. Strong effort has been placed towards a concise
presentation without compromising completeness, thus yielding a considerable length and an
elaborate structure, explained below.
Following this introductory section, Section 2 is necessary to explain our methodological approach,
thus justifying that this deliverable binds well with D1.2 and D1.3 in order to obtain its aims in a
convincing and scientifically sound manner.
Section 3 revisits the business cases in order to offer a classification of the high-level user
requirements and use cases. Hence this section initiates our analysis, validates its scope and
motivates its effort.
Things become more detailed in Section 4, where a long list of use cases are formulated, presented
via UML diagrams and detailed via tables. This is a necessary elucidation step, whose written
documentation aims at serving as a 'reference handbook' tasks in WP2 and beyond. Notice that the
use cases are presented in a manner 'agnostic' towards DISRUPT's manufacturers, in order to
highlight their 'horizontal' relevance and impact.
We revisit once more in Section 5 the two manufacturers participating in DISRUPT, their goals and
business cases and we start thinking of how these use cases will be implemented in the TO-BE
scenarios and pilots of DISRUPT's end-users. Therefore, a series of data requirements for managing
and processing multi-variant and multi-source data in the factory ecosystem are identified and a set
of prototype screens derived by the use cases identified in the previous section were designed.
Section 6 balances between WP1 and WP2 by presenting a high-level architecture, the positioning of
DISRUPT's modules within that architecture and the main module(s) responsible for materialising
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each among the use-cases of Section 4. Section 7 concludes by useful remarks and reflections for
future work and, interestingly, discuss in brief the importance of these use cases in the context of
Industry 4.0, drawing evidence mostly from the (limited) academic literature, while inevitable
Appendices follow, mainly to show the mapping of goals to user requirements and use cases.

1.4 Contribution to the Scientific and Business Objectives
In this Section, we list the DISRUPT objectives (as listed in the DoA), which this deliverable advances.
▪

To develop a reference implementation of a collaboration platform serving a multi-sided
market ecosystem allowing partly decentralised planning and control of production processes
and systems.

▪

To hybridise and synchronise factory automation by combining a bottom-up
orchestration of CPSs and production systems with a top-down virtualisation of production
processes through digitised models that allow the (cloud-based) collaboration of different
automation components.

▪

To design, deploy and validate a responsive architecture that is both service- and
event-driven in order to enhance situational awareness and exploit the capabilities of CPS, IoT
and Machine-to-Machine (M2M) communication, coupling them with co-simulation, modelling
and optimisation tools.

▪

To implement the entire system as a bundle of cloud-based tools and services that
run in a fast and responsive manner in order to provide a self-learning knowledge-based
system that facilitates the in-depth monitoring and the efficient operation of the manufacturing
unit as well as the effective experimentation on novice simulated plant floor or manufacturing
chain designs during new product or process design phases.

Beyond these objectives, this deliverable plays a central role within the entire project, as explained
above.
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2 Methodology for User Requirements Elicitation
2.1 User Requirements Elicitation Process Description
The process phases and the activities within each phase are summarized in Figure 2-1. These process
phases involve models that are all intertwined and linked to those already defined in D1.3. The
outcomes of this deliverable will be also the basis for the definition of the technical specifications for
each one of the modules that collectively comprise the DISRUPT system at D2.1.

Figure 2-1: User Requirements Elicitation Process

The outcomes expected from this process are the following:
▪

A set of use cases categories that are common for both DISRUPT end-users and appears
generic enough to serve the applicability of the DISRUPT approach across sectors (presented at
Section 4.1).

▪

A set of UML use case diagrams that depict the use cases identified (presented at Section 4.1)
and the KPIs against which any new development will be measured (presented at Section 4.2)

▪

A narrative description of each use case (presented at Section 5.1)

▪

The data requirements for the accomplishment of business level tasks and the calculation of
these KPIs (presented at Section 5.2).

▪

A set of prototype screens that provide realisation on how DISRUPT will support interaction
with the end users (presented at 5.3).

▪

An initial glimpse at DISRUPT's capabilities and architecture (presented at Section 6.1).

▪

A mapping of the use cases to the individual modules (presented at Section 6.2).
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2.2 Use Case Elicitation
This activity was guided by business change goals and actor dependency models. Change goals
express the DISRUPT requirements from a user perspective; as such they express a desired state the
user wishes to achieve. Actor dependencies define the boundaries in terms of the external actors
interacting with the system and interactions between the actors and the system, that achieve each
change goal.
An example from D1.3 is “G1.1.1 To automate monitoring of the delivery of components from
suppliers”. User requirements should be transformed into system requirements, i.e. descriptions of
the services that the system (or a system component) must provide to its intended users. For
example, “Monitor containers location and delivery status during their transportation” and “Issue an
event about a delay in the delivery of containers” are two services that should be provided by the
DISRUPT system in order to achieve G1.1.1. Each service can be further decomposed in a sequence
of actions. For example, “Monitor containers location and delivery status during their transportation”
includes a number of steps, such as the collection of data from trucks/containers, monitoring the
containers position and processing the coordinates for container in order to calculate the expected
delivery time.
Thus, the focus shifts from user needs to the system behaviour that satisfies these needs. To
describe these system requirements, we propose to use UML use case diagrams. These diagrams can
be used to visually summarize who uses the system (actors), and what they can do with it (use
cases), in order to achieve some goal.
There is a many-to-many relationship between user requirements and system requirements. That is,
a change goal might lead to many use cases and a use case may correspond to more than one
change goal.
In conclusion, the above process resulted in the definition of a) a set of use cases categories that are
common for both DISRUPT end-users and appears generic enough to serve the applicability of the
DISRUPT approach across sectors and b) a set of UML use case diagrams that depict the use cases
identified and the KPIs against which any new development will be measured (Presented at Section
4).
2.2.1

Textual Analysis

The use cases are elicited through interactions with the users and then refined by taking into account
input from technology providers. Use cases focus on what the user wants/needs. The approach to
eliciting the use cases in a structured way includes textual analysis of user interviews using Visual
Paradigm1 as a tool (see Figure 2-2). In Figure 2-2, we show an example of the analysis of the useroriented narrative, that is held.

1

https://www.visual-paradigm.com/
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Figure 2-2: Textual Analysis of User Requirements – Example 1

Figure 2-3: Textual Analysis of User Requirements – Example 2

This analysis reveals concepts that are related to the models of D1.3 and also to the narrative
description of the user requirements presented in Annex A: User Requirements Narratives. During this
process, a set of use cases and their respective actors came out and are presented in detail at
Section 4 and 5.
2.2.2

Develop UML Use Case Diagram

Starting from the concepts that are identified in the textual analysis, we then identify a series of use
cases, group them in a set of categories and then construct the respective use case diagrams. An
example of use case diagram that depicts the “Monitoring the in-bound logistics and production
processes” that includes the “Monitor containers location and delivery status during their
15

User Requirements, Data Requirements and Management

D1.4

transportation” use case is shown in Figure 2-4. The use case diagram of Figure 2-4 indicates a
number of actors that interact with the DISRUPT system. It also includes some the use cases that are
further specialised in too more specific use cases. It has been constructed using as input the results
of the textual analysis and by juxtaposing these results on the goal models and the actor-dependency
model of D1.3. By considering further the feedback collected actor-dependency model we also group
some actors.

Figure 2-4: Example of UML Use Case Diagram

2.3 Use Case Analysis
For the use cases identified during the first activity (see Section 2.2), we defined and provided a
narrative description of each use case (presented at Section 5.1) in a tabular format that includes
16
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indicatively the following information use case name, use case ID, actors involved, standard flow such
as in the following table.
Table 2-1: UC_1.1 Monitor containers location and delivery status during their transportation

Use Case Name: Monitor containers location and delivery status
during their transportation

ID: 1.1

Actors
involved:

Logistics manager (Primary Actor), Docks manager, Production manager
(Secondary Actors)

Short
Description:

This UC enables the user to monitor the location of containers and their
expected delivery time, as indicated either by the supplier or by trucks or by
the containers themselves in order to identify their delivery.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

Standard Flow:

UC_2.1
1. For each container not delivered yet, the DISTRUPT platform retrieves
data collected from the trucks/containers information.
2. It monitors the container position (as provided by the supplier or by
trucks or by the containers themselves, whoever 'owns' the data for that
component at any given time).
3. It processes, actualizes the coordinates for container in order to calculate
the expected delivery time.
4. It compares in real time the delivery times per container (planned, latest
acceptable, actual) and identifies differentiations.

We also identified the data requirements that will support the implementation of the use cases
(presented in Section 5). These data are modelled to different data structures, which are exploited
within the DISRUPT environment to facilitate the key objectives for bringing innovation into the
manufacturing processes, through the use of data analytics, modelling, simulation and optimisation
technologies in decision making and towards factory automation.
The use case elicitation described in Sections 2.2 and the detailed description of the use cases,
provide the justification and necessary information in order to define the prototype screens, such as
the one shown in Figure 2-5: Indicative screen for Management of Inbound Logistics caseFigure 2-5.
Such screens are a useful tool for visualizing the DISRUPT systems and they give the opportunity for
users to become more engaged in the use case analysis without necessarily requiring understanding
the UML notation.
Compiling prototype screens in this structured manner provides a full justification in terms of linking
high-level business requirements, to system requirements with all models fully correlated, ensuring a
high degree of consistency, accuracy and completeness. Moreover, it is, also, used as a method for
use case validation.
There is a one-to-many relationship between screens and use cases. That is, a screen can visualize
and incorporate the output of more than one use case. The detailed results of this step will be
presented in Section 5.
17
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Figure 2-5: Indicative screen for Management of Inbound Logistics case

2.4 Module Identification
After defining the use cases, we identified main capabilities and modules of the DISRUPT Platform by
employing capabilities model (see Figure 2-6 as an example), introducing a high-level architecture
that includes all modules and logically grouping use cases into separate modules such as in Table 2.2.

Figure 2-6: DISRUPT Capabilities Model
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Monitor containers location
and delivery status during
their transportation

1.2

Monitor the unloading
process at docking stations

1.3

Monitor the operation of
machines and manufacturing
lines

1.4

CloudBoard

Cloud
Controller

DCF

●

Simulation

●

Optimisation

1.1

Modeling

UC Name

CPS

UC No

Data Analytics
+CEP

Table 2-2: Mapping Use Cases to DISRUPT modules

●

●

●

●

●

●

●

●

●

Monitor the production
capacity

●

●

●

●

1.5

Monitor the expected
supplies status

●

●

●

●

1.6

Monitor incoming orders

●

●

●

●

●

The detailed results are presented in Section 6.1 and Section 6.2 respectively.
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3 Overview of the DISRUPT Business Cases
3.1 The FCA/CRF Business Cases Overview
This section briefly introduces the outcomes of D1.2 and D1.3 that will be translated into high level
user requirements categories.
CRF is responsible for the research activities of Fiat Chrysler Automobiles (FCA), one of the largest
European car manufacturers. Automotive production processes are complex, involving thousands of
components from a plethora of suppliers. Interruptions, whether related to incoming events in
manufacturing

(e.g.,

machine

breakdown,

unscheduled

maintenance,

software

problems),

transportation (e.g., vehicle breakdown, delay, errors in delivery), or even at higher tiers in the
supply chain (e.g. delay, component quality, availability, etc.) may lead to losses of hundreds of
thousand euros per hour.
In order to prevent or treat these problems, the following two business cases have been defined:
▪

Business case 1: Management of Inbound Logistics

▪

Business case 2: Ecosystem-aware, Event-enabled Production Planning and Control.

Both these business cases share the same strategic objective for change in the context of the
DISRUPT project, namely “to improve the ability to have the components and capability to produce
without interruption”. Analysis of this strategic objective in the context of the current FCA/CRF goals,
in close cooperation with FCA/CRF stakeholders as described in D1.3 [Section 4.1.3] lead to the
identification of a number of change goals, either as improvements of the current goals or by
introducing new goals. Change goals express FCA/CRF’s needs and wishes as well as perceived
opportunities with respect to the DISRUPT technologies (which the users commonly referred to as
automation). These were further refined in order to identify the system goals for change that can be
assigned to the DISRUPT modules as well as related soft goals, i.e., quality requirements that affect
the operationalization of related system goals and provide the basis for identifying the KPIs for
evaluating or revising desired system behaviour.
In conclusion, the above process resulted in the definition of: (a) the change goals that correspond to
the operational system goals (b) the associated soft goals; and (c) the KPIs against which any new
development will be measured. These results are summarized in Table 3-1. For a more elaborate
description of the FCA/CRF change goals and their relationships please refer to D1.3 [Annex E.5].
Table 3-1: List of the FCA/CRF change goals, soft goals and related KPIs relevant to the two
business cases
Business Case 1

Management of Inbound Logistics

Change Goals


Soft Goals

1.1.1 To automate monitoring of the
delivery

of

components



KPIs

1.1.8 Minimize lead time



updates

from

Frequency

of

delivery

leadtime updates

suppliers (introduce)


1.1.2 To automate monitoring of
transportation plan (introduce)



1.1.10

Minimise

transportation plan updates
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Frequency of transportation
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1.1.3

To

automate

monitor

of



1.1.5 Minimize warehouse

material handling at dock stations

to

(introduce)

materials

1.1.4 To automate anticipation of



line

1.1.6

lead

Increase



time

of

no

of



side lead-time

event



anticipated events

events (introduce)


1.1.7
1.1.9

1.2.1 To quantify the impact of



1.2.8

no

of

Maximise

effectiveness

events on current plan (introduce)

Number of events
anticipated

Increase

detected events


Number of events detected
automatically

Efficiency

detection


Decrease warehouse to line

of



Time for event anticipation



Number of disruptions



Time gained in generating

recovery

process

recovery plan


Availability of JPH loss



Availability of number of
stock-out



1.2.2 To automate the identification
of

alternative

courses

of



Maximise

effectiveness

action

of



recovery

generated

1.2.3 To automate the estimation of



1.2.6 Minimize stock out

changing



1.2.7 Minimize loss of JPH

the

production

plan



1.2.4 To automate the estimation



1.2.6 Minimize stock out

cost of changing transportation mode



1.2.7 Minimize loss of JPH

activities

JPH,



Calculation of different KPIs
for

alternatives:

JPH,

number of stock-out, cost

1.2.5 To estimate cost of speeding
up

alternatives:

number of stock-out, cost

(introduce)


Calculation of different KPIs
for

(introduce)


Number of alternative plans

process

(introduce)


1.2.8

at

dock





1.2.6 Minimize stock out
1.2.7 Minimize loss of JPH

stations

Calculation of different KPIs
for alternatives

(introduce)
Business Case 2

Ecosystem-aware, Event-enabled Production Planning and
Control

Change Goals


2.1.1 To automate monitoring of

Soft Goals


KPIs

2.1.7 Maximise % of events



detected vs actual

quality materials (introduce)


Number of events detected
manually

of



Percentage of defects

2.1.8 Efficiency stock level



Stock level

vs stock threshold



Stock threshold



2.1.6 Maximize quality



Percentage of scrap



2.1.10 Maximize efficiency



Leadtime



2.1.10 Maximize efficiency



Number of line stops



Number of stockout



Line Saturation

2.1.9

Maximize

no

detected defects vs actual


2.1.2 To automate monitoring of



availability of materials (introduce)


2.1.3 To automate monitoring of
process quality (improve)



2.1.4 To automate monitoring of
supplies status (introduce)



2.1.5 To automate monitoring of
manufacturing systems (improve)
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2.2.1 To automate the re-sequencing



2.2.10

Minimise

time

to



recovery

in case of event related to critical

Time gained in generating
recovery plan

components (introduce)


2.2.2 To automate impact analysis
on

current

production



plan

2.2.7 Effective analysis on



Availability of JPH loss

production



Availability of number of

(introduce)


2.2.3

To

stockout
automate

the

impact



2.2.6 Effective analysis on



client orders

estimation of plan on client orders

for production leadtime for
each order

processing (introduce)


2.2.4

To

automate

Calculation of specific KPIS

the

impact



2.2.8

Effective
on

impact

estimation of plan on the feasibility

analysis

of materials sourcing(introduce)

sourcing, stock level and



materials

Calculation of specific KPIS
for sourcing: stock level,
number of stockout

stock out


2.2.5

To

estimation

automate
of

new

the

impact

plan



on

2.2.9 Effective alternative



plans

Number of alternative plans
generated



manufacturing systems (introduce)

Calculation of different KPIs
for

alternatives:

JPH,

number of stockout, cost

3.2 The ARCELIK Business Case Overview
The ARCELIK business case “Market-driven Production Reconfiguration, Scaling and Optimisation”,
focuses on the electronics factory located in Istanbul, which is a main manufacturer of the electronic
boards (ECB/PCB) used by ARCELIK ‘customer plants’ in order to produce a variety of appliances,
(e.g., TVs, fridges, washing machines). There is a great degree of variability in the received orders
from each customer plant. Furthermore, received orders may change, often a few days before
delivery time, or other ‘urgent orders’ appear in short notice. The quantities may change as well as
the type of electronic boards (Stock Keeping Unit - SKU) requested. For example, an additional SKU is
required in the same order, often a few days before delivery time. This is mainly because the
scheduling in the ARCELIK customer plant changes as a result to market-driven requirements. As a
result, production at Istanbul electronics factory needs to be rescheduled frequently which might
result in:
▪

Lower production capacity due to scheduling problems and frequent reconfiguration of the lines

▪

Delays on deliveries

▪

Postponement of non-urgent orders.

The high-level change goal of ARCELIK electronics factory in the context of DISRUPT is “to improve
production-wide efficiency and flexibility”, which is an improvement of the current situation. Analysis
of this high-level change goal in the context of the current ARCELIK goals following the impact
analysis process described in D1.3 [Section 4.2.3] has resulted in the identification of a number of
system goals to be assigned to the DISRUPT modules as well as a number of soft goals relating to
these system goals. In conclusion, the above process resulted in the definition of: (a) the operational
system goals that correspond to the ARCELIK functional requirements (FRs); (b) the associated soft
22

D1.4

User Requirements, Data Requirements and Management

goals that correspond to the ARCELIK non-functional Requirements (NFRs); and (c) the KPIs against
which any new development will be measured. These results are summarized in Table 3-1. For a
more elaborate description of the ARCELIK change goals and their relationships please refer to D1.3
[Annex E.10]
Table 3-2: List of the ARCELIK change goals, soft goals and related KPIs
Use Case

Market-driven

Production

Reconfiguration,

Scaling

and

Optimisation
Change Goals


1.1.1.1

To

Soft Goals

automate

capacity



calculation in real time (introduce)


1.1.1.2 To manage inventory of
material

and



KPIs

1.1.1.3 Minimize late



Percentage of Capacity

orders



Percentage

1.1.1.4

Maximize

capacity utilization

semi-finished

of

Capacity

of

semi-

finished product


products

Number of changes to PCB production
to cover additional needs for semifinished products



1.2.1

To

automate

allocation

resource



1.2.3 Minimize no of



No of setups



Number

setups

management

(introduce)


1.2.2

To

automate

configuration

line

management

(introduce)


2.1.1 To automate monitoring of



detected events

order changes (introduce)



2.2.2.1 To automate monitoring of



material availability (introduce)


2.2.2.2 To automate information



sharing (introduce)


2.2.3.1

To

automate

2.1.2 Increase no of

2.2.2.3

new production plan (introduce)

events

Minimize



Number of changes in SKU type



Number of changes in quantity



Number of stockouts

buffer stock



Leadtime

2.2.3.2 Minimize no



Materials cost

of bottlenecks



Percentage of availability of Test

impact

2.3.1 To automate estimation for

detected

originating from internal orders

machines

analysis (introduce)


of



2.3.2 Minimize no of
changes



Percentage of capacity of lines



Number

in

production plan

of

production

changes


Number of changes in the production
order
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2.5.1 To automate the production



of revised schedule according to
events (introduce)





2.5.2 Minimise Flow



Number of setups

times



Total setup time

2.5.3 Minimize setup



Percentage of machine availability

times



Setup time

2.5.4 Minimize idle



Flow time

times



Idle time

2.6.2 Increase no of



Number of anticipated events

anticipated events vs



Number of events detected

2.5.5

Real

time

response


2.6.1

To

automate

anticipation (introduce)

events



D1.4

actual

A detailed analysis of the change goal definition process is provided in D1.3 [Section 3.2]
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4 Use Case Elicitation Outcomes
4.1 Moving from User Requirements to Use Cases
In the process of identifying the DISRUPT System Requirements, we initially investigated and
identified the business goals and needs for each one of the cases provided by the industrial partners
(as depicted at D1.2 and D1.3). Subsequently, by following the approach described in Section 2, we
identified a set of use cases, we classified them in seven different categories and we adopted the use
UML use case diagrams in order to describe the captured user requirements. Most importantly, in this
deliverable, we consolidated the insights collected from the three business cases in order to provide a
set of system requirements and a platform that will be generic enough not only to be applied at three
cases but also to be applicable in a wide range of industrial processes in the context of Industry 4.0
transition. The derived Use Cases are aligned with the Business Goals provided in D1.3 but also
enriched with the insights collected during working group meetings with CRF and ARCELIK and the
view of technical providers. They are also aligned with the scenarios presented in D1.2.
Towards discussions with the end-users regarding the derived DISRUPT business cases, we identified
seven (7) different use cases categories that are presented below. The detailed User Requirements
are provided in a narrative way in Annex A: User Requirements Narratives. In this Annex, the relation
between business goals, the scenarios and the user requirements is also presented.
1. Monitoring the in-bound logistics and production processes: Based on the change goals
identified, the first group of use cases focus on the need for monitoring both the in-bound
logistics and the production processes. The aim of these uses cases is twofold: a) to collect data
from existing information systems and provide an integrated view that includes different type of
KPIs and b) to capture new low-level data from the physical layer (e.g. machines) in order to
support advanced decision making. More specifically, the DISRUPT Platform should monitor the
following processes: a) the containers delivery, b) the production processes, c) the inventories
availability and d) the incoming orders. The information derived by these use cases will feed the
event identification and the optimization processes.
2. Capture events and generate alerts: Once the monitoring is established, the DISRUPT
platform needs to capture a series of events and then to create an alert for handling them. The
created events may relate to delays of components, quality issues, unavailability of materials or
malfunctions in the production process that affect the ability of executing the production
schedule. The historical events will need also to be the basis for predicting future similar events.
3. Quantify the impact of identified events on the current plan: After identifying the events,
the DISRUPT platform needs to quantify their impact to the current plan, whether it contains
delivery delays, production line breakdown/slowdown or material unavailability.
4. Provide alternatives for handling the events: The DISRUPT platform needs to provide
alternatives for handling the identified events. Thus, taking into account some or all of the events
at hand, it must allow obtaining alternative optimal production schedules or alternatives for
handling delays in delivery of components or even a combination of production schedule,
transportation plan and plan for activities at dock stations.
25

User Requirements, Data Requirements and Management

D1.4

5. Evaluate alternatives: Despite of providing alternatives for handling events, the DISRUPT
platform needs also to support their evaluation. For example, an alternative configuration of the
plant floor could be fed to the simulation tool in order to evaluate alternative production
schedules based on different production configurations. The evaluation needs also to be extended
at specific actions that are applied in the transportation plan or at activities at the dock stations in
order to handle delays in the delivery of components.
6. Actualize the selected alternatives: The DISRUPT platform needs to support the actualization
of the provided alternatives. For example, the DISRUPT platform needs to enable the user to
select a specific production schedule to implement and consequently to re-sequence automatically
the production lines to actualize that production schedule, while also informing all related actors
about the corresponding changes.
7. Model the manufacturing knowledge: In order to support the implementation of the
aforementioned use cases, the DISRUPT platform should provide a user with the ability to model
the manufacturing ecosystem. More specifically, an expert on modelling should define the
organisational roles and their responsibilities, along with other knowledge that lies on the
enterprise organisational environment, set the boundaries in the systems used in the factory
automation and define the connection between the models and the existing operations in a
factory environment, define the decision making processes, which are triggered from the
detection of an event and may result in the invocation of a production process and define the
data collection processes related to the performance indicators defined to measure the efficiency
of manufacturing operations.
Use cases elicitation has resulted in a set of use case categories that define the required system
functionality, for achieving the user requirements as they were expressed in terms of operational
change goals. A partial view of the correspondence between change goals and system use cases is
shown in Figure 4-1.The complete list can be found in the Annex B.
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Figure 4-1: Correspondence between user and system requirements

Below, we present the use cases per category derived from the three business cases. We employed
UML use case diagrams as a means of representation.
Table 4-1: DISRUPT Use Cases per Category
Use Case Category

Use Case

Use Case Name

ID
1.1

Monitor containers location and delivery status during their
transportation

1.2

Monitor the unloading process at dock stations

logistics and production

1.3

Monitor the operation of machines and manufacturing lines

processes

1.4

Monitor the production capacity

1.5

Monitor the expected supplies status

1.6

Monitor incoming orders

2.1

Issue an event about a delay in the delivery of containers

2.2

Issue an event about a delay in the unloading process at dock stations

2.3

Issue an event about malfunctions in machines, manufacturing lines

Monitoring the in-bound

and production processes

Capture events and alert
2.4

Issue an event about insufficient production capacity

2.5

Issue an event about supplies depletion

2.6

Issue an event about changes in the orders
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2.7

Issue an event about the inability to execute production schedule

2.8

Predict a delay in the delivery of containers

2.9

Predict a delay in the unloading process at dock stations

2.10

Predict malfunctions in machines, manufacturing lines and production
processes

2.11

Predict insufficiencies in the production capacity

2.12

Predict issues about supplies depletion

2.13

Predict changes in the orders

2.14

Predict the inability to execute production schedule

2.15

Declare and edit an event

3.1

Estimate the impact of a delivery delay

Quantify the impact of

3.2

Estimate the impact of production line slowdown or breakdown

identified events

3.3.

Estimate the impact of production material unavailability

3.4

Estimate the impact of new orders

4.1

Provide alternative for optimal production scheduling

4.2

Provide alternative for delays in delivery

4.3

Provide combination of production schedule, transportation plan and

Provide alternatives for
handling events

dock plan
Evaluate alternatives

Actualize the selected
alternative

Model the manufacturing
knowledge

5.1

Evaluate production schedule

5.2

Evaluate transportation plan and activities at dock stations

6.1

Re-sequence production lines automatically

6.2

Actualize a specific production schedule

6.3

Actualize an updated transportation plan and dock assignment

7.1

Model the enterprise organizational environment

7.2

Model the process maps

7.3

Model the production processes

7.4

Model the decision processes

7.5

Μodel the KPIs decision support

For each one of the above use case categories, we designed the respective use case diagrams that
are presented below in Figure 4-2 through Figure 4-8.
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Figure 4-2: Automate monitoring processes

29

D1.4

User Requirements, Data Requirements and Management

Figure 4-3: Capture events and Alert
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Figure 4-4: Quantify the impact of identified events
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Figure 4-5: Provide alternatives for handling events
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Figure 4-6: Evaluate alternatives

Figure 4-7: Actualize the selected alternative
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Figure 4-8: Model the manufacturing knowledge

In Section 5.1, we further elaborate on each one of the use cases by providing a detailed definition
and description table for each one of them.

4.2 Identifying KPIs for the DISRUPT Use Cases
As discussed above, use cases are associated with specific change goals and the change goals are
also associated with soft goals and KPIs against which any new development will be measured (see
Section 3.1 and 3.2). Via the change goals the use cases can be associated with the KPIs. A partial
view of the correspondence between change goals and system use cases on a category level and soft
goals and KPIs is shown in Table 4-2. The complete list can be found in the Αnnex C: Relation
between Use Cases, Change Goals and KPIS.
Table 4-2: DISRUPT Use Cases per Category
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7 Model the
manufacturing knowledge

6 Actualise the selected
alternatives

5 Evaluate alternatives

4 Provide alternatives for
handling the events

3 Quantify the impact of
identified events on the
current plan

2 Capture events and
generate alerts

1.

Operationa
l Change
Goal

Monitoring the inbound logistics and
production processes

User Case Categories

Soft
Goals

User
KPIs

Busine
ss KPIs

Sector
KPIs
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1.1.1 To
automate
monitoring
of the
delivery of
components
from
suppliers
(introduce)
1.1.2 To
automate
monitoring
of
transportatio
n plan
(introduce)
1.1.3 To
automate
monitor of
material
handling at
docking
stations
(introduce)

X

X

X

X

X

X
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7 Model the
manufacturing knowledge

6 Actualise the selected
alternatives

5 Evaluate alternatives

4 Provide alternatives for
handling the events

3 Quantify the impact of
identified events on the
current plan

2 Capture events and
generate alerts

1.

Operationa
l Change
Goal

Monitoring the inbound logistics and
production processes

User Case Categories

Soft
Goals

User
KPIs

Busine
ss KPIs

X

1.1.8
Minimis
e leadtime
updates

Frequen
cy of
delivery
leadtime
updates

Logistics
costs

X

1.1.10
Minimis
e
transpor
tation
plan
updates

Frequen
cy of
transpor
tation
plan
updates

Logistics
costs

X

1.1.5
Minimis
e
wareho
use to
line lead
time of
material
s

Decreas
e
wareho
use to
line side
leadtime

Wareho
using
costs

Sector
KPIs

Total
Manufac
turing
Cost per
Unit
Excludin
g
Material
s
Total
Manufac
turing
Cost per
Unit
Excludin
g
Material
s
Total
Manufac
turing
Cost per
Unit
Excludin
g
Material
s
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5 Use Case Analysis Results
5.1 The DISRUPT Use Cases
For documenting the use cases, we provide the following information for each one of the use cases in
a table format
a. Use Case Name: Use a short description to describe the use case
b. Use Case ID: ID to represent the use case
c.

Actors Involved: Identify the actor initiate the use case (Primary Actor) and the Secondary
Actor(s) involved

d. Short Description: Describe in one or two sentences the scope and content of the use case
e. Triggering Event: Describe the trigger that initiates the use case
f.

Related Use Cases: Describe the related use cases. As related use cases, we consider the
rreceding or ascending use case in the context of the DISRUPT workflow.

g. As related use cases are perceived either the use cases that are using the outpu Related
perceived the cases that use either
h. Standard Flow: The basic flow should be the events of the use case when everything is perfect;
there are no errors, no exceptions. The exceptions will be handled in the " Alternative Flows"
section.
i.

Alternative Flows: The most significant alternatives and exceptions when applicable

Below, we present all the use cases grouped per category.
5.1.1

Monitoring the In-Bound Logistics and Production Processes

Table 5-1: UC_1.1 Monitor containers location and delivery status during their transportation

Use Case Name: Monitor containers location and delivery status
during their transportation

ID: 1.1

Actors
involved:

Logistics manager (Primary Actor), Docks manager, Production manager
(Secondary Actors)

Short
Description:

This UC enables the user to monitor the location of containers and their
expected delivery time, as indicated either by the supplier or by trucks or by
the containers themselves in order to identify their delivery.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

Standard Flow:

UC_2.1
1. For each container not delivered yet, the DISTRUPT platform retrieves
data collected from the trucks/containers information.
2. It monitors the container position (as provided by the supplier or by
trucks or by the containers themselves, whoever 'owns' the data for that
component at any given time).
3. It processes, actualizes the coordinates for container in order to calculate
the expected delivery time.
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4. It compares in real time the delivery times per container (planned, latest
acceptable, actual) and identifies differentiations.
Table 5-2: UC_1.2. Monitor the unloading process at dock stations

Use Case Name: Monitor the unloading process at dock stations

ID: 1.2

Actors
involved:

Logistics manager (Primary Actor), Docks manager, Production manager
(Secondary Actors)

Short
Description

This UC enables the user to monitor the unloading process of the components
at dock stations, as indicated either by Docks Manager or by the system
recording the unloading process, in order to provide information about dock
saturations and dock stations availability.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

Standard Flow:

UC_2.2
1. For each dock station, the DISTRUPT platform retrieves data that describe
the particular dock station's unloading process (e.g. dock stations
schedule, components expected at each dock) from existing systems.
2. The DISTRUPT platform monitors the dock stations availability and
measures saturation.
3. The user can edit the information provided for the dock stations
availability by manually recording any changes to the dock stations
schedule.

Table 5-3: UC_1.3. Monitor the operation of manufacturing lines and machines

Use Case Name: Monitor the operation of manufacturing lines and
machines

ID: 1.3

Actors
involved:

Production manager (Primary Actor), Logistics manager, Maintenance Team
(Secondary Actors)

Short
Description

This UC enables the user to monitor the operation of the manufacturing lines
and machines, as indicated either by sensors or by a MES. The manual lines
that exists in some manufacturers need also to be taken into account. A series
of KPI’s that will quantify the efficiency of the operation of manufacturing lines
and machines will be also calculated.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

Standard Flow:

UC_2.3
1. For each machine, the DISRUPT platform retrieves data collected either
from sensors or from MES.
2. The DISRUPT platform monitors the machines status and the
manufacturing lines by using the collected data and exploit them for
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monitoring the production processes quality.
3. The DISRUPT platform calculates a series of production related KPIs such
as JPH, time machine working etc. for both machines and manufacturing
lines
1. a) In case of manual lines, the user can record the data related to the
machines, manufacturing and processes monitored.

Alternative
Flows:

Table 5-4: UC_1.4. Monitor the production capacity

Use Case Name: Monitor the production capacity

ID: 1.5

Actors
involved:

Production manager (Primary Actor), Logistics manager (Secondary Actor)

Short
Description

This UC enables the user to monitor the current production capacity of each
machine and manufacturing lines as indicated by a MES. A set of KPIs that
could support user to evaluate the current production capacity will be
calculated.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

Standard Flow:

UC_2.4
1. For each machine, the DISRUPT Platform retrieves data collected either
from sensors or from MES about the production capacity.
2. The DISRUPT Platform calculates a series of production related KPIs for
both machines and manufacturing lines that will describe the production
capacity.

Table 5-5: UC_1.5. Monitor the expected supplies status

Use Case Name: Monitor the expected supplies status

ID: 1.6

Actors
involved:

Production manager (Primary Actor), Logistics manager, Warehouse manager,
SAP MRP (Secondary Actors)

Short
Description

This UC enables the user to monitor the quantity of the materials that are
expected by suppliers. Moreover, a set of KPIs that will inform the user for the
availability of the supplies and their expected date will be calculated.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

Standard Flow:

UC_2.5
1. The DISRUPT Platform retrieves the different types of materials expected
by suppliers.
2. For each type of material, the DISRUPT Platform retrieves data collected
from the SAP MRP about their quantity and their expected arrival date
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and calculates the respective availability KPIs.

Table 5-6: UC_1.6. Monitor incoming orders

Use Case Name: Monitor incoming orders

ID: 1.7

Actors
involved:

Production manager (Primary Actor), Logistics manager (Secondary Actors)

Short
Description

This UC enables the user to monitor the quantity of the incoming orders as
indicated by ERP or to collect them by various sources (e.g. excel type of files).
Then, the Production manager will be informed for the new orders arrived in
order to be able to take decisions about planning and re-scheduling. This
information will also feed the event identification and the optimization
processes.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

UC_2.6

Standard Flow:

1. The DISRUPT Platform retrieves the new orders submitted by customers.
2. For each order, the DISRUPT Platform retrieves data collected from the
SAP MRP about their quantity, their relevant dates.
3. The DISRUPT Platform calculates some KPIs that will depict e.g. the type
of incoming orders, their frequency, the main customers sent them.

Alternative
Flows:

1.a The user can upload the new orders that are received and stored in a
non-automatic and systematic way (e.g. excel files).

5.1.2

Capture Events and Alert
Table 5-7: UC_2.1 Issue an event about a delay in the delivery of containers

Use Case Name: Issue an event about a delay in the delivery of
containers

ID: 2.1

Actors Involved

Logistics manager (Primary Actor), Production manager (Secondary actor)

Short
Description

This UC enables the user to be informed for the delays based on the position of
containers and their expected delivery time and to take decisions about
planning and scheduling based on them. After identifying potential or
confirmed delays, the respective events are issued.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

Standard Flow:

UC_1.1, UC_2.8, UC_3.1, UC_4.2
1. The DISRUPT Platform constantly computes the ETA (estimated time of
arrival)
2. In case a significant change (above a set threshold, the computed 1st
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derivation exceeding a preset value, etc.) or the originally computed ETA
cannot be hold, the DISRUPT Platform will trigger an alarm event on the
event bus
3. This alarm event on truck basis can be related to the shipment to see
whether production critical parts are delayed.
4. Information about related parts/components will be indicated to the
production owner
4.a If the event is not handled after a predefined period of time, DISRUPT
5.a Platform generates an event, namely 'event eligible for automatic
generation of alternatives'. This enables the event to become eligible to
be automatically passed on to the respective module, in order to generate
in the background alternatives for handling it.

Alternative
Flows:

Table 5-8: UC_2.2. Issue an event about a delay in the unloading process at dock stations

Use Case Name: Issue an event about a delay in the unloading
process at dock stations

ID: 2.2

Actors Involved
Primary Actor:

Dock Station Manager (Primary Actor), Logistics manager, Production manager
(Secondary Actors)

Short
Description

This UC enables the user to be informed for the delays in the unloading
process at the dock stations and to take decisions about production planning.
After identifying potential delays or confirmed delays, the respective events are
issued.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

UC_1.2, UC_2.9, UC_3.1, UC_4.2

Standard Flow:

1. For each dock station, the DISRUPT Platform has monitored the events
and updates from the dock stations w.r.t. schedule times and availability.
2. The DISRUPT Platform compares if the unloading process has been
completed based on schedule (planned, latest acceptable, actual) and
presents the differentiations.
3. If the DISRUPT Platform detects that the actual delivery time is (possibly)
later than the latest acceptable, it issues an event to notify all related
human actors (Production manager, Logistics manager) that a delay has
occurred, i.e., it generates a 'delay' event accompanied with an 'alert'
status (e.g., yellow, orange, red).

Alternative
Flows:

3.a) If the event is not handled after a predefined period of time, DISRUPT
Platform generates an event, namely 'event eligible for automatic
generation of alternatives'. This enables the event to become eligible to
be automatically passed on to the respective module, in order to generate
in the background alternatives for handling it.
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Table 5-9: UC_2.3 Issue an event about malfunctions in machines, manufacturing lines and
production processes

Use Case Name: Issue an event about malfunctions in machines,
manufacturing lines and production processes

ID: 2.3

Actors
involved:

Production manager (Primary Actor), Logistics manager, Maintenance Team
(Secondary Actors)

Short
Description

This UC enables the user to be informed for the any malfunctions identified in
machines, manufacturing lines and production processes in order to be able to
take decisions about planning and re-scheduling. After identifying the
malfunctions, the respective events are issued.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

UC_1.3 , UC_2.10, UC_3.2, UC_4.1, UC_4.3

Standard Flow:

1. For each machine, manufacturing lines and production processes, the
DISRUPT Platform has monitored their operation and has calculated
various efficiency KPIs.
2. The DISRUPT Platform analyzes the machines and raises an event when
one of them is out of order (e.g., pressure on a valve, temperature above
a set threshold, etc.).
3. The DISRUPT Platform analyzes the manufacturing lines status
manufacturing lines status and raises an event when one of them is out of
order.

Alternative
Flows:

3.a) If the event is not handled after a predefined period of time, DISRUPT
Platform generates an event, namely 'event eligible for automatic
generation of alternatives'. This enables the event to become eligible to
be automatically passed on to the respective module, in order to generate
in the background alternatives for handling it.

Table 5-10: UC_2.4 Issue an event about insufficient production capacity

Use Case Name: Issue an event about insufficient production
capacity

ID: 2.4

Actors
involved:

Production manager (Primary Actor), Logistics manager, Maintenance Team
(Secondary Actors)

Short
Description

This UC enables the user to be informed for the insufficiencies in the
production capacity and to take decisions about planning and scheduling. After
identifying the potential insufficiencies at the production capacity (e.g. based
on a forecast by means simulation), the respective events are issued.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related

use

UC_1.4, UC_2.11, UC_3.2, UC_4.1, UC_4.3
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cases:
Standard Flow:

1. The DISRUPT Platform has already monitored the production capacity and
has calculated various DISRUPT Platform efficiency KPIs.
2. The DISRUPT Platform analyzes the recorded production capacities and
raises an event when the production is not sufficient. For example, the
DISRUPT platform could collect data in order to identify anomalies, could
compare the actual streams with the reference value or just compare the
planned with actual values and then raise the respective event.
Furthermore, a forecast using simulation could be done looking at, e.g.,
production for the next shift or for the next day then comparing forecast
with expected output.

Alternative
Flows:

2.a) If the event is not handled after a predefined period of time, DISRUPT
Platform generates an event, namely 'event eligible for automatic
generation of alternatives'. This enables the event to become eligible to
be automatically passed on to the respective module, in order to generate
in the background alternatives for handling it.
Table 5-11: UC_2.5 Issue an event about supplies depletion

Use Case Name: Issue an event about supplies depletion

ID: 2.5

Actors
Involved:

Production manager (Primary Actor), Logistics manager (Secondary Actor)

Short
Description

This UC enables the user to be informed for the depletion of supplies by taking
into account the quantity of the materials that are expected by suppliers and to
take decisions about planning and scheduling. After identifying the cases where
the supplies materials are not available at specific dates, the respective event is
issued.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

UC_1.5, UC_2.12, UC_3.3

Standard Flow:

1. For each type of supplies materials that is expected, the DISRUPT
Platform has monitored their quantity.
2. For each production process already scheduled, the DISRUPT Platform
retrieves the materials and the quantities required.
3. The DISRUPT Platform checks if the quantity required is available at the
supplies inventory and presents the differentiations. For example, the
DISRUPT platform could compare the actual streams with the reference
value or just compare the planned with actual values and then raise the
respective event.
4. If the DISRUPT Platform detects that the existing quantity is not
adequate, it issues an event to notify all related human actors (Production
manager) that the inventory is not adequate, i.e., it generates a 'delay'
event accompanied with an 'alert' status (e.g., yellow, orange, red).

Alternative

4.a) If the event is not handled after a predefined period of time, DISRUPT
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Platform generates an event, namely 'event eligible for automatic
generation of alternatives'. This enables the event to become eligible to
be automatically passed on to the respective module, in order to generate
in the background alternatives for handling it.

Table 5-12: UC_2.6 Issue an event about changes in the orders

Use Case Name: Issue an event about changes in the orders

ID: 2.6

Actors
involved:

Production manager (Primary Actor), Logistics manager (Secondary Actors)

Short
Description:

This UC enables the user to be informed for the new orders and to take
decisions about planning and scheduling. When new orders are identified, the
respective events are issued.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

UC_1.6, UC_2.13, UC_3.4

Standard Flow:

1. The DISRUPT Platform has already captured any new orders.
2. For each new order, the DISRUPT Platform issues an event to notify all
related human actors (Production manager) that a new order has been
received i.e., it generates a 'new order' event accompanied with an 'alert'
status (e.g., yellow, orange, red).

Alternative
Flows:

3.a) If the event is not handled after a predefined period of time, DISRUPT
Platform generates an event, namely 'event eligible for automatic
generation of alternatives'. This enables the event to become eligible to
be automatically passed on to the respective module, in order to generate
in the background alternatives for handling it.

Table 5-13: UC_2.7 Issue an event about the inability to execute production schedule

Use Case Name: Issue an event about the inability to execute
production schedule

ID: 2.7

Actors
involved:

Production manager (Primary Actor), Logistics manager, Maintenance Team
(Secondary Actors)

Short
Description

This UC enables the user to be informed for the inability to execute production
schedule in order to take decisions about planning and scheduling. Based on
previous use cases, the production processes, the availability and quality of
materials and the current production schedule have been monitored. When any
issues related to the above were identified, there is a need to examine if any
problems raised on executing the production schedule and to issue a respective
event. Also, a simulation can used to detect issues with the production
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schedule (e.g. missing parts, late deliveries) in advance.
Triggering
Event:
Related
cases:

None (the use case is constantly active) – continuous monitoring
use

UC_2.1-2.5, UC_2.14, UC_4.1

Standard Flow:

1. The DISRUPT Platform identifies any events related to production
processes, the availability and quality of materials
2. The platform checks schedules in advance by simulation on feasibility and
if the schedule fails in the model, an event is issued
3. When one of the aforementioned events identified, the DISTRUPT
Platform analyzes the production schedule and raises an event when the
production schedule cannot be fulfilled.

Alternative
Flows:

2.a) If the event is not handled after a predefined period of time, DISRUPT
Platform generates an event, namely 'event eligible for automatic
generation of alternatives'. This enables the event to become eligible to
be automatically passed on to the respective module, in order to generate
in the background alternatives for handling it.

Table 5-14: UC_2.8. Predict a delay in the delivery of containers

Use Case Name: Predict a delay in the delivery of components

ID: 2.8

Actors
involved:

Production manager (Primary Actor), Logistics manager (Secondary Actor)

Short
Description

This UC enables the user to be informed for the potential delays of containers
and to take decisions about planning and scheduling. By taking into account
historical delay events, patterns of delays are recognized, and potential delays
events are issued.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

Standard Flow:

Alternative
Flows:

UC_2.1
1. For each container that has been delivered, the DISRUPT Platform has
recorded the expected delivery time (as provided by the supplier or by
trucks or by the containers themselves), the final delivery time and the
deviations between expected vs. actual delivery times per container
(planned, latest acceptable, actual)
2. The DISRUPT Platform retrieves the respective events raised and creates
a set of rules predicting future events by taking into account the deliveries
time series and deviations from past data.
3. Based on this decision, an event issued to predict future delivery times
3.a) If the event is not handled after a predefined period of time, DISRUPT
Platform generates an event, namely 'event eligible for automatic
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generation of alternatives'. This enables the event to become eligible to
be automatically passed on to the respective module, in order to generate
in the background alternatives for handling it.

Table 5-15: UC_2.9. Predict a delay in the unloading process at dock stations

Use Case Name: Predict a delay in the unloading process at dock
stations

ID: 2.9

Actors
involved:

Production manager (Primary Actor), Logistics manager, Dock Station Manager
(Secondary Actors)

Short
Description

This UC enables the user to be informed for the potential delays of containers
and to take decisions about planning and scheduling. By taking into account
historical delay events, patterns of delays at the dock stations are recognized,
and potential delays events are issued.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

UC_2.2

Standard Flow:

1. For each component that has been unloaded, the DISRUPT Platform has
recorded the scheduled unloading time (as provided by the unloading
process schedule) and the final unloading time.
2. The DISRUPT Platform retrieves the respective events raised and predicts
future events by taking into account historic/trained data.
3. Then, the DISRUPT Platform issues an event on the predicted future
delays.

Alternative
Flows:

3.a) If the event is not handled after a predefined period of time, DISRUPT
Platform generates an event, namely 'event eligible for automatic
generation of alternatives'. This enables the event to become eligible to
be automatically passed on to the respective module, in order to generate
in the background alternatives for handling it.

Table 5-16: UC_2.10. Predict malfunctions in machines, manufacturing lines and production
processes

Use Case Name: Predict malfunctions in machines, manufacturing
lines and production processes

ID: 2.10

Actors
involved:

Production manager (Primary Actor), Logistics manager, Maintenance Team
(Secondary Actors)

Short
Description:

This UC enables the user to be informed for the potential malfunctions and to
take decisions about planning and scheduling. The operation of machines,
manufacturing lines and production processes is monitored as described in
previous use case and events are issued in cases of malfunctions. By taking
into account historical malfunction events, potential malfunctions are predicted
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and the respective events are issued.
Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related use
cases:

UC_2.3

Standard Flow:

1. The DISRUPT Platform has recorded the operation of machines and
manufacturing lines.
2. The DISRUPT Platform retrieves the respective events raised and predicts
future events by taking into account a set of rules predicting future events
and historic/trained data.
3. Then, the DISRUPT Platform issues an event on the predicted
malfunctions.

Alternative
Flows:

3.a) If the event is not handled after a predefined period of time, DISRUPT
Platform generates an event, namely 'event eligible for automatic
generation of alternatives'. This enables the event to become eligible to
be automatically passed on to the respective module, in order to generate
in the background alternatives for handling it.

Table 5-17: UC_2.11. Predict insufficiencies in the production capacity

Use Case Name: Predict insufficiencies in the production capacity

ID: 2.11

Actors
involved:

Production manager (Primary Actor), Logistics manager (Secondary Actors)

Short
Description:

This UC enables the user to be informed for the potential insufficiencies and to
take decisions about planning and scheduling. The production capacity has
been already monitored as described in previous use cases. By taking into
account previous identified events, potential insufficiencies at the production
capacity are predicted and the respective events are issued.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

UC_2.4, UC_3.2, UC_4.1, UC_4.3

Standard Flow:

1. The DISRUPT Platform has recorded the production capacity.
2. The DISRUPT Platform retrieves the respective events raised and predicts
future events by taking into account a set of rules predicting future events
and historic/trained data.
3. Then, the DISRUPT Platform issues an event on the predicted
insufficiencies in the production capacity.

Alternative
Flows:

3.a) If the event is not handled after a predefined period of time, DISRUPT
Platform generates an event, namely 'event eligible for automatic
generation of alternatives'. This enables the event to become eligible to
be automatically passed on to the respective module, in order to generate
46

User Requirements, Data Requirements and Management

D1.4

in the background alternatives for handling it.

Table 5-18: UC_2.12. Predict issues about supplies depletion

Use Case Name: Predict issues about supplies depletion

ID: 2.12

Actors
involved:

Production manager (Primary Actor), Logistics manager (Secondary Actor)

Short
Description

This UC enables the user (e.g. Production manager) to be informed for the
potential malfunctions and to take decisions about planning and scheduling.
The current supplies status has been already monitored as described in
previous use cases. By taking into account previous identified events, potential
supplies depletion events are predicted and issued.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

UC_2.5, UC_3.3

Standard Flow:

1. The DISRUPT Platform has recorded the expected supplies status.
2. The DISRUPT Platform retrieves the respective events raised and predicts
future events by taking into account a set of rules predicting future events
and historic/trained data.
3. Then, the DISRUPT Platform issues an event on the predicted
insufficiencies in supplies depletion

Alternative
Flows:

3.a) If the event is not handled after a predefined period of time, DISRUPT
Platform generates an event, namely 'event eligible for automatic
generation of alternatives'. This enables the event to become eligible to
be automatically passed on to the respective module, in order to generate
in the background alternatives for handling it.

Table 5-19: UC_2.13. Predict changes in the orders

Use Case Name: Predict changes in the orders

ID: 2.13

Actors
involved:

Production manager (Primary Actor), Logistics manager (Secondary Actor)

Short
Description:

This UC enables the user (e.g. Production manager) to be informed for a
potential increased number of orders and to take decisions about planning and
scheduling. The incoming orders has been already monitored as described in
previous use cases. By taking into account previous identified events, the
system predicts receiving incoming orders based on previous identified events.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

UC_2.6
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Standard Flow:

1. The DISRUPT Platform has recorded the incoming orders.
2. The DISRUPT Platform retrieves the respective events raised and predicts
future events by taking into account a set of rules predicting future events
and historic/trained data.
3. Then, the DISRUPT Platform issues an event on the predicted incoming
orders.

Alternative
Flows:

3.a) If the event is not handled after a predefined period of time, DISRUPT
Platform generates an event, namely 'event eligible for automatic
generation of alternatives'. This enables the event to become eligible to
be automatically passed on to the respective module, in order to generate
in the background alternatives for handling it.

Table 5-20: UC_2.14. Predict the inability to execute production schedule

Use Case Name: Predict the inability to execute production
schedule

ID: 2.14

Actors
involved:

Production manager (Primary Actor), Logistics manager (Secondary Actor)

Short
Description:

This UC enables the user to be informed for the potential events related to
inability to execute production schedule and to take decisions about planning
and scheduling. Previous use cases has already identified cases where the
production schedule could not be executed. By taking into account previous
identified events, potential events of inability to execute production schedule
are identified and issued.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

UC_2.7

Standard Flow:

1. The DISRUPT platform has raised events when an issue related to inability
to execute production schedule was identified
2. The DISRUPT platform retrieves the respective events raised and creates
a set of rules predicting future events by taking into account the patterns
of previous events.
3. The DISRUPT platform uses this set of rules to analyse incoming data in
order to catch events that may result in future delays, in which case it
issues an event on the inability to execute the production schedule.

Alternative
Flows:

3.a) If the event is not handled after a predefined period of time, DISRUPT
Platform generates an event, namely 'event eligible for automatic
generation of alternatives'. This enables the event to become eligible to
be automatically passed on to the respective module, in order to generate
in the background alternatives for handling it.
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Table 5-21: UC_2.15 Declare and edit an event

Use Case Name: Declare an event

ID: 2.15

Actors
involved:

Production manager (Primary Actor), Logistics manager (Secondary Actor)

Short
Description:

This UC enables the user to declare an event that cannot be identified in an
automatic way and issued it in order to inform the stakeholders that need to
address it and take decisions about planning and scheduling.

Triggering
Event:

None (the use case is constantly active) – continuous monitoring

Related
cases:

use

Standard Flow:

1. The user completes a form with the main characteristics of the event

Alternative
Flows:

1.a The user edits the form with the main characteristics of the event
2.a The user can indicate that an event has been handled and solved (without
support from DISRUPT).

5.1.3

Quantify the Impact of Identified Events
Table 5-22: UC_3.1 Estimate the impact of a delivery delay

Use Case Name: Estimate the impact of a delivery delay

ID: 3.1

Actors
involved:

Logistics manager (Primary Actor), Production manager (Secondary Actor)

Short
Description:

This UC enables the user to view the impact of a delivery delay. A delivery
delay may affect the unloading process on the dock stations and the
production schedule. This UC shows the disruptive impact of the delay on the
production before the optimization.

Triggering
Event:

This use case is either triggered by the DISRUPT Platform when a delivery
delay event is issued or by the Logistics Manager that asks to evaluate the
impact of a specific delivery delay.

Related
cases:

use

Standard Flow:

UC_2.1, UC_2.2, UC_2.8, UC_2.9, UC4.2
1. The DISRUPT Platform is utilized to simulate the event and to calculate
the impact of the specific event at the selected processes (e.g., expected
time of fast delivery or consequence of delay for expected output).

Alternative
Flows:

1.a The user selects the delay events for which he wants to estimate the
impact.
2.a The user selects the processes (e.g. unloading processes, production
processes) that are affected by the delays.
3.a The DISRUPT Platform is utilized to calculate the impact at the selected
areas (e.g., expected time of fast delivery or consequence of delay for
expected output).
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Table 5-23: UC_3.2 Estimate the impact of production line slowdown or breakdown or scheduled
maintenance

Use Case Name: Estimate the impact of production line
breakdown

ID: 3.2

Actors
involved:

Production manager (Primary Actor), Logistics manager, Maintenance Team
(Secondary Actors)

Short
Description

This UC enables the user to view the impact of production line slowdown or
breakdown. A production line slowdown / breakdown / scheduled maintenance
may affect production schedule. / scheduled maintenance

Triggering
Event:

Related
cases:

This use case is either triggered by the DISRUPT Platform when an event
related to a production line slowdown/breakdown is issued or by the
Production Manager that asks to evaluate the impact of production line
slowdown/ breakdown / scheduled maintenance.
use

UC_2.3, UC_2.10

Standard Flow:

1. The DISRUPT Platform is utilized to simulate the event and to calculate
the impact at the selected areas (e.g. JPH).

Alternative
Flows:

4.a The user selects the production line slowdown/breakdown events that he
wants to estimate the impact.
5.a The user selects the areas (e.g. production processes) that are affected
by these events.
6.a The DISRUPT Platform is utilized to calculate the impact at the selected
areas (e.g. JPH)
Table 5-24: UC_3.3 Estimate the impact of new orders

Use Case Name: Estimate the impact of new orders

ID: 3.3

Actors
involved:

Production manager (Primary Actor), Logistics manager, Maintenance Team
(Secondary Actors)

Short
Description:

This UC enables the user to view the impact of new orders. The new orders
may affect the production schedule.

Triggering
Event:

This use case is either triggered by the DISRUPT Platform when an event
related to a new order is issued or by the Production Manager that asks to
evaluate the impact of new orders.

Related
cases:

use

UC_2.6, UC_2.13

Standard Flow:

1. The DISRUPT Platform is utilized to simulate the event and calculate its
impact at the selected areas (e.g., JPH, expected time of delivery of new
and existing orders, tardiness, order lead time etc.)

Alternative
Flows:

1.a The user selects the new orders for which he wants to estimate the
impact to the current production schedule.
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2.a The DISRUPT Platform is utilized to simulate the event and calculate its
impact at the selected areas (e.g., JPH, expected time of delivery of new
and existing orders, tardiness, order lead time etc.)

Table 5-25: UC_3.4 Estimate the impact of production material unavailability

Use Case Name: Estimate the impact of production material
unavailability

ID: 3.4

Actors
involved:

Production manager (Primary Actor), Logistics manager (Secondary Actor)

Short
Description

This UC enables the user to view the impact of production material
unavailability. A production material unavailability may affect the production
schedule.

Triggering
Event

This use case is either triggered by the DISRUPT Platform when an event
related to a production line slowdown is issued or by the Production Manager
that asks to evaluate the impact of production line slowdown

Related
cases:

use

UC_2.5, UC_2.12

Standard Flow:

1. The DISRUPT Platform is utilized to simulate the event and calculate its
impact at the selected areas (e.g., JPH, changed order sequence)

Alternative
Flows:

7.a The user selects the production material unavailability events that he
wants to estimate the impact.
8.a The user selects the areas (e.g. production processes) that are affected
by these events.
9.a The DISRUPT Platform is utilized to simulate the event and calculate its
impact at the selected areas (e.g., JPH, changed order).

5.1.4

Provide Alternatives for Handling Events
Table 5-26: UC_4.1 Provide alternatives for optimal production scheduling

Use Case Name: Provide alternatives for optimal
production scheduling
Actors involved:

ID: 4.1

Production Planner (Primary Actor), Production Engineering Department,
Customer Planner (Secondary Actors)

Short Description:

This UC enables the user to obtain an optimal production schedule,
handling a set of selected events. Given a specific time horizon and a given
plant configuration (current or designed), a new schedule or a re-scheduling
of the currently used given what has already been produced is produced.

Triggering Event:

For standard flow: The user wishes to obtain an optimal production
schedule. For alternative flow 1: The user wishes to re-schedule production
optimally. For alternative flow 2: None (the use case is constantly active).
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For alternative flow 3: None (the use case is constantly active).
Related use cases:
Standard Flow:

Alternative Flow 1:

Alternative Flow 2:

Alternative Flow 3
(Co-Simulation
Optimization)

UC_2.3 - 2.7, UC_2.10 - 2.14, UC_ 4.1, UC_4.3, UC_5.1
1. The user selects the events that he wants to handle (if any).
2. The user selects the production configuration he wants the DISRUPT
Platform to use for the optimization.
3. The user selects the time horizon he wants to plan for.
4. The user selects the optimisation criteria.
5. The user selects to obtain a new optimal production schedule.
6. The DISRUPT Platform calculates the optimal production schedule.
7. The produced optimal production schedule is presented to the user.
5.a The user selects to obtain an optimal rescheduling of the current
production schedule, choosing a specific cut-off time and providing the
realised production up to that time.
6.a The DISRUPT Platform calculates an optimal re-scheduling of the
production schedule.
1.b Events that affect production automatically trigger the DISRUPT
Platform for re-scheduling.
2.b The current production configuration, updated if necessary because of
the events, is used by the DISRUPT Platform.
3.b The time horizon that was provided for the current production
schedule is used by the DISRUPT Platform.
4.b The optimisation criteria that were provided for the current production
schedule are used by the DISRUPT Platform.
5.b The DISRUPT Platform calculates automatically an optimal rescheduling of the production schedule.
6.b The produced optimal production schedule is saved and provided to
the user if requested.
7.c The DISRUPT Platform uses simulation for evaluating partial and
generated schedules produced by optimization methods.
8.c The optimization approach uses the simulation KPIs to re-calculate the
optimal production schedule.
9.c The produced optimal production schedule is presented to the user.

Table 5-27: UC_4.2 Provide alternative for delays in delivery

Use Case Name: Provide alternative for delays in
delivery
Actors involved:

ID: 4.2

Logistics Manager (Primary Actor), Production Planner, Warehouse/Dock
Station Manager (Secondary Actors)

Short Description:

This UC enables the user to obtain alternatives to handle delays in the
delivery of components by providing feasible alternatives in the
transportation plan or the activities at the dock stations.
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Triggering Event:

The user wishes to obtain feasible alternatives to handle delays in the
delivery of components because from the results of simulation he has seen
that the impact of the delay is not acceptable.

Related use cases:

UC_2.1 - 2.2, UC_2.8 - 2.9, UC3.1, UC_4.3, UC_5.2

Standard Flow:

1. The user selects the delay events that he wants to handle.
2. The user asks for the generation of feasible alternatives per event.
Alternatives to the user may include: 1) a new transportation plan; 2)
updated activities at the dock stations enabled by 2 strategies,
>increase dock capacity and > open new docks.
3. The user may influence the choice of the feasible alternatives
compared to the pre-defined ones from step 2 in case of exceptional
situations.
4. The feasible alternatives for each order are shown to the user
5. The user may select to download the feasible alternative
transportation plan and activities at the dock stations.

Table 5-28: UC_4.3 Provide combination of production schedule, transportation plan and dock plan

Use Case Name: Provide combination of production schedule,
transportation plan and plan for activities at dock stations
Actors involved:

Production

Planner,

Logistics

ID: 4.3

Manager

(Primary

Actors),

Production

Engineering Department, Customer Planner, Warehouse/Dock Station
Manager (Secondary Actors)
Short Description:

This UC enables the user to select alternatives to handle delays in the
delivery of components by providing alternatives in the transportation plan
or the activities at the dock stations. Subsequently, it allows obtaining an
optimal schedule given the changes proposed in the delivery of components
by the various alternatives as well as other events that the user may choose
to handle.

Triggering Event:

The user wishes to obtain alternatives to handle delays in the delivery of
components and then to re-schedule production optimally to address the
different alternatives.

Related use cases:

UC_2.1 - 2.15, UC_4.1-4.2, UC_5.1, 5.2

Standard Flow:

1. The user selects the delay events that he wants to handle.
2. The user asks the DISRUPT Platform for the generation of feasible
alternatives per event.
3. Pre-defined alternatives are provided to the user that may include a
new transportation plan for some components or updated activities at
the dock stations.
4. The user selects which alternatives he wants to examine.
5. The user selects the additional events that he wants to handle (if any).
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6. The user selects the production configuration he wants the
optimisation to use.
7. The user selects the time horizon he wants to plan for.
8. The user selects the main optimisation objectives he wants to achieve.
9. The user selects to obtain an optimal rescheduling of the current
production schedule, choosing a specific cut-off time and providing the
realised production up to that time.
10. An optimal re-scheduling of the production schedule is calculated.
11. The revised transportation plan and activities at the dock stations as
well as the produced optimal production schedule are presented to the
user.
12. The user may select to download an alternative transportation plan
and activities at the dock stations and/or the optimal production
schedule.
Alternative Flow:

2.a The user asks the DISRUPT Platform to offer a re-scheduling of the
transportation plan. plan.
3.a The user configures the inbound logistics re-schedule attributes.
4.a The inbound logistics re-scheduler calculates a new optimised
transportation plan.
5.a The user selects the additional events that he wants to handle (if any).
6.a The

user

selects the

production configuration

he

wants the

optimisation to use.
7.a The user selects the time horizon he wants to plan for.
8.a The user selects the main optimisation objectives he wants to achieve.
9.a The user selects to obtain an optimal rescheduling of the current
production schedule, choosing a specific cut-off time and providing the
realised production up to that time.
10.a

An optimal re-scheduling of the production schedule is calculated.

11.a

The revised transportation plan and activities at the dock stations

as well as the produced optimal production schedule are presented to
the user.
12.a

The user may select to download an alternative transportation plan

and activities at the dock stations and/or the optimal production
schedule in spreadsheet format.
Alternative Flow 3
(Co-Simulation
Optimization)

10.b The DISRUPT Platform uses simulation for evaluating partial and
generated schedules produced by optimization methods.
11.b The optimization approach uses the simulation KPIs to re-calculate
the optimal production schedule.
13.a The produced optimal production schedule is presented to the user.
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Evaluate Alternatives
Table 5-29: UC_5.1 Evaluate production schedule

Use Case Name: Evaluate production schedule
Actors involved:

ID: 5.1

Production Planner (Primary Actor), Production Engineering Department,
Customer Planner (Secondary Actors)

Short Description:

This UC enables the user to evaluate a production schedule, whether this
schedule is produced by the DISRUPT Platform or whether it is usergenerated/altered. Given a specific time horizon and a given plant
configuration (current or designed) as well as a set of selected events, the
DISRUPT Platform produces an evaluation of the provided production
schedule.

Triggering Event:

The user wishes to evaluate a production schedule.

Related use cases:

UC_4.1, UC_4.3, UC_6.2

Standard Flow:

1. The user selects the production schedule he wants to evaluate and
edit if wanted to.
2. The user selects the additional events that he wants the DISRUPT
Platform to take into account (if any) in the evaluation.
3. The user selects the production configuration he wants the DISRUPT
Platform to use in the simulation.
4. The user selects the time horizon he wants to evaluate the production
schedule for.
5. The user sets up the simulation attributes.
6. The DISRUPT Platform evaluates the provided production schedule.
7. The produced evaluation is presented to the user.

Alternative Flow:

1.a. The user uploads a new production schedule in a spreadsheet form.

Table 5-30: UC_5.2 Evaluate transportation plan and activities at dock stations

Use Case Name: Evaluate transportation plan
and activities at dock stations
Actors involved:

ID: 5.2

Logistics Manager (Primary Actor), Production Planner, Warehouse/Dock
Station Manager (Secondary Actors)

Short Description:

This UC enables the user to evaluate a set of feasible alternatives in the
transportation plan or the activities at the dock stations to handle delays in
the delivery of components.

Triggering Event:

The user wishes to evaluate feasible alternatives in the transportation plan
or the activities at the dock stations to handle delays in delivery of
components which results from the simulation.

Related use cases:

UC_4.2, UC_4.3, UC_6.1
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1.
2. The system acquires the input parameters for the optimization from
the database. (e.g. costs, planned dock assignment, transportation
plan)
3. The optimization of the inbound-logistics in the DISRUPT platform
calculates the solutions for the alternatives to the user that may
include: 1) a new transportation plan; 2) updated activities at the dock
stations enabled by 2 strategies, >increase dock capacity and > open
new docks. Some of the solutions may handle multiple alternatives
(e.g. increasing the dock capacity and opening a new dock for one
order), while some are targeted to a single alternative (e.g., changing
the transportation means for a given delivery).
4. The optimization of inbound logistics gives the best alternative for
each delayed order in which the total amount of delay is minimized
with the minimum cost.
5. The produced evaluation is presented to the user.
6. The user may select to run the simulation to see the impact of the new
results on the KPIs of the simulation / the KPIs of the simulation are
updated automatically
7. The user may select to download the final alternative transportation
plan and activities at the dock stations.
8.

Standard Flow:

5.1.6
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Actualize the Selected Alternative
Table 5-31: UC_6.1 Re-sequence production lines automatically

Use Case Name: Re-sequence production lines

ID: 6.1

automatically
Actors involved:

Production Engineering Department, Machine Operator, Production Planner,
Manufacturing Team (Primary Actors)

Short Description:

This UC enables the user to select a specific production schedule to
implement and consequently to re-sequence automatically the production
lines.

Triggering Event:

The user wishes to actualize an updated production schedule.

Related use cases:

UC_5.1

Standard Flow:

1. The user selects which alternative production schedule to actualize.
2. The re-sequencing changes (if any) arising from the production
configuration model that was used to obtain the selected schedule are
identified.
3. The re-sequencing changes (if any) arising from the actual production
schedule are identified.
4. The identified re-sequencing changes are automatically communicated
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to the corresponding machines and production lines through the
DISRUPT Platform.
5. The corresponding machine operators are informed about the resequencing changes that have been implemented.
Alternative Flow:

5.a If the identified re-sequencing changes cannot be automatically
communicated to the corresponding machines and production lines
through the DISRUPT Platform, the corresponding machine operators
are informed about the re-sequencing changes that need to be
implemented.

Table 5-32: UC_6.2 Actualize a specific production schedule

Use Case Name: Actualize a specific production

ID: 6.2

schedule
Actors involved:

Production Planner (Primary Actors), Production Engineering Department,
Machine operator, Manufacturing Team (Secondary Actors)

Short Description:

This UC enables the user to select a specific production schedule to be
implemented or to deny to re-schedule production in order to accommodate
a given incoming order. In both cases, all related actors are informed about
changes required in production and what is expected of them.

Triggering Event:

The user wishes to actualize an updated production schedule.

Related use cases:

UC_5.1

Standard Flow:

Alternative Flow 1:

1. The user selects which alternative production schedule to actualize.
2. The related actors in production are informed on the new production
schedule, the changes that need to be done to implement it, and the
actions that are required from their side.
3. The machine operators working on machines that are automatically
being re-sequenced are informed about the changes that have been
implemented.
3.a If the identified re-sequencing changes cannot be automatically
communicated to the corresponding machines and production lines
through the DISRUPT module, the corresponding machine operators
are informed about the re-sequencing changes that need to be
implemented.

Alternative Flow 2:

3.b The user selects to download and print the selected production
schedule in order to provide it to the related actors in production.

Alternative Flow 3:

1.c The user decides that it is better to postpone/cancel the production of
a specific incoming order.
2.c The user is provided with the contact info of the customer whose
incoming order will be affected.
3.c The user updates the system about its decision.
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Table 5-33: UC_6.3 Actualize an updated transportation plan and dock assignment

Use

Case

Name:

Actualize

the

updated

ID: 6.3

transportation plan
Actors involved:

Warehouse/Dock Station Manager (Primary Actors), Logistics Manager,
Production Planner (Secondary Actors)

Short Description:

This UC enables the user to select a specific set of actions with respect to
the transportation plan and the activities at the dock stations to be
implemented and consequently inform all related actors.

Triggering Event:

The user wishes to actualize an updated transportation plan and/or
activities at the dock stations.

Related use cases:

UC_5.2

Standard Flow:

5.1.7

1. The user selects which set of actions to implement with respect to the
transportation plan and the activities at the dock stations.
2. The related actors in the dock stations are informed on the
corresponding changes and the actions that are required from their
side (e.g., open a dock station, speed up procedures in another).
3. If there are changes in the transportation plan that affect third-party
members (e.g., collaborating 3PL companies or suppliers), the
Logistics team is provided with a list of related actions that need to be
taken.
4. The Production planner is informed about changes in the expected
time of arrival of critical components due to the changes in the
transportation plan and the activities at the dock stations.

Model the Manufacturing Knowledge
Table 5-34: UC_7.1 Model the enterprise organisational environment

Use

Case

Name:

Model

the

enterprise

organisational

ID: 7.1

environment
Actors involved:

Modelling Expert (Primary Actor)

Short Description:

This UC enables the user to model the enterprise organisational
environment.

Triggering Event:

The user wishes to model the enterprise organisational environment.

Related use cases:

UC_1.1 - 1.3, UC_3.1-5.2

Standard Flow:

1. The DISRUPT Platform offers a visual representation of the current
enterprise organizational environment.
2. The user defines the organisational roles and their responsibilities,
along with other knowledge that lies on the enterprise organisational
environment.
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3. The produced model is used by the DISRUPT Platform for enabling the
related use cases.

Table 5-35: UC_7.2 Model the process maps

Use Case Name: Model the process maps

ID: 7.2

Actors involved:

Modelling Expert (Primary Actor)

Short Description:

This UC enables the user to model the process maps.

Triggering Event:

The user wishes to model the process maps.

Related use cases:

UC_1.1 - 1.3, UC_3.1-5.2

Standard Flow:

1. The DISRUPT Platform offers a visual representation of the current
process maps.
2. The user set the boundaries in the systems used in the factory
automation and define the connection between the models of the
previous layer with the existing operations in a factory environment.
3. The produced model is used by the DISRUPT Platform for enabling the
related use cases.

Table 5-36: UC_7.3 Model the production processes

Use Case Name: Model the production processes

ID: 7.3

Actors involved:

Modelling Expert (Primary Actor)

Short Description:

This UC enables the user to model the production processes.

Triggering Event:

The user wishes to model the production processes.

Related use cases:

UC_1.1 - 1.3, UC_3.1-5.2

Standard Flow:

1. The DISRUPT Platform offers a visual representation of the current the
production configuration of the plant floor.
2. The user uses the visual tool to alter the parts of the production
configuration he wants (e.g., change number of workers in manual
line, change cycle time of a machine etc.)
3. The produced model is used by the DISRUPT Platform for enabling the
related use cases.

Table 5-37: UC_7.4 Model the decision processes

Use Case Name: Model the decision processes

ID: 7.4

Actors involved:

Modelling Expert (Primary Actor)

Short Description:

This UC enables the user to model the production processes.
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Triggering Event:

The user wishes to model the production processes.

Related use cases:

UC_1.1 - 1.3, UC_3.1-5.2

Standard Flow:

1. The DISRUPT Platform offers a visual representation of the current
decision making processes.
2. The user uses the visual tool to define the decision making processes,
which are triggered from the detection of an event and may result in
the invocation of a process from the Production Processes Layer.
3. The produced model is used by the DISRUPT Platform for enabling the
related use cases.

Table 5-38: UC_7.5 Μodel the KPIs decision support

Use Case Name: Μodel the KPIs decision support

ID: 7.5

Actors involved:

Modelling Expert (Primary Actor)

Short Description:

This UC enables the user to model the production processes.

Triggering Event:

The user wishes to model the production processes.

Related use cases:

UC_1.1 - 1.3, UC_3.1-5.2

Standard Flow:

1. The DISRUPT Platform offers a visual representation of the current
KPIs decision making processes.
2. The user uses the visual tool to define the processes for the collection
of

multisource,

multiscale

and

multivariate

information,

which

influence the performance indicators defined to measure the efficiency
of manufacturing operations.
3. The produced model is used by the DISRUPT Platform for enabling the
related use cases.

5.2 Data Requirements and Available Data Repositories
Based on the analysis of the use cases in Section 5.10, in this section we identify the requirements for
managing and processing multi-variant and multi-source data in the factory ecosystem. This data is
modelled to different data structures, which are exploited within the DISRUPT environment to
facilitate the key objectives for bringing innovation into the manufacturing processes, through the use
of data analytics, modelling, simulation and optimisation technologies for decision making and
towards factory automation.
5.2.1

The DISRUPT Data Lifecycle

The realization of the use cases requires the involvement of specific datasets from the factory
ecosystem, which may be generated inside or outside the DISRUPT environment. More specifically, in
accordance to the generic data lifecycle diagram presented in Figure 5-1, the implementation of the
use cases within DISRUPT requires different datasets across all the stages of this data lifecycle
depiction:
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Collection stage: in this stage of the DISRUPT data lifecycle, we include datasets that
DISRUPT captures directly from the corresponding CPS tool, such as sensor data in the plant
floor, or collects and aggregates from the existing Enterprise Information Systems (EIS)
through the Data Collection Framework. The latter needs to collect data from the operations
being executed in the manufacturing processes. To this end, the Data Collection Framework
requires interfaces to existing EIS to aggregate information about supply chain management,
sales and customers relation, inventory management, human capital management plant floor
manufacturing and maintenance data.

▪

Preparation stage: in this stage of the DISRUPT data lifecycle, we need to customize the
collected datasets and pre-process them (through i.e. labelling and clearance), so that the
relevant data is harmonized. The data output of this stage is a set of common data structures
that facilitate the complex event processing functions.

▪

Processing stage: this is the core stage of the DISRUPT data lifecycle, which harness the
captured and collected data and their formulation to events for indexing, analytics and
manufacturing interpretation. Thus, in this stage, DISRUPT engages datasets that support data
analytics, modelling, simulation and optimisation techniques.

▪

Management stage: in this stage of the DISRUPT data lifecycle, DISRUPT considers the
storage, preservation and access control administration services for the datasets collected from
the environment or produced as a result of the DISRUPT decision support analysis.

▪

Distribution stage: this last stage of the DISRUPT data lifecycle relates to data, which is used
to communicate the resulting DISRUPT logic to the various stakeholders through the
CloudBoard views.
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Figure 5-1: The DISRUPT multi-variant and multisource data lifecycle.

It is worth mentioning that modelling is important in this data lifecycle, since the representation of
the manufacturing knowledge assists in the proper management and interpretation of data for
making informed decisions across the manufacturing and supply chain operations.
Following the presentation of the DISRUPT use cases in Section 0, we can group them into the
following functional categories. Each category engages with various datasets, which are produced and
managed across the stages of the data lifecycle presented above. In more details, the DISRUPT use
cases are categorised into the following:
▪

Manufacturing Knowledge modelling: This category of use cases relates to the modelling
of the manufacturing knowledge (as per UC 7.1 - UC7.5), which is a prerequisite to work with
the DISRUPT decision support technologies. The respective datasets provide models that
describe the enterprise organizational environment, the manufacturing and the supply chain
operations, the processes for making decisions and the respective associated KPIs.

▪

Monitoring factory status: In this category, we include the use cases relevant to the
monitoring processes within a factory ecosystem (as per UC 1.1 – UC 1.6). These are further
categorised into operations and processes for supply chain, production planning, inventory
management, human capital management and manufacturing execution. The respective
datasets involved in these use cases mainly relate to the collection and distribution stages of
the DISRUPT data lifecycle. Data is either captured from CPS operations or collected from the
corresponding EIS.
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Event realisation: In this category, we include the use cases (UC 2.1 – UC 2.15), which
harness the monitoring data and analyse them to generate events regarding the execution of
the different operations and processes and produce alerts should an abnormal situation be
expected. In this category, we also consider the use cases that provide assessment on the
impact of the events (UC 3.1 – UC 3.4). The respective datasets relate to the preparation,
processing, management and distribution stages of the DISRUPT data lifecycle, as this category
engages with the data resulting from the complex event processing and the data analytics
technologies offered in the DISRUPT environment, while the impact of these events is assessed
through simulation.

▪

Response to events: This category of use cases deals with the investigation of solutions to
address the impact of the identified events. Thus, in this category, we include use cases that
are relevant for recommending (UC 4.1 – UC 4.3) and evaluating alternative production plans
(UC 5.1 – UC 5.2) and supporting the end users in making informed decisions with respect to
the selection of the most appropriate solutions (UC 6.1 – UC 6.3). The involved datasets reside
in the processing, management and distribution stages of the DISRUPT data lifecycle, and they
result from the DISRUPT decision support mechanisms.

5.2.2

Overview of Data Requirements in Implementing the DISRUPT Use Cases

In this section, we elaborate on the data requirements for the DISRUPT use cases. More specifically,
we analyse the categories of the use cases presented in the previous section 5.2.1 from the
perspective of the data required to accomplish the activities in these use cases.
The use cases in the manufacturing knowledge modelling category include a representation of the
entities present in the manufacturing and supply chain processes. The output of these use cases is a
set of models that actually drive the development of the remaining use cases in the other categories.
As such, the data entities involved in the models are in principle the data required to implement the
DISRUPT approach.
The monitoring factory status category of use cases engages a set of data that are DISRUPT agnostic
and is already produced in a factory environment. These use cases actually monitor the existing
manufacturing and supply chain operations. As such, in order to better analyse the involved data
requirements, we consider the structure of the commercially available enterprise resource
management (ERP) systems, as well as any other information systems available in a factory
environment. In the following, we present an example overview of the enterprise operations
happening in a factory environment to better understand the respective data requirements.
In a typical environment, the enterprise operations are split into manufacturing operations
management (MOM) processes (which can further distinguish between production operations,
maintenance operations, quality operations and inventory operations), sales and customers
operations, production planning operations, layout management operations, human capital
management operations, materials requirements planning operations and supply chain management
operations. There is a tight relationship between the set of data involved in each of these processes
and operations, i.e. data in the production operations may connect to data in the production planning
operations (for example BOM x is facilitated though production plan z).
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When a new customer order for specific enterprise products is in place, the operations for sales and
customers processes are triggered. In these operations, the customer order is the main data
object, which needs to be monitored in DISRUPT to facilitate UC 1.6. Through this use case, DISRUPT
collects and manages information about customer needs, including any unexpected external orders
for products, which dramatically affect the performance of the production planning and scheduling
operations.
A customer order may generate the need for an updated production schedule, which is part of the
production planning operations. This schedule implements a production plan, which assembles the
different assets and indicates the relationship between products, lines and machines. A production
plan may need to be re-configured (in UC 7.3), if the current scheduling operations cannot satisfy the
established business performance indicators, like work-in-progress (WIP), Overall Equipment
Efficiency (OEE), the number of produced defects per production process, etc. As a result, DISRUPT
should monitor data regarding the production management operations (i.e. production capacity,
status of machines and lines, the relationship between the production assets, their availability, their
lead time etc.) and the product data management operations (i.e. BOM, product delivery plan,
etc.). Through this set of data, DISRUPT will facilitate the implementation of UC 1.3 and UC 1.4. It is
highlighted that the data engaged in these operations include any quality related information that
conforms to the enterprise production quality processes. Such quality related data relate to metrics
and KPIs both for the production quality assurance and the quality of the assets and the incoming
components.
The main production assets in a factory ecosystem consist of the production lines and machines, as
well as the products. In order to implement UC 1.3 and UC 1.4, DISRUPT aims to collect
measurements for the different metrics associated with these assets, which are also used to calculate
the performance of each asset.
In the heart of the production planning and scheduling, we position the material requirements
planning (MRP) operations to ensure the availability of components and materials required in
the production of the products that are included in the customer order. The materials requirements
planning operations engage both the status of the inventory and the supplies orders. Inventory
refers to the operations to check the availability of product stock-outs. The respecting information
systems should feed DISRUPT with information about the quantity and storage location of stored
materials and the components acquired from suppliers, as well as the stock level of the factory
products or semi-finished products. A set of indicators can be used to measure the performance of
these operations, like the number of days that the product stays in the inventory. All this data is
required in DISRUPT to implement UC 1.5.Along with the inventory management processes, the
enterprise operates the supply chain and inbound logistics operations for receiving the missing
supplies that satisfy a production process. Such operations make use of datasets about the
transportation planning and the delivery of components from suppliers (data required in UC 1.1), as
well as their management at the dock platforms in the enterprise (data required in UC 1.2). The
supplies delivery plan may include information about alternative suppliers to satisfy the materials
requirements plan.
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In the respective UC 1.1 and UC 1.2, DISRUPT will monitor the operations in the supply chain and
inbound logistics and extract information from the existing information systems in the CRF and
ARCELIK environments, as well as from installed CPS technologies. Such systems host information in
existing databases, like:
▪

The inventory management databases; these databases provide information about the quantity
and storage location of stored materials and components acquired from suppliers, as well as
the stock of the factory products or semi-finished products. DISRUPT requires data from these
databases to serve the implementation of UC 1.6.

▪

The shipping planning databases; these databases provide information about the transportation
planning and delivery of components from suppliers and their management at the dock
platforms. DISRUPT requires data from these databases to serve the implementation of UC
1.1and UC 1.2.

▪

The materials orders databases; these databases provide information about the established
materials’ orders and their connection to the shipping planning services. DISRUPT requires data
from these databases to realise the implementation of UC 1.1 and UC 1.2, while this data may
affect the implementation of UC 1.5.

▪

The suppliers databases; these refer to the databases that maintain information about the
suppliers of the required materials. DISRUPT requires data from these databases to realise the
implementation of UC 1.1 and UC 1.5.

It should be mentioned that the human resources within a factory play an important role in the
execution of the production planning and scheduling activities. Thus, in DISRUPT, we consider the
HCM operations to coordinate the information about the use of human resources in the
manufacturing environment. Through the respective datasets, DISRUPT collects information about
the recruitment of (mainly manual) lines. This information may relate to data required in the
implementation of the use cases for monitoring manual lines (a subset of UC 1.3) and the use cases
in the response to events category (UC 4.1 and UC 4.3), like: a) the shifts that recruit lines with
human resources during planning and scheduling, b) the workers data and metrics to facilitate the
performance analysis of the production in terms of productivity and costs, and c) the allocation of
persons to duties within the shifts.
Apart from the requirements for collecting data from existing systems or through CPS, the DISRUPT
use cases imply the construction of information that relates to DISRUPT platform itself. In the use
cases UC 2.1 – UC 2.15 (in the category event realisation), the concept of event is introduced. This
implies that DISRUPT needs to detect or predict events from the data collected from both the existing
systems and the IoT infrastructures (through CPS). Event is thus a core data object in DISRUPT,
which needs to be developed, so that the relevant DISRUPT mechanisms to process events to support
decision making in response to these events.
An integral part of the event structure is the expected impact to the current production planning and
scheduling. This impact will be calculated through simulation. The implementation of the relevant use
cases UC 3.1 – UC 3.4 will require to collect data the DISRUPT has already monitored (through UC
1.1 – UC 1.6).
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Finally, the use cases of category for response to events require all the above mentioned data to be
available so that the decision support tools (simulation, modelling and optimisation) can produce
alternative plans for the production management operations. An important requirement for the
production of these alternative plans is, of course, the knowledge of the current operational status
of the manufacturing and supply chain processes.
5.2.3

Summary of Existing Datasets in FCA/CRF and ARCELIK

Following the data models presented above, in this section we summarise the existence of digital
object representations in the manufacturing environments of FCA/CRF and ARCELIK. The scope is to
demonstrate the current end user capabilities to produce data that are involved in the execution of
the use cases.
Table 5-39 summarises the mapping between the DISRUPT data requirements packages and the twoend user technical capabilities (the existence of EIS to host the reported data models).
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Table 5-39: Overview of existing databases in the FCA/CRF and ARCELIK cases.

Data Requirements

FCA/CRF

ARCELIK

Supply Chain





Sales & Customers





Product Data Management





Production Management





Planning and Scheduling





Human Capital Management





Package

5.3 Prototype Screens
This section will include a set of prototype screens derived by the use cases identified in the previous
sections.
5.3.1

Prototype Screens for the FCA/CRF

In this section, we present the outcomes of compiling the Use Cases into prototype screens. More
specifically, we provide a set of prototype mock-up user interfaces as the realisation of the use cases
for the FCA/CRF case study. More specifically, the DISRUPT platform needs also to offer visualization
of the results of monitoring and the various alternatives by providing an integrated view that covers
various aspects. The following integrated views were identified a) integrated view of production,
inventories and incoming orders, b) integrated view of inbound logistics, c) integrated view of
captured events, d) integrated view of the evaluation of an alternative via KPIs and e) integrated
view for comparing alternatives.
Figure 5-2 shows the home page of the FCA/CRF case study, which emphasises on the inbound
logistics and material availability scenarios. In this mock-up screen, we provide an integrated view for
the automation of the monitoring services across the different manufacturing and supply chain
operations. In this case study, we focus on the monitoring of the inbound logistics and the supply
chain management services (UC 1.1. and UC 1.2). In the same screen, we provide the front-end
realisation integrated view for the captured events and alerts, as a result of UC 2.1 - UC2.15.

67

User Requirements, Data Requirements and Management

D1.4

Figure 5-2: The FCA/CRF use case – home page.

Figure 5-3 digs into the details of the separate monitoring processes of the supply chain and inbound
logistics operations. It, thus, presents how the use cases for monitoring the operations for the supply
chain and the inbound logistics (UC 1.1 and UC 1.2), the materials availability (UC 1.5) and the
customer orders (UC 1.6) are further instantiated for the FCA/CRF case.

This figure shows that

DISRUPT monitors multiscale and multisource data, since the status of the monitoring assets may
vary from low level logs to KPIs.
Figure 5-4 shows the overview of the events captured by the DISRUPT CPS or from the analysis of
the data collected and aggregated into the DISRUPT data collection framework (UC 2.1 – UC 2.15). It
is noted that this mock-up user interface integrates the use cases for raising actual events (UC 2.1 –
UC 2.7), predicting events (UC 2.8 and UC 2.14), as well as manually managing events from human
resources (UC 2.15). Further to it, Figure 5-4 integrates the result from the implementation of UC 3.1
– UC 3.4, which relates to the impact of detected or predicted events in the current production
planning and scheduling operations.
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Figure 5-3: The FCA/CRF use case – monitoring the supply chain.
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Figure 5-4: The FCA/CRF use case – overview of events and their impact.
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Figure 5-5: The FCA/CRF use case – handling events through alternatives.

Figure 5-5 shows the realisation of the use cases for handling the events through suggesting
alternative production schedules or activity plans (UC 4.1 – UC 4.3). This screen also implements the
interaction of the DISRUPT environment with the CRF stakeholders to change the production
configuration model for simulation (UC 5.1 – UC 5.2).

71

User Requirements, Data Requirements and Management

D1.4

Figure 5-6: The FCA/CRF use case – evaluating alternatives and their impact to production.

In Figure 5-6, we present how the use cases for evaluating the alternatives (UC 5) are visualised to
the CRF end users. This mock-up visualisation provides an integrated view of the evaluation of an
alternative via KPIs. The comparison of the two alternatives is implemented in the mock-up screen
visualisation of Figure 5-7.
Finally, Figure 5-8 realises the front-end mock-up visualisation of the UC 6 use cases for
implementing the selected alternative. It integrates the interactions of the CRF end users with UC 6.1
– UC 6.3 in the same view.
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Figure 5-7: The FCA/CRF use case – comparing alternatives.
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Figure 5-8: The FCA/CRF use case – implementing selected alternatives.

5.3.2

Prototype Screens for ARCELIK

In this section, we provide a set of prototype mock-up user interfaces as the realisation of the use
cases for the ARCELIK case study. More specifically, the DISRUPT platform needs also to offer
visualization of the results of monitoring and the various alternatives by providing an integrated view
that covers various aspects. The following integrated views were identified a) integrated view of
production, inventories and incoming orders, b) integrated view of inbound logistics, c) integrated
view of captured events, d) integrated view of the evaluation of an alternative via KPIs and e)
integrated view comparing alternatives.
Figure 5-9 shows the home page of the ARCELIK use case. In this mock-up screen, we demonstrate
the realisation of the integrated views for the automation of the monitoring services across the
different manufacturing and supply chain operations. In the ARCELIK case, we focus on the
monitoring of the production capacity (UC 1.4) and inventory management (UC 1.5). In the same
screen, we provide the front-end realisation integrated view for the captured events and alerts, as a
result of UC 2.1 - UC2.15.
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Figure 5-9: The ARCELIK use case – home page.

Figure 5-10 digs into the details of the separate monitoring processes for the factory operations. It,
thus, presents how the use cases for monitoring the operation of machines and manufacturing lines
and the process for the production capacity utilisation are further instantiated for the ARCELIK case
(UC 1.3 and UC 1.4).
Figure 5-11 shows the overview of the events captured by the DISRUPT CPS or produced after the
analysis of the data collected and aggregated into the DISRUPT data collection framework (UC 2.1 –
UC 2.15). It is noted that this mock-up user interface integrates the use cases for predicting events
(UC 2.8 and UC 2.14), as well as manually managing events from human resources (UC 2.15).
Further to it, Figure 5-11 integrates the result from the implementation of UC 3.1 – UC 3.4, which
relates to the impact of detected or predicted events in the current production planning and
scheduling operations in the ARCELIK environment.
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Figure 5-10: The ARCELIK use case – monitoring the factory ecosystem.
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Figure 5-11: The ARCELIK use case – overview of events and their impact.
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Figure 5-12: The ARCELIK use case – handling events through alternatives.

Figure 5-12 shows the realisation of the use cases for handling events through suggesting alternative
production planning and scheduling (UC 4). This screen also implements the interaction of the
DISRUPT environment with the ARCELIK stakeholders to change the production configuration model
for simulation (UC 5.1 and UC 5.2). It is noted that this is the same view as in Figure 5-5.
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Figure 5-13: The ARCELIK use case – evaluating alternatives and their impact to production.

In Figure 5-13, we present how the use cases for evaluating the alternatives (UC 5) are visualised to
the ARCELIK end users. This mock-up visualisation provides an integrated view for the evaluation of
an alternative via KPIs. The comparison of the two alternatives is implemented in the mock-up screen
visualisation of Figure 5-14. It is noted that these mock-up screens are the same views as in Figure
5-6 and Figure 5-7.
Finally, Figure 5-15 realises the front-end mock-up visualisation of the UC 6 use cases for
implementing the selected alternative. It integrates the interactions of the ARCELIK end users with
UC 6.1 – UC 6.3 in the same view. It is noted that this is the same view as in Figure 5-8.
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Figure 5-14: The ARCELIK use case – comparing alternatives.
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Figure 5-15: The ARCELIK use case – implementing selected alternatives.
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6 Towards Architecture, Modules and System Requirements
6.1 From Use Cases to System Architecture
Use cases elicitation has resulted in a set of use case categories that define the required system
functionality, for achieving the user requirements as they were expressed in terms of operational
change goals. A partial view of the correspondence between change goals and system use cases is
shown in Figure 4.1 at Section 4.1. The complete list can be found in the Annex B.
These use case categories indicate the required DISRUPT capabilities that are motivated by the
operational change goals. It should be noted that DISRUPT system capabilities are not intended to
replace existing capabilities, rather DISRUPT is considered as an addon tool aiming to complement
existing capabilities (such as Inbound Logistics or Production Scheduling), in order to support the
management of disruptive events that arise in each case. However, the way DISRUPT will affect
existing capabilities depends on the way that a manufacturing enterprise decides to exploit the
capabilities of the DISRUPT system (e.g. FCA/CRF wishes to use DISRUPT to support management of
disruptive events in the context of Inbound Logistics and Production Scheduling whilst ARCELIK
focuses only on Production Scheduling).
According to the DISRUPT requirements modelling conceptual framework, introduced in D1.3, each
DISRUPT capability entails the existence of certain skills (abilities) which will be provided by physical
assets (capacities). These physical assets, correspond to the DISRUPT system components or
modules, while the associated abilities correspond to the modules (required) functionality. As shown
in Figure 2-1, there is a many-to-many relationship between required capabilities and motivating user
change goals which implies a relation between the required capabilities, either in terms of common or
collaborating capacities. For the identification of the right capacities and their interactions close
collaboration with the DISRUPT technology providers was required in multiple online and face-to-face
workshops.
This process has resulted in the construction of the DISRUPT capabilities model shown in Figure 6-1
which defines five main DISRUPT capabilities denoted as Operational Monitoring, Alerting, Decision
Support, Actualisation and Knowledge Modelling. For each capability the required capacities (modules)
and their abilities are also indicated. For example, Operational Monitoring capability deploys the
following resources CPS, Data Collection Framework, DISRUPT Controller and CloudBoard having the
knowledge and software ability to Generate and Collect operational data, to Determine the current
operational state based on this data and to Establish Awareness regarding the current state.

The

required DISRUPT functionality is possible because of capabilities CAP1-CAP5 as well as because of
the collaboration between these capabilities. For example, Alerting collaborates with Knowledge
Modelling for estimating the impact of events in a certain enterprise setting.
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Figure 6-1: DISRUPT Capabilities Model

This cooperation is further detailed in the corresponding DISRUPT actor dependency model shown in
Figure 6-2. Actor dependencies define the DISRUPT system boundaries in terms of the external
(human or physical) actors interacting with the DISRUPT modules (shown inside the shaded area).
This model also describes the type of interaction between external actors and DISRUPT modules as
well as between DISRUPT modules in terms of task and resource dependencies. The former denotes
that an actor relies on another actor for the provision of some service, while the latter means that
one actor relies on another for the provision of some resource (information).
The above figure highlights the separation between DISRUPT system and its environment
(Operational Actors, Domain Experts, Machines and Legacy Systems). The first two actors are the
DISRUPT system users, whilst machines and legacy systems form the DISRUPT ecosystem.
Another issue highlighted in this model is the separation of concerns of Operational Actors (run time
concerns) and Domain Experts (design time concerns). The former refers to the functionality for
managing disruptions at run time (use case categories 1-5) whilst design time concerns refer to the
building of the domain knowledge necessary for supporting run time functions (use case category 6).
The above issues are further elaborated in D2.1.
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Figure 6-2: DISRUPT operational model

The two models described above reflect the user vision regarding the DISRUPT system. Moreover,
Figure 6.3 presents an overview of the proposed DISRUPT architecture, which enables the integration
of desired services within different interacting DISRUPT modules. A critical element of the
architecture the Data Collection Framework (DCF) module (shown in the middle of Figure 6.3); the
elements below the DCF represent a typical manufacturing environment and include the Plant Floor,
Enterprise Information Systems (EISs) and ICT systems of Value Chain Partners. The Plant Floor will
be accessible through Cyber-physical systems (CPS) module which is implemented through a network
of sensors, actuators and embedded hardware and software. The DCF highlights the fact that any
elements in the architecture can be interconnected as needed in an interoperable and modular
manner. This might be implemented, for example in terms of the Data Distribution Service (DDS [6]),
one of the interconnection standards evaluated by the reference architecture IIRA [1] [7]. DDS is a
logical data bus based on the publish-subscribe model that supports flat and hierarchical data bus
organizations. The suitability of DDS and other interconnection standards for the DISRUPT
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architecture will be evaluated at a later stage, once module interoperability (discussed below) is
better defined.

Figure 6-3: Proposed DISRUPT Architecture

Central to the DISRUPT architecture are both the visualization dashboard (the DISRUPT Cloudboard)
and the Cloud-based Controller (the DISRUPT Cloud Controller) through which all other modules will
become accessible and coordinated as required under the various tasks involved in a use case. The
dashboard (top center in Figure 6-3) will be the user interaction component which will reflect the
efficiency and usability of the DISRUPT platform. It will enable users to launch tasks in order to: i)
have an overall view of resources in operation and existing systems, made available to properly
configure manufacturing planning processes; ii) access the results of complex data analytics to assess
the impact of current plans; iii) receive support in making efficient decisions on the calibration of
their planning processes through modelling, simulation and optimisation technologies (top left in the
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Figure 6-3); iv) manage and control the optimisation of planning workflows through selective use of
tools and services offered within the DISRUPT platform.
The Cloud Controller will be responsible for executing the tasks users will invoke through the
Dashboard, integrating the required services in one or more DISRUPT modules, and establishing
communication channels between the selected services. For example, a typical event detection task
will involve a data collection service within the DCF module and a combination of complex event
processing and data analysis service within the CEP and Data Analytics modules.
Service interoperability will be based on the schematic representation of manufacturing processes via
established semantics; thus, a task will be represented and managed as a set of interacting
semantically analyzed objects. For this purpose, the Modelling module (top left in the figure) will
provide a meta-model that considers the factory both as a whole for vertical integration and as part
of the value chain for horizontal integration. This meta-model will be the confluence of meta-models,
each corresponding to the fundamental functionalities in each DISRUPT module, in each EIS and in
each ICT system of value chain partners. Thus, the factory meta-model will be embedded into the
Cloud-based Controller.
Additional elements should be also considered in order to define the DISRUPT architecture, including
non-functional aspects such as modularity, interoperability and service orientation as indicated in the
design principles of Industry 4.0. To address these issues the definition of the DISRUPT architecture
will take advantage of existing Reference Architectures such as Industrial Internet Consortium
Reference Architecture (IIRA [1]) and the Reference Architecture Model Industry 4.0 (RAMI4 [4]).
The definition of the DISRUPT architecture will be described in D2.2.

6.2 Use Cases per DISRUPT Module
This section maps the Use Cases with the respective DISRUPT system modules. During the procedure
of consolidating the collected user requirements to obtain high level requirements (Section 4.1), and
the derivation of Use Cases from those, it became apparent that there are groups of Use Cases that
correspond, and thus will be handled, by specific DISRUPT modules or the collaboration of specific
DISRUPT modules. This can also be easily observed visually in the detailed mapping of Use Cases to
DISRUPT modules that is provided in Table 6-1. Note that this mapping is not exhaustive. Its purpose
is to indicate the main relations between DISRUPT modules and Use Cases.

1.1
1.2

Monitor containers location
and delivery status during
their transportation
Monitor the unloading
process at docking stations

●

●
●
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CloudBoard

Cloud
Controller

DCF

Optimisation

Simulation

Modeling

CPS

Data Analytics
+CEP

UC Name

UC No

Table 6-1: Mapping Use Cases to DISRUPT modules

●
●

●

●

1.4
1.5

Monitor the operation of
machines and manufacturing
lines
Monitor the production
capacity
Monitor the expected supplies
status

1.6

Monitor incoming orders

2.1

Issue an event about a delay
in the delivery of containers

2.2

2.3

2.4
2.5
2.6
2.7
2.8
2.9

2.10
2.11
2.12

Issue an event about a delay
in the unloading process at
docking stations
Issue an event about
malfunctions in machines,
manufacturing lines and
production processes
Issue an event about
insufficient production
capacity
Issue an event about supplies
depletion
Issue an event about changes
in the orders
Issue an event about the
inability to execute production
schedule
Predict a delay in the delivery
of containers
Predict a delay in the
unloading process at docking
stations
Predict malfunctions in
machines, manufacturing
lines and production
processes
Predict insufficiencies in the
production capacity
Predict issues about supplies
depletion

●

●

●

Cloud
Controller
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
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●
●

●

●
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●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Predict changes in the orders

2.14

Predict the inability to
execute production schedule

●

2.15

Declare and edit an event

●

3.2

DCF
●

●

●

Optimisation

●

2.13

3.1

Simulation

Modeling

CPS

Data Analytics
+CEP

UC Name

UC No
1.3

CloudBoard
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Estimate the impact of a
delivery delay
Estimate the impact of
production line slowdown or
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breakdown
3.3.

Estimate the impact of
production material
unavailability

●

●

●

●

3.4

Estimate the impact of new
orders

●

●

●

●

4.1

Provide alternative for optimal
production scheduling

●

●

●

●

●

●

●

●

4.2

4.3

5.1
5.2
6.1

Provide alternative for delays
in delivery
Provide combination of
production schedule,
transportation plan and plan
for activities at docking
stations

●

Evaluate production schedule
Evaluate transportation plan
and activities at docking
stations
Re-sequence production lines
automatically

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

6.2

Actualize a specific production
schedule

●

●

●

6.3

Actualize an updated
transportation plan

●

●

●

7.1

Model the enterprise
organisational environment

●

●

●

●

●

●

●

●

7.2
7.3
7.4

Model the process maps
Model the production
processes
Model the decision processes

This mapping of Use Cases to modules enables us to have an overview of which use case category is
handled by which module(s):
▪

Monitoring the in-bound logistics and production processes (UC_1.x) is mainly implemented by
the CPS module with respect to the delivery of containers and the operation of machines and
production lines, while all other cases are handled by the collaboration of the Controller with
the Data Collection Framework (DCF), which retrieves the corresponding information from the
organisation's enterprise and manufacturing systems. Visualisation of the monitoring activities
is implemented by the CloudBoard.
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Capturing events and generating alerts (UC_2.x) is mainly provided by Data Analytics (for
predicted events) as well as CEP and CPS (for actual, detected events). The Controller also
handles some cases, especially those which require examining the current or predicted
production capacity; for such Use Cases, Simulation is utilised to obtain an estimation.
Visualisation of captured events is provided by the CloudBoard.

▪

Quantifying the impact of identified events on the current plan (UC_3.x) is mainly dealt by the
Simulation module, which is built upon the production models offered by the Modeling module
and revoked by the Cloud Controller. Quantification results are visualised by the CloudBoard.

▪

Providing alternatives for handling events (UC_4.x) is mainly covered by Optimisation, which
uses Modeling to obtain the production models; note that Optimisation may also use Simulation
to obtain estimation on provisional solutions in order to improve the quality of the finally
produced production schedule. It is revoked by the Cloud Controller, while the alternatives are
provided to users via the CloudBoard.

▪

Evaluating alternatives (UC_5.x) is mainly provided by Simulation, which uses Modeling to
obtain production models. It is also revoked by the Cloud Controller and visualised via the
CloudBoard. Note that Optimisation may also provide impact estimation metrics on the
produced solutions.

▪

Actualising the selected alternatives (UC_6.x) is handled by CPS (as per automatically resequencing production) and by the collaboration of the Controller, the DCF and the CloudBoard
for informing all related actors and stakeholders.

▪

Modelling the manufacturing knowledge (UC_7.x) is provided by the Modelling module and
enables the operation of all other modules (hence we may consider that Modeling facilitates all
Use Cases).

Let us examine the above table in more detail by pivoting in order to discuss in brief how each
module is related to specific groups of Use Cases.
Data Analytics and CEP: This module comprises the core of DISRUPT's event capturing
mechanism. The CEP part is responsible for capturing actual events (UC_2.1, 2.3, 2.5), while the Data
Analytics part is mainly utilized in providing the predictive set of rules and capturing predicted events
(UC_2.8-2.13).
CPS: The CPS module is mainly used to monitor processes of inbound logistics during transportation
(UC_1.1) and the operations of test lines (UC_1.3); whenever a deviation is detected, it issues a
corresponding event (UC_2.1, UC_2.3). Moreover, with respect to the actualization of decisions, it
enables re-sequencing production lines automatically (UC_6.1) to efficiently implement changes to
production.
Modeling: The Modeling module enables modeling the manufacturing knowledge (UC_7.1-7.4), as
per the organisational environment, manufacturing and decision processes. In that regard, and since
DISRUPT will be based upon the developed models, it may be considered that Modeling spans
horizontally throughout all use cases facilitating the rest of the modules to address them.
The modelling could play three different roles a) externalization of the intention of the decision maker
in order to help the developers of the components to adjust the DISRUPT platform to the needs of
the decision maker b) configuration of DISRUPT components interpreting models as a smart way to
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influence the behavior of the software components and c) processing of models to describe, calculate
or even predict the behavior of the production ecosystem.
Simulation: The Simulation module enables estimating the impact of events (UC_3.1-3.4) while also
enabling the identification of production capacity inefficiencies (UC_2.4, UC_2.7, UC_2.14). Moreover,
it allows evaluating the alternative actions for handling the occurring events (UC_5.1-5.2), while it
may offer this evaluation as input to the Optimisation module (UC_4.1).
Optimisation: The Optimisation module is responsible for optimising procedures both in production
and in transport and dock management. In that regard, it provides the optimal production schedule
based on the configuration of production, events and orders and evaluates this schedule based on
given KPIs (e.g., robustness, tardiness etc) (UC_4.1), offers alternatives for inbound logistics
operations (UC_4.2) and enables re-scheduling of production to address delays in the delivery of
components (UC_ 4.3). Moreover, for the calculated solutions to the corresponding optimisation
problems, it offers a set of values enabling the evaluation of these solutions (UC_5.1, UC_5.2).
Data Collection Framework: The DCF is vital for the use cases that require collecting data from
various data sources. In that regard, the DCF is mainly related to most of the monitoring use cases
(UC_1.3-1.6) and issuing events about changes in production (UC_2.6). Note that, apart from these
use cases where DCF plays a central role, it may also be utilised to enable other use cases as well,
providing, e.g., current information for production operations to Simulation or Optimisation. This is
not depicted in this mapping, since in such cases the role of DCF is auxiliary.
Cloud Controller: The Cloud Controller offers functionalities related to monitoring manufacturing
procedures (UC_1.2-1.6) by receiving and manipulating the related data that DCF fetches from
Enterprise Information Systems (EISs) (ERP, MES etc.), while also issuing events on incoming orders
(UC_2.6). Moreover, it enables declaring and editing an event (UC_2.15). As with DCF, the Cloud
Controller also has an auxiliary role in other use cases as well, most notably again with respect to
decision support.
CloudBoard: The main role of the CloudBoard is to provide a visualisation of all information
gathered, captured, processed and produced by DISRUPT, whether it is related to production,
inventories, and incoming orders or to inbound logistics, to events that arise and to the evaluation
and comparison of alternatives for handling these events. In that regard, its role is horizontal for the
DISRUPT platform, spanning almost across all use cases.

90

User Requirements, Data Requirements and Management

D1.4

7 Conclusions
The purpose of this concluding section is to discuss the significance of this deliverable regarding not
only DISRUPT but also the broader debate and investigation on the platforms and technologies
enabling Industry 4.0's main aspects. Let us recall in brief from Section 3.2 the main groups of
requirements, namely (i) the monitoring of the in-bound logistics and production processes and via
this (ii) the capturing of specific events (actual or foreseen), followed by (iii) the quantification of
events' impact on the shop floor, (iv) the provision of (already encoded or optimisation - generated)
alternatives handling impactful events and (v) the evaluation of alternatives against specific
performance measures. We leave aside for the moment the last two groups of Section 3.2, which
refer to the actualization and the modeling of the above (without of course ignoring their importance
for DISRUPT's end-users).
The above classification of requirements, following the goal-oriented analysis of D1.3, is, to the best
of our knowledge, absent as such in the academic literature. This does not mean that these
requirements have not appeared elsewhere. Indicatively, notice that points (iii)-(v) mentioned above
are strongly related to DISRUPT's Decision Support Toolkit (comprised by modeling, simulation and
optimization); then, this interplay between monitoring and decision support (in more traditional
terms: data collection and quantitative analysis) is not new, although being revisited in the
manufacturing domain under the notion of 'energy-awareness' [12] and sustainability. Interestingly,
Industry 4.0 is being examined as a novel pathway not only to factory automation but also to
sustainable business models [13].
Moving back to the shop floor, groups of requirements (i)-(ii) are widely discussed as part of the CPS
and Industry 4.0 literature, with only a handful of real-life cases [14] and numerous visionary papers
(e.g., regarding lean production systems [15]). Hence, it is now widely-accepted that Industry 4.0 will
allow advanced capabilities of real-time monitoring, data collection and CPS in terms of hybrid control
architectures [16]. What remains non-trivial is the actual deployment and evaluation of such
technologies (especially in production lines incorporating legacy production and/or information
systems) and, most importantly, their effect on enabling responsive and de-centralized decision
making (as the DISRUPT requirements and business cases appear to ask for).
We should mention that CPS alone has admitted a variety of prototype implementations, mostly
focusing on self-organisation and control of devices within a network of both physical and cyber
elements. Such implementation is often reported as part of EU-funded research projects, achieving a
high TRL [17]; it is noteworthy that the challenges listed in p.23 of that paper relate to several
DISRUPT aims (e.g., 'Optimisation in CPS and their application', 'Transformation of CPS data and
information analytics to actionable knowledge' or 'Knowledge-driven decision making/management'),
which are in turn shaped into coherence Use Cases in this deliverable. Analogous arguments
regarding self-optimized production systems appear in other recent papers [18].
Beyond aspiring to effectively combine monitoring and CPS with decision-support, DISRUPT adopts
another important perspective. The shop floor can be well-improved via Industry 4.0 technologies yet
not much can really be gained unless the broader value chain is also coordinated. The 'inboundlogistics' business case examined here gives rise to further insights and requirements surrounding
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factory automation and this is exactly a critical perspective for Industry 4.0 [19]; this paper lucidly
discusses why a supply-chain-wide ERP is necessary only to coordinate in real-time the production in
suppliers of manufacturing parts. It also nicely states the following, upon which this deliverable also
draws.

"Existing academic literature lacks a clear and common definition of the Industry 4.0 concept.
Therefore, the image of Industry 4.0 is still quite fuzzy, both among researchers and especially
among practitioners. This impression was confirmed by the interviews that were conducted in the
context of this paper. Against this backdrop, future research should aim to establish a more precise
understanding of what the (constituent) characteristics of Industry 4.0 are, especially for different
business sectors or areas of application."
Hence it is not surprising that the most recent academic literature on Industry 4.0 and supply chain
management restricts itself to the successful integration of IoT services within ERP systems [20]. It is
therefore reasonable that a recent proposal for a research agenda [21] emphasizes on the role of
collaborative research effort and also real-life applications in order to reach a sufficient common
understanding of Industry 4.0 main aspects within and beyond the factory floor. It remains our aim
and hope that such an understanding will also be extracted within DISURPT's WP1 and WP2.
Last, we should note that the list of requirements and Use Cases discussed in this deliverable rely
strongly on events as a means for loosely coupling different sub-systems (i.e., DISRUPT modules),
while also ensuring a close coordination between the physical and the virtual 'twins' (machines,
materials, orders, etc.). Such an approach is rather novel and not widely used or validated, thus
signifying perhaps the most obvious DISRUPT innovation. Still, we should acknowledge the 'Line
Information System Architecture' (LISA), as the sole CPS-coordinating event-driven architecture
aimed at manufacturing [22]. DISRUPT's effort moves beyond that, mainly in the sense of using
events in combination with the alternatives handling them and allowing the end-user to select which
alternative actions are to be deployed; i.e., DISRUPT aims at exploiting events not only among CPS
systems but also on higher decision levels like production plans or schedules or order management.
In summary, we consider this deliverable an important step in shaping DISRUPT's use-cases of WP1
(and hence system cases of WP2) and, in addition, the culmination of a focused and deep research
on the main aspects, goals and requirements of an event-driven Industry 4.0 reference architecture
that combines monitoring with decision support.
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Annex A: User Requirements Narratives
Table A-7-1: CRF User Requirements for the Management of Inbound Logistics Business case
UR
ID

User Requirement

Level 2
Change Goal
ID

Change Goal Description

1

The user wishes to monitor automatically the components delivery status.

1.1.1

To automate monitoring of the delivery of
components from suppliers (introduce)

2

The user wishes to be informed about possible delays in the delivery of components (critical and
non-critical)

1.1.1

To automate monitoring of the delivery of
components from suppliers (introduce)

3

The user wishes to monitor automatically the position of components during their transportation

1.1.2

To automate monitoring of transportation plan
through CPS (introduce)

4

The user wishes to monitor the unloading process of components in the dock stations

1.1.3

To automate monitoring of material handling at
dock stations through CPS (introduce)

5

The user wishes to be informed about verified delays in the unloading process of critical components
(i.e., wishes these delays to be detected as 'events') at the plant's dock stations.

1.1.3

To automate monitoring of material handling at
dock stations through CPS (introduce)

6

The user wishes to be informed by predicted delays of components in the near future. All type of
delays need to be included.

1.1.4

To automate anticipation of events (introduce)

7

The user wishes to know in a quantified manner the impact of all actual delays on the current
production plan

1.2.1

To quantify the impact of events on current plan
(Introduce)

8

The user wishes to know in a quantified manner the impact of anticipated delays or relevant events
on the current plan, once such events or delayed have been automatically predicted

1.2.1

To quantify the impact of events on current plan
(Introduce)

9

The user wishes to be offered with a set of alternatives for changing the production plan in response
to delays

1.2.2

To automate the identification of alternative
courses of action (introduce)

10

The user wishes to be offered with a set of alternatives for changing the transportation plan in
response to delays

1.2.2

To automate the identification of alternative
courses of action (introduce)
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11

The user wishes to be offered with a set of alternatives for changing the activities at the dock
stations in response to delays

1.2.2

To automate the identification of alternative
courses of action (introduce)

12

The user wishes to be offered with a set of alternatives including a combination of changes in the
production plan and/or the transportation plan and/or the activities at the dock stations in response
to delays

1.2.2

To automate the identification of alternative
courses of action (introduce)

13

The user wishes to know how each alternative affects the production plan and the logistics and plant
KPIs

1.2.3

To automate the feasibility evaluation of
alternative courses of action (through various
KPIs)

14

The user wishes to know how the alternatives of changing the transportation mode affects the
logistics and plant KPIs

1.2.4

To automate the estimation cost of changing
transportation mode (introduce)

15

The user wishes to know how each one of the speeding up activities at the dock stations affects the
logistics and plant KPIs

1.2.5

To estimate cost of speeding up activities at
dock stations (introduce)

16

The user wishes to be able to declare an event that has been recognized and then initiate the
identification of alternative courses of action
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Table A-7-2: CRF User Requirements for the Ecosystem-aware, Event-enabled Production Planning and Control Business Case
UR
ID

User Requirement

Opetaional
Change Goal ID

Change Goal Description

17

The user wishes to automatically identify any issues with respect to
the quality of materials

2.1.1

To automate monitoring of quality of materials (introduce)

18

The user wishes to be automatically informed about any issues related
to the quality of materials

2.1.1

To automate monitoring of quality of materials (introduce)

19

The user wishes to automatically monitor the availability of the
materials (BUILT-in house and outsourced materials)

2.1.2

To automate monitoring of availability of materials (introduce)

20

The user wishes to be informed about any issues that may raise due
to the unavailability of materials related to critical components

2.1.2

To automate monitoring of availability of materials (introduce)

2.1.3

To automate monitoring of process quality (improve)

2.1.3

To automate monitoring of process quality (improve)

21
22

The user wishes to automatically identify any issues with respect to
the process quality
The user wishes to be automatically informed about any issues related
to the process quality

23

The user wishes to know the quantity of the materials currently in
stock

2.1.4

To automate monitoring of supplies status (introduce)

24

The user wishes to be automatically informed about any issues related
to the supplies status e.g. delays at the receiving products

2.1.4

To automate monitoring of supplies status (introduce)

25

The user wishes to monitor the operation of manufacturing systems in
real time

2.1.5

To automate monitoring of manufacturing systems (improve)

2.1.5

To automate monitoring of manufacturing systems

2.2.1

To automate the re-sequencing in case of event related to critical
components (introduce)

2.2.2

To automate impact analysis on current production plan (introduce)

26
27

28

The user wishes to be automatically informed about malfunctions in
manufacturing systems
The user wishes the system to automatically adjust to handle the
approved changes in the production plan when responding to events
related to critical components.
The user wishes to know in a quantified manner the impact of any
production related issues on the current production plan
(materials unavailability, delays, machines breakdown)
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The user wishes to be offered with a set of alternatives for changing
the production plan in response to materials unavailability, delays,
machines breakdown
The user wishes to be able to characterize alternative schedules that
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Derived by the scenarios presented in D1.2 (Section 5.1)
Derived by the scenarios presented in D1.2 (Section 5.1)

31

The user wishes to know how specific changes in the production plan
affect the timely processing of client orders

2.2.3

To automate the impact estimation of plan on client orders processing
(introduce)

32

The user wishes to know whether changes in the production plan are
feasible given the current status of material supplies

2.2.4

To automate the impact estimation of plan on the feasibility of materials
sourcing (Introduce)

33

The user wishes to know how specific changes in the production plan
affect the availability of materials for the orders that follow within a
user-defined time horizon.

2.2.4

To automate the impact estimation of plan on the feasibility of materials
sourcing (Introduce)

34

The user wishes to know how the new production plan affect the
production processes

2.2.5

To automate the impact estimation of new plan on manufacturing systems
(Introduce)

35
36

The user wishes to have an integrated view of the material and the
supplier order changes in order to estimate the feasibility of
alternative schedules
The user wishes to apply the best alternative at the current
production processes

Derived by the scenarios presented in D1.2 (Section 5.1)
Derived by the scenarios presented in D1.2 (Section 5.1)
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Table A-7-3: ARCELIK User Requirements for the Market-driven Production Reconfiguration, Scaling and Optimisation Business Case
UR
ID

User Requirement

Level 3
Change Goal
ID

Change Goal Description

1

The user wishes to know the current production capacity of each manufacturing
system and production lines

1.1.1.1

To automate capacity calculation in real time (introduce)

2

The user wishes to be informed if the production capacity is not sufficient for the
incoming orders

1.1.1.1

1.1.1 To ensure production capacity is sufficient for incoming
orders (improve)

3

The user wishes to monitor the quantity of the materials in the inventory

1.1.1.2

To manage inventory of materials and semi-finished products

4

The user wishes to monitor the quantity of semi-finished products in the inventory

1.1.1.2

To manage inventory of materials and semi-finished products

5

The user wishes to be informed if the stock of materials is not sufficient for the
incoming orders

1.1.1.2

To manage inventory of materials and semi-finished products

6

The user wishes to be informed if the stock of semi-finished products is not
sufficient for the expected incoming orders

1.1.1.2

To manage inventory of materials and semi-finished products

7

The user wishes to know if the production schedule cannot be executed efficiently
given the production capacity and the availability of materials

1.1.1.2

To manage inventory of materials and semi-finished products

8

The user wishes the system to allocate resources based on production plan

1.1.1.2

To manage inventory of materials and semi-finished products

9

The user wishes to know which production lines and manufacturing systems are
automatically configured and which need to be manually handled, based on the
current production plan.

1.2.2

To automate line configuration management

10

The user wishes the system to configure the production lines automatically based
on the current production plan.

1.2.2

To automate line configuration management

11

The user wishes to be informed automatically about changes in orders.

2.1.1.

To automate monitoring of order changes
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12

The user wishes to automatically identify any issues with respect to the quality of
materials

2.2.1

To monitor quality of materials

13

The user wishes to be automatically informed about any issues related to the
quality of materials

2.2.1

To monitor quality of materials

14

The user wishes to automatically monitor the availability of the materials (BUILT-in
house and outsourced materials)

2.2.2.1

To automate monitoring of material availability

15

The user wishes to be informed about any issues that may raise due to the
unavailability of materials related to critical components

2.2.2.1

To automate monitoring of material availability

16

The user wishes to share information on availability of materials in the production
line with all related actors.

2.2.2.2

To automate information sharing

17

The user wishes to monitor the operation of manufacturing lines.

2.2.3

To monitor production lines (Improve)

18

The user wishes to be informed about malfunctions in manufacturing lines

2.2.3

To monitor production lines (Improve)

19

The user wishes to be able to automatically and in real time monitoring the
machines and the EC lines

2.2.3

To monitor production lines (Improve)

20

The user wishes to be able to receive live notification from the EC lines and
machines about any problems and malfunctions

2.2.3

To monitor production lines (Improve)

21

The user wishes to track their production lines efficiency

2.2.3

To monitor production lines (Improve)

22

The user wishes to know the critical components in the production plan, identifying
critical paths and bottlenecks in manufacturing lines and components.

2.2.3

To monitor production lines (Improve)

23

The user wishes to monitor the impact of a given production plan across the
production lines.

2.2.3.1

To automate impact analysis

24

The user wishes to know the impact of the revised production on the timely
processing of customer orders.

2.2.3.1

To automate impact analysis

25

The user wishes to know the impact of the revised production schedule on the
aggregate production plan.

2.2.3.1

To automate impact analysis
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26

The user wishes to know the impact of the revised production schedule to the
production lines (e.g. new critical components, bottlenecks etc.)

2.2.3.1

To automate impact analysis

27

The user wishes to be able to postpone an order as a result of not applicable rescheduling based on disruptive events, informing all related actors

2.4.1

To manage order postponement

28

The user wishes to be able to cancel an order as a result of not applicable rescheduling based on disruptive events, informing all related actors

2.4.2

To manage order cancellation

29

The user wishes to be able to negotiate an order with other plants as a result of not
applicable re-scheduling based on disruptive events, informing all related actors

2.4.3

To negotiate with other plants

30

The user wishes to be automatically provided with a revised production schedule
handling the disruptive (actual or expected) events.

2.5.1

To automate the production of revised schedule according to
events

31

The user wishes to be informed about disruptions (actual or expected) in the
production lines.

2.6.1

To automate events' anticipation

32

The user wishes to be informed about expected changes in orders from clients,
including other factories.

2.6.1

To automate events' anticipation

33

The user wishes the system to provide optimized solutions when inefficiencies are
recognized

Derived by the scenario 3 presented in D1.2 (Section 4.1)

34

The user wishes the system to optimize production processes by taking into account
the customer orders

Derived by the scenarios 4 presented in D1.2 (Section 4.1)

35

The user wishes to be able to automatically and in real time monitor disruptions in
the production processes

Derived by the scenarios 6 presented in D1.2 (Section 4.1)

36

The user wishes to be automatically informed about the problems (e.g. in
production processes)

Derived by the scenarios 6 presented in D1.2 (Section 4.1)

37

The user wishes to know in a quantified manner the impact of the problems in
production processes on the current production plan

Derived by the scenarios 6 presented in D1.2 (Section 4.1)

38

The user wishes to have a recovery plan to production processes problem

Derived by the scenarios 6 presented in D1.2 (Section 4.1)
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Notes on CPS, CEP and Predictive Analytics workshop, March 17, 2017
ARCELIK workshop - Participating partners: ARCELIK, SAG, CNR, AUEB, ATC, UNIMAN
ARCELIK - CPS:
•

•

The data (energy consumption, heat, etc.) that are collected in real-time from the machines
need to be examined to check whether an analysis can be implemented at the corresponding
cell. The data should be examined both for structure and availability. The purpose of such an
analysis at that level should also be established.
There are predetermined configurations for some of the machines, which are currently
changed by the corresponding personnel manually but through automated procedures at the
plant floor. It must be examined whether it is possible for a Cyber-Physical module to match
the programmed production schedule to the corresponding configuration of the production
line and to dispatch this information automatically to the corresponding machine at the plant
floor.

ARCELIK - CEP and Predictive Analytics:
•

•

•

The data (energy consumption, heat, etc.) that are collected in real-time from the machines
need to be examined both for structure and availability. Moreover, the reasoning on top of
that data needs to be established; for instance, what constitutes an event (e.g., a raise in the
heat sensor) and what kind of events there are (warning, alarm, etc).
On the same data set (i.e., the one collected from the plant floor), it should be examined
whether predictive models can be created that may subsequently be used in order to predict
events related to those machines. This means examining:
o the structure of the data
o the availability of historical data on these machines spanning as much of a time
period as possible
o the correlation of this data with events that subsequently happened (hence creating
patterns for event recognition)
The data from incoming urgent/non-scheduled orders must be examined to establish whether
predictive analytics can be applied to create a model for predicting similar events. This
requires collecting from the incoming urgent/non-scheduled orders, what was ordered from
which customer and in which time period. In order for such an approach to work, this data
must be quantified and reasoned with (e.g., what kind of event probed such an order), while
great volumes of historical data is required for training such a module.

ARCELIK - Data collection:
•

ARCELIK needs to identify the production lines that will be monitored and utilized by
DISRUPT. This means that ARCELIK needs to establish which parts of which lines have
automated data collection and which of this data is available online (and hence in real-time).
That is, ARCELIK needs to examine whether it will take further actions into automating data
collection further than what is done currently.

FCA workshop - Participating partners: CRF, SAG, CNR, AUEB, ATC, UNIMAN
CRF - CPS:
•

There is no need for a DISRUPT CPS module in production, since the corresponding factory
has already a fully functional CPS module in place.
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In inbound logistics, sensors have been placed in the boxes that are used to hold and carry
the components to the corresponding factory. Hence, the produced data needs to be
examined in order to establish whether it is possible to analyse this data in a Cyber-Physical
level. Hence, the following questions need to answered:
o What is the structure of this data?
o What kind of analysis is required, i.e., what is the objective?
o Where will this analysis take place (i.e., implementation issues on the computational
system requirements)

CRF - CEP and Predictive Analytics:
•

•

•

•

•

•

In inbound logistics, the collected data needs to be analysed and reasoned with to identify
events that may occur (e.g., What is an event? How can an event be detected based on this
data?). This kind of data must be correlated to the part of the supply chain where the
component currently is (e.g., a component not moving when onboard a container-ship
corresponds to a different event than when the same component has reached customs).
With respect to the same data set, it must be examined whether predictive analytics tools can
be established (data that span a large time horizon and are correlated with events that
happened is also required).
The data (energy consumption, heat, etc.) that are collected in real-time from the machines
(or production lines) need to be examined both for structure and availability. Moreover, the
reasoning on top of that data needs to be established; for instance, what constitutes an event
(e.g., a raise in the heat sensor) and what kind of events there are (warning, alarm, etc).
On the same data set (i.e., the one collected from the plant floor), it should be examined
whether predictive models can be created that may subsequently be used in order to predict
events related to those machines. This means examining:
o the structure of the data
o the availability of historical data on these machines spanning as much of a time
period as possible
o the correlation of this data with events that subsequently happened (hence creating
patterns for event recognition)
There is a need to explore ways to monitor and raise (actual or predicted) events on the
quality of materials (e.g., paint) or the semi-finished components:
o How to monitor the quality of materials or semi-finished components?
o What constitutes an event that can be identified through CEP?
o Can predictive analytics be applied?
There was no discussion on whether there is need or capability (e.g., data sources producing
data that can be analysed) to perform CEP or Predictive Analytics at dock stations. This
option needs also to be examined.

CRF - Inbound logistics optimization:
•

This must be examined with respect to the rest of the components of the Decision Support
Toolkit module. Hence, it must be examined whether this tool will act as a stand-alone
service or whether it will be integrated with the modelling and simulation tools that will be
developed for the inbound logistics business case of CRF. Such an integration creates
challenges in terms of obtaining the actual optimization model from the process model
created by BOC. Moreover, it must be examined whether its results will be used to feed the
corresponding simulation tool provided by SIMPLAN.
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Other notes:
•

It was identified that in a large part of the requirements in both the ARCELIK and the CRF
case, the related modules have not been correctly identified. Such errors are mainly based on
the misunderstanding of the role of CPS or Analytics as responsible for monitoring
procedures. It has been established that these modules are mainly responsible for analyzing
the data that is collected through the existing infrastructure. For simple comparisons between
scheduled and realized production, the Controller should collect all necessary info from the
corresponding Enterprise and/or Manufacturing Systems and DBs and display it through the
Dashboard. These changes will be applied to the list of requirements.

Notes on the Decision Support Toolkit workshop, March 17, 2017
FCA workshop - Participating partners: SIMPLAN, BOC, AUEB, ATC, UNIMAN
•

•
•

•
•

•

•

•

•

FCA has a detailed representation of the shop-floor that is updated with a real-time status of
the machines and helps the workers of the lines to identify issues and react to problems. The
available reactions are predefined alternative paths or actions that should be manually chosen
from the shop-floor managers. The available alternatives are not optimized and the selection
of the alternative is based on experience and history data.
FCA wishes to have an online DSS that is a DSS running as the back end of a dashboard of
the entire shop floor.
The dashboard could assume the form of a modelling tool, to be developed by BOC, but at a
high granularity level, that is the level of details normally shown by a simulation model. That
dashboard should show all machines and their status, plus the production orders (i.e., cars)
as they flow through production and component availability. Regarding components, that
factory view could also include details of the dock stations.
The dashboard should also include specific KPIs, goals and predictive analytics in order to
inform the managers in real-time about the projected performance of production.
At the back end of this dashboard, an event processor/detector would update the list of
events (which are the events should be clarified by FCA, e.g., delays in components or
machine breakdowns)
A simulator should run in intervals of, say, 15-30’, include all current events and simulate
under these events the factory for a pre-defined planning horizon (e.g., 1-2 months). In that
way, the impact of the current events on critical KPIs like JPH (job per hour) would be
‘continuously’ updated in a quantified manner.
The dashboard should then include, apart from the current status of the shop floor, an
automatically generated (i.e., via CEP) list of events plus an automatically generated (i.e., via
simulation) quantification of their impact on the current production plan.
The floor manager, depending on the impact of events on the current production plan, may
wish to examine alternatives that offset this impact. These alternatives should be hard-wired
(i.e., should have been represented formally in advance) in the form of alternative models of
the shop floor and alternative simulation models.
The only non-pre-defined alternative would be to call the optimizer in order for the latter to
suggest alternative schedules of the remaining production orders (such schedules are
automatically generated in the background in order to be offered quickly if the floor manager
wishes to examine them). The main optimisation objective is to minimize the number of
changes in the current production schedule.
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All these alternatives (i.e., the pre-defined ones or the ‘call optimiser’ alternatives) should
appear as available for the end-user to select one or more among them.
Once the alternatives are selected, simulation should run again to evaluate them and return
their impact on the current production plan. The floor manager then selects one among them
and orders for this alternative to be implemented in the shop floor.
The above procedure (i.e., to generate alternatives, to evaluate them and to select among
them) could also be performed in non-real-time: the floor manager could select a future
planning horizon and then examine a series of alternatives for production in order to plan
ahead.
What remains to be clarified includes which are the events, which are the plausible reactions
per event (e.g., changes in the order of production, changes in workers’ allocation), which
are the optimisation objectives and, mostly, which data can be automatically fetched into the
Decision Support Toolkit and which will be fetched in a semi-automatic manner.

ARCELIK workshop – Participating partners: SIMPLAN, BOC, AUEB, ATC, UNIMAN
•

•

•

•

•

•

•

ARCELIK has a new experimental dashboard under development. It provides a chart of the
performance of production (cycle time) with time and also the status of the machines utilized
for production with specific color indications that show if there was a delay on the specific
machine.
The problem is that even if the location of the problem is identified, the source of the
problem and the action that needs to be taken in order to resolve it with the best possible
way is unknown. The managers attribute the problem mainly to the slow machine operators.
The main solution that is applied is to swap workers between the slow and the fast machines
in order to balance the delay.
The ARCELIK floor manager and production planner wish to operate in a manner rather
similar to FCA but the emphasis is now mostly on optimization and in non-real-time
execution.
ARCELIK wishes to extend its current dashboard with more analytics in order to help them
identify and react to problems. As an analogue to FCA’s requirements, ARCELIK would like a
global monitoring dashboard of the production floor, where the whole shop-floor, the
assembly lines and the workstations would be shown with specific analytics and statistics
available for each one of them as well as the specific operations and products that are
performed on each of them.
That is, an online monitoring of the shop floor is required, together with a list of events. It
has not been so clear how the impact of these events will be evaluated, e.g., the role of
simulation in such a real-time evaluation appears less important.
This dashboard, through the Decision Support Toolkit should be able to provide suggested
measures to react to production problems. Those should include workers reallocation,
workstation reconfiguration, alternative production schedules, etc. ARCEKIK’s production
alternatives are probably going to be provided via the optimization module, since it appears
as the only module that can take notice of all the specialized production characteristics and
provide accurate production schedules.
Once a series of critical events occurs (here ‘critical’ must be further clarified and quantified),
the optimizer should automatically run in order to reactively re-optimise the current schedule
under a pre-defined hierarchy of objectives. The primary objective is to minimize the number
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of production orders completed after their due date, then to minimize the changes in the
current schedule and, last, to minimize the makespan.
The optimizer should generate multiple alternatives and list their performance regarding all
aforementioned objectives/KPIs and inform the floor manager that action is required to
counteract events and this action should be one of the alternative schedules suggested.
The floor manager should then evaluate the impact of each alternative, possibly via
simulation, and then select one among them, i.e., a schedule that replaces the current
schedule.
In a non-real-time mode, the planning department would like to call the optimizer by
selecting a future planning horizon and then examine a series of alternative schedules in
order to plan ahead.
What remains to be clarified includes which are the events, which are the plausible reactions
per event (e.g., changes in the order of production, changes in workers’ allocation), which
are the optimization objectives and, mostly, which data can be automatically fetched into the
Decision Support Toolkit and which will be fetched in a semi-automatic manner.
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Annex B: Relation between User Change Goals and System Use
Cases
Table B-7-4: Relation between User Change Goals and System Use

1.1.1 To automate

X

X

X

monitoring of the
delivery

of

components

from

suppliers
(introduce)

1.1.2 To automate
monitoring

X

X

of

transportation plan

Management of Inbound Logistics

(introduce)
1.1.3 To automate

X

X

X

X

X

monitor of material
handling

at

dock

stations (introduce)
1.1.4 To automate
anticipation

of

events (introduce)
1.2.1 To quantify
the

impact

X

X

of

events on current
plan (Introduce)

X

1.2.2 To automate

X

the identification of
alternative courses
of

action

(introduce)

X

1.2.3 To automate
the estimation of
changing
production

the
plan
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X

domain

knowledge

7 Model

solution

6 Actualise

solution

5 Evaluate

solution

2 Alert

4 Provide

Use Case Category

impact

Change Goal

3 Estimate

Operational

Case

1 Monitor

Business
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(introduce)
1.2.4 To automate

X

X

X

the estimation cost
of

changing

transportation
mode (introduce)

X

1.2.5 To estimate

X

cost of speeding up
activities

at

dock

stations (introduce)
2.1.1 To automate
monitoring
quality

X

X

X

X

X

X

of

materials

(introduce)

Ecosystem-aware, Event-enabled Production Planning and Control

2.1.2 To automate
monitoring

of

availability

of

materials
(introduce)
2.1.3 To automate
monitoring
process

X

X

of
quality

(improve)
2.1.4 To automate
monitoring
supplies

X

X

X

X

of
status

(introduce)
2.1.5 To automate
monitoring

X

of

manufacturing
systems (improve)
2.2.1 To automate
the

X

X

re-sequencing

in case of event
related to critical
components
(introduce)
2.2.2 To automate

X

impact analysis on
current production
plan (introduce)
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2.2.3 To automate
the

X

X

impact

estimation of plan
on

client

orders

processing
(introduce)
2.2.4 To automate
the

X

X

X

X

impact

estimation of plan
on the feasibility of
materials
sourcing(introduce)
2.2.5 To automate
the

impact

estimation of new
plan

on

manufacturing
systems (introduce)
1.1.1.1

To

X

X

Market-driven Production Reconfiguration, Scaling and Optimisation

automate capacity
calculation in real
time (introduce)
1.1.1.2 To manage
inventory

X

X

X

of

material and semifinished

products

(improve)

X

1.2.1 To automate
resource allocation
management
(introduce)
1.2.2 To automate
line

X

configuration

management
(introduce)
2.1.1 To automate

X

X

X

X

monitoring of order
changes
(introduce)
2.2.2.1

To

X

automate
monitoring

of
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material availability
(introduce)
2.2.2.2

To

X

X

automate
information sharing
(introduce)
2.2.3.1

X

To

automate

X

X

X

X

impact

analysis (introduce)
2.3.1 To automate
estimation for new
production

plan

(introduce)
2.4.1 To manage

X

X

X

X

order
postponement
2.4.2 To manage
order cancellation
2.5.1 To automate

X

X

the production of
revised

schedule

according to events
(introduce)
2.6.1 To automate

X

X

events anticipation
(introduce)
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Annex C: Relation between Use Cases, Change Goals and KPIs
Table B-5: Relation between Use Cases, Change Goals and KPIs

X

1.1.2 To automate
monitoring of
transportation plan
(introduce)

X

X

X

Soft Goals

User KPIs

Business KPIs

Sector KPIs

X

1.1.8 Minimise
lead-time updates

Frequency of
delivery lead-time
updates

Logistics costs

Total
Manufacturing
Cost per Unit
Excluding Materials

X

1.1.10 Minimise
transportation plan
updates

Frequency of
transportation plan
updates

Logistics costs

Total
Manufacturing
Cost per Unit
Excluding Materials

7. Model the manufacturing
knowledge

6. Actualise the selected
alternatives

5. Evaluate alternatives

4. Provide alternatives for handling
the events

3 . Quantify the impact of identified
events on the current plan

1.
Management of inbound
logistics

1.1.1 To automate
monitoring of the
delivery of
components from
suppliers (introduce)

2. Capture events and generate
alerts

User Case Categories

Monitoring the in-bound
logistics and production
processes

Operational
Change Goal
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1.1.4 To automate
anticipation of events
(introduce)

X

Soft Goals

User KPIs

Business KPIs

Sector KPIs

7. Model the manufacturing
knowledge

6. Actualise the selected
alternatives

5. Evaluate alternatives

4. Provide alternatives for handling
the events

3 . Quantify the impact of identified
events on the current plan

1.
1.1.3 To automate
monitor of material
handling at docking
stations (introduce)

2. Capture events and generate
alerts

User Case Categories

Monitoring the in-bound
logistics and production
processes

Operational
Change Goal

X

X

1.1.5 Minimise
warehouse to line
lead time of
materials

Decrease
warehouse to line
side lead-time

Warehousing costs

Total
Manufacturing
Cost per Unit
Excluding Materials

X

X

1.1.6 Increase no
of anticipated
events
1.1.7 Efficiency
event detection
1.1.9 Increase no
of detected events

Number of events
anticipated, Time
for event
anticipation,
Number of
disruptions,
Number of events
detected
automatically

Stockout costs

Total
Manufacturing
Cost per Unit
Excluding Materials
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1.2.2 To automate
the identification of
alternative courses of
action (introduce)

X

X

X

Soft Goals

User KPIs

Business KPIs

Sector KPIs

X

1.2.8 Maximise
effectiveness of
recovery process

Logistics costs

Total
Manufacturing
Cost per Unit
Excluding Materials

X

1.2.8 Maximise
effectiveness of
recovery process

Number of
alternative plans
generated, Time
gained in
generating
recovery plan,
Availability of JPH
loss, Availability of
number of
stockouts
Number of
alternative plans
generated, Time
gained in
generating
recovery plan,
Availability of JPH
loss, Availability of
number of
stockouts

Logistics costs

Total
Manufacturing
Cost per Unit
Excluding Materials

7. Model the manufacturing
knowledge

6. Actualise the selected
alternatives

5. Evaluate alternatives

4. Provide alternatives for handling
the events

3 . Quantify the impact of identified
events on the current plan

1.
1.2.1 To quantify the
impact of events on
current plan
(Introduce)

2. Capture events and generate
alerts

User Case Categories

Monitoring the in-bound
logistics and production
processes

Operational
Change Goal
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User Case Categories

User KPIs

Business KPIs

Sector KPIs

X

1.2.6 Minimise
stock out
1.2.7 Minimise
loss of JPH

Number of
stockouts,
Stockout costs,
JPH

Stockout costs;
JPH

Total
Manufacturing
Cost per Unit
Excluding
Materials;
Throughput

1.2.4 To automate
the estimation of
changing
transportation mode
(introduce)

X

X

X

1.2.6 Minimise
stock out
1.2.7 Minimise
loss of JPH

Number of
stockouts,
Stockout costs,
JPH

Stockout costs;
JPH

X

1.2.6 Minimise
stock out
1.2.7 Minimise
loss of JPH

Number of
stockouts,
Stockout costs,
JPH

Stockout costs;
JPH

Total
Manufacturing
Cost per Unit
Excluding
Materials;
Throughput
Total
Manufacturing
Cost per Unit
Excluding
Materials;
Throughput

1.
1.2.5 To estimate
cost of speeding up
activities at docking
stations (introduce)

X

X

7. Model the manufacturing
knowledge

X

6. Actualise the selected
alternatives

X

2. Capture events and generate
alerts

1.2.3 To automate
the estimation of
changing the
production plan
(introduce)

Monitoring the in-bound
logistics and production
processes

5. Evaluate alternatives

Soft Goals

4. Provide alternatives for handling
the events

3 . Quantify the impact of identified
events on the current plan

Operational
Change Goal
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Soft Goals

User KPIs

Business KPIs

Sector KPIs

Number of events
detected
manually;
Percentage of
defects;
Percentage of
scrap
Stock level; Stock
threshold

Time to anticipate
events

Schedule or
Production
Attainment;
Supplier's Quality
Incoming

Number of
rescheduling per
period

Schedule or
Production
Attainment

7. Model the manufacturing
knowledge

6. Actualise the selected
alternatives

5. Evaluate alternatives

4. Provide alternatives for handling
the events

3 . Quantify the impact of identified
events on the current plan

1.
Ecosystem-aware, Event-enabled Production Planning
and Control

2. Capture events and generate
alerts

User Case Categories

Monitoring the in-bound
logistics and production
processes

Operational
Change Goal

2.1.1 To automate
monitoring of quality
materials (introduce)

X

X

X

2.1.7 Maximise %
of events detected
vs actual
2.1.9 Maximise no
of detected
defects vs actual

2.1.2 To automate
monitoring of
availability of
materials (introduce)

X

X

X

2.1.8 Efficiency
stock level vs
stock threshold

2.1.3 To automate
monitoring of process
quality (improve)

X

X

2.1.6 Maximise
quality

Percentage of
defects;
Percentage of
scrap

Quality of critical
components

Supplier's Quality
Incoming

X

2.1.10 Maximise
efficiency

Line saturation

Overall Equipment
Effectiveness
(OEE)

Capacity Utilisation

2.1.4 To automate
monitoring of
supplies status
(introduce)

X

X
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2.2.2 To automate
impact analysis on
current production
plan (introduce)
2.2.3 To automate
the impact estimation
of plan on client
orders processing
(introduce)

X

X

X

X

X

X

Soft Goals

User KPIs

Business KPIs

Sector KPIs

X

2.1.10 Maximise
efficiency

Overall Equipment
Effectiveness
(OEE)

Overall Equipment
Effectiveness
(OEE)

X

2.2.10 Minimise
time to recovery

Lead-time;
Number of line
stops; Number of
stockouts
Time gained in
generating
recovery plan

Time to anticipate
events; Number of
rescheduling per
period

Schedule or
Production
Attainment

X

2.2.7 Effective
analysis on
production

Availability of JPH
loss; Availability of
number of
stockouts

JPH

Throughput

X

2.2.6 Effective
analysis on client
orders

Production lead
time per order

Production leadtime

On-Time Delivery
to Commit

7. Model the manufacturing
knowledge

6. Actualise the selected
alternatives

5. Evaluate alternatives

4. Provide alternatives for handling
the events

3 . Quantify the impact of identified
events on the current plan

1.
2.1.5 To automate
monitoring of
manufacturing
systems (improve)
2.2.1 To automate
the re-sequencing in
case of event related
to critical components
(introduce)

2. Capture events and generate
alerts

User Case Categories

Monitoring the in-bound
logistics and production
processes

Operational
Change Goal
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User Case Categories

User KPIs

Business KPIs

Sector KPIs

X

2.2.8 Effective
impact analysis on
materials sourcing,
stock level and
stock out

Calculation of
specific KPIs for
sourcing: stock
level, number of
stockouts

Time to anticipate
events; Number of
rescheduling per
period

Schedule or
Production
Attainment

2.2.5 To automate
the impact estimation
of new plan on
manufacturing
systems (introduce)

X

X

X

2.2.9 Effective
alternative plans

Number of
alternative plans
generated;
Calculation of
different KPIs for
alternatives; JPH;
Number of
stockouts, Cost

JPH

Throughput

1.

7. Model the manufacturing
knowledge

X

6. Actualise the selected
alternatives

X

2. Capture events and generate
alerts

2.2.4 To automate
the impact estimation
of plan on the
feasibility of materials
sourcing(introduce)

Monitoring the in-bound
logistics and production
processes

5. Evaluate alternatives

Soft Goals

4. Provide alternatives for handling
the events

3 . Quantify the impact of identified
events on the current plan

Operational
Change Goal
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Soft Goals

User KPIs

Business KPIs

Sector KPIs

7. Model the manufacturing
knowledge

6. Actualise the selected
alternatives

5. Evaluate alternatives

4. Provide alternatives for handling
the events

3 . Quantify the impact of identified
events on the current plan

1.
Market-driven Production Reconfiguration, Scaling and
Optimization

2. Capture events and generate
alerts

User Case Categories

Monitoring the in-bound
logistics and production
processes

Operational
Change Goal

1.1.1.1 To automate
capacity calculation in
real time (introduce)

X

X

X

1.1.1.3 Minimise
late orders

Number of delayed
orders; Number of
postponed orders;
Number of shifted
orders

Due dates for
production orders;
Timely handling of
production orders

On-Time Delivery
to Commit

1.1.1.2 To manage
inventory of material
and semi-finished
products (improve)

X

X

X

1.1.1.4 Maximise
capacity utilisation

Percentage of
capacity;
Percentage of
capacity for semifinished product
Number of
changes to PCB
production to
cover additional
needs for semifinished products

Overall Equipment
Effectiveness
(OEE)

Capacity Utilisation

Number of
rescheduling per
period

Schedule or
Production
Attainment

Number of
changes to PCB
production to
cover additional
needs for semi-

Number of
rescheduling per
period

Schedule or
Production
Attainment

1.2.1 To automate
resource allocation
management
(introduce)

X

1.2.3 Minimise
number of setups

1.2.2 To automate
line configuration
management
(introduce)

X

1.2.3 Minimise
number of setups
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User KPIs

Business KPIs

Sector KPIs

Number of
rescheduling per
period

Schedule or
Production
Attainment

Storage of semifinished PCBs;
Overall Equipment
Effectiveness
(OEE)

WIP
Inventory/Turns;
Overall Equipment
Effectiveness
(OEE)

7. Model the manufacturing
knowledge

6. Actualise the selected
alternatives

5. Evaluate alternatives

Soft Goals

4. Provide alternatives for handling
the events

3 . Quantify the impact of identified
events on the current plan

1.

2. Capture events and generate
alerts

User Case Categories

Monitoring the in-bound
logistics and production
processes

Operational
Change Goal

finished products;
No of setups

2.1.1 To automate
monitoring of order
changes (introduce)

2.2.2.1 To automate
monitoring of
material availability
(introduce)

X

X

X

X

2.1.2 Increase no
of detected events

X

X

2.2.2.3 Minimise
buffer stock
2.2.3.2 Minimise
no of bottlenecks
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Number of
detected events
originating from
internal orders;
Num of changes in
SKU type; Num of
changes in
quantity
Number of
stockouts; Leadtime; Materials
cost; Percentage
of availability of
Test machines;
Percentage of
capability of lines
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2.2.3.1 To automate
impact analysis
(introduce)

X

X

X

X

Soft Goals

User KPIs

Business KPIs

Sector KPIs

X

2.2.2.3 Minimise
buffer stock
2.2.3.2 Minimise
no of bottlenecks

Storage of semifinished PCBs;
Overall Equipment
Effectiveness
(OEE)

WIP
Inventory/Turns;
Overall Equipment
Effectiveness
(OEE)

X

2.2.2.3 Minimise
buffer stock
2.2.3.2 Minimise
no of bottlenecks

Number of
stockouts; Leadtime; Materials
cost; Percentage
of availability of
Test machines;
Percentage of
capability of lines
Number of
stockouts; Leadtime; Materials
cost; Percentage
of availability of
Test machines;
Percentage of
capability of lines

Storage of semifinished PCBs;
Overall Equipment
Effectiveness
(OEE)

WIP
Inventory/Turns;
Overall Equipment
Effectiveness
(OEE)

7. Model the manufacturing
knowledge

6. Actualise the selected
alternatives

X

5. Evaluate alternatives

X

4. Provide alternatives for handling
the events

3 . Quantify the impact of identified
events on the current plan

1.
2.2.2.2 To automate
information sharing
(introduce)

2. Capture events and generate
alerts

User Case Categories

Monitoring the in-bound
logistics and production
processes

Operational
Change Goal
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X

X

X

X

X

X

Soft Goals

User KPIs

Business KPIs

Sector KPIs

2.3.2 Minimise no
of changes in
production plan

Number of
production
schedule changes;
Number of
changes in the
production order,
Number of delayed
orders; Number of
postponed orders;
Number of shifted
orders
Number of
changes in the
production order;
Number of delayed
orders; Number of
postponed orders;
Number of shifted
orders

Number of
rescheduling per
period

Schedule or
Production
Attainment

Due dates for
production orders;
Timely handling of
production orders

On-Time Delivery
to Commit

7. Model the manufacturing
knowledge

X

6. Actualise the selected
alternatives

5. Evaluate alternatives

2.4.1 To manage
order postponement

4. Provide alternatives for handling
the events

2.3.1 To automate
estimation for new
production plan
(introduce)

3 . Quantify the impact of identified
events on the current plan

1.

2. Capture events and generate
alerts

User Case Categories

Monitoring the in-bound
logistics and production
processes

Operational
Change Goal
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2.6.1 To automate
events anticipation
(introduce)

X

X

X

X

X

X

2.5.2 Minimise
Flow times
2.5.3 Minimise
setup times
2.5.4 Minimise idle
times
2.5.5 Real time
response

X

2.6.2 Increase no
of anticipated
events vs actual

User KPIs

Business KPIs

Sector KPIs

Number of
changes in the
production order;
Number of delayed
orders; Number of
postponed orders;
Number of shifted
orders

Due dates for
production orders;
Timely handling of
production orders

On-Time Delivery
to Commit

Flow time; Total
setup time;
Number of setups;
Setup time;
Percentage of
machine
availability; Idle
time; Availability
of related KPIs
Number of
anticipated events;
Number of events
detected

Time to anticipate
events

Schedule or
Production
Attainment

Time to anticipate
events

Schedule or
Production
Attainment

7. Model the manufacturing
knowledge

X

6. Actualise the selected
alternatives

5. Evaluate alternatives

2.5.1 To automate
the production of
revised schedule
according to events
(introduce)

Soft Goals

4. Provide alternatives for handling
the events

X

3 . Quantify the impact of identified
events on the current plan

1.
2.4.2 To manage
order cancellation

2. Capture events and generate
alerts

User Case Categories

Monitoring the in-bound
logistics and production
processes

Operational
Change Goal
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Annex D: List of Acronyms
BOM

Bill Of Material

BPM

Business Process Management

CEP

Complex Event Processing

CPS

Cyber-Physical Systems

DDS

Data Distribution Service

ECB

Electronic Boards

EIS

Enterprise Information Systems

ERP

Enterprise Resource Planning

FCA

Fiat Chrysler Automobiles

FRs

Functional Requirements

ICT

Information and Communications Technology

IIRA

Industrial Internet Consortium Reference Architecture

IoT-A

Internet of Things Architectural reference model

IoT-RA

Internet of Things Reference Architecture

JBH

Jobs Per Hour

KPI

Key Performance Indicators

LISA

Line Information System Architecture

M2M

Machine-to-Machine

NFRs

Non-Functional Requirements

RAMI4

Reference Architecture Model Industry 4.0

SKU

Stock Keeping Unit

UC

Use Case

WCM

World Class Manufacturing

WoT

Web of Things Architecture
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