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Motivation & Goals ‘@a>)) 1V

Motivation:
= Research Projects typically focus on prototype development investigating novel concepts.
— Highly flexible processes, e.g., new ideas, concepts, and evaluations.

= [ndustry projects focus on the development of robust and high-quality products.
— Typically more stable environment and processes.
— Additional effort for quality assurance, documentation and usability.

= Different strategies and goals of researchers and industry.

Goals of the presentation:
= |ntroduction to the CDL-Flex Research Project
= Comprehensive approach to support

(a) research prototype handling,

(b) industry product development, and

(c) transition from prototypes to products.

= A (hybrid) project management approach that supports traditional and
agile development practices.
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= Q1. How can we bridge the gap between research projects and industry projects?
= Q2. How can we transfer research prototypes to industry products?
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CDL-Flex Research Project*

Context

= Automation Systems Development Projects,
e.g., Hydro Power Plants.

= Large-Scale Industry Projects.

= |nvolvement of various disciplines, e.g., mechanical, electrical,
and software engineers.
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Overall Project Goal:

= Engineering process support in heterogeneous engineering
environments.
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Challenges from Heterogeneity in the
Engineering Process of Automation Systems

Plant Design & Construction Processes Operation & Maintenance Processes

Basic Detailed Procurement & Operation /
Engineering Engineering Construction Flexible Re-Configuration

1. “Engineering Polynesia”: tool islands with interfaces that do not fit seamlessly.
2. “Engineering Babylon”: engineers use project-level concepts, tools do not.
3. “Engineering Culture Diversity”: business processes are lived in many ways.

Engineering Project-Level
Tools & Systems Processes & Applications

Pipe & cecdececcccacanaa
Instrumentation

Process Engineer { Tool Data } After |__>|

Milestone B

=P
<
—a
2
=P

Design | Project
Document
Manager'ﬁl

Electrical Plan

. ©)
ngineer

Software Dev. cafeccces
Environment

Tool Data cdecccces

Other Tool
Domains

Project
Participants

m

Elec.

A
ange

0

=

Software Engineer

Tool Domain X User

Biffl St., Mordinyi R., Moser T., ,Anforderungsanalyse fir das integrierte Engineering
5 — Mechanismen und Bedarfe aus der Praxis®, atp edition 5/2012. Institute of Software Technology and Interactive Systems



Automation Industry Needs

= Efficient data exchange between

— heterogeneous (loosely coupled) tools.

— and incompatible data models.
= Process support: e.g., efficient change management process.
= Project support: project monitoring and control.
= Added value components, e.g.,

— Versioning of models and data,

— Navigation between engineering plans,

— QObservation of critical project parameters,

— Offline compatibility,

— Spreadsheet support,

— Support of run-time data,

— Querying, Simulation, ...
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Research Area Overview (Module 1)
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Semantic Integration — Integrated Data (@)

= |ndividual local tools and data models.

= Qverlapping (data) areas to enable synchronization between engineering plans coming
from different disciplines.

= Mapping of local representations to the common data model
(contribution of a knowledge engineer).

Mechanical & process
properties

TI;P Software (SW) properties,
e.g., Logical Behavior

Process Engineer

Electrical

Engineer ti
Software
Engineer

Electrical properties, e.qg.,
Transmission lines.

= Foundation for engineering process support and added value applications.
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Selected Use Cases from the CDL-Flex @)1V

Engineering change management across disciplines and domain boarders
— Engineers: Build on agreed and versioned engineering data.
— Engineers: Notifications on changes that affect their work.
— Project / Quality Managers: Awareness regarding critical changes.

= Engineering Cockpit
— Project / Quality Managers: Project Observation and Monitoring.

= Multi-Model Dashboard

— Engineers / Project / Quality Managers: Definition and observations of critical project,
process, and product parameters and constraints.

= Efficient Navigation between engineering plans
— Engineers: Navigation between heterogeneous engineering plans.
— Commissioning Engineer / Tester: Defect detection during commissioning phase.

= Find more use cases at: http://cdl.ifs.tuwien.ac.at/download
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Use Case: Signal Change Management @)

EngSB
Goals 1 "
= Efficient data exchange. C“a“:ges )m ‘ Electrical Plan C
:
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Removed )
Signals 3
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Use Case: Signal Change Management @)
Feasibility Study & Prototype

Feasibility Study of the Prototype
= |nitial Data: 152 signals.

= New Testing Data Set (150 signals):

— 3 new signals has been introduced, 1 signal updated, 5 signals removed,
147 unchanged signals.

= Merge-View: A set of changes can be accepted or rejected.

view changes (1)

Tick checkboxes to the left of the new value in order to update a property.

Show only conflicts.

replace all |keepAll

Change number of rows: 50 j L A

g Identified Deviations
sy lind=te ) . - 7 =7 =4 7 =7
line whole project region componentNumber cpuNumber channelName rackld position kHKs0 . e status cat

— kks1 kks2 kks3 functionalDescription(longText) dp

Id val A= ltlell i ﬂ:l:tll\gei;zrz ;Baorllatcci.lkrrent 20
1 keepall  QCVAME o ject 001 007 20 05 position 1 ACALO CE112  XQol 84053
new value: phase L2
v v ~ 7 ~

Choose Separator j create csv

Research Prototype:
= Research prototype has been evaluated by industry partners and customers.

= Now, they want robust and stable product for a world-wide roll-out.
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Use Case: Engineering Cockpit @)1V

Goals:
= Efficient project monitoring on team level.
= Avoid high effort to collect, analyze, and aggregate data from different disciplines.

Fiaria bo i e gk

Engineering Object Integration logncals @__ m-‘:

DRILL DOWN

Conceptual Prototype
= GUI Prototype with mocked test data have been presented to the industry partner.
= Engineering Cockpit needs to be implemented.
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Use Case: Multi-Model-Dashboard

Goal:
= QObservation of critical project and process parameters.

Multi-Model Dashboard process can support

1. Early identification of risks.

2. Observation of project-critical parameters and constraints.

3. Identification and notification of/on changes and constraint violations.

Project Manager I
lm] 2 ) Mechanical @- A
Organization A CAD 1T AT,
g 0 Q&S0 ‘
T"}P 2 Electrical Plan [ |C Engineering — C Software Dev. @ Tﬂ]
L Service Bus D Tool Data

Organization B Organization C

Applicable to different domains, e.g.,
Building automation: loading capacity.
Factory Automation. Power consumption monitoring of turbines.

Project Management in project consortia: planned effort vs. aggregated distributed
time sheets.
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Use Case: Multi-Model-Dashboard
Feasibility Study & Prototype

Process support:

Project Level

1 Definition Phase:
1a. Parameter
1b. Constraints

4a. Parameter
4b. Constraints

4 Evaluation Phase:

Notification of
Constraint violations

5 Publication Phase:

2 Mapping Phase

representations

Conceptual Prototype:

3 Monitoring Phase

parameters

Observation of critical

Local Engineering
Level

|
|
|
| | Local vs. common
|
|
|

= Feasibility study successful.
= Based on industry partner feedback, additional features needs to be considered.
= Product version requested from industry partners.

Private Expert Team Multi-Model Dashboard Private PM
Workspaces Workspace Dashboard  Evaue g ctcatons  vario g nstai g Workspace
violations 1 Notin ) W 2 !
—>|:_|—> Variables
H me ia e iti H
Expert n . Parameter / Variable Definition ) [ Project
o=
Domain A P - =t Parameter List Actions Name Status of task AHY143 Manager
Parameter Name Source Status Value Unit Last Update Type TEXT
ME.Turbine01.Generator.Mass ME_01 Requested N/A kg N/A ! @ Updated 2/18/14 9:37 AM Change Moniloring
EE.Turbine01.Generator.Power EE_02 Published 56 kw 10.4.2014; 10:22| : ® Creator Cooper Marie &C traintE lati
S|m|lat|m Model ﬂ, = o _|SE Turbine01 Generator.Signal.On SE_03 Published Linked Bool 8.4.2014;12:42 e |Value in progress onsirdint Evaluation
Config Dsign S|g|glt| SE.Turbine01 Design Effort SE_03 Published 1,100 hrs 2.2 2014;17:50 | : ¥ acaiion FA e Model et
Constrai Value Last Update
'} Filetype  XLS Turbipes design.effort below limit True  2.22014;23:40
’ Path & cymilestongs ™, -9
P4 Constraints Definition i
" Constraint List v
Expert in P e Constraint Name Owner Status Value Unit Last Update |
A l - — T
Domain B 'l Turbines.Mass below mass limit QA_04 Requested N/A Bool N/A .
Turbines.Power below power limit QA_04 Published True Bool 10.4.2014; 10:26
Turbines.Signals linked to sensors QA_04 Published False Bool 8.4.2014; 12:44
Turbines design_effort below limit PM_05 Published True Bool 2.2.2014;23:4
Dda Cnde Task Effort =
Model  Stachire Common Design Space

14
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Use Case: Navigation

Goal

= Fast navigation between engineering plans of different disciplines, e.g., from PLC
program code (function block diagram) to electrical plans.

Benefits
= Engineers: Navigation between different planning data (during engineering).
= Commissioning: Defect detection and avoidance during commissioning (onsite).

e N | —
I / —— = —
TJTP Pipe & = [C <Pro"e‘=ct-f5vel>
Instrumentation ) T
Process Eng. “loolData ] concepts —
/ ~ Software Dev.
1 — C — H — .

m EI?ctrlcaI Plan Auto.matlon C Environment m]

. Tool Dat Tool Data |
Electrical Eng. — . Service Bus J . Software Eng.
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Use Case: Navigation
Feasibility Study & Prototype

= Navigation from logi.CAD to EPLAN PDF via context menu
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Name # [ Ltangname Daten-Typ R T TR B
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= 01.MFX10.AP001.XL02 Pump o... BOOL ‘]ﬁﬂf 4 / )
= 01.MFX10.APO0LXL2L Control Manual  BOOL . .
= 01.MFX10.AP001.XL22 Control Remote  BOOL . sl Ll é
= 01.MFX10.AP001XL23 Control PLC BOOL [}
+/e= 01LMFXL0.APO0L.YBOL ON Co... T T T TBrawn E50.0008]
+/e= 01LMFXL0.APO0L.YBO2 OFF Co.. I —— T bt | T
= 01.MFX10.CL001.XG02 Niveau L BOOL :
= 01.MFX10.CL002.XG0L Niveau L> BOOL - ' D
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VAR VAR INFUT | VAR OUTPUT | VaR GLOBAL |VAR EXTERN ZKerzeugen
F - e =
Name Dekaration Initisisierungsw... | Langname Prysad e =
Duplizieren
Bl n | ' Verschieben
Leschen
Kopieren
PROJ POE TYP SIG Nechiden
“ehler-Status-Anzeige Gehe zu Verwendung 3
|0 1 Fehler ‘ ‘_!5 0 Warnungen | |J) 0 Andere ‘ Gehe 2u Verwendung in POE »
Datum/Zeit [ stfe [ Text Verwendungen suchen.
10.08.2011, 08:08:25  Fehler LOE0O : Datei 'C:\Program FilesYogi. CAD MBRTISATYTM1703-MIC\RTConfig.CSV' kannte nicht gefunden werden. e
Hyperlinks hinzufugen...
« i Automation Service Bus@ X Ref | ]

From Prototype to Product:
= Concept and feasibility study successfully completed.
= |ndustry partner included the navigation use case in his tool suite.
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Summary of Use Case Status (@) TV

Use Case Prototype Product

Change Management Functional research prototype  Product version requested
Process & Notification

Engineering Cockpit GUI Prototype available Product version requested
Multi-Model Dashboard Research prototype with New feature requests

limited functionality
Navigation Functional research prototype  Product version available

= Limitations of Research Prototypes (Selection)
— Performance: small test data sets vs. real-world test data.
— Robustness & stability: error and exception handling.
— Limited documentation, basic testing on unit and system level.

- Need for a strategy to transfer research prototypes to products ..

Institute of Software Technology and Interactive Systems



How to develop such a platform?
Software Engineering Processes

= Traditional approaches, e.g., V-Model
—> hardly applicable in a research project with highly flexible and unclear requirements.

= Agile approaches, e.g., Scrum
—> Basically applicable for prototype and product development within a stable environment.
- In research prototypes tools, methods, and development environment may change.

= Extended Scrum model based on a gaming development process approach’.

PRE- DEVELOPMENT CLOSURE
PRODUCTION,
Daily b
4 Scrum

5
@ o (o ) ®

Sprint

e Y
Pre-Prod.¥ vision ¥ 5 Y Validation
§ Loop § Loop T Loop
: SPRINT
Sprint New Prototype
Change Product Facdag Functionality Release

i i
| |
| |
: Backlog Backlog :
| |
| |

Validation Results & Changes

*Musil J., Schweda A., Winkler D., Biffl S.: Improving Video Game Development: Facilitating Heterogeneous Team
18 Collaboration Through Flexible Software Processes”, EuroSPI 2010.
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Prototype / Product Maturity Levels
Solution Approach

Level 1: Creative Processes, Concept finding

Level 2: Proof-of-Concept prototypes, Mockup prototypes

Level 3: Functional prototype to show concept feasibility

Level 4: Quality Assured Prototype including quality assurance activities

Level 5: Application of industry-related environments.

fmm
I Transition from Prototype
to Product

Basic Research

Research

Research Research Research Quality- Industry
Vision | gl Concept Prototype Assured Product
@ e |® Pt [7|@)

|
Industry Developmen

Industry

= How to link maturity levels to software engineering processes to support (a)
prototype, (b) product and (c) transition phases?
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Comprehensive Engineering Process
Solution Approach

Transition from Protoype to Product

PrOtOtype / Basic Research Industry Development
Product ' '

e Research Concept & .
H Research Vision - Research Prototype Cluality Assured Prototype Industry Product
Maturity > = > il rgigype > e > = i > P
Fd

! Yalidation Resuts & Changes
|

1 (3) f (4) = S '>
r/ ' u *‘\.) : U 1 k" u :
I |
I | [
Key Stake' ' ! Industry Partner ' Researchels 1\ ' : i :
Industry Partner l Power Users = ! Principal |
holders ! | = Industry Partner IndEsly Barten
' Researchers : | b I
' I
' Student | [ *
Industry D I
Power Users : Developers | : i l'JI'seLym i :
: S | QA Team | | |
& I
| # ) | Product
Draily % e % I
| I | Daily
: : 5 SCrum : Management 5 Scrum :
| | | | e & !
Agile Eng. | P Y | » D €4 ) !
. | | Sporint | Sprint —
Process with Pre-Prod ' vison B | & 7 Velidation” | :
S % Loop : % Loop : % Loop : % 4 I
crum - i . = X
. | Sprint Mewy | S Prototype |
EXte nsions % pisa el HACklng Furctionality Proqug  BECkIo Release :
Backlog :
|
|
I

| |
| |
| |
| Backlog Backlog | I
| |
| |
| |
1

Wision Initial Prototypes Research Cality Assured
Deliverables
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Lessons Learned and Key Findings

= Application of tools and methods for prototype and product development
according to defined maturity levels.

Vision Concept Research Quality Assured] Industry Product
Prototype Prototype
Outcome Research Vision = Reserach Concept Use Case/ Use Case / Use Case /
Features Features Features
Mock-Up Functional Prototype: robust,§ Industry product
Prototype Prototype stable, and fault
Proof of Concept tolerant
Feasibility Study
Maturity Level n/a low low medium high
QA approaches informal feedback systematic test case definition jautomated tests | According to
applied feedback manual tests QA metrics engineering
test case definition process definition
Users Researcher Researcher Researcher Industry Partners | Industry Partners
Developers Developers Power Users Power Users
Power Users End Users End Users
Evaluation informal interviews and basic tests Automated tests | Automated tests
discussion feedback QA metrics QA metrics
Acceptance Tests | Acceptance Tests
Cost/Value Estimation of Expected benefits Basic measurement] Comparative Comparative
evaluation experts and based on state of  results from pilot Jevaluations in real | evaluations in real
researchers. the practice applications, world settings world settings

(Experts)

(pilot application)

(pilot application)
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A Hybrid Project Management Approach ‘@)

Motivation & Goals

Key Question: How to manage such a project?

Plan Driven Project Management?
— Widely spread in industry because of defined plans.
— Separation of individual phases (including quality assurance steps).
— Require stable requirements with limited capability of changes.

= Agile Project Management?
— Growing importance in the last decade of software development.
— High level of customer interaction and collaboration.
— Flexibility regarding requirements changes.

= Small and medium enterprises typically need to align plan-driven
(heavy-weight) and agile (light-weight) software development processes.

= Main goal is to enable

— high flexibility (e.g., considering frequent changing customer requirements,
new research findings) aligned with a

— plan-driven approach (e.g., defined by contracts),
— i.e., some hybrid approach to benefit from both engineering processes.

................................................. Institute of Software Technology and Interactive Systems



A Hybrid Project Management Approach @)V
Conceptual Approach

Plan-Driven

Project Structure Plan .

Agile
Needs & Progress Sprint Process

Interaction between

(&) (=4 | PSP
| J Jw‘f»’ and

Agile Sprints?

1. In the plan-driven project structure plan (PSP) the agile sprints have to be represented
for planning, coordination, controlling, and measurement of progress;

2. The process interface between PSP and sprints has to be defined; and

3. Inthe sprint backlog the needs coming from other work packages in the PSP have to be
represented for effective coordination.
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Interaction of Agile / Non-Agile Work Packages d TU

WIEN

Plan-Driven
Work Packages
(not part of Sprints)

Parallel sprints for ...

Software | ES1
development

Research - > Fs7

prototypes

¥
H
"
W
H
¥
"

1. Plan-Driven PM. Basic project management framework, e.g., technology exploration,
training, concept development = stories/sprints.

2. Parallel Sprints. Individual sprints aligned with plan-driven work packages.
Parallel sprints for software development, research prototypes, marketing
—> simplification of communication.

3. Synchronization. Needs coming up from sprint tasks get communicated to the PM
and get planned in plan-driven WPs.

Legend: AP .. Work Packages; ES: Engineering / Development Sprints;
24 FS: Research Sprints; VS: Marketing sprints Institute of Software Technology and Interactive Systems



Balancing the Software Development Process ‘@)1 .

WIEN

eeeeeee

Feature Map

. Negotiation and
. Planning Area

. Dependencies

“FEElele
. Backlog
1. Feature Map. Epics and stories driven by marketing and research; concrete requirements
or innovative ideas - dependencies become visible.
2. Basic Features are planned for shipment to the key customers - (Research) Prototypes.
3. Dependencies. Selected features sets for different versions of the product (different colors)

4. Backlog holding ideas as candidate for future development (not planned yet)
—> Foundation for Sprint planning.
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Tool Support ‘@D)

i ‘ehler im Produkt
- Management
Dashboard for lenstein-Erreichung
= - B
== Steering Committee
Zusammenarpeit / Summung upernahme der CDL-
Ergebnisse
Projektkosten Anwenderfeedback
c
Qa
N °
= Projektertrage £ Sprintziel-Erreichung
E Q
7 00 e S
m‘ >#¢ Nl_uigi [Controlling] Férderungen Markterfolg (laut Projektauftrag)
. AJ er ist el 7 Luigi SCHNELLFILTER:  NOLF Falligkeit leer Only op
Bestatigung de
B
*oox s 8 Progress Control on :
Support MNa Backlog zu priifen Geschlossen
131130 Task Level 81100 Max 20 1501 164
a CDL: Sp rojekt 1
AD ] LUIGI-16 (4 Zielmarkt Analysen
nahmet
LUIGI-125 ? LUIGH23 ?
AHy: Lieferung ASB fur Wi % 75%: Befragung der % 4 25%: Ubersichten E'
identifizierten des SPS Magazins
Anbieter wurde wurden untersucht
LUIGI-126 ? Luich124 ?
4# 100%: Ergebnisse b # 50%: Anbieter %
der Befragung gesucht und im
ausgewertet, wenn Konzept

1. Sprint Planning. Kanban boards, used by the development team, to organize the work
tasks in sprints, showing the work load of resources and progress control.

2. Plan-Driven progress control. Kanban boards also provide for the project management
progress control on task level from sprints.

3. Management dashboard. The data from the Kanban boards is aggregated in the bi-weekly

project team meetings for controlling to allow the effective and efficient update of the
management dash-board for reporting.

26 Applied Tool (Selection): Jira, Confluence, Continuous Integration & Test (Jenkins), Reviews (Gerrit) Institute of Software Technology and Interactive Systems



Lessons Learned & Benefits d TU

Lessons Learned of Applying the Hybrid Approach

= Software delivery was effective to fulfill contracts with customers and provide competitive
products to the market within the planned effort and time plan.

= A systematic, goal-oriented approach for priority setting mitigates the risk of jumping
between ideas and not achieving overall goals.

= Agile approaches need a strong framework for success in practice.

= Well-defined milestones can avoid losing the overall perspective on progress goals; the
progress of sprint WPs has to be translated to the progress of plan-driven WPs.

= PM planning and control was effective and considerably more efficient than planned.

Benefits from Integrating Agile Sprints in plan-driven PM:
= |Improvement of cost, effort, and progress controlling in all parts of the project.

= Transparent overview on needs and status of work for all project participants enabled a
very effective and flexible work culture.

= An efficient and tool-supported continuous integration and test process provides visibility
of progress and ensures the required software product quality

= A feature network that provides planning data enables goal-oriented negotiation of the
development strategy.
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Summary & Future Work @)1V

Summary

= Bridging the gap between research prototypes and industry products require process
and tool support.

= Five steps from research prototype to industry products can help in structuring the project.
= Enhanced quality assurance activities are required on higher levels of “product” maturity.
= From project management perspective

— A hybrid project management approach bridges the gap between traditional and agile
approaches to address research/industry projects.

— Parallel coordinated sprints of software development, research, and marketing.

Future Work
= Further development of the platform, e.g., towards AutomationML support
= Empirical evaluation of the

— transition process and maturity level model.

— hybrid PM approach in research and development groups at a variety of research
organizations and SMEs.

= Support of continuous integration and test in engineering environments across
organization boarders.
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Thank you ...

Research Prototypes versus Products:
Lessons Learned from an Interdisciplinary Research Project

Dietmar Winkler

Vienna University of Technology, Institute of Software Technology,
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