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Licence

F

This work is licensed under the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 International
License. To view a copy of this license, visit https:
//creativecommons.org/licenses/by—-nc—-sa/4.0/.

This license requires that reusers give credit to the creator. It
allows reusers to distribute, remix, adapt, and build upon the
material in any medium or format, for noncommercial purposes
only. If others modify or adapt the material, they must license
the modified material under identical terms.
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Key Points

+ I'm no longer involved in CP solver development
+ User, not developer perspective

| want to use off-the-shelf components
+ My project timelines typically are quite tight

+ Development of solutions, not technology

+ We need more than just a scheduling engine
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Overview of Lecture

+ Insight Centre for Data Analytics and ENTIRE
+ A Complex Scheduling Solution for Siemens Energy

* Integrated Hospital Resource Management Problem (IHTC
2024)

+ A Generic Scheduling Tool
+ Survey: Constraint Programming and Scheduling
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Background

+ Mathematics @ TH Darmstadt E--

+ 1986-1990 ECRC GmbH, Munich

* 1990-2000, Technical Director,
Cosytec SA, Orsay

+ 2000-2005, Imperial College
London, Parc Technologies Ltd

« 2013-2014, President, Association
for Constraint Programming

+ Best Application Paper Awards, CP
2009, CP 2013

* Program Chair, CP 2020, CPAIOR
2014

+ Distinguished Service Award, ACP,
2022
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European Digital Innovation Hubs Network

QE

EDiH - what are they?

European
Digital Innovation
Hubs Network

Four EDiHsin
Ireland

250 EDiHs in
ransformation the EU
for enterprise

and public
sector.

https://entire-edih.ie/
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ENTIRE at UCC

E ENTIRE

Programmes are
igned around
Artificial Intelligence
and related
technologies
Offerings are sector-
oriented, ensuring
UCC'’s core focus within relevance across
ENTIRE is on Skills industries such as
Development manufacturing, energy,
public services, and
beyond

Skills
Development
Hub
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Constraint Programming - in a nutshell

F

Declarative description of problems with =--
+ Variables which range over (finite) sets of values
+ Constraints over subsets of variables which restrict possible
value combinations
+ A solution is a value assignment which satisfies all
constraints

Constraint propagation/reasoning
+ Removing inconsistent values for variables
+ Detect failure if constraint can not be satisfied
* Interaction of constraints via shared variables
* Incomplete
+ Search
+ User controlled assignment of values to variables
+ Each step triggers constraint propagation

+ Different domains require/allow different methods
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Constraint Programming is Different

* Declarative Programming
+ Concentrate on what you want
+ Not how to get there
+ Program != Algorithm
* Program = Model

* Applied to Combinatorial Problems

+ No complete polynomial algorithms known (exist?)
« CP less ad-hoc than heuristics
* Models can evolve
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A Subtractive Process

“Oh, bosh, as Mr. Ruskin says. Sculpture, per se, is
the simplest thing in the world. All you have to do is to
take a big chunk of marble and a hammer and chisel,
make up your mind what you are about to create and
chip off all the marble you don’t want.”-Paris Gaulois.

Source: https://quoteinvestigator.com/2014/06/22/chip-away/
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Outline
el

Siemens Energy Case Study (ASSISTANT)
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ASSISTANT Project Overview

E ENTIRE

Intelligent digital twin for process planning and scheduling SS STANT

Probabllity
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Assistant Siemens Energy Use Case

Use Case Scenarios

Schedule validation of gas turbine blades and
vanes manufacturing operations in Berlin plant
Schedule optimization to manage short-term,
mid-term and long-term load fluctuations
Generate Make-or-Buy proposals for workload
balancing within the manufacturing network
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Test Datasets

E ENTIRE

Full Scale Datasets

Berlin06: 96 orders, 9 months horizon,
previous review _

Berlin07: 450 orders, 4 years horizon

Berlin08: 559 orders, Christmas gap added -
Berlin08a: 670 orders, filling gaps

Value in cell indicates active orders
Yellow and red colors indicate low order
volume

s | [l
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Optimizer High Level Structure

ENTIRE

(g PRy Add/remove resources

Add/remove orders
Add/change processes
Domain Model

Representation

Creating Scheduling Model e e Y

Enable/disable constraints Producti
Change parameters roduction engineer
(Modify data)
Constraint Model
(backend solver)

Select solution, N
Annotate/

Distribute

Visualization

Schedule Results Visualization
Report

Other Stakeholders
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Raw Data - Manual Data Entry Causes Problems

=- -
+ Raw data come from spreadsheet

« 20 tabs

* Excel is a particularly bad input data 2o —
format -

» Realistic, not real data

+ Created by hand/automatically from
existing test scenarios

 Series of files Berlin01 - Berlin05
were too inconsistent to run

» Berlin06 still contains some errors

+ Optimizer explains all issues that it
finds
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Domain Model - Knowledge Graph

Developed with Siemens, Siemens Energy
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Solution for Berlin 08a - Shows Only

20% of Tasks in Model
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Implementation

F

=--
+ Requirement capture done inside project

+ Data checking/cleaning most time consuming aspect
+ Some specified functionality was rejected by Betriebsrat
* Built in Java

+ Uses IBM’s CPOptimizer back-end

* Logical choice based on required features
« Choice created issues later in project

+ 120k LoC, 110k generated, 3k solver
+ Outperforms both

* Current in-house tool
- Simulation based tool based on commercial simulator

« System installed at SE site, but not in daily use
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Advanced Feature: Explaining Late Delivery

+ Explain why some orders are delivered late
* Find root-cause, show schedule in context

Release Due Date

169 TA#s’H ”m\ﬁﬁnﬁ m\%ﬂm
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TA1500 [at6d1adr 6 [ ma2003 || TA2269 [a2ofidate}
Thu 14/7/2022 Thu 21/7/2022 Thu 28/7/2022 Thu 4/8/2022 Thu 11/8/2022 Thu 18/8/2022 Thu 25/8/2022
Selected Internal External Late  Adjusted
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Evaluation - KPIs

F

E--
KPI Baseline  Optimizer
OTD (On-time delivery) >80 % 92 %
Bottleneck machine utilization 99.5 % 100 %
Manufacturing defects 10-15 % <10 %
Scenarios in 8 hours 15-20 > 100,000
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CPO Keeps on Trucking

- ENTIRE

Figure 23: Evolution of Intermediate Solution Cost over Time, Dataset08, Pref 2 Options, time Hl
limit 8 hours

Cost of Intermediate Solutions Found

1010 |- 1

Cost

—-0.2 0 0.2 04 0.6 0.8 1 1.2 14 1.6 1.8 2 2.2 24 2.6 28 3
Time (s) 10t
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Conclusion by Siemens Energy

E ENTIRE

from ASSISTANT final project review: Siemens Energy assessment
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Outline

IHTC 2024
IHTC 2024 Competition
Concepts
Some Data Analysis
Decomposition
Results
New Use Cases
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Hospital Capacity Management

F

=--
+ Decide which patients to admit in planning period (2-4
weeks)

» Decide when to admit selected patients

+ Surgery performed on day of admission by preassigned
surgeon

* Respect capacity constraints of surgeons and theatres
+ Assign bed to patient during their stay
* Respect constraints on room capacity and use

+ Assign nurses to rooms in each shift to provide required
care

* Minimise total, weighted cost
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IHTC 2024

* https://ihtc2024.github.io/

+ Organized by Udine/ltaly and KU Leuven/Belgium
* Under EURO umbrella (replaced Roadef 2024)

+ Ran from September 2024 to March 2025

+ 32 teams participating

+ 70 problem instances
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IHTC2024 Winners

ENTIRE

IHTC 2024 Home Dates Submission Conferences S.. Instances Validator Teams Results Ranking File formats Organizers Sponsors Contact

Participating Teams

We are pleased to share that 32 teams submitted their solvers to the IHTC-2024 competition. We would like to thank all participating teams for their contributions.

After collecting and validating the results, we are pleased to announce the final ranking of IHTC-2024;

Rank | Team Name | Affiliation Team members Solver
1 VITIY independent Venislav Varbanov

2 SDU-IMADA | University of Southern Denmark | Ahmad Othman, Marco Chiarandini github
3 Twente University of Twente Daniela Guericke, Rolf van der Hulst, Asal Karimpour, leke Schrader, Matthias Walter

4 ORTEC independent Wouter Kool, Lotte Berghman, Martijn van Brink, Charlie Ye, Eva van Rooijen, Judith Mourits, Per Kampman

5 UGent Mippets | Ghent University Dries Goossens, David Van Bulck, Samuel Bakker, Karel Devriesere, Lisa Garcia Tercero

We are also pleased to announce that Team SDU-IMADA is the winner of the open-source software prize.

ENTIRE EDIH

March 4, 2026
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Is this a good problem for CP?

+ There are good and bad points
+ Good

* Not too messy
+ Problem size not super large
+ Decomposes into well-known sub problem types

- Bad

+ Some constraints are totally soft
+ Overall cost is weighted sum of many factors
+ Time resolution limited
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Concepts

« Time

+ Patients/Occupants
+ Surgeons

* Nurses
 Operating theatres
* Rooms/beds
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Needed Patient Care on Day of Stay, Top 20

Patients in test10
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Surgeon S5 Availability - test10
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Nurse Roster (Part |) - test10
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Weight Factors

w,, cost of an unscheduled optional patient, i.e. the patiﬂ"-
not admitted in the planning period

w; cost of delay per day for admitting a patient after their
release date

w; cost of opening a operating theatre for one day

ws cost of each additional theatre if a surgeon is allocated to
more than one theatre per day

wy, cost of a workload excess for a nurse in one shift per
workload unit

wy cost of skill excess for a nurse in one shift per skill unit

w; cost of a age group conflict between two patients in the
same room per day

w, cost of continuity of care excess if multiple nurses are
responsible for a patient

ENTIRE EDIH March 4, 2026 Slide 36



Instance Data

Skil  Shit ~ Age Mand
Name Day Level Type Group Occ Pat Pat Room Bed Thea Surg Nurse
test01 21 3 3 3 7 42 1 5 13 2 1 13
test02 14 3 3 3 5 37 12 6 16 3 2 17
test03 14 3 3 3 10 45 12 6 20 2 1 14
test04 14 3 3 3 7 54 32 8 25 3 2 19
test05 14 3 3 3 9 62 19 6 19 2 1 15
test06 14 2 3 2 9 111 50 9 22 3 3 20
test07 21 5 3 5 13 113 55 9 26 3 2 22
test08 21 2 3 4 15 173 39 9 27 3 2 21
test09 21 4 3 2 26 146 88 14 44 2 2 29
test10 21 5 3 3 50 525 349 46 130 11 10 83
m21 14 3 3 3 13 234 32 21 59 11 9 46
m22 14 2 3 4 36 244 119 30 89 9 7 62
m23 14 2 3 3 61 254 71 38 117 14 10 77
m24 21 4 3 3 59 397 264 39 115 1 8 78
m25 21 2 3 2 32 412 25 26 75 6 7 54
m26 28 4 3 5 38 570 247 41 125 6 6 81
m27 14 5 3 5 47 295 87 36 112 16 1 70
m28 28 2 3 2 36 611 420 42 124 1 10 84
m29 28 4 3 5 44 631 110 49 144 5 8 96
m30 21 4 3 4 31 489 267 48 140 8 1 90

ENTIRE EDIH
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Total Theatre and Surgeon Capacity - test10
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Total Theatre and Surgeon Capacity - m29
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Capacity and Demand for Surgeon s7 - test10
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Results of Analysis

F

* Finding which patients to admit will be the most important
choice.

+ To utilise the full surgeon capacity, we will have to delay
admission of some patients to use the available time slots.

+ We do not have to consider the detailed theatre
assignment when making the initial admission selection.

+ When admitting a patient, we must have a bed for their full
stay available. Estimating full capacity is tough.

+ We can initially ignore the nurse workload/skill limits, and
age mix constraints as well.
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The Resulting Decomposition

Admission
Choice
Bed | "\ Theatre
Capacity 'Capacity
Room Theatre
Choice Choice
(%/ J \Q Theatre by Day
Nurse
Assignment

ENTIRE EDIH March 4, 2026

Slide 42



Stages

Admission decide which patients to admit when

Room assign a room/bed to each selected

Theatre assign a theatre to each patient

Nurse Assignment assign a nurse to each (non-empty) room
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Sample solution test10, total surgeon utilisation
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Sample solution test10, total theatre utilisation
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Process

F

+ We used this problem in a tutorial on modelling at CP 2025
in Glasgow

+ Show different modelling and solution approaches

* Developed in two weeks

« Since then, further improved models for admission

+ Split cost into A (admission) and B (nursing)

+ Quite good results for cost A, not so good (yet) for cost B
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Cost Comparison A/B

ENTIRE

Best
st Best Best  Admission Besta Bestn
Total Best  Gap  Admission Admision Admission  Gap Gap Gap
Decomp Cost. Gap _ Percent  Cost Cost Gap Percent Percent Percent
ARFTAN 3,210 33 104 1200 1,200 o 0.00 013 2361
ARFTd+N 64 350 350 0 0.00 62,00
ARFTEEN 10,208 2 5,100 6,100 0 0.00 25.90
ARTaLN 2,323 ] 250 500 250 50.00 62,61
ARFTAEN 15,030 633 13,600 14,100 “s00
AR{TaLN 16,811 177 11,000 13,000 2,000
A+RWATA4N 18,017 ‘060 5,750 10,2 Zs00
A4RWATA{N 23,000 1047 20250 21,000 “750
A+RWITA{Nd 20,403 13 14,350 1050 7.6
A+RWHTA+Nd 61,690 12246 2477 18,000 300 9930
Td+N 242 - 0 0 0.00
RATd 4 1,370 0 000 0 0 0.00
ARHTAEN 4102 [ 0 0 0.00
ARFTEEN 2,163 T 0 0 0.00
ARTaLN 3,545 0 0 0.00
ARLTaLN 3,181 0 0 o000
AR{TAN 3,160 0 o .00
AR{TA4N 6514 0 o .00
AR{TA4N 6515 0 0 .00
ARATA4N E 2,500 0 10122
ARFTd+N 1709 0 0 14056
RATA+N 10,740 7,600 0 3464
ARFTIEN 1406 0 0 0581
A+RW+TA+N 13250 8,500 0 13611
ARFTALN 10,746 5,900 0 0.0 26.60
ARLTALN L 0 0 2408 2,04
A+RWATd4Nd 100 -200 120 6230
A4RWATAN 500 758 2651
A4Rw{Td 300 152 327x
A+RwHTd+Nd 0 001 5222
A+RWTAN 1000 056 105
A+Rw+Td+N 1,000 5.16 1280
A+Rw+Td+N 0 o 502 1023
A+Rw+Td+Nd 700 2857 .10 6902
A+Rw+Td+Nd 150 1230 430 4550
AfRWiTdiNd 50900 1,500 1071 465 9652
A+RWITA{Nd 38521 0 0.00 05 S50
AfRWiTdiNd 52601 14,750 5130 1001 20511 8602 1103 13870
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Which problem do we need to solve?

F

+ Competition is only concerned with generating initial
solution
+ But there are many more use cases to study
+ What happens if a rejected patient needs the operation now
+ What happens if a surgeon cancels a session
+ What happens if the hospital closes for a disaster event
+ What resources do we need to handle k additional patients

+ This is linked to ongoing work on explanations in our lab
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Outline

A Generic Scheduling Tool
Under the hood
Input Data/ Result Output
Instance Generator

ENTIRE EDIH March 4, 2026
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A Generic Scheduling Tool
7~

* Intended for ENTIRE customers, SME and PSO
+ Smaller problem scope, very limited tech resources

* No programming, configured by JSON input data

« Compositional use of different constraint types

+ Different commercial or open-source back-end solvers

* Developed in Java

* Interactive JavaFX front-end

+ Can by used as back-end scheduling tool/server (REST)
* Instance generator included

+ Readers for multiple benchmark types included

ENTIRE EDIH March 4, 2026 Slide 50



ENTIRE

e R e Wy
= 5 SR S B

Scheduling Tool GUI Examples

Slide 51

March 4, 2026

ENTIRE EDIH



Back-end solvers

* Provide both open-source and commercial solver
interfaces

+ Allow experimentation without having to buy commercial
tools straightaway

+ Gives a level playing field to compare solvers and models
* Provides out-of-the-box, generic performance
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Google OR-Tools CPSat Solver

+ Open-Source tool provided
by Google

+ Available at https:
//developers.google.
com/optimization/cp/
cp_solver

+ Probably best open-source
CP solver for scheduling

* This solver is packaged
with scheduling tool

ENTIRE EDIH

March 4, 2026

Example Problem

Below is a simple example of a job shop problem, in which each task s labeled by a pair of numbers (m, p)
where m is the number of the machine the task must be processed on and p is the processing time of the task —
the amount of time it requires. (The numbering of jobs and machines starts at 0.)

- j000=0,3),(1,2), 2.2
« job1=[0,2),(2.1),(1,4]
- job2=[(1,4) (2.3]

Inthe example,job 0 has three tasks. The fis, (0, 3), must be processed on machine 0 n 3 units of tme. The
second, (1,2), must be processed on machine 1in2.units of tme, and so o, ARogether, here re eight asks,

Asolution for the problem

A solution to the job shop problem s an assignment of a start time for each task, which meets the constraints.
given above. The diagram below shows one possible solution for the problem:

oy .o w00 |

I [0

' 2 3 l s . 7 . B oo o

You can check that the tasks for each job are scheduled at non-overlapping time intervals, in the order given by
the problem.

“The length of this solution is 12, which is the first time when all three jobs are complete. However, as you will see
below, this is not the optimal solution to the problem.

(from OR-Tools website)
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CP Optimizer from IBM

« Commercial tool of IBM

* https://www.ibm.com/
products/

ilog-cplex—optimization

cplex—cp-optimizer
+ Part of optimization suite
with Cplex, OPL

* We allow to interface with it

» Academic licenses
available

+ Well-known for capabilities
for scheduling

ENTIRE EDIH

A’IIl

|=lln‘ll
Resources

Applications of constraint
programming

Explore applications of constraint
programming including production problem
and scheduling use cases.

Read the documentation —>»

(from CPOptimizer website)
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MiniZinc from Monash University

+ Modelling language and E--
backend tools from
Monash University in
Melbourne, Australia

+ Available from https:
//www.minizinc.org/

MiniZinc : [ -]

+ Widely used for teaching — = e

 Allows different backend
solver to run from same
model

(from MiniZinc Website)

« Generic CP tool, not
optimized for scheduling

* Requires separate
installation, open-source
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Which Solver is Better?

+ We present results on a few benchmark types
+ Fair comparison between solvers
+ Same hardware, Windows 11 laptop
« CPUi7-10875H @ 2.3GHz, 64GB, four cores
+ Same timeout (600 s)
* Not a fair comparison to state-of-the-art
* Uses out-of-the-box model
+ Significant improvements possible
+ More specific models
+ Parameter tuning
+ Unlimited runtime
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Taillard Job-Shop Benchmarks

F

All Instances Optimal Only Non Optimal Only

Optimal (% of All Instances) Time (% of VB)  Cost (% of VB)  Bound (% of VB)
Group  Nr Both CPO CPSat None CPO CPSat CPO CPSat CPO CPSat
15/15 10  90.00 0.00 0.00 10.00 105.19 141.18 100.00 100.00 97.17 100.00
20/15 10  20.00 0.00 0.00 80.00 267.27 263.20 100.99 100.05 98.50 99.93
20/20 10 0.00 0.00 0.00 100.00 n/a n/a 100.74 100.06 97.96 100.00
30/15 10 10.00 0.00 10.00 80.00 174.32 100.00 100.18 100.49 99.87 100.00
3020 10 0.00 0.00 0.00 100.00 n/a n/a 100.30 101.30 99.40 100.00
50/15 10 100.00 0.00 0.00 0.00 100.00 685.09 n/a n/a n/a n/a
50/20 10 10.00 60.00 0.00 30.00 100.00 381.38 100.00 101.60 100.00 100.00
100/20 10  10.00 90.00 0.00 0.00 100.00 416.13 100.00 101.73 100.00  66.81

+ Significant number of problems solved to optimality in 600s

* In terms of quality, solvers are quite similar

+ CPO wins in terms of solution times for larger instances
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Results for Hybrid Flexible Flow-Shop
All Instances Optimal Only Non Opt|ma| ‘

Optimal (% of All Instances) Time (% of VB) Cost (% of VB) ‘/
Group Nr Both CPO CPSat None CPO  CPSat CPO CPSat CPO CPSat

20 25 76.00 0.00 20.00 4.00 100.00 580.71 100.00 100.00 96.52 100.00
25 25 80.00 0.00 8.00 12.00 101.65 238.02 100.00 100.37 97.67 100.00
30 25 60.00 0.00 4.00 36.00 100.35 264.69 100.18 101.05 100.00 100.00
40 25 4.00 16.00 0.00 80.00 100.00 2554.03 100.00 104.68 100.00 100.00

50 25 0.00 4.00 0.00 96.00 n/a n/a 100.00 107.87 100.00 100.00
100 25 0.00 0.00 0.00 100.00 n/a n/a 100.00 120.43 100.00 100.00
200 25 0.00 0.00 0.00 100.00 n/a n/a 100.00 188.60 100.00 100.00
300 24 0.00 0.00 0.00 100.00 n/a n/a 100.00 263.22 100.00 100.00
400 25 0.00 0.00 0.00 100.00 n/a n/a 100.00 246.34 100.00 100.00

* Only smaller/medium instances solved to optimality
* For those problems, both solvers perform well
+ CPO significantly better on large instances

* But: Best CP only result with SICStus Prolog (Armstrong et
al, CP 2021)

* Best overall result with NEH/CP hybrid (Garraffa et al,
Comput. Oper. Res., 2025)
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General Recommendations

F

+ If you already have access to CPO, use it!

+ For new problem types, do an evaluation with CPSat first
+ Out of the box, CPO performs more consistently

+ May be easier to extend CPSat with your own research

+ Use multiple cores and memory to your advantage

+ OptalCP (see last talk) gave superb results on Siemens
Energy test case
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1/0: JSON Base Data

+ Description of

ENTIRE EDIH

Product

Process
DisjunctiveResource
CumulativeNeed
ProcessStep
ResourceNeed
CumulativeProfile
Problem

CumulativeResource

ProcessSequence

March 4, 2026
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Schedule Input Data

| product
o
inputError duration 32
= start. 1356
version 8
resourceNeed e ED
omnioe) startDate 22/10/2024 00:16
::::::.MPMI’ (duration |60
name TOPS0/0
H H processStep | PS0/0
L] task
Description of PR
solution
. duration 60
+ Downtime ma 1055
solverRun processStep

* Task (x2) Fra—
. Job =

* Order

+ WiP

releaseDate | 17/10/2024 07:16
release )

aty 5
dueDate 24/1012024 05:31
name Orderd

1
latenessWeight | 1

duration 43

isjuncti DRO

endDate 17/10/2024 10:51
name WDR0

start [

end

startDate 17/10/2024 07:16
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Instance Generator

F

+ Application allows to generate different types of test
problems

+ Different types of resource models
Different numbers of orders, resources, WiP, downtime

Useful to generate more life-like examples combining
different constraint types
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Instance Generator Dialog

=--
* Resource Model .
+ Select a resource model
defining the overalll B
structure of problem D
* Nr Disjunctive Resources
+ Describe how many —
disjunctive resources
are generated
* Resource Probability R o
- The probability that a e
resource is compatible
with a task
+ Only for some resource
models
ENTIRE EDIH March 4, 2026
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GUI: Example Job-Shop Solution
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* One task is selected (in red), in both Machine and Job
Gantt Chart

+ Tasks are colored by machine, note coloring in jobs is
different for each job
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GUI: RCPSP Process Diagram

+ Multiple sources, sinks

+ Multiple cumulative resources
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More on Visualization

+ Tutorial at CP 2021
(https://cp2021.a4cp.org/tutorials.html)

+ By Helmut Simonis, Insight/UCC and Guido Tack, Monash
University

* Video at
https://www.youtube.com/watch?v=ATI-ZfQtMLAU
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Take-Away Message
=- A |

+ Visualization can help at different stages of
the development process

+ Discover problems early
+ Understand what is happening without drowning in details

+ Easily communicate with stakeholders without CP
experience

+ Decide how much integration with solver you need
+ Complex use cases require visualization to be practical
+ Generic vs. application specific visualization
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Outline
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Literature Survey
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Constraint Programming and Scheduling - A

Survey -

+ Joint work with Cemalettin Ozturk, MTU

+ What is out there

* Where to start

* Where to publish

+ I'm interested in some specific topic, what is relevant

* Results available at
https://hsimonis.github.io/pthg24/
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Overall Analysis (Based on 1278 Works)

Works by Year

E ENTIRE
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Origin of Papers

= ENTIRE

Conference Paper Count by Conference Series (Count > 1)
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Origin of Articles

= ENTIRE

Article Count by Journal (Count > 1)
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Automatically Extracted Article Features

Tablo 6: Automatically Extracted ARTICLE Propartics (Requires Local Copy)
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release-date, Inventory, preempt, energetic
Jnkuhnp resource, scheduling, ning,
ake-span not-frs.
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Extracted Features: Application Areas

Tablo 16: Works for Concopts of Type ApplicationAroas
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ApplicationArcas  HVAC
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e
e
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W i
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Co-Author Graph
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Outline
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Conclusion
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Conclusions

F

+ Constraint Programming is a useful tool for scheduling
+ Choice of back-end solver not trivial

+ Feature set

+ Solution quality

+ Deployment options

* Integration with overall solution

+ Use of CP does not require deep understanding of
technology

+ Visualization key to interpreting results
* Increasing number of "CP inside" papers
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