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Introduction

* Method in Vanhoucke and Coelho (2018) for reporting solutions in RCPSP and MMRCPSP, is implemented in the website:
http://solutionsupdate.ugent.be/

e Complement other libraries: PSPLIB, MMLIB or OR-LIBRARY
* Record data on a standard format with:
¢ LB/UB/OPT values
* Best known solutions (starting times for each activity and activity-mode)
* Project indicators calculated
* One result file for each run on a dataset, instead a submission for each instance

e Two new datasets for the RCPSP:

* NetRes, presented in Vanhoucke and Coelho (2018) with a large number of instances that have a wide variety in the
project indicators

* CV, presented in Coelho and Vanhouke (2020), contains small but hard instances

- PHS
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Reporting new results 1/3

- * Roles:
- N N — * Creator —researcher that propose a new dataset
ecator = * User —researcher that upload new results on a dataset
new data) . . .
’ Maintainer * Maintainer —researcher that mantains the most recent
h h (Updalmg website and file data
L .
) e p— . {;‘ZZ‘M.W. * Two standard files types:
N —B—’ and i h oo o e o aach it * Results file (CSV format): single file with all results from a
Iser run, on a dataset, one line per result (instance/run)

ng solutions)

* Dataset file (CSV format): specify all instances in the
dataset, one line per instance, having updated results and
also project indicators;

* Instance files: one file for each instance in the original
format
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MM50

Dataset File:

| MM50.
Description: "Van Peteghem, V. and Vanhoucke, M., 2014, "An experimental
investigation of metaheuristies for the mult-mode resource-constrained project

scheduling problem on new dataset inctances™, European Journal of Operational

Research, 235(1), 6272 (doi:10.1016/j.gjor.2013.10.012)."

Number of instances: 540
Format: mm

Statisties

Set statistics

Number of instances: 540

Reporting new results
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Solved (exact proc.): 450 (83.32%)
- Closed (LB=UB): 458 (84.81%)
- Open (LB<UB): 82 (15.19%)
Average deviation over CPM:

Lower bound: 20.61%

Upper bound: 22.28%

- D5
Sum of lower bounds: 19145 Author(sy;Several authors

Reference; Data downloaded from the site www.mmlib.eu

Sum of upper bounde: 19435

Open time units: 290 (1.51%)

Avg CPU lower bounds: 447.2215 (m $

04,2018
re / software:not specified

2/3 ans

* Results can be applied on a dataset by order of publication data

A new&'esults file with just the best known solutions of all results files, is automatically
create

If a researcher want, can download not just the dataset, but also results of other
authors

All the data updated in the site, can easy replicate by another researcher, after
download all dataset and result files

Checks done on result files:

= A\

Avg CPU upper bounds: 473.7
Awvg CPU optimal sol.: 595.679s (ma>

Upper bounds — the solutions are validated against all restrictions.

Lower bounds — if a lower bound is incompatible with a upper bound, then the results
file of the lower bound became invalid, and should removed from the dataset

Optimal solutions — this result can be obtained by an exact procedure, and is reported
as both, an upper bound and lower bound, and follows the same checks

Reference 2:

- Lower bounds: 197 (36.48%)
Reference 1

- Upper bounds: 505 (93.52%)
Reference 4:

- Lower bound:

Best Known Solutions
default/files/datasets/MMso_BKS.csv
al In
MMLIB Instance Files

File Header

TitleMMLIE 50

Description;"Van Peteghem, V. and Vanhoucke, M.

Website: solutionsupdate.ugent.be part of projectmanagement.ugent.be/research/data

Results confirmation: http://solutionsupdate.ugent.be/index.php/results-
file/josecoelho/j30mmsh

d project

(1.30%)
25 (4.63%)
150 (83.33%)

- Upper bounds:

2014, ""An experimental

of for the multi-mode res

scheduling problem on new dataset instances™, European Journal of Operational
Research, 235(3), 6272 (doi10.1016/j.¢jor.2013.10.012),

Number;540

Format;mm

Date: Tue, 2018/11/13 - 12:00

1l
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* Software client tool allow: - °
* all web operations to be done locally; @ -
* to better see the dataset file; I R i
* check the solutions to exclude bugs from behing v Coxoa
reported in the literature inigrwinboinntntn (eymonpyo S-S S ston
« calculate average deviation for each run; S M “ :
* create subsets (training set) on existing datasets « - 3 CoE s am
(just the open instances, or other subset); el | [ L I I Y-
* change names and/or format of instance files; O @ oo G e | ) e T
* to generate files to export new data to PSPLIB and w -
MMLIB. e
6
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U date Of tables * Volume of work in the deterministic ~) ms'v‘

P RCPSP and MMRCPSP 2 Q’ 1
Of B KS O n RC PS P ) riiz-e/ri/:\:(jo::iso?gr/egric:ps 2504748 /mrcpsp/library - -
and MMRCPSP 1/4

Papers on classic RCPSP Papers on classic MMRCPSP
80 30
70 25
60
20
50
40 15
30 0
20
5
10
0 0
01990  1991-1995 1996-2000 20012005 2006-2010 2011-2015 2016-2020 0-1990  1991-1995 1996-2000 2001-2005 2006-2010 2011-2015 2016-2020
e RCPSP e UB (B emmmlVH o PR e MVIRCPSP e UB (B emmmMH e PR

Update of tables of BKS on RCPSP and O 75"
MMRCPSP 2/4 -

* What can avoid a place with all UB/LB?

* Can average performance values in a published paper became out of range of valid value ?

* Invalid performance on J60 set (BKS is 10.37% for UB and 9.67% for LB):
_——— Alietal 2016, performance of 0,98 and get worst with more schedules, bo
Rostami et al 2014, performance of 9.94 - it is possible, but new BKS- woul
* Montoya-Torres et al 2010, performance of 5, below LB —
_* Tchomte et al 2007, performance of 9.01, below LB P
/Iﬁvalld performance on J120 set (BKS is 29.01% for UB and 24.98% for LB): ki
__* Mulin 2018, performance of 50K of 30.25, it became the best procedure reported, but not in Pellerin 2020 paper—
s Alietal 2016, performance on 5K schedules of 19.6, below LB
+ Kadan and Kadan 2014, performance of 25.32 - it is possible, but new BKS would need to be reported —————
___— Rostami et al 2014, performance of 21.73, below LB
Invalid performance on J30 mm set (BKS is 12.28% for UB and 10.48% for LB)
. * Soliman et al 2014, performance of 11.30 — it is possible, but new BKS would need to be reported —

* Are wrong instance results appear in international journals?

* Liess and Michelon 2007, reported invalid LB referenced in Horbach 2010 -
* Isit hard to know what instances are closed or open? I

/ Araujo et al. 2020 - Table 1 - invalid number of open instances in PSPLIB and MMLIB\
Chakrabortty et. al. 2020 — Table 5 —invalid number of closed instances in MMLIB \‘\\

 below LB
need to be reported

TABLENL Aveaa

~
Tt . Loer B b A Dvntom b e S

found that the res ported by Liess and Michelon (2008) contain some inconsistencies.
The lower bounds -ated for instances j9026-8, j9030-5 and j9030-7@onflict with the up-
per bounds 82. 83 and 84 listed for them in PSPLIB. These upper bounds are also confirmed



https://www.zotero.org/groups/2504748/mrcpsp/library

25/04/2021

Dataset #Instances #0Open %CPM Gap

Update of tables of
RG300 480 379 956.71% 38.0

DC1 1800 0 26.57% 0.0

DC2 npv2s5 180 0 124.12% 0.0

npv50 180 47 225.18% 76

O n a n npv75 180 94 331.08% 108
npv100 180 107 416.46% 15.0

PSPLIB J30 480 0 13.37% 0.0

J60 480 53 10.37% 5.9

Joo 480 80 9.44% 75

J120 600 308 29.11% 8.5

NetRes NetRes(SP) 540,000 25,577 78.75% 53

NetRes(AD) 480,000 44,829 98.79% 5.6

NetRes(LA) 720,000 246 58.41% 46

NetRes(TF) 720,000 23,544 68.27% 6.4
NetRes(RC) 540,000 10,333 66.27% 6.0
° Table RCPSP' NetRes(RU) 270,000 3761 73.63% 9.3
rv‘-\v.‘ NetRes(VAR) 540,000 4722 87.27% 43
* Vanhoucke and Coelho (2018) ( ! ]l
* This presentation — —

¢ http://solutionsupdate.ugent.be/rcpsp

Dataset Subset #Instances #Open %CPM

« highRD/lowRU see Vanhoucke and Coelho (2021) 623 14221%
RG30 1.800 39.27%
e RG300 480 956.71%
) DCl 1.800 26.57%
o ] = DC2 720 27420%
@ o o 0 o s PSPLIB 130 480 7 13.38%
= o vy 160 480 37 1037%
oo o 190 480 66 9.43%
. O K5 ;55 v Y. . no 600 290 29.01%
o O KS: OV SFSW: : Vi s NetRes NR(SP) |1k 540000(540  25591[12  788%|72.9% 53|18
%0 NR(AD) |1k 480,000 (480 44,855 |7 98.8% | 5611
swwopa 2550 12 R ——— 102.4%
— oo w3 o 15 0 5. o, 20 NRA)| Tk 720000720 2460 S84%|589%  46]00
o e oo st S L NR(TF) |1k 720000720 23344]0  68.3%|64.7%  6.4[0.0
s o oo e s v o car o NR(RC)| Ik 560000/580  10333[0  663%|716% 6000
T D e Lol NR(RU) |1k 270000(270 37610  73.6%|77.0%  93[0.0
T e NR(VAR) |1k 540,000 (540  4722]0  87.3%|91.9% 4300
- = Patterson 110 0 18.04% 08
Dataset Anstances #Open wcom Gap
PSPLIB Ji0 536 0 32.24% 0.0
n2 547 0 27.57% 0.0
Update of tables o on™ £ i i =
p J6 550 0 18.67% 0.0
ns 552 0 18.32% 00
J20 554 0 17.00% 0.0
J30 552 245 12.28% 65
Boctor Bocts0 120 120 2274% 526
RCPSP and MMRCPSP 4/4 ~ & = & & 2
v MMLIBSO 540 310 22.33% 03
MMLIB100 540 275 21.56% 10.8
MMLIB + 3240 2811 79.46% 37.2
* Tables MMRCPSP:
ab s C S : Dataset Subset #Open %CPM GAP
« Vanhoucke and Coelho (2018 PSPLIB _ J10|J12|J14] 536]547]551 0[0]0]0]0] 32%|27%| 0.0]0.0]0.0]
( ) J16(1181J20 | 550552 0 24%[19%|  0.0]0.0]0.0
* This presentation 554 18% [ 17%
) 130 552 245 12.28% 6.5
* http://solutionsupdate.ugent.be/mrcpsp Boctor BoetS0 120 120 22.74% 526

Boct100 120 120 291% 1036
P " s MMLIB MMLIBS0 540 95 2229% 9.3
MMLIB100 540 21.35% 108
2\ r'v‘-\v‘ MMLIB+ 3240 2439 78.77% 37.2
—

21

N i - T = T =TT

J10 )12 | )14 |16 536 | 547 | 551 | 550 ojojolo 32.24% | 27.57% | 23.59% | 18.67% 0.0/0.0|0.0]0.0 psplib | psplib | psplib | psplib | psplib
pspLig  J181)20 552 | 554 00 18.32% | 17.00% 0.0]0.0 psplib {all closed)
J30 552 12.28% CV; SH; ASGI
Boct50 120 120 22.74% =
Boctor - - -
Boct100 120 120 22.01% v
MM50 540 82 22.28% 3.5 CV, SH; CS; ASGJES; mmlib
MMLE  MM100 540 123 21.35% 4.1 CV; SH; CS; ASGJES; mmlib -
MMplus 3240 2043 78.64% 15.9 CV; §H; CS; ASGJBS; mmlib
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An example of an experiment
with NetRes

NetRes:
* High diversity in terms of project indicators;
* Large number of instances, to allow select subsets needed (3,8 million instances).

Percentage of hard instances in NetRes depending on each project indicator
¢ Hard = not solved by DH92 procedure in 1 second

* Phase transitions found in all indicators in the table

The table could not be constructed based in other sets reported in Vanhoucke et. al. (2016)

P"s since not enough instances exist for all indicators and values.
»\ ’-v-v‘ The client tool can be used to select the subset of instances needed and is easy to reference
( ! Q\’ ]l any subset.
— — Suggestions:

Training set: use instances in steps of 10.000
Exact procedures: use instances in steps of 1.0

SP AD LA TF 0s RC
0-0,1  54% R 29% 04% 59% 0% Meta-heuristics: use instances in steps of 100
0103 13% L5% 03% 05% 3% 9.1% Priority rules / fast lower bounds: use the full dataset

03-0.5 02% 45% 0.1% 28% 13% 49%
0507 0% 13% 0.1% 8% 04% 3.8%
0709 0% 49% 0% 17% 0% 1.8%

0.9-1 S 19% - 24% 0% 14%

11

* 623 small instances that are open, with 20 to 30 activities and
1 to 4 renewable resources;

* Build based on existing instances, with a procedure that FActvifics FResources ONC oS SP AD
removes or changes the instance, to allow the instance 3021 #4 171 00,1 #232 002 #8
0.

became smaller and harder; 22-23 #18 2#39 0,1-0,2 #316 2
. o . ) ) ) 24-25#41 3485 2 0.4-0.6 4243
« Diversity is taken in account, with a run to get hard instances in 26-27 #95 4 #498 0,6-0,8 #229
zones with few instances generated. 28-30 #465 0.8-1 64
LA TF RS
« Theinstances are not all too parallel, we can see that only LA and RS 273‘34:?32 8*?34 ’*i: g?(l)z E’igf'
S K i 2-0. .2-0.4 # .1-0.2 #
indicators have most instances concentrated on 0-0,2 range; 0406 #11 04-0.6 #138 07084153 3.4 505 02034
. . ) _ 0.6-0.8 #7 0.6-0.8 #220 0.8-0.9 #245
* Theinstances in CV set are open after 20 hours runs, using a diverse 08-1 #3 0.8-1 #189 00-1 #3203

set of procedures. Total run time (generating and testing),

corresponds to 45 years on a single processor

12
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¢ Uses of CV set:

* Can incentivate new radically different
procedures. We hope the small size and
diversity of the set may help;

* An in-depth analysis of the instances may
reveal what makes these instances are

d 2 very hard, when with a small change
Dlve rSIty Of became easy to solve;
¢ Since the instances are hard, and have
d ata Set CV 2/2 small size, this set is ideal to test heavy
lower bounds;

* The results on the time spend to obtain the

best UB/LB appear to indicate that is harder to

get the best LB, than the best UB, so updates

on results are expected from lower bounds
and exact procedures

Proposed:
* SolutionsUpdate to keep results on RCPSP and MMRCPSP
updated at all times
* Anew large dataset, NetRes, with diversity in many project

indicators and large number of instances available, to fit
several research needs

* Anew CV set of small, hard and open instances, mainly to be
used in lower bounds and exact procedures
Website: solutionsupdate.ugent.be part of
projectmanagement.ugent.be/research/data
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