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Solutions
Integration

lnstances sStatus variables Hexaly3.1 Gurobx 5.5 Cplex 12.4 Optimum
opm2-2z10-s2 hard 6,250 % =25,719 -19,601 -18,53¢ -33,826
opm2-z11-s8 hard 8,019 * -33,028 -21,661 -18,883 -43,485
opm2-z12-s14 hard 10,800 * -4¢,957 -11,994 -3¢, 4¢€8 -g4,291
opmz-2z12-87 hard 10,800 4 -46,03¢ =312,373 -30,887 -65, 514
pbé hard 462 -62 -62 -62 -63
cqueens-30 hard a00 -38 -3¢ -3¢ -40
dcll open 37;297 11,100,000 21,300,000 1,840,402 unknown
do-big opcn €,020 9,811 62,520 5,25¢ unknown
ex1010-pi open 25,200 246 251 247 unknown
ivu06-big open 1,812,044 * 476 g,41¢ €78 unknown
ivuS2 open 1,423,438 4,807 16,880 3,285 unknown
mining open 753,404 * -65,720,600 802,%¢%,000 no solution unknown
pb-simp-nonunif open 23,848 * 90 140 94 unknown
ramos3 open 2,187 * 223 274 267 unknown
rminelé open 32,205 * -3469 =170 -9¢8 unknown
rmine2l open 162,547 * -3657 -184 no solution unknown
rmine25 open 2€,5449 * -3052 ~161 no solution unknown
sienal open 13,741 256,€20,000 315,186,152 54,820,419 unknown
sts405 open 405 342 342 354 unknown
sts729 open 709 €48 €48 6€e5 unknown

M MIPLIBETFILDOAR Y F2— R

mEVLEE (Hexaly EMIIPEE Z R S
mETCPURRM : 59
mPC : Intel Core i7-820QM (4cores, 1.73GHz, 6GB RAM, 8MB cache)
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Results

The chart below reports the results with the instance size on a horizontal logarithmic scale and the gap to the known optimal solution on the vertical axis. When a solver
could not reach a feasible solution within the time limit, it is plotted as a 'X'. You can use the slider to select different time limits and update the chart accordingly.
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Integration

Results

Below is a chart representing the results. The instance size is in a horizontal logarithmic scale and the gap to the best known solution on the vertical axis. Results for
different time limits can be selected with the slider. When a solver could not obtain any feasible solution within the time limit, this failure is reported as an an "x' with the
highest displayed gap value.

Hexaly vs MIP solver
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Performance

We have measured the gap value regularly until 300 seconds. The comparison is made between LocalSolver 8.5 and a commercial MIP solver, both without any specific
configuration or tuning. The BPP Library has more than 6000 bin packing instances, with 50 to more than 5000 items. We used the Falkenauer and Gl datasets (160 and
240 instances respectively) which cover the whole range of instance sizes.

Below is a chart representing the resulits. The instance size is on the horizontal axis and the gap to the best known solution on the vertical axis. Results for different time
limits can be selected with the slider.

Hexaly s mip solver
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Performance

The chart below presents the results obtained with this LocalSolver model with different running times (from 10 seconds to 5 minutes) on all instances. In summary, we
observe that good solutions are obtained even with short running times, and given 5 minutes of computation time, LocalSolver reaches a average gap smaller than 2%.

Curve

Hexaly results
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BIRED R T v 7 #LLER

lsp steps Python cpp steps
steps  Python/Isp lsp/Python cpp cpp/lsp  lsp/cpp

assem bly_lne_balancing 82 128 1.561 0.641 173 2110 0474
car_sequencing 15 112 1.493 0.670 194 2587 0387
cvmptw 182 246 1.352 0.740 292| 1.604| 0.623
pbshop 94 116 1.234 0.810 199) 2117 0472
m ovie_shoot_scheduling 136 158 1.162 0.861 267/ 1.963| 0509
pdptw 195 263 1.349 0.741 306/ 1.569| 0.637
social_go ffer 83 103 1.241 0.806 178 2.145|  0.466
stee|m ill_slab_design 124 148 1.194 0.838 234 1.887| 0530

1.323 0.763 1998 0512

ETIVERDKIEICHIR
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function model() {
%x[i in O..nbItems-1] <- bool();
knapsackWeight <- sum[i in O..nbItems-1] (weights[i] * x[il);
constraint knapsackWeight <= knapsackBound;
knapsackValue <- sum[i in O..nbItems-1](prices[i] * x[il);
maximize knapsackValue;

LIk B

™~ s
FIRT
sum, product, div, mod, min, max, and, or
abs, pow, ceil, floor, ceil, round, array...
I
EEREERNSTER
bool, int, float, list
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function model() {

R <- float(0,1);
r <- float(0,1);
h <- float(0,1);

V<-Pl*h/3.0*(R*R + R*r + r*r);
S<-Pl*r*r+ PI*(R+r) * sqrt(pow(R-r,2)

+ h*h);
mh
V=—(R*+Rr+r% _
3 constraint S <= 1;
S=ar?+m(R+71)y(R—7)2 + h? }maximize V;
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bool sum sub prod not eq count
float min max abs and neq indexof

int div mod sqrt or geq partition
list log exp pow XOr leq disjoint
COS Sin tan if gt
floor ceil round array+at |t
dist scalar piecewise

BRREEHZ2ERL. EERFARL—22E- T,
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Feasibility search
Optimization

A

Y
Infeasibility proof

Lower bound

Hexaly (37 : / /17 DEXRK)
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(LS, LP/MIP, CP/SAT, NLP, ...)Z#& L 7=zAll-In-One D #IB5TiE) %>
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2 ' 4 Y4 N
Preprocessing Neighborhood Search Moves
Model rewriting Simulated annealing | Combinatorial [Continuousj Mixed
. k .
Structure detection Restarts "
Small Small | Small
\
Constraint inference Randomization Compound Compound ' | Compound
Variable elimmation | Learning Large Large . Large
/ \
Domain reduction P — ot . ; = <
Divide & Conquer Propagation [Relaxatlon]

Tree search

Interval branching

V. Vi

\

Discrete propagation
Interval propagation

Dual linear relaxation

Dual convex relaxation
_J
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2) DAG:Directed acyclic graphTHE T IILFRHE

minimize

I max |
constraint obj constraint

x1 <= bool(); x2 <= bool(); x3 <- bool();
y1 <= bool(); y2 <~ bool(); y3 <= bool();

sx <- sum(x1, x2, x3);
sy <- sum(yl, y2, y3);
constraint sx <= 2;
constraint sy >= 2;
obj <- max(sx, sy);
minimize obj;
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EREHEEZR < LTW L FHIEAE (DAG:Directed acyclic graph)

- DAGHD L—7 Dl (Lazy propagation)
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Hardness of constraints
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« Thierry Benoist : heading the Optimization
department at Bouygues e-lab.

v" OR projects leader to operational softwares
in the Bouygues Group.

v Graduated from Ecole Polytechnique (1998),
he holds a PhD in computer science (2004).

v' 2005 Doctoral Prize for Innovative
Applications by French Information
Technology Society

v' 2006 Robert Faure 3rd Prize awarded every 3
years by French Operations Research Society
(ROADEF) to the best young OR researchers

T 17

h2FFE% I,
TLaOL] ZiE&EL

Zax] 1319
AT -

« Frédéric Gardi : deputy head of Optimization
department at Bouygues e-lab
He conducts OR projects since 10 years in various
business areas, from banking to heavy industry.
He holds a PhD in computer science from Aix-
Marseille University (2005).
Expert in the design and engineering of high-
performance local-search algorithms, he won with
B. Estellon and K. Nouioua several international
OR competitions (1st Junior and Senior Prize of
ROADEF 2005 Challenge, 2nd Senior Prize of
ROADEF 2007 Challenge, ROADEF 2011 1st Prize
for Industrial Applications).

MSI¥k={ &%t Exclusive Agent in Japan "MSI Co. Ltd."



4 LocalSolver % 7n< o L

oooooooo

Integrati

« 2007: Beginning of Hexaly project

v'Long-term objectives:
1. Defining a simple, generic declarative formalism suited for LS (modeling)
2. Developping an effective LS-based solver with fundamental principle:

« 2009: First software concretization: Hexaly 1.0

v'Allows to tackle large-scale 0-1 programs
v'Binaries freely distributed at www.localsolver.com

« 2011: Hexaly 1.1 (multithreading, enriched moves, annealing)
« 2012: Hexaly 3.0 (floating, finding feasible solution)
 2021: Hexaly 10.0 (All-In-One Solver) HEbRERT
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