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opm2—z10-32 hard 6,250 * 25,718 15,601 -13,534 -33,82¢e
opmZ-z11-s8 hard g,01% * -33,028 -21, 661 -18,883 -£3,485
opmZ-z12-314 hard 10,800 * —-4g, 4857 —-11,5G64 -3g, 468 -g&, 251
opm2—z12-37 hard 10,800 4 —=4g5,034 -12,373 -30,B87 -63, 514
pb& hard 42 B2 B2 -62 -63
cueens—-30 hard a0ao -38 -3k -394 -40
dcll open 37,287 11, luu,JJL 21,300,000 1,840,440 unknown
do—big opcn &, 020 a,8141 &£2,520 L, unknown

unknown
unknown
unknown
unknown

ex1010-pi open 25,200 2449 251
ivule-kbig open 12,044 * 479 2] g
ivus2 open 23,438 4, CJ? 1e
mining open 720,600 802, 99
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Qa0 no soluti

pb—simp—nonunif open 23,548 * 480 140 g unknown
ramos3 open 2,187 * 223 274 26 unknown
rmineld open 32,205 * -34g5 =170 -8g unknown
rmineZl open le2, 547 -3657 -184 noe soluticon unknown
rmineZ5 open 326,544 * -3052 -161 noe soluticon unknown
sienal open 13,741 256,620,000 315,186,152 54,820,419 unknown
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= E{TCPURFE: 5%,
= PC: Intel Core i7-820QM (4 cores, 1.73 GHz, 6 GB RAM, 8 MB cache)
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Lower bound

f=All-In-One @ #IEz
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VAN

{ Y Y N
Preprocessing | Neighborhood Search Moves
oo . . ; " : /& : ; N :
Model rewriting Simulated annealing | Combinatorial | | Continuous | Mixed
. k ;
Structure detection Restarts n
Small Small Small
Constraint inference | Randomization Compound Compound | | Compound
Variable elimmation | Learning Large Large Large
N \ V,
Domain reduction - , , i =
Divide & Conquer Propagation Relaxation
Tree search Discrete propagation | Dual linear relaxation

Interval propagation

Dual convex relaxation
Y,
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function model() {
x[i in O..nbItems-1] <- bool();
knapsackWeight <- sum[i in O..nbItems-1](weights[i] * x[i]);
constraint knapsackWelight <= knapsackBound;
knapsackValue <- sum[i in O..nbItems-1] (prices[i] * x[i]);
maximize knapsackValue;

il #3 B &Y

o~ P
FRIRT

hurﬂ.prmdutt div, mod, min, may, and, or

abs, pow, cell, floor, ceil, round, array...

£

SERETHEER
bool, int, float, list
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function model() {

a ....... - R <- float(0,1);
r <- float(0,1);

h <- float(0,1);

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

....... V. ey

constraint S <= 1;
maximize V;

}

mh
V=? (R* + Rr +1%)

S=nr2+n(R+r)\/(R—r)2+h2

MSI# &%t Copyright © 2018. 13
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float min max abs and neq indexof

int div mod sgrt or geq partition
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floor ceil round array+at It
dist scalar piecewise
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C++. C#. JAVA. M{thl=. Python 2.7. 3.2. 3.4.
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At

— Integration of the power of LP/MIP techniques into LocalSolver

L1l

— Development of set—based modeling features and solving performance

Problems

Discrate
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C:¥localsolver_8_0¥examples¥toy>localsolver toy.Isp
LocalSolver 8.0 (Win64, build 20180802)
Copyright (C) 2018 Innovation 24, Aix-Marseille University, CNRS.
All rights reserved. See LocalSolver Terms and Conditions for details.
Load toy.Isp...
Run model...
Initialize preprocessing...
Preprocess model 100% ...
Close model 100% ...
Run param...
Run solver...
Initialize threads 100% ...
Push initial solutions 100% ...
Model:
expressions = 38, operands = 50
decisions = 8 (bool = 8, int =0, float = 0, list = 0, set = 0),
constraints = 1, objectives = 1, constants =11
Param:
time limit = 1 sec, no iteration limit
seed = 0, nb threads = 2, annealing level = 1
Objectives:
Obj 0: maximize, bound = 331
Phases:
Phase 0: time limit = 1 sec, no iteration limit, optimized objective =0

Phase 0:
[ Osec, 0Qitr]:obj= 0
[ Osec, 28383itr]: obj= 280

28383 iterations, 56249 moves performed in 0 seconds
Optimal solution: obj = 280
Upper bound : ub= 280 (gap < 0.01%0)

C:¥localsolver_8_0¥examples¥toy>

MSI#RH &+t

TOYETIL (5 K{L)

Copyright (© 2018.
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Integration

. C:¥localsolver_8_0¥examples¥tsp>localsolver tsp.Isp inFileName=instances/brl7.atsp
. LocalSolver 8.0 (Win64, build 20180802)

. Copyright (C) 2018 Innovation 24, Aix-Marseille University, CNRS.
. All rights reserved. See LocalSolver Terms and Conditions for details.
. Load tsp.Isp...

. Run input...

. Run model...

. Initialize preprocessing...

. Preprocess model 100% ...

. Close model 100% ...

. Run param...

. Run solver...

. Initialize threads 100% ...

. Push initial solutions 100% ...

. Model:

. expressions = 50, operands = 334

. decisions = 1 (bool =0, int =0, float = 0, list = 1, set = 0),

. constraints = 1, objectives = 1, constants = 17

. Param:

. time limit = 5 sec, no iteration limit

. seed = 0, nb threads = 2, annealing level =

. Objectives:

. Obj 0: minimize, bound =0

. Phases:

. Phase 0: time limit = 5 sec, no iteration limit, optimized objective =0
. Phase 0:

. [ Osec, 0itr] : infeas = 8 violated expressions

. [ 1sec, 12136 itr] : obj = 39

. [ 5sec, 608767 itr] : obj = 39

. 608767 iterations, 1217616 moves performed in 5 seconds

. Feasible solution: obj = 39

. Lower bound : Ib= 0 (gap = 100.00%)

. Run output...

. C:¥localsolver_8_ 0O¥examples¥tsp>

MSI#RH &+t

at?:,fsn;me"' TS P:E _\\)[/(Exlj\“:)
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C:¥localsolver_8_0¥examples¥pmedian>localsolver pmedian.lsp nFileName=instances
/pmedLl.in
LocalSolver 8.0 (Win64, build 20180802)
Copyright (C) 2018 Innovation 24, Aix-Marseille University, CNRS.
All rights reserved. See LocalSolver Terms and Conditions for details.
Load pmedian.lsp...
Run input...
Run model...
Initialize preprocessing...
Preprocess model 100% ...
Close model 100% ...
Run param...
Run solver...
Initialize threads 100% ...
Push initial solutions 100% ...
Model:
expressions = 10489, operands = 40202
decisions = 100 (bool = 100, int = 0, float = 0, list = 0, set = 0),
constraints = 1, objectives = 1, constants = 286
Param:
time limit = 10 sec, no iteration limit
seed = 0, nb threads = 2, annealing level = 1

Objectives:
Obj 0: minimize, bound =0
Phases:
Phase 0: time limit = 10 sec, no iteration limit, optimized objective = 0
hase 0:
[ Osec, 0Qitr] : obj = 59800
[ 10 sec, 99485 itr] : obj = 5819
[ 10 sec, 99485 itr] : obj = 5819
99485 iterations, 197497 moves performed in 10 seconds
Feasible solution: obj = 5819
Lower bound : Ib= 0 (gap = 100.00%)
Run output..

C:¥localsolver_8_0O¥examples¥pmedian.

MSI#RH &+t
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Structured decisional operator list(n)
o listzyklZ {0, ...,n-1} DEDHTEYTHS,
« —ODDEYMAIFELSEZTRED,

List(n)IZx9 54 XL—4:

« count(u) . number of values selected in the list
« get(u,i) or u[i] - value at index 1 In the list

* IndexOf(u,v) . Index of value v in the list

. contains(u,v) . “indexOf(u,v)!=-1” LEICERK

disjoint(ul, u2, ..., uk) : list Z41Y B9
e partition(ul, u2, ..., uk):listz— D2 D¥YELTR S

2018/10/1 MSI#k =X &%t Copyright © 2016. 24
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function model() {
x <-list(N) ; // order n cities {0, ..., n-1} to visit
constraint count(x) == N; // exactly n cities to visit

minimize sumli in 1..N=-1]( Dist[ x[i-1] 1[ x[i] 1)
+ Dist[ Xx[N-1] 1[ x[0] 1; // minimize sum of traveled distances

Could you imagine simpler model?
* Natural declarative model: straightforward to understand

« Common set-oriented concepts: easy to learn
 Still easier for people with (basic) programming skills
e Compact: linear in the size of input = highly scalable (1 million nodes)

2018/10/1 MSIt=R &%t Copyright © 2016.
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TSP: real-life 200-client instance
LocalSolver 5.0 vs 5.5 (with operator list)
1800000

1600000
1400000
1200000
1000000
LS 5.0
800000
600000

LS 5.5
400000

200000

Best known solution

0
1234567 8 910111213141516171819202122232425262728293031323334353637383940414243444546474849505152535455565758

2018/10/1 MSItk X &%t Copyright © 2016. 26
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function model() {
X[1..K] <-list(N) ; // for each truck, order the clients to visit
constraint partition( x[1..K] ); // each client is visited once
distances[k in 1..K] <= suml[i in 1..N=-1]( dist( x[k][i-1], x[k][i]) )
+ dist( x[K][N-T1], x[k][O] ); // traveled distance for each truck

minimize sumlk in 1..K]( distances[k] ); // minimize total traveled distance

}

To go further, to make it simpler
e Sets (unordered) versus lists (ordered)
e Multi-sets/lists: multiple occurrence of the same values
* Collections of objects instead of values

 Ability to iterate and project over collections (lambda expressions)

2018/10/1 MSI#zt<%t Copyright © 2016. 27
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SCMETILOERITHR

Phase O:
[0 sec, Oiitr]: obj = (75593, 0,0,0,0,0,0,0,0,0,0,0,0), mov=0,inf<0.1%, acc < 0.1%, imp=0

[1 sec, 27226 itr]: obj = (64967, 0, 6534, 0, 0, 0, 29280, 2838.45, 0, 519, 1059, 28.5621, 10132.2),
mov = 48265, inf = 55%, acc = 45%, imp = 17073

[2 sec, 65843 itr]: obj = (46593, 0, 23231, 0, 0, 0, 39820, 3763.47, 0, 1287, 1145, 30.6949,
27794.2), mov = 124782, inf = 50.3%, acc = 49.6%, imp = 51706

[7 sec, 237135 itr]: obj = (11, 0, 51402, 0, 22, 0, 46130, 4122.05, 0, 2702, 1161, 31.1616, 73535.1),
mov = 477135, inf = 60.2%, acc = 38.9%, imp = 146374

[8 sec, 280000 itr]: obj = (11, 0, 51402, 0, 22, 0, 46130, 4122.05, 0, 2702, 1161, 31.1616, 73535.1),
mov = 560000, inf = 64.6%, acc = 34.4%, imp = 146374

[9 sec, 320000 itr]: obj = (10, 0, 52006, 0, 25, 0, 46150, 4125.65, 0, 2713, 1160, 31.1471, 73522.5),
mov = 640000, inf = 67.9%, acc = 31.1%, imp = 146375

[10 sec, 360000 itr]: obj = (10, 0, 52006, 0, 25, 0, 46150, 4125.65, 0, 2713, 1160, 31.1471,
73522.5), mov = 720000, inf = 70.4%, acc = 28.5%, imp = 146376

360000 iterations, 720000 moves performed in 10 seconds

Feasible solution: obj = (10, 0, 52006, 0, 25, 0, 46150, 4125.65, 0, 2713, 1160, 31.1471, 73522.5)

2018/10/1 MSIt#k X &%t Copyright © 2017. 31
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1. EEREZEHMDES (BoolEH)
X(AB. Bft. &%, 2%) = {0, 1}
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ANB:204. 1:@[E. 1FEED 162/ LAOVE, 3%

(EERTEEHH: 20x7x16x3=9520)
LocalSolver 3.1 : @B FETH20F
EEEMIP Ex R E TS0
HITHER(2) £FBETIL
ANE:834. 1., 15908ND543(4 LAOYE, 575
(EHRELTH: 83x7x54x5=156870)
LocalSolver3.1: @@ F TH210%#
EEEMIP :600F L E

(HIFRNBFIEZEGO TS --)
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5000mmADIEZEH D I70/ILLZEOO—)LHS, A REEEZEOEHEAZOO—)L
FERARBUZTEDE TG D LS., FHEf/AF—2 LN 2—2 D FERE#ZEKR D
HEIRETH S,

kY 12 A RY I3 N
B 84 ’5& (*ﬁ S B 8IS *ﬁﬂ) m'i Roll 3600 ~ 4600
Products |width Request |minimum |maximum
1. /38— $B /N (% 1000) I S S S—
sls E » O =
2. BEXRMELEDF vy T/ *100) 3 920 20 16 24
3. ORERH(4600mmMSDE) , 1250 : ! :
5 1200 10 8 12
Patter 2 3 4 5 6 16 17 18 19 26 27 28 51 52
n No
(F::Odu volume count in pattern(i) 97K 27K
600 0 0 1 0 0 0 1 0 1 0 1 4 0 6 7 8K
740 0 1 0 0 0 0 1 2 1 3 1 0 1 1 0 184
920 1 0 0 0 1 2 1 2 2 1 1 0 3 0 0 1874
1060 0 0 0 2 1 0 1 0 0 0 2 2 1 0 0 8
1200 3 3 3 2 2 2 1 1 1 1 0 0 0 0 0 9K
Total | 4520| 4340 4200, 4520 4380| 4240| 4520 4520/ 4380| 4340 4380 4520| 4560 4340 4200
rest 80 260 400 80 220 360 80 80 220 260 220 80 40 260 400

2018/10/1 MSI#zte4t Copyright © 2017.
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EITHEE() AEETIL
BIOIEE 10 B HME: 153, Y/ \I—1EfE%L: 12898
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= 3-4 D752 AMDEH| (Car sequencing)
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= Car Sequencing at Renault (L EfER)

BIHATHEEERIIERBDIERETRT , LPREMAE (LRIFX3001(5H)),
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