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MILP: #ZiE 18% (K T100 FIARIHEH 26%)

[
new RLT cuts
new BQP cuts
new RelaxLift cuts
second type of "SubMIP" cuts
use LP to find another aggregation for MIR cut separator
randomize aggregation order in MIR cut separator
try more scaling factors in MIR cut separator
more aggressive cover cut separation
occasionally separate "close cuts"
tuned cut loop abort criteria for main and parallel cut loops
improved dual bound updates from parallel root cut loops
improved cut selection

improved performance of zero-half and mod-k cut
separators

limit effort in GUB cover and network cut separation
procedures

limit effort in some very expensive cut separation
procedure

fixed a performance issue in symmetry cuts
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iyt

HAth e

new solution improvement heuristic
new "lurking bounds" heuristic

extended some heuristics to work for models with SOS
constraints

b

implied product detection

detect implicit piece-wise linear functions
sparsify objective function

substitute sub-expressions in presolve to sparsify
constraints

better work limits in constraint sparsification
improved parallel column/row presolve reduction
activate SOS2 to big-M translation in some cases

improved disconnected components

extended disconnected components detection to work for
models with SOS constraints

reduced wait time in parallel synchronization by more flexible
work load distribution

propagate objective function in node probing
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LIE Gurobi A i itz Ja BIZ9F0 B #5 Q HPE 22 A,

xTQx <b

convex non-convex
—y+x2<0 —y—x%<0

e Q A EE (PSD) By, ARZ. xTQx < b iy
« QisPSDifandonlyif x"Qx > 0 for all x

{B x"Qx < b FEHAMIF L T ] LU MAY, 4140 7k (SOCs)

SOC: x% 4+ +x2—22<0

x?+y%—22<0,z = 0:atlevel z, (x,y) is a disc with radius z
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XJF-FHe By IR Fn B dRander?
o T AT AT LIE 2 i el o & AL
o WRAECEIHIIE GRB.ERROR O NOT PSDOr GRB. ERROR_QCP EQUALITY CONSTRAINT

Gurobi 9.0 v LISRFRAT(n] — Yk [a) BB 4 R B L
o RERAIEEIR, HEHERAEGFE “NonConvex” 2805 EN2)
o BADIFHEEIE IRAREE N N M2 R

3x% — 7x1x, + 2x1%3 — x5 + 3x,x3 — 5x5 = 12 (FFEfh Q L9
|:> P11 = x12»P12 = X1X2, P13 ‘= X1X3, P22 = xzz»st = X2X3,P33 = xsg (6 ?Xéﬂ%’fﬁié’\jﬁﬁ)
3p11 — 7P12 + 2p13 — P22 + 3P23 — Sp3z = 12 (EMEAR)

o fiAbas 7T LASABE I 2 M2 e
AT

.« ZE[EIIX
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Flan- A (x = y):

convex non-convex
—z4+x%2<0 —z7—x%2<0

Copyright © 2020, Gurobi Optimization, LLC



3E™ QP, QCP, MIQP F1 MIQCP Srmoon

W MELY R FAE SN BTG v
e XK alz+dxy=h (M —3EARm, A EE)

Flan- A (x = y):

convex non-convex
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W MELY R FAE SN BTG v
e XK alz+dxy=h (M —3EARm, A EE)

Flan- A (x = y):

non-convex
—z—x2<0
O
X
x<Q0orx=0
® SR H#Ath % ®
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REFBEA —z+xy =0

I A I

pictures from Costa and Liberti: "Relaxations of multilinear
convex envelopes: dual is better than primal"

McCormick T 5F0 S el2&:

—z+ Ly+ Lx< L1,
—Z + Uyy + UyX < Uylly,

—Z+u,y + lyx
—z+ Ly +uyx

Uyl
Ly,

IV IV
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pictures from Costa and Liberti: "Relaxations of multilinear
convex envelopes: dual is better than primal"

McCormick T 5F0 S el2&:

—z+ Ly+ Lx
—Z+ Uy + Uyx

L L,
Uy Uy

IA IA

—zZ+u,y + lyx
—z+ Lyy+uyx

[

Uyl
Ly

IV IV
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/H’UEJZ
P LR E QLY AR ER R N M 29 R
« McCormick #xth
o ZE[8)57 3 (WEELT EHIT T X)

o “"HiEMNZAHR"
1E SR AL s B &0 3 5 McCormick #A st a] A 2 %k
1T FEYE AN R Y0 -

o Ul m

RLT UJ ¥ (RLT = Reformulation Linearization Technique)
BQP UJ*}~if (BQP = Boolean Quadric Polytope)
BILRHHE H: SDP B (SDP = Semi-Definite Program)

[ 4E3E ) MILP
« RBE0-1ZE BIRFAGA M LIS
o PEREHETF: RLT U Fn BQP U)K
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3E™ QP, QCP, MIQP F1 MIQCP Srmoon

FIAMIREE R vs. Tid R3S MIQCP {fifbss
QPLIB it £ & Prof. Hans Mittelmann (Arizona State Univ.)
« http://plato.asu.edu/bench.html

* Gurobi sEEF PR, FERTIE] PR E PN Rk a) @A 5 %
o {H: HAhfubgsimn B RO SKAET X MINLP, FRFE(R{X IR MIQCP

ratio 64.7x  16.2x  64.8x  46.7x  63.0x 85.8x
non-convex
binary solved (80) 17 41 19 24 23 7 80
ratio 25.5x 30.6x 11.9x 18.3x 5.1x 12.6x 28.8x 1.0x
non-convex
discrete solved (88) 8 1 24 15 41 29 4 66
ratio 5.1x 4.9x 2.2X 4.2x 2.7x 1.6x 5.4x 1.0x
non-convex
CONtINUOUS = | o4 (49) 8 8 22 7 14 29 6 27
ratio 70x  14x  108x  31.1x 73x  135x  203x  28.6x 17.9x 1.0x
convex
discrete solved (31) 12 9 10 2 11 11 8 2 11 21

results from December 16, 2019
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STEZRME (PWL) 43R Srmon

T T L
F P ATUR — R 81 (xy) TEARFT

may have jump
g

_ extended towards

supporting \/'/ infinity with same slope

points

y = PWL(x; (1, y1), -, (e, Y))
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STEZRME (PWL) 43R Srmon

T T L
F P87 UR — R 81 (xy) TEARFT
=)

ey =¢e5, 0 x< 1
o F1007M 0 BRrfEl, F=E101 A (xpts, ypts):
(0,e9),(0.01,e%%1), ..., (1,e1)
« Python {tA3:
n = 100
Xpts
ypts

model = Model ("pwltest")

X model .addVar (1b=0, ub=1, name="x")

Y% model .addVar (name="vy")

gc = model.addGenConstrPWL (x, vy, xpts, ypts, "gc")
model .setObjective (-2*x + V)

model .optimize ()

[1.0*k/n for k in range (n+1l) ]
[math.exp (xpts[k]) for k in range (n+1) ]
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y = exp(x)
2x+y=06

(0.69,

1.9937)

min -2x+y

02

04

0.6

Optimize a model with 0 rows, 2 columns and 0 nonzeros
Model fingerprint: 0xe289cdc2

Model has 1 general constraint

Variable types: 2 continuous, 0 integer (0 binary)

Nodes | Current Node | Objective Bounds | Work
Expl Unexpl | Obj Depth IntInf | Incumbent BestBd Gap | It/Node Time

0 0 cutoff 0 0.61372 0.61372 0.00% Os

Optimal solution found (tolerance 1.00e-04)
Violations: const 0.0000e+00, bound 0.0000e+00, int 0.0000e+00, genconstr 0.0000e+00
Best objective 6.137155332431e-01, best bound 6.137155332431e-01, gap 0.0000%

gurobi> print x.X
0.69

gurobi> print y.X
1.99371553324
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y = f(x)
SCFF: polynomial, log(x),log,(x), e*, a*, x4, sin(x), cos(x) , tan(x)
FIH— R X 2B
=]

ey =e*,0<x<1

« Python f#%: gc = model.addGenConstrExp (x, y, name=%“gc”)
Gurobi H 5T R EEHT R A IHT /0 BeaR M L iR R

o X TJE BT EERBA YA EE sin(), cos(), and tan()

o TEFRAAEE F R IR G B EOE 2

o TEFRMAL H A SR SR AT RE A2 A AR 4y Be S L 3L 1R
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326101

» FuncPieces, FuncPieceLength, FuncPiecekError,
FuncPieceRatio

o M FUE M TR BB R
o ZHCE M TR ELI R
R P RTRR Y H
» FuncPieces, FuncPieceLength, FuncPieceError
o HTIREDERRE, HBIEMR RTIFIRE
(A el Fn A e

 FuncPieceRatio

25451, y = x?
° WTSE{H (P|1, P|2, P|3)
* ﬁiﬁ{ﬂ (Puh Pu2: I:)u3)
« 1%7=:0.25 for both pieces [0,1] and [1,2]
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3 Eg%,ﬁ ﬁg SPHM$ZSIEJ

e |- Y s
BT RS TR AL AR W A .
o z=2x%?
=Xy
e Letu=x2%v=u?w=y? (bilinear)

« Thenz = vw (bilinear)
« PWL i (U BT B I MRS 3 1
o ATLURFTIZ YIRS M [a) AR 1S R i (L

. e.g.,z=sin(x2y)-exty’

HSE
o RN DIEAE IFAERETROR 2 1
« PWLIT{IHIRZE v HERR K
o Z5{:

e y=x-—0.25 y=x?

y = x — 0.25 is for line (P4, P, P}p)

P = (x,y) = (0.5,0.25) is feasible

PWL approximation of y = x2 with line segments (P, Py2, Pus)

y = 0.5 atx = 0.5, Q(0.5, 0.5) is quite far from P(0.5, 0.25)
Infeasible Puy

FuncPiecelLength=1 is too big: largest error = 0.25 is too big to be feasible
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o PAMVIAEE TSRt R ALY
o THRNALTT B3 T AL POBURE & FE R B Y
N R PE SRR M0 N B2 S5 2
FRIRPIME
o [FEERBNT G, WRESEEADICRME, REHE E G ESAE B IARE RN B A A
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AT
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o MBI R
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& BB A
o [HE T RAERAMILMIP K R
* [HRRARZH: sensitivity.py
Gurobi 9.0 ik
o HEENEMGER
Bl @k
% 224 sensitivity.py , BV EBILE

HpR
AR 2 AESE LIRSS 28 FNA S A 2 5
ROGESR R, RBIEE, FIRICR, Ay RO TS AT LIRS
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MIP £ 5722554
o NENHEIZBRMNE
o FEANTREEIER VIS Hofh 7 21T
o FEHAIHTREAMAETL: IS TFA AR, I ARAOEURE anfar?
o MIP FARY LP BURE 54T

GEALL{L Stochastic Optimization
o FE—E, b A T EREE
o HPTERESN RIS
o BF NN AR E AT B

% 1%{/L{/t. Robust Optimization
o FEH—M, MAbEETE
o PRIRECNEE, HPFEEREELE
Bz REAE R ER A
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Python%E 4§15 oo

XF Python
o RITATHIRIEIES
. g R
VR e

F =R, BHEH
o BHREFIFEMENINRIES
BHRF M TR S IR A PE T 2818
« K& ALK NumPy F1 SciPy

gurobipy 25 NumPy’s ndarrays 1 scipy.sparse matrices /Eu%i A
o ANEAERIAREE FFERE SRR, M S5 {E
o KIAARHBNEZSRRPRTIRG S2, U5 Pk
o API#2{E T ZFp 5 (X BEANE R MER):
EENIEPEZY K Model . addMConstrs (A, x, sense, b)
KXHHPFELTE x = Model.addMVar (shape), REIINZIR Model . addConstr (A @ x <= b)
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Python #EfF API : —/ME B

1 R p

mip1.py: fAEIEE

import gurobipy as gp
from gurobipy import GRB

m = gp.Model("mip1")

= m.addVar(vtype=GRB.BINARY, name="x")
y = m.addVar(vtype=GRB.BINARY, name="y")
z = m.addVar(vtype=GRB.BINARY, name="z")

m.setObjective(x + y + 2 * z, GRB.MAXIMIZE)

m.addConstr(x + 2 * y + 3 * z <= 4, "co")
m.addConstr(x + y >= 1, "cl1")

m.optimize()

GUROBI

OPTIMIZATION

matrix1.py: HEfEFR X

import numpy as np

import scipy.sparse as sp
import gurobipy as gp
from gurobipy import GRB

m = gp.Model("matrix1")

x = m.addMVar(shape=3, vtype=GRB.BINARY, name="x")

obj = np.array([1.0, 1.0, 2.0])
m.setObjective(obj @ x, GRB.MAXIMIZE)

data = np.array([1.0, 2.0, 3.0, -1.0, -1.0])

row = np.array([0, 0, 0, 1, 1])

col = np.array([0, 1, 2, 0, 1])

A = sp.csr_matrix((data, (row, col)), shape=(2, 3))
rhs = np.array([4.0, -1.0])

m.addConstr(A @ x <= rhs, name="c")

m.optimize()
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REEHE SEpE

' Gurobi ;B E RS A ERE
o T EBMT AT AT D PR 5 BRI R £ 2,
o P LIRS B L LRSS

&
« fIFRHPIRE AR A (user, admin, cluster admin)
o HEmZ MR AP % 5R

A Hb [ T 5 i B
o NEHGFHPRAET HP AR EIRALE B
£ HE
ﬁ%%@ﬂﬁﬁbﬁﬁﬁuai
KEFE R E AR

« AFERNRIIMMILES IR E %L
« B AL EAES, LRI ESIR GG R

Copyright © 2020, Gurobi Optimization, LLC
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. Q My batches €) 200 batches X
Gurobi Cluster Manager
O Model Created at \|/ Submitted at Ended at User App Priority Size API
B Batches
10/07/2019 10/07/2019 10/07/2019
O @ P0033.mps.gz . . . qu 0 0KB Java LOG
5 Submit 6:39:34 pm 6:39:35 pm 6:39:35 pm ‘ ‘
10/04/2019 10/04/2019 10/04/2019
Batches . :
= Repository O © poosmesgz o000, 3:32:22 pm 3:32:22 pm o 0 13KB  Python | LOG
A 10/03/2019 10/03/2019 10/03/2019
Cluster 0O © rooszmpsg 9:27:38 pm 9:27:38 pm 9:27:38 pm ou o oKke Python | LOG
@ 10/03/2019 10/03/2019 10/03/2019
0O © wmscormpsgr 9:18:20 pm 9:18:21 pm 9:18:27 pm o o Oke Python | LOG
10/03/2019 10/03/2019 10/03/2019
0O © wmscormpsg 917:13 pm 917:13 pm 917:19 pm gu 0 235Kk Python | LOG
TIMELINE CLIENT STATUS INPUT OUTPUT
1D Runtime Group
68c2c9e6-85c4-4e49-879a-50f575f8aach 9.0.0
Batch system ID Requested runtime to execute the batch Batch job group placement request
Job ID Model Priority
fc2adf46-d2f3-438f-aaaf-f13b159588ba P0033.mps.gz 0
ID of job executed for this batch Model input file Priority of the batch
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EEHERPHITHIEMRML GUROB
P
o BARSB I TIFEFP IS & 5B RS 4 LinT
« MIP [a@22 5 275 BAR AL B 8]
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