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Gurobi 10.0 3FEE. Gurobi 11.0 — FE&E M ERY

KA BEREA >100F) & Z-1= Al

LP (concurrent) 0.7% 1.2%
LP (barrier) 2.0% 4.1%
LP (primal simplex) 3.1% 9.3%
LP (dual simplex) 0.3% 1.9%
QP 1.3% —
SOCP 40.6%"" —7

Time limit: 10000 sec. *

Intel Xeon CPU E3.1240v5 @ 3.50GHz Too few hard QP and SOCP |_'nodels to measure performance
4 cores, 8 hyper-threads ** Includes performance bug fix for dense cone handling

32 GB RAM
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LP

1EREEE

BRINEE:
e Gurobil-4:
e @Gurobi 5+:

Time limit: 10000 sec.
Intel Xeon CPU E3-1240 v5 @ 3.50GHz

4 cores, 8 hyper-threads
32 GB RAM

dual simplex
concurrent LP

Test set has 2574 models:

- 225 discarded due to inconsistent answers

- 77 discarded that none of the versions can solve

- speed-up measured on >100s bracket: 596 models
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SolutionTarget &Y

o ESHEIEE Gurobi 10.0.0 » MIRFAFSE
« 7£ Gurobi 11.0 FZEICEHEMAAPIFSCIY

* SolutionTarget:
- -1: Bopi#¥ (FRTF SolutionTarget=0)

++/8

0: IREERMNAE
1 X S=ILE (F—E2EHMN)

s AIDURIEEFRIKERZRE » $5ES I A ARk
- NREEZEINRXEHCrossover
- NIRTEHBRZERBAEERR



OPTIMIZATION

SolutionTarget % @) GUROBI

% BE CAUH
 Gurobi 10.0:
e SolutionTarget=18ZAK FEEF Method=2 Crossover=0
« Gurobi 11.0:

. YIFHALPHREIEIRACrossoverlIN mE A
 Gradient Boosted Tree EFAEXRFHEMANAREERAEHAKLPEE

« FHEETF Gurobi 10.0 BOMEREIRFH
o BE{MRF 23% (>100FMERURF+ 46% )

*  concurrent LP with SolutionTarget=1, 4 core machine
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‘ #ﬁLP%;ﬁ%zy OPTIMIZATION

Gurobi 10.0 Gurobi 11.0
* Method * Method
« -—1:automatic e -—1:automatic
*  0:primal simplex e 0:primal simplex
«  1:dual simplex *  1:dual simplex
e 2:barrier e 2:barrier
*  3:non-deterministic concurrent LP *  3:non-deterministic concurrent LP
e 4:deterministic concurrent LP e 4:deterministic concurrent LP
«  5:deterministic concurrent simplex

» ConcurrentMethod
e —1:automatic
*  0: barrier/dual/primal
e 1:barrier/dual
*  2:barrier/primal
e  3:dual/primal
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Gurobi 10.0 XFEE Gurobi 11.0 — SESE# iR
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OPTIMIZATION

KA BEEA >100F) & Z-1= Al

MILP 3.6% 12.4%
MIQP 12.8% 22.8%
MIQCP 9.2% 18.2%

imization, LLC. Confidential, All Rights Reserve
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GUROBI Comparison of Gurobi Versions (PAR-10)

OPTIMIZATION

1600 90
1446
1400 80
1298
70
1200 1134
1065
60
MILP 1000 o4
ok 2R
MBEIETS 50
800 776
40
600
454 30
400

20

294
244
200 I I 135 10
0 I 0
v7.0 v8.0 v9.0

vl.l v2.0 v3.0 v4.0 v5.0 v6.0 v10.0
Time limit: 10000 sec. Test set has 7102 models:
Intel Xeon CPU E3-1240 v5 @ 3.50GHz - 696 discarded due to inconsistent answers
4 cores, 8 hyper-threads - 1871 discarded that none of the versions can solve B unsolved —speed-up
32 GB RAM - speed-up measured on >100s bracket: 2623 models

© 2023 Gurobi Optimization, LLC. Confidential, All Rights Reserved | 12
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MIP 'EHE;E}I-Hlﬁ . OPTIMIZATION
RZ N BRRIEER (1/2)

 FfRAL:
o HOHIFRNFRYEIBEEE Improved propagation in probing (0.6%)
o HBEFNFAIRFRE Improved lifting sequence in probing (0.7%)
o KNP TIEIRER Improved work tracking in probing (0.3%)

o B (clique)RIEFMIFREEICTE » RER1CFE Discard duplicates from clique table, collect
substitutions (0.7%)

o BIFAAIE R IMEMRRBIAE X Better handling of significant model size reductions (1.3%)

© TR
« XIGEBEEFRTENRFRIEZE Work limit adjustment in domain propagation (0.3%)
- XiGEBEIEPEIFIAIBEE0) Better numerics in domain propagation (0.3%)
. gﬁﬁéﬁmfizlilﬁliﬁlﬂﬁ%ﬁ%%t?ﬁ Farlier updates of global bounds from reduced cost
IXing (2.7%
* DX
o APZLTSHEIFITE GMI PIFEE S E GMI cut scores for branching variable selection(0.3%)

- NPXTERFITEESEIBIM A D Propagated pseudo cost scores for branching variable
selection (1.0%)

© 2023 Gurobi Optimization, LLC. Confidential, All Rights Reserved | 13



MIP MHREIZEFH 753k &) CUROB!

MREMNBCRZRTRRIFEIER (2/2)

« Y)mE:
NBERHEBEEYIFE Separate higher rank knapsack cover cuts (1.0%)
BOR B RYFEEm D BEIE Improved clique cut separation (0.6%)
IR D EEY)IEE Aggressive constraint disaggregation cuts (0.8%)
BOERT Y FEEHITREIRE S Improvements in parallel root cut loops (0.4%)
BEHEHNFMIPYIFEE & A More aggressive sub-MIP cuts (1.5%)
B RERYIFEEmEE Mixing Path Cuts (1.2%)
« WFRIE:
- BEERTAIFREXIRE Detect and exploit symmetry earlier at root node (0.9%)
o SEXIFRMELIFEWeak symmetry cuts (0.9%)

o« HA:
o MUHIMRARAIEIRE L Improved conflict constraint selection (0.8%)
o HEHEFREEL Improved sorting methods (0.4%)

© 2023 Gurobi Optimization, LLC. Confidential, All Rights Reserved | 14
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V]

SREVTHE >

S HR:
« 0. Gunluk, Y. Pochet: Mixing mixed-integer inequalities.
Math. Program. 90, 429-457 (2001). https://doi.org/10.1007/PL00011430

« P. Christophel: Separation algorithms for cutting planes based on mixed integer row
relaxations: implementation and evaluation in the context of mixed integer
programming solver software. (PhD thesis)

University of Paderborn, 2009, pp. 1-222

- AT MIR BETFE, (/A Christophel B9 “U-cut procedure”
e MixingCuts Z# > BB -1,0,1,2
o MRECH: BEIKIRTE 0.5%, >T00FERMRF 1.2%
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JEY MIQCP

1EREEE

Time limit: 10000 sec.
Intel Xeon CPU E3-1240 v5 @ 3.50GHz

4 cores, 8 hyper-threads
32 GB RAM

Test set has 874 models:

- 40 discarded due to inconsistent answers

- 278 discarded that none of the versions can solve
- speed-up measured on >100s bracket: 237 models
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Comparison of Gurobi Versions (PAR-10)
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B unsolved essmspeed-up
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'Eﬁb;mﬁ;tlé\ . OPTIMIZATION
Gurobi 10.0 3 EE Gurobi 11.0 —JE(LiEHY

KA BEEA >100F) & Z-1= Al

nonconvex MIQCP 2.3X 5.8x

3 Gurobi Optimization, LLC. Confidential, All Rights Reserve:
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—RERMLAR & ShiRl

NonConvex

NonConvex:
« —1: EBhFIT
0: {REs - MRFEBRBZIECIBFNELNR Q 7B
1 iRES - MR EZEERZEIAZMEEIEL BRI Q %
2: FANE T IRERAEIEMBRFAR Q BrF
* Gurobi 10.0 BUIME (-1): FEEFIRE 1
* Gurobi 11.0 BAIME (-1): FEETFIRE 2

s XN LB AR REZERRELHPEIN !
« 2% I EERERNENIREREIR
- AP X {ETIFEEIRE NonConvex=1
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| JELE LR

» Gurobi 9.0 hRZATTE » Fefft 7 E X IR E R E Y= O

e*, a* addGenConstrExp(), addGenConstrExpA()
. ln(x),loga(x) addGenConstrLog(), addGenConstrLogA()
* sin(x), cos(x),tan(x) addGenConstrSin(), addGenConstrCos(), addGenConstrTan()
. x@ addGenConstrPow( )
e ax3+bx?+cx+d addGenConstrPoly()

e Gurobi 9.0 - 10.0:
o JRLR RN EEFRACR ERIR B 1 0 0 ER G 1 AT DA R £

e Gurobi 11.0:
« XITZEEEEAIEIEL MR
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FuncNonlinear 1B 4

Eﬁﬂ’]# Hl o BRGNS ABEENMNIESE
FuncPieces
* FuncPieceError
* FuncPiecelLength
* FuncPieceRatio

e FuncPieces BINMEIRTENBINIZREED,
+ fEGurobi 10.0FREEFIRIRHI S BRIIBEK

o ¥TIBA0EY FuncNonlinear BMRAREFE D ERE MG EZTINERL G IE:
o —1:EAEFEH FuncNonlinear Z8RIATE

0: RABFSOBREMHAUAE

1: Kﬁﬁﬂ]lu\gl‘t FI'Tj_/i

o ¥MEINEY FuncNonlinear Z¥IZEHIZENABE EENIXE:
0: KRS ER&EMEAUUAE (BRA)
l.mﬁﬁr\ﬂu’f’l‘?_ E/i
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| DEREMEEL HLE SNBE

static PWL approximation dynamic outer approximation
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| DEREMEEL HLE SNBE

|

|
1
|
|
|

—

Ib Ib* X ub’ ub

static PWL approximation dynamic outer approximation

© 2023 Gurobi Optimization, LLC. Confidential, All Rights Reserved | 23



| JEL AR AR

« —SEMBERIEEMESGER
o Zfl:y =In(x), — MR, [ <x<u
- TEFELHABED In() F In(uw) D EIZA R
o FEREIEALIGAM

y

(u,In(w))

(1, In(D))

&
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OPTIMIZATION

&\ GUROBI
£

| i REIE S AR

WNR sin £ x SEEA RO
- FERBLEHEN F(b) A f(ub) FID EIZLHRK
- TEREILEH sin BITIE AR
o RENBFERIE LP
- JEXIE: y= f(x)
o S5 > W sin 7 x SEERZMAY -

© EARERIRIND B R EGH AR T
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OPTIMIZATION

&\ GUROBI
£

| BEIEthIEM

o WX sin £ x SCERBEIE T IEM

« TEBEIL
- TTEHRAH X,
isin(x) _ sin(x) — sin(Ib)
dx a x —1b

-« TR xo EX—T1%
« FRED R > FIF—LEY%

- LEREILR
. EREN X,
d . _ sin(ub) — sin(x)
&S = — 5 —

- ITERER x; EX 1)
« FREDZEMRY > FIFH—LEY%
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SR S

- IR x RETEETKX » REMRMHIRSH

AER
« X x DA PARIEICE FA 5 [a] R !
 Z8/ e E RS BAUNIRSKERERE
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‘ MINLP B9ZE 8] 9 X E 57

K% LP fusth iR Ay A FE-NEE:
T - EHTBEUS LP HEE
Root ° &3”52§ IE z’JEE
NS Y3y
ey gk
N ¥ 3 - ¢ ﬁﬁ?ﬁ%fl_ ZTELENX
AVL/ \AV?V «LL/ \A/ ° Z—T’/ﬁ'j /fﬁiﬁﬁg;%
s AN ORFPEHEEDT I N E S
casibl Q('\ \L\l Infeas Upper Bound
TITR: 5 \?> “
| BETERE P ¥ |
é&é&{ﬁ Infeas -
- BRIELMAR ey -

Lower Bound

Infeas

(IEEIEVAG
WNfar o3& ?
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Branching 932
< SRR T A2 IS > MAEERAIECAR S ?

Z

t
I

S.t. Ax + Dz < b
forall (i,j) €S
3!5% | < x < u
—z—x°<0 xi € L forallj el
NX
x<torx=t
® AR B ARG 57

F1+H£McCormick 1 4% O
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| EAIFEMRE

* Gurobi 11.0 AJMAAB BT SIFE AR f(x) = y
« AR BRI R - ENRNE
« XEMNESRITTA DAMIEE 8 IS 1T R EN

- 4l TR EWE

z=Inw
A
I 1
v =4u W=X+V
f) =TT+ x2 X+ V1+ x2) <2, x>0
—_—J
u=1+ x?

« BASIAHEIZEEZ u,v,w,z > 0 MW TR

e u=14+x%> u=7v> w=x+4+v z=Inw

« BAFE <2FPARTFNv+z <2
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‘ MINLP 7E Gurobi 12 B9 &it%I

HHN API BREY » AINBEIRRIAE SIER MELREY
- MABESIEZEMREUGAITRI1TIHIEIE
o NAESIELMREHITARE LP KEFzsKAE
- NAESIELHNENREFHITILIEFINERRA
MU E BiIERE MINLP B35 4RE
o FIL1E4E R
- PIFE
- WHEBANEEBEIFIENIEZL AR
- B MpE RitiF
A2 EEER NLP SKEZSS
- IRELBAFPEIIAEREEINLP KaF231 0
- BPELURE— Bt R
o DA FER NLP KEZEsRY I REF IS E 14

DUHENE )RR
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&\ GUROBI
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Java API

« Java BINRF(EAY com. gurobi.gurobi ANE&E gurobi
« BM Java tnERAIBI

- Java 81 #5H Maven Central o &
o [ XY Java BIEBE
o A Python AREY PyP
- #BBj) Java A BiFh EIRRIZMEEBRTE



Python gurobipy X Rz T

- B RBRTRHHEIE
« TEBLE gurobipy-stubs

« AEBIEH setup.py install
- pip BRI TBEBELRAE
* pip 12t T Hash J&iiE

 conda fl pip FAEF
- FBHMBEERE
o XFGurobi FRIEEIZEIR » conda &3k
BER

The conflict is caused by:
The user requested gurobipy==11.0.0bl

gurobipy-stubs 2.0.0 depends on gurobipy==10.*

&

The user requested gurobipy==11.0.0bl
gurobipy-stubs 1.0.1.post@ depends on gurobipy==9.5.*

# Name

blas
bottleneck
bzip2
ca-certificates

gurobipy
gurobipy-pandas
intel-openmp

Version
1.0

1.3.5
1.0.8
2023.08.22
10.0.3
10.0.3
1.0.0
2023.1.0

(A

GUROBI

OPTIMIZATION

Build Channel

mkl
py311hb9e55a9_0
hlde35cc_0
hecd8cb5_0
py311_0

pypi_0

pypi_0
ha357a0b_43547

(A
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Python gurobipy % API T4k

o Callback Bl EN AT AIE S BT = FFEFE AR

x_sol = model.cbGetSolution(x)
model.cbLazy(A @ x <= b)

« EFNumpy RNBYEFHi2{E (hstack, vstack, concatenate)

odel.addmvar((n, m))
odel.addmvar((n, k))
Y = gp.concatenate((X, Y), axis=1) # (n, m+k) MVar

non
s 3

X
Y
X

. B RIFRIIE IR (vectorized, broadcastable)

z = model.addVar(vtype=GRB.BINARY)
x = model.addMVar(n)
model.addGenConstrIndicator(z, True, A @ x <= b) # MGenConstr ...



Python gurobipy E{thBHE 1k

« Callback BJBAZ1E1Tl callable X35
« R¥FCallback ZaTiEABRYZE
o R model. attribute TWHMHLA
+ AFAMZEERIER tsp.py M callback py SEHA

« RERHA
e addConstr (A @ x == b) WFHHRBIEF~2 IR
. %Fﬁ;ﬁéﬂé\ﬂ’\]@fﬁtﬁﬁﬁ ~10-20% 12X (X158 Cython FF
RARXFHENTIH)

. BE (HEATIEE) KERNBHNE

& GUROBI
=

OPTIMIZATION

52 class TSPCallback:

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

"""Callback class implementing lazy constraint
callbacks, solutions are checked for subtours
constraints are added if needed."""

def __init__(self, nodes, x):
self.nodes = nodes
self.x = x

def __call__(self, model, where):
"""Callback entry point: call lazy constra
solutions are found. Stop the optimization
user code."""
if where = GRB.Callback.MIPSOL:
try:
self.eliminate_subtours(model)
except Exception:
logging.exception(“Exception occur

model .terminate()
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