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Introduction (1/4)

J Gurobi is a state-of-the-art solver engine for
optimization problems, including
» Linear Problem (LP)
» Mixed-Integer Linear Programming (MILP)

» Quadratic Problem (QP) and Mixed-Integer Quadratic
Problem (MIQP) (Gurobi 4.0 and later version)

» Quadratically constrained programming (QCP) and Mixed-
integer quadratically constrained programming (MIQCP)
(Gurobi1 5.0 and later version)

N Gurobi supports parallel computing for the modern multi-

core PCs. It also offers Groubi Cloud on the Amazon Elastic
Computing Cloud (EC2).
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I ntro duction (4

N~ Gurobi provides different interfaces for different
USCTS.
» Gurobi Command Line
» Gurobi Interactive Shell
» programming language:
=, C++, C#, Java, Python, VB, MATLAB or R.

» Different modeling systems: AMPL, GAMS, AIMMS,
Microsoft Solver Foundation, and etc
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Introduction (3/4)

N Groubi1 supports most platforms including Windows, Linux,
and Mac OS X.

N~ The platforms for Gurobi Optimizer 6.0 include:

Operating System

Windows 32-bit (win32) Windows Vista, Windows 7, Visual Studio 2010,
Windows 64-bit (win64) Windows 8.1 and Windows 2012, 2013
Server 2008 R2

Linux 64-bit (linux64) Red Hat, SUSE, Ubuntu GCC4.1, 43,44,4.6
Mac OS 64-bit (mac64) Mac OS X 10.7 - 10.10 Xcode 4, 5, 6
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‘Introduction )

N Groubi offers flexible software licensing strategies in
different license types, including
» Free evaluation license (all the features and power).

» Commercial licenses: named-user, single-use, unlimited-use,
compute server, on demand cloud, and prepaid cloud licenses.

> Free academic license.

N For free academic license, you need to update your

license every six months, and one license only for one
PC.
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Installation (s)

& Go to Gurobi’s website: http://www.gurobi.com/

4 Register an Account

RESOURCES ACADEMIA SUPPORT ABOUT " Renister

Gurobi Optimizer 6.0

to m ake = Faster times to feasibility and optimality

s PMo-surprises pricing

= [ntuitive interfaces

IS~ » Easy-to-reach technical support
»IONS.

Get Started Today!

Jngram ming SDWEI' See what's new in wh.H
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Installation (2/8)

J Fill out the form and submit, then you can activate
your account and get the password from e-mail.

Account Type: _ Comrrercial
® Academic «

First Name: #

Last Name: *
Email Address:
University:

Academic Position: select one. .. v

FPhone Murnber:

Check this box if you also consult with ||

cormmercial businesses:
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Installation (/s)

N Login your account, and go to
Download Center to download
the newest version of Gurobi
Optimizer according to your
PC’s platform.

GUROBI
OPTIMIZATION PRODUCTS RESOURCES

Home Downloads Download Cenfg & Download Center

:ﬂ Download Center Gurobi Software

To use Gurobi, you need to first download tht  AMPL Software 15

-~ -
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.".'. Download Center

To use Gurobi, you need to first download the software and then get a lice

Ve

Download the Latest Version of Gurobi

To download the Gurobi Solver, you need to be logged in. First
register, if you don't already have an account, and then login, if you

are not already logged in.

To get Gurobi, click on the Gurobi Solver link below. If you would like
to use Gurobi from within AMPL, click one of the two AMPL links
below ar learn more on our AMPL Software page.

.". Gurobi Optimizer .". Gurobi Solver for AMPL

Current version: 6.0.4

Windows 64 ¥ Download

README
Windows 32
Windows 64

Linux 64

Mac OS5
AlX




Installation (s

-
5 Gurobi 6.0.4 (64 bit) Setup

Welcome to the Gurobi 6.0.4 (64 bit)
Setup Wizard

N The Setup Wizard will install Gurobi 6.0.4 (54 bit) on your

4 Install the Gurobi application. . |
J Restart the computer. ﬂeu,obis_o_“mmﬂsé;u;i P

Destination Folder 0
Click Mext to install to the default folder or dick Change to choose another. G U R 0 B I

OFTIMIZATION

Install Gurobi 6.0.4 {54 bit) to:

b
| I fack N[ mext | [ concel |
(80 Gurobi 6.0.4 (64 bit) Setup E=1EET | ‘
Completed the Gurobi 6.0.4 (64 bit) |
Setup Wizard
Click the Finish button to exit the Setup Wizard. i

.
# Gurobi 6.0.4 (64 bit) Setup ey

changes made to Gurobi 6.0.4 (64 bit) to take effect.
GUR( Click Yes to restart now or Mo if you plan to manually
OFTIMIZA restart later,

@ You must restart your system for the configuration

Back f| Finish |
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|
' n S t al l at I O I l ( ;/8) DUCTS DOWNLOADS ESOURCES ACADEMIA SUPPORT

X Download Center

Gurobi Software
AMPL Software

" Login you Gurobi’s account, —

Your Gurobi Licenses

and request for a Free Academic License.

Commercial Evaluation

University License l

Free Academic License

Online Course License

Request a free academic license

To request a free academic license, please read and accept the End User License Agreement.

End User License Agreement (View in PDE

| accept the End User License Agreementf #I

Conditions for the use of an Academic License: An academic license may only be used by a faculty member, a student, or a member of the
research or administrative staffs of a degree-granting academic institution. The code may be used only for research and educational purposes.

Access for commercial p s igforbidden.
| accept these conditionsj ¥

We urge academic users to upgrade to the latest version of Gurobi Optimizer. Some features, such as grbgetkey , may not work correctly in

older releases.

[ Request License ]




Installation /s)

" Login you Gurobi’s account,
and request for a Free Academic License.

License Detall
License ID 98313

Information and installation instructions

Dale Issued 2015-08-11 |

Purpose Trial

License Type Free Academic Copy the key.

Key Type ACADEMIC

Version -] | |

Distributed Limit ¢ To install this license on_a7computer where Gurobi Optimizer is i
Expiration Date 2016-08-10 )

ot e only) or a command/terminal prompt (any system):

Host ID
[ grbgetkey cfefab5@-48la- ]

To install this license on a computer where Gurabi Optimizer is installg

SRV G RTINS Dot (e s The grbgetkey command requires an active internet connectior
grbgethey cfefabSe-401a- . server”, please click here for additional instructions.
The grbgetkey command requires an active internet connection. If yol gel no response of an enor message such as  Unable 10 Contact key

server”, please click here for additional instructions
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Installation (7/s)

4 Copy and paste grbgetkey and lincense and to the
Search box on the Start menu (Windows only).

Do

S

l n grbgetkey.exe

1 Chgurobie04\winé4\bin\grogetkey.exe

1 Chgurobig04\wind\bin\grbgetkey.exe

Gurobi license key client (version 6.8.4) Gurohi license key client {version 6.8.4>
dfCopyright ¢c> 2815, Gurobi Optimization. Inc. (Copyright {c> 2815, Gurohi Optimization, Inc.

Enter the Key Code for the license you are activating Enter the Key Code for the license you are activating
CFormat is 0000000000 0O IOOEIN0000000000 ) T (Format is 006000300300 —H NN —HHNOCNIO0K ) 1
lgrbgetkey cfefab5@-401a—-660c-52@9-55c9f97a5254 grhgetkey cfefahbo-4101 .- NG

iContacting Gurobhi key server...

Key for license ID 98313 was successfully retrieved.

Use a[t + Space License expires at the end of the day on 2816-88-18.

to paste the key.

In vhich folder would you like to store the Gurobhi license key file?
[hit Enter to store it in C:“lUsers“WUKCI:

Press Enter.
The license file (.lic) will store at the
predefined folder.

s/ See more results

‘ grbgetkey] % Shutdown | » |
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Installation (s/s)

4 Copy and paste grbgetkey and lincense and to the
Start/Run menu (Windows only).

-
1 Chgurobig04ywinbd\bin\grbgetkey.exe @E‘_J = | E |l
(Gurohi license key client {(version 6.8.4) @.._ .=| A » WUKC » WUKE o
[Copyright {c> 2815, Gurobhi Optimization, Inc. e
HeEE - [EEEEs.  2ANS - B BEESR - @
Enter the Key Code for the license you are activating == RS mEs = HARRR J E:l 9
(Format 1s 30000000 X000 X000 X000 X000 Y & e -
lgrhgetkey cfefahb@-401ia T ENEE [ Y | | I
A Copy i E |
E__;__;____;___;_,_; ___________ & = .android .nbi netbeans-  AppData  cminstaller FTP
ontactin urohi key server
_________ g__________f_______ o I B T derby
m SE ;} s
Key for license ID 98313 was successfully retrieved. S ﬁ ] I| Jg’} |
License expires at the end of the day on 2016-88-18. = AT S ' L .
My Skype Received Files Intel OneDrive Tracing LS T il

_____________________ media_cache

Saving license key | i . b
_____________________ & OneDrive J p: L 1 l‘
ENEE ZHER EHIER =1 =i
In vhich folder would you like to store the Gurobhi license key file? mEE
[hit Enter to store it in C:“lUsers“WUKCI: W n_ ( L
= mnE L) ¥
——> License key saved to file 'GC:“\sers“WIKC\gurobi.lic’. @ Apps &= BTHES  gitconfig el
Press [Enter] to exit H j aE
| B
BRZH
o =2
= il S
(| — gurobilic 3. 2015/8/11 5 0945 5/8/11 5 09:45
= — R P
(|

Don’t move the file.
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Installation [additional] (1/4)

N When a C++ program uses the Gurobi solver, but an error with code
number 10009 is shown. Then, (1) check the expired day of the
license, or (2) check the location of Gurobi.

-
B ' E\Sync\Programming\C++\Summer Tutorial\104\others\grbtest\x64\Debug'grbtest exe Eﬁﬂ

ode 18889
icense found <user I host I, hostid SN >
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Installation [additional] (2/4)

N The default location for Gurobi 1s in C drive (C:\gurobixxx). If
you 1nstall Gurobi to other drives, the environment variables of
Windows needs to be modified.

1) Right click on the Computer icon and choose Properties option.

2) Click on Advanced system settings in the left pane

E Control Panel Home

View basic information about your o

Map network drive - Hevice Matees Windows editicn
i -.-i e SE | . .

Disconnect network drive.., [a:] i e Windows 7 Ultimate

&) System protection Copyright © 2008 Microsoft Corporation. A

@ Advanced system settings

Create shortcut
Delete

Rename



3) Select Advanced tab and click on Environment Variables

4) Add a new User variable click on New button.

rSyslnern Properties

X ]

-

Envircnment Varniables

2015/8/12

T 1
| Computer Name | Hardward | Advanced | System Protection | Remote|

You must be logged on as an Administrator to make most of these changes.

Perfarmance
Visual effiects, processor scheduling, memory usage, and virual memory

User Profiles
Desklop settings related to your logon

ettings.

Startup and Recovery
System startup. system failure. and debugging information

i i ¥

Settings.

I Environment Vanables... ‘

ok | [ cancel

| feply |

User variables for user
Variable Value =
TEMP %USERPROFILE % \AppDataiLocal {Temp
™P YUSERPROFILEY:\AppDataLocal Temp
TP_BGS000_US... usbZdump
TP_BGS000_US... usb3dump %
[
New... || Edit.. || Deete |
System variables
Variable Value i
ComSpec C:\Windows\system32cmd. exe D
FP_NO_HOST_C... NO
MUMBER_OF P... 2
05 Windows_NT il
New... || Edit.. || Delete |
[ ok ][ cancel




Installation [additional] (4/4)

5) Give Variable name = GRB LICENSE FILE

and Variable value = D:\gurobi604\gurobi.lic (location of the file)
6) Restart your Visual Studio!

Envircnment Variables M
User variables for user F o P—
New User Variable S
Varizble Value — —
TEMP USERPROFILEY:\AppDi
™P YUSERPROFILE%:\AppD: | Variable name: GEE LINCESE FILE'
TP_BGS000_US... usb2dump - -
TP_BGS000_US... usb3dump Variable value: | D gumbif04\gurobi lic
—
Mew... Edit...
System variables
Variable Value i
ComSpec C:\Windows\system32\omd. exe D
FP_NO_HOST C... NO
NUMBER_OF P... 2
0s Windows_NT X
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Creating Visual C++ Project aig)

1 w Start Page - Microsoft Visual Studio
C FILE iIEDlT VIEW  DEBUG

& TFiley 2 TNew =2 FProject

2015/8/12

TEAM TOOLS TE . .
@ L TVisual C++ 5 © TWin32,
[ New /2\ *| [ Project.. Ctrl+Shift+N
Open et » g Website. Shift+AltN - TWin32 Console Application g4
Close TH Team Project.. . .
ElbseSalution B Fle. Crl4N A Give a name, choose a location, then
Save Selected Items Ctrl+5 Project From Existing Code... .
click TOK
Save Selected Iterms As...
¥ Saveall Ctrl+Shift+5
Export Template... Mew Project —
Source Control b Recent \MET Framework4.5 v|Sortby ‘Default 'l ElH 6 carch Installed Templates (Ctrl+E) 2~
Page Setup... # Installed ﬁ Win32 Console Application Wisusl C++ ype: Wisusl C++
X 4 Templates - A project for creating a Win32 console
Print... Ctrl+P b Visual Basic Win32 Project Wisual C++ spplication
5 b Wisual C#
Account Settings... IW@
Recent Files ATL
= : CLR
Recent Projects and Solutions enerl
B Exit Alt+F4 MFC
Test
ez (5)
b Wisual FE
S0QL Senver
TypeScript
Python
- Other Project Types
Samples
b Online
m Click here to go online snd find templates.
Mame: GRB_ExmapH T/ 8
Location: chusersywquingydocumentsivisual studio 20134Projects - [ Browse...
Solution name: GRE_exmaple Create directory for solution
[[] Add to source control @
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Creating Visual C++ Project 29

i

o

Win32 Application Wizard - GRE_sxmaple

xry Application Settings
‘ C\_

Owerview Application type:
@ () Windows application

I Application Settings )
(®) Console application
Oou
(O Static library
Additional options:
Empty project
[ Export symbols
Precompiled header
geu‘;d;tv Development Lifecycle (SDL)

Add conmon header files for:
LJan
C1mMrC

3
[{Pre'.ri::usH Mext = |[ Finish T Cancel ]




Creating Visual C++ Project @e)

4 If the CPP file exists, click "Add; = " Existing Item 4
4 Otherwise, click TAdd; = TNew Item

Solution Explorer * I x
cog|e-cam| &=
Search Solution Explorer (Ctrl+;) P~

] Solution 'GRE_exmaple’ (1 project)
4 [B] GRE_exmaple

+& External Dependencies @ | @
+ Header Files Add ’ ‘O Mewltern... Ctrl+Shift+A
Rescurce Files gr  Class\Wizard... Ctrl+Shift+x 1 Sosiing b S hift LAl A
Bl Seource Files Scope to This £ New Filter
Mew Solution Explorer View Y Class.
o Cut Crl+ t Resource..
0! Copy Ctrl+C
Faste Ctrl+4
X Delete Del
I Rename
Properties Alt+Enter
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L Choose TC++ File (.cpp)a , fillin TName s and T Location a
L Then, we can find a blank cpp file shown in T Solution Explorer 4

Add Mew Item - GRE_exmaple

| 4 Installed

Sort by: |Defau|t

ur

Code

HLEL

Data

Resource

Web

Utility

Property Sheets
Test

b Online

Lo
|__'| C++ File (opp)

Fry
E Header File {.h)

isual C++

Wisual C++

Clickhere to go online and find templates.
Marme: Source.cpp

Search Installed Ternplates (Ctel+E) O -

Type: Wisual C++

Creates a file containing C++ source
code

Location: cilUsersiQuiney\documentsivisual studio 20134Projects,GRE_exmapleyGRE_exmaplel,

=)
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Solution Explorer
Co @l e-eda@m| o & -
Search Solution Explorer (Ctrl+;) P~

fa] Solution 'GRE_exrmaple’ (1 project)
4 [%] GRB_exmaple

L5 External Dependencies
Header Files

hi
1| Resource Files
4 | SourceFiles

++ Sourcecpp




Creating Visual Ctt

m GRE_exmaple -
FILE EDIT  WIBEW

ie-o|B-o
Solution Explorer
eOd| B;
Search Solution Ex

] Salution 'GRE
4 [%] GRB_exm

=PN=T

xogqoo] .JE.JO|dZ:-iE| A

2015/8/12

Lm Extern:
Heade
Resaur
Source
*+ Lol

k4

B

:: o)

Microsoft Wi Ctudio
PROIECT T BUILD DEBLUG TEAM

TOOLE  TEST

Add Class...

Class Wizard...
Add Mew Item...
Add Existing Item...

Exclude From Project

Show &All Files
Rescan Solution
Setas Stantllp Project

Manage MuGet Packages...
Enable MuGet Package Restore

Ctrl+Shift+x

Ctrl4+Shift+4
Shift+Alt+A

GRE_exmaple Properties...

Project (i)

e



M GRE_exmaple - Microsoft Vir| GRE_exmaple Property Pages B3|

FILE EDIT WIEW | PROJECT ! ) - = = : :
< Configuration: lActwe{Debugj Py vl Platfarm: [Actwe{'u‘nfmﬂ]l v] [ Configuration Manager... I
g;gavﬂ|fﬁvm B Add (]
” Eat' Class 4 Common Properties 1~ 1 Additional Include Directories Chgurobiblahwingdsincude | |E|
1 | Solution Explorer References Additional #using Directories
i e o | T ‘O Addh 4 Configuration Properties Debug Information Format Program Database for Edit And Centinue (/ZT)
_':':' © "‘D Add B General Commen Language BunTime Sup
el S=arch Solution Es el Debugging Consume Windows Runtime Exten:
T =l WC++ Directories
1]
m m Solution 'GRE - T 0 s Supp.ress Startup Banner Yes (fnologe)
- N o G/ 9 Warning Level Lewvel3 (AW3)
W 4 [%] GRE_exm -
o 3 Treat Warnings As Errors Mo (M)
= o5 Estern: Rescy Optirnization 3
2 Heade f# Set Preprocessor SDL checks Yes /sdl
T e ) Multi-processor Compilation
Resaur Code Generation
T B Mang
4 _ Source Language
4 SoL (% Enabl Precompiled Heac
£ GRE ¢ Dutput Files
= Browse Informatio
Advanced L.
All Options
Command Line
b Linker Additional Include Directories

b Manifest Toal - | | Specifies one or more directories to add to the include path; separate with semi-colons if
‘| B | r morethan one.  {[path])

| mz || By || =AW |
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GRE_eximaple Property Pages

: Embed Managed Resource File
All Options Force Symbol References

Command Line Delay Loaded Dlls
Aszembly Link Resource

General

Mlanifest File 5

i |

Depending on the version of your Gurobi and Visual
Studio. For example , if you use 2013, then the first line

should be C:\gurobi604\win64\lib\gurobi_c++mtd2013.1ib

TETErTT AU o JEp e TR 1o s

4 o | P

CommandLine  _| | Specifies additional items to add to the link

2015/8/12

- |

Configuration: [ﬂctive(Debugj v] Platfarm: [ﬂctive(‘fu"inﬂ) v] [ Configuration Manager... ]

Code Generation = | Additional Dependencies ChaurobieddwinedyJibtaurobiedib: Chaurobio0d -

Language Ignore All Default Libraries

Precompiled Heac Ignore Specific Default Libraries

Cutput Files Module Definition File

Browse Informatio Add Module to Assembly Additionsl Dependencies

Advanced

Chgurobibldwingdibtgurokisl.lib
C:\gurobiﬁM\winM\lib'\gurobi_c++mdd2DlD.|ib|

4

Inherited values:

kernel3z lib
user32 lib
gdiz2 lib
winspoollib
comdlg32 lib

[¥]Inherit from parent or project defaults

Macross >

Ok

&
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Configuration: | Active(Debug)

+| Platform: |Activeliiniz) v] l Configuration Manager. .. ]

4 Common Properties -
References B
4 Configuration Properties
General
Debugging
WC++ Directories
Genersl
Optimization 3

Preprocessor

Code Generation |
Language
Precompiled Heac
Output Files
Browse Informatio

Advanced L
All Options
Command Line

I- Linker

[ Manifest Tool

P —

Enable String Pocling

Enable Minimal Rebuild Yes ([fGm)
Ensable C++ Exceptions Yes (fEHsC)
Smaller Type Check Mo
Basic Runtime Checks Both (fRTC1, equiv. to /RTCsu) (fRTC1)
| Rurtime Library Multi-threaded Debug DLL (/MDd) |
Struct Member Alignment Default
Security Check Enable Security Check (/GS)

Ensable Function-Level Linking

Ensble Parsllel Code Generation

Enable Enhanced Instruction Set Mot Set

Floating Point Model Precise (/fp:precise)
Ensable Floating Point Exceptions

Create Hotpatchable Image

Enable String Pooling

Enablesthe compiler to create a single read-only copy of identical strings in the program
image and in memeory during execution, resulting in smaller programs, an optimization call...

| me || By | =Aw




A For 64-bits Gurobi libraries, Active solution platform has to be
modified for 64-bits environment.

A Press the Configuration Manager... button. Under Active solution platform,

select New.

[ E5cS

ctiveliindd) -

’ Cenfiguration Manager... ]l

ies

t

ime Supp
e Exten:

Cf\gur0b|'604\win64\|'ncIude;%(AdditfonallncludeE

Program Database for Edit And Continue (/ZT)

Yes (fnologo)
Lewvel3 (W3
Mo (i)
.

Al

-
Configuration Manager
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‘| Active solution configuration:

Active solution platform:

Debug

-

Project contexts (check the pr

oject configurations

to build or

A perremmm——
<MNew...>

u

Win32

Project
TestOpenCV

Configuration

Debug

<Edit..>

| =] win32 B3

Close I
A




A Set the new platform to x64, and press OK.

-
New Solution Platform

A=

Type or select the new platform:

Copy settings from:

| Win32

Create new project platforms

0K

Cancel

" -
Configuration Manager

r—— T —

| Active solution configuration:

Active solution platform:

[ Debug

Project contexts (check the project configurations to build or deploy):

Project

2015/8/12
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Configuration Platform
Debug |Z| w4




Linear Progra
Example 1
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YZ Co. produces clay bowls and pots with aboriginal designs and
colors. The two primary resources used by the company are skilled and

special pottery clay. The two products have the following resource
requirements for production and profit per item:

Bowl
Pot 2 3 50
Avalilable 40 120

2015/8/12 pege: 32




Decision variables : ----
4 40

X1 : number of bowls to produce Bowl 1
X2 : number of pots to produce Pot 2 3 50
Available 40 120

Objective function : Max Z = 40Xi1+50X2
Constraints : X, + 2% < 40

4Xi + 3X2 < 120

Xi > 0

X2 > 0
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7 e:iwements for Gurobl model

. Basic Elements
. Decision Variables
. Lazy Update

. Objective Function

. Optimization
. Output Results

2015/8/12 page: 34
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4. Constraint
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Decision variables :
X1
X2

: number of bowls to produce

: number of pots to produce

Linear Programming — model

Objective function : Max Z =12

Bowl 1 4 40
Pot 2 3 50
Available 40 120
1.Prarmeters

2. Decition Variables

Constraints . Il_*l n ngz < |40
1 + 2 < |120

Xi > 0

X2 > 0

3. Constraints

4. Objective
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1. Basic Elements — Gurobi Objects @/2)

1. Environment Object - GRBEnv()
GRBEnv EnvName = GRBEnv();
2. Model Object - GRBModel (const GRBEnv& env)

GRgModel ModelName= GRBModel (EanN ame);

The words in blue is the The words in orange is the
Gurobi’s identifier variable identifier that can be
named by yourself

//1.1 Basic elements declaration
GRBEnv env = GRBEnv();
GRBModel model = GRBModel(env);
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Give known parameters and coefficients by declaring a
matrix or reading data from a file.

//1.2 Parameters definition

const int N = 2: //number of resources

const int M = 2; //number of products (D.V.)

int a[N][M]= {{1, 2},

{4, 31}, //coefficients in the constraints

int b[N] = {40, 120}; //coefficients of the RHS (Right-Hand-Side)
int c[M] = {40, 50}; //coefficients of objective function
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GRBVar VarName = ModelName.addVar(lb, ub, obj, type);

Ib : Lower bound for the variable

ub : Upper bound for the variable (If the upper bound is unlimited,
then ub is given to GRB_INFINITY)

obj : Objective coefficient for the variable.

type: GRB_INTEGER - Integer variable
GRB_BINARY - Binary variable (0 or 1)

GRB_CONTINUOUS - Continuous variable
GRB_SEMICONT - Semi-continuous variable (Ex: x=0 or 2<x <4 )

GRB_SEMIINT - Semi-integer variable
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//2. Decision Variables
GRBVar x[M];
for(int j=0; j<M; j++) {
x[j] = model.addVar(0.0, GRB_INFINITY, E, GRB_CONTINUOUY);
} *
The objective coefficients can

be set to arbitrary value, and
the true values are given later.
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S l:azy Update

Groubi update model in batch mode, so model must be
updated after adding variables into the model

ModelName.update();

//3. Integrate variables into model

model.update();

2015/8/12




“4.Constraint Declaration @/2)

GRBLinExpr Linexpr = 0;

ModelName.addConstr(lhsExpr, sense, rhsExpr);
lhsExpr : Left-hand side (LHS) expression for new linear constraint.

sense : GRB_LESS EQUAL — LHS is less than and equal to RHS (<=).
GRB_EQUAL - LHS is equal to RHS (==).
GRB_GREATER _EQUAL - LHS is greater than and equal to RHS (>=).
rhsExpr : Right-hand side (RHS) expression for new linear constraint.

ModelName.addConstr(GRBTempConstr& tc);
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4 Constraint Declaration (2/2)

Original: General Form:
M
X1 + 2X2 < 40 :
» daix:<b 1<i<N
4K + 32 <120 it/

//4. Constraint Declaration
for(int 1=0; 1<N; 1++) {
GRBLinExpr LHS=0;
for(int j=0; j<M; j++) {
LHS += a[i][j]*x[j];
h
model.addConstr(LHS,GRB_LESS EQUAL,b[1]);

h
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‘5. Objective Function

ModelName.set(GRB _IntAttr ModelSense, sense);

1 : Minimization (default)

Sense = . . .
{-1 - Maximization

ModelName.setObjective(GRBLinExpr or GRBQuadExpr);
GRBQuadExpr 1s the quadratic expression.

//5. set the model to maximization
model.set(GRB IntAttr ModelSense, -1);

GRBLinExpr Obj = 0; Original: General Form:
for(int j=0; j<M; j++) »

M
Obj += c[j]*x[j]; Max Z = 40X+50X. | Max Z =2.CjX;
model.setObjective(Oby); j=1
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ptimization

ModelName.optimize ();

//6. Optimize the model
model.optimize();
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7.1 Check Optimality

Get optimality status: int status = ModelName.get(GRB_IntAttr_Status);

Status types include GRB_ OPTIMAL, GRB INF_OR UNBD,
GRB_INFEASIBLE, GRB_UNBOUNDED, etc.

//7.1 Check optimality
int status = model.get(GRB _IntAttr Status);
if (status == GRB_OPTIMAL) {
//'7.2 Output the objective value and solutions
} else if (status == GRB_INF _OR _UNBD) {
cout << "Infeasible or unbounded" << endl;
} else if (status == GRB_INFEASIBLE) {
cout << “Infeasible" << endl;
} else if(status == GRB_ UNBOUNDED) {
cout << “Uunbounded" << endl;
} else {

cout << "Optimization was stopped with status" << status << endl;
E b ﬂ




7. Check Optimality and Output Results

7.2 Output Results

Get objective value:
ModelName.get(GRB_DoubleAttr ObjVal);
Get solution value:
VarName.get(GRB_DoubleAttr X);

//7.2 Output the objective value and solutions

double ObjValue = model.get(GRB DoubleAttr ObjVal);
cout<<“total cost="<<ObjValue<<endl;

for(int 1=0; 1<M; 1++) {
cout<<"x "<<1<<" =“<<x][1].get(GRB_DoubleAttr X)<<endl;

;
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8. Exception Handling

Using exception handling to show unexpected errors of Gurobi.

Put the following code into the main function to wrap previously
mentioned steps.

//8 Output the objective value and solutions
int main() {
try {
// Step 1 tostep 7 ...
} catch(GRBException e) {
cout << "Error code =" << e.getErrorCode() << endl;
cout << e.getMessage() << endl;
} catch(...) {
cout << "Exception during optimization" << end]l;

b
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‘Cd\\\Mparing Different Forms

General Form }

Expression Form ]

//2. Decision Variables
GRBVar x[M];
for(int j=0; j<M; j++)
x[j] = model.addVar(0.0, GRB_INFINITY, 0.0,

GRB_CONTINUOUS);
model.update(); //3. Integrate variables into model
//4. Constraint Declaration
for(int i=0; i<N; i++) {

GRBLinExpr LHS=0;

for(int j=0; j<N; j++) {

LHS +=a[i][j]*x[j];

}

model.addConstr(LHS <= b[i]);
}
//5. set the model to maximization
model.set(GRB_IntAttr ModelSense, -1);
GRBLinExpr Obj = 0;
for(int j=0; j<M; j++)
Obj += c[jI*x[j];
model.setObjective(Obj);

//2. Decision Variables

GRBVar x1, x2;

x1=model.addVar(0.0, GRB_INFINITY, 0.0,
GRB_CONTINUOUS);

x2 = model.addVar(0.0, GRB_INFINITY, 0.0,
GRB_CONTINUOUS);

//3. Integrate variables into model
model.update();

//4. Constraint Declaration
model.addConstr(1*x1 + 2*x2 <= 40);
model.addConstr(4*x1 + 3*x2 <= 120);

//5. set the model to maximization
model.set(GRB_IntAttr ModelSense, -1);
model.setObjective(40*x1+50%x2);
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Integer Programming —
Example 2
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A post office requires full-time employees to work on a 7days/week
schedule. Every employee has to work on consecutive five days and
then takes two-day off. How many employees are required for the job?

MON TUE WED THU FRI SAT SUN
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Integer Programming — model

Decision variables :

Xi : the number of workers start their work on the ith day of a week > 1=1,2,...,7
Objective function :

Min z = Xi+Xo+X3+X4+Xs+Xe+X7

Constraints -

Xi X6 + Xs + Xe¢ + X7 > 4

X1 + X Xs + Xe + X7 > 5

Xi + X2 + X3 Xe + X7 > 5
Xi + X2 + X3 + Xa X7 > 10
Xi + X2 + X35 + Xa + Xs > 12
X2+ X5 + Xa + Xs + Xe > 12

X3+ Xa + Xs + X¢ + X7 > 7
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De{ 2. Decition Variables 1.Prarmeters
Xi : fhe number of workers start their work on the ith day of a week »|i=1,2,...,7

Objective function :

4. Objective
Min z = X1+X2+X3+X4+X5+X6+X7 |
3. Constraints
1.Parameters (coefficients)

Xi Xs + X5 + X6 + X7 > 1|4
X1 + X2 Xs + Xe + X7 >15
Xt + X2 + X3 Xe + X7 >[5
Xi + X2 + X3 + Xa X7 > 110
Xi + X2 + X35 + Xa + Xs > |12
X2 + Xz + Xa + X5 + Xo > |12
Xs + Xa + Xs + X6 + X7 > 1|7
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1. Basic Elements

//1.1 Basic elements declaration
GRBEnv env = GRBEnv();
GRBModel model = GRBModel(env);

X1 X4 + X5 + X6 + X7 = 4

//1.2 Parameters definition X+ X XSow X6 w KT =
const int N = 7; //7 days per week Xow e o X0 T =
. Xl + X2 + X3 + X4 X7 > 10
int a[N][N]= {{1,0,0,0,1,1.1}, XI + X2 + X3 + X4 + X5 > 12
{1919090909191}9 X2 + X3 + X4 + X5 + X6 > 12
{1919190909091}9 X3 + X4 + X5 + X6 + X7 > 7

{1,1,1,1,0,0,0},

{0,1,1,1,1,0,0},

{0,0,1,1,1,1,0},

{0,0,0,1,1,1,1 coefficients for the constraints
int b[N] = {4,5,5,10,12,12,7} 7coefticients for the RHS
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3. Lazy Update

//2. Decision Variables
GRBVar x[N];
for(int 1=0; 1<N; 1++) {
x[1] = model.addVar(0.0, GRB_INFINITY, 0.0, GRB_INTEGER);
h

//3. Integrate variables into model

model.update();
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" 4.Constraint Declaration

General Form:

N
Za,JXJ Zdl \v/i
j=1

//4. Constraint Declaration
for(int 1=0; 1<N; 1++) {
GRBLmExpr LHS=0;
for(int j=0; j<N; j++) {
LHS += ai][j]*x[j];
h
model.addConstr(LHS,GRB GREATER EQUAL,d[1]);

;
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- 5. Objective Function
6. Optimization

//5. set the model to minimization
model.set(GRB_IntAttr ModelSense,1);

GRBLinExpr Obj = 0;

for(int i=0; i<N; i++)
Obj += x[i];

model.setObjective(Oby);

//6. Optimize the model
model.optimize();
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7. Output Results

//7.0utput the objective value and solutions

double ObjValue = model.get(GRB DoubleAttr ObjVal);
cout<<*“total cost="<<ObjValue<<endl;

for(int 1=0; 1<N; 1++) {
cout<<"x "<<1<<" =“<<x[1].get(GRB_DoubleAttr X)<<endl;

;
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Parameter Setting
of Gurobi
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Pawrameters 1/3) - Time limitation

GRBEnv EnvName = ModelName.getEnv();
ModelName.set(GRB DoubleParam TimeLimit, time);
memory: Limit the total time expended (in seconds).

//6. Optimize the model
GRBEnv modelEnv = model.getEnv();
modelEnv.set(GRB_DoubleParam TimeLimit, 3600.0);

model.optimize();
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Pafam eters (2/13) - Gap

GRBEnv EnvName = ModelName.getEnv();
ModelName.set(GRB_DoubleParam MIPGap, gap);

gap : The MIP solver will terminate (with an optimal result) when the relative
gap between the lower and upper objective bound is less
than MIPGap times the upper bound

//6. Optimize the model
GRBEnv modelEnv = model.getEnv();
modelEnv.set(GRB_DoubleParam _ TimeLimit, 3600.0);

model.optimize();
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Parameters (3/3) - Reducing Memory L sage

GRBEnv EnvName = ModelName.getEnv();
EnvName.set(GRB_DoubleParam NodefileStart, memory);
EnvName.set(GRB_StringParam NodefileDir, path);

memory: Controls the point at which MIP tree nodes are written to disk.
Whenever node storage exceeds the specified value (in GBytes), nodes are
written to disk.

path: Determines the directory into which nodes are written when node
memory usage exceeds the specified NodefileStart value.

Note: this is much more efficient than relying on virtual memory !!

//6. Optimize the model

GRBEnv modelEnv = model.getEnv();
modelEnv.set(GRB_DoubleParam NodefileStart,0.1);
modelEnv.set(GRB_StringParam NodefileDir,"G://GRBStore");

model.optimize();
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Attributes w1 — Runtime and Bound

A Obtain the solving time (in seconds) for most recent optimization.
ModelName.get(GRB_DoubleAttr Runtime);

double Runtime = model.get(GRB DoubleAttr Runtime);

//7.0utput the elapsed time
double Runtime = model.get(GRB_DoubleAttr Runtime);
cout<<*elapsed time= "<< Runtime <<endl;

A Obtain the best bound on current solution (lower bound for minimization,
upper bound for maximization).

ModelName.get(GRB_DoubleAttr ObjBound);
double bound = model.get(GRB_DoubleAttr ObjBound);

//'7.0utput the lower bound (minimization problem)

double LBound = model.get(GRB_DoubleAttr ObjBound);
cout<<“lower bound= "<< LBound <<endl;
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Attributes for model, variable, constraints, etc:
http://www.gurobi.com/doc/40/refman/node571 html#sec: Attributes

Parameters for solving scheme:
http://www.gurobi.com/doc/40/refman/node572 html#sec:Parameters

Status codes for optimization:
http://www.gurobi.com/doc/40/refman/node576.html#sec:StatusCodes
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