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AMPL in the Cloud

Using Online Services to Develop and Deploy
Optimization Applications through Algebraic Modeling

Cloud services promising “optimization on demand” have become
steadily more numerous and more powerful in recent years. This
presentation offers a user-oriented survey, with a focus on the role of the
AMPL modeling language in streamlining development and deployment
of optimization models using online tools. Starting with the pioneering
free NEOS Server, we compare more recent commercial offerings such as
Gurobi Instant Cloud and the Satalia SolveEngine; the benefits of these
solver services are enhanced through their use with AMPL’s algebraic
modeling facilities. We conclude by introducing QuanDec, which turns

AMPL models into web-based collaborative decision-making tools.
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Outline

AMPL Introduction

» Concept of a modeling language
» Example in the AMPL language

AMPL in the cloud

» Optimization on demand

* NEOS Server

* Satalia SolveEngine

* IBM Decision Optimization on Cloud
» Optimization to order

% Gurobi Instant Cloud

» Collaborative optimization
* QuanDec
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The Optimization Modeling Cycle

Steps
» Communicate with problem owner
» Build model
» Prepare data
» Generate optimization problem

» Submit problem to solver

% Gurobi, Knitro, CPLEX, Xpress, CONOPT, MINOS, ...

» Report & analyze results
» Repeat until you get it right!

Goals for optimization software
» Do this quickly and reliably
» Get results before client loses interest

» Deploy for application
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Optimization Modeling Languages

Two forms of an optimization problem
» Modeler’s form

* Mathematical description, easy for people to work with

> Solver’s form

* Explicit data structure, easy for solvers to compute with

Idea of a modeling language

» A computer-readable modeler’s form
* You write optimization problems in a modeling language

* Computers translate to algorithm’s form for solution

Advantages of a modeling language
» Faster modeling cycles
» More reliable modeling

» More maintainable applications

Fourer, Brandio, Laskowski, AMPL in the Cloud
INFORMS Analytics, Baltimore, 15-17 April 2017

6




Algebraic Modeling Languages

Formulation concept

» Define data in terms of sets & parameters
* Analogous to database keys & records

> Define decision variables
> Minimize or maximize a function of decision variables

» Subject to equations or inequalities
that constrain the values of the variables

Advantages

> Familiar
> Powerful

> Proven
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& AviPL

Features
» Algebraic modeling language
» Built specially for optimization

» Designed to support many solvers

Design goals
» Powerful, general expressions

» Natural, easy-to-learn modeling principles

» Efficient processing that scales well with problem size

Many ways to use. . .
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Many Ways to Use AMPL

Command language
» Browse results & debug model interactively

» Make changes and re-run

Scripting language

» Bring the programmer to the modeling language

Programming interface (API)

» Bring the modeling language to the programmer

Deployment tool

> Turn models into collaboration environments
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Example (1% cycle)

Multicommodity transportation . . .
» Products available at factories
» Products needed at stores

» Plan shipments at lowest cost
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Multicommodity Transportation

Mathematical Formulation

Given

O Set of origins (factories)
D Set of destinations (stores)
P Set of products

and

a;, Amount available, foreachi € O andp € P
bj, Amount required, foreachj € D andp € P

l; Limit on total shipments, foreachi € O andj € D

¢;;, Shipping cost per unit, for eachi € 0,j € D,p € P
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Multicommodity Transportation

Mathematical Formulation

Determine
X;;, Amount of each productp € P

to be shipped from origin i € O to destination j € D

Lo minimize
Dico ZjED ZpEP Cijp XiJ'P

Total shipping cost
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Multicommodity Transportation

Mathematical Formulation

Subject to
2jep Xijp < a;p foralli€ O,p € P

Total shipments of product p out of origin i
must not exceed availability

YicoXijp = bjp foralljeD,p€P

Total shipments of product p into destination j
must satisfy requirements

Yoer Xijp <ljj forallie 0,j €D

Total shipments from origin i to destination j
must not exceed the limit
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Multicommodity Transportation

AMPL Formulation

Symbolic data

set ORIG; # origins
set DEST; # destinations
set PROD; # products

param cost {ORIG,DEST,PROD} >= 0;

param supply {ORIG,PROD} >= 0; # availabilities at origins
param demand {DEST,PROD} >= 0; # requirements at destinations
param limit {ORIG,DEST} >= O; # capacities of links

# shipment cost
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Multicommodity Transportation

AMPL Formulation

Symbolic model: variables and objective

var Trans {0ORIG,DEST,PROD} >= 0; # actual units to be shipped

minimize Total_Cost:

sum {i in ORIG, j in DEST, p in PROD} costl[i,j,p] * Trans[i,j,pl;

2ieo Zjep Lpep Cijp Xijp
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Multicommodity Transportation

AMPL Formulation

Symbolic model: constraint

subject to Supply {i in ORIG, p in PROD}:
sum {j in DEST} Trans[i,j,pl <= supplyli,p]l;

Yjep Xijp < Qp, foralli € 0,p € P
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Multicommodity Transportation

AMPL Formulation

Symbolic model: constraints

subject to Supply {i in ORIG, p in PROD}:
sum {j in DEST} Trans[i,j,pl <= supplyli,p]l;

subject to Demand {j in DEST, p in PROD}:
sum {i in ORIG} Trans[i,j,p] = demand[j,p];

subject to Multi {i in ORIG, j in DEST}:
sum {p in PROD} Trams[i,j,p] <= limit[i,j];
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Multicommodity Transportation

AMPL Formulation

Explicit data independent of symbolic model

set ORIG := GARY CLEV PITT ;

set DEST :=

’

set PROD := bands coils plate ;

param supply (tr): GARY

bands 400
coils 800
plate 200

param demand (tr):

FRA DET LAN
bands 300 300 100
coils 500 750 400

plate 100 100
param limit default 625 ;

0

CLEV
700
1600
300

WIN
75
250
50

FRA DET LAN WIN STL FRE LAF ;

PITT :

800
1800

300 ;

STL
650
950
200

b

FRE
225
850
100

LAF :

250
500

250 ;
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Multicommodity Transportation

AMPL Formulation

Explicit data (continued)

param cost :=

[*,%,bands]: FRA DET LAN WIN
GARY 30 10 8 10
CLEV 22 7 10 7
PITT 19 11 12 10

[*,%,coils]: FRA DET LAN WIN
GARY 39 14 11 14
CLEV 27 9 12 9
PITT 24 14 17 13

[*,*,plate]l]: FRA DET LAN WIN
GARY 41 15 12 16
CLEV 29 9 13 9
PITT 26 14 17 13

STL
11
21
25

STL
16
26
28

STL
17
28
31

FRE
71
82
83

FRE
82
95
99

FRE
86
99

104

LAF :=

13
15

LAF :=

17
20

LAF :=

18
20 ;
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Multicommodity Transportation

AMPL Solution

Model + data = problem instance to be solved

ampl: model multi.mod;
ampl: data multi.dat;

ampl: option solver minos;

ampl: solve;

MINOS 5.51: optimal solution found.
53 iterations, objective 199500

ampl: display Trans;
Trans [CLEV,x*,*] (tr)

: DET FRA FRE LAF LAN STL WIN :=
bands 0 225 0 150 0O 250 75

coils 525 0 225 75 400 300 75
plate 100 50 100 0 0 0O 50
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Multicommodity Transportation

AMPL Solution

Solver choice independent of model and data

ampl: model multi.mod;
ampl: data multi.dat;

ampl: option solver snopt;

ampl: solve;

SNOPT 7.5-1.2 : Optimal solution found.
60 iterations, objective 199500

ampl: display Trans;
Trans [CLEV,x*,*] (tr)

: DET FRA FRE LAF LAN STL WIN :=
bands 1560 225 0 0 0O 250 75

coils 375 0O 226 225 400 300 75
plate 100 50 100 0 0 0O 50
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Example (4™ cycle)

Multicommodity transportation . . .
» Products available at factories
» Products needed at stores

» Plan shipments at lowest cost

. . . revised in light of practical considerations
» Using an origin-destination pair incurs some fixed cost
» Shipments cannot be too small

» Factories cannot serve too many stores
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Multicommodity Transportation

Mathematical Formulation

Given
O Set of origins (factories)
D Set of destinations (stores)
P Set of products

a;, Amount available, foreachi € O andp € P
Amount required, foreachj € D andp € P

l.;  Limit on total shipments, foreachi € O andj € D

c;,, Shipping cost per unit, foreachi € 0,j € D,p € P

s Minimum total size of any shipment

d,; Fixed cost for shipping any amount fromi € O toj € D

n  Maximum number of destinations served by any origin
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Multicommodity Transportation

Mathematical Formulation

Determine
X,;, Amount of each p € P to be shipped fromi € Otoj € D

Y;; litany productis shipped fromi € O toj € D
0 otherwise

to minimize
Diico 2ijep 2ipep Cijp Xijp + Qico 2jep dij Vij

Total variable cost plus total fixed cost
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Multicommodity Transportation

Mathematical Formulation

Subject to
2jep Xijp < a;p foralli€ O,p € P

Total shipments of product p out of origin i
must not exceed availability

YicoXijp = bjp foralljeD,p€P
Total shipments of product p into destination j
must satisfy requirements

ZpEPXijp < ll]Yl] forall i EO,jED

When there are shipments from origin i to destination j,
the total may not exceed the limit, and Y;; must be 1
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Multicommodity Transportation

Mathematical Formulation

Subject to

Ypep Xijp = SY; foralli € 0,j €D

When there are shipments from origin i to destination j,
the total amount of shipments must be at least s

djepYij=n foralli € O

Number of destinations served by origin i
must be as mostn
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Multicommodity Transportation

AMPL Formulation

Symbolic data

param
param
param

param
param

param
param

set ORIG; # origins
set DEST; # destinations
set PROD; # products

supply {ORIG,PROD} >= 0;
demand {DEST,PROD} >= 0;
limit {ORIG,DEST} >= 0;

vcost {ORIG,DEST,PROD} >= 0; # variable shipment cost

fcost {ORIG,DEST} > O;

minload >= 0;
maxserve integer > 0;

# availabilities at origins
# requirements at destinations
# capacities of links

# fixed usage cost

# minimum shipment size
# maximum destinations served
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Multicommodity Transportation

AMPL Formulation

Symbolic model: variables and objective

var Trans {0ORIG,DEST,PROD} >= 0; # actual units to be shipped
var Use {ORIG, DEST} binary; # 1 if link used, O otherwise

minimize Total_Cost:
sum {i in ORIG, j in DEST, p in PROD} vcostl[i,j,p] * Transl[i,j,p]
+ sum {i in ORIG, j in DEST} fcostl[i,j] * Useli,jl;

Zieo ZjED ZpEP Cijp Xijp + Zieo ZjED dij Yij
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Multicommodity Transportation

AMPL Formulation

Symbolic model: constraints

subject to Supply {i in ORIG, p in PROD}:
sum {j in DEST} Trans[i,j,pl <= supplyli,p]l;

subject to Demand {j in DEST, p in PROD}:
sum {i in ORIG} Trans[i,j,p] = demand[j,p];

subject to Multi {i in ORIG, j in DEST}:
sum {p in PROD} Trans[i,j,p]l <= limit[i,j] * Useli,jl;

subject to Min_Ship {i in ORIG, j in DEST}:
sum {p in PROD} Trans[i,j,p] >= minload * Useli,j];

subject to Max_Serve {i in ORIG}:

sum {j in DEST} Usel[i,j] <= maxserve;
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Multicommodity Transportation

AMPL Formulation

Explicit data independent of symbolic model

set ORIG := GARY CLEV PITT ;

set DEST :=

’

set PROD := bands coils plate ;

param supply (tr): GARY

bands 400
coils 800
plate 200

param demand (tr):

FRA DET LAN

bands 300 300 100
coils 500 750 400

plate 100 100
param limit default 625 ;

param minload := 375 ;
param maxserve := 5 ;

0

CLEV
700
1600
300

WIN
75
250
50

FRA DET LAN WIN STL FRE LAF ;

PITT :

800
1800

300 ;

STL
650
950
200

b

FRE
225
850
100

LAF :

250
500

250 ;
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Multicommodity Transportation

AMPL Formulation

Explicit data (continued)

param vcost :=

[*,*,bands]: FRA DET LAN WIN STL FRE LAF :=
GARY 30 10 8 10 11 71 6
CLEV 22 7 10 7 21 82 13
PITT 19 11 12 10 25 83 15

[*,*,coils]: FRA DET LAN WIN STL FRE LAF :=
GARY 39 14 11 14 16 82 8
CLEV 27 9 12 9 26 95 17
PITT 24 14 17 13 28 99 20

[*,*x,plate]: FRA DET LAN WIN STL FRE LAF :=
GARY 41 15 12 16 17 86 8
CLEV 29 9 13 9 28 99 18
PITT 26 14 17 13 31 104 20 ;

param fcost: FRA DET LAN WIN STL FRE LAF :=
GARY 3000 1200 1200 1200 2500 3500 2500
CLEV 2000 1000 1500 1200 2500 3000 2200
PITT 2000 1200 1500 1500 2500 3500 2200 ;
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Multicommodity Transportation

AMPL Solution

Model + data = problem instance to be solved

ampl: model multmip3.mod;
ampl: data multmip3.dat;

ampl: option solver gurobi;
ampl: solve;

Gurobi 7.0.0: optimal solution; objective 235625
332 simplex iterations
23 branch-and-cut nodes

ampl: display Use;
Use [*,*]

: DET FRA FRE LAF LAN STL WIN :=
CLEV 1 1 1 0 1 1 O
GARY 0 O O 1 o0 1 1
PITT 1 1 1 i 0 1 O

L
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Multicommodity Transportation

AMPL Solution

Solver choice independent of model and data

ampl: model multmip3.mod;
ampl: data multmip3.dat;

ampl: option solver cplex;
ampl: solve;

CPLEX 12.7.0.0: optimal integer solution; objective 235625
135 MIP simplex iterations
0 branch-and-bound nodes

ampl: display Use;
Use [*,*]

: DET FRA FRE LAF LAN STL WIN :=
CLEV 1 1 1 0 1 1 O
GARY 0 O O 1 o0 1 1
PITT 1 1 1 i 0 1 O

L
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Multicommodity Transportation

AMPL Solution

Solver choice independent of model and data

ampl: model multmip3.mod;
ampl: data multmip3.dat;

ampl: option solver xpress;
ampl: solve;

XPRESS 29.01: Global search complete
Best integer solution found 235625
4 integer solutions have been found, 7 branch and bound nodes

ampl: display Use;
Use [*,*]

: DET FRA FRE LAF LAN STL WIN :=
CLEV 1 1 1 0 1 1 O
GARY 0 O O 1 o0 1 1
PITT 1 1 1 i 0 1 O

L
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Multicommodity Transportation

AMPL Solution

Examine results

ampl: display {i in ORIG, j in DEST}
ampl? sum {p in PROD} Trams[i,j,p] / limit[i,jl;

: DET FRA FRE LAF LAN STL WIN :=
CLEV 1 0.6

0.88 0 0.8 0.88 O
GARY O 0 0 0.64 O 1 0.6
1 0.96 O 1 0

PITT 0.84 0.84

b

ampl: display Max_Serve.body;

CLEV 5
GARY 3
PITT b5

ampl: display TotalCost,
ampl? sum {i in ORIG, j in DEST} fcostl[i,j] * Useli,j];

TotalCost = 235625
sum {i in ORIG, j in DEST} fcostl[i,jl*Useli,j]l = 27600
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Multicommodity Transportation

AMPL IDE

File Edit Window Help
Sl

B Curent Directory = 8 B console w2 gl [Al multmip3.med 22 [A] mut

B o @ AMPL set ORIG; # origins

ampl: model multmip3.mod; A set DEST; # destinations

C:\Users\Robert\Desktop'Solvers\Mi ampl: data multmip3.dat; set PROD; # products

= ampl: option solver gurobi;

ampl: solve; param supply {ORIG,PROD} »= @; # amounts available at origins
Gurobi 5.6.@: optimal solution; objective 235625 param demand {DEST,PROD} »>= @; # amounts required at destinations
336 simplex iterations

mps.mod 36 branch-and-cut nodes check {p in PROD}:

mps1.mod plus 34 simplex iterations for intbasis sum {i in ORIG} supply[i,p] = sum {j in DEST} demand[],p];

mpsi.mod ampl: display Use;
L Use [*,*] (tr) param limit {ORIG,DEST} >= @; maximum shipments on routes

CLEV GARY PITT : param minload »>= @; minimum nonzero shipment

= minmax.mod
=| mod8.dat
mod8mod

multi.mod DET param maxserve integer > 8; # maximum destinations served

multic.mod
param vcost {ORIG,DEST,PROD} »= @; # variable shipment cost on routes

multmipl.dat
var Trans {ORIG,DEST,PROD} »>= @; # units to be shipped

multmipl.mod

multm!p?_,dat param fcost {ORIG,DEST} »>= @; # fixed cost for using a route
multmip2.mod wvar Use {ORIG,DEST} binmary; # = 1 only for routes used
multmip3.dat
minimize Total Cost:

sum {i in ORIG, j in DEST, p in PROD} vecost[i,j,p] * Trans[i,j,p]
+ sum {i in ORIG, j in DEST} fcost[i,j] * Use[i,j];

=| multmip3.mod
netl.dat
netl.mod
netinede.mod subject to Supply {i in ORIG, p in PROD}:
net2.dat sum {j in DEST} Trans[i,j,p] = supply[i,p];
netl.mod
net3.dat
netd.mod
netinode.mod subject to Demand {j in DEST, p in PROD}:
netasgn.mod sum {i in ORIG} Trans[i,j,p] = demand[j,p];
netfeeds.mod

subject to Max_Serve {i in ORIG}:
sum {j in DEST} Use[i,j] <= maxserve;

subject to Multi {i in ORIG, j in DEST}:

netmax.mod
sum {p in PROD} Trans[i,j,p] <= limit[i,j] * Use[i,]];

netmax3.mod
netmcol.mod subject to Min_Ship {i in ORIG, j in DEST}:
netmulti.mod sum {p in PROD} Trans[i,j,p] »= minload * Use[i,j];
netshort.mod
netthru.mod
nltrans.dat
nltrans.mod
nltransb.maod
nitransc.mod
nltransd.med

[ [ ) ) ) ) ) ) ) [ [ ) () [ (9 ) [ [ (9 ) ) )
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Scripting

Extend modeling language syntax . . .
» Algebraic expressions
» Set indexing expressions

> Interactive commands

. . . with programming concepts
» Loops of various kinds
» If-then and If-then-else conditionals

» Assignments
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APIs

Run AMPL from your programs
» Transfer data to and from AMPL

» Execute AMPL commands within your application

* Access all available solvers
Use popular programming languages

» C++, C#, Java, MATLAB, Python, R
* Use Python dictionaries, R dataframes, MATLAB matrices, etc.
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AMPL
.\ Optimization in the Cloud

Optimization on demand
» NEOS Server
» Satalia SolveEngine
» IBM Decision Optimization on Cloud

Optimization to order
» Gurobi Instant Cloud

Collaborative optimization
» QuanDec
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NEOS Server WWW.NEO0S-Server.org

Network Enabled Optimization System

» Originated 1995 at Argonne National Laboratory
and Northwestern University

* U.S. Department of Energy

% National Science Foundation

» Since 2011 at University of Wisconsin, Madison

* Wisconsin Institutes for Discovery

Free “optimization on demand”
» Over 40 solvers

» Several optimization modeling languages
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NEOS Server

Architecture

Distributed workstations
» Offer varied inputs & solvers
» Process submissions on demand

» Contributed by varied organizations

Central scheduler
» Receives and queues submissions
» Sends submissions to appropriate workstations

> Returns results

Minimal hands-on management
» Distributed: Install NEOS software on workstations

» Central: Update server database
of workstation locations and abilities
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NEOS Server

Original Facilities

Local submission clients
» Email
» Website
» NEOS submission tool

Problem description formats
» Linear: MPS and other solver files

» Nonlinear: Fortran or C programs

* automatic differentiation of programs

W. Gropp and J.J. Moré, 1997. Optimization Environments and the

NEOS Server. Approximation Theory and Optimization, M. D. Buhmann and A.

Iserles, eds., Cambridge University Press, 167-182.

J. Czyzyk, M.P. Mesnier and J.J. Moré, 1998. The NEOS Server.
IEEE Journal on Computational Science and Engineering 5(3), 68-75.
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NEOS Server
Impact: Total Submissions

Monthly rates since 1999

160000
140000 Peak day: 29 Sep 2013
120000 144890 ~ 100 per minute
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NEOS Server
Impact: Recent Submissions

Monthly rates for past two years

160000

140000

120000

100000 -

80000 -

60000 -

o 1 INITRII LD
20000

NP RP

o Y
\ s 4 - s \I - s
’5'\ \\\’ (_,?JQ eo\\ \’b @'g\ @’&\\ \\) c)Q,Q eo \Ibo é\é @fb\\

45000/month ~ one per minute

Fourer, Brandao, Laskowski, AMPL in the Cloud 49
INFORMS Analytics, Baltimore, 15-17 April 2017




NEOS Server
Assessment

Strengths
» Free
» Choice of solvers
* Every popular solver available

» Easy to use
% No account setup

* No advance scheduling

Weaknesses
» Stand-alone focus: submission of “solve jobs”

» Non-profit management
* Limited support & development
* No guarantee of confidentiality

* No guarantee of performance
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NEOS Server

Modeling Languages in NEOS

Modeling language inputs
» AMPL model, data, commands files
» GAMS model, options, gdx files

Modeling language operation
» User chooses a solver and a language
» NEOS scheduler finds a compatible workstation

» NEOS workstation invokes
modeling language system with given inputs

» Modeling language system invokes solver

E.D. Dolan, R. Fourer, J.J. Moré and T.S. Munson,
Optimization on the NEOS Server. SIAM News 35:6
(July/August 2002) 4, 8-9. www.siam.org/pdf/news/457.pdf
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NEOS Server

Impact: Modeling Languages
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NEOS Server

Solver & Language Listing

Robert

M Evanstor % Y @8 Login|S X Y % Dashbo: X ¥ @ Standarc X ¥ Y United 2 X ¥ [] cOASIS, x ¥ [4 NEOSS: x W %

« > C | & Secure | https://neos-server.org/neos/solvers/index.html ‘i'.‘r| 0 =
> Signin  EATVENY
Linear Programming +
Mathematical Programs with Equilibrium Constraints +

Mixed Integer Linear Programming =

« Cbc [AMPL Input][GAMS Input][MPS Input]

« CPLEX [AMPL Input][GAMS Input][LP Input][MPS Input][NL Input]

= feaspump [AMPL Input][CPLEX Input][MPS Input]

+ FICO-Xpress [AMPL Input][GAMS Input][MOSEL Inpuf][MPS Input][NL Input]
« Gurobi [AMPL Input][GAMS Input][LP Input][MPS Input][NL Input]

« MINTO [AMPL Input]

« MOSEK [AMPL Input][GAMS Input][LP Input][MPS Input][ML Input]

= proxy [CPLEX Input][MPS Input]

+ gsopt_ex [AMPL Input][LP Input][MPS Input]

« 5Cip [AMPL Input][CPLEX Inpuf][GAMS Input][MPS Input][OSIL Input][ZIMPL Inpui]
+ SYMPHONY [MPS Input]

Mixed Integer Nonlinearly Constrained Optimization +
Mixed-Integer Optimal Control Problems +
Nondifferentiable Optimization +

Nonlinearly Constrained Optimization

« ANTIGONE [GAMS Input]

« CONOPT [AMPL Input][GAMS Input]

= filter [AMPL Input]

+ |popt [AMPL Input][GAMS Inpuf][NL Input]

« Knitro [AMPL Input][GAMS Input]

« LANCELOT [AMPL Input] -
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NEOS Server

Input Page for CPLEX using AMPL

Evanstor X ¥ @ Login|S X Y % Dashbo: X ¥ 4 Standarc X ¥ 5 United 2 X ¥ [ cOASIS, X Y [ NEOSS: x W %

&« C | & Secure https://neos-server.org/neos/solvers/milp:CPLEX/AMPLHtmlI P e

SOLVERS

NEQOS Interfaces to CPLEX

Sample Submissions
WWW Form - Email - XML-RPC

CPLEX

The MEOS Server offers the 1BIM ILOG CPLEX Optimizer for the solution of linear programming (LP),
mixed-integer linear programming (MILP), and second-order conic programming (SOCP) problems.
Acceptable input formats for CPLEX on the NEOS server include AMPL, GAMS, LP, MPS, and NL
formats.

Details on CFLEX can be found on the IBM CPLEX website. Additional information on all IBM software
available to academics can be found on the IBM Academic Resources webpage.

Using the NEOS Server for CPLEX/AMPL

The user must submit a model in AMPL format. Examples are provided in the examples section of the
AMPL website.

The problem must be specified in a model file. A data file and commands files may also be provided. If the
commands file is specified, it must contain the AMPL selve command; however, it must not contain the
model OF data commands. The model and data files are renamed internally by NEOS.

-
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NEOS Server

Input Page (cont’d)

M Evanstor % Y @8 Login|S X ¥ % Dashbo: X V¥ @ Standarc X ¥ Y United 2 X ¥ [] cOASIS, x ¥ [§ NEOSS:- x W ¥

& = C | & Secure | https://necs-server.org /milp:CPLEX/AMPLhtml

Web Submission Form

Model File
Enter the location of the AMPL model file (local file)
Choose File | BalAssign+.mod

Data File
Enter the location of the AMPL data file (local file)
Choose File | BalAssign.dat

Commands File
Enter the location of the AMPL commands file (local file)
Choose File | Mo file chosen

Comments

Additional Settings

Dry run: generate job XML instead of submitting it to NEQS
#| Short Priority: submit to higher priority queue with maximum CPU time of 5 minutes

E-Mail address: [4er@ampl.com

-
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NEOS Server

Queue Page

Robert

l Evanstor X Y @ Login | X Y % Dashbo: X ' 4 Standarc X a United £ X

[ coasis, x ¥ C NEOSJc x W %

« X | & Secure | https://neos-server.org/neos/cgi-bin/nph-neos-solver.cgi

@ = o

LA & B B A A B 7

SOLVERS

B L T T T T e T L T T T ey

MEOS Server Version 5.8

Job# 1 B@76199
Password : sMYSXkZn
Disclaimer:

This information is provided without any express or
implied warranty. In particular, there is no warranty
of any kind concerning the fitness of this
information for any particular purpose.

PLEASE DO NOT RELOAD THIS PAGE.

B L T T T T e T L T T T ey

Running:
Job # Cat  Solver Input Submitted Started Elspsed Host

6875833 lp CPLEX GAMS  @5/27 ©@7:32 @5/27 @7:32 7:27:41 prod-sub-l.neos-server.org
6875943 minco BARON AMPL  85/27 ©9:00 @5/27 @9:88 5:59:45 prod-sub-l.neos-server.org
6075951 minco BARON AMPL  ©5/27 £3:09 @5/27 @9:09 5:51:28 prod-sub-l.neocs-server.org
6875954 minco BARON AMPL  @5/27 ©9:12 @5/27 @9:12 5:43:19 prod-sub-l.neos-server.org
6875961 minco BARON AMPL  25/27 ©9:19 @5/27 @9:1% 5:48:5@ prod-sub-l.neos-server.org
6075964 minco BARON AMPL  ©5/27 ©2:21 @5/27 @9:21 5:39:20 prod-sub-l.neocs-server.org
6875276  lp CPLEX GAMS  @5/27 ©9:35 @5/27 @9:35 5:25:03 prod-sub-l.neos-server.org
6075983  minco BARON AMPL  @5/27 £9:39 @5/27 @9:3% 5:21:84 prod-sub-l.neos-server.org
6B76@@2  lp CPLEX GAMS  @5/27 ©9:52 @5/27 @9:52 5:08:38 prod-sub-l.neos-server.org
6076817 lp CPLEX GAMS  @5/27 1e:91 @5/27 1e:@l 4:58:51 prod-sub-l.neos-server.org
60760898 nco  Knitro GAMS  B5/27 13:86 @5/27 13:@86 1:54:37 prod-sub-1l.neos-server.org
6e751al nco  Knitro GAMS  @5/27 13:06 @5/27 13:@6 1:54:23 prod-sub-l.neos-server.org -
EATETAT n. Modten GRS BESPF 1348 @EVITF 1Te@E 1254217 meadecnho] maoacocamian sea
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NEOS Server

Output Page

l Evanstor X ¥ & Login|S X Y %4 Dashbo: X ‘ Standarc X a United £ X

Robert

[ NEOSJc X W&

&« c | & Secure | https://neos-server.org/neos/jobs/6070000/6076175.html
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SOLVERS

B L T T T T e T L T T T ey

MEOS Server Version 5.8

Job# i B@T76175

Password : MxudUoip

Uszer : None

Solver : milp:CPLEX: AMPL
Start 1 2015-85-27 14:323:37
End 1 2018-85-27 14:33:42
Host : MEOS HTCondor Pool
Disclaimer:

This infermation is provided without any express or
implied warranty. In particular, there is no warranty
of any kind concerning the fitness of this
information for any particular purpose.

HEE R R R R R R R R R R R R R R R R R AR R R LR R T R R R R R R R R R R
File exists

You are using the solver cplexamp.

Checking ampl.mod for cplex_options...

Executing AMPL.

processing data.

processing commands.

Exscuting on prod-exec-1.neos-server.org

Fourer, Brandao, Laskowski, AMPL in the Cloud
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NEOS Server

Output Page (cont’d)

' [} coasis,

X )

Evanstor X ¥ #@® login|& X Y %/ Dashbo: X ‘ Standarc X a United £ X
&« C | & Secure | https://necs-server.org/neos/jobs/6070000/6076175.html
proe e sy o

Executing on prod-exec-1.neos-server.org

Presolve eliminates 72 constraints.
Adjusted problem:
2556 variables:
2528 binary variables
36 linear variables
582 constraints, all linsar; 25224 nonzeros
218 equality constraints
360 inequality constraints
12 range constraints

1 linear objective; 36 nonzeros.

CPLEX 12.7.8.@: timelimit=3e8

threads=4

CPLEX 12.7.@.8: optimal integer solution; objective 16
538 MIP simplex iterations

@ branch-and-bound nodes

Mo basis.

[ NEOSJc x W Y
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NEOS Server

APIs

Application programming interfaces
» Access NEOS from a local program

Implementations

» Version 1: XML-RPC remote procedure call
» Version 5: full Python API

Uses
» NEOS submission tool
» NEOS option in Solver Studio for Excel
» NEOS as a “solver” for modeling systems

Fourer, Brandio, Laskowski, AMPL in the Cloud 61
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NEOS Server

Modeling Systems as NEOS Clients

New “solvers”
> Kestrel for AMPL
> Kestrel for GAMS

Familiar operation
» Choose Kestrel as the local “solver”
» Set an option to choose a real solver on NEOS

> Initiate a solve and wait for results

E.D. Dolan, R. Fourer, J.-P. Goux, T.S. Munson and J. Sarich,
Kestrel: An Interface from Optimization Modeling Systems
to the NEOS Server. INFORMS Journal on Computing 20
(2008) 525-538. dx.doi.org/10.1287/ijoc.1080.0264
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NEOS Server
AMPL Interactive Session

ampl: model schedl.mod;
ampl: data sched.dat;

ampl: let least assign := 16;

ampl: option solver kestrel;
ampl: option kestrel options 'solver=cplex';

ampl: solve;

Connecting to: neos-server.org:3332
Job 4679195 submitted to NEOS, password='JMNRQoTD'

Check the following URL for progress report

http://neos-server.org/neos/cgi-bin/nph-neos-
solver.cgi?admin=results&jobnumber=4679195&pass=IJMNRQoTD

Job 4679195 dispatched
password: JMNRQOTD

—————————— Begin Solver Output -----------

Job submitted to NEOS HTCondor pool.

Fourer, Brandio, Laskowski, AMPL in the Cloud
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NEOS Server
AMPL Interactive Session

—————————— Begin Solver Output -----------

Job submitted to NEOS HTCondor pool.

135348 MIP simplex iterations
17430 branch-and-bound nodes

ampl: display Work;
Work [*] :=

1 16 11 16 36 19 72 20 82 20
3 16 29 16 66 17 79 19 104 19

J

ampl:

CPLEX 12.6.2.0: optimal integer solution; objective 265.9999999999943

ampl: option omit_zero_rows 1, display 1col 0;

106 16
112 16

114 20 125 20
121 16

Fourer, Brandio, Laskowski, AMPL in the Cloud
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NEOS Server

Kestrel Impact

Intensive use in short bursts
» Peaks of 10,000-60,000 per day

Modest use on average

» Average of 3,570 per month over past year
» Mostly AMPL/CPLEX
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NEOS Server
Kestrel Assessment

Strengths

» Powerful local client for modeling
» NEOS facilities for solving

Weaknesses
> Not all NEOS solvers available

» Local solver software is strong competition . . .
* Bundled with modeling languages
* Free for trial use

* Free for course and academic use
» Limited support & development

* Solver logs not currently returned

. . . we provide support for Kestrel/AMPL

Fourer, Brandio, Laskowski, AMPL in the Cloud 66
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NEOS Server
Recent Developments

Intensified support
» Shift to HTCondor “high-throughput” platforms
» Updated Kestrel client
» Updated solver offerings

User accounts

[ NEOS Server for Optimiz X
& > C | & Secure | https;//neos-server.org/neos/ ‘
b ONI I # Sign Up

SERVER

NEOS Server: State-of-the-Art Solvers for Numerical Optimization

» Higher priority for job scheduling
»> “My Jobs” tab listing recent jobs & links to results

Fourer, Brandao, Laskowski, AMPL in the Cloud 67
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A Commercial NEOS?

- Evanston, IL Forec: X ¥ #® Login | Salesforce X ¥ %4 #4373 ReforMas X ‘ Home - AMPLAM® X A Satalia SolveEngin X ‘
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The SolveEngine

)
g
o
]
-
]
o
o
o
o
o
=

We built the SolveEngine. It aggregates thousands of
optimisation algorithms and uses artificial intelligence to choose
the best ones to solve your problem. Whilst we are making it
awesome, the SolveEngine Beta is free to use.

START SOLVING

https://solve satalia.com/login
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Satalia SolveEngine

- Evanston, IL Forec: X ¥ #® Login | Salesforce X ¥ %4 #4373 ReforMas X ‘ Home - AMPLAM® X A Satalia SolveEngin X ‘

“— & | @ Secure | httpsy/solvesatalia.com

Modelling Languages

T
[ | [ | | ] g
&
$
g
High-level open-source Modelling language for Modelling language for %
modelling language for mathematical programming mathematical programming
optimisation and satisfaction and optimisation and optimisation
problems
Coming early 2018 Coming early 2018

September 2017
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Satalia SolveEngine

- Evanston, IL Forec: X ¥ #® Login | Salesforce X ¥ %4 #4373 ReforMas X ‘ Home - AMPLAM® X A Satalia SolveEngin X ‘

“— & | @ Secure | httpsy/solvesatalia.com

Smart Solving, Smart Pricing

Access a portfolio of state-of-the-art commercial and academic
optimisation algorithms, and only pay for the time it takes to
solve your problems.
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PAY AS YOU GO ACADEMICS ENTERPRISE

All Pay As You Go tiers are licence free!
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Satalia SolveEngine

- Evanston, IL Forec: X ¥ #® Login | Salesforce X Y %4 #4373 Re

: for Mas: X ‘ Home - AMPLAM® X

Satalia SolveEngin X ‘

“— & | @ Secure | httpsy/solvesatalia.com

Tier O

30 minutes of SolveTime
each month
1 problem running
4GB maximum problem size

Public gueue

Free

START SOLVING

Queue up to 5 prob

Tier 1

No minimum contract

| problem running

Queue up to 2 problems Mo maximum problem size

Public queue

£10 per hour

Tier 2

No minimum contract
Run up to 5 problems
concurrently
Queue up to 50 problems
Mo maximum problem size

Private queue

)
g
o
]
-
]
o
o
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=

£25 per hour
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A Solver-Specific NEOS?
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Marketplace v Search IBM Marketplace

IBM Decision Optimization on Cloud Overview  Purchase  Resources

IBM Decision Optimization on Cloud

Leverage advanced analytics and decision making optimization

software on cloud to solve your planning and scheduling challenges

Starting at $10.60 UsD per hour

Watch the demo Start your free trial

& DropSolve

Let's talk

Fourer, Brandao, Laskowski, AMPL in the Cloud 72
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IBM Decision Optimization on Cloud

DOcplexcloud API
» Analogous to NEOS Python API

DropSolve service
» Similar to NEOS web services
» Matrix formats: LP, SAV, and MPS files
» OPL modeling language: MOD and DAT files
» Python programs using the API

IBM solvers
» CPLEX
» CP optimizer

See also FICO Analytic Cloud for Xpress solver

Fourer, Brandio, Laskowski, AMPL in the Cloud 73
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Gurobi Instant Cloud cloud.gurobi.com

Client side
» Standard Gurobi installation
» Cloud license

Server side

» Compute server for Gurobi solver
* Single-machine solves
* Distributed MIP solves
* Distributed tuning

» Server pools with load balancing

... hosted on Amazon Web Services

“Cloud computing technology is changing quickly.
Please check these documents periodically to ensure
you have the latest instructions for the Gurobi Cloud.”

Fourer, Brandio, Laskowski, AMPL in the Cloud 75
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Gurobi Instant Cloud for AMPL

Client side
» AMPL installation (command-line or IDE)
» Standard Gurobi-for-AMPL installation

Server side

» Gurobi compute server
» Gurobi optimizer

Fourer, Brandio, Laskowski, AMPL in the Cloud 76
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Gurobi Instant Cloud
cloud.gurobi.com

@ Gurobi Instant Cloud x ¥ ¥

= C @ Secure | https:;/cloud.gurobi.com

GUROBI

OPTIMIZATION PRODUCTS DOWNLOADS RESOURCES ACADEMIA

Gurobi Instant Cloud

Instant:access to powerful optimization software and fast machines

Great for... Easy and Robust
* Handling spikes in demand « Automatically start, manage and stop
» Solving challenging models multiple machines
« Meeting periodic optimization needs  Access from your existing
+ Delivering cloud-based solutions applications
* Providing cloud-based failover * Select dedicated machines from a

data center near you
= Stay secure with built-in 256-bit AES
encryption

rch text here

SUPPORT ABOUT

Open Cloud Manager

Check Service Status ¢&»

Discuss Your Needs

Cost Effective

* Use and pay for only what you need

* Reduce or eliminate local data center
costs

+ Support Windows, Linux and Mac
clients

* Access includes Gurobi Support

Fourer, Brandao, Laskowski, AMPL in the Cloud
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Gurobi Instant Cloud
cloud.gurobi.com

GUROBI

OPTIMIZATION PRODUCTS DOWNLOADS RESOURCES ACADEMIA SUPPORT ABOUT

G uro b i I N Stant CI Oou d G B e

Instant access to powerful optimization software and fast machines Lol S

Great for... Easy and Robust Cost Effective

Handling spikes in demand « Automatically start, manage and stop Use and pay for only what you need
Solving challenging models multiple machines Reduce or eliminate local data center
Meeting periodic optimization needs Access from your existing costs
Delivering cloud-based solutions applications Support Windows, Linux and Mac
Providing cloud-based failover Select dedicated machines from a clients
data center near you Access includes Gurobi Support
Stay secure with built-in 256-bit AES
encryption

Cloud Guide — T ——

Fourer, Brandao, Laskowski, AMPL in the Cloud
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Gurobi Instant Cloud
www.gurobi.com

GUROB| CERCETETIT - 1 -

OPTIMIZATION  PRODUCTS  DOWNLOADS  RESOURCES  ACADEMIA  SUPPORT  ABOUT " Register

Login

Please login below to access protected content, or register here (for free).

Login

If you have forgotten or would like to reset your password, please click here

Product Overviews: Download Center Resources Center Academia Center Support Center About Gurobi
.laearures and Beneﬁ‘tém E;L.Jrohi Software 50wmentaﬁon Fcur Universities Ec-nsul‘h’ng Services Management Team
Modeling Languages AMPL Software Code Examples For Online Courses Training Resources Example Customers
Use in Industry Licenses Getting Started User Commurnity Mews

Licensing and Pricing Switching To Gurobi FAQs Events

Fourer, Brandao, Laskowski, AMPL in the Cloud
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Gurobi Instant Cloud
View Available Licenses

Licenses

Show | 10 v | licenses

Active

Machines Rate Plan

License

Credit (US Dollar)

Search:

Expiration
Time

142032 Mo Charge

@® 21420 No Charge

§25

10/30/2016
7:00:00 PM Q ¥

4/28/2016
7:00:00 PM G)‘ t

Showing 1 to 2 of 2 licenses

CONTACT SALES g SUPPORT CENTER § GETTING STARTED

First

Previous MNext
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Gurobi Instant Cloud
Get Gurobi License File

This is a license file created by the Gurobi Instant Cloud
Created on Mon, 17 Oct 2016 20:46:26 GMT
License Id: 142032
Place this file in your home directory or one of the following
locations where XXX is the Gurobi Optimizer version you are using:
* C:\gurobi\ or C:\gurobiXXX\ on Windows
* Jopt/gurobi/ or /opt/gurobiXXX/ on Linux
* /Library/gurobi/ or /Library/gurobiXXX/ on Mac 0S X
Or set environment variable GRB_LICENSE_FILE to point to this file
Do not share this license file because it contains your secret key

HoH H HF HHFHHHF

H

CLOUDACCESSID=fedf3901-04f1-44d7-9725-e36c1c3f70f6
CLOUDKEY=0vO9XdWrDQLiE3EiAAEKtFw
CLOUDHOST=ngcloud.gurobi.com

Fourer, Brandio, Laskowski, AMPL in the Cloud
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Gurobi Instant Cloud

Use with AMPL: Setup

ampl:
ampl:

ampl:

ampl:
ampl?
ampl?

ampl:

model multmip3.mod;
data multmip3.dat;

option solver gurobi;

option gurobi_options

"cloudid=fedf3901-04f1-44d7-9725-e36clc3f70f6 \

cloudkey=0vOXdWrDQLiE3EiAAEKtFw';

Fourer, Brandio, Laskowski, AMPL in the Cloud
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Gurobi Instant Cloud

Use with AMPL: Startup

ampl:
ampl:

ampl:

ampl:
ampl?
ampl?

ampl:

Gurobi 7.0.0:

model multmip3.mod;
data multmip3.dat;

option solver gurobi;

option gurobi_options

"cloudid=fedf3901-04f1-44d7-9725-e36clc3f70f6 \

cloudkey=0vOXdWrDQLiE3EiAAEKtFw';

solve;

cloudkey=0vOXdWrDQLiE3EiAAEKtFw

Waiting for cloud server to start..........

cloudid=fedf3901-04f1-44d7-9725-e36c1lc3f70f6

Fourer, Brandio, Laskowski, AMPL in the Cloud
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Gurobi Instant Cloud

Use with AMPL: Solve

ampl: model multmip3.mod;
ampl: data multmip3.dat;

ampl: option solver gurobi;

ampl: option gurobi_options
ampl? "cloudid=fedf3901-04f1-44d7-9725-e36clc3f70f6 \
ampl? cloudkey=0vOXdWrDQLiE3EiAAEKtFw"';

ampl: solve;

Gurobi 7.0.0: cloudid=fedf3901-04f1-44d7-9725-e36c1c3f70f6
cloudkey=0vOXdWrDQLiE3EiAAEKtFw

Waiting for cloud server to start.............
Capacity available on 'default' cloud pool - connecting...
Established 256-bit AES encrypted connection

Gurobi 7.0.0: optimal solution; objective 235625
289 simplex iterations

25 branch-and-cut nodes

plus 35 simplex iterations for intbasis

ampl:

Fourer, Brandio, Laskowski, AMPL in the Cloud
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Gurobi Instant Cloud

Use with AMPL: Continue

ampl: display {i in ORIG, j in DEST} sum {p in PROD} Trans[i,]j,p];

: DET FRA FRE LAF LAN STL WIN 1=
CLEV 625 375 550 %) 500 550 %)

GARY %) %) 0 400 0 625 375

PITT 525 525 625 600 0 625 %)

)

ampl: reset data;
ampl: data multmip3a.dat;

ampl: solve;

Gurobi 7.0.0: cloudid=fedf3901-04f1-44d7-9725-e36c1c3f70f6
cloudkey=0vOXdWrDQLiE3EiAAEKtFw

Capacity available on 'default' cloud pool - connecting...
Established 256-bit AES encrypted connection

Gurobi 7.0.0: optimal solution; objective 238450
163 simplex iterations
plus 33 simplex iterations for intbasis

ampl:

Fourer, Brandio, Laskowski, AMPL in the Cloud
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Gurobi Instant Cloud

Manage Server Configuration

GUROBI

OPTIMIZATION

Instant Cloud

Robert Fourer
Aer@ampl.com

() UCENSES

[ MACHINES
(/1 MANUAL LAUNCH

£1) HISTORY

£X SETTINGS
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Gurobi Instant Cloud

Check Costs

Cost Estimate

1 compute server will be launched.

¥ou will be charged $0.838 per hour for the machine costs.

¥ou will be charged $0 per hour for the Gurobi license.

Fourer, Brandao, Laskowski, AMPL in the Cloud
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Gurobi Cloud Costs

Commercial plans

» Annual subscription fee, plus

» Hourly rates for use:

* Gurobi rate for compute servers

% Amazon rate for distributed workers

Pick the Gurobi Instant Cloud plan that best meets your needs:

Support, + $5/hr. per machine

Plan Cost Best For...

Starter $1,500 for three months of access, incl. _ sjtuations where you want a short-term introduction to the Instant Cloud. Includes a Compute
Support, + $20/hr. per machine Server license. Note that the Starter Plan is not renewable.

Bronze $4,000 for one year of access, incl. ...situations where you just want to solve one model at a time and don't need the features or
Support, + $10/hr. per machine flexiblity of Compute Server. Includes a Single-Use license.

Silver $10,000 for one year of access, incl. ...more active development and deployment situations where the hourly charge is more of a factor.
Support, + $8/hr. per machine Includes a Compute Server license.

Gold $20,000 for one year of access, incl. ...heavy usage situations where the features of Compute Server and getting the lowest hourly

charge are important.

We recommend starting with our default instance size, c4.4xlarge, and then experimenting from there depending on your needs and budget.
Instances with more than 16 vCPUs (such as the c4.8xlarge and r3.8xlarge instances) are charged at 2X the stated hourly price.
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Gurobi Cloud for AMPL.: Assessment

Strengths
» Security
» Reliability (via Amazon)
» Support for multi-server and/or multi-worker pools

» Support for local modeling clients

Drawbacks (compared to NEOS)

» Not free
* Budgeting can be complicated

» Solver-specific

» Not quite “optimization on demand”
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QuanDec

Server side
» AMPL model and data
» Standard AMPL-solver installations

Client side

» Interactive tool for collaboration & decision-making
» Runs on any recent web browser

» Java-based implementation
* AMPL API for Java
* Eclipse Remote Application Platform

... developed / supported by Cassotis Consulting
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QuanDec

Initialization

Prepare the model and data
» Add reporting variables to the model
» Select initial data in AMPL .dat format

Import to QuanDec
» Install on a server
» Read zipfile of model and data
» Create new application and first master problem

Configure displays
» Create data tables

» Adjust views
. . . mostly done automatically
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CASSOTIS

CONSULTING §& SOLUTIONS N OPTMZATION

The web-based graphical interface that
turns optimization models written in
AMPL into decision-making tools

& AvipL
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Features

. —_
p— r
K
.
.
k 1
scenario #4
scenario #1 scenario #3
scenario #2
L]
% - V 4 A~
L3
O = m
- J— ‘ #2 #3 i
. . . sensitivity .
regression reports import / . analysis pre-defined
export to . analysis
Excel® comparison

Server application
Centralized data

Several apps on a single
instance

Web-based
Multi-users
Concurrent access

Secure access

Scenario-based
Sharing between users

Sharing rights
(edit / comment/ view)

And much more...
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Getting started

Your ‘
AMPL model AMPL

Configure how you want to display
your parameters and variables
(many options of tables and charts)

Zip and upload configuration
and AMPL model files into z 5

Ca

Quantify your decisions!

><
[ >

®
1 I3
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Workbench

=! Scenario

N App B! Master

[
0

Report tables

Category
Category A \( Export ), mo
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Cé Comment
Analyze
sensitivity
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Regression tool

|
o Fe >

step 1

X=21+15B-0.3C+4.9D
Add potential predictors

A BCD

.CSV

.MOD

The regression is included
in the opt|m|zat|qn model Collect data
as an equation

step 5 step 3

Select the best regression Import data into QuanDec -Csvﬁ

step 4

Clean the data

97




Quandec’s value proposition

GUI creation in less
than 2 days, without
any programming

No proprietary
format: use your

preferred editor
and use any good
versioning system

Benefit from all AMPL
language features

No need of knowledge
in Operations Research
to be an end user

Run optimization in
various conditions
(scenarios)

Intuitive &
user-friendly

Recurrent decisions based
on the result of analyses
(scripts)
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Standalone Quandec Version

Available in 2018 Q3

regression
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scenario #1

/

reports
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. scenario #3
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import / =
export to —
Excel® comparison
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analysis ;
analysis

Several apps on
a single instance

Scenario-based

And much more...
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QuanDec Availability

Contact sales@ampl.com
» Free trials available

» Pricing keyed to number of models & users

First year’s support included
» Tailored setup support from Cassotis Consulting
» Customizations possible
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