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Motivation

Separation of Tasks:

 Modeling work

- AMLs are powerful tools for developing solver-
independent optimization models

- GAMS for modeling and optimization

* Intuitive deployment and visualization are
becoming increasingly important

- End-users of optimization software are very
often not modeling experts

- Need for easy-to-use tool to visualize data and
compare results

- Current deployment possibilities are not
satisfactory for everyone




Deployment of GAMS models

current possibilities
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Object Oriented APIs

« GAMS comes with several OO
APIs (Python, Java, C++, C#, ..) to
develop applications

- Programming required to
build your applications
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Model Interface with Rapid Orchestration
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Web interface for GAMS models
Usage via web browser

GAMS as a black box

Focus on automated deployment

Load data

Solve model

Configuration instead of programming

Web browser
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Example

Model: Pickstock



Model: Pickstock

ghass

N
=
S

Training phase
Select small subset of stocks

_ End ot raiing 5

value

Dow Jones

Price (stocks & dow jones)

esting phase UNH — UTX — V — VZ — WMT — XOM =
- How similar behaves the stock selection to
* (Optimization) ' ' . (Evaluation of results) /

\

— AAPL — AXP — BA — CAT — CSCO — CVX — DD — DIS —
DowJones — GE — GS — HD — IBM — INTC — JNJ — JPM — KO
— MCD — MMM — MRK — MSFT — NKE — PFE — PG — TRV —

Feb 2016 Mar 2016 Apr 2016 May 2016 Jun

|
Data: Performance of all shares of the
Dow Jones index over a period of 1 year
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behaves similarly to the overall index
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Model: Pickstock

minimize obj := Z slpos, + slneg,,
ds
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Model: Pickstock

Dow Jones vs. Index Fund
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Run the model
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Compare scenarios

Input

@ Output

£ GAMS interaction
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How-to

Deployment of a GAMS model with GAMS MIRO



Basic Setup - Model Annotations

- Set date 'date'!

7 mbol 'stock symbol';
onExternalInput

“Parameter price (date<,symbol<) 'Price';

_UScalar maxstock 'maximum number of stocks to select' / 2 /
11 trainingdays 'number of days for training' / 99 /;
1@§§E§E§ternall§§££::>

S
8¢SonExternalOutput >
“lScalar error train 'Absolute error in entire training phase'
82 error test 'Absolute error in entire testing phase'
83 error ratio 'Ratio between error test and error train'
¢/ Parameter
85 stock weight (symbol) 'weight'
86 dowVSindex (date, fHdr) 'dow jones vs. index fund [MIRO:table]'’
87 abserror (date, errHdr) 'absolute error [MIRO:table]'
JZSingleton Set
J9firstDayTraining (date) '"first date of training period'

90lastDayTraining (date) 'last date of training period' ;
offExternalOutput
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MIRO configuration mode

as GAMS Studio
File Edit GAMS View Help

DB ssm P Y-

Explorer ’ Run F9 E
v = pickstock b Run with GDX Creation F10 on C
g pickstock.gi to
> P 9 mas Launch MIRO F11 the
@ pickstock.Ist .
Compile Shift+F9
& Compile with GDX Creation Shift+F10
UParameter price(date<, sy
H 10 scalar maxstock
11 traininmadasre
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The MIRO configuration mode

AMS

A C,

28 General settings

B Tab

= Configu

Configure graphs

mana

Alias for the input scalars table

nput scalar

17}

Alias for the output scalars table

Scalars that should not be displayed in the scalars table but
can be used in graphs etc.

last date of training period

Background color of row and column headers in pivot
tables.

rgb(255,128,0)

Duration the GAMS log and Ist files are stored in the
database (in days). 0 means files are not stored at all, 899
means files are stored indefinitely. This setting is ignored
when the attachment module is not active. Note that this is
currently only supported in the MIRO base mode.

00

{

Number of decimal places used for rounding output values.
- ]

Enable/disable modules
Set default behavior

Color scheme
etc.

General settings

Activate local data upload module?

Enable scenario sharing between different users

Show log file in Ul

Show Ist file in UI

Should users be allowed to add attachments to scenarios?

Should all input widgets (slider, dropdown menu, etc.) bea
ggregated on a single tab?

Include parent directory of the model folder in your model runs
(e.g. because several models share files)?

a»

Include a metadata sheet in the Excel file (when exporting a
scenario)?

Include empty sheets in the Excel file?
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The MIRO configuration mode

AMS
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Help +
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General table settings

Table settings

= Configure \

L Configure graphs

Dat management

* input table output table

Height of input tables (in px)

700

Restrict editing of tables? If activated, tables can not be
modified by the user.

a»

Highlight the column of current active cell (no live preview
available).

Highlight the row of current active cell (no live preview
available).

Default column stretching.

Mo stretch A

Set custom column width.

Width of a single (non-streched) column. Set value to 0
0 o t.

General table settings
Distinguished between input

and output tables
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The MIRO configuration mode

= Help «
gure input widgets
= Configure widgets Symbeol type to configure select the number of days for training
* Symbol New GAMS option New double dash parameter L [ 10]

Configure graphs

Which input symbol would you like to create a widget for?
Database management

number of days for trainin v -
Y g m Delete B Save

Select the type of widget you want to use

Slider -
Enter the element name as it should be displayed in a tab
(ne live preview available)

number of days for training

Choose a label

select the number of days for training

Minimum value Static value?

1

v Scalar symbols:
Select symbol and header to depend Static value? .
upon » Slider, Dropdown menu,
e v checkbox, date selector,
date - tethOX




The MIRO configuration mode

Am GAMS

" .
3 General settings Configure graphs

BB Table settings

Help «

Which symbol shall be used? dow jones vs. index fund

= Configure widget
ontigure widgets — dow jones — index fund

1
1]
last date of training period hd 120 _‘ccﬂ:

Configure graphs = r)—\
£l
What label should be used? 115 £
Database management g:
End of training phase 110 2!
“

Select marker symbol 1)
2 105 i
(<] 1
top h =
3 i
3 100 :
What color should the event line have? :
1
rgb(0,0,0) 9 !
]
1
Select marker symbol 90 ! i |
dashed - Apr 2016 Jul 2016 Oct 2016
date
=

[ Add event line
0 Delete B Save

Add limit line




Scenario runs

The GAMS MIRO Hypercube mode



Hypercube mode
scenario generation

Base mode

Price

Input widgets

Select the maximum number of stocks
1 B 0

———

1 8

select the number of days for training
1

_—

1 64 1

Solver to use

Price Input widgets
CPLEX

Select the maximum number of stocks Step size
1 30 4

T M T \ T

1 8 15 23 30
select the number of days for training Step size
1 252 5

T M \ T

1 64 126 189 252

Solver to use

CPLEX XPRESS CBC
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Hypercube mode
scenario generation

Select the maximum number of stocks Step size
1 30
M !
1 I
1 a8 15 23 30
select the number of days for training Step size
| [ |
1 64 126 189 252
2 10
5 1 9
80 10 18
.5 ~ 85 19 27
90| 28 36
95 37 45
100 46 54
105 55 63
110 64 72
115 73 81

< 21 p



Hypercube mode

Analysis

Analyze Scenarios

Index

stat_Status

SolverTime - arith. means
Filter: all instances

stat_Efficiency

—— virt. best —— wirt. worst

75.24

& & & 2
Q‘@ . 6@“ Qq)éj‘ f
+ & &
SolverTime
Filter; gap <= 10% and no fail for all solvers
o °
200
=] =]
o o
150 o o]
100 : g
o
) % é
‘ 2= ==
- s <~ & & &

stat_SolutionQuality solvedata documentation

Number of instances with gap <= 0.0001% and not failed

8

-3
S

-3
1=

-]

%]
S

o

Absolute performance profile (SolverTime) a

—8~ aguaman

—a— joker

—8— rorschach
—e— superman
—8— wonder woman

—8— virt. best
~®— virt. worst

SolverTime

|
v Perform analyses related to

KPIs and/or other indicators
v Export scenario data for

external analyses
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Job execution

MIRO Server



MIRO - job execution

MIRO Desktop MIRO Server (l) MIRO Server (ll)

Everything local Local MIRO application Everything on a server
Remote GAMS execution

* GAMS installed

 MIRO installed

e Synchronous execution
of GAMS jobs

Dashboard

GAMS job

execution

GAMS job
execution

4 26 p



Remote job execution rm——
v REST API for job requests

v Microservices instead of monolithic
approach

v Automated failure detection and
recovery

v Highly scalable

File Storage
(Docker Volume)

=

docker

A 4

Broker Message Queue

(Flask REST API) (RabbitMQ) N Worker
WBRabbitMO » | (Python + GAMS)

A 4

& & = ] @euten
docker docker |
L GAMS
SQLAIchemy o docker
i Database SQLAlchemy
(PostgreSQL) L)

|'5 docker < 27 p




Summary



Summary

3 @
Separation of tasks:
* Modeling work ‘
* Model deployment
- In OR projects often over several iterations
- model deployment should not take much time (at least during these iterations)

« End-users are very often not modeling experts

* Quick & automated deployment of GAMS models

 Data visualization with charts / graphics AR .
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« Easy to configure

» Desktop and server version

<« 30 p
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