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Model Stages







1976 - A World Bank Slide

GAMS came into being!
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RESULT: - Limited drain of resources

- Same repreasentation of models
for humans and machines

- Model representation is alse
mndel documentation
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Simple Example

Indices:

i = plants
J = markets

Given Data:

a; = supply of commodity of plant ¢ (in cases)
b; = demand for commodity at market j
¢;; = cost per unit shipment between plant 4 and market j

Decision Variables:

@;; = amount of commadity to ship from plant 4 to market j
where z;; > 0. foralld, §

Constraints:

Observe supply limit at plant 4: E j Tij < a; forall? (cases)
Satisfy demand at market j: Ei xi; = bjforallj (cases)
Objective Function: ~ Minimize 37, 3, ¢i;zij  (SK)

Sets

i canning plants / seattle, san-diego /

j  marksts / mew-york, chicago, topeka /
Parameters

a(i) capacity of plant i in cases

b(j) demand at market j in cases

cl(i,j} transport cost in thousands of dollars per case ;
Variables

®(i,]j)} shipment gquantities in cases

z total transportation costs in thousands of dollars ;
Equations
coat define objective function

supply (1) observe supply limit at plant 1
demand {J) satisfy demand at market j ;

cost .. z =e= sum((i,3), cli,d)*=i(i,3)) :
supply (i) .. suw (j, x(i,3)) =1= ali) :
demand (j} .. sow(i, x(i,J}) =g= bI(J)} ;

Model transport /fall/ ;




What did this give us?




Independence of Model and Solver

One environment for a wide range of model types and solvers

Also solver for NLP, MINLP,

All major commercial

LP/MIP solver global, and stochastic

optimization

Open Source Solver (COIN)

OSEK

Gurobi ': _5
P
Optum ization _-' -_
&
B




Independence of Model and Data

e Declarative Modeling
e ASCII: Initial model development

e GDX: Data layer (“contract”)
between GAMS and

applications

Platform independent
No license required
Direct GDX interfaces and
general API




Independence of Model and User Interface

API’s

Low Level
Object Oriented: .Net, Java,
Python, C++

No modeling capability:
Model is written in GAMS
Wrapper class that
encapsulates a GAMS model







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

« 11 p



Deployment of GAMS models

current possibilities

_ a |C\D|E|F\G|H\\|J\K\L|M\N|o P
Expert level APIs ER _ e e
. Somes R .
GDX, OPT, GAMSX, GMO, ... S — o
« High performance and flexibility |ommm e e v
. Automatica” %Sanrmegn _ Mew-York Chicagn  Topeka
. . y genera ted [15] Clear Solution
imperative APIs for several . | cei |
languages (C, C++, C#, Delphi, 5 T —
Java, Python, VBA, ..) o
. SOLVELP | SOLVE MIP |
Ei » ¥ | Main ~Model . Listing . ¥3 oKl I J ’Ev

Object Oriented APIs

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

- Programming required to
build your applications




Develop GAMS model

GCAMS MIRO

Model Interface with Rapid Orchestration

Click to
deploy
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Web interface for GAMS models
Usage via web browser

GAMS as a black box

Focus on automated deployment

Configuration instead of programming

Web browser

i
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Model: Pickstock

Price (stocks & dow jones) )
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Training phase - Testing phase
# Select small subset of stocks ‘. How similar behaves the stock selection
' (Optimization)

value

Dow Jones

minimize obj := Z slpos, + slnegy,
ds

. Subject to 2 pricey - wy = index,, + slpos,, — slneg,, (Vds)

. Data: Performance of all shares of the
Dow Jones index over a period of 1year W < Ps (Vs)
. Goal: Find a small selection of stocks that & &
follows the Dow Jones as good as possible Zp‘ S MazstG
. Optimization model: Select a subset d
wy 2 0, Ps € {0, 1} (Vs)

(£ maxstock) of Dow Jones stocks, along
with weights, so that this portfolio slpos,; > 0, slneg, > 0 (Vd)
behaves similarly to the overall index
(in the training phase) <4 15 p




Model: Pickstock

minimize obj := Z slpos 4 + slneg,,
ds

<4 16 p



Model: Pickstock

Dow Jones vs. Index Fund

— Dow Jones index — Index fund

118

1167

14

12y

1m0

Price
g

End of training phase

Feb 2016 Mar 2016 Apr 2016 May 2016 Jun 2016 Jul 2018 Aug 2016 Sep 2016 Oct 2016 Nov 2016 Dec 2016
Date

minimize obj := Z slpos, + slneg,;,
ds

<4 17 p






Run the model
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Compare scena
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GAMS MIRO || DATA CONCEPT

GAMS model

Set
i 'canning plants' / seattle, san-diego /
j 'markets’ / new-york, chicago, topeka /;

MIRO
independent

Parameter
a(i) 'capacity of plant i in cases'
/ seattle 350
san-diego 600 /

JsonExternalInput

b(J) 'demand at market j in cases'

/ new-york 325 .
I chicago 300 Data in model

™ - N
| topeka _ _ 275 /; == ==p overwritten when

MIRO is used
Table d(i,j) 'distance in thousands of mnes" v
T

Tew-york chicago topeka |

Iseattle 2.5 1.7 1.8
pan-diego 2.5 1.8 .47 \-
Sealar f 'freight in dollars per case per thousand miles' y_90 /j

|bottExternalinput
Parameter c(i,j) 'transport cost in thousands of dollars per case|;

c(i,j) = £*d(i,3)/1000;

Variable
x(i,j) 'shipment quantities in cases'
z 'total transportation costs in thousands of dollars';
MIRO
Positive Variable x; independe
Equation nt
cost 'define objective function'

supply (i) 'observe supply limit at plant i'

demand (j) 'satisfy demand at market j';
cost.. z =e= sum((i,3), c(i,J)*x(i,3));
supply(i).. sum(j, x(i,3)) =1l= a(i);
demand (j) .. sum(i, x(i,3)) =g= b(j);

Model transport / all /;
solve transport using lp minimizing z;

Set scheduleHdr 'schedule header' / 'cap', 'demand', 'quantities' /;

BonExternalOutput

Parameter
schedule (i, j, scheduleHdr) 'shipment quantities in cases'
total cost 'total transportation costs in thousands of dollars';

BoffExternaloutput

total cost = z.1l;

schedule (i, j, 'cap') =a(i);
schedule(i,j, 'demand') =Db(d);
schedule(i,j, 'quantities') = x.1(i,j);

Solve model

MIRO input data used for
model run

output

-

defines

.

MIRO
input
Data
flow

MIRO .~

..l Save results output - e
ﬁa Al — database, spreadsheet or GDX o4 Hee =

‘ output
\glsplaye;d,

Return results

Tagged model output
visualized in MIRO

Data exchange between CAMS model and MIRO

MIRO
Bcaus - e

SmrTenne it ke n o

1 = (L]
2 wmm
Load data into sandbox
— database, spreadsheet or
GDX
n be modified by user
~
~
~
~ Data
R management

0 Data is loaded into the MIRO interface. These come either from the internal database or from external data sources
such as Excel or GDX, but NOT directly from the GAMS model.

® When clicking on solve, the data visible in the MIRO input section is sent to the GAMS model. All data of affected
symbols in the model will be overwritten. Symbols that are not visible in MIRO are not touched.

® The model is now run with the updated data. Afterwards the results are sent to MIRO and displayed in the output

section.

@ From there, data can be saved in the internal database and/or exported as a file.






Hypercube mode

» Generate and analyze multiple scenarios in batch mode

« Goals:
> Little to no effort to create interface
» Generate only scenarios that have not yet been solved
» Scenario management should be organized as clearly as possible

> E.g. apply sophisticated filters to see only scenarios fulfilling
certain criteria

> Perform analyses related to KPIs and/or other indicators

4 24 p



Hypercube mode
scenario generation

Base mode

Price

Input widgets

Select the maximum number of stocks

il B an
; Hypercube mode

select the number of days for training

f 115
—
Solver b ise Price Input widgets
CPLEX
Select the maximum number of stocks Step size
1 B 30 1
1 & a0
select the number of days for training Step size
1 252 5
18
Solver to use
CPLEX XPRESS CBC

4 25 p



Hypercube mode
scenario generation

Select the maximum number of stocks Step size

1

Step size

10

5 1 9

80| 10 18

85| 19 27

+5 90| 28 36
95| 37 45

100 | 46 54

105| 55 63

110| 64 72

115| 73 81

4 26 p



Hypercube mode
Data import & monitoring of scenario runs

Import data &
Owner Submission date Job tags Status Action
user 2019-01-18 15:05:09 foihesy. running Show log || Discard
user 2019-01-18 15:04:53 running Show log Discard
user 2019-01-18 15:04:42 el completed Import || Showlog || Discard
user 2019-01-18 15:02:57 _ sl tmes _ completed Import || Showlog || Discard
user 2019-01-18 14:58.50 MIP min_ship completed Import || Showlog || Discard
Show history Manual import

<4 27 P



Hypercube mode
Scenario management

-
Load scenarios

Time created between 2019.02.01 to 20180221 D
Job tags is - superman D
AND -

Time created between - 2019-02.22 to 2019-03-04

Job tags ia - wonder woman EI
AMD - D

Fetch results
Show 10 v entries Search: |
n m:::' :'f number of Ratio between Absolute error Absolute error in :::1 aste
Owner e Job tags e MIP-Solver days for errortestand  In entire testing entire training
created Stk ta trainin: error train hase hase fralning
select 9 R P period
21152019,
user kgl superman 8 CPLEX 99 137001401311081 170.448122203936  12.4413415171486  2016.05.24
21152019,
user ol superman 3 CPLEX 99 5.13673004574033 229.061239845358  44.592812510220 2016.05.24
211512018,
user 2.53:55 PM superman 24 CPLEX 99 19.3422042295776  15.0432531197136  0.777742440373450 2016-05-24

i N x x - v Apply sophisticated filters to
Shoning 11010 o 220 etres get only scenarios fulfilling
certain criteria

Choose selecled scenarios Il Choose current page [l Choose all |

4 28 p



Hypercube mode

Analysis

Analyze Scenarios

Index

stat_Status

stat_Efficiency

SolverTime - arith. means
Filter: all instances

75.24

e

3@

‘!5’.“

&

= yirt. best —— virt. worst

;o

SolverTime
Filter: gap == 10% and no fail for all solvers

(o]

.

o]
Q

;

==

-

L]

L]

o
t o
o -~

-

. I—-D:——{o oo o

é@

=

stat_SolutionQuality

solvedata

Absolute performance profile (SolverTime)

documentation

—8— aquaman
—a- joker

—a— rorschach

&

2

2

E

~
-3

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

Perform analyses related to
KPIs and/or other indicators
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GAMS MIRO || SCENARIO CONCEPT

' Database scenario !
. contains: f

N Dat
‘- Data
N\ D/ Can be used to - Attachmentﬁ
L4

- populate sandbox
X GDX Manual edits

Attachments

demand at market | n cases

Sandbox

I
| Database
I
I







Summary

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

« Easy to configure

* Intuitive and structured work without GAMS knowledge

« Easy and convenient data and scenario management

.....

e

d <4 33 »




Summary

* Quick & automated deployment of GAMS models —— %

- Data visualization with powerful charts / graphics

« Configuration mode
« Generation, processing and evaluation of scenario data
» Generation of performance statistics and sensitivity analyses

« Data export for external GAMS jobs and analyses

* Intuitive and structured work without GAMS knowledge

« Easy and convenient data and scenario management

4 34 p






Outlook
MIRO 1.0

e Showcases laa Showcases

Transport Pickstock Simple

A transportation probdem stock Selection Opuimizanion implified Energy Systermns Model

Already online!
https://www.gams.com/miro/index.html

You want to share your own MIRO app with others?

l‘ In order to show you the different application possibilities of MIRO, we want to
expand our gallery with MIRO showcase apps permanently. If you have configured
a MIRO app and would like to share it with others, you are welcome to do so here!
Contact miro@gams.com if you want to share your app with us.

4 36 p



Outlook
MIRO 1.0

s Showcases

» Showecases

+ Data validation - MIRO log -

Log file Listing file MIRO log file

Executing transport capacity of plant i in cases demand at market j in cases

a:: Capacity insufficient to meet demand Market location information Input widgets

» Capacity insufficient to meet demand

canning plants capacity of plant i in cases
1 Seattle 200.00
2 San-Diego 600.00

<4 37 b



Outlook
MIRO 1.0

s Showcases

» Showecases

+ Data validation - MIRO log

1_ty = cols()))[c(1,3)] %%
° Cust0| I l output for I I lore spread(scalar, :glue,pf:n\re:‘z E TItIJEr.‘; ?
. 0 =
tate( _train_| . _train/trainingdays,
detailed analyses G i e S
errer_ratlo_norm = error_ratic/tralningdays) %:%
(e.g. Jupyter notebooks) AT O(RRRSRDCK = . Faceor (RELOcK),
trainingdays = as,factor(trainingdays))
kable{head{scenScalars}, caption = "Raw scalar data®)

| error_ratio| error_test| error_train|lastdaytraining |maxstock |mip |trainingdays | error_train_norm| error_test_sorm| err

|
----------- e E e B Tt [ [ B et EE T B
| 27.894663]  26.11184| ©.9360871|2816-85-24 |23 |scIp |9g 1 9, 8094554 | @.17es656 |
| 12,11B973|  26.06389|  2,15@65ES|2816-87-87 f22 |scIp 129 I 8.0166718| a.2119816]
| 7.189752| 249.93047| 359266868 |2816-07-87 |5 |sCIP 129 | 8.2715241| 2.0246388|
| 172,617428] 63.80383|  8.3649915|2816-82-29 |21 |SCIP |39 ] 8.0093588| @.2957929|
| 4.186327| .21678| 38.9544314|2016-08-18 |7 |scIp |15 | 8.1200219| 1.3464178 ]
| 8.283518| 18166| 14.3781424|7816-67-87 |1e |scIP 129 I @,1114585]| @.9681861 |
T e e T R . g

Mow that we have the dala in the shape we want, we can plot it. Let's first ook at the training errar

In [3]: %%R
GAMS DUtDUt pl <~ ggplot(scenScalars, aes(maxstock, error_train_norm))
grid.arrangeipl + geom_point{aes{color = trainingdays)),

pl o+ goom_boxplot())
Log file Listing file MIRO log file .
Ena- [ wrainingdays
il o | - 3
A ——— 8 e . "
£ S . 98
Executing transport 5o . ' - .
___________________________________ 5 T L . 15
I
a:: Capacity insufficient to meet demand ARy Hltvnnne,
R EREE R R 20 2128 Ta 24
maxstock

capacity of plant i in cases demand at
Eoa-
Market location information Input widgd E ¢
Elo 2- ??q
» Capacity insufficient to meet demand P P o e e e
0.0~ —
cam’]ing plants capacity of plq 3 45 6 7 8 9 101 Hm;is::czs 16 17 18 19 20 21 22 23 24
1  Seattle 200.00

2 San-Diego 600.00 4 3 8 >



Outlook
MIRO 1.0

* Showcases
+ Data validation - MIRO log

* Custom output for more detailed analyses
(e.g. Jupyter notebooks)

* Graphs as data input

GAMS output

Log file Listing file MIRO log file

a:: Capacity insufficient to meet demand

capacity of plant i in cases demand at market j in cases

Market location information Input widgets

« Capacity insufficient to meet demand

canning plants
1 Seattle

capacity of plant i in cases
200.00

2 San-Diego 600.00

n [3):

1. Showcases

Transport Plckstack

Atransportation probiem ‘Stock Selection Opsimization

col_types = cols(})){c(1,3)] ¥
spread{scalar, value, convert = TRUE)
N R
mutate(error_tratn_nomm = error_train/trainingdays,
error_test_norm < error_test/(252 - trainingdays)
arror_ratio_norm = errer_ratio/tralningdays) Xs¥
mutate(maxstock = as.factor(maxstock),
trainingdays = as.factor(trainingdays))
kable(head{scenscalars), caption = "Raw sealar data™)

Simple.

Simplified Energy Sysiems Mode!

8.2715201| 2.2246389|
2.8093588| 8.2957923|
.1890213| 1.3464170]
5.1114585| .3683061]

| error_train|lastdaytraining |maxstock |sip |t
| S| A ————— [ — P —
4 | £a871 4 |23 [ESURED
| 26.66389 | 1506685 | 28160787 f22 |scrp 128
| 7.189752| 249.03847| 35.0266868|2816-87-07 Is |scIp |128
| 172.617428| 63.08388|  §.3649915|2816-82-29 21 |scIP |33
| 4.166327| 125.21678| 30.9544814|2816-08-18 17 |scIp |59
| ®.783518] 119.16166| 14.3781454|7015-57-57 110 Iscip 123

Mow that we have the dats in the shape we want, we can plot . Let's first Iook st the training error:

KR

Pl - geplot(scenscalars, ass(maxstock, error_train_norm))

erid.arrange(pl + geom_point(aes{color « trainingdays)),
P+ gean_boxplot())

usiningdays
o)

error_train_narm

(N
far i

PoES w0 011121 16y
maxstock

3045 6 7 & 6 101011213 415 0617 18 1920 21 2 23 28
maxstock

4 3% b



Outlook
MIRO 1.0

Login 49 ‘ e Scenario

default (*)

Input widgets

(]
Load data ®

Solve mode! select the number of days for training

Solver to use




Outlook

Deployment

» Select “Deploy App” from GAMS Studio
« > Creates a MIRO App ~

+ Add one or many of these GAMS MIRO Launcher
Apps and add them to the
MIRO Launcher

 Launcher allows to start
App in browser or stand A o ol

your MIRO app logo here

alone Mg v,

pickstock

Short model description (optional)

Custom database locatic. Browse




Outlook

Various other improvements done already:
* Full Chinese language support
Input/output symbols
Heatmaps for input tables
“Stop" with soft Kill first, then hard Kkill

Number of tabs visible can be configured (rest available via
dropdown)

Scenario comparison:
« Input/output symbol tabs in different colors
« Sandbox scenarios can be loaded directly

Configuration mode restructured




Enterprise features




MIRO - job execution

Everything local

GAMS installed
MIRO installed

Synchronous execution
of GAMS jobs

Local MIRO application —
remote GAMS execution

GAMS execution

Everything on a server




Local MIRO -remote GAMS execution

* Only MIRO installed locally Security
- Computation on server v" Authentication (for remote

execution) handled by MIRO

« Asynchronous execution of jobs v TLS enforced

Login required

v’ Certificate pinning
v Token instead of user password

Please enter your credentials below:

URL of the GAMS Remote Solver

|

Username

|

Password

|

Namespace

|

Is your model registered in the namespace?
&

Remember me

stored

GAMS execution

[ Cancel ‘ ok |




Everything on a server

« Neither GAMS nor MIRO Security
installation necessary e Authentication via LDAP,

Keycloak, Kerberos, OpenlD
» Can be hosted by GAMS or on

customer’s server(s) Connect, etc.
Remote executor authentication

disabled

GAMS MIRO

GAMS execution




Docker network

File Storage
Model Data (Docker Volume)

I Mounts Volume

Broker Message Queue

kRabbit/V
+ docker docker s _*
SQLAIchemy Results - docker
Database SQLAlchemy

(PostgreSQL)

Job Details @ * Results/Logs
' docker




QUESTIONS?

Or: What do you miss?

4 48 p



For more information visit:
www.gams.com/miro

Meet us at the GAMS booth!

GAMS Development Corp. | GAMS Software GmbH | www.gams.com



