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O Tyrimo objektas: atvirojo kodo optimizavimo
sistemos, algebrinés modeliavimo kalbos.

Tyrimo
objektas ir et

= - « Pasidlyti naujg universalios algebrinés modeliavimo
tIkSIaI kalbos, iSnaudojanCios egzistuojancCiy modeliavimo
kalby geriausias savybes, koncepta/prototipa.

« Web aplinkoje realizuoti atvirojo kodo algebriniy
modeliavimo kalby sistema.

 |Stirti sukurtos universalios algebrinés modeliavimo
kalbos bei sistemos savybes ir jvertinti pirmosios
tokios Web sistemos potencials.




QO

Uzdavinial

Apzvelgti ir palyginti skirtingas algebrinio modeliavimo
kalbas, istirti jy efektyvumag bei modeliy supaprastinimo
strategijos palaikymg

Susisteminti egzistuojan€iy modeliavimo kalby ir
optimizavimo sistemy charakteristikas: naudojama
modeliavimo kalba, jrankiy (solveriy) palaikymas ir kt.

|dentifikuoti savybes, kuriomis turi pasizymeéti kuriama
universali atvirojo kodo algebriniy modeliavimo kalba ir
ja palaikanti sistema

Parengti atvirojo kodo algebriniy modeliavimo kalby
sistemos architektdrinj model;

Realizuoti atvirojo kodo algebriniy modeliavimo kalby
sistemg

IStirti  sukurtos universalios algebrinés modeliavimo
kalbos bei sistemos savybes ir jvertinti pirmosios tokios
Web sistemos potencialg
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Darbo pavadinimas | Atlikimo terminai | Pastabos

1. | Moksliniy tyrimy disertacijos tema apZvalga ir | 2018 m. spalis Atlikta
analizé (Lietuvoje ir uZsienyje):

1.1. ApZvelgti egzistuojancias (atvirojo-kodo)
globaliojo optimizavimo sistemas.

1.2. Apzvelgti egzistuojantius apsimokantius
algoritmus, skirtus (globaliojo) optimizavimo
uzdavinio sprendimo strategijos parinkimui.

2. | Mokslinio tyrimo vykdymas:
2.1. Tyrimo metodikos sudarymas: 2019 m. spalis Atlikta
2.1.1. Atlikti lyginamaja eksperimentine globa-
liojo optimizavimo sistemuy analize.

2.1.2. Identifikuoti egzistuojanciu (atvirojo-kodo)
globaliojo optimizavimo sistemy trakumus.
2.1.3. Numatyti galimas globaliojo optimizavimo
sistemu tobulinimo kryptis ir badus.

| HE
2.2. Teorinis tyrimas: 2019 m. spalis Atlikta
2.2.1. Apzvelgti egzistuojanciy globaliojo optimi-

zavimo sistemuy tobulinimy jgyvendinamuma ir

[ apibréZti ju realizacija.
re n g I m o 222.  Apzvelgti egzistuojantius apsimoka-
néius algoritmus, skirtus optimizavimo uZdavi-
nio sprendimo strategijos parinkimui. Nustatyti
algoritmus tinkamus taikyti kuriamoje globaliojo

|
e t a a I optimizavimo sistemoje.
2.2.3. Parengti atvirojo kodo globaliojo optimiza-

vimo sistemos specifikacija.
2.3. Empirinis tyrimas: 2020 m. spalis Atlikta
2.3.1. Sukurti globaliojo optimizavimo sistemos,
realizuojancios teorinio tyrimo metu parengta
sistemos specifikacija, prototipa.

2.3.2. EksperimentiSkai istirti realizuotos siste-
mos funkcines savybes ir palyginti su egzistuo-
jan¢iomis sistemomis.

3. | Atskiry daktaro disertacijos daliy (tyrimo meto- | 2021 m. birZelis Atlikta
dikos, rezultaty, ginamy teiginiy, i$vady, ir kt.)
parengimas:

3.1. Apibendrinimo paremto gautais tyrimuy re-
zultatais parengimas.

4. | Daktaro disertacijos parengimas ir svarstymas | 2021 m. birZelis Vykdoma
padalinyje
5. | Daktaro disertacijos gynimas 2021 m. rugséjis Planuojama 2022

m. pavasaris




Gauti
moksliniai \
rezultatai
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e Sukurta universali atvirojo kodo algebriniy
modeliavimo kalba.

O » Realizuotas Web aplinkoje veikiantis atvirojo
kodo algebriniy modeliavimo kalby sistemos
prototipas, palaikantis pasitlytg modeliavimo

Per kalba.
.  |vertintos sukurtos kalbos ir prototipo
pusmet)

charakteristikos.

 Gauti rezultatai pristatyti tarptautingje
konferencijoje EURO 2021 Athens, 31st
European Conference on Operational

gauti

reZUItatai Research. 2021 m. pranes$ime "Web-based
tool for algebraic modeling languages”.

. Zurnalui Mathematics jteiktas straipsnis:
"Web-Based Tool for Algebraic Modeling and
Optimization®.

« Parengtas daktaro disertacijos juodrastis.




minimize cost: sum{i in I, j in J} c[i,3j] » x[i,3); @objective (model, Min, sum(cost_£f[i, j] = trans[i, 7J]
s.t. supply{i in I}: sum{j in J} x[i,3] <= alil; for i in 1l:1length(ORIG), Jj in 1l:length(DEST)))
s.t. demand{j in J}: sum{i in I} x[i,3] >= b[3]; @constraint (model, [i in 1:length (ORIG)],
sum(trans[i, Jj] for j in 1l:1length(DEST)) <= supplyl[il)
/\“AF)L @constraint (model, [j in 1l:length(DEST)],
sum(trans[i, Jj] for i in l:length(ORIG)) >= demand[]])
JuMP
def supply_rule (model, 1i):
return sum(model.x[i, j] for j in model.]j) <= model.al[i]
model .supply = Constraint (model.i, rule=supply_rule) cost. . z =e= sum({i;3); cld; )21 9));
def demand_rule (model, j): supply (i) .. sum(j, x(i,3)) =1l= a(i);
return sum(model.x[i, j] for i in model.i) >= model.b[]] demand (j) .. sum(i, x(i,3)) =g= b(Jj);
model .demand = Constraint (model.j, rule=demand_rule)

def objective_rule (model) :
return sum(model.c[i, j]l*model.x[1i, j]

model.objective = Objective (rule=objective_rule,

for i in model.i for j in model. j)

sense=minimize)

GAMS

Pyomo



()

Solveriy

SEIETLYINER

Feature AIMMS AMPL GAMS JuMP Pyomo
Modeling Independent Yes Yes Yes Yes Yes
Scripting Yes Limited Limited Yes Yes
Data Input Yes Limited Limited Yes Yes
Manipulation Yes No No Yes Yes
Solvers Total 3 4 25
Global 1 2 1
LP 8 9 10
MCP 2 1 1
MINLP 3 3 6
MIP 5 6 8
MIQCP ] 3 =
NLP 6 7 10
8,81 o 6 6 6
Presolving Yes Yes No No No
Visualization Yes No No No No
License General Paid Paid Paid Free Free
Academic Paid Free Free Free Free




Suderinamumas

-  GAMS Convert yra vienintelis, be to komercinis, jrankis gebantis paversti vieng
AML j kitg

- Rezultatas yra skaliarinis modelis, kuriame prarandama orginali strukttra

m.obj = Objective(expr=  0.225%m.x1 + 0.153%m.x2 + 0.162*m.x3 + 0.225%m.x4 + 0.162%m.x5 + 0.126xm.x6, sense=minimize)

m.c2 = Constraint(expr= m.x1 + m.x2 + m.x3 <= 350)
m.c3 = Constraint(expr= m.x4 + m.x5 + m.x6 <= 600)

- Buvo aptikta ir kity GAMS Convert trikumy
# GAMS Convert generated Pyomo suffix syntax

suffix ref integer IN;
# Correct Pyomo suffix syntax

UL L 1A

ref = Suffix(direction=Suffix.EXPORT, datatype=Suffix.INT)
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Funkcionalumas

Tik kelios AML turi presolving galimybes

AMPL presolve impact with Gurobi presolve off

Iteration-wise Time-wise Iteration-wise (%) Time-wise (%)
Positive 33 44 54.10% 72.13%
Neutral 10 0 16.39% 0.00%
Negative 18 17 29.51% 27.87%

Lygiagretinimo palaikymas eksperimentinéje stadijoje

Lygiagretus scenarijy

: Parampl GUSS/GRID  StructJuMP Pyro/PH
sprendimas

Lygiagretus modelio kirimas  PSMG .stage/GDX StructJuMP -



O<:> * AML sintaksés mokéjimas norint apsirasyti

modelj;

« Nesuderinamumas (ribotas suderinamumas)
tarp skirtingy AML,;

« Skirtingas solveriy palaikymas priklausomai

ldentifikuoti nuo AML:

« Skirtingas optimizavimo uzdaviniy tipy

trﬁ ku mai palaikymas;

 Skirtinga sparta ir funkcionalumas;

» Visa tai reikalauja daug ziniy ir dazniausiai
néra vieno geriausio pasirinkimo vartotojui




Siulomas .
problemos
sprendimas
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QO

Universalus
AML jrankis

Web technologijy pagrindu kuriama sistema

Modelio apsiraSymui nereikia mokéti jokios specifinés
modeliavimo kalbos

Jrankio viduje automatiskai iSnaudojamos geriausios
AML savybes

Numatyta galimybe jgalinti presolving’a

Numatyta galimybé palaikyti lygiagrety modeliy
parengimg

Tai pirmoji universalios optimizavimo jrankiy sistemos
dalis, su galimybe plésti.




Irankio
prototipo
projektinial
sprendimai

( 4




@,
WebAML

» Trys pagrindiniai komponentai
+ WebAML kalba — JSON Schema paremta
kalba skirta struktdrizuoti, validuoti ir
iSsaugoti model;
WebAML SPA — React.js paremta vartotojo

sgsaja jgalinantj modeliuotojg konstruoti
modelj

WebAML Service — Java/Spring Boot
paremta aplikacija suprantanti WebAML
kalbg ir gebanti komunikuoti su
jdiegtomis AML

« Savybés

« Spresti modelj naudojant specifing AML ir
solverj

« Eksportuoti/uzkrauti ] WebAML JSON failg

» Kodas pasiekiamas:

AML Modeler

[Person]

A person developing AML
models.

Uses Ul to build and solve
Web AML models

‘.,’/Uses to solve created AML

A |

Web AML System

[Software System]

Allows modelers to create and
solve optimization models.

Uses to convert generated
model .GAMS model to other AML

4

ICalls local solvers to

. solve the model

¥

WebAML Optimization System

[Enterprise]

Calls NEQS Server to solve

the model

~



https://github.com/vaidasj/webaml

Komponenty diagrama

Single-Page
Application

[Container: JavaScript]

Provides all of the Web AML
functionality to modelers via
web browser.

Makes APl calls to
g [REST] \

>

Solver Controller

[Component: Spring Boot Rest Controller]

GAMS Converter

[Component: Spring Bean]

AMPL Converter

[Component: Spring Bean]

Pyomo Converter

[Component: Spring Bean] Makes API calls to

Converts GAMS model to Converts Pyomo model to Converts AMPL model to ?:r"‘é?'}?lei’Z?"shglénn&g?f;gg [REST]
specific AMLs. specific AMLs. specific AMLs. 9 solving
‘Implements ,//implements ImpIementsUses - /////Uées
\\ V/ P ’ 7
GAMS Facade AMLController AMPL Facade Pyomo Facade
We?:;?‘n!)\gnle‘m_cl;&?a\gee]rter [Component: Spring Bean] [Component: Spring Boot Rest Controller] [Component: Spring Bean] [Coymponent: Spring Bean]
Interface for Web AML to Uses A bridge for translation of Provides meta information A bridge for translation of A bridge for translation of
Seeeiie AMILE e Er requests and responses to/from about supported AMLs and requests and responses to/from requests and responses to/from
P GAMS CLI solvers. AMPL ClLls. Pyomo CLIs.
h “~.Implements - ?Uéeé” Vﬂ/'lfrﬁplements : 'Irhple}ﬁént's' .. Makes RPC calls “~._ Makes RPC calls \\\\Makes RPC calls
Ty v L T .
AML Facade

[Component: Interface]

An interface for implementing
translation of requests and
responses to/from specific AML
ClLls.

API Application

[Container: Java and Spring Boot]




Panaudos atvejis

/2. Build

GAMS model from
Web AML

" 3. Return GAMS model |

Solver Controller

[Component: Spring Boot Rest Controller]

Converts WebAML model to
target AML and sends it for
solving.

’4. Convert GAMS model to
| AMPL

\

q

GAMS Converter

[Component: Spring Bean]

Converts GAMS model to
specific AMLs.

GAMS Facade

[Component: Spring Bean]

A bridge for translation of
requests and responses to/from
GAMS CLI

API Application

[Container: Java and Spring Boot]

~

5 Returns AMPL scalar

model

6. Invoke AMPL solve \\11. Return solution

/

N

AMPL Facade

[Component: Spring Bean]

A bridge for translation of
requests and responses to/from
AMPL CLls.

»
\

\
\

/7. Execute RPC call to

AMPL //,10. Return AMPL solution

/

AMLs

[Software System]

AMLs (GAMS, AMPL, Pyomo)
installed locally on the node.

'
l

\

'8. Call specific solver ‘;9. Return solver results

\
/

Solvers
[Software System]

Solvers installed locally on
the node.

12. Send back solution to\\\ 1. Submits Web AML model

for solving
[REST] ' [REST]

Single-Page
Application

[Container: JavaScript]

Provides all of the Web AML
functionality to modelers via
web browser.




Vartotojo sgsaja

WebAML Solve
Web-based algebraic modeling language Solve WebAML model using specific AML, solver and features
The name of a model* Algebraic Modeling Language*
GAMS v
The description of a model Solver*

WebAML model*

List of sets in a model*

List of parameters in a model*



Vartotojo sgsaja

WebAML parameter structure*

Name of a parameter*

C

Type of a parameter*

Indexed parameters require indexes property to be

provided.

INDEXED

Indexes as Sets for INDEXED
parameters

Values of a parameter*

f*d_{ij} / 1000

WebAML set structure*

Name of a set*
j

Type of a set*

Currently only SIMPLE sets are supported.

SIMPLE

Values of a set*

New-York

Chicago

Topeka

Data type of values in a set*

STRING

The description of a set

Markets

m n
Minimize Z Z CijTij
i=1j=1
Subject to:
n
inj < a; fori=1,2,..., m
j=1
m
iy > b forj=1,2,...,n
i=1
zi; >0 fori=1,2,...,mandj=1,2,...,n.
v

+




Vartotojo sgsaja

List of constraints in a model*

WebAML constraints structure*

Name of a constraint*

supply

Type of constraint*

INDEXED v

The indexes schema

Required if constraint type is INDEXED

i n
Value of a constraint as a LaTeX expression*

\sum_j x_{ij} \leq a_i
Z Tij < a;
J

Description of a constraint

Observe supply limit at plant

List of objectives*

Currently only one objective per model is supported

WebAML objective structure*

Name of a objective function*

cost

Type of objective Function*

MINIMIZE

Value of a objective function as a LaTeX expression*

\sum_i\sum_j c_{ij} * x_{ij}
i j

Description of a objective function

MINIMIZE transportation cost

Minimize

Subject to:

:IIZ'J'ZO

Z-Tij < g
inj > bj

fori=1,2,...

for j=1,2, ...

fori=1,2,...,mand j=1, 2, ...



Vartotojo sgsaja

WebAML

Web-based algebraic modeling language

The name of a model*

Transportation Problem

The description of a model

Minimizing transportation cost from multiple origins to multiple destinations

WebAML model*

List of sets in a model*

WebAML set structure*

Name of a set*
i

Type of a set*

Currently only SIMPLE sets are supported.

SIMPLE

Values of a set*

Caakkla

m n
Minimize Z CijTij
i=1j=1
Subject to:
n
Z.’Eij < a; fori=1,2,...,m
j=1
m
SOlve inj > bj fOI‘j=1, 2,...,n
i=1
Solve WebAML model using specific AM zij >0 fori=1,2,...,mandj=1,2,...,n.
Algebraic Modeling Language*
AMPL v
Solver*
cplex v

Solution

153.675

Details

6 variables, all linear

5 constraints, all linear; 12 nonzeros
5 inequality constraints

1 linear objective; 6 nonzeros.

CPLEX 20.1.0.0: optimal solution; objective 153.675
4 dual simplex iterations (0 in phase I)




WebAML JSON

"name": "Transportation Problem",

L S . . - . S Minimize Z Zcijﬂ?ij
"description": "Minimizing transportation cost from multiple origins to multiple destinations", i
"webamlVersion": 1, Subject to:
rI]odeI:{ . inj < my  fori=1;2 suexm
constraints": [ =
{ m
nnamen. ||supp|yu EZ’W > b] for j = ]., 2, ey
. , =1
,,}r{ggx'e;,',\_l[[),ﬁ(ED ’ 2; >0 fori=1,2...,mandj=1,2 ..., n.

"value": "\sum_j x_{ij} \\leq a_i",
"description": "Observe supply limit at plant"
13

{

"name": "demand",
"type": "INDEXED",
"indexes": ["j"],
"value": "\\sum_i x_{ij} \\geq b_j",
"description": "Satisfy demand at market"
}
1.
"objectives": [
{
"name": "cost",
"type": "MINIMIZE",
"value": "\\sum_i\\sum_j c_{ij} * x {ij}",
"description": "MINIMIZE transportation cost"
}
]



O  Pasitlyta formalizuota (JSON Schema)
algebriné modeliavimo kalba (Web

AML) Ir pateiktas atviro
kodo prototipas palaikantis WebAML
ReZUItatai * Jrankis nereikalauja specifiniy

modeliavimo kalby ziniy

 [rankis leidzia spresti problemas
pasinaudojant skirtingomis AML

Ir solveriais
« Pateiktos jrankio vystymo gairés ir
techniniai plétimo taskai




. . Galutinés daktaro disertacijos

darbo

planas j recenzenty pastabas

Disertacijos korekcijos atsizvelgiant

Disertacijos gynimas




