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Content of the report

Optimization modeling (OM) on the base of Dynamical
Optimization & Mathematical Programming

Software for OM considered:
solvers (LP/MILP, NLP/MINLP ...);
algebraic modeling languages translators (AMPL, GAMS,
Mosel-Xpress ...).

Review of existing technologies of OM in distributed computing
environment

Principles of our approach (cloud platform Everest & AMPLX)

Examples of AMPLX demos & applications, including
branch-and-bound algorithm of nanomaterial structure
identification with a joint X-Ray and neutron diffraction;

Coarse-grained algorithms for MILP (coarse grained B&B,
local elimination algorithms for MILP with quiasi-block

constraints structure
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We began with optimal control problem (OCP)
Historically, our

research on the subject _h['*ﬂ"’%”}

has been inspired by an | |~

optimal trajectories @ | ovimarcomratraiem

continuation method G

(Alexandr Afanasiev)

which suites for a | e[| S| oot

distributed computing “ *

environment




OCP with linear constraints

) — mXn matrix

|
K(x(t)) —kxn matrix M (x(t
L(x(t)) —matrix kx1 N(x(t)

— matrix mx1
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OCP with linear constraints => Linear Programming

Find locally optimal control, i.e. for the beginning of the
trajectory

<g(x0),u>%min
K(Xo) u :L(Xo),
M(xo)-UZN(xO).
U =(u1,...,un)

Xo = (Xgp505 Xop,
K(x,) —kxn matrix M(x,) —mxn matrix
L|

|
XO) — matrix k x1 N(Xo) — matrix mx1
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Local OCP with linear constraints (regime)

(g(x,),u") = min [{lx{0), ult)de = min

* x\t) =ult), xlt,)=x,,
N K(x()-ule) = Lixo)
MA(XO).u* = N ,(x,) M ,(x(t))-ult) = N, (xt)).
MP(X0)°U >NP(X0) @P(X t)) Ut)>Np(X(®
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Continuation of the optimal trajectories in linear OCP

Let x (t) is the optimal trajectory of the problem
T
I<Q(X(t)),u(t)>dt — min
0

x(t) =ult), x(t,) =
K(x(t))-ult) = (())
M(x(t)) - ult) = N(xt)).

Continuation of the optimal trajectories to [0, T + A] is connected with the
problem
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Decomposition Is invertible

Decomposition of Computational Problems into
subproblems which may be solved by EXISTENT s/w tool

Typical for Mathematics, Physics, Chemistry, Biology...

4 N [ N\ [ )
Optimization Differential Mathematical
(LP, NLP, ...) Equations Statistics

(U VAN VRN J

4 N [ )
Data Analysis etc.

(& VAN J
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Mathematical Programming Problems (MP)

fo (P, x) — min, object (goal) function
fz (p ac') 0 (’LE I) Inequalities constraints
)
equalities constr., (I, J ) - indices
9; (p ? ac') =0 (-7 E'é) 7 sets (multi-index-, symbolic ...)
mEM(]%)’ L= (mNﬂ L ) M - additional “simple
r“cR <, x<czZNz constraints” (<02, interval,
cP integer/boolean)
p - parameters' setting & «consistence checking»

State-of-the-art s/lw support MP of various types (constraint
functions' types; presence of binary/integer variables):

 LP/IMILP — linear programming (mixed-integer LP);

* QP/IMIQP - guadratic goal, linear constraints (MI*);

« QCQP/MI* - QP + quadratic constraints;

* NLP/MINLP - general non-linear (differentiable) functions;

« convex NLP/MILP - convex on all variables (including integer

ones);
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MP solvers must support ...
fo (pyx) — min, object (goal) function

Inequalities constraints

il fi (pyx) < 0 (i€l) - -
equalities constr., (I, J ) - indices

B |93 (p,x) =0 (J€J)  sets (multi-index-, symbolic ...)

ZCEM(IJ), L = (wc, 35'2) M - additional “simple

rCcRNc, gZ2czNz constraints” (<02, interval,
integer/boolean)
p S - parameters' setting & «consistence checking»

In theory & numerical methods often use:
- Lagrange approach (functions & multipliers/dual variables)

L(a,B,x) = fo(x) + ZieI a;-fi(x) + ZjeJ Bj:9; ()

- 1%, 2nd derivatives for NLP:

Va:fo(pam)a Va:.fi(pam) (iEI)a ngj(p,a:) (jEJ)
Vmw.fO(pa 33)5 Vmw.fi(paaj) (iEI)a Va:a:gj(pa 5(3) (jEJ)
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Solvers for optimization problems

Non-exhaustive list of solvers we tried/use in our researches
COmputational INfrastructure for Operations Research,
www.coin-or.org (“IBM’s aegis”), more than 40 solvers&lIibs:
since ~2005

CBC/CLP (LP, MILP),

Ipopt (NLP),

Bonmin(CBC/Ipopt) (MINLP, convex on cont. & int. vars)
Zuse Institute Berlin, Germany,

SCIP (LP, MILP, MIQP, ), ver. 1.0 2007, ver. 3.2.1 the last

GLPK (LP, MILP), A. Makhorin, Mosc. Avia. Institute, ~2002

LP_SOLVE, (LP, MILP) Eindhoven University of Technology,
Netherlands, since ~2000

Commercial: KNITRO, SNOPT, Gurobi, CPLEX

Commersial XPRESS* Fico Optimization (deserves special attention)
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The concept of Algebraic Modeling Languages

AML - Algebraic Model Languages (AMPL, GAMS, Zimpl, etc).

Common features:

* Convenient (symbolic "TeX-like") description of object &
constraints functions

* Separation of "symbolic/abstract"” models and numerical
data for multivariate computation (parameter sweeping)

* Automatic differentiation (Jacobian & Hessian)

* Support of "Lagrange formalism" - access to optimal
variables and duals found by solver

* Unified open-source (even for "commercial" AMLs) API
for solvers' and applications’ developers

Usage of AMLs is crucial at preliminary phases of R&D
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There are a number of AMLs

Non-exhaustive list:
AMPL - A Modeling IL.anguage for Mathematical Programming,

AT&T Bell Laboratories, D.M. Gay, Brian W. Kernighan,
since 1980-x (1985), http://www.ampl.com

GAMS - General Algebraic Modeling System,
International Bank for Reconstruction and Development,
since 1976, http:// www.gams.com

XPRESS-MOSEL - ¢ 2001, c 2010 FICO Xpress Optimization Suite,
http://fico.com
Zimpl - since 2004, http://zimpl.zib.de/ (LP, MILP, NLP ?)
Konrad-Zuse-Zentrum fiir Informationstechnik Berlin (ZIB)

OPL - Optimization Programing Lang., IBM,
ILOG CPLEX (LP, QP, ...), CP Optimizer, http://www-01.ibm.com/

GNU MathProg - "subset" of AMPL for GLPK, GNU LP Kit,

Andrey Makhorin, MAI, since 2000, http://www.gnu.org/software/glpk/
#13


http://www.ampl.com/
http://www.gams.com/
http://www-01.ibm.com/

"Symbolic" opt. model
f.(p,x)>min,
filp.x)<0 (i€l),
g;(p.x)=0 (jeJ)
X€EM file *.mod

General scheme of AMLs usage

Parameters' values

paramp: ...;
setl: ...;
setJ:..;

file *.dat

Problem's data as a

stub file
AMPL "stub", *.nl

GAMS data exch.,

*.gdx
ZIMPL for SCIP

!

AML API

AMPL/
Solver
interface
Library

GAMS

AML-translator

AML-script
model *.mod;
data *.dat;

option solver ipopt;

solve;

display _var, _dvar;

printf ...

ampl.exe
gams.exe

SCIP

.

Solution as

* sol

Solvers
CPLEX
Lpsolve
Minos
Knitro
Snopt
Gurobi
Mosek

COIN-OP
CLP, CBC,

Ipopt
Bonmin

SCIP

AMPL and GAMS -
most popular standards de-facto
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Rating of AMLs at NEOS portal (GAMS vs AMPL)

https:/Ineos-server.org/neos/report.htmi

AMLs usage at NEOS portal (01.01.15-31.12.15) (01.06.15-01.07.16) M 06.15-07.16

®01.15-12.15
600000

500000
Reflects preferences of

400000 students and novices mainly

300000

Sent problems

200000

AMLs
100000

B s

AMPL GAMS LP MPS MOSEL CPLEX ZIMPL
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Optimization & distributed computing
Typical problems:

* efficient usage of state-of-the-art and/or emerging solvers on
available, heterogeneous, computing infrastructure

* keep “traditional” R&D practice, especially, at the beginning

phases of researches

amazon
webservices”

glpk, Ipsolve,
clp, cbc, bonmin,
ipopt, scip, etc.

Researchers
and their R&D
specific requirements

Solvers

AMPL,
GAMS,
Zimpl, etc

PI,
Object oriented m/w

Modeling lang. & interpreters

Middleware
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Technologies & practice (NEOS & Kestrel client)

NEOS-Server: «acquaintance» portal with state-of-the-art
solvers & AMLs, http://www.neos-server.org/neos/

Dozens of solvers (~40), compatible with AMPL, GAMS, ZIMPL,
XPRESS-Mosel ...

Simple Web-forms to submit computing jobs

Client aplications for remote access to NEOS:

- Submission Tool (Python + Java GUI): instead of Web-forms
- Kestrel NEOS-client for AMPL- & GAMS-translators (XML-
RPC):

option solver kestrel;

option kestrel options 'solver=<solverName>';
option neos _server 'www.neos-server.org:3332';

solve # Synchronous/blocking remote call of NEOS-solvers

Suites for demonstrations, but problematic for reserch &
«industry»
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Technologies & practice (COIN-OS, Web-services)

Since 2004, project Optimization Services,

www.optimizationservices.org, under the aegis of
COIN-OR (IBM) www.COIN-OR.org/projects/OS.xml

COIN solvers !!!

Optimization Services Protocol AMPL, GAMS - !!!
sl XML-RPC, WSDL, BPEL - ???

//./7 N\/IH O — Inconvenient & cumbersome!

P ™
Representation

OSgL - general (schema)

OSIL - instance (schema)

OSIL - linear (reserved for LP-FML)

OSnL - nonlinear (schema)

OSrL - result ischema)

OSolL - option (schema)

0Sal - analysis (schema)

OSsL - simulation (schema)

OStL - transformation (xsy)

Communication
OShL - hookup (wsbL) Registry
OSclL - call qwsbL)
OSfL - flow srELY

Representation )
OSqL - query (schema)
OSuL - uri (schema)

% at OSelL - entity (schema)
OSpL - process (schema)
OSbL - benchmark (schema)
OSRegistry - registry (schema) = o

Communication
0OSdL - discover (wsbL)

p 5

*OSmL: a modeling language and NOT an Optimization Services Protocol
*BPEL: Business Process Execution Language for flow orchestration. #18




Technologies & practice (GAMS Grid extension & GUSS)

In 2006 GAMS team proposes GAMS Grid Extension for.

In 2012 they introduces notion of GUSS: Gather-Update-
Solve/Scatter for typical template of computing scenarios with
optimization models suiting for parallelization

- Dantzig—W(.)lfe, Benders ... . SunGrid Engine
decomposition for block-constraints Condor Res.
- Parameter Sweeping Manager
- low-dimension (1-3d) — global
optimization
- MILP with quasi-block i
constraints f
. ]
]
i

GATHER
collect results

UPDATE
recalculate parameters
and make problems

SCATTER (cycle)
send problems to solvers

Data exchange «units» :
=>problems as stub-files;
<=solutions in files

SOLVE (cycle)
wait completion
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Technologies & practice (XPRESS-MOSEL)

Mosel AML & programming language (commercial since 2001).
Supported by Fico, http://fico.org

Mosel programs are compiled into binary code for Mosel Virtual
Machine including very fast XPRESS solver!

Since 2010 r. — Fico Optimization Modeler Suite supports
distributed computing in Fico Cloud

Very comprehensive Event driven
multi-threaded programming

start

Master
start

compile/load/run
submodels y

Submodel 1 Submodel n
User wait for events

events/results

process events

broadcast updates/termination

SHMEM | MEMPIPE driver for
process results inter-thread communication
(for heterogeneous environment) ”

results
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Our approach. Requirements

Everest: Cloud Platform to deploy/develop REST-services,
http://everest.distcom.org, REST - as an architectural style
HTTP, JSON (JavaScript Object Notation): transport protocol &
message format (plain text),

Web-User-Interface (WUI) by HIML+JavaScript

AMPL - description of optimization modeling & computing

scenarios including “coarse-grained” decomposition algorithms
(high-level)

AMPL-compatible solvers CLP, CBC, Ipopt, Bonmin, SCIP
(LP/MILP, NLP, MINLP), BnB (MILP, global opt)

Everest Python API & Everest Task Protocol — for low-level data
exchange (solver<>solver, ampl<>solver)
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http://everest.distcom.org/

Everest platform architecture outlines

Describe/Develop/Deploy REST-services representing existing applications

Web Browser

Web Ul Clients
(create, run, share
- applications)

\

:
g 5 HTTP(S)

https:llgitlab.comle\-/erestlserver

owns
L

RE https:/igitlab.com/everest/python-api

um.éns ..
: Applications

Application Application

Applications

Job
_ uses /."..Enjpute
. / _—“'---./’—-—__

-—- e P s

- |

https:/igitlab.com/everest/agent
— e — B ——

External Computing Resources (attached by users)
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AMPLX = AMPL + REST-services of optimization

We propose technology to run any AMPL-script by
standard AMPL-translator in such a way that:

- all MP problems (as well as dynamically composed
during running of the script) will be solved by remote
solvers;

- sets of independent sub-problems will be solved
In parallel by a pool of the computing resources, whose

computing power might be changed transparently for
users.

Simple methodology/recommendation (verbal) to modify
any AMPL-program for AMPLX: replace AMPL-operators
solve, repeat {...}, for {...} with AMPLX “templates”.

Implementation: Python + Everest Python API +
AMPL-«macroses» https://gitlab.com/ssmir/amplix
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AMPLX templates for modification of an AMPL-script

option solver ipopt # select AMPL-solver
option ipopt_options “acceptable_tol=10e-8 ...” # solver Replace AMPL for {...}
options .
... # AMPL operators 21“ loop {3 with AMPLx
for {p in SetP} { template
... # AMPL operators, preparing SubProb|p]
solve SubProb[p];
... # operators, using solution of SubProb[p]
}
... # more scripts
commands amplx globals.amp; # Initialize AMPLXx once (!)
let _ _amplx_solver := “ipopt"; # set AMPL-solver, «connected» toAMPLXx
let _ _amplx_solver_opts_file := "ipopt.opt”; # solver options file
... # AMPL operators, intact (!)
let _ _amplx_probSet := {}; # free list of sub-problems AMPLXx

for {p in SetP} { # UPDATE problems sycle
... # AMPL operators, preparing SubProb[p]
problem SubProb[p]; # switch in the context of SubProb|[p]
let __amplx_probName := ("SubProb_" & p); # set problem’s name for AMPLX,
commands amplx_ write problem_stub.amp; # write stub & update list of sub-probs

}
commands amplx_solve problems list.amp; # parallel solving of all problems in the list

for {p in SetP} { # GATHER results cycle
... # AMPL operators, preparing SubProb[p], intact (!)

problem SubProb[p]; # switch to SubProb[p] context

solution ("SubProb_" & p & ".sol"); # load results from *.sol file DELIVERED by AMPLXx
... # ooperators, using solution of SubProb[p]
}

B #24




AMPLX architecture

[ ]
- ~

-

q Browser Everest-server Pool of Opt. services
Y“ % Everest Applications LP, MILP, NLP, MINLP

server | cluster | cloud

run-amplx) Solve-ampl-stu

AMPL-translator % % |— - —————— I ¥
$...ampl .... ! E —‘
—N\_
I e
r
e
S
t

G run-amplx <, AMPL-sol, *.sol

|}
|
1
1
1
1
1
|
|
|
]
|
[
!

| |
| |
| |
| |
| |
| |
' :
|
agent [ I I
AMPL-stubs, *.nl —— ' | |
1 | —‘ |
AMPLx-script || AMPLX 1 | = |
+ | AMPL-macroses 1 | |
amplx_*.amp i l'a '
_ Python ' I I
amplx_solve_list ||zyerest fz;hon modules . | g |
- ' | N\ 2
API + 1In %E"'"—é '
\\ : t == : ’
. . ’
Data flow during execution of AMPLXx-script \LS : r
_______ .
— application/json v ,°
<Z—=> multipart/form-data, text/html, application/json ==
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Transport problems (classical block structure)

Set of commodities should be supplied from a number of storages to to the
consumers over transport network with limited bandwidth.

Sets: O — warehouses, D — deliver point, P — commodities

Supplyo’p - volume of p in storage o, Demand 4p - COnsumption of p in d

C,ip - transport cost of p unit over arc (0->d)

l . - bandwidth of arc (o->d)

> Co,d,p"To,d,p 7 111,

ocO,deD,eP Lo,d,p
Z Lo,d,p < Sojp (OEO,pEP) : Z Lo, dp = > Dy D (dED pGP)
deD ocO

> Todp <loq(0€0,deD), o4, =0 (0€0,deD, eP)
pelP

Wellknown class LP with block structure for decompose algorithms
(Dantzig-Wolfe, Benders) and their demo-implementations in GAMS,

MOSEL, ... AMPL
www.ampl.com/NEW/IL.OOP2/multi2.mod, multi2.run, multi.dat
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Demo AMPL Dantzig-Wolfe (multi2.run) is not parallel

Sub 1

min ¢! (Bo Bi By ... ‘H”\ ('T”\ (E}”\
Ar =15 b “l b
= || Az = A ‘ 72| = | b

ll\ Ag ) \-T K ) \E}h' }

«Original» AMPL demo script
http://www.ampl.com/NEW/LOOP2/ multi2.run
uses cycle [for] to solve sub-problems in turn

.f.(.)r {p in PROD} { printf "\nPRODUCT %s\n\n", p;
solve Subll[p];

If Reduced_Cost[p] < - 0.00001 then {
I* change subproblems parameters */;

-

Sub K
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AMPLX-script (multi2_amplx_[cbc|scip|ipopt].amp)

Replace for {...} for three groups (GUSS in terms of AMPLX)

Note that dual vars at
optimal solution are
required

for {p in PROD} { printf "\nPRODUCT %s\n\n", p;
solve Subll[p];

if Reduced_Cost[p] < - 0.00001 then {
I* change subproblems parameters */;

}

for {p in PROD} { printf "\nPRODUCT %s ==> stub \n\n", p;

problem Subli[p];

let __amplx_probName := ("Subll_" & p);
commands amplx_write_problem_stub.amp; # Generates sub-problems AMPL-stubs

}

commands amplx_solve_problems_list.amp; # Parallel solving of Subll_*

for {p in PROD} { printf "\nPRODUCT %s <== solution\n\n", p;

# solve Subli[p]
problem Subli[p];

solution ("Subll_" & p & ".sol");
if Reduced_Cost[p] <- 0.00001 then {
I* change subproblems parameters */;

.}.;.
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multi2_amplx_[cbc|scip]ipopt].amp start Web-form

¥ v (€& DR distcomp.org c a4 =- O

run-amplx Star

About Parameters Submit Job Discussion

Job Name amplx-multi2-cbc

AMPL-script http://distcomp.ru/~vladimirv/restopt/amplx/dw/multi2_amplx_cbc.amp + Add file... AMPLX Script

as a file Any correct AMPL-script with call to remote solvers ™. *l.amp

Additional http://distcomp.ru/~vladimirv/restopt/amplx/dw/multi2.mod = <4 Add file... | x

files
http://distcomp.ru/~vladimirv/restopt/amplx/dw/multi2.dat | 4 Add file... || x Kept intaCt
http://distcomp.ru/~vladimirv/restopt/amplx/cbcTest.opt = 4 Add file...  x
+ Add item
All files required for amplx-script models, data, etc. For example: http://distcomp.ru/—vladimirv
Jrestopt/amplx/dw/multi2. mod http://distcomp.ru/—viadimirv/restopt/amplx/dw/muliti2.dat
http://distcomp.ru/~vladimirv/restopt/amplix/cbcTest.opt
Email “1Send me email when the job completes
Notification
Request ]SON

P Submit
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multi2_amplx_*.amp execution timespan/solvers log

We developed some profiling tools to analyze logs of distributed

execution of AMPLX algorithms in solvers pool presented in our
Everest infrastructure

56 subproblems (both Master* and Sub-problems) ~ 300 sec

L » » I H 12 I )
Solvers{ ' : “ H
esiogtom0 & " I B J
g at 2016-06-2418 5416, 1 smal ick = 1000 0ms

| | I
T T T

-

time
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Carbon nano-structure by X-Ray & neutron diffraction

Structure identification of amorphous carbonaceous nanomaterials
deposited in vacuum chamber of thermonuc. reactor Tokamak T-10
with a joint x-ray and neutron diffraction data analysis

| Diffraction curve (x-ray)

4T
— sin

A
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Diffraction curves for X-Ray & neutron diffraction
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0.0010
pr- :
(e} :
0.0005 :
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portions in the sample

Main approach — sampling curves & opt. fitting

Modeling diffraction on homogeneous amorphous fractions of
nanoparticles, then optimization identification of these fractions’

12

10

XRD Intensity protile (wide range)

"MogenbHlii" cocTae 06pasLa, % Bec, N0 TMNaM HaHOCTpYKTYp

[ ]
mL2
BLinf

Kperunent

AR T T3 —"—

A

N1 1L

INT D=9 A

ullerenes Co(

Jraphene

L B
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Formalization as Nonlinear Math. Programming Problems

We use three independent criteria of model-experiment error to get
an additional estimate of the accuracy of the final results

n
KE 25+ (1K) ) |2p°] > min  err. criterion L,
Xr Ne A.c.B
'7_1 k:l (Z 7Z 7X7y7a', 7C7 )
n

m
2
K 2N 1L (1-K Ne . min err. criterion L
Z( J ) ( )Z( “k ) (z*r,zNe . x,y,a,A,c,B) 2
1=1 k=1
K max ]z;-(r| + (1-K) max |z;°| > min err. criterion L
7=1:m k=1:n (ZXr zNe X,y,a,A,c,B) inf
(2 = X (q) — z 208X (q5) — a-S% (q5) — A-SX L (g5) (G =1:m)
N
2 = Sop(an) = 2 v Si(an) — 58 (ar) = B-Siur(ar) (k=1:n)
< N N
Zmi+a:f47 Zyz‘i_C:B, (xiayiaaf?AaCaB)zO
i=1 i=1
e : Bilinear (1 constraints to
v Ly Yi —1 . a __ C, T} : ”
‘4 = B (2—1 : N), 1= B reduce to a common denominator

data of two experiments
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Formulation of B&B algorithm to solve nonlinear MP

i :tn’.l}i i:1:N ) c:t-a, B:t°A, e 'azi _ Yi S a __ cC
bt <t ( ) = [a=p Z1:N). A=35
/ Xr Al Xr Xr Xr .
Sexp( ) _ ;QZ@S,L (qJ) _ a'SC’ (QJ) A- Slmpur(QJ) (j =1: m)
N
< = Sep(ar) — 2tz Sp(qr) — t-a-Sgt(ar) — t-A-Siv(ar) (k=1:7)

Z Ti+a = A7 (xia a, A) 2 07 tlogtgtup
1=

|\

Branching over interval of possible values of SCALAR
parameter t (after fixing — we get convex MP problems)

tlo .t"l .t”2 tUP.

On small sub-intervals bilinear inequalities are relaxed by
linear ones — and we get convex (even linear for L1, Linf) MP
relaxation problems.

t S [tl/1 ? tl/z]

ty, T <Y<ty s (1=1:N), t,,-a<c<t,,a, t, -A<B<E,,-A #35



Everest-application implementing alg.

Job submission Web-
form:

data-file;
criteria to be used;

> Everest o

~ 4 @& https://feverest.distcomp.org/apps/561e79da3s0000b456F5c4ae -

pptBnB_ Nip-2-amplx

Aot Paramelers Submit Job

Job Name oplBnB_Nip-2-amplx

ﬂExperlmenlaJ data file hitpe//des.isa.w'~viadimirv/xnd' AMPLdata _joint-2.dat
(AMPL-dat)

Shouwld be AMPL ".dat file

II List of criteria L1 L2 Linf
Enlist some of

fL1, L2 or Linf, emply means ALL

Type of opt. algorithm | branch-and-bound | ~| Select iype of opt. algorithm B&E or NLF

tOlerance to Stop B&B; > Relative tol. for B&B 0,05

X-Ray<>Neutron
weight coefficient

Relative tolerance, 5% by aefault (1YY for B&E anly I

ﬂ Weight coefficient 05
between X-ray &

; Weight coefficient, flaat in [0,1], K=T means XAD anly!
Meutron, " The more K

the more X-ray”

(for DEBUG only) 1
reduce number of exp. ¢ by - u1 div $aive
data

Email Motification [J Send me email when the job completes.

Reguest JSOM

By AMPLX

D 4 -

4+ Add file...
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“Behind the scene” Everest manages AMPLX session jobs

Jobs 3 . [T (LD

Name Application State Submitted Finished Actions
amplx4944 - Job 7 solve-ampl-stub m 27 Nov 2015 15:40:07 27 Nov 2015 15:41:53 ™
amplx4944 - Job 6 solve-ampl-stub m 27 Nov 2015 15:40:01 [ ]
ampix4944 - Job 5 solve-ampl-stub m 27 Nov 2015 15:39:54 27 Nov 2015 15:41:31 ™
amplx4944 - Job 4 solve-ampl-stub ‘,‘/s m 27 Nowv 2015 15:39:49 27 Mow 2015 15:41:55 w
[
ampix4944 - Job 3 solve-ampl-stub ‘;““ ‘ m 27 Nov 2015 15:39:43 [ ]
|
amplx4944 - Job 2 solve-ampl-stub ] GO 27 Nov 2015 15:39:38 =
amplx4944 - Job 1 solve-ampl-stub m 27 Nov 2015 15:39:33 =
amplx4944 - Job 0 solve-ampl-stub m 27 Nowv 2015 15:39:27 27 Mow 2015 15:41:09 w
amplx4944 - Job 7 solve-ampl-stub m 27 Nov 2015 15:37:58 27 Nov 2015 15:38:25 ™
amplx4944 - Job 6 solve-ampl-stub m 27 Nowv 2015 15:37:54 27 Mow 2015 15:38:17 w
amplx4944 - Job 5 solve-ampl-stub m 27 Nov 2015 15:37:50 27 Nov 2015 15:38:14 ™
amplx4944 - Job 4 solve-ampl-stub m 27 Nov 2015 15:37:46 27 Mow 2015 15:38:09 w
amplx4944 - Job 3 solve-ampl-stub m 27 Nov 2015 15:37:42 27 Now 2015 15:38:10 w
amplx4944 - Job 2 solve-ampl-stub m 27 Nov 2015 15:37:38 27 Nov 2015 15:38:02 ™
amplx4944 - Job 1 solve-ampl-stub m 27 Nov 2015 15:37:34 27 Now 2015 15:38:02 w
amplx4944 - Job 0 solve-ampl-stub ; - m- - 27 Nowv 2015 15:37:30 27 Now 2015 15:37:48 5]

optBnB_NIp-2-amplx ’. optBnB_NIp-2-amplx 27 Nov 2015 15:36:42 - | |z}
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Problem of effective resource load (1)

Everest logs analysis via Everest Python API helps to increase
effectiveness of resource usage

Tracing of session with successive solving of three problems (L1, L2, Linf)
in one OptBnb* job.

More than 60 sub-tasks took ~25 minutes. Not more than 8 solvers (from
16 available) worked in parallel

restopt-vm2-0 12 7 5
restopt-vm1-1 6 21 5IU |8 53
irbis1-0
restopt-vm2-1 I] |8 IZ .
restopt-vm1-2 5 |8 |3 |Z]‘ l .
irbis1-1

restopt-vm1-0

restopt-vm2-2

#38

Origin at 2015-10-15 17:12:55, 1 small tick = 1000.0ms




Problem of effective resource load (2)

Parallel submission of
three problems (L1, L2,
Linf) in three OptBnb*
jobs.

Three jobs took ~10 min.
13 solvers (from 16

available) worked in
parallel

restopt-vm1-0

restopt-vm2-0

restopt-vml-1

irbis1-0

restopt-vm2-1

restopt-vm1l-2

irbis1-1

restopt-vm1l-3

restopt-vm2-2

irbis1-2

restopt-vmz2-3

restopt-vml-4

irbis1-3

Origin at 2015-10-16 13:34:21, 1 small tick = 1000.0ms__
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Coarse-grained & fixed decomposition for MILP

Relatively “non-standard” approaches for discrete (MILP) problems

Preliminary analysis of constraints, then “fixed” decomposition
Into sub-problems might be solved in parallel

Two examples (both based on AMPLX):

1. Local Elimination Algorithms (LEA) for MILP with quasi-block
constraints’ structure investigated by Dr. Oleg A. Shcherbina
(Crimean Federal University, Institut fur Mathematik Universitat
Wien, Austria) (here we collaborate with prof. Vladimir l.Tsurkov,
Computing Center RAN)

2. Coarse-grained B&B for MILP with preliminary heuristic fixed
decomposition into subproblems by fixing some of binary variables

#40



Local Elimination Algorithms for quasi-block MILP

p
C1X1 + C2X2 + ...+ CphTy — IMaAX,

T

C™Tr — Imax

Ax <Db a11T1 + ... + a1y < by,
x € {0,1}" \
121+ .-+ CmnTn < b,
“free” | [“binding”| | {r;...;x,) € {051},
vars vars
X X, X, X, tee xx-z,lmg X1 xK-l,I( X,

_Au 0000000000 000 *== (0000 00000000000 0000 0000000000

ooo000 A, [AGIIN A

83

Acika _ AI{-l,I{ 0000000000

ees 0000 00000000000 A, AT

MILP with quasi-block structure,
of “stairs” type.
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LEA for MILP with tree-type guasi-block constraints

clz — max r C1T1 + C2Xo + ...+ CpTy — IMax,
Ax <b a1z + ... +aipr, < by,
x € {0,1}" \
Am1 21 + oo+ GpnTn < by,
“free” “binding” \ {x1;...;2,} € {0;1}.

vars/block varsi/blocks

{4 oM

MILP with quasi-block structure,
of “tree” type.

#42



LEA @ AMPLXx experiments (Submit form

Data, quasi-
block structure
etc

P Everest

R BEOT distcomp.org e 4 = @ =

>

run-amplx Star
About Parameters Submit Job Discussion
Job Name darabp-amplx

AMPL-script as [api/files/576adbeb2d000051e028a756/leal18-x.amp =+ Add file...

afile Any correct AMPL-script with call to remote solvers *."L.amp

Additional files /apiffiles/576ac2c62d0000a2c62892b7/scipx4dual.sel | <+ Add file... x
/apiffiles/575e28292c000087d6e277b4/lea8.mod + Add file... %
/api/files/575e28302c000087d6e277d1/Itest05.run + Add file... | %
/api/files/575e28382c000084d9e27812/Itest05.dat + Add file... | %

=+ Add item

All files required for amplx-script models, data, etc. For example: http:/distcomp.ru/~viadimirv/restopt/amplx
Mdw/multi2.mod htip/distcomp.ru/~viadimirv/restoptamplbyaw/multi2.dat hitp:/distcomp.ru/~viadimirv/irestopt

/amplx/cbcTest.opt
Email _1Send me email when the job completes
Notification
Request JSON

443
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LEA @ AMPL experiments (Time-
100x50000, quasi-block, tree-type ~750 subtasks

il
fig| I
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il

fel

bl

SST II I' 0w 83
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o
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=======> ~15 min (standalone > 3 hour
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LEA @ AMPL experiments (Time-

i

el

[ fdys]

[

fetvnd

il m+|m

VEE DDA

TR s

G TR

B4 e e

i ?HW.
j“f

D

Ml 69 T

i T

TR

F==1

o UBSeETHIGE

100x100000, quaS| -block, tree-type, ~850 subtasks

Very unbalanced
(by complexity)
set of subtasks

> ~5.5 hours (standalone 2?2?22
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Branch-and-bound for MI... problem (e.g. boolean)
General scheme of search tree traversal for problem P(X,,X ) @

fo(Xp,Xc) = min (Xeo,XB) €@
XB,Xc

Current state of B&B (changed dynamically):
- list of nodes to be processed (green);

- known Upper-Bound (aka incumbent | record)

UB=/o(Xp, X6) (X, Xp) € Q

Node (subproblem) operation:

1) calc. Lower-Bound of S, LB(S), by relaxation of boolean constraints to, e.g. LP;

2) if, accidentally, feasible set of variables found (ng, X%) € () = update UB:
UB:=min {UB, f, (X%, X"}

3) if LB(S) >= UB - discard node from the list (grey);

4) select boolean variable to split node and add new ones to the tree

B&B is one of the best algorithms which is suited for parallel implementation
#46



Fine-grained decomposition of B&B (traditional approach)

Master B&B
Drocess

Master-slave data exchange:
sub-trees and incumbents (!!!)
Sub-tree (sub-problems) are generated dynamically

Slave B&B
processes

A
A
Al
Al

Usually, the approach is based on MPI and run at high-performance cluster

#A47



Coarse-grained (“static”) decomposition of B&B

Preliminary B&B
decomposition

solvers

Solvers m/w

B&B solvers exchanges with @ @

iIncumbents only (!!!)

The approach is not so popular as fine-grained one, but
IS much more easy for implementation via solvers’ APl and some
“light-weight” middleware, e.g. Erlang, Zeroc Ice, ZeroMQ etc.

Preliminary decomposition is crucial for speed-up and requires

analysis of the problem’s data ! E.g. by AMPL (!) 448



Traveling Salesmen Problem by Coarse-grained B&B (1)

Zd X —>mm wrt: Neg7

D x,+ Z x;=2 (ieV ={l:n});

jev,i>j jev,i<j

n,if i=1 31fi<j
< ’ %) )7 i,j)eV xV
f; [{n—l,if i>1] H X if ¢>,] (G, ) );

n—1,1f i=1
L= . < ielV);
z Ty z T {—l,if i>1 ( )

Ji(ij)eV=v Ji(i eV =v
> f;zl(eV)

Ji(i eV =y

x; =10, 1}.

“Random” selection of x;; to decompose doesn’t give speed-up
Heuristic rule: sort {d 1in ascendmg order and decompose by

X;:=0]1 corresponding to the smallest d,.j
(to get “balanced” by incumbents subproblems ??)

Subproblems has been generated as AMPL-stubs by special AMPL
“preprocessing” script 449



Traveling salesmen problem coarse-grained experiment (2)

dCBC prototype (CBC, CBC API + Erlang)

T(CBC), min |T(SCIP), min

80 5.3 1.6
90 20.3 6
100 623 10
110 >10000 75

N |n of Xij fixed |n of subprobs |[T(CBCx1), min |[T(dCBC), min
80 4 16 5.3
90 5 32 20.3

100 6 64 623

110 7 128 >10000

Computing resources (12 CBC instances) :
8 CBC instances at 2 x Intel Xeon E5620 @ 2.40GHz
4 CBC instances at Intel Core 17-2600K @ 3.40GHz

Speed Up

=1 200%
>al 300%

oo 1!
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Task-to-worker scheduling problem (fully deterministic)

Queue (with arrival times) of tasks of known complexities (processing times)

I [
—
‘ ® ‘ Q ‘ Pull of “workers” of known comp.
power, p,
T, T, T, - arrival time, 7, - processing time for “unit” of comp. power

Need to determine a “schedule”, i.e. set of variables {x,, t.}:

- boolean x, =1 if task “k” is submitted to worker “n” (0 - if not);

- continues t, > T, — task submission time.
Constraints:
-t. 2T, (submission after arrival)

- each worker can process only one task at a time.

Objective: minimize time of queue completion
[t, t.+(TJ/p,)] ~ actual task’s span, if X, = 1

#51




Task-worker scheduling problem coarse-grained experiment (1)

Z—> min w.r.t;
L sXpps%

t, >T, (k=1:K);

> X, =1 (k=1:K) {or > x, 21 (k—an)]

n=I:N n=I:N

tk+p"xkn_tk+C (2—x4, — X4 ) (K =1: Kk<k’<Kn 1:N);

t +—xkn<z(k=1:K,n=1:N);
p

n

= = =
= 1 =
o o =3
= = =
g g 3

uuuuuu

,2
S
3
=2

»t, eRY x,, ={0]1}, k=1:K,n=1:N

“Random” selection of x, to decompose doesn’t give speed-up
Heuristic rule: sort {7, /p } in ascending order and decompose by

X,,:=0|1 corresponding to the smallest 7, /p_
(to get “balanced” by incumbents subproblems ??)

Subproblems has been generated as AMPL-stubs by special AMPL
“preprocessing” script 452



Task-worker scheduling problem coarse-grained experiment (2)
dCBC prototype (SCIP, SCIP API + Erlang)

0[10.00]

1[5.00]

2[7.00]

B[8.00]

1[9.00]

5[6.00]

6 workers, 19 tasks, exact solution[=

Computing resources (40 SCIP) :

6 boolean X, has been fixed

(64 subproblems) took 720 sec.

n of SCIP instances

'T(SCIle), sec

server-1

8 X
Intel(R) Core(TM) i7-2600K CPU @ 3.40GHz

929.7

server-2

16 X
Intel(R) Xeon(R) CPU E5620 @ 2.40GHz

1368.59

Xen-vim-2

8 X
Intel(R) Xeon(R) CPU E5-2620 0 @ 2.00GHz

2172.27

xen-vm-1

8X
Intel(R) Xeon(R) CPU E5-2620 0 @ 2.00GHz

2270.38

The result is rather poor, speedup is less than 25% (720 vs 930 seconds).

Very different performance, no load balance.
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Task-worker scheduling problem coarse-grained experiment (3)
2 X (20-cores VM at www.DigitalOcean.com)

40 SCIP at QEMU Virtual CPU version 1.0 @ 2.4Ghz
The same decomposition by 6 boolean vars. into 64 sub-problems

2500.00

2000.00

1500.00

1000.00

716

500.00

0.00

solving time, sec.

independent solving of sub-probs., 1 x SCIP

without decomposition, 1 x SCIP

(64 sub-probs by dSCIP, 40xSCIP) alnjost 50% speedup

II|IIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIII I IIIIIIII

L4 102131619 -22 25 28 -31 34 37 40 43 4649 H2 55 58 61 64

Subproblems

Bl single-s-T — single-p-T ——dSCIP-T
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http://www.DigitalOcean.com/

TO-DO Plans

Increase computing power of the computing resources (dedicated
for optimization) connected to Everest:

stand alone servers and server with

Intel Xeon Phi co-processor (+ ~50 cores);

small cluster deploying now in our Center (+~20 cores).

Use Everest Task Protocol and special “multi-task” Everest jobs
to exchange message within special AMPLX session

To allow to use in AMPLX “pure” Python computing scenarios
on the base on Pyomo, http://www.pyomo.org, an open source
package supporting AMPL-stub/solution formats and compatible
with AMPL-solvers

#95


http://www.pyomo.org/

Instead of conclusion

Our contacts: http:/Idistcomp.ru,
Everest platform web-site: http:/leverest.distcomp.org,
AMPLX sources: https:/igitlab.com/ssmir/amplx

Examples of AMPLXx-scripts:
http://distcomp.ru/~viadimirv/restopt/amplx

Thank you for your
attention.

Questions?


http://distcomp.ru/
http://everest.distcomp.org/
https://gitlab.com/ssmir/amplx
http://distcomp.ru/~vladimirv/restopt/amplx

Visual “spaghetti-wire” programming vs. scrpting

X' T new@fuji MathCloud - ... = L) figure_Linf.png (2445%... *

€

C @ fuji.isa.ru: 7077

new@fuji Workflow Editor. el © [ 3|l 0le (B0 [+ ][e]@] [=][+] (@]

= experiment
Value Ihtlp Hfuji.rsanu: TO7Tiuplos &

Upload fil

noise E3 | 3 Num. of calculation g u xml configurations m [ — |
Value |http/Mujiisa ru-TOTT/uploz &

Value |h:lp';'-'fuji is3.nu:TOT T uplog 4

Upload file

A&

= lag | x |

Value [http/ifujisa i THB2 Carb 47

Wiew

= L1 pict B

Value |httpc/fupisa ru- 19990R0 ra

Vi

] = N, Valus Ihtlp_:'ﬂugl.lsa.ru_?ﬁmm >
u KRD_DptMizaﬁnn_\ﬁ'suaiizer u Viewr

structures

Upload fila

Value [htp:/fujiisa w7077 uplos &

rh-—.

Optim. results

=3 XRD modefling results g

\

Value [http-ifuji isa ru-1999%R0. &

XRdCalc Time

Value |2667.347

KN XRD_Plotter_mini |E3

—
\

\
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Visual “spaghetti-wire” programming vs. scrpting

Too complex even for simple calculation

Workflow Editor olB|m/o/leB O »|o 0| =]+ A

Modules

General

input
output
Task
Script
Python

comment

Antiprism

Neos

Misc

Composed

LP Sclvers

-

= model.mod = data.dat

Value |http:ﬁgrid.isa.ru:8081Iu; L-,,-'“
Upload file

=2 command

Value | & Value |http:h'grid.isa.ru:BDB‘h’u; L-v-'\

Upload file

= /)

IIpsoIve vI > o re ?r-:lr
P [+ | ampl-pre-opt / = i o

Value |hﬁp:ﬂirbi51.isa.ru:}_‘TQBE ‘,f")

= options
Value |hﬂp:ﬁgrid.isa.ru:BUSﬂu; L-,,;
Aubesdils {Pnization-service-comnif g

) 4

=
preAmplLog

Value |htlp:ﬁirbis1.isa.ru:ETr‘QB[ L-,"“

B3  postCmdFile

Value |h’rtp:ﬂgrid.isa.ru:BUBﬂu; L—,,-'“
Upload file

~

-
optServicelog

Value |http:.|'s'grid.isa.ru:E?QBDh L-,"\

solution

e oo v
g amplpost-op \u postCommand
o -

&+

‘
userout.txt optServiceErr

Value |http:ﬁirbi51.isa.ru:Q?QB[ L-,,"“
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