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Agenda
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Introduction to CPLEX
Optimization Studio IDE
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Optimization Programming Language (OPL)

/IData Initialization

= A programming language {sting } Products =..;
specifically designed for building | {sting } Components =..;

Optimization mOdels float Dem.anq Products ][ Components ] =...;
float  Profit [ Products ]=...;

float  Stock [ Components ] =...;

= Provides a clear separation JIDecision variables
between |nput Data and Model dvar float+  Production [ Products J;

//Objective Function

maximize

= Provides easy access to connect | o
] sum( p in Products ) Profit [p]
to different databases Production [ p];

//IConstraints
subject to {
forall ( c¢ in Components )

ct :sum( p in Products )Demand p][ c]*
Production [p]<= Stock [c];

}

= T
. . = T W%
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CPLEX Optimization Studio IDE

= CPLEX Optimization Studio IDE is an Eclipse based
Development IDE used to create Optimization models written
iIn OPL

= The development studio directly supports solvers CPLEX and
CP Optimizer

= Provides access to connect to other applications such as
SPSS Modeler

= Provides option to perform remote solves

= Provides Debugging tools

WebSphere® Support Technical Exchange
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CPLEX Optimization Studio IDE

File Edit Navigate Search Run Window Help

Hehd " IIRAAS A 1B RSIUREE Sd ha Thd DS A0 e — —
@ OPL Projects i 3% Debug @ oil.mod & = O][8= Outline & ™ M=o
% || 12 {string} Gasolines = ...; A ® using CPLEX =4

&3 oil (4n oil blending problem, MILP)a (| 13 {string} 0ils = ...; £ Types (2)

@ Run Configurations
I Better database reading
B Data from database
I Data from spreadsheet =
I Default Configuration (defaul
I oil.mod : CPLEX

14 tuple gasType {
15 float demand:
16 float price;
17 float octane;
18 float lead:
19}

20

<> gasType : tuple Lclernand:ficaa:,prlce:ﬁr:al,anane:i_j

< pilType tupleccapacwy:fioa:.pnce:ﬁoat.ociane‘fl!
ob External data (6)

0 Gas: gasType[Gasolines)

o Gasolines: [strina)

» MaxProduction : float

i

5 oil.dat 21 tuple 0ilType { - O Oil : oilTypelDils]
- — ssanTea 22 float capacity; J d I o Oils: [string]
OPL Projects :: s bcuane: Mode i b
SRl S float lead: ? Decnsmnvaflabiels(zu .
e Uiuay 26} [ ‘a: dvar fioat+[Gasolines]
._ﬁ_o.!iF!IDBﬂ-a.t. ; = 27 gasType Gas[Gasolines] = « [ Blend : dvar float+[Qils][Gasolines] oy
N Ey ) L3 e H i v
‘ [’='_ : Il 280ilType 0il[0ils] = ...} # Objectivesimniz
| S Prabl £, - Variab| % Break | © O || 20 float MaxProduction = ...; %Y Constra T T
{®) || 30float ProdCost = ...; - ctMa Outllne
— 31 ———"
Solutionwith objective 285,750, *} 32dvar float+ a[Gasolines]; -g-!:tD d
Name Value 5] o . ema_n &
+ g Data (6) - P : il nin Gamllnﬁi“ .
g (<3000 70 10 1> <2..| G o tems [ Scripting log &8 Solutions % . 22 Conflicts| & Relaxations) 2 Engine log| Bl Statistics| % Profiler] B CPLEX Servers| B Console| Bupi-0o
f Gasolines  ["Super” "Regular” . : > . e
MaxP it 14000 // solution (optimal) with objective 287750 -
2 _'“ roguetic 1 // Quality There are no bound infeasibilities. F
2 oil [<5000451205> .. || // Max. unscaled (scaled) reduced-cost infeas. = 7.10543e-015 (7.10543e-015)
 Oils {"Crudel” "Crude2" ..|| // Max. unscaled (scaled) Ax-b resid. = 9.09495e-013 (9.09495e-013)
4 ProdCost 4 // Max. unscaled (scaled) c-B'pi resid. = 5.32907e-015 (5.32907e-015)
4 7 Decision variabl // Max. unscaled (scaled) [x| = 4222.22 (4222.22) =
a 10750 01 // Max. unscaled (scaled) |slack| = 5200 (1500)
e || // Max. unscaled (scaled) |pil = 57.25 {326.4)
----- UBI&"‘? J[[208&92111.1.&DO.. // Max. unscaled (scaled) |red-costl| = 409 (409)
4 B Constraints (5) // Condition number of scaled basis = 1.3e+002
[T ctCapacity  sum(g in Gasolines)... || // -
[ ctDemand  sum(o in Oils) Blen...
[T ctlead sum(o in Oils) (Oill.. ||Blend = [[2088.9
2111.1 800)

[777.78 4222.2 0]
[133.33 3166.7 200]1;
750 01;

Problem browser Solutions
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Performance Tuning using the
Profiler Tool
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What is the Profiler

= The Profiler is an OPL feature that collects statistics of memory and
time spent for model generation and model optimization.
= The tool is available in IDE and command line

» The IDE can highlight the cells exceeding certain threshold (the
columns showing percentage)

» Threshold values are adjustable independently
» For platforms without IDE, oplrun has an option -profile

» Also available in API lloOplProfiler

» Linux users should try to use the IDE first
= Profiler outputs are populated automatically in Profiler tab

» Enabled by default

» IDE feature save results can save profiling results for further
analysis.

» You can also copy to clipboard

WebSphere® Support Technical Exchange
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The Profiler Tab

B ROOT

READ_DEFINITION sample 1
=] LOAD_MODEL sample 1-16632678

= INIT indices
INIT 'ITLndE}c
*  INITTProp
INIT properties
=] INIT map
INIT TMap
£l PRE_PROCESSING
=] EXECUTE anonymaous=1
INIT copy_of_indices
INIT X
INIT indices_per_prop
(=] EXTRACT sample 1-16832678
OBJECTIVE
=l EXTRACT c2
INIT c2
CPLEX MIF Optimization
POST_PROCESSING

= LOAD_DATA C: WSTE-examples\de

| 11%
¥,
5,
%
%
%

2.031M
2.031M
2.031M

620K
2.25M
1.859 M
1.398 M

216K

5o

17%

14%
1%

2%
0%
8%
0%

219.414K

78969 K
1238
427K
844K
1048

995 |

e

e e e T T T ST S S ST ST S S — (=1

=i

bl e I e e e B e e e (DL = R |-
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How to analyze performance issues from
scratch using the Profiler Tool?

= Set a threshold to focus on potentially less efficient codes up
to a certain degree

= Perform a run with profiler enabled to understand the current
situation

= Look into the results and see if the performance is
reasonable or not.

» Focus on issues with most significant impacts

» What is the computational complexity of your formulation
and data?

» Are the profiler outputs matching your estimates?

» Can you improve the formulation/coding with lower
complexity?
= Repeat the process with smaller threshold value, if needed.
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Our Sample

include  "common.mod" ;

{TIndex } indices =..;

{TIndex } copy_of indices ={ind | ind in indices };
execute {

copy_of_indices ; Il simulating temporary data usage
}

{TProp} properties =..;

{TMap map with prop in properties , ind in indices =...;
dvar int+ X[ indices ];

minimize sum (ind in indices ) X ind ];

subject to {

forall (ind in indices )
cl: if (ind .weight > 150000) X ind ]>= 1;

forall (prop in properties ){
c2: sum(ind in indices :< ind, prop > in map Xind ]<=
3000;
}

“w—-‘
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tuple  TProp {

string prop ;
int  limit

}

tuple  Tindex {
int i;

TProp propl ;
TProp prop2 ;
TProp prop3 ;
int  weight ;

k

tuple  TMap {
TIndex ind ;
TProp prop ;

}
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Initial Profiling run with default threshold (20%)

= ROOT

T e B R R

READ_DEFINITION sample1
= LOAD_MODEL sample1-15C02A20

5] LOAD_DATA C: WSTE-examplesiy

(=] INIT indicies
(=] INIT Tindex
INIT TProp
INIT properties
£ INIT map
IMIT TMap
El PRE_PROCESSING
[l EXECUTE anonymous#1.
INIT copy_of_indides
INIT X
= EXTRACT sample1-16C02420
DBJECTIVE
=] EXTRACT c1
IMIT c1
=] EXTRACT c2
INIT c2
= CPLEX MIP Optimization
CPLEX Pre Solve
POST_PROCESSING

WebSphere® Support Technical Exchange

1.25M
0B
2.031M
2.031M
2.031M
620K
4,506 M
1.438 M
2816 M
08B
HIE
0B
2141M
1477 M
0B

g (- solutions | 7 conficts = Relaxtons (.1 ingine log B8 statistcs 7%

14%
14%
14%
4%
. 35%
10%

3%
0%
15%
1%
0%

0.0000
0.0000
0.0000
0.0624
0.0000
0.0000
0.0000
0.0468
0.0000
0.0000
0.0000
0.0000
0.0156
0.0312
0.0156
0.1248
0.0000
14,8669
0.0000
0.0156
-0.0000
0.0000

14%
14%
14%
450
13%
1%:
0%
0%
0%
0%

11%
0%

T e = T =T S ST

=
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=R

e e R R R L R SRS R | (=



| IBM Software Group

Performance Analysis of “EXTRACT c2”

(97% of runtime)

= Related Codes Srop in propertics
tuple TMap {

Tindex ind )

TFrop prop ; - -
} :

-

{ TMap} map with prop in 5 -

pr_Operties . ind in indices = 2

forall (prop in properties ){
c2: sum(ind in indices : -
<ind , prop > in map X ind]<=
3000;
}

elements in map

WebSphere® Support Technical Exchange
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Performance Analysis of “EXTRACT c2”
(97% of runtime)

= Related Codes

prop in properties

forall (prop in properties ){

nd in indices

c2: sum(ind in indices
<ind , prop > in map) X[ ind ]<= 3000; -~ H

- elements in map

}
= Analysis

» All possible values of tuple element ind are
from set indices (the with keyword)

» So It IS not necessary to traverse the set
indices  If its cardinality is larger than map

' @R
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Performance Analysis of “EXTRACT c2”

(97% of runtime)
= Improved formulation

(prop in properties
sum( m_item in map m_item . prop ==

)
prop ) X[ m_item.ind ]<= 3000;

forall
c2:
}

or
{TIindex } indices_per_prop [ properties  ];

execute {
for (var m_item in map){
andle

/laddOnly is faster than add, if you don't need a h
/Ito the object added
indices_per_prop [ m_item . prop ]. addOnly ( m_item . ind );
}
}
3000;

(prop in properties ){
sum(ind in indices_per_prop [prop]) X ind ]<=

« W

*
E S A

forall
c2:

WebSphere® Support Technical Exchange
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Performance Analysis of “EXTRACT c1”
(20% of memory)

= Related Codes

forall (ind in indices )
cl: if (ind .weight > 150000) X ind ]>= 1;

= Analysis

» This formulation creates a labeled constraint no matter
the condition of the if statement is true or not.

 Inefficient if the condition is false for most ind values

» So it Is not necessary to traverse the set indices
= Improved formulation
forall (ind in indices : ind .weight > 150000)
cl 2: Xind]>= 1,

or
dvar int + X[ind in indices ] in

(ind . weight > 15000 ? 1 : 0).. maxint ;

,_!_ . o E'i"'

& WA,
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Second profiling run with code

Improvements

2 m(ﬂmm |70 solutions |~ Conficts | = Relaxations | ¢,¢ Engine log | @ Statistics | %, Profier m\ﬁ mwﬂ =l console|

(i} I I‘. (| I‘.' ]

T

I‘

i

i '.1 i |.
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_= I '. r | .. P B .I. : : I I ! I5 )
m | we | Twe% || Peskvemory | PeakMemcry % | S e || SaFTme s | AT mmﬁml count | Nodes |
| E ROOT 0.3432 [NI00%T  11.961M m 0.1092 MM 3z% | 6.917M |G | b | ¥

READ_DEFINITION sample1 0.0000 0% 0B _ 0% 0.0000 0% 1288 0% 1 1

£l LOAD_MODEL sample1-16C81A18  0.14904 10&1% 7.277M  Ei% 0.0000 0% 5.949M | IS 1 12

E| LOAD_DATA C:\WSTE-examples\c  0.1248  [36% 3.492M B 2% 0.0000 0% 3159M | %% 1 7

] INIT indicies 0.0624 18% 2.473M 21% 0.0624 18% 1.938 M 16% 1 3

B INIT Tindex LA LE LR B g.800a % 2058 g% 1 2

INIT TProp 0.0000 0% 16K 0% 0.0000 0% 3928 0% 1 1

INIT proper ties 0.0000 | 0% 08 0% 0.0000 0% 75.102K 1% g4

= INIT map. 00624 18% 1 8% 0.0624  18% 1.148M 10% SLE

T T LA LE ug B g.800a % %224 1% 1 2

L PRE PROCEING LA LE 2031 M 1% g.800a % LSS Mg 1 =

E] A TE mpmyinisl L LA LE 2031 M 1% g.800a % Sy Mg 1 2

INIT copy_of_indicies LA LE. 2031 M 1% g.g00a % L3N Mg 1 2

INIT X 0.015 5% 620K 5% 0.0156 5% SBL 18K 5% 1 1

] EXTRACT sample1-16C81418 0.0780 M 23% 2785M BN 23% 0.0312 9% 904.129K 7% 1 &

SO THE LA LE. 2.208M L g.gc0a % i =4 1 3

El EXTRACT c1 2 0.0312 9% 828K 7% 0.0312 9% 1888 0% 2499 2

INITcl 2 0.0000 0% 0B 0% 0.0000 0% 40.102K 0% 1 1

El EXTRACT c2 0.0156 5% 592K 5% 0.0156 5% 3628 0% 995 2

L LA LE. ug B g.800a % EITK 0% 1 3

=] CPLEX MIP Optimization 0.0156 5% 1984 M 17% 0.0000 0% 1473 M 12% 1 2

CPLEX Pre Solve BLEEL ik 3. 20M L e ) 2% &7 Al 1 2

POST_PROCESSING LAt LE.L ug 8L Ggc0a % il L 1 2
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Performance Analysis of “INIT indices” (21%

of memory)
= Related Codes

tuple TProp {
string  prop ;
int  limit

}

tuple Tindex {
int i;
TProp propl ;
TProp prop2 ;
TProp prop3 ;
int  weight ;

I3
{TIndex } indices =..;

= Analysis
» This is plainly data read from data files. Not much to

e
) =
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Reduce threshold to 10%

= ROOT | 100 [ OGS 0.1092 1 23
READ_DEFINITION sample 1 .00 | 8k an | 026 | Bubgg: B L i ) 17 1 4

= LOAD_MODEL samplel-16C81A18  0.1404 BE#1% | 7.277M &S . 00000 0% 5949 M D% 1 12
£l LOAD_DATA C:\WSTE-examplesly  0.1248 BN36%  3.492M 0 29% . 00000 0% 315M B 25% 1 7

=] INIT indicies 00824 B 18%  2473M [0 21% . D.0s24 [ 18%  193M 0 16% 1 5

=1 INIT Tndex LS S L0 0% | 8o | 8% | IB0aK- ) 7 1 =

AN T LS S L 0% | Bubgg: LB L eeH ) 17 1 .4

ST o e L NS s an: | 026 | Bonme: | 8% L JouiEE ) 1% 1 .4

(] INLT man I L L] M . 5% . D.os23 1 18%  L148M L 1 =

AT 1Man - Dmooo O% an- | 026 | Bubgg: B L el ) 7 1 .4

=l PRE_PROCESSING L 00000 0% 0 Z03IM B 7% . Dooo0 . 0% 191iM [ 18% 1 3

] EXECUTEanonymous#1  0.0000 0%  20HM 00 17% o DOooD 0% 1SUM & 16% 1 =

INIT copy_of indides  0.0000 0% 2.031M %_ 0.0000 0% 181M & 16% 1 .4

AR B0 | S 4 BWK. | 5% . D015 5% SBLIBK 2 1 .4

=] EXTRACT sample 1-16C81A18 . 00O780 B 23%  2785M [0 23% | 80512 f 96 | SRime | 1% 1 -
LB . omoobo 0% L388M D 12% LR | 9% | JNeK | 1% 1 .4

£ EXTRACT c1.2 00312 | e% | 8BK % ' 0032 | 9w | 8B | 0% 2448 | 2

o LE L .0008 | 8k ah- | 0% | Bupmg: | g% | 40K ) 7 L .4

EL BGRACT ¢ 7 L SR, SR S 4SS 1.6 | Badioh oG L eed ) 7 | "B =

L L L .0008 | 8k an | 026 | Bungg: | B L Saevk ) 5 1 .4

L=} CRLEX WP Oplmisiion . oois 5% 1984M [ 17% D000 0% 1473M 0 12% 1 =
CPLEX Pre Solve . ooise 5% 1223M 153 0.015% 5%  1223M [ 10% 1 .4

PR SR ING LRSS S a8 | i r g | e [ e ) 7 1 -4
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Performance Analysis of “INIT map” (18% of
time)

= Related Codes
{TMap} map with prop in properties , ind in indices =..;

= Analysis
» Similar to “INIT indices”, not much to improve.

» Can squeeze out some performance by skipping
data consistency check (the with  keyword)

« Data consistency might be more important than
the performance gain

« Can implement consistency validation at
database

* New setting datachecks added in version 12.5.1

4 -
e =
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Performance Analysis of “INIT
copy_of Indices” (17% of memory)

= Related Codes

{TIndex } copy_of indices ={ind | ind in indices };
execute {
copy_of_indices; /l simulating temporary data usage
}
= Analysis

» Temporary data can be ended to save memory.
= Improvement

execute {

copy_of indices .end();

I £ ¥
d = | LA

WebSphere® Support Technical Exchange




| IBM Software Group

Performance Analysis of “OBJECTIVE”
(12% of memory)

= Related Codes

dvar int+ X[ indices |;
minimize sum (ind in indicies ) X[ ind ];

= Analysis

» Nothing to improve, as all of the variables are used
In the constraints and objective.

» However, one may consider a sparse formulation
when a significant number of variables are not used in
the model.

! | -
e =
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Performance Analysis of “CPLEX Pre Solve”
(10% of memory)

= This number is not related to OPL model
generation.

= Presolve is an important feature of CPLEX that is
critical for CPLEX’s performance.

= One should not be too concerned by its profiling
results unless the overall performance of
optimization engines (CPLEX Optimizer or CP
Optimizer) looks bad.

WebSphere® Support Technical Exchange
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Third profiling run with further code

Improvements (endlng temp data)

Emfamwf@mm{#m%

'READ_DEFINITICN samplel
El LOAD_MODEL sarrlpﬂel-lﬁcmm

=] LOAD_DATA C:\WSTE-examples\c

El INIT |r1|::|1::|es
= INlT'I'IndEJc
IMIT TFrop
INIT properties
£ INIT map
INIT TMap
= PRE_PROCESSING
=] EXECUTE anonymaous =1
INIT copy_of_indides
EXECUTE anonymous 72
IMIT X
El EXTRACT SEmpIEl—lEClEAE[]
OBJECTIVE
El EXTRACT cl 2
INITc1 2
£ EXTRACT c2
INIT c2
= CPLEX MIP Optimization
CPLEX Pre Solve
"POST_PROCESSING

WebSphere® Support Technical Exchange

W 21%

2.293M
1,438 M
540K
336K
1853 M
1L2I3M

11%

17%
0%
0%
0%
13%
0%
0%
0%
4%
0%
0%
0%
4%
13%
0%
4%
0%
L%
0%
0%

4.0/ M
3.159 M
1.933M
15. 805 K
3928
75.102K
1148 M
3928
41.531K
1.911M
1.91M
-1.871M

TTETIEK

904,129 K
73.469 K
1888
40.102K
3628
4.227K
1.016M
1.223M
336 B

0%

11%

%

e

'M
I—l_§l—ll—ll—ll—ll—ll—ll—ll—ll—ll—ll—ll—ll—ll—ll—ll—li—'.:'_'
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Not Designed For...

= The numbers reported by OPL profiler are not very precise.
» Not accurate for byte-level, or millisecond-level analysis

» The bigger the numbers, the more accurate they are.

= This methodology is more for “tactical”’ issues than “strategic”
Issues.
» It detects possible inefficiencies in implementation.

» It does not always give sufficient hints to “strategic” problems,
for example:

- If an element of a tuple is not referenced at all
« If the model is symmetric, but model has not taken full advantages
of it.

 If a multi-stage model can be decomposed into smaller models
(one model for each stage), and the time to solve all of the smaller
models is faster than solving the original model.

WebSphere® Support Technical Exchange
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Other Suggestions

= Profile models with realistic data sets to understand whether the
models would scale well in the target deployment environments.

= Use multiple data sets. It is possible that one data set only stresses
part of the model.

» The sample batch can be extended to automate the runs in one
batch.

= Do profiling periodically:

» Don’t do it too late. Otherwise, you might need to rewrite a major part
of your model to achieve the desired level of improvements.

= T
. . = T W%
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Performance Tuning using the
Tuning Tool

X .
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What is the Tuning Tool

= Perform some baseline performance tuning
» Based on the “tune” feature of CPLEX

» Option to tune with a fixed set of CPLEX parameters

» Can be run over one or several run configurations —
helps in tuning on a set of problem instances

» Tune for average performance or provide the least
worst performance for a set of models

» Produce SAV files of the models, which can be later
used to analyze using the CPLEX Interactive Optimizer

= Tuning tool is not yet available for CP Optimizer

WebSphere® Support Technical Exchange
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How to Invoke the

ate Search Run Window Help

uning Tool

VS |ARBMR i Briz 2  H-OvPirQv|0|E Fv oo

Choose tuning parameters

cts £ %5 Debug|
& oil
4 1% warehouse (A warehouse location model, Mixed Integer Prr ine).
4 (8 Run Configurations T ' Runon server C
@ Basic Configuration (default) Run [
o B Fitter script New .
¢ B Scalable data .
» B solution pool script i@ Copy Ctrl+C
& Paste Ctri+V
[@ scalableWarehouse.mod : CPLEX % o S
@ solpoolscript.mod : CPLEX - Flow control {main)
| Rename... F2
[@ warehouse.mod : CPLEX
(& warehouseCplexFiltersmod : CPLEX ‘ I Tune project..
(& fixedSettings.ops me 5
[Z! warehouse.dat 4 Export.
&] Refresh F5
Close Project
Close Unrelated Projects
Team »
Compare With *
Restore from Local History...
Configure »
Properties Alt+Enter

WebSphere® Support Technical Exchange

Select the run configurations to tune

[7112 Basic Configuration (default)
[V D Scalable data

[713 Solution pool script

7113 Filter script

Fixed settings

None

Result file

=2 warehouse

lwarehouse-results.ops|
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Results from the Tunino

Edit Navigate Search Run Window Help

I~HR&| ¢%|+4E

Tool

Hmillvizz i HrO-vFrAU~r|0|E  Fv i GoEvra~

& warehouse-results.ops &2 =0
l Type parameter description filte | Mathematical programming / Mixed Inteqger Programming / Strategy =
& General -
@ Limits Backtracking tolerance 0.9999
@ Tolerances MIP strategy best bound interval 7 g
(& Mixed Integer Program
& Geners _| MIP branching direction [Automatic -
g Strat - N 1
& s MIP dive strategy |mmm Default value: 0
& Limits Nod file switch [Node filei = Script code: cplex.heurfreq = 50;
- OieTa lode storage file switc ile in memory and compressed CPLEX name: CPX_PARAM_HEURFREQ
O Cuts Feasibility pump switch Automatic ) ,
@& Solution pool Press “F1" for more information
@ Solution polishing |MIP heuristic frequency 50 | Vi
& Barrier L . N N
s MIP kappa computation |Automatic: let CPLEX decide -
< i ; S — -
[2. Problems (& scripting log (5 Solutions (# Conflicts | Relaxations (1 Engine log £ ., @ Statistics| % Profiler| § CPLEX Servers| Ew bE = O

Test 'defaults':
Integer optimal, tolerance.
Time = 0.95 sec. (569.90 ticks) Objective = 1480
Tuning progress: 31%

Test 'easy':

Integer optimal solution.

Time = 1.00 sec. (546.29 ticks) Objective = 1480
Tuning progress: 65%

Test 'no_node heuristic':
Deterministic time limit exceeded.
Time = 1.03 sec. (604.13 ticks) Objective = 1480

Default test: Deterministic time = 569.90 ticks
Best test: 'easy' Deterministic time = 546.2% ticks

Best bound

Best bound

Best bound

Reading problem 'C:\Users\IBM AD~1\RppData\Local\Temp\tune 0_warehouse Scalable data.sav' for tuning.

Tuning on problem 'C:\Users\IBEM AD~1\AppData\Local\Temp\tune 0 warehouse Scalable data.sav'

1479.86

1480

1478
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Customizing the Tuning Tool

l Type parameter description filte

l Mathematical programming / Tune

4 (= Mathematical programming
© General Tuning information display IDispIay standard, minimal reporting v|
@ Conflicts
& Emphasis
{© Feasopt Tuning repeater 1
{© Preprocessing
) Read
Comme |
b & Simplex
4 (= Mixed Integer Programmir,
@ General
© Strategy
o} Limits

RS

@ Solution pool
© Solution polishing
» & Barrier
» & Network
» & Sifting
i & Constraint Programming
» & Language

Tuning measure IAverage vl

Tuning time limit 1.0E75

. |-
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Some Other Features of the IDE

X .
e r [
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Problem Browser

e“ % Problem browser 2 0= Vanahles] Breakpolnis|
& |Solution with objective 287,750 Values «
s Name Value . Oils (size3) |, Gasolin.size3) |, Value Reduced cost | Sensitivity range
&5 Data (6) Crudel Super 2088.83..£88889 0 [-c0.2088.888 88883889, 0]
I Gas [<300070101> <2000 608 2= <1000506 1=] Crudel Regular 2111.11..111111 0 [-22.2111.111..11111111.%3]
" Gasolines {"Super” “Regular” "Diesel"} Crudel Diesel 800 0 [-¢2..800] [800..0]
-« MaxProduction 14000 Crude2 Super 77777377778 0 [-e2 JTTITTT.TTTTTTT 2]
T Qil [«500045120.5> <5000 35 6 2> <50C0 25 8 3>] Crude2 Regular 4222.22..222222 0 [-00.4222.222..22222223..]
& Qils {"Crudel” "Crude2” "Crude3"} Crude2 Diesel 0 7.105427357601002e-015  [-222.2222222..3334] [0..e0]
+ ProcCost 4 Crude3 Super 133333.333233 0 [-00.133.3333..33333334..e0]
7 Decision variables () Crude3 Regular 3165.66..666667 0 [-62.3166.666..66665667..%]
a2 (075001 Crude3 Diesel 200 0 [-¢0.200] [200.¢0]
| Blend (] [12088.9 21111 800 [777.78 42222 0] [133.33 3166.7200]) |
¥ Constraints (9)
T ctCapacity sum(g in Gasolines) Blend[o][g] <= Oil[o] capacity
T ctDemand sum(o in Cils) Blend[0][g] == Gas[g].demand+a[g]*10
T ctLead sum(o in Qils) (Oil[c).lead + Gas[g].lead*(-1))*Blend[o][g] <=0
= ctMaxProd sum(o in Qils, g in Gasclines) Blendlol[g] <= 14000
U' ctOctane 0 <= sum(o in Qils) {OII[o].octane-)-Gas(g] octane*(- 1))'Blend[o][g]
= 7] Problem browser 3 . (9= Vanable;} % Ereakpolnis} v =
= |Solution with objective 287,750 v Values
3 Name Value , Gasolin..size 3) Constraint Slack I Dual
oo Data (6) Super sum(n in Qils) Blend... 3000+a["Super"]*10 4] -20.799..99¢999
¥ Gas [«3000 70 10 1>~ <2000 60 8 2> <1000506 1>] Regular sum(o in Qils) Blend...000+a["Regular”]*10 0 0.1
 Gasolines {"Super” "Regular” "Ciesel”} Diesel sum(o in Gils) Blend[... 1000+a[ Diesel"]*10 o] -40.8
-« MaxProduction 14000
¥ oil [«500045 12 0.5> <5000 35 6 2> <5000 25 8 3>]
# Dils {"Crudel” "Crude2" "Crude3”}
< ProdCost 4
7 Decision variables (2)
Ha [07500]
[ Blend [[2088.9 2111.1800] [777.78 4222.20] [133.33 3166.7 200]]
%Y Canstraints (5)
o ctCapacity sum(g in Gasolines) Blend[o][g] <= Dillo].capacity
IE' ctDemand [_] mm(o in Duls) Blend[o](g] == Gas[gl.demand+a[g]*10 |
L ctlead I[o] lead+Gas[g].lead*(- 1))*Blend[o] lgl <=0
= ctMaxProd - Gasolines) Blend[o][g] <= 14000
B ctOctane 0 <= sum(o in Qils) (Oil[o].octane+Gas[g]l octane*(-1))*Blend[o][g]
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Conflicts and Relaxations
I 2 EE

OB Qv |U|E Ay ey~

WebSphere® Support Technical Exchange

ﬁllﬁ =5
49 ctMaxProd: AN
50 sum( o in 0ils , g in Gasolines )
51 Blend[o] [g] <= MaxProduction;
52 forall( g in Gasolines )
53 ctOctane:
54 sum( o in 0ils )
55 (0il[o] .octane - Gas[g].octane) * Blend[o] [g] >= O;
56 |forall( g in Gasolines }
57 ctlLead:
58 sum( o in 0ils )
59 (0il[o] .1lead - Gas[g].lead) * Blend[o] [g] <= 0;
60 |forall( g in Gasolines )
61 ctLead2: =
62 sum( o in 0Oils )
63 (0il[o] .lead - Gas[g]-.lead) * Blend[o][g] >= 1; A
64} .
65 T
< b
# Conflicts %2 @=0o
Line  Inconflict Element (2)
56 Yes ctlead["Regular”]
60 Yes ctlead2["Regular”]
[2. Problems (& Scripting log |5 Solutions & Relaxations & . £! Engine log| & Statistics| %% Profiler| 5 CPLEX Servers|
Liﬁe Original Relaxed Element (3)
56 [-Infinity,0] [-Infinity,1]  ctlead["Super”]
56 [-Infinity,0] [-Infinity,1]  ctlead["Regular"]
56 [-Infinity,0]  [-Infinity,1]  ctlead["Diesel"]
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Conflicts and Relaxations

= You can select the relaxation levels
» Only labeled constraints

» All variables and labeled constraints (default)

= Un-labeled constraints are not considered for
conflict and relaxation search process — remember
to label constraints

' @R
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| Problems B Scrinting loa B Selutions = Conflicts & Relaxations .7 Enaine loa #8 Statistics & > Profiler| 1 CPLEX Servers i

; Statistic Value E— Bestnode *- Bestinteger Integer solution
4 | # Cplex solution (integer optimal, tolerance} with objective 1480
Constraints 250 &
a 4 Variables 10051 152E3
& Binary 50
e Other 10001
L Non-zero coefficients 20050 15153
a MIP y
Objective 1480
Nodes 1455
Remaining nodes 3 1.5E3
Incumbent 1,480
Iterations 12511
4 Solution pool
Count 2 4 1.49E3 ~
Mean objective 1,500

Integer solution has been found

1 ACE2
1.45E3

Evolution of best value of
remaining nodes
(not necessarily integer)

0.3 0.35 0.4 045 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05 11

v s Time (seconds)

—
_ p— —
= : wu F——

00:00:01:61
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Solution Pool Iin the IDE

= Helps to generate and store multiple solutions for a Mixed
Integer Programming (MIP) model
» Sometimes solutions with slightly worse objective values are
more attractive than the mathematically optimal solution

» Or sometimes one might want to examine alternate optimal
solutions
= Two ways to store these solutions
» Default mode — Store any feasible solution found

» Populate — Called after MIP search to find more solutions

= Solution Pool filters

» Diversity Filters — generate solutions similar to (or different)
from a set of reference values

» Range Filters — generate solutions that obey a new constraint,
specified as a linear expression within a range




| IBM Software Group

Where can | find the Solution Pool in the IDE’?

= Problem Browser displays the different solutions in
the Solution Pool

= Statistics tab provides the number of solutions
found and the mean objective value

= When you select solution from Problem Browser,
values are displayed in Solutions tab

WebSphere® Support Technical Exchange
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Solution Pool Iin the IDE

- = | | | |
{21 Problems fE Scriptinl log [ Solutions 2 % Conflicts] 2 Relaxations} £ Engine Iog} = Statistics]’% Profileﬂ £

N3 Varia.blesw % hreakpoints]

Solution with objective 1,480
Pool solution #0 with objective 1,480

i Fixed
» NbStores
» NbWarehouses
«¥ Stores
[ SupplyCost
«¥ Warehouses
2 Decision variables (2)
I Open
I Supply
7 Decision expressions (2)
» TotalFixedCost
-« TotalSupplyCost
¥ Constraints (2)
T ctOpen
[T ctStoreHasOneWarehouse

WebSphere® Supp

10

200

50

1.200
[[1222324252627282922122232425262..
1.50

(11111111111101110111111011..
[[00000000000000000001000000..

420
1100

sum(s in 1.200) Supply[sl[w] <= Open[w]*Capac...

sum(w in 1..50) Supply[s][w] == 1

ort Technical Exchange

MILP
MILP
MILP
MILP
MILP
MILP

pool solution #1 with objective 1520
Quality Solution pool solution 'pl'
objective
solution norm |x|
solution error (ARx=b)
X bound error (Total, Max)

® integrality error (Total, Max)
slack bound error (Total, Max)

[b0OO0OO0CO0OO0COO0O0O0OO0O0OOOOOOOOOOOOOOOOOODO1

0000O0O0O0OO0O0OO0OOOOO0O0OO0OOQODO0]
[boO0OO0OO0CO0COOOODO0OOOOOOOOUO
000000000000O0O0O0O0O0O0 O]
[pOOO0O0OO0OOO0OO0O0O10000000O00
000000000000 O0O0O0OO0COO0O]
[L0O0O0COO0COO0CO0OO0OO0OOOOOO0OO0OUO
0000000000O0CO0O0O0O0O0OCODO0]
[bOo0OO0OO0O0COO0OO0OODO0OOOOOOOOUD
000000000100000000 0]
[000OO0O0O0O0ODOO0O0OO0OOOO0OO0OO
000000000000 O0O0O0OO0CO0OO0O]
[b0O0OO0CO0O0COO0CO0O0OO0DO0OOOOOOOUO
000000000000 O0OO0O0OO0OCQOO0]
[DO0OO0CO0OO0OO0OO0ODOO0O0OOOOOOOUO
0o0oo0O0OOQOCQBOOOOOOOOOOGQ

(of 2):

(Total, Max)
(Total, Max)

= = e R e T S R

11111

]

(= ==
oo =
L= e R
oo oOH
oo o=
(=l =l
o O = =
oo =
L= e R
o oo
(=R
oo
(= e B
[l e e |
[= T Y

00
0 0]

gcoo0o00

00000

00

goo0oo000

000000

000001

1.00000e+000
0.00000e+000
0.00000e+000
0.00000e+000
0.00000e+000

101111011101

1

0

.5200000000e+003
.42000e+002
.00000e+000
.00000e+000
.00000e+000
.00000e+000

010000000000 O0O0O0

[p0OOO0CO0OO0OO0OO0O0OO0O0OOOOOOOOOOOOOOOOOOT1O

0000O0O0O0OO0O0O0OOOOO0O0ODO0OOQCQOO0]

[boOOCO0OO0OOODODOOOOOOOOODOODOOODOOOOOOGQ

0000000000000000O0O00O01]

[pOOO0OOOOOOOOOOOOOOOOOOOOOOOOOODOO

s T - T . T T T T T
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Activating Populate Solution Pool

3 ®=Variables| % Breakpoints| =
=~

Pool solution #0 with objective 1,480
Pool solution #1 with objective 1,630
Pool solution #2 with objective 1,640
Pool solution #3 with objective 1,720
Pool solution #4 with objective 1,730
Pool solution #6 with objective 1,630
Pool solution #7 with objective 1,800
Pool solution #8 with objective 1,630
Pool solution #9 with objective 1,700
Pool solution #10 with objective 1,540
Pool solution #11 with objective 1,540
Pool solution #12 with objective 1,540
Pool solution #13 with objective 1,980
Pool solution #14 with objective 1,980

» TotalSupplyCost 1340

XY Constraints (2)
(=) ctOpen sum(s in 1..200) 5...
I ctStoreHasOneWarehouse  sum(w in 1.50) S...

B8 ﬁ% fixedSettings.ops &

'_ Type parameter description filte

- Mathematical programming / Mixed Integer Programming / Solution pool

& Limits -
@ Tolerances Absolute gap for solution pool 1.0E75
@ Cuts Relative gap for solution pool 1.0E75
@ Solution pool
@ Solution polishing Limit on number of solutions kept in pool 2100000000
& Barrier Solution pool intensity [Automatic ']
& General
& Limits Solution pool replacement strategy [Repiace the first solution by the most i v]
N & Net\:\:?rk — % |Populate solution pool Al
21 Problems | Scripting log [¥= Solutions (%= Conflicts | & Relaxations £t Engine log [ Statistics 52 % Profiler| § CPLEX Servers|
Statistic Value |_ Bestnode ™= Bes
Cplex solution (populate solution limit exceeded) with objective 1480 1.52E3
Constraints 250
Variables 10051
Binary 50 151E3
Other 10001
Non-zero coefficients 20050 1.5E3
MIP
Objective 1,480
Nodes 1615 14983
Remaining nodes 309
Incumbent 1,480 1.48E3
Iterations 13094
Solution pool
Count 30 14783
Mean objective 1.6053E3
1 ARCY2
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Installing CPLEX Optimization
Studio on Windows

X .
e r [
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Few points to consider before Installing

On Windows 7 and Windows Vista machines, run the installer
by right clicking on the executable and use the option Run as
Administrator

For better compatibility with your environment, install in a
non-Program files location, for example C:\ILOG

Check Path environment variable — should not have any non-
ASCII characters

Ensure Security Software (Antivirus, Firewall) is not blocking
the installer from running

You will require Visual C++ Runtime Libraries to use the IBM
ILOG CPLEX Optimization Studio IDE

WebSphere® Support Technical Exchange
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Summary

= We introduced a methodology to use OPL Profiler to fine tune
the performance of model generation

» The reformulation techniques are also important

= We introduced the OPL tune feature to perform some
baseline performance tuning

= CPLEX Optimization Studio also offers some other features
that help users work on their models

= T
. . = T W%
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Technotes and Documentation Resources

= The white paper describing efficient OPL model development
ftp://public.dhe.ibm.com/common/ssi/rep_wh/n/WSW14059USEN/WSW14059USEN.PDF

= Documentation of the OPL Profiler:

http://pic.dhe.ibm.com/infocenter/cosinfoc/v12r5/topic/ilog.odms.ide.help/OPL Studio/usro
plide/topics/opl ide profil.html

= Documentation to the OPL Tuning tool:

http://pic.dhe.ibm.com/infocenter/cosinfoc/v12r5/topic/ilog.odms.ide.help/OPL Studio/usro
plide/topics/opl ide perf.html

= Links to the CPLEX Optimization Studio Information Center
http://www-01.ibm.com/support/docview.wss?uid=swg21503602

9 ) SR 4
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Additional WebSphere Product Resources

= Learn about upcoming WebSphere Support Technical Exchange webcasts, and access
previously recorded presentations at:
http://www.ibm.com/software/websphere/support/supp _tech.html

= Discover the latest trends in WebSphere Technology and implementation, participate in
technically-focused briefings, webcasts and podcasts at:
http://www.ibm.com/developerworks/websphere/community/

= Join the Global WebSphere Community:
http://www.websphereusergroup.org

= Access key product show-me demos and tutorials by visiting IBM Education Assistant:
http://www.ibm.com/software/info/education/assistant

= View a webcast replay with step-by-step instructions for using the Service Request (SR)
tool for submitting problems electronically:
http://www.ibm.com/software/websphere/support/d2w.html

= Sign up to receive weekly technical My Notifications emails:
http://www.ibm.com/software/support/einfo.html

WebSphere® Support Technical Exchange
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Connect with us!

1. Get notified on upcoming webcasts
Send an e-mail to wsehelp@us.ibm.com with subject line “wste
subscribe” to get a list of mailing lists and to subscribe

2. Tell us what you want to learn
Send us suggestions for future topics or improvements about our
webcasts to wsehelp@us.ibm.com

3. Be connected!
Connect with us on Facebook
Connect with us on Twitter

= T
. . S T W%
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Questions and Answers

This Support Technical Exchange session will be recorded and a replay will be available on IBM.COM sites and possibly social media
sites such as YouTube. When speaking, do not state any confidential information, your name, company name or any information
you do not want shared publicly in the replay. By speaking in during this presentation, you assume liability for your comments.

WebSphere® Support Technical Exchange
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Supplement Information for Slide 11

OPL Codes Created

X .
e r [
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The files

= We created the files from scratch based on real
customer requests.

= The common tuple definitiond and the main model
has been fully shown on slide 11.

= The next slide contains the data generation codes.

i - v ook
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include  "common.mod" ;
{TIndex } indices ;
{TProp} properties ;
{TMag map
execute {
for (var a = 0; a < 1000; a++){
var temp = 100000 + Opl.rand (100000 );

properties . add("pp_" +temp.toString (), temp);
}

var properties_size = properties . size ;

for (var a = 0; a < 10000; a++){
indices . add( a,
Opl . item ( properties , Opl. rand ( properties_size ),
Opl . item ( properties , Opl. rand ( properties_size ),
Opl . item ( properties , Opl. rand ( properties_size ),
Opl. rand (1200000 ));
}

var indices_size = indices . size ;
for (var a = 0; a < 4000; a++){
map. add ( Opl . item (indices , Opl.rand (indices_size )),
Opl . item ( properties , Opl. rand ( properties_size ));
}
}

execute {

var f = new lloOplOutputFile ("data.dat" );

f.writeln  ("indices =" + indices  + " );

f. writeln  ("properties =" + properties + )
f.writeln  ("map="+ map + " );

f. close ();

WebSphere® Support Technical Exchange
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THE INFORMATION CONTAINED IN THIS PRESENTATION IS PROVIDED FOR INFORMATIONAL
PURPOSES ONLY. WHILE EFFORTS WERE MADE TO VERIFY THE COMPLETENESS AND
ACCURACY OF THE INFORMATION CONTAINED IN THIS PRESENTATION, IT IS PROVIDED “AS IS”
WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED. IN ADDITION, THIS INFORMATION IS
BASED ON IBM'S CURRENT PLANS AND STRATEGY, WHICH ARE SUBJECT TO CHANGE BY IBM
WITHOUT NOTICE. IBM SHALL NOT BE RESPONSIBLE FOR ANY DAMAGES ARISING OUT OF THE
USE OF, OR OTHERWISE RELATED TO, THIS PRESENTATION OR ANY OTHER DOCUMENTATION,
NOTHING CONTAINED IN THIS PRESENTATION IS INTENDED TO NOR SHALL HAVE THE EFFECT
OF CREATING ANY WARRANTIES OR REPRESENTATIONS FROM IBM (OR ITS SUPPLIERS OR
LICENSORS), OR ALTERING THE TERMS AND CONDITIONS OF ANY AGREEMENT OR LICENSE
GOVERNING THE USE OF IBM PRODUCT OR SOFTWARE.

Copyright and Trademark Information

IBM, The IBM Logo and IBM.COM are trademarks of International Business Machines Corp., registered in
many jurisdictions worldwide. Other product and service names might be trademarks of IBM or other
companies. A current list of IBM trademarks and others are available on the web under “Copyright and
Trademark Information” located at www.ibm.com/legal/copytrade.shtml.




