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Summary

- Challenges of Large Scale Optimization
- The ODHeuristics approach

- ODHeuristics Engine
ODH | CPLEX Optimizer

- New features in release 5

Scheduling, supply chain, telecomms and
benchmark examples

MIPLIB Open-v7 Models

B&T!EIQ%ZATION A
AIMMS



Optimization Direct

We develop new approaches to optimization -> ODH

Develop optimization techniques with our software
partners

Provide optimization consultancy to solve complex
business problems.

Develop new techniques for combining Machine
Learning and Optimization
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The Problem: Large Scale Optimization
Models becoming larger and more complex

Standard optimization technology
stretched/fails

Super-linear solve time growth often
Supposead

The reality is worse

See how solve time varies with integers after
presolve
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Solution time vs Size
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ODHeuristics: What Is It?

Tools for

handling large and/or difficult MIPs
exploits parallel hardware

typical server/workstation architecture
produces good solutions

uses CPLEX for solving sub-models

ODHeuristics Engine
can be used on its own to find solutions
But doesn’t give optimality guarantee (gap)

ODH | CPLEX Optimizer
CPLEX with the ODHeuristics engine inside
Good at getting solutions
Gives optimality guarantee
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ODHeuristics Engine

Presented as a software library
For embedding into customer applications
Call-backs and controls
In C, C++/Concert, Java and Python
Supports Windows and Linux

Driver programs are supplied
For command line use
As examples of calling the library

Short User Guide (PDF)

Skeleton scripts for compiling callers and linking
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ODHeuristics Engine: How Does it Work?

Finds an initial solution
local search; and/or
‘bigM’” and ‘phasel’ methods; or
using CPLEX

Improves its current solution
Decomposes original model into sub-models
Finds better solution to sub-models (not necessarily optimal)
Each ODH thread solves its own set of sub-models
Combines the solutions across threads
Repeats with fresh decomposition
Progressively increases sub-model size

Decomposition
Uses structure inferred from variable names and user-supplied pattern; or
Using user call-back; or
Automatically inferred from matrix structure

Deterministic or Opportunistic
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What's New in Release 5.29

» Performance enhancements

» 50% -100% FASTER than 4.04
» up to 40% gain from CPLEX 12.10
- Support for dirty’ solutions

- Improved synchronization

- Now works well under SMT e.g. 8 threads on 4 core Intel i/

+ Smarter sub-model management
- Flexible user-specified decomposition via call-back
- Improved SOS, indicator and lazy ¢/s support
 MATLAB, docplex and Python (3.x) support

- Fast thread sync under Linux Java
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Examples: Large Scale Scheduling, Supply
Chain and Telecomms Models

Model Application entities rows cols integers
Easy Scheduling 314 299288 57804 57804
Mixed Supply Chain 89177 553715 496455 153183
Medium Scheduling 314 389560 94200 94200
Difficult ~ Scheduling 406 371964 149132 149132
Large Supply Chain 302965 2836736 4892396 1827140
Phase1 Scheduling 1275 421650 155336 154828

Huge  Telecomms 27000 2577916 12944400 12944400
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ODH | CPLEX Results

8 Threads on Intel 4 core i7-4790K 4GHz

ODH | CPLEX Optimizer 4.31

6 (CPLEX) + 2 (ODH) thrds (det)

Easy
Mixed

Medium
Difficult
Large
Phasel

Huge

Solution
96
3172617.5
3153106.1

123
1014.6042
11468291
31567.224
462
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Time

14’
8hrs
8hrs
8hrs
8hrs
8hrs

8hrs

Gap

0%
1%
0%
37%
68%
1%
4%
70%

CPLEX 12.90

8 threads (deterministic)

Solution
96

3168351
3153320

1715
none
13639300
none

542

Time Gap

59 0%

36’ 1%
8 hrs 0.05%
8hrs  96%
8hrs inf
8hrs 17%
8hrs inf
8hrs 74%
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ODH | CPLEX Results

12 Threads on Intel 24 core Xeon E5-2690v3 3GHz

ODH | CPLEX Optimizer 4.31 CPLEX 12.90

9 (CPLEX) + 3 (ODH) thrds (det) 12 threads (deterministic)
Solution Time Gap Solution Time Gap
Easy 96 3hré6 0% 96 3hr 37’ 0%
Pt 3172965 16’ 1% 3154283 32 1%
3152972 8hrs 0% 3153054 8hrs 0%
Medium 119 8hrs 35% 2155 8hrs 96%
Difficult 1062 8hrs 69% none 8hrs inf
Large 11453704 8hrs 0.7% 12399714 8hrs 8.4%
Phasel 31757 8hrs  4.1% none 8hrs inf
Huge 451 8hrs 69% 455 8hrs 69%
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More Customer Models: Statistics

Name

Rprs

Ship4_14

Ship4_8

20160824
20160920

822 p1l
822 p2
824 p1

Apso374-2

Big_pl

Source/Application
AIMMS Customer
AIMMS Customer
AIMMS Customer
Modelling Consultant
Modelling Consultant
Modelling Consultant
Modelling Consultant
Modelling Consultant
Modelling Consultant
Modelling Consultant

Dsj-12Jan_p1 Modelling Consultant
IG_20161019 Modelling Consultant
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rows
126367
732311
343629
138562
108675
395435
395439
45840
579250

cols
107788
719937
336960
109964
81488
543700
543700
70697
509399

8664771176512

40474
105704

44304
79070

nonz binaries

431668
3384573
1538418

552333

415981
2235636
2235640

263418
2457594
4788339

177842

421342

23652
664678
299656

69000

54000

8695
8695

10944

72202

81721

9552

52500

ints SOSs

7050
7050
4119

4807
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More Customer Models: Statistics

Name Source/Application rows cols nonz binaries ints SOSs
IDI Forestry Mngmt 1218099 3788507 22142180 693064

JDI_Augl Forestry Mingmt 884565 3328399 15406793 73997

llim_Model Forestry Mngmt 6383910 8072885 377868725017849 8329

pulp Field Installation Mngmt 33464 118451 1579189 118450

M297C Healthcare 20496 1625 33244512 1620
M305B Healthcare 20496 1625 33244512 1620

Shim Healthcare 20496 1625 33244512 1620
M297C_mat Healthcare 20496 1625 33244512 1620

ictl Modelling System Vendor 4972901073230 3330837 8691 7642
F880ba86  Wireless Ind Strat Mngmt 745732 30332 1518188 30332

P_201x201 Electricity Generation 21221 10404 81720 9999 203
P_203x203 Electricity Generation 86134 41616 331967 40803 407
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More Customer Models: Results

8 Threads ODH|CPLEX 5.29 CPLEX12.10
Model Time Gap Time Gap
Rprs 231 0.0% 1198 0.0%
Ship4 14 7201 6.9% 7201 7.6%
Ship4 8 7201 5.2% 7201 5.4%
20160824 7200 17.0% 7200 76.8%
20160920 7200 10.2% 7201 16.8%
822 p1 43 0.0% 310 0.0%
822 p2 57 0.0% 199 0.0%
824 p1 2 0.0% 10 0.0%
Apso374-2 7202 0.5% 7212 8.5%
Big p1 0.0% 140 0.0%
Dsj-12Jan_p1 7204 7210 3.5%
Gom 0 0.0% 0 0.0%
IG 20161019 7200 5.1% 7200 9.0%
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More Customer Models: Results

8 Threads ODH|CPLEX 5.29 CPLEX12.10
Model Time Gap Time Gap
JDI 7205 7202 1.5%
JDI_Aug1 7204 12.7% 7203 inf
llim_Model 0.0% 259 0.0%
pulp 364 0.0% 850 0.0%
M297C 7204 14.5% 7204 46.4%
M305B 1221 17.2% 7204 50.0%
Shim 7204 25.9% 7203 41.5%
M297C_ mat 7206 18.1% 7205 46.6%
ict1 3526 0.0% 5937 0.0%
f880ba86-b266 7200 8.0% 7200 15.6%
P_201x201 7201 0.1% 7200 0.2%
P 203x203 7200 0.2% 7200 7.5%
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More Customer Models: Results

12 Threads ODH|CPLEX 5.29 CPLEX12.10
Model Time Gap Time Gap
Rprs 0.0% 139 0.0%
Ship4 14 7202 6.9% 7201 8.0%
Ship4 8 7201 7201 3.7%
20160824 7200 37.6% 7200 70.8%
20160920 7201 8.9% 7200 19.1%
822 p1 56 0.0% 303 0.0%
822 p2 68 0.0% 195 0.0%
824 p1 8 0.0% 8 0.0%
Apso374-2 7202 0.5% 7236 0.8%
Big p1 0.0% 159 0.0%
Dsj-12Jan_p1 7208 7217 4.0%
Gom 1 0.0% 0 0.0%
IG 20161019 7201 4.9% 7200 8.2%
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More Customer Models: Results

12 Threads ODH|CPLEX 5.29 CPLEX12.10
Model Time Gap Time Gap
JDI 7211 0.9% 7203 1.5%
JDI_Aug1 7210 13.9% 7206 inf
llim_Model 0.0% 358 0.0%
pulp ALK 0.0% 486 0.0%
M297C 7284 14.2% 7203 46.4%
M305B 7206 13.7% 7207 39.0%
Shim 7207 17.9% 7204 38.7%
M297C_ mat 7370 15.7% 7205 43.5%
ict1 3061 0.0% 3980 0.0%
f880ba86-b266 7201 6.8% 7200 16.8%
P_201x201 7204 0.1% 7204 0.1%
P 203x203 7200 0.2% 7200 7.4%
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More Customer Models: Results

Avg 8 Threads Avg 12 Threads

Time Gap Time Gap

ODH |CPLEX 4.04 4833 11.7% 4811 9.1%
CPLEX 12.8 4911 23.4% 4942 18.3%
ODH|CPLEX 5.29 4809 5.9% 4797 6.1%
CPLEX 12.10 4966 17.5% 4837 17.9%
ODH|CPLEX 4.04/5.29 2.0 1.5
CPLEX 12.8/12.10 1.3 1.0

3 OPTIMIZATION A

DIRECT INIVIV IS



Miplib Open-v/ Models

Public collection of 286 models to which an optimal
solution has not been proven

257 models are known to have a feasible solution
No solution found to 29 models
Tried ODH | CPLEX on this set

Proves optimality on 13 models (16 with 16 threads)

Finds better solutions than the ‘best known' in 2 hours to
1071 (39%) of them with 8 threads (45% with 16 threads)

Finds solutions to 5 models where no solution found before
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Better Solutions: 8 Threads, 2 hrs
Optimality on 6 models (2 absolute)

Better solutions on 39%, matched on 19%

‘Top Ten".
Model
rmine25
rmine21
mining
evalaprime6x6opt
Ir1dr12vc10v70b-t360
fastxgemm-n3r23s5t6
neos-4292145-piako
allcolors8
. allcolor10
“neos-5273874-yomtsa

Best known  ODH Soln
-2553.479 -10831.51
-2645.005 -10500.37

931134254.8 -793124325
-3.04087066 -6.764053
8892940.708 1196600.61

27087 6087
112705.8 37302
3378 1403
1858 67

128.7594515 54.889718

Diff
324.2%
297.0%
249.3%
122.4%

86.5%
77.5%
66.9%
58.5%
57.9%
57.4%

Gap Time
240% 2792
1.70% 2613

16.25%
6795%
17.70%
98.62%
58.38%
97.01%
91.04%

100%

912

84
137
901
300
516

92
809



Optimal Solutions: 8 Threads, 2 hrs

Proved optimality on 13 models: 4 completed search (‘zero tolerance’)

Model
graph20-80-1rand
neos-4335793-snake
neos-954925
snp-06-004-052
neos-4290317-perth
neos-3068746-nene
gmut-76-40
minutedispatchstrategy
gmut-76-50
snp-10-004-052
supportcase31
neos-4647032-veleka

Best known
-6

43

-237.769

1869531920
3017386
61910284
-14169443
3109.9
-14171398
5906642866
-3720089
27214 .48

ODH Soln
-6

27
-237.769

1869538126
3017333
61910284
-14168137
3109.9
-14170547
9906784484

-3719727 -

27215.63

Diff
0.00%
37.20/0

0.0%

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.01%
0.0%

Gap Time
0.00% 7165
0.00% 4510
0.00% 2391

0.00% 474
0.01% 5900
0.01% 3420
0.01% 141
0.01% 5545
0.01% 1491
0.00% 1168
0.01% 107
0.01% 441



Useable Solutions: 8 Threads, 2 hrs

Useable results on at least 7 models where none available before:

ODH gives gap < 5%

previous gap > 5%

Model
neos-4335793-snake
adult-regularized
pizza2’i

rmine21
Ir1drO04vc05v17a-t360
fhnw-binschedule0
bppc6-06
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Best known

7022.85
773290
-2645.00
416992.41
16642

ODH Soln
LT

10.16
701882
-10500.37
255588.98
16188

210

Diff Gap
37.2% 0.00%
99.9% 0.01%

9.2% 1.24%
297% 1.70%
38.7%  3.04%

2.1% 331 %

0.9% 4.29%
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New Solutions: 8 Threads, 2 hrs

Gets solutions to 5 models of 29 where no solution found

before

Model ODH Soln Gap
kosova1 2027 100.00%
neos-3740487-motru 164.4692 7.49%
neos-4535459-waipa 26192754 100.00%
neos-4545615-waita 8879 59.18%
neos-5189128-totara 35987269 98.69%
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16 Threads vs. 8 Threads, 2 hours

Compare 16 and 8 threads on the same models
16 threads on 24 core Xeon E5-2690v3 3GHz

8 threads on 4 core i7-4790K 4GHz

2 hours' run time

16 Threads 8 Threads
Better 116 45.1% 101 39.4%
Match 51 19.7% 48 18.7%
Worse 90 35.6% 108 42.0%
Total 257 257
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ODH | CPLEX Performance

Relatively better for hard-to-solve models
Not necessarily large
Can get benefit on small models

Relatively better when run with more threads
Effective with 8 threads on 4 core Intel i-7 using SMT
Hardware performance bottleneck currently bus speed
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AIMMS and ODH | CPLEX

Integrated like CPLEX

Have easy-to-use access to ODH parameters and tolerances
Can use (algebraic) model structure to guide decomposition

AIMMS customers reporting good results
finding it a useful tool
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AIMMS and ODH | CPLEX

Set ODH | CPLEX as default for a certain problem type

AL AIMMS

Fil= Edit  Vie Datn  Run  Settings Tools Window Help

ﬁ\l-?a&‘ Mk oA @R 5 FMCHE N B Wb | R

demo ams
2

Memory Free

| v READY

OPTIMIZATION
DIRECT



& License foruse by Dptimization DirectIng, only AIMMS - A Flow S op Brobiem

File Edt “isw Date  Run

AIMMS and ODH | CPLEX

Sedings  Tools ‘Window Help

M@yl X b8 S SR LT Wb~ 2

MainExecution x

21 Maln Flows Ghop
& Declarsiion ]
41 &) Interrace Declarabons Qs
-[B] Maininifial zation Body
[E) mankxecuiion
--[B) MainExecuiionWith Sclution
LE] mainTermination L
(] GeneratzData
[E] Generatzinterace
=i [p) MewdncumbentCallback(session) I chen
[B) wrtesomton | {ewlncunbent.( ngGHP, A
@ Soive Scenarios parallel with Multi— else
& Evample Base L o ewlrounbent{ nyGHF, <1 1)
O o R —— | endir;
RoX 1 toxr (3,8 do
READY | GNPz taom| wyGHP, Jo hedule|3,s), oxd(s) ):
AbMS Flowshop ams endctor;
- fox (a,x| do
Tatel Tarie D v GIE: : Coluaeis Jecomposition| wyGNP, JcarcTime(s,w), ords) )7
Metnory Ussd 937 Mb S
Merrory Fre= 52920 6 Mo endEorz
GNPz : Tnat Jwel wyGHE | :
GRP 2 dn alibockNewInounbent( nyGHP, '* )2
Generatenterface;
Vricedoluvion;
Comment

There 13 82.324 ¥b 1n use,

. ADMIMS Cptions

=4 Ontion Tree

4§ Project

(o) amMMs

1 (@] Sokvers general
‘ay Speciic sclvars

fl [ CPLEX12.10
E]-439§ OCH<ALEX 5.2

8] Advanced
8] Hewnste
-8 paald
:ﬂ Loggng
8] PLE gznerd
8] CPLEX srplex
- 8] CPLEL bartier
8] CPLEX MIP
i8] PLEMIP cuts
&) CPLEX MIP rewrisic
- (8] CPLELMIP prepeocesding
8] CPLEX MIP salution roishing
"9 CLEX MIP solution pocl
A CPLEX nebworks
- (8] PLE: pardkel
&) CPLEX prepracessng
- (o) PLEK quadiaic
8 CPLEX hoang
(8] NETSOL
) Optians with rondefault valie

(=
(%

Opticn

Clean varizbles oub models
Objective bargat

ODH Feasitiity mlerance
ODHpresoke

ODH seed

Fresolve

Quids first sclve
Refect Irfezsbls soluzons
Relax SO52

Rermys ifeasbities methad

Senrch mode
wite solton fil

Jean variatles sub mooek
@ Automatic

CfF
Zion

ahie
Autcmatic
-let93

le-05

Yas

1234

Autcmatic

ko

Reject
Moderate
Compasite chiective method
Opomal solusen
o

—
Dafack
Aopey
e

Export |

a4 Cancel

al

|
N

OPTIMIZATION

DIRECT




AIMMS Chemical Industry Customer

Hard supply chain models - solve to 2% gap

CPLEX 12.10 ODH|CPLEX 5.25
Time  Solution Time  Solution
ModelT 0.34 7.44 0.30 7.47
ModelP1 1.23 1818.01 0.99 1819.92
ModelP2 453  536.89 1.67 536.44

Solution times are in hours
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AIMMS Chemical Industry Customer

Large scale scheduling model

Application entities rows cols integers

Scheduling 20,135,306 268,195 15,642,541 15,604,485

~40% less time for same solution with ODH-CPLEX

(") OPTIMIZATION A
| AIMMS



ODH | CPLEX on Private or Public Cloua

ODH |CPLEX runs in the cloud and because it's faster
than many competitive optimizers, for many problems,
you can make dramatic savings on your hosting and
cloud costs.

A manufacturing client using ODH | CPLEX saved 75%
of his cloud costs versus a competitive solver.

A customer developing a workforce application uses
ODH | CPLEX and gains 90% cloud savings and still gets
near optimal solutions.
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Conclusions

Customers now want to solve larger and large models

Hard size barriers to solve (to optimality) or even to
getting a solution at all

ODHeuristics can find good solutions
Useful on small(er) models too

ODH | CPLEX can provide solutions of proven optimality
quality

Parallel solution methods best way of exploiting
modern hardware (although limited by memory bus
speeds)
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Benchmarking and Evaluation

- |T you think that ODHeuristics and/or
ODH | CPLEX might work for you:

- send us your difficult matrices and we will send you the
results

~ request an evaluation copy
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Thanks for listening

Robert Ashforad

OPTIMIZATION
DIRECT

AIMMS



Questions?

For questions or comments,
please use the chat function

in the control panel.




THANK YOU!

Try it now in AIMMS with your Free Temp

License.
Please email: NSK@aimms.com for yours
g 5 today!
Please participate in our y

1 min. survey. We'd love
hear your feedback!

Continue the conversation
and connect with peers onli
community.aimms.com
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