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GAMS

B Motivation

Quality Assurance

— Essential component in most industries
— Important in most software engineering sectors

Mathematical Programming

— Less attention to quality assurance (small community)
— Specific QA issues for modeling systems (initially expensive)
— Different focus for industry and academic

Cindusty || academia |

Focus on Focus on
reliability performance
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Definitions

Quality : The totality of features and
characteristics of a product or service that bear

on its abllity to satisfy specified or implied needs
(1ISO 8402)

Software Quality Assurance (SQA): “Set of
systematic activities providing evidence of the
ability of the software process to produce a
software product that is fit to use” (Schulmeyer
and McManus)
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Definitions

cont'd

Key components of SQA (which includes
monitoring of products and processes):

— Software configuration management (SCM): All
activities related to version control and change control

— Quality control and testing: monitoring the products

* Focus on the quality of product within each phase of the
software development lifecycle

* Objective: identify and remove defects throughout the
lifecycle, as early as possible
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Components

Software configuration management: Al
activities related to version control and change
control

Goals:
—Identify and control changes

— Ensure that change is being properly
Implemented

— Report changes in the software to others who
may need to know of them
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Components

Quality control and testing of the product
— Unit testing (initial tests by developer)

— Regression testing (interaction with other
modules)

— System Integration Testing (full scale testing)
— Metrics
— Bug tracking tools

Goal: Uncover defects during the complete life
cycle of the software as early as possible
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Algebraic Modeling Systems

Architecture

Informs Annual Meetifig 2008
Washington DC



Algebraic Modeling Systems

Basic Principles

e Separation of model and solution methods

« Balanced mix of declarative and procedural
approaches

e Computing platform independence
 Multiple model types, solvers and platforms
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Algebraic Modeling Systems

Multiple Model Types

« LP Linear Programming

« MIP Mixed Integer Programming

 NLP Nonlinear Programming

e QCP/MIQCP Quadratic Programming
 Conic Programming

« MCP Mixed Complementarity Programming

« MINLP Mixed Integer Nonlinear Programming
« MPEC NLP with Complementarity Constraints
« MPSGE General Equilibrium Models

e Stochastic Optimization

 Global Optimization
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Challenges

Expense: Rigorous SQA is initially
expensive

 MP industry is small
Limited control about certain parts of the
system

» solvers are black box modules
Distributed development of the system and
various components
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%hallenges: Chance of Failure

QA Issues specific to Mathematical
Programming Software:

il

Applies to all Specific to MP
sectors sector

Informs Annual Meeting 2008
Washington DC



STOP:

PUID: Genuine Intel 3.2.c

gEA1471dc
Fal1473684

Restart and set the recovery options

Implementation Defect

HxH0EAAE1Y (BxHH088088 ,8xCHAAEAFFA , 8xFFFFEFD4, 8:xCABBA08A »
Ak _POOL_HEADER

Dateitnp
I2zB2Zcae
Jleddoba
FledBabf
Flecec?a
Flecoc?d
3lecedf?
3led868b
Flecaec9B
Flececqg
Flecece 2
Flecbcch
Jleed262
31£f291a51
3lecGebo
31f138a7
31681a3B
Jleceela
3lecec9b
Flecechbl
F1f7alba

irgl:1f

Hamne
ntoskrnl .exe
atapi.sus
aic?Bxx.sys
CLASS2 .5Y¥3
Floppy .53¥5
F=s_Rec .3¥5
KE5ecDD.5¥5
iBBd42Zprt .sus
kbdclass .sys
mga_mil .sys
M=sf=s .5¥5

HD IS .3Y5
mga.dll
TDI.SYS
tcpip.syus
eld9x.5ys
netbios .suys
Parallel .3¥35
Serial .5¥5
Mup ..sys

I'll Base
g8l aaaa
E8BaBcBaaa
BAZcdBaBa
BB3I7cBaa
focealBaaa
fc9caaa
fcOcadaa
fcB6cBBA
fcefBBAA
fcEoBBaA
fcdbBaaa
adBasaaa
fec3ilaaa
feaf@aaaA
feab3aaa
fcoObeBBaaaA
fcBodaaa
fc95488A
feadcBdd
feddasaa

S¥YSUVER 8xf8888565

Dateitnp
Fleebca2
Flecec?d
3led237c
FleedBda?
Flecocal
Flecec9
Flecec?d
Flececod?
31£f58722
Flecoeced
Flecoecc?
31£954f7
Jleedda?
FledBd?54qd
31£f58a6d
I1f8f86d
Flecec9b
3lececd
31£f58830b
32831abe

dword dumnp Build [13811

8814388 8814388 S8144888
88144888 88144888 ffdffeaa
BA1Z2288A fAABA3fed fHB3IAeecech
BEA3IAZ3IfA BAABAZ3Ic BAABBBIA

ffdffage BaeA7abaz
cHAIBEAbLA 88888881
el133cdbd e133cdda
dH8fBEBaBEE APGBBBEA

in the system control
the “CRASHDEBUG system start option.

Hamne

hal .d1l1
SCEIPORT .3%5
Disk.sus
Htfs .sys
Cdromn.53¥5
Mull .3¥5
Beep .3Y¥5
mouclass .sys
UIDEOFPORT .5¥5
Uga .sys

Hpf=s .5¥5
win3d2k.sus
Fastfat .5¥5
nbf .sys
netbt .sys
afd.syus
Parport .sus
ParUdmn.3¥3
rdr .sys

SV ..SYys

— Hame
— K5ecDD.3Y¥5
ntoskrnl .exe
ntoskrnl .exe
ntoskrnl .exe

panel

Blue Screen of
Death in
Microsoft

Windows NT

Not
acceptable



Solver Failure

SOLVE SUMMARY

MODEL one OBJECTIVE output
TYPE NLP DIRECTION MAXIMIZE

*** SOLVER STATUS 4 TERMINATED BY SOLVER
**MODEL STATUS 6 INTERMEDIATE INFEASIBLE

>+ OBJECTIVE VALUE 948403.4844
RESOURCE USAGE, LIMIT 1.906 1000.000
ITERATION COUNT, LIMIT 0 10000
EVALUATION ERRORS 0 0
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%hallenges: Chance of Failure

QA Issues specific to Modeling Systems:

il

Applies to all
sectors

Specific to MP
sector

e Additionally, must protect the user in case of solver
failure

« Complex metric for return codes is necessary

« Complicates QA activities since this adds an additional
level of complexity
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SQA at GAMS

Software configuration management

Quality control and tests of the

product
Client model testing

Performance comparison tools

Solution verification tool: Examiner
Model converter and “encryption” tool: Convert
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SQA at GAMS (Testing)

Quality control and tests of the product

 Goal: Continuous quality improvement
using automated and reproducible tests

 Test libraries (available online):
— GAMS Model Library (solver tests)

— GAMS Quality Test Models Library
(modeling system test)

e Continuous addition of new test models
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SOA at GAMS

Quality Test Models Library

* Include tests to verify proper behavior of
the system

 More than 400 quality test models, each
containing numerous pass/fail tests:

abort$card(delta) 'time routines have an error’;

o Automatic generated test summaries with
different level of information

Informs Annual Meeting 2008
Washington DC



SOA at GAMS

Summary of two quality runs

*** Status: Normal completion

--- quality.gms(284) 4 Mb

--- quality.gms(287) 4 Mb 1 Error

There were errors: 4 out of 408 tests failed.

See the file failures.gms to reproduce the failed runs

---  Putfile this D: \ support \testlib \ onetest.gms
--- quality.gms(287) 4 Mb 1 Error

*** Status: Execution error(s)

*** Status: Normal completion

--- quality.gms(284) 4 Mb

--- quality.gms(295) 4 Mb

Congratulations! All 408 tests passed.

See the file alltests.gms to reproduce all the runs
--- Putfile this D:\support\testlib\onetest.gms

*** Status: Normal completion
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Testing New Solver Links

Solver developer has connected his solver
to GAMS (e.g. a COIN solver)

 Automated tests to check basic functionality of the
solver and the link to GAMS:

$title Simple level and sign test (LP02,SEQ=67)
* In this test series we status if a solver gets th e levels
* and marginals right.

abort$( abs(cost.m-cost_m) > tol) 'bad cost.m’;

U *LYHV GHYHORSHU DQG XVHUV DVVXL
IXQFWLRQDOLW\ RI WKH OLQON DQG WKk
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GAMS

Performance World

Performance World

Welcome to the Performance World!

Performance World is a forum for discussion and dissemination of information and tools
about all aspects of performance testing of solvers for mathematical programming problems.
This world has been established in response to user demands for independent and reproducible

performance results.
Editorial Board

Overall performance highly depends on problem formulation, solver, and tuning parameters.
PerformancelLib Our performance tools are designed to serve the different needs of our user community. One
user may be interested in finding the most reliable way to solve a proprietary or classified
Performance Tools model. On the other hand, an academic researcher may be interested in testing a new
algorithm against a set of existing test problems and competing approaches. The main features
are:

Performance List

+ Uniform access to a comprehensive set of established and new test problems
Related Links « Automation tools for collecting performance measurements

+ Tools for analyzing and visualizing test results

Search

Contact
What's New:

e Try our online PAVER Server for automated performance analysis and visualization,
batch file creation and model translation

o New tools for analyzing non-convex or discrete models

¢ MINLP type models from the MINLP World have been added to the Performancel.ib
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Motivation for Tools

Performance Tools driven by user needs:

e Finding the most reliable way to solve a
proprietary model

e Testing a new algorithm against a set of existing
test problems and competing approaches

e Reproducibility of performance results
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GAMS

T Performance World

Default Performance Custom
Solver Options Analysis & Solver Options
Visualization
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Tools: Performance Analysis

 Different objectives:

— Solver robustness and correctness
— Solver efficiency
— Quality of solution (nonconvex and discrete models )

 Tools are GAMS independent

* Results in HTML format: platform
Independent
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GAMS

wm  Performance Framework

Can use Performance World tools

A
- ~
Solve with
A~ “other”
Translate:
GAMS/Convert Systems \
e Web
GAMS
Models Py
Web
Il. Data lll. Analysis &
|- Models Collection Visualization
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PAVER Server

PAVER Server (Performance Analysis and
Visualization for Effortless Reproducibility)

www.gamsworld.org/performance/paver

Online server to facilitate performance
analysis/visualization of data

Results sent via e-mail iIn HTML format

Rely on 3 tools: resource time, solver square,
performance profiles
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Tools: Robustness

Solver Square Utility:

e Cross comparison of solver outcomes of two
solvers:

— Optimal, feasible, unbounded, infeasible, fall

« Compact tabular form for results

« Shows resource time and objective value
iInformation

Can use online using PAVER
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B Resource Time Comparison - All Models - Netscape 6
v File Edit ‘Wiew Search Go  Bookmarks  Tasks  Help

Prink

i ﬁ - ”@? - a S ~ | | htkp:){8708: mitchS&@umns, gamsapps. com/submit/8708 results /A, brc_B.trc_res.hkm - Search d -
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Solver Solver B faster : | 31 - 24 7
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Solver Solver B infinitely 50 i i 20
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Both solvers failed to solve
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B Resource Time Comparison - All Models - Netscape &

EEX

' File  Edit “iew Search Go  Bookmarks  Tasks  Help

B?Zl: - ’@- - R;%d f%g - |\&. https fIE70&: mitchS6@wway, gamsapps. comfsubmitf&708 ) results{ A.krc_B. tre_res. hkm j éﬁﬁearch ;ﬁ -

v j’ﬂ Home [ Metscape Q Search {5 Shop ‘!Buokmarks lNetZPhone
Solver Solver A much faster - Obj same for both solvers: B
Modelname Time (Solver A) Time (Solver B)| Ratio (Solver A / Solver B)| Ohj (Solver A)| Obj (Solver B)
batch | 0.2478| 0.5100)] 0.486| 2.85506508E+05 2.85506500E+05
lexlzzz | 0.0625 99599.0000] 0.000/ 1.07654308E+00| 1.07654300E+00
lex4 I 1.1326| 3.8400)| 0.295/|-8.06413616E+00]-8.06413600E+00
util I 0.6693| 14.2400| 0.047| 9.995578750E+02| 9.99578800E+02

Back to top
Back to top

Solver Solver A much faster - Obj of Solver B better:
Modelname  Time (Solver A) Time (Solver B)| Ratio (Solver A / Solver B)| Ohj (Solver A) Obj (Solver B)
elf [ 0.0573] 15.3200) 0.004 1.67500000E+00] 1.91666700E-01|
ex1243 | 0.1751 0.4600) 0.381| 3.61754064E+05 8.34025100E+04|
exl244 | 0.3924] 4.1400| 0.085) 8.39892336E+04) 8.20429100E+04|
exl264a | 0.2024 4.3300| 0.047| 1.13000000E+01] 8.60000000E+00|
geard | 0.1484 5.7500) 0.026¢ 1.04279325E+05 1.64342800E+00|
ortez | 0.2091] 1.3300| 0.157|-4.88562077E+03 -9 .53203900E+03]
spectraz | 0.3781) 5.8000) 0.065| 1.93007357E+01| 1.39783100E+01) _,
G £k & 2 E3 | Document: Done (0,406 secs) ===
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G B Solver, Square Comparison - All Models - Netscape 6 |:||E|fg|
v File Edit Miew Search Go  Bookmarks  Tasks  Help |

& = '@' o \3 :’%g '|‘&. http: 187 0&: mikchSa@uwww .gamsapps. cormsubmit/3708 results/ A trc_B.kre_sar.htm j z#_Search Fc':i - .

Back. Reload

v fﬂ Home [kl Metscape @g Search () Shop | Wt Bookmarks _l MNetzPhone
Solver Square Comparison: Considers all models.

Date / Time: [07/15/03 15:28:46 | =

Solver comparison ufility.

Compares all solver return outcomes (for example optimal, locally optimal, infeasible, unbounded, fail) of one solver with all
return outcomes of another solver. Interrupt denotes resource or iteration limit has been reached. Solver Solver A is represented
on the left (rows) and solver Solver B on top (columns). See the solver return definitions for return codes.

Models having trace data only in one trace file are listed in the "no data" column of the other.

' Tracefile 1 : A.tro
Tracefile 2 : E.trc

Solvers used : Solver R

Solver B

Modeltype(s) MINLP
optimal feasible infeasible unbounded fail | no data total Solver A
optimal - - = 5 5 - -
feasible - 62 2 - 2 - 66
infeasible - 1 - = o = 1
unbounded - - - = 5 - -
fail - 19 6 - 2 - 27
no data - - 5 - - - _
total Solver B - g2 8 - 4 = a4

ik £l A & (3 | Document: Done (0.516 secs) == &




GAMS

Solver A: feasible -- Solver B: feasible Back to top

Modelname Time (Solver A)| Time (Solver B)| Ratio (Solver A/Solver B) Obj (Solver A) Obj (Solver B)
alan 0.0973 0.0100 9.730 2.60000000 2.92500000
batch 0.2478 0.5100 0.486 285506.50824405 285506.50000000
batchdes 0.1094 0.0400 2.735 167427.65711470 16742 L TO0000 08
du-opt 1.5718 0.5200 3.792 31.02527833 (3.55634000
du-opt5 2.09875 1.7000 1.234 40.77273140 2073658001
eg_all s 28.3584 19.7400 1.437 11.23%46680 7.92018200
eg_discZ = 63.1667 5.3400 11.829 6.92006523 5.64210100
eg disc = 88.8061 9.3800 9.468 10.42127936 5.76054000
eg int = | 106.3869| 7.7900] 13.657| 7.88724302| 7.46308000
exlzzz 0.062%| 9999%.0000 0.000 1.07654308 1.07654300
exl223 0.1340 0.0200 6.702 4.57958240 4.57958200
exlz2zza 0.1325 0.0100 13.246 4.57958240 4.57958200
exl223b 0.1546 0.0200 7.729 4.57958240 4.57%558200
exlzzd 0.1645 0.0300 5.483 -0.94347050 -0.54347050
exl225 0.1046 0.0100 10.459 31.00000000 1

G £h & 2 B |D0cument: Done (0.516 secs)

e

.OOOOOOEiO

el




Informs Annual Meeting 2008
Washington DC




Lessons

Automate the QA process and the certification
Build early and build often

Incorporate QA tools into the software and
share the QA process

Make the QA process transparent and
reproducible

Involve solver developers and clients into the
QA process
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Summary

SQA becomes more and more important for MP
Industry

Our focus is on automated testing (reproducible full life
cycle testing)

Most of the test components are available as
transparent GAMS models

Involvement of the clients in the QA process is
essential

Benefits both for solver developers, for clients and for
GAMS

Open Source!
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