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Motivation

e Quality Assurance
— Essential component in most industries
— Important in most software engineering sectors

« Mathematical Programming
— Less attention to quality assurance
— Focus on performance (academic)
— But: Reliability becomes more and more important (commercial)

- How deals a small MP company like GAMS with
guality assurance and what are the benefits for our
clients and our software partners?
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Definitions

e Quality: The totality of features and
characteristics of a product or service that
bear on its ability to satisfy specified or
Implied needs (ISO 8402)

o 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

SQA includes monitoring of processes and products
throughout the software development lifecycle to
ensure the quality of the delivered product

— Software configuration management (monitoring the
process)

* Provides management with objective feedback regarding
process compliance to approved plans, procedures,
standards, and analyses

— 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

All 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
— Regression testing
— System Integration Testing
— Metrics
— Bug tracking tools

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

Architecture
GUI Other Interfaces
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Other external
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Algebraic Modeling Systems

Basic Principles

Separation of model and solution methods

Balanced mix of declarative and
procedural approaches

Computing platform independence

Multiple model types, solvers and
platforms
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Algebraic Modeling Systems

Multlple Model Types
LP Linear Programming
« MIP Mixed Integer Programming
« NLP Nonlinear Programming
e QCP/MIQCP Quadratic Programming
e Conic Programming
« MCP Mixed Complementarity Programming
« MINLP Mixed Integer Nonlinear Programming
« MPEC NLP with Complementarity Constraints
« MPSGE General Equilibrium Models
o Stochastic Optimization
e Global Optimization

OR 2004, Tilburg
10



Challenges

Rigorous SQA Is expensive — MP Iindustry
Is small

Failure vs. Defects - Complex metric for
return codes necessary

Only limited control about certain parts of
the system

Distributed development of the system and
various components
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SQA at GAMS

Software configuration management

Quality control and tests of the
product

Client model testing
Performance comparison tools:
— Paver
— Bench

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

Software configuration management
e Audit strings

CONOPT 3 Jan 19, 2004 WIN.CO.CO 21.3 015.050.041.VIS Library 313C
CONOPT 3 BETA 28Jul04 WIN.CO.CO 21.4 015.051.041.VIS Library 314D

 Build automation tools: Automatic build
of the whole system every week

e Simple source management system
 E-Mall based bug tracking system
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Audit
Strings

More than 46
components!

GAMS

.. GAMS Distribution Version Information

DATE:

AMPLLIMNE:
AMPLH:
ATDITTEST:
BARCI :
BARCNLIE:
EDMLP:
BENCH:
CGAMSLIE:
CIOLIE:
CLICELIE:
COIN:
CONLIEL:
CONLIEZ:
CONLIES:
CONLINE:
CONLINES:
CONVERT:
CPLEX:
CPLEXLIE:
CPLIE:
DEL:
DECIS:
DECISC:
DECISHM:
DICOPT:
DICTDLL:
DTOOLS:
EXAMINER:
FZCLIE:
FoOIOLIE:
FOOLICELIE:

Mon ALug 30 15:49:41 EDT zZ004



SQA at GAMS

Quality control and tests of the product

 Goal: Continuous quality improvement
using automated and reproducible tests

 Test libraries (available online):
— GAMS Model Library

— GAMS Quality Test Models Library

— Solved for all relevant solvers: More than
16.000 solves for each platform
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General
testing
process
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SOA at GAMS

Quality Test Models Library

 Include tests to verify proper behavior of
the system

 More than 140 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
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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 267 tests failed.

See the fTile 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 267 tests passed.

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

*** Status: Normal completion

OR 2004, Tilburg

18



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 1T a solver gets the levels
* and marginals right.

abort$( abs(cost.m-cost _m) > tol) "bad cost.m";

« Gives him and users assurance about the basic
functionality of the link and the solver
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Client Model Testing

e Client with complex application (energy
management system)

e New GAMS version available:
— Relevant new features?
— Performance gains?

— No surprises?
e Bugs
 Different results (MIP models)
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GAMS
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Client Model Testing
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Client Model Testing

« \Want guarantee that their application will
work with the new version

* Only limited ressources to do major testing
themselves

o Confidentiality iIssues: Running tests
without having access to internal model
structures and model data (in a human
readable format)
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Client Model Testing

Gives clients assurance that their application will
also work with new GAMS releases

Includes:

— Ability to solve (= no bugs)

— Returns the same solution back
— Similar or better performance

Requires changes to the model of the clients to
allow automated pass/failure tests

Improves communication between development
team and clients (specific wishes)
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Lessons

Automate the QA process and the certification

Build the QA tools into the software and share
the QA process

Make the QA process transparent and
reproducible

Involve solver developers and clients
(academic and commercial) into the QA
process
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Summary

SQA becomes more and more important for MP
Industry

Our focus is on automated configuration management
and 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
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