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GAMS

T 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

Cdndusty | 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 ability to satisfy specified or implied needs
(ISO 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: 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 (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

ICS 2005, Annapolis



Algebraic Modeling Systems

Architecture

BASE Module

I

Solver

I

Sub-Systems




Algebraic Modeling Systems

Basic Principles

e 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

Multiple 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

e Stochastic Optimization

 Global Optimization

ICS 2005, Annapolis
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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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GAMS

wpChallenges: Chance of Fallure

QA iIssues specific to Modeling
Systems:

el

Applies to all Specific to MP
sectors sector
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Implementation Defect

STOP: B8xH8888819 (8xA88886888,8xCABESFFA, 8xFFFFEFD4,8xCa888888 )
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PUID: Genuine Intel 5.2.c
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art and set the recovery options

Dateitmnp
3282cB7e
3ledBcbd
3ledBdchbf
3lecec?a
3lecec?d
3lecedf?

Hame
ntoskrnl .exe
atapl.sys
aic?8xx.s5us
CLASS2 .35Y5
Floppy .3¥5
Fs_Rec .3Y¥3
KE5ecDD.35%¥5
iBdd2prt .sys
kbdclass .sys
mga_mil .sys
Msfs .53%5

HD IS .SY¥5
mga.dll
TDI.3Y¥S
tcpip.s54ys
elid9x.sys
netbios .sys
Parallel .3¥3
Serial .5¥5

D11 Base
B88@18888
B8@ddcBA8
882cdBaaa
BA3?cA
fceal
fc9c9
fcica
fcBao
fcefB
fcgo8

al@aa8
fec3l
feafd

fcael
fcg38
fcI3549
feadc
fedda
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ffdffaaa
cH3BE8bA
el3iicdbd
Hed8EH88

he “CRASHDEBUG system start option.

Dateitmnp
3leecca2
3lecec?4d
31led237c
3leedBda?
3leciecal

el3iicdas
Hed8EH88

in the system control

Hame

hal .d1l1
SCEIPORT .3%¥5
Disk.sus
Htfs .sys
Cdrom.3Y¥5
Mull .3%¥5
Beep .3%5
rmouclass .sys
UIDEOFORT .5¥53
vYga.sys

Mefs .5%5
win3d2k.sys
Fastfat .3¥5
nbf .sys
netbt .5y=s
afd.syus
Parport .sys
ParVUdmn.3¥3
rdr .s5ys

SrV .Sys

— Hamne
— K5ecDD.3%¥5
— ntoskrnl .exe
— ntoskrnl .exe
— ntoskernl .exe

ranel

Blue Screen of
Death in
Microsoft

Windows NT

Not
acceptable




Solver Fallure

Solver does
not find a
solution
S OL V E S UMMARY Acceptable
MODEL one OBJECTIVE output
TYPE NLP DIRECTION MAXIMIZE
**** SOLVER STATUS 4 TERMINATED BY SOLVER
**** MODEL STATUS 6 INTERMEDIATE INFEASIBLE
**** ORJECTIVE VALUE 948403.4844
RESOURCE USAGE, LIMIT 1.906 1000.000
ITERATION COUNT, LIMIT 0 10000
EVALUATION ERRORS 0 0
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GAMS

wpChallenges: Chance of Fallure

QA issues specific to Modeling Systems:

el

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:
— Paver
— Bench

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

ICS 2005, Annapolis
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SQA at GAMS (SCM)

Software configuration management

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

OO0 e

ONOP
ONOP

 Build automation tools: Automatic build of the
whole system every week - build early and
build often

« Simple source management system (automatic
version and audit string checks)

ICS 2005, Annapolis
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Version
Check of
Source

More than 46
components!

GAMS

.. GAMS Distribution Version Information

DATE: Mon ALug 30 15:49:41 EDT zZ004
207 210

AMPLLIMNE: ooz ooz
AMPLH: . ool
ATDITTEST: ooz ooz
BARCI : oa3 004
BARCNLIE: o5 ooa
EDMLP: o5t o5t
BENCH: . ool
CGAMSLIE: oas 004
CIOLIE: 0z4 oz5
CLICELIE: o6 oot
COIN: . .
CONLIEL: 043f 043f
CONLIEZ: 07173 071k
CONLIES: 01t lic
CONLINE: 009a 010
CONLINES: 011t 0l4a
CONVERT: ooa oot
CPLEX: 0zZZ 0Z3
CPLEXLIE: 1ibs7.5 1ihsd.1
CPLIE: o1g oza
DEL: o3 004
DECIS: o1a o1z
DECISC: . ool
DECISHM: . oaa
DICOPT: o031 o35
DICTDLL: . ooo
DTOOLS: Qo3 oos
EXAMINER: oos9 010
FZCLIE: . ool
FoOIOLIE: 04a 043

FOOLICELIE:



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

ICS 2005, Annapolis
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General
testing
process

Suite

of

Public

Test

Cases

and

Models

Develop and —

maintain code

Add test cases UnitTesting

fail

pass

Submit to porting
and build product

Add test cases

Regression =

pass

Full build of all
products

‘____

Add test
cases

System Infegration  faj|
Testing

Testing
Activities

Public
Beta testing

fail

Continuous
addition of new
test models
throughout life
cycle
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SOA at GAMS

Quality Test Models Library

 Include tests to verify proper behavior of
the system

 More than 180 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

ICS 2005, Annapolis
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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

ICS 2005, Annapolis
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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 1T a solver gets the levels
* and marginals right.

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

« Gives developer and users assurance about the basic
functionality of the link and the solver

ICS 2005, Annapolis
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Client Model Testing

* Client with complex application (gasoline
blending system)

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

— No surprises?
e Bugs
 Different results (MIP models)

ICS 2005, Annapolis
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Client Model Testing

&y StarBlend 3.0
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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)

ICS 2005, Annapolis
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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)

ICS 2005, Annapolis
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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

ICS 2005, Annapolis
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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

ICS 2005, Annapolis
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