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Motivation

Quality Assurance
– Essential component in most industries
– Important in most software engineering sectors

Mathematical Programming
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Mathematical Programming
– Less attention to quality assurance (small community)
– Specific QA issues for modeling systems (initially 

expensive)
– Different focus for industry and academic

industry academia

Focus on 
reliability

Focus on 
performance



Software Quality Assurance at GAMS

• Software configuration management

• Quality control and tests of the product
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• Client model testing

• Performance Analysis tools: PAVER

• Solution verification tool: Examiner

• Model converter and “encryption“ tool: Convert



Quality Test Models Library
• Include tests to verify proper behavior of the system

• More than 600 quality test models, each containing 
numerous pass/fail tests:

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

• Check basic functionality of the solver and the link:
...
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

• Automatic generated test summaries with different level of 
information



7



Agenda

SQA at GAMS

Effective Testing

8

Effective Testing

Performance Analysis Tool Paver

Examples



Effective Testing

• Test cases
– Widely available collection of standardized test 

instances
• Data collection tools
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– Automatic collection of solution and statistics
– Capture test environment setting (hardware, 

software)
• Data analysis tools

– Standard quality and performance measurements

• Give the tools in the hand of the user. 
Make your own benchmarks!
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Performance Libraries
• Performance tests require public test libraries

– Shared test libraries allow reproducible 
results

• The following libraries are available
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• The following libraries are available
• AMPLBookLib - LP, MIP, and NLP 
• FCNetLib - MIP 
• GLOBALLib - NLP 
• LINLib - LP, MIP, and QCP 
• MacMOOPLib - LP, NLP 
• MINLPLib - MINLP 
• MIPLIB 2010 - MIP 
• MPLLib - LP, NLP 
• PrincetonLib - NLP 
• Selected Continuous Global Optimization Lib - NLP and DNLP 
• XPRESSLib - LP, NLP 



Set I Products         /P1*P2/
J Cutting Patterns /C1*C2/;

Parameter c(J)    cost of raw material                  /C1 1, C2 1/
cc(J)   cost of change-over of knives         /C1 0.1, C2 0.2/
b(I)    width of product roll-type I          /P1 460, P2 570/
nord(I) number of orders of product type I    /P1 8, P2 7/
Bmax width of raw paper roll               /1900/
Delta   tolerance for width                   / 200/
Nmax max number of products in cut         /   5/
bigM max number of repeats of any pattern  /  15/;

Variable  y(J)    cutting pattern
m(J)    number of repeats of pattern j
n(I,J)  number of products I produced in cut J
obj objective variable;

13

Binary Variable y; Integer Variable m, n;

Equation defobj, max_width(J), min_width(J), max_n_sum(J),
min_order(I), cut_exist(J), no_cut(J);

defobj..         sum(j, c[j]*m[j] + cc[j]*y[j]) =e= obj;
max_width(j)..   sum(i, b[i]*n[i,j])            =l= Bmax;
min_width(j)..   sum(i, b[i]*n[i,j]) + Delta    =g= Bmax;
max_n_sum(j)..   sum(i, n[i,j])                 =l= Nmax;
min_order(i)..   sum(j, m[j]*n[i,j])            =g= nord[i];
cut_exist(j)..   y[j]                           =l= m[j];
no_cut(j)..      m[j]                           =l= bigM*y[j];

m.up[j] =  bigM; n.up[i,j] = nmax;

model trimloss /all/;
solve trimloss minimize obj using minlp;



GAMSWorld Translation Service
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•AlphaECP
•AMPL 
•AmplNLC
•BARON 
•CoinFML
•CplexLP
•CplexMPS
•Dict
•FixedMPS

•GAMS (scalar) 
•Jacobian
•Lago
•Lgo
•LindoMPI
•LINGO 
•MINOPT 
•NLP2MCP 
•ViennaDag



Data Collection – GAMS Trace Files
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* Trace Record Definition
* GamsSolve
* InputFileName,ModelType,SolverName,OptionFile,Direction,NumberOfEquations,
* NumberOfVariables,NumberOfDiscreteVariables,NumberOfNonZeros,
* NumberOfNonlinearNonZeros,ModelStatus,SolverStatus,ObjectiveValue,
* ObjectiveValueEstimate,SolverTime,ETSolver,NumberOfIterations,NumberOfNodes
*
30n20b8,   MIP,SCIP,1,0, 577,18381,11098,109709,0,1,1, 302, 302, 186.80, 189.833, 464659, 466
acc-tight5,MIP,SCIP,1,0,3053, 1340, 1339, 16136,0,1,1,   0,   0, 366.28, 367.651,1788064,1971
aflow40b,  MIP,SCIP,1,0,1443, 2729, 1364,  8148,0,1,1,1168,1168,1411.99,1425.472,5232401,3773



More Data Collection – MIP|SolveTrace
Timo Berthold: Measuring the impact of primal heuris tics

* solvetrace file SCIP.miptrace: ID = SCIP 3.0.1
* fields are lineNum,seriesID,node,seconds,bestFound,bestBound
1,  S,    1,       0, 260614197.6, 216717059.8
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1,  S,    1,       0, 260614197.6, 216717059.8
2,  T,    3,  1.1205, 260614197.6, 217028062.2
...
63, E, 2550, 38.3884, 220249516.8, 217928729.7
* solvetrace file closed
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PAVER Server

• PAVER server (Performance Analysis and 
Visualization for Effortless Reproducibility)
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• 2013: Complete rewrite PAVER 2.0(Python):
– New functionality:

• consistency checks
• comparison against solution database
• many more metrics

– Easily extendable
– Open source (COIN-OR project)



PAVER 2 – Web Submission
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PAVER 2 – Output
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PAVER Example
• 5 MIP Solvers

– Thorin, Gimli, Bombur, Balin, Bifur
– Models from MIPLIB 2010 (Benchmark set)
– Time limit: 1 hour
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