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Types of tests



Benefits of testing
Mr-

E Promotes high-quality software that delivers
correct results and improves confidence

E Increases quality and speed of development,
reducing development and maintenance costs

E Maintains portability to a variety of systems and
compilers

E Helps in refactoring
u Avoid introducing new errors when adding new
features

o Avoid reintroducing old errors

SC Tutorial November 14, 2016
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How common are bugs?
di A

Programs do not acquire bugs as people acquire germs, by
hanging around other buggy programs. Programmers must
insert them.
Harl. • k ills

Bugs per 1000 lines of code (KLOC)

Industry average for delivered software
1-25 errors

Microsoft Applications Division
o 10-20 defects during in-house testing
o 0.5 in released product

Code Complete, by Steven McConnell
IDEAS
productivity
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Why testing is important:
the protein structures of Geoffrey Chang

❑ Some inherited code flipped two columns of data,
inverting an electron-density map

❑ Resulted in an incorrect protein structure

❑ Resulted in 5 retracted publications

One was cited 364 times

❑ Many papers and grant applications conflicting
with his results were rejected

A scientist's nightmare: Software problems lead to five retractions (Miller)
IDEAS
productivity



Why testing is important:
the 40 second flight of the Ariane

Ariane 5: a European orbital launch vehicle meant to
lift 20 tons into low Earth orbit

l Initial rocket went off course, started to disintegrate,
then self-destructed less than a minute after launch

❑ Seven variables were at risk of leading to an Operand
Error (due to conversion of floating point to integer)

Four were protected

❑ Investigation concluded insufficient test coverage as
one of the causes for this accident

Resulted in a loss of $370,000,000.

ARIANE 5 Flight 501 Failure (report by the Inquiry Board)
IDEAS
productivity
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Why testing is important:
the Therac-25 accidents

• Therac-25: a computer-controlled radiation therapy machine

o Minimal software testing

o Race condition in the code went undetected

o Unlucky patients were struck with approximately 100 times the
intended dose of radiation, — 15,000 rads

o Error code indicated that no dose of radiation was given, so
operator instructed machine to proceed

Documentation gave no indication that the frequent malfunctions of
the machine could place a patient at risk

o See also: why documentation is important

o Recalled after six accidents resulting in death and serious injuries

An Investigation of the Therac-25 Accidents (Leveson & Turner)
IDE S
productivity



Granularity of tests

❑ Unit tests

o Test individual functions or classes

o Build and run fast

I Localize errors

o Usually written before or during code development

Prevent faults from being introduced

Example: Can I correctly compute a dot-product?

a unit test ails, you shoul• know
exactly what is broken.

IDEAS
productivity



Granularity of tests

❑ Integration tests

o Test interaction of larger pieces of software

o Do not build or run as fast as unit tests

Example: Does the preconditioner class work with the
Krylov solver class?

IDEAS
productivity



Granularity of tests

❑ System-level tests

Li Test the full software system at the user interaction
level

o Example: Does my CFD code compute the correct
solution?

IDEAS
productivity



Types of tests

❑ Verification tests

o Does the code implement the intended algorithm
correctly?

o Check for specific mathematical properties

o Example

Solving Ax=b where A has 5 distinct eigenvalues

Does my Krylov solver converge in 5 iterations?

o Can be any granularity

IDEAS
productivity



Types of tests

❑ Acceptance tests

Li Assert acceptable functioning for a specific customer
Different from other types of tests, which don't involve
customers

o Generally at the system-level

Example: Does my linear solver achieve the correct
convergence rate for a particular customer's linear
system?

IDEAS
productivity



Types of tests

Regression (no-change) tests

o Compare current observable output to a gold standard
Gold standard frequently comes from previous version of
softwa re

Similar to verification tests
Must independently verify that the gold standard is correct

o Example
My Krylov solver took 10 iterations last week; does it still take 10
iterations?

Does it achieve the same solution?

Bounded change tests are better for floating point
computations

IDEAS
productivity



Types of tests

❑ Performance tests

o Focus on the runtime and resource utilization

o Nothing to do with correctness

Orthogonal to other types of tests

o Example: It took my code 10s to solve this linear
system last week; does it take longer now?

IDEAS
productivity



Types of tests

❑ Installation tests

o Verify that the configure-make-install is working as
expected

o Example: Can I build and run a simple driver using my
library after the library is installed?

IDEAS
productivity



Tpetra verification

E Distributed basic linear algebra subroutines

o Sparse matrices

o Dense matrices

E Check for correct linear algebra

L Check for correct errors

u Does the program throw an exception if I try to
multiply things with incompatible dimensions?

SC Tutorial November 14, 2016
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Belos verification

❑ Krylov solvers

❑ Use problems with known solutions

Given A and Y, generate B=AY

Ensures B is in the range of A

o Solve AX=B

❑ Some tests use Belos matrix and vector classes

❑ Some tests use Epetra/Tpetra classes

❑ Test with and without preconditioning

o Left and right

SC Tutorial November 14, 2016
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Anasazi verification

❑ Eigensolvers

E Use problems with known solutions
61 Generated using Matlab's sprand

o Problems with analytic solutions
Discretization of the Laplace operator

❑ Measure the residual of the computed
eigenvectors

R = AX — BXA

E Number of iterations are compared to a gold
standard

SC Tutorial November 14, 2016
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Zoltan(2) verification

❑ Graph partitioning
Some Sandia-developed code
Some TPL wrappers

Gold standard solutions
Labor intensive

r Gold standard changes when algorithms change

r Upgrades to a TPL such as ParMETIS require gold standard
to be updated

Uses metrics to determine whether the solution is
correct

Edge cuts
r Balance criteria

SC Tutorial November 14, 2016
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How did we motivate people to write 1500

tests?

E Tests protect YOU from other people from breaking
your work

u If someone else's changes break your code, they are
responsible for fixing it

E Testing is cheaper and easier than debugging

E We already had some lying around anyway

la Drivers for generating conference or paper results

o User submitted bugs

o Examples

IDEAS
productivity
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How do we determine what other tests are needed?

IN

E Code coverage tools

o Expose parts of the code that aren't being tested

o gcov

standard utility with the GNU compiler collection suite

• counts the number of times each statement is executed

o lcov

a graphical front-end for gcov

available at http://ltp.sourceforge.net/coverage/lcov.php 

Similar tools exist for mac and windows
IDEAS
productivity



Continuous integration (CI): a master
branch that always works

Code changes trigger automated builds/tests on target
platforms

EI Builds/tests finish in a reasonable amount of time,
providing useful feedback when it's most needed

Immensely helpful!

Requires some work, though:

A reasonably automated build system

An automated test system with significant test coverage

o A set of systems on which tests will be run, and a controller

SC Tutorial November 14, 2016
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Continuous integration (CI): a master
branch that always works

❑ Has existed for some time

❑ Adoption has been slow

Setting up and maintaining CI systems is difficult,
labor-intensive (typically requires a dedicated staff
member)

o You have to be doing a lot of things right to even
consider CI

SC Tutorial November 14, 2016
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Cloud-based CI is available as a service
on GitHub

E Automated builds/tests can be triggered via pull
requests

E Builds/tests can be run on cloud systems — no
server in your closet. Great use of the cloud!

E Test results are reported on the pull request page
(with links to detailed logs)

E Already being used successfully by scientific
computing projects, with noticeable benefits to
productivity

E Not perfect, but far better than not doing CI

SC Tutorial November 14, 2016
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Travis CI is a great choice for HPC

❑ Integrates easily with GitHub

❑ Free for Open Source projects

❑ Supports environments with C/C++/Fortran
compilers (GNU, Clang, Intel[?])

❑ Linux, Mac platforms available

❑ Relatively simple, reasonably flexible configuration
file

o Documentation is sparse, but we now have working
examples

SC Tutorial November 14, 2016
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Travis CI live demo

E https://github.com/amklinv/morpheus 

SC Tutorial November 14, 2016
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How to use lcov

❑ Compile and link your code with --coverage flag

o It's a good idea to disable optimization

❑ Run your test suite

❑ Collect coverage data using lcov

❑ Generate html output using genhtml

IDEAS
productivity



Slide 27

KAM3 l will not be offended if someone recommends removing the gcov/lcov tutorial.
Klinvex, Alicia Marie, 8/18/2016



A simple example

#include<iostream> bool isEven(int x)

#include "isEven.hpp"

if(x%2 == 0)

int main() return true;

{ return false;

int num = 8; }

if(isEven(num))

std::cout << num << " is an even number.\nTEST PASSED";

else

std::cout << num << is an odd number.\nTEST FAILED";

return 0;

} IDE S
productivity
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A simple example

_ Compile and link with --coverage flag
o g++ --coverac-e evenExam-ole.c-oo -o evenExam

This creates a file called evenExample.gcno

,_, Run the test
./evenExamole

o This creates a file called evenExample.gcda

o Collect coverage data using lcov
lcov --ca-oture --directory . --outout-file
evenExam-ole.info

This creates evenExample.info

o Generate html output using genhtml
u genhtml evenExam-ole.info --out
evenHTML

o This generates html files in the directory evenHTML

ole

out-directory

IDE S
productivity
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A simple example

LCOV - code coverage report
Current view: top level - ¡horneiramklinvADEAS/testlngTalkiexamples/slnipleExample H It Total Coverage

Test: evenExample.lnfo Lines: 9 11 81.8 To

Date: 2016-05-24 14:13:07 Functlons: 4 4 100.0 %

Filename
evenExamle,m3

IsEverOpp

Line Coverage*
85.7 To

75.0 % 3 / 4

Functions

I 3 / 3

100. I 111

Generated by: LCOV version 1.12-4-gO4a3c0c

L This is the file we're testing

IDEAS
productivity



A simple example

LCOV - code coverage report
Current view: top level - homeorernklinv/IDEA.Sitestincifoliciexamples/simpleEx - IsEver.hpp (source- functions) HiL Total Coverage

Test: evenExample.info Lines: 3 4 75.0 %

Date: 2016-05-24 14:3.3:07 Functions: 1 1 Imo%

1
2
3
4
5
6
7

Line data Source code
1 : bool isEven(int x)

:
1 : if(x%2 == 0)
1 return true;

0 : return

L
We never tested this line of code
(which activates when x is odd)

IDEAS
productivity



Let's add another test

#include<iostream> bool isEven(int x)

#include "isEven.hpp"

if(x%2 == 0)

int main() return true;

{ return false;

int num = 7; }

if(isEven(num))

std::cout << num << " is an even number.\nTEST FAILED";

else

std::cout << num << is an odd number.\nTEST PASSED";

return 0;

} IDE S
productivity
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A simple example

- Compile and link with --coverageflag
o g++ --coverac-e oddExam-ole.c= -o oacExam-ole

This creates a file called oddExample.gcno

,_, Run the test
./oddExam-ole

o This creates a file called oddExample.gcda

o Collect coverage data for BOTH TESTS using lcov
lcov --ca-oture --directory . --outout-file
twoExam-oles.info
This creates twoExamples.info

o Generate html output using genhtml
u genhtml twoExam-oles.info --outout-directory
totalHTML

o This generates html files in the directory totaIHTML

IDE S
productivity



A simple example

LCOV - code coverage report
Current view: top level - Thomeiramklinv/IDEASItestingTalk/examplesirsimpleExample H it Tot al Cove rag e

Test: twoExamples.info Lines: 16 18 88.9 %

Date: 2016-05-24 15:17:38 Functions: 7 7 100.0%

Filename Line Covera 6 e Functions*
everiExample.up 85.7 % 6 / 7 100.0% 3/ 3

100.0 % 4 /4 100.0% 1 1isEven.hpp

85.7% 6 / 7 100.0% 3/ 3addExikle.cpp

Generated by: LCOV version 1,12-4-904a3rOe

Fhis is the file we're testing

IDEAS
productivity



A simple example

LCOV - code coverage report
Current view: ten level - hometarnklInvilDEAŠItestIngTalloremaniplesislmpleExample - IsEven.hpp (source functIons) Hit 'Ltd Covcragc

Test: twoExarnples.infu Lines: 4 4 100.0%

Date: 201.6-05-24 15:17:38 Functions: 1 1 100.0 %

1

3

5

7

Line data Source code

2 : bool isEven(int x)
:

2 : if(x962 == 0)
1 : return tru

1 : return false;

We tested every line of this function

IDE A S
productivity



A real example - xSDKTrilinos

E Part of the Trilinos library, developed at SNL as part
of the IDEAS project

E Contains the interfaces between Trilinos, PETSc,
and hypre

E Available at
https://githuh.com/trilinosASDKTrilinos

E Ten automated tests are run nightly
u Six are actually examples that were converted into
tests

E Did we leave anything out?

IDEAS
productivity
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A real example - xSDKTrilinos
Min

E Step 1: Modify our CMake configuration file to use
vlm 13 x

EcR Sc,allbacs 388k11'34.1 qqc HPli.

-D TPLENABLE_PETSC:BDOL=ON
-D PET5C_LIBRARY_DIRS:FILEPATWWETSC_LIB_DIR}"
-D PETSC INCLUDE DIRS:FILEPATN="WETSC_INCLUDE_DIR1"

-D TPL ENABLE ParMETIS:BOOL=ON
-D ParMETIS LIBRARY_DIRS:FILEPATH-"$.[SUPERLU_LIB_DIRY
-D ParNETIS INCLUDE DIRS:FILEPATH="SiSUPERLU_INCLUDE_DIR1"

-D TPL ENABLE HYPRE:BOOL=ON
-D HYPRE LIBRARY DIRS:FILEPATH="WYPRE_LIB DIR)"
-D HYPRE INCLUDE DIRS:FILEPATH="WYPRE INCIUDE DIR1"

-D TPL ENABLE SuperLUDist:BOOL=ON
-D SuperLUDist_LIBRARY_DIRS:FILEPATH="WUPERLU_LIB_DIR}"
-D SuperLUDist INCLUDE DIRS:FILEPATH="WUPERLU INCLUDE DIR1"

-D Trilinos ENABLE Amesos2:BOOL=ON
-D Trilinos ENABLE xSDKTrilinos:BDOL=ON

-D CMAKE_CXX_FLAGS:STRING="--coverage"
-D CMAKE C FLAGS:STRINW1--coverage"
-D (MAKE EXE LINKER FLAGS:STRING="--coverageut
-D Trilinos ENABLE Fortran:BOOL=OFF

UTRILINOS_HOME1
-- INSERT -- 59,48 Bot



A real example - xSDKTrilinos
Mis

E Build Trilinos (including xSDKTrilinos)

O ./do-configure

o make -j

E This will create a whole bunch of .gcno files

L This will also build the xSDKTrilinos tests because
the configure file included
o -D Trilinos ENA3LE TESTS:300L=ON

▪ -D Trilinos ENA3LE EXAYPLES:300L=ON

▪ -D Trilinos ENABLE ALL OPTIONAL PACKAGES=ON

DEI$
productivity
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A real example - xSDKTrilinos
■

E Run the tests usin ctest
r t Ed Se 1511bse S aenskrr a4.s Sp-A -1.14 Hedr.

[anklinv@s995692 trilinos-build]$ ctest
Test project /home/amklinv/IDEAS/testingTalkftrilinos-build

Start 1: Amesos2_KLU2_UnitTests_MPI_4
1/18 Test #1: Amesos2 KLU2 UnitTests MPI_4   Passed 1.46 sec

Start 2: Amesos2 SuperLU DI5T Solver Test MPI 4
2/18 Test #2: Amesos2 SuperLU DIST Solver Test MPI 4   Passed 2.80 sec

Start 3: Amesos2_SolverFactory_UnitTests_MPI_4
3/18 Test #3: Amesos2 SolverFactory UnitTests MPI 4   Passed 1.46 sec

Start 4: Amesos2 Tpetra MultiVector Adapter _UnitTests _ MPI _ 4
4/18 Test #4: Amesos2 Tpetra MultiVector Adapter UnitTests MPI 4 Passed 1.36 sec

Start 5: Amesos2 Tpetra CrsMatrix — Adapter _UnitTests _ MPI _ 4
5/18 Test #5: Amesos2 Tpetra LrsMatrix Adapter UnitTests MPI 4   Passed 1.42 sec

Start 6: Amesos2 Epetra MultiVector Adapter _UnitTests _ MPI _ 4
6/18 Test #6: Amesos2 Epetra MultiVector Adapter UnitTests MPI 4 Passed 1.35 sec

Start 7: Amesos2 Epetra RowMatrix — Adapter _UnitTests _ MPI _ 4
7/18 Test #7: Amesos2 Epetra RowMatrix Adapter UnitTests MPI 4   Passed 1.35 sec

Start 8: Amesos2_CrsMatrix_Adapter_Consistency_Tests_MPI_4
8/18 Test #8: Amesos2 CrsMatrix Adapter Consistency Tests MPI 4 Passed 1.47 sec

Start 9: xSDKTrilinos PETScAIJMatrix MPI 4_ _
9/18 Test #9: xSDKTrilinos PETScAIJMatrix MPI 4   Passed 1.42 sec

Start 10: xSDKTrilinos_PETSc_Amesos2_example_MPI_4
10/18 Test #10: xSDKTrilinos PETSc Amesos2 example MPI 4   Passed 1.42 sec

Start 11: xSDKTrilinos PETSc Anasazi_example_MPI_4
11/18 Test #11: xSDKTrilinos PETSc Anasazi_example_MPT_4   Passed 2.71 sec

Start 12; xSIXTrilinos_PETSc_Ifpack2_example_MPI_4
12/18 Test #12: xSDKTrilinos PETSc_Ifpack2 example MPT 4   Passed 1.47 sec

Start 13; xSIXTrilinos_PETSc_MueLu_example_MPI_4
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A real example - xSDKTrilinos
Min

-11r1-

E All tests •assed. Ya
Sc,allhae, 3aakrralhir

Start 1, m xSEKTrth;i1);._PETSc_ac;)_(xi;Np.J:_fhig_4
10/18 Test #10: xSOKTrilinos_PETSc_Amesos2_example_MPI_4 .......

5tart 11! xS0KTrilinos_PET5c_Anasazi_example_MPI_4
11/18 Test #11: x5DKTrilinos PETSc Anasazi_example MPI_4 l d 111M1

Start 12: xSDKTrilinos_PETSc_Ifpack2_example_MPI_4 IMMI
12/18 Test #12: x5DKTrilinos PETSc Ifpack2 example MPI 4  

Start 13: xSDKTrilinos_PETSc_MueLu_example_MPI_4
13/18 Test #13: x5DKTrilinos PETSc MueLu example MPI 4  

Start 14: xSDKTrilinos_example_TpetraKSP_MPI_4
14/18 Test #14: x5DKTrilinos example TpetraKSP MPI 4  

Start 15: xSD14Trilinos_example_EpetraKSP_MPI_4
15/18 Test #15: xSDKTrilinos example EpetraKSP MPI 4  

Start 16: xSDKTrilinos_HypreTest_MPI_4
16/18 Test 416: xSDKTrilinos HypreTest MPI 4  

Start 17: xSDKTrilinos_Hypre_Belos_example_MPI_4
17/18 Test

Start
18/18 Test

: ctest

#17: xSDKTrilinos Hypre Belos example MPI 4  
18: xSDKTrilinos Hypre Solve example MPI 4

#18: xSDKTrilinos Hypre Solve example MPI 4  

100% tests passed, 0 tests failed out of 18

Label Time Summary:
AMešos2 = 12.67 sec (8 tests)
xSDKTrilinos - 16.39 sec (10 tests)

Total Test time (real) = 29.11 sec
(amktinv@s99.5692 tritinos-build1$

.gca.
r• 

Passed 1d42 sec

Passed 2.71 sec

Passed 1.47 sec

Passed 2.34 sec

Passed 1.50 sec

Passed 1.37 sec

Passed 1.42 sec

Passed 1.38 sec

Passed 1.36 sec

dinca-bAld .ctast



A real example - xSDKTrilinos

❑ Collect coverage data for the tests using lcov

o lcov --capture --directory .

output-file xSDKTrilinos.info

o This creates xSDKTrilinos.info

o lcov processes 634 gcda files in this step, so this does
take a few minutes

productivity



A real example - xSDKTrilinos
•
E Generate html output using genhtml

D c-enhtml xSDKTrilinos.info --output-

directory xSDKTrilinos

o This generates html files in the directory xSDKTrilinos

o This step takes a few minutes too

productivity
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A real example - xSDKTrilinos

LCOlf - code coverage report

Current view: top level - xsDiarilinos/petsc/src

Test: xSDKTrilinos.info Lines:

Date: 2016-06-02 15:36:10 Functions:

Hit Total Covera e

342 420

77 117

Filename Line Coverage unctions
BelpsPETScSplMgr.hpp 84.7 % 166 l 196
Tpetra_PETSc 75.3 % 67 / 89Graph.hpp

Tpet ra_PETScAI  80.7 % 109 135t rix h pp

arivr7774
62.5 AU/ 32
L65.9  %1 / 41

Generated by: LCOV version 1.12-4-gO4a3cOe

[ Let's take a look at the solver interface. —1

IDE A S
productivity
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767
768
769
776
771
772
773
774
775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
806
801
802
803
804
805
806
807
808

: I/

192 :
template<class ScalarType, class MV, class OP>
PetscErrorCode PETScSolMgr<ScalarType,MV,OP>::applyPrec(PC M, Vec x, Vec Mx)
{

using Teuchos::RCP;
typedef PETScSolMgrHelper<ScalarType,MV,OP> Helper;

PetscErrorCode ierr;
const PetscScalar * xData;
PetscScalar * MxData;
void * ptr;

// Get the problem out of the context
192 : ierr = PCShellGetContext(M,&ptr); CHKERMierr);
192 : LinearProblem<ScalarType,MV,OP> * problern = (LinearProblem<ScalarType,MV,OP>*)ptr;

// Rip the raw data out of the PETSc vectors
192 : ierr = VecGetArrayRead(x, iSIxData); CHKERRNierr);
192 : ierr = VecGetArray(Mx, ElMxData); CHKERRNierr);

•
192 :
192 :
192 :

// Wrap the PETSc data in a Trilinos Vector
RCP<MV> trilinosX, trilinosMX;
Helper: :wrapVector(const_cast<Petscscalar*>(xData), *problem->getLHS(), trilinosX)
Helper::wrapVector(Maata, *problem->getLHS(), trilinosMX);

// Perform the multiplication
192 : if(problem->isLeftPrec())
192 : problem->applyLeftPrec(*trilinosX,

}
else {

problem->applyRightPrec(
}

*trilinosMX);

*trilinosMX);

// Unwrap the vectors; this is necessary if
192 : Helper::unwrapVector(MxData, trilinosMX);

we copied data in the wrap step

// Restore the PETSc vectors
192 : ierr = VecRestoreArrayRead(x,&xData); CHKERRO(ierr);
192 : ierr = VecRestoreArray(Mx,&MxData); CHKERRO(ierr);

192 : return 0;
: f



A real example - xSDKTrilinos
•

791
792
793
794
795
796
797

192 :
192 :

// Perform the multiplication
if(problem->isLeftPrec())

problem->applyLeftPrec(*trilinosX,

else {

*trilinosMX);

0 problem->applyRightPrec(*trilinosX, *trilinosMX);
:

Oops. I never tested the RIGHT preconditioning branch.

IDEAS
productivity



A hands-on gcov tutorial

E https://amklinv.github.io/morpheus/index.html 

SC Tutorial November 14, 2016
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Coverity scan

E A free cloud-based static analysis product for open
source code

o Also available for non open source code, but not free

E Analyzes over 4000 open source projects

E Used to analyze

Li Sudden unintended acceleration of Toyota vehicles

o Large Hadron Collider software

o Mars Curiosity rover flight software

o Libre Office

SC Tutorial November 14, 2016
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Coverity scan
•

E Automatically looks at all the different paths

❑ Finds

Resource leaks

o Dereferences of null pointers

o Use of uninitialized data

o Memory corruptions

o Control flow issues

Use of resources that have been freed

o And more!

SC Tutorial November 14, 2016
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How to use coverity scan

E Create a project

E Tell it about your open source license

E Options for performing the scan:

o Upload a tarball

i Point it to a URL

o Use TravisCl (ittps://scan.coverity.com/travis ci)

SC Tutorial November 14, 2016
IDEAS
productivity



Coverity analysis of Trilinos

❑ https://scan.coverity.com/projects/1680 

SC Tutorial November 14, 2016
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51 Methodology

Evaluating project needs

Devising testing regime

Examples from Alquimia, Amanzi and Trilinos



Evaluating Project Needs

Why not use the most stringent testing always ?

❑ Effort spent in devising tests and testing regime are
a tax on team resources

❑ When does the tax become too high

The team is not able to meet its code use objectives

❑ When is the tax paid too low

o Necessary oversight not provided

o Defects in code sneak through

SC Tutorial November 14, 2016
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Evaluating Project Needs

_ Objectives
o Proof of concept
o Limited research use

o Library

o Production — simulations and analysis

o Team
Number of developers

o Background of developers

▪ Geographical spread
❑ Lifecycle stages

_ Lifetime
o New code versus some legacy components

o Complexity

SC Tutorial November 14, 2016
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Commonalities

❑ Unit testing is always good

o It is unlikely to be sufficient

❑ Verification of expected behavior

❑ Understanding the range of validity and
applicability is always important

Especially for individual solvers

SC Tutorial November 14, 2016
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Customizing for Project Needs :

Objectives

Proof of concept
o Nothing more than the common testing of previous slide

Limited use
Manually run test-suite before each use may suffice
Coverage is still important

Library

Depends on team and complexity

Regular simulation and analysis
o Depends on team and complexity
o Testing coverage needs system level integrated coverage

SC Tutorial November 14, 2016
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Customizing for Project Needs : Team

❑ One to two developers — periodic manual testing
and verification

❑ Mid size to large team — automated test suite
running regularly

❑ Subgroups within the team — automated test-suite
with tests of different granularity

u May also need multiple suites run on their own
schedules

SC Tutorial November 14, 2016
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Other Factors

❑ Frequency of testing depends upon lifecycle stage
o Midsize to large team working on the same code
component doing rapid development — ideally
continuous integration

o Stable mature code - regular automated testing

Refactoring — needs its own strategy

❑ Complexity and Lifetime
o Affect the testing regime being devised
o Testing needs and strategy differ when code
incorporates legacy components

SC Tutorial November 14, 2016
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Devising the Testing Regime
•

E Ignoring the easy cases

E Considering complexity and long lifetime

What runs in the regular test-suite?

o If there are subgroups, what goes into the separate
test-suites?

o How often should each test-suite run?

o How do you ensure interoperability coverage?

E The question to answer is how to balance the tax
amount for maximum productivity.

SC Tutorial November 14, 2016
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Examples

❑ From Alquimia, amanzi and Trilinos

❑ Focus on different team sizes and objectives

❑ Different lifetime spans

SC Tutorial November 14, 2016
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How is real DOE code tested?

How many
developers?

How much
code?

How frequent
are changes?

< 1 FTE 0(1,000) Every few
lines of code months

About a 0(100,000) A few commits
dozen lines of code every day

A few dozen 0(1,000,000) About 12 per
lines of code day

SC Tutorial November 14, 2016
IDEAS
productivity



Slide 60

KAM8 This is the beginning of the examples section (30 min)
Klinvex, Alicia Marie, 8/18/2016



What is Alquimia?
iMm

E Biogeochemistry API and wrapper library

E Provides a unified interface to existing
geochemistry engines

CrunchFlow

o PFLOTRAN

E Allows subsurface flow and transport simulators to
access a range of functionality

E NOT an implementation of a biogeochemistry
reaction library

E Does NOT perform geochemical calculations

SC Tutorial November 14, 2016
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How is Alquimia tester"
•

E Continuous integration testing using Travis CI

SC Tutorial November 14, 2016
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What is Amanzi/ATS?

❑ Amanzi
A parallel flow and reactive transport simulator

o Used to analyze multiple DOE waste disposal sites
✓ Example application: modeling hydrological and

biogeochemical cycling in the Colorodo River System
Carbon cycling is especially important because of its role in
regulating atmospheric CO2

ATS
o Advanced Terrestrial Simulator
o Built on Amanzi
Adds physics capability to solve equations for ecosystem
hydrology

SC Tutorial November 14, 2016
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Amanzi/ATS testing practices

❑ 156 tests that can be run via "ctest"

o No continuous integration, but developers are
expected to run the test suite before committing

o Medium and fine-grained tests

❑ New physics contributions are required to come
with new system-level tests

❑ Various granularity tests

SC Tutorial November 14, 2016
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Amanzi/ATS testing granularity

❑ Unit tests

o Code is highly componentized

❑ Medium-grained component tests

Discretizations

o Solvers

❑ Coarse-grained system-level tests

Test full capability

o Serve as example for new users

SC Tutorial November 14, 2016
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What is Trilinos?

A collection of libraries intended to be used as building
blocks for the development of scientific applications

Organized into 66 packages
o Linear solvers

i Nonlinear solvers

Eigensolvers

And more!

❑ 10,000+ commits

135 contributors (according to github)

Millions of lines of code
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How is Trilinos tested?

Trilinos has 1500 tests between its 66 packages

❑ Developers are strongly advised to run a checkin
test script when committing

Automated testing on a variety of different
platforms
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Checkin test script

❑ Detects which packages were modified by your
commits

❑ Determines which packages you potentially broke

❑ Configures, builds, and tests those packages

On success, pushes to repo

o On failure, reports why it failed

❑ Useful for ensuring your changes don't break
another package

❑ May take a while, but many people run it overnight

SC Tutorial November 14, 2016
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Why do we do automated testing if
everyone uses the checkin script?

May test a different set of packages

May test different environments
Do your changes work with Intel compilers as well as GNU?

Do your changes work on a mac?

Do your changes work with CUDA?

Identifies a small set of commits that could have
broken a build or test
13 Average 12 commits per day

o Identifies the person who knows how to un-break it

Bugs are easier to fix if caught early

IDEAS
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What if "bad people" don't use the
checkin scri t?

E Their commit doesn't include the checkin script
information
0 

This repository Search Pull requests Issues Gist

trilinos / Trilinos

<> Code Issues 276 Pull requests 28 — Wiki 4.- Pulse Graphs

Unwatch 73 * Unstar 98 y Fork 58

Tpetra: Add "compare Aillaps" utility executable to examples

@trilinos/tpetra This is useful for #438 and #558, among others.

Build/Test Cases Summary

Enabled Packages: TpetraCore

Disabled Packages: FEI,PyTrilinos,Moertel,STK,SEACAS,ThreadPool,OptiPack,Rythmos,Intrepid,ROL

0) MPI_DEBUG => passed: passed.100,notpassed=0 (5.17 min)

1) SERIAL_RELEASE => passed: passed=74,notpassed=0 (2.29 min)

Other local commits for this build/test group: b945495

master

Browse files

mhoemmen committed 4 days ago 1 parent b945495 commit 566b0db7a2dac6455644bcc3ebbOld02f47dac3c

Showing 5 changed files with 226 additions and 0 deletions. Unified Split

SC Tutorial November 14, 2016
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Checkin test script examples

❑ Example 1: a harmless change to a comment

❑ Example 2: breaking the build

❑ Example 3: breaking some tests
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Example 1 • a harmless change
Appl'catians Places bystern Fig, al 4li4 . . I hu Apr 21. 4:09 pr.i Allcla IC lnvex

iisnoisaizifs ; Winn
:• St H11:)..x k Ekx:krnarkh Scd.Ling. HuIF)

fJ (MEADER
ft ***************AA*AAA*AAA*AAA*AAA*AAA*AA*******************************

Fir

F./

Of Under terms of Contract DE-AC04-94AL85000, there is a non-exclusive
of License far use af this wark by Dr on behalf af the U.S. Government.

fi This library is free saftware; you can redistribute it andiar madify
ff it under the terms af the CHU Lesser General Public License as
Ft published by the Free Saftware Fpundatianj either version 2.1 of the
fi License, or {at your option) any Later VerSinn.
F./

ff This library is distributed in the hope that it will be useful, hut
of WITHOUT ANY WARRANTY; withaut even the implied warranty of
ff MERCHANTABILITY Dr FITHESS FOR A PARTICULAR PURPOSE. See the CHU
fi Lesser GeneraL Public License far mare details.

fi You shauld have received a wily Df the GNU Lesser GeneraL Public
ff License alang with this library; if noto write tcp the Free Saftware

FoundatiDn, Inc., 51 Franklin St, Fifth Flaar, Bastan, MA 02110-1301
F.1 USA

Ouestians7 Cantact MichaeL A. Heroux (maherau0sandia.gav)
ff

ff **************************************AAA*A ****************************

Anasazi: Black Eigensolvers Package
Copyright (2004) Sandia Corporatian

qIHEADER

f*! \fiLe AnasaziTraceMinDavidson.hpp
\brief Implementatian Elf the TraceMin-Davidson eigensalvel

.'fndef ANASAZI_TRACEMIN_DAVIDSON_HPP

..efine ANASAZI TRACEMIN DAVIDSON HPP

.'nclude "AnasaziCanfigDefs.hpp"

.'nclude "AnasaziEigensalver.hpp"

.'nclude "AnasaziMultiVecTraits.hpp"
- INSERT -- 30,41 Top

1 isnasazirs: vim
[System Mizoniker] ..* Rx build of 21.SDK2  IN CFIECKIN ;  LA"'  = USinfurmationSheet 112 'Unsovod Document 1 
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Example 1 • a harmless change
ApAt..iLharc. Ple.Lw; SysLern

CH ECM M11 : cheeki n.tes[.arr.

EuiL Vey. St-u111..1..k. Dwkii aiks SeLLii-Lm • lelp

T.-u 2 . Alia!! Klinve..

avel_nyos995E.,92 CHECK1N]$ .1cou(kin-lles1-a1nk1ime --do-all

41,4tx*.44,0,.4t.4:x4t4*,44,44,.3t4.1.-41,4tx*.4*.1:.4t.4,x4WW-44,44,.3V44.-41,4kx*.44,

cript: checkin-test.py
--src-dir—YhomelanklinviTrilinosDirloithuhlTrilinos'
--deraull-builds—'MPI_DEBUG,SERaL_RELEASE'
--extra-repo5.-ille="

extra repos type="
--extra-repos="
--require-eNtra-repos-exist
--enable-packages—''
--disublu-pdcktIgcn.—'FEI,MoQrtol.STK,Phdlunx.PyTritinos'
--enable-atl-pacKages='auto'\
enable packages \

--continue-if-no-updates
--continue-if-no-changes-to-push \
--conLinuc-if-no-embles
--extra-cmake-opllons="
test caTegones=10$1c

--make-options='-j42.'
--ctest-aptims—'-E 'fAnasazi Epetra EflockDayidson testlAnasazi Epetra Elockbavidson auxtest MPI lihnasazi Epetra GeneralizedDavidson solvertest MPI diAnase
i BlockDavidspnThyra test HPI 41NOX Thyra Heg NP1 1lnythmos BackwardEuler ConyeroenceTest HPI 1Illythnos IntegratorBuilder_ConvergenceTest MPI 11N0X Thyra Heq

--ctesl-ticeout=6O.V
no shako RII tests

--st-eNtra-builds="
--extra-builds—"
--send-email-to-'anklinvOsandia.00v'

--F.end-Oull0-case-emalL=a4ways
--send-email-for-all
--send-email-to-on-pusWtrilinos-checkin-tests@soft..fare.sandia.gole'
--no-force-push
--do-push-readincs5-chock
--rebaSe

append test resurts

--do-all

.tarting time: Thu Apr 21 16:11:38 MDT 2016

...IN : LI m..1

1124 [SySteir • Kliffi.Le., 4.11C1B Meiie . CH FCKIN : rheckin-tiec..j• VIPI DEBUG : bash LI6Inr6rrristlbASht.et. +1-115eved Docvnekt 1 ...I
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Example l• a harmless change
Sysbern

CH ECM M11 : chockin.teat.arr.

file EuiL Vey. St-u111..1..k Dwkrraiks Seuirtm lalu

2 . Alia!! Klinvex

..02L uf pui_kagus k;'y nioneYaffiklinv/Trilino snrIgithub/Tritinos/CHECKINImodifiedFites..out

odified 'packages/anasa2i/src{AnasaziTraceHinDavidson.hpp'
Enabling 'Anasa2i'!

ull packmgc enablc lisL: [And-sazi]

lemcwing package- enables: [III,MinerteL,SIK,Phalanx,Pylrillnnsj

iltering the set of enabled packages accarding ta allowed packoge types

indl paukaga unabla lisL: [And.,azi]

nabling forward packages nn request!

dding hard disables far specified packages 'FEI,Hoertel,STK,Phalanx,PyTrilinos'

Note that the checkin script
correctly identified what was

modified.

Virikin05_LNAULL_AnasaziA0OL=4M' o '41 1rikinos_LNAULL_ALL_OPIONAL_PKKA01.5J.EPLAIN', ' Dfr11.1no&_LNAULL_ALL_IWomED POLPAcKPAL15,13001=0N
'-DTrilings ENABLE FELGOOL=OFF', '-DTrilinas ENABLE Mgertel:BOOL=DFF', '-DTrilings ENABLE STK:BOOL=OFF', '-DTrilings ENABLE Phalanx:BODL=OFF', '-IDTrilinos

ENABLE PyTrilings:BOOL-OFFI

JnakuOpLigns - r-DTrilinus_TRIBITS_DIR:PAT14-/humulanklinvITrilinusDir/giLhub/Trilinlys/cmdkciLribiW, '-DTrilinos_ERABLE_TESTS:000L-ON', '-DTrilinas_TEST_CAT
GOBIES:STRING=DASIC', '-DTrilinoS_ALLOW_NO_PACKAGESJBOOL=OFF', '-DCART_TE5TIN5_TIMEOUT;STEING=60,0', '-DTPL_ENABLE_Pthread;BDOL=OFF', '-DTPL_ENABLE_BiqUtil5;
1001=011 ' 1}Ir1L1nas rNABII SKOVAPN COOl:RUIll=011 ' 171 PI !NAIR! MN:ROI:M=0N', ' FICMAKI RUUD IYPI:SIRINS=RIIIASI', niril1nos INARI I DifiLIG:RUUL=

N', '-DTrilinas ENABLE CHECKED STLBOOL=ON', T-Earilinos ENABLE DEBUG SYNBOES:BOOL=ON', '-OTrilinoi ENABLE EXPLICIT INSTANTIATION:BOOL=ON'T '-DTeLichos ENABLE
DEFAULT STACKTRACE:BOOL-OFF'. '-D Trilings ENABLE EXPLICIT INSTANTIATION:Min-ON', '-D CMAKE INSTALL PREFIX:PATH-n/honefamklinv/TrilinosDir/trilinos-install"

'-D CMAKE_CXX_FLAGS:STRING-"-Wall -ansi -pedantic -Wshadaw"', '-D HPI_EX_MECAX_NUMPROCS:STRING-D', '-D HAVE_GCC_ABI_DEMANGLE:BOOL-ON', '-D Trilings_ENAELE_
puriMP;DOOL=0FF', '-D TPL ENABLE_QT:BOOL=OFF', '-D BLAS_LIBRARY_NANES:STBINE.-"liblilblaS,S411.3— , '-D BLA.S_LIBRARY_DIRS:PATH="/W.rilib64/dtlas—, '-D LAPACK_LI
1KAPX_KAME5:51R1M="11DlapaCK.50.3— , '-D LAPACK_LIBFLARYDiRS;PAIEUSI-111b64fatLaS'', IPL_ENABLE_NetCat=OFF', CM4KE_13UiLD_IlPE:51PING=VEBU5', le
chos FNARLF DFBFLIC:BOOL=ON', '-D Kokkgs FNAIRLF BOUNDS. CHFCK:BOOL=ON', '-D Kokkas FNABLF DIFRUG:BOOL=OW, .-n TPL FNARLF MPT:BOOL=ON', u'-DTrilings FNAIBLF Anasa
i:BOOL-ON', '-DTrilings ENABLE ALL OPTIONAL PACKAGES:BOOL=ON', '-DTrilings ENABLE ALL FOPAARD DEP PACKAGES:BOOL=ON', '-DTrilings ENABLE FEI:BOOL=OFF', '-IDTri
_inos ENABLE Mgertel!BOOL-DFF., '-DTrilings ENABLE STF:BOOL-OFF', '-nrilings ENABLE Phalanx:BODL-OFF', '-DTrilinos ENABLE PyTrilinos:BOOL-OFF1

_reating baSe conligure rile dO-COnTlegur.WIEN!.

Lunning: chmod a+x dg-configure.base

...IN : theLkiri-Le1.-d.rn

1124 [SySteil: 8 AlICIB Mane  CH FCKIN : rheckin-telc..j• F.1P1 DEBUG: bash LISInre.rmatit.ASht.er. olAsevetl Docvnent L... I

IDEAS
productivity



Example 3 • a harmless change
AplicaLions Ple,L.; System

CHEEKIII : cheekirk-test-arn,

rile ER Vey. k.allUdLk Ehaukrrdilch Sellirgi Help

, 4 Thu kur 21, 4:44 PM Aline Klinwew

Ei Analyze the ovurdll ru5ulh. dric 51211cA umdil notification {MPI_DEBUG}

E.1) determine what passed and failed ...

The pull passed!

The configure passed!

Ihe Nita pas5ed!

testResultsLine = tests passed, 0 tests failed out of 237'

Configure, build, and test

passed for MPI_DEBUG

All uf the Lcsts ron passed'

E.2) Construct the email message ...

subjcd.Line - 'passcd; Trilinos/MPI_PEBUG; pasyA-237.nutpasscd-13'

Running! tauch email_success

E.3) Sond thc umail nessagc „.

Running! mailx -5 "passed! Trilinos/MPI DEBLIC! passed=237,notpassed-E0 amklin.4sandia.gow email.out

+44

x'" Doing build and tf!sl at 5IRIA1 2111ASI
x**

[55(stenl ManItorl I '<limn, Mai Mai ... K CHEMIN : rheckin-r...4  • MPI DEBUG: bash  = USInro'nuithmSheet ... *Unsaved Crticunient...  Witipshota.prig  - 7napsFiat5.prkg g

IDEAS
productivity



Example 1: a harmless change
AplicaLions SysLern

CHECKIII : cheekirk-test-arn,
e EdiL Vey. Sc•a111..d..k. ElvArrdikh SeLlirgh • lelp

4 Thu kur 21, 4:47 PM Aline Klinwew

READY TO PUSH; s945692.51n.-3andia.gov

Thu Apr 21 16;22;57 MDT 2q16

Enabled Packages: Anasasi
Dimblcd Packogs; FEI,Mocrivl,STK,Phalanx,PyTrilinos
Enatled all Forward PacKages

Build test results!

8) MPI_DEBUG passed: passed-237,notpassed-0 ;8.42 min}
1) SERLAL_RELEA5E pas.Jud; passcd-243,nuLpas.AA-0 12.71 min}

m** Comits fe,r repo :
98.2db3b Anasazi: Modified a Eminent in TraceMin-Davidson

8) MPI_DEBUG Rcsults;

passed; Trilinos}MPI DEBUG; passed.23.7.notpassed=8

Thu Apr 21 16:28:14 HDT 2816

Eratvted PacKages; Anasazi
111 sahLed PackageF.: II I r Mnerte I ,SIK, Phis I arm,. PI/ I ri I 1rms
Enabled all Fordard Packages
Hostname: s995692.srn.sandio.gov
Source Dir: ihone/amklinv/TrilinesDirigithub/Trilinos
Build Dir; MoifieleftklimiTrilinosDirigiihub/TrilinosiCHECKIN/MPI_DEBUIG

We are ready to push
because all tests passed

CMake Cache liaribles; -DTrillnos TRIRTTS DTP.;PAIHk/home/anklinv/TrilinosDirigithub/Trilinosfcmakejtribits -DTrilinos FNABLF TFSTSADOL.DN -DTrilinos TFST CA
TECORIES:STRIDS=BASIC -DTrilinos ALLYW NC: PACKACES:BOOL.OFF -DDART TESTIW TIMEOUT;STRING=68.8 -DTPL ENABLE Pthread:BOOL=OFF -DTPL ENABLE DinUtils:BOOL=OFF -D
Trilinos ENABLE SECONDARY TESTED CODE;BOOL-OFF -DIM_ ENABLE MPI:BOOL-ON -DCMAKE BUILD TYPE:STRING-RELEASE -DTrilinos ENABLE DEBUG:BODL-ON -DTrilinos ENABLE CH
ECKED_STLACOL-ON -DTrilimn_ERABLE_DEBUG_SYMBOLS:BOOL-ON -DTrilinesENABLEEXPLICIT INSTANTLATION;BOOL-ON -DTcuchos_ENABLE_DEFAULTJTACKTPACE:BOOL-OFF -D Tri
liMOS_ENABLE_EXPLICIT_INSTANTIATION;BOOL=ON -D CRAKE_INSTALL_PREFLX;PATW/home/arKlinv/TrilinosBir/trilinos-install' -D CMAKE_W_FLA55:5TRID5="-44all -ansi -
pedantic Wshadow' 1.) MPI_IXLE_MAX_NUMPROES:SIRING=H D 11A1.1_6CI:2111_1111.1ANOLLAIIWI =OM D Ir111nos_Mall_npenMP:13001=01 1.) 113
RARY NAHES:STRING="lib177blas.se.3" -0 BLAS LIBRARY DIRS:PA VTH=usr/lib64(aTlas' -D LAPACK NALIBPARY NES:STRIDS="liblapack.so.3" -D LAPACK LIBRARY DIRS:PATH="
/usr/libEl/atlos" -D TPL ENABLE Netcdi-OFF -D CNAKE BUILD TYPE:STRIDS-DEBUG -D Teuchos ENABLE DEBLIC;BOOL-ON -D Kokkos ERABLE BOUNDS CHECK;BOOL-ON -D Kokkos EN
ABLE DEBUG:BOOL-ON -D TPL_ENABLE_MPI:BOOL-ON -DTrilinos_ENABLE_Anasazi:BODL-ON -D7rilins ENAB_E AL_ CP-IONAL PAZKAGES:BOOL OW -DTrinnos ENABLE ALL FOPNA.;@ D

a ...IN : Ll'ieLkin-LeA-drir

R [system *yawl i KIIMIn, Alltla IdaMe ...  K CHEMIN : chrckin-L-...4  • MPLCIEBLJG : bash  = usinNyrnatiolsrwat ... • surmayad ancumant... InapsacibLprig -.5napshot5.prkg S
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Example 2: broken build
114.4puhEoLiore. Ple: System

file Ea Vew k•allUdik Ehaukrrdikh Seairqb • lelp

4 Thu kur 21, 4:54 PM Alia!" Klinwew

con5t Tu,dicy,;;PTP<StatusTestqScalarType,MV,UP:- > &teste-r,
const le_rno$:;PTPA1aTOrthKmanager.q5Catarlyroe,MW,4P.- 6OrThOr
Teochos::ParameterList &params

private;

1/ Convenience typedeTs
f/
typedef MultiVecTraits<ScolorType,MV-- WT:
typedef OperotorTroits<ScolorType,MV,DP› OPT;
typedef Teuchos;;ScolulTroiLN<ScnlarTypx- SCT;
typedef typtname 517,1";;ffmgn1tuleType Magniludelypei

TraceMin specific methods
void oddToBasis(const Teuchos::RCP<consit Delto):

void wrordeAddToBasis{.comgt Teu<hm;;;RCR-torleit MV7- Delta);

1/////107//11/////////////f////f1/////1{///1////f/////////f////f1/////107//11/////////////f////f1/
I/
// Implementations
//
//1////1/17//////////////////1////1////1/17//////////////////1////1////1/17//////////////////1////

Missing semicolon at the end
of the class. This will break

the build

0/.1/01/i/////////////11/.//////0/.117/1/i//////f///////////1//10/.117/1/.17/////f/////7/////1//10
/f Constructor
template <class ScalorType, class MV, class OP:..
Trocetlindavithon<ScnIdrTypc,MY,OP:-;;Troccflindavidson{

tont Teuchos::UP‹EigenproblemcSealarType,MV,OFt. 5. &problem,
eonst lEuchns::HIP.Manager<typeneme leuchns::Scalarlraits.ccalarlypemagnitudelw;- &sorler,

const Teochos::PLIMotputManagereScalarType> r &printer,
const Teochos!!PCP<StotosTest<ScalarType,MV,OP., &tester,

INSERT -- 28'!,

a di Id51:1111 :

PI (System Manitorl I • Fix NIA of xspiar • 0-1ECION : Checkin-tes... ziAgarh's : wirn  LEIrabffrifitionshe.et 1_.. *Lhaihred Dparnelit 1...1 -
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Example 2: broken build

e Vt..% ScallUetk Ehxdcrrdikh Sellirqb Help

* 4 Thu kur 21, 4:55 PM Alia, Klinwew

-] Du Lhc. Lund (HPI_DEBUG:

!Arming! make -j48

Wiling consulu outpuL 11.0 filo makc.ouL

Runtime tor command = 0.73.4.e16 minutes

.uild failed returning 2!

rottimck 11114S L rucunL call lin ;
Fite -ihorneiaNktinviTruinosmirigitnubiTritinosimakeitribitslci_supporticnecKinTest. py- -tine 1585.. in runpul laTestca se

raise Fxception(qiuild tailed!')
xception! Build -Failed!

) Analyxc Lhc ovcroll roNulLs nnd said cniait noLiFicaLion {MPI_DEBUG)

.1) Determine what passed and failed ...

hc pull pdscd!

he configure passed!

hu build FAILED!

he tests .bmre never even run!

.2) construct the email message ..,

rubjectLine — 'FAILED! Trilinos/MPI DEBUG! build -failed'

The checkin script detected
that l broke the build

I ...IN :thetkin-Li•SL-iina

-  w [ssfsteril rionrtorl IClifeie.X, Alicia Marie  CHFCKIN : rhockirktes... anbsamts : bash LEInfbrihatIbnshaet 1_.. suhsavea Doc...neat 1...
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Example 2: broken build
* 4 Thu kur 21, 4:56 PM Alia, Klinwin

nle EdiL Vey. Sc•cillUdLk EvArrdikh SeLlirgh • lelp
Buil L LaryrL Ry L Lepp r pc r •,_UnitTest
[ LEKA [199941 Liu11.1 xarget Rytino5_ hyra_Un 1 t eSt
Bui lt target Rythnos Ti meP.ange IJnitTest
[ LEIIN [lo9.4] []e%) E:uilt target Rythmos ForwardEuler Crowe roenceTest
19l:A I Built target Rythflos VanderPolliodel UnitTest

Buil L Largc L Ry L hnrra_Ba ckwordEulcr_CurivcrgcnccThs1
[106N Built -target Rythmas_ExplicitU_CorivergenceTest
LUNN 131J1 L t target Ryt Mos lmp I I ci t131112.:orhrernencel est
Built target Rythnos In-Leg ratorBuilder Corroerg enceTest
LBW Built -target Rythmos sinipleAdjoint

In f ile included iron /holse/amkliny/TrilinosDi r/github/Trilinos/packages/anasazi/src/AnasaziTraceMinDavidsonSolPigr. hpp:
trim hunclankli ny/T nu s Di r/gi Lhubrf r i špackegt:s/entrisa A. 'Tull a/ Us I./Tract:11i nDavi n_s La nda r d noprcc, cpp:8;

fhome/anKliny/Trilinc*Dirigilhubarillno5fpacKages/anasaz1/src/AnasazITraceMinDavidsorhhop;99;3; error; expected ';' alter ctass. letinition
Tn f i i ncl uded iron /home/amll ny.IT ri no sfl r/gi hub/T r111 nos iparicages/anasa 71/src/Ana 71Tra cerli nDawi tiso nSol r. hpp:

rpm / home/amkli nv/T rili no sDi r/git hub/T ri Li nos/packages/ anasa zi/tp et re./ ezanpLelTraceilinDavid s on/TraceHi nbavi ds onLlse rapEz cpp
/home/wklinv/TrilinosDi r/Dithub/T rilinosfpac kages/ masa zifs rc/Anasa ziTra cefli nDavid son. hpp : 99: 3 : error: erzpected ; after class def inition
In rile included f run /hom/dmklinv/TrilinasDi r/gi thubrf rili nos špackages/anasa Lifsrc/Anasa ziTna ceMinDavidsonSolligr. hpp; 40

šhomešamkliny/Trilirionir/gilhubšTrilinWpaaagesinnasanitpetraiexhfipleITraceMinDavidsowqraceMinDhvidsoriLaplaciarIEN.cpp;0;
tromp/am k Llny./ I ri nosim r/01 thubf 1 ry. Li.novpackages/an.35az1 rr..1,4nasa 711 racerli n1),avVi$on, hpp ; 99; ; error; ex;pecteri ; atre r c [ass. do. ni ti on

In f ile included iron /home/wit linv/T ri linosDi r/git hub/Trili nos {pack ages}anasa zi/src/Anasa ziTra ceMinDavidsonSolligr. hpp; 48:B,
iron / home/amkli nv/T rili no sDi r/git hub/T ri Li nos/pac koges/ anasa ziftp et rai onple./TraceklinDawid s or1.17racelli nDzwids onGe ne rali zedEN . cpp

/home/ankLinv/TrilinosDi r/uithub/T rilinos/pac kages/ masa zi/s rc/Anasa ziTra nDavid son. hpp 99: 3 : error: er:pected ; ' alter class def inition
In filc includcd Fru■ honoilamkti nw/T nu sDi rhyi Lhub/Trilinos/packaws/anasad.r"s;rc/AnasaziTraccrlinDavidsunSulligr. hpp; 40; D..

Iron šhomešanklinv/TrilinosDirhgilhubšTrilinosipackngesianasanitpetraiexampleiTraceMinDawidsonYTracelinDavidsonSpearansEK.cpp;15;
home/ank 1 nu/ 1 ri L 1 noslli r/githubf r111 no sl packages/ masa 71 rc/Anasa 1 ra nhavi d son . hpp : 99: : error: ex:pected ; atter cl ass Aetinition

nake[2] 5:•:1' [pa cka ges/anasa zi/ tpetra/test/Tra ceMinDavidson/CMa keFiles[Anasazi Tpet ra TracellinDavidson La rgest standard test . di r/cxx rain standard nap rec. cpp.
al Error 1
nake[l]: *** pa cka ges/a na sa 2i/ Lpetra/test/TraceMinDavidson/ChlakeFilesfAnasazi_Tpet ra_TracellinDavidson_la rgest_standard_test di r/all ] Error 2
nake:[l]; *** Waiting fur unlinisht:d jubs
nalte[2]; 4:4* lpecKagesfanasezi/tpetraiexampteAraceilinDavldson/CmaKeFite5iAnesezi_lpetra_ICLUserp_exampleAlrflreceMinDevid5onUserUpEx.cpp.o1 Error 1
nake[111; .F::•* [pa cka ges/anase tpetra/exampl e/Tracdoli nDavldson/EllakeF11 esflinata.71 Tpet ra TID nisei-Op exampl e.di Flan ] Frrnr
nake[2]: ""' [pa cka ges/anasa zi/ tpetra/example/TracdlinDa vidson/ CHakeFil es/Ana sazi Tpetra TD Gen example. dirffraceilinDavidsonGeneralizedEz cpp o] Error 1
nake[ *** [pa cka ges/anasa zi/ tpetra/example/TracdolinDa vidson/ CHakeFiles/Ana sazi Tpetra TD Gen example. Error 2
nakc [2]; *** [pa cka gesfa na sa Li/ LpeLra/czamplc/Trac.;:flinDavidson/CliakcFilcsf Ana s mei_Tpc ra_TD_Ficdle r_czainp Lc di r/TraccilinDavidsonLaplacianEx cpp.o] Error 1
nake[1]: **4 [pacRagesianasa2i/tpetrajexample/Tracellinavidson/NakeFilesfAnasazi_Tpetra_TD_Fiedler_example.dir/all] Error 2
nakepl: •1•:44" [pa c.ka na 71./tpet ralexamp I el I rac.eill nllay-lrison/Ehiakei I me Ana sa7.11 pet ra_ ra ns._ex anpre. r/ racaori nnavi risonSpec.1 ram! •;.! . cpp . J I rror
nake[1]: [pa cka ges/anasa zi/ tpetra/exampleff racdolinDavidson/CMakeFiles(A.nasazi Tpetra TD Trans example. ] Error 2
nake: '1-** fall 1 Error 2
[arriklinvils995692 IIPI_DEBUG ]S

Checkin script also creates a
log file with the error

HP,DEBUG.L.JhF

(srAem manul I. IClirreez, Alkla Marie -  MPLncni..6 : hash • anbsamts : bash Ulilnforrnatlonsheet 1 11..hse..red Doarnent 1 ...1 g
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Example 3: broken tests
Sysbefn

e :UK Vey. Sc.c.illUdLk Ehx.krrdikh Sellirqb .lelp

111. AI Thu Apr 21, 5:02 PM Alia, Klinwew

u-xflulLipluShirLs_ - pordm5.yeLi"Use Multiple Shifts", true},

shif1Thresh = params.get("Shift Threshold", le-2.F;
useRelShiftThresh - pproms.getrRelative Shift Threshold', true
shifiNorn params.getC'Shift Morm". '2');
TEUCHOS_TEST_FOR EXCEFTION{shiftNorm_ !- "2" && shil-LNorm_ !- "N", sLd;:invalid_orgumcnL.

"Amasazi::TraceMinIconstructor: Invalid Value for \"Shift Norm\"; valid options are V2V, \M"."};

considerClusters = params.get("Consider [lusters", true);

projectAllVecs_ params.oeWProject All Vectors", true);
projccLLockudVQcs_ - paronis.gc.LI"Project Locked Vectors", true);
useRH5R_ = params.geti"Use Residual a$ HMV, true);
useNarnonic = params.getruse HWaTionic Ritz Weiuee r false.);
computeAllRes = params.get('Compute Alt Residuals'. true):

.1{ set the block size and allocate data
int Gs = p0r0MS.gett"Block Size", prOblen_-:-leINEV{)};
int nh = params.T.01-Nuri Blocks", 1};

111 set Size (hs„nh);

NEV - problem -:-getNEVI.);

// Create the Ritz shift operator
r1.1-70p = rer, [mid trar.emin r11-7 lip. type! [1]p MOIL. PrPc. )!.;

.01 Set the maximum number of inner iterations
const int innerMaxIts - parans.get rMaximum Hry[oy Iterations". 200):

(innerNoxILs);

alpha = parans.get ("MSS; alpha", ONE):

nestruttor
template -.:class ScalarType, class MV, class OP-..•
TraceMinBase-:ScalprTypn.MV.0P:-!!-TraceNinBaso{1 {}
INSERT --

Added a logic error to the
code.

:0%

a Id5[1111 :

(5)isten1Monitorl Marie -  annr.n7i/s : vim rriNlifyAleafk.21: LiSinrûrrnathmsheet '1'1..11iihred Di:Willett 1...1 g
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Example 3: broken tests

ELliL Vey. Sc•cillUd..k Ehxdcrrdikh Seairqb • lelp

* 7:•: 4 Thu Aar 21, 5:16 PM Alia, Klinwew

P.:._ED CONFIGURE:BUILD/TEST; s995692.srn.sandia.gov

hu Apr 21 17:14:53 MDT 71q1B

nabled Packages: Anasasi
lin:dbl.:A Pa OA gcs FEI,MoerLcl,STK,Phalalix,PyTrilinos
netted all FOrWerd PacKegas

uild test results:

:) MPI_DEBUG. -3. FAILED: passed-233,notpassed-4 -:- Not ready to push! ;8.43 min}
SERLAL_PEL EASE -3. FAILED; pa sscd-239, no Lpa s.,.L..d4 -3. Nu t rvady Lo pus h ! ;2.74 min}

ailed because Gne of the build/test cases failed!

** Comnils for rupo
Etb949b Anage21: BneKe Vane TraCeMln teStS. Depg!

.) MPI DEBUG Results:

FAILED; TrilintWMPI_CEBUG; pa5scd-233.notpa....,:cd-4

Ihu Apr )1 17:12:H4 1.11)1 7.1116

Enabled Packages: AMOSEai
Disabled Packages: FEI,Mpertel,STK.Phalanx,Pgrilinos
Enablud all Form'ard Pdckag.
NOstnaMe; 5995692.5rn.sanale,g0V
Source Dt r: fhnne/amklinv/TriltnosDir/glthuO/Trilinos
Build Dir: /home/asklinv/TrilinosDir/github/Trilinos/CNECKIN/MPI DaliC

The checkin script detected
that l broke several tests

CMakc llaribles; -DTrilinos_TRIBITS_DIR:PATHI-/homcianklinyarilinosDirigithub/Trilinos/cmaku/Lribils -Urrilinos_ENABLE_TESTS;B&OL-ON -DTrilinos_TEST_CA
BDDRIES:STRIN5=BASIC -DTrilines_ALLOW NC: PACKASES:000L=OFF -MART TESTING_TIMEOUT:STRING=60.19 -0TPL ENABLE PIhread:BOOL=OFF -DTPL ENABLE_BinUtlls:BOOL=OFF

I rl 1 nos_l HARI I SI CONDARYI I MI : EOCIT=4M I D IPI _I NAM I MP I :110T11 =IR4 DCMAKI _Fill I I 11._ !WI :SIP! N6=1,3 TI ASI 51 rl L 1 mos_LNAHLLDLum:ROI =ON DI rl tinos I NAM I _CH
CKED STL:BOOL=ON -DTrilinos DIABLE DEBUG SYMBOLS:BOOL=ON -0Trilinos ENABLE EXPLICIT INSTANTIATION:BOGL=ON -DTeuchos ENABLE DEFAULT STACKTRACE:BOOL=OFF -D Tri
_inos ENABLE E<PLICIT INSTANTIATION!BOOL-ON -D CMAK.E INSTALL PREFLX2PATN-n/home/anklinv/TrilinosDir/trilinos-install' -D CMAKE CXX FLAGS:STIRIDS-n-Wall -ansi -
edantic -.11.1shadow* -D NPI_EXEC_MAX_NUNPROCS:STRINE-B -D NAVE_GCC_ABI_DEHANGLE:BCOL ON -C. ENABLE OponMP:300L OFF -D TP_ EHABLE UMOL C-FF -D BLAS LIB

a ...IN : dieLkiri-Le-drn

[55(steril ManItorl 1Cliteies, Alkla Male . y CH FCKIN : rhackinAcs... PIPI DEBUG : bash - LEInrorrnatIbushe•et 4.1-11sakred Docirrsant 1...  ■ riadryArlasasl : bash
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Example 3: broken tests

e Ed!. V eyi k.allUdLk Ehxdcrrdikh SeLlirqb • lelp

4 Thu Aar 21, 5:la PM Alia, Klinwew

•

SLarL 227; RyLhmus_wmpLuuludExample_aresos_nux_rAi_PP1_1
21/7;if le5T 422.r; HyIHMOS_CCMpticateOLUMpte_811e50!LnOXbdtmPi ...... .  P855e0 3.b2 se(

Start 228! Rythmos complicatedExample amesos nox hd MPT 1
28/237 Test 4228! Rythmos complicatedExample amesos naN bd MPI 1   Possed 0.39 sec

Start 229: Rythmos complicatedExample aztecoa 8 MPI 1
29/237 Tesl. 4229; RyLhmos_complicalcdEsdmplu_aiLcuou_8_11PI_I Passud 0..45 src

5t8rt 230: Rythmos_complicatellExample_aztecoo_l_MPI_l
7-46/T31 lest 4730: Rythmns_complicatedIxample_a7tecaal_MPlj. Pasred 0.4.1 SRC

Start 231! Rythmos complicatedExample aztecod 2 MPI 1
31/237 Test #231! Rythmos complicotedExample oztecod 2 MPI 1 .   Passed 3.59 sec

Start 232: Rythmos_complicatedExample_aztecod_nox_MPI_1
32/217 TusL 4232; RyLhmus_cuiwlicatodEsamplc_aiLcum_max_MPI_l   Passud 3.93 Nvc

Start 233; Rythmos_compticatedExampte_Oelo_e_MPI/
3.3/m ;17 Test ,33! Pythmos complic 13 atedFxample helps MK

_ 
1   Passed 0.65 sec

Start 234! Rythmos complicatedExample halos 1 HPI 1
34/237 Test 4211: Rythmos complicatedExample belos 1 HPI 1   Passed 6.31 SEC

SLarL 235; RyLhmos_complicatedExample_belos_nox_bdT_MPl_1
35/237 Test 4235; Pythfflus_complicatedExample_belos_mx_bdr_MPL1   Pasged 5.41 sec

start 2R.; kythmns_simpleAdinint_auesos_0_mpi_l
36/237 Test V236! Rythmos simpleAdioint amesos MPI 1   Passed 0.52. sec

Start 237! Rythmos simpleAdjoint DEESE'S 1 MPI 1
37/237 Test 4237: Rythmos simplehdjoint anesos 1 MPI 1   Passed 0.52 sec

te5t5 passed, 4 tests raited out ot 237

abel Time Suffmary!
rmsozi — 108.15 sec
OX — 165.35 sec
ythms = 124.19 svc

ntal Test time = 389.89 sec

he following tests FAILED!
56 - Anasa.d_Tpctra_TrocvNin_scallcsi_proj_lics1_MPL4 (Failcd}
57 - Anasan_Tpetre_TraceNirLsmallest_schuLtest_MPI_4 {Failed}
48 Anasa71_1petrajraceMlh_lar9eEt_standard_lest_MPL4 {lalled}
52 - Anasazi Tpetra TraceMinDawidson largest standard test MPI 4 ;Failed)

rrars while running CTest
amklinvMs995692 NPI_DEBUG]s

The log file tells us which
tests were broken

PIP.SIEBUG . Uasl

[Sr.teril Monitorl lo Elirviex, Alicia Marie - • CHECKIN : theckln-tes... RUCS : brish  LEInfornitlouRreet 1_.. '1'1..11saved Coarnent 1...  ■ riadrryAnasarl : bash
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Trilinos automated testing
•

Lo in All Dashboards Monday, June 06 2016 08:58:08 MDT

fin 1/ oard
Calendar Previous Current Project

Trilinos

Prolect

Project

Trilinos '17

Su bProJects

Project

Teuchos

ThreacPcol

Sacado

RTOp

Kokkos

Epetra

Zoltan

Shards

Globi Pack

Error

1

Error

0

o

Configure

Warn in g

531

Configure

Warning

21

1

2

20

19

21

21

1

1

Pass Error

530 0

Pass Error

21 0

1 0

2 0

20 0

19 0

21 0

21 0

1 0

1 0

Bu ild

Warn in g

272

Bu ild

Warning

12

0

Pass Not Run

Test

Fall

14257 0

2

0

0

12

13

0

0

Pass

9

20

19

9

8

1

Not Run

Test

Fell

Pass

3976

Pass

227

564

1
0 wwg. 9

0 1 244

0 0 135

testing.sandia.gov/cdash/viewsubProjects.php?project=Trilinos
IDE AAS
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Trilinos automated testing

Nightly

Site Build Name

ant rniš.štn.ša.ntlia.vi
Linux-intel.15.0.2-MPLR E LE ASE_DEV_DownStrearn_ETI_SER I AL-
OF F_OPE NM P-ON_PT HR EA D-0 FF_C UDA-OFF_COMP LEX-OFF

lightsabersrn.sandia.gov Linux-GCC-4.7.2-RELEASE_DEV_MueLu_Matlab

enigma.sanclia.gov Linux-GCC-4.8.3-OPENMP1_1_6.4_DEBUG_DEV_MueLu_Basker

hansel.sandia.gov Linux-GCC-4.4.7-MPLOPT_DEV_XYCE

enigrna.sandiaognv Linux-GCC-4.8.3-OPENMP1_1.6.4_DE BUG_DEV_Mue Lu_KLLI2

enigmazandia.gov Linux-G CC-4 .8 .3-OPE NM P1_1.6.4_DE BUG_DEV_Mue Lu_E xlraTypes_Ei

enigma.sanclia.gov Linux-G CC-4.3.3-S ERIAL_DEBLIG_DEV_IMuaLu_EKtraTypes

enigma.sandiagov Linux-GCC-4.8.3-SERIAL_RELEASE_DEV_MueLu_Experirnental

Upel ate Configure Blond Test

Not
Files Error Warn Error 

Run
Warn Fall Pass Build Time Labels

68

69 0

69 0

121 0

PI 0
69 0

140 0 216

111 0 51 0 0 43

227 0 117 0 0

70 28 0 0

225 gi

227 117

227 117 3

227 113

6 hours
ago

10 hours
ago

9 hours

ago

9 hours
ago

8 hours
ago

8 hours
ago

7 hours

ago

6 hours

ago

(44

labels)

(25
labels).—

(25
labels)

(13
labels)

(25
labels)

(25
labels)

(25

labels)

(25
labels)1
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Trilinos automated testing

Ea • Several Amesos2 (direct solver) tests are broken.

Subproject Dependencies

Conligure
Project

Error !Warnin glPos

Teuchos 0 22 22

Epetra 0 22 22

Triutils 0 22 22

Tpetra 20 20

EpetraExt 0 21 21

ThreadPool 0 1 1

Arnesos 0 21 21

VO 1 9111Ir 0 0

0 9 0 1

0 0 21 0 0

0 2 0 0

0 18 0

0 0 1

0 20 0

13

13

18

3

1

Error Wamlng Pass Not Run Fall Pass

1.

0

• Are any of its dependencies broken?

• Yes, there is a broken Epetra (basic linear algebra) test

• Maybe this broke Amesos2

StiIld Test
Last submission

227 2016-06-06 09:01:20

244 2016-06-06 09:02:05

2 2016-06-06 09:02:16

285 2016-06-06 08:10:13

26 2016-06-06 08:11:16

2016-06-06 02:51:44

2016-06-06 08:16:59

IDE A S
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Trilinos automated testing

• Which tests were broken in Amesos2?

Testing started on 2016-06-06 07:42:35
Site Name:enigrna.sanclia.gov

Build Name:Linux-GCC-4.8,3-SERIAL DEBUG DEV MueLu ExtraTypes

Total time:16s 840ms

OS Name:Liriux

OS Platform:x86 64

OS Release:3.1110-229.4.2,e17.x86 64

OS Version:#1 SMP Fri Apr 24 15:26:38 EDT 2015

Compiler Version:unknown

3 tests failed.

Amesos2_Epetra_RowMatrix_Adapter_UnitTests_MPL4

Amesos2_Epetra_MultiVector_Adapter_llnitTests_MPl 4

Amesos2_Tpetra_ CrsMatrix Adapter_UnitTests_MPI 4

Time Details Labels b-ummary

Failed ls 860msCompleted (Failed)Amesos2I Broken

Failed 1s 98Orns ornpleted (Failed)Amesos2 Broken

Failed ls 900msCompleted (Failed)Arnesos2 roken

IDE A S
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Trilinos automated testing

n If vou mav have broken something. vou will get an
CDash <trihnos-regression©sandia.gov>

to anasazi-regres. -

A submission to CDash for the project Trihnos has failing tests.
You have been identified as one of the authors who have checked in changes that are part of this
submission or you are listed in the default contact list.

4:05 AM (5 hours ago) 44,

Details on the submission can be found at http://testing.sandia.gov/cdash/buildsummary.php?
buildid=2469557 

Project: Trilinos
Subloroject: Anasazi
Site: artemis.srn.sandia.gov
Build Name: Linux-intel-15.0.2-MPI RELEASE DEV DoWnStrearn ETI SERIAL-OFF OPENMP-
ON_PTHREAD-OFF_CUDA-OFF OMPLEX-oFF
Build Time: 2016-06-06T03:59:42 MDT
Type: Nightly
Tests failing: 1

*Tests failing*
Anasazi_Epetra_MVOPTester_MP l 4 (ht-tp:fitesti ng.sandia.govIcdashItestDetal ls. ph p?test=
33891492&bui ld=2469557)

IDEAS
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New master/develop workflow

❑ Want master branch to remain stable

❑ All developer changes are now pushed to develop
branch

❑ If changes are "okay", merge develop to master
o Currently a manual process for Trilinos framework
team

o If no new tests are failing on the dashboard, merge

o Will eventually be automated

An important consideration: commits are so frequent, and
the test suite is so large, it is not possible to run the test
suite after each commit.

SC Tutorial November 14, 2016
IDEAS
productivity



Good testing practices
h• r-
E Test-driven development — acceptance tests are

written before the software

u Gain clarity on code

i Guarantees tests will exist

o Useful when testing is viewed as unsustainable tax on
resources

E Provide users a regression test suite

E Test software regularly, preferably daily

SC Tutorial November 14, 2016
IDEAS
productivity



Building a test suite for CSE codes

al time is during development

❑ When software is mature, must ensure new code
does not break old features

Without regular testing, adding new code is error-
prone

o Structural changes are tedious without a way to verify
ongoing correctness

o Regular automated testing can provide a huge savings

SC Tutorial November 14, 2016
IDEAS
productivity



New software vs legacy code

❑ Legacy code often has insufficient tests

o First step in doing new, nontrivial development: add
more tests

o The issue: legacy code is not organized for unit tests

The key to working with legacy code is getting it to a
place where it is possible to know that you are
making changes one at a time.
- Michael Feathers, Working Effectively with Legacy
Code

SC Tutorial November 14, 2016
IDEAS
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New software vs legacy code

❑ Test coverings

o Set of tests used to introduce an invariant

Cover a small area of the system
Unit tests might not be possible, given legacy code
organization

o Correct behavior is defined by what the code did
yesterday, not an external standard of correctness

If the original legacy code was incorrect, that's a separate
issue

o Build the invariant, then refactor to make the code
clear

Michael Feathers, Working Effectively with Legacy Code IDEAS
productivity



Development phase
•

E Necessary to devise tests that give confidence the
software is behaving correctly

o Analyze mathematical properties of numerical
algorithm

Stability

Accuracy

i Apply algorithm to physical situation, ensuring
physical laws are not broken

o Possible statistical or other analysis to evaluate
solution quality

SC Tutorial November 14, 2016
IDEAS
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Formulating a continuous testing

regime

Identify verification needs within software

Defines code-coverage requirements

Pick features of the code necessary for correct behavior

Individual units

Interaction between units

o Know the purpose of testing each feature

Reduces wasted effort and computing resources

Helps identify the most appropriate type of test

Identify behaviors of code with detectable response to
changes

SC Tutorial November 14, 2016
IDEAS
productivity



Maintenance of a test suite

E Testing regime is only useful if it is

o Maintained

o Monitored regularly

- Has rapid response to failure

E Maintenance includes

o Updating tests and benchmarks

o Adjustments to software stack

i Archiving and retrieval of test suite output

Helpful in tracing change in code behavior

SC Tutorial November 14, 2016
IDEAS
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Maintenance of a test suite

❑ Monitoring individual tests manually is
unreasonable and should be automated

u Manual inspection should be limited to failing tests

• For repository code, failure can be correlated to
check-ins within a particular time-frame

Only certain developers need to be involved

SC Tutorial November 14, 2016
IDEAS
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Maintenance of a test suite

Tests should pass most of the time

Easy when code changes are infrequent

Harder when code is large and rapidly changing

Difficult to determine cause of failure

Pre-commit test suites are a good idea

Periodically review collection of tests

Look for gaps and redundancies

Pruning is important to conserve testing resources

o Deprecated features can be removed

o New tests may be necessary when new features are added

SC Tutorial November 14, 2016
IDEAS
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Example: SuperLU test suite
•

E SuperLU — sparse Gaussian elimination code

❑ Test suite

Many unit and integration level tests

o Entire suite can be run in a few minutes

o Demonstrates validation and acceptance testing, also
no-change or bounded-change testing

o Demonstrates how to deal with floating point issues

SC Tutorial November 14, 2016
IDEAS
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Example: SuperLU test suite

E Suite has two main goals

L Tests query functions to floating-point parameters
Machine epsilon, underflow and overflow thresholds, etc

o Provide coverage of all routines

• Tests all functions of the user-callable routines

SC Tutorial November 14, 2016
IDEAS
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Example: SuperLU test suite
•

❑ Many input matrices are generated

o Different numerical and structural properties

E Uses several numerical metrics to assert accuracy
of solution

o Stable LU factorization

Small forward and backward errors

SC Tutorial November 14, 2016
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Example: SuperLU test suite

❑ Performs exhaustive testing of a large number of input
parameters
For each /1 E set of valid values {
For each /2 E set of valid values {

For each 4/ E set of valid values {
For each matrix type {

Generate the input matrix A and rhs b;
Call a user-callable routine with input values {4, };
Compute the test metrics;
Check whether each metric is smaller than a prescribed

threshold;
}

}
• • •

Runs over 10,000 tests in a few minutes

SC Tutorial November 14, 2016
IDE S
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Use of test harnesses

❑ Essential for large code

o Set up and run tests

o Evaluate test results

❑ Easy to execute a logical subset of tests

o Pre-push

o Nightly

❑ Automation of test harness is critical for

Long-running test suites

o Projects that support many platforms

SC Tutorial November 14, 2016
IDEAS
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Automated test harnesses

❑ crontab
Time-based scheduler for Linux

o Execute specific command at specific time

Newer tools...
Allow centralized servers to execute tests on multiple
platforms

o Assist in load balancing and scheduling on available test
resources

r Test execution can be triggered by
Time
An event (such as repository modification)
Manual request by developer

SC Tutorial November 14, 2016
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Reporting test results

E Output results to screen

o Appropriate for pre-push testing

E Send email to a mail list

ri Can be generated by dashboard

E Test results dashboard

u Can display results from a range of dates

i Can detect changes in pass/fail conditions

o Allows results to be sorted and searched

o Enhances visibility of failing builds and tests

SC Tutorial November 14, 2016
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Example: hypre
•

E Multigrid preconditioner package

E Uses a system of scripts

Send emails to hypre developers indicating issues

o Emails point to directories where issues occurred

SC Tutorial November 14, 2016
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Policies on testing practices

❑ Must have consistent policy on dealing with failed
tests

u Issue tracking
How quickly does it need to be fixed?

Who is responsible for fixing it?

Add regression test afterwards (to avoid reintroducing
issue later)

❑ Someone needs to be in charge of watching the
test suite

SC Tutorial November 14, 2016
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Policies on testing practices

❑ When refactoring or adding new features, run a
regression suite before checkin

u Be sure to add new regression tests for the new
features

❑ Make sure at least two people are familiar with
every portion of code

❑ Require a code review before releasing test suite

o Another person may spot issues you didn't

o Incredibly cost-effective

SC Tutorial November 14, 2016
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Policies on testing practices

❑ Avoid regression suites consisting of system-level
no-change tests

u Tests often need to be re-baselined
Often done without verification of new gold-standard

Hard to maintain across multiple platforms

o Loose tolerances can allow subtle defects to appear

SC Tutorial November 14, 2016
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