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Problem Formalization

Test Suite Minimization

* Given:
> Asetoftestcases T ={t, t, ..., t}

> A set of program elements to be covered (e.g., branches) I={m,, m,, ..., m,}
» A coverage matrix

t1 t2 t3 tn
my o 1 1 i :
T 1 if element m; 1s covered by test t;
T= my | O 0 1 .. 0 Y] 0 otherwise
m|1 1 0 .. 0
* Find a subset of tests XC T maximizing coverage and minimizing the testing cost
k n
 Binary representation: - n .
fy rep coverage(x) = Z max{Tijx;}; ones(xr) = Z €
i Jtir . .
. 1 if test t; is selected =1 J=1
‘| 0 otherwise oo
flx) = Z max{7T;x;} — c-ones(x)
i=1 "
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Landscape Definition

Landscape Definition

* A landscape is a triple (X,N, f) where

» X is the solution space The pair (X,N) is called
> N is the neighbourhood operator configuration space

> f is the objective function

* The neighbourhood operator is a function
N: X —P(X)

 Solution y is neighbour of x if y € N(x)

* Regular and symmetric neighbourhoods
d=|N(x)] VxeX
yE N(x) < x& N(y)

» Objective function
f:X—>R(orN, Z, Q)

SSBSE 2011, Szeged, Hungary, September 10-12
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Elementary Landscapes

Elementary Landscapes: Formal Definition

» An elementary function is an eigenvector of the graph Laplacian (plus constant)

Adjacency matrix Degree matrix

1 ify e N(x) N(z)| ftxr=y

0 otherwise 0 otherwise

(A=A-D

Depends on the
configuration space

fl:x:y — D;l?y —

» Graph Laplacian:

» Elementary function: eigenvector of A (plus constant)

(—A) x (f_ b) :@%Iue

SSBSE 2011, Szeged, Hungary, September 10-12
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Elementary Landscapes

Elementary Landscapes: Characterizations

* An elementary landscape is a landscape for which

| _ )
ave{f(y)} =(@f (r) +(3 Vo e X | - Dependonine
) reX |-

) problem/instance
Y eN (;1?)

> Linear relationship
where

ave{ f(y)} = i > flw)

yeN(x) 'yEN(;r)

f=m 2. 1W)
* Grover’s wave equation yeX

ave{ f(y)} = (F ~ fa
. \

yeEN (x)

—1-Z= 8 =
“ d | 1’

Eigenvalue
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Landscape decomposition

Landscape Decomposition

* What if the landscape is not elementary?

« Any landscape can be written as the sum of elementary landscapes

<e,f>

A < 921f>

A f A A
WEWﬂ“

X

* There exists a set of eigenfunctions of A that form a basis of the

function space (Fourier basis)

A

e,

Non-elementary function

Elementary functions /‘ f/ Elementary

»
»

(from the Fourier basis) < exf> / components of f
: €,
<e,f>
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Landscape decomposition

Examples
Problem Neighbourhood d k
E g’. Symmetric TSP 2-opt — n(n-3)/2 -1
8 swap two cities n(n-1)/2 2(n-1)
% § Graph a-Coloring | recolor 1 vertex (a-1)n 2a
T Max Cut one-change n 4
Weight Partition one-change n 4
Problem Neighbourhood d| Components
E iInversions n(n-1)/2 2
c & |General TSP —
dé = swap two cities n(n-1)/2 2
. é Subset Sum Problem | one-change n 2
° S | MAXKk-SAT one-change n k
§ - QAP swap two elements | n(n-1)/2 3

Test suite minimization one-change

SSBSE 2011, Szeged, Hungary, September 10-12
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Binary Space

Binary Search Space

* The set of solutions X is the set of binary strings with length n

* Neighborhood used in the proof of our main result: one-change neighborhood

» Two solutions x and y are neighbors iff Hamming(x,y)=1

SSBSE 2011, Szeged, Hungary, September 10-12
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Binary Space
Spheres around a Solution

« If fis elementary, the average of fin any sphere and ball of any size around x is a
linear expression of f(x)!!!

. n non-null
Z fy”) =2, 1(x) /‘\‘\\ possible values

3" ) =

Sutton
Whitley

Langdon

Y f(y”) =2 f(x)

SSBSE 2011, Szeged, Hungary, September 10-12
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Binary Space

Bit-flip Mutation: Elementary Landscapes

» Analysis of the expected fitness E[f]a: — f—+ (1 _ 2p)j (f(:l?) —_ f)

p=0 — fitness does not change

/ _ p=1 — the same fitness
When f(x) > | _

®) ®)
200 1 \\ 1 // 200 - When f( X ) < f_
1\ Sutton ]

jcvcn/
] / . ) ] jodd
Whitley
100 © 100-
e o= R 7 Howe bl R 7
? Chicano
T o2 oa/  o0s o 1 T A7  os o0s s 1
P Alba _ p
. \

-100 -1004
/ \\
I'/ '\.

p=1 — flip arounc f

£/,
0

p=1/2 — start from scratch

SSBSE 2011, Szeged, Hungary, September 10-12
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Binary Space

Bit-flip Mutation: General Case

» Analysis of the expected fitness -
« Example (j=1,2,3):

=0+ Q4+ Q

400 p=0.23 — maximum expectation
1 N\
300 \\\j: 1 mon
= ] ‘\
S~ 200- «

100

0

p=1/2 — start from scratch

-100
-200 4

=300

The traditinal p=1/n cotjld be around here
-400 - \

SSBSE 2011, Szeged, Hungary, September 10-12
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ELD of f 2
Elementary Landscape Decomposition of f

* The elementary landscape decomposition of
A.

flx) = Z njf_el‘i_llx{T;_,-;r_,-} — ¢ -ones(x)

=1 -~

Computable in

' Tests that cover m;

n

-y <— constant expression

—c- (On(zs(:zz) e g)

Krawtchouk matrix
!V & Wherel <p<mn

’\Vi\—p,n‘l

Tests in the solution that cover m,
SSBSE 2011, Szeged, Hungary, September 10-12
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ELD of f2
Elementary Landscape Decomposition of 2

* The elementary landscape decomposition of f? is

2 k - .y k
(0) = c\Vil + 283 1
F) @ =5 +T”‘2 2] +ZIW

3 =k—cn/2

k - . i)
(D), v (c|Vi| +28)(=1)™ v
(f ) (2) = ¢B(n — 20nes(x)) — g ( SV }\jl\'zil—l-“'}”

=1
k ,u:i.v;.’)
Z ViuV,
+ \ | 3 (ivil)
z\ |\_ul| 1"
l.l:
k
Z n — 2ones(x) — |\Vi| + an
_(7'
21 Vil
i=1
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ELD of f2
Elementary Landscape Decomposition of 2

* The elementary landscape decomposition of f? is

9 A A

2\ (0) , o O c\Vil+ 28 1
(f ) (;I.) — )) + I“ — Z 2“" + Z —2|\"iw\'}t/|

i=1 1,4 =1

3 =k—cn/2

2 k . o ()
21 (2) v} — : ones(ax) pn ((Hl‘ + 27))(_]-) : - Vi

i=1 1
k (ivi')
L3 (CE
2“"”* Virl | Vi L,\"i/|—‘.2.11.':li‘v""l)
ii'=1 :
k (i)
g DT e 5
AV . . S ()
—C T K (i ('H, — 2o0nmes(x) — |Vi| + 2n, )
2|‘vi| |\"i.|—l.-nﬁl" ( ) ’ ’1 1
i=1
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ELD of f2
Elementary Landscape Decomposition of 2

* The elementary landscape decomposition of f? is Computable in

O(nk?)

‘A'-A

) k . .y k
(0) c|\Vil + 28
() ) = +T”_Z vt 2

=1 1,1

8 =k —cn/2  Number of tests that cover m; or m;

k , N (i)
2\ () (c[Vil+20)(=1)" v
NN ; | ) > 2
(f ) (I) Zl ( 2|‘1| K’|\.',j|—p,n.':]” 1 >
k (i) Vv Number of tests in
~| Vil Vs =
+ Z ( ViV | K'l\';u;-:—;». the solution that
t'=1 cover m; or m;,
‘ (_1)‘”':11.) A Vi
_ (,Z; WK’I\’J—PT’L'”-'QH (n — 2ones(x) — |V;| + an )
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Selection

Selection Operator

» Selection operator

Mutation
Expectation f(;ﬂ)
L Minimizing

/

A

xpectation

Mutation

v

* We can design a selection operator selecting the individuals according to the
expected fitness value after the mutation

SSBSE 2011, Szeged, Hungary, September 10-12
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Mutation

Mutation Operator

» Mutation operator

Testing

Regression ‘ Landscape

» Given one individual x, we can compute the expectation against p

400 .
S ﬁ 1. Take the probability p for which
™ < Erpgstation the expectation is maximum
'§ 200 - / Jj=3
\ 7 2. Use this probability to mutate
A I N the individual
¢ /e:’z 0.4 \‘o.le - 0.8 1
4 PN
—100—// N j=2\\
-200 i\‘\
-300 ‘\\
-400 - \

* If this operator is used the expected improvement is maximum in one step

(Sutton, Whitley and Howe in GECCO 2011)

SSBSE 2011, Szeged, Hungary, September 10-12
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GLS
Guarded Local Search

» With the Elementary Landscape Decomposition (ELD) we can compute:

-1 n
pe = avg{ f(y)} = (7) Z /\5"1,) (f"')“") ()

y|H(y,x)=r p=0

Testing

Regression ‘ Landscape

« With the ELD of fand 2 we can compute for any sphere and ball around a solution:

/41 : the average g = \//1.3 — /1.% : the standard deviation

* Distribution of values around the average

Chebyshev inequality
1
— — OA

At least 75% of the

samples are in the interval
|

ju—d-o [ pr+d-o  f 11 — 20, puy + 20]
Apply local search

SSBSE 2011, Szeged, Hungary, September 10-12
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GLS
Guarded Local Search

» With the Elementary Landscape Decomposition (ELD) we can compute:

-1 n
pe = avg{ f(y)} = (7) Z /\5"1,) (f"')“") ()

y|H(y,x)=r p=0

Testing

Regression ‘ Landscape

« With the ELD of fand 2 we can compute for any sphere and ball around a solution:

/41 : the average g = \//1.3 — /1.% : the standard deviation

* Distribution of values around the average

Chebyshev inequality
1
o

At least 75% of the
samples are in the interval

ju—d-o [ pr+d-o  f 11 — 20, puy + 20]
Don’t apply local search

SSBSE 2011, Szeged, Hungary, September 10-12
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GLS
Guarded Local Search: Experimental Setting

» Steady state genetic algorithm: bit-flip (p=0.01), one-point crossover, elitist replacement

Testing

Regression ‘ Landscape

* GA (no local search)
* GLSr (guarded local search up to radius r)

» LSr (always local search in a ball of radius r)

* Instances from the Software-artifact Infrastructure Repository (SIR)
* printtokens

* printtokens2

* schedule
Oracle cost c=1..5
* schedule2
toting n=100 test cases
oHnto k=100-200 items to cover
 replace

100 independent runs

SSBSE 2011, Szeged, Hungary, September 10-12
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Guarded Local Search: Results

ssbse?

-~

™

\Z

" schedule

c=1 c= =5

R
- |
- ‘ /
\

SSBSE 2011, Szeged, Hungary, September 10-12



Regression
Testing

Landscape
Theory

GLS

Applications
Experiments

Conclusions
& Future Work

Guarded Local Search: Results

Fitness
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ssbse?
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Conclusions & Future Work

Conclusions

» Landscape theory provides a promising technique to analyze SBSE problems
» We give the elementary landscape decomposition of the test suite minimization problem
» Using the ELD we can efficiently compute statistics in the neighbourhood of a solution

» We provide a proof-of-concept by proposing a Guarded Local Search operator using the
information gained with the ELD

Future Work

» The main drawback of the GLD is runtime: parallelize computation with GPUs
» Expressions for higher order moments (ELD of F)
* Remove the current constraint on the oracle cost

* Connection with moments of MAX-SAT

SSBSE 2011, Szeged, Hungary, September 10-12
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