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Test Coverage Metric for Two-staged Language with Abstract Interpretation

Taeksu Kim, Chunwoo Lee, Kiljeo Lee, Soohyun Baik, Chisz Wa Kwangkeun Yi

Software Engineering Laboratory
Seoul National University
Seoul, Korea

{dolicoli,oniguni,lagzycar, shhaik82, wuchisu} @ selabsnu ac.kr

Abstract—As @ program wrillem in multi-staged language
can generate and execute code fragments In excution time, & &s
hard to predict how many code fragments will be generated In
execution time, Therefore, current test coverages are not likely
to give right answers when they are apply to a program written
In multistaged language becawse the program slize could not
be estimatod casily,

In this paper, we present static analysis which detects
code fragments generated in execution time using abstract
Interpretation and prove the correctness of analyzer. Moreover
we propose new test coverage for multi-staged lasguage using
the result of analysis.

Keywords-software testing; test covernge; mubtl-staged lan-
guage; abstract interpretation;

I. INTRODUCTION

Multi-staged language is a programming language which
can generste and execule new program codes in execution
tmefl]. Recently, multi-staged language is used widely
because it can make software development faster and easier.
Many Web programming languages and script languagesie.g.
Ruby. Python, PHP, Lisp, JavaScript, elc.) adopt multi-staged
fication so that they support rapid

festures in their spe
development.

Test coverage is a measure % evaluate the quality of 2 test
suite. [t is defined as a ratio of size of executed programs
with test suite 0 size of program that should be tested.
For example, staternent coverage uses SLOC as the criteria
for measuring program size and decision coverage uses the
number of branches|2].

fanction
VAL X = * > 0) return 3; olse return 4;%;
2 (b> 0 turn eval(x);
else retarn O

Figure 1. Example Javascopt codeo

It seems unsuituble for applying current lest coverages to
multi-staged language. Because it is hard to estimate what
code fragments woukl be generated and executed in multi
stapedd language. Figure | shows an example source code
written in JavaScript. A test suite {{0,0). (0, 1)} can acquire

Programming Research Lahoratory
Seoul National University
Seoul, Korea
kwang @ ropas. snw.ackr

100% decision coverage. However the correct decision cov
erage value shoukd be 67% because the example code in
figure 1 will run actuslly like & code in fgure 2.

funcsicn foola, %) {
if (v >0 &k a>0) revarn 3;

Figere 2. Actual menaing code of figure 1

It is needed o snalyze what code fragments would be
genersted in execution time to guaraniee the correctness of
2 test coveruge. In this paper, we designed static analysis
which detects code ments generasted in execution lime
using abstract interpretation|3] and proved the comectness
of snalyzer. We also proposed new test coverage for multi
staged language using the result.

The rest of this paper is organized as follows. The next
chapler defines syntax and semantics of simple two-staged
language. Chapter [ presenis an amalyzer using abstract
interpretation and proof of the correctness of the analyzer. In
chapler IV, we propose new lest coverage using the analyzer.
Related work are introdduced in chapter V. Finally, coclusions
anxd the idea for the future wock are presented.

II. TWO-STAGED LANGUAGE

A Syntax and Assumptions

Figure 3 shows a syntax delinition of 2 smplified wo
staged language. In the language, @ program consists of
expressions. Functions and code fragments are the first-class
objects. This language uses guasi-quotations[4] to generate
and execute code fragments in the execution time. Boxing(*)
and unboxing(,) operators are lsbeled uniquely by Label and
Alphabet.

To decrease the complexity of the analysis we make some
assumptions on the language as follows.

o The language only supports two-stage processing.

« Expression run e never generate code fragments.

o All Labels und Alphabets are unique values in the
peogram text.

® Test Coverage
Metric for Two-
Staged Language
with Abstract
Interpretation
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w — N
X

W+ w

w>w | —w| [w]
w — letzww
if www

run w
lift w

w

w0 € SymEnv=Var — SymEzxp

o
M

Condition = SymEzxp
I € 2C ondition

| Sm—

20104 8% 30 &4



o,0,I' ey : True,wq,I'y

O',QO,I‘|—if €1 €2 632U2,w2,F2

W——-————'

L
g, Y, Pl U {wl} = €2 . ’U2aw2)P2 s
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Theorem 2. Let I', IV be condition sets, v be a value, w be a symbol expression, I
e be an expression, ¢ be a symbol environment and o be an environment that -

satisfy

o,0,Fe:v,w, I’

For an environment o',
/ /
o EI' =

DR r———————

o, o,'+e:v wI i
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Corollary 1. Let a be an input variable whose value is vy. For given environ-4

ment o = [a — vg|, symbol environment ¢ = [a — a] and expression e, s

o,0,0Fe:v,w,I' = okFelw
R —— ""‘“—-—-d
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Lemma 3. Let I',1V be condition sets, v be a value, w be a symbol e:cpressz'on,{

o be an environment and ¢ be a symbol environment that satisfy o ~ ¢. Then,
for an arbitrary expression e, i

oo, Fe:v,w,IV = v~y w
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"Trivial" is
synonymous with
"proved"




