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Abstract  Correct time behavior is an important aspect for time sensitive software.

also maintenance. So maintainers without time information of the software tend to
chances to introduce unintended time behaviors. Few practical works have been done on collec

the time-related information before the software evolves, which we call time chang@u ct
analysis. In this paper, we propose a novel, practical framework to get high-level information about
the impact of time before new code is added to the time-sensitive project. Our main insight is that
by reminding maintainers some places (or points) in the source code, which largely affect the exe-
cution time, maintainers can be more cautious when updating such places. Because these points

have a leverage effect that multiplies the task time, we call them time-leverage points. Our
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framework integrates a disturbing based testing technique to find these points for maintainers.
The technique disturbs the evaluation time by instrumenting different codes in software. When
summarizing the time changes, we can measure the time impact of points. For a real project, we
also integrate several static program analysis techniques to reduce the false negatives and improve
the scalability of our framework. We implement our method as a prototype and evaluate the
method on Milardalen WCET Benchmark suite and Free Lossless Audio Codec (FLAC) project.

The result shows that our framework successfully detected the time-leverage points in software.
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FOR Vpe P DO 3 d s
IF p THEN P,< P,U{p} o X
END FOR P .3
WHILE number(P,)< N4 DO o P..
P,<P,Urandom (p&E P) Linux C/CH+ ,
END WHILE d 9
2 ’ delay fun().
= ’ 2 Linux sleep ()
fun case(). mdelay(),
Ne Linux
random case() , .
gettimeo fday() 0,
’ / , ’ J
( , 0 99
, mod ¢ ’
100). ’
4 ,
manual case().
P, 4
, d
2 5 !
w 3 Pprsp2) Polps)
i P () sp2) (p2) ,
id )
i ’ : P, Py, P,
w() id, g
id : e |
FOR Vp 1 VA& P, , Yd & 24 /=0 DO
ceval PO r < evalld)
P P prsp) < PLpiid )]
’ Py (p2) <P ps ol
’ P<—PU{(P(p1:p2) R
END FOR
4 4 2
3 P P, s
2.
28 pP,, P, T’;
: ¢ P, :
C<fun case(), P'<=¥peE P UP,, PLp Lw()] T , 4 4
WHILE number(C)<N. DO
C<—random case() \ manual case() b "
END WHILE
FOR VYcase€ C DO ’
IF VpE€eval P (case)s p& PyV p& P, THEN 4 R
C<—C—{case} 4.
END IF P, C
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FOR V(P (p1sp2)s Po(pe) ) € P DO
FOR Vcasee C DO
T (p1 s po stscase)<eval Pi(pysps) (case)
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FOR Vi,j€ N, DO
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bound <~ & s ,
FOR Vbe L, DO s
IF pattern(b) # unknown THEN 50
bound (b) < solve(b)
ELSE p
bound (h) < | ’
END IF ’
END FO 5 50 s
3 .
3.2 WCET
Mélardalen Mélardalen WCET
WCET
Free Lossless Audio Codec(FL ’ ’
31
ROSE!" ’ 0
, Fortran,C C—+ ’
5 6. 74E-6s.2 69E-5s,
i 15E-45.8 11E-3s L 31E-1s.
ROSE
y (Abstrac '
. LAPI
Syntax Tree, AST) visitor
X h WCET ,
Ruby
Dell Optiplex
755 R CPU Intel Core 2 Duo
E4500 2. 2GHz, 2GB , FER 1
2. 6. 24-29-generic Linux Ubuntu
8 04, gee 4. 2. 4, Ruby 1 . Milardale .
Ruby 1. 8 6 patchlevel 111. 3.
2.1 r(prspast) , nsichneu  bs,
. s [0,1. 5], ;
(1. 5,5].(15,507. (15,507, (50,1507, (150,500] . adpem  edn,
(500,1500] (1500, +o0) 8 R,
; s inssort select,
VGR ’ ’
; 5 50 ,
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1 WCET
R /
(0,1 5] (1 5,5] (5,15] (15,50] (50,1507 (150,500  (500,1500] (1500, +co)
adpem 42/14. 38%  164/56. 16%  61/20. 89% 16/5. 48% 0/0% 0/0% 0/0% 9/3. 08%
bs 16/76. 19% 5/23. 81% 0/0% 0/0% 0/0% 0/0% 0/0% 0/0%
bsort 17/58. 62% 0/0% 0/0% 0/0% 6/20. 69% 0/0% 0/0% 6/20. 69%
ent 33/80. 49% 0/0% 2/4. 88% 0/0% 6/14. 63% 0/0% 0/0% 0/0%
compress  122/76. 25% 0/0% 1/0. 62% 30/18 75% 7/4. 38% 0/0% 0/0% 0/0%
cover 595/99. 50% 0/0% 1/0. 17% 1/0.17% 1/0.17% 0/0% 0/0% 0/0%
1/12. 50% 0/0% 0/0% 0/0% 4/50. 00%  2/25 00% 1/12. 50%
1/3.70% 14/51. 85% 0/0% 1/3.70% 0/0% 0/0% 0/0%
1/0. 88% 0/0% 23/20. 18% 17/14. 91% 3/2.63% 8/7. 02% 1/0. 88%
0/0% 0/0% 1/2.22% 4/8 89% 0/0% 0/0% 0/0%
0/0% 2/20. 00% 2/20. 00% 0/0% 0/0% 0/0% 0/0%
A 0/0% 98/77. 18% 0/0% 0/0% 0/0% 0/0% 0/0%
fftl 2 4. 35% 12/52. 17% 8/34. 718% 0/0% 0/0% 0/0% 0/0%
fibeall 16/84. /0% 0/0% 3/15. 79% 0/0% 0/0% 0/0% 0/0%
fir 23/69. 70 0/0% 9/27. 27% 0/0% 0/0% 1/3. 03% 0/0% 0/0%
inssort 19/73 08% /11 54% 4/15. 38% 0/0% 0/0% 0/0% 0/0%
jcomplex 10/55. 56 % 1/5, 38 89 % 0/0% 0/0% 0/0% 0/0% 0/0%
jfdctint 31/28. 97% 69. 16% 0/0% 2/1. 87% 0/0% 0/0% 0/0%
lednum 38/86. 36 % 1/2. 27% 5/11. 36% 0/0% 0/0% 0/0% 0/0% 0/0%
Ims 4/5. 48% 1/1. 37% 6/8 22% 23/31.51%  25/34 25% 5/6. 85% 9/12. 33%
loop3 168/60. 87 % 62/22. 46 % 4/1. 45% 0/0% 0/0% 0/0% 0/0%
ludemp 27/46. 55% 0/0% 8/3 103 % 13/22. 41% 0/0% 0/0% 0/0% 0/0%
matmult 13/54. 17% 3/12. 50% 0% 2/8 33% 0/0% 2/8. 33% 3/12. 50% 1/4.17%
minmax 23/88 46% 3/11. 54 % 0/ Q% 0/0% 0/0% 0/0% 0/0%
minver 48/42. 11% 33/28 95% 31/27. Y 0/0% 0/0% 0/0% 0/0%
ns 11/73 33% 1/6. 67% 0/0% 1/6. 67% 0/0% 1/6. 67% 0/0%
nsichneu 835/48. 60%  883/5L 40% 0/0% 0/0% 0/0% 0/0% 0/0%
gsortexam  23/32 39% 31/43. 66% 16/22. 54% 0/0% 0/0% 0/0% 0/0%
qurt 36/53. 73% 21/31. 34% 5/7. 46 % 0/0% 0/0% 0/0% 0/0%
select 35/54. 69% 3/4.69% 11/17.19% ' 0/0% 0/0% 0/0%
sqrt 17/68 00% 2/8.00% 5/20. 00% 0/0% 0/0% 0/0%
statemate 597/80. 24 % 147/19. 76 % 0/0% 0/0% 0/0% 0/0% 0/0%
nsichneu Petri , 5 15
3.3 FLAC
s (Fr ess Audio Codec,
5, FLAC)
adpcm (2] flac L. 21
1500 , ,
my fabs 4 my sin 2 .
3 N . ( . ).
. 9 s
nssort s
> 7 API libFLAC
s 4 ( 2 lib ) libFLAC
15 50 ( 2 bin
, 3 ). ,
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2 FLAC
R
[0,1 5] (1. 5,5] (5,15] (15,50 (50,150] (150,500 (500,1500] (1500, +o0)
bin 2190 69 12 1 5 24 0 2
lib 2557 16 8 3 0 0 0 0
bi 2306 63 8 1 49 0 0 1
2047 182 90 87 0 0 0 0
ELAC : (D (Impact Analysis) ;
2 . (2) (WCET) 3 (3)
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WCET (Hot Spots)
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3 1500
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