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Design and Implementation of Portable Worst-Case
Execution Time Analysis Tool: RETAS

KELI YAMAMOTO ,! YuTaka IsHikawa 1
and TOSHIHIRO MATSUI'?

To design a reliable real-time system, it is important to know the worst-case
execution time of a real-time task, and to confirm whether it satisfies deadline.
In this paper, we propose a new portable worst-case execution time analysis tool
named RETAS. Execution time is predicted by combining the partial execution
of the code and memory access time calculated using a simulator. We demon-
strate that RETAS predicts the execution time safely in different environments,
Pentium-M, XScale and SH.
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1 p = memory_allocation();

2 sequential_memory_access(p);
3 clear_cache();

4 for (¢ = 0; ¢ < TRIAL; c++) {
5 i = rand();

6 tscO = read_time_stamp_counter();
7  temp = plil;

8 tscl = read_time_stamp_counter();
9 tsclc] = tscl - tscO0;

10 }

11 print_result(tsc);
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0 2 XScale Architecture
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1 memory_allocation();

2 benchmark() ;

3 for (c = 0; c < 100; c++) {

4 clear_cache();

tscO = read_time_stamp_counter();
tscO = read_time_stamp_counter();
benchmark() ;

tscl = read_time_stamp_counter();
9 tsclc] = tscl - tscO;

10 }

11 print_result(tsc);

0w N o o,

04 O00000O0OOCOGO

000000000000)00000000000ORETASOODOOOO OSODOOOO
O00oO0oooooooosooooooooooooooooooooogooooooo
oooo

40000000000 0DDOODODOOOODODOOOODOOOOOODODOO
Oo00ooooo0o0o0oooo0oo0o0ooo0oooooooooo osSuooooo
goboboooboooboobbooboobobobooooobooooooooooooooa
goboooooooooobooobooooooboobooboobOobOOoOoDbOOObOOon
gooboooooooobooobooboooooooobooooobooooboooooboOoa
O00000000o00o0o0ooO00o00o0000ooo00o0oUoOn printf0O0O
ooobooooooooooboOooboboooboOooooOo0oboooOoboOobOoooboObOOo
gooooooooob eo0O0O0bbOO0ObOOObOOOODOOObOOOODObOOOOn

(© 2009 Information Processing Society of Japan



gooooboooag
IPSJ SIG Technical Report

300

latency  +

s

250
4

E
H
i__.—-f

150 B

;
100 _f ]

cycles

M+

1 1 1 1
0 500 1000 1500 2000
trial

0 5 Pentium-M 000000000000

06 O0OO0OO0OOOOOOOOCOODOO

goooooo DDDDD(CyCleS)
Pentium-M 180
XScale 121
SHT7780 80

5.2 J0O0OO0OO0OOOO0OOOOOODOO

gooooboooooboobooooboooboooooooboboooooooooooon
gooooooooobooooooboooooooooooobDobDoboobooDbboobooo
gbboobooooboooooobobooobooobobOooboOoboboboboOoboobooOoooo
gbooooboooooooooooooobooooboooOobOoobooooobooboooOOoon
goooOoO0O0O00000D00000000O0000n. 50 Pentium-MOOOOOOOD
gobooobbooooooooobobobobo sb20480000000000D0O0O0O
goboobooooboooooooooobooo sb0ouobooooboobobooOoDn 180
gooooooooooooobo sbobobobbouobOouobobobooooboboboooono
oooooboooooooo

Vo0l.2009-ARC-183 No.7
Vo0l.2009-0OS-111 No.7
2009/4/22

06 OD0O0O0O0O0O0O0O0OOOOOOOOOOO

ooooooo oooooo 000 (cycles)y 00O (cycles) oo
Pentium-M Matmul 28398 32507 +14%
Fibonacci 146 164 +12%
Servo 23372 31857  +36%
Stereo 131.51 M 165.71 M +26%
XScale Matmul 48184 51277 +6%
Fibonacci 190 204 +7%
Servo 1526 K 1803 K +18%
Stereo 297.78 M 316.72 M +6%
SH Matmul 51307 54604 +6%
Fibonacci 220 252 +14%
Servo 34187 38728 +13%
Stereo 336.89 M 342.81 M +2%

53 J0O00OO0OO0OOOODOOOO0OO

gooobooooooobobooooooooooboob e bDODbDOO
goboboboboobooboboboooboooooooobobooooooboonooooooag
goooo

XScale Servo 000000000 OCOOOOCDODOOOOOOOODOOOOOOOO
00000 XScaleDOOODOOOOOOOOOOOO SecvoO0OO0O00COODOOODOO
gobooooboooboooaoo

6. 0 00O0O0

WCETOOODOOOOOODOODOO0O000000000000000000000000
0000000000 200000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 00000000000000000000000000
00000000000 ooooooooo'Y'?ooon
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000

(© 2009 Information Processing Society of Japan



gooooboooag
IPSJ SIG Technical Report

0000000000000 0000000000000000000
0000000000000000000000000000000000000000
000000000000 D00000000000000000000000000000
00000000 oooooo®Yooooooooo™Yooooooo”o00o0n
oo'®Ygooooo00000D00000D00000NDDN000NO0onooono
00000000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000 00000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000

Petters 02 000000000000 0O0O0O0O0DOOOOOOOOOOOODOO0O
00D00000000000000000000000000O0WenzelO2Y 000000
000000000000 0000000D0000000000000000000000
0D00000000D000000 RapiTime?® O aiT?® 0000 RapiTime O 000
00000000000 000000000000000000000000000000
000000000000 00000000000000000000000000000
0000000.TOD000000000000D000000000000000000
00000000D000000D00000000000000000000000000D0
oooo

7.0 0O O

000000000000 00000000000 RETASOOOOOOOOOOOO
O Pentium-MO XScaleOSHO OO OOOOOOOOOOOOOOOOOOOOOOOO
gbooobooboboooooooooobooooboooOoooOobOoboOoboooDoOoOOoboObDO
gboboooooooooboooboooooboobooooooOobOOoOoooooooboboboOoOoOoa
goooboboooooooooboobobooboooboobOoobooooOooooboooboon
goooooooooobooooooobobooboboOobooboOoooooOooooDoDooboo

Vo0l.2009-ARC-183 No.7
Vo0l.2009-0OS-111 No.7
2009/4/22

oboooOoooboooobooooobooboobooobooooboooobobooobooooDn
gooooooooooooobooobooboooo

000000000 0O0XScaleOODOODOOOOOO200000000SHOOOO
goooo0o 3000000 0DO0DOOO0O0ODODOO00OPentium-MOOOOO0O0O
gooooooobooooooooooboobobob0oooboooooooDobobooooo
OO00O0OPentium-MOO0O00000O0OO00O0OO0O0O0O0OOOCOOOODOOCOOODOODO
ooooooooon

00 00000oUoOoooOoooOoOoo (JSsTyoooooooooood (CREST)
gooooooo

[ A

1) Yamamoto, K., Ishikawa, Y. and Matsui, T.: Portable Execution Time Analy-
sis Method, the 12th IEEE International Conference on Embedded and Real-Time
Computing Systems and Applications (RTCSA06), pp.267-270 (2006).
2) Intel Corporation: TA-32 Architecture Software Developer’s Manual (2004).
3) Intel Corporation: Intel XScale Core Developer’s Manual (2004).
4) Renesas Technology: SH7780 00D 000 ODOODO (2006).
5) 0000000 000000000000 O0oO0O0UOOOoDUOoDOooUoO
00000000 (ARC-169, SWoPP 2006)0 pp.127-132 (2006).

6) Free Software Foundation: GNU Compiler Collection Internals, http://gcc.gnu.
org/onlinedocs/gccint/.

7) 0000000 MO0000o00oooo00ooo0ooooooooooooooon
000 (ARC-164, SWoPP 2005)0 pp.79-84 (2005).

8) Crockford, D.: The application/json Media Type for JavaScript Object Notation
(JSON), Internet RFC 4627.

9) 000000000000 MOD0O0O0O0U000O00U00 MOooooooooo
moooooboooooboboooooogbooboboboobDobboboo
00D000.SLDM, (0000 LSIOO0OD]0 Vol.2004, No.33, pp.1-7 (2004)

10) Kirner, R. and Puschner, P.: Transformation of Path Information for WCET Anal-
ysis during Compilation, Proc. 13th Euromicro International Conference on real-
Time Systems, pp.29-36 (2001).

11) Healy, C., Sodin, M., Rustagi, V. and Whalley, D.: Bounding Loop Iterations for
Timing Analysis, Proc. 4th Read-Time Technology and Applications Symp., pp.
12-21 (1998).

12) Gustafsson, J., Lisper, B., Snadberg, C. and Bermudo, N.: A Tool for Automatic
Flow Analysis of C-programs for WCET Calculation, Proc. 8th IEEE International

(© 2009 Information Processing Society of Japan



gooooboooag
IPSJ SIG Technical Report

Workshop on Object-Oriented Real-Time Dependable Systems (2003).

13) Lim, S.-S., Bae, Y.H., Jang, G.T., Rhee, B.-D., Min, S.L., Park, C.Y., Shin, H.,
Park, K., Moon, S.-M. and Kim, C.S.: An Accurate Worst Case Timing Analysis
for RISC Processors, IEEE Trans. Softw. Eng., Vol.21, No.7, pp.593-604 (1995).

14) Ottosson, G. and Sjodin, M.: Worst-Case Execution Time Analysis for Modern
Hardware Architectures, ACM SIGPLAN 1997 Workshop on Languages, Compil-
ers, and Tools for Real-Time Systems (LCT-RTS’97) (1997).

15) White, R.T., Healy, C.A., Whalley, D.B., Mueller, F. and Harmon, M.G.: Timing
Analysis for Data Caches and Set-Associative Caches, RTAS ’97: Proceedings of the
3rd IEEE Real-Time Technology and Applications Symposium (RTAS ’97), IEEE
Computer Society, p.192 (1997).

16) Lundqvist, T. and Stenstrom, P.: An Integrated Path and Timing Analysis Method
based on Cycle-Level Symbolic Execution, Real-Time Syst., Vol.17, No.2-3, pp.183—
207 (1999).

17) Colin, A. and Puaut, I.: Worst Case Execution Time Analysis for a Processor with
Branch Prediction, Real-Time Syst., Vol.18, No.2-3, pp.249-274 (2000).

18) Schneider, J. and Ferdinand, C.: Pipeline Behavior Prediction for Superscalar Pro-
cessors by Abstract Interpretation, LCTES ’99: Proceedings of the ACM SIGPLAN
1999 workshop on Languages, compilers, and tools for embedded systems, ACM
Press, pp.35-44 (1999).

19) Stappert, F. and Altenbernd, P.: Complete Worst-Case Execution Time Analy-
sis of Straight-line Hard Real-time Programs, J. Syst. Archit., Vol.46, No.4, pp.
339-355 (2000).

20) Petters, S. and Farber, G.: Making Worst Case Execution Time Analysis for Hard
Real-Time Tasks on State of the Art Processors Feasible (1999).

21) Wenzel, 1., Rieder, B., Kirner, R. and Puschner, P.: Automatic Timing Model
Generation by CFG Partitioning and Model Checking, Proc. Conference on De-
sign, Automation, and Test in Europe (2005).

22) Rapita Systems Ltd.: RapiTime, http://www.rapitasystems.com/rapitime.

23) AbsInt: aiT WCET Analyzers, http://www.absint.com/.

Vo0l.2009-ARC-183 No.7
Vo0l.2009-0OS-111 No.7
2009/4/22

(© 2009 Information Processing Society of Japan



