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Portable Worst-Case Execution Time
Analysis Method

KEe1 YAMAMOTO,! YUuTAKA IsHIKAWAT!
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
method. Based on this approach, an execution time analysis tool named RE-
TAS is implemented. Execution time is predicted by combining the partial
execution of the code and memory access time calculated using a simulator.
We demonstrate that RETAS predicts the execution time safely in different
environments, Pentium-M, XScale and SH. Porting RETAS to those architec-
tures requires about 100 to 200 code lines to describe architecture dependent
features. Comparing with actual and predicted execution times in benchmark
programs, the predicted execution times are from +2% to +36% errors against
the actual execution times. The results show that RETAS safely predicts the
worst case execution times in those CPU architectures.

1. 0000

0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000 00D0O00OWorst-Case Execution Time: WCETO OO OO
ooooooo
0000000000000000000000000000000000000000
000 WCETOOOOOOODOODOOODOOOOOOO0OO000000000000000
0000000 WCETOOODOOOOOOOOOODOOOO0O0O000000000000
O00O00O00O0O0OWCETOOOOOODOOOOOOO0D0O00000000000Y0
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
O0000000000000000000000000000000000000000
0ooooooooooo®»®o

00000 Intel 00 Pentium-M® O XScale® ORenesas 00 SH® 00000000
0000000000000 0000000000000000000000000000
00 200030000000000000000000000000000O00000O00O0

f10000000000000000

Graduate School of Information Science and Technology, The University of Tokyo
t2 000000000

National Institute of Advanced Industrial Science and Technology (AIST)

(© 2010 Information Processing Society of Japan



78 O0OO0OO00O0O0O0OOOOOOOOOOO

0000000000000000000000 Pentium-MOO0OO +1400 +36%0 0
XScale 00O DO 4600 +18%00SHOODOUO 4200 4+14%00000000000
goooboooooooooooooooobobooooooooooooooooonoa
goboooooodoooogo

2. 0 O

21 O O

O0000000000000000000000 RETASOUOOORETASO COO

O0000o0oO00o0oooO0oo0oooooo0o0ooooOo0ooooooooooooo

RETASOOOOO0OOO0OOO0OO0OOO0O0OOO0OOO0OO0OO0OO00O00O00000000O000O0 1

OOO0DORETASOOOO 4000000000000000000000OC0000O00

ooo

(1) 000000000000 Gnu Compiler Collectiond GCCOOOOOODOOOO
00000000000 Register Transfer Languaged RTLOY 00000 GCC O
oooooooooo

(2) RITLOOOOOOOOOOOOOOOOOOOOOOO

(3) ODO0ooOOOO0OO0OO0OOO0OOO0O0OO0O0O0OO0O0O0OODO0O0OOO0OO0DOOOODOOO
pgoobooooobobuooboobobboboboobobbobobobbobo
goboooboobodooboobooooboobbooooboobobobno
gooooo0o0ooo0o0ob0obobOobobOobDOobDO0240000000D0O

(4) (2)00000000000C00OC00OCOOOOOOOODOOOOOOOOO RTL Level
Simulator 000 0000000000000 OOOOOOOOOOOOOO0O(3)

N EIELTZ
v—23-F |7 “oee
RTL RTL Level Simulator —> | g msei7as
7/ F—av REBRITHSY]

\ TR —> | 325 /

01 00000000000 RETAS
Fig.1 Worst-Case execution time analysis tool: RETAS.

000000000 0obDOoooDOoooooog Vol 3 No.o1l o 77-87 (Mar. 2010)

gojodooooobbbboobotdiddoooooobbbbooooobo
gooooooboboobobboobobooboboooboboobobooo
00000000000 RTL Level Simulator 0000000000 OO0OOOO
ooo25000000000
0000000000000 000000000000RETASOOOOOOOOOOOO
ooooU0oO0oooU0oOoUoUooU0o0On (4)0000oUoOoDooUoOoooDUOoo
00 (3)000ooUuooUooUooUoooUooUoUoooULOoUoDULDoDUoo
0000ooo0o0oooooooooooooo
22 0JOO0OO
O00o0o0ooo0oo0oooooOoo0ooU0oo0oooooooooooooo
ocooooooooOooOO0OO0O0OooooOobOcOoOoooooooOoobOoooOooooooooO
000000000 00oOo0O0O0000000ooOOo0000D0ooDooooOoOOooOooo
000000O0000O0000o0oOo00oo0ooUoo0ooO0oooOoooooooUooOoO
0000000000O000000o0O000O0O0oOo0OOoO00OOoOooOOoOooOOoUooOoO
0000000000000 00000000O00O0000O00OoOoUoOooooOooOO
000000000O0oO0oOo0O0000000DO0OO0oO0O0OO000UDOooOODOOOOOoOoO
00000oO0o0O00U0ooOo0oUoooOooooooo
RETASOOO0O0OO0OOOOO0OODDOOOO0OODOOOO0OODOOOOOOOoODOQg
00000000 Gnu Compiler Collection] GCCOO OO OO OOO Register Transfer
LanguageDRTLlj)DDDDDGCCDDDDDDDDDDDDDDDDDDDDDD RTL
0000000 RILOOOOOOOODOOOO0OO0O0O0 RTLOOOOOOOOODDOOO
00000000000 00000000000000000000 RTLOOOOOOO
00000000000 oo00oo0o0oo0o0o0ooo0oo RTLOOOOOOO
00000000000 0000000000 RTLO GCCcOpOoOoOooooooooo
O00jo0o0oo00ooO0oo0oo0ooooooo0ooooooooooo0oooo
00000oo0o00ooo0o0oooooooooooooooo
23 0000000
o0o0o00oo0o0o0oOoO0o00ooO0o0oooO0o00oooOoooooooOoo
O000o000o0oo0oo0ooooo0ooU0oo0oo0oooooooooooo
0000000000000 0000000000000000000DO0O0ORETASOO
0000000 0ooOoO0ooOO0O000000O0OoOo0oOoOO00oOoooOOOooOoOooo

(© 2010 Information Processing Society of Japan



79 O0O0O0O00O0O0O0OOOOO0OCOoOOO

for (c = 0; ¢ < N; c++) {
asm("# retas iteration 16");
function();

02 00000000000

Fig.2 Example of annotation.

func_basic_block:
/* reserve stack area */
/*
* Code for BASIC BLOCK
*/
/* release stack area */
/* return instruction*/
03 00oooOooooooooo

Fig.3 Structure of basic block execution function.
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1 main () {
tscO = read_time_stamp_counter();
null_funcall();
tscl = read_time_stamp_counter();
null_funcall_cost = tscl - tscO;
func_basic_block();
for (i = 0; i < COUNT; i++) {
tscO = read_time_stamp_counter();
func_basic_block();
tscl = read_time_stamp_counter();
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o
O

func_cost[i] = tscl - tscO;

[
N

func_cost[i] -= null_funcall_cost;

-
w

}

result (func_cost);

-
IS

15 }
04 000D00O0O0DOOO

Fig.4 Execution time measurement program.
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p = memory_allocation();
sequential_memory_access(p);
clear_cache();
for (¢ = 0; ¢ < TRIAL; c++) {
i = randQ);
tscO = read_time_stamp_counter();
temp = plil;
tscl = read_time_stamp_counter();
tsclc] = tscl - tscO;
}

print_result(tsc);
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Fig.5 The code for measuring the access time of main memory.
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0 1 Pentium-M architecture
Table 1 Pentium-M architecture.
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0 2 XScale architecture
Table 2 XScale architecture.

ooo Sharp Zaurus SL-C3000
ooooo XScale PXA270 416 MHz
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oooooooo 32KB/32 way set associative
gooooooooo Round-Robin
goooood 32 bytes
0 3 SH architecture
Table 3 SH architecture.
ooo Hitachi SH7780 Solution Engine
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oooooo 32 bytes

04 OO0ODOOOOODDO
Table 4 The number of lines for porting.
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1 memory_allocation();

2 benchmark();

3 for (c = 0; ¢ < 100; c++) {

4  clear_cache();

5 tscO = read_time_stamp_counter();
6 tscO = read_time_stamp_counter();
7  benchmark();

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

10 }

11 print_result(tsc);

06 OD0O0OOO0ODOOOO

Fig.6 Measurement code of actual timing.
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05 O0000000O0DOO0OOO0O
Table 5 Result of main memory latency.

goooooo 0o00000cyclesd
Pentium-M 180
XScale 121
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Table 6 Estimated and actual WCET of benchmark programs.
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