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Measuring Method of Worst-case Execution Time by Analyzing Relation
between Source Code and Executable Code
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ABSTRACT

Embedded software has requirements such as real-time and environment independency. The real-time requirement is affected from
worst-case execution time of loaded tasks. Therefore, fo guaranftee realtime requirement, we need to defermine a program’s
worst-case execution fime using static analysis approach. However, the existing methods for worst-case execution fime analysis do not
consider the environment independency. Thus, in this paper, in order to provide environment independency, we propose a method
for measuring task’s execution time from the source codes. The proposed method measures the execution fime through the control
flow graph created from the source codes instead of the executable codes. However, the control flow graph created from the source
code does not have information about execution time. Therefore, in order to provide this information, the proposed method identifies
the relationships between statements in the source code and instructions in the executable code. By parameterizing those parts that
are dependent on processors based on the relationships, it is possible fo enhance the flexibility of the tool that measures the worst-case
execution time.

= keyword : Worst-case execution time, Cycle table, Source code based execution time measurement
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(a) int

ina=1
iwb=5
Code inc =0

c=a*h

long a = I

long b =

long ¢ =

c=a*kh

0x0001,A3
A3,%45P[1]
NOP 2

0x0005,B4
B4,%+SP[2]
2

B4
B4,%+SP[3]
2

® MV,L2X A3,B4

B4,*+SP[3]
4

(Prepare a value)

——> (Multiply)

—— (Store)

MVK.S2
ZERO,L1

|1 STW.D2T2 B4,%+SP[2]
STW.D2T1 A3,%4SP[3]
NoP 2

0x0001,B4
A3

0x0005,A3

B4
A3,%+SP[4]
B4,*+SP[5]
2

1

1 ZERO.L2 B5:B4

! STW.D2T2 B4,%+SP[6]
' STW,D2T2 B5,*+SP[7]
. NOP 2
*45P[2],B7:B6
*4SP[1],B5:B4

B5B6,B9
B6,B4,B0
B4,B6,B8
B7,B4,B7
B4,B6,B5
B6,B4,B8
BO,B8,B4
B4,0x10,B7:B6
B7,B9,B4
B5,B4,B4
B8,B7:B6,B7:B6
D2T2 =~ BexFsPé] ~ ~
B4,*+SP[7]

2

(38 2) ojdiEe| oE £ ojd 2=
(Figure 2) Example code for deriving assembly pattern
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if (k > 10)
(E 1) Alo|Z Eojg n=i+j
(Table 1) Cycle Table else
char | short | int | long | float n=i-j
Add 1 1 1 1 4
Subtract 1 1 1 3 4 (38 3) oM ==
I\él\]}ltslgz 226 324 590 21624 és (Figure 3) Example Code
Modular 24 32 48 285 -
And 9 9 9 9 9 int Load
Or 9 9 9 9 9 int Move
Not 2 2 2 2 2 int GreatThan
Equal 1 1 1 2 1 =8 Cycles
NotEqual 2 2 2 3 2
GreatThan 1 1 1 4 1 Nop k> 10 k < 10
GreatOrEqual 2 2 2 5 2 Branch
LessThan 1 1 1 4 1 =6 Cycles
LessOEqual | 2 | 2 | 2 | 5 | 2 ST 0
BitwiseAnd 1 1 1 2 - int Load
BitwiseOr 1 1 1 2 - int Add
BitwiseXor 1 1 1 2 int Store -
BitwiseNot 1 | 1 | 1|2 - = 14 Gycles int Load
ShiftLeft 1 1 1 1 - inltnézflf;‘ajct
ShiftRight 1 1 1 1 - Branch 1'1_1[_ Store
Negate 1 1 1 1 3 =6 Cycles L = 14 Cycles
Nop 1 1 1 1 1
Branch 6 6 6 6 6
Move 1 1 2 3 2
Store 3 3 3 6 3
Load 5 5 5 5 5
2l 4) ofd| Z=of chst 2=
3.3 Als A|ZH SF HHY .(IL 4) oflx| ol chgt 22y
= Te e (Figure 4) Graph for Example Code
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