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Overview

* |ncreasing trend towards automatic code generation In

real-time systems
» arising from model-driven engineering

* Timing analysis tools can be integrated in MDE

environments
» required for real-time analysis In critical systems

* We have used such a setup to assess differences
between manually-generated and tool-generated code
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The TASTE toolset

» Developed and maintained under the auspices of
ESA/ESTEC

» following ASSERT FP6 project

 AADL-centred, complemented with other languages
" » ASN.1 for data modelling

» SDL for event-driven behaviour

» Simulink for continuous-time functionality
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Timing analysis in AADL

« MBSDL (Model-Based Software Development Lifecycle)
» ESA project carried out by Indra, UPM, Unican

» Rapita Verification Suite (RVS) integrated in TASTE by
UPM

» RVS data extracted from AADL and for implementation
code

» Ocarina transformation scripts
 Structural analysis computes possible execution paths

» Dynamic analysis provides execution traces with time
data

» used to estimate WCET values
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Extended ASSERT process
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Case study

UPMSat2 ADCS

= v
- Periodic_Control
Get MGM_Value - 4 Get MGM_Value
ADCS
Set Activation 4 Set Activation
HWaccess Control_Step

Control_Step

Control
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Structural analysis of periodic task

iﬁ : | i : | i | | l —
@ Static Analysis for Report: project.adcs_wrappers.Periodic_Control.rvd
Show: EiFolders QFiIesIff:JFunctions # | % [|Find element ~|® ¢ ¢ 1 ®
~ Static Summary -
* 43 functions
+ 209 Ipoints
« 240 Blocks
* 253 lines of code
~ Code Size
Lines of Code (Self)
25
20
% 15
% 10
£
5
0 adcs_RI_Set_Ac... adcs_RI_Contro...  adcs_RI_Get_MG... asnlSccControl... adcs_Pl_Period... PrintASMN1AxisN... Print&SN1Contr... hwaccess_Set_A... control_Contro... hwaccess_Get_M... PrintASN1Actv. ..
] | 0
-~ Functions
Function » | Code Size Blocks * Instr. *» —
Name ~| #LOC-Self | #LOC-Self% | #LOC-Over | #L.OC-Over%| #Blocks | #Loops | #Conditionals | #Calls | #Callers Y/N
= PrintASN 1Activation 6 2.3% 6 2.3% 8 0 1 4 1+ Yes
= PrintASN1AxisNames 18 7.1% 18 7.1% 15 0 1 7 2+ Yes
® - PrintASN1ControlData 18 7.1% 18 7.1% 22 2 2 10 1+ Yes
=% adcs_Pl_Periodic_Control 22 8.6% 247 97.6% 14 2 1 3 1+ Yes
=% adcs_Periodic_Control 3 1.1% 250 98.8% 4 0 0 1 1+ Yes
== adcs_RI_Control_Step 24 9.4% 90 35.5% 28 0 5 11 1~ Yes
== adcs_RI_Get_MGM_Value 24 9.4% 80 31.6% 28 0 5 11 1+ Yes =
i i T o DR o o - R _ o _ o H

Overview StaticlTests Min Average High WM  Max WCET CT Comparison ET Comparison
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Structural analysis

Source files
AADL

Ada

C

Python

Lines of code

Original code

hand-coded lines
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Timing analysis

[@ : | Peri | ; | | ] =0
3 Execution Time Comparison for Context: adcs_Pl_Periodic_Control-U
mUp to Report level “'Up to Function level | £/Source code cycles (c) *|# | % [|[Find element ~|® ¢ & | ®
~ Summary = & .
Charts:
Self Execution Time
W-5elfET
Max-SelfET
H-SelfET
A-SelfET
Min-SelfET
0 2,500 5,000 7.500 10,000 12,500 15,000 17,500 20,000 22,500 25,000 27,500 30,000 32,500
Execution Time (cycles)
Function » | Min-ET »| Avg-ET » | H-ET »| Max-ET » | W-ET »
Name “| Min-Freq | Min-SelfET | A-Freq | A-SelfET | H-Freq | H-SelfET | Max-Freq | Max-SelfET | W-Freq | W-SelfET | # Tests
- adcs_PI_Periodic_Control-U 1= 1,208 1.0 = 4,354 1= 12,555 1= 12,555 1= 33,206 116
~ Calls (3) =]
Overall Execution Time
175,000
3 150,000
& 125,000
£ 100,000
: 75,000
E 50,000
E 25,000
0 ades_RI_Get_MGM_Value-L adecs_RI_Set_Activation-L ades_RI_Control_Step-U
Kl [+] |
Static | Tests Min Average High WM  Max WCET CT Comparison | ET Comparison
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Timing analysis comparison

WCET (cycles) Original code TASTE

Control algorithm 7074 9131
Control task 30812 33206
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Conclusions

* The structural complexity of automatically generated
code Is significantly higher than that of hand-written code

* The execution time values are only 10 % — 30 % higher

» Differences due to glue code generated by tools
» and to different code generation methods
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More Information

http://web.dit.upm.es/str/upmsat2/
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