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1 #EiA OVERVIEW

EAREREMBRGARSREFR, NXNEEREREHHEGRE., WX AREMNZIEESTZ
BRI, WREMREREN—EE, BINHNNR, RENZIEETH BUG,
MiESHERE, R~ RERE.

In the development process of basic automotive software, the importance of testing has
become increasingly obvious. Testing is used to detect whether the function is implemented as
expected. Testing is a measure of software quality. Through early testing, bugs in the software
can be discovered as soon as possible, thereby improving software quality and ensuring product

quality.
WX EEARTRIT:
The basic steps of the test chain are as follows:

> SRS RYER SR
Static testing of code
> SRR R ITIN
Unit testing for detailed design
> ST ERMEYERIR
Integration testing for architecture
> EXRHERIRFEMIN

Demand-based system testing
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2 BIrhiR-&M QAC MK ARSS STATIC TESTING-QAC TESTING SEVICES

BENRBEOIREFIEE. 44, IRNEREOSRATREFNERME. T
MM, TP . MMIEEAE SR EE R A QAC 4RHE MISRA C HISEXE#ARADA—1
HSEA, FIREAANMIERMIRIRE.

Static testing checks the correctness, readability, and maintainability of the source program
by analyzing the syntax, structure, process, and interface of the source program. The static test
provided by Zhicong mainly uses QAC to test static code according to the MISRA C specification,

and provides corresponding detailed test reports.
QAC MK eIt N EE
Metrics that can be detected by QAC testing:

> RBEERE
STCYC Function cyclic complexity STCYC
> BREXRE
STPTH Path complexity STPTH
> HRERE
STMIF Nested depth STMIF
> |FELSE #(&2
STELF IF ELSE Quantity STELF
> HWEE

other metrics
SN LA
Advantages of static testing:
> RMERFREEER
Found syntax errors in the program

> KRERGEEHEHRERE

Check whether the software meets programming standards
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Figure 1: QAC static analysis interface
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A variety of metrics can be tested in QAC testing. By selecting the metrics to be tested, the

measurement results of each function in the code can be displayed on the interface in a chart

format.
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Figure 2: Measurement of various functions in QAC
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calls and reduce the complexity of code calls.
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X0 A T B
ETRHEXHS|IABREXR, TR ALENHZERRH, FRRIDIARNEZ

The source file reference nesting relationships shown can help reduce unnecessary nested

|| BT WnoiSRLE_Types b
i\
\
\ (D GACTaes k0
i
| {D isystem_S32k118R
W
\\D inciSramEccTst Cigh

B 3: ZXMHREXR

Figure 3: The file nesting relationship

IR QAC B TR & B23E Metrics EE. MISRA F RFEEMSEHEHIRTIFRIAK

REFR—RTE TR HILA QAC FHIR U RIEIERIL,

The QAC static analysis report provided by the test includes Metrics, a list of MISRA errors

that violate programming specifications, and an error list-used to display QAC errors that

appear in the file and recommendations for correction.

Baenukt R EEMEFan
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1. 56E
AR ENEREIE, TIWMT
Xta BIThRA
SMPUC 00.01.00
1T
= J ~
2.TR
BEEARAEEFERAN TR, Wl
=t THRIRF
QAC 72R
3. TRiR®E
Bl SR (RERME) PENXHMISRA-C : 2004KSource Code Metric, EX TEKEMRN
THREEXHE, N (AW IAEEXH)
‘ HE | EECE Scope_Method | Metrics | MISRA | = | ()]

B 4: QAC ARG

Figure 4: QAC static analysis report
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3 TN -FIM POLYSPACE Ui AR S5 UNIT TESTING-LEARN FROM

POLYSPACE TESTING SERVICES

Polyspace /ML B %, BEREFITHAESN, FZHEEFBEIEMTAURE, S
HEERNEE R, TRANTRENTHERYSMHEEADE, SRABRTERMTF, 58T
EMSEINIR4EEER®. [F QAC —#%, Polyspace TTUARIE MISRA C MSEX B S REDH—A
e, TRURBEAERNFEANRE, FIREARIFENRIRE.

Polyspace has significant core advantages, with accurate and efficient coverage statistics,
automatically generating visual reports with multi-dimensional indicators; it has strong static
defect detection capabilities, accurately identifying various potential issues without the need for
executable code; it has good full-process traceability, integrating with multiple tools to achieve
seamless testing links. Similar to QAC, Polyspace can perform specification detection on static
code according to the MISRA C standard, check specific rules according to customer

requirements, and provide corresponding detailed test reports.
Polyspace MUzt o] 1& W A9 E £
Metrics that can be detected by Polyspace testing:

> BREEERE
STCYC Function cyclic complexity STCYC
> BEREXRE
STPTH Path complexity STPTH
> HRERE
STMIF Nested depth STMIF
> |FELSE #(&Z
STELF IF ELSE Quantity STELF
> HtEES

other metrics

HEEFXIMHAMNBITERE, o DAREFMEA NS RBIERE, EHEER
=B TEREEES A ERERIREXH.

AaeREEn E MR hae Page - 6 -



e SIMRHE 5817 M

Easy to know Easy to do
By selecting test rules in the configuration, you can check code specification issues
according to the selected rules, and all scan results will be displayed in the output summary

window and a result project file will be generated.
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B 5: Polyspace BTl RE

Figure 5: Polyspace unit test interface

REHEFHEEA, RELTRIBELS, BERAEXHEZED .

Check the output summary window to ensure there are no error messages and that all

files have been fully analyzed.

Eeill HE it {7 5l
FiLy could net find include file "0s_MemMap. h” Os_Twpes. h 742 h
Fiiy could net find include file "0s_MemMap h” 0s_Cfz h 527
=5 could net find include file "0s_MemMap h” 0s_Cfz h 233
FiiN could not find include file "Os_MemMap h” 0s_Cfz h 540
My could not find include file "0s_MemMap. h” 0z _Cfz h 343
FiLy could net find include file "0s_MemMap. h” Oz _Cfg. h 2346
FiLY could not find inelude file "0s_MemMap h” Oz _Cfg. h 549
Fiiy could net find include file "0s_MemMap h” 0s_Cfz h 259
Fiiy could not find include file "0s_MemMap h” 0s_Cfz h 567 o
AR

B 6: Polyspace S Tlid 4 HERE
Figure 6: Polyspace Unit Test Output Summary View
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Polyspace RY%y H 182 5w 5w o) AN Z) R RS o A9 P B BRFE{E B I & Misra #LNE & 15

5, ETITRA RSB ARDASE ),

The output summary interface of Polyspace can observe all defect information in the code

and Misra rule violations, so that developers can modify code specification issues.
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Figure 7: Polyspace Results List
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> 4 BT - FIM TESSY MUK AR S5 UNIT TESTING-LEARN FROM TESSY
TESTING SERVICES
BN EREARE VERFEEZEN - (WES5) , AXmBEBIER, Wil TEIR
EEMOTHTETN, ARBIIRENNEETIEBIEMBITRII, MUEETAETU
HRAIATE BUG, ALLAMIEL Tessy BITWIHARS (CIBS) , B4 PC imiEHUNIRNFIK
FRAS H FREE AU

Unit testing is an important part of the software development V model (see Figure 5). After
completing the coding work, the test engineer conducts unit testing according to the detailed
design to verify whether the function of the function is implemented according to the detailed
design, and through unit testing. Discover potential bugs. To this end, we launched Tessy unit

test service (C language), which includes PC-side simulation testing and actual chip environment

testing.
Software Engineering Process Group (SWE)
SWE.1
. SWE.6
Softwar; ReqL{lrements Software Qualification Test
nalysis
SWE.2 SWE.5
Software Architectural Software Integration
Design and Integration Test
SWE.3
5 . SWE.4
Software Detailed Design . T
and Unit Construction Software Unit Verification
B 8: Bt VIREFRES
Figure 8: Software V model development part
S —_— S .
BTN AIER:

Role of unit testing:
> RNIhBEEER

Detection function error
> MINEER TR

Missing detection function
> B EERPEERD

AaeREEn E MR hae Page - 9 -
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Detect parts that exceed requirements
Tessy MSEFRE A MIRIEERE S, AMBREIEEERS .

Tessy's actual chip test environment is complex, and Zhicong also provides environment

construction services.
FIM B BT o iR R B YIRS

ZC currently provides the environment for building:

BRSO I AR S o pES it

Target chip Debugger type Compiler type

MPC5744P TRACE32 2019.02 ~ WindRiver5940
MPC5744P ISystem 9.17.39 Wind River5.9.4.0
MPC5746C TRACE32 2019.02 Wind River5.9.4.0
MPC5746C ISystem 9.17.39 Wind River5.9.4.0
MPC5748G TRACE32 2019.02 Wind River5.9.4.0
MPC5748G ISystem 9.17.39 Wind River5.9.4.0
S32K144 TRACE32 2019.02 gcc-arm-none-eabi-4_9
S32K144 ISystem 9.17.39 gcc-arm-none-eabi-4_9
S32K118 TRACE32 2018.02 IAR_ARM_V8.3
TC275 TRACE32 2019.02 HighTec4.6.6.1
TC275 ISystem 9.17.39 HighTec4.6.6.1
TC275 TRACE32 2019.02 Tasking4.2r2
TC275 ISystem 9.17.39 Tasking4.2r2

Baenukt R EEMEFan
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Cypress CYT4BF |-jet IAR_ARM_V8.2

RIBRENZITHRITER AN Case, MAKBLINMINEESSHEST K, RIETN
=P NSEIPER
Design corresponding test cases according to the provided design requirements to test

whether the functions implemented by the code meet the requirements and ensure the

traceability of functions and requirements.

Requirement Management @ Overview ‘. TIE - Test Interface Editor |23 TDE - Test Data Editor | SCE - Scenario Editor & Script Editor %@ CV - Coverage Viewer @g IDA - Interface Data Assigner

I3 Test Project % %l@! ‘@'@'iﬁ;‘@ - ) |"K'DE| <7 Test Data of ‘is_value_in_range’ %ﬁ“"l%ﬁﬂ%iﬂ%ﬁil@@@|~&@|%mﬁ
Filter test project type filter text

3of3
cc TC/C RS co Cc1 DC MC,

= 11 = 21 = 31
4 B is value in_range 3 1.00 v v v v 4 *2 Inputs
hei @ Globals

4 4= Parameter

4 [Bis_vaule_in_range 3 1.00 v v v v
> Gisvalueinrang 3 1.00 o o " v

4 @ struct range rl
@ int range_start 1 1 1
@ int range_len ] ] 0
@ intvl ] 1 2
= Dynamics
4 @ Qutputs
@ clobals
4= Parameter
4 =* Return
@ result no ves no
= Dynamics

< I '

T TestItem . & Test Resu | @ Evaluatio | I Propertie | (i Requirem | o Usercode [ = 5 | Plot | @ Link [ Test [&= Call 2 ~_$" Decl | (% Prol | -2 Stub | Plot | @ Sus | B Con |53 Pro | =0O
i h- &8 -= (@ Select a test step to edit its call trace - |
Name ' @ = RS Description Specifichtion
a B1(1) v v Expected Calls = BAE @ X Available Functions *
@11 v v
L B2 v v Function Calls Function
=21 v v
a B3 v v
@31 v v

B 9: Tessy BTk 5w

Figure 9: Tessy unit test interface

SNRBHEEEEEERREBHE, RIERBPAARZEHEERZT.
Check whether the path coverage of the code can be satisfied to ensure that all paths in

the code can operate normally.
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Requirement Management |[#& CV - Coverage Viewer ||@ Overview & TIE - Test Interface Editor <3 TDE - Test Data Editor [ SCE - Scenario Editor " Script Editor @y IDA - Interface Data Assigner

[E Test Project = O|[®Y is_value_in_range 2 = O |[[& MC/DC Coverag “_|mh Decision Covera| — O
P P-@-R BAB-BI[X~ &t @ sw @) @ X @|Coverage: 50.00%
Filter test project C:) (v1 = rlrange_start) Teststep
€ Te R o - 0 ]
4 Pis value in_range 3 033 v — 1 11
4 [Bisvaule_in_range 3 0.33 v — |
> Fis_value in_range 3 0.33 v —_ 1
ol
H & Statement (C0) & Branch (Cl)Cov | — O
< I b ‘ Total Caverage: 40.00 %
3= Called Functions = a Test Case / Test Step Coverage
Function o 1 DC  MODC O J1m 40.00 %
@ is_value_in_range _— — — —
-

b

<@ Fault Injections 2 [ Call Pair Coverage| o | 3 = O||= isvalin_range.c ». =] Statement (C0) Coverage| |=] MC/DC Coverage Report| =] DC Coverage Report| [=] Branch (C1) Coverage Report =g

Branch Path Description

result is_value_in_range (struct range rl, value vl) -

{

if (vl < rl.range start)
return no;

if (vl > (rl.range start + rl.range_len))

return no;

oy

return yes;

B 10: Tessy B TR FABIEEEME

Figure 10: Tessy unit test test case coverage view

BEBERSR EXN N mEs SRS TSR, =244 xml SRR E X
Build a real-machine environment for the target chip under the corresponding compiler

and debugger, and provide an xml environment configuration file.

TEE - Tessy Environment Editor [$(PROJECTROOT)\tessy\confighconfiguration.xml]
File Edit Options Help

=] | [~ g8 = IE | |File -
w Attributes
= G Compiler Tame

G onu ecc
o B Targets

E: #% Eclipse CDT

E% onu v

@ Environments
{%%} Configurations
&- File

G oo e

& onu Gce (c+H)

B 11: Tessy SiHIEREEIEE

Figure 11: Construction of Tessy's real-machine environment

Tessy UK O] IX4E X 4 F93R 2, H14E Details Report. Overview Report. Planning

Coverage Report # Execution Coverage Report,
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The Tessy test can generate four types of reports, including Details Report, Overview

Report, Planning Coverage Report, and Execution Coverage Report.

TEST OVERVIEW REPORT 2020-08-28, 14:36:02+0800 =2
Project Tessy TC275_Tasking_iSystem X AR T B
Summary Overall Test Object Results (including Coverage)
Total Test Objects: 33
Successful: 32
Failed: 1
Not Executed: 0 - OK
Date: 2020-08-28 ﬂ Not Executed
Time: 14:36:02+0800 B notox
B 12: Tessy Overview R &
Figure 12: Tessy Overview report
TEST OVERVIEW REPORT 2020-08-26, 14:36:02+0800 =2
Project Tessy_TC275_Tasking_iSystem I R T
Test Case Results for Each Test Object (without Coverage)
4
3 o«
2 I:'Nol Executed
1 ot ok
0

123456789 11 13 15 17 19 21 23 26 27 29 31 33

The table above shows each test object on the x axis and the number of test cases of the respective test
object on the y axis. Each bar is divided into passed, not executed and failed test cases. The test case results
do not take into account any coverage result (iL.e. if all test cases of a test object are passed in this table but
the coverage is failed. the overall test object result will be failed).

Statement (C0) Coverage: Total Statements for Each Test Object

30

20 - Reached

10 B urreached
0

123456788 11 13 15 17 18 21 23 25 27 29 31 33

The table above shows each test object on the x axis and the number of statements of the respective test
object on the y axis. Each bar is divided into reached statements (i.e. statements that have been executed
during the test) and unreached statements

B 13: Tessy MiXBRIZEEERE

Figure 13: Tessy test path coverage report
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