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- UC-01: AIAE! JIS

ClicommandSource CleaningEngine IDriveTrain ICleaningUrnit | Ot purtl og

(E0['d} "on® B

=
waltForPowerdn () W=
=
write{" A A5 E2]% T
=
mode = IMIT
initsequencel) [<5,000ms]
write"d] 8l —FE M2 -"“-IE":I
=
mode = CLEAN
sxecute({FORWARD)
=
setintensity| STANDARD)
-
write"HE F AT 7 ¥4 TN LE 215")
=

CliCcommandSource CleaningEngine IDrrveTrain ICleaningUmit [Ciut purtlog
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*
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B
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- UC-05/UC-06: 8 2= =
cleaningsngine |DustSensor CleanintersityController ICkeaningUnit [QutpatLog

cleanLoop() Ft5 [mode=CLEAN, EWHS 2IE)

o CliCommandSource CleaningEngine |DriveTrain ICleanimgUnit [QutputLog
isDirty()
S User
trus alt [E4 & (UC-05)]
.-....-..-...-..-...--..-...--...-..-.
activateboost|] ¥% <100ms (HER-TIMIMNG-05) (E101'2) "off" 2 _
satintensityE00ST) poll{) — POWER_OFF
write{"2t 2 84 B4 — 5 EROO{ A[E") haltafely(USER_REQUEST)
1 - e
mode = B0OST
[2F && (UC-06)]
loop [FZ gk (Z 5,000ms)]
L o] 2
tick(elapzed)
¥ catch(...) — haltSafely(INTERMAL FALLT)
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write"HE M1+ E2 -HF 25 S
=
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Cleani ins |DuskSensor Cleaninkersi troller ICleaningUnit [l s -
ngengi tyCon ngl Pl write("A|AH] ER" £= "2F FE: <message>")
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#nt 1. HE 2X: adlE 22| (interface / core [ app / infra)

SRS NFR-ARCH-81-822| "at=#H F&=t + stub 2B HIAE" T HA AE
SEGIFCE. F4F AlES(interface/)E E2IE2Z 22|22 H 2&0| 43
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#it#t 2. PDF Domain Medel CHH| SI=& ZEal AMOl (Ew =il
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"MotorController” (%) | “IDriveTrain™ + 2IZ=2} 8 | 2IE{H[O[A/ S

|
|
=c| ZHE |

=15l Ea I
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| “ErrorHandler™ | ~CleaningEngine” 2| ~try-catch’
ez ¢rMa. 25 2MA= el 55

=3

g 3. CIEHMIOIA MASEE: S92 execute/setIntensity IHY

PDF2| “moveForward()™, “turnLeft()”, ~startCleaning()” = Ct=2 JHE
HAE CHl " IDriveTrain::execute(MotorCommand)™ 2}

“ICleaningUnit: :setIntensity(CleaningMode) & S&H. M HWE.ZS= FIb A
ZHAEE =AEHE PIEH 0|~ B8 =22 (0cP).

#n# 4. Stub He| BHA
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" StubProximitySensor::callCount() = d3Z.

#a 5. =5 AOIE O|HE =AE: IoutputLog

“std::cout™ S " IOutputLog::write()” FHl Z=. TH =& THEMH
“¢iostream>” include §i=. THF HIAEMIA T StubOutputLlog™ 2 WHGE 22
LIE= = 2=
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«interface»
IDustSensor

+isDirty() : bool

¥

ObstacleHandler

-IProximitySensor& front_
=IProximitySensor& left_
-IProximitySensor& right_
-IDriveTrain& drive_
-I0utputLog& log_

+startForward() : void
+avoidAndReturn() : void
-selectPath() : AvoidPath

-executeBackAndTurn() : void

-executeTurn(MotorCommand turnCmd)

: void

«interface»
IProximitySensor

«interface»
IDriveTrain

+isBlocked() : bool

+execute(MotorCommand cmd) : void

«enumeration»
MotorCommand

FORWARD
BACKWARD
TURN_LEFT
TURN_RIGHT
STOP

Class Diagram

CleaningEngine

-SystemMode mode_
-IProximitySensor& front_
-IProximitySensor& left_
-IProximitySensor& right_
-IDustSensor& dust_

-IDriveTrain& drive_
-ICleaninglnit& cleaner_
-I0utputLog& log_
-ICommandScource& commands_
-ObstacleHandler obstacleHandler_
-CleanIntensityController cleanCtrl_

+run() : void

-initSequence() : void
-cleanLoop() : void
-handleObstacle() : void
-handleDust() : void
-haltSafely(HaltReason r) : void

«enumeration» v

SystemMode

«enumeration»

1DLE HaltReason
INIT
CLEAN USER_REQUEST
AVOID INTERNAL_FAULT
BOOST [
HALT | ]

4

«interface»
ICommandSource

+poll() : optional<UserCommand>

\E’ -
«enumeration»
«interface» ClicommandSource AvoidPath
I0utputLog
TURN_LEFT
+poll() : optional<UserCommand> TURN_RIGHT

+write(string_view message) : void

+waitForPower0On() : void

BACK_AND_TURN

&

ConsoleLog

+write(string_view message) : void

CleanIntensityController

-ICleaningUnit& unit_
-I0utputLog& log_

-bool boostActive_
-milliseconds boostRemaining_
-kBoostDuration: 5000ms

+activateStandard() : void
+activateBoost() : void
+tick(milliseconds elapsed) : void
+deactivate() : void
+isBoostActive() : bool

«enumeration»
UserCommand

s

POWER_ON
POWER_OFF

«interface»
ICleaningUnit

+setIntensity(CleaningMode mode) : void

«enumeration»
CleaningMode

OFF
STANDARD
BOOST
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“ app
C: cli_command_sourc...

C+ console_log.hpp
' COMMOon

C+ types.hpp

v core

sy 1. 9|ES Y 2 ﬂi‘il dHd A =Y & clean intensity c
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d

Tter |«11:*-L|-r|1'r*-|ll~r"'i ; = S 8 : _ C+ cleaning_engine.hpp
SE=CF Al ZOIE .~ o H| A8 0 C+ obstacle_handler.hpp
~ Interface

>+ I_cleaning_unit.hpp
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Unit Test

est > unit > stub > € stub_cleaning
kpragma once
#include <vector>

#include "intertace/i cleaning unit.hpp”

< unit
v stub

stub_cleaming_umit.hpp

public ICleaningUnit {
ublic:

vold setIntensity(CleaningMode mode) overri
history .push_back(mode);

stub_command_source.hpp

CleaningMode lastMode() const { return history .back stub_dnve_train.hpp

[
¥

stub_dust_sensor.hpp

CleaningMode modeAt(std::size t 1) const { return history .at(i);

N stub_output_log.hpp

bool hasMode(CleaningMode mode) const

stub_proximity_sensor.hpp

for (auto& m : history ) if (m == mode) return true;

.gitkeep

return false;

C+ test_clean_intensity_controller.cpp

:size t modeCount() const { return history .size C+ test_cleaning_engine.cpp

[
¥

C+ test_obstacle_handler.cpp

{ history .clear();

: :vector<CleaningMode> history ;




= 235

### 1. Stub vs Mock M€Y

2= 22 EFA(AM-BE- 2220 -HMHE)H **stub** SHAE AE.
- "StubProximitySensor™ / “StubDustSensor’: ~enqueueResult{bool)” + ~setBlocked(bool)” 0|=
Aol — & WH 22 FHAM &1, 0|== “defaultBlocked - PHEH FAM 2|E AlL2|I22t 24 ZH)
ALRZIZE 25 &2l.

- “StubDriveTrain™: “history ~ HIE{Z A HE ARL 2F - " commandAt(i)”, ~commandCount()”
= M 2 =

- "StubCommandSource.enqueuePause()” : BHA|E “std::nullopt” FLUSZE FT= Nzl £

Ael.

POWER_OFF

2E AFE stub2| history HIEZE £2

| FR/NFR ID | 2E
| FR-CTRL-81 | ~CleaningEngineTest.StartupStartsForwardAndstandardCleaning”,
“Startup LogsReadyMessage” |
| FR-CTRL-82 | ~CleaningEngineTest.PowerOffHaltsAllDevices™ |
| FR-CTRL-83 | ~CleaningEngineTest.ExceptionCausesSafeHalt™, ~SystemScenario.
InternalErrorCausesSafeHalt™ |

FR-MOVE-81 | ~ObstacleHandlerTest.StartForwardEmitsForwardCommand™,
“StartForward EmitsExactlyOneForward™ |
| FR-MOVE-82 | ~ObstacleHandlerTest.TurnLeft/Right/BackwardThen*”, ~CommandOrder LeftTurn *,
“CommandOrder BackPath *° |
| FR-MOVE-83 | “ObstacleHandlerTest.NoSensorPollingDuringRotation™ |
| FR-CLEAN-81 | “CleanIntensityControllerTest.ActivateStandardSetsStandardMode™,
“ActivateStandard AfterBoost ClearsBoostFlag™ |
| FR-CLEAN-82 | “BoostExpiresAfterSe@ems  , ~Boost ExpiresAtExactBoundary 5eeems” ,
"Boost_ AccumulatesAcrossMultipleTicks™, “SecondActivateBoostDoesNotRestartTimer’,
"DeactivatePreservesBoostStateForResume™ , "DustIgnoredDuringBoostMode™,
" ObstacleHandledDuringBoostMode BoostResumesAfter™ |
| FR-SENSE-@1 | “CleaningEngineTest.FrontObstacleTriggersAvoidance™, ~SystemScenario.
ObstacleAvoidance®™ |
| FR-SENSE-82 | “CleaningEngineTest.DustActivatesBoostMode™, ~SystemScenario.
BoostActivatedByDust™ |
| NFR-SAFETY-01 | ~CleaningEngineTest.ObstaclePriorityOverDust™ |
| NFR-TIMING-06 | ~BoostExpiresAfter5e@eéms  , ~BoostDoesNotExpireBeforeSee@ms ,
“Boost ExpiresAtExactBoundary 56688ms”, ~Boost AccumulatesAcrossMultipleTicks™ |

g 3. FIHE HAE (el - 3 AlolA 2 AIAA H

**test obstacle handler.cpp** (3 F2H):

- “CommandOrder LeftTurn_TurnBeforeStopBeforeForward™: TURN_LEFT -+ STOP = FORWARD =&l
HZ (FR-MOVE-82 + FR-MOVE-83)

- “CommandOrder BackPath BackwardBeforeTurnBeforeForward™ : =% Z=M|A BACKWARDZI TURN
gl 22Ee PlEs SE

- “StartForward EmitsExactlyOneForward™ : ~startForward() 2} =gl B2 1012 EHsi=x 4

**test clean intensity controller.cpp** (400 =21):
- “Boost_ExpiresAtExactBoundary 5@eems” : ~tick(seeems)” — =G ZHMHAM D=
(" boostRemaining <= 8= TH)
- "Boost_AccumulatesAcrossMultipleTicks™: 2808ms + 28@8ms + 1881ms = 5@0ims T2 JIg
- "ActivateStandard AfterBoost ClearsBoostFlag : boost ZEHHIA ~activateStandard()” EZ Al
=i allAH
“Deactivate InStandardMode NoBoostFlag™ : H&= ZZ=0|A deactivate — OFF 2=, boost =21

**test cleaning engine.cpp** (34 =7h):
- “DustIgnoredDuringBoostMode™ : BOOST 2= = “dust .isDirty()" Al skip =2 (FR-CLEAN-82
subrule)
- “ObstacleHandledDuringBoostMode BoostResumesAfter”: 24-E
- “Startup LogsReadyMessage™: Z2|E Al "=H| =g 21 £

i 4, HUl2lAl 223 (geov, " --coverage -08 -g*)

org | 2l HEH2 A |
----------- oo
“srcfcore/cleaning engine.cpp” | **92.41X** (73/79 lines) |
“srcfcoref/clean_intensity controller.cpp™ | **100.00%** (35/35 lines) |
“src/core/obstacle handler.cpp” | **100.00%** (42/42 lines) |
“spc/app/console_log.cpp™ | e% (stub CHA, T2 HIAE He2l) |
“srcfapp/cli_command source.cpp” | e% (stub CHA, THH HIAE HED |

“cleaning_engine.cpp™ 2| O|HH 8%: ~loopInterval =~ Al BZ( sleep for” EE) -
D= HZENM ems 25 Al O/&2.

ZiiE - =1 = soost MM 2=
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#f /simulator — Hardware Simulator

. m*ﬂﬂmm
. AEYI0IE{=s =spp2t Ho|5t FANS CIE WOl A**E [HAEIEHC}.
- CIEHIO|I OIE-HAME AlDJLIA= soo/aH dIHE [HECH (PDF2| ~IMotor™ -~ ICleaner™ -~ ISensor™ = 2hat PIE{ W0 2~M CHEt sim 28 — O|= 0 &
JEEEHR Z=0t - sop2t CHE 0|EE F3ICHE O 0|22 AEY0IEE BHEChH. |~ - CISS _IT_E

=2 apr*+: 2|2 At=(HAM ZA HF, A=A EE =)E HZEHM HH

FHcl ap1**: ALEl SA ZIHAS "“*EHJ BE=, €9 AR S)E HZ2ElHM 32
= A3A apr**: APEAN B3 (0 HE onsorF)E AlZEHN A

=}
=

“test/simulator/” ORH (&4 IIEHE= 7 1-2E040M =2

“include/” 2| BIERI0/ 2T 2 FE BIEIHIO|= (018-FAl= soodf £&)
“docs/sdd/SDD.md> (4ZE F&E 2IEMH0[2, 6E AR, 15@ HAE D=4 == sop2| PIEHO2 HMEBOE 22 H Sl=CF.
“docs/srs/SRS.md” (UC AlLR2IZ — AIZI0IEI2E SZaiof £ 23 2=)

it 4, 24 =
1t 2. AlIZ2dI0IE] 4 ==

A o} Ro|st EIT| O] A%s= Al - AMEY0IEIE **HIAE ME**. production 2EH W= ("rvc_core’ )Ml SOIHA 21, AlA~EH
1. “include/" ** SN ol = AEH

H A5 &HIrEn A2 22 EICEH
2. 28 QIR0 2-0MICH CHEEl= Sim F(UFEEE YIEEHIOI2 0ISE (D2t AFEA=H - ol - AMBH0ES AH St EEE ELHLHA
“¢<Interface»” - “Sim<Interface>’). F4).
3. A28 HIAE3t 2HFE9E FEtn ot oflLl= Sdl= - &3 WA= soo?t HEH £ SHIM HE
(OIS= Atw, O: “RvCSimulator™ 2= ' “testing::internal::CaptureStdout()” E
- PDFZ| ~IMotor™ -” ICleaner™ -~

0IF& WL

= B= F4E ‘:’|E1LH|D|”‘“[H| EHDH .
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#f /simulator — Hardware Simulator
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“test/simulator/” ORH (&4 IIEHE= 7 1-2E040M =2

“include/” 2| BIERI0/ 2T 2 FE BIEIHIO|= (018-FAl= soodf £&)
“docs/sdd/SDD.md> (4ZE F&E 2IEMH0[2, 6E AR, 15@ HAE D=4 == sop2| PIEHO2 HMEBOE 22 H Sl=CF.
“docs/srs/SRS.md” (UC AlLR2IZ — AIZI0IEI2E SZaiof £ 23 2=)

it 4, 24 =
1t 2. AlIZ2dI0IE] 4 ==

A o} Ro|st EIT| O] A%s= Al - AMEY0IEIE **HIAE ME**. production 2EH W= ("rvc_core’ )Ml SOIHA 21, AlA~EH
1. “include/" ** SN ol = AEH

H A5 &HIrEn A2 22 EICEH
2. 28 QIR0 2-0MICH CHEEl= Sim F(UFEEE YIEEHIOI2 0ISE (D2t AFEA=H - ol - AMBH0ES AH St EEE ELHLHA
“¢<Interface»” - “Sim<Interface>’). F4).
3. A28 HIAE3t 2HFE9E FEtn ot oflLl= Sdl= - &3 WA= soo?t HEH £ SHIM HE
(OIS= Atw, O: “RvCSimulator™ 2= ' “testing::internal::CaptureStdout()” E
- PDFZ| ~IMotor™ -” ICleaner™ -~

0IF& WL

= B= F4E ‘:’|E1LH|D|”‘“[H| EHDH .

P sRs2| BE= 2[R A= . = =)
el F2l apIof srsE| 2= S ,«&Ij‘éé _'—Se‘—a :
sim 22142t production I=EE M F|A B=D F‘ {"E.r*cf‘-"incluclefﬂﬂ =HIAl ZRH=21)
AIEH0IE! 2IEHIO[230] spp2t HEet Fibst Dl




/simulator &lel = J|=

g 1. ZHA 2 apr E
S mE EEs e
- w cetXoox(bool) ** — HA M AH, Zo AN 2A 0 AE BrEL

=]

- *** jnjectXoxEvent (bool) ™ ** — 154 O|HE RZ. CI= “isBlocked()” /
S wts PIEMID, 0[RhH= “setod 2 2EE 2 Za2ZE =4

Ol ol dlolH H=0 "1z EHHE SA £ 22 =7 ALRIZE =6l 282 =

AEA BEZ " simCommandSource”™ |4l ~ sendCommand( “sendPause() & H=.

)
HAIE “std::nullopt™ £ FEGHH T2 13 £#ME "’éEHZf

g 2. =S A 9HAl
“SimOutputlLog™ £ " CleaningEngine” 0l =2 — spp2t HEt £2 =HE(IOutputlog). ~std::cout
OIAME. ~contains(substring)” HIMEZ 23 W2 AE.

i 3. HIAE ol A (" RvcSimHarness™) 23|
- 6 sim SHAE AE AFalD “CleaningEngine™ = EJ|El.
- 2[F0AM 20l= ZIHOO2= 2= 20| 2= =AFE 0l&: ~injectFrontObstacle()”,
" scheduleCommand()  , ~driveHasCommand() , ~cleanerHasMode() , ~logContains({) .
- &t5 80| €t 352 FI§l " frontSensor()” = &8 HI2AT H=.
- production D=("src/, “include/ )M H& _ﬁ._ﬁ.: ZIA 2= - “test/simulator/”MHIZH F A

#t 4. Stub vs Sim AHO|

“test/unit/stub/” 2| Stubll ~test/simulator/” 2| sim2| AFEE:

- Stub: ZHa-E2l A (2 BIZENM BE 2EEE S2]).

- sim: O =HHEP apT (CHZE 0|HIE F, firstIndexDf, resetCallCounts =) + S dlL[A=
CleaningEngine &A +=.

me 5. 2= A2 °w
SZEHE S=0 C#s570F & , cmake?l MakefileS MMAEZ [ make2| “# =4 HZ|Z 2IF
" CMAKE_SOURCE_DIR™ Pz r r
= ‘f'tmpf'r‘x-'-:_pmj‘ ’é!—z'-él =3JE =il “cmake -5 ftmp/rvc_proj -B ftmp/rvc build™E £ZGHH
Makefilelll “# W= 2=t HEEH M-S AUz 2HESHICH cLavpe.md 42 2= BE BO0E ==

“ simulator
gitkeep
nvc_sim_harness.hpp
sim_cleaning_unit.hpp
sim_command_source.hpp
sim_drve_train.hpp
sim_dust_sensor.hpp
sim_output_log.hpp

sim_proximity_sensor.hpp




System Test

# a4, M4 g
# /st — System Tests
- HIEE & ALRZIZBE. assertion= AlLR2l2 EPHH EF.
. o ] ZH - ALR2I2 AR 2= =40 A2 CHEE srs uc/FR ID EHAL
- ALI2I2= **srs2] uc*E TIFIZ TEEIC - AIRE 21 ZZE2 srs nFrS| AIRF BHAISH LRG0 &L
=

= - - - - = 2 w2 = O} SEwmE O =c=
ALIRI2 OE-0/22 srs?| uc 10-0IES (2t AHAEH — POF uc Bl5(Uc1~9)Lt POED} MOt ALIZI2= sks ucol #»JIZ B8 + UEH/OIY S8+ == LIFZS

=== A= Db
—TT= |'-=-.|D|';'I'-.| I_EEEl' # 5. XML 2|=E (ﬂE__H}
CTest?} XML 2/ZEE
it 1. 2=
"7 T cmake
- “test/simulator/” 2| HIAE FHl2~ (0IEZ2 " /simulator™ SHHHIAM Z23) add test(MNAME system tests COMMAND oop system test --gtest output=xml:system tests.xml)
“docs/srs/SRS.md” (UC AILIZIS — Al&~E HIAE2Q| TH)
“include/™, “src/” (D= CHEh _
## 6. el HE (WsL)
reference/”, “docs/specs/ = = ZHHIHIAM 24X EH=C0.
" " “bash

w2, AlLlCle &= wsl bash -1c "cd "$(pwd)’ && cmake --build build -j --target oop_system test && ctest
--test-dir build -R system tests --output-on-failure”

. SRsE| uc S=EMAM 2 ucE 108 ol&= AlLRIZ2Z =d.

. ALRZIZ THR= sRs ue 1D = 20 = 0IES=E (M d3 MEED, S H8, ZiE S,
da, 2F A2l - BEZE AF).

. 2 ALRRIZ2= 22 S8 + (el/ilel 588 25 LIFEE 22|

. AR #334
test/system/™ O GTest ItE (1M S £= AlLRRIZ OF2= 220):
sRS2| 2= uc?t Y AlLRRIZUHIM ZSE=21 (uc HHZIE 100%)

2 ALRI2E ClE mE: Zhucs| D12 EE +« U2h/0lzl 2801 B ALRRIZZ EXNEH =01

1. HI~E &2 =25 AlLi2l2 0|30 srs uc 0|t =4 J1=EDR (PDF uci~e HASE JHEGHA EHI=20)
2. KA F2 apIZ 212 A2 ME EE AlZF 23 HZ0| srs NFrRDE EEGH=2R
3. AMEANEE AEA 8F (Ol: " sim.input(”power on™)" — T /simulator” 2t E2)
a. MEf Fz2l ap1Z 20 HE




System Test

Scenario 1: normal startup-to-shutdown cy
EST(SystemScenario, NormalStartupAndShutdown) {
SystemFixture |; // Scenario 5: error handling — safe halt on
f.commands . enqueue(UserCommand : : POWER_OFF) ; TEST(SystemScenario, InternalErrorCausesSateHalt
struct BrokenSensor final : public IProximitySensor {
nutable int calls{®};
(T _TRUE(F.log.contains("Z=H| 2A=")); bool isBlocked() const override
CT TRUE(f.log.contains("#EHZ OIS AlE)); if [++c?1}5 »= 2) throw std::runtime_error{”hw _fault™)});
- return false;

f.engine.run();

A
=

>
Ll

CT_TRUE(f.log.contains("Z&"));
T EQ(f.drive.lastCommand(), MotorCommand::STOP);
CT_EQ(f.cleaner.lastMode(), CleaningMode: :0FF);

r

A
=

1

+ broken;

>
Ll

Il mt I Il I
L e A |
-

L™
Il I I Il Im

StubProximitySensor left, right;
StubDustSensor dust;
Scenario 2: obstacle avoidance — all three paths (UC-83) S T TR drive:
TEST{5ystemScenario, ObstacleAvoidanceleftPath) { StubCleaningUnit cleaner:
SystemFixture f; StubOutputLog log;
-front.enqueueResult(true); StubCommandSource  commands;
.front.setBlocked(false);
.left.setBlocked(false); commands.enqueuePause(); // allow one loop iteration
.commands . enqueuePause();
.commands . enqueue (UserCommand : : POWER_OFF) ; CleaningEngine engine(broken, left, right, dust, drive, cleaner, log, commands);

-engine.run(); engine.rung);

J

T _EQ{drive.lastCommand(), MotorCommand::S5TOP);
CT_EQ{cleaner.lastMode( ), CleaningMode::0FF);

CT_TRUE(log.contains("25F"));

(|

CT_TRUE(F.drive.hasCommand{MotorCommand: :TURN LEFT));
" E'_E .E L

m rmi mi
L=
M m m

S
J

. ¥




s 1. AUl OSS NE
SRS2| UC-B1~UC-86S ILHZ 1;

J|=2 (Forward+Standard &2) |
H CHEHE S — NFR-SAFETY-01) |
s ALY OFA20 ¢ B3 =M |

= JHOH + HAAA skip |

e 2. AIE A 2138 A A A FANS URA

“RVCSimHarness™ 2| " schedulePause()™ / T AR
- “schedulePause()” : §Z 2

"scheduleCommand (POWER_OFF) ™ :
- 0] II®¥Z “/simulator™ THAIHIAM ZH:

| | mmzhjﬂmt |
uc —'1I-H ITI | **6/6 (100X)** |

2 0 dSource™ 2| ~sendPause()” / ~sendCommand()" 2}

1:1 HE.

ABtIA | /6 |

= HWHZIAl | uc-e2-03-04-85-86

—FF+ Al 22y **55;55 (100%)** |

**Il’jl ﬂﬂtm:

- [x] SRSZ| 2= uc(uc-e1~Uc-86)Jf .
2ruce| 2|2 EE + CA2t-0lz :
AlLRI2 0|=0| sps uc O|=E0F
PDF UC '.='15-|:||c-1~:4.__.u e RIS
A2 2 H=

WLR2IZHA 2
= AlLR2IZ =

E =

FR-MOVE-83(-AlA OF-~Z!), NFR-TIMING-86



## 2. =4 &8 (wsL)

#i## A. cppcheck

"7 “bash

wsl bash -1c "cd "$(pwd)’ &% cppcheck *
--enable=all \
--std=c++17 \
--suppress=missingIncludeSystem \
--suppress=unusedFunction \
-I include \
src test 2> docs/sa/cppcheck.txt”

#i## B. clang-tidy
" “bash

wsl bash -1c "cd "$(pwd)’ && find src include -name '*.cpp® -o -name "*.h’

1] trues= 202 2HE =4 AFA:

txt™ — cppr‘h"k raw
- rlang Tl

I|. |'|||

| xargs clang-tidy -p build

Static Analysis

» docs/sa/clang-tidy.txt 2>&1 || true”

- H#Et 4.

**error / warning
*ctyle** |02 'I
AH (suppression)=

5. 211 ==

A

AR




Static Analysis

1. =8 8 2H I A

#i =5 1 — “ObstacleHandler::front * OJAFS MW AHAH

- **2 X|**: "“include/core/obstacle handler.hpp”, "src/corefobstacle handler.cpp”

- e dobC e yarning (OlAE BlH, ES2QE 2|E4)

- »x| | Zw*: "“ObstacleHandler 2t MAAHIA ~IProximitySensor& front £ 20 ~“front ~OHl AHESHAICEH,
A L HEY HASHIAMET ARZSHA B3RS, 82F ZXAl= ~cleaningEngine::cleanLoop() A 0101 A2IE.
- == LR|**: “front™ LR2HOIE 2 “front_~ ®H HH. “CleaningEngine™ MAZ} O|LIE2H0IHE 3. =5
HAE ZAF SO0IE.

- we3Hskee. 2= A7) IS, HIAE 56/56 =1t

#p =8 2 — “main.cpp” C-2EI2 ME -+ “std::array’

- =2 X|**: “src/app/main.cpp” (" DemoDriveTrain::execute™, “DemoCleaningUnit::setIntensity’)
- weAICew: Style (C-2EFE HHE, bounds-safe [H2F #ED

- #x | 2**: " const char* names[] = {...}" AME > cppcheck/clang-tidy?2]

" cppcoreguidelines-avoid-c-arrays™ Tt FE.

- **LX|**: "“static constexpr std::array<const char¥*, N>> 2 FA. “static_cast<std::size t>~ HHAl|.

= . Hl= H=
_ saOiskes. Bl A7) gl=.

GCC -Wall -Wextra -Wpedantic -Wconversion -Wshadow | 2= src/ | 8 | 8 | **clean**
GCC -fanalyzer | src/core/ | 5 | @ | sTL HEl 2F4 |

### GCC -fanalyzer HA& 284 Aty

- »xZAbew: “ctd::string” move constructor Ll “use of uninitialized value™ (CWE-457) 21 5

- P Olw* . GCC analyzer2| ZHE HI) — ss0(small-string optimization) 2 =Z0|A “basic_string”™ move
MAZ HFRel =21 =ME 2% =& (6CC Bugzilla O#187417)

-wmeooAE Poglo] AN+ 00 =G 2 A HYEZ CcleaningEngine::run()” L “std::string(”

[ERROR] ") + e.what()™ 20|Lt, &A OI=2I= 22 sTL LR, =2HE 3= 2F §i=.
- w[[|S**: HH(suppress) AR = =AM 215; E2EH D= =3 EER.

“cli_command_source.cpp” 2| POSIX ~<sys/select.h>” ALE 2 WSL/Linux El

## 4. SRS NFR == (¥

NFR | LHE | =4 21t |

" -std=c++17 -Wpedantic® Z 1} |

NFR-ARCH-e1 | F4&F 224 J[8H 22| | 2EHol~ « 78 22| =2 |
NFR-ARCH-82 | Stub 32| Jt= | test/unit/stub/, test/simulator/ & =21 |
1

|
I
| NFR-BUILD-81 | C++17 HEZE ==
I
I
I

NFR-ARCH-03 | 2F == =2t Al 2HH &EXA| | “haltSafely()” catch-al

i

=ho) |

| 6CC -fanalyzer CWE-457 (571) | libstdc++ basic_string | STL LHE false positive (GCC Bug

m#187417); =2EE = T2 |

| “portability™ POSIX header | src/app/cli_command source.cpp | WSL/Linux #ZE 2= ZtA

(NFR-BUILD-81 WSL TA) |

=




i o 24

#H 1. _'.:_—Tl {4 EH

cppcheck / clang-tidy HHO|H2]: 'f WSL Ubuntu EHAN £A|SIA 20l (apt-get & 2HZ background

21y, *acc 13.3.e**= [HA] A _ B
’ e - ww DA D|IEE (docs/saf)*™

- "-Wall -Wextra -Wpedantic onversion -Wshadow™ : IIEH ATt (cppcheck SEN el ( /sal)

) L . ) ) ’ “docs/safcppcheck.txt™ — GCC
- " -fanalyzer’: ZEZAM U EF 24 (clang-tidy ¢ L:FLL;E ;i'l xt" _
/clang-tidy.tx

] |'II_ oy d-' Pl = L S
|._| _I_II || e Ml = .. == . i L”ﬂl'ﬂdr - M

 MH.o

** P +H (error/warning o [ﬂg}“‘
- “include/core/obstacle handler.hpp’ = “front_~ B KA

*#-=% 1: “0ObstacleHandler::front ~ OIAISE T X H* - e Ilr-r-lr1E”|bf1_:?LlH }j‘fﬂdl'jP i_p'? - A
- “include/core/obstacle handler.hpp™: ~front™ LI2HIE] & “front = ZH A ] :Pr"ll,.l"'m e/cleaning ':”Er_lr':' by Oll<=t0lA
{core/obstacle handler.cpp™: MAAF AlDL |T'| El II|| |20l 4 SdlolE ) ;::1_ r-l:‘:rr:diﬂ ;.FIF:hE; L:-lF, _ N T F MAMTE A0S
- “src/core/cleaning_engine.cpp: "obstacleHandler ~ 0| H-||T‘|||'||..-| “frontSensor™ AlAH . S - T ET =TT
- “test/ un1t.'te=1' |I:|51:a-::le_har|r_’tler-.cpp‘: - MAx Sdl ( handlet*-}_la: , right, drive,
= ::cleanLoop()" M/ -| ._. __qu__—: “ObstacleHandler™ 2} ~front_~

*eH 2: “main.cpp” C-style HIE -+ “std::array’™**
"DemoDriveTrain: :execute()”, “DemoCleaningUnit::setIntensity() 2| “const char* names[] =

“static constexpr std::array<const char*, N> = s
—H: C++ Core Guidelines "cppcoreguidelines-avoid-c-arrays™ ===, bounds ¢l

e =L
|||:|

Fia | urrL -Wall -Wextra ..) | @ | @ |

M (Cfront ") | 14 | - g |
lv HHE | 24 | *»E Ztm*+ |

—’randl]g.-':er‘ sTL HZL 2F4 | s | 9H (6ec Bug) |

Ll'l
|—|'

#g 3. Xl (Suppression) &=

- ®*GCC -fanalyzer CWE-457 (5 ; cstring”™ move MAZL LH sso =20 EdHE= HA
Bug O#107417). Z=ZHE D= '.

- **pPSIX "<sys/select.h>"**: “cli_command source.cpp HlAl S|ZEHSZE AFE. WsL/Linux HE §
M Al (CLAUDE.md 4Z).
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- S Uz 22ES02] E)l= =4l BiE.
- 232 2ATER0 2H0= A0 22
- 2L 12IES/3EE0H OIT2L/0 [EIAGI CHet Ololt U=

NEADE SEE A 2=,

- AIE 2011 ZHIE Fhelole 5= - = 12Hd s=0|

=2 k= X2 Ofe.

DR SiRdg Dl =3 - JiE, 18, 25, JIE SO
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