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UP Inception Phase

Use-Cases [+7!]

Use Case Number Functional Requirement Use Case Name Actor Category
UC-01 RVC ™3 H2 Power ON User Evident
UC-02 RVC ™3 17 Power OFF User Evident
UC-03 ol 3T Avoid Obstacle O*}iﬁiﬂ;iﬁgw Evident
UC-04 S ote =F Adjust Suction Power Dust Sensor Evident

User Evident

UC-05

Perform Cleaning




UP Inception Phase

Use-Cases in Brief |+7%

Use Case

UC-01. Power ON

Actor

User

Description

vc:*f HHEE AL
% B, S 2H)E =7|gletC).
s A -‘*‘*(UC -05 Perform
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MM (Front/Left/Dust) % 2E{(O]
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Use Case

UC-02. Power OFF

Actor

User

Description

- AP X7 RVCE]

M
SXHHTI, £F, 3|H)

=
“RVCTH O Alef (84
== i=Ne] i I.;L" IEEI_

Lo Ty I — L0 I_|-

I_I




UP Inception Phase

Use-Cases in Brief |57 ]

Use Case

UC-04. Avoid Obstacle

Actor

Obstacle Sensor (Front Sensor, Left Sensor)

Description

75 s Elolt.

- Moot Zfof 20| YUOH xEO0Z 3| M}
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Use-Case in Casual |75

Use-Case

UC-03. Avoid Obstacle

Primary Actor

Obstacle Sensor (Front Sensor, Left Sensor)

Secondary Actor Motor, Cleaner
Description RVCo} 8 & MM olal] e it= SHO|| ZoiZ0| HX[ERS M, 2] S5S sdlieh 7| ZAE oHL[C.
Pre-Requisites RVCIt A (T & )2 Tl S0]0{0F gL|LC.

Typical Course of Events

(A): Actor, (S): System

1.(A) Obstacle Sensor?| 20{| HollE= 2 X[ fL|C}.

XoH Ol
=

2.(S) RVCI2 M&l ==
3.(A) Motor?t HZI

o
AoH=
_I_OHE ™

6(S)RVC7 =]
7.(A) Motor?} %

HedsH|CF,

ood

MotorO|

Alternative Course of Events

Exceptional Courses of Events
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SSD-03

Avoid

Obstacles
(A

«sensor»

Obstacle
Sensor

onInterrupt()

«system»
:System
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stop()

Power O0ff()

«actuator» «actuator»
Motor Cleaner
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turnLeft()

turnRight ()
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Domain Model

Diagram
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Class Diagram [5=%!]

‘ IRVCState

currentState (non-owning)

+onEnter(ctx: RVCController) : void

+onExit(ctx: RVCController) : void

+handleObstacle(ctx: RVCController, front: bool, left: bool) : void
+handleDust(ctx: RVCController, detected: bool) : void
+handlePowerOff(ctx: RVCController) : void

A

ISensorSubject

+attach(obs: ISensorObserver*) : void
+detach(obs: ISensorObserver*) : void
+notify() : void

A 0

ObstacleSensorSubject 1

-sensor : IObstacleSensor&

-observers : vector<ISensorObserver*>
-front : bool = false

-left : bool = false

DustSensorSubject

-sensor : IDustSensor&

-dustDetected : bool = false

-observers : vector<ISensorObserver*>

+ObstacleSensorSubject(sensor: IObstacleSensor&)
+attach(obs: ISensorObserver) : void

+detach(obs: ISensorObserver*) : void

+notify() : void

+poll() : void

+notify() : void
+poll() : void
+isDustDetected() : bool

+DustSensorSubject(sensor: IDustSensor&)
+attach(obs: ISensorObserver*) : void
+detach(obs: ISensorObserver*) : void

+enterAvoiding(front: bool, left: bool) : void
+getMovementManager() : MovementManager*
+getCleaningManager() : CleaningManager*
+getObstacleSensorSubject() : ObstacleSensorSubject*
+getDustSensorSubject() : DustSensorSubject*
+getObstacleSensor() : IObstacleSensor*

CleaningManager

-cleaner : ICleaner&

-powerlevel : PowerlLevel = OFF
-dustTimer : Timer
-latestDustDetected : bool = false

-POWER_UP_DURATION : int = 3000 ' ms

1
L holdslg
MovementManager olds{&expose
v, AAIO|A 2 (front, left, right) £ AISIZIOZ AL, (getObgjacleSenspr)
-motor : IMotor: 3o 52 M= AE X -1):
-avoidStrategy : IAvoidStrategy& onEnter 7t 5|1 58 HAIE 2 AE0|H (AD-1): IObstacleSensor
-lastDirection : Direction = STOP IAvoidStrategy 1. mm.needsReverse(f, |, r) 7t true & onEnter:
= ; . " it Eailad!
+MovementManager(motor: IMotorg&, strategy: IAvoidStrategy&) do { mm'move,Ba.Ckward()’ I8 sensor.]sLeftDetected(), cout << “Error: Init Failed"m +initialize() : bool
+moveForward() : void uses| +decideDirection(front: bool, left: bool) : Direction r = sensor.isRightDetected(); } while (I &&r) mm.stop() +isFrontDetected() : bool
+mc>veE?ac_kwa_rd() :.voi_d +needsReverse(front: bool, left: bool) : bool 0| (f, I, r) 25 xSl Cm.stopCIeaning() +isLeftDetected() : bool bolds
*urn(d: Direction) : void 2. mm.executeAvoidance(f, |, r) &
+stop() : void A oz xo
+executeAvoidance(front: bool, left: bool) : void 3. ctx.enterCleaning() 22 70|
+needsReverse(front: bool, left: bool) : bool L !
T N ! uses
' : use$
|
| |
| |
| |
| |
| |
| |
|
! \ Y
lastDirection FHAl: S B3k HE Al motor.move() S S A2t DefaultAvoidStrategy IMotor ICleaner
needsReverse(f, |, r): strategy.needsReverse(...) |2 (AvoidingState £ £7| TCHE)

executeAvoidance(f, |, r): strategy.decideDirection(...) = turn(direction) 13| g

Direction

BACKWARD
LEFT

STOP

FORWARD € — — — — — — — — — — — — — — — — — — — — 4

RIGHT €- - """ T TS

+needsReverse(front: bool, left: bool) : bool

:
I
I
I
|
|
I
I
I
I -
B
|

I

_(F
_(T
-(T

1
i

L

|
|
|
|
|
|
|
|
|
|
|
|
| +decideDirection(front: bool, left: bool) : Direction
|
|
|
|
|
|
|
|
|
|
|

,F) > FORWARD, needsReverse=false
F) = LEFT, needsReverse=false
T) = RIGHT, needsReverse=false
- (T, ANY) - LEFT, needsReverse=true

+initialize() : bool
+move(d: Direction) : void

+initialize() : bool
+setPower(level: Powerlevel) : void

p—

+CleaningManager(cleaner: ICleaner&, clockFn: Timer:ClockFn)

+startCleaning() : void
+stopCleaning() : void
+powerUp() : void

+handleDustDetected(detected: bool) : void

+update() : void
+getPowerLevel() : PowerLevel
+getlatestDustDetected() : bool
-onTimerExpired() : void

I
I
|
I | I
: I |
| I ! : +onInterrupt() : void
I ' ' 1
| | I I | 1
1 | | | -
! 1 1 | | notifies notifies
| InitializingState |
I : !
| ) ! -obstacleSensor : I0bstacleSensor& : I
| OffSta I -dustSensor : IDustSensor& Cleaninastat '
| e I | motor: Motor& EEMEES poll() : 3% read - =H 2ot diff > B3} Al FHA| 241 + notify
[ retLleaner 3= HAl 5 BxAH i ISensorObserver
! +onEnter(ctx: RVCController) : void -retryCount : int =0 +onEnter(ctx: RVCController) : void onIntemll pt(): 3% read - HA| Bl > 2E2 notify
! i 20| X3|= RVCC Il Ob: leS 422 (AD-6
I +onExit(ctx: RVCController) : void || MAXCRETRY :int =3 +onExit(ctx: RVCController) : void i x8|= ontroller.getObstacleSensor() & i ( . ) e e T e e
| +handleObstacle(ctx: RVCController, front: bool, left: bool) : void Initializi ostacleS - TObstac! 2 dustS - IDustS 2 motor: IMotor&. ol 101 2 +handleObstacle(ctx: RVCController, front: bool, left: bool) : void 370 API: attach / detach / notify / poll / onInterrupt 5742 &3 PR et T R e S BT
| +handleDust(ctx: RVCController, detected_: bool) : void | IO':"E':t'le'?;X: RV(;Con::o:erF)n:s\(/Jt;d acleSensorg, dustSensor: IDustSensor&, motor: IMotorg, cleaner: ICleaner&) +handleDust(ctx: RVCController, delected_: bool) : void CHl AB|E A|2F (attach- detach 2F p0|| -onInterrupt EANSE 2K) onDustDetected(detected: bool) : vo
+handlePowerOff(ctx: ontroller) : voi 1 ) . [ +handlePowerOff(ctx: ontroller) : voi
| handleP Off(ctx: RVCController) d +onExit(ctx: RVCController) : void handleP Off(ctx: RVCController) d A
| +handleObstacle(ctx: RVCController, front: bool, left: bool) : void
I U § initializingState 4
1 || +handleDust(ctx: RVCController, detected: bool) : void 1 9 feads !
: | | +handlePowerOff(ctx: RVCController) : void cleaningBtate !
T
|
I ! | |
| ! | 1 1 o !
\ | | initializes
| I | RVCController 1 :
|
| | -obstacleSensor : I0bstacleSensor* > |
| ! | -dustSensor : IDustSensor* 1
| | | -motor : IMotor* |
| I offState 1 | -cleaner : ICleaner*
t | -movementMgr : MovementManager* !
| | [ -cleaningMgr : CleaningManager* ------—-----—- - - —-"-"-"-"-"—-"=-"=-"=—"=-"=-"=—-"=-"' - - = - - = = - -
I | -obstacleSub : ObstacleSensorSubject* 1
| ! | -dustSub : DustSensorSubject* >
| I | -offState : OffState
I -initializingState : InitializingState
I 1 ! initializes -cleaningState : CleaningState - N
! — 0.1 ) currentAvoiding (urjique_ptr) | 1 | -errorState : ErrorState State QIAEIA owning 2 (Phase 3 &%)
AvoidingState T -currentAvoiding : unique_ptr<AvoidingState> - Off / Initializing /Cleaning | Error =
'
-currentState : IRVCState*
~front : bool ErrorState 1 |_errorState R RVCController 7 M QIABIAR X HQ
-left : bool L +RVCController(obstacleSensor: IObstacleSensor&, o idi of i O|X|
AD-7: C|HIO| A 470E “HMXt QIXIE =1 2. dustSensor: IDustSensor&, motor: IMotorg, AVOIdIngStat? 5 (-front' left, nght) anE
+onEnter(ctx: RVCController) : void ok a1 (Aol 2= Al = initiali | - 1C! 2 ‘tMar: M ™ 2 O A2 Edalior stE 2
+AvoidingState(front: bool, left: bool) +onExit(ctx: RVCController) : void onEnter QHoflA] 7|3t R (A|Ch 33]) +¥ & nitializes cleaner: -leaners, movementivigr: Movementhanagere, T A idi iding 22 =1
. -y . . . . Mo i AT cleaningMgr: CleaningManagerg, unique_ptr<AvoidingState> currentAvoiding 20| 21
+onEnter(ctx: RVCController) : void +handleObstacle(ctx: RVCController, front: bool, left: bool) : void MZ - ctx.enterCleaning(), &1 - ctx.enterError() obstacleSub: ObstacleSensorSubject8, dustSub: DustSensorSubject&) S S il QI AR AZ Jj2|3|= A N IRVCS I
+onExit(ctx: RVCController) : void +handleDust(ctx: RVCController, detected: bool) : void A8 e . d o - d - current t;at_e = bl 2o Ens = non-owning view ( tate*)
+handleObstacle(ctx: RVCController, front: bool, left: bool) : void +handlePowerOff(ctx: RVCController) : void +Eower0ff()  void - enterX() @& setState(&xxxState_) =
+handleDust(ctx: RVCController, detected: bool) : void +ick() : void currentAvoiding_ = make_unique<AvoidingState>(f, |, r) 2 &% A4l &
+handlePowerOff(ctx: RVCController) : void +onObstacleDetected(front: bool, left: bool) : void setState(currentAvoiding_.get()) &
+onDustDetected(detected: bool) : void
+setState(state: IRVCState*) : void reads
+getCurrentState() : IRVCState*
+enterOff() : void
+enterInitializing() : void
+enterCleaning() : void
initializes holds +enterError() : void holds

dustTimer

N A

PowerLevel

OFF
NORMAL
POWER_UP

AD-5: DustSensorSubject 21 &%= ¢13.
Dust O[#lE = Controller->State—>handleDustDetected(bool) Z2Z £0{2}
latestDustDetected FHAIS A
update() = RVCController.tick() OlA] S&&|0{ dustTimer.update() &3.
onTimerExpired() (44X}l A dustTimer.setCallback(this)):

- latestDustDetected == true = dustTimer.reset() + start() (POWER_UP RX|)

- latestDustDetected == false - cleaner.setPower(NORMAL) + dustTimer.stop()

Y
IDustSensor
+initialize() : bool N
+isDustDetected() : bool
1
Timer

-clock : ClockFn
-callback : Callback
-duration : int64_t = 0
-startTime : inté4_t=0
-isRunning : bool = false
-isFired : bool = false

+Timer(clockFn: ClockFn = defaultClock)
+start() : void

+stop() : void

+reset() : void

+isExpired() : bool

+isRunning() : bool
+setDuration(durationMs: int64_t) : void
+setCallback(cb: Callback) : void
+update() : void

Callback = std::function<void()>

ClockFn = std::function<inté4_t()> (Er2l: ms; HIAE|M 2t clock )
update(): isRunning && lisFired && isExpired() - callback 2& % isFired=true
reset(): isFired=false, startTime XM7|2
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System Test Result

rvc-sim — backward_a... rvc-sim — backward_a... rvc-sim — backward_a... [z rvc-sim — backward_a... rvc-sim — backward_a... i rvc-sim — backward_a...

®

L 4

tick 1 siateCleaning clock 5000ms tick 1 state Cleaning clock 5000ms lick 1 stateCleaning ¢ 5000m s lick 1 state Cleaning clock 5000ms lick 1 siate Cleaning clock 5000ms lick 1 siate Cleaning clock 5000ms

3 (3 3 N N N

robo1(3.3) 5 cleaner NORMAL dust 0.00 roboi (3.3)§ cleaner NORMAL dusi 0.00 robot (3,3) S cleaner NORMAL dust 0.00 robot(3,3) 8 cleaner NORMAL dust 0.00 roboi (3.3) 8 cleaner NORMAL dusi 0.00 robo1(3,3)8 cleaner NORMAL dust 0.00
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Initial Prompts

CRITICAL NOTE: THIS IS A REVISION PROJECT. This project is not a greenfield (built from scratch) project. It is a revision and refactoring of an existing RVC (Robot Vacuum Cleaner)
Controller codebase.

The primary goal is to modify the existing architecture, code, and documentation to satisfy newly changed requirements while preserving the integrity of untouched features. The project
emphasizes the active application of software engineering processes, impact analysis, and safe object-oriented refactoring methodologies.

The controller focuses only on automatic cleaning behavior. Detailed hardware control implementation is outside the scope of this project unless explicitly required.

Hardware Constraint Update: The RVC hardware configuration has been modified. The right sensor has been removed, leaving only the front and left sensors. The existing controller
logic and design must be revised to compensate for the lack of right-side environmental detection by utilizing new rotation and movement strategies.

Development Process

Because this is a revision project, the focus must be on understanding the legacy system, identifying the impact of new changes, and updating existing artifacts.
The project must proceed through the following stages:

1. Requirements (Revision)

2. Analysis (Revision)

3. Design (Refactoring & Update)

4. Implementation (Modification & Extension)
5. Verification (Regression & New Testing)

Each stage has a corresponding skKill file. Refer to the appropriate skill file before performing work related to that stage.
Do not skip stages. Do not modify the existing codebase before the Design stage is approved.

The user determines whether the current stage is complete. Do not proceed to the next stage unless the user explicitly approves it.




Initial Prompts

Purpose

Use this skill when analyzing, refining, and updating project requirements from the user's perspective.

As this is a Revision Project, you are NOT writing requirements from scratch. Your primary objective is to reuse the existing requirements artifacts (Use Cases, SRS) produced in
the previous project and apply necessary modifications to reflect the new hardware constraint (the removal of the right sensor).

You must preserve existing requirements that are unaffected by this change.

Preliminary Requirements (Original Baseline)

The legacy RVC system was originally built upon the following preliminary requirements. Read these carefully to understand the baseline, and identify which legacy requirements
must be modified due to the missing right sensor:

¢ An RVC automatically cleans household surface.

It goes straight forward while cleaning.

If its sensors found an obstacle, it stops cleaning, turns aside left or right, and goes forward with cleaning.

If there are obstacles in both front, left and right, it move backward and turn aside left or right, and goes forward.

If it detects dust, power up the cleaning for a while.

We do not consider the detail design and implementation on HW controls.

We only focus on the automatic cleaning function.

Responsibilities

During this stage:

¢ Review the existing requirements (Use Cases, SRS) from the previous project.

¢ Identify and modify only the specific Use Cases and requirements affected by the removal of the right sensor.

» Actively detect ambiguity or inconsistency in modifying the legacy behavior (e.g., How should the RVC handle the legacy "turn right" or "detect right obstacle" logic without a
right sensor?) and ask the user for clarification.

* Reuse and preserve existing requirements that are unaffected by the hardware change.

¢ Update the Use Case Descriptions and Use Case Diagram to reflect the changes.

¢ Produce the updated Software Requirements Specification (SRS) as a revision of the legacy SRS.

* Update requirement traceability.

Implementation or structural design must not begin during this stage.

Purpose

Use this skill when analyzing the problem domain and system interactions based on the approved Requirements (Use Cases and SRS).

CRITICAL FOCUS: Establishing the System Boundary A core objective of this stage is to precisely recognize and maintain the boundary of the system under development. For this
revision project, the system boundary defined in the legacy project must be reused exactly as-is without any modifications. Your analysis must focus on integrating the altered
hardware logic (the missing right sensor) strictly within this established boundary, ensuring that the system's scope of responsibility remains identical to the previous project. You must
reuse the existing Analysis artifacts (Domain Model, System Sequence Diagrams) and adapt them to the new requirements while adhering to this fixed boundary.

Input Prerequisites

Before beginning this stage, ensure you have reviewed the approved outputs from the Requirements stage:

¢ Revised Software Requirements Specification (SRS)
* Updated Use Case Descriptions
¢ Updated Use Case Diagram

Responsibilities

During this stage:

* Enforce Legacy System Boundary: Strictly adhere to the system boundary established in the previous project. Do not expand, shrink, or alter the system's core responsibilities or
its interfaces with external actors.
* Review Legacy Artifacts: Analyze the legacy Domain Model and System Sequence Diagrams (SSDs) to understand how the system boundary was previously modeled.

—

* Conduct Impact Analysis: Identify exactly which domain concepts (e.g., RightSensor entity) and system events (e.g., detectRightObstacle() ) inside or crossing the system
boundary are invalidated by the new requirements.

« Update Domain Model: Modify the conceptual model to remove the right sensor and introduce workaround concepts (e.g., rotation maneuvers), keeping all changes within the
existing system boundary.

+ Update System Sequence Diagrams (SSD): Redraw the SSDs for the modified Use Cases. Accurately capture the system events crossing the inherited system boundary
between the Actor (Environment/Hardware) and the System (acting as a Black Box).

» Maintain Traceability: Ensure all conceptual updates directly trace back to the revised requirement IDs.

Implementation or structural software design (Class Diagrams, Object-oriented interfaces) must not begin during this stage.
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RVC Use Case Description

3. 720|225
2 2A= rvc-controller o XS D2 H4 Ho| 25 KA 0|A ¢

ID F2 g 25AE

UC- RVC-FR-001, RVC-FR-021, RVC-FR-022, RVC-FR-030, RVC-FR-031,
RVC-FR-032

RVC-FR-002, RVC-FR-020, RVC-FR-030, RVC-FR-031, RVC-FR-033
2 of
RVC-FR-004 ~ RVC-FR-010, RVC-FR-015, RVC-FR-016, RVC-FR-030,
[Z7l] RVC-FR-034 ~ RVC-FR-038

=

interrupt =2 XS5t= 2¥ actor

RVC-FR-011 ~ RVC-FR-016, RVC-FR-030, [%7}] RVC-FR-036 ~ RVC-FR-
FOlE polling @21E HB3t= /% actoro|Ch. (43 H: an

2 H|B3t= 2% actor)
MX| MM SHEY  [4E] BX| ZX| polling Y2 MIZ5t= 2% actor ($H H: - RVC-FR-017 ~ RVC-FR-029, RVC-FR-031, [F7}] RVC-FR-039
01 actor)

Movement
Motor

Cleaning
Motor

Use Cases (Scenario = #52} =)



Inception Phase - Use Cases |+




Inception Phase Use Cases [+73




Inception Phase - Use Cases [#%!]

B. UC-005 MX| Ao 2 BT 28

i
D5 Exfsh= A2 1210 90 23|F & Fut MAIT} 1 tick 7l gh=2o =2 Ha|sict (8 ®: ™
VENE R )

[=]

€ dEfollM 90% 22 20| ZXIEIT, RVC7H 905 ZHBITO= B2 Wkl 213t AEfolCt. controller XA

= =1
s=Ch (=3 A £0| 2F ZX|=IALC)

RVC-FR-011 ~ RVC-FR-016, RVC-FR-030, [7}] RVC-FR-036 ~ RVC-FR-038

. [ZF]RVCE O REF AR T A X [ e Yo 2 =7
. RVCE= movement motor0i| HX| W2

. [&7}] RVCE cleaning motor0| OF

. [+3] RvCE 2l WEk 57| MEelijol|lM 3%

F: RVCE= movement motor0f| £Z HHS H|23ICL)
H] RVCE 22 urat

|
L=
=~

. (=3 H®: RVCE T & &M MA stESof0|M 5 & 2= FHOlZ 442 &It
: 1= ZOo 20| MK ZX|=[X] %A £/H RVCE= movement motor0| Zs|Fd &

o

olom cleaning motor0l NORMAL &¢ B ; : X=X A
o =20| A& HXI=H RVCE 25 2= E0I2 2l8 90k LTS 2tEst & M MA =00l A
i Z0| SA|0]| ZX|=|X]| A =™ RVCE movement motorof| Z3|%
X|=|X| ko™ RVCE cleaning motor0l NORMAL E¢ HHS X35t 28
IX|=|H RVCE 90k Zt3|Fsto] Rlef Wate= 55t F 1 tick £, 25

ILIH RVCE 3| 2tz = Zt58ICt, (3 H: 8|3 BE ZIY £ 10=7t

HE|H cleaning motordil NORMAL E¢ ¥

o
Bl
g

(=]

e
e e
0

2
P Mo mo S
W] DE _||>||

0
7)

>

m\l

F2lollA ZXISHA| S2=Lt.

TAreh EHelolM Felstx| ef=Ct.

ZoiE HEE controller T QIO R AFRSHX| O,




Inception Phase - Use Cases [#%!]

[Z£7}] simulator?| 2= X2 HEE
& Ho|H =2t HESICE

I
|
verification Z1a} M 4l scenario HEE & OF | =

F=7t]
controller ECH @13 oty

—

rvc-controller [A]

7/
2 MM 5tES)of
ey
J
™

B &

N ///
jt J""UE$01

(XS B3 g2 A% )

T e

S
}""”[Ic-_oﬁ“‘“\
M gogem Lo ____

\
0% 93| 22 = FY amNJ—\

dde o= X2
¥ H: HW/EE/25 25 UK _,Q,rg,r:gt oz 52| )
gt

UC-004

\ O

Use Cases (Scenario =

N

oy

=

Cleaning Motor Movement Motor

/




Inception Phase - SRS |+

RVC Software Requirements Specification 3 9 D&l o
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A ©tAl: xxDesign (Refactoring & Update)xx
"docs/design/design-specification.md & M

| o
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7. Revised Class Diagram [+3]
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© RvcController
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-movementManager: MovementManager

-cleanin
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s

o i
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4. Design Modification Rationale [+3]

5. Refactoring Targets [=4
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8.2 Movement State Diagram [+H]

£0ll= 2|T| State £

after 1 tick backward,
left polling = clear [/ turnLeft

4s elapsed /
original direction restored

stopCleaning

ﬁurningToForward

)

Backward _,_J Long backward timeout is not consideredﬁ

_j in the current requirements.

stopCleaning

Off

startCleaning / initialize sensors,
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[ Forward
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front obstacle interrupt /
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4s elapsed and front clear / (StODDEd ForObstaclew
cleaning NORMAL, moveForward K )

4s elapsed /
cleaning NORMAL, moveForward

left polling = clear /
turnLeft

left polling = blocked /
turnRight

RightPathCheck

N )

4s elapsed and front blocked /
turnLeft

Y
JReturnFromRightCheck

L )

stopC

after 1 tick backward,
left polling = blocked / turnRight
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9. Revised Cleaning State Machine [+3&
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1656, Codex Answer 110
N3 5=
v SIc

C+ AdapterTimer.cpp
.+ CleaningManager.cpp

C+ LeftPriorityAvoidanceStrategy.cpp

:* LegacyAdapters.cpp
c* MovementManager.cpp
* RvcController.cpp

G+ RvcStates.cpp

G+ SensorSubjects.cpp

156, Prompt 046

G+ SimulatorApi.cpp

Implementation &=

Prompt & Answers
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162. Codex Answer 116

build-and-test

Q. Search logs N
succeeded 4 days ago in 44s
[ v @ Runtests as]

91 42/47 Test #42: SimulatorRVCControllerAdapterTest.PowerOnInitializesDevicesAndStartsCoreController ......... Passed

0.00 sec
; L__I_ A o 0 Ol_o MEIAE 3 C2 AKX g2 Start 43: SimulatorRVCControllerAdapterTest.TickPowerOffAndNonDetectedEventsRemainSafe

Implementatlon '—7:”0“ -l prompt HA | = |- -l “ ' ="TO 93 43/47 Test #43: SimulatorRVCControllerAdapterTest.TickPowerOffAndNonDetectedEventsRemainSafe ....ccciivennns Passed

0.00 sec
94 Start 44: SimulatorRVCControllerAdapterTest.TickAndSensorEventsAreIgnoredWhileInError

95 44/47 Test #44: SimulatorRVCControllerAdapterTest.TickAndSensorEventsAreIgnoredWhileInError ...cvvecinnannns Passed

165. Codex Answer 119
" 96 Start 45: SimulatorRVCControllerAdapterTest.PowerOnRetriesTransientInitializationFailures

97 45/47 Test #45: SimulatorRVCControllerAdapterTest.PowerOnRetriesTransientInitializationFailures .vevuveeanass Passed

0.00 sec
: : . { re s 98 Start 46: SimulatorRVCControllerAdapterTest.TickPropagatesDustDetectionToCoreController

« timestam I:I'_ . l:' Zba=U5R<=30) TIIJ 2aal1e.3137 99 46/47 Test #46: SimulatorRVCControllerAdapterTest.TickPropagatesDustDetectionToCoreController vusessssssssns Passed

0.00 sec
P = iEmEr a3 b= e i e 100 Start 47: SimulatorRVCControllerAdapterTest.EntersErrorWhenDeviceInitializationRetriesAreExhausted
« |sonl line: 1311 | phase: commentary , P celnitializats _

101 47/47 Test #47: SimulatorRVCControllerAdapterTest.EntersErrorWhenDeviceInitializationRetriesAreExhausted ... Passed

0.00 sec

102

-2} HFH| HIAE ¢ ¥ 104
105 Total Test time

= =)

pr

1M =oh/ER

Implementation

JEE BitsteX] &

Result

103 100% tests passed, 0 tests failed out of 47

(real) = 0.11 sec
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172. Prompt 047

169. Codex Answer 123 « timestamp: 2026-05-30T08:02:15.827Z

e jsonl line: 1510
e timestamp: 2026-05-30T07:54:23.306Z

» jsonl line: 1410 | phase: commentary

0|z 20| HIRUSLTF HIAE ALIE|2062| Z7|CHZtS HHYOFNO0]. FA|
direction2 backward® 7Z|Cist= Al OiL|2} 'turn right', 'turn
left', 'move backward'Z} X#ZE O|R|X|=X| HAESH= HO[AZ
yamlut sl

AlAH Python2 PEP 668 {20 SLICH. f3AmojA otof 7HyEHHE PHEO0| pytestE HXIst F
system testE Aldsi= WAlo=

170. Codex Answer 124 173. Codex Answer 126 test case =& prompt

 timestamp: 2026-05-30T07:55:29.765Z

: : e timestamp: 2026-05-30T08:02:21.210Z
e jsonl line: 1440 | phase: commentary

e jsonl line: 1513 | phase: commentary
system test 3071 & legacy AlLZ|R St7t AMUiiELIC, o : o S
tableX3d " front+left+right 0|4 ZA| BACKWARDE 7|cHs QFAY HESR system scenario Z[tiuts AulSHUSLICH

BACKWARD' &20|2} 7|cHzto] SSsiLCt. sligt AlLR|RE2 AX s =100 ‘06_backward_avoidance.yaml":.'_f M &E¢Ql "RIGHT -> LEFT —>
5t7] 9ls W8S EHELIC BACKWARD' #A ZZO=2 HIRI system testE CHA| S2|2&LICH

174. Codex Answer 127

 timestamp: 2026-05-30T08:02:35.828Z

e jsonl line: 1524 | phase: final_answer
- " ./commands/run-tests.sh = system test7X|

greenO| OFgL|Ct.
- A= “simulator/scenarios/06_backward_avoidance.yaml’
1Z1L|Ct, O] AlLI2|RE legacy truth tablex®
“front+left+right oA ZA| "BACKWARD € 7Z|cHstX|RE, M QAN 2: Result
2 "RIGHT -> front sensing —> LEFT £7 -> BACKWARD® 3ZE0| - legacy 7|thal: =Al “BACKWARD'
a8} 7|chzto] ES3iLct. — M 7IcHZt: “RIGHT —> LEFT —> BACKWARD' #A &ol
- XF Mgt system test ‘28 passed, 1 failed, 1 - 4% 23|F + 4= 3}3|H0| BIYE|=E “max_ticks’,
skipped‘ol'_LIEf g ' ‘power_off_at_tick' = SXS&LICE.

= L]

‘simulator/scenarios/@6_backward_avoidance.yaml® #H3&

7 e
- system test S3}: 29 passed, 1 skipped’
- “git diff --check® St







rvc-controller, HEX]

rvc-revision, vibe-coding

observer
O[HIE
3|m| FEf

API

all-blocked
2|

isFrontDetected() ,
isLeftDetected() BF SX|

onObstacleDetected(front,

left)
decideDirection(front,
MM glo] “23|F = front ZEHR1"

public contractZ7tX| Z

7|& State/Strategy/Observer &
FAI5HH &AH HE

legacy IObstacleSensor Of
isRightDetected() Z

onObstacleDetected(front, left,

K=
—

right)

left, right) &
M LeftPriorityAvoidanceStrategy 7l 2=

decideDirection(front,

core= H|=5HA| 183X 2t simulator/legacy Z20j|=
right truth table SX|

RHH| HIAE7} EHE right 2IES HAO2 HWotEY

M core #1Z2} legacy £t HIE0| 410|0{ A|ARIO| O|F
sHe

src > €

RvcStates.cpp
#include "rvc/RvcController.hpp"

namespace rvc f{
namespace {

inline constexpr int kMaxSynchronousEscapeChecks{16;;

class OffState final :
public:

public IRvcState 1

public IRvcState A

class ForwardState final
public:

L u
Iy

class StoppedForObstacleState final public IRvcState

public:

L u
Jy

class TurningState final public IRvcState {

public:

L u
J»

class RightPathCheckState final
public:

public IRvcState

-
Iy

class ReturnFromRightCheckState final
public:

public IRvcState

-
Iy

class BackwardState final : public IRvcState A
public:




NECTEE S im

M 2 =2

rve-revision2 QIAIEIS "QEXE MAE Ct 2 sffA. J2{Lt HAEX|= EXR MAME public API, observer event, strategy input, simulator
adapter, test oracle0|A H|A.

HEX|= i_obstacle_sensor.hpp:170f|A isRightDetected ()7} 8111, i_sensor_observer.hpp:15& 2-2Ix} O|HIEQ]. BIH revision Interfaces.hpp:400i isRightDetected ()7} ‘=0t
A1l SensorSubjects.hpp:12= 0{F 5| 3-QIX} O|HIEQ],

27| &

rvc-controller= 7|E legacy 12 QX|6t & @ LAFE #HZA o £ FX&A H|HEL. DefaultAvoidStrategy= front+left -> RIGHT, front only -> LEFT, 1 2| FORWARDZ &t
23|11, all-blocked= 23|F £ front/left K&l : rvc-revision2 M RvcController, IFrontObstacleSensor, 1SideObstacleSensor,
LeftPriorityAvoidanceStrategy= =I5l M2 A&, RvcStates= ZH= polling £ right path checkE 3522 JfEX o= = QAIErS 0|3l|5HX|B legacy adapter/simulator/API
HS2 85| FelstX| 220t SimulatorApi.cpplll= front,left,right truth tableO| &0} US.

EHAE X}0]

HEXA| HAEE= A= right7F CEA| LIEHLPHE AT RE Aulist= X Q. revision HIAZE = BCHE right?t 20t = AEE HE. 0|E S0 rvc-revision?| rvc_unit_tests.cpp:152=
front+left+right2! Il reverseS 7|CH3t11, rvc_unit_tests.cpp:540+= observerZ} lastRightE BH= Z{E &Q1§}. O| 20| XtH| EH|AE S1t7f QALE 52 BESHK| $2.

as

vibe-coding Z1E2 S2 ALIZ|R 2E il : of|A Z¢et A

S"0| OtL|2} " oA A|AE! contractt

H|1 AE: rvc-controller= 27FAE HZE 2 X2t legacy right Z22S EAIA &7 7tsd

I HAE =fAIE Bt= A=,




System test H| !

340. Prompt 103

* timestamp: 2026-06-02T15:56:11.265Z
e jsonl line: 2521

E Z0 ool 'Rvc-controller'z2ts 'HEHX|' ZTE2HE ECE EAN. XZF 2217t £ simulatork O7|M JE{27{0f. O] H
Xl rvc-controllerdAX= simulator AlLi2[27} HME Sa3iD, 22[2] codex KA controllerg 'dEX simulator's
HE M AlLI2|R 2747t Aufrt cc=rf, O|RE =2ASHoF 8.

=
7
CF

H
=
—

341. Codex Answer 238

» timestamp: 2026-06-02T15:56:20.809Z
e jsonl line: 2525 | phase: commentary

HEX| Z=NHEQ S Z2HMEQ| controller/simulator VZEE H|W{A, Alm7} “AlL}2| 7|CHZI0| legacyz2iA{"QlX] “L2|
controller SZ0| HMEX|Qt Ct2AH REHAM"CIX| E2|siEZSLICH. oY £3 glo| 2A{0t 31ZIEL|CE.

342. Codex Answer 239

e timestamp: 2026-06-02T15:56:33.079Z
e jsonl line: 2535 | phase: commentary

HEX]| ZoM Z28t CtM7E LIREELICE. FEEX] controllers 2E2[X& “RightPathCheckState/BackwardState' 2 ticko
dx HEE Uss #X7f ofL|2t, “AvoidingState::onEnter() “O|A 3lu| REIE FA| Mdst= F=QLICH. 0| X0|7} 08/262]
command count AI{Q} AZAE|=X| &QlstSLICt,

Ol H|wE 2ol UP E!°| Simulator= HIAE
2702] Scenario %A Fail

UP HHZ& Simulator

345. Codex Answer 242

» timestamp: 2026-06-02T15:57:22.816Z
e jsonl line: 2567 | phase: final_answer

O|H| E™ 26t AlIj 0|]= “HEX| A|lLIZ|27} O|A5tCH 7t OfL|2t, 22| controller?] 2|&| £50| HEIX| controller?t Ct2#| 3131k|0f
MOE.

HEX| controller?] A2 Rvc-controller/src/avoiding_state.cppOfl A0.

HEXA|l AvoidingState::onEnter() &5 Ci=f 0|7{0F.

mm—>executeAvoidance(front_, left_);
bool currentFront = sensor->isFrontDetected();

i f (currentFront) {
mm->turn(Direction::LEFT);
mm—>moveBackward():

(true) {
const bool currentLeft = sensor->isLeftDetected();
('currentLeft) {
mm->turn(Direction: :LEFT);

reak:»
AT\ p

}

mm->turn(Direction: :RIGHT);

currentFront = sensor->isFrontDetected();
(currentFront) {
mm->turn(Direction: :LEFT);

ctx.enterCleaning();




System test H| 1 : UP & Simulator

22| controller= 22 A2H0|M &A| historyZ}:

FORWARD, STOP, LEFT, FORWARD, STOP, LEFT, FORWARD, STOP, LEFT, FORWARD,
STOP

avoidance command2t A|™:

— 3 i I

dState 2 LPHA tick/state transition0ll ZX &{2|3H.
LEFT, LEFT, LEFT
26H0|M FEX|ZL 6 2 7ICH5t= O|R-= 0|740F.

Z, 3 7lof.

r

e tick 10l interrupt?} & £ 2hlst,
off 37H4t0]| of LLEH, 22| 282 front-only A4&H0i|A:

simulator runner= interrupt Al arm_front_interrupt() & sliA Ct= front sensor read=0|
true 7} &|A| &,

HYX|OIME interrupt 18H0ICH AvoidingState: :onEnter()

worldZ} H|0] 2I0{= forced front read IH20| currentFront

4.

a2 M interrupt 12|19 CH2f CHS avoidance command?t LHS:

HEX| simulator= HEX| controller2] S7|2] AvoidingState 3|I| £EIS 7|20 2 R4 E.
22| controller= AIEH HHAE state machine2 2 O ME313i 1, front-only interruptS

[2tM interrupt 23|™:

i

Scenario 08, 26 25 ZOHE g|I

J2flM 08 Z2 O]/ E AIl3l. interrupt 5710]| CH8l HEX|= 5 % 3 = 15 E 7|ci3HX[2t, 22| controllers

O:IE-I State; L'l-_III_ __ll}_ [[H_E_O'” AEIII-'I interrupte CH&E|Z LEFT sStLt2iA 5 7f L}




System test H| !

User Prompt - line 2572

Timestamp:

LH 7|210f| O|H 'QEZ MIA] ”Iﬂ revision EE”'E% Al

= o=l K] REU=

AsH [
ol

E

L stateZ} 1
FH| 2270 0|7}

E;
1:-

_l;_"_l_l

F?

UP HHZ& Simulator

Codex Output (final_answer) - line 2575

Timestamp:

Ol L7} A& T “QE MiAf A

1I7f0fL|Ef AlZto] Eel= 3
Aoz misiy| m20|of,

HISE g_ﬂ

oo

polling
b

) el SA| ME|sHH, A AlZt 7HE L

’.“_léa'"ﬂf " tick £ & polling"§ H3s17| O{FCt £, 2 CHS

=% polling

EE|AH R




UP HHZ& Simulator

System test H| !

User Prompt - line 2582

Timestamp:

2 avoidingstate StLt 20| A &0l = 2|I|7t O| R X[A| 85I HE FEXL| 2

[E5HH 22| AA-R & X RS 5 UL Bt state 20l 2]T|7} O] F0]

Codex Output (commentary) - line 2616

Timestamp: 202f

tate::c er() oM 2|u| HE ARA
EE?IH?IE glLIct. 7|1&E

e S factoryt SHaF J|AHSHK] g23 HAHAM BE YIS 0|7

Aoll= g||7} of State LISO|M 2|5 7™

Codex Output (final_answer) - line 2746

Timestamp: 2026-06—-02T18

HMEX| XM “5|m|7} §t state QoA BLi=" Bisto
simulatorZ} E3}5IEE A0,

state factory

= H715HA| g8 |X|.

ol front DK g3 |

e 2
%E%tﬂ%!

0|71I 9?&01 7I": HFA[2 simulatore| force_front_reads 7}

StLt EOFM LIS polloiiA *é'ﬂﬂ—’f‘—ﬂﬂlﬂlﬁ SR, T8

8/26H0| 7|CHZLEC} I 20| LIRHO].

[}

o 7|& "&7t stated] HECH = 7|0iE "S7|A SlT] &t =
Forward/Cleaning2 2 S8t 2 74l

./build/tests/rvc_tests ——gtest_brief=1
47 passed

PYTHONPATH=build/bindings:simulator .venv/bin/python
-m pytest simulator/tests/ —q
28 passed, 1 skipped




RVC Software Requirements Specification

1. XY SHA|

i A= Requirements (Revision Correction)OICt, 0] A= RVC(Robot Vacuum Cleaner)2]
r of CHSt Xt5 T3 A Mo 22X @A HAEN w3l LS Falsict (=3 .

°._=|IH ':._f71|" Reqmrements (Revision)O|Ct. O] A= RVC(Robot Vacuum Cleaner)2|

- Of Chist Xt= T3 A ’Ho 2E] A HES Fe|siCt)

H w7 gt BHel= FHX| simulator AE £ &01E FOoiZ S|u| X2| SEa MY Hol= interrupt
X 2| 9HX| @ FAFEOICt 1 L2 18 class IE= state 0|S0| Of | 2} 2|E0j|A ZHEF 7St MM

2/2, movement motor command, cleaning motor command ?|& (st}

RVC Controller Design Specification

1. §ixl EHA|

[+38

8iX CtAl= Design (Refactoring & Update)O|Ct. 2 A= £2lE Requirements 3 Analysis 2
legacy rvc—controller &HZE £HsH}.

[&%]] 47| CHAFE legacy rve-controll
MSEZ HIEIOZ rvc-controller & x| x|k A 71|

[Z=71 simulator & 2 = controller A7 CHA0] H—|U1, simulator?| £

E{20t AF28 2 9L},

[2=A] controller L5 EHE I Zoli= polling

£ HOl= 22 controller LH

%71 legacy = MM ZX|= 90 2E|F ot2 5 FU MA o CHFIFHCI.

- SRS, SDD, Verification Summary

RVC Verification Summary

Verification (Regression & New Testing)O|Ct. 2 EME LEZX HA X7t M2
ANE S5t LIS Mgt (3 ® : ®xl EHAHl= VerificationO|CH ZHZE 7|&2

W O|£ Verification2 ™EX| simulatoret H|wal| £Q1El Eo{j=
L= AR &0Ig Wi =7t state2 K| XM2|5HK] L1 StoppedForObstacleState
I command sequenceZ} FA| ZHEE|E=X], J2|1 interruptZt 94 E= &
3|Z| command =7} 7|CHZt a2t YX|SH=X| SQISHTE,

Unit Test: GoogleTest 7|BIS 2 £3lSICT,

System Test: [£8] 7|& custom simulatorE AFZSICE (£3 ® : 2% 7L E[ GitHubd| EXHst=
simulator@t AF28Irt)

Mock/fake 7|8t controller scenario teste= system test= ZtF5HXA| =L,

Legacy test: [F7t] M| @FAIetY SS61X| %= F2 |FAISHL

Legacy Z|CHZL: [F7H M AR} 5235t B2 HIAE 92t assertionS M| QAR 7[E22




