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PART_1: Garage Door System Specifications:

A garage door system will be modeled and simulated. The real system works as follows:

There are three ways to open the garage door.

1. A valid input code should be entered to open the door from outside. If more than three consecutive invalid inputs are entered within 2 min. a minor alarm is generated. 

2. The door can be opened from inside without an input code.

3. Emergency button can be used either from inside or outside. Whenever this button is pressed, a major alarm is generated.

Once the door gets open, it closes automatically after 15 seconds. But if another person enters an input code while door was still open, the door stays open 15 seconds more starting from the second code entry. It is not possible two input codes to be entered at the same time.

Whenever someone enters to the garage, the lights are turned on. Whenever it is dark outside and motion detector detects something moving outside, than the outside lights are turned on. Inside lights gets turned off automatically after 5 minutes later, while outside lights gets turned off after 2 minutes. Outside and inside lights work independent of each other.

Once an alarm is generated, it can be reset only manually by an alarm reset button.

Figure 1. Garage Door System Model




















As it is seen from Figure-1, the model consists of one structured and three atomic models. The structured model also consists of three atomic models. All variables take True/False values but only input_code, which is a 5 digit, string variable.

PART 2

PART 2-A:

There is no difference in the structure and coupling scheme as stated before in Part 1, Figure-1.

The atomic models are: Code_Cont, Counter, Door_Timer, Alarm_Gen, LightIn, LightOut.

There is one structured model, Door_Controller which contains three atomic models: Code_Cont, Counter, Door_Timer.

Garage Door input output ports and links are as follows as explained in the garageDoor.MA file:

[top]

components : doorCont lightIn@LightIn lightOut@LightOut alarmGen@AlarmGen

in : input_code open_request emerg_open alarm_reset motion light

out : doorOpen minor_alarm major_alarm inlon outlon

Link : input_code input_code@doorCont

Link : open_request open_request@doorCont

Link : emerg_open emerg_open@doorCont

Link : alarm_reset alarm_reset@alarmGen

Link : doorOpen@doorCont doorOpen

Link : validCode@doorCont validCode@lightIn

Link : emerg@doorCont emerg@alarmGen

Link : unauth_attempt@doorCont unauth_attempt@alarmGen

Link : motion motion@lightOut

Link : light light@lightOut

Link : outlon@lightOut outlon

Link : inlon@lightIn inlon

Link : minor_alarm@alarmGen minor_alarm

Link : major_alarm@alarmGen major_alarm

[doorCont]

components : codeCont@CodeCont counter@Counter doorTimer@DoorTimer

in : input_code open_request emerg_open 

out : validCode emerg unauth_attempt doorOpen  

Link : input_code input_code@codeCont

Link : open_request open_request@codeCont

Link : emerg_open emerg_open@codeCont

Link : doorOpen@doorTimer doorOpen

Link : validCode@codeCont validCode

Link : emerg@codeCont emerg

Link : unauth_attempt@counter unauth_attempt

Link : incre@codeCont incre@counter

Link : validCode@codeCont validCode@doorTimer

[codeCont]

passcode : 45968

PART 2-B

FORMAL SPECIFICATIONS

Garage Door system consists of one coupled (DoorController) and six atomic (CodeCont, counter, DoorTimer, AlarmGen, LightIn and LightsOut) models. Three of the atomic models reside in DoorController coupled model. 

The formal specifications of these models are given below. More information about states and time advance function changes; can be seen from “Part-2-C State Diagrams” section of this report.

1. CodeCont:

CodeCont = < S, X, Y, (int, (ext, (, ta >

X = {input_code, open_request, emerg_open}

Y = {valid_code, emerg, incre}

State Variables: {phase, ta, ifemerg, ifvalid, ifincre}

Internal Transfer Function:

(int(S3 )= S1, (int(S2 )= S1, (int(S4 )= S1

External Transfer Function:

(ext(S1, emerg_open)=S3

If input_code is valid code, (ext(S1, input_code)=S4

If input_code is invalid code, (ext(S1, input_code)=S2

(ext(S1, open_request)=S4

Output Function:

((S2->S1) =incre, ((S3->S1) =emerg, validCode, ((S4->S1) = validCode

2. Counter:

Counter = < S, X, Y, (int, (ext, (, ta >

X = {incre}

Y = {unauth_attempt}

S = {phase, ta, count, initTime}

Internal Transfer Function:

(int(S2 )= S3, (int(S4 )= S5, (int(S7 )= S1, (int(S6 )= S3

External Transfer Function:

(ext(S1, incre)=S2

(ext(S3, incre)=S4

If ( (msg.time() – initTime) < 2 minutes ) then, (ext(S5, incre)=S7

Else {

If ( (msg.time() – lastChange() ) =< 2 minutes ) then, (ext(S5, incre)=S6

Else, (ext(S5, incre)=S2

}

Output Function:

((S7->S1) =unauth_attempt

3. DoorTimer:

DoorTimer = < S, X, Y, (int, (ext, (, ta >

X = {validCode}

Y = {door_open}

S = {phase, ta, ifsecond, ifopen}

Internal Transfer Function:

(int(S2 )= S3, (int(S3 )= S1, (int(S4 )= S3

External Transfer Function:

(ext(S1, validCode)=S2

(ext(S3, validCode)=S4

Output Function:

((S2->S3) = door_open=1, ((S3->S1) = door_open=0

4. AlarmGen:

AlarmGen  = < S, X, Y, (int, (ext, (, ta >

X = {alarm_reset, emerg, unauth_attempt}

Y = {minor_alarm, major_alarm}

S = {phase, ta, ifminor, ifmajor, ifreset}

Internal Transfer Function:

(int(S2 )= S1, (int(S3 )= S1, (int(S4 )= S1

External Transfer Function:

(ext(S1, unauth_attempt)=S2

(ext(S1, alarm_reset)=S3

(ext(S1, emerg)=S4

Output Function:

((S2->S1) = minor_alarm=1, ((S3->S1) = minor_alarm=0, major_alarm=0,

((S4->S1) = major_alarm=1

5. Inside Lights Controller:

LightIn = < S, X, Y, (int, (ext, (, ta >

X = {validCode}

Y = {inlon}

S = { phase ta, ifsecond, waitTime}

Internal Transfer Function:

(int(S2 )= S3, (int(S3 )= S1, (int(S4 )= S3

External Transfer Function:

(ext(S1, validCode)=S2

(ext(S3, validCode)=S4

Output Function:

((S2->S3) = inlon=1, ((S3->S1) = inlon=0

6. Outside Lights Controller:

LightOut = < S, X, Y, (int, (ext, (, ta >

X = {motion, light}

Y = {outlon}

S = {phase, ta, iflight, ifsecond, waitTime}

Internal Transfer Function:

(int(S2 )= S7, (int(S8 )= S1, (int(S6 )= S1, (int(S5 )= S4, (int(S3 )= S1, (int(S4 )= S1

External Transfer Function:

(ext(S1, light=1) = S2

(ext(S7, light=0) = S8

(ext(S1, motion) = S3

(ext(S4, light=1) = S6

(ext(S4, motion) = S5

Output Function:

((S6->S1) = outlon=0, ((S4->S1) = outlon=0, ((S3->S4) = outlon=1

7. DoorController:

DC = < X, Y, D, {CodeCont, Counter, DoorTimer}, {Ii}, {Zij}, select  >

X = {input_code, open_request, emerg_open}

Y = {validCode, emerg, unauth_attempt, door_open}

I(CodeCont) = {Counter, DoorTimer}

I(Counter) = {self}

I(DoorTimer) = {self}

Zij:

If input_code is valid then send output: door_open.

If open_request, then send output: door_open.

If emerg_open, then send output: door_open and emerg

If three invalid codes come within 2 sec. then send output unauth_attempt.

PART 2-C:

1. STATE DIAGRAM FOR CODE CONTROLLER:











2. STATE DIAGRAM FOR COUNTER:
















3. STATE DIAGRAM FOR DOOR TIMER:











4. STATE DIAGRAM FOR INSIDE LIGHTS:








5. STATE DIAGRAM FOR OUTSIDE LIGHTS:













6. STATE DIAGRAM FOR ALARM GENERATOR:









PART 2-D:

TEST STRATEGIES AND RESULTS:

First all atomic models are tested. Then the coupled model Door Controller, which contains three atomic models, is tested. Finally the garage door system as a whole model is tested. 

Test Cases:
In order to check if the model behaves like the real garage door system, the following test cases are prepared:

Test Case 1:

If model input is “open_request”, the garage door will be opened. If it is already open, it will stay open 15 seconds more, and then close automatically.

Test Case 2:

If model input is “emerg_open”, the garage door will be opened. If it is already open, it will stay open 15 seconds more, and then close automatically. At the same time, “major_alarm” is generated.

Test Case 3:

If model input is “input_code”, it will be checked if the input code entered is valid. A valid input code “45968” is assigned to the model, for testing purposes. If entered input code is equal to “45968”, the garage door will be opened. Otherwise, if this input is the third invalid input within the last 2 seconds, a “minor_alarm” is generated. The following scenarios are checked:

Scenario 1: If this input code is the third of previous two sequential invalid input codes and within 2 seconds. A minor alarm is generated.

Scenario 2: If this input code is the forth of previous three sequential invalid input codes and only within 2 seconds of the last two. A minor alarm is generated.

Scenario 3: If this input code is the fifth of four sequential invalid input codes and only within 2 seconds of the last two. A minor alarm is generated.

Test Case 4:

Scenario 1: If there is “motion” input but previously “light” detect input is set to “1” (i.e. it is day time) then “outlon” will not be set (i.e. input will be discarded). Initial state for “light” input is “false”.

Scenario 2: If there is “motion” input and previously “light” detect input is set to “0” (i.e. it is dark time) then “outlon” will be set (i.e. outside lights will be turned on). Lights will be turned off automatically after 2 minutes.

Test Case 5:

If there is “doorOpen” output, then there will be “inlon” output too (i.e. Inside lights will be turned on whenever door opens). Lights are turned off automatically after 5 minutes. 

Test Case 6:

If “alarm_reset” input is taken, all alarms will be reset.

The following inputs are applied to the model input ports, in order to perform the test cases listed above.

TEST RESULTS:

1. Code Cont:

Input File:

00:10:20:00 emerg_open 1

00:20:20:00 open_request 1

00:25:10:00 input_code 45968

00:26:10:00 input_code 45568

00:26:22:00 input_code 45500

00:27:05:00 input_code 45450

00:28:22:00 input_code 45600

00:29:22:00 input_code 45500

00:30:30:00 input_code 45500

00:30:50:00 input_code 45500

00:40:20:00 open_request 1

01:40:30:00 input_code 45500

01:41:30:00 input_code 45500

01:43:00:00 input_code 45500

01:43:10:00 input_code 45500

01:44:00:00 input_code 45500

01:44:10:00 emerg_open 1

Output File:

00:10:20:000 emerg 1

00:10:20:000 validcode 1

00:20:20:000 validcode 1

00:25:10:000 validcode 1

00:26:10:000 incre 1

00:26:22:000 incre 1

00:27:05:000 incre 1

00:28:22:000 incre 1

00:29:22:000 incre 1

00:30:30:000 incre 1

00:30:50:000 incre 1

00:40:20:000 validcode 1

01:40:30:000 incre 1

01:41:30:000 incre 1

01:43:00:000 incre 1

01:43:10:000 incre 1

01:44:00:000 incre 1

01:44:10:000 emerg 1

01:44:10:000 validcode 1

2. Counter:

Input File:

00:00:10:00 incre 1

00:00:30:00 incre 1

00:00:50:00 incre 1

00:01:00:00 incre 1

00:01:50:00 incre 1

00:03:10:00 incre 1

00:03:40:00 incre 1

00:04:00:00 incre 1

00:04:50:00 incre 1

00:07:10:00 incre 1

00:07:40:00 incre 1

00:07:50:00 incre 1

Output File:

00:00:50:000 unauth_attempt 1

00:03:40:000 unauth_attempt 1

00:07:50:000 unauth_attempt 1

3. DoorTimer:

Input File:

00:00:10:00 validCode 1

00:00:20:00 validCode 1

00:00:28:00 validCode 1

00:01:00:00 validCode 1

Output File:

00:00:10:000 dooropen 1

00:00:43:000 dooropen 0

00:01:00:000 dooropen 1

00:01:15:000 dooropen 0

4. AlarmGen

Input File:

00:10:20:00 unauth_attempt 1

00:10:28:00 emerg 1

00:11:10:00 alarm_reset 1

01:00:00:00 emerg 1

02:00:50:00 alarm_reset 1

03:00:00:00 unauth_attempt 1

Output File:

00:10:20:00 unauth_attempt 1

00:10:28:00 emerg 1

00:11:10:00 alarm_reset 1

01:00:00:00 emerg 1

02:00:50:00 alarm_reset 1

03:00:00:00 unauth_attempt 1

5. LightIn

Input File:

00:00:10:00 validCode ?

00:03:15:00 validCode ?

00:05:50:00 validCode ?

Output File:

00:00:10:000 inlon 1

00:05:10:000 inlon 0

00:05:50:000 inlon 1

00:10:50:000 inlon 0

6. LightOut

Input File:

00:00:10:00 motion ?

00:00:15:00 motion ?

00:03:00:00 motion ?

00:04:00:00 motion ?

00:06:00:00 motion ?

00:07:00:00 light 1

00:08:00:00 light 1

00:08:10:00 motion ?

00:11:00:00 motion ?

00:12:00:00 motion ?

00:13:00:00 motion ?

00:14:00:00 light 0

00:17:10:00 motion ?

00:19:10:00 motion ?

00:19:20:00 motion ?

Output File:

00:00:10:000 outlon 1

00:02:10:000 outlon 0

00:03:00:000 outlon 1

00:05:00:000 outlon 0

00:06:00:000 outlon 1

00:07:00:000 outlon 0

00:17:10:000 outlon 1

00:19:10:000 outlon 0

00:19:20:000 outlon 1

00:21:20:000 outlon 0

7. DoorCont

Input File:

00:10:20:00 emerg_open 1

00:20:20:00 open_request 1

00:25:10:00 input_code 45968

00:26:10:00 input_code 45568

00:26:22:00 input_code 45500

00:27:05:00 input_code 45450

00:28:22:00 input_code 45600

00:29:22:00 input_code 45500

00:30:30:00 input_code 45500

00:30:50:00 input_code 45500

00:40:20:00 open_request 1

01:40:30:00 input_code 45500

01:41:30:00 input_code 45500

01:42:60:00 input_code 45500

01:43:80:00 input_code 45500

01:44:00:00 input_code 45500

01:44:80:00 emerg_open 1

Output File:

00:10:20:000 emerg 1

00:10:20:000 validcode 1

00:10:20:000 dooropen 1

00:10:35:000 dooropen 0

00:20:20:000 validcode 1

00:20:20:000 dooropen 1

00:20:35:000 dooropen 0

00:25:10:000 validcode 1

00:25:10:000 dooropen 1

00:25:25:000 dooropen 0

00:27:05:000 unauth_attempt 1

00:30:50:000 unauth_attempt 1

00:40:20:000 validcode 1

00:40:20:000 dooropen 1

00:40:35:000 dooropen 0

01:44:20:000 unauth_attempt 1

01:45:20:000 emerg 1

01:45:20:000 validcode 1

01:45:20:000 dooropen 1

01:45:35:000 dooropen 0

8. GarageDoor

Input File:

00:00:00:00 open_request ?

00:10:20:00 emerg_open ?

00:25:10:00 input_code 45968

01:40:35:00 motion ?

01:41:30:00 input_code 25500

01:42:60:00 input_code 09870

01:44:20:00 input_code 11111

01:45:50:00 light 1

01:46:05:00 motion ?

01:47:00:00 light 0

01:48:00:00 motion ?

02:30:00:00 input_code 45500

02:31:30:00 input_code 25500

02:32:60:00 input_code 09870

02:33:20:00 input_code 11111

04:44:80:00 emerg_open ?

04:45:00:00 alarm_reset 1

05:30:00:00 input_code 45500

05:50:30:00 input_code 25500

05:55:20:00 input_code 09870

05:56:20:00 input_code 11111

05:57:10:00 input_code 09870

Output File:

00:00:00:000 dooropen 1

00:00:00:000 inlon 1

00:00:15:000 dooropen 0

00:05:00:000 inlon 0

00:10:20:000 dooropen 1

00:10:20:000 inlon 1

00:10:20:000 major_alarm 1

00:10:35:000 dooropen 0

00:15:20:000 inlon 0

00:25:10:000 dooropen 1

00:25:10:000 inlon 1

00:25:25:000 dooropen 0

00:30:10:000 inlon 0

01:40:35:000 outlon 1

01:42:35:000 outlon 0

01:48:00:000 outlon 1

01:50:00:000 outlon 0

02:00:00:000 minor_alarm 0

02:00:00:000 major_alarm 0

02:33:20:000 minor_alarm 1

04:45:00:000 minor_alarm 0

04:45:00:000 major_alarm 0

04:45:20:000 dooropen 1

04:45:20:000 inlon 1

04:45:20:000 major_alarm 1

04:45:35:000 dooropen 0

04:50:20:000 inlon 0

05:57:10:000 minor_alarm 1

TEST RESULTS:

All test cases passed. The model works as it is expected to behave.
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