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Use Case
Elevator
Q Call .
X R 7 N
Potential \

- Call
assenger Downward Moving
Downward

\ Manager
Passenger Stop /
Machine
Select
Floor
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Template 7+d

Declarations

e i - M= O} Elevator movement
o Dragowt e o
Project « Elevator
- # Declarations _ Elevator @ EOFEF X O]
& Elevator  DoorManager

-5} DoortManager
&) ButtonElevator
+-=% Button_Enterance

o W= ystermn declarations

-2t Etold 2 2 23 template

ButtonElevator
- A2|HO|H LHE HE O|HE X

ButtonEnterance
- 2= da[H|o[E HE O|HIE X2
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int [a, b] num => int HE4E a2t b AFO|Z ALE

declarations t

const int numberEle=1: void calcEle(int [0, numberEle] numi{

const int maxFloor=10; int [=1, maxFloor+1] 1=0:

const int minFloor=1; int [0,10] count1=0:

const int delay=15: int[0,10] count2=0:

int[1.1] UPWARD=1: i flelebestFloor [num] [eleFloor [num]1==1{
int[2.2] DOWNWARD=2: direct ion[num]=5TANDBY ;

int [0,0] STANDRY=D; return:

L

for(i=eleFloor [num]: i<=naxFloor: i++){
i fielelestFloor [num] [1]==1){

int [-1,maxFloor+1] eleFloor [numberEle] .
int [0, 1] eleDestFloor [numberEle] [naxF | oor+2]
int[0,2] directionlnumberEle] :

coLnt [++;
int[0,2] directionSavelnunberEle] : 1
int [0, 15] openDoorFloor [numberEle] : 1
Crot &r20f| CHSSH7| floh 2= HeE HlE FElZ2 M

A
State Explosion &4 2
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e\ezlm‘:r([ghisE\eFﬂ,
eleFloorfthisEle]=1, . _ sysCalc| . o
sysCalc{) g&z}%@nmsae}z eleFloorfthisEle]=3, cleFloorfthisEle]=4, eleFloorfthisElel=5, eleFloorfthisEle}=6, dFecicrithisElel==DOWN 8
ection[thisElgR=DOWN &&  directdaia

oorfthisEle][eleFloorthisElesefoor(thisEle]=9,
\DestFloorfthisENg][eleFloor[thisEdBesiF oo

DOWN && sysCalc() sysCalc() sysCalc() Esrec! E;%[U‘IISHE] eleFloorfthisEle]=7, eleDegyt

&[eleFloor{thisEle]]==0 direction[thi £ =DOWN &8 sysCalc()

- al==| sysCalc()
= I Edirection]inis ”‘;g‘l‘g’gmr FIEDRFEIRPIHTSElelleleBleasibrg il -DOWN 82 direction[thisEle]==DOWN &&
s eleDestFloorfhiskle][eleFloor[thisEfe]]==0 sleDestFlogfMvisEle][eleFloor[thi
-' ‘
dlrecom[lhlsE\e]"ﬂ&\@uil [ i S / ,ﬂfgm@ae]:Up,ggdmdm Wpfaetesgnople]==UP && di>
eleFluor||e] = SLhiClelfo 2 TIagpit Ty e yleDe Rl o[ty gD Bs FloorthisE lelieleFloor [l
Calc() eleFloor[thisEle]=5 | Resﬂzlﬁ ELIHFE(JE [e\eF Niskle]== loF| hisElel=0 eleFloor[thisEle]=10,
sysCalc() eleFloor(this eleFloorfthisEle]=8, sysCalc()
sysCale() sysCale()
P
i
ttoorthis ExdBEfdodiftsER#HERFstddastEt] elleleFloor[thisEle]]=0
gleFloorthisEle]==7 . L elgFloorfthisEle]==9
eleFloorthisEle]==% eleFloorfthisEle]==8 eleFlporfthisE

eleFloorlthisEle]==%
eleFloorfthisEle]==2

Close

Qpen

Z2ME U0 719t Elevator 2 EOFE}

L7 S8t 748 M=o Chs &cto|=2t 20| #HE




« System Design

direction[eleNum]==UPWARD
sysCalc(),

eleFloorfeleNum]++,
directionSave[eleNum]=UPWARD

Elevator

direction[eleNum]==UPWARD

Init o
@ inithvyi()

int eleNum,chan &openDoor, chan &closeDoor

direction[eleM um]==STANDBY

eleDestFloorfeleNum][eleFloor[eleNum]]==1

openDoor! DoorOpen

IDEL_Cs

direction[eleM um]==STANDBY
sysCalc()

direction[eleNum]== DOWNWARD

closeDoor?
eleDestFlooeleNum][eleFloor[eleMum]]=0

direction[eleMum]==STANDBY

eleFloorfeleNum]++
Q EDOtELS| 195 Ehe2t 57| 2[5H0]

O|HIE F4l9| StateZ T3

direction[eleMum]==DOWNWARD O:I E’-I 7H —Ql Oél E’l H-” Ol E'-I % E El-

sysCalc(),
eleFloorfeleNum]—,

directionSave[eleMum]=DOWNWARD _cl)l;_l %—6'_7_” _—I_L-c')-l_:l —6|_7| _CI_)_l -6H HH % E (I:)zl




direction[eleM um]==UPWARD

sysCalc(),
eleFloor[eleMum]++,
directionSave[eleNMum]=UPWARD

direction[eleMum]==STAMDBY

direction[eleM um]==UPWARD

eleDestFloofeleMum][eleFloor[eleN um]]==
openDoor

Init
. inithdy()

direction[eleMum]==5TANDBY
sysCalc()

IDEL | DoorOpen

closeDoor?
eleDestFlooreleMum][eleFloor[eleMN um]]=0

direction[eleMum]== DOWNWARD direction[eleNum]==STANDBY

eleFloorfeleNum]++

direction[eleM um]==DOWNWARD

sysCalc(),
eleFloorfeleMum]-,
directionSave[eleNMum]=DOWNWARD
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DoorManager
int eleNum, chan &openDoor, chan &closeDoor
orClose
openDoor? closeDoaor!
openDoorFloodeleMum]=eleFlooreleMum] openDoorFloodeleNum]=0
pen




« System Design
DoorManager

doors[eleNum][1]== doors[eleNum][1]== doors[eleNum][10]==

doors[eleNum][l]==

doors[eleNum][10]==

STANDBY
s[eleNum][2]==1 : doors[eleNum][9]==t_doors[eleNum][10]
; Closed9
doors[eleNum][8]==

Open

doors[eleNum][9]==

doors[eleNum][2]==

doors[eleNum][2]==1

doors[eleNum][B]==

Openg
doors[eleNum][3]==

leMum][9]=0
loseds

aors[e

Open2™ doors[eleNum][2]

Closed3

doors[eleNum][8]==

doors[eleNum][3

doorsieleNum][3]==1 T TERNT TS doors[eleNum][8]==1

Openg

doors{eleNum)(7]-= doors[eleMum][8]=

losed?

doors[eleNum] [3]=0
Open3 Closed4y

doors[eleNum][5]== doors[eleMum][8]==

Closeds Closeds

doors[eleNum][4]== doors[eleNum][5]= oors[eleNum][6]==

doors[eleNum][7]==

doors[eleMum][4]=0

Opend doors[eleNum][7]

Open?

oors[eleNum][5]=0 doors[eleMum][5]=0
Open5 Opens

oM M HE 0|2l R EDOtE
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ElevatorButton

©

STANBY
e:id t
eleDestFloorfeleMum][e]=1,
initx() x>delay
PRESS FLOOR BT
initx()
incx()

x<=delay
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ButtonEnterance

@

initX()

e .id t
x>delay
up(e) UP BT

e:id t
x>delay
downle)

x<=delay \O

initX()

DOWN_BT
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System Declaration

m

chan openDoor [4]:
chan closeDoor [4] :
elevator! = Elevator(0, openDoor [0], ¢loseDoor [0] 15

)
elevator? = Elevator(1, openDoor [1 closeDoor[l];: Oélal |:|-||O| E.I 4EH% ACDA_l __él: XH lé_l HH%‘)l

],
1,
elevatord = Elevator(2, openDoor [2], closeDoor [2] )
1,
.
r

B=Xs 2ME ARESH| fIOiM A|LES ZolF

elevatord = Elevator(3, openloor [3], cleseloor [3]):
doorLinel = DoorManaser (0, openboor [0], closeDoor [0]
DoorManager (1, openloo
DoorManager (2, openDoor
DoorManager (3, openDoor
but ton_enterance=But tonEnt erance( )
bt1= ButtonElevator(0):
btZ= ButtonElevator(1): A HI a S| ==
bt3= ButtonElevator(2); > Al_ = Ol L1_I_ 37-” E7:” =
btd= ButtonElevator(3):
S List one or more processes fo be composed [nfc & svefem,
svstem button_enterance

celevatord, doorlined, bt 4

celevatord, doorLined, btd

Jelevatore, doorlines, bt2

celevator!, doorLinel, bt

421019l 55 & KN 07|E dd

11, closeboor [1]
21, closeloor [2]
3], closeloor [3]

doorLinez
coorLined
doorl ined

—/ /oo
e

LoHOlH M= 470 43




SCLAB |G

SMART COMPUTING LABORATORY

. System Design
Design Discussion
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hj=|E |2

Editor | Simulator | ConcreteSimulator [ Verifier | Yggdrasil |

Overview

All not deadlock Verification in progress

® Processing query
Verifying property 1 of 1.
|

Past-waiting list load: 162,051,194 states
CPU time used: 1,555s5 [ 8465 [ 2,4055

Query
A[] not deadlock

Swap usage: OME / 10MBE

Comment
[ ] /cancel if virtual memory exceeds RAM
Cancel
|
B e e e e e
Status
Established direct connection to local server. =
(Academic) UPPAAL version 4.1.19 (rev. 5648), July 2014 -- server.
Disconnected. =
Established direct connection to local server. | 3
(Academic) UPPAAL version 4.1.19 (rev. 5648), July 2014 -- server.
Al not deadlock
Verification/kernel/elapsed time used: 624.86s / 162.22s | 787.361s. -
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« System Verification

8 LW Tw . xml - UFFAAL —

File Edit View Tools Options Help

el ae|Kg@-sme

Editor Simulator Werifier

Dlvariew

L s

L LS T LI - UPPARAL

File Edit View Tools QOptions Help

b

#[] Vidirection[0]==3TANOBY imply elevator!.DoorQpen) .
#[] (doorLinel . DoorOpen imply doorlinel.DoorClose) .
E<» VdoorLinel,DoorOpen != elevatorl,DoorOpend .
E<x Welevator!l, DoorOpen 8% direction[0] '=5TANOBY) .
4[] (elelestFloor[0]1{5] imply (elevatorl.DoorOpen && ElEF....

Cluery

All not deadlock

Comment

Ba® e ee{a@-se

Editor Simulator Verifier

Overview

[ PLUOOOTLTTE T DOOT OEeErT = ETEVILUT T, DT OReETT )

E«» Ielevator!, DoorOpen &% direct ion[0]!=STANDEY)

4[] (elelestFloor[0][5] imply (elevator!.DoorOpen &% elef. ..
&[] (elevatorl DoorDpen == doorLine! . DoorOpen)

E[] 'eleFloor[0]=10)

CQluery

All not deadlock

Comment

Ol S0 24T A 3=t

I ==0] Eraf | A 2H=CF

A

Status

FPropery is satisfied,

-

>
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A[] not deadlock
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« System Verification

E[] !(eleFloor[0]>10)
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« System Verification

A[] (elevator1.DoorOpen ==
doorLine1.DoorOpen)

AoH|OlH 20| @2M= == = =0 & S0t

True
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A[] (eleDestFloor[0][5] imply
(elevator1.DoorOpen && eleFloor[0]==5))

|E17F 550 =25 A

=N X7t 550[2tEH HE 1IH1I
= 7t BEEA] RUCE

—|—O




« System Verification

E<> I(elevator1.DoorOpen &&
direction[0]!=STANDBY)

Ao|H0le =0| Edl= 87
S|l R E
(2] H[0|Ef 20| A2l Aa|H 0|E 7 HX|SHK

B dF= wkh

S| H| O] 7t &b

True
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A[] (doorLine1.DoorOpen imply
doorLine1.DoorClose)

=0 E2|3 BrEA] F0| CrA| E2ICt

True




« System Verification

A[] !(direction[0]==STANDBY imply
elevator1.DoorOpen)

2l SA HIEA| £
OI =re S&lE N2 OfL|Ct
F A 7

)
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hj=|E |2

Editor | Simulator | ConcreteSimulator [ Verifier | Yggdrasil |

Overview

All not deadlock Verification in progress

® Processing query
Verifying property 1 of 1.
|

Past-waiting list load: 162,051,194 states
CPU time used: 1,555s5 [ 8465 [ 2,4055

Query
A[] not deadlock

Swap usage: OME / 10MBE

Comment
[ ] /cancel if virtual memory exceeds RAM
Cancel
|
B e e e e e
Status
Established direct connection to local server. =
(Academic) UPPAAL version 4.1.19 (rev. 5648), July 2014 -- server.
Disconnected. =
Established direct connection to local server. | 3
(Academic) UPPAAL version 4.1.19 (rev. 5648), July 2014 -- server.
Al not deadlock
Verification/kernel/elapsed time used: 624.86s / 162.22s | 787.361s. -
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Thank you

Question & Answer




