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1 Technical Prole

Symbolic model veri cation(SMV) [[2] is a tool that is usedrfonodel checking. It is aimed at reliable
veri cation of industrially sized designs. The model chaskperformed based on Binary Decision Dia-
grams(BDDs). The goal of this project is to use SMV tool foedfying and verifying the correctness of
following models:

Basic elevator model that scans from the rstto fth oor fiping at every oor and vice versa.
Elevator model that serves the requests using the rst ihotg(FIFO) scheduling algorithm.
Elevator model that serves the requests using the neaighboe rst scheduling algorithm.

Combination Lock model that opens the lock if the correct boration of the inputs is speci ed and
the protocol is followed.



2 Requirements

2.1 Functionality

2.1.1 Elevator

The basic function of the elevator is to serve passengerstsiu The requests can be served either using
nearest neighbor rst or rstin rst out basis. The request® expected to arrive non-deterministically. A
request is de ned as a change in the state of the buttong @itside the elevator or on the oor, to a high.

2.1.1.1 Scan Algorithm The requirements of the algorithm are enumerated as follpwi

Functionality Model of a na've elevator controller that functions basadSCAN scheduling algo-
rithm. The elevator moves from the bottom oor to the top oamnd then back again serving all the
requests in its way. This is similar to the SCAN Disk Schauyklgorithm, where requests are served
in one direction from start to end and then in the other.

Assumptions It is assumed that the elevator stops at every oor durisguppward and downward
motion. And this restates the fact that requests are notrgetkand there is no environment for this
model.

Post conditions The elevator is guaranteed to serve all requests in niteeti

Invariants Safety and Liveness conditions are ensured by the Elev&quassenger entering the
elevator eventually exits it and passengers waiting toréhéeelevator eventually enter it. But, in this
algorithm there is no requirement to model the environment.

2.1.1.2 FIFO Algorithm The requirements of the algorithm are enumerated as fallgwi

Functionality Model of a elevator controller that serves the request orsacome rst serve basis.
Assumptions

— The environment is constrained in terms of number of regubst can be generated in a instant.
Only one request is generated by the environment per clocle.cylhe possibility of sending
concurrent requests has been eliminated.

— The queue size at the controller that holds the requestosechto be small.

— The elevator and the controller execute synchronously aeingle step of execution of the
model implies single step in execution of both the contradled the environment modules.



— The elevator model is designed for a system of 4 oors.

— There are no door buttons. The environment cannot set thes $ta the door buttons. The status
of the door is controlled by the controller.

— There are no sensors in the environment that determine giggooof the elevator cabin.
— The requests in the environment have no bearing on the ootplie controller.

— Cabin door always remains closed except when the cabinesdbh desired destination and the
door is eventually opened.

— Elevator engine is not expected to breakdown at any oor oenveerving a request.
— Buttons are clean pulses which remain high for nite dunatio

Post conditions The elevator should serve all the requests coming in, inite amount of time.

Invariants Safety and Liveness conditions should be ensured in theehi€idvator door should re-
main closed until the cabin reaches the desired oor, a pagseentering the elevator should eventu-
ally leave and request coming in should be eventually served

2.1.1.3 Nearest Neighbor Following are the set of requirements for the nearest neighbheduler al-
gorithm for the elevator:

Functionality Model of an elevator controller that functions based omis@rest neighbor scheduling
algorithm. The elevator moves from one oor to another sagall the requests on its way in a nearest
request rst fashion.

Assumptions For simplicity, it is assumed that the UP and DOWN buttonseach oor outside
the elevator are represented by a single request, whichatedi that some passenger outside the
elevator wants to enter the elevator and thereafter wiptiee button he/she wants to from inside the
elevator. Also, the order of generation of requests is neterdhinistic with FAIRNESS added to all
the requests.

Post conditions The elevator picks the nearest request rst from the quduequests and serves it.

Invariants Safety and Liveness conditions are ensured by the Elev&tquassenger entering the
elevator eventually exits it and passengers waiting toréheeelevator eventually enter.

2.1.2 Combination Lock

The basic components of the combination lock are shown ifridpere [1). Tabled (1) andl(2) describes the
inputs to and outputs from the box respectively. The prdttwat opens the lock is explained in following
steps:

Push RESET



SetCtocl
Push Enter
SetCtoc2
Push Enter
SetCtoc3
Push Enter

Push Try

The objective of this project is verify the correctness @ thodel, the model that opens the lock if the
protocol is obeyed. The environment is assumed to be tataltydeterministic. The values for enter, com-
bination bits c1,c2 and c3, reset and try buttons can be daog @al. Following are the design requirements
of the model:

Functionality The combination lock model can be speci ed as a sequent&km consisting of the
following inputs and outputs

Postconditions

— Once the lock is open, it would remain open until it is reset.
— Once a combination fails to open the lock, the lock needs tebet before another attempt is
made to open it.
Invariants

— The lock should never open until the try button is pressedraleésed.
— The lock should eventually open.

— The lock should fail to open if the try button is pressed andased before the combination
input is entered.



Inputs Description
A RESET button To allow the system to transition to a
predetermined state.

A single toggle switch labeled C (COMBINATION) To enter combination bit sequence.

A push button E (ENTER) Is an indication to the system when fo
read the next combination bit
A push button TRY Indicates to the system when the user

is trying to open the lock

Table 1: Inputs and their description

Output Description
An OPEN signal| To indicate the releases of the physical lock.
This can be thought as a light that is on when the lock is open.

Table 2: Output and its description

ff.’/f{ /
7 @ RESET

@ TRY

Lo ) @ OPEN

Figure 1: Combination Lock

3 Design

The design section is divided into various subsectiong) edwhich describes the design of following SMV
models whose requirements are described in section 2:

Elevator Scan model;



3.1

Elevator FIFO model,
Elevator nearest neighbor rst model;

Combination lock model.

Elevator SCAN model

The system has a MAIN module which serves as the Elevatorr@lteit The controller is responsible for
the movement of the elevator in upward or downward directind also takes care of opening and closing
of the doors. Following are the inputs to the controller:

=

The

cDestination: Input, indicates the value of the destimat..5.

. dState: Output, indicates the state of the door. OpeseClo

. CFloor: Output, indicates on which oor the elevator isremtly is on can take either of the values in

1.5

ag: Direction of motion of the elevator. The value of agifidicates the upward motion and the
value of the ag 1 indicates, lift is moving downwards.

nite state automaton model of the controller contaiokofving states and is described in the Figure

. Enter: Enter is the initial state of the controller. Auttion always unconditionally transitions to

Leave state.

. Leave: Indicating the elevator is ready to serve nextesfju-rom the Leave state based on the request

the controller either transitions to MovingUp state or MayDown state.

. MovingUp: The state is used to indicate the movement ottheator. The automaton transitions to

Enter state if the difference between desired destinatiohilze current oor is less than or equal to 1
indicating elevator has reached the destination oor.

. MovingDown: The state is used to indicate the movemerh@f&levator. The automaton transitions

to Enter state if the difference between the current oor dedired destination is less than or equal
to 1 indicating elevator has reached the destination oor.

The automaton models for setting cDestination, dStatmarfnd ag is shown in the Figuregl(3),(4) and

G).

The cDestination determines the next destination for teeagbr as described in Figufd (3):



Figure 3: State machine automaton for cDestination vagiabl

Itis incremented by 1 as long as the elevator is moving in fiveaud direction and doesn't reach the
extreme end of that direction i.e. to the oor 5.

It is decremented by 1 as long as the elevator is moving in daendiard direction and doesn't reach
the extreme end of that direction i.e. to the oor 1.

The increments and decrements take place only when theotlentis in Enter state and previous
request has been served.

dState determines the door status of the elevator. It caitter @ Open or Close state. As indicated in
the Figure[(#)
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cState |= Enter

cState = Enter

Figure 4: State machine automaton for dState variable

cState = Enter
cFloor ) on

Figure 5: State machine automaton for cFloor variable

dState remains Open as long as cState is in Enter state veichis that the Elevator has just entered
a oor and is not moving.

dState gets the value of Close whenever the elevator is mowinich is indicated by the fact (cState
I = Enter).

cFloor de nes the status of the oor in which the Elevator isrently on. And it attains the value of
destination whenever cState equals Enter , i.e as soon &etvegtor reaches a oor. ag variable is used to
determine the next direction of the elevator at every odmemains 0 throughout its journey from oor 1
to oor 5 and changes back to 0 at oor 5to oor 1 and vice versa.

3.2 Elevator FIFO model

The components in the design of elevator model that serea®tuests on basis of rstin rst out is shown
in Figure [6). As illustrated in the gure there are three maomponents in the model:

Environment;

Controller;

11



FIFO queue inside the controller.

3.2.1 Environment

The environment at any instant is responsible for non-detestically selecting one of the value from

{Up1,Up2,Dw2,Up3,Dw3,Dw4,1,2,3,4}

the sets of values which act as a request to the controller.

3.2.2 Controller

Controller has following state machines:

Inserting the value into the queue by checking the queuectuidition and incrementing the tail
pointer.

Reading the value from the queue by checking the queue eroptdjiton and incrementing the head
pointer.

Actual elevator controller state machine that is respdagibserve the request.

Controller contains two processes that are executing asgnously to insert the value into the queue
and reading the value from the queue. The writer processkshecQueue Full condition before inserting
the request into the queue and the reader process checuéore Empty condition and reads the value
from the queue. Figuré(7) describes the state machine noddieé writer process that inserts the value
into the queue and the gur€](8) describes the state machouehthat retrieves the value from the queue.
In addition, the value is read from the queue only after thetrodler state machine acknowledges that the
previous request is servebestReachvariable is set to true when destination is reached.

Controller state machine The state machine model for the actual elevator contra@ldescribed in the
Figure [9). Controller state machine can be explained ioohg steps:

Initial state is Waiting when the controller is waiting fdret request and the door is closed. The

destReach variable is set to 0, which states that the cueguoest is yet to be served.

Moves to Processing state when there is a request.

12



ENVIRONMENT

{Up1, Dw2,Up2,Up3,Dw3,Dw4,1,2,3,4}

Door’s Status:

CONTROLLER I {Dopen,Dclose}
Tail
pointer g »
-¢ - I CurrentFloor
{1,234}

E— Cabins Status:
{ Stopped or Moving}

Head

pointer Queue

Figure 6: Components of Elevator FIFO model

Figure 7: Queue insertion state machines

Based on the request value and the current oor value the stathine moves to either MoveDown,
MoveUp or Stop state. If the current oor and the destinat@wa the same the next state is Stop. If
the current oor is less then the destination the next stat@loveUp. If the current oor is greater
than destination then the next state is set to MoveDown.

13



Figure 8: Queue reading state machines

Moving state is used to capture actual movement of the elevidence from MoveUp or MoveDown
states, state machine transitions to Moving state undondity.

In the Moving state the value of current oor is incrementeddecremented until destination is
reached.

Once the current oor value is equal to or one less than thegetktdestination value the state machine
transitions to Stop state.

From Stop state the state machine unconditionally tramsitio Open state to set the door status to
OpendestReachvariable and current oor value is updated with the destoratoor to state the
request has been served.

From Open state the state machine goes back to initial staitng/

3.3 Elevator nearest neighbor rst model

The system has a MAIN module and a CONTROLLER module whickieseas the Elevator Controller.
MAIN module is responsible for generation of two requestgRand Req?2 in every cycle non-deterministically.
Reql represents all the requests from outside the elevsanentioned in the 'Assumptions' section, both
the UP and DOWN buttons are represented by a single requesitriplicity. Req2 represents the requests
from inside the elevator.

The CONTROLLER module is responsible for deciding whichuest to choose next as per the nearest
neighbor scheduling and moves the elevator to the apptepoar. It is also accountable for opening and

14



Figure 9: Finite Automaton model of the controller

closing of the doors. This module receives Reql and Reqg2pagsirirom the MAIN module. Following
state variables are de ned for the main

Reql
Reqg2

Following state variables are de ned for the controller.

cState
cDestination
dState

cFloor

In addition, the controller has following condition variab.

REQ1: condition variable which has the absolute differesfdhe Reql with cFloor.

15



REQ?2: condition variable which has the absolute differepsfde Reg2 with cFloor.
ISREQL: is setto 1 if Reql is nearer to cFloor than Req2 isloeretise set to 0.

ISREQ?2: is setto 1 if Req2 is nearer to cFloor than Reql omatise set to 0.

Each state variable's automaton is described in detaiMbelo

3.3.1 Controller state machine

Figure describes the nite state automaton for the corerdfl0). cState is responsible for determining the

- , Riocessing
cFloor = cDestination k

Figure 10: Finite State Automaton for the Controller

state of the controller. The controller has the followingtss:

Enter
Moving

Processing

16



Leave

Conditions that cause state transitions are describeavbelo

Enter is the initial state of the controller.
The Elevator always transitions from Enter to Leave.
Leave is always followed by Moving

Processing follows Moving and determines whether to stadpetoor, i.e. checks if cFloor equals
cDestination and decides whether to move to Enter staterdinc® with Moving state until cDesti-
nation is reached. It also sets cFloor to an appropriatesvalu

Processing is followed by Enter if cFloor equals cDestoratind if it not then is followed by Moving.

3.3.2 State machine for cDestination

cDestination determines the next destination for the ée\@ased on Reql and Req2. Figlrd (11) describes
the nite state automaton which sets the next state valueB@stination.

It takes the value of Reql as long as the elevator's statetex Bnd the oor has reached its previous
destination and ISREQ1 is 1.

It takes the value of Reg2 as long as the elevator's statetexr Bnd the oor has reached its previous
destination and ISREQ2 is 1.

Figure 11: Finite State Automaton for setting cDestinatianiable

3.3.3 State machine for Door state

dState determines the door status of the elevator. And itviasalues

17



Open

Close
Figure [12)) nite state automaton.

State remains Open as long as cState is in Enter state wiihdahat the Elevator has just entered
a oor and is not moving.

dState gets the value of Close whenever the elevator is moviiich is indicated by the fact cState !
= Enter.

cState = Enter

cState = Enter

Figure 12: Finite State Automaton for setting Door statusalde

3.3.4 State machine for cFloor variable

cFloor de nes the status of the oor in which the Elevator ism@ntly in. Figure[(1B) shows the nite state
automaton that sets the value for cFloor variable.

And it attains the value of destination whenever cState IsqRiencessing , i.e and cFloor has indeed
reached cDestination.

It is incremented by 1 as long as the elevator is in its Pracgstate and cFloor is less than cDesti-
nation and it has not reached the extreme end of that diregétg which is indicated by the cFloor j
4.

It is decremented by 1 as long as the elevator is in its Proggssate and cFloor is greater than
cDestination and it has not reached the extreme end of thattidin yet, which is indicated by the

cFloor ¢, 1.

18



Figure 13: Finite State Automaton for setting cFloor vaeab

3.4 Combination Lock

Different combination lock models have been devised in otol@nalyze, understand and demonstrate the
lock's behavior as a black box. The description of each oftloelels is enumerated below:

Combination lock model 1: The model is shown in Figlird (14)isTs a correct model which means
it would open when the correct combination is entered arksstéthe protocol are followed.

Combination lock model 2: The model is shown in Figlre (15)isTis a awed model. The aw is
the illustrates by possibility for opening the lock irresfiee of the values of input combination bits.
The model is simulated by using a 64 bit counter, that actsdesay for opening a lock irrespective
of the path chosen.

Combination lock model 3: The model is shown in Figlird (16)isTs also a awed model. The aw
is the non-deterministic possibility of the lock failing e@en irrespective of entered input combina-
tion.
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Combination lock model 4: The model is shown in Figlird (1isTs a awed model. The aw is the
non-deterministic possibility of either the lock openingailing to open and this happens irrespective
of the combination entered.

Combination lock model 5: The model is shown in Figure (14)isTs a correct model in which the
environment is constrained to generate the correct cortibimahich would eventually open the lock.
The environment in this model can be treated as a compondnhwhas observed the user entering
the right combination and opening the lock. Therefore itrisspmed that the environment produces
the same combination which would eventually open the lock.

count<64

Figure 15: Combination Lock Model 2

20



Figure 16: Combination Lock Model 3

Figure 17: Combination Lock Model 4

4 Implementation

SMV source code les[7]18] and their description is showrilie Table[(B) and {4)for the directory Elevator
and Combination Lock. Inaddition, the source les conta@mmputational tree logic(CTL) [5] speci ca-
tions statements that are used verify the model behavior.

21



File

Description

Elevator/ElevatorNN.smy This le contains the description of the SMV model

Elevator/ElevScan.smv | File contains SMV model of the Elevator Scan algorithm and

CTL SPEC statements that verify the model

Elevator/ElevFIFO.smv | File contains SMV model of the Elevator FIFO algorithm and

CTL SPEC statements that verify the model behavior

for the Elevator Nearest Neighbor Scheduling algorithm.

Table 3: Source les and their descriptions: Elevator Dioeg

File

Description

model1l/C-Lockl.sm\

File contains the correct model of the combination lock

model2/C-Lock2.sm\

File contains the awed model of the combination lock.
From state sl there is a non-deterministic transition wbjpéns the lock after some delay
(modelled by a counter)

model3/C-Lock3.sm\

File contains the awed model of the combination lock.
From state s1 there is a non-deterministic transition wfadk to open the lock

model4/C-Lock4.sm\

File contains the awed model of the combination lock. Fraiais s1
there are two non-deterministic transitions possible - @hieh opens the lock and the oth
which fails to open the lock. All this happens irrespectivéhe input combination

D

model5/C-Lock5.sm\

Verilog/Clock.v

File contains a model of combination lock in which the eneireent
is constrained to generate a sequence of inputs which opdodk
File contains the verilog model of the combination lock.

Table 4: Source les and their descriptions: Combinatiorck Directory
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5 Testing

5.1 Test speci cation

5.1.1 Elevator

5.1.1.1 Elevator Scan Following are the CTL speci cation statements that verifye tbehavior of the
elevator scan algorithm.

If the state machine is in the enter state it will eventuallyvento MovingUp or MovingDown state to
serve the request. The state transitions indicates thatele¢ serving the request.

(AG ((cState=Enter) ->(AF (cState=MovingUp))))

If the door is Open on reaching the destination it will evaijugets closed to process next request.
(AG ((dState=Open) ->(AF (dState=Close))))

The liftis oor 1 will move to oor 5 eventually.

(AG ((cFloor=1) ->(AF (cFloor=5))))

If there is request for oor 2 the lift will eventually move toor 2 and state is opened.

(AG ((cDestination=2) ->(AF ((cFloor=2)&(dState=Open)) ))

The liftis oor 5 will eventually come down to oor 1.

(AG ((cFloor=5) ->(AF (cFloor=1))))

5.1.1.2 Elevator FIFO Following CTL speci cation statements are written to verifie behavior of the
model.

If there is a requests from Floor 2 the request is eventuallyesl and the door is opened.

AG(nextReq = Up2 -> AF(CFloor=2 & doorStatus=Open))

Door will be open globally always.

IAG(doorStatus=0pen)
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5.1.1.3 Elevator Nearest Neighbor CTL Speci cations used to test and verify the Elevator nstare
neighbor scheduling model are:

SPEC

AG(elev.cState = Enter -> AF(elev.cState = Moving))

Description - Whenever the Elevator is Ready to move, it mo doesnt fail to move)

SPEC

AG(elev.dState = Open -> AF(elev.dState = Close))

Description - Whenever the Door of the elevator is open,dtased in nitely immediately often.

SPEC

AG(elev.cFloor = 1 -> AF(elev.cFloor = 3))

Description - In all the paths in which the elevator is cuthein 1 oor, it reaches oor 3 sometime
later.

SPEC

AG(!(elev.dState = Open & elev.cState = Moving ))

Description - The elevator's door is never open while moving

5.1.2 Combination Lock

Speci cation statements used to test and verify all the doation lock models are:

There exists a possibility that the lock would never open.
EF(!lockOpen)

The lock never opens.
AG(lockOpen)
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The speci ed combination opens the lock.

AF(enter & input & 'try & AX(lenter & input & 'try & AX(enter & !input & !try & AX(lenter
& linput & !try & AX(enter & input & 'try & AX(lenter & input & !t ry & AX(enter & input &
Itry & AX(lenter & input & !try & AX(enter & input & try & AX(len ter & input & !'try))))))))!
AF(lockOpen))

The lock opens only after try is pressed and released.
AG(lockOpen!  AJA(A(A('try) U A(try)) U A('try)) U A(lockOpen)])

5.2 Testresults

5.2.1 Elevator Models

5.2.1.1 Elevator Scan All the CTL spec statements returnédie describing the correctness of the
model.

5.2.1.2 Elevator FIFO

It was found the rst SPEC statement returned false. Tradb@enFigure[(IB shows an in nite loop
where reader next adds the value to the queue for the readeadothe value from the queue and
process. Debugging from counter scenario was found to bmutliin this model as it is limitation of
the SMV to model queue behavior.

Second spec statement returned false. The counter scénahiown in the Figurd_(19) which shows
door goes to closed state in some path.

5.2.1.3 Elevator Nearest Neighbor

SPEC
AG(cState = Enter -> AF(cState = MovingUp))

Result - SMV veri es the result to be true.

SPEC
AG(dState = Open -> AF(dState = Close))

Result - SMV veri es the result to be true.

25



File Prop View Goto History Abstraction
Enwnrl Properties i Resuits | g’onol Uﬂml ﬁro.l-lps-.l

[Airesuts 3

| Property | Resurt | Time

(AG ((nextReq=Up2) >(AF (CPloom2)2(doorStatus=dOpen)})) false __Tue Apr2809:5335 Eastem Daylight Time 2003
[AG (doorStatus=dOpen)) false Tue Apr 28 09:53:35 Eastern Daylight Time 2009

Source | Trace | Log |

File Edit Run View

Figure 18: SPEC 1 Failed Result of Elevator FIFO model

SPEC
AG(cFloor = 1 -> AF(cFloor = 5))
Result - SMV veri es the result to be False. The circled amedhie Figure[(20) shows a counter

scenario where the elevator keeps on looping between oardl @or 2. Because oorl and oor2

alternatively happen to be the nearer requests at each oyfotr requests are totally ignored and they
might starve to death.

SPEC
AG(cFloor = 5 -> AF(cFloor = 1))

Result - SMV veri es the result to be true.

5.2.2 Combination Lock Models

Combinations lock model 1

— SPEC1
EF(lockOpen)
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File Prop View Goto History Abstraction

Browser | Properties | Results | Cone | Using | Groups |

Al results ﬂ

Property | Result | Time
(18 (jroslReaRU) 4 (Urmemalaisieioea)y) (e e Apr A58 sh Eeciom Dplight Wie Ay
(AG (doorStatus=dOpenl) ] false ___ Tue Apr2809:53,35 Bastern Daylight Tme 2009

Source | Trace | Log |

File Edit Run View

|: 1 z 3z

CFloor| 1 1 1

doorStatus| dClose |dClose |dClose

eleve. R.running| 1 ] 1
aleve YW running | 0 1 ]
nextReq| 1 1 1
tunning| 0 0 0

Figure 19: SPEC 2 Failed Result of Elevator FIFO model

Result - SMV veri es the speci cation to bgue

— SPEC2 AG(!lockOpen)

Result - SMV veri es the speci cation to bgue

SPEC3

AF(enter & input & 'try & AX(lenter & input & !'try & AX(enter & !input & try & AX(lenter
& linput & !try & AX(enter & input & 'try & AX(lenter & input & !t ry & AX(enter & input &
Itry & AX(lenter & input & !try & AX(enter & input & try & AX('en ter & input & 'try))))))))!
AF(lockOpen))

Result - SMV veri es the speci cation to bgue

SPEC4
AG(lockOpen!  A[A(A(A('try) U A(try)) U A('try)) U A(lockOpen)])

Result - SMV veri es the speci cation to bgue

Combinations lock model 2
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1 2 |3 4 3 6 7 8 g 1 11 1 13
Reqi | 2 1 1 1 1 1 1 1 1 1 1 1 1
Reqz| 3 1 1 1 1 1 2 1 1 1 1 1 2
elevISREQ1 |0 0 0 0 0 0 1 0 0 0 0 0 0
elevISREQ?| 0 0 0 0 0 0 0 0 0 0 0 1
elevREQ1 |1 0 0 0 1 1 1 1 1 1 0 0 0
eley REQZ | 2 0 0 I} 1 1 i 1 i 1 I 0 1
eloy cDestinatiorg@=—""12___ |2 2 2 2 2 1 1 1 1 1 T
lev.cFloor| T e F ' 2 2 7 7 2 7 1 F———

eleycitate | Enter  |Leave  |Moving |ProcessiMoving |ProcessilEnter |Leave |Moving |ProcessiMoving |Processi|Enter
elevy d5tate | Open Open Close |Glose  |Glose  |Glose  |Close | (Open Glose |Glose |Close |Close |Close

Figure 20: Failed Result leading to Deadlock
SPEC 1

EF('lockOpen)

Result - SMV veri es the speci cation to biue

SPEC 2

AG(!lockOpen)

Result - SMV veri es the speci cation to béalse The counter scenario is shown [n{21)ahd] (22).
Please note that the trace is too big to tin one gure, hersceaptured in two screen shot§-](21) and
(22), in that order. InN(22), the cells highlighted in greepnesent the looping and the cells highlighted
in blue indicate when lockOpen becomes true.

SPEC 3

AF(enter & input & 'try & AX(lenter & input & 'try & AX(enter & !input & 'try & AX(lenter & linput
& ltry & AX(enter & input & 'try & AX(lenter & input & !try & AX(e nter & input & 'try & AX('enter
& input & !try & AX(enter & input & try & AX(lenter & input & !try ))))))!  AF(lockOpen))

Result - SMV veri es the speci cation to biue

SPEC 4
AG(lockOpen!  A[A(A(A(!try) U A(try)) U A('try)) U A(lockOpen)])

Result - SMV veri es the speci cation to biue

Combinations lock model 3
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SPEC1
EF(!lockOpen)
Result - SMV veri es the speci cation to beue

SPEC 2
AG(!llockOpen)

Result - SMV veri es the speci cation to biue

SPEC 3

AF(enter & input & 'try & AX(lenter & input & 'try & AX(enter & !input & 'try & AX(lenter & linput
& Itry & AX(enter & input & !try & AX(lenter & input & !try & AX(e nter & input & !try & AX(lenter
& input & !try & AX(enter & input & try & AX(lenter & input & !try ))))))!  AF(lockOpen))

Result - SMV veri es the speci cation to biue

SPEC 4
AG(lockOpen!  A[A(A(A('try) U A(try)) U A('try)) U A(lockOpen)])

Result - SMV veri es the speci cation to beue

Combinations lock model 4

SPEC 1

EF(YlockOpen)

Result - SMV does not show any result for the given speciaatiAs can be seen from Figure8 there
is no result available for this speci cation.

SPEC 2

AG(llockOpen)

Result - SMV veri es the speci cation to béalse The counter scenario is shown in Figure8. In
Figure8, the cells highlighted in blue indicate when lock@fpecomes true.

SPEC 3

AF(enter & input & 'try & AX(lenter & input & 'try & AX(enter & !input & 'try & AX(lenter & linput

& Itry & AX(enter & input & !try & AX(lenter & input & !try & AX(e nter & input & !try & AX(lenter

& input & !try & AX(enter & input & try & AX(lenter & input & !try ))))))!  AF(lockOpen))

Result - SMV does not show any result for the given speciaati As can be seen from Figure8
there is no result available for this speci cation.

SPEC4
AG(lockOpen!  A[A(A(A(!try) U A(try)) U A('try)) U A(lockOpen)])
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Result - SMV does not show any result for the given speciaati As can be seen frorh (23) there
is no result available for this speci cation.

Combinations lock model 5

SPEC 1
EF(YlockOpen)
Result - SMV veri es the speci cation to beue

SPEC 2

AG(llockOpen)

Result - SMV veri es the speci cation to béalse The counter scenario is shown in Figure9. In
Figure9, the cells highlighted in green represent the lopjind the cells highlighted in blue indicate
when lockOpen becomes true.

SPEC 3

AF(enter & input & 'try & AX(lenter & input & !try & AX(enter & !input & 'try & AX(lenter & linput
& ltry & AX(enter & input & 'try & AX(lenter & input & !try & AX(e nter & input & 'try & AX('enter
& input & !try & AX(enter & input & try & AX(lenter & input & !try ))))))!  AF(lockOpen))

Result - SMV veri es the speci cation to biue

SPEC4
AG(lockOpen!  A[A(A(A(!try) U A(try)) U A('try)) U A(lockOpen)])

Result - SMV veri es the speci cation to biue

5.3 Observation

All the SMV models developed as a part of the project are usdughlight the model's behavior and help
in veri cation of the model. SMV is not meant to estimate therformance of the model in terms of time
and space. Following are the observations which we noticeidg the development of the project:

Among all the models that were developed, elevator SCAN aanhliination lock were mostly
straight forward in terms of modeling.

In elevator FIFO model- The most realistic model for this would use the synchrorapsoach. But
it was noticed during the course of development that it is t@xmpossible to model synchronous
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File Prop View Goto History Abstraction

Browser | Properties | Results | Cone | Using | Groups |

All results ﬂ
Property [ Resuit | Time
(EF (~lockOpen)) true Sun Apr 26 21:38:29 Eastern Daylight Time 2009
G (ickpen) T T T LT B g 6 2173879 Easterm Dayiight Time 2009, T T T
(AF (({(enter&input)&(~try))&{AX ({((~enter)&input)&(~try))&(AX (((ent true Sun Apr 26 21:38:29 Eastern Daylight Time 2009
(AG (lockOpen ->{A ({A ({A (A (~try)) U (A try))) U (A (~try)))) U (A true Sun Apr 26 21:36:29 Eastern Daylight Time 2009

Source [ Trace | Log |

File Edit Run View

,,,,,,,,,,,,, e 2 = 4 5 & 7 8 5 i0 51 12
cLock counter| i 2 3 2 5 6 7 8 ] 10 ii
Q{jmkﬁ 51 count count count count count: count count count count count count
entér| 1 ) g ) 0 0 g q 0 0 g q
k{w}: i ] a 0 o ] a ] o ] a ]
lockOpen| 0 0 Q 0 0 0 Q 0 0 0 Q 0
1!y 1 i i 1 1 i i i 1 i i i

Figure 21: SMV trace for SPEC AG(!lockOpen)

behavior for environment and controller, since they sharmaroon queue. Following Queue models
have been modeled:

— Peterson's algorithm for mutual exclusion.
— Reader Writer approach.
— Shifting queue elements.

To work around this we made the queue to exist only in the otiatrwhile the environment executes
synchronously generating a request every clock cycle. Idstwas not very fruitful because it was
found dif cult to model a queue behavior with reader and eiriprocesses asynchronously running in
the controller. Couple of times we also encountered segatientfaults.

Nearest Neighbor model Since we found modeling a queue was a limitation in SMV, weleted
without queue by generating two requests every clock cyetedeveloped a scheduler model that
picked the nearest neighbor. Since nearest neighbor cansesearest requests to be served fre-
quently, it might lead to starvation of the oors which aretfer from the cabin's current position.
One of the test results showed deadlock scenario betweembn®causing starvation to other oors
requests which eventually led to the failure of the test.case

Combination Lock model: Model5 was peculiar as it involved constraining the envinent to gen-
erate the correct combination which eventually opens tble Igerifying the correctness of the model
using the CTL SPEC statements was found to be a dif cult thgk tmodeling. It gave us the experi-
ence to see that sometimes it is easier to model but dif @ulterify a model's behavior.

Two Elevator Scheduler model[10]:What scheduling approach to take in case there areiptault
elevators present in a building? Consider a scenario intwthiere are 2 elevators present in a building
having N oors. All the paths which the elevator can travecse be represented in a graph as shown

31



Figure 22: SMV trace for SPEC AG(!lockOpen)

in Figure [25). In the graph the elevator position at oor 132... , N-1, N is shown by vertica4,
Vo, Vs, ... \W 1, W
The weight between each node of the graph can be represented a

wij ij=(j) )T+ Ts (1)

where, i : elevator present oor position, j : elevator deation oor position
jj ij: total no. of oors of elevator movement

Ty :elevator traveling time between two consecutive oors

Ts: elevator stopping time at a oor

The output of the graph, given by sum of the graph weights tépsesents the total traveling time of

the elevator, i.e.

GE)=ai 1=1IN 1w; ;2

For a building with 2 elevators, 2 similar graphs as showrigufe [25) can be duplicated representing
all 2 elevator travel paths. The total traveling time of &k televators can thus be calculated by

summing up each of the elevator traveling time as G(E1, EAELH+ G(E2 ). The optimal travel
path is thus given by the minimum total traveling time of btith elevators with all initial conditions
and requirements satis ed, i.e. Optimal Travel Path = G )min.
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Figure 23: SMV trace for SPEC AG(!lockOpen)

6 Conclusion

This project in SMV proved to be a good learning experience W&'re able to comprehend the abilities and
limitations of SMV. Modelling and verifying the models by iting CTL speci cation statements was a rich
experience in its own. We also found NuSMV which is anothenisglic model veri cation tool and it gave

a better readability in terms of the trace of the counter ages [3].

7 Future Work

On completion of this project we felt following could be tagkat could be further developed in future:

Elevator model with FIFO queue could be re ned further byweirg all the requests that are inserted
in the queue are served. There could be further research grsMYV fails to model the queue by
using strong CTL statements that support the argument.
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Figure 24: SMV trace for SPEC AG(!lockOpen)

An ideal elevator scheduling algorithm could be developfést investigating the failed cases of both
FIFO and Nearest Neighbor algorithm that are modeled. Tdushe done by using advantages of
Nearest neighbor and FIFO and overcoming the limitation e&fdst Neighbor i.e. farthest request
gets starved and limitation of FIFO i.e. closest requeshimged to wait long before it gets served,
are eliminated.

An elevator which treats all oors between the top and bottaor as same can be modeled and
veri ed.

Combination Lock model can be veri ed by testing on FPGA[&iBrogrammable Gate Array) by
programming.

8 Appendix

8.1 Verilog Model

Verilog model of the Combination lock problem is implemeahtmulated to verify the model. The state
machine of the verilog model can be described in the Figusg Table (5) discusses the description of the
states used in the modeling the problem in verilog.

Two simulation results are described.
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Figure 25: Two Elevator Scheduler

Figure (27) shows the simulation result when protocol stgsfollowed and the box has opened.
display.open variable goes to high indicating lock is open.

Figure (28) shows the simulation result when the protoceidtated where after the second combi-
nation bit is pressed but the enter is not pressed. disgi@se remain on high always stating lock is

closed.
State Description
streset Initial state of the system. The state is also reached wlssi beitton is pressed

stcheckcl| System is ready to accept the rst combination bit

stewaitl | System is waiting for the user to press enter acknowleddiagrst bit entered

stcheck2 | System is ready to accept the second combination bit

stewait2 | System is waiting for the user to press enter acknowleddiagehtry of the combination bit

stcheckc3| System is ready to accept the third combination bit

st twait System is waiting for the user to press try button

stopen User has succeeded and the system will eventually signaddn the lock

st close User has failed and the box remains closed

Table 5: State description in verilog model
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Figure 26: Combination Lock model in state machine

Figure 27: Simulation result for successful lock open
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Figure 28: Simulation result for failure case where locklcsed
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