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Introduction

- TimesTool
- A Tool for Modeling and Implementation of Embedded Systems.
- UPPAALO| 2= model checkerE 2fdot A 0| OISR 3.
- Realtime A|AHIO| A=S =9 A| g
- SMVL} SPINItE= CHEA GUI 7|Hte 2 HEZ AHA.

. 7|h
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- Modeling : I6t= A|AEIO| IEH.S WX

- Simulation ; 2tAdst R Elo

- Schedulability analysis : 2 20| deadlockZ2 ZXMZE Ql8|| X|CHE =2t}
Al S=XFE =el.

- Verification : LTL #7|¥ = U2} Y =St propertyE E 20| IFESSI=X| &
5ol

- synthesis of schedules and executable code : RRIZ2EH CZE MA.
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S DEPENDABLE SOFTWARE

ntroduction

/home/syjsmk/Timestool_Project/Sample.xml* - TimesTool E Eko $ ty <) 2239 %

M ™A [home/syjsmk/Timestool_Project/Sample.xml* - TimesTool

G e e SampleProject @ Task # Precedence [3

User-defin... | » [ Preemptive

Name [B[Prlc|D]T]

Project attributes

MName

SampleProject l

Clobal declarations
Name | Type |ValuelE..|

Ready INS
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Modeling



EPENDABLE SOFTWARE

Modeling

- Task
- General real-time scheduling O| 20| [[}E A E9| XZI,
Behavior, Priority, Computlng time, Deadline, Period 59| EM= 714,
- interface0f M=l [ EE M2} global H4-=0| E2E 7ts.

~Scheduling policy SampleProject @| Task @ ‘ Precedence [ SampleTemplate [
( task?2
|Deadline Monotonic | = lﬁ Preemptive - : :
: Interface |gint:={g int==071:0)
Name ERPE = e Imput
#r task2 ; : Semaphar...
& task1 P |1 |2 |5 |4 Code poin... |fhome/syjsmk/Timestool_Project/taskz.h
= i &
,ﬂ.ll|Periodic Mon-periodic @ E gsg % &
Attributes / test
Attribute |Value | liflg_int == 8} {
g_int = 1;
Namel taskz 1 else I
Behaviour Controlled g_int = 6
Priority 2 H
Computing time 1
Deadline 4
Period
Offset
Max # of tasks 1
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Modeling

- Automaton Template
Task=1} parameterE 7}X| = timed automatondj| Cljat template.

invariant, guard, synchronization, assignment, probability 52 0| &3}
timed automaton= 2fdg = QA S.

timed automaton?@| location0| OUK‘I Lot taskE EE o= = US.
Zt Automaton& 2 7X|= local variable& MY 7ts.

~Scheduling pol.ic SampleProject ¢ Task & Precedence m‘ SampleTemplate D[

Deadline M... | = lﬁ’ Presmptive

ALL‘ Periodic | Non-periodic T
1

Properties

Location 1
-Template attributes ocation
Name [SampLeTempLate |
Parameters [constT | C | ]
[ Environment
rLocal declarations———— LOEEEEB_SE EEEE
Name | Type |Value]
x1 lclock o |




Modeling

- Automaton Template

Mame: |Location 1

Taski|l |+

Invariant:

Location 2
task?

Location®l| TaskE &&tstA L}

InvariantE 2rA 7}

SH
=
=
o

l ; l I L 5}
‘ ” EPENDABLE SOFTWARE

Location_1

Mame:
Guard: (<1 ==T
sync| I+
Assign: L 2
Probability: 2

Transitionol| Guard, Sync, Assign,
Probabilitys = &AM 7t



Modeling

- Process
- AMAHIZ 0|2 L% Blocks.

- @A EHd Bt automatom templateZ} ProcessOf 2t&HE 4= QU

=o=2 T AA%'
- MR A2l global B4E THE 4+ YU,

L Tasks [

Scheduling policy SampleProject @ Task @ | Precedence [# SampleTemplate [
hDeadline M... | v |@ Preemptive

Mame |B|P‘r|C|D|T|
@r task? C 2 1 4

& taski P 1 |2 |5 |4

Al |Periodic | Non-periodic

F:'FIZ:le:ZlErtiES
~Project attributes

Frocess 1
MName |Samp[eProject |

SampleTemplate(7]

~Clobal declarations

MName Type |ValuelE...|
g_int int 0 m |




EPENDABLE SOFTWARE
LABORATORY

Modeling

- Syntax checking
- Aol ZE20| E 80 HXLIA| E=X] =l

-

2 _
o The systemis syntactically correct!

Syntax checking

Simulation

Schedulability analysis

Verification... Instantiator errors (1/2) shiowy List

Code synthesis

Compile Too many actual parameters in process 'Process_1",

Close Mlext == | | Show
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Imulation

Enabled transitions

(<) m> ()

Process_1.x1 in [2,4]

Adet ZE2= O[89l Al=d0o]d

o)l

Process 1 PERICDIC _TASES

ALl -1 "-).IJ_L
I; KONKUK UNIV.

SCHEDULER,

taskl
(START)  [ARRNED taskl)
(RUM_task1
(ibLE)
taskl
(Location 1]  [START)  [ARRMED taskl |
b 7,2
idle
taszk2

taskl

H

EPENDABLE SOFTWARE



Simulation

- Enabled transitions

- AM|=80|HdZ2 oF CHA +=dMZ [ CtF &EHE 753t transitions=.
- Status

- AN =80 T BDEHOA MAZI H0| 4} HE B = /U

- 20| EJE|EA Ot =7t0= 2o HRIE [I, 0 Ol ENHE

- Message sequence chart
- HAEE T dEe E0E

- Gantt chart
- Zf task7} =HE[HA A[ZHO| X[Lt= HEE E0E.
- task A|ZF AB = task 2 Al computing time Z}.
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I(I 7‘1’.'-?’1-'1
F‘_j ﬁ[ lj ;),1 f\L EPENDABLE SOFTWARE
KONKUK UNIV.
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Schedulabllity

. 22X
- 1
- 20| of2f glo| AHZO| FH5EHX|Q OF S 2Ol

=

- Task@| Computing time, Deadline, Max # of tasks &2 12{5}0] A At

- 2AHEE ts Al

[0 werras |
Name Cv | WCRT | D |

-Schedulability analysis task1 3 4 5
Server: ./server task2 1 1| 4

Property: schedulability

SATISFIED

| Ok ‘ [ Show WCRT




Schedulabllity

- AH=2 7= Al (Deadline)

- task12| computing timeO| deadline(Z|CH A& 7}5 A|ZHECH Z A<
deadlineol| &= = g17| 20l NOT SAT

Attributes
Attribute | Value
Mame task1
Behaviour Periodic
Priority 1
Computing time|3
Deadline 2
Period 4
OFffset 0
Max # of tasks |1

-Schedulability analysis
Server: ./server

Property. schedulability

MNOT SATISFIED

The system is not schedulable because
the task 'task1' Failed to meet its deadline.

I Ok ‘ I Show trace

EPENDABLE SOFTWARE




Schedulabllity

- AAHZEE 271 Al (Deadline)

- task12| computing timeO| deadline(Z/Ci A3 7t A|ZHEC}

deadlineol| 5= = g17| I{=20il NOT SAT

e
KONKUK UNIV.

Enabled transitions

“i</m>np

Process 1.x1 in [2,4]

g_int = O

Process 1 PERIODIC TASES

SCHEDULER

idle

taskz

taskl !

Z1
=

|

o

o
T
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Schedulabllity

- AAHZEE 27 Al (Max # of tasks)
- Peroido]| 2} task10| F7| M2 2 =l =10 U=0H| task22| =7 O ALO[o|

7HM HA A E tasklo] &

I =0l NOT SAT

S E|X| 2ol task1o| st O = E == g}

[.&ttribute H‘u’alue

ame

task1

Behaviour

Periodic

Priority

,1

Computing time

Deadline

Feriod

Offser

Max # of tasks

4
5
4
a
1

-Schedulability analysis
Server: ./server

Property: schedulability

MNOT SATISFIED

The system is not schedulable because
maximum number of 'task1' tasks exceeded.

I Ok ] I Show trace

EPENDABLE SOFTWARE
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Schedulabllity

- AAHZEE 27 Al (Max # of tasks)
- Peroiddi| tt2} task10] F7|M o2 £l =11 =0 task22]

7leiA] B 438 = task10] 2 A 2

I =0l NOT SAT

Enabled transitions

«s/m>

Process_1.x1 in [8,12]
g_int = 0

KU &
KONKUK UNIV.

+ot task10| oLt O =

EPENDABLE SOFTWARE
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o] Ato]of

8

Process 1 PERIODIC _TASES

SCHEDULER

taskl
e #0007
idle
taskz

este| o

=

T

Z| 2 O-Ijl
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Verification

- Model checking query
- LTL(Linear temporal logic)2 /222 gt5.
- F7|™Hol 2f7t Xto] AUS.

- LTLO|Z7| T 20| A,EE W2 X HLI X, G, FE U2 £ £+ gl 2.

Texual | Symbolict Explanation

Unary operators:

Ko ||Oo neXt: ¢ has to hold at the next state,

Gg |Uo Globally: ¢ has to hold on the entire subsequent path,

Fo ||0g Finally: ¢ eventually has to hold (somewhere on the subsequent path),




Verification

Kl ==T

Location_2
task?

.

Please specify a query
6 [ﬁn[l (not Process_1.x1==0)

Location_1

Wl ==T

Location_2
task2?

Please specify a query

|'E<:= (Process_1.x1==10and g_int==1)

LABORATORY

~Model check
Server: ./server
Property: A[](not Process_1.x1==0)

MNOT SATISFIED

Cancel

EPENDABLE SOFTWARE

~Model check
Server: . /server

Property: E<=(Process 1.x1>=10and g _int==1)

SATISFIED

Ok I Show trace




Verification

wi<)m > w(p 2]

Process 1.x1 in [9,12)
g_int =1

Process 1

KU &
KONKUK UNIV.

EPENDABLE SOFTWARE

PERICDIC TASES SCHEDLULER

idle

taskz

taskl

Lot
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Verification

Code writer

Code generated succesfullyin:

Sample.c
sample.h
new Makefile created

dl

0y

EPENDABLE SOFTWARE
LABORATORY

void cOPY2LOCAL( int tid, int instance ) {
switch( tid ) {
1

b

j’**

* Evaluate gquards on transition trn.

* @param trn Transition 1id

* @return true if guard satisfied, false otherwise.
*

/
bool eval_guard(int trn) {

switch(trn) {

case 1: return (rdClock(Process_1_x1)>=7);

case 2: return (rdClock(PERIODIC_TASKS_x)==PERIODIC_TASKS_t_task1);

case O:

return true;
1
return false;

3
,f**

* Perform assignments on transition trn.
* @param trn Transition id.
*/
void assign(int trn) {
switch(trn) {
case @:
setClock(Process_1_x1,0); break;
case 2:
setClock(PERIODIC_TASKS x,0);
PERIODIC_TASKS_t_taski1=4; break;

-:--- Sample.c 40% L6l (C/1 AC Abbrev)
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oM 2= A

- System

» Process : Process_1, Process_2

- Process_1 : SampleTemplate2t= timed automaton®| &4t

SHOlRZ 79| gt AT

- Process_2 : ReceiveSync2}+= timed automaton?2| At

HO
HA O -

Process 1

SampleTemplatel7}

- Global variable

- g_int, task3_sync : A|AHIO|A ALES

=

Process 2
ReceiveSyncl)

= Zt
L— HA

- channel : CtE task7]|2| EAISH7| {8l AFESH= Aid

-Clobal declarations

EPENDABLE SOFTWARE
LABORATORY

i=3
=

A-l—
TOOH

ot off e ot

= TASH Tetb|E=

MName Type "~ Value | Emw
channel extern chan ]
task3_sync int 0 ]




Of| M| 22 Ad o

- Timed automaton
- SampleTemplate
- Process_19| &%= LIEHH

© W& clock®l x12 ZHXIH ol oA 2

EPENDABLE SOFTWARE

C2 U TE LS
- Location_20{| A Location_12 AEf7} HAE O LHE x1S X7|stg
- Location_20{| A Location 12 AEf7F HAE [ MY channel@ 2 M E HUH,
~Template attributes ¥
MName |:SampLeTemplate | Location_1
i Parameters |.cor15tT | - .
FProcess 1 i ) i
| SampleTemplate(7} | M Environment T :
= ! channel:
1l i=Uu
~Local declarations ¥
MName Type Value | [ L aiiar 3 A ]
%1 clock 0 | taskz= |




Ol M| 2& A

- Timed automaton
- ReceiveSync

Process 29| SxFS L}E}LH,
L{E mi2t0|E, 24 H Q2.

KU

A=fskn

KONKUK UNIV.

EPENDABLE SOFTWARE
LABORATORY

Location_10{|A| Location 22 AEf7F HAEZ|A™H Q| E 0| Al extern channel B

Ol channel@ 2 syncE HL{jO}at.

Frocess 2
ReceiveSync()

=)

Fro pe rties

~Template attributes

Mame [ReceiveSync

Parameters [

[ Emvironment

-Local declarations

Type

| value |




oM 2= A

- Task
- Periodical task : Taskl

- Taskl
- AMEALe| Y QIO FI| Moz =3 E.
- A|AH”IO| g2 HASHK| %S

EPENDABLE SOFTWARE

Attributes
Artribute H‘u’alue
Mame task1
Behaviour Periodic
Friority 1
Computing time
Deadline

OFffset

3
5
Period 4
0
1

fax # of tasks
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oH 2 M

- Task
- Controlled task : Task2, 3
- Task?2

- D2 NATF SRS O ABHE]
- A2 HojH

Attributes
Attribute |\Value
MName task2
Behaviour Controlled
Friority 2
Computing time 1
Ceadline 4
Period
Offset
Max # of tasks 1
~task2
Imterface |g_int:=(g_int==071:0)
IMput
Semaphor...
Code poin... |[/home/syjsmk/Timestool_Project/task2.h




oH 2 M

- Task
- Controlled task : Task2, 3
- Task3

CERNAT S I +HE.

- AMAHIO| M EH=0l task3

EPENDABLE SOFTWARE

Artributes

Attribute \Value
MName task3
Behaviour Controlled
Priority 0
Computing time 0
Deadline 4
Period
Offset
tMax # of tasks 1

~task3
Interface  |task3_sync:=(task3 sync==071.0)
Imput
Semaphor...

Code poin...
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oM 2 A

- Property
- Global variable®! task3_sync@} g_int7} SA|0| 10| E|&= A7t Y=X| =
ol

~Model check
Server. ./server

# Property: E<>(task3_sync==1andg_int==1)

| SATISFIED

Verification

Please specify a query
9 [E«:}(taskB_sync:ﬂ and g_int==1)

| Ok | I Show trace




oM 2 A

- Property

- Global variable®! task3_sync?} g_int7t sA[0f 10| &|= AL 7t YA=X]

Ol
| I

Frocess 1.x1 = 0

g int =1
task3 sync = 1

task2 i
ecie | ol ol

task3

Location_1 Location_2

START )

EPENDABLE SOFTWARE
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oH 2 M

- NOT SATO|H counter example® E0Z& = = 42

Verification

Please specify a query
e |}'1t|:| not (task3_sync==1 and g_int==1)

TimesTool

~Maodel check
Server: ./server

Property: A[]not (task3 sync==1 and g_int==1)

MNOT SATISFIED

[m I Show trace ]

4

Frocess 1.x1 = 0@
g int =1
task3 sync =1




