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A modeling and analysis tool: Times

What is Times?




What is Times?

« A modeling and schedulability analysis tool
— Features for real-time embedded Systems
— Verifying the system based on model

« Developed at Uppsala Univ.
— UPPAAL
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A modeling and analysis tool: Times

Features of Times
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Features of Times - Environment

e« Runnable Platform

— Windows

. i it?
32bit / 64bit” Platform  Without TVM Instructions

] li{ Windows Download (4.2M) View
— Linux
A Litmux Download (4.00M) View
. gl
— Solaris _}U, Solaris  Download (4.00M) View
EPENDABLE SOFTWARE 6
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Features of Times — Main Features

Graphical Editor
— For expended Timed Automata(task model)
— User can specify tasks with parameter such as deadline, priority, etc.

Simulator
— Validate the dynamic behavior of the system

— See how the tasks execute according to task parameter and a given scheduling
policy

Verifier for Schedulability

— Can check all task instances meet their deadlines
« Based on the DBM techniques and implemented based on the UPPAA/
 Verification tool and Schedulability analysis tool

Code Generator
— Generate C code from the model
* For brickOS
« For platform-independent

R
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Features of Times — Main Features

« DBM Technique & UPPAAL

— DBM(Difference Bound Matrices)
« Data structures to represent clock constraints in timed automata
« Used in UPPAAL

— UPPAAL

» Tool for modeling, simulation and verification of real-time embedded system
— Simulator
— Model-Checker

« Commercial tool

' DEPENDABLE SOFTWARE

KU

EONKUK
UNIVERSTTY



B

A modeling and analysis tool: Times

Examples
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Examples

i untitled - Times Tool

File Aun  Option:
Scheduling poli

“User—deﬂned Priort.. @?ﬁﬁ_em_pﬁh&_: :
 Name Jj(B)(E0|(S @1 |

all | Periodic | Mon-peri ]

~Project attributes-
{“lﬁh’&g| Project
~Glohal declarations-

Times: Editor

Ready




Examples — Editor

« Creating new project
— Creating tasks

.\5:. AT

K‘U KONKUK
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) = D 00 =]
File Hun Options  Window Help
- . : @ Simple | & Task| [E Precedence|
[ =cheduling palicy- ' T =
:I—Deadline Monotonic Preemptive
ame Pr (TJ|CT)
& task? P [0 linf |0
- | add feriodic task
BehaVIOr Of taSkS — : - Add Fontralled task
Al | Periadic | Hon-perit  Rernfve task(s)
. - Open task
Attributes of tasks —— —
B h . Project attributes 1
- e a'VIOI’ | Mame |Simple |
- Prlorlty . [ Global declarations- 1
- Execution time | L | | Jiwa ue]i
- Deadline '
- Period(time
interval)
Ready [ing]
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Examples — Editor (Cont'd)

« Setting task property

Attributes of tasks

& C:WDhocuments and SeftingsWihlLeeWHIE etMWempty. xml= - TimesTool

File Hun Options Window Help

| d# simple | B Task | L2 Precedence |

Scheduling policy
||Dead|ine Manatonic v| Preemptive

C__Name J|(BJ|(Fo (T3] (01| CT)

& task? P 2 [0 inf |0

tagkl=

Interface

Input

Semaphores

Code pointer

Task code editor

EPENDABLE SOFTWARE
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i
Al | Periodic| Mon-periodic) / \
.t"-.ri butes
Aftribute Walue
Marme taskl
Eehaviour Sporadic
Friarity 1
Computing time [0
Deadline inf
Feriod 0
Offset 0
dax # of tasks 1
\ / v
| %
Ready |Linet,col.1 | Ing|
12




Examples — Editor (Cont'd)

« Creating template

& C:WDocuments and SettingsWihlLeeWHIE =MWempty.zml= - TimesTool
File Options Window  Help

Bun

" |

=cheduling policy- 1
|Dead|ine fonotonic V| Preemptive

[ -8 3 [ [ o3 [

»@;Sn'n; .Add'?ém.b'l'a?;"' wdence

i task? coj2 3 |4 =<

Al | Periodic | Non-periodic]

-

Prope Ii BS
~Project attributes
| Mame |Simple |

~Global declarations-

l Name | Tupe | (Valug)| Eni|

Ready [ing]

EPENDABLE SOFTWARE 1 3
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Examples — Editor (Cont'd)

« Creating automaton

B
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& CWDocuments and SettingsWihLeeWHIS sfMWempty.xml: - TimesTool

File: RBun Options Window Help

~Scheduling palicy
|Dead|ine Monotonic vl Freermptive

(__Name J\[BJ|(Fo|(CJI(DJ|(TJ

5 task? c 2 |3 |4 &

&l | Eeriodic§ _Non—periodic'

- v

Properties
~Temnplate attributes-

Marne |p

Parameters |cnnst T

] Environment

~Local declarations

Marne VDE Walue

Ready

EEX

! | Simple-!i # Tack| 0T Precedence| [P |

Location

Connector
Comment

v Show transition info

v Show ports

+ Snap to grid
v Show grid

Print,..
Export to [PS,,

Backgound calar
Grid color

[ims]

14



Examples — Editor (Cont'd)

« Creating automaton

B

— Making locations

— Associate the
location with task

EPENDABLE SOFTWARE
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& C:WDocuments and SettingsWjhlLeeWHlS slMWempty.zml= - Times Tool

Fila Options  Window  Help

Bun

~Scheduling policy-

[Deadline Monotonic  » | Freemptive

KU

KONKUK
UNIVERSTTY

(__Mame JI[BJ|(PiCCIILD]ILT)

7 task? c 2 [3 |4

- Ternplate attributes—

Mame ||:|

Farameters |const T

[ Environment

-Local declarations

Marme Type Yalue

| e Simple | Task| CH Precedence| [ p |

:

Mame: |Location_5

Task: | EE

Invariant:

Ready

| g |

15



Examples — Editor (Cont'd)

Creating automaton
— Making transitions

\_

- Guard: clock constraints and/or

predicate on data variables
Sync: a! and a?
Assign: assignment

File Hun Optiong MW

indowe  Help

rScheduling policy-

|Dead|ine Monotonic v| Freemptive

(__Name J|[E]| (Pr|(C)| (D)) (TJ)

0 task? c 2 3 |4 [=

& C:WDocuments and SettingsWihlLeeWHIE sMWempty.xml= - TimesTool

K‘U KONKUK
UNIVERSTTY

EEX

NP3 Simple | @ Task__.DE Precedence |m|

LABORATORY
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Lacation_1

(" Mame:
Al [ Penadic | Mon-peradic] Guard: |« >:T|
Properies Syne:
 Template attributes- Assigh;
Mame |p \probability:
Farameters [const T |
[ Enviranment
Local declarations—————
(I Harne )| Type )| (Value)
Reaty [ms]



Examples — Editor (Cont'd)

« Creating process

& C:WDhocuments and SeftingsWihlLeeWHIE etMWautomaton.xmlz - TimesTool
File

Bun  Options  Window  Help

1 @ simple ﬂﬁ Task| CH Precedence | Dp

:I—bea ine MEHD DHiC v | [¥] Preemptive

[ !—AI
I Mame:|Process_1

% taghk? C |2 |3 4 >—< Template:| p v

Parameters:|7

Properties
~Project attributes

| Mame éSimpIe |

i Global declarations - |

i[ Fame | Tyne | [Valus)| End

Ready ' T ims]

EPENDABLE SOFTWARE 1 7
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Examples — Editor (Cont'd)

« Syntax checking

Location_1

¥1==T

Location_5
task2

EPENDABLE SOFTWARE
LABORATORY

¥1:=0

& C:WDhocuments and SeftingsWihlLeeWHIE etMWautomaton.xmlz - TimesTool

File BEGN Options _ﬂinduw Help

h Simulation
||Dea  Schedulability analysis  mptive

Yerification..,

= o
Code synthesis 5|
Compile |

~Project attributes

Mame ESimpIé |

i Global declarations -

:[ Fame | Tyne | [Valus)| End

Syntax ﬁﬁecking -‘

# Simple ,'ﬁ Task | [ Precedence | D

Feady

Process_1
PEFS
Instantiator errors (1/1)
Invalid guard "=1:=0" in template 'p’.
Encountered ":=" but was expecting one of:
o=t
b
hop
h g
Close Showy

[ing]

18




Examples

& C:WProgram FilesWTimestoolWexzamplesWSporadicPeriodic¥ Controlled+Periodic.xml - Times... |;||§|XI
File Bun COptions Window Help
Enabled transiti : Processd  PERIODIC_TASKS  SCHEDULER
b
.............
Processh.x in [1,3]
Processd.v in [13,15]
i =18
aver = 8 (m
n=4 ; i
B 4:3 1 1 TI‘-II:| i
Z; [
it | i
task_ & H H H H i
Niask B -
Clocks | Discrete variables| Utilization| 1 " |a -

Connected to local server (server.exe) |

EPENDABLE SOF TWARE l 9
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Examples — Simulator

« Example for Simulator

e

WProgram FilesWTimestoolWezamplesWSporadicPeriodicWControlled+Periodic.xml= - Time... g@]@
Options  Window  Help

Bun

OFFSET “scheduling policy v 1

y==60 | Deadline Monatanic v | [ Preemnptive | | |

\\r}_:r;s[] [ Mame | [ |

Yl f A T task_A c Wl 3B < ; |

— & task_B P35 Jaojen | | e 7 |

i <] SciLus @ task C P 2 s [o8 |30 | | W sl |

%<=3 bt & task D P 1 |5 B 3 | | MBIy ) :

x=:3.n==N—1_ Al ;-P'eriuud'i-c [ Mon-periadic| ' ] i |

Properties : Periodic B :

I Project attributes- | |
x:=0,y;;:=%0. =0 MName |SporadicPeriodic
rGlobal declarations |

[ Mame J|[_ Type J|[Valuel Periodic C |

i int il | |

aver int il i |

n int il ] |

Periodic D ;

Ready R

i~
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Examples — Simulator (Cont'd)

« Simulation

'@ C:¥WProgram Fles¥WTimestool¥WezamplesWSporadicPeriodicWControlled+Periodic.zml= - Time... E|[E]E|

— {|_PipeeSEE PERICDIC_TASKS __ SCHEDULER
Enabled transitions SCHEDULER: 1 £ i i i \ ~
Message Sequence
Chart
rocessh.x = 13 1
Processd.y = 13
Simulation Control =1
aver = [
n-= ot
Status ) Ll 1 P 1_3
LS
fle . \ th:
Execution e
Gantt-Chart oo | ol |
ﬂ| Clacks | Discrete variahlesﬂ:_ﬁ ] task D T v
Connected to local server (server.exe) | || |E|

EPENDABLE SOFTWARE 2 1
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Examples

i untitled - Times Tool

| @ Project | # Task | [3 Precedence

Scheduling policy g
User-defined Priorit,.., @?ﬁﬁ_em_pﬁh&_: :

I

&l | Periodic Nﬁﬁ-"b'erigi:lic]

W (e L

~Global declarations-

(_Mame |(Tuoe | (aluel End] -

Times: Verifier

Ready




|

Examples — Verifier

e Verifier

— Schedulability Analysis

« All the tasks in the system managed to meet their deadlines in all possible

« If the answer is satisfied, observe worst-case response time of each task.

execution traces

— Verifying Model Properties

EPENDABLE SOFTWARE
LABORATORY

Checking the Model
against specified properties

K‘U KONKUK
UNIVERSTTY

i’ScheduIIng pollcy

||Dead|ine Monaotonic v| Preermptive

R Property: schedulabllity (taska)

' | @ Simple| @ Task |[H Precedence_l Oe ‘

rEchedulability analysis

Server: SErveErExe

r Template attributes

MName |p

Parameters |const T

[] Ensiranmment

rLocal declarations

verifying, ..

Cancel

MHame [ Type Yalue l

=T

w1 int o
Ready I \IEI
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Examples — Verifier (Cont'd)

« Schedulability analysis

&% Progra 25y estooiWexs nles norad Period 1 0 olled+F 0 L]
File Bun Options Window Help )
: : : @ SporadicPerindic | 8 Task| [ Precedence| [0 Autornaton_é)
r5cheduling policy
“Deadllne Monotonic v| Freemptive & TimesTool
Marme ] @] “Schedulability analysls———— [ R R R
L task_ b c 4 [ 13 Seryer. server.exs i Sl S S s S
& task_B P 3 5 (20 |20 Property: schedulability 010 P P A
WCHT Analysis & tagk.C P2 g 28 |30 | = Sk Shis S i s S s 2|
: & task D P15 (30 (30 5 5 O O
~Worst Case Response Times- SATISFIED 3555 1 i
[ MName IICC [ WCRT i} All ‘ Periodic | Non-periodic] 1 D T
taSk_A 1 1 3 R L T L T T O T T |
task B 5 20 ~Pralect atvitite ok Jj[_ show wCART i
task L g 18 e NameiSpUradicPeriodic | e — = S s S = S e S
task 0 5 og il YYD [ ST N TN OO A A
Global declarations——————— e = Periodic C s s s e e S e e e =
|[ Mame )| Tvpe Ji(Waluel| End I 1T 1 O
i int 0 I:‘ i i S5 ERRLA i 153 B AL b ERAL Glh ik B L il d i S Ll did i iR
Iaver int 0 ] 0 0 1 51 T T 0 1 A
[ i i Periodic 1 0 o
Ready | " || 'NSI

EPENDABLE SOFTWARE 24
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Examples — Verifier (Cont'd)

« Verifying Model Properties

R Proarsa HilesYy E DOIFYBXE

Eile Bun Options Window Help

{
-Scheduling policy :
ilemESTDDI ) o ‘| Deadline Monotonic ".| Preermptive
~Model check -
Server: serverexs (_Hame ] (o)
Property: E<: (aver:h) F task-t 3 L
; ] & task_B P 13 |5 |20 |20
| | & task_C P 2 8 |28 30
SATISFIED & task.D E 15
Ok | [ Show trace ] ,6,||_I Perindic | Non-periodic]

|It is possible for the shared variable aver to become great
ier than E.

ProcessA
Automaton_A(5)

~Project attributes

Mame !SporadicPeriodic

-Global declarations

[ Name | Twpe

i fint

aver |int —
n |int 0 | &

If properties are not satisfied,
show counterexample

Ready

EPENDABLE SOFTWARE
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Examples

& C¥Wtimes

File Bun  Opf

Scheduling p

_pra

c¥WControlled+Periodic.xml - TimesTool

olicy,

[

(3

T task b

s
3 =

& task_B

20 |20

& task.C

25 |30

& task_D

'U'U'Uﬁ@

Entl S R SR

mmm—@

3030

Perindic

~Template attributes-

Ndl‘i~'|'3'E!riDt|icj

Name

Automaton_g

Paramieters

const

M

[] Enviranment

~Local declarations

[ Marme

J

[_Twpe

=

clock

1

clock

Rea ty

:“@ SporadicPeriodic | b Task | (2] Precedence. D Automaton_
Deadline Maonotanic @aﬁﬁaﬁmpﬁy&:
[ Tame ]

OFFSET

y<=60

Code gensrated succesfully in:
f-@untm’llte,d:@éﬁndij:;h-
new Makefile created

26



Thank You!
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A modeling and analysis tool: Times

Installation
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¥ Timestool 1.3beta

Introduction

Installamawhera will guide you thraugh the installation of Timestool
1.3beta.

Itis strongly recommended thatyouw quit all programs before
continuing with this installation.

Click the 'Medt’ button to proceed to the nest screen. Ifyou want to
change something on a previous screen, click the 'Previous' button.

You may cancel this installation at any time by clicking the 'Cancel’
hutton.

| Frevious [

29



4 Timestool 1.3beta

Important Information

“Wﬁ? TimesTool 1.3beta Version Software License Agreement
M Important infor ~

S s

IR S

YOU- ACKHOWLEDGE THAT YOU HAVE READ THIS AGREEMENT,
UWOERSTAND [T, AND AGREE TO BE BOUMD BY 1T TERM:S ANWO
CONDITIONS, ¥OU ALS0 AGREE THAT THE AGREEMENWT |5 THE
COMPLETE AND EXCLUSIYE STATEWENT OF AGREEMEWT BETWEEM YOU
W0 UPPSALA UWIVERZITY AND SUPERSEDES ALL PROPOSALS OR
PRIOR AGREEMEWTS, ORAL OR WRITTEM. &ND &MY OTHER
COMMUM I CAT |ONS BETWEEW THE PARTIES RELATIMG TO THE SUBJECT
MATTER OF THE AGREEMENT.

O&RTS, [T Dept.., Uppsala University
Rttp: A £ imestonl . com

Cancel Previous i |

EPENDABLE SOFTWARE 3 O
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Timestool 1.3beta

Choose Install Folder

Where Would You Like to Install?
|C:";"';"Prugram Files® Timestool |

Festore Default Folder H Choose,,, ]

Frevious E

EPENDABLE SOFTWARE 3 l
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41 Timestool 1.3beta

Choose Shortcut Folder

Where would you like to create product icons?

# In a new Pragram Group: |Timestn:u:n|| |

{7 In an existing Program Group: 520 = = 180

(0 In the Start Menu
{300 the Desktop

() In the Quick Launch Bar

O Other: | Choose.,

i3 Don't create icons

[ 1 Create lcons for &ll Users

Cancel Frevious Mext

EPENDABLE SOFTWARE 3 2
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41 Timestool 1.3beta

Pre-Installation Summary

Please Review the Following Before Continuing:

Product Name:
Titnestool 1.3beta

Install Folder:
CAProgram Files\Tinestool

Shortcut Folder:
CiDocuments and Settingsijhlee\A] ZF
-2 2% Timestool

Disk Space Information {for Installation Target):
Fegquired: 3,762,137 bytes
Axrailable: 3,774,508 544 bytes

Cancel Frevious

EPENDABLE SOFTWARE 3 3
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41 Timestool 1.3beta

Install Complete

Infortmatiani
Install Fol

Congratulations! Timestool 1.2beta has been successfully installed
to:

CAProgram FilesiTimestool

Fress "'Done™ to quitthe installer.

EPENDABLE SOFTWARE 3 4
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