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The Method for Real-Time Systems Modeling Based On the
Object and Temporal Logic

Jung Sool Kim' - Byung Wook Kang'!

ABSTRACT

In this paper, we present a modeling method for the real-time systems, This method is based on the DARTS(Design
Approach for Real-Time Systems) and widely extended to analysis phase. The DARTS method provides a good
guideline for the real-time software design, but it uses structured analysis and does not provide a specification language.
So, this paper provides extended DARTS modeling techniques to the analysis area based on the objects. Internal
behavior of system showed by means of a NPN(Numerical Petri Net) for analysis, and the specification language is
provided based on the temporal logic for transition synchronization sequence control. By the example, we identified the
proposed method was applied well. And through the reachability graph, we verified whether the deadlocks may occur or
not in the analysis phase before the design phase. Thus, it gives easy way to analysis, so that it will lead to the design
phase naturally.
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QUT((obi_pame}.(Q name>) 1]
OUT«obi. namey.{Q_name’):
OSM © IN((sig_name) {source object> [}
{sig name).(source_ohiecti},
OUT(¢sig name? (destination_chiect}):
FLOW : FM{{obj_name> (msg_narme?!.
TO{{oh)_name?.{msg_name>):
INTER 1 GROUPED_BY (ohject_name>:
TIME - {statrt_time, ending time. period time.
delay_time}:
ATTR : {type_name - tvpe value?
CON{constraints?:
PRI : {priority level):
STATE VAL : {stale_variable name; OF
{(state valuey CON{constraints;:
STATE © ¢state name} PRE FOR (predicate
formulalstate formula or temporal
formula):
TRANS : (transition name) IN_COND
{condition_predicate name;
TR COND  {transition  condition}:
ACTION {action name> TIME part:
INSTAN © {instance name} | {lype namer:
MARK © {(start_state name,
terminate state name}:
FUN FLOW :
{module name.Q _name.state_name) |
(phiect_name.fransi _tion name),
(ehject name transition_name |
moedule_na_me.Q name.state_name):
CUNCRTOW Gl e drangition same
obi_name.state name?,
{ohj name.state_name |
ohi_name. transition_name;:
EXCEPTION : WHEN {interrupt name or
time_outy
HANDLER (handler_name):
ENDC A OBJECT

(3 12) SHA(AXHHH HMAHo
{(Fig. 12) Concurrent(Atomic) Chject Spec. Language
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T2 HEY W9 Fyo)l2E HIEHe ‘\TonEmptysq
FEAReld. 7 e A *’V“a
3241 (State Formula)oltd A]7+o] 4
{(Temporal Formula)® |#gd}, "‘*EH?} A AT &
old iyt AAel e FEZ AMHMapping) Hi
frE ge (2139

P TRANS:oli= 7k 44#7} BH3kar 30 Action
ol HelEE Axslo] ActionHele] Zzio] Jojg
vl AR Actions TR Fr)e] JEE 3

Hez] We] Hele) REAY|G, o Holo] 1A
1 A FATEe] IN CONDE NPNg :IL o} 75“’1 5‘3_‘3‘
of Eoirtr] 98 {18 A0S «Ti(HelTig) 938 =
de]=)e) 88 £ e vE(EEY )& 4“]“‘*
t}. TR CONDw § Z7°] Trued W Ho| 73

e r'.r

FrogA JagAelnt Adqgrer gz
g 4 9lr}. ACTIONS a7t 731 e 758

HAR Fastey ol ¢f%d gl Abpukg(d
A flol) wdE £ lx, AAe 8 flo] i
9 Mg 73E TR A o F2H9 Action
Type(23]& A4},

b INSTAN: ol A A (Feh2)e 9l
HAE F¥87] o8 262 B oaA gHee

B FAEEd, AN 548 98 Ao dadss
& @A FEord mof AT = AT d2E2
(A A9 1 = d4 Adgsle wAA B
de] B0 n7los wdd F

P MARK: ol= B89 7[9x9} EUAE e
e ol 88t 27 ddt A Asr] de e
olar, Fuk AEl 27)Aee] AYsly) Ao Aejoict

» FUN_FLOW, CON_FLOW : o]+= A#je] W5

£ (Procedure) &8 BAFE Lol o] JRE
!‘-‘*711 A7 A G Akde] Yo dE iy A
B @ 715 Aoje] EFo] o|FolAEsE HoFEth
of AEE dAA g H% AR B4 EEHY F
71 pastEA 8 AR JedgE RdEd

» EXCEPTION : o}&= #ae] 43 Ao wbajet
T AT 4N AHYEEoY HHE] A2 Time
out) AHEHE AEolth o AL = HAZ A
"o FF FAET4).

i1 -;{: mlo m{} X

AH BAQele FE FA EXTERnaldl MCM
HEL A4 AYsAd, g8 (28131 go] AlxE
of +Ad Ale] Ay HAE ohgw gk MCMe
INGEE aig WAAAE ddod AAs} g0l

S 75 AF ZES 90, 749
ik 5 oolEL Jledn. OUTHES ﬁﬁ% Ha A
7t AARAE Be S(&h Y FEREES ety
o] He 7 olEE 7ledt BE Lﬂoﬂ T3
¥ W] Q1,Q2,Q3,.Q4t HHHOF ALE sHsdt
o B B4t Alago] okd 3%, FAld AfEs
fAAF 48 A9 HANE B AGE = glg
ARH ARE HgdA (Ig18) g FHashr) wrg
o, (2913)9 A2 Alajlel tgdd A By
A9 BAlE O3 2o

=N
i

-

C_A_OBJECT (A4 A)



EXNTER - MOM CIN GMCMIz @) 1]
IN ((MCM2) (Q3%)
QUT (MCM2) G2 1]
OUT ({MCMD (Q4T1

ENDC_A_OBJECT

o Y e (T
ouT N our, TN
T e | 1 245
N [T oo A NPT o0
RN
R U N T R

(321 13) MCMAE 2 AL
(Fig. 13) Descrintion of MCM
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Sa Bzl @uh AR o® Hgd Ege 2 Ao
7Y(Robot Controller} (5 6]ojt}, of oy ofal si9|&
A el i @br] wiitel At s ¥
S$ae Alzge oplth Ty AF7b e IR
Mol ARAAE 884 RAs 5 7] g o
= AAsch ofeiol A 7} HabEe shuiy AEdn

41 28 ZHe2l(Problem Description)

28 Aoz dAg AMgG dFeleist FE z
35b 6708 EA(Motion) 3 (Axe) HA & #H gt
B2E A7) Ao AdENE zvjshd 2 %‘%
AgFo e Z(axe)® g [/OE Aojgt}. Aol
Ao e FA(Push)BBE3 ZrId Mg
gl delap 29 %l{Selector Switch)E FAH Ay,

e}

42 AAe BBICEY
1. AN=¥ 2WS(Context Diagram)®l
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(Fig. 14) Robot Controller Context Diagram
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2

(32l 15) 28 Yol7i= DD
(Fig. 15) Robot Controfier DFD
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(Fig. 16) Concurrent Task with data and control flow
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(Fig. 17) Comm. interface Module

6. 4HE paas B4 dssols nge yao
FE (AN 2 obky Haas ¥A ANz

Aejdojx HuL AT A4et],

ToANR T HAANS} 2 EAA) A w4
& AR des wdAYdd £ A Aojng a4y
@t 7ldMe 27 DFDAAM 23R Aol (8x3)
AL 2EEE Z2ANRCP)Y dZ B} o A%
T E2dd drts of (39181908 Faabr u

HHY . 2% W T2 Mo Hal)y
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(8 18) 28 My mamMe) A XHolg
(Fig. 18) Robot Command Processor State Tran. Diagram
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o

LE |
Q00 59
PO
(I8 19) RCPEH HMm|2le] EAI3S
(Fig. 13) Comm. Behavior for RCP Object
8, MA w4

5 A 2R Aoly) Nz waE ofye)
#o] J)& spgdi,
OBJECT {perform rohot control)
EXTER : ISA : (8] &4
FLOW : FM({controt panel buttons/switch),
{pane! input)),
TO({control panel lights}, {panel output)).
FM{{sensors), {sensor input}),
TO({axis motors), {axis output)),
FM({axis motors), {axis input)),
TO((actuators), {actuator output)):
INTER : GROUPD BY ¢{ u]&#4:
ENDOBJECT

WMl o thgn g}
C_OBJECT (robot command processor)
EXTER : ISA : (HIEAD:

FLOW : FM{{ct] panel input handler} {pane) input
request)),

TO({ct] panel outpt handler) {panel status
output)),

TO(interpreter) (start program
command,end}),

TO{{axismanager? {start.resume));

MCM : IN({panel request messages).(Q1)) ||
(V=)

OUT{(pannel status messages).(Q2)) ||
(a1,
OUT((start program).{Q1)) |l {()ZA):

[HM : IN <E&Al), OUT (al&A);

OSM : IN{(ended) {interpreter) || (W}EA):
OUT({stop or resume} {axis manager)),
OUT({end).(interpreter)):

INTER : GROUPD BY {atomic cbjects):
TIME : <0t0m10ms : 100ms : ; : b



ATTR :<hool © true, falser CON < frue =
1, false = (i},
{event power_on,successful_puwer_up,
run,end, stop,ended, power_off program
_selecty CON (MI&=A3,
{action - enpowering,enmanual change
_program,start_progr_am,end_program,
process program_ended,stop_pro_gra
m.resume programy CON (H]&4;,

PRI :(2):

STATE VAL : (status} OF (waitting.processing)
CON {(status '= waiting, if have
event = {power on,succe ssful_
power_up,end,stop,ended, power
off, program_select}.
status ‘= processing, if have
event = {run} >

STATE - <init, powered_:{f, powering up.man-

ual, running. suspended, terminating?
PRE FOR { power off ={(status(waitting
{powered_off)) Vv (init) = 1},
powering_up ={(status(waiting
(power_on)l} =1),
manual = ({(status{waiting
{successful_power_up} A(ended)
A{program select)) = 1),
terminating = {{status
{waiting(end))) = 1},
suspended = ({status{waiting
(stop)}} = 1),
running = ({status(processing
(run))} = 1))
TRANS : {T1) IN COND { m(powered off) = 1)
TR COND < ({status(waitting(powered
off)) v (nit) = 1 %
ACTION ¢ {_{(enpowering(power on))
— (powe ring up)y TIME

It

(T2) IN_COND ¢ m(powering_up} = 13
TR_COND ¢ ({status{waiting{power
o )=1) »
ACTION ¢ [ J({enmanual(suce_
power_ up) - C“ man_ual})
TIME (150 n
¢T3 IN COND ¢ m{manual) < 33
TR_COND ¢ ((status{waiting
(successful_power_up! Afe
nded) A (program select))
=17
ACTION ¢ I ({start_program{run}y —
Olrunning) ) {T5IN_COND
{ m{running) = 2 X
TR_COND ¢ ({status(processing
(rum))) = 1) %
ACTION ¢ [N((stop_program(stop)) -
Oilsuspended)y:

M UER TIET AAZE LG DR g

(T6s IN_COND  misuspended) = 1)
TR COND { {{status{waiting(stop)))
= 1} %
ACTION ( [jt{resume_program(run)
—{)(running):
{T7% INCOND ¢ m(running) < 2 ).
TR COND ( {{status(processing
{run)h) = 1) )
ACTION ¢ [I({end_programfend} — O
(terminating)):
{T8) INCOND ¢ m{terminating) < 1 )
TR COND ¢ ({status(waiting(end}))
=1 ¥
ACTION { [ H{process_program_
ended{ended) — Olmanual)
YTIME <00
(T9y INCOND ¢ m{manual) = 3 )
TR_COND < ({status(waiting
(successful_power up) A
(ended) A (program_select
Wo=1 0
ACTION ¢ [i{enpower off(power_off)
- Ofpowered off) » TIME

{T10» INCOND ¢ m{manual) = 3 »
TR_COND { ({status(waiting
(successful_power_up) A
(ended} A(program_select
o= 1
ACTION ¢ Ci{{change_program
(program_select) —
Ofmanual)y TIME < @
N
INSTAN : ( BlEA):
MARK : (powered off, manual):
FUN_FLOW : ¢prsm.Ql.full |rep.th |<rep.t2 |prsm.
Q2.empty), (rep.t3 | sp.Ql.empty):
CON_FLOW : {rcp.t5 |am.any statel}, (rept7 |
interpreter.any state),
{interpreter.any_state3 | rcp.t8):
EXCEPTION : WHEN <{power_crash)
HANDLER (break):
ENDOBJECT
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