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ABSTRACT

In the case of developing the real-time system using object-oriented method, the problem of the timing con-
straints is certainly considered. We propose the method of modeling the object-oriented real-time system using the
OMT methodology and the SDL. And we also present the predictable time table that reflects the constraints of
real-time system into dynamic model of OMTs and the predictable time formula of the sequence, repeat, and paral-
lel routine.

The proposed method is applied to the estimate of the maximum process time of the ATMs(Automatic teller
machines) and is used to specifying the functional specification for the user interface of the ATMs using the SDL

syntax and the object interaction graph.
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Table 1. Classifying of timing constraint in dynamic model

performance constraint maxmmum Uning constranit
aclivity mmimum uming constraint
behavioral constraint maximum tming constratnt
minimun tning constraints
action waiting timing cunstraint
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Fig. 2 Timing constraint of state diagram
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Fig. 4 Diagram of ATM network
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card_in/
N send serial #

——4_ wai t_for_card "*——-—Pi check card S—
do:verift card card_ok/
T receive sign(s)
| card_not_ok
sttop | ] wait_for_password
= time_out do' request password

[ password_in/
password_not_ok send password

check_password
do:verift password

password_ok (6]
receive sign
R b : gnip
wait_for_operation_ |
time_out and_amount |
- { do'request operation

operation_amount_in/
send operation and amount

L balance_not_ok check_balance |
- do:compare account |
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e ——=-————=  handle_ok/ 0 Mo witaar balance_ok/ (b)
finish receive sign(h andle withdraw g | receive sign
do:reject card F‘""—*‘”“’J do:withdraw
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L_..recelve money |

T8 6. ATMS] JH %
Fig. 6 State diagram of ATM

(3 - =)
\ activity | MAX® | MIN action W_t
i verify cardiv_c) | 1 0.5 senc serial #(s_s) 05
request password(r_p) 5 05 receive sign(s) 0.1
; verity password{v_p) 1 0.5 send password(s_p) 0.5
|
request operation [ 5 0.5 receive sing(p) 0.1
and amount(r_o_a)
compare account ‘ 1 0.5 send operation 0.5
and amount{c_a_a) “ and amount(s_o_a)
| withdraw(w) : 1 05 receive sign(b) 0.1
eject card, 3 2 receive signth) 0.1
print receipt and )
receive moneyfe_p_m)

O 7. ATM ] o3 A =8
Fig. 7 Predictable time table of ATM
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2 2898 HWADE A Z3 oS3 Pk +MAX_t(c_a_a) +MAX_t(w) +MAX_t(e_p_m)
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+W_t(s_s) +W_t(s) +W _t(s_p) +W_t(p) +W_t(s_o_a)

+W_1(b) +W_t(h)
=1+5+1+5+1+1+1+3

+0.5 +0.1 +0.5 +0.1 +0.5 +0.1 +0.1
=19.9(%)

3 ATM Al A A 9 75 A
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7153 BAXE ZAASATE Al 2Y AA DAl A
= WA o] Hst= Aol del S§sle=stE 748
7] fla AA g 2R T A WX, 2
AT HAEL RESE ) 98 2z AHE R
UEiH o] 29 Al FEOZ Y ut. ojuf o]y
st A A S-S 2+zF ATM_ui¢t ATM_controlo] 23 &
b AE AF7)e] 2t ANEL A Gz AR 1
Zot AXFEF sleHolok ok AAEN 2187
9] QHFAI2E YElle FrERNEH F#8A9
(Balancy Query)& & A5 g7 AA 433

. p prmter‘
L — -

; d dxspldy

{1 )prompttn‘gngact ion(}

(3)get_account_info()

| |
i

RN S S
| uitATM ui |
A |

4 2WZE 78 = Utk 2Y 82 AEA T
TE A 3 A FE g g To|n},

AH 43284 2t SDLG 7|wte 2 sl 7
#al7] A AFo g AL AYEL SDL =&
MagR rdse a9 g 445 189 7%
F QB #H ol 28 AFTHOEN AL FF BE
¥l A2 #3HE shubel SDL 22 MM 2 183} 8
w Aol AHAe A% vk o AR 9
H ol 22 ATM _uio] th3t 7% "alAolth o7 3}
A A A E(Z, keypad, printer, card _reader®)-& SDL
EEAA TEFZM ebL

PROCESS ATM _ui;
FPARcontrol pid: /* the control process of the ATM */
CONSTANT card_poll=3*100;
password_ poll=30*100;
TIMER card timer, password _timer;

DCL card_data card_data_t,
successful boolean,
password password {,

transaction transaction_t.
amount integer,
account__info account_info_1;
STATE;

CALLask_for_card_form_user();

SET(NOW +card_poll, card_timer);

NEXTSTATE wait_for_card;
STATE wait_forcard ; /* waiting for customer to inserl card ¥/

INPUT card _timer;

(7)print_account_info(data)

{4)account_query_request()

' -—CT;: ATM__contréﬁ

il
| ]
mf Central Lomputer'

I

{ kiKetpad |

(6)account_info_data(data)

(2)get_transaction():Transaction

(5)account_query_data(data)

02l g dF Al thet A AT AE ref
Fig. 8 Object interaction grapgh for balancy query
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CALL slot_check(card_data, successful);
DECISION successful;
(true) :OUTPUT card_in{card_data) TO control;
NEXTSTATE check_card;
(false) :SET(NOW +card_poll, card_ timer);
NEXTSTATE-;
ENDDECISION;
ENDSTATE wait_for_card;

V." 7t

E =EolAe AAZE A" A aEsor &
o FAHES 437 A% A A A7 A
25 7ie o 2 OMT/SDL 7 by & #|etsl s
o At WS e AANTE A AT E AT
ABEE FAY M EsS NEY AT A
b Sl e EhA] #skd AAT FAES #
A% & ook B 2& AA BA dE H9 &
of HAI Al N EES B wRolA AT
OMT/SDL i 7he) vlize|ch o7 oM & & AR
©] OMT/SDL 74t W& 71 &) AAG Al 24 7
ool A el EkA] T AA A" Al
o] BAH &, A2 Al B A &3 A4t A
THSL AAY 5 AL & 2ok

V.2 &

AA A2 S AEetr] AsiM e AR A
g NRE AUA AAL 5L Sejserich

I 2 AN A2 N HYE el v

wetr B =EAAM e AA 25 AR A2 g
Wy o BA gAA AZbAGE e sjdd
OMTHH & At L, A DA M= SDLE ©]
28 7154 9MME 2 3E OMT/SDL &8
Agtslt. o) WY& BAGANM ITU-THA d
2shE OMT W9 3714 24 &, A4 =Y, 53
24, 715d Bd5E ol &t AAZF AL E #
Mate o gs B3, 53 RY¥ A A
Al2w o] BAQ A7 Ajok ALaHE F7helr] s
FHEY S REY Fe R o EF(activity)zh 33
Hlaction)ol] Zhzh A ZHA| Fg Fof o] & A =
¥ (predictable timing table)ol] A3t} 37, ol
EEE AN o F T ol&FogZN AjLwe]
3o & HAAIZHE A5 5 AU

AA AAAAYE Al 29 AA 9 A8 HA 2 74
H, AfA DA A2y dAGA G B
ol AE B 2d-g APAEFLSZA N2
Al 2w 873 (enviornment) 7+ 2ol th gk A u) 2 (ser-
vice/operation)9} 7 F| 7+ o] A} & 28 44 (interaction
sequence)& TARSIA Y, olwl fFE Aujio] gk
Alzedjore] ®E E-4l(communication) & Z4A 4
F A8 28 Z(Object Interaction Graph)E £3}d
YA FuA @A ARA dASANN &
SDLE& o] &3t AAZE Al2®l9] 71538 gaA
(functional specification)& 243 st} A A =13 4
AlZE Al 2" RS e A WS ARgtow
A AAA G EAGANN ] EAFolNd A7 A
T EAE AU, dAGHNME SDLE o &
g A¥A AN2" 715E PANte 2N AE

Table 2. Comparison of real-time system development methodologies

Ward & | Gomaa®) | Shlaser & {Rmbaughe)
MASCOT | Metor | DARTS | Mellor OMT Booch | OMT/SDL
FEEEECL N ® o | o ) D) °
Walxg) T2M A7
ETEE ot N N ¢ b I S B
zgA2 2AE8 A @ ® A | A A Ao
Azkeh 2 8 A ZEA o O 0 0 A O A )
o 9 ALak A O ] ] ] ] ] |
SZEL S AR ] - - L ° e ®
AZEY O] FA B4 7 ] A ® @ ® [ )
O: 2384 48, a:ad8A 23, @A
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Averifiability)& g = Ak E3 35t o
A3te Fate FRBRFEY] RolElAE THL
7))@

o, AAAG AAZE ALYE Agehzd o
o)A ZE Hojor & AzZHAISF o] 9o WL HAEL
NAs7) sk o MAstE WY A-Fsfof s,
H JolrbM e o] WHES CASE Tooldlsle] 44|
P A 2' g AR flof, Bok A2 vjgow A
A g ol Folof g Zlojut
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