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Verification method and Simulation of Object model
Converted to Formal Specification
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Abstract

In this paper, We define convert rules from objects and relation presented in object model to the
state and operation domain in formal specification. Namely, object and relation in information
model conveted to state domain in formal specification. State, event and behavior converted to
operation domain. And that way informal object model change to formal language, it can be verify
through formal method. Verification process make an offer convenience and confidence in software
development early phase. And we implement simulation tool in order to verification method of
formal specification and to consistency verified model between user’s requirement. It is possible to

select the suitable model and reduce the costs and efforts on software development.
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x|z S VDM
2| Record Type, Set Type
&M Fields of Record
pazstel=l
2y Map Type
AN Recorde| &5
AEl Pre or Post
O[HIE Operation or Function
SHnd
ol Pre, Poste| HAZ A Bist E3
S PostE TH&sh= =2 itz

Is

component
of
1. Part(P) RS 2. Appliance(A)
e y >
*part number Is *model number
*part manufacture mfade *appliance
- price o manufacture
- description - appliance type

3. Composition(C)

*part number
*part manufacture
*model
*appliance

T2 2. ciofict 2lide] Fximd
Fig 2. Static Model of M:N Relation

(a) Part(P)

Part Number Manufacture Price | Description
103 GE $100
21 Seara $523 | Not in stock
986 Radio Shack $345

(b) Application(A)

Model Number Manufacture Type
176A GE Washer
92AB Maytag Dryer
12345 Sears Cleaner

(¢) Composition(C)
Part Part Model Appliance

Number | Manufacture Number Manufacture

103 GE 176A GE

103 GE 92AB Maytag
21 Seara 12345 Sears
986 Radio Shack 12345 Sears

T2 3. TN ZEe] & of
Fig 3. Information Example of Static Model
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part-set : Set of Part
Application-Set : set of Appliance

Composition :: IsMadeOf : Appliance Lk Part-Set

IsCompositionOf : Part i Appliance-Set

inv mk-Part-Set(made : IsMadeOf) &
Vpart;, part € rng(made)
dom (made [> part;)) = dom (made[>part;)

inv mk-appliance-Set(Component : IsCompositionOf)
AVappl;, appl; € rng(Component) dom (Component
[> appl;)) = (Component [> appl;)

T2 4. ¥ zdo| VDMez Higkel Zn}
Fig 4. Converted Result Static Model to VDM
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Current state :="entered”

2. Back ordered

Tell the customer that the item is a back order
Order the catalog item from the manufacturer
Current state : = "back ordered”
K4:Supply received from manufactureer(customer 1D,
catalog number, item number)

K2: Fulfill order (customer ID, catalog number, item
number)

3. Item Shipped

Pack and ship items with invoice
Current state: ="item shipped”
K5: Payment received [customer ID, catalog number.

item number]

Delete item order

)

Part = { (103), "GE”, $100, ”” (21, "Sears”, $523,
"Not In Stock”), (986, "Radio Shack”, $345, " }
Application = { (176A, "GE”, "Washer”) , (92AB,
"Maytag”, "Dryer”), 12345, "Sears”, "Cleaner”) }
Composition = {((103, "GE", ) -» {(176A, "GE"),
(92AB, "Maytag”)} ), ((21, "Sears”)-) {(12345,
"Sears”)} ), ((986, "Radio Shack”) -) {(12345,
"Sears”)} ), (12345, "Sears”) -) {(986, "Radio
Shack”), (21, "Sears”)} ), (((176A, "GE"), - {((103,

"GE", )} ),((92AB, "Maytag”) -) (103, "GE”, )} )}

T2 5. VDMolM === Za}
Fig 5. Extracted Result from VDM

K1 : Item order made(customer ID, catalog number)

K3:Back order customer ID, (customer ID, catalog
number, item number)

Create Item Order witn catalog and new number
If Catalog Item Quantity On Hand -) o then
Decrease quantity on hand
Generate K2: Fulfill order (customer ID, catalog

number, item number])
else
Generate K3: Back order(customer ID, catalog
number, item number])

32| 6. Item Orderol| Cist 5% =&
Fig 6. Dynamic Model of Item Order

Customer ID, Catalog Number, item number,

current state®] WI7H] $4< Felsta U= TtemZA 2
AR (a¥ 6)¥ 2t ItemOrderst ¥ A
Catalog®l 4EHE 73 GAE AX7 e %ol oe
A T4 v2 AAS] e HolEo Tletor Fd
4 St

(a) K1 : ItemOrderMade(100,120) °JHlE %A o]
ze] A e HolE

Customer ID | Catalog Number |Item Number | Current State
240 RES123 234 Entered
124 BOOK14 11 Entered
688 CD789 567 Back Ordered
135 RECORD12 135 Item Shiped

(b) K1 : ItemOrderMade(100,120) °|HlE %A o]
Fo] A FH elolE

Customer ID | Catalog Number | ltem Number |Current State
240 RES123 234 Entered
124 BOOK14 M Entered
688 CD789 567 Back Ordered
135 RECORD12 135 Item Shiped
100 120 145 Entered
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Customer ID ﬁitr:g)egr Item Number | Current State ArgEleld e AR Bedae] Avkedl A Rl
240 RES123 234 Entored | 01 WA BEAle] A A Al i) e e2
124 BOOK 14 m Entered Holm olgfdk AEks fjsle] AlEH|d =FE (Id
688 CD789 567 Back Ordered | Q)s} 7o] x| wdl A7) Hol AlBgold A7)z
5l
135 RECORD12 135 lter Shiped | T 8015
100 120 145 Item Shiped
02| 7. 24| Item Order2| AlEluis} nfE
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Fig 9. Simulation Tool
ItemOrderMader (¢ : Customer , cn : Catalog Number , i :
ItemOrder) (1) ZA| 2= HE7|
ext rd: Catalogltem : ItemofCatalog N Td WA= A 2] S oElo Al
; Catalogttem | flomof A 29 BN A A A4 2EE 99T
post : i € ItemOrder-set and i,CustomerID = c.CustemerID F JEE golojaH s A ]% sit), HH7)oAM Algsle o
and o o o] A1 mulofx 29l =
i.CatalogNumber = c.CalogNumber and i.itemNumber 1e123& 00A] g =4 ] 1882 ke aas 3
= rand) 4 wdd Wew s ehw THEt FR B
and if Catalogltem.QuantityOnhnd > 0 %_g_é Jg_il—\: l']xﬂ “(}%"é IS’a J\’l’%/\oqo]tq, %—;_;gl Et_]g]

then post-FulfullOrder(c,cu, i.itemNumber)
else post-Backorder(c,cu,i,itemNumber)
and i.Status = “Entered”
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Fig 8. Converted Result Dynamictatic Model to VDM

IV. AlE2jo]Mof| 2ofet 2ol HE

B ERoE 84 WAE sl AH A% B4 w
9e] 4%S FFsel sk, o] mdsl ARl SPARY
29l 8% 99 Aol BAL FaelAT. o 97
o el WYEE 74 Zeeege Aol ool @
AsHEe APETY Bed 94 BERC: uAs)
AgAe St ABgel TS FANL F e B4
A7 m3E ABFozA Ve dusels sie] xz
Erlle] 2 ARYE 2T 5 Ak

4eg 9t g, e ol oldE, YE5olr
olelg 848 AT S 47 BAYT 5 9t
5 AFs] B ANEG AR 7] Yeom
e & gl guE A4

(2) 5of
Hols AR 18 3PS HolFt A

gron $ase] o ¥

# 10)(2% 1] Hold]
O AEHIH Y sk
@ Qs ze] e A gk
® FAHEAES

2

(3) AlzEllolM Az[7|

Algdlolde delsta ARgAtee] 43 #8-& At
Hog o Algdelde 2AE
4

Heoz o
Fhera, Az ML SR A S

o rir
ol



FAUAE Ny AArde Ay ABYold 129
Adsto] Holg dog] AA AlgdeldS 'dsle]l 12 o »FES 4u, Lold AP ¢ xS 3} = B
I5 Ho5 Balo] HojFEr) o] e Walyys 7t AAele] ARYE Vnow B}
3tk AlEH e ETE o] gdlo] AlgAle] aT7ARNS
SEsln AP S AZFdorA e ndAe 7)F2S
— T A s S Al gusie Adeas
= {  AHEE) mRel AhgAsh 1ARE ABE Qe ~E &
Oven 1 . X]UE]' _/v': 9\)\1 E_té]oﬂ ]:H?l’ OléﬁE—g— —%‘—J/\]%—T— gll__‘: x(};g
Power 1 A St 1. ldle with door closed [
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e [ e P T——
4. Cooking complete =
ct timer for 1 minute + o =S
Generat L1 o o V. 28 ¥ % A7IH
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= a dows Applicatio v~
=| File Edit Vi S i Window Help L3
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Oven 1
ven vi|ve| vi| v
Power1 00 1. ldle with door closed 2 X 5 X
2. Initial cooking period 3 4 [ X
Light1 . .
3. Cooking period extended 3 4 [ X
4. Cooking complete X X 5 X
5. Idle with door open X X X 1
6. Cooking interrupted X X X 1
3
- +
[Set timer for 1 minute [kl
(Generate L1: Turn on light[light ID] =
+|Generate P1 : Energize power tube [power ID] 3
« 4 e[ T 3
Ready |NUM|

T2 11. Oven Zixe| A FMo|zkd
Fig 11. State Transition of Oven Object

42 NEefolMd Ee| 73

(18 10)& Oven, Power Tube, 18] Light® T
A AR mdg AA 29 ARV oldd] 1de 3
Holth, (I 10)2 AlEdold =79 A3 sipioz
Oven, Power Tube, Lighte] 2#|= A <l AE
23leto] & Holu it

& gAmds sAuds

72}

of
=OI¥‘
r—>~
H
i
)
=
=)
2
.
g
e

)
offt
>

g AEA” S AT
Al

o
oX
oflt
2
-0,
Y,

N
tlo

i
o
of
>
ol ™

oflt

ok

i,
ok
X

4
fd

<

g

£

fu
e B

e

_(?L

b

)

“\I

i—l‘;

ng a2
2 o
o [
ofN

1k

4 o
30,

o,
=k
re
-
it

o
o\

tlo

olN
ol
=

e
[
o

¢
o ox
F

Bl

e o
ol
o,

o
o
i‘% =
=

o\

e
k)
o
)

md2o AZ7AZ gHr). o e
B} A3 A Al S HAR Algslees 23

A A2 oln] HeE AA Bdg Aol
A ETE olgslo] ARSAe] Akl Fihelke RdE
e ¢ == sigirh. AlEdelde AA 2dgel 4
TEQ FE 2l 72 Zdg FEele] Axmhel 74
AR FE AeE FAA A 2Pz AFdie], )
WAET} AHGARERE oA el wkE A SR

2 4 9k
35 APARE B wRe Agual duE B9
BE I BUS FARAZ MBI BAT 5 gt
i BA Addor @k
o2 @l Sl mde] AFHEF 2L A B



130 EFE 74::}:1 ]:Eéﬁ‘!—‘El uH'H)LwL (2007 12)

S i

ot

(1) o]3%, &ZESo] AAES 913 A =mdy 7]y,

w3}, 1993

<, A, Aol g AR Mk Wy,

S AFE Baks] =] AI8H 435 2003 128

(3) Sally Shlaer and Stephen J. Mellor,
Object-Oriented System Anaysis : Object Life
Cycles Modeling the World in States, Prentice
Hall, 1992

(4) Chris Casey, A Programming Approach to
Formal Methods, McGrow-Hill, 1999

(5) Martin D. Fraser, Kuldeep Kumar, Vijay K.
Vaishnavi, “Informal and Formal Requirements

(2]

oo

U

Specification Languages: Bridging the Gap,”
IEEE Transactions on Software Engineering
Vol. 17, No. 5, May, 1999, pp. 454-466.
(6) Robert B. Jackson, David W. Embley, Scott N.
Woodfield, “Automated Support for the
Development  of  Formal  Object-Oriented
Requrements Specification,” Proceedings of 6th
International Conference on CAISE'94, 1994
Jeannette M. Wing, “A Specifier’s Introduction
to Formal Methods,” IEEE Computer Vol. 23,
No.10, September, 1990
(8) Peter Lindsay, ” On transferring VDM
verification techniques to Z,” Technical Report
No. 94-10, Department of Computer Science,
University of Queensland
Charlie Alfred and Stephen J. Mellor,
Observation on the Role of Patterns in
object-oriented  sw  development,  Object
Magazine, 61-65, 95
(10) D. J Chen, "A Model driven apperoach to accessing
managerial information: The development of a

7

)

©

repository-based executive information system’
J.Management Information system, vol 11, No 4,
33-66, spring 95.



