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Description Techniques for Reusable Components and
Interfaces using Formal Methods

Dongsu Seo!

ABSTRACT

Correct descriptions for software component functions become a strong requirement in developing critical software especially on the area of
real-time applications. In this paper, we introducc both formalization of software design using patterns and verification methods in order for

the components to increase their understandability. In particular, the paper investigates into a means of formal description techniques based on
VDM++ for the software components, and provides adequacy proof steps for a given functional descriptions.

Key word : formal methods, software components, design patterns
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ComponentSpec . AbsSpec : AbsVdm++Body
ConcSpec : ConcDef
ConcDef .2 Refiner : RefVdm++Body
Theory : TheoryBody
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Type : TypeNarme — TypeDef
State - [ ObjectState]
Method : MethodName — MethodDef
TypeDef:: Name : Type
Inv : {ExprDef}
Type = BasicTypel CompositeTypel
UnionType|SetType|SeqTypel
MapType| FnType| TypeName
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class BoilerMonitor
instance variables
IdNum = {1,-n}
Mode = {(ON, OFF}
MaxP : nat
MaxH : nat
State :: sensor . IdNum-set
pressure  nat
heater : Mode
alarm: Mode
alertPos ! IdNum-set — Mode
olff, nate AEF YL, IdNum-set & IdNum 2.2
T Az A EldYS BHe) Boiler Monitors] At
& BuRz Az} ¢ l“%—‘i—% “dertPoso] EAHE 5
= BEA YN HF Fo YR} Hojop g ol
™ ol g Zo] XA
BoilerState = State
inv-BoilerState(s) : = dom(s.alertPos) E s.sensor N\

mg(s.alertPos) < s.alarm
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AoZE WA, ANE AE F 98 54 oge Az
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alert (s) : =
ext wr s : BoilerState
pre true

post (salarm = ON ) &
( = (s.heater = OFF) A (s.pressure = MaxP V

tempr = MaxT ) V (s.alarm = ON)) A
s.sensor = s.sensor /\ s.pressure = s.pressure A

s.alertPos = s.alertPos Arng(s.alertPos) = ON
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pre-m ! State — B

post-m : State X State — B
Vsi1 € State * pre-m(s;) = 3 s2E State * post-m(s;,sz)

BoilerMonitor 849 w&4 S4E A8t HApre-dalert
o} post-dlert® 34T Bort U} pre-alert 7134 9
3 true2 FoA W post-dlerts F Z7 FEE o435}
& e 2o AR Hoa.

post-alert (s, $): = (salarm= ON) &
( -~ (s.heater = OFF) A (s.pressure > MaxP vV
tempr > MaxT ) V (salarm= ON)) A
s.sensor = m A s.pressure = W A

s.alertPos = s.alertPos A mg (s.alertPos) = ON
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4 Abs g
248 (retr) 74 5}
: (rep)
Cong;, -+, Concn

(3 1) FHi=tet Fostel 24

(2" DI Zol AXHEY F4 7|5 Absot 2= &
o] FAEE 7HH WA Concd #AE HHB/E A1
F4 71% a AbsE TAHOR zHEH £ 4 gl gy
TA BE 1, I, iEConcol EATT & o) o] Alo]
i 2 99 § e #A MAAo shEsith o)
AbsZHH ConcE9 7t EAE A% o1& 38 &
(representation function) repgt F 21 o]¢} Widisl=
ag st ¥4 E YA S(retrieval function) retrgl B
&t}

& retrg A9 Jbssttte AL L it 5YE AHxE
VE A g AbsE A4 8 F A&E HAFE Zol1 o
g ey A8 FHE 9 2 AAs AP BE
& o] 2 A (adequacy) S0l Foh

rep : Abs — Conc
retr : Conc — Abs
Va &Abs ¢ Ji € Conc *retr(i) =a

oo HWE WEES FAHAHOE M9y g 3
A9 BoilerMonitor %A 3t 74 G 2N a3 Z
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dsgtoll o] Value B2EE AHE3T, d2Ee e &
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class BMRefined
instance variables
Value= {1, -, max}
Mode = {ON, OFF}
StateR :: sensorl ! IdNum»
pressurel - N
heaterl - Mode
alarml : Mode
alertPosl : I[dNum* — Mode

BMHRefinedState = StateR
inv-BMRefinedState((mk-StateR(sl pl hl all,aPl)) : =
Vi: NI « (i Einds dom(saPl[i]) Ni Einds sslfi]) =
(s.s1[i] = dom(s.aPifi]) A (i € inds mg(s.aPI{i]) A
i €inds s.all) =(s.all = mg(saPIfi]))

inv-BMRefinedStatex= BoilerState *3¥1E& 4% Sl
94 jno-BoilerState YEFZWE 9] ZAES H 3
m oluf HAd el ¢ indst F2E W 94 ¢
2 2L Adag wdse BFE inds s={1,
o2 Hognt
BMRefined®] AdE 7t
AHEYE g3 2

o o

-, len s}
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HAE newAlartd AYE

newAlart() : =
ext wr s ' StateR
pre true
post ((salarml = ON)
( =~ (s.heater] = OFF) A (s.pressurel > MaxP V

s.temprl > MaxT ) V (s.alarm = ON)) A
Vi nat «i € (inds s.sensor{i] = s.sensor{i]) A

s.pressure = s.pressure
Vi € (inds salertPosl{i] N inds s .alertPosi[i]) =

inds s.alertPosl{i] = inds s.sensorl{i] V s.sensor[i]

BotlerMonitorel W3l BMRefined’} AAY HAze

e FH) AdAE (FY 4108 22 ANES retr-
BoilerState : BMRefinedState — BoilerStated] &3+ 497}
g a3ttt

(A 9] 4.1] retr - BoilerState 352491
retr-BoilerState (mk-BMRefiened(sl, pl, hl, all, aPl)) : =

let sensor =slifi],
pressure =pl,
heater = hl,
alarm  =all,
alertPos = aPlI[i]

in mk-BoilerState(sensor, pressure, heater, alarm, alartPos)

retr-BoilerState 34> #3 A& nuzd thed e

2 349 F g2E 9 BMRefined’) I3 942
°olFo1R BozlerSL‘ate«] Yool HEHAEES st HAFTFY
A& zteth ol2ld retr-BoilerState ¥t ANSER
A RS AQME HAFY] YHME dH FERAYS
"R ok 9x FAGAE 4P wgdds THE
7l AdME olE Y BAE EEE F de ANES

Y70 ot THALE ZEHE L ETOIA EM 78 AF 67

retr-BoilerState®] TAH Ao vehte ZE Ao o
3 A9 Jhsdol @t F WHAZ, BE 5, & BoilerStatee
retr-BoilerState &0 1 g8 AFd F+ od d2 s
€ BMRefined 7y EXAEE A& T Jd40) 950
oF gttt

i

(A& 4.1] (retr-BoilerState® A 2J7154)
sBMRefined ° retr -BoilerState(s) : BoilerState

[Ag 42] (retr-BoilerState®] A 334)
s1 EBoilerState * Js;EBMRefined »
s1 = retr -BoilerState(sz)
ol g A AFH AE F
< &3 2

(el 4219 A3y 59 A4

(A2 4219 &4

HA (Y 4218 F937] A8 dag A dAEs 9
of 2 BoilerState$t BMRefined?] R ejojtt o] A9
o g2 3" Yehd wAe swkee [T 41, T4
4212 Aodd

[&8 4.1] BoilerState-formation :

{(al : IJdNum-set), (a2 : nat), (a3 : Mode), (a4 : Mode), (a5 : IdNum-
set—Mode)}
| mk-BoilerState(al a2,23,24,25) : State

(33 4.2] BMRefined formation

— Mode)}
| mk-BMRefined(al, a2, a3, a4, a5) : BMRefinedState

’ {(al : JdNum®), (a2 nat), (a3 Mode), (a4 Mode), (a5 : IdNum»

@ 2 =5 He 2 39 Bl AARY BERE
3 g2 fFREy g3

BoilerStatel g AM34 retr-BoilerState 34+
olm] [ 41l vehton BEES rep- RMRefined)
BoE g (B 42l vebdd

[H2] 42] rep- BMRefined :

rep-BoilerState(mk-BoilerState(sensor,pressure, heater, alert,
alertPos) : =
let sl = mk-List(sensor, n),
pl = pressure,
hl = heater,
al = mk-List(alert, n),
apl = mk-List(alertPos, n)
in mk- BMRefined (sl, pl, hl, all, aP1)

@, mk-List(x, n) &<
g A4 AlFl= s:}-’u‘—°]‘3‘r.
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[&% 4.3] -Introduction

, seX : E(s/x)
| 3xeX-Ew

[R.z2A7 41] rep-BoilerState

‘ {(s : BoilerState)}
‘ (rep-BoilerState[s]) : BMRefinedState

(%) [(A4217 [T 4119 o
[B.%A ] 42] retr-BoilerState

A4 wxd

) {(s : BMRefined)}
. (retr-BoilerState(s]) : BoilerState

(39) (4113t (38 4210 A% AH =

[R%A4 43] rep/retr

| (). (6 BoilerState))
‘ (retr-BoilerState(rep-BMRefined(s)) = s)

(9) [(RzAd 41, 22A)F 42]9 H&o2 BM
Refinedsl et 2= % AWA = sensorld] W3l
(rep-BMRefined(s.sensor)) = mk-List(s.sensor, NS %4
g ¢ Yok e oz A HERl pressure, heater,
alarm, alertPos $9ol tlA% z2t7 o4 tj-dete HLE
ol AL FYS PHog FEF & Utk

ol49 FYY BRYERE o AL F (B
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h s : BoilerState 714 h
1 (rep-BMRefined(s1)) : BMRefined
(49 42], 714 h
2 retr-BoilerState (rep-BMRefined(s))) = s1
(2zA# 43), =291, 7F4 h
3 s = retr-BoilerState((rep-BMRefined(s1))
AHHE, 28 2
4 sp: BMRefined « (si = (retr-BMRefined(s2)))
[#8 43], 29 13
w&} A, Vs BoilerState » 3 ssBMRefined * s; = retr-Boiler
State (sz) #A7} 4 HE
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B9# 2UE e (Boiler Monitor Pattern)
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e Functional Description in VDM++

class BoilerMonitor

instance variables

IdNum = {1,-,n}

Mode = {ON, OFF}

MaxP : nat

MaxH : nat

State :: sensor : IdNum-set
pressure - nat
heater : Mode
alarm : Mode
alertPos : IdNum-set — Mode

BoilerState = State
inv-BoilerState(s) : = dom(s.alertPos) &
s.sensor A mg(s.alertPos) € s.alarm

methods
alert (s) 1 =
ext wr s : BoilerState
pre true
post (s.alarm=ON ) &
(—{sheater = OFF) A (s.pressure > MaxP V
s.tempr = MaxT) V (s.alarm’ = ON) A

HE7|H0l oSt AR HIHWE 3 EHOIA BM 71 A5 68

S.SENSor = s'.sensor
s.pressure = s’.pressure A
s.alertPos = s'.alertPos A
mg(s.alertPos) = ON

end BoilerMonitor

class BMRefined
instance variables
Value = {1,"-,max}
Mode = {ON, OFF}
StateR::  sensorl : I[dNum*
pressurel | N
heaterl : Mode
alarm] : Mode
alertPosl : IdNum* — Mode
BMRefinedState = StateR
inv-BMRefinedState((mk-StateR(sl, pl, hl,
all, aP1)) : =
Vi:Nl ¢ (i €inds dom(s.aPl[i}) A i € inds
s.slli]) = (s.s1[i] = dom(s.aP1[il) A
(Vi €inds mg(s.aPli]) Ai € inds s.all)=
(s.all = mg(s.aP1[i])

methods
newAlart() : =
ext wr s : StateR
pre true
post ((s.alarml =ON) &
(~ (sheaterl = OFF) A (s.pressurel > MaxPV
stemprl = MaxT) V (s.alarml’ = ON)) A
Vi‘natei€ (inds s.sensorfi] =
s'.sensorlil) A
s.pressure = s'.pressure A
Vi€(inds s.alertPosi[i] N inds
s'alertPosl[il) A
inds s.alertPosl{i] = inds
s’ alertPosl[i] V s.sensorlfi]

retr-BoilerState (mk-BMRefiened(sl, pl, hl, all,
aPl)) 1 =
let sensor = sl[i],
pressure = pl,
heater =hl,
alarm = all,
alertPos = aP1{i}
in mk-BoilerState(sensor, pressure, heater,
alarm, alartPos)

rep-BoilerState(mk-BoilerState(sensor, pressure,
heater, alert, alertPos) : =
let sl = mk-List(sensor, n),
pl = pressure,
hl = heater,
al = mk-List(alert, n),
apl = mk-List(alertPos, n)
in mk- BMRefined (s1, p}, hi, all, aP1)

¥ s1&BoilerState » 3 s;&BMRefined * 51 =
retr - BoilerState(s)

end BMRefined
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@ Related Patterns
« Nuclear Reactor Controller patterns €243 wai
shutdown Al2#e] 7152 A&d Ao AXIE

« Control Software Process Boolling pattern #|0} &
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