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Abstract

In this article, we report our experience of applying a lightweight formal method called
Alloy to Automobile Electronic Systems(AES). Usually, Alloy model-finding method is
used as a top-down approach in domain analysis or requirement analysis phase. Unlike it,
we regard Alloy as a reverse engineering tool and apply Alloy model-finding method onto
specification and design model. Actually, we constructed Alloy models and analyzed it
based on a specification of case study application to an virtual body system in AES. As a
result, we could reveal constrains, acquire domain knowledge, and analyze safety properties
of designs based on requirement specifications. Hence it can prevent oversights and help
to construct high-safety systems.
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open util/ordering[Time] as time
sig Time {}
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abstract sig Event { pre, post: Time }
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all t: Time - last | lone e: Event |
e.pre = t and e.post = t.next
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all e: Event | e.post = next[e.pre]
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abstract sig Switch { on : set Time }
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pred onLevel[t: Time, s: Switch]{
one s.on & t }

pred offLevel[t: Time, s: Switch]{
no s.on & t }
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pred onEdge[t: Time, s: Switch]{
one t & s.on
no t.prev & s.on }

pred offEdge[t: Time, s: Switch]{
no t & s.on
one t.prev & s.on }
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abstract sig Variable { true : set Time }
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all t: Time - last | no pre.t =>
true.t = true. (t.next)
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pred Event.setVariable[v: Variable]{
one v.true & this.post }

pred Event.clearVariable[v: Variable]{
no v.true & this.post }

pred Event.unchanged[field:univ->Time]{
field. (this.pre) = field.(this.post) }
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pred isTrue[t: Time, v: Variable]{
one v.true & t }
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abstract sig Motor {
forward, reverse : set Time

} no forward & reverse }
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module ABS
open util/ordering[Time] as time

sig Time{}

abstract sig Event{

pre, post: Time}

abstract sig Motor{

forward, reverse: set Time

H no forward & reverse }

abstract sig Switch{on: set Time}
abstract sig Variable{true: set Time}
abstract sig State{exists: set Time}

fact EventFrameworkConstraintsq{
all t: Time - last {
lone e: Event | e.pre=t
&& e.post=t.next
no pre.t => exists.t=exists.(t.next)
&& true.t=true. (t.next)

all e: Event | e.post = next[e.pre]
all t: Time | one exists.t

pred onLevel[t: Time, s: Switch]l{
one s.on & t }
pred offLevel[t: Time, s: Switch]{
no s.on & t }
pred onEdge[t: Time, s: Switchl{
one t & s.on
no t.prev & s.on }
pred offEdge[t: Time, s: Switchl{
no t & s.on
one t.prev & s.on }

pred Event.setVariable[v: Variable]l{
one v.true & this.post }
pred Event.clearVariable[v: Variable]{
no v.true & this.post }
pred Event.unchanged[field:univ->Time]{
field. (this.pre) = field.(this.post) }
pred isTrue[t: Time, v: Variable]{
one v.true & t }

K 1: 7V =47 —2® Alloy 258 (ABS.als)

Event: e

Time: t

Switch: SW

Variable: V

Motor: M
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HIEI TRz & 951z, BRERIRS V=F v 2k
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/¥ E—F—DEE */

one sig CloserMotor extends Motor {}
/% BFEAL vy FOEE */

one sig SmartSW,... extends Switch {}
/% BEDEF */

one sig OFlag extends Variable {}

/* REBOEEF */

one sig Init,... extends State {}

X 3: HERRESE O EdHl

HL, /XY MELTERI—FR7P 2 avhk
EZZNTNEHRT 2HENHY, 7V—>07—2
TEBRLIBEE (A4 v FOHARY RAEWEHD
BH%) 2HOCHBE LR T, K4k
EEBNOFlO—TERT. ZORTIE, YRAFAH
3 Reverse_Actuate JREEIZH ), PositionSW1 =
OFF % PositionSW2 = ON »2 OPEN 7 5
T =0ONDELE, ARV} I8BFKETS, ZL
TROREZNICBWT, OPEN 757 %7V 7&N
TEY, DY RT LDIREEDS Open_Actuate & 7%
5, INEZARVE72L—0 7= 2WTR5 D
&I IEiRY 3.

SEIOBEAEMICE LT, Ra—FTEKEL %
WY =S v & LCIRRIED 12, XA v FH39 -,
NEHEHN 1D Thot, £, ARV EERD
BUIFRITIRFICRE T B X a — T OEITHKET 2 53,
SR LA RV FOBEEIZ 24 H o7z,

MZT, ARVE7V =0y —2TEBRLTVE
W, FIHHRERICEE T 3 il — & — o Al
B9 214y, SERERIRIARIICEE S 260K, ¥ 75
REDOHII 2 Ll oV THERL 7=,

6 ETILORET

AFFE T, HEOEBIZOWTERZTo 7.
RELDFBE, EFVLDY S 2L —v av#EfFE
=7 T4 7ANRT 4 OBFD 2023 FeNnB,
ZITR, =7 T« Tungs g TEFHICS -
F7iZB» %20 I220nTliRs, 2o e 574
T BRI TSR & TS5 - F7h

THATRAT ) BICRET AHED - ERIRT, flzE, Ra—
TiC 15 #RETD L, EFLFOHNEREZI TS/ =F*D
BERAT15 $TERL CT2T

— 181 —



Reverse_Actuate
PositionSW1=0FF and
e18 | PositionSW2=ON and
OPEN25J'=0N
| OPENISITUF
Open_Actuate

4: REBEBB X DB D—EF

sig e18 extends Event {}{
/* HEHIGAE */
pre.el8_preCond

/x BREM x/

exists.post = Open_actuate
OpenFlag.clearVariable

pred Time.el18_preCond []1{
exists.this = Reverse_actuate
this.offLevel [PositionSW1]
this.offLevel [PositionSW2]
this.isTrue [OpenFlag] }

B 5: A X+ OFtdsl

vy 2ED XY ICEF R TERETIUL L W
EWV)EDRAL VMo TL B,

6.1 =XEA1

EPRE LTI, TETR) REEND B —EHE
KORECGHITHEYTE LEL, HEle Y%
FYAA v+ SPD 2T, GETHR) 2R TRE
isDriving AT D X ) ICEHT 5.

pred Time.isDriving [] {
this.onLevel[SPD] }

RIZTFG7 =Y F7HF» R D0 TERT
A5, ZORWUE, T =Y F 7T EwHiRk
MOBRELEZ 2EBHKS, & — 7 EHIHIG
3 2IREE (Openi, Open2, Open3) DTN DIR
BIZHDHEE, 75—V F7NBEC E£2 5L,
3B isDriving % IO TIU T QM D (R c % 3,

assert LuggageNeverOpened {
all t: Time | t.isDriving =>
no (Openi+Open2+0pen3).exists & t
}
check LuggageNeverOpened for 10
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L, FTHICZNEDA RV FBFELBEVI L E
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assert LuggageNeverOpened2 {
all t: Time | t.isDriving =>
no (e2+ed+eb+e8+el0+e26+e29) .pre & t
1
check LuggageNever(Opened2 for 8
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6.3 KA

£H 2 OfWER»S, 20— X{EgHiREE
(Closel, Close2, Close3, Closed) IZHBWTA2—
FAAL Y FBHTINDE T — A %R EWIHHHRE
B UTOBYRH2 2EHKT 3.

pred assumption [t: Time] {
exists.t in (Closel+Close2+Close3+Close4)
=> not t.onEdge[SmartSW]
}
assert LuggageNeverOpened2’ {
all t: Time | t.isDriving && t.assumption
=> no (e2+e4+eb+e8+el10+e26+e29) .pre & t
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}
check LuggageNeverOpened2’ for 8
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pred assumption [t: Time] {
exists.t in (Closel+Close2+Close3+Close4)
=> not t.onEdge[SmartSw]
exists.this in (Close2+Close3+Close4)
=> not this.onEdge [CurtesySW]
}
assert LuggageNever(Opened2’’ {
all t: Time | t.isDriving && t.assumption
=> no (e2+e4+eb+e8+el0+e26+e29).pre & t
}
check LuggageNeverOpened2’’ for 8
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27 REERT B,

pred assumption [t: Time] {

exists.t in (Closel+Close2+Close3+Close4)
=> not t.onEdge[SmartSw]
exists.this in (Close2+Close3+Close4)
=> not this.onEdge [CurtesySW]
exists.this in Close4
=> not this.timeCondition[T2]
}
assert LuggageNeverOpened2’’’ {
all t: Time | t.isDriving && t.assumption
=> no (e2+ed+eb+e8+e10+e26+e29).pre & t
¥
check LuggageNeverOpened2’’’ for 15
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