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« ZAFERIL. John Fitzgeraldt& X (Centre for Software Reliability.
University of New Castle) DF@&EFROHPZEIERL=2 D TH 5.

o HERICHT->TII. LGERCERGHRELI=-DHEYTH S, I-F=LIRTEA.
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O-tq:%%ii&)f:o

o EDELIGEREAIVOFTIVERANT =0, 7+ DBZEESESHS
ETHELEITRALTINS,

o Fr RALHKELRHOFAEHEICEI. BREBEENBDTIL—T)—T4
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« VDM-SLD®IEZERBALI-D T, RIZEELT AR LUVEEBZOANR
L—A%ERBAT 5,

o TJA—TIILETILNIATEERELEBERMEEINOHAINSIZEXFB VL
TE5WLW =W, o TT—20OXRBIE. ERLGIA—VILETILEEHRAT
LHLETEEICEETHSD,

o BILFARL—EADEEREFTRL—E, BNAL—4
e FBEBIVFO—ILD%:

— 5|H%4 7 (Quote types)

— B4 T DHEE (Type union)

— BB 417 (Composite types)

— =223 4T (Token types)
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ARL—32&
op : 1L~ . . . *TITn -> R
EFEmal:T1,. . . an: TnIZHL T ROANEREINDEE. 2(
total) A RL—& &b,
op(al,. . ., an)
RORXDREZRELDL:TL,. . ., bn: TNHAFHETBLEE,
op(blm. . .,bn)

oplEE 5 ( partial) A RL—R2THDIEWLNVDHNS,
REBRELDELEEAARL—REHTH L5815 !
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Type Symbol | Values Example Values Operators
nat 0 ZaTLBAR% |0, 1, 2, +,-, %0 .
nat 1 nat O0ZFR< |1, 2, 3, +,-,% 0, .
| nt e ..-1,0,1, 2, .. +, -, %, 1, ..
r eal =Sk} -23. 334 +, -, %, 1, ...
char XF ‘g, '@ =
bool J—JLIE true, false and, or,

token |HEEDZLY Not applicable =
c—ov
quote ZRIfTE5H _

<Red>, <Bi o>
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| A =7 34 7 (Union types)

[ ] AT 3} L34 T (Optional types)
.. L a—kK4 47 (Record types)

set of _ HR%E & (Finite sets)

seq of AR —4 > X (Finite sequences)

map to AR~ vE >4 (Finite mappings)

A=FB84T BEIATEHEEALIELD(CORATOIER.
BEINF=ENDIDEIATTHAHAZEZRLTLND, )

AT2arINEAT  HFRIE nil ZEHTENTE D,
Li ght = <Red> | <Anber> | <G een>;
LightFail = Light | <Dark>
LightFail = [Light] = Light | nil
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SI2DDBYEBNKRHHOTLDIGEE. TNODEDIE—HDEEHDR T
NEIZHRTETNIEGZESE,

S2EFTHDRTINFRIZEY, WL T HE2—ADIEESHORTINEFIZLD
MDEE I, DE<EE5 UL LT RIEAESEY,

SIRRMNEBIZEYZENDFRICHLFETORIEDLELELSH UL T
TEBIELN,

Red » Green

Amber
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Li ght = <Red>| <G een>| <Anber >

e AALT<Red> [IM—D{E<Red>( RELIIEL)ZHF D21 TTH5H,
NIEEI RIS T EFEIENS, O T, RDKLSIZE(T5S:

<Red> : Light
<Red> : <Red>

SIRYTIILIE. — (=)D T —H(<>)TOATLE T HEMNHEKSD, :
X,y . Light

X =y
X <>y
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Tinme = real

F1-1X. BREIZZUMTEL.

Tine = I nt

FFEIICEALTARER I H LM ?

BZIE invt ==t >= 0
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Path = t oken

KAFEDRATORBEDFMANVETLHINMGE . b= 24T HE
A3hsd,

f—D 34 TERWNS—RIETARSA UL, ETILDOREENZ DA
TDEIZCT IR (EBCEEES-EELE) LGV TH S,

= 34T DIEIF=B LUV<>TE>TOHAEEEN S,

MO ERWSIGE

F—OUIFXETILEHRIETHEDTH S,
RRICAVTIAV LT BIGEICITBATDOHREERET H_EITHS,
EQORXRHNFETERIRBIZT AIEE I R TES(TRETHS),
BEZAWSCENEEINSEZETHZTDRK/INPIEFFENFEBEIZES
HULRY ., b= & FERTES,
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E#IIVDM-SLTlLval uesEMfEEIN5:
value definitions = “values’, value definition , { ;' , value
definition };
value definition = name , [ ", type ], =’, expression;
val ues
pl Path = nk_token("AlNorth”)
p2 Path = nk_token(" AlSout h”)
p3 : Path = nk_token(“A66East”)
p4 : Path = nk token(“AlNorth”)

o “‘nk_token"fBRFRIV)DFDEEDEDFEAIZELY. tokenDiiE
ZRI CEDNHFESZEITEE,

e BEIZEZIX. ZNIXISODIZEXEVDM-SLDILEETHY . IBEETIL.

tokenZ2A4 T DIEIFFRARSNT=Y . RSN YU ELZWNIEIZHE-TULNS

o
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Conflict :: pathl : Path

path? : Path  (BOFATEREY=(4fE

& B F(Constructor) T THD,

record constructor = mk_ ", name, (, [expression list], )~
mk_Conflict(nk_token("AlNorth"), nk_token("A66East"))

nmk_Conflict(pl, p3)
« ERF(Selectors)
field select = expression , ., identifier
FrEB. Fyb/—F7—23> HIZIE con: Conflict [ZxL con. pathl
o« FAZEHKE? FEOBYER>FENEAREEFIRZEGEE)LEL,
I nv nk_Conflict(pl,p2) == pl <> p2
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BALTConflictDIEZIERLTHDIZ. A THERFEERTHIENHE
éo

mk_Conflict(nk_token(“AlNorth”), nk_token(“A66East”))

FTICEZSNTzvalueEZZHAWLT, RO KSIZHEITS,
nmk_Conflict(pl, p3)
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Ker nel

| 1 ghts

conflicts :

Joogoogd

Li ght
set of Conflict

conflicts: set of Conflict =
{ nk_Conflict(pl, p3),
nmk_Conflict(pl, pd),
mk_Conflict(p2, p3),
nmk_Conflict(p2, pd),
mk_Conflict(p3,pl),
mk_Conflict(p4,pl),
mk_Conflict(p3, p2),
mk_Conflict(p4, p2)}
-
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| 1 ghts :

HlEA—RILDEFTEIVR—RDEDHI:

=1

Jooodddbbn

pl ->
p2 ->
p3 | ->
p4 - >

map Path to Light

<Red>,
<Red>,
<@ een>,

<G een> }

Joogoogd
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HED—RILDOFZER:

-

Kernel :: lights . map Path to Light
conflicts : set of Conflict

Il nv nk_Kernel (Is,cs) ==

RELTWSBYEDZENZENIZEEENGITIIE AL,
forall c in set cs &
c.pathl in set domls and
c.path2 in set domls

TNETNRELTVSBEYEDIEDVEDDESHIL. FERRLT
AV ¥ (HF A=Y AW
forall c in set cs &

c.pathl in set domls and

c.path2 in set domls and

(I s(c.pathl) = <Red> or |s(c.path2) = <Red>)

R EITRETH(reflexive) TH 5.
LEDFZEXZFHEIETL,
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f ( al, ... an) == "ﬁiéﬁtj_it
or e {REDRE(T— L)

SR xEIZEILI TSR
To&G een: Path * Kernel -> Kernel

ToG een(p, nk _Kernel (lights,conflicts)) ==
nmk_Ker nel (ChgLi ght (li1ghts, p, <G een>),conflicts)

tOBEDE=HDOEMELEALLE-EDTHEI="EEZEA. FICETZD

ZER L,

RIS DERIEGENHDIN?
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ToG een: Path * Kernel -> Kernel
ToG een(p, nk _Kernel (lights,conflicts)) ==

nk _Kernel ( lights ++ p |-> <Geen>},
conflicts)
Jﬁy?@té%j

pre -- EplXEB#LHD, --(1)
-- BYEpDESHOBTRIL. FTHD., --(2)
- pIZRELTWVSE2THDEYEDESHDOERIEIFTHD.--(3)

pre
pin set domlights and --(1)
| ights(p) = <Red> and --(2)
forall con in set conflicts &
(con. pat hl p => lights(con. pat h2)
(con. pat h2 p => |lights(con. pathl)

<Red>) and --(3)
<Red>)
ELLVODTTR(!)
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ToRed: Path * Kernel -> Kernel
ToRed(p, nk_Kernel (lights,conflicts)) ==
nk_Kernel ( lights ++ { p |-> <Red> },
conflicts)

pre p in set domlights and
lights(p) = <Anber> REEDIKRAZRANDLEITEN,

ToAnmber: Path * Kernel -> Kernel
ToAnmber (p, nk_Kernel (I 1ghts,conflicts)) ==
nk_Kernel ( Iights ++ { p |-> <Anber> },
conflicts)

pre p in set domlights and
|1 ghts(p) = <G een>
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Kernel :: lights . map Path to Light
conflicts : set of Conflict
| ast ch . map Path to Tine

EDEDEFDEILLI=5E DEFE]

I nv nk_Kernel (Is,cs) ==
domls = domlc and
forall c in set cs &
mk_Conflict(c.path2, c.pathl) in set cs and
c.pathl in set domls and
c.path2 in set domls and
(I s(c.pathl) = <Red> or Is(c.path2) = <Red>)
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ToGreen: Path * Kernel * Tine -> Kernel

ToG een(p, nk_Kernel (Iights,conflicts,|astch), clock)==
nk_Kernel ( Iights ++ { p |-> <G een> },

conflicts,

| astch ++ { p |-> cl ock})

pre p in set domlights and
| i ghts(p) = <Red> and
forall con in set conflicts &

p = con.pathl => ( |ights(con. path2)
(cl ock-lastch(con. pat h2)) >= 5)

\

fo_;_aél EDT, “lights &l astch
%9 B A DEEEFFER
pat h1=/g>TLy kY —BLTULVS

— 3 \—EITER -

oot

= <Red> and

LAk

CRELTOBEA
HRIZIEO>TMLES
NEIZLZESHDIZ5F

_
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ToRed: Path * Kernel * Tine -> Kernel
ToRed(p, nk_Kernel (Iights,conflicts,|astch), cl ock)
nk Kernel ( lights ++ { p |-> <Red> },
conflicts,
| astch ++ { p |-> cl ock})

pre p in set domlights and

| i ghts(p) = <Anmber> and

cl ock-lastch(p) >= 5

BAONRBIZE>THoFRITEAIZIXEHLLE

-
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ToAnmber: Path * Kernel * Tinme -> Kernel
ToAnber (p, nk _Kernel (l1ghts,conflicts,|lastch), cl ock)

nk_Kernel ( Iights ++ { p |-> <Anber> },
conflicts,
| astch ++ { p |-> cl ock})
pre p in set domlights and
|1 ghts(p) = <G een>
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S1: 2DMNEYENKRETHIEE. XETHEYEDSILDIDDESHEN
TR THITFTNIERSELY,

S2: EEHAFRITGLFE. RELTWSRYEDARIDESHENTIZES
FFfEE DRI, D ELRDENDZITNIEEDIE,

S3: EEHWMNERIZLGLIDE, TDEFTHNFITLELDEDMICET DL
L5 DENDNZFNIELRSAL,
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Li ght = <Red> | <Anber> | <G een>

BEKD ITATAV MDY G EF R EEHHEIZIENPT AEZ AT a)
IWEATH#RINS,

Li ght Fai | = [Light]

= <Red> | <Anber> | <Geen> | nil

RXODKXIZFETHD,

nil <> <Red>
nil : LightFail
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. Z'fjd)E%:?/r?"O)’//z‘R)l« EEZROTHESIUARL—4EE5Z

o ARL—AFE2EEMELNALL, SRR BLNEL, S REED
SEIE. 7TV r—aoh BB LS DEEZRSENKSICEET 5,

o HARMGAAT: B, XF.T—ILE. token, 5|HZAT

o FATHEBF1=7F>.L3—K, optionals, BERRES. > — 7V RBLV
TvELY
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