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VDM : Edih 1 AX—2 (1)
A7 MER

class EventManager Al DIk in ] ot
instance variables (VDM++E35

"B %S 3D
T — R %ZREF (set) |
rooms : set of Room := {}; EWOHRT—FiEE

Th3aE = : —
events : set of Event := {}; ERFEEFRUC LY
inv (forall ev1, ev2 in set events &

evl <> ev2 =>
evl.room <> ev2.room or ev1.date <> ev2.date);

users : set of User := {};

reservations : set of Reservation := {};

inv ... =0 e

e 22ONDA NV MHE LB,
operations EILERIICThNS T &b

O E WD DD
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VDM : E2ib 1 AX— (2)

public searchUsersByEvent : Event ==> set of User
searchUsersByEvent(event) ==
return { res.user | res in set reservations &

res.event = event } SR EER S Tk

pre event in set events;

— IANCREHT EWND,
CDFRIEMNIE L K EITATAE /SRR
{7 C % B AR (EITHES I LB

public sortEventsByUser : set of Event ==> seq of Event
sortEventsByUser(event) == is not yet specified
post forall i, J in set inds RESULT &
i <(% => RESULT(i).date < RESULT/) date
N (RUEDOUR MEBONTIE, ARV A
HAHRVIBICIEA TS T & 75 EBEET
(HRAfF 9 S R1THaRCIT Z5c1h)
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VDM : YV —JbA A=

F0720HE) 7D wyw PO RGO AT

DNagE @go jul DEHE GAE®Q=SN
RN R Eﬁiﬁauamﬂi

:"V i [e[E)(=] | @ =mo1>K [ ,r ‘/9 7" U 9 75)\5

Jodzhk | D32 > print new EventManagerTest test 1()

' - > cl N
VDM View I Java View | Thec fzslmng classes are defined: X I\ % \/ W I\\\ u¥ U\\
h32% W B G+ Java (BE g ; == -- - EventManager ] / tH l

@ The VDM++

o3 E EmntMan_?_ger('I;est 10
fi print new EventManagerTest() test
EventManager ﬁ (no return value)
> print new EventManager Test() test1()
EventManager Test S Z¥t-ishikawa¥Documents¥current¥GRACE+ TopSE¥F M¥lectures¥SEintro-F M-5¥EventManager vpp, 1. 29, ¢. T:

Run-Time Error 58 Bai&40iF @it R aleeTH
;; tcmft wréte wvdmtc
\J— S rtinfo vdmtc
@ V-RIAYED E 0% 0 EventManager drawlots
| EventManagerTestvpp | EventManagervpp 1008 & EventManager register
T = =

100% 2 EventManager EventManager
8 "]Uu%% 02 Eg'enthﬁnager _id_rawLotsllmpl
& inst jibing =5 N TR ) ventManager Test test
& instance variables -- { ARV ATHEERI 02D 08 0 EvertManseerTest tastd R FEENY L
ll private registered : set of UserlD := [k - &1& 0% 0 EventManagerTest testd / \ [/ \\/ \/
1-HNES 0% 0 EventManagerTest testd L
12 private capacity : nat; -~ /A MIBRES
:i inv card registered <= capacity; Total Coverage: 258 )
15: >
:? operations -- I#{EEZFI 090
18: - TUARSHR
ég Eubllth:nfventb::dana)eer :(nat ==> EventManager ( <
. EventManagericap) == 1 S
g; ) capacity := cap 1B TAOR1
23" T — Al
2~ IEENEL (O HCHUSMBATS o 5- &=
25 public register : UserID = (1% Line 1. Column 21
2 reg|s1er(use|:)_-- [{1): Z¥i-ishikawa¥Documents¥current¥GRACE+ TopSE¥F M¥lectures¥SEintro-F M-5¥Ever
%é reglsteaed regnsdtezed union {user}
- pre card reeistered < capacity
28 and < m
32 user not in set registered; | |
32— 3}1;&"51’1.7' #{E?J%‘}ﬂ\b,gf %J%%i%[i%‘?m,\ Eﬁi-siiiéﬂﬁm?ni[)ocumenlsiﬁcwrenw(iRAOE*TupSE¥FM¥[eclures¥SEintm-
3% - 1AM - RL, A A Moxd 0 % -5¥EventManager v
o AT - AR S B S Run-Time Error 58 Baiai$OiFBERENalceTT 7|<1q:
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b

SRTLDE

forkOAZZLNTLN =5 RART

(=GETHD) (EETEE ) A VERT

EF ZEE AF . fork2 AN
fork2MZELvTL V=5 3%@*&%%:(/\75\

(ZCETHED) N5 d#dp D7
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SPIN : JREEEBZDET IV (24F)

p2&F
fork0 : ZE&E g
forkl : Ze& pLEF
fork2 . Ze&
POR PO
pO?EEF/ - . fork0 : p0 (HF)
. fork0 : p0 (HB3F) fork1 : p1 (HF)
forkO : EP (BF) fork1 : ZE=¥ fork2 : p0 (&£3F)
forkl : ZB&E fork2 : p0 (£F) |plA
fork2 : ZB¥E p2EF /
S

fork0 : p0 (BFE)
fork1 : Z&EE

fork2: p2 (BF) |
ESES p0 (BF) fork0 : p0 (BF)
(BF) fork1 : p1 (BF)
% fork2 : p2 (BF)

A =4
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SPIN : =23hE|
mtype = {p0, p1, p2, none}; S H
mtgge foniﬁ[3]p= ngne; } SIS
. FRFHIC, TH+—TH
active proctype POOR ZNT VBT SRR
: atomicifork[O] == none-~==T10rk O] = pOi;
21 = — po -

atkq)mic fork[2] == none -> fork|2
fork(2] = none; IBN%]1 C &Lié\ 2|0)
fork[0] = none; ETIVECRETIE
od HUVDTHERER
b SR Y —IVEIT

[ ] (fork[2]==p2 -> <> fork[1]==p2) IFELTOOE%#E,

P2OGFDT7 1+ —20E 2/ EFIFODTE,
TDEVODVEFD T+ — 6L S
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i SPIN: Y= )b A A=

¥2| SPIN CONTROL 5.2.3 -- 25 November 2009

File.. | Edit.. | View.. | Run.. | Help SPIN DESIGN VERIFICATION
|mtype = {p0, p1, p2, none}; = =
mitype fork{3] = none: ¥®| Verification Output o |
—

-
active proctype PO(Y 2] Simulation Output O
d_‘_j ) ~ pan: invalid end state (at depth 17) / \
= - . pan: wrote pan_in.trail

pan: reducing search depth to 18

skip; i . # preparing trail, please wait...done
. pan; wrote pan_in.trail : il
fork2} = none; pan: reducing search depthto 13 g:x:g g? ::::: D:g 2
forkl0] = none; pan: wrote pan_in.trail Starling Hlyist pia 5
od pan: reducing search depthto 8 = g p . - = =
} pan: wrote pan_in.trail 1 proc 2 (P2)line 22 “pan_in" (state 1) [((forki2]==none))] <
pan: reducing s_ea}ch depthto 3 1 proc 2 (P2)line 22 “pan_in" (state 2) [fork{2] = p2]
active proctype P1(¥ i 2 proc 1(P1)line 14 "pan_in" (state 1) [((fork{1]==none))] <
do e B = 2 proc 1(P1)line 14 "pan_in" (state 2) [fork{1] = p1]
- atomicffork{1) == none > fork1] = p1y; || | P g S e 3 proc 0(PO)line 6 pan_in" (state 1) [((fork{0}=nane)) <
ial Order Reduction i _ S &
Blo.mlc(fgﬂq[)l ==none - fork{0] = p1}; 31 _— proc 0 (P0)line 6 pan_in" (state 2) [fork{0] = p0]
skip; Full < for- spin: trail enqs after 3 steps
fork{0] = none; #processes: 3

- (not selected) g . .
v -Aflag) 3 proc 2 (P2)line 23 "pan_in" (state 6)

—_\ NN —_— @ 3 proc 1 (P1)line 15 “pan_in" (state 6)
7— \\/ I\ D \\/ L & % PAEETY) 3 proc 0 (P0)line 7 “pan_in" (state 6)
-~ 3 processes created
= — (o) s 4 Single Steleun| Save in: ‘sim.out Clear Cancel‘
A D/ N A 7 FRZR ‘
X NAL 1N i

& . U awimme sieps uence chart [ =] @ R )
fork[1] = none; hash conflicts: 0 (resolved) K2 Seq
fork{2] = none;
od Stats on memory usage (in Megabytes):
H 0.001 equivalent memory usage for states (stored*(State-vector + overhead)) Pi:1
0594 actual memory usage for states (unsuccessful compression: 64930.42%)
state-vector as stored = 25956 byte + 16 byte overhead
2.000 memoryused for hash table (-w19)
0.000 memory used for DFS stack (-m3) I
2501 total actual memory usage | Eta voic

unreached in proctype PO (E L G U |

line 10, “pan_in", state 9, fork[0] = none” ~ fork[0] = p!

0
line 10, "pan_in", state 13, -end-" forki1] = p1 N\
(2 of 13 states) fork[2] = p2 N
unreached in proctype P1

line 18, “pan_in", state 13, ™-end-"
(1 of 13 states)

unreached in proctype P2 — N —
line 26, "pan_in”, state 13, "-end-" A — \\ E /_\ A\
(1 of 13 states) | El 7}7_7_ D / I \
pan: elapsedtime 0.006 seconds J i
% > | < ([} 3 'IJ

_Sﬁm:—]'zm:mmkmrrcm”
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SPIN

#define SIZE 4
byte msg[SIZE];
chan s2r = [2] of {byte};

INY T 7RE2, byteBID

BEF v >RIU
proctype Sender() {
byte i;
do
.1 i == SIZE -> break;
;. else -> s2r I msq|i];
I++:
;m BRHIRD A vt —I%
[ERSESE
2012/5/11

AlDEEnf] CBIEEE)

proctype Receiver() {
byte j;
byte rmsg;
do
.. ] == SIZE -> break;
.. else -> s2r ? rmsg;

assert (rmsg == msg[j]);
J++;
od Xy ‘E—‘\/\\E’g'fé,
} [EESEDRN S

proctype Lost() {

oytedrop:  CEEDREE
;2 s2r ? drop; FIF (X
od Y —I %5
} LTLES)

Alll@SQPEEI—X I E1E 37



Alloy : fIiEDlF (F§)
BEE J1— A CORY fHIMEfRED—2)

v Alloy : et (DkDm)
EETIVEERY—IVORETZHY ANz, @AOfchtt
BN E D DERT WM « KRB —ILD B S
P ERNICRANTCHAREEGTDT, EFBYELERE ]
HITIDOEKDBRIER I IX, E2DEPRPTL
E—4, B ARICEZSD I EHhHBIHE
ES2E (How) D SEENTEEhDWLWFIIIICIE A S
P HNGEEDORNERDITPI LTS, TEFILE
81 oYV—)bHhEaLHLE LN
B LKW oWl BEFEMR L THS
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Alloy : —D DR

B X—JL7 FLRARDMERER
E I —FE VAU EDERDEENS
B TA )7 ASHERLTDERESE

Group]
Alias4 Address3
Address5

FhRICEBY T b 7E—AloyTlECOHBRERFE-] LY
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Alloy : g1 X—2 (1)

BRI S ADESBEHD
(signature) %*E

AliasHh*GroupH 5 &

abstract sig Target {}

sig Addr extends Target {}

abstract sig Name extends Target {}
sig Alias, Group extends Name {}

sig Book { DIz EH1DDTarget =387
names: set Name, { (Group1, Alias4),
addr: names -> some Target } (Alias4, Address5), -}
{
}a" a: Alias | lone a.addr AliaslE® < 1 DDTarget&E#5d

BRIZEBV Iz T7HET—AlloyTIZLOHA AR FEZ—] £V
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Alloy : YV—IbA X—=2 (1)

B CDRRTY—ILZFED>THS
(Alloy Analyzer)

Y EMEAU FEG LS5
h . k 4 "
p,;ffagd?vl ﬁb Book) { EEAEER L ThD

} E AR BAMEERLT
run show for 3 but 1 Book (7 KL ZMER I 1A)

1EEfERT
Group] Group

Address] Address2 Address1 9‘]
&= [ CEBIDMT LN T ¥
WAWAERETNS
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allli
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F

Alloy

abstract sig Target {}
sig Addr extends Target {}
abstract sig Name extends Target {}
sig Alias, Group extends Name {}
sig Book {

names: set Name,

addr: names -> some Target }

{ &@E%b\b% )20 %
all a: Alias | lone a.addr 'EE 0| =&,
no n: Name | n in n.*(addr) =) L§DT< A T END
)

HHRICKDV I T7EEE —AlloyTIELOH AKX FiE—] &Y
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allli
ng’
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Alloy

abstract sig Target {}
sig Addr extends Target {}
abstract sig Name extends Target {}
sig Alias, Group extends Name {}
sig Book {

names: set Name,

addr: names -> some Target }

{aII a: Alias | lone a.addr )27 DB CRIFRICEIY 2
. . prmirabudiig

no n: Name | n in n.A(addr) BRAEREFR 2 1B

}

pred add (b, b’: Book, n: Name, t: Target)
{b’addr = b.addr + n -> t}

pred del (b, b": Book, n: Name, a: Addr)
{b'.addr = b.addr - n-> a}

[MRICEDV IV TEEET—AlloyTIXLOH A KFE—] &Y
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Alloy : YV—)bA A= (2)

assert delUndoesAdd{ ERTET FLRAIE, 248,
all b, b", b": Book, n: Name, a: Addr | -7 I o
add [b, b", n, a] and del [b’, b", n, a] — \{I I\\[/X%—(\EZE)'
implies b.addr = b".addr ALY =EmL,
\ z0) I EHIBRT B,
check delUndoesAdd for 3 SUIICRS ?

a8 R e R ASEER L CHRENICGANTHS
Group' Group Group

Address1 || Address2 | | Address1 || Address2 Address]
S~ @~ S~

add Group1->Address2 del Group1->Address2
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fiE : 7075 LTOE

B 7075 ALICTRRA GG Z 500
k4 : JML (Java Modeling Language)
(A=Y b T RANDT7H—2 3 IBDAHFY —)U
P, BEIZ—OESFY—IV)
P O D LICHTSETIVRE
(V7 b7 ETIVRE)
B 5l © Java PathFinder
DIHMRETIVEYE, BEERBHEFFMICES
B RA R, FEnullE, BAA Ty IR, -
P O— FRZDERTRENEMGZD T, REEESIICHE
ROECRY, ITXHREBICE VTS
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o> AW =8 CIA DY A S5

EESOVOMEIGEELTWSDD ?
B EOWVWOSERG CHRZHEIEYT DO ?

E BERICIEE SN DT

A

=k IV D ?

19 5®IfAEFICDOlF, BET5DH ?

P k) & MERRECah) 7
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mNFEElE? (B)

B Ik - %577 [ EBAE] ECBEREICK
P ERREAHFEI AT EICED B 7532& =PKam
P REREE, FESLRELTS | TF25HZRL
B AT LICHT BIEENRE S
P ARV E [EBAE] EVEERICK
P EREGCBRAHEETES NE - Hﬁiﬁ&
E RIEH - RGO - BREED CTE,
B Y — )VICERREE BT EDLTES
D FREEHICH IS B1EE LR
XM« BBIFDAEME, TOTSLIEH LT
BT B EEZE
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%% )75 EZTEE LIREDAEH PRIZRICHN G
, MEPZTDZEZXRIFET 2EE
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Yes/No LRRREICHIMI CESEWVELAZ T 51EE
E 075 LDINGZEEDEEREIY D LigAIC

(+ @< D3

=k VY — VT ERED)

B 5 EIESPINDIEED TEHERE] < S0
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E ENFEDEZ R
EIRRETFA S — =
EBEHACRIZS> E L THSAMAEEICDOHLELY)
»MEADFE - V—ILORMEZRS EEEL,
E FENFEZDEZ A ETHEIEEL, MKERL, ZThIC
DT, EEVPECH, 7 - LD R LE L DiEsm
P, EDHDOESTETASDLDICES
EEEFE V- IVEFEZBZEIEZDOR?
E BN BEEAREELEITNEEGSHEVWE LT A
ERT BHE AKX CHBMAS
E FEFEDEZ APRZTDFE - V—ILDFEH &R
B [RiR%A, ERREEOTCERBCEDALDOICES
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P BNTCEAEASEEREDEEE - Xy F
J&ZEZIRS
R ZZAFDRERE, FERGA
P (R FITBE5) §EDFE - V—IVDREE,
mAT A
P BNTCEDEASEERE, BAAPFE
V=IWEDF vy TEEZIRS H<ET

E ALY TLDH ? HEDE (&)
r CNEFHREEDD ? & 75 H>—hKEm

EEoThE TSDIRE] ITEEHDOH ?
B - - - (bix&) [8& ) /2L TS, ChshH
TE, IFIFFELZ !
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BV sHDE (1)

P HARGEICKBMEREERDE R GBAKTADE D
E) L, EXBFELTE - HRNHEL, EO5T
95DH 7

B TANIT7—RAMEWSTEEZAACMHERERLET S
ZEElF, EOBELGILE - MEMNEL, & DT
9 5DH 7

EWeb7 7)DELSIcHow (RETL—LT—2) H
BWEENSRE D TWABBEIC, ETEXETES
Howx Ei LfcidihZx ER CIToNEL?
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BV sHAHDB (2)

B EFIKIEEDTE, 2BDHDEMFT, HLLE
VIR ZEED CW b EDBE>TWZA 5D 7

F IRV TWSExcelN— X DWeb7” 71 8%51E (0
L, $EBLGETARITEELGSEZROT, TA b
BEjER - E{THEEIREICTESH ?

ECDERRTODEFEOTVWET =Xy EHEDE
REHC kY, BICTTESRYEFHTEIIC, R
FEDY—)VEFESLDICTEBD?

E HowD G WERLRRD S, £ DHowE ANLAATT
A7 2 LZMRESCEFIERIND?
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P TERFE] TR SIXRIGEOHLZERS
EESVOREIGEBLTWADD ?
EEOWVWDEZF CHERZEIET DH ?

E EERBITIEESDWSFE - Y—ILHHBDH ?
P ERT AEHICAZEICDI, BT H5DH ?
P e fdRR] & TfesgEdah ?
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