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VDM Tools
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B Windows, Mac (Intel/G5/G4), Linux
mEGLHN—D3Y
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? The VDM++ Toolbox
Z0T1ONP) FPAIUF) AL EAW) PHUSAR) RITD ANFH)

DERE E0 0 VSRS JAsN@RESY W BREESSAaUuE
BETYARY  wen o

> print 1+ 1 "
2

h‘\Faﬁ( ;>printl+2

>>print 1+3 F
4

>>print 1+ 4
5

>print 1+5
6

>>print 1+ 6 I
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127" )2DRTH

BEARTAHCATHERXZH S
(JI7LURR=aTILSH)
M bool#!
Mprint3>1and 1> 2
Mprint 3> 1or1>2
B EHEZR! (real, int, nat, natl)
Hprint floor 2.5
Mprint 13 div 5
Mprint 13 mod 5
Mprint 2 %% 3
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B HAHBEDEZ, IEF-EEZRICETITRETS
31

mEAFEZRDH

M set of int, set of char, set of set of nat, ...
m {EDH

BNERTESR: ERTIE

m{1, 3,5}, {a’, 's’, 't'}, {"Japan”, “"France},

(1 ..
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ein set s7 eMsINDEFXRTHS

enot in set s7 eMsIDEZHRETILAELY
s7 union s2 slEs2OMER

sl inter s2 sl&s2DHBEEN
sl ¥ s2 sIEs2DEES

(s2NBEFRZEsIHBRLV=£0D)
s/ subset s2  sIMNs2DEHEES (FLLTHLLY)
sl psubset s2 sIDNs$2ZDEEREE (FLLEELY)

card s7 sIDEE(EXRDER)
dunion ss EEDNEESssSNDEEXZDIES
dinter ss EEDEEssHNNDEEXZDLEE D

power s/ BsIDRZER

2| SoFTueRE | 3
NEINEE g

3 in set {1,2,3} = true

3 not in set {1,2,3} = false
{1,2,3} union {2,4} = {1,2,3,4}
{1,2,3} inter {2,4} = {2}
{1,2,3} ¥ {2,4} ={1,3}

{2,3} subset {1,2,3} = true
{2,3} psubset {2,3} = false
card {2,5,6} = 3

dunion {{1,2,3},{2,4}} = {1,2,3,4}
dinter {{1,2,3},{2,4}} = {2}
power {1,2} = {{1{1}{2}{1,2}}
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KEOHNTEER

AR EZRDOH
B{x|xinset{1,2 3 4 &xmod2=0} (=1{2, 4})
m{x+3]|xinset{l,2 3,4} & x mod 2 = 0}

(=1{57})

B{x*y|xinset{l,2 3, 4} yinset{l, 2, 3, 4}
& x mod2=0and y mod 2 = 1}
(={2%1,4%x1,2%x3,4%x3}={2, 4,6,12})

B x*vy|x yinset({l, 2 3, 4}
& x mod2=0and y mod 2 = 1}
(FERIFLELERL)
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2 E T (printa< U R) LTHTHER L THEL
B{x|xinset{l, .., 6} &x* x> 20}

m{x+y|x yinset{l, 2 3, 4]
& x mod 2 =0 and y mod 2 = 1}

B{x|xinset power{l,2, 3,4} & card x =2}
(LEICEHTHEREFSHE)
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KEOHNTEER

ERNBEEZRODFRAA—D
REBEDEEEENCERFEZTIREHT
{ x | x in set getAllSeats(trainID)
& not isReserved(x) }

BF Ty FRHEEROEELL, HEII—FHFH
ZIT21=0DZEIRSHL, TNoDFRIDORRE
IFOTWNBDANVNBDEEE/S

[ x.eventName | x in set getAllTicketRecords()
& x.userID = userid }
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m [B=zXD 5l
M forall x inset{1,2, 3} &x+3<7 ( = true )
[T RTOMNEHZEHT=9 7
EMREF(V)IZFHHE
Mexists x inset{1,2, 3} &x+3>4 (=true)
[ am=9 xNVigadEb12H5 ? |
FHEREF(3)ICHE
HMexists1 xinset{l,2, 3}&x+3>4 (=false)
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A2) 7Dl
B E{TERAND 1-set—scripts.txt

2| SoFTueRE | 3
Z \EENaINEERS/©
6\

S5 Z
05 wo3

print “Quantified Expressions”

print forall x in set {1,2,3} & x + 3< 6

print exists x in set {1,2,3} & x +3< 6

print exists1 x in set {1,2,3} & x +3< 6

print forall x in set {1,2,3}, y in set {4,5,6} & x +y < 10
print forall x in set {{1,2,3}, {4,5,6}, {7,8}}

& forally inset x &0<yandy <9 _ . R
print forall x in set {{1,2,3}, {4,5,6}, {7,8}} <—[E&’flliX7’;:g?%\B = J
& exists y in set x & y mod 3 =1 (RERITFANLZL)
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EERE1—2
B HIRASARDEZDKIZDOLT, SFEFEREF

HILTH K
BERICRVYITFEEFTLTATHRZERE L
BRAART)RET

script G:¥...¥1—set—scripts.txt
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BREXDFAAA—D
BEDFAEYL, RBILEETICITHhNE2DDEREIC
BIEEZ kLTS &ALy, ELVOEHK
forall student in set getAllStudents()
& forall class1, class2 in set
getRegisteredClasses(student)

& class1.name <> class2.name
=> class1.time <> class2.time
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BHOEFHERI-IERZESHIbIREHT

B let x in set {1, 2, 3} be st x < 3 in x * x

RES (1,2, DEXRDIL, x<3Zm=71D%
x [ZEIYHTS
(CHOBEE xIZIF 1 F=E 2 DELEMHADB)
BENZFRAWT in I2H<K 251
(CHBEXDEIZ 1 1 F=E 22, THhhHE
1 F£1=1% 4 £4:53)

s BRI EA 5T SHETE
U T BEALNMESETTT—




Top SE

EDUCATION PROGRAM FOR TOP SOFTWARE ENGINEERS

HAEnE1—3

BEEDES s ITXL, L TFTDlet bexXIZKYIRE
HENDE x [FEDKILZIEM?
let x in set s be st

forall y in set s & x >=vy
in C oo

B EREETP>THTHELL

let x in set {3, 6, 7, 9} be st
forally inset{3,6,7, 9} &x >=vy
In X
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VDM-++ECik DIEE

class className (is subclass of superClassName )
types --- — BEFEEIOVY
instance variables --- — AVRRBREHER I OVY
values **- — {EEEIOVY
functions --- — BEBEETOVY
operations --- — BEEEIOYVY
sync - — REHHEET 09 = e DT ays%
thread --- -— ALYFEZETAYY WE(ZIGCER R
end className (CENENGIMWIN
MEHRNTHLLY)
Y DHIRETIE
HTEER NEEER, BREEE
D HKS
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8 : VDM++ERii D2 i &

class EventManager classB 5 &endEB § CHT
types — BFEHETOVY VDM++ TlE — (/\(2T227D)
i —— A—HERTREFES MBITERETH AR

instance variables - 1> XA AEHEZRT OV

- EHELTIEFEFADI—YESILIEERHIZED
operations — IR{EEZ T OVY

— register: EESNT=A—THA RN LS MERT S

—— choose: EESN-A—HTDEEMND, FESMEEFZLTLVEL
— TADI—HFZEFRL, ARUMNIHLESMELRT S

end EventManager
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{ Z #registered { 2= # capacity }
iy %HJ—_-USOD EE
] [userS]
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BlEE: SATLIKEBON EELE )

Z #registered [ 2 #capacity }
HHI1—Y EE8
l userd ]
IR 20
userb6
_user8 ]

FEEHE — O\
VAT LDIRENEIZEI=-9T NEEHE
registeredID 1—H# = capacity

(T REEIRIEIEZ T 1117 TELFITER X ?)
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GlzE: BIESE
$HAIAFHFDEOERZFZAHAD

P I~ ‘D\\
types — MEZI AT BERLT, HEEEER

public UserID = token; —— 12— IDZ &R 3 & TAvHIRD—D—20
ETEIZtEI OOV TEZS

M=o 8%, TRILMEI 1D EEERL A LR
GRAFELTRWS) [EXERT

r—O2 B MDE L, mk token(“user1™) X5 mk token(3) M &IIZ,
EEDIEZF mk_token() THEIATEELDELS

KR IZ[F—HIERILID, &7, FRrEL T
FHRZEZOLA—FBEZFOMILLNGLD,
R RTEAEGHFMELTERLTNS
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0. A AV AT MES

instance variables —— A2 AV AEMEEZR IOV

2| SoFTueRE | 3
Z \EE NEINEE S
€y

%, Z
Y0, yo3

private registered : set of UserlD = {}; — SMEFEFADI—HDES
private capacity : nat; — I RN KE B

inv card registered <= capacity; — A~ ZEFH natld [ 4K £ F
N ==
(OLLEDE#L, natural)
invMbIRE ST
AZE E & (invariant)

o TFHOHAFHHFIL public, protected, private
(B B&EF[Lprivate)

o MORAVAEHMERIOVIITIEHSH,
static¥—T—FIZKYU ISR ZEHD EZELAIEE
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GlgE: O AN V4 ER

operations —— IE{EFEZ A" VTRTFYER:

P il 7o RIET BIEE,
VAL / sIBDE, RYBEDHE
public EventManager : nat ==> EventManager
EventManager(cap) == - :

capacity = cap; < ?5%1’|50)2|§17N2§21JC]\K

(EEDEZERTE)

AVARSAORVIEDEIX, CHOIUTRBEE
O AT I3 TlE return XIF A& ] EE




Top SE

EDUCATION PROGRAM FOR TOP SOFTWARE ENGINEERS
. AHELIREES
il - g L

operations — {B{EEZ IOV

O IFRUEMNGZNZEZERLTLND

— BRShA—F—EEES | (void)
public getRegisteredUsers : () ==> set of UserID

getRegisteredUsers() == -
return registered, <« EREDARIKRIEreturnX
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B 11— DSMEEZEEITIIEFregisterk TR
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BT 5 (RYEZL)
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LVHTR £
REFREHI—HIEIERITELTLVELY
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: BIRIE

operations — {B{EEZ IOV

— EEINf-1—HY%

— ARVMIXLSNEERT S
public register : UserID ==> ()
register(user) ==

registered := registered union {user IRIEOREITKAX:
pre N ZITER->1=5|87Z (| TR IEITKY
card registered < capacity INDAHAEERELTEUEREZ/EY,
and registered EDFIELFZ K (union),
user not in set registered ; registered DIEZEHIT 5

AR D2 DDEHRIEW ( pre [LpreconditionDE.)

20020 (G) [FCOREEROHRICLARAVTOVENWRITERE
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W— J)LIN—T2¢NEDRE

& The VDM++ Toolbox Academ
F0TIHMPY ZIKF) A LEONY PHaAA) ErTD ANTFH)

DHW S NSSerd ASNOSSY DN EESES S A0S

AHT=WNIT7AI)L%E (%Eyﬂ)ﬁ?ﬁb’c

lé; o] (& 2-EventManager.vpp 5K,
2-EventManagerTest.vpp Z5ed)

WA ATEHFMITEXFIVINITHONS

BEIISNLEEWT7AILEERL THIBR
WToolboxMEEHAAFLLIEAT=T
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& The VDM++ Toolbox A
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ELTI7AILIZIRTFE -FmAE
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BEWNGES, AZa—ToqokD) |-l Rv—T v —]
W(E=IEEZLY—ILIN—TREY)
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W/ TOF \2
2| SoFTueRE | 3
Z \ENGINEERS/ O

S0y uoi“\

(O FERE

WY =E= (R =5/
5D§I’JE S H3A Jod1h D32
774k VDM View | Java View | ‘
[F0¥ 17k - (No Name)] P T o grr— 4
[Java Files]
= [VDM Files] EventManager S_
otk EventManager Test S

# 2-EventManaeer vpp

BXFIvIEFHI—D
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77 ADIRME

BIR—ov—I4 R I TEZYvpp 7ML
(F=IEHOS5R)EEAT, A=a—TF7Hoia 1%
F=IXY—ILIN—E DRI SEE 218 E

# The VDM++ Toolbox Academ
F0I91DMP) FRAIKF) DALEOMW) PhUaA)_FITO ANTH)

Na 0SSR Sand AANOSSN NN EEESEEEEE
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T IIBEXFvy, BFIvy
(FDhlavaa—R4AERL, FE, ERE)
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VDM++ ToolboxFIHD RN

= ARRIETRN

BN T AR Tvpp I 7 A ILEEHE — FiArAL
REXTFIv7 (BETITOND), BFzv), 1

BTV ZTET

mEENHNILEL

. R1E

ENEITAATHERIIRMINSET
RENGWNEEIET7MILETOD IO GHIR B

EBMLTHD
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127) 2T
B11—Y%F&KZLT, ZBiEHEHELTHS

Init

create man := new EventManager(3)
print man.register(mk_token("ut1™))
print man.getRegisteredUsers()
BAVAT)REREERZA TS
WintaAvRIZ&KY#EAET B
(VDM++EEiMEERINT=I5E(1Z1E, BARLGLKT
LorintAR R FEQERTENHHENTHOND)



Top SE

REEDT=HDEITRE
BAZa—T7a ok -7z o730

Y—)LIN—TZEZ DR

' The VDM++ Toolbox
FOIIONP) FrAIKF) OHUESW) FhuaAn) EED AMFH)

NENG E0(0N S SSnd Axuaaus_h Dl EESSE
STEMIEF Y, | REE A BRI B
KHETFIVIIDNBEANTGEO TSI LER

2

OF \e

SS0FTWARE | 3
NEINEERS/ S
A by

S0y uoi“\

e

=7 LiFE | Cra-KER | Javad-RER | JavaMSVOMeER |

T V] 8069 B F 1509 3(D) FEREIE
V] TEEHEFHTH0) AumEomE
V] BHEEAEF19FB0) (- 12IFELED)

N FEEAEFI730) FALE
B =R ERE) EAFTI2-NFE | instruction_number slice v
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class EventManagerTest

75 XEventManagerlZCTEZELT-
types | UserlDADTAY 7 REE>THS

public UserID = EventManager UserID;

instance variables
manager : EventManager := new EventManager(3);

TARAYYRIZCTRWLS

values AR Ae Lo .
ul : UserID = mk_token("User1”); | AP EEHELTRELTHS

u2 : UserlD = mk_token("User2”):
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public test1a : () ==> set of UserID RIRB7ZELNEIT DB
testla() ==

manager.register(ul);

manager.register(u2);

return manager.getRegisteredUsers()

);

print new EventManagerTest().teat1a()
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public test1b : () ==> set of UserID
test1b() ==
manager.register(ul);

manager rogister(u2) EBEBABBRELLSETBOT
manager.register(u3); / $_ﬁ:k it
AIEEERMPEHREIND

manager.register(u4);
return manager.getRegisteredUsers()

HLERE T HFHIEHZTHLTELS,
EENITHNT=FF R T(registered DENEF ENT-FF L T)
REFHERIEEINDS

(BEIEHEIZEKY, FEFHEMNRYILT-1ELVIKEEIC
DIEMNBSEIERIEFEVCHLAFLEINTINS)
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MiEXAE: EIOn & 41518

BEZEITAVIAD, EEZENRHYIC[EEIO0

e (tTS

B ERMDOXZFIEREITT HEFEIZIE, AiEFIMT
TIAayoXFEEC [

sl;
s2;
s3
)

| A

BEIOAVIEROXEORTIYIZFELY, TAvIXX

NDZEDX (LT s3 DEAS)ICIEFE

(VDM++ ToolboxTlED T TEITS—IZA5ALY)
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MiEXE: a0y 211318

public op1 : () ==> int public op1 : () ==> int
1() == ‘I() == -
et o o TOYIXADRENX
X(l\ return x@/ 730)'(73('(:6&:(,\
op1DEHRZHFLD (WE) )@‘\| op1 DFE a_:ﬁ%][,é(,bg)
XM 1EEZ R HyaT
FEELGCTH LKL
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MiEXE: a0y 211318

public op2 : () ==> int

op2() == ]

70y XHNDXDED
RYgYELTRZE

(
x:=x+1®//

TOYIXHNDEREDX
EDTIHESTHER

O

op2MEEZHALS (WE)

public op2 : () ==> int

TV XADXDRED

T RYYELTRLE

\

OV IXADREDX
IEDTIELTHRL

op2() ==
( @/
X = X +Xé>/

return

Fop2DEZEDLRELD T
oI T B EEX IS —

)0+
pre x >= (@\

op2MDEZRZHFLD (WE)
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e heE2— 1
B L TOREERZENE X

BT R IR E

(2

et &)

B 1—HOSmMEFZERY BT EEunregister
W5 EL TS =UserlDZEE Bregisteredh o
YRS (RYEZL)
BEHDI—HESMERT SiEEregisterAll
W5|#ELTRITHL o =set of UserlDZE &
registered|ZINZ % (RYEZZL)

BEXFIv-BFviZTl, E3ETAME

ES

TLTHEK
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Bl : SERIREER(2)

l%é:l. Y EATSMEHZZ1TOHEEchoose
ZE
B ?r|%ﬂkbf%HHQ’JT:UserID@ﬁ%’%@’BE1’D’E

= Bregistered|ZIBAIL, T DUserlDZFIRY

=B 1F

NEFREFALI—YIEIEEITELTLEL
(FEXHZRERT LOBETELENKIIZT D)

WEIMDA—TFEEDHIZ, DEEBLTIANITERFE
HTIEWVNII—FHS
(CDEEDHENERRTELGLVRRZFRS

.IIInI \Imir
Y/ ILUN
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Bl : SERIREER(2)

BHLEL—HHFEATSMEZRTITIIR/Echoose
= E & (ft)
BEEBRDAEET: BREFHFDAEHDHZEIZEKY,
COIREIZKYEZTHZEIICSHTEIEHDATE
A B
NS HDERADNIL, FLEEFINTULENSHS
A—HREFINTIREICERT S
LD AE2: EfTHTESARIIZARAREERELE
ZTHL
w5 E[Xlet beZx AWLVTR ZIZ3EIR
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: BIRIE

— BEINf-A—HDEEND, FTESMEEFHRLTULVEL
— 1T ADI—HHEEIRL, /1 RUMIHLSMEZEIET S
— RYEIXZDIEETEHRIN-2—Y

— e RAEAKEEERBLAL
public choose : set of UserID ==> UserIV =
choose(users) == is not yet specified

—t ¥, _\.l_k
pre card registered < capacity Al D270 DRI+

and exists user in set users & user not in set registered
post registered = registered” union {RESULT}

and RESULT in set users

and RESULT not in set registered BREH (postlE
postconditionD &.)

HMIERASAF
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IEE: BRiE 2
. BRIR

post registered = registered” union {RESULT} FREH®
and RESULT in set users

and RESULT not in set registered” BEY@EEEE1—Y (%

- RITRICITEMEF SN TND
(EDA—FEITHIBATIND)

- BIHICFENTLD

- RITHICEEERSN TGN

FREHTIH,
ANEFEEDEITRIOIREEL,
HABLTIRIEDERITRDIRE
DEZRZEE<EOIC, UTOREZFIATS
AREORITHIOREBERDIEZS R I 50~ 255

- RYEZE9 X+ —"7—F RESULT ZAHL\%
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: BIRIE

public chooselmpl : set of UserID ==> UserID
chooselmpl(users) ==
let x in set users be st x not in set registered

nC et beXX[= & BEFT AL AR
register(x):

return x

)

pre

post
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S

T Al

Z \E=NGINEE
S
public test2a : () ==> UserID

test2a() == return manager.chooselmpl({u2,u3});

public test2b : () ==> UserID
test2b() ==

manager.register(u3);

return manager.chooselmpl({u2,u3})

);

public test2c : () ==> UserID
test2c() ==
manager.register(u2);
manager.register(u3);
return manager.chooselmpl({u2,u3)})

);
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i

M test2c

public test2c : () ==> UserID

test2¢c() == e
- . 518Kz, FEZEFINTULWVEWLNII—HFH
manager.register(u2); NLNDC ERT AR AR AR 2

manager.register(u3);
return manager.chooselmpl({u2,u3})

);

HLIRETHFRIEHZTHLTELS,

let be XEEITLEIIET AN EHEB-TENLELNDT
EITHIZ—EE5
(BHIEHICKYETHEIS—%5ITEIT
RIEFUHLAFILESNTLNS)
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AEME2—2
B EROI—TEEATEMERETIRME

multiChooseZ TE &
B 52D

HUserDDESE: CO5IHDOFMEHFT 51—

ZEAS

Wnat®: CO5|IMTIHEENT-RZI1TEEKRT D
mRYE: BEiESNT-UserlDDESE
BRR—= DT FYITRLT, BRIKHE-F&

FHZEREL, Stk
BAR{KIL is not specified yet Tk

thnl
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/

public multiChoose : set of UserID * nat ==> set of UserID
multiChoose(users, num) == is not yet specified

pre
?

post
0.
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2% . multiChooseDZAEESTHHI(1)

public multiChooselmpl1 : set of UserID * nat ==> set of UserID
multiChooselmpl1(users, num) ==
let s in set power users be st
forall u in set s & u not in set registered

and let beXIZ kY, BHFEMRLELGLII—VES
card s = num FEIRSES
in - ZTDHOA—HFIIHBLEFFHSTIEEL
( - EEORESFBIHTIRESN=

registerAll(s);
return s | &2 T, RY
) ,

pre ...
post ... ;
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2% . multiChoose DA ETHHI(2)

multiChooselmpl2(users, num) ==
(
dcl ret : set of User := {};
for all user in set users do
if user not in set registered then
(

ret := ret union {user};
if card ret = num then

(

del TIF—HRFEHEESE

for al X CIZEEDEXRS
129 DEYHLEMNSANIE

ZRINTWVEWNA—Y%
—BEHIZ1I DT DANTUNE,
FEEMIZZELI-LIEDS

registered := registered union ret;

return ret

)
);
exit <UnExpectedResult>
)

FRIEHGENHEESATOAE
BZELGWDIE T DOEFT

x
FEL=0HNZERITS
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L TLRINZE: &
m TR F B BREFOH OB R E

H2EER, 2|-<17$€*a&>7°* RrlmEZRELD

BAYYRERELTIE, EB(RADZEASESEL)
ERE(RHDZAHESHY)EXANT S
R RBEIMERATICRA=RAEL TS

AN

PRERIIREAME EELRIZRDEEZALS
fun_euclid : nat1 * nat1l.=2 nat1 op_euclid : nat1 * nat1.==> nat1
fun_euclid(a, b) == op_euclid(a, b) ==
let r =amodb in ( *xﬂE ERHEHFHEE

if r=0thenb dcl r := a mod b;

else fun_euclid(b, r); if r =0 then return b

- - . else return op_euclid(b, r)
B ANTDAMNHENFEE ):
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L TR E: &

BB ZAEEFHZTFITHEL UserlD = nat
w5l natf<i&E 4255 T ICRRE (M 4= 14 <= 250
ufl: Yyh—F—LDEHRERILI—FRIZE

W\T, B REBHLE -5 THDE R

FootballTeam :

win : nat
draw : nat
lose : nat

point : nat
inv team == team.point = 3 * team.win + team.draw

BT IILFARALYFHIESE S /IIZGC R A §E
w1 : Tread&writelXRIFFIZEITTELGLN]




Top SE

EDUCATION PROGRAM FOR TOP SOFTWARE ENGINEERS

L CWLRLNZE: Y=

IO EBES AT T)

B VDMUnit

B A/ Ny ETHA
HEITLTUWVELVER S D5&ER FR T~ Al AR

W GERAGRREAE AL
NEBEMNLGIS—DREZSIZE (STE TIEELY)

mUMLY >
EXMIFEEKXDISAR B EE
BO—R&ERL

BASERT RS S L (GUIDTAMNY—)L) EDIES:
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L CWLRLNZE: Y=

M Overture IDEIZBITAHAIERTIIZAWN-TALD
8 TR A R 41— DHENERAT

, B EIEBEF v L)

vaiues EWNVS T EEF 1Bl ~4EEEYIRT

testUsers : set of EventManager UserID =
{ mk_token(“User1”), mk_token("User2”), 8+82+83+874

mk_token(“User3”), mk_token("Userd™)}; = 4680 BY DT AR T—A M
instance variables EITSN5
testman : EventManager := new EventManager(S),
traces
Testl:

(let u in set testUsers in testman.register(u)

let u in set testUsers in testman.unregister(u))

(1,4}
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B HRNEGEETFIVILENA 2T ZEITL,
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ILN\SEH, FD=HDET IILIEORKRELR

A EtZBATRHICES - R IT HENEETHD




