dopManbHas crneumdukaumns n sepmpuKaLns
Nporpamm.

Jlekumnsa 3.

Buabl hopManbHbIX cneuudunkaumn (2).
Cneundukauun B a3blkax nNporpamMmMmMpoBaHunS

A.K.lNeTpeHko, A.B.XopoLnnos,
E.B.KOpHbIXWH

MI'Y BMK, UCIT PAH
http://sp.cmc.msu.ru/courses/fmsp
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Ouepenb. Anrebpanyeckas
cneunoukaums

scheme QUEUE = class

type Element,
Queue
value empty: Queue,

append : Element >< Queue -> Queue,
first : Queue -~-> Element,
rest : Queue -~-> Queue
axiom forall e : Element, g : Queue :-
empty ~= append (€,9),
ﬁrstgappendée empty% IS e,
rest(append(e, empty)) is empty,
first(append(e, q)) is if g=empty then e
else first(q) end,
rest(append(e, q)) is if g=empty then empty
else append(e, rest(q)) end
end

BMK MrIY. 2
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writing. UHTepnpeTaums Bblipa)KeHUu

i [MpuMep TpaHcdopMaLumn TUMNa re-

axiom forall e : Element, q : Queue :-
empty ~= append (g,q),
first(append(e, q)) is if g=empty then e
else first(q) end,
rest(append(e,q)) is if g=empty then empty
else append(e, rest(q)) end
end

rest(append(a, append (b, empty))) =

append(a, rest(append (b, empty))) =

append(a, empty), B CBOIO oyepeab:
first(append(a, empty)) =a u
rest(append(a, empty)) = empty

BMK MrIY. 3
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[aHo explicit onpenenenne @yHKUUN.
Hanucatb implicit-cneynpunkaumio MyHKLNK
3KBMBAJIEHTHOWN AaHHOM.

value
f: Int ><Int >< Int -> write x, y Int
f(a,b,c) is if a=b then

y:=y+1; b*(if c>0 then x:=c; c else 0-c end)
else (x:=a+b; a-b) end

[laeTca NATb MMHYT Ha CAMOCTOSATE/IbHYIO NOMbITKY

BMK MrIY. 4
CeHT56pb-Aekabpb 2012



KaHOHWYEeCKnM npouecc npoekTUPOBaHUSI.
OnpepeneHne MYyHKLUK

1. Onpeoenutb UMSA YHKLMN

2. Onpegenntb TUN (CUrHatypy)

= TWUMN aprymeHToB

= TuWN pesynberaTa

= BCloay Bbluncnumas (total) unmn yactmyHo BblumMcnnmas (partial)

3. Onpenenntb CTUIb ONUCaAHKUS

= ABHOe onpegeneHune (explicit) — ecnn moxem npeanoXxuTb
bopmyny

= HedBHOe onpeaerneHue (implicit) — ecnu Mmoxem onucatb input-
output oTHOLWeHne

= akcuomartuyeckoe (anrebpanyeckoe) — Bcerga BO3MOXHO

TUNNYHOE NCMNOSIb30BaHWE B Crniyvyae, Korga npuxoauTcs
MCNoNbL30BaTh Crneundnyecknin BUg apryMmeHToB (apryMeHT —
BbI30B oyHKUMKM), Hanpumep, f(g(x),x) - h(f,x)

BMK MI'Y. 5
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KaHOHWYEeCKnM npouecc npoekTUPOBaHUSI.
Onpeaenenne yHKUMK (2)

«[loaBoAHbIE KAMHU>» !
1. OnpegenuTb Ms OyHKLMK

2. OnpegennTb TUN (CurHaTypy)

= TWN apryMeHTOB
= TWN pesynbTata
= BClogy Bblumcnmmas (total) unm yactmyHo Bblumcnimmas (partial)
3. Onpenenutb CTUIIb ONMCaHKS
- SBHas cneundmkaums — @ SIBHOE onpesienetue (explicit) - ecnvt Moxem NpeAnoxuTs popmyry
5TO He peanu3aums = HesiBHOe onpegeneHue (implicit) — ecnn moxem onucatb input-output oTHOLEHKE
= aKcuomaTmyeckoe (anrebpanyeckoe) — Bcerga BOSMOXHO
- OBbl4HO OrpaHnumMBatoTCs TUNUYHOE UCMONb30BaHWE B Cryyae, Korga npuxognTcsa MCNonb3oBaTh
4aCTUYHbIMK cneuuguyecknin BUA apryMeHTOB (apryMeHT — BbI30B (OYHKLMKM), HanpuMep,
cneunduKkaumsmMm f(g(x),x) - h(f,x)
BMK MI'Y
| 6
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Design-by-Contract

B 06bEKTHO-0PUEHTMPOBAHHOM MPOrPaMMMPOBaHNM KOHTPAKT MeTofa 06bI4HO BKIOYAET
cneayolLyo MHdopMaumio:

= BO3MOXHble TUMbl BXOAHbIX AAHHBIX U X 3HAYEHWE;

= TWMbl BO3BPALLAEMbIX AaHHbIX U UX 3HAYEHUE;

= YC/TOBUSI BOSHUKHOBEHNS MCKTHOMEHUM, UX TUMbl U 3HAYEHNS;

= npucyTtcTere nobouHoro acddexra MeToaa;

= NpeaycnoBms, KOTopble MOryT 6blTb 0cnabneHsl (HO He ycuneHbl) B NoaKiaccax;
= MOCTYCJ/I0BMSA, KOTOpble MOryT OblTb ycuneHbl (HO He ocnabneHbl) B noakiaccax;
=  WMHBaApMaHTbI, KOTOpPble MOryT 6bITb YCuneHbl (HO He ocnabneHbl) B noaknaccax;
s (MHOrga) TpeboBaHUs/rapaHTUM o pecypcam, HarpumMep, BpeMs win namMsrThb.

BMK MI'Y. 7
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http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D0%BD%D0%BE-%D0%BE%D1%80%D0%B8%D0%B5%D0%BD%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D0%BD%D0%BE-%D0%BE%D1%80%D0%B8%D0%B5%D0%BD%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D0%BD%D0%BE-%D0%BE%D1%80%D0%B8%D0%B5%D0%BD%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B0_%D0%B8%D1%81%D0%BA%D0%BB%D1%8E%D1%87%D0%B5%D0%BD%D0%B8%D0%B9
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B1%D0%BE%D1%87%D0%BD%D1%8B%D0%B9_%D1%8D%D1%84%D1%84%D0%B5%D0%BA%D1%82_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)

Design-by-Contract (2)

B 06beKTHO-OPMEHTNPOBAHHOM NPOrPaMMMPOBAHUN KOHTPAKT MeToAa 06bI4HO BK/IKOYAET CeaytoLyto
NMHbOpMauumio:

. BO3MOMHbIE TUMbl BXOAHBIX AaHHbIX M UX 3HAYEHWE;

. TUMbl BO3BPALLAEMbIX AaHHbIX U UX 3HAYEHWE;

. YC/I0B1SI BOBHUKHOBEHNSI UCKJTFOMEHUM, UX TUMbl U 3HAYEHUSI;

HroaHCbI

NpUCyTCTBUE no6o4yHoro 3Q¢EKTa METOoAQg,

. Kak yka3aTb, 4TO MeHsieTcs B rpacde CBA3aHHbIX 06beKTOB?

=  MNpeaycsioBus, KOTOpblE MOryT 6bITb OCMabneHbl (HO HE YCUIIEHbI) B NOAKIACCAX;

= MOCTYCJ/I0BMSA, KOTOpble MOryT OblTb ycuneHbl (HO He ocnabneHbl) B noakiaccax;
. MpuHumn bap6apsb! JlInckos
u KOHCTDYKU,VIVI Ana «KonnposaHusA» npea- u nocr-ymoswﬁ?
u Kak nncaTtb, HanpuMep, «ocnabnenune» I'Ipeﬂ,ymOBVIﬂ?
=  MHBapMaHTbl, KOTOpPble MOryT 6bITb ycuneHsl (HO He ocnabneHbl) B NoAknaccax;
. MO>XHO N1 HapyLwaTb NHBAPUAHTLI TUNa?
= Cnydalt nocneaoBaTeNbHOM NpOrpamMmsl
=« Cnyyalt napannesnbHoli NporpamMmbi
=  (nHorga) TpeboBaHusi/rapaHTMM MO pecypcaM, HanpuMmep, BpeMsa Uin namsThb.
= Te e npobnemsbl, YTO M B cyyae Nobo4vHoro achdekTa

BMK MI'Y. 8
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http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D0%BD%D0%BE-%D0%BE%D1%80%D0%B8%D0%B5%D0%BD%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D0%BD%D0%BE-%D0%BE%D1%80%D0%B8%D0%B5%D0%BD%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D0%BD%D0%BE-%D0%BE%D1%80%D0%B8%D0%B5%D0%BD%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%80%D0%B0%D0%B1%D0%BE%D1%82%D0%BA%D0%B0_%D0%B8%D1%81%D0%BA%D0%BB%D1%8E%D1%87%D0%B5%D0%BD%D0%B8%D0%B9
http://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B1%D0%BE%D1%87%D0%BD%D1%8B%D0%B9_%D1%8D%D1%84%D1%84%D0%B5%D0%BA%D1%82_(%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5)

Design-by-Contract

= Languages that implement most DbC features natively include Cobra, D],

Eiffel, Fortress, Lisaac, Nice, Oxygene (formerly Chrome), Racket (including
higher order contracts, and emphasizing that contract violations must blame the

guilty party and must do so with an accurate explanation(?), Sather, SPARK

(via static analysis of Ada programs), UniTESK, Spec#, Vala, VDM
(Overture), RSL, Z, B-toolkit, UML/OCL, SDL/MSC, (?) TTCN-3,

and languages that are built on top of the Microsoft .NET framework version 4.x

(C#, VB.NET) through the use of the

= Library CodeContracts, Summer
(Kuliamin), SystemC, OVM (System
Verilog)

BMK MI'Y.
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http://en.wikipedia.org/wiki/D_(programming_language)
http://en.wikipedia.org/wiki/Design_by_Contract
http://en.wikipedia.org/wiki/Eiffel_(programming_language)
http://en.wikipedia.org/wiki/Fortress_(programming_language)
http://en.wikipedia.org/wiki/Lisaac
http://en.wikipedia.org/wiki/Nice_(programming_language)
http://en.wikipedia.org/wiki/Oxygene_(programming_language)
http://en.wikipedia.org/wiki/Racket_(programming_language)
http://en.wikipedia.org/wiki/Design_by_Contract
http://en.wikipedia.org/wiki/Sather
http://en.wikipedia.org/wiki/SPARK_(programming_language)
http://en.wikipedia.org/wiki/Static_code_analysis
http://en.wikipedia.org/wiki/Ada_(programming_language)
http://en.wikipedia.org/wiki/Spec_sharp
http://en.wikipedia.org/wiki/Vala_(programming_language)
http://en.wikipedia.org/wiki/VDM_specification_language

TpeboBaHus K crieumndukaumu.
Cneumndukaumsa oomKHa:

= ObITb NPOCTON/ECTECTBEHHOW ANS

= peanusatopa/nonb3oBaTtens/
An3anHepa TECTOB/TECTMPOBLUMKA/
MeHemKepa TpeboBaHNN 1 MHXEHEpPa MO KAaYeCcTBY

= [03BOJISATb NPOBEPSATb BHYTPEHHIOO
COrNacoOBAHHOCTb/KOHCUCTEHTHOCTb MOAENN N COMrTacoBaHHOCTb
MOAENWN WX peann3aumm

x ObITb HeuByCMblcneHHof/'l AN O6bEeKTUBHOCTM aHau3a

= 6bITb NOMHOW (OnpeaeneHa 061acTb AOMYCTUMbIX 3HAYEHUIA ANs
BCeEX (PYHKUMM, NOBEAEHME ONpeaeneHo Npu Bcex A0nyCTUMbIX
CLieHapuax VICI'IOJ'IbBOBaHVIFI)

= He coaepXXaTb JIMLLIHUX OrPAaHMYEHU HA peann3aLmio
Bonpoc: kakne n3 atnx TpedboBaHMM MOryT ObITb
ocsiabneHbl?

EOTBeT Ha DK3aMeHe.
CeHT56pb-Aekabpb 2012




3a4yeM HYXHbl A3bIKK
cneundmkamm

Bonpochbl:

=  MOXHO N1 paccMaTpuBaTb NporpaMMy Ha Java nnm Cu Kak
creumndukaumio ?

= B ueM nntocbl BBEAEHMS CrieLmanbHbIX A3bIKOB crneuudukaummn?
= B uyeM MUHYyCbl BBeAeHMS S3bIKOB creumdukaumnmn?

= KakoBbl M3BECTHbIE A3bIKM cheumMduKaLmnin?

= CyLlecTByIOT NN anbTEPHATMBbI A3blKaM cneundukaumin?

OTBETbl HA DK3aMeHe.

BMK MTI'Y. 1 1
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CpeacrBa cneundunKkaumm B
i A3blKaX NPOrpaMMmMpOBaHmnS

= HanpaBneHunsa pa3BuTnsa A3bIKOB
cneundukaumm
= PaclumpeHune Bo3MOXHOCTEN MOAENNPOBAHUS
= YnpollueHne opmManbLHOro aHaaun3a
=« ConmxeHne c a3blkamMu NporpamMMmUpoOBaHUS

s Spec# 2003
s CodeContracts

= PeTpocnekTuBa pa3BUTUA A3bIKOB
NporpaMMmMpOBaHNSA CO CpeaCTBaMu
crneumpuKaumn

BMK MrIY. 1 2
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HanpaBneHna pa3BUTUA A3bIKOB
i cneundpukaumm (1)

= Paclwumpernune Bo3MoXKHOCTEN
MOAENNPOBAHUS]

= [lapannennsm, aCUHXPOHHbIE
B3aMMoaencTems, 0bpaboTka
NCKIIOYEHNI

= BpeMeHHble (TeMnopasnbHble) CBOUCTBA
= [peboBaHUs K pecypcam

BMK MrIY. 1 3
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HanpaBneHna pa3BUTUA A3bIKOB

i cneundpukaumm (2)

= YNpolleHne popMasibHOro aHanansa
= YMpOoLleHHada cMcTteMa TUMnoB

s QyHKUMOHaNbHbIE A3bIKKM (HET N0BOYHOro
adpdekTa, HET yKa3aTenen)
= CTporas ceMaHTUKa - KaK cneacrBus:

= [1NaTopMOHE3aBMCUMOCTb
= Knaccnyeckasa apudmetmka (He MallnHHasN)

BMK MTI'Y. 14
CeHT56pb-Aekabpb 2012



ConmxeHue c A3blkaMu

& NnporpaMMmMpoBaHnS: pros & cons

BMK MrI'Y.
CeHTA6pb-aekabpb 2012




CuctemMa npor aMMl/IOBaHl/IFI
Spec# (1) -

s Spec# - 43blK NPorpaMMmMpoBaHUA
= KoMnmndartop
= CraTndeckmnn BepudunkaTop Boogie

= Spec Explorer — CuctemMa TectTupoBaHus Ha
OCHOBE MoAenewn
((bopManbHbIX cneyudukaumn)

BMK MrIY. 1 6
CeHT56pb-Aekabpb 2012



CucrteMa nporpaMMmMpoBaHUA
Spec# (2)

[ NaBHble AOCTOMHCTBa Spec#:
= OcHoBa nonynsipHbin A3bIk C#

= MoLHbIM MeToA ANa crieunduKaumnm U aHanmnsa
(reasoning)

= Cneundukauusa nHeapuaHToB U callbacks,
= CTaTnyeckue n agMHaMuU4yecKme npoBepKu

BMK MrIY.
CeHT56pb-Aekabpb 2012
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i OrpaHunyeHusa Metonos (constraints)

= [peaycnoBus

= [locTycnosus
= Habop mnckntoveHnn (throws)

= [locTycnosus nckntodeHnn (exceptional
postconditions)

= «bnoku ycnosum» frame conditions —
OrpaHNYMBAIOT YacTb COCTOAHUA NPOrpamMMbl,
KOTOPY MOXXHO MOAMMULMPOBATL

BMK MrIY. 1 8
CeHT56pb-Aekabpb 2012



i [1penycnosus (1)

class ArraylList { public virtual void /nsert(int /ndex,
object value)

requires 0 <= /ndex && /ndex <= Count,
requires | /sReadOnly && ! IsFixedSize,
{...}

BMK MrIY. 1 9
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i [1penycnosus (2)

class Arraylist { void Insert(int /index , object
value)

requires 0 <= /ndex && index <= Count
otherwise ArgumentOutOrRangeException,
requires ! IsReadOnly && ! IsFixedSize
otherwise NotSupportedException,

.o}

BMK MTI'Y. 20
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i [loCcTyCcnoBsus

ensures Count == old(Count) + 1;

ensures value == this|/ndex ];

ensures Fora/l{int /in 0 : /ndex ; old(this[/])
== this[/] }

ensures Forall{int /in index : old(Count);
old(this[/]) == this[/+ 1]}

BMK MI'Y. 2 1
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cKnto4yeHus

= /1Ba BMaa UCK/IIOYEHUN:
» client failures wn provider failures.

= Client failure HapyLweHne npenycnoBus

= Provider failures penartcs Ha gonyctumsle
(admissible ), Haripumep, time-out u
Hab/TI0[aEMBbIE /OXXUAGEMBIE OLLIMOKU
(observed program errors).

= KnuneHTckme n observed — unchecked
exceptions

BMK MTI'Y. 22
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i [MocTycnoBus ucknoyeHum (1)

char Read)
throws SocketClosedException,

Merosn MoxeT BO3OYIUThb UCKITIOYEHNE TUME
rogksiacca SocketClosedException  HUKaKoe

Apyroe.

BMK MTI'Y. 23
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[locTycnosus nckntoyeHnm (2)

void ReadToker(ArrayList a)

throws EndOfrFileException ensures a.Count ==
old(a.Count);

...

YKa3bIBaET, UTO [A/IMHA @ HE U3MEHSETCA, KOrAa
pe3ynbTaToM aBnsietcsa EndOrfFileException .

BMK MrIY. 2 4
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i OrpaHn4yeHuns Knacca

class AttendanceRecord { Studenf ]\ students;
bool[ |! absent ;
Invariant students.Length == absent .Length;

OnepaTtop expose yKa3blBaeT, YTO UHBAPUAHTHI
obbeKkTa 0 BpeMeHHO HapyLlaloTCsl BO BpeMS
BbIMOJ/IHEHUSA statement

expose (o) {
} 4

BMK MrIY. 2 5
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CodeContracts
(paumoHasbHble Yyncna)

using System;
using System.Diagnostics .Contracts;

class Rational

int numerator;
int denominator;

public Rational( int numerator, int denominator )
Contract.Requires( denominator ! = 0 );

this.numerator = numerator;
this.denominator = denominator;

b
public int Denominator
get
Contract.Ensures( Contract.Result<int>() == this.denominator );
return this.denominator;
[ContractInvariantMethod]
protected void ObjectInvariant ()

Contract.Invariant ( this.denominator ! = 0 );

BMK MrIY.
CeHT56pb-Aekabpb 2012
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CodeContracts
‘L (KBaapaTHbIM KOpeHb - 1)

npuBsI3Ka K UCXOQHOMY Koay

class Math

{

public static double Sqgrt ( double x )
{

Contract.Requires( x > 0);
Contract.Ensures (
Contract.Result<double>()*Contract.Result<double>() == x);

BMK MrIY.
CeHT56pb-Aekabpb 2012
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CodeContracts
(KBaapaTHbIM KOPEHb - 2)

npuUBsA3Ka yepe3 BHeWHUit nHtepdeiic

[ContractClass(typeof(SqrtContract))]
interface ISqrt
{
double Sqrt ( double x );
b
class SqrtImpl : ISqrt
{
double Sqrt ( double x ) { return Math.Sqrt(x); }
b
[ContractClassFor(typeof(I1Sqrt))]
sealed class SqrtContract : ISgrt
{
double Sqrt ( double x )
{
Contract.Requires( x > 0);
Contract.Ensures (
Contract.Result<double>()*Contract.Result<double>() == x);
return default(double);
b
b

BMK MrIY.
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CodeContracts
‘L (KBaapaTHbIU KOpPEeHb - 3)

BapuMaHTbl Npeayc/oBUaA
CaMblii NPOCTOM

Contract.Requires( x >=0);
C UCKJTIOYEHUEM

Contract.Requires<IllegalArgumentException>( x >=0);

BMK MI'Y.
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CodeContracts
(KBaapaTHbIU KOpPeHb - 4)

BMK MTI'Y.

BapMaHTbl NOCTYC/IOBUSA
CaMblii NPOCTOM

Contract.Ensures(Contract.Result<double>()*Contract.Result<double>() == x);
nocnoxHee (C y4eToM HETOYHOrO paBeHCTBA)

Contract.Ensures(x != 0 || Contract.Result<double>() == 0);

Contract.Ensures(x == 0 ||
Math.Abs((Contract.Result<double>()*Contract.Result<double>() — x)/x)
< 1.0e-15);

euye cnoxHee (C y4eTOM HETOUHOrO PaBEHCTBA M OTPULIATEJIbHbIX APryMEHTOB)

Contract.Ensures(x >= 0 || Double.IsNan( Contract.Result<double>() ) );
Contract.Ensures(x !'= 0 || Contract.Result<double>() == 0);

Contract.Ensures(x <= 0 ||
Math.Abs((Contract.Result<double>()*Contract.Result<double>() — x)/x)
< 1.0e-15);

CeHT56pb-Aekabpb 2012
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PeTpocneKkTnBa pa3BUTUA A3bIKOB

cneundukaunm

i NnporpaMmMnpoBaHnsA CO CpeaACTBaM

BMK MTI'Y.

CeHT56pb-Aekabpb 2012

Gypsy 1975, Alphard 1976, Euclid 1977,
CLU 1975-1988

Anna 1990, ADL 1993, Eiffel 1988, SPARK
2003

JML 1999, UniTESK 2000
Spec# 2003

ABTOMaTM4YECKOe A0oKa3aTeNbCTBO TeopeMm
ans noncka owmbok: ESC/Java 2002, Modula-
3 1998
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MS Interoperability Initiative

MBT Process for Protocols

Define Messages
Basic validation and automatic adapter

Adapter /Test Execution

Model Behavior Test Suite

Analyze Behavior Generate Test Cases/Oracle
Visualization and model checking

32
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MS Interoperability Initiative (2)

Test Suite Development with MBT

Document

Genciet ! I Feedback

Test Oracle Verdict

Observe Feedback
Implementation g




