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2neMeHTbl OCHOBaHUM
i pa3paboTkn NporpamMm

= Pasgenenne noHaTUn
= Peanunsaunu nporpammel (anroputma) u
= [loBeaeHns nporpamMmmel

= ABCcTpakums

« Buabl abcTpakuum

= MeToabl U3MEHEHUs YpOBHSA abCcTpakumn m
COMOCTaB/IEHNS YPOBHEN




dopManbHble MeToabl

= Cneyndukaumns (nosegeHus)
= SA3blki hopManbHOM cneundunkaumm

= /IHCTpYMeHTbl NoAAEPXKHN
= AHaNM3 KOPPEKTHOCTU crieynupuKaLmnm
= AHaNM3 COOTBETCTBMUSA cneundukaumnm u
peanusaunu (Bepudukaumns)

= AHann3 COOTBETCTBUSA PasHbIX YPOBHEN
abcTpakuum, pasHbix Moaenen

= OTCnexuBaHue cBsi3en ¢ TpeboBaHUAMM,
QYHKUMSAMU peanusaumm, TectaMmn un ap.



[1na yero Hy>kHbl cneyudukaumm

= [loMoub B An3anHe (yTOYHUTb TPeb, BCKPbITb OTKPbIThIE
BOMPOCHI U NpOTMBOpeUns B Tpeb/npoekTe apxXnTeKTypbl

= 3aduKcMpoBaTb NPOEKTHLIE PeELLEHUs AN NepeaaYn 3HaHWN
(LeneBol NPOAYKT peEBEPC-UHXEHEPUN)

=  AnbTepHaTUBHAs MHPOPMALIMOHHAsA CTPYKTypa A1 aHanmn3a
cucTemMbl (KOPPEKTHOCTb, CPABHEHME MOMHOTHI C peanu3aumen,
KpUTEPUN KayeCcTBa/MosHOTLI Bepudunkaumnn)

= «MeuTta/naean» — reHepaums NporpaMm no crneumdmrkalnm

= (He Bcerga uenesbiX NPorpaMM, HanpuMep, TeCTOB, A0Ka3aTeENbCTB
(evidence))

BMK MrIY. 4
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i [ 1e HY>KHbI creumnduKaunm

= TaM, rae HeT roToBbIX LWAGMOHHbIX peLeHnit
= bonbloun kpyr pa3paboTumkoB/nonb3oBatenemn =>
3aa4va pMKcauum n nepeaaym 3HaHMM O CUCTEME

= OTBeTcTBeHHOe SW/HW, 3aaayn HageXXHOCTU U

OTCNEXMBaHNSA TpeboBaHM

BMK MrIY. 5
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3a4yeM HYXHbl A3bIKK
i cneundmkaumumn?

= MOXXHO N1 paccMaTpuBaTb NporpamMmy
Ha Java nnn Cun Kak cneundukauuro ?

= B yeM nnrcbl BBeaeHuUs cneumanbHbIX
A3bIKOB CrieympuKaummn?

= B yeM MUHYCbl BBeeHUS A3bIKOB
cneunuKkaumumn?

BMK MrIY. 6
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HedopManbHOe onncaHne CUCTEMB

i [lpumMep: «Ouepeab>» -

= [pebyeTcd cCnpoeKkTUpoBaTb CUCTEMY,

peann3yoLLyto onepaummn ans paboTbl C
«o4yepeasammn»

= Cncrema 6bypet npenocTaBnsThb
nporpamMmmHbiv MHTepdenc (M, nnu
Application Program Interface - API)

BMK MrIY. 7
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[epBbin War popManmsaumn.
i Bbibop TepMnHOB (AeHOTaTOoB)

= [UMNbl AAHHbIX
= Ouepenb - Queue
= JN1IeMeHT oyepeamn - Element
= Onepaunu
= [locTaBuTb B o4epeab - append
= Koro obcnyxusatb cneayowmm? - first
= KTO ocTtaHeTcsa nocne 3toro? - rest
s KOHCTaHTa
= [lycTaa odepenb - empty

BMK MrIY.
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i N3BecTHble BUAbI criebudukaLmnm

= Anrebpanyeckune/akcmomaTnyeckme
= SBHbIE/UCNOMHUMbIE/ANTOPUTMUYECKNE
= HesaBHble/HENCNONHNMbIE/OrPaHNYEHNS

BMK MrIY. 9
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CurHaTypa (CTpyKTypa) nHTepdenca
i - MpoCTenLLINK BUA cneundukaumn

scheme QUEUE = class

type Element,
Queue
value empty : Queue,

append : Element >< Queue -> Queue,
first : Queue -~-> Element,
rest : Queue -~-> Queue

Mol onucanu CTpykTypy, TO ecTb Habop
9NEMEHTOB U CBA3U MEXAY 3reMEHTaMM.

BMK MrIY. 10
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Ouepenb. Anrebpanyeckas
cneunpukauma Ha RSL

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 ~= aDDend (e, q)
ﬁrstgappendge emp %) is e,
rest(append(e,empty)) is empty,
first(append(e, q)e 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 MTI'Y. 1 1
CeHT56pb-Aekabpb 2012



NHTepnpeTaunsa akCMoMbl
first(append(e, empty)) Is e

«ouyepeab»

empty CLeHapum
get value of «e»
_ e
append (e) )
first ()
result, .

_ result, = e q
\

BMK MI'Y. A.K.MeTpeHko. ®opManbHble cneundunkaumm
CeHTa6pb-aekabpb 2010 nporpamm - L. Jlekuns 2



Ouepensb.
fIBHasa cneumndukaumsa Ha RSL

scheme QUEUE = class

type Element,
Queue = Element-list
value empty: Queue,

append : Element >< Queue -> Queue,
first : Queue -~-> Element,
rest : Queue -~-> Queue

axiom forall e : Element, g : Queue :-
empty is <..>,
append(e,q) is g N <.e.>,
first(q) is hd q pre g~=<..>,
rest(q) is tl g pre g~=<..>

end

BMK MrIY. 1 3
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Ouepensb.
HesBHasa cneundukauma Ha RSL

scheme QUEUE = class

type Element,
Queue = Element-list
value empty: Queue,

append : Element >< Queue -> Queue,
first : Queue -~-> Element,
rest : Queue -~-> Queue

axiom forall e : Element, q : Queue :-
empty is <..>,
append(e,q) as gl post g N <.e.> =ql,
first(q) as e
post hd g= e pre g~=<..>,
rest(q) as ql
post exists e : Element ;- <.e.> gl =q
pre g~=<..>

end

BMK MTI'Y. 14
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Ouepenb. SBHag cneunduKaums
C cocTodHMeM Ha RSL

scheme QUEUE = class

type Element,

Queue = Element-list
variable queue : Queue := empty
value empty: Queue,

append : Element -> write queue Queue,
first : Unit -~-> read queue Element,
rest : Unit -~-> read queue Queue

axiom forall e ; Element :-
empty is <..>,
append(e) Is (queue := queue N <.e.>;queue),
first() is hd queue pre queue~=<..>,
rest() is tl queue pre queue~=<..>

end

BMK MTI'Y. 1 5
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Ouepenb. HesiBHas
cneungukaums ¢ COCToOSIHUEM

scheme QUEUE = class

type Element,

Queue = Element-list
variable queue : Queue := empty
value empty: Queue,

append : Element -> write queue Queue,
first : Unit -~-> read queue Element,
rest : Unit -~-> read queue Queue

axiom forall e : Element :-
empty is <..>, i
append(e) as g2 post queue = g2 /\ queue A <.e.> =(Q2,
first() as e
post hd queue = e pre queue ~=<..>,
rest() as g2
post exists e : Element :- <.e.> N g2 = queue
pre queue~=<..>,
end
BMK M. 16
CeHT56pb-Aekabpb 2012



Ouepensb.
NHTepdenc knacca Ha Dafny

class Queue<T>

{

// create queue without elements
constructor empty()

// append "e' to the end of queue
method append(e : T)

// get first element
method first() returns (e : T)

// remove first element  [lonpo6oBaTb B bpay3epe:
method resi() http://rise4fun.com/Dafny/GYsI0

(HaxaTb “ask dafny”)

BMK MI'Y. 1 7
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}
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Ouepensb.
fBHas cneundukaumna Ha Dafny

class Queue<T> method first() returns (e : T)
{ requires |elements| > 0;
var elements : seq<T>; {
return elements[0];
constructor empty() 1
modifies this;
{ method rest()
elements :=[]; requires |elements| > 0;
} modifies this;
{
method append(e : T) elements := elements[1..];
modifies this; 1
{ }
elements := elements + [e]; [1ON pO6OBaTb B 6pay3epe:
iy http://rise4fun.com/Dafny/hzle

CeHT56pb-Aekabpb 2012 1 8
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Ouepenb. HesBHas
cneumndukaumsa Ha Dafny

class Queue<T> method first() returns (e : T)
{ requires |elements| > 0;
var elements : seq<T>; ensures e == elements[0];
ensures elements ==
constructor empty() old(elements); // needed?
modifies this;
ensures |elements| == 0; method rest()
modifies this;
method append(e : T) requires |elements| > 0;
modifies this; ensures old(elements)[1..] ==
ensures old(elements) + [e] == elements;
elements; }

[NlonpobosaTb B bpay3epe:
http://rise4fun.com/Dafny/tuQY

BMK MI'Y. 1 9
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Ouepeab. Anrebpanyeckas
crneundukaumnsa Ha Dafny —
NnapaMeTpu30BaHHbIE TECTb!

class Queue<T> static method test_1(q : static method test_2(q :
{ Queue<T>,e: T) Queue<T>,e: T)
constructor empty() modifies g; modifies g;
requires q '= null; requires q '= null;
method append(e : T) requires g.non_empty(); requires !q.non_empty();
modifies this; { {
var f1 := q.first(); g.append(e);
method first() returns (e : T) g.append(e); var f := q.first();
requires non_empty(); var f2 := q.first(); assert f == g;
assert f1 == f2; }
method rest() } }

requires non_empty();
modifies this;

function non_empty() : bool
reads this;

[lonpoboBaTb B bpay3epe:
http://rise4fun.com/Dafny/gHI4

BMK MI'Y. 20
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Ouyepeab. 2pdeKkTMBHAS peanmsauus

Ha Dafny (6e3 noctycnosumn)

class Node<T>
{
var value : T;
var next : Node<T>;

¥

// unbounded queue
class Queue<T>
{
var head : Node<T>;
var last : Node<T>;

constructor empty()
modifies this;

{
head := null;
last := null;

}

BMK MI'Y.
CeHT56pb-Aekabpb 2012

method append(e : T)
modifies this, (if last ==
null then {} else {last});
{
if (last == null) {
last := new Node<T>;
head := last;
} else {
last.next := new Node<T>;
last := last.next;
by
last.value := e;
last.next := null;

¥

method first() returns (e : T)
requires head !'= null;

{

return head.value;

}

method rest()
requires head != null;
modifies this;
{
if (head == last) {
head := null;
last := null;
}else {
head := head.next;
by
by

} // end of Queue

B 6pay3epe:

http://rise4fun.com/Dafny/gHI4
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Ha Dafny (c noctycnoBusmu)

i Ouyepeab. 2pdeKkTMBHAS peanmsauus

TeKkcT nporpaMMbl €O cneumduKaLMOHHbIMU
aHHOTALUMSAMWN HACTONbKO BOJbLLOKW, YTO HE

nomectuncs Ha cnang. CMoTpeTb B bpay3epe TyT:
http://rise4fun.com/Dafny/slimp
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