OcHoBbl  _
MaTemMaTun4yeckom
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NporpaMmMmnMpoBaHnA

JIEKTOP: B.A. 3axapos



Jlekuyus 20.

[lpaBunbHbIE NpOorpamMmmbil.
MIMmnepaTuBHbIe NnporpamMmmbil.
3apava Bepudmkauum nporpamm.
Jlornka Xoapa.
ABTOMaTmn4eckasi npoBepka
NPaBUJIbLHOCTN NPOrpamMm.



NMPABWJIbHbLIE NMPOIMPAMMBbI

Kakasi koMnbloTepHasi nporpaMma CHYMTaeTcst xopowen?
Ta, koTopasi pabotaer NMPABUNJIBHO achpekTMBHO .

A kakasi nporpamMmma cuyMTaeTcsi npaBubHOR?

[MpaBuNbHOW cHMTaeTCa Ta NporpaMMa, KOTOpasi BbIMOJHAET B
TOYHOCTW TO, YTO OT Hee TpebyeTtcs.

A kak ybeauTbcsi, 4TO NporpamMmma BbIMOJIHSET TO, YTO OT
Hee TpebyeTtcsa?

[ns aToro Hy»Ho
1. Onucatb cTporo (dopmansHo) TpeboBaHMs NPaBUILHOCTY
BbIYUCIEHWIA;

2. [poBepuTb, 4TO BCE BbIYUCIEHUS NPOrpPaMMbl YOOBAETBOPSIIOT
5TUM TpeboBaHUAM.



NMPABWJIbHbLIE NMPOIMPAMMBbI

Onucanmne TpebosaHnii NpaBnaLHOCTN DYHKLMOHNPOBAHUS
NporpaMMbl Ha3bIBaeTCs Crieundukalneil NPorpamMmmsi.

MpoBepka cobntopeHns BoIYNCAEHUAMYN NPOrpaMMbl TpeboBaHwii
NPaBUALHOCTY (DYHKLMOHNPOBAHUSA Ha3bIBAETCS BepuduKaLmei
nporpammei.

Ecnn cneyndmkaumm nporpamMm 3anmcaTe Ha pOpPMasbHOM
JIOTNYECKOM $I3blKe U CTPOro OMPESENNTb ONepaLnoHHYO
CEMaHTNKY NPOrpamm, TO AJ1si [OKA3ATENbCTBA NPaBUIILHOCTM
NporpaMM MOXHO UCMOJIb30BaTb METOAbI MAaTEMATUHECKON JIOTUKM
(noruueckuii BbIBOA).



NMPABWJIbHbLIE NMPOIMPAMMBbI

dopmanbHas Bepudmrkaums nporpamMmm

[NpenmyLiecTBa

Mpobnembl

1. AbcontoTHO ToYHas npoBepka
NPaBUILHOCTY MPOrpamMMm.

2. BosmoxHocTe aBTOMaTM3a-
UMM MOCTPOEHUSI  JIOTMYECKOTO
BbIBOAA.

1. Kak 3acTaBuTb nporpamMmmu-
CTOB nucatb hopMasibHble cre-
undukaunn? M Hackonbko Tou-
Hbl 3Tn cneundunkaumm?

2. Kak 3actaeuTb npysep pabo-
TaTb 3pheKTUBHO?

N, Tem He meHee, nonpobyem...




MMM EPATUBHbLIE NMPOIMPAMMDbI

Onpe,u,em/lM CUHTAKCNC N CEMAHTUKY NMMNEPATUBHbBIX MPOrpamMm.

Myctb 3apana curHatypa o = (Const, Func, Pred), B koTopoii
OMNPEAENEHO MHOXECTBO TEPMOB Term 1 MHOXXECTBO aTOMapHbIX
dopmyn Atom.

Bynem Takxe ncnonb3osaTh CyXeOHbIE CUMBON <, He
npuHagnexawmii CUrHaType o.

Onpepenenne
NpuUcBaMBaHne = <«MNEPEMEHHasI» < «TePM>»
ycnosue = «aTtomy | (—ycnosue) |
(ycnoeue & ycnosue) | (ycnosue V ycnosue)
nporpamMma = npucBamBaHue |

nporpamma ; nporpamMma |
if «ycnoeney then nporpamma else nporpamma fi |
while ycnosne do nporpamma od



MMM EPATUBHbLIE NMPOIMPAMMDbI

Mpumep

Mporpamma BelunCieHNs HanbosbLWEro OBLIEro AennTens 4Byx
HaTypasbHbIX YuUCen.

Const ={0,1,2,...,},

Func = {+(2), -,

Pred = {=?), >() <)}

while =(x = y)
do
if x>y
then x = x—y
else y =y —x
fi
od



MMM EPATUBHbLIE NMPOIMPAMMDbI

OnepaynoHHas ceMaHTUKa UMNEPATUBHbIX NPOrpamMm

CemaHTuKa 3agaeT cMbiCh (3HaYEHUE) CUHTAKCUYECKMX
KOHCTPYKUWii (C/10B, popmysn, mporpaMm u np.).

3HayYeHnemM UMMNepaTUBHON NPOrpaMMbl SBASIETCA OTHOLLEHUE
BXOO—BbIX0O[, MeXJy BXOAHbIMU AaHHbIMU U Pe3ySibTaTOM
BbI4YNCIEHUS.

OTHOLWEHNE BXOA—BLIXOA, MPOrPaMMbl ONPEAENSIETCS MPU NOMOLLN
OTHOLLUEHNS MEPEXOAOB MeXAY COCTOSHUAMU BblYUCIEHNS
nporpamMmei.

CocTosiHne BbIYMCIEHNS NPOrPaMMbl OMPERENAETCS ABYMS
KOMMOHEHTaMN — COCTOSIHUEM YMPaBJIEHNS U COCTOSAHUEM
OAHHbIX .



MMM EPATUBHbLIE NMPOIMPAMMDbI

OnpepeneHune (cocTosiHUA BblHUCAEHMS)

Mycts Var — 3To MHOXeCTBO nepemeHHbix, a GTerm — ato
MHOXECTBO OCHOBHbIX TEPMOB CUTHaTypbl O.

Ouenkoll nepemeHHbIx (COCTOsIHMEM faHHbIX) byfem Ha3biBaTb
BCsikoe oTobparkeHune (nogcranoeky) 0 : Var — GTerm.

CocrosiHnem ynpaenenusi byfem Ha3bIBaTb BCAKYHO NMPOrpaMMy, a
TaKXe CreLunabHbIii cuMBON .

CocrosiHnem Bolumncienns bygem HasbiBaTb BCsikyto napy (m, 6), roe
T — COCTOSIHME ynpaBieHusi, a  — oueHKa NepemMeHHbIX.

3anunce State, bygeT 0603Ha4aTb MHOXKECTBO BCEBO3MOXHbIX
COCTOSIHUIT BbIYNCAEHU CUTHATYPbI 0.



MMM EPATUBHbLIE NMPOIMPAMMDbI

OnpepeneHune (oTHOWeEHUA nNepexonos)
MycTb | — 37O MHTepnpeTauns CUrHaTypbl o.

Torga oTHOLWIEHNE MEPEXOAOB AJ1S1 MMEPATUBHbLIX MPOrpaMM — 3TO
BuHapHOE OTHOLLEHNE —; HA MHOXECTBE COCTOSIHWIA BblYUCAEHUS
State,, ynoBNEeTBOPAIOLLEE CAEAYIOWNM TPEOOBAHNAM:

ASS: (x<=t,0) — (3, {x/t}0);

COMP_@Z <7Tl;7T2, 9> — <7T2, 7]>
TorAa u Tonbko Torga, korga (my, 0) —; (I, n);

COMP: (m1; M2, Oy — (7} M2, M)
TOrAa u ToNbko Toraa, korpa (mi,0) — (my.n) n 7 #;



MMM EPATUBHbLIE NMPOIMPAMMDbI

Onpegenexune (OTHOLWEHUS Nepexonos)

IF_1: (if C then 71 else m fi, ) —; (m1, 6)
Toraa u Tonbko Torga, korga | = C#6;

|F_0: <lf C then 7 else 7 fi, 0) — <7T2, 9>
Torga u Tonbko Toraa, korpa | = CH;

WHILE 1: (while C do 7 od, ) —, (m; while C do 7 od, 0)
Toraa u Tonbko Torga, koraa | = Co;

WHILE 0: (while C do 7 od, 0) —, (2, 0)
Toraa u Tonbko Torga, korga | = C6.

OTHoLEHNE NEPEXOAOB — OMPEAENSIET, KaK N3MEHSETCA
COCTOSIHME BbIYMCIEHNS 3a oAuH Wwar paboTbl MHTepnpeTaTopa
MMMepaTNBHbLIX NPOrpamMM.



MMM EPATUBHbLIE NMPOIMPAMMDbI

OnpepeneHune (Bbl4ncaeHnst NnporpaMmmbl)

MycTb w9 — 3TO UMNepaTuBHast nporpamma, p — oueHka
NepPeMEeHHbIX.

HacTu4HbLIM BbIYMCIEHNEM MPOrpaMMbl T Ha OLEHKE MEPEMEHHbIX
0o B nHTepnpeTauum | Ha3bIBAETCS MOCNEROBATENBHOCTL (KOHEYHast
nin BecKOHeYHast) COCTOSIHNIA BbIYNCAEHUS

<7T07 00>7 <7T1, 91)) ey <7TI7—17 917—1>7 <7TI17 6n>7 ey

B KOTOpOI Ansa ntoboro n, n > 1, BLINONHSAETCS OTHOLIEHWNE
<7Tn—179n—1> 4 <7rna9n>-

Bbiuncnenvem nporpamMmmbl g Ha OLEHKE MepeMeHHbIX By B
nHTepnpetauny | Ha3bIBAeTCA BCSKOE YaCTUYHOE BblYMC/IEHNE,
KOTOPOE HENb3s MPOLO/IKUTL.



MMM EPATUBHbLIE NMPOIMPAMMDbI

Mpumep

Myctb | — uHTepnpetaums curvatypel o = (Const, Func, Pred):
Const = {0,1,2,...,}, Func = {+®) -3},

Pred = {=0), (), <@},

NpeaMeTHOl 0b1aCTbiO KOTOPOIA SABASIETCS MHOXXECTBO
HaTypanbHbIx Yncen Ny ¢ obbluHbIMU apudMeTnYeCKIMN
onepaumMsiMn 1 OTHOLLEHUSIMU.

PaCCMOTpI/IM Bbl4YNCNEHNE NPOrpamMmbl

mo: while =(x = y)
doif x>ythenx<x—yelsey < y—xfiod

Ha oueHke nepemenHbix 0y = {x/4,y/6}.



MMM EPATUBHbLIE NMPOIMPAMMDbI

mo: while =(x = y)
doif x> ythenx<x—yelsey < y—xfiod

90 = {X/4a.y/6}
Mpumep

(ro, {x/4,y/6)
(if x > y then x < x — y elselly<:y—x fi s 70, {x/4,y/6})
by —ximas {x/ay/6)

(r0 /16— 4)



MMM EPATUBHbLIE NMPOIMPAMMDbI

mo: while =(x = y)
doif x> ythenx < x—yelsey < y—xfiod

o = {X/47y/6}

Mpumep
<7707 {X/4l?y/6_4}>

(if x > y then x < x — y else yl<: y —x fi ;mo, {x/4,y/6—4})

L

(x <= x—yimo, {x/4,y/6-4})
L
(o, {X/4—(i—4),y/6—4}>
/

(9, {x/4—(6-4),y/6—4})



MMM EPATUBHbLIE NMPOIMPAMMDbI

Kak cnepyeT ns onpegenenus, ntoboe BoliuncieHne nnubo siensietcs
becKoHEYHOI NoCNefoBaTENLHOCTLIO, DO 3aBepLUaeTCs
coctosiuem (&, 7).

B nocnegHem ciyvae oueHka 7) Ha3bIBAETCS PE3y/bTaTOM
BbIYUCIIEHNS.

Byaem ncnone3osaTk 3annce —; Ans obosHaveHus
PedNEKCUBHOMO N TPAH3UTUBHOIO 3aMblKaHUSI OTHOLLEHUS]
NnepexofoB —j .

TOF/J,E-] OUEHKa NEPEMEHHLIX 7] ABNAETCA PE3Y/IbTATOM BbIHNCIIEHNA
nporpaMmsbl ™ Ha OUEHKE MEPEMEHHbIX 0B NHTEpNpeTaunn | B TOM
N TONIbKO TOM Cny4ae, Korga BbIMOJIHAETCA OTHOLUEHMNE

(m,0) —1 (F,n).



SAA0AYHA BEPNONKALUUU TTIPOITPAMM

HedopmanbHas noctaHoBka 3agauun

Mporpamma 7 cumntaercs (HacTUHHO ) KOPPEKTHOI , ecnn st
NOBbIX HaYaNbHbIX JAHHbBIX, YAOBIETBOPSIOLMX ONPESEEHHOMY
YC/IOBUIO (o, PE3YNbTAT BbIYMCAEHNS (€CNN BbIYUCNEHNE
3aBEPLUAETCS) YAOBIETBOPSIET ONPELESNEHHOMY YCIOBULO 1.

OrpaHuyeHune @, KOTOPOE HaMaraeTcs Ha HavasibHble AaHHble,
Ha3bIBAETCA NpeaycioBnemM, a TpeboBaHMe, KOTOPOMY LOJKHbI
YAOBNETBOPATL Pe3y/ibTaTbl BbIYUCIEHNS, HA3bIBAETCA
MOCTYC/NOBMEM MPOrpaMMbl.

3apaya BepnpuKaLy NporpaMMbl T 3aK/IKOHAETCS B NMPOBEPKE
YaCTUYHOWN KOPPEKTHOCTY NMPOrpaMMbl T OTHOCUTEIbHO 334aHHOIO
NpeaycioBUs (o U 3aJaHHOTO NOCTYC/IOBUS ).



SAA0AYHA BEPNONKALUUU TTIPOITPAMM

CDopmaanaﬂ NOCTAHOBKaA 3a4a4iu

Paclumpum MHOXecTBO hOopMyn NOrMKN NPeauKaTos, BBEAS B
PacCMOTPEHUE B Ka4ecTBe POPMYS BbIPaXKEHMS] HOBOMO
cneumansHOro BuAa.

OnpepgenerHne

Tpunnetom Xoapa (Tpoiikoii Xoapa) Ha3blBaeTCst BCAKOE

Bblpa>Xe€HWUe snaa

i ),

roe ¢, 1) — opMysibl JIOTMKIN NMPEANKATOR,
a M — UMnNepaTMBHaA Nporpamma.

O6osHauum HT, MHOXeCTBO TpunsieToe Xoapa CULHATYPLI O



NcTtopuyeckne ceepgeHuns

YHAPJ/Ib3 SHTOHW PUYAPAO XOAP



SAA0AYHA BEPNONKALUUU TTIPOITPAMM

BbinonHnMocTb Tpunnetos Xoapa B MHTEpPNpETALUsX
onpefensieTca Tak:

| = p{m}y <= pns nobbix oueHOK nepeMeHHbIX 6,17,
ecnn | = b v (m,0) —7 (D, n),
Tol = yYm.

OnpepeneHune (4aCTUYHON KOPPEKTHOCTY NPOrpaMmbl)

Myctb @, 1) — opMynbl NOFUKK NPEesMKATOB, a T — UMMEPaTMBHAs
nporpamma.

Mporpamma 7 Ha3bIBAETCS HaCTUYHO KOPPEKTHON B MHTEPMpPETaLnm
| OTHOCWUTENBHO NPefyCNOBUA ( U NOCTYCNOBUSA 1), €CN Tpunaet
@{7}1 BbINONHUM B nHTepnpetayun /, T. e.

I'Ee{r}y .



JIOFMKA XOAPA

Kak xe AO0Ka3aTb HaCTUYHYHK KOPPEKTHOCTb I'IpOFpaMMbI?

PaccmoTpum cuctemy npaBun BblBOZA, aHANOMMYHbLIX NpaBuiam
BbIBOAA AJ11 CEMaHTUYECKux Tabauy,.

Takyto cuctemy npegnoxun B 1968 r. Xoap. lNpasuna BbiBoga
Xoapa uMmetoT BUS,

0} (o} (o} (0}
Ul WUy o,

roe ©, W, W1, Wy, — Tpunnetsl Xoapa,
©, ) — hopMyJIbl NOTVMKN NPEJUKATOB.



JIOTMKA XOAPA

NMpaBuna BbiBOga Xoapa

ASS: SO{X/t}t{X =tho

rue ’

. o{m}i
CONS: o — ¢, i, ¢ =’

. p{m; mo}ib
COMP: o{mtx, x{mp’

¢ {if C then 7; else ; fi} ¥
(p&C) {1} ¥, (p&~C) {m} b’

¢ {while C do 7 od} (p&-C)
(p&C) {7} '

®opmyna B 35TOM MpaBuJie Ha3bIBAaETCS MHBAPUAHTOM LKA .

IF:

WHILE:



JIOTMKA XOAPA
OnpepeneHne BbiBOga B normvke Xoapa

Beisog B noruke Xoapa tpunneta ®g = o {mo} o — 310



JIOTNKA XOAPA
OnpepenerHne BbiBoga B noruke Xoapa

Beisog B noruke Xoapa tpunneta ®g = o {mo} o — 310
KOpPHEBOE AepeBo,



JIOTNKA XOAPA
OnpepenerHne BbiBoga B noruke Xoapa

Beisog B noruke Xoapa tpunneta ®g = o {mo} o — 310
KOPHEBOE [1epeBo, BEPLUMHAMUN KOTOPOro CNy>KaT TpUnAeThl u
cbopMysbl IOFMKKM NPEANKATOB 1 NpK 3TOM

o

) @+ 3 @ 2

¥3 2!



JIOTNKA XOAPA
OnpepenerHne BbiBoga B noruke Xoapa

Beisog B noruke Xoapa tpunneta ®g = o {mo} o — 310
KOPHEBOE [1epeBo, BEPLUMHAMUN KOTOPOro CNy>KaT TpUnAeThl u
cbopMysbl IOFMKKM NPEANKATOB 1 NpK 3TOM

1) kopHeMm pepeBa siBnsietcs Tpunnet Pg;

0N

) @+ 3 @ 2

¥3 2



JIOFMKA XOAPA

Onpe,u,eneHme BblBO4aA B JIOTMnKe Xoapa

2) n3 BeplnHbl ®; ncxoant ayra B BepwnHy ®;
0]
3’: — npasuao TabauyHoro BLIBOAA;
J

O



JIOFMKA XOAPA

Onpe,u,eneHme BblBO4aA B JIOTMnKe Xoapa

2) n3 BeplnHbl ®; ncxoant ayra B BepwnHy ®;
)
3’: — npasuao TabauyHoro BLIBOAA;
J

O



JIOFMKA XOAPA

OnpepenerHuve BbiBoga B nornke Xoapa

2) 13 BepwunHbl ®1 ncxogat ayrn B BepwmHbl 1, P, o
—
% — npasunno Ta6ﬂV|‘-|HOFO BblBOJ A,
o
q)l q)l
®; @ - ¢3 @ 2

3 P4



JIOFMKA XOAPA

Onpep,eneHme BbiBOA4Aa B JiOrnke Xoapa

3) AncTbsMKM aepeBa SIBASIOTCS POPMYJibl JIOFMKU NPEANKATOB;

®g

®; @ /! 3 @ ¥2

¥3 P4



JIOFMKA XOAPA

Onpep,eneHme BbiBOAA B JiOrnke Xoapa

Beisog Tpunneta ®g = g {mo} Yo B Nnoruke Xoapa HasbiBaeTcs
yCnewHsIM B uHTepnpeTauun |, ecnm aepeso BbIBOAA SIBNSETCS
KOHEYHBIM, 1 BCE €ro JINCTOBbIE BEPLUNHBI — 3TO UCTUHHBIE B
uHTepnpetauun | dopMynbl AOrMKKU NPeanKaTos.



JIOFMKA XOAPA

Mpumep

[Mokaxxkem, 4TO nMporpamma

7o: while =(x = y)
doif x>ythenx<x—yelsey < y—xfiod

NPaBUALHO BblYMCASIET Haubonbwnii obWnii gennTens AByX
NOJIOXKUTENBHBIX LIeNbIX YNCEN.

[ns aToro Heobxonumo chopmMynnpoBaTe NPeRyCaoBUE Qg 1
NOCTYCIOBME 1)y, COOTBETCTBYIOLLEE 3TOMY TpeboBaHMIO, 1
NOCTPONTL YCMELLHbINA BbIBOA Tpunnieta ¢o {mo} 1o B noruke
Xoapa.



JIOFMKA XOAPA

Mpumep
,D,J'Iﬂ yﬂ,O6CTBa O603Ha'-IEHVII7I BBEAEM HEKOTOPbIE BCNOMOraTeJibHbIE

opmynbi:

DIV(x,z) : Ju (u x z = x),
GCD(x,y,z) : DIV(x,z) & DIV(y,z) &
Yu (DIV(x,u)&DIV(y,u) — (u < 2)).

Torpa
QOO(Xa.yaZ) : (X>0)&(y>0)&GCD(X7y72)7

Yo(x,z) : z=x.



7o: while =(x = y)
doif x>ythenx<x—yelsey<y—xfiod




7o: while =(x = y)
doif x>ythenx<x—yelsey<y—xfiod

(x > 0)&(y > 0)&GCD(x,y, z) {7T.0} z=x

%o (X,y,Z)



7o: while =(x = y)
doif x>ythenx<x—yelsey<y—xfiod

(x > 0)&(y > 0)&GCD(x,y,z) {mo} z = x
QDO(vavZ) . CONS




7o: while =(x = y)
doif x>ythenx<x—yelsey<y—xfiod

(x > 0)&(y > 0)&GCD(x,y,z) {mo} z = x

%o (X,y,Z)

o
QOO(X’va) - 900(X7YJZ)



7o: while =(x = y)
doif x>ythenx<x—yelsey<y—xfiod

(x > 0)&(y > 0)&GCD(x,y,z) {mo} z = x

%o (X,y,Z)

o
QOO(X’va) - 900(X7YJZ)



7o: while =(x = y)
doif x>ythenx<x—yelsey<y—xfiod

(x > 0)&(y > 0)&GCD(x,y,z) {mo} z = x

%o (X,y,Z)

o
QOO(X’va) - 900(X7YJZ)

wo(x,y,2) {mo} po(x,y,z)&==(x = y)



7o: while =(x = y)
doif x>ythenx<x—yelsey<y—xfiod

(x > 0)&(y > 0)&GCD(x,y,z) {mo} z = x

900(X7y72)

o
SOO(X’va) - QOO(XayJZ)

®
po(x,y,2)&(x = y) = (2 = x)

()OU(X7yaz) {WO} SOO(vavz)&_'_'(X = y)
WHILE

wo(x,y, zR(x = y){if x>y then x<=x—yelse y<y—xfitgo(x,y, z)



7o: while =(x = y)
doif x>ythenx<x—yelsey<y—xfiod

(x > 0)&(y > 0)&GCD(x,y,z) {mo} z = x

%o (X,y,Z)

o
SOO(X’va) - QOO(XayJZ)

®
po(x,y,2)&(x = y) = (2 = x)

wo(x,y,2) {mo} po(x,y,z)&==(x = y)

wo(x,y, zR(x = y){if x>y then x<=x—yelse y<y—xfitpo(x,y, z)
IF

o
o
vo(x,y,2)&=(x = y)&(x > y){x<=x—y}po(x,y, 2)



7o: while =(x = y)
doif x>ythenx<x—yelsey<y—xfiod

(x > 0)&(y > 0)&GCD(x,y,z) {mo} z = x

%o (X,y,Z)

o
SOO(X’va) - QOO(XayJZ)

®
po(x,y,2)&(x = y) = (2 = x)

wo(x,y,2) {mo} po(x,y,z)&==(x = y)

wo(x,y, zR(x = y){if x>y then x<=x—yelse y<y—xfitpo(x,y, z)
IF

()
@ vo(x,y,2)&~(x = y)&=(x > y){y <=y —x}tpo(x,y, 2)
vo(x,y,2)&=(x = y)&(x > y){x<=x—y}po(x,y, 2)



JleBasa BeTBb

wo(x,y,2)&=(x = y)&(x > y){x «t;—y}soo(xay, z)



JleBasa BeTBb

©o(x,y,2)&(x = y)&(x > y){x<=x—y}po(x,y, 2)
CONS



JleBasa BeTBb

©o(x,y,2)&(x = y)&(x > y){x<=x—y}po(x,y, 2)
CONS
o

SOO(XLy’Z)&_'(X :y)&(X > .y) -
—WOO(X—}/;)’:Z)



JleBasa BeTBb

po(x,y,2)&=(x = y)&(x > y){x=x—y}po(x,y, z)

®
cpo(x,y,z)&—'(X:y)&(x>y)—> ()OO(X7yaz)_>Q00(X7y7Z)

—WOO(X—}/;}’:Z)



JleBasa BeTBb

po(x,y,2)&=(x = y)&(x > y){x=x—y}po(x,y, z)

®
cpo(x,y,z)&—'(X:y)&(x>y)—> ()OO(X7yaz)_>Q00(X7y7Z)

—WOO(X—}/;)’:Z)

wo(x = y,y,2){x<=x—y}tpo(x,y, z)



JleBasa BeTBb

po(x,y,2)&=(x = y)&(x > y){x=x—y}po(x,y, z)

/‘\

®
cpo(x,y,z)&—'(X:y)&(x>y)—> ()OO(X7yaz)_>Q00(X7y7Z)

—WOO(X—}/;}’:Z) 1
o
wo(x = y,y,2){x<=x—y}tpo(x,y, z)

ASS




MpaBas BeTBbL

wo(x,y,2)&=(x = y)&=(x > y){Xix—y}wo(va, z)



MpaBas BeTBbL

SOO(vav Z)&_'(X = _y)&_\(X > y){X<:X_Y}SOO(X7y7 Z)
CONS



MpaBas BeTBbL

SOO(vav Z)&_'(X = _y)&_\(X > y){X<:X_Y}SOO(X7y7 Z)
CONS
o

o
wo(x,y,2)&(x = y)&-(x > y) —
- QOO(X,}/ - sz)



MpaBas BeTBbL

Po(x,y,2)&=(x = y)&=(x > y){x<=x—y}po(x,y,2)

o
QO()(X,}/,Z)&_‘(X = _y)&_\(X > y) - @O(Xayvz) - CPO(X,}/,Z)

- QOO(X,y - X7Z)



MpaBas BeTBbL

Po(x,y,2)&=(x = y)&=(x > y){x<=x—y}po(x,y,2)

o
QO()(X,}/,Z)&_‘(X = _y)&_\(X > y) - @O(Xayvz) - CPO(X,}/,Z)

- QOO(X,y - X7Z)

wo(x,y —x,z{y =y —x}po(x,y,2)



MpaBas BeTBbL

Po(x,y,2)&=(x = y)&=(x > y){x<=x—y}po(x,y,2)

o o
QO()(X,}/,Z)&_‘(X = _y)&_\(X > y) - SOO(Xava) - CPO(X’}’,Z)
- @O(X,y—X,Z) ¥

wo(x,y —x,z{y =y —x}po(x,y,2)

ASS




JIOFMKA XOAPA

Mpumep

MokaXkem, 4TO MOCTPOEHHbIA BbIBOA, B Nornke Xoapa SBASETCS
yCrewHbIM ANs CTaHAapTHOl apudMeTnyeckoll MHTepnpeTaLmm
IO = <DIO = {07 17 27 s }a {+7 ) X}7 <, >,=, Za S>

[ns aToro JOCTaTOYHO YCTAHOBUTL UCTUHHOCTB B MHTEpPNpeTaLum
lo BCEX hOpMYI, CTOSILUMX B IUCTbSIX NMOCTPOEHHOrO BLIBOAA.

L b olx,y, z) = o(xy,2) OyeBngHo.

2. b Ewo(x,y,z)&(x=y) = (z=x), T. e
I = (x> 0)&(y > 0)&(x = y)&DIV(x,y,z) — (z = x).
BepHo.



JIOTNKA XOAPA
Mpumep

3 b= eolx,y, 2)&(x = y)&(x > y) —
— @o(x —y,y,z), T. e.

I E (x > 0)&(y > 0)&(x > y)&DIV(x,y,z) —
— (x—y>0)&(y >0)&DIV(x—y,y,z).
BepHo.

4 b = po(x,y,z)&(x = y)&-(x > y) —
— wo(x,y — x,2), T. e.

I = (x> 0)&(y > 0)&(y > x)&DIV(x,y,z) —
— (x> 0)&(y — x > 0)&DIV(x,y — x, z).
BepHo.

5 Iy = true. OueBngHro

Takum obpasom, Bce ncToBbIE POPMYIIbI BLIBOAA UCTUHHLI B
nHTepnpetauun lp. 3HaunT, BbIBOA TpunaeTta o {mo} Yo sBnseTcs
yCMNeLHbIM BbIBOAOM B MHTepnipeTauum fy.



JIOFMKA XOAPA

Teopema KOppekTHOCTMU

Ons noboii nutepnpetaunn | n gns ntoboro npasuna BbIBOAA
norukmn Xoapa

o 6 o o o
Vool VLT Wy
I'E e,
ecm I =V, 1=, {;E& eV,
> I,
ol = o.
D,OKa3aTeJ'IbCTBO.

PaccmoTpuMm nooyepegHo Bce npaeuia BbIBOAA Aorukm Xoapa.



JIOFMKA XOAPA

JokasaTenbcTBO.

[MpaBuno

ASS: SO{X/t}tI{I)J(e¢ t} o ]

Mokaxkem, 4TO B NtoboI nHTepnpetauun | BepHoO

IEeix/ti {ix=tte. (%)

rlyCTb 0 — NPON3BOJIbHAA OLUEHKA NEpPEMEHHbIX, N NYCTb

I'E= {x/t}0.
Torpga cornacHo onepauuMoHHOW CEMAHTUKN UMMNEPATUNBHbLIX
NporpamMM MMeeTCs eAUHCTBEHHOE BblUYMCIIEHNE

(x<=t, 0) — (T, n),

n npu stom 1 = {x/t}6.
OuesugHo, | =1, n 310 gokasbiBaeT (x).



JIOFMKA XOAPA

JokasaTenbcTtBo.

Insi ocTanbHbIX NpaBuA 4OKA3aTeNbCTBO KOPPEKTHOCTU
MPOBOAUTCS MO TON XKe Cxeme, HO bosee M30LpeHHO.
MonpobyiiTe 3aBepWNTL AOKA3aTENBCTBO CAMOCTOSITEBHO.

Cnepcrsue.

Ecnun tpunner {7} nmeer ycnewnsiii 8 uHtepnpetaunn | BbIBOA,
TO NporpaMMa 7 4aCTW4YHO KOPPEKTHa B WHTepnpeTauun [
OTHOCUTENIbHO MPERYCAOBUS ¢ U NOCTYCNOBUS .

B uvacTHocTM, 3TO 03HAYaeT, 4TO NCCNefOBaHHAs HaMK MPOorpaMma
BbIYUCIEHUST HAaMbobLLEro obLwero AennTenss YaCTMYHO KOPPEKTHA
B apudmeTundeckoli nHtepnperauuu fy.



ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

Kak aBTOMaTu3npoBaTh BepudmKaLuio nporpaMmm?

[nsi 3TOro Hy><HO BbISICHUTb

1. MNMonxa nu cuctema npaeun BbIBoAa Noruku Xoapa?

2. CywecTByeT A asropuTM NOCTPOEHUSI YCMELWHOrO BblBOAA”?



ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

Bonpoc o nonHote npasun BbiBoga Xoapa.

Ha camom pgene, 3gech He oguH a Tpu Bompoca.

1. BepHo nu, 4To ans kaxgoi nHtepnpetauum | cyuiectesyeT
cucTema npasua BbIBOAA, MO3BOMSIOLLAS 4151 KXKAOrO TpUMeTa

& = p{7}1 noctponTb ycnewnbiii Boiog P B nHTepnpetayun | un
JoKa3aTb ero ycrnewHocTb B cnyyae | = 7

OTset otpuuatenshblii . CnegyeT ns Teopemsl [egensi o HenosHOTE.



ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

Bonpoc o nonHote npasun BbiBoga Xoapa.

2. BepHo nu, 4to ans kaxkaoi untepnpetauumn | cyuwecteyer
CUCTeMa NpaBuJl BbIBOAA, MO3BOASIOWAS ANst KAXKAOro TpUnieTa
® = @{m}1) noctpoutb ycnewHsbiii BbiBog ¢ B nHTepnpetayun |/
(HO He rapaHTupyloLasi [0Ka3aTebCTBA €ro YCNewHocTH) B
cnyyae | = &7

OTeeT oTpuuatensHelii . Ba3osbie npegukaTbl cMrHaTypbl 0 MOTYT
BbITb HEAOCTATOYHO BbIPA3UTENLHLIMI ANt NPEACTABAEHNA BCEX
Tex OTHOLUEHNI MeX[y NepeMEHHbIMU NPOrpaMMBbl, KOTOpble
HYXHbI AN NOCTPOEHUA YCMELHOro BbIBOAA.
B pesynbTtaTe He HaiigeTca HyxHbIx dopmyn ¢, 1) ans
NPUMeHeHNs NpaBMna
CONS: B4 3 CRR—

=@ p{mi, P =




ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

BOﬂpOC O NOs1HOTEe npaBu BbiBO4A Xoapa.

3. BepHo nun, 4TO Ansi HEKOTOpPLIX UHTepnpeTauuii | cuctema
npaBuj BblBOgA Xoapa MO3BOJSET AJs KAXKAOro TPUMJeTa

& = p{7m}1y noctponTb ycnewHbiii Boiog $ B nHTepnperauyun | B
cnyvae | = ¢7?

OTeeT nonoxutesnsHblii . JlocTaTouHo, 4Tobbl gns noboro uukna
7 = while C do 7’ od cywecTsosan Takoii TepMm t;, 4To AnA
Moboii oLeHKN nepeMeHHbIX 6 3HadeHune Tepma t 0 bbino paBHO
n+ 1 Torga v Tonbko TOrga, KOrga UMK m B BblducneHum (m, 6)
COBEPLUAET N UTepauuii.



ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

YT0 HY>XHO 471 NOCTpPOEeHUs1 ycnewHoro BbiBoga?

» Heobxonnmo umeTtb adbheKTUBHLIA NpyBEP AJiS NPOBEPKU
WCTUHHOCTY (DOPMYA B Pa3HbIX WHTEPpPETaLMUsAX:

l=¢p.

» Heobxognmo BbipaboTaTh CTpaTermto aBTOMaTUHECKOrO
MOCTpOeHUs1 BbIBOZA B sornuke Xoapa. Hanbonbwyto TpygHocTs
CO3AaeT npasuso

CONS: ot ,

o — ¢, p{ri, o -
MOCKONIbKY HEACHO, Kakue chopmynbl ¢, 1) Hy>XHO BbIBMpaTh B
Ka)K,U.OM Cﬂy"lae.




ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

CTpaTervm BblBO4A B JiOrnke Xoapa.

Onpepenenue

MycTb 3apaHbl MHTepnpeTaunsi /, MMNepaTUBHasi Nporpamma 7 un
nocrycnosue 1. Toraa dopmyna ¢ HasbiBaeTcs ciabeniwnm
npeaycnoenem (weakest precondition) gns nporpammsl 7
MOCTYC/I0BUS 1), €Cnn

L 1= go{m}y,

2. pns noboii hopmysbl , ecnmn | = o{m}ip, 1o | = ¢ — ¢p.
Cnabeiiwee npegycnosme ans nporpammbl 7 U NOCTYCNOBUS 1)
ycnoBumcst obosHavate wp(m, ).



ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

Kakas nonb3a ot cnabeiiwero npegycnosusa?

Teopema

i

Takum 0bpasom, 3afa4a NOCTPOEHUSI YCMELLHOrO BbIBOAA CBOANTCS
K 3agade Bbluncnenus wp(m, ).



ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

A kak Bbl4uCNATbL cnabeiiwee npeaycnosue?

Teopema
wp(x < t, ¥) = P{x/t},
Wp(’ﬂ'l; T, w) = WP(7T1, Wp(7r2a @D)),
wp(if C then 7 else 7 fi,y)) =
C&Wp(ﬂ_la ¢) v _|C&Wp(7'('27 ¢)>

JokasaTtenbcTBo

CamocToaTensHo.

Takum obpasom, ans MHorux onepatopos (nporpamm) cnabeiiwee
npefycnoBne BbIYMCNAETCA aBTOMaTUHECKM.



ABTOMATUNYHECKA4A NMPOBEPKA
NMPABUWIbHOCTW NMPOIrPAMM

Hey>xenun Bce Tak npocrto?

VBblI, HeT. [NaBHYIO TPYAHOCTbL NpeACTaBAsieT onepaTop LMKAa
while C do 7 od. EauHcTeeHHbIli cnocob BepudunmposaTh 3TOT
onepaTop — 3TO BOCMO/b30BaTbCA NPOU3BOAHLIM NPABUJIOM:

¢ {while C do 7 od} (¢)
e —x, (X&C) {m} x, (x&~C) =¥

ST0 npaBuno TpebyeT BBEAEHUSI BCMOMOraTeNLHOR popMybl X,
KOTOpasi Ha3bIBaeTCA nMHBapmaHToMm uukaa . MiHeapuaHT umkna
3aBUCUT OT nporpammel 7 n ycnosust C.

ABTOMaTMYeCKasi reHepaLusi HBAPMAHTOB LKA — 3TO KJtOYeBast
3aja4a B pelueHnn npobaeMbl aBTOMATUHECKONR BepudrKaumm
nporpamm.

WHILE-GEN:




KOHEL, NEKLLW 20.



