MaTtemaTnyeckune
MeToAbl Bepudmnkaunm
nporpaMmM N CXem

JIEKTOPBbI:

Bragumunp AHaTtonbeBnd 3axapos,
Bnapguncnas BacunbeBuy lNoagbimoB



Jlekyunsa 2.

O6uwue NpuHUNNbI AeAYKTUBHOM
BepudomKauum nporpamMmm.
OnepaynoHHasi ceMmaHTUKa
MMMepPaTUBHbLIX NPOrpamMmm.

dopmanbHast NoCTaHOBKA 3aja4yun
Bepudmnkayum nporpamm.

Jlornka Xoapa: npaBusa BbiBOga w
CBOWCTBA.
ABTOMaTM3aLUs NPoBEepKU
NPaBUJIbHOCTN MpPOrpamMm.



NMPNHUUMbI AEAVKTUBHOIO AHAJIN3A
MPOIrPAMM

1. Nporpamma 7 Bbl4UCNSET OTHOWeHNE R, Mexay
NAHHBIMIM Ha BXOAE W HA BbIXOAE MPOrpaMMbl;
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TOrO OTHOLUEHUS, KOTOPOE A0JKHA
peann30BbIBaTb NPOrpamMma, HO Ha APYrom si3bike
(nnn B gpyroii dopwme);



NMPNHUUMbI AEAVKTUBHOIO AHAJIN3A
MPOIrPAMM

1. Nporpamma 7 Bbl4UCNSET OTHOWeHNE R, Mexay
NAHHBIMIM Ha BXOAE W HA BbIXOAE MPOrpaMMbl;

2. TekcT nporpaMmbl — popManbHOE OnncaHme
oTHoweHunsa R, ;

3. Cneuudukauymusi nporpammbl  — 3To onncaHue
TOrO OTHOLUEHUS, KOTOPOE A0JKHA
peann30BbIBaTb NPOrpamMma, HO Ha APYrom si3bike
(nnn B gpyroii dopwme);

4. TpoBepka NMpaBuIbLHOCTM MPOrpammbl 7
OTHOCUTENbHO cneundurkaumm ® — 3to
[I0Ka3aTeNbCTBO TOro, 4yto R, = & .



NMPNHUUMbI AEAVKTUBHOIO AHAJIN3A
MPOIrPAMM

Y7100bI yMeTb [0Ka3bIBaTh NPABUIBHOCTE MPOrpaMM
HY>KHO

1. cTporo onpefnennTb onepaLoHHYIO CEMAHTUKY
nporpamMm: CMCTEMY NpaBU, 3a4ak0LLNX
33aBUCUMOCTb MEXAY BXOAHbIMU N BbIXO4HBIMU
AAHHBIMIW NPOrpaMM;
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NMPNHUUMbI AEAVKTUBHOIO AHAJIN3A
MPOIrPAMM

Y7100bI yMeTb [0Ka3bIBaTh NPABUIBHOCTE MPOrpaMM
HY>KHO

1. cTporo onpefnennTb onepaLoHHYIO CEMAHTUKY
nporpamMm: CMCTEMY NpaBU, 3a4ak0LLNX
33aBUCUMOCTb MEXAY BXOAHbIMU N BbIXO4HBIMU
AAHHBIMIW NPOrpaMM;

2. BblOpaTb dhOopManbHbIA A3bIK 415 ONUCAHNS
TpebOoBaHNA NPaBUILHOCTY NMPOrPaAMM;

3. MOCTpPONTb JIOrNYECKOe ncHmncierne (cncremy
NpaBuUJ BbIBOZA) ANsl [OKAa3aTeNbCTBA CBOMCTB
NPaBUAbHOCTU NPOrpamm



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

[ea ocHOBHEIX cnocoba hopMaibHOrO ONUCAHNS CEMaHTUK
KOMMBbIOTEPHBIX NPOrpaMM: AeHOTALVIOHHbIA N ONEpPaLOHHbIN .
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[ea ocHOBHEIX cnocoba hopMaibHOrO ONUCAHNS CEMaHTUK
KOMMBbIOTEPHBIX NPOrpaMM: AeHOTALVIOHHbIA N ONEpPaLOHHbIN .
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OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

[ea ocHOBHEIX cnocoba hopMaibHOrO ONUCAHNS CEMaHTUK
KOMMBbIOTEPHBIX NPOrpaMM: AeHOTALVIOHHbIA N ONEpPaLOHHbIN .

[enoTaunoHHbIi : nporpamma onuceiBaeT hyHKLUIO; OHa
ONpesensieTcs Kak KoMno3uuus OyHKUMA 4N OTAENbHBIM
dparmMeHTOB NporpamMmmbl;

[MpumeHnsieTca npenmMyLLECTBEHHO Ans
A3LIKOB (DYHKLMOHALHOrO NPOrpaMMupoOBaHuUs.

OnepaumnoHHbIii : nporpaMMa ONUCLIBAET OTHOLLEHUE MEPEXOAA
BbIYNC/EHUS U3 OJHOIO COCTOSHUS B ApPYroe.

[MpumeHnsieTca npenmMyLLECTBEHHO Anst
A3bIKOB MMNEPATUBHOrO NPOrpaMMUpPOBAHNS.



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Onpegennm CMHTAKCMC 1 OMEPALMOHHYIO CEMAHTUKY
MMNepaTUBHbLIX NPOrpaMM.

Myctb 3apana curnatypa o = (Const, Func, Pred) , B koTopoii
ONpeaeneHo MHOXKECTBO TEPMOB [€rM N MHOXECTBO aTOMapHbIX
dopmyn Atom.

VCAOBUMCS, 4TO <= — 3TO CAYXeDHbIA CMMBOJI, He
NpUHaaaexawmnii curHaType o .



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Onpegennm CMHTAKCMC 1 OMEPALMOHHYIO CEMAHTUKY
MMNepaTUBHbLIX NPOrpaMM.

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

VCAOBUMCS, 4TO <= — 3TO CAYXeDHbIA CMMBOJI, He
NpUHaaaexawmnii curHaType o .

OnpepgenexHune
NpUCBaMBaHNE = <«MNEPEMEHHASI» < KTEPM>
ycnoene = «aTomy | (—ycnosue ) |
(ycnosue & ycnosue ) | (ycnosue V ycnosue )
nporpamma = npucsanBaHue |

nporpamma ; nporpamma |
if ycnoesue then nporpamma else nporpamma fi |
while ycnosne do nporpamma od



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Mpumep

Mporpamma Bbl4ncneHns Hanbonblero obliero gennTens nByx
HaTypaJibHbIX HYUcCen.

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

Func = {+(, -,

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

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



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

3HayeHneM UMNEpaTUBHON NPorpaMMbl ABASIETCS OTHOLLEHWE
BXOA—BbIX0O[, MeXAY BXOAHbIMU JaHHbIMU W PE3YNbTaTOM
BbIYUC/IEHNS.

OTHOlWEHNE BXOA—BbIXOL NPOrPaMMbl ONPELENSIETCS NPpU NOMOLLK
OTHOLUEHUNS NEPEXOAOB MeXAy COCTOSHUAMMU BblYNCAEHUS
nporpammel.

CocTosiHne BbIYNCIEHNS NPOrPaMMbl ONPEAENAETCS ABYMS
KOMMOHEHTAMMN — COCTOSIHMEM YMPaBJIEHNS N COCTOSAHUEM
OAHHbIX .



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Onpegenerune (COCTOAHUS BblYUCIEHUS)

Mycte Var — 370 MHOXeECTBO nepemeHHbix, a G Term — 3To
MHOXECTBO OCHOBHbIX TEPMOB CUMHATYpPbI O .
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BCsikoe oTobpaxkenue (nogcravoeky) 0 @ Var — GTerm.
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OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Onpegenerune (COCTOAHUS BblYUCIEHUS)
Mycte Var — 370 MHOXeECTBO nepemeHHbix, a G Term — 3To

MHOXECTBO OCHOBHbIX TEPMOB CUTHATYpPbI O .

Ouetkoii nepevenHbix (COCTOSIHNEM AaHHbIX) byaem HasblBaThb
BCsikoe oTobpaxkenue (nogcravoeky) 0 @ Var — GTerm.

CocrosiHnem yrnpaenenusi byaem Ha3biBaTb BCAKYIO MpOrpamMmy, a
TakXe cneynanbHbii cumeon .

CocTosinuem Boluncnerns byaem HasbiBaTb BCsKyto napy (m,6) ,
roe T — COCTOsiHME ynpasieHus, a 0 — oueHKa NnepeMeHHbIX.

3anuce State, bymeT 0b603HaYATL MHOXKECTBO BCEBO3MOMHBIX
COCTOSIHUI BbIHNCAEHNIA CUTHATYpPbI O .



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Onpegenerune (OTHOWeEHUS NepexonoB)

Mycte | — 3TO nHTepnpeTaumsa curHaTypsl o .



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Onpegenerune (OTHOWeEHUS NepexonoB)
Mycte | — 3TO nHTepnpeTaumsa curHaTypsl o .
Torga oTHOLIEHME NEPEXOAOB AJ1si MMMNEPATUBHBIX MPOrpaMM — 3TO

BrHapHOE OTHOWEHME —>; HA MHOXXECTBE COCTOSIHUIA BbIYNC/IEHMS
State, , yOOBNETBOPSIIOLLEE CIEAYIOLLNM Tpe6OBaHm;|M:



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Onpegenerune (OTHOWeEHUS NepexonoB)

Mycte | — 3TO nHTepnpeTaumsa curHaTypsl o .

Torpga oTHOLLEHNE MEPEXOLOB AN MMMNEPATUBHBIX MPOrpamMM — 3TO
BrHapHOE OTHOWEHME —>; HA MHOXXECTBE COCTOSIHUIA BbIYNC/IEHMS
State, , yOOBNETBOPSIIOLLEE CIEAYIOLLNM Tpe6OBaHm;|M:

ASS: (x < t, 0) —; (2, {x/t}0);



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Onpegenerune (OTHOWeEHUS NepexonoB)
Mycte | — 3TO nHTepnpeTaumsa curHaTypsl o .
Torga oTHOLIEHME NEPEXOAOB AJ1si MMMNEPATUBHBIX MPOrpaMM — 3TO

BrHapHOE OTHOWEHME —>; HA MHOXXECTBE COCTOSIHUIA BbIYNC/IEHMS
State, , yOOBNETBOPSIIOLLEE CIEAYIOLLNM Tpe6OBaHm;|M:

ASS: (x < t, 0) —; (2, {x/t}0);

COMPy: (71,702, 0) —; (m2, 1)
TOrga u TONbKO TOrAa, korga (71, 0) —; (J, n);



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Onpegenerune (OTHOWeEHUS NepexonoB)
Mycte | — 3TO nHTepnpeTaumsa curHaTypsl o .
Torga oTHOLIEHME NEPEXOAOB AJ1si MMMNEPATUBHBIX MPOrpaMM — 3TO

BrHapHOE OTHOWEHME —>; HA MHOXXECTBE COCTOSIHUIA BbIYNC/IEHMS
State, , yOOBNETBOPSIIOLLEE CIEAYIOLLNM Tpe6OBaHm;|M:

ASS: (x < t, 0) — (T, {x/t}0),
COMPg: (mi;m2, 0) — (m2, 1)
TOrga u TONbKO TOrAa, korga (71, 0) —; (J, n);

COMP: (mr1; 12, 0) — ()72, 1)
TOrAa n TOAbKO TOrAaa, koraa (w1, 0) — (7}, n) w7} # &;



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Onpepenenuve (OTHOWEHUS Nepexon0B)
IF;: <If C then 7 else m fi, 9> — <7T1, 0)
Toraa u Tonbko Torga, korga | = Co;



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Onpepenenuve (OTHOWEHUS Nepexon0B)
IFy: (if C then 71 else m, fi, 8) —; (w1, 6)
Toraa u Tonbko Torga, korga | = Co;

IFg: (if C then 7; else m, fi, 8) —; (m, 6)
Torga u Tonbko Toraa, korga | = CH;



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Onpepenenuve (OTHOWEHUS Nepexon0B)
IFy: (if C then 71 else m, fi, 8) —; (w1, 6)
Toraa u Tonbko Torga, korga | = Co;

IFg: (if C then 7; else m, fi, 8) —; (m, 6)
Torga u Tonbko Toraa, korga | = CH;

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



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Onpepenenuve (OTHOWEHUS Nepexon0B)
IFy: (if C then 71 else m, fi, 8) —; (w1, 6)
Toraa u Tonbko Torga, korga | = Co;
IFg: (if C then 7; else m, fi, 8) —; (m, 6)
Torga u Tonbko Toraa, korga | = CH;
WHILE;: (while C do 7 od, ) —, (m; while C do 7 od, 0)
Toraa u Tonbko Torga, korga | = C6;
WHILE,: (while C do 7 od, 0) —, (2, 6)
Toraa u Tonbko Torga, korga | = C6.



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Onpepenenuve (OTHOWEHUS Nepexon0B)
IFy: (if C then 71 else m, fi, 8) —; (w1, 6)
Toraa u Tonbko Torga, korga | = Co;
IFg: (if C then 7; else m, fi, 8) —; (m, 6)
Torga u Tonbko Toraa, korga | = CH;
WHILE;: (while C do 7 od, ) —, (m; while C do 7 od, 0)
Toraa u Tonbko Torga, korga | = C6;
WHILE,: (while C do 7 od, 0) —, (2, 6)
Toraa u Tonbko Torga, korga | = C6.

OTHolieHne nepexofos —>; ONPEAENSET, KaK N3MEHSETCA
COCTOSIHUE BBIYUCIEHUS 33 OAWNH Wwar paboTbl MHTepnpeTaTopa
MMNePaTUBHbLIX NPOrpaMM.



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

OnpepeneHune (Bbl4nMcNeHMs NporpaMmbl)

Mycts mp — 3TO MMnNepaTuBHas nporpamma, fy — oueHKa
nepeMeHHbIX.



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

OnpepeneHune (Bbl4nMcNeHMs NporpaMmbl)
MNycTb 79 — 3TO UMNepaTMBHast Nporpamma, fp — oueHka
NEePEMEHHbIX.

HacTuyHbIM BLIYMCAEHNEM NPOrPAMMbI To HA OLEHKE MEPEMEHHbIX
fp B nHTepnpeTaunn |/ Ha3bIBAaETCSA NOCAELOBATENLHOCTD
(koHe4Has nnu BecKoHEYHas) COCTOSIHNIA BbIHUCIEHMS

<7T07 00>7 <7T1791>7 R <7Tn—17 9n—1>7 <7Tn7 9n>7 R

B KOTOpOU ans nwboro n, n > 1, BLINONAHAETCS OTHOLIEHME
<7Tn7179n71> — <7Tn,0n>-



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

OnpepeneHune (Bbl4nMcNeHMs NporpaMmbl)

MNycTb 79 — 3TO UMNepaTMBHast Nporpamma, fp — oueHka
nepeMeHHbIX.

HacTuyHbIM BLIYMCAEHNEM NPOrPAMMbI To HA OLEHKE MEPEMEHHbIX
fp B nHTepnpeTaunn |/ Ha3bIBAaETCSA NOCAELOBATENLHOCTD
(koHe4Has nnu BecKoHEYHas) COCTOSIHNIA BbIHUCIEHMS

<7T07 00>7 <771791>7 R <7Tn—17 9n—1>7 <7Tn7 9n>7 R

B KOTOpOU ans nwboro n, n > 1, BLINONAHAETCS OTHOLIEHME
<7Tn7176n71> ”| <7Tna0n>-

Boiuncnennem nporpaMmMel Ty Ha OUEHKE MepemMeHHbix fy B
nHTepnpetaunn /| Ha3bIBAETCS BCAKOE MaKCUMAaJbHOE YaCTUYHOE
BbIHUCNEHNE (BbIYUCNEHNE, KOTOPOE HENL3SI NPOLOSKUTD).



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Mpumep

Mycte | — uHTepnpeTaumus curnatypel o = (Const, Func, Pred):
Const = {0,1,2,...,}, Func = {+®) -3},

Pred = {:(2), >(2), <(2)},

npeaMeTHOl 0bNacTbio KOTOPO ABASIETCA MHOXECTBO
HaTypanbHbIX Yncen Ny ¢ 0bbiuHbIMU apndmMeTnHeckumMn
onepauusaMm 1 OTHOLLEHUSAMU.



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Mpumep

Mycte | — uHTepnpeTaumus curnatypel o = (Const, Func, Pred):
Const = {0,1,2,...,}, Func = {+®) -3},

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

npeaMeTHOl 0bNacTbio KOTOPO ABASIETCA MHOXECTBO
HaTypanbHbIx yncen Ny ¢ obblYHbIMN apudmeTnHecKnMI
onepauusiMm N OTHOLUEHUSAMU.

PaccmoTpum BbiumncieHne nporpammbi

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

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



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

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

b0 = {x/4,y/6}

Mpumep
KommeHTapuu:

(mo, {x/4,y/6})



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

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

b0 = {x/4,y/6}

Mpumep
Kommentapun: WHILE;, 7. k. | = —(4 = 6).

(o, {x/4,y/6})
4
(if x>y then x =x—yelse y<y—xfi;m, {x/4,y/6})



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

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

b0 = {x/4,y/6}

Mpumep
KommenTtapum: IFg, . k. | [~ 4 > 6.

(mo, {X£4,y/6}>
(if x>y then x <= x—y elsely<:y—xfi im0, {x/4,y/6})
b
(y =y —xmo, {x/4,y/6})



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

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

b0 = {x/4,y/6}

Mpumep
KommenTapun: ASS, 61 = {y/y — x}0o = {x/4,y/6 — 4} .

(mo, {x/4,y/6})

4
(if x>ythen x =x—yelsey <y—xfi;m, {x/4,y/6})
b
(y =y —xim, {x/4,y/6})
hi

(mo, {x/4,y/6—4})



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

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

00 = {X/4a.y/6}
Mpumep
KommMeHTapuu:

(mo, {x/4,y/6—4})



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

mo: while =(x = y)
doif x>ythenx<x—yelsey<y—xfiod
QOZ{X/4ay/6}
Mpumep
Kommentapun: WHILE;, 7. k. | = (4 =06 —4).

(mo, {x/4,y/6—4})
b
(if x>ythen x = x—yelse y<y—xfi;m, {x/4,y/6—4})



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

mo: while =(x = y)
doif x>ythenx<x—yelsey<y—xfiod
QOZ{X/4ay/6}
Mpumep
KommenTapum: IFy, 7. k. [ =4 > 6 — 4.

(mo, {x/4,y/6—4})
4
(if x>y then x = x—yelse y<y—xfi;ny, {x/4,y/6—4})
4
(x < x—yimo, {x/4,y/6-4})



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

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

QOZ{X/4ay/6}
Mpumep
KommenTtapun: ASS, 0r={x/x—y}0; = {x/4—(6—4),y/6—4} .

(mo, {x/4,y/6—4})

b
(if x>ythen x = x—yelse y<y—xfi;m, {x/4,y/6—4})
4
(x < x—yimo, {x/4,y/6-4})
b

(mo, {x/4—(6—4),y/6-4})



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM
mo: while =(x = y)
doif x>ythenx<x—yelsey<y—xfiod
QOZ{X/4ay/6}
Mpumep
Kommentapun: WHILE, T. k. | [= —(4—(6—4) = 6—4).

(mo, {x/4,y/6—4})

4
(if x>y then x = x—yelse y<y—xfi;ny, {x/4,y/6—4})
4
(x = x—yimo, {x/4,y/6—4})
4
(mo, {x/4—(6—4),y/6-4})
4

(9, {x/4—(6-4),y/6—4})



OMNEPALUNOHHAA CEMAHTUKA TNMPOIMPAMM
mo: while =(x = y)
doif x>ythenx<x—yelsey<y—xfiod
00 = {X/4a.y/6}
Mpumep

KommeHTapun: KoHel BblYMCIEHNS.

(mo, {x/4,y/6—4})

4
(if x>y then x = x—yelse y<y—xfi;ny, {x/4,y/6—4})
4
(x = x—yimo, {x/4,y/6—4})
4
(mo, {x/4—(6—4),y/6-4})
4

(9, {x/4—(6-4),y/6—4})



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Kak cneayet n3 onpegenenus, aoboe BblumncneHune nnbo siensercs
BeckoHeUHOI NOCAefOBaTENLHOCTLIO, DO 3aBepLIaeTCS
coctosinmem (&, 7). B nocnegrem cnyuae ouenka 1 Ha3biBaeTCs
peE3y/IbLTAaTOM BbIHNCIEHUNSA.



OMNMEPALUNOHHAA CEMAHTUKA NMPOIrPAMM

Kak cneayet n3 onpegenenus, aoboe BblumncneHune nnbo siensercs
BeckoHeUHOI NOCAefOBaTENLHOCTLIO, DO 3aBepLIaeTCS
coctosinmem (&, 7). B nocnegrem cnyuae ouenka 1 Ha3biBaeTCs
peE3y/IbLTAaTOM BbIHNCIEHUNSA.

Byaem ncnone3osaTe 3anuce —; Ana 0bo3HayveHus
pPedNEKCUBHOMO N TPAH3NTUBHOIrO 3aMblKaHUSi OTHOLLUEHUS
nepexogoB —; .

Torpa oueHka NEPEMEHHBIX 7) ABAAETCA PE3y/bTaTOM BbI4NCAEHNS
NporpamMmMbl T Ha OLLEHKE MepeMeHHbIX ) B nHTepnpetauyumn | B ToM
M TOJ/IbKO TOM CJly4ae, KOrfAa BbIMOJIHAETCS OTHOLUEHNE

(m,0) —1 (g,n).



SAO0AHA BEPNOUKAUNN NMPOITPAMM
HedopmanbHas noctaHoBKa.

Mporpamma 7 cynTaeTcs (4acTu4HO ) KOPPEKTHON , ecan ans
MODbIX HaYa/IbHbIX 4AHHBIX, YAOBAETBOPAIOLLNX ONPEAENEHHOMY
YCJIOBUIO (©, Pe3ynbTaT BblYMCAeHUs (€CAn BbiYMCIEHME
3aBEpLUAETCA) YAOBNETBOPSIET ONPefeNeHHOMY YCNOBUIO 1) .

YacTu4HO KOppEeKTHast NporpaMma, BCE BbIYUCAEHUS KOTOPOI
3aBEpLUAKOTCSH, HA3bIBAETCSA TOTA/IbHO KOPPEKTHOIA .

OrpaHuyeHne ¢, KOTOPOE HANAraeTCs Ha HaYaslbHble AaHHbIE,
Ha3bIBAETCA npeayciosuem, a TpeboBaHue 1, KOTOPOMY AOJIKHBI
YAOBAETBOPSTh Pe3y/bTaTbl BbIYUCIEHUS, HAa3blBAETCS
MOCTYC/NOBMEM MPOrpamMmMbl.

3agayva BepudpnKkaumMm NporpamMmel T 3aKAHOYAETCS B MPOBEPKE
4aCTUYHON KOPPEKTHOCTU MPOrpamMmbl T OTHOCUTENLHO 334aHHOMO
NPeaycnoBusi ¢ 1 3ajaHHOro NOCTyCN0BUSA 1) .



SA0AHA BEPNOPUKALNN MPOITPAMM

®dopmanbHas NoOCTaHOBKA.

Paclwumpum mMHOXeCTBO pOpMYS NOrMKN NPeANKaToB, BBEAS B
PacCMOTPEHNE B KAa4ecTBe POPMYS BbIPaXKEHUS HOBOTO
cneymanbHoOro Bnaa.

Onpegenexne

Tpunnetom Xoapa (Tpolikoli Xoapa) Ha3bIBaeTCS BCSAKOE
BbIpaXkeHne Bunaa

i},

roe ¢, 1) — PopMyNbl JTOTMKA MPEANKATOR,
a T — UMNepaTUBHas Nporpamma.

Ob6ozHauum HT, MHOXeCTBO TpunieToB Xoapa CUTHATYpbI 0.



SA0AHA BEPNOPUKALNN MPOITPAMM

BoinosHuMocTs Tpunaetoe Xoapa B MHTEPNpETALUAX
onpesensieTcs Tak:

I =p{r}y <= pnsa nobbix oueHok nepemeHHbIx 6,1,
ecan | |= 0 n (m,0) — (2, n),
Tol = 9.

OnpepeneHune (4aCTUYHOW KOPPEKTHOCTM NPOrpamMmbl)
Myctb @, 1) — chopmynsl NOFUKKM NPesMKATOB, a T — UMNEepaTMBHas
nporpamMma.

MporpaMmMa 7 Ha3bIBAETCSH HACTUYHO KOPPEKTHON B
nHTepnpetaunn | OTHOCUTENLHO NPEAYCAOBUS ¢ N NOCTYCA0BUSA 1,
ecnn Tpunaet @{7}1) BbINOAHAM B nHTepnpeTayun [, T. €.

I'E e{rt .



JIOrMKA XOAPA

Onupasice Ha npasuaa TabaU4HOro BbIBOAA NS JOTUKN
npeaukaTos, MOCTPOVNM CUCTEMY MPaBWJ BbIBOAA, aHANIOTNYHbIX
npasuiam BbIBOAA A1t CEMAHTUYECKMx Tabauu,.

Bnepebie Takytlo cucTemy formyeckoro Beigoga npeanoxua g 1968
r. 4.3. Xoap. MNpaenna eeiBoga Xoapa umMetoT BUA,

o o o o
v’ 90’ \Ul,\U27 %Wﬂ//

rage ¢,V Wy, Wy — Tpunnetsl Xoapa,
©, ) — POPMy/IbI NOTNKN NPERUKATOB.



JIOrMKA XOAPA

MpaBuna BbiBoga Xoapa

o opix/ti {x =t
ASS: s ,



JIOrMKA XOAPA

MpaBuna BbiBoga Xoapa

o opix/ti {x =t
ASS: s ,

. p{riy
CONS: o=@, p{r}Y, v =’




JIOrMKA XOAPA

MpaBuna BbiBoga Xoapa

o opix/ti {x =t
ASS: s ,

. p{riy
CONS: o=@, p{r}Y, v =’

. p{m; mo}ib
COMP: o{mi}tx, x{m}y”’




JIOrMKA XOAPA

MpaBuna BbiBoga Xoapa

. oelx/tt{x<=the
ASS: true )

. p{riy
CONS: o=@, p{r}Y, v =’

i e{m; m}y
COMP: of{mtx, x{m}v’

@ {if C then 7; else 7, fi} ¢
(& C) {mi} ¥, (p&~C) {m2} b’

IF:




JIOrMKA XOAPA

MpaBuna BbiBoga Xoapa

. oelx/tt{x<=the
ASS: true )

. p{riy
CONS: o=, P{ri, ' =7

. e{m; m}y
COMP: of{mtx, x{m}v’

IE: @ {if C then 7; else 7, fi} ¢
' (& C) {mi} ¥, (p&~C) {m2} b’

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

WHILE:




JIOrMKA XOAPA

Onpepenenne BbiBOAga B foruke Xoapa
Brisog, B noruke Xoapa tpunnera ®g = g {mo} Yo — 3to



JIOrMKA XOAPA

Onpepenenne BbiBOAga B foruke Xoapa

Boisog B noruke Xoapa tpunneta ®g = ¢g {mo} Yo — 370
KOPHEBOE [EepEBO,



JIOrMKA XOAPA

Onpepenenne BbiBOAga B foruke Xoapa

Boisog B noruke Xoapa tpunneta ®g = ¢g {mo} Yo — 370
KOPHEBOE AEPEBO, BEPLUMHAMU KOTOPOro CyXaT TPUMIETHI 1
chbopMynbl NIOFMKN NPEaUKATOB 1 NpU 3TOM

0N
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JIOrMKA XOAPA

Onpepenenne BbiBOAga B foruke Xoapa

Boisog B noruke Xoapa tpunneta ®g = ¢g {mo} Yo — 370
KOPHEBOE AEPEBO, BEPLUMHAMU KOTOPOro CyXaT TPUMIETHI 1
chbopMynbl NIOFMKN NPEaUKATOB 1 NpU 3TOM

1) kopHem pepesa siBnsietcs Tpunnet Po;

0N

®; @ /! 3 @ ¥2

¥3 P4



JIOrMKA XOAPA

OnpepeneHve BbiBOAA B siormke Xoapa

2) n3 eeplinHbl ®; ncxoasT ayru B BepwnHy @
¢
5’: — npaBuno Tabanm4HOro BbIBOAA;
J

®; @ /! 3 @ ¥2

¥3 4



JIOrMKA XOAPA

OnpepeneHve BbiBOAA B siormke Xoapa

2) n3 eeplinHbl ®; ncxoasT ayru B BepwnHy @
¢
5’: — npaBuno Tabanm4HOro BbIBOAA;
J

®; @ /! 3 @ ¥2

¥3 4



JIOrMKA XOAPA

OnpepeneHve BbiBOAA B siornke Xoapa

2) 13 BepwmnHbl O ncxogat ayrn B BepwmnHbl 1, P3, o
O]
m — npaBuao TabanmyHoro BLIBOAA;
) )
b
(D,' 1
®; @ v ®3 @ 2

¥3 4



JIOrMKA XOAPA

Onpepgenernne BbiBOAga B foruke Xoapa

3) AucTbaAMUM aepesa SIBASKOTCA POPMYJIbI TOFNKU NPEANKATOB.

0N

®; @ 3 ‘@ 2

¥3 ©4



JIOrMKA XOAPA

Onpegenernne BbiBOga B foruke Xoapa

Beisog tpunneta  ®¢ = g {mo} 1o B normuke Xoapa HasbiBaeTCs
ycnewHsiM B nHTepnpetauun |, ecnn gepeso BbiBOAa ABAAETCA
KOHEYHBIM, 1 BCE €ro JNCTOBbLIE BEPLUNHBI — 3TO UCTUHHbIE B
nuTepnpetaunun | popMynbl NOTMKNM NPEANKaTOB.



JIOrMKA XOAPA

Mpumep

MNokaxkem, 4TO nporpamma

mo: while =(x = y)
doif x>y then x < x—yelsey <y —x fiod

NpaBUbHO BblYMCASET Hanbonblunii obLmniAi aennTens AByX
NOJOXXNTENBHbBIX LENbIX YUCEN.



JIOrMKA XOAPA

Mpumep

MNokaxkem, 4TO nporpamma

mo: while =(x = y)
doif x>y then x < x—yelsey <y —x fiod

NpaBUbHO BblYMCASET Hanbonblunii obLmniAi aennTens AByX
NOJOXXNTENBHbBIX LENbIX YUCEN.

Ina s1oro Heobxogumo cdopMynuposaTs NPeaycnosme g U
noCTycnosme 1)y , COOTBETCTBYOLLEE 3TOMY TpeboBaHutO, 1
MOCTPOUTL YCMELUHbIA BbIBOA TpunieTa ¢o {mo} 1o B noruke
Xoapa.



JIOrMKA XOAPA

Mpumep

[ns ynobctea 0obo3HaveHni BBEAEM HEKOTOPbIE BCMOMOraTelbHbIE

opmynbi

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

Torpa

wo(x,y,z) : (x>0)& (y >0) & GCD(x,y, z),
o(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(XJ/?Z) . 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’y7Z) - (,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

o (X,y,Z)

o
QOO(X’y7Z) - (,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

o (X,y,Z)

o
QOO(X’y7Z) - (,O()(X,y,Z)

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
QO()(X,)/,Z) — (,O()(X,y,Z)

o
vo(x,y,2)&—(x =y) = (z = x)

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

wo(x,y,zR(x = y){if x>y then x<=x—yelse y<y—xfilpo(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
QO()(X,)/,Z) — (,O()(X,y,Z)

o
vo(x,y,2)&—(x =y) = (z = 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
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
QO()(X,)/,Z) — (,O()(X,y,Z)

o
vo(x,y,2)&—(x =y) = (z = 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)



JleBaa BeTBb

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



JleBaa BeTBb

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



JleBaa BeTBb

©o(x,y,2)&(x = y)&(x > y){x<=x—y}po(x,y, z)
CONS
[ ] o
SOO(XLy’Z)&_'(X = y)&(X > .y) —
— wo(x —y,Y,2)



JleBaa BeTBb

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

cpo(x,y,z)&—'(X:y)&(x>y)—> ()OO(X7yaz)_>Q00(X7y7Z)
— po(x —y,y,2)



JleBaa BeTBb

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

cpo(x,y,z)&—'(X:y)&(x>y)—> ()OO(X7yaz)_>Q00(X7y7Z)
— po(x —y,y,2)

wo(x = y,y,2){x<=x—y}po(x,y, z)



JleBaa BeTBb

o

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

%@O(X_yuyuz) |
[
wo(x = y,y,2){x<=x=y}oo(x,y,2)

ASS




MpaBas BeTBb

wo(x, ¥, 2)&=(x = y)&=(x > y){Xiy—X}wo(va, z)



MpaBas BeTBb

SOO(vavz)&_'(X = _y)&_\(X > y){X<:y_X}SDO(X7yaz)
CONS



MpaBas BeTBb

SOO(vavz)&_'(X = _y)&_\(X > y){X<:y_X}SDO(X7yvz)
CONS

o o
©o(x, ¥, 2)&(x = y)&=(x > y) =

— QOO(X,y - X7Z)



MpaBas BeTBb

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

o
SOO(X’y7Z)&_'(X = _y)&_\(X > y) — @O(Xayvz) - QOO(X’y)Z)

— QOO(X,y - X7Z)



MpaBas BeTBb

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

o
SOO(X’y7Z)&_'(X = _y)&_\(X > y) — @O(Xayvz) - QOO(X’y)Z)

— QOO(X,y - X7Z)

wo(x,y —x,z){y =y —x}po(x,y,z)



MpaBas BeTBb

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

o o
QOO(X’y?Z)&_'(X = _y)&_\(X > y) — SOO(Xava) - QOo(X,y,Z)
— wo(x,y — x,2) ‘

wo(x,y —x,z){y =y —x}po(x,y,z)

ASS




JIOrMKA XOAPA

Mpumep

[Mokakem, 4TO NMOCTPOEHHbLIV BbIBOA B JIOrNKe Xoapa sBaAsieTcs
YCNEWHBbIM 4151 CTaHAAPTHO apnMeTNYECKOR MHTEpNpeTaLun
Ih = <D/0 = {0, 1,2,... }, {+, -, X}, <, >,=, >, §>

[nsi 3TOro 4OCTaTOMHO YCTAHOBWTL UCTUHHOCTL B MHTEPNpeTauum
lp BCex dpopmyn, CTOALMX B NNCTBSIX NOCTPOEHHOIO BbIBOAA.



JIOrMKA XOAPA

Mpumep

[Mokakem, 4TO NMOCTPOEHHbLIV BbIBOA B JIOrNKe Xoapa sBaAsieTcs
YCNEWHBbIM 4151 CTaHAAPTHO apnMeTNYECKOR MHTEpNpeTaLun

Iy = <D/0 = {0, 1,2,... }, {+, -, X}, <, >,=, >, §>

,D'J'IFI 2TOro AOCTAaTOYHO YCTAHOBUTbL UCTUHHOCTb B MHTEPNpPETALNN
lp BCex dpopmyn, CTOALMX B NNCTBSIX NOCTPOEHHOIO BbIBOAA.

1 I = e(x,y,z) = p(x,y, z) OuesugHo.



JIOrMKA XOAPA

Mpumep

[Mokakem, 4TO NMOCTPOEHHbLIV BbIBOA B JIOrNKe Xoapa sBaAsieTcs
YCNEWHBbIM 4151 CTaHAAPTHO apnMeTNYECKOR MHTEpNpeTaLun

Iy = <D/0 = {0, 1,2,... }, {+, -, X}, <, >,=, >, §>

,D'J'IFI 2TOro AOCTAaTOYHO YCTAHOBUTbL UCTUHHOCTb B MHTEPNpPETALNN
lp BCex dpopmyn, CTOALMX B NNCTBSIX NOCTPOEHHOIO BbIBOAA.

L b Eelxy,z) = o(x,y,2) OuesngHo.

2. b Evo(x,y,z)&(x=y) = (z=x), T e.
I = (x> 0)&(y > 0)&(x = y)&GCD(x,y,z) = (z = x).
BepHo.



JIOTMKA XOAPA
Mpumep

3. b = polx,y, 2)&~(x = y)&(x > y) =
— o(x —y,y,z), T. e.
I = (x> 0)&(y > 0)&(x > y)&GCD(x,y,z) —
— (x—y>0)&(y >0)&GCD(x — y,y, z).
Bepho.



JIOTMKA XOAPA
Mpumep

3. I = polx, y,2)&(x = y)&(x > y) —
— o(x —y,y,z), T. e.
I = (x > 0)&(y > 0)&(x > y)&GCD(x,y,z) —
— (x—y>0)&(y >0)&GCD(x — y,y, z).
Bepho.
4. I = po(x, y,2)&(x = y)&=(x > y) =
— @o(x,y — x,z), T. .
I & (x> 0)&(y > 0)&(y > x)&GCD(x,y,z) —
— (x > 0)&(y — x > 0)&GCD(x,y — x, z).
Bepho.
5. Iy = true. OuesugHo.



JIOTMKA XOAPA
Mpumep

3. o = wo(x,y, 2)&(x = y)&(x > y) =
= go(x —y,y,2), T e
I = (x > 0)&(y > 0)&(x > y)&GCD(x,y,z) —
— (x—y>0)&(y >0)&GCD(x — y,y, z).
Bepho.
4. /0 ‘: QOO(X7y)Z)&_\(X = y)&_\(X > y) -
— @o(x,y — x,z), T. .
I & (x> 0)&(y > 0)&(y > x)&GCD(x,y,z) —
— (x > 0)&(y — x > 0)&GCD(x,y — x, z).
Bepho.
5. Iy = true. OuesugHo.

Takum obpazsom, Bce NCTOBbLIE POPMYJIbI BbIBOAA UCTUHHbBI B
nutepnpetayun lp. 3HaunT, BIBOA TpUnaeta o {mo} Yo ABnseTCs
YCMEeLWHbIM BbIBOAOM B UHTEpnpeTauun fo.



JIOrMKA XOAPA

Teopema KOppeKTHOCTMU

Ons moboli untepnpetaunn | n ans noboro npaguna eeiBoga
nornkn Xoapa

©

d d d

A S T T PR T

I'E ¢,
com [ =V, 1o, {;’;& {/EU,
’ I'E 1,

10 | = .



JIOrMKA XOAPA

Teopema KOppeKTHOCTMU

Ons moboli untepnpetaunn | n ans noboro npaguna eeiBoga
nornkn Xoapa

o o o o o
v’ SO, w17w2’ %‘Uﬂ/f’
I'= o,
ecm =V, |Eop {”iﬂl’ =V,
> =4,
10 | = .
JokazatenbcTBoO.

PaccmoTpum noo4vepefnHo BCe NMpaBuaa BbiBOga Norukn Xoapa.



JIOrMKA XOAPA

JdokasatenbcTBo.

Mpasuno

ass:.  plx/ t}tije«: th o

Mokaxkem, 4To B Nt0bOIA NHTepnpeTaunn | BepHo

I'Eelx/ty {x=tte. ()

MycTb & — Npon3BOSIbHAS OLEHKA MEPEeMEHHbIX, N MyCTb

I o{x/t}0.
Torpga cornacHo ONepaLoOHHOW CEMAHTUKE UMMEPATUBHbIX
nporpamMmM MMeeTCs eAUHCTBEHHOE BblHUCAEHUNE

(x<=1t, 0) — (2, n),

n npu atom 1 = {x/t}0.
OuesngHo, | = ¢n, n 310 pokasbiBaeT (k).



JIOrMKA XOAPA

Jdoka3atenbcTBo.

Jna ocTanbHbIX NpaBuA AOKa3aTeNbCTBO KOPPEKTHOCTM
NPOBOAMNTCS NO TOM XKE CXeMme.



JIOrMKA XOAPA

Jdoka3atenbcTBo.

Jna ocTanbHbIX NpaBuA AOKa3aTeNbCTBO KOPPEKTHOCTM
NPOBOAMNTCS NO TOM XKE CXeMme.

Cnepacrsue.

Ecan tpunner o{m}1) nmeer ycnewnsiii 8 uHTepnpetaunn | Bbigog,
TO NporpaMmMa T HaCTMYHO KOPPEKTHa B mHTepnpeTauun [
OTHOCUTENIbHO MPEAYCNOBUSA ¢ 1 NOCTYCNOBUS .

B yacTHOCTM, 3TO O3HAYaeT, 4TO NCCNeAOBaHHAs HaMK NMPOrpaMma
BbIYMUCEHUS HAMBObLIEro OBLWEro YaCTMYHO KOPPEKTHA B
apudmMeTnyeckoin nHtepnpetauun .



ABTOMATUNYHECKA4A NMPOBEPKA
MPABWIbBHOCTW NMPOIrPAMM

Kak aBTOMaTu3npoBaTh BepudmrKaLuo nporpamm?

'E'ﬂﬂ 3TOr0 HY>XHO BbIACHUTb

1. Monna nn cuctema npaeun BbIBOAA norukn Xoapa?

2. CywecTByeT AN anropmTM NOCTPOEHNS YCMELWIHOrO BbIBOZA
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ABTOMATUNYHECKA4A NMPOBEPKA
MPABWIbBHOCTW NMPOIrPAMM

Bonpoc o nonHote npasun BbiBOga Xoapa.

Ha camom gene, 3gecb He oguH, a Tpu BOnpoca.

1. BepHo a1, 4To gns Kaxgoii uHtepnpeTtauun | cywecteyeT
CNCTEMA MPaBUA BbIBOAA, NO3BOASAIOWAA AN KaXKAOr0 TpUnieTa
® = {7}y noctpouTb ycnewHblii BbIBOA Tpunieta ¢ B
nuTepnpetauyun | 1 A0Ka3aTb €ro ycnewHocTs B ciayyae | = &7

Otget oTpuuaTensHeiii . CnegyeT n3 teopemsl [egensi o HenosHoTe
BCSIKOI PEKYPCUBHO NEPeYUCIUMOli CUCTEMBI aKCMOM apudMeTuKu
HaTypaJibHbIX Ynces.



ABTOMATUNYHECKA4A NMPOBEPKA
MPABWIbBHOCTW NMPOIrPAMM

Bonpoc o nonHoTe npasun BbiBOga Xoapa.

A uTobbl 6110 CoBCEM NOHATHO, nonpobyiiTe ybeanTses caMu, 4TO
[0Ka3aTeNIbCTBO KOPPEKTHOCTM NPOrpaMMmbl

7o ifxxxn+y*xsn=zxxnthen u<=0elseu<=1Hfi
OTHOCUTENBHO NPESYCNOBUS
v =(x>0)&(y > 0)&(z > 0)&(n > 2)

N NOCTYCNOBUA
¢ =(u>0)

PaBHOCUIBHO AoKasaTenbcTBY Benukoii Teopembl Pepma,
pa30bpaTbCsl B KOTOPOM MOZ, CUJTY JINLIb O4EHb HEMHOTUM
MaTeMaTuKaM
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Bonpoc o nonHote npasun BbiBOga Xoapa.
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ABTOMATUNYHECKA4A NMPOBEPKA
MPABWIbBHOCTW NMPOIrPAMM

Bonpoc o nonHote npasun BbiBOga Xoapa.

2. BepHo an, 4T0o anst kaxpoit nutepnpetaunn | cywecTtsyeT
CUCTEMa NpPaBuA BbIBOAA, NO3BOJSIOLLAS AJS KAXKAOro TpUnaeTa
® = {7}y noctpouTts ycnewnbiii soisog ® B nHTepnpetauun |
(HO He rapaHTUpYIOLLAs [0KA3aTeNbCTBA €ro YCrnewHocTn) B
cnyvae | = 97

OTset oTpuuatensHbili . Basosblie npeankaTbl curHaTypbl 0 MOFyT
BbITb HEAOCTATOHHO BbIPA3UTENLHBIMU ANS NPEACTABAEHUS BCEX
Tex OTHOLIEHNI MEXAY NEePEMEHHBIMU NPOrpaMMbl, KOTOPbIE
HYXHbI 451 TOCTPOEHMA YCMELIHOrO BbIBOAA.

B pesynbTtaTe He HaiigeTca HyxHbIx dopmyn ¢ 1) pns
NPMMEHEHNS NpaBua

. p{r}y
CONS: o=@, p{ri, o =y
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Tpunneta ® = p{mw}1) noctpouts ycnewnslii Boisog P B
nutepnpetauyun | 8 cnyvae | = 7
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Bonpoc o nonHoTe npasun BbiBOga Xoapa.

3. BepHo nu, 4TO 4151 HEKOTOPBLIX UHTEpNpeTaunii /| cywecTeyeT
cncTema npasua BbiBOAA X0apa, KOTOpasi MO3BOASIET ANS KAXKAOrO
Tpunneta ® = p{mw}1) noctpouts ycnewnslii Boisog P B
nutepnpetauyun | 8 cnyvae | = 7

OTeet nonoxutensHelii . JJoctatouHo, 4Tobsl ans nboro uukna
7 = while C do 7’ od cywecTsosan Takoii Tepm t., 4To Ans
Moboii oueHKN nepemeHHbIX 6 3HadeHme Tepma t 0 pasHo n+ 1
TOrfAa U TONBKO TOTAA, KOTAA LUMKA T B Bbluucaenumn (m, 6)
COBEpLUAET N UTepaLunii.
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Y10 HY>KHO 4151 MOCTPOEHMA yCrnewHoro Bbisoga’?

» Heobxognmo nmeTs adbchbeKTMBHBIA NpyBep A1S NPOBEPKK
NCTUHHOCTN (DOPMYJT B Pa3HbIX MHTEPNPETALUSAX:

lEe.

» Heobxogumo BbipaboTaTh CTpaTeruo aBTOMaTUYECKOrO
nocTpoeHmns BbiBoga B nornke Xoapa. Hanbonbwyto TpygHocTs
CO3JaeT NpasuIo

CONS: AU ,

o=@, PHrpy, P =9
NOCKOJbKY HesAcHO, kakne chopmynbl ¢’ 1)’ HyxHO BbIOMpaTL B
Ka>XaAoM CJ'Iyl-Iae.
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CrpaTerus BbiBoga B noruke Xoapa.
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noctycnoeue 1. Torga cbopmyna o HasbieaeTcsa cnabelilinm
npeaycnoenem (weakest precondition) gns nporpammsl T u
NOCTYCNOBUA 1), ecn
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CrpaTerus BbiBoga B noruke Xoapa.

OnpepenexHune

MycTb 3agaHbl uHTepnpeTauus |, uMnepaTuBHas NporpaMmMa m 1
noctycnoeue 1. Torga cbopmyna o HasbieaeTcsa cnabelilinm
npeaycnoenem (weakest precondition) gns nporpammsl T u
NOCTYCNOBUA 1), ecn

L | & po{m}ih,
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CrpaTerus BbiBoga B noruke Xoapa.

OnpegeneHue

MycTb 3agaHbl uHTepnpeTauus |, uMnepaTuBHas NporpaMmMa m 1
noctycnoeue 1. Torga cbopmyna o HasbieaeTcsa cnabelilinm
npeaycnoenem (weakest precondition) gns nporpammsl T u
NOCTYCNOBUA 1), ecn

L1 po{m}ti,
2. pns noboii opmynel ¢, ecnun | = p{r}, To | = ¢ — @o.

Cnabeiiliee npegycnoene gas NporpamMmmsl 7 U NOCTYCAOBUSA 1)
ycnoeumcst obosnayate wpr(m, ).



ABTOMATUNYHECKA4A NMPOBEPKA
MPABWIbBHOCTW NMPOIrPAMM

Kakas nonb3a ot cnabeiiwero npegycnosusa?

Teopema

_ I wpr(m, ){m}y,
IEeirly { I = <,0p—> wpr(m, ).

Takum obpasom, 3agaya NOCTPOEHMS YCMELLHOrO BbIBOAA CBOLUTCS
K 3agade Bblumcnenns wpr(m, ).
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A kak BblunCNATbL cnabeiiluee npegycniosue?

Teopema
wpr(x < t, ¥) = p{x/t},
Wpr(7r1; 2, w) = Wpr(7r1, WPf(7T2, Qp))

wpr(if C then 7 else 7 fi, 1)) =
C&Wpr(ﬂ'l, 1/1) V _'C&WP"(772, 1/})7

Jdoka3atenbcTBO
CamocToaTenbHo.

Takum obpasom, ans mHorux onepatopos (nporpamm) cnabeiiwee
NpeAyCcNoBNE BbIYUCASETCS aBTOMaTUYECKN.
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Mpumep
[lokarkem, 4TO nporpamma
o if x>y
then x = x+y,y&=x—yx&=x—y
elseyy—x;x<&=x+y,y<=x—y
fi

NPOBOANT KOPPEKTHYIO Nepeaspecaunto faHHbIX.



ABTOMATUNYHECKA4A NMPOBEPKA
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Mpumep

[Mpenycnosne @ x =u ANy = up ,

MocTycnosue v : x = ANy = uy
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Mpumep

[Mpenycnosne @ x =u ANy = up ,
MocTycnosue v : x = ANy = uy

YT100bI yOeanTbC B KOPPEKTHOCTU MPOrpaMMbi
AOCTAaTOYHO

Bblyncnuts wpr(m, ),

MposepuTs BoINOAHUMOCTL Iy = @ — wpr(m, 1))



ABTOMATUNYHECKA4A NMPOBEPKA
MPABWIbBHOCTW NMPOIrPAMM

Mpumep

Lig=wpr(ly<<y—x;x<=x+y,y<=x—y )=
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Mpumep

Lig=wpr(ly<<y—x;x<=x+y,y<=x—y )=
wpr(y <=y — x, wpr(x <= x +y,wpr(y <= x — y,v))) =
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Mpumep

Lig=wpr(ly<<y—x;x<=x+y,y<=x—y )=
wpr(y <y —x,wpr(x <= x4y, wpr(y < x — y,v))) =
wpr(y <=y — x,wpr(x <= x+y,0{y/x —y})) =



ABTOMATUNYHECKA4A NMPOBEPKA
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Mpumep

Lig=wpr(ly<<y—x;x<=x+y,y<=x—y )=
wpr(y <y — x,wpr(x <= x + y,wpr(y < x = y,¢))) =
wpr(y <y —x,wpr(x < x+y,0{y/x—y})) =

wpr(y <y —x,0{y/x = yH{x/x+y}) =



ABTOMATUNYHECKA4A NMPOBEPKA
MPABWIbBHOCTW NMPOIrPAMM

Mpumep

Lig=wpr(ly<<y—x;x<=x+y,y<=x—y )=
wpr(y <y — x,wpr(x <= x + y,wpr(y < x = y,¢))) =
wpr(y <y —x,wpr(x < x+y,0{y/x—y})) =

wpr(y <y —x,0{y/x = yH{x/x+y}) =

Wy/x —yHx/x+yHy/ly —x} =
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Mpumep

Lig=wpr(ly<<y—x;x<=x+y,y<=x—y )=
wpr(y <y — x,wpr(x <= x + y,wpr(y < x = y,¢))) =
wpr(y <y —x,wpr(x < x+y,0{y/x—y})) =

wpr(y <y —x,0{y/x = yH{x/x+y}) =

Wy /x —yHx/x+yHy/ly —x} =

V{x/x+(y =x)y/(x+(y—x)) —(y —x)} =
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Mpumep

Lig=wpr(ly<<y—x;x<=x+y,y<=x—y )=

wpr(y <y — x,wpr(x <= x + y,wpr(y < x = y,¢))) =

wpr(y <y —x,wpr(x < x+y,0{y/x—y})) =

wpr(y <y —x,0{y/x = yH{x/x+y}) =

Wy /x —yHx/x+yHy/ly —x} =

V{x/x+(y =x)y/(x+(y—x)) —(y —x)} =
(x=wAy=u){x/x+(y —x),y/(x+(y —x)) = (y —x)} =



ABTOMATUNYHECKA4A NMPOBEPKA
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Mpumep

Lig=wpr(ly<<y—x;x<=x+y,y<=x—y )=

wpr(y <y — x,wpr(x <= x + y,wpr(y < x = y,¢))) =

wpr(y <y —x,wpr(x < x+y,0{y/x—y})) =

wpr(y <y —x,0{y/x = yH{x/x+y}) =

Wy /x —yHx/x+yHy/ly —x} =

V{x/x+(y =x)y/(x+(y—x)) —(y —x)} =
(x=wAy=u){x/x+(y —x),y/(x+(y —x)) = (y —x)} =
X+ —x)=w A (x+(y—x)—(y—x)=u) =,



ABTOMATUNYHECKA4A NMPOBEPKA
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Mpumep

Lig=wpr(ly<<y—x;x<=x+y,y<=x—y )=

wpr(y <y — x,wpr(x <= x + y,wpr(y < x = y,¢))) =

wpr(y <y —x,wpr(x < x+y,0{y/x—y})) =

wpr(y <y —x,0{y/x = yH{x/x+y}) =

Wy/x —yHx/x+yHy/ly —x} =

V{x/x+(y =x)y/(x+(y—x)) —(y —x)} =
(x=wAy=u){x/x+(y —x),y/(x+(y —x)) = (y —x)} =
x+(y=x)=uw A (x+(y—x)=(y—x)=u1) =
y=uwAX=1u



ABTOMATUNYHECKA4A NMPOBEPKA
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Mpumep

2. AHanornyvo

hh=wpr(x =Ex+y,y<=sx—yx<=x—y, )=,
X=WmANy=u



ABTOMATUNYHECKA4A NMPOBEPKA
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Mpumep

2. AHanornyvo

V1 =wpr(x Ex+yy € x—y,x <x—y, 1) =),
X=WmANy=u

3. wpr(m, ) = (x >y A1)V (=(x > y) Ag) =
(x =u) A (y = ).
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Mpumep

2. Ananornyxo

Pr=wpr(x Ex+tyiy Ex—yix=x—y, )=,
X=WmANy=u

3. wpr(m, ) = (x >y A1) V (—(x > y) Ao) =
(x =w) A (y = w).

4. QuesngHo, = ¢ — wpr(m,1).

3HaunT, T — KOPPEKTHas NporpaMmMa nepeagpecaLuu.
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Hey>xenu Bce tak npocrto?

VBbI, HET. [NaBHYO TPYAHOCTb NpeacTaBAsSieT ONepaTop LuMKAa
while C do 7 od. EanHcTeerHbili cnocob BepnudunumposaTh 3TOT
onepaTop — 3TO BOCNO/b30BAThCA NPON3BOAHBLIM MPABUIOM:

¢ {while C do 7 od} 9
WHILE-GEN: .
e =X, (X&C) {1} x, (x&C) =¥




ABTOMATUNYHECKA4A NMPOBEPKA
MPABWIbBHOCTW NMPOIrPAMM

Hey>xenu Bce tak npocrto?

VBbI, HeT. [NaBHYI TPYAHOCTbL NPeACTABASET OMNepaToOp LMK
while C do 7 od. EanHcTeerHbili cnocob BepnudunumposaTh 3TOT
onepaTop — 3TO BOCNO/b30BAThCA NPON3BOAHBLIM MPABUIOM:

¢ {while C do 7 od} 9

WHILE-GEN: .
o = x, (X&C) {7} x, (x&C) = ¢

370 npasuno TpebyeT BBEAEHUS BCMOMOraTeNbHOR hopmybl X,
KOTOpasi Ha3bIBAETCA MHBAapuaHToM uukia . NHeapuaHT uukna
3aBuUCUT OT Tena ymkna 7 n ycnosusi C.

ABTOMaTMYECKas reHepaLusi NHBAPUAHTOB LKA — 3TO KJHOYEBast
3agaya B peweHnn npobaeMbl aBTOMaTUYECKO BepudmKaummn
nporpamm.



KOHEL, NEKLUW 2.



