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state: Problem of goat wolf cabbage
a1 - the boatman transport a goat

a2 - the boatman transport a wiolf

a3 - the boatman transport cabbage al at

a4 - the boatman moves to other riverside ®
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label of the riverside: {0, 1}

3000 - object position, x = {0,1}

Cybernstic faculty
ex. All an the first riverside "TK-3" group
student Nazar Zdorowlo
Goat Wolf Cabbage Boatman
1] 0 0 0 9. KX 2010

Hasap 3gopoBunsio

Ona nepenucku: TK-3 3agaHne

3apgaqa: Bonk, Ko3a H EanycTa

Bm:{ymmmm SEEHBANTERTHEIE COCTOAHHA OTMETEHE] OHHAKDERIMH HOMEDAMH.



A program verifier

« automatically checks that a program
conforms to its specification

* serves as an essential tool for research
into the science of programming.

» proposed in 1969

« still a Grand Challenge for Computing
research

i T.Hoare
A Program Verifier 5008

One can dream of routinely using a verifying
compiler as an everyday tool. In the context of
this idea our work has been extremely modest
and must be considered as a small first step.
We only hope that, indeed, this has been a first
step of a progression which will allow this dream
to come to fruition.

A Program Verifier
Thesis by James C. King
Carnegie Institute of Technology
September 1969



Jlornka Xopa-®nonaa

(Dop|v|y]'|b|: HacTunyHag KOPPEKTHOCTb NporpamMmm
(ecnu npeaycnoBue U NPorpaMma oCTaHaBNMBAETCS, TO

a ® [P ]b MOCTYC/NOBME) {a }P {[7}

a ®<P >

[1onHas KOPPEeKTHOCTb Nporpamm
(ecnwu npeaycnosue, To NporpaMma 0CTaHaB/IMBaeTCA
1 MOCTYC/NOBKE)

a ®<P>p U
* Bce 310 popmy bl
a ®<P >1U TemnopanbHON AMHaMNYECKON
NIOTAKY
a ®[P]b

Hoare 1969 cTpyKTypHbIe NporpaMmmeil,
Floyd 1967 nporpamMmmbl ¢ goto 4

[ npeaycroBsu

[ I'IOCTyCI'IOBI/IV

[ nporpamma




CTpPYKTYpPHbIEe MPOrpamMmbil

basoBble onepartopbl
X =y
(Xl:: yl’“” Xn = yn)
—/IMeHyoLMe BblpaXkeHUS
—Anrebpanyeckne BbipaxkeHns (apudmeTnyeckme, byneBckue, ...)

—BbI130BbI NporpaMmm (QyHKLWIN)
—Tunbl JaHHbIX, MHOIOCOPTHbIE asnirebpanyeckre CUCTEMBbI

CUHTAKCNC J

OCHOBHble KOMMNO3ULMN (CUHTaKCUYeCKNe KOHCTPYKLN)

(P;Q),if (u,P,Q),while (u,P)




[leHOTaLNOHHast CEMaHTUKa X0apOBCKMX TPOEK
fa ®[P]61]:D" ®{01}

[la ®[P]o]I6) =
=[[2 J16) UIIP 11(s) ** @ [[611(IIP 1))

[la ®<P >0]]() =
=[[a]1s) ®[[P11(s) 2 VLo TICIIP 11(5))



icumncneHmne Xopa

HTepnpeTunpyeTCa Ha

a ® [P ]g . ® [Q ][] ceMaHTUYECKO Mozenu
MMMEPaTMUBHOIO CTPYKTYPHOIO
a ®[PQ b NPOrpaMMIPOBaHNS
aUg ®[P]b,aUjf®[Q]b
a ® [if (g’ P,Q )]/7 Ana fokasarenbcTBa
. R 4aCTUYHOWN KOPPEKTHOCTU
a ®d,dUg ®PJd,d U7 ®bH HyxHo HaliTy nHBapraHThl
a ® [while (g,P)]b S
a®0 (tl’tz’m) John Reynolds
a ® [(X1 = t11 X 2 =1 21)]b (X11 X 21---) Separation Logic

Marktoberdorf

[1Tporpammsbl ¢ yKasaTeamum



s:=0;
for j:=1 .. n do(

|_|p|/||\/|ep 2 ®[Ply.g ®Q1b

a ®[PQ1b

s:=s+a(j)

);

Cneunpunkauus:

1®<P >0

while (j<=n,
s:=s+a(j);
=)+l

);

aUg ®[P]b,a Ug ®[Q]b
a ®l[if(g,P,Q)1b
a®d,dUg®[PY,dUg®b
a ®[while(g,P)]b
a ®b(t,t,,...)
a ®[(x,=t,0, =110 (X, X,,000)

b =G =Aalk]

1®[P]y U

[s :=0;P(]b

[s :=0](s =0),(s =0) ®[j:=LPE&]b
s =0®[]:=1](s =0U | =1),

(s =0U | =1) ® while(j <=n,0Q)b

IHBapMaHT LKMKna

/=6 = &alk)

a®d,dUj<=n®[Q],dU]>n ® b

a=(=0Uj=1

He nony4yaetcs



s5:=0;
J:=1;
while (j<=n,
s:=s+a(j);
J=)+l :
); 1®<P >5 = Jalk]
k=1

HacToawum nHBapuaHT
d=(s = QalDU( <=0 +1)

a®d,dUj<=1®[Q],dU|>n ®b



s.=0; 5 -1
ji=1; 1®<P >s =qalk] d:(szjéa[k])U(j<:n+1)
while (j<=n, = =
s:=s+a(j); 2 ®(
J:=j+] . ot -
) s=0U | =1® (¢ =qalkDU(] <=n+1)
y k=1

dUj<=n ®[Q]

(s :ga[k])U(j <=1 +)U(j <=n) ®

k=1
s:=s+aljl];
j =] +1

16 = Qe DU <=1 +1

dUj>n®b

6 =RakDU( <=1 +DU]>1 ® (s = Aalk])

k=1




O60CHOBaHUA U NPUMEHEHNS

MpaBnna Nornku Xoapa <=> BbICKa3bIBaHWS AMHAMUYECKO NOTNKM

2 ®PLI®RL ) ®[P1r)U(g ®[Q]6)® (2 ®[PQ )b

a ®[PQ1b
I'Ipor|03|/|L|,|/|0Haanaﬂ ANHaMWNYECKaA /10l MKa

[TprMeHAA NpaBuia B 06paTHOM NOPAAKE,
X0apoBCKY0 TPOUKY MOXXHO peayLnpoBaTh K
(opMysie NOrMKK NMepBoro nopaakal

[MonHOoTa foKa3aHa 4115 Le10YNCNEHHOM

apPUPMETNKU
(c ucnonb3oBaHMeM [refieNneBCKOMN HyMepaLunin)
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3anava

[TocTponTb NporpaMmmy nomcka MUHUManIbLHOIO U
MaKCUMasIbHOr o 3/1IeMEHTOB
OJHOMepHOro mMaccuBsa
Cneymndmumposathb
JlokasaTb npaBU/ILHOCTL METOAOM Xoapa

12



MeTtoa ®onaa

Mogenb nporpaMmmbi:

KoHeuHada pasmeyeHHaa TpaH3NLMOHHaA cucTema ¢
OAHMM Haya/ibHbIM N HECKO/IbKUMU 3aKNHOUUTENbHLIMU
COCTOAHUAMM
[encTBnA NporpaMmmbi:

napbl < ycnosue > — <orneparop >

YacTHble Cyyau:

1 - = <oneparop > = <oneparop >
< ycnoBue > — empty = < ycnosue >
Cneundukauma: XoapoBCcKas TpoKKa.
TeKCTOBOE npeacTaB/ieHNe: METKK, go to, onepartop CTor,
If( )then( )else( ).
OnepaunoHHasa ceMaHTUKa:
TpaH3numoHHas cuctema s [P ], 3aknounTenbHble
COCTOAHUA S[A ]
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[ 1pnmep nporpaMmmel

L~

[pathryeckoe npeacTasieHme

N

(y:=x,z:=1)

(y:=y-1)

y>=0 - z:=z*(y+1) \9

[Mporpamma c goto:
LO: y:=x;
z:=1;
L1:y:=y-1;
L2: if y>=0
then z:=z*(y+1)
else goto L3;
goto L1
L3: stop

HeneTepMUHMPOBaHHbIN BbIOOP

-

LO

y<0?

)4
—
w

B CTpyKTYypHOM BUAE:
LO: y:=X;
z:=1;
L1:y:=y-1;
while y>=0 do
z.:=z2*(y+1);
L1:y:=y-1
end;
L3: stop
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Cneundnkauus

[

X 30
/@( (y:=x,z:=1) %
y<0? .
y>=0 - z:=z(y+1) @ AL
a ®<P>p 0O I =1
a ®<P >1U

a ®[P1b

15



AHHOTNPOBaHME

(AOKYMeHTNpOBaHue)

(y:=x,2:=1)

Ll
{ (y:=y-1)
y<0?

\L2/

y>=0 - z:=2(y+1) o/
{KOHTpOﬂbeIGTO{ . X |

[aHHOTau,MM J

V

@@@:@

10:x30
| 2:-1£y <x Uxl=1(y +1)!

- 3 Z _ X ! \Lmawaﬂ naesa nporpamMmmbl J
nnwu goragka?
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LO:assumption:x>=0;
Y=X
z:=1;

L1:y:=y-1;

L2: assertion: -1<=y<x/\x!=z*(y+1)!;

if y>=0
then z:=z*(y+1)
else goto L3;
gotoLl

L3: assertion; z=x!
stop

AHHOTALIMK YA06HO TaKXe
BCTAaBNSATb B TEKCT
NpOorpamMmbl, Bblaenss nx
crewnanbHbIM CUMBO/IOM,
Hanpumep, assertion: x<y

LO: assumption: x>=0;
y=X,
z:=1;
L1:y:=y-1;
assertion: -1<=y<x/\x!=z*(y+1)!;
while y>=0 do
assertion: -1<=y<x/\x!=z*(y+1)!;
z:=7*(y+1);
L1:y:=y-1
end;
L3: assertion; z=x!;
stop
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