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(Semantics of programming languages)
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(Attribute grammar)
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anunee lumsesueanureveIn Mt llsunsy lugausninadunnuuinaues
] Y A o a @ o o 4 <3
Knuth Tua9anai3sun 1960 Tasmamiudiesuneluanyazlansumsiiaudn ldlulhensaitiou

= o a dyl [ o A aa o . v o ] da a 4
il uazFenmeiueln dnyaelsed vse uennsiuIna (attrlbute) mmamﬂammmuamuwau

adiamaniae /i
Tnsaniu uenM3 e
E-E+T value (E;) = value (E;) + value (T)
E-T value (E) = value (T)
T - T * P value (T;) = value (T») * value (P)
T » P value (T) = value (P)
P oI value (P) = value of identifier |
P - (E) value (P) = value (E)
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A g A aa 9 o A a Y A
nnyaENAuveImIneiutenni A 1l lhensalvesnu  eesutenihims
o 1 1 9 o 3 = 3 o M 1 9 [ Iy 9
Manudwaazdennudaesneniug swliduseumsiszunanadidsednalste Tuszezndalang
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3.2 MSOSUNEANNHIENTIAUHUMNMS

(Operational semantics)

Aa Aa o a o 1] a a
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4 o g ¥ ' .
1191 LISP uazmsmmamﬂmsamw SECD machine
Aa A o A <3| a o 4
N1IIDTUIIANUURUIYLBIAUUUNIT i]ZHJ“L!ﬂﬁ‘]JiSEﬂfJW’L]@]ﬂiiiJﬂﬁ‘l/n\ﬂL!"UE]\uﬂgﬂﬂﬁ’Jﬂﬂﬁ

1 4‘ o 1 9 cL 9 d' d‘ U a
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N33z umsad ﬂlﬂﬂ@giu'ﬁu’)ﬂﬂ?’]uﬁ]’] ﬂ’]jﬂ‘ﬁﬂ’lﬂﬂ’ljlﬂaﬂuﬁﬂ’]ugfﬂgi%gﬂwﬂﬂ

U

o(e) => v

A {2 1 ] o 1
1o o Ao amushIedsueglumiheanuisu o= (<x,5>, <y, 1>, <z,0>}
1] a 1 U % ] o o ] < 1 o ] < U
Wumsefuien anuzilegiiunentitennusid st x UM 5 Awmus y inum
o ] <3 1
1 LAZAMNU Z 1NUA1 0
A a o
e Ao UWaY
A A F) a Jd [}
v A e ldnmstszuianaiined e 1

o(x) =>5
o(l) =>1

mmwmmmﬁwaﬁ

mseueaNurIeuenInesemslasuaniuzdlegluuy o (e) => v uda fides
premise

: 150
conclusion

9 a A o 9 42} = v o A 9
T¥myeTuenFuFoUINETINI NYNILIINT (execution rule) Nldgluuy

v v 4

a aAaa <K ' H H

AIMNAVUNOU 1959, g AgemsifeIiunITuIn

unagUnamun

c(e)=>v, o(e)=>vV,

(&) (el+ez) ==v; TV,
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I a ' A a Eal a 4 @ o A < '
WumMsesu1991 NTUUNIUGDEFTRIUNIY (el e e, ) UINNU MINNUVDUATIITUNMTHIAIVDY

I 1 1 ug.zl ) 1 <3 I 1 a o
e, (Iailua v) wagmimves e, (14 vy mnttuihia v, + v, naglaiflumvesinnie +e,

ﬂ’)71/741/78]?]@@617/8?73HIﬁ/Gf‘)’?Wuﬂﬂ'"l

M30TIEANUMINEVDITERANUFITMUAAT (assignment statement) NWoueglugiluny

4
target = source; ¥®5U0RNYNIZRINS Ao Til

o (source) =>v

o (target = source;) => ¢ U {< target, v> }

' Y ' v
a K 1

& 1 A Ay A 1 a d A Y Y a A I
FIUANUHUIYI TINADUNAVUNDU AB NITHIAT Vv UBIUNIUHIDUDAIIN source HAITINDE T
A ' o = g A ° oA
ynagianne awesdunls (target) azgaulasuauily v luvasimludwrisdug  veq
1 o w I [} a
HUIOAMNIRN BT U UIAN

@ 4

o - )] .- . A ~ Aa = "o
ﬁ'ﬂluﬁﬂym U Glslﬂlﬂl‘lﬂ'nﬂﬁﬂ']ﬂ ovemdmg union Wﬁﬂﬂ'ﬁgluﬂuﬂﬂﬂ'ﬁﬂlﬂuﬂ']ﬂﬂ

Y A

o ' o a A VoA A
AIDYNLBU 91 ) ADADTUSANUAN LIAY czﬂaﬁmuzmumﬂaﬂuuﬂaﬂﬂ

o, = {<x,1>, <y,2>, <z,3>}
o, = {<y, 9>, <w,4>}
A ' A (A Y o S a ] 1A
Wwosaumlasuulastnnuaausauny i]z“lﬂamuﬂwmﬂ
0.0 o,= {<x,1>, <y,9>, <z,3><w,4>}
v v 4 v
v o = Y o =2 a a o A Yo A a 9
QUUMTVIUIDANNGY x = 5, x = x+1; %\1E]‘ﬁ‘iﬂﬁlﬂ’n&lﬂNWEILGNGHLMUﬂTiUlﬂﬂQu (F@FDULITUAU

{<x,undef>} mnenedns x §1lildgnsmuan )

au ANNHINYTIAUHUNTUBIVOA NN
o = {<x, undef>}

g(5=>5
o (x =5;) => {<x,undef>} U {< x,5>}
o={<x 5>}
c(5)=>5 ol)=>1
oc(x+1)=>6
o (x =x+1)=> {<x,5>} U {< x,6>}
o={<x, 6>}
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M3lTonNUFIHUAMAHUMIARANUNABMTUTY S;; Sy; Ss; 8197 INOTLY

= o y Y
ﬂ’Nll’Hll181Uﬂ5131ﬂ83ﬂu19ﬂ381ﬂtlﬂﬂ

6(Si;)=>01 6,1(Sy;) =0, 06,(S;)=>03

6 (Si; S2; S35) => 03

v Y
@

] na.zl 9 o a 9 na.zl =Y Y dy
AIUUVDANVAI X = 5; X =x+1; mim'ﬁmammwma@aamumu“ﬂﬁum‘lﬂmu

a0 ANNHINYTIAUHUMTVRIVOA NN

o = {<x, undef>} oc(x=5)= o0, {<x,5>} o (x=x+1;)=>0, {<x, 6>}

c(x=5;x=x+1;)=> o, {<x, 6>}

o={<x, 6>}

ANUHNIYBITOANINTIUVVTEDU U

lunsdivestonnudauiiten |y
if (test) thenStatement else elseStatement;

a 9 o o3| A a 9 v J I a 9 o
NIDTUIIANTUNNIYNIYNHYNIENINIG wuenudeinsal A nsal test GlﬂWﬁaWﬁlﬂu%ﬁﬁllﬁ’Jﬂﬁ%ﬂ’]

'
o

[ @ < <3 o o w 1
fdaluaiu thenStatement taznidl test Iimadwsidlunandinsziididaluaiu elseStatement

= I a
Nyl test 1T19549:

o (test) => true o (thenStatement) => o,

o (if (test) thenStatement else elseStatement;) => G,

=t <3| <3
nyal test 111N 0:

o (test) => false o (elseStatement) => o,

o (if (test) thenStatement else elseStatement;) => o,

AN AT R REV A
if (x < 0) x = x-1; else x = x+1;

E4
@ﬁﬂ?ﬂﬂ?1ﬂﬂﬂ1ﬂl%ﬁﬁ1luuﬂﬁllé]}ﬁ\iﬁ

qoIUL ANNHINTIAUHUMS

o={<x, 6>}

o (x<0)=>false o (x=x+1;) =>{<x,7>}

o (if (x<0) x =x-1; else x =x+1; ) => {<x,7>}

o={<x, 7>}
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ﬂ??il?’iil?f]?]@ﬁﬁ’)ﬂ??ilf%’)”iﬂﬂ

Tunsdivesdonnudusen wie gil (loop)

while (test) body;

a 1< A 1A v o @ L .A A Y v a Y A
MITUIIANNHINYITLEN T UaDINTMIFIALINUAEFS if A NTUN test 1ﬂWﬁaWﬁLﬂuﬂid LauNIg

0o o ! - T 1 0o o
nsziddaluaiu body naznsdl test 1dwadns ihune udar liimsnszididalalugl

= I a
nyal test 1T1959:

=t <3| <3
Nyl test 11N9:

o (test) => true o (body;) => 0o, o, (while (test) body;) => o,

o (while (test) body; ) => &,

o (test) => false

o (while (test) body; ) =>c

fvdatonnudIuTo

while (x<50)
X = 2*x;

@

9
AUNT09T VA NUNINSTIAUTUMT Taaail

ANNHINENTIRUHUMS

an1ue
o={<x7>}
o (x<50) => true o (x=2*x;) =>0,= {<x,14>} o, (while (x<50) x=2*x;)=> 0,
o (while (x<50) x=2*x;) => o,
o={<x14>}
0 (x<50) => true o (x=2*x;) =>0,= {<x,28>} o, (while (x<50) x=2*x;)=> o,
o (while (x<50) x=2%x; ) => o,
0={<x28>}
o (x<50) => true o (x=2*x;) =>0,= {<x,56>} o, (while (x<50) x=2*x;)=> o,
o (while (x<50) x=2%x; ) => o,
0={<x56>}
o (x<50) => false
o (while (x<50) x=2%x; )=>o0©
0={<x56>}
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3.3 NMSOSUIEANINHIETINNUAINN

(Denotational semantics)

a o a a a I
MIeBIANNNINBYBITeANNTIA1e TullsunsudreismsedunaFamuanuy 1ums
o o a o @ 1 { I~ a yw o
1flsnduesineddeniinaldaouzaoul)duaouzla  mseBuelugiuuuiidmndiennlu
a a o A 1 ) o o ' a
HUUMIOTLNGTIAUTUMNS Wdanmziludwenanurmnevesmduiiowazluuumsesuie
= Y . . < a @ du A A 1
laguanmsld  premise/conclusion 1Wumsesueludnyuzilandunren Tesannluwavos

E4
Tau llgamTuaavousud drogilunudsil
M: Statement x } - 3

$ . . QU o o 1 4 % 1
Tao M nu1eda meaning function nSoilaidunnunie smrhidouTesnnaoiuzwnitalilgon
ADUTNTL AIUANHNBVDI Statement
=2 < o A a ' 1o o Y '
Y Mg iGavesdaus e Tagnaauzizweueglugilvesgarauvesdulsuazan
k4
Pagtivvesdanlsiiv
Y 4 = a oy o v
' honseivesnyszygluuumsdeuTisunsunazgluuomslisudonnudiaeg  de

suuvuhensal EBNF s l1i

Program - void main () ‘{\ Declarations Statements ‘}
Declarations — {Declaration}*

Declaration — Type Identifiers;

Type — int | boolean

Identifiers — Identifier {, Identifier}~*

Statements -~ {Statement}*

Statement — ; | Block | Assignment | IfStatement | WhileStatement
Block - Y{' Statements ‘}‘

Assignment — Identifier = Expression;

IfStatement - 1if (Expression) Statement [ else Statement ]

WhileStatement — while (Expression) Statement

Expression — Conjunction { || Conjunction }*
Conjunction — Relation { && Relation }*

Relation — Addition { [ | <= | > | >= | = = !'= | ] Addition}*
Addition - Term { [ + | - ] Term}*

Term - Negation { [ ‘*’ | / ] Negation}*
Negation - [ ' ] Factor

Factor — Identifier | Literal | (Expression)
Identifier — Letter { [Letter | Digit]}*
Literal - true | false | Digit {Digit}~*
Letter > a |l bl .1z | A | B| ..| Z
Digit - 01 11 .19
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Y v
ﬂ’ﬂll“ﬁiﬂEJ"’IJENﬁﬂiﬂiuﬂﬁmm%ﬂ’ﬂﬁﬁﬂiﬂﬂlE]Q%E]ﬂ’ﬂﬁﬁﬂﬂi&ﬂﬂﬁ%i“] gu3neiue g

2
unuaNUAeTanFuANNTINY (M) fase 111

ANNNNIVDN 151N TN

M: Program — ).
M(Program p) = M(p.body, {<v,undef>, <v,undef>,..., <v,undef>})

o ! o o Jdo &
donnuussnausmiumsdszmalnsInlnid  (prototype) 3o Taseadrevesilanduds
A 7 1 g o < . o o o A I a
Tunadlamansazisoninilumsiiuaaioiu (signature) voeilandu vssiandeuilumseduie
= ' S A 1
anurnevesTlsunsy  deszyhanumnevesldsunsunae  ANuHIevesdId  body (AW
o A 1 o 1 o o A v
TnnssitesduTdsunsuazisududsdiudsemaduls udemnudiediugadidiiisonin body
' 2 < I
voellsunsy) nllaomssuduilu /<v,undef>, <viundef>,..., <v,undef>} 108 v;, vs,,..., vuidu

@

dwalsi lddszmaliludamtlsemadauls dedau body gnueeanuliamudinuinlsznendae

1 I 4
idalaths  TufgamenauanuzganedasilisdaanuldnTdsunsuiiinusuaunda1é

" @ [} I 1 ) o I
masaneg Wumlate tazdustlumsvenanuvuievesllsunsy

ﬂ’J71/7/71/785118\1%7}@?7?71/5/%’77741!@?7'7

M: Assignment x Y, — Y
M: (Assignment a, State o) = o U{<a.target>, M(a.source, c)>}

fonnudaimuam v3e Assignment(a) Aofonnufidouoglugiu
a.target = a.source;
195 p =1
q=p* 2

v o A o @ 1 A g 2 v P v o4 ' =2 9
ANUHUNTITNITTUIAINUNVIYUDIATEIIN LllE]1/]NTL!Lﬁii]ﬁulm'ﬁ]%vlﬂﬂaﬂwmﬂu@EJN]lS‘l]\WIEN
1 1 v A a 4 Yy Y1 A 1 Y Y 3 1 A
WIMUBIEIU a.source (TuAinl p*2) 11 ldneu mammﬂmamw%gmmumum"lﬂﬂﬂa s
A 1 v A o Y J A [
wasum a.target (Huneals q) 1%UA191uA184 a.source (Ao 2)

FI08NU MAULITUAY 0 = {<x,2>, <y, -3>, <z,75>} ANUNIETEANNNA

E4
v A

z =x+2%; o51eladail

v
U

ﬂluﬁﬁ]ulﬁﬂﬂWﬂIﬁJﬁN a.source
M(a.source, o) = M(x+2%y, {<x,2>, <y,-3>, <z,75>})
=4
Tupouse lUfmuan ¥ a.target
M( zZ= x+2 ﬂj/, {<X,2>, <y:-3>, <Z,75>}): {<X32>’ <y,_3>’ <Z’75>} U {<Za_ 4>}
= {<X:2>’ <y,_3>’ <Z’- 4>}
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a 4
ANUHNIIUVDNHNIY

"
[

o ] 1 J, o 1 a Jd 4 [
5]']ﬂﬁ'J’E]fJ'Nﬂ@uWﬁ']ﬁﬁﬂ1iﬂ1u3mﬂ1m@\1uwfﬂu x+2*y Lﬁ@ﬂgﬁ'lﬂj'luﬁu'lﬂﬁllﬂﬂﬂ'lﬁ
o o ' A ¢ a S ° Y v A
z = x+2*y; mﬂ’mmmiummmaEJN“L!E]ﬂfﬂ1ﬂUWﬂUﬂmﬁﬁ1ﬁﬁiﬂuﬂ1iﬂ1uam +,—,*,/ LAY
a Jd 1A = a 4 £ a 1 a Yy o .
uWﬂou'iﬂﬂlﬂﬂﬂllﬁ%uWﬂuﬁﬁﬁﬂg Gﬁﬂﬂﬁﬂ?ﬂﬂ?ﬁﬂ?ﬂﬁﬂlﬂﬂuWﬂuﬂl@@’lﬂﬂﬂﬂsﬂu Applmeary Lag
s o
#ansu ApplyUnary

ApplyBinary: Operator x Value x Value — Value
ApplyBinary (Operator op, Value v1, Value v2)

Y A A
=vl+v2 01 op ABIATINHNY +
Fg A A
=vl-v2 01 op ABIATOINVINIY —
=vI*v2 1 op ABIATEINNY *

— floor((V1/v2))*sign(v1*v2) & op Aewn3eanine /

Y A A

=vl<v2 01 0p ADIATOINNIY <
Y A A

=vl <v2 01 0p ADIATONHNIY <
Y A A

=vl=v2 01 0p ADIATONNNIY ==

=vl#Vv2 81 op feATeeNING | =
Y A A

=vl>v2 01 0p ADLATOINHNY >=
Y A A

=vl>v2 01 0p ADIATOIHNIY >
Y A A

=vl AV2 01 0p ADIATONHNIY &&
Y A A

=vlvv2 01 0p ADIATOINNNY ||

ApplyUnary : Operator x Value — Value
ApplyUnary (Operator op, Value v) =av ™ op ADIATOINLG |

s . iy ' a s {
#andu ApplyBinary naz ApplyUnary szgnizenldiieduimmaivesing Tunsaih
a Qo1 A A 9 1o A 1 a o 42} a Ea o o 9 @
T leaeinge T lddusifer uaiduinninylsenevvunniinnidess masziiuded?
o a 4 1 A W o =) =3 1 A
NIZIMMINNAAANTAT (IFU +, -) HIPAINTZIIMINNMIToUNeY (FU <, > ) NTONNATING
(U &&, |)

do AqY a a d Y o dy
Hengunldesureanunuievesinail mell@mu

M: Expression x >, — Value
M (Expression e, State ©)

Y I 1 =
=e 1 e umnn
=o(e) i e iludus
= ApplyBinary (e.op, M(e.term1, ), M(e.term2, o))
i e iludiwnifitidagaduiiunsg

a

= ApplyUnary (e.op, M(e.term, o)

9 I a S o A A
e Wiy APNAUUUNITINYT
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. . ; 2y o«
NNMBENToANUFY z = x+2%; Pamuzsududly o = {<x,2>, <y,-3>, <z,75>}

a :JI o a Jd =y Y o dy
FWITOTUIYUUADUMTIATUIUUNIU x+2 *y Tﬂﬂamﬂﬂﬂqﬂﬂ\iu
M( x+2*y, {<x,2>, <y,-3>,<z,75>}) = ApplyBinary(+, A, B)

Tagf A = M(x, {<x,2>, <y,~3>,<z,75>}) =2

uay B = M( 2%y, {<x,2>, <y,-3>,<z,75>})
= ApplyBinary( *, C,D)
Taeh C = M( 2, {<x,2>, <y,-3>, <z,75>}) =2

wag D =M(y, {<x,2>, <y,-3>,<z,75>})=-3

Il
|
(o)

=4

mmwmwmeﬂ’ammﬁ’a

o 4 @ i
"i,l’ﬂﬂ’nllﬁ\iﬁ?llul'lﬂTﬂﬁmellﬂﬂﬂTEnﬁ'JﬂEﬂ\i‘ﬂﬁ%ﬂﬂ‘ﬂg{ﬁﬁl

Statement — ; | Block | Assignment | IfStatement | WhileStatement

Hudeteanudalszaeudie 5 Uszian
v A ] o R o o .
(1) Yeanudan lidestimsnsziila Sondudludida skip

< 1 A ]

L2 o & 2 , <
() Yoanudsmilunguwie vaen Aegafideiideusdnieluraanilnm {..}
(3) Toanudamriuan

@) YoanudauuTiaou lu

(5) YoanudIUToU

@

9y o ' a 9 dy
mmwmwawammmﬂizm‘wmm 'E]‘ﬁ‘]_nfl‘lﬂ JU

M:Statement x > —>>.
M(Statement s, State ) = M((Skip)s, )

"
[

. =)
1649 skip 1139 ;

-
7]
o))
@
o

Q-

1TINHUAA

-
7]
)Y
o
Do

= M ((Assignment) s, G)

"
[

o
1auuTReu 1y

'
o

OMFIUVIUTOV

o

=M ((Conditional) s, c) i
=M ((Loop) s, ©)

=M ((Block) s, 6)

-
7]
)Y

"
[

o < '
afmduilungu

De  De ge De  De
w2
o))

-
7]
o))

M(Skip s, State 6) = o
M (Assignment a, State 6) = ¢ U {<a. target, M(a.source, c)>}

M (Conditional ¢, State o) = M(c.thenbranch, &) i M(c.test, o) RYDER

= M(c.elsebranch, o) oy M(c.test, o) Thadia
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M(Loop 1, State 5) =M (1, M(Lbody, o)) 1 M(lLtest, o) 111234
=0 1 M(Ltest, o) 1Hu1i

M(Block b, State 5) =0 1 b ifuudening
= M((Block) bs._,, M((Statement) b;,5)) 81 b=b,b»...b,

a d

3.4 MSOBUIEANNHIIENTINGIY

U

(Axiomatic semantics)

a 9y o Y ax A a g 9
ﬂ13§]‘ﬁﬂ18ﬂ’311ﬂ’i1ﬂEI"UENT‘]JﬁLLﬂﬁ‘lILm%ﬂJ'ﬂﬂ'J?llﬁ'ﬂﬁWﬂc] GluTﬂﬁllﬂﬁﬂ@’)ﬁl’)‘ﬁﬂ?il%ﬂW@:ﬂui’l%slslf

]
o w A

B ldmananoafunszuumshauvestiduazTlsunsy  nsesilediaildsznoums Iy
MaNane ToAWEuG1 (assertion)
Fomududu  iludearuilFuennganssumsilszinaraveuniesludnynsdoniuia
Usgmet (declarative statement) 1aglidesszyaniug Insazidon Navesdulsaeg iaeslsihe
. » .
frotharu yavestoanudede lilumssnaumaiinanszniediavaosium
int Max (int a, int b) {
intm;
if (a>=b)
m=a ;
else
m=b ;
return m ;

/

v E4
@

) A o AQ9Y a o A
"UE]ﬂ'JnJflufﬂﬁ/]Gl"]ff]‘ﬁ‘]J’lfJﬂ'J’]jJWjJ’]fJﬁU'ENG]‘Zﬂﬂ']ﬁ\iuﬂﬂ

{m = max (a,b) }

o A A o Jo Y Y o < o o A A A
HUAD L?J@V\lﬂﬂ“]ﬂ/! Max() VWNAUNINULETD HAANTUDINTITNINIU (Wiﬂ Wﬂ@]ﬂiiﬂ‘ﬂ@\ﬂﬂiuﬂiﬂ) e

1 o Y 1] U ~ =1 1 o
AMUeaaLals m azanutluamvinanmslseuneunvesdiuals a uaz b

a Aa a 4 o o 3 @
mia‘ﬁmﬂﬂamwmﬂiummﬁwqﬂummmamawmmﬂﬂmmaJ wlddeanutuduanin
A a ' 9 o o W vy A o a o o o o Y v A o
NIONOANTTUNOUWTNINMTHIATS ez 1FU9ANNBUTUNANTTUHAININTIMFWAY JoaNuIUdU
' v = ' A ' .. v Ao v o o ~ ' A o
Aeunteisoni Gou lvnau (precondition) UBANNIUIUNIIHAIATTIVLITENIN Gou lunds

.. @ 1 o o Y 9 = a Y Y A 1
(postcondition) @awe1dlandu Max() eduannsoeueiuioanuving laaleen luneuas

@

A o g
ou'lvraa fail
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{ true }
int Max (int a, int b) {
intm;
if (a>=b)m=a,
else m=b ;
return m ;
/

{ m = max(a,b) }

A 1 A J 9 = =) o A I a 1 Y
Roulvneuiludonny { true } wuneds lifimsimuatoulauladlunenountiinms
o &
Muveailangu Max()
a o o Y A 1 & v o o o a = (]
MIFUIBANUHINBVBIMTIAIeM Tz NoU lunouraziton luandeidias Heudsuoglu

gun

{P} S {0}

A A A ' A A o A o v A a '
e P Ao @oulunou Q Aeomoulunas nag S AeM1de n3e Statement MIDFTUIWANIUHNILUD LA
o o 1 Y 1 . : g :JI 4 { g
azmdade Tnseadwawdauil i5on91 Hoare triple duilumsdsmudovos C.A.R. Hoare Miilug
ruenwfa T lddoanuduiumestuiennununeveslisunsy msdeudegluuy (P} S {Q}

1 Q' § 4 d a o Q‘J d . d =
AnuvIed vazsuduneeuly P ifuaTe msdszunanamida S wSeeeiinaliidouly Q Wuasa

P} '
Y Y [

== [ 9 o a z:y
UANIHNToULNMAT S azdIMNULVIYATUYA
9 A A [l ~ 1 < ~ . = 9 A
YonnuiWeuedlugluuy {P) S {Q) wiFenN udmFey (axiom) niedeveaNuily
959 AIDYIUYU
{x = 0} x=x+1 {x > 0}

Y -4 o

IS 3 o A o a A o PR A o o Y a 9
Lﬂuuaﬂmanmzmw i3l amummummuﬂi X nmzﬂug{uﬂ wemaas x = x+1; LLa’J%%iJWﬁGlTT

E4
ISl 1

= ' A Iy @ n’.zl 3 A A A o o
amumﬂaau'lﬂqamwm X WANINNIT AUYT AIUULDNEFINULUUNITADANINUNIYUDIAGY x =

V@ o oA A v o
x+1; Milusdanmua ldnudunls x

k4
~ =

Aay A A 2 1 Y I3 A a &
°l,uﬂ'5mmmammaummu wU x = x+1; y =X 1,'31’mmsa%uam%nmmﬂuwugm

' 4
93118ANUNINBVEIAFS y = x; TAdail

{x = 0} x=x+I; {x > 0}

{x > 0} V=X {y > 0}
o VA o o w o {d 4 ' @ o W -
wdunalandeulvndwwesids x = x+7;  wiwmihidluteulvreuldiumds y = x; Failu

'
@ v @

MAIDPVIANT

Y d' [ a o o o d! d‘d 1 d' 10 M d' d‘ 1
mﬂwmq}wagﬂmﬂuwqssmsmmi‘vmméuaam’dwumuwammaﬂﬂqmmauq ‘mg‘lu

v @ o

° 3 Y o a A a ' a 4 & = Y
A1 UDAN ﬂﬂ‘ﬂ'L!ﬁﬂﬂﬁ]?ﬁﬁlﬂgﬂ?ﬁ'ﬂ‘ﬁﬂWﬂﬂﬁﬂﬂ?? nRMINgIU (pI‘OOf rules) Gﬁﬂllﬁ'ﬂﬂﬁﬁﬁlﬁm'ﬂﬂﬂqﬂ

€

=1,

3
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FHAAAS stlupumaa (s) ngMsfiga

s.target = s.source; true

{Q[s.target\s.source]} S {Q}

Assignment

{P} Si{R} {R} S, {Q}
Sequence (Block) SiSy;

{P} S:S, {Q}
if (s.test) s.thenpart; | 1S-test AP} s.thenpart {Qj}
Conditional else s.elsepart; {q s.test * P} s.elsepart {Q}
{P}S{Q}
Loop while (s.test) s.body { stest A P} s.body (P}

{P}S{qs.test " P}

PSP (P}S{Q} QDQ

Rule of consequence

{P}S{Q}

premise
conclusion
a ] . I a 9 [ o o ~ 9 a o M . =
939 @2U conclusion 1UTIAY ayanyal Qa\b] m“l%‘luﬂ;]mswqﬁmmm Assignment 4AY

a 7 I A A 1 = VY o . I
agmsngatiungnwsuegluguny AWMLY D1dIU premise 11U
= A A & ' @ ' oy A
MUBD 4N 130 doruzidunaninmsunuai a adlu b @reduru 1Q Ao { x=1 Ay =4} M3
1 [ o o
Wew Q[1\x] vnaneds { I=1A y=4} drudyanyal P > P uaz Q> Q lu Rule of consequence

v L4

2 o @ g . . . A o Y Y J o ' 1
HUwNdyanyal lmpllcatlon (=>) nIoaYanNHMU 01...4a° Glu‘VIN@]i'iﬂﬁ”lﬁﬁ'i AIDYNLBU
(x > 0) D (x+1 > 0)

~ U 9 A U S 9 A 1 4? & 1 Qo o Y A U o
HANUHUIEIT D1 X UMUINNNFUSLAT NITINNAT X "Uu‘l/iu\iﬂ”lﬂﬂ\iﬂ\iﬂﬂﬁ X UAWINNNAUY

] v Y
ﬂ']ﬁclﬁ’ﬁ’iﬂWﬁLﬁﬂ’)ﬁ‘ﬂWf]@lﬂ'i3Nﬂ13ﬁ131umﬂﬂﬁqﬁﬂlla$7‘|ﬂﬁﬂﬁﬁ“ﬂlﬂﬁﬁﬁiﬂﬁllﬂﬁu HUHDNDTN
Y a o o P P} P ¥
ﬁ13J1iﬂGlf’]ﬁ]'ﬁﬂ']fJﬂ'J’lll'ﬁ1]1EJ"UE]Qﬂ']ﬁ\ulagﬂ')’lllﬂu’]ﬂﬁllﬂ\iiﬂjllﬂilluaj ﬂ’]ji%ﬂjgiﬂ%u@fﬂ\iﬂ?'lqm'ﬂq

2 9 =2 A ya L4 14
Tudnaumtiane lgngaianugnassvedlisunsy
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3.5 ﬂ1§ﬂ‘§’3°‘0ﬁﬁ)‘ﬂﬂ’nNgﬂé]}ﬂﬂsﬂﬂﬂiﬂ‘i!!ﬂ‘iﬁl

(Program verification)

@

o a 4 7A o { a
lumswannldsunsuaeuiages  avindinyiga lumsinsangunmuesllsunsune

¥ a Y A A o g
mmgmawaﬂﬂmmm (program COI‘reCtIleSS) Tﬂiuﬂill‘ﬂﬂﬂﬁﬁ]i o Tﬂmﬂiwmqm%mmm

Y o o Y Yy o v Y A & v = ava o o S o P}
mamwummwnmulﬂgﬂmmﬂ‘mqﬂmayammﬂuulﬂ"l@ cuﬂumqﬂgmuﬂwmuwmamtmnmﬂ%
as [l v 9 Y o 2 A o Y (=) v 9

’J‘ﬁﬂﬁ@;ll‘ﬂﬂﬁE]‘]JﬂiJﬁlJE]M”EIL"UﬁHU’JuWHQ LLﬁZLlIE]ITJiLLﬂﬁJ‘]/INWHVMIﬂEl‘liJﬂJﬂﬂJuWWﬂU"UE]i;lja‘ﬂﬂﬁE]‘U

o < [ @
Aiannzdae Tsunsuldnugnaniod 19

LY 9

.. < { v a Y
Dijkstra 1al¥anuin13died a.a 1972 MerduITnaaeuanugndesveslilsunsunuyil
(] a L4 ] a 19 1 g a Ll 1 a
ilumsignimsiieguasdonanain lulmniumsigninllsunsulilderawaia(only prove the
. a o v a
presence of bugs, never their absence)zwawzﬂwswqﬂuTﬂﬁuﬂsuawﬂswﬁﬂWﬂﬂaw@wa1ﬂﬂzﬁaq
o { o .. @ ' ' 1 ' ' { o Y
nagoununndeyad milull1d Dijkstra Tdsndred1eiudua Tsunsuedniemilumssnuiy
o ° Y Y v J <3| o Y o S a a @ o A
dravaestiuiu udarlimadnsesnuuiludwamey Siduaviudivuie 32 da duavaesiuoun
<3| o ° o 4 A S
awsoidfudeyadiaziisuauunie 2% Suwau@szanm 10 $1wom) wazdunTesnouiuaesnls
v Yy &y Y o A A v v v o A
Tumsnageuawnsonadeudoyadi ldnisdesduinnudednit minadeunudoyadimauah
I o 3 a 4 a
Il 1%z ldnate 10° I daiumsiigainnugndesueslisunsudiensnaasilszuianans
o . g A { o 1 A wa o { o
Aunnyadoyan (input) Juilwseeiiinlyli1dlumal§iamsizdaudeyadindula 1dgun

nu 'l

=t

Y Yo v W o 1w a J
ﬂﬁ"ﬂﬂﬁﬂﬂﬂ??ugﬂ@]ﬂiﬂ]ﬂiiﬂiuﬂiﬂ N ﬂi‘UfﬂifJ'E]lli‘UﬂUTﬂEJ‘VI'JllTJGLuﬂQEJUﬂﬂE]ﬂJW'JW]E]S

A 9 a a J a J 9 Y d‘ a Y 1
o fﬂ'i‘1/]@]’dﬂ‘]Jﬂ’NZJQﬂﬁ’é]Qiut%ﬂﬂ?ﬁwq‘fluﬂNﬂmﬁﬁﬁﬁﬁi @]’JE]ﬂWﬁclTﬂﬂﬂWﬁﬂﬁ?NWSQWQﬂlﬂ,ﬂ’NLLWﬁg

9 o o Y @ Jo Y 9 Y oA dgl [
"UE]ﬂ’NiJﬁ\isluT‘]Jil!,ﬂillvnxﬂuulﬂﬁ'i\i@n‘n’N]Qﬂﬁ%ﬁ'ﬂﬂﬂ‘ﬂﬂﬂﬂlﬂy‘ﬁﬁﬂ uazmﬂmwﬂwawumm%ﬂ%

v
(% 1

3 A o A S A a <Y 9 A o 9 £ ~
Llﬂﬂlcﬁﬂﬂﬂigﬂﬂﬂﬂﬂﬂgﬂ1iwqfﬂutW'ﬁ]Wgﬁ]uﬂ@uﬂaﬂﬂ%mNﬁlullﬁllﬂflﬁell@\ﬂﬂiuﬂill EJE]U"UH%J‘VI@Z

v v 3
o = o

9 A A o 9 Y A g A ' o A
ﬂqﬁ'ﬂﬂuﬂﬁgcﬂ\iﬂﬂﬁuT‘]Jﬁllﬂ'illlW'ﬂﬂuau'J’] ﬂWﬂmﬂHaﬁﬂﬁumlﬂuN'ﬂu“l“llﬂﬂuﬂqﬁ'ﬂ'ﬂﬂﬁllﬂﬁlllllﬂwqu

J 9

o Y [ =~ Y o = . .
ﬂiz‘]J'Juﬂ?i‘]/n\ﬂuﬁllﬂﬂiﬂiuﬂilﬁ]gllﬂWaaW'ﬁﬁﬂﬂ1ﬂﬂ9’l5ﬁﬁﬁJﬂ]ﬂﬂ1WUQ (vi7® SpGClﬁC&thl‘l) UB

q

Tilsunsu
A d 9 Y J I A d’l < a o Y ~
ﬂ1quﬂuﬂ31ugﬂ@aamaqTﬂsuﬂiuﬂaﬂﬂws%mmﬁumﬂmu Wumsngaianugnaouiie
! . 9 1 a o 9 1 4
UYNAIY (partial correctness) 1n1%nhﬁnﬁwqﬂuﬂawugﬂﬁaqaﬂmanyiax(conqﬂew correctness)

A A s A Y A ' o A A ¥ o ¥ ' 4
mmmﬂclumiwqﬂuﬂzmaﬂ‘lmwmmqmmmmuﬂi VI%%ZJWﬁGlWT‘]JSLLﬂSMVINWUllﬂ%‘]JE]EINﬁiJTJ“Sm

Y Y
v A A

' o 1Ay A v & ' V! ° ' 'y A g
‘VNULL!ENiﬂﬂﬂT’UENGlﬁltﬂiﬂ1ﬂﬂ1ﬂqﬂgﬂlaﬂﬂ1%uu E]ﬁ]’d\iNﬁiﬁiﬂiuﬂill‘ﬂ1\11UE]fJNllllgilﬂ mmﬂu

]
1A

a d‘ ) 9 a 1 1 =
ﬂﬂ/llﬂu“ll’E]‘UL"’Uﬁﬂiﬂillﬂiﬂﬂ%ﬁ?ﬂ?iﬂ‘ﬂ?ﬂu“lGIWWZJ‘ﬂﬂGI (¥ msmauanaseaveod 536)
as a 4 9 9y = I a & o
'J‘ﬁﬂﬁqul]“Hﬂ'ﬂﬂJgﬂﬁENGUENITJSLLﬂﬂJTﬂEJﬂ1iGL°HLLE]ﬂL“]5leI ﬁ]ZHJ‘L!ﬂﬁWi]1ii1ﬂfl]1ﬂNE]uUl"UWf|\1

1 o o Y o A 9 A 4 ] Y 29 o A @ Yo 1 dy
FINNUMININNTUUDIVDAIIN A LWE]G'SNNEJMU],"UﬂE]u IFU mmammamamau"lwaﬂﬂmm"lﬂu

x=y+1;
{x > 0}
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v
J v v

= ' A o 1 Yo o Y 1 @ s 1 '
FIAUANUHNIYN WBMrUa y + 1 Tinudauds x uay avesdnds x TUANINNNFTUY AU

-

A 1 A 1 Y A o 9 M) A 1 % Y [~ 1A &£
Souluneu wieanmzasuniMzdennuds nie mvewnls y vwdedliiflumAnay @
I ] 1 I 4 1
AuldIdnateanng wu y=0, y=1, y=2, y=3, .. 53404 y > 0 annzisnvdenlfiuonlvneu
1< ANY o o A A 9 A ~ ' A U P A
willugnnziiidodina  wislinnunzasiosnga Sondn  Qoulvnounioouiiga  (weakest
precondition) 1iufeleuly y > 0 mizlianumnzasiosiga uaznnidouluneuiulas (derive)

4 & 4 o . g o A
Jupnnndennuduazteulundusiag 1831100 Hoare triple Milundnidoudail

{yv201}
x=y+1
{ x > 0}

I A dy a ' A g 9 I~ @ A ' A Y 4 Y o
UBDNLEFINUDTUIYIT LD UDYALUT Lﬂummﬁuﬂmmmﬂﬂ’nwsm‘mﬂuﬁuﬂ VDAV

U

'
9y @ aA '

o QY o 2 @ 2 A v oAy oy A
x =y + I; whld ldnadnsiudeyadnaviliaunnniigud venaniiGeulvneun ldvzimen
@ A v q Yy Y o B o w R ' A A A v

WuReu lvndalidudeanudineunin llawdrdusunsznalddou lureuniudoulvsuduves
Tilsunsy dedaseiudoimua (specification) voelusunsy naaei Tsunsuinuldgndes ms
Aa o 3 I a o ] ] 4 1% .

fgaianugndewuuiituilumsignidoundennuadns (output) dounaulimideyaidn (input)

a o ] a 4 @ 1 Y
WioamuziTuAY Meodmsnganinnugndesvesllsunsundasldasae Tl

Mg INgRdedved 11sunsy Max

{true}
int Max (inta, inth ) {
intm;
if(a>=b)
m=a;
else
m=>b;
return m ;
H

{ m=max(a,b)}

a EaAl

a 4 9 dyr:,‘ 1 [ A d 1A '
ﬂWiW@:ﬂuﬂ’N‘Ngﬂﬁ’ﬂﬂ"Uﬂﬂiﬂ'illﬂillul,ﬂuﬂWiWﬁ'ﬂu’NIﬂﬁllﬂiMﬁﬂﬂﬁﬂﬂW m Mdumnunni

QU

' @ o ] &£ 3 a d A 3 2 A a 4 9
SHINRAUAVIUIUIAY a, b Glﬂ“] FANVUADUNITNFIUWIIVUADULAYI ABNFIUANINYNADIVD

U

[}

e
if(a>=b) m=a; else m=b>b;

'
o o

o . I~ o @ 1 1 o o w @ & = A
A return m; 1azMd int m; \Wumdednndusazmdalsemadiuals ¥z lulinan/asuulag

nganssumstauveslsunsy @omzvesldsunsulutimsw/asuutlag)
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v
@ =}

A 7o 4
mﬂﬂgﬂWiWQ”ﬂuﬂWﬁQLL‘U‘UMﬁGMU},"U

{s.test A P} s.thenpart {Q} {q s.test A P}s.elsepart {Q}

{P} S {Q}
3 (A . a 4 I A A A A o o . <3| a
WHAUNAI premise VYBINYMINGIY dzusniluaeinidine nsaindou lvvesdids if 1iuaesa
o A aa A T o A A ¢y
(s.test = true) 3¢ NN s.thenpart nagnsdinGou luilune {q s.test } 9¢NIN s.elsepart MINFIUAWY
3 A =< 9 a I =
UONIFENND AN NI U AT UADINI Al
y { A o o . I a ) I a
psdin 1: nsainGeu lvvesdrds if iuese 1iuae (a >=b) 1uasa
{P}

m=a,
{Q} = {m=max(a,b)}

a 4 o o o !
NNNHMINFIUVDINAININUAA (s.target = s.source)

true

{Q[s.target\s.source]} S {Q}
Frelfismitonludeniiceuiiaqa (weakest precondition) w5e (P} &l
{P} = {Q[s.target\s.source]}

{o[m\a]}
= {a=max(a,b)}

A o . ' A s A A Yy 3 o &
mam”hhmuslu premise aIu s.thenpart ﬁumﬂgmiwqwuuummuvku i]z'lmmmc]mumu

{s.test A P} s.thenpart {0}
={a 2 b A a=max(a,b)} m=a; {m=max (a,b) }

1182910 rule of consequence N5£171

PSP (P S{Q} QoQ

P} S{Q}

1AZIINAMVITINTOANY {a > b A a = max(a,b)} dwnsagnAanw (imply) Iden {a > b} sl

4
v A

a 3 A o o 1 P4 1
(TIENT VY ULD NHYNUDIATTITIU s.thenpart "l@“lﬂmm

(a>b) > (a=max(a,b)) {(a=b)A (a=max(a,b))} m=a, {m=max(a,b)}

{a 2 b} m=a, {m=max(a,b)}
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! 4 o ¥ .. & o
nsain 2: nIaeeU lveemde if ituma Ao a<b

{P} = {Q[m\b]} = {b=max(a,b)}
m=b;
{Q} = {m=max(a,b)}

= I ~ o w 1 Y o d’l
(I1FNT VY ULD NIHYUUDIATTAITIU s.elsepart Vlﬂﬂ\iu

(a<b) > (b=max(a,b)) {a<b Ab=max(ab)} m=b; {m=max(a,b)}

{a < b} m=b; {m=max(a,b)}

a ¢ L e \ vy o A
NNMINGIU premise MITIU s.thenpart LazaIU s.elsepart "lmaaqﬂmu

{a 2 btm=a {m=max(a,b)}
{a < b}m=b {m=max(a,b)}

Y ' ' v
nnneaeansal ladou lyndesmsiididiiageiu e {m=max (a, b) } Mldsawnsoasdlan

o ¥ .0 Y Y1 g ' . = = ' '
AT 1fmqmu,aa“lﬂmmﬂum maximum VoM sTeumeumserN a tag b

{true}
if (a>=b)
else

{ m=max(a,b)}

msiguunugndedved 1/sunsy Factorial

int Factorial (int n) {
intf=1;
inti =1;
while (i <n) {
i=i+1;
f=rei
/

return f;

/

A ' A Y o = v 9 Y A A o
Rovluneuveslisunsy wie Jedmuanminudoyadt Ao 1 < n uazoulyndives
o § [ [ o
Tlsunsu v5e YosmuaneInurasnivelUsunsuAs £ = n!

. [ M) . % a o Y
TaJsunsu Factorial imsldmiderusen (while) Felingmsigoiinedl

{s.test A P} s.body {P}

{P} S {qs.test AP}
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1 . 1< ' A ' A Y o o o ' S A
du premise vongumsszyn Qeuluneunvzdn liididaludiu body vesgunAediu test

LY

o 3 a 1 . ' A a o o o A A o
m@@ﬂ?ﬁ\igﬂlﬂugﬂj\i GlUﬁ'Ju conclusion "UENﬂ;]jglql'J']WaV]Lﬂﬂ@’lﬂll’]""@\iﬂ’li‘ﬂ’]ﬂ’]ﬁ\iaﬂﬂﬂﬂ an

o o 3 1 & < a o o o ' o
mmma”luqﬂmsmzé’amu test ﬂzﬂmmﬂumﬂ (LWSWEQ{W test Lﬂmsqmmqﬂ%ﬂﬂmu ENGQI’EN’JL!

'
o

o o o o [ 1 < < a do . = o o
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