
AVf...R 
.,---.... I 

(1 tJ e r 7). t. t:(";) 
) 

at:. k !lC'w! e c0e rl1 e rd.s 

- to assert) a (fr /YI, prove 

A lJe .... d lj ,n3 e(ltJir-omeflt 
,-



ve (t'r ( ~- a.l /0 Y\. ••• aJ.-<.l.6 fYla.i. ed... 

re a-.itJ fI I 1\.. ~ 

--

le OILS tCLt-die)( j)~J:3 ~ 
w ; ~ lI()tU~ - s£1l-(! ~(~! 

e.::::. . 

L.~ _________ ~_--.J} L-. _. 

m~yJ.od.. ; (I PIJ!t ctm.,{i ~~ to d>.da-..-, 

esla.bla A f(. ~~di. k:6v\. (or tl.lcifM... 

f'-~ l!. pCOj fe--.ll 



.- '-' 

, V€R\~ \e.~\ lott 

CD\o.~('o..M. ~~ ') 

... p 

·f 

s 
. . ? 

• . ":;> 

~, 

. -GC 

.. p 
~ r 

x. ~c It-\, 

t )C. ... ')0'1 1%>0\ 

OOOc=l 

InJQK~t . (~e £i..:~\~iJ\\ b\t. ~5 (~c.ol oj.) 

i~ r'ac eel-. ~ e 1\ Of\ bOM~ 
IL tl,~ O"C(\a~ . 

le.. ",-,-,~,~ ~t ~~t"" ~,,*c. 
(now ~o.\c~ ~~ }~~~4 4. roruS a 

t.k;·"~ ~ .. tf","&.t.U'~_) 



· Co", "t' -t -.'("..c ~ '"04 t (l et. '. 

DA1'A ST~UtTUR~ S'~C\~'CA'T\ON 
~" o"tt.c_4 .att. 

{Vt\c. (xo,,", 
Me-'-Cc-, E 

froc. e..s.s es 

/" p-Ll , ~~t 
A: ~-«. -C ~ .~ -"er (J&) 

I 

1 ~ V~ ~~)t .a, 
.. ~.~ft~) 

f"c,er"~ 

\~t\~M.""~~ 

~1. tt... T ~IJ~: •• t. 'c.tt , r~-."t 
kll~'~' 

.~-\tet (JI) (c) 1&& C"OOt 
~ .~f04. "'ti.~.~ 
"w. .. , CMt 

1\ ~"* . Mft_'-et ()C) 

f~2.., b.""Af. ",,\~ 
-t ~"'~(..t~~& fl. 41lt • -t,o.a • ,.",,.., 

___ ft .. , 

\(\~tud.e..s boo..c-o.... c::U.~e~sl~s 

c~r~~ f>ld..c~",,-~4..s 

~..,~ ~O"'- "'-.e..dl.O""- ~uh ""1Js 

~~o~~ ~ €.>o~~ lcJ'Yv:) ~ i"'-LJc::ul'~ 

~~ f e.. 'd...e....t t \~-eA 

t?\(\ ~OJ~t.:~ 

.. ti'~~~"; t~~-eg 
, '··'::i·t·~: ,,;f' '. 

r 
L ___ ~ 

:1l~i~~~~""~ ~i~~s,'~! 



~\oc:..€.ss e..s /o..J.\OY\ S 
\---~-----,..- (~--.----

.,. , 

\",,\..e.fy\~ .s-w~ ~cJ,..-~Cl~L, (-X. '-) ') ) 

cA ~ ()..C _ d..c>....., '" ex ') 
c.tS::J",,-c.kroY'.OO..r b~ h4.0 lOu.,..r 

d.i...str :~u.A-E'ck i.O\f\~M~~ 



1 ~"~R'AN'" et FOR D'S1 (t\ 'u1'£ t) 
SYS"T£Mf 

QDC~SS \>ro fEUt,,~ ~ \'\·c.v~-\ 
~o(" Cl. s~.st~ \,\« aM o(.s 
~ a.. -te \~~ko-l\~ S~J~~ 

cL:. ~ U ""c.,t \ u e tI\()<" 'N\~ ~ M..J: 

~e t>re.(!o-.-.~ ~J ~ 

~,O c...~j ~ e-:, '"lo 

\1\~(UlOv>o-t ~o Ft\-<A . /O-"i"",r 
\~st.o.ce 

~ ~ ell.-l " .e...r '"lo -\0 ev.. ~ c;v.... 

Q.~. 

\j'~. , .t ~ : sub!; (',( ~ '0 ~.\ 

( ~ () A \1 (...(- S cJ.-t.ttn (~ ) ,~) -~ 

.. , 



-
~ I\. ~,,~ " ~ " Of'l: 

<:~A'''''''''''' _ """tlff. .J L.O~O - t.~ 

r2~ EIc~/~ (6 () f~ ) 

&,-~.u4t .A~r/~ ~ ~"-~'eP 

(!.,ud 90). d Jf~t!f~"- ~t<.. 

S) \ S1:i\.6u1'f.DJ)($\ 6NS 
.... 

L Q\'.,,~s~.s ~ c:cJ~\..<. ::: 

~u",,-~~ ~ ~h~~ ~ ~i.t 

w "YI... 00"" ~ ~"- ua.,n~ (u b~" "-~ 

J.... 1t\UcJ..l6. ~V\u(:~ 

t..~ .sutC'eU. L,~~\"",,~~ ~< 

-
'~. L, "R, "~L ~~"'«. 

-tk ~ tLo S.,""- ~ "" ~ ~ 

(~~ -teC"_ 0' CL cic:.~lJII\.U::(\.I~ s~t. ') 

ff. 

ck. 



.. , 

~rD~~.sS "U\\lc..&t:~ sh'l\ ~ 

_ ~ \Ja,,('fAd... 1\.0,," - diL \-al'ft \ A\" f \'k 

~O"t--t.\.M'r~c.~ W\~ 

\t\ \u-~~Ce. \'{\ 

OvJ\&\ - Grl<1 S<--~t. 

bvL "<t\a..tw'o.l. If e}(f\o\ta.:h:a- 1-
~~("1t. acdu- ~ O~\C ~('OO ~ oS • 

_ red..SO~\·~ 'o.:J C~~d-d.lCt.:Oh 

_ (\O(~s~ 1" r M.. ~ 

C(Tf\ue.uJ\~~ l7!!. I ~ ') 

A./ ~<n'\u«S~ (~, J..AoJ..et:J.... (X)) 

i m~c...""a..M~ A1..d....s ~ ~~ ekos~ \o~ie. 

- ~«'lcul\ S ~ {\('~l-ocd.u ~. (!.. • 

- 'o~ ~€C:J.. ~eo~\ e. US~ e,uc:Lt(~\ ~ 

- ck\.c..~ ~ .s~'< \.$ \M\()('~ 

{(T( .sl~flJ.u~ ~ o~t~~ 

z. . A S fe ~tc.o±LO't\. ~a.ge 
~\tk ~.f~ kee.f\~ 

0~ ~.si~~~\ 

~ ~ ~ '~-UA~~ 
~f~~t:~~ 

A ~e.r{U"~('.& ;Of-<-~t ('.~ 

\ a;.,.. b u (>.. 0--
4k ~ "",,41. bcv.;,:s cUa..;, v ",,-cl ~ ) 
bv.i. 4f~&C~ ~ ,.k-~~~ 

~~4j~ ~ r('sl ~ ~'j\~ 
:ft;{;, :'~~j~" 
''jt'\. ,i ,;":~!"; 



\i\~v\..c..cJl 0. b s t(,cA.d.(~.s 
A 'f.l uY'A- o ... ,h: c. I ~-<-<tl·~ o..t 

.~e uo .... CM1..O"t. / ~v "'-vb: ~.a.l' .. 
St\OY\.~S -t~~ - ~E.~ I.~ 

C~fty;)oJ.ol<..1 \'h()~.:~~ 

~VvC~\sAJo\z 

. A\.\ ~(:) 

A ~(t\aMete(ls~o.. St:r\J~t.v\e 

(loose o..Omo..lQ \<l.te''I'retntlCM. \ 
'Ui:o.. JCbit's rflfo(~ Shvltwl' ) 



lot~ 
.. ~{ i A~ t,OC\. 

.... 

t({tOtN, ~~~ 
t\f't\.L» ~~ 
('-e4J~ " t~(\~ 11 tlutT<'# f/.}X -7 hoo\ I 

at. ~l<JtJ< f! i~~ ~ bod\ 

) 

de.~ Sti"ULGe... .. ' (l: t; ~'-<. ) 

~L~IIS~ \ ~1~ \(~ 
o.k. 

) 

-:l..""l~' 

€.')( ~~\.S t. i', L ('I\.~ ) 

~t. (\i) {~ ~ oi(f:l,u)i 
().,y.6. ~ t '- k. '.. 

1 
0...)( \ CSW\S 0.1 l t-... L (Y\.. ~ , 
10{.. \u e.~t. Ct. I ~OM ) t-o \ 
_ '- fe .... i.S t.s t.l '. L l'<'- -e. \ 
_/ r 

S e (" \J \.'c. e. (.+. i , \n, 'i'Y'- ) to') 
Qv'.,! t ~ +. 1. 

\I \.$ \ Ip\ €. 

~MfOI'a.1 
°fu~s 

(o1So ~) 

• • • 

/,0 .k,..,.,l (+~". t. ') ='> 

- ;:.. t:; se..t"VI.'C<.,. ( ~\rv~ I to') 



~""'L l' ( D,.! f R,D-I' S:>C: 0 l S 

ey ~",JI' bIt:. ~ r < J..(~ ~."" c--- \ () c.a.J... 

e 0-,,,,,, f (y;> ~ -N;-,,-

~~~C '-Jh,~~ 
---

(7F (J{H-£R. ""-OOL! 

whe.re. '. ~'f\ d..i..C"e~,",\ 
, 

. 
c.r eai.~ '. c.,eo.t e. .:x..Y' ~o...) d..<'~\.4\.~"(""" 

/ 
/ 

CY\ cxlL~ ~ '. ~tll\ ~ fl.J/I.. t.lC \.$ t i. ~~ £it.. t ~ J\. ~ \:..: """-

Qo-OK', \C\.sfeet. c,- ktl (\~ \l Oh. 

~fi.{\.t '. 

'nelf '. 



. -, 

\\\eA a.c ~uJ.. doM4.\n. J ~cl.uA e.s tU'.(. 

\lu!1 flc.k ~ Jt\tf.(,(~ I b~ 

ll4.W\it ~~ no~ t{ \t\'.tJ~U j 

a.Nl ~~cf4,(oJ,\.e e~~ ~ ~Y:rut;""'. 

~\nt o.-liM e'\ .... a.k"""a1 l0,3lC 

t)\}.eA h.\UOJc.ki.~~~ 'Se~~ 

~~t"o..L a1~e.JJ("~.s 
(t.u¥\.,;\.~~"A\-... ".!>~k IV.TI\ I~~) 

.e.o(j~(! S bu\\t uf b;1 
~,O~COHA 

l)~t'Jtrtt CK GtAtlblafl ~\O'Ma:i\l ~ 

( "L t-ll' .. \ \-:'0 ') 

doMo..t(\ ~\la.t~CM.s th-€",,-selv ~~ 

(~'~"'~ '. {)'I.cM... S'~\~. 1l,., I ~ , "; 

ck\ \J , l -= tku.:-,( ~-\ ,£l -'? \) \ \: 

(u'\'o4)\I fIo~(.J... (~J~CI.'(C: . .k) 

, 
• 

~~c.. -\ .... "'c.k,~ 'It-f'l..o.A-c..I 

~'~') ~ to(:'\ NOtlN",.l.'" ';'!.";ME,N1 ':"fl.\~ S1'''C~-''~'-i.r1Vf\ 

¥" ~-e-(>\.~: t-lVl-'-"'" ,~£: ,,,:..(";.... W"L..'-~ (loCL.';'AI'1 

\~e.o.k. lC.r~, x. -=)C. a-.-l~ ~~ ~_~~e41 ~ ') 

~ !>,nD'L rt r.f ';:.'. D,)Ot)L~£OOLc:.A..J 

~ D, ~ t>t.. ~ c:J ou.:A. ~,~" ~ 01. ~ et 
-=: s:>,)<~ L. -~ ~/\d'~ 



. ,.. 

'.E. "~YN"A)< ~ 

cw\\.t..ck, "tAt" 

t~ ~ .r-r.t\~ .... Tt\e~ 
t"~: "f~h. lr ,,\."'bI-t ...., .s-r,,&~ 

tor ~ ~1\("' .. "'"""',, .. ,. 

'u-.,'l~: s-r,.Cttt .. Goo~~ 

. . . 
~i..oB ~r"' Ar«..~A.S 

tOt l ~\\ ..st..,\c. ) ~ ~. 

tOt (~I~) c""'\~ ~ 

~vl" t fOf ( .. ) • t.t t.r~ ) -= oS '1 . 

\ 

\ 
\ 

, 101AL A-L6-f~A·· 

t..l~~ E.RR-oR /ftP€' 



• 
• 

• 

""H·U't AC \(. ~ T!tAI ( 
~0f0I~\Jl.L ...., ~~J( 

o.----------.®---~~- --® 

dt. 



\. "~o.l ~~ol.'fA~ ~ 
+ 0 kn f ((\u\\sto..e.it. ') 

) 

~. (Vo) u~c!i.~'~ l\:~.tk 

l &~ M~~l\al ~U-Cf&-l-e ') 

~. ffio<e. s0-1\lo..t.l,~ ~~eJl' ~ 

\(\ -l'n.~o<~ r-0\l ~.f\~ 
(k... \6S .s~ti~ ~~di\ n~ ') 

({~~H~. v., A. ~\I\~'\t. J~t. ~ ~.~.V'1 ') 

, 
bO 

'{ ,. 
~.) 

-7.1 

77 

c~~ SU'l~ ~rts 

\to~ ~~ 

~Wr~ ~ \{a.nJ.... ~\O'o\~ 

B("~~~u~ .. 
\?e>'o\r.~.s ~D\Jt:~ ~("'~e~(\<. ,o-r 
f\(-,3 t. ~\(iU \',<2!k u.k. C .rJ.CJ.~ 

~UJQ.tO\f ~ ~ ~~.~ 
\.. eM~~ 4-0 ~~d~ .:. . ..,k.t" ~ -- \') 

~uL:)~ ~--t~, R ~f p ~ Fof'~ 

C4)f.4k. \\ ~~~~ .. ~~~ 
~ ~L t~ ~lr i.vt<-r~ 

~ .~ 

/\rf4 (\.Cl. \<cu.t.':D"'r-- ') +0 t"~:uCtdL~ 
~a1L. 14.tL....~;.U'.'-

JL.. ~ W~~. ___ .• ~ '~\K;,-k •. "" 

~ t..~ 15 .. ~t...;.... ~ .f.~-~ l~.,. (I 70) . 

~4k~"'t'- '.). \<\,~.~. (S.-(.,"'-~ 
1._ t.4t~c:J. ~ •. " . I . 
. )"0 , , . ..... /1. ~Yl-\ "\. 

1~Lt,...~ ~ ~~ ~. kij ·i.o ~~. 

\>«f,)l"~ 'S~~.)<h 0\ ('\·.~1,·~A. So-,h .. ") 
~t< ~ R'(P ~ NtJ !k~.~. 

~. ~~ ~ .. (,~~\ K\~ ~ ~~~ 
--



'r 

(.6rr0<" w~ «\0 ~~ f.('·r('''1.-a1.,.-",,"~ 

~ ~ , 
\u..L ~tk .t ........ l 

£.~ . ~ I.r.d.. ~ 0 ~ \ t- .• ~ .5 r c.,,,J. ::..4.·~1 

~ "h--~~.' 

fc~( 

"r.J . ..oJ-,! f. 

\'.' J:. 
ti 

i'~I-~ '( , ...... .1,. 

/!. .. " .. 

{~I/"..a.t~. ~.('H • .Ji. 'd··(.1.. 

~~. ~ ~ t., .. ( a:f.~ 
-

IJS 
~ • .!l" .. ~~c l)~S 

~\C'~ 1: R«. 

\...~"4 ~f. 
R\~ 

. . . 
-'l 
(:)cRI"tA~Y 

~M\ttf .. ~ (l'tf 

u" J.... 
l t.f .D«S 

Re.J et .Al. 



--
c~ It (~ .. tc"o'o\~ 

~ ~u1\,e;~~ &tr&!\ ~-eA. 

to ~"" 
t(,IiL~\o\t "\f 

l~ \0(&1 lL~.) 'I 

How do r.)f iM:,e.~oU {~ 

t.l,u.. R~"",,~ o..Ioo..t. jf4~f 

~~~.e.~'o-u 1~ ~~ el.ocLto ~L~ eOO(" 
J\r~~ . ~. ~ . ~ (rtL ~<f­

fr ~~. 

~\rst o<&ru- ~\e~c.oJ< lo~'~ /IOff\J 

lCUv\'''''l~ t. 2a~eblt~ ) 
I)a.,)lt. ..s q~ 1\ 't g 3 

? . 
'~S\~ 

~i\~'~'). 
C \ t>~\'n. > tU ~'l 

~{tl.MJitUtl\ L' ~ 

o Ko \ t-M "\ l..-e. 

Co~~\t-'f 

\~~e. uar\~\~ 

~V\-e.c::kr. ~s 

Qe~ol V\l~ ~((),,~(.s 
I0l~ (Y.fot~~~ llS",l.J 



~iSoLu'flO~ Y~\,Jc'\~kf 
• 

2 

~() .stc4..~' ~ ~ ru~Du~ ~~fO'C"ta.-~e 

elL ,~tt-:c.ti.uws !Lk~ hof~ c.lo..uS.tr:l ~~ ') 



U N \ f l L A -r t ON 

+ 
1\ 

x. 0 

+ 
/\ 

-- 0 
\ 
o 

SC·t- E"-. 
,0\,0'1.: _ 

u 

+ 
/\ 
t ~ 
~ 

./ 

".~ ) ~ 0 

+ 
/~ 

.~ 



_~ ~ 4.. \<8 &.. eft{~e~ ER. 
~ 

«, : {( e .. '11,) s ~, 

R1 \ ~ (1(, , ~ ') 0; 'If, 

ft~ : ~ l-, ,"I.) ': -e 

~.," {( {(w" 'f~ ,1!)) ~ ,C-, , H .... , .. )\) 

~~ It\.4\O-;w\c..t.. ~ « ~ ~ «. it ~. ~ . .s ~-" 

~ ~~\O'\'\ 

"( f (~.\ ) X \J ) ~.1.) 
~~/ 
I'-

1 (€ I 1tL~ 

Rt/ 
):: 

~z. 

~~ 

~ (~\ , { (~, ) x.').. ') ) 

\<e.(Jr~k sG~kVV\. 

( 'A() 

'-

/ 

- ~ - " , 
\'\(\·It.V'I.I.\-o(· .Dc'\r: j 

\' 1 

"')(. -\" l"" :: l , 

,l, I/\.,I.\(- G~~~ oJaO{'~~~ W>~ 
~('~\i.w t'a..~t ~. O'<"d.u-l'~ fa .se~k.. 

d ~ fo-tA-t oS -et .ye 0-- ()'~u~~ lA. '" \. 0Wv) 

~uJ. It V\'U'\ \' M. ..( r"S ~ , "'< 

~., /~f. (,,·1,:,,-;k ') 

..... ;" 
... ' .-,' 



.sel.s e~",o...t: J>-oJt 

tJ.A.ce.~~ ~ ~J.AI..(l 

0'-'f.u~~~ ~ enk~ ~ 

~ 
~ IJQ 0... f6u.)'C.( ~. 

i.'(\.~~~e. ~kr \Ik. ~hd.\. 

~O"'f C '1\.~s~c.k) -=) ~~ 

,-[~ C ('~ (a. \ b) ') ~ '0 

~lf~(Q,Io))--¥Q 

p.....,.J,. ( ("0 ~ ( ,.. L to'f l "-1 ') -=Y 

4. Equivalence. is a .relation that ia: 
reflexive: a equiv a 
symmetric: a equiY b if and onl y i.f b equi. a 
transitive: aequiv c it a equiv band b equ1v c 

In a soft.ware system that 1s to be implemented 
S 1 s a fi 01 te set of i terns SOOle of which ma . 
E 1s a set of pairs of eq .. ·1 .'.. . Y b<; equ1valent, ""'u Ul v a "nt 1 tems from S . ... . 
~ IV ls a triadic predicate on E x S x " ' .. such that: 

EQUIV(e,sl,s2) ls true if and only if from a given set e of 
pairs of equivalent items it also follows 
that si &qui. s2 

Consider the formal specification: 

a 

intuiU.e 

INIT: 
ENTER: 
~UIV: 

-) E 
E x S x S -) E 
E x S x S -) Bool 

~UIV(INIT,s,t) = (s same as t) 
EQUIV(ENTER(e,s, t) ,u, v) 

~UIV(e,u,v) or 
(EQUIV(e,s,u) aDd EQUIV(e,t,v» 
or (~UIV(e,s,v) and EQUIV(e,t,u» 

SLate the propertles of EQUIV whiCh should 
validate the above formal specification. be proved in 

Consider also· another specificati represented by equivalence Clan in which equivalence .is . 
E hi asses, each class t io1 w ch are equivalent to each oth con a ng elements or 
selected for each class. er, with a representative element 

b 

repclaaa 

. INIT: -). E 
ENTER: E x S x S -) E 
REP: E x S -) S 

0) REP(INIT,s).= s 
(4) REP(ENTER(e,s,t),u) = 

it (REP(e,t)=REP(e,u» then REP(e,s) 
elae REP(e,u) 

Verity the representation of intuitive b interpretation . y repelallll under the· 

(5) EQUIV(e,s,t) (REP(e,s)=REP(e,t» 

by showi ng tha t are satisfied in repelaslI. 
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