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BIBLIOGRA

e Bbarany Itermation

= Pilslished in 1976, as avelume of the “ Seniesin
Aulemanc Computation™ by Prentice-Hall; Ine

— Toetal 223 pages
* [Foreword 1 page
* Preface 5 pages
o Main body 217 pages

D.-H. Kim, PL Lab:, Sungshin W- uw

BIBLIOGRA

= @ganiization off the Book
=Eeraverdiy C. A, R. Heare
= Preliaceloy/ theauthor:

— 28 chiapters, semantically/arouped inte three parts:
I'(Ch: Oite Ch. LD IIN(Chir 12161 Chi 25); and il
(Ch. 26'& Ch: 27)
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BIBLIOGRA

S @r0anizetion ol the Book (Continued)

= Parii || (Eramewernk): Executional Absiraction; The
Role of Programming Languages, States and Their
Characterization, The Characterization of
Semantics, The Semantic Characterization of a
Programming Language, Two Theorems, On the
Design of Properly Terminating Constructs,
Euclid's Algorithm Revisited, The Formal
Treatment of Some Small Examples, On
Nondeterminacy Being Bounded, An Essay on the
Notion: “The Scope of Variables’, Array Variables
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BIBLIOGRAL

SO ENZation of the Book (Continued)

— Part 1| (Examples): The Linear Search Theorem,
The Problem of the Next Permutation, The
Problem of the Dutch National Flag, Updating a
Sequential File, Merging Problems Revisited, An
Exercise Attributed to R. W. Hamming, The
Pattern Matching Problem, Writing a Number as
the Sum of Two Squares, The Problem of the
Smallest Prime Factor of aLarge Number, The
Problem of the Most Isolated Villages, The
Problem of the Shortest Subspanning Tree, Rem’s
Algorithm for the Recording of Equivalence
Classes, The Problem of the Convex Hull in Three
Dimensions, Finding the Maximal Strong
Componentsin a Directed Graph
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BIBLIOGRAL

S@)0anization of the Book (Continued)

—Part 111 (Summary): On Manuals and
I mplementations, In Retrospect

e InThisTak,

— Focuson Part I, i.e., the framework or the
(programming) methodology of the author

» Trandation of the Book
— (Still!) Ongoing by the talker
— Currently liein the middle of Chapter 8
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INTRODUZ

SRy Formal Semantics?

= Essential for the design of consistent/unambigueus
lenguages; validation of |anguage translators,
COIECHNESS PO Of programs, and (autematic?)
deivenien ol pregrams

»  Dijksira’siComment o Program|iesting

— “Programitesting can e guite efiective ior saewing
the presence oft bugs; ButiSepe esslyinadequeatietior
shoewing thelr absence.™
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INTRODUZ

esliStori call Background (IMy: Personal Retrespect :-))
=250-called ™ seftware criisis®
=RESP0NISES O thIeeI0eups
shecensevanives|(2): D EiKnuth; ..

* lheprogressives|(2): E- W Dijkstra) D: Giies; €.
AL R Hozre;

* The radicals (?): JrBackus (1) R Kewalskis >
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INTRODUZ

SIDE nition of Axiomatic Semantics

=VAXI ematic semanticsidefine the semanticsiof a
PIiGyram, Stetement, or language constilct by
desering the efifect Its execution|hasion - assertions’
(Or™ predicaiesy) et the dataimanipulaiedioy the
proegram:

— [hetemm " axiomeacHis used Iecalse e ements o
mathematicall | ogicrane tised teISpECHiy/ the Semeantics
of pregrammiing langtiagesyiinciudimeioaicaliexiems.
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INTRODUZ

sy Dijksira’'siBeck?

=)jkstra’s framework (i.e,, predicaie transiormens)
cleanlyiand sysiemetically/ summearizes researchiiin
thisTield since the'seminall paper o IHoarne’s:

— |t"siredly great fiun!
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INTRODUZ

SERCondition and Post-condition

EA Ssertiiens associated With |l anguage constructsiare of
o kinds: assertions albout thingsithat are true just
1IEOre eXecuIlion ol the construct and assertions aleut
things that ane truejjust after the execution of the
CONSLruct:

— Assertions about thesituaten)| Ust efere execution
are called!pre-conditiens; and 2sseitions aeui the
Situgtion just alter exectiienareicalledyesis
conditiens.
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INTRODUZ

SNPIeYramming asa’” Goal-directedl Activity”

=\e needlaway, of asseciating toe alanguage construct
incencemn ageneial relation beween pre-condition
endpost-condition.

— [Heway te1do; this IS te USethe property: that
programminglisiaigeal=directediacuVity VVeusually,
knew What We Wantie e trie aiter the execulion Ol e
language construct, and thegquesiieniSIWheerthe
known conditions beforétheexecunenwwilifguzaiantee
that this becomes true.
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PREDICATE

aest Pre-condition

=¥ e conditionithat charactenizesthe set of all
Inilall states such that activation will certainly,
ieslllt 1 & preperly teminaiine happeing
leaving the system iniafineall siate saisiying|a
giveqpesEconditieniscalied = theweakest
prie-conditien cormespending teithat post-
condition:”

— Denoted by wp(S, R)WhEre S isiasystem
(machine, mechanism, CORsiUCE) and RIS tHe
desired post-condition
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PREDICA

SESEmantics of allViechanism

=N ESiv/en|in the ferm ol arule deseriling how: ier amy,
giveqs post-condition'R: the coriesponding weakest
prie-conditionwp(S; R)) can bbe derived:

= \Whenweasksiorthe deiimition e thelsemantics o el

mechanism'S, What wereally askieriisisuchiarule
fior that mechanism:
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PREDICA

sIpEinition of a Predicateiransienmer

= EGRafixed mechanism S’ suchia rule; which isied
Withithe predicaie R denoting thepesi-conditioniand
deliversaipredicaie Wp(S; R denoting the

corresponding weakest pre-condition; isicalled a
predicate transformer”
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ROPEMIES 0ff Predicate Transionmers
EProperty 1 (LLaw: efi the Excluded Milacle).
s =01 any mechanism'S wehave
Wp(S E)=E
— Propeity 2 (IVieneteniciity):

o =01 any mechanismiS' and any: pes=condition @
and R! such thet

Q = R foer alfsiaies
we alsohave
wp(S, Q) = wp(SHiRHNORElIfSieies
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SINPIGET tiies of Predicate Tiransionmers (Continued)

= Property 3 (Distributivity, of Conjunction).

s =01 any: mechanismiS and any: post-conditions @
and R we have

(Wp(S Q) A Wp(S R))=wp(S Q A R)
— Propenty 4 (Distributivity/ ol DISunction),

* o1 any mechanismiS: and any pesEconditicns @
and R, we have

(Wp(S Q) v Wp(S RY)=WR(S @VARY
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sSeplr-\Whoerl Hypoethesis
=VAN(stllf contreversial) linguistic theory,

= “hiestructure of |anguage definesithe lheundaries of
theught.”

o |- Wittgenstein

— “The limits of my |anguagemeantheliiniis eirmy:
world.”
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SSEmantic Characterizatlion 6ff aProgramming LLanguage

=\VEconsider thiesemantic characterizeation ol a
pregramming language given by thesat of: rulesthat
associatethe cornresponding predicate transiermer
With' each! programiwritten in that language:

— \We can regarnd thelprogramias: 2 code’ o a
predicate transformer
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=SIWe very simple predicate transfiermers
— sKip
N dentity/ transienmer:
s SEMantics:
WiR(Skip; RY) = RNGrF any/ pest-condition R
— abort
* Constant transfermer
* Semantics:
wp(abort, R) = F for anyipestcondiii'on R
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SASS|gNment Statement:
=SWlgstitution transiermer
— Syntex: % = E*
— Semantics:
wp(*x = E”, R)I=RE=iorany posi-condition iR
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PN EOMPOSItion of Statements
BN mechanism> = <primitvemechanism> |
PrePEe: COMPOSItien off <mechanism>"s>
— “ElnRctienall composition’ tiansienmer
— Syntax: Sl S2¢
— Semantics:
wp(*SL; 827, R) = Wi(SI;Wis(S2;RY)
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sNNiiE" Construct (Guarded 1fi Statement)

=NEeneraliized selective siatement
= Syiilex

i <guanded commeandisat>: i

o jfi Bi—S1 || Bz2—> Stz | ... [Ba—> Ska fi
— Semantics:

wp(lF, R) =] L= =< n:Bj)A
(V] : 1< = nEB —wp(Sl, R))
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PN EPeH" Construct (Guardedidos Statement)
= Generaliized repetitive siatement
=Syntex
= 6 e) <guarded commeandse> od
s do Bi—> S || B2—> S92 | ... |Ba— SLn od
— Semantics:
wp(DO, R) = (F k& ke = 0RH k(R Wihere
Ho(R) =R A = (@ d=f = nEBj)and
Hk(R ) = wp(IF, H-1(ROINVEG(RIFErk >0
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gieoremfor the Alternative Construct

=" el the alternative construct i=and a predicate pair ©
and R 1he suchithet

Q = BB whereBB =& : 1< | < n: Bj)
and

(VL= = nE(@ A B = wp(Sh;, R))
both heldier all siates; then

Q = wp(IF, R)
holdsfor all states aswells
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BESIEr] heorem for the Repetitive Construct (or
Erdamental [nvariance Tiheorem fior Looeps)

RELATED

=[et a guanded command setwithitsidenived
elierative construct | Eand a predicaie P! e such that

(P A BB) = wp(lE, P)
holdsiior alif sietes; themforthe conrespending
repetitive construct DOWeCan concitdethar
(P A wp(DO; T9)=wp(DOPYA=IBE))
for al states.

D.-H. Kim, PL Lab., Sungshin W. UnI
RELATED TH i

SNMEGTETINGT the Design of Properly: Terminating
ConsirLgis

=Nrel P be the relationithat 1is kept invariant, I.e,

(PP A BB)) = wp(lE, P)iiforal staies;

lEefiitrthermoret e afiniteinteger functiion|of the
CUrent siate suchithat

(PoA BB = (& >0)oral siaies;
and Turthernmore; fier anyveluetorandiieralifsiaies
(P A BB A t < 10F D= wWp(lE =< 10):
Thenwe can prove that
P = wp(DO, T) for dl siaies
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Besieritheoremifior the Altermative Construct with

RELATED T}

Q=(PABBAt < 10+ 1)
R=(t < t0)
—(PPABB A T < 10+ D)= Wp(lE & < 10) holdsiii
Myl j=n:(PArB A t<i0+1)=
WoEE i <i0)))
=(Vj: 1=z ] = n:(RAB)=
(t <MOE L= Wp(Sh i =" t0)))
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o SUpAerEl
=aret wdec(SL, t) = (t < 10+ 1 = wp(S, t < t0)).

=Thelnvarniance of Prandithe effiective decrease off t
Pyaat least 1 is guaranteed it wehave forall j:

(PPA B = (Wp(SLy, P)A Wdec(SEi; 1))

— Our Bjf's must be streng encuah se)as te)saisiy the
above implicationiand asaresultthenew guarantiesd
post-condition P A = BBimighi se teeweaktenmply,
the desired post-conditien R nitharcaseweliave not

solved our problem yet agdiwesieuld consiaerother
possibilities.
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fior Determining the Larger One
=Problem: Establishifer fiked x and V. the relation
R(m:(m=x v m=Vy) A M= X A =Y
=V 255201N0IOPEralioN(S)E - mE= %" 0 mi= V"
— [DeriVeanien ol guarnd(s):
s Wp(tmi=x", R(m) = R(X)=
((x=x v X=V)A X=X A X= V)i= (x= V)
* wp ("m:=y”, R(M)SRIY)=
((y=x v y=y)r y=xXAy=y)=(y= x)
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saVAYgorithm fer Determining the Larger One (Continued)
= Selutien:
i x =y —> m =X
V=X > m =y
fil

— Our solutien Isnot necessarly/ deierminisic!
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SENEID s Algorithm (GCD: Algorithm)
= Probllem: EStahlishifiorn fixed X andl Y. therelation
RE((¢=0r A y=>0)ia
(GCDLX, Y) = GEB(X V) A (X))
— \Weakened rielation P (ihvariance):
(x>0 A y=0) A (GEROX YO)I=GEB(X V)
——BB:x =y
— Initiaiization: “x, y' ;= X, N&
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EXAMPLE 2

yeiEssyA gorithm (GCD; Algorithm) (Continued)

=N\leSsaging operation(s):
X YR X XEEXE Y SRS X

=Skel eton off the proegram:
x>0 A Y >0 —
X V=K Yo P hasieen estallished)
do x=y = HiViassage s andi s URderthie
invarnance i P}
od; {— BB has been established}
fi {R has been established}
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sElclid’s Allgorithm (GCD: Algerithm)) (Continued)
=unction: t=x £ y(ort= [ x=v|?)
= DerVaiien o guand(s):
S WHEC( ==y X Hy) =(y>10)
s WX =X =y B =(GECDOK Y)I= GED(X—V, V)
0N 0)
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SENEd s Algorithm (GCD: Algerithm)) (Continued)
& [e proegriam:

X >0AY >0 —
X=X, Y5 4 P iasibeen estabfished)
do X >V > X=X

|y > X = yi=y—X

od; {— BB haseeniestanlistied)

fi {R has been establisiied}
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ple) Sorting Algerithm
=orehlem: Forfinxed Q1., Q2, @3, and Q4L IS
reguestedito establishiRwhere
R=R1A R2
R1ETTheiseguence of valuesi(ad, g2, g3, 04) Isia
permutation ol thelseguence i Values(@1;
Q2, Q3, @4); and
R2:gl<g2<0g3=@4d
— Weakened relation P (invaranee) i
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e vEyaSIiiple) Sorting Algorithm (Continued)

= Initialization: “gl, g2, g3, g4 := 1, @2, O3, Q4"
=NV essagiing eperatiion(s): “al; g2:=02, ad, ...
=SKe eion) o1 thepregran:
g, 92, 68, g4::= Q1, Q2; Q3; O4;
do gl>gz2— "
| g2>093 — ...
| g3>0g4 — ...
od
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SN WER Simple) Sorting Algorithm (Continued)
=N function: t=4* gl + 3% g2 + 2 * g3+ g4
=N Eeregiam:

0, 62, g3, g4:= Q1, Q2, Q3, Q4;
do gl'>g2 — gi, g2:= 02, gl
| 02>03 — 02,03:= 03,02
| 03> 04 — 08,045=04;08
od
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SEVAS[IOXImate Sguare Root Algorithm
=*Probllem: For fixed n (n = 0) the program should
estanliish
Reuge<n A (afd)z>m

— \Weakened relauen P (invanance): a#<n

— BB (@a+1)>n

— Initiaization: “a:="0"

— Massaging operation(s)s“as=la =1*
(Whyzianisiteesial!)
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SRVAYINOXImate Sguare Root Algorithm (Continued)
& Skeleton) off the progran:
=0 —
2= 07 {{P'hasilseeniestallisaed)
do (a+1z<n —> a:=a+1
od {—= BB haseen estahlisthiedy
fil { R’ has been established):

— 1t functioni t=n— a2
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sEVAYeproximate Sguare Root Algorithm (Continued)
= Derivetiion ol guard(s):
WpEa:=a+ 1% P =i((a+ 1)z=< n) (= BBl
wdec(“a:=a+=1", n—a?)
=(n—(asdz< n—a — 1) = (a=0)

— The program isnetVenyefficients
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sEVAYeProximate Sguare Root Algorithm (Continued)
=\ eakened relation P (invariance):
< n A 2>nA 0<a<b
— BB (@a+1 = b
—nitializaiion:s ‘er= 0= nedr
— Miassaging operation(s):
“Reduce (b — a) untiNitreachesil”
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SRVAYIINOXImate Sguare Root Algorithm (Continued)

& Skeletion off the progran:
=0 —
eyl =0 ni+ 1; { P hias been establiished)
dor a+ 1= — decrease|(b—a) under
inverianceieil
od {— BB has beeniestanlistiedy
fi { R has been established}:
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yimate Sguare Reot Algoerithm (Coentinued)
= function: t=bh—a
=D erivation of guarnd(s):
Wp(ta:=a+d’ P)=(@atdz=n A
p>nA O<atd<b
wphi=h=d* Py =a<n A (b—d)z>n A
O<a<hb-d
wdec(“a:=a+d’, bB—a=d=1
wdec(“b:=b—d”, b— a)=d =4
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EXAMPLE 4

SApIEXliicie Squarne Root Algorithm (Continued)
ERRETIned skeleton of the program:
i n=0 —
a, b:=0, ni+ 1; { P has been established}
do at1=h —
di=i(a suitable” value between 0land 19— a);
T (afde=n —> a:=a+d
| (b—dz>n — bi:=h-—d
fi
od {— BB has beeriestellished)
fil { R has been established):
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SARroximate Sguare Root Algorithm (Continued)
=Determination of d:
— ((a+dr=n)= ((b—d?>n)
= ((artd)z =)= ((bi=d)z=n)
=(a+de<(b—d)pe
=at+td<b-d
- d=(b-—a)div2
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EXAMPLE 4

SRVASIINEle Souare Root Algorithm (Continued)
E'program:
i n=0 —
a, b:=0, ni+ 1; { P has been established}
doa+1=h —
d:=(b—a)div2;
i (a+dZ<n > a:=a+d
|(b—d)Z>n > bi=hb-d
fi
od {— BB has beenjestellished}
fil { R has been established)
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EXAMPLE 4"

SApIEXliicie Squarne Root Algorithm (Continued)
ENEakened relation P (invariance):
&< nA (@tce>n A @20 c=2)
——BB:c=1
=Hnitiglization: “a:=0; c= 2<" (k= 0) (k=2
= Skeleon el thepregran:
=0 —
a,c:=0, 15
do ¢2< n > c=2%¢c od;
doc#1 —> ... od
fi

D.-H. Kim, PL Lab:, Sungshin W- uw

sEVAYeproximate Sguare Root Algorithm (Continued)
=N\assaging eperation(s): “ci=c/ 2"
= NURchion: t=c
— [DeriVanien ol guarnd(s):
wp(“e:=c/ 2", P =az<n A (aHc/l2E>m A
ENer=05c/2=12)
wdec(“c:=c/ 2 ...5e=(c/2=c—D)=(c>1)
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EXAMPLE 4"

SRVARIEalIcie Sguarne Root Algorithm (Continued)

ENIIIE program:
it n=0 —
a,c:=0, 1;
do c?< n —> c:=2*c od;{P haslhbeen
establiished}
dorc= 1 — ¢:=Cc/ 2 {P might havelheen
destroyed)
if (@a+c)Z<n —> a.=a+c
[(@+c)Z>n — skip
fi { P hasilseen recoyvered)
od {— BB has been estaldlistiedy
fi {R has been established}
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sRVAYIproximate Sgueare Root Algorithm (Continued)
=N ansiermeaiion oif thepregran:
p=ac
0= c*
r=n-—a?

— Abstract variiables (a5 €) and concreievarabliesi(p; o
andl r)
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EXAMPLE 4"

yimate Sguare Reot Algoerithm (Coentinued)

=8 he transformed program:
i n= 0 —
P, g, 1= 0, 1 n;
0o 0= n — a,pi=a*4, p* 2 od;
dorg=1 —> g:=0/4;p:=p/2
= px2+q—>
Py = pEg =P 2 =g
i< p=2+5g— skip
fi
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SRVAYIINOXImate Sguare Root Algorithm (Continued)

= [ e finall programialter seme optimizaiions:
it n= 0 —
P, g, 17:= 0, 150
derg= n — 0:=0*4 od;
dog=1 — g:=0/4; hi=p+a; p:=p/ 2
IFE= i — P, = pgr—h
i< hr — skip
fi
od
fi { p has the value desiredfieray
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iieiiicer of Integer Division
=Problem: For fixed a (= 0)and d (> 0),
estahliish
R:i0<r<d A d|(@&— 1)
—\Weakened relation P (ihvarance):
O=<r A d|(@=1
— 5 BBir<d
— Initialization: “r :=a”

— Massaging operation(s): “re=iE=d
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i of Integer Division (Continued)

EESKel eton) off the progran:
IiF a=0and d>0 —
= a; {| P has been establiished)
dorr =di= ... {Massager under the
invarance e P}
od {— BB hasheen estahlistied}
fil { R has been established}:
— t function: t=r
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SRENEINnder of Integer Division (Contiued)
= | variance anditermination under the eperation(s)

wpEri=1—d* P
=0<sr—d) A dja—r+d)
=(r=zd) A d|(@—r+d)
(Impliediby:BBand )

wdec(“r:=r —di )
=r—d<r—-1=d>1=d >0
(Implied by P)
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Iieiider of Integer Division (Continued)

EXAMPLES

B he program:
T a=0and d>0" —
= a; { P has been establiished)
dor=d—>nr=r—d
1 Pkept invaniantand terminatien guaranieed)
od {— BB hasbeeqfitrther established)
fil { R has been established}:
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and Remainder off Integer Division

E=Problem: For fixed a (= 0) and d (> 0),

estahliish

R:i0<r<d A d|[(@ =1 A a=d*qg+r.

—\Weakened relation P (ihvarance):

O=<r A di(@&= 19 A a=d* g5
— 5 BBir<d
— Initialization: “r := a;\g:=0¢
— Massaging operation(s): “resr—dige= g 1"
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SR@UEHENt and Remainder of Integer Division (Continued)

=¥Skel eton off the program:
- a=0and d>0"—
ghr = 05 a5 { P has been established}
do 1= d=> ... {Viassageq and i underthe
invarance ek}
od {= BB haseeniestanlistiedy
fi { R has been established}

— t function: t =r
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s@UElent and Remainder of Integer Division (Continued)
=N variance anditermination under: the eperation(s)

Wp(g, =g =4 r—d* P
=(rzd) A d[(@a—r+d) A a=d*qg+r
(Impliedilay BBEand )

wdec(“qg, r:=gHdr—d*
=r—d<r—-1=d=1=d >0
(Implied by P)
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@ipient and Remainder of Integer Division (Continued)

& [e proegriam:
it a=0andd>0r—
ghre = 0] & { P lies beenesiablished)
dor=d=>gq =g+l r—d
od {—= BB haseen estahlisthedy
fil { R’ has been established}:
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iieiigcer of Integer Division (Continued)
ESpeedup of the first program
=l eakened relaiien P (Invarance):
O<r A df@—1n
— = BB (r<d)
— [nitaizanen: =2

EXAMPLE 52

— Miassaging eperation(s):
“Reducer by a sultablieameunt;
whichiis not |ess than'di({ierrspecaup)F
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er of Integer Diviision (Continued)

=ySkel eton off the program:
T a=0and d>0"—
= a; {| P has heen establiished)
dorr=di= ... {Massager under the
invarance e P}
od {— BB hasheen estahlisthiedy
fi { R has been established}
— t function: t=r
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SREMIEREET off | nteger Division (Continued)
ENiVariance andltermination under: the eperation(s)

Wp(r =1 — (surtable ameunt)”, P)

= (1 = (Suiteldle amount))

A d(@ 1 £ (Surtehl e ameunt))

(Implrediby: BBiand P;

i (suitalleameunt)iisamultiplieof df)
wdec(“r ;= r — (Surtablieamotnt) 1)

= (surtable ameunRt) >0

(Implied by P,

It (suitable amount) Isamultiplieci dr)

EXAMPLES"
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er of Integer Diviision (Continued)
= nvariant relation P for establiishing P:
0<r A df(@=r) A djdd » dd=>d
— — BB: T
= IniuEizaien;“ddE=d*
— Vliassaging eperlon(s):
“r =1 — dd; dd:=dd+ dd*

— ffunction: r
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REainder of linteger Division|(Continued)
= | nvariance anditermination under the eperation(s)
W, dd =1 — dd dd = dd™, BP*)
=(r=dd) A dif(a—r+dd)
A di2dd A 2 dd=d
(Iimpliediay P:; except fior the st term)
wdec(*r, dd :=r"=—ddjdd==ada )
=dd >0
(Implied by PY)
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i of Integer Division (Continued)

ENIe proegriam:
IiF a=0and d>0 —
I = a; { P hasbeen established})
dorr=d-—
ddi=ds (P}
dor = dd =y, ddi=1— dd; dd==ddred{ P
od {— BB has beenestahlistiedy
fi { R has been established}
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iieiigcer of Integer Division (Continued)

EXAMPLE 54

=SE=Urther speedupiofi thefirst proegram
=/ eakened relaiion P (Invarance):
O<r<dd A ddi(@a-r)
A (B 1512 0: dd=d* 3)
— — BB (dd=d)
— Initidization: “r, ddE=a, d* 8™
(But, what must be thevalueeifiZ\Venesd e

do-od construct for this inu2likzewens)
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EXAMPLE 5™

SREEEEPOI [ nteger Division (Continued)

elon of the proegram:

T a=0and d>0 —
rhddi=a d;
doir = dd— dd:= ddi* 3/ed; { P established}
doddi = di=— ... {Miassage dd underthe

invadance e Py

od {— BB hasheen estahlistiedy)

fil { R has been established}

— t function: t = dd

— Massaging operation(s): dd := ddyss
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Iieiider of Integer Division (Continued)
=NINVariance and termination under the eperation(s)

wp(“dd:=dd /3", P)

=0<r<dd/3 A (dd/3)(a—r)

A(EI:1=0:dd/3=d* 3)

(he2d and 3@ tenms anelimpliiediby P.))
wdec(“dd = ddyis; o dd)

=dd>1

(Implied by BBlendthe 8 termiof 2)

EXAMPLE 5"
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EXAMPLE 5™

SREEEEPOI [ nteger Division (Continued)

2 program:
T a=0and d>0 —
rhddi=a d;
dor =dd — dd:=dd* 3iad; {P'established}
doiddi=d—
dd:=dd/'3;
dor = dd"—> =1 — dd ed
{ Recovery of Pimgy e necessanyy
od {— BB has been estahliishiedy
fi { R has been established}
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SSHImmary

= Programs shiouldibe composed correctly, net just
GENEgEdinioe Corectness.”

— [Desiening algerthms/programsis agoal-direcied
SCUVITY
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SESimmany (Continued)

=N ear separation heween tweiefi the pregrammer’s
(11261 concenms, themathematicall Cormectness
CONCEMSs and the engineering Concers albeut
EfiicIency, by meansiol thepredicaie transionmers

— EXplicit concernsiaheul terminatiien can 13e 6 great
heuristic value forpregram desion.
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CONCLUDI

o Copnnel

=D kstra' s framework | oeks attractive, but hew: about
iiSipracticality?

=jkstra’s stylelsifiascinating: hisiappioachito
pregramming asahigh; intelliectuall challenge; his
IOminaNRe| perception o problemsaithe
lieundatiens eff pregiamidesign; his eleguent
priesentation|and deft demoensiraiien el hisiewn
opInien.

— Theimportance of cultirerliersremmnd eurseves of
Dijkstra’s comment on theiselessiesseifpregram
testing.
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