EWD825-0
About the correciness of o Peuo SASL Programs

Sl’\orH Q@er m o«rriva\ in ﬂus}‘m,T@,kas, 1 meﬂ%onec\
-\\-e ]or\aes}-u. seqguence }oro\a\em. Q LAV —-—WO\rm?— c]a:js
\Q er, dr. '\'\O\m}\ on ’?ic\nc‘rc\s oﬁoe,red me g)o'..ur' so\u'}'aons for
™m Ccans'-c‘ero"ion .1 ::‘.\\a“ render his sa\u;'-ons w the 0%«
cral SASL sbn}c\x -\ 5?'\)& o{)m o\:‘:jec}l"uons "o “‘— and n order
Yo save dr Richards +rom oss‘n\:o‘z blame T would Lke do siress

Fhod the ‘.ne%ciencs o? the {7'11"5"‘ solution was qu'\“e de\i\acrdl{e.

* "
L

Saven & sequence M QF ',n"‘eaers‘, ?ﬁnc\ a \onses} Qscenchns
Subseo)uence € u]:sequenc'.eb og ™ .

—'Firs} .So\u.}ion - ganera'\'es o.“ su\oseo‘uances, %\'\-ers oLx\' ‘nhe.

non~&scendm3 ones, and chooses the \Onses\-.

\on3e5¥ («Fi“er o.scendin3 Csubs ™M)

where
subs () =< (0))
sn_.bs (F:x) = -{P: Subx ; su.\px -~ 5u\osx3 + Su\)sx

where subsx = subs x

ascendin O Arue
ascending (o,)

QScanc\lnS (a:b:x)
'\Her C ( ) = ()
er ¢ (a:x) = ¢ a — Q: -F‘;“-er c %X

?:Her c X
(NB. The semiccolon F\Q:js e rale o-? e__\_s_g.\)

rwe

as b A ascending (o:x)

Buou

\cmges\- (G\,) = Q
\onses\- (Q: X) = \onser a % - o \x
wh&r& \x ™= ‘onseﬂ' X

\onse.r h, ( )

lonae.r @) Y ; -?Q\Se.
\onger Caix) (b:tj) = \Onse_r‘ Xy
% %

*
Lel} me add some legenda o +he above . With x o se uence

o? integers , the value oP subs x s a 'z} oP all  sub-
sequences DY X . Belween the braces subx 13 ¥he bound
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variable ; i} s of \Dfe subsequence and the “« ndicales that
i+ ranoes over the elemenls o-? subsx . ((The list (ormaldion
de.no'}ea b\'j the S\‘IO)‘"\\CWIC\ OF Yhe broces s order Freservh:ﬁ.
I? Su\nﬂ occurs e re ‘5v~‘77¢2 Y suhsx , P:s'“‘\”“‘ Scewrs
he Yore ‘3‘-Su\°>t7- ‘n Yhe whole broce &?ression.) “The ++
deno}es COnc:o.}enq)'ion. 3\ s c\ear )—hq} su\as (Ptx ccm\-mns
Jwice as manu elements os subs x 1 oll Su\osequ.ences o?
ﬁve emP\j one | are Senero.)reé..

™ ” 'snc\tadin\c)

'T\ne Ou‘sumen\‘ o? o.'scencl‘ms S OP }Jpe '\n;eber Sequence.
(’I yna, mﬂse\? reserv'm3 Yhe Yerm sequ.encc. or whal is syn-
Aae Icc.nj o \ish o? 'm‘\eﬁer& “thus Y aveid \Oou'mﬁ Yo Yolk
o\bo‘d \is\'s o? \\s“s.) The {’unc}iun a.scencl\n3 — which s o?
}?e booleom — 18 sepora\e\\j def-’ne& ?01" Yhe em}:}:) Sequence,
ér +he 1-element sequence , and ?or the Sequence o«? 2 or
riore e\emen\S. The lasi ane IS recursive ond Yecursian
e,nds m}h o ‘1—e\eme-n\‘ Sequenc: Qs arSnmen} A \N\’\e'n
X = () —_ . Our rosmm,\‘)owever, reolu'.res GScenc\inS () }0
be de@ned Gs we?\ (one woy or the other) .

’T\ne nclion Q&“rer 1S o ve COmmon one. (T SusPec\' W+ s
m the \.\orar:j . 'Por q?‘xc\no.rds }mo\ omi'H-e.é i\s de?‘m'»\'-on-s The
g-)irs} ar\SMMEn} T o boo\eom ?unchon srha\‘ QCCQP}S Qs ar-

ur{‘ein\- the elements o? g)ine.r's secund oraumen]ﬁ whidh s
a lisk,

—n’\e VQ\ALQ o? \onjes\' O\FP\IQA '\'0 [+ non-QMF}B \is\- o?
Sequences 15 o Sequence; \onse.r s o boolean ?unc)non
dc%nec\ on  two sequences , and defined Prcvic\ec\ ot least
ane o? its Q!Bumen\'s 1S o? ";n;‘e \ena}'\ . We note "t-‘no},
M bein mixe, o\\ QU SQQuences aQre ?’mixe. fD%o*'mj
the \enﬁﬁ o? a  Sequence \03 #, \onaer Xy =(#X > #D)

Note Jhot the nomes subsx and Ix  hove on\:j Yoeer intro-
duced @n‘ Yhe soke o? efficiency ; automalic introduclion QF

'}')\em requires the *mec\‘mmzecl c\e-‘ec'\'lcm 0? COMMOon su\o ex-
Fressionsh

This Pro rom S Vver unng}\iS‘]Icerd, So W\'-'\C\" So,as o
motter OF ?c-c}, Fhat _Ij%e\ tHhat o wnore eloborale correckness

orﬁumen-} would 3«; m:)'}o.sl'e e WQS)QGL. Y ?e“‘ o\:\'xf)ec\, howd-
ever, 4o shale ex?\'»c‘;}\j the }% of all expressions, and 0-?
ol arguments, ond Yo check E‘To." all Punchc.ms are qu\iec\
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'\'O ar u.mean%s (=] -H':e Ca re ria):e }- and -H'lcd- 'H'le unc‘\ons
are ca?ined ?;;r?a“ argfmet‘fs -}oﬂo}::\ic\n -}he:j Moy Ee a?F\ied..

-9 qu.;*e \}\te\j error would be +o forae\' do degne

"asccndan3 ()" Yhe more so since its value is irrelevant g)or

M Q) .

Another \]\feB error s Yo deﬁne erroneoua\b subs O =0) .
“The \ish of sdosequences c{? an em‘:\:j sequence s nod Yhe
em)o\rj Nsd, but o 1-element list containing the em \3
sequence s s on\:j e\emen\. So muc\) ¢ the irst

So\u}‘i Oon.

o »
kgl

Seccmd So\'u}ion: gener‘a‘}es on\b u.?Sequznces.

\onges} (u]:as ™M)
w\ne.re
U.]‘JS () = ((),)
ups (F:x) :{ TUPX j UPX € UPSX 3 u?x=()\hd wp X ;T:S-H ups %
where U\‘PSX = M]DS X

X »
*

Lelr me C\dc\ Some le endo. ?nrs} '\-\ere \\s\‘ g%rmahon S ?.]‘rerec\
by the condiltion uprs )\ hd wpx 3 P ( where Yne vertical shoke

sfomds g)or cor ).

There ore now Iwo wous open o us. One o Yhem s Yo
reoc +he obove de{)‘m':}‘non care u“:) and Jo 50-5_3 our se\ves

es, wups M s the \ist o? all upsequences o? M. That
wou\d So.\"ls% me , ]’Du)x ?or ']'be SQ\<e o?) G\f‘gumen" we S}IG“

ursue Hre seconc\ ?cﬂk and \"emem\oer QAT 3rs} So\uhon.
%ecause \onses\‘ s a j’unc)ﬁon and our ?xrs\' solulion s

Correc*., SO 1S owur secon oNe ?rov'lcled wWe Con Prove

(o) wps ™ = ?‘t\\-er o.scenc\‘mf) Csubs M) .
Let us Arij' We I;:rs} inves\isa\e e cese M=)

Liter ascendine, (subs ())
= {de?, OF Su\:s?
ii\—\er ascenc\ing ((>,)
- de? o€ ?;\)ter}
stcend'ms () —_ () 'Pi“'er Qscen&inj () N
Fi\\‘er O.sce.ncl‘ms O
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= { o,scend‘mg() = )frueg
(): BVer ascend‘m?( )

= {c\eenihorn o? 'f';“er

OH @)
= {Oﬂ() =(Gl,)3 Nole. T helieve hal SBESL does
(( ),) not Yeqguire Yhe ouler Poren\rhef‘»es.

Aside. T om not so cerkain T like SASL's s)oec!q\ notation
"xﬁ" ?or ‘he one-element lish con-}aininﬁ c\n\b x . (End o-?
Aside )

Now the case M= P {)or Yhe scke o-? brev'.b we shall
e\imino:le, '}he ]c\e'n)-if'uers subsx  and u?sx

iter Qscenc\ins (e.ubs (p'.x))
= de?. o-? Subs:g
?.‘Her‘ ascen&lns ({P:SL\\DX; subXx € subs xg +4+ subs x)
= {\emmu 0 a\oow\' '.“Cr‘ 3
Mer ascending { p:subx 3 subX < subs x
? ++ filler c?sceidins (subs x)
= {lemma 1 aboud «?‘n\)(er and lisk ‘Fcrmax'bn}
{p: subx; subx<« subs x ; ascencl'.ns(p:Subx)S
++ ?.\’tcr O.scenc\'mj CSUbS X)
:{de?ini}ibn OE as:enclios‘g
{P:Sbe} SURX Su\os X subx: ()‘G’.\\< hd subx A oscendin3 Su};)o?j
+r @H-er ascending (subs x)
:-{becomse ascending () = bruel
{p: subxi subx « saas x 5 (subx= O\Ps hd w\:‘x}}\ ascending Swbx §
A ?Jl’rer oscending ( subs x
= { lemma. 2 about Elter and lisk e?ormchcm‘g
cSubx: Sub X« ?il}e.r ascenA'.nS Gubs x)3 subx :()\Ps\nd subxj
+ 4 ?‘a“@t‘ O.SCCndins Csu\os x}

Lemma O: ?i\\er c(R++B) = ?{ner S TR E)iner c B
Lewmmo F{\)rer c {QX; X@PS ={€x;x¢—3; c(?x)?}

Lemma 2 : { %5 X ;bq?x ACXYSt =
g{gx‘; X‘j(—— F’i“Er c 3 5 bg<€x)}

fl‘?@.cx\izm ‘qu.} Su\bx s a dumm we  see 'H'iqx-
.\Ser C\S(.*en%in (Su\os ng)) so)'is e }-}re de,?'mina eqwn\ion
o

wps (sz , SO has been \oroved..To soy that 1

liked the ahove exercise woud be ay) exassefo\'wn.
”* L5
*
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Third solulion: For each element o? M Senero)res on\:) the
\ Y n eoinning with Hnaa component .
oncest upsequence heo 9 P
\onges\_' (ups' ™M)
where
LAPS' (3 = (( ),)
Wf's' (\93") = (tz\onaes} {wp; uu‘oé- u.]nv, u\oz()\ ha ufayP}):u?x

ere LPX = UPs X

x M
*

This Yime Further \esenc\o. are not Necessary . Tt s undoubt-
e::\l:.) pOSSi}:\e Ao derive the third solu¥ion ?rclm Yhe second one
in very much the same w os we hove derived the second
so\u}ion {?rom +he Brs\' one, his )rlme we wou\c\ hove *c:a ex~
P\oi\‘ Yhe ?ropor\ries o? \cmges} such as

) \Onﬂes¥ (A 44 B :\onses* ((\onseszi ﬂ) ’B)
\onsesl {P:u?;...s = ‘F'. \UIBQS“{U\.P',,-.S
T shol not do it, nor prove above K;—:Yer}ies 0 \onges} ,

s/ince T. dcm‘} exPe& '\‘}le exercise "o \ns}tuc. e,

\fJe no‘re )]Jno& inven}‘ma news '.c\enhﬁers })as \:eccme. < Burc\en
r He o«wﬂmr: \ne reuses u.?x Ain o meanins ver‘j c\\g%ren\‘
ten dthe ome i} hed in the secemd solubion.

'ﬂne num\aer 0? Su\oseo‘uences '}0 \DQ ‘mves)r'; o}ed hos
been Yedumced drashically : ?rm-n QN in the ??rs} So\u}iu'n‘
via N2 in dhe second sw:?u\‘mn Yo N in Yhe dhird ove .

1 f?inc\ 3} hord Yo eslimote the third soludion's dime
Cc:mP\exib. HD aue-ss i3 'H'm‘} \Onse:& w;\\ in ?mem\ be
mvoked order N? }imes , and that the o\\aori} m s there-
@;,re o? order N® | The nolure 0? lonoest 1S such tha¥ T
See vera \.‘IH\Q ain  From \07.:3 evalwation, ("'Fur \oc\( g€

experience ond no’uo\eclae obove estimaliems are \naré\j
Yeducored guesses D

* i
*

"Eburnx So\uhm: /\?es‘ric\s exr\ora\iOn % r}'hose \A.\osequemr_es
Yhot} are not included n \onse.r upsequences .
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\on i (u 5" M)
whesre_ % I
ups” OO = (O3
U\?s" (Y- x) =(P:\0n3‘5'\p {u.?; L,\I; é—-u?x; uP:()\ d U'P% P}).‘ qu
\Ohasiﬂ = \onaes)r . siﬁ
Si-ﬁ = siﬁ-‘ ’?osln?
Si " min () = ((),)
si¥d  wmin (O\:XB = O=() -—)Siﬁ' min X 3
P32 mn —» s&%' min X
@ 3 Si?’r' F %
vhere (\o:r) = G

. ¥
%

Le:ojeondoo: Yhe + n the de ‘:n'n"non o \on i denokes func-
}ional c:omPos';HOn, which neecifj:o be '\Ec\ica ec\ﬁexp\i:i}-\b b?emu.se

in SASL Lanchional O.?P\imhon IS de?&nec\ o be \efl\-—qssﬂ'mhve.
The name Icm S'la could hove been avoided o}r é‘\‘\z Pi"ﬂ‘-ﬁ o?

ono¥ner poren hesis poir

(p Vongest (sift{up s upeupr; up= (0| hd up 2 p 1)

ona s‘.mi\ar\‘j n the ?irs]- line .

The w\m\e ?urpose of ¥he ‘m\roc\uc.\ion o? Si@l 1) \c:\

yedamce +the number o (ex‘:enaive) Invocorions o? \onaes}.
One has Yo prove thal

\onseﬁ {“F§ up< u?xs..% = \on‘jeﬂ'(sia{uf: Y u.Fé-qu;...})

bu) now we are reachin +he s‘raae o? Yhe c_odin5 hrick Since
now we have Jo Jake iao account Yhe order Tn which the
sequences OCTUr In upx ?\us the -?od' ot Fhe list %rmo—

Yon with the broces s —-con\‘rc::cj to whal the broces Yrum

:SC.} v‘to%ﬂ'ion SU.S QS';" —_ order-preSQrvh\

. “Process si@ des
Yhose sequences of which it can cheap?b e established rhat
they are net a \cmaa\' upsequence ?rom Yre seb considered,
Wz, by cum Qaring their F‘u‘s" elements with he minimum
elemen 0? l"*o 'H’lﬁf‘ \Q@’ ond encc:wn)rerec\ Sa ,E)o.f- 'f

€8\ re?er the myerested veader 4o EWDB24 , o? which
Richords Was Lnoware,

- x>
»*
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For the soke oﬁcomp\e}eness T mention Fral Mark Scheevel
onc Bil Y\'e\leb ave wrirren SASL progyams ?m» o \onses\‘
upSequence and Yhe maximum wpsequence \ene)‘\'\w, robo.\:\‘j
the %rs’f and Cer}o\‘m\j Fhe \oter \oe‘ms o? order \E”' ~ and
not oF order N-\og N~ since the binary search o? Yhe imper-
akive program had Yo be rey\acec\ bD o linear one —. ‘ﬂnetj
wsed ?o\cn

oldl op r @ = r
o\d\ O\o r (Q:X) :-S?o\d\ OP (OP\"’ 0) K

WMEQ\‘) 15 ho“\ina bu} -}}12 SHS\. c.od'ma o-? Ca or - 3.\'0.}6.71127'\‘-
— with  op as reFeu’ra\ole stolement ond  as the shate-
voriable — H—emhng -?rom \e?‘} o r‘\s\w"r over Yhe elem ents
o? o ﬁni‘e \ish.

moaxup M
where
maxup = lengthn« maxupsequence

naxupsequence = ?o\d\ add ()
add OO n = n:()

add (mimm)n = n3m > nimimm
Yrickle m mm
where
drickle mk (mkAimm) = nymkd 5 n:mki mm
mk ¢ Frickle mkt ymm

Yrickle mk () = n: OO

maxupsequence %enero:\es o hst OP Yhe & "best wpsequence
heods; the esl ¢th upsequence is Yhe upsequence o?\ens}h ¢
with the swmallest head..

1 was !p\eaSec\ ‘o see their use o? 1()  nstead o? Yhe comma
do conskruct a smg\dcm hisk. Note, however, Yheir reuse
e ‘|C\En¥'i-?i€.r mm .

" »
*

From oll the obove, pg. EWD825-3 in porkicular lef} me with
vEr:j mixed ?ee\mss. On B’le one hond 1 hrd recenH:j Yearned Jo
o.]'apreCiq}e such Proo?s -}haz} consiS'\' o? o chain o? s‘.mp\e moni-
pu\a\‘.ons, on the other hand T knew T was c\'.ssus!rec\.. Why?
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There is somethin ro?::unc“ wrong with the cost/performance
rato. You see, wh;a. ’f}mve Y‘e:jcen\'\ gsec\ a similor s\‘?\e or
very concise —rroo?s o? surprising '\'Eeorems, Yhis Yime the theorem

was obvious Jo start with, a circumstance thet mokes the whole
exercise ‘msi):id..

QT I’Y\U\»\O.

8esides ‘H’\a\}, Le'mma A mude e Suspicious ;\— s ju,} o
?uvw\:j wotj 0? Tewf’il'lns -H'ze, we\\-\(nown %

LoAr(Ee:P) =(Eex @AP)
-Frorn ?red'nca}e caleuwlus.

Furthermore there is o Lhole class °F ?me’mms «?
?: \oo.ﬁ o? elements —» elewent
with the properky @ (Bo® B2 P({BoofBt) | ana i

hurts Yo hove 3o write this dowun in +he very s]oecm\ ?Ql'm

\onses} (9 RS 'B) = \un\cjeﬁ (\cmses} B 3+ \U‘n&?'&}‘ '3)

-B' has ‘mos\ degni)e no}\ning }o do We‘H\ -Hqg conca*enasﬂgn
which is cm\b usecd {j\o add boss when \:.o.as ore represem\eé

b‘j \15\‘5.

The set A o? oll Subﬁquenms u? ™M s degnec\ \':3
(B_X‘-‘- x ‘1_r_|g = X \S suxosectuence o? M)

With subs as o\e?mad o Py. EWDR25-0 |, we can Yrove. H-,a\'
subs M represenh a particalar lishn o? he elem enls uf R;
W is ]oro\oa\ob a mistoke Yo Yoke ‘Sugs M oz Qs deg)‘m'- fom
ond Jo derive all relevant aro’:cr\hes u€ A ?rcm'\ +he WOy in
whicdh subks  hos been de?‘med.. M:j mani Pu\a-\‘nms o P3.
EWDR2S-3 ave very close Jo program deve\u-f:men} b‘:j rons-
f)c;erHWS, o technique that seems Jo invite Yno.\c‘mé Fhat
mistake.

“Burrouogns Corraoro.hon 31 Mea 1982

12201 b“?¢z<:\'vncu\c)3:j Blvd rof’ dr. Edsger N.’Dg\cs\'m
AUSTIN ,Texas 18353 %urrouﬁ\ns esearch Jelow
U.S.A.



