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c . D A T E H U G H D A R W E N 

A N 0 DAV D M C G 0 V E R A N 

Nothing to Do 
I with the Case 
' f. 

"['JJe d,·batt! O'Uet thtt use oj' r11any-·ualue1I 
logi< {MVL) in relational Jatabam has 
been scorching a path through D,11abase 
Progr1111uning & Design's pages JOr sroerfll 
yt!ars now. The latest round began with C. 
}. Daus "Auortling to D11te.-ol11mm ofDe
« mb,.,. J992 through March J99J (""well 
as his wmings publishd elsewhere). The 
aJ/umnJ pro1npted a Jeariug rtplyfra11: no11e 
oih<r than Dr. E. F Codd. jiJtha of the re
lational n1odel. l'oJd, who supportJ Jomr: 
JOnns ofl\tJVL. counttred Date's critiristtlS a1ul 
1·/a,.ij'i,.-d hi)' own ·vir.ws on 1he topic. (~odd~ 
ionuneniary, 11/ong with ri:but/11/s fro1n 
Dute. were jlatured 1JJ a debate" £n our mag
azine two years ago {"Murh Ado About 
Nothing,· 6{10/, Oaobcr J99J}. 

For two mo11ths. all was quiet. Then, be
ginning iu the Dtft.'tnher 199.1 i.rsue t111d t"ar
rying on tbrough muth oj"J 994, Dcllahase 
Progr111ru11i11g & Design rarrie1l an irnpor
tanl stries ~t'uruc/t:J by Dav;d 1\l/cGov t!.n11r. 
i'Vf<Covera11's .. Nothingjrom /\lothing" series 
dtsffihed, )it.fl, the lo.,r:ica! proh/11111.J with 
.MVl.; ~·1.--rond, why rr.latiunal DBlvfSs do not 
support the relational n1ode!'s underlying 
log;c; and Ji11t1l!y, how designers cun avoid 
huv ing to use :.'l4 VL. Date und Mi:C<JVerun 
took iht:se hieas Ji1rther, tea111i11g up to de
s,·rihe a ''lVt!W /)utabuse l)t!s;gn l'rituiple"' 
in a series oj·c1rticle~· in the su1111ner of J 994. 

Ry 1995, it was about ti11u JOr u coun 
terpunth: ThiJ punch wt1s provided b)' Tum 
Joh11S1011s "/V/VL: Guse Opm· anti "Th< 
Caujor M VL" (Fdmmry, 11[2}, anti March, 
8fJ J iJJueJ). JohnJt()11, using exteruive cx 
runples reg11r1/i11g u11derlyi11g logic and rrlfl-
1io11ul Ja111base tleJ'ign, Jcji:11detl C'oJd~ 
v ie-r.us and strongly ,·t.Ju11tl!red tho,·e of 1Vlc-

SU f EMB ER 199 S 

Goveran, Dare, and H11.,'{h Darwen. L f L' b 
Given the cxtmt of } oh11J1ons artid«, as I' e , ruary 

we felt :hat Datt deserved a chance to de-
fend his {tuul his cohortr~ view1, anti ojfer" 
.-ritiq11eoJJohm1011)artic"'-1n'he11lll/le•f and March, Tom 
fairness. we will prov ide )ohn11011 wfrh tJll 

t>ppartunity t/J rebu1 this art:'c!e (his co111111t?1/S 

will appear in our November isme). With • Tohns·fOJ' p?·es·enfed 
tha1, w e'll all shake hand.J !l11d .~ud this j l " 

chapter ofThe Great MVL Debate. 
70111 iJ, once our readt>ts hat11: their say: 

I# have already published "'"".Y aalle;lf his c as efo r 
!1tttt!rJ on this topit in our Aetes~· J>ath Yec-
tiou. We hope you have jOund th( discussions 
about J\l/YL (11/ightt11ing und helpfirl to _your • 
efjorts i11 so;ving thutlij)icult relational data• support l n g nian y
bas~ de1ign dile1nma: that is, how 1/0 'W( 1'l!p-

re1ent unknown or n1issi11g i11JOr1nt1tion in 

theda111basd - Editor valued f ogic -in 

T
OM JOHNSTON'S TWO· 

part •rtide sirougly eriti<i·«• di" re 7.af;0.7Zt'f {J(lftTb 1!SeS. 
publishcJ \•icws uf 1nysc:lf JtH.l, to / 1 " " l 1 c •. 
:l lt::ssercxrcnt, ( lugh l)~u·\ve.:n and 
David lVlcGovt::r:.in (>fl 1hc :,l1bjce.:1 

of111any · (ormulti -) vaJucd logii.: ~1nJ it~ Thir 1no zff C j 
suitabilitv as a basi• for Jeali11~ with • r .J • • 
n)issing i1;IOnn~1tion in <l.1rab:1~e.:s .I Since 
it is 1ny writings that sci.:111 to be John - D f j ' . /. 
ston's primary rar!(Ct, it SCC!l\> appwpn· ate an { . r It! !lC s 
:Ht: ch:.lt l shool<l be the prirn:11·y :lutlH1t 
of thh~ rt::sponsc:. I lv\vcvcr, I \Vi II u:-.c th~ 
fi rst person plur:.ll v .. h cn rn:.aking :.t alc- fi :1/; // / / 
ments tloat rellcet 1hc jvioH µ<»il i<>n .,,· . orCf!j It ) 1 Ti! ') lL 
the three v f us (-Jhnost ah v.t\'S, in vch.;1 
\vords!). t\l:>o, I !ugh :uld l ).,,~·id h·Jv1: re-
vic\vcd rhi:> rcspvnse iu irs entirety .ind tho.re Vl<"Zl1.\' 
both h~IV\: soinc ..:vnunciH:i o( 1he.:1r 0 \v11 

to :.ldd ~tt the c n<l. 

I 



OVERVIEW 
l lu· fH't'hl1: 1n 111 111)\\' hc!'t tn dt·:1I \\0 i1 h 
1nic:<11ll! in lnn11:1 111 111 in cb 1:1h:1.:.cs h.,~ lr,ng 
h..•t•n :1r h,,rn\·1111•>, lnli n..::tnn's :irricle clt 'C~ 
1101 '"''\'C nc. :1n\ 1·1•'"-cr to V>lvin14 th:..r 
prohlcn'. lo I'·" nc·11t1r. 1t ru1~llv it(ltorc.._. 
1n11C:f 11f." If dnt'1111H'Uh."tl ,,(,ic."< ricu\C: If' the 
idc•:t nf 11 .. 1 11~ 1 hrcc'-\'~lhll·d 10~14.' ("\VL) 
:1:. :i h;ic:i" tf 1r :1n \' "''II 11 (1l l1 1tion, ~l'h1,~1 · nh-.. 
ic..'l' t1nnc: :irt' di-., ll"''cd 111 clct~•il l'i'C..'\Ylu:rc;l 

jlr, tht•rr'c. "" ptt1n11n ''1'-"='rin~ 1hc <rc<ifie0 
ht' .. l', hut I "''It ·'' It•:''' ,.::i,·c A lic:c of ""nnc 
•• f,n11 101,u·-.1·ri1''' '11hjcc•ti1?0S l:nc:r 11\ thi~ 
rrc:pnn~c· . \Ve rl't1l:11u ·...-11nvinccd 1h:11 rhe 
d:11.1h.1.;t· fic· ld 111\1 ... 1 lnnk c lSC\Vht'rt' fr> r 
pcl"c:1hll· •: ... liition• tn the mi$~in,'( 1nlOrma
uon pr11hlt·1n 

.Johno:..rnn nl.1kc11; rhree e1:1int< 1n c:.up
porr nl hi" rnntt·1u in11 th:it l)B1\1S~ sl1nuld 
he h:•c:.r.I 1111 rnanr·\•:1l11t'tl lo!Qc (l\IVT ... } in
~tt":1J Pf f\VO-V:lh ll'il ln)?:iC (iVT .):7 

I. 2VI i" iu<r ,l"- "ll:l\vcd .. \Vith ptob
ltrnc; nf 1ntf'q••e1.1uon a~ ~1Vl .. 1s. 

2. • H~1..-h· .. 11 ·~il c:.:'lcri fices a grc:u de-al 
nf l'Xprcsc:ivc: p• •\V(.'r. 

.l IVl :'lny <>f" l ):111.:'o; objections" fO JvlVL 
~ire ioc:no~·lu<1\'(" . 

Notr \ \1hil,· J ,J,, unc~1.1nJ John
.:ron°< r<.·:.-.onc:. tuf' uc:.in~ such 
c•prr«1on< "' .. n.ue·, <>h- I If 1i, 
jc1.:tinn~ .. (:ind "I ) ;uc'" :1r- ,\ \ ~ 
~11nl1:nt--. ," and " l)atc's V: 
t'(('Ot1lO\f"1Kf:uinn<." .1nrl v. ~ 
on :tncl .;o ri1rth). I h:n·e ro '\I 
c:.av that l'n1 nor v("ry com
fort:.lh lc tv i1h th(.·1n; rhev 
J.?,ivc 1hc fl'.1ck·r the i1npr~~sion rhar l"rn 
the nnh· ''llt: \vho l"t.'licvc:i; in thn'\~ 1lh
fcct101111t :ind :.rc111llC'Ots 2nd ..,11 rhc rt""tt. 
On th~ <.'0111rary: '11H•· positinnc: I've af'
tirulatcd ln 1ny v:'lrinu1' public:uinn::. on 
thii: c:nhjcrc nrc· o:upporrcd qui1c widely in 
the d:ir·thac:c t.'onununity. and wit h \'cry 
gond rc:1.,,on. 

I now pnlt <·,-cl tn 0:2mine Johnsron's 
rhrcc clai1n~. ,v,,,, .. In \Vh:lt fo llo,vc:., 31J 
ocherv.:i"c unanrihured quot~1tions are 
from Jnhn<r.ron'I\ article. a 

2Vl FLAWS VS. 3VL FLAWS 
f\rc ar~uc..·cl cle:c,Yhcrc ch:n. in JVJ .... t¥>1 is 
nor lttJt-nl~· :\ni n~ fhar rhe NOi ~f3\'I .. is 
nor t he ":unc· ~t "I rhc: 1101 ofordin~try F.r1p;
li~h." 1 'h i;; ,·l.1i111 '" 11ndcni:lhly 1rue and 
ha< dc.·nu'n~tr:•hh.• lc1l to C'rTOr.l. both in 
vendor l>B~IS nnplrmcnt:attnnc: anc.I in 
u<rr quc"'tt.•<r.-C\'<"ll (in the !:.trier r:1se) 
wh('n dH· ll ' l'T in r111estio n \Y:l~ f:un iliar 
\ Yi th l \il .. ~ I n P.trl I c ,f hi~ arrirle,Jnhn· 
<IP11 dc•vnh•" t \'t'r'· c:re:H dc~1I of ~p:1t·c.· to 
.1r,::1111l!! ,,·11.u \\f' .111 kn11\v-11:-unclv. that 
C\'(•11 nt ortl1n.ir\ l'i:")-v:tJuc..•tt lot!,iC, ,\iJ,1 i< 
11• •C ,1nd. 1 •R j .. ''' •t .,,., 1 nd IMl'l !I\ ,, OPI t111-

pltt\. f I c •:nncfud-: .. rh:n: 

"To raraphrase Qyine, ... AllO is 
merely the truth -functional distillate of 
1111d {ann <imilarly for OR and IMPI lfl, pre 
<um:ibly) ... No significanr difference 
cxo<t< b<twcen 2VL 2nd MVL on point 
of counfcrinruiriVltlC"S ofinterprct11.t1on ... 
2VL is j u.r "' logica lly Oawcd " any 
MVL . . . ;vtVL is •crually Im mislead
inJ( rh:in 2VL, because wich MVL, che 
co,uucriocuitivitics :arc so obvlous ... 
Ju" hccousc (tho<e cou nccrinruitivities] 
arc <0 stanlin(t. thry arr less likely co rrip 
us up t h:l1"1 {the 1 suhrlcr countcnnruitiv· 
itie< [of2 VL)." 

Nu,Y, \YC can surely all agree that the 
op<:rotor5 (or conncmves) AND. OR. and 'M· 
PlfS are open to being misundemO<><I, 
even 111 2VL; they irr indeed "disullares" 
oft heir oan1r:il l:in!(uage counterparts. (Ir 
is worth pointing t>llf. however, thar the 
rea<on for rhis state of affairs is that che 
m<0nin1:5 of the logic•! opcraro" •re re
quired to he ronft«t-.fr«. as David Mc
Cnvcr.1n will explain later in his response.) 
Nevertheless. l ""'" Id contend precisely 
that these operators arr distillates of their 

narural l:ingu:agc counterparts in a 
w:1y that the r«ll opentor of3VL is 
not! (I f you ~e what I mean.) In 
3VL. moreover. AflD, OR, and IMPUE~ 

also seem to depart further 
from their natural language 

countcrp:am. As alrc:<idy men
rioned eorlier, ir is undeniable 

that DBMS implemmtm (not just 
users) have m:adc mistflkes o ver 
the J VL operators that they did

n"t make "irh the 2VL ver5ions. John
ston's claim that MVL is "less likely to 
trip us up" than 2VL isn't supported by 
the evidence. 

Furthermore, if the 2VL operators 
were as much a pmblcm as John51on sug
gests. rhe whole bus1nC$$ of computing 
would never have gotten off the ground 
in the first place! 2VL is relevant 10 the 
entire computing field, not j ust to that 
p:irticul:ir subfield we happen to call dota
basc management. ( I'm nor saying that 
oo m1srakcs have C\'er been made: rn 2VL. 
but 1ho~ misrakcs h•ven"r been nearly as 
pervasive as those in 3VL have been.) To 
puc this point another way: I'm quite 
comfortable wirh the idea of h•ving 10 
teach "naive cod U><r<" how ro use 2VL 
~rttedy; I'm nor .r all comforrable with 
the idc3 of having co te.ach rhcn' how to 
'"C J VL correcrly (and I speak from ex
perience here). 

Ar. a further conclusion ro his first :ar
)(Ument. Johnston al«> claims to "have 
Jcrnon<rroted that 2VL is just as logi
c.illy flawed '" any l\IVT.," and hence 
lli:tt f\.1VI .... is "just JS secure a m::ithen1ac-

icaJ foundation for relational theory as 
2VL." Herc I'd just like ro point out that 
even if,ve \YCrc to accept these clajms
which we don't-of COU!S< ir wouldn't fol
low that MVL is agoodfoundarion, nor 
mar MVL is better than 2VL for such 
purposes.' 

lncidcnrally, Johnston repeoterlly ac
t'USCS n1e o~ :ind t:akcs me to r:tsk. for, re
ferring to rhe diflicultie< with 3VL (2nd 
.\'! VL) as /qgicol jlaWJ: "If ... Daic is rr
ferring to MVL ._,a system of mar/xmar
itol logic, chcJi ncitl1er Dare:. D.1rwcn, 
nor IVtcGoveran h:n1c poi need out 01 sin
gle logical flaw in MVL." Acrually I can 
fmd only one n:m:ark in all my writings oo 
tlus subject dut could =sonably be con· 
strucd 2S SUKgesting th:it l think that JVL 
is logic:dly Aowed. In my published dcbore 
on the subject wirh E. F. Codd, I sajJ the 
foUowing:16 

"It seems ro me th•t rherr is •ll the 
Jiffcrrncc in the world between: 

+ 13uilding a system-that is, one b:oscd 
on J VL- io ,.,.h ich \YC ltntn.u errors v.•i ll 
occur, bet.,.usc the system h"5 logical O:iws 
in it. and 

• Building a system th•t is at le•st 
logicallycom:ct bur is open ro misusc.An.v 
system is open to rnisuse. That's why \YC 

have to have discipli ne." 
This n:mark was perhaps a little ha.•ty; 

cerrainly I realiu: that ir would b< possi
ble to define a 3VL th21 is logically sdf
consistcnr, and I never meant to suggest 
otherwise. W hat [ did 1nean was thnr. in 
a sV11tem b:ised on such a 3 VL. ccrt•in 
co~clusions will follow that ore "logically 
inconca • in the real world. The m05t ob
vious = mple is the well-known f.ict that 
the c:xprrssion p OR NOl pis nor. tautology ' 
(that is. it's not identically true) in 3VL. 
Other examples abound. 

(As an aside-and ro head another ar· 
gumcnt off at the pass- I should !'<'thaps 
point out that I certainly have claimed 
rhat SQli alttmpt to ;,,1/em'"t .1Vl suf· 
fcrs from logical fla-V11. 1 But rhis daim is 
very different from the claim that 3VL 
itself is ~y II.awed. and I still sund by 
ir.) 

STAYING WITH BASIC LOG IC 
Jo hnston uses the tercn /Jasit logit 10 rercr 
to "the logic on which rhe original Vl:rsion 
of n:lational the<>ry was ba~·-namcly, 
two· valued propositional (and fi <$t-ordcr 
predic~te) logic. And he claims Lh'1t "Date 
apparendy wants to remain wirhin the: 
confines not just of 2VL, but of (basic 
logic)"-ahhough he d<>C$ also go on to 
mention that he: doc~n·r •kno'v whether 
[Date I has ever said this but has "never 
seen an example lin which D:itcl went 



hc\•oncl 1h1·~· ,·,,11ti1M-... .... ~llu1,. •li .. cl;iintcr 

$:('cfn(" "''''' l"''r'ltl1l("'11n-. l1t1\\'("\~r. or evttl 
tli~ 1n~rn11,,u1... ~111rc fohn<:.tnn tht'n dt\'OfCS 
vlrtn.1lh· the \\h1 1lc. 11f 1>.u1 II nf hi~ al'fi
cle t' l n :11 j,·1111ll! 111\· irnr•1t1·d p•)1;.i 11111\ I h:tt 
l)Hf\ 1 s .. din11 l1 l ''l't:-fn:i in 'A'1th 1n rhc COll-
tioc" ot' h:l-.u ln~i,~ " 

In r~('l('uv• ro dn.;; l~'!'Kl<11lc, I c>hs<-rvc: 
li"t 1h.11 loh•'' r1"l l<>•111i1r r1J,:ht rn ~r rhat 
"ha<;ir l• >i.ti~ " i.;; the lot!•<' f 1n \vhich rcl:i
tinnid tht.'fll \' \V' I <; n n !,!.in:1ll\' h:l~Cd . "'("hu~, 
it wnulcl 1't.' ;nnrc_· ;tcr11r:HC' 10 ~av th~r "re
rn:1inin~ \\.'1rhin du .. · nlntinc'\" o t"th::ir logic 
\V:I"' {;q,_/,/f tu·1!.!iin:1l 1v•<u1on, r:uhcr than 
our. (or n111\c:·) 

Re thou a.., 11 1n:I\, 1 fcrl hound 10 ~av 
that 11 ·.., Vl'f\' di .. trc~.;;1ne, '" h!' c:rinci7.c~1 
-.o rnoodl\' I ~, ,. <rn'1<- 1 hi11~ I tlid n'c do. ( 
never inH•nded to rule n111 the pf>ssih1li~' 
of c~ploH1n(! ~uch di-.,·1plinc< a< modal 
~ic: J 1xl rhc f('"(.t. :incl I ,lnn"t hclicve 2ny 

of my \vncin~'i "''~:.!C<t .-.1hcr,vl.;c. How~ 
ever. I dn Orllt•\'C "t rnn~h· 1h:H :'nv at 
tempt lO 111c·nrp,1r:uc ~11;·1·; concept~· into 
our 1)11~ I ~< <hnuld f,e "l'l'IO:othcd with 
coo-c:i<lcr:ihlc c:1rcu1n<:rc<:ti•,n: 1hc price tOr 
m-:1k1ne: rn"r.1k~ in <"t14.·h 1naners is far too 
hie;.h. In nthcr \VOrci(;. I cubscn~ to Tix 
Prinnplr <f C111ti•11.< I~'\'" (:on<l so do my 
collea!(l•e•l." 

rvluch 111nrc {()th(• point: 1\ll this dis
('tlS$HlO nf r't\rld:tl logic.: ~nd ~o forth is a 
<omplttr ,.,.t/ f.rrrin.~ Ir h.t< nothifl'C \vhat
q)CVCf to ti'' 'vnh rhc 1n:u1cr :ar hand
\vhtch ic, tn n·pc:n. rhe <uitahtliry or och
cnvlsc of~ IVJ. a< :1 h:,~is fl1r dealing with 
mis-c:ing ln1f)nn:u1nn in ti:unb:tses. Most 
of our puh li r ation-c: in thio; field h:ive 
dealt. very <rcc·i lic:illy. '''1th rhe clc!!.r un
,:t1it•biliiv ,,f rh<' hrantl <>f 1VT. (and 4 VL) 
advocarcd hy c ... 1c1-.ml <t1ppomd, in a 
tlaweJ f><h1on. hv SQ! .-for 1hi$ pur
po~e. "'· 1 .. • 1" \ .\fc l't.:n:1i11Jy dnn't ~ee ~ny
t hing in Jnhni:;tnn':-: ;irtirlc ;,c; :t v:1lid Jc· 
fen<e ro r 1hi< p:irrirnhir hr:111d ufJVL (or 
~V L). 

lnridcn1alh·. Jnhn"'"'' ~a\'< tit one 
poinc ch;ar hr ''\viii \"('nrurc a J..'"CS~ ... a~ 
to \vh;11 l):uc :tnd c.·n1n p;l1ly'< ph1klv.ph
ir-ai prinl.'i plc 1ni~h; be ··'11H:rc·.,. no need 
to .~te<;~! ( )ur principlt• i• .. \vc·ll dn..:uuu:ntcd 
and i~ !'I 1n.11c1·r nf pul)lic• r(!t.'• 'rd; 1r's '"//J~ 
Prin<ip/,.4/ f.~1111u;u'f /).~f('lt.'' ·1lrr.1dy nlcn .. 

ooned. 1 Z In 111hcr '~'rc.f.t.Jt""'°"''WI j.,. quite 
righr nl <11uc<' 'ln1:J; rh.11 our l"'l<U1on on 
rhis \Vh11lc..• rop1c- '"' "f nn-.C'rv.lli \•t:" rather 
th :in "lil11.·r;1i." l\·rh:ip!o 1111: pninc nccrl~ 

~pc.: Jl inl( •'•H rh:u \ \'<'l'l ' "'H 1.tlk1n(?' lhr)ul 

politil'.11 ht'H'. '''t,.rr 1.dlan!.! ·.lhnnr chc hc~t 
\Va\' ro il1•'•'t', 1nil 1n1rl1·rnc•ut <i:oft\V"J rc 

(,,\..::.t(.'nl<- 'l.\ .. rr10>; •ti f 11hcf rtut,i-:uu('n .. 
~!! n:H'Hf•' •""· .. ,-<r('u1 .. 111 \vhi~ h rrro~ of 
dc-.1en ~· 11• h.1V(' r;1l.un 1tn11-.11111~t·qut·nrc~. 

l.ihcr.il1 .. u1 11,i;~h1 bt: 111·.:.hl.\ l.ttuJ.1h1c in 
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the poliric.J arena. but ir doesn't follow 
that it's • good position to adopt in the 
arena under discussion. 

INCONCLUSI VE OBJECTIO NS? 
' fo repe:u from Johnston's article: •Date's 
nbje<'tion~ to ~·IVL are n<>c as conclusive 
as rhcy may appear•• lim glantt. • Sintt 
Jnhn<ron docs nor even •ddrcss m°"t o( 
1lH)'iC objecrion~. thc mQSt charitable thi.ng 
1h:u I can say :ihout this claim is t ha t it 
1·eo1:1in~ unproven . I lel'e fi>r t he readcr'll 
hcnt:fu i~ a list (it is nor annoc:ited. for 
rc~vin" or 11;pace) of SOtnc: Of those Ufl!ld"' 
tlrcs<c:d ohii:ctions. For fiinhcr discussion. 
'CC nur m:1ny previous publiC3tions on this 
s.uhic<:t.1 '' 

• 1\larhema11i::illy speaking, a "rel:!· 
tiun" that "contains \l null '" isn'r a relation 
(:rnd <o relation theory dorsn·t Jpply). 

• J\ "relation- rh.u · ('ru1t:.ins a null" vi· 
ol>1c< C0<k:l·s own lnfonn11ion Principle. 

• If lAll!f_llH repre"<nr< true and IA 
Ill I Ol>M rep resents Jnlsr, wh>1t represents 
Ull/;ttO'l.Ull? 

• What's rhe rdarion predicate for a 
·rt'lariort~ thac pennies nulls in one or more 
of its colunlns? 

•The f\1ndnn,cntal rheorent of nor~ 
rnalizario n b reaks down in JVL. 

• \ ·Vhar's the jusrification for creating 
nulls as duplira1es o f o ne another for 1he 
purposes of union and projection but not 
for the purposrs of rcsrricrion and jnin? 
(ln o ther worJs, are rwo nulls equal o r 
aren't t hey?) 

• Even if 11uch a juscific:uion can be 
fOund. whv is it nc:ccssarv for the rcl:irional 
algebra t,; suffer such c~mpli<ation? 

• E."Cpres:sions char evaluate to trur in 
JVL -arc not nerc4'sari1y tn1e in the real 
world (in other words, "3VL doesn't march 
realiry"). 

And so on (this list isn·t exhaustive). 

DEFAULT VALUES VS. MVl 
Herc I really do object, vehemently. John
sron misrcpr<:~cncs, or misconstrues, t he 
default values approach and then attacks 
his O\vn misconstruction. "When we say 
that Jones docsn'r have an hourly rate, w~ 
00n·t rnc:-an thar he has some special hourly 
rate-the S0.00 rare, for example: I 2grcc. 
we don't. Whar we do do is this: We say 
that the domain for the HO\JRlY _RAI( col
umn is- let's sarX. where X consists 
of all po$$ible valid hourly rates plus 1he 
default v.Jue 0 N/ A."The system cenainly 
d c:ipobk of =<>gnfiing this default v.\luc 
as meaning ·nor applicable" 2nd ac1ing 
according ly (rnd indeed sh ould do so). 

There are so many points l want to 
make regarding this particular issue that 
I thjnk ic best to s:•ve them tOr a scp~r:icc 
uticl~rh2ps a column in my regular 
column in DatabaS< Programming & De
sign. For now, I'll just have to refer read
ers to my own published dcserip1ion of 
the default v'11ues approach. 13 

MISCELLANEOUS COMMENTS 
In this section I wane ro respond to a 
number of miscellaneous claims and ob
~rvarions in Johnsron's article. 

• •one of I Dare'•) argumcn1<- the 
infi11ite rt,~rt1r oj'lr11th-v11hu•1 argurncnt
lloes nor apply to rnany s tandard versions 
ofMVL." 

I never claimed that the M VT, •p· 
proach (more accurately, the iJe• of us
ing "nulb" instead of values to represent 
the fact char inl(,nn:,tion is ntis$in~) im .. 
p lied an infinite: regress ofrn11h values; 
rather, I claimed that it implied ·~n infi
nite rc~rcss"' o f 1111//1. ~These l'\vo claims 
aren't 1hc same thing at all! ln faC1.John
s ton's error here '!!!ght 'v-:11 h,. rilled ? 

howler. 1\lthou~h it's not irce fc\':'lnt to 
point out chat many other wriccrs. in-
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'l11•l111~ 1,.,fi, ( · .... 1.1 h1111'\.("lf ;tnd the "" 
rhnr" 111 tin• . lr~(i '"\,,( 2J l"' proptl"'31~. h:IVl' 

.11,,. L11lf·n ""'• ·h1" ... 11n<' 1r:tp ofcqu:ni11'1;' 
n ull" 111d rr11d1 \'.1ft1t'' :11 one r ioh· or 
:H)nll11•r ' 1

· " ' 

o "\ V•it'n .r n·l'n: .. cn r< ·11ly o( SC\'Cr:il 

tlith·r,••1r L:1n1I' ot -.<"lt · r<'lcrcnual "f:llc· 
nu·111, 1;1111ulu•..:ir .. lc.t1ch l$. f M~ Ip) 
lx•t:nt1\<' 1 •1111r1cl1ruont:."' 

,\~ ti1:1ih-. rhr\ '"'l ' 11'1'(' rv1rt11/ox.-r--1 lint 
j,, 1>r:11•·n11·1H-... 1h .t• ire ncirhcr frur nnr 
ja/r,., ( /\ l 11111r.1d11 ·t11111 ""a .. t~h:mcnt thac 
j,. id\:1111\ alh 1;r1 •• ·~ ii < rhe nppo~ltc o f a 
:•u:.1!c1;.::\, '' h11·11 '" .a .. 1.11r:mcnt th;u ic; 
tdcnut·.1lh· /111r.j1• 

• 'Ir ,J..,uld b,· .in ohjcct 1c~ct(ltl to 
tlH)'l' \vhu d re-:1111 "'' rcl:111on:il datah:11:c!i 
,11; 1'1u11cnlpr)r;11·y \'c'r<ions nf ~uch ..-1:Jf 

cvt~kr1 1 ..,.,tc.·•n" fh:lf F'rc~c acrually ~r>t it 
\YrOl1j.:1"' 

In t 111u1et ri1tn \\'llh th1~ remark. John· 
o;.roo 11111 ... •fc-< r('t ·~ rl'W" C'l111n th:tt we \\V-.ulJ 
likt• f(t fl'.1li1e :tn ":uH 1('nf lhut unachicv
nhk I 1'h1l''"•'ph1c,1 I 1I1 c.::un ... Vlc 've 1H:vc.:r 
m.uh· ~\I< h ;1 <:l:i11n; indeed. wc\·c sho\Vll 
that \\'<-" knu\v rh.n ' he "philo~ophical 
drc:-ini'" in 'I'~'"'" C':tn't he n:aliz.cd. 1

" 

• TI'K" ·rronf - 111.n ~a<1c: logic is non · 
m11n•ll{'ltnc- ~ .. "f'l(."\'1•'4.t". \·Vh;lt it boils dmvn 
lO iii; tlir fnllrnvine, 

I. l.b_1t•r1 .. <:. pn1d11cc re<ults from dara
h.1~c .. 1.uc-c;. 

2 '",\ ddi11u: :in :t"<1111n" means changin,t;t 
rh<" .t.u.1h.1..-C" .::rate.• (ir ·~ ju<t a F..ncv \Y;a\' of 
~'"'"A ""111 .... l.1rc rhc <l;u:iha<ej. • · 

.l l'h,11ur1ng rhr d.11;1lv.i~ ~rare will cer· 
taully ''h,1ng:I.' the ~n~\'('f'< en some queries 
(it \V1111ld be• 1'•'1,:tt~ u<:.clcit< ifir didn't!). 

+ ·1·1i,. rcnc:i1itt l'~~trnplc i\<:pec1Qll$ too, 
tOr <ito1l:11 rr=t~nn1t. ( I ca1lr resi-.l the tcmr-
{a11on tn rctCr to i1 :a" .1 r~d t~n1.uin: pc-r 
h~tr~ r <111'-'i<:tl' Hn red hcrrir'lgs.) 

• ""1.111d:1rd t\Vo·v~tlurd, first-nrder 
p1t•dic:11<: ln~ir i.:: '''>' tn11h ~valued!'' 

'J"hii: t<l:1i1n is (.'nrrl.'(t :l~ ~tate<l. bct::ausc 
.. (;f ,1nd.1rcl ri.vo-v;\l1 it·d. firc: t-orclcr prccliC'atc 
htt:,1c.·"' ('t"frlllf(; i11tini1c <crs ~nd qu::ancifi 
cation tt\'rr rhcnl. In cl.1r:.haRs. howcvcr. 
'"C' dc;11 only \\•irh f111 1tc ~crs. and jt,lin 
~ton\ pnint 1" irn·lr\':HH. 

• "111n:1y<urpri..;c.· ..;11nlC (O reali~c that 
~l\'1. 1c \'nn~i c; fl•ru 'virh hiv:ilcnce." 

Ir rct 1.1iuly "11rpn<c< me! (:inc.I it'< 2 
vcr\· \ft.•nl!r rcn1Jrk ro ruck a\va\· in the 
rcfen'rl<""C'~. 1fir'" rr:.1.llv '.1(; "'',ufic;nt .t< it 
"CCJTI< rn htt .. Hiv.tll'°nr" means ""''o -.·al 
u<·d : dll' "j\f\'" 10 (\ IVI. lllCans, \VCll , 

rn:u1v ' ':tlnt·d, '"I 11.:rc.• .. ,ll,\ny .. rneans g1'<:atcr 
t h.111 f\\ n, 

Pt·fli •1~ Jnhn<rno I" r~·fCrrinS{ to :J '\'<

rrtn in u·hic:h r\·(' .. ,. tnlfh value C'<•·~pf 
ltllt' ll'-<"111'- (~It <:tllllC J'4'111ll ) et'fccti\'cly 
rt'n' 1·r"1cd '" ;;d.,-, SC.2.J ;,. 1VI , n1ight I'<.' 
du1ug l11 n f ,l, lwli t\'i11µ, in 1hi~ \V:l)'. ,jnt'C 
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(for example) SQ], queries rc:tneve only 
those m'"' for which rhe defining condi
tinr; evaluates to 1r11r, not those tOr \vhich 
ir e~lu:ttt'S to /itlsr o r unknown. In other 
wnrd<, SQL cffccrivcly converts unknown 
to jitl1e-b11t i1 cl«s this on(v al t~ out<r
nmt lf'fHI of11N91ffry. In effect, SQ.I.. uses 
JV!, imemallv, bur <witches back to 2VL 
"at the las! ~oment." If This is aU that 
Johnston's rernark menns, then his point 
is irrelevant. :inJ our criticisms of 3 VL arc 
still germane. 

• ·1 think it is cl<arrhar the supcrval
uarion21 approoch is not ar all unwieldy." 

This conclusion 1s far from c1car to me, 
and I su<pect ir isn't valid. ls it alw.i)" pns-
11ible ro rccogni1.c toutologies and contra
dictions? Even if it is possible, how fea
<ible is ir to do <0? (In this connection. it 
might be worth menrioning th•r-.s a 
cnrrcspondcnt, Ceu•n Ckment·Davics 
from Frnnkfurt. pointed out to me in a 
letter fo llowing the pubLicarion of rny de· 
b:ire with Codd •0-such a proposal seems 
ro me:tn that the DBMS "should use twt>

wlutd logic to detrct tautologies, and 
1hru-WJ!urd logic for everything else. 
TI)i~ would be a curious mixture.1 

•"That RDBMSs could eliminate 
I hesc [join J costs, oratlcast keep them IO 

a m:ina,ge:tblc level, is a misconception put 
forward by vendors and, I "'grcr to say. by 
Dare hims<lf." 

Herc I cry FOUL! This comment is 
g;rnruirous at bcsr (ir has nothin~ ro do 
\Yith our complaints regarding JVL. nor 
wirh Johnston's <>bjecrions to those com
plaints); moreover. rhc part th;tt refers to 
me is uncrue. l'vc cririci2ed rhc vendors 
fnr vein;.. not lcur 1n rhc colurnn.s of this 
nlag.azinc, for delivering inadcqu:uc lev
els of independence bcrween the base 
:incl stored rnhle levels. (Such lock ofin
clcpcnrlence i~ 1he crux of the issue here: 
if the vendors provided a grc:•ter degree 
of such independence. then join com 
cnold indeed be "eliminated or kept to a 
m•na~table level.") And l crv FOUL 
-ag--ain: for 1nu1.:h the same rca!'o~. iu con· 
ncctinn wirh the ~cconc.I paragrarh of an -

notation to Johns:ton"s rc(crtnce in P;irt 

11 of his article.• 

CONCLUSION 
Johnson's article concludes: "By re~trict· 
ing oursclvci; ro ~sic logic. we spurn a 
logic that •vnrs iu difficulties on irs sleeve 
for one that hides its difficulnc$ up ics 
sleeve• (•nd so we should indeed opt for 
MVL instead of a 2VL). We find this 
conclusion prettily phrased but un$up
ported by the :1rguments that precede ir. 
Our own cnnclusion, by concr2st. is that 
\VC find aM<>h.:::ly nc :osc:: in Jchr.!:ton~s 
amclc for modifying our position. 

HU GH DARWEN ADDS: 
C hris Dare has already said nearly every
thing I wanted to say and more. and I agre.: 
with it all. Above 211, Johnston has not 
risen to the biggest challenge facing those 
who woulcl like to promote MVl, as a 
foundation for darn base systems: He has 
not given us a replacement for, or even a 
suggestion for • replacement for, the Re
lational Model ofD:ir.i (including abstrat~ 
mochines to rtpbcc the n:lational calcu
lus and al~cbr.1. and a dar.iba<c design 
methodology to replace the relarional 
methodology based on dependency analy
sis, especially fimcrional dependency ana.ly
sis). He writes. 1n his conclusion co Part 
I of his anicle. "I bdievt: thar there is not 
a~uate l'C2!0rl to enshrine b:u1c logic as 
the logic for .,,Jacion21 database •cccss lan
guages." But n:lations jusr do "enshrine ba
sic logic," by dtjinition, so this stacerncnt 
makes about as much sense as would "I 
believe there is not ad.equ<ltc reason to en
shrine the basic opcn(1)($ plus. numu. limQ. 

and divul< .. 1/,, ~t of operators for doing· 
arithmeoc." If Johnston hos in mind some 
alccrnativc srn1cn1re., :analogous in rome 
sense to the "'lotion but enshrining M VL, 
then could he please tell us about it> 

Docs he perchance h•vc on mind some
thing close to what SQL !""tends (in both 
senses of that word) to support? Take rhe 
example of the EMPl.OYfE_fARMN<;S relation 
in \vhich ccrc:lin symbols appearing in the 
so1:us colurnn are ro be sc~vcrally inter
preted os "•bonus ofSl.000."".o bonus of 
S2.000, .. ·(()me bonus ... "'no bonus." .. a 
bonus of SO." "some level-3·security
classified bonus," and so on. I'm a simple 
soul. J cannor sec any 'vay of rrcvenri1'1g 
the OBA fro1n designing the dn rah;1se in 
such " m•nncr- and I woul<l have to 
change hats before I could comment on 
the advisabrlitY of doing <uch a thing. I 
would just ob<crvc: that the dara type (do· 
main) of that BOllUScolumn i< no/ 1.IQ!i[Y 

(although f C':tn im:~~inc a runcrion rhac 
\voulll ca~i1y 1n:ip a ccrt;iu1 proper subset 
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of 1h.11 tl1un011n ,,, ,-~hu,·< 111 lht" MO'lfYlle>-
m:11t1l I dn 11ndrr-t.1nd 1h:u ~mc1hin~ 
r11lk·d '"1n•,.. bl I· ·~ic H "1t,s:,ht be :1blc to help 
11 .. lt:1qdl1· -:iu·h .ln1H·,1i11"' 1n a general \V;ty. 

hu1 it i..::H't dc.·ar ln 11H' 1h:11 such a O)cc;h .. 
:u1i .. 1n \Vr111hl nt·<'« ..... ii..cc a dcp:u-c:\lrt frorn 
2VI •. 

Juhn<rnn run .. ""' the old rrOOlcmo; of 
1nH•1pn.·11onn rh:u 1n'C \VHh the lo~1c:11 
oprr.trnrc: 1111d, 11r, .11H.I 1n1rlir1. We have 
ncv<·r d1• t1i('1i th;11 rhr;:.c problems exist, 
h111 d1r\' :1n•n't rc.•1nt•tlic·tl hy M\.'T .. Bew 
<idc.· ... I• 'l!''-;1l 11nd t<.''.lllv ti• •c-5 mean one of 
1lu." 1 hint!" hurn;lfl '".1nJ .. mclns. and IOK 
1cal "' rc.•Jll\· ,loc'(. 1nt''1n nnc of rhc rhin21 
hun'111n .. ,,, .. 1nC'an" . • 1n<l it·~ not difficult to 
cxpl.1in t11 ht1111~11 hc·1n,11.c: whjch of the 
111c:l11 in1:." 1.., rlu.· ,1pplir:ihle ooe in bot h 
C:l"iC"'. I .11l!tc .d 11nrlit< 111e:tr1s everything 
rh:u h11n1.u1 .. in1pJic:<~ mt"-:tn<; ir~ iu~t rhat 
hum:anc: ,, .. <" c'nh· h.1lf nf \Yh;at the l~1c::ll 
opcMtnr nlt':ln~: .ind ~re <nmctimes a Ju ... 
1 le p11·11Jrd :t..; to \vh.\' 1<1c..iici:ins horher \Vil h 
the orh1·r 11:11( (I , .111 :111H1rcur in the ficlJ 
,,f loKi• . h,1\'C <:.n1nc.'1i n1e11 hccn <;urpri~l'd to 
find my .. t·lf :lr1C·1Hl1ng rhe logician·~ po .. 
.. irion in h11r di.:IYJIC" \Vlth m11thnnntili11nJ~) 
ll1c.·~· '\v'Unrcnnn11t1\111u:, .. should be put 
into 1w-r .. ,x~rti,·t· ;t[!:-i1n<r 1ho<c that 'lnsc 
\Yilh J\tl,. 

Bv rhc w:1,·. I don't hclie 11e I've e ver 
u~<·ct' rlu· phr:;sc '\·nu nrcrin111icivloc-. nf 
inlcrprrt lt1cln," \Vhich, renonaJly. ( C:tn't 
..... ~,· '°'n-.c oC I ,/j,/ 11,c rh-: phr.isc .. dif
tj.._-,.drv 01 1n1t'rprc· 1unn,'" :tf1<.ing trun1 the 
.. ,r:1rc: .ind rnttr1tC'nntui1ivitics'" in i\IVl. .. , 
which tint·~ rn<ikc rc:1son':lble sense (to 
I'll<;}. /\ nd I nt:)!.J•t have 1.vrittcn, if <1nly l 
h.HJ h1·c.·n huld 1·onn,1;th . .. trrors of inter .. 
prct:\llflll," lulf the,•n IMll' C;~1n<::iycfS \YflUld 
J'fCll\,,\,h h:iv(" :lff..'11~· inc of below-the· 
lle·lr rhctnrtc.'. Bur n11r ';..r:t1nc:;tyc~ are mcKtly 
( ilc.·111 nnc~. 111 puhl1r, c;o ( am ~t least very 
p,r~Heful 111 · ro1n J•>h11 c:ron IOr h is c(forts 
ill rt·opt.·nin.c. the dch:ttc. 

DAVID McGOVERAN ADDS: 
\.Vh1lr I ;1111 '"rC' ·1~un Jnhnsron is wtll 
1ntcnt1onc'<I, I diink he h;1<: n1ir.sed ntuner .. 
ouc: i111port:tnr pclinr:;. and misintcrprctcci 
rn:u1v o:r:uc.:nll'nro: fn 11n 1TIV series of :lr.i .. 
clc.•<;,:, t'•,11)11H'uto; 1 ·i h<:ln°v1 apply In P.Ht 
I nl Jc,l1nctron'..: ,trti-. lc:. ('cn11nlcnts ~- 12 
rt.·fcr 111 P rrr 11. 

I. lohn\tnn'-. 11..:c of the term •inter .. 
pr<"trti1on" ii;: \'Cr\· di tTcl"CrU frotn mine. I 
h:1vr ron\i .. tt·n tlv uo:cd chic: tenn in the 
.. f'.1 r~lci.111 :'Cll~<· (rY( 1·pt \vhere J have ex .. 
pli1·i1h ,,.ll·rrc.·d rn '\e.•1n.uHic interprrta .. 
tion'"\ \ h rc,n-.-rnt h.1< :ih¥:.ys bc.'Cn \vuh 
prc"'1<l1nl! J (f)1l<;1'-tc.·11t rOrm:ll intcrprtr:i
ric111 .1lnnl! \\·irh ,, '''Hl:ltHil' interprcr:ttton 
h·1v1nl! "'t11c· H'lr\ :ui.,_· e to ~t':lrah:1i>e ,v,,rk, 
l ''c.'r" 11i' t• •gi(· 11111 .. t \1ntlcr!'tand rh:ll :1r· 

bitr:1ry assignn'lcn rs of meaning 10 logi
c:il operators and 1ruth valua1ion symbols 
con completely des1roy the value of• log· 
ie>I system; some assignments work 1nd 
others do not. I have ycr ro see an cxplicar 
3VL (or 4VL,5VL .. .. ) 1hat has the re
<Juircd p roperties, and indeed argllcd in 
rny earlier ;1rticlcs that such a logic was 
in·1possiblc.~ 

2. Throughout his uticles, Johnston 
confu~ the need for a comp1Jtational 
af'll"'l"lt\JS with the i<sue of the amboguirics 
of the English languag.:. He proposes 1he 
use of such Jogics as qunntifirat;o,, O'ver 

propositi(lfls, modal logic. s«ond·orrltr pred
irate log;c. rtlevanre log;r. ~pUttmir logic, 
dHJntic logic. and nonmqnotonfr- logu fot 2 

DllMS. But such logics are, in generoJ, 
cirher incomplc1c or incons-isren1. h::avc cs
o reric interpfctations (and ar'c therefore 
very hard to use :>t • II), and/or may be 
completely noncomputational. T hey can
noo he used for outomared query opri
miution and therefore do not provide log
lc:tl dact independence! We can rcollOnably 
:i<.scrt that they 3rc inconsistent when 
lumpcd together in a single logical system. 

3. My us:ogc of true and Jilist differs 
from Joh nslon's. particularly in 1h:1r I do 
not equate pmpo~irions and srnrcmcncs 
(ond ccnainlv not uncr.inccs), n<>< do I use 
rhc terms ·proposuion· and "statemenr· 
inrerchangeably. 

4. TI'le issues n1iscd by Johnston re· 
~ardi ng the in1erpremion of English 
<t:ttcrncnts in10 formulas oflogic have no 
rckvoncc to the issues ar hand. English is 
conte:tt-sensim'< •nd, as such, beounfully 
•rnhiguous. It is precisely this ambiguity 
rh~r allo\~ us to c:arry on conversations, 
:L< I lcarnc<l a. a gr:1dua1c student !Torn Jim 

McCawley (sec Johnston·s reference in 
Part II of his >1'ticlc).• But in iny partic· 
ular context, English statements are trans
latable into logit:tl formulas. Even fi1llm : 
co11tingcncs c;uch as "'lt 'vlll rain tomof
row" can be formularcd logically; for ex
ample, we often Wldc:mand thi< starcmcnt 
to mean ·so and so claims it wtll rain ro
monow/' but we rarely construe ir ro 1nean 
somcthin~ so simpli~tic and 1\dstotelian 
as ·•Rain happens tomorrow"! 111c firs t of 
these t'\'\I() t•onstrulngs is classiliablc: as h'ur 

or falu, while the second c•n only be clos
sificd os some lcind of nonsense. Dat:tbises 
an: holders of assertions m2de by reason
able people; e.1ch row inserted in 1hc dara
basc is n11 nsstrtion ofa fact, not an absolute 
fact. We can't do anything :ibou1 this state 
or affairs, since knowledge is 2lways some
what rcl1tive. You can never fogitnlly f"01Jt 
that you know anything. 

S. Every clc~tary schoolchold srudy
ing simple set theory learns tha1 AllDdoes 
nor rnean English "and then"' and chat !ti· 
QU51V£ OR is 10 be distinguished from EX· 
(llM'f.OR Yet Johnston seems to 1hink these 
>.re subtle issues. Logical OR, All!!, and L\l
l'll5 an: not simply distillatd of their nat· 
uraJ language councerparts, s ince logical 
connectives had to be 1tu1.dc concext-frec. 
This freeing of the connective~ fronl con .. 
text has ah'\l:tys been a major ~spect of 
2VLS evolution. By contrast, I have never 
seen :any evid~nce :-!';ac the de·:c!opmcnr 
of 3 VL wos due to •n attempt to make 
the meanin~s of the connectives more 
·natural l::inguage-ljke•; r~uhcr, it seems 
always to have been 'J matter o f circum
venting chc restriction that connectives 
apply only m propositioos 1.nd well-formed 
fonnulos! 

6. Johnston wrongly •ssem that l'OIM
PllES P1 somehow means 1ha1 any false 
proposition Mimplies the trnlh o(all dis
junct propositions Pi. Instead, iris the en-
<ire proposition 'WIMPllES(Pl ~ ... ORPn)"-
and not the disjunction •1 ~ ... OR l'n, nor 
any individuil Pt .Jone-that is true. Per· 
haps John.,on is c:onfusi1tg this issue with 
the more common concern <>fheing able 
co prove :anything from a conrrndiction. 
The proper undemanding oflMl'llESwould 
be "•cccpung the truth of• false propo
sition 1mploes rhe truth of :all other propo
sitions. • Expn:sscd colloqu12lly: "lf you'll 
accept a fulschood, you'll acccpl onything." 

7. The exercise at the end of Part I of 
Johnsron·s article consisr. solely of prob
lems with ambiguities of Engli<h state
ments presented without a clarifying con
text. The exen::isc has nothing 10 do with 
logic! 

8. The reference ro Russell's Pnrndox
"ls the set of' all ;cts a mcmbcrofi1sell?"-
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;~ .u11J Fn·~c i-: ~r~truitou~ 
~« \ \ \,1 .111tl 1rrc:le\~1H. 
· '• "/> ~ 1J Joh11<rno\. tlcfi-

. i' .r.r\·<.1 n1r1•1n 111 "''"' (.'lnc:cd 
{ :,.1-:.j \\',,rltl ,\ <i:c:l11nr,ion 
{· ... ? "l nrrc11 IP( ~\"l(' 1n-. in

.. \·nh •;11,1! quanu.Jicr~ o ver 
pr,·dic,1 11· \',111al•h.·' 11 ,1\•111(( d11111~1i11s that 
.tn • n1 •11 ti11 111· , c 1 ... liu 1 j, not c..·nrn;.·.:r if all 
prt·dit .1r<· \·.u·1.1hl1· d<1111ain'I :irr finite. In 
rh i' 1.ll t••r ,.,, ..... 11 '" l rut i:ll tn tlctinc the 
ti111tc..• t l1 n n.1111 .. , d i .. 1· 1111r~c: tOr ,\II predi-
1..,lf<' t..1ri;1l1lc. 'l'hr ('lo<ctl \.Vurld ;\,.. 
<\111tl11r1•u1 1h1·11 110· 111c; th.u if Pis nor an 

'~""" nur .l ·h1.,1u•m of 1hr ~tcm. c-1rhcr 
tr i.' 11t11 ... kl<· ~h1· •'·~1n:111l nf tlic:cnur"c o r 
"'t' n1~1,· :11lel '· 11' ,1, 1n :uciom.J1)hfl"ron's 
tic·ri 11i1inn 11-.uk to lne,ic11 sy .. tcms th:u 
:1rc infini1.-I\' •·"<H·11,1hlc \virh 11('\Y a.'<ioms. 

1 • t. J• ·hn,11 lll t!•\'t.'S a11 :1rgunlcnr a~:l insc 
rr11d1 iuncnn11:1litv, : 1 ~!'errinj:t that .. basic 
''>l!i, ... ;, ""' t'\'('1\ 1n11h fi1nction:ll. (JntOr
r1 11l:lrt·I,. tlH_' i1 nplu.·d dcfinitif>n nf tru<h 
fun~·1i1-n:1I '" ""''rhr \11tron~ 

11 l ·untr.•f)- ,., John~torls implicanon~ 
.tr:11ltl;1ul 2\'I ti"r-onlcr rrtc.lie;atc logic 
i" tn1th h11lC'fll''1\;1l .1~ le:w1~ :u quan<ilir:ttion 
1c: ov(·r ('t'{"t lii·.n r \''.1n.1hlt~ dcllncd on tinirc 
d~\fn:11nc: {,\'i.1, h c·rH: 1 i1~ :1 ,pcc;aJ vc~ion of 
1th· l'l11-:1.•t l \ V11rl1l 1\~~un11H·ion). Rc~rd

in!! Jol1n,11•11 ', .1lr1·n1:u ivc ~upcrvahmrional 
:1p11rq:u·h. I \W>ul1t lovt 10 scr .-1n :tlKorirhm 
lo r i<k·nr1 t;:int~ r:111 tnlo"'icl' :Htcl conrradic
rulr1"~lr :I prnnl l h ,H ;HIY $UC'h :tlgorithm 
,-.irJ'<.·r i~ (ll' 1~ n•H N P·rnmplctc. 

12. Claun-rlw Rl)llMS.c>nnntnp
ri1ni7c tOr rhc ~11n 1/0 pmhlcm 31'C ludi
croo<. I ,,.,"if.ti )l(" plc:i~cc.1 tu con<ulr for 
.II)\' vc.~nilor intc.·rc,trd and lYOuld even of
lc ; .:1 d10: 1~1u11H('d r-;11c if they \\'Ou hf irn

plt·1nt•1H dH· .tl t~11ri1h1n 1n quc.;rion! 
·r h1;n· :in: <t) , n.1ny 111 her c:rmrs in j.1h11-

" '<1n'.: :1nu It· 1h.1l I \\•1111ld h:1vc to <pt:rul ::a 

~r<.·~n dt: 11 n t t111w rorrecrin,c; :ind rxpbin-
111Q ,111 ot' rht·111. Snn1c ot' rhern re prt:5Cnf 
f'..1il11rt·" !fl '•ndt·r~r~11HI n1vc.ell. lJ:uc. and 
I hn\'t'f\; 11fh<·t' .11'\' dur r~ ulC'Off'C('t :appli
,·;iti•"lt •}f 1;.ono1114~l\'°: ~ull or hero are ~im
ph t:1i.;c ·'""('rf1nn' .dinttt tht• hi,rory of 
lo~1t·: ndll'r; .u~· d11(' to A 1.u~k of under
.. r.tndint! "' \\'11.11 1\ l<.·t',1\vlc\' rclCrn•tl 10 as 
.. lin~1 11-: r 11· Jo,~ • l .. uu l 11atur:1l la11gt1;1gc:!'. 

It i-: u11~ lca r 111 llH' h1nv hc~r Jn htlp 
fC':Hl1·1 , 1u11lc-r!»L11hl th1.: tl(',t.r.Hivc i111 pa.cr 
qf "iuch 1r11<.· l1.:, .111d :1v11id lhc dan~crous: 
(onrl11,.11u1' t h t'\' d r:l\V, 1'\ll I c~ut tl() i~ 
~H~:.!l'"f rh:H. ,,,..,· •• ,_\' \1011 :.UPf"l" t'4">(tri~ 
h.1q"'\ ti•r \·uur Ill\~ I~.""' ~hnulJ he ~ore 
rh.1r ~1111r t n1np.111v c.1n :10i1rc.l 10 r-i'ik 1hc 

\'.1luii1\ 1•1 ,.,'"' 11~phr .tt1nn< ;uul rhc in
rt·~n'' " ' \!ll l f ii II.I, 1\r lr::i~ I vo•irh .2\ ' L. 
\ \ ' 1' , ,,;,f, ·r,1;111tl \\ha1 "t•t•d< rn he~ f:lu~ltt. 
\\1· 1111d• r-:1.11 111 n•h.lf nt'l' t l~ 111 he influd..:d 
111 I >B:>\ I'.°' q1n·1 ~ 1.11\Ltll tJ.(C:~ :111<l 11p1i111i,.-

' ' 

er;. and '"c undcr'itand how (CJ avoid :.iny 
n1cch:1.nit JI (I hat 1s, :turom-:itic or compu· 
rnuonJI) errors. Thus, we do .at least h:avc 
\01ne h•>J)( ofidcnrifying other mis.t:akcs 
as human error< and striving for better 
u~c ,,( 1 he products. The 'vholc point of 
con1putcn7.:Uion is not to aolo11111tc error.;, 
hut to :1uron1:nc correc1 (possibly complex) 
11r1.cccl11rc.<- thcrel>y l~ving- to people the 
11nnco111pt1t:lrional rasks involving judg
rncut~ in111uivc rcco~nitlon, and crc~uiv 
ity-lln<l (hopefully) more time for these 
cnjoyJblc JCllvincs. c:J 
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