WFi4g - 0

One down For E\nc re‘c\.l:iona{ C‘.mlcu.lu.s

(wlneh‘ﬂer' you ‘il’ie st or riok)

_n"le Fouow;nﬂ PFO‘D{CV"H WS Commuh;CaLec{ L)_g
’\?ic‘ﬂar’d S, Bird. For any ‘oinarH relabion

ond bu]:sel: 5  on some universe, set Min.R.S
iS5 cle(fnec\. ‘D_g s {or all  x
xe Min.R.S

XGS ~ (\'/5z 565: x’Rg)
T\oc Pral:‘em is ko |Prove t\ne
Tiﬂeorem

For ony Ewo \areor—ot.ers X and Y

i-,\mzrc exists o Pr:order Z /;McL, I:\'m{
for all S

Min. 2.5 = Min. Y. (Min.X,S)

(A ‘oreorclcr s a r-eﬂexive. arid. Eransi bive

}:ina.r_lj r‘c‘a‘:ion )

(End of Theorem.)

Mare bP(C;Cicm‘(j o Bird's a.ssijnmenl: was to
prove i;\').: &\qeorem L&sémg the Prec\{r.:a.\;e. Ca‘Cuiu\.s .

an e e A e . e e R

» *
»®

The wve ry gir,sl: l—.\—lihﬁ we (=WF) did te the
proHem wWas chn e ik dvbko an exercise in l:\qe
rg_‘g_l:_{o__vlg\_l .CF:_\SJ:.‘!,‘%?. rabher than the preclicate calculus.

Afker &”. Bird's &\ﬂeorem was o boeorer om
re\al:t'ons and we (= WF and many ol:\—:er-s) Llac(
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&cc‘u{red sorme experience (1 re\akional c,a‘cuia.l:s"am
r‘ec:emf:ig ‘ So here we bhad a good OPPor‘l;u.nTEg

for e.x]oerimenkaf:ionn Meanw\—nﬁ e l:‘-nesc

Qerrimcnfss ‘mave loeen dore and Ssorme o( i:\—)cm
have been t‘epar‘ccol ~ e.g. [HD]. [\wJFWY], [_val\«l] —_
and the oubcome should be .Ssol::er"{nj . te put ok
Pn:\dlj . Now !;\')e Livme bas come ko rebwurrm ko
Richard Bird's oriji\mai abs\ﬂnmen}:, and see

w‘—m.i: l::\"l-t. Ot"clfﬂar}j ‘oreclicq,i:e. Calculu..s can do r“' us

¥ »*
»

The ;unowihj prmc:{j £s ab best a miner
variakion of the Proopb l.ex 'Bj‘smn, Arne Kaldeway;,
ond Jaap van der Woude thave o{eaijnec{ aar\:’er -
and indc\ocndcnb‘g - As far as wnotakion is
covicermed we shall bl;c._c:i closest ko Ka‘dewaﬂ's )

( Tt veed not owmaze ws that the three Sent‘emen
bave debfﬁnecl &\qc "barme \oroor. sinice —as we shall
AHRE - L'\"Ie Ea.b“-! N la!‘gt‘ﬂ o( h‘ve (\orm ! l:k-c.rc (3

on\g one L-.Ln'n_q You cam reasoha\o\g c\o“.)

Our desijn starts focussinﬁ on the ea'ua‘n‘rm

Cor all S : Min. 2.9 = Min. Y. (Min.X.5)

thal we bry to bo\ve Cor Z To L\,qa{ 2ol

we <comsider a Ca‘cwial:fow l:.\'m«‘: beﬂfﬂs with

COr any u and S.

ue Min.. (Min.‘X..S)
{cle.fn“m(h’on of Min-\f}

we Min.X. %5 ~ (Wwv: ve Min.X.95 + u Y v
{cle‘.finl":fom gc Mim. X Lw{ce}

ueS  ~ (Vw: weS: «w X w)
o~ <\?/A)’ e 5 A(\?’w:weS:erw): LA.\(D)

H

i
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§

‘“’—‘”“‘“ﬂj in the last comjunct&

(% 0) ue S
(1) ~ (Yw: weS: u X w)
(x2) ~ (Fv:ipeS: (Vw: weS: w Xw) > uYwn) ,

ond that ends with

(%% ueS ~ (VwiweS w £ w)
= f{derimil-.foﬁ of M\'Y‘I\Z}—
ue Min. 2.9

The Lask that remains 4s to l::rt'ci.ﬂe Bre gop between
the expressions (x) and () . The Ewo mriversal
a'uanl:irfmal:ions Ge1) and (x2) are reac{&; ko be
Joincd- The onlg \oraHem is  in  Haoe Eerm of (%2)
which d:sl:f” ymewvikionrns ‘-S, in Pa\ri:icu.lar—
Enul:\ex\ore.ssior‘l (Vs : oS v X w ) For thatl

exp:—:&:—.ian wWeE ow ol::se,rve_

(\v’w: nre S'. va)

= JueS. ie &0}
v X w
= .‘ predicate ca‘culus}

(\/m}: WG.S'- M’Xu)

{ («xi)}
(VM:ME.S: I\r><u. A.u.)(w)
= { X is t:l"aﬁbi}:ivc}

(\//w: WESr v X w) . Le. ':.\1& Firsﬁ \{we.

i

Hence, (Vas: weS: v Xw) = sXuw |,
and row we can covikinue our Ca\Cu\aL(oﬂ

from (*)
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Remark The first e,i'.e‘a in the a\::ove litte caleulakion
is vot a rabbit al all The Pakcnhed. way bto rermove
S from the ex pression (Vo : weS: o Xw) s

instankiakior . 1n t—.‘ne cormbext inm

b}j G, P!‘OPC\"

which that zx\arcssiom resices there are on\_a:, bwo
elevrents oc S avni\ad::\e¢ viz., M oand w

Irmstantiakion wi{:\—s AY wo»n.‘o(. Sie,lol. o X ow
WL‘licL) . dn wview of  X's r'eﬂe.xivitg \ e.cyu[\ra\eb brue |

ord therelore would make o sense -

(End of Remark )

\/Je Tow \ﬂawe

(=)
= | by the above resu;&}
we S

S (Vw' M}(-:-S: w X w)
-~ ('\7//\}: I\}ES: v Xu = UL\\/M)

{_joim'ng Ehe Lerms}
ue S

~ <VM:M}GS= w X o
~A e X u = uwYw))

1

L

{CC\‘Culuﬁ of relal—.ions}

ue S
~N (Vi mweS o (X~ (wX2Y)) w )

‘{ Clﬂooe‘;c t
L Z

i

></\(N><=‘5\f)] '}

i

(%)
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roof of MBird’s theorem

The second Parl: or our Jjo
Z

covrsists oc :’a‘vowénﬂ that the r-c_swll: relation
Sivcn bg
[ Z =2 X &~ (vX= M) ]

is o Preordcr whenever X and M are \or"e.orclersr

We éu‘PP‘ﬂ l:\—li:b Pr-ooc {or c,omp‘el:encbs's n.'mkc.
(ano\ Por reasons or covnparison waL) E\qe corres -

Pond;‘n_cj Prour o the re'o..l:iona,l ca‘cu‘us Y, Q,‘t\"louj\")

no‘:l’l;ﬂj {5 C&acinak{nj aboul: b -_ !ma.c\qihe or

Q. Fres“:man Cou‘ol. Frobab‘g do (b —~
° £ s _rgﬁg_xj_\_r*g . c-e, w £ u Car all w
u £ u

.Idap;'mfi::'on o(\ Z:‘f
UX u ~ w(~vXa5Y)u
& { C.G,}Cul!-\s }

u Xu ~ “ \(w
{X and Y are re:“fxive}

true

® Z i{s kransikive, (.2 {or- all W, A, ur

u.Zn} Af\)-Zw = I..LZIIA)

First we o\oe.H out the awntecedent. Te s Hhe

COhJunc(:ion or

B v X w

(a) w X ar
(d) m X = oY w

(c) wwXyar o w Yar
Nexl we xbpe.” out l-:\ﬂt c_on.sec}uenl:. 1t s \:\7«:

Canjunchfun or

@) w X w (£ U..(Nx)M = wYaw .



WF 14¢ - &

Now we observr:‘ FN" (el

w X mr
&= It X As Era\ﬂ:si{:ive}
w X ~ v X w

{ (a) and (b)}

brue

and  For ()
w Y mr

i

&= Iy 4s trahbifzive}
UuYnr ~ o Yw

& { (&) and (c\)}
H(NX)M- ~ A (NX)W

= {o‘-cpiwit{oh o(-‘ N}
A X u ~ v X A

&= { X £ l:t—o;naféiva}
me X u

{oleft'ﬂn'ku‘oh o‘; N}
w (;uX)w , Le. the antecedent of (£} .

]

"

This s it . Is there a hﬂor'o.l ? ’Per-\'za.‘o:a,
but in the First lece i:l—uerc is Ere observakion
thhat o Proor of MBird’s theorerm s far wore
Q-F\..‘:”B comstruckeod when Mmsivig the Preo\ica.{e
co\,lCulub l:\’mn i Case of Using ke 're\m‘:ionai
calculus . This s a AUrprising oubtcorme simce
orie wou.’c{ Guess that i:\qe l"aia‘:fowa\.l QO&‘CH«‘M:—»
were  the 53mbo‘l‘bm par excellerce ko tackle
such a thesrem on relakions. Quod. nor .

We cavrmot leave (£ at this because we would
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like to lbave a Eec.‘ﬂtﬂICm‘ ex‘o‘mﬂa\!:fan For the
observed \a\oehomenon . One ‘oobsi‘oilitﬂ ‘s this
At seme Poiﬂh we derived a very cruciol QW“{M

valence , VIZ.
(e %%) (Vmw: wreS: » Xmw) = A Xu
It r)r"ovicl.ecl. the link betweers the head and the l:a.'\

0( our main calulation . Ard b is \orecise\g brere,
A ex\aressinﬂ (xxx} , where the relabional
ca‘cu.[u:: ga“s dewi - In a "d.u.mmg - f{ree" nolkabkion
like the relational caleulus an ex|pression ke

X »:airn\o\}_.j carnol see the \:'3\-;’:., s0 thal
Ho‘:l’v{mﬁ alse can be doene than Eo "sor'05ram

around 4t

It can be arjuecl l-.\rmE o (-‘ormalfs\m wi&\’:
reducecl manf\aulaLive Possi‘oili'hies has the aokvantmﬂe
that it reduces the solution spaces in solvin
lf:ro\o‘ems. But abl the same Etime we ehould ien
be wi”u’ns to acce\v(: that the reduckion may be
so dramakic that solubion spaces can C’.o”a\\c’o,ﬁe ta
emnpty - Here we wish bo bramsmit to the
relational caleulators a C}uc:fzion r:osed. by

Carel & Scbholten. Give Ffive relations PQ, QR,

RS, PR, and QS , Cimd a re\mtiuno\‘ &kPrvssfoh
£ "buc\*) E%at
p Z s

(30,,1'” P'PQ 9 -~ @Q‘Rr ~ v RSs

¥ \ook.‘a oo if the si:r-m"ﬂ\quac\zel- or the re\a‘:\'ona‘
caleulus s if wmot  Ffor theorebical reasons then

(or Prac&&cal reasons anyway , Cannel be
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maimbtained .

W.HTJ. F-e_ijer';,
1y Novermber 199!

El"ﬂou—-)oveﬂ
[HD] '\Qic.\ﬂqrd, Bicds Probleyn '
Teclﬂnica\ 'Reporl-. LDB "“I-EHL& Doornbos
[\«JFM'}] @esijhinﬂ Qa Proo-r for RS. Bird's theoresn
on pre ~ ovders ,
Technical ’Re\aort \:)_\j W-H. T Fe_ijen
[Jvdwl

Free 51:5\6: spec wreaklinﬂ 0 Preorc[&r’.ﬁ ,
T'eclnm'cal ercrﬁ l:)_nﬁ JcmF von der Weude
(ko be Pub\u’shccl in The qum[ao”.‘sé 3



