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The wajorily vote according o 7} Cutknecht
A [~ ~’ [y

1 f‘ecer\HD received -?rom 3 Sc.d'knec}ﬁ (ETH ,Zarich)

a nice solution 1o the problem known as "-‘rhe__m'.::jor'.lb
\/o*eﬂ, and one o? }he purposes og) this note s ‘_‘}uS}'
Yo record it Ths other purpese is o give o Formc«l
derivalion of” it, s0 thal we con see the essence of
gu\'\fnech%'s invention. Llet me quote gujr\ﬂnech}‘s stale-

rnent of the Proble.m:

“Let every inhcbitant opo\. (non-empb) democr‘ac:’
be e\igi\o)e as Pr‘esidenk Let b(i: 05i<™M) be o series
o? baollots. :Deue\o}o & program that elimincles all
but one candidate x , where no candidate eli-

minated hos « major‘nb op votes
The ﬂ?orma\ stotement o? the Pos’rcondi)riOn Yo be

satis Fed bj X s
K- (ab‘k_j#x (ﬁi:OSiAi(M: b =j)x-2 $M)
(Note that i+ is not required thal x  has ama‘)orib
op votes : i-f none op the condidates has o mcﬂor‘.b
o? vaotes, any value 1()0:' X Sabis ﬁes R .)

» *
»

An obvious candidote -ﬁ:r Yhe invariant is
“Po . (ga;biex; (1_\_!i:05ix\i<m: hi =J)'ﬁ2 srn)

since ¥ can bhe _“e_s‘}c«\o]is}\ed b;j m:= O ona

[m=M A Po = R] (by conshruchion of Po)
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What cbout its invariance under iz omt+r 7

WP “mi= v+l . Po

{ axiom QF) assisnmevﬂ', de@ni}iorl op ’Poﬁ
(Qj;b;éx; (Ni: 0§ A b < me1: Ys= bidx2 Sm+t)
&= {Properlﬁes c{? ‘l}l_;__d,e?'miﬁon op Vo’
o A (83 :jfx: 37& bm)

{‘}Fadin& Yo (Bj Gz oom 3=X)5 one‘-)ooin']‘ rulel
Po A x=bm ,

which leaves the x#bm do be 3nves}iga’recl.

[

L

9u}knech‘}'s ?‘nrs-} invenfion is the r‘lv_rj)rroduchon

of o variable , 5 say, which records on
wpper bound on the pumber 010 “seen” votes

{or any currenn.j eliminated candidate, ie.

Pri (Ayig#x (NEO0si A icm: yzhi) €5)
/.BD o Ca\cu)o\}ﬁon V’eD similar -lo H‘)e QBOVe, we

con establish

E?'} A %x=bm = \,_\rp'ir‘n s m+1h"'P1‘)

Since cu\rrenH:j eliminated candicdoles don't

hove o majorib ot the wvotes “seen”, we can
maintain ~and Hhis Sm’r\tnech}‘s second in-

vention ~ 2%xS €m  or

?2.3 S § m-s 3 ES}OA’D“SBEC\ )’)‘_\j m,s = 0,0 .

V2 s '}rivialb invariant under mizmit
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We can now Forf)e%‘ about the invariance oP To
e cou se E’P‘! A Pz = Vo]

Nok We could have derived P2 cs the weckes)
solution o? P2 [?‘\ AP = ’Po] + +then gu}\medﬁ's

2

second invention wouwld hove been Yo replace

Po bfj Yhe conju.nc)r‘aon OP ’P'} A T2 _ (Encl OP Nol'e.)

Now we return +o the ‘\nves)r‘njo\hovw how Yo
increase 128 b:j 1 wnder invariance o? Pr A To.

Lh H“,e Case X#F bom . Becanse —{)or any V-

CNi:osini<ms: Bi) ¢ (N0Si A i<m: Bid 41

m,Ss:= m+1, S541  maintains  invariont T1 . For

the other Cc‘mt)unc} ::{7 the 1avariant  we inves}\salre

[

-m, s = ma1, s41 L P2
= {axiom o{’assian men}_’c}\e@nihon oP 'PQ%

S+1 < m+1 - (5+1)
= { afilr\f\me\-ic}

S <m-g5
So we con deal with the case Xx#bm A S <m-s
the only coase 1efd is x#bm A s=m-s . Here,
Gu}knech¥ remarked 4thal there s no UsSsign-
men-\- ‘}o K 33}‘, ancl kis 'Hwirc\ 'mven)rion 15 ‘o
censider {%f this case ™M, x = m3+?7, bom
Since this QSSignmen}' ohviousl:j maintains P2
we in\fesx'l'ﬁc\'}'e -Hve invariance o? /P1

Ir

WP, m,Xx:= mit, bm . P

{ax‘ncm OP aseisnmen{', c\e?ini)rion op ’P’lg

]
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(93 5#_}?.!”\: (_’_\_ll': 0% A l<m+1 Y= %.Qg_fss\
= {Pro]oer)ries oP l_\_]i

(@b; ‘uj%b.m: (Ni: 0gi A i<m: Y = b.i) ss)
<= { because X # bo.m, the second Cong)uf‘lc“ s

needed ; one-point rule §

T A (Nit0osiAi<m: x=2bhi)g<s
= {exP\o}"ro\*\on o? S= m—s}

1 A (T_‘:’f: Osv A )<m: x= \Dl) £ m-5

And, ?‘ma\\j, comes SuHrnec:hPs oP)rimism.l Let

ws inves)-iso}e whether we ore \uc,:j and V3 »

(j'\ve.n \OD
P3 (Ni:08§i A i<m: Xx=bi) $m-s

15 an invariant. Tt is established \9:) e inilializa-
Jsior'\ m,s = 0,0 . We inves\)ga}e Ol H\ree CoseEs .,

WY,
= -{)Qxiom of) stiﬁﬂmen}‘, c\eﬁni}ion OP Pa s
(‘_\I_I O A 1<m+: X= b.i) < m+1 -8
= { x= bm}
(Ni: 0si A i<m: Xx=bid+1 § m+1 ~5s

- { arithmelic : deﬁnil"ion oP “Pai

e e B i T T

wp. m,s = m#l, s+, P3

= ‘Zaxiom of) QSSiﬁnmen}, de?ini)f')on o? /]733
(Ni: 0¢i A i<mit: x=bi) s(me1) - (s+1)
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N

1% # bm ;ari%mehc}

(\lh:osi AV Mo Xzb.i) £ m-5
{deﬁn'a)rion OP P}

3

1}

"
" —

_)-(ibm N\ Sizn—s — m’X"‘ m'}“}, bm

e s e e R e e e e A e e e e e o e L e e e

n

wp. M, x:= ma, bom | P

{&xu;m_ol? o.ss}f)nmen}, de ?m';}icm o? ’P3.7)
(Ni: 087 A i<m+t: om=hi) s m+1 - s
= {Prof‘:er‘¥ies o_f) N or'ijr}nme}'lcs
(Ni: ogi A i<m: bmz=bi) s m=s
{s=m-s}

(Ni: 0si A i<m: hm =hi) s

<= {ins}c.n\-'ao.’ﬂon with (‘1:: b.m 5 b.m -7é X&
P ' Y 2 S

i

N

Thus the invariance 0? TrAP2 APz has been
es)ro.“alished, and we hove derived Yhe program

\[\_{9_: m,s: int; X,m, s := ony , 0,0
; i? m % ™M
L? w= b.m - = Mo+

[] X # h.m —

vy S <mM-s - m, s :

m+1, S+1

u 5=m-5—-}m,x:= m+'¥, bm

A

in which derivation T gorgo} ~as usuall = Jo indude
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osm A msM  in the invariant; .Simi\arb, the ]orc:op
of Yerminclion has been le(} Yo the reader
* *
*

The cbove derivation more than Con?&rms my rule
og? Hhumb thal the derivation o?a non-trivial program
is af least 10 Yimes as \on_cj as Yhe raow code n
which it Cu}miﬂa{‘es)- my ﬁ)rmol manipu\a'}ions and
the idenliﬁca)ﬁon OP SuH«nec\n}"s inventions Q,\Ej con-
E’irms thatl  the }'nojorib vote alaori*n'\m —-origina\b
due o ’.Bober & Moore, he it in di%r‘en} Cod'mg-
15 not Arivial . So does the piece of luck that T3
is invariank, (Tn his leter o me, Gutknecht adored
his program with 2 lines o? Pro\olem statement and
5 lines o? ex‘a\o\nc\ho'n’ w\\ic)’\ \'35 m:j ,5*‘ar\c\o~r‘d5, VS

a hik mec\ﬂre. Hence lhis no+e.)
ij indebted ness Jo Su\}khec]’\‘\‘ 5 ObViOus.

Qus}in, Wednesdaj 25 Janu-cﬂ:j 198¢
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